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COMPUTER PROGRAMS FOR AIR/GROUND PROPAGATION 

AND INTERFERENCE ANALYSIS (0.1 to 20 GHz) 

G. D. Gierhart and M.E. Johnson 

This report describes three computer programs for use 
in predicting the service coverage associated with air/ 
ground radio systems operating in the frequency band from 
0.1 to 20 GHz. Power density, station separation, and ser
vice volume programs are used to obtain computer-generated 
microfilm plots. These are: (1) power density available 
at a particular altitude versus distance from a ground
based transmitting facility; (2) the desired-to-undesired 
signal ratio, D/U, available at an isotropic receiving 
antenna versus the distance separating desired and unde
sired facilities; and (3) constant D/U contours in the 
altitude versus distance space between the desired and 
undesired facilities. A detailed discussion of the propa
gation model involved and program listings are included 
in the appendices. 

KEY WORDS: air/ground, computer program, DME, frequency 
sharing, ILS, interference, navigation aids, 
propagation model, TACAN, transmission loss, 
VOR. 

1. INTRODUCTION 

Assignments for aeronautical radio in the radio frequency spectrum 

must provide reliable services for an increasing air traffic density [25]*. 
Potential interference between facilities operating on the same or on 
adjacent channels must be considered in expanding present services to 
meet future demands. Service quality depends on many factors including 

the desired-to-undesired signal ratio at the receiver. This ratio 
varies with receiver location and time even when other parameters, such 

as antenna gain and radiated powers, are fixed. 

*References are listed alphabetical Jy by author at the end of 
the report so that refere~ce numbers do not appear sequentially 
in the text. 



The computer programs described in this report were developed by the 

Institute for Telecommunication Sciences (ITS) of the Office of Telecommuni
cations (OT) under the sponsorship of the Federal Aviation Administration 
(FAA). Although these programs were intended for use in predicting the 
service coverage associated with ground-based VHF/UHF/SHF air navigation 
aids, they can be used for other services. 

The three computer programs discussed are for use in predicting the 
service coverage associated with air/ground radio systems in the frequency 
band from 0.1 to 20 GHz. Power density, station separation, and service 

volume programs are used to obtain computer-generated microfilm plots. 
These are, respectively, (1) power density available at a particular alti
tude versus distance from a ground-based transmitting facility; (2) the 

desired-to-undesired signal ratio, D/U, available at an isotropic receiving 
antenna versus the distance separating desired and undesired facilities; 
and (3) constant D/U contours in the altitude versus distance space between 
the desired and undesired facilities. 

This type of information is very s.imilar to that previously developed 
by ITS for the FAA [17,19]. However, many more operations are automated 
via these computer programs. The new service volume program performs opera
ations that previously involved (a) the use of separate programs for each 
propagation region (line-of-sight, diffraction, and scatter), (b) manual 
blending between regions to obtain continuous transmission loss curves, 
(c) using this transmission loss data with another program to obtain 
D/U versus distance curves for various aircraft altitudes and station separ
ations, and (d) using these curves to construct service volume displays. 
In addition, the propagation model incorporated into the programs is more 
general than those used previously; e.g., smooth earth conditions were 
emphasized in previous models, whereas the current model may also be used 
for irregular terrain. 

The use of such information in spectrum engineering has been dis
cussed by Hawthorne and Daugherty [23] and Frisbie et al. [16]; infor
mation on spectrum engineering for air navigation aids is available [11, 

12, 14, 15, 24, 28]. 
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The brief description of the propagation model given in section 2 is 

supplemented by a detailed technical discussion in appendix A. Section 3 

includes a description of the computer programs in terms of input param

eters and output generated. A summary and recommendations are given in 
sections 4 and 5, respectively. Program listings are given in appendix B, 

and a list of abbreviations, acronyms, and symbols is provided in appendix 

C along with an index to equations in appendix D. 

2. PROPAGATION MODEL 

The propagation model used in the programs is applicable to ground/ 

air telecommunication links operating at radio frequencies from about 
0.1 to 20 GHz at aircraft altitudes less than 300,000 ft. Ground station 

antenna heights must be (1) greater than 1.5 ft, (2) less than 9,000 ft, 

and (3) at an altitude below the aircraft. In addition, the elevation of 
the radio horizon must be less than the aircraft altitude. Ranges for 
other parameters associated with the model will be given later (table 1). 

At these frequencies, propagation of radio energy is affected by the 
lower, non-ionized atmosphere (troposphere), specifically by variations in 
the refractive index of the atmosphere. Atmospheric absorption and atten

uation or scattering due to rain become important at SHF [18, sec. A.3; 
30, ch. 7; 40, ch. 3; 41]. The terrain, along and in the vicinity of the 
great circle path between transmitter and receiver, also plays an important 
part. In this frequency range, time and space variations of received signal 

and interference ratios are best described statistically. 
Conceptually, the model is very similar to the Langley-Rice [32] 

propagation model for propagation over irregular terrain, particularly in 
that attenuation versus distance curves calculated for the (a) line-of-sight 

(b) diffraction, and (c) scatter regions are blended together to obtain 
values in transitions regions. In addition, the Langley-Rice relationships 

involving the terrain parameter, ~h, are used to estimate radio horizon 
parameters when such information is not available from facility siting data. 

Th~ model includes allowance for (a) average ray bending, (b) horizon 

effects, (c) long-term fading, (d) ground facility antenna pattern, (e) 

surface reflection multipath, (f) tropospheric multipath, and 
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and (g) atmospheric absorption. However, special allowances are not 

included for the less common effects of (a) ducting, (b) rain attenuation, 

(c) rain scatter, (d) ionospheric scintillations, or (e) the aircraft an

tenna pattern. 
A detailed discussion of the propagation model is provided in 

appendix A. 

3. COMPUTER PROGRAM 

The propagation model described in section 2 has been incorporated 
into three computer programs. These programs are written in FORTRAN 
for a digital computer (CDC 3800) at the Department of Commerce, Boulder, 
Colorado, Laboratories. Since they utilize the cathode ray tube micro
film plotting capability at the Boulder facility, substantial modifica
tion would have to be made for operation at any other facility. Average 
running time for the power density and station separation programs is a 
few seconds for each graph produced, whereas calculations for service 
volumes may take a minute or so. Information on input parameter require
ments and output produced is provided in sections 3.1 and 3.2, respec
tively. Program listings are given in appendix B. 

3.1 Input Parameters 
The programs may be operated with 20 or more separate parameters 

specified. Most parameters not specifically provided as input will be 
set to initial conditions incorporated into the programs or will be esti
mated from parameters that are specified. However, three primary parameters 
must be provided by the user. These are facility antenna height, frequency, 
and aircraft altitude. Most input parameters are common to all three pro
grams and are discussed in section 3.1.1. Section 3.1.2 is devoted to 
those additional parameters needed for each program. 
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3.1.1 Common Parameters 

Parameters th~t may be specified as input common to all three pro

grams are summarized in table l, along with the acceptable value range (or 

options available) and the value (or option) selected in lieu of a speci

fied parameter. For convenience, parameters are listed in table 1 in the 

same order as in the parameter sheet produced by the computer for the 

power density program (fig. 3). 

Blank spaces are provided in table 1 so that copies of it can be 
used to specify input requirements for program runs. The units of mea

sure following each blank are the units that will be assumed for values 
placed in the blanks if other units are not provided. Blanks are not 
provided where fixed sets of options are available, and the option desired 
should be circled to indicate preference. Where values (or options) are 
not specified, the values (or options) marked by asteY'isks will be used. 

Each parameter listed in the table is discussed below. 

Aircraft Altitude Above Mean Sea Level (msl) 

As shown in figure l, this altitude is measured above msl. The 

propagation model is not valid for facility antennas ·located below the 

surface, and radio horizons m~y not be treated correctly if the aircraft 

altitude is less than the facility antenna elevation above msl. Use of 
such aircraft altitudes will result in an aborted run after an appropriate 
note has been printed on the computer-generated parameter sheet (fig. 5). 

Notes are printed, but the run is not aborted if the altitude is (a) less 
than 1.5 ft where surface wave contributions that are not included in the 
model could become important, (b) less than the effective reflecting sur
face elevation plus 500 ft where the model may fail to give proper consi
deration to the aircraft radio horizon, or (c) greater than 300,000 ft, 
where ionospheric effects not included in the model may become important. 
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Table !. 

Parameter (b) 

( \ 
\lode! Pm·anwt<T Spc·cificatior. .a. 

Range 

Prima1·y Parameters, Specification Requirc>rl 

Aircraft altitude above mean sea level (msl) 

Facility antenna height above site surface (ss) 

Frequency 

Elevation >facility antenna 
and < 300,000 ft-msl. 

> 1.5 ft 
and < 9,000 ft-ss. 

!00 to 20,000 1--!Hz 

Secondary Parameters, Specified, Computed, Estimated, or Assumed. 

Absorption (at surface): Oxygen options 
Water vapor options 

Effective altitude correction factor options 

Effective reflection surface elevation above msl 

Equivalent isotropically radiated power 

Facility antenna type options 

-~ Counterpoise diameter 

Height above ss 
(c) 

l_ Surface options 

Polarization options 

Calculated"- or specified 
Calculated" or specified 

Via ray tracing'' or specified 

At ss"- or specified 
< facility antenna elE·,·ation 

0. 0 dEW* or specified 

Cosine, DI--!E. isotropic*, JTAC, TACAJ\ 
or specified 

0* to 500 ft 

{ 

0* to 500 ft 

< facility antenna height by at least 3 it 
but no more than 2000 ft 

Poor, average, or good ground, or fresh 
or sea water, concrete, or metal* 

Horizontal* or vertical 

Value 

it-msl 

ft-ss 

MHz 

dB/km 
----dB/km 

it 

ft-msl 

____ dBW 

ft 
ft-ss 



Horizon obstacle distance from facility 

Ele,·ation angle above horizontal at 
facility 

Height above msl 

Type options 

Minimum monthly mean surface refractivity (msl) 

Surface reflection lobing options 

:..,. ·Terrain elevation above msl at site 

From 0 .l to 3 times smouth 
earth h01·izon dist2nn· (calculated)" 

< 12 deg (calculatec')'' __ deg 

0* to 15,000 ft-msl (calculated)* 

Irregula1· terrain or smooth earth··· 

250 to 400 N-units (301 F-unitsl' 

Contributes to variability"· or 
determines median level 

0* to 15,000 ft-msl 

1nln 

n 1111 

sec 

it-msl 

l\-units 

ft-msl 

.... Parameter, /:, h 

Type options 

0* o1· greater ft 

~ ,. 
Poor, average* or good ground, or 

fresh or sea water or concrete 

f." Time availability options 

1 .... 
·' 

For instantaneous levels exce<'dc,d". or 
for hourly median levels exceeded 

'-! ···; 

(a) Copies of this table may be used to provide data for computer runs by utilizing the blanks pro,·ided 
in the value column and circling desired options. The unifs of measure following each blank will 
be assumed for the values placed in the blanks if other units are not provided. These pa1·ameter:o 
are common to all three programs. However, additional information is n<>ecled for each program 
(tables 4, 5, and 6) and more than one "model parameter specificoo.ticn" is required if the desired 
and undesired facilities are not identical. 

(b) Parameters are listed in the same order as on the parameter sheet produced by the power density 
computer program. Parameter sheets produced by the other programs are very similar, but not 
identical. 

(c) These parameters are not reproduced on the computer-generated paramett:T sheet when a 
counterpoise is not present, i.e., zero counterpoise diameter. 

(*) Values or options that would be assumed when specific designations are not made are flagged by asterisks. 



Aircraft altitude above msl 

Facility an renna height above site surface 

Facility site elevation above msl 

Effective reflection surface elevation above msl 

Mean sea level (msl) 

Figure 1. Antenna heights and surface elevations. 

Facility Antenna Height Above Site Surface (ss) 

As shown 1n figure 1, this height is measured above the facility site 
surface (ss), not msl. The propagation model is not valid for antennas 
below the surface, and such a facility antenna height will result in an 
aborted run, after an appropriate note has been printed on the computer
generated parameter sheet (fig. 5). Notes are printed, but the run is not 
aborted if the height is (a) less than 1.5 ft, for which surface wave con
tributions not included in the model could become important, or (b) greater 
than 9,000 ft, for which the model may include too much ray bending. 

Frequency 
Notes are printed if the frequency is (a) less than 100 MHz, when 

neglected ionospheric effects may become important; (b) greater than 

5 GHz, when neglected attenuation anG/or scattering from hydrometeors 
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(rain, etc.) may become important; and (c) greater than 17 GHz, when 

the estimates made for atmospheric absorption may be inaccurate. For fre

quencies less than 20 MHz or greater than 100 GHz, the run is aborted. 

Absorption (at surface) Oxygen and Water Vapor Options 

The program will calculate surface oxygen and water vapor absorption 

rates if values are not specified. These calculations involve interpola

tion between values taken from Rice et al. [40, fig. 3. 1]. Metric units 

(dB/km) are used for these parameters since this allows values printed on 

the parameter sheet to be checked directly against sources of such infor
mation [40, fig. 3.1; 3, sec. 7.3; 30, ch 8]. 

Effective Altitude Correction Factors Options 
If not specified, these factors are calculated by ray tracing 

through an exponential atmosphere [3, sec. 3.8;4]. These factors are used 
in correcting for the excessive bending associated with the effective 

earth radius model when high (> 9,000 ft) antennas are used [40, fig. 6.7]. 
However, values provided by Rice et al. [40, fig. 6.7] are based on ray 

tracing through a three part atmosphere [3, sec. 3.7]. 

Effective Reflection Surface Elevation Above msl 
As shown in figure 1, this elevation is measured above msl. If not 

specified it wnl be taken as the "terrain elevation above msl at site." 
This factor is used when the terrain from which reflection is expected 

is not at the same elevation as the facility site, e.g., a facility 
located on a hill top or cliff edge. When the elevation of the facility 
antenna is below the spherical reflection surface level, a note will be 

printed and the run aborted. 

Equivalent Isotropically Radiated Power 
Equivalent isotropically radiated power (EIRP) is the power radiated 

from the facility transmitting antenna increased by the antenna•s main 

lobe directive gain (expressed i~ decibels above an isotropic antenna). 

For example, a radiated power of 10 dBW and an antenna gain of 10 dB would 
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result in 20 dBW EIRP. Effective radiated power (ERP) is similar to EIRP 

but is calculated with an antenna measured relative to a half-wave dipole; 
therefore, EIRP values are 2.15 dB greater than ERP values when the same 
radiated power is involved. 

Facility Antenna Type Options 
These options involve the antenna gain pattern of the facility 

antenna in the vertical plane. Patterns currently built into the program 
are shown in figure 2 where antenna gain, normalized to the maximum gain, 
is plotted against elevation angle (measured above the horizontal). The 
11 Cosine 11 pattern is used for a vertically polarized electric dipole or a 
horizontally polarized magnetic dipole such as the antenna associated with 
the VHF Omni Range (VOR) or Instrument Landing System (ILS). FAA specifi
cations [13, sec. 3.5] were used to define the Distance Measuring Equipment 
(DME) pattern. Measured gain data on the RTA-2 antenna, supplied to ITS 
by FAA, were used in obtaining the pattern for this Tactical Air Navigation 
(TACAN) antenna. The JTAC [29, p. 51] pattern is for an antenna with a 
40° half-power beamwidth and a beam that is tilted up to 20°. Program 
modifications can easily be made to accommodate other patterns that are 
specified in terms of gain versus elevation angle. 

Antenna pattern data is used to provide information on gain rela
tive to the main beam 2!!l.,r. The extent to which the facility's main 
beam antenna gain exceeds that of an isotropic antenna is included in the 
specification of equivalent isotropically radiated power, EIRP, since 

EIRP = PTR + GM dBW (1) 

where PTR(dBW) is the total power radiated from the facility antenna and 
GM (dB greater than isotropic) is the main beam gain of the facility 
antenna. 

10 
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Facility Antenna Counterpoise Diameter 

The counterpoise was incorporated into the model for the VOR. It 
will not be included in the calculations if its diameter is specified as 
zero, and the parameters associated with it will not be printed. A diameter 
greater thah 500 ft will cause a warning note to be printed, but will not 
abort the run. 

Facility Antenna Counterpoise Height Above ss 
If the height above the site surface is less than zero, it will be 

set equal to zero. An appropriate note will be printed and the run 
aborted if the height is (a) greater than 500 ft or (b) greater than 
the 11 facility antenna height. 11 

Facility Antenna Counterpoise Surface Options 
These options fix the conductivity and dielectric constant asso

ciated with the counterpoise surface. Values estimated for each option are 
given in table 2 [32, table 2]. 

Table 2. Surface Types and Constants 

Type Conductivity Dielectric: 
(mhos/m) Constant 

Poor ground 0. 001 4 

Average ground 0.005 15 
Good ground 0.02 25 
Sea water 5 81 

Fresh Water 0. 01 81 
Concrete 0.01 5 
Metal 10 7 1 
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Facility Antenna Polarization 

The option selected for polarization (horizontal) when a specific 

option is not selected will frequently result in poorer propagation con

ditions for typical line-of-sight air/ground links. 

Horizon Obstacle Distance from Facility 

If not specified, this distance will be calculated from horizon 
parameters that are specified and/or by using the terrain parameter 6h. 

When the distance is not within 0.1 to 3 times the smooth earth horizon 

distance, a warning note will be printed, but the run will not be aborted. 

Horizon Obstacle Elevation Angle Above Horizontal at Facility 
If not specified, this angle will be calculated from horizon param

eters that are specified and/or by using the terrain parameter 6h. Mhen 

the angle exceeds 12°, a warning note will be printed but the run will not 

be aborted. 

Horizon Obstacle Height Above msl 
If not specified, this height will be calculated from horizon param

eters that are specified and/or by using the terrain parameter 6h. When 

the height is not within the 0 to 15,000 ft-msl* range, a warning note will 

be printed but the run will not be aborted. 

Horizon Obstacle Type Options 
When the smooth earth option is used, all horizon parameters, 

effective reflection surface elevation, and the terrain parameter 6h are 

set to their smooth earth values. 

Minimum Monthly Mean Surface Refractivity 
Values for the minimum monthly mean surface refractivity referred 

to mean sea level, N
0

, may be obtained from figure 3. Specification of 

*This notation is used to indicate the units of measure and the 
base from which it is measured so that ft-msl implies feet above 
mean sea level. 
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Figure 3. Surface refractivity map [403 fig. 4.1]. Minimvm monthly mean 
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N outside the 250-to-400 N-unit range will result in N
0 

being set to 301. 
. 0 

If the surface refractivity, Ns, calculated from N
0 

is less than 250 N-

units, Ns will be set to 250 N-units and an appropriate note printed. 
An Ns of 301 N-units corresponds to an effective earth radius factor of 
4/3 [40, fig. 4.2]. 

Surface Reflection Lobing Options 
Lobing associated with interference between direct and reflected 

rays in the line-of-sight region contributes to the short-term varia
bility (within-the-hour fading) or is used to define the median level in 
the line-of-sight region. These options can result in predictions that 
are very different. The variability option provides a more reliable 
estimate of propagation statistics in most cases. However, the pattern 
option is useful when selecting antenna heights to avoid low signal 
levels (nulls) in particular portions of air space. With the first option, 
lobing is treated as part of the short-term (within-the-hour) variability 
when the reflected ray path length exceeds the direct ray path length 
by more than half a wavelength (inside horizon lobe); i.e., the lobing 
pattern is not plotted. The other option allows the median level to be 
determined by such lobing for several (---10) lobes just inside the 
radio horizon; i.e., the lobing pattern will be plotted. Regardless of 
the option se 1 ected. 'l ob·i ng caused by reflection from the counterpoise 
(if present) is used in median level determination for about 10 lobes 
and does not contribute to the short-term fading, i.e., if present, 
counterpoise lobing is plotted with either option. 

Terrain Elevation Above msl at Site 
This is the elevation of the facility site above msl. It is used 

to calculate the height of the facility antenna above msl from 11 facility 
antenna height above site surface 11 as implied by figure 1. Values less 
than zero are set to zero, and a note will be printed if the 15,000 
ft-msl limit is exceeded, but the run will not abort. 
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Table 3. Estimates of 6h [32, table 1] 

Type of Terrain 6h 6h 
(feet) (meters) 

Water or very smooth plains 0 - 20 0 - 5 

Smooth plains 20 - 70 5 - 20 

S 1 i g h t 1 y ro 11 i n g plains 70 - 130 20 - 40 

Rolling plains 130 - 260 40 - 80 
Hills 260 - 490 80 - 150 
Mountains 490 - 980 150 - 300 

Extremely rugged mountains >2,000 >700 

Terrain ·Parameter 6h 
This parameter is used to characterize irregular terrain. Values 

for it may be calculated from path profile data [32, annex 2]. or 

estimated using table 3. 

Jerrain Type Options 
These options fix the conductivity and dielectric constants asso

ciated with the effective reflecting surface. Values associated with 

each option are given in table 2. 

Time Availability Options 
If the first option is selected short-term (within-the-hour) fading 

will contribute to the variability, and time availability is applicable 
to instantaneous levels that are available for specific percentages of 

the time. With the second option only long-term (hourly median) varia
tions are included in the variability, and time availability is applicable 
to the hourly median levels that are available for a specific percentage 

of hours. 
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3.1.2 Additional Parameters 
Table 1 may be used to provide most of the information needed to run 

any of the three programs, and the additional information required may be 

specified by using tables 4, 5, and 6 for the power density, station 

separation, and service volume programs, respectively. Two facilities 

(desired and undesired) are involved in station separation and service 
volume calculations so that data via table 1 are required for each facility. 

The 11 Graph Format 11 sections of these tables are similar except for items 
related to the specific parameters used as abscissa and ordinate in the 
different programs. When scales are not specified, appropriate ones will 

be estimated so that the 11 Graph Format 11 items should be specified only 
when definite requirements exist. A title of 35 characters or spaces may 
be specified; it will appear on the computer-generated plots and param-
eter sheets (samples given in sec. 3.2). 

Additional parameters for the power density program (table 4) in
volve only 11 Graph Format 11 parameters so that the above discussion is 
sufficient. However, parameters other than 11 Graph Format 11 are included 
in tables 5 and 6. These are described in the text below. 

Distance from Desired Facility to Aircraft (Table 5) 
A sketch showing the relative positions of the desired facility, 

undesired facility. and aircraft is given in figure 4. The great circle 
distance from the desired facility to the aircraft, d0, and the great 
circle distance from the undesired facility, du, are shown. 

0/U Signal Ratios (Table 6) 
The desired-to-undesired signal ratio, 0/U, expressed in decibels, 

is .measured at the terminals of an ideal (lossless) isotropic receiving 
aircraft antenna. If the desired and undesired facilities transmit at 
the same frequency, 0/U would be identical with the power density 
(dB-W/sq m) available from the desired facility at the aircraft minus 

that available from the undesired station. This occurs because the 
effective receiving area of an isotropic antenna varies with frequency 

' 
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Table 4. Additional Parameters for Power Density Program. (a) 

Parameter Range 

Graph Format (b), Estimated if not Specified 

Abscissa grid intervals 
(Facility- to-aircraft 

distance) 

Left- hand limit 
Right-hand limit 

Ordinate grid intervals 
(Power density) 

Lower Limit 
Upper Limit 

Title 

< .difference between 
limits 

:?: .0, right-hand limit 
s;; I, 000 n mi 

< difference between limits 

< upper limit 
Usually < 0 dB-W/sq m 

< 35 characters or spaces 

Value 

n mi 

n mi 
n mi 

dB 

dB-W/sq m 
-- dB-W/sq m 

(a) Copies of this table may be used to provide data for computer 
runs by utilizing the blanks provided in the value column. The 
units of measure following each blank will be assumed for values 
placed in the blanks if other units are not provided. Other 
parameter values may be specified using table 1. 

(b)Except for the title, graph format parameters are not given 
on the computer generated parameter sheet (fig. 5). 
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Table 5. Additional Parameters for Station Separation Program. (a) 

Parameter Range Value 

Additional Primary Model Parameter, Specification Required 

Distance from desired 
facility to aircraft 

0 . l to l , 0 0 0 n m i 

·--~~---

Graph Format (b), Estimated if not specified 

Abscissa grid intervals 
(Station separation) 

Left--hand limit 
Right- hand limit 

Ordinate grid intervals 
(D/U signal ratio) 

Lower limit 

Upper limit 

Title 

<difference between 
limits 

:2:: O,<right-hand limit 
s: 1,000 n mi 

·< difference between 
limits 

< Upper limit 

Usually < 100 dB 

< 35 ~haracters or spaces 

n mi 

n mi 

n mi 
n mi 

dB 

dB 

dB 

(a)Copies of this !able may be used to provide data for computer 
runs by utilizing the blanks provided in the value column. The 
units of :measure following each blank will be assumed for values 
placed in the blanks if other units are not provided. Other 
parameter values may be specified using Table 1. 

(b)Except for the title, graph format parameters are not given on 
the computer .. generated parameter sheet (fig. 4). 
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Table 6. Additional Parameters for Service Volume Program ~a) 

Parameter Range 

Primary Model Parameters, Specification Required 

D/U signal ratios (dB) 

Station separation 

Up to 30 values may be 
specified in space below 
for a particular program run. 

0 .1 to 1, 000 n mi 

Secondary Model Parameter, Estimated if not specified 

Value 

n mi 

Aircraft altitudes (ft above msl) up to 25 may be specified in space 
below to cover extent of the service volume required. Values for 
effective altitude correction factors may be paired with altitude 
values if desired. See Table l and discussion following it for 
additional information. 

Graph Format (b), Estimated if not specified 

Abscissa grid intervals 

Left-hand limit 
Right-hand limit 

Ordinate grid intervals 
(Aircraft altitude) 

Lower Limit 
Upper Limit 

Title 

< difference between limits 

:?: 0, <right-hand limit 
< 1,000 n mi 

< difference between limits 

< Upper limit 
:o::;300,000ft 

< 35 characters or spaces 

n mi 

n mi 
n•mi 

ft 

ft 
ft 

ft 

(a) Copies of this table may be used to provide data for computer runs by 
utilizing the spaces provided. The units indicated will be assumed for 
values provided if other units are not provided. Other parameter values 
may be .specified using Table l. 

(b)Except for the title, graph format parameters are not given on the 
computer ... generated paran:eter sheet (fig. 5). 
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(see eq. 3 of sec. 3.2). When the antenna gain and transmission line 

losses associated with the aircraft are common to both desired and unde
sired signals, D/U at the receiver is identical with D/U at the antenna. 

Service volume calculations are done by (a) calculating D/U values 
at a large number of aircraft locations and (b) interpolating between 
these values to obtain locations where other D/U levels are available. 
Each service volume plot is applicable to one specified D/U value. but 
up to 30 service volume curves may be obtained without repeating the 
initial calculations when the D/U requirement is the only parameter 
allowed to change. 

Station Separation "{Table_§_l 
The great circle station separation, S, between desired and undesired 

facilities is 

(2) 

where the desired and undesired distances, d0 and du, are measured in 
nautical miles. This relationship is illustrated in figure 4. Note that 
the 30 service volume curves mentioned in the previous paragraph would 
correspond to 30 D/U values, all for a single station separation. 

Aircraft Altitudes 
Up to 25 altitudes may be used in calculating D/U values from which 

service volumes will be developed (see previous paragraph on D/U signal 
ratios). These would normally be selected to (a) provide coverage of 
the ·air space of interest and (b) specifically include any altitudes that 
have special significance. 

3.2 Output Generated 

Each program causes the computer to produce (a) a listing of param
eters associated with a particular run and (b) a microfilm plot. These 

outputs are provided for each p&rameter set used as input to the computer 
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and are tied to each other by a run code consisting of the date and time 
at which calculations for a particular parameter set started. Sample 
outputs for the power density, station separation, and service volume pro
grams are provided in sections 3.2.1, 3.2.2, and 3.2.3, respectively. 

3.2.1 Power Density 
A sample parameter sheet for the power density program is shown in 

figure 5. Parameters are given in the same order as they were in table 
(sec. 3.1 ). They were selected so that a comparison with the reference 
[18, fig. 1] can be made. The term*, Ae dB-sq m, required to convert power 
density*, Sa dB-W/sq m, to power available at the terminals of an isotropic 
antenna P1 dBW, is given at the bottom of the parameter sheet; i.e., 

Figure 6 shows the power density versus distance curves that go 
with the parameter sheet provided in figure 5. The curves show the 

(3) 

power density levels expected to be exceeded for 5%, 50%, and 95% of the 
time along with the power density that would be present under free-space 
propagation conditions. Lobing is not shown in figure 6 curves since the 
option to consider lobing as part of the variability was used. Figure 7 
shows the lobing that results when the other option is taken. 

3.2.2 Station Separation 

Sample parameter sheets for the station separation program are 
shown in figures 8 and 9. A parameter sheet was produced for each 
facility (desired, fig. 8; undesired, fig. 9), since they do not share 
common parameters. The format of the parameter sheets is similar to 

*The notation used for the units of these quantities is intended to 
imply that they are decibel-type quantities obtained by taking 10 log 
of a quantity with the units indicated after dB-; e.g., A =10 log a 
(effective area expressed in square meters). e e 
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PARAMETERS FOR ITS PROPAGATION MODEL AUG 73 
09/05/73 16:01!23 RUN 

POWER DENSITY FOR ISOTROPIC ANTs 
REQUIRED OR FIXED 

AIRCRAFT ALTITUDE: 40000 FT ABOVE MSL 
FACILITY ANTENNA HEIGHT! 50e0 FT ABOVE SITE SURFACE 
FREQUENCY: 1 ~t5 MHZ 

SPECIFICATION OPTIONAL 

ABSORPTION: OXYGEN Oo00029 DB/KM* 
WATER VAPOR OeOOOOO DBIKM* 

EFFECTIVE ALTITUDE CORRECTION FACToR: 2107 FT* 
EFFECTIVE REFLECTION SURFACE ELEVATION ABOVE MSL: 0 FT 
EQUIVALENT ISOTROPICALLY RADIATED POWER: OeO DBW 
FACILITY ANTENNA TYPE: ISOTROPIC 

POLARIZATION: HORIZONTAL 
HORIZON OBSTACLE DISTANCE: 8e69 N MI FROM FACILITY* 

ELEVATION ANGLE: -0/ 6/30 DEG/MIN/SEC ABOVE HORIZONTAL* 
HEIGHT: 0 FT ABOVE MSL 
TYPE: SMOOTH EARTH 

MINIMUM MONTHLY MEAN SURFACE REFRACTIVITY! 
301 N-UNITS AT SEA LEVEL! 301 N-UNITS 

SURFACE REFLECTION LOSING: CONTRIBUTES TO VARIABILITY 
TERRAIN ELEVATION AT SITE: 0 FT ABOVE MSL 

PARAMETER: 0 FT 
TYPE: AVERAGE GROUND 

TIME AVAILABILITY: FOR INSTANTANEOUS LEVELS EXCEEDED 

POWER DENSITY (DB-W/SQ Ml VALUES MAY BE CONVERTED TO POWER 
AVAILABLE AT THE TERMINALS OF A PROPERLY POLARIZED 
ISOTROPIC ANTENNA CDBWl BY ADDING -3•4 DB-SQ Me 

* COMPUTED VALUE 

Figure 5. Sample parameter sheet., power density program. 
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PARAMETERS FOR ITS PROPAGATION MODEL AUG 73 
09/05/73 16 56:49 RUN 

DESIRED STATION IS ILS LOCALIZER (8-LOOPl 
REQUIRED OR FIXED 

AIRCRAFT ALTITUDE: 6250 FT ABOVE MSL 
FACILITY ANTENNA HEIGHT: 5e5 FT ABOVE SITE SURFACE 
FREQUENCY: 110 MHZ 

SPECIFICATION OPTIONAL 
~------------~--------

ABSORPTION: OXYGEN Oe00023 DB/KM* 
WATER VAPOR OeOOOOO DB/KM* 

EFFECTIVE ALTITUDE CORRECTION FACTOR: 0 FT* 
EFFECTIVE REFLECTION SURFACE EL~VATION ABOVE MSL! 0 FT 
EQUIVALENT ISOTROPICALLY RADIATED POWER: 22el DBW 
FACILITY ANTENNA TYPE: a-LOOP ARRAY (COSINE VERTICAL PATTERN) 

POLARIZATION: HORIZONTAL 
HORIZON OBSTACLE DISTANCE: 2•88 N MI FROM FACILITY* 

ELEVATION ANGLE: -0/ 21 9 DEG/MIN/SEC ABOVE HORIZONTAL* 
HEIGHT: 0 FT ABOVE MSL 
TYPE: SMOOTH EARTH 

MINIMUM MONTHLY MEAN SURFACE REFRACTIVITY 
301 N-UNITS AT SEA LEVEL; 301 N-UNITS 

SURFACE REFLECTION LOSING: CONTRIBUTES TO VARIABILITY 
TERRAIN ELEVATION AT SITE: 0 FT ABOVE MSL 

PARAMETER: 0 FT 
TYPE: AVERAGE GROUND 

TIME AVAILABILITY: FOR INSTANTANEOUS LEVELS EXCEEDED 

* COMPUTED VALUE 

Figure 8. Sample parameter sheet~ station separation 
program~ desired facility, 
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PARAMETERS FOR ITS PROPAGATION MODEL AUG 73 
09/05/73 16:56!49 RUN 

UNDESIRED STATION IS STANDARD VOR 
REQUIRED OR FIXED 

AIRCRAFT ALTITUDE: 6250 FT ABOVE MSL 
FACILITY ANTENNA HEIGHT: l6o0 FT ABOVE SITE SURrACE 
FREQUENCY: 110 MHZ 

SPECIFICATION OPTIONAL 

ABSORPTION: OXYGEN Oe00023 DB/KM* 
WATER VAPOR OeOOOOO DB/KM* 

EFFECTIVE ALTITUDE CORRECTION FACTOR: 0 FT* 
EFFECTIVE REFLECTION SURFACE ELEVATION ABOVE MSL: 0 FT 
EQUIVALENT ISOTROPICALLY RADIATED POWER: 22al DBW 
FACILITY ANTENNA TYPE: 4-LOOP ARRAY CCOSINE VERTICAL PATTERNl 

COUNTERPOISE DIAMETER: 52 FT 
HEIGHT: 12 FT ABOVE SITE SURFACE 
SURFACE: METALLIC 

POLARIZATION: HORIZONTAL 
HORIZON OBSTACLE DISTAN~E: 4•91 N MI FROM FACILITY* 

ELEVATION ANGLE: -01 3/41 DEG/MIN/SEC ABOVE HORIZONTAL* 
HEIGHT~ 0 FT ABOVE MSL 
TYPE: SMOOTH EARTH 

MINIMUM MONTHLY MEAN SURFACE REFRACTIVITY 
301 N-UNITS AT SEA LEVEL! 301 N-UNITS 

SURFACE REFLECTION LOSING: CONTRIBUTES TO VARIABILITY 
TERRAIN ELEVATION AT SITE: 0 FT ABOVE MSL 

PARAMETER: 0 FT 
TYPE: AVERAGE GROUND 

TIME AVAILABILITY: FOR INSTANTANEOUS LEVELS EXCEEDED 

* COMPUTED VALUE 

Figure 9. Sample parameter sheet~ station separation 
program~ undesired facility. 
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that produced with the power ·density program (fig. 5) except for the addi
tional primary parameter of "Distance from desired facility to aircraft." 
In accordance with footnote c of table 1, counterpoise data is included 
on the desired station parameter sheet (fig. 8) only. 

The station separation plot generated for the parameters given in 
figures 8 and 9 is shown in figure 10. Desired-to-undesired, 0/U, signal 
ratios (see 0/U Signal Ratio paragraph in sec. 3.1.2) are plotted against 
station separation (see Station Separation paragraph of sec. 3.1.2) for 
three time availabilities (5%, 50%, and 95%) and free-space propagation 
conditions. These curves are calculated for a fixed desired facility 
to aircraft distance so that the undesired facility to aircraft distance 
varies in accordance with (2). A time availability of 95% implies that 
the 0/U corresponding to it for a specific configuration will be available 
at least 95% of the time (see Time Availability Options paragraph of sec. 
3.1.1). 

3.2.3 Service Volume 
Figure 11 is a sample parameter sheet for the service volume program. 

Only one parameter sheet was produced since the desired and undesired 
facilities were given identical parameters. Except for data associated 
with D/U ratios~ station separations, and aircraft altitudes (see para
graphs on .QLJL:;ignai Ratios, Station Separation, and Aircraft Altitudes 
in sec. 3.1), the format is similar to that produced by the power 
density program (fig. 5). 

The service volume plot generated for the parameters given in 
figure 11 is shown in figure 12. Contours of constant 0/U (see ]ill 

Signal Ratio paragraph in sec. 3.1.2) are plotted in the altitude versus . 
distance between facilities plane. These are shown for free-space 
propagation conditions and three time availabilities (5%, 50%, and 95%). 
Inside the volume formed by rotating the contours about the ordinate ax·is, 
the time availability will almost always equal or exceed that associated 
with the contours used to form it. A fixed station separation is used 
in producing all curves shown on a particular service volume plot (see , 

Station S~paration paragraph of sec. 3.1.2). 
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PARAMETERS FOR SERVICE VOLUME CURVES 
ITS MODEL AUG 73 

09/05/73 20:02:25 RUN 

DESIRED/UNDESIRED STATIONS ARE VOR WITH COUNTERPOISE 

REQUIRED OR FIXED 

AIRCRAFT ALTITUDES IN FT ABOVE ~SL: 500' 1000, 5000~ 
1oooo. 2oooo,. 3oooo, 4oooo9 soooo, 600oo, 1oooo, 
800009 90000t 100000 

D/U RATIOS IN DB: 20 
FACILITY ANTENNA HEIGHT: 16e0 FT ABOVE SITE SURFACE 
FREQUENCY: 113 MHZ 
STATION SEPARATION: 390 N MI 

SPECIFICATION OPTIONAL 

ABSORPTION: OXYGEN 0.00025 DB/KM* 
WATER VAPOR OeOOOOO DB/KM* 

EFFECTIVE REFLECTION SURFACE ELEVATION ABOVE MSL: 0 FT 
EQUIVALENT ISOTROPICALLY RADIATED POWER: 22el DBW 
FACILITY ANTENNA TYPE: 4-LOOP ARRAY (COSINE VERTICAL PATTERN) 

COUNTERPOISE DIAMETER! 52 FT 
HEIGHT: 12 FT ABOVE SITE SURFACE 
SURFACE: METALLIC 

POLARIZATION: HORIZONTAL 
HORIZON OBSTACLE DISTANCE: 4e9l N MI FROM FACILITY* 

ELEVATION ANGLE: -0/ 3/41 DEG/MIN/SEC ABOVE HORIZONTAL* 
HEIGHT: 0 FT ABOVE MSL 
TYPE: SMOOTH EARTH 

MINIMUM MONTHLY MEAN SURFACE REFRACTIVITY 
301 N-UNITS AT SEA LEVEL: 301 N-UNITS 

SURFACE REFLECTION LOSING: CONTRIBUTES TO VARIABILITY 
TERRAIN ELEVATION AT SITE: 0 FT ABOVE MSL 

PARAMETER: 0 FT 
TYPE: AVERAGE GROUND 

TIME AVAILABILITY: FOR INSTANTANEOUS LEVELS EXCEEDED 

* COMPUTED VALUE 

. 
Figure 11. Sample parameter sheet~ service voZ.wne program. 
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4. SUMMARY 

A brief description of a computerized propagation model for air/ 

ground telecommunications developed by ITS for FAA was given in section 

2, and a detailed discussion is provided in appendix A. The model is very 
similar to the Langley-Rice [32] propagation model for propagation over 
irregular terrain. It uses the Langley-Rice relationships involving the 

terrain parameter, 6h, to estimate radio horizon parameters when such in
formation is not available [32, sec. 2.4]. Allowances are included in the 
model for (a) average ray bending, (b) horizon effects, (c) long-term 
power fading, (d) ground facility antenna pattern and counterpoise, (e) 
surface reflection multipath, (f) tropospheric multipath, and (g) atmos
pheric absorption. However, special allowances are not included for the 
less common effects of (a) ducting, (b) rain attenuation, (c) rain scatter, 
(d) ionospheric scintillations, or (e) the aircraft antenna pattern. 

Three computer programs that utilize the propagation model are dis

cussed in section 3, and program listin9s are provided in appendix B. These 
programs are for use in predicting the service coverage associated with 
air/ground radio systems in the frequency band from 0.1 to 20 GHz. Power 
density, station separation, and service volume programs are used to ob
tain computer-generated microfilm plots. These are, respectively, (1) 

power density available at a particular altitude versus distance from 
a ground-based transmitting facility, (2) the desired-to-undesired signal 
ratios versus the distance separating desired and undesired facilities, 
and (3) constant D/U contours in the altitude versus distance space 
between the desired and undesired facilities. Sample parameter sheets 
(figs. 5, 8, 9, and 11) and graphs produced using the programs (figs. 6, 

7, 10, and 12) are given in section 3.2. Tables 1, 4, 5, and 6 of 
section 3.1 summarize input data requirements for the programs and have 
spaces provided on them so that they may be used to record values for 
input data. 
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5. RECOMMENDATIONS 

The current ITS propagation model for air/ground propagation can 

be used for a wide range of input parameters (see table 1 of sec. 3.1). 

Further development work on the model should include (a) testing the model 
within its current parameter ranges by utilizing it to provide predict·ions 

for particular applications, (b) comparing predictions made using it with 
experimental data and/or theoretical results, and (c) revisions to improve 
prediction accuracy and ranges. 

An atlas of predictions should be prepared to show the effect of 
various parameter changes on transmission-loss predictions. Parameters 
of primary interest would be (a) facility antenna height, (b) frequency, 
(c) facility antenna counterpoise configuration and pattern, (d) horizon 
elevation angle, (e) minimum monthly mean surface refractivity, (f) 
terrain parameter, and (g) terrain type. 

Although some comparisons with data are available [20, sec. 2.4; 
21], more should be made. The effort to locate data with which useful 
comparisons can be made should be continued. 

Methods could be developed and appropriate model modifications 
made to predicted propagation characteristics for (a) ducting [44], (b) 
rain attenuation [41], (c) rain scatter [8], (d) ionospheric scintillations 
[45], and (e) aircraft antenna patterns [17, eq. 36]. In addition, it 

might be desirable to include capabilities in the model for (a) circular 
polarization [39, ch. 8], (b) long-term fading models for different 

climates and time blocks [40, sec. 111.7], (c) reflection from water 
where sea-state temperature and salinity [5] would be used in calculating 
the reflection coefficient, (d) absorption where water-vapor absorption 
is.determined using relative humidity, and (e) reflection from a non
spherical surface such as a tilted plane. 

Computer programs similar to those described here should be 
developed for (a) air-to-air, (b) ground-to-satellite. and (c) air-to
satellite. Work on these programs has been initiated by ITS [19, 20], 

and is expected to continue, but will be limited by available resources. 
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Other versions of the programs may also be desirable such as a program 

·to produce contours of constant power density in the altitude versus 

distance space above a great circle radial from a facility, i.e .• 
service volume without interference [17, fig. 9]. 
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APPENDIX A. PROPAGATION MODEL 

The propagation model used in the programs is applicable to ground/ 

air telecommunications links operating at radio frequencies from about 

0.1 to 20 GHz with aircraft altitudes less than 300)000 ft. Ground

station antenna heights must be (l) greater than 1.5 ft~ (2) less than 

9,000 ft, and (3) at an altitude below the aircraft. In addition, the 

elevation of the radio horizon must be less than the aircraft altitude. 

Ranges for other parameters associated with the model are given in 
table 1 (sec. 3. 1 . l ) . 

Units of measure associated with input parameters are also given in 

table 1, and those associated with computer-generated output are provided 

in section 3.2. However, almost all of the calculations within the pro
grams are made with distances and heights expressed in kilometers, and 

the equations given in this appendix follow this procedure. i.e., unless 

specifically stated otherwise, all distances and heights are measured in 

kilometers. Frequency is always measured in megahertz. 

Conceptually the model is very similar to the Langley-Rice [32] propa

gation model for propagation over irregular terrain; i.e., attenuation 

versus distance curves calculated for the (a) line-of~sight (sec. A.4.2), 

(b) diffraction (sec. A.4.3), and (c) scatter (sec. A.4.4) regions are 

blended together to obtain values in transition regions. In addition, 
the Langley-Rice relationships involving the terrain parameter, 6h, are 

used to estimate radio horizon parameters when such information is not 

available from facility siting data (sec. A.4.l ). The model includes 
allowance for (a) average ray bending (sec. A.4.l), (b) horizon effects 

(sec. A.4.1), (c) long-term power fading (sec. A.5), (d) ground facility 
antenna pattern and counterpoise (sec. A.4.2), (e) surface reflection 
multipath (sec. A.6), (f) tropospheric multipath (sec. A.7), and (g) 
atmospheric absorption (sec. A.4.5). However, special allowances are not 

included for (a) ducting [44], (b) rain attenuation [41], (c) rain 

scatter [8], (d) ionospheric scintillations [45], or (e) the aircraft 

antenna pattern [17, eq. 36]. 
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A discussion of the computer programs in terms of input requirements 

and the output generated is given in section 3. Computer program listings 
are provided in app~ndix B along with some annotation. The formulation 
used in this appendix was devised to describe the propagation model, and 
some of the variables and equations used here are not specifically used 
in the programs. 

A.l Transmission Loss 
Methods and procedures have been developed for calculating field 

strength and its variability at VHF/UHF/SHF. The work discussed here 
follows procedures that have been used by ITS to predict statistically 
the effects of terrain and atmosphere on the variability of field strength, 
and on the performance of radio systems [7, 17, 18, 20, 21, 22, 27, 32, 
33, 40]. It is also convenient to use the concept of transmission loss 
[36, 37], which is the ratio (usually expressed in decibels) of power 
radiated to the power that would be available at the receiving antenna 
terminals if there were no circuit losses other than those associated 
with the radiation resistance of the receiving antenna. 

Transmission-loss levels, L(q), that are not exceeded during a 
fraction of the time q are calculated from 

(4) 

where Lb(0.5) is the median basic transmission loss [40, sec.2], Lgp is 
the path antenna gain loss, GF and GA are free-space antenna gains for 
the ground facility and aircraft, respectively, and Y~(q) is the total 
variability. 

The calculation of Lb(0.5) is described in section A.4. Free-space 
loss and atmospheric absorption are included in Lb(0.5) along with lobing, 
diffraction, and/or scatter attenuation. 

Values for Lgp and GA are taken as 0 dB in the model. The former is 
valid when (a) transmitting and receiving antennas have the same polari
zation and (b) the maximum gain ~f the facility antenna is less than 
50 dB [32, sec. 1-3]. The latter results from assuming that the aircraft 
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antenna is isotropic (0 dB gain in all directions). Values for GF are 
not explicitly used in the model since the maximum facility antenna gain 
is included in the ·specification of equivalent isotropically radiated 
power (sees. A.2 and A.3) and gain normalized to the maximum is used in 
antenna pattern specification (sees. 3.1.1 and A.4.2). 

Total variability, YI(q) is calculated from 

(
+for q < 0.5) 

- otherwise 

dB ( 5) 

where Ye(q) is the variability associated with long-term power fading 
(sec. A.5) and Y (q) is the variability associated with multipath. 

7T 

This method of combining variabilities is similar to the method suggested 
by Rice et al. [40, eq. V.5] and is the same as that previously used by 
Tary et al. [42, eq. 25]. The Nakagami-Rice distribution [40, sec. V.2] 
is used for Y (q). Values are determined using K*, the ratio in decibels 

7T 

between the steady component of the received power and the Rayleigh fading 
component, where 

( 6) 

Here, WR and Wa are the relative power levels of Rayleigh fading com
ponents associated with surface reflection multipath (sec. A.6) and 
tropospheric multipath (sec. A.?). 

•'•The K defined by Rice et al. [40, sec. V.2] and used here 
differs in sign from the K defined by Norton et al. [38]. Some 
of the subroutines using K were written before 1967 so that K 
in the computer program has a sign opposite to that of the K 
used in this text. 
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A.2 Power Density 

Power density S (q) available for a fraction of the time > q is deter. a 
mined using 

(7) 

where EIRP is the equivalent isotropically radiated power defined in (1) 

of section 3.1.1, Lb(q) is the basic (isotropic antennas) transmission 

loss not exceeded during a fraction of time q, GN is the normalized gain 

of the facility antenna (fig. 2) that is directed toward the aircraft 

(line-of-sight) or toward the facility radio horizon (beyond line-of-sight), 

and Ae is the effective area of an isotropic antenna [39, sec. 4.11]. The 

formulation used to determine GN is a slight extension of that used for 

g0 which follows (80); i.e., GN = 20 log gD. Values of Lb(q) and Ae are 
determined from 

(8) 

and 

A = 10 log(A 2 /4n) dB-sq m e m ( 9) 

where the total variability YL(q) is given by (5), and Am is the wave

length in meters. For a frequency of f MHz, 

A = 299.7925/f m m 

A.3 Desired-to-Undesired Signal Ratio 

( 1 0) 

Desired-to-undesired signal ratios that are available for a 

fraction of time q, D/U(q) dB, at the terminals of a lossless isotropic 

airborne receiving antenna are calculated using [18, sec. 3] 

D/U(q) = D/U(0.5) + YDU(q) dB . ( 11 ) 
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The median value of D/U(0.5) and the variability v0U(q) of D/U are calcu
·, a ted as 

and 

D/U(0.5) = [EIRP-Lb(0.5)+GN]Desired 

[YE(q)] 2 + [YE(l-q)] 2 dB 
Desired Undesired 

(
- for q > 0.5) 
+ otherwise 

( 12) 

( 13) 

where EIRP is defined by (1) of section 3.1.1, the calculation of Lb(0.5) 
is discussed in section A.4, GN values for antenna options currently 
available are given in figure 2, and YE(q) values are obtained using (5). 

A.4 Median Basic Transmission Loss 

Median basic transmission loss, Lb(0.5), is calculated from 

( 14) 

where Lbr is a calculated reference level of basic transmission loss, Ay 
is a conditional adjustment factor, and Aa is atmospheric absorption 
(sec. A.4.5). The factor, Ay, [18, sec. 3] is used to prevent available 

signal powers from exceeding levels expected for free-space propagation by 
an unrealistic amount when the variability about Lb(0.5) is large, and 
Lb(0.5) is near its free-space level, Lbf' That is, 

Lbf = 32.45 + 20 log f + 20 log r dB ( 15) 

where f MHz is frequency and r km is the shortest facility-to-aircraft 
ray length, 
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if lobing option (sec. 3.1.1} l 
is used and the aircraft is 
within 10 lobes of its radio 
horizon, or path is beyond dB (16) 
line of sight 

otherwise 

where Y (0.1) is the long-term variability Y (q) described in section A.5 e e 
with q = 0.1 and is calculated from (180). Note that Ay adjusts Lb(0.5) 
so that Lb(O.l) ~ (Lbf-3) when Yn = 0 in (3). 

Terrain attenuation, AT' and a variabi.lity adjustment term, 

Ve(0.5, d~), are used along with Lbf to determine Lbr; i.e., 

Methods used to calculate Ve(0.5, de) are described in section A.5. 

(17) 

Since the effect of terrain depends on the propagation mechanisms in
volved, the discussion ·Of terrain attenuation, AT' is spread through three 
sections dealing with propagation in the line-of-sight (sec. A.4.2), 
diffraction (sec. A.4.3), and scatter regions (sec. A.4.4). 

A.4.1 Horizon Geometry 

Almost all calculations within the programs are made with distances 
and heights expressed in kilometers, and the equations given in the 
appendix follow this pattern, unless specifically stated otherwise. Fre
quency is always measured in megahertz, and angles are usually measured 
in radians. 

Geometry for the facility radio horizon is shown in figure 13. An 
effective earth radius [3, sec. 3.6], a, is used to compensate for ray 
bending so that the ray is shown as a straight line from facility to 
horizon, and as a curved line from horizon to aircraft. A straight line 
extension from horizon-to-aircraft ray is shown dotted to indicate that 

the effective earth radius model predicts too much bending for high 
antennas, which would result in·a maximum great circle line-of-sight 
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Faci 1 ity 
horizontal h1 ~'---~ 

Effective reflecting 
surface 

Figw?e 13. Geometry for faci Zity radio horizon 
(not drawn to scale). 

distance, dML' that is excessive [40, fig. 6.7]. Facility antenna height, 
facility horizon elevation, and aircraft altitude above msl are h1, hll. 
and h2, respectively. Facility ray horizon elevation angles measured 

above the horizontal at the facility and its horizon are eel and el. 
respectively. The great circle facility-to-horizon distance is dll' 

Effective earth radius, a, is calculated using the minimum monthly 
mean surface refractivity referred to mean sea level, N

0 
(fig. 3), and the 

height of the effective reflection surface above mean sea level, hrskm 
[ 40, sec. 4]; i.e. , 
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Ns = N
0 

exp(-0. 1057 hrs) N-un "its ( 18) 

.ao = 6370 km ( 19) 

and 
a = a

0
[l-O. 04665. exp(0.005577 Ns)]-l km. (20) 

Here Nsis the surface refractivity at the effective reflecting surface, 
and a

0 
is the actual earth radius to about three significant figures. 

Since relationships involving a are approximate, greater precision is 

usually not justified or appropriate. 

Facility horizon parameters dLl, hLl' and Gel a1Ae related to each 
other by the following 

Gel = Tan- I { hLl-hl - dll } rad 
dL 1 2a 

( 21 ) 

d\1 
hl.l = h1 + -2a" + dll tan Gel km (22) 

and 

where the~ choice is made such that (23) yields its smallest positive 

value. If dLl and/or eel are not specified, they may be estimated [32, 
sec. 2.4] using the terrain parameter, ~h km, and the effective height of 
the facility antenna above the reflecting surface, hel km. The hel is 
calculated from specified elevations (fig. 1) or is taken as the facility 
antenna height above the facility site surface when the effective 
reflecting surface elevation is not specified. That is, 

km (24) 

he = larger of { hel or 0.005 } km (25) 

= 1 arger of {
O. 1 dLsl or }-

dLsl exp(-0.07 J ~h/he) 
km (26) 

and 
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eel = lesser of 

0. 5 [1. 3 ( d L s 1 - 1 ) ll.h - 4 h ] 

{

dlsl dll el } 
or rad. 

0.2094 (12°) 

(27) 

The programs allow any two of hll, dll' or eel to be specified or esti
mated via ll.h, and the remaining parameter to be calculated. When a smooth 
earth is specified, ll.h is set to zero, hll is set to hrs' dll set to 
dlsl. and eel calculated via (21). This logic is summarized in figure 14. 

Ray tracing is used in the determination of effective aircraft alti
tude, maximum line··of-sight distance, and effective distance~ when 
the effective altitude correcting factor is not specified. Then it is 
performed through an exponential atmosphere [3, eqs. 3.44, 3.43, 3.40] in 
which the refractivity, N, varies with height above msl, h km, as 

N = Ns exp [- Ce (h~hrs)] N-un its (28) 
where 

Ns 
Ce = ln N + li.N (29) 

and s 

li.N = -7.32 exp(0.005577 Ns) N-units/km . (30) 

Thayer's algorithm [43] for ray tracing through a horizontally stratified 
atmosphere is used with layer heights (above hrs) taken as 0.01, 0.02, 
0.05, 0.1, 0.2, 0.305, 0.5, 0.7, 1, 1.524, 2, 3.048, 5, 7, 10, 20, 30.48, 
50, 70, 90, 110, 225, 350, and 475 km. Above 475 km raybending is neglected; 
i.e., rays are assumed to be straight relative to a true earth radius, a . 

0 
The computer subroutine used for ray tracing (sec. 8.4.1, RAYTRAC) was 
written so that: (a) the initial ray elevation angle may be negative; 
(b) if the initial angle is too negative it will be set to a value that 
corresponds to grazing for a smooth earth; and (c) the antenna heights 
may be very large, e.g., satellites. 

44 



~:pute dLsl via (24) 

jl-;--~~1oo;h e~rth ~pecified?} 
y es 

' No 
Yes 

r-re hLl and e specified? I ----
e1 I Set 

No 
6h 0 "" --- Compute dL 1 Is dl 1 

No Compute h hLl :::: h 
via (25) e via (23) rs 

specified? 
dl 1 = d Ls1 

Yes Compute dL 1 then 
vi a (26) compute 

e el via 

( 21 ) 

·-
Is. e el 

No Is hLl Yes 

specified? specified? 

No 

Yes r-c~~~lpute e 1 Compute 8 1 Jvla(27)e vi a (21 ) e 

~c"-'4-.....,.->-~~~ ... 
Compute hL 1 vi a (22) 

.J Exit I 
I j -

Figure 14. Logic for facility horizon determination. 
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Effective aircraft altitude, he2 km in figure 13, may be calculated 

from 
(31) 

and 
h = h - 6h km e2 a2 e (32) 

However, 6he specification is neither required or recommended. When 6he 
is not specified, he2 is defined as the lesser of ha 2 or the aircraft 
altitude above the effective reflecting surface which will yield the 

proper aircraft smooth-earth horizon distance dls2 when used with 

{

J2a he2 if he2 2 50 km } 
dls2 = km. 

a Cos- 1[a/(a+he2)] otherwise 

(33) 

The upper expression in (33) is based on a parabolic approximation to 

the earth's surface and is good when dl~2 ·s resulting from its use do not 
exceed about a/10 km. Whereas the lower expression is for a spherical 
earth and may not yield sufficient precision when dls 2's resulting from 
its use do not exceed a/10 km, it is useful when altitudes greater than 
about 50 km are encountered. Based on the above, he2 calculations are 
made using 

where 

6he if 6he is specified 

ha2 
1 esser of or 

{
dl_s 2/ (2a) if es 22. 0.1 rad} 
a[sec (e 2)-1] otherwise . 

s -

dls2 
--a- rad . 
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otherwise 
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The dl52 is determined by tracing a ray that leaves the effective reflec

tion surface at a 0 rad take-off angle out until ha 2 is reached. If he2 
is set equal to ha 2· or is determined from L\he' dls 2 is calculated using 
(33). Values obtained for he2 by using ray tracing do not always agree 
with those [40, fig. 6.7] based on a modified effective earth's radius 

model [3, sec. 3.7], since the ray tracing described here is based on the 
later exponential model [3, sec. 3.8]. Actually this effective earth radius 
model predicts smooth earth radio horizon distances that are too short 
(insufficient ray bending) for antenna heights less than a few kilometers 
[3, sec. 3.8], but the propagation models [32, 40] on which much of air/ 
gr·ound mode'l is based use the effective earth radius mode 1. Therefore, 
ha 2 is selected in (34) when such antenna heights are encountered, and 
L\h is not specified. e-

!~i!_:S:lJJ.XtJwr·izon parameters are determined using either (a) case 1, 

where the facil'ity horizon obstacle is assumed to provide the aircl~aft 
radio horizon. or (b) case 2, where the effective reflection surface is 
assumed to provide the aircraft radio horizon. The great circle horizon 

distance for the aircraft, dl2 ' is calculated using the parameters shown 
in figure 15 along with the great circle distance, d km, between the 

facility and the aircraft; i.e., 

and 

d L2 

- {d-dl 1 

dL52 otherwise 

km 

+ dls2} 
km 

Here h l km ·is the height of the facility horizon obstacle above the 
e. 

(36) 

(37) 

(38) 

effective reflection surface, d
5
L is the smooth earth horizon distance 

for the obstacle) and the other parameters were previously discussed. 

The horizon ray elevation angle ~t the aircraft is measured relative to 
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Figure 15. 

Horizontal at aircraft 
Case l , obstacle horizon 
Case 2, smooth earth horizon 

Geometry for aircraft radio horizon 
(not drawn to scale). 

the horizontal at the aircraft, with positive values assigned to values 

above the horizontal, and is calculated from 

e e2 . rad. 
if dL 2=d-dL l} 

{39) 

otherwise 

Maximum Line-of-Sight Distance, dML km, is calculated using effective 
earth radius geometry or drt (fig. 13), i.e.' 

. { ( r (a+hel) cos eel J ) 
_ a Cos-

1 L (a+he
2

) - eel if 6he is 
dML -

dll + drt otherwise 

specified l 
r km. 

./ 

The great circle ray-tracing distance, drt km. is determined by tracing 

a ray from the horizon obstacle ~o the aircraft location where the ray 
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leaves the obstacle at the angle el (fig. 13). This angle is related 

to eel by 

dll 
el =eel +--a-- rad. (41) 

A.4.2 Line-of-Sight Region 

Calculation of Lb(0.5) in the line-of-sight region via (14) and (17) 

involves Lbf from (15), Ay from (16), Aa of section A.4.5, Ve(0.5, de) of 
section A.5, and AT. 

A detailed discussion of the methods used in calculating the ter
rain attenuation term, AT' in the line-of-sight region is provided in 
this section. Values of AT obtained by these methods are used only 
when the path distance does not exceed the maximum line-of-sight distance, 

i.e., only when d ~ dML' where the determination of dML is described in 
section A.4.1. Allowances are included .for (a) lobing caused by surface 
reflection, (b) lobing caused by counterpoise reflection, and (c) 
diffraction near the radio horizon. Methods used to combine these 
allowances will be described in detail; then a block diagram of the pro
cedure used to calculate AT within the line-of-sight will be provided. 

Path length difference, 6r km, is the extent by which the length of 
the reflected ray path, r1 + r2 = r12 km, exceeds that of the direct ray, 
r

0 
km. It is used in calculations involving lobing in the line-of-sight 

region, and the geometry involved is shown in figure 16. Given: (a) the 
effective earth radius, a km from (20), and a

0 
from (19); (b) grazing 

angle,~ rad; (c) na 2 km from (31), and he2 from (32); (d) counterpoise 
height above facility site surface, hcg km; (e) effective facility antenna 
height above reflection surface, hel km; and (f) facility antenna height 
above its counterpoise, hfc km. The 6r and the corresponding great circle 
path distance, d km, are calculated for both surface and counterpoise 
reflection lobing as follows: 
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80 = 81 + 82 

d = a 80 a 

r12 = r1 + r2 

4H' H' 
L'lr = 1 2 

r12+ro 

02 

Figure 16. Geometry for path length difference~ Llr~ calculations 
(not drawn to scale). , 
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a = 

ka = 1/(l+z cos ~) 

1-l = { ha 2-L1ha for earth } 
· 2 ha 2-L1ha -hcg for counterooi se · km 

hel for earth } 

Hl = t hfc for counterpoise km 

z 1 , 2 = a a + H 1 , 2 km 

o1 , 2 = z 1 , 2 sin e 1 , km 

= J o1 ,2 tan ~ for ~ < 1 . 56 rad } km 
Hl ,2 l H1 , 2 otherwise 

Tan- 1 [(H'-H')/(D +D ) 
{ 2 l l 2 

~ otherw1se 

for ~ < 1 . 56 rad } 

r "'{(D1+o2)/cos a for··~-<: 1.56 rad} km 
0 H2 - H1 otherwise 
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(43) 

( 44) 

(45) 

(46) 

(47) 

(48) 

(49) 

(50) 

(51 ) 

(52) 

km (53) 

(54) 

(55) 



t::,.r = 4 H1 H2/(ro + rl2) km (56) 

eh = a - el rad (57) 

8er = l/J + el rad (58) 

e = el 0 + 82 rad (59) 
and 

d = a a eo km . (60) 

An effective earth radius, aa, and an effective aircraft altitude, 
H2, that varies with l/J are used in these expressions since the values of 
a and he2 determined in section A.4.1 are not appropriate for large ray 
take-off angles when cos l/J is not ""1 [3, eq. 3.23]. 

Effective specular reflection coefficient for reflection from the 
earth, R

9 
exp(-j¢g), has a magnitude Rg and a phase lag of -¢g· Allow

ances are included for the effect on reflection coefficient of (a) reflec
ting area illumination (antenna gain), (b) surface dielectric constant E 
and conductivity 0 mho/m from table 2, (c) polarization, (d) surface 
roughness, and (e) wavelength Am m from (10), but not allowances for 
divergence [6, sec. 11 .2] or shadowing by the counterpoise (included 
later). It is calculated using the complex plane earth reflection coef
ficient R exp(-j¢) [6, sec. 11 .1] and the reflection reduction factor 
F

0
h [32, eqs. 3, 3.5, 3.6]. That is 

and 

R exp(-j¢) 

E = E - j 60A 0 c m 

l/J = grazing angle (fig. 17) 
Y = J E - COS 2 l/J c c 

sin(l/l) - Y 

--{sin(l/l) + Y~ 
E sin(l/l)-Y c c 
Ec sin(ljJ)+Yc 
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polarization 

for vertical 
polarization 

( 61 ) 

(62) 
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With 6hm as the terrain parameter (m) from table 3 and d as the great 
· circle path distance (km) as shown in figure 16, 

and 

Further, 

g = 

and 

6hd = 6hm[l-0.8 exp(-0.02d)] m 

cos e if je I< 83°}for cosine option where er er - . ( ) 
0.12589 otherwise 8er lS from 58 

G 
io N/ 20 with GN from fig. 2 for DME and TACAN options 
1 for isotropic option 
[1+(2jeer-etj/8HP) 2

•
5
]-

0
•

5 for JTAC option where 
the beam tilt above horizontal is et and the 
half-power beamwidth is eHP degree, both in 
the same units as eer 

(64) 

( 65) 

(66) 

(67) 

(68) 

Similarly, the effective reflection coefficient for the counterpoise, Rc 
exp(-j¢c); is calculated from 

(69) 

where parameters appropriate for the counterpoise are used to determine 
R exp(-j¢) via (63), and g via (67). 

Counterpoise shadowing of ~arth reflecting surfaces and the "limited 
reflection surface available to support reflection from the counterpoise 
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are accounted for by using knife-edge diffraction factors in the process 

of combining direct and reflected rays. Geometry associated with this 
diffraction is shown in figures 17 and 18 for earth and counterpoise 
reflections. respectively. The 11 V11 parameters used in the diffraction 
calculations are calculated as follows: 

hfc = height (km) of facility antenna above counterpoise 

de = counterpoise diameter (km), 

(70) 

r - 0.5 d /COS 8 km 
c c ce (71 ) 

1/J = grazing angle (fig. 17) 
8 ::;: I 8 + 8 I rad kg ce er (72) 

where 8 er is determined from (58) 

A. ::-: A. /1000 m km (73) 

where \li ·j s from (10) 

{74) 

vg = + 2 Y sin(ek /2) ·(- for 8er < 
8ce) 

- v g + otherwise 
(75) 

(76) 

where eh rad, determined from (57) for reflection from the earth, is used 
as the grazing angle 1/Jc for counterpoise reflection and 

v 9 " :':_ 2 Y v sin (8k/2) (: :~~e~~i:e 8ce) (77) 
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Counterpoise 

Earth 

Figure 1?·. Geometry for determination of earth reflection 
diffraction parameter~ v ~ associated with 
counterpoise shadowing. g 

Counterpoise 

hfc 

Image 

Figure 18. Geometry for determination of counterpoise reflection 
diffraction parameter~ v ~ associated with the limited 
reflecting surface of th~ counterpoise. 
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A subroutine~ FRENEL (sec. B.4.1), written for the Fresnel integrals 

[40. sec. III.3] is used to determine the loss, f (dimensionless g,c 
voltage ratio), and phase shift, ~ rad, factors from v . Kg,c g,c 

Ray combining is performed as follows: 

6r = path length difference (km) earth or counterpoise g,c 
reflection from (56) 

R exp(-j~g c) = g,c • 
complex effective reflection coefficient 
for earth or counterpoise reflection from 
(68) and (69) 

fg,c and ~kg,c are the knife-edge loss and phase shift factors 
for earth or counterpoise reflection that are discussed 
in the preceding paragraph 

de = counterpoise diameter (km), 
A = wavelength (km) from (73) 

{
Rg if d < 0 } if lobing option 
fg Rg o~h;rwise (sec. 3.1) used 

f 0 if &r 9 > A/6 ~ It Rg if de 2._ 0 J otherwise 
L f g Rg otherwise 

g0 = value of g for direct ray from (67) with eer set to 

eh from (57). 
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and 

(82) 

Diffraction is included in the line-of-sight calculations near the 
radio horizon by using (a) the largest within-the-horizon distance, d

0 
km, 

from (140), at which diffraction effects are considered negligible 
(sec. A.4.3); (b) the value of -PRO from (82) at d0 ~ A

0 
dB; (c) the maxi

mum line-of-sight distance, dML km; and (d) the attenuation greater than 
free space at dML' AML dB from (137). Hence the terrain attenuation factor 
AT is calculated for the line-of-sight region (d ~ dML) from 

AML + PRO 
M = dB/km (83) 
L dML - do 

and 

A block diagra~ for the procedure used for AT calculations in the 
line-of-sight region is provided in figure 19. 

A.4.3 Diffraction Region 

Calculations based on diffraction mechanisms are used both in the 
line~of-sight (see eq. 84) and diffraction regions. Diffraction attenua
tion, Ad' is assumed to vary linearly with distance in the diffraction 
region when other parameters (heights, etc.) are fixed .. Most of the 
equations given in this section are related to the determination of two 
points needed to define this diffraction line. Since irregular terrain 
may be involved, rounded earth diffraction is combined with knife-edge 

*Decibels greater than the free-space power level. 
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I 
Starting with~ (0 to 89°), generate tables of 6r from 
(56) and d via (60) for reflection from the earth. 

II 

Interpolate between values in the ~. 6r, d tables 
(block I) to determine distances required to plot 
lobing associated with earth reflection for (a) 
the first 10 lobes (t:,r up to 10 A) inside the 
smooth earth radio horizon, or (b) near the horizon 
lobe. Critical t:,r's (e.g., multiple of A/2) are 
selected and d's determined. 

III 
If a counterpoise is present (d > 0) determine d's 
required to plot first 10 lobesc associated with 
counterpoise reflection. Critical counterpoise, w 's, 
ar: ~etermined from ~ = Arcsin(0.5 6rc/hfc) for c 
cr1t1cal ~rc values an5 these values are used with 
appropriate counterpoise parameters to obtain d via 
(60). 

IV 
Combine the d;s obtained in blocks I, II, and III, 
and reorder to form an array of increasing values. 

11 

v 
Calculate AT values via (84) for each d in the block 
IV array. Starting ~ values for (43) are obtained 
by interpolation within the ~~t:,r, d table of block I. 

-

Figure 19. BZock diagram of procedure used in 
Zin~-of-sight calculations. 
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diffraction considerations. In this section details are given concern
ing (a) rounded ea~th diffraction calculations, (b) knife-edge calcula
tions, (c) the determination of the distance, d

0
, in the line-of-sight 

region at which diffraction effects are considered negligible, and (d) 

the calculation of AT for beyond the horizon paths (d ~ dML). 

Rounded earth diffraction is treated using referenced methods 
[32, eq. 3.28, etc.; 40, sec. 8.2]. Rounded earth diffraction attenua

tion, APr' for path 11 P11 is calculated as follows: 

dpll ,2 = radio horizon distance (km) for 
terminal 1 or 2 of path p 

hpel ,2 = effective height (km) for 
terminal 1 or 2 of path p 

dpl = dpl 1 + dpl2 km 

a = effective earth radius from (20) 
f = frequency (MHz) 

dpls = smooth earth horizon distance 
for path p 

epel ,2 = horizon elevation angle (rad) for 
termina~ 1, or 2 of path p 
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e = e + e rad pe pel pe2 (89) 

(90) 

( 91 ) 

o = conductivity (mho/m) from table 2 

x = 18000 o/f (92) 

E = dielectric constant from table 2 

(93) 

{ 

Kd a- 113 for horizontal polarization 
K = or 1,2,3,4 
1 ,2,3,4 

K a- 1
/

3 
[E 2 +x 2 ] 112 for vertical 

d 1•2•3•4 polarization 
} (94) 

B 1 '2 , 3 , 4 = 41 6 . 4 f 1 I 3 ( 1 . 6 0 7- Kl , 2 • 3 , 4) (95) 

(96) 

w1, 2 = 0.0134 x1, 2 exp(-0.005 x1 ,2) (97) 

Y1 , 2 = 40 log(x1 ,2) - 117 dB (98) 

(99) 

G1 , 2,3,4 = 0.05751 x1 , 2,3,4 - 10 log x1,2,3,4 (1 00) 
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and 

When 0 < x1 ,2 2 200 

{
yl ,2 if IY, ,21 < 117} if 0 2 Kl ,2.:::. 10-5 
- 117 otherwise 
or 

y 1 '2 if 10-5 2 Kl '2 < 
and x1 ,2 ~ - 450/[log K1 ,2] 3 

or 

20 log(Kl ,2) - 15 + 2.5(10)- 5xl ,2/Kl ,2 

When 200 < x1 , 2 2 2000 

Wl ,2 Y1,2 + (l-Wl ,2) Gl ,2 

When x1 ,2 > 2000 

Gl ,2 

A3,4 = G3,4 - Fl - F2 - 20 

Mpr = (A4 - A3)/(d4 - d3) 

A pro = A - M d 4 pr 4 dB 

Apr = Apro + Mpr dp 

h 1 2 = 1000 h 1 2 m m , pe , 

BNl, 2 = 1.607- K1 ,2 

otherwise 

dB 

dB/km 

dB (101) 

( 102) 

( 103) 

( 104) 

( 105) 

( 106) 

(1 07) 

Then Gphl ,2 are obtained with subroutine GHBAR [sec. B.4.1] by using value 

of a1 ,2• f, BNl ,2• K1 , 2• dpll ,2• and hml ,2 where GHBAR [7, eq. 64, fig.3l; 
40, eq. 7.6, fig. 7.2] includes a weighting function [20, eq. 17]. 
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Effective reflection 
surface 

h -h ee2- e2 

Figure 20. Paths used to determine diffraction loss Cnot drawn to 
scale). Rounded earth diffraction is calculated for the 
hKel to hKe2 and heel to hee2 paths. Knife-edge dif
fraction is calculated for the hel to hKe2 and hel 
to heel paths. · 

This formulation is used to determine rounded earth diffraction lines, 

(105) and Gpnl , 2 (discussed under knife-edge diffraction in ~he next p~ra
graph) values for two paths illustrated in figure 20. The f1rst path ln-

volves diffraction over the facility horizon obstacle only where the sub
script p is replaced by K so that: 

(a) km ( 108) 

with dll from figure 14 and 

km ( 109) 

where dML is from (40), 

(b) hKel ,2 = hel ,2 km (11 0) 
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where 

hel = hl - hrs km (111) 

(fig. 13) and he 2 is from (34), 

(c) dKLs = dls 1 + dls2 km ( 112) 

where dlsl is from (24) and dls 2 is from (33). and 

(d) e · = e rad Kel , 2 e 1 , 2 ( 113) 

from figure 14 and (39). The second path involves diffraction over smooth 
earth from the facility horizon obstacle to the aircraft where the sub
script p is replaced by e, so that: 

(a) ( 114) 

where hll km is from figure 14, hrs is the reflection surface elevation 
above msl (fig. 13), and 

from (34), 
(b) 

where a is from (20), 
(c) 

h 2 =h 2 km ee e 

dell,2 = J 2a heel ,2 km 

and 
(d) e 1 2 = Tan-1 ( :eel,2- de~l ,2) rad . 

ee ' ell ,2 a 

(115) 

(116) 

(117) 

(118) 

Knife-edge diffraction is used to define another diffraction line 

for diffraction by an isolated obstacle with ground reflections [33, 
sec. 3.5; 34, sec. 2.1; 40, sec~ 7.2]. This line is based on linear 
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interpolation between knife-edge attenuation values, AKK,e' calculated for 
two knife-edge diffraction paths illustrated in figure 20; i.e., paths from 

hel to hKe2 and from hel to hee2. Parameters discussed in the previous para
graph are used in these calculations. That is, GKhl ,2 and Gehl, 2 are deter
mined as per discussion following (107) where calculations are based on 
parameters for subscript K and e paths (fig. 20). Further: 

e = e 1 + e 2 + (d L + dl1);a rad v e ee e s 

where eel is from figure 14, eee2 is from (118), dels is from (117), 
dll is from figure 14, and a is from (20) 

where f MHz is frequency and dll is from figure 14. 
Subroutine FRENEL (sec. 8.4.1) written for the Fresnel integrals 

[40, sec. III.3] is used to determine the knife-edge loss factor, fh 
(dimensionless voltage ratio), associated with vh. Then 

where Ah is obtained from (105) with path parameters for the subscript 

e path (fig. 20) and dp = dels' 

where dML is from (40) 

and 
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( 120) 

(121) 

( 122) 

( 123) 

("124) 



( 125) 

where d km is the great circle path distance. 

The distanced km in the line-of-sight region at which diffraction 

is considered negligible is required for line-of-sight calculations via 
(84). It is determined from diffraction considerations as follows: 

where dML is from (40), f Mhz is frequency, dll is from figure 14, and 

dKL 2 is from (109) 

e5 = eh - eel rad 
where eel is from figure 14, 

( 126) 

(127) 

where a is from (20), h1 km is facility antenna elevation above msl, and 

hll is from figure 14 

where h2 is aircraft altitude above msl and 6he is 

( 
hll- hs2 _ dl5 ) e = Tan- 1 

e5 dl5 2a 
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(129) 

(130) 

from (45) 

rad (131) 

(132) 

( 133) 



Subroutine FRENEL (sec, 8.4.1), written for Fresnel integrals 

[40, sec. III.3], is used to determine the knife-edge loss factor, f 5 
(dimensionless voltage ratio) associated with ~ 5 . Then 

AK5 = 20 log f 5 dB 

and 

( 134) 

( 135) 

where dKLs is from (112), rounded earth attenuations ArML and Ar5 are ob
tained from (105) with parameters for the subscript e path (fig. 20), and 

dp set to dML and d
0

, respectively, 

and 

A = 5 {

Ar5 if W > 0.999 

AK5 if W < 0.001 

(1-W) AK5 + W Ar5 otherwise } 
1 ~ArML if W > 0.999 

·- I AKK if w <_0.001 

l (1-W) AKK - W ArML otherwise j 

d = - A /M km . 
0 0 0 

dB 

dB 

This procedure involves (a) combining knife-edge diffraction values 

( 136) 

(137) 

( 138) 

( 139) 

( 140) 

(AK5' AKK) and rounded earth diffraction values (ArS' ArML) at the dis
tance where the knife-edge v pa~ameter is about -0.5, d

0
, and the maximum 
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line-of-sight distance, dML' (b) using these points to define a linear 

diffraction line with slope M
0 

and intercept A
0

, and (c) using this line 

to define the distance d at which the attenuation resulting from it would 
. 0 

be zero. It is very similar to a referenced method [20, sec. 2.1]. 

Terr~in attenuation AT for beyond-the-horizon paths (d ~ dML) is 

determined using attenuations for diffraction and scatter. Attenuation 

for scatter, As' is discussed in section A.4.4 whereas diffraction attenua
tion, Ad' is calculated using the rounded earth and knife-edge diffraction 
formulations previously discussed in this section. That is rounded earth 
attenuation ArK is obtained from (105) with parameters for the subscript K 

path (fig. 20) and dp set to dll + dels where dll is the facility horizon 
distance and dels is obtained from (118). 

A6 = {~:: :: ~ : ~:~~~ } dB (141) 
(1-W) AKe + W ArK otherwise 

where Wand AKe are obtained from (135) and (122), 

( 142) 

where AML is obtained from (137), 

dB ( 143) 

and 
dB ( 144) 

where d km is the great circle path distance. The distance, dx km, is the 
shortest distance just beyond the radio horizon at which scatter attenua
tion, As, is > 20 dB and the slope of the A versus d curve, M , is - - s s 
2 Md where Ms is determined using successive As calculations (sec. A.4.4) 

for distances greater than dML' Then 
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(d-dx) otherwise 
dB ( 145) 

lesser of Ad or As if AT f As 
for all shorter distances pre- . for d/d 
viously considered 

As otherwise .J 

where Ad and A are values of Ad and A that correspond to d = d . 
X SX S X 

For within-the-horizon paths, d < dML~ AT is determined using (84). 

A.4.4 Scatter Region 

For beyond-the-horizon paths, the terrain attenuation is equal 
to that associated with forward scatter, At=As dB, when contributions from 
diffraction, Ad' are neglected. Use of As and Ad to obtain AT was dis
cussed in the previous section (145) so that this section is only concerned 
with the calculation of As. Portions of the programs that deal with scatter 
are nearly identical with Johnson 1 S earlier scatter program [27, sec. 7], 
which is based on the model described by Rice et ai. [40, sees. 9, III.5], 
but includes certain CCIR information [7, sec. 11]. Readers interested 
in details concerning the scatter model should refer to these documents. 
However, As calculations may be summarized as follows: 

d = great circle path distance (km) 

a = effective earth radius from (20) 

8el = facility horizon elevation angle (rad) via figure 

8e2 = aircraft horizon elevation angle (rad) from (39) 

hl = elevation of faci 1 ity antenna ( km) above ms 1 

hes2 = effective altitude'of aircraft (nm) above msl 
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km (146) 

where h2 is the aircraft altitude above mean sea level and 6he is obtained 
from ( 45) , 

rad (147) 

rad ( 148) 

8 = a + S rad 
00 00 00 

( 149) 

dll = facility horizon distance (km) via figure 14 

dl2 = aircraft horizon distance (km) from (38' 

8 
{ 0 for smooth earth } 

01 '2 dl 1 2 
eel ,2 + a' otherwise 

rad ( 150) 

km (1 51 ) 

d 0:.00 

= 800 - dl2 (152) 

ife01 , 2 ~o } 
km 

- I a 1 otherwise 8 I 
01 '2 

(153) 

Values for 6a
0 

and 6S
0 

[7, fig. 18] are obtained with subroutine 
DELTA (sec. B.4.1) by using values of e 1 2 and N from (18). Then 

0 ' s 

a + 6a 
00 0 

rad (154) 
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and 

e = a + S 
0 0 

rad 

rad 

( 155) 

( 156) 

(157) 

( 158) 

( 1 59) 

h = D s 8/(l + s) 2 km (160) 
v s 

h
0 

= ds e(l + s) 2 km (161) 

n = 0.031 - (2.32 N/10 3
) + (5.67 N~/10 6 ) (162) 

h 
n

5 
= 0.5696 h

0
[1 + n] exp[-3.8 ( 1g) 6 ] (163) 

F = 1.086 (n /h ) (h -h -hll-hl2) dB 
0 s 0 0 v ( 164) 

A = wavelength (km) from (73) 

( 165) 

( 166) 

{ 

v if s1 < 1} 
vl = v: otherw~se (167) 
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v 6 if s1 .2_ 1 } 

Vz • L otherwise 
a 

( 168) 

A value for H
0 

is obtained with subroutine HCHNOT (sec. 8.4.1) by 

using values of s, ns' and v1 ,2 where HCHNOT is based on a referenced 

[7, sec. 11.4]. Subroutine FDTETA (sec. 8.4.1) is used to obtain Fde from 
values ford, e, Ns, and s where FDTETA is based on a referenced method 
[7, sec. 11.1]. Then 

As = 10 log f - 40 log d + Fde + H
0 

- F
0 

- 32.45 dB (169) 

where f MHz is frequency. 

A.4.5 Atmospheric Absorption 

The formulation used to estimate median values for atmospheric 
absorption is similar to a described method [18, sec. A.3]~ Allowances 
are made for absorption due to oxygen and water vapor by using surface 
absorption rates and effective ray lengths where these ray lengths are 
lengths contained within atmospheric layers with appropriate effective 
thicknesses. The geometry associated with this formulation is shown in 
figure 21 along with key equations relating geometric parameters. 

For 
figure 21 

where Hyl 
( 44), and 

line-of-sight paths, (d .2_ dML) where dMl is from (40), the 
expressions are used to calculate effective ray lengths r eo,w 
= hel from (111), HY2 = H2 from (47), for earth, ay = aa from 
6 = eh from (57). 

For single horizon paths (dMl < d .2_ dLl +dell) where dLl is from 
figure 14 and dell is from (116)~ the figure 21 expressions are used with 
two sets of starting parameters and the r , obtained with these are eo,w s 
called rleo,w and r 2eo,w· In the first calculations, Hyl = hel, 
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Parameter values for H 
1 

km, H 2 km, and a km and i3 are defined in y y y 
the text for line-of-sight, single horizon, and two horizon paths. 

At i3 + 0. 5 lT 

Ht Teo,w + ay 

Hq Hyl + ay -
Hz lesser of {Ht or HY2 + ay} 

When 1\l < Teo,w 

Aq 3 Sin- 1 (Hq sin At/H2 ) 

Ae TT - (At + Aq) 

Ht-H if A < 0.02 rad } 

{ 

q q km 
= H sin A I sin A otherwise 

q e q 

Figure 21. Geometry associated with atmospheric absorption calcula-
tions. Values of T for oxygen and water vapor are 
taken as :3.25 and eo.,w 1.:36 km [18., table A.2], 
respectively (not drawn to scale). , 
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HY2 = heel from (114), ay =a from (20), and S = eel from figure 14. For 
the second set H1 = Hll' HY2 = he2 from (34), ay =a, and S =- ee2 -
(d- dll)/a where e 2 is from (36). Values for r are then obtained e eo,w 
using 

r = r1 + r2 km . eo,w eo,w eo,w ( 170) 

For two horizon paths (dll +dell <d), the figure 21 expressions are 
also used with two sets of input parameters, and the results obtained are 

called rleo,w and r2eo,w' where (170) is used to determine reo,w values. 
Height of the scattering volume above the effective reflection surface, Hv, 
is used as an input parameter and it is calculated using hee2 km at dis
tance dsl km from (153), e01 rad from (150), and a km; i.e., 

Hv = h + d tan e01 + dsf/(2a) km . 
ee2 sl 

( 171 ) 

In the first set of calculations, Hyl = hel, HY2 = Hv, ay =a, and S =eel' 
For the second set, Hyl = 1 esser of {Hv .or He2}, 1\2 = greater of {Hv or 
He2}, ay =a, and S =greater of.{-ee2 or- ee2 - (d-dl1-ds1)/a} 

Surface absorption rates for oxygen and water vapor, Yoo,w dB/km are 
used with effective ray lengths, r km, to obtain an estimate for atmos-eo,w 
pheric absorption, Aa dB; i.e., 

(172) 

Values for Yoo,w may be provided as input (sec. 3.1.1). When values are 
not provided as input, estimates are made within subroutine ASORP (sec. 
B.4.1) by interpolating between values taken from referenced curves 
[ 40 ' fig. 3. 1 J . 

A.5 Long-Term Power Fading 

The formulation used for ~he vari abi 'l ity associated with ·1 ong-term 
(hourly median) power fading that is required for (5) is designated Ye(q) 
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dB where q is the time availability parameter of section A.l and the sign 
associated with Y (q) values is such that the positive values associated 

e 
with q < 0.5 will decrease transmission loss or increase received power 
levels. It is (a)· based on a recommended model [22, sec. 3.1] that was 

tested against air/ground data [21, sec. 4.3], (b) almost identical with 

a previous model [20, sec. 2.2], and (c) a modified version of a power 
fading model [40, sees. 10, III.6, III.?]. These modifications consist 
of: (a) the conditional use of ray tracing to determine effective dis
tance, de; (b) replacing eh in their elevation angle correction function 
[40, fig. III.24] by 8 eh' where eh is the elevation angle of the facility
to-aircraft direct ray from (57); and (c) conditional limiting of Ve(q) 
values for q < 0.1. The 8 eh modification in (b) comes from a comparison 
[20, fig. 2] with satellite data [35, fig. 8]. In the calculation of 

Ye(q), ray tracing from the earth surface to the aircraft is used to 

determine the smooth earth horizon distance dloR when 6he is not specl
fied as an input parameter (sec. 3.1.1) where the surface refractivity 
used in the ray tracing (sec. A.4.1) is determined via (20) for a 
9000-km effective earth radius. Then · 

dlol = jl8000 hel km 

where he 1 is from (111 ) 

= {dloR if 6he not specified } km 

J1sooo ha 2 otherwise 

(173) 

( 174) 

where ha 2 km is the actual aircraft altitude above the reflecting surface 

dds = 65(100/f) 1
/

3 km ( 175) 

where f MHz is frequency 

(176) 
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d = .e {

130d/dM for d ~ dM } 

130 + d - dM otl,erwi se km 

where d km is great circle path distance and 

V(0.5)} 
Y(O.l) = 

-Y(0.9) 
dB 

whe~e f2 = f + (f - f ) exp(-C2d n2
) and the values used for the oo m oo e 

(177) 

(178) 

parameters c1, c2, c3, n1, n2, n3, fm' an? foo depend on whether V(0.5) [40, 

table III.5, climate 1], Y(O.l) [40, table III.3, all hours all year], or 
Y(0.9) [40, table 111.4, all hours all year] is being calculated. Then 

feh= 0.5 - 'Tf- 1 Tan- 1
. [20 log(32 eh)J ( 179) 

Ye(O.l) = feh Y(O.l) dB ( 180) 

Ye(0.9) = feh Y(0.9) dB ( 181 

YT = Lb(0.5) - [ Lbf- 20 log(g0 + RTg + RTc)] dB ( 182) 

where Lb(0.5) is from (14), Lbf is from (15), and g0, RTg' and RTc have 
the same values as they would in (81). 

{ 
3. 33 y ( 0.1 ) } 

{ 

1 esser of or e for 1 obi ng } 
YT 

= dB 
3. 33 y ( 0. 1 ) 

1 esser of { o~- e }otherwise 
Lbr + Ay-(Lbf-6) 

( 183) 
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where the lobing option is discussed in sec. 3.1.1, Lbr is from (17) and 
Ay is from (15), 

and 

Ye(O.Ol} 

= {lesser of 

lesser of 

lesser of 

= 

1 esser of 

{
2.73 y (0.1) 

or e } for ·lobing} 

dB 
2.73 y (0.1) 

{ or e } otherwise 

YT 

Lb(0.5)-(Lbf-5.8) 

{ 1. 95 y (0. 1) } or e 
for 1obing } 

YT 

dB 
{ 1. 95 y (0. 1) } or e otherwise 

Lbr+Ay-(Lbf-5) 

for lobing

1 
dB 

) 

{ 

2.41 y (0.9) } 

VB 

(184} 

(185) 

(186) 

( 187) 

{

greater of or e 

- 2.41 Ye(0.9) otherwise 

for lobing} 

dB (188) 

( 2. 90 Y e ( 0. 9) } 

{

greater of l y or 

Y (0.9999) = B 
e 2.90 Ye(0.9) otherwise 

for lobing } 

dB . ( 189) 
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The median adjustment factor Ve(0.5, de) required for (17) is 
obtained using the results of (178 and 179), i.e., 

A.6 Surface Reflection Multipath 

( 190) 

Multipath associated with reflections from the earth•s surface is con
sidered as part of the short-term (within-the-hour) variability for line-of
sight paths, and is used only when the time availability option for 
11 instantaneous levels exceeded 11 is selected (table 1). Contributions asso
ciated with both specular and diffuse reflection components may be included 
though the specular component is not allowed to make a full contribution 
when it is also used in determining the median levels (e.g., when lobing 
option is selected, table 1). These contributions are incorporated into 
the variability part of the model via the relative power level, WR' in 
(6). Formulas used to calculate WR rna~ be summarized as follows: 

FAY = reflection reduction factor [42, eq. 21 modified] 
associated with the conditional adjustment factor Ay 
from (16) 

F = l':.r 

{

1 if Ay ~ 0 } 
0.1 if Ay ~ 6 

0.5[1.1 + 0.9 cos(nAy/6)] otherwise 

reflection reduction factor [42, eq. 22] associated 
with path length difference, l':.r km, from (56) wave
length, A km, from (73) 

0 for lobing (table 1) 

= { 1 for l':.r ~ A/2 
0.1 for l':.r < l':.r = A/6 

- 0 
1.1-0.9 cos [3n(ar-ar

0
)/A] 

2 

} 
otherwise 

otherwise 
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where R~ is the specular contribution to relative multipath power~ and 

RTg is from (78). Fdrrhis the reflection reduction factor associated 
with diffuse reflection that is based on curves fit to data [5, fig. 4] 
and expressed in terms of F

0
h from (66) 

0.01 + 9.46 F~h if F
0
h < 0.00325 

6.15 F
0
h if 0.00325 2 F

0
h 2 0.0739 

(193) 

Fd0 h = 0.45 + V~0.000893-(F0h-0.1026) 2 if 0.0739<F
0

h<O.l237 (194) 

0.601 - 1.06 F h if 0.1237 < F h < 0.3 
0 - 0 -

0.01 + 0.875 exp(-3.88 F
0

h) otherwise 

where Rd is the diffuse contribution to relative multipath power and 

_ {R~ + Rd for line-of-sight (d2dML)} 
WR - . 

0 otherwise 

where dML is from (40) and d is path distance. 

( 195) 

(196) 

The RTg in (193) is an effective reflection coefficient for reflec
tion from the earth. It is calculated using (78) and (68), and includes 
allowances for: (a) surface constants and frequency via the plane earth 
reflection coefficient, R, of (63); (b) antenna illumination of the reflec
ting area via the relative antenna gain, g, of (67), (c) shadowing of the 
reflecting area by the counterpoise with fg of (78), and (d) surface 
roughness via F

0
h of (66). This formulation for F

0
h [32, eq. 3.5] has 

been previously used [20, p. 17; 42, eq. 18]. Although it differs from 
some formulations [6, p. 246] and [40, eq. 5.1], it does agree well with 

data [6, p. 318; and Montgomery, 1969, 11A note on selected definitions of 
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effective antenna heights 11
, ESSA Tech. Memo. ERLTM-ITS 158, pp. 7-9; . . 

limited distribution, contact author at ITS for more information]. 

A.7 Tropospheric Multipath 

Tropospheric multipath is caused by reflections from atmospheric 

sheets or elevated layers, or additional direct (nonreflected) wave paths 
[2; 9, sec. 3.1] and may be present when antenna directivity is sufficient 

to make surface reflections negligible. It is considered as part of the 

short-term (within-the-hour) variability for line-of-sight path, is used 
only when the time availability option for 11 instantaneous levels 

exceeded 11 is selected (table 1), and is incorporated into the variability 

part of the model via the relative power level, Wa, in (6). 

The formulation for Wa within the line-of-sight region [dML< d where 
dML is the maximum line-of-sight distance from (40) and d is the great 
circle path distance] involves: frequency, f MHz; effective water vapor 

ray length, rew' from figure 21; 

and 

F = { 10 log (f r~w) - 84.26 if d ~ dML } dB (lg7) 

and is not calculated otherwise 

v -'t -

obtained via (201) if d > dML 

{ 

40 dB if F < 0.14 

-20 dB if F > 18.4 

or is obtained from curves [40, fig. 

}dB (198) 

v. 1 J 

(1 99) 

The expression for fade margin, F, given in (197) is identical with 

the one used in [20, eq. 42], and was derived from the outage time formu

lation provided in [31, pp. 60, B-2, 119] by: replacing the path dis

tance with rew; expressing frequency in megahertz; setting both 11 Climate 11 
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and "terrain" factors to 0.25; setting the "actual fade probability 11 to 

0.01 (100-0.99); and solving the resulting equation for F. Values for 

F are used in (198} by selecting the Kt that corresponds to Yn(0.99) 
=-Fin [40, fig. V.l]. This operation is performed in the programs by 
a function called FDASP (sec. 8.4.1) which interpolates between pre

determined values [40, fig. V.l]. 

For beyond-the-horizon paths (dML <d)~ values for Wa may be deter

mined from Kt values with (201), where Kt is calculated using (a) the 
scattering angle e rad from (156), and (b) the value ~L of K obtained 
from (6) at d = dML with WR from (196) and Wa from (199); i.e., 

MKa = (-20-~L)/0.02618 dB/rad (200) 

and 

{obtained via (198) if d :'_ dMl } Kt = -20 if e > 0.02618 rad dB . (201 ) 

~L + MKa e otherwise 

However, the calculation of Wa for such paths can be bypassed since 
the K of (6) is equal to the Kt of (201) because WR in (6) from (196) is 
zero. Data [26] was used to determine the values of e at which short
term fading for beypnd-the-horizon paths can be characterized as Rayleigh 
fading (K ~ -20 dB), and (201) includes a linear interpolation between 

the horizon (e = o. Kt = KML) and Rayleigh fading (e = 0.02618 rad, 
Kt = -20 dB) points. 
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APPENDIX B. PROGRAM LISTINGS 

Program listings are given in this appendix for the power density 
(POWAV, sec. B.l), station separation (DOVERU, sec. B.2), and service 
volume (SRVVOLM, sec. B.3) programs. Most subprograms (functions and 
subroutines) are common to all three programs and are listed in section 
B.4. All listings are in FORTRAN and have some annotation to assist 
readers. 

Data tables, which are read into the computer prior to any system 
configuration data, are listed in section B.4.2. Initial (first 5) READ 
statements of all three programs concern these tables. Remaining READ 
statements concern model parameter data where the cards used to provide 
such data for each program are indicated in figure 22 (POWAV), figure 23 
(DOVERU), and figure 24 (SRVVOLM). FORTRAN variable names used in the 
programs and in these figures are described in table 7. Additional in
formation concerning most of these parameters is given in section 3.1.1. 
Format requirements are given in the program listings. 

B.l POWER DENSITY PROGRAM 

Input parameters for the power density program (POWAV) and the 
output generated by it are discussed in sections 3.1.1 and 3.2.1, 
respectively. Information concerning input parameter cards and FORTRAN 
variables is given in figure 22 and described further in table 7. Sub
programs (sec. B.4.1) and data tables (sec. B.4.2) required by POWAV are 
ALOS, ASORP, CONLUT, DEFRAC, DELTA, FDASP, FDTETA, FRENEL, GAIN, .GHBAR, 
HCHNOT, LINE, PAGE, PLTGRPH, RADEMS, RAYTRAC, RECC, RTATAN, SCATTER, 
SORB, TABLE, TERP, TRMESH, TSMESH, VZD, and YIKK. A block diagram of the 
operations performed by POWAV is given in figure 25. Text references and 
major subprograms that are relevant to specific blocks are included there. 
A listing of POWAV is provided at the end of this section. 
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Figure 22. 

Blank Columns 

Parameter card types for the power density program~ POWAV. 
The card types are in the order required for computer input. 
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Figure 23. Parameter card types for the station separation program~ DOVERU. The card types 
are in the order required for computer input. Card type 2~ 3~ and 4 are identical 
with card type 1~ 2~ and 3 for POWAV (fig. 22). If the undesired facility has 
parameters different from those of the desired facility~ IS = 2 is used and a 
second set of card types 2~ 33 and 4 for the undesired facility is required. When 
the facilities have identical parameters~ IS = 1 is used and the second set of 
card is not used. 
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Figure 24. Parameter card types for the service volume program~ SRVVLOM. The card types 
are in the order required for computer input. Card type 2 is identical with 
cards used for other programs (POWAV~ type 1~ fig. 22; DOVERU~ type 2~ fig. 23). 
Card types 2 and 3 are the facility cards 3 and if the undesired facility has 
different parameters than the desired facility (IS= 2) 3 then another set of 
cards~ types 2 and 33 with the parameters for the undesired facility must 
follow after the last card (type 6). Card type 4 has aircraft altitudes on 
it. If LH on card type 1 is greater than 133 then the remaining altitudes 
are on a second card type 4 following immediately after the first card type 4. 
If JJ = - 1 on card type 33 there will be no card type 5. Otherwise there must 
be a one-to-one correspondence between the aircraft altitudes (type-4 cards) 
and the altitude corre~tion factors (type-5 cards) so that two type-4 cards 
would require two type-5 cards. Card type 6 contains the D/U ratios to be 

-graphed3 and if LE>15 on card type 13 there must be a second card with the 
remaining D/U ratios. 



co 
0'1 

Fortran Input 
Variables 

IK 

HFI 

!FA 

IPL 

SUR 

HPFI 
DHSI 

KSC 

DC! 

HCI 

ICC 

DHOI 

HHOI 

lOG 
IMN 

!SEC 
KE 

KK 

Table 7. FORTRAN input variables for parameter cards 

Parameter Card 
Type Number For 

POWAV DOVERU SRVVOLM 

l 

l 

l 
l 

l 

l 

l 

l 

l 

l 

l 

l 
l 

l 

l 

2 

2 

2 

2 

2 

2 
2 

2 

2 

2 

2 

2 

2 

2 
2 

2 

2 

2 

2 

2 

2 

2 

2 
2 
2 

2 

2 

2 

2 

2 

2 

2 

2 
2 

2 

2 

Description 

Code for units to be used with input. The units given for variables in this 
table are correct only when IK=3 is used. NOTE: IK=O terminates a POWAV run. 

Height of facility antenna (feet above site surface). 

Code for facility antenna pattern: (l) isotropic, (2) OME, (3) TACAN (r(TA-2), 
(4) 4-loop array (cosine vertical pattern), (5) S-loop array (cosine vertical 
pattern), (6) I or II (cosine vertical pattern), (7) JTAC tilted 20 degrees 
with 40 half-pow B.W., and (8) JTAC tilted 8 degrees. NOTES: (a) these phrases 
will appear on the parameter sheet, (b) representative vertical patterns are 
given by (63) and are shown in figure 2 where options 4, 5, and 6 all use the 
"cosine pattern". 

Code for polarization: (l) horizontal, (2) vertical, and (3) circular. NOTE: pro
visions for option 3 are~ complete. 
Elevation of facility site surface (feet above msl). 

Elevation of effective reflection surface (feet above msl). 
Terrain parameter 6h ·(ft) from table 3. 

Code for earth reflection material type (table 2): (l) sea water, (2) good ~round, 
(3) l'1er20e ground, (4) poor ground, (5) fresh water, (6) concrete, and (7) metallic. 

Diameter of facility counterpoise (ft). iiOTE: Zero or negative values will cause 
the program to assume that no counterpoise is present. 
Height of facility counterpoise above facility site surface (ft). 

Code for counterpoise reflection material type (same as for KSC above). 

Distance to facility radio horizon (n 1,1i). NOTE: Zero or negative values will 
result in calculation of this p<::rameter from others (f·ig. 14). 
Elevation of facility radio :10rizun (feet <lbovE' msl). 1JOTL: negative values will 
result in the calculation of these parameters from others (fig. 14). 
Facility radio horizon angle in degrees, 

minutes, 

and seconds. 

Code for horizon options: (O) no specified complete; (l) angle specified by lOG, IMN, and SEC; 
(2) height specified by HHOI; (3) neither the angle nor the elevation is specified. 
Code for time availability options: (l) hourly median levels, (2) instantaneous 
levels. 



o:> 
""-' 

KD 

EIRP 

ILB 

ADENT 

HAl 

DHEI 

ENO 

AOI 

AWl 

F 

DMIN 

DMAX 

XC 

PMIN 

PMAX 

YC 

IA 

ADNT 

IS 

SMIN 

SMAX 

SNC 

DO 
s 
LH 

LE 
SX(l) 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

Code for terrain type options: (1) smooth earth, (2) irregular terrain. 

Equivalent isotropically radiated power (dBW) 

Code for lobing options: (O) No lobing, (2) lobing. 

First 16 characters of spaces of label for graph and parameter sheet. 

Aircraft ~ltitude (feet above msl). 

Effective aircraft altitude correction factor (ft). Note: values less than zero 
will cause this factor to be calculated using ray tracing. 

Surface refractivity referred to sea level (N-units) from fiqure 3. NOTE: 301 
N-units will be used if value is not specified or is <250 or >400 N-units. 

Surface absorption rate for oxygen (dB/km). NOTE: negative values will cause 
the program to determine a value via ASORP (sec. B.4). 

Surface absorption for water vapor (dB/km). NOTE: negative value in AOI will 
cause the program to determine a value via ASORP (sec. B.4). 
Frequency (MHz). 

Abscissa value for left-hand limit of graph (n mi). 

Abscissa value for right-hand limit of graph (n mi). 

Abscissa increment for graph grid lines (n mi). 

Ordinate value for bottom limit of graph (dB-W/sq. mi for POWAV, dB for DOVERU). 

Ordinate value for ~op limit of graph (dB-W/sq. mi for POWAV, uB for DOVERU). 

Ordinate increment for graph grid lines (dB-W/sq. mi for POWAV, dB for DOVERU, 
feet for SRVVOLM). 

Number of characters and spaces in label. 

Additional (up to 18 more than ADENT) characters or spaces for label. NOTE: 
If IA < 16, this card will not be read in. 

Number of parameter sets required to describe both desired and undesired 
facilities: (0) will terminate OOVERU or SRVVOLM runs, (1) when facilities 
are identical, (2) otherwise. 

Minimum value for station separation used in calculations (n mi). 

Maximum value for station separation used in calculations (n mi). 

Increment for station separation used in calculations (n mi). 

Desired facility to aircraft distance (n mi). 

Station separation (n mi). 

Number of aircraft altitudes (1 to 25). 

Number of desired-to-undesired signal ratios (1 to 30). 

Abscissa value for right-hand limit of service volume graph (n mi). 



co 
co 

Fortran Input 
Variables 

SX(2) 
SY(l) 

SY(2) 
JJ 

ACHT 

DEHT 

PR 

Table 7. FORTRAN input variables for parameter cards (Cont'd) 

Parameter Card 
Type Number For 

POWAV DOVERU SRVVOLM 

3 

4 

5 

6 

Description 

Abscissa value for left-hand limit of service volume graph (n mi). 

Ordinate value for top limit of service volume graph (feet). 

Ordinate value for bottom limit of service volume graph (feet). 

Code for service volume prooram to determine effective aircraft altit1JdP 
correction factors: (-1) will cause these factors, DEHT, to be calculated 
by using ray tracing and~ read in. 
Sequence of aircraft altitudes (see LH). NOTE: only 13 are allowed on a 
card and if LH is greater than 13, the remaining heights are on a card 
immediately following the first. 
Sequence of aircraft altitude correction factors corresponding to the 
altitudes of ACHT. Note: If JJ is (-1), these correction factors will not 
be read in. If the number of heights (LHJ 1s greater than 13, the remain
ing correction factors are on a second card immediately following. 

Desired-to-undesired signal ratios for which service volumes will be 
graphed (see LE). Note: Only 15 are allowed on a card, and if LEis 
greater than 15, the remainder are on a second card immediately following. 

* If the undesired facility has different parameters in the DOVERU and SRVVOLM programs, a second set of 
cards 2,3 (and if necessary, 4) follow the first set in DOVERU and in the SRVVOLM program, another set 
2 and 3 follow the last PR or signal ratio card (6). 



Initialize by reading in TABLES (sec. B.4.2) and setting up constants I 

' ~-Start of loop for each new set I 
of parameters and profiles. J 

' Read input parameters (table?, fig. 22) and convert all distance and I heights to kilometers, and all angles to radian. 

' Compute other necessary parameters not given such as facility horizon 

I parameters (fig. 14), and print parameter sheet (fig. 5). 

+ 
Call DEFRAC (sec. B.4.l) to obtain diffraction lines (sec. A.4.3). I 

• Call ALOS (sec. B. 4. l) to obtain values for plotting in the line-of-sight I region (sec. A.4.2). 

' I 
Beginning of loop for beyond-horizon I 
distance points. I 

' Call SCATTER (sec. B.4. l) to calculate forward scatter attenuation 

(sec. A. 4.4). Compare this with detraction attenuation, and select 
the appropfiate value via (144). 

t 
If the "instantaneous" time a v a i lab i l ity option is used (table l), long-

term variability obtained using VZD (sec. B.4.l) is combined with short-
term varia~ility from YIKK (sec. B.4. l) by using CONLUT (sec. B. 4. l). Otherwise 

long-term variability is obtained. 

' Attenuation values, including atmospheric absorption (sec. A.4.5) are combined 
with variability, values of power density obtained via (7) and stored for 
plotting. 

• I End of loop for beyond-the-horizon distance values. l 
_j -

I 
I Call PLTGRPH (sec. B.4.l) to set up graph and plot points.J 

+ I Loop back for new set of parameters. 
I 

' I If no new paramet'O'rs, program ends. J 

Figure 25. BZock diag~am for power density program~ POWAV. 
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c 

2 
4 
5 
6 
7 
B 

.32 
50 
71 

106 
108 
110 
505 

PROGRAM POWAV 

ROUTINE FOR MODEL AUG 73 

FORMAT!* PROGRAM IS FINISHED. •l 
FORMATIIH1l 
FORMAT11H l 
FORMAT!20Xo*INPUT*•21Xt*WORKING VALUE*! 
FORMATII2•F6.0o2I2•3F6.0oi2o2F6.0ti2o2F6eOt3I3t3I2oF6o0oill 
FORMAT12A8o2F6oOoF4oOt3F6uOo212F5oO•F4oOloi2l 
FORMATI3XoF5.1l 
FORMATIF7.0•1Xl 
FORMAT!F~o0•14F5o1l 
FORMAT!~X•* DML IS LESS THAN ZERO. ABORTING RUN *l 
FORMATI21F~o3o7F5o2ll 

FORMAT!~AR) 
FORMATI11F7e4l 

FORMAT STATEMENTS FOR PARAMETER SHEET AND WORK SHEET 

700 FORMATI23Xo*PARAMETERS FOR ITS PROPAGATION MODEL *oABo/32XoA8o2XoA 
XRo* RUN*o//) 

701 FORMATI32Xo*REQUIRED Of~ FIXED*o/32X,•----------------- *•/15Xo*AIR 
!CRAFT ALTITUDE:*,F8o0o* FT ABOVE MSL*l 

702 F0RMATI15Xo*FACILITY ANTENNA HEIGHT:*oF7olo* FT ABOVE SITE SURFACE 
X*l 

703 FORMATI15Xo*FREQUENCY:*,F6o0•* MHZ*) 
704 FORMATI29X•*SPECIFICAT!ON OPTIONAL*t/29Xo*----------------------*• 

4/15Xo*ABSORPTION: OXYGEN*oF9o5o* DB/KM*oA2o/27X•*WATER VAPOR*tF9.5 
4o*DB/KM*,A?l 

705 FORMAT(15X•*EFFECTIVE ALTITUDE CORRECTION FACTOR: *oF6oO•* FT*•A2 
5,/15X•*EFFECTIVE REFLECTION SURFACE ELEVATION ABOVE MSL:*oF7eOo* F 
5T*o/15Xo*EOUIVALENT ISOTROPICALLY RADIATED POWER: *•F6e1o* DBW*o/1 
55Xt*FACILITY ANTENNA TYPE: *o5A8) 

706 FORMATI20X•*COUNTERPOISE DIAMETER:*,F5o0•* FT*o/25Xo*HEIGHT:•,F5o0 
6•* FT ABOVE SITE SURFACE *•/25X•*SURFACE=*o2A8) 

707 FORMATI20X•*POLARIZATION:*•2A8l 
708 FORMATI15X•*HORIZON OBSTACLE DISTANCE:*oF7.2•* N MI FROM FACILITY* 

8oA2o/20Xo*ELEVATION ANGLE: *oi3,*/*ol2o*/*ol2•* DEG/MIN/SEC ABOVE 
8 HORIZONTAL*•A2,/20Xo*HEIGHT:*oF6eO•* FT ABOVE MSL*•A2l 

709 FORMATI15Xo~MINIMUM MONTHLY MEAN SURFACE REFRACTIVITY;*o/20X,F3.C• 
9* N-UNITS AT SEA LEVEL: *•F3.0o* N-UNITS*l 

710 FORMAT!l5Xo*TERRAIN ELEVATION AT SITE:*,F6.0•* FT ABOVE MSL*o/20Xo 
A*PARAMFTFR:*•F5e0o* FT*o/20Xo*TYPE: *•2A8l 

711 FORMATI25X•*PLOT LIMITS*•/25Xo*-----------•,;15Xo*AVAILABLE POWER: 
B*•F5oO•*• *•F5.0•* OBW*,/17X•*DISTANCE:*•F5.0•*• *•F5.0•* N MI*l 

712 FORMATIZOX*ANTENNA HEIGHT TOO HIGH• IONOSPHERIC EFFECTS*o/25Xt*MAY 
2 BE IMPORTANT*) 

713 FORMATI20Xo*AIRCRAFT TOO LOW• TERRAIN BEYOND FACILITY *•/25Xo*H0Rf 
3ZON MAY BE IMPORTANT*) 

714 FORMATI20Xo*IN ADDITION, SURFACE WAVE CONTRIBUTIONS SHOULD*•/15Xo* 
4BE CONSIDERED*! 

715 FORMATI20Xo*ANTENNA TOO HIGH• RAY BENDING OVERESTIMATED*o/) 
716 FORMATI20Xo*ANTENNNA TOO LOWo SURFACE WAVE SHOULD BE*,/25X•*CONSID 

6ERED•l 
717 FORMATI20Xt*FREQUENCY TOO LOW, IONOSPHERIC EFFECTS MAY BE*•/25Xt*I 

7MPORTANT*•//l 
718 FORMATIZOX•*ATTENUATION AND/OR SCATTERING FROM HYDR0METEORS*o/25x, 

B*IRAIN• ETC! MAY BE IMPORTANT*! 
719 FORMATI20X•*ATMOSPHERIC ABSORPTION ESTIMATES MAY BE*,/25X•*UNRELIA 

9BLE*l 
724 FORMATI/15X•A2•*COMPUTED VALUE*! 
725 FORMATI20Xt*TYPE: *o2A8,A1l 
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726 FORMATI12Xo*F.ARTH*oF9oO •* N Ml *oF8oOt* KM*l 
7?8 FORMATI12Xo*HRE= *•FBo4•*-*•FAo4o*-*oF8o4t* = *•F8o4•* KM*l 
729 FORMATI15Xo*TIME AVAILABILITY: *•4A8tA1tl/l 
731 FORMATI12Xt* HIAl •,F8o0t* FT MSL 
732 FORMATI12X•* HIFl *oF8o1•* FT TO SURFACE 
733 FORMATI12Xo*FREOUENCY*o F5.0o* M.HZ 
734 FORMATI12X•* A!Ol*o F9.5t* DB/KM 
735 FORMATI12Xo* AIWl*•F9o5 •* DB/KM 

•.Fa.,, •• 
*•Fa.o,• 
*•F8.5t* 
*oF8o5t* 

KM MSL*l 
KM *l 

736 FORMATI12Xo*DIHEl *oF8.0o* 
737 FORMATl12Xo*E!RP *•F9o1 •* DBW 

*•F8.4•* 
P CON*oFB.lo* 

MHZ *l 
DB/KM*,A2l 
DB/KM*oA2l 
KM*•A2l 

DBW •l 
738 FORMATI12Xo*F ANT *o6Xo!2o 2Xo5A81 
739 FORMATI12X•* DICI *•F8o0•* FT 
740 FORMATI12X•* H!Cl *oF8o1•* FT ABOVE SURFACE 
741 F0RMATI12X•*COUNTF.RPOISE*•l2•10Xo2A8l 

*•F8.4•* KM*l 
*•F8o4t* KM*l 

742 FORMATI12Xo*HIFRl *•F8ol•* FT ABOVE REFLECTION*•F8.4t* KM*I 
743 FORMATI12Xo*POLARIZAT!ON*•l2o10Xo2A8l 
745 FORMATilOX•A2o*DIHOl *oF8o2•* N Ml FROM HORIZON *•F8•2•* KM•l 
746 FORMATI10XtA2o*EIHOl *ol2•*l*•l2o*l*ol2o* DEG/MIN/SEC*o7XtF8e5o* R 

6ADIANS*l 
747 FORMATI10XoA2o*HIHOl *•F8o0•* FT MSL 
748 FORMATI12X•* N(Ol*,F9o0 •* N-UNITS 
749 FORMATI12Xo*HISURl*oF8.0o* FT MSL 
750 FORMATI12Xo*DHISURl*•F7oOo* FT 
751 FORMATI12Xt*TERRA!N*o5Xol2t10Xo2A8l 

NIS l 
*oF8e4•* KM•l 

*•FB.Oo* N-UNITS*l 
*•F8o4•* KM*l 

*oF8o4•* KM*l 

757 FORMATI12X*INPUT PARAMETERS FOR *oA8t2X,A8o* RUN*o/12X*OF *•ABt* A 
llR/GROUND MODEL*o//l 

760 FORMAT11XoF7o2t12F8.1oF6o1o2F5o1oF6o1tA5l 
761 FORMATI5Xt*HOR!ZON POW=*oF7•1•* AWD=*•F8o2o* SLOPE=*oF8o2•* Z=*t 

XE13o5l 
767 FORMATI2F7.3t3F7o2oF4oOoF6.0oF5.0,F7e3o2F8.5l 
768 FORMAT!3F7o3t2F7o1o2F7o2t 5Xt4F7o1oE13o5l 
769 FORMATI2F7o3t3F7o1o2F7o3l 
772 FORMAT!* HTE HRE D DLT · DLR ENS 

X TFT TER*l 
773 FORMAT!* HFS HRS DH AED SLP DLST 

X DD NM LAF AT DO WRH*l 

ERTH FREK LAMDA 

DLSR 

775 FORMATI/12X•*POWER DENSITY INTO POWER AVAILABLE ADD *•F6e1o/l 
776 FORMATI15Xo*POWER DENSITY IDB-W/SQ Ml VALUES MAY BE CONVERTED TOP 

XOWER*•/20Xo*AVAILABLE AT THE TERMINALS OF A PROPERLY POLAR!ZED*t/2 
XOXo*lSOTROPIC ANTENNA IDBWI BY ADDING *•F6o1•* DB-SQ Mo*l 

777 FORMATI1HII2,25HX*POWER DENSITY FOR *5A8l l 
778 FORMATI15Xt*SURFACE REFLECTION LOBING: CONTRIBUTES TO VARIABILITY 

x• > 
779 FORMATI15Xo*SURFACE REFLECTION LOBING: DETERMINES MEDIAN*> 
785 FORMATI12Xt*SURFACE REFLECTION LOBING: CONTRIBUTES TO VARIABILITY 

X• I 
786 FORMATI12Xo*SURFACE REFLECTION LOBING: DETERMINES MEDIAN*) 
BOO FORMATI//10Xo*SOME PARAMETERS ARE OUT OF RANGE*) 
809 FORMATI20Xt*DLT IS LESS THAN o1XDLST OR GREATER THAN 3XDLST*l 
810 FORMATI20Xt*!NITIAL TAKE-OFF ANGLE GREATER THAN 12 DEGo*l 

D I MENS I ON C F K ( 3 l • C M K I 3 l • C F M I 3 l • C K M I 3 l ' C K N I 3 l 
DIMENSION ACDI101loANDI101loSCTI101loAADI101l,RiolllOll 
DIMENSION FATI5o8loCCII2t7loPOL(2o3l,TSCI2t7l 
DIMENSION ADNTI3l, VARFOR14l 
DIMENSION ADENTI?loPASI2l 
DIMENSION MTMI5loYCONI5) 
DIMENSION YVI10loSVI10l 
DIMENSION Pl35l,QCI 50) oQA150loPOAI5ol oPQKI50l oQKI50l ,PQCI5Ql 
DIMENSION TYDI3t2)tVYDI5o2l 
DIMENSION REI2loADI35loBDI35loALMI12) 
COMMON/RYTC/QNStOHCoQHAoQHSoQQD 
COMMON/EGAP/IPoLNo!DTo!XT 
COMMON/PARAM/HTEoHREoDoDLToDLRoENSoEFRTHoFREKoALAMoTEToTERoKDoGAOt 

XGAW 
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COMMON/PLTD/LUDoLLoNUt8l,NS!8loSXC2l,SYI2loTTC6loXCoYCoBXI200o8loB 
XYI200oRl,LYDoAAT•TG 

COMMON/SJGHT/DCW•HCWoDMAXoDMLoDZRo!KtEACoH2tiCCoHFCoPRHeDSL1 9 PJRPt 
XOGl oOG9 oPFYI 200 o4 l oKK • ZH oRDHK oiLS 

COMMON/SCATPR/HToHRoALSCoTWENDoTHRFKoHLToHLRoTHETAoHTPoAA•REW 
COMMON/D!FPR/HTDoHRDoDHoAEDtSLPoDLSToDLSRt!PLoKSCoHLDoHRPtAWDoSWP 
COMMON/VAT/TAVII75loTAH117ol75l 
COMMON/DLAT/TALDI20loTAFLI4•7o20l 
COMMON/VV/VFI36ol7J 
C0"1MON/GAT/IFA 
DATA ICFK=o00loo0003048to0003048l 
DATA ICMK=l••lo609344ol.852l 
DATA ICFM=l•••3048to3048l 
DATA ICKM=l000oo3280o839895o3280o839895l 
DATA ICKN=l•••6213711922oe5399568034l 
DATA IPOL=BH HORIZONo3HTALoBH VERTICAolHL,BH CIRCULAtlHRI 
DATA IFAT=IOH ISOTROPICo311H lo4H DMEo411H ltl4H TACAN CRTA-21o311 

XH lo39H 4-LOOP ARRAY !COSINE VERTICAL PATTERN! o39H 8-LOOP ARRAY IC 
XOSINE VERTICAL PATTERNl t34H I OR II !COSINE VERTICAL PATTERNiolH o 
X40HJTAC TILTED 20 DEG WITH 40 HALF-POW BoWool7HJTAC TILTED 8 DEGo2 
X(IH II 
DATAIALM=-6o2,-6.15o-6o0Bo-6e0o-5o95o-5o88o-5o8o-5o65t-5o35o-5e0o-

X4o5o-3o7l 
DATA IQMD=BH AUG 73 ) 
DATACTSC=l6H SEA WATER 

XD ol~H POOR GROUND 
X METALLIC l 

DATA IPAS=2H o2H* l 

ol6H GOOD GROUND 
ol6H FRESH WATER •l6H 

ol6H AVERAGE GROUN 
CONCRETE ol6H 

DATA ((p(·JioJ=lo35l=.0000loo00002te00005oo000lto0002to0005oo00leo 
X002oo005ooOloo02oo05oolOool5oo20oo30oo40oo50oo60to70teBOto85to90to 
X95oo9Boo99oo995oo998oo999oo9995oe9998oo9999oa99995oo99998t 0 99999) 

DATAIVYD:33HFOR HOURLY MEDIAN LEVELS EXCEEDEDo33HFOR INSTANTANEOUS 
X LEVELS EXCEEDED) 

DATAITYDal7HSMOOTH EARTH 
DATA IMTM=20•10o30o0o0) 
DATA IYCON=5••l0eo25ooOooO.l 

ol7HIRREGULAR TERRAIN! 

DATACCCI=l6H SEA WATER •16H GOOD GROUND tl6H AVERAGE GROUN 
XD ol6H POOR GROUND tl6H FRESH WATER •l6H CONCRETE 9 16H 
X METALLIC l 

DATA IDMOD=5H DlFRl $ DATA ISMOD=5H SCAT) 
DATA (CMOD=5H COMB) 
FNA!FX•FA•FBoFC.FDl=CIFX-FBl*(FC-FDliiFA-FBli+FD 
IDT=JDATEIIDXJ 
IG=O 
TPTH=2o617993878E-2 $ TLTH=Oo 

$ 
CALL Q9EXUN 
ASPA=Oo25 
ZO=aOOOOOOOl 
RAD=oOl745329252 
ERTH ,.6370. 

ASPB=Oo25 

$ DEG=57.29577951 

f. PRE-PROGRAM INPUT OF TABLES 

TPK=20e 

$ TWDG=l2o*RAD 

READ 108tiTAVIJl,(TAH11JoiloJ=l•7l,J=l•l75l 
READ 7loiTALDIKloCITAFLIIoJ,KloJ=lo7lo!•=lo2l,K=l•20l 
READ 7loiDUMB,(ITAFLIIoJ,Kl,J=l•7>,J=3•4l,K=l•20l 
READ 505.CIVFIJoJJti=l•36loJ=l•3l 
READ 505 • I CVFI I oJJ, I=lo36 l oJ=4ol7l 

' -------------PROGRAM START WITH CARD 1---------------------
100 READ 7o!KtHFio!FA,JPLtSURoHPF!,DHSJ,KSCoDCI,HCI,ICCtDHOI,HHOioiDG, 

XIMNolSEC,KE•KKoKD,EIRPoiLB 
PRINT '' 
PI=3ol41592654 $ ICAR=O $ NOC=O $ JXT=ITIMEDAYIITXJ 
IFCIK.LE.Ol GO TO 451 
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C ----------------- fNI'Uf di' CJ\~0 ·2 .:.--------------------------
READ BtADENToHAloDHE!oF.NOoAOI,AWI,F,DMINtDMAX•XCtPMINtPMAXtYCtiA 

C -----------------START OF PARAMETER SHEET-----------------
PRINT 700oQMDofDTolXT 
H2=HAI*CFK!IKI $ HFS=HF!*CFKIIKI $ FREK=F 
ENCODEI8•32oTGI E!RP 
TTillzADENTill $ TT121=ADENTI21 
TTI31~TTI41=TTI51=ADNTili=ADNTI21=ADNTI31=TTI61=PASill 

C ---------------INPUT OF CARD 3 IF NECESSARY---------------
IFI!AeGT.161 READ llOtADNT 
TTI3l=ADNTI11 $ TT14l=ADNTI21 $ TTI51=ADNTI31 
NK=43-1(1A+!AI/2l 
ENCODEI32•777oVARFORlNK 
PRINT VARFORoADENTtADNT 
PRINT 7nloHAI 
ENCODEI8o50oAATI HAl 
IFIHA!eGTo300000ol ICAR=l 
IFIHAioGT.l50000ol PRINT 712 
IFIHAioLTo500ol PRINT 713 
IFIHAioLTole5l PRINT 714 
IF(HAioLToO•l GO TO 825 
PRINT 702oHFI 
IFIHFioLTeO•l GO TO 825 
!FIHFI.GT.9000ol PRINT 715 
!FIHFleLTol•5l PRINT 716 
PRINT 7Q3oFREK 
IFIF.LTolOOolGO TO 805 

806 IFIF.LT.20.I GO TO 100 
IFIF.GTo'5000ol PRINT 718 
IFIFoGTol7000ol GO TO A07 

BOB lFIF.GTolOQOOOol GO TO 100 
PRINT 5 
IFIAOloLToO•l Go TO 56 
PXH=PASill 

57 GAO=AO! $ GAW=AWI 
PRINT 704oGA0oPXHtGAW,PXH 
!FISURoGT.15000.I ICAR=l 
IFISURoLTaOol GO TO 830 

B31 ASPC=ASPA*ASPB*I6.E-81*F 
PDCON=38o544-20o*AL0GlOIFI $ PIRP=EIRP-PDCON 
HRP=HPFI*CFKIIKI 
!FIHAleLToiHPFl+500oll ICAR=l 
ETS=SUR*CFKI !KI $ HAS=H2-ETS 
!FIETSoLToO•l ETS=Oe 
!FISURoGTol5000ol ICAR=l 
!FIHA~oLToHFSI GO TO 770 
!FIDHSloLTaOol DHSI~o. 

DH=DHS l*CFK I !K I 
IFIENOoLT.250ooORoENO.GTo400ol GO TO 801 

802 ENS=ENO*FXPFI-0.1057*HRPI 
!FIENSaLEo250ol GO TO 803 

804 EFRTH=ERTH/Il.-.04665*EXPFio005577*ENSil 
EART=EFRTH*CKNI!Kl 
HT=HFS+ETS $ Hl=HT 
lFIHRPoGToHll GO TO 825 
HTE=HT-HRP $ DLST=SQRTFI2o*EFRTH*HTEI 
HF~l=HTE*CKMI!KI 
IFIDHEloLToOol GO TO 50 
EAC=DHE!*CFKIJKI 
PDH=PASill 
HR=H2-EAC $ HRS=HR-ETS 
HRE=HR-HRP $ DLSR=S0RTFI2o*HRE*EFRTHl 
!FIHRE.GE.50ol DLSR=EFRTH*ACOSFIEFRTH/IEFRTH+HREl l 
DS0=3o*SORTFI2000.*HTEI+3o*SORTFI2000o*HREI 
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JK=1 
55 PRINT 705tDHEitPDHoHPFioEIRPtCFATI IolFAiti=1t51 

IFCDCioLEoZOI GO TO 789 
IFIICCoLFoOI GO TO 789 

C -------------COUNTERPOISE PARAMETERS CONVERTED-------------
NOC=1 
DCW=DCI*CFKI IKI $ HCW=HCI*CFKIIKI 
PRINT 706oDCioHCioiCCIIIolCCI ti=1o21 
IFIHCioLToOol GO TO 828 

829 IFCHCioGTo500ol ICAR=1 
IF IDCW.GTeo15241 ICAR=1 
IFIHCWoGTeHFSI GO TO 825 
HFC=HT-ETS-HCW 

788 CONTINUE 
PRINT 7Q7oiPOLIItiPLiti=1o21 

C ------HORIZON AND INITIAL TAKE-OFF ANGLE COMPUTATIONS-----
PDS=PTS=PHS=PASill 
IFCKD.LE.11 GO TO 755 
HLT=HHOI*CFKIIKI $ DLT=DHOI*CMKCTKI 
HLTS=HLT-HT 
DG=IDG $ AMN=IMN $ SEC=ISEC 
TET=RAD*IDG+II!SEC/60.I+AMNI/60.ll $ ATET~ABSFITETI 
TATET=TANFITETi 
IFIKE.Eno31 GO TO 782 
IFIDLToLEoZOI GO TO 781 

759 IFIKE-11730•758•780 
758 IFITEToLT.o.l GO TO 752 

HLTS=DLT*TATET+IDLT*DLT/12o*EFRTHII 
753 HLT=HLTS+HFS+ETS $ HHOI=HLT*CKMIIKI 

PHS=PASI21 
783 CONTINUF 

IFIDLToLT.Io1*DLSTI.OR.DLToGTol3o*DLSTII PRINT 809 
IFCTEToGToo209439511 PRINT 810 
IFCHHOioGTol5000•1 ICAR=1 
PRINT 708oDH0IoPDS•IDGoiMNoiSECoPTStHHOioPHS 

c -----------------------------------------------------------
PRINT 725tiTYDIIoKDiti=1•31 
PRINT 709oENStENO 
IFCILBI GO TO 762 
PRINT 778 

763 PRINT 710oSURoDHSitCTSCI IoKSCitla},21 
PRINT 729oiVYDII•KKltl=l•51 
PRINT 776oPUCON 
PRINT 724tPASI21 
IFIDMAX.GTolOOO.I DMAX=1000o 
IFCICAR.GT.OI PRINT 800 

------------------START OF WORK SHEET---------------------
PRINT 4 
PRINT 757oiDTtiXToQMD 
PRINT 5 $ PRINT 6 
PRINT VARFORoADENTtADNT 
PRINT 731tHAioH2 
PRINT 732oHFitHFS 
PRINT 733•F•FREK 
PRINT 734tA0IoGAO,PXH 
PRINT 735oAWitGAWtPXH 
PRINT 736tDHEioEACoPDH 
PRINT 737oEIRPtPIRP 
PRINT 738tiFAtiFATII,IFAiti=1•51 
IFINOCoLTo11 GO TO 754 
PRINT 739tDCI,DCW 
PRINT 740tHCitHCW 
PRINT 741tiCCoiCCIIIoiCCI,Ia1,21 

754 CONTINUE 
PRINT 5 
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PRINT 742oHFRitHTE 
IFIFoGTol600ol GO TO 304 
QGI=Io2l*SINFI5e22*ALOGIOIF/200ol ll+le28 
QG9=Io18*SINFI5o22*ALOG101F/200ol 11+1e23 

306 CONTINUE . 
PRINT 728oH2•EACoHRP,HRE 
PRINT 743o!PLoiPOLIIoiPLitl=1•21 
PRINT 74~.PDSoDH0ltDLT 
PRINT 746,PTStlDGtiMNtiSECtTET 
PRINT 747,PHSoHH0TtHLT 
PRINT 748oENOoENS 
PRINT 726oEARToEFRTH 
PRINT 749oSURoETS 
PRINT 750tDHSloDH 
PRINT 7':iloKSCoiTSCIItKSCiol.,1t2l 
IFIILBl GO TO 764 
PRINT 785 

765 PRINT 775oPDCON 
PRINT 729•1VYDI ItKKI ol=1t51 
PRINT 724tPASI21 
PRINT 5 $ PRINT 5 
PRINT 711tPMIN.PMAXoDMINoDMAX 
IFIICAR.GToOl PRINT 800 

C --------------END OF PRELIMINARY PRINTING------------------

CUBTR=100o/F 
DSD=65o*CUBERTFICUBTRI 
DSLl=DSO+DSD 
ALAM=·2997925/F 
PRINT 4 $ CALL PAGEIOI 
THRFK=30e*ALOG10IFREKI 
ICPT=O 
DLS=DLST+DLSR 
AFP=32o45+20o*ALOG10IFREKI 
DKAX~DMAX*CMKIIKI 

C ----HORIZON POINT DISTANCE AND PARAMETER CALCULATION------
IFIJKoLT.Ol GO TO 58 
TRM=I IHTE+EFRTHl*COSFITETII/IHRE+EFRTHI 
DML=EFRTH*IACOSFITRMI-TETI 
DLR=DML-DLT 

59 DNM=DML*CKNIJK) 
IFIDMLolF.Ool GO TO 107 
D•DML $ TWEND=20o*AL0G10(0) $ ALFS•AFP+TWEND 
HTP,HRP 
DRP=DLSR 
TATER~IIHLT-HRI/DLRI-IDLR/I2e*EFRTHII 
TER=ATANFCTATERI 
TATES=IIHRP-HRI/DRP!-IDRP/12o*EFRTHII 
TES=ATANFITATESI 
IFIIHLT-HRPloLEoOol 15•14 

15 DHRP=DLSR+DLT $ GO TO 13 
14 DHRP=DLT+DLSR+SQRTFI2e*EFRTH*IHLT-HRPI I 
13 CONTINUE 

HTD=HT $ HRD=HR $ HLDcHLT 
CALL DEFRAC 
GVD=GAINITETI $ GDD•20o*ALOG101GVDI 
SMD=IIINTFIDNM/1.11*1•1+1. $ AMD•AWD+ISWP*Dl 
ATD=ARD=I\MD 
DZR=-IAWD/SWPI 
PRH=-IAMD-GDDI $ WRH=10o**IPRH*o11 
ZH=ALOG10(WRHI-2o 

C --------------~--------PRINT STATEMENTS-------------------
PRINT 772 
PRINT 767oHTEtHRE,DoDLTtDLR;ENSoEFRTHtFREKtALAMoTETtTER 
PRINT 773 
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PRINT 768• HTtHR oDHtAED•SLPtDLSToDLSRoDNMtALFStAMDtDZRtWRH 
PRINT 761oPRHoAWDoSWPtZH 
PRINT 5 $ CALL PAGEI61 

c -----------------------------------------------------------
C ------------------LINE-Of-SIGHT----------------------------

CALL ALOS 
NCT=NUill 
SPD=S~D+2o 

C -------------BEYOND THE HORIZON CALCULATIONS--------------
KFD=O 
Do 900 NSP=l•5 
MZS=MTMINSPI 
IFIMZSoLEool GO TO 907 
DO 901 MXS=l•MZS 
D=SPD*CMKIIKI $ DNM=SPD 
IFID.GT.DHRPI GO TO 17 
DLR=D-DLT 
HLR=HLT 
TATER=IIHLR-HRI/DLRI-IDLR/12o*EFRTHII 
TER=ATANFITATERJ 

19 CONTINUE 
IFIKFD-1140•41•42 

40 KS=O $ KR~o 

KS=l $ ACDIKS!=ARD $ ANDIKSI=DML 
AMOD=DMOD 
ECl~HTE+EFRTH $ EC2=HRE+EFRTH $ EC3=HLT-HRP+EFRTH 
CALL SORBIEC1tEC3,EFRTHoDLToTETtR01,RWll 
CALL SORBIEC2oEC3,EFRTHoDLRtTER•R02•RW21 
REO=R01+R02 $ REW=RW1+RW2 $ AA=GAO*REO+GAW*REW 

RWI1l=REW 
AADill=AA 

DO 30 'KC.= lolOO 
KS=<KS+l 
D=DNM*CMKIIKI 
SPD=DNM 
ACDIKSl=AED+ISLP*Dl 
ANDIKSlzrD 
TWEND=20e*ALOG101Dl $ ALFS=AFP+TWEND 
IFID.GT.DHRPl GO TO 44 
HLR=HL T 

DLR=D-DLT $ TATERaiiHLT-HRI/DLRI-(DLR/12o*EFRTHII 
TER=ATANFITATERI 

45 CONTINUE 
CALL SCATTER 
SCTIKSI=ALSC-ALFS 
AADIKSI=AA $ RWIKSI=REW 
IFISCTIKSloLTo20ol GO TO 31 
!(.R:KR+1 
IFIKR.LEoll GO TO 31 
KP=KS-1 
SSP= ISCTIKSJ-SCTIKPll/IANDIKSJ-ANDCKPll 
PRINT 499oDNMoSCTIKSl,ACDIKSltSLPoSSP 

499 FORMATI3F7.1o2F7o2l 
IFISSP•LE•I-·0111 GO TO 49 
IFISSPoLEoSLPl GO TO 48 

31 DNM=DNM+l• 
30 CONTINUE 

PRINT 14 $ KFD=1 $ GO TO 33 
49 KR=O $ GO TO 31 
14 FORMATI5Xo~BEYOND THE 50 MILE LIMIT DOING DIFFRACTION*! 
33 DO 43 KG=1oKP 

D=ANDIKGJ 
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DNM=D*CKNIIKJ .s SPD=DNM 
TWEND=20o*ALOGlOIDI S ALFS~AFP+TWEND 
ATTS=ACDIKGI 
AA~AADIKGI $ REW=RWIKGI$ THETA~TET+TER+ID/EFRTHI 
ASSIGN 36 TO KT 
GO TO 200 

36 CONTINUE 
43 CONTINUE 

SPDcDNM $ MZS=6 S KFD=1 S GO TO 37 
48 IFISCTIKPI.GEoACDIKPll GO TO 33 

ACDIKPl=SCTIKPI 
SLP=IAC~IKPI-ARDitiANDIKPl-DMLI 
AED=ACD!KPI-IANDIKPl*SLPI 
ASSIGN 35 TO KT 
DO 34 KG=loKP 
D"ANDIKGl 
DNM=D*CKNIIKI $ SPOcDNM 
TWEND=20o*ALOG10IDJ $ ALFSxAFP+TWEND 
ATD=AED+!SLP*DI 
ATTS,ATD 
AMOD=CMOD 
AA=AADIKGl S REW•RWIKGIS THETAaTET+TER+ID/EFRTHI 
GO TO 200 

35 CONTINUE 
34 CONTINUE 

SPD=DNM $ MZS~6 $ KFD=2 $ GO TO 37 
41 CONTINUE 

AMOD=DMOD 
ASSIGN 37 TO KT 
ATD,.AED+ISLP*Dl 
TWEND=20o*ALOG10IDI $ ALFS=AFP+TW~ND 
IFIDeGT@DHRPl GO TO 24 
HLR=HLT 
DLR=D-DLT $ TATER•IIHLT-HRJ/DLRI-IDLR/12o*EFRTHII 
TE~=ATANFITATERl 

25 CONTINUE 
CALL SCATTER 
ATS::ALSC-ALFS 
IFIATSoLEoATDI GO To 46 
ATTS=ATD $ THETA=TET+TER+ID/EFRTHl $ GO TO 200 

46 ATTS=ATS $ KFD=2 $ AMOD=SMOD $ GO TO 200 
'42 CONTINUE 

AMOD=SMOD 
TWEND=20o*ALOG10IDI S ALFS=AFP+TWEND 
CALL SCATTER 
ATS=ALSC-ALFS $ ATTS=ATS $ ASSIGN 37 TO KT 

200 CONTINUE 
C ----------------LONG-TERM POWER FADING---------------------

IFIDoLEoDSLll 31lt312 
311 DEE=Il30o*DI/DSL1 $ GO TO 313 
312 DEE=130o+D-DSL1 $ GO TO 313 
313 CALL VZDIDFEtOGl•QG9oADI 

NCT=NCT+l 
PFS=PIRP-ALFS 
PL=-ATTS 
ALIM=3o 
AL10=PL+ADI131 $ . AY~AL10-ALIM 
IFIAY.LT.O.I AY=Oo 
DO 11 K=lt35 
BDIKl=PL+ADIKI-AY 

11 CONTINUE 
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DO 12 K=1•12 
ALLM=-ALMIKl 
IFIBDIKioGToALLMl BDIKI•ALLM 

12 CONTINUE . 
C -------------VALUES PUT INTO PLOTTING ARRAY---------------

BXINCTo5l~BXINCTe6l=BXINCTt7l=BXINCTo8l=DNM 
BXINCTo}lcBXINCTo2l=BXINCTo3l=BXINCT•4l=DNM 
IFIKKoGToll GO TO 20 

23 PGSx:PFS+GDD 
BYINCT•ll=PGS $ BYINCTt21=PGS+BDI18l-AA 
BYINCTt3l=PGS+BDI12l-AA $ BYCNCTo4l=PGS+BDI24l-AA 
BYINCTt5l=PGS+BDI231-AA $ BYINCTt6l=PGS+BDI261-AA 
BYINCTt7l=PGS+BDI29l-AA $ BYINCTo81~PGS+aDI32l-AA 
PFYINCT•1l=PGS+BD14l-AA $ PFYINCTo2l=PGS+BDI71-AA 
PFYINCTo3l=PGS+BDC10l-AA $ PFYINCTo4l•PGS+BDI13l-AA 

C -----------------------PRINT STATEMENTS--------------------
PRINT 760oDNMoiBYINCToLZloLZalo8loiPFYINCToMWloMW=1o4loPLtAAoAYoBK 

XoAMOD 
CALL PAGEI1l 

c ----------------------- --------------~--------------------
IFISPDoGToDMAXI GO TO 907 
GO TO KTtl35e36•371 

37 CONTINUE 
903 SPD~SPD+YCONINSPI 
901 CONTINUE 

SPD=SPD+YCONINSPI 
NPP=NSP+1 
IFINPPoGTo5l GO TO 907 
IFIYCONINPPioEQoOol GO TO 907 
IFINPPoEOeOI GO TO 907 
IXD=INTFISPD/YCONINPPI I 
SPD=IYCONINPPl*FLOATFI IXDll+YCONINPPI' 

900 CONTINUE 
907 CONTINUE 

C ------------------PLOTTING OF GRAPH------------------------

904 

SXI1lz:DMAX 
DO 904 K=lt8 
NUIKl=NCT 

SXI21=DMIN 

NSI1l=9 ~ NSI2l=NSI3l•NS141•1 
LYD=O $ LUD~+l $ LL=4 
NSI5l:NSI6l=1 
IG=IG+l 
CALL PLTGRPH 
GO TO 100 

SYI11•PMAX 

t 
t 

' t 
---LOOPING BACK TO START FOR NEW SET OF PARAMETERS----------------c 

17 TER=TES $ DLR=DRP .$ HLRx:HRP $ TATER•TATES 5 GO TO 19 
C ------------------TROPOSPHERIC MULTIPATH-------------------

20 DO 21 Islt35 
QAIIl=BDIIl-PL 
PQAIIl=PIII 

21 CONTINUE 
IFITHETAoGEeTPTHI GO TO 26 
IFITHETAoLEoOel GO TO 27 
BK=FNAITHETAoTPTHeTLTHtTPK•RDHKl 

28 CONTINUE 
CALL YIKKIBKoPQKoQKI 
CALL C0NLUTI0AoOK,PQAo35o+lotOooPOCtOCI 
DO 22 I=lt35 

22 !301Il=OCIII+PL 
GO TO 23 
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24 TER=TES $ 
26 BK=TPK $ 
27 BK=RDHK $ 
44 TER=TES $ 

DLR=DRP 
GO To 28 

GO TO 28 
bLR=DRP 

$ HLRaHRP 

$ HLR=HRP 

$ TATER•TATES $ GO TO 25 

$ TATER•TATES $ GO TO 45 

C ------------------CALCULATION OF RAY BENDING---------------

c 

50 PDH=PASI21 
HP2=H2-HRP $ HP1=H1-HRP 
DUM=OoO $ ZER=OoO $ QLIM=-1o56 
QNS=329o $ QHC~HP1 $ OHA=HP2 $ QHSaHRP 
CALL RAYTRACIDUMI 
RY=TRACRAYIOLlMI 
DSO•QQD 
QNS•ENS $ QHC•ZER $ QHA=HP2 S QHS•HRP 
CALL RAYTRACIDUMI 
RY=TRACRAY!ZERI 
DLSR=QQD $ TSL2=DLSR/EFRTH 
IFITSL2oLEoo11 GO TO 53 
R2E=EFRTH/COSFITSL21 
HRE=R2E-EFRTH 

54 IFIHREoGToHP21 HRE=HP2 
HR=HRE+HRP S EAC=H2-HRP-HRE 
DHE!=EAC*CKMIIKI 

53 

~(, 

58 

107 
304 
762 

JK=-1 
GO TO 55 
HRE=IDLSR*DLSRI/12o*EFRTHI $ GO TO 54 

CALL ASORP!FtAOioAWII 
PXH=PASI21 $ GO To 57 
TEH=TET+!DLT/EFRTHI 
IF I KDoLEol I TEH=O.O 
ONS=ENS $ OHC=HLT-HRP $ 
RY=TRACRAYITEHI $ DLR=QQD 
PRINT 106 $ GO TO 100 
QG1=QG9=1o05 $ GO TO 306 

0HA=HP2 $ QHS=HRP 
S DML=DLT+DLR S GO TO 59 

752 
PRINT 779 $ GO TO 763 
HLTS=DLT*TET +IDLT*DLT/12e*EFRTHII 
PRINT 786 $ GO TO 765 

GO TO 753 
764 
770 PRINT BOO $ GO TO 100 

781 
--------------HORIZON PARAMETER CALCULATIONS--------------
HE=MAX1FIHTEto0051 
DLT=DLST*EXPFI-.07*SORTFIDH/HEI I 
PDS=PASI21 
IFIDLTeLToi•1*DLSTII DLT=o1*DLST 
IFIDLT.GT.C3o*DLSTII DLT=3o*DLST 
DHOI=DLT*CKNI IKI 
GO TO 759 

730 TRM=1o3*DH*I IDLST/DLTI-1ol 
TET=Io5/DLSTI*ITRM-14o*HTEII 
IFITEToGToTWDGI TET=TWDG 
CALL RADEMSITETtiDGoiMNoSECI 
ISEC=XINTF!SECI 
PTS=PASI21 
TATET=TANFITETI 
GO TO 758 

782 XTRM=SQRTFICEFRTH*EFRTH*TATET*TATETI+I2o*EFRTH*HLTSII 
YTRM=-EFRTH*TATET $ DLT•YTRM-XTRM 
IFIDLToLE•O•I DLT=YTRM+XTRM 
PDS=PASI21 
DHOI=DLT*CKNIIKI $ GO TO 783 

780 TATET=IHLTS/DLTI-IDLT/12o*EFRTHII $ TET=ATANFITATETI 
PTS=PASI21 

784 CALL RADEMSITETtiDGtiMNtSEcl' 
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c 
ISEC=XINTF!SECl $ GO TO 783 
-------------------SMOOTH EARTH PARAMETERS-----------------

755 PTS=PDS•PASI21·. 

789 
801 
805 
803 
ao:r 
825 
828 
830 

DLT~DLST $ DHOI=DLT*CKNIIKl 
TATET~I-HTE/DLTI-!DLT/!2o*EFRTHII $ TET=ATANF!TATETI 
HLT=HRP $ HHOI•HLT*CKMIIKI I DHeOo 
GO TO 784 

HFC=Oo $ GO TO 788 
ICAR"l $ EN0=30lo $ GO TO 802 
ICAR,.l $ PRINT 717 $ GO TO 806 
ENS=250o $ ICARz:l $ GO TO 804 
ICAR=l $ PRINT 719 $ GO TO 808 
PRINT BOO $ GO TO 100 
ICAR"'l $ HC I =0 • $ GO TO 829 
ICAR"l $ SUR=Oo $ GO TO 831 

C -------------------TERMINATION OF PROGRAM------------------

451 CONTINUE 
CALL CRTPLTIO~Oo0t0t201 
PRINT 4 
PRINT 2 
CALL EXIT 
END 
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B.2 STATION SEPARATION PROGRAM 

Input parameters for, and the output generated by, the station 
separation program (DOVERU) are discussed in sections 3.1 .1 and 3.2.2, 
respectively. Information concerning input parameter cards and FORTRAN 
variables is given in figure 23 and described further in table 7. Sub
programs for all programs are listed in section B.4.1. Of the5e DOVERU, 
requires (app. B) ASORP, BLOS, CONLUT, DEFRAC, DELTA, FDASP, FDTETA, 
FRENEL, GAIN, GHBAR, HCHNOT, LINE, PAGE, PLTDU, POWSUB, RADEMS, RAYTRAC, 
RECC, RTATAN, SCATTER, SORB, TABLE, TERP, TRMESH, TSMESH, VZD, and YIKK 
(sec. B.4.1) and the data tables (sec. 8.4.2). A block diagram of the 
operations performed by DOVERU is given in figure 26. Text references 
and.major subprograms that are relevant to specific blocks are included 
there. A listing of DOVERU is provided at the end of this section. 
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Initialize by reading in TABLES (sec. 8.4.2) and setting up constants. 

t I Start of loop for each new set I 
of parameters and graphs. I 

' Read in set of parameters (table 7' fig. 23) for desired station and 

ca 11 POW SUB (sec. 8.4. 1) to obtain an array of isotropic power* (free 

space along with 5, 50, and 95 percent values) versus distance. 

j_ 
I nterpo 1 ate using values in this array to obtain isotropic power 

values for the fixed desired station to aircraft distance required 

(table 5). 

f 
If the undesired facility has different parameters than the desired, 

read in new set of parameter cards, call POWSUB, and replace the iso-

tropic power array generated for the desired facility with one appli-

cable to the undesired facility. Otherwise retain array since it is 

also applicable to the undesired station . 

• I Start of 1 oop for station separation values. 

] 
Calculate the undesired facility to aircraft distance from station 
separation and desired distance (fig.4), interpolate from array for 
undesired facility for corresponding isotropic power values, call 

CONLUT (sec. 8.4. 1) to combine distributions via (13), and store 

point~ F:::r plotting. 

' I Loop back for new station separation value 

' I Call PLTDU (sec. 8.4. 1) to plot graph J 
1 

I Loop back for new set of parameters. I 

1 
I If no new parameters, I 

program ends. 

*"Isotropic power" is the power that would be available at the terminals 
of an ideal (lossless) isotropic aircraft antenna. 

Figure 26. Block diagram for station separation program, DOVERU. 
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PROGRAM DOVERU 

C ROUTINE FOR MODEL AUG 73 

2 FORMAT!* PROGRAM IS FINISHED. *) 
4 FORMAT11Hll 
5 FORMATilH l 
6 FORMATI2A8t2F6oOtF4oOt3F6oOt28Xt!2l 
7 FORMAT I l2tF6oOt212t3F6oOol2o2F6oOti2,2F6o0,313t312tF6oOtlll 
8 FORMAT12A8t2F6oOtF4oOo3F6oOt212F5oOtF4oOl,I2l 
9 FORMATI\2o4F5.0) 

32 FORMATIF4.0•4Xl 
50 FORMATIF7o0•1Xl 
71 FORMATIFSoOt14F5ol l 

lOB FORMATI21F5•3•7F5o2l) 
110 FORMATI3A8) 
505 FORMATI11F7o4l 
777 FORMATI1HII2•26HX*DFSIRED STATION IS *5A8)) 
778 FORMATI1HII2o28HX*UNDESIRED STATION IS *5A8l) 
779 FORMATI1HII2t38HX*DESIRED/UNDESIRED STATIONS ARE *5A8)) 
790 FORMATI5Xo3F7.lo212X,2F7o1l o3X•4F7o1l 
791 FORMATI11Xt*NAUTICAL MILES FREE SPACE MEDIAN 

X -------D/U-------*1 
792 FORMATI10Xt*S DD DU DD DU DD DU FoSP 

XACE 5% 50o/o 95o/o*) 
900 FORMATI213X•6F7ol)l 
901 FORMATI5XoF8o3o5F7•1•21?) 

DIMENSION DAI3loDB13l tDPI3l ,PCI3) tDCI3) 
COMMON/EGAP/JP,LN,JDTtiXT 
COMMON/PAINP/IKtHFioiPL,SURtHPFJ,DHSJoKSCtDCitHCitiCCtDHOI,HHOitiD 

XG•IMNtiSECt KE•KKoKDtEIRPt!LBtHAitDHEitENO,AO!tAWitFtiAtADENT12ltA 
XDNT1~1.VARFORI61•CMAX 

COMMON/PAOUT/NCT.PFYI200t6l 
COMMON/VAT/TAVI175loTAH117t175l 
COMMON/DLAT/TALDI20loTAFLI4•7•201 
COMMON/VV/VFI36t17l 
COMMON/GAT II FA 
COMMON/PLTD/LUDoLLoNUI8),NSI8) •SX12l,SYI2ltTTI5loXCtYCtBXI200t8ltB 

XYI200t8l,LYDoAAToTG 
DATA IPAS=lH l 
FNAIFXtFAoFBtFCtFDl=IIFX-FBl*IFC-FDl/IFA-FBll+FD 
FNBIFRXtFRAoFRBl=IFRX-FRBl/IFRA-FRAl 
FNC I FFX, FFC • FFD l =I FFX* I FFC-FFD) l +FFD 
IDT:IDATEIIDX! 
DPI1l=o0l $ DPI2l=o50 $ DPI3l=o95 
IG=O 

C PRE-PROGRAM INPUT OF TABLES 
' ' 

READ l08,1TAVIIltiTAH1rJ,Jl,J=lo7l,I=1•175) 
READ 7ltiTALDIKltiiTAFLI.ItJtKltJ=lt7lti=l•2l,K=1•20) 
READ 71 t I DUMB • I I T A F L I I • J • K ) • J = 1 • 7 ) , I = 3 • 4 ) • K"' 1 • 2 0 ) 
READ 505oiiVFIJoJltl=l•36l•J=l•3l 
READ 505tiiVFIIoJld=1•36ltJ"4•17l 

C -------------PROGRAM START WITH CARD 1---------------------
100 READ 9tiStSMINtSMAXtSNCtDD 

IFI ISoLE.Ol GO TO 451 
C -----------------INPUT OF CARD 2---------------------------

READ 7tiKoHFioiFAtlPLtSURtHPFitDHSioKSCoDCioHCI•ICC•DHOitHHOitiDGt 
XIMNoJSECt KEtKKoKDtEIRPtiLB 

C -----------------INPUT OF CARD 3---------------------------
READ 8tADENToHAioDHEitENO•A01tAWioFoDMINtDMAXtXCtPMINtPMAXtYCtiA 
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IXT=ITIMEDAYI ITXI 
TTI1l=ADENTill $ TTI2l=ADENTI2l $ CMAX=SMAX 
TT13l=TT14l=TTI5l=ADNTI1l=ADNTI2l=ADNTI3l=PAS 

C -------------~-INPUT OF CARD 4 IF NECESSARY---------------
IFIIAeGTo161 READ 110tADNT 
TTI3l=ADNTI1l $ TT14l=ADNT12l $ TTI5l=ADNTI31 
ENCODEIRo50oAATI HAl 
ENCODEI8o32tTGIDD 
IFI !S.GT.II GO TO 15 
NK=43-113l+IAI/21 
ENCODE148o779•VARFORINK 

C ----OBTAINING ISOTROPIC POWER ARRAY FOR DESIRED STATION----

16 CALL POWSUB 
C -----------------------PRINT STATEMENTS-------------------

PRINT 900oiiPFYILAoLBloLB=l•6loLA=lvNCTI 
PRINT 5 
MCK=NCT/2 $ CALL PAGEIMCKI 

c ----------------------- -----------------------------------
DO 20 I=l•NCT 
IFIDD-PFYI I•lll22.21o20 

20 CONTINUE 
I=NCT 

22 IFIIoLEo1l 1=2 
L=I-1 
DRA T=FNB I DD • PFY I I, 1 I , P FYI L • 1 I I 
DFS=FNC!DRAT.PFY!J,2l,PFY!Lo2ll 
DV5=FNCIDRAT,PFYIIo4l,pFYIL>4ll 
D95=FNCIDRAToPFYII,6l,PFYIL•6l l 

21 DFS=PFYII•21 $ DPW=PFYIIt31 
D50=PFY I I o5 I $ D95=PFY I I, 6 I 

25 IFI ISoLEoll GO TO 28 

$ DPW=FNCIDRAToPFYIIt3ltPFYILv311 
$ U50=FNCIDRAT•PFYI I o51oPFYILo511 

$ GO TO 25 
$ DV5=PFYIIo41 

C --------------IF NECESSARY FOR UNDESIRED FACILITY----------

C -------------------INPUT OF CARD TYPE 2--------------------
READ 7•IK•HFI•IFA,IPL•SUR•HPRI,DHSI•KSCtDCivHCioiCC•DHOioHHOitiDG• 

XIMNtiSEC.ISCoKK•KDoEIRPtiLR 
C -------------------INPUT OF CARD TYPE 3-------------------

READ 6•ADENT~HAI.DHEioENO,AOI•AWI,FoiA 
ADNTI1l=ACMTI2l=ADNTI3l=PAS 

C ---------IF IA GREATER THAN 16 INPUT OF CARD TYPE 4-------
JFIIAsGTol61 READ llOoADNT 
NK~43-1!2l+IAI/21 
ENCODEI48,778,VARFORINK 

C ---OBTAINING ISOTROPIC POWER ARRAY FOR UNDESIRED STATION--
CALL POWSUB 

C -----------------------PRINT STATEMENTS-------------------
PRINT 9QOtiiPFYILAtLBltLB=1•6loLA=1oNCTI 
PRINT 5 
MCK=NCT/2 $ CALL PAGEIMCKI 

c -----------------------------------------------------------
C -----------------CALCULATION OF DIU RATIOS-----------------

28 S=SMIN 
DAI1l=DV5 $ DAI2l=D50 $ DAI3l=D95 
JCT=O 

C -----------------------PRINT STATEMENTS-------------------
PRINT 791 $ PRINT 792 $ CALL PAGEI21 

c ----------------------- -----------------------------------
DO 26 KLB=1•NCT 
I=KLB $ DU=PFYII•ll S=DU+DD 
IFIS.GToSMAXl GO TO 27 
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JCT=JCT+1 
BXIJCTt1l=BXIJCTo2l=BXIJCTo3l=BXIJCTo4l=S 

31 UFS=PFYIIo2l $ UPW=PFYIY,3l $ UV5=PFY1It4l 
U50=PFY(lf5l $ U95=PFYITo6l 

23 BYIJCToll=DFS-UFS $ REFV=DPW-UP\rl 
DBI1l~UV5 $ DB!2l=U50 $ DA13l=U95 
CALL CONLUT!DAoDBoDPt3o-1otOooPCoDCl 

C -------------VALUES PUT INTO PLOTTING ARRAY---------------
BY!JCTt2l=REFV+DC11l $ BYIJCT,3l=REFV+DC12l 
BYIJCTt4l=REFV+DCI3l 

C -----------------------PRINT STATEMENTS-------------------
PRINT 790oSoDDoDUoDFSoUFSoDPWoUP\rloiBYIJCToKloK•1o4l 
CALL PAGE11l 

c -----------------------------------------------------------
26 CONTINUE 
27 CONTINUE 

C ------------------PLOTTING OF GRAPH------------------------

904 

SX11l=DMAX 
DO 904 K=1o4 
NUIKI=JCT 
NSI11=9 $ 

$ 

SX12l=DMIN $ 

NSI2l=NS13l=NSI4l•1 
LUDx+1 $ LL•4 

$ SY12lzPMIN 

L YD=O 
IG=IG+1 
CALL PLTDU 
GO TO 100 t 

t 
C--------LOOPING BACK TO START FOR NEW SET OF PARAMETERS-----------------t 

15 NK•43~1119+1AJ/2l 
ENCODEI48o777oVARFORINK 
GO TO 16 

C -------------------TERMI'NATION OF PROGRAM------------------

451 CONTINUE 
CALL CRTPLTIOo0oOo0o20l 
PRINT 4 
PRINT 2 
CALL EX IT 
END 
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B.3 SERVICE VOLUME PROGRAM 

Input parameters for, and output generated by, the service volume 
program (SRVVOLM) are discussed in sections 3.1 .1 and 3.2.3, respectively. 
Information concerning input parameter cards and FORTRAN variables are 
given in figure 24 and further described in table 7 (app. B). Subprograms 
(sec. B.4.1) and data tables (sec. B.4.2) required by SRVVOLM are ASORP, 
CLOS, CONLUT, DEFRAC, DELTA, FDASP, FDTETA, FRENEL, GAIN, GHBAR, HCHNOT, 
LINE, PAGE, PLTVOL, PWSRB, RADEMS, RAYTRAC, RECC, RTATAN, SCATTER, SORB, 
TABLE, TERP, TRMESH, TSMESH, VZD, and YIKK. A block diagram of the 
operations performed by SRVVOLM is given in figure 27. Text references 
and major subprograms that are relevant to specific blocks are included 
there. A listing of SRVVOLM is provided at the end of this section. 
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0 
'-I 

~. 

I Initialize by reading in TABLES (sec. B.4.2) and setting up constants 

I ' ~ I Start of loop for a new set of parameters 

f I Start of loop for service volume! 

L Start of loop for two facility configurations graph corresponding to each 0/U 1 

' t 
Read in and convert all parameters associated with the facilities and graph Call PLTVOL (sec. B.4.1) to set up graph and do the labeling. I 
plotting (table 7, fig. 24). Compute other necessary parameters not given 

~ such as facility honzon parameters (fig. 14), and start or complete printing 
of parameter sheet ( s), see figure 11. I Start of loop for each desired per- l _f centage ( 5, 50, 95 •,) and free space. 1 
If this is the second time through this loop, the program skips around this 

I block. Otherwise required aircraft altitudes and desired-to-undesired signal 
ratios, 0/U, are read in. I Start of loop for each altitude. 

t I End of loop for two facility configurations. Loop is not 1 t 
I Read 0/ U ratio array for appropriate a 1 t i tude from drum I used if parameters for desired and undesired facilities I 

are identical. 
'f v Interpolate to obtain all possible desired distance values for 

1 Start of loop for each aircraft altitude the specific 0/U ratio being plotted, and determine if 0/U is 

f 
increasing or decreasing with distance at each distance obtained. 
Put the increasing ones in the increasing array and the decreas-

j Values associated with aircraft height are computed.J i ng ones in the decreasing array. 

' 
y 

I Call PWSRB (sec. B.4.1) to obtain an array of I I End of loop for altitudes 

isotropic power for desired faci 1 i ty. ' 
t 

Plot lines connecting the first value at each altitude in the 
increasing array. Continue with each set of points until all 
points are plotted from the increasing array. The 1 i ne for 

If the facilities do not have identical parameters, PWSRB is first va 1 ues is not connected to the 1 i ne for second va 1 ues, 
called again for the undesired faci 1 ity. Otherwise the etc. Line:; are drawn using values from the decreasing array 
desired faci 1 i ty isotropic power array is put into the un- in the same fashion. 
desired isotropic power array. 

'f 
t I End of 1 oop for each per- I I Start of loop to obtain 0/U versus I centage and free space. 1 

desired distance array. 1 t 
f I End of loop for each graph. 

Calculate undesired facility to aircraft distance from station separation 

' and desired distance (fig. 4), interpolate from array for undesired I Loop back for new set of parameters. facility for isotropic power values correspondino to those from the de-
sired facility, call CONLUT (sec. B.4.1) to combine distributions via (13) 

' and store on drum for later use. 
If no new t parameters, 

I End of 1 oop for 0/U versus I the program 

desired station array. J 
ends. 

... 
LEnd of loop for aircraft altitudes I *"Isotropic pO\;er" is the p01;e,· that would be available at the 

I terminals of an ideal (lossless) isotropic aircraft antenna. 
~ 

Figure 27. Block diagram for service volume program, SRVVOLM. 



PROGRAM SRVVOLM 

C ROUTINE FOR MODEL AUG 73 

2 FORMAT!• PROGRAM IS FINISHED. •> 
4 FORMATI1Hll 
5 FORMATIIH) 
6 FORMATI2A8o2F6oOtF4o0t3F6o0•28X•I2l 

, 7 FORMATII2•F6.0o2!2o3F6o0oi2•2F6oOtl2t2F6o0t3I3t3l2tF6o0tlll 
8 FORMATI5A8•F4o0t2F6o0tF5•0•I21 
9 FORMATII2t2F4oOo2I2•3F4oOoF6o0o2F5oOl 

32 FORMATIF4.0•4Xl 
50 FORMATIF7oOtlX) 
71 FORMATIF5o0ol4F5ol) 

106 FORMATI5Xt* DML IS LESS THAN ZEROo ABORTING RUN *l 
lOB FORMATIZIF5o3t7F5.2)) 
~05 FORMATII1F7a4l 

C FORMAT STATEMENTS FOR PARAMETER SHEET AND WORK SHEET 

700 FORMATI23X*PARAMETERS FOR SERVICE VOLUME CURVES*o/34Xt*ITS MODEL*• 
XA8t/30XtA8•2X•A8•* RUN*,//) 

701 FORMATI32X•*REQUIRED OR FIXED*t/32X,•----------------- *) 
702 FORMATII5X•*FACILITY ANTENNA HEIGHT:*•F7olo* FT ABOVE SITE SURFACE 

X*) 
703 FORMATI15X•*FREQUENcY:•,F6.0•* MHZ*) 
704 FORMATI29X•*SPECIF!CATION OPTIONAL*•/29X•*----------------------*• 

4/l5X,•ABSORPTION: OXYGEN*tF9.5o* DB/KM*•A2,/27Xo*WATER VAPOR*•F9o5 
4•*DB/KM*•Azl 

705 FORMATI15Xt*EFFECTJVE REFLECTION SURFACE ELEVATION ABOVE MsL:*tF7o 
50•* FT*o/l5Xo*EOU!VALENT ISOTROPJCALLY RADIATED POWER: *oF6olt* DB 
5W*o/15Xt*FACILITY ANTENNA TYPE: *•5A8l 

706 FORMATI20Xo*COUNTERPOISE DIAMETER:•,F5o0t* FT*•/25Xt*HEIGHT:•,f5o0 
6•* FT ABOVE SITE SURFACE *•I25X•*SURFACE:*r2A8l . 

707 FORMATI20Xo*POLARI7AT!ON:*,2A~l 
708 FORMATII5Xt*HORIZON OBSTACLE DISTANCE: *oF7o2o* N MI FROM FACILITY* 

8oA2o/20X•*ELEVATION ANGLE: *•l3o*l*ol2o*l*ol2o* DEG/MIN/SEC ABOVE 
8 F-IOR!ZONTAL*oA2o/20Xo*HEIGHT:*•F6.0o* FT ABOVE MSL*•A2l 

709 FORMATI15Xo*MINIMUM MONTHLY MEAN SURFACE REFRACTIVITY:*t/20XoF3aOt 
9* N-UNITS AT SEA LEVEL: *•F3o0•* N-UNITSlf) 

710 FORMATII5Xt*TERRAI~ ELEVATION AT SITE:*oF6eO•* FT ABOVE MSL*,i20Xo 
A*PARAMEitR:*oF5.0o* FT*o/20Xo*TYPE: *•2A8) 

711 FORMATIZX•I3F6o0l 
712 FORMATI5Xol5F5o0l 
713 FORMATIFS.Oo2XoA8o6IF8oloF8e0l/II8Xo61F8oloF8o0l ll 
714 FORMATI15X*AIRCRAFT ALTITUDES IN FT ABOVE MSL: *o3IF7oD•Alll 
715 FORMATIZOXo*ANTENNA TOO HIGH• RAY BENDING OVERESTIMATED*•/) 
716 FORMATI20Xo*ANTENNNA TOO LOWo SURFACE WAVE SHOULD BE*o/25X,*C0NSID 

6ERED•l 
717 FORMATI20Xo*FREQUENCY TOO LOWo IONOSPHERIC EFFECTS MAY BE*o/25Xo*I 

7MPORTANT*t//) 
718 FORMATI20Xo*ATTENUATION AND/OR SCATTERING FROM HYDROMETEORS*o/25Xo 

8*1RAlN• ETC! MAY BE IMPORTANT*) 
719 FORM TI20Xo*ATMOSPHERIC ABSORPTION ESTIMATES MAY BE*o/25Xo*UNRELIA 

9BLE*l 
724 FORMATI/15X•A2o*COMPUTED VALUE*I 
725 FORMATC20Xo*TYPE: *•2A8oAI) 
726 F.ORMAI,.Il,~XP..!~RTH*oF9oO •* N MI *•FB.Oo* KM*l 
72-.{!, lOR~A~fS·xiro/I.J RATIOS IN DB: *t!OIF3.0oAllo/20Xd31F3e0oAlll 
729 FORMATII5Xo*TIME AVAILABILITY: *o4A8oAII 
731 FORMATI15X*D/U RATIOS IN DR: ••IOIF3o0oAllt/20Xol31F3o0oAllo/20Xol 

X31F3o0•Alll 
732 FORMATI12Xo* H!Fl *•FBel •* ~T TO SURFACE *•F8~4•* KM ll) 
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133 FORMAT112Xt*FREOUENCY*• F5o0t* MHZ 
1-'34 FOR~1ATI12X•* AIOI*o F9o5o* DB/KM 
735 FORMATI12Xo* AIWI*oF9o5 •* DB/KM 
736 FORMATI15X*D/U RATIOS IN DB: *olOIF3o0tAlll 
7~7 FORMATI12Xo*tiRP *of9ol •* DBW 
738 FORMATI12Xo*F ANT *t6Xtl2• 2Xt5A81 
739 FORMAT112Xo* DICl *•F8o0t* FT 
·140 FORMATI12Xo* HICI *oFa.o,• FT ABOVE SURFACE 
·741 FORMATI12Xo*COUNTERPOISE*•I2•10Xt2A81 . 

*•F8o0t* MHZ •I 
*•F8o5t* DB/KM*tA2J 
*tF8e5t·* DB/KM*tA2J 

DBW •I 

*•F8o4t* KM*I 
*•F8.4t* I<M*I 

742 FORMAT112Xo*HIFRI *•FBeOt* FT ABOVE REFLECTION*tF8o4t* KM*I 
743 FORMATI12Xo*POLARIZATION*•I2•10X,2A81 
745 FORMATI10XoA2t*DIHOI *•F8o2t' N MI FROM HORiiON *•FBo2t* KM*I 
746 FORMATI10XoA2•*EIHOI *•I2o*/*oi2o*l*ti2t* DEGIMIN/SEC*t7XtFBe5t* R 

6ADIANS>1) 
747 FORMATI10XoA2o*HIHOI *oF8oOo* FT MSL 
748 FORMATI12X•* NIOI*oF9oO •* N-UNITS 
749 FORMATI12Xo*HISURI*tF8o0t* FT MSL 
750 FORMATI12Xo*DHISURI*tF7oOt* FT 
751 FORMATI12Xo*TERRAIN*t5Xti2t10Xt2A81 

NISI 

752 FORMATI15X•STATION SEPARATION!*tF5oOt* N MI*I 
756 FORMATI25X•2A81 

*•FBo4t* KM*I 
*•F8e0t* N-UNITS*I 
*•F8o4t* KM*I 

*•F8o4t* II:M*I 

757 FOR~ATI12X*INPUT PARAMETERS FOR *oA8t2XtABt* RUN*ti12X*OF *•ABv* A 
liR/GROUND MODEL*o//1 

772 FOR~ATII5X*AIRCRAFT ALTITUDES IN FT ABOVE MSL: *•31F7o0tA1It/20Xt7 
2IF7oOtAlll 

773 FORMATI15X•AIRCRAFT ALTITUDES IN FT ABOVE MSL: *•3IF7o0t~1lt/20Xt7 
31F7.0tAllo/20Xo71F7oOtAlll 

774 FORMATI15X*AIRCRAFT ALTITUDES IN FT ABOVE MSL: *•~IF7o0tAllt/20X,7 
41F7oOtAllo/20Xt71F7o0oA1lt/20Xt71F7oOtAll I , 

776 ~ORMATI15X*AIRCRAFT ALTITUDES IN FT ABOVE MSL: *•31F7o0tA11t/20Xt7 
61F7oOoAllv/20Xo71F7.o.Allt/20Xt71F7eOtAllt/20X,F7 0 0l 

778 FORMATI15Xo*SURFACE REFLECTION LOSING: CONTRIBUTES TO VARIABILITY 
X* I 

779 FORMAT!l5Xt*SURFACE REFLECTION LOBING: DETERMINES MEDIAN*I 
785 FORMATI12Xv*SURFACE REFLECTION LOSING: CONTRIBUTES TO VARIABILITY 

X* I 
786 FORMATI12Xo*SURFACE REFLECTION LOBING: DETERMINES MEDIAN*! 
790 FORMATI5Xo3F7o1o212X•2F7e11•3Xt4F7o11 
791 FORMATillXo*NAUTICAL MILES FREE SPACE MEDIAN 

X -------D/U-------•1 
792 FORMATilOXt*S DO DU DO DU DD DU F®SP 

XACE 5o/o 50% 95%* I 
796 FORMATlSX•*AIRCRAFT HEIGHT IS*tF8eOt* CORRECTIVE HEIGHT IS*tFBoOe 

6A21 
797 FORMAT(1H(I2o26HX*DESIRED STATION IS *5A8)1 
798 FORMATI1HII2•2BHX*UNDESIRED STATION IS *5A811 
799 FORMATI1H{I2•38HX*DESIRED/UNDESIRED STATIONS ARE *5ABII 
800 FORMATI//lOXo*SOME PARAMETERS ARE OUT OF RANGE*I 
809 FORMATI20X•*DLT IS LESS THAN elXDLST OR GREATER THAN 3XDLST*I 
810 FORMATI20X•*INITIAL TAKE-OFF ANGLE GREATER THAN 12 DEGe*) 

~900 FORMATI213X•6F7elll 
901 FORMAT15X•FBo3t5F7ol•2I21 

DiMENSION DAI31oDBI31,DPI31tPCI31tDCI31 
DIMENSION CFKI31oCMKI31tCFMI3ltCKMI31tCKNI31 
DIMENSION FAT15,81oCCII2o71tPOLI2t31tTSCI2t71 
DIMENSION PASIZI 
DIMENSION .ACHTI251oDEHTI251 
DIMENSION APCT141 oLPI41 
DIMENSION TYD13o41.VYDI5~21 
DIMENSION PRI30l,ADENTI21oADNTI31tVARFORI61 
DIMENSION QHTEI2l,QDLTI21tOENSI2l,QEFTI21tOFKI21tQTETI21tJKD12l,QA 
X0121oQAWI21oQCW12l,QHWI2loJTC12ltOHRP12ltOERPI21tJKKI21tJLB121~QHT 
XI21,QHLTI21•QHFSI2lo0DH12ltODLSTI21,JPLI21tJKSCI21·tJFAI21 

COMMON/EGAP/IPoLNoiDTtiXT 
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COMMON PDY1125t5l,DEC125ltDRUI125t4ltDEDI12SltMUC251tMDI251ePYC251 
XoPXUC25t4loPXDI25t4ltAI25l,BC25l,MCTC2Sl 

COMMON/PLVD/LUDtLYDoSHX,SHYtTGtSXI2ltSYI21tTTI6ltXCtYCtAAT 
COMMON/RYTC/QNStQHCtQHAtOHSoQQD 
COMMON/PAOUT/NCToPFYI125t6ltJJ,HPltHP2 
COMMON/VAT/TAVI1751tTAH117tl751 
COMMON/DLAT/TALDI201oTAFL14t7t20) 
COMMON/VV/VFI36•17l . 
COMMON/PARAM/HTEtHREtDtDLToDLRtENStEFRTHtFREKtALAMtTETtTERtKDtGAO• 

XGAW 
COMMON/SIGHT/DCWoHCWtDMAXtDMLtDZRtiKtEACtH2tiCCtHFCtPRHtDSLl,EIRPt 

XOGltOG9tKK•ZHtRDHKtiLA 
COMMON/SCATPR/HTtHRoALSCoTWENDoTHRFKtHLToHLRtTHETAtHTPtAA•REW 
COMMON/DJ~PR/HTDtHRDtDHtAEDtSLPtDLSTtDLSRtiPLoKSCtHLDtHRPtAWDtSWP 
COMMON/GAT/IFA 
DATA CQMD=BH AUG 73 I 
DATA ICFK=o00lt.0003048to0003048l 
DATA ICMK=l••lo609344tlo8521 
DATA ICFM=l••>3048to3048l 
DATA ICKM=l000ot3280o839895t3280o839895l 
DATA ICKN=leto62137ll922te5399568034) 
DATA IPOL=BH HORJZONo3HTALo~H VERTICAolHLoBH CIRCULAolHRI 
DATA IFAT=lOH ISOTROPICt311H lt4H DMEo4ClH lo14H TACAN CRTA-2lt311 

XH lt39H 4-LOOP ARRAY (COSINE VERTICAL PATTERNlo39H B-LOOP ARRAY CC 
XOSINE VERTICAL PATTERNlt34H I OR II !COSINE VERTICAL PATTERNJ,lH, 
X40HJTAC TILTED 20 DEG WITH 40 HALF-POW 8oWotl7HJTAC TILTED 8 DEGt2 
XllH ) I 

DATAITSC=l6H SEA WATER tl6H GOOD GROUND •16H AVERAGE GROUN 
XD tl6H POOR GROUND tl6H FRESH WATER ol6H CONCRETE tl6H 
X METALLIC I 

DATA CPAS=2H o2H* I 
DATACVYD=33HFOR HOURLY MEDIAN LEVELS EXCEEDEDt33HFOR INSTANTANEOUS 

X LEVELS EXCEEDED) 
DATACTYD=l7HSMOOTH EARTH 
DATAICCI=l6H SEA WATER 

XD tl6H POOR GROUND tl6H 
X METALLIC I 

DATA CPAS=lH I 
DATA ICM=lH•l 
DATA ILP=9•2•1•3l 

tl7HIRR~GULAR TERRAINI 
tl6H GOOD GROUND tl6H AVERAGE GROUN 

FRESH WATER tl6H CONCRETE tl6H 

DATAIAPCT=BH FREE SPtBH 5 = t8H 50 ~ t8H 95 = 
FNAIFXtFAoFBoFCtFDl=CCFX-FBl*CFC-FDI/CFA-FBII+FD 
FNBIFRXtFRA•FRBl=CFRX-FRBl/IFRA-FRBl 
FNCIFFXtFFC•FFDl=CFFX*CFFC-FFDI l+FFD 
IDT=IDATEIIDXI 
DPCll=•Ol $ 
IG=O $ JJ=O 
RAD=oOl745329252 

DP12l=o50 $ DPC31=.95 
$ zo=.oooooooi $ ERTH=6370• 

$ DEG=57o29577951 $ TWDG=l2e*RAD 

C PRE-PROGRAM INPUT OF TABLES 

READ 108oCTAVIIIoCTAHliJ•IItJ=1•71,I=l•l751 
READ 71tiTALDIKitCITAFLC I•J•KJ,J=lt71oi=1•21,K=lt201 
READ 7ltiDUMB•IITAFLII•J•KloJ=1•71ti=3•4ltKclt201 
READ 505oCIVFIIoJl•I=1•36IoJ=l•3l 
READ 505•IIVFIIoJioi=l•36loJ=4•17l 

C -------------PROGRAM START WITH CARD 1---------------------
100 READ 9•IStDMAXoStLHtLEtSXoXCoSYtYC 

IFCISoLEoOl GO TO 451 
IXT=ITIMEDAYIITXl 
DO 200 J=loiS 

C --------------START OF LOOP FOR TWO FACILITIES------------~ 
ICAR=O 
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C -----------------INPUT OF CARD 2---------------------------
READ 7tTKtHFioiFAtiPLoSURtHPFftDHSltKSCoDCltHCltiCCtDHOJeHHOJ,IDGt 

XfMNtiSECtKEoKKoKDoEIRPoiLB 
C --------~--------INPUT OF CARD 3---------------------------

READ 8•ADENT•ADNToENO•AOltAWitFtiA 
TTill~ADENTill $ TTI21~ADENTI2l $ TTC6lsPASI11 
TTI3l=ADNTI11 $ TTI41=ADNT12l 5 TTISlaADNTI31 
CMAX=DMAX 
IFIISoGT.ll GO TO 15 
NK=43-1131+1AI/21 
ENCODEI48t799oVARFORINK 

14 PRINT 4 
C -----------------START OF PARAMETER SHEET------------------

HFS=HFI*CFKIIKl S FREKaF 
PRINT 700oQMDoJDToiXT 
PRINT VARFORoADENTeADNT 
PRINT 5 
PRINT 701 
IFIJoGToll GO To 820 

C --------------INPUT OF CARDS OF AIRCRAFT ALTITUDES--------
READ 7lle(ACHTIIJ,Igl,LHI 

C ----INPUT OF ALTITUDE CORRECTION FACTORS IF SPECIFIED------
IFIJJ.GT.OI READ 7lltiDEHTIIItlcltLHI 

C ------------------INPUT OF CARDS OF DIU RATIOS------------
READ 7l?.CPRI ll d=ltLEI 

820 LL=LH-1 
IFILHoGTo241 GO TO 769 
IFILHoGTol71 GO TO 76B 
IFILHoGTolOI GO To 767 
IFILHoGT. 31 GO To 766 . 
PRINT 714•11ACHTI!IoCMioi=l•LLioACHTCLHI 

770 LL=LE...:l 
IFCLEoGTo231 GO TO 721 
IFILE.GTo10I GO TO 720 
PRINT 736oiiPR(fi,(Mld=l•LLioPRCLEI 

777 PRINT 702oHFI 
IFIHFioLToOol GO TO 825 
IFIHFioGTo9000ol PRINT 715 
IFIHFioLTolo51 PRINT 716 
PRINT 7n:hFREK 
IFIFoLTolOOolGO TO 805 

806 IFIFoLTo20ol GO To 100 
IFIFoGTo5000ol PRINT 718 
IFIF.GT.17000.l GO TO 807 

BOB IFIF.GT.lOOOOOol GO TO 100 
ALAM=o2997925/F 
PRINT 752oS 
PRINT 5 
IFIAO!oLToOol GO TO 56 
PXH=PAS(ll 

57 GAO=AOI ~ GAW=AWI 
PRINT 704oGAO,PXHtGAWoPXH 
IFCSURoGTol5000.I JCAR=l 
IFISURoLToO•l GO TO 830 

831 PIRP=EIRP 
FTScSUR*CFKI IKl 
HRP=HPFl*CFKIIKl 
!FIETSoLToOol ETS=Oo 
IFCDHSloLToOol DHSl=:Oo 
DH=DHSI•CFKI IKI 
!FIENO.LTo250ooOR.ENOoGTo400ol GO TO 801 

802 ENS~ENO*EXPFI-0.1057*HRPI 
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IFCENSoLEo250ol GO TO 803 
804 EFRTH=ERTH/C1.-.04665*EXPF(o005577*ENSll 

EART=EFRTH*CKNCIKI 
HT=HFS+ETS $ Hl=HT 
IFCHRPoGToHll GO TO 825 
HTE=HT-HRP $ DLST=SQRTFC2o*EFRTH*HTEl 
HFRI=HTE*CKMC IKl 
PRINT 705tHPFitEIRPoCFATCitiFAlti=1t5l 
IFtDCleLEeZOl GO TO 789 
IFCICCoLEoOl GO To 789 

, C -------------COUNTERPOISE PARAMETERS CONVERTED------------
NOC"'l 
DCW=DCI*CFKCIKl $ HCW=HCI*CFKCIKl 
PRINT 706tDCiuHCitCCCICitiCCitJalt2l 
IFCHCioLToOol GO TO 828 

829 IFCHCioGTo500el ICAR=l 
IF CDCW.GTool524l ICAR=1 
IFCHCWoGToHFSI GO TO 825 
HFC=HT-ETS-HCW 

788 CONTINUE 
PRINT 707tCPOLCitiPLlti=1t2l 

C ------HORIZON AND INITIAL TAKE-OFF ANGLE COMPUTATIONS-----
PDS=PTS=PHS=PASC1l 
IFCKDoLEo1l GO TO 755 
HLT=HHOI*CFKC IKl $ DLTeDHOI*CMKIIKI 
HL TS=HL T-HT 
DG=IDG $ AMN=IMN $ SEC=ISEC 
TET=RAD*CDG+(C(SEC/60.l+AMNl/60oll $ ATET•ABSFITETI 
TATET=TANFC TET l 
IFCKE.EQ.3l GO TO 782 
IFCDLToLEoZOl GO TO 781 

759 IFCKE-1l730t758,780 
758 IFCTEfoLToOol GO TO 752 

HLTS=DLT*TATET+IDLT*DLTII2o*EFRTHl l 
753 HLT=HLTs+HFS+ETS $ HHOI=HLT*CKMCIKl 

PHS=PAS12l 
783 CONTINUE 

IFCDLT.LTolo1*DLSTl.ORoDLToGTol3o*DLSTll PRINT 809 
IFITEToGToo20943951l PRINT 810 
IFCHHoi.GTo15000ol ICAR=1 
PRINT 708tDHOitPDSoiDGtlMNtiSECtPTStHHOitPHS 

c ----------------------- -------------------=-9-----~-------

PRINT 725 t I TYDI I tKDl t I=1 •3 l 
PRINT 709tENStENO 
IFIILBoGToOl GO TO 762 
PRINT 778 

763 PRINT 710tSURtDHSioiTSCC loKSClti=1•2l 
PRINT 729oiVYDII•KKlti=lt5l 
PRINT 724tPASI2l 
IFIICARoGToOl PRINT 800 

C ------------------START OF WORK SHEET------~--------------
PRINT 4 
PRINT 757tiDTtiXTtOMD 
PRINT 5 $ PRINT 6 
PRINT VARFORtADENToADNT 
PRINT 701 tS 
PRINT 732tHFitHFS 
PRINT 733oFoFREK 
PRINT 734tAOitGAOtPXH 
PRINT 735tAWioGAWtPXH 
PRINT 7;7,EIRPtEIRP 
PRINT 738tiFAtCFATiitiFAiti~lt5l 

112 



IFINOCeLTell GO TO 754 
PRINT 739tDCitDCW 
PRINT 740tHCitHCW 
PRINT 741tiCCtiCCIIItiCCI•I=lt2l 

754 CONTINUE 
PRINT 5 
PRINT 742tHFRI•HTF 
PRINT 743tiPL,(POLII•IPLl•l=lt2) 

771 PRINT 745•PDS•DHOI•DLT 
PRINT 746tPTS,IDG,IMN,!SEC,TET 
PRINT 747•PHS,HHOI•HLT 
PRINT 74B•ENOtENS 
PRINT 726•EARTtEFRTH 
PRINT 749•SUR.ETS 
PRINT 750•DHSI,DH 
PRINT 75l•KSC,(TSCIItKSCloi=lt2l 
IFIILBeGT.Ol GO TO 764 
PRINT 785 

765 PRINT 729tiVYDII•KKid=lt3l 
PRINT 724•PASI2l 
IFIICAR.GT.Ol PRINT 800 

C --------------END OF PRELIMINARY PRINTING------------------

c 

IFIIS.LEell GO TO 201 
QAW(JI=GAW $ QCW I J) =DCW $ QHW(J)=HCW $ JICIJJ=ICC 
QHRP(J)=HRP $ QERPIJJ=EIRP $ JKK(J)=KK $ JLB(J)=!LB 
QHTIJI=HT $ QHLTIJI=HLT $ QHFSIJI=HFS $ QDH(J) =DH 
QHTEIJJ=HTE $ QDLTIJl=DLT $ QENSIJl=ENS $ QFKIJl=F 
QEFTIJl=EFRTH $ QTETIJl=TET $ JKD(Jl=KD $ QAOIJI=GAO 
QDLST (J l =DLST $ JPLIJI=IPL $ JKSCIJl•KSC $ JFAIJ)c:[FA 
QHFC=HFC 

200 CONTINUE 
--------------END OF LOOP FOR TWO F.ACILITIES---------------

201 PRINT 4 
CALL PAGEI-II 
ENCODEIA,32tTGl S 
IFILE=O 
MH=O 
DO 60 LD=l,LH 
HAI=ACHTILDl 
H2=HAI*CFKIIKl 
IFILE>=IF!LE+l 
IFCIS.GT.ll GO TO 202 

206 CONTINUE 
IFIJJ.LT.ll GO TO 63 
ALAM=.2997925/F 
PDH=PASCll 
EAC=DEHTILDI*CFKIIKl 
HR=H2-EAC 
HRE=HR-HRP $ DLSR=SQRTFI2e*HRE*EFRTHl 
HAS=H2-ETS $ HRS=HR-ETS $ HRE=HR-HRP 
IFCHRE.GEe50ol DLSR=EFRTH*ACOSFCEFRTH/IEFRTH+HREll 
DS0=3o*SQRTFI2000.*HTEl+3o*SQRTFC2000o*HREl 

64 CONTINUE 
C -----------------------PRINT STATEMENTS--------------------

PRINT 796• HAitDEHTILDltPDH $ CALL PAGEIIl 
c -----------------------------------
C --------------OBTAINING ISOTROPIC POWER ARRAY-------------

CALL PWSRB 
C -----------------------PRINT STATEMENTS-------------------

PRINT 900•IIPFYILAtLBltLB=l•6ltLA=ltN,CTl 
PRINT 5 
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MCK=NCT/2 $ CALL PAGEIMCKI 
c ----------------------- -----------------------------------

IFIISoGTo1l GO TO JC 
203 NCD=NCT 

DO 24 LA=loNCD 
DEILAl=PFYILAoll 
DO 29 LB=2•6 
LC=LB-1 
PDY{LAoLCl::PFYILAoLBl 

29 CONTINUE 
24 CONTINUE 

IFIISoLEell GO TO 27 
J=2 $ ASSIGN 27 TO JC 

27 CONTINUE 
$ GO TO 205 

C -----------------------PRINT STATEMENTS-------------------
PRINT 791 $ PRINT 792 $ CALL PAGEI2l 

c -----------------------------------------------------------
C -----------------CALCULATION OF DIU RATIOS----------------

JCT=O 
DO 26 N=1oNCD 
DD=DEINI 
DAI1l=PDYINo3l $ DA12l=PDY1No4l $ PA13l=PDYINo5l 
DU=S-DEINI $ IFIDUaLToOel GO TO 25 
DO 20 I=l•NCT 
IFIDU-PFv'l I•1ll22o2lo20 

20 CONTINUE 
I=NCT 

22 IFIIeLEell I=2 
L=I-1 
DRAT=FNBIDUtPFYII,lloPFYILo1ll 
UFS=FNCIDRAT,PFYIIo2ltPFYILt2ll $ UPW=FNCIDRATtPFYIIo3loPFYILo3ll 
UV5=FNCIDRAToPFYI Io4ltPFYILo4ll $ U50=FNCIDRATtPFYIIo5loPFYILo5ll 
U95=FN~IDRAToPFYiio6loPFYIL•6ll $ GO TO 2e 

21 UFS=PFYIIo2l $ UPW=PFYIIo3l $ UV5::PFYIIo4l 
U50=PFYI Io5l $ U95=PFYIIo6l 

28 CONTINUE 
JCT=JCT+l 
DRUIJCToll =PDYINo1l-UFS $ REFV=PDYINt2l-UPW 
DB11l=UV5 $ DB12l=U50 $ DBI3l=U95 
CALL CONLUTIDAoDBoDP•3•-looOotPCoDCl 
DRUIJCTo2l =REFV+DCI1l $ DRUIJCTo3l =REFV+DC12l 
DRUIJCTo4l =REFV+DCI3l 

C -----------------------PRINT STATEMENTS--------------------
PRINT 790oStDDoDU,PDYINo1l•UFStPDYINt2l•UPW,IDRUIJCToK)t K=lt4l 
DEDI JC T l• DD 
CALL PAGF.Ill 

c -----------------------------------------------------------26 CONTINUE 
25 CONTINUE 

C -------------------WRITING FILES ON DISK------------------
MCTILDI==JCT 
WRITE12l IFILEtACHTILDltMCTILDl 
KCT=MCTILDI 
DO 73 KE=1tKCT 
WRITE 121 DEDIKEltiiDRUIKE•JllloJL=1t4l 

73 CONTINUE 
END FILE 2 
MH=MH+l 
PRINT 5 $ CALL PAGEI1l 

60 CONTINUE 
~c --------------END OF AIRCRAFT ALTITUDE LOOP----------------
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00 40 M=1tLE 
LYD=O $ LUD=+1 
IG=IG+1 
ENCODEI8•32•AATI PRIMI 

C -----------~-~----PLOTTING OF GRAPH-----------------------

CALL PLTVOL 
C -------------VALUES PUT INTO PLOTTING ARRAY----------------

00 41 JL=1•4 
DO 65 I=1 tLH 
MUIII=MD( II=O 

65 CONTINUE 
IFILF=O 
REWJ NO 2 
DO 62 I=1•LH 
IFILE=IFILE+1 
READ (21 KFILE•BCHT~LCT 
IFIKFILEoNEoiFILEI GO TO 100 
DO 74 JE=1•LCT 
READ (21 DED(JEI•IIDRUIJE•JGihJG=1•41 

74 CONTINUE 
SKIPFJLE 2 
JCT=LCT 
DO 42 JK=3•JCT 
JM=JK-1 
IFIPRIMI.GEoDRU(JK,JLI oANDoPR(MioLEoDRUIJM,JLI I GO TO 43 
IF!PR!MI.LEoDRU(JK,JL) oAND.PR!MI.GEoDRU!JM,JLI I GO TO 44 

42 CONTINUE 
62 CONTINUE 
61 LS=LP(JL) 

DO 66 KC= 1 •4 
J-=0 
DO 67 1=1 tLH 
IFIMD!IIoLToKCI GO TO 67 
IFIPYIII.GToSY(11oOR.PXD(I,KCioLToSX(211 GO TO 67 
IFIPY!II.LToSYI2I.ORoPXD(J,KCioGT.SX!111 GO TO 67 
J=J+1 $ BIJI=PY(J) $ AIJI=PXDIItKCI 

67 CONTINUE 
JF(JI 68t66 

C -----------------------PRINT STATEMENTS--------------------
68 PRINT 713tPRIMitAPCTIJLit(!AINNitBINNIItNN=1•JI 

PRINT 5 
NPG=IJ/61+2 $ CALL PAGEINPGI 

c -----------------------------------------------------------
IFIJoLTo21 GO TO 66 
CALL LINE(LS•A•BtJtSHXtSHYI 

66 CONTINUE 
DO 69 KC=lt4 
J=O 
DO 70 1=1•LH 
IFIMU(JI.LToKCI GO TO 70 
IFIPY( II.GToSY(11oOR.PXU(J,KCioLToSX(211 GO TO 70 
JFIPY(JI.LT.SY(21oOR~PXU(J,KCI.GToSX(111 GO TO 70 
J=J+1 $ BIJI=PY(JI $ AIJI=PXU(J,KCI 

70 CONTINUE 
JF(J) 72t69 

C -----------------------PRINT STATEMENTS--------------------
72 PRINT 713 tPR!MI tAPCT IJL I' ( (A INN I ,B( NNI I tNN=1tJ I 

PRINT 5 
NPG=(J/6)+2 $ CALL PAGEINPGI 
JF(JoLTo21 GO TO 69 
CALL LINEILStAtB,J,SHXtSHYI 

69 CONTINUE 
41 CONTINUE , 

C -------------------END OF GRAPH----------------------------
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$ PRINT 5 $ CALL PAGEI21 PRINT 5 
40 CONTINUE 

REWIND 2 
GO TO 100 

, 
t 

C--------LOOPING BACK TO START FOR NEW SET OF PARAMETERS-----------------~ 

43 MUI I I =MUI I 1+1 
KC=MUI I I 
IFIKC.GT.41 GO TO 61 
XRD=FNAIPRIMitDRUIJMtJLieDRUIJK•JLloDEDIJMitOEDIJKII 
PYIJI,.ACHTIII $ PXUIIoKCI=XRD 
GO TO 42 

44 MDIJI=MDIII+l 
KC=MDI I I 
IFIKCoGT,41 GO To 61 
XRD=FNAIPRIMitDRUIJMtJLioDRUIJK,JLI,oEDIJMl,DEOIJKll 
PYIII=ACHT!Il S PXDiltKCl=XRD 
GO TO 42 

15 IFIJoGTo11 GO TO 16 
NK=43-1119+1Al/21 
ENCODEI48t797tVARFORINK 
GO TO 14 

16 NK=43-1120+IAI/21 
ENCODE148•798tVARFORINK 
GO TO 14 

53 HRE=IDLSR*DLSRI/12o*EFRTHI $ GO TO 54 
56 CALL ASORP!FtAOitAWII 

PXH=PASI21 S GO TO 57 

C ------------------CALCULATION OF RAY BENDING---------------

c· 

63 HP2=H2-HRP $ HPl=HTE 
DUM=OoO $ ZER=OoO S QLIM=-1o56 
QNS=329o $ QHC=HPl S QHA=HP2 S QHS~HRP 
CALL RAYTRACIDUMI 
RY=TRACRAYIQLJMI 
DSO=QQD 
QNS=ENS $ QHC=ZER $ QHA=HP2 $ QHS=HRP 
CALL RAYTRACIDUMI 
RY=TRACRAYIZERI 
DLSR=QQD $ TSL2=DLSR/EFRTH 
IFITSL2oLEo•ll GO TO 53 
R2E=EFRrH/COSFITSL21 
HRE=R2E-EFRTH 

54 IFIHREoGToHP21 HRE=HP2 
HR=HRE+HRP 
EAC=H2-HRP-HRE 
HAS=H2-ETS $ HRS=HR-ETS 
DEHTILDI:EAC*CKMIIKJ $ PDH=PASI21 $ GO To 64 

107 PRINT 106 $ GO TO 100 

202 
205 

-------------------TWO FACILITY 
J=1 S ASSIGN 203 TO JC 
HTE=QHTEIJ) $ DLT=QDLTIJI 
EFRTH=QEFTIJJ $ TET=QTETIJ) 
GAW=QAWIJ, $ DCW=QCWIJJ $ 
HRP=QHRP!~) $ EIRP=QERPIJJ 
HT=QHTIJI $ HLT=QHLTIJI $ 
DLST=QDLSTIJI S IPL=JPLIJJ 
FREK=F 
GO TO 206 

CALCULATIONS---------------

$ ENS=QENSIJI 
$ KD=JKDIJI 
HCW=QHWIJI $ 

$ KK=JKK!JI $ 
HFS=QHFSIJI $ 

$ KSC:zJKSCIJI 
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$ F=QFK!JI 
$ GAO=QAO!Jl 

ICC=JICIJI 
ILB=JLBCJI 

DH=QDHIJI 
$ IFA,.JFAIJI 



C --------------PART OF PARAMETER SHEET PRINTING-------------
720 PRINT 728oiiPRIIIoCMioi=1•LLloPRILEI $ GO TO 777 
721 PRINT 731oiiPRIIIoCMioi=1•LLI•PRILEI $ GO TO 777 
762 PRINT 779 $ GO TO 763 
764 PRINT 786 $ GO TO 765 
766 PRINT 772oiiACHTIIloCMI,J=1•LLioACHTILHI $ GO TO 770 
767 PRINT 773oiiACHTIIIoCMiol=1•LLioACHTILHI $ GO TO 770 
768 PRINT 774oiiACHTIIIoCMiol=1•LLioACHTILHI $ GO TO 770 
769 PRINT 776oiiACHTIIIoCMiol=1•LLI oACHTILHI $ GO TO 770 

C --------------HORIZON PARAMETER CALCULATIONS---------------
781 HE=MAX1FIHTEoa0051 

DLT=DLST*EXPFI-o07*SQRTFIOH/HEI I 
PDS•PASI21 
IFIDLT.LTele1*DLSTI I DLT=a1*DLST 
IFIDLToGTol3o*DLSTII DLT=3•*DLST 
DHOI=DLT*CKNIIKI 
GO TO 759 

730 TRM=1o3*DH*( IDLST/DLTI-1ol 
TET=Io5/DLSTI*ITRM-14e*HTEII 
IFITETeGT.TWDGI TET=TWDG 
CALL RADEMSITEToiDGoiMNoSECI 
ISEC=XINTFISECI 
PTS=PA5121 
TATET=TANFITETI 
GO TO 758 

782 XTRM=SQRTFI IEFRTH*EFRTH*TATET*TATETI+12a*EFRTH*HLTSII 
YTRM=-EFRTH*TATET $ DLT=YTRM-XTRM 
IFIDLT.LE.O•I DLT=YTRM+XTRM 
PDS=PASI21 
DHOI=DLT*CKNIIKI $ GO TO 783 

780 TATET=IHLTS/DLTI-CDLT/12.*EFRTHII ·s TET=ATANFITATETI 
PTS=PASI2) 

784 CALL RADEMSITEToiDGoiMNoSECI 
ISEC=XINTFISECI $ GO TO 783 

C -------------------SMOOTH EARTH PARAMETERSr----------------
755 PTS=PDS=PASI21 

DLT=DLST $ DHOI=DLT*CKNIIKI 
TATET=I-HTE/DLTI-IDLT/12o*EFRTHII $ TET=ATANFITATETI 
HLT=HRP $ HHOI=HLT*CKMIIKI $ DH=Oo 
GO TO 784 

752 HLTS=DLT*TET +IDLT*DLT/12o*EFRTHII $ GO TO 753' 
789 HFC=Oo $ GO TO 788 
801 ICAR=1 $ EN0=301o $ GO TO 802 
803 ENS=250o $ ICAR=1 $ GO TO 804 
805 ICAR=1 $ PRINT 717 $ GO TO 806 
807 ICAR=1 $ PRINT 719 $ GO TO 808 
825 PRINT 8oo' $ GO TO 100 
828 ICAR=1 $ HCJcOo $ GO TO 829 
630 ICAR=l $ SURaOo $ GO TO 831 

C -------------------TERMINATION OF PROGRAM------------------

451 CONTINUE 
CALL CRTPLTio,o,o,o,20I 
PRINT 4 
PRINT 2 
CALL EXIT 
END 
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8.4 SUBPROGRAMS AND TABLES 

Subprograms used in POWAV, DOVERU, and SRVVOLM are listed in 
section B.4.1. Tables used as input data for all three programs are 
tabulated in section 8.4.2. 

B.4.1 Subprograms 

Subprograms (functions and subroutines) used in POWAV (sec. B.l), 
DOVERU (sec~ B.2) and SRVVOLM (sec. B.3) are listed alphabetically by 
name in this section. Each listing is preceded by a short discussion 
and contains some annotation. Listing for system functions (e.g., SINF, 
COSF, etc.) and system subroutines (e.g., CRTPLT) are not included 
since they are available to system users, and do not have to be submitted 
with the programs. 
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ALOS 

Subroutine ALOS is used~ with the power density program (sec. 
B.l) to p·erform calculations associated with the line-of-sight region 
(sec. A.4.2). Subroutines BLOS and CLOS are almost identical with ALOS, 
but are used with other programs. 

SUBROUTINE ALOS 

C L-0-S SUBROUTINE FOR POWAV 
C ROUTINE FOR MODEL AUG 73 

5 FORMATI1H I 
760 FORMATI1XtF7•2•12F8o1•F6el•2F5elo2F6oll 
766 FORMATI2Xt*D N MI FREE SPACE 50% 5% 

X 99 • 9% 99 • 99o/o • 01% o 1% 1% 
X K DEE*I 

DIMENSION XCONI51tNTMI51 

95% 
lOo/o 

DIMENSION CFKI3I•CMKI31tCFMI31•CKMI31tCKNI31 
DIMENSION GLDI81tD11200ltD21200ltD31200I 
DIMENSION HTXI2ltZ12l,TEA12l•DAI21,HPRI21 
DIMENSION SID124l 
DIMENSION SPGRDI31 
DIMENS)ON REI21tBDI351tVDI351 
DIMENSION ALMI1~1,ADI351 

90% 
PL AA 

DIMENSION Pl351tQC150ltQAI501tPGAI50itPQKI501,QK1501tPQCI50I 
DIMENSION YVIlOitSVI101 

99% 
AY 

COMMON/EGAP/IPtLNtiDT.IXT 
COMMON/PARAM/HTEtHREoDtDLT,DLRtENStEFRTHtFREKtALAMtTEToTERtKOtGAOt 

XGAW 
COMMON/DIFPR/HT tHR tOHtAEDtSLPtDLSTtDLSRtiPLtKSCtHLTtHRPtAWDtSWP 
COMMON/SIGHT/DCW•HCWtDMAXoDML,DZR,IKtEAC•II2tiCCtHFCtPRHoDSLl,PIRPt 

XQGltQG9,PrYI200t41tKK•ZHtRDHKtiLB 
COMMON/PLTD/LUDtLL,NUI81tNSI81tSXI2l,SYI2)•TTI61tXCtYCoBXI200,81,B 

XYI200t81,LYD•AATtTG 
Cm1MON/SPL IT ILl tL2, N • X I 140 I , Y I 140 I t D6 I 140 I tXS I 55 I tX D I 55 I tXR I 55 I , YS 

Xl551tYDI55ItYR1551tL3tZSI251tZDI25I,zRI251 . 
DATA ICFK=e001to0003048to00030481 
DATA ccPCII,r=1.351=.oooo1 •• ooooz,.oooos,.oool,.oooz,.ooo5,.oo1,. 

xooz •• oos,.o1,.oz •• os •• 1o,.1s •• zo,.3o,.4o,.so,.6o,.7o,.ao,.e5,.9o,G 
X95,o98to99to995to998to999to9995oo9998to9999o 0 99995po99998to999991 

DATA ICMK=1ot1o609344t1o8521 
DATA ICFM=1•••3048to30481 
DATA ICKM=1000ot3280o839895t3280e8398951 
DATA ICKN=1•••6213711922to53995680341 
DATAIXCON=1••5•t10oo25ot0el 
DATAINTM=10t19o30t10tOI 
DATA IGLD=O••o1to2oo3to4te5to75t1ol . 
DATAIALM=-6.2,-6.15.-6.o8.-6.0,-5.95,-5.88.-s.a,-5.65•-5•35•-5•0 9 -

X4.5,-3.7l 
DATA iSPGRD=Oeto06to1l 
DATA ISID=.2to5to7t1et1e2t1o5t1o7t2ot2e5t3et3o5t4ot5ot6ot7et8ool0o 

Xo20ot45et70ot80ot85ot88ot89ol 
COMPLEX ATltAT2 
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FNAIFXtFAtFBtFCtFDI=IIFX-FBI*IFC-FDitiFA-FBll+FD 
BSPizo3183098862 
RAD=o01745329252 $ DEG=57e29577951 S TWDG•12o*RAO 
ALIM"'3o 
PI=3o141592654 $ TWPI=6e283185307 
F=FREK . 
PI2=1o570796327 $ CPI2•1e56 
DKAX=DMAX*CMKIIKI 
AFP=32o45+20o*ALOGlOIFREKI 
ALA2=ALAM/2• 
ASPA20o25 $ ASPB~Oo25 
ASPC=ASPA*ASPB*I6oE-BI*F 
TWPILA=TWPI/ALAM 
DTRO=ALAM/6• 
ERTH =6370o 
AO=ERTH S EFN=EFRTH 
PKL=II3o*PII/IALAMI I 
NCT=O 
NOC=O 
PRINT 766 

.CALL PAGEill 
IFIICCoGTool NOC=1 
CDRK=20o95841232*F 
IFINOCoLE.ol GO TO 502 

RCW=DCW*e5 $ BTC•ATANFIHFC/RCWI 
ABTC=ABSFIBTCI $ RlC=RCW/COSFIBTCI $ SQVT=SQRTFI2e*RlC/ALAMI 
HDI=HTE-HFC $ TWHC=2e*HFC 

503 CON Tt NUE 
Ll=L2=N=O 
TWHT 2 2o*HTE 

C ------SETTING UP OF TABLE OF Sit DELTA RAND DISTANCE------

121 

LE=7 $ IFIILBoGToOI LE=11 
DO 61·LK=1tLE 
IFILKoLTe41 GO TO 120 
LB=l3-LK S GRD•FLOATFILBI 
IFIAPDR.LEoO,I GO TO 122 
IFIAPDR.GToTWHTI GO TO 21 
Sl=ASINFCAPDR/TWHTI 
ASSIGN 65 TO KR $ GO TO 66 

$ APDR•ALAM/GRD 

65 Ll=Ll+l $ XSILli=SI 'S XDIUI•DR 
XRILli=D 

123 

IFIAPDRoLEeOol GO TO 122 
SI=SORTFCAPDR/12o*DLSTII 
IFISioGToPI21 SI=PI2 
ASSIGN 123 TO KR $ GO TO 66 
L2=L2+1 $ YSIL2l=SI $ YDIL2l•DR 
YRIL21=D 

61 CONTINUE 
21 CONTINUE 

155 
156 
157 
l"i8 
159 

IFIILBoLEoOI GO TO 162 
DO 150 LA=lolO 
GND:eFLOATFCLAI 
DO 151 LG=1•4 
GO TO ll55tl56t157ol5Bit LG 
GRD=14o*GND-lol/4o $ 
GRD=GND $ 
GRD=14~*GND+lol/4o $ 
GRD=I?o*GND+lol/2o $ 
APDR=GRD*ALAM 
IFIAPDRoGToTWHTI GO TO 162 
SI•ASINFIAPDR/TWHTI 

GO TO 
GO TO 
GO TO 
GO TO 

159 
159 
159 
159 

IFIS!.GToPI21 SI=Pl2 
ASSIGN 152 TO KR $ GO TO 66 
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152 L1=L1+1 $ XSIL11=SI 
SI=SQRTFIAPDR/12o*DLSTII 
ASSIGN 153 TO KR $ GO 

153 L2=L2+1 $ YSIL21=SI 
151 CONTINUE 
150 CONTINUE 
162 L3=0 

DO 67 LK=1t24 
SI=SIDILKI*RAD 
ASSIGN 124 TO KR $ GO 

124 L3=L3+1 $ ZSIL31=SI 
ZRIL31=0 

67 CONTINUE 
SI=PI2 
L3=L3+1 $ ZSIL31=Sl 
CALL TABLEIDUMI 

$ XDILli=OR $ XRI LII•D 

TO 66 
$ YDILzluOR S YRIL21•D 

TO 66 
$ ZDIL31•DR 

ZRIL31z0o 

C ----USING TABLE TO OBTAIN STRATIGIC DISTANCE POINTS--------

LR=O 
DO 70 LA=1tLE 
IFILAoLT.41 GO TO 88 
LB=13-LA $ GRD=FLOATFILBI 5 DR=ALAM/GRO 
lFIDRoGToTWHTI GO TO 25 

86 CONTINUE 
D=DINTERIORI 
IFIDoGToDMLI GO TO 70 
LR=LR+l $ D11LRI=D 

70 CONTINUE 
25 CONTINUE 

IFIILBoLEool GO TO 163 
DO 1 7 2 LA= 1 tl 0 
GND=FLOATFILAI 
DO 173 LG=1t4 
GO TO (165t166t167o1681o 

165 GRD=I4o*GND-1ol/4o $ 
166 GRD=GND $ 
167 GRD=I4o*GND+1ol/4o $ 
168 GRD=I2e*GND+1ol/2e $ 

169 DR=GRD·lf-ALAM 
IFIDR.GT.TWHTI GO TO 163 
D=DINTERIDRI 
IFIDoGToDMLI GO TO 172 
LR=LR+1 $ D11LRI=D 

173 CONTINUE 
172 CON TJ NUE 
163 CONTINUE 

IFILRI154o164 

LG 
GO TO 
GO TO 
GO TO 
GO TO 

154 D=D11LRI $ SILIMaSINTERIDI 
DO 11 LA• bLR 
LV=LR+1-LA 

11 D31LAI=D11LVI 
D211l=DZR 
CALL TSMESHID2•1•D3•LR•D1•L51 

160 LR=O 
SPD= o1 
DO BOO NSP=1•5 
MZS=NTMINSPI 
IFIMZSoLF.oDI GO TO 107 
DO 801 MXS=1tMZS 
DzSPD*CMK I IK I 
IFIDoGToDMLI GO TO 107 
LR=LR+l $ D31LRI=D 

803 SPD=SPD+XCONINSPI 

169 
169 
169 
169 
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801 CONTINUE 
SPD=SPD-XCONINSPI 
NPP=NSP+l 
IFINPPoGTo51 GO TO 107 
IFIXCONINPPioEQoOol GO TO 107 
IFINPPoEOoOI GO TO 107 
IXD=INTFISPD/XCONINPPII 
SPD~IXCONINPPI*FLOATFIIXDII+XCONINPPI 

800 CONTINUE 
107 CONT·INUE 

CALL TSMESHID1tL5tD3tLRtD2tLXl 
IFINOCoLEeOI GO TO 75 

C ---------CALCULATION OF COUNTERPOISE STRATIGIC POINTS-----
LR=O 
DO 600 LK•ltl3 
IFILKeLTo91 GO TO 601 
FLK=LK-B 
DO 603 LG=lt4 
FLG=LG 
GND=I 14o*FLKI+FLGI/4o 

602 APDR=GND*ALAM 
IFIAPDR.GToTWHCI GO TO 29 
SI=ASINFIAPDR/TWHCI 
ICPT=1 
ASSIGN 40 TO KR $ GO TO 66 

40 CONTINUE 
IFIDoGToDMLI GO TO 604 
LR=LR+l 
D31LRI=fJ 

604 IFILK.LT.91 GO TO 600 
603 CONTINUE 
600 CONTINUE 

29 CONTINUE 
CLIM=D31LRI $ CCIM=D3111 
DO 69 l=loLR 
LV:LR+l-1 

69 Dliii=D31LVI 
CALL TSMESHIDltLRtD2oLXtD3tLKI 

134 DO 129 LV=l•LK' 
ICPT=O 

13 SI=SJNTERID31LVII 
ASSIGN 28 TO KR 

C ----------------RAY OPTICS GEOMETRY------------------------

66 CSSI=COSFISII 
SNSI=SINFISII $ SISQ=SNSI*SNSI 
AKO=EFN/AO $ ZE=Ilo/AKOI-1. S AKE=lo/llo+IZE*CSSIII 
AEFT=AO*AKE $ DHE=EAC*IAKE-loi/IAKO-lol 
HTXIII=HTE $ HL=H2-DHE S HTXI21=HL-HRP $ HCL•HL*CKMIIKI 
IFIICPToGToOI GO TO 77 
A= A EFT 

78 CONTINUE 
DO 62 LC=lt2 
ZILCI=A+HTXILCI $ TEAILCI=ACOSFIA*CSSI/ZILCII-SI 
DAILCI=ZILCI*SINFITEAILCI I 
IFISioGTolo561 GO TO 63 
HPRILCI=DAJLCI*TANFISII 

62 CONTINUE 
DTX=ABSFIZI11-ZI211 
IFISioGT.CPI21 GO TO 64 
AFA=ATANFIIHPRI21-HPRI111/IDAIII+DAI2111 
RO•IDAili+DAI211/COSFIAFAI $ RI2•1DAI11+DAI211/CSSI 
IFIROeLToDTXI RO=DTX 
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6l tA=AFA-TEAill $ TH•TEAili+TEAI21 
OR=4o*HPRI11*HPR(21/!RO+R121 
BA=CA 
CD•CA*DEG 
D=AEFT+TH 
IFIDoLToOol D=Oo 
DNM=D*CKN I IK I 
GO TO KR•I65t28tl23•132•133•124t40,152tl531 • 

c ----------------------- --------------~-~-~-~~--~-----

28 IFIDoLToOo011 GO TO 129 
IFIDoGT.DMLI GO TO 111 
ALFS=AFP+20o*ALOG101ROI 
PFS.,PIRP-ALFS 
GOD=GAINICAI 
GPD=20o*ALOG101GODI 
Z3=ZI21-ZIII 
Z4=1ZIII*COSFIBAII/ZI21 
IFIDHoLEoOol GO TO 42 
DHD=DH*Il.-IOoB*EXPFI-Oo02*DIII*1000o 

44 CALL SORBIZilltZI21,AtRO,BA•REI 
AA=GAO*REili+GAW*REI21 

51 IFilLBwGToO•ANDoSioLEoSlLlMI GO TO 35 
lFI DRoGEoALA21 GO TO 34 
IFI DRoLEoDTROI GO TO 26 
FDR=Ilol-IOo9*COSFIPKL*I DR-DTROIIII*o5 

43 CONTINUE . 
CALL RECCISitFtKSCtiPLtOtOHDtRtPICtROI 
GA=-ITEAili+SII $ GAMD=GA*DEG $ 
RDG=RD*GOG 
REC=OoO 
REG=R*GOG 
RLG=REG 
IFINOCoLEoOI GO TO 500 

C ---------CALCULATION OF COUNTERPOIS~ CONTRIBUTION---------~ 
TEG=ABTC-ABSFISI+TEAill I $ TEG=ABSF!TEGI . 
VFGD=2•*SINFITEG*o5I*SOVT 
IFIABSFIGAioLToABTCI VFGD=-VFGO 
CALL FRENELfVFGOtFPGDtPHIGI 
REG=REG*FPGD 
RDG=RDG*FPGD 
TRM3=PHif>•IPI2*Vf(,O*VFGDI 
IFIDoLToCLIMoORoDoGToCCIMI GO TO 146 
SIC=CA 
TEC=ABSF!BTC-CAI $ DARC=2o*HFC*SINFICAI 
SITl=-SIC $ GOC=GAINISITll 
VFCP=2•*SINFITEC*o51*SOVT 
IFIABSFICAioGToABTCI VFCP=-VFCP 
CALL FRENELIVFCPtFPCPtPHICI 
CALL RECCISICtFtlCCtiPL•l•DHDtRC•PICC•RDCI 
RLC=RC*GOC 
REC=RLC*FPCP 
EXPC~ITWPILA*DARCI+PICC+IPHIC+!PI2 *VFCP*VFCPII 
ATRM=REC*COSF!EXPCI 5 BTRM•-REC*SINFIEXPCI 
AT1•CMPLXIATRMtBTRMI 

147 CONTINUE 

C ------~-------CALCULATION OF LOBING CONTRIBUTlON-----~---
IFIS!oGT.SILIMI Go To 135 
EXPG=ITWPILA*DRI+PIC+TRM3 
ATRM=REG*COSFIEXPGI $ BTRM=-REG*SINFIEXPGI 

,. 
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C -------------------SUMMATION OF TERMS----------------------
136 AT2=CMPLXIATRMtBTRMI 

WRLzCABSIGoD+AT1+AT21 $ WR~WRL*WRL+•0001 
PR=lOo*ALOGlOIWRI 
IFIDoLEoDZRI GO TO 148 
IFILVoEOo11 GO TO 148 
PL•FNAIDtDMLt.DZRtPRHtPZI 
WL"l0o**I•1*PLI 

149 CONTINUE 

C. ---~-----------LONG-T~RM POWER FADING----~~--------------

Pl•Pl-GPD 
IFIDoLEoOol GO TO 38 
IFIDoLEoDSLll 30lt302 

301 DEE=Il30o*DI/DSL1 $ GO TO 303 
302 DEE=130o+D-DSL1 $ GO TO 303 
303 CALL VZDIDEEoQGltQG9tADI 

IFICAoLE.o.l GO TO 32 
IFICAoGEo1ol GO TO 33 
FTH=o5-BSPI*IATANFI20o*ALOG10132o*CAIII 
IFIFTHoLEeOoOI GO TO 33 

52 AL10=PL+IADI131*FTHI $ AY=ALlO-ALIM 
IFIAYoLToOol AY•Oe 

53 IFIILB.GToOoANDoSloLEoSILIMI GO TO 22 
DO 31 K=lt35 
VDIKI=ADIKI*FTH-AY $ BDIKI=PL+VDIKI 

31 CONTINUE 
DO 50 K=h 12 
ALLM=-ALMIKI 
lFIBDIKioGToALLMI .BD~~~~ALLM 

50 CONTINUE 
24 CONTINUE 

C -------------VALUES PUT INTO PLOTTING ARRAY----------------

NCT=NCT+l 
BXINCTt11=BXI~CT~21=~XINClt31QBXlNCTt41mDNM 
BXINCTt5l=BXINCTt6f=BXIN¢T,71=BXINCT 9 81=DNM 
IFIKKoGToll GO TO 20 

23 PGS=PFS+GPD 
BYINCT,11=PGS $ BYINCTt21=PGS+BDI181-AA 
BYINCTt31=PGS+BDI121-AA $ BYINCTt41=PGS+BDI241-AA 
BYINCTt51=PGS+BDI231-AA $ BYINCTo61=PGS+BDI261-AA 
BYINCTt7!=PGS+BDI291-AA $ BYINCT,81=PGS+BDI321-AA 
PFYINCToli=PGS+BDI41-AA $ PFYINCTt21•PGS+BD171-AA 
PFYINCTt3l•PGS+BDI10I-AA $ PFYINCT,41•PGS+BOI131-AA 
PRINT 760tDNM,IBYINCTtLZI~LZ=ltBI,IPFYINCTtMWI,MW•1t41tPLtAA,AYtBK 

X•DEE 
CALL PAGE111 

129 CONTrNUE 
111 CONTINUE 

NUI11=NCT $ RETURN 

C -------------------RETURN TO MAIN PROGRAM-----------~------

15 FAY=1o 
1(> FAY=Ool 

$ 
$ 

GO TO 17 
GO TO 17 

C ---------~--------T~OPOSHERIC MULTIPATH--------------------
20 DO 30 I= lt35 

PQA I I I =PI I I 
OAIII=BDIII-PL 

::!0 CONTINUE 
IFIAYoLEoOal GO TO 15 
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IFIAY.GEa6ol GO TO 16 
FAY=I1e1+10o9*COSFI IAY/6oi*PIII 112. 

17 CONTINUE 
RSP=REG*FDR*FAY 
IFIREI21oLEo0ol GO TO 45 , 
RK=-10o*ALOG1biASPC*IREI21**311 
ACK=FDASPIRKI $ WA=10•**1•1*ACKI 

46 RST=I IRSP*RSPI+IRDG*RDGI+WAI 
IFIRSToLEoOol GO TO 37 
BK =+10o*ALOG10IRSTI 
IFIBKoLTo-40ol BK=-40. 

47 CALL YIKKIBKtPOKtOKI 
RDHK,BK 
CALL CONLUTIOA.OK,PQA,35t+lao0o•POCtOCI 
DO 27 I=1t35 

27 ADIJI=OCI!l+PL 
GO TO 23 

37 BK=-40o $ GO TO 47 

C -------------------LOBING MODE-----------------------
22 AY=O. 

TLIM=+20o*ALOGlO(GOD+RLG+RLCI 
BL!M=-Bn. 
DO 36 K=lo35 
VDIKI=ADIKI*FTH 
IFIBDIKioGToTLIMI 
IFIODIKloLToBLIMl 
BDIKl=BDIKl+AA 

'$ BDI K l =PL+VDI Kl-AA 
BDIKl=TLIM 
ADIKl.,BLtM 

36 CONTINUE" 
GO TO 24 

26 
32 
33 
34 
35 

FDR=Oo1 $ Go TO 43 
FTH=1o0 $ GO TO 52 
FTH=OoO $ AY=OoO $ 
FDR=lo $ GO TO 43 
FDR=O• $ GO To 43 

GO TO 53 

DEE=Oo $ GO TO 303 
DHD=OeO $ GO TO 44 
HPRILCI=HTXILCI $ GO TO 62 
WA=oOOOl $ GO TO 46 

_3_8 
42 
63 
45 
64 
75 
74 

AFA=SI $ RO=HTXI21-HTXI11 $ R12=HTXI11+HTXI21 
DO 7t+ LK=1tLX 
D31LKl=D21LKI 
LK=LX 
LR=LX 
GO TO 134 

7j HTX11l=HFC $ HTXI2l•HTXI2l-HDI 
ICPT=n $ GO TO 78 
GRD=SPGRDILAI $ DR=ALAM*GRD $ 
GRD=SPGRDILK) $ APDR=ALAM*GRD $ 

SI=O. $ DR=O• $ D=DLST+DLSR 
ATRM=O• $ BTRM=O• $ GO TO 136 
D111l=DZR $ L5=1 $ SILIM=O. 

$ A=AEFT+HDI 

LD=LD+1 $ GO TO 86 
GO TO 121 

$ GO TO 123 

$ GO TO 160 

GO TO 68 

88 
120 
122 
135 
164 
500 
146 

TRM3=0o0 
ATRM=O• $ BTRM=O.o $ ATl=CMPLXIATRMtBTRMI $ RLC=OoO 

148 
502 
601 

GO TO 147 
PL=PR . $ 

BTC=SQVT=o·. 
GND=GLDILKl 
END 

PZ:=PR 
$ . 

$ 

$ WL=WR $ GO TO 149 . 
HDI=HTE $ · GO TO 503 
GO TO 602 
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ASORP 

Subroutine ASORP is used in the calculation of atmospheric absorption 

(sec. A.4.5) to obtain surface absorption rates, Yoo,w dB/km, for oxygen 
and water vapor when such values are not provided as input (table 1). 
Interpolation between available values [40~ fi~. 3.1] is used to provide 
Yoo,w values for frequencies up to 100 GHz. 

SUBROUTINE ASORPIFKtAOoAWl 
C ROUTINE FOR MODEL AUG 73 

19 FORMATI5X*FREQUENCY IS TOO HIGH FOR ABSORPTION TABLE USING VALUE 
XS FOR 100 GHZ* l 

DIMENSION ZXI53loZWI53loFZI53l 
DATAIFZ=ol0ool5to205•o30,,325,.35oo40••55to70tlo0tlo52t2o0o3o0•3o4 

Ft4.o,4.9,8.3olOe2•15.0.17.o,2o.o,22.0o23.0,25oOo26 •• 30.,32.o,33 •• 3 
F 5o t 3 7 o o 3 8 • 9 40 o 1 42 0 9 lf 3 o 9 44 o t 4 7 o t lf8 o '51 o 9 54 o t 58 • t 59 o 9 60 • 9 6lo 9 6 2 o 9 63 o 

Ft64ot68e•70oo72ot76oo84ot90o•lOOol 
DATAIZX= 0 00019oo00042to00070to00096oo0013to0015oo0018oo0024•o003oo 

X0042oo005oo007 •• 0088,.0092oo010toOlloo014to015oo017oo018to020oo021 
Xto022to024oo027,.030to032to035oo040oo044to050to060o,070te090oolOOt 
Xel5oe23to50tlo8o4eOo7oOol5oOt8oOo5oOt3oOtlo7olo2to90te50••35,.20to 
Xl4tol0l 

DATAIZW=1310oOltoOOOlto00017to00034oo002loo009to025to045ool0oo22oo 
W20tol6tol5tolltol49ol0oo099oo098to0963oe0967,o098l9o0987to099tol00 
Wool01tol03tol09pollBtol20wel22tol27Pol30tol3~tol389ol54tol6ltol75t 
Wo20to25,o34to56) 

TEN=lOo 
F=FK*oOnl 
IFIFoLTooll F"•l 
IFIFoGTolOQol GO TO 20 
DO 10 I= 1 • 53 
IFIF-FZI Ill 12•11•10 

10 CONTINUE 
GO TO 20 

12 IFII.EQoll I=2 
13 Lci-1 

A~ALOGlOIFl $ B=ALOGlOIFZIIll $ C=ALOGlOIFZILII 
R= I A-C l II B-C l 
D"ALOGloiZXIIIl $ F.=ALOt'ilOIZXILl) 
AR=IR*ID-EI l+E $ AO=TEN**AR 
IFIIoLEol31 GO TO 21 
G•ALOGlOIZWIIIl $ H=ALOGlOIZWILI) 
WR=IR*(G-Hil+H $ AW~TEN**WR 
RETURN 

20 PRINT 19 $ AO=olO $ AW=o56 $ RETURN 
11 AO=ZXI II $ AWtiZWIII $ RETURN 
21 AW=OoOOOO $ RETURN 

END 
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BLOS 

Subroutine BLOS is used ~with the station separation program 
(sec. 8.2),. and is similar to ALOS and CLOS, which are used with the 
other programs. BLOS performs calculations associated with the line
of-sight region (sec. A.4.2). 

SUBROUTfNF BIOS 
C L-0-S SURROUTINE FOR DOVERU 
C ROUTINE FOR MODEL AUG 73 

5 FORMAT I lH l 
DIMENSION XCONI5l•NTMI5l 
DIMENSION CFKI3loCMKI3ltCFMI3ltCKMI3ltCKN13l 
DIMENSION GLDI8l•Dll200ltD21200l,D31200l 
DIMENSION HTXI2l•Zizl,TEA!zloDA12ltHPRIZl 
DIMENSION SID124l 
DIMENSION SPGRDI3l 
DIMENSION RE12loBDI35l•VDI35l 
DIMENSION ALMI12loADI35l 
DIMENSION Pl35lo0C(50),QAI50loPOAI50loPOKI50l tOKI50)oPOCI50l 
DIMENSION YVIlOloSV!lOl 
COMMON/fi,AP/IPoLNoiDT•IXT 
COMMON/DlFPR/HT •~IR •DH•AEDoSLP•DLSToDLSRoiPLtKSCoHLToHRP•AWDoSWP 
COMMON/PA0UT/NCToPFYI200•6l 
COMMON/PARAM/HTEoHRE•D•DLToDLR•ENSoEFRTHoFREK•ALAMoTEToTERoKDtGAOo 

XGAW 
COMMON/SIGHT/DCW•HCW•DMlX,DMLtDZR,IKtEACoH2~ICCtHFCoPRHoDSLltPIRPo 

XQGloQG9.KK,ZH.RDHKtiLB 
COMMON/SPLIT/Ll,L2•N•XIl40loYI140l,D61140ltXSI55loXDC55ltXRI55loYS 

Xl55l•YDI55loYRI55l•L3•ZSI25l •ZDI25ltZRI25l 
DATA ICFK=oOOl •• 0003048to0003048l 
DATA liP! lloi=l•35l=o0000l••00002oo00005toOOOlto0002to0005toOOloo 

xooz •• oos,.oi •• oz •• os,.I •• Is •• zo •• 3o,.4o •• so,.6o •• 7o,.ao,.as,.9o,. 
X95,.98to99oo995oo998,.999oo9995o 0 9998oo9999, 0 99995oo99998to99999) 

DATA ICMK=lotlo609344tlo852l 
DATA ICFM=l•••3048,.3048l 
DATA ICKM=l000.,3280.839895t3280a839895l 
DATA ICKN=l•••6213711922•o5399568034l 
DATAIXCON=l••5••10oo25o•Ool . 
DATAINTM=lO•l9•30,lO•O) 
DATA IGLD=O•••l••2oo3••4••5•o75tlol 
DATAIALM=-6.2,-6.15,-6o08,-6.0t-5o95,-5.B8,-5.Bt-5o65t-5e35t-5oOt-

X4o5•-3o7l 
DATA ISPGRD=0•••06toll 
DATA CSID=.2,.5,.7,I.,r.2.I.s,I.7,2.,2.5,3.,3.5,4.,5.,6.,7.,a.,lo. 

Xt20oo45 •• 7o.,ao •• as •• aa •• a9.l 
COMPLEX ATl •AT2 
FNAIFXtFAoFBtFC.FDl=IIFX-FBI*IFC-FDI/IFA-FBII+FD 
BSPI=~3103098862 
RAD=.o1745329252 $ DEG~57o29577951 5 TWOGcl2e*RAD 
ALIM=3o 
PI=3ol41592654 $ TWPI=6a283185307 
F=FREK 
PI2=1.570796327 $ C~I2=1.56 
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DKAX~DMAX*CMKIIKI 
AFP~32o45+20o*ALOGlOIFREKI 
ALA2=ALAM/2o 
ASPA=Oe25 $ ASPB=Oe25 
ASPCtiASPA*ASPB*I6.E-BI*F 
TWP1LA.,TWPI /AI_:AM 
DTRO=ALAM/6• 
ERTH =6'.J70o 
AO=ERTH $ EFN=EFRTH 
PKL=I I '3e*PII/ IALAMII 
NCT=O 
NOC=O 
IFIICCoGT.QI NOC=l 
CDRK=20o95841232*F 
lFINOCoLEoOI GO TO 502 

RCW=DCW*o5 $ BTC=ATANFIHFC/RCW) 
ABTC=ABSFIBTCI $ RIC=RCW/COSFIBTCI $ SQVT=SQRTFI2e*R1C/ALAMI 
HDl=HTE-HFC $ TWHC=2•*HFC 

503 CONTINUE 
L1=L2=N=O 
TWHT=2o*HTE 

C ------SETTING UP OF TABLE OF Sit DELTA RAND DISTANCE------

LE=7 $ IFIILBeGToOI LE=11 
DO 61 LK=1•LE 
IFILK.LT.41 GO TO 120 
LB=13-LK $ GRD=FLOATFILBI APDRmALAM/GRD 

121 IFIAPDReLEoOol GO TO 122 
lFIAPDRoGToTWHTI GO TO 21 
SI=ASINFIAPDR/TWHTI 
ASSIGN 65 TO KR $ GO TO 66 

65 L1=Ll+1 $ XSIL11=Sl $ XDILll=DR 
XRILII=D 
IFIAPDR.(EoOol GO TO 122 
SI=SQRTFIAPDR/12o*DLSTII 
IFISI.GT.PI2l SI=Pl2 
ASSIGN 123 TO KR $ GO TO 66 

123 L2=L2+1 $ YSIL21=SI $ YDIL21=DR 
YRIL21:D 

61 CONTINUE 
21 CONTINUE 

IFIILB•LE•QI GO TO 162 
Do 150 LA=1ol0 
GND=FLOATFILAI 
DO 151 LG=1•4 
GO T 0 I 1 55 .I 56 P1 57 tl 58 I • L G 

155 GRD=I4o*GND-1ol/4o $ 
156 GRD=GND $ 

157 GRD=I4o*GND+1.l/4e $ 
158 GRD=IZ•*GND+lol/2• $ 
159 APDR=GRD*ALAM 

IFIAPDRoGToTWHTI GO TO 162 
SI=ASINFIAPDR/TWHTI 
IFISioGT.PI21 SI=Pl2 

GO TO 
GO TO 
GO TO 
Go To 

ASSIGN 152 TO KR $ <,O TO ~6 

159 
159 
159 
159 

152 L1=L1+1 $ 'XSIL1lcSJ $ XDIL1l=DR 
SI=SQRTFCAPDR/I2o*DLSTII 
ASSIGN 153 TO KR $ GO TO 66 

153 L2=L2+1 $ YSIL2l=SI $ YDIL21=DR 
151 CONTINUE 
150 CONTINUE 
162 L3=0 

DO 67 LK=t-24 
SI=SIDILKI*RAD 
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ASSIGN 124 TO KR S GO TO 66 
124 L3=L3+1 S ZSIL3l=SI S ZDIL3l•DR 

ZRIL3l=D 
67 CONTINUE 

SI=PI2 
L3=L3+1 S ZSIL3l=SI S ZDIL3l•TWHT S 
CALL TABLEIDUMl 

ZRIL31•0• 

C ----USING TABLE TO OBTAIN STRATEGIC DISTANCE POINTS------

LR=O 
DO 70 LA= lt LE 
IFILAoLTo41 GO TO BB 
LB=13-LA $ GRD=FLOATFILBJ S DR•ALAM/GRO 
IFIDRoGToTWHTJ GO TO 25 

R6 CONTINUE 
D=DINTERIDRI 
IFID.GToDMLI GO TO 70 
LR=LR+l $ D11LRI=D 

70 CONTINUE 
25 CONTINUE 

IFIILBoLE.ol GO TO 163 
DO 172 LA=lt10 
GND=FLOATFILAI 
DO 173 LG=1•4 
GO TO 1165t166t167t16Bit LG 

165 GRD=14o*GND-1ol/4o S GO TO 169 
166 GRD=GND $ GO TO 169 
167 GRD=14o*GND+1ol/4o $ GO TO 169 
16B GRD=I2o*GND+1ol/2o $ GO TO 169 
169 DR=GRD*ALAM 

IFIDR.GToTWHTI GO TO 163 
D=DINTERIDRI 
IFIDoGToDMLI GO TO 172 
LR=LR+l. $ D11LRI=D 

173 CONTINUE 
172 CONTINUE 
163 CONTINUE 

IFILRI154t164 
154 D=011LRI S SILIM•SINTERIDI 

DO 11 LA=ltLR 
LV=LR+1-LA 

11 D31LAI=Dl!l VI 
0211 I =DZR 
CALL TSMESHID2•1•D3•LRtD1tL51 

160 LR=O 
SPD=o1 
DO BOO NSP 21 1t5 
MZS=NT"11NSPI 
IFIMZSoLEoOI GO TO 107 
DO B01 MXS=1•MZS 
D=SPD*CMKIIKI 
IFIDoGT.DMLI GO To 107 
LR=LR+1 $ D31LRI•D 

803 SPD=SPD+XCONINSPI 
B01 CONTINUE 

SPD=SPD-XCONINSPI 
NPP=NSP+1 
IFINPP.GTo51 GO TO 107 
IFIXCONINPPioEO.o.J GO TO 107 
IFINPP.EO.ol GO TO 107 
IXD=INTFISPD/XCONINPPJ I 
SPD=IXCONINPPr*FLOATFI IXDII+XCONINPPI 

BOO CONTINUE 
107 CONTINUE 
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CALL TSMESHIDltL5tD3tLRtD2tLXI 
IF!NOCoLEobl GO TO 75 

C ---------CALCULATION OF COUNTERPOISE STRATEGIC POINTS----
LR=O . 
DO 600 LK=ltl3 . 
IFILK.LTo91 GO TO 601 
FLI<=LK-8 
Do 603 LG=l94 
FLG=LG 
GND=114o*FLKI+FLGI/4e 

602 APDR=GND*ALAM 
IFIAPDR.GT.TWHCI GO TO 29 
SI=ASINFCAPDR/TWHCI 
ICPT=l , .. , 
ASSIGN 40 TO KR $ GO TO 66 

40 CONTINUE 
IFCD.GToDMLI GO TO 604 
LR=LR+l 
D31LRI=D 

604 IFILK.LT.91 GO TO 600 
603 CONTINUE 
600 CONTINUE 

29 CONTINUE 
PRINT 5 $ CALL PAGECll 
CLIM=D3!LRI $ CCIM=D31II 
DO 69 I::rl>LR 
LV=LR+l-I 

69 DIIII=D31LVl 
CALL TSMESHIDl•LRoD2oLXoD3tLKI 

134 DO 129 LV=l•LK 
ICPT=o 

13 SI=SINTERCD3CLVII 
ASSIGN 28 TO KR 

C ----------------RAY OPTICS GEOMETRY------------------------

66 CSSimCOSFCSII 
SNSI=SINFCSI I 
AKO=EFN/ AO $ 

AEFT=AO*AKE $ 

HTXIll=HTE $ 
IFCICPT.GT.OI 
A=/\ EFT 

78 CONTINUE 
DO 62 LC=1•2 

$ SISQ=SNSI*SNSI 
ZE=Ilo/AKOI-1." '$ AKE=l•lllo+IZE*CSSIII 

DHE=EAC*IAKE-loiJIAK0-1•1 
HL=H2-DHE $ .HTXI21=HL-HRP 

GO TO 77 

ZCLCI=A+HTXILCI $ TEACLCimACOSFIA*CSS[/ZILCII-SJ 
DAILCI=ZCLCI*SINFCTEAILCII 
lFISieGTolo561 GO TO 63 
HPRILCI=DAILCI*TANFISII 

62 CONTINUE 
DTX=ABSFCZI1l-ZI2)l 
IFISI.GT.CPI2l GO TO 64 
AFA=ATANFIIHPR12l-HPRI1ll/IDAI11+DAI21ll 
RO:IDAill+DAI2ll/COSFIAFAl $ R12=1DAili+DAC211/CSSI 
IFIROoLToDTXI RO=DTX 

68 CA=AFA-TEACll $ TH=TEA!li+TEAC21 
DR=4o*HPRCII*HPRI2l/CRO+Rl21 
BA=CA 
CD=CA*DEG 
D=AEFT·IHH 
IF I DoLT .o. I D=Oo 
DNM=D*CKN I I K I · 
GO TO KR,C65o28ol23ol32tl33t124t40•152tl53l 
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c 

28 IFID.LT.O.Oll GO TO 129 
IF!O.GT.DMLI GO TO 111 
ALFS=AFP+20•*ALOG101ROI 
PFScPIRP-ALFS 
GOD=GAINICAI 
GPD=20o*ALOGIOIGODI 
Z3=Zi2J-Zill 
Z4=1Zill*COSFIBAIJ/ZI21 
IFIDHoLE.o.l GO TO 42 
DHD=DH*II.-I0.8*EXPFI-Oo02*DI ll*lOOOo 

44 CALL SORA!ZilloZI2loAoR0oBA•REI 
AA=GAO*REIII+GAW*REI21 

51 IF! ILBoGToO•ANDoSioLEoSILIMI GO TO 35 
IF! DRoGEeALA21 GO TO 34 
IF! DRoLEoDTROI GO TO 26 
FDR=II.I-IOo9*COSFIPKL*( DR-DTROIIII*•5 

43 CONTINUE 
CALL RECCISI•FoK5CoiPLo0oDHD•RoPICoRDI 
GA=-ITEA(II+SII $ GAMD=GA*DEG S 
RDG=RD*GOG 
REC=O•O 
REG=R*GOG 
RLGcREG 
IFINOCoLEoOI GO TO 500 

GOG=GAIN!GAI 

C ---------CALCULATION OF COUNTERPOISE CONTRIBUTION---------
TEG=ABTC-ABSF!SI+TEA!Il I $ TEG•ABSF!TEGJ 
VFGD=2•*SINFITEG*o5l*SQVT 
IFIPBSF!GAioLToABTCJ VFGD:-VFGD 
CALL FRENELIVFGDtFPGDtPHIGI 
REG=REG*FPGD 
RDG=RDG*FPGD 
TRM3=PHTG+!PI2*VFGD*VFGDl 
IF!DoLToCLIM•ORoDoGToCCIMI GO TO 146 
SIC=CA 
TEC=ABSF!BTC-CAI $ DARC=2•*HFC*SINFICAI 
SITl=-SJC $ GOC=GAINISITII 
VFCP=2o*SINFITEC*o5l*SQVT 
IFIABSFICAloGToABTCl VFCP=-VFCP 
CALL FRENELIVFCPoFPCPtPHICI 
CALL RECCISICtFoiCCoiPLoltDHDoRC,piCCoRDCI 
RLC=RC*GOC 
REC=RLC*FPCP 
EXPC=ITWPILA*DARCI+PICC+IPHIC+IPI2 *VFCP*VFCPII 
ATRM=REC*COSFIEXPCJ $ BTRM=-REC*SINFIEXPCI 
ATl=CMPLXIATRMtBTRMl 

147 CONTINUE 

C --------------CALCULATION OF LOBING CONTRIBUTION----------
IF!SioGToSILIMl GO TO 135 
EXPG=ITWPILA*DRI+PIC+TRM3 
ATRM=REG*COSFIEXPGI $ BTRM=-REG*SINFIEXPGI 

C -------------------SUMMATION OF TERMS----------------------
136 AT2cCMPLXIATRMtBTRMl 

WRL=CABSIGOD+ATl+AT2l $ WR=WRL*WRL+oOOOl 
PR=lOo*ALOGlOIWRJ 
IFID.LEoDZRl GO TO 148 
IFILVoEOo~l GO TO 148 
PL=FNAIDoDMLtDZRoPRH•PZI 
WL=lOo**lol*PLI 

149 CONTINUE 
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C ----------------LONG-TERM POWER FADING---------------------

PL=PL-GPD 
IFIDoLEoOol GO TO 3A 
IFIDoLEoDSLll·30lt302 

301 DEE=Il30o*DliDSL1 $ GO TO 303 
302 DEE=l30o+D-DSL1 $ GO TO 303 
303 CALL VZDIDEEtOG1tQG9tADl 

IFICAoLEoOol GO TO 32 
IFICAoGEolel GO TO 33 
FTH=.5-BSPI*IATANFI20o*ALOG1014o*CAIII 
IFIFTHoLEoO•Ol GO TO 33 

52 AL10=PL+IADI131*FTHl $ AY•AL1o-ALIM 
IFIAYeLTeOol AY=Oo 

53 IFIILBoGTeO•ANDoSioLEoSILIMI GO TO 22 
DO 31 K=lt35 
VDIKI=ADIKI*FTH-AY $ BDIKI•PL+VDIKI 

~1 CONTINUE 
DO 50 K;:lt12 
ALLM=-ALMIKl 
IFIBDIKl.GToALLMl BDIKJeALLM 

50 CONTINUE 
?4 CONTINUE 

C -------------VALUES PUT INTO PLOTTING ARRAY----------------

NCTcNCT+l 
IFIKK.GT.11 GO TO 20 

23 PGS=PFS+GPD 
PFL=PGS+PL-AA 
PFYINCToli=DNM $ 
PFYINCTt41=BDI121-PL 
PFYINCTt61=BD1241-PL 

PFYINCTt21=PGS $ PFYINCTt3laPFL 
$ PFYINCTo5lzBD1181-PL 

129 CONTINUE 
111 CONTINUE 

RETURN 

C ------------------RETURN TO POWSUB--------------------

15 FAY=1• 
16 FAY=Oo1 

$ 
$ 

GO TO 17 
GO To 17 

C ------------------TROPOSPHERIC MULTIPATH------------------

20 DO 30 I=lt35 
PQAIII=Pill 
QAIII=BDITI-PL 

30 CONTINUE 
IFIAYoLE.o.l GO TO 15 
IFIAY.GE.~.l GO TO 16 
FAY= I 1 • 1 + I 0 • 9 *C 0 SF I I A Y I 6 • l * P I I I I I 2 • 

17 CONTINUE 
RSP,REG*FDR*FAY 
IFIREI2loLE•Ool GO TO 45 
RK=-IO•*ALOGIOIASPC*IREI21**311 
ACK=FDASPIRKJ $ WA=lO•**Iol*ACKI 

46 RST=I IRSP*RSPl+IRDG*RDGl+WAl 
IFIRST.LFoO•l GO TO 37 
~K =+lOo*ALOGlOIRSTl 
IFIBKoLT.-40ol BK=-40o 

47 CALL YIKKIBKtPOK•QKl 
RDHK=BK · 
CALL CONLUTIQA,QK,POAt3S•+1••0•tPOC,QCl 
DO 27 I=1t35 

27 BDIIl:QCIIl+PL 
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GO TO 23 

'37 BK=-40• s GO TO 47 

C -------------------LOSING MODE-----------------------------

22 AY=Oo 
TLIM=+2oo*ALOG10IGOD+RLG+RLCI 
BLIM"-80o 
DO 36 K=1t35 
VDIKI=ADIKI*FTH 
IFIBDIKloGToTLIMI 
IFIBDIKloLToBLIMl 
BDIKl=BDIKl+AA 

$ BDIKlzPL+VDIKI-AA 
BDIKI•TLIM 
BDIKiaBLIM 

36 CONTINUE 
GO TO 24 

26 FDR:0•1 $ GO TO 43 
32 FTH=1o0 $ GO TO 52 
33 FTH=OoO $ AY=OoO $ 
34 FDR=1o $ GO TO 43 
35 FDR=Oo $ GO To 43 

GO TO 53 

38 DEE=o. $ GO TO 303 
42 DHD=O.O $ GO TO 44 
45 WA=oOOOl $ GO TO 46 
63 HPRILCI=HTXILCI $ GO TO 62 
64 AFA=SI $ RO=HTX121-HTXI11 $ R12=HTX(~I+HTXI21 
75 DO 74 LK=1tLX 
74 D31LKl=D21LKl 

LK=LX 
LR=LX 
GO To 134 

77 HTXI11=HFC $ HTX12l=HTXI2l-HDI 
ICPT=O $ GO TO 78 

$ A=AEFT+HDI 

s 

GRD=SPGRDILAl $ DR=ALAM*GRD $ 
GRD=SPGRDILKI $ APDR=ALAM*GRD $ 

SI=Oo $ DR=Oo $ D=DLST+DLSR 
ATRM=O• $ BTRM=Oo $ GO TO 136 
D1111=DZR S L5=1 $ SILIM=Oo 

LD=LD+1 ~ GO TO 86 
GO TO 121 

$ GO TO 123 

$ GO TO 160 

GO TO 68 

88 
120 
122 
135 
164 
500 
146 

TRM3=0o0 
ATRM=O• $ BTRM=Oo $ AT1=CMPLXIATRMtBTRMI $ RLC•OoO 

148 
502 
601 

GO TO 141 
PL=PR $ 
BTC= SQVT= Oo 
GND=GLDILKI 
END 

PZ=PR 
$ 

$ 

$ WL=WR 
HDI=HTE $ 

GO TO 602 

$ GO TO 149 
GO TO 503 

CLOS 

Subroutine CLOS is used~ with the service volume program 
(sec. 8.3), and is similar to ALOS and BLOS, which are used with the 
other programs. CLOS performs calculations associated with the line
of-sight region (sec. A.4.2). 

SUBROUTINE CLOS 

C L-0-S SUBROUTINE FOR SRVVOLM 
C ROUTINE FOR MODEL AUG 73 

5 FORMAT ( 1H I 
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503 

DIMENSION XCONI51,NTMI51 
DIMENSION CFKI31tCMKI31tCFMI31tCKMI31tCKNI31 
DIMENSION GLDI81tD11200itD21200itD31200I 
DIMENSION HTXI21 tZI21 tTEAI21 tDAI21 9 HPRI21 
DIMENSION SID~24I 
DIMENSION SPGRDI31 
DIMENSION RE121 tBDI351tVDI351 
DIMENSION ALMI121tADI351 
DIMENSION Pl35l t0CI50ltOAI50)tPOAI50ltPOKI50),QKI50)tPOCI50l 
DIMENSION YVI10l,SVI10l 
COMMON/EGAP/IP,LN,IDTtiXT 
C0MMONIPAOUTINCToPFY1125•6l•JJtHP1tHP2 
COt~MONIPARAMIHTE•HRE•D•DLTtDLR•ENSoEFRTH•FREK•ALAMtTETtTERtKDtGAO• 

XGA\v 
COMMON/D!FPRIHT tHR oDH,AED,SLP,DLSTtDLSRtiPLtKSCoHLTtHRPoAWDtSWP 
CO~H--ION IS I GHT I DCW • I iCW, DMAX, DML • DZR, I K, EAC • H2, ICC, lfFC, PRH • DSL 1, PI RP t 

XQGloQG9tKKoZH,RDHKt!LB 
COM,'-10N I SPLIT I L 1 • L2 • N • X I 140 I • Y I 140 I , D6 I 140 l • XS I 55 I tXD I 55 l tXR I 55 l t YS 

Xl55l•YDI55ltYRI55J ol3tZSI25ltZDI251,zRI25l 
DATA ICFK=o001to0003048oo000304Sl 
DATA liP( II ol=1•J5l=.00001oo00002to00005toOOOloo0002toOOU5toOOlto 

X002o.005,.01o.02t.05,.lo,.l5to20oo30to40te50to60,.70o.80oo85 9 .90to 
X95to989o99to995oo998oo999oo9995to9998to999~to99995to99998to99999) 

DATA ICMK=1••1o6093~4t1o852l 
DATA ICFM=1•••3048to30481 
DATA ICKM=1000o•3280o839895o3280e839895l 
DATA ICKN=1•••6213711922o.5399568034) 
DATAIXCON=1ot5o•10.,25.,0.I 
DATAINT~=10•19t30t10t01 
DATA IGLD=Ootolto2to3to4to5to75•1el 
DATAIALM=-6.2,-6.I5,-6.o8,-6.0,-5.95,-5.88,-5.a.-5.65t-5o3?,-5.o,-

X4o5o-3o71 
DATA ISPGRD=Ooto06toll 
DATA ISID=o2to5to7tloolo2tlo5tlo7t2et2o5t3ot3o5o4ot5ot6ot1otBotlOo 

x.20ot45ot70••80et65ot88ot89ol 
CO,'~PLEX ATltAT2 
FNAIFX•FAtFB•FCtFDI:(IFX-FBl*IFC-FDIIIFA-FBII+FD 
BSPI=.3183098862 
RAD=o01745329252 $ DEG=57o29577951 $ TWDG=l2o*RAD 
ALIM=3• 
Pl=3ol41592654 $ TWPI=6e283185307 
F=FREK 
PI2=lo570796327 $ CPI2=lo56 
DKAX=DMAX*CMKIIKl 
AFP=32o45+20•*ALOGlOIFREKl 
ALA2=ALAMI2o 
ASPA=Oo25 $ ASPB=Oo25 
ASPC=ASPA*ASPB*I6,E-81*F 
TWPILA~TWPIIALAM 

DTRO=ALAMI6o 
ERTH =6370. 
AO=ERTH $ EFN=EFRTH 
PKL=I 13o*PI liiALAMl I 
NCT=O 
NOC=O 
IFIICCoGToOI NOC=l 
CDRK~20o95841232*F 
IFINOC.LE.ol GO TO 502 

ABTC=ABSFIBTCI $ 
HDI=HTE-HFC $ 

RCW=DCW*.5 $ BTC=ATANFIHFCIRCWI 
RlC=RCWICOSFIBTCl $ SQVT=SQRTFI2o*RlC/ALAMI 

TWHC•2•*HFC 
CONTINUE 
Ll=L2cN"'O 
TWHT=2 •*HTE 
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C ------SETTING UP OF TABLE OF Sio DELTA RAND DISTANCE------

LE=7 $ IFIILBoGT.OI LE=11 
DO 61 LK=ltLE 
IFILKoLTo41 G~ TO 120 
LB=13-LK $ GRD=FLOATFILBI 
IFIAPDRoLE~O.I GO TO 122 
IFIAPDRoGToTWHTI GO TO 21 

$ APDR•ALAM/GRD 
121 

SI=ASINFIAPDR/TWHTl 
ASSIGN 65 TO KR $ GO TO 66 

65 L1=L1+1 $ XSIL11~SI $ XDILli•DR 
XR I Lll =D 
IFIAPDR.LE.Ool GO TO 122 
SI=SQRTFIAPDR/12o*DLSTI I 
IFISI.GT.PI21 SI=PI2 
ASSIGN 123 TO KR $ GO TO 66 
L2=L2+1 $ YSIL21=SI $ YDIL2IaDR 
YRIL21=D 

61 CONTINUE 
21 CONTINUE 

155 
156 
157 
158 
159 

152 

153 
151 
150 
162 

124 

IFIILBoLE.ol GO TO 162 
DO 150 LA=1•10 
GND=FLOATFILAI 
DO 151 LG=1•4 
GO To 1155o156o157o158lo LG 
GRD=I4o*GND-1ol/4o $ 
GRD=GND $ 
GRD=14o*GND+1ol/4. $ 

GRD=I2o*GND+1ol/2o $ 
APDR=GRD*ALAM 
IFIAPDRoGT.TWHTl GO TO 162 
SI=ASINFIAPDR/TWHTI 
IFISI.GToPI21 SI=PI2 

GO TO 
GO TO 
GO TO 
GO TO 

159 
159 
159 
159 

ASSIGN 152 TO KR $ GO TO 66 
L1=L1+1. $ XSIL1l=SI $ X01L11=DR 
SI=SQRTFIAPDR/12o*DLSTI I 
ASSIGN 153 TO KR $ GO TO 66. 
L2=L2+1 $ YSIL2)=SI $ YDIL21aDR 
CONTINUE 
CONTINUE 
L3=0 
DO 67 LK=1o24 
SI=SIDILKl•RAD 
ASSIGN 124 TO KR $ GO TO 66 
L3=L3+1 $ ZSIL31=SI $ ZDIL31=DR 
ZRIL31•D 

67 CONTINUE 
SI=PI2 

$ 

L3=L3+1 $ ZSIL31=SI 
CALL TABLE!DUMI 

$ ZDIL31=TWHT $ 

$ XR!Lli=D 

YRIL21=D 

ZRIL31=0• 

C ----USING TABLE TO OBTAIN STRATEGIC DISTANCE POINTS-------

LR=O 
DO 70 LA= 1oLE 
IFILAoLTo41 GO TO 88 
LB=13-LA $ GRD=FLOATFILBI $ DR•ALAM/GRD 
IF!DR.GT.TWHTI GO TO 25 

86 CONTINUE 
D=DINTERIDRI 
IFCD.GToDMLI GO TO 70 
LR=LR+1 $ · D11LRI•D 

70 CONTINUE 
25 CONTINUE 
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IFIILBoLEoOI GO TO 163 
DO 172 LA=ltlO 
GND=FLO."- TFI LA I 
DO 173 LG=1•4 
GO TO 1165tl66Pl67o168lt LG 

165 GRD=14o*GND-I.)/4o $ GO TO 169 
166 GRD=GND $ GO TO 169 
167 GRD=14o*GND+l~l/4o $ GO TO 169 
168 GRD=t2.*GND+lol/2o $ GO TO 169 
169 DR=GRD*ALAM 

IFIDRoGTeTWHTl GO TO 163 
D=DINTERIDRl 
IFCD.GT.DMLl GO TO 172 
LR=LR+l $ D11LRl=D 

173 CONTINUE 
172 CONTINUE 
163 CONTINUE 

IFILRI154tl64 
154 D=D11LRI $ SILIM=SINTERIDl 

00 11 LA=1oLR 
LV=LR+1-LA 

11 D31LAI=DliLVl 
D2 I 11 =OZR 
CALL TSMESHID2o1tD3,LRtD1tL5l 

160 LR=O 
Sp D= ol 
DO 800 NSP=1•5 
MZS=NTMINSPl 
IFIMZS.LEoOl GO TO 107 
DO 801 MXS=1•MZS 
D=SPD*CMKIIKl 
IFIDoGT.DMLl GO TO 107 
LR=LR+l $ D31LRl•D 

803 SPD=SPD+XCONINSPl 
801 CONTINUE 

SPDeSPD-XCONINSPl 
NPP=NSP+l 
lFINPPoGTo5l GO TO 107 
IFIXCONINPPioEOoOol GO TO 107 
lFINPPeEOool GO TO 107 
lXD=INTFISPD/XCON(NPPll 
SPD=IXCONCNPPI*FLOATFI IXDll+XCONCNPPl 

800 CONTINUE 
107 CONTINUE 

CALL TSMESHID1oL5oD3•LR,D2oLX) 

C ---------CALCULATION OF COuNTERPOISE STRATEGIC POINTS-----
IFINOCoLEoOl GO TO 75 
LR=O 
DO 600 LK=1o13 
IFILKoLTo91 GO TO 601 
FLK =LK-8 
DO 603 LG=1•4 
FLG=LG 
GND=114o*FLKl+FLGI/4o 

602 APDR=GND*ALAM 
IFIAPDRoGToTWHCI GO TO 29 
SI=ASINFCAPDR/TWHCl 
ICPT=1 
ASSIGN 40 TO KR $ GO TO 66 

40 CONTINUE 
IFID.GT.DMLl ~0 TO 604 
LR=LR+1 
D31LRl=D 

604 IFILK.LT.9l GO TO 600 
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603 
600 

29 

CONTINUE 
CONTINUE 
CONTINUE 
PRINT 5 $ 

CLIM=D31LRI 
DO 69 l=1tLR 
LV=LR+1- I 

CALL PAGEC11 
$ CCIM=D311l 

69 Dl( Il=D3(LVI 

134 
CALL TSMESHID1oLR,D2tLXoD3oLKI 
DO 129 LV=1•LK 
ICPT=O 

13 S!=S!NTERID31LVII 
ASSIGN 28 TO KR 

C ----------------RAY OPTICS GEOMETRY------------------------

$ SISQ=SNSI*SNSI 
66 CSSI=COSFISII 

SNSI=SINFISil 
AKO=EFN/AO $ 
AEFT=AO*AKE $ 
HTX ( 1 I=HTE $ 

IFIICPToGTeOI 
A= A EFT 

ZE=Clo/AKOI-1. $ AKE•lo/lle+IZE*CSSIII 

78 CONTINUE 
DO 62 LC=lt2 

DHE=EAC*IAKE-lei/CAK0-1•1 
HL=H2-DHE $ HTXC21•HL-HRP 

GO TO 77 
$ 

ZILCI=A+HTXILCI $ TEAILCI=ACOSFIA*CSSI/ZILCII-SI 
DAILCI=ZILCI*SINFITEAILCI I 
IFISioGT.Io561 GO TO 63 
HPRILCI:DAILCI*TANFCSII 

62 CONTINUE 
DTX=ABSFIZI11-ZC2Jl 
IFCS!.GT.CP!21 GO TO 64 

HCL=HL*CKMCIKI 

AFA=ATANF I I HPRI2 1-HPRI 1 I II I DAC 1 I+DA I 2 I I I 
RO=IDAflJ+DAI211/COSFIAFAI $ R12=1DAIII+DAC211/CSSI 
!FCRO.LT.DTXI RO=DTX 

68 CA=AFA-TEA(11 $ TH=TEACli+TEA!21 
DR=4•*HPRili*HPRI21/(R0+R12l 
BA=CA 
CD=CA*DEG 
D=AEFT*TH 
IFIDoLT.O.I D=Oo 
DNM=D*CKN (I K I 
GO TO KRo:G5o28tl23ol32tl33•124o40tl52•1531 

c ----------------------- -----------------------------------
28 IFID.LT.0.011 GO TO 129 

IFID.GT.DMLI GO To 111 
ALFS=AFP+20o*ALOGIOIROI 
PFS,PIRP-ALFS 
GOD=GAINICAI 
GPD=20•*ALOGIOIGODI 
Z3=ZI21-ZC11 
Z4=CZC li*COSFIBAI 1/ZI2 I 
IFCDHoLEoOol GO TO 42 
DHD=DH*I1e-IOo8*EXPFI-Oo02*DIII*lOOOe 

44 CALL SORBIZilloZI21tAtR0oBA•REI 
AA=GA0*REC11+GAW*REC2.1 

51 IFCILBoGToOoANDoSieLEoSILIMI GO TO 35 
IF( DR.GE.ALA21 GO TO 34 
IFI DRoLEoDTROI GO TO 26 
FDR=Il•1-(0o9*COSFIPKL*( DR-DTROIJII*o5 

43 CONTINUE . 
CALL RECCCSloFoKSCoiPLoOoDHDoR,PICtRDI 
GA=-CTEA111+Sll $ GAMD=GA•DEG $ 
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... , 

RDG=RD*GOG 
REC=OeO 
REG=R*GOG 
RLG=REG 
IFINOCoLFoOl GO TO 500 

C ---------CALCULATION OF COUNTERPOISE CONTRIBUTION---------
TEG=ABTC-ABSFISI+TEAI1l l $ TEG=ABSFITEG) 
VFGD;2•*SINFITEG*o5l*SOVT 
IFIABSF!GAloLTeABTCl VFGD=-VFGD 
CALL FRENELIVFGDoFPGDoPHIGl 
REG=REG•FPGD 
RDG=RDG*FPGD 
TRM3=PHIG+!Pl2*VFGD*VFGDl 
IF"!DoLToCLIMoORoDoGToCCIMl GO TO 146 
SIC=CA 
TEC=ABSF!BTC-CAJ $ DARC=2•*HFC*SINFICAl 
SITI=-SIC $ GOC=GAINISITil 
VFCP=2•*SINFITEC*o5l*SOVT 
IFIABSFICAloGT.ABTCl VFCP=-VFCP 
CALL FRENELIVFCPtrPCPtPHICl 
CALL RECC!SICoFtiCCtlPLt1oDHDtRCtPICCoRDCJ 
RLC=RC*GOC 
REC=RLC*FPCP 
EXPC=ITWPILA*DARCl+PICC+IPHIC+IPI2 *VFCP*VFCPll 
ATRM=REC*COSF!EXPCJ $ BTRM=-REC*SINFIEXPCI 
AT1=CMPLXIATRMtBTRMJ 

147 CONTINUE 

C --------------CALCULATION OF LOBING CONTRIBUTION----------
IFISI.GT.SILIMl GO TO 135 
EXPG=!TWPILA*DRl+PIC+TRM3 
ATRM=REG*COSF!EXPGl $ BTRM=-REG*SINFIEXPGl 

C -------------------SUMMATION OF TERMS----------------------
136 AT2=CMPLXIATRMoBTRMl 

WRL=CABSIGOD+ATI+AT2l $ WRcWRL*WRL+oOOOl 
PR=lOo*ALOGlOIWRl 
IFIDoLEoDZRl GO TO 148 
IFILVoE0.1l GO TO 148 
PL=FNAID,DMLtDZR•PRHoPZl 
WL=10o**l•l*PLJ 

149 CONTINUE 

C ----------------LONG-TERM POWER FADING-------------~-------

PL=PL-GPD 
IFID.LEoOol GO TQ 38 
IFID.LEoDSLll 301o302 

301 DEE=Il30o*Dl/DSL1 $ GO TO 303 
302 DEE=l30.+D-DSLI $ GO TO 303 
303 CALL· VZD!DEEo0GltQG9tADl 

IF!CAeLEoOol GO TO 32 
IFICA.GEolol GO To 33 
FTH=.5-BSPI*IATANFI20o*ALOG10132o*CAlll 
IF!FTHoLEoOoOl GO TO 33 

52 ALIO=PL+IADI13l*FTHl $ AY=AL10-ALIM 
IF!AY.LT.o.l AY=O. 

53 IFIILB·GToOoANDoSioLEoSILIMl GO TO 22 
DO 31 K=1t35 
VD!Kl=AD!Kl*FTH-AY $ BDIKlcPL+VDIKI 

31 CONTINU~, 
DO 50 K=1t12 
ALLM=-ALMIKl 
IFIBOIKloGT•ALLMl BD(Kl•ALLM 
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~0 CONTINUE 
24 CONTINUE 

·c ----------VALUES PUT INTO ISOTROPIC POWER ARRAY------------

NCT=NCT+1 
IFIKK.GT.11 GO TO 20 

23 PGS=PFS+GPD 
PFL=PGS+PL-AA 
PFYINCTo1l=DNM $ 

PFYINCTo4l=BDI121-PL 
PFYINCTt61=BD1241-PL 

l29 CONTINUE 
111 CONTINUE 

RETURN 

PFYINCTo21=PGS $ PFYINCTt31=PFL 
$ PFYINCTo51=BDI181-PL 

C -------------------RETURN TO PWSRB-------------------------

15 FAY=l. 
16 FAY=O.I 

$ 
$ 

GO TO 17 
GO TO 17 

C ------------------TROPOSPHERIC MULTIPATH-------------------
20 DO 30 I= I t35 

POA I I I =PI I I 
QA!Il=RDIII-PL 

3n cmn 1 Ntlf::: 
IFIAYeLEoOol GO TO 15 
IFIAY.GE.6ol GO TO 16 
FAY=I1•1+10·9•COSFI IAY/6.1•PII I l/2o 

17 CO~lTINUE 

RSP=REG•FDR•FAY 
IFIREI21.LE•O•I GO TO 45 
RK=-10·•ALOGIOIASPC•IREI21•*311 
ACK=FDASP!RKI $ WA=lO•**Io1•ACKI 

46 RST=I tRSP•RSPI+IRDG*RDGI+WAI 
IFIRST.LEeOol GO TO 37 
BK =+1o.•ALOG10IRSTI 
IFIBKoLT.-40ol BK=-40o 

47 CALL YIKKIBKoPOKoQKI 
RDHK=BK 
CALL CONLUTIOAoQK,POAo35t+IotOotPCCoOCI 
DO 2 7 I= I • 3 5 

27 BDI I I =QCI I I+PL 
GO TO 23 

37 BK=-40. $ GO TO 47 

C -------------------LOSING MODE-----------------------------
22 AY=O. 

TLIM=+20o•ALOGIOIGOD+RLG+RLCI 
BL IM=-an. 
DO 36 K= I t3 5 
VDIKI=ADIKI•FTH 
IFIBDIKI.GToTLIMI 
IFIBDIKI.LToBLIMI 
BDIKI=BDIKI+AA 

$ BDIKicPL+VD!Kl-AA 
BD IK )I:TLIM 
BDIKI=BLIM 

36 CONTINUE 

GO TO 24 

26 FDR=O.I $ GO TO 43 
32 FTH=1.0 $ GO TO 52 
33 FTH=O•O $ AY"OoO $ GO TO 53 

34 FDR=I• $ GO TO 43 
35 FDR =0 • $ GO TO 43 
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38 DEE=O• $ GO TO 303 
A2 DHD=O•O $ GO TO 44 
45 WA=oOOOl $ GO TO 46 
63 HPR(LCI=HTXILCI S GO TO 62 
64 AFA=SI $ RO=HTX!2l-HTX11l $ 
75 DO 74 LK=loLX 
74 D31LKl=D21LKI 

LK=LX 
LR=LX 
GO TO 114 

77 HTXI1l=HFC $ HTXI2l=HTXI2l-HDI 
ICPT=O $ GO TO 78 

R12=HTX!l l+HTX121 S GO TO 68 

$ A=AEFT+HDI 

88 
120 
122 
135 
164 
5()0 
146 

GRD=SPGRDILAl $ DR=ALAM*GRD $ 

GRD=SPGRDCLKl $ APDR=ALAM*GRD $ 

SI=D. $ DR=Oo $ D=DLST+DLSR 
ATRM=o. $ BTRM=O. $ GO TO 136 
D111l=DZR $ L5=1 $ SILIM=Oo 

LD=LD+l $ GO To 86 
GO TO 121 

$ GO TO 123 

$ GO TO 160 

148 
502 
601 

TRM3=0oO 
ATRM=o. $ 

GO TO 147 
PL=PR $ 

BTC=SOVT=Oo 
GND=GLDILKI 
END 

BTRM=Oo $ AT1•CMPLXtATRMoBTRMI 

PZ=PR 
$ 
$ 

$ WL=WR 
HDI=HTE $ 
GO TO 602 

$ GO TO 149 
GO TO 503 

CONLUT 

S RLC•O.o 

Subroutine CONLUT is used in performing the root-sum-square opera
tion involved in (5) and (13). This method of combining variabilities 
is similar to the method suggested by Rice et al. [40, eq. V.5] and is 
the same as the method used by Tary et al. [42, eq. 25]. 

SURROUTINE CONLUT!AtBtCtNtRtRHOtPtDI 
C ROUTINE FuR MODEL AUG 73 

DIMENSION Al1ltBllltCI11tPl11tDI11tXI1001tYI1001 
DIMENSION Zl5QI 
IFIAINloLT.Allll GO TO 10 
DO 11 I=1•N 

11 XIII=AIII 
12 JFIBINloLToBI1ll GO TO 13 

IFIRoLToOol GO TO 14 
15 DO 16 1=1•N 
16 Y I I I =B I I I 
17 DO 18 1=1 •N 

PI I I =C I I I 
IFICIII.GToo499.AND.CI IloLToa5011 M=I 

18 CONTINUE 
Z!MI=XCMI+!R*Y!MII 
DO 19 I=1•N 
IFIIoEO.MI GO TO 19 
YA=X!Il-X!Ml $ YB=Y!II-Y!MI 
YU=SORTFI IYA*YAI+!YB*Y&I+I2o*R*RHO*YA*YB)) 
IFIIoLToMI GO TO 20 
ZIII=ZIMI+YU. $ GO TO 19 

20 Z I I I =Z I M 1-YU 
19 CONTINUE 
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DO 23 I=ltN 
K=N-I+1 

23 D I I I =Z I K I 
RETURN 

10 DO 21 I=ltN 
K=N-I+1 

21 X I I I =A I K I 
GO TO 12 

13 IFIR.LToOol GO TO 15 
14 DO 22 I"'1•N 

Ka:N-I+1 
22 Y I II =B I K I 

GO TO 17 
END 

DEFRAC 

Subroutine DEFRAC is used to calculate attenuation at the radio 
horizon and other parameters associated with the diffraction region 
(sec. A.4.3). Some of these parameters are used in line-of-sight 
calculations, e.g., (81 ). 

SUBROUTINE DEFRAC 

C SUBROUTINE TO COMPUTE DIFFRACTION ATTENUATION 
C ROUTINE FOR MODEL AUG 73 . 

5 FORMATI5Xo 4F7o1oF8o4t2F8o31 
6 FORMATI5Xo10F7oltF8o4t5F8o3oF7oll 
7 FORMATI5Xo 6F7o1tF8o4o5F8o3oF7oll 

51 FORMATIOX~*DL7 DLB TECl TEC2 TE4 
X4 D4 AV4 GH7 ARK AKS *) 

52 FORMAT15Xo2F7olo3F8.4o8F7oll 

AC3 AC 

57 FORMATI8Xt*AK3 AK4 D DK4 GH1 GH2 W AMD 
X AED SWP AWD AK5 DK5*1 

60 FORMATI8Xo*AR3 AR4 D3 D4 AK3 D DK4 
X GH 1 GH2 W AMD AED SWP 

AK4 
AWD 

AMD 
AK5 DK5*1 

61 FORMATI8Xo*AR3 AR4 D3 D4 W AED*I 
71 F0RMATI10X*W*o14X*D*•14X*DLS*o12X*DL*l 
70 FORMATI412X•E15.5JI 

C0MMON/DIFPR/HToHRoDHoAEDoAMDoDLSloDLS2oiPXoKSCoHLToHRPoAWDoSWP 
COMMON/PARAM/HTEoHREoDoDL1oDL2oENSoAoFoALAKoTEloTE2oKDoGA0oGAW 
DIMENSION ESI7loEE171 
REAL K1oK2oK3oK4oK5oK6 
DATAIES•5oto02oo005oo001oo010to010o10oE+061 
DATAIEE~81•~25oo15oo4oo8loo5oo1ol 
FNCIC1=416o4*1F**THIRDI*Ilo607-Cl 
FND!Cl=.36278/IIC*Fl**THIRD*I IIE-1ol**2+1X*Xll**•25)l 
FNEICI=C*SORTFIE*F.+X*Xl 
PI=3o141592654 
lPOL=IPX-1 
THIRD=1o/3o $ TWTRD=2ol3o 
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HlE=lOOOe*HTE 
HST=HT-HLT $ 
Hll =I HL T-HRP l 
HP1=HL1*1000o 
S=ESIKSCl 
DLS=DLSl+DLS2 

$ H2E=HRE*1000, 
HSR=HR-HLT $ HLR•HLT 

$ HL2=HR-HRP 
$ HP2=HL2*1000o $ ALAM=ALAK*lOOOe 

·$ E:oEEIKSCl 

CW=0.9 $ 

$ DL=DLl+DL2 
CU=ol93573364 

X"l8000o*S/F 
A1=Dll*DLI/I2o*HT~l 
A2=DL2*DL2/I2o*HRFl 
Kl=FNDIAil 
K2=FNDIA2l 
lFilPOLeEOoOl GO TO 3 
Kl=FNEIKll 
K2=FNEIK2l 

3 CONTINUE 

C CALCULATION OF GHBAR AND W 

B5=1o607-Kl 
B6=1.607-K2 
GHl=GHBARIF•AloB5tKloDL1tH1El 
GH2=GHBARIF•A2tB6oK2tDL2oH2El 
AK3=6.-GH1-GH2 
IFIDoGE.DLsl GO TO 41 
IFIDoLEoCCW*DLSl I GO TO 50 

$ TE=TEl+TE2 

W=Oe5*1 lo+COSFI IPI*IDLS-Dl 1/IDLS*I lo-CWl Ill 
C -----------------------PRINT STATEMENTS-------------------

PRINT 71 
PRINT 70tWoD•DLSoDL 
CALL PAGE(2l 

c ----------------------- -----------------------------------
IFIWoLTooOOll GO TO 45 

C CALCULATiON OF ROUNDED EARTH DIFFRACTION 

42 CONTINUE 
D3=DL+•5*1A*A/Fl**THIRD 
DL7=DL1 $ DL8=DL2 
ASSIGN 25 TO JD 
IF ID3oLToDLSl D3=DLS 

30 D4=D3+1A*A/Fl**THIRD 
T3=TE+D3/A 
T4=TE+D4/A 
A3"' ( D3-DL l /T3 
A4=1D4-DLl/T4 
K3,.FNDIA3l 
K4,FNDIA4l 
IF I I POL = 0 l GO TO 2 
K3=FNE ( K3 l 
K4=FNECK4l 

2 CONTINUE 
Bl=FNCIKll 
B2=FNCCK21 
B3=FNC ( K3 l 
B4=FNCCK4l 
Xl=Bl*DL7/Al**TWTRD 
X2=B2*DL8/A2**TWTRD 
X3=Xl+X2+1B3*1D3-DLl/IA3**TWTRDll 
X4=Xl+X2+184*1D4-DLl/CA4**TWTRDll 
fFCKloGEo1ol Kl=o99999 
IFIXloGTo200ol GO TO 17 
IFIKloLE.OOOOll GO TO 16 
XL1=450./ABSFCALOGIOIK11**3l 
IFC Xl.GEeXLl l GO TO 16 
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FX1=20o*ALOG101K11+12o5*1oE-5*X1*X1/K1l-15o 
20 JFIK2oGE.lol K2=o90999 

JFIX2oGTo200ol GO TO 19 
JFIK2oLEoOOOOll Gn TO 18 
XL2=450o/ABSFLALOG10IK21**31 
IFIX2oGEoXL21 GO TO 18 
FX2=20o*ALOGlOIK21+12o5*1oE-5*X2*X2/KZI-15o 

21 GX3=o05751•X3-lOo*ALOG10IX31 
GX4•~o575l*X4-10o*ALOG10IX41 
AC3=GX3-FX1-FX2-20o 
AC4=GX4-FX1-FX2-20o 
GO TO JD,I25•261 

17 FX1~.o5751*Xl-110o*ALOG101X11 I 
IFIX1oGTo2000ol GO TO 20 
W1=.o134*X1*EXPFI-o005*X11 
FX1•W1*140o*ALOG10IX11-117ol+l1o-W11*FX1 
GO TO 21'l 

16 T=40.*ALOG10IX11-117. 
T1=-117o 
T2=MIN1FI IABSF(Tl I • IABSF!T1 I I I 
FX1=T 
IF !T2 = ABSFITlll FX1=T1 
GO TO 20 

19 FX2=.05751*X2-110o*ALOG10IX21 I 
IFIX2oGTo2000ol GO TO 21 
W2=o0134*X2*EXPFI-o005*X21 
FX2=W2*140o*ALOG10IX21-117ol+11o-WZI*FX2 
GO TO 21 

18 T=40o*ALOG10IX21-117o 
Tl=-117. 
T2=MIN1FIIABSFITI I tiABSFITll I I 
FX2=T 
IF IT2 • ABSFIT1l I FXZ~T1 
GO TO 21 

25 AR3•AC3 $ AR4=AC4 
DR4=D4 $ DR3=D3 
AMS•IAR4-AR31/ID4-D3l $ AES=AR4-AMS*D4 
IFIW.GToo9991 GO TO 43 

C CALCULATION OF SINGLE KNIFE EDGE WITH GHBAR 

45 CONTINUE 
IFIHL1oLE·Ool GO TO 43 
TH1•ATANFIIHST/DL11-IDL1/TWAII 
TH=ASINFICU*SORTFID/(F*DLl*DL21 )I 
TH5=-I-TH+TH1l $ ATH5=A*TANFITH?I 
DLK5=-ATH5+5QRTFIATH5*ATH5+1HSR*TWAII 
DK5=DLK5+DL1 
TE5=ATANFII-HSR/DLK51-IDLK5/TWAII 
TH5=TE1+TE5+1DK5/AI 
TM5=SORTFIIF*DL1*DLK51/DK5l $ V5=2o583*SJNFITH5)*TM5 
CALL FRENELIV5tFV5tPH51 
AV5=-20o*ALOG101FV51 
AMK5=1AV5-AK31/IDK5-DI 
AWK=AK3-IAMK5*Dl 
DLST7=SQRTFIHL1*TWAI $ DLSR7aSQRTFIHL2*TWAI 
DL7=DLST7 $ DLB=DLSR7 $ DL•DL7+DL8 
DLK4:DL 
ASSIGN ?6 TO JD 
A1=1DL7*DL71/12o*HL11 $ A2=1DL8*DLBI/12o*HL21 
K1=FNDIA11 $ K2•FNDIA21 
JFIJPOLoEOoOI GO TO 29 
K1=FNEIKII . $ K2=FNEIK21 

29 TECI=~TANFII-HLI/DL71-IOL7/TWAII 
TEC2=ATANFII-HL2/DLBI-IDL8/T~Il 

28 TE=TE(l +TEC2 
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D3cDL+o5*1A*A/Fl**THIRD 
GO TO 30 

26 87=lo607-Kl 
88=1.607-f-.2 
GH7=GHBARIF•Al•B7tKl•DL7•HPll 
AC7=1AC4-AC3l/ID4-D3l $ ARS=AC4-AC7*DLK4 
ARK=AR S+AC 7*DLK4 
TE4=ATANF(I IHLT-HRl/DLK4l-IDLK4/TWAll 
DK4=DLK4+DL1 
TH=TEl+Tf4+1DK4/Al 
TM2=SORTFIIF*DLl*DLK4l/DK4l $ V4•2.583*SINFITHI*TM2 
CALL FRENELIV4tfV,PHI 
AV4=-20o*ALOGIOIFVI 
AKS=AV4-GHI-GH7+ARK 
AMKD=IAKS-AK31/!DK4-Dl $ AEKKAK3-IAMKD*D) 

C -----------------------PRINT STATEMENTS-------------------
PRINT 51 
PRINT 52 ,DL 7 tDL8 • TECl• T EC2, TE4 tAC3 tD3 oAC4 e04 'AV4 tGIH tARK tAKS 
CALL PAGE(21 

c -----------------------------------------------------------
AK4=AEK+DK4*AMKD $ 
AK5=AWK+DK5*AMK5 
IFIWoLTeoOOll GO TO 36 

WK•lo-W 

C COMBINATION OF ROUNDED EARTH AND KNIFE EDGE DIFFRACTION 

AT3=1WK*AK3l+IW*IAES+IAMS*Dll l 
AT4=1WK*AK41+1W*IAES+IAMS*DK4lll 
AT5=1WK•AK5l+IW*IAES+IAMS*DK5ll l 
AMD=IAT4-AT3l/IDK4-Dl $ AED=AT3-IAMD*DI 
SWP=IAT5-AT3l/IDK5-Dl $ AWD=AT3~1SWP*DI 

C -----------------------PRINT STATEMENTS-------------------
PRINT 60 
PRINT 6,AR3tAR4tDR3,DR4tAK3tAK4tDtDK4tGHltGH2tWtAMDtAEDtSWPtAWDtAK 

X5tDK5 
CALL PAGEI2l 

c ----------------------- -----------------------------------
RETURN 

36 AED=AEK $ AMD=AMKD $ SWP=AMK5 $ AWD=AWK 
C -----------------------PRINT STATEMENTS-------------------

PRINT 57 
PRINT 7tAK3tAK4•DtDK4•GHl•GH2tW•AMDtAED•SWPtAWDtAK~•DK5 
CALL PAGE12l 

c ----------------------- -----------------------------------
RETURN 

41 W=l• $ GO To 42 

43 AED=AES $ AMD=AMS $ AWD=AES $ SWP•AMS 
C -----------------------PRINT STATEMENTS-------------------

PRINT 61 
PRINT 5•AR3•AR4tDR3•DR4tWtAMD•AED 
CALL PAGEI2l 

c ----------------------- -----------------------------------RETURN 

50 W=Oo 
END 

$ • GO TO 45 
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DELTA 

calculation of attenuation for 
obtain values of 6a and 6S for 

0 0 

Subroutine DELTA is used in the 
scatter. Specifically, it is used to 
(153) and (154). DELTA is based on CCIR recommendations [7, fig. 18]. 

SUBROUTINE DELTACARGtDSoENStDAOl 
C ROUTINE FOR MODEL AUG 73 

C ROUTINE TO CALCULATE CORRECTION FACTOR FOR ALPHA AND BETA NOUGHT 

DIMENSION T8AC4lltA141•4ltB141•4ltCC4lt4l 
DIMENSION SNSC4) 
DATACSNS=250•t30lot350ot400ol 
DATACTBA=Oo0to0025oo005to0075toOltoOl25to015to0175to02to0225 9 o025t 

x.o275o.Q3o.0325to035to0375o.04o.0425oo045o.0475 •• os •• 0525to055,.05 
X75to06to0625to065to0675to07to0725toQ75to0775to08to0825to085to0875t 
Xe09to0925te095oo0975ooll 

DATAIIIAI itJloi=lo4lloJ~lt4l=.23to32,.42to5to6to6B,.76to83,.92tloO 
X2tleltlol6tlo23tlo3ltle*Btlo43tle5tlo55tlo59tle62tlo6Btlo7olo72tlo 
X74tlo76tlo7BtloBtloB2tloB2tlo83tlo83tlo85tlo85t5llo87ltlo85tlo85tl 
Xo83oo62o.72•oBo.92ol.Otloll•l.2•1·29ol.39ol.45tlo53•1•6•1•7•1•77ol 
Xo82ole9olo96o2oOt2o05t2elo2ol3o2ol5t2ol7t5C2ol8) t2ol7o2ol6t2ol5t2o 
X13t2ol3o2ol2o2ollo2o09o2o05o2o03o2oOOtlo99tlo97tlo22tlo3ltlo4tlo5t 
Xlo5Bolo67olo73tlo82tlo9t2o0t2o05o2ol3t2o2t2o2Bo2o33t2o4o2o43,2o5t2 
Xo52o2o57t612o6l o2o58o2o57t2o53o2o5lo2o49t2o46t2o42t2o39t2o35t2o3t2 
Xo27t2o22o2 0 17o2.14o2,1tlo9t2.0o2.09,2ol6•2•22o2o3t2o39o2o45o2o5lt2 
Xo61t2o66t2o72,2.78o2.82t2o89o2.93,2.99o3,0o3.05o3.07o3(3,09lt3o07t 
X3.05o3o02t2e99t2o95o2o9t2o87,~.B2t2o79o2o73,2o69o2o63t2o58,2,5lt2o 
X45o2o4t2o32t2o27) 

DATAl C (B( y,Jl •i=lo4lloJ=lo4l=-.12o-o08tO,Otol2oo25o,4oo52•,7oo82to 
X96oloOBtlo22olo32olo42olo5ltlo6tle7olo77tlo83tlo87tlo93tlo98t2o02t 
X2o06t2ol2o2el5,2,19,2,22t2o25o2o2Bt2e3lt2o33,2o36t2o4t2o42,2.45t2o 
X48o2o5t2o52o2.55t2o58ool2o,3to5to65 00 8Ztlo0olo17tlo32olo5lol 0 67tlo 
XB2tlo97o2ollo2o24t2o32•2o49o2o6l•2o69•2o8t2o87t2e94t3o02o3,06t3oll 
Xt3,15t3 0 2t3o22o3e27o3o3lt3o33o3.37t3o4t3o44o3o47t3o5t3o53t3o56t3o5 
xa.3.6lo3.62t3.65.~17,.59 •• 89,lol8.1.45.lo7ol.95,2.18,2o39o2o58t2o7 
X6o2o9o3 0 04o3ol7o3o3lo3olflt3o5t3o6o3 0 6Ro3o77,3o83t3o9lt3o97,4.03t4o 
xoa.4.13o4.19o4.23,4.27t4e33t4o36,4.4,4.44o4.47o4.52o4.56,4.6,4.63t 
X4o66t4o69o4o73to45to86tlo21ftlo63o2oOt2o32t2o63t2o9o1el7t3o4t3o62t3 
Xo7lo3o99,4,14,4o2Bt4o43o4o54o4o65o4o74o4o84,4o92t5oOlt5o07o5ol3t5o 
X2t5o26t5e3lo5 0 36t5e4lo5o45o5o49o5,53o5o57t5o62t5e65o5o68o5o72t5o76 
Xt5e8t5o84t5e88) 

DATAl !ICC JoJ),J=lo4lloJ=lo4l=2o68t2o59t2o5lo2o43t2o34t2o26t2ol8t2o 
X09t2oOlolo93tlo84,lo76tlo69tlo6lolo54olo4Btlo4lolo36olo26tlo2olol6 
XtlolOolo07tlo04ol.Olo.9Bo.94,.9lo.B8,.87o4(,86lt3C .851,.86,,86,.87 
XooBBo3ol3o3oOl,2.87,2o76,2.67,2.56t2o45t2o34,2.24t2ol6o2.05tlo96tl 
Xo86tlo76olo~B,lo58olo5lolo43olo33olo3ltlo23olol9olol5tlol2olo08tlo 
X04oloQloo97oo93oo89to84oe76o:7lto64oo6lto57oo53oo5loo47to42to40t4o 
Xl5o3o92o3o72t3o5t3o32o3ol2,2.9lt2o74,2o58o2o4lt2o25t2ol2tlo97tlo83 
Xtlo75olo65olo55ol.45olo3Btlo28,1.24 9 lol7tlolltlo05,le0to95,,85oo8t 
x.79~o75,.72to66to62,.58,.53•.5lto49,.47oo43,.4loo4o5.55o5ol8,4.85, 
X4o55o~o3o4o07o3o83t3o6Bt3o5t3o35o3o2t3o08o2o95t2o82t2o72t2o62t2o53 
Xo2o47o2o4t2o3lt2o27t2o2t2ol5o2ollt2o07t2e02t2o0tlo97tlo93tlo9tlo89 
Xtlo07olo04tlo82olo8tlo7?tlo19tlo78tlo77tlo76tle75) 
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IFIARGl10•10tl1 
10 I= 1 

GO TO 12 
11 IFIARG-.1l13•14t14 
14 !=41 

GO TO 12 
13 DO 15 I= 1 t td 

IF!ARG-TBAI ll l16t12ol5 
15 CONTINUE 
16 RATA=IARG-TBAII-1ll/(TBA!Il-TBA(I-1ll 

ASSIGN 20 TO Kl 
17 IFIENS-250ol18t18t19 
18 J=1 

GO TO 30 
19 IFIENS-400.l31o32o32 
32 J"'4 

GO TO 30 
31 DO 33 J=1 t4 

IFIENS-SNS(Jll34t30o33 
33 CONTINUE 
34 RATN=IENS-SNSIJ-1ll/(SNSIJl-SNSIJ-1ll 

ASSIGN 22 TO MI 
GO TO K!,(20o21l 

12 ASSIGN 21 To KI 
GO TO 17 

30 ASSIGN 24 TO MI 
GO TO KTof20•21l 

20 CALA=RATA*IA!IoJl-A!I-1oJll+A!I-ltJl 
CALB=RATA*IBIIoJl-B!I-1oJll+BII-1tJl 
CALC=RATA*ICI!oJl-CCI-loJll+C(I-ltJl 
GO TO Miol22t24o23l 

21 CALA=AIIoJl 
CALB=BIIoJl 
CALC,.CIIoJl 
GO To Mitl22•24t23l 

22 CALHA=CALA 
CALHB=CALB 
CALHC=CALC 
ASSIGN 23 TO MI 
J=J-1 
GO TO Kiol20o2ll 

23 CALA=RATN*CCALHA-CALAI+CALA 
CALB~RATN•ICALHB-CALBl+CALB 
CALC=RATN•!CALHC-CALCI+CALC 

24 DAO=o001*IIoOl*DS*ICALB~·OOl*CALC*DSll-CALAl 
IFIDAOl27o2Bo28 

21 DAo=o.o 
28 RETURN 

END 

FDASP 

Function FDASP is used in calculations associated with tropospheric 
multipath (sec. A.4.6 following eq. 195). It used the VF tables which 
are tabulated in this section under TABLES to obtain the variable K. The 
K value obtained has a sign that is the opposite of that used in (6), and 
elsewhere [40, fig. VI], but the same as that of Norton et al. [38, 

table l] from which the data were taken. 
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FUNCTION FDASPISI 
C ROUTINE FOR M9DEL AUG 73 

C K .IS BASED ON RATIO OF S TO o990 
C THIS 1 NAKA:G'AM:t\-{R~.(rE'DISTo HAS TABLES FROM NORTON 55· J.RE. PAGE 1360 
C THE VF TABLES ARE THE NEGATIVE OF THE K IRE TABLES AND THEREFORE 
t 'R = ',.;$ ' . 1 ; ' . . /',ii 

C, .K l;iA,S ,THE; OP~~S,ITf:: SIGN OF ~01 BUT ."!;HE SAME AS THE IRE PAPER 
l ,;\~i,\ \;:;!~} )!{_~ i/·',; ) ~ ;_( ': .':]< ·' 

COMMON/VV/VFI36tl71 
AVEFIYNoXNoYNloXNloTI=IYN1*1T ~ XNl - YN*CT- XNlli/IXN1- XNI 
R=-S 
Do 1 I=1•17 
IFIR-VFI27olll 
tH::JNiNN0t~:· '1 ' ' 
ii8\l7' .!( 

2 AKo:VFiloii 
(5(jiit()1!(, >!! ( !C:(ili 

3 IFI!oEOo1l GO TO 2 
AK.=>AVEF'C•VFC '1:1 i .. i i ; VFt2 1i; t "'"~ i ~ VFtl, 'I I , VFC 27, I l , R I 

6 FDA'SPU:AKi' 
RETURN 

.END·'.'·. 
()' 

FDTETA 

'Subroutine 'FDTETA is used in ca 1 cu1 at.i ons for the scatter region 
;-, i ; ;, . ' ' . ' ' . ' 

(sec. A~4.4).to; d~termihe values .of Fde for (169). It uses the JALD/ 

TAFL whi <:h i's based oil' da;ta from CCIR recommendations (7, sec. TL 1], 

and is tabulate.d .in this .section under TAB.LES. 

SU~ROUTINE FDTETACE1oD1oSltDBl 
C ROUTINE FOR ,MODEL AUG. 73 

,. , ' I I 

C S.4BROUT!NE TO CALCULATE THE •ATTENUATION FUNCTION 

DlMENS;l(lN TADI251oTAFDI25•41 
·DIMENSION TS 17 I •ENS ( 4·1oDBS 121 oDBT I 21 
COMMON/DLAT/JALDI20~•TAfL{4o]o20l 

35 FORMA t.c 51 H DT HET A f.S TOO LARGE FOR TABLE • USE GRAPH MANUALLY I 

DATAITS:o.Ol••l•.•2.o•·3 to5 o•7•L• I 
OAT A I T 1\D= •• .0 1' • ,02,. 03 , • 04'•·• 06, • 0 a., .1 , • 2,. 3 t .4 t. 5,. 6 • l/7 t ._ 8 t • 9, 1 o , 2 • ·, 

X3 .• ,tlL•,t,_5. t6e.t7·· t8• ,9.·tl0e-) r; i 
pA T:A I I I T AFD I I • J l., I= 1, 2 5 h J= 1, 41 =79 • 5, 88 • 5, 93 o 9, 9 7 • 5 ol02o 9·•'1'06 .7,10 

X9 • 6 , 11 B. A • 1 2 3 • 9 tl 2.7 • 7 ' 13 0 • 6 • 1 3 3 • • 1 3 5 o • 13 6 • 8 t 1 3 8 • 3 • 1 3 9 • 9 • 14 9 • 2 • 15 4 o 
X,.9,.J 58 •. 8 :o 162 • ·' 164 • 6, 16 7:~o t 16 9 o ol 70. 9 o17 2 o 5 • 7 5" 6, 84 o 7, 90 o 2, 93. B , 99 • 3, 
Xl03.,i06 0 tl15 0 tl20o3tl24otl26o9tl29.3ol3lo4tl33o2tl34o6tl36olt145o 
X3 ol5lo ol5.5. ol58o4ol6lo tl63o4t165o 5 ol67o4ol69o2 • 71~ 2o80o3 o85o7 o69o5 
X~94oBt98.5olOlo5t110o5o115oBtl19o6ol22 .. 4tl24o9o126o8tl28o7tl30o3t1 
x;n .a tl41o 2, 146• 8t150.9.ol54o, 156oBt 159.2t161•2 tl63.lt 164. 7•64.69 73• 
X 8 '7 9. 2 '83 • 0' 6 8 o 4 • 9 2 ol:o 9 5 • 1 '104 • 2 '1 0 9 • 5 • 113 • 3' 116 • 2 • 118 o 6 t 120 • 6' 12 2 
x:4,l~,··l~5o4tl34o5 .• 140•2•144•4•147e7t150.5o153otl55.2o157.1,159ol 
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E=E1 
D=D1 
5=51 
Do 10 I=1 •4 
IFCE-EN.<;C Ill11•11t10 

10 CONTINUE 
11 IFII-1112•12•13 
12 I =2 
13 Jo:J-1 

RTE=IE-ENSCJII/IENSIJI-ENSIJIJ 
IFID-10el14t14o33 

14 DO 16 K=1•25 
IFID-TADIKII17•17t16 

16 CONTINUE 
17 IFIK-1118t18t19 
18. K=2 
19 L=K-1 

RTD=ID-TADCLII/ITADIKI-TADILII 
DB1aiRTD*ITAFDIKtii-TAFDILtiiii+TAFDILtll 
DB2=1RTD*CTAFDIKtJI-TAFDILtJIII+TAFDILtJI 
DB=CRTE*IDB1-DB2li+DB2 
GO TO 20 

33 IFID-1000ol15t15t34 
34 PRINT 35 

CALL PAGEI11 
DB•Oe 
GO TO 20 

15 DO 21 K•lt20 
IFID-TALDIKI122•22•21 

21 CONTINUE 
K=20 

22 IFIK-1123•23•24 
23 K=2 
24 L=K-1 

RTD=CD-TALDI~II/ITALDIKI-TALDILII 
JFIS-.01125t26t26 

25 5=.01 
•26 DO 27 M=1•7 

IFIS-TSIMII28t28t27 
27 CONTINUE 
28 IFIM-1129t29t30 
29 M=2 
30 N=M-1 

RTS=IS-TSINII/ITSIMI-TSINII 
DO 31 KL=lt2 
J~:M 

DO 32 N=1·•2 
DBSINiaiRTD*ITAFLI ltJoKI-TAFLIItJtLIII+TAFLIItJoLI 
J=J-1 

.32 CONTINUE 
I=I·1 
DBTIKLiuiRTS*IDBSI11-DBSI2lll+DBSI21 

31 CONTINUE 
DB=IRTE*CDBTI11-DBTI2111+DBTI21 

20 RETURN 
END 
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FRENEL 

Subroutine FRENEL is used in knife-edge diffraction calculations 
to determine the loss factor and phase shift associated with diffracted 
waves (see text following eqs. 77 and 121). It is based on the Fresnel 
integrals [40, sec. III.3]. 

SUBROUTINE FRENELIVtFVtPHl 
C ROUTINE FOR MODEL AUG 73 

C SUBROUTINE TO CALCULATE THE FRESNEL INTEGRAL 

DIMENSION AIIlltBIIlltGII!ltDIIIl 
COMPLEX PZtSZtCZ 
DATA IA=-1.702E-6,-6.808568854,-5,76361E-4,6,920691902t-le6898657E 

X-2,-3.Q5Q48566,-7.5752419E-2,8,50663781E-lt-2o5639041E-2t-Ie502309 
X6QE-lt3e4404779E-2l 

DATAIB=4,255387524t-9o28IE-5t-7e780Q204t-9o520895E-3t5o075I61298t-
Xlo38341947E-l•-l•363729124t-4o03349276E-l•7•02222016E-lt-2el619592 
X9E-l•l·Q54703IE-2l 

DATA IG=-2.4933975E-2t3o936E-6t5o770956E-3t6e89892E-4t-9o497136E-3 
x,I.l948809E-2t-6o748873E-3t2o4642E-4 9 2ol02967E-3,-1.21793E-3,2o339 
X39E-41 

DATA ID=2.3E-8,-9,351341E-3•2o3006E-5•4o851466E-3tle903218E-3t-lo7 
Xl22914E~2•2•9064067E-2•-2•7928955E-2tlo6497308E-2t-5o598515E-3t8o3 

$ TWPI=2e*PI 
TO 71 

X8386E-4l 
Pl=3ol41592654 
IFIVeEQ,Q,) GO 
IF!VoGEe5•l GO 
PT=V*V*o25 $ 

X=V*V*Pl*•5 

TO 74 
CPSI~TWPI*IPT-INTF!PTII 

25 IFIX.GTo4ol GO TO 10 
5 PX=COSFIXI•SQRTFIX/4 0 1 

PY~ SINFI-Xl*SQRTFIX/4ol 
SUMX=l,59576914 
SUMY=-3.3E-8 
XN= lo 
DO 100 I = It 11 
XN=XN·~X/4o 

SUMX=SUMX+AIII*XN 
100 SUMY=SUMY+BIIl*XN 

SZcCMPLXISUMXoSUMYl 
PZ=CMPLXIPXtPYl 
CZ=SZ*PZ 
C=REALICZl $ SaAJMAGICZl 
GO TO 3n 

10 PX=COSF!Xl*SQRTF14e/X) 
PY=SINFI-Xl*SQRTF(4 0 /XI 
XN=lo 
SUI~X=O • 
SU~!Y=ol99471140 

DO 2 0 0 I = 1 • 11 
XNcXNf-4,/X 
SUMX=SUMX+GIII~XN 

200 SUMY=SUMY+DIIl*XN 
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SZ=CMPLXISUMXtSUMYI 
PZ=C~PLXIPXtPYI 
CZ=SZ•PZ 
C=REALICZI $ S=AIMAGCCZI 
C=C+o5 $ ~=S-o5 

30 S=ABSFISI 
·IFIVoLToOol GO TO 70 
.FV=o5•SQRTFIC1.-IC+Sl1**2+!C-SI**2l 

~. Y=C-S $ W=le-IC+SI 
75 PH=ATAN21YtWI 

PH=PH-CPSI 
.AP=ABSFIPHI $ APX=AP-TWPI*INTFCAP/TWPII 

IFIPHeLToOol GO TO 37 
PH=APX 

39. IFIPH.LToOol PH=TWPI+PH 
RETURN 

37 PH=-APX $ GO TO 39 
71 FV=e5 $ PH=Oo $ GO TO 39 
74 FV=.2250B/V $ PH=a78539816 S GO TO 39 
70 FV=o5*SQRTFIIlo+IC+Sl)**2+1C-SI**21 

Yc-IC-SI $ Wc1o+IC+Sl $ GO TO 75 
END 

GAIN 

Function GAIN determines the relative facility antenna voltage 
gain associated with a particular facility antenna at a specific eleva
tion angle. lt is used to obtain the g of (67) and the g0 of (81 ). 
Gain values may be calculated directly or obtained by interpolating 
between values taken from figure 2. 

FUNCTION GAINIXI 

C ROUTINE FOR MODEL AUG 73 

COMMON/GAT/IFA 
DIMENSION RAI24ltRBI241 
DIMENSION DAIBitDG!Bl 
DATAIRA=-90et-76ot-60ot-54ot-51o5o-48ot-36ot-33ot-30ot-24•t-18ot-1 

X2ot-9ot-6et-2o5oO.o3ot8eo12at24oo36eo57ot84ot90ol 
DATAIRB=-29oo-22.,-26.5,-27.4o-21.7,-20.,-5.5t-4o2t-3o5t-4e5,-7.3t 

X-11.B,-10oo-3o5,-1.,4.,6.5,7.4,7.,-1.;,-1.5,-9.5,-4.,-13o0) 
DATA IDA=-6ot0ot2o5t5ot7o5t7o51tl4o99t15o0l 
DATA IDG=-8·•-6••-3·•0•o-3o0t-20oo-20o01t-30ol 
FNAIFXoFAtFB,FCoFDl=IIFX-FBI*IFC-FDI/(FA-FBII+FD 
A=X 
GO TO llOt20t30t40t50t60o70t80loiFA 

C --------- GAIN FOR ISOTROPIC ANTENNA ------------
10 GAIN =1• $ RETURN 

C --------- GAIN FOR DME ANTENNA ------------------
20 D=A*57o29577951 
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DO 21 I= 1 t8 . 
IFID-DAIIII23•22t21 

21 CONTINUE 
I"'B 

22 GAIN=lO•**IDGIII*o051 S RETURN 
23 IFII.EOo11 GO TO 22 

Lci-1 
GDcFNA I D, DA I I I' DA I L I tOG I I I oDG I L I I 
GAIN=10o**IGD*o051 $ RETURN 

C --------- GAIN FOR RTA-2 ANTENNA ---------------
30 D=A*57o29577951 

DO 31 1=1•24 
IF I D-R A I I I I 3 3 • 3 2 '3 1 

31 CONTINUE 
1=24 

32 GAIN=10o*~l IRBIII-7,41*o051 $ RETURN 
33 IFiloEOoll GO TO 32 

L=l-1 
R D= F N A I D, R A I I I t R A I L I • R B I I I t R B I L I I 
GAIN=l0•**11RD-7o41*•051 $ RETURN 

C --------- GAIN FOR VOR ANTENNA !COSINE PATTERN! -----------
40 GAIN=l•OO*COSFIAI 

IFIGAIN.LTeo125891 GAIN=o12589 
RETURN 

C --------------- GAIN FOR ILS LOCALIZER -------------------
50 GAIN=1oOO*COSFIAI 

IFIGAIN.LToo125891 GAIN•o12589 
RETURN 

C --------------- GAIN FOR GLIDE SLOPE ---------------------

c 

60 GAIN~1oOO*COSFIAI 
IFIGAINoLTo•l25891 GAIN•ol2589 
RETURN 

JTAC 20 DEG BEAM TILT 20 DEG H HPBW ------------
70 D=A*57o29577951 

TLT=20o $ HPBW=20o 
TERM=ABSFID-TLTI 
GAIN=Ilo+IITERM/HPBWI**2o5li**I-0,51 
RETURN 

C -------------JTAC 8 DEG BEAM TILT ---------------
80 D=A*57o29577951 

TL T=B, 
HPBW=1o959545258 
TERM=ABSFID-TLTI 
GAIN=I1o+IITERM/HPBWI**2•511**1-0o51 
RETURN 
END 
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GHBAR 

Function GHBAR is used in calculations for the diffraction region 

(sec. A.4.3) to determine values of GKhl ,2 and Gehl ,2 for (119) and (122). 
These are special values for Gphl, 2 which is discussed following (107). 
GHBAR is based on CCIR recommendations [7, eq. 64, fig. 31; 40, eq. 7.6, 
fig. 7.2] and includes a weighting function [20, eq. 17]. 

FUNCTION GHBAR IF,A,B,AKtDHORtHEI 
C ROUTINE FOR MODEL AUG 73 

6 FORMATI5Xo*K GREATER THAN o1 GHBAR NOT CORRECT*! 
7 FORMATI5Xt*HBAR IS GREATER THAN 100*1 

WG=2o $ PIG=3o141592654 
HB=2o2325*B*B*IF*F/Al**•33333333*1o001*HEI 
IFIAK.GT •• 1l PRINT 6 
IFIHB.GEo2o5l GO TO 10 
IFIAK.GToo05l GO TO 11 
IFIHBoLToo31 GO TO 12 
GHBAR=-6o5-1•67*HB+6o8*ALOG101HBI 

13 IFIAKoLEoo011 GO TO 2 
GHB=GHRAR 

11 IFIHB.LToo25l GO TO 14 
GHTc-5o9~Io9*HB+6o6*ALOGlOIHBI 

15 IFIAK.GToo051 GO TO 16 
GHBAR=GHT-IGHT-GHBI*IIo05-AKI/o041 

2 CONTINUE 
FRE=300o*SORTFI.2997925*DHOR/FI 
IFIHEoLEoFREI GO TO 3 
IFCHEoGE.tWG*FREl) GO TO 4 
GW=.5*C1.+COSFCPIG*IHE-FREl/FREII 
GHBAR=GHBAR*GW $ GO TO 3 

4 GHBAR=O. 
3 IFCHB.GTo100ol PRINT 7 

RETURN 
10 GHBAR=-6.6-o013*HB-2o*ALOG10CHBI 

GO TO 2 
12 GHBAR=1o2-13o5*HB+15o*ALOG10CHBI $ GO TO 13 
14 GHT=-13o9+24o1*HB+3ol*ALOG10CHBI $ GO TO 15 
16 GHB=GHT 

IFIHBoLToOo11 GO TO 17 
GHT=-4o7-2o5*HB+7o6*ALOG10IHBI 

1B GHBAR=GHT-CGHT-GHBl*llo1-AKl/o05l $ GO TO 2 
17 GHT=-13o $ GO TO 18 

END 
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HCHNOT 

Subroutine HCHNOT is used in calculations for the scatter region 

(sec. A.4.4) to determine values of H
0 

for (169). It uses the TAV/TAHl 
table which is based on data from CCIR recommendations [7, sec. 11 .4], 
and is tabulated in this section under TABLES. Function TERP is also used. 

SUBROUTINE HCHNOT!ETASoSoVTtVRoHOI 
C ROUTINE FOR MODEL AUG 73 

C SUBROUTINE TO CALCULATE THE FREQUENCY GAIN FUNCTION 

DIMENSION TAR1114loTAH0!1141 
DIMENSION TETAI71 
COMMON/VAT/TAVI1751oTAH117•1751 
DATAITETA=1••2oo5,o10ot20ot50ot100.I 
DATA!TAR=.olo.012,,Q14,,016,,018,,oz,,ozz,,oz4,,026o,028,.o3,,032o 

x.o36o,04o,045 •• o5,.055.,06.,065o,o7 •• 075t,08o.085o.09o.095to1to11t 
X.1Zo.13o,l4oo15oo16,,17,,18,.19,,Z,,Zz,,z4,.26o.28oo30o,32,,34,,36 
Xto38to4to45oo5to55oo6to65oo7to75oo8to85to9to95t1o0t1olt1o2t1 0 3t1o4 
Xt1o5o1.6o1,7o1,8olo9oZ.Oo2.1,z,z,z,3,2,4o2,5,2,6o2,7t2o8o2,9,3,0t3 
x.z.3.4o3.6o3o8t4o0t4o2t4o4t4o6t4,8o5,0t5o2t5,6t6o0o6,5o7.0o7,5o8,0 
x.a.5,9,Q,9,5,10,o,1z.o,l4.o,16.o,1B.o.zo.o,z5.o,3o.o,35,o•40,o,5o. 
XOo60oOt70.0o80oOt90.0o99oOI ' 
DATA!TAI~=64o3t62o0t60,0o58.4t57.0o55.7o54o3t53o2t52e2t51•2t50o3t4 

X9,7o48,Q,lf6o8o45o2o44o0o42,8o41,8,4Q,8o40,Q,39,0o33o2t37,5o36o8t36 
x.Z,35,7o34,5o33,5,32,7o31,8o31,0,30.Zo29.6o28.9o28,2o27,8o26,6,25o 
X7o24o8t23o8t23olt22,5o21oBt21,2t20o7t20o2t18o9t17,9t17oOt16oOt15o3 
Xol4.8,14,Qo13o42o12,92o12,4o11,93,11.55o10,75o10o03o9o42,8,95o8o4t 
xa.o.7.6t7o2•6.85t6o6t6o28t6o0t5o75t5o5t5o27t5o02t4.61t4o62o4,46t4o 
X3o4o15o3,73t3o5o3,28t3e1t2o93t2o75t2o6t2o45t2o35t2o2t2o0t1o82t1o65 
X,1,45o1o32,1.2o1.1,1,0o,92,,82to6te47o.38,,3,,24o,2te17to13,,1,,07 
Xo,04to02ooOl•ZIOoOII 

J=O 
IF!VT-40oll0ollo11 

11 IF!VR-40ol12•13o1~ 
13 HO=O, 

RETURN 
12 J=Z 

GO TO 14 
10 J=1 

IF!VR-40el15•14t14 
15 J=J+Z 
14 Q=VR/VT 

IF!S-,1l50o50t51 
50 ALGS=-1o 

GO TO 52 
~1 ALGS=ALOG10ISI 
52 IF!Q-10.153•54•54 
54 ALGQ=lo 

Go TO 55 
53 IF!Q-,1156t56o59 
56 ALGQ=-1• 

GO TO 55 
59 ALGQ=ALOG10IQI 
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55 IFIETAS-1el17t18t19 
17 DEH0~3•6*ALGS*ALGQ 

ASSIGN 35 TO M 
QS"'O*S 
IFIQS-e999995124t16t80 

80 IFIQS-I.0000051!6t16t24 
16 J=J+l 
24 GO TO 14lo42•43•441oJ 
18 ASSIGN 30 TO M 
36 DEH0=3o6*ALGS*ALGQ 

KL=l 
ASSIGN 33 TO K 
GO TO 121o22o23t231tJ 

19 DEH0=6o*I·6-ALOGIOIETASII*ALGS*ALGQ 
ASSIGN 34 TO K 
ASSIGN 30 TO M 
DO 39 KL=lt7 
IFIETAS-TETAIKLII58o57t39 

39 CONTINUE 
57 KN=KL 

RATN=le 
49 GO TO 12lt22t23o231tJ 
58 KN=KL-1 

RATN=IETAS-TETAIKNII/ITETAIKLI-TETAIKNII 
GO TO 49 

41 Rl=VT~Ile+llo/SII 
GO TO 28 

42 R1=VR*Ile+SI 
28 TTT=•5*R1*R1*1I.-TERPIR111 

HOO=-lOo*ALOGlOITTTI 
GO TO 36 

43 Rl=VT*II.+I1o/SII 
R2=VR*Ilo+SI 
UP=2e*llo-S*S*Q*QI 
BAS=R2*R2*1TERPIRII-TERPIR211 
TTT=UP/BA's 
IFITTTI45o45t46 

45 HOO=O • 
GO TO 36 

46 HOO=lOo*ALOGIOITTTI 
GO TO 36 

44 Rl=VT*Ilo+llo/SII 
R2=Rl 
IFIRl-oOIOl47•47t48 

47 H00=64o"' 
GO TO 36 

48 IFIR1-90ol60t45o45 
60 DO 61 I=l•ll4 

IFIR1-TARI I I 163•62•61 
61 CONTINUE 
62 HOO=TAHOI l l 

GO TO 36 
63 LI=I-1 

HOO=IIIRI-TARILIII/ITARIII-TARILIIII*ITAHOIJI-TAHOILJI)I+TAHOILII 
GO TO 36 

21 ASSIGN 25 TO L 
20 V=VT 
31 IFIV-.018132o32t38 
32 HV=70. 

GO TO L•l25t26t27•291 
38 DO 64 I=ltl75 

IFIV-TAVI Il164t65t66 
64 CONTINUE 
65 KM=I 

RAT=lo 
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GO TO Ktl33t341 
66 K~1=I-1 

RAT• IV-TAVI II 1/ITAVIKMI-TAVIII I 
GO TO Ktl33•341 

22 ASSIGN 26 TO.L 
V=VR 
GO TO 31 

23 ASSIGN 27 TO L 
GO TO 20 

33 HV=IRAT*ITAH111•KMI-TAH111tiiii+TAH111•II 
GO TO L•l25•26•27•291 

34 HV1=1RAT*ITAH11KL,KMI-TAH11KL,JII I+TAHliKL,II 
HVZ=IRAT*ITAHliKN,KMI-TAHliKNtiiii+TAHliKN,JI 
HV=IRATN*IHV1-HV211+HV2 
GO TO L•l25•26~27t291 

25 HOT=HV 
HOR=O o 
GO TO 37 

26 HOR=HV 
HOT=Oo 
GO TO 37 

27 HOT=HV 
ASSIGN 29 TO L 
V=VR 
GO TO 31 

29 HOR=HV 
37 AHO=IH0T+HORI/2o 

IFIAHO-DEHOI67t68t68 
67 H01=HOT+HOR 
69 IFIH01170t71t71 
70 H01 =0 o 

71 GO TO Mti30t351 
68 H01=AHO+DEHO 

GO TO 69 
30 HO=HOl· 

GO TO 73 
35 HO=HOO+IETAS*IHOl-HOOI I 

IFIHOI72,73•73 
72 HO=Oo 
73 RETURN 

END 

LINE 

Subroutine LINE is used in plotting different types of lines. 

SUBROUTINE LINEIKL•A•B•J•SKX•SKYI 

C ROUTINE FOR MODEL AUG 73 

C ROUTINE WILL PLOT THE FOLLOWING ~INES ACCORDING TO CODE KL 
C KL=1-C0NTINU0US LINE KL=2-SHOR1 DASHED LINE KL=3X X X X X 
C KL=4-DAsH-DX XLINE KL=5-+ + + + + 
C KL=6-LONG-DASH-SHORT-DASH LINE KL=7-LONG-DASH-X X LINE 
C KL=B-LIGHT LINE KL=9-DOTTED LINE 

155 



DIMENSION AI1000ltBI1000l 
DIMENSION CI2000ltDI2000l 
DIMENSION X(IOltYI10ldDH12l 
DATA IIDH=3H+OXt3H+O+l 
IFIKLoEOo1l GO TO 11 
IF IKLoEOo8l GO TO 52 
IFIKLoEOo2oOR•KLeEQo4oOR•KL•EQo6l GO TO 30 
IFCKLoEOo9l GO TO 30 
SCX=SKX $ SCYaSKY 

C -------------------KL•B FOR LIGHT LINE --------------------
IB JN=J-1 

fcO 
DO 63 K=1tJN 
I=I+I 
CIIJ=AIKl 
DC I l :8 C K l 
CX=A!Kl/SCX 
DX=AIK+11/SCX 
CY=BIKliSCY 
DY=Bir+Jl/SCY 
XT=DX-CX $ YT•DY-CY 
CL=SORTFIIXT*XTl+IYT*YTll 
L=XINTF!CLl 
SM=XT/CL 
SSM=YT /CL 
IFIL.LE.Ol GO TO 65 
DO 64 JK=loL 
AX=CX+SM 
AY:(Y+SS'-1 
I= I+ 1 
C I I l =AX*SCX 
D ( I l =A Y* SCY 
CX=AX 
CY=AY 

64 CONTINUE 
65 I=l+1 

CIII=AIK+ll 
D I I l =A I K + J l 

63 CONTINUE 
GO TO 110t12•13•14•15•16•17•18•39l,KL 

C -------------------KL=1 FOR CONTINUOUS LINE----------------
10 CALL CRTPLTIOt0tOtOo8l 

CALL CRTPLTICtDoltOt1l 
RETURN 

C -------------------KL•9 FOR DOTTED LINE -------------------
39 CALL CRTPLTIOt0tOo0t8l 

CALL CRTPLTICoDtltlt17l 
RETURN 

11 CALL CRTPLTIOt0oOtOt8l 
CALL CRTPLTIAt8tJo1o1l 
RETURN 

52 CALL CRTPLTIOt0oOtOt8l 
CALL CRTPLTIAt8tJtOt1l 
RETURN 

C · -------------------KL:r3 FOR X X X X X LINE ----------------
13 ILA=4 

ILH=IDHill 
CALL CRTPLTIOooOoiLHtiLAt5l 
CALL CRTPLTICtDtltOoll 
RETURN 

C -------------------KL•5 FOR + + + + + LINE ----------------
15 ILA=O 

ILH"IDH!2l 
CALL CRTPLTIOotOtiLHtiLAt5l 
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CALL CRTPLTICtDtit0t1l 
RETURN 

C -------------------KL•2 FOR SHORT DASHED LINE--------------
12 IFiloLTe3l GO TO 10 

N=l 
20 L=N+1 $KN=N+2 

Xl1l=CINI $YI1l=DINI 
Xl2l=CIL) $YI2l=DIL) 
IFILoFO.Il GO TO 19 
Xl3l=CIKNI $Y13l=DIKNI 
KA=KN+1 
IFIKAoEQoll GO TO 23 

21 CALL CRTPLTIOtOtOoOoSl 
CALL CRTPLTIXtYo3o0o1l 
N=N+3 
IFIN.GEoif RETURN 
GO TO 20 

19 CALL CRTPLTIOtOoOoOoSl 
CALL CRTPLTIXoYo2o0oll 
RETURN 

C -------------------KL•4 DASH X DASH LINE ------------------
14 IFII.LT.3l GO TO 10 

N=l 
22 L=N+1 $KN=N+2 

Xl1l=C1Nl $Yill=D1Nl 
Xl2l=CILl $YI2l=DILl 
IFILoEOoll GO TO 19 
Xl3l=CIKNI $YI3l=DIKNl 
KA=KN+1 
KB=N+5 
CALL CRTPLTIOtOtOtOoSl 
CALL CRTPLTIXtYo3o0oll 
IFIKNoEQ.Il RETURN 
XI1)=CIKAI $Yill=DIKAI 
IFIKB~Ea~Il GO TO 31 
ILHzJDHI 1 I 
ILA=4 
CALL CRTPLTIOotOtiLHtiLAt51 
CALL CRTPLT IXtYt1o0o1l 
N=N+4 
IFIN.GE.Il RETURN 
GO TO 22 

23 X(4l=CIKAl $YI4l=DIKAI 
CALL CRTPLTIOtOtOoOoSl 
CALL CRTPLTIXtYo4t0o1l 
RETURN 

25 Xl5l=CIKBl $Y(5l=DIKBl 
CALL CRTPLTIOoOoOoOoSl 
CALL CRTPLTIXoYo5oOo1l 
RETURN 

C -------------------KL=6 FOR LONG DASH SHORT DASH LINE------
16 IFIIoLTo4l GO To 10 

N=1 
26 L=N+1 $KN=N+2 $KA=N+3 SKBeN+4 

KC=N+5 $ KD=N+6 $ KE=N+7 
Xlll=CINJ $YI1l=DINJ 
Xl2l=C1Ll $Y12l=D1Ll 
IFIL.EO.Il GO TO 19 
X(3l=CIKNl SY13l=DIKNI 
!FIKN.EO.Il GO TO 21 
IFIKA.EQ.Il GO TO 23 
X14l=CIKAl $Y(4l=DIKAl 
IFIKBoEQeil GO TO 25 
Xl5l=CIKBI $YI5l=DIKBl 
IFIKC.EQ.Il GO TO 27 
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c 

XI61=CIKCI $YI61=DIKCI 
XI71=CIKDI $YI712DIKDI 
IFIKE.EO.II GO TO 29 
CALL CRTPLTIOt0tOo0t81 
CALL CRT~LTIXtYt7o0t11 
N=N+7 . 
IFINoGE.II RETURN 
GO TO 26 
-------------------KL•7 FOR LONG DASH X X LINE ------------

17 IF I I • L T • 3 I GO TO 10 
N=l 

28 L=N+1 $KN=N+2 $KA=N+3 
Xlli=CINI $Yili=DINI 
XI21=CILI $Y121=DILI 
IFIL.EOoii GO TO 19 
XI31=CIKNI $YI31~DIKNI 
IFIKN.EOoii GO TO 21 
IFIKAeEQoii GO TO 23 
CALL CRTPLTIOt0tOt0t81 
CALL CRTPLTIXtYt3tOt11 
X I 1 I =C I KA I$ Y I 1 I =D ( KA I 
ILA=4 
ILH=IDH111 
CALL CRTPLTIOetOtiLHotLAtSI 
CALL CRTPLTICtDtleOoll 
N=N+4 
IFINoGE.II RETURN 
GO TO 28 

27 XI61=CIKCI $YI6-I=DIKCI 
CALL CRTPLTIOt0tOt0t81 
CALL CRTPLTIXtYt6t0,11 
RETURN 

29 XI81=CIKEI $YI81=DIKEI 
CALL CRTPLTIOt0tOtOt81 
CALL CRTPLTIXtYt8t0t11 
RETURN 

30 SCX=SKX*o 5 
SCY=SKY*o5 
GO TO 18 

31 XI21=CIKBI $ YI21=DIKBI $GO TO 19 
END 

PAGE 

Subroutine PAGE is used to structure printing associated with 
program runs such that each page contains no more than 52 lines and 
is numbered and dated. 

SURROUTINE PAGEINI 
C ROUTINE FOR MODEL AUG 73 

4 FORMATI1H11 
6 FORMAT!* PAGE*tl4t212XtA811 

COMMON/EGAP/IP•LNtiDTtiXT 
IFINI10t1lt12 
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10 IP=O 
11 IP=IP+1 

LN=1 
PRINT 6•IP•IDTtiXT 

13 RETURN 
12 LN=LN+N 

IFILNoLT.53l13t14 
14 PRINT 4 

GO TO 11• 
END 

PLTDU 

Subroutine PLTDU is used ~ in the station separation program to 
construct graphs. It is similar to PLTGRPH. 

SUBROUTINE PLTDU 

C PLOT SUBROUTINE FOR DOVERU 
C ROUTINE FOR MODEL AUG 73 

14 FORMAT!* CAPACITY OF LINE*•I2•* IS OVER 100 POINTS*! 
23 FORMATII3t5Xl 
27 FORMATII2•6Xl 
29 FORMATIF3olt5Xl 
30 FORMATIIlt7Xl 
32 FORMAT14X,Y41 
36 FORMATIF4o0t4XI 
41 FORMAT14XtF4ol I 
42 FORMAT14XtF4o2l 
43 FORMATI3XtF5o3l 
46 FORMATII4o4Xl 

Dlt-<1ENSION IT I 51 tAN14l oBTI5 I 
D I MENS I ON T Ll 3 l , T HI 4 l ' T A I 2 l ' T B I 2 l , T C I 2· I , T D I 2 I ' T E I 4 I 
DIMENSION AX I 2 I , AY I 2 l , G I 2 I , HI 2 I , LM I 6 I , X I 2 I , Y I 2 I 
DIMEN~iGN Slzl,TIZI 
DIMENSION AIZ00l•BI200J 
COMMON/PLTD/LUDtLLtNUIBitNSIBJ tSXI2loSYI21•TTI5ltXCtYCtBXI200t81tB 

XYI200,BI,LYDtAAT•TG 
COMMON/EGAP/IPoLN,IDTtiXT 
DATA INS=lt9t9t3t5t7l 
DATA IAN=Z8HSI9TATION SEPARATION IH N Mil 
DATA IBT=35H .D/~ 19SIGNAL RATIO IN DI1B 
DATA I IT=lH •24H M·E JOHNSON EXT 3587•1H I 
DATA ITL=17HR,9UN 11CI90DEH: i 
DATA ITE=32HDI9ESIRED DISTANCEd: . '9N MI I 
DATA ITH=25HAI9LTITUDEI1: '9FTI 
DATA ITA=l6HF19REE SPACE J 
DATA ITB=l6HII9UPPERI11 5%1 
DATA ITC=l6HII9MIDDLE,ll 50%1 
DATA ITD=16HI,9LOWERI11 95%1 

C -------------------DRAWING PERIMETER----------------------
SCX=ISXIIl-SXIZll/10o 
SCY=ISYI11-SYIZII/10o 
Glli=SXIJI+IOo3*SCXI 
GI21=SXI21-IloO*SCXI 
HI11=SYI11+14o8*SCYI 
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HI2J=SY12l-11o2*5CYJ 
SHX=IG11l•GI21 1!100 8 

SHY= I HI 1 I -ti I 2 I I 1100 • 
PY=o3«-SCY 
AXI1l,.SXI21· $AXI2J=SXI1J SAY111•SYI21 SAY121• Hlll-13e*SCYJ 
LD1=0 
LD2=0 
NX=IISXI11-SXI2JIIXCI 
NY~IISYI11-SYI2ll/YCI+le4 
CALL CRTPLTIGtHt5tlTt21 
CALL CRTPLTIAXtAYt0t1t141 

C -------------------DRAWING GRID----------------------------
LX=NX+1 
L Y=NY+1 
YI1J=SYI11 $ Y12l=SYI21 S XI1J=SXI21 
DO 20 I=1oNX 
X!ll=XIli+XC $X!2J=XIll 
IFIX!1l.GE.SXI1Jl GO TO 33 
CALL CRTPLTIOt0tOt0t81 
CALL CRTPLTIXtYt2t0t11 

20 CONTINUE 
34 XI1JaSX!21 $ Xl2l=SXI11 S Yl1l=SYI11 

Y I 2 I =Y I 1 I 
DO 21 I= 1 tNY 
IFIYili.LE.SYI2Jl GO TO 38 
CALL CRTPLTIOt0tOo0o81 
CALL CRTPLTIXtYt2t0t11 
YI1J=YIII-YC $YI2J=YI11 

21 CONTINUE 

C -------------------LABELING GRID---------------------------
39 GY=SYIII $ GX=SXI21-Io95~SCXI 

AS=SY.I 2 I 
DO 2 2 I= 1•L Y 
IFILYDeGToOI GO TO 16 
KL=GY $ IFILUDoLToOI KL=XABSFIKLI 
ENCODEIBt32•ALI KL 

44 LM!ll=l $LMI21=1 $LMI3Jc0 $LM14l•O $LMI5l•O SLMI61•1 
CALL CRTPLTIGXtGYtLM•ALt10l 
GY=GY-YC 
IFIGYoLToASI GY=SYI21 

22 CONTINUF 
EX=SXI21 $ GY=SYI21-Io2*5CYI 
DO 24 I= 1 oLX 
IFIXC.LTolol GO TO 25 
I X= EX 
IFIEX.LToOol GO TO 35 
IF IEXoLTo10ol GO To 26 
IFIEX.GTo99ol GO TO 41 
ENC0DEI8t27•All IX 
GX=EX-Io075*SCXJ 
GO To 28 

33 LX=I+1 $ GO TO 34 
38 LY=I $ GO TO 39 
16 YA=GY $ IFILUDoLToOI YAaABSF!YAl 

IF I L Y D- 2 I 1 7 • 1 B • 1 9 
17 ENCODEI8•41tALJYA $ GO TO 44 
18 ENCODEI8t42•ALlYA $ GO TO 44 
19 ENCODEI8t43tALIYA $ GO TO 44 
41 IFIEXoGTo999ol GO TO 31 

ENCODEI8t23•ALI IX 
GX=EX- I ol5«-SCX I 
GO TO 28 

35 ENCODEI8t36tALI EX 
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GO TO 37 
31 ENCODEI8t46•ALI IX 
37 GX=EX-Io225*SCXI 

GO TO 28 
25 ENCODEI8•29•ALI EX 

GX=EX-Iol5liSCXI 
GO TO 28 

26 ENCODEIB,30tALIIX 
GX=EX 

28 LM!ll=l $LMI21=1 $LMI31=0 SLM141=0 $LMI5iu0 $LMI61=1 
CALL CRTPLTIGXoGY,LMoAltlOI 
EX=EX+XC 
IFIEX.GT.SXIll I EX~SXIll 

24 CONTINUE 
YL=I 0.7*SCYI+SYI21 
XL=SXI21-I.B5*SCXI 
LMI11=5 SLMI21=1 $LMI31=1 $LMI41cO SLMI5Im0 $LMI61=2 
CALL CRTPLTIXL,YL,LM,BTolO! 
LMI1l=4 ILMI2l•l SLMI31=0 SLMI41=0 SLMf51=0 $LMI61=2 
YL=SYI2l-1.60*SCY! 
XL=SXC2l+( 3oO*SCXI 
CALL CRTPLTIXLoYLoLMoAN,lol 

C -------------------DRAWiNG LEGEND--------------------------
XL=SXI2l+lo4*SCXI 
YL=H(ll-13o40*SCY) 
LMIII=5 $LMI21=1 SLMI3)=0 $LM14J=O $LMI51=0 $LMI61=2 
CALL CRTPLT!XL.YL,LM.TT,lOl 
YLcHill-13.90*SCY) 
LMI1l=4 ILMI2J=l $LMI3)=0 $LMI4l=O $LMI5l=0 $LMI6l=2 
CALL CRTPLTIXL•YL•LM•TEolOl 
XL=SXI2l+l3e4*SCXJ 
LMill=l $LMI2l=l SLMI31=0 $LMI4l=O SLMI5la0 $LMI6l=2 
CALL CRTPLTIXL,YL,LM,TG,lO) 
XL=SXI2l+I.4*SCXl 
YL=Hill-14o40*SCY) 
LMI1l=4 $LM12l=l $LMI3l=0 $LM141=0 $LMI5l=0 $LMI6l=2 
CALL CRTPLTIXLoYL,LM,TH,lOl 
XL=SX12l+l2o05*SCXl 
LM(ll=l $LMI2l=l SLM13)~0 $LMI4l=O $LMI51=0 SLMI6l=2 
CALL CRTPLTIXL,YL•LM•AATtlOl 
XL=SXI2l+l6o50*SCXI 
YL=Hill-!2o60*SCYJ 
LM!ll=3 SLMI2l=l $L~I31=0 $LMI4l=O $LMI5lc0 $LMI6l=l 
CALL CRTPLTIXL.YL,LM,TL •101 
XL=SXI2l+l7o70*SCXl 
LM!ll=l SLMI2l=l ILMI31=0 $LM14J=O SLMI5l~O $LM16l=l 
CALL CRTPLTIXLoYL.LMoiDTtlOl 
XL=SX12l+IBo90*SCXl 
LM(ll=J $LM12l=l $LMI31=0 $LM14l•O SLMI5la0 $LMI6l=l 
CALL CRTPLTIXLoYL,LMolXTtlOI 
YL=Hill-l3o40*SCYl 
XL=SXI2l+l 8o3*SCXl 
Slli=SXI2l+l7o3*5CXI 
Sl2l=SX!2l+(Bel*SCX~ 
T11J=TI2l=YL 
CALL LINEI9•SoTo2tSHXoSHYl 
LMill=2 SLMI2l•l $LMI3l=O $LMI41=0 SLMI5l•O $LMI6l=l 
CALL CRTPLT!XLoYLoLMtTAolOl 
YL•HI1l-!3o77*SCYI 
TI1Je:TI21=YL 
CALL LINEiloStTo2tSHXoSHYl 
LMI11=2 $LM12l=l $LMI3J=O $LM14I=O $LMI5J~o $LM16lml 
CALL CRTPLTIXL•YLtLM•TBolOI 
YL•Hill-14el4*SCYI 
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H 11 "'T I 21 = VL 
CALL LINEil•S•T•2•5HXoSHYl 
LMCII=2 $LM(21~I $LM!3J=O $LM!4!aO $LMI51~o $LM16l•l 
CALL CRTPLT!XL•YloLM.TC•lOl 
YL=HCll-!4.5l*SCYJ 
Tlll=TI2l=YL 
CALL LINEil•S•To2oSHXoSHYI 
LMI11=2 $LMI21cl $LMI31~0 $LMI4l=O $LMI51=0 $LM!61~1 
CALL CRTPLTIXL~YL,LMoTDolOl 

C -------------------PLOTTING GRAPH-------------------------
00 12 K"'l•LL 
NI:NUIKI $ LS:NSIKI 
J"O 
DO 10 I=l•Nl 
IF!BYII 0 KioGToSY11loORoBX!I•KloLTo5X12ll GO TO 10 
IF!BYII.KJoLToSYI21o0RoBXIIoKioGToSXIlll GO TO 10 
J=J+l 
IF!J.GT.zool GO TO 13 
AIJI=BX!IoKI $ BIJI=BYII•Kl 

10 CONTINUE 
Il CALL LINEILS•A•B•JoSHXoSHY! 
12 CONTINUE 

RETURN 
13 PRINT 14.ll $ CALL PAGE!ll $ Jazoo. $ 

END 

PLTGRPH 

GO TO 11 

Subroutine PLTGRPH is used ~in the power density program to 
construct graphs. It is similar to PLTDU. 

c 
c 

1 b, 

23 
27 
?9 
<\(') 

32 
36 
41 
42 
43 
46 

SUBROUTINE PLTGRPH 

PLOT SlJBROUT I NE FOR POWAV 
ROUTINE FOR MODEL AUG 73 

FORMATI* CAPACITY OF LlNE*,I2o* [5 OVER 100 POINTS*! 
FORMAT!!3•5Xl 
FORMAT I !2•6Xl 
FORMATIF'3.1•5Xl 
FORMATCI1•7Xl 
FORMAT ( 4X • I 4 l 
FORMATIFlfo0o4Xl 
FOR~1AT14X•F4oll 
FOR~~AT14X•F4o2l 
FORM/\TI3X•F5o3l 
FORM.L\T I !If o4X l 
DIMENSION TLI3l,THI4l•TAI2),TB!2loTC12l•TDI21oTEI3l 
DIMENSION AXI2l,AYIZl•GI2l•H!2l•LM16loX12l•YI2l 
DIMENSiON Sl2l•TI2l 
DIMENSION A!200lo81200l 
DIMENSION ITI5l.ANI3l•BTI5l 
COMMON/PLTD/LUD.LL•NU!BltNSIBJoSX(2l,SYI2l•TTI6ltXC•YCoBXI200oBl•B 

XYC200,Bl,LYD•AAT•TG 
COMMON/EGAP/IP•LN•IDToiXT 
DATA I IT=lH •24H M E JO,HiiSON EXT 35B7•1H I 
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DATA IAN=24H D~9ISTANCE IN N Ml I 
DATA IBT=40H P~90WER DENSITY IN D~lB-W/l9SQ M 
DATA INS=lt9•9•3•5,71 
DATA ITL=l7HR~9UN HC~90DEH:·) 
DATAITE=24H19WITH D~lBW EIRP I 
DATA ITH=2<;HA~9LTITUDE~l; ~9FT! 
DATA ITA=l6HF!9REE SPACE l 
DATA ITB=16HI+9UPPER~1l 5%l 
DATA ITC=16HI 19MIDDLE U l 50%1 
DATA ITDzl6Hii9LOWER~ll 95%1 

C -------------------DRAWING PERIMETER----------------------
SCX=ISXIl l-SXI2ll/l0o 
SCY=ISYil l-SY12ll/10o 
G(l l=SX!ll+I0.3*SCXI 
Gl2l=SXI2l-ll.O*SCXI 
Hlll=SYill+l4o8*SCYl 
HIZI=SYIZl-lloZ*SCYl 
SHX=IG(Il-G12l 11100. 
SHY=IH(ll-H121 l/100. 
PY=o3*SCY 
AXIll=SXIZl $AXIZl=SXIll $AY1ll=SY!2l 5AY!zl. Hlll-13e*SCY) 
LDl=O 
LDZ=O 
NX=IISXIIl-SXIZll/XCl 
NY~IISY!ll-SYI2ll/Y(l+lo4 

CALL CRTPLTIGoHt5•ITozl 
CALL CRTPLTIAXoAYoO•l•14l 

C -------------------DRAWING GRID----------------------------
LX=NX+l 
LY=NY+l 
Ylll=SYill $ Ylzl=SYIZl $ Xlll=SXI~I 
DO 20 I=l•NX 
X{l)=XIll+XC $XI2l=XIll 
IFIX(ll.GE.SX!lll GO TO 33 
CALL CRTPLTio.o,o,o,sl 
CALL CRTPLTIX•Yo2•0oll 

20 CONTINUE 
34 Xlll=SX!Zl $ Xlzl=SXIll $ YllluSYill 

Y ( 2 I =Y I 11 
DO 21 I= 1 •NY 
IFIY!ll~LE.SYIZll GO TO 38 
CALL CRTPLTIO•O.O.OoBl 
CALL CRTPLTIX•Y•2•0•ll 
Ylll=Yill-YC $V{Zl=Yill 

21 CONTINUE 

C -------------------LABELING GRID--------------------------
39 GY=SY!ll $ GX=SXI2l-1.95*SCXl 

AS=SV!Zl 
DO 22 I =1 oL Y 
IFILYD.GT.ol GO TO 16 
KL=GY $ IF(LUDoLToOl KL=XABSFIKLl 
ENCODEIBo32tALl KL 

44 LMill=l $LMI2l=l $LMI3l=O $LM14l=O $LMI5l=O $LM16l=l 
CALL CRTPLTIGX•GY,LMtAL•lOl 
GYa(;Y...V: 
IFIGY.LT.ASl GY=SYI2l 

22 CONTINUE 
EX=SX!zl $ GY=SYI2l-lo2*5CYl 
DO 24 I=l•LX 
IFIXCoLT•l•l GO TO 25 
IX=EX 
!F!EXaLT.o.l GO TO 35 
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IF CEX~LTolO@l GO TO 26 
IFCEX.GTe99•l GO TO 41 
ENCODEI8o27•ALI IX 
GX=EX-I.075*SCXI 
GO TO 28 

33 LX~l+l s· GO TO 34 
38 LY=l $ GO TO 39 
16 YA=GY $ IFILUDoLToOl YA~ABSFIYAJ 

·17 
18 
19 
41 

IFILYD-2ll7>18•19 
ENCODEI8•4l•ALIYA $ 
ENCODEIB•42•ALIYA $ 
ENCODEI8o43•ALIYA $ 
IFIEX.GTo999ol GO TO 31 
ENCODEI8o23•ALI IX 
GX= EX- I ol5*SCX I 
GO To 20 

GO TO 44 
GO TO 44 
GO TO 44 

35 ENCODEI8•36•ALI EX 
GO TO 37 

31 ENCODE!8,46•ALI rx 
~7 GX=EX-1.225-11-SCXl 

GO To 28 
25 ENCODEI8•29•ALI EX 

GX=EX-Iol5*SCXI 
GO TO 28 

26 ENCODEI8•30•ALIIX 
GX>=EX 

28 LMill=l SLMI2l=l SLMC3l:O $LM14l=O $LM15l=O $LM16l=l 
CALL CRTPLTIGX•GY.LM•AL•lOl 
EX=EX+XC 
IFIEX.GT.SXIll I EX=SXIll 

24 CONTrNUE 
YL=I 0.7*SCYl+SYC2l 
XL=SXC2l-!.85*SCXl 
LM!ll=5 $LMI2l=l $LMI3l=l $LMI41=0 $LMI5l=O $LMI6l=2 
CALL CRTPLTIXL•YL,LM•BT•lOl 
LM!Il=3 $LM12l=l SLMI3lm0 SLM14l=O SLMI5l=O $LMI61=2 
YL=SY!21-C.60*SCYI 
XL=SXC2l+( 3oO*SCX) 
CALL CRTPLTIXL.YL,LM.ANolOl 

C -------------------DRAWING LEGEND--------------------------
XL=SXC21+1.4*SCXl 
YL=Hill-C3o40*SCYl 
LMI11=6 SLMI2l=l $LMI3l 2 0 SLMI41=0 SLMI51=0 §LMI61=2 
CALL CRTPLTIXLoYL.LMoTTolOl 
YL•H!ll-13o90*SCYI 
LMill=3 SLMI2l=l SLMI31=0 SLM14)mQ SLMI5l:O SLMC61=2 
CALL CRTPLTIXLoYL9LM,TE9lOl 
XL•SX12l+IOo8*SCXl 
LMCII~l SLMI2l•l SLMC3I~O $LMC4J:O $LMI5)u0 SLMI61~2 
CALL CRTPLTIXL•YloLMoTG•lOl 
XL•SXC2l+lo4*SCXI 
YL~Hill-14.40*SCYI 
LM!Il~4 SLMI2l=I $LMI31=0 SLM141•0 $LMI51=0 SLMI61=2 
CALL CRTPLTfXLoYL,LM.THolOl 
XL=SXC2l+f?o05*SCXJ 
LMill•l SLMI2l=l SLMI3J=0 SLMI4l=O SLM15!=0 $LMC61•2 
CALL CRTPLTIXL•YL,LMtAAToJOI 
XL=SXI2~+16o50*SCXl 
YL,Hill-12.60*SCYJ 
LM1Il=3 SLMI2l=I SLMC31=0 SLMI41=0 SLMI5l=0 $LMC6l=l 
CALL CRTPLTIXL•YL.LMoTL •IOl 
XL=SXI2l+l7o70*SCXJ 
LMill=l SLMI2l=l SLMI31=0 SLMI4l•O $LMI5!=0 SLMI6l•l 
CALL CRTPLTIXL•YL.LM•fDT•I9l 
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XLcSXI?l+l8o90*SCXI 
LMill~l $LMI21=1 $LMI31=0 SLM141=0 $LMI5)£0 $lM161•1 
CALL CRTPLTIXLoYL,LMoiXTtlOl 
YL~Hill-13o40*SCYI 
XL~SXI?l+l Bo3*SCXI 
Slli=SX121~17.3*SCXI 
SI21=SX12l+IB.I*SCXI 
TI11=Tizl=YL 
CALL LINEI9•SoTo2oSHXtSHYI 
LM1ll=2 $LM12l=l SLMI31=0 $LM141=0 SLM15l"O SLM16l=I 
CALL CRTPLTIXLoYLtLM•TAolOI 
YL=Hill-13o77*SCYI 
Tlli=TI?I=YL 
CALL LINFiloStTt2oSHX,SHYI 
LM11l=2 $LMI2l=l $LMI31=0 $LM14l=O $LMI5l=O $LMI6l=l 
CALL CRTPLTIXL•YLoLMoTB•lOl 
YL=Hill-14ol4*SCYI 
Tlll=TI21=YL 
CALL LlNEil•S•T•2oSHXoSHYI 
LMill=2 SLMI21=1 $LMI3l=O $LM14l•O $LMI5I=O $LM16l=l 
CALL CRTPLTIXLoYL,LMoTC.lOl 
YL=Hill-14e5l*SCYI 
Tlli=TI2l=YL 
CALL LINEiltStTo2tSHXoSHYl 
LMI1l=2 $LMI2l=l $LMI31=0 SLM14l=O $LMI5l=O $LMI6l=l 
CALL CRTPLTIXLoYL,LMtTDolOl 

C -------------------PLOTTING GRAPH-------------------------
00 12 K=l•LL 
Nl=NUIKI $ LS=NSIKI 
J=O 
DO 10 I=loNl 
IFIBYIIoKiuGTeSYilloOR.BXIItKI.LToSXI2ll GO TO 10 
IFIBYIIoKl.LTeSYI2l.OReBXI ItKioGT~SXIlll GO TO 10 
jzJ+l 
IFIJoGTo200I GO TO 13 
AIJI=BXIItKl $ BIJl•BYIIoKI 

10 CONTINUE 
11 CALL LINFILStAtBoJtSHXoSHYl 
12 CONTINUE 

RETURN 
13 PRINT 14,Ll $ CALL PAGEill 

END 

PLTVOL 

$ J=200o GO TO 11 

Subroutine PLTVOL is used~ in the service volume program to 
set up graphs. It does not draw the contour lines. 

SUBROUTINE PLTVOL 

C PLOT SUAROUTINE FOR SRVVOLM 
C ROUTINE FOR ~ODEL AUG 73 

14 FORMAT(* CAPACITY OF LINE*oi2•* IS OVER 100 POINTS*! 
23 FORMAT I I3o~XI 
27 FORMAT1!2•6XI 
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29 FORMATIF1ol>5XI 
30 FORMAT! Ilo7XI 
32 FORMAT14X•I41 
36 FORMATIF4o0•4XI 
41 FORMAT14X•~4·ll 
42 FORMAT14X•f4@2l 
43 FORMATI3XoF5o31 
46 FORMAT I I4 ~4X l 

DfMENSION ITI51oAN14loBTI51 
DIMENSION TL!3loTHi4loTA12loTBI2loTCI2l•TDI2loTEI51 
DIMENSION AX!21oAYI2loGI21oHI2loLM!6loXI21eY(2l 
DIMENSION Sl21oTI21 
COMMON/PLVD/LUD•LYDoSHXoSHYoTGoSXI21oSYI21oTT16leXCoYC•AAT 
COMMON/fGAP/IPoLNoinTo!XT 
DATA I IT=lH •24H M E JOHNSON EXT 35B7•1H I 
DATA IAN=31HDt9ESIRED PATH DISTANCE INN Mil 
DATA IBT=39H Al9IRCRAFT ALTITUDE IN THOUSANDS OF FTI 
DATA ITL=l7HRJ9UN DCI90DEH: I 
DATA ITE=34HSl9TATION SEPARATION~!: !9N Mil 
DATA ITH=25HD/U l9RATIOH: ~9DnBI 
DATA ITA=l6HFI9REE SPACE I 
DATA ITR=l6H!~90UTTERlll 5%1 
DATA ITC=l6H!I9MIDDLE,ll 50%1 
DATA ITD=l6HI19!NNERI11 95%1 
TS=oOOl 

C -------------------DRAWING PERIMETER----------------------
SCX=ISX! 1 1-SXI2l 1110. 
SCY>=ISYI 1 I-SYI2 l 1110. 
GCl J=SX(l 1+10.31!-SCXI 
GI21=SXI21-IloO*SCXI 
Hll I=SYII 1+14oB!fSCYI 
HI21=SY1zl-llo2*SCYI 
SHX= IGI 1 1-G! 2 I 11100. 
SHY•dHC11-HI211/lOO. 
PY=o3*SCY 
AXIli=SXC21 $AXI2l=SXI11 $AY1li=SYI21 $AYI2Ie Hlli-13.*SCYI 
LDl"'O 
LD2.:0 
NX•IISXIII-SX!2JI/XCI 
NY=C ISYI 1 J-SYI2l I/YCI+lo4 
CALL CRTPLTIG,H,5o[T,21 
CALL CRTPLT!AX•AYoO•l•l41 

C ·---··----·--------···---·DRAWING GRID------·-----------------------
U<=NX+l 
LY=NY+l 
Y!li,SY!Il $ YlzbSY!zl $ Xlli=SXI21 
Do 20 !"1 •NX 
XII J=X!Il+XC $XC2l=XIl) 
lFIXIII.GE.SXCl)l GO TO 33 
CALL CRTPLTio,o,o,O,BI 
CALL CRTPLTix,y,z,O,II 

20 CONTINUE 
34 X(J!,SX12l $ X!z),.,SXIll $ Ylli=SYIII 

Yl 2 I ,.y I 1 J 
DO 21 I"'l •NY 
!FCY!ll.LE0SYI2II GO TO 38 
CALL CRTPLT!o,o,o.o.aJ 
CALL CRTPLTIXoYo2•0oll 
Y I J. l "'Y I Il •• YC $ Y! 2 I"' Y C 1 I 

21 CONTINUE 

C -·--·-------~··---··----LABELl NG GRID-------------------------
39 GY=:SYill $ GX.,SX!21-1.95*S,O(I 
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c 

AS,.SY C2l 

00 22 I"'l9LY 
IF!LYD.GToOI GO TO 16 
KL=GY•TS $ IFILUDoLT.Ol KLmXABSFIKLI 
ENCODEIB932•ALI KL 

44 LMill=l $LM121=1 5LMI3)a0 5LMI41~D $LMI5)30 SLMI6!ml 
CALL CRTPLTIGX~GYtLMtAL,lOI 
GY=GY-YC 
!FjGY.LT.ASl GYzSY121 

22 CONTINUE 

33 
38 
16 

17 
16 
}9 
41 

35 

31 
37 

25 

26 

28 

24 

EX=SXI21 $ GY:SYI2l-lo2*SCYI 
DO 24 I=loLX 
IFIXCoLTol•) GO TO 25 
I X= EX 
IFIEXoLToOal GO TO 35 
IF IEXoLTolOol GO To 26 
IFIEXoGTo99ol GO TO 41 
ENCODEIB•27•ALl IX 
GX=EX-I.075*SCXl 
GO TO 28 
LX=I+l $ GO TO 34 
LY=I $ GO TO 39 
YA=GY $ IFILUD.LToOl YA~ABSFIYAI 
IFILYD~2ll7•18,19 
ENCODEIB•4l•ALIYA $ 
ENCODE18•42•ALIYA $ 
ENCODEIB,43•ALlYA $ 
IFIEX.GT.999o) GO To 31 
ENCODEI8o23•ALl IX 
GX=EX-Iol5•SCXI 
GO TO 28 
ENCODEI8•36•ALl EX 
GO TO 37 
ENCODECB,tl6oALI !X 
GX=EX~I.225*SCXI 
GO TO 28 
ENCODEIBo29oALl EX 
GX,EX·- f ol5*SCX I 
GO TO 28 
ENCODE!B•30•ALIIX 
GX,EX 

GO TO 44 
GO TO 44 
GO TO 44 

LM!li•I SLMI21=1 SLMI31•0 5LM14J•O $LMI51~0 SLMI6l~l 
CALL CRTPLTIGX•GYolM~ALolOl 
EX,.EX+XC 
IFIEXoGT.SX!ll I EX•SX!ll 
CONTiNUE 

------ ------~--------- ·- ·-----------DRI\. W I NG LEGEND--~-~---~---~---------~~~----~ 

YL•I 0.7•SCYI+SYI2l 
XL~SX!2l-(.85~SCXI 
LM!Jia5 SLMI21=1 ILM!31•1 SLMI41•0 SLMI51R0 SLM!6!•2 
CALL CRTPLTIXL•YL.LM•BT•lOl 
LMIII•4 SLMI21~J SLM!3l•O SLMI4l•O SLM!5I•O 1LM(61•2 
YL•SY121=!060*SCVI 
XL•SXI2l+! 2.5•SCXI 
CALL CRTPLTIXLoVL.LM•AN•lOI 
XL=SX!2l+lo4*5CXI 
YL•Hill-!3.401SCYI 
LM(ll•6 SLM!2lal 5LMI3!~0 SLMI41EO SLMI5!E0 SlM16l•2 
CALL CRTPLTIXL~YL,LM.TTtlOI 
YL~Hill-13.90*SCY) 
LMI11~5 5LMI2l=l SLM(3I~O 1LM14J~O SLM!5Io0 SLMI61~2 
CALL CfHPLTIXL•YI..L~iwTE•lO) 
XL•SXI2l+13.B*SCXJ 
LMillul SLM(?lml SLM(3l~O fLMC4l•D ILM!5ls0 5LMI6l~2 

167 



CALL CRTPLTIXL~yL,LMtTGtlOI 
XLuSXI21+1o4*SCXl 
YL=Hill-14o40*SCYl 
LMI11:4 SLMI21=I 5LMI3l=O ILM141=0 ILMI5l•O ILM(6ln2 
CALL CRTPLTJXL•YLtLMtTH,lO) 
XL=SXi21+12o25*SCXl 
LMill=l SLMI2l•l $LMI3l=0 ILMI4I~O ILMI5l=O SLMI6lu2 · 
CALL CRTPLTIXL•YL,LM•AAT•lOl 
XL=SXI2l+l6o50*SCXI 
YL~Hill-12o60*SCYI 
LM11l=3 SLMI2l=l $LMI31•0 ILM14l=O 1LMI5lm0 ILMI6l~l 
CALL CRTPLTIXL,YLoLMtTL olOl 
XL=SXI2l+lro70*SCXl 
lMill=l SLMI2l=l $LMI3l=O $LM(41=0 ILMI5l~O $LMI6l~l 
CALL CRTPLTIXL,yL,LMtlOT•lOl 
XL=SX12l+l8o90*SCXl 
LM!ll=l ILMI21=I SLMI31=0 ILM14l~O ILMI5Iz0 ILMI6lal 
CALL CRTPLTIXLtYLeLMoiXToiOl 
YL=Hill-(3.40*SCYI 
XL=SXI2l+l 8o3*SCXl 
Slli•SX!21+17.3•SCXl 
SI21=SX12l+IB.l*SCXl 
Tlli.,T12l=YL 
CALl. L IN'E I 9 •SoT •2 ,SHX oSHY I 
LM(ll=2 $LM12l=l SLMI3l=O ILM141=0 1LMI5l=O ILM(6l=l 
CALL CRTPLTIXL•YL,LM•TAolOl 
YL=Hill-l3o77•SCYl 
Til I =T I 2 l =YL 
CALL L[NEI2oSoT•2oSHXoSHYl 
LMI11•2 $LMI2)•1 $LMI3l•O ILMI4l=O ILMI5l=0 ILMI6l=l 
CALL CRTPLTIXL•YL,LMoTBolOl 
YL=Hili-14.14*SCYl 
Tlll=TI2l=YL 
CALL LINEiloSoTo2oSHX•SHYl 
LMI1}=2 5LMI2l=l ILMI3l=O 5LMI4l~o SLMI5l=O $LMI61=1 
CALL CRTPLTIXLoYLoLM•TC•lOI 
YL~Hill-14o5l•SCY) 
Tlll.,T12l"YL 
CALL tiNEI3•S•T,2oSHX•SHYl 
LMilla2 5LMI2l=l $LMI3l=O SLM14l=O SLMI5l 5 0 5LMI6l=l 
CALL CRTPLTIXloVL.LM•TDtlOl 
RETURN 
END 

POWSUB 

Subroutine POWSUB is used ~ in the station separation program. 
It performs parameter conversions, prints parameter sheet(s), and 
obtains an array of isotropic power values versus distance for both 
desired and undesired facilities. 
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SUBROUTINE POWSUB 

C ROUTINE FOR MODEL AUG 73 

4 FORMATIIHll 
5 FORMATI1H l 
6 FORMATI20Xo*INPUT*o21X•*WORKING VALUE*l 

106 FORMATI5X9* DML IS LESS THAN ZERO. ABORTING RUN *l 

C FORMAT STATEMENTS FOR PARAMETER SHEET AND WORK SHEET 

700 FORMATI18Xo*PARAMETERS FOR ITS PROPAGATION MODEL *tA8o/24XtA8o2XtA 
X8o* RUN*t//l 

701 FORMATI32Xo*REQUIRED OR FlXED*o/32Xo*----------------- *o/15Xt*AIR 
lCRAFT ALTITUDE:*oF8eOo* FT ABOVE MSL*l 

702 FORMATI15X•*FACILITY ANTENNA HEIGHT:*of7o1t* FT ABOVE SITE SURFACE 
x•l 

703 FORMATI15Xo*FREOUFNcY:•,F6oOt* MHZ*l 
7o4 FORMATI29X,*SPECIFICATION OPTIONAL*t/29Xo*----------------------*• 

4/15Xo*ABSORPT!ON: OXYGEN*tF9.5o* DB/KM*oA2o/27Xo*WATER VAPOR•,F9.5 
4•*DB/KM*•A2l 

705 FORMATI15X•*EFFECTIVE ALTITUDE CORRECTION FACTOR: *oF6.0o* FT*oA2 
5•/15Xo*EFFECTIVE REFLECTION SURFACE ELEVATION ABOVE MSL:*oF7 0 0t* F 
5T*t/15Xt*EOU!VALENT !SOTROPICALLY RADIATED POWER: *•F6o1t* DBW*o/1 
55Xo*FACILITY ANTENNA TYPE: *•5A8l 

706 FORMATI20X•*COUNTERPOISE DIAMETER=*•F5o0o* FT*o/25Xo*HEIGHT:*tF5.0 
6•* FT ABOVE SITE SURFACE *•/25X•*SURFACE:*•2A8l 

707 FORMATI20X•*POLARIZAT!ON:*•2ABl 
708 FORMATI15Xo*HOR!ZON OBSTACLE DISTANCE:*oF7o2t* N Ml FROM FACILITY* 

BoA2o/20Xo*ELEVATION ANGLE: *•l3t*/*oi2o*I*•I2t* DEG/MIN/SEC ABOVE 
B HORIZONTAL*oA2•/20Xo*HEIGHT:*oF6.0o* FT ABOVE MSL*oA2l 

709 FORMATI15Xt*MINIMUM MONTHLY MEAN SURFACE REFRACTIVITY:*o/20X,F3.0t 
9* N-UN!TS AT SEA LEVEL: *•F3o0t* N-UNITS*l 

710 FORMATI15Xt*TERRAIN ELEVATION AT SlTE:*oF6oO,* FT ABOVE MSL*o/20X• 
A*PARAMETER=*•F5o0•* FT*o/20X•*TYPE: *•2A8l 

712 FORMATI20X*ANTENNA HEIGHT TOO HIGHo IONOSPHERIC EFFECTS*o/25Xo*MAY 
2 BE IMPORTANT*) 

713 FORMATI20Xo*AIRCRAFT TOO LOWo TERRAIN BEYOND FACILITY *•/25Xo*HORI 
3ZON MAY BE IMPORTANT*) 

714 FORMATI20Xt*IN ADDITIONo SURFACE WAVE CONTRIBUTIONS SHOULD*t/15X•* 
4BE CONSIDERED•! 

715 FORMATI20X•*ANTENNA TOO HIGH, RAY BENDING OVERESTIMATED*•/) 
716 FORMATI20Xo*ANTENNNA TOO LOWt SURFACE WAVE SHOULD BE*ti25Xo*C0NSID 

6ERED*l 
717 FORMATI20Xt*FREQUENCY TOO LOW, IONOSPHERIC EFFECTS MAY BE*t/?.5Xo*I 

7MPORTANT*•//) 
716 FORMATI20Xt*ATTENUATION AND/OR SCATTERING FROM HYDR0METEORS*o/25Xt 

B*IRAINt ETC) MAY BE IMPORTANT*) 
719 FORMATI20Xo*ATMOSPHERIC ABSORPTION ESTIMATES MAY BE*o/25Xt*UNRELIA 

9BLE*I 
724 FORMATI/l~X•A2•*COMPUTED VALUE*l 
725 FORMATl20Xo*TYPE~ *•2ABtA1l 
726 FORMATI12X•*EARTH*oF9oO •* N MI *•FBoO•* KM*l 
728 FORMATI12Xo*HRE= *oF8o4o*-*oFBo4o*~*oF8o4o* = *'F8o4t* KM*l 
729 FORMATI15X•*TIME AVAILABILITY; *•4A8tAlo//l 
731 FORMATI12Xo* HIAl *•FB.Oo* FT MSL 
732 FORMATI12Xo* HIFI *•FBol•* FT TO SURFACE 
733 FORMATI12Xo*FREQUENCY*• F5o0o* MHZ 
734 FORMATI12Xo* AIOl*• F9o5•* DB/KM 
735 FORMATI12X•* A1Wl*•F9o5 •* DB/KM 
736 FORMATI12Xo*DIHEl *•F8.0o* 
737 FORMATI12Xo*EIRP *•F9ol •* DBW 
7~8 FORMATI12Xo*F ANT *o6X•I2o 2X•5A8l 
739 FORMATI12X•* DIC) *•F8.0o~ FT 
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740 FORMATI12X•* HICI •~FB.Ot* FT ABOVE SURFACE 
741 FORMATI12Xt*CO~NTERPOISE*oi2tlOXt2ABI 
742 FORMATI12X~*HIFRI *tF8oOt* FT ABOVE REFLECTION*oFBo4t* KM*l 
743 FORMATI12Xv*POLARIZATION*oi2tlOX•2ABI 
745 FORMATI10XoA2•*DIHOI *•F8o2•* N Ml FROM HORIZON *•FBo2•* KM*I 
746 FORMATilOXiA2.*EIH01 *vi2t*/*ol2o*/*oi2t* DEG/MlN/SEC*o7X•FBo5o* R 

6ADIANS*I 
747 FORMATI10XoA2t*HIHOI *oFBoOo* FT MSL 
748 FQRMATI12Xo* NIOI*oF9oO •* N-UNITS 
749 FORMATI12Xo*HISURI*tF8eOt* FT MSL 
750'FORMATI12Xt*DHISURl*oF7oOo* FT 
751 FORMATI12X•*TERRAIN*o5Xoi2olOXo2ABI 
756 FORMATI25Xo2A81 

NISI 
*•F8o4t* KMtd 

*tF8oOt* N-UNITS*I 
*eF8e4•* KM*I 

*oFBo4o* KM*I 

757 FORMATI12X*INPUT PARAMETERS FOR *oA8o2XoABo* RUN*•/12X*OF *oAa,i A 
llR/GROUND MODEL*•//) 

778 FORMAT115Xo*SURFACE REFLECTION LOBING: CONTRIBUTES TO VARIABILITY 
X* I 

779 FORMATI15Xo*SURFACE REFLECTION LOBING: DETERMINES MEDIAN*! 
785 FORMATI12Xo*SURFACE REFLECTION LOBING: CONTRIBUTES TO .VARIABILITY 

X* I 
786 FORMATI12Xo*SURFACE REFLECTION LOBING: DETERMINES MEDIAN*! 
BOO FORMATI//lOXo*SOME PARAMETERS ARE OUT OF RANGE*! 
3Q9 FORMATI20Xo*DLT IS LESS THAN olXDLST OR GREATER THAN 3XDLST*I 
810 FORMATI20Xo*INITIAL TAKE-OFF ANGLE GREATER THAN 12 DEGo*l 
840 FORMATI5Xo*PROGRAM IS BEING ABORTED FOR WRONG PARAMETERS*! 

DIMENSiON CFK I 3 I •CMK I 3 I oCFMI 3 I oCKM I 3 I •CKNI 31 
DIMENSION ACDI10ll•AND110lloSCTilOli 0 AAD110lloRWI1011 
DIMENSION PASI21 
DIMENSION FATI5o8loCCII2o7loPOLI2o31,TSCI2o71 
DIMENSION MTMI5loYCONI51 
DIMENSION VVI10lsSVIlOI 
DIMENSION P135loOCI50loQAI50ioPOAI5QioPQKI50loQKI501oPQCI5QI 
DIMENSION TYDI3o2loVYD15o2l 
DIMENSION REI2loADI35loBDI35l•ALMI121 
COMMON/EGAP/lPoLN•IDToiXT 
COMMON/RYTC/ONSo0HCoOHAt0HSt00D 
COMMON/PAINP/NKoHFl•NPLoSURoHPFloDHSioNSCoDCioHCioNCCtDHOioHHOitiD 

XGoiMNoiSECo KE.MK,MDoEIRPoNLBoHAioDHEioENOoAOioAWioFtiA•ADENTI21oA 
XDNT13loVARFOR16loCMAX 
COMMON/PARAM/HTEtHRE•DoDLT,DLRoENSoEFRTHoFREKtALAMoTETtTER,KD.GAO, 

XGAW 
COMMON/PAOUT/NCToPFYI200o61 
COMMON/SIGHT/DCWoHCWoDMlX•DMLoDZRoiK,EACoH2,ICCoHFCoPRHoDSLl,PIRPo 

XQGloOG9oKKoZHoRDHK•lLB 
COMMON/SCATPR/HT•HR•ALSCoTWENDoTHRFKoHLToHLRoTHETAoHTP•AA•REW 
COMMON/D!FPR/HTDoHRDoDHoAEDoSLP•DLST.DLSRoiPL•KSCoHLDoHRP•AWDoSWP 
COMMON/GAT/IFA 
DATA IQMD=BH AUG 73 I 
DATA ICFKce00loo0003040••0003040l 
DATA ICMK=l••l•609344olo852l 
DATA ICFM=l•••3048••3048l 
DATA ICKM=l000oo32B0.839895•3280.B398951 
DATA ICKN=looo62137ll922to539Q5680341 
DATA IPOL~BH H0RIZ0N•3HTAL•BH VERTICAtlHL•8H CIRCULAolHRI 
DATA IFAT=lOH ISOTROPICo311H lo4H DMEo411H 1~14H TACAN IRTA-2lo311 

XH ),39H 4-LOOP ARRAY !COSINE VERTICAL PATTERNio39H B-LOOP ARRAY IC 
XOSINE VERTICAL PATTERNlo34H I OR II !COSINE VERTICAL PATTERN! olH, 
X40HJTAC 71LTED 20 DEG WITH 40 HALF-POW BoWool7HJTAC TILTED 8 DEGo2 
XI lH I I 
DATAIALM=-6o2o-6ol5o-6o08o-6o0o-5.95,-5.88o-5o8o-5o65.-5.35o-s.o,

X4o5•-3•71 
DATAITSC~l6H SEA WATER •16H GOOD GROUND ol6H AVERAGE GROUN 

XD o16H POOR GROUND o16H FRESH WATER ol6H CONCRETE 9 l6H 
X METALLIC I 
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DATA IPAS=2H •2H* l 
DATA IIPIIl•I=l•35l=.ooool,.ooooz,.oooos,.ooo1,.ooo2,.ooos,.oo1 •• 

xoo2 •• oos,.ol •• oz •• os •• I •• 15 •• 2o •• 3o •• 4o •• so •• 6o,.7o,.ao •• as,.9o,. 
X95oo98,.99oo995to99Boo999oo9995oo9998 •• 9999,e99995,.99998to99999) 

DATAIVYD=33HFOR HOURLY MEDIAN LEVELS EXCEEDED•33HFOR INSTANTANEOUS 
X LEVELS EXCEEDED) 
DATAITYD~17HSMOOTH EARTH o17HIRREGULAR TERRAIN) 
DATA IMTM=20olOo30tOt0l 
DATA IYCON=5.,lOeo25otOooOol 
DATAICCI=l6H SEA WATER •16H GOOD GROUND t16H AVERAGE GROUN 

XD •l6H POOR GROUND ol6H FRESH WATER ol6H CONCRETE ol6H 
X METALLIC l 

DATA IDMOD=BH DIFRACTl $ DATA ISMOD~BH SCATTER) 
DATA ICMOD=BH COMBINE) 
FNA I FX oFAoFBoFCoFDl =I I FX-FBI"ll·( FC-FD l I I FA-FBll+FD 
IK=NK $ IPL=NPL $ KSC=NSC $ ICC=NCC 
KK=MK $ KD=MD $ DMAX=CMAX 
TPTH=2o6l7993878E-2 $ TLTH=Oo 
ASPA=Oe25 $ ASPB=Oe25 
zo ... oooooool 

$ ILB=NLB 

ICAR"'O 
RAD=eOl745329252 DEG=57o29577951 TWDG=12o*RAD 
p l = 3. 14 1 59 2 6 5 '~ ERTH=6370. $ 

· C -----------------START OF PARAMETER SHEET-----------------
PRINT 4 
PRINT 700oQMDtiDTo!XT 
PRINT VARFORoADENToADNT 
H2=HAI*CFK!lKl $ HFS=HFI*CFKIIKI $ FREK=F 
PRINT 701oHAl 
lFIHAI.GTo100000•l ICAR=1 
IFIHAI.GTol50000•l PRINT 712 
IFIHAioLTo500ol PRINT 713 
IFIHAI.LT.lo5l PRINT 714 
IFIH~IoLToOol GO TO 825 
PRINT 702•HFI 
IFIHFJoLToO•l GO TO 825 
IFCHFioGTo9000ul PRINT 715 
IFCHFioLT•l•5l PRINT 716 
PRINT 703•FREK 
IFIF.LTolOOolGO TO B05 

806 IFIFoLTo?Ool GO To 400 
IF!F.GT.SOOOol PRINT 718 
IFIFoGTo17000ol GO TO 807 

BOB JFIF.GT.lOOOOOol GO TO 400 
PRINT 5 
IFIAOioLToOol GO TO 56 
PXH=PASill 

57 GAO=AOI $ GAW=AWI 
PRINT 704•GAO.PXH,GAWoPXH 
IFISURoGTol5000.l ICAR=l 
lFISURoLToOol GO TO 830 

8~1 ASPC=ASPA*ASPB*I6.F--Bl*F 
PJRP=F-IRP 
HRP=HPF!*CFKI!Kl 
IF IHAI •L T• !HPFI+500. l I I CAR= I 
ETS~SUR*CFKI IKI $ HAS=H2-ETS 
IFIETSoLToO•l ETS•O. 
IFISURoGT.l5000. l ICAR=l 
IFIHAS.LToHFS) ~0 TO 770 
IFIDHSloLToOol OHSI=O• 
DH=DHSI*CFKI !Kl 
IFIENOoLTo250ooORoENO•GTo400ol GO TO 801 

802 ENS=ENO*EXPFI-O.l057*HRPl 
IFIENS.LEo250ol GO TO 803 
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804 EFRTH•ERTH/Ilo-o04665*EXPF!o005577•ENSII 
EARTuEFRTH*CKNIIKl 
HTcHFS+ETS $ HlaHT 
JFIHRPoGToHll GO TO 825 
HTE=HT-HRP $ DLST=SQRTFI2o*EFRTH*HTEI 
HFRI=HTE*CKMIIKI 
IFIDHEioLToOel GO TO 50 
EAC=DHEI*CFKIIKI 
PDH=PASill 
HRzH2-EAC $ HRS=HR-ETS 
HRE•HR-HRP $ DLSR=SQRTF12o*HRE*EFRTHI 
IFIHREoGEa50ol DLSR=EFRTH*ACOSFIEFRTH/IEFRTH+HREII 
DS0=3o*SORTFI2000.*HTEI+3o*SORTFI2000o*HREI 
JK=l 

55 PRINT 705•DHEioPDHtHPFioEIRP•IFATIIolFAI,l=lo5l 
IFIDC!oLEoZOI GO TO 789 
IFIICCoLE.OI GO TO 789 

C -------------COUNTERPOISE PARAMETERS CONVERTED--------~---
NOC=l 
DCW=DCI•CFKIIKI $ HCW=HCI*CFKIIKI 
PRINT 706•DCitHC!oiCCIIItiCCioi=1•21 
IFIHCJoLToOol GO TO 828 

829 IF!HCJoGTo500ol ICAR=l 
IF IDCWoGTool5241 ICAR=l 
IFIHCWoGT.HFSI GO To 825 
HFC=HT-ETS-HCW 

788 CONTINUE 
PRINT 707t!POLIIolPLI,J=l•2) 

C ------HORIZON AND INITIAL TAKE-OFF ANGLE COMPUTATIONS-----
PDS=PTS=PHS=PASIII 
IFIKDoLEoll GO TO 755 
HLT=HHOI*CFKIIKI $ DLTbDHOI*CMKIIKI 
HLTS=HLT-HT 
DG=IDG $ AMN=IMN $ SEC=ISEC 
TET•RAD*IDG+I I ISEC/60.1+AMNI/60.ll $ ATETmABSFITETI 
TATET=TANFITETI 
IFIKE.EOo31 GO TO 782 
IF!DLToLEoZOI GO TO 781 

759 IFIKE-11730•758t780 
758 IFITEToLToOel GO TO 752 

HLTS=DLT*TATET+IDLT*DLT/I2o*EFRTHII 
753 HLT=HLTS+HFS+ETS $ HHO!=HLT*CKM!IKI 

PHS•rA~I21 

783 CONTINUE 
IFIDLToLT.Iol*DLSTloORoDLToGTol3o*DLSTII PRINT 809 
IFITETeGToo209439511 PRINT 810 
!F!HHOioGTol5000•I ICAR=l 
PRINT 7oB,DHOJ,PDSt!DGtiMN,JSECtPTStHH0IoPHS 

c -----------------------------------------------------------
PRINT 72~•1TYDII•KDltl=lo31 
PRINT 709oENS•ENO 
IFilLBoGT.ol GO TO 762 
PRINT 778 

763 PRINT 710tSUR,DHSioiTSCI l•KSCI,Izl,21 
PRINT 729•IVYDCI,KKloi=l•51 
PRINT 724•PASI2l 
!FIDMAXoGTolOOOol DMAX=lOOOo 
IFCICARoGToOI PRINT 800 

C ------------------START OF WORK SHEET---------------------~ 
PRINT 4 
PRINT 757oiDTo!XT,QMD 
PRINT 5 $ PRINT 6 
PRINT VARFORoADENT,ADNT 
PRINT 731•HAloH2 
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PRINT 732tHFlvHFS 
PRINT 733•F~FREK 
PRINT 7~4tAOioGAOoPXH 
PRINT 735oAWloGAWoPXH 
PRINT 736oDHEI,EAC.PDH 
PRINT 737•EIRP•EIRP 
PRINT 738•lFAoiFATII•lFAiti=l•51 
IFINOCoLToll GO TO 754 
P~INT 739•DCI•DCW 
PRINT 740oHCitHCW 
PRINT 74loiCCoiCCIIltiCCid=1•21 

754 CONTINUE 
PRINT 5 
PRINT 742•HFRI,HTE 
IFIFoGT.l600ol GO TO 304 
QGl=lo2l*SINFI5o22*ALOGlOIF/200olll+le28 
QG9=1olB*SINFI5o22*ALOGlOIF/200elll+lo23 

306 CONTINUE 
PRINT 72B•H2oEACoHRPoHRE 
PRINT 743•IPL.!POLII•IPLloi=lo21 
PRINT 745•PDSoDHOI•DLT 
PRINT 746oPTS,IDGoiMNolSECoTET 
PRINT 747oPHSoHHOioHLT 
PRINT 74BoENOoENS 
PRINT 726oEARToEFRTH 
PRINT 749oSURoETS 
PRINT 750oDHSI•DH 
PRINT 75l•KSCo!TSC!IoKSCiol=lo21 
IFIILRoGT.ol GO TO 764 
PRINT 785 

765 PRINT 729oiVYDIIoKKloi=lo51 
PRINT 724oPAS!21 
IFIICAR.GT.OI PRINT 600 
PRINT 4 

C --------------END OF PRELIMINARY PRINTING------------------

CUBTR=lOO.IF 
DSD~65o*CUBERTFICUBTRI 
DSLl =DSO+DSD 
ALAM= • 299792 5 IF 
THRFK=30e*ALOGlOIFREKI 
ICPT=O 
DLS=DLST+DLSR 
AFP=32o45+20o*ALOG10IFREKI 
DKAX=DMAX•CMKI!Kl 

C ----HORIZON POINT DISTANCE AND PARAMETER CALCULATION------
IFIJKoLToOl GO TO 58 
TRM=I !HTE+EFRTHI*COSFITETII/IHRE+EFRTHI 
DML•EFRTH*IACOSFITRMI-TETI 
DLR=DML-nLT 

59 DNM=DML*CKNIIKl 
IFIDML•LE~00I GO TO 107 
D=DML $ TWEND~20e*ALOG101DI $ ALFS=AFP+TWEND 
HTPcHRP 
DRP=DLSR 
TATER=IIHLT-HRl/DLRI-IDLR/12o*EFRTHII 
TER=ATANFITATERI 
TATES=IIHRP-HRI/DRPl-IDRP/12o*EFRTHII 
TES=ATANFITATESI 
IFI IHLT-HRPI.LEoOol 15,14 

15 DHRP=DLSR+DLT $ GO TO 13 
14 DHRP=DLT+DLSR+SQRTFI2o*EFRTH*IHLT-HRPI l 
13 CONTINUE 

HTD=HT $ $ ,HLD=HLT 
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c 

c 

CALL DEFRAC 
GVD=GAIN!TETI $ GDD=20e*ALOGlOIGVDI 
SMD=II INTFIDNM/lell*lel+lo $ AMD3AWD+ISWP*DI 
ATD=ARD=AMD 
DZ~=-IAWD/SWPI 
PRH=-IAMD-GDDI $ WRH~lOo**IPRH*ell 
ZH=ALOGIOIWRHI-2e 

------------------LINE-OF-SIGHT----------------------------
CALL BLOS 
SPD=SMD+2o 

-------------BEYOND THE HORIZON CALCULATIONS--------------
KFD=O 
DO 900 NSP=1t5 
MZS=MTMINSPI 
IFIMZSoLEeOI GO TO 907 
DO 901 MXS"l•MZS 
DcSPD*CMKIIKI $ DNMmSPD 
IFIDoGT.DHRPl GO TO 17 
DLR=D-DLT 
HLR=HLT 
TATER=IIHLR-HRI/DLRI-!DLR/!2o*EFRTHII 
TER=ATANF!TATERI 

19 COI'H I NUE 
IFIKFD-1140•41•42 

40 KS=O $ KR=O 
KS=l $ ACDIKSI=ARD $ 

AMOD=DMOD 
AND! KS I =DML 

EC1=HTE+EFRTH $ EC2=~RE+EFRTH $ EC3=HLT-HRP+EFRTH 
CALL SORBIECl•EC3,EFRTHoDLToTEToROltRWll 
CALL SORBIEC2•EC3oEFRTH.DLR•TERtR02oRW21 
REO=R0l+R02 $ REW=RWl+RW2 $ AA=GAO*REO+GAW*REW 

RW(li,.REW 
AAD! li=AA 

DO 30 KC= 1.100 
KS=KS+1 
D=DNM*CMK ( IK I 
SPD=DNM 
ACD!KSI::AED+!SLP*DI 
ANDIKSI=D 
TWEND=20o*ALOG10!DI $ 
IFID.GT.DHRPI GO TO 44 
HLR=HLT 

ALFS=AFP+TWEND 

DLR=D-DLT $ TATER=!IHLT-HRIIDLRI-!DLR/12e*EFRTHII 
TEI~=ATANF!TATERI 

45 CONTINUE 
CALL SCATTER 
SCT!KSl=ALSC-ALFS 
AAD!KSl=AA $ RW!KSI=REW 
IF(SCT!KSioLTo20ol GO TO 31 
KR=KR+l 
IF!KRoLEo11 GO TO 31 
KP=KS-1 
SSP= !SCT!KSI-SCT!KPII/!AND!KSI-AND!KPI~ 
IF!SSPoLEo!-o0111 GO TO 49 
lF!SSPoLEoSLPI GO TO 48 

31 DNM=DNM+lo 
30 CONTINUE 

PRINT 14 $ KFD=l $ GO TO 33 
14 FORMATI5X•*BEYOND THE 50 MILE LIMIT DOING DIFFRACT!ON*I 
49 KR=O $ GO TO 31 
33 DO 43 KG=1,KP 

D=AND(KGI 
DNM=D*CKN I !K l $ SPD=_DNM 
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TWEND=20o*AL0GlOIDI $ ALFS=AFP+TWEND 
ATTS=ACDI KGI 
AA=AADIKGI $ REW=RWIKGI$ THETA=TET+TER+ID/EFRTHI 
ASSIGN 36 TO KT 
GO TO 200 

36 CONTINUE 
43 CONTINUE 

SPD=DNM $ MZS=6 $ KFD=l $ GO TO 37 
48 IFISCTIKPI.GE.ACDIKPII GO TO 33 

ACDIKPl=SCTIKPI 
SLP=IACDIKPI-ARDI/IANDIKPI-DMLI 
AED=ACDIKPI-IANDIKPl*SLPI 
ASSIGN 35 TO KT 
DO 34 KG=ltKP 
D=ANDIKGI 
DNM=D*CKNIIKI $ SPD=DNM 
TWEND=20u*ALOGlOIDI $ ALFS=AFP+TWEND 
ATD=I\ED+ISLP*DI 
ATTS=ATD 
AMOD=CMOD 
AA=AADIKGI $ REW=RWIKGI$ THETA=TET+TER+ID/EFRTHl 
GO TO 200 

35 CONTINUE 
34 CONTINUE 

SPD=DNM $ MZS26 $ KFD=2 $ GO TO 37 
41 CONTINUE 

AMOD<=DMOD 
ASSIGN 37 TO KT 
ATD=AED+ISLP*DI 
TWEND=20e*ALOGlOIDI $ ALFS=AFP+TWEND 
IFIDeGToDHRPl GO TO 24 
HLR=HL T 
DLR=D-DLT $ TATER•IIHLT-HRl/DLRl-IDLR/12.*EFRTHll 
TER=ATANF I TATER I 

25 CONTINUE 
CALL SCATTER 
ATS=ALSC-ALFS 
IFIATS.LEoATDI GO TO 46 
ATTS=ATD $ THETA=TET+TER+ID/EFRTHI $ GO TO 200 

46 ATTS=ATS $ KFD=2 $ AMOD=SMOD $ GO TO 200 
42 CONTINUE 

AMOD=SMOT) 
TWEND=20.*AL0GlOIDI $ ALFS=AFP+TWEND 
CALL SCATTER 
ATS=ALSC-ALFS $ ATTS=ATS $ ASSIGN 37 TO KT 

200 CONTINUE 
C -----·-----------LONG-TERM POWER FADING--------------------

IFIDoLEoDSLll 311•312 
311 DEE=Il30o*DI/DSL1 $ GO TO 313 
312 DEE=l30o+D-DSL1 $ GO TO 313 
313 CALL VZDIDEE•OGltQG9oADI 

NCT=NCT+1 
PFS=P!RP-ALFS 
PL=-ATTS 
ALIM=3. 
AL10=PL+ADI131 $ AY~ALlo-ALIM 
IFIAYoLT.O.l AY=Oe 
DO 11 K=1 r35 
BDIKI=PL+ADIKl-AY 

11 CONTINUE 
DO 12 K=l9l2 
ALLr-1=-ALM I K I 
IFIBDIKI.GToALLMI BDIKl=ALLM 

12 CONTI~!UE 
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C ----------VALUES PUT INTO ISOTROPIC POWER ARR.AY----------
IFIKKoGT.II GO TO 20 

23 PGS=PFS+GDD 
PFL=PGS+PL-AA 
PFYINCT•li=DNM $ PFYINCTt2l=PGS $ PFYINCT,3lmPFL 
PFYINCTt41=BDI121-PL $ PFYINCTP5l=BD118l-PL 
PFYINCTo61=BD1241-PL 
IFjSPDoGToDMAXI GO TO 907 
GO TO KT,(35,36o371 

37 CONTINUE 
903 SPD=SPD+YCONINSPI 
901 CONTINUE 

SPD=SPD+YCONINSPI 
NPP=NSP+ 1 
IFINPP.GT.51 GO TO 907 
IFIYCON!NPPioEOoOel GO TO 907 
lFINPP.EQoOI GO TO 907 
IXD=INTFISPD/YCONCNPPII 
SPD=IYCONINPPI*FLOATFIIXDII+YCONINPPI 

900 CONTINUE 
907 CONTINUE 
100 CONTlNUE 

RETURN 

C------------------------RETURN TO MAIN PROGRAM-------------------------

c 

c 

17 

20 

'21 

28 

22 

24 
26 
27 
44 

50 

TER=TES $ DLR=DRP $ HLR=HRP 5 TATER=TATES 5 GO TO 19 
------------------TROPOSPHERIC MULTIPATH-------------------
00 21 I= 1 • 35 
QACII=BDIII-PL 
PQAIII=PIII 
CONTINUE 
IFITHETAoGEoTPTHI GO TO 26 
IFITHETAoLEoOol GO TO 27 
BK=FNAITHETAoTPTHoTLTHoTPKoRDHKI 
CONTINUE 
CALL YIKKIBK.PQKoQKI 
CALL CONLUTIOAoOK,PQAo35•+leoOo•PQC,QCI 
DO 22 l=lo35 
BD I I I =OC I II +PL 
GO TO 23 

TER=TES $ DLR=DRP $ HLR=HRP $ TATER=TATES 5 GO 70 25 
BK=TPK $ GO TO 28 
BK=RDHK $ GO TO 28 
TER=TES $ DLR=DRP $ HLR=HRP $ TATER=TATES 5 GO TO 45 
------------------CALCULATION OF RAY BENDING--------------
PDH=PASI21 
HP2=H2-HRP $ HPl:Hl-HRP 
DUM=O.O $ ZER=OoO $ OLIM=-1o56 
ONS=329o $ QHC~HPl $ QHA:HP2 $ QHS=HRP 
CALL RAYTRACCDUMI 
RY=TRACRAYIOLIMI 
DSO=QQD 
ONS=ENS $ QHC=ZER $ QHA=HP2 S QHSmHRP 
CALL RAYTRACIDUMI 
RY=TRACRAYIZERI 
DLSR=QQD · $ TSL2=DLSR/EFRTH 
IFCTSL2oLEooll GO TO 53 
R2E=EFRTH/COSFITSL21 
HRE=R2E-EFRTH 

54 lFIHREeGToHP21 HRE=HP2 
HR=HRE+HRP $ EAC=H2-HRP-HRE 
OHEI=EAC•CKMCIKI 
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JK=-1 
GO To 55 

53 HRE=IDLSR*D~SRI/I2e*EFRTHI $ GO TO 54 

56 CALL ASORPIFoAOioAWII 
PXH=PASI21 $ GO TO 57 

58 TEH=TET+IDLT/EFRTHI 
QNS=ENS $ QHC=HLT-HRP $ QHA•HP2 $ QHS~HRP 
RY=TRACRAYITEHI $ DLRmQQD $ DML•DLT+DLR $ GO TO 59 

107 PRINT 106 $ GO TO 400 
304 QG1•QG9=lo05 $ GO TO 306 
752 HLTS=DLT*TET +IDLT*DLTII2o*EFRTHII $ GO TO 753 
762 PRINT 779 $ GO TO 763 
764 PRINT 786 $ GO TO 765 
770 PRINT BoO $ GO TO 400 

C --------------HORIZON PARAMETER CALCULATIONS---------------
781 HE=MAXlFIHTEto005J 

DLT•DLST*EXPFI-o07*SQRTFIDH/HEII 
PDS=PA5121 
IFIDLToLTolo1*DLSTI I DLT=e1*DLST 
IFIDLToGTol3o*DLSTJ I DLT=3o*DLST 
DHOI=DLT*CKNIIKI 
GO TO 759 

730 TRM=lo3*DH*I IDLST/DLTI-1ol 
TRM=1o3*DH*IIDLST/DLTI-1ol 
TET=Ie5/DLSTI•ITRM-14o*HTEII 
IFITEToGToTWDGI TET=TWDG 
CALL RADEMSITEToiDGtiMNtSECI 
ISEC=XINTFISECI 
PTS=PA5121 
TAtET=TANFITETI 
GO TO" 758 , 

782 XTRM=SORTFIIEFRTH*EFRTH*TATET*TATETI+12o*EFRTH*HLTSII 
YTRM=-EFRTH*TATET $ DLT•YTRM-XTRM 
IFIDLT•LEoOol DLT=YTRM+XTRM 
PDS=PASI21 
DHOI=DLT*CKNIIKI $ GO TO 783 

780 TATET=IHLTS/DLTI-IDLT/12•*EFRTHII $ TET•ATANFITATETI 
PTS=PA5121 

784 CALL RADEMSITETtiDGoiMNoSECI 
ISEC=XINTFISECI $ GO TO 783 

C -------------------SMOOTH EARTH PARAMETERS-----------------
755 PTS=PD5=PA5121 

789 
801 
803 
805 
807 
825 
828 
830 

DLT=DLST $ DHOI=DLT*CKNIIKI 
TATET=I-HTE/DLTJ-IDLT/12o*EFRTHII $ TETgATANFITATETJ 
HLT=HRP $ HHOieHLT*CKMIIKJ $ DH•Oo 
GO TO 784 

HFC=Oo $ GO TO 788 
ICAR=1 $ ENO:z30lo $ GO TO 802 
ENS=250. $ ICAR=1 $ GO TO 804 
ICAR"'l s· PRINT 717 $ GO TO 806 
ICAR=1 $ PRINT 719 $ GO TO 808 
PRINT BOO $ GO TO 400 
ICAR,.1 $ HCI=Oo $ GO TO 829 
ICAR•1 $ SUR=Oo $ GO TO 831 

C -------------------ABORTION OF PROGRAM---------------------

400 PRINT 840 
END 

$ CALL EXIT 
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PSWRB 

Subroutine PSWRB is used~ with the service volume program. It 
obtains an isotropic power versus distance array for both desired and 
undesired facility for each aircraft altitude considered. 

SUBROUTINE PWSRB 

C ROUTINE FOR MODEL AUG 73 

4 FORMATilHll 
5 FORMATilH I 
6 FORMATI20Xo*INPUT*•21Xt*WORKING VALUE*l 

106 FORMATI5Xt* DML IS LESS THAN ZERO. ABORTING RUN *I 
840 FORMATI5X•*PROGRAM IS BEING ABORTED FOR WRONG PARAMETERS*) 

DIMENSION CFK13loCMK13loCFMI31 oCKM13ltCKN13l 
DIMENSION ACDI101JoANDI101l,SCTilOlltAADI10lloRWI10Il 
DIMENSION MTMI5loYCONI5l 
DIMENSION YVIIOloSVIIOl 
DIMENSION Pl35lt0CI50lo0AI50l oPOAI50loPOKI50loOKI50loPOCI50l 
DIMENSION RE12ltADI35ltBDI35ltALMI12l 
COMMON/EGAP/IP,LN 9 1DT 9 IXT 
COMMONtRYTC/ONStOHCoOHA,OHStOOD 
COMMON/PARAM/HTEtHREtDoDLToDLRtENSoEFRTHtFREK•ALAMtTEToTERoKDoGAOt 

XGAW 
COMMON/PAOUT/NCToPFYI125t6loJJ•HPloHP2 
COMMON/SIGHT/DCW•HCWoDM1XtDMLoDZRoiKoEAC•H2oiCCtHFC•PRHtDSLl,EIRPt 

X0GloOG9oKKoZH,RDHKo!LB 
COMMON/SCATPRtHToHRoALSCoTWENDoTHRFKoHLToHLR,THETAoHTPtAA•REW 
COMMON/D!FPR/HTDoHRDoDH,AEDoSLPoDLSTtDLSRoiPLoKSCoHLDoHRPtAWDoSWP 
COMMON/GAT/IFA 
DATAIALM=-6•2o-6ol5o-6o08,-6.0o-5o95o-5o88,-5.8t-5o65t-5o35o-5o0t-

X4.5t-3o7l 
DATA 11Pirl,I=l·35l=.ooool •• ooooz,.oooos,.oooi,.oooz •• ooos,.ool,. 

xooz •• oo~,.ol •• oz •• os •• l •• 15to20oo30oo40to50oo60,.7o,.ao •• as,.9o,. 
X95oo98,.99oo995oo998 •• 999oe9995oo9998to9999oa99995to99998to999991 

DATA IMTM•20ol0•30•0•0l 
DATA IYCON=5oolOoo25ooOooOol 
DATA IDMOD=BH DIFRACTl $ DATA ISMOD=BH SCATTER) 
DATA ICMOD=BH COMBINEl 
DATA ICFK=o00loo0003048oo0003048l 
DATA ICKN•lo•o6213711922••53995680341 
DATA ICKM=1000ot3280o839895•3280o839895l 
DATA ICFMcl••o3048oo304Bl 
DATA ICMKclo•lo609344olo852l 
FNAIFXoFAoFBoFCoFDl=IIFX-FBl*IFC-FDl/IFA-FBII+FD 
TPTH=2o617993878E-2 $ TLTH=Oo $ TPK=20e 
F=FREK 
ASPA=Oo25 $ ASPB=Oo25 
NOC=O 
ASPC=ASPA*ASPB*I6oE-8l*F 
IFIF.GTol600.l GO TO 304 
QGl=lo2l*SINFI5o22*ALOGlOIF/200olll+lo28 
QG9=1ol8*SINFI5o22*ALOG101F/200olll+lo23 

306 DS0=3o*SORTFI2000o*HTEI+3o*SORTFI2000e*HREI 
CUBTR=lOOo/F 
DSD=65o*CUBERTFICUBTRl 
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DSLl=DSO+DSD 
THRFK=30u*ALOGlOIFREKI 
ICPT=O 
DLS=DLST+DLSR 
AFP=32e45+?0e*ALOG101FREKI 
F=FREK 
DKAX2DMAX*CMKIIKI 

C ----HORIZON POINT DISTANCE AND PARAMETER CALCULATION-------

IFIJJoLTo11 GO TO 58 
TRM=IIHTE+EFRTHI*COSFITETIItiHRE+EFRTHI 
DMLcEFRTH*IACOSFITRMI-TETI 

59 DNM=DML*CKNIIKI 
IFIDMLoLEoO•I GO TO 107 
D=DML $ DLR=D-DLT $ TWEND=20e*ALOG101DI S ALFS=AFP+TWEND 
HTP=HRP 
DRP=DLSR 
TATER=IIHLT-HRI/DLRI-IDLR/12o*EFRTHII 
TER=ATANFITATERI 
TATES=IIHRP-HRitDRPI-IDRP/12o*EFRTHII 
TES=ATANFITATESI 
IFI IHLT-HRPioLE.Ool 15tl4 

15 DHRP=DLSR+DLT $ GO TO 13 
14 pHRP=DLT+DLSR+SQRTFI2o*EFRTH*IHLT-HRPII 
13 CONTINUE 

HTD=HT $ HRD=HR $ HLD=HLT $ HPP=HRP 
CALL DEFRAC 
GVD=GAINITETI $ GDD=20o*ALOG10IGVDI 
SMD=I IINTFIDNM/1ell*1•1+le $ AMD=AWD+ISWP*DI 
ATD=ARD=AMD 
DZR=-IAWD/SWPI 
PRH=-IAMD-GDDI $ WRH•10o*~IPRH*e11 
ZH=ALDGlOIWRHI-2o 

C ------------------LINE-OF-SIGHT----------------------------
CALL CLOS 
5PD=SMD+2• 

C -------------BEYOND THE HORIZON CALCULATIONS--------------
KFD=O 
DO 900 NSP=1•5 
MZS.,MTMINSPI 
IFIMZSuLEoOI GO TO 907 
DO 901 MXS=l•MZS 
D=SPD*CMKIIKI $ DNM=SPD 
IFIDeGT.DHRPI GO TO 17 
DLR=D-DLT 
HLR=HLT 
TATER=IIHLR-HRI/DLRl-IDLR/12o*EFRTHII 
TER=ATANFITATERI 

19 CONTINUE 
IFIKFD-1140•41•42 

40 KS=O $ KR=O 
KS=l $ ACDIKSI=ARD $ ANDIKSI=DML 
AMOD=DMOD 
EC1=HTE+EFRTH $ EC2•HRE+EFRTH $ EC3=HLT-HRP+EFRTH 
CALL SORBIEC1•EC3tEFRTHtDLToTETtROl,RWll 
CALL S0RBIEC2tEC3tEFRTH.DLRoTERtR02,RW21 
REO=ROl+R02 $ REW=RW1+RW2 $ AA=GAO*REO+GAW*REW 

RW(li=REW 
AADI11aAA 

DO 30 KC= h 100 
KS•KS+1 
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D=DNM*CMK I I K I 
SPD=DNM 
ACDIKSI=AED+ISLP*Dl 
ANDIKSI=D 
TWEND=20o*ALOG101Dl $ ALFSmAFP+TWEND 
IFID.GT.DHRPI GO TO 44 
HLR=HLT 
DLR=D-DLT $ TATER=IIHLT-HRI/DLRI-IDLR/12o*EFRTHII 
TER=ATANF!TATERI 

45 CONTINUE 
CALL SCATTER 
SCTIKSI=ALSC-ALFS 
AADIKSI=AA $ RWIKSlmREW 
IFISCTIKSloLTo20ol GO TO 31 
KR=KR+l 
lFIKRoLEoll GO TO 31 
KP=KS-1 
SSP= ISCTIKSl-SCTIKPll/IANDIKSI-ANDIKPll 
IFISSPoLEol-o0111 GO TO 49 
IFISSPeLEoSLPl GO TO 48 

31 DNM=DNM+lo . 
30 CONTINUE 

PRINT 14 $ KFD=l $ GO TO 33 
14 FORMATI5Xo*BEYOND THE 50 MILE LIMIT DOING DIFFRACTION*! 
49 KR=O $ GO To 31 
33 DO 43 KG=ltKP 

D=ANDIKGI 
DNM=D*CKNIIKI $ SPD•DNM 
TWEND=20o*ALOG101DI $ ALFS=AFP+TWEND 
ATTS=ACDIKGI 
AA=AADIKGI $ REW=RWIKGI$ THETAaTET+TER+ID/EFRTHl 
ASSIGN 36 To KT 
GO TO 200 

36 CONTINUE 
43 CONTINUE 

SPD=DNM $ MZS=6 $ KFD=l $ GO TO 37 
48 IFISCTIKPieGEoACDIKPll GO TO 33 

ACDIKPI=SCTIKPI 
SLP=IACDIKPI-ARDI/IANDIKPI-DMLI 
AED=ACDIKPl-IANDIKPl*SLPl 
ASSIGN 35 TO KT 
DO 34 KG=loKP 
D=AND! f(r.) 
DNM=D*CKNIIKI $ SPD=DNM 
TWEND=20o*AL0GlOIDl $ ALFS=AFP+TWEND 
ATD=AED+ISLP*DI 
ATTS=ATD 
AMOD=CMOD 
AA=AADIKG) $ REW=RWIKGI$ THETA=TET+TER+ID/EFRTHI 
GO To 200 

35 CONTINUE 
34 CONTINUE 

SPD=DNM $ MZS=6 $ KFD=2 $ GO TO 37 
41 CONTINUE 

AMOD=DMOD 
ASSIGN 37 TO KT 
ATD=AED+ISLP*Dl 
TWEND=20o*ALOG101Dl $ ALFS=AFP+TWEND 
IFID.GT.DHRPI GO TO 24 
HLR=HL T 
DLR=D-DLT $ TATER=IIHLT-HRl/DLRl-IDLR/12.*EFRTHll 
TER=ATANFITATERI 

25 CONTINUE 
CALL SCATTER 
ATS=ALSC-ALFS 
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IFIATSoLE.ATDI GO TO 46 
ATTS=ATD $ THETA=TET+TER+ID/EFRTHI $ GO TO 200 

46 ATTS=ATS S KFD=2 $ AMOD=SMOD S GO TO 200 
42 CONTINUE 

AMOD=SMnD 
TWEND=2n.•ALOG10IDI S ALFS•AFP+TWEND 
(.ALL SCATTER 
ATS=ALSC-ALFS S ATTS=ATS $ ASSIGN 37 TO KT 

200 CONTINUE 
C ----------------LONG-TERM POWER FADING---------------------

IFIDeLEoDSLll 311•312 
311 DEE=Il30o*Dl/DSL1 $ GO TO 313 
312 DEE=130o+D-DSL1 S GO TO 313 
313 CALL VZDIDEEtOG1oOG9oADl 

NCT=NCT+l 
PFS=EIRP-ALFS 
PL=-ATTS 
ALIM=3o 
AL10=PL+ADI131 $ AY=ALln-ALIM 
IFIAYoLToOol AY=Oe 
DO 11 K=lo35 
BDIKI:PL+ADIKI-AY 

11 CONTINUE 
DO 12 K=lo12 
ALL~1=-ALM I K I 
IFIBDIKioGToALLMI BDIKI=ALLM 

12 CONTINUE 
C ----------VALUES PUT INTO ISOTROPIC POWER ARRAY------------

IFIKKaGTo11 GO TO 20 
23 PGS=PFS+GDD 

PFL=PGS+PL-AA 
PFYINCTo11=DNM $ PFY!NCTt21=PGS $ PFYINCTt3l•PFL 
PFYINCTt41=BDI121-PL $ PFY!NCTt5lsBD!l8l-PL 
PFYINCTo61=BD1241-PL 
IFISPDoGToDMAXI GO TO 907 
GO TO KTol35t36t371 

37 CONTINUE 
903 SPD=SPD+YCONINSPI 
901 CONTINUE 

SPD•SPD+YCON!NSPI 
NPP =NSP+ 1 
IFINPPoGTo51 GO TO 907 
IFIYCONiNPPloEOoOol GO TO 907 
IFINPP•EOoOI GO TO 907 
IXD=INTFISPD/YCONINPPII 
SPD=!YCONINPPI*FLOATFIIXDII+YCONINPPI 

900 CONTINUE 
907 CONTINUE 

RETURN 

C------------------------RETURN TO MAIN PROGRAM--------------------------

17 TER=TES S DLR=DRP $ HLR=HRP $ TATER=TATES $ GO TO 19 
C ------------------TROPOSPHERIC MULTIPATH-------------------

20 Do 21 1=1•35 
QAIII=BDIII-PL 
POA I I I =PI I I 

.21 CONTINUE 
IFITHETAoGEoTPTHI GO TO 26 
IFITHETA.LEaOol GO TO 27 
BK=FNAITHETAtTP~HoTLTHoTPKoRDHKI 

28 CONTINUE . 
CALL YIKKIBKoPOKtOKI 
CALL CONLUTIOA•OKoPOA•35•+1~•0••POCoQCI 
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DO 22 I:c1~35 

22 BD I I I =QC ( II +Pl 
GO TO 23 

24 TER=TES $ DLR=DRP $ HLR.,HRP $ TATER:oTATES $ GO 
26 BK=TPK $ GO TO 28 
27 BK=RDHK $ GO TO 28 
44 TER=TES $ DLRrDRP $ HLR.,HRP $ TATER,TATES $ GO 
58 TEH=TET+IDLT/EFRTHl 

IF!KDwLE.ll TEH=OoO 
QNS=ENS $ QHC=HLT-HRP $ OHA .. HP2 $ QHS,HRP 
RY=TRACRAYITEH! $ DLR=QQD $ DML.,DLT+DLR $ GO TO 

C -------------------ABORTION OF PROGRAM---------------------
107 PRINT 106 $ PRINT 840 S CALl EXIT 

304 QGl=QG9=Io05 
END 

$ GO TO 306 

RADEMS 

TO 25 

TO 45 

59 

Subroutine RADEMS converts an angle expressed in radians to one 
expressed in degrees~ minutes. and seconds. 

SUBROUTINE RADEMS!ARG.IDE•IMI•SECI 
C ROUTINE FOR MODEL AUG 73 

C SUBROUTINE TO CHANGE RADIANS TO DEGREES• MINUTES AND SECONDS 

DE=ABSF!ARGl*57o2957795l 
IDE=INTF!DEl 
AM!NT=60o*IDE-FLOATF!IDEl I 
IMI,INTF!AMTNTl 
SEC=!AM!NT-FL0ATF!IMIII*60o 
!F!SECeGTo59o999951 GO TO 9 

7 IFIIMioGro591 GO TO 8 
6 IDE=XSIGNFIIDE•ARGI 

RETURN 
9 SEC=o~ $ IMlaiMI+l $ GO TO 7 
e IDEBrDE+l $ IMr~o $ Go ro 6 

END 

RAYTRAC 

Function RAYTRAC performs the raytracing described in the text 
following figure 14. It is used in calculation of effective aircraft 

altitude via (34) and effective distance via (177) ~when the effec

tive height correction factor (table 1) is not specified. 
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FUNCTION RAYTRACITTI 
C ROUTINE FOR MODEL AUG 73 

COMMON/RYTC/ENSoHCtHAtHStO 
DIMENSION Al251oRII251tENI251oHI251oTEII251oRI251 
DATAIH=Oo004a0loo02,.05ooloo2oo305oo5te7olotlo524o2oo3o048o5 0 t7eol 

xo •• zo.o30o480t50ao70ot90otll0 •• 225et350ot475ol 

C ----------SETING UP ARRAY OF REFRACTIVITY------------------

DN=-7.32*EXPFI0.005577*ENSI $ 

AZ=6370o 
DUM=OoO 
AS=AZ+HS 
Do 10 I=1•25 
ENIII=EXPFI-CE*HIII l!tENS*loE-6 $ 
R I I I= AZ+HI I I+HS 

10 CONTINUE 
DO 20 I=2 •25 
K=I-1 
DN2N=LOGFIRIIIII-LOGFIRfiKII 
DR2R=LOGFIRIII 1-LOGFIRIKI I 
AI I I=DN2N/DR2R 

20 CONTINUE 
RA YT RAC=DUM 
TT=Oo 
RETURN 

CE=LOGFIENS/IENS+DNII 

RI I I 101 lo+ENI I I 

C ----------ENTRANCE FOR TRACING RAY-------------------------

ENTRY TRI\CRAY 
TE=TT 
RC= AZ+HC+HS $ RA= AZ+HA+HS 
ENCm +loE-6*ENS*EXPFI-CE*HCI $ RIC=lo+ENC 
ENA• +loE-6*ENS*EXPFI-CE*HAI $ RIAc1o+ENA 
BALL=O• $ ATE=TE 
IFITE.GEoOol GO TO 41 
IFIRIII.EQ.RCI GO TO 73 
X=Rill/12o*RCI $ Z=IRC-Rilii/Rill $ W=IENili-ENCJIRIC 
TEG=-2o*ASINFISQRTFIX*IZ-WIII $ GO TO 72 

73 TEG=O.O 
72 IFITEoLToTEGI TE=TEG 

ATE=AASFI TEl 
IFITE.GC.o.l GO TO 41 
DO 70 I=2•25 

Y=2o*ISINFI0o5*ATEI 1**2 $ 
W=IENC-ENI I I l*COSFIATEI/RI I I l 
IFIXoLToOeOI GO TO 70 
CT=SQRTFIOo5*RC*X/RIII I 
IFICTeLEelel GO TO 60 

70 CONTINUE 
60 CT=2e*ASINFICTI 

BALL=2•*CT*I-AIII/IAIII+lel I 
TEIIII=CT $ NK=I+1 
DO 80 I=NKo25 
RT=RIII $ RIT=RIIIl 
IFIRT.GToRCI GO TO 61 

62 L=I-1 
X=RIILI*RILI/IRIT*RTI 
TEIIII=ACOSFICOSFITEIILll~tXI 
X=2o*I-AI III/IAIII+lol 
BALL=FlALL+ITEIIII-TEIILII*X 
NLA"'I 
IFIRT=RCI GO TO 40 

80 CONTINUE 
40 CONTINUE 

Z = I R I I I -RC lt RC 
$ X=Y+Z-W 
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IFINLAoLT.zl NLA=2 
LL=NLA-I 
DO 90 l:NLA•25 
LC=I-1 

44 RT=RIII $ RIT=RYIIJ 
IFIRT.GToRAI GO To 46 

TEI ILLlcATE 

ENT,.ENI!l 

47 X=RC/12o*RTI $ Y=2•*1SlNFIOo5*ATEll**2 
Z=IRT-RCI/RC $ WtiiENC-ENTl*COSFIATEl/RIT 
TEI!Il•2•*ASINFISQRTFIX•IY+Z-WI II 
X= -AI II/IAIII+I•l 
BA L L"BALL +I IT E I I I I- TE I I LCI I *X) 
TEA=TEII!l $ IF!RilloGToRAI GO TO 100 

90 CONTINUE 
X=Rll25l*RI251/RA 
CA=ITEA-TE+BALLI 
D=AS*CA 

100 
TEA=ACOSFICOSFITEAl*Xl 

DN=D*o5399568034 
CT=COSFIBALLI $ 
Y=RIA/RIC $ 

sT~SINFIBALLl $ iNT~TANFITEAl 
X=ICT-ST*TNT-YI/IY*iANFITEl-ST-CT*TNT) 

X=ATANFIXI 
CX=:TE-X 
CTE=COSF( TEAl 
RAYTRAC=CX 
RETURN 

41 DO 85 NL=2o25 
IFIRCoLE.RINLI l GO TO 86 

85 CONTINUE 
NL"25 

86 NLA=NL 
46 RITcRIA 
61 RT=RC 

END 

$ 
$ 

GO TO 40 
RT=RA 

RIT,RIC 
$ ENT.,ENA GO TO 47 

GO To 62 

RECC 

Subroutine RECC is used in calculating reflective coefficients 

via (61) through (69), and (195). 

c 
c 

---NOTE--
PI-C 

THIS ANGLE IS LIKE THE FORMULATION IN TN 101 AND IS 

C ROUTINE FOR MODEL AUG 73 

C THIS INCLUDES THE CIRCULAR POLARIZATION 

DIMENSION SGI71,EP!7l 
COMMON/EGAP/IP.LN,!DT•!XT 
DATAIEP=81.•25·•15••4•t81.•5oolol 
DATA!SG=5•••02•o005,.00l•o010•o0lO•lOeE+06) 
PI=3.Jld592654 
PI2=1.57079632 
IC=O 
S!,X! 
TWLD=?o09~841~3?E-2*FK*I-J•l 
l=!R 't MP=N.P 
IFIS!oLE.O.t Gci Tb 301 
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IFISioGEoPI21 GO TO 300 
SISI=SINFISII 
COSI=COSFISII 
IF I SIS I • LEo 0 • I GO T 0 1 5 
SQS!=SQRTFISISIJ 

16 IFIMSoGT.ol' GO TO 19 
IFIDHoLEo4ol GO TO 17 
SH=o78*DH•EXPFI-o5*1DH**•2511 

18 EXDH•EXPFITWLD*SH*SISII 
DX=ISH*SISI*FK/299.79251 
IFIDX.GToOo31 GO TO 32 
IFIDX.GEoOol2371 GO TO 33 
IFIDXoGToOo07391 GO TO 34 
IFIDXoGEoOo003251 GO TO 35 
PD=946•*DX•DX+Oo0l 

36 CONTINUE 
25 IFIMP-21 10•llt20 
10 ASSIGN 12 TO N 

GO TO 6 
11 CONTINUE 

ASSIGN 13 TO N 
6 X=I18000o*SGIIII/FK 

TRM=EPIJI-ICOSI*COSII 
TUPS=SORTFIITRM*TRMI+IX*Xli+TRM 
P=SQRTFITUPS*o51 
GO TO Nol12•13l 

12 Q=X/12o*PI 
DENOM=IP•PI+IO•QI 
B:.1o/DENOM 
AM=I2u*PI/DENOM 
RS=Ilo+IB*SISI*SISII-IAM*SISIII/Ilo+IB*SISI*SISJI+IAM*SISIII 
R=SQRTFIRSI 
TOP=-Q 
BOT=SISI-P 
CALL.RTATAN(TOPoBOT,TRAI 
TOP "0 
BOT.,SI Si+P 
GO TO 14 

13 Q=XII2e*PI 
DENOM=IP•PI+(Q*QI 
B=l IEPI I I•EPI I I I+IX*XII/DENOM 
AM= I 2.* I I P*EP I I I I+( O*X I II /DE NOM 
RS=Il.+IB*SISI*SISII-IAM*SISIII/Ile+IB*SISI*SISII+IAM*SISIII 
R=SQRTFIRSI 
TOP,(X*SISI 1-Q 
BOTc!EPI II•SISI 1-P 
CALL RTATANITOPoBOToTRAI 
TOP= (X* SIS I I +0 
BOT:c!EPI II*SISI I+P 

14 CALL RTATANITOP,BOTtTRBI 
PIC=TRA-TRB 
IFI!C-11 52•22o23 

15 SQSI=Oo $ GO TO 16 
17 SH=o39*DH $ GO TO 18 
19 SH•Oo $ EXDH=lo $ GO TO 25 
20 IC=1 $ MP=MP-1 $ GO TO 11 
21 RLM=R $ RETURN 
22 IC;2 $ RV=R $ PV=PIC $ MP=MP-1 $ GO TO 10 
23 IC=O $ RH=R $ PH:P[C 

TER= IIRV*RVI+IRH*RHI+I2o*RV*RH*COSFIPH-PVIII 
IFITERoLEoOol GO TO 30 
R=SQRTFITERI/2o 

31 TOP=IRH*SINF!PHII+IRV*SINFIPVII 
BOT~IRH*COSFIPHII+IRV*COSFIPVIl 
IFIBOT.EOeOol GO TO 24 
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CALL RTATANITOPtBOTtPCI 
PI CooP( $ GO TO 51 

24 PIC=PI/2o $ GO TO 51 
30 R=o.o $ GO TO 31 
32 PD=IOo875*EXPFI-3o88*DXII+Oo01 $ GO TO 36 
33 PD=I-1o06*0XI+Oo601 $ GO To 36 
34 PD=0.45+SQRTFie000843-IDX-o10261**21 $ GO TO 36 
35 PD=6o15•DX s GO TO 36 
51 IFIMSoGEell GO TO 21 

RLM=R*PD 
R=R*EXDH $ RETURN 

52 IFINPoEOo21 GO TO 53 
GO TO 51 

53 CONTINUE 
GO TO 51 

300 SI=PI2 $ SISI=lo $ COSI=O. $ SQSI•lo $ GO To 16 
301 SI=O• $ SISI=Oo $ COSI=1o $ SQSI•Oo $ GO To 16 

END 

RTATAN 

Subroutine RTATAN is used to obtain arctangent values for angles; 
the angle is placed in a quadrant that is appropriate for phasor 
manipulations, e.g., (81). 

SUBROUTINE RTATANITOPtDENOMtANGLEI 
c ROUTINE FOR MODEL AUG 73 

c SUBROUTINE TO FIND ARCTANGENT IN THE CORRECT QUADRANT 

Piz3ol41592654 
TWOPI=6o283185308 
IFITOPI21tl1•21 

21 IFIDENOMI26t27o26 
27 IF I TOP I 2 8 tl1 • 2 9 
29 ANGLE=PI/2o 

GO TO 18 
28 ANGLE=I3.*Pll/2o 

GO TO 18 
?6 THETA=TOP/DENOM 

IFITHETAI10t11•12 
'10 THETA=THETA*I-1.01 
12 ANGLE=ATANFITHETAI 

IFITOPI13t14tl4 
13 IFIDENOMI15•16•16 
15 ANGLE=Pl+ANGLE 

RETURN 
16 ANGLE::TWOPI-ANGLE 

RETURN 
14 IFIDENOMI17tl8tl8 
17 ANGLE=PI-ANGLE 
18 RETURN 
11 ANGLE=OoO 

X=SIGNFilooTOPI 
Y=SIGNFI1ooDENOMI 
IFIXI19•20t20 

19 IFIYI15tl6t16 
20 IFIYI17t18t16 

END 

186 



s... 
Q) ......., 

......., 
ro 
u 
<.11 

<:::1-

~ 

0 
~ .. 
a: 31: 

L:_
·. ,-__ ~ ~ 

', :~- ~ . 
......,.., 6 7 . . . :: ,:·~·:, ···- ~ ~ 

(.._ 

---- 9 ,, .• ····· 

--~ 19·:-: "7. 

I~ -- _;22; 2<· 
lJ 0 0 0 0 -- ....__: 262728293 

I 0 OJ132 
. 2 3 4 5 6 7 0 0 33 34 35 36 37 
!1111 Bs 10 0 O 3B3s 4047 . 

1 1 1 1 1 , 12 13 14 15 16 . 0 0 0 0 ~ 42 43 44 45 46 47 
122 2 111111 171B1s2a21;J 0 0 0 0 0 4B49sos1525 

I : 2 3 } ,2 2 2 2 2 7 2 1 1 1 1 1 1 ? 24 25 26 27 28 29 0 0 0 0 0 0 3 54 55 56 57 58 59 6 . 

/3 .? J 3 3; 3-; ~~;, ,f}},f~! 2 2 2 2 '2' 111717 ;atn3,34,Js3f3f3~3~4~~o o --!!.~•'ssss,a ~ 
I 

..J 1 111s 1 .• < 22 11 .,424 o0 ~ "'213 r.n 

's'/3/s4s4,'44444v4 3 33 39;o;,22;3;•;s2f}2!2/3?}222222 17111/;4;s;6;';s;9s~s~5~sfsfs!7JOo~ 74J57s,,,s,9so ~ a: 

6 •56565 55 5 58:/ ;o;/;;;3 ,;5,:51: 17 7;;~2~2;24 4 4 4 4 3,/.J 3 3 ;2;J ;4;5;6 ;) /33!34~4~4!4?4:4:,~ 2 2 2 /212] 1 1 1 ;6 ;7 ;a ;s;or ;2]6~]6~6~6~6~700 0 0 0 0 0 0 0 ~ r 
' 6 5 r • 2 23 2 . ' · '4 4 3 3 '" 47 48 2 2 l I 1 17 72 0 d!!J r- ..1 

I !~9~9~~~~~; :; :/ :~:8! !H ;;:;:;;:;:;:1~7:;~ ~:;~~3::;: :::;y;:Nl;t,~f::;t,~5~5~~ ~~~:~:;:::;4:;4W HH;ff;~[;':~3~ ~~;~~D: ;~ ! I H 
I 9 '8 9• ,.. 8 '7 23·3 Uof)r; 55 "''57· · 44 v,j • '"'- 0-C::I o 

9 9 9 !J 9 . 0 II 12 IJ 14 . 8 8 8 8 • 7 7 7 7 7" 4 35 36 37 38 o ' 6 fi 6 6 6 5 5 5 5 . oB 53 60 67 12 ' 4 4 4 4 4 J 3 3 J 3 I ' ::E + 1- - 0 
9 9 Ins 1 8 8 7 7 o9 ··[ ' 6 6 J t; - 5 o3 64 65 4 4 I <.1) - - * u 

--- 9 9 9 9 / t9;o;';2:J92!2~z~2~2~z~ 8 8 8 8 8 8,87 7 7 7 7 ;1;2 7;";s;6J~'7•~<~s~ s~5;s3S 6 6 8 6 r:;"'.Jr; 55 55 5 ;6;';s;s;as'' ::~;,~ ,;,~ ~~~4 4~ ff ! ~; ~ ~ 
..._:. " q 3031 -. g8 7 7 5455'" "D 6S ::J'i5 B?s 8 ""*-VJO 
1- '-' . • g 9 9 9 9 ;' 33 34 35 36 37 Jn 8 8 8 8 8 8 7 7 7 7 7 J" ,, '' 5D oa 6t 62 6 6 6 6 6 6 ,. " 5 5 5 5 5 'o ;z g ~ b ~ -
c::t S:: <( 9 9 9 9 39 40 4; 42 8 8 8 8 7 7 J J 5J 54 65 66 0 6 6 (; v 0:: 0 N ::E r.l) • 

~ •r- u :E: - 9 9 9 9 9 9 943 <4 4516 47 <o 8 8 8 8 8 8 8 7 7 ; 7 7 7 767 68 69 lo 7; 72 ,6 6 2 8 t: r- " f!! o o <.ll < o 
u ' •JJ w ::;: - 9 9 •s so •. 8 8 7 7 ,3 " -, • o iJ ~ "-' < o o I t- • -o 0:: 0:: <( 1- t- ' g 8 9 Q ,, S} 53 5A 5 8 8 8 8 7 7 / 7 ~· ' lc '6 lJ /Q - Q (:J J Q 1- 0 O * lJ.J 1- ::E 
Q) QJ w 0 c:: <t.C ,....~ "99g '556575 888 77 :sao ~ll)*lJ.JI--D-..1< 
S:: <.11 Z U.. :z < U "' o 1- u_ • 9 9 9 II a 8 5$ so 61 <z 8 8 8 8 8 J 7 J~ - 0 ::r I - I o- * • ..1 

...... :::::1 - ca. <.l)oi-L:.JlJ.JO::W--~ •v99· ·B36465 BBeo **0::1-U...-1>0-<t<< 
......., 1- w --..::J;-...N...J...JI...JI''-..J...J~..o. B9[Jg 9 

66 67sa 697 lf8a 8 VJ::Ew>l<a."""'cot-'-
:::J :z <.1J :Z <( Z ,.... C1 o 1- 0 1- 0 0 0 • <t - "-' ~. 9 O 7172 z 7 8 8 - C:: 1- 0 X 0 • 0 lJ.J Q. 

0:::::~ <.11 0 - zol!:louuonu .. --11/)n-:x:o- ... _ 9999 990
3 <1s7677 Bo /uw"uw•n•J:t-

...... a: 1- lJ.J ::E ~ ::E - 1- >£ 1- 0:: 0:: II II 0 0 0 11 1- H H I- II --' - v 9 9 9 7R 79 80 ::E 1- C W II II <.IJ ,.... 1- > 

..0 "0 :::J 0 -O<Oet:..JU..I...JIOOVJU.J:II)U.<.IJ<.IJU..<.Il<O<tOW.L... 89 J::W..-<11)1-C::C::I-OU.I-
S... !D :::J ::E:::!i:040.U-OU00011-0I--I-IX-C::..III..J~ ~99 O::U::EI.-<N<I:II-0 

:::::1 S:: r.l) C:: OUl!JUU..O-I-01-<I:!DO-t-0-00-0U<CUID<.IJI->5-- >1-IJ:OI-t-WU..-> 
Vl ro x 

<.11 
...s:: ......., 
ro 
0. 

u 

"' ..... N 
N "'" N 

<n..O 
NN 

.... GJ 
NN 

0 
c<1 N 

~ 

c<1 

"""" co ....-



VR=VRP/ALAM 
CALL HCHNOTIETAS~S•VT•VR•HOl 

312 IFITHETAoLT•Oel GO TO 313 
CALL FDTETAIENSoDTHE•S•DBI 

314 SUM=THRFK-T~END-FO+HO+DB 

C ----CALCULATION OF OXYGEN AND WATER VAPOR RAYS ------------

ECI~HTS-HTP+EFRTH S EC2~HRS-HTP+EFRTH 

HET•HLT-HTP+EFRTH S HER:HLR-HTP+EFRTH 
IFIDSoGTooOOll GO TO 11 

14 CALL SORBIECl•HEToEFRTHoDLToTHEToREl 
REO=REill $ REW=REI21 
CALL S0RBIEC2oHER.EFRTH.DLR,THER,REI 
REC=REO+REill $ REW=REW+REI21 

12 AA=GAO*RFO+GAW*REW 
RETURN 

313 DBmOo . S GO To 314 
10 THOT=THOR=Oo S OLCR=DLR $ GO TO 24 
11 HV=HET+IDST*TANFITHOTli+IDST*DST/12o*EFRTHll 

IFIDSToLEoOoeORoDSRoLE.O.I GO TO 14 
DAT=DLT+DST 
DARuDLR+DSR 
CALL SORBIECloHV•EFRTHoDAToTHETtREl 
REO~REill $ REW=REIZI 
CALl SORBIEC2oHVoEFRTH,DARoTHER•REI 
REO=REO+REill S REWcREW+REI21 
GO To 12 
END 

SORB 

Subroutine SORB computes the effective ray lengths for oxygen and 

water vapor, reo,w~ that are used in the calculation of atmospheric 
absorption (sec. A.4.5). 

SUBROUTINE S0RB!HloH2jA,ROoCA,REl 
C ROUTINE FOR MODEL AUG 73 

DIMENSION RE12l•TEIZloHI21 
TEI11~3.25 $ TE!21=lo36 
P!2=lo570796327 $ Pla3ol41592654 
BA=CA 
IF!HJ.GT.H2l GO TO 10 
HS=Hl $ HL=HZ 

11 AT~PI2+BA 

ANUM~HS*SINFIATI 

DO 22 K=1•2 
H!KI=TE!Kl+A 
IFIHLeLE.H!Kll GO TO 83 
IF!H!Kl.LT.HSI GO TO Al 
AS~ASINFIANUM/H!Kll $ AG~PI-IAT+ASI 
JF!BA.GT.I~56201 GO TO 24 
IF!AE.Eo.o.J GO TO 24 
RE!KI~IHS*SINFIAEII/S!NFIASI $ GO TO 22 

24 RE!Kl•HIKI-HS 
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22 CONTINUE 
RETURN 

10 HS=H2 $ HL=H1 $ BA•-ICA+IRO/AII 
81 IFIAToGToPI21 GO TO 85 

HC=HS*SINFI~Tl 
IFIH!KioLFoHCI GO TO 85 
REIKI=2o*H!Kl*SINFIAC0SFIHC/H!KIIl 
GO TO 22 

83 REI K lo=RO 
GO TO 22 

85 REIKI=Oo $ GO TO 22 
END 

TABLE 

5 GO TO 11 

Function TABLE is used to set up and obtain values from a table 
of grazing angle, ~; corresponding values of path length difference, 
6r; and great circle path distance, d. It is used in calculations for 
the line-of-sight region (fig. 19). 

FUNCTION TABLEIXINTI 
C ROUTINE FOR MODEL AUG 73 

C ENTER TINTER WITH DELTA R AND GET SI 
C ENTER DINTER WITH DELTA R AND GET DISTANCE 
C ENTER SINTER WITH DISTANCE AND GET SI 

COMMON/EGAP/IP,LN.IDTtiXT 
COMMON/SPLIT/L1ol2tNtXI140ioYI140I,D61140),XSI551tXDI551tXR155l,YS 

X I 55 I • Y D I 55 l • YR I 551 • L 3 • Z S I 2 5 l • ZD I 2 5 l , ZR I 2 5 l 
DIMENSION ASI110itADI110I,ARI110l 

C --------------SET UP ARRAY-----------------------
OUM=O• 
CALL TRMESHlXSoXDtXRtlloYSoYOoYRoL2oAStAOtARtL51 
CALL TRMESHIAStADtARtl5tZStZDtZR,L3 9 YtXoD6oNI 
M=N 
DO 21 I =1 •N 
SD=YII1*57o29577951 

21 CONTINUE 
TABLE=DUM $ RETURN 

101 FORMATI31H OUT OF RANGE FOR INTERPOLATION) 

ENTRY TINTER 
IFIXINT-X!lll7olt2 

1 YINT=Yill 
TABLE=YINT $ RETURN 

2 K=1 
3 IFIXINT-XIK+IIl6o4t5 
4 YINT=YIK+ll 

TABLE=YINT $ RETURN. 
5 K=K+l 

IFIM-KlRtBt3 
6 YINT~IIXINT-XIKII*IY(K+li-YCKI)/IXIK+11-XIKII)+YIKI 

TABLE=YINT $ RETURN ' 
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7 PRINT 101 
TABLE=Yill 

8 PRINT 101 
TABLE=Y!MJ 

RETURN 

RETURN 

ENTRY D!NTER 
!FCXINT-X(llll7oll•l2 

11 TABLE•D6111 S RETURN 
12 K "1 
13 IFIXINT-XIK+ll ll6ol4ol5 
14 TABLE=D6 I K+l I S RETURN 
15 K=K+1 

IFIM-Kilf:l•l8•13 
16 TABLE= I IXINT-XIKI HHD6CK+li-D61KII/!XIK+li-XIKI ll+D61KI 

RETURN 
I7 PRINT 101 

TABLE=D61ll S RETURN 
18 PRINT 101 

TABLE =06 IMI S RETUHN 

ENTRY SINTER 
IFIX!NT-D61lll32•3lo37 

~1 TABLE=Yill S RETURN 
32 K= 1 
33 IFIXINT-n&IK+lll35o34•36 
34 TABLE=Y!K+ll S RETURN 
35 K=K+l 

IFIM-Kl30•38o33 
36 TABLE=C(XINT-D6!Kil*IY!K+li-Y!Kilt!D6!K+ll-D61KIIi+YIKl 

RETURN 
37 PRINT 101 

TABLE•Yill S RETURN 
38 PRINT 101 

TABLE oY!Ml S RETURN 
END 

TERP 

Function TERP is used in subroutine HCHNOT to obtain values for 

par·ameters used in the calculation of H
0 

for (169). 

FUNCTION TERPIARGI 
C ROUTINE FOR MODEL AUG 73 

C ROUTINE TO FIND HIRII AND HIR21 

DIMENSION TABR11441•TAHR11441 
DATA!TABR~Ioo.o,95oOo90.0o85.o,ao.o.75.o,7o.o.65.o,6o.o,s5.o,so.o. 

X4B.Oo45.0o43oOo40oOo38. o35.0,33.Q,3Q.Ov28.0,26.0o24.0t22oOo20o0 9 l 
X9oO•lO.o,l7oOol6.0ol5oOol4.0ol3.0ol2.0o1l.OolO.o,9,5,9.o,8.5,8.o,7 
x.s,7.oo6.5,6.o,5.5o5.0o4o8o4o6o4o4o4.2.4.0,3.B,3.6,3.4,3.2,3.0o2.8 
X•2e6o2o4o2o2•2oO•lo9ol.8ol.7•lo6olo5ol.4olo3ol.2ol.lol.Ooe95,.9,.8 
xs •• 8,.75,,7oo65,.6,.55,.5,.45,.4,.38,.36to34,.32,.3,.28oo26,.24oo2 
X2,.2,.1B,.l6ool4oel2,.l,.Q9,.UB,.o7,.065oo06,.055,.05oo045,.o4 0 .03 
X8oe036oo034oo032oo03oe02Hte026oo024oo022oo02ooOl8oo016ooOl4ooOl2oo 
XOloe009to008oo007oo0065oo006,,QQ55,.Q05oo0045oo004oo0038oo0036ooOO 
X34 •• 0032,.Q03o.0028,.0026,.o024o.0022••ouz,.0018o.0016,.00!4 •• 0o12 
x •• oo11 
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DATA(TAHR=o999805,.99978,.999765,.99973,.9997oo999655oo999605to999 
X54oo99945oo99935o.99922oo9991Boo99903vo99893.o99879to99B65oo9984•o 
X99B2o.997Boo9975o.9971,o9966oo996o 0 9952oo99489o994oo9933oo9926,.99 
Xl7oo9903,.989oo9B7oo9845oo9B1Boo98oo97Boo9755to9726•o9695•o9655~.9 
X6loo956,.948,.9t!l,.938o.932oo920,.923oo9lB,.91 0 .902ooB95,.887to876 
Xoo864oo85o.~35,.815oo795oo78,.77 •• 755oo74>o725oo707o.683oo67oo645o 
Xo623,.6!,,59Soo5B,.56oo54oo525oo5loo48Soo465oo445,.4loo385oo375oo3 
X6oo35oo33Soo32 •• 295oo28oo264oa25to232•o212oo193tol73to152•o13to129 
Xool08•o094oo009oo0839o076te07te063••057~.054vo052'o049to046oo0449e 
X0405oo038o.035,.0325 •• 03,o027o.024oo02looOl82•o0152o.Ol39•o0122ooO 
Xloe •• ol,,oo93,.ooas,.oo7s,.oo7 •• oo62,.0o59,.oo56 •• oos3 •• oos •• oo465 
x •• oo44 •• oo4o5,.oo37s •• oo345,.oo315,.oozs,.oozs •• oozz~.oolBa,.oo158 
X l 

IFIARG-.001115ol5ol6 
15 TERP"'o00I5B 

RETURN 
16 IFIARG-100.l10oll~ll 
11 TERP=.999805 

RETURN 
10 DO 12 KH=lol44 

IF!ARG-TABRIKHI!l2•13•14 
12 CONTINUE 
14 KL=KH-1 

TERP=I!ARG-TABR!KHil/!TABRIKLI-TABR!KHIIi*ITAHR!KLJ-TAHR!KHll+TAHR 
XIKHl 

RETURN 
13 TERP,.TAHRIKHI 

RETURN 
END 

TRMESH 

Subroutine TRMESH sorts and merges two tables of three element arrays 

in an ascending order. It is used in calculations associated with the 

line-of-sight_ region (fig. 19). 

SURROUTINE TRMESH!AoB•CtNA,RtStTtNR,x,y,z,Nl 
c ROtiTINE FOR MODEL AUG 73 

D I MENS I ON A ( 1 I 'B ( 1 I • C ( 1 I 'R ( 1 l 'S ( 1 I , T ( 1 I , X ! 11 , Y ( 1 I , Z ( 1 I 
I=J=1 $ N=O 

4 N=N+1 
IF!A!II-R!Jll9•7•8 

9 XI N I=A! I I $ Y!NI,.BIII $ Z!N I=C'! I I $ 1"'1+1 
IF !I.GToNAI5•4 

8 XINJ=R(J) $ Y!NI=SIJI $ Z!NI=TIJI $ J,.J+l 
IF!J.GT.NRI3t4 

7 X!NJ=A!II $ Y!NI=B!II $ ZINI,.C!II $ I•l+l $ J•J+l 
IF! I oGT oNAl 10 •11 

10 IF!J.GT.NRI 12?5 
11 IF!J.GT.NRI3•4 

5 LI=J 
DO 16 LE=LI •NR 
N=N+1 $ XINI,.RILEI $ Y!NI=SILEI $ Z!NisTILEI 

16 CONTINUE 
GO TO 12 
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3 LI= I 
DO 18 LE•LI tNA 
N=N+1 S XINiaAILEI S YINI•BILEI S ZINI•CILEI 

18 CONTINUE 
12 RETURN 

END 

TSMESH 

Subroutine TSMESH sorts and merges two tables of single element 

arrays in an ascending order. It is used in calculations associated with 
the line-of-sight region (fig. 19). 

SUBROUTINE TSMESHIAtNAtRtNRtXtNI 
C ROUTINE FOR MODEL AUG 73 

DIMENSION Al11tRI1ltXI11 
I=J=l $ N=O 

4 N=N+1 
IFIAIII-RIJI 19t7t8 

9 XINI=AIIJ S I=l+1 
IF IJ .• GToNAl5t4 

8 XCNl=RIJI $ JaJ+1 
IFIJoGT.NRI3t4 

7 XINJ=AIII $ 1=1+1 S JaJ+1 
IFIIoGToNAI 10•11 

10 IFIJ.GT.NRI 12•5 
11 IFCJ.GT.NRI3o4 

5 Lr=J 
DO 16 LE=LI •NR 
N=N+1 S XINI=RILEI 

16 CONTINUE 
GO TO 12 

3 Ll=l 
DO 18 LE=LI •NA 
N=N+1 $ XINI•AILEI 

18 CONTINUE 
12 RETURN 

END 

VZD 

Subroutine VZD is used to calculate long-term (hourly median) 
variability (sec. A.5). 

i -:'• 
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SUBROUTINE VZDIDE?Gl.G9pAl 
C ROUTINE FOR MODEL AUG 73 

DHiENSlON Bl35l 
DIMENSION Cll31oC2(3l•C313l•CN113l,cN2131?CN313l oFM13ltFINI31~ZC31 

loYI35),A!50l ' 

C MIXED--ALL YEAR TIME BLOCK YS AND CONTINENTAL Vl501 

DATAICl~Zo93E-4•5o25E-4•lo59E-5J 
DATA!C2•3.7CE-Bo!.57E-6~1.56E-Ill 
DATAIC3=lo02E-7o4.70F-7>2o77E-81 
DATAICNl=Z.OO•l•97o2o321 
DATAICN2~2.9Ro2o3lo4eOB! 

DATAICN3=3.15•2.90o3*251 
DATACF!N=3o2o5o4oO•Ol 
DATAIFM~8.2•10.0o3o9l 

12 DO 13 I"' 1 13 
X=F IN I I l +I I FM! I l-FINI I l h'~-EXPFI-(2 i I lil-DE**CN2 I ·x Ill 

13 Z I I ) =I I ! Cl \ Il *DE·*·~*OH I I I! -X l *EXPF I-C3! I )·,'DE"'*CN3!! i l I +X 
Yll3l=-Zill~·G9 
Y!23bZ!2l*Gl 
Ylll=3•3279*YCi3l 
YI2)=3•2052*Yil3l 
Y!3J~3•0157*Yfl3l 
Yl4l=2•9025*Yil3l 
YC5 l=Zo7622*Yil'3l 
YI6J=2.5675*Yil31 
Yl7l=2o4ll2*Yil3l 
YC8l=2•24~B*Yil3l 
Yl9l=2·0098*YII3l 
YllOl=l.8150*Yil3) 
Yllll=lo6025*YII3l 
Yll2t=lo2835*Yil3) 
Yll4l:0.8087*Yil3l 
Y! l5l=Oo6567*Y! 131 
Yll6l=0.4092*Yil3l 
Yll7l=O.I976*Yil3l 
YllBl=o.oooo 
Yll9l=Ool976*YI23) 
Yl20l=0.4092*YI23) 
Yl2l)~n.6567*YI23) 

Yl22l=0.8087*YI23l 
Y124l=lo3265*YI231 
Yl25l~l.7166*YI231 
Yl26l=l.9507*YI23l 
Yl27l~2.2000*YI23) 
YI2Bl=2o5280*YI23l 
Yl291=2o7310*YI23) 
YI30l,.zo9180*YI23) 
YI3II~3.1680*Y123l 
Yl32l=3o3320*YI23) 
Yl33l~3.4560*YI231 

Yl34lre3.6900*YI23) 
Yl35l=3o8150*YI231 

1 7 DO 1 8 I = 1 '3 5 
KN=36-l 
B I I J =Y I I l +Z ( 3 l 
AIKN), Bill 

lB CONTINUE 
RETURN 
END 
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YIKK 
Subroutine YIKK is used to determine short-term (wi.thin-the~hour) 

for a specified value for the parameter K of (6). It uses the VF tables 
which are tabulated in this section under TABLES to obtain the Nakagami
Rice distribution [40, fig. VI] that corresponds to K. Actually, the 
K used in YIKK has a sign that is the opposite of that used in (6), and 
Rice et al. [40, fig. VI], but is the same as that of [38, table 1] from 
which the data were taken. 

SUBROUTINE YIKKIToPVoVI 
C ROUTINE FOR MODEL AUG 73 

C THIS NAKAGAMA-RICE DISTo HAS TABLES FROM NORTON 55 IRE PAGE 1360 
C THE TABLES ARE THE NEGATIVE OF THE KK IRE TABLES BUT ARE CHANGED 
C BEFORE GOING OUT OF THE ROUTINE 
.C K HAS THE OPPOSITE SIGN OF 101 BUT THE SAME AS THE IRE PAPER 

DIMENSION Pl351oPVI50ioVI50I 
COMMON/VV/VFI36o171 
DATA IIPIII•I=1o351=o00001••00002o.00005o.0001oo0002te0005,.0Q1,. 

X002to005oo01oo02to05oo10to15oo20,.3Qoo40oo50to60oo70,.BQ,.85,.90 0 o 

X95oo98te99oo995to998oo999to9995to9998to9999to99995to9999Bto999991 
AVEFIYNoXNtYN1oXN11 = IYN1*1T- XNI- YN*IT- XN111/IXN1- XNI 
DO 1 I = lol4 
!FIT- VFil•Ill 3o2o1 

1 CONTINUE 
I = 14 

2 DO 4 J = lo35 
VIJ) = VFIJ+1tii 

4 PV I J I ,. p C J I 
GO TO 6 • 

3 IFIIoEOo11 GO TO 2 
DO 5 J = 1•35 
VIJI = AVEFIVFIJ+l•I-11tVFilti-11oVFIJ+l•IItVFiltiii 

5 PV I J I • PI J I 
6 DO 7 Jalo35 
7 VIJI=-VIJI 

RETURN 
END 

.. 
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B. 4.2, TABLES 

The programs all require that a set of data cards be read before 
· I d (f' 2r 26. ?7) any 1 npu·:: parameters <H'E rea 1 gs. ..o, _ , ,_ . Tabulations of 

these tables are provided in t order required by READ statements of the 

programs. Each table is identi ~he FORTRAN variables used in the 
READ statements associated with it. 

TABLE TAV /TAtfl 

This table is used by subroutine HCHNOT. 

40000 000 ooo 000 000 050 zoo 53037000 000 000 000 ouo 065 225 575 
35000 000 000 000 010 075 Z50 61534000 000 ouo 000 013 078 260 640 
33000 000 000 000 015 080 270 65030000 000 000 000 ozo 100 310 7ZO 
27000 000 ooo 000 030 115 355 aoo2sooo 000 000 000 040 1Z5 400 860 
23000 000 000 000 050 14 4'+0 93020000 000 000 010 060 160 520 1055 
16000 000 010 030 085 210 670 129015000 010 015 038 100 Z30 720 1350 
14000 015 020 045 110 250 775 1430130'00 020 0Z5 060 lZO 270 840 1510 
1ZOOO OZ3 040 07Z 130 290 905 161011000 025 050 080 150 325 1000 17Z0 
10000 035 060 100 170 365 1090 1850 9500 040 070 117 180 390 1150 1930 
9000 050 013 12 3 200 4Z 5 1205 zooo 8500 055 080 130 2ZO '•:0 5 1270 Z080 
8000 060 090 15 5 Z45 500 1350 2175 7500 070 110 175 270 5lf5 1425 2280 
7000 075 1ZO zoo 305 600 1500 2390 6800 080 126 210 320 630 1540 2430 
6600 085 130 22 3 340 650 1580 Z480 6400 090 1'+0 Z30 355 680 1615 2530 
6ZOO 100 149 245 375 710 1650 2580 6000 105 160 255 400 740 1700 2640 
5800 110 170 270 420 780 1740 2690 5600 120 175 285 440 810 1790 Z760 
5400 125 185 300 465 850 1830 28Zo 5200 130 200 3ZO 495 890 1880 2890 
5000 140 220 335 515 930 1940 2950 4800 150 225 350 550 980 zooo 3030 
4600 160 240 375 580 1030 2050 3100 4400 170 255 395 620 1080 2120 3180 
4200 175 275 425 655 1150 2190 3270 '•OOO 190 290 455 700 1210 2260 3350 
3800 210 315 484 750 1280 2350 3 1+50 3600 223 330 5 20 BOO 1350 2430 3500 
3400 240 360 560 860 1430 2515 3600 3200 260 380 610 925 1515 2610 3710 

'3000 280 415 660 1000 1600 2720 3810 2900 295 426 680 1040 1650 2775 3890 
28oo 310 440 709 1070 1700 2840 3950 2700 325 460 740 1115 1750 2900 4020 
2600 340 478 770 1155 1800 2960 lf090 2500 350 500 BOO 1200 1860 3030 4130 
2400 370 520 830 1250 1925 3100 4200 2300 390 51t5 873 1295 2010 3175 4300 
22oo 415 570 915 1350 2050 3260 It] 70 2100 435 600 960 1400 2120 33lt0 4450 
2000 460 630 1005 1465 2200 3Lf20 '•520 1950 It 75 645 1030 1500 2230 3470 4580 
1900 490 660 1055 1530 2275 3510 4620 1850 500 678 1080 15 70 2320 3570 4680 
1800 520 700 1120 1600 2360 3610 4710 1750 535 720 1150 1630 2400 3680 4750 
1700 550 745 1180 1670 2450 3720 4800 1650 570 770 1215 17Uo 2500 3780 4860 
1600 590 790 1250 1750 2550 3810 4910 1550 610 820 1280 1790 2600 3860 4990 
1500 640 845 1320 1840 2650 39•20 5010 llt50 660 870 1355 1880 2710 3980 5090 

195 



1400 680 900 1390 1940 2760 4020 5130 1350 710 930 1430 1980 2810 4100 5210 
1300 740 96~ 14.80 2040 2890 4160 5280 1250 775 1005 1525 2100 2950 4230 5340 
1200 BOO 1045 1580 2160 3020 4290 5400 1150 830 1085 1628 2230 3100 4370 5490 
lloo 870 1130 1695 2300 3170 4420 5570 1050 910 1180 1751 2370 3240 4500 5630 
1000 9'.>0 1230 1820 2440 3340 4610 5720 980 975 1260 1840 2480 3365 4630 5780 

960 995 1285 1870 2510 3400 4670 5800 940 1010 1310 1900 2540 3440 4700 5830 
920 1035 1330 1930 2580 3460 4740 5880 900 1060 1360 1960 2610 3490 4790 5920 
aao 1080 1380 1995 2650 3510 4820 5960 860 1100 1410 2023 2680 3560 4890 6000 
8Lf0 1130 1'd0 2060 2775 3590 4920 6030 820 1150 1465 2090 2760 3630 4950 6090 
Boo 1180 1490 2125 2800 3680 5000 6110 780 1210 1523 2165 2850 3710 5030 6170 
760 1240 1555 2205 2890 3780 5090 6210 740 1265 1585 2250 2935 3800 5130 6260 
720 1295 1622 2290 2980 3850 5190 6300 700 1320 1655 2335 3020 3900 5210 6330 
680 1350 1690 2375 3070 3960 5280 6400 660 1380 1730 2430 3120 4000 5310 6460 
640 1420 1770 2475 3180 4050 5380 6500 620 1450 1820 2523 3240 4100 5430 6560 
600 1490 1860 2570 3290 4150 5490 6610 590 1510 1875 2595 3320 4180 5500 6630 
580 1525 1900 2625 3350 4200 5530 6680 570 1550 1924 2650 3380 4230 5570 6710 
560 1570 1950 2676 3410 4260 5600 6740 550 1590 1975 2705 3440 4300 5630 6780 
540 1610 1997 2740 3470 4330 5680 6800 530 1630 2025 2170 3490 4370 5700 6830 
520 1660 2050 2795 3500 4400 5720 6880 510 1675 2072 2825 3520 4420 5750 6900 
500 1700 2110 2855 3540 4480 5790 6930 490 1730 2130 2890 3590 4500 5810 6980 
480 1760 2167 2925 3610 4520 5870 7000 470 1780 2195 2960 3650 4580 5900 7000 
460 1810 2220 2990 3690 4610 5930 7000 450 1840 2267 3030 3730 4630 5990 7000 
440 1870 2290 3065 3780 468 6010 7000 430 1900 2330 3110 3800 4710 6070 7000 
420 1930 2360 3140 3850 4770 6090 7000 410 1950 2390 3177 3BBo 4800 6120 7000 
400 1990 2'•35 3225 3930 4030 6170 7000 390 2025 2470 3270 3970 4890 6210 7000 
380 2060 25o5 3310 4010 4920 6270 7000 3 70 2090 2547 3360 4080 4980 6320 7000 
360 2140 2590 3400 4100 5020 6370 7000 350 2165 2628 3446 4150 5080 6400 7000 
340 2210 2670 3500 4200 5120 6460 7000 330 2250 2717 3550 4250 5190 6500 7000 
320 2300 2760 3600 4300 5220 6560 7000 310 2350 2810 3650 4390 5290 6610 7000 
300 2390 2870 3700 4450 5320 6680 7000 290 2440 2920 3750 4490 5390 6710 7000 
280 2490 2979 3800 4530 5460 6790 7000 270 2550 3030 3880 4600 5510 6850 7000 
260 2600 3090 3920 4650 5590 6920 7000 250 2660 3155 lf000 4720 5630 7000 7000 
240 2720 3220 4050 4800 5710 7000 7000 230 2780 3290 4120 4BBo 5800 7000 7000 
220 2850 3365 4200 4950 5880 7000 7000 210 2940 3390 4280 5020 5950 7000 7000 
zoo 3010 3480 4350 5100 6030 7000 7000 190 3100 3560 4440 5200 6120 7000 7000 
180 3175 3630 4520 5300 6210 7000 7000 170 32 75 3730 4620 5400 6310 7000 7000 
160 3370 3030 4720 5500 6430 7000 7000 150 3470 3930 4820 5600 6520 7000 7000 
140 3520 '~0 50 4950 5700 6650 7000 7000 130 36'•0 4190 ,5080 5850 6800 7000 7000 
120 3780 /l3()0 5200 5990 690 7000 7000 110 3920 4470 :5350 6130 7000 7000 7000 

·1oo 4080 4600 5500 6300 7000 7000 7000 095 4150 4 700 .5600 6380 7000 7000 7000 
090 4250 4800 5700 6480 700 7000 7000 085 4330 4890 5·790 6580 7000 7000 7000 
080 4470 5000 5890 6680 7000 7000 7000 075 4560 5110 6000 6790 7000 7000 7000 
070 4680 5220 6110 6900 7000 7000 7000 068 4720 5290 6190 7000 7000 7000 7000 
066 4790 5330 6210 7000 7000 7000 7000 064 4830 5380 6300 7000 7000 7000 7000 
062 4880 5440 6340 7000 700 7000 7000 060 4930 5500 6400 1000 7000 7000 7000 
058 4990 5550 6430 7000 7000 7000 7000 056 5050 5620 6500 7000 7000 7000 7000 
054 5100 5690 6580 7000 700 7000 7000 052 5180 5740 6630 7000 7000 7000 7000 
050 5230 5800 6700 7000 7000 7000 7000 048 5300 5880 6770 7000 7000 7000 7000 
046 5380 5980 6840 7000 700 7000 7000 044 5440 6040 6920 7000 7000 7000 7000 
042 5530 6130 7000 7000 7000 7000 7000 040 5620 6210 7000 7000 7000 7000 7000 
038 5700 6300 7000 7000 700 7000 7000 036 5800 6400 7000 7000 7000 7000 7000 
034 5900 6500 7000 7000 7000 7000 7000 032 6000 6600 7000 7000 7000 7000 7000 
030 6100 6700 7000 7000 700 7000 7000 o2B 6230 6830 7000 7000 7000 7000 7000 
026 6370 6990 7000 7000 7000 7000 7000 024 6500 7000 7000 7000 7000 7000 7000 
022 6680 7000 7000 7000 700 7000 7000 020 6840 7000 7000 7000 7000 7000 7000 
018 7000 70()0 7000 7000 7000 7000 100() 
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TABLE TALD/TAFL 

This table is used by subroutine FDTETA. 

10 1721 1723 17Z4 17Z5 1726 l7Z7 1 ·rz ·r 1&85 1686 1688 1689 1690 1691 1691 
15 1783 17137 1790 1793 1797 1799 11199 1 71t 7 1150 11'5 3 1758 1762 1764 1764 
zo 1830 1834 ).838 184Z 1847 1650 1851 1794 1796 18U3 1808 1817 1821 1£123 
30 1897 1904 1914 192Z 1930 1933 1934 1661 1869 1883 1895 1904 1912 1913 
40 1945 1959 1969 1980 1990 1996 1996 1908 1931 1955 1966 1976 1984 1984 
50 1984 zooz 2015 ZOZ7 2037 2043 Z046 1949 1979 2009 <'.02Z 2033 ;?039 204Z 
60 Z015 Z041 Z057 Z068 2084 2093 2095 1980 Z019 2055 206Z 2078 Z085 Z088 
70 Z043 2075 Z091 Z107 ZlZ6 Z135 Z138 ZOOB Z064 Z087 Zl03 21Z2 Zl31 Z134 
80 Z067 2100 Z1Z1 Z139 Z16Z Z1 7Z Z1 76 Z031 Z089 Z116 213 7 2158 2168 2173 

1oo Z107 2150 Z1BO ZZ04 z Z31t ZZ47 ZZ5Z Z069 Z139 Z175 2Z05 2229 2241 Z250 
150 2177 2244 2Z95 Z334 Z375 Z389 2403 Z143 Z240 ZZ94 2334 2375 2395 2402 
zoo 2Z31 2317 2388 Z442 Z503 2526 2544 Z198 Z317 2391 2443 2507 2528 2545 
Z50 2273 Z38Z 2471 2546 Z631 Z656 2677 2241 2382 2472 2541 2630 2665 2684 
300 2308 2440 Z544 2635 2743 2776 Z802 2Z78 2442 2549 2631 2745 2789 2811 
350 2338 2494 2615 2721 2842 2885 Z915 2309 2496 2618 2723 2848 2900 2929 
400 2366 2544 2685 2798 2932 2982 3017 2337 2544 2685 2809 2943 Z999 3034 
500 2411 2637 2822 2942 3112 3176 3254 2386 2635 2818 2953 3133 3197 3244 
600 2449 2718 2954 3086 3292 3370 3480 2428 2719 293:9 3097 3 3Z3 3395 31154 
BOO 2510 2883 3214 3374 3652 3758 39:3Z Z498 2881 3181 3385 3703 3791 3874 

1000 Z559 3038 31t74 366Z 401Z 4146 4384 Z556 3043 34Z3 3673 4083 4187 4Z94 
10 164Z 1644 1646 1647 1648 1649 1649 1580 158Z 1584 1585 1588 1589 1590 
15 1705 17()9 1712 1716 17Z1 17Z7 1727 1644 1647 1656 1662 1669 1680 1680 
zo 175Z 1757 1763 1770 1780 1785 1788 1691 1697 1711 1719 1730 1743 1749 
30 18ZO 18Z'i 1846 186Z 1879 1886 1891 1759 1777 179 7 1814 183Z 1853 1859 
40 1668 1886 1919 1941 196Z 1973 1975 1808 1837 187Z 1897 1917 1938 1943 

'50 1908 1937 1981 Z005 20Z8 Z035 Z040 1848 1886 1933 1966 1990 Z006 Z013 
60 1939 1982 Z030 2052 Z077 Z086 ZOBB 1879 1931 1988 Z023 Z048 Z063 Z070 
70 1967 Z023 207Z Z095 Z120 21Z9 Z132 1907 197Z 2040 Z075 Z096 2116 Z122 
80 1991 Z059 Z109 Z133 2159 Z168 Z173 1931 ZOll zoao Z118 Z139 Z160 Z166 

100 Z031 Z1o7 Z17Z Z190 2ZZ8 ZZ40 ZZ46 1972 Z081 Z154 Z197 2Z17 ZZ35 Z240 
150 Z105 ZZ16 ZZ89 Z307 Z367 Z36Z Z395 2048 ZZ05 zzao 23Z7 Z359 Z380 Z39Z 
zoo Z158 ZZ95 Z386 Z437 Z495 Z5Z5 2536 Z103 Z30Z Z380 Z431 Z493 Z5ZO Z530 
250 ZZ01 Z366 Z477 Z547 Z6ZZ Z663 2696 Z149 Z376 Z475 Z5Z9 Z618 Z648 Z665 
300 ZZ44 Z4Z5 Z560 Z645 Z738 Z785 Z803 Z187 Z435 Z556 Z634 Z735 Z775 2785 
350 ZZ78 Z480 Z6Z3 Z734 Z640 Z90Z 2920 ZZ21 Z490 2627 Z7ZO Z846 2890 2900 
400 Z311 Z53Z Z700 ZBOB Z930 3005 30Z6 2Z50 Z540 Z690 Z793 Z95Z 2983 3006 
500 Z365 Z627 Z81Z Z947 3110 3Z11 3244 Z300 26Z7 Z803 Z935 3097 3164 3Z18 
600 Z41Z Z718 2908 3086 3290 341'7 3460 Z350 Z710 Z691 .3077 324Z 3345 3430 
BOO Z488 ZBBO 3100 3364 3650 38Z9 3892 Z434 Z650 3067 3361 3532 3707 38 5'• 

1000 Z550 3016 3Z92 363Z 4010 4Z41 43Z4 Z505 Z968 3243 3645 38ZZ 4069 4278 
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TABLE VF 

This table is used by subroutines FDASP and YIKK. 

-400000 -02581 -02487 -02357 -02255 -02148 -01998 -01878 -01750 
-01252 -01004 -00784 -00634 -00516 -00321 -00155 00000 00156 

00639 00790 01016 01270 01440 01596 01786 01919 02045 
02421 02557 02656-250000 -13620 -13143 -12484 -11966 -11427 

-09401 -00460 -07676 -06811 -05496 -04312 -03487 -02855 -01764 
00897 01857 02953 03670 04538 05868 07391 08421 09374 
12165 13161 13882 14561 15427 16053-200000 -22901 -22126 

-19343 -18111 -17110 -16037 -14486 -13184 -11738 -09524 -07508 
-03076 -01484 ooooo 01624 03363 05309 06646 08218 10696 

17389 19678 21320 22900 24911 26380 27751 29497 30760 

-01568 
00323 
02202 

-10669 
-00852 

10544 
-21055 
-06072 

13572 

-01417 
00518 
02314 

-10055 
00000 
11374 

-20214 
-05003 

15544 

-180000- 28028- 27074- 25755- 24720- 23678- 22205- 21003- 19713- 17840- 16264 
- 14508- 11846- 9332- 7609- 6240- 3888- 18780000000 2023 4188 6722 

8373 10453 13660 17416 20014 22461 25520 27732 29875 32621 34644 
36434 38716 40366-160000- 33978- 32842- 31271- 30038- 28808- 27061- 25634 

- 24096- 21856- 19963- 17847- 14573- 11550- 9441- 7760- 4035- 23350000000 
2564 5308 8519 i0647 13326 17506 22463 25931 29231 33402 36452 

39433 43340 46182 48661 51818 54103-140000- 40877- 39537- 37685- 36232 
- 34794- 32747- 31069- 29256- 26605- 24355- 21829- 17896- 14247- 11664- 9613 

5989- 28930000000 3251 6730 10802 13558 17028 22526 29156 33872 
38422 44271 48619 52933 58622 62894 66446 70972 74245-120000- 48738 

- 47177- 45020- 43326- 41666- 39298- 37349- 35237- 32136- 29491- 26507- 21831 
- 17455- 14329- 11846- 7381- 35650000000000412300085350013698 17289 21808 

29119 38143 44715 51188 59723 66239 72862 81865 88923 94335 101228 
1o6214-10oooo- 57509- 55715- 53235- 51288- 49399- 46694- 44462- 42034- 38453 

- 35384- 31902- 26408- 21218- 17471- 1449!- 9032- 43630000000 5221 10809 
17348 i2053 27975 37820 50372 59833 69452 82658 93196 104384 120469 

131278 140025 151165 159224- 80000- 67058- 65025- 62214- 60007- 57888- 54844 
- 52322- 49571- 45493- 41980- 37975- 31602- 25528- 21091- 17566- 10945- 5287 
ooooooo 6587 13630 21887 23535 35861 49287 67171 81418 96386 118333 

136864 157730 188754 214724 231043 251829 266866- 60000- 82248- 78505- 73331 
- 69269- 66923- 63546- 60739- 57667- 53093- 49132- 44591- 37313- 30307- 25127 
- 21011- 13092- 63240000000 8239 17057 27374 35494 45714 64059 89732 

110972 134194 165515 195474 224091 262921 292688 314933 343267 363765- 40000 
- 87379- 8488n- 81426- 78714- 76158- 72466- 69388- 66008- 60955- 56559- 51494 
- 43315- 35366- 29421- 24699- 15390- 74340000000 10115 ~0942 33610 44009 

57101 81216 115185 142546 171017 209722 240284 268961 303797 339080 363139 
393784 415953- 20000- 97222- 94513- 90768- 87828- 85080- 81100- 77773- 74109 

- 68613- 63811- 58252- 49219- 39366- 33234- 28363- 15390- 74340000000 11969 
20942 39770 46052 67874 96278 134690 164258 194073 233679 263778 293751 

333813 363666 388076 419169 441663 oooo-105951-103056- 99054- 95912- 92995 
- 88764- 85215- 81301- 75411- 70246- 64240- 54449- 44782- 37425- 31580- 19678 

95050000000 13384 27709 44471 58105 75267 105553 145401 175512 205618 
245411 275515 305618 345412 375516 399995 431180 453741 20000-122990-119117 

-113764-109561- 99223- 94777- 91044- 86919- 80697- 75228- 68861- 58423- 48088 
- 40196- 33926- 21139- 102110000000 14189 29376 47145 61724 80074 110005 
. 150271 180527 210706 250544 280664 310774 350594 380697 405201 436413 458992 

40000-117687-114512-110122-106676-103504- 98887- 95007- 90714- 84231- 78525 
- 71873- 60956- 50137- 41879- 35318- 22007- 106300000000 14563 30149 48385 

62706 80732 111876 152273 182573 212774 252627 302749 312868 352664 382767 
407273 438489 461071 60000-120323-117170-112811-109389-106130-101386- 97395 

- 92980- 86309- 81435- 73588- 62354- 51233- 42762- 36032- 22451- 108450000000 
18080 37430 6007i 69508 01386 112606 153046 183361 213565 253426 283549 

313664 353464 383567 408076 439293 461877 200000-124109-120713-116020-112336 
-108939-103997- 99845- 95253- 88326- 82238- 75154- 63565- 52137- 43470- 36584 
- 22795- 110110000000 14815 30672 49224 63652 81814 113076 153541 183864 

214076 253935 284060 314174 353~74 384077 408586 439805 462389 
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APPENDIX C. 

LIST OF SYMBOLS 

This list includes most of the abbreviations, acronyms. and symbols 

used in this report except for those used in the computer listings of 

section B. FORTRAN variables used in providing input for the programs 

are described in table 7, and subprograms and input data tables are 
cataloged in section 13.4. Many are similar to those used in [17, 18. 

20, 32, 40, 42]. The units given for symbols in this list are those re
quired by or resulting from equations as given in tfr!s report and are 

applicable except when other units are specified. The following rela
tionships are provided as a convenience to the reader. 

foot = 3.048 x 10- 4 kilometer 
statute mile = 5280 feet 

1 statute mile ::: 1.609344 kilometers l 

nautical mile = 1.852 kilometers 
radian = 57. 2'9577951 degrees 

In the following list, the English alphabet precedes the Greek alpha

bet, letters precede numbers, and lower-case letters precede upper-case 

letters. Miscellaneous symbols and notations are given after the alpha

betical items. 

a 
y 

a, '2 

a3,4 
ANT. 

Effective earth radius (km) calculated from (20). 
An adjusted effective earth radius (km) calculated 
using (44) and shown in figure 16. 

Actual earth radius, 6370 km to about three 
significant figures. 

An effective earth radius (km) used in figure 21 
and defined for different path types in section A.4.5. 

Effective earth radii from (88). 

Effective earth radii from (91 ). 

Antenna (fig. 6). 
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A e,q,t 
AeK 

Atmospheric absorption (dB) from {172). 
Attenuation (dB) associated with diffraction 
over terrain, from (144). 
Intercept (dB) for the beyond-the-horizon 
combined diffraction attenuation line, from (143). 

Ad dB at dx, from (144). 
Effective area (dB - sq. m) of an isotropic 
antenna (sec. 3.2.1 footnote) from (9). 
Angles (rad) defined and used in figure 21 only. 
Knife-edge diffraction attenuation (dB) for 
path p = e (122). 
Attenuation (dB) used in {122). 
Attenuation (dB) associated with beyond-the-horizon 
knife-edge diffraction, from (125). 
Knife-edge diffraction for path p=K (fig. 20), 
from (119). 
Intercept (dB) for the beyond-the-horizon 
knife-edge diffraction attenuation line, 
from (124). 
Knife-edge diffraction loss f5 expressed in 
decibels from {134). · 
Combined diffraction attenuation {dB) at dML' 
from (136). 
Intercept (dB) for the within-the-horizon 
combined diffraction attenuation line, from (139). 
Attenuation {dB) of rounded earth diffraction 
for path p, from (105). 
Intercept (dB) of rounded earth diffraction 
line for path p, from (104). 
Inverse sine (rad), principal value. 
Rounded earth diffraction attenuation (dB) 
obtained from {105) with oarameters for path 
p=K (fig. 20) and dp=dll + dels' used in (141). 
Rounded earth diffraction attenuation (dB) 
obtained from (105) with parameters for path 
p=K (fig. 20) and dp = dML· 
Rounded earth diffraction attenuation (dB) 
obtained from {105) with parameters for path 
p=K (fig. 20) and dp=d5. 
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B 1 ,2,3,4 

cos 

Cos- 1 

CDC 3800 

c 
1 '2 '3 

d 

deg 

dB 

dB/km 
(DB/KM) 

dB-sq m 
(DB-Sq M) 

Terrain attenuation (dB) associated with forward 
sea tter ("!69). 

As dB at dx9 from (169). 

Attenuation (dB) associated with terrain, 
from (84) or (145). 

A conditional adjustment factor used to prevent 
available signal powers from exceeding levels 
expected for free-space propagation by unreal
istic amounts. from (16). 

Attenuat~ons (dB) from (102). 

Combined diffraction attenuation (dB) at 
d5 , from (136). 

Combined diffraction attenuation (dB) at 
d=dll + dels• from (141). 

Parameters calculated from (107). 

Parameters calculated from (95). 

Cosine. 

Inverse cosine (rad), principal value. 
Control Data Corporation 3800, the computer 
type used by TTS for batch processing. 
Parameter used in defining exponential 
atmospheres, from (29). 

Parameters defined following (178). 

Great Circle distance (km) between facility 
and aircraft. For line-of-sight paths 
(fig. 16) it is calculated from (60). 

Degree. 

Decibel, 10 log (dimensionless ratio of powers). 
Attenuation (dB) per unit length (km). 

Units for effective area in terms of decibels 
greater than an effective area of 1 m2 (sq m), 
10 log (area in square meters). 
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dB-W/sq m 
(DB-W/SQ M) 

Units for power density in terms of decibels 
greater than l W/sq m~ 10 log (power density 
expressed in watts per square meter): 

·Power (dB) greater than unit power (W), 
10 log (power expressed in watts). 
Counterpoise diameter (km). 

Distance (km) beyond the radio horizon at which 
diffraction and scatter attenuation are approxi
mately equal for a smooth earth from (175). 

Effective distance (km) ftom (!7'7). 

dpLs km for path p = e (fig. 20), from (117). 

dpll s2 km for· path p = e (f·ig. 20)' from (n6). 

The largest distance (km) in the line-of-sight 
region at which diffraction effects associated 
with terrain are considered negligible, from (140). 

Great Circle distance (km) for path p (fig. 20). 

Total horizon distance (km) for path p from (85). 

Total smooth earth horizon distance (km) 
for path p (sec. A.4.3) 

Radio horizon distances (km) for path p 
(sec. A. 4. 3) . 

Distance (km) from the horizon to the aircraft 
as shown in figure 13 and used in (40). 

Smooth earth horizon distance (km) for facility 
horizon shown in figure 15 and calculated 
from ( 37). 
Distances (km) calculated from (153). 

A distance (km) just beyond the radio horizon 
where A 2 20 dB and M < Md. s - s-
Great Circle distance (n mi) from aircraft to desired 
and undesired facility. respectively (fig. 4). 

dpLs km for path p = K (fig. 20) as per (112). 

d . km for path p = K (fig. 20) as per 
pLI• 2(108J and (109). 
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d · Lsl 

Distance (km) discussed prior to (173). 

Smooth earth horizon distances (km) calculated 
from (173) or (174). 
Fa en ity smooth ea r~th horizon distance (km) 
from (24)' 

A i rct'a ft Si!lt)Oth ealnth hodzon distance ( km), 
from ( 33). 

Fa en ity-to~·hor'l:wn distance (km) shown in ·figure 13; 
determined from figure 14 and from (23) or (26). 
Aircraft·· ··t,,Jl: zon a·! stance (km) shown in 
figure 15 anJ ned from (38). 

i\ distance (km) (!?~3), 

dM A distance (km) from (176). 

0/U 

D/U ( q) 

D/U(0.5) 

Dl '2 

exp( ) 

Maximum line-of-sight distance (km shown in 
fi 9. B) from ( 40) . 
A distance (km) from (86). 

Distance (km) used in rounded earth diffraction 
calculation (87). 
A distance (km) from (129). 

Qistance ~easuring ~~uipment (fig. 2), an air 
navigation aid used to provide aircraft with 
distance information. 
Desired-to-Undesired signal ratio (dB) 
available at the terminals of an ideal (lossless) 
isotropic receiving antenna (sec. 3.1 .2). 
D/U values (dB) exceeded for a fraction q of the 
time. These values may represent instantaneous 
levels or hourly median levels depending upon 
the time availability option selected (sec. 3.1.2), 
and are calculated via (11). 
D/U(q) dB at median (q=0.5) level, from (12). 

Distance (km) between rad·io ho.rizons, calculated 
via (159). 

Distances (km) shown in figure 16 and calculated 
via (51). 

Exponential; e.g .• exp(2) = e2 
• . 
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E 

EIRP 

ERP 

f 

ft 
(FT) 

ft-MSL 
ft-ss 

f g,c 

.c 
lh 

f m,2 ,oo 

F 

FAA 
FORTRAN 

East longitude (fig. 3 only). 
Equivalent lsotropically Radiated fower (dBW) 
calculated using (1). 
£ffective E_adiated Power (sec. 3.l .. l)s 2.15 dB 
less than EIRP. 
Frequency (MHz). 

feet 

Elevation (ft) above MSL. 
Elevation (ft) above facility site surface. 

Knife-edge diffraction loss factors determined 
with subroutine FRENEL from v , used in (78) 
and (79). g,c 

Knife~edge diffraction loss factor obtained for 
vh via subroutine FRENEL (sec. 13.4.1), used 
it1 (122). 

Parameters defined following (178). 

Elevation angle correction factor, from (179). 

Knife-edge diffraction loss factor obtained 
for v5 from subroutine FRENEL (sec. B.4.l), 
used in (134). 

Fade margin (dB) from (197). 
Federal Aviation Administration. 
FORmula TRANslating 11 1anguage 11 or coding used with 
electronics computers in lieu of 11 machine language 11

• 

Many such languages are used and FORTRAN itself 
has several variations. 
Reflection reduction factor associated with 
Ay, from ( 191 ) . 

Attenuation function (dB) obtained from 
subroutine FDTETA (sec. B.4.1), used in (169). 

Reflection reduction factor associated with 
diffuse reflection, from (194). 
Correction term (dB) in scatter attenuation which 
allows for the reduction of scattering efficiency 
at greater heights in the atmosphere (164). 
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FL'ir 

g 

G 1,2,3,4 

h 

Parameters (dB) from (101 ). 
Specular reflection reduction factor associated 
with surface roughness, from (66). 
'Reflection reduction factor associated with 
L'ir, from (192). 
Normalized voltage antenna gain for the facility 
antenna at the elevation angle associated with the 
direct ray (figs. 13 and 16). Calculated using the 
fotmul at ion given for g in (67) but with '8 set to 
eh from (57) for line-of-sight paths or e ~r from 

fi gul''e ·14 for beyond-the·-hori zon paths~ 
Normalized voltage gain for facility antenna 
from (67) with Ger = eh from (58). 
Gigahertz (10 9 Hz). 
Gain (dB greater than isotropic) of aircraft antenna 
used in and discussed after (4); current model assumes 
GA = 0 (isotropic) for D/U calculations. 
Gphl, 2 dB for path p ~ e (fig. 20), used in (122). 

Gain (dB greater than isotropic) of facility antenna 
used in and discussed after (4). 
Values (dB) for the residual height gain function 
(sec. A.4.3) from subroutine GHBAR (sec. B.4.1 ), 
used in (119). 

Values (dB) of the residual height gain function 
for path K from subroutine GHBAR, used in (122). 
Values (dB) for the residual height gain function 
(sec. A.4.3) for path p, from subroutine GHBAR 
(sec. B.4.1); described following {107). 

Gain (dB greater than isotropic) for main beam 
(maximum) of facility antenna, used in (1). 

Normalized gain (dB relative to the maximum gain, 
GM) of the facility antenna in the direction 

of interest (fig. 2), used in (7). 

Parameters (dB) from (100). 

Height (km) above msl used in (28). 

Actual aircraft altitude (km) above the effective 
reflection surface from (31). 
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h . 
eel ,2 

h ml,2 

ho 

Height (km) of the counterpoise above facility 
site surface and used in (47). 

Effective height (km) calculated from (25) and 
used in (26). 

h 1 2 km for path p = e (fig. 20) from (114) 
pe ' and ( 115). 

Effective aircraft altitude (km) above msl, 
above ( ·146). 

Elevation (km) of facilitv horizon above 
the effective reflection surface, from (36). 

Effective height (km) of facility antenna 
above the effective reflection surface, 
from ( 111 ) . 

Effective altitude (km) of aircraft above the 
effective reflection surface, from (32) or (34). 

Height (km) of facility antenna above its 
counterpoise, used in (48). 

hpel , 2 expressed in meters from (106). 

Height (km) of the intersection of horizon rays 
above a straight line between the antennas in 
forward scatter (161). 

Effective antenna heights (km) for path p 
(sec. A. 4. 3) . 

Elevation (km) of effective reflecting surface 
above ms 1 (fig. 13). 

A height (km) from (130). 

A height (km) from (160). 

h 1 2 km for path p = K (fig. 20), from (110). 
pe ' 

Elevation (km) of facility horizon above msl 
(fig. 13), from figure 14 and (22). 

Elevation (km) of aircraft horizon above msl 
(fig. 15) and used in (164). 
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H c,q,t,z 

Ho 

H yl,2 

ILS 

ITS 

j 

JTAC 

K 

Facility antenna height h1, or aircraft altitude 
in kilometers above msl (fig. 13). 

Heights (km) defined and illustrated in figure 21. 

Frequency gain function (dB) obtained from 
subroutine HCHOT (sec. 8.4.1)9 used in (169). 

Height (km) of scattering volume above effective 
reflection surface, from (171). 

An antenna he·i ght (km) shown in figure 16' 
from ( 48). 

An antenna height (km) shown in figure 16, 
from ( 47). 

Heights (km) shown in figure 16' from (52). 

Heights (km) used in figure 21 and defined for 
different path types in section A.4.5. 

Instrument handing ~stem (sec. 3.1 .1), an 
air navigation aid used in landing. 

Institute for Telecommunication Sciences. 

Joint Technical ~dvisory ~ommittee. 

Kilometer (10 3 m). 

An adjusted earth radius factor, from (43). 

A parameter calculated from (93). 

K value associated with tropospheric multipath, 
from (198) or (201). 

The ratio (dB) between the steady component of 
received power and the Rayleigh fading component 
that is used to determine the appropriate 
Nakagami-Rice distribution [40, sec. V.2] for 
YTI(q), from (6). 

~L K value at the radio horizon. Used in (201). 

K 1,2,3,4 Parameters .calculated from (94). 
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log 

L(q) 

m 

min 
(MIN) 

mhos/m 

msl 
(MSL) 

MHz 
(MHZ) 

Common (base 10) logarithm. 

Basic transmission loss (dB) for free space, 
. from ( 15). 

A reference level of basic transmission loss 
(dB) , from ( 17) . 

Basic transmission loss (dB) values not exceeded 
during a fraction q of the time. These values 
may represent instantaneous levels or hourly 
median levels depending upon the time availability 
option selected (sec. 3.1 .2), and are calculated 
using (8). 

Lb(q) dB for q = 0.5, from (14). 

Loss (dB) in path antenna gain used in and 
discussed after (4); current model assumes 
Lgp = 0. 

Transmission loss (dB) values not exceeded during a 
fraction q of the time. These-values may repre
sent instantaneous levels or hourly median levels 
depending upon the time availability option selected 
(sec. 3.1.2), and are calcu·lated using (4). 

Meters. 

Minute (deg/60). 

Conductivity (mho) per unit length (m). 

Mean sea level. 

Slope (dB/km) of combined diffraction line for 
beyond-the-horizon, from (142). 

Megahertz (10 6 Hz). 

Slope (dB/km) of the within-the-horizon combined 
diffraction attenuation line, from (137). 

Slope (dB/km) of rounded earth diffraction line 
for path p, from (103). 
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n mi 
(N ~1I) 

n 
1 '2 '3 

N 

N 

N-un its 

q 

rad 

Slope (dB/km) of A
5 

versus d curve, determined 
using successive A calculations for distances 
greater than dML. s Discussed fo l'l owing ( 144). 

Slope ( dB/km) for the beyond-the-hor·i zon knife
edge diffraction line, from (123). 

Slope (dB/km) of the K value line used just beyond 
the radio horizon (200). 

Slope (dB/km) of the diffraction attenuation line 
used just inside the radio horizon, from (83). 

Nautical mile. 

Parameters defined following (178). 

North latitude (fig. 3 only). 

Refractivity (N-units) for a height h in an 
exponential atmosphere; calculated via (28). 

Minimum monthly mean surface refractivity 
(N-units) referred to msl (fig. 3). 

Minimum monthly mean surface refractivity 
(N-units) at effective reflection surface, 
calculated from N

0 
via (18). 

Units of refractivity [3, sec. 1.3] corres
ponding to 10 6 (refractive index -1 ). 

Power (dBW) .available at the terminals of an 
ideal (lossless) isotropic receiving antenna, 
from (3). 

A relative power level (dB) associated with 
the ray optics formulation used in the line
of-sight region, from (82). 

Total power (dBW) radiated from the facility 
antenna, used in (1). 

Dimensionless fraction of time used in time 
availability specifications, e.g., D/U(q), 
Lb(q), Sa(q), etc. 

Radians 
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r 

reo,w 

rleo,w 

and 
r2eo,w 

R 

R Tg,c 

RTA-2 

s 

sec 

Shortest facilHy to aircraft ray length (km); 
calculated as r from (54) for line-of-sight 
paths, and takeR as d otherwise. 

A distance (km) from (71). 

Effective ray length (km) for oxygen or water 
vapor absorption calculations, from (170). 

The direct ray length (km) shown in figure 16 
and calculated from (54). 

Partial effective ray lengths (km) for oxygen 
or water vapor absorption calculations; cal
culated using the relat unships given in 
figure 21. 

Segments of reflected ray path shown in figure 16, 
and components of r 12 . 

Total length (km) of reflected ray of figure 16, 
from (55). 

Magnitude of complex plane earth reflection 
coefficient from (63). 

Magnitude of effective reflection coefficient 
associated with counterpoise reflection, from 
( 69). 

Diffuse component of surface reflection multi
path, from (195). 

Magnitude of effective reflection coefficient 
for earth reflection, from (68). · 

Specular component of surface reflection multi
path, from (193). 

Magnitude of adjusted (for counterpoise edge 
effects) effective reflection coefficient for 
earth from (78) or counterpoise from (79) 
reflection. 

A TACAN antenna type. 

Path asymmetry factor in forward scatter (158). 

Secant (1/cos). 
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sec 
(SEC) 

sin 

ss 
{SS) 

s 

s 

Second (min/60). 

·Sine. 

Faci 1 ity ~ite ~urface. 

Great Circle separation (n mi) between desired 
and undesired facilities, calculated from (2). 

South latitude (fig. 3 only). 

Power density (dB-W/sq m), an output of the 
power density program (3.2.1). 

Sa values (dB-W/sq m) exceeded for a fraction of 
the time. These values may represent instan

taneous levels depending upon the time availability 
option selected (sec. 3.1.2), and are calculated 
from (7). 

SHF ~uper-High frequency (3 to 30 GHz). 

tan 

Tan- 1 

TACAN 

UHF 

v a,i3 

A parameter calculat~d from (157). 

Tangent. 

Inverse tangent (rad) with principal value. 

TACtical Air Navigation (fig. 2), an air navi
gation aid used to provide aircraft with distance 
and bearing information. 

Height (km) associated with atmospheric absorption 
(caption, fig. 21). 

~ltra-High frequency (300 to 3000 MHz). 

Knife-edge diffraction parameter used to deter
mine fc' from (77). 

Knife-edge diffraction parameter used to deter
mine fg' from (75). 

Knife-edge diffraction parameter for the h 1 to 
he22 path shown in figure 20, from (121 ). e 

Parameters~calculated from (165) and (166). 
-f' .' 

Parameters calculated from (167) and (168). 
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VHF 

V(0.5) 

w 

w 

xl '2 

x3,4 

yl ,2 

VB 

yc 

Ye(q) 

A knife-edge diffraction parameter, from (133). 

Variability adjustment term (dB), from (190). 

VHF Omni Range (sec. 3.1.1), an air navigation 
aid used to provide aircraft with bearing 
information. 

~ery liigh frequency (30 to 300 MHz). 

A parameter (dB) from (178). 

West longitude (fig. 3 only). 

A weighting factor used in combining knife-
edge and rounded earth diffraction attenuations, 
from ( 135). 

A relative power level for the Rayleigh fading 
component associated ~ith tropospheric multi
path (sec. A.?), from (199). 

A relative power level for the Rayleigh fading 
component associated with surface reflection 
multipath (sec. A.6), from (196). 

A relative power level associated with the 
ray optics formulation used in the line-of
sight region, from (81). 

Parameters calculated from (97). 

A parameter calculated from (92). 

Parameters (km) calculated from (96). 

Parameters ( km), from ( 99). 

Parameters (dB) , from (98). 

A parameter (dB) from ( 186). 

A parameter from ( 62). 

Variability (dB greater than median) of 
hourly median received power about its median, 
Y (0.5) = 0, where q is the fraction of hours 
d8ring which a particular level is exceeded. 
Section A.5 describes methods used to calculate 
Ye(q). . 
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Y sl ,2 

YT 

yv 

Y(O.l) 

Y(0.9) 

Y'IT(q) 

z 

zl '2 
a 

ao 

aoo 

(3 

Total variability (dB greater than median) of 
D/U about its median, Ynu(0.5)=0, where q is 
the fraction of time for which a particular 
value is exceeded. These values may represent 
instantaneous levels or hourly median levels 
depending upon the time availability option 
selected (sec. 3.1.2). Calculated from 
( 13). 

Parameters from (151) or (152). 

A parameter (dB) from (182). 

A parameter calculated from (74). 

A parameter (dB) from (178). 

A parameter (dB) from (178). 

Variability (dB greater than median) of received 
power used to describe short-term (within-the
hour) fading associated with multipath where q 
is the fraction of time during which a particu
lar level is exceeded. It is used in and is 
discussed after (5). 

Total variability (dB greater than median) of 
received power about its median, YT(0.5)=0, 
where q is the fraction of time fot which a 
particular value is exceeded. These values may 
represent instantaneous levels or hourly median 
levels depending upon the time availability 
option selected (sec. 3. 1.2). Calculated 
via (5). 

A parameter from (42). 

Parameters (km) from ( 49). 

An angle (rad) shown in figure 16 and calculated 
from (53). 

An angle ( rad) from ( 154). 

An angle (rad) from ( 147). 

An angle (rad) used in figure 21 and defined 
for different path types in section A.4.5. 
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Yoo,W 

6h 

Llr 

Llr c g, 

E 

n 

An angle (rad) from (155). 

An angle (rad) from (148). 

Surface absorption rates (d8/km) for oxygen or 
water vapor; if values are not provided as input 
(sec. 3.1 .1), they are estimated via subroutine 
ASORP (sec. 8.4.1). 

An angle (rad) obtained via subroutine DELTA 
(sec. 8.4.1), used in (154). 

An angle (rad) obtained via subroutine DELTA 
(sec. 8.4.1) used in (155). 

Terrain parameter (km) estimated using table 3, 
which is used [32, sec. 2.2] to characterize 
terrain. It is an asymptotic value of Llhd. 

An adjusted effective altitude correction factor 
from (46). 

Effective altitude correction factor (km) which 
is specified as input (sec. 3. 1.1) or calculated 
from ( 45). 

Interdecile range of terrain heights (m) above 
and below a straight line fitted to elevations 
above msl; estimated from (64) which is based 
on previous work [32, eq. 3]. 

6h expressed in feet (table 3). 

6h expressed in meters (table 3). 

Refractivity gradient (N-units/km) used in 
defining exponential atmospheres, from (30). 

Path length difference (km) for rays shown in 
figure 16 (r12-r

0
) that is calculated from (56). 

6r km from (56) for earth or counterpoise 
reflection. 

Dielectric constant from table 2. 

Complex dielectric constant from (61). 

A parameter fro~ (162). 
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8 

8 er 

o1 , 2 

A parameter from (163). 

Angular distance (rad) from (156). 

An angle (rad) from (70) and shown in 
figure 17. 

8pel, 2 rad for path p = e (fig. 20) as per (118). 

Elevation angle of reflecting point at facility 
antenna, from (58). 

Elevation angle (rad) of horizon at facility (fig. 
13}; determined using figure 14, from (21) or (27). 

Horizon elevation angle (rad) at aircraft, 
from (39). 

An angle (rad) from (131). 

Elevation angle (rad} of aircraft at facility 
(_fig. l6L from (57) and Cl26). 

An angle (rad) calculated via (76) and shown 
in figure '18. 

An angle (rad) from (72) and shown in figure 17. 

Gpel s 2Y'ad for· path p"' K (fig. 20) as per (113). 

Elevation angle (r'ad) of aircraft at facility 
horizon (fig. 13), fr·om (trl). 

An angle (rad) from (89). 

Horizon elevation anoles (rad) for path p. 
described following (88) (sec. A.4.3). 

An angle (rad) shown in figure 159 from (35). 

Diffraction angle (rad) for the h to hee2 path shown in figure 20, from (125~. 

An angle (rad) from (59). 

An angle (rad) from (149). 

Ang1 es ( rad·)· tro,m ( 150). 
I~ 1q 

l 



el ,2 

0 

¢Tg,c 

ljJ 

l/Jc 

,...., 

)0 

% 

Angles (rad) shown in figure 16 and calculated 
from (50). 

Angles (rad) from (90). 
First approximation (127) for angle e6. 
An angle (rad) from (132). 
Wavelength (km) from (73). 
Wavelength (m) from (10). 
The constant 3.141592654. 
Conductivity (mho/m) from table 2. 

The root-mean-square deviation (m) of terrain 
and terrain clutter within the limits of the 
first Fresnel zone in the dominant reflecting 
plane; estimated from (65) which is based on 
previous work [32, eqs. 3.6a, 3.6b]. 

Phase advance associated with complex . 
earth reflection coefficient, from (63). 

Phase lead (rad) associ~ted with counterpoise 
reflection, from (69). 

Phase lead (rad) associated with earth reflec
tion, from (68). 

Knife-edge diffraction phase shift determined 
with FRENEL from vg . ,c 

Phase lead (rad) of adjusted (for counterpoise 
edge effects) effective reflection coefficient 
from (80) for earth or counterpoise reflection. 

Grazing angle (rad) shown in figures 16 and 17. 

Grazing angle (rad) for reflection from 
counterpoise. 

Approximately. 

Degrees, e.g., 12°. 

Percent. 
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APPENDIX D 

INDEX TO EQUATIONS 

An index to equations is provided in this appendix. Equation number 
(Eq. #), independent variable (I. Var.), and page are provided for each 
equation. 
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