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are urged to contact an author at the Office of Telecommunications,
Institute for Telecommunication Sciences, Boulder, Colorado 80302,
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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 1istings 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 alphabetically by author at the end of
the report so that reference 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 (0T) 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 similar to that previously developed
by ITS for the FAA [17,19]. However, many more operations are automated
via these computer progkams. 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 Toss 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].



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 1in
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 Tinks 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 Tless 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
Tower, 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 Longley-Rice [32]
propagation model for propagation over irregular terrain, particularly in
that attenuation versus distance curves calculated for the (a) Tine-of-sight
(b) diffraction, and (c) scatter regions are blended together to obtain
values in transitions regions. In addition, the Longley-Rice relationships
involving the terrain parameter, Ah, are used to estimate radio horizon
parameters when such information is not available from facility siting data.
The model includes allowance for (a) average ray bending, (b) horizon
effects, (c) long-term fading, (d) ground facility antenna pattern, (e)
surface ref]ection'multipath, (f) tropospheric muitipath, and



and (g) atmospheric absorption. However, special allowances are not
Ainc]uded 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.



3.1.1 Common Parameters

Parameters that may be specified as input common to all three pro-
grams are summarized in table 1, along with the acceptable value range (or
options avéi]ab]e) and the value (or option) selected in Tieu of a speci-
fied parameter. For convenience, parameters are listed in table T 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 (ov options) are
not specified, the values (or options) marked by asterisks will be used.
Fach parameter Tisted in the table is discussed below.

Aircraft Altitude Above Mean Sea Level (ms1)

As shown in figure 1, this altitude is measured above ms1. The
propagation model is not valid for facility antennas located below the
surface, and radic horizons may not be treated correctly if the aircraft
altitude is Tess than the faciiity 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 1onospheri¢ effects not included in the model may become important.



. (a)
Table 1. Model Parameter Spcci:icaﬁon‘a’

Paranuxer(b) Range Value
Primary Parameters, Specification Required
Aircraft altitude above mean sea level (msl) Elevation > facility antenna ft-msl
and < 300,000 ft-msl.
Facility antenna height above site surface (ss) > 1.5 ft ft-ss
and < 9,000 ft-ss.
Frequency 100 to 20,000 MHz MHz
Secondary Parameters, Specified, Computed, Estimated, or Assumed.
Absorption (at surface): Oxygen options Calculated”* or specified dB/km
Water vapor options Calculated™ or specified dB/km
Effective altitude correction factor options Via ray tracing® or specified ft
Effective reflection surface elevation above msl At ss™ or specified ft-msl
: < facility antenna elevation
Equivalent isotropically radiated power 0.0 dBW* or specified dBW
Facility antenna type options Cosine, DME. isotropic*, JTAC, TACAN
or specified
Counterpoise diameter 0% to 500 ft ft
ft-ss

0* to 500 ft
Height above ss

(c) but no more than 2000 ft

Surface options
" or sea water, concrete, or metal*

Polarization options Horizontal* or vertical

< facility antenna height by at least 3 ft

poor, average, or good ground, or fresh



-

Horizon obstacle distance from facility From 0.1 to 3 times smooth

earth horizon distance (calculated)®

Flevation angle above horizontal at < 12 deg {calculated)* deg min sec
facility )

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

Type options Irregular terrain or smooth earth*

Minimum monthly mean surface refractivity (msl) 250 to 400 N-units (301 N-units)™

Surface reflection lobing options Contributes to variability™ or
o determines median level
» Terrain elevation above msl at site 0* to 15,000 ft-msl
- Parameter, Ah 0* or greater
Type options Poor, average* or good ground, or

fresh or sea water or concrete

»  Time availability options For instantaneous levels exceeded™ or

for hourly median levels exceeded

(a)

(e)

Copies of this table may be used to provide data for computer runs by utilizing the blanks provided
in the value column and circling desired options. The units of measure following each blank will
be assumed for the values placed in the blanks if other units are not provided. These parameters
are common to all three programs. However, additional information is needed for each program
(tables 4, 5, and 6)and more than one "model parameter specificaticn" is required if the desired
and undesired facilities are not identical.

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.

These parameters are not reproduced on the computer-generated parameter 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.

n mi

ft-msl

N-units

ft-msl

ft




Aircraft altitude above msl %

Facility antenna 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 ms1. 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 net 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 anc/or scattering from hydrometeors



‘(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 ms]

As showin in figure 1, this elevation is measured above msl. If not
specified it will be taken as the "terrain elevation above ms1 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 in decibels above an isotropic antenna).
For example, a radiated power of 10 dBW and an antenna gain of 10 dB would



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 vaTues 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
"cosine" 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 only. 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 = P, + G,, dBW (1)

TR M

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 than 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 "facility antenna height."

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 107 1

12



- 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 Ah.
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 Ah. Mihen
the angle exceeds 12°, a warning note will be printed but the run will not
be aborted.

Horizon Obstacle Height Above ms]

If not specified, this height will be calculated from horizon param-
eters that are specified and/or by using the terrain parameter Ah. When
the height is not within the 0 to 15,000 ft-ms1* 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 Ah 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, No’ 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. ,

13
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.No outside the 250-to-400 N-unit range will result in N0 being set to 301.
If the surface refractivity, Ns, calculated from N0 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-
biTity (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 Tow signal
levels (nulls) in particular portions of air space. With the first option,
Tobing is treated as part of the short-term (within-the-hour) variability
when the reflected ray path Tength exceeds the direct ray path length
by more than half a wavelength (inside horizon Tobe); i.e., the Tobing
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 Tobing pattern will be plotted. Regardless of
the option selected, Tobing 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 ms1 from "facility
antenna height above site surface" as implied by figure 1. Values less
than zero are set to zero, and a note will be printed if the 15,000
ft-ms1 1limit is exceeded, but the run will not abort.

15



Table 3. Estimates of Ah [32, table 1]

Type of Terrain Ah Ah
(feet) (meters)
Water or véry smooth plains 0-20 0 -5
Smooth plains 20 - 70 5 - 20
Slightly rolling 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 Ah

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.

Terrain 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.

16



3.1.2 Additional Parameters

Table 1 may be used to provide most of the information needed to run
any of the three pfograms,'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 "Graph Format" 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 "Graph Format" 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 "Graph Format" parameters so that the above discussion is
sufficient. However, parameters other than "Graph Format" 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, dD’ and the great
circle distance from the undesired facility, dU’ are shown.

D/U Signal Ratios (Table 6)
The desired-to-undesired signal ratio, D/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, D/U would be identical with the power density
(dB-W/sq m) available from tﬁe 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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(a)

Table 4. Additional Parameters for Power Density Program.

Parameter Range Value
Graph Format (b), Estimated if not Specified
Abscissa grid intervals < .difference between n mi
(Facility- to-aircraft limits
distance)
Left-hand limit z 0, right-hand limit n mi
Right-hand limit < 1,000 n mi n mi
Ordinate grid intervals < difference between limits dB
(Power density)
Lower Limit < upper limit dB-W/sq m
Upper Limit Usually < 0 dB-W/sq m __ dB-W/sqm
Title < 35 characters or spaces

(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 #able 1.

(b)Except for the title, graph format parameters are not given
on the computer generated parameter sheet (fig.5).
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(a)

Table 5. Additional Parameters for Station Separation Program.

Parameter Range Value

Additional Primary Model Parameter, Specification Required

Distance from desired 0.1 to 1,000 n mi n mi
facility to aircraft :

Graph Format(b), Estimated if not specified

Abscissa grid intervals < difference between 0 mi
(Station separation) limits —
Left-hand limit =2 0, < right-hand limit n mi
Right-hand limit < 1,000 n mi n mi

Ordinate grid intervals ‘¢ difference between _dB

(D/U signal ratio) limits
Lower limit < Upper limit dab
Upper limit Usually < 100 dB _____dB
Title . < 35 characters or spaces

(a)Copies of this iable 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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(a)

Table 6. Additional Parameters for Service Volume Program .

Parameter Range Value

Primary Model Parameters, Specification Required

'D/U signal ratios (dB) Up to 30 values may be
specified in space below

for a particular program run.

Station separation 0.1 to 1,000 n mi n mi

Secondary Model Parameter, Estimated if not specified

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 1 and discussion following it for

additional information.

Graph Format(b), Estimated if not specified

Abscissa grid intervals < difference between limits ___ nmi
Left-hand limit = 0, <right-hand limit __ nmi
Right-hand limit < 1,000 n mi __ nmi

Ordinate grid intervals < difference between limits _ft
(Aircraft altitude)

Lower Limit < Upper limit _ft
Upper Limit < 300,000 ft o ft

Title < 35 characters or spaces _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 1.

(b)Except for the title, graph format parameters are not given on the
computer-generated parain}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 1arge‘number of aircraft Tocations and (b) interpolating between
these values to obtain Tocations 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 6) A
The great circle station separation, S, between desired and undesired

facilities is

§=dp+ dU n mi (2)
where the desired and undesired distances, dD 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 Tisting of param-
eters associated with a particular run and (b) a microfilm plot. These
outputs are provided for each parameter 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 1
(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 PI dBW, is given at the bottom of the parameter sheet; i.e.,

P, = Sa + Ae dBW. (3)

I
Figure 6 shows the power density versus distance curves that go

with the parameter sheet provided in figure 5. The curves show the

power density']eve]s 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). © ¢

v
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PARAMETERS FOR 1TS PROPAGATION MODEL AUG 73
09/05/73 16:01:23 RUN

POWER DENSITY FOR ISOTROPIC ANTe
REQUIRED OR FIXED
ATRCRAFT ALTITUDE: 40000 FT ABOVE MsL
FACILITY ANTENNA HEIGHT: 500 FT ABOVE SITE SURFACE

FREQUENCY: 125 MHZ

SPECIFICATION OPTIONAL

s G200 G e D G I hen O W W S G Bk D > ALY T e e G TP

ABSORPTION: OXYGEN 0,00029 DB/KM#*
WATER VAPOR 0.00000 DB/KM#

EFFECTIVE ALTITUDE CORRECTION FACTOR: 2107 FT*
EFFECTIVE REFLECTION SURFACE ELEVATION ABOVEF MSL:® 0O FT
EQUIVALENT TSOTROPICALLY RADIATED POWER: 0.0 DBW

FACILITY ANTENNA TYPE: ISOTROPIC
POLARIZATION: HORIZONTAL

HORIZON OBSTACLE DISTANCE: 8B.69 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 SURFACFE REFRACTIVITY:

301 N-UNITS AT SEA LEVEL: 301 N-UNITS
SURFACE REFLECTION LOBING: CONTRIBUTES 7O VARIABILITY
TERRAIN ELEVATION AT SITE: 0 FT ABOVE MSL
PARAMETER: O FT

TYPE: AVERAGE GROUND :
TIME AVAILABILITY: FOR INSTANTANEOUS LEVELS EXCEEDED

POWER DENSITY (DB-W/SQ M) VALUES MAY BE CONVERTED TO POWER
AVAILABLE AT THE TERMINALS OF A PROPERLY POLARIZED
ISOTROPIC ANTENNA (DBW) BY ADDING ~3e4 DB-5Q 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~LOOP)
REQUIRED OR FIXED

s i, K D s TS e R e ks B G AT h e D

ATRCRAFT ALTITUDE: 6250 FT ABOVE MSL
FACILITY ANTENNA HEIGHT: 55 FT ABQOVE SITE SURFACE
FREQUENCY: 110 MHZ

SPECIFICATION OPTIONAL

T e K D 4O e S D i NS i st B e o A mm AV A i SO

ABSORPTION: OXYGEN 0.00023 DB/KM*
WATER VAPOR 0.00000 DB/KM#

EFFECTIVE ALTITUDE CORRECTION FACTOR: 0 FT#
EFFECTIVE REFLECTION SURFACE ELEVATION ABOVE MSL: O FT
EQUIVALENT ISOTROPICALLY RADIATED POWER: 22.1 DBW

FACILITY ANTENNA TYPE: 8-LOOP ARRAY (COSINE VERTICAL PATTERN)
POLARIZATION: HORIZONTAL

HORIZON OBSTACLE DISTANCE: 288 N MI FROM FACILITY#*
ELEVATION ANGLE: -0/ 2/ 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 LOBING: CONTRIBUTES 7O VARIABILITY
TERRAIN ELEVATION AT SITE: 0 FT ABOVE MSL

PARAMETER : 0OFT

TYPE: AVERAGE GROUND
TIME AVAILABILITY: FOR INSTANTANEOUS LEVELS EXCEEDED

# COMPUTED VALUE

4

Figure 8. Sample parameter sheet, station separation
program, desired facility.
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PARAMETERS FOR 1TS PROPAGATION MODEL AUG 73
09/05/73 16:56:49 RUN

UNDESIRED STATION IS STANDARD VOR
REQUIRED OR FIXED

D20 G0 o G s B aay G G e A T e G WA O TS

AIRCRAFT ALTITUDE: 6250 FT ABOVE MSL
FACILITY ANTENRNA HEIGHT: 160 FT ABOVE SITE SURIFACE
FREQUENCY: 110 MHZ

SPECIFICATION OPTIONAL
ABSORPTION: OXYGEN 0600023 DB/KM#
WATER VAPOR 000000 DB/KM%*
EFFECTIVE ALTITUDE CORRECTION FACTOR: 0 FT#
EFFECTIVE REFLECTION SURFACE ELEVATION ABOVE MSL: 0 FT
EQUIVALENT ISOTROPICALLY RADIATED POWER: 221 DBW
FACILITY ANTENNA TYPE: 4~LOOP ARRAY (COSINE VERTICAL PATTERN)
COUNTERPOISE DIAMETER: 52 FY
HEIGHT : 12 FT ABOVE SITE SURFACE
SURFACE: METALLIC
POLARIZATION: HORIZONTAL
HORIZON OBSTACLE DISTANCE: 491 N MI FROM FACILITY=*
ELEVATION ANGLE: =0/ 3/41 DEG/MIN/SEC ABOVE HORIZONTAL*
HMEIGHT: 0 FT ABOVE MSL
TYPE: SMOOTH EARTH
MINIMUM MONTHLY MEAN SURFACE REFRACTIVITY

301 N-UNITS AT SEA LEVEL: 301 N=-UNITS
SURFACE REFLECTION LOBING: 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 fram desired facility to aircraft."
In accordance with footnote ¢ 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, D/U, signal
ratios (see D/U Signal Ratic paragraph in sec. 3.1.2) are plotted against

station separation (see Station Separatiop 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 D/U corresponding to it for a specific configuration will be available
at Teast 95% of the time (see Time Availability Options paragraph of sec.
3.1.1).

3.2.3 Service Volume
Figuré 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 D/U Signal 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 D/U (see D/U
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 axis,
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 Separation 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 ™MSL: 5009 1000, 50005
10000s 20000s- 30000, 40000s 50000s 600005 700005
80000+ 90000s 100000
DsU RATIOS IN DB: 20
FACILITY ANTENNA HEIGHT: 16,0 FT ABOVE SITE SURFACE
FREQUENCY: 113 MHZ
STATION SEPARATION: 390 N MI

SPECIFICATION OPTIONAL
ABSORPTION: OXYGEN 0.00025 DB/KM*
~ WATER VAPOR 0.00000 DB/KM#*
EFFECTIVE REFLECTION SURFACE ELEVATION ABOVE MSL: O FT
EQUIVALENT ISOTROPJICALLY RADIATED POWER: 221 DBW
FACILITY ANTENNA TYPE: 4~-LOOP ARRAY (COSINE VERTICAL PATTERN)
COUNTERPOISE DIAMETER: 52 FT
HE IGHT ¢ 12 FT ABOVE SITE SURFACE
URFACE: METALLTIC
POLARIZATION: HORIZONTAL
HORIZON OBSTACLE DISTANCE: 4691 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 LOBING: CONTRIBUTES TO VARIABILITY
TERRAIN ELEVATION AT SITE: O FT ABOVE MSL

PARAMETER ¢ 0 FT

TYPE: AVERAGE GROUND
TIME AVAILABILITY: FOR INSTANTANEOUS LEVELS EXCEEDED

# COMPUTED VALUE

Figure 11. Sample parameter sheet, service volume progran.
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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 Longley-Rice [32] propagation model for propagation over
irregular terrain. It uses the Longley-Rice relationships involving the
terrain parameter, 4h, 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) fonospheric scintillations, or (e) the aircraft antenna pattern.

Three computer programs that utilize the propagation model are dis-
cussed in section 3, and program Tistings 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 availablie 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 predictions
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 inciude capabilities in the model for (a) circular
polarization [39, ch. 8], (b) Tong-term fading models for different
climates and time blocks [40, sec. III.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 (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 Jess than the aircraft altitude.
Ranges for other parameters associated with the model are given in
table 1 (sec. 3.1.1).

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 Longley-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 Longley-Rice relationships involving the terrain parameter, Ah, are
used to estimate radio horizon parameters when such information is not
available from facility siting data (sec. A.4.1). The model includes
allowance for (a) average ray bending (sec. A.4.1), (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 appendix B along with some annotation. The formulation
used in this appendix was devised to describe the propagation model, and
somebof the variables and equations used here are not specifically used
in the programs.

A.1 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 g are calculated from

L{q) = Lb (0.5) + Lgp—GFnGA-YZ(q) dB (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 Yz(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 L__ 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 of the facility antenna is less than

50 dB [32, sec. 1-3]. The Tatter 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 {secs. A.2 and A.3) and gain normalized to the maximum is used in
antenna pattern specification (secs. 3.1.1 and A.4.2).

Total variability, Yz(q) is calculated from

= 2 2
v.(a) z\/ve () + Y2 (q) B (5)
(+fm~qi0£>
- otherwise

where Ye(q) is the variability associated with long-term power fading
(sec. A.5) and Yﬂ(q) is the variability associated with multipath.
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 Yﬂ(q), Values are determined using K*, the ratio in decibels

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

K= -10 ]og(wR + wa) dB . (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.7).

*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 Sa(q) available for a fraction of the time > q is deter-
mined using

Sy(a) = EIRP - L (q) + Gy - A, dB-W/sq m (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
(Tine-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 Gy is a slight extension of that used for

9 which follows (80); i.e., GN = 20 log 9p- Values of Lb(q) and Ae are
determined from

L, (@) = L, (50) - Yg(a) dB (8)

and

A, =10 1OQ(X;/4W) dB-sq m (9)

where the total variability Yz(q) is given by (5), and - is the wave-
length in meters. For a frequency of f MHz,

Km = 299.7925/f m . (10)

A.3 Desired-to-Undesired Signal Ratio

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 YDU(q) of D/U are calcu-

" jated as

D/U(0.5) = [EIRP'Lb(O°5)+GN]Desired
(12)
= LEIRP-Ly (0.5)+Gy i) des i red
and
Vpu(a) = £ [[¥-(@)12 + [V, (1-0)72 B (13)
Pesired Undesired

- for q > 0.5
+ otherwise

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 Yz(q) values are obtained using (5).

A.4 Median Basic Transmission Loss

Median basic transmission loss, Lb(O.S), is calculated from

L,(0.5) = L, +A +A_  dB (14)

b( br Y

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(O,S) is large, and
Lb(0.5) is near its free-space level, Lbf’ That is,

L, = 32.45 + 20 Tog f + 20 Tog r dB (15)

bf

where f MHz is frequency and r km is the shortest facility-to-aircraft
ray length,
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\
(0 if (Lyg-3) $ [Ly-¥o(Q.1)] if Tobing option (sec. 3.1.1)

' . is used and the aircraft is
within 10 lobes of its radio
= < : horizon, or path is beyond > dB (16)
line of sight

L(Lbf-'-3) - [Lbr'Ye(O‘])] otherwise )
where Ye(O.l) is the long-term variability Ye(q) described in section A.5
with g = 0.1 and is calculated from (180). Note that AY adjusts Lb(O.S)
so that L (0.1) > (Lpg3) when Y =0 in (3).

Terrain attenuation, AT’ and a variability adjustment term,
Ve(O.S, de), are used along with Lbf to determine Lbr5 i.e.,

Lbr = Lbf + AT - Ve(0.5, de) dB . (17)

Methods used to calculate Ve(0.5, de) are described in section A.5.
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 Tine 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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Figure 183. Geomefry for facility radio horizon
(not drawn to scalel.

distance, dML’ that is excessive [40, fig. 6.7]. Facility antenna height,
facility horizon elevation, and aircraft altitude above msl are h], h
and h2, respectively. Facility ray horizon elevation angles measured
above the horizontal at the facility and its horizon are ee] and eL’
respectively. The great circle facility-to-horizon distance is dL1'

Effective earth radius, a, is calculated using the minimum monthly
o (fig. 3), and the
height of the effective reflection surface above mean sea level, hrskm
[40, sec. 4]; i.e.,

LT’

mean surface refractivity referred to mean sea level, N
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Ns = N0 exp(-0.1057 hrs) N-units (18)

a, = 6370 km (19)
and ' ‘

a = a[1-0.04665. exp(0.005577 N.)1™' k. (20)

Here Nsis the surface refractivity at the effective reflecting surface,
and a, 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 dL1’ hL1’ and ee1 are related to each

other by the following

SRR B D T A St (21)
el d 2a
L1
1
hyy=hy+ s +dtano,  kn (22)
and
dq = i_v/Za(hL1—h1) +a® tan® 0, - a tan 6, km (23)

where the + choice is made such that (23) yields its smallest positive
value. If dL1 and/or ee] are not specified, they may be estimated [32,
sec. 2.4] using the terrain parameter, Ah km, and the effective height of
the facility antenna above the reflecting surface, he] km. The he] 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,

dLs] = 2a he] km (24)
he = larger of { he1 or 0.005 } km (25)
0.1d )
Ls1 or
d . = larger of-{ } km (26)
L1 d, 7 exp(-0.07 /ah/h)

and
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d
0.5 [ ( Ls] ) 1
0.5 143 -1} ph-4n
di o1 d 1 el

Ba1 = Tesser of or rad. (27)
0.2094 (12°)

The programs allow any two of hL]’ dL]’ or ee] to be specified or esti-
mated via Ah, and the remaining parameter to be calculated. When a smooth
earth is specified, Ah is set to zero, hL] is set to hrs’ dL] set to
dLs]’ and 941 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 only when
the effective altitude correcting factor is not specified. Then it is
performed through an exponential atmosphere [3, eqgs. 3.44, 3.43, 3.40] in
which the refractivity, N, varies with height above msi, h km, as

| N = N, exp [— C, (h4hrs)] N-units (28)
where N
_ S
Ce_]nN-s—_"'_EN— (29)
and
AN = -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 1ayer 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;
1.e}, rays are assumed to be straight relative to a true earth radius, a,
The computer subroutine used for ray tracing (sec. B.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.
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Compute d via (24)

Lsl

Y

Yes
Is smooth earth specified?
v No y é
Are h , and 6 , specified? e
L1 el % S
et
é No Ah = 0
Compute d
N C te h : L1 =
s dy N0 ] V?ZP?ZE) via (23) h rs
specified? 4 = d
% LT~ “Lsl
Yes Compute dLl then
via (26) compute
0 via
el
o (21)
Is Gei No Is h Yes Y ¥
specified? specified?
+ No
Yes Compute O ! Compute ee]
via (27) © via (21)
Yo
Y
Compute hLl
via (22)
Exit =3

Figure 14. Logic for facility horizon determination.

’
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Effective aircraft altitude, he2 km in figure 13, may be calculated

from
5 - hrs km (31)
and
a2 " Ahe km . (32)
However, Ahe specification is neither required or recommended. When Ahe
is not specified, he2 is defined as the lesser of ha2 or the aircraft
altitude above the effective reflecting surface which will yield the
proper aircraft smooth-earth horizon distance dLsz when used with

2a h if h

< 50 km

e? el

Ls2 = 1 .
a Cos [a/(a+he2)] otherwise

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

the earth‘s‘surface and is good when dLsz‘s resulting from its use do not
exceed about a/10 km. Whereas the Tower expression is for a spherical
earth and may not yield sufficient precision when dLsZIS 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
r~ . ) s s ;s !
ha2 - Ahe if Ahe is specified “L
heo = < km - (34)
_ ha2
lesser of | or otherwise
2 s
{dLsz/(Za) if 6525_0,1.rad }
g alsec (652)~1] otherwise . } J
where d
o= 22 vad . (35)
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A The dL52 is determined by tracing a ray that leaves the effective reflec-
tion surface at a 0 rad take-off angle out until ha2 is reached. If he2
is set equal to haé or is determined from Ahes dLsZ is calculated using
(33). Values obtained for hao by using ray tracing do not always agree
with those [40, Tig. 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
Tater 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/
ground model is based use the effective earth radius model. Therefore,
ha2 is selected in (34) when such antenna heights are encountered, and
Ah, s not specified.

Adveraft hovizon parameters are determined using either (a) case 1,

where the facility horizon obstacle is assumed to provide the aircraft
radic horizon, or (b) case 2, where the effective reflection surface is
assumed to provide the aircraft radio harizon. The great circle horizon
distance for the aircraft, sz, 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.,

hgy = hyy - hog kn - (36)
dSL =4/ 2a heL km (37)
and
d-d y ifd-dy<dg +d,
d, = km (38)

dLSZ otherwise

Here hel km is the height of the facility horizon obstacle above the
effective reflection surface, dsi is the smooth earth horizon distance

for the obstacle, and the other parameters were previously discussed.
The horizon ray elevation angle .at the aircraft is measured relative to
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_ Horizontal at aircraft
~(Case 1, obstacle horizon
~Case 2, smooth earth horizon

Figure 15. Geometry for aireraft radio horizown
(not drawn to scale).

the horizontal at the aircraft, with positive values assigned to values
above the horizontal, and is calculated from

h_,=h d
-1] eL e2 L2 . _

ea9 = < 0r s
“ ] [ "2 L
sz 2 a

-} otherwise

Maximum Line-of-Sight Distance, dML km, is calculated using effective

earth yadius geometry or drt (fig. 13), i.e.,

r(a+he]) cos 6

a <Cos‘1 L aFhi D) el ] - ee]) if Ah, is specified
d. = ez km. (40)

ML
d, +d

otherwise

L1 rt J

The great circle ray-tracing distance, drt km, is determined by tracing
a ray from the horizon obstacle to the aircraft location where the ray
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leaves the obstacle at the angle o (fig. 13). This angle is related
to ee] by

0, =6, +— 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 Ly 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 f-dML’ where the determination of dML is described in
section A.4.1. Allowances are included for (a) lobing caused by surface
reflection, (b) Tobing 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, Ar km, is the extent by which the length of
the reflected ray path, rytr, =, km, exceeds that of the direct ray,

o km. It is used in calculations involving Tobing 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, from (19); (b) grazing
angle, ¥ rad; (c) ha2 km from (31), and hgp from (32); (d) counterpoise
height above facility site surface, hc km; (e) effective facility antenna
height above reflection surface, he] km; and (f) facility antenna height
above its counterpoise, hfc km. The Ar and the corresponding great circle
path distance, d km, are calculated for both surface and counterpoise
reflection lobing as follows:
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N

Figure 16. Geometry for path length difference, Av, calculations
(not drawn to scale).
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zZ = (ao/a) -1, (42)

k, = 1/(1+z cos ¥) (43)

a, = a, ky km (44)

Aha = ha2 - he2 km (45)

ah, = Ah, (aa~ao)/(a-ao) km (46)

HZ ) '{:az:i:a—hforfsiFZZunterDoise'} km (47)
a2z ~a cg

he] for earth

H] - {‘hfc for counterpoise }' km (48)
21,07 8 Ty p ko (49)

@]’2 = Cos~! [aa cos (w)/z1,2] -y rad (50)
D km (51)

1,2 = 21,2 sin e],

D] o tan ¢ for ¢ < 1.56 rad
M2~ {H] , otherwise } km (52)

Tan~'[(Hj-H1)/ (D 4D,) for v < 1.56 rad

1 1
o = { } km (53)
P otherwise
(D]+DZ)/cos o for'y < 1.56 rad
ro = { } km (54)
H2 - H] otherwise

(D,+D,)/cos ¢ for ¥ < 1.56 rad
{ 1772 } a

H, + H, otherwise

r
12 Hy + 1y

o]



Ar = 4 Hi Hé/(ro + r]z) km (56)

6, = a - 08; rad (57)
Ger =y + 6I rad (58)
8, = 6, * 0, rad (59)
and _
d = ay 60 km . (60)

An effective earth radius, ags and an effective aircraft altitude,
H2, that varies with ¥ are used in these expressions since the values of
a and he2 determined in section A.4.1 are not appropriate for Targe ray
take~off angles when cos ¢ is not ~1 [3, eq. 3.23].

Effective specular reflection coefficient for reflection from the

earth, Rg 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 o mho/m from table 2, (c) polarization, (d) surface
roughness, and (e) wavelength A 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

th [32, eqs. 3, 3.5, 3.6]. That is

€. = € - J 60)\m o - (61)

Y = grazing angle (fig. 17)

Y =V e. - cos? Y (62)

o
and

sin(y) - Y. for horizontal

— polarization
. a]ﬂle)) + YC

R exp(-i¢) = (63)
e, sin(y)-Y_  for vertical

€. Sin(w)+Yc polarization
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With Ahm as the terrain parameter (m) from table 3 and d as the great
“circle path distance (km) as shown in figure 16,

Ah, = Ahm[1~0.8 exp(-0.02d)] m (64)

} m (65)

Fon = exp(—2wch sin(w)/Am) . (66)

d

0.39 Ah, for Ah 4 m

d d=

|

0.78 ahy exp(-0.5 ahy'/?) otherwise

d
and

Further,

(cos 8, if [6,.]< 83°) for cosine option where h
0.12589 otherwise }'eer is from (58)

- G20 : .

10 with GN from fig., 2 for DME and TACAN options

g = < 1 for isotropic option . (67)
[1+(2|eer—et]/eHP)2°5]"°-5 for JTAC option where
" and the
half-power beamwidth is eHP degree, both in

" the beam tilt above horizontal is ©

g the same units as eer J

and

Ry exp(-3oq) = Fp g Rexp(-Jop ) - (68)

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

R, exp(-3o.) = g R exp(-joy ) (69)

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

Counterpoise shadowing of garth 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 "v" parameters used in the diffraction
calculations are calculated as follows:

hfc = height (km) of facility antenna above counterpoise

dC = counterpoise diameter (km),

O = Tan=*(2 hfc/dc) rad (70)
re = 0.5 dc/cos 0o km (71)
¥ = grazing angle (fig. 17)

ekg = | O.e * Oup | rad | (72)

where Barp is determined from (58)

A= A /1000 km (73)
where - is from (10)

YV oy ZPC/A (74)
. - for 6 < 8 ’

v =+ 2 Y sin(e, /2) . er ce (75)

9 - kg <+ otherwise >

e = ]ece - eh] rad (76)

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

" for eh > ece}

VQ =re YV S1n(ekc/2) <+-otherwise (77)
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Figure 17, Geometry for determination of earth reflection
diffraction parameter, v_, associated with
counterpoise shadowing.
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Figure 18. Geometry for determination of counterpoise reflection
diffraction parameter, v _, assoctated with the limited

reflecting surface of thé 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 Toss, fg c (dimensionless
voltage ratio), and phase shift, ¢Kg c rad, factors from vg c

Ray éombining is performed as follows:

Arg ¢ = path length difference (km) earth or counterpoise
reflection from (56)

Ry, c exp(—j¢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
d_ = counterpoise diameter (km),

A = wavelength (km) from (73)

(" . . . .
{Rg ifd <0 } if lobing opt1onw
fg Rg otherwise | (sec. 3.1) used

Tg = < > (78)
Rg ifd, <0 otherwise
f R_ otherwi
L g Rg otherwise
S
0if dC <0
e < N (79)
fc RC otherwise
= ) 2
¢Tg,c (2m Argac/k) + ¢g,c + ¢kg,c + wvg,C/Z rad (80)

9gp = value of g for direct ray from (67) with 0, set to
o from (57). ’
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R0 = 19p = Rpg exp(-3org) + Rpo exp(-3o;.)|2 + 0.0001 (81)

and
PRO =10 Tog(wRO/QS) dB.* (82)

Diffraction is included in the line-of-sight calculations near the
radio horizon by using (a) the largest within-the-horizon distance, do km,
from (140), at which diffraction effects are considered negligible
(sec. A.4.3); (b) the value of -PRO from (82) at dys A, dB; (c) the maxi-
mum Tine-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 f-dML) from

A, +P
M= R0 dB/km (83)

ML 0

and ‘

-P ifd<d
RO 0
AL = { . 1 dB . (84)
T ML(d - do) - PRO if dO <d f_dML |

4

A block diagram 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
Tine-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

r

*Decibels greater than the free-space power level.
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I

Starting with ¢ (0 to 89°), generate tables of Ar from
(56) and d via (60) for reflection from the earth.

7

IT

Interpolate between values in the y, Ar, d tables
(block I) to determine distances required to plot
lobing associated with earth reflection for (a)

the first 10 Tobes (Ar up to 10 A) inside the
smooth earth radio horizon, or (b) near the horizon
Tobe. Critical Ar's (e.g., multiple of A/2) are
selected and d's determined.

ITI

If a counterpoise is present (d_ > Q) determine d's
required to plot first 10 lobes~ associated with
counterpoise reflection. Critical counterpoise, v 's,
are determined from y. = Arcsin(0.5 Ar /hgc) for ©
critical Ar, values ang 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.

Vv
Calculate A. values via (84) for each d in the block
IV array. Starting v values for (43) are obtained
by interpolation within the y¥,Ar, d table of block I.

Figure 19. Block diagram of procedure used in
ling-of-sight calculations.
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diffraction considerations. In this section details are given concern-
‘1ng (a) rounded earth diffraction calculations, (b) knife-edge calcula-
tions, (c) the determination of the distance, do’ 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 3-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 "p" is calculated as follows:

dpL] » = radio horizon distance (km) for
terminal 1 or 2 of path p

hpel 5 = effective height (km) for
terminal 1 or 2 of path p
dpL = dpL] + dpL2 km (85)
a = effective earth radius from (20)
= frequency (MHz)
dpLs = smooth earth horizon distance
for path p
do + 0-5(a%/f)/?
d3 = larger of?{ or km (86)
dpLs
dy = dy + (a?/f)1/ km (87)
— 2
81,20 % dopy,2/ (2 hoay oy km (88)

epe] é'='horizon elevation angle (rad) for
terminal 1, or 2 of path p
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K

+ 8 rad

pel

6 6 0 + d3,4/a rad

3,4 B p

a = (d3,4_dpL)/63,4 rad

3,4
o = conductivity (mho/m) from table 2

x = 18000 o/f

e = dielectric constant from table 2

1,2,3,4 - Y °F

G

Ky = 0.36278F7 /2 [(e-1)%4x*]71/"
Ky a-1t/3 for horizontal polarization
1,2,3,4
Ky a11533,4 [e24x2]%/ 2 for vertical
polarization
= 1/3 -
81’2’3’4 416.4fF (1.607 K],253’4)
.2/3
X1,2 =By 28y, dyg,p Km

W],2 = 0.0134 X1 .2 exp(-0.005 x1,2)

¥1,2 = 40 1og(x]’2) - 117 dB

= B, , a3%° (d

X3,4 = B3 433,37 (dg 4=dg) )+ %3 + %,

]52’3’4 = 0.0575] X],2’3’4 - ]O ]Og X],2,3’4
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and

1,2

1

(When 0 < Xy o <200
¥y,2 1 vy ol <117 } if0< K,
- 117 otherwise - &
or
¥ o 1F 1077 <Ky 5 <1
S s 3
or
5,2
20 109(K1’2) - 15 + 2.5{10) x1’2/K1’2
otherwise
When 200 < xq , < 2000
Wy oYy, * (=W 5) Gy 5
When x]’2 > 2000
L 9,2
A3’4 = G3,4 - F1 - F2 - 20 dB
Mpr = (A4 - A3)/(d4 - d3) dB/km

= 1000 h m

pel,2

B = 1.607 - K

NT,2 1,2

\

S dB (101)

(102)

(103)

(104)

(105)

(106)

(107)

Then Gpﬁ1 o are obtained with subroutine GHBAR [sec. B.4.1] by using value

of ay o5 s Byy 05 Ky oo dpyq oo and hpy 5

where GHBAR [7, eq. 64, fig.31;

40, eq. 7.6, fig. 7.2] includes a weighting function [20, eq. 17].
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“NEffective reflection
surface

Figure 20. Paths used to determine diffraction loss (not drawn to
scale). Rounded earth diffraction is calculated for the
hreq to hge2 and hgpy to hg,g paths. Knife-edge dif-
fraction i1s calculated for the hoq tO hges and hgyq
to hgypy paths. '

This formulation is used to determine rounded earth diffraction lines,
(105) and GpﬁT,Z (discussed under knife-edge diffraction in the next para-
graph) values for two paths illustrated in figure 20. The first path in-
volves diffraction over the facility horizon obstacle only where the sub-
script p is replaced by K so that:

(a) dyq = d| km (108)
with dL1 from figure 14 and
| dypo = dy - dgy  Kkm | (109)
where d,, is from (40),
ML
(b) heet,2 = Moy o km (110)
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where

he] - h] - hrs km (ar)
(fig. 13) and heo is from (34),
(c) dyrs = dis1 * gy Km . (112)

where d) ¢ is from (24) and dLS2 is from (33), and

(d) eke],Z = ee1,2 rad (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) hee] - hL] - hrs km (114)

where hL1 km is from figure 14, hrs is the reflection surface elevation
above ms1 (fig. 13), and

= h km (115)

hee2 e?

from (34),

(b) QoL 1,2 =V 2 hygq , kn (116)
where a is from (20),

(c) deLS = deL] + deL2 km (117)
and

h d
: - 1,2 elLl,2
(d) 0 = Tan™! ( eel.t . 2 ) o rad . (118)
eel,?2 dar1,2 2a :

Knife-~edge diffraction is used to define another diffraction line

for diffraction by an isolated obstacle with ground ref]ections [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
he1 eel’
graph are gsed in these calculations. That is, GKEW,Z and Geﬁ1,2 are deter-
mined as per discussion following (107) where calculations are based on
parameters for subscript K and e paths (fig. 20). Further:

to hKe2 and from he] to h Parameters discussed in the previous para-

A, =6 - Gy - G dB (119)

KK Kh1 Kh2

6, =6

+
Y el 0

+ (d st dL])/a rad (120)

ee? e

where B is from figure 14, 0 a2 is from (118), deLs is from (117),

d, ; is from figure 14, and a is from (20)

L1

T

v, = 2.583 sin(e ) \/de] dgy o/ (dq + dg ) (121)

h el.s el.s

where f MHz 1s frequency and dL] is from figure 14.

Subroutine FRENEL (sec. B.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 Vi Then

A=A -G -G

. 122
ek = An - Capy 20 log f, dB (122)

Kh1
where Ah is obtained from (105) with path parameters for the subscript
e path (fig. 20) and d_ = d

p el.s?
MK = (AeK - AKK)/(dL1 + deLs - dML) dB/km (123)
where dML is from (40)
AKO = AKK MK dML dB (124)

and ,
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A, = MK d + AKO dB (125)

K

where d km is the éreat circle path distance.

The distance d 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:

= sip-1r(-0-5
o, = Sin"'[(z53)] ‘/dML/de1 dy, rad (126)

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

dy o 1s from (109)
O = 0y - 9y rad (127)
where ee] is from figure 14,
dis = -adg ¥ v (a tan 65)2 - [(hy=h 4)/(2a)]  km (128)

where a is from (20), h] km is facility antenna elevation above msl, and
hL1 is from figure 14

km (129)
- th km (130)

where h2 is aircraft altitude above ms1 and Ahe is from (45)

h ;- h d
- -1 L1 s2 L5
Ba5 = Tan ( ] -~ 53 ) rad (131)
L5
Vg = 2.583 Sin(@s) v de] dL5/d5 . (133)
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_ Subroutine FRENEL (sec. B.4.1), written for Fresnel integrals
[40, sec. III.3], is used to determine the knife-edge loss factor, fr
(dimensionless voltage ratio) associated with V- Then

AK5 = 20 Tog f5 dB (134)
and .
1 when dy, > dy .
W= 0 when dyy <0.9dy , (135)
m(d,, -d,, )
0.5 { + cos [—5—%£§~—ML-1 } otherwise
’ KLs

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 dOS respectively,

(

Ang 1f W > 0.999
Ag = < Ay if W < 0.000 dB (136)
k(1—W) Ags + W Ar5 otherwise
(. o
AY,MLOT‘E W > 0.999 1
AL = % Agg 1T W < 0.001 dB (137)
\(1~W) AKK =W ArML otherwise’J
My = (A - Ag)/(dy - dg)  dB/km | (138)
Ay = Ay - M dy  dB (139)
and
d = - A/M  kn. | (140)

This procedure involves (a) combining knife-edge diffraction values
(AKS’ AKK) and rounded earth diffraction values (APS’ ArML) at the dis-
tance where the knife-edge v parameter is about .g.5, do’ and the maximum
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line-of-sight distance, d (b) using these points to define a linear

ML?®
. diffraction 1ine with slope M, and intercept A, and (c) using this 1ine
to define the distance d0 at which the attenuation resulting from it would

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

Terrain 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 dL] + deLS
distance and deLS is obtained from (118).

where dL1 is the facility horizon

A, if W>0.999

rK
A6 = AKe if W < 0.001 ' dB (141)
(1-W) AKe + W ArK otherwise
where W and-AKe are obtained from (135)'and (122),
Md = (AML—AG)/(dML—dL]_deLs) dB/km (142)
where AML is obtained from (137),
Ado = AML - Md dML dB (143)
and
Ad = Md d + Ado 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, A, is > 20 dB and the slope of the A  versus d curve, M., is

f-Md where MS is determined using successive AS calculations (sec. A.4,4)
for distances greater than dML' Then
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- i 3
Ad if Asx z-Adx N
>f0r d<d
AP dy 242y
‘As + o (d—dx) otherwise
A= % x ML > dB (145)
- : -
lesser of Ad or As if AT # As
< for all shorter distances pre- S for dx<d
viously considered
L J
LAS otherwise J

where Adx and Asx are values of Ad and As that correspond to d =

For within-the-horizon paths, d < d A is determined using (84

d,.
ML> A )-

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's earlier scatter program [27, sec. 7],
which is based on the model described by Rice et al. [40, secs. 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)
0 , = facility horizon elevation angle (rad) via figure 14
Oap = aircraft horizon elevation angle (rad) from (39)

~,

h] = elevation of facility antenna (km) above ms]

=
i

0s? effective altitude of aircraft (ﬁm) above ms]
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h = h2 - Ahe km (146)

where h2 is the aircraft altitude above mean sea Tevel and Ahe is obtained
from (45) , '

_d 1 'es?2
a =53 eel A rad (147)
h,-h
. _d _ 1 es?
Boo = 35 T Ba2 3 rad (148)
6 =oa_ _ +R rad (149)

dL1 = facility horizon distance (km) via figure 14

sz = aircraft horizon distance (km) from (38)

0 for smooth earth
901,2 { d } rad (150)

L1,2 .
el,2 + —y otherwise

_d o0 _ :
Yo = o d , km (151)
d &
- _ 00 _
Yoo = b d2 (152)
Yo1,0 1T 857,220
51,2 km - (183)
Y - |=2—| otherwise
s1,2 60192

Values for A and AB, [7, fig. 18] are obtained with subroutine

DELTA (sec. B.4.1) by using values of 0,12 and NS from (18). Then

a =0+ Ao rad (154)
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B+ R+ AR rad

6 = ao + BO rad
SI - OLo/ﬁo
Sy if Sy <
S':
T/SI otherwise
DS =d - dL] - dL2 km

— 2
hv"DsS 6/(1 + s)* km

h, = ds (1 + s)? km

n = 0.031 - (2.32 NS/103) + (5.67 N;/TOG)

=

ng = 0.5696 h [1 + n] exp[-3.8 ( ]—%)6]

F0 = 1,086 (ns/ho) (h0~hv-hL]—h dB

LZ)

X = wavelength (km) from (73).

<
i

4 h] aO/A

B~ 4m hesZ Bo/x

<
I

v 1if §

o I-i 1
V'l =
vB otherwise

and
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(156)

(157)

(158)

(159)
(160)
(161)
(162)
(163)

(164)

(165)

(166)

(167)



if S <1

VB |
v, = { . (168)
vy, otherwise

A value for Hy is obtained with subroutine HCHNOT (sec. B.4.1) by

using values of s; ng, and vy , where HCHNOT is based on a referenced =~

S
[7, sec. 11.4]. Subroutine FDTETA (sec. B.4.1) is used to obtain Fde from
values for d, 9, Ns’ and s where FDTETA is based on a referenced method
[7, sec. 11.1]. Then

AS =10 Tog f - 40 Tog d + F . + H0 - F0 - 32.45 dB (169)

deé

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 line-of-sight paths, (d f_dML) where dML is from (40), the

figure 21 expressions are used to calculate effective ray lengths oo .w

from (111}, HYZ = H2 from (47), for earth, aY =a, from
h from (57).

where HY1 = he]
(44), and B8 = 8

For single horizon paths (dML <d<dq+ deL1) where d q is from

figure 14 and deL] is from (116), the figure 21 expressions are used with
obtained with these are

two sets of starting parameters and the Feo.w's
In the first calculations, HY1 = he]’

called r and r

leo,w 2e0,w’
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Parameter values for HY] km, HYZ km, and aY km and 8 are defined in
the text for line-of-sight, single horizon, and two horizon paths.

At = B+ 05
Ht = Teo,w + aY
= +

Hy = Bt ey W

H, = lesser of {Ht or HYZ + aY}

When HY] < Teo,w

T cine1 .
Aq Sin (Hq sin At/HZ)
Ae = - (At + Aq)
-H_ if A_ < 0.02 rad

. Ht Hq q r }km
e0.w = Hq sin A/ sin Aq otherwise

When Teo,w < HY1

HC = Hq sin At

T
i <
. 0 if H, < H. or A2 3 . } -
eo,W 2 Hy sin [cos"(HC/Ht)] otherwise ’
t
H,

N

Figure 21. Geometry associated with atmospheric absorption calcula-
tions. Values of T for oxygen and water vapor are
taken as 3.25 and Y 1.36 km [18, table A.2],
respectively (not drawn to scalel.
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» HY2 = hee] from (114), a§-= a from (20), and B8 = 001 from figure 14. For
the second set H] = HL]’ HY2 = he2 from (34), aY =a, and B = - 6e2 -

(d - dL])/a where B, s from (36). Values for Peo,w 2T€ then obtained
using

r km . (170)

= r +r
eo,w leo,w 2e0,w

For two horizon paths (dLl + deL] < d), the figure 21 expressions are
also used with two sets of input parameters, and the results obtained are
called r]eo,w 2e0,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 d ; km from (153), 6,1 rad from (150), and a km; q.e.,

and r

H,, = h +d tan 601 + ds%/(Za) km . (171)
ee? s]

In the first set of calculations, H. . =h ., H, =H,, a_=a, and B = 6_,.
Y1 el »y2 VvV Ty el
For the second set, HY1 = lesser of {Hvlor He2}’ HY2 = greater of {HV or

Hez}, aY = a,.and B = greater of.{-ee2 or - 6e2 - (d-dL]-dS])/a} .

Surface absorption rates for oxygen and water vapor, Y00 .w dB/km are

W km, to obtain an estimate for atmos-

used with effective ray lengths, L

pheric absorption, Aa dB; i.e.,

A dB . (172)

= +
a Yoo "eo " Yow "ew

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].

A.5 Long-Term Power Fading

The formulation used for the variability associated with long-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.1 and the sign
associated with Ye(q) values is such that the positive values associated
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, secs. 10, III.6, III.7]. 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 B, where o is the elevation angle of the facility-
to-aircraft direct ray from (57); and (c) conditional Timiting of Ye(q)
values for q < 0.1. The 8 6h modification in (b) comes from a comparison
[20, fig. 2] with satellite data [35, fig. 8]. 1In the calculation of
Ye(q), ray tracing from the earth surface to the aircraft is used to
determine the smooth earth horizon distance d or when Ahe is not speci-
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

digq = V18000 hyy  km (173)

where he] is from (1]1)

dLOR if Ahe not specified
dL02 = km A (174)

v 18000 ha2 otherwise

where ha2 km is the actual aircraft altitude above the reflecting surface

dyg = 65(100/F)1/% km (175)

d

where f MHz is frequency

o1 T d km (176)

l.o2 ds
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130d/dM for d 5-dM

130 + d = dM otthierwise

where d km is great circle path distance and

V(0.5) ns
Y(0.1) »= [C]denl - f, } exp(-Cg d, ) + f, dB (178)
-Y(0.9)
where f2 =f + (fm - f ) exp(-CZdenz) and the values used for the
parameters C1, Cos C3, Nys Nos Ngs fm’ and f_ depend on whether V(0.5) [40,
table III.5, climate 1], Y(0.1) [40, table III.3, all hours all year], or
Y(0.9) [40, table III.4, all hours all year] is being calculated. Then

fop= 0-5 = 77! Tan™" [20 og(32 6,)] (179)
Y, (0.1) = g, ¥(0.1) ds | (180)
Y,(0.9) = f,, ¥(0.9) dB (181
Vp = 1,(0.5) = [Lyc - 20 Tog(gy + Rpy + Ryc)1 dB (182)

where Lb(O.S) is from (14), Lbf is from (15), and dp> RTg’ and RTé have
the same values as they would in (81).

3.33 Ye(O.l)
lesser of {. or for Tobing
i
¥_(0.0001) = gg  (183)
3.33 Y (0.1)
lesser of { or © }otherwise
Ly * Ay=(Lpg-6)
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where the lobing option is discussed in sec. 3.1.7, Ly, s from (17) and
AY is from (15),
2.73 Ye(0,1)
lesser of { or } for lobing
‘ Y
Y _(0.001) = dB (184)
& 2.73 Y, (0.1)
lesser of { }.otherwise
5)"(Lbf"548)
1.95 Ye(O,]) ;
lesser of { or } for 1obing
Y7
Ye(0=01) = dB (185)
1.95 Ye(0.1)
lesser of { or } otherwise
Lty (Lpe-5)
YB = Lb(0.5) - (be + 80) dB (186)
1.82 Ye(0.9)
greater of { or for Tobing
YB ‘
Ye(0,99) = dB (187)
1.82 Ye(DQQ) otherwise J
2.41 Ye(0,9)
greater of { or for Tobing
Y5
Y (0.999) = 188
€ 2.41 Ye(0.9) otherwise
aﬁd
(2.90 Ye(0.9)
greater of 1- or } for Tobing
Y
v, (0.9999) = B (189)
2.90 Ye(0,9) otherwise
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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.,

Ve(0.5, de) = feh V(0.5) dB . (190)

A.6 Surface Reflection Multipath

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
"instantaneous levels exceeded" 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, NR, in
(6). Formulas used to calculate Wy may be summarized as follows:

Fpy = reflection reduction factor [42, eq. 21 modified]
associated with the conditional adjustment factor A

from (16) Y

1 if Ay <0

AY 0.1 1f Ay > 6 (191)
0.5[1.1 + 0.9 cos(wAY/6)] otherwise

FAr = reflection reduction factor [42, eq. 22] associated
with path length difference, Ar km, from (56) wave-
length, A km, from (73)

0 for Tobing (table 1) B
Fio = [ 1 for ar > X/2 >
0.1 for Ar < Aro = A/6 otherwise
1.1-0.9 cos [3w(ArmArO)/A] otherwise

. 2 J

(192)
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Rs = RTg FAY FAr (193)

where Ré is the specular contribution to relative multipath power, and

RTg is from (78). chhis the reflection reduction factor associated
with diffuse reflection that is based on curves fit to data [5, fig. 4]
and expressed in terms of Foh from (66)

(0.01 + 9.46 F2, 4f Fp < 0.00325

6.15 F, if 0.00325 < F_, < 0.0739
Faoh = 4 0.45 + V0.000893- (F_, -0.1026)% 1f 0.0739<F ; <0.1237 © (194)
0.601 - 1.06 F_, 1f 0.1237 < F_y < 0.3
0.01 + 0.875 exp(~3.88 Foh) otherwise

. J
Ry = Rrg Faon/Fon (195)
where Ré is the diffuse contribution to relative multipath power and
RZ + R% for Tine-of-sight (d<dy )
W, = : (196)

0 otherwise

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

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 Fop Of (66). This formulation for Fan [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, "A note on selected definitions of
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effective antenna heights", 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 (nonref]ected) 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 "instantaneous levels
exceeded" is selected (table 1), and is incorporated into the variability
part of the model via the relative power Tevel, wa, in (6).

The formulation for wa within the 1ine-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, L from figure 21;

10 Tog (f r3 ) - 84.26 ifd < d

and is not calculated otherwise

obtained via (201) if d > dML

( . 4 40dBifF <014 B (198)
t 20 dB if F > 18.4 _ -

or is obtained from curves[40, fig. V.1]

and
, -Kt/10

W, =10

a (199)

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: vreplacing the path dis-
tance with L expressing frequency in megahertz; setting both "climate"
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and "terrain" factors to 0.25; setting the "actual fade probability" to
©0.01 (100-0.99); and solving the resulting equation for F. Values for
F are used in (198) by selecting the K_t that corresponds to YW(O,99)
-F in [40, fig. V.1]. This operation is performed in the programs by

H

a function called FDASP (sec. B.4.1) which interpolates between pre-
determined values [40, fig. V.1].

For beyond-the~horizon paths (dML < d), values for W, may be deter-
mined from Kt values with (201), where Kt is calculated using (a) the
scattering angle 0 rad from (156), and (b) the value - of K obtained
from (6) at d = dy. with Wy from (196) and W, from (199); i.e.,

MKa = (—20~KML)/0.02618 dB/rad (200)
and

obtained via (198) if d < dML 1

K, = -20 if 6 > 0.02618 rad dB . (201)
KML + MKa 9 otherwise

However; the calculation of wa for such paths can be bypassed since
the K of (6) is equal to the Ke of (201) because Wy in (6) from (196) is
zero. Data [26] was used to determine the values of 6 at which short-
term fading for beyond-the-horizon paths can be characterized as Rayleigh
fading (K < -20 dB), and (201) includes a linear interpolation between
the horizon (6 = 0, K,_ = KML) and Rayleigh fading (6 = 0.02618 rad, \

Kt = -20 dB) points.

t

80



APPENDIX B. PROGRAM LISTINGS

Program 1istings are given in this appendix for the power density
(POWAV, sec. B.1), 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. A1l 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. 1Initial (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 Tistings.

B.1 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 1isting of POWAV is provided at the end of this section.
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‘ - Card Type 1
123456 788101171314 15161718192021227324252627 282930 3i 3233 3¢ 35 36 37 33 3% 40 41 42 43 44 45 25 47 4843 50 51 52 £3 54 55 56 57 58 59 €0 61 62 £3 64 £5 65 €7 363 70 717273747‘575777B73€U_
er| 1 i () . ') o=
(%2} [FER JEN) b4 fam [ss]
IK | HFL [E1&) SUR | HPFL| @ @) DCL'| HCT |S| DHOT | HHOI | S| £ | & 1Wi|Of EIRP | 3

ADENT

Card Type 2

123456 78 9101121314 151617 18132021222324252627 282930 31 323534 3035 37 333940 41 42 1244 4545 47 434550 51 5253 54 5558 57 S 50 5162 6 E4 6568 ¢ EARITC M T2I3 IS 75 77 7875 20

HAT | DHEI {ENOJ] AOI | AWI F {DMIN}DMAX | XC {PMIN|PMAX

YC {IA

28

Card Type 3

723456 78 31011121318 151617 1819202122232 2526 7726772031 323534 3526 373533 40 4142 4344 4545 47 4845 50 51 ST B2 G2 5355 57 T3 5380 5182 6354 G365 67 6R63 70 71727374 1575 77 1879 60

ADNT

Blank Columns

Figure 22. Parameter card types for the power density program, POWAV.

The card types are in the order required for computer input.
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Card Type 1
1234565 7'5 S 1012313151697 181820212223242526 72726233031 323334 353637383945 +1 424344454547 48435051 S2R3 545556 575858606152 5364636567696370 117273747576 77 71878 86
IS [SMIN|SMAX] SNC}{ DD Blank Columns
Card Type 2
173456 7858101120V I4H5I61718192021222324252527282930 31 323524253637 383940 41424344 4546 47 484950 5 5253 555556 5756 5960 61 62 63 64 656567586370 71 7273747576 77 78 13 80
i X}
<Cj_d : (- % 8 =2 vl T N
IK} HFI {52 SUR | HPFI | DHSI || DCI HCI || DHOI | HHOI |2 | = o 22 EIRPJILB
) Card Type 3

12345673921 M 19617 181920212223242525272623203132333435363730239404' 424344454547 48495051 525354 57565758 526061525364656667686370 717273747576 77 737980

ADENT HAT | DHEI jENO} AOI | AWI | F | DMIN]DMAX| XC |PMIN|PMAX} YC

=

Card Type 4

123 456 78 91071 1213141516 17 181920 21 222324 2525 27 2828 3G 21 32 33 34 35 25 77 38 35 40 41 42 4344 43 45 47 48 4950 51 52 53 54 55 56 5752 5363 §1 62 63 64 6563676883 75 71 Y233747575 77 7879 80

ADNT Bilank Columns

|

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, 3, and 4 for the undesired factlity is required. When
the facilities pave identical parameters, IS = 1 is used and the second set of
eard is not used.
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Card Type 1

123456735 91071274 151617181820212223242575 27280530 51323334 25263738 340 414243444545 47 484530 51 528354 3555 57 55 5360 (122 22 b4 654557688970 71 7253 74 7576 77 18 18 8

: Bz
S oxelsy(Misy(2) ve Blank Columns

T -
IS DMAX S |5HM = | =
i il loh o

L >

Card Type 2

123456 78 S1IUIZIBMASIE17I81920212225242526 27 252930 31 3273334 3035 37 3839 47 4142 5344 4546 47 454G 50 51 57 53 54 S 56 57 56 5960 61 62 63 64 6566 FTEE 6270 71 727374 7576 77 T8 19 80

&

Q
k| WP [EE] sur | werr| owst | per | wer {8 owor | HHor | E1E (5 el¥e] e1re J1LB

Card Type 3

P23 456 7B 9WNNIIMISETBIO0D27IT I 27262330 3 23334333837 3839404142 4348404547 43435051 525354555357 52 TG0 6162 520+ 3065/ 63870723 T4ISIE T I8 Iy B

¢

ADENT ADNT enol Ao1 | AwI F |<|z| Blank Columns

>

Card Type 4

123456 78 9101112131415 17 181320212223242226.723292031323324 3530037082040 47424344454647 484350515253 54555657 585960 6162 63646356667E26970 73727747575 77 78 79 80

i i 1
ACHT(I=1 to LH)
1 I ]

Blank

|
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Card Type 5
N §1 23456 78 9101121314 151617181920212223242526272929302132333429363738334041424344454547 48495051 F25354 55565738 59806162 5364656667686370 71 727374757677 7855 £2
S T 1 T
P DEHT (I-1 to LH)
] ] i ]
Card Type 6
12345678 91011121318 15161718192021222324252627282930 3712323334 353837383940 41424344 454647 48455051 525354555657 385360 G1€26364656567696370717273747572677 787989
v ™1 T 1
. Blank PR(I=1 to LE)
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, and i1f the undesired facility has
different parameters than the desired facility (IS = 2), then another set of
cards, types 2 and 3, 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 13, 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 3, 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 correztion 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
-graphed, and if LE>15 on card type 1, there must be a second card with the
remaining D/U ratios.




Table 7. FORTRAN input variables for parameter cards

Fortran Input Parameter Card
Variables Type Number For Description
POWAV DOVERU SRVVOLM
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IK 1 2 2 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: 1IK=0 terminates a POWAV run.

HFI 1 2 2 Height of facility antenna (feet above site surface).

IFA 1 2 2 Code for facility antenna pattern: (1) isotropic, (2) DME, (3) TACAN (KTA-2),
(4) 4-loop array (cosine vertical pattern), (5) 8-Toop 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”.

IPL 1 2 2 Code for polarization: (1) horizontal, (2) vertical, and (3) circular. NOTE: pro-
. visions for option 3 are not complete.

SUR 1 2 2 Elevation of facility site surface (feet above msl). .

HPFI 1 2 2 Elevation of effective reflection surface (feet above msl).

DHSI 1 2 2 Terrain parameter Ah (ft) from table 3.

KSC 1 2 2 Code for earth reflection material type (table 2): (1) sea water, (2) good ground,
(3) average ground, (4) poor ground, (5) fresh water, (6) concrete, and (7) metailic.

DCI 1 2 2 Diameter of facility counterpoise (ft). HOTE: Zero or negative values will cause
the program to assume that no counterpoise is present.

HCI 1 2 2 Height of facility counterpoise above facility site surface (ft).

ICC 1 2 2 Code for counterpoise reflection material type (same as for KSC above).

DHOI 1 2 2 Distance to facility radio horizon /n wi). NOTE: Zero or negative values will
result in calculation of this parameter from others (fig. 14).

HHOI 1 2 2 Elevation of facility radio norizen (feet above msl). WOTL: negative values will
result in the calculation of these parameters from others (fig. 14).

IDG 1 2 2 Facility radio horizon angle in degrees,

IMN 1 2 2 minutes,

ISEC 1 2 2 and seconds.

KE 1 2 2 Code for horizon options: (0) no specified complete; (1) angle specified by IDG, IMN, and SEC;

(2) height specified by HHOI; (3) neither the angle nor the elevation is specified.

KK 1 2 2 Code for time availability options: (1) hourly median levels, (2) instantaneous
levels.
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Code for terrain type options: (1) smooth earth, (2) irregular terrain.
Equivalent isotropically radiated power (dBW)

Code for lobing options: (0) No lobing, (2) lobing.

First 16 characters of spaces of label for graph and parameter sheet.
Aircraft altitude (feet above msl).

Effective aircraft altitude correction factor (ft). HNote: 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 Teft-hand limit of graph (n mi).

Abscissa value for right-hand Timit 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 top 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 TA < 16, this card will not be read in.

Number of parameter sets required to describe both desired and undesired
facilities: (0) will terminate DOVERU 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).



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

Fortran Input Parameter Card
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Variables Type Number For . Description
POWAV DOVERU  SRVVOLM
SX(2) - - 1 Abscissa value for left-hand limit of service volume graph (n mi).
SY(1) - - 1 Ordinate value for top limit of service volume graph (feet).
SY(2) - - 1 Ordinate value for bottom limit of service volume graph (feet).
JJ - - 3 Code for service volume program to determine effective aircraft altitude

correction factors: (-1) will cause these factors, DEHT, to be calculated
by using ray tracing and not read in.

ACHT - - 4 Sequence of aircraft altitudes (see LH). WNOTE: only 13 are allowed on a
card and if LH 1is greater than 13, the remaining heights are on a card
immediately following the first.

DEHT - - 5 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 (LH) is greater than 13, the remain-
ing correction factors are on a second card immediately following.

PR - -

el

Desired-to-undesired signal ratios for which service volumes will be
graphed (see LE).. Note: Only 15 are allowed on a card, and if LE is
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 AA]

!

-Start of loop for each new set g

of parameters and profiles.

Y

Read input parameters (table 7, fig. 22) and convert all distance and
heights to kilometers, and all angles to radian.

]

Compute other necessary parameters not given such as facility horizon

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

Y

Call DEFRAC (sec. B.4.1) to obtain diffraction lines (sec. A.4.3). ]

Y

Call ALOS (sec. B.4.1) to obtain values for plotting in the line-of-sight

region (sec. A.4.2).

Beginning of loop for beyond-horizon - X
distance points.

Call SCATTER (sec. B.4.1) to calculate forward scatter attenuation
(sec. A.4.4). Compare this with defraction attenuation, and select
the appropriate value via (144).

]

If the "instantaneous” time availability option is used (table 1), long-
term variability obtained using VZD (sec. B.4.1) is combined with short-
term variability from YIKK (sec. B.4.1) by using CONLUT (sec. B.4.1). 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.

[Epd of lToop for beyond-the-horizon distance values. }———————i-——————~—J

rEa11 PLTGRPH (sec. B.4.1) to set up graph and plot points.l

e

]

| Loop back for new set of parameters. '[ — -

i)

[If no new parameters, program ends. AJ

Figure 25. Block diagram for power density program, POWAV
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PROGRAM POWAV

ROUTINE FOR MODEL AUG 73

2 FORMAT (% PROGRAM IS FINISHED. #)
4 FORMATI(1HI1)
5 FORMAT(1H )
6 FORMAT{20Xs*INPUT#521X s #WORKING VALUE#*)
7 FORMAT(1235F660+21293F6.09]1232F60091292F6009313+3123sF6e0011)
8 FORMAT(2A8+2F6003F40033F60092{2F5:0sF4s0)s12)
.32 FORMAT(3XsF5e1)
50 FORMATI(F7.0s1X)}
71 FORMAT(F540914F541)
106 FORMAT(s5Xs%¥ DML IS LESS THAN ZERO. ABORTING RUN #)
108 FORMAT(2{F5e337F5.2))
110 FORMAT(3A8)
505 FORMATI{11FTe4)

FORMAT STATEMENTS FOR PARAMETER SHEET AND WORK SHEET

700 FORMAT(23Xs#PARAMETERS FOR ITS PROPAGATION MODEL #*4:ABs/32XsA892XsA
X8s¥% RUN#*o//)

701 FORMAT {32Xs*REQUIRED OR FIXED# /32X s¥——mm—mmm=— e ———me *¥5/15Xy*AIR
1CRAFT ALTITUDE: *sFB8s0s% FT ABOVE MSL¥)

702 FORMAT(15Xs*FACILITY ANTENNA HEIGHT:*sF7.1s% FT ABOVE SITE SURFACE
X% )

703 FORMAT{15Xs*¥FREQUENCY: #sF6e0s¥% MHZ %)

704 FORMAT (29X s%¥SPECIFICATION OPTIONAL¥ /29X ¢ #m—mmmomm e e e %y
4/15X»*ABSORPTION: OXYGEN*sF9e5s% DB/KM%A2+/27Xs*¥WATER VAPOR¥*3F9,.5
4 o #DB/KM¥* s A7)

705 FORMAT(15Xs*EFFECTIVE ALTITUDE CORRECTION FACTOR: ¥3F6,0s% FT#4A2
55/15X+*EFFECTIVE REFLECTION SURFACE ELEVATION ABOVE MSLi¥sF7,0,% F
5T#4/15Xs*EQUIVALENT ISOTROPICALLY RADIATED POWER: #sFb6els* DBW¥*,4/1
55X s #*FACILITY ANTENNA TYPE: *55A8)

706 FORMAT(20Xs*COUNTERPOISE DIAMETER % 3F5000#% FT¥,/25Xs*HEIGHT :#,F5,0
6s% FT ABOVE SITE SURFACE #5/25Xs*SURFACE :%,2A8)

707 FORMAT(20Xs*POLARIZATION:%52A8)

708 FORMAT (15X s*HORIZCN OBSTACLE DISTANCE :#sF7.29% N MI FROM FACILITY#*
ByA2s/20X s *ELEVATION ANGLE: *sI13.%/%,124%/%,12s% DEG/MIN/SEC ABOVE
8 HORIZONTAL*3A2s/20Xs*¥HEIGHT: #sF6o0s% FT ABOVE MSL#5A2)

709 FORMAT (15Xs*MINIMUM MONTHLY MEAN SURFACE REFRACTIVITY: ¥3/20XsF34Cs
9% N=~UNITS AT SEA LEVEL: *sF3,0s* N-UNITS#)

710 FORMAT(15Xs¥TERRAIN ELEVATION AT SITE: #sF6.0s* FT ABOVE MSL%*,/20Xs
A¥PARAMETER: ¥ sF5,09% FT%*,/20Xs*TYPE: #*52A8)

711 FORMAT{25Xs*¥PLOT LIMITS* /25X s ¥—mmmmmommwmn *5 /15Xy ¥AVAILABLE POWER:
B%sF5,0s%s ¥3F5e09% DBW*s/17Xs¥DISTANCE: ¥sF5,0s%s ¥3F5.,05% N MI¥)
712 FORMAT {20X®*ANTENNA HEIGHT TOO HIGHs IONCSPHERIC EFFECTS*s/25Xs®MAY

2 BF IMPORTANT#*)

713 FORMAT (20Xs*AIRCRAFT TOO LOWs TERRAIN BEYOND FACILITY #,/25Xs*%HORI
320N MAY BE IMPORTANT*)

714 FORMAT{20Xs*IN ADDITIONs SURFACE WAVE CONTRIBUTIONS SHOULD#*s/15Xs¥*

~ 4BE CONSIDERED®%)

715 FORMAT(20Xs*ANTENNA TOO HIGHs RAY BENDING OVERESTIMATED#®s/)

716 FORMAT (20X s*ANTENNNA TOO LOWs SURFACE WAVE SHOULD BE#*,/25Xs#CONSID
6ERED®)

717 FORMAT (20X »*FREQUENCY TOO LOWs IONOSPHERIC EFFECTS MAY BE¥ /25X s¥*]
TMPORTANT#®s//)

718 FORMAT(20Xs*ATTENUATION AND/OR SCATTERING FROM HYDROMETEORS#*,/25Xs
B*¥(RAINs ETC) MAY BE IMPORTANT#*)

719 FORMAT (20X s*ATMOSPHERIC ABSORPTION ESTIMATES MAY BE¥,/25X»*UNRELIA
9BLE*)

724 FORMAT(/15XsA29%#COMPUTED VALUE®#*)

725 FORMAT(20Xs*TYPE: #52A8,A1) '
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726 FORMAT(12Xs*FEARTH®,F9,0 % N MI #9FB8e09% KM¥)
728 FORMAT(12Xs*HRE= #sFBolis®-*¥sFBoloX—%3FBola¥® = %3FBelis® KM¥)
729 FORMAT(15Xs*TIME AVAILABILITY: #,4A85A1,//)

731 FORMAT(12Xs* H(A) #,F8,09% FT MSL *3FB.4% KM MSL#)
732 FORMAT(12Xs* HI{F) #,F8+15% FT TO SURFACE #5F8afs%* KM *)

733 FORMAT(12Xs*FREQUENCY*y F5e0s% MHZ ¥9F8,09% MHZ %)
734 FORMAT (12X % A{O)%, F9.5+% DB/KM - ®3F8.59% DB/KM%,A2)
735 FORMAT(12Xs* A(W)®#3F9.5 o% DB/KM #3F8,55% DB/KM#,A2)
736 FORMAT{12Xs*DI{HE) *,3F8.0s% #sFBafs® KM%,A2)
737 FORMAT(12X+*EIRP #3F9.1 % DBW P CON¥*yFB8,14*% DBw *)
738 FORMAT{12X»*F ANT %36Xy9125 2X55A8)

739 FORMAT(12Xs* DI(C) #4FB,0s% FT *sFBoGs¥® KM*)

740 FORMAT(12Xs#* H(C) #,F8,1s% FT ABOVE SURFACE *9FBoto ¥ KM¥)

741 FORMAT (12X s#COUNTERPOTISE¥*512+10X52A8)

T42 FORMAT(12Xs#¥H(FR) #sFBel9* FT ABOVE REFLECTION#sFB8e4s* KM¥)

7643 FORMAT(12Xs¥POLARTZATION*312510Xs2A8}

745 FORMAT(10XsA23s*¥D(HO) %9F802s% N MI FROM HORIZON #sF8e2s% KM%)

T66 FORMAT({10XsA2sXE(HO) *9129%/%9]29%#/%512s% DEG/MIN/SEC¥3sTX9FBo5:% R

6ADIANS*)
747 FORMAT{10XsA2s*H(HO) *,FBs0s% FT MSL ¥ FBolis® KM¥)
748 FORMAT(12X9% N{O)¥,F9.0 s* N-UNITS N(S) #3FB8.0s% N-UNITS*)
749 FORMAT(12Xs*¥H{SUR)*4F8.0s% FT MSL *sFBelin¥ KM*)
750 FORMAT (12X s*¥DH{SUR) #sFTo0s% FT ' K yFBeko ¥ KM%)

751 FORMAT{12Xs*TERRAIN*+95Xs12910X3s2A8)

757 FORMAT [12X*¥INPUT PARAMETERS FOR #*,A8492XsA8 9% RUN#,/12X*0F #4A8,% A
1IR/GROUND MODEL#*5//)

T60 FORMAT(1XsF7e2912F8:19F66132F5e13F6s19A5)

761 FORMAT(5X s #*HORIZON POW=#%#3FTels¥% AWD=s*3FBe2s% SLOPE=#,FBe2s% 72=%,
XE13e5])

767 FORMAT (2F7e353FT7e29F4005F6:03F5.09F706392F8.51

768 FORMAT(3F70332F70152FT7e2s 5X94FT015E1365}

769 FORMAT{2FT7e¢333F7e132F7¢3)

772 FORMAT (* HTE HRE D DLT - DLR ENS ERTH FREK LAMDA
X TET . TER#®)

773 FORMAT({®* HFS HRS DH AED SLP DLST DLSR
X DD NM LBF AT Do WRH*)

775 FORMAT(/12Xs*POWER DENSITY INTO POWER AVAILABLE ADD ¥35F6els/)

776 FORMAT{15Xs*POWER DENSITY (DB-W/SQ M) VALUES MAY BE CONVERTED TO P
XOWER* ¢ /20X s *AVAILABLE AT THE TERMINALS OF A PROPERLY POLARIZED#*+/2
XOXs*ISOTROPIC ANTENNA (DBW) BY ADDING %#sF6els®* DB-SQ Me¥*)

777 FORMAT(1H{I2925HX*POWER DENSITY FOR *5A8))

778 FORMAT(15X+»*¥SURFACE REFLECTION LOBING: CONTRIBUTES TO VARIABILITY
X#)

779 FORMAT(15Xs*SURFACE REFLECTION LOBING: DETERMINES MEDIAN#}

785 FORMAT (12X s#SURFACE REFLECTION LOBING: CONTRIBUTES TO VARIABILITY
X#)

786 FORMAT(12Xs*SURFACE REFLECTION LOBING: DETERMINES MEDIAN®)

800 FORMAT(//10X»*SOME PARAMETERS ARE OUT OF RANGE#*)

B0S FORMAT(20Xs¥DLT IS LESS THAN .1XDLST OR GREATER THAN 3XDLST#)

810 FORMAT{20Xs*INITIAL TAKE-OFF ANGLE GREATER THAN 12 DEGs*)

DIMENSION CFK{3)sCMK{3),CFM(3)sCKM{3)sCKNI(3)

DIMENSION ACD{101)sAND(101)5sS5CT(101)sAAD{(101)4RW(101}
DIMENSION FAT(558)+sCCI{237)sPOLI2s3}4TSC{2s7)}

DIMENSION ADNT(3), VARFOR{4)-

DIMENSION ADENT(2)sPAS(2)

DIMENSION MTM(5)sYCON(5)

DIMENSION YV(10)sSV(10)

DIMENSION P{35)QC(50)sQA(50)sPQA(50) sPQK(50)3QK(50) yPQC(50Q)
DIMENSION TYD(352)sVYD(542)}

DIMENSION RE(21+AD{35)+BDI(35)sALM(12)
COMMON/RYTC/QNS +QHC s QHA » QHS sQQD

COMMON/EGAP/IPsLNs IDT IXT

COMMON/PARAM/HTEHRE sDsDLT9DLRyENS9EFRTHs FREK s ALAMs TET s TER KD +»GAO»
XGAW ' ,
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N

COMMON/PLTD/LUDyLLsNUE8) sNS1B) 9SX(2)4SY(2)sTT(6)sXCsYCsBX(20058) 4B
XY(2005R) 5L YDsAATSTG

COMMON/SXGHT/DCW9HCW$DMAX’DML9DZR’IKOEAC!HZ’ICC’HFCIPRH'DSLI’PIRP’
XQG1+QG93PFY{200s4) sKKs ZHsRDHK s ILB

COMMON/SCATPR/HT +HR sy ALSC s TWEND s THRFK s HLTsHLRs THETAsHTP s AA>REW

COMMON/D]FPR/HTD9HRDnDH,AEDoSLP’DLST’DLSR’IPL’KSC|HLDoHRP’AWD:SHP

COMMON/VAT/TAV(175)sTAH1(75175)

COMMON/DLAT/TALD(20)sTAFLI4s7520)

COMMON/VV/VF (36517}

COMMON/GAT/IFA

DATA (CFK=60015.00030485.,0003048)

DATA (CMK=1¢51¢60934451,852)

DATA (CFM=1e5¢3048+,3048)

DATA (CKM=1000693280683989553280,839895)

DATA (CKN=103¢6213711922+9¢5399568034)

DATA (POL=8H HORIZON»s»3HTAL»8H VERTICAs»1HLsBH CIRCULAs1HR)

DATA (FAT=10H ISOTROPICs3(1H )e4H DMEs4(1H )314H TACAN (RTA~2),3(1
XH }939H 4-LOOP ARRAY (COSINE VERTICAL PATTERN) s394 8~LOOP ARRAY (C
XOSINE VERTICAL PATTERN)s34H I OR Il (COSINE VERTICAL PATTERN)s1H »
X40HJTAC TILTED 20 DEG WITH 40 HALF~POW BeWesl7HJTAC TILTED 8 DEGs2
X(1H 1)

DATA(ALM=“602)”6015’”6;08l‘6oO9‘5:95t‘SoBBt‘SoB"5o65"5035)‘500"
X40o595-367)

DATA (QMD=8H AUG 73 } :

DATA{TSC=16H SEA WATER »16H GOOD GROUND s16H AVERAGE GROUN

XD s16H POOR GROUND s16H FRESH WATER »16H CONCRETE s 16H
X METALLIC }

DATA (PAS=2H s2H# )

DATA ((P{T1)s1=1%351=,0000190000025,000055600015,00025,00055,00156
X002960055601960290605961096159020503026409050596603,7026805¢85509090
X959569B909996995969985069995069995590699985099994569999550.999983,99999)

DATA(VYD=33HFOR HOURLY MEDIAN LEVELS EXCEEDED#s33HFOR INSTANTANEOUS
X LEVELS EXCEEDED! : :

DATA(TYD=17HSMOOTH EARTH s 1THIRREGULAR TERRAIN)

DATA (MTM=205109309050)

DATA (YCON=569106925590090s)

DATA(CCI=16H SEA WATER »16H GOOD GROUND »16H AVERAGE GROUN
XD s16H POOR GROUND »16H FRESH WATER s16H CONCRETE »16H
X METALLIC )

DATA (DMOD=5H DIFR) $ DATA (5MOD=5H SCAT}

DATA (CMOD=5H COMB)

FNALFX:FAsFBsFCsFD)={{FX-FB}*{FC~FD}/{(FA=FBI} i +FD

IDT=IDATELIDX)

IG=0

TPTH=2+617993878E-2 $ TLTH=0, $ TPK=20,
CALL Q9EXUN

ASPA=0.25 $ ASPB=0.25

20=.00000001

RAD=.01745329252 $ DEG=57,29577951 $ TWDG=12¢ #RAD
ERTH =6370.

PRE-PROGRAM INPUT OF TABLES

READ 108s {TAVII) s {TAHI{Js1)sJ=197)s1=15175)

READ 719(TALD‘K)!((TAFL(I’J)K))J=197)ll=1’2)yK=ly20)
READ T1s (DUMBs({TAFL(1sJsK)sJ=15T7)}s1=2354)5K=1420)
READ 5055 {(VF({I3J)s1=1536)sJ=1+3)

READ 5055 ((VF{1sJ)sI=136)9sJd=4417)

————————————— PROGRAM START WITH CARD 1-=m=mmmm oo e

100 READ 7’IK!HFIt]FA)XPL)SUR;HPFI,DHSI7K5CyDCI9HCI'ICC’DHOIvHHOI'IDGs

XIMNs ISECsKEsKKsKDsEIRPsILB
PRINT 4

PI=3,141592654 § ICAR=0 $ NOC=0 § IXT=ITIMEDAY(ITX)
IF(IKeLEo0O) GO TO 451 '
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806

808
57

831

802

804

READ B»ADENT sHAIsDHEIsENOsAOT s AWI 9F yDMINsDMAX s XC s PMINsPMAXYCy IA

————————————————— START OF PARAMETER SHEET==-—=mwm—cm————————
PRINT 700,QMD,IDTsIXT

H2=HAT*CFK (1K) $ HF S=HF I *CFK(IK! $  FREK=F
ENCODE(8+32sTG) EIRP
TT(1)=ADENT(1) $ TT(2)=ADENT(2)

TTU3)=TT(4)=TT(5)=ADNT(1)=ADNT(2)=ADNT(3)=TT(6)=PAS(1)
——————————————— INPUT OF CARD 3 IF NECESSARYw====—wmmeem———e
IF(IA.GT«16) READ 110sADNT

TTI3)=ADNT(1) &  TT{4)=ADNT(2) $§ TT(5}=ADNT(3)
NK=43-((18+1A)/2)

ENCODE (3257779 VARFOR INK

PRINT VARFOR»ADENTyADNT

PRINT 701sHAI

ENCODE(B+509AAT) HAL

IF(HATGT+300000s) ICAR=1 A
IFIHAT«GT«1500004) PRINT 712 fol
IF(HAToLT4500s) PRINT 713 - '
IF(HAT«LTos1e5} PRINT 714

IF(HAToLTs0e) GO TO 825

PRINT 702sHFI

IFIHFI.LT+0s) GO TO 825

IF{HFI12GT+9000e) PRINT 715

IF(HF1eLTo1e5) PRINT 716

PRINT 703sFREK

IF(FsLTs100e1GO TO 805

IF{FeLTe20.) GO TO 100

IFIFeGTo5000s) PRINT 718

IF{FeGT+17000) GO TO 807

IF{FeGTo100000¢) GO TO 100

PRINT 5

IF(AOIsLTo0e) GO TO 56

PXH=PASI(1)

GAO=AOI . %  GAWSAWI

PRINT 7045GAOsPXHsGAWsPXH

IF(SUReGT 15000, ICAR=1

IF{SUR«LTa0e! GO TO 830

ASPC=ASPAXASPB¥ (6,E~8) *F
PDCON=38,544—20,*ALOG10(F) $  PIRP=EIRP-PDCON
HRP=HPF I #CFK (1K)

IF(HAToLTo(HPFI+500¢)) ICAR=1

ETS=SUR®CFK(IK}) $  HAS=H2-ETS

IFLETSsLTe0e) ETS=00

IF{SURGT+15000s) ICAR=1

IF{HAS.LT«HFS) GO TO 770

IF(DHSI'LTIOO) DHSI= 0.

DH=DHS I#CFK{ IK)

IF{ENOoLTo250600ReENOsGT+400+) GO TO 801
ENS=ENO%EXPF (~041057%HRP)

IF(ENSeLEe2500) GO TO 803
EFRTH=ERTH/{1e-c04665*EXPF (00557 7#ENS))
EART=EFRTH¥CKN (1K}

HT=HFS+ETS $ H1=HT
IF(HRP<GT4H1) GO TO 825
HTE=HT~HRP $  DLST=SQRTF(2e*EFRTH*HTE)

HFRI=HTE*CKM{ 1K)
IF(DHEIoLT«0e) GO TO 50
EAC=DHEI#CFK (1K}

PDH=PAS(1)
HR=H2~EAC $  HRS=HR-ETS
HRE =HR—HRP $ DLSR=SQRTF (2 ¢ *HRE*EFRTH)

IF{HRE.GE+50s) DLSR=EFRTH*ACOSF(EFRTH/{EFRTH+HRE))
DSO=3 ¥ SQARTF {2000 *HTE}+3 e #SARTF (2000« #HRE)
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55

829

788

759
758

753

783

763

754

JK=1

PRINT 705sDHEI sPDHsHPFISEIRPs (FAT(I5IFA}s1I=1+5)
IF(DCI«LE<Z0) GO TO 789

IF(ICCsLFs0) GO TO 789

------------- COUNTERPOISE PARAMETERS CONVERTED~===mm======x

NOC=1

DCW=DC I#CFKUIK) $ HCW=HCI#CFK (1K)
PRINT . 706 sDCIsHCIs (CCI{Is1CC)oI=152!
IF(HCI«LTe0e) GO TO 828
IF(HCIeGTe500e) ICAR=1

IF (DCWeGTeel1524) ICAR=1

IF (HCWsGToHFS) GO TO 825
HFC=HT-ETS$=HCW

CONTINUE

PRINT 707+(POL(TsIPL}sI=1+2)

—————— HORITZON AND INITIAL TAKE-OFF ANGLE COMPUTATIONS—=~===

PDS=PTS=PHS=PAS(1)

IF(KD<LFol) GO TO 755

HLT=HHOJ#CFK (1K) $ DLT=DHOI*CMK ( TK)
HLTS=HLT-HT

DG=IDG $ AMN=IMN $ SEC=ISEC
TET=RAD*{DG+{ [ {SEC/60,)+AMN) /60.)) &  ATET=ABSF(TET)
TATET=TANF(TET}

IF(KEsENe3} GO TO 782

IF(DLT«LE-Z0) GO TO 781

IF(KE~1)7305758+780

IF(TEToLTa0s) GO TO 752
HLTS=DLT#TATET+(DLT*DLT/(2s*EFRTHI) )
HLT=HLTS+HFS+ETS [ HHOI=HL T#CKM( 1K)

PHS=PASI(2)

CONTINUF

IF(DLT oL Tolc1#DLST)6ORDLToGT (3, *DLST)) PRINT 809
IF(TETeGTeo20943951) PRINT 810 ’
IF(HHOI+GT+15000+) ICAR=1

PRINT 708+sDHOIsPDSsIDGsIMNsISECSPTS9yHHOIsPHS

PRINT 7255(TYD(IsKD})sI=193)

PRINT 7095ENSsENO

IF(ILB) GO TO 762

PRINT 778

PRINT 710sSURSDHSIs(TSC{I5KSC)slnl,2)
PRINT 729s{VYD(IsKK}sI=195)

PRINT 776:PUCON

PRINT 724sPAS(2}

IF(DMAX.GTs1000.) DMAX=1000.
IF(ICAR,GT«0) PRINT 800

—————————————————— START OF WORK SHEET

PRINT 7575IDTsIXTsQOMD

PRINT 5 % PRINT 6

PRINT VARFORsADENT sADNT

PRINT 731sHAIsH2

PRINT 732+sHFIsHFS

PRINT 7333FsFREK

PRINT 7345A0] sGAOsPXH

PRINT 735sAWI sGAWsPXH

PRINT 736sDHEISEACsPDH

PRINT 737sEIRPsPIRP

PRINT 738sIFA+(FAT(IsIFA)sI=155)
IF({NOCsLTel) GO TO 754

PRINT 739+DCIsDCW

PRINT 740sHCI sHCW

PRINT 741,ICC’(CCI(IDICC)’Iﬂlvz)
CONTINUE

PRINT 5
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306

765

59

15
14
13

PRINT 7423HFRIsHTE

IF(FeGTo1600s) GO TO 304
QG1=(o21*SINF{5.22%ALOGI0O(F/200.)))4+1028
QG9=(s18*SINF (5.22*ALOGLO{F/2004))14+1623
CONTINUE

PRINT 7283H2sEACsHRP sHRE

PRINT 7435IPLs(POL{IsIPL)sI= 1v2)

PRINT 74%,PDSsDHOI»DLY

PRINT 7465PTS,IDGs IMNyISECSTET

PRINT 747 3PHSsHHOT sHLT

PRINT 748:ENOSENS

PRINT 726 sEARTSEFRTH

PRINT 749sSURSETS

PRINT 750 sDHSI sDH

PRINT 751sKSCs(TSC{I+KSC)sI=1s2)

IF{ILB) GO TO 764

PRINT 785

PRINT 775sPDCON

PRINT 7295 {VYD(IsKK)sI=1s5)

PRINT 7245PAS(2)

PRINT 5 $ PRINT 5

PRINT 711+PMINsPMAXsDMIN sDMAX
IF({ICARGT0} PRINT 800

—————————————— END OF PRELIMINARY PRINTING -—

CUBTR=1004/F

DSD=65%e *CUBERTF(CUBTR)

DSL1=DSO+DSD

ALAM=.2997925/F

PRINT ¢4 $ CALL PAGE{O!

THRFK =30, #*ALOG10{FREK)

IcPT=0

DLS=DLST+DLSR
AFP=32,45+20.%AL0G10(FREK)

DK AX=DMAX®#CMK { 1K)

~~~=~HORIZON POINT DISTANCE AND PARAMETER CALCULATION==m=—=-
IF(JKeLTo0) GO TO 58

TRM={ (HTE+EFRTH}*COSF(TET) )/ (HRE+EFRTH)
DML=EFRTH¥*{ ACOSF{TRM}-TET)

DLR=DML~DLT

DNM=DML*CKN{ 1K)

IF{DML+LF20s) GO TO 107

D=DML $ TWEND=20,*ALOG10(D) $ ALFS=AFP+TWEND
HTP=HRP

DRP=DL SR

TATER= ({HLT~HR)/DLR)~(DLR/ (2« *EFRTH!)
TER=ATANF (TATER)

TATES={ (HRP~HR}/DRP}~(DRP/ (2. #EFRTH!)
TES=ATANF(TATES)

IF{{HLT~HRP)oeLEoOo) 15514

DHRP=DLSR+DLT 5 GO TO 13
DHRP=DLT+DLSR+SQRTF {2 #EFRTH#* (HLT~HRP} )
CONTINUE

HTD=HT 3 HRD=HR $ HLD=HLT

CALL DEFRAC

GVD=GAIN{TET) % GDD=20¢*ALOG10(GVD!

SMD={ {INTF(DNM/1c))%1e)+10 % AMD=AWD+({SWP#D)
ATD=ARD=AMD

DZR=~{ AWD/SWP)

PRH=-{ AMD-GDD $ WRH=10,## (PRH¥01)
ZH=ALOG10 (WRH) -2,

PRINT 772

PRINT 7679HTE!HRE9D’DLT’DLR)ENS’EFRTH’FREK!ALAM’TET’TER
PRINT 773
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PRINT 7689 HTsHR sDHsAEDsSLPsDLST+DLSRsDNMyALFSsAMD#DZR s WRH
PRINT 761 sPRHsyAWDsSWPsZH

PRINT 5§ $ CALL PAGE(6)

CALL ALOS
NCT=NU(1}
SPD=SMD+2.

————————————— BEYOND THE HORIZON CALCULATIONS -
KFD=0

DO 900 NSP=1s5

MZS=MTM(NSP)

IF(MZSeLE«0) GO TO 907

DO 901 MXS=1sMZS

D=SpD#CMK (1K) $ DNM=SPD
IF(DeGTeDHRP} GO TO 17
DLR=D=DLT

HLR=HLT

TATER={{HLR-HR}/DLR)~(DLR/ (2 *EFRTH)}
TER=ATANF(TATER)

19 CONTINUE
IF(KFD~1) 4094142

40 KS=0 % KR=0
KS=1 $ ACD(KS)=ARD $ AND (KS ) =DML
AMOD=DMOD

EC1=HTE+EFRTH $  EC2=HRE+EFRTH § EC3=HLT-HRP+EFRTH

CALL SORBIEC1+EC3+EFRTHeDLTsTETsRO1sRW1) ,

CALL SORB(EC2sEC3:EFRTHsDLRsTER®RQO2+RW2)

REO=RO1+R0O2 $  REW=RWl+RW2 $ AA=GAO*REO+GAW*REW
RW(1)=REW
AAD (1) =AA

DO 30 '‘KC=19100

KS=KS+1

D=DNM#CMK ( IK)

SPD=DNM

ACD(KS)=AED+(SLP*D)

AND (KS)=D

TWEND=20+%ALOG10(D) $  ALFS=AFP+TWEND

IF(DsGT«DHRP} GO TO 4&

HLR=HLT

DLR=D-DLT $ TATER=( (HLT~HR) /DLR!=~(DLR/ (2 *EFRTH} )
TER=ATANF (TATER!
45 CONTINUE
CALL SCATTER
SCT(KS)=ALSC-ALFS
AAD{KS)=AA $ RW(KS ) =REW
IF{SCT{KS)eLTs206) GO TO 31
KR=KR+1
IF(KR,LEs1) GO TO 31
KP=KS~1
$SP= (SCT(KSI=SCT(KP))/(ANDIKS)}~AND(KP))
. PRINT 4993sDNMsSCT(KS)sACD(KS) 9sSLP sSSP
499 FORMAT(3FTe192F7e2)
IFISSPelLEe(~201)) GO TO 49
IF{SSPeLE«SLP} GO TO 48
31 DNM=DNM+1.
30 CONTINUE
PRINT 14 $ KFD=1 $ GO TO 33
49 KR=0 $ Go To 31
14 FORMAT {5Xs*BEYOND THE 50 MILE LIMIT DOING DIFFRACTION#)
33 DO 43 KG=1sKP
D=AND(KG) y
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26
43

48

35
34

41

25

46
42
200

311
312
313

11

DNM=n*CKN ( 1K} % SPD=DNM

TWEND=20,#ALOG1G(D) $ ALFS=AFP+TWEND
ATTS=ACD(KG!

AA=AAD(KG) $ REW=RW(KG)$ THETAsTET+TER+ (D/EFRTH)
ASSIGN 36 TO KT ‘

GO TO 200

CONT INUE

CONTINUE

SPD=DNM $ MZ5=6 $ KFD=1 $ GO TO 37
IF(SCT(KP)oGEACD(KP}) GO TO 33

ACD(KP)=SCT{KP)

SLP={ACH(KP!~ARD! /(AND(KPi=DML)
AED=ACD|KP)=(ANDIKP}#SLP)

ASSIGN 35 TO KT

DO 34 KG=1sKP

D=AND(KG}

DNM=D#CKN (1K) $ SPD=DNM

TWEND=20.%ALOG10(D) $ ALFS=AFP+TWEND
ATD=AED+({SLP#*D)

ATTS=ATD

AMOD=CMOD ‘

AA=AAD(KG) 3 REW=RW(KG) S THETASTET+TER+{D/EFRTH)
GO To 200

CONT INUE

CONT INUE

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

AMOD=DMOD

ASSIGN 37 TO KT

ATD=AED+{ SLP#D)

TWEND=20,*#ALOG10(D) $ ALFS=AFP+TWEND
IF(D.GT-DHRP} GO TO 24

HLR=HLT :

DLR=D~DLT $ TATER={ (HLT=HR} /DLR}=(DLR/ {2+ #EFRTH})
TER=ATANF (TATER)

CONTINUE

CALL SCATTER

ATS=ALSC~ALFS

IF(ATSSLE-ATD) GO TO 46

ATTS=ATD $ THETA=TET+TER+(D/EFRTH) $ GO TO 200
ATTS=ATS $ KFD=2 $ AMOD=SMOD $ GO TO 200
CONTINUE

AMOD=5SMOD

TWEND=20,%ALOG10(D) $ ALFS=AFP+TWEND

CALL SCATTER

ATS=ALSC~ALFS $ ATTS=ATS $ ASSIGN 37 TO KT
CONTINUE

———————————————— LONG-TERM POWER FADING
IF{DeLE-DSLY) 311,312
DEE=(130.%D}/DSL1 $ GO TO 313
DEE=130,+D~DSL1 $ GO TO 313
CALL VZID(DFE»QG1sQG9sAD)
NCT=NCT+1

PFS=PIRP-ALFS

PL=-ATTS

ALIM=3, .

AL10=PL+AD(13) $ AY=AL10-ALIM
IF{AYoLTe0o) AY=0, ’ )

DO 11 K=1+35

BD{K)=PL+AD(K)-AY

CONTINUE
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DO 12 K=1912
ALLM=-ALM (K}
IF(BD(K)oGTeALLM) BD(K)=ALLM
12 CONTINUE
————————————— VALUES PUT INTO PLOTTING ARRAY=-=rmrmomwom———ae.
BX(NCT+5)=BX{NCT»6)=BX(NCTs7)=BX(NCT»8)=DNM
BX(NCT21)=BX(NCT92)=BX(NCT93)=BX(NCTs4)=DNM
IF(KKeGTs1) GO TO 20
23 PGS=PFS+GDD
BY{NCTs1)=PGS $ BY (NCT,2)=PGS+BD(18)-AA
BY{(NCT »3)=PGS+BD(12}~AA $ BY(NCTs4)=PGS+BD(24)~AA
BY(NCT»5)=PGS+BD{(23)~-AA $ BY(NCT+6)=PGS+BD(26)-AA
BY(NCTs7)=PGS+BD(29)~-AA $ BY{NCT+8)=PGS+BD(32)~AA
PFY(NCTs1 )=PGS+BD(4)~AA $ PFY(NCT92)=PGS+BD(7)=AA
PFY(NCToB) PGS+BD(10’@AA $ PFY(NCT 94 )sPGS+BD(13)~AA
- PRINT STATEMENTS-- -
PRINT 7609DNM:(BY(NCT:LZ):LZRI:S)o(PFY(NCT:MW)vMH=1v4)vPL’AA,AYvBK
X s AMOD
CALL PAGE (1)

IF(SPDeGT<DMAX} GO TO 907
GO TO KTs(35536937!}
37 €ONTINUE

903 SPD=SPD+YCON (NSP)

901 CONTINUE
SPPD=SPN+YCON (NSP)
NPP=NSP+1
IF(NPP+GT«5) GO TO 907
IF(YCON(NPP)«EQeOe) GO TO 907
1F (NPPsEQe¢O) GO TO 907
IXD=INTE(SPD/YCON(NPP))
SPD=(YCON(NPP)®FLOATF(IXD) ) +YCON(NPP )’

900 CONTINUE

907 CONTINUE

—————————————————— PLOTTING OF GRAPH -

SX(1)=DMAX $ S$X(2)=DMIN $ SY(1)=PMAX $ SY(2)=PMIN
DO 904 K=1+8
904 NUI(K)=NCT
NS(1)=9 % NS{2)=NS(3)eNS(4)=]
LYD=0 $ LUD=+1 $ LL=4
NS{8)=NS(6)=1
16=1G+1
CALL PLTGRPH
Go TO 100

— ~t ~t

~——LOOPING BACK TO START FOR NEW SET OF PARAMETERS

17 TER=TES $ DLR=DRP .5 . HLR=HRP $ TATERsTATES $ GO 70 19
------------------ TROPOSPHERIC MULTIPATH -

20 DO 21 I=1-35 :

: QA(I)=BD(])~PL

PRA(I)=P(I)

21 CONTINUE
IF(THETA.GE«TPTH) GO TO 26
IF(THETAeLE«Os!} GO TO 27
BK=FNA{THETAsTPTHs TLTHs TPK sRDHK

28 CONTINUE
CALL YIKK(BKsPQK»GQK)
CALL CONLUT(QAsQKPQA335++16500sPQC,QC)
DO 22 I=1+35

22 BD(I)=QC({I)+PL
Go To 23
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24
26
27
44

50

53
56

58

107
304
762
752
764
770

781

730

782

780

784

TER=TES & DLR=DRP $ HLR=HRP $ TATER=TATES $ GO TO 25

BK=TPK & GO TO 28
BK=RDHK § GO TO 28

TER=TES $ DLR=DRP $ HLR=HRP $ TATER=TATES $ GO To 45

PDH=PAS(2)

HP2=H2-HRP $ HP1=H1-HRP

DUM=0.0 $ ZER=0e0 3 QLIM=~1056

QNS=329, $ QHC=aHP1 % QHA=HP2 % QHS=HRP
CALL RAYTRAC(DUM)

RY=TRACRAY(QL IM)

DSO=QQD

QNS=ENS $ QHC=ZER $ QHA=aHP2 $ QHS=HRP
CALL RAYTRAC(DUM)

RY=TRACRAY(ZER)

DLSR=QQD $ TSL2=DLSR/EFRTH

IF(TSL2sLEsel) GO TO 53

R2E=EFRTH/COSF(TSL2)

HRE=R2E~EFRTH

IF{HREeGTeHP2) HRE=HP2

HR=HRE+HRP $ EAC=H2~HRP~HRE

DHEI=EAC®CKM(IK)

JK==1
GO TO 55
HRE={DLSR*DLSR)/ (2 *EFRTH) $ GO TO 54

CALL ASORP(FsAOIsAWI)

PXH=PAS(2) $ Go To 57

TEH=TET4(DLT/EFRTH)

IF(KDeLEs1) TEH=0.0 . .

QNS=ENS & QHC=HLT-HRP $ QHA=HP2 $  QHS=HRP
RY=TRACRAY{ TEH) $ DLR=QQD s DML=DLT+DLR $ GO To 59
PRINT 106 $ Go To 100 :

QG1=QG9=1.,05 $ GO TO 306

PRINT 779 $ GO TO 763

HLTS=DLT*TET +(DLT®DLT/(2+*EFRTH)) $ GO TO 753
PRINT 786 $ GO TO 765

PRINT 800 $ GO TO 100

—————————————— HORIZON PARAMETER CALCULATIONS====—e———m—m—————
HE=MAX1F(HTEs+005)

DLT=DLST*#EXPF (=00 7#SQRTF(DH/HE))

PDS=PAS(2)

IF(DLTOLT.(.I*DLST)) DLT=.1*DL5T

IF(DLT eGTe{3e%#DLST)) DLT=3e#DLST

DHOI=DLT*CKN{IK}

GO TO 759

TRM=1e3%DH®( {DLST/DLT)=1,)
TET={o5/DLST})#(TRM=(4e*HTE})

IF(TET«GToTWDG) TET=TWDG

CALL RADEMS(TET»IDGs IMN»SEC)

ISEC=XINTF(SEC)

PTS=PAS(2)

TATET=TANF{TET)

GO TO 758 .
XTRM=SQRTF((EFRTH*EFRTHXTATCT*TATET )4 (2 #*EFRTH¥*HLTS) )
YTRM=~EFRTH*TATET $ DLT=YTRM~XTRM
IF(DLTelLEeDe) DLT=YTRM+XTRM

PDS=PAS(2)

DHOI=DLT#CKN{IK) $ GO TO 783
TATET=(HLTS/DLT)I=(DLT/ (2 *¥EFRTH)) $ TET=ATANF(TATET)
PTS=PAS(2) ,

CALL RADEMSI(TETsIDGyIMN»SEC)
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789
801
805
803
807
825
828
830

451

ISEC=XINTF(SEC) $ GO TO 783

e = GMOOTH EARTH PARAME TERS
PTS=PDS=PAS(2]).
DLT=DLST §  DHOI=DLT#CKN(IK)

TATET=(=HMTE/DLTI~(DLT/(2.#EFRTH}} &  TET=ATANF(TATET)

HLT=HRP $ HHOI=HLT#CKM{ IK} $ DH=0+
GO TO 784

HFC=0. $ GO TO 788

ICAR=1 $ ENO=3016 $ GO TO 802

ICAR=1 % PRINT 717 $ GO TO 806
ENS=250. $ ICAR=] $ GO TO B804

ICAR=1 $ PRINT 719 $ GO 70 808

PRINT 800 $ GO 7O 100

ICAR=1 $ HCI=0+ $ GO TO 829
1CAR=1 $ SUR=0 $ GO TO 831

- TERMINATION OF PROGRAM

CONTINUE

CALL CRTPLT(090:0:0+20)
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 these 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. B.4.2). A block diagram of the
operations pefformed by DOVERU is given in figure 26. Text references
and major subprograms that are relevant to specific blocks are included
there. A 1isting of DOVERU is provided at the end of this section.
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[ Initialize by reading in TABLES (sec. B.4.2) and setting up constants.]

i

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

+

Read in set of parameters (table 7, fig. 23) for desired station and
call POWSUB (sec. B.4.1) to obtain an array of isotropic power* (free
space along with 5, 50, and 95 percent values) versus distance.

+

Interpolate using values in this array to obtain isotropic power

values for the fixed desired station to aircraft distance required

(table 5).
i

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.

rgtart of loop 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. B.4.1) to combine distributions via (13), and store
points fer plotting.

|

LLoop back for new station separation value 4}-————&:-———-—

| call PLTDU (sec. B.4.1) to plot graph |

LLoop back for new set of parameters. }-————i->——————‘—J

J:

If no new parameters,
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
ROUTINE FOR MODEL AUG 73

2 FORMAT (# PROGRAM 1S FINISHED. #)

4 FORMAT(1H1)

5 FORMAT(1H }

6 FORMAT(2AB92F6¢09F40093F600928X»12)

T FORMAT(129sF600921293F66051252F66091292F660+31353124F6,0911)

8 FORMAT (2A8+2F6603F44033F6e012(2F5609F4e0}s12)

9 FORMAT((2y4F560)

32 FORMATI(F4,09v4X)

50 FORMAT{F7«091X}

71 FORMAT(F5.0%14F5¢1)
108 FORMAT(2(F5e397F542))
110 FORMAT (3A8)
505 FORMAT(11F7e4) :
T77 FORMAT(1H(I2+26HX*DFESIRED STATION IS #5A8))
778 FORMAT(1H(12928HX*¥UNDESIRED STATION IS ¥5A8))
779 FORMAT (1H(I12s38HX#*DESIRED/UNDESIRED STATIONS ARE #5A8))
790 FORMAT(5Xs3F7e132(2X92FT7el) 33X s4F7,1)

791 FORMAT (11Xs*NAUTICAL MILES FREE SPACE MEDIAN
X m————- D/Ummmmmmm *)
792 FORMAT(10Xy*S DD DU DD DU DD DU  FaSP

XACE 5% 50 % 95%% )
900 FORMAT{2{3X+6FT.1))
901 FORMAT{5XsF86395F76135212)

DIMENSION DA(3)sDB(3)sDP(3)sPC(3)ypC(3)

COMMON/EGAP/IP sLNy IDT s IXT
COMMON/PAINP/IKsHFI 9 IPLySURYHPFI yDHSI3KSCoDCI sHCI» ICC»DHOI yHHOI »ID
XGs IMN» ISECy KEsKKsKDsEIRP»ILBsHAT»DHEI yENOyAOT sAWI sF s IAsADENT(2) A
XDNT(3) s VARFOR( 61 s CMAX

COMMON/PAQUT/NCTsPFY(200+6)

COMMON/VAT/TAV(175) s TAHL1(75175)

COMMON/DLAT/TALD(20) s TAFL (457520}

COMMON/VV/VF(36+17)

COMMON/GAT/IFA

COMMON/PLTD/LUDsLLsNU(B) 9NS(8)sSX(2)sSY(2)sTT(5)sXCrYCoBX(20058),8
XY (20098} 3LYDsAATSTG

DATA (PAS=1H )}

FNA(FXsFAsFBsFCsFD)=((FX~-FB!*#(FC~FD!/(FA~FB))+FD
FNB(FRXsFRASFRB)={FRX-FRB!/(FRA-FRR)
FNCIFFXsFFCsFFD)=(FFX%(FFC~FFD) ) +FFD

IDT=IDATE(IDX)

DP(1)=.01 $ DP(2) =450 $ NP(3)=.95

16=0

PRE-PROGRAM INPUT OF TABLES

READ 108 (TAVII) s (TAHITUp 1) sJd=157),1=19175)

READ 719 (TALD(KI o ({TAFL{IoJsK)sJd=1sT7)9I=192)4K=1520)
READ 71o(DUMBs{ (TAFL(IvJsK)oJ=197)sI=394)sK=1920)
READ 505 ((VF(IyJ)sIn1936)sJ=143)

READ 5055 ((VF(IsJ)sI=1936)sJd=8s17)

————————————— PROGRAM START WITH CARD l===wrcm—me o o e e

100 READ 99 159sSMINsSMAX ySNC+DD
IF(ISsLE-O}) GO TO 451
———————————————— INPUT OF CARD 2-=~=cw—- ——— -
READ T7+1KsHFIsIFAsIPLsSURSHPFIsDHSI»KSCeDCIsHCIoICC»DHOI sHHOT» IDGy
XIMNs ISECsy KEsKKsKDsEIRPSILB
————————————————— INPUT OF CARD B—mmmmmmmmm o e e e

., READ B+ADENTsHAI+sDHEIsENO2»AOT s AWI sF sDMIN9DMAX s XCs PMINIPMAXsYCy 1A
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16

20

22

21

25

28

IXT=ITIMEDAY(ITX)
TT(1)=ADENT(1) $ TT(2)=ADENT(2) $ CMAX=SMAX
TT(3)=TT(4)}=TT(5)=ADNT(1)=ADNT(2})=ADNT(3)=PAS

mmmeemmeeeo——~ INPUT OF CARD 4 IF NECESSARYew===swm—cime—e

IF(IA<GTo16) READ 110sADNT

TT(3)=ADNT(1) $ TT(4)=ADNT(2) & TT(5)=ADNT(3)
ENCODE (8550 sAAT) HAI

ENCODE(8+325TG)DD

IF{15.GT41) GO TO 15

NK=43-((31+1A)/2)

ENCODE (485779 s VARFOR ) NK

~-=~~0OBTAINING ISOTROPIC POWER ARRAY FOR DESIRED STATION=—=-

CALL POWSUB

o e S e PRINT STATEMENTS ——
PRINT 900 {(PFY(LASLB) sLLB=196)9LA=1sNCT)

PRINT 5

MCK=NCT/ 2 $ CALL PAGE(MCK!

DO 20 I=1sNCT
IF(DD~-PFY(I+s11122521520

CONTINUE

I=NCT

IF{IeLEs1) I=2

L=I-1

DRAT=FNB(DDsPFY(Is1)sPFY(Lsl))

DFS=FNC(DRATsPFY(1s2)sPFY(Ls2)) $ DPW=FNC(DRATsPFY(1e3)sPFY(Ls3)}
DV5=FNCIDRATsPFY(Is4)sPFY{Ls&4}) $ USO=FNC(DRATsPFY(Is5)sPFY(Ls5))
D95 =FNC{DRATsPFY(Is6)sPFY(Ls6)) $ GO TO 25

DFS=PFY(Is2) $  DPW=PFY(Is3) $ DV5=PFY(Iet)
D50=PFY(Is5} $ D95=PFY(1+6) .
IF(ISQLEal) GO To 28

——————————————————— INPUT OF CARD TYPE 2=—=ma——m——emcm———
READ 7sIKsHFIsIFAsIPLySURIHPRI sDHSI ¢KSCesDCIsHCI s ICCsDHOI sHHOT 9 IDG

XIMNs ISECs ISCsKK sKDsEIRP o ILR
——————————————————— INPUT OF CARD TYPE 3 ———

IF NECESSARY FOR UNDESIRED FACILITY==——=-=

READ 63ADENTsHAIsDHEIsENOSsAOI s AWISFsIA
ADNT(11=ADNT(2)=ADNT (3)=PAS

————————— IF IA GREATER THAN 16 INPUT OF CARD TYPE 4==——==

JF(IAsGTo16) READ 110:ADNT
NK=63-({21+1A)/2}
ENCODE (485778, VARFOR 'NK

==~0OBTAINING ISOTROPIC POWER ARRAY FOR UNDESIRED STATION-~=

CALL POWSUB

——————————————————————— PRINT STATEMENTS=====mm=cm e e

PRINT 900s{(PFY(LAsLB)sLB=196)sLA=1sNCT)

PRINT 5

MCK=NCT/2 $ CALL PAGE(McK)

————————————————— CALCULATION OF D/U RATIOS=—m=mrmin o cmam o
S$=SMIN

DA(1)}=DV5 3 DA(2)=D50 $ DA(3)=D95

JCT=0

——————————————————————— PRINT STATEMENTS-- -
PRINT 791 $  PRINT 792 $  CALL PAGE(2)

DO 26 KLB=1sNCT
I=KLB % DU=PFY(Is1) $ $=DpU+DD
IF{S5.GTeSMAX) GO TO 27

104



JCT=JCT+1
BX({JCT 91)aBX(JCT+2)=BX{JCT33)1=BX(JCTr4)=5
31 UFS=PFY(1s2) 8 UPW=PFY(1+3) $  UV5=PFY(1s4)
USO=PFY(s5) $ U95=PFY (1)
23 BY(JCTs1)=DFS-UFS $ REFV=DPW-UPW
DB{1)=UVS $ DB(2)=US0 $§ DR(3)=U95
CALL CONLUT(DA»DBsDPs3s~1430esPCsDC)

————————————— VALUES PUT INTO PLOTTING ARRAY=====-=—m=

BY{JCTs2)=REFV+DC(1) $ BY{JCTs3)=REFV+DC(2)
BY(JCT»4)=REFV+DC(3)
—-—— ~—-=PRINT STATEMENTS

PRINT 7909S+DDsDUsDFSsUFSsDPWsUPW s (BY(JCTsK) sK=144)
CALL PAGE(1)

26 CONTINUE
27 CONTINUE

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

SX(1)=DMAX $ SX{(2)=DMIN $ SY(1)=PMAX $
DO 904 K=1ls4
904 NU(K)=JCT
NS(1)=9 $ NS(2)=NS(3)=NS{4)=1
LYD=0 $ LUD=+1 $ LL=4
IG=1G+1
CALL PLTDU
GO TO 100

SY(2)=PMIN

‘‘‘‘‘‘ LOOPING BACK TO START FOR NEW SET OF PARAMETERS
15 NK=43=((19+1A)/2)

ENCODE (482777 »VARFOR ) NK
GO TO 16

€ mmmmmemmmmemmmeeee- TERMINATION OF PROGRAM

451 CONTINUE
CALL CRTPLT(0+0+0+0520)
PRINT 4
PRINT 2
CALL EXIT
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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L0l

A

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

I Start of loop for a new set of parametersl——-—-(—-——————‘ \

+ Start of loop for service volume -
LStart of Toop for two facility configurations]——A(————‘ graph corresponimg to each D/U
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 ]abeh'ng.l
plotting (table 7, fig. 24). Compute other necessary parameters not given
such as facility horizon parameters (fig. 14), and start or complete printing} . ¢
' of parameter sheet(s), see figure 11. .
v Start of loop for each desired per- .
- - centage (5, 50, 95 %) and free space. =
If this is the second time through this loop, the program skips around this
block. Otherwise requfred aircraft altitudes and desired-to-undesired signal f .
ratios, D/U, are vead in. * I Start of loop for each a]titu(?}——(—*—-——
End of loop for two facility configurations. Loop‘i§ not +
used if parameters for desired and undesired facilities i [ Read D/U ratio array for appropriate altitude from drum I
are identical. *
- . Interpolate to obtain all possible desired distance values for
l Start of Joop for each aircraft altitude % il the specific D/U ratio being plotted, and determine if D/U is
increasing or decreasing with distance at each distance obtained.
- ; Put the increasing ones in the increasing array and the decreas-
l Values associated with aircraft height are computed.i ing ones in the decreasing array.
(2 ¥ )
Call PWSRB (sec. B.4.1) to obtain an array of l End of Toop for altitudes f >~
isotropic power for desired facility. Y
Plot Tines connecting the first value at each altitude in the
¢ i increasing array. Continue with each set of points until all
— - - - points are plotted from the increasing array. The line for
If the facilities do not have identical parameters, PHSRB is§ - first values is not connected to the 1ine for second values,
called again for the undesired facility. Otherwise the etc. Lines are drawn using values from the decreasing array
desired facility isotropic power array is put into the un- in the same fashion.
desired isotropic power array. ¥

‘& ’ End of Toop for each per- -
Start of loop to obtain D/U versus . centage and free space. -
desired distance array. = *
Y . LEnd of Toop for each graph.—l -
Calculate undesired facility to aircraft distance from station separation
and desired distance (fig. 4), interpolate from array for undesired I -
facility for isotropic power values corresponding to those from the de- LLOOP back for new set of parameters.l »
sired facility, call CONLUT (sec. B.4.1) to combine distributions via (13} +
and store on drum for later use. s
If no new
; parameters,
End of loop for D/U versus - thee?gggram
desired station array. i :
End of loop for aircraft altitudes % P * "Isotropic power" is the power 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
ROUTINE FOR MODEL AUG 73

2 FORMAT (% PROGRAM IS FINISHED. #)
4 FORMAT(1H1)
5 FORMAT(1H !
6 FORMAT(2A832F6e09F64033F6c0928Xs12)
7 FORMAT(125F660521293F66091252F66091292F650931393123F6e0s[1}
8 FORMAT(5A8+F4e0352F660sF5e0s12)
9 FORMAT(1252F4e0921293F4s09F6s002F560)
32 FORMAT(F4s094X)
50 FORMAT(F7,0s1X)
71 FORMAT(F5,0914F501)
106 FORMAT(5X,% DML IS LESS THAN ZERO. ABORTING RUN #)}
108 FORMAT(2(F5e357F5,2))
505 FORMAT(11F7¢4)

FORMAT STATEMENTS FOR PARAMETER SHEET AND WORK SHEET

700 FORMAT (23X*PARAMETERS FOR SERVICE VOLUME CURVES#*s/34Xs*ITS MODEL#,
XABs/30XsA852XsA8s% RUN¥,//)

701 FORMAT (32X s#REQUIRED OR FIXED®35/32Xs#mmmmmae e o macnmm *)

702 FORMAT(15Xs*FACILITY ANTENNA HEIGHT: *sF7e1s% FT ABOVE SITE SURFACE
X3 )

703 FORMAT (15X s*FREQUENCY: ¥ 3F 660 % MHZ¥)

T04 FORMAT{29Xs#SPECIFICATION OPTIONAL#9/29X s #mmmcmn e e e o= o i o L

4/15X>#ABSORPTION: OXYGEN¥9F9.5+s% DB/KM*¥sA2s/2TXs*WATER VAPOR#:F9,5
4 9%DB /KM% A2)

705 FORMAT{15Xs*EFFECTIVE REFLECTION SURFACE ELEVATION ABOVE MSL'#,F7,
509% FT*5/15Xs¥EQUIVALENT ISOTROPICALLY RADIATED POWER: *,F6e1,% DB
5WHs/15Xs#FACILITY ANTENNA TYPE: #45A8)

706 FORMAT (20X s*COUNTERPOISE DIAMETER: #5F5000% FT¥*5/25Xs#HEIGHT: #3F5,0
6s% FT ABOVE SITE SURFACE #5/25Xs%SURFACE: #,2A8)

707 FORMAT{20Xs*POLARIZATION: #;2A8)

708 FORMAT(15Xs*HORIZON OBSTACLE DISTANCE: #¥3F702,% N MI FROM FACILITY#*
89A25/20Xs#ELEVATION ANGLE: *#s[3¢%/%#5]29%/%5,12s% DEG/MIN/SEC ABOVE
8 HORIZONTAL¥3A2+/20Xs*¥HEIGHT #5F600+% FT ABOVE MSL%,A2)

709 FORMAT(15Xs*MINIMUM MONTHLY MEAN SURFACE REFRACTIVITY:#5/20XsF3.0¢
9% N~UNITS AT SEA LEVEL: #sF3,0s% N-UNITS#)

710 FORMAT(15Xs*TERRAIN ELEVATION AT SITE:%,F6s0:% FT ABOVE MSL#,/20Xs
A¥PARAME IER* #5F5.09% FT#® /20X ¥ TYPE: #,2A8)

711 FORMATI(2Xs13F660)

712 FORMAT(5X515F540)

713 FORMATI(F84052X5ABs6(FBoalsF8e0)/(18Xs6(FB8s15sF8:0)))

714 FORMAT(15X*AIRCRAFT ALTITUDES IN FT ABOVE MSL: ¥33(F7.0s5A1))

715 FORMAT (20X s*ANTENNA TOO HIGHs RAY BENDING OVERESTIMATED#s/)

716 FORMAT(20Xs*ANTENNNA TOO LOWs SURFACE WAVE SHOULD BE#,/25Xs®*CONSID
6ERED#®)

717 FORMAT(20Xs*FREQUENCY TOO LOWs IONOSPHERIC EFFECTS MAY BE®*:/25Xs#]
TMPORTANT#s//)

718 FORMAT (20X e *ATTENUATION AND/OR SCATTERING FROM HYDROMETEORS® /25X,
8% (RAIN» ETC) MAY BF IMPORTANT*!}

719 FORMAT(20Xs*ATMOSPHERIC ABSORPTION ESTIMATES MAY BE®0/25Xe®UNRELIA
9BLE*)

724 FORMAT(/15XsA2 s#COMPUTED VALUE#)

725 FORMAT(20Xs*TYPE: %32A8,A1)

726 FORMAT( 18X p*EARTHY yF940 »% N M] #3FB8e09% KM¥)
728, EORMAT ¥oxFb/U RATIDS" TN DB: ¥510(F3405A1)5/20Xs13(F3405A1))
729 FORMAT (15X»*TIME AVATLABILITY: #,4A85A1)

731 FORMAT(15X*D/U RATIOS IN DB: *9210(F3009A1)9/20Xs13{F309A1)3/20Xs1
X3{F3¢0+A1))

732 FORMAT{12Xs% HIF) %#3F8s1s% FT TO SURFACE #9FBebo® KM #)
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733 FORMAT(12Xs¥FREQUENCY#s F5.09% MHZ #9FB8.09% MHZ %)

T34 FORMAT (12Xe#* A(O)#, F9,5+% DR/KM *9FB8eS5e% DB/KMRAZ)
735 FORMAT (12Xo¥ A(WI#3F9e5 o#% DB/KM ¥9F8e59% DB/KMuoA2Z)
736 FORMAT{15X#D/U RATIOS IN DB: #,10(F3,09A1}}

797 FORMAT (12Xo#EIRP #sF9,1 »% DBW ¥9FB8als* DBW #)
738 FORMAT (12Xs#F ANT #46X912s 2Xs5A8) :

739 FORMAT(12Xs% DI(C) %oFBo0s% FT T RIFBeho* KM¥)

7640 FORMAT (12Xso# HIC) #5FB.05% FT ABOVE SURFACE  #sFBo4s% KM#)

“T41 FORMAT (12X s#COUNTERPOISE#512910X:2A8)

742 FORMAT (12Xs#H(FR) #5F8o09s% FT ABOVE REFLECTION®sFBo4s% KM¥)

743 FORMAT (12Xs#POLARIZATION#s129310Xs2A8) ,

745 FORMATI10XsA25%D(HO) %*5FBe2+% N MI FROM HORIZON *.Fe.zv* KM% )

746 FORMAT{10XsAZs*¥E(HO) #o]2e% /%5 12,%/%9129% DEG/MIN/SEC*+TX9FB8,50% R
6ADIANSH)

747 FORMAT[i0OXoA2 s *H(HO) #sFB.0o% FT MSL #3FBobo® KM%)
748 FORMAT (12Xe# N(OI#3F9,0 o¥* N-UNITS N(S) #,FB8e0s% N-UNITS#)
7649 FORMAT (12Xs#HISUR) % sFB.09% FT MSL #9FBobo® KMH)
750 FORMAT (12Xs*¥DHISUR)#9sFT700s% FT ®9FBeb4 o KM%)

751 FORMAT (12X%TERRAIN#s5X s 12910X92A8)

752 FORMAT(15X#STATION SEPARATION: ®#sF5,0s* N MI%}

756 FORMAT(25X:2A8)

757 FORMAT (12X#INPUT PARAMETERS FOR #,A8,2XsAB8s% RUN#, /12X*OF %#,ABo% A
1IR/GROUND MODEL%s//)

772 FORMAT (15X#AIRCRAFT ALTITUDES IN FT ABOVE MSL: #s3(F7s09A1l)»/20K%s7
2(F7.05A1))

773 FORMAT (15X#AIRCRAFT ALTITUDES IN FT ABOVE MSL: %93(F7.09A1)9/20Xs7
3(FT«0sA1)9/720X9T(FT0sA1))

774 FORMAT(15X*AIRCRAFT ALTITUDES IN FT ABOVE MSL: #53(F7e09A1)»/20%e7
GLFTe09A1) 9 /20X s 7(FT760sR1)5/20Xs7(FTe09A1)) .

776 “ORMAT (15X*AIRCRAFT ALTITUDES IN FT ABOVE MSL: %*33(F7e0sAl)9/20%s7
6(FTo09sAL) 6 /720XsTIFTo0sA1)0/720XsT(FTe0sAL) 3/20XsF7,0)

778 FORMAT(lSXe*SURFACE REFLECTION LOBING CONTRIBUTES TO VARJABILITY
X# )

779 FORMAT (15X s#SURFACE REFLECTION LOBING: DETERMINES MEDIAN®)

785 FORMAT (12X +*SURFACE REFLECTION LOBING: CONTRIBUTES TO VARIABILITY
X#)

786 FORMAT (12X+#SURFACE REFLECTION LOBING: DETERMINES MEDIAN®)

790 FORMAT(5X93F70192(2X32F 701! 53Xs6FT7s1)

791 FORMAT(11Xo*NAUTICAL MILES FREE SPACE MEDEIAN
X ommmma D/ U me %)
792 FORMAT {10Xs%S DD DU DD DU oD DU FeSP

"XACE 5% 50%  95%#)
796 FORMAT {5Xs#AIRCRAFT HEIGHT IS#sFB8s0s% CORRECTIVE HEIGHT IS*,F8.0e
6A2)
797 FORMAT (1H{12+26HX#DESIRED STATION IS #5A8))
798 FORMAT (1H(I2+28HX#UNDESIRED STATION IS #5A8))
799 FORMAT (1H$I2538HX#DESIRED/UNDESIRED STATIONS ARE #5A8))
800 FORMAT(//10Xs*SOME PARAMETERS ARE OUT OF RANGE®)
809 FORMAT (20X+#DLT IS LESS THAN «1XDLST OR GREATER THAN 3XDLST#)
810 FORMAT (20Xs*INITIAL TAKE-OFF ANGLE GREATER THAN 12 DEGe#)

‘900 FORMAT(2(3X96FT.1))

901 FORMAT(5XsFBa3s5FT10212)

DIMENSION DA(3),DB(31sDP(3)sPC(3)4sDCI(3)

DIMENSION CFK(3)sCMK(3)sCFM(3)sCKM(3)9CKNI(3)

DIMEMSION FAT(58)3CCI(257)}9POL(2+3),TSC(257)

DIMENSION PAS(2)

DIMENSION ACHT (25) sDEHT(25)

DIMENSION APCT(4)sLP(4)

DIMENSION TYD(3s4)sVYD(592)

DIMENSION PR(30)ADENT(2)sADNT(3)9VARFOR(6)

DIMENSION QHTE(2)sQDLT(2) sQENS(2)sQEFT(2) sQFK (2) sQTET(2) »JKD(2) s 0A
X0(2) sQAW(2) sQCW(2) sQHWI(2) 9 JTC(2) 9 QHRP (2} 9QERP (2) s JKK(2) 9 JLB(2) : QHT
X(Z)vOHLT(Z)9QHFS(2)eQDH(2)sQDLST(Z’,JPL(Z)oJKSC(Z)oJFA(Z)

COMMON/EGAP/IPsLNg IDTs IXT
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100

COMMON PDY(12595) ¢DE(125) sDRU(125+4)+DED(125) sMU(25)sMD(25) sPY(25)
XsPXU(2554)PXD(2594)sA(25)sB(25)4MCT(25)

COMMON/PLVD/LUDsLYD 9sSHXsSHY s TGsSX{2)sSY(2)sTT(6)sXCoYCoAAT

COMMON/RYTC/QNS s QHC yQHA 9 QHS » QQD

COMMON/PAQUT/NCTsPFY(12556) 9 JJsHP1yHP2

COMMON/VAT/TAV(175) 9 TAH1(79175)

COMMON/DLAT/TALD(20)sTAFL(497+20)

COMMON/VV/VF(363%17) .

COMMON/PARAM/HTE sHRE 9D sDLT sDLR s ENSsEFRTHsFREKsALAM TET s TER KD 9 GAD»
XGAW

COMMON/SIGHT/DCW s HCWsDMAX s DML s DZR 9 IK 9 EACsH2 s ICCsHFCsPRHsDSL1EIRPs
XQG1sQG9sKK s ZH9RDHK s ILB

COMMON/SCATPR/HT sHR s ALSC s TWEND s THRFK sHLTsHLRy THETAsHTP s AA9REW

COMMON/DIFPR/HTDsHRD ¢DHsAED s SLPsDLST s DLSR s IPL sKSC+HLD yHRP 9 AWD » SWP

COMMON/GATZ/IFA

DATA (QMD=8H AUG 73 )

DATA (CFK=o001%+0003048,y,0003048)

DATA (CMK=1¢91060934451,852/}

DATA (CFM=103s30485.3048)

DATA (CKM=1000+53280+83989593280,839895)

DATA (CKN=1e9,6213711922+,5399568034)

DATA (POL=8H HORIZON»s3HTAL +8H VERTICAs1HLs8H CIRCULA»1HR)

DATA (FAT=10H ISOTROPICs3(1H )s&4H DMEs4(1H }s14H TACAN (RTA-2),3(1
XH )s39H 4-LOOP ARRAY (COSINE VERTICAL PATTERN)»39H 8-LOOP ARRAY (C
XOSINE VERTICAL PATTERN)s34H I OR Il (COSINE VERTICAL PATTERN)slH o
X40HJTAC TILTED 20 DEG WITH 40 HALF-POW BeWee17THJTAC TILTED 8 DEG»2
X(1H 1)

DATA(TSC=16H SEA WATER s16H GOOD GROUND »16H AVERAGE GROUN
XD s16H POOR GROUND »16H FRESH WATER s16H CONCRETE »16H
X METALLIC ) '

DATA (PAS=2H s2H* )

DATA(VYD=33HFOR HOURLY MEDIAN LEVELS EXCEEDEDs33HFOR INSTANTANEOUS
X LEVELS EXCEEDED)

DATA{TYD=17THSMOOTH EARTH » 17THIRREGULAR TERRAIN)
DATA(CCI=16H SEA WATER »16H GOOD GROUND »16H AVERAGE GROUN
XD s16H POOR GROUND »16H FRESH WATER s16H CONCRETE s 16H

X METALLIC )

DATA (PAS=1H )

DATA (CM=1Hs)

DATA (LP=9923143)

DATA(APCT=8H FREE SPs8H S = +8H 50 = 48H 95 = )
FNA{FXsFAsFBsFCsFD)={(FX=FB)*(FC~FD}/(FA~FB) }4+FD
FNB(FRXsFRAsFRB)=(FRX-FRB}/{FRA-FRB)
FNC(FFXsFFCyFFD)=(FFX#(FFC~FFD)} )+FFD

IDT=IDATE (IDX)}

DP(1)=,01 $ DP(2)=450 $ DP(3)=.95 .

1G=0 & Ju=0 % 20=,00000001 $ ERTH=6370s '
RAD=s01745329252 $ DEG=57429577951 $  TWDG=12.%#RAD

PRE-PROGRAM INPUT OF TABLES

READ 108s (TAV(I)}s (TAH1(JUsI)oJ=15T7)s1=19175)

READ 71s{TALD(K}s ((TAFL(IsJsK)sJ=1sT)sI=2192)4K=1520)
READ 71s(DUMBs((TAFL(IsJsK)sJ=19T7)sI=3s4)9Ke1+20)
READ 5058 ({(VF{IsJ)sI=1536)sJ=1+3)

READ 5055 ((VF(IsJ)sI=1536)sJ=4917)

————————————— PROGRAM START WITH CARD 1 -
READ 95 ISsDMAXsSsLHsLEsSXsXCsSYsYC

IF{1S«LEsO) GO TO 451

IXT=ITIMEDAY{ITX)

DO 200 J=1»1IS
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14

820

770

777

806

808

57

831

802

----------------- INPUT OF CARD 2 -

READ 7.(KoHFI,IFA.IPL.SUR.HPF!oDHSl.KSC.DCI-HClslcc.DHOI.HHOlleGe
XIMNoISECgKE-KK,KDoEIRPvILB

———————————————— INPUT OF CARD 3 -

READ aoADENT’ADNT.ENo-AOI»wa»F.lA

TT(1)}=ADENT(1) $ TT(2)=sADENT(2]) $ TTi6)=PAS(])
TT(3)=ADNT(1) $ TT(4)=ADNT(2) 8 TT(8)=ADHT (3!
CMAX=DMAX .

[F{1S.GT,1) GO TO 15

NK=43=((31+1A)/2)

ENCODE(48+799 s VARFORINK

PRINT 4

————————————————— START OF PARAMETER SHEET——wcmwrewesccccecwa

HF S=HF I #CFK (1K} L3 FREK=F

PRINT 700sQMDeIDT o IXT

PRINT VARFORoADENT s ADNT

PRINT 5

PRINT 701

IF(JeGTs1) GO TO 820

INPUT OF CARDS OF AIRCRAFT ALTITUDES-~-—- ———
READ 7119 (ACHT(I)s1=1sLH)

====TNPUT OF ALTITUDE CORRECTION FACTORS IF SPECIFIED=====~
IF{JJeGTo0} READ T11s(DEHT(I)sI=lsLH!}

—————————————————— INPUT OF CARDS OF D/U RAT]0S====cwccmcw=xw
READ 712+ (PRIT)sI=1,LE)

LL=LH=-1

IFILHeGTo24) GO TO 769

IF(LHeGT417} GO TO 768

IF{LH.GT.10) GO TO 767

IF{LH.GTs 3} GO TO 766

PRINT 7149 ((ACHT{I}sCM)s1= 19LL) sACKT(LH)
LL=LE=1

IF(LE.GT+23! GO TO 721

IF(LE.GT.10) GO TO 720

PRINT 7362 ({PR{T)sCM)oI=1sLL)sPRILE}
PRINT 702sHFI1

IF{HF1oLTe0e) GO TO 825

IF(HF1.GTe9000s) PRINT 715
IF(HFIeLTele5) PRINT 716

PRINT 783sFREK

IF(FoLTo1006)G0 TO 805

IF(FelLTo200) GO TO 100

IF(FeGT,5000s) PRINT 718

IF(FeGT,17000.} GO TO 807
IF{FeGT,100000,}) GO TO 100
ALAM=2997925/F

PRINT 752+5

PRINT 5

IF{AOI«LTo0:) GO TO 56

PXH=PAS(1)

GAO=AOI % GAW=AWI

PRINT 704 sGAO0sPXHsGAW s PXH
IFI{SUReGT.15000,) ICAR=1

IFISURLTs0s) GO TO 830

PIRP=EIRP

FTSESUR®CFKITK)

HRP=HPF I #CFK (1K)

lF(ETSeLTeOa) ETS=‘Oe

IF(DHSI.LTOOe) DHS1 =0,

DH=DHS 1#CFK{ IK)
IF(ENOsLTe250600R.ENOoGTs4006s} GO TO 801
ENS=ENO*EXPF(=0o105T7#HRP)
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IF(ENSeLE«250e¢) GO TO 803
804 EFRTH=ERTH/(1e~e04665%EXPF(+00557T#ENS))
EART=EFRTH*CKN(IK)

HT=HFS+ETS $ Hl=HT
IF{HRP<GTeH1) GO TO 825
HTE=HT-HRP $ DLST=SQRTF (2« #EFRTH#HTE)

HFRI=HTE*CKMIIK)
PRINT 705sHPFIsEIRPs (FAT(IsIFA)s1=145)
IFIDCIeLE<2Z0) GO TO 789
IF{ICCeLEeO) GO TO 789
------------ COUNTERPOISE PARAMETERS CONVERTED~m=me==romn=."
NOC=1 .
DCW=DCI®#CFK(IK) $  HCW=HCI*CFK(IK!
PRINT 706sDCIsHCISs(CCI(IBICC)s]I=1y2)
IFIHCI oL TeOo) GO TO 828

829 IF(HCIIGTOSOOO) ICAR=1
IF (DCWeGToel524) ICAR=1
IF(HCWeGToHFS) GO TO 825
HF C=HT~ET S~HCW

788 CONTINUE
PRINT 707s(POLIIsIPL)sI=1s2)

PDS=PTS=PHS=PAS(1)
IFIKDeLEos1) GO TO 755
HLT=HHOI#CFK (IK) $ DLT=DHOI #CMK ( IK)
HLTS=HL T=HT
DG=IDG § AMN=IMN §$ SEC=ISEC
TET=RAD® (DG+{ ( (SEC/60¢)+AMN)/604)) $ ATET=ABSFI(TET)
TATET=TANFITET!
IF(KE+EQes3) GO TO 782
IFIDLT.LE«Z0) GO TO 781
759 IF(KFE=~1)73097585780
758 IF(TETeLTeO0o!) GO TO 752
HLTS=DLT*#TATET+(DLT#DLT/ (2 +*EFRTH!)
753 HLT=HLTS+HFS+ETS $ HHOI=HLT#CKM(IK )
PHS=PASI(2)
783 CONTINUE
IFIDLT LT ol ol*DLST) ¢OReDLT«GT o (3,#DLST)) PRINT 809
IFITETeGT6020943951) PRINT 810
IF(HHOIGT 150000} ICAR=1
PRINT 7083sDHOI sPDS»IDGs IMNs ISECSPTSsHHOIsPHS

— et o e —_——— e G S € s e s S T O e e e B e

PRINT 725s(TYD(IsKD)sI=] 93}
PRINT 709 sENS,ENO
IF(ILBeGTo0) GO TO 762
PRINT 778
763 PRINT 7109SURsSDHSI s (TSCITsKSC)oI=152)
PRINT 7295 (VYD{IsKK)sI=1%5)
PRINT 724PAS(2)
IF(ICAR.GT«0) PRINT 800

—————————————————— START OF WORK SHEET e -

4

PRINT 757+IDTsIXTsQMD
PRINT 5 $ PRINT 6
PRINT VARFORsADENT»ADNT
PRINT 7019S

PRINT 732sHFIsHFS

PRINT 733+FsFREK

PRINT 7349A01sGAOsPXH
PRINT 7359sAWI+GAWsPXH
PRINT 737sEIRPsSEIRP, B
PRINT 738sIFAs(FAT(IsIFA)sI=145)

112



754

771

765

200

201

206

64

IF(NOCelLTel) GO TO 754

PRINT 739+DCIDCW

PRINT 7409HCI sHCW :

PRINT 7412ICCs(CCI(I»ICC)rI=192)
CONTINUE

PRINT 5

PRINT 742 yHFRIsHTF

PRINT T7432IPLs(POLIISIPL)sI=192)
PRINT 745sPDSsDHOI sDLT

PRINT 746sPTSsIDGyIMNs ISECSTET
PRINT 747 9sPHSsHHOI sHLT

PRINT 74BsENOSENS

PRINT 726sEARTSEFRTH

PRINT 7499sSURSETS

PRINT 750sDHSI,»DH

PRINT 7519KSCe(TSCIIKSC)sI=142)
IFLILB«GT.0) GO TO 764

PRINT 785

PRINT 7299 (VYD{IskK}sI=1+3)
PRINT 7244+PAS(2)

IF(ICAR.GT.0) PRINT 800
—————————————— END OF PRELIMINARY PRINTING==me=om e e

IF(IS.tEs1) GO TO 201

QAW (J) =GAW 3 QCWI(J)=DCW $ QHW (J) =HCW $ JICtU)=1CC
QHRP ( J)=HRP $ QERP({J)=EIRP $ JKK(J)=KK $ JLB(J)=1LB
QHT (J)=HT % QHLT(J)=HLT $ QHFS (J) =HFS $ QDH(J) =DH
QHTE(J)=HTE $ QDLT(J)=DLT % QENS(J)=ENS $ QFK(J) =F
QEFT(J)=EFRTH $ QTET(JI=TET $ JKD(J} =KD $ QAO(J}=GAO
QDLST (J)=DLST % JPLIJ)=IPL $ JKSC (J)=KSC $ JFA(J)=1FA
QHF C=HFC

CONTINUE

PRINT ‘4

CALL PAGE(-1)

ENCODE(B8+32+TG) S

IFILE=0

MH=0

DO 60 LD=1sLH

HAI=ACHT(LD)

H2=HATI*CFK(IK}

IFILE=IFILE+]

IF(IS«GTe1l) GO TO 202

CONTINUE

IF{JJetTol) GO TO 63

ALAM=,2997925/F

PDH=PAS(1)

EAC=DEHT(LD)*CFK (1K)

HR=H2~EAC

HRE=HR~HRP $ DLSR=SQRTF (2« *HRE*EFRTH!
HAS=H2~ETS & HRS=HR~-ETS $ HRE=HR~HRP
IF(HRE+GEe506) DLSR=EFRTH*ACOSF{EFRTH/ (EFRTH+HRE})
DSO0=3 ¢ *SQRTF {2000+ *HTE ) +3 . #SQRTF (2000« *HRE}

CONT INUE

PRINT STATEMENTS -
PRINT 796+ HAIsDEHT(LD}sPDH $ CALL PAGE({1)
—————————————— OBTAINING ISOTROPIC POWER ARRAY==mmmmmwm=—e—-
CALL PWSRB

——————————————————————— PRINT STATEMENTS - -
PRINT 900 ( (PFY(LAsLB) sLB=196)sLA=1,NCT)
PRINT 5

113



203

29
24

27

20
22

21
28

26
25

73

60

MCK=NCT/2 $

CALL PAGE(MCK)

IF(ISeGTal) GO TO JC
NCD=NCT

DO 24 LA=1»NCD
DE(LA)=PFY(LA»1)

DO 29 LB=2s6

LC=LB~1
PDY{LAYLC)=PFY(LA,LB)
CONTINUE

CONTINUE

IF(ISeLEsl) GO TO 27
J=2 $ ASSIGN 27
CONTINUE

To JC $

——————————————————————— PRINT STATEMENTS
CALL PAGE(2)

PRINT 791 $

PRINT 792 $

GO To 205

=

JCT=0

DO 26 N=1sNCD
DD=DE(N)
DA(1)=PDY(Ns3) $
DU=S~DE(N) $
DO 20 I=1sNCT
IF(DU~PFY (1910122921920
CONTINUE
I=NCT
IF{IeLEe1)
L=I-1
DRAT=FNB(DUsPFY(T,1)sPFY{Ls1))
UFS=FNC(DRATsPFY(14+2)sPFY(Ls2))
UVS5=FNC(DRATsPFY( 14 )sPFY(Ls4))

IF(DUsLTo06)

=2

DA(2)=PDY(Ns4) $
GO TO 25

DA(3)=PDY(Ns5)

$ UPW=FNC(DRATsPFY(193)9PFY(Ly3))
$ US0=FNCIDRATSPFY(]s51sPFY(Ly5))

U95=FNC{DRATsPFY( 196 )sPFY(Ls6)) $ GO TO 28
UFS=PFY(Is2} $  UPW=PFY(1s3) $  UVS5=PFY(1ls4)
US0=PFY(I5]) $ U95=PFY(146)

CONTINUE

JCT=JCT+1

DRU(JCTy1) =PDY(N»1)=~UFS $ REFV=PDY(Ns2)=UPW
DB(1)=UV5s $ DB(2)=U50 $ DB(3)=U95

CALL CONLUT(DAYDBsDPs3s-1e90esPCsDC!

DRU(JCT»2) =REFV+DC(1) $ DRUI(JCT»3) =REFV+DC(2)

DRU(JCT»4) =REFV+DC{(3)

DED(JCT)=DD :
CALL PAGE(1}

STATEMENTS=~~ -
PRINT 790sSsDDsDUyPDY(Ns1)sUFSsPDY(Ns2)sUPWs (DRU{JCTsK) s

K=lo4)

CONTINUE
CONTINUE

------------------- WRITING FILES ON DISK

MCTILD)=JCT
WRITE(2)
KCT=MCT (LD}

DO 73 KE=1+KCT

WRITE (2)
CONTINUE
END FILE 2
MH=MH+1
PRINT 5 $
CONTINUE

CALL PAGE(1)}

TFILEsACHT(LD)sMCT(LD!

DED(KE) s ( (DRU(KEsJL) ) sJL=1s4)

—————————————— END OF AIRCRAFT ALTITUDE LOOP===mmmrmm e
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DO 40 M=1LE
LYD=0 % LUD=+1

S IG=1G+1

65

74

42
62
61

67

68

66

70

72

69
41

ENCODE(B+329AAT) PRI(M)

DO 41 JL=1s4

DO 65 I=1,LH

MUCI)=MD(I)=0 °

CONTINUE

IFILF=0

REWIND 2

DO 62 I=1sLH

IFILE=IFILE+]

READ (2) KFILEsBCHTsLCT
IF(KFILE<NEIFILE) GO To 100
DO 74 JE=1sLCT

READ (2) DED(JE) s ({DRUIJESJIG))sJG=1144)
CONTINUE

SKIPFILE 2

JCT=LCT

DO 42 JK=3»JCT

JM=JK -1

IF(PR{M) ¢GEeDRU(JKsJL) «ANDePR(M)sLE«DRU(UMsJIL]) GO TO 43
IF(PR(M) 4LEeDRU(JKsJL) «ANDWPR(M)  GE+DRU(JM4JL) ) GO TO a4

CONTINUE

CONTINUE

LS=LP(JL)

DO 66 KC=114

J=0

DO 67 I=1sLH

IF(MD(I) 4L TeKC) GO TO 67
IF(PY(I)aGTeSY(1)sORePXD(IsKC)eLTeSX(2)) GO TO 67
IF(PY(T)oLToSY(2),ORePXD(I+KC)eGT.SX(1)) GO TO 67
J=J+1 3 B(J1=PY(I} $ AlLJ)=PXD(IyKC)
CONTINUE

IF(J) 68466

——————————————————————— PRINT STATEMENTS===
PRINT 713 sPRIM)sAPCTIJL) s ((AINN)sBINN))sNN=1sJ)
PRINT 5

NPG=(J/6)+2 $ CALL PAGE(NPG!

IF(JeLTe2) GO TO 66

CALL LINE(LS»A»B»JsSHXsSHY)

CONTINUE

DO 69 KC=1y4

J=0

DO 70 I1=1,LH

IF(MU(I) 4 TeKC) GO TO 70
IF(PY(I)4GTeSY(1),ORPXUITIKC}eLTeSX(2)} GO TO 70
IFIPY{1)4LTeSY(2),0RPXUITISKC)eGTeSX(1)) GO TO 70
J=J+1 $ B(J)Y=PY(I) $ ALJ)=PXU(lTIsKC)
CONTINUE

IF(J) 72469

mmm e mmm e o= —PRINT STATEMENTS=====—==== ———————

PRINT 713sPR(M)sAPCT(JL) s {AINN)»B(NN))sNN=1yJ)
PRINT 5 '

NPG={J/6)+2 $ CALL PAGE (NPG)

IF{JeLTe2) GO TO 69

CALL LINE(LSsA»BsJySHXsSHY)

CONTINUE

CONTINUE

——————————————————— END OF GRAPH -- —————
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40

- -

44

15

16

53

56

63

54

107

202
205

PRINT 5 $ PRINT 5 $ CALL PAGE(2)
CONTINUE
REWIND 2
GO TO 100

~-—LOOPING BACK TO START FOR NEW SET OF PARAMETERS-~—

MUIT)=MU(T)+1

KC=MU(T1)

IF(KCeGTo4) GO TO 61

XRD=FNA(PRIM) sDRU(JM+JL ) sDRU(JUK s JL) s DED(JIM) s DED(JK ) )
PY(I)=ACHTI(I) $ PXU(IsKC)=XRD

GO TO 42

MD(T}=MD(I)+1]

KC=MD (1}

IF(KCeGTe&4) GO TO 61

XRD=FNA(PR{M} sDRU(JIMsJL) sDRU(JIK»JL ) »DED(JM) s DEDI JK )}
PY(1)=ACHT(I) $  PXD(Is+KC)=XRD

GO TO 42

IF{JeGTol1l) GO TO 16

NK=43-((19+1A)/2)

ENCODE (485797 s VARFOR } NK

GO TO 14

NK=43-({20+1A)/2)

ENCODE{ 485798 s VARFOR ) NK

GO TO 14

HRE ={ DLSR¥DLSR) /(2 #EFRTH) $ GO T0 54 -

CALL ASORP(FAOIsAWI)

PXH=PAS(2) $ Go To 57

------------------ CALCULATION OF RAY BENDING=—~—=rm—aem—o~a
HP2=H2~HRP . 3 HP1=HTE

DUM=0,40 $ ZER=040 $ QLIM=~1,56

QNS=329. $ QHC=HP1 § QHA=HP2 % QHSaHRP
CALL RAYTRAC(DUM) :

RY=TRACRAY (QLIM)

DS0=QQD =

QNS=ENS $ QHC=ZER $ QHA=HP2 $  QHS=HRP

CALL RAYTRAC(DUM)

RY=TRACRAY(ZER)

DLSR=QQD $  TSL2=DLSR/EFRTH

IF(TSL2eLEesl) GO TO 53

R2E=EFRIH/COSF(TSL2)

HRE=R2E-EFRTH

IF (HRE«GTeHP2) HRE=HP?

HR=HRE+HRP

EAC=H2~HRP~-HRE

HAS=H2-ETS $  HRS=HR-ETS

DEHT (LD)=EAC*CKM( IK) $  PDH=PAS(2) $ GO TO 64

PRINT 106 % GO TO 100

——————————————————— TWO FACILITY CALCULATIONS—=—=memcmmcm

J=1 $ ASSIGN 203 TO JC

HTE=QHTE({ J} % DLT=QDLT (J) $ ENS=QENS(J) $ F=QFK{J)
EFRTH=QEFT(J) $ TET=QTET{(J) & KD=JKD(J} % GAO=QA0(J)
GAW=QAW(J9 3 DCW=QCWI(J) $ HCW=QHW (J) $ ICC=JIC(J)
HRP=QHRP (J) 3 EIRP=QERP({J} $ KK=JKK(J) % ILB=JLB(J)
HT=QHT (J) 3 HLT=QHLT(J]} $ HFS=QHFS{J! $ DH=QDH({J)
DLST=QDLST(J) $ IPL=JPL({J) % KSC=JKsC(J) 3 IFA=JFA(J)
FREK=F

Go TOo 206
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—————————————— PART OF PARAMETER SHEET PRINTING~==—==m—=—====
720 PRINT 7289({PR{T)sCMI»I=1sLL)sPRILE! $ GO TO 777
721 PRINT 7319 ({(PR{I}yCM)sI=1sLL)sPRILE! 3 GO TOo 777
762 PRINT 779 % Go To 763
764 PRINT 786 $ GO TO 765
766 PRINT 7729 ({ACHT{I}sCM)yI=1sLL)sACHT(LH)}
767 PRINT 773s((ACHT{I)sCM)sI=1sLL)9sACHT(LH)
768 PRINT 774 ((ACHT(1)sCM)sI=1sLL)sACHTILH)
769 PRINT 776 { (ACHT(I)sCM)»sI=1yLL) sACHT(LH)

GO TO 770
GO To 770
GO TO 770
GO TO 770

NP

- HORIZON PARAMETER CALCULATIONS -
781 HE=MAX1F(HTE»$+005)
DLT=DLSTH*EXPF{~+07*SQRTF (DH/HE) )
PDS=PAS(2)
IF(DLToLTe{s1*DLST)) DLT=,1%DLST
IF(DLToGTe(3e%DLST}) DLT=3«#DLST
DHOI=DLT*#CKN{IK)
Go TO 759
730 TRM=143%#DH%((DLST/DLT)~154)
TET=(e5/DLST)*¥{ TRM= (4o #HTE) )
IFITET«GToTWDG) TET=TWDG
CALL RADEMS(TETsIDGs IMNs»SEC!
ISEC=XINTFISEC)
PTS=PAS(2)
TATET=TANF(TET)
GO TO 758
782 XTRM=SQRTF((EFRTH*EFRTH¥TATET*TATET)+(2¢*EFRTH*HLTS) )
YTRM=—-EFRTH*TATET $  DLT=YTRM~XTRM
IF(DLT<LE«Oe!) DLT=YTRM+XTRM
PDS=PAS(2}
DHOI=DLT*#CKN(IK) $ GO TO 783
780 TATET={(HLTS/DLT)~(DLT/{2.*EFRTH)} *'$  TET=ATANF{TATET)
PTS=PAS(2}
7846 CALL RADEMS(TET»IDGs IMNySEC!
ISEC=XINTF{SEC) $ GO TO 783

755 PTS=PDS=PAS{2}
DLT=DLST 3 DHOTI=DLT*CKN( IK)
TATET=(=HTE/DLT)~{DLT/(2+*¥EFRTH)}) $ TET=ATANF(TATET)

HLT=HRP $ HHOT=HLT#CKM{ IK) $ ° DH=0.

GO TO 784
752 HLTS=DLT*TET +(DLT*DLT/(2*EFRTHI) $ GO TO 753
789 HFC=0. 3 GO To 788

801 ICAR=1 $ ENO=301. $ GO TO 802

803 ENS=250. § ICAR=1 3 GO TO 804

805 ICAR=1 $ PRINT 717 $ GO TO 806

807 ICAR=1 3 PRINT 719 $ GO TO 808

825 PRINT 800 $ GO TO 100

828 ICAR=1 $ HCI=0e $ GO TO 829
830 ICAR=1 A SUR=0. $ GO TO 831

—— TERMINATION OF PROGRAM - -

451 CONTINUE
CALL CRTPLT(0+09050520)
PRINT 4
PRINT 2
CALL EXIT
END
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B.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 B.4.2.

B.4.1 Subprograms

Subprograms (functions and subroutines) used in POWAV (sec. B.1),
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 s used only with the power density program (sec.
B.1) to perform calculations associated with the 1ine-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

S FORMAT(1H !
760 FORMAT(1X9F7e2912FBoelosF60el132F5e¢192F60l)

766 FORMAT(2X+s#D N MI FREE SPACE 50% 5% 95% 90% 99 %
X 99.9% 99,99% 001% o1% 1% 10% PL  AA  AY
X K DEE%)

DIMENSION XCON(5)sNTMI(5)

DIMENSION CFK(3)sCMK(3}sCFM{3)sCKM(3}sCKNI(3)

DIMENSION GLD(8)sD1(200)sD2(200)sD3(200)

DIMENSION HTX(2)s2(2)sTEAL2)sDAL2) sHPRI(2)

DIMENSION SID(24)

DIMENSION SPGRDI(3}

DIMENSION RE(2)+8BD(35)svD(35)

DIMENSION ALM(12)4AD(35)

DIMENSION P{35)5QC(50)sQA(50)sPQA(50)9yPQK(50)sQK(50)+PQAC(50)
DIMENSION YV(10),5v(10) ‘

COMMON/ZEGAP/IP LN IDTS IXT
COMMON/PARAM/HTEsHRE sDsDLT sDLRyENS»EFRTHIFREKsALAMS TET s TER9KD 9»GAO»
XGAW
COMMON/DIFPR/HT sHR sDHsAEDsSLP sDLSTsDLSRsIPLsKSCsHLT sHRP s AWD » SWP
COMMON/SIGHT/DCWoHCW sDMAX s DML s DZR» IK 9 EACH2 9 ICCsHFCsPRHSDSL1,4PIRPY
XQG1sQG9sPFY(20094) sXKsZHIRDHK s ILB
COMMON/PLTD/LUDsLLsNU(B)sNS(B) 9SX(2)5S5Y(2)sTT(6)9XCeYCsBX(20058)4+8
XY (20058} sLYDsAAT»TG
COMMON/SPLIT/L1oL29NsX(140)sY(140)+D6(140)sXS{55)sXD(55) sXR(55)YS
X(55),YD(55)sYR(55)5L3925(25)+s2D(25)4ZR(25)

DATA (CFK=40015400030489.0003048)

DATA ((P(I)’I=1935)=9000019000002,.000059.0001,‘0002’00005)9001'0
x002900059-01’0029005’n109.15).20)030904090500n600|709080,'85D090’G
X95,.98,.99,0995,.998’.999,o9995:o9998,.99999399995,.99998’.99999)

DATA (CMK=1031¢609344s1,852)

DATA (CFM=1le9a3048542048)

DATA (CKM=1000-’32800839895’32800839895)

DATA (CKN=1.;o6213711922’.5399568034)

DATA(X‘:ON-’-‘I"S.’IO- 9250906

DATA{NTM=10+19+30310%0) )

DATA (GLD=OO991)029039.4’050075’10) :
DATA‘ALM=-602 "6015"‘6008 »-640 1-5095¢-55889-548 "5.65""5.350-5909“’
X4o5’~3.7)

DATA {SPGRD=069c069+1) .

DATA (SID=B2’05’.7’1.’1.2’105’1.7,2.’205'3. )3@5’40 ’5. 260 ,7. 9809109
X920-y/+5.970-,80-’85- 988 089.)

COMPLEX ATI1»AT2

119



503

121

65

123

61
21

155
156
157
158
159

FNA(FX sFASFBFCsFD) =( (FX~FB)#(FC~FD)/(FA=FB} }4+FD

BSP1=+3183098862 :
RAD=z2.01745329252 $ DEG=57029577951 $ TWDG=12¢#RAD
Al IM=3,

PI=3¢141592654 $ TWPI=60283185307

F=FREK

PI2=1.570796327 3 CPI2=1,56

DKAX=DMAX#CMK ( [K)
AFP=32045+20+#AL0OG10 (FREK)
ALA2=ALAM/2¢

ASPA=0.25 $ ASPB=0625
ASPC=ASPA#ASPBH# (5 ,E~-8 ) #F
TWPILA=TWPI/ALAM
DTRO=ALAM/ 60

ERTH =6370,

AO=ERTH % EFN=EFRTH
PKL=((3.%P])/(ALAM))

NCT=0

NOC=0

PRINT 766

. CALL PAGEL(1)

IF(ICCeGT+0! NOC=1
CDRK=20695841232#%F
IF(NOC.LE.0) GO TO 502
RCW=DCW¥s5 $ BTC=ATANF(HFC/RCW)
ABTC=ABSF(BTC) $ RI1C=RCW/COSF(BTC) $ SQVT=SQRTF(2e%R1C/ALAM)
HDI=HTE=HFC $ TWHC=2 o ¥HFC
CONTINUE
L1=L2=N=0
TWHT=2 o #HTE

w=w===SETTING UP OF TABLE OF SI» DELTA R AND DISTANCE-==-=-

LE=7 $ IF(ILBeGT«0) LE=11

DO 61 -LK=1sLE

IF(LKeLTe4) GO TO 120

LB=13-LK $ GRD=FLOATF (LB) $ APDR=ALAM/GRD

IF(APDR.LE.Os) GO TO 122
IF(APDRoGT o TWHT) GO TO 21
SI=ASINF{APDR/TWHT)

ASSIGN 65 TO KR & GO TO 66

Li=L1+1 $ XS(L1)=SI %  XD(L1)=DR
XR(L1)=D

IF (APDRo.LE<Oes) GO TO 122

S1=SQRTF{APDR/ (2.#DLST))

IF(SI1«GT.P12) SI=PJ]2

ASSIGN 123 TOKR $ GO TO 66

L2=L2+1 $ YS(L2)=51 $ YD(L2)=DR
YR(L2)=D

CONTINUE

CONTINUE

IF(ILBeLFo0) GO TO 162

DO 150 LA=1510

GND=FLOATF(LA)

DO 151 LG=1s4

GO TO (15591569157+158)s LG

GRD=({4 ¢ #GND~1e) /b $ GO TOo 159
GRD=GND . $ GO TO 159
GRD={4 ¢ %#GND+1e ) /40 $ GO T0 159
GRD=(2 o ¥GND+16e)/2e $ GO TO 159

APDR=GRD*ALAM

IF{APDRoGT«TWHT) GO TO 162
SI=ASINF(APDR/TWHT)
1F(S1eGT4PI2) SI=P12

ASSIGN 132 TO KR $ GO TO 66
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152

153
151
150
162

124

67

86

70
25

165
166
167
168
169

173
172
163
154

11

160

803

Ll1=L1+1 $ XS(L1)=SI $&  XD(L1)=DR
SI=SQRTF(APDR/ (2.#DLST))

ASSIGN 153 TO KR 8 GO TO 66

L2=L2+1 $& YS(L2)=SI $  YD(L2)s=DR
CONTINUE ‘

CONTINUE

L3=0

DO 67 LK=1s24

SI=SID(LK)#RAD

ASSIGN 124 TO KR $ GO TO 66

L3=L3+41 $ 2S(L3}=SI $  ZD(L3)=DR
ZR(L3)=D

CONTINUE

SI=P12

$

$

L3=L3+1 $ Zs(L3)=81 $ ZD(L3)=TWHT $

CALL TABLE(DUM)

LR=0
DO 70 LA=1sLE
IF(LA.LT<4}) GO TO 88

LB=13-LA % GRD=FLOATF (LB} % DR=ALAM/GRD

IF(DReGT-TWHT) GO TO 25
CONTINUE
D=DINTERI(DR!

IF(DeGT<DML} GO TO 70
LR=LR+1} $ D1{LR)=D
CONTINUE

CONTINUE

IF(ILBeLE«n} GO TO 163

DO 172 LA=1»10
GND=FLOATF(LA)

DO 173 LG=114

GO TO (165+1665167+168)s LG

GRD={4+#*GND—14) /4, $ GO TO 169
GRD=GND $ GO TO 169
GRD=(4+*¥GND+1e1 /4, $ GO TO 169
GRD=(2¢#GND+11/2, $ GO TO 169

DR=GRD*ALAM
IF(DR«GToTWHT) GO TO 163
D=DINTER(DR!
IF{D«GT<DML) GO TO 172
LR=LR+1 $ D1{LR)=D
CONTINUE

CONTINUE

CONTINUE

1F(LR)1545164

D=D1(LR} $  SILIM=SINTER(D!
DO 11 LA=1sLR

LV=LR+1-LA

D3(LA)=D1(LV)

D2{1)=DZR

CALL TSMESH{DZ2s1¢P3sLRsD1sLS5}
LR=0

SPD=.1

DO 800 NSP=1+5
MZS=NTMINSP)
IFIMZSeLF0) GO To 107
DO 801 MXS=1sMZS
D=SPD#CMK ( 1K)
IF(D«GT,DML! GO TO 107
LR=LR+1 $ D3(LR)=D
SPD=SPD+XCON {NSP)
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801

800
107

602

40

604
603
600

29

69
134

13

66

78

62

CONTINUE

SPD=SPD-XCON(NSP)

NPP=NSP+1 .
IFI(NPP«GTe5!) GO TO 107
IF(XCONINPP)eEQsO.) GO TO 107
IF(NPP.EQs0) GO TO 107
IXD=INTF{SPD/XCON(NPP))
SPD=(XCON (NPP )} #FLOATF( IXD) ) 4+XCON(NPP)
CONTINUF

CONTINUE

CALL TSMESH(D1sL5+sD3sLRsD2sLX)
IF{NOC.LEs0) GO TO 75

————————— CALCULATION OF COUNTERPOISE STRATIGIC POINTS=————=~
LR=0

DO 600 Lk=1513

IF(LKeLTe9) GO TO 601
FLK=LK~8

DO 603 LG=1v4

FLG=LG

GND=( {4 4#FLK)+FLG) /4
APDR=GND*AL AM

IF(APDR.GTeTWHC) GO TO 29
SI=ASINF(APDR/TWHC)

IcPT=1

ASSIGN 40 TO KR  § GO TO 66
CONTINUE

IF(DeGT.DML!) GO TO £04

LR=LR+1

D3(LR)=D

IF(LK.LT.9) GO TO 600
CONTINUE

CONTINUE

CONTINUE

CLIM=D3(LR! $ CCIM=D3(1)
DO 69 I=15LR

LV=LR+1-1

D1(I1)=p3(LV!}

CALL TSMESH(D1sLR¢D2sLXsD3sLK)
DO 129 LV=1lslLK®

ICPT=0

SI=SINTER(D3(LV))

ASSIGN 28 TO KR

---------------- RAY OPTICS GEOMETRY-- -

CSSI=COSF(SI)

SNSI=SINF(SI) $  SISQ=SNSI#SNSI

AKO=EFN/A0 $ Z2E=(le/AKO)=1lo $ AKE=1e/(1e+(ZE®CSSI))
AEFT=A0*AKE $ DHE=EAC*(AKE~1e¢)/(AKQ=10s) :
HTX(1)=HTE $ HL=H2-DHE $ HTX (2 )=HL~HRP $ HCL=HL#CKM(IK)
IFIICPT+GT«0) GO TO 77

A=AEFT

CONTINUE

DO 62 LC=1s2

2Z(LC)=A4HTXILC) & TEA(LC)=ACOSF(A®CSSI/Z(LC))=S]
DAILC)=Z{LC)*SINFITEALILC))

IF({S1+GTs1e56) GO TO 63

HPR{LC)Y=DA{LCI®*TANF(SI)

CONTINUE

DTX=ABSF(Z(1)-2(2))

IF(S1+GT.CPI2) GO TO 64

AFA=ATANF ((HPR(2)~HPRI(1))/{DA(1)+DA(2)))
RO=(DA(1)+DA(2))/COSF(AFA} (] R12=(DA(1)+DA(2))/CSSI
IF(RO«LToDTX) RO=DTX
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68

28

44

51

43

147

CA=AFA-TEA(1) $§ THsTEA(1)+TEA(2)

DR=4 4 ¥HPR (1) #*HPR(2) / (RO+R12}

BA=CA

CD=CA#DEG

D=AEFT#TH

IF(D.LT.O.) 030'

DMM=DxCKN (1K)

GO TD KR {65928912391329133912494091529153) .

IF(DeLT40.01) GO TO 129

IF(D«GT«DML}) GO TO 111

ALFS=AFP+20¢*ALOG10(RO)

PFS=PIRP-ALFS

GOD=GAINI(CA)

GPD=20+*AL0OG10(GOD)

Z3=2(2)=-2(1)

24=(Z(1)%COSF(BA))/Z(2)

IF(DHeLE+Oe) GO TO 42

DHO=DH¥* (1 +s-( 0+ B*¥EXPF (~0,02%D) } ) %1000

CALL SORB(Z(1)9Z(2)sA3R0OsBAWRE)
AA=GAO#RE(1)+GAWXRE(2)
IF(ILBeGTe0«ANDeSIeLEsSILIM) GO TO 35

IF( DR.GE+ALA2) GO TO 34

IF{ DR.LE<DTRO) GO TO 26
FDR=(141-(0+5*COSF(PKLE( DR~DTRO))})%,5
CONTINUE .

CALL RECCU(STIsF9KSCsIPL+0OsDHDIRsPICRD) .
GA=—(TEA(1)+S1) 3 GAMD=GA¥DEG % GOG=GAIN(GA}
RDG=RD*GOG :
REC=0.0

REG=R%G0OG

RLG=REG :

IF(NOCe.LEs0O) GO TO 500

————————— CALCULATION OF COUNTERPOISE CONTRIBUTION~==w===e=r
TEG=ABTC-ABSF(SI+TEA(1)) S  TEG=ABSF(TEG) '

VFGD=2 + *SINF (TEG*45) ¥SQVT

IF (ABSF (GA)«LT+ABTC) VFGD=-VFGD

CALL FRENEL (VFGDsFPGDsPHIG)

REG=REG*FPGD

RDG=RDG*FPGD

TRM3=PHIG+(P12%VFGD*VFGD)

IF(DsLT.CLIMsORWDoGTCCIM) GO TO 146

SI1C=CA :
TEC=ABSF{(BTC-CA) $ DARC=2 e *HFC*SINF(CA}
SIT1=-SIC $ GOC=GAIN(SIT1)

VFCP=2 ¢ #¥SINF{TEC¥*¢5) #SQVT

IF{ABSF(CAl«GT«ABTC) VFCP=-VFCP

CALL FRENEL(VFCPsFPCPyPHIC)

CALL RECC(SICsFsICCoIPL219DHDSRCsPICCHRDC)
RLC=RC*GOC

REC=RLC*FPCP
EXPCa(TWPILA*DARC)+PICC+(PHIC+(PI12 *VFCP®VFCP}}
ATRM=REC*COSF(EXPC) s BTRM=—REC*SINF(EXPC)
AT1=CMPLX(ATRMsBTRM)

CONTINUE

—————————————— CALCULATION OF LOBING CONTRIBUT [ ON=w=m ==
IF(S14GToSILIM) GO TO 135

EXPG=(TWPILA*DR)+PIC+TRM3

ATRM=REG*COSF(EXPG) $ BTRM=-REG*SINF(EXPG)
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- — ~-~SUMMATION OF TERMS
136 AT2=CMPLX(ATRMsBTRM) _ ,
WRL=CABS(GOD+AT1+AT2) $  WR=WRL#WRL+¢0001
PR=10:*ALOG10 (WR)
' IF(DsLE«DZR} GO TO 148
IF(LVeEQel) GO TO 148
PL=FNA(DsDML 2+DZRsPRHPZ)
WLZ10e#%( s 1#PL)
149 CONTINUE

mmmi e = - ONG~TERM POWER FADING - -

PL=PL-GPD
IF(DeLEeNs) GO TO 38
IF(DeLEaDSL1) 3014302
301 DEE=(130.%D)/DSL1 $ GO TO 303
302 DEE=130.+D-DSL1 $ GO TO 303
303 CALL VZD(DEE+QG1sQG9sAD)
IF(CAsLE.DOe) GO TO 32
IF(CAeGEsle) GO TO 33
FTH=o5-BSPI# (ATANF(20#ALOG10(32.%#CA} )}
IF(FTHeLE«0-0) GO TO 33 :
52 AL10=PL+(AD(13}#FTH) $ AY=AL10~ALIM
IF(AY'LTQOD, AY'OO
53 IF(ILBeGTo0sANDaSIoLE.SILIM} GO TO 22
DO 31 K=1535
VD(K!=AD(K)#FTH-AY $ BD(K)=PL+VD(K)
31 CONTINUE
DO 50 K=1e12
ALLM==ALM(K!
IF(BD(K)sGTsALLM) BD{K)=ALLM
50 CONTINUE
24 CONTINUE

———————————— VALUES PUT INTO PLOTTING ARRAY-

NCT=NCT+1
BX(NCT s1)=BX{NCT»2)=BX(NCT,s3)3BX(NCT +4)=DNM
BX{NCT s5)=BX{NCTs6)=BXINCTs7)=BX(NCTs8)=DNM
IF(KKeGTs1} GO TO 20

23 PGS=PFS+GPD
BY(NCT,1)=PGS
BY(NCT »3)=PGS+BD(12)-AA
BY(NCT »5)=pPGS+BD(23)-AA
BY(NCT»7}=PGS+BD(29)~AA
PFY(NCT»1)=PGS+8D(4)-AA PFY(NCT»2)=PGS+BD( T} =-AA
PFY(NCT»3)=PGS+BD(10)~AA PFY({NCT »4)=PGS+BD(13)=AA
PRINT 760 sDNMys (BY (NCToLZ)sLZ=1981 (PFY(NCTsMW) sMW=134) sPLsAA,AY»BK
X+ DEE
CALL PAGET])

129 CONTINUE

111 CONTINUE
NU(1)=NCT $ RETURN

BY (NCT+2)=PGS+BD(18)~AA
BY(NCTs4)=PGS+BD( 24 ) ~AA
BY(NCT»6)=PGS+BD(26)-AA
BY(NCT»8)=pGS+BD(32)-AA

PRAAPR

RETURN TO MAIN PROGRAM

15 FAY=1. $ GO TO 17
16 FAY=0,1 $ GO To 17

e e e e e TROPOSHERIC MULTIPATH
20 DO 30 I=1+35 B

PQA(I)=p(1])

QA(TI)=BDI(1)=-PL
30 CONTINUE

IF(AYeLEe0-) GO TO 15
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46

47

27
37

22

88
120
122
135
164
500
146

148
502
601

IF(AYeGEobo !

GO T

0 16

FAY=(1e1+{0e9#COSF({AY/6o)#P1))) /2,

CONTINUE
RSP=REG*#FDR#*

FAY

IF(RE(2)oLEsDo) GO TO 45

RK==10#ALOGIO(ASPC# (RE(2)%#3)

ACK=FDASP (RK

RDHK=BK

)

)

$ WAZ10e%# (o 1#ACK)
RST={ (RSP*¥RSP )+ (RDG*RDG) +WA)
IF{IRSToLE«Oe) GO TO 37

BK =+10e%ALOG10(RST)
IF(BKeLTe~400) BK==40,

CALL YIKK(BKsPQK»QK)

CALL CONLUT(QASQKsPQA+359+1035069PQC-QC)

DO 27 I=1535
BD{1)=QC(1)+
GO TO 23

BK=-40¢ $

PL

GO

AY=0,

TO 47

-~-LOBING MODE

TLIM=+20+%#ALOG10{ GOD+RLG+RLC)

BLIM=-8n,
DO 36 K=1s35
VDIK)=AD(K ) #
IF{BD{K)sGTe
IF(BD(K)4LTe
BD(K)=BP(K)+
CONTINUE"
GO TO 24

FDR=0s1 %
FTH=1e0
FTH=0s0 $
FDR=1, %
FDR=0+

DEE=0.

DHD=0.0 3
HPRILC)=HTX!
WA=.0001
AFA=S] §

DO 74 LK=1sL
D3(LK)=D2(LK
LK=LX

LR=LX

GO TO 134
HTX(1)=HFC
ICPT=0 %
GRD=SPGRD (LA
GRD=SPGRD (LK
SI=0. $
ATRM=0+ $
D1{1)=DZR
TRM3=20e0
ATRM=0Qo $
GO TO 147
PL=PR ~ %
BTC=SQVT=06,
GND=GLD (LK)
END

FTH
TLIM)
BLIM)
AA

Go

'$ BD(K)=PL+VD{K)=AA

BD(K)=TLI
BD(K)=BLT

TO 43

$ GO TO 52

AY=
GO T
$

GO
LC)
$

0.0 $
0 43
GO To 43

M
M

GO TO 53

$ GO TOo 303

TO 44

$ GO TO 62

GO TO 46

RO=HTX (2)=HTX(1)

X
)

$

) $

DR=0¢
BTR
$ L

%

R12=HTX (1) +HTX(2

HTX(2)=HTX(2)-HDI $  A=AEFT+HDI
GO To 78

DR=ALAM*GRD
) $ APDR=ALAM¥GRD

$ LD=LD+1 % GO
$ GO TO 121

$ D=DLST+DLSR $ GO T0 123
GO TO 136
SILIM=0. % GO TO 1

M=0e %
5=1 $

BTRM=0. $

PZ=PR
e
$

$ WL =
HDI=HTE
GO TO 602

AT1=CMPLX(ATRMsBTRM)

WR
$

$ GO TO 149
GO TO 503

125

) & GO TO 68

TO 86

60

$ RLC=0,0



ASORP

Subroutine ASORP is used in the calculation of atmospheric absoyption
(sec. A.4.5) to obtain surface absorption rates, Y00 W dB/km, for oxygen
and water vapor when such values are not provided as input (table 1).
- Interpolation between available values [40, fig. 3.1] is used to provide

Yoo . values for frequencies up to 100 GHz.

SUBROUTINE ASORP(FKsAOsAW)}
C ROUTINE FOR MODEL AUG 73

19 FORMAT(5X#FREQUENCY 15 TOO HIGH FOR ABSORPTION TABLE USING VALUE
XS FOR 100 GHZ¥%)

DIMENSTION ZX(53)9:2W(53)eFZ(53)
DATA(FZ=61096159620596309332556359¢4090559070914091e52920093,05304
Fo#e094069986391062515.0517:09206090226092360925005260330:932,0533443
F5o'37o’38.040o!425943n!4409470'4807510’540'580'59.v60096109629963c
Fo6ho96B8s57006372097603840990a51006)

\ DATA(ZX=400019940004295000709¢000969¢001396001596001B5¢0024%,0035¢
X0042900059500750008856009256010960115601456015920179:018500205.021
XDOOZZ'0024v002790030'.032!00359004010044'a0509¢060)9070)0090001009
Xe155e2396509108340609760515609800956093e091675106266909¢5056355352050
Xll}'olo)

DATA(ZW=13(060)+s00015,0001726000345¢00215600935602504,04555105e22950
W2050165015901156142610960999009835609639096799098190098735009%990100
WselO0lsal03961095e1189012050122501279013090132901389615456161,01759
w.20’0259.34’056)

TEN=10o,

FzFK#¢0N1

IF(FeLTeel!) F=sl

IF(FoGTe100e! GO TO 20

DO 10 I=1+53

IF(F=FZ2(1))12s11910

10 CONTINUE

GO T0 20

12 IF{IeEQel) I=2

13 L=I~1

A=ALOGlO(F) $ B=ALOGIO(FZ(I)) $ C=ALOGIO{FZ(LI}

R=(A-C)/(B=C)

D=ALOGIA(ZX(I)) &  E=ALOGLO(ZX(L))

AR= (R¥ (D-E) ) +E $ AQ=TEN#®AR

IF{I«LEo13) GO TO 21

G=ALOGlo(ZW(I11) $ H=ALOGLO{ZW{L))

WR=(R# (G=H) }+H $ A= TEN®R#WR

RETURN
20 PRINT 19 $ AOD=+10 $ AW=656 3 RETURRN
11 AQ=ZX(1) $ AWuZW(T) $ RETURN
21 AW=0.0000 $ RETURN

END
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BLOS

Subroutine BLOS is used only with the station separation program
(sec. B.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).

SUBROUTINF BI NS

< L-0-S SURROUTINE FOR DOVERUY
C ROUTINE FOR MODEL AUG 73

5 FORMAT (1K )

DIMENSTION XCON(5)sNTM(5)

DIMENSION CFK({3)sCMK(3)9CFM{3)sCKM{3)sCKNI(3)

DIMENSION GLD(8)sD1(200)sD2(200)5D3(200)

DIMENSION HTX(2)sZ(2)sTEA(2}sDA(2) sHPR(2)

DIMENSION SID(24)

DIMENSION SPGRD(3)

DIMENSION RE(2)sBD(35)sVD(35)

DIMENSION ALM(12)sAD(35)

DIMENSION P(35),QC(50);QA(50)sPQA(50)»PAK(50) sQK(50) +PQC(50)

DIMENSTON YV(10)sSVI(10)

COMMON/EGAP/ZTIPSLNs INDTS IXT

COMMON/DIFPR/HT sHR yDH;AFD’SvaDLST’DLSRvIPL!KSCvHLTlHRP'AWD;SWP

COMMON/PAOUT/NCTsPFY{2001:6)

COMMON/PARAM/HTE sHRE sD s DLT +DLRs ENSyEFRTHsFREK s ALAMSs TET s TERsKD s GAO»
XGAW

COMMON/SIGHT/DCWsHCWsDM1X sDML s DZR s IKyEACsH29 ICCoHFCoPRHIDSL1sPIRPY
XQG1sQG9sKK s ZHsRDHK s TLB

COMMON/SPLIT/LLsL2sN+X(140)9Y(140)4D6(140)sXS(55)9XD(55)¢sXR{55),YS
X{55)5YD(55)2YR{55)51.3:25(25}52ZD(25),2R(25)

DATA {CFK=40015,00030489.0003048)

DATA ((P(1)vI=1,35)=°00001'.00002y.00005'.0001o.00029-00059.001y.
x0029'0059001!c02!005’~1 !015'020v13090409.50’l60’070’080,085’-90,0
x95’D98)099,0995,I99890999!99995)99998’09999’.99995'.99998’099999,

DATA (CMK=le510609344%451,852)

DATA (CFM=1e5630485,3048)

DATA {CKM=1000:53280083989553280.839895)

DATA (CKN=1e9s6213711922545399568034)

DATA{XCON=1635091006352509054)

DATA(NTM=10919530510s0)

DATA {GLD=0eselse200635049055075s1e)

DATA{ALM=~6023-60159~606085-6609-56959~50884=5689-50655=5e355~5,0p=
XboB53-347) '

DATA (SPGRD=0e5006541)

DATA {SID=025359eT916916251e¢P5167926926593093650809509609T098s9100¢
X’20.945'770° !800985@ 288 '89~)

COMPLEX AT1sAT2

FNA{FXsFAsFBsFCsFD) = ((FX-FB)#(FC~FD}/(FA=~FB) ) 4FD

BSPI1=.3183098862

RAD=.01745329252 % DEG=57,29577951 $ TWDG=12+ #RAD

ALIM=3,

P1=3,141592654 $  TWPI=6.283185307
F=FREK

P12=1,570796327 $ CP12%1.56
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DK AX=DMAX®*CMK (1K)
AFP=32:454+20#ALOG10(FREK)
ALAZ=ALAM/2

ASPA=0.25 $ ASPB=0+25
ASPC=ASPA*ASPB# (6 0E=8) #F
TWPILA=TWPI/ALAM

DTRO=ALAM/ 6
ERTH =6370,
AO=ERTH & EFN=EFRTH
PKL={ (3#PT)/{ALAMI)
NCT=0
NOC=0
IF(ICCaGTo0) NOC=]
CDRK=20.95841232%F
IF(NOCsLE.0!) GO TO 502
RCW=DCW*¢5 $  BTC=ATANF (HFC/RCW)

ABTC=ABSFI(BTC) $ RIC=RCW/COSF(BTC) $ SQVT=SQRTF(2.%#R1C/ALAM)
HDI=HTE~HFC $ TWHC=2 6 ¥HFC
503 CONTINUE

L1=L2=N=0

TWHT =2 o #HTE

LE=7 8 IF{ILBoGT0) LE=11
DO 61 LK=1sLE
IF(LKsLTo&) GO TO 120
LB=13~LK $  GRD=FLOATF(LB) $  APDR=ALAM/GRD
121 IF(APDR.LEsOs) GO TO 122
IF(APDRGT-TWHT) GO TO 21
SI=ASINF{APDR/TWHT)
ASSIGN 65 TO KR % GO TO 66
65 Ll=L1+1 3 XS({L1)=51 $ XD(L1?=DR
IF(APDR.LE«Oo) GO TO 122
SI=SQRTF(APDR/ (2. #DLST)}
IF(STeGToPI2) SI=PI2
ASSIGN 123 TOKR $ GO TO 66
123 L2=L2+1 & YS(L2)sS! $  YD(L2)=DR
YR(L2)=D
61 CONTINUE
21 CORTINUE
IF(ILBsLE-2} GO TO 162
DO 150 LA=1s10
GND=FLOATF (LA}
DO 151 LG=1s4
GO TO (15551565157+158)5 LG

155 GRD=(4+%GND~15) /40 $ GO TO 159
156 GRD=GND % GO TO 159
157 GRD=(40#GND+1e) /4, $ GO TO 159
158 GRD=(2.#GND+1.1/2¢ $ Go To 159

159 APDR=GRD*ALAM
IF(APDReGT=TWHT) GO TO 162
SI1=ASINF(APDR/TWHT)
IF(ST.GT.PI2) SI=PI2
ASSIGN 152 TO KR $ GO TO 66
152 L1=L1+1 % °XS(L1)=S] & XD(L1}=DR $  XR(L1)=D
S1=SQRTF(APDR/ (2. #DLST))
ASSIGN 153 TO KR $ GO TO 66
153 L2=L2+1 § YS(L2)=51 & YD{L2)=DR $ YR(L2)=D
151 CONTINUE
150 CONTINUE
162 L3=0
DO 67 LK=13s24
SI1=SIDILK)#RAD .
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124

67

86

70
25

165
166
167
le8
169

173
172
163

154

11

160

803
80l

800
107

ASSIGN 124 TO KR $ GO TO 66

L3=L3+1 $ ZS(L3)1=51 s ID(L 3} =DR

ZR(L3)=D

CONTINUE

Si=pl2 . ’

L3=L3+1 $ ZS(L3)=S1 $ ZID(L3)=TWHT § ZR{L31=0.
CALL TABLE{DUM)

=——=USING TABLE TO OBTAIN STRATEGIC DISTANCE POINTS==———=wu

LR=0
DO 70 LA=1,LE

IF(LAsLTe4) GO TO 88

LB=13-LA '  GRD=FLOATF(LB) § DR=ALAM/GRD §  LD=LD+]
IF(DR«GT«TWHT) GO TO 25

CONTINUE

D=DINTER(DR!

IF(D«GTeDML) GO TO 70

LR=LR+1 $ D1{LR)=D

CONTINUE

CONTINUE

IF{ILB«LE«O) GO TO 163

DO 172 LA=1s10

GND=FLOATF(LA)

DO 173 LG=1+4

GO TO (165+1669167+168)s LG
GRD=(4+#GND-1e) /b, $ GO TO 169
GRD=GND $ Go TO 169
GRD={4 ¢ *GND+14a ) /b0 $ GO TO 169
GRD=1{2+#GND+14 /2, $ GO TD 169
DR=GRD#ALAM

IF(DR.GToTWHT) GO TO 163
D=DINTER(DR!

IF(D«GT4NML) GO TO 172

LR=LR+1 " $ D1{(LR)=D

CONTINUE

CONTINUE

CONTINUE

IF(LR)154+164 _

D=D1(LR) $ SILIMaSINTERID)

DO 11 LA=1,LR

LV=LR+1-LA

D3(LA)=D1(1V)

D2(1)=DZR

CALL TSMESHI(D2s1sD3sLRsD1sL5)

LR=0

SPD=, 1

DO B0O NSP=1s5

MZS=NTM(NSP!

IF{MZS.1LEs0) GO TO 107 .

DO 801 MXS=1sMZS

D=SPHXCMKITIK)

IF(DeGTW.DML) GO TO 107

LR=LR+1 $ D3(LR!=D
SPD=SPD+XCON(NSP)

CONTINUE

SPD=SPD~XCON{NSP)

NPP=NSP+1 .

IF(NPP.GT«5) GO TO 107 .
IF(XCON(NPP}sEQeD:) GO TO 10
IF(NPP.EQ.0) GO TO 107
IXD=INTF(SPD/XCONINPP))
SPD={XCON(NPPV#FLOATF{ IXD))+XCONINPP}
CONTINUE

CONTINUE v
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602

40

604

603

600
29

69
134
13

66

78

62

68

CALL TSMESH(D1sL5+D3sLReD2sLX}
IF (NOCoLEsD} GO TO 75

B CALCULATION OF COUNTERPOISE STRATEGIC POINTS—=—w==w
LR=0

DO 600 LK=1913 .
IF(LKeLT»9) GO TO 601
FLK=LK-8 :

DO 603 LG=1s4

FLG=LG v o

GND={ (4o #FLK)+FLG) /4
APDR=GND#*ALAM
IF(APDR.GT.TWHC) GO TO 29
SI=ASINF(APDR/TWHC)

1CPT=1 I

ASSIGN 40 TO KR $ GO TO 66
CONTINUE

IF{D.GToDML) GO TO 604
LR=LR+1

D3(LR)=D

IF(LK+LT+9) GO TO 600

CONT INUE

CONT INUE

CONTINUE

PRINT 5 $ CALL PAGE(1)
CLIM=D3(LR) $ CCIM=D3(1)
DO 69 I=1sLR

LV=LR+1~1

D1(1)=D3(LV])

CALL TSMESHID1sLRsD2sLXsD3sLK)
DO 129 LV=1lsLK

1CPT=0

SI=SINTER(D3(LV))

ASSIGN 28 TO KR

RAY OPTICS GEOMETRY==

CSSIaCOSF(SI)

SNSI=SINF (S} $  SISQ=SNSI*SNSI

AKO=EFN/AO $ 2E=(1e/AKO0)~=1o “§ AKE=1e/({1e+(ZE®CSSI))
AEFT=A0%AKE $ DHE=EAC*¥(AKE~16)/({AKO=1s)

HTX({1)=HTE $ HL=H2-DHE $  HTX(2)sHL-HRP $ HCL=HL#CKM(IK)
IFLICPTGT-0) GO TO 77

A=AEFT

CONTINUE

DO 62 LC=1s2 ‘
Z(LC)=A+HTXI(LC) $  TEA(LC)=ACOSF(A%CSSI/Z(LCII=ST
DA{LC)=Z(LC)*SINF(TEA(LC)) ~ ‘

IF{S1eGTa1e56) GO TO 63

HPRILC)=DA(LC)*#TANF(SI)

CONTINUE

DTX=ABSFIZ(1)~2(2)}

IF{SI-GT-CPI2) GO TO 64
AFA=ATANF{(HPR{2)}~HPR(11)/(DA{1)4+DA(ZI))
RO=(DA{1)+DA(2))/COSF{AFA} $ RI2={DA(1)14DA(2})/CSSI
IF(RO.LToDTX) RO=DTX

CA=AFA~TEA(1) $ TH=TEA(1)+TEA(2)

DR=4 . #HPR (1) ¥HPR{2) /7 (RO+R12)

BA=CA '

CDh=CA*DEG

D=AEFT#TH

IF(DwLToOa) D=Os

DNM=D*CKN (1K) -

GO TO KRs(655285123+1325133512454051529153)
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28 IF(DsLTe0.01) GO TO 129
IF(DeGToDML) GO TO 111
ALFS=AFP+20¢¥ALOG10(RO)
PFS=PIRP-ALFS
GOD=GAIN(CA)
GPD=20+*AL0G10(GOD)
Z3=21(2)-21(1)
Z4=(2(1)*COSF(BAY}/2Z(2)
IF(DHeLEL0D.) GO TO 42
DHD=DH* (1 e~ (0« B*EXPF(~0,02%D))) #1000
44 CALL SORH(Z(I)’Z(z)gAcR0¢BA;RE)
AA=GAOYRE (1) +GAWXRE(2)
§1 IF(ILBeGTe O0eANDeSTelLEeSILIM) GO TO 35
IF( DR«GE+ALA2) GO TO 34
IF( DR+LE+DTRO} GO TO 26
FOR=(141-(0«9*COSF(PKL*( DR-DTRO)) 1) %,5
43 CONTINUE
CALL RECC(SIsFsKSCoIPL90sDHDSRsPICsRD)
GA=-=(TEA{1)+S1) $ GAMD=GA*DEG $  GOG=GAIN(GA)
RDG=RD*GOG
REC=0.0
REG=R*G0OG
RLG=REG
IF(NOC+LE.0) GO TO 500

————————— CALCULATION OF COUNTERPOISE CONTRIBUTION=~=—====—u
TEG=ABTC-ABSF(SI+TEA(1)) $ TEG=ABSF(TEG!

VFGD=2 ¢ xSINF{TEG*+5)%5QVT

IF(ABSF(GA)eLTsABTC) VFGD=-VFGD

CALL FRENEL(VFGDsFPGDyPHIG)

REG=REG*FPGD

ROG=RDG*F PGD

TRM3=PHIG+(PI2*VFGD*VFGD)

IF(DeLTeCLIMeOR«DsGTCCIM) GO TO 146

¢ SIC=CA
TEC=ABSF(BTC-CA) $ DARC=2 « #*HFC*SINF(CA)
SITl=-SIC $ GOC=GAIN(SIT1)

VFCP=2 ¢ *SINFITEC*:5)#5QVT
IF(ABSF(CA) oGT«ABTC) VFCP==VFCP
CALL FRENEL(VFCPsFPCPsPHIC)
CALL RECCI(SIC»FsICCyIPL+1sDHDsRCsPICCIRDC)
RLC=RC*GOC
REC=RLC*FPCP
EXPC=(TWPILA*DARC)4PICC+(PHIC+(PI2 *VFCP®VFCP))
ATRM=REC®#COSF (EXPC) s BTRM=—REC*SINF (EXPG)
AT1=CMPLX(ATRM,BTRM)

147 CONTINUE

—————————————— CALCULATION OF LOBING CONTRIBUTION==—=——-===o
IF(ST+GT4SILIM) GO TO 135

EXPG=(TWPILA*DR)+PIC+TRM3

ATRM=REG*COSF(EXPG) $§  BTRM=—REG*SINF(EXPG)

——————————————————— SUMMATION OF TERMS -
136 AT2=CMPLX(ATRMsBTRM)
WRL=CABS(GOD+AT1+AT2) $ WR=WRL*WRL+,0001
PR=10+*AL0OG10 (WR)
IF{DeLELDZR! GO TO 148
IF(LVeEQs1) GO TO 148
PL=FNA{(DsDML s»DZRsPRHsPZ)
WL=10,%%{ ,1%PL)
149 CONTINUE
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301
302
303

52

53

31

50
24

23

129
111

15
16

20

30

17

46

47

27

________________ LONG-TERM POWER FADING -

PL=PL-GPD

IF(DeLFeNs) GO TO 38

IF(D.LE.PSL1) 3015302
DEE=(130.%D}/D5L1 £ GO TO 303
DEE=130.+D~DSL1 $ GO TO 303

CALL VZD(DEE»QG1»QG9AD)

IE(CALE«Oos) GO TO 32

IF(CA:GEs1o) GO TO 33

FTH=o5-BSPI* (ATANF(20,*ALOG10{(4.*CA}))
IF(FTHoLE<0=0) GO TO 33
AL10=PL+(AD{13)*FTH) $ AY=AL10~ALIM
IF‘AY.LT.OQ) AY=0e .
IF(lLB.GT.O-AND-SIoLEoSILIM) GO T0O 22
DO 31 K=1+35 ‘ )
VD(K)=AD(K) *FTH~AY $ BO(K)=PL+VD(K)
CONTINUE

DO 50 K=1s12

ALLM=—-ALM(K)

IF(BD(K)«GTeALLM) BDI(K)=ALLM

CONTINUE

CONTINUE

NCT=NCT+1
IF(KKeGT41) GO TO 20
PGS=PFS+GPD
PFL=PGS+PL-AA

PFY(NCTs1)=DNM $ PFY(NCT+2)=PGS 3 PFY(NCT»3)=PFL
PFY(NCT»4}=BD(12)~PL $ PFY(NCT»5)=BD(18)-PL
PEY(NCTs6)=BD(24)~PL

CONTINUE

CONTINUE

RETURN

—————————————————— RETURN TO POWSUB

FAY=1, $ Go To 17
FAY=0,1 3 6o To 17

—————————————————— TROPOSPHERIC MULTIPATH

DO 30 I=1+35

PQA(TI)=P(T])

QA(T)=RBDII)-PL

CONTINUE

IF(AY.LE«Ds)! GO TO 15

IF(AYeGEese) GO TO 16
FAY=(1e1+(0s9%COSF((AY/6e)%P1}))/2,
CONTINUE

RSP=REG*FDR*FAY

IF(RE(2)eLEeOe) GO TO 45
RK==10+*ALOG10 (ASPC* (RE(2)%#%3))
ACK=FDASP(RK) s WAS10e%% (o 1#ACK)
RST=( (RSP#RSP )+ (RDG*RDG)+WA)
IF(RSToLE.0e) GO TO 37

BK =+10+%ALOG10(RST)
IF(BKeLTa=40¢) BK=~40.

CALL YIKKI(BKsPQKQK)

RDHK=BK . Co

CALL CONLUTI(QASQK,PQAs35s+1¢50esPQC,QC}
DO 27 1=1+35

BD(I)=QC(I)+PL '
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GO TO 23

37 BK==40. $ GO TO 47

C LOBING MODE -
'22 AY=0e
TLIM=420+*ALOG10( GOD+RLGHRLC)
BLIM=-80.

DO 36 Ke=11935
VD(K ) =AD{K)*FTH $ BD(K)=PL+VD(K)-AA
IF(BD(K)«GTeTLIM! BDIK)uTLIM
IF(BD(K)oLTeBLIM} BD(K)=BLIM
BD(K)=BD(K}+AA

36 CONTINUE
GO TO 24

26 FDR=0.1 % GO TO 43

32 FTH=1.0 $ GO TO 52

33 FTH=0.0 $ AY=0.0 $ GO TO 53
34 FOR=1. $ GO TO 43

35 FDR=0. $ GO TO 43

38 DEE=0. $ GO TO 3013

42 DHD=0.0 $ GO TO 44

45 WA=.0001 % GO TO 45

63 HPR(LC)I=HTX(LC) $ GO TO 62

64 AFA=S1 % RO=HTX(2)-HTX(1) $ R12=HTX(11+HTX(2) $ GO TO 68

75 DO 74 LK=1sLX
74 D3(LK)=D2 (LK)
LK=LX
- LR=LX
Go TO 134
77 HTX(1)=HFC $  HIX(2)=HTX(2)-HDI $  A=AEFT+HD!
ICPT=0 . $ GO TO 78 .
88 GRD=SPGRD(LA) $ DR=ALAM*GRD $ LD=LD+1 '§ GO TO 86
120 GRD=SPGRD (LK) $ APDR=ALAM*GRD $ GO TO 121
122 S1=0. $ DR=0. $ D=DLST+DLSR % GO TO 123
135 ATRM=0o. $ BTRM=0. $ GO TO 136
164 D1{11=DZR $ L5=1 % SILIM=Q, $ GO TO 160
500 TRM3=0.0
146 ATRM=0. $ BTRM=0. $  AT1=CMPLX(ATRMyBTRM) $ RLC=0,0
GO TO 147
148 PL=PR $§ PZ=PR $ WL=WR & GO TO 149
502 BTC=SQVT=0e. $ HDI=HTE % GO TO 503
601 GND=GLD(LK! $ GO TO 602
END

CLOS

Subroutine CLOS is used only with the service volume program
(sec. B.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 )
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DIMENS ION XCON(5) 4NTM(5)

DIMENS ION CFK(3)sCMK(3)sCFMI3)9CKMI(3)sCKNI3)

DIMENSION GLD(8)3sD1(200)+D2(200)5D3(200)

DIMENSION HTX(2)s2(2)sTEA{2)9DAL2) HPRI2)

DIMENSION SID(24])

DIMENSION SPGRD(3)

DIMENSION RE{2),8D{(35)yvD(35)

DIMENSION ALM(12)4,AD(35) .

DIMENSION P(35),QC(50),QA(50)9PQA(I50)sPQK(50)sQK(50)sPQC{50)

DIMENSION YV(10),5V(10)

COMMON/EGAP/IP LN, IDTIXT

COMMON/PAOQUT/NCTsPFY(12546) s JJyHP1yHP2

COMMON/PARAM/HTE’HRE’DyDLTvDLR{ENS$EFRTHOFREK,ALAM’TET)TEROKD’GAOQ
XGAW

COMMON/DIFPR/HT sHR sDHsAED»SLP+DLSTsDLSRyIPLyKSCsHLT »HRP s AWD o SWP

COMMON/STIGHT/DCHW s HCWsDMAX s DML s DZR s IK s EACsH2 » ICCsHFCoPRHDSL14PIRP
XQG1sQG9sKK s ZHsRDHK » ILB

COMMON/SPLIT/L1sL2sNeX(140)sY(140)4D6(140)5X5(55)sXD(55) sXR(55) sYS
X{55)sYD(55)sYR(55)9L3925(25)+2D(25),2ZR(25)

DATA (CFK=60015,000306485.0003048)

DATA  ((P(I)s151535)=¢000015¢00002+¢000059600019¢0002000059,00196
X0025e00590019e0295,05561095615962096309¢408050966099705¢805085929090
x95!c981099).995!'998’n999’09995’09998909999)099995’099998l099999)

DATA (CMK=169106093%4491.852)

DATA (CFM=1e3630489,3048)

DATA (CKM=1000093280.83989553280,839895)

DATA {CKN=1le5e62137119225.5399568034)

DATA({YXCON=10350310:3256906)

DATAINTM=109195305100)

DATA (GLD=0s%01%e23%63%e43%e53075914)

DATA(ALM=‘602"60157“6.08"‘6.0"5095y"5088’-5o8"5065"50359—500'-
X4655-3457)

DATA (SPGRD=0.!006’-1)

DATA (SID=e29053e791691629105910732c52¢593093050409569603709B8B0910¢
X9200945097009806985098846 9890
COMPLEX AT1sAT2
FNA(FXsFAsFBsFCsFD) =( {FX=FB) * (FC~FD)/ (FA~FB) ) +FD
BSPI1=,3183098862
RAD=+01745329252 $ DEG=57¢29577951 $ TWDG=12+¢ #RAD

ALIM=3,

P1=3.141592654 $ TWPI=6.283185307
F=FREK

P12=14570796327 s CPI2=1456

DKAX=DMAX#CMK ( 1K)

AFP=32.45+20%ALOG10(FREK)

ALA2=ALAM/2.

ASPA=N.25 $ ASPB=0625

ASPC=ASPA*ASPB# (6 ,E~8)#F

TWPILA=TWPI/ALAM

DTRO=ALAM/6 .

ERTH =6370,

AO=ERTH § EFN=EFRTH

PKL={(3.%P1)/{ALAM))

NCT=0

NOC=0

IF{ICCGTs0} NOC=1

CDRK=20.95841232%F

IF(NOCe.LE.0) GO TO 502

RCW=DCW#*,5 $ BTC=ATANF (HFC/RCW)

ABTC=ABSF(BTC) $ R1C=RCW/COSF(BTC) $ SQVT=SQRTF(2+*R1C/ALAM)

HDI=HTE~HFC $ TWHC=2 o #HFC
503 CONTINUE

L1=L2=N=0

TWHT=2 ¢ #HTE
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121

65

123

61
21

155
156
157
158
159

152

153
151
150
162

124

67

86

70
25

—————— SETTING UP OF TABLE OF SIs DELTA R AND DISTANCE~====-

LE=7 $ IF{ILBeGT«0) LE=11

DO 61 LK=1,LE

IF(LKeLTe4) GO TO 120

LB=13-LK $ GRD=FLOATF(LB) $ APDR=ALAM/GRD
IF(APDR4LE«Os) GO TO 122

IF({APDReGT+ TWHT) GO TO 21
SI=ASINF(APDR/TWHT)

ASSIGN 65 TO KR $ GO TO 66

L1=L1+1 $ XS(L1)=S1 $ XD(L1)=DR
XR(L1)=D

IF (APDR«LE«Os¢) GO TO 122
SI=SQRTF(APDR/(2+%#DLST})

IF{SI.GT.PI2) SI=PI2

ASSIGN 123 TO KR $ GO TO 66

L2=L2+1 $ YS(L2)=S1] L3 YD(L2)=DR
YR(L2)=D

CONTINUE

CONTINUE

IF{ILBeLE.O) GO TO 162

DO 150 LA=1110 ’

GND=FLOATF(LA)

DO 151 LG=1»4

GO TO (15541569157+158)5 LG

GRD={4¢%GAND~16) /44 $ GO TO 159
GRD=GND $ GO TO 159 Tl
GRD= (4« *GND+1 e ) /4e $ GO TO 159
GRD={2¢*GND+141/2, 5 GO TO 159

APDR=GRD*ALAM

IF(APDRsGT+ TWHT) GO TO 162

SI=ASINF(APDR/TWHT)

IF(S1.GT.P12) SI=PI2

ASSIGN 152 TO KR $ GO TO 66

L1=L1+1 $ XS(L1)=S!I $ X0(L1)=DR $ XR(L1)=D
SI=SQRTF{APDR/ {2+#DLST))

ASSIGN 153 TO KR $ GO TO 66 .

L2=L2+1 $ YS(L2)=S1 % YD(L2)=DR $ YR(L2)=D
CONT INUE

CONTINUE

L3=0

DO 67 LK=1s24

SI=SID(LK!*RAD

ASSIGN 124 TO KR $ GO TO 66

L3=L3+1 $ Zs(L3)=S] % ZD(L3)=DR

ZR(L3}=D

CONTINUE

SI=PI2

L3=L3+1 % Zs5{L3)=5s1 $ ZD(L3)=TWHT $ ZR{L3)=0,
CALL TABLE(DUM)

~-==USING TABLE TO OBTAIN STRATEGIC DISTANCE POINTS§~—=—~—====

LR=0

DO 70 LA=1,LE
IF(LA«LTes4) GO TO 88
LB=13-1.A $ GRD=FLOATF{(LB) % DR=ALAM/GRD S  LD=LD+1
IF(DR.GT.TWHT) GO ToO 25
CONTINUE

D=DINTERI(DR!
IF(DeGTW+DML! GO TO 70
LR=LR+1 $ .  DI1(LR)=D
CONTINUE

CONTINUE .
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IF(ILBeLE«D} GO TO 163
DO 172 LA=1+10
GND=FLOATF(LA)
DO 173 LG=1r4
GO TO (165+16651679168}s LG
165 GRD=(4.*GND“1. ,/4-
166 GRD=GND
167 GRD={4+*GND+1s) /4,
168 GRD=(2.#GND+1e1/24
169 DR=GRD#A[AM
IF(DR-GT+TWHT} GO TO 163
D=DINTER(DR)
IF(DGToDML) GO TO 172
LR=LR+1 $ D1(LLR)=D
173 CONTINUF
172 CONTINUE
163 CONTINUE
IF(LR) 1545164
154 D=D1(LR! $ SILIM=SINTER(D)
DO 11 LA=1sLR
LV=LR+1-LA
11 D3(LA)=D1(LV)
D2(1)=nZR
CALL TSMESH(D2s1sD3sLRsD1sLS)
160 LR=0
SPD=01
DO 800 NSP=155
M2S=NTMINSP)
IF(MZS.LE.0) GO TO 107
DO 801 MXS5=1sMZS
D=SPD*CMK (1K)
IF(DeGToDML) GO TO 107
LR=LR+1 3 D3(LR}=D
803 SPD=SPD+XCON(NSP} :
801 CONTINUE
SPD=SPD~XCON(NSP)
NPP=NSP+1
IFINPPeGTe5) GO To 107
IF{XCON(NPP! «EQs0.) GO TO 107
IF(NPP.EQs0) GO TO 107
IXD=INTF{SPD/XCON{NPP})
SPD={XCON(NPP)#*FLOATF(IXD))+XCONINPP)
800 CONTINUE .
107 CONTINUE
CALL TSMESH(D19sL5+sD3sLRsD2sLX)

GO TOo 169
GO To 169
GO TO 169
GO To 169

L

————————— CALCULATION OF COUNTERPOISE STRATEGIC POINTS=~=———=
IF(NOC.LE+0) GO TO 75
LR=0
DO 600 LK=1s13
IF(LKeLT<9) GO TO 601
FLK=LK-8
DO 603 LG=1%4
FLG=LG
GND=( (4o *FLK)+FLG) /46
602 APDR=GND#*ALAM
IF{APDR.GT«TWHC) GO TO 29
ST=ASINF{APDR/TWHC)
ICPT=1 ,
ASSIGN 40 TOKR $ GO TO 66
40 CONTINUE
IF(D«GTaDML! GO TO 604
LR=LR+1
D3(LR)=D
604 IF(LKeLT.9) GO TO 600 ’
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603 CONTINUE
600 CONTINUE
29 CONTINUE
PRINT 5 % CALL PAGE(1)
CLIM=D3(LR) $ CCIM=D3(1)
DO 69 I=1sLR
LV=LR+1-1
69 D1(1)=D3(LV]
CALL TSMESH(D1+LRyD2sLXsD3sLK)
134 DO 129 LV=1sLK
ICPT=0
13 SI=SINTER(D3(LV}!
ASSIGM 28 TO KR

________________ RAY OPTICS GEOMETRY - -

66 CSSI=COSF{SI)
SNSI=SINF(SI) $  SISQ=SNSI*SNSI
AKO=EFN/A0 $ ZE=(1./AKO)=-1le $  AKE=1e/(le+{ZE*CSSI)}
AEFT=AO%AKE $ DHE=EAC#®(AKE~le)/(AKO-1¢)
HTX(1)=HTE %  HL=H2-DHE $ HTX(2)=HL-HRP $ HCL=HL*CKM({IK)
IF(ICPT«GT«0) GO TO 77
A=AEFT
78 CONTINUE
DO 62 LC=1s2
ZILC)=A+HTXILC) 8 TEA(LC)=ACOSF(A®CSSI/Z(LC))}=SI
DA(LC)=Z(LCI*SINF(TEALLC))
IF{S1eGTale56) GO TO 63
HPR(LC)=DA{LC)I*TANF(SI)
62 CONTINUE
DTX=ABSFIZ2(11=2(2))
IF(S1.GT.CPI2) GO TO 64
AFA=ATANF ( {HPR{2)~HPR(1))/(DA(1)+DA(2)))
RO=(DA11+DA(2))/COSF(AFA) $ R12=(DA(1)+DA(2))/CSS!
IF(ROsLToDTX) RO=DTX
68 CA=AFA-TEA{1) $  TH=TEA(1)+TEA(2)
DR=4o*HPR{1)*HPR(2)/(RO+R12}
BA=CA
CD=CA*DEG
D=AEFT#*TH
IF(D.LTOOU) D=Oo
DNM=D#CKN (1K)
GO TO KRs1£592819123+13291339124540491529153)

28 IF(D.LT.0,01) GO TO 129
IF{DeGTeDML) GO T 111
ALFS=AFP+20«*ALOG10(RO}
PFS=PIRP-ALFS
GOD=GAIN(CA)
GPD=20.*ALOG10{GOD)
23=2(2)1-21(1)
24={2(1)*COSF(BA))Y/2(2)
IF(DHeLE«Os) GO TO 42
DHD=DH* (] ¢~{ 0« 8*¥EXPF{-0402%D)))1%1000,
44 CALL SORBIZ(1)+2(2)AsROBASIRE)
AA=GAO*RE (1 }+GAW*RE (2}
51 IF({ILBeGTe0sANDoSI«LE+SILIM} GO TO 35
IF{ DR«GE+ALA2) GO TO 34
IF({ DR.LE.DTRO) GO TO 26
FDR=(141-(0e9%COSF(PKL*{ DR-DTRO})))*.5
43 CONTINUE
CALL RECC(SIsFsKSCr»IPLs0OsDHDIRsPICsRD!
GA=~{TEA({1)+S1) $ GAMD=GA*DEG $ GOG=GAIN(GA)
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147

136

149

301
302
303

52

53

31

RDG=RD*G0G

REC=0e0

REG=R¥*G0OG

RLG=REG

IF(NOC.LFe0! GO TO 500

--------- CALCULATION OF COUNTERPOISE CONTRIBUT JON=—=—======

TEG=ABTC-ABSF{SI+TEA(1)) $
VFGD=2+*SINF(TEG*a5) #5QVT

TEG=ABSF(TEG!

IF(ABSF(GA)sLTeABTC) VFGD==VFGD

CALL FRENEL(VFGDsFPGDsPHIG)
REG=REG#*FPGD

RDG=RDG*F PGD
TRM3=PHIG+(PI2#VFGD*VFGD)

TF(DeL TeCLIMsOReDoGT«CCIM) GO TO 146

SIC=CA
TEC=ABSF(BTC-CA) $ DARC=
SIT1==-SIC $ GOC=GAIN(SI

VFCP=2 o #SINFITEC#,5)#5QVT

2 e *HFC*SINF(CA)
T1)

IF(ABSF(CA)oGT.ABTC) VFCP=~VFCP

CALL FRENEL(VFCPsFPCPsPHIC)

CALL RECC(SICsFsICCsIPL»1sDHDSsRCsPICCoRDC)

RLC=RC*GOC
REC=RLC*FPCP
EXPC=(TWPILA*DARC)+PICC+(PHI

C+{P12 *VFCP#VFCP))

ATRM=REC*COSF (EXPC) $ BTRM=-REC*SINF{EXPC)}

AT1=CMPLX{ATRM,BTRM)
CONTINUE

IF{SIeGT<SILIM) GO TO 135
EXPG=(TWPILA*DR}+PIC+TRM3

ATRM=REG*COSF(EXPG) $ BTRM=-REG*SINF(EXPG)

——————————————————— SUMMATION
AT2=CMPLX{ATRM»BTRM)
WRL=CABS(GOD+AT1+AT2) $
PR=10*ALOG10(WR)
IF(DsLELDZR!) GO TO 148
IF(LV.EQs1) GO TO 148
PL=FNA(DsDML3IDZR*PRHsPZ)
WL=10=**( «1¥PL)

CONTINUE

———————————————— LONG-TERM POWER FADING

PL=PL-GPD
IF(DeLEsOs) GO TQ 38
IF(DeLEJDSL1) 301,302

ORI ——" Y,

OF TERMS

WReWRL#WRL+40001

DEE=(130.*D}/DSL1 $ GO TO 303
DEE=130.+D-DSL1 $ GO To 303

CALL - VZD(DEE»QG1sQG9sAD)
IF{CAeLEoOes! GO TO 32
IF(CAcGEels!) GO TO 33

FTH=o5-BSPI* (ATANF(20.*AL0OG10(32.%CA)))

IF(FTHeLE<D+0}) GO TO 33
AL10=PL+{AD(12) #*FTH) - 3
IF{AYaLTaDe) AY=0,
IF{ILBeGTe0sANDeSToLE-SILIM!
DO 31 K=1:35

VDK ) =AD(K) *FTH-AY $
CONTINUE. ; :

DO 50 K=1»12 -

ALLM=—ALM(K!

AY=AL10-ALIM
GO TO 22

BD{K)=PL+VD(K)
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23

129
111

15

16

20

3n

17

46

47

27

37

22

36

26
32
33
34
35

50 CONTINUE
24 CONTINUE

NCT=NCT+1

IF(KKesGTs1) GO TO 20

PGS=PF S+GPD

PFL=PGS+PL-AA

PFY(NCTs1)=DNM $ PFY(NCT+2)=PGS $ PFY(NCT+3)=PFL
PFY{NCTe4)=BD{12)-PL $ PFY(NCT»5)=BD(18)~PL
PFY{NCT+6)=BD(24)~PL

CONTINUE

CONTINUE

RE TURN

——————————————————— RETURN TO PWSRB -

FAY=1, $ Go To 17
FAY=0.1 $ GO TO 17

—————————————————— TROPOSPHERIC MULTIPATH -
DO 30 I=1+35 :
PQA(T)=P(])

QA(1)=BD(1)-PL

CONTINUE ‘

IF(AYelEeOs) GO TO 15

IF(AY.GEo.6e) GO TO 16
FAY=(1e1+(0e9*COSF((AY/6e)%PI)))/2,
CONTINUE

RSP=REG*FDR*FAY

IF(RE(2)eLE«0e) GO TO 45
RK==10+*ALOG10{ASPC*(RE(2)%#%3)}
ACK=FDASP (RK) 3$ WA=10e%*%( 41 *ACK)
RST=( (RSP#RSP )+ (RDG#RDG) +WA )
IF{RST.LEeOe) GO TO 37

BK =+10.%ALOG10(RST)

IF(BK.LT-"L}O.) BK"‘}OO

CALL YIKK(BKsPQK»QK)

RDHK =BK :

CALL CONLUT(QA»QKsPQA+359+1s30e9PQC»QC)
DO 27 I=1+35

BD(1)=QC{I)+PL

GO TO 23

BK=-40. $ GO TO 47

——————————————————— LOBING MODE- -

AY=0,
TLIM=+20+%ALOG10{GOD+RLG+RLC)
BLIM=-8n.

DO 36 K=11+35

VD(K)=AD(K)*FTH $  BD(K)=PL+VD(K)-AA

IF(BD{K) ¢ GT«TLIM) BD{(KI=TLIM

IF(BD(K)«LTeBLIM) BD(K)=BLIM

BD(K)=BD(K)+AA T
CONTINUE

GO TO 24

FDR=0.1 % GO TO 43

FTH=1,0 s GO TO 52

FTH=00 $ AY=040 $ GO TO 53
FDR=1e L3 GO TO 43

FDR=0e $ GO TO 43
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38 DEE=0, $ GO TO 303
42 DHD=0.0 $ GO TO 44
45 WA=e0001 $ GO TO 46
63 HPR(LC)=HTX(LC) $ GO TO 62
64 AFA=SI § RO=HTX(2)-HTX{1) $  R12=HTX(1)+HTX(2) $ GO TO 68
75 DO T4 LK=1sLX
74 D3(LK)=D2(LK])
: LK=LX
LR=LX
GO TO 134
77 HTX{1)=HFC $  HTX{2)=HTX(2)-HDI $§  A=AEFT+HDI
ICPT=0 $ GO TO 78 '
88 GRD=SPGRDI{LA) $ DR=ALAM*GRD § LD=LD+! $ GO TO 86
120 GRD=SPGRD(LK) $ APDR=ALAMXGRD $ GO TO 121
122 S1=0. $ DR=0e $ D=DLST+DLSR $ GO TO 123
135 ATRM=0e. $ BTRM=0. $ GO TO 136
164 D1{1)=DZR % LS=1 $ SILIM=0. $ GO TO 160
500 TRM2=0,.0 ,
146 ATRM=0, $ BTRM=0, $  AT1=CMPLX(ATRMsBTRM) $ RLC=0,0
GO TO 147
148 PL=PR $ PZ=PR $ WL=WR $ GO TO 149
502 BTC=5QVT=0. $ HDI=HTE $ GO TO 503
601 GND=GLDI{LK! $ GO TOo 602
END

CONLUT

Subroutine CONLUT 1is 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].

SUBROUTINE CONLUT(AsBsCsNsRsRHOsP3D!?
c ROUTINE FUR MODEL AUG 73

DIMENSION A(1)sB{1)+Cl1)sP(1)sD(1)9X(100)5sY (100}
DIMENSION Z2(50)
IFIAIN) LT.A(1)) GO TO 10
DO 11 I=1sN

11 X(I)=Al])

12 IF(BI(N),LTeB(1)) GO TO 13
IF(ReLTs0s) GO TO 14

15 DO 16 I=1sN

16 Y(I)=8B(1)

17 DO 18 I=1sN
PLI)=C(])
IF(C(I)QGT'0499QAND-C( I)nLT--501) Mﬂl
18 CONTINUE
©ZAMIeX (M) +(R¥Y(M))
DO 19 I=13N
IF(I+EQ.M) GO TO 19
YA=X{1)~X(M} $ YB=aY(I)=Y(M)
YU=SQRTF( (YA*YA)4+(YB*YB)+(2+ ¥ R¥RHO*YA#*YB))
IF({I.LTeM) GO TO 20
Z(1=ZiM)+yU ., ¢ GO TO 19
20 Z(I1)=2{(M)-YU
19 CONTINUE '
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DO 23 I=1sN
K=N=-I+1
23 D(1)=2(K)
RETURN
10 DO 21 I=1sN
K=N=T1+1
21 X(I)=A(K)
GO TO 12
13 IF(R.LTo0s! GO TO 15
14 DO 22 I=1N
K=N=-1+1
22 Y(1)=R(K)
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 FORMAT(5Xs 4F7¢15F8e492FB43)
6 FORMAT(5X+10F7e1+FBe&s5FB8e39F7e1}
7 FORMAT(5Xs 6F7el9F8e495F8e39sF70el)
51 FORMAT(8X+*DL7 DL8 TEC1 TEC2 TE4 AC3 D3 AC
X4 D4 Ava GHY ARK AKS *)
52 FORMAT(5Xs2F74193F8e438F761!
57 FORMAT(8X ¢%AK3 AK G D DK 4 GH1 GH2 - W AMD
X AFED Swp AWD AKS DK 5 %)
60 FORMAT (8X s*AR3 ARG D3 D4 AK 3 AK4 D DK 4
X GH1 GH2 W AMD AED SWP AWD AK 5 DK 5%}
61 FORMAT(8X»*AR3 AR4 D3 D4 W AMD AED*}

Tl FORMAT(10X*W%y14X*¥D¥*»14X¥DLS* 5] 2X*DL*)
70 FORMAT(4(2XsE1545))

COMMON/DIFPR/HT sHR s DH» AED» AMD»DLS1yDLS2 9 IPXsKSCrHLT s HRP s AWD » SWP
COMMON/PARAM/HTESHREsD»DLY sDL2sENS»AsFsALAKSTELs TE29KD 9 GAQ » GAW
DIMENSION ES(7)+EE(7)

REAL K19K29K39K49K59K6
DATA(ES=549¢02500055¢00156010940104+10+E+06)
DATA(EE=8109250915094098l0950r10)

FNC(C)=41644% (F¥*THIRD)*(14607~C)
FND(C’=.36273/((C*F)**THIRD*(((E"lc)**2+(x*x)’**025),
FNE(C)=C*SQRTF (E*E+X*X )

PI=3.141592654

IPOL=IPX-1

THIRD=1e/30 $ TWTRD=24/3,
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42

30

H1E=1000.*HTE $ H2E=HRE*1000,

HST=HT~-HLT $ HSR=HR~HLT $ HLR=HLT
HL1=(HLT-HRP) s HL2=HR-HRP
HP1=HL1%*1000, $ HP2=HL2%¥1000s $ ALAM=ALAK®1000.
S=ES(KSC) ‘$ E=EE(KSC)

DLS=DLS1+DLS2 $ DL=DL1+DL2 $ TE=TE1+TE2
CW=0.9 $ CU=4193573364 $ TWAR2. %A
X=18000+%S/F

Al=DL1*DL1/{2 +*HTF)

A2=DL2%¥DL2/(2e®*HRF)

K1=FND(A1)

K2=FND(A2)

IF(IPOL+EQ.O) GO TO 3

K1=FNE(K1)

K2=FNE(K2)

CONTINUE

CALCULATION OF GHBAR AND W

B5=1+607-K1

B6=1,607-K2

GH1=GHBAR(FsA19B5,K1+DL1sHIE)
GH2=GHBAR(FsA2yB6,K2DL2yH2E)
AK3=6e-GH1~GH2

IF(D«GE«DLS!) GO TO 41

IF(DeLEo(CW*DLS)} GO TO 50
W=0e5%(1,+COSFI(PI*(DLS-D))/(DLS*#{1.=CW))))

- ———————————— PRINT STATEMENTS
PRINT 71

PRINT 70sWsDsDLSsDL

CALL PAGE(2)

IF(WelL Teos001) GO TO 45
CALCULATION OF ROUNDED EARTH DIFFRACTION

CONTINUE
D3=DL+<5% (A*A/F ) ¥ THIRD
DL7=DL1 $ DL8=DL2

ASSIGN 25 TO JD

IF {D3.LT+DLS) D3=DLS
Da=D3+(A*A/F ) #*THIRD
T3=TE+D3/A

T4=TE+D4/A

A3=(D3-DL) /T3

A4=(D4~DL) /T4

K3aFND(A3)

K4=FND(A4)

IF (IPOL = 0) GO TO 2
K3=FNE(Kk3)

Ka=FNE(K4 )

CONTINUE

B1=FNC(K1)

B2=FNC(Kk2)

B3=FNC (K3}

B4a=FNC (K4 )
X1=B1*DL7/A1%*TWTRD
X2=B2*DL8/A2**TWTRD
X3=X14+X2+(B3*(D3-DL)/(A3*%TWTRD) ) v
X4=X1+X2+{B4¥ (D4~DL )/ (A4**TWTRD))
FF{K1eGEole) K1=099999
IF({X1eGTo200s) GO TO 17
IFI{K1.LE-00001) GO TO 16
XL1=450./ABSF(ALOG10 (K1) *#3)
IF(X1.GEsXL1) GO TO 16 '
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16

18

20

17

19

25

45

29

28

FX1=20e*ALOGI0(K1)+(2e5%14E~ 5*X1*X1/K1) 154
IF(K2eGEsle) K22499999

IF(X2.GT¢200.) GO TO 19

IF{K2.LEL00001) GO TO 18
XL2=4500/ABSFLALOGLO(K2) *%3)

IF(X2+GE«XL2) GO TO 18
FX2=20e*ALOG10(K2)+(2e5%14E~5%#X2#X2/K2)~15,
GX32,05751%X3~10e*#ALOG10(X3)
GX4=405751%X4~10e*ALOG10(X4)
AC3=GX3~-FX1=FX2~20,

ACH4=GX4—FX1~FX2~20,

GO TO JD#»(25526)
FX1=a05751%X1-(10,%ALOG10(X1))
IF{X1.GTo2000s) GO TO 20 :
Wl=e0134%X1*#EXPF(~,005%X1)
FX1=W1*(40,%ALOGIO(X1)=117e)+(1o~-W1)%FX1

GO TO 2n

T=40.*ALOG10(X1)-117.

Tl=~117,

T2=MIN1F( (ABSF(T))» (ABSFI(T1)))
FX1=T

IF (T2 = ABSFI(T1)}) FX1=T1

GO TO 20

FX2=e05751%#X2-(10*AL0OG10(X2))
IF{X2+GT,420000) GO TO 21
W2=,0134%X2%EXPF (~,005%X2)
FX2=W2%(40,*ALOG10(X2)=117e)+(1e~W2)#FX2
GO TOo 21

T=40,*ALOG10(X2) =117,

T1=~117,

T2=MINIF( (ABSF(T}) s (ABSF(T1)))

FX2=T

IF (T2 = ABSFI(T1)) FX2=T1

GO 10 21

AR3=AC3 ' § AR&4=AC4H

DR4=D4 3 DR3=D3

AMS= (AR4~AR3)/(D4=-D3) $ AES=AR4~AMS%D4

IF(WeGTeo999}) GO TO 43
CALCULATION OF SINGLE KNIFE EDGE WITH GHBAR

CONTINUE

IF(HL1+LE-De) GO TO 43
TH1=ATANF({HST/DL1)~(DL1/TWA))
TH=ASINF{CU*SQRTF(D/ (F%DL1%DL2})))

TH5 == {~TH+TH1} $ ATH5=A*TANF(THS5 )
DLK5=~ATH5+SQRTF(ATH5*ATH5+(HSR*TWA})
DK5=DLK5+DL1

TES5=ATANF( (-HSR/DLKS}=(DLK5/TWA) )
THE=TE1+TE5+(DK&/A)

TM5=SQRTF{ (F¥DL1*pDLK5) /DK5} $ V522,583%SINF(TH5 ) *TM5

CALL FRENEL(V5sFV54PH5)
AVE==20,%ALOG10(FV5}
AMK5=(AV5-AK3)/(DK5~D])
AWK=AK3~{ AMK5#D)

DLST7=SQRTF(HL1*TwWA) $ DLSR7=SQRTF(HL2*THAf

DL7=DLSTY $ DL8=DLSR7 $ DL=DL7+DL8
DLK4=DL

ASSIGN 26 TO JD

Al=(DL7*DLT71/(24%HL1) $ A2=(DLB*DLB)}/(2,%HL2)

K1=FND{A1l)} $ K2=FND(A2)
IF{IPOL«FQe0} GO TO 29
K1=FNE(K1) . % K2=FNE(K2}

TEC1I=ATANF{{~HL1/DL7)=(DL7/TWA))
TEC2=ATANF({{~HL2/DL8)~(DLB/THA))
TE=TEC1+TEC2
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26

36

41

43

50

D3=DL+e5% (A%A/F)##THIRD

Go To 30

B7=1+607~K1

B8=1,607-K2

GH7=GHBAR (F3A1sB7sK1sDLT7sHP1)

ACT=(AC4-AC3)/(D4=D3) $ ARS=AC4~ACT#DLK4
ARK=ARS+ACT*DLK4

TE4=ATANF{( (HLT~HR) /DLK&)~(DLK&/TWA})

DK&=DLK&+DL1

TH=TE1+TE4+(DK4/A)

TM2=SQRTF ( (F*DL1*DLK4) /DK4 ) $ V4z2,583%#SINF(THI#TM2
CALL FRENEL(V4sFVsPH)

AV4G==20.%ALOG10(FV)

AKS=AV4~-GH1~GHT+ARK

AMKD=(AKS~AK3 )/ {DK4=-D) $  AEK=AK3~{AMKD*D)
----------------------- PRINT STATEMENTS -
PRINT 51

PRINT 52.0L7.DL8.TEC1.TEC2.TE4.AC3.oa.Aca.o4.Av4.Gu7.ARK,Axs
CALL PAGE(Z’

AK4= AEK+DK4*AMKD $ WK=1e=W
AK52AWK+DK5%AMKS
IF{WelLTo4001) GO TO 36

COMBINATION OF ROUNDED EARTH AND KNIFE EDGE DIFFRACTION

AT3=({WK*AK3)+(W* (AES+(AMS*D} ) )

ATa4=(WK*AKS )+ (WE(AES+(AMS*¥DK4G ) ) )

ATS= (WKHAKS )+ (WX {AFES+( AMS*DKS) ) )

AMD=(AT4~AT3)/(DK4~D) $  AED=AT3-(AMD*D}
SWP=(AT5-AT3i/(DK5-D) $  AWD=AT3~(SWP%D)
——————————————————————— PRINT STATEMENTS -

PRINT 60

PRINT 63AR3sAR4sDR3,DR4yAK3sAK&sDsDK4 sGHL yGH2 sW 9 AMD s AED » SWP s AWD 5 AK
X59DK5

CALL PAGE(2)

RETURN

AED=AEK &  AMD=AMKD $  SWP=AMKS $ AWD= AWK
——————————————————————— PRINT STATEMENTS=—==mmm==mm—— e
PRINT 57

PRINT 79AK39AK49090K49GH1’GHZ)WOAMD!AED’SWP.AWDQAKSvDK5
CALL PAGE(2}

RETURN

W=1le $ Go To 42

AED=AES $ AMD=AMS $ AWD=AES $  SWP=AMS
— _— PRINT STATEMENTS
PRINT 61

PRINT 53AR3sAR4 sDR3sDR4& sW s AMD» AED

CALL PAGE(2}

- — ——— ——

RETURN

W=0e $ ° GO TO 45
END
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DELTA

Subroutine DELTA is used in the calculation of attenuation for
scatter. Spec1f1ca11y, it is used to obtain values of Aa and AB for
(153) and (154). DELTA is based on CCIR recommendations [7 fig. 18]

SUBROUTINE DELTA(ARGyDSsENS»DAOQ)
C ROUTINE FOR MODEL AUG 73

C ROUTINE TO CALCULATE CORRECTION FACTOR FOR ALPHA AND BETA NOUGHT

DIMENSION TBA(41)sA(4194)Y98l4194)sCl4194)

DIMENSION SNS{4)

DATA(SNS=250¢+301e9350e 94000 )

DATA(TBA=0.O’.0025)0005)00075!001’00125’0015)00175)002)c0225’0025)

Xe02759¢039003259¢035940375+004940425900459004759e059.05259,0554.05
X75v006’.0625’o065’-0675’-07’c0725v-075’-0775o-08»-0825;.085’.0875’

‘ X009’|0925’0095’00975!01)

DATAUL(ALTd) 911981 )9J=194)26239432)0429659146946B5076948339,9241,0
X2910191e16351023916319)0%B91e63916¢591a559165991:6291e68351e791472910
XT49loT691e¢7B11eB9108291eB2916839148391859148595(1487)1910855168591
X083’u62’072’08’092’100’1011’1.291-29’1.39’1045’1053’106'1.7'1-77’1
X0821106991e9692¢092e0592e1920139241552e1795(2418)19241792¢1632,15920
X13926139201292¢115240992e059260392e009169991e979102291e31910491e5)
X165891e6791073910829169924092¢05+261392029262892e33924492043,24592
Xe5232e5716(206)192¢5892¢57920533205192649920469244292439120354924392
X027 9202292¢1792414325191099240924095201692¢22926392639924459245192
Xo61’2.66’2.7292.78v2.82’208992093'2099’300’3105’3007’3(3.09)03007!
X3:059340235209992¢95120992e¢8792¢8232¢79920739266992¢6392e5892,51,2,
X4592e49233292427)

DATALLIBIT o) 9¥=1981)90=194)2=0129-40890004901290259¢49452%¢790829e
X96916089162291632910429165191469147916¢779168391e879149391¢9842,02»
X2u06v2.12,201592019)2.220202592028’2.31’2l33'2036’2.4’2042’2.45020
X4B8920592052920559205899129039¢5966594B82916091¢17514329165141,6791,
x82’1097’2011’2.24)2.3272049’206172u693208’2.87’2|94’3002’3006’3011
X’3-15’3.2’30229302793.31’303393-37,3.4’3'44'3047’3b5’3.53’30560305
XB853e619346293¢6535017505%9e89516189144551675149592418920395245849247
X6520933c0433e1753¢231393¢4193459306933e689367793e68393,919309794,0394,
X0814|13’4u1914-23’4.27)4033’4.36)404,4044’4-47’4-52’4-56’4.6’4.63’
X4.66'4.69’4-73’045’086!102491063’200)2132’2.63’2.993.17’304’3.62’3
x-7193.99’4.1494.28’4.43’4t54’4065'4.74’4.84’4092)5.01’5.07’5.13’5.
X23542635631954369504131504595493565315e573546215¢651566835,7295476
x’5.8’5.84’5.88)

DATACCLC(I ) 9I=1941)9J=124)=2¢6892¢5992¢519204392¢3412¢2692418120
x09,2u01)1093’1084)1076’1069,1u61)1.54’1048’1041|1036)1.26’102'1016
X910109160791e04914015¢9850943¢9190885e8794(aB86)193(1e85)9e8644864487
X9e8B83351353¢01926879247692e672265632445920349202492¢16924059149691
XeB651e7651¢689145851e519164391¢33514319102391419514159121291,08910
x04’10019.97’093"89’08‘}’076)0710064)o61’l57’¢539.51’.47"42’040’40
X1593092’3'729305’303293.1292.91’2.74’2.58’2.41’2.25’2.12’1.97’1083
X9le7591e65910999164591638910289162%49101791¢11916059160969590855489
X;793075).72’.66’.62).58,.53i051).499.47’.43’.41’.4,5.55)5018.4.85.
X4e559%¢394e0793¢8313e68530593¢3593429360892¢9592e68219247292,6292053
X9204T735206492¢31192e¢27126292¢159241192¢07920029209169791e93916991.89
X9168791e8491e8291¢B910779107991¢78910779167621675)
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IF(ARG) 10510911

10 I=1
GO To 12

11 IF{ARG=,1)13514s14

14 I=41 .

GO TO 12

13 DO 15 I=1s4l
IF(ARG=TBA(I))16,12+15

15 CONTINUE

16 RATA=(ARG-TBA(I-1))/(TBA(I)=TBA(I~1))
ASSIGN 20 TO KI

17 IF(ENS-2506)18918919

18 JU=1
GO TO 30

19 IFIENS~400.131932,32

32 J=4
GO To 30

31 DO 33 J=1r4
IF(ENS-SNS{J) 134530533

33 CONTINUE

34 RATN=(ENS-SNS(J-1))/(SNS{J)=SNS(J-1)]
ASSIGN 22 TO MI
GO TO KIs(20921)

12 ASSIGN 21 TO KI
GO To 17

30 ASSIGN 24 TO MI
GO TO KIs{20521)

20 CALA=RATA#(A(IyJ)=A{I=1pJ)14ALI=1,J)

© CALB=RATA*(B(IsJI=B(I=1sJ)}1+B(I=-1sJ}
CALC=RATA®(C{IsJ)=C(I=19J))+CL{I~1J)
GO TO MIs{(22924+23)

21 CALA=A(I:J)

CALB=B(IyJ)
CALC=C(IsJ)
GO TO MI»(22924923)

22 CALHA=CALA
CALHB=CALB
CALHC=CALC
ASSIGN 23 TO MI
J=J~-1
GO TO KIs(20,21)

23 CALA=RATN*(CALHA-CALA)}+CALA
CALB=RATN#® (CALHB-CALB)+CALB
CALC=RATN#*(CALHC-CALC)+CALC

24 DAO=+001%( (01 #DS*(CALBAsOO1#CALC#DS) }~CALA)
IF{DAO)27:+28928

27 DAD=0.0

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 1] from which the data were taken.
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FUNCTION FDASP(S)
ROUTINE FOR MODEL AUG 73

K IS BASED ON RATIO OF S TO, +990
THI'SONAKAGAMA=RICE 'DIST4 " HAS TABLES: FROM NORTON' 55 [REPAGE 1360
E THE NEGATIVE OF’THE’K IRE TABLES AND THEREFORE

alatakalaliNa)

K HAS THE OPPOSITE SIGN OF 101 BUT THE SAME AS THE IRE PAPER .

COMMON/VV/VF(36’17)

AVEF({YNsXNosYNLIsXN1oT)=(YNLI#(T = XN) = YN®(T -~ XN1))/(XN1l = XN)
R==5

DO 1 1=1s17

IF 1))

2 AK=VF(1,s1)
GOLT0’6 HES I i

3 IF(I«EQel) GO TO 2
AK=AVEF(VF( 1410 5VECRTHI=TISVELIST)SVE(2751) oR)

F‘D.T;ETA -

(sec.’ A 4 4) to determ1ne vaTues of Fde for (169) ﬁ It uses. the TALD/
shich {s based of , sec. 11.1],

;SUBROUTINE FDTETA(EIoDloSl»DB)
jROUTINE FOR MODEL AUG 73 .

'SUBROUTINE 'O CALCULATE THE ATTENUATION FUNCTION

\ ENSION TAD(25),TAFD(25v4)
DIMENS.ION: TS(7),ENS(A)oDBS(Z)oDBT(Z)

‘COMMON/DLAT /TALD(20) s TAFLA 457920} . et ' '
FORMAT.(51H,: DTHETA: 1S T00. LARGE FOR. TABLEo USE GRAPH MANUALLY)
DATA(ENS=25003301¢ 9350054004 )

'DATA(Ts-.01,.1,.7,.3,.5..7,1.)

X 9428984551015 551104511154 3,119.6.122.4.124 9.126.8.128 7.13
X31,89161421146482150599154491564891594251614251634191644T964,6573¢
X89794298340988¢439251295015104429109¢55113%3911622+118069120.6»122
Xalpl269512504913645914052+16444516707515005515309155429157414159,)
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10
11

13

33
34

15
21
22

23
24

.32

31
20

E=E1

D=D1

5=51

DO 10 I=1+4
IF(E~ENS(I)111s11s10
CONTINUE
IF(1-1)12+12913

I=2

Jel=1

RTE=(E=-ENS(J)) /(ENS(T)~ENS(J))
IF(D=10e)14914433

DO 16 K=1+25

IF(D~-TAD(K) 17917016

CONTINUE

IF(K~1)18518+19

 K=2

L=K-1

RTD=(D~-TAD(L))/(TAD(K)=TADI(L)})
DB1=(RTD*{TAFD(Ks)~TAFD(L I} ) )4TAFDI(LsI)
DB2=(RTD*(TAFD(KsJ)=TAFD(LsJ} ) )+TAFD(L s J)
DB=(RTE*(DB1~DB2}}+4+DB2

GO TO 20

IF(D-1000.115915+34

PRINT 35

CALL PAGE(1)

DB=0,

GO TO 20

DO 21 K=1920

IF(D=-TALD(K))22+22921

CONTINUE

K=20

IF(K=~1)231923524

K=2

L=K~1 :
RTD=(D=-TALD(L) }/(TALD(K)=~TALD(L)}

"IF(S=501)25+26+26

S5=601

DO 27 M=1+7

IF(S~TS(M) 1284528527

CONTINUE

IF(M~1)29529+30

M=2

N=M~1 4

RTS=(S~TSIN}}/(TS(M)=TS(N})

DO 31 KL=1s2

J=M

DO 32 N=1ls2

DBS(N)=(RTD* (TAFL( I sJsK)=TAFL(TeJsL} ) I+TAFL({IsJsL}
J=J=1 '
CONTINUE

I=1~1

DBT (KL )=(RTS*(DBS(1)-DBS(2)})+DBS(2)
CONTINUE

DB= (RTE#(DBT(1)-DBT(2)))+DBT(2)

RETURN

END
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FRENEL

Subroutine FRENEL is used in knife-edge diffraction calculations
to determine the Tloss factor and phase shift associated with diffracted
waves (see text following egs. 77 and 121). It is based on the Fresnel
integrals [40, sec. III.3].

SUBROUTINE FRENELI(VsFVsPH)
C ROUTINE FOR MODEL AUG 73

C SUBROUTINE TO CALCULATE THE FRESNEL INTEGRAL

DIMENSION A(11)sB(11}sG(11)sDI(1])

COMPLEX PZ9+SZsCZ

DATA (A=~1.702E=6+=6:8085688543-5,76361E~4+6+4920691902+-1«6898657E
X=23-30050485669-7,5752419E~29845066378lE~19~265639041E~2+-1,502309
X60FE-193¢4404779E-2)

DATA(B=6442553875249-9¢281E=5+-7478002043~9¢520895E-3+5¢075161298~
X1638341947E~19~1e3637291243-4.03349276E~-1»7.02222016E-19-2.,1619592
XG9E-191+9547031E~2)

DATA (G=~2e4933975E-2336936E~615¢7T70956E~356e89892E—49~9,497136E-3
X316194B809E-2+-6e748BT3E~332:4642E~492e102967E=39=1621793E-3,2,339
X39E=4)

DATA (D=2e3E=85-94351341E-31243006E-534+851466E~311,903218F-3+~1,7
X122914E~222e9064067E-25-20:7928955E~291e6497308E~2+-54598515E~35843
X8386E-4)

P1=3.141592654 $ TWPI=24%P]

IF{VeEQeOe) GO TO 71

IF{VeGEoe5e} GO TO T4

PT=VkV#*, 256 $ CPSIaTWPI*(PT-INTF(PT))

X=VEVHP (% .5 ’

25 IF(XeGTo4s) GO TO 10
5 PX=COSF(XI)*SQRTF(X/44)

PYa SINF(~X!*#SQRTF(X/44)

SUMX=1,59576914

SUMY=-3,3E-8

XN= 1o

DO 100 I = 1y 11

XN=XN®X/4 o

SUMX=SUMX+A{ T )#®XN

100 SUMY=SUMY+BI()#XN

SZ=CMPLX(SUMXsSUMY)

PZ=CMPLXIPXsPY)

CZ=SZ*PZ :

C=REALI(C2Z) $ S=AIMAG(CZ)

GO T0 30

10 PX=COSF(X)*¥SQRTF{4e/X)

PY=SINF(=X)*SQRTF{44/X)

XN=1|

SUMX=0,

SUMY=4199471140

DO 200 T = 1y 11

XN=XNEGL o/ X ,

SUMX=SUMX+G(1)%XN

200 SUMY=SUMY+D(I)%XN '
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SZ=CMPLX (SUMX s SUMY )
PZ=CMPLX(PXsPY)

C2Z=SZ2#P2

C=REAL (CZ) $ S=AIMAGICZ)
C=C+e5 $  $=5-45

130 S=ABSF(S)

" IF(VeLTe0s) GO TO 70
FV=e5#SQRTFI{1e~{C+S) ) #u24(C~S)1¥u2)
Y=C~S $ W=le={C+$S)

75 PH=ATANZ(YsW)

© . PH=PH-CPS!

. AP=ABSF(PH) =~ $&  APX=AP-TWPI®INTF(AP/TWPI)
IF{PHeLTs0e) GO TO 37

L

PH=APX
39 IF(PHolLTeOe) PHSTWPI+PH
RETURN
37 PH=-APX 8§ GO TO 39 .
71 FV=e5 $ PH=0, $ GO Tn 39

74 FV=.22508/V § PH=,78539816 $ GO TO 39
70 FV=oS5%#SQRTF((1e+{C+S) ) %%24(C~S)#u2]

Ye~(C=~S) $ Wzle+(C+S) $ GO TO 7%

END

GAIN

Function GAIN determines the relative facility antenna voltage
gain associated with a particular facility antenna at a specific eleva-
tion angle.. It is used to obtain the g'of (67) and the 9p of (81).
Gain values may be calculated directly or obtained by interpolating
between values taken from figure 2.

FUNCTION GAINI(X)

C ROUTINE FOR MODEL AUG 73

COMMON/GAT/IFA

DIMENSION RA{241»RB(24}

DIMENSTON DA(B)sDG(8)
DATA(RA=-90e¢3=7669—-6069-54e9-51659~4869-3609-3309-3009~2409~-1809~1
X209~969-609~20510093098¢91209240136095769844990,)

DATA(RB=—29- 9—22. ’-26.5 ’—2704,"21079"200 9'5.59‘402 l-305 0—4.59-7.3’
X=11689=10e9=3e55~109be96659TebsTas~1e849~1659~9659-44,5~-13,0)

DATA (DA=~6¢90032e595e9T76597¢51914499915.0)

DATA (DG=~8e¢9-6¢1-3¢9063~3409~2069-20¢01»~30,)

' FNA(FXsFAsFBsFCFD)={(FX~FBI*(FC~FD) /(FA~FB) ) +FD
AsX
GO TO (10+20930940950960+70980)s1FA

L GAIN FOR ISOTROPIC ANTENNA —=====m—m==x
10 GAIN =1« $  RETURN

€ e GAIN FOR DME ANTENNA
20 D=A%57429577951 ,
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21

22
23

30

31

32
33

40

50

60

' 80

DO 21 I=1+8
IF(D-DA(I))23+22921

CONTINUE

I=8

GAIN=10,**(DG(1)%,05) $ RETURN
IF(1.EQe1) GO TO 22

L=l-1

GD=FNA(DsDA(T}sDA(L)sDG(I)sDG(L))
GAIN=10,%*(GD¥*,05) $ RETURN

————————— GAIN FOR RTA-2 ANTENNA

D=A¥57,29577951

DO 31 I=1s24
IF{D-RA(1))33+32,31

CONTINUE

1=24 .
GAIN=10.%*((RB(I)=7.4)%,05) §
IF(1.EQs1) GO TO 32

L=1-1

RETURN

RD=FNA(DsRA(T)»RA(L)RB(I)sRBI(L))

GAIN=10+%%( (RD~T764)%.05) %

————————— GAIN FOR VOR ANTENNA
GAIN=1400%#COSF(A)
IF(GAIN.LT+¢12589) GAIN=2.12589
RETURN

--------------- GAIN FOR ILS LOCALIZER

GAIN=1.00*COSF (A)
IF(GAINGLT.212589) GAIN=412589
RETURN

--------------- GAIN FOR GLIDE SLOPE

GAIN=1+00#COSF(A)
IF(GAINeLT+212589) GAIN=.12589
RETURN

RETURN
(COSINE PATTERN)

————————————————— JTAC 20 DEG BEAM TILT 20 DEG H HPBW ~====e
70 D=A%57.29577951

TLT=20. $& HPBW=20,
TERM=ABSF(D~TLT)

GAIN=(1o+((TERM/HPBW)##2,5) ) #%(~0,5)

RETURN

------------- JTAC 8 DEG BEAM TILT

D=A%#57429577951
TLT=8,
HPBW=1.959545258
TERM=ABSF(D-TLT)

GAIN=(1o+( (TERM/HPBWI##%2,5) ) %##(~0,5)

RETURN
END
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GHBAR

Funcfion GHBAR 1is used in calculations for the diffraction region
(sec. A.4.3) to determine values of GKE1,2 and GeFW,Z for (119) and (122).
These are special values for Gpﬁﬂ 2.wh1'ch 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 (F,A,ByAK sDHORHE!}
c ROUTINE FOR MODEL AUG 73
* 6 FORMAT{5X %K GREATER THAN 1 GHBAR NOT CORRECT#)

7 FORMAT(5Xs*HBAR IS GREATER THAN 100%)
WG=2, $ P1G=3,141592654
HB=262325%B*BX* (F*F/A)%%#¢33333333%( ,001#HE)
IF(AK2GTool) PRINT 6
IF{HB.GE+2+5) GO TO 10
IF{AKGToso05) GO TO 11
IF{HBeLTee3) GO TO 12
GHBAR=-6¢5-1067*HB+6e8*ALOG10 (HB)

13 IF(AKeLEso01) GO TO 2
GHB=GHBAR

11 IF{HB.LTes25) GO TO 14
GHT==5e9~1¢9%HB+6,6*ALOG10(HB)

15 IF{AK+GT«0+05) GO TO 16
GHBAR=GHT—~{GHT~GHB !} *# ({( 405=-AK) /4 04)

2 CONTINUF

FRE=300+*SQRTF( +2997925%DHOR/F)
IF(HE.LE.FRE} GO TO 3
IF(HE.GE: (WG*FRE)) GO TO 4
GW=o5%(1e+COSF(PIG* (HE~-FRE)/FRE))

GHBAR=GHBAR*GW $ GO TO 3
4 GHBAR=0.
3 IF(HBsGTe100«} PRINT 7
RETURN
10 GHBAR=-606~¢013#HB~2,%ALOG10(HB)
GO TO 2
12 GHBAR=1e2~-13e5%HB+15¢%AL0OG10(HB) $ GO TO 13
14 GHT=-=13¢9+24¢1*HB+3.1*#ALOG10(HB) $ GO TO 15
16 GHB=GHT

IF(HB«LTe0Osl) GO TO 17
GHT=~467~2¢5%HB+T7,6*ALOG10(HB)

18 GHBAR=GHT~(GHT~GHB)*{(o¢1~AK)/ 405!} $ GO TO 2
17 GHT==13, $ 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 Hy for (169).

It uses the TAV/TAHI

table which is based on data from CCIR recommendations [7, sec. 11.4],

and is tabulated in this section under TABLES.

SUBROUTINE HCHNOT(ETASsS»VTsVRsHO!

ROUTINE FOR MODEL AUG 73

Function TERP is also used.

SUBROUTINE TO CALCULATE THE FREQUENCY GAIN FUNCTION

DIMENSION TAR(114)sTAHO(114)

DIMENSION TETA(T)

COMMON/VAT/TAVI1T75) s TAH1(T79175)

DATA(TETA=1492095491064920495049100,!
DATA(TAR=001!0012,.01490016’ 0018’.02)0022’.024).026’.028).03’.032’
Xe0365.0%494¢0453940550605535e0690065910079¢0759¢0B5ea08594095¢09500419011

Xel29el334l85e1510163e17301856199023962224241026902836309e3234344436
X903B3043¢4595059¢559¢69¢6596750753e83e85969509591e091l0l31el291a3s104
X)]..S!l06’1.791u891.9,2.09201’2.2’2.3)2-4’2.5’2.6!2.7’2.8’209’300‘3
X6293063306930830440944214e8340694e89540956235,63600364597e0397,598,0
X938465939603%96591040912,0914,0316¢0918¢032060525¢0930033540940,0450¢
X0960e¢097060580e0270.099940)

DATA(TAHO=64¢3962003560¢0958¢43557e¢0155 7.54 3153421520295102950e394
X9 eT148e09460854502944e0942e854148340e894040939¢0938629374593668936
Xe29354793445933459320733168931¢01306292%¢69286992842927e8926469250
XT712468923¢892301922¢59216892162920679200291849517499176¢035164091543
X916e891440913442+12¢92912449116934511.5591047591060399¢4298,955844»
XB8e097e6970216e8596061602B164015¢7595e6595e27156029408134e62344461940
X33601553,7353055342893619206939267592e69204592035124292e09148211465
X91¢45916329162351015140309290821e69¢4796381039024902901T190133,15407

X9o0bssDN29e0192(0e0))

11
13

12
10

15
14

50
51
54

53
56

59

J=0
IF{VT«406)10911511
IF({VR-404112513,13
H0=Oo

RE TURN

J=2

GO TO 14

J=1
IF(VR=-40+)15514914
J=J+2

Q=VR/VT
IF(S-,1)150450451
ALGS=-1.

GO TO 52
ALGS=ALOG10(S)
IF{Q~10e)5395454
ALGQ=1,

Go TO 55
IF(Q-e1156956159
ALGQ==1.

Go TO 55
ALGQ=AL0OG10(Q)
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55
17

19

39
57

49
58
41
42
28

43

45
46

44

47

48
60

61
62

63
21
20
31
32
38

64
65

IF(ETAS=14117+18519
DEHO=3.6%ALGS*ALGQ

ASSIGN 35 TO M

QS=Q*S
IF(QS~e999995)24+16980
IF(QS-1,000005)16416%24
J=J+1

GO TO (419429643044 5J
ASSIGN 30 TO M
DEHO=3 o 63#ALGS*ALGQ

KL=1

ASSIGN 33 TO K

GO TO (21922923923),J
DEHO=6+%( +6~ALOGI0(ETAS) ) ¥ALGS*ALGQ
ASSIGN 34 TO K

ASSIGN 30 TO M

DO 39 KL=1s7
IF(ETAS-TETA(KL) 5855739
CONTINUE

KN=KL

RATN=1 °

GO TO (21922+23923)J
KN=KL~1
RATN=(ETAS-TETA(KN) ) /(TETA(KL)~TETAIKN))
GO TO 49
R1=VT#(1e4+(1s/5))

GO TO 28

R1=VR#(1++S)
TTT=e5*%¥R]1%R1*(1e~TERP(R1))
HOO==10+#%ALOG1O0(TTT)

GO TO 36
R1=VT#(14+(1e/S))
R2=VR%(1,+S)
UP=2,#(]1e~S%S%Q%Q)
BAS=R2*R2¥ { TERP (R1)-TERP(R2))
TTT=UP/BAS
IF{TTT)459454946

HOO=0Do

GO TO 36
HOO=10%ALOGIO(TTT)

GO TO 36
R1=VT#({144+(1e/S5))

R2=R1
IF(R1-0010)47947+48
HOO=6443

GO TO 36
IF(R1-90¢)60945+45

DO 61 I=19114
IF(R1-TAR(T))63+62+61
CONTINUE

HOO=TAHO( 1)

GO TO 36

Ll=1~-1

HOO={ {{R1~TAR(LI))/(TAR{I)=TARILI}))¥{TAHO(T)~TAHO(LI)))+TAHO(LT)

GO TO 36

ASSIGN 25 TO L

V=VvT
IF{V-s018132+32438
HV=70.

GO TO L(25+26927429)
DO 64 I=1+175
IF(V=-TAV(I))64+65966
CONTINUE

KM= 1]

RAT=1, v
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66

22

23
33

34

25

26

27

29
37

67
69
70
71
68

30
35

T2
73

GO TO Ks(33+34)
KM=1-1

RAT= (V-TAVII))/Z(TAVIKM)I=TAVI(I))

GO TO Ksi33934)
ASSIGM 26 TO, L
V=VR

GO TO 31

ASSIGN 27 TO L
GO TO 20

HV=(RAT*{TAH1{1sKM)=TAHLI(1s1)))4TAHL(1s1)

GO TO Ls(25926927929)

HV1=(RAT®# (TAH1 (KLoKM)=TAHI (KL 1)) ) +TAHI(KL,1)
HV2=(RAT#*(TAHL (KNsKM)=TAHL1 (KNsT) ) ) 4TAHY(KN,I)
HV={RATN#* (HV1~HV2) ) +HV 2

GO TO Ls125926327+29)
HOT =HV

HOR=0.,

GO TO 37

HOR=HV

HOT”O.

GO TO 37

HOT=HV

ASSIGN 29 TO L
V=VR

GO TO 31

HOR=HV
AHO=(HOT+HOR}/2,
IF(AHO-DEHO)67+68+68
HO1=HOT+HOR
IF(HO1) 7071971
HO1=0,

GO TO Ms(30135)
HO1=AHO+DEHO

GO TO 69

HO=HO1"

GO TQO 73

HO=HOO+(ETAS* (HO1-HO0) )

IF(HO) 72,7373
HO=0s, ’
RETURM

END

Subroutine LINE is used in plotting different types of lines.

LINE

SUBROUTINE LINE(KLsA»BsJsSKX9SKY)

ROUTINE FOR MODEL AUG 73

ROUTINE WILL PLOT THE FOLLOWING LINES ACCORDING TO CODE KL

KL=2-SHOR% DASHED LINE KL=3X X X X X
KL=5~+ + + + +

KL=1-CONTINUOUS LINE
KL=4~DASH-DX XLINE

KL=6~LONG-DASH-SHORT~DASH LINE

KL=8~LIGHT LINE

KL=7-LONG-DASH-X X LINE

KL=9-DOTTED LINE

’
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18

64
65

63

10

39

11

52

13

15

DIMENSION A{1000)sB8(1000)
DIMENSION C(2000},D(2000)
DIMENSION X{10)»Y(10),IDH(2]
DATA (IDH=3H+0X»3H+0+)}
IF(KL«EQe1} GO TO 11

IF (KLeEQe8) GO TO 52
IF(KL.eENe2e0ReKLeEQo4sOReKLEQes}) GO TO 30
IF(KLeEQe9!) GO TO 30

SCX=SKX $ SCY=aSKY

——— KL=8 FOR LIGHT LINE

IN=J-1

I=0

DO 63 K=1sJN
I=1+1
Clly=A(K)
D(I)=B(K)

CX=AlK)}/S5CX
DX=AlKk+1)/5CX
CY=B(K)/SCY
DY=B(yr+1) /5CY
XT=DX-CX $ YT=DY=-CY
CL=SQRTFU(XT*XT)I4+(YT#YT))

L=XINTF(CL)

SM=XT/CL

SSM=YT/CL

IF{L.LE<O) GO TO 65

DO 64 Jk=1lsL

AX=CX+5M

AY=CY+5SM

I=1+41

ClI)=AX%SCX

D(I)=AY®SCY

CX=AX

CY=AY

CONTINUE

I=1+1

Clly=AlK+1)

DIIN=R(K+1}

CONTINUE

GO TO (1051291351415916317»18939) KL
——————————————————— KL=1 FOR CONTINUOUS LINE=
CALL CRTPLT(0s0+05058)

CALL CRTPLT(CsDsls0s1)

RETURN

KL=9 FOR DOTTED LINE

CALL CRTPLT{(05050+0,8)

CALL CRTPLT(CsDsIs1417)
RE TURN
CALL CRTPLT{090+0+0+8)
CALL CRTPLTI(AsBsJs]11)
RETURN
CALL CRTPLT{(05s0+0+058}
CALL CRTPLT(AsBsJs0»1)
RETURN

——————————————————— KL=3 FOR X X X X X LINE
ILA=4

ILH=IDH(1)

CALL CRTPLT{Oes0sILHsILASS)

CALL CRTPLT{CsDs15051}

RETURN

——————————————————— KL=5 FOR + + + + + LINE =~
ILA=0

ILH=IDH(2)

CALL CRTPLT(Oes0sILHsILAYS)}
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12

20

21

19

14

22

23

25

16
26

CALL CRTPLT(CsDs15051)
RE TURN

- - --KL=2 FOR SHORT DASHED LINE

IF(1.LTo3) GO TO 10
N=1

L=N+1 SKN=N+2
X(1)=C(N) $Y(1)=D(N)}
X(2)y=CclL) sY(2)=D(L)
IF(L«EQsI}) GO TO 19
X(3)=C(KN) SY(3)=D(KN)
KA=KN+1

IF(KA.EQel) GO TO 23
CALL CRTPLT(0505050,8)
CALL CRTPLT(XsY935041)
N=N+3

IF (NeGEo 1Y RETURN

Go To 20

CALL CRTPLT(090+050+8)
CALL CRTPLTI(XsY925051)
RETURN

------------------ KL=4 DASH X DASH LINE

IF(IeLTs3) GO TO 10
N=1

L=N+1 BKN=N+2
X(1)=C(N) sY(1)=D(N)
X(2)=C{L}) $Y(2)=D(L)
IF(LeEQesl) GO TO 19
X(3)=CIKN) $Y(3)=D(KN)
KA=KN+1

KB=N+5

CALL CRTPLT(0+0+03098)
CALL CRTPLT(X9Y$35051)
IF(KNeEQaI) RETURN
X(1)1=C{KA) SY(1)=D(KA)
IF(KBeEQeI} GO TO 31
ILH=IDH(1)

ILA=4

CALL CRTPLT(0os0sILHIILASS)

CALL CRTPLT (XsYs1s091)
N=N+4

IF(NeGEsI}? RETURN

Go To 22

X{4)=CI{KA) $Y(4)=D(KA)
CALL CRTPLT(090504+0,8)
CALL CRTPLT(XoYst9051)
RETURN

X{5})=C(KB} $Y(5)=D(KB)
CALL CRTPLT(0+050+0+8)
CALL CRTPLT(X»Y9540s1)
RE TURN

——————————————————— KL=6 FOR LONG DASH SHORT DASH LINE===——-=

IF(IeLTea) GO TO 10
N=1

L=N+1 $KN=N+2 $KA=N+3 3$KBeN+4
KC=N+5 $ KD=N+6 $ KE=N+7

X(11=CI(N) $Y(1)=D(N)
X{(2)=C(L) $Y(2)=D(L)
IF(L.EQeI) GO TO 19
X{3)=C(KN} $Y(3)=D(KN)
IF{KNeEQoI) GO TO 21
TF(KAsEQeI) GO TO 23
X(4)=C(KA) $Y(4)=DI(KA)
1F{KB«EQeI} GO TO 25
X(5)=C(kB! $Y{5)=D(kB)
TF(KCeEQoI) GO TO 27




X{6)=ClKkC) $Y(6)=D(KC)
X(7)=ClkD) $Y(T7)=D(KD)
IF(KEsEQsI) GO TO 29

CALL CRTPLT(030+05048)
CALL CRTPLT{(X»Y»7+051)

N=N+7
IF(NeGE+1) RETURN
Go To 26
L mm————————e KL=7 FOR LONG DASH X X LINE =—==—==mma=x
17 IF(1.LT+3) GO To 10
N=1

28 L=N+1 SKN=N+2 SKA=N+3
X{1)=CI{N) $Y(1)=D(N)
X{2)=C(L) s$Y(2)=D(L)
IF{L.EGeI) GO TO 19
X{3)=C(KN) $Y{3)=aD(KN)
IF{KNsEQoI) GO TO 21
IF(KA.EQ.!) GO TO 213
CALL CRTPLT{(090505058)
CALL CRTPLT(XsY$3,0+1)
X{1)1=C{KA)SY(1)=D(KA)
ILA=4
ILH=IDH(1)

CALL CRTPLT(0es0sILHsILA»S)
CALL CRTPLT(CsDel,051)
N=N+4

IF(NeGEs!) RETURN

GO TO 28

27 X{(6)=CI{KC) $Y(6)=DI(KC}
CALL CRTPLT{(D90s0D90D48)
CALL CRTPLT{(X9»Ys69051)
RETURN

29 X{(8)=C(KE) sY(8)=p(KE)
CALL CRTPLT(0+0+0404+8)
CALL CRTPLT(XsY»89041)
RETURN

30 SCX=S5KX#e5
SCY=SKY#,5
GO TO 18

31 X{2)=C{KB) $ Y(2)=D(KB) $ GO TO 19
END

PAGE

[

Subroutine PAGE is used to structyre printing associated with
Program runs such that each page contains no more than

52 lines and
is numbered and dated. ‘

SUBROUTINE PAGE(N)
c ROUTINE FOR MODEL AUG 73
4 FORMAT(1H1)
6 FORMAT (# PAGE*s1492(2X»A8))
COMMON/EGAP/IP LNy IDTs IXT
IF{N)10511912
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10 1pP=0
11 IP=IP+1
LN=1
PRINT 69IPsIDT»IXT
13 RETURN
12 LN=LN+N
IF(LN.LT¢53113,14
14 PRINT &4
GO TO 11°
-END

PLTDU

Subroutine PLTDU is used only 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#s12s% IS OVER 100 POINTS#*)
23 FORMAT([3s5X)
27 FORMAT(I2s6X}
29 FORMAT(F3e135X}
30 FORMAT(I1»7X)
32 FORMAT (4X»14)
36 FORMAT(F4.094X)
41 FORMAT(4XsFGael)
42 FORMAT(4XsFba2)
43 FORMAT (3X9F543)
46 FORMAT(I496X)
DIMENSION IT{5)sAN{(4)sBT(5)
DIMENSION TL{3) sTH{4)sTAL2)»TBI21,TC(2)sTD(2)sTE(4)
DIMENSTION AX{2)sAY(2)sG(2)sHI2)sLM(6}aX{(2)sY(2)
DIMENSIGN S{(2)sT(2)
DIMENSION A{200)sB(200}
COMMON/PLTD/LUDSLLsNUIB}sNS(8)»SX{2)sSY(2)sTT(5)sXCsYCsBX{200+8)B
XY{200+8)sLYDsAAT TG :
COMMON/EGAP/IP4LNyIDTs IXT
DATA (NS=1999992345,7)
DATA (AN=28HS|9TATION SEPARATION IM N MI)
DATA (BT=35H .D7U {9SIGNAL RATIO IN Di{18B }
DATA (IT=1H »24H M-E JOHNSON EXT 35B87s1H )
DATA (TL=17HR{QUN J1CI90DE{1:} - .
DATA (TE=32HDV9ESIRED DISTANCEI: . 9N MI)
DATA (TH=25HA}9LTITUDE {1: \9FT) :
DATA (TA=16HF|{9REE SPACE )
DATA (TB=16H({9UPPERV1) 5%}
DATA (TC=16H(}9MIDDLE {1) 50%)
DATA (TD=16H({9LOWER{1) 95%)

T DRAWING PERIMETER - -
SCX=(SX(11~5SX(2))/10, '
SCY=(SY(1)=5Y(2))/10,

G(1)=55X{]1)+{0e3#5CX)
G(2)=5X(2)=(1,0%5CX)
H{1)=SY(1)+{4.8%SCY) ,
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20
34

21

.39

46

22

33
16
17
18

19
41

35

H{2)=8Y(21~{1,2#5CY)
SHX=(G(1}-G(2))/100,
SHY=(H(1)-H(2)) /7100,
PY=e34#SCY

AX(1}=SX(2) SAX(2)=5SX(1)
LD1=0

LD2=0
NX;((SX(I)-SX(Z))/XC)
NYz((SY(1)=SY(2))/YC}+1e

CALL CRTPLT(GsHs5+1T»2)

CALL CRTPLT(AX9sAYsO0s1914

—————— e DRAWI
LX=NX+1

LY=NY+1

Y(1)=SY(1) & Y(2)=SY(2)
DO 20 I=1sNX
X(1)=X(1)+XC $X(2)=%X(1)
IF(X(1),GEoSX(1)) GO TO
CALL CRTPLT{(05050+058)
CALL CRTPLT(XsY$2+051)
CONTINUE

X(1)=SX(2) § X(2)=5X(1)
Y(2)=Y(])

DO 21 I=1sNY
IF(Y(1)6LELSY(2)) GO TO
CALL CRTPLT(05s0:05058)
CALL CRTPLT(X9sY»25051)
Y{1)=Y(1)~YC $Y(2)=Y(1)
CONTINUE

------------------- LABEL

SAY(1)=SY(2) SAY(2)m H(1)=(3,#SCY)

4
)

NG GRID~-

$ X(1)=5x(2)

33

$ Y(1l)=SY(1)

38

ING GRID——-~=~ ——————————————— —

GY=SY(1) $ GX=SX(2}=(,95%5CX)

AS=5Y{2)

DO 22 I=1»LY
IF(LYD«GT«0) GO TO 16
KL=GY $ IF(LUDsLT.0}
ENCODE(8s32sAL) KL
LM(1)=1 $LM(2)=1 $LMI(3)=
CALL CRTPLTI{GX»GYsLMsALY
GY=GY~YC

IF(GYeLToAS) GY=SY(2)
CONTINUE

EX=5X(2) § GY=SY(2)~(e2#
DO 24 I=15LX
IF({XColToels) GO TO 25
IX=EX

IF(EXe.LTs0.) GO TO 35

IF (EXeLTel10e) GO TO 26
IFIEXeGTe99+) GO TO 41
ENCODE(8+s279AL) IX
GX=EX=(,075%5CX)

GO To 28

LX=1+1 $ GO TO 34
Ly=1 $ GO TO 39
YA=GY $ IF(LUDoLTe

IFILYD-2117218519
ENCODE (8541 9AL)YA $
ENCODE(8s429AL) YA $
ENCODE(8s439AL)YA $
IF(EXeGT+999s) GO TO 31
ENCODE{8s23sAL) IX
GX=EX-{o,15%5CX)

GO TO 28
ENCODE(85369AL) EX

KL=XABSF (KL}

0 SLM(4)=0 SLM(5)=0 SLM(6)=]

10)

scy)

0) YA=ABSF(YA)
GO TO 44

GO TO 44
GO TO 44
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31
37

25

26

28

24

GO TO 37

ENCODE(8s469AL) 1X
GX=EX~(,225%5CX)

Go To 28

ENCODE(8:295AL) EX

GX=EX=(,15%SCX)

GO TO 28

ENCODE(8:30sAL ) IX

GX=EX

LM(1)=1 $LM(2)=1 $LM(3)=0 SLM(4)=0
CALL CRTPLT{GXsGYeLMsALs10}
EX=EX+XC

IF(EXeGToSX(1)} EX=SX(1)

CONTINUE

YL={ 0,7#SCY)+5Y(2)
XL=SX(2)~(B5%5CX)

LM(1)=5 $LM(2)=1 $LM(3)=]1 SLM(4)eQ
CALL CRTPLT(XLsYLsLMsBT 10!
LM{1)=4 $LM{2}=1 $LM(31=0 SLM(4)=0
YL=SY(2)~(60%5CY}

XL=SX(234( 360%SCX)

CALL CRTPLT(XLsYLsLMpANs10!

XL=SX{21+(o4%5CX)
YL=H{1)~(3,40%5CY)

LM(1)=5 SLM(2)=] SLM(3)=0 3LM{4)=0
CALL CRTPLT{XLsYLsLMsTTs10)
YL=HI{1)-(3,90#5CY}

LM(1)=4 $LM{(2)=1 $LM(3)=0 SLM(4)=0
CALL CRTPLT(XLsYLsLMsTEs10}
XL=SX(2)4+{34%5CX)

LM{1)=1 $LM(2)=1 SLM(3)=0 $LM(4)=0

CALL CRTPLTIXLsYLsLMsTGs10)
XL=SX(2} 4l a%SCX)
YL=H(1)=(4,40%5CY)

LM{1)=6 sLM(2)=1 $LM{3)=0 $LM(4)=0
CALL CRTPLTI(XLoYLsLMsTHs10!
XL=SX(2)4(2,05%#5CX)}

LM{1)=1 SLM(2)=1 $LM(3)=0 $LM(4)=p
CALL CRTPLT(XLsYLoLMsAATs10}
XL=SX(2)+(6650%5CX)
YL=H(1)=(2.60%5CY)

LM(1)=3 $LM(2)=1 $LM(3)=0 SLM(4)=0
CALL CRTPLT(XLsYLsLMsTL »10)
XL=SX{2)1447.,70%#5CX)

LM(1)=1 $LMI{2)=1 SLM(3)=0 $LM(&)=0
CALL CRTPLTI{XLsYLsLMsIDT»10)
XL=5X(2)4({8,90#5CX)

LM(1)=1 sLM(2)=1 $LM(3)=0 SLM(4)=0
CALL CRTPLT(XLsYLsLMsIXT#10)
YL=H{1)=(3:40%5CY)

XL=SX{2)+1 Ba3%SCX)
S{11=SX{2)4{T7,3%5CX)
S(2)=5Xi2)+(8.1%#SCX)

TL1)=T(2)=YL ‘

CALL LINE{(9sSsT923SHX s SHY)

LM{1}=2 SLM{2)=1 $LM(3)=0 $LM(4)=0
CALL CRTPLT{XLoYLsLMsTAs10)
YL=H(1)~(3,77#5CY}

T(1)eTi2)=YL

CALL LINE(12S5sT22sSHXsSHY)

LM(1)=2 $LMI2)=) SLM(3)=0 $LM(&4)=0
CALL CRTPLT{XLoYLsLM+TBsl0)
YL=H(1)={4,14%5CY)

2

161

SLM(5)1a0 $LMI6) =1
SLM(5) =0 $LM(6)=2
SLMIS)=0 SLM(6)=2
$LM(5) a0 SLM(6)=2
SLM(5)=0 SLM(6)=2
SLMI(5) =0 SLM(6)=2
SLM(5)=0 SLM(6]1=2
SLM(5)=0 SLM(§)=2
SLM(5)=0 SLM(6)=1
SLM(5)=0 SLM(6)=1
SLMI5)=0 $LMI(6)=]
SLM(5)=0 SLM(6)=1
SLM(5)=0 SLM{6)=]



Flit=T{2i=YL

CALL LINE{1s5+sT62¢SHXeSHY

LM{1)=2 SLM(2)=1 SLM(3)=0 SLM{4i=0 SLM{5I=0 SLM(6)=1
CALL CRTPLTIXLsYL LMsTCs10}

YL=H{1)~{4,51%5CY)

TL11=T{2)=YL

CALL LINE(195sTs29SHXsSHY!

LM(3)=2 SLM(2)=]1 SLM(31=0 SLM(4)=0 SLM(5}=0 S$LM{6)I=]
CALL CRTPLT(XLoYLsLMsTD210)

DO 12 K=1sLL
N1=NU(K) $  LS=NS{K}
Je0
DO 10 f=1sN1
IF{BYIIsK}oGToSY{1}oOReBX(IeK}olTo3X(21} GO 7O 10
IFIBY{I K)ol ToSY{2)10ORBX{IsK)oaGToSXE1}) GO TO 10
J=J+l
IF(JeGT.200} GO TO 13
A(JI=BX{TsK!} $ BlJI=BY(IsK)

10 CONTINUE

11 CALL LINE(LSsAoBsJeSHXsSHY)

12 CONTINUE
RETURN

13 PRINT 14,LL $  cALL PAGE(1) $ J=200, $ 60 TO 11
END

PLTGRPH

Subroutine PLTGRPH is used only in the power density program to
construct graphs. It is similar to PLTDU.

SUBROUTINE PLTGRPH

C PLOT SUBROUTINE FGR POWAV
¢ ROUTINE FOR MODEL AUG 73 *

14 FORMAT (% CAPACITY OF LINE#,I2+% IS5 OVER 100 POINTS¥*)
23 FORMAT(1355X) . . :
27 FORMAT (126X}
29 FORMAT(F3e195X)
20 FORMAT(11s7X]}
32 FORMAT (4Xs14)
36 FORMAT(F&o0s4X)
41 FORMAT{4XsFb4el)
42 FORMAT{4XsF4e2)
43 FORMAT(3XsF5e3)
46 FORMAT(14saX)
DIMENSTON TLI3)sTH{&) o TA{2)oTBI2),TCI2)sTD{2) 9 TE(3)
DIMENSTON AX(2)}sAY(2)5G(2)oH{2) sLMIB) sX{2)sY{(2)
DIMENSION S$(2157(2)
DIMENSION A(200)5B(200)
DIMENSION IT(5):AN(3)sBT(5)
COMMON/PLTD/LUDsLLsNU(B) sNSE8)sSX(2):8Y(2)sTT(6)sXCsYCsBX{20058)58
XY {2008} LYDsAAT TG
COMMON/EGAP/IPsLNs IDT» IXT
DATA (IT=1H +24H M E JOHISON EXT 3587s1H )
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34

21

39

44

22

DATA (AN=24H DIGISTANCE IN N MI )

DATA (BT=40H P J90WER DENSITY IN D{1B-~W/195Q )
DATA (N5=1999953955T) .
DATA {TL=17HRIGUN }1C190DEI1)

DATA(TE=24H VOWI TH Dy1Bw EIRP )
DATA (TH=25HAL9LTITUDE}] : V9FT)
DATA (TA=16HF{9REE SPACE )

DATA (TB=16H{IQUPPER}T) 5%)
DATA (TC=16H{ I9MIDDLE }1) 50%)
DATA (TD=16H(ISLOWERL) 95%)

——————————————————— DRAWING PERIMETER
SCX=(5X{1)=5X(2))/10s
SCY=(SY(1)-~-5Y(2)) /10,
G{1)1=5X(1)+{0.3%5CX)
G(2)=5X(21-(1,0%5CX}
H(1)=5Y(1}+(4s8%5CY) -
H{21=5Y(2)=(12%5CY)

SHX=(G(1)~G(2)1/100.

SHY=(H(1}=-H(2})/100.

PY=63%#5CY

AX(1)=5X(2) SAX(2)=SX(1) $AY(1)=5Y(2) BAY(2)= HI1)=(3,%SCY}
LD1=0

LDZ2=0

NX={{SX(1)=SX(2)}/XC)

NY={{SY{171-SY(2))/YCl+letr

CALL CRTPLTI(GosHsS591Ts2)

CALL CRTPLT(AX»AYs0s1514)

——————————————————— DRAWING GRID
LX=NX+1

LY=NY+1

Y{1)=5Y{1) $ Y{2)=8Y(2) $ X(1)=5X(2}
DO 20 T=1sNX

X{13=xX{1Y+XC $X(2)=%X(1)
IF{X(1)4GFSX(1)) GO TO 33

CALL CRTPLT{0s050:s058)

CALL CRTPLTI{X+Y92:051)

CONTINUE
X{1)=S5X{2) $ X{2)=8X{1) % Y(1)=8Y(1}
Yi21=Y{11}

BO 21 I=1,NY
IF(YI1).LESY(2}) GO TO 38
CALL CRTPLT{050500098)
CALL CRTPLT(XeY9250451)
Yi1)=Y(1}-YC $Y{(2)=Y(1)
CONT INUE

——————————————————— LABEL ING GRID~
GY=5Y(1) $§ GX=SX(2)=(,95%5CX)
AS5=SY(2)

DO 22 1l=1sLY

IF(LYD«GT<0!) GO TO 16

KL=GY $ IF(LUDsLTo0) KL=XABSFIKL)
ENCODE(84+329AL) KL

LM{1)=1 $LM(2)=1 SLM(3)=0 SLMI&)=0 SLMIS)=0 $LM(6)=1
CALL CRTPLTIGXsGYsLM:ALs10}

GYaGYa¥ o

IFIGYsLToAS) GY=SY(2)

CONTINUE

EX=SX(2} $ GY=5Y{2)=(a2¥5CY]}

DO 24 I=1,LX

IF{XCsLTole! GO TO 25

IX=EX

IF{EXaLTe0s) GO TO 35 .
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35

31
37
25

26

24

IF (EXsLTa10e) GO TO 28
IF(EXeGTo990) GO TO 41
ENCODE(Bs27sAL} IX
GX=FX={,075%SCX)

Go TO 28

LX=1+1 $ GO TO 34

Ly=1 $ GO TO 39

YA=GY % IF(LUDsLTeO) YA=ABSF{YA}

IFILYD=2117518519
ENCODE(B8s41sAL)YA $ GO TOo 44

ENCODE(8s425ALIYA $ GO TO 44

ENCODE(8:43sAL)YA $ GO TO 44
IF(EXeGT699% ) GO TO 31
ENCODE(g§923sAL) IX
GX=EX~(415%5CX)

Go To 28
ENCODE(8+365AL) EX

GO TO 37
ENCODE(8s46sAL) IX
GX=EX=(,225%5CX}

Go To 28
ENCODE(85299AL) EX
GX=EX~(o15%5CX)

GO TO 28
ENCODE(8s30sAL)IX
GX=EX

LMi1i=1 SLM(2)=1 SLM(3)=0 SLM(4)=0 SLM(5)=0 $LM(&)=1]
CALL CRTPLTIGXsGYsLMsAL 10!

EX=EX+XC

IF(EXaGToSX{1)) EX=SX(1)

CONTINUE

YL=( O067%#S5CY)+SY(2)

XL=SX(2)=1.85#5CX)

LM(1)=5 $LM{2)=1 SLMI(3)=1 SLM(4)=0 SLMI(5)=0 SLM(6)=2
CALL CRYPLT(XLsYLsLMsBTs10) \

LM{1)=3 $LM(2)=1 $LM(3)=0 SLMI(4)=0 SLM(5)=0 SLM(g) =2
YL=SY(2)=(,60¥%5CY)

XL=SX(2) el 3,0%5CX)

CALL CRTPLT(XLsYLsLMsANs10)

~~~~~~~~~~~~~~~~~~~ DRAWING LEGEND
XL =SX2 4 (o4%#5CX)
YL=H(1)={3:40%#5CY}

LM{1)=6 SLM(2)=1 SLM(3}=0 $LM(4)=0 SLMI(5)=0 SLM(s)=2
CALL CRTPLT(XLsYL:LMsTTs10)

VEwH(1)w(3,90%5CY}

EMI1)=3 $LMI2)=1 $LM(3)=0 BLM(4)=0 SLMI(5)=0 SLM(6}=2
CALL CRTPLT(XLsYLoLMsTES10)

AL=5X02}+(068#SCX]}

LM(1)=1 $LM(21=1 $LM(3}=0 SLM(4)=0 SLM(5)=s0 SLM(6)=2
CALL CRTPLTI(XLsYLsLMsTGs10}

XL=SX (214 (446¥SCX)

YL=H{1)-(&.40%SCY)

LM ) =4 SLMI2)=1 BLM(3)=0 SLM(&}=0 $LM(5)=0 $LM{6)=2
CALL CRTPLT(XLeYLsLMsTHs10)

XL=SX{2)+{2:05%5CX)

EM(I}=1 SLMI2)=1 SLM(3)=0 $LM(4)=0 SLM(5)=0 SLM(&)=2
CALL CRTPLT(XLsYLsL.MsAAT 10}

XL=5X(2/+(6:50%5CX)

YL=HI1)~(2,60%SCY)

LM(1)=3 $LM{2}=1 $LM(3)=0 SLM(4)=0 SLM(5)=0 SLM(6)=1
CALL CRTPLT{XLsYLsLMsTL 910!

XL=SX{2) e (TeTO¥SCX)

EM{1)=1 SLMI2)=1 SLM(31=0 $LM(4)=0 SLMI5)=0 SLM{&)=1
CALL CRTPLT(XLsYLsLM>IDTs10)
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XL=SX(2)+(8,90%5CX! )
LM(1)=1 $LM(2)=1 $LM(3)=0 SLM(Li=0 SLM(5)=0 SLM(6)=1
CALL CRTPLT(XLoYLoLMsIXT910}
YL=H(1)-(3,40#SCY)
XL=SX(2)+( Be3%*5CX)
S{1)=SX(2)4(7,3%5CX)
S(2)=SX(2)+(8,1%5CX)
T(1)=T(2)=YL
CALL LINE(99S52T92sSHXsSHY)
LM{1)=2 $LM(2)=1 $LM(3)=0 $LM(&4)=0 SLM(5)=0 SLM(6)=1
'CALL CRTPLT(XL:YLsLMsTAs10)
YL=H{1)~(3,77%5CY)
T(1)=T(2)=YL
CALL LINF(19SsTs265HXsSHY) o
LM(1)=2 $LM{2)=1 $LM(3)=0 $LM(&)=0 SLMI(5)=0 $LM(&)=1
CALL CRTPLT(XLsYLsLMsTBs10)
YL=H{1)(4014%5CY)
T(11=T(2) =YL
CALL LINF{19S9Ts2sSHX s SHY)
LM(1)=2 SLM{2)=1 $LM(3)=0 $LM(&4)=0 SLM(5}=0 $LM(6)=1
CALL CRTPLT(XLsYLoLMsTCs10)
YL=H{1)=(4,51%#SCY)
T{1)=T(2)=YL )
CALL LINE(19SsTs29SHX9sSHY)
. LM(1)=2 $LM{2)=1 $LM(3}=0 $LM(4)=0 SLM(S5)=0 $LM(6)=1
CALL CRTPLT(XLsYLsLMsTDs10)

o ——— PLOTTING GRAPH--— -
DO 12 K=1sLL
N1=NU(K) %  LS=NSI(K)
J=0

DO 10 I=1sN1
IF(BY(TeK)aGTeSY(1)sORBX(IsK)oLToSX(2)) GO TO 10
IF(BY(IsK)aLTeSY(2) o0OReBX{IsK)oGTeSX(1)) GO TO 10
J=J+1
IF(JoGT.200) GO TO 13
AlJY=BX(1sK) $ B(J)=BY (1K)

10 CONTINUE

11 CALL LINF(LSe¢AsBsJeSHX s SHY)

12 CONTINUE
RETURN

13 PRINT 1&.LL $ CALL PAGE(1) $ J=200, $ GO T0 11
END

PLTVOL

Subroutine PLTVOL is used only in the service volume program to
set up graphs. It does not draw the contour lines.

SUBROUTINE PLTVOL

C PLOT SUBROUTINE FOR SRVVOLM
C ROUTINE FOR MODEL AUG 73

14 FORMAT (# CAPACITY OF LINE®sI2+% IS OVER 100 POINTS#)

23 FORMAT(13+5X)
27T FORMAT(12+6X) v
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20
34

39

FORMAT(F3.195X)

FORMAT(I1:7X}

FORMAT (4Xs14)

FORMAT(F& 04X}

FORMAT (4X sFé e}

FORMAT (64X oF o2}

FORMAT (3X sF5431}

FORMAT (14 s X}

DIMENSION IT{8) ANt4&) BT (5)

DEIMENSION TLI3}oTHI& o TA(2)sTBI2)oTC(22eTD(2)eTE(S)

DIMENSION AX(2)0AYE2)sG(2eHI2)sLMI6) sX(2)sV(2)

DIMENSION S(215T(2)
COMMON/PLVD/LUDsLYDsSHX sSHY s TGoSX(2)sSY(2)sTT(5) s XCo YCoAAT
COMMON/EGAP/IPsLNsINTo IXT :

DATA (IT=1H s24H M E JOHNSON EXT 3587s1H )

DATA (AN=31HDI{9ESIRED PATH DISTANCE IN N MI}

DATA (BT=39H A!I9IRCRAFT ALTITUDE IN THOUSANDS OF FT)

DATA {(TL=17HRJSUN }1CI90DEI1:)

DATA (TE=34HS{9TATION SEPARATIONI: 19K MI)
DATA (TH=25HD/U {9RATIOII1: 19p4§1B)
DATA (TA=16HF|9REE SPACE )

DAYA (TB=16H{}90UTTER L} 5%)
DATA (TC=16H{{ 9MIDDLE Y1) 50%)
DATA (TD=16H{{9INNERIL}) 95%)
TS=s001

~~~~~~~~~~~~~~~~~~~ DRAWING PERIMETER
SCX={SX{1)=5X(2})/10,
SCY=(SY(1)-5Y{(2})/10.
G(11=5X{1)+{0,3%5CX)
Gl2)=5X(2)=(160%5CX)
H{1)=SY(1)+{4.8%5CY)
HI{2)=5Y(2}~(102%5CY)
SHX=(G(1)=G(2))/100,
SHY={H(1)~H{2))/100.

PY=o3#5CY

AX(1)=5X(2) $AX(21=5X{1) SAY(1)=SY(2) $AYI(2)= H(1)=(3.%#5CY)
LD1=0

Lh2=0

NX={{SX(1)~5X{23)/%XC)

NY=({SY(1)1-5Y(23)/YC)¢let

CALL CRTPLT{GsH::551T52)

CALL CRTYPLTIAXsAYsOsls14)

e e e - DRAW NG GRID

LX=NX+1

LY=NY+1

Y{i)=SY{1} & Yi2)aSY(2) $ X{1)=8Sx(2)
Do 20 I=1enX

X{11=X{1)eXC $X{2)=X{1}
IFIX{1)eGESSX(1}) GO TO 33

CALL CRTPLT(050:0:0:8)

CALL. CRTPLT(X»Ys20091)

CONTINUE

X{1)=SX{o} $ X{2)1=5X(1) & Y(1}=8Svyl(y1!}
Y{23=Y(1}

DO 21 I=1:NY

IFIY(1)olLEeSY(2)) GO TO 38

CALL CRTPLT{0:0:0:058)

CALL CRTPLT(XeYe25051)

Y{1)=Y{1)=YC $Yi{2)=Y (1}

COMTINUE

e s e n LABELING GRID
GY=5Y(1) § GX=SX(2}={,95%5CX)
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4

22

33
16
i7
i8

19
&1

35

31
37

26
28

2h

AS=SY(2)

DO 22 I=1sLY

IFILYDeGTo0}! GO TO 18

KL=GY%#TS $ IFILUDLLTs0) KL=XABSFIKL)
ENCODE(8y325AL) KL

LMU1Y =1 $LMI2)=1 SLMI3)=0 BSLM{4)=0 BLMIS)=0 SLMIG)=1
CALL CRTYPLTIGX:GYsLMesALs10)

GY=GY.-YC

IF{GYeLToAS) GY=SY({2)

CONTINUE

EX=SX(2) § GY=5Y(2)={o285CY)

DO 24 I=1sLX

IF{XCol.Tole) GO TO 25

IX=EX

IF(EXel.ToeOs) GO TO 35

IF (EXelLTs106) GO TO 26

IF{EXeGT6e99e) GO TO 41
ENCODE(Bs27sAL) IX

GX=EX={0T5%5CX)

GO TO 28

LX=1+1 $ GO TO 34

LY=1 $ GO TO 39 ]

YA=GY $ IF{LUDLT-0! YA=ABSF{YA)

TF(LYD=2)1T7918+19
ENCODE{(8s41sALIYA $ GO TO 44
ENCODE(Bs425sALIYA $ GO TO 44
ENCODE (8543 5AL YA $ GO TO 44
IFIEXeGT+99%) GO TO 31
ENCODE(8,235AL) IX
GX=EX—-{o15%5CX)

Go To 28

ENCODE (Bs36sAL} EX

GO TO 37

ENCODE(8.469AL) IX
OX=EX~(,225%5CX)

GO TO 78

ENCODE{8299ALY EX
OX=EX-{,15%5CX)

GO TO 28

ENCODE(Bs309AL I EX

GX=EX

LM{L1h=1 $LMI2)=1 $SLMI3)=0 SLM{4}=0 SLMI5)=0 SLM{&)=]
CALL CRTPLTI{GXsGYsLMsALs10)
EX=EX+XC

IFIEXGT5X011) Exssxit}

CONT INUE

s s s e < YRAW T NG L EGE TEY 0 s s s o e S s s
Yis{ (O.7#SCYI4SY(2)

AL=SX(2)={B525CK)

LMIU1)=5 $LMI2)=) SEMI3)sl SLMI4)s0 SLMISI=0 SLMi&)=2
CALL CRTPLTEXL oYL sLMoBT 910}

LMEI =g SEMI2T=1 SLM(3)s0 SEMI4I=0 SLMIG)=0 SLM{&G}=2
YL=8Y(2)={80%5CY)

XL=SKi2)el  2.5%5CK)

CALL CRTPLTIXLsYLsLMsANS10)

XL=SX {214 Lo a%ECX)

FLeM1 (3. 40%SCY)

LM{L) =6 SUMI2) =1 $LM{3)=0 SiMiatsg SLMIS1=0 BLMIGI=2
CALL CRYPLTIXLsYL yLMeTTs10)

YeeH{1 )« (3.90%5CY) »

EMO1) =5 SEMIZ) el SEME3)=0 $LM{ai=0 SLM{5)=0 SLM{g}=2
CALL CRTPLTEXL s YL sUMeTESIO)

KLeESKI2 al3,B85CKY

LM{Li=] SEMi2)=1 SLMI31=0 $LMIL)=0 SLMI5)=0 SLMI6)=2
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CALL CRTPLTIXLsYLsLMsTGo10}

XLaSX{2 e (485CX}

YLaH(1)=(4.40%SCY}

LM(1)=64 SIM(2)=1 SLM(3)=0 SLMI{&4I=0 SLM(5)=20 SLM{&)s2
CALL CRTPLTEXLsYLsLMoTHs10}

XL=SX{2}et2:25%5CK)

LM(1)=1 BLM(2)=1 $LM(3)=0 SLM(4)=0 $LM(5)=0 SLMIG)=2 .
CALL CRTPLT{XLsYLsLMsAAT510)

KLESX(2)4(6e50%SCXK} '
Yi=Hl1)={2:,60%5CY}

LM(1)=3 $LM(2)=1 SLM(3)=0 SLM(4)=0 SLM{5)=0 $LM(§)=]
CALL CRTPLT(XLsYLoLMsTL +10)

AL=SX(2)4 (T 70%SCX)

LM{1)=]1 SLM{2)=1 SLM(3)=0 SLM{&1=0 $LMI5)=0 SLM(6)=1
CALL CRTPLTI(XLsYLoLMsIDT210)

XL=SX{2)+(8e90%¥5CX) .

LM(1)=1 SLM({21=1 SLM(3)=0 S$LM(4)eQ $LM(5)=0 $LM(&)=1
CALL CRTPLT(XLoYlL oLMsIXTo10)

YLzH(1)={3.,40%5CY}

XL=SX(2)+( Be3#5CX)

S(1)=5X(214(73%5CX)

5(21=5X(214(8,1#5CX)

T(11=T(2) =YL

CALL LINE(99sSsTo2sSHXoSHY !}

LMI1) =2 SLM(2)=] SLM(3)=0 SLM(4)=0 SLM(5)=0 8LM{g)=]
CALL CRTPLT(XLsYLosLMsTA»10)

YL=H(1)=(3:77%#5CY)

Tely=T(2)=YL

CALL LINE(25SsTo2sSHXoSHY)

LM(1)=2 SLM(2)=1 $LM(3)=0 SLM(4)=0 SLM(5)=0 SLM(6)=1
CALL CRTPLT(XLsYLsLMsTBs10!

YL=H(1)~(4.14%5CY)

T(1)=T(2) =YL

CALL LINE(19SeTs25SHXsSHY)

LM{1b=2 SLMI2)=1 $LM(3)=0 SLM{4)=p SLM{5)=0 SLM(G}=1
CALL CRTPLT(XLsYLoLMsTCo30}

YL=H(1)=(4:51#5CY)

Ti1i=T(2) =YL

CALL LINE(30S50To20SHXsSHY)

LM{1le2 SLM{2)=1 $LM(3)=0 $LM(&)=0 $LMI5)=0 SLM(6)=]
CALL CRTPLTIXLsYLoLMsTDs10)

RETURN

END

POWSUB

Subroutine POWSUB is used only 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

ROUTINE FOR MODEL AUG 73

4 FORMAT(1H1)
5 FORMAT{1H )
6 FORMAT (20Xs ¥ INPUT#521X s ¥WORKING VALUE#)
106 FORMAT (5Xe% DML IS5 LESS THAN ZERO. ABORTING RUN %)

FORMAT STATEMENTS FOR PARAMETER SHEET AND WORK SHEET

700 FORMAT(18Xs*PARAMETERS FOR 1TS PROPAGATION MODEL #sA835/24XsABs2XsA
XB8s# RUN%,//) .

701 FORMAT (32X s*¥REQUIRED OR FIXED¥#4 /32X ¥~ e om *¥9/15Xs*AIR
1CRAFT ALTITUDE: #sF8609% FT ABOVE MSL*)

702 FORMAT(15Xs*FACILITY ANTENNA HEIGHT: #sF7e1s% FT ABOVE SITE SURFACE
X¥)

703 FORMAT (15X s *FREQUENCY i#43F6.09% MHZ%) '

To4 FORMAT (29X s¥SPECIFICATION OPTIONAL¥# /29X s¥mmm—mmm o — e ece e *y
4/15Xs ¥ABSORPTION: OXYGEN*9F9o59% DB/KM%3A2,5/2TXs#WATER VAPOR%4F 9,5
4o ¥DB /KM% s A2)

705 FORMAT(15Xs*EFFECTIVE ALTITUDE CORRECTION FACTOR: #3F6,0s% FT#5A2
59/15Xs*EFFECTIVE REFLECTION SURFACE ELEVATION ABOVE MSL:¥sF7,0,% F
5T#5/15Xs*EQUIVALENT ISOTROFICALLY RADIATED POWER: #sF6als* DBW#,/1
55Xs #FACILITY ANTENNA TYPE: *,5A8)

706 FORMAT (20X s¥COUNTERPOISE DIAMETER: ¥9F5000% FT#3/25Xs#HEIGHT 1% 3F5,0
6e% FT ABOVE SITE SURFACE ¥3/25Xs¥SURFACE :#52A8)

707 FORMAT (20X +*POLARIZATION:¥+2A8!}

708 FORMAT (15X s*HORIZON OBSTACLE DISTANCE:%5F7.29% N M1 FROM FACILITY#%
BsA25/20Xs *ELEVATION ANGLE: #,13,%/%,]2+%/%,]2,# DEG/MIN/SEC ABOVE
8 HORTZONTAL¥5A25/20Xs*HEIGHT :¥3sF6,09% FT ABOVE MSL#%5A2)

709 FORMAT (15X »*MINIMUM MONTHLY MEAN SURFACE REFRACTIVITY:%*9/20XsF3,0s
9% N-UNITS AT SEA LEVEL: *sF3.0,% N-UNITS*)

710 FORMAT{15Xs*TERRAIN ELEVATION AT SITE:¥,F6.0s% FT ABOVE MSL¥*,/20Xs
A%*PARAMETER: #9F500s% FT#5/20Xs®*TYPE: *,2A8)

712 FORMAT (20X*ANTENNA HEIGHT TOO HIGHs IONOSPHERIC EFFECTS¥s/25Xs#MAY
2 BE IMPORTANT¥)

713 FORMAT (20Xs*AIRCRAFT TOO LOWs TERRAIN BEYOND FACILITY #5/25X,#HOR]
3ZON MAY BE IMPORTANT#) )

T14 FORMAT{20Xs*IN ADDITIONs SURFACE WAVE CONTRIBUTIONS SHOULD#4/15Xs#
4BE CONSIDERED*)

715 FORMAT{20Xs*ANTENNA TOO HIGHs RAY BENDING OVERESTIMATED#*s/)

716 FORMAT (20X *ANTENNNA TOO LOWs SURFACE WAVE SHOULD BE#s/25Xs#CONSID
6ERED® )

717 FORMAT {20Xs*FREQUENCY TOO LOWs JONOSPHERIC EFFECTS MAY BE¥s/25X#1
TMPORTANT#4+//}

718 FORMAT (20X »*ATTENUATION AND/OR SCATTERING FROM HYDROMETEORS#,/25Xs
8¥ (RAINs ETC) MAY BE IMPORTANT#)

719 FORMAT (20X s#*ATMOSPHERIC ABSORPTION ESTIMATES MAY BE#s/25X9#UNRELIA
9BLE=®!

7246 FORMAT(/15XsA2*#COMPUTED VALUE®)

725 FORMAT{Z0Xs*TYPE: #42AB,A1)

726 FORMAT[12Xs*EARTH¥*5F9.0 s#* N MI s HsFBa0s¥ KM#)

728 FORMAT (12X s ¥HRE= #¢FBolo¥—*sFBolo¥®yFBolio¥ = HoFBolo® KM¥)

729 FORMAT(15Xe*TIME AVAILABILITY: #,4AB85A1s//)

731 FORMAT(12Xs* H{A} #¥3F8409% FT MSL *¥3FBolis® KM MSL#%)
732 FORMAT(12Xs¥% HIF) #sFB8,19% FT TO SURFACE #¥9FBolhad KM )

733 FORMAT (12X *FREQUENCY#*s F500s% MHZ #¥9F8e09% MHZ %)
734 FORMAT(12Xs® A{O)%s FOeB5e% DB/KM #¥9FBe59% DB/KME,A2)
735 FORMAT{12Xs¥* A(W!%#3F9,5 s% DB/KM *¥3FBo5s% DB/KM#,A2)
736 FORMAT{12Xs¥D{HE) #4F840s% ¥9FBobo ¥ KM¥sA2)
737 FORMAT{12Xs*EIRP %#9F9.1 s# DBW #9FBols# DBW #)
738 FORMAT(12Xs*F ANT %,6X512s 2Xs5A8)

739 FORMAT(12Xs% D(C) *4F8.09% FT #sFBolis® KM¥)
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740
741
. T42
743
745
746

147
748
749
750
751
756
%7

778

179
785

786
800
809
810
840

FORMAT (12Xe# MHIC) %#,F840¢% FT ABOVE SURFACE B9FBobot KM#)
FORMAT ( 12X+ #COUNTERPOISE* o129 10X e2A8)

FORMAT (12X o ¥HIFR) #,F860+% FT ABOVE REFLECTION#FB.4o% KM¥)
FORMAT (12X e ¥*POLARTZATION#912510Xs2A8)

FORMAT {10X5A2s%DIHO) #3FB8e2s% N MI FROM HORIZON #,FB8,20% KM#)

FORMAT (10X sAZ o HE(HO) #o120% /8 12o%/8412s% DEG/MIN/SECH s TXsFB,5,% R
6ADIANS®)

FORMAT (10X 9A2 s #*HIHO) #9F840¢% FT MSL #9FBotio¥ KMl
FORMAT (12Xe% N{O)#4F9,0 % N-UNITS NI{S) #yF8e0s¥* N-UNITS®)
FORMAT (12X e ¥H(SUR) #4F8:0+% FT MSL HoFBege i KM*)
"FORMAT (12X o R DH(SUR) #sF7,0e% FT RoFBolo¥ KM#)

FORMAT (12X s # TERRAIN® 95X 12510Xs2A8)

FORMAT (25X 52A8)

FORMAT (12X#* INPUT PARAMETERS FOR #,ABs2XsABe#* RUN¥9/12X¥0F #,AB8,% A
1IR/GROUND MODEL#*s//) '

FORMAT (15X s *SURFACE REFLECTION LOBING: CONTRIBUTES TO VARIABILITY
X#)

FORMAT { 15X+ ¥SURFACE REFLECTION LOBING: DETERMINES MEDIAN¥)
FORMAT (12X s *SURFACE REFLECTION LOBING: CONTRIBUTES TO VARIABILITY
X#)

FORMAT(12Xs¥SURFACE REFLECTION LOBING: DETERMINES MEDIAN#)

FORMAT (//10Xs%SOME PARAMETERS ARE OUT OF RANGE#)

FORMAT (20X s*DLT 1S LESS THAN <1XDLST OR GREATER THAN 3XDLST#)
FORMAT (20X *INITIAL TAKE-OFF ANGLE GREATER THAN 12 DEG.#)
FORMAT (5X 9 #PROGRAM 1S BEING ABORTED FOR WRONG PARAMETERS¥)

DIMENSION CFK{3)9CMK(3)9CFMI3)sCKM(3)sCKNI3)

DIMENSION ACD(101)sAND(101)sSCT(101),AAD(101) sRW(101)

DIMENSION PAS(2)

DIMENSION FAT(558)sCCI(297)5POL(2+3),3TSC(267)

DIMENSION MTM(5)sYCON(5)

DIMENSTON YV(10)sSVI(10)

DIMENSION P(35),QC(50)sQA(50) sPQA(50) sPQKI(50)sQK(50)+PQC(50)

DIMENSION TYD(3:s2)eVYD(542) '

DIMENSION RE(2)5AD(35)¢BD(35) sALM(12)

COMMON/EGAP/IPsLNsIDToIXT

COMMON/RYTC/QNS 2 QHC sQHA s QHS s QQD

COMMON/PAINP /NK sHF I s NPL s SURSHPF I sDHSI sNSCoDCI sHCI s NCCsDHOI sHHOI » ID
XGs IMNo ISECs KESMKsMDSEIRPoNLByHATI sDHEI sENOSAOT sAWI oF s TAs ADENT(2) 5 A
XDNT(3) sVARFOR(6) s CMAX

COMMON/PARAM/HTEsHRE s sDLT oDLRsENSsEFRTHs FREKs ALAMSsTET s TERsKD s GAO»
XGAW :

COMMON/PAOUT/NCTsPFY(20056)

COMMON/SIGHT/DCW9HCW9DM1X’DML’DZROIKQEAC9H29lCC,HFCcPRHDDSLliP}RPO
XQG1 QG99 sKKs ZH o RDHK » ILB

COMMON/SCATPR/HTsHRsALSC s TWEND s THRFK HLT s HLR s THETAsHTP s AA?REW

COMMON/DIFPR/HTDsHRD sDHs AED s SLP s DLST sDLSRs IPL sKSCe HLDsHRP s AWD s SWP

COMMON/GAT/IFA

DATA (QMD=BH AUG 73 )

DATA (CFK=00015.000304850003048)

DATA (CMK=1091s609344510852)

DATA (CFM=109s30485.3048)

DATA {CKM=1000053280.,83989553280,839895)

DATA (CKN=1:9¢62137119225.5399568034)

DATA {POL=8H HORIZONs3HTALs8H VERTICAs1HLs8H CIRCULAs1HR)

DATA (FAT=10H ISOTROPICs3{1H )s4H DMEs&4(1H )slaH TACAN (RTA-2),3(1
XH )$39H 4~LOOP ARRAY (COSINE VERTICAL PATTERN)s39H 8-LOOP ARRAY (C
XOSINE VERTICAL PATTERN)s34H I OR IT (COSINE VERTICAL PATTERN)s1H »
X4O0HJTAC TILTED 20 DEG WITH 40 HALF-POW BoWeslTHJTAC TILTED 8 DEG»2

X(1H ))

DATALAIM=~602 960159606082 -6609-5:955~5:8B9-50689=56653-56359~5.05~
Xbo50~3¢7) )

DATA(TSC=16H SEA WATER »16H GOOD GROUND »16H AVERAGE GROUN
XD s16H POOR GROUND 9 16H FRESH WATER »16H CONCRETE s 16H
X METALLIC }

I3
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806

808

57

831

802

DATA (PAS=2H s2H% )

DATA ((P{I)s1=1935)=,000015c000024,000055,000190,00025¢00055,00150
X00266005900190029605501 3561556209¢305¢4095650506096702¢80285309050
X9560985:9950995969989699956999579:9998590999950999955:999985,99999)

DATA{VYD=33HFOR HOURLY MEDIAN LEVELS EXCEEDED®33HFOR INSTANTANEOUS
X LEVELS EXCEEDED)

DATA(TYD=17THSMOOTH EARTH s 1THIRREGULAR TERRAIN)

DATA (MTM=20510:30+050)

DATA (YCON=56310e925690050s)

DATA(CCI=16H SEA WATER s16H GOOD GROUND +16H AVERAGE GROUN
XD s16H POOR GROUND 916H FRESH WATER s16H CONCRETE s 16H
X METALLIC )

DATA (DMOD=8H DIFRACT) $ DATA (SMOD=8H SCATTER)

DATA (CMOD=8H COMBINE)

FNA(FXsFAsFBeFCoFD)=((FX~FB)#(FC=FD)/(FA~FB} }+FD

IK=NK $ IPL=NPL $ KSC=NSC $ ICC=NCC $ ILB=NLB

KK =MK $ KD=MD 3 DMAX=CMAX

TPTH=2.617993878E~2 $ TLTH=0. $ TPK=20,
ASPA=0625 % ASPB=0,25

Z0=+00000001

ICAR=0 ‘

RAD=2 017645329252 $ DEG=57.29577951 $ TWDG=12+ #*RAD
P1=3,141592654 $ ERTH=6370, $ NOC=1

————————————————— START OF PARAMETER SHEET -
PRINT &4

PRINT 700sQMDsIDTsIXT

PRINT VARFORSADENTsADNT

H2=HAI#CFK(IK} $ HF S=HF 1#CFK{IK) $  FREK=F
PRINT 701 sHAI

IF(HAI «GT«300000e) ICAR=1 .

IF(HAT<GTo150000¢) PRINT 712

IF(HAT.LTe500.) PRINT 713

IF(HAIoLTele5) PRINT 714

IF(HAT+LT«0s) GO TO 825

PRINT 7029HFI

IF(HF I «L.Ts0s) GO TO 825

IF{HFI «GTo90000) PRINT 715

IF{HFIa.Tel25) PRINT 716

PRINT 703 sFREK

IF(FsLTo1000)GO TO 805

IF(FeLTo200) GO TO 400

IF(FeGToB8000.) PRINT 718

IF(FeGTe17000+) GO TO 807

1F(FeGT.100000.) GO TO 400
PRINT 5

IF(AQIe.Te0e) GO TO 56
PXH=PAS(1)

GAO=AO1 $ GAW=AWI

PRINT 704»GA0sPXHsGAWsPXH
IF(SUReGT-15000s) ICAR=1
IF(SURLT<0s}) GO TO 830
ASPC=ASPA*ASPB#(6,FE—8) #F
PIRP=FIRP

HRP=HPF [ #CFK (1K)
IF(HAT oL To (HPFI+5006¢)} ICAR=1
ETS=SUR®CFK( IK) $ HAS=H2-ETS
IF(ETSOLT«()&) ETS'»-'-'O.
IF(SUR.GT«15000.) TCAR=1
IF(HAS.LTeHFS) GO TO 770
IF(DHS1ol.ToOs) DHSI=0,
DH=DHS I % CFK( IK)
IF(ENOel.Te250e00RENGCGT«400s) GO TO 801
ENS=ENO*EXPF (-~061057#HRP)
IF{ENS«LEe250s) GO TO 803
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804 EFRTH=ERTH/(1a~¢o4665*EXPF(0005577%EN5))
EART=EFRTH#CKN(IKY

HT=HFS+ETS $ HlaHT
IF (HRP+GToH1) GO TO 825
HTE=HT~HRP $  DLST=SQRTF(2¢*EFRTHEHTE)

HFRI=HTE#CKM( 1K)
IF(DHEI L TeDe} GO TO 50
EAC=DHEI#CFK (1K)
PDH=PAS(1)}
HR=H2~EAC $  HRS=HR-ETS
HRE=HR~HRP $ DLSR=SQRTF (26 #HRE#EFRTH!
IF(HRE+GEe50s) DLSR=EFRTH*ACOSFIEFRTH/(EFRTH+HRE))
DSO=3 ¢ ¥SQRTF (2000, *HTE ) +3, *soRTthooo.*HRE)
JK=1
55 PRINT 705sDHEI sPDHsHPFISEIRPs (FATUI+IFA)sl=1,5)

IF(DCl«LEoZO) GO TO 789
IF(ICCsLE.O} GO TO 789
————————— e COUNTERPOISE PARAMETERS CONVERTED====m=momue=a
NOC=1
DCW=DCI#CFK(IK} $ HCW=HCI#CFK (1K)
PRINT 7069sDCIsHCIs(CCI(ISICCIsI=]s2)}
IF(HCI«LTe0e}) GO TO 828

829 IF(HCI«GT«500e) ICAR=1
IF (DCWeGTeel1524) ICAR=1
IF(HCWoGT«HFS) GO TO 825
HFC=HT-ETS<HCW

788 COMTINUE
PRINT 707s(POL(IsIPL)sI2192)
~~~~~~ HORIZON AND INITIAL TAKE=OFF ANGLE COMPUTATIONS==—=—=w=w
PDS=PTS=PHS=PAS(1)
IF(KDeLEe1) GO TO 755
HLT=HHOI#CFK (1K) $ DLT=DHOT*CMK (1K)
HLTS=HLT~HT
DG=IDG $ AMN=IMN $ SEC=ISEC
TET=RAD*(DG+( ( {SEC/600 ) +AMN} /60,1 $  ATET=ABSF(TET)
TATET=TANF{TET)
IF(KE«EQes3) GO TO 782
IF(DLT.LE+20} GO TO 781

759 IF(KE~11730+7585780

758 IF(TEToLTe0e) GO TO 752
HLTS=DLT#TATET+(DLT#DLT/ (2 *EFRTH!}

753 HLT=HLTS+HFS+ETS $ HHOI=HLT*CKM(IK)
PHS=PAS(2)

783 CONTINUE
IF(DLTolLTolol*DLST)oOReDLToGTo(3#DLST})} PRINT 809
IF(TETsGT2020943951) PRINT 810
IF(HHOI«GT+15000¢) ICAR=1
PRINT 708,DHOI,PD59IDG-IMN»ISEC.PTS.HHOI,PHS
PRINT 7255 (TYD(IsKD)sI=153)
PRINT 709sENSsENO
IF(ILBsGT-0) GO TO 762
PRINT 778

783 PRINT 710sSURSDHSI s (TSC(IsKSC)oIml,s2)
PRINT 7295 (VYD(IsKK)sI=15)
PRINT T7243sPAS(2)
IF{DMAXsGTe1000s) DMAX=1000s
IF(ICAR«GT-0) PRINT 800

»»»»»»»»»»»»»»»»»» START OF WORK SHEET <

PRINT 7575IDTsIXTsQMD
PRINT 5 $ PRINT 6
PRINT VARFORSADENT 2 ADNT
PRINT 731 9HAI sH2 v
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784

306

765

59

PRINT T732sHFIoHFS

PRINT 7335FsFREK

PRINT 7345A01GAOsPXH

PRINT 7355AWI sGAWsPXH

PRINT 736+sDHEI+EACsPDH

PRINT 737-EIRPSsEIRP

PRINT 738sIFAs(FAT(121FA)sI=195)
IF(NOCsLTel}! GO TO 754

PRINT 7395DCI¢DCW

‘PRINT 740 ¢HCI sHCW

PRINT 74151CCo(CCI{IsICC)sI=162)
CONTINUE

PRINT 5

PRINT 742 sHFRISHTE

IF(FeGTo16000) GO TO 304
QG1=(421%2SINF(5,22%#AL0GI10(F/200.)))+1628
QG9=(e18%SINF(5,22%AL0G10{F/2000e)))4+1623
CONTINUE

PRINT 7289sH29EACsHRPsHRE

PRINT 743:1PLs(POL(TsIPL)sfz162)

PRINT 745sPDSsDHOIsDLT

PRINT 746+PT50IDGs IMNs ISECSTET

PRINT 747sPHSsHHOT oHLT

PRINT 74BsENOSENS

PRINT 726sEARTEFRTH

PRINT 749+SURETS

PRINT 750¢DHST oDH

PRINT 751 sKSCe{TSCIIsKSC)sI=152)
IF(ILB«GT.0) GO TO 764

PRINT 785

PRINT 729s(VYD{IsKK}sI=195)

PRINT 724sPAS(2}

IF(ICAR.GT-0) PRINT 800

PRINT 4

Rt END OF PRELIMINARY PRINTING -

CUBTR=100./F

DSD=65 0 #CUBERTF I CUBTR) ~
DSL1=DS0+DSD
ALAM=,2997925/F

THRFK =30, #ALOG10{FREK)
FCPT=0

DLS=DL ET+DLSR

AFP= 32=45+209*AL0610(FREK)
DKAX=DMAX®#CMK (11}
==~—HORTZON POINT DISTANCE AND PARAMETER CALCULATION======w
IF(JKLT<0) GO TO 58

TRM=( (HTE+EFRTHI #COSF(TET) ) /7 (HRE+EFRTH!
DML=EFRTH# (ACOSF (TRM)~TET)

DLR=DML-DLT

DNM=DML#CKN T T}

IF(DMLoLEcDe}! GO TO 107

D=DML $ TWEND=206#ALOG10(D) $ ALFS=AFP+TWEND
HTP=HRP

DRP=DL SR

TATER=( (HLT=HR}/DLR)~(DLR/ (2., *¥EFRTH))

TER=ATANF (TATER)

TATES=( (HRP=HR}/DRP)I—(DRP/ (2 #EFRTH) )

TES=ATANF(TATES)

IF((HLT-HRP! e LEG0.) 15514

DHRP=DLSR+DLT $ GO TO 13
DHRP=DLT+DLSR+SQRTF { 20 *EFRTH#* (HLT~HRP) )
CONT INUE

HTD=HT $ HRD=HR $ S HLD=HLT
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19

40

31
30

14
49
23

CALL DEFRAC
GVD=GAINI(TET) $ GDD=20.#ALOG10{ GVD)

SMD=( [ INTF(DNM/1e) ) %1sd41 $ AMD=AWD+{ SWP#D)

ATD=ARD=AMD

DZR=-{(AWD/SWP)

PRH=~{ AMD~GDD) $ WRH=10e %% [PRH#,1)
ZH=ALOG10{WRH) =2

e LINE~OF~SIGHT

.CALL BLOS

SPD=SMD+2

————————————— BEYOND THE HORIZON CALCULATIONS
KFD=0

DO 900 NSP=1:5

MZS=MTM(NSP!

IF(MZSsLE-0) GO TO 907

DO 901 MXS=1sMZS

D=SPD#CMK ( IK) $ DNM=SPD
IF(D«GT.DHRP) GO TO 17
DLR=D-DLT

HLR=HL T

TATER=( (HLR~HR) /DLR)—(DLR/ (2. #EFRTH)} )
TER=ATANF (TATER)

CONTINUE
IF(KFD=1)40941542
KS=0 % KR=0

KS=1 $ ACD(KS)=ARD $ AND(KS)=DML
AMOD=DMOD

EC1=HTE+EFRTH % EC2=HRE+EFRTH $ EC3=HL T~HRP+EFRTH

CALL SORB(ECISsEC3sEFRTHsDLT«TETsRO1sRW1)
CALL SORB(EC2sEC3:EFRTHsDLRsTERIRO2 sRW2)

REO=RO1+RO2 $ REW=RW1+RW2 $ AA=GAO®REO+GAWHREW

RW{1)=REW
AAD{1)=AA
DO 30 KC=15100
KS=KS+1
D=DNM#CMK (1K}
SPD=DNM
ACD (KS)=AED+ (SLP%D)
AND(KS}=D
TWEND=200#ALOG10(D) $  ALFS=AFP+TWEND
IF(DsGT.DHRP) GO TO 44
HLR=HLT

DLR=D-DLT 3 TATER=({HLT=HR) /DLR) = (DLR/ (2. *EFRTH))

TER=ATANF (TATER}

CONTINUE

CALL SCATTER
SCT(KS)=ALSC~ALFS
AAD(KS1=AA $ RWI(KS)=REW
IF(SCT(KS)olLTe20e) GO TO 31
KR=KR+1

IF{KReLEs1) GO TO 31
KP=KS~1

SSP= (SCTI(KSY=SCT(KP))/ (ANDIKS)I=ANDI(KP)}
IF{SSPelLEe(~e01}) GO TO 49
IF(SSPL,LE-SLP) GO TO 48

DNM=DNM+1 o
CONTINUE -

PRINT 14 $ KFD=1 $ GO TO 33

FORMAT{5X s#BEYOND THE 50 MILE LIMIT DOING DIFFRACTION®)

KR=0 % GO TO 31

DO 43 KG=1sKP

D=AND(KG)

DNM=D*CKN (K} $ SPD=DNM
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TWEND=20,*ALOG10{(D) $ ALES=AFP+TWEND
ATTS=ACD(KG!
AA=AAD(KG) $ REW=RWI(KGI® THETA=TET4+TER+ (D/EFRTH)
ASSIGN 36 TO KT
GO0 TO 200
36 CONTINUF
43 CONTINUE
SPD=DNM $ MZ2S=6 $ KFD=1 $ GO TO 37
48 IF(SCTIKP)+GEACD(KP)) GO TO 33
ACD(KP)=SCTIKP)
SLP={ACD{KP}~ARD)/ (AND{(KP}=DML)}
AED=ACDIKP)~(AND(KP ) ®SLP)
ASSIGN 35 TO KT
DO 34 KG=1:KP
D=ANDI(KG)
DNM=D#CKN (1K) $ SPD=DNM
TWEND=20,#ALOG10(D) $ ALFS=AFP+TWERD
ATD=AED+(SLP%D)
ATTS=ATD
AMOD=CMOD .
AA=AAD(KG) $ REW=RW(KG)$ THETA=TET+TER4 (D/EFRTH}
GO TO 200
35 CONTINUE
34 CONTINUE
SPD=DNM $ MZ5=6 $ KFD=2 $ GO TO 37
41 CONTINUE
AMOD=DMOD
ASSIGN 37 TO KT
ATD=AED+(SLP#D)
TWEND=20,%ALOG10(D) $ ALFS=AFP+TWEND
IF({DeGT<DHRP} GO TO 24
HLR=HLT :
DLR=D-DLT $ TATER=( (HLT-HR) /DLR)~(DLR/ (2 s #EFRTH) }
TER=ATANF ( TATER)
25 CONTINUE
CALL SCATTER
ATS=ALSC-ALFS
IF{ATS.LE.ATD) GO TO 46
ATTS=ATD & THETA=TET+TER+(D/EFRTH) $ GO TO 200
46 ATTS=ATS § KFD=2 $ AMOD=SMOD $ GO TO 200
42 CONTINUE
AMOD=SMOD
TWEND=20.#¥ALOG10(D) $ ALFS=AFP+TWEND
CALL SCATTER
ATS=ALSC~ALFS $ ATTS=ATS $ ASSIGN 37 TO KT
200 CONTINUE ’

—————————————————— LONG~TERM POWER FADING
IF{DsLE«DSL1) 3115312
311 DEE=(130.%D}/DSL1 $ Go To 313
312 DEE=130.+D-DSL1 $ GO TO 313
313 CALL VZDI{DEE+sQG]1sQG9+AD}
NCT=NCT+1
PFS=PIRP-ALFS
PL=-ATTS
ALTM=13, )
AL10=PL+AD(13) $ AY=AL10-ALIM
IFIAYeLTo0e) AY=0o
DO 11 K=1935
BD{K}=PL+AD(K)~AY
i1 CONTINUE
DO 12 K=1512
ALLM=—ALMIK)
IF{BD(K)aGTeALLM) BD(K)=ALLM
12 CONTIMUFE

4
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23

37
903
901

900
907
1p0

———————————————————————— RETURN TO MAIN PROGRAM-—

‘51

28

22

24
26
27
&4

50

54

~~~~~~~~~~ VALUES PUT INTO ISOTROPIC POWER ARRAY==—=m=—-ww—

IF(KKeGTo1) GO TO 20
PGS=PFS+GDD
PFL=PGS+PL-AA

PFY{NCT+1)=DNM $ PFY{NCT»2)=PGS $ PFYINCT#3)=PFL

PFY(NCTs4)=BD(12)~PL $ PEY(NCT»5)=BD(18)~PL
PFY(NCT»61=BD(24) P

IF(SPD«GT«DMAX) GO TO 907

GO TO KTs(35+36537)

CONTINUE

SPD=SPD+YCON (NSP)

CONTINUE

SPD=SPD+YCON(NSP)

NPP=NSP+1

IFINPP,GT-5) GO TO 907
IF(YCON(NPP).EQsDe) GO TO 907
IF(NPP.EQs0O) GO TO 907
IXD=INTF(SPD/YCON(NPP))
SPD=(YCON (NPP)#FLOATF(IXD))+YCON(NPP)
CONTINUE

CONTINUE

CONTINUE

RETURN

TER=TES $ DLR=DRP $ HLR=HRP $ TATER=TATES
- —==TROPOSPHERIC MULTIPATH=====

$ GO 70 19

DO 21 I=1+35

QA(I)=BD(I)-PL

PQA(I)=p(])

CONTINUE

IFITHETAeGE.TPTH) GO TO 26
IF(THETA«LE2Oo) GO To 27
BK=FNA(THETAsTPTHs TLTHs TPK9RDHK)
CONTINUE

CALL YIKKI(BK sPQKeQK)

CALL CONLUTIQA QK oPQA9359+10390e3sPQACQC)
DO 22 I=1935

BDII)=QC(I}+PL

GO To 23

TER=TES 3 DLR=DRP $ HLR=HRP $ TATER=TATES
BK=TPK % GO TO 28
BK =RDHK % GO TO 28
TER=TES % DLR=DRP % HLR=HRP $ TATER=TATES

$ GO TO 23

$ GO TO 45

~~~~~~~~~~~~~~~~~~ CALCULATION OF RAY BENDING-

PDH=PAS(2)
HP2=H2-HRP $ HP1=H1~HRP
DUM=0.0 $ ZER=0,0 $ QLIM=-1¢56

QNS=329, $ QHC=HP1 $ QHAzHP2 § QHS=HRP
CALL RAYTRAC(DUM)

RY=TRACRAY(QLIM)}

DS0=qnD -

QNS=ENS $ QHC=ZER % QHA=HP2 $ QHS=HRP
CALL RAYTRAC(DUM)

RY=TRACRAY{ZER)

DLSR=QQD - $ TSL2=DLSR/EFRTH

IF(TSL2sLEeel) GO TO 53

R2E=EFRTH/COSF(TSL2)

HRE=R2E-EFRTH

IF(HREoGT ¢HP2) HRE=HP2

HR=HRE+HRP $  FAC=H2-HRP-HRE

DHEI=EAC*CKM{ IK)

v
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53
56
58

107
304
152
162
164
770

781

730

782

780

784

755

789
801
803
805
807
825
828
830

400

JK==1
GO To 55
HRE={(DLSR#DLSR)/ (2 #EFRTH)

CALL ASORP(FsAOI»AWI)
PXH=PAS(2) $ GO TO 57
TEH=TET+(DLT/EFRTH)

QNS=ENS $ QHC=HLT~HRP $
RY=TRACRAY(TEH} $ DLR=QQD
PRINT 106 $ GO TO 400
Q61=2Q69=1.05 $ GO TO 306

QHA=HP2 $ QHS=HRP

$

HLTS=DLT#TET +(DLT#DLT/{2.#EFRTH})

PRINT 779 $ GO TO 763
PRINT 786 $ GO Yo 765
PRINT 8n0 $ GO TO 400

-------------- HORIZON PARAMETER CALCULATIONS

HE=MAX1F(HTE»,005)

DLTaDLST#EXPF (=~ o0 7#SQRTF (DH/HE) )

PDS=PAS(2])

TF(DLToLTo(o1#DLST)} DLT=,1#DLST
IF(DLToGTo(3¥DLST)) DLT=3%DLST

DHOT=DLT®#CKN(IK)
GO TO 759
TRM=103#DH# [ (DLST/DLT)=16)
TRM=1,3%#DH#*{ (DLST/DLT =14}
TET=(e5/DLSTI#{TRM= (4 #HTE})
IF(TEToGT«TWDG) TET=TWDG
CALL RADEMSITET,IDGs IMN»SEC)
ISEC=XINTF(SEC)

PTS=PAS(2) .

TATET=TANFI(TET)

GO TO 758

XTRM=SQRTF((EFRTH*EFRTH*TATE%*TATET)+(Zo*éFRTH*HLTS))

$ GO TO 54

DML=DLT+DLR

$

$

GO TOo 59

GO TOo 753

YTRM=-EFRTH®*TATET % DLT=YTRM=XTRM

IF(DLToLEeQo} DLT=YTRM+XTRM
PDS=PAS(2)

DHOI=DLT#CKN{IK) $ GO To 783
TATET={HLTS/DLTI~(DLT/ (2 #EFRTH))

PTS=PAS(2)
CALL RADEMS(TETSIDGs IMN,SEC!

ISEC=XINTFISEC) $ GO TO 783
------------------- SMOOTH EARTH PARAMETERS

PTS=pDS=PAS(2)

DLT=DLST $ DHOI=DL T#CKN(IK)

TATET=(~HTE/DLT)=(DLT/ (2 *EFRTH)})

$ TET=ATANF(TATET)

$ TET=ATANF(TATET}

HL T=HRP $ HHOT=HLT*CKM (1K) DH=0,
GO TO 784

HFC=0e $ GO TO 788

ICAR=1 $ ENO=301, $ GO To 802
ENS=250. $ ICAR=1 $ GO TO 804

ICAR=1 $ © PRINT 717 $ GO TO 806
ICAR=1 $ PRINT 719 $ GO TO 808

PRINT 800 $ GO TO 400

ICAR=1 $ HCI=0. % GO TO 829
ICAR=1 % SUR=0 % GO TO 831

e ABORTION OF PROGRAM

PRINT 840 s CALL EXIT

END
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PSWRB

Subroutine PSWRB is used only with the service volume program. It

obtains an isotropic power versus distance array for both desired and

undesi

W

106
840

306

red facility for each aircraft altitude considered.

SUBROUTINE PWSRB
ROUTINE FOR MODEL AUG 73

FORMAT (1H1)

FORMAT (1H ) :

FORMAT (20X s ¥*INPUT# 321X o ¥WORKING VALUE#*)

FORMAT (SX % DML 1S LESS THAN ZERO, ABORTING RUN #)

FORMAT (5Xs¥PROGRAM 1S BEING ABORTED FOR WRONG PARAMETERS*)

DIMENSION CFKI(3)sCMK(3)sCFM(3)sCKM(3)sCKNI(3)

DIMENSION ACD(101)sAND{(101}sSCT(101)+AAD{101)sRW{10])

DIMENSION MTM{5}sYCON({5)

DIMENSION YV(10)sSV(10})

DIMENSION P(35),QC({50)sQA{50)3sPQA(50)sPQK{50) QK (50)PQC{50)

DIMENSION RE(2)sAD(35)+BD{35)5ALM(12)

COMMON/EGAP/IP LN IDToIXT

COMMON/RYTC/QNS sQHC sQHA »QHS s QQAD

COMMON/PARAM/HTE sHRE sD9sDLT sDLRyENSsEFRTHsFREK y ALAMSs TETs TERsKD s GAO»
XGAW .

COMMON/PAOQUT/NCTsPFY(12556) s JJsHP1 ¢HP2

COMMON/SIGHT/DCWeHCWsDM1XsDML 9 DZR 5 IKsEACsH2» ICCsHFCsPRHSDSL1sEIRP
XQG1sQG9:;KKsZHsRDHK s LB

COMMON/SCATPR/HTsHR s ALSCyTWEND s THRFK s HLT sHLR ¢ THETAsHTPsAASREW

COMMON/DIFPR/HTDsHRD sDH3AED s SLPsDLST»DLSRs IPL sKSCsHLD sHRP s AWD ¢ SWP

COMMON/GAT/IFA

DATA(ALM==662¢~60155-60085~6609~506953-50883~-5089-506659~563593~5,05—
X4e59=367)

DATA ((P(I)51=1+35)=,00001%0000024¢000055¢00015000025:00054s00150
X00236005+00190602960558]1 90159620563 090%40995050609,709680588556%905a
X95009896999e9955e99839995:99955,99985099995:.9999554999985,99999)

DATA (MTM=205109309050!

DATA (YCON=5¢5100925650¢900) .

DATA (DMOD=8H DIFRACT) $ DATA (SMOD=8H SCATTER)

DATA (CMOD=8H COMBINE)

DATA {(CFK=,0019,00030485.0003048)

DATA (CKN=165%06213711922:.5399568034)

DATA (CKM=1000+93280+83989593280,839895)

DATA (CFM=109630489,3048)

DATA (CMK=1051060934451¢852)

FNA(FXsFAsFBsFCoFD)}=((FX~FB)#(FC~FD)/(FA-FB) }+FD

TPTH=2+:617993878E~2 $ TLTH=0, $ TPK=20.
F=FREK

ASPA=0e25 $ ASPB=0425

NOC=0

ASPC=ASPA¥ASPB# (6,E~8)#F

IF(FeGTe1600s) GO TO 304
QG1=(o21#SINF{5.22%ALOG10(F/200+)))+1628
QG9={ s 18#SINF(5422#ALOG10(F/200s))}+1423
DS0=3#SQRTF (2000 #*HTE ) +3+*SQRTF (20006 *HRE)
CUBTR=100e/F

DSD=65s ¥*CUBERTF{CUBTR) ,
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59

15
14
13

19

40

DSL1=DSO+DSD

THRFK =30 *ALOG10(FREK)
ICPT=0 :
DL S=DLST+DLSR
AFP=32045+200%AL0G10 (FREK) i
F=FREK

DKAX=DMAX#CMK ( TK)

-~~~HORI2ON POINT DISTANCE AND PARAMETER CALCULATION===—==- ' 3

IF(JJelLTel) GO TO 58

TRM=( (HTE+EFRTH)#COSF(TET) ) /(HRE+EFRTH!}

DML=EFRTH*{ACOSF{TRM)-TET)

DNM=DML#CKN{ 1K}

IF(DMLaLEoOO) GO TO 107

D=DML $ DLR=D-DLT $ TWEND=20.*ALOG10(D) $ ALFSsAFP+TWEND

HTP=HRP

DRP=DL SR ' .
TATER={ (HLT~HR) /DLR)={(DLR/ (2. #EFRTH!} ) ’ . |
TER=ATANF({ TATER) ” '
TATES=( (HRP=HR) /DRP}~(DRP /(2. #EFRTH})
TES=ATANF(TATES)

IF((HLT-HRP)sLEoOo) 15514 |

DHRP=DLSR+DLT . $ GO TO 13
PHRP=DLT+DLSR+SQRTF (2 #*EFRTH* (HLT~HRP}}
CONTINUE

HTD=HT $ HRD=HR % HLD=HLT $ HPP=HRP
CALL DEFRAC

GVD=GAIN(TET) $ GDD=20+#ALOG10(GVD)

SMD={ (INTF(DNM/1e ) }#1s)+1e % AMD=AWD+ (SWP#D)
ATD=ARD=AMD

DZR=~{ AWD/SWP) .

PRH =~ ( AMD-GDD) $ WRH=10,%#(PRH¥*,1)
ZH=ALOG10(WRH)-2,

LINE-OF-SIGHT -

CALL CLOS
SPD=SMD+2

————————————— BEYOND THE HORIZON CALCULATIONS -

KFD=0

DO 900 NSP=1s5

MZS=MTMINSP)

IF(MZSeLE<0) GO TO 907

DO 901 MXS=1:M25

D=SPD#CMK ( 1K) 3 DNM=SPD

IF(D.GT-DHRP) GO TO 17

DLR=p=DLT

HLR=HLT

TATER=((HLR-HR)/DLR)=(DLR/ (2 *EFRTH) )

TER=ATANF{TATER)

CONT INUE

IF{KFD-1)40+41342

KS=0 $ KR=0

KS=1 $ ACD(KS)=ARD $ AND (K S ) =DML

AMOD=DMOD

EC1=HTE+EFRTH $ EC2=HRE+EFRTH $ EC3=HLT-HRP+EFRTH

CALL SORB{EC1sEC3+EFRTHsDLT»TETsRO1sRW1)

CALL SORB{(EC2+EC3+EFRTHsDLReTERsRO2,RW2)

REO=R0O1+RO2 $ REW=RW1+RW2 $ AA=GAO#REO+GAW#REW
RW(1)=RFW
AAD(1)=AA

DO 30 KC=1,+100

KS=K5+1
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45

36
43

48

35
34

41

25

D=DNM¥CMK (1K)

SPD=DNM

ACD(KS)=AED+(SLP%D)

AND (KS) =D

TWEND=20,*ALOG10(D) $ ALFS=AFP+TWEND
IF(DoGTeDHRP) GO TO 44

HLR=HLT :

DLR=D=-DLT $ TATER=( (HLT=HR) /DLR)=(DLR/ (2 ¢ #EFRTH} )
TER=ATANF (TATER)

CONTINUE

CALL SCATTER

SCT(KS)=ALSC-ALFS

AADIKS ) =AA $ RW(KS)=REW
IF(SCTIKS)alLTe20e) GO TO 31

KR=KR+1

IF(KReLEs1) GO TO 31

KP=KS-1 '
§SP= (SCT(KS)=SCT(KP))/(ANDIKS)~AND(KP)
IFISSPelEs(~201)) GO TO 49
IF(SSPeLE-SLP) GO TO 48

DNM=DNM+1 .

CONTINUE

PRINT 14 $ KFD=1 $ GO TO 33

FORMAT (5Xs#¥*BEYOND THE 50 MILE LIMIT DOING DIFFRACTION#)

KR=0 $ GO To 31
DO 43 KG=1+KP
D=AND(KG)
DNM=D#*CKN ( TK) $ SPD=DNM

TWEND=206#ALOG10(D) $ ALFS=AFP+TWEND

ATTS=ACD(KG)

AA=AAD(KG) $ REW=RWIKG)S THETA=TET+TER+(D/EFRTH)
ASSIGN 36 TO KT

GO TO 200

CONTINUE

CONTINUE

SPD=DNM $ Mz2S=6 $ KFD=1 $ GO To 37
IF(SCT(KP)«GE.ACD(KP)) GO TO 33

ACD (KP)=SCTI(KP)

SLP=(ACD(KP)~ARD) /(AND (KP)=DML )
AED=ACD(KP)~(AND(KP)#SLP)

ASSIGN 35 TO KT

DO 34 KG=1sKP

D=AND (K.)

DNM=D#CKN ( [K) $ SPD=DNM

TWEND=20+*ALOG10(D) $ ALFS=AFP+TWEND
ATD=AED+(S|P%D)

ATTS=ATD

AMOD=CMOD

AA=AAD(KG} $ REW=RWIKG)S THETA=TET+TER4+ (D/EFRTH!
G0 To 200

CONTINUE

CONTINUE -

SPD=DNM $ MZS=6 $ KFp=2 $ GO TO 37
CONTINUE

AMOD=DMOD

ASSIGN 37 TO KT

ATD=AED+(SLP#D)

TWEND=200.%ALOG10(D) $ ALFS=AFP+TWEND
IF(DeGT<DHRP) GO TO 24

HLR=HLT

DLR=D-DLT ] TATER=( (HLT~HR) /DLR) - (DLR/ (2 #EFRTH))
TER=ATANF(TATER)
CONTINUE

CALL SCATTER
ATS=AL SC~ALFS
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IF(ATS«LE«ATD) GO TO 46
ATTS=ATD 3 THETA=TET+TER+(D/EFRTH) $ GO TO 200

46 ATTS=ATS $ KFD=2 $ AMOD=SMOD % GO TO 200

42 CONTINUE
AMOD=SMNOD
TWEND=2n.#*ALOG10(D) S ALFS=AFP+TWEND
CALL SCATTER
ATS=ALSC~-ALFS s ATTS=ATS $ ASSIGN 37 TO KT

200 CONTINUE
———————————————— LONG-TERM POWER FADING
IF(DeLE-DSL1) 3115312

311 DEE=(130.%D}/DSL1 $ GO TO 313

312 DEE=130,+D-DSL1 $ GO TO 313

313 CALL VZD(DEEsQG1+QG9sAD}
NCT=NCT+1
PFS=EIRP-ALFS
PL=~ATTS
ALIM=3,
AL10=PL+AD(13) $ AYzAL10-ALIM
IF{AYeLTo0o) AY=0,
DO 11 K=11935
BD(K) =PL+AD(K)~AY

11 CONTINUE
DO 12 K=1s12
ALLM=~-ALM(K)
IF(BD(K) «GToALLM) BD(K)=ALLM

12 CONTINUE

IF(KK-GTs1) GO TO 20
23 PGS=PFS+GDD
PFL=PGS+PL-AA
PFY(NCTs1)=DNM $ PFY{NCT»2)=PGS $ PFY(NCT»3)=PFL
PFY(NCTo4 }=BD(12)=PL s PFY(NCT»5)=BD(18)-PL
PFY{NCT+6)=BD(24)~PL
IF{SPDeGT«DMAX) GO TO 907
GO TO KT»(35936+37)
37 CONTINUE
903 SPD=SPD+YCON{NSP)
901 CONTINUE
SPD=SPD+YCON (NSP)
NPP=NSP+1
IF{NPP.GT.5) GO TO 907
IFI{YCONINPP)oEQ.0s) GO TO 907
IFINPPsENeO! GO TO 907
IXD=INTF(SPD/YCON(NPP))
SPD={YCON (NPP)#FLOATF{IXD))+YCON(NPP)
900 CONTINUE
907 CONTINUE
RETURN

———————————————————————— RETURN TO MAIN PROGRAM

17 TER=TES $ DLR=DRP $ HLR=HRP $ TATER=TATES $ GO To 19
—————————————————— TROPOSPHERIC MULTIPATH -
20 DO 21 I=1+35
QA(I}I=BD{I)-PL
PQALI)=P(T)
.21 CONTINUE
IF{THETA.GEsTPTH) GO TO 26
IF{THETA.LE=-0s) GO TO 27
BK=FNA{THETAs TPTHs TLTHs TPK sRDHK
28 CONTINUE
CALL YIKK(BKsPQKsQK) .
CALL CONLUT(QASsQKsPQA+355+1e5049PQC»QC)
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DO 22 I=135
22 BD(I}=QC(I)+PL
GO Y0 23

24 TER=TES $ DLR=DRP % HLR=HRP $ TATER=TATES $ GO 71O 25
26 BK=TPK $ ° GO To 28
27T BK=RDHK $ GO TO 28
44 TER=TES % DLR=DRP % HLR=HRP $ TATER=TATES $§ GO YO 45
58 TEH=TET+{(DLT/EFRTHI
IF(KDeLEo1} TEH=0,0
QNS=ENS $ QHC=HLT-HRP $ QHA=HP2 $ QHS=HRP
RY=TRACRAY(TEH) $ DLR=QQD 5 DML=DLT+DLR $ GO To 59

L ABORTION OF PROGRAM -
107 PRINT 106 $ PRINT 840 $ CALL EXIT

304 QG1=QG9=1.05 $ GO TO 306
END :

RADEMSA

Subroutine RADEMS converts an angle expressed in radians to one
expressed in degrees, minutes, and seconds.

SUBROUTINE RADEMS(ARG s IDE» IMI¢SEC)
C ROUTINE FOR MODEL AUG 73 ’

C SUBROUTINE TO CHANGE RADIANS TO DEGREESs MINUTES AND SECONDS

DE=ABSF(ARG) %57.29577951
IDE=INTF(DF)
AMINT =600 # (DE~FLOATF(IDE)}
IMI=INTF(AMINT)
SEC=(AMINT=FLOATF(IMI} ) #60,
IF(SECeGTe59:99995) GO TO 9

7 IF(IMIoGle59) GO TO 8

6 IDE=XSIGNF{IDE:ARG]
RETURN

9 SEC=0e $ IMimIMI+] $ GO TO 7

8 IDE=IDE+] 3 IMI=0 $ GO TO 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) only when the effec-
tive height correction factor (table 1) is not specified.
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FUNCTION RAYTRAC(TT)

ROUTINE FOR MODEL AUG 73

COMMON/RYTC/ENS sHCsHAsHS s D

DIMENSION A(25)’RI(ZS)9EN(25)9H(25)yTEI(25)9R(25)
DATA(H=06004001906025005501202563059065907951631652452693004835,5Tesl
X069206930448095005700890691106922509350604754)

——— e SETING UP ARRAY OF REFRACTIVITY — —

DN=-7.32%EXPF(0,00557T#ENS) $ CE=LOGF (ENS/(ENS+DN))
AZ=6370,
DUM=0,0
AS=AZ+HS
DO 10 I=1s25
EN(I)=EXPF(~CE#H{(]) )#ENS#1+E~& § RICI)=164+EN(I)
R(I)= AZ+H{T)+HS )
10 CONTINUE
DO 20 I=2+25
K=I-1
DN2N=LOGF (RI(1))~LOGF(R1( ))
DR2R=LOGF (R{I))~LOGF(R(K)
A{1)=DN2N/DR2R
20 CONTINUE
RAYTRAC=DUM
TT =00
RETURN

—————————— ENTRANCE FOR TRACING RAY-- - -

ENTRY TRACRAY

TE=TT .

RC=  AZ+HC+HS $ RA=  AZ+HA4HS

ENCz +1.E-6*¥ENS*EXPF{~CE#HC) . % RIC=1e+ENC
ENA= +1.E-6%ENSHEXPF(~CE*HA} $ RIA=1e+ENA
BALL=0 $ ATE=TE

IF(TEeGE«O.) GO TO 41
IF(R(1)+EQsRC) GO TO 73
X=R(1)/(2+%RC) $ 2Z={(RC-R(1))/R(1) 3% W=(EN(1)~ENC)/RIC
TEG=~2 o *ASINF (SQRTF (X*# (Z~W))) $ GO TO 72
73 TEG=0,0
72 IF(TE.LT.TEG) TE=TEG
ATE=ABSF(TE)
IFITE.GC.0.) GO TO 41
DO 70 1=2525
Y=2e#{SINF{O5%ATE) ) ##2 $ Z=(R{I)=RC)/RC
W=(ENC~EN(1) I #COSF(ATE)/RI(I) & X=Y+Z-W :
IF(XeLTs0s0) GO TO 70
CT=SQRTF(0,5%RC*¥X/R())
IF(CTeLEsle) GO TO 60
70 CONTINUE
60 CT=2.%ASINFI(CT)
BALL=2e#CT#(~A{I)/(A(T)+14))
TEI(I)=CT $ NK=1+1
DO 80 I=NK»25
RT=RI(1) $ RIT=RI{I)
IF{RT«GT-RC) GO TO &1
62 L=1-1
X=RI(L)*R(L)/(RIT#RT)
TEI(I)=ACOSF(COSF(TEI(L))#X)
X=2 % {-A(T)) /(AT +16)
BALL=BALL+{TEILI}=TET(L))#X
NLA=T
IFIRT=RC) GO TO 40
80 CONTINUE
40 CONTINUE ,
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() AN

44

47

50

100

41
85
86

46
61

IF{NLA«LTo2) NLA=2

LL=NLA-1 $ TEI(LLI=ATE

DO 90 I=NLAs25

LC=1-1

RT=R(1} $ RIT=RI(1) $ ENT=EN(IT)
IF(RT.GToRA! GO TO 48 , ’
X=RC/{2.#RT) & Y=2e#{SINFIOB5*ATE) )u#tn
2={RT-RC}/RC $  W={FENC~ENT)®COSF{ATE!/RIT

TEI{EI =2 %ASINFESQRTF{X#(Y+2Z=W)))

R —~ALTH/ZLALTI+16

BALL=BALL+({TEI(I)~TEI{LC)}®X)

TEA=TEI(1) $ IFIR(I)sGT-RA) GO TO 100

CONTINUE

X=RI{25)1%R{25)/RA $ TEA=ACOSF{COSF(TEA)#X)
CA={TEA-TE+BALL}

D=AS®CA

DN=D%*,5399568034 :

CT=COSF(BALL) $ ST=SINF{BALL} $ TNT=TANFITEA)
Y=RIA/RIC $ Xz {CT=-ST#TNT=Y)/(Y#TANF(TE}~ST=CT#TNT)
X=ATANF (X)

CX=TE=-X

CTE=COSF(TEA)

RAYTRAC=CX

RE TURN

DO B5 NL=2:25

IF(RCoLE.R(NL}} GO TO B6

CONTINUE

NL=25

NLA=NL $ GO TO 40

RIT=RIA % RT=RA $ ENT=ENA $ GO TO 47
RT=RC § RITaRIC $ GO TO 62

END ’

RECC

Subroutine RECC is used in calculating reflective coefficients
via (61) through (69), and (195).

SUBROUT INE RECCIXIeFKeIRsNPoMSsDHeRsPICoRLMI

wwomeefQ TE oo THIS ANGLE 1S LIKE THE FORMULATION IN TN 101 AND IS
pi-C

ROUTINE FOR MODEL AUG 73
THIS INCLUDES THE CIRCULAR POLARIZATION

DIMENSION SG{T}:EP(T)
COMMON/EGAP/IPsLNoIDTsIXT
DATA{EP=8109256915054038le95e0l0]
DATA(SG=5¢500252005550015c010560105100E+06)
P1=30o141592654

P12=1,57079632

1C=0

SI=X1
TWLD=2e095841237E-2#FK¥ (=14

T=IR $  MP=NP

IF(STeLFo0e! GO TO 301 ’
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16

18

36
10

il

12

13

14

15
19
20
21

23

31

IF(S1.GE.PI2) GO TO 300

SISI=SINF(SI!

COS1=COSF(SI)

IF(SISIeLEeDes) GO TO 15

SQSI=SQRTF(SISI}

IF{MSeGT,0) GO TO 19

IF(DHeLEo4o) GO TO 17

SHx o 78 #DHEEXPF (oK% (DH#%625))

EXDH=EXPF( TWLD*SH®SISI)

DX= (SH*SISI*FK/299.7925)

IF({DX.GTe0e3) GO TO 32

IF(DXeGE.0s1237) GO TO 33

IF(DXoGTs0.0739) GO TO 34

IF{DXsGE+0.00325) GO TO 35

PD=946#DX#DX+0001

CONTINUE

IF{MP~2) 10911920

ASSIGN 12 TO N

GO TO 6

CONTINUE :

ASSIGN 13 TO N

X=(18000,%SG{1))/FK

TRM=EP(1)~(COST*COST)
TUPS=SQRTF( ( TRM®*TRM) +({ X#X} ) +TRM

P=SQRTFITUPS#,5)

GO TO Nsl12913)

Q=X/(2.%P)

DENOM= (pxp)+(Q%q)

B=1e/DENOM

AM= (2o #P) /DENOM
RS=(1o+(B#SISI#SISTI)=~(AMESISI)) /(1.4 (B®SISI*#SISI)+(AM#SISI))
R=SQRTFI(RS)

TOP=-0

BOT=S1S1~p

CALL .RTATAN(TOPsBOTsTRA)

TOP =q

BOT=51S514P

GO TO 1&

Q=X/(2.%P)

DENOM=(P%P )+ (Q*Q) :

B=( (EP(I)*EP{I))+{X*X))/DENOM

AM= (2% ((PXEP{1)}+(Q¥%X)))/DENOM
RS=(1+{B®SISI#SISI)=(AM#SISI))/(1,+(B#SISI®#SISI)4+(AMRS]ISI))
R=SQRTF(RS)
TOP=(X%#5151)-Q
BOT=(EP(1)#S151)-p

CALL RTATAN(TOP$BOTsTRA)
TOP=(X#51S1)+Q
BOT=(EP([)%SISI)+P

CALL RTATAN(TOP ;B0T,TRB)
PIC=TRA~TRB

IF(IC=-1) 52422423
SQSI1=0, $ GO TO 16
SH=639#%DH $ GO TO 18
SH=0o $ EXDH=1, '
IC=1 3 MP =MP-1 $ GO TO 11
RLM=R $ RETURN
IC=2 $ RV=R $ PV=PIC $ Mp=MP-1 $ GO To 10
I1C=0 $ RH=R % PH=PIC :

TER= ({RV¥RV)+(RH*RH) + (2 ¥RV#RHECOSF (PH=PV) ) )
IF(TERsLE«Os) GO TO 30

R=SQRTF(TER) /2.

TOP={RH*SINF{PH) I +{RVESINF(PV))
BOT=(RH#COSF(PH) )+ {RVECOSFI(PV))

IF(BOTeEQeDs) GO TO 24

$ GO TO 25
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24
30
32
33
34
35
51

52

53

300
301

CALL RTATAN(TOP,BOTsPC}

PIC=PC $ GO To 51

PIC=PI/2s & GO TO 51

R=0.0 % GO TO 31

PD=(0e8T75*EXPF(-3,88%#DX))+001

PD=(~1e06%0X1+0,601

PD=0.45+SQRTF (000843~ (DX~s1026)%%2)

PD=6e¢15#DX
IF(MSeGEs1) GO TO 21
RLM=R#PD

R=R¥EXDH : $

IF(NP.EQs2} GO TO 53
GO TO 51

CONTINUE

GO TO 51

SI=PI2 % S1S51=1.

5I=0. $ SISI=0e
END

RETURN
$  COSI=0,
% CoSlI=1.
RTATAN

$ GO TO 36
$ GO TO 36
$ GO TO 36
$ GO TO 36

$ 5QS1=1. $ GO TO 16
$ 50S1=0. % GO TO 16

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).

19
20

SUBROUTINE RTATAN(TOP s DENOMsANGLE )
ROUTINE FOR MODEL AUG 73 '

SUBROUTINE TO FIND ARCTANGENT IN THE CORRECT QUADRANT

PI=3.141592654
TWOPI=6,283185308
IF(TOPI21911521
IF(DEMOM) 26427926
IFITOP)28+11529
ANGLE=P1/2,

GO TO 18
ANGLE=(3,%P11/2,
GO TO 18
THETA=TOP/DENOM
IF(THETA)10%11912
THETA=THETA¥(~140)
ANGLE=ATANF (THETA)
IF(TOP)13+14914
IF(DENOM) 15516916
ANGLE=PI+ANGLE
RETURN
ANGLE=TWOPI-ANGLE
RETURN

IF(DENOM) 17518518
ANGLE=P1~ANGLE
RETURN
ANGLE=0,0
X=SIGNF(1esTOP}
Y=SIGNF(1esDENOM!}
1IF(X)19+20520
IF(Y)15+16916
IF(Y}17+18518

END
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ir scatter

Subroutine SCATTf

paths and is used in ¢

SCA’

SUBROUTINE

ROUTINE FOR Mf

C

COMMON/PARAM

DIMENSION RE’
XGAO s GAW

187

ENERA[

G,

31 TERM=(S».,,_

D%¥THETA
EXPF{-o,0000038%HSMO*%#6 )
TR2=6031~(s00232%ENS ) +{ s0000056 T*ENS*ENS)

ETAS=¢5696%HSMO%{1e+(TR2%¥TR1) )

126567
DLT

IF{KDeLEs1
THET-

DLR
THEF

24 AQO={(D/{’

1:084% (ETAS/HSMO ) #{HSMO~H]1~HLT~HLR)

TERM®D S
HSMO=TERM*D
DTHE
TR1
IF{THETAsLLTe0e} DTHE=Os
VT=VTP/ALAM

COMMON/SCAT!
FRP1

19 DLCT
IF{DSeL

DS=D-DL(
THOO=AC
DST=( ('
IFLTHC

25 DST=D!

26 DSR=(
IF (Tt

THOT

22 DLCR
THOR
BOO=(D/(
H1
FO



VYR=VRP /ALAM

CALL HCHNOT(ETASsSsVTsVReHO!
3312 IF{THETAo.LTe0e! GO TO 313

CALL FDTETALENSDTHE ¢S DB}
314 SUM=THRFK~TWEND-FO+HO+DRB

C ~-—-—CALCULATION OF OXYGEN AND WATER VAPOR RAYS ~wo—memwowm—.a

ECI1=HTS~-HTP+EFRTH $ EC2=HRS~HTP+EFRTH
HET=HL T-HTP+EFRTH % HER=HLR~HTP+EFRTH

IF(DS«GTae001) GO TO 11
14 CALL SORB{(EC1sHETsEFRTHeDLT»THETsRE!
REO=RE(1} $ REW=RE(2)
CALL SORB(ECZsHERGEFRTHsDLR, THER,RE)
REC=REO+RE(1) % REW=REW+RE {2}
12 AA=GAO*REO+GAW%REYW
RETURN
313 DB=0s - $ GO TO 314
10 THOT=THOR=0. $ pLCR=DLR & GO TO 24
11 HV=HET+(DSTETANF(THOT} b+ (DSTHDST /(2 #EFRTH}}
IF(DSTelLEeQooOReDSRaILE-De} GO TO 14
DAT=DLT+DST

DAR=DL R+DSR
CALL SORB{ECLsHVSEFRTHsDATeTHET+RE)
REO=RE(1) $ REW=RE(2)

CALL SORBI{EC2sHVEFRTHDARS THERRE!
REO=REQ+RE(1) $ REW=REW+RE(2}
Go To 12

END

SORB

Subroutine SORB computes the effective ray lengths for oxygen and

water vapor, r that are used in the calculation of atmospheric

eo,w’
absorption (sec. A.4.5).

SUBROUTINE SORB{H1sH2+sAsROsCARE)
c ROUTINE FOR MODEL AUG 73
DIMENSION RE(2)sTE(2)oH{2)
TE(1)=3,26 $ TE(2)=1636
PI2=1,570796327 $ PI1=23+1461592654
BA=CA
IF(HY «GT.H2}) GO TO 10
HS=H1 $ HL=H2
11 AT=PI2+BA
ANUM=HS#SINF{AT)
DO 22 K=1s2
HIK ) =TE(K)+A
IFIHL.LE-H(K)} GO TO 813
IF{HIK) o LToHSY GO TO 81
AS=ASINF(ANUM/HIKY) $ AEaPI-=(AT+AS)
IF(BA.GTo1:.5620) GO TO 24
IF{AE«EpeOs) GO TO 24
RE{K) =(HS®RSINF{AE})/SINF{AS) $ Go To 22
24 RE(K}=H{g)~HS »
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22

10
81

83

85

CONTINUE

RETURN

HS=H2 § HL=H1 $ BA==(CA+(RO/A}) $ GO TO 11
IF(AT.GTsPI2) GO TO 85
HC=HS®*SINF(AT)

IE(HIK) 4LEsHC) GO TO 85

RE(K) =2 o #*H{K )% SINF{ACOSF{HC/H(K)))
GO TO 22 :
RE{K)=R0O

GO TO 22

RE(K)=0., $ GO TO 22

END

TABLE

Function TABLE is used to set up and obtain values from a table

of grazing angle, ¥; corresponding values of path length difference,
Ary and great circle path distance, d. It is used in calculations for
the line-of-sight region (fig. 19).

[aXaNs] [a]

FUNCTION TABLE(XINT?
ROUTINE FOR MODEL AUG 73

ENTER-TINTER WITH DELTA R AND GET SI
ENTER DINTER WITH DELTA R AND GET DISTANCE
ENTER SINTER WITH DISTANCE AND GET SI1

COMMON/EGAP/IPsLNsIDTe IXT
COMMON/SPLIT/L1sL2yNsX(140)9Y(140)9D6{140)9XS(55)sXD(55)XR(55),YS
X(55)sYDI55) sYRI55) 90135250251 +2D(25}52ZR(25)
DIMENSION AS(110)sAD(110)sAR(110}

————————————— SET UP ARRAY —
DUM=Q,

CALL TRMESHIXSsXDsXRoL19YSeYDsYR9L29ASsADsARSLS)
CALL TRMESH{ASsAD»ARILS59ZSsZDsZRyL39YsXeD6sN)

M=N

DO 21 1=15sN

SD=Y(1)%57.29577951

21 CONTINUE

101

S wN =

w

TABLE=DUM $ RETURN

FORMAT (31H OUT OF RANGE FOR INTERPOLATION)

ENTRY TINTER
TF{XINT=X(1))7s1s2

YINT=Y({1)

TABLE=YIN $ RETURN
K=1 :
IFIXINT=X{K+1))65455
YINT=Y(K+1) .
TABLE=YINT $ RETURN .
K=K +1

IF{M-K)858s3

YINT=((OXINT=X(K))¥ (Y (K+2)=Y(K))/Z{X{K+1)=X{K)))+Y(K)
TABLE=YINT $§ RETURN
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7T PRINT 101

TABLE=Y{1) & RE TURRN
8 PRINT 101

TABLE=Y (M) $ RETURN

ENTRY DINTER
IFOXINT=X(1))1701112
11 TABLE=D&(1) $ RETURN
12 K=1
13 IF(XINT=-X{K+1)§i16e14515
14 TABLE=D6(K+1) $ RE TURN
15 K=K+1
IF(M~-K)18+18+13
16 TABLE={{XINT=X{K) )} #(D6(K+1)1=D6(KI I/ {XIK+1)=XIK}I)+DEIK)
RE TURN
17 PRINT 101
TABLE=D6(1) $  RETURN
18 PRINT 101
TABLE =D6 (M) $ RETURRN

ENTRY SINTER
IF(XINT-D6(1)132+31,37
31 TABLE=Y(1) $ RETURN
32 K=1
33 IF(XINT-D&(K+1)135,534536
34 TABLE=Y{K+1! $ RETURN
35 K=K+1 6
(M=K )28:38533
36 ;;BLEE(?XINT~D6(K))*(Y(K+1)—Y(K))/(D6(K+1)~06(Kl)i+Y(K)
RE TURN
37 PRINT 101
TABLE=Y(1} $ RETURN
38 PRINT 101
TABLE =yY(M) $ RETURN
END -

TERP

Function TERP is used in subroutine HCHNOT to obtain values for
parameters used in thc calculation of HO for (169)3

FUNCTION TERP{ARG)
C ROUTINE FOR MODEL AUG 73

C ROUTINE TO FIND H(R1) AND H(R2)

DIMENSTION TABR(144)sTAHR(144)

DATA(TABR=100605950099060985¢0580:09750:70e0s656056050555,05504054
X4B86094560943604400609380 93500933,50530:09280052650524:0322009206051
X960918e09176091660315605146031306001260911605106089656900986568e0457
XNS)78096@59600’5259500940894@69“@")402’4'093089306’334’30293.09208
X92e632084926292609169916B91079106316591089163916295161981605695569908
X52eB80 0753790605906 906553065504590450385036362%49032903902890263024502
X29e2350189516350614551250615609500L9s0726065560656055560590045500%49s03
X8900365003450603290033500285002656024%500229202590185601636014550125¢
X015:00952008500075200655e0065:0055560055000455,0045.00385¢0036,,00

X3445000325¢0035400285400269s0024950022560025000185,00169600145.0012
Xeo001) v
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DATAL{TAHR=69998055¢999785:9997655499973569997:0:999655569996055,999
X54506999455069993590,999225069991850699903909989356998799:99B6520998454
X99825.99789299755,9971:559966909965:9952969948909949099335029926,099
X175699035698950987509845569B185s9850978969755569726%696955:9655949
X6199956959‘1‘899941g99389e932§ogzai592390918)091$390299895998879a876
X9 aB864350B85068355681556T7955078907 7067550074267 250070T966B83906T566450
X-623n61\; ﬁ595!95899569a54’e5259n519u‘§85)®4659 044599419038590375903
X69e359e335)032792959328’0264952590232‘)321299193’3173'0152901393129
XBalogieO‘)’&?00890008390076’907D906399057630549 9052900‘0—999046\!904‘49&
Xoliosi90389590359@03259&039502779024900210@01629001525001399@0122900
xloaﬁeols n009399008599007899007900062w000599@00569000539@)0059@00465
X3 e00445,004055.003755¢003455.00315,0,00285600255.0022¢.00188,,00158
X))

IFLARG~.001715¢15¢16

15 TERP=,00158
RETURN
16 IF{ARG~100.710s11511
11 TERP=.999805
RETURN
10 DO 12 KH=1sl44%
IF(ARG=TABR{KHI¥12513s1 8
12 CONTINUE
14 KL=KH-~1

TERP={ {ARG-TABRIKH) 1 /I TABRIKL)-TABR(KH) i # { TAHR (KL ~TAHR (KH} )+ TAHR
X{KH)

RETURRN

13 TERP=TAHR {KH]

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

1ine-of-sight. region (fig. 19).

SUBROUTINE TRMESH({AsBsCoNA9RsSsToNReXsYoZ N}

c ROUTINE FOR MODEL AUG 73
DIMENSION A(1)eB(1)sCl1)oR{1)eS{T)oT(1)oXI1)sY(1)p2(1)
I=J=1 $ N=0

4 N=N+1
IFLA(I)=R(J))9s7s8
9 X(NI=A(T) $ YI(N)=B(1) 8 Z(N)=CUT) $ I=1+1

IF (1oGTeNAISs4
8 X(N)=R(J) $ Y{N)=5(J) $ ZIN)=T(J) $ J=J+1
IF{JeGTNR? 304 ‘
7 X(N)=ALT) $ Y(N)=B(]) $ Zin)=ClT) $ I=1+1 $ J=J+1
IF{IeGTeNA) 10511
10 IF{JeGTeNR) 1255
11 IF(JeGToNR)3s4
5 LI=J
DO 16 LE=LIsNR .
N=N+1 $ X{N)=R(LE} $ Y{N)=S(LE) ' § Z(N)=T(LE)
16 CONTINUE
Go To 12 v
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3 LI=l

DO 18 LE=LIsNA

N=N+1 § X(N)=A(LE) $ Y(N)=sB(LE) $ Z(N)=C(LE)
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 TSMESH{ASNAsSRoNRsXsN)
o ROUTINE FOR MODEL AUG 73

DIMENSION A({1)sR{1)9X(1)

I=J=1 % N=0

4 N=N+1
IF(A(II=R{J))9,7s8
9 X{N)=A(]) $ I=1+1

8 X{NI=R(J) $ J=J+1
IF(JeGTNR)3 4
7 X{N)=A(]) $ I=1+1 $  JUmJ+l
IF(I«GT«NA) 10511
10 IF{JeGT.NR) 1245
11 IF(JsGTNR)3s4
5 LI=J
DO 16 LE=LIsNR
N=N+1 $ X{N)=RI(LE)
16 CONTINUE
GO TO 1?2
3 LI=I
DO 18 LE=LI*NA
N=N+1 s X(N)=A(LE)
18 CONTINUE
12 RETURN
END

A VZD
Subroutine VZD is used to calculate ]ong-térm (hourly median)
variability (sec. A.5). ,
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12
13

17

18

SUBROUTINE VZIDI(DESGLsGYpA)

ROUTINE FOR MODEL AUG 73

DIMENSTION B35}

DIMENSION C1{31oC203}0C3{3)sCNL{3) sCN2(3}sCNI{3) oFMI3)oFIN(3)52(3)
1sY(3571sA{501} '

MIXED~-ALL YEAR TIME BLOCK ¥S AND CONTIRNENTAL Vi50)

DATAICI®2093E~855.25E-451e59E=5]
DATALC 223 TEE~B el wbTE~bslo56E~111
DATALC3=)1602E~Tsbtu 70 22 TTE=8}
DATAICNI=2 009197526525
DATA(CNZ 22,8852 031 06008}
DATA{CN3=301592a9093625}

DATA{FIN=30205045000}

DATA(FMxBeZ?lOBOVBBQ}

0O 13 1=1¢3

XeF INCTT 4 CLFMUT I ~FINCT I HEXPF=C2{ T b apEsscnNz (Tl

ZUT =0 {CI{ I #DERRCNI( T =X 4EXPF =3 (I RDEFRING{ 11 b 4K
Y{12)=~Z{1}%G9

Yi231=2(2)%G1

Y{13i=3.3279%Y(13)

Y{21=3,20524Y(13)

Y{31=3,0357%Y(13)

Y{4)=2.9025%Y(13)

Y{5)=2,7622%Y(13)

Y(61=2.5675%Y(13)

Y(T7)=2641128Y(13)

Y{8)=2.2458%Y({13)

Y{91=2.0098%Y(13)

Y{10)=1,8150%Y(13)

Y(11)=1.6025%Y(13)

Y(127=102835%Y(13)})

Y(14)=0,8087#Y(13)

Y{15)1=0.656T#Y (13}

¥i16!1=0.4092%Y{13)

YULT)=0,1976%Y (13}

Y(18)=0.0000

Y{19)=20,1976%Y(23)

Y(20)=0,4092%Y{23})

Y(21)=0.656T#Y(23)

Y{22)=0,8087%#Y(23)

Y{24)=1.3265%Y(23})

Y(25)=)1,7166%Y(23)

Y{26)=1,9507%Y{23)

Y{27)=2,2000%Y(23)

Y(28)=2,52B0%Y(23}

Y(29)=2.7310%Y(23)

Y(30)=2,9180%Y(23)

Y(31)=3.16804Y(23)

Y(32)=23,3320%Y(23)

Y(33)=3.4560%#Y(23)

Y(34)=3,6900%Y(23)

Y(35)=3,8150%Y(23)

DO 18 I=1:35

KN=36-1 .

B(Iy=Y(1)+2(3)

ALKNY= B(1)

CONTINUE

RE TURN

END
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YIKK
Subrout1ne YIKK is used to determine short-term (within-the-hour)

for a spec1f1ed 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. |

NnOoNN N

~Nowm

SUBROUTINE YIKK(TsPVeV)
ROUTINE FOR MODEL AUG 73

THIS NAKAGAMA-RICE DISTe HAS TABLES FROM NORTON 55 IRE PAGE 1360
THE TABLES ARE THE NEGATIVE OF THE KK IRE TABLES BUT ARE CHANGED
BEFORE GOING OUT OF THE ROUTINE

K HAS THE OPPOSITE SIGN OF 101 BUT THE SAME AS THE IRE PAPER

DIMENSION P(35)3PVI(50)svI(50)

COMMON/VV/VF(36517)

DATA {((P{1}s1=1+35)=2,000019+000025,000059,00015:00025,0005+,001e
x002’~0059.01‘-02'.05’.10'0159020'-300040’.500060’.700080’-859090’-
X955:98549990995909985¢9999699959499989499999¢999955¢999989,99999)

AVEF(YNsXNsYNIsXN1) = (YNI®(T = XN} = YN¥(T = XN1))/(XN1 = XN)

DO 11 = 1s»14

TF(T « VF(1s11) 3,251

CONTINUE

I = 14

DO 4 J = 1535

VIJ) = VF(J+1s1)

PV(J) = pP(J)

GO TO 6 °*

IF(1eEQesl1) GO TO 2

DO 5 J = 1935

VIJ) = AVEFIVF(J+1sI=1) o VF(1oI=1)sVF(J+1s1)sVF(1s1))

PVIJ) = PpP(J)

DO 7 J=1,s35

ViJ)==V(J)

RETURN

END
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B. 4.2. TABLES

The programs all require that a set of data cards be read before
any input parvameters ave read (figs. 25, 26, 27). Tabulations of
these tables are provided in the order reguired by READ statements of the
programs. Each table is identivied by the FORTRAN variables used in the
READ statements associated with it.

TABLE TAV/TAHI

This table is used by subroutine HCHNOT.

40000 000 000 000 000 050 200 53037000 000 OO0 000 OO0 085 225 575
35000 000 000 000 010 075 250 61534000 000 000 000 013 078 260 640
33000 000 00O 000 015 080 270 65030000 000 000 000 020 100 310 720
27000 000 000 000 030 115 355 80025000 000 000 000 040 125 400 860
23000 000 000 000 O50 14 440 93020000 000 000 010 060 160 520 1055
16000 000 010 030 085 210 670 129015000 010 015 038 100 230 720 1350
14000 015 020 045 110 250 775 143013000 020 025 060 120 270 840 1510
12000 023 040 072 130 290 905 161011000 025 050 080 150 325 1000 1720
10000 035 060 100 170 365 1090 1850 9500 040 070 117 180 390 1150 1930
9000 050 0/3 123 200 425 1205 2000 B500 055 080 130 220 455 1270 2080
8000 060 090 155 245 500 1350 2175 7500 070 110 175 270 545 1425 2280
7000 075 120 200 305 600 1500 2390 6800 080 126 210 320 630 1540 2430
6600 085 130 223 340 650 1580 2480 6400 09C¢ 140 230 355 680 1615 2530
6200 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 28% 440 810 1790 2760
5400 125 185 300 465 850 1830 2820 5200 130 200 320 495 890 1880 2890
5000 140 220 335 515 930 1940 2950 4800 150 22% 350 550 980 2000 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 4000 190 290 455 700 1210 2260 3350
3800 210 315 484 750 1280 2350 3450 3600 223 330 520 800 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
2800 310 440 709 1070 1700 2840 3950 2700 325 460 740 1115 1750 2900 4020
2600 340 478 770 1155 1800 2960 4090 2500 350 500 800 1200 1860 3030 4130
2400 370 520 .830 1250 1925 3100 4200 2300 390 545 873 1295 2010 3175 4300
2200 415 570 915 1350 2050 3260 4370 2100 435 600 960 1400 2120 3340 4450
2000 460 630 1005 1465 2200 3420 4520 1950 475 645 1030 1500 2230 3470 4580
1900 490 660 1055 1530 2275 3510 4620 1850 500 678 1080 1570 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 1700 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 3920 501p 1450 660 870 1355 1880 2710 3980 5090
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1400
1300
1200
1100
‘1000
960
920
880
840
800
760
720
680
640
600
580
560
540
520
500
480
460
440
420
400
380
360
340
320
300
280
260
240
220
200
180
160
140
120
‘100
090
080
070
066
062
058
054
050
046
042
038
034
030
026
022
018

680

740

800

870

950

995
1035
1080
1130
1180
1240
1295
1350
1420
1490
1525
1570
1610
1660
1700
1760
1810
1870
1930
1990
2060
2140
2210
2300
2390
2490
2600
2720
2850
3010
3175
3370
3520
3780
4080
4250
4470
4680
4790
4880
4990
5100
5230
5380
5530
5700
5900
6100
6370
6680
7000

900

965
1045
1130
1230
1285
1330
1380
1430
1490
1555
1622
1690
1770
1860
1900
1950
1997
2050
2110
2167
2220
2290
2360
2435
2505
2590
2670
2760
2870
2979
3090
3220
3365
3480
3630
3830
4050
43200
4600
4800
5000
5220
5330
5440
5550
5690
5800
5980
6130
6300
6500
6700
6990

7000

7000

1390
1480
1580
1695
1820
1870
1930
1995
2060
2125
2205
2290
2375
24175
2570
2625
2676
2740
2795
2855
2925
2990
3065
3140
3225
3310
3400
3500
3600
3700
3800
3920
4050
4200
4350
4520
4720
4950
5200
5500
5700
5890
6110
6210
6340
6430
6580
6700
6840
7000
7000
7000
7000
7000
7000
7000

1940
2040
2160
2300
2440
2510
2580
2650
2775
2800
2890
2980
3070
3180
3290
3350
3410
3470
3500
3540
3610
3690
3780
3850
3930
4010
4100
4200
4300
4450
4530
4650
4800
4950
5100
5300
5500
5700
5990
6300
6480
6680
6900
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000

2760
2890
3020
3170
3340
3400
3460
3510
3590
3680
3780
3850
3960
4050
4150
4200
4260
4330
4400
4480
4520
4610
468

4770
4830
4920
5020
5120
5220
5320
5460
5590
5710
5880
6030
6210
6430
6650
690

7000
700

7000
7000
7000
700

7000
700

7000
700

7000
700

7000
700

7000
700

7000

4020
4160
4290
4420
4610
4670
4740
4820
4920
5000
5090
5190
5280
5380
5490
5530
5600
5680
5720
5790
5870
5930
6010
6090
6170
6270
6370
6460
6560
6680
6790
6920
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000

5130
5280
5400
5570
5720
5800
5880
5960
6030

6110

6210
6300
6400
6500
6610
6680
6740
6800
6880
6930
7000
7000
7000
7000
7000
7000
7000
7000
7000

7000

7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
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1350
1250
1150
1050
980
940
900
860
820
780
740
700
660
620
590
570
550
530
510
490
470
450
430
410
390
370
350
330
310
290
270
250
230
210
190
170
150
130
110
095
085
075
068
064
060
056
052
048
044
040
036
032
028
024
020

710

775

830

910

975
1010
1060
1100
1150
1210
1265
1320
1380
1450
1510
1550
1590
1630
1675
1730
1780
1840
1900
1950
2025
2090
2165
2250
2350
2440
2550
2660
2780
2940
3100
3275
3470
3640
3920
4150
4330
4560
4720
4830
4930
5050
5180
5300
5440
5620
5800
6000
6230
6500
6840

930
1005
1085
1180
1260
1310
1360
1410
1465
1523
1585
1655
1730
1820
1875
1924
1975
2025
2072
2130
2195
2267
2330
2390
2470
2547
2628
2717
2810
2920
3030
3155
3290
3390
3560
3730
3930
4190
4470
4700
4890
5110
5290
5380
5500
5620
5740
5880
6040
6210
6400
6600
6830
7000
7000

1430
1525
1628
1751
1840
1900
1960
2023
2090
2165
2250
2335
2430
2523
2595
2650
2705
2770
2825
2890
2960
3030
3110
3177
3270
3360
3446
3550
3650
3750
3880
4000
4120
4280
4440
4620
4820

5080
5350
5600

5790
6000
6190
6300
6400
6500
6630
6770
6920
7000
7000
7000
7000
7000
7000

1980
2100
2230
2370
2480
2540
2610
2680
2760
2850
293¢
3020
3120
32490
3320
3380
3440
3490
3520
3590
3650
3730
3800
38890
3970
4080
4150
4250
4390
4490
4600
4720
4880
5020
5200
5400
5600
5850
6130
6380
6580
6790
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000

2810
2950
3100
3240
3365
3440
3490
3560
3630
3710
3800
3900
4000
4100
4180
4230
4300
4370
4420
4500
4580
4630
4710
4800
4890
4980
5080
5190
5290
5390
5510
5630
5800
5950
6120
6310
6520
6800
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000

5210
5340
5490
5630
5780
5830
5920
6000
6090
6170
6260
6330
6460
6560
6630
6710
6780
6830
6900
6980
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000




This

1721
1783
1830
1897
1945
1984
2015
2043
2067
2107
2177
2231
2273
2308
2338
2366
2411
2449
2510
2559
1642
1705
1752
1820
1868
1908
1939
1967
1991
2031
2105
2158
2201
2244
2278
2311
2365
2412
2488
2550

table 1is used

1723 1724
1787 1790
1834 1838
1904 1914
1959 1969
2002 2015
2041 2057
2075 2091
2100 2121
2150 2180
2244 2295
2317 2388
2382 2471
2440 2544
2494 2615
2544 2685
2637 2822
2718 2954
2883 3214
3038 3474
1644 1646
1709 1712
1757 1763
1829 1846
1886 1919
1937 1981
1982 2030
2023 2072
2059 2109
2107 2172
2216 2289
2295 2386
2366 2477
2425 2560
2480 2623
2532 2700
2627 2812
2718 2908
2880 3100
3016 3292

1725
1793
1842
1922
1980
2027
2068
2107
2139
2204
2334
2442
2546
2635
2721
2798
2942
3086
3374
3662
1647
1716
1770
1862
i941
2005
2052
2095
2133
2190
2307
2437
2547
2645
2734
2808
2947
3086
3364
3632

TABLE TALD/TAFL

by subroutine FDTETA.

1726
1797
1847
1930
1990
2037
2084
2126
2162
2234
2375
2503
2631
2743
2842
2932
3112
3292
3652
4012
1648
1721
1780
1879
1962
2028
20717
2120
2159
2228
2367
2495
2622
2738
2840
2930
3110
3290
3650
4010

1727
1799
1850
1933
1996
2043
2093
2135
2172
2247
2389
2526
2656
2776
2885
2982
3176
3370
3758
4146
1649
1727
1785
1886
1973
2035
2086
2129
2168
2240
2382
2525
2663
2785
2902
3005
3211
3417
3829
4241

1727
1799
1851
1934
1996
2046
2095
2138
2176
2252
2403
2544
2677
2802
2915
3017
3254
3480
3932
4384
1649
1727
1788
1891
1975
2040
2088
2132
2173
2246
2395
2538
2696
2803
2920
3028
3244
3460
3862
4324
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15686
1750
1798
1869
1931
1979
2019
2064
2089
2139
2240
2317
2382
2442
2496
2544
2635
2719
2881
3043

1582,

1647
1697
1777
1837
1886
1931
1972
2011
2081
2205
2302
2376
2435
2490
2540
2627
2710
2850
2968

1688
1753
1603
1883
1955
2009
2055
2087
2116
2175
2294
2391
2472
2549
2618
2685
2818
2939
3181
3423
1584
1656
1711
1797
1872
1933
1988
2040
2080
2154
2280
2380
2475
2556
2627
2690
2803
2891
3067
3243

1689
1758

1895
1966
2022
2062
2103
2137
2205
2334
2443
2541
2631
2723
2809
2953
3097
3385
3673
1585
1662
1719
1814
1897
1966
2023
2075
2118
2197
23217
2431
2529
2634
2720
2793
2935
3077
3361
3645

1690
1762
1817
1904
1976
2033
2078
2122
2158
2229
2375
2507
2630
2745
2848
29413
3133
3323
3703
4083
1588
1669
1730
1832
1917
1990
2048
2096
2139
2217
2359
2693
2618
2735
2848
2952
3097
3242
3537
3822

1691
1764
1821
1912
1984
2039
2085
2131
2168
2241
2395
2528
2665
2789
2900
2999
3197
3395
3791
4187
1589
1680
1743
1853
1938
2006
2063
2116
2160
2235
2380
2520
2648
2775
2890
2983
3164
3345
3707
4069

1691
1764
1823
1913
1984
2042
2088
2134
2173
2250
2402
2545
2684
2811
2929
3034
3244
3454
3874
4294
1590
1680
1749
1859
1943
2013
2070
2122
2166
2240
2392
2530
2665
2785
2900
3006
3218
3430
3854
4278



TABLE VF

This table is used by subroutines FDASP and YIKK.

~400000 -02581 ~02487 -02357 -02255 -02148 -01998 -01878 -01750 -01568 ~01417
-01252 ~01004 -00784 -00634 —00516 -00321 -00155 00000 00156 00323 00518
00639 00790 01016 01270 01440 01596 01786 01919 02045 02202 02314
02421 02557 02656~250000 -13620 ~13143 ~12484 -11966 =11427 -10669 =10055
~09401 ~08460 ~07676 ~-06811 -05496 ~04312 ~03487 -02855 ~01764 -00852 00000
00897 01857 02953 03670 04538 05868 07391 08421 09374 10544 11374
12165 13161 13882 14561 15427 16053-200000 ~22901 =-22126 -21055 -20214
-19343 ~18111 -17110 ~16037 ~14486 -13184 ~11738 -09524 -07508 -06072 -05003
-03076 —-01484 00000 01624 03363 05309 06646 08218 10696 13572 15544
17389 19678 21320 22900 24911 26380 27751 29497 30760
~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- 11558~ 9441- 7760~ 4835— 23350000000
2564 5308 8519 10647 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
106214-100000~ 57509~ 55715~ 53235~ 51288~ 49399~ 46694~ 44462~ 42034~ 38453
- 35384~ 31902~ 26408~ 21218~ 17471~ 14495~ 9032~ 43630000000 5221 10809
17348 22053 27975 37820 50372 59833 69452 82658 93196 104384 120469
131278 140025 151165 159224~ B0000- 67058= 65025- 62214~ 60007— 57888- 54844
~- 52322- 49571- 45493~ 41980~ 37975~ 31602- 25528~ 21091~ 17566- 10945~ 5287
0000000 6587 13638 21887 23535 35861 49287 67171 Bl418 96386 118333
136864 157730 188754 214724 231043 251829 266866~ 60000~ 82248~ 78505~ 73331
~ 69269~ 66923- 63546~ 60739~ 57667~ 53093~ 45132~ 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 20942 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 0000~105951-103056~ 99054~ 95912~ 92995
- 88764- 85215~ 81301~ 75411~ 70246~ 64248~ 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~ B0697- 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~ B4231- 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- B86309- 81435~ 73588- 62354- 51233~ 42762- 36032~ 22451 108450000000
18080 37430 60071 69508 81386 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 353974 384077 408586 439805 462389
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APPENDIX C.
LIST OF SYMBOLS

This Tist includes most of the abbreviations, acronyms, and symbols
used in this report except for those used in the computer Tistings of
section B. FORTRAN variables used in providing input for the programs
are described in table 7, and subprograms and input data tabies 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 this report and are
applicable except when other units are specified. The following rela-
tionships are provided as a convenience to the reader,

3.048 x 10~* kilometer
5280 feet

1.609344 kilometers
1.852 kilometers
57.29577951 degrees

foot

statute mile
statute mile
nautical mile
radian

nowowoun

—_— et emd el o

In the following list, the English alphabet precedes the Greek alpha-
bet, Tetters precede numbers, and lower-case letters precede upper-case
letters. Miscellaneous symbols and notations are given after the alpha-
betical items.

a Effective earth radius (km) calculated from (20).
a, An adjusted effective earth radius (km) calculated
using (44) and shown in figure 16.

a, Actual earth radius, 6370 km to about three
“significant figures.

a An effective earth radius (km) used in figure 21

Y and defined for different path types in section A.4.5.

a7 5 Effective earth radii from (88).

a3y Effective earth radii from (97).

ANT. Antenna (fig. 6).
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Atmospheric absorption (dB) from (172).

a
Ad Attenuation (dB) associated with diffraction
over terrain, from (144).

Intercept (dB) for the beyond-the-horizon
combined diffraction attenuation 1ine, from (143).

dx Ad dB at dx’ from (144).
A Effective area (dB - sq. m) of an isotropic

do

=

e antenna (sec. 3.2.1 footnote) from (9).
Ae q.t Angles (rad) defined and used in figure 21 only.
AeK Knife-edge diffraction attenuation (dB) for
path p = e (122).
Ah Attenuation (dB) used in (122).
AK Attenuation (dB) associated with beyond-the-horizon
knife-edge diffraction, from (125).
AKK Knife-edge diffraction for path p=K (fig. 20),
from (119).
AKo Intercept (dB) for the beyond-the-horizon
knife-edge diffraction attenuation line,
from (124). '
AK5 Knife-edge diffraction loss f5 expressed in
o decibels from (134).
AML Combined diffraction attenuation (dB) at dML’
from (136).
A Intercept (dB) for the within-the-horizon
0 combined diffraction attenuation line, from (139).
A " Attenuation (dB) of rounded earth diffraction
P for path p, from (105).
Apro Intercept (dB) of rounded earth diffraction

line for path p, from (104).
Arcsin . Inverse sine (rad), principal value.
Rounded earth diffraction attenuation (dB)

rK obtained from (105) with parameters for path
p=K (fig. 20) and dy=dyq + dg s> used in (141).
ArML Rounded earth diffraction attenuation (dB)
obtained from (105) with parameters for path
p=K (fig. 20) and dp = dy -
Ar5 Rounded earth diffraction attenuation (dB)

obtained from (105) with parameters for path
p=K (fig. 20) and dp=d5.
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A Terrain attenuation (dB) associated with forward

S scatter (169).
Asx . As dB at dx9 from (169).
AT Attenuation (dB) associated with terrain,
from (84) or (145},
AY A conditional adijustment factor used to prevent

available signal powers from exceeding levels
expected for free-space propagation by unreal-
istic amounts, from (16).

A3 A Attenuations {dB) from (102).

A5 Combined diffraction attenuation (dB) at
d5, from (136).

A6 Combined diffraction attenuation (dB) at
d=dj 1 + dgj ¢, from (141),

BN1 5 Parameters calculated from (107).

B],2,3’4 Parameters calculated from (95}.
cos Cosine.
Cos™!  Inverse cosine (rad), principal value.

CDC 3800 Control Data Corporation 3800, the computer

type used by ITS for batch processing.

C Parameter used in defining exponential
atmospheres, from (29).

C] 2.3 Parameters defined following (178).
d Great Circle distance (km) between facility
and aircraft. For line-of-sight paths
(fig. 16) it is calculated from (60).
deg Degree.
dB Decibel, 10 log (dimensionless ratio of powers).
dB/km Attenuation (dB) per unit length (km).
(DB/KM)
dB-sq m Units for effective area in terms of decibels
(DB-Sq M) greater than an effective area of 1 m?® (sqm),

10 log (area in square meters).
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dB-W/sq m
(DB-W/SQ M)

dBUW
(DBW)

dC

dds

,dpL

dpLs

pL1,2

KLs
KL1,2

Units for power density in terms of decibels
greater than 1 W/sq m, 10 Tog (power density
expressed Tn watts per square meter).

Power (dB) greater than unit power (W),

10 Tog (power expressed in watts).
Counterpoise diameter (km).
Distance (km) beyond the radio horizon at which

diffraction and scatter attenuation are approxi-
mately equat for a smooth earth, from (175).

Effective distance (km)} from (177).

dpLs km for path p = e (fig. 20}, from (117).

pL1,2
The largest distance (km) in the Tine-of-sight
region at which diffraction effects associated
with terrain are considered negligible, from (140).

d km for path p = e (fig. 20), from (116).

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 bevond the radio horizon
where Ag = 20 dB and M. < M.

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

PLT2(908Y and (109).
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dy or Distance (km) discussed prior to (173).

Lol,2 . Smooth earth hovizon distances (km) calculated
from {173) or (174).
dL Facility smooth earth horizon distance (km)
“Lsl o
from (24).
dLsz Afvrcraft smooth earth norizon distance (km),
from (33).
d Facility-to-horizon distance (kw) shown in figure 13;

L-I . o e P "
determined from figure 14 and from {23) or (26).

zon distance (km) shown in

sz Aircrafi-to
vined from (38).

figure 15 ai

dL5 A distance (km)

dM A distance (km) from (176}.

dWL Maximum Tine-of-sight distance (ki shown 1in

: fig. 13) from (40).

d, A distance (km) from (88).

dy Distance (km) used in rounded earth diffraction
calculation (87).

di A distance (km) from (129).

DME Distance Measuring Equipment (fig. 2), an air
navigation aid used to provide aircraft with
distance information.

D/U Desired-to-Undesired signal ratio (dB)

available at the terminals of an ideal (lossless)
isotropic receiving antenna (sec. 3.1.2).

D/U(q) 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(0.5) D/U(q) dB at median (q=0.5) level, from (12).

DS Distance (km) between radio horizons, calculated
via (159). :
D] 9 Distances (km) shown in figure 16 and calculated
2 via (51).
exp( ) Exponential; e.qg., exp(2) = e2.
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EIRP

ERP

F
FAA
FORTRAN

AY

do

doh -

East longitude (fig. 3 only).

Equivalent Isotrop1ca11y Radiated Power (dBW)
calculated using (1).

Effective Radiated Power (sec. 3.7.1), 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 Va e used in (78)
and (79).

Knife=edge diffraction loss factor obtained for
n via subroutine FRENEL (sec. 13.4.1), used
in (122)

Parameters defined following (178).
Elevation angle correction factor, from (179).
Knife-edge diffraction loss factor obtained

for Vi from subroutine FRENEL (sec. B.4.1),
used in (134).

Fade margin (dB) from (197).
Federal Aviation Administration.
FORmula TRANslating "language" or coding used with

electronics computers in Tieu of "machine language".
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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1,2
oh

Ar

1,2,3,4

az

Parameters (dB) from (101).

Specular reflection reduction factor associated
with surface roughness, from (66).

Reflection reduction factor associated with

Ar, 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
formulation given for g in (67) but with:6__ set to
8, from (57) for line-of-sight paths or 8,1 from
figure 14 for beyond-the-horizon paths:

Normalized voltage gain for facility antenna
from (67) with Oy = o, from (58). '

Gigahertz {10° Hz).

Gain (dB greater than isotropic) af aircraft antenna
used in and discussed after (4): current model assumes
GA = 0 (isotropic) for D/U calculations.

Gpﬁ1,2 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 ms1 used in (28).

Actual aircraft altitude (km) above the effective
reflection surface from (31). -
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eel,?

es?

Kel,?
L1

L2

Height (km) of the counterpoise above faciiity
site surface and used in (47).

Effective height (km) calculated from (25) and
used in (26).

h e1.2 km for path p = e (fig. 20) from (114)
PEL:%and (115).

Effective aircraft altitude (km) above msi,
above (146).

Elevation {(km) of facility horizon above
the effective reflection surface, from (36).

Effective height (km) of faciiity 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).

h

pel,2 expressed in meters from (106).

Height (km) of the intersection of horizon rays
above a straight Tine 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 ms1 (fig. 13).

A height (km) from (130).
A height (km) from (160).

h km for path p = K (fig. 20), from (110).

pel,2
Elevation (km) of facility horizon above ms]
(fig. 13), from figure 14 and (22).

Elevation (km) of aircraft horizon above msl
(fig. 15) and used in (164).

-
¢ E
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ILS

ITS

Ky

1,2,3,4

Facility antenna height h,, or aircraft altitude
in kilometers above ms]l (fig. 13).

" Heights (km) defined and illustrated in figure 21.

Frequency gain function (dB) obtained from
subroutine HCHOT (sec. B.4.7), used in (169).

Height (km) of scattering volume above effective
reflection surface, from (171).

An antenna height (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 Landing System (sec. 3.1.1), an
air navigation aid used in Tanding.

Institute for Telecommunication Sciences.
v=1.
Joint Technical Advisory Committee.

Kilometer (10° 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
Yﬂ(q), from (6).

K value at the radio horizon. Used in (201).

Parameters .¢alculated from (94).
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min
(MIN)

mhos/m

ms1
(MSL)

MHz
(MHZ)

pr

Common (base 10) Togarithm.

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 g = 0.5, from (14).

Loss (dB) in path antenna gain used in and
discussed aftter (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 calculated using (4).

Meters.

Minute (deg/60).

Conductivity (mho) per unit length (m).

Mean sea level.

Slope (dB/km) of combined diffraction Tine for
beyond-the-horizon, from (142).

Megahertz (10° 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-units

RO

TR

rad

Slope (dB/km) of A_ versus d curve, determined
using successive As calculations for distances
greater than dML" Discussed following (144).

Slope (dB/km) for the beyond-the-hovrizon knife-

edge diffraction line, from (123).

Slope (dB/km) of the K value line used just beyond
the radio horizon (200).

Stope (dB/km) of the diffraction attenuation 1ine
used just inside the radio hovrizon, from (83).

Nautical mile.

Parameters defined following (178).
North Tatitude (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 ms1 (fig. 3).

Minimum monthly mean surface refractivity
(N-units) at effective reflection surface,
calculated from N via (18).

Units of refractivity [3, sec. 1.3] corres-
ponding to 10% (refractive index -1).

Power (dBW) .avajlable at the terminals of an
ideal (lossless) isotropic receiving antenna,
from (3).

A relative power Tevel (dB) associated with
the ray optics formulation used in the Tine-
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 Shortest facility to aircraft ray length (km);
calculated as r_ from (54) for line-of-sight
paths, and takeR as d otherwise.

re A distance (km) from (71).
L Effective ray length (km) for oxygen ovr water
€0s vapor absorption calculations, from (170).

" The direct ray Tength (km) shown in figure 16

and caiculated from (54).

"eo,w Partial effective ray lengths (km) for oxygen
- or water vapor abscrption calculations; cal-

and cg1ated using the reiationships given in
rZeo,w figure 21.
o Segments of reflected ray path shown in figure 16,

and components of SPY

P Total Tength (km) of reflected ray of figure 16,
from (55).
R Magnitude of complex plane earth reflection
coefficient from (63).
RC Magnitude of effective reflection coefficient
associated with counterpoise reflection, from
(69).
Rd Diffuse component of surface reflection multi-
path, from (195).
R Magnitude of effective reflection coefficient
9 for earth reflection, from (68).
Rs Specular component of surface reflection multi-
path, from (193).
RTg c Magnitude of adjusted (for counterpoise edge

effects) effective reflection coefficient for
earth from (78) or counterpoise from (79)
reflection.
RTA-2 A TACAN antenna type.

S Path asymmetry factor in forward scatter (158).

sec Secant (1/cos).
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sec
(SEC)

sin

$S
(Ss)

SHF

tan

Tan-?

TACAN

el W

UHF

Second (min/60).

-Sine.

Facility site surface.

Great Circle separation (n mi) between desired
and undesired facilities, calculated from (2).
South Tatitude (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).

Super-High Frequency (3 to 30 GHz).

A parameter calculated 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).

Ultra-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
happ Path shown in figure 20, from (121).

Paramétéﬁsyca1qu1ated from (165) and (166).

Parameters ca]cuTated from (167) and (168).
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Ve(0.5,de)
VOR

VHF
V(0.5)

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.

Very High 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 with tropospheric multi-
path (sec. A.7), from (199).

A relative power level for the Ray1eigh 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).

'Variabi1ity (dB greater than median) of

hourly median received power about its median,
Y (0.5) = 0, where q is the fraction of hours
diuring which a particular level is exceeded.
Se?tion A.5 describes methods used to calculate
Y (q).

e
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Ypu(a)

Y.(a)

Total variability (dB greater than median) of
D/U about its median, Y )=0, where q is
the fraction of time foP wh1ch a particular
value is exceeded. These values may represent
instantaneous levels or hourly median levels
depending upon the time availability option
?e1§cted (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, Y (0.5)=0,
where q is the fraction of time fol 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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00

Yoo,w

Ao
AB

Ah

Ah

Ah

Ah

Ahgy
Ah

AN

Ar

An angle (rad) from (155).

An angle (rad) from (148).

Surface absorption rates (dB/km) for oxygen or
water vapor; if values are not provided as input
(sec. 3.1.1), they are estimated via subroutine
ASORP (sec. B.4.1).

An angle (rad) obtained via subroutine DELTA
(sec. B.4.1), used in (154).

An angle (rad) obtained via subroutine DELTA
(sec. B.4.1) used in (155).

Terrain parameter (km) estimated using ta@le 3,
which is used [32, sec. 2.2] to characterize
terrain. It is an asymptotic value of Ahd.

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 ms1; estimated from (64) which is based

on previous work [32, eq. 3].

Ah expressed in feet (table 3).

Ah expressed in meters (table 3).

Refractivity gradient (N-units/km) used in
defining exponential atmospheres, from (30).

Path Tength difference (km) for rays shown in
figure 16 (r]Z"ro) that is calculated from (56).

Ar km from (56) for earth or counterpoise
reflection,

Die]ectric constant from table 2.
Complex dielectric constant from (61).

A parameter from (162).
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eel,2

0
er
el

e?

ee5

ke

kg
Oke1,2

epe
pel,?2

A parameter from (163).
Angular distance (rad) from (156).

An angle (rad) from (70) and shown in
figure 17.

epe] 5 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. 16), from (57) and (126).

An angle (rad) calculated via (76) and shown
in figure 18.

An angle (rad) from (72) and shown in figure 17.
epe132md for path p = K (fig. 20) as per (113).

Elevation angle (rad) of aircraft at facility
horizon (fig. 13), from (41).

An angle (rad) from (89}.

Horizon elevation angles (rad) for path p,
described following (88) (sec. A.4.3).

An angle (rad) shown in figure 15, from (35).

Diffraction angle (rad) for the h_; to heeZ
path shown in figure 20, from (12 3°

An angle (rad) from (59).
An angle (rad) from (149).
Angles (radé'frqm (150).
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Degrees, e.g., 12°.

Angles (rad) shown in figure 16 and calculated
from (50).

Angles (rad) from (90).

First approximation (127) for angle 6
An angle (rad) from (132).

Wavelength (km) from (73).

Wavelength (m) from (10).

The constant 3.141592654.
Conductivity (mho/m) from table 2.

6

The root-mean-square deviation (m) of terrain
and terrain clutter within the lTimits 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) associated 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.

]

Percent.
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APPENDIX D
INDEX TO EQUATIONS

An index to equations is provided in this appendix. Eqdation number
(Eq. #), independent variable (I. Var.), and page are provided for each

equation.

Eq. # L. Var. Page Eq. # 1. Var. Page
1 EIRP 10 31 hyo 16
2 S 22 32 he2 46
3 PI 23 33 dLSZ : 46
4 L(q) 37 34 he2 46
5 ¥s.(q) 38 35 0,5 46
6 K 38 36 h 17
7 s_(a) el

a 39 37 dsL 47
8 I‘b(q) 39 38 dL2 47
d Ae 39 39 0 18
10 >‘m 39 40 de2
ML 48
11 D/U(q) 39 ) 41 Ol 49
12 - . D/U(0.5) 40 42 z 51
13 YDU(q)~ 40 43 K, 51
14 L, (0.5) 40 44 ay 51
15 Los 40 45 Ape 51
16 Ay 47 46 ph 51
17 Ly, 4 47 Hy 51
18 N 43 48 H, 51
19 ao 43 49 ] Z] 52 51
20 a 43 50 (‘)-I ,2 51
21 01 43 2; D},z 51
22 hy 4 43 . 2 51
23 d 43 “ 51
24 d o1 43 54 o 51
25 h, 43 55 Y 51
26 ¢ 43 5§ Ar 52
27 01 44 57 o, 52
28 N 44 505 6. 50
29 Ce 44 59 0, 57
30 AN 44 60 d 57
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ol
62
63
64
65

66
67
68
69
70

71
72
73
74
75

76
77
78
79
80

81
82
83
84
85

86
87
88
89
50

91
92
93
94
95

1,2,3,4
1.2,3,4

oo

52
52
52
53
53

53
53
53
53
54

54
54
54
54
54

54
54
56
56
56

57
57
57
57
59

59
59
59
60

60

60
60
60
60
60
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96
97
93
99
100

101
102
103
104
105

106
107
108
109
110

111
112
113
114
115

116
117
118
119
120
121
122
123
124
125

126
127
123
129
130

'O > @ QA A

1. Var.

1,2
Wy
1,2
*3,4
61,2,3,4

1,2
3.4
pr
pro
pr

> ™ Z > M

ml,2
NT,2
KLT,2
KL?2
Kel,2

S QA A WS

el
KLs
Kel,?

eel

S S o A T

ee?

ell,2
els
eel,?
KK

Page

60
60
60
60
60

61
61
61
61
61

61
61
62
62
62

63
63
63
63
63

63
63
63
64
64

64
64
64
64
65

65
65
65
65



Eq. # 1. Var. Page Ea. # 1. Var. Page

131 ee5 65 167 vy 70
132 8 65 168 v, 71
133 | Vg 65 169 A 71
134 AK5 66 176 . Yoo u 73
135 W 66 171 HV 73
136 Ag b6 .172 Ay /3
137 ML 66 }i (J Lol /4
138 M, 66 174 o2 7
139 A 66 175 d,. 74
o} ds
140 d 66 176 d. . 74
0 ¥
- -
141 Ag 67 177 dg 75
A
142 Nd 67 v(0.5)
143 A 67 178 Y(0.1) 75
do -(0.9)
144 Ag 7 _ ' )
145 ,".li 63 179 roh 75
146 Paso 69 180 v, (0.1) 75
147 %50 69 181 YE(O.Q) 75
148 800 659 182 Yo 7
149 %00 69 4 183 v, (0.0001) 75
150 C8a10 69 184 ¥,(0.001) 76
151 Ve 549 185 YQ(O.(N ) f”j
152 Ys? 59 186 YB ,’
153 $1.2 69 187 Ye(U.9Q) 'L‘
154 o 1853 Y {0.999) b
0 B e
T80 an9a it
155 . 70 189 Ye<0 ) {
156 0 70 190 v (0.5, d) 77
157 SI 70 181 F;\Y 77
158 5 70 192 Py
159 D, 0 193 Bt
16 7 TO4 ;~“ 5
160 hV /0 194 P doh 78
161 o 7t 195 Ry g
162 n 70 166 HP
163 n 70 197
s . .
164 F 70 198 K, 79
0 . L .
165 v 70 193 # i
a ' - (] o}
166 Y /0 200 M, 80
3 Ka 80
201 Kt



REFERENCES

[1] Ames, L.A., P. Newman, and T.F. Rogers (1955), VHF tropospheric
overwater measurements for beyond the radio horizon, Proc. IRE
43, No. 10, 1369-1373.

[2] Barnett, W.T. (1972), Multipath propagation at 4, 6, and 11 GHz,
Bell Sys. Tech. J: 51, No. 2, 321-361.

[3] Bean, B.R., and E. J. Dutton (1966), Radio Meteorology (Dover
Publications, Inc., New York, N.Y.).

[4] Bean, B.R., and G.D. Thayer (1959), CRPL Exponential Reference
Atmosphere, NBS Mono. 4 (GPO, $0.45)!.

[6] Beard, C.I. (1961), Coherent and incoherent scattering of micro-
waves from the ocean, IRE Trans. Ant. Prop. AP-9, No. 5,
470-483.

[6] Beckmann, P., and A. Spizzichino (1963), The Scattering of Electro-
magnetic Waves from Rough Surfaces, Internatl. Series of Mono-
graphs on Electromagnetic Waves 4 (Pergamon Press, New York, N.Y.).

[7] CCIR (1962), Tropospheric wave transmission loss prediction,
Internatl. Radio Consultative Committee Study, Document V/23-E
for question 185(V) of study program 138(V) (Internatl. Telecom-
munication Union, Geneva, Switzerland).

[8] Crane, R.K. (1971), Propagation phenomena affecting satellite com-
munication systems operating in the centimeter and millimeter
wavelength bands, Proc. IEEE 59, No. 2, 173-188.

[9] Dougherty, H.T. (1967), Microwave fading with airborne terminals
ESSA Tech. Rept. IER 58-ITSA 55 (NTIS, N-70-73581)27

[10] FAA (1963), TACAN ground station equipment, FAA specification?,
FAA-E-2006.

[11] FAA (1965a), VHF/UHF Air/Ground Communications Frequency Engineer-
ing Handbook, FAA Handbook?®, 6050.4A. .

[12] FAA (1965b), Radio Frequency Management Principles and Practices;
General, Organization and Functions, FAA Handbook®, 6050.8.

[13] FAA (1967), DME ground station equipment, FAA specification?,
FAA-E-2266.

[14] FAA (1969a), Frequency Management Engineering Principles; Geograph-
ical Separation Criteria for VOR, DME, TACAN, ILS, and VOT
Frequency Assignments, FAA Handbook®, 6050.5A.

[15] FAA (1969b), Frequency Management Principles Spectrum Engineering
Measurements, FAA Handbook®, 6050.23.

[16] Frisbie, F.L., D.J. Hamilton, C.D. Innes, F.S. Kadi, and G.M.
Kanen (1969), A comparative analysis of selected technical
characteristics for several frequency bands available to aero-
nautical satellite services, Unpublished* FAA Report?.

220



[17] Gierhart, G.D., and M.E. Johnson (1967), Interference predictions
for VHF/UHF air navigation aids, ESSA Tech. Rept. IER 26-ITSA 26
(NTIS, AD 654 924)2,

[18] Gierhart, G.D., and M.E. Johnson (1969), Transmission loss atlas
for select aeronautical service bands from 0.125 to 15.5 GHz,
ESSA Tech. Rept. ERL 111-ITS 79 (GPO, $1.25)%.

[19] Gierhart, G.D., and M.E. Johnson (1971), Interference predictions
for VHF/UHF air navigation aids (supplement to IER 26-ITSA 26
and ERL 138-ITS 95), OT Telecomm. Tech. Memo. OT/ITSTM 12
(NTIS, AD 718 465)2.

[20] Gierhart, G.D., and M.E. Johnson (1972), UHF transmission loss
estimates for GOES, OT Telecomm. Tech. Memo OT TM-109 (NTIS,
COM-73-10339)2.

[21] Gierhart, G.D., A.P. Barsis, M.E. Johnson, E.M. Gray, and
F.M. Capps (1971), Analysis of air-ground radio wave propagation
measurements at 800 MHz, OT Telecomm. Res. and Engrg. Rept.
OT/TRER 21 (GPO, $1.00)!.

[22] Gierhart, G.D., R.W. Hubbard, and D.V. Glen (1970), Electrospace
p]dnn1ng and engineering for the air traffic environment,
DoT Rept. FAA-RD-70-71 (NTIS, AD 718 447)2.

[23] Hawthorne, W.B., and L.C. Daugherty (1965), VOR/DME/TACAN frequency
technology, IEEE Trans. Aerospace Nav. Electron. ANE-12, No. 1,
11-15.

[24] 1ICAO (1968), International Standards and Recommended Practices
Aeronautical Telecommunications, Annex 10 I (Internatl. Civil
Aviation Organization; Montreal 3, Quebec, Canada).

[25] 1IEEE (1970), Special issue on air traffic control, Proc. IEEE 58,
No. 3.

[26] Janes, H.B. (1955), An analysis of within—the—houf fading in the
100- to 1000~-Mc transmission, J. Res. NBS 54, No. 4, 231-250.

[27] Johnson, M.E. (1967), Computer programs for tropospheric trans-
mission loss calculations, ESSA Tech. Rept. IER 45-ITSA 45
($1.00)*.

[28] JTAC (1968), Spectrum Engineering - The Key to Progress, Joint
Tech. Advisory Committee (IEEE, New York, N.Y.).

[29] JTAC (1970), Radio Spectrum Utilization in Space, Joint Tech.
: Advisory Committee (IEEE, New York, N.Y.).

[30] Kerr, D.E. (1964), Propagation of Short Radio Waves, MIT Radiation
Lab. Series 13 (Boston Tech. Publishers, Inc., Lexington, Mass.).

[31] Lenkurt (1970), Engineering considerations for Microwave Communica-
tion Systems (GTE Lenkurt, Dept. C134, San Carlos, Calif., $10.00).

[32] Longley, A.G., and P.L. Rice (1968), Prediction of tropospheric
radio transmission Toss over irregular terrain, a computer method -
1968, ESSA Tech. Rept ERL 79-ITS 67 (NTIS, AD 676 874)2.

221

1



[33] Longley, A.G., and R.K. Reasoner (1970), Comparison of propagation
measurements with predicted values in the 20 to 10,000 MHz range,
ESSA Tech Rept. ERL 148-ITS 97 (GPO, $1.00)1.

[34] Longley, A.G., R.L. Reasoner, and V.L. Fuller (1971), Measured
and predicted long-term distributions of tropospheric trans-
mission 1oss, OT Telecomm. Res. and Engrg. Rept. OT/TRER 16
(GPO, $2.75)1.

[35] McCormick, K.S., and L.A. Maynard (1971), Low angle tropospheric
fading in relation to satellite communications and broadcasting,
IEEE ICC Record 7, No. 12, 18-23.

[36] Norton, K.A. (1953), Transmission loss in radio propagation, Proc.
IRE 41, No. 1, 146-152.

[37] Norton, K.A. (1959), System loss in radio-wave propagation, Proc.
IRE 47, No. 9, 1661.

[38] Norton, K.A., L.E. Vogler, W.V. Mansfield, and P.J. Short (1955),
The probability distribution of the amplitude of a constant
vector plus a Rayleigh-distributed vector, Proc. IRE 43, No. 10,
1354-1361.

[39] Reed, H.R., and C.M. Russell (1964), Ultra High Frequency Propaga-
tion (Boston Tech. Publishers, Lexington, Mass.).

[40] Rice, P.L., A.G. Longley, K.A. Norton, and A.P. Barsis (1967),
Transmission loss predictions for tropospheric communication
circuits, NBS. Tech. Note 101, I and II revised (NTIS, AD 687 820
and AD 687 821)2,

[41] Skerjanec, R.E., and C.A. Samson (1970), Rain attenuation study
for 15-GHz relay design, DoT Rept. FAA-RD-70-21 (NTIS, AD 709 348)2.

[42] Tary, J.J., R.R. Bergman, and G.D. Gierhart (1971), GOES telecom-
munication study - 1971, OT Telecomm. Tech. Mema OT TM-64
(NTIS, COM 72 10431)2.

[43] Thayer, G.D. (1967), A rapid and accurate ray tracing algorithm
for a horizontally stratified atmosphere, Radio Sci. 1 (New
Series), No. 2, 249-252.

[44] Vegara, W.C., J.L. Levatich, and T.J. Carroll (1962), VHF air-
ground propagation far beyond the horizon and tropospheric
stability, IRE Trans. Ant. Prop. AP-10, No. 5, 608-621.

[45] Whitney, H.E., J. Aarons, and D.R. Seemann (1971), Estimation
, of the cumulative amplitude probability distribution function
of ionospheric scintillations, AF Cambridge Res. Labs. Rept.
AFCRL-71-0525, Cambridge, Mass.

222



ICopies of these reports are sold for the indicated price by the
Superintendent of Documents, U.S. Government Printing Office,
Washington, D.C. 20402.

2Copies of these reports are sold by the National Technical
Information Services, Operations Division, Springfield Va.
22151. Order by indicated accession number.

*Requests for copies of these documents should be addressed to FAA
Systems, Research & Dev. Services, Spectrum Analysis Branch,
ARD 620, Washington, D.C. 20553.

*This document is in the public domain since it was issued as
official government writing, However, it is considered
unpublished since it was not printed for wide public distribution.

223

GPO 868-221



TECHNICAL REPORT STANDARD TITLE PAGE

1. Report No. 2. Government Accession No. 3. Recipient's Catalog No.
FAA-RD-73-103
4. Title and Subtitle 5. Report Date
Computer.programg for air/ground ) September 1973 )
propagation and interference analysis 6. Performing Organization Code
{0.1 to 20 GHz) '
7. Authorfs) 8. Performing Organization Report No.

G. D. Gierhart
M. E. Johnson

9. Performing Organization Name and Address 10, Work Unit No.
U.S. Department of Commerce 213-620 TRATS 14671
O0ffice of Telecommunications 11. Contract or Grant No.
Institute for Telecommunication Sciences FABBWATI~145
BOU] der N CO] orado 80302 13. Type of Report and Period Covered
12. Sponsoring Agency Name and Address
U.S. Department of Transportation Final Report
Federal Aviation Administration
Systems Research and Development Service 14. Sponsoring Agency Code

Washington, D.C. 20591

15. Supplementary Notes

16. Abstract

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 separa-
tion and service 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 undesired
facilities; and (3) constant D/U contours in the altitude versus distance
space between the desired and undesired facilities. A detailed discussion

of the propagation model involved and program listings are included in the
appendices.

17. Key Words a]r‘/gY‘Ound s ComputeY‘ program’ 18. Distribution Statement
DME, frequency sharing, ILS, Document is available to the public
interference, navigation aids, through the National Technical
propagation model, TACAN, Information Service, Springfield,
transmission loss, VOR. Virginia 22151

19. Security Classif. {of this report) 20. Security Classif. {of this page) 21. No. of Pages 22, Price
Unclassified Unclassified 223

Form DOT F 1700.7 (s-69)



	ERRATA
	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	1. INTRODUCTION
	2. PROPAGATION MODEL
	3. COMPUTER PROGRAM
	4. SUMMARY
	5. RECOMMENDATIONS
	APPENDIX A. PROPAGATION MODEL
	APPENDIX B. PROGRAM LISTINGS
	APPENDIX C. LIST OF SYMBOLS
	APPENDIX D. INDEX TO EQUATIONS
	REFERENCES



