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COMPUTER PROGRAMS FOR AIR/GROUND PROPAGATION
AND INTERFERENCE ANALYSIS (0.1 to 20 GHz)

G. D. Gierhart and M.E. Johnson

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

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

1. INTRODUCTION

Assignments for aeronautical radio in the radio frequency spectrum
must provide reliable services for an increasing air traffic density [25]*.
Potential interference between facilities operating on the same or on
adjacent channels must be considered in expanding present services to
meet future demands. Service quality depends on many factors including
the desired-to-undesired signal ratio at the receiver. This ratio
varies with receiver lTocation 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 sequentlally
In the text.



Tne 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-gen:rated microfilm plots.
These are, respectively, (1) power density aveiiable 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 isotvopic 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 programs. The new service volume program performs opera-
ations that previously involved (a) the use of separate programs for each
propagation region (line-of-sight, diffraction, and scatter), (b) manual
blending between regions to obtain continuous transmission loss curves,

(c) using this transmission loss data with another program to obtain

D/U versus distance curves for various aircraft altitudes and station separ-
ations, and (d) using these curves to construct service volume displays.

In addition, the propagation model incorporated into the »rograms 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 in
sections 4 and 5, respectively. Program listings are given in appendix B,
and a list of abbreviations, acronyms, and symbols is provided in appendix
C along with an index to equations in appendix D.

2. PROPAGATION MODEL

The propagation model used in the programs is applicable to ground/
air telecommunication links operating at radio frequencies from about
0.1 to 20 GHz at aircraft altitudes less than 300,000 ft. Ground station
antenna heights must be (1) greater than 1.5 ft, (2) less than 9,000 ft,
and (3) at an altitude below the aircraft. In addition, the elevation of
the radio horizon must be less than the aircraft altitude. Ranges for
other parameters associated with the model will be given Tater (table T1).

At these frequencies, propagation of radio energy is affected by the
lower, non-ionized atmosphere (troposphere), specifically by variations in
the refractive index of the atmosphere. Atmospheric absorption and atten-
uation or scattering due to rain become important at SHF [18, sec. A.3;

30, ch. 7; 40, ch. 3; 41]. The terrain, along and in the vicinity of the
great circle path between transmitter and receiver, also plays an inportant
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, particuiarly in
that attenuation versus distance curves calculated for the (a) line-of-sight
(b} diffraction, and (c) scatter regions are blended together to obtain
values in transitions regions. In addition, the Longley-Rice relationships
involving the terrain parameter, Ah, are used to esstimate radio horizon
parameters when such irformation is not available from facility siting data.
The model includes allowance for (a) average ray bending, (b) horizon
effects, (c) long-term fading, (d) grourd facility antenna patterr (e)
surface reflection multipath, (f) trapospheric multipath, and



and (g) atmospheric absorption. However, special allowances are not
“included for the less common effects of (a) ducting, (b) rain attenuation,
(¢c) rain scatter, (d) ionospheric scintillations, or (e) the aircraft an-
tenna pattern.

A detailed discussion of the propagation model is provided in

appendix A.

3. COMPUTER PROGRAM

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

3.1 Inpuil rarameters

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,.



3.17.1 Commecn Parameters

Parameters that may be specified as input common to 11 three pro-
grams are summarized in table 1, along with the acceptable value range (or
options available) and the value (or option) selected in lieu of a speci-
fied parameter. For convenience, parameters are listed in table 1 in the
same order as in the parameter sheet produced by the computer for the
power density program (fig. 3).

Blank spaces are provided in table 1 so that copies of it can be
used to specify input requirements for program runs. The units of mea-
sure following each blank are the units that will be assumed for values
placed in the blanks if other units are not provided. Blanks are not
provided where fixed sets of options are available, and the option desired
should be circled to indicate preference. Where values (or options) are
not specified, the values (or options) marked by asterisks will be used.
Each parameter listed in the table is discussed below.

Aircraft Altitude Above Mean Sea Level (ms1)

As shown in figure 1, this altitude is measured above msl. The
propagation model is not valid for facility antennas located below the
surface, and radio horizons may not be treated correctly if the aircraft
altitude is less than the facility antenna elevation above msl. Use of
such aircraft altitudes will result in an aborted run after an appropriate
note has been printed on the computer-generated parameter sheet (fig. 5).
Notes are printed, but the run is not aborted if the altitude is (a) less
than 1.5 ft where surface wave contributions that are not included in the
model could become important, (b) less than the effective reflecting sur-
face elevation plus 500 ft where the model may fail to give proper consi-
deration to the aircraft radio horizon, or (c) greater than 300,000 ft,
where ionospheric effects not included in the model may become important.
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Aircraft altitude above msl F

Facility antenna height above site surface

Facility site elevation above msl

FEffective reflection surface elevation above msl

Y v

Mecan sea level (msl)

Figure 1. Antenna heighte and surface elevations.

Facility Antenna Height Above Site Surface (ss)

As shown 1n fiqure 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 rote has been printed on the computer-
generated parameter sheet (fig. 5). Notes are printed, but the run is not
aborted if the height is (a) less than 1.5 ft, for which surface wave con-
tributions not included in the model could become important, or (b) greater
than 9,000 ft, for which the model may include too much ray bending.

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

neglected ionospheric effects may become important; (b) greater than
5 GHz, when neglected attenuation 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 Tess 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 cracing
through an exponential atmospheve [3, sec. 3.8;4]. These factors are used
in correcting for the excessive bending associated with the effective
earth radius model when high (> 9,000 ft) antennas are used [40, fig. 6.7].
However, values provided by Rice et al. [40, fig. 6.7] are based on ray
tracing through a three part atmosphere [3, sec. 3.7].

Effective Reflection Surface Elevation Above msl

As shown in figure 1, this elevation is measured above ms1. If not
specified it will be taken as the "terrain eievation above msl at site."
This factor is used when the terrain from which reflect.on is expected
is not at the same elevation as the facility site, e.g., a facility
Tocated 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

9



result in 20 dBW EIRP. Effective radiated power (ERP) is similar to EIRP
but is calculated with an antenna measured relative to a half-wave dipole;
therefore, EIRP values are 2.15 dB greater than ERP values when the sama
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 tigure 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 = Pro + Gy dBH (1)

TR

where PTR(dBw) is the total power radiated from the facility antenna and
Gy (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 riote 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 QOptions

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 Dielectrirc
(mhos/m) Constant
Poor ground 0.001 4
Average ground 0.005 15
Good ground 0.02 25
Sea water 5 81
Fresh Water .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 wili not be aborted.

Horizon QObstacle 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. MWhen
the angle exceeds 12°, a warning note will be printed but the run will not
be aborted.

Horiznn Obstacle Height Above sl

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 eartin 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 sc that ft-msl implies feet above
mean sea level. '

13
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NO outside the 250-to0-400 N-unit range will result in N0 being set to 301.
[f the surface refractivity, Ns, calculated from NO is less than 250 N-
units, Ns will be set to 250 N-units and an appropriate note printed.

An Ns of 301 N-units corresponds to an effective earth radius factor of
4/3 [40, fig. 4.2].

Surface Reflection Lobing Options

Lobing associated with interference between direct and reflected
rays in the line-of-sight region contributes to the short-term varia-
bility (within-the-hour fading) or is used to define the median level in
the l1ine-u’-sight region. These options can result in predictions that
are very different. The variability option provides a more reliabie
estimate of propagaticn statistics in most cases. However, the pattern
option is useful when selecting antenna heights to avoid low signal
levels (nulls) in particular portions of air space. With the first option,
Tobing is treated as part of the short-term (within-the-hour) variability
when the reflected ray path length exceeds the direct ray path length
by more than half a wavelength (inside horizon lobe); i.e., the lobing
pattern is not plotted. The other option allows the median level to be
determined by such lobing for several (~10) lobes just inside the
radio horizon; i.e., the lobing pattern will be plotted. Regardless of
the option 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 msl 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 limit 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 very smooth plains 0-20 0-5
Smooth plains 20 - 70 5- 20
Slightly rolling plains 70 - 130 20 - 40
Rolling plains 130 - 269 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 programs, and the additional information required may be
specified by using tables 4, 5, and 6 for the power density, station
separation, and service volume programs, respectively. Two facilities
(desired and undesired) are involved in station separation and service
volume calculations so that data via table 1 are requircd 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. MWhen 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 the desired facility at the aircraft minus
that availab'e from the undesired station. This occurs because the
effective receiving area of an isotropic antenna varies with frequency

17



(a)

Table 4. Additional Parameters for Power Density Program.

Parameter Range Value
(b) . . e
Graph Format , Estimated if not Specified
Abscissa grid intervals < .difference between ____nmi
(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/sgam
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 table 1.

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

Parameter Range Value

Additional Primary Model Parameter, Specification Required

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

Graph Format(b), Estimated if not specified
Abscissa grid intervals < difference between mi
(Station separation) limits — 1"
Left-hand limit 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 dB
Upper limit Usually < 100 dB dB
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 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.
0.1 to 1,000 n mi n mi

Station separation

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

effect've altitude correction factors may be paired with altitude
values if desired. Sec 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 it
Upper Limit 300,000 ft _ft

< 35 characters or spaces __ft

Title

(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 cther units are not provided. Other parameter values

may be specified using Taole].
(b)Except for the title, graph format parameters are not piven on the
computer~generated parameter sheet (fig. 5).
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.(see eq. 3 of sec. 3.2). When the antenna gain and transmission line
losses associated with the aircraft are common to both desired and unde-
sired signals, D/U at the receiver is identical with D/U at the antenna.

Service volume calculations are done by (a) calculating D/U values
at a large number of aircraft locations and (b) interpolating between
these values to obtain loc~tions 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)
The great circle station separation, S, between desired and undesired

facilities is
S = dD + 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 listing of paran-
eters associated with a particular run and (b) a microfiim 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 tatle 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 levels expected to be exceeded for 5%, 50%, and 95% of the
time along with the power density that would be present under free-space
propagation conditions. Lobing is not shown in figure 6 curves since the
option to consider lobing as part of the variability was used. Figure 7
shows the lobing that results when the other opticn is taken.

3.2.2 Station Separatior

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). € €
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PARAMETERS FOR ITS PROPAGATION MODEL AUG 73
09/05/73 16:01:23 RUN

POWER DENSITY FOR [SOTROPIC ANT.
REQUIRED OR FIXED

ATRCRAFT ALTITUDE: 40000 FT ABOVE MsL
FACILITY ANTENNA HEIGHT: 50.0 FT ABOVE SITE SURFACE

FREQUENCY: 125 MHZ

SPECIFICATION OPTIONAL
ABSORPTION: OXYGEN 000029 DB/KM#*
WATER VAPOR 0,00000 DB/KM#%
EFFECTIVE ALTITUDE CORRECTION FACTOR: 2107 FT»
EFFECTIVE REFLECTION SURFACE ELEVATION ABOVF MSL: 0 FT
EQUIVALENT ISOTROPICALLY RADIATED POWER: 0.0 DBW
FACILITY ANTENNA TYPE: ISOTROPIC
POLARIZATION: HORIZONTAL
HORIZON OBSTACLE DISTANCE: 869 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 TO VARIABILITY
TERRAIN ELEVATION AT SITE: 0 FT ABOVE MSL

PARAMETER : 0 FT

TYPE: AVERAGE GROUND
TIME AVAILABILITY: FOR INSTANTANEOUS "EVELS EXCEEDED

POWER DENSITY (DB-W/SQ M) VALUES MAY BE CONVERTED TO POWER
AVAILABLE AT THE TERMINALS OF A PROPERLY POLARIZED
1SOTROPIC ANTENNA (DBW) BY ADDING  -3e¢4 DB~SQ Me

# COMPUTED VALUE

Figure 5. Sample parame.er sheet, power density progran.
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PARAMETERS FOR ITS PROPAGATION MODEL AUG 73
09705773 16 556:49 RUN

DESIRED STATION IS ILS LOCALIZER (8-LOOP)
REQUIRED OR FIXED

- g S 2 W o — T S - g

AIRCRAFT ALTITUDE : 6250 FT ABOVE MSL
FACILITY ANTENNA HEIGHT: 55 FT ABQVE SITE SURFACE
FREQUENCY: 110 MHZ

SPECIFICATION OPTIONAL
ABSORPTION: OXYGEN 0,00023 DB/KM#*
WATER VAPOR 0.,00000 DB/KM#
EFFECTIVE ALYITUDE CORRECTION FACTOR: O FT»
EFFECTIVE REFLECTION SURFACE SLIVATION ABOVE MSL: 0 FT
EQUIVALENT ISOTROPICALLY RADIATED POWER? 22.1 DBW
FACILITY ANTENNA TYPE: 8~LOCP ARRAY (COSINE VERTICAL PATTERN)
POLARIZATION: HORIZONTAL
HORIZON OBSTACLE DISTANCE: 2488 N MI FROM FACILITY*
ELEVATION ANGLE: -0/ 2/ 9 DEG/MIN/SEC ABOVE HORIZONTAL¥*
HEIGHT: 0O FT ABOVE MSt
TYPE: SMOOTH EARTH
MINIMUM MCNTHLY MEAN SURFACE REFRACTIVITY

301 N~UNITS AT SFA 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 8. Sample parameter sheet, station separation
program, desired facilit.

27



PARAMETERS FOR ITS PROPAGATION MODEL AUG 73
09705773 16:56:49 RUN

UNDESIRED STATION IS STANDARD VOR
REQUIRED OR FIXED

—— . —— o - o ——_—

AIRCRAFT ALTITUDE: 6250 FT ABOVE MSL
FACILITY ANTENNA HEIGMT: 1640 FT ABOVE SITE SURFACE
FREQUENCY : 110 MH2Z

SPECIFICATION OPTIONAL
ABSORPTION: OXYGEN 0.00023 DB/KM#
WATER VAPOR 000000 DB/KM#
EFFECTIVE ALTITUDE CORRECTION FACTOR: 0 FT*
cFFECTIVE REFLECTION SURFACE ELEVATION ABOVE MSL: 0 FT
EQUIVALENT ISOTROPICALLY RADIATED POWER: 22.1 DBW
FACILITY ANTENNA TYPE: 4-LOOP ARRAY (COSINE VERTICAL PATTERN)
COUNTERPOISE DIAMETER 52 FT
HEIGHT : 12 FT ABOVE SITE SURFACE
SURFACE: METALLIC
POLARIZATION: HORIZONTAL
HOR1ZON OBSTACLE DISTANCE: 4451 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 710 VARIABILITY
TERRAIN ELEVATION AT SITE: 0 FT ABOVE MSL
PARAMETFR: 0 FT

TYPE: AVERAGE GROUND
TIME AVAILABILITY: FOR INSTANTANEOUS LEVELS EXCEEDED

# COMPUTEL VALUE

Figure 9. Sample parameter gheet, station separation
prograr, 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 c of table 1, counterpoise data is included

on the desired station parameter sheet (fig. 8) only.

The station separation plot generated for the parameters given in
figures 8 and 9 is shown in figure 10. Desired-to-undesired, D/U, signal
ratios (see D/U Signal Ratis 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 least 95% of the time (see Time Availability Options paragraph of sec.
3.1.1).

3.2.3 Service Volume

Figure 11 is a sample parameter sheet for the service volume program.
Only one parameter sheet was produced since the desired and undesired
facilities were given identical parameters. Except for data associated
with D/U ratios, station separations, and aircraft altitudes (see para-
graphs on 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
ATRCRAFT ALTITUDES IN FT ABOVE MSL: 500 1000y 5000,
10000« 20000s- 30000, 40000y 50000+ 60000s 70000,
80000y 90000s 100000
DsU RATIOS IN DB: 20
FACILITY ANTENNA HEIGHT: 160 FT ABCVE SITE SURFACE
FREQUENCY: 113 MHZ
STATION SEPARATION: 390 N M]

SPECIFICATION OPTIONAL
ABSORPTION: OXYGEN 000025 DB/KM*%
WATER VAPOR 000000 DB/KM¥*
EFFECTIVE REFLECTION SURFACE ELEVATION ABOVE MSL: 0 FT
EQUIVALLENT ISOTROPICALLY RADIATED POWER: 221 DBW
FACILITY ANTENNA TYPE: 4~LOOP ARRAY (COSINE VERTICAL PATTERN)
COUNTERPOISE DIAMETER: 52 FT
HE 1 GHT : 12 FT ABOVE SITE SURFACE
SUPFACE: METALLTC
POLARIZATION:! HORIZONTAL
HORIZON OBSTACLE DISTANCE: 431 N MI FROM FACILITY*
ELEVATION ANGLE: -0/ 3/41 DEG/MIN/SEC ABOVE HORIZONTAL#*
HEIGHT: 2 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
Pigure 11. OSample parameter sheet, service volume progyram.
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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, Ah, to estimate radio horizon parameters when such 1in-
formation is not available [32, sec. 2.4]. Allowances are included in the
model for (a) average ray bending, (b) horizon effects, (c) Tong-term
power fading, (d) ground facility antenna pattern and counterpoise, (e)
surface reflection multipath, (f) tropospheric multipath, and (g) atmos-
pheric atsorption. However, special allowances are not included for the
less common effects of (a) ducting, (b) rain attenuation, (c) rain scatter,
(d) ionospheric scintillations, or (e) the aircraft antenna pattern.

Three computer programs that utilize the propagation model are dis-
cussed in section 3, and program listings are provided in appendix B. These
programs are for use in predicting the service coverage associated with
air/ground radio systems in the frequency band from 0.1 to 20 GHz. Power
density, station separation, and service volume programs are used to ob-
tain computer-generated microfilm plots. These are, respectively, (1)
power density available at a particular altitude versus distance from
a ground-based transmitting facility, (2) the desired-to-undesired signal
ratios versus the distance separating desired and undesired facilities,
and (3) constant D/U contours in the altitude versus distance space
between the desired and undesired facilities. Sample parameter sheets
(figs. 5, 8, 9, and 11) and graphs produced using the programs (figs. 6,
7, 10, and 12) are given in section 3.2. Tables 1, 4, 5, and 6 of
section 3.1 summarize input data requirements for the programs and have
spaces provided on them so that they may be used to record values for
input data.
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5. RECOMMENDATIONS

The current ITS propagation model for air/ground propagation can
be used for a wide range of input parameters (see table 1 of sec. 3.1).
Further development work on the model should include (a) testing the model
within its current parameter ranges by utilizing it to provide 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 include capabilities in the model for (a) circular
polarization [39, ch. 8], (b) long-term fading models for different
climates and time blocks [40, sec. II1.7], (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, (v) ground-to-satellite, and (c) air-to-
sateliite. Work on these programs has been initiated by ITS [19, 20],
and is expected to continuc, but will be limited by available resources.
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dther verstuns of the programs may also be desirable such as a program
Lo 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 less 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-ot-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 suci information is not
availalile 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 [!.,, (d) ionospheric scirtillations [45], or (e) the aircraft
antenna pattern [17, eq. 36].
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A discussion of the computer programs in t rms 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
some of 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/U4F/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 ofther than those associated
with the radiation resistance of the receiving antenna.

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

L(q) = Ly (0.5) + L -Gp=Gy-Yy(a) dB (4)

where Lh(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(O.S) is described in section A.4. Free-space
loss and atmospheric absorption are included in Lb(O.S) along with lobing,
diffraction, and/or scatter attenuation.

Values for Lgp and GA are taken as 0 dB in the model. The former is
valid when (a) transmitting and receiving antennas have the same polari-
zation and (b) the maximum gain of the faciiity antenna is less than
50 dB [32, sec. 1-3]. The latter results from assuming thal the aircrafe
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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 caiculated from

- 2 2
Y(q) = i\/Ye () + Y2 (a) B (5)

(+fm*q50£>

- otherwise

where Ye(q) is the variability associated with long-term power fading
(sec. A.5) and Y"(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 log(wR + wa) ds . (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 wrictten 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
Sg(@) = EIRP - L (q) 4 - A, dB-W/sqm (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 exc. zded during a fraction of time q, GN is the normalized gain

of the facility antenna (fig. 2) that is directed toward the aircraft
(line-of-sight) or toward the facility radio horizon (beyond line-of-sight),
and Ae is the effective area of an isotropic antenna [39, sec. 4.11]. The
formulation used to determine Gy is a slight extension of that used for

gp which follows (8G); i.e., GN = 20 Tog gy. Values of Lb(q) and Ae are
determined from

and

A, =10 1og(A;/4ﬂ) dB-sq m (9)

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

Ay = 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-L, (0.514GyIpaciped
(12)

- [EIRP-Lb(O-5)+GN]Undesired

and

2 dB (13)
Undesired

Y = Y. 2 Y_(1-

o (@ 1\/[ 2@ T 0a)]
- forq > 0.5
+ otherwise

where EIRP is defined by (1) of section 3.1.1, the calculation of Lb(O.S)
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 Transmissicn Loss

Median basic transmission loss, Lb(O.S), is calculated from
Lb(0.5) =Lt AY + Aa dB (14)

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

signal powers from exceeding levels expected for free-space propagation by
an unrealistic amount when the variability about Lb(O.S) is large, and
Lb(0~5) is near its free-space level, Lpg- That is,

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

bf

where f MHz is frequency and r km is the shortest vacility-to-aircraft
ray length,
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N
(0 if (Lysm3) < [Ly.-Yo(Q. 1)1 if lobing option (sec. 3.1.1)

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

(Lbf'3) - [Lbr'Ye(O‘])] otherwise

S

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(0.5)
so that L (0.1) > (L, (-3) when Y =0 in (3).

Terrain attenuation, AT’ and a variability adjustment term,
Ve(0'5’ de), are used along with L . to determine L ; i.e.,

L + A - Ve(O.S, de) dB . (17)

br = tor T Ay

Methods used to calculate Ve(O.S, 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 1ine-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 Tine from facility to
horizon, and as a curved line from horizon to aircraft. A straight line
extension from horizon-to-aircraft ray is shown dotted to indicate that
the effective earth radius model predicts too much bending for high
antennas, which would result in-a maximum great circle line-of-sight
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Facility
horizontal h]J

Effective reflecting
surface

h
7 rs

rs

Figure 13. Geometry 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], hL1’
and h2’ respectively. Facility ray horizon elevation angles measured
above the horizontal at the facility and its horizon are Ya1 and eL’
re sectively. The great circle facility-to-horizon distance is dL]'

Effective earth radius, a, is calculated using the minimum monthly
mean surface refractivity referred to mean sea level, No (fig. 3), and the

height of the effective reflection surface above meun sea level, h  km
[40, sec. 4]; i.e.,
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N = N, exp(-0.1057 h_)  N-units (18)

a, = 6370 km (19)
and '

a = a [1-0.04665 exp(0.005577 NS)]“ 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 dL]’ hLl’ and ee] are related to each
other by the following

h, ;-h d

_ -1 L1 1 L1 L rad (21)

801 = Tan { ] 53 }

L1
1
hLl = h] * et diy tan 0, km (22)
and

d = jAv/Za(hL]-h]) +a® tan® 0, - atan 6, km (23)

where the + choice is made such that (23) yields its smallest positive
value. If dL1 and/er Gel 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, he1 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,

dle = 2a hel km (24)
he = larger of { he1 or 0.005 } km (25)
0.1d '
Ls1 or
d, , = larger of’{ } km {26)
L1 dLs’I exp(-0.07 \/Ah/'he)

and
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d
0.5 [ ( Ls] ) ]
92 1.3 5L o1) an-an
d 51 dp el

8,9 ° lesser of or rad. (27)
0.2094 (12°)

The programs allow any two of hL]’ dLl’ or 849 to be specified or esti-
mated via Ah, and the remaining parameter to be calculated. Uhen a smooth
earth is specified, Ah is set to zero, hLl is set to hrs’ dL] set to
dle’ and 9e1 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 eftective altitude correcting factor is not specified. Then it is
performed through an exponential atmosphere [3, eqs. 3.44, 3.43, 3.40] in
which the refractivity, N, varies with height above ms1, h km, as

N = N, exp [- C, (h—hrs)] N-units (28)
where N
- s
C, = In T (29)
and
AN = -7.32 exp(0.005577 NJ)  N-units/km . (30)

Thayer's algorithm [43] for ray tracing through a horizontally stratified
atmosphere is used with layer heights (above hrs) taken as 0.01, 0.02,

0.05, 0.1, 0.2, 0.305, 0.5, 0.7, 1, 1.524, 2, 3.048, 5, 7, 10, 20, 30.48,

50, 70, 90, 110, 225, 350, and 475 km. Above 475 km raybending is negiected;
i.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 dle via (24)
r t~— Yes
Is smooth earth specified?
T " }
Are h, . and 6 . specified? es " =
L el & S
et
{ No - - bh = 0
- ompute
N Compute h Ll =
ls dL] ‘ o V?ap‘zzg) e via (23) hL] hl‘S
specified? 4 =4
Q LY~ “Ls)
Yes Compute dLI then
via (26) compute
0 via
el
- e {(21)
ls Gel | _No I's hLl Yes # *
specified? specified?
+ No
Yes Compute Oel Compute eel
via (27) via (21)
-
Compute hLl
via (22)
e Exit - ]

Figure 14.

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

from

- h km (31)

hyo = h2 rs

al
and

al e

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,, < 56 km
d = km. (33)
a Cos‘l[a/(a+he2)] otherwise

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

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

made using

hy, = Ah, if ah, is specified '
he2 = km (34)

ha2
lesser of § or otherwise
{dfsz/(Za) if 6525_0.1 rad }
L alsec (o ,)-1] otherwise . J
where d
o = 2 rad . (35)
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| rhe dLsZ 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 Ahe, dLsz is calculated using
(33). Values obtained for he2 by using ray tracing do not always agree
with those [40, fig. 6.7] based on a modified effective earth's radius
model [3, sec. 3.7], since the ray tracing described here is based on the
later exponential model [3, sec. 3.8]. Actually this effective earth radius
model predicts smooth earth radio horizon distances that are too short
(insufficient ray bending) for antenna heights less than a few kilometers
[3, sec. 3.8], but the propagation models [32, 40] on which much of air/
ground model is based use the effective earth radius model. Therefore,
ha2 is selected in (34) when such antenna heights are encountered, and
Ak, is not specified.

Aircraft horizon parameters are determined using either (a) case 1,
where the facility horizon obstacle is assumed to provide the aircraft
radio horizon, or (b) case 2, where the effective reflection surface is
assumed to provide the aircraft radio horizon. The great circle horizon
distance for the aircraft, dL2’ is calculated using the parameters shown
in figure 15 along with the great circle distance, d km, between the

facility and the aircraft; i.e.,

heL = hL] - hr,S km (36)
dg, = v 2a he  km (37)
and
d-dL] ifd- dL].i dSL + dLSZ
d ., = km (38)

L2 .
dLsZ otherwise

Here heL km is the height of the facility horizon obstacle above the
effective reflection surface, dsL 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 horizon
(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 : ey
Tan [ 5 3 ] if d ,=d-d,

d»
0,, =<or rad. (39)
) et |- ez G2 .
an - 5[5 "5 a otherwise

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

earth padius geometry or drt (fig. 13), 1.e.,

r(a+h ) cos ©
a{Cos! el el | .y if Ah_ is specified
Ya#hez) el e \
dy. * km. (40}
dLl + d'r‘t otherwise .

The great circle ray-tracing distance, drt km, 1s determined by tracing
a ray from the horizon obstacle 'to the aircraft location where the ray
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1saves the obstacle at the angle o (fig. 13). This angle is related
to ny by

dp
= rad. (41)

® ) e
Vel a

UL

A.4,2 Line-of-Sight Region

Calculation of Lb(O.S) in the line-of-sight region via (14) and (17)
involves Lbf from (15), AY from (16), Aa of section A.4.5, Ve(O.S, de) of
section ALY, 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,
T.e., only when d < dML‘ where the determination of dML is described in
section A.4.1. Allowances are included for (a) lobing caused by surface
reflection, (b) lobing caused by counterpoise reflection, and (c)
diffraction near the radio horizon. Methods used to combine these
allowances will be described in detail; then a block diagram of the pro-
cedure used to calculate AT within the line-of-sight will be provided.

Path length difference, Ar km, is the extent by which the length of
the reflected ray path, rytry =, km, exceeds that of the direct ray,
o km. It is used in calculations involving lobing in the line-of-sight
region, ard 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, y rad; (c) ha2 km from (21), and hgp from (32); (d) counterpoise
height above facility cite surface, hCg km; (e) effective facility antenna
height above reflection surface, h,, km; and (f) facility artenna 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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L

Figure 16.

Geometry for path length difference, Ar, calculations
(not drawn to scale).
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z = (aola) -1, (42)

= 1/(1+z cos ) (43)
a, = a, ka km (44)
bh, = h, = h,kn (45)
Aha = Ahe (aa-ao)/(a-ao) km (46)
A for earth
{h Ah h for counterpoise } km (47)
he] for earth
H] - {hfc for counterpoise } km (48)
2y 27 3 + H]’2 km (49)
@]’2 = Cos~! [aa cos (w)/z],zj - ¢ rad (50)
D],2 =2, sin 6]’ km (51)
D] o tan ¢ for ¢ < 1.56 rad
H1,2 B {H] 2 otherwise } km (52)
Tan"[( H )/ (D +DZ) for ¥ < 1.56 rad
a = { }km (53)
Y otherwise
(D]+Dz)/cos w for ¢ < 1,56 rad
ro ® { } km (54)
H, - H, otherwise
2 1
(D,+D,)/cos ¢y for Y < 1.56 rad
12 - km (55)
"2 H] + H2 otherwice
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Ar = 4 Hi Hé/(r0 + ”]2) km (56)

Sh = - 61 rad (57)
- \
eer =y + e] rad (58)
= (
6, = 8, *+ 6, rad (59)
and
- {
d=a, 6, kn. (60)

An effective earth radius, ays 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 large ray
take-off angles when cos y 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 lay of -¢g. Allow-
ances are included for the effect on reflection coefficient of (a) reflec-
ting area illumination (antenna gain), (b) surface dielectric constant ¢
and conductivity ¢ mho/m from table 2, (c) polarization, (d) surface
roughness, and (e) wavelength Ag from (10), but not allowances fcr
divergence [6, sec. 11.2] or shadowing by the counterpoise (included
later). It is calculated using the complex plane earth refiection coef-
ficient R exp(-j¢) [6, sec. 11.1] and the reflection reduction factor
th [32, eqs. 3, 3.5, 3.6]. That is

€. =€ - J60A o (61)

¢ = grazing angle (figc. 17)

Y =Ve_ -cos?y (62)

C c
and

sin(y) - Yc for horizontal
-z =~ polarization
. sin(y) + YC
R exp(-j¢) =
€ sin(w)-Yc for vertical
e 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,

Ahd = Ahm[1-0.8 exp(-0.02d)] m (64)
0.39 4hy for Ah, < 4m
g, = m (65)
n 1/4
0.78 Ah, exp(-0.5 Ahd ) otherwise
and
Foh = expl-2mo sin(yp)/A ) . (66)
Further,
(" cos By 1f Ieerri 83°] for cosine option where h
0.12589 otherwise eer is from (58)
By /20
10° with GN from fig. 2 for DME and TACAN options

g = < 1 for isotropic option > (67)

[]+(Zleer'etl/eHP)2'5]_0'5 for JTAC option where

the beam tilt above horizontal is et and the
half-power beamwidth is Op degree, both in

_  the same units as 6, y

and

Rg exD('j¢g) = th g R exp(‘j¢h’v) . (68)
Similarly, the effective reflection coefficient for the counterpoise, Rc
exp(-j¢c); is calculated from

R, exp(-do.) = g R exp(-ity ) (69)

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

Counterpoise shadowing of earth reflecting surfaces and the limited
reflection surface availabie 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

d. = counterpoise diameter (km),

0. = Tan-1(2 hfc/dc) rad (70)
re = 0.5 dc/cos ece km (71)
¥ = grazing angle (fig. 17)

O%g = | 0. “ Oy | rad (72)

where Oay is determined from (58)

A= Am/1000 km (73)

where A is from (10)

Y, = v 2r./Xx (74)
Vo = x2Y sin(e /2) {° for 8oy < O (75)
9 v 9 + otherwise

e = lece - 0| rad (76)

where 8, rad, determined from (57) for reflection frem the earth, is used
as the grazing anqgle Ve for counterpoise reflection and
- for o

>0
] ' h ce
Vg +2 YV sm(ch/z) (+ otherwise ) 77)

'
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ce

Counterpoise l' de ‘
2

Earth

Figure 17. Geometry for determination of earth reflection
diffraction parameter, v _, associuated with
counterpoise shadowing.

/
hfc
Counterpoise T 1,
h ce
fc O
h
Image

Figure 18. Gecmetry for determination of counterpoise reflection
diffraction parameter, v, associated with the limited
reflecting surface of the counterpoise.

55



A subroutine, FRENEL (sec. B.4.1), written for the Fresnel integrals
[40. sec. III.3] is used to determine the loss, f g,c (dimensionless
voltage ratio), and phase shift, ¢Kg . rad, factors from Va.c'

Ray combining is performed as follows:

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

eXP(-j¢g’c) = complex effective reflection coafficient
for earth or counterpoise reflection from
(68) and (69)

f and ¢kg,c are the knife-edge loss and phase shift factors

g,cC
for earth or counterpoise raflection that are discussed

Rg,c

in the preceding paragraph

dC = counterpoise diameter (km),
A = wavelength (km) from (73)
(" . . . .
{Rg ifd <0 } if lobing option )
fg Rg otherwise J (sec. 3.1) used
Rig = 4 . (78)
0 if Ar > A/6
{ if d } otherwise
R otherw1se
L g
J
0ifd, <0
RTc = { } (79)
f_ R_ otherwise
c ¢
= 2
¢Tg’c (2m Arg,c/k) + ¢g’c + ¢kg,c + "Vglc/z rad (80)
9 = value of g for direct ray from (67) with 6er set to

6, from (57).
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Hpo = 19p = Ry exp(-Jérg) + Rpo exp(-Jop.)[? + 0.0001 (81)

and
Pro = 10 ]Og(WRO/QS) dB.* (82)

Diffraction is included in the line-of-sight calcuiations near the
radio horizon by using {(a) the largest within-the-horizon distance, d, km,
from (140), at which diffraction effects are considered negligible
(sec. A.4.3); (b) the value of -PRo from (82) at do’ Ao dB; (c) the maxi-
mum line-of-sight distance, dML km; and (d) the attenuation greater than
free space at dy , AML dB from (137). Hence the terrain attenuation factor
AT is calculated for the line-of-sight region (d < dML) from

A, +P

ML RO
M = 7————— dB/Kkm (83)
L dy -4,
and
-P,, if d <d
RO 0
A, = { . . ds . (84)

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
line-of-sight (see eq. 84) and diffraction regions. Diffraction attenua-
tion, Ad’ is assumed to vary linearly with distance in the diffraction
region when other parameters (heights, etc.) are fixed. .Most of the
equations given in this section are related to the determination of twe3
points needed to define this diffraction line. Since irregular terrain
may be involved, rounded earth diffraction is combined with knife-edge

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

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

!

I1

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 lobes (Ar up to 10 1) inside the
smooth earth radio horizon, or (b) near the horizon
lobe. Critical ar's (e.g., multiple of A/2) are
selected and d's determined.

ITI

[f a counterpoise is present (dc > 0) 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 /hge) for ©
critical Ar. values and 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.

l v

Calculate A, values via (84) for each d in the block
IV array. Starting ¢ 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-
'ing (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 g_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] 5 = radio horizon distance (km) for

terminal 1 or 2 of path p

h = effective height (km) for

terminal 1 or 2 of path p

pel,2

dpL = dpL] + dpL2 km (85)
a = effective earth radius from (20)
= frequency (MHz)
dpLS = smooth earth horizon distance
for path p
dpL + 0.5(a2/f)Y/3
d3 = larger of{ or km (86)
dpLs
d, = dy + (a%/f)/3 km (87)

- 2
ay,2 = 4p11,2/(2 Mgy oy Kkm (88)

epel 5 = norizon elevation angle (rad) for
terminal 1, or 2 of path p
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rad (89)

6 0 t d3,4/a rad (90)

3,4 = %p
a3 4 = (d3,4'dpL)/e3,4 rad (97)
o = conductivity (mho/m) from table 2

x = 18000 o/f : (92)

e = ¢ielectric constant from table 2

Ky = 0.36278F71/3 [(e-1)24x2]"2/" (93)
K, a-'/3 for horizontal polarization
47 .2.3,4
K1,2,3,4 =y°or 77 (94)
Ky ai‘é33 4 [£24x2]Y/2 for vertical
P polarization
= 1/3 -
81,2’3’4 416.4f (1.607 K]’2’3,4) (95)
_2/3
Xy 2By o2y dyqp ke (%)
N],Z = 0.0134 X],2 exp(-0.005 X]’Z) (97)
¥y.9 = 40 1og(x] 2) - 117 dB (98)
= "2/3 -
X34 = B3,4 83787 (d347d,) + %, + % (99)
G]’2.3’4 = 0.0575] X].2’3,4 - ]0 ]og /\.-l ’2’3’4 (]00)
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(When 0 < x; , < 200
.Y],z if I.Y]’zl <
- 117 otherwise

117

3 - -5
} if 0< K ,< 10

N\

or
yy.p if 107 <Ky 5 <1
] y 3
and xy 5 > - 450/[10g K],Z]
or
Flp =< 20 Tog(Ky ,) - 15 + 2.5(10)7%x¢ /K , > dB (i01)
otherwise
When 200 < X, 2‘5 2000
W2 Y7,2+ (1-W 5) 6y
When x]’2 > 2000
G
L 1.2 )
Ryg =G4 Fp=Fy-20 dB (102)
Mpr = (Ag - A3)/(dy - dg)  dB/km (103)
Apro = A, - Mpr , 4B (104)
Apr = Apr0 + Mpr dp (105)
hyy 2 = 1000 hpe]’2 m (106)
and
BN],Z = ]0607 - K-I,z (107)

Then Gp51 o are obtained with subroutine GHBAR [sec. B.

4.1] by using value

of 3y 2 f, BN],Z’ K1.2’ dpL].Z' and hm],Z 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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~——

\\\~Effective reflection
surface

h

heeZ: el

Figure 20. Paths used to determine diffraction loss (not drawn fo
scale). Rounded earth diffraction is calculated for the
hyo1 to hges and hgpy to hy,o paths. Knife-edge dif-
fraction ts calculated for the h,; to hy,o and hy;
to hye paths.

This formulation is used to determine rounded earth diffraction lines,

(10%) and Gpﬁ1’2 (discussed under knife-edge diffraction in the next para-
graph) values for two paths illustrated in figure 20. The first ;“th 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  km (109)
where d, 1s from (40),
ML
(b) hier.2 = Nay o km (110)

62



where
he] = h] - hrs km (111)

(fig. 13) and hgy 1s from (34),
(c) deps = dusy * g2 Km | (112)

where d .\ 1s from (24) and d g2 is from (33), and
(d) Okel.2 = V1.2 rad (113)

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

(a) h =h, -h km (114)

eel rs

where hLl km is from figure 14, hrs is the reflection surface elevation

above msl (fig. 13), and

heer = Nao km (115)
from (34), e
(b) deL],Z = 2a hee],2 km (”6)
where a is from (20),
() dops = doyq * dgp Km (117)
and
h d
- 1,2 ell,2
(d) Y = Tan~! ( eele . & ) rad . (118)
eel,2 deL1,2 2

Knife-edge diffraction is used to define ancther diffraction li.e

tor diffraction by an isolated obstacle with ground reflections [33,
sec. 3.5; 34, sec. 2.1; 40, sec. 7.2]. This line is based on linear
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interpolation between knife-edge attenuation values, AKK,e’ calculated for
two knife-edge diffraction paths illustrated in figure 20; i.e., paths from
he] to hKe2 and from he] to hee2' Parameters discussed in the previous para-
graph are used in these calculations. That is, GKﬁW,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:

=6 -G,y -G dB (119)

Ak Q

Kh2

Iy = Oe1 * 9ee2 * (deLs * dL1)/a rad (120)
where U1 is from figure 14, 902 is from (118), deLS is from (117),

dj is from figure 14, and a is from (20)

v, = 2.583 sir (o) vf¥&L] d ) (121)

h /(dpy +d

el.s els

where f MHz is 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-adge loss factor, fh
(dimensionless voltage ratio), associated with Ve Then

-Gy -G

oF iy - 20 Tog f,  dB (122)

ek h

where Ah is obtained from (105) with path parameters for the subscript
e path (fig. 20) and dp = deLs’

MK = (AeK - AKK)/(dL] + deLS - dML) dB/km (123)
where dML is from (40)

dB (124)

and
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AK =M, d+A dB (125)

K Ko

where d km is the Qreat circle path distance.

The distance d_ km in the Tine-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:

= Sin-[ (22

where dML is from (40), f Mhz is frequency, dL] is from figure 14, and
d“zisfmm (109)

6. =6, -8 rad (127)
where 6e] is from figure 14,

d s = -a8; + V (a tan 8,)? - [(hy-h )/ (2a)] kn (128)

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

de = d +dy kn (129)

L5

h52 = h2 - Ahe km (130)

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

h,,- h d
Y AUR UYL Y
8,5 = Tan ( 3 -~ 7 ) rad (131)
L5
Op = Ugy * 95 * (dg/a) rad (132)
= ; Ved - d 7d.
Vg 2.583 s1n(66) de] dLS/dS . (133)
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Subroutine FRENEL (sec. B.4.1), written for Fresnel integrals

| [40, sec. III.3], 1s used to determine the knife-edge loss factor, f5

(dimensionless voltage ratio) associated with Vg Then

Aye = 20 log fe dB (134)

K5

and
1 wnen dy > dy ¢

W= 0 when dML«i 0.9 dKLS (135)
w(d,, . ~d,, )
0.5¢ + cos [—«—Eéﬁ--ML-] otherwise

where dKLS is from {112), rounded earth attenuations ArML and ArS are ob-
tained from (105) witn parameters for the subscript e path (fig. 20), and
dp set to dML and do’ respectively,

Ar5 if W>0.999
A5 = AK5 if W< 0.001 dB (136)

(1-W) AK5 + W lf\w5 otherwise

Ay, 1f W > 0.999 l
AML = AKK if W< Q.00 ds (137)
{1-W) AKK = W ArML otherwise'J
Mo = (AML - AS)/(dML - do) dB/km (138)
Ao = AML - Mo dML dB (139)
and
d =-~A/M km . (140)

This procedure involves (a) combining knife-edge diffraction values
(AKS’ AKK) and rounded earth diffraction values (ArS’ ArML) at the dis-
tance where the knife-edge v parameter is about -0.5, do’ and the maximum
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line-of-sight distance, dML‘ (b) using these points to define a linear
diffraction line with slope M0 and intercept Ao, and (c) using this line
to define the distqnce do at which the attenuation resulting from it would
be zero. It is very similar to a referenced method [20, sec. 2.1].
Terrain attenuation A, for beyond-the-horizon paths (d > dML) is

determined using attenuations for diffraction and scatter. Attenuation

for scatter, AS, is discussed in section A.4.4 whereas diffraction attenua-
tion, Ad, is calculated using the rounded earth and knife-edge diffraction
formulations previously discussed in this section. That is rounded earth
attenuation ArK is obtained from (105) with parameters for the subscript K
path (fig. 20) and dp set to dLl + deLs where dLl is the facility norizon
distance and deLS is obtained frem (118).

ArK if W> 0.999
A. = A

6 Ke if W < 0.001 dB (141)

(1-W) A et W Ar otherwise

K K

wheve 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

i

A M, d+A dB (144)

d d do

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 siope of the A  versus d curve, M., is

E,Md where MS is determined using successive AS calculations (sec. A.4.4)

for distances greater than dML' Then
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- .
Ad if Asx > Adx
for d<d
<
(AP dy 294 2%
A+ 22 ) (d-d.) otherwise
s d -y X / g \
AT= < X - dB (]ﬁ:,
(lesser of Ajor A, if Ap # A h
{ for all shorter distances pre- . for dx<d
viously considered
L y,
kAs otherwise J
where Adx and ASX are values of Ad and AS that correspond to d = dx'
For within-the-horizon paths, d < dML’ AT is determined using (84).

A.4.4 Scatter Region

For beyond-the-horizon paths, the terrain attenuation is equal
to that associated with forward scatter, At=As dB, when contributions from
diffraction, Ad, are neglected. Use of AS and Ad to obtain AT was dis-
cussed in the previous section (145) so that this section is only concerned
with the calculation of As. Portions of the programs that deal with scatter
are nearly identical with Johnson'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 fcllows:

d = great circle path distance (km)

a = effective earth radius from (20)
8 , = facility horizon elevation angle (rad) via figure 14
6 . = ajrcraft horizon elevation angle (rad) from (39)
h, = elevation of facility antenna (km) above ms]

hy, = effective altitude of aircraft {nm) above ms)
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4 h . =h, - Ah km (146)

es? 2 e

where h2 is the aircraft altitude above mean sea level and Ahe is obtained

from (45) ,
h,-h
__4d 1 "es?
Uoo = 73 + ee1 + 3 rad (147)
h,-h
.. d __1 "es2
Boo = 7a t %2 d rad (148)
%0 = %0 * Boo rad (149)
dL] = facility horizon distance (km) via figure 14
d, = aircraft horizon distance (km) from (38)
0 for smooth earth
601,2 { dL] ) } rad (150)
ee1,2 + ——34—- otherwise
B
d o0
Yo, =99 4. n (151)
sl Ooo L1
d o
Y = =22 _ 4 (152)
s2 eoo L2
Vo1, 11 051,220
dgy1,2 = e km (153)
Y - otherwise
sl,2 601’2

Values for Aao and A8, [7, fig. 18] are obtained with subroutine
DELTA (sec. B.4.1) by using values of 6,9 » and N, from (18). Then

L]

o = a_ + Aa rad (154)
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and

h

n o =0.031 - ¢

h
Ng = 0.5696 h [1 + n] exp[-3.8 ( Tgoﬁj

v

00 ABO rad
= ao + Bo rad
SI B o‘o/Bo

1/5I dtherwise

d-dL~’

-d

L2 km

DS s 8/(1 +s)2 gn

h0 =ds 6(1 +5)2 K

FO = 1.086 (ns/ho) (ho-hv-h

L17ho)

% = wavelength (km) from (73)

1

Yo

B

= 47 h] aO/A

n

{

47 h

v if S
o

VB otherwise-}
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es2 Bo/A

1

2.32 NS/103) + (5.67 N;/]OG)

dB

(155)

(156)

(157)

(158)

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

(164)

(165)

(166)

(167)



if S <

Vg |
v, = { . (168)
- Vg otherwise

A value for Hy is obtained with subroutine HCHNOT (sec. B.4.1) by
using values of s, Ng» and V1.9 where HCHNOT is based on a referenced

[7, sec. 11.4]. Subroutine FDTETA (sec. B.4.1) is used to obtain Fyg from
values for d, 68, N_, and s where FDTETA is based on a referenced method

s
[7, sec. 11.1]. Then

AS =10 log f - 40 logd + F, + Ho - FO - 32.45 dB (169)

de

where f MHz is frequency.
A.4.5 Atmospneric 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 < dML) where dML is from (40), the
figure 21 expressions are used to calculate effective ray lengths r

eo,W
where HY] = hg from (111), HY2 = H, from (47), for earth, a, =3, from

(44), and B = 6, from (57).

For single horizon paths (dML <d < dLl + deLl) where dL) is from
figure 14 and deL] is from (116), the figure 21 expressions are used with

two sets of starting parameters and the r obtained with these are

eo,W's
In the first calculations, H , = h_,,
'd el

called r and r

leo,w 2e0,w’
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bParameter values for HY] km, H > km, and aY km and i are defined in
¥
the iext for line-of-sight, single horizon, and two horizon paths.

At = ¢+ 0.5

Hy = eow Ty

b = +

1q H'v] aY

Ho = 1 }
2 esser of (Ht or HY2 tal

When H'] < Teo,w

a in-} i
A Sin (Hq sin At/Hz)

q
Ay = - (A + Aq)
Ht'Hq if Aq < 0.02 rad }km
eo,W = {Hq sin A,/ sin Aq otherwise

When Teo,w 9t]

) Hq s5in At

n
i <
- (0 if H < H or At 3 ‘n
2 H sin [cos"(Hc/Ht)] otherwise

Figure 21. Geometry associated with atmcspheric absorption calcula-
tiona. Values of T for oxygen and water vapor are
taken as 3.25 and 1.36 km [13, table A.2],
respectively (not drawn to scale).

O,W
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r‘\ e <

\HY2=

h from (114), a, = a from (20), and 8 = B,y from figure 14. For

eel
the second set H] = HL]’ HY2 = he2 from (34), aY =a, and B = - ee2_'
(d - dL])/a where 6_, is from (36). Values for Peo,w 2"® then obtained
using
r km . (170)

= +
eo,w r]eo,w r‘2eo,w

For two horizon paths (dL1 + deL] < d), the figure 21 expressions are
also used with two sets of input parameters, and the results obtained are
called Meo,w and "2e0 W’ where (170) is used to determine Pao v values.
Height of the scattering volume above the effective reflection surface, HV,
is used as an input parameter and it is calculated using heez km at dis-

tance d, km from (153), 501 rad from (150), and a km; i.e.,

H, = h +d tan 6 . + d_2/(2a) km . (171)
) ee? s ol sl

In the first set of calculations, HY1 = he1’ HY2 = HV’ a, = a, and g = Oa1-
For the second set, HY1 = lesser of {Hv or Hez}, HY2 = greater of {HV or
HeZ}’ aY = a, and B = greater of.{-eez or - 045 - (d-dL]-dS])/a} .

Surface absorption rates for oxygen and water vapor, Yo0.w dB/km are
used with effective ray lengths, r W km, to obtain an estimate for atmos-

pheric absorption, Aa dB; i.e.,

eo

A dB . (172)

= +
a Yoo "eo T Yow "ew

Values for Yoo.w MY 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 qhe variability associated with long-term
(hourly median) power fading that is required for (5) is designated YQ(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 transmissicn 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, se.. 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 eh, where 6 is the elevation angie of the facility-
to-aircraft direct ray from (57); and (c) conditional limiting of Ye(q)
values v+ 4 ~ 0.1. The 8 o, modification in (b) comes from a comparison
[20, fig. 2] with satellite data [35, fig. 8]. In the calculation of
Ye(q), ray tracing from the earth surface to *he aircraft is used to
determine the smooth earth horizon distance dLOR 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

d o1 = /18000 hey  Kkm (173)
where he] is from (117)

dLoR if Ahe not specified

dL02 = o km (174)

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

d. =65(100/F)/% km (175)

ds

where f MHz is frequency

+d km (176)



130d/dy for d < dy

130 + d - dM otherwise

where d km is great circle path distance and

V(0.5) n,
Y(0.1) p»= [C]denl - f2 ] exp(—C3 de ) + f2 dB (178)
-Y(0.9)

where f2 =f_+ (fm - f) exp(—Czdenz) and the values used for the
parameters C], CZ’ C3, Nys Ny N3, 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 yzar] is being calculated. Then

f8h= 0.5 - 77! Tan™! [20 log(32 Oh)] (179)
Ye(O.l) = feh Y(0.1) dB (180)
Ye(0.9) = th Y(0.9) dB (181

YT = Lb(O.S) - [Lbf - 20 ]og(gD + RTg + RTC)] dB (182)

where Lb(O.S) is from (14), Lbf is from (15), and 9p> RTg' and RTc have
the same values as they would in (81).

3.33 ¥ _(0.1)

lesser of { or © }for lobing

Y1

¥, (0.0001" = ag (183)
3.33 Ye(O.l)
lesser of { or }otherwise
Lyr * Ay (Lpe-6)
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.

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

A, is from {15),

Y

lesser

Ye(0.001) =

lesser

lesser

Y (0.01} =

lesser

greater

it}

Y,(0.99)

2.73 Ye(0.1)
of { or } for lebing

T dB (184)

2.73 Ye(O.l)
of { or }otherwise

0.5)-(Ly -5.8)

1.95 Ye(O.l)
of { or } for lobing

dB (185)

1.95 Ye(0.1)
of {‘ or } otherwise
LAy~ (Ly¢-5)

Lb(O.S) - (Lbf + 80) dB (186)

1.82 Ye(0.9)
of { or } for Tobing
'g

dB (187)

1.82 Ye(0.9) otherwise

greater

]

Ye(0.999)

and

greater

i

Y,(0.9999)

2.41 Ye(0.9)
of { or for Tobing
Yg
dB (188)

2.41 Ye(0.9) otherwise

; 2.90 Ye(0.9)
} for lobing

of or
Ly,
dB . (189)

2.90 Ye(0.9) otherwise
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The median adjustment factor Ve(O.S. de) required for (17) is
obtatned using the results of (178 and 179), i.e.,

V (0.5, d,) = f, 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-
stght paths, and 1s used only when the time availability option for
"instantaneous levels excec :J" is selected (table 1). Contributions asso-
clated with both specular and diffuse reflection components may be included
thaugh the specular component is not allowed to make a full contribution
when it s a'so used n determining the median levels (e.y., when lobing
option s selected, table 1), These contributions are incorporated into
the variability part of the model via the relative power level, NR, in
(Y. formulas used to calculate NR may be summarized as follows:

b retlection reduction factor [42, eq. 21 modified]

AY associated with the conditional adjustment factor AY
trom {16)
] if AY < 0
0.5(1.1 + 0.9 cos("AY/6)J otherwise
t . - reflection reduction factor [42, eq. 22] associated
with path length difference, Ar km, from (56) wave-
length, \ km, from (73)
'O'
0 for lobing (table 1)
- = Fape A 9
r%r < (1 for ar > 2/2 (192)
0.1 for »r < xro = /6 otherwise
1.1-0.9 cos [3v(~r-;r0)/\} otherwise
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R. =R (193)

S Tg F

F
AY " Ar

where Rg is the specular contribution to relative multipath power, and
RTg is from (78). Fdohis 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)

- N
2 .
0.01 + 9.46 Foh if FOh < 0.00325
6.15 F_, if 0.00325 < F _, < 0.0739
ch =~ _“"77""" -~ Togh — .
Faoh = 90.45 + V 0'000893'(Fah’0']026)2 if 0.0739<F0h<0.1237 (194)
0.601 - 1.06 FOh if 0.1237 < Foh < 0.3
0.01 + 0.875 exp(-3.88 F h) otherwise
. 9 J
Rg = Rrg Faon/Fon (195)
where Ra is the diffuse contribution to relative multipath power and
R + R} for line-of-sight (d<dy, )
WR = (196)

kQ otherwise

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

The RTg in (193) is an effective reflection coefficient for reflec-
Fion from the earth. It is calculated using (78) and (68), and includes
allowances for: (a) surface constants and frequency via the plane earth
refleccion coefficient, R, of (63); (b) antenna illumination of the reflec-
ting arca via the relative antenna gain, «, of (67), (c) shadowing of the
reflecting area by the counterpoise with fq of (78), and (d) surface
roughness via Foh of (66). This fcrmulation for FUh [32, eq. 3.5] has
been previcusly used (20, . 173 47, 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;
1imited distribution, contact author at ITS for more information].

A.7  Tropospheric Multipeth

Tropospheric multipath is caused by reflections from atmospheric
sheets or elevated layers, or additional direct (nonreflected) wave paths
[2; 9, sec. 3.1] and may be oresent 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 level, wa, in (6).

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

ray length, o from figure 21;

w’

10 Tog (f r® ) - 84.26 ifd< d
F = { ew = M g3 (197)
and is not calculated otherwise
obtained via (201) if d » dML
¢ = 40 dB3 if F < 0.14 4 )
t -20 dB if F > 18.4 (198
or is obtained from curves [40, fig. V.1]
W, =10 (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: replacing 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
v are used in (198) by selecting the Kt that corresponds to Yﬂ(0.99)

-F in [40, fig. V.1]. This operation is performed in the programs by
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 wa may be deter-
mined from Kt values with (201), where Kt is calculated using (a) the
scattering angle 6 rad from (156), and (b) the value Ky, of K obtained
from (6) at d = d,,, with W, from (196) and W, from (199); i.e.,

#

ML R
MKa = (—ZO-KML)/O.02618 dB/rad (200)
and
obtained via (198) if d < dML
K, = -20 if 0 > 0.02618 rad dB . (201)

KML + MKa O otherwise

However, the calculation of wa for such paths can be bypassed since
the K of (6) is equal to the Kt of (201) because wR in {(6) from (196) is
zero. Data [26] was used io determine the values of ¢ 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 (v = 0, Kt = KML) and Rayleigh fading (0 = 0.02618 rad,

K¢ = -20 dB) points.
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APPENDIX B. PROGRAM LISTINGS

Program listings are given in this appendix for the power density
(POWAV, sec. B.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. Initial (first 5) READ
statements of all three programs concern these tables. Remaining READ
statements concern model parameter data where the cards used to provide
such data for each program are indicated in figure 22 (POWAV), figure 23
(DOVERU), and figure 24 (SRVVOLM). FORTRAN variable names used in the
programs and in these figures are described in table 7. Additional in-
formation concerning most of these parameters is given in section 3.1.1.
Format requirements are given in the program listings.

B.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 listing of POWAV is provided at the end of this section.
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L

[ Intialize by reading in TABLLS (sec. B.4.2) and setting up constants ]
-Start of loop for eich new set S
of pardameters and profiles.

1

Read input parameters (table 7, €ig. 22) and convert all distance and

heights to kilometers, and all angles to radian.

Y

Cumpute other necessary pardmeters not given such as facility horizon

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

Y

[iﬁdll DEFRAC (sec. B.4.1) to obtain diffraction lines (sec. A.4.3). J

'

Call ALOS (séc. B.4.1) to obtain values for plotting in the 1ine-0f-sight
region (sec. A.4.2).

B{eqinning of Joop for beyond-horizon -
distance points.

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

f

the appropridate vdlue via (144},

[f the "instantaneous" time dvailability option is used (table 1), long-
term variability obtained using 70 (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 varriability 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.

]

L[nd of loup for beyond-the-horizon distance values. J S

Y

(Call PLTGRPH (sec. B.4.1) to set up graph and plot points.]

1

[Loop back for new set of parameters.

=

flf no new parameter:, program ends. 4]

!

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

ROUT INE FOR MODEL AUG 73

2 FORMAT (#* PROGRAM 1S FINISHED, #}

4 FORMAT(1H1}

5 FORMAT(1H }

6 FORMAT (20X s *INPUTH* 521X s #WORKING VALUE®)

7 FORMAT{[2+sF6¢0921233F64U»1292F6.091292F640331393[23F640Q0911)

8 FORMAT (2A8+2F6e01F4+093F6409212F5.09F4e0}012)}

32 FORMAT(3X+sFSel)

50 FORMAT(F7.091X)

71 FORMAT(F54N*14F%41)
106 FORMAT(aX+% DML IS LESS THAN ZERO, ABORTING RUN #)
108 FORMATI(DIF5a397FR,2))
110 FORMAT(2AR)
505 FORMATI{11F7e4)

FORMAT STATFEFMENTS FOR PARAMETER SHEET AND WORK SHEET

700 FORMAT (23X s *PAKAMETERS FOR ITS PROPAGATION MODEL #,A89/32XsABs2XsA
XRs#® RUN®,//)

701 FORMAT (32X +*REQUIRED OR FIXED# /32X gtmmwormmemmmm e —e ®y /15X *AIR
1CRAFT ALTITUDE: *yFBsQs#* FT ABOVE MSL*)

702 FORMAT (16X s *FACILITY ANTENNA HEIGHT #+sF741»% FT ABOVE SITE SURFACE
X#)

703 FC MAT(1eXo#FREQUENC T #sF6s0s% MiZn)

704 FORMATI{2uXs#S ECIFICATICN OPTIONAL® /20X s ¥ e mem e m e m e L)
G/ 15Xy #ABSNRPTINN: OXYGEN®SFISa# DR/KMRXGA2:/2TX s ¥WATER VAPOR®F9,5
Gy RDR/KME A2

705 FORMAT(ISX s ®ErFECTIVE ALTITUDFE CORRFCTION FACTOR: #,F6400% FT# A2
Se/Z1SX e FFFECTINVE SFRLETTION LURFACE FLFVATION ABOVE MSL  #sF7,040% F
STHs /19 %EUUIVALENT (SCTRUPICALLY RADIATED POWER: % sFbelo® DBV#*,4/1
ESX o #FACILITY ANTENNA TWEF #y6A8)

706 FORMAT (20X s ¥CULNTURPUTSE CDTAMETLR ¥ 4F 65400 % FT# /25X y#HEJGHT :#,F 5,0
6+% FT ABOVE SITF SURFACE #3 /25X W IRFACE - ®42AB)

TOT FORMAT(20x %P0 ARTZATION . #40AR)

TOB FOURMAT (18X e ¥HORTZ N LRGTACLE NISTANCE . #9F7429®% N M FRUM FACILITY®*
ByA20/20X o *ELEVATION ARNGLE . *o ]300/ 8,120/ %,[24% DEG/MIN/SEC ABOVE
A HORTZONTAL® A2 4/720x o %1E LULHT #aF a0 ® FT ABOVE MSLEA2)

T09 FORMAI (18X ot NIMOM MONTHLY MEAN SURFACT REFRACTIVITY #3/20XsF3eCy
g9® N=UN]TS AT GFA LFVEL: ®sF3,04% N-UN]TC#)

710 FORMAT (15Xs #TENRRKAIN FLEVATTON AT SITE. 84 6eiis® FT AROVE MOL¥4/720X0
ARPARAMETER $4F 6 0% FT8 /21X #TYPE: #,4,2A8)
T11 FORMATIDARXa*PLUT LIMITS# 3/25K e~ nu == ¥ /15X "AVAILARLE POWER:
BEGFS,00%, RaFS,0% NEANY o /1TXs®DISTANCE " BofBHolighe #0508 N MI#)
712 FORMAT (U X®ANTENNA HETGHT TOO HIGHy TONUSPHFRIC FFFECTIS® o /25X #MAY
2 AF [MPORTANT #)

713 FORMAT (20X +*ATRCRAFT TOU LUWs TERRAIN BEYOND FACILITY #4/25Xs%HUR]
320N MAY BFE IMPORTANT #)

714 FORMAT (20X +*IN ADDITION, SURFACE WAVE CONTRIBUTIONS SHOULD#,./15X%
4BE CONSIDERED®}

715 FORMAT 20X+ *ANTENNA TOO HIGHs RAY BENDING OVERESTIMATED®,/)

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

717 FURMAT (20X o #FRFWQUFNCY TOO LOWe TOROSPHERIC EFFECTS MAY BE® /25X 4¥]
TMPORTANT® 4/ /)

718 FORMAT (20X #ATTENUATION ANRD/OR SCATTFRING FROM HYDRUMETELORS# /725Xy
A% (RAINy FTC) MAY BE IMPORTANTH)

719 FORMAT (20X 2ATMOSPHER, . ABSORPTION ESTIMATES MAY BE®,/25X+#UNREL IA
9RLF*)

724 FORMAT (/718X sA2 ¢ 8COMPUTED VALUE®;

725 FORMAT (DNX#TYPF . K,24R,A)) °*

.
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26 FORMAY{I2X W ¥FARTHY PO, 00 o2 N M| CerdeDed KMB)
728 FORMATULIPX0WHRE®R € o F bty o0y FReGy ¥ 8oFlah1® » SeFRadod KM
729 FORMAT(1ARXy#TIME AVAILABILITY D ¥ ,4A80A)0/7)

731 FORMAT()12X+® HIA) R, FBeCe® FT MSL TRy KM MSLN)
732 FORMAT112Xe® HUIF) ®*4FBale® FT YO SURFACE #eFR A KM &)

733 FORMATLI2Xs #FREQUENCY® 3 FS400® MH2 CeFB UV MHZ W)
T34 FORMAT(12X¢® ALQI*®, FOehy® DII/KM VoFBe%+® DH/KMB,AZ)
739 FORMATII2Xs® A(WI®4FOQ 6 1 # DR/KM #yFB %1% DR/KMR,AQY
736 FORMATUI2X+v#D(HE) % sFReO W BoFBelint XM¥4A2)
737 FORMAT{IDPX+®FIRP #,F0,1 +# DOW P CON®GFRels® DRW #)
738 FORMAT(12Xe®F ANT %,6Xs120 2X29A08)

719 FORMAT(12Xe% DIC) #4FQe0e® FT ®1FBehr® KM#)

760 FORMAT(12Xs®* HIC) ®#,F8.1.% FT ABOVE SURFACF #eFBehr® KM¥)

741 FORMAT (17X #COUNTERPOISI* 4 12010X+24A8)

762 FORMAT{12Xe#HIFR) #4FBs1s* FT ABOVE REFLECTION®«FB.4 ¥ KM*)

743 FORMAT (L 12Xs#POLARIZATION®v12+10X+2A8)

7645 FORMATUI10XsA29#0D(HO) #9F8e29% N Ml FROM HORIZON #+FB8e22% KMK)

766 FORMAT(1OXsA2 1 #E(HO) #ol2e%/%g[2,#/8s]12+% DEG/MIN/SECR+sTXvFB50# R

SADIANS*!)
747 FORMAT(10X1A2+1#H(HO) #4FBe0s% FT MSL 4 FBelia® KM#)
748 FORMAT(12Xe® N(OQ!®+F9,0 +* N-UNITS N(S) #4FB8,04% N-UNITSH)
749 FORMAT(12Xs#HISUR)#4FBeOs® FT MSL #oF8ebe?® KMF)
750 FORMAT{12Xs®DHISURI#oFT7400% FT 'R gFBeh® KM#)

751 FORMAT{]12Xo*TERRAIN® 45X+ 12910X22A8)

787 FORMAT112X*#INPUT PARAMETERS FOR #4AB892XsA8 % RUNW,/12X#0F #,A8¢% A
1 IR/GROUND MODEL#*4/7/)

760 FORMAT{1XsF7e2912FBelsFbel 02F5¢19F6419A5)

761 FORMATI(S5X s#HORTIZON POW=®3FTely#* AWDS#sFBe2s% SLOPE=#,FBe2¢ % Zuh,
XE1345)

767 FORMAT(2F 743 +3F7e29F6409F6e01F5e09F74392FB451

768 FORMAT(3F 743 +2F7e192F 72 5X24F7414E1345)

769 FORMAT{2F7.393F7.132F743)

772 FORMAT (» HTF HRE D OLT DLR ENS ERTH FREK LAMDA
X TET TER®)

773 FORMAT (# HFS HR S DH AFD SLP DLST DLSR
X DD NM LRF AT Do WRH#*)

775 FORMAT(/12X+®POWER DENSITY INTO POWER AVAILABLE ADD ¥1F6els/)

776 FORMAT(15X+*POWER DENSITY (DB-W/50 M) VALUES MAY BF CONVERTED TO P
XOWER% 9 /20X+*AVAILABLE AT THE TERMINALS OF A PROPERLY POLAR[ZED#s/2
XOXo#ISOTROPIC ANTENNA (DBW) BY ADDING *sF6els* DB-SQ Me*)

777 FORMAT(1H(I29+25HX*POWER DENSITY FOR #5A8))

778 FORMAT (15X s*SURFACE REFLECTION LOBING: CONTRIBUTES TO VARIABILITY
xX#)

779 FORMAT (15Xs#SURFACE REFLECTION LOBING' ODETERMINES MEDIAN®)

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

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

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

809 FORMAT (20X +¥DLT 15 LESS THAN «1XDLST OR GREATER THAN 3XDL5T#)

810 FORMAT (20X +*INITIAL TAKE=-OFF ANGLE GREATER THAN 12 DEG.*!

DIMENSION CFKI13)9CMK(3) 9y CFMU3)sCKMEZ) 9CKN(3)
DIMENSION ACD{101)sANDI101)+SCT(101),AAD(101),RW(101)
DIMENSION FAT(598)sCCT(297)9POL(2+3)4T5C1247)

DIMENSTON ADNT(3), VARFOR(4)}

DIMENSION ADENT(2) +PAS(2)

DIMENSION MTM{5) sYCONIS)

DIMENSION YV(10}s5V(10)

DIMENSION P{35),QC{50)9QA(50)sPQAISN} yPRK(50) QK (50) +PQC(50)
DIMENSION TYD(3421sVYDI(52)

DIMENSION RE(2)+AD(35) +BDI35)4ALM(12)
COMMON/RYTC/QANS»QHC s QHA ¢ QHS »QGD

COMMON/EGAP/IPsLN» IDTIXT
COMMON/PARAM/HTFEsHRE +DsDL T yDLR yENSsEFRTHsFREK yALAM Y TET»TERWKD vGAOC Y
XGAW . ’

NOT REPRODUCIBLE
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COMMONZPL O L UD AL s RUIN D aNS TR LS ID VAT I ) oV TEA T XS v oUXID00 80,8
RYEQON R L VD AAT YA

COHM“NF%Ih\?f"fﬂw“fwlﬁﬂﬂ‘.PMLo“fﬁ!'K!EACON&Q'VCONF€$““N'0$L‘.F‘“FO
RQAAY v QORPEY 20040l y K e THIRDHK s YLR

COMMONZSUATIN T o HR AL SCHTWUNE s THRFA v LY vHL R s "HE TAOHTR AASREW

COMMONZE ITPRAHID cHRD DM AED D SLE LU G ToDLSRAIPL o R SC o HLD e MER L AWO o SWP

COMMON/ VAT ZTENVTLI8) o TARNY LYW 1Y )

COMMON/DLAT 2 TALDIQC s TAPL Lo 7o 20}

COMMON YV EVE LA GLT)

COMMON/GATZIFA

DATA (CFEee 0D 14000040 4000%04R)

DATA [CME®) 001 o809%840] ,8%2)

DATA (CFMuY oo INARAY 304U

DATA (CEMulNONe«280,899089%,3280,823589%!

DATA (CENET o3 oB21071192204%8399%8034)

DATA (POL=BH HORTZOMyIHTAL o8H VFRYICA9IML o398 CIRCULAWINR)

DATA (FATw)JOH [SOTROPICH»3(LM datH DMEvG{LH ) ylaH TACAN (RTA=2),43¢(1
XH 1 e39H 6-LOOP ARRAY (CUSINE VERTICAL PATTFRN)Y9M 8 :LO0OP ARRAY (C
XOSINE VFRTICAL PATTERNIv36H 1 OR 1l (COSINE VERTICAL PATTERN)olM »
XQOHJTAC TILTED 20 DEG WITH 40 HALF-POW ReWy s YTHITAC TILYED 8 DEGe 2

X{1H )}

DAYACALME=6021 6018 0=6408476409-5,95:-5,881=5,81~5,6%1-5,384=5,0,~
XGosBe=1,7)

DATA (OmD=aH AUG 73 )

DATA(TSCnl4H SCA WATER +16H GOOD GROUND +16H AVERAGE GROUN
XD »18H POOR GROUND »16H FRESH WATER v16H CONCRETE v16H
X METALLIC )

DATA (PAS=2H s 2H® )

DATA  L{P(I)sl=1 4351 2,000019400002+,000059400015,0002»¢00085,00%4e
X002+4005+401904029405341U001510201030008094509¢600¢705aB800285429000
X9510981909%149951099810999+099951499981+99994499995,.,99998,,99999)

DATA(VYD=33HFOR HOURLY MEDIAM LEVELS EXCEEDED3INFOR INSTANTANEOUS
X LEVELS EXCELDED!

DATA(TYDu]lTHSMOOTH EARTH » 17HIRREGULAR TERRA!IN)

DATA (MTMe20+10+30+0+0)

DATA (YCON=%¢1100975,90440,!

DATA(CCI=16H SEA WATER v16H GOOD GROUND ~1GH AVERAGE GKOUN
XD »16H POOR GROUN »16H FRESH WATER 1164 CONCRETE v 16H
3 METALLIC )

DATA (DMOD=SH DIFR) $ DATA (SMODa5H SCAT)
DATA (£MOD=5H COMB)
ENALFXsFASFSsFCAFD ) m ((FX=FRI®LFC-FD//(FA-FB) 1 4+FD
1DT=1DATE(TIDX)

' 16=0
TPTH324617993078E-2 $ TLTH=Q, $ TPK=20,
CALL Q9EXUN
ASPA=0,25 3 ASPB=0425
202400000001

RAD=401745329052 $ DEG=57,29577951 $ TWDG=124 #*RAD
ERTH =6370,

PRE~PROGRAM INPUT CF TABLES

READ 108y (TAVII)s(TaHIl sl sJ=197)y]=10175)

READ 714 (TALDIK) s (CTAFLITsdsK) 9dalsT)ele]s2} 4Ke]s20)
READ 719 (DUMBy ((TAFL (1sJsK}sJuls7) 4§34} 4K=1420)
READ 505+ ({VF([2J)s12]1v36)sJs]y3)

READ 505 (IVFIIs)sl21936)9Jsb4417)

----------------- PROGRAM STARY WITH CARD l~=mm—-mmc e m——————
100 READ TATKsHF T2 IFAS IPLySURIHPF T2 DHS T 3KSCoDCToHCT » ICCoNHOT yHHOT » 106Gy
XIMMy ISFCoKEsKKsKDWEIRPILB
PHINT &
PI153,141592654 § ICAR=0 T NOC=0 § [IXT=ITIMEDAY([TX)
IF{IKsLEsO) GO TO 451 !
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G

806

808

57

811

802
804

LI Y] nuu-‘«uuvn-uutu-prL"‘ d\"‘ \?‘.‘0 en.wr—‘nnnnmwu---wm---mnu‘uuu

QEAD AsADUNT MR LI NHE Ly NGOV AL s AW R DIMINSDMAX o RE A PMIN I PMAX s YCy TA

asvmnsenncm=nt nws QPART OF PARAMETER SHEEY» comerauasncnanene
PRINT a0asaMDy Y XY

HIWMATYCHRTIR ¥ HFS*WFJeCEK( IR $  FREKwP
ENCODE LR o T0 1 EIRD

TTLLdwAnENT LY s TTLQ I nADENT L2

TTUN el T 0a)mT T (S )uADNTILIYADNY {Q)ImADNT LIS TT (8)ePASLY)
nreensmunsnr=an [NDUT OF CARD 3 IF NECESSARY=wsuus cnemensue: w
IFEIALGT o180 READ V10VADNT

TTUV e ADNT L] ) THEG ) aADNT (2} $  TY(B)eADNT(Y!
NEoata(L1AIA)/2)

ENCODE N2 0777 o VARFOR INK

PRINT VARFOR¢ADUNT oADNY

PRINT 7n)laNAL

FNCODFIByAOVAAT) MAT

IFIHAT WGV 4Y00000.) 1 CARN]

IFIHATGTL1%0000a) PRINT 712

TF(HAT QLT %00 ) PAINT 7113

IFtHAT «L.Tole%) PRINT 714

IF(HAL«LTe0s) GO TO 828

PRINT T2 MF1

IF(HFIWLT«0e) GO YO 825

TEIHF 14649000, PRINT 718

IFtHF T 4LTe1e5) PRINT 718

PRINT 703+FREK

IF(FLT1004)G0 TO BOS

IFIF LY 2040 GO TO Y00

IF(FyGT,80n06) PRINT 71R

IFIFaGTe17O004) GO TO RAT

XF(F'.GT-IO()(\I')O.) G0 TO 100

PRINT &

IF(AQT«LTe0e) GO TO %6

PXHmPAS(]}

GAO=AD! $ GAW= AW ]

PRINT 7064 +GADWPXHOAWPXH

JFLSURGT1%000,) [CAR=1

IFISURGLTetYe! GO TO BIN

ASPC=ASPA#ASPRY (£ ,F=3) #F
PDCON=38,544-20,*ALOGI0¢F) $ PIRP=E[RP-FDCON
HRP =HPF 1 ¢ CFK (1K}

IF(HAT oL To(HPF14500,)) ICAR=1

ETS=SURSCFKIL K} s HASaH2~ETS

IFIETSeLYe00e) ETS=0.

IF{SURCGT 4150004} 1CAR=1

IF{HASGLTWHFS) GO To 770

IF(DH51al.TeOe ) DHSI=O,

DH=DHS I #CFKLETK)

IFIENOWLTe2500¢ORENDLGT o400} 60 TO 801
ENS=ENO#FXPF (=0,1057#HRP!

IFIENS+LE+250s) GO TO 803

EFRTH=ERTH/ {1 e~s04665%EXPF (40055 7T#ENS) )
EART=FFRTH#CKNI(IK)

MT=HFS+ETS $ Hi=HT

IF(HRP4GTWHL) GO 10 825

HTE=HT ~HRP $ DLST=SQRTF (2« *EFRTH*HTE)

HFR[«HTE#CKMI K]}
IF(DHETI 4L T«0e) GO TO 50
EAC=DHFE 1 #CFK (1K)

PDH=FPAS(1)

HR=H2~EAC $ HRS=HR-ETS
HRE wHR—~HRP $ NLSR=SQRTF (24 *HRE#FFRTH)
IF{HRE«GE+50¢) DLSRAEFRTH*ACOSF(EFRTH/(EFRTH+HRE))
DS0=3 4 #SORTF (20004 #HTE ) +3#SARTF (200N . *HRE )
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8%

429

788

9
158

783

163

T84

JKal
PRINY 708 DHELWPDHIHPF T WEIRPy(FAT{1sIFA)y1m)s8)
IF(NCI4LFe20) GO TO 789

lrtlcc.LF.nl GO TO 789

---------- «==COUNTERPOI SE PARAMETERS CONVERTED==-w=rec=mce=a.
NOC=1

DCWaDCleCFRLIK) $  HCWaHCI#CFKUIK)

PRINT 706 +DCEsHCTH(CCI(To1CC)olnl 2!

IF(HClosLTe0¢) GO TO 828

IF(HCI«GTa500s) ICAR=]

IF (DCWeGiTee1%24) ICAR®1Y

IF (HCW.GTeHFS) GO TO 825

HFCeHT-FTS-HCW

CONTINUF

PRINT 707+(POLUTsIPL ) slum]s2)

------ HORIZON AND INITIAL TAKE-QFF ANGLE COMPUTATIONS-==-=w
PDS«PTSePHSIPAS(])

IFIKD«LFel}) GO TO 785

HLT=HHOI#CFK (1K) s DLT=*DHOI *CMK( IK)

HLTSnHL T-HT

DG=IDG $ AMN=IMN $ SEC=ISEC

TETSRAD*( DG+ L ISEC/60e) +AMN ) /60,4 )) $ ATET=ABSF(TET}
TATET=YANFITET)

IF(KE«ENe,1) GO TN 782

IFIDLT«LEL20) GO YO 781

IFIKE~11T2007584780

IFITET«LTeDe) GO TO 752
HLTS=CLT#TATETA(DLT*OLT/ (2 *EFRTH) )

HLT=HL TS+HFS+ETS 5 HHOT=HL T*CKM{TK)

PHS=PAS(2)

CONTINUF

TFIDLT LTl e 1%D1ST) ,ORPLToGTH3, *oLsr)) PRINT 809
JFATET4GTev20943951) PRINT 810

IFIHHO T «GTe1500Ne1 ICAR=1]

PRINT TOA.DHOI.vns.roﬁ.xMN.xsec.st.HHox.PHs

PRINT 72659 {TYD{lskD)sIn]4s3)

PRINT T09+ENSHEND

IFCILB) GO TO 762

PRINT 778

PRINT 710+SURSDHST»(TSCITIsKSC)olm],y2)

PRINT T7299(VYD(IvKK)sl=114%)

PRINT 776 +PUCON

PRINT 7269PAS(2)

IF(DMAX.GTo10004) DMAX®1000,

IF(ICAR.GT.0) PRINT 800

e ——— START OF WORK SHEET-- - -
PRINT 4

PRINT 75751DTs IXTeOMD

PRINT § 3 PRINT 6

PRINT VARFORYADENT yADNT

PRINT 731sHALH2

PRINT 732+sHFTeHFS

PRINT 733»FsFREK

PRINT 734+A01GAO»PXH

PRINT 735+AWI1sGAWsPXH

PRINT 7462DHEIsEAC»PDH

PRINT 737+EIRPSPIRP

PRINT 738+ 1FAs(FAT(IsIFA)s1z]1,5)

IF(NOCeLTel) GO TO 754

PRINT 739+DCl+DCW

PRINT 740 4HCT +HCY

PRINT T414,1CCH(CCI(L41CC), l-er’

CONTINUE
PRINT s
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PRINT 742 yHFRIWHTE
IF(FeGT416006) GO TO 304
0G12( 4 21#SINFI{5,22%ALNGI10(F/20047))+1428
069-(.18»51NFgs.zziALoalotFlzoo.ll)+1.23
306 CONTINUF
PRINT 728+HZ29FACIHRP oHRE
PRINT 743 IPLv(POLITsIPL}#I=192)
PRINT 745 PDSsDHOTWDLT
PRINT 746+PTSsINGyIMNSISECHTET
' PRINT 7474PHS yHHOT sHLT
PRINT 748+ENOENS
PRINT 726 +EARTEFRTH
PRINT 749+SURIETS
PRINT 750+DHS1+DH
PRINT 751 9KSCo(TSCITKSCIsIn1s2)
IFLILB) GO TO 764
PRINT 785
765 PRINT 775+PDCON
PRINT 729+ (VYD(I9KK)sIu11s5)
PRINT 724sPAS(2})
PRINT & $ PRINT 5
PRINT 711sPMINsPMAX,DMIN sDMAX
IF{ICARGT L0} PRINT 800
—————————————— END OF PRELIMINARY PRINTING -

CUBTR=100./F
DSD=65+*CUBERTF(CUBTR)
DSL1=2DSO+DSD
ALAM=,2997925/F
PRINT 4 CALL PAGE (0!
THRFK=3n, *ALOG1N(FRFK)
IcpT=0
PLS=DL ST+NLSR
AFP=32,45+204 *ALOGLO(FREK)
DKAX=DMAX #CMK ( 1K)
————HOR1ZON POINT DISTANCE AND PARAMETER CALCULATION====== -
IF{JKelLTsO} GO TO 58
TRM=( (HTE+EFRTH) *COSF(TET) )/ (HRE+EFRTH)
DML =FEFRTH* (ACOSF (TRM)~TET)
DLR=DML=-DLT
59 DNM=DML*CKN{IK)
IFIDML+I.Fe0Oe) 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 /{24 #EFRTH) )
TES=ATANF{(TATES)
IF((HLT-HRP}aLE4Os! 15114
15 DHRP=DL SR+DLT s GO TO 13
14 DHRPeDLT+DLSR+SQRTF {2+ #EFRTH# {HLT~HRP) )
13 CONTINUE

HYD=HT s HRD=HR s HLD=HLY

CALL DFFRAC

GVD=GAIN(TET) s GDD=20+*ALOGIO(GVD!

SMD={ (INTF(DNM/1e) ) #)e)+10 $ AMD=AWD+( SWP#D)
ATDSARD=AMN

DZR=~( AWD/SWP)

PRH=-(AMD-GDD) 3 WRH=10 o ## (PRH®.1)

ZH=ALOGIO (WRH) =2,

----------------------- PRINT STATEMENTS===wmemmemremr e n—a——
PRINT 772

PRINT 767+HTEsHRE+DsDLT +DLRYENSIEFRTHIFREKsALAMSsTETHTER
PRINT 773

NOT REPRODUCIBLE
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19
40

45

499

3l

49
14
33

PRINT 768y HT4HR +DHsAED»SLPsDLST :DLSRsDNMyALFSsAMD»DZR +WRH
PRINT 761+PRHsAWD4SWPyZH
PRINT § $ CALL PAGEI(6)

- 4 - - -

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

KFD=0

DO 900 NSP=1+5
MZS=MTMINSP)

IFIMZS Es0!) GO TO 907
DN 901 MXS=11MZS

D=SPD*CMK{IK) $ DNM=SPD
IFID.GT.DHRP) GO TO 17
DLR=D-DOLT

HLR=HLT

TATER=({HLR~HR)/DLR)~{(DLR/ (24 #EFRTH})
TER=ATANF (TATER)

CONTINUE

IF(KFD=1140v41v42

KS=0 % KR=0

KS=1 $ ACDIKS)=ARD $ AND(KS)=DML
AMOD=DMOD

EC1=HTE+EFRTH 5 EC2=HRE+EFRTH $ EC3=HLT~-HRP+EFRTH
CALL SORB(EC1+EC3,FFRTHWDLT+TETHRO1,RW1)

CALL SORB(EC2+EC3,EFRTHsDLRYTERYRO2+RW2)

REO=RO1+R0O2 $ REW=RW1+RW2 $ AA=GAO*REO+GAW*REW

RW{1)=RFW
AADITY=AA
D0 30 KC=19100
KSaKS+1
D=DNMeCMK (1K)
SPD=DNM
ACD(KS)=AED+(S5LP#D)
AND (KS)=D

TWEND=20+*ALOG10I(D)} $ ALFSsAFP+TWEND
IF{D«GT4DHRP) GO TO 44
HLR=HL T

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

CONT INUE

CALL SCATTER

SCT(KS ) =ALSC-ALFS

AADIKS )= AA $ RW(KS)=REW
IF(SCTIKS)elLTe2Nne} GO TO 31

KR=KR+1

IF(KR.,LF41) GO TO 31

KPeKS$5-1

SSP® (SCTIKS)=-SCT({KP)}/(ANDIKS)~AND(KP))
PRINT 499 +DNMsSCT(KS) s ACDIKS) oSLP4SSP
FORMAT(3FT74192F7.2)

lF(SSPcLEQ(“oOl" GO TO 49
IF{SSPeLEsSLP) GO TO 48

DNMsDNM+ 1,

CONTINUE

PRINT 14 $ KFD=1 $ 60 T0 33
KR=0 1 3 6o To 31

FORMAT {S5X +#BEYOND THE S0 MILE LIMIT DOING DIFFRACTION®)
DO 43 rGaslWKP

DeEAND(KG) '
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DNM=P®CKN( 1K) % SPD=DNM
TWEND=2n,*ALOG10(D) $ ALFSwAFP+TWEND
ATTS=ACD(KG!
AA=AAD(KG! $ REW=RW(KG!S THETA=TET+TER+ (D/EFRTH)
ASSIGN 36 TO KT
GO To 2n0
36 CONTINUE
43 CONTINUE
SPD=DNM $ MZ5=6 5 KFD=1 $ GO To 37
48 IF{SCT(KP)eGEWACD(KP)) GO TO 33
ACD(KP)=5CT(KP)
SLP=(ACP(KP)~ARD) /(AND(KP)-DML)
AED=ACD{KP)~(AND(KP) #SLP)
ASSIGN 3% TO KT
DO 36 KG=1sKP
D=AND(KG}
DNM=D#CKN ( IK) s SPD=DNM
TWEND=20.*ALOG10(D) s ALFS=AFP+TWEND
ATD=AED+(SLP#D)
ATTS=ATD
AMOD=CMOD
AASAAD(KG) $ REW=RW(KG'S THETASTET+TER+ (D/EFRTH)
Go To 200
35 CONTINUE
36 CONTINUE
SPDEDNM $ MZS=6 s KFD=2 $ GO TO 37
a4l CONTINUE
AMOD=DMOD
ASSIGN 37 TO KT
ATD=AED+(SLP#*D)
TWEND=20+*ALOG10(D! S  ALFS=AFP+TWEND
IF(DsGT+DHRP) GO TO 24
HLR=HLT
DLR=D-DLT 3 TATER=((HLT-HR) /DLR )= (DLR/ {2+ #EFRTH) }
TER=ATANF ( TATER)
25 CONTINUE
CALL SCATTER
ATS=Al SC-ALFS
IFIATSLE«ATD) GO TO 46
ATTS=ATD s THETASTET+TER+(D/EFRTH) $ GO TOo 200
46 ATTS5=ATS 3 KFD=? $ AMOD = SMOD $ GO TO 200
‘42 CONTINUE
AMOD=SMOD
TWEND=2n, *ALOG10 (D! $ ALFS=AFP+TWEND
CALL SCATTFR
ATS=AL SC~ALFS $ ATTS=ATS $  ASSIGN 37 TO KT
200 CONTINUE
---------------- LONG-TERM POWER FADING-=--~

IF(DsLESDSLLI) 311,312
311 DEE=(13n,#D)/DSL1 $ GO TO 313
312 DEF=130,+D-DSL1 $ GO TO 313
313 CALL VZDIDFE+QG1+QGYsAD)
NCT=NCT+]
PFS=PIRP-ALFS
PL=-ATTS
ALIM=3,
AL10=PL+AD(13) $  AYeALlO-ALIM
lF‘AYnLToOO’ AYeQ, :
DO 1] K=1435
DK =PL+ADIK ) =AY
11 CONTINUE
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0O 12 K=1112
ALLM=-ALM(K)
IFIBDIK) s GTeALLM) BDIK)=ALLM

12 CONTINUE

23

37
9c3
901

900
907

904

i7

20

21

28

22

------------- VALUES PUT INTO PLOTTING ARRAY-===rmoemewom—m=.
BX(NCT +5) =BXINCTs6)=BXINCT+7)=BXINCT+8)=DNM

BXINCT 91 )eBXINCT 921 BXINCT+3)=BX(NCTv4)=DNM

IFIKKeGTal! GO TO 20
PGS=PFS+GDD
BY(NCT +1) =PGS

BY(NCT ¢3)=PGS+BD(12])-AA
B7(NCT+5)=PGS+BD(23)-AA
BY({NCT+7)=PGS+BDI(29) -AA
PFY(NCT ] )ePGS+BD( 4 ) =AA PFY(NCT 21 =PGS+BD(7)-AA
PFY(NCT3)=PGS+BDI10)~AA PFY{NCT+4)uPGS+BDI(13)~ AA
———————————————————————— PRINT STATEMENTS-- ———

PRINT I60tDNMo(BY(NCTOLZ)'LZSIOB)0(PFY(NCTon)oMH=loQ)sPL9AAcAY BK
X9 AMOD

CALL PAGE(1)

IF{SPD«GT«DMAX) GO TO 9C7

GO TO KTe(35+36437)

CONT INUE

SpD=SPD+YCON{(NSP)

CONTINUE

SPN=SPN+YCONINSP)

NPP=NSP+1

IF(NPP.GT+5) GU TO 907
IF(YCON(NPP)EQeOa) GO TO 907
IF(NPP.EQ.C} GO TO 907

IXD= INTF(SPD/YCON(NPP))
SPDxIYCONI{NPP)®FLOATF(1XD))+YCONINPP)
CONTINUE

CONTINUE

BY(NCT42)=PGS+BN(18)-AA
BY{NCT»4)=PGS+BD( 24 ) ~AA
BY (NCT+61=PGS+BD( 26} ~AA

$
$
$
< BYINCT+8)=PGS+BDI32) ~AA
$
S

---------------- -=~PLOTTING OF GRAPH=~= -

SX{1)=DMAX SX{2)=DMIN s SY(]1)=PMAX $ SY(2)=pPMIN

DO 904 K=1.8

NUIK1=NCT

NS{1)=9 3 NS(2)=NSI{3)~NS(4)=]

LYD=0 $ LUD=+] $ LiL=4

NS(5)aNS(6) =]

1G=1G+1

CALL PLTGRPH \

6n 70 1lo00 }
t

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

TER=TES $ DLRsDRP $ HLR«HRP $ TATERSTATES $ GO 70 19
---------------- ~TROPOSPHERIC MULTIPATH =rew=swenweo-s=es—
DO 21 I=1+35 !

QA{I)=RO(1)-PL

PRA(I)sP( ]}

CONTINUE

1FITHETALGE«TPTH) GO TO 26

IF(THETASLE«Qe} GO TO 27

BK'FNA(YHETA'TPYHDTLYHlTPKORDHK'

CONT INUE

CALL YIKK(BKsPQK/QK)

CALL CONLUTI(QAQK,PQAs38++1¢+04+PQCHQC)

DO 22 =135

BO(1)=QCUI)+PL

6o 1o 23
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54

53
%6

58

167
304
762
752
764
770

781

130

782

780
784

TER=TES DLR=DRP $  HLRsHRP $ TATER=TATES & GO 70 25
BK=TPK $ GO To 28
Br=RDHK $ GO TO 28
TER=TES $ bLR=DRP $ HLLR=HRP $ TATER=TATES $ GO TO 45

S e CALCULATION OF RAY BENDING=======-== ———
PDH=PAS(2)

HP2=H2~HRP $  HP1=M1-HRP

DUM=20+0 8 2ER=0.0 $ QLIM=-1.56

ONS=329. § QHCxHP1 $§  QHA=HP2 S QHS=HRP
CALL RAYTRAC(DUM)

RY=TRACRAY(QLIM)

0S0=QQD

GNSSENS $§ QMCEZER § QHA=HP2 §  QHS®HRP
CALL RAYTRAC(DUM)

RY=TRACRAY(ZER)

DLSR=QQD §  TSL2=DLSR/EFRTH

IF(TSL24LEesl) GN TO 53

R2EFEFRTH/COSF(TSL2)

HRE=R2E-EFRTH

IF (HRE+GT«HP2) HRE=HP2

HR=HRE+HRP &  EAC=H2-HRP-HRE

DHE I3 EAC#CKM (1K)

JKa~]

GO TO 5%

HRE = (DLSR*DLIR) /(24 *EFRTH) s GO TO 54

CALL ASORPIF4AOI sAWT)

PXH=PAS(2) 3 Go To 57

TEH=TET+(DLT/EFRTH)

IF(KDeLEe1! TEH=0.,0 ,

QNS=ENS $ QHC=HL T-HRP $ OHA=HP2 $ QGHS=HRP
RY=TRACRAV(TEH) s DLR=QQD $ DML=DLLT+DLR H GO To %9
PRINT 106 $ Go To 100

061=C39=1.05 s GO TO 306

PRINT 779 $ 6O 10 763

HLTS=DLT#TET  +(DLTHDLT/ (2 *EFRTHI ) 3 GO TO 7%3
PRINT 786 $ GO TO 765

PRINT 800 s GO TO 100

HE=MAXIF(HTE 4005}
DLT=zDLSTH#EXPF (=4O 7*SQRTF (DH/HE) )
PDS3PAS(2)

IF(DLTeLTeloal#DLST)) DLT=2.1%#DLST
IF(DLTeGT«(3e%DLS7)) DLT=34#DLST
DHOl=DLT#CKNI{ 1K)

Go TOo 7%9

TRM=1¢34DH* ( (DLST/DLT ) =14}

TET2( o5/DLSTIH(TRM=(G¢#HTE})

IFITET«GT «TWDG) TET=TWDG

CALL RADPEMS{TET,IDGs IMNsSEC)
ISEC=XINTFISEC!)

PTS5=PAS(2)

TATET=TANF(TET)

GO TO 758
XTRM=SQRTFI{EFRTHY*EFRTHRTATET#TATET )4 (24 #EFRTH#HLTS))
YTRMa-EFRTH*TATET s DLT=YTRM-XTRM
IF(DLTeLFeNe) DLT=YTRM+XTRM

PDS=PAS(2)

DHOI=DLT#CKNLIK) s GO TO 783
TAVET=(HLTS/DLT)~(DLT/{2+*EFRTHI) [ 3 TET=ATANF(TATET)
PTS=PAS{2) ,

CALL RADEMSITEToIDGe IMNSEC!

NOT REPRODUCIBLE
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755

789
8ol
805
803
807
825
828
830

451

1SEC=X INTF(SEC) $ GO TO 783

----------------- SMOOTH EARTH PARAMETERS

PTS=PDS«PASL2).
DLTaDLST $ DHOI=DL T#CKN{ IK)

TATET=(=HTE/OLTI-(DLT/(2+*EFRTH) ) $ TET=ATANF(TATET)

HLT=HRP $ HHOT=HLT*CKM( IK) $ DH=0.
GO TO 784

HEC=04 $ 60 TO 788

ICAR=] $ ENO=301, $ Go T0 802

[CAR=] $ PRINT 717 $ GO TO 806
ENS=250. % ICAR=] $ GO TO 804

[CAR=1 H PRINT 719 $ GO TO 808

PRINT 800 $ GO TO 100

ICAR=1 3 HCI=0o $ GO TO 829
ICAR=1 S SUR=0.4 $ GO TO 831

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

CONTINUVE

CALL CRTPLT(0+0+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, VZID, and YIKK
(sec. B.4.1) and the data tables (sec. B.4.2). A block diagram of the
operations performed by DOVERU is given in figure 26. Text references
and major subprograms that are reievant to specific blocks are included
there. A listing of DOVERU is provided at the end of this section.
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[7:ﬁt1011ze by readin, in TABLES (sec. B.4.2) and setting up constants.J

+

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

T

\

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

+

T : - - - -
Interpolate using values in *his array to obtain isotropic power

values for the fixed desired station to aircraft distance required

(table 5).
Y

[f the und2sired facility nas different parameters than the desired,
read in nev set of parameter cards. ~all POWSUB, and replace the iso-
tropic power array generated for tie desired facility with one appli-

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

alsn applicable to the undesired station,

LSLUPL of loop for station separation va}ues._J—————-lE—-—-—-

Lalculate the undesired ficility to aircratt distance from station
separation and desired distance (f"w‘"')- interpolate from array for
undesired facility for corresponding isotropic power values, call

CONLUT (sec. B.4.1) to combine distributicns vie (13), and store

e

points {or plotting,

Loop bacw for new station separation vdlue J—-‘——’————J

[Call PLTOU (sec. B.4.1) to plot graph |

[Loop back tor new set uva;}umeters. Vi:}——~*——!-—~——-———

'

[lf no new pdrameters,

program ends.

Prlsotrupic power' is the power that would be availlable «t the terminale
ot an ideal (lossless) isotropic aircraft antenna,

Figure 26, Hlock diagrum for statio separation progran, DUVERU,
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PROGRAM DOVERY
ROUT NG FOR MR AUG 7Y

FORMAY {0 BROGRAM 1% FINISHED. @)

PORMAY )
PORSAY Y0 )
PORMAT I 3AA VPR eNaFG 0 FHo0s 28X ]2}
FORMAY L1200 FA GO0 2120 VFA O w1202F84001242F640331343129F640+11)
FORMAT L PARG AN FU e YFO 0y 212F5 40 Fae0?012!
FORMAT L) ynl N, 0)

A2 PORMAY PR D))

AN FORMAT P ) X))

TLOPORMATER R Ny b gt

VOR ) ORMAT L3IV, VW TFA D))

V1A P oRkial (AAR)
AN FORMAT L) F 744

PYY PORMAT LI 124 00HXONFSIRED STATION 15 *5a8))

TR FORMATLIMET 7NN S UNDESTRED STATION 1S #%A6) )

YIS FORMAT 10Uy 40U e STREDZUNDESIRED STATIONS ARE #5A8))
00 FOHMAT (8 VP 0 2 791 b e AKX 0l 7,1)

LW -y P>

Tl FORMAT LI I ONAGY LAY MILES FREt SPACE MEDITAN
| BN B NV AR |

T892 FORMAT L IO ®5 an bu no by (»]1] (o]V] FeSP
XACH ' LN 0Na"e)

A0 FORMAT (21 AX AT T 41y}
POL FORMATIERX ST R VW8 241021 2)

DAIMENG TGN DA DR U T OF 30 PCE3) o DCIE3)

COMMONZT QAR /TR WU N IDT o I XT

CUMME R OATNF 2 TR G HF Ly LPL W SURSHPF T o DHS ToKSCoDCT oHC 19 ICCoDHOT s HHOT » ID
XOoIMNG L b Oy v ok W KDWELRP o TLB W HAT s DHET 9 ENO+AQL s AWToF o LAPADENT (2] 9A
XDNT L2 VARE R UA Y fIHAY

COMMON P AT ZNC T W RFY (2NN 4 8)

COMMON VAT 2TAVET 20 TANI L) T8)

COMMON/DLATZTALDI20 o TAFL 4T 220

COMMONZVYZVE L3R ] T)

COMMONZGAT ST A

CUMMONZPL TO/ZLUDSLL vNUTB) o NSIB) oSXT12) oSYI21sTTIS eXCoYCoBX(200+8)18
XY LYO0 AL YD AAT LW TG

DATA (PA~e]H )

FNALEX b A rRsFCFD et LFX-FRI®(FC=FD!/(FA=-FB) ) +FD
FNRIFRXVFRAFRR)a{FRX-FRBI)/IFRA~FRN)

FNCIFFX FFCoFFDI=(FFXO({FFC-FFD) ) 4FFD

1Y« INATE L DIX)

PPt teeny + DPi21=e%N 3 NP (3)=,495

lGen

PRE-PROGRAM INPUT OF TABLES

READ 10Rs ITAVIT o (TAHIY ol 021970412101 78)

READ 710 (TALDIK) ol (TAFLUTo oK) sdelyT )12} 9Kelr20)
HEAD T1o(DUMBot LTAFLIToJoKioJdeleT)elmd0h)sK=1920)
READ %08 ((VF(loeJ)elnls36)sJ=103)

READ B0S+i(VFUTsJ)elnls36)vdmtsl7}

------------- PROGRAM START WITH CARD l-===-mcew-mowor—mm—e—
100 RFAD S+15sSMIMsSMAX s SNC DD

[FU1S«LEL0) GO TO 451

R R ittt INPUY OF CARD 2----w=rmemmmsmsroomom=en -

READ 7+1KsHF 10 IFA, lpLoSURlHPFl'DHSIkaCODCl'HCIOICC'DHol9HHO[|IDG'

XIMNLISFCe KEWKXKsKDcFIRP,ILA

--------------- INPUT OF CARD 3=m-me=wemocmomcocosomemse==

READ ﬂoAﬁf‘NToHA]vﬁHflOENOlAO1OAWlvFvDNlN'DMAX'XC!PM'N'PMAXOYC.IA
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16

20
22

21

25

28

IXTeITIMEDAY(ITX!

TT(1)=ADENT () $  TT(2)=ADENT(2) $ CMAX=SMAX
TT(3)=TT(4)=TT(5)=ADNT (1)=ADNT(2)=ADNT(3)=PAS
--------------- ~INPUT OF CARD & IF NECESSARY===mm=m=smcmmoeo

IF(IA«GTa16) READ 110+ADNT

TT(3)=ADNTI( 1) s TT(4)=ADNT (2} s TT{5}=ADNT(3)
ENCODE(Rs50+AAT) HAL

ENCODE(84329TGIDD

IF(1S.GTs1) GO TO 15

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

ENCODE (4897793 VARFOR INK

--=-=0OBTAINING [SOTROPIC POWER ARRAY FOR DESIRED STATION--~--

CALL POWSUB

------------------------- PRINT STATEMENTS- - -

PRINT 90021 (PFY{LAsLB)sLB=3s6 oL A=1yNCT)

PRINT 5

MCKaNCT/ 2 $ CALL. PAGE (MCK)

DO 20 I=1sNCT

TF(DD=PFY (1911122421420

CONTINUE

I=NCTY

IF(leLEe1) I=m2

L=1-1

DRAT=FNB{DDsPFY{I41)4PFY(Ly1))

DFS=FNC(DRAT +PFY{142)4sPFY(L+2)) $ DPWEFNC(DRATsPFY(T+3)sPFY(Ls3)}
DVS=FNCIDRAToPEY (194 ) PFY(Ls4)} S USO=FNC(DRATPFY{(1+5) sPFY(Ls5))
DIS=FNCIDRAT oPFY (146 ) sPFY(L+6)) $ GO TO 25

DFSsPFY({ 1,2 $ DPW=PFY(I143) $ DVS5=2PFY([e4)

DSO0sPFY(1+5! $ D95=PFY(116)
IFI1SeLEs1) GO TO 28

------------------- INPUT OF CARD TYPE 2==—me-—mmcmccmcn———u
READ T+IKsHF I oIFALIPLsSURIHPRI sDHST 9KSCoDCIsHCTI s ICCyDHOI +HHOT 9 IDGy
XIMNy ISEC, ISCsKK osKD9FIRPSILR

------------------- INPUT OF CARD TYPE 3-mmcmcrccmcce————aa—
READ 69ADENT sHATI yDHE I +ENOsADI s AW sF o 1A
ADNT(1)=A0ONT(2)=ADNT (3)=PAS

---------- IF 1A GREATER THAN 16 INPUT OF CARD TYPE 4-=c=——==
IF{1A«GTal6) READ 110+ADNT

NK=43-((21+1A)/2)

ENCODE(48+ 778 VARFORINK

---OBTAINING ISOTROPIC POWER ARRAY FOR UNDESIRED STATION---
CALL PNWSUB

i el L et PRINT STATEMENTS===mw—wame e ccce
PRINT 900+ ({PFY(LAWLEB)»LB2Y1s&)sLA=TNCT)

PRINT §

MCK=NCT/2 $ CALL PAGE {MCK)

----------------- CALCULATION OF D/U RATIOS=—~moreccc v a—ea
S=SMIN

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

JCT=0

----------------------- PRINT STATEMENTS===mmmoeemme e aea
PRINT 791 $ PRINT 792 $  CALL PAGE(2)

DO 26 KLB=1sNCT

1=KLB s DUSPFY(I+1) &  S3pU+DD

IFIS,GT.SMAX) GO TO 27
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31

23

26
27

904

-

451

JCT=JUCT4+1

BX{JCT 91 ) =BX{JCT21=BX{JCT 93 )=2BX(JICT 4 ) =S
UFS=PFY(]s2) $ UPW=PFY(I1s3) $  UVS5=PFYL144)
USO=PFY( e8]} s U95=PFY(146)

BY(JUCT+1)=DFS-UFS §  REFVaDPW-UPW

PB(1)=UvS § DB(2)=US0 § DNA(3)=U9S

CALL CONLUTI(DADBsDPs39~1490esPCaDC!

-------------- VALUES PUT INTO PLOTTING ARRAY=====eco=

BY{JCT »2)=REFV+DC( 1) s BY(JCTy3)=REFY4DCI(2)
BY(JCT v4) mREFV+DC(3)

- -

-------------------------- PRINT STATEMENTS=--
PRINT 7900SsDDsDUsDF9UFS+DPWsUPWr (BY(JCT oK) 9sKm104)
CALL PAGE(Y1)

e e 0 P 908 2 T o T e ¢ D T e g e it e R G R e e S e P WS WY 0 e S e

CONTINUE
CONTINUE

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

SX(1)=DMAX $  SX(2)=DMIN $ SY(1)sPMAX S
DO 904 Kelsé

NU(K Y eJCT

NS(11e9 &  NS(2)aNS(2a)=NS(4)=]

LYD=0 § LUDs+1 § LL=4

16=156+1

CALL PLTDU

GO TO 100

SY(2)=PMIN

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

NK=43-((19+1A)/2)
ENCODE (489777 + VARFOR ) NK
GO TO 16

----------------- ~~TERMINATION OF PROGRAM

CONTINUE

CALL CRTPLTIO»0+040420)
PRINT 4

PRINT 2

CALL EXIT

END

NOT REPRODUCIBLE
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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, DEIL.TA, FDASP, FDTETA, FRENEL, GAIN, GHBAR, HCHNOT,
LINE, PAGE, PLTVOL, PWSRB, RADEMS, RAYTRAC, RECC, RTATAN, SCATTER, SORS,
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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PROGRAM SRVVOLM
ROUTINE FOR WMODEL AUG 73

2 FORMAT (v PROGRAM 15 FINISHFD. #)
4 FORMAT 1K)
5 FORMAT(1H )
& FORMAT(2AB+2F6e09F4yOv3F640928X912)
T FORMAT(I2+F640921243F64091212F6e031202F640931393129F640911)
8 FORMATINABsFLe0+2F6400F540012)
9 FORMAT{1292F6s09212v3F4e09F6e002F5,40)
12 FORMAT{F4 4004 X)
S0 FORMATI(FT.,0¢1X)
71 FORMATIFS,0014F%541)
106 FORMAT{S5X % DML 15 {ESS THAN ZFRO. ABORTING RUN #)
108 FORMATI2(FS54347F5,2))
505 FORMATU11F744!

FORMAT STATEMENTS FOR PARAMETER SHEET AND WORK SHEET

700 FORMATY { 23X *PARAMETERS FOR SERVICE VOLUME CURVES®*s/34Xe*#ITS MODEL#,
XABs /30X eABe2XsABs® RUNM4// )

701 FORMAT{13X+¥REQUIRED OR FIXED#3/ 32X p#=cmmmmemr ccc e *)

702 FORMAT( 15X *FACILITY ANTENNA MUIGHT: #2FT41s% FT ABOVE SITE SURFACE
X#)

703 FORMAY (15X s *FREQUENCY ! ¥ 4F 6409 % MHZ#)

704 FORMAT (29X ¢ *SPECIFICATION OPTIONAL#® /29Xy ¥mmmmem e cm e ————ity
4/15Xy #ABSCRPTION: OXYGEN®sIQeS+% DB/KME9A29/2TX 1 #WATER VAPOR#9F9,5
4yRDB/KMEYAR)

705 FORMAT (15X *EFFECYTIVE REFLECTION SURFACE ELEVATION ABOVE MSL:#,F7,
SOv* FT#,/15X+#EQUIVALENT ISOTROPICALLY RADIATED POWER: #,F6.14+* DB
SW#s /15X #FACILITY ANTENNA TYPE: #,5A8)

706 FORMAT (20X s *COUNTERPOISE DIAMETER: #3F5400% FT#,/25X12HEIGHT: #4F5,0
6+* FT ABOVE SITE SURFACE #4/25X»*SURFACE :#,2A8)

707 FORMAT (20X s *POLARIZATICN: #,2A8)

708 FORMAT{ 15X s *HORIZON ORSTACLE DISTANCE: #9F742+% N MI FROM FACILITY®
BrA2+/20X e *ELEVATION ANGLE: #9]39%/8,12,%/%#,12+% DEG/MIN/SEC ABOVE
€ HORIZONTAL®9AZ+/20Xs*HEIGHT #4F64,09% FT ABOVE MSL#,A2)

709 FORMAT (15X s #MINIMUM MONTHLY MEAN SURFACE REFRACTIVITY:#4/20XsF3400
9% N-UNITS AT SEA LEVEL: #sF3,0¢% N-UNITS®)

710 FORMAT(ISX+#TEFRRAIN ELEVATION AT SITE:®#+F8.0s% FT ABOVE MSL*,/720X»
A%DARAME [LR:#2F5404% FT#,/20Xs#TYPE: #+2A8)

711 FORMAT(2Xs13F6eD)

712 FORMAT(6X315F560)

713 FORMAT(FB4092X9ABy6(FBelsF84s01/(18Xs6(FBelaFBe0)))

T14 FORMAT{1SX#AIRCRAFT ALTITUDES IN FT ABQVE MSL: #+3(FT400A1)}

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

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

717 FORMAT (20X +#*FREQUENCY TOO LOWs IONOSPHERIC EFFECTS MAY BE®*,/25X %]
TMPORTANT#,//}

718 FORMAT (20Xs*ATTENUATION AND/OR SCATTERING FROM HYDROMETEORS#*,/25Xs
8*(RAIN» ETC!) MAY BE IMPORTANT#*)

719 FORMAT (20X +*ATMUSPHERIC ABSORPTION ESTIMATES MAY BE#»/725Xs#UNRELIA
9BLE*)

724 FORMAT(/15X+A2 +#COMPUTED VALUE#)

T25 FORMAT (20X *TYPE: #,2AB8,A1)

726 FORMATS1@XpEEARTH® 9F940 o% N M] #9F8,00% KM®)

728, tCRﬁAtAngsﬁl RATIOS IN DB: #910(F3,00A1)9/20X913(F3.0+A1))

T29 FORMAT(1SXs%TIME AVAILABRILITY: #,4A84A1)

731 FORMAT(15X#D/U RATIOS IN DB: #910(F3.00A1)9/20Xs13(F3e00A1)s/20Xs1
X3(FI200A1))

732 FORMAT{12Xs% HIF) #4F8419% FT TO SURFACE FoFBele KM #)
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733 FORMAT (12X +#FREQUENCY#» F5.00% MHZ #3FB8s00% MHZ ®)

4 FORMAT (12Xs* A(O)#, F9,5,% DB/KM #1F8.5¢% DB/KM#)A2}
95 FORMAT (12Xs* AIW)#4F9e¢5 +# DB/KM #9F8e50% DB/KMRA2)
736 FORMAT (15X#D/U RATIOS IN DB: #,10(F3.,09A1))
737 FORMAT (12X *EIRP #,F9.]1 +* DBW #3FBels® DBW #)
738 FORMAT (12Xs#F ANT #,6X2129 2Xe+5A8) :
739 FORMAT(12Xe% D(C) #4FB,09% FT R9FBebsh KMF)

740 FORMAT (12Xs# H(C) #9F8,0+*% FT ABOVE SURFACE 23FBeho KMR)

‘T4l FORMAT (12Xs*COUNTERPOISE*+12+10X+2A8!

762 FORMAT(12Xs#H{FR) %#,F8,09+% FT ABOVE REFLECTION®sFBo4 0% KM*)

743 FORMAT (12Xs#POLARIZATION®»[2+10X+2A8)

745 FORMAT!10XsA2+%*D(HO} *yF8,2+% N MI FROM HORIZON #,FBs2+% KM#)

T46 FORMAT {10X0sA2+*E(HO) ®eJ2eW/#s[24%/%912+% DEG/MIN/SECH*»TX9F8.5+% R

6ADIANS}
747 FORMAT [10XsA2»*H{HO) #4F8.0+% FT MSL #FBebo® KM#)
748 FORMAT (12Xs* N{OI#4F9,0 +* N-UNITS N(S) #,F8,09® N-UNITS®)
T49 FORMAT(12Xs#H(SUR)I*#sFB8,0+% FT MSL RyFBahe* KMH)
750 FORMAY (12Xs#DH(SURI#oFT40e* FTY ByFBebo® KM%)

781 FORMAT {12Xs#TERRAIN® 45X ¢ 12910X92A8)

782 FORMAT(15X#STATION SEPARATION:#4FS,0e%* N MIw)

786 FORMAT {26Xs2A8}

757 FORMAT (12X* [NPUT PARAMETERS FOR #4A892XsABe% RUN#3/12X%0F #9AB,#% A
1IR/GROUND MODEL%*+//)

772 FORYAAT (15X*AIRCRAFT ALTITUDES IN FT ABOVE MSL: #¢3(FT+00A1)9/20Xs7
2(F1e09A1))

773 FORMAT15X#ATRCRAFT ALTITUDES IN FT ABOVE MSL: #93(FT7«0sAL)9/20Xs7
3(FT7e090A1)9/720X9T(F7400A1))

776 FORMAT(15X#AIRCRAFT ALTITUDES IN FT ABOVE MSL: #¢2(F7.0¢A1)9/20X»7
G(FTe00A1) 4/20Xs7(FTe0sAT1}9720XsT(FT00A1)) .

776 “ORMAT (15X*#AIRCRAFT ALTITUDES IN FT ABOVE MSL: #93(FTe00A1)2/20Xs7
CIFTe0vAL)s/720XsTIFTa0sA1)9/720XeT(FTe0rAl) /20X 4FT40)

778 FORMAT (15X s #SURFACE REFLECTION LOBING: CONTRIBUTES TO VARIABILITY
X#*)

779 FORMAT (15Xs#SURFACE REFLECTION LOBING: ODETERMINES MEDIAN#)

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

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

7190 FORMAT (5X+3F70192(2X92FTel)93X94FT41)

791 FORMAT(11X+#MAUTICAL MILES FREE SPACE MED1AN
X cmmmamep/Ummm=m —)
792 FORMAT (10X»#S L)) by DD oU oD DU  FeSP

XACE %% 50% 95%# )

796 FORMAT (5Xs#ATRCRAFT HEIGHT IS#9F8.0+* CORRECTIVE HEIGHT IS%,F840»
6A2)

797 FORMAT (1H{]12+26HX#DESIRED STATION IS #5A8))

798 FORMAT (1H{129+2B8HX#UNDESIRED STATION IS #5A8))

799 FORMAT (1H412»38HX*DESIRED/UNDESIRED STATIONS ARE #8A8))

800 FORMAT(//10X+*SOME PARAMETERS ARE OUT OF RANGE®)

809 FORMAT(20Xs*DLT IS LESS THAN +1XDLST OR GREATER THAN 3XDLST#)

810 FORMAT (20X+*INITIAL TAKE-OFF ANGLE GREATER THAN 12 DEGe*)

‘900 FORMAT (2(3X+6FT.1))

901 FORMAT(5XsF84345F 7419212}

DIMENSION DA(3}+DBI3)4DP(3)4PC(3)4DC(3)

DIMENSION CFK(3) oCMK {3} sCFMI3)9CKMI3) sCKNI3)

DIMENSION FAT(5+s8)sCCI(2+7)+POLI2+3)9TSC(247)

DIMENSION PAS(2)

DIMENSION ACHT(25)sDEHT(25)

DIMENSION APCT(4) LP(4)

DIMENSION TYD(3+4)9VYDIS5y2)

DIMENSION PR{30) +ADENT(2)sADNT(3) sVARFOR(6)

DIMENSION QHTE(2),QDLT(2)sQENS(2) yQEFTI2) sQFK(2)9QTET(2) oJKD(2)40A
XO(2)+vQAW(2) vQCW(2) s QHW I 212 JIC(2)sQHRP (2} 9QERP (2) s JKK(2) s JLB(2) 4QHT
X(Z)vQHLT(Z)vQHFS(Z)oQDH(Z)oQDLST(Z’oJPL(Z)oJKSCiZPoJFA(zl

COMMON/EGAP/IP s LNy IDToIXT
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100

COMMON PDY(12595) 3DE(125)sDRU(12594) yDED(125) sMU(25) sMD(253) sPY (25}
XoPXUL25+4) yPXDI2544) oA (25)9B(25)yMCT(25)

COMMON/PLVD/LUDsLYD s SHXySHY s TG9SXU2)9SY(2)9TT(6) o XCo YCo AAT

COMMON/RYTC/QNS»QHC »QHA»QHS »QQD

COMMON/PAOQUT/NCToPFY(12596) 9 JJ9HP14HP2

COMMON/VAT/TAVI1T78)9sTAHI(T79175)

COMMON/DLAT/TALDI20) s TAFL (497420}

COMMON/VV/VF(36+17)

COMMON/PARAM/HTErHRE.D’DLT9DLR0CNSOEFRTHvFREK9ALAMoTEToTFR'KDvGA00
XGAW

COMMON/SIGHT/DCWsHCWsDMAX yDML s DZR 9 IKsEACH2 s ICCYHFCoPRH9DSL14EIRP
XQG1 QGO sKK sZHIRDHK 9 ILB

COMMON/SCATPR/HT v HR y ALSC o TWEND » THRFK ¢y HLT2HLRy THETAyHTPsAAREW

COMMON/DIFPR/HTDIHRD sDHyAED »SLP sDL.STsDLSR» IPL oKSC+HLD yHRP 1 AWD » SWP

COMMON/GAT/ZIFA

DATA (QMD=8H AUG 73 )

DATA (CFK=e0019,00030485,4,0003048)

DATA (CMK=1e114609344+1.852)

DATA (CFM=1e924¢30489¢3048)

DATA (CKkM=1000.93280,839895+3280.,839895)

DATA (CKN=1le?046213711922+,5399568034)

DATA (POL=8H HORIZON3HTAL+8H VERTICA+1HL v8H CIRCULAY1HR)}

DATA (FAT=10H ISOTROPIC+3(1H )s4H DMEs4{1H )s14H TACAN (RTA-2),3(1
XH )939H 4-LOOP ARRAY (COSINE VERTICAL PATTERN!+39H 8-LO0P ARRAY (C
XOSINE VERTICAL PATTERN)s34H I OR Il (COSINE VERTICAL PATTERN)»1H o
X40HJTAC TILTED 20 DEG WITH 40 HALF~POW BeWes17THJTAC TILTED 8 DEGy2

X(1H )

DATA(TSC=16H SEA WATER *»16H GOOD GROUND »16H AVERAGE GROUN
XD s16H POOR GROUND »16H FRESH WATER v»16H CONCRETE v16H
X METALLIC )

DATA (PAS=2H 92H#* )
DATA(VYD=33HFOR HYOURLY MEDIAN LFEVELS EXCEEDEDs33HFOR INSTANTANEOUS
X LEVELS EXCEEDED)

DATA(TYD=17HSMOOTH EARTH # 1THIRREGULAR TERRAIN)
DATAICCI=16H SEA WATER *16H GOOD GROUND »16H AVERAGE GROUN
XD »16H POOR GROUND +16H FRESH WATER +16H CONCRETE v16H

X  METALLIC )

DATA (PAS=1H )

DATA (CM=1H»)

DATA (LP=9921143)

DATALAPCT=8H FREE SPs8H 5 = 8H S0 & +8H 95 =« )
FNA(FXsFAIFBIFCoFD )= ((FX-FB}*(FC~FD)/(FA-FB} ) 4FD
FNB{FRXyFRAsFRB) = (FRX-FRB!/(FRA-FRR)
FNC(FFXyFFCyFFD )= (FFX® (FFC~FFD) ) +FFD

I1DT=IDATE(IDX}

DP(1)=401 s DP(2)=e450 S DPI3)=,98

IG=0 § JJ=0 S  20=,00000001 $ ERTH=6370
RAD=.01745329252 $ DEG®57.29577951 $  TWDG=12.%RAD

PRE~-PROGRAM INPUT OF TABLES

READ 1088 (TAVIT) o (TAHLI(Jel) od=19T7)s1219175)

READ T1s(TALDIK)»({TAFLITsJoK)sJmls7)sl21e2)4Knls20)
READ 71s(DUMBs ({TAFL({oJeK)sJum1leT)glu3s4)sKe1120)
READ 5059 (VFI(1eJ)olnl936)sUsle3)

READ 505+ ((VF(19J)sIn1936)sJdmbel?)

------------- PROGRAM START WITH CARD 1 -
READ 9+ 1SsDMAXsSeLHILEsSXeXCrSYrYC

IF(ISeLE.O) GO TO 451

IXT=ITIMEDAY(ITX)

DO 200 J=1+15 .
----------- STARY OF LOOP FOR TWO FACILITIES-==~-=====-—w
ICAR=0
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---------- -—==—===[NPUT OF CARD 2
READ 741K oHFI 9 TFAs 1PL+SURSHPF 1 +DHS T sKSCDCTsHC s 1CCIDHOT sHHOT + 1DGs
XTMNy ISEC/KEsKK KD 9ETRP o ILB

----- mmebmemmeee=[NPUT OF CARD 3 -
READ BsADENTSADNT9ENO1AQIsAWIFr A

TT(1)=ADENTIL]) $ TT{2)sADENT(2) $ TT(6)=PASIY)
TT(3)sADNT(]) [ TT(4)sADNT(2) $ TT(S)sADNT(3)
CMAXxDMAX

IF(IS+GT41) GO TO 15
NK=43-((31+]A)/2)
ENCODE {48799 ¢ VARFOR ) NK
14 PR!NT 4
“““““““““““ START OF PARAMETER SHEET -
HFS=HF I #CFK( 1K) L] FREKsF
PRINT 700+QMDe IDT s IXT
PRINT VARFOR+'ADENT »ADNT
PRINT §
PRINT 7901
IF(JeGTel) GO TO 820

INPUT OF CARDS OF AIRCRAFT ALTITUDES==vw=m==a '
READ 711+{ACHT(1)sInlysLH)

~===INPUT OF ALTITUDE CORRECTION FACTORS IF SPECIFIED==~=~~

IF(JJeGTa0) READ 711»(DEHT(I)ylulsLH}
e ——————— INPUT OF CARDS OF D/U RAT[0§=======emee=x
READ 712+ (PR(I1,Ia1,4LE)

820 LL=LH-1

IFILHWGTe24) GO TO 769
IF(LHeGT417) GO TO 768
IFILH.GTe 10} GO TO 767
IF(LH.GTs 3) GO TO 766
PRINT 7169( (ACHI (1) +CM)sT=1sLL) yACHT(LH)
770 LisLE-1
IF(LE.GT423) GO TO 721
IFILE.GT1n} GO TO 720
PRINT 7362 {(PRUT)yCMIs]=1oLL) sPRILE)
777 PRINT T023HF I
IF(HFI«LTe0e) GO TO 825
IF(HF14GT49000s) PRINT 715
IF(HFleLTele5) PRINT 716
PRINT 787+FREK
IF(FeLTo100+1G0 TN BOS
806 [F(F.i.Te20,}) GO TO 10N
JFIFeGTo50004) PRINT 718
IF{F.GT+17000.) GO TO 807
808 IFIF.GT.100000.} GO TO 100
ALAM=,2997925/F
PRINT 75245
PRINT 5
IFIAOl«LTe0e) GO TO 86
PXH=PAS(])
8T GAO=AN] [ 3 GAW= AW ]
PRINT 704 GAOPXHsGAWPXH
IF{SUR.GT415000,) ICAR=1
IF(SURWLTaDe) GO TO B30
831 PIRP=EIRP
FTSsSUR¥CFK( 1K)
HRP wHPF [#CFK{TK )
IFIETSsLTeNe! FTS=0,
IFIDHS oL TeOe) DHSI=0,
DMEDHS I #CFK I JK)
IF(ENOWLYTe25040eOR(ENOLGT400+) GO TO 801}
802 ENSSCNO®EXPF(=-0,1057#HRP}

NOT REPRODUCIBLE
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804

829

788

759
758

753

783

763

IFIENSeLE<250¢) GO TO 803
EFRTHSERTH/{1+~e04665%EXPFLeGO55TTHENS))
EART=EFR THRCKN( IK)Y

HT=HFS+ETS $ H1=HT
IF{HRP+GTeH1) GO TO 825
HTEeHT-HRP $ DLST=5QRTF (2« *EFRTH#HTE )

HFRI=HTERCKMLSK)
PRINT 705sHPFIsEIRPs (FAT(IsIFA)sIn1,5)
IF{DCleLE«20) GO TO 789

IFIICCeLESDO) GO TO 789

——————————— COUNTERPOISE PARAMETERS CONVERTED~~~mm—imme=neu
NOC=] .

DCWSDCI®CFK(IK) 8§  HCW=HCI®CFK(IK)

PRINT T06DCIsHCIICCTUIDICC) o ]m142)
IF(HC T LT«0s) GO TO 828

IF{HCT «5Te5004) ICAR®]

IF (DCWeGTeel524) [CAR=)

IF(HCW+GToHFS) GO 1O 825

HFC=HT ~ET S-1CW

CONTINUE

PRINT 707+(POL(TIsIPL)sI=1s2)

—————— HORIZON AND INITIAL TAKE-OFF ANGLE COMPUTATIONS==—=i»==
PDS=PTS=PHS=PAS(1)

IF(KDsLEL1) GO TO 755

HLT e HHOI#CFK { IK) s DLT=DHOI#CMK ( 1K)

HLTS=HL T=-HT

DG=]DG ¢ AMN=IMN €& SEC=]SEC

TET=RAD#(DG+{ L ISEC/60s)4AMN) /604 )) $ ATET=ABSFITET)
TATET=YANFLTET)

IF(KE.ENQ.3) GO TO 782

IF(DLT«LEL20) GO TO 781

IF(KE~1)7301758,780

IF{TETeLTe0e) GO TO 752
HLTSsDLTH#TATET+(DLT#DLT/ (2 *EFRTH))

HLT=HLTS+HFS+ETS s HHOI=HL T #CKMI{ IK )

PHS=PASI(2)

CONT INUE

IF(DLT oLTalal#DLST) ¢ORDLTGTo(3.#0LST)) PRINT 809
IFITETeGTee20943951) PRINT 810

IFIHHOl ¢GT e 15000+) ICAR=)

PRINT 708+DHOI »PDSsIDGyIMN» ISECIPTS»HHOI »PHS

S S e o D Y g P A e T e - e o B S 4 B - -

PRINT 725s1TYDI1KD) s1=]3)

PRINT 7n9+ENSENO

IFIILR«GT4N) GO TO 7642

PRINT 778

PRINT 7109SURIDHSEs(TSCLIsKSCYoIn1,2)
PRINT 720+ (VYD(]eKK)yInwl45)

PRINT 724+PAS(2}

IF{ICAR.GT.0} PRINT 800

-------------- ~-=~=START OF WORK SHEET -
PRINT &

PRINT 7574107 »IXT»QMD

PRINT s $ PRIMT 6

PRINT VARFOR+ADENT»ADNT

PRINT 70195

PRINT T32sHFIWHFS

PRINT 733 +FsFREK

PRINT 73432A0]sGA0PXH

PRINT 738 AW oGAWPXH

PRINY Ta7/2EIRPHEIRP,

PRINT 7389 1FAsIFATIIsIFA)s]Im]1,5)
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754

m

765

200

201

206

64

IF(NOCeLTel} GO TO 754
PRINT 739+DClsDCW

PRINT 740,HCIsHCW

PRINT T741+1CCy{CCIIIsICClolInly2)
CONTINUE

PRINT 5

PRINT T423HFRIWHTE

PRINT 7430vIPLs(POLUTsIPL) o 1u192)
PRINT 745+PDS+DHOISDLT

PRINT 746sPTSsIDGs IMNy ISECHTET
PRINT 747+PHSsHHOT »HLT

PRINT TuB»FNOFNS

PRINT 726+EARTHEFRTH

PRINT 749+SURETS

PRINT 750DHSI »DH

PRINT 7519KSCo{TSCUTsKSClpl=192)
IFLILB«GT40) GO TO 764

PRINT 788

PRINT 7299(VYD(IskK)vIx1s3)
PRINT 724,PAS5(2)

IF(ICAR.GTL0} PRINT 800
—————————————— END OF PRELIMINARY PRINTING=mwcmmmccmmamcma=a

IF{IS.LFe1) GO TO 201

QAW( J)=GAW $ QCW(J)=DCW $ QHW [ J) =HCW $ JICtar=1Cce
QHRP (J) =HRP $  QERP(J)=EIRP [ JKK(J)=KK $ JLB(J)=1LB
QHT(J)=HT s QHLT(J) =HLT $ QHFSL ) eHF S s QDH{J) =DH
QHTELJ)1aHTE $ QDLT(J)=DLT s QENS(J)=ENS QFK{J)=F
QEFTUJI=EFRTH $ QTETIJI=TET $ JKD(J) =KD $ QAQ(J)=GAO
QDLST(J)=DLST s JPLIJ)=1PL s JKSC{J) =KSC $ JFALJ)I=IFA
QHFCxHFC

CONT INUE

————————————— END OF LOOP FOR TWO FACILITIES=c——mumnmcm——~—e

PRINT 4

CALL PAGE(~1)

ENCODE(Rs32+TG) S

IFILE=0

MH=0

DO 60 LP=1yLH

HAT=ACHTILD)

H2=HAT*CFK (1K)

IFILE-IFILE+]

IF(1S.GTal!) GO TO 202

CONTINUE

IF(JJelTel) GO TO 63

ALAM= 42997925 /F

PDH=PAS(])

EAC=DEHT(LDI #CFK (1K)

HR=eH2~FAC

HRE =HR-HRP $ DLSRE=SORTF( 2+ #HRF*FFRTH)
HASaH2-FTS § HRS=HR-ET5 s HRE s HR~HRP
IF{HRE ¢GE «50¢) DLSR=EFRTH*ACOSF(EFRTH/ (EFRTH+HRE))
D503 4 *SQRTF (2000 *HTE ) +3,#SQRTF {20004 *HRE)
CONTINUE

e m e ne .= PRINT STATEMENT S~ —cnremanmn cma—e—.

PRINT 796+ HAIsDEHT(LD) +yPDH s CALL PAGE(})

- - 20 T S - S B e g e Ty S " 0y . T S & B ST . g T e W g @ T O gy

-------------- OBTAINING ISOTROPIC POWER ARRAY==r=ewe—cean~a
CALL PWSRB

------------------------ PRINT STATEMENTS=rrrmo—emvcc e mm————
PRINT 900 ((PFY{LA'LB)+sLBwls6)sLA=1,NCT)

PRINT & ,
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L >3

203

29
24

27

20
22

21
28

26
28

73

60

MCK=NCT/2 s CALL PAGE(MCK)
IF(15.GTe1) GO TO JC

NCD=NCT

DO 24 LA=14NCD

DE(LA)=PFY(LAs1)

DO 29 LB=2+6

LC=LB-1

PDY(LAsLC)=PFY(LA4LB)

CONTINUE

CONTINUE

IF{IS.LEs1) GO TO 27

Js2 $ ASSIGN 27 TO JC $ GO TO 20%
CONTINUE

------------------------ PRINT STATEMENTS -~ -
PRINT 791 S PRINT 792 $  CALL PAGE(2)

- e S e e T S ke S s e e e U e e e e - - -

----------------- CALCULATION OF D/U RATIQS=w=w—c—wccmcawc=x
JCTe0 '

DO 26 N=1#NCD

DD=DE(N)

DA(1)=PDY(N13) 3 DA(2)=PDY(Ny&) s DA(3)=PDY(N»S5)
DU=S-DE(N) s IFIDULT«0s} GO TO 25

DO 20 l=1sNCT

IF{DU-PFY(191))22+21920

CONTINUE

T=NCT

IF{T1eLEe]l) I=2

Lal-]

DRAT=FNB(DUIPFY(1,1)4PFY(Ls1)) ‘
UFS=FNCINRATsPFY(142)sPFY(Ls21) S UPW=FNC(DRATIPFY{1+3)4+PFY(L43))
UVSsFNC(DRATSPFY( T4 ) sPFY(Ls&)) 8 USOSFNCIDRATIPFY(I+S5)19yPFY(Ls5))
U9S=FNCIDRATIPFY([96) sPFY(L1E)) s GO TO 28

UFSsPFY (192! s UPW=PFY{lv3) s UVSePFY(]04)

Us0=PFY (195} $ U9SsPFY([6)

CONTINUE

JCT=JCT+1

DRUCJCT»1) =PDY(N»1)~-UFS $ REFV=PDY(N+2)=UPW

DB(1)=sUVs $ DB(2)=U50 s DB(3)=U95

CALL CONLUTIDAYDBsDPs39=14304sPCyDC!

DRU(JCT 92} =REFV+DC( 1) $ DRU(JCT»3) *REFV+DC(2)

DRUIUCT 94} sREFV+DC(3)

————em - —-——— emmmmemee==PRINT STATEMENTS -
PRINT 790+SoDDsDUSPDY (Ns1)sUFSePDY(N22) oUPWe (DRUIJCTIK) 0 Kslyd)

DED(JUCT)=DD ‘
CALL PAGF (1)

CONTINUE

CONTINUE

----------------- «~WRITING FILES ON DISK==—wm -
MCTILD)wJCT

WRITE(2) IFILEsACHTILD) 4MCTILD?

KCT=MCT(LD)

DO 73 KE=14KCT

WRITE (2) DEDI(KE)» ({DRUIKEsJL) ) s JL=14)

CONTINUE

END FILF 2

MH=MH+ ]

PRINT 5 $ CALL PAGE(Y)

CONTINUE

i S tadet bl END OF AIRCRAFT ALTITUDE LOOP===vmenecmrwam =~
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65

74

42
62
61

67

48

66

70

72

69
4l

DO 40 M=1,sLE

LYD=0 $  LUD=+1
1G=1G+1
ENCODE(B+32+AAT) PRI(M)

e mmeeZeneLPLOTTING OF GRAPH~- - -

DO 41 JL=1ls4
DO 65 lelsLH

MUCT) =MD 1) a0

CONTINUE

IFILF=0

REWIND 2

DO 62 I=19sLH

IFILE=IFILE+]

READ (2} KFILEWBCHTsLCT

IF(KFILE«NE«IFILE!} GO TO 100

DO 74 JE=14LCT

READ (2) DEDIJE)» (IDRULJEYIG) )9 GR1sd)

CONTINUE

SKIPFILE 2

JCT=LCT

DO 42 JKk=3sJCT

IM= JK~1

IF(PRIM} sGEeDRUIIK»JIL) «ANDePRIM) sLE«DRUIIM»JL}) GO TO 43
IF(PR(M) (LE+DRU(JKIJL) oANDPR(M) 4GE«DRU(JM,JL) ) GO TO a4
CONTINUE

CONTINVE

LS=LP(JL)

DO 66 KC=196

J=0

DO 67 I=1,LH

IFIMDITI) oL TeKC) GO TO 67

IF(PY (1) aGTaSY (1} ORMPXDITIKCILTeSX(2)) GO TO 67

TF(PY(I) oL ToSY(2)JORMPXDII4KC)eGTeSX(1)) GO TO &7

Jad+] $ BlJ)=PYI(]) $  AlLJ)=PXDI(I+KC)

CONT INUE

IF(J) 68466

e ———————— ~=~~~PRINT STATEMENTS ——- -
PRINT 713sPRIM)JAPCTIJL) o (L LACNN) sBINNY) sNNu19J)

PRINT &

NPGs(J/6)+2 (3 CALL PAGEI(NPG!

IFtJeLTe2) GO TO 66

CALL LINFILS A8 e SHX s SHY)

CONT INUF

DO 69 KC=)s4

J=0

DO 70 Isl,LH

IF(MUL]) oL TekC) GO TO 70

TFIPYUI) oGTeSY 11 ,ORPXUITIKC)(LToS5X(2)) GO TO 70
FFAPY (T L TaSY(2) ,0RPXUITIKCIoGTHSXIYII 60 TO T0O
JeJ+l s  B(J)sPY(]) $  A(J)epXULI4KC)
CONTINUE

IF(J) 72469
memmmremmmemremceaeececPRINY STATEMENTS-m=rnmmecreocencen-u

PRINT 713ePRIM)vAPCTIJUL ) vt LAINN)sBINN))INNELoJ)
PRINT 8
NPGe{ J/6) +2 ] CALL PAGE INPG)

IFlJeLT42) GO TO 89

CALL LINEILSsAsBoJsSHX»SHY)
CONTINUE

CONTINUE

————— it wommmw———-f ) OF éRApH----u----m____----_---------
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11

PRINT 5 s PRINT 5 $ calL PAGE(2)
40 CONTINUE

REWIND 2

GO TO 100

Comomm—nm LOOPING BACK TO START FOR NEW SEY OF PARAMETERS---

43 MUCT)=MU{T)+]
KC=MUll)
IF(KCeGTe4) GO TO 61
XRD=FNA{PR{M) 9DRUCJIM 9 JL) s DRU(IK s JL )} +DED (UM} +DED (UK )}
PY(I)aACHTI(T) $ PXU( TskC)=XRD
GO To 42
a4 MDIT)2MD(T)+1
KC=MD( 1)
IF{KCeGToe4) GO TO &1
XRO=FNA(PR{M) »ORU(JIMsJL) sDRU(JK 9 JL ) »DED(JIM) 2 DED( JK) }
PY(I)=ACHTI(I) s PXD(1sKC)I=XRD
GO TO 42
15 IF{JeGT41) GO TO 16
NK=43-(119+1A) 72}
ENCODE (489797 s VARFOR ! NK
GO TO 14
16 NK=43-({20+1A)/2}
ENCODE(48+798 s VARFORINK
GO TO 14
$3 HRE=(DLSR*DLSR)/ (2. *EFRTH!} s GO TO %4 -
56 CALL ASORP(FsAQI»AWI)
PXH=PAS(2) s Go To 57

,63 HP2=H2-HRP s HP1=HTE
DUM=040 $ ZER3040 $  OLIMe-1,56
ONS=329, § QHC=HP1 §  QHASHP2 8  QHSeHRP
CALL RAYTRAC(DUM)
RY=TRACRAY (QLIM)
DS0=00D
QNS =ENS $  QHC=ZER S QHA=HPZ $  QHS=HRP
CALL RAYTRAC(DUM)
RY=TRACRAY(ZER)
DLSR=QQD  $  TSL2=DLSR/EFRTH
IF(TSL2.LEesl) GN TO 53
R2E=EFRIH/COSFITSL2)
HRE *R2E~EFRTH
54 [F(HRE+GTeHP2) HREwHP?
HR=HRE+HRP
EAC=H2~HRP-HRE
HAS=H2-ETS §  HRSsHR-ETS

DEHTILD)wEACHC: M{TK) $  PDHsPAS!2) $ GO TO 64
107 PRINT 106 s Go 10 100
c S e TWO FACILITY CALCULATIONS-====mrem —e—e-

202 U=l $ ASSIGN 203 To JC

205 HTESQHTE(J) $ DLTwQDLT (V) $ ENS=QENS(J) $ FeQFK(J)
EFRTHsQEFT(J)} $ TET=QTET(J) $ KDsJKD(J) $ GAO=QAO(J)
GAW=QAW( JY $ DCWrQCW(J) $ HCWsOHW(J) $ 1CCeJIC ()
HRP=QMRP( J) 3 EIRP=QERP( J) $ KKsJKK( ') $ ILB=JLB(J}
HTwQNT (J) $ HLT=QALT(J!} $ HFS=QHFS( J) $ DH=QDMH(J)
DLST=QDLST(J) $ IPL=JPLLJ) $ KSCoJKSC(J) $ IFAsJFALJ)

FREKsF
6o To 206
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no
123
8
Tae
66
"t
LY
\ [,

™l

"o

182

740

TR

784

782
789
a0l
an)
8n%
An?
a2
428
As0

48l

mmmeun:cananw=PART OF PARAMETER SHEET PRINTING==vowmm—=—acw
PRINT Y2AEIPRETEWCMIv el oLL)WPRILE! $ GO TO 777

PAINT TALGLEPREDIGCMI sl oLL ) 'PRILE! (] 6L TO 177

PRINT Y79 & Gn Tn 76)

PRINT TAA 060 Y0 769

PRINT V720 0UACHTL L) oCMY o Im Lol L) pACHT(LH) $ GO To 770
PRINT PY40CLACHT L)) oCM) o Twl ol L) sACHT(LH) $ GO To 770
PRINT PrastCACHTUI) oCM) o l=) oLL) sACHTILH! $ GO TO 770
PRINT 7760 ((ACHTIT) oCMIoIm]oLL) WACHTILHI 3 GO TO 770

wnesnmnameue=aHORIZON PARAMETER CALCULATIONS=~~vemrom—e—nea
HE=MAX]FIHTE +400%)
OLTeDLSTREXRPF (= Q7*SQRTF(DN/HE) )
MIPASLEY)

IFIDLT LTl 19DLST)) DL 1 #DLSY
IFIDL TGOl ol 30 0DLSTY) DLTeYouDLST
PHO LoD TOCRNETK)

60 10 Iag

TRMe ) o YoM (TDLST/DLTI=1 )

TETR o R/DLST IR (TRM- (4 "HTIED)
FETE  GT o TWOGO) TET«TWDG

CALL RADEMSUITET»1IDGY IMN2SEC!
ISFCaX INTFISEC)

PYSepaSt))?

TAYFTaYANFLITET)

60 i0 YsA
NTRMaSOURTFUCEFRTHREFRTHRTATETATATET 4 {2, #EFRTH#HLTS) )
YIRMe-EFQTHOTATET $ DLTaYTRM~XTRM

1FIDLYWLEsDel DLIRYTRM4XTRM

PDSeRASE)Y)

DHOL DL T#CKNIEIK) $ GO TO 783

TATEV UM IS/DLTI=(DLT/ (24 ¥EFRTH)I) 8 TET=ATANF(TATET)
P1S2PASL?)

CALL RADPFMSITETINGY IMNSEC!
ISECaX INTFUSEC) s 60 10 783

------ ~=m===c==uoo<SMOOTH EARTH PARAME TERS=~ew——mcece—caan-
PTS=PDSePAS(2)

PLY®NLST 3 NHOl=DLT*CKN(IK)
TATETu(~HTE/DLT)-(DLT/(Z4#EFRTH)) $  TET=ATANF(TATET)

HLY=HRP 8§  HHOT®HLT#CKMI( K $  DH=0,

60 TOo 784

HLIS*DLT®TET +{DLTHDLT/I24%EFRTH}) $ GO TO 753
MFCu0. $ GO 1o 788

ICAR®1 § ENO=30l. $ GO TO Rn2
ENS=2%. 8 ICARel 3 GO TO 804
ICAR®] 8 PRINT 717 § GO TO 806
ICARa} 8 PRINT 719 $ GO 7O 808
PRINY 8000 § GO TO 100

1CAR®) $  HCIs0. § GO TO 829
1CARa) $  SUReO. 3 GO TO 831

---------- ~=m===~=TERMINATION OF PROGRAM==m~vmmmeoecmeen

CONT INVE

CALL CRTPLT(0+0+050520)

PRINT 4

PRINT 2

CALL EXIT

ENG NOT REPRODUCIBLE
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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 1isted alphabetically by
name in this section. Each 1isting s preceded by a short discussion
and contains some annotation. Listing for system functions (e.g., SINF,
COSF, etc.) and system subroutines (e.g., CRTPLT) are not included
since they are available to system users, and do not have to be submitted
with the programs.
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ALOS

Subroutine ALOS is used only with the power density program (sec.
B.1) to perform calculations associated with the line-of-sight region
(sec. A.4.2). Subroutines BLOS and CLOS are almost identical with ALOS,
but are used with other programs.

SUBROUTINE ALOS

C L-0~S SUBROUTINE FOR POWAV
C ROUTINE FOR MODEL AUG 73

5 FORMAT(1H )
T60 FORMAT(1X9F7e2912F8e19F60192F54102F641)

766 FORMAT!(2X+#D N MI FREE SPACE 50% 5% 95% 90% 99%
X 99,9% 99,99% «.01% 1% 1% 10% PL AA  AY
X K DEEw®)

DIMENSION XCON(S)sNTMI(5)

DIMENSION CFK(3)+sCMK(3)sCFM{3)+sCKM(3)sCKNI3)

DIMENSION GLD(8)+D1(20019D2(200)+D3(200)

DIMENSTON HTX(21+2(2)sTEA(2)syDAL2)sHPR(2)

DIMENSION SID(24)

DIMENS[ON SPGRD(3)

DIMENSION RE(2),4sBD(35)svyD(35)

DIMENSION ALM({172)4AD(35)

DIMENSION P{35)4,QC(50)+QA(50)2PQA(SN)PAKI501)+QK(50)PQCI50)
DIMENSION YV(10)3$V(10)

COMMON/EGAP/IP LN IDT o IXT

COMMON/PARAM/HT S o HRE sD o DLT oDLRyENSsEFRTHIFREK+»ALAM S TET s TER2KD 9 GAO»
XGAW

COMMON/DIFPR/HT sHR sDHoAEDYSLP»DLST+DLSRs IPLIKSCoHLTsHRP s AWD 9 SWP
COMMON/SIGHT/DCW sHCW sDMAX s DML +DZR s IK 9yCAC 942 9 ICCoHFCoPRHIDSL1,PIRPy
XQG1 vQGI9FIIYL200 94 ) s XK ZHIRDHK» ILB
COMMON/PLTD/LUDYLLINUIB) s NS(8) 9SX(2)9SY(2)9TT(6)9XCoYCeBX(200+8),8
XY{200+8)1LYDIAATSTG
COMMON/SPLIT/L19L2oNoX{140)sY(1460)4D6(140)sXS(55)9XDI535)sXR(55),Y5S
XU(55)oYDISS )9 YRI55) s1.3025(25)92D(25)42ZR(25) .

g:;A (CFK=.?01’.0003040oo0003048)

A (P vl‘lv35)=o00001t-00002.-00005.oOOOlvoOOOZo.OOOSO 0 .
XOOZ..OOSooOI'-02vo050-10--150oZO.~30vo“09c50p060vo7000800-85:.gé:c
X95)o98p.99v0995|p998v.9990-9995p.99980c99990.99995'-99998'.99999)

DATA (CMK=149146093644+14852)

DATA (CFM51e9e300B142048)

DATA (CKM=1000++32804839895+3280,839895)

DATA (CKN=10906213711922+453995680%4 )

DATAIXCON®10v5491049254404)

DATAINTM=10919+30910+0)

DATA (GLD“O"QIl.2.|3..‘0'.5!.75'1.’
DATA(ALM"bOZ!'b.150"booav"ﬁoo0'50950“5.58!‘5-8"5065"’5035"500"
X4e50~3,7)

g:;: :ngRD'O.o.O6o.l)

ID'OZ|0§»|0701"1l2‘105'1.702.02.5!3-I .

X02004h5¢470018009850¢9884989, ) 2050400300600 T0080010
CCMPLEX ATisAT2
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503

121

69

123

61
21

185
156
187
158
159

FNALFXsFAsFBIFCoFDIm((FX=FB!# {FC~FD) /(FA=FBI! ) +FD

BSPI=,3183098862

RAD®,01745329252 $ DEG®57.29577951 ] TWDG» 12+ #RAD
ALIM=3,

PI=34141592654 H TWP 1264283185307

F=FREK

P1221,570796327 $ CP12%1,:5%

DKAXsDMAX#CMK { IK)
AFP=32445+20+#ALOG10(FREK)
ALA2=ALAM/ 20

ASPA=(0 .25 $ ASPBx04+25
ASPCxASPARASPB# (5 ,E-g ) #F
TWPILA2TWPI/ALAM
DTRO=ALAM/6 e

ERTH =26370.

AO=ERTH $ EFN=EFRTH
PKLa((3,#PT )/ (ALAM))

NCT=0

NOC =0

PRINT 766

. CALL PAGE(1)

IF(ICCaGTa0! NOC=}
CORK=20.95841232%F
IFI(NCCsL.E«0! GO TO 502
RCW=DCW*eS 8§  BTC=ATANF(HFC/RCW)
ABTC=ABSF(BTC) $ RIC®RCW/COSF(BTC) $ SOVT=SQRTF(2.#R1C/ALAM)
HDI=HTE~HFC s TWHC =2 o #HFC
CONTINVE
Li=l.2=N=0
TWHT=2 #HTE

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

LE=7 IF(ILBaGTe0) LEm11

DO 61 LK=1sLE

IF(LKelLTe&4) GO TO 120

LBu13-iK s GRD=FLOATF 1LD) s APOR=AAM/ GRD

1F(APDRGLELOs) GO TO 122
IF(APDRGT«TWHT) GO TO 21
SI=ASINF{APDR/TWHT)

ASSIGN 65 TOKR 8 GO YO 66

Ll=L1+1 $ XS(Ll)sSI '$  XxD(L1'=DR
XR(L1) =D

IF (APDR.LE«Ds) GO TO 122

SIsSORTFIAPDR/ (2.#DLST))

IF(STeGTaP12) Slepl?

ASSIGN 123 TOKR 8 GO TO 66

L2=L2¢1 %  YSIL2)sSI $  YD(L2)=DR
YR(L2)=D

CONTINUE

CONT INVE

IF(ILBLLE+O}) GO TO 1862

DO 150 LA=1s10

GND=FLOATF(LA}

DO 151 LG=1v4

GO TO (155,15672157+158) LG

GRD= (4o #GND-14¢)/ba s GO TO 1%9
GRD=GND s GO TO 1%9
GRD=(4+#GND+14) /40 s 60 TO 1%9
GRDa (24 #GND+1e}/2, s GO TO 1%9
APDR=GRD* AL AM

IF{APDR.GT+TWHT) GO TO 162
SISASINF(APDR/TWHT!

IF(S1.GToPI2) SI=Pl2
ASSIGN 1%2 TO KR $ GO TO 686
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153
151
150
162

124
67

86

10
25

165
166
167
168
169

173
172
143
154

11

160

802

Ll=L1+] $ XS(LY)=S1 $ XD(L1=DR $ XR(L1)=D
SIaSQRTF(APDR/(24#DLST V)

ASSIGN 183 TO KR $ GO TO &6

L2=L2+1 3 YS(L.2)=51] s YO(L2)=DR $ YR(L2)=D
CONTINUE :

CONTINUE

L3=0

DO 67 LK=1924

5!=SIDILK)#RAD

ASSIGN 124 TO KR s GG TO 66

L3=L3+] $ 25(L3)=S1 $ ZD(1.3)=DR

ZR(L3 )=D

CONTINUE

Si=p12 '

L3=L3+] + Z8(L3) =Sl s ZDIL3)=TWHT § 2ZR(L3)=0.
CALL TYABLE(DUM)

~~==USING TABLE TO OBTAIN STRATIGIC DISTANCE POINTS—w=mm==~

LR=0
DO 70 LA=1LE

IF(LAsLT.4) GO TO 88

LB=z13-LA $ GRD=FLOATF(LB) $ DR=ALAM/GRD $ LD=LD+l
IF(DReGT« TWHT) GO TO 2%

CONTINUE

D=DINTERI(DR!?

IFIDsGT4NDML!) GO TG 70
LReLR+1} $ DI(LR)«D
CONTINUE

CONTINUF

IF(ILB.LESN}) GO TO 163

DO 172 LA=1»10
GND=FLOATF{LA)

DO 173 LG=1v4

GO TO (165+166+1679168)s LG

GRD=!442GND-10) /4, $ GO TO 169
GRD=GND s GO TO 169
GRD={ 4o #GND+1 e} /4, $ GO TO 169
GRD=(2¢%GND+1+}/2, s GO TO 169
DR=GRD*ALAM

IF(DR+GTTWHT) GO TO 163
D=DINTER(DR!

IF{DGT-DML} GO TO 172
LR=LR+} s DI(LR)=D
CONTINUE

CONTINUE

CONTINVE

IFILR) 1540166

D=DI(LR}) $  SILIMeSINTERI(D)
DO 11 LAw1sLR

tLV=LR+1~LA

DI(LAI=NY(LV)

D2(1)=DZR

CALL TSMESHID2919D3eLRsD1sLS)
LR=0

SPD=,)

DO BDO NSP=ale¢%
MZISENTMINSP]
IFIMZS.LEs0O) GO TO 107
DO BNy MXSxlsMZS
DeSPDE#CMK (LK)

IF(D.GT DML} GO TO 107
LReLR+1 $ DI(LR)=D
SR SPD+XCONINSP}
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fa

801

8oa
107

602

40

604
603
600

29

69
134
13

66

78

62

CONTINUE

SPD*SPD-XCONINSP)

NPP=NSP+] .
IFINPP.GT 5} GO TD 107
IF(XCON(NPP!+EQeD.} GO TO 107
IF (NPPLEQ.0O) GO YO 107
IXD=INTF{ SPO/XCONINPP))
SPDu{XCON INPPI#FLOATF{ IXD) ) +XCONINPP)
CONT INUF

CONTINUE

CALL TSMESH{D1 +L5+D39LR#D2sLX}
IFINOC.LEJH) GO TO 75

~rwemmeeeeCALCULATION OF COUNTERPOISE STRATIGIC POINTS————==-
LR=0

DO 600 LK»1»913

IF{LKeLTe9) GO TO 601

FLX=LK-8 '

00 603 LG=1r4

FLG=LG

GND={ (4 #FLKI+FLG) /4
APDR2GND#*ALAM

IF(APDR.GT-TWHC) GO TO 29
S1=ASINF{APDR/TWHC)

1CPT =)

ASSIGN 40 TOKR $ GO TO 66
CONTINUE

IF(D.GTDML) GO TO 604

LR=LR+1

D3(LR) =D

1IF{LK.LT,9) GO TO 600
CONTINUE

CONTINUE

CONT INUE

CLIM=D3(LR!} $ CCIM=D3(1}
DO 69 l=1sLR

LVaLR+1-1

D1(]}epa(LV!

CALL TSMESH(D1sLRsD2+1.XsD3sLK}
DO 129 LValsLK

1CPTe0

SIsSINTERINIILV))

ASSIGN 28 TO KR

e RAY OPTICS GEOMETRY-- -—— - -

CSSIsCOSFI(ST)
SNSI#SINF(ST) $  S515Q=SNSI#SNSI

AKO=EFN/AD $ ZE=(1./AK0)~1, s AKE=le/(1le+(ZERCSSI))
AEFT=AQ#AKE & DHE=CAC#(AKE-1e1/(AKO~10!

HTX(1)=HTE 8 HL=H2-DHE &  HTX(2)eHL-HRP § HCL=HL®CKM{IK)
IFLICPT+GT0}) GO TO 17

A=AEFT

CONT INUE

DO 62 LC=1s2

2ZILCIwA+HTXILCY §8  TEA(LC)=ACOSF(A#CSSI/ZILC))I-S]
DAILCI=ZILCI#SINFITEALLCH)

IF(S1aGT41456) GO TO 63

HPRILC)=DAILCIRTANFISI])

CONTINUE

DTX=ARSFI2(11=2821}

IF(S1.GT<CPI2) GO TO 64
AFA=ATANFI{HPRI2)~HPR{1))/(DA(114DAC2})}
RO={DA(1)+DA(2))/COSFLAFA) $ R12=(DAL1)+DAL2))/CSS]
IF(ROLT4DTX) RO=DTX
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68 CA=AFA-TEA(L) $ THeTEA(1)4TEA(2)
DRw& o #HPR (1) #HPR(2) /7 (RO+R12)
BA=CA
CDwCARDEG
D=AEFT#TH
IF(DelLTeDe!) D=0
DNMsD#CKN (1K)
GO TO KR»(659281123113201330124940015291533) .

-y - - o S - = s - - - -

28 IF(DeLTeDe0l) GO TO 129
IF(DeGT4DML!) GO TO 111
ALFS=AFP+20+*ALOG10(RO}
PFS=PIRP-ALFS
GOD=GA IN{CA)
GPD=20+*AL0OG10(GOD!?
2332(21-2(1)
24 (Z1)1)nCOSFIBAY)/2(2)
IFI{DHJLE.O.! GO TO 42
DHDSDH* (14~ (0 B*EXPF(~-0,02%D)) ) %1000
44 CALL SORB(Z(1)+2(2)+AsRCeBAWRE)
AASGAO®RE(1)+GAWSRE (2)
51 IF(ILB«GTe0sANDeSIeLESSILIM) GO TO 38
IFI DR.GE<ALA2) GO TO 34
IF( DReLE.DTRO) GO TO 26
FOR=(141-({0«9#COSF(PKL#( DR~-DTRO))))#,5
43 CONTINUE :
CALL RECC(SIsF»KSCoIPL+0OsDHDsRWPICRD}
GAn—(TEA(1}4+S1) $ GAMD=GA®DEG $ GOGsGAIN(GA)
RDG=RD*GOG
REC=0.0
REGSR*GOG
RLG=REG
IF(NOCsLELO! GO TO 500

e ———— CALCULATION OF COUNTERPOISE CONTRIBUTION=——====w==
TEG=ABTC~ABSF(SI+TEA(1)) 3 TEG=ABSF(TEG)

VFGD=22 « #SINF(TEG#45) #SQVT

IF{ABSF(GA)«LTeABTC) VFGD=-VFGD

CALL FRENEL (VFGDsFPGDsPHIG)

REG=REG#FPGD

RDG=RDG#FPGD

TRM3=PHIG+(PI2*#VFGD#VFGD)

IF(DeLTaCLIMsORSDeGT+CCIM) GO TO 146

SIC=CA
TEC=ABSF({BTC-CA) $ DARC=2 ¢ #HFC#SINF(CA)
$IT1=-SIC $ GOC=GAIN(SIT])

VFCPu2 o #SINFITEC*,5)#5QvT
IF(ABSF(CA) +GT<ABTC) VFCPes=VFCP
CALL FRENEL{(VFCPsFPCPoPHIC}
CALL RECC(SICoF+ICCoIPL+1+DHDIRCHPICCIRDC)
RLC=RC*GOC
REC=RLCH#FPCP
EXPCu(TWPILA®DARC)+PICC+(PHIC+(PI2 #VFCP#VFCP))
ATRMaREC®*COSF(EXPC) 3 BTRMe-REC®*SINF{EXPC)
AT1=CMPLX(ATRMsBTRM)

147 CONTINUVE

e L CALCULATION OF LOBING CONTRIBUT ION===~we—=n=u
IFISI4GT.SILIM) GO TO 135 :
EXPG=»(TWPILA*DR)+PIC+TRM3

ATRM=REG*COSF (EXPG) $ BTRMs-REG#*SINFIEXPG!

NOT REPRODUCIBLE



136

149

301
302
303

52
53

31

30
26

23

129
111

1%
16

20

30

------------- ~=SUMMATION OF TERMS
ATZ'CMPLX(ATRMvBTRM) )
WRL=CABS(GOD+AT1+AT2) H HR-NRL.HRL*OOOOI
PR=10,*ALOG10(WR)

IF(D«LEJDZR}) GO TO 148
IF(LVeEQe.1) GO TO 148
PLeFNA(D+DML 1DZRyPRHIPZ)
WL=10e®%(,1%PL)

CONT INUE

—m—eeeeeoemee --LONG-TERM POWER FADING , -

PL=PL=-GPD
IF(DeLELDWs) GO TO 38

IF(D.LEsDSL1) 301,302

OEE={130.®D}/DsSL] $ GO TO 303
DEE=130.+D-DSL1 $ GO TO 303

CALL VZDI(DEE+QG1+QG9+AD)

IF(CAsLE.O0.) GO TO 32

IF(CA+GE.le) GO TO 33

FTH=5-BSPI# (ATANF {204 #ALOG10(324#CA)))
IF(FTHeLE.0+0) GO TO 33

AL102PL+(AD(13} #FTH) $  AY=AL10~-ALIM
lF(AY.LT.o.) ﬂY'Oo
IF{ILBeGT.0sAND«STeLE.SILIM!) GO TO 22

DO 31 K=1435

VD(K)=2AD(K ) *FTH-AY s BDI(K)=PL+VDI(K}
CONTINUE

DO 50 Kwlel2

ALLM==ALM(K)

IF(BD(K)oGT«ALLM) BD(K)=mALLM

CONT INUE

CONT INUE

s mm—ae— VALUES PUT INTO PLOTTING ARRAY

NCTeNCT+1

BXINCT +1)=BX(NCT»2)=BXINCT93)9BX(NCT ¢4 ) =DNM
BXI{NCT»5)=BX{NCT+6)=BX(NCT»7)2BXI{NCT+8)=DNM

IF(KKeGTel) GO TO 20

PGS=aPF S+GPD

BY(NCT»1)=PGS s BY(NCT92)=PGS+RBD(18)~AA
BY(NCT »3)=PGS+BD(12)-AA s BY(NCT +4)upGS+BDI(24)-AA
BY(NCT +5)=PGS+BD(23)~AA s BY(NCT +6)=pGS+BD{ 26) ~AA
BY(NCT»7)=pGS+BD(29)-AA s BY(NCT+8)spGS+BD(32)-AA
PFY(NCTs1)=PGS+BD(4%)-AA s PFY(NCT»2)uPGS+BD(T)=AA
PFY(NCT+3)=PGS+BD(10)~-AA s PFY(NCT »4 ) sPGS+BD(13)=AA
PRINT T60+DNMo (BY(NCToLZ)sL2m1+B8) s (PFYINCT sMW) sMWm1le4) oPLeAAAYBK
XsDEE

CALL PAGET11)

CONT INUE

CONTINUE

NU{1)aNCT s RETURN

——— RETURN TO MAIN PROGRAM~
FAY=1, s Go T0 17

FAY=0,1 $ GO T0 17

R L TR - TROPOSHERIC MULTIPATH

DO 30 I=1,35

PQAlLIep(])
QA(I)=BD(])~PL
CONTINUE

IFIAYeLE«Os) GO TO 18
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IF(AY.GEs6s?! GO 10 16
* OFAY=(1e14(0«92COSFI(AY/6e)#PI)) ) /26
17 CONTINUE
RSP=REG*FDR*FAY
IFIRE(Z2)4LE«Os) GO TO 45 .
RK==10#ALOG10(ASPCH(RE(2)%%3))
ACK=FDASP(RK) $ WA=10e#%{ o 1#ACK)
46 RST=( (RSPRRSP)+(RDG*RDG) +WA)
IFIRSTeLEWOe) GO TO 37
BK =41p+*ALOG1O(RST?
IF(BKOLTQ-'OOD’ BK--loO.
47 CALL YIKKIBK»PQK»QK)
ROHK=BK
CALL CONLUTI(QA»QKsPQAY3S5v+1490e9PQCHQC}
DO 27 I=1935
27 AN =QC1)4PL
GO TO 23

37 BK=-40. $ GO TO 47

- ~--LOBING MODE -
22 AY=0,

TLIM=420¢ *ALOGL10 1 GOD+RLG+RLC)

BLIM=~8n,

DO 36 K=1135
VD(K)=AD(K)I#FTH ‘s  BDIK)=PL+VDIK)I=-AA
IF(BD(K)eGTeTLIM) BD(K)=TLIM
IF{BD(K) 4LT.BLIM) BND(K)=BLIM
BDIK)=BD(K)+AA

36 CONTINUE"
GO TO 24

26 FDR=Q.1 $ Go T0 43

32 FTH=1.0 $ GO To 52

33 FTH=0.0 s AY=0,0 $ GO TO %3
34 FDR=], $ GO TO a3

35 FDR=0. s GO TO 43

38 DEE=0. s GO To 303
42 DHD*0.,0 $ GO TO 44

63 HPRILC)=HTXILC) 3 GO TO 62

45 WA=.0001 s GO TO 46
84 AFA=S] § RO=MTX(2)-HTX{1) § R12=HTX(1)4HTX(2) $ GO TO 68
7% DO 74 LK=lelX
76 DI(LK)=D2(LK]
LK =LX
LR=LX
. GO TO 134
77 HTX(1)sHFC §  HTX(2)=HTX(2)=-HD] $ ASAEFT+HDI
ICPT=0 8 6O TO 78
B3 GRD=SPGRD(LA) S DR=ALAM#GRD § LDsLD+1 $ GO TO 86
120 GRD=SPGRDILK) 3 APDRe=ALAM*GRD § GO TO 121
122 SIs0s $ DR=0s $ Ds=DLST+DLSR $ GO TO 123
135 ATRM=0s $ BTRM=0s $ GO TO 136
1646 D111)DZR $ L5=1 $ SILIM=0, s GO TO 160

- 500 TRM3=n,0

146 ATRM=Q, $ BTRM=0. $ AT1aCMPLX(ATRMsBTRM) $ RLC=0,0
GO TO 147

148 PL=PR " § PZ=PR $ WL =WR $ GO TO 149

502 BTC=SQVT=0, $ HDI=HTE $ - GO TO 503

601 GNDsGLDI(LK) $ GO 70 602
END
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ASORP

Subroutine ASORP is used in the calculation of atmospheric absarptins
(sec. A.4.5) to obtain surface absorption rates, Yoo, w dB/km, for oxygan
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,w values for frequencies up to 100 GHz.

SUBROUTINE ASORP{FKeAOsAW)
C ROUTINE FOR MODEL AUG 73

19 FORMAT (5X*FREQUENCY IS TOO HIGH FOR ABSORPTION TABLE USING VALUE
XS FOR 100 GHZ#)

DIMENSION ZX{853)s2ZW(53),FZ(53)
DATA(FZ24109¢15+020%+63000325+0359¢409¢550eT70914001652924043,04344
Fo6o006:9¢85391062+1540917,0020400224090236042%6092649304932,0433443
Fs.037.038.0“0.'“2.0430044004700630'510'5“005809590'6000610.620'630
Fobboob6Bes70017239760184015369100,4)

. DATA(ZX®4000199,000424+,00070y¢00096+¢00139+0015+¢0018900024+9,0039¢
X0042 1600590007 9,0088,00929601094011900149¢015+00179,0189002054021
X900220002690027+403000032+44035 420409008619 005010060990709,090,.100»
Xe150023005090108144067¢09150018¢0056093¢0010791¢2009090¢50903544209¢
X149010)

DATA(ZW=213{0,0)+.000190e00017¢4000345,002190009900250,04651410404229¢
W2000161015161190el00010000991¢098+40963500967+¢0981+409872¢09914100
Wrel0196103+01090011890¢120001229012796130913290138901549416144175
w020l025903“’ '56’

TEN®10+.

FasFK#,0n1]

IF(FelToel) Fuwo}

IF(FeGTo100e) GO TO 20

DO 10 Is1+5%3

IFIF=FZ(11)12+11910

10 CONTINUE

GO TO 20

12 1F(1e€EQel) =2

13 L=]-1

AsALOGlQ(F) $ BsALOGIO(FZ(])) s CoALOGIO(FZIL))

Rs{A-C)7(B=C)

D=ALOGIN(ZX(1)) &  FwALOGlO(2X(L))

AR=(R® (D-E) ) +E s AOwTEN¥#AR

IF{lsLEs13) GO TO 21

G=ALOG1o(2ZW( 1)) s HwALOGIO(ZWI(L))

WRe (R#(G-H) I +H 3 AWsTEN®RWR

RETURN

20 PRINT 19 s AD=,10 $ AWn, 86 $ RETURN

11 AO=2X(1) $ AWsZw(l) $ RETURN

21 AWs0,0000 s 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).

SUBROUT INF BI ns
C L-0~5 SURROUTINE FOR NOVERU
C ROUT INE FOR MODEL AUG 73

5 FORMAT(1H }

DIMENSTION XCONI(B)4NTMI(5)

DIMENSION CFK{3)sCMK{3)sCFMU3)sCKMIA)sCKNI(3)

DIMENSION GLD(B)1D1(200)sD2(200)+sD3(200)

DIMENSTION HTX(219Z(2)9TEAI2)9DAI2)sHPR(2)

DIMENSION 5ID(24)

DIMEMSION SPGRDI(3)

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

DIMENSION ALM{12)4+AD(3Y)

DIMENSION P{35)+QC(50)+QA(501+PQAIS50) »yPOK{50)+QK(50)+PQC(50)

DIMENSTON YVI1O0)SVI]0D)

COMMON/FRAP/ TP o LNy IDT 4 IXT :

COMMON/DLFPR/HT +HR vDHsAED»SLPsDLSTsDLSR IPLAKSCoHL.ToHRP s AWD » SWP

COMMON/PAOUT/NCTPFY (20046

COMMON/PARAM/HTE sHREsD+»DLTsDLRICNSyEFRTHIFREKYALAM s TET s TER KD+ GAO»
XGAW

COMMON/STGHT /DCWIHCWsDMIX s DML s DZR 9 IKvEACYH2 ¢ ICCYHFCoPRHIDSLL4PIRPY
XQOG1 9QG9 sXKK e ZHIRDOHK 9 ILB

COMMON/SPLIT/ZLLoL29NsX(140)9Y1160)sD6(167)9XSI55)1eXD(55)9XR(55,YS
X(55)9¥YD(S5)9YRI55151.3:25(25102D125)92ZR(25)

DATA (CFK=40N1+40003048446003048)

DATA  ((P([}41=21+35)4,000019,00002+,00005+,0001+,0002+,0005+,00190
X0029¢0051001 9040290005001 1015002000209 0%4094509¢609aT709:80+085,49000
X951098169910995349984,999, .9995Ol9998'09999"9999510999959 299999}

DATA (CMK=1e1214609344,41,8521}

DATA (CFM=la94304Bse3048)

DATA (C¥M=1000.+3280,839895+32B0,839695!

DATA (CKN=19946213711922+¢5399568034)

DATAIXCON=Le95,9100925490,}

DATA{NTM=10+19+30,10+0)

DATA (GLD=0Deselre20e3relr. 50075010

DATAIALME=602+~60159~60081-6001-5e6951=5¢881=548,-5,659-5,959-5,09~
X4.5'-3.7)

DATA (SPGRN=04v4Ghral)

DATA (5ID%e@ 90590070 laslelsleB1laT020v20803093e5584054060v7098as100
X920e9454970048049852+8841989,)

COMPLEX AT19AT2

FNA(FXsFAsFByFCoFDI = ((FX~FB)®(FC-FD!/IFA-FB) I +FD

BSPl=.31830980862

RAD=,01749329252 3  DEG*57,29577951 8  TWDGs12.%RAD

AL IM=3,

PI=3,1415926%4 $ TwPi=6,283185307

F«FREK

P12=1,5701796327 $ CrI2=1.56 NOT REPRODUCIBLE
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/ DK AX=DMAX#CMK (1K)
AFP=32.45+20*ALOG10(FREK)
‘ . ALAZwALAM/ 20
ASPA=0.25 s ASPB=0.25
ASPCaASPARASPB® (6,E-8) #F
TWPILA=TWPI/ALAM

DTRO=ALAM/6
ERTH #6370,
AO=ERTH $ EFN=EFRTH
PKL=({34#P] )/ (ALAM))
NCT=0
NOC=0
IF{ICCsGTe0}) NOC=1
CDRK=20,958412324F
IF(NOCJ.LE«D) GO TO 502
' RCW=DCW*:5 $  BTC=ATANF{HFC/RCW)
ABTC=ABSF(BTC) $ RIC=RCW/COSF(BTC) $ SQVT=SQRTF(24%#R1C/ALAM)

; HDI=HTE-HFC $ TWHC= 2 o #HFC
' 503 CONTINUE
L1=1.2=N=0 .
TWHT =2 + #HTE
¢ mee—e- SETTING UP OF VABLE OF SIs+ DELTA R AND DISTANCE~=====

LE=7 s IF{ILBeGTL0) LE=11
DO 61 LKslsLE
' IF(LK.LTes4) GO TO 120
LB=13-LK $  GRD=FLOATFI(LB) $  APDR=ALAM/GRD
121 IF{APDR.LE.Os) GO TO 122
IF(APDR.GT+TWHT}) GO TO 21
SI=ASINF{APDR/TWHT)
ASSIGN 65 TO KR $§ GO TO 66
65 Ll=L1+1 s XS(L1)=SI s XDIL1?=DR
XR{L11=D
IF(APDR,LE«Os} GO TO 122
SInSQRTF({APDR/ (24#DLST))
IF(S1.GT.PI2) SluPl2
ASSIGN 123 TO KR s GO TO 66
123 L2=12+1 s YS(L2)eS1 $ YD(L2)=DR
YR(L2YaD
61 CONTINUF
21 CONTINUE
IF(ILBeLE.2}) GO TO 162
DO 150 LA=1+10
GNOSFLOATF(LA}
DO 1%1 LG=1r4
GO TO (155+1560157+15%58)y LG

155 GRD=(4#GND-14) /4, $ GO TO 159
1856 GRD=GND $ GO TO 159
157 GRD={4e#GND+1e) /74, $ GO TO 1%9
158 GRD=(24#GHD+1e1/20 $ GO Tn 139

159 APDR=GRD*ALAM
IF(APDR«GT«TWHT! GO TO 162
ST=ASINF({APDR/YTWHT )
IFIS1eGTePI2) S1upl)
ASSIGN 182 TOKR $ GO TO A&
1%2 L1=L141 8 XS5iL1)=S] 8 XD(L1)eDR $ XR(L1)=D
SI=SORTF(APDR/ (2.%DLST) )
ASSIGN 153 TOKR $ GO TO 66
183 L2eL2+4] 8 YS(L2)eSI 8  YD(L2)«sDR & YR{L2)sD
181 CONTINUE
150 CONTINUE
162 L3=0
DO 67 LK®=1ls24
S1aSIDILK) #RAD '
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124

67

86

70
2%

165
166
167
168
169

173
172
163

184

11

160

803
801

800
107

ASSIGN 124 TOKR S GO TO 66
L3=L3+1 $  ZS(L3)=S] $ Z2DiL3)=DR

ZR(L3)=D

CONTINUE

Si=pl2 . _

L3=L3¢1 § 2S(L31aSI $  ZD(L3)eTWHT §  2ZR(L3i=04
CALL TABLE(DUM)

-=—=USING TABLE TO OBTAIN STRATEGIC DISTANCE POINTS~w—mw=ee

LR=0
DO 70 LA=1,LE

IF(LALLT+4) GO TO 88

LB=13-LA $ GRD=FLOATF(LB) § DRsALAM/GRD $ (DslLD+]
IF(DReGT+TWHT) GO TO 28

CONTINUE

D=DINTER(DR'

IF(D+GTLOML) GO TO 70

LR=LR+1 $ D1(LR)wD

CONTINUE

CONTINUE

IF({ILR«LF+.0!) GO TO 162

DO 172 LA=1»10

GND=FLOATF(LA)

DO 173 LG=104

GO TO (165+166+167+168)y LG

GRD=(4¢#GND~1e) /46 GO TO 169
GRD=GND GO TO 169
GRD={4 ¢ #GND+1 e} /46 Go To 169
GRD=(2 «#GND+1e)/24 $ GO TO 169
DRaGRD#ALAM

IF(DR4GT.TWHT) GO TO 163
DeDINTERIOR!

IF(D.GT.NML} GO TO 172
LR=LR+1 s D1(LR)=D
CONTINUE

CONTINUE

CONTINUE

IF{LR) 1544164

D=D1{LR!} $  SILIMsSINTERID)
DO 11 LA=1,LR

LVELR+1-LA

D3(LA)=D] (1 V)

D2(1}eDZR

CALL TSMESHID2+19D3+LRoD1LS)
LR=0

SPD=,1

DO 800 NSP=1+%

MZS=NTMINSP)

IF(MZS.1Een) GO T 107

DO 801 MXS=lsM2$

NeSPHUCME (1K)

1F(D.GT.DML) GO YO 107
LReLR4+1 $ DaLRIsD
SPD=SPD+XCONINSP!

CONTINUF

SPDuSPD-XCONINSP)

NPP«NSP4+1

IF(NPP.GT,.8!) GO TO 107
IF{XCONINPP)EQeOs} GO TO 107
IFINPP,FN.0) GO TO 107

IXOs INTF(SPD/XCONINPP) )

SPDs I XCON (NPP I SFLOATF{IXD) ) +XCONINPP)
CONTINUE

CONTINUE ,
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CALL TSMESH(D1sL5sD3+LRoD2sL X}
1IF (NOC+LE«O} GO TO 7%

--------- CALCULATION OF COUNTERPOISE STRATEGIC POINTS————=
LR=0 .

DO 600 LK=1913

IFILK+LT9) GO TO 601

FLK=LK-8

DO 603 LG=l94

FLG=LG

GND= ( (4. #FLK)4FLG) /4.

602 APDR=GND#ALAM
IF(APDR.GT.TWHC) GO TO 29
SI=ASINF(APDR/TWHC)
1CPT=1 B
ASSIGN 40 TO KR $ GO TO 66

40 CONTINUE
IF(DeGTeDML) GO TO 604
LR=LR+1
D3(LR)=D

604 IF({LK.LT.9) GO TO 600

603 CONTINUE

600 CONTINUE

29 CONTINUE
PRINT § §  CALL PAGE(1)
CLIMaD3 (R} $ CClmsD3())
DO 69 I=1LR
LVeELR+1~1

69 Dl (1)=p3(LV)
CALL TSMESHI(D1+LRsD2rLX+D3sLK}

134 DD 129 LV=1sLK
1CPTx=g

13 SI=SINTER(DN3(LV))
ASSIGN 28 TO KR

------- ~========RAY OPTICS GEOMETRY -~

66 CSSImCOSF(S])
SNSI=SINF(S1) $  SISQaSNSI®SNS!
AKO=EFN/AD 8 2E=(le/AKO)=1e 'S$ AKE®l e/ (1e+(2ZE¥CSSI))
AEFT=A0#AKE $ DHE=zEAC* (AKE-14)/{AKQO=14!
HTX{1)=HTE $ HLesH2-DHE $  HTX(2)=HL=HRP $ HCL®HL®*CKM(IK}
IFLICPT.GT40) GO TO 77
A=AEFT
78 CONTINUE
DO 62 LC=1+2
ZULC)mA+HTXILC) $ TEAILCImACOSF{A®CSSI/2(LC))I=S]
DALLC) s ZILCI®SINF(TEALLCH? :
IF(ST1e6Ta1e56) GO TO 43
HPRILC)aDA(LCI*TANFI(ST] !}
62 CONTINUE
DYX=ABSF(ZI] ' =2(2))
IFISI4GT,CPI2) GO TO &4
AFASATANFIIHPRIZ)I~HPR(11)/Z(DALYII4DA(2)))
RO=(DA(]1)+DA(2))/COSFIAFA) $ RI2«(DAI1)eDA(2)1/CSSI
TFIROWLT«DTX) ROSDTX
68 CA=AFA-TEA(l) S  THeTEA(1)+TEA(2!
DRe4, #HPR( 1)V ®HPR(2) / (RO+R]12!
BA=CA
CD»CA®DEG
DsAEFT#TH
IF‘D.LTOOO, D=0,
DNMsDECKN(]K)
GO YO KRo(65¢28+123+132013%912649404+152+153)
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] ]

(1}

L2}

'3

147

149

T MM T Alae e 51 GR U R T M N ST W TR TR R R A U e B 9 A0 U A A R W v

[REPLT0,n)) GO TO 129
IFthaatydmL!) 6o To 111
ALFSvAFP+ MO RALOGIOLIRO )

PrSePNIRP-ALFS

GODLGAINICA)

ArDe 20, 0AL 0G0 TGON)

S APATY AR

Qan (i) ecOSEtRANY/ 21 2)

HFLOMGLF,04) 6O TO 42

N} o= LOJAREXPF(=0,02%D) ) )1 #)1000.
CALL SORRLZULI 2121 4A+ROWAAIRE)
AASQAOTRE 1Y Ve GAWRRE(2)
TEVILAGGTAOWANDSToLEeSILIMY GO TO 33
IFE DRWAFVALA2) GO YO 14

IFU DRJLEISDTRO) GO 0 28

FOR®() 4 1-10499COSAIPKL®L DR=-DTRO)) ) ) w8
CONY IPUE

CAll RPECALALIFKSCoIPLsOIDHDsRPICIROD!
JAna(TUALY)eST) $ GAMD«GA®DEG 3 GOGuGAIN{GA)
RDGaRD:OAG

RECwN0

REGaRGOG

RLGLREG

IFINOCJLE-D) GO TO %00

=ersrmew=CALCULATION OF COUNTERPOISE CONTRIBUTION===mmemuem
TEGuARTC-ARSF{SI+TEA(L)) {3 TEGwABSFI(TEG!

VFGDw 2 s e SINFITEGH 8 ) a5V T

LFIARSF{GA)oLTeARTC) VFGNa=VFGD

CALL FRENCL (VFGDFPGDWPHIG)

REG#REGHFPAD

RDGRROGYFPGD

TRMXePHIG+IPI2RVFGDYVFGDH)

IF(DWLTCLIMGORODGTCCIM) GO TO 146

SIC=CA
YEC=ARSF (BTC-CA) $ DARCu2 ¢ #HFCRSINF(CA?
$1TlecslC $ GOC=GAIN(SIT])

VFCPu2 4 2SINFITECH, 51 nSQVT

1FLABRSF(CA) o GToABTC) VFCP2~VFCP

CALL. FRENELIVFCPyFPCPsPHIC)

CALL RECCISICyFyICCHIPL19DHDYRCPICCHRDC)
RLC=RC*(0OC

REC=RLCRFOCP

EXPCal TWPILA®DARC)+PICC+PHIC+(PI2 #VFCPRVFCP)}
ATRMeREC®COSF{EXPC) $ BTRM=~REC#*SINFLEXPC!
AT1eCMPLX (ATRMATRM)

CONTINUE

e CALCULATION OF LOBING CONTRIBUTION=em=m=mma=u
IFISI4GTaSILIM) GO TO 13%

EXPG(TWPILA®DR)}+P[C+TRM3

ATRM=REG®COSFIEXPG) §  BTRM==REG*SINF(EXPG)

memmmenae s m——— ~==SUMMATION OF TERMS -
AT2wCMPLX(ATRM+BTRM)

WRLCAGS(GOD+AT1+AT2) $  WReWRL#WRL+,0001
PR7104%AL0OG10 (WR)

IF (DeiEsDZR) GO TO 148
IFILV.EQa1) GO TO 148
FL®FNA(DsDML +DZRyPRHP2)
WLel0, 08,1 #0L)

CONTINUE

131

' NOT REPRODUCIBLE



301
302
303

52
53

31

50
24

23

129
111

15
16

20

30

17

46
A7

27

----- ammmmmmm= = LONG-TERM POWER FADING

PL =PL-GPD
IF(DJLE«N) GO TO 38

IF(N LF.NSLT) 301s302

DEE=(130.#n) /D511 $ GO TO 303
DEE=130.+4D-DSL1 $ GO TO 303

CALL V2DU(DEE»QG1l9QG9sAD)

IF(CA«LEaOs! GO TO 32

IF(CA+GEele! GO TO 33

FTH=.5=BSPI* (ATANF(20.*ALOG10(4e%CA) )
IF(FTHeLEeOQ+0) GO TO 33
AL10=PL+(AD(13)#FTH) $ AYsALIO~ALIM
”‘-(AYOLTQO-, AY=20e :
IFLILBeGTe0sANDSIsLESSILIM) GO TO 22
DO 31 K=ls35 )
VD(K)=AD(K ) #FTH-AY s BOD(K)wPL+VDI(K)
CONTINUE

DO 50 K=1s12

ALLMz-ALM(K)

IF{BD(K)«GT«ALLM) BD(K)wALLM

CONTINUE

CONTINUF

------------- VALUES PUT INTO PLOTTING ARRAY-

NCT=NCT+1
IF(KKeGTal) GO TO 20
PGS=PFS+GPD
PFL=PGS+P_~AA

PFY{NCT+1)=DNM $ PFY{NCT+2)=PGS s PFY{(NCT3)mPFL
PFYINCT»4)=BD(12)-PL $ PFY{NCT+5)=8D(18)-PL
PFY(NCT+6)1=BD(24)=PL

CONT INUE

CONTINUE

RETURN

----- ~wmmm—se=w—=e=RETURN TO POWSUB

FAY=1, $ GO To 17

FAY=»0,.1 s GO T0 17

------------------ TROPOSPHERIC MULTIPATH

DO 30 I=1+35
POALT =P ])

OA(T1)=RDI])=-PL

CONTINUE

IF(AYelLFe0e) GO TO 15

IFlAYoGEebe ) GO TO 16
FAY=(]e14(0e9%COSFI(AY/6e I ®#PI) )1 /2,
CONTINUE

RSP=REGHFDR#*FAY

IFIRE(2)eLEeOs) GO TO 4%
RK=~10s*ALOGI10(ASPC#{RE(2)1%#3))
ACKsFDASP(RK ) $ WARIOe##( ¢ 1#ACK )
RSTs( (RSP#RSP)+(RNG*RDG) +WA!
IF(RST«LFeNe) GO TO 37

PK  =+10. *ALOGLO(RST)
IF(EKalLTo~40e) BKu=40s

CALL YIKK(BKsPQK»OK)

RDHK=BK .o

CALL CONLUT(QA+QKPQAs3594+1e404+2QCo0QCH
DO 27 1lw1+35

BDI1}=QC(I)4+PL '
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GO TO 23
37 uUK2=40. $ GO TO 47

(o - LOBING MODE- -
22 AY=0,
TLIM=420+*ALOG10( GOD+RLG+RLC)
BLIM=-80,

DO 38 Ke1935
VD(K)=AD(K)#FTH s BOI(K ) =PL+VD( " i=RA
IF(BDIK) oGTeTLIM) BDIK)TLIM
IF(BD(K),LT«BLIM) BDIKI=BLIM
BD{(K)=BD{K}+AA

36 CONTINUE
6o To 24

26 FDR=0n1 $ GO TO 43

32 FTH=1.0 $ GO TO 52

33 FTH=Ge0D $ AY=0.0 $ GO TO 53
34 FDR=1, ] GO TO 43

35 FDR=0. $ GO TO 43

38 DEE=0. $ GO TO 303
42 DHD=0,0 $ G0 TO 44

4% WA=,0001 $ GO 70 48

63 HPR(LC)=HTXILC) $ GO TG &2

64 AFA=SI § ROPHTX(2)=HTX(1) $  RI2~HTX(1)+HTX(2) $ GO TO 68
75 DO 74 LK=1sLX
74 D3{LK)=D? (LK)}
LK=LX
LR=LX
GO TO 114
77 HIX(1i=HFC &  HIX{(2)=HTX(2)=HDI §  AxAEFT+HDI
ICPT=n $ GO TO 78 ‘ ,
88 GRD=SPGRD(LA; $ DOR=ALAM®*GRD ¢ LD=LD+41 '$ GO TO 86
120 GRD=SPGRDI(i.X) $ APDR=ALAM®*GRD $& GO "C 121
122 S1=0. § DR=0. $ D=DLST4DLSR $ GO TO 123
35 ATRM=0, $ BTRM=0, $ GO TO 136
164 D1()11=pZR  $ LS5=1 $ SILIM=Q, $ GO TO 160
500 TRM3=0.0
145 ATRMz0, $ BTRM=0. $ AT1=ZMPLX(ATRM(BTRM) $ RLC=0,0
GO TO 147
148 PL=PR & PZ=PR $ WL=WR $ GO TO 149
502 BTC=SqVT=0. $ HOI=HTE s GO YO 503
601 GND=GLDI(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 FORMATI(1IH )
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MENS JON XCON(S) yNTM(5)

gimgns[on CFKU3) 2CMK {31 9CFMI ) 9CKMIE3 )9 CKNID)

DIMENSION GLD(8)sD11200)+D2(2001+D3(200)

DIMENSION HTIX(2)9Z(2)sTEAL2)9DA(2)sHPRI2)

DIMENSTON SIDC24}

DIMENSION SPGRD(3)

DIMENSION RE(2)+8ND135):vD(35)

DIMENSION ALMU12)AD(2S) .
DIMENSION P{35)yQC(50)9QAIS0)»POAIS0)sPQAK{50)sQK{50) +sPQC(50)
DIMENSION YV(10)sSV(10) .

COMMON/ZEGAP/ZIP LN, IDT o IXT

COMMON/PAQUT/NCTOPFY (125963 9JJeHP1 ,H4P2

COMMON/PARAM/HTE sHRE sD DL ToDLKsENSsEFRTHIFREK s ALAMsTETs TERWKD 1 GAO
XGAW

COMMON/DIFPR/HT sHR oDHyAED»SLPsDLSTsDLSRy IPL 1 KSCoHLT 9HRP o AWD s SWP
COMMON/STGHT/DCW s ICWIDMAX s DML DZR 9y IKsEACYH2 2 ICCHYHFCrPRHIDSL14PIRPY
XQG1s0GO WK K o ZH s RDHK » ILB
COMMON/SPLITZL1+L29MeX{140)sY(1460)4sD6:140)9XS(55)9sXD(55) s XR(55)»YS
X{55)sYD(56 s YR(55) el 3925(25)920(25)42R125)

DATA (CFK=e0019400030485.0003048i

DATA  ((P(1)1s151935)=400001+¢0000294000059¢00011e0002+¢00U59,0019¢
X002+400510012¢C290099¢1021590209063090409¢5000609,7C30809685;,¢9000
X9510989499109951e998409994+299951,9¢984099991 4999954299998 ,99999)
DATA (IMKk=1e91¢609344914852)

DATA {CFM=1 .943048v.3048)

DATA (CKM=1000093280483989513280,83989%5)

DATA (CKN=1e1462127119221.5399568034)

DATA(YCOM'-’I-!5.'10.'25..05)

DATAINTM=10919+30410+0)

DATA (GLU=O:l-lvt2'03|04’05'075'lu)
DATA(ALM==6629~661591~6e0B1~6¢091~5e559-5e889~5e81-50659~5+435+=5,09~
X4e53-3¢7)

DATA (SDGRD=00'006001’

DATA (5ID=e21e90e70las]e291e50107920¢920593003050449549609749Besl00
X320 ev45e970098009B%09884989¢)

COMPLEX AT19AT

FNALFXsFAsFByFCoFDI = ((FX~FBI# (FC~FD) 7 (FA-FB) 1 4FD

BSPI=,3183098862

RAD=+01745329252 $ DEG®5729577951 TWDG= 12+ #RAD

Al IM=3,

PI=34141592654 $ TWPI=64283165307
F=FREK

Pl2=1.570796327 $ CP12=1,5¢

DKAX=NDMAX®CMK ( JK)

AFP32445+20«*ALOG10O(FREK)

ALA2=ALAM/ 2,

ASPA=N.26 s ASPB=0425%

ASPCsASPA®ASOB® (6,E~8)#F

TWPILA=TWPI /ALAM

DTROSALAM/6 e

ERTH =6370,

AO=ERTH &  EFN=EFRTH

PKLe=l (3.#P )/ LALAM))

NCT=0

NOC =0

IF(ICCaGTeO) NCC=])

CORK=220.95841232%F

IF(NOCJLE.0) GO T0O 502

RUW=DCW#,5 $ STCsATANF(MFC/RCW)

ABTC=ABSF(BTC) $ RICSRCW/COSF(BTC) $ S5QVI=SQRTF(2«%#R1C/ALAMI

MOl =HTE~HFC s TWHC= 20 #HFC
503 CONTIMUE

L1sL2=N=0

TWHT =22, #HTF
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121

65

123

61
21

155
156
157
156
159

152

153
181
150
162

124

&7

86

70
25

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

LE=7 L3 IF{ILBeGT0) LE=))

DO 61 LKk=14LE

IF(LKeLTa&) GO TO 120

LB=13-LK $ GRD=FLOATF (L.B) s APDR=ALAM/GRD
IF(APDRJLESQs) GO Tn 122

IF{APDR«GT+ TWHT) GO TO 21
SI12ASINF(APDR/TWHT)

ASSIGN 65 TO KR $ GO TO 66

Li=L1+] $ XS(L1)s=S] s X0(L1)=DR
XR(L1)=D

IF(APDR.LE-Os) GO TO 122

SI1=SQRTF(APDR/ (24%#DLST))

IF(S1.GT.PI2} SI=P]2

ASSIGN 123 TO KR $ GO TO 66

L2=L2+1 $ YSiL2)=S1 s YD(L2)=DR
YR(L? =D

CONTINUE

CONTINUF

IF{ILBeLF+0) GO TO 162

DO 150 LA=1+10

GND=FLOATFILA}

DO 151 LG=1s4

GO TO (15541569157+158) s LG

GRD=(4+%GND=14) /4, 1 GO TD 159

GRD=GND $ GO To 159 > "
GRD=(4e#GND+1e) /4, s GO To 159
GRD={2+*GND+1e)/2, $ GO TO 159

APDR=GRD#*ALAM

IF(APDR.GT+TWHT) GO TO 162

SI=ASINF{ APDR/TWHT)

IF(STGT4P12) SI=PI2

ASSIGN 152 TOKR $ GO TO 66

L1=t1+1 $ XS{L1)=S] $ X0(L1)=DR $ XR(L1l)s=D
S1=5ORTF{APDR/{2.#DLST))

ASSIGN 153 TOKR $ GO TO 66

L2=1L2+1 $  YS(L2)=S1 $ YDI(L2)=DR $ YR(L2)=D
CONTINUE

CONTINUE

L3=0

DO 67 LKalr24

S1=SID(LK} *RAD

ASSIGN 124 TOKR $ GO TO 66

L32L3+1 $ 25(13 =51 $ 20(L3)=DR

ZRIL3 =D

CONTINUE

S1=p12

L3=L3+] $ ZS(L3)=Sl $ ZDIL3)aTWHT & ZR(L3)=0,
CALL TABLF(DUM)

~===USING TABLE TO OBTAIN STRATEGIC DISTANCE POINTS~=~==e==

LR=0

DO 70 LA=1.LE
IF(LA«LTsa) GO TO 88
LBx13-LLA $ GRD=FLOATFILB) § DRwALAM/GRD $  LD=LD+l
IF(DRGT.TWHT) GO TO 25
CONTINUE

D=DINTER(DR)
IF(D.GTLDML) GO TO 70
LRalLR+1 $  DIILRI=D
CONTINUE

CONTINUE
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IF{ILB«LE«n) GO TO 163

DO 172 LA=1+10
GND=FLOATF(LA)

DO 173 LG=114

GO TQ (165+1669167+168)s LG

165 GRO=(4+#GND-14e)/44 $ GO TO 169
166 GRD=GMD $ GO TO 169
167 GRD=(4#GND+1el /4, ] GO TO 169
168 GRD={2e*GND+141/24 $ GO 7O 169

169 DR=GRD*ALAM
IF{DR«GT«TWHT) GO TO 163
D=DINTER(DR}
IF{DGT.DML) GO TO 172
LR=LR+1 [ D1(LR)=D
173 CONTINUF
172 CONTINUE
163 CONTINUE
IFILR) 1549164
1854 D=D1(LR! $ SILIM=SINTER(D}
DO 11 LA=1sLR
LV=LR+1-LA
11 D3(LAI=P1(LV]
D2(1)=n2R
CALL TSMESHI(D2s1+D3sLRsD1sL5)
160 LR=0
SPD=.1
DO 800 NSP=x145
MZS=NTMINSP)
IFIM2S.LE.0) GO TO 107
DN 801 MXS=1+M2S
D=SPD*CMK (1K)
IF(D«GToDML) GO TO 107
LR=LR+1 $ D3(LRI=D
803 SPD=SPD+XCON(NSP)
801 CONTINUE
SPDESPD-XCON(NSP!
NPP=NSP+1
IFINPP.GTe5) GO TO 107
IFIXCONINPP) «EQaCa) GO TO 107
[F(NPP.EQeD!) GO TO 107
IXDeINTF{SPD/XCON(NPP))
SPD=(XCON(NPPI®RFLOATF( 1XD) ) +XCON(NPP)
B8N0 CONT INUE
107 CONTINUE
CALL TSMESHID1+L5+D3sLReD2sLX)

---------- CALCULATION OF COUNTERPOISE STRATEGIC POINTS==—==~=
IFINOCsLE#O} GO TO 75
LR =0
DO 600 LKelsl3
IF(LKeLTo9) GO TO 601
FLK=LKr~8
DO 663 LGale4
FLG=LG
GND=E{ (4 #FLK)+FLG) 4
602 APDREGNDSALAM
IF{APDR.GT4TWHC) GO TO 29
SI=ASINF{APDR/TWHC)
ICPT=]
ASS5IGN 40 TOKR & GO TO &6
40 CONTINUE
IFID.GTDML) GO TO 604
LR*LR+1
D3(LR)=D
604 IF(LK.LT.9) GO TO 60O '
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603
600
29

69
134

13

66

78

62

68

28

46

51

43

CONT INUE

CONTINUE

CONT INUE

PRINT 5 $  CALL PAGE(1)
CLIM=D3({LR) $ CCIM=D3(1)
DO 69 I=1sLR

LVaLR+1-1]

D1(1)en3(LV}

CALL TSMESHID1sLRsD2sLXsD3sLK)
DO 129 LV=1sLK

ICPT=0

S1=SINTERID3(LV))

ASSIGN 28 TO KR

———————————————— RAY OPTICS GEOMETRY-- - -

CSSI=COSFISI)

SNSI=SINFI(SI) $ SISQ=SNSI#SNSI

AKO=EFN/AO $ 2E=(le/AK0)~14 s AKEw1le/( 1o+l ZE®CSST))
AEFT=AO#AKE § DHE=EAC#(AKE=-1le)/{AKO~10])

HIX(1)=HTE $ HL=H2-DHE $  HTX(2)=HL~HRP $ HCL=HL®CKM(IK)
IF(ICPT«GTL0) GO TO 77

A=AEFT

CONTINUE

DO 62 LC=192

ZILCI=A+HTXILC) §  TEA(LC)I=ACOSF{A#CSSI/Z2(LC})-S]
DA(LCI=Z(LCI*SINFITEALLC))

IF(STeGTe1456) GO TO 63

HPRILC)=DAILC)*#TANF(SI)

CONT INVE

DTX=ABSFIZI1)=2(2)}

IF(ST14GT.CPI2}) GO TO 64
AFA=ATANFU{HPR(2)~HPR(1))/(DAL11+DA(2)))
RO=(DA(1)+DA12))/COSFIAFA) $ R12=(DA(1)+4DA(2))/CSSI
IF(RNOSLTSDTX) RO=2DTX

CA=AFA-TEA(1]} $ TH=TEA(1)+TEA(2)

DR=4e #HPR (1) #HPR{2)/(RO+R12)

BA=CA

CD=CA*DEG

D=AEFT*TH

IF(D:LT.O.I D=0,

DNM=D*CKN(IK)

GO TO KRe:£5928+123913291339124+40+1529153)

IF{DJLTL0,01) GO TO 129

IF(DGTADML! GO TO 111
ALFS=AFP+20+*ALOGI10 (RO

PFS=PIRP-ALFS

GONSGAIN(CA)

GPD=20.#ALOG10(GOD)

23=2(2)-21(1)

24c(2(1)%COSF(BA)}Y/2(2)

IF(DHeLE2Os) GO TO 42

DHDaDH#* (1 o~ ( 0+ B*EXPF (~0402%D) ) ) %1000,
CALL SORBIZ(1)92(2)3A»ROWBAWRE)
AA=GAO*RE (1 ) +GAWHRE (2)
IF(ILB«GTs0eANDsSIeLEeSILIM) GO TO 35
IF( DR.GE+ALA2) GO TO 34

IF{ DReLEDTRO) GO TO 26
FOR®{1+s1~10s9%COSF(PKL#*! DR-DTRO))})%.5

CONT I NUE
CALL RECC(STsFeKSCoIPLyOsDHDsRsPICRD!
GA=-(TEA(1)1+S1]} s GAMD=GA#DEG $ GOG=GAIN(GA)
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147

136

149

301
302
303

52
53

31

RDG=RD*G0O6
REC=0.0

REG=R®GOG

RLG=REG

IF{NOC.LF.0) GO TO 500

--------- CALCULATION OF COUNTERPOISE CONTRIBUT JON===~=—woma
TEG=ABTC-ABSF(SI+TEA(1)) $ TEGwABSFITEG)

VFGD=2 ¢ #SINFITEGHR,5)#50VT

[F(ABSF(GA) oL T«ABTC) VFGD=~VFGD

CALL FRENEL(VFGDsFPGD+PHIG)

REG=REG#*FPGD

RDG=RDG*FPGD

TRM3=pPHIG+(PI2#VFGD#VFGD)

IF(DeL TeCLIMeORODsGT+CCIM) GO TO 146

SIC=CA
TEC=ABSF(BTC-CA) $ DARC=2 « #*HFC®SINF (CA)
SIiTl==-51C $ GOC=GAIN(SITY)

VFCP=2 4 #SINFITEC*.5)45QVT

IF(ABSFICA}«GTLABTZ) VFCP==VFCP

CALL FREMEL(VFCPsFPCPsPHIC)

CALL RECCISICoFsICCsIPLy19DHDIRCPICCRDC)
RLC=RC*GOC

REC=RLCx*FpPCP
EXPC=(TWPILA#DARCI+PICC+{PHIC+(PI2 #VFCPRVFCP))
ATRM=REC*COSF (EXPC) $ BTRMa~REC#SINFIEXPC)
AT1=zCMPLX{ATRMyBTRM)

CONTINUE

-------------- CALCULATION OF LOBING CONTRIBUTION=~===mm=awa
IFIST«GTASILIM) GO TO 135

EXPG=(TWPILA#DR)+PIC+TRM3

ATRM=REG®COSF (EXPG) 3 BTRM=~REG*SINF{EXPG!

e SUMMATION OF TERMS -
AT2=CMPLX(ATRM»BTRM)
WRL=CABS(GOD+AT1+AT2) $  WReWRL#WRL+40001

PR=104#ALOG1O(WR}
IF(DeLEDZR) GO TO 148
IFILV.EQasl) GO TO 148
PL=FNA(DyDML »DZRsPRHIPZ)
WLEl0o##( . 1#PL)

CONTINUE

e LONG-TERM POWER FADING -

PL=PL-GPD
IF(DeLE.Ns) GO TQ 38

IFIDLFJNSL1) 301,302

DEE=(130.#D})/DSL1 s GO TO 303
DEE=130.+D-DSL ] $ GO To 303

CALL VZD(DEE»QG1+GGI9AD)

IFICA«LEsDs) GO TO 32

I7 CAeGEels! GO TO 33

Fi ceS5-RSPI*(ATANFI20.%ALOGI0(32,8CA)} )
JF(FTHeLEL.0+0) GO TO 33
AL10=pPL+(AD(13)&FTH) $  AYsAL]n~ALIM
IF(AYoLTa0s! AY=0,
IF(ILBeGT.0«ANDeS1eLECSILIM) GO TO 22

DO 31 K=1415

VDK = AD{K ) #FTH-AY s BD (K} aPLaVEIN)
CONTINUE. ,

DO 50 K=1,12 -

ALLM=-ALM(K)

IFIBRIKIoGToALLM) BDI(KImALLM
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[g

23

129
111

15
16

20

an

17

46

47

27

37

22

36

50 CONTINUE
26 CONTINUE

---------- VALUES PUT INTO ISOTROPIC POWER ARRAY=m====—=c==e

NCTaNCT+1

IF(KKeGTal) GO TO 20

PGS=PFS+GPD

PFL=PGS+PL-AA

PFY(NCT 41 )=DNM $  PFYINCT»2)=PGS
PFY(NCT»41=BD(12)-PL s
PFY(NCT 6 1=8D124)-PL

CONT INUE

CONTINUE

RETURN

——————————————————— RETURN TO PWSRB

S

PFYINCT+3) wPFL

PFY(NCT+S5)=BD(18)=PL

FAY=1. $ GO TO 17
FAY=z0.1 S GO TO 17

—————————————————— TROPQSPHERIC MULTIPATH
DY 30 I=1+35

POALL)Y=P(T)

QALL)=RD(])-PL

CONTINUE

IF(AYelEsDe} GO TO 15

IF(AYJsGEebe) GQ TO 16
FAYz{1a1+{0e9%COSFIIAY/6e)#P1))) /2,
COMTINUF

RSP=REGR*FDR#FAY

IFIRE(2)eLFe0e) GO TO 45
RK==10«*ALOGI1O{ASPCH(RE(2)%#3)}
ACK=FDASP (RK ) s WAS10e#% (4 1#ACK}
RST=( (RSP#RSP 1+ (RDG*RDG)+WA)
IF(RSTeLEeOe} GO TO 37

BK =+10+*%ALOGIO(RST)

IF(BKeLTo~40e) BKa=404

CALL YIKK (BKs+PQKYQOK)

RDHK=BK

CALL CONLUTIQAYQK4PQA+351+41¢90e9PQC»QC)
DO 27 1=1135

BO(1)=QC(1)4PL

Go TO 29

BK=-40. s GO TO 47
------------------- LOBING MODE--
AY'O.

TLIM=+20.#ALOG10( GOD+RLG+RLC)

AL IM=-8n,

DO 36 K=11+35

VD(K)sAD(K)#FTH s BD(K)=PL+VD(K ) ~AA
IF(BDIK) 4GTeTLIM) BDIK)=TLIM
IF{BDIK}aLTeBLIM) BDIK)sBLIM

8D (K )wBDIK ) +AA

CONTINUE

60 TO 24

FNR=N,1 $ s GOC5078352

FTH=1.0 Y

FTHio:O $ AYs0.0 $ GO TO S3
FDR=1. $ GO TO 43

FOR=Qe $ GO TO 43

139



28 DEE=0. $ GO TO 303
42 DHD=0e0 $ GO TO 44
45 WA=,0001 $ GO TO 46
63 HPR(LC)eHTX(LC) s GO 10 62
64 AFA=SI S ROSHTX{2)~HTX(1) $ RI12=HTX(1)+HTX(2) $ GO TO 68
75 DO T4 LK=1sLX
74 D3(LK)=D2(LK)
LK=LX
LR=LX
G0 TO 114
77 HTX(1)=HFC $  HTX(2)=HTX(2)~-HDI $  A=AEFT+HDI
ICPT=¢ s GO TO 78 ,
88 GRD=SPGRD (LA} $ DReALAMXGRD $ LD=LD+1 $ GO TO 86
120 GRD=SPGRD (LK} $ APDRsALAM®GRD $ GO TO 121
122 $i=0, $ DR=0. $ D=DLST+DLSR $ GO TO 123
135 ATRM=ne § BTRM=0, $ GO To 136
164 D1(1)=DZR % L6=1 $ SILIM=0, 3 GO TO 160
500 TRM2=z0e0
146 ATRM=0, $ BTRM=0, $  AT1=CMPLX{ATRM;BTRM) $ RLC=0,0
GO TO 147
148 PL=PR 8 PZzPR $ WL=WR §& GO TO 149
502 BTC=SQVT=0, $ HDI=HTE $ GO TO %03
601 GND=GLDILK) $ GO To 602
END

CONLUT

Subroutine CONLUT is used in performing the root-sum-square opera-
tion involved in (5) and (13). This method of combining variabilities
is similar to the method suggested by Rice et al. [40, eq. V.5] and is
the same as the method used by Tary et al. [42, eq. 25].

SURROUT INE CONLUT(A+BsCosNsRyRHOWP,D!
C ROUTINE FUR MODEL AUG 73
DIMENSION A(119B{1)9Ce1)eP{1)9D(1)9X(100)»Y(100)
DIMENSION 2(50)
IFIAIN},LT.A(1)) GO TO 10
00 11 I=1sN
11 X(Iy=Al])
12 IF(B(N)4LT.BI(1)) GO TO 13
lF(RlLT.O.) GO 10 1a
15 DO 16 Is1N
16 Y(1)=B (1)
17 DO 18 1=1N
PL1)aCHTY
lF(C(l3067.0‘099-AND.C(l)-LToosol) M=
18 CONTINUE
2IMIeX (M4 (R*Y (M)}
DO 19 IalM
IFL1.EQ M) GO TO 19
YAeX([)~X(M] $  YBsY([l-Y(M)
YU=SGRTF{ { YARYA)+{YBRYB)+(2. *R*RHORYA®YB) )
IF(f.LTyM} GO TO 20
Z(I)eZiMIaYU . 8 GO TO 19
20 Z(1)1s2(M)=YU
19 CONTINUE .
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DO 23 I=1»N
KaN=~T1+41

23 D(1)=2(K)

RETURN

.10 DO 21 I=1sN

K=N-1+1

21 Xt1)=AlK)

GO 70 12

13 IF{R.LT.04) GO TO 15
14 DO 22 I=1N

KeN=1+1

22 Y(I1)=B(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

SUBROUTINE TO COMPUTE DIFFRACTION ATTENUATION
ROUTINE FOR MODEL AUG 73

5 FORMATI5X s 4F7¢19FB84412FBe3)
6 FORMAT (65X 10F 741 +FBebs5FBe39FTel)
7 FORMAT(5Xs 6FTel9FBet05FB8e39F 701}
51 FORMAT (09X +#DL7 oLe TEC1 TEC?2 TE4 AC3 D3 AC
X4 L4 Avy GH7 ARK AKS #)
52 FORMAT(S5Xs2F74193FB8a4s8F7e1)
57 FORMAT (X »#AK 3 AK4 D D& GH] GH2 w AMD
X AFD Swp AWD AKS DKS#)
60 FORMAT (8X »#AR3 ARG D3 D4 AK3 AK 4 v] DK&
X GH1 GH2 w AMD AED Swp AWD AKS Dxs»)
61 FORMAT(8X+%#AR3 AR4 D3 D4 W AMD AED®)

71 FORMAT { JOX®#WH 9 14X KD 14XRDLSH*y 12 XHDL#)
70 FORMAT(4(2X9E1545))

COHMON/DIFPR/HToHR'DHDAED'AMDODLSIODL52|IPXoKSCIHLYIHRPOAVDOSUP
COMMON/PARAM/HTE sHRE »DsDL1sDL21ENSsAsFrALAKSTEL ¢+ TE2 1K 9GAO s GAW
DIMENSION ES(T)+EE(T)

REAL K19K20K3sK49KSeKb
DATA(ES®5.+402+4005160010¢01094010+10+E406)
DATA(EE=810025011500b098lu950914)

FNCIC) w4 1644 (FERTHIRD) % (14607~C}
FND‘C)'o36278/‘(C'Fl‘*THlRD"((E*lo"*?*‘x'x’,"025’,
FNE(C)=CRSQRTFIERF+X¥X )

Ple3.1415926%4

IrOLwlpPX-1

THIRD® 1 4 /3, $ TWYRD»2./3,
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42

30

H1E=1000+*HTE ¢ H2E=*HRE#10004
HSTsHT-HLT s HSR=HR-HLT $ HLR=HLT

HL1=(HLT-HRP} $ HL 2=HR-HRP
HP1=HL1%1000. $  HP2=HL2#1000. $ ALAM=ALAK#1000,
S$=ESIKSC) ‘$ E=EE(KSC)

DLS=DLSI+DLS2 S OL=DL1+0DL2 $ TEsTE1+TE2
CW=0,9 $ CU=4193573364 $ TWA=2, #A
Xe18000%S/F

Al=DL1*NL1/ (2. #HTE)

A2=DL2%DL2/( 2+ #HRF)

K1=FND(AY)

K2=FND(A2)

IFLIPOL.EQ.O) GO TO 3

K1=FNE(EK])

K2=FNE(K2)

CONTINUE

CALCULATION OF GHBAR AND W

B5=1¢607-K1

B6=1,607-K2

GH1=GHBAR(F+A1+B5,K1+sDL1sHLE)
GH2=GHBAR(FsA24B6,K2+sDL2»H2E)
AK3=6+-GH1-GH2

IF(DeGELDLS) GO TO 41

IFIDLELICWXDLS)) GO TO 50
W20e58(1o+COSFI(PI#(DLS-D))/(DLS#(1,~CWI)))]}

----------------------- PRINT STATEMENTS
PRINT 71

PRINT T0sWesDsDLSHDL

CALL PAGE(2)

IF(WaLTee00l) GO TO 45
CALCULATION OF ROUNDED EARTH DIFFRACTION

CONTINUE

D3=DL+e5# (AA/F)2aTHIRD
DL7=CL] $ DL8=DL2

ASSIGN 25 TO JD

IF (D34LT.DLS) D3=DLS
D4xD3+(A®A/F) w2 THIRD
T3sTE+D3/ i

T4xTE+D4 /A

A3=(D3-DL)/T3

A4=(D4~DL) /T4

K3*FND(A3)

K4=FND(AG)

IF (1pOL = O} GO TO 2
K3=FNE(K3)

K4=FNE(KS)

CONTINUE

Bl=FNC(KY)

B2sFNCI(r2)

B3=FNC(K3)

B4xFNC (K4 )
X1=B1#DL7/A1#%TWIRD
X2=B2#DL8/A2*# TWTIRD
X3zX14X2+(B3I*(D3I~NHL)/IAIRTWTRD) )
XamX)+X24{B4¥ (D4=~DL)/{A4#2TWTIRD) }
IFIK1eGEele! K12499999
IFIX14GTe200¢} GO TO 17
IFIKY1.LEL0NO0L} GO TO 16
XL1%6450./2ESFIALOGIO (K] ) #ea)
IFIX14GELXL1) GO TO 16 '
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16

18

20

21

17

19

2%

45

29
28

FX1220e*ALOGI0(K1I)+(2.5%)1¢E~S#X1%#X1/K1)~15,
IF(K2sGEels) K2=492999

IF(X2.GT4200s) GO TO 19

IF(K2.LFs00001) GO TO 18
XL22450./ABSFLALOGIO (K2 ) #%3)

IF(X2+GEaXLL2) GO TO 18
FX2320e%ALOG10(K2)+{2.5%14E~5#X28X2/K2)~15,
GX32e05751#X3~10e#AL0G10(X2)
GX4xe057514X4~10*#ALOGLIO (X4}
AC23GX3-FX1~FX2~20.

AC4=GX4-FX1~FX2-20.

GO TO JDs(25926)
FX1ee05751%#X1=-(10,%ALOG10(X1))
W1=,0134%XI#EXPF(-4005#X1)
FX1eWI#(60e*ALOGIOIX1)=117e)4{1e~-W1]#FX]

GO TO 2n

T=40,*ALOGID(X1)-117,

Tl==117,
T2=MINIF({(ABSF(T) )y (ABSFIT1)))
Fx1=T

IF (T2 = ABSFIT1})) FX1=T1

GO0 T0 290
FX22,057518X2-(10,*ALOG10(X2))

IFIX2GT42000¢) GO TO 21
W22 ,0]134#X2%EXPF{~,005#X2)
FX2=W2R (40, #ALOGI0(X2)~1174)4(1e~W2)#FX2

Go TO 21

T=40.%ALOGI0(X2)-117

Tl3~117.

T2=MINIF((ABSF(T)) s (ABSF(T1)))

FX2=T

IF (T2 = ABSF(T1)) FXx2+=T1

60 To 21

AR3=AC3 §  ARG=ACA

DR4=D4& $ DR3sD3

AMS= (AR4-AR3) /7(D4=~D3) $ AES=AR4~AMS# D4

IFIW.GT4,999) GO TO 43
CALCULATION OF SINGLE KNIFE EDGE WITH GHBAR

CONTINUE

IF(HL1+LE<Ne) GO TO 43
THI=ATANFUIHST/DLY)~{DL1/TWA))
THeASINF(CU#SORTF(D/(F#DLI*DL2) )

THS s~ (=TH+TH] ) ] ATHS=A#TANF(THS )
DLKS=<~ATH5+SQRTFLATHS#ATHS+ (HSR#TWA ! )
DK5=DLKS+DL]

TES=ATANF({ (-HSR/DLKS ) -(DLKS/TWA))
THReTEL14+TFR+{DK&/A)
TMS=SQRTF((F*DLI*DLKS ) /DKS ) $ VEu2,583%SINFITHS)®TMs
CALL FRENEL{VS FVSPHS)
AVRu=20,¥ALOG10(FVS)
AMKS=(AY5-AK3) /7 (DKS-D)

AWK ®AK 3-{ AMKS#D)

DLSTTIsSQRTFIHL 1#TWA) $ DLSRT7=SQRTF(HL2*TWA)
DLY=DLST? $ DLB=DLSR? $ OL=DLT7+DLS
DLK4wDL

ASSIGM 26 TO JD
Al=(DLT#NLT71/7024%HL1) 8 A2=(DLO®DLE)/(2+%HL2)

KIsFND(A1] 8  K2=FND(A2)

IF(IPOL.F0.0) GO TO 29

KIsPNE(KY) 8 K2eENE(K2)

TECIATANFI (=HL1/DLT)~(DLT/TWA)

TEC2=ATANF((=HL2/DLB)-(DLB/TWA) ) NOT REPRODUCIBLE
TESTEC1+TEC2
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26

36

4l

43

80

D3=DL +e5% (AXA/F ) ##THIRD

60 To 30

B7=1+607-K1

B8=1.607-K2

GHT=GHBAR (F2A19B87+sK19DLTvHPL)

ACT=(AC4~AC3)/(D4=~D3) $ ARS=AC4-ACT#DLKS

ARK =ARS +AC T*DLK4

TE4=ATANFL( ({HLT=HR) /DLK4 )~ {DLK&4/TWA) }

DK&4=DLK4+DL1

TH=TE1+TE4 + (DKG/A)

TM2=SQRTF ( (F#DL1*DLK&) /DK&) $ V422 ,583%SINFITH) #TM2
CALL FRENEL{V4sFVsPH)

AVL==204%ALOGL0{FV]

AKS=AV4G=GH1=GHT+ARK

AMKD=(AKS-AK3)/(DK4=-D) $  AEK=AK3-(AMKD#D!
----------------------- PRINT STATEMENTS- -
PRINT 51

PRINT 52+0L7sDi.BsTECLsTEC22sTE41ACA9D31ACLsD4 » AVHsGIHT1ARK 1AKS
CALL PAGE(Z’

AKa-AEK+oK4¢AMKU $ WKsle-W

AKS= AWK +DK 5#AMKS

IF(WeLToe0O01) GO TO 36

COMBINATION OF ROUNDED EARTH AND KNIFE EDGE DIFFRACTION

AT33 (WKHAKA)+{WHIAES+({AMS¥D) ) )
AToc (WKHAKG I+ (WH{AES+( AMS%*DKG ) })
ATS5 = tWKRAKS) ¢ {W#LAES+{ AMS*¥NKS ) ) )
AMD={AT4-AT3)/(DK4-D) $  AED=AT3-1AMD®D)
swp-(Ars -AT3)/(DK5=D) s AWD=AT3I=(SWP#D)
---------------------- PRINT STATEMENTS-==rme=ccac mamaea=o
PRINT 60
PRINT 69AR391AR4 sDR3 4sDRG1AKI s AK4 1D oDK4 1GHL 1 GH2 +Wo AMD s AED » SWP 4 AWD» AK
X5+DKS
CALL PAGE(2!

RECTURN

AEDEAEK %  AMD=AMKD _§  SWP=AMKS 3 AWDsAWK
-------------------- =~=PRINT STATEMENTS~===mwmme—amcme—enmn
PRINT 57

PRINT 73AK31AK43DsDK4sGHL 1GH2 s W1 AMD1AED»SWP»AWD» AKS »DKS
CALL PAGE(2!

e S A - AN Gn o G Sy WA S S A W W Y S W . - - -

RF TURN
le s GO To 42
AED®AES > AMD=AMS $ AWD=AFS $ SWPmAMS
o e wem=ewPRINT STATEMENTS
PRINT 61
PRINT S+AR3vAR4 DRI sDR4& 1 WeAMD 9 AED
CALL PAGE(2)
RETURN
Wu0, $ + GO TO 4%
END
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DELTA

Subruutine DELTA is used in the calculation of attenuation for
scatter. Specifically, it s used to obtain values of Aa and 48, for
(153) and (184). DELTA is based on CCIR recommendations L7 fig. 18]

SURROUT INE DELTALARG(DSHENSHDAD)
¢ ROUTINE FOR MODEL AUG 73

C ROUTINE TO CALCULAYE CORRECTION FACTOR FOR ALPHA AND BETA NOUGHT

DIMENSTION THAGAL ) sAtAY s 1 9Dl4Ysa)sClGY0a)

DIMERSION SNSEg)

DATAISNER DR 030 0150494004 )

U“T\\'ﬂﬁ“0‘000002500005.50075100]0.012500015v00175'002l00225|-025!

0278 .f“l."“‘5000’5'00'\15'10“0.0%,5'A0“5000475!-05'.0525'.0559‘05

T*|.Obl.v62ﬁ‘o0650006750007n00'25..075v.0’75o0080.0825a.0850.08750
Xa000o0OM289,09%4.097850,41)

DATALIEATIad) a1 eb) ) s Ul et ) 9e23 003210421450 ¢6006800760¢831492,1,0
X220 alolal6o1a280ladlole®Polunt3nla50)05591059910620106801eTole72510
XT3 0700007801 e8000B820108211083924839040501485¢5(1e87151,8591e8541
XeBIoabdva?70vuB949291,00 6119062914299 10399164591530106010701a7741
Rethd o 1a 0l a8 4200000 0)e) 0201 4t2e1532¢)1 7050261819201 712e1692,15920
X1%0201002¢1202e11 0200900512003 02e0011099910979102291e31910401450
X108l ab?olal3oleB290099200524¢05+120130262¢2628120334244926043424592
Ke S 20 e 1ol 2ol ) 02058 12eR87 02053020511 2¢49920846920421243902035:20392
X.l"nn?o..l?n ol“l. .101.9!- 000 .O‘H...l(nZ 22'2 3'...o39!2 ‘056‘051’2
Kol lo2atta 2l 0278924821008 404¢92120991300193,0503,0793(34091,3407
X300 034n200 6990240502400 20871248292¢7910247342669920631265842,51420
Rt Y A 1,«_‘303?)

CATALLIR (o oY el a6l dudel ot e=124-00890eC1all0625r 0105297968200
P61l o080) 0201 a32010429)1e500106914711-7791483914879149301e98492402¢
X2oe0b v e l1012e1502019020220242950202892e21020339203692¢01244242,45420
x"!‘\z"‘lz.."?|2.".‘1'20.’\8b012'.3'05'0650&82010001017'1'3201051l1.67ilo
N8211e97 02011120261 2422124099206242.6912e812:8712494193402193,0693,11

|\.lﬁ".‘|3|33‘3.2,l3.3103033’3 3703.’4’BoQ‘O'30‘07'305'3053'3!5603.5
XAs 3201030029 00691017¢a57 00891 0lB801ad591072109512418192¢39924584207
XC‘!?.‘)O,—‘.O“D‘,Ql-’D).?]v’.‘n‘ll!:‘.5!3.6'3-08'3.77!3083'3091'3.97'1’0.03"‘6
OByl Mgl P0ha23 00, 2790633384309 60 0h0b4b34,47 344520405647 464%963
Kb ol ah eG4 e739eti59 869102011003 1024002e32920639269930179364193.6243

Xe7103099, 0y 100002800443 0005018065479T414484430649245.019500745,1345e¢
XZl5-2b|5.3lo5;3605.41o5.0595.h9'5.53’5-5705.520ﬁ¢65v5-6805o7295o76
XeDefohaBlr5.88)

DATACUICUI v ol=lpll ) odalett) 220681920599 2e51902143920349202602418120
X042a01 0109501 e8041076014699146131.549144891,419102691426916241,416
X0161001a071100%01e0) 1098909610913 488ye8754(486)193(685)008594864487
Xoe8803¢13103¢01:2e874207610206712056912e%451243492e2%0201692.0541496,1
XeBO60laTOhy 14580145891 ¢51916843916339143191e239141991¢159141291,0891»
XON9la0LloaP71a9300B899eBhsaTb0eT)liablhseblse5T7906531e51000T79e%29,40440
X19503e9293072030993e329301212090112e7692¢581244192625026129149791.83
Xole78010659 599106591038+ 1028910269101791011916050160069594854.89
yo79.0'75|.72l.660.62’.58.053‘05l'0“900‘070.‘03!o“l'o“l505595.l&|“.85.
X059+ 0e33he07+03:839306813051303513421360802¢9502e82926720266292453
X02:6792.002e310242792020201992¢11926079200202009149791¢9301e941.89
201e871]s0091e82v1a691e720167991e7891677916T7691075)
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10

11
14

13

15
16

17
18

19

31

33
2%

12
30
20

21

22

23

24

27
28

IF{ARG)1010s11

1=1

Go TO 12

IF(ARG~,1}13+14114

[=41 .

GO TO 12

DO 15 l=21s41

IF(ARG=18A(11)16+12+15

CONTINUE
RATA=(ARG~TBA(I-11)/7(TBA(I)-TBA(I~1))
ASSIGN 20 TO Kl

IF(ENS-2504)18918+19

J=1

GO TO 30

IFIENS=6004)31132932

Jeb

Go To 30

DO 33 Jzlsb

IF(ENS=SNS(J))34930+33

CONTINUE

RATN= (ENS=SNS(J=1))/(SNSIJ)=5NS(J=-1))
ASSIGN 22 TO MI

GO TO K1,(20+21)

ASSIGN 21 TO K1

G0 10 17

ASSIGN 24 TO M1

GO TO K1s020921)
CALA=RATAR(ALT o) =A(I=1J}I+ALI=1,I)
CALB=RATA(B{T4J1=B(I~1:J))4B(1=1sJ! .
CALC=RATA®(CITsJ)=ClI=14J)14C(1=19J)
GG TO MI+(229264+23)

CALA=A(T+J)

CALB=B(1sJ)

CALCC (1)

GO TO MI»(22926923)

CALHA=CALA

CALHB=CALB

CALHC=CALC

ASSIGN 23 TO MI

J=J-1

GO TO KIs(20s21)
CALA=RATN#({CALHA~CALA)+CALA
CALB=RATN® (CALHB~CALB)+CALB
CALC=RATN# ( CALHC-CALC)+CALC
DAO=,001%#({ 01 #DS# {CALBA¢OO1#CALCHDS) ) ~CALA)
IFIDAO)27+28+28

DAO*040

RETURN

END -

FDASP

Function FDASP is used in calculations ascociated with tropospheric

multipath (sec. A.4.6 following eq. 195). It used the YF 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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¢

¢

c

c

¢

c
1
2
3
<}

(sec.

FUNCTION FDASP(S)
ROUT INE FOR MODEL AUG 73

K IS BASED ON RATIO OF S TO +990
THIS NAKAGAMA-RICE DISTs HAS TABLES FROM NORTON 55 IRE PAGE 1360
THE VF TABLES ARE THE NEGATIVE OF THE X IRE TABLES AND THEREFORE
R = -5

K HAS THE OPPUSITE SIGN OF 101 BUT THE SAME AS THE IRE PAPER

COMMON/VV/VF(36+17)

AVEF(YNsXNo YNLoXN1oTIm{YNI#(T ~ XN) = YN#{T = XNI))/Z(XN1 = XN)
R==5

00 1 I=1917

IF(R=-VF{27¢1)) 34241

CONT INUFE

I[=17

AK=VF(141)

GO TOo 6

IF(1.CQs1) GO TO 2
AK’AVEF(VF‘IDI'I)0VF‘27'1~1)'VF‘I'I’OVF‘Z’!I)OR,
FOASP=AK

RETURN

END

FDTETA

Subroutine FDTETA is used in calculations for the scatter region
A.4.4) tco determine values of Fde for (169). It uses the TALD/

TAFL which is based on data from CCIR recommendations [7, sec. 11.1],
and is tabulated in this section under TABLES.

35

SUBROUTINE FDTETA(E1+D1+519DB)
ROUT INE FOR MODSL AUG 73

SUBROUTINE TO CALCULATE THE ATTENUATION FUNCTION

CIMENSION TAD(28) 3 TAFDI(?5s4)

DIMENSTION TSU7)+FNS(4)+DRSI2)DBT(2)
COMMON/DLAT/TALD(20) sTAFL (4 7920)

FORMAT(51H DTHETA IS5 TOO LARGE FOR TABLEs USE GRAPH MANUALLY)
DATALENS=250, 930149350494004)

DATA{TS=e0lvelte2r0e39e50e701e)
DATA(TAD=.01’.02’.030o040.069o05oo1vn2-o3'.40o5'u6o.70000-901a0200
X2erho 15096097 e9809%09100e)
DATA(((TAFD(XoJ'o"l'ZS)|Jfl’Q’=79o5'880509309y97.5o1)2.9’106.7;10
X9.60118‘80123.90327.7|130.60l33cle§uv136n8o138-39139.99149.2'154.
X9.158.Bp16209164061167.y169o0170.9917205175-6'8“-7990-2093.8p99o39
XlOB.leo. '11500120.3'12“.!]26'99129.3'131.“’13302013‘0.6'136.1’1‘05‘
X3!l51.9155.0158.4n1610116304O16505'1670“916902v7la2'30-3|9507989c5
X'9h.8008.5v10195v110o5'115080119.6:122.4v126.90126.60128.7’130.3.1
X31.8-1“1.20146090150.9015“ov156080159.2'161-2'16301016407’64.6073.
X8079.2o83.0v88.¢v92.1095.1110#021109p5vll3o3o116-20118o6D129.6;122
X.A|1240l125-49134.50140.2o164.49147.70150.50‘53.|255.20157.10159.)
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10
11

13

14

16
17

19

15

21
22

23
24

25
26
217
28

29
30

32

31
20

E=E1

D=01

s=81

DO i0 I=1+4
IFIE~ENS(T)} /11911410
CONY INUE
IF{1=1)12+12912

I=2

Jel=1

RTE={E-ENS{J))Z(ENS(T)ENS(JI))
IF(D=106)14916533

O 16 K=1+25

IF(D~-TAD(K) 17917916

CONTINUE

IF(K=1118,18+19%

K=2 '

L=K~1
RTD=(O-TADIL )/ (TAD(K)=TADILY)
DB1s(RTD* (TAFD(Ks[)=TAFD(Ls 1)) )4TAFDILsI)
DBZz(RTD* L TAFDIK»J)=TAFDIL #J) ) V4TAFDIL # )}
pB=iRTER(DBL~DB2) 1+DB2

60 TO 20

IF(D-1000s)13+19+34

PRINT 35

CALL PAGE(1)

DB=0,

Go TO 20

0O 21 K=7»20

IF(D-TALDIK) 122022021

CONTINUE

K=20

IF{K=1123+23+24%

Ke2

LsK-1

RTD» (D=~TALDIL) )/ (VALDIK)=TALDIL))
IF(S-.01)28126426

5'.01

DO 27 M=147

IF(S5~-TS(M1)23+28+27

CONTINUE

IFI{M=1)29929¢30

M=2

N=M=1 .
RTS=(S-TSIN))/ZITSIMI=TS{N))

DO 31 KL=1+2

Jup

DO 32 Nxl.s2
NBS(N)=(RTOM(TAFLIToJdsK)=TAFL{ToJoL) ) )4TLFLIT 0 J0L)
JuJ=1

CONTINUE

1=3=1
DBTIKL)»({RTS*(DBS(1)-DES(2)))+DBS(2)
CONTINUE
DB=(RTE#(DBT(1)-DBT12) 1) +DBT{2)
RE TURN

END
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FRENEL

Subroutine FRENEL is used in knife-edge diffraction calculations
to determine the loss factor and phase shift associated with diffracted
waves (see text foliowing eqs. 77 and 121). It is based on the Fresnel
integrals (40, sec. III.3].

SUBRCUTINE FRENEL(VsFVePH!
C ROUTINE FOR MODEL AUG 73

C SUBROUTINE TO CALCULATE THE FRESNEL INTEGRAL

DIMENSION A(11)eB(11)9G{12) DI}

COMPLEX PZsS5SZsC2

DATA (A=-1,702E-64~6.8085688549~5,76361E~4+6+920691902+-146898657E
X~219=340506485661~T745752419E~2+8450663781F-14-2+5639041E~2+-14502309
X60F-1+344404779E~2)

DATA(B=44255387524+~-942B1E=5+~7e78002049-9¢520895E-3+5.075161298+-
X1638341947E-12-14363729126+~4e03349276E~107.02222016E~19~241619592
X9E=19149547031E~2)

DATA (G==2e4933975E=2+3¢936E~6+5,7T0956E~3+6.89892E-49~9+49T136E-3
Xo1lel94BB0FE~21-6eT4B8T3E"39240642FE-6492e10296TE~39~1+21793E-3,2.339
X39E=4)

DATA (D=2¢3E-89~9¢351341E-3+2¢3006E~5+4,851466E~3+11,903218E-39~1,7
X122914E=29209064067E=29~2¢792B955E~211649T730BE~2+~54598515E~3+8.3
X8386E~4)

P1=23.141592654 s TWP =2, #p]

IF{VeEQeDas) GO TO 71

IF{VeGEsSe) GO TO 74

PTayvay#,28 $ CPSInTWPIR(PT-INTF(PT))

XsVEVaEP#,5

2% IFIXeGTese!) GO TO 10
5 PXaCOSFIXI®SQRTF(X/4,)

PYs SINFU=X)®SQRTFIX 44}

SUMX=]1,5957¢6914

SUMYa-3,3E-8

XN= 1,

DO 100 1 = 1+ 11

XN=XNUX/4 e

SUMX=SUMX +A( ] ) #XN

100 SUMY=SUMY+B(T)#XN

SZeCMPLX{ SUMX « SUMY }

PZ=CMPLXIPX»PY)

Cl=52%pP2

C=RFEALIC2) s S=AIMAGIC2)

GO TO 3n

10 PX3COSFIX)#SQRTF(G4e/X)

PY=S[NF(~X)RSORTF{&¢/X)

XN=1,

SUMX (),

SUMY® 4199471140

DO 200 1 = 1y 11

XN=XN®4 o/ X

SUMX=SUMX+G! T ) #XN

200 SUMY=SUMY+D( XNy ‘

149



3n

75

39

37
71
74
70

SZ=CMPLX{SUMX ¢ SUMY)
PZ=CMPLX(PXsPY)

CZuS2IHF7

C=sREAL (CZ2) $ SwAIMAG(CZ)
(sC+e5 $ S2S~65

S=ABSFiS)

IF(VelLTe0e) GO TO 70

FY=e5#SORTF((1e={C+S}I#824(C=5) #02)
YaC~% § Wele=(C+S)
PH=ZATAN2(Y o W)

PH=PH~CPSI

. AP=ABSF(PH) ~  $ APX=AP-TWPI#INTF(AP/TWPT)

IF(PHeLT+0e) GO TO 37

PH=APX

IF(PHoLTs0e! PHaTWPI+PH

RETURN

PHa=APX $ 6O TO 39 ‘
FV=e5 $ PH=0 . ] Go To 39

Fvea22508/V $ PH=,78539816 $ GO TO 39

FVn o 5#SQRTF((1e4+(C+S) ) #824(C~5)#82)

Y=-(C-5) $ Wales(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 9 of (81).
Gain values may be calculated directly or obtained by interpolating
between values taken from figure 2.

FUNCTION GAINIX)

ROUTINE FOR MODEL AUG 73

COMMNN/GAT /IFA

DIMENSION RA(24)9RB(24)

DIMENSION DA{8) DG (8)
DATAIRAE-90¢9~T6509-6009~544v9~51059~4B0+-3609-3309-300s9~2409~10849~1

x250‘909—6:"2.5'0-03008.012.’240’36.057.08“.0900)

X

10

20

DATA(RB’"2900-220o~26.50°2704l‘2107'-200D‘5n5|-4020‘305"005.-703l
'XI08|‘100!‘3l50'1u040I605I7o“'70t'lo?"loS"9050°4o0“1300’

DATA (DA3~6+90092e595e¢9T¢597¢51914499915%,0)

DATA 1DGa~Ber-641~303Ce9-3¢09~2049~20019~30,)
FNA(FXsFAsFByFCoiDI=({FX=FB)#(FC~FD)/(FA-FB) ) +FD

AuX

GO TO {(10+20930040+50960+70:80)s}FA

mm=m=eme= GAIN FCR ISOTROPIC ANTENNA —====ce===e-
GAIN =1. 8  RETURN

--------- GAIN FOR DME ANTENNA
DrA®57,29577951 .
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DO 21 I=198
IF(D-DA(1)1223922+21
21 CONTINUE
I=8
22 GAINZI0#*{DGL])I*,08) $ RETURN
23 IF(1eEQel) GO T 22
L=l-1
GD=FNA(DsDA(T)sDA(L) »DG(1)sDG(L))
GAIN=10,#*{GD*.05) $ RETURN

--------- GAIN FOR RTA~2 ANTENNA
30 D=A#57,29577951

DO 31 1=1+24

IF(D~RA(1))334+3293]1
31 CONTINUE

I=24 .
32 GAIN=10.##((RBII)=T,4)%,05) § RE TURN
33 IF(I.EQel) GO TN 32

L=l-]
RD=FNA(DsRALT) yRA(L) sRB(ITsRR(L)!
GAIN=10.##({(RD=7e4)%405) 3 RETURN

--------- GAIN FOR VOR ANTENNA (COSINE PATTERN) —=-=-~=——e=-
40 GAIN=1+00%COSF(A)

IF{GAIN.LT,¢12589) GAIN=412589

RE TURN

------------- GAIN FOR ILS LOCALIZ2ER
50 GAIN=1+00%#COSF{A)

IF{GAINCLT:e12589) GAIN=412589

RETURN

--------------- GAIN FOR GLIDE SLOPE
60 GAIN=1400#COSF(A)
IF(GAINJLTes12589) GAIN=0+12589
RETURN

---------- -—=—=-= JTAC 20 DEG BEAM TILT 20 DEG H HPBW ==—=c—mmmwme
70 D=A#57,295 /7951

TLT=20. § HPBW=20,
TERM=ARSF(D=-TLT)

GAIN=(14+( (TERM/HPBW)##2,5) 1 #%(<0,5)
RETURN

------------ ~JTAC 8 DEG BEAM TILTY
' 80 D=A#57429577951
TLT=8,
HPBW=1,959545258
TERM=ABSF(D=-TLT)
GAIN=(1o+((TERM/HPBWI##2,5) ) #8(=0,5)
RETURN
END
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GHBAR

Function GHBAR is used in calculations for the diffraction region

(sec. A.4.3) to determine values of GKF1 5 and GaRy L2 for (119) and (122).
These are special values for G 1.2 which is discussed following (107).

GHBAR is based on CCIR recommendations [7, eq. 64, fig. 31; 40, eq. 7.6,
fig. 7.2] and includes a weighting function [20, eq. 17].

FUNCTION GHBAR (F4A4B84AK ¢+DHORHE}
C ROUTINE FOR MODEL AUG 73
* 6 FORMAT(SXs#K GREATER THAN o1 GHBAR NOT CORRECT#)

7 FORMAT(5X+#HBAR IS GREATER THAN 100%)
wWG=2, $ P1G=23,141592654
HB=242325#B*B* (FHF/A)#%,333333334(,001*HE)
IF(AK4GTsel! PRINT ¢
IF(HBWsGE2e5) GO TO 10
IFtAK.GT4s05) GO TO 11
IF{HBsLTee3) GO TO 12
GHBAR=Z=645-1067#HB+6¢8#ALOG10(HB)

13 IF(AKeLF4e01) GO TO 2
GHR=GHRAR

11 IF{HB..Tee25) GO TO 14
GHT=~5,9%]49%HB+64,6*ALOGI10(HB)

15 IF{AK.GT4e05) GO TO 16
GHBAR=GHT=(GHT~GHR ) #( ( 405«AK) /¢ 04)

2 CONTINUF
FRE=300+#*SQRTF(+2997925%DHOR/F)
IF{HELLE.FRE) GO TO 3
IFIHE+GE« IWGRFRE)) GO TO &
GW=oe5#(1.+4COSF(PIG#(HE=-FRE)/FRE))

GHBAR=G {BAR®GW $ GO TO 3
4 GHBAR=0Q,
3 IF(HB.GT41004) PRINT 7
RETURN
10 GHBAR=~646-e013%HA-2,%ALOG10(HB)
GO TO 2
12 GHBAR=142~13+5%HB+15,#ALOG10(HB) $ GO To 13
14 GHT=-13,942441%HB+3,1#ALOG10 (HB) GO T0 15
16 GHB=GHT

IF(HB«LTs0.1) GO TO 17
GHT =l s 7=2454#HB+7,6#ALOGL1O (HB)

18 GHBAR=GHT~(GHT-GHB)#((41=AK)/405) $ GO T0 2
17 GHT=-13, s GO TO 18
END
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HCHNOT

Subroutine HCHNOT is used in calculations for the scatter region
A.4.4) to determine values of H, for (169). It uses the TAV/TAHI
which is based on data from CCIR recommendations [7, sec. 11.4],
and is tabulated in this section under TABLES.

SUBROUTINE HCHNOTI(ETAS+Ss»VTeVRIHO!
ROUTINE FOR MODEL AUG 73

SUBROUTINE TO CALCULATE THE FREQUENCY GAIN FUNCTION

DIMENSION TAR(114!+TAHO(114!

DIMENSION TETA(T)

COMMON/VAT/TAVI175)sTAHL(T79175)
DATALTETAS1092495491049204950091004!}
DATA!TAR:.O)soOlZ..OIA..016o.0180-02o.022;.024o.026o.028..o3..032o
Xe0369,049404590059605540005140650007+007594089¢0850e072e0950419all0
Xel21el320l49e1500l69al790l18101900210229024042690289230903294344436
XO¢38904!-’450!5'.55'0()’#65!07!.75!.8'.85’.90.95'1!0'1‘l'1.2'1.3'1.4
X'1050106'1.7'1aetl091200!201DZ.Z'203!2-“0205’206'207’2080209’3'0'3
Xe2920b493,6130B8340006421beb28,b104815,01502154606e006¢5974007,548,0
x.8c5’9c009.5'10.0012000]“.0!16.0'1800|200002500030'013500'“0.0‘50.
X03604037C40980a097°0e0+12940!
DATA(TAIHO=640336240160e¢0158¢4957401550715443153¢215262151¢23500394
X9'7v148.()p"6-8v"45.20’04.0;“2uevldloa940.89’6000039.003802!37.5 '3608'36
Xe2135e793465933453324793108431¢0+3002129¢6928¢9128¢2027¢8926,64254
XT792408123481923419224512168192142920¢79204291869917499174035164001543
Xel44B89144001304211249201244111493511455010075+100030964248,95¢8406¢
XBeO0r7069Te290e8516061662B896e015075150515e¢27156020448Ll0406234446044
X3 ’4;1503.73’3.503.28!3.1’2093|2075'2.6'2."5’2035'2.2'2.001.82.1065
X010659163291021101916094920082106900790380439424942001790134,14407
Keo04r 0294019200400

J=0

IFiVT=404)10+¢11911

IFIVR~4Ne)12913+13

HO=0.

RE TURN

J=2

GO TO 14

Je1

IF(VR=40.1159140914

JaJ+2

Q=VR/VT

IF(S-,1150+50051

ALGSE-1,

Go TO 52

ALGS=ALOGINLS)

IFIQ-10e)53954054

ALGQ=] e

6o YO 5%

IF(Q-e1)56+56159

ALGOQ»=1.

6o TOo 55

ALGQ=ALOG10(Q) ’
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e

55

80
16
24
18
36

19

39
57

49
58
41
42
28

43

45
Ab

44

47

&8
60

61
62

63
21
20
32
38

64
6%

IF(ETAS-1e117+18+19

Y DEHO=2.6#ALGS#*ALGQ

ASSIGN 35 TO M

QS=Q*S
IF(QS~e999995)24+16+80
IF(QS-1.000005)16416124
J=J+1

GO TO (41442043044) 4J
ASSIGN 30 TO M
DEHO=3,6*ALGS*ALGQ

KL=1

ASSIGN 33 TO K

GO TO (212292323} 9J
DEHO=6e%*! ¢ 6~ALOGI0IETAS) ) #ALGS*ALGQ
ASSIGN 34 TO K

ASSIGN 30 TO M

DO 39 KL=1+7
IFIETAS-TETA(KL)}58,57+39
CONTINUE

KN=KL

RATN=1.

GO TO (2122423423044
KN=KL~1
RATN=(ETAS-TETAIKN) ) Z(TETAIKL)~TETA(KN))
GO TO 49
R1=VTn{1,+(1./8))

Go T0 28

R1=VR*{1.+S}

TTT= 5%R1%#R1¥(1.-TERP(R1))
HOO=~104*ALOG10{TTT)

GO TO 36
R1=VT#(]1,4{1e/5))
R2=VR#{14+5)
UP=2,%41]14~5%58Q#Q)
BAS=R2#R2# (TERP(R1)-TERP(R2))
T1T=UP/BAS
IFITTITI45+45946

HCO =D,

GO TO 36
HOD=10.*ALOGIOITTT)

GO TO 36
Rl1=VT#t{1,+(1/5))

R2~R1

IF!R1-4010)47 947948
HON=6443

GO TO 36
IFIR1-90+160045+45

DO 61 !=19114
IFIR1-TARIT) 163162461
CONTINUE

HOO+TAHO( 1)

GO TC 36

Ll=e]l-1

HOO® (L (RI~TARILIDVIZITARIII=TARILII I IR(TAHOIT ) =TAHOILL)))+TAHOILT)

650 TO 36

ASSIGN 2% TO L

V=VvT
[FIV-s01B8132+32438
HV‘?O.

GO TO L+(25+v26027+29)
DO 64 Im}el?75
IFIV=-TAV(I) ) 64465486
CONTINUF

KM=]

RAT-’!. ’
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66

22

23
33

34

25

26

27

29
37

67
69
T0
71
68

30
35

T2
73

GO TO Ks(33934)
KM=l

RAT= (V-TAVII)})/Z(TAVIKM)}=TAV(])})
GO TO Ks(33934)

ASSIGN 26 TO L

V=VR

Go TC 31

ASSIGN 27 TO L

Go TO 20
HV=(RAT#(TAHLU1oKM)I=TAHLI (Lol ) })+TAHL(1 1)
GO TO L9(25926127+29)
HV1=(RAT#{TAHY (KL oKMI=TAHL (KL s 1)) ) 4TAHL(KL s 1)
HV2= (RAT# (TAHL (KN oKM)=TAHL (KN» 12 ) D4TANY (KN}
HV= (RATN® {HV1=—-HV2 ) baHV 2

GO TO 1.+(25+26927+291)

HO T =HYV

HOR=0,

GO TO 137

HOR=HV

HOT'Ou

GO To 37

HOT=HV

ASSIGN 29 TO L

VeVR

GO TO 231

HOR=HV

AHO=(HOT4HOR) /2,
IFCAHO=DEHO) 6T 468468

HO1=HO T+HORK

IF(HO1)70+71s71

HO1=0,

GO TO My(30+35)

HO1=AHO+DEHO

GO TO 69

HO=HO1

GO TOQ 73

HO=HOO+(ETAS* (HO1~-H00) )
IF(HOY72,73¢73

H0=0-

RE TURN

END

LINE

SUBROUTINE LINE(KLYAIBIJsSKXsSKY)
ROUTINE FOR MODEL AUG 73

Subroutine LINE is used in plotting different types of lines.

ROUTINE WILL PLOT THE FOLLOWING LINES ACCORDING TD CODE KL

KL=1-CONT INUOUL LINE KL=2=SHORY PASHED LINE

KLw3Xx X X X X

KL=4-DAgH-DX XL INE KLaS-4% ¢ 4+ 4+ &
KL=6-LONG-DASH~SHORT-DASH L INE KL=7=-LONG--DASH~X X LINE
KLU=8-LIGHT LINE KL =9-DOTTED L INE



[4)

18

64
65

63

10

39
11

52

i3

13

DIMENSION A(1000)+8(1000)

DIMENSION C$2000),D(2000)

DIMENSION X(10)sY(10)s1DH(2)

DATA (IDH=3H+0Xs3H+0+!}

IF(KL+EQel) GO TO 11

IF (KL+EQ8) GO TO 52
IF(KL.eEN»2¢0ReKLeEQe4eOReKLeEQes) GO TO 30
IF(KL.EQe%) GO TO 30

SCX=SKX $ SCY=SKY

----------------- ~=KL=8 FOR LIGHT LINE
IN=J-1

T=0

DO 63 K=1sJN

I=1+4]

Cly)=AlK)

DITY=RIK)

CXsAlK) /SCX

DX=AlK+1)/5CX
CY=BIKX)/SCY
DYaBlr+1)/5CY

XT=NX-CX § YT=DY-CY
CLxSORTFI(XTHXTI4+(YTRYT))
L=XINTF(cL)

SM=XT/CL

SSM=YT/CL

IF(L4LE«O) GO TO 65

DO 64 JK=1sl

AXECX45M

AYaCY+55M

I=1+4}

ClI)=AX®SCX

DIl )=AY®RSCY

CX=AX

CY=AY

CONTINUE

I=1+1

Cll)=A(K+1)

DI{I)1=RB(K+])

CONTINUE

GO TO (10+12:513916915516917918939) 4XKL
------- mmmm——m—ema-K{®] FOR CONTINUOUS LINE~
CALL CRTHLT(0+0+04+048)

CALL CRTPLT(CsDsl,s0,1)

RETURN

- -KL=9 FOR DOTTED LINE
CALL CRTPLT{C»U20+0+8)

CALL CRTPLT(CsDyls1017)

RE TURH

CALL CRTIPLT(0:10+0+0+8)

CALL CRTPLT(AsBodslsl)

RETURN

CALL CRTPLT{O90+0+0:0)

CALL CRTPLT{(AsBsJy0s1)

RETURN

------------------- KL=3 FOR X X X X X LINE
ILA=G

ILH=1DH(1)

CALL CRTPLTIO,900ILHIILA+S)

CALL CRTPLTICsDs14041)

RE TURN

---------- wmemeeea=KL®5 FOR + ¢ + + ¢+ LINE
ILA=0

TLH= DM 2)

CALL CRTPLT(O++0r1LHoILAS»S)
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12
20

21

19

14

22

?3

25

16

26

CALL CRTPLT{CsDel14041)
RE TURN
------------------- KL®2 FOR SHORT DASHED LINE~=~=-—e——c——a—n
IF(I«LTa3) GO TO 10

N=]

L=N+1 SKN=N+2

X(11=C(N) $YL1)=DIN)

X{2)=Cc() sY(2)=D(L)

IF{LeFQs1} GO TO 19

Xt3)aC(KN) $Y(3)=p(KN)

KA=KN+1

IF(XAJEQel) GO TO 23

CALL CRTPLT(0+0+0,40,8}

CALL CRTPLT(X9+Y93,051)

N=N+3

IF(NeGEs 1) RETURN

Go To 20

CALL CRTPLTI(0»000s048)

CALL CRYPLTUXsY 9240451}

RE TURN

------------------- KL®=4 DASM X DASH LINE - -
[F(leLTs3) GO TO 10

N=1

L=N+1 SKN=N+2

X(1)=CI(N) $Y(1)=D(N)

X{21=ClL) $Y(2)1aDIL)

IF{LeEQsl) GO TO 19

X(3)=C(KN} SY(31=p(KN)

KA=KN+]

KB=N+§

CALL CRTPLTIO+0+0+0+8)

CALL CRTPLTIXsY33+90y1)

IF{KNeEOQe]) RETURN

X{1)=C(KA) SY(1)=n(KA)

IF(KB«EQsI) GO TO 31

TLH=IDH(1)

ILA=G

CALL CRTPLT(O0es0sILHIILA S}

CALL CRTPLT (XsYel900l)

N=N+4

IF{NsGEo1) RETURN

6o T0 2?2

X(a)1=zC(KAY SY(4)mD(KA)

CALL CRTPLTI0+0+0404+8}

CALL CRTPLT(XsYsts90s1)

RE TURN

X{51=C(KR) 3Y(5)=n(KB)

CALL CRTRLTID 0104048}

CALL CRTPLYI(X Y s54041)

RE TURN

------------------- KL%6 FOR LONG DASH SHORT DASH LINE=~—~—=~
IF{leLTet) GO TO 10

N=1

LeN+] SKN=N+2 SKA=N+3 SKRuN+4

KCEN+5 § KDuN+6 $ KEwN+T
X{1)=CIN! SY(1)aD(N)
X(2)sCiL) sYU2)an(L)
IFILFQeT) GO TO 19
X(3)2CIKN) $YL3)=DIKN)
IF(KNLEQ. ) GO TO 21
IF(KALFQ.,I) GO TN 2%
X(a)nC(KA) $YLa)sDIKA)
IFIKB.ENsI) GO TO 28
X(8)sC kB! $Y(8)an{KB)
IF(KCeENRY) GO 10 27

157



X{gr=cixc) sYle)eDiKC)
X(7)=C{KkD! $Y(7)aD(KD}
IF(KELEQel} GO TO 29
CALL CRTPLT(0+0+050+8)
CALL CRTPLT(XsY9T7+0,1)
NeN+7T ’
IF(NeGFEeI) RETURN
60 To 26
C  memmme——sesmmsssoses KLa7 FOR LONG DASH X X LINE ==—==—o=ess-

17 IF(1.LT+3) GO TO 10
N=1

28 L=N+1 SKN=N+2 BKA=N+3
X{1)=CI{N) $Y{1)=D(N)
X(2)=ClL) sY(2)=D(L)
1F(LeEQsI) GO TO 19
X(3)ac(KN) $Y(3)aDn(KN)
IFIKNLEQ.T) GO TO 21
IF(KAWEQe]l) GO TO 23
CALL CRTPLT(0»0s0+0+8)
CALL CRTPLTIX#Y19340,1)
X(1)=C(KAISY(1)uD{KA)
ILA=A
ILH®IDH(1)
CALL CRTPLT{0es0rILHsILASS!
CALL CRTPLTI!CsDr1+091)
N=N+4&4
IF(NeGEWI} RETURN
Gn 10 28

27 X(6 )= (KC) sY(6)=enNi{KC)
CALL CRTYPLTI0+0450+0+8)
CALL CRTPLT(XsYs640s1)
RETURN

29 X(8)=C(KE) $Y(B)=NIXF)
CALL CPTPLT(0+0+090+8)
CALL CRTPLTI(XeYs8+0911}
RETURN

30 SCX=SKX#,.5
5CY'SKY'-5

GO TO 18
41 X(2isctkp) $ Y(2)wD(KB) $ GO To 19
END

PAGE

Subroutine PAGE 1s used to structure printing asscociated with

program runs such that each page contains no more than %2 lines and
is numbered and dated.

SUBROUT INE PAGE(N)
c ROUTINE FOR MODEL AUG T3
& FORMATI1HL)
6 FORMATI® PAGE®,[4s212%eA8))
COMMON/EGAP/ IP «LNs 10T IXT
IFIN)10+110])2 '
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10 IPs0

1 1paips)
LNe)
PRINY 6siPs DY IXY

1} METURN
12 LN"LNeN

TFILNGLT AT 19014

14 PRINT o

(GIRGIBRE
FND

PLTDU

Subroutine PLTDU is used only in the station separation program to

construct graphs., It is similar to PLTGRPH.

~n

[n]

SURROUTINF PLTDU

PLOT SURAROUT INE FOR DOVERU
ROUTINE FOR MODEL AUG 7%

RORMAT (e CARACITY OF LINE®,12+% 1S OVER 100 POINTSH*)
FORMAY (1yetX)

FORMAT [ v6X)

FORMAT (F3e195X)

FORMAT (]l 7X)

FORMAY taX s 141

FORMAT (F4 (00aX)

FORMAT  4XsFag))

FORMAY 14X v Fhe?)

FORMAT {1X o Fh o)

FORMAT (Ta st X)

DIMENSTION 1T(8) sAMNT4)sRAT S

DIMENSION TLUIDwTHIG ) aTAL2)sTRI21TCL2)9TDI2) s TE(G)
DIMENSION AXT2)0AYI2)0G120y. 2)sLMIBYIXI219Y(2)
DIMENL LGN SE2000(2)

DIMENSTON LE2000:40200)
COMMON/PLTD/LUDLL oNUTBIaNSEBY eSXL2)oSYI2)19TTIS5) s XCoYCrBX(200+8)18
XYL2000R)4LYDVAAT TG

COMMON/ZEGAP/ IPsLNy IDT o IXT

DATA (NSe199¢Q930547)

DATA (AN#2ANSI9TATION SEPARATION IM N MI)

DATA (BTe3S8H .D/U $9SIGNAL RATIO IN D¢1B )
DATA (ITelH »24H M E JOHNSON EXT 3587+1H )

DATA [TL=]7HRIJUN {1CI90DE §1:)

DATA (TE=32HDI9ESIRED DISTANCE 1! . 9N MI)
DATA (TH=25HA}SLTITUDE {1: 19FT) .
DATA {TA=)6HF} 9RFFE SPACE }

DATA (TR«)&H({9UPPERIL) 5%}
DATA iTCaleHUIOMIDBLE V1) $0%)
DATA (TD=16HLIOLOWERIL)  98%)

-------------------- DRAWING PERIMETER-=-m==rmwmcccnnrew cmme.
SCX={SX{])=5X(21)/10.

SCY={SY(1)=5Y(2))/10,

GlY)eSX(] ) 410e3#5CX)

GU2)eSX(2){1a0%5CX)

H{1)=SY (1 )+l4sB5CY) ’
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20
34

21

39

o4

22

33
16

17
18
19
41

HI2135Y(2)=(14285CY)
SHX={G(1)~G{2))/100,
SHY= (H(1)1~412)1/100,
PY= o385SCY

AX({1)1mSX(2) SAX(2)a5X(1) SAY(1)mSY(2) SAY(2)a H{1)-(3,#SCY)

LD1=0

LD2=0
NX=({$SX{11=-5X{2))/XC)
NY={ISY(1)=5Y{2)}/YC)+lets
CALL CRTPLT(GoMHs591Ts2)
CALL CRTPLT(AXsAYsOs1v14!

___________________ DRAWING GRID=~

LY=NY+1

Y{1)=8Y(1) & Y(2)1=5Y(2) $ X(1)=5X(2)
DO 20 !=1sNX

X(1)exX(1)+XC $X(2)=X{(1)
IFIX(1)4GE«SX(1)) GO TO 33

CALL CRTPLT(030+0+0+8)

CALL CRTPLT(X9Y929091)

CONTINUE

X(1)eSX(2) 8§ X(2)=2S%X(1) $ Y(1)=SY{])
Yi2)eyY(])

DO 21 I=s1sNY

IF(Y(1),LELSY{(2)) GO TO 38

CALL CRTPLT(0+0+040y8)

CALL CRTPLTIIX»Y424001)

Y(1)=Y(1)=-YC $Y(2)eY(1)

CONTINUE

------------------- LABELING GRID=-=~ -
GY=5Y(1) § GX=S5Xi2)-{,95#5CX)
AS=SY(2)

DO 22 1I=1sLY

IFI(LYD«GT40) GO TO 16

KL=GY $ TF(LUDLLT,0} KL=XABSF(KL)
ENCODE (8+329+AL) KL

LM{1)=] SLM(2)=]1 SLM(3)=0 SLMIi4)w0 SLMIS5)a0 SLM(6)=]
CALL CRTPLTIGXsGYsLMsAL»10)

GY=GY~-Y(C

IF{GYeLToAS!) GY=SY(2)

CONTINUF

EX=sSX(2) & GY=S5Y(2)-(,285CY)

DO 24 I=1sLX

IF(XColTols!) GO TO 25

IX=EX

IF(EXeLTo0s) GO TO 35

IF (EXeLTe10e! GO TO 26

IF{EXaGTe99e) GO TO 41
ENCODE(84+279AL)Y IX

GX=EX-{,075%5CX)

GO To 28

Lx=1+1 $ GO TO 34

Ly=1 $ GO TO 39

YA=GY $ IF(LUDsLTe0) YA®ABSF(YA)

IFILYD-2317+18+19

ENCODE(Bv419AL YA $ GO TO 44
ENCODE(By42+AL YA $ GO TO &4
ENCODE(Bs439AL)YA $ GO TO &4
IF(EXeGT+999¢) GO TO 31

ENCODE (8923 AL) IX
GX=EX-1415#5CX)

GO TO 28

ENCODF(Bs369AL) EX ’
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31
37

6o TO 357
eNCODF IR 4heALT X
GX3EXw 1 g 225%G0% 1

60 To 24

ENCODFE 13929 2AL ) X

GX=FXaly1545CX)

GO TO 28

ENCODE (B30 9AL)IX

GXaEX

LM{1)=] SLM(2i=1 $LM{3)=0 SLM(4)=0
CALL CRTPLTIGXsGYoLMyALW1C)
EX=EX+XC

IFORY, T, 0Xil)) Fy=8%t])

CONTINUE

YLa! O,T#5CY)1+SY(2)
XL=SX(2)=(4,L545CX}

LM{l)i=5 SLM{2)=1 SIMI(3)=] SLM(4)eQ
CALL CRTPLTUIXL YL LMyBT410)
LMil)=a4 $LMI2)=] $LM{3)=0 $I.M(4)=0
YLeSY(2)=(  ED*¥GCY)

XL=SX {24t 3.0880X)

CALL CRTPLTIXLsYLyLMsANs10)

Xt =SX{2) 4, 48sCX)
YL=H{1)(3,40850Y)
LMI1}=5 SLMI(2)=1 SLM(3)=0 $LM(4)=Q
CALL CRTPLT(XL VYL LMyTT410)
YLeHI1)-(3,90%SCY)

LME1l=¢ SLMI2)=1 $LMI(3)=0 $LMI(4)=0
CALL CRYPLTIXL oYL »LLMsTEs10)
XU=SXI2) s (244%5CX)

LMO1T=1 $IMI2)=] $LM(3)=0 SLMI4)=0
CALL CRIPLTIXL YL 4LMsTGs10)
XL=GX () st qtu#ery)
YLsHI{1 ) <{bu60R50Y)

LM{1lag SLMI2)=1 L M(1)=0 SILM(4)=0
CALL CRTPLTIXLsYLyI.MyTHs10)
XLeSXU2) a(2,05%50%)

LMEY) o] SEMIZ2)=] $LM(3)=20 SLM(4)=p
CALL CRYPETIX oYL ol MyAAT»10)
XL=SXI2i4(gem0n( X}
YLeH{1V={2,6025CY)

LM{1iz2 SLMI2)=1 §LM(3)=0 $LMI4)=0
CALL CRTPLTIXL yYL olMyTL +10)
XL=SX{2) 4 {7,70%5CX)

LM(1)=l $LMI2)=] $LM(3)=0 SLM{G)=0
CALL CRTPLT(XL2YLsLMyIDT10)

XL =SX{2)4(R,ON¥GCX )

LME1) =1 $(MI2)=] $LM(3)=0 SLM(4)eQ
CALL CRTPLT(XLyYL,LMyIXT,10)
YL=H{1)}~(3,4085CY,

XL=SX{2)4( Be3nSCX)
S{1V=SXI2)alT7,345C%)
SI2)1=SX(2)4(Ba1#5CX)

TE1Y=T(2)=Y

CALL LINFI(99SeT92y5HXsSHY)

LM{1)=2 $LMI2)u] SLM{3)=0 SLM(4)=0Q
CALL CRTPLTIXLaYLoLMyTANIN)
YLetH{1)=(3,77%5CY)

T1)Y=T{2)=VL

CALL LINE(1959Ts2sSHXySHY)

LM(1)=2 $LM{2)=] SLM(3)=0 SLMIG)=p
CALL CRTPLTIXLsYLsLMsTBs10}
YLeH{1)-(4,14%5CY}

v

161

SLM{5) =G

$LM(5) w0

$IM(5) =0

SLM(5) =0

SLM(5) =0

$LM{5) =0

SLM{5)=0

$SLM(5)=0

$LM(9) 0

SLM(S5)=0

$LM{5)=0

SLM(5)=0

S$LM(5)=0

SLM{6)=]

SLMIB)=2

SLMIE)=2

S$LM(6) =2
FLMI6) =2

$LM(6)=2

SILM{6)=2

SLMi6)=2

StMis)e]
SLM(6)=]

$LM(6)e)

$IM{E ay)

$LM(6)=]



T(1)=T(2)eYL

CALL LINF{19SsTs2sSHX»SHY)

LM{))=2 $SLM(27=]1 SLM({3)=0 SLM(4)~n SLM(5)=x0 SLM(6)=]
CALL CRTPLTIXL oYL LMsTCH10)

YLaH{1!-(443105CY}

T(li=TI2)=YL

CALL LINE{19S9T»29SHA»SHY!?

LM{1l/eyz SLM(2)=] $LM({3120 SLM(4)=0 SLM(Z)=0 SLM(6)=]
CALL CRTPLT(XLsYLslMsTD»10)

R PLOTTING GRAPH=-mwm=mmmm ————————————

DN 12 K=lsLL
N1=NULK]) $  LS=NS(K)
J=0
0O 1 I=1yN1
IF(BY(I,K)aGTeSY(1)eORBX(IsK)oLTo5X(2)) GO TG 10
IFIBY(I 4K alTaSY{2)4OReBX(IsK)aGTeSX{1)} GO TO 10
NENES!
IF(J.GT,200) GO TO 13
A{J)Y=BX (1K)} $  P{JI=BY(IsK)

10 CONTINUE

11 CALL LINE(LSsAsBr»JsSHX s SHY)

12 CONTINUE
RETURN

13 PRINT l4,LL $ CALL PAGE(1) $ J=200., S GG TO 11
END

PLTGRPH

Subroutine PLTGRPH is used gglx‘in the power density program to
corstruct graphs. It is similar to PLTDU.

SUBRNOUTINE PLTGRPH

C PLOT SURROUTINE FOR POWAV
C ROUTINFE FNR MONDEL AUG 73

14 FORMAT (* CAPACITY OF LINE*»12:* IS OVER 100 POINTS*)

23 FORMAT(I3,5X) ‘ .

27 FORMAT{124+6X)

29 FARMAT {F34195X)

an FORMAT(T1,7X)

32 FORMATY (64X 16)

36 FORMATIF4,004X)

4l FORMATU4X a7l el)

42 FORMAT (4XsF4e2)

43 FORMATIIXsF5e3)

46 FORMAT U164 94X)
DIMENSION TLU3) o THIG o TAL2) s TBI21,TC{219TDI2)TE(D)
DIMFNSION AX{2) sAY(2)3G(2)oHI2)sLMLB) X (2 )Y (2)
DIMENSION SE2)eTH2!
DIMENSTON AL200)B(200) ,
DIMENSION IT(h)4ANI3)SRTIS)
COMMON/PLTID/LUD»LL s NUCB I oNSTB I oSXI2)9SYI219TTI6) s XCoYCHBX(20098) 8
XY(20048) 3L YD2AATHTH
COMMON/ZEGPZIPsLNs IDT»IXT
DATA (ITaiH »24H M E JOHIISON EXT 3587+1H )
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(A}

20

“
7

21

19

rYA

22

DATA (AN=24H DIQISTANCE IN N MI )

DATA (BT=40H P {9OWER DENSITY IN D§1B~-W/i95Qa M )
DATA (MS=21+999+39%597)

DATA (TL=17HRIGUN +1CJ90DEIY )

DATAITE=24HI9WI TH Dy1Bw EIRP )
DATA (TH=2S5HA9LTITUDEY ; 19FT)
DATA (TA=16HFI9REE SPACE )

DATA (TB=16HUIGUPPER}L) %)
DATA (TC=16H{ {9MIDDLE }1} 50%)
DATA (TD=16H{{PLOWER 1)  95%)

————————————————————— DRAWING PERIMETER- -
SCX=(SX(1)-5X121) /10,

SCY=(SY()1)1-5Y(2)) /10,

G{1)=5X(1)4i0,3%SCX)

Gl2)=SX{2)-(1,0%5CX)

HI1)=SY(1)+(448R5CY) .
HI21=3Y(2)=(1,2%SCY)

SHX=(G(1)1~6(2))/100.

SHY={H{1}~H(211/100,

PY=,325CY

AX(1)=5X(2) $SAX(2)=SX(1) SAY(1)=5Y(2) SAY(2)m H(1)-(3.#5CY)
LP1=0

LD2=G

NX=({SX(1)=-5X(2))/XC)

NY=(ISY(1)=5Y(2))/YCl41e4

CALL CRTYPLTIGsHISsITo2)

CALL CRTPLT(AXsAY 3091014}

------------------- DRAWING GRID
LX=NX+]

LY=NY+1

YE1)=5Y(1 ) $ Y(2)=5Y(2) $ X(1)uSX(2)
DO 20 I=1sNX

XU1)=X{1)+XC $X(2)=X (1)
IFIX{1),GFSX(1)) GO To 233

CALL CRTPLT{0+05040,8)

CALL CRTPLTIXoYs245041)

CONTINUE

X{11=5X{2) & Xi2)=5x(1) $ Y()1)=Sy(])
Y{2)1=Y(1)

DO 21 I=1,NY

IFIY(1V.LF.SY(2})) GO TO 38

CALL CRTPLT'O'OvaQ'B)

CALL CRTPLTIX Y »24041)

Y1)=Y(1)~YC $Y({2)1=Y(])

CONT INUF

——————————————————— LABEL ING GRID=weweee-
GY=SY(1) § GX=5X(2)u{,95%SCX)

AS=ESY(2)

DO 22 I=letY

IFILYD«GTen) GO TO 16 '

KL=GY ¢ IF{LUDSLTe0) KL=XABSF(KL}
ENCODE(B8+32¢AL) KL

LMi1)e) $LMI2)=] SLM(3)=0 SLMI4)=0 SLM(5) w0 SLMI6)=]
CALL CRTPLTIGXsGYsLMeAL 10!}

GYnGYay 2

IFIGYLT,AS) GYsSY(2)

CONTINUF

EX=5X(2) 3 GYuSY(2)-(e2%5CY)

DO 24 i=lsLX

IFIXCelTale) GO ToO 25

IXsEX

IFIEXaLT40,) GN TO 35 .
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35

31
17

25

26

28

24

IF (EXeLT4104) GO TO 26
IF(EXaGTe99e) GO TO 41
ENCODE{Bs27+AL) X
GX=FX=(,075%#5CX)

GO To 28

LX=141 4 GO TO 34

LY=1 $ GO TO 29

YA=GY s IFLUD«LT40}) YA=ABSF(YA!

IF(LYD-2)17+18+19
ENCODE{(Bsa1sALIYA $ GO TO 64
ENCODE(B+422ALIYA $ GO To 44
ENCODE (843 9sALIYA $ GO TG &4
IFLEXeGT+999:) GO TO 31
ENCODE(gs23+AL) IX

GX=EX=(415%#5CX)

Go TOo 28

ENCODE(Bs36sAL) EX

GO TO 37

ENCODE (8y869ALY TX

GX=EX={4,225*5CX)

Go To 28

ENCODE(89290AL) EX

GX=EX=(415#5CX)

GO T0 28

ENCODE(8930AL)IX

SXrEX

LM{1)=2] $LMI2)=1 $LM(3)=0 SLM(4)=0 SLMI(S)=0 SLM(&)=]l
CALL CRTPLTIGXsGYsLMrAL 10!
EX=FX4XC

IFlEXeGTeSX{1)) EX=SX(1}

CONTINUE

YL={ 0,7#5CY)+5Y(2)
XL=SX(2)-{+B5%5CX)

LM(1)=5 $LMI(2)=1 SLM(3) =] SLM(4)=0 SLMIB)I=0 SLM(6)r2
CALL CRTPLTI(XLsYLyLM9BT»10) ,
LMI1)=3 $LM(2)=] SLM(3)s0 $LM(4)=0 SLM(5)=0 SLM(E)=2
YL=SY(2) - (,60%5CY)

XL=6X(2 el  3,0#5CX)

CALL CRTPLT(XL oYL LMsAN,10)

------------------- DRAWING LEGEND-~~ ————
XLaSX02) 4 ( ,4n5(X)

YLzH(1)=-{3,40#5CY)

LM{1) =6 SLMI2)=] SLMI{3)=0 SLM(4)=0 SLM(5)=0 SLM(&)=2
CALL CRTPLT(XLoYLOLMeTT»10)

YL=H{1)-(3,90%5CY}

LM(1)=3 SILMI2)=1 $LM(3)=0 SLM(4)e0Q SLMI(S)=0 SLMI6)=?2
CALL CRTPLTIXLsYLsLMyTE910)

XL=5X02)4+00.8%5CX)

LM{1)=] $LM(2i=]1 $LM(3)=0 SLM(4)=0) SLMI(5)=0 SLM(6)Im2
CALL CRTPLT(XL oYL oLMsTGe10)

XLESX 12 4 (4a¥SCX)

YL=H{1 1~ (6 040%5CY)

LML) =4 SELMI21=1 3LM(3)T0 $LMI4)=0 SIMI5)s0 SLMI6)=2
CALL CRTPLTIXL oYLyl MsTH,10)

XL=SX{2)4+(2.05%5CX)

LMO1)=] SIMI2)=1 SLM(3)=20 SLM(4)=s) SLM(S5)s0 SLM(5)=2
CALL CRTPLTIXL oYL sLMyAAT 10}

XLeSX{2/ 4 (6e5N%GCX)

YLEH{1)=(2 . 60%SCY)

LM{1)=1 $LM(2)=1 SLM(1)=0 SLM{4)=0 SLMI(5)=0 SLM(KH)=]
CALL CRTPLTIXLsYLsLMsTL 10}

XL=SX(2)+(T7470%5CX)

LM{1)=] $ILM(2)=]1 S$LM(3)=0 SLM(4)=D SLMIS)=0 SLM(G)=]
CALL CRTPLT(XL;YL.LM9IDTolp)
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-y

XLeSX(2)+(8e90%SCX) ,
LM(1)e] $SLM{2)1=]1 SLM(3)=0 SLM(4)=0 SLM(5)=0 SLM(6)=]
CALL CRTPLT(XLYLILMsIXT»10!

Yi=H{1)1-(3,40#5CY)

XL=SX{2V+{ Be3®SCX)

S(1)=5X12)4(7,3%5CX)

S(2)125X{2)a(8,1#5CX)

T(1)=T(2) =YL

CALL LINE{995¢T+23SHXySHY)

LM(1)=2 $LM{2)=1 SLM{3)=0 SLM({4)=0 SLMI(5)=0 SLM(6)=]
CALL CRTPLT{(XLsYLsLMsTA»10}

YLaHI1)-(3.T77%25CY)

T(11=T12)=YL

CALL LINF({1+SeTe2sSHXeSHY? .

LM(1)=2 SLM{2)=1 SLM(3)=0 SLM(4)=0 SLM(5)=0 SLMI6)=]
CALL CRTPLT(XLs»YLsLM,yTBs10)

YL=H(1 )= (4414%5CY)

T(1)=T(21=YL

CALL LINE(]1959eT9295HX» SHY)

LM({1)=2 SLMI2)=1 SLM(31=0 SLM{&4)=0 $LM(5)=0 SLM(6)=1
CALL CRTPLTIXLoeYLsULMy»TCsl10)

YL=H{1)=-(4451#5CY)

T(1)eTi2)=YL ’

CALL LINE{195sTs2sSHXsSHY)

LM(1)=2 $LM(2)=] SLM(2)=0 $LM(4)1=0 SLM(51=0 SLM(6)nm]
CALL CRTPLTUXLsYLyLMsTDs10)

DO 12 K=1sLL
N1=NU(K) $  LS=NSIK)
J=0
00 10 I=1sN1
IF(BY(I9K) eGTeSY(1) ,0RBX{IsK)4LT4S5X(2])) GO TO 10
TIF(BY(TsK) LT oSY{2) ,0ReBXII1K),GT45X(1)) GO TO 10
JwJ+}
IF(J.GT.200}) GO TO 13
A(J)=BX (1K) $ B(J)=BY(1yK)
10 CONTINUE
11 CALL LINEI(LSsAsBys.Jo SHX ySHY)
12 CONTINUF
RETURN
13 PRINT 14,LL $ CALL PAGE(1} s J=200, $ GO TO 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

< PLOT SURROUTINE FOR SRVVOLM
C ROUTINE Fnr MNDEL AUG 73

14 FORMAT (# CAPACITY OF LINE#412+# IS OVER 100 POINTS#)

23 FORMAT([35X)
27 FORMAT([2+6X) ,
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el

| L3

20
34

21

19

FORMAT(F3e195X)
FORMAT ( 1197X!}

FORMAT {4X s[4}

FORMAT (Fh094X)

FORMAT{4XsFhel}

FORMAT (GXsFhe2)

FORMAT (3XsF5¢3)

FORMAT ( T4 44X}

DIMENSION ITI(5)4AN(4)+BT(5)

DIMENSION TL(3)yTH{4}eTAL2)9TB(2)sTC(2)9TDI2)sTE(S)
DIMENSION AX{2)sAY(2)9GI2)sHI2) sLMI6) sX12)0YI(2)

DIMENSION S(2),7(2)
COMMON/PLVD/LUDsLYD s SHX9sSHY s TGeSX{2)9SY{2)9TT(6) 9 XCoYCoAAT
COMMON/EGAP/IPsI Ny INT1XT

DATA {(IT=1H »24H M E JOHNSON EXT 3587s1H |}

DATA (AN=31HD {9ESIRED PATH DISTANCE IN N MI}

DATA (BT=39H A{QIRCRAFT ALTITUDE IN THOUSANDS OF F7)

DATA (TL=17HRJ9UN 41CI90DE1: )

DATA (TE=34HS}STATION SEPARATION}I1: 19N M1}
DATA (TH=25HD/U I9RATIOL: i9p}18)
DATA (TA=)16HF}9REE SPACE )

DATA (TR=16H(}9OUTTER 1) 5%)
DATA (TC=15H(I OMIDDLE L) 50%)
DATA (TD=16H{} 9INNER{I1) 95%)
TS5=«0Nn1

——————————————————— DRAWING PERIMETER -
SCX={SX(11=5X(2))/10.

SCY=(SY(1)-8Y(2))/10,

OGUE)=5X(1)+(043%5CX)

Gi21=5X(2)-{1e0#5CX)

H{1)=5Y(1)+4{4.8#5CY)

H{2)=8Y(2)-(1.2#5CY)

SHX=({G{1)-G(2))/100,

SHY=(H{1)-14(2)) /100,

PY=43#5CY

AX(1)=6X(2) $AX(2)=S5X(1) SAY(1)xSY(2) SAY(2}m H(1)-(3,#5CY)
LD1=0

LD2#0

NXal(SX{11-5X{2))/XC)

NY=({SY(11-SY(2))/YCl+l.st

CALL CRTPLTIGsHsS»1T42)

CALL CRYPLTIAXsAYs0slr14!

[ X=NX+]

LYSNY+]

Y(1)=SY(1) & Yi(2)=5Y(2) 8§ X{])=sSX(2)
D0 20 I=1NX

X(1)sX{(1)+XC $X(2)1=x{1)
IFIXU])GFoSX(1})) GO TO 33

CALL CRTPLT(0+0+04048)

CALL CRTPLTIXvY92eD91)

CONTINUE

Xi1)1=SX{2) 8 X(2)=5X(]1) & Y{(1)=SY(1)
Yt2y=y(1)

DO 21 IslWNY

IFIY(I1)elLFeSY(2)) GO TO 39

CALL CRTPIT((O+0+040+8)

CALL CRTYPLT(X9Y92+091)

Y(1)=Y(]1)-YC $Y(2)=Y(1)

CONTINUE

------------------ LABEL ING GRID -
GY=SY(1) $§ GX=SX(2)=(,95#5CX)
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44

22

33
38
16
17
18
19
4l

35

31
37

25
26

28

24

AS=SY(2)

DO 22 I=1.LY

IF(LYDsGTa0) GO TO 16

KLeGY#TS $ ITF{LUNCLT+0) KL=XABSFI(K
ENCODE(Ry229AL) KL

L

LMi1)=1 $LMI2)=1 SLM(3)=0 SLM(4)=0 SLM(5)=0 SLM(6)w]

CALL CRTPLTIGX»GYesLLMsAL»10)
GY=GY-YC

IF{GY4LTsAS) GY=SY(2)

CONTINUE

EX=SX(2) § GY=3Y(2)-{as285CY)

DO 24 I=1sLX

IF{XCelTele) GO TO 25

IX=EX

IF(EXeLTeO0e} GO TO 35

IF (EXelLTo10s) GO TO 26
IF{EXeGTe99+) GO TO 41
ENCODE(822T7rAL ! IX

GX=FEX~{ ,NT75%SCX)

Go TO 28

LX=1+1 $ GO TO 34

iy=1 s GO TO 39 .
YA=GY $ IF(LUDSLTW0! YA=ABSF{
IF(LYD=-2)17+18+19

ENCODE (8941 9AL } YA s GO TO 44
ENCODE(Bs&2¢ALIYA s GO TO 44
ENCODE (8943 9ALIYA $ GO TO 44
IF(EXeGTe99%.) GO TO 31
ENCODF(89232AL) IX
GX=CX=(415#5CX)

G0 To 28

ENCODE(8s369AL) EX

GO TO 37

ENCODE(8+469AL) TIX
GXZEX~(4225%5CX)

Go TO 28

ENCODE(By29+AL) EX
GX=EX=(4,15#5CX)

GO TO 28

ENCODE(89309AL ) IX

GX=EX

LM(1)=]1 $LM(2])=1 SLM(3)=0 SLM(4)=0
CALL CRTPLT{GXsGYsLMsAL 10!
EX=EX+XC

IF(EXeGTaSX{1)) EX=5X(1)

CONT INUF

------------------- DRAWING LEGEND===—=r=wmmeem oo m e

Yi=s{ O0.7%SCY}+SY(2)
XLa5X(2)~(,85%5CX)

LM(1)=5 $LM{2)=1 SLM(3)=] SLM(4)sO
CALL CRTYPLTIXLo»YLoLM»AT+10)
LM(11=4 SLM(2)=] SLM(3)=0 SLMI(4i=0Q
YLESY(2)={,60#5CY)

XL=SX(2) el 2,5#5CX)

CALL CRTPLTUXULsYLsLMsAN»10)
XL=SX(2)4(,485CX)
YLsHI1)=(3,40#5CY)

LM(1)=6 SLM(2)=] SLM(3)=0 $LM(4)=Q
CALL CRTYPLTUIXLyYL LMsTT41D)
YLaH(1)=(3,90#5CY)

LM{1)s5 SILMI2)=1 SLM(3)=0 SLMI4)=0
CALL CRTPLTIXLoYLsLMsoTE+10)
XL=SX(2)4(3,B%5CX)

LMI1)=] SLMI2)=] $LMI(3)=0 $LMI{4)=0D
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YA)

SLMI5) =0

$LMi5)=0
SLM(S)=0

SLMI5)=0

SLMI(S! =0

$LM(5) =0

$iM(6)m]

SLM(6)=2
SLM(6)m2

7LMI(6)=2

SLMlgle2

SLM(6)=2



L

AN

CALL CRTPLT(XLsYLsLM»TGr10}
XL=SX(2)+( ,4%50X)
YLeH{1)=(6o40%#5CY)
LM(1) =6 SLM(2)21 SLM(3)=0 SLM(4)=0 SLM(S)=0 SLM(6)=2
CALL CRTPLTIXLsYLsLMsTHs10}
€ V4 (2e25%5CX)
:h(?§ii $L5(§?=1 SLM(3)=0 SLM(4)=0 SLM(5)=0 SLM(6)=2
CALL CRTPLT(XLsYLsLMsAAT 10}
XL=ESX(2)+(6+5045CX) _
YisH(1)=(2,60%#5CY)
LM{1)=3 SLMI2)=]1 SLM(3)=0 SLM(4)=0 SLMI(S)=0 SLM(6)=]
CALL CRTPLT{XLsYLsLM»TL »10)
XL=5X(2)40T7470#5CX)
LM(1)=] $LM(2)=1 SLM(3)=0 SLM(4)=0 SLM(5)=0 SLMI6)=]
CALL CRTPLTIXLsYLoLMeIDT 10!
XL =5X(2!4(8e90#SCX) ‘
LM(1)=] $LM{2)=1 SLM(3)=0 SLM{4)=0 SLMI5)i=0 SLMI6)=]
CALL CRTPLT(XLoYLsLMsIXT 10!
YL=H(1)-{3,40#5CY)
XL=SX{2Y4( Be3#SCX)
$(1)SX(2V4(Te385CX)
S(2)1=5X(214+(841%5CX)
T(1)=T(2i=YL '
1S9 T 42 s SHX s SHY
Eakk)téNitzlg;-lzsLmta)-o SLM(4)=0 SLM(5)=0 SLMI(&)=]
CALL CRTPLT(XLsYLsLM9»TA+10)
YL=H{1)~(3e7T78SCY}
T(1)=T(2)=YL )
LINE(23959T 92 9SHX o SHY
EQ%E):; ;L5(2)-1 $LM(3120 SLM(4)=C SLM(5)=0 SLMI6)=]
CALL CRTPLTIXLsYLsLMsTRs10!}
YL=H(1)-(6s14%#5CY)
T(1)aT(p)aYL
CALL LINE(19¢59Te2¢SHX»SHY)
IM(1)=2 SLM(2)=1 SLM(3)=0 SLM(a)s0 $LM(S)=0 SLM(6)=]
CALL CRTPLT(XLsYLsLMsTC10}
YLaH(1)=(4651%5CY)
T(1)aT(2) =YL
CALL LINE(3¢SsT929SHXsSHY!
LM{1)a2 SLM{2)=1 SLM(3)=0 SLM{4}=0 SLM(S5)=0 SLMi6)=]
CALL CKTPLT(XLeYLoLMsTDs10!
RETURN
END

POWSUB

Subrou = POWSUB is used only in the station separation program.
It performs parameter conversions, prints parameter sheet(s), and
obtains an array of sotropic power values versus distance for both
desired and undesired facilities.
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C

SUBROUTINE POWSUB
ROUTINE FOR MODEL AUG 73

4 FORMAT(1H1)
5 FORMAT(1H )
6 FORMAT (20X s *INPUT#*,21Xs*WORKING VALUE®)
106 FORMAT (5X+* DML IS LESS THAN ZERO. ABORTING RUN *)

FORMAT STATEMENTS FOR PARAMETER SHEET AND WORK SHEET

700 FORMAT (18X +*PARAMETERS FOR 1TS PROPAGATION MODEL %+ABs/24XvABs2XyA
XBe#® RUN®,/ /)

701 FORMAT(32X+*REQUIRED OR FIXED¥* /32X p#=—=——m—mm—wmm——e—— %5/15Xs*AIR
1CRAFT ALTITUDE: #sFBo0s* FT ABOVE MSL#¥}

702 FORMAT(15X»*FACILITY ANTENNA HEIGHT: #*+F7+1s% FT ABOVE SITE SURFACE
VR

703 FORMAT (15X s *FREQUFNCY (#4F6.00% M7 *}

706 FORMAT (29X s *SPECIFICATION OPTIONAL#® /29X s #mmmmmmm e e e m—m e *y
4/15Xy*ABSORPT [ON: OXYGEN*»F9e5s% DB/KM¥®sA25/2TX+s#*WATER VAPOR¥,F 3,5
4Ly #DB/KM¥® 4 AQ)

705 FORMAT(ISX+*EFFECTIVE ALTITUDE CORRECTION FACTOR: #456,00% FTR,A2
59 /15X s *EFFECT IVE REFLECTION SURFACE ELEVATIOM ABOVE MSL:XsFT7,04% F
ST#4/15Xs*EQUIVALENT ISOTROPICALLY RADIATED POWFR: #3Fbe1 9% DBW¥ /1
55Xs¥FACILITY ANTENNA TYPE: #+5A8)

706 FORMAT (20X s *COUNTERPOISE DIAMETER: # 4FGo0s® FT#,5,/ 25X s #HEIGHT (1 24F5,0
6e# FT ABOVE SITE SURFACE *+/25Xs%GURFACF:#,2A8)

707 FORMAT (20X *POLAR[ZATION :#42A8)

708 FORMAT (15X»#*HORIZON OBSTACLE DISTANCE: #9F7e2+% N M] FROM FACILITY®
BrA2+/20Xs*ELEVATION ANGLE: %o T3,%/%,]2%/%,124+% DEG/MIN/SEC ASOVE
8 MORTZONTAL®sA24/20X s *HEIGHT :#4F6,04% FT ABOVE MSL®#yA2)

709 FORMAT (15X s #MINIMUM MONTHLY MFAN SURFACE REFRACTIVITY:#5/20X+F3400
9% N-UNITS AT SEA LEVEL' *sF3e0s#® N~UNJTS®)

710 FORMAT (15X *TERRAIN ELEVATION AT SITE:*4FHe0s* FT ABOVE MSL¥*,/20X>
A*PARAMETER: ¥ 9 F5404% FT#,/20XsXTYPE: #,2A8)

712 FORMAT (20X*ANTENNA HEIGHT TOO HIGHs ITONOSPHERIC EFFECTS* /25X #MAY
2 BE IMPORTANT®)

713 FORMAT (20X *ATRCRAFT TOO LOWs TERRAIN BEYOND FACILITY #4/25X,#HORI
320N MAY BF IMPORTANT#*)

714 FORMAT (20Xs*IN ADDITIONs SURFACF WAVE CONTRIBUTIONS SHOULD*./15X.#
4BFE CONSIDERED®)

71% FORMAT (20X +*ANTENNA TOO HIGHs RAY BENDING OVERESTIMATED#*4+/)

716 FORMAT (20X +#*ANTENNNA TOO LOW» SURFACE WAVE SHOULD BEF +/25X,*CONSID
6FERED®)

717 FORMAT (20X #FREQUENCY TOO LOWs JONOSPHERIC EFFECTS MAY BE#*,/25X %]
TMPORTANT#, //)

T18 FORMAT (20X s*ATTENUATION AND/OR SCATTERING FROM HYDRCMETFORS*,/25X,
B*{RAINy ETC) MAY BE [IMPORTANT®)

719 FORMAT (20X s #ATMOSPHER]IC ARSORPTION ESTIMATES MAY BE#s/25Xe#UNRELIA
QAL F«)

724 FORMAT{/16X9A2 s ¥COMPUTED VALUF*)

725 FORMAT(20Xs#TYPE: #42AR,A1)

726 FORMAT (12X s#FARTHE®,FO,0 +% N M] . WeF B0 ¥ KM¥)

728 FORMA (12X sWHRE= ®yFBoho#=RyFBolho W=t ,FBobyH 5 #,FB 4y KM¥)

729 FORMA/(15Y #TIMFE AVAILABILITY: #,4A81A19//}

73] FORMAT{12Xs% HIA) #,FB,0,% FT MSL NeFBalir® KM MSLH®)
722 FORMAT (12X e® HIF) #,FB.19% FT TO SURFACE $rFBeh4e® KM #)

733 FORMAT (12X +#FREQUFNCY#®s F5,00% MHZ #oFB.00® MHZ =)
726 FORMAT(12Xe® A(D)®, FQu54% DR/KM ®yFRa5 % DH/KME A2
735 FORMAT(12Xe# A(W)®,FO,5 +#% DB/KM ¥oFBe50% DB/KMu A2}
736 FORMAT (12X e®DIHF) #4F84U 0¥ #sFBeGr® KIHE4AZ)
737 FORMAT (12X+®EIRP #4F9,1 +#% DBW "yFBs12*% DBW #)
718 FORMAT (12X o ¥F ANT #,6Xe12y 2Xs5A8)

739 FORMAT(172Xe#% DIC) A4FB0e" FT $yFBelia® KM¥)

169



760
741
742
T43
T45
756

747
748
Th9
750
751
756
17

778

7719
785

786
800
809
810
840

FORMAT(12Xs#* HIC) #,F8,0+% FT ABOVE SURFACE #3FBobho® KMH¥)

FORMAT ( 12X+ #COUNTERPOISE*»12+10X+2A8!

FORMAT{ 12X s #H{FR} #,F84,0+% FT ABOVE REFLECTION#sFB.49% KM%

FORMAT { 12X s *POLARTZATION*»12+10X0»2A8)}

FORMAT (10X 9A21#0(HO) #4FBe2+s# N MI FROM HORIZON ®4F8e2+% KM#)
FORMAT (10X vA2 »#E(HO) #,120%/8,[12,%/%,[2¢% DEG/MIN/SEC*»TX9F8s5+# R
6ADIANS )

FORMAT { 10X 9A2 +#HIHO) #4FBs0s¥ FT MSL #oFBelsh KMx)
FORMAT (12X s¥% N(O)#,F9.0 +»% N-UNITS N(S) #,F8s0+% N-UNITSH*)
FORMAT (12X s *H(SURI*4F8,0+% FT MSL ¥yFBeby® KM¥)

FORMAT (12X 9 ¥DH(SUR I *+FTe0s% FT #4FBebo® KM#)
FORMATL12X s #TERRAIN®» Y3125 10X92A8:

FORMAY (25X 2A8) ,
FORMAY (12X#INPUT PARAMETERS FOR #,A8,2XvABs* RUNX,/12XHOF #,A8,% A

1IR/GROUND MODEL®e//)

FORMAT { 15X+ *SURFACE REFLECTION LOBING: CONTRIBUTES TO VARIABILITY
x#)

FORMAT (15X »* SURFACE REFLECTION LOBING: OETERMINES MEDIANY)
FORMAT ( 12X+ #SURFACE REFLECTION LOBING: CONTRIBUTES TO VARIABILITY
X#)

FORMAT (12X s #SURFACE REFLECTION LOBING: DETERMINES MEDIAN*)
FORMAT i /710X +#*SOME PARAMETERS ARE OUT OF RANGE#*)

FORMAT { 7OXs*DLT 1S LESS THAN +1XDLST OR GREATER THAN 3XDLST*®}
FORMAT (20Y4#INITIAL TAKE-OFF ANGLE GREATER THAN 12 DEGe*)

FORML., - "PROGRAM IS BEING ABORTED FOR WRONG PARAMETERS¥*)

DIMENSION CFK{3)9CMK{3)9CFMI3)sCKM{3)CKNI3)

DIMENSION ACD(101)9sAND(101)45CT(201)9AAD(101)RW(101)

DIMENSION PASI(2)

DIMENSION FATI5+8)9CCI(297)sPOLI293),TSCL2,7)

DIMENSION MTM(S5)+YCONI(S)

DIMENSION YV(10)eSVI(10])

DIMENSION P(3%),QC(50) +QA(501+PQA(5Q) +PQAK(50) QK (501 +PQC(50)
DIMENSION TYD{3+2)sVYDI(502) :

DIMENSION RE(2)+AD{35)+BD(35) +ALM(12)

COMMON/EGAP/ 1P oL Ny IDT» IXT
COMMON/RY TC/UNS s QHC yUHA 1 W@HS »QQD
COMMON/PAINP /NK o HF I s NPL s SURYHPF 1 sDHS T s NSCoDCI #HCI9NCCoDHOI 9HHOT ¢ ID
XGoIMNy [SEC KE oMK sMD yE TRP yNLB s HAT yDHE I sENO Y AQ L sAWI 4F o TASADENT (2} 4A
YDNT(3) o VARFOR (6 ) s CMAX

COMMON/PARAM/HTE-HRE.OvDLT-DLRoENS.EFRTHoFREKoALAM-YET.TERvKD.GAOn
Y GAW

COMMON /PAOUIT/NCTsPFY (20096}

COMMON/STGHT/DCWyHCWoDMIX oDML 9 DZR 9 1K 4 EACEH2 » ICCYHFCoPRHDSL 14PIRPY
XOG1oQG9 KK s ZHIRPHE » ILRB

COMMON/ZSCATPR/HT sHR e ALSCy TWEND s THRFK o HLT o HLR o THETAsHTP 2 AA'REW

COMMON/DIFPR/ZHTDAMRD sDHsAED ¢ SLPaDLSToDLSR IPL yKSCo+HLD tHRP vy AWD ¢ SWP

CCMMON/GAT/IFA

DATA (OMD=RH AUG 7% )

DATA (CFK®e0019.0003048++0003048)

DATA (CMK=1es146003441)4B852)

DATA (CFMzlere3048+,3048)

DAT% (CKM»10004+3780.83989523280,839895!

DATA (CKN=1s9462137119220,5399568034!

DATA {POL=BH HORIZON+IHTAL »8H VERTICA» IHL 98H CIRCULAYIHR)

DATA (FAT=10H [SOTROPIC»3(1H )v4H DMEs&(1H Js14H TACAN (RTA=21,3(1
XH ).39H 4~LOOP ARRAY (COSINE VERTICAL PATTERN)+39H 8-LOOP ARRAY (C
XOSINE VERTICAL PATTERN) +34H | OR [1 (COSINE VERTICAL PATTERN)s»1H »
RGOHJTAC TILYED 20 DEG WITH 4U HALF-=POW BeWes1 THITAC TILTED 8 DEGy2

X(1H ))

DATA(ALMS 602 9=60151-6e089~5409-"5¢95¢~50881~5081-5¢65v=5¢35+1-5.04~
X4eB9-%e7)

DATALTSC«16H SFA WATER 116H GODD GROUND vy16H AVERAGE GROUN
XD «16H PDOR GROUNN +16H FRESH WATER »16H CONCRETE »16H

X METALLIC )

'

170



806

808

57

8131

802

DATA (PAS=2H +2H* )

DATA  ((P(])29]1=21+3512,000019¢00002,,000059+s0001+400029,00059,0019¢
X00290005+6019e02+60510]1 9015402096309 ¢%09¢5049609,709¢809¢854090¢
X95 1098069916995 4¢9989¢9995099953,99981699994 999954999981 ,99999)

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

DATA(TYD=1THSMOOTH EARTH » 1THIRREGULAR TERRAIN)

DATA (MTM=20510:30+050)

DATA ‘YCON’S.OIOC 22656904 ’00,

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

DATA (DMOD=8H DIFRACT) $ DATA (SMOD=8H SCATTER)

DATA (CMOD=8H COMBINE!
FNA(FXsFAsFBoFCoFDI=((FX=FBI#(FC~FD)/(FA=FB) ) +FD

IKeNK  § IPLsSNPL $  KSCsNSC s 1CC=NCC § ILB=NLB
KK:MK $  KD=MD s DMAX=CMAX

TPTH=22+6179938B78E-2 $ TLTH=0. $ TPK=20.
ASPA=(0.25 $ ASPB=0.25

20=,00000001

ICAR=0

RAD=«01745329252 $ DEG=57429577951 $ TWDG» 12+ #RAD
PI1=23,141592654 $ ERTH=6370. $ NOC=]

----------------- START OF PARAMETER SHEET - -
PRINT &

PRINT 700+sQMDIDT o IXT

PRINT VARFORSADENTsADNTY

H2=HAT*CFK(IK) $ HF S=HF I #CFK(IK) v FREK=F
PRINT 7n1sHAL

JF(HAT «GTe200000¢) 1CAR®]

IF(HAT «GTe15n0N0e) PRINT 712

IF(HAT «LTA500.) PRINT 713

IF(HAT oL Tele¢5) PRINT 714

IF{HAT ¢t Toe00) GO TO 825

PRINY 7Tn2+HF!

IF(HF [ oL TeDe) GO TO 825

IF{HF ] «GT«9000¢) PRINT 715

JIF(HF L« Tele5) PRINT 716

PRINT Tn3+FREK

IF{F.L T100e)1G0 TO ADS

IF(FLTo206) GO TO 400

IF{F:GT,%000+) PRINT 718

IF{FeGT417000.) GO TO 807

IFIF.6T,10000n.} GO TO 400
PRINT &

IF(AQL«LT&0+) GO TO 56
PXHiPASI(Y )

GAOvAN] 3 CAWSAW]

PRINT T04+GAOPXHIGAWIPXH
IFISURGT 4150000} ICAR=]
IFI{SURSLT0«!) GO TO 830
ASPC=ASPARASPR (4 ,F~8)#F

PIKP=f [PP

HRP=HPF [#CFK{TK)
IFIHAT oL To (HPFI+5004)) [CARs]}
ETS=SUReCFKI K} % HAS«H2-ETS
IFLETSel.TeNe! FTSan,
IFISURSGTL15000,1 !CARw]
IFIHAS L TeHFS)E 6O TO 770
IFIDHS il TeOs i DHS120,
DHsOHS T ®CFr K )
lf(ENO.LT-ZSO.uORQENOnGY!“OOO' GO 10 801
ENSSENDSFXPF(~041057#HRP)
IFUFNSeLEF«2%0e) GO T0 803‘
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806

55

829

788

59
758

753

783

763

EFRTH=ERTH/(1.-.04665*EXPF(.005577'ENS))
EART=EFRTH*CKN(IK)

HT=sHFS+ETS $ HlaHT
P.GT+H1) GO TO 825
L?égsT.gR; ’ DLST=SQRTF (2 #EFRTH*HTE)

HFRI=HTE*CKM( IK)
IFIDHEl4LTs0») GO TO 30
EAC=DHE I #CFK ¢ IK)
A Y $ HRS=HR-EVS
=H2~EAC =
IF(HRE«GE«50¢) DLSR=EFRTH*ACOSFIEFRTH/{EFRTH+HRE))
DSO0=3 . #SQRTF (2000, *HTE) +3#SGRTF {2000+ *HRE)
JK=1
PRINT 705+DHET sPDHsHPFI+EIRP s (FAT(1sIFA)sIm],5)
IF(DCI+LE«20) GO TO 789
IFLICC.LE.O) GO TO 789
------------- COUNTERPOISE PARAMETERS CONVERTED-=-=~—v——w—ea=-
NOC=]
DCW=DCI#CFK(IK) $ HCW=HC I #CFK L IK)
PRINT 706 +DCIsHCIo{CCIIT2ICC)oln]y2)
IF(HCI«LTe0e) GO TO 828
IF{HCI «GT«500a2) ICARw1
IF (DCW.GTee1524) ICAR=1
IF{HCW.GTHFS) Gn Tn 825
HFC=HT-ETS-HCW
CONTINUE
PRINT 707 (POLUISIPL)s1=102)
------ HORIZUN AND INITIAL TAKE~OFF ANGLE COMPUTATIONS=-===--=-
PDS=PTS=sPHS=PAS(1)
IF(KDeLES1) GO TO 755
HL TsHHOI#CFK { [K) $ DLTaDHOI #CMK { IK)
HLTS=HL T=HT
DG=IDG § AMN=IMN $ SECsJSEC
TET=RAD*(DGH+I L (SFEC/604)+AMN) 760, ) s ATET=ABSF(TET)
TATET=TANF(TFT)
IF(KELEGe3) GO TO 782
IF(DLT«LE-20) GO TO 781
IF(XE~1)730+758,780
IFITET«LT40e) GO TO 752
HLTSsDLT®TATET+IDLTADLY/Z (24 *EFRTH))
HLT=SHLTS+HFS+ETS s HHO[=sHL T#CKM( 1K }
PHS=PAGI2)
CONTINUE
TF(DLT oL Tol ol ¥DLST) (OReDLT4GTo(3,#DLST)) PRINT 809
JFITET«GTee20943951) PRINT 810
IF(HHOI+GTe150N0e) 1CARs]
PRINT 7na.nnnl.Pns.xnn.lMN.lssc.Prs.HHOI.PHs
PRINT 775.«rvo«|.xn).|-1.11
PRINT T09+ENSvENO
IFIILRGTL0) GO TO 762
PAINT 778
PRINT 7100SURWDHST o (TSCIT4KS T olm],42)
PRINT 7299 (VYD +KK)el®]e5)
PRINT 7249+PAS{2)
IF(DMAX<GT 41000} 1MAX®]1000.
IFCICARSGT40) PRINT 8OO

e ——— START OF WORK SHEET==mmme-mecrmeccce———

[
PRINT 787+1DT s IXToOMD
PRINT & $ PRINT &
PRINT VARFORsADENT2AONT
PRINT T31+HAL K2 .
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(AL}

AL

Tan

LY ]

PRINY TAD M Farib s

PRINT 2aagb ar R

PRINY 'HQ.M\I.NM\.DIH

PRINY TAn AW yGAW, PN

BRINT vy bt Lot Ag y g

PRINY FAa2el IR e

PRINT 'Hh“AvHA‘l‘IuHA'\"I.\l
HANGC O T b 10 pag

PRINT a9 Faww

PRINT oot L anw

PRINT Y40t S A NN N Y PR Y]
CONT INLY

PRINT &

PRINT Paverd Rpanty
FELEau T tmnned 6 10 104
unln(.ﬁlothlIR.?}!A(GGID(F/?OU.'l)#lo?ﬂ
Q(W-i.loﬂ,‘\lurM..“.‘!Mnn)UHV."OO.)HO).QE!
CONTINL

PRINTY rﬁu|nﬁ.0A1|HQP-HHr

PRINT v )8 ot LN Lhelale )
PRINT Iﬁh-lW‘HnH'h\lwhtl

PRINT 260 TS TGO IMN ISFCO S TET
PRINY ’AYM‘N.‘}.HH“\I;N\Y

PRINT 4Rt NOWENY

PRINTY TOMVEART W RN

PRINT P89 ,50R o} T Y

PRINY Ta0 0N | o DN

PRINT 78y 40 5 VEENCETWr Sl e 2)
WWarin,ar,nd ae 10 1ae

PRINT 2w

PRINT FEIviNYDUL Lo alw]on)
PRINY P, oA )

I ticar a0l PRINT aon

PRINY

CENDOF ORED TMINARY PRINTING s memmmac icmmnam e

(thu.l(\(\.,‘f

DEpear sl R teuptp
RS icennepap

ALAM (M utadh gy

THRES v eat o vt Ry )

[ TR A

DES T Yaty w

APV gaey e ORI AIFRE K
AN PYMAY o g )

PREEh VOENT DN TANGE AND PARAME TER CALCULAT[ON==mwenn

Dt el Tt i 100 8
PRMz GO o{ TR T 80 (14 LTET I 2 RE A EFRTM)
UDMU=EFRTHOVACOSE (1M -TE T

NLARsDM R Y

DAMeDME 8CR Ny )

IWHOMU L ELQe) 0 T o7

g s TWFND= D ALOGIDID) ) ALFS=AFP+TWEND
HIPpwHOp

PRy

TATER-GO T HRE/DURI- U RIL I GO FFRTID
YPRATARE £V,

L N Y T R M N T N IR TR TR IR
TES:-ATANE S TAYE A

T o 1o iRpP Y oL ,0,) 18414

Pk o s 1 [ Y Gty Ty by

FRAKE DL Y e DL SReLQHTE {0 ¥F L Ty (i ToHRP))
CONY PN

Mgl t HHD =1 0 HLDaNLY

RS
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19

A0

[

a1
A0

1%
49
1Y

CALL DEFRAC

GVDuGAIN(TET) $  GDD=204*ALOG1O(GVYD'

SMD® I ( INTFIDNM/1a) ) #1lelele $  AMD®AWD+(SWP#D)
ATD=ARD=AMD

DZR=-{ AWD/SWP)

PRH = { AMD-GOD ! $  WRH®1Q.%®(PRH#,.1)
ZHeALOGIUIWRH) =24

e =L INE=OF ~SIGHT «== - - -
CALL BLOS
SPHa3MN42,

------ wmmemme=wBEYOND THE HORJZON CALCULATIONS=~==ccrcmamvwe.
KFD=0

DO 9N NGPw] %

M2ZS=MTMINSP )

IFIM2SsIFe0) GO TO Q07

DO 901 Mxim]eMZS

DaSPC TME LK) s DNMuSPD
IFID.GTNHRP) GO TO 17
DLR=D-NL T

HLRaHLT

TATER= ( (HLR=HR)/DLR)~{DLR/ {2 *FFRTHI) )
TER=ATANFITATFR)

CONTINUE

TFIKFD=1)40+86) 947

KS=p L KR=0

KSal s ACD(KS) =AKD 3 AND(KS ) DML
AMOD=DMAD

EClI=HTE+EFRTH s FC22HRE+EFRTH $ ECInHLT~HRP+EFRTH

CALL SORBUECIsECIVEFRTHoDLTTETHROL19RW1)

CALL SORBIECZ2+ECI+EFRTHIDLRITERIRO24RW2I

REO=RO} +RO2 $ REW=RW1 +RW2 $ AA=2GAO®REO+GAW*REW
RWIU1)aREW
AAD{])=AA

PO 3N KCsl4100

KSEKSe]

NeNMaCMK (K}

SPD=aDNM

ACDIKSIsALD+(SLDAD)

ANDIKS)uD

TWENDe20 o #ALOGLOID) S ALFS=AFP+TWEND

IFID.CT.DHRP) GO TO 44

HL R=HL T

DLR=D-DL T * TATER2{(HLT~HR)/DLR)I=(DLR/ (2 *EFRTH) }

TCH=AYANF(TATER])

( ONT INUF

CALL SCATTFR

GOV S Y= Al SU=ALFS

AADTY <) - AN ) RWIKS)aRFW

TFISeT O 81 Tea206) GO TO 31

KR:FR

IFIKReLEW]) DO TO 3}

KPukS-1

el (SCTIKS)-SCTIKP I/ (ANDLIKS j-aNDIKP)}

1IF (55« Fal~e01)) GO TO 49

VPSR FGALPY GO TO &b

DNMEOINME Y

COMTINUE

VRINT 14 $ Xfn=) 1 3 60 10 13

FOKMAY (SY 2 #BEYOIMD THE %0 MILE LIMIT OOING DIFFRACTION®)

YWD [ 6O 1 A}

DO 4% ¥z ) oAP

PsANDLEF )

ONM-CecEr IR ) s SPNEDNM
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! 16
g 43

48

35
. 34

al

Al
42

200

nl
2
n3

11

12

TWEND=20,*ALOG10O(D} $  ALFSsAFP+TWEND
ATTS=ACD(KG!

AA=AADIKG) $ REWsRWIKGI)S THETARTET4TER+(D/EFRTH)
ASSIGN 36 TO KT

GO Y0 200

CONTINUF

CONTINUF

SPD=NNM s M2S=6 s KED»1 $ GO TO 37
IFISCTI(KP)«GEsACD(KP)) GO TO 33

ACD(KPIeSCTIRP)

SLP=(ACD(KP)=ARD) /7 (AND(KP)~DML!}
AEDTACD(KP) - (ANDIKP)%SLP)

ASSIGN 35 TO KT

PO 34 KG=1sKP

D=ANDI(KG)

DNM=N#®CKN{TK! s SPD=DNM

TWEND®2ne #*ALOG10(D) $  ALFS=AFP+TWEND

ATD2AED4{ SLP*D)

ATTS=ATD

AMODPaCMOD

AA=AAD(KG) $ REWSRWIKG!S THETA=TET+TER+(D/EFRTH)
GO TO 200

CONTIMUE

CONTINUE

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

AMODLDMON

ASSIGN 37 TO XY

ATDEAED+(SLP#*D!?

TWEND=20 s ®ALOG10I(D? $ ALFSesAFP+TWEND
IF{DeGT«DHRP} GO TO 24

MLR=RLT

DLR=D-DLT s TATER=( (KLT=HR) /DLRI=(DLR/ (2, *EFRTH) }
TER=ATANE (TATER!

) CONTINUF

CALL SCATTFR

AlS5=AL SC-ALFS

TF(ATSLEATD) GC TO 48

ATTS=AID S THETA=TET+TERS{D/ErRTH) s GO TO 200
AT1SxATeg ¢ XFDw? } AMQD» SMAD GO TO 200
CONTIMUE

AMOD = SMON

TWEND=2n, #ALOGLO(D) L 3 ALFSsAFP+TWEND

CALL SUAYYER

ATLsALSC-ALFS s ATTSeATS s ASSIGN 37 TO KT
CONTINUF

------------- wmm o= ONG-TERM POWER FADING - ———
TFIDeLEWDSLY) 1)203)2

DEE+«1304.%D ' 7DSLL s G0 TO 313

DEE=13044D=-DSL L ] GO To 313

CALL. VZDIDFE+QGY 2QG9+AD)

NCTeNCTa ]

PESeL I RP-ALFS

PLr=ATTY

AL tM=,

AL10wPL+ADI ) ) $ AYwAL 1n-ALIM
IFLAYALT Do) AVe0,

DO 11 Kele3d

BDUIK ) ePL ALK -AY

CONTINUE

DO 12 Kalel2

Ap L MacAp MK

TFINDIK 0T AL LMl BDIR ) AL LM

CONTIMUF

.
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23

37
903
901

900
207
100

----------------------- RETURN TO MAIN PROGRAM

21

28

22

26
26
a4

50

54

b e VALUES PUT INTO ISOTROPIC POWER ARRAY=~——=cemummw
IFIKK.GT.1) GO TO 20

PGS=PFS+GDD

PFL<PGS+P| ~AA

PFY(NCT +1)vDNM $ PFYINCT+2)%pPGS s PFY(NCTs3)aPFL
PFYINCT ¢4 )=BD{12)-PL PFY(NCT»S)=gD(18)-PL

PFY(NCT 46 128D(24)~PL
IF(SPD«GT<DMAX) GO TO 907

GO TO KT4(35+36437)

CONTINUE

SPD=SPD+YCON(NSP)

CONTINUE

SPD=SPND+YCON (NSP)

NPP =NSP+ 1

IFINPP.GTW5) GO TO 907
IF{YCONINPP) .EQ.0o) GO TO 907
IFI(NPD.EN.O) GO TO 907
IXD=INTF{SPD/YCON{NPP) )
SPD={YCON(NPP)®FLOATF(IXD))+YCONI(NPD)
CONTINUE

CONTINUVE

CONTINUE

RETURN

TER®TES $ DLR=DRP $ HLR=HRP $ TATER=TATES $ GO 10 )9

------------------ TROPOSPHERIC MULTIPATH
DO 21 I=135

QA(11sBD(1)-PL

POALT)=p(])

CONT INUF

IFITHETALGETPTH) GO TO 26
IFITHETA,LE204) GO TO 27
AK=FNALTHETAS TP THs TLTH TPK yRAMK )

CONT INUF

CALL YIKK(BKPQK K}

CALL CONLUT(GA QK +PQA+35 4414104 +PQC,QC)
DO 22 1=142%

BDUI)=QC(1)+PL

60 To 23

TER=TFES $ DLR=DRP $ HLR=HRP $ TATER=TATES $ GO 70 2%

RK = TPK $ GO 10O 28
RK = ROHK $ GO TO 28

TER=TES 3 DLR=DRP 3 HLUR=HRP $ TATER=TATES $ GO TO 45

---------------------- CALCULATION OF RAY BENDING==—==mm=ae=————
PPH=PAS(Y )

HP 2 =H2~HRP $  HPI=H1-HRP

DUM=0,0 $ ZER=0.0 S QLIM==1.%6

QNS=329. & QHC=HPl 8  GHA=NP2 $  QMS=HRP
CALL RAYTRAC (DUM)

RYaTRACRAY (QLIM)

Ds0=anb S

QNSEENS $  QHC=2ER 3  QHA=HP2 & QMS=HRP
CALL RAYTRAC(DUM)

RY=TRACRAY(ZER)

DLSR=QOD 8 TSL2wDL SR/EFRTH

TFITSL2etFae 1) GO TO 33

RIESEFRTI/COSFITSL2)

HRF:R2F-FFRTH

IFIHRE«GTeHP2) HRE 2HP2

HRYHRE®HRP 8 EACAH2.HRP=-KRL

DHE T FAC*CKM{IK )
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83
56
58

107
304
782
762
764
170

781

730

782

780

784

755

789
801
803
609
807
82%
028
aip

400

JK==1
GO To 5%
HRE={DLSR#*DLSR) /(24 #EFRTH)

CALL ASORP{FsADIsAW])
PXH=PAS(2) s GO 70 57
TEHsTET+(DLT/EFRTH)

QNS=ENS $ QHC=HL T~HRP $

QHARHP?2 $ QHS=¢RP

$ GO TO 54

GO To 59

GO To 753

RY=TRACRAY(TEH) $ DLR=GQD §  DML=DLT+DLR
PRINT 106 s GO TO 400

GG1%GG9%1.05 $ GO TO 306

HLTS=DLT®#TET +{DLT#DLT/(2,#EFRTH)) s

PRINT 779 § GO TO 763

PRINT 786 $ GO 10 765

PRINT 800 $ GO TO 400

TR --HORIZON PARAMETER CALCULATIONS

HE=MAXTF(HTE,005)

DLTaDLSTHEXPF(~40T#SQRTF{DH/HE) )

PDS=PAS(21

IFIDLTeLToe(e1#DLST)) DLT=,1#DLST
IF{DLToGTo(3.*0LST)) DLT=3.4DLST

DHOI=DLTRCKN( 1K)

60 TOo 759

TRM21 o 3#DHR L LDLST/DLT) =14}
TRMe1038D0H* { (DLST/DLT)=1,}
TETw{o5/DLST}#{ TRM~ (4o #HTE} i
IF{TET+GT«TWDG) TET=TWDG
CALL RADEMSITET+IDGs IMN»SEC!
JSEC=XINTFISEC)

PTSsPAS(2)

TATET=TANFITET)

GO TO 7%8

XTRM=SQRTF((EFRTH“EFRTH“TATEi'TATET)#(Zu'EFRTH‘HLfS"

YTRM=-EFRTH®*TATET $ DLT=YTRM=XTRM

IF(DLTeLEeDe) DLTaYTRM+XTRM
PDS=PAS(2)

DHOI=DLTR#CKN(IK) $ GO To 78%
TATETs (HLTS/DLY )= (DLT/ (2., %EFRTH) )

PTS=pPAS!2)
CALL RADEMS{TET +1DG, IMN+SEC)

ISEC*XINTF(SEC) $ GO To 783
------------------- SMOOTH EARTH PARAMETERS

PT. -PDS=pAS(2}
DLYVeDLST $ DHOT «DL T#CRN( 1K)

TATET=(-HTE/DLT)=(DLT/{2 . *EFRTH) }

L TET=ATANF(TATET)

TET=ATANF(TATET)

HL T=HRP $ HHO T «HL T#CKM( 1K) DHeO,
GO TO 784

HFC=0, $ GO To 788

ICARE) ] ENO=301. 3 GO To 802
EN52250, $ 1CAR=] $ GO TO 804

TCAR=) s PRINT 717 $ GO TO 806
17AR=]} ] PRINT 719 $ GO TO 808
PRINT 800 3 GO T0 400

ICARm] L HCI=0, s GO TO 829
ICARn}] $ S5UR=0, $ GO TO 831
-------- sr==—=e==«=ABORT ION OF PROGRAM
PRINT 840 $ 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

aowm

106
840

306

red facility for each aircraft altitude considered.

SUBROUTINE PWSRA
ROUTINE FOR MODEL AUG 73

FORMAT ( 1H1)}

FORMAT(1H )

FORMAT (20X ¥ INPUT#, 21Xy *WORKING VALUE™)

FORMAT (5X s DML 1S LESS THAN ZERO. ABORTING RUN ®)

FORMAT (5X +#PROGRAM 1S BEING ABORTED FOR WRONG PARAMETERS*)

DIMENSTON CFK{3)sCMK(3)sCFMI3) 9CKMI3)9CKNI{3)

DIMENSION ACDU101)1,AND(I01)»SCT(102)4AAD(101)+RW(10]))

DIMENSION MTMIS5)yYCONI(5)

DIMENSION YV(10)1s5VI10)

DIMENSION P(35)+QC(50)+QA150)PAAL50) +PQKI50) QK {50)+PQCL50)

DIMENSION RE(219AD(35)+BD{3R)sALM(12)

COMMON/ZEGAP/IP LNsIDTH IXT

COMMON/RYTC/QNS ¢ QHC yQHA yQHS »QQD

COMMON/PARAM/HTE s HRE sD o DLT 4DLRYENS+EFRTHoFREK s ALAMY TET 9 TER4KD+GAOy
XGAW

COMMON/PAQUT/NCToPFY (112596 s JJsHPL19HP2

COMMON/STGHT /DCWaHCWIDMIXsOMLDZR » IKsEACIH2 9 ICCoHFC+PRHYDSLILELIRPY
XQ6G1+1QG9+KKsyZHsRDHK s ILB

COMMON/SCATPR/HT yHR s ALSCrTWEND s THRFK o HLY sHLR s THETAWHTP yAASREW

COMMON/DUFPR/HTDWHRD sDHHAED s SLPyDL ST yDLSRy IPLKSCyHLD yHRP s AWD ¢ SWP

COMMON/GAT/IFA

DATALALM=-6021-6¢15:-6¢0E9-6003-5¢95+1-5¢881-5e81-5e651~54353~5409~
XG4s59=3,7)

DATA ((P(T1)1=1935)1=2,00001v400002)000055¢00015¢0002+400055,0015e
X0029e00%,60011602560% 00l 1019942095300 04094509¢6030670+680+¢85,4900¢
X959 109816999 ¢99544998149999¢999549,9998+4¢99994699995346999981+,99999)

DATA (MTM=20+10+30+0+0)

DATA (YCON=5¢91069254304900)

DATA (DMOD=8H DIFRACT) % DATA (SMOD=8H SCATTER)

DATA (CMOD=BH COMBINE!

DATA (CFK=,U015»,0003048,.0003048)

DATA {C(KN=1¢146213711922+45399568034)

DATA (CKM=10004932804829895+3280.839895)

DATA {CFMaleve304Brs43048)

DATA (CMK=1e11460930441.852!

FNALFX FAVFBIFCHFD) = (L (FX=FB)#(FC~FD) 7 {FA~FB) ) 4FD

TPTH=2461799398B78E-2 $ TLTH=0. $ TPK=20.
FeFREK

ASPA=N.25 $ ASPRB=0+25

NOC=0

ASPCwASPARASPR® (4,E~-8)#F

IF(FsGT416N0s) GO TO 304

QG153 ¢21#SINFI5,22*ALOGIO0(F/2004))141028
NGI=(18#SINF{5422%ALOGIO0(F/200e¢)))+1423
DSO=3,#SORYF {2000, 2HTE ) +3,#SQRTF {12000+ *HRE)
CUBTR=100,./F

DSN= g8« #CUBERTF(CUBTR) .
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59

15
14
13

19

40

DSL12DSN+DSD
THRFK =30+ #ALOG10(FREK
1CPT=0

DL S=DLST+DLSR
AFP532,45+20¢#ALOG10 (FREK)
F=FREK

DKAX=DMAX #CMK (1K)

--~-HORIZON POINT DISTANCE AND PARAMETER CALCULATION=«=====

IF{JJeLTe1) GO TO 58

TRM={ (HTE+EFRTH)#COSFITET) ) /(HRE+EFRTH)
DML=EFRTH* (ACOSF(TRM)-TET)
DNM=DML®*CKN{ 1K)

IFLOML+LE«Qs) GO TO 107

O=DML $ DLR=D-DLT $ TWEND=20.*#ALOG10(D! $ ALFS=AFP+TWEND
HYP=HRP

DRP=DL SR

TATER=( (HLT=HR) /DLR)~{DLR/ (2, #EFRTH)}
TER=ATANF(TATER)

TATES=( (HRP=-HR) /DRP)=(DRP/(2*EFRTH})
TES=ATANF (TATES)

IFI{HLT-HRP}aLE.Oe) 15914

DHRP=DLSR+DLT $ GO TO 13
PHRP=DLT+DLSR+SQRTF (2. #EFRTH#* (HLT~HRP))
CONTINUE

HTDsHT $ HRD=HR $ HLDaHLT $ HPP=HRP
CALL DEFRAC
GVD=GAIN(TET) $ GDD=20¢#AL0G10(GVD}

SMO=( ( INTFIDNM/1a) ) %1041, $ AMD=AWD+ ({SWP#D)
ATD=ARD=AMD

DZR=~-{ AWD/SWP}

PRH=~{ AMD-GDD) $ WRH=10.##{PRH*,1)

ZH=ALOGI0(WRHI-2,

-------------------- LINE-OF=SIGHT- - -— -
CALL CLO5
SPD=SMD+2 .

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

DO 900 NSP=1+5

MZ2SEMTMINSP)

IF(MZSeLECO) GO TO 907

DO 901 MXS31+MZS

D=SPDRCMK  [K) s DNM=SPD
IF(DeGT«DHRP)} GO TO 17
DLR=D-PLT

HLR=HLT

TATER=({HLR-HR)/DLR)-(DLR/ (2. #EFRTHI}
TER=ATANF(TATER)

CONTINUE

IF(KFD~1)40v4]1042

KS=0 5 KR=0

KS=1 $  ACD(KS)=ARD $ ANDIKS) =DML
AMDD=0OMOD

FECL1=HTE+EFRTH s EC2=HRE+EFRTH $ EC3=HLT-HRP+EFRTH
CALL SORB(ECLIEC3+EFRTHsDLT2TETRO1sRWY)

CALL SORB(EC2+EC3I+EFRTHsDLRITERIRO24RW2)

REO=RO1+RO2 $ REW=RW1+RWZ $ AA=GAO#REO+GAW*REW

RW(1)=REW
AAD(1)mAA

DO 30 KC=14100

KS=K&] .
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A5

31
30

14

&9
33

36
43

48

35
34

Al

25

D=DONM¥CMK (1K}

SPD=DNM

ACDIKS)=AED+(SLP*D)

AND (KS)=D

TWEND=20 4 #ALOG10(D) s ALFS=AFP+TWEND
IF(DeGT«DHRP) GO TO 44

HLR=HLT

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

CONTINUE

CALL SCATTER

SCTIKS)eALSC~ALFS

AAD{KS)=AA $ RW{KS)=REW
IF(SCTIKS)eLT220s) GO TO 31

KR=KR+1

IF(KReLEe1) GO TO 31

KP=KS-1

SSP= (SCT(KS)-SCT(KP))/(AND{KS)=~ANDI(KP)}
IF(SSPeLEW(~e01)} GO TO 49
IF{SSPeLELSLP) GO TO 48

DNMsDNM+1 .

CONTINUE

PRINT 14 $ KFD=1 $ GO TO 33
FORMAT{5X#BEYOND THE 50 MILE LIMIT DOING DIFFRACTION®)

KR=0 $ Go To 31

DO 43 KG=1+:KP

D=ANDIKG)

DNM=D#CKN(IK) $ SPD=DNM

TWENDu?20 . #*ALOG10O(D) s ALFS=AFP+TWEND
ATTS=ACD(KG)

AA=AAD(KG! s REW=RW(KGI!S THETA=TET+TER+(D/EFRTH)
ASSIGN 36 TO KT

GO TO 200

CONTINUE

CONTINUE

SPD=DNM $ MZS=6 s KFD=1 s GO To 37
IF(SCT(KP! ,GE.ACD(KP!) GO TO 33

ACD{(KP)aSCT(KP)

SLP=(ACD(KP)~ARD!/ (AND (KP)=DML }
AED=2ACDIKP)={AND(KP ) #SLP)

ASSIGN 35 TO KT

DO 34 KGe1lsKP

D=AND (K G

DNM=D#CKN({K) s SPD=DNM

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

ATTS=ATD

AMOD=CMOD

AA=AAD(KG) $ REW=RWIKG!S THETASTET+TER+(D/EFRTH)
GO TO 200

CONTINUE

CONT INUE

SPD=DNM $ MZS=§ $ KfD=2 S GO TO 37
CONTINUE

AMOD=DMOD

ASSIGN 37 TO KT

ATD=AFD+(SLP#D)

TWEND=20,*ALOG10(D) s ALFS=AFP+TWEND
IF(DeGTDHRP) GO TO 24

HLR=HLT

DLR=0-DLT s TATER®((HLT-HR)/DLR)~{DLR/ (2 *EFRTH)}
TER=ATANF{TATER!

CONT INUE

CALL SCATTER

ATSaIALSC-ALFS .
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46
42

311
312
312

11

12

23

37
903
901

900
907

21

’8

IF{ATS«LE«ATD) GO TO 46

ATTS=ATD 3 THETASTET+TER+(D/EFRTH) $ GO TO 200
ATTS=ATS $ KFD=®?2 $ AMOD = SMOD $ GO To 200
CONTINUE

AMOD 25MOD

TWEND=2n,=ALGS10(D! 3 ALFS=AFP+TWEND

CALL SCATTER

ATS=ALSC-ALFS $ ATTS=ATS $ ASSIGN 37 TO KT
CONT INUE

------------------ LONG~TERM POWER FADING
IF(DeLESDSL]) 3119312
DEE={130~%D)/DSL1 $ GO TG 313
DEE=130.+D-DSL1 $ Go to 3!3

CALL VZDINEE*»QG]1+QG9+AD)

NCT=NCT+1

PFS=EIRP-ALFS

PL=-ATTS

AL IM=3,

AL10=PL+AD(13) $ AYwALIO-ALIM
lF‘AY.LT.Ov’ AYe0o

DO 11 K=11935

BD(K)=PL+AD(K}~AY

CONTINUF

DO 12 K=1412

ALLM=z=-ALM(K)

IF(BDIK)+GTeALLM) BDIK)=ALLM

CONTINUE

---------- VALUES PUT INTO IS0TROPIC POWER ARRAY-~-——m=—w==-
1IFIKKeGTol1? 50 TO 20

PG5=PFS+GDD

PFL =PGS+PL~AA

PFY INCT:1)=DNM $ PEY(MCTy2 ) =pGS s PFY(NCT»3)»PFL
PFYINCT+4)eBDU12)-PL $ PFYINCT+5)=BD(18)~PL

PFY(INCT+6)1=BD(24)-PL
IF(SPDeGT.DMAX) GO TO 907

GO TO KTe(35+26437)

CONT INUE

SPD=SPD+YCON(NSP)

CONT INUE

SPD=SPD+YCON(NSP!

NPP =NSP+ ]

IFINPP.GT+5) GO TO 907
IFLYCONINPP)oEQ.0.} GO TO 907
IFINPPENeO!) GO TO 907
IXD=INTF{SPD/YCONINPP))
SPDO=(YCONINPP)®FLOATF(IXD) )4YCONINPP)
CONT INUF

CONTINUF

RETURN

TER=TES ] DLR=DRP H HLR=HRP $ TATER=TATES $ GO TO i9
------------------ TROPOSPHERIC MULTIPATH-—=-e—wm—mrcaaanan.
DO 21 [=11935

QAL )=BD(])~PL

pA(TI)epP(T)

CONTINUE

IFITHETAGE«TPTH) GO TO 26

IFITHETAGLE«Oe) GO TO 27

BK=FNAITHFETAsTPTHs TLTH» TPK o RDMY )

CONT I NUE

CALL YIKK(BK+PQK QK]

CALL CONLUT(QAYOKsPQA3542109049PQCQCI
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DO 22 1=135
22 BD(1)=QCUE)4PL
GO To 23

24 TER=TES $ DLR=2DRP $ HLR=HRP $ TATERaTATES $ GO 70 25

26 BK=TPK $ GO TO 28
27 BK=RDHK $ GO TO 28
44 TER=TES $ DLR=DRP s HLR=HRP $ TATERsTATES $ GO TO &5
58 TEH=TET+(DLT/EFRTH)
IF(KDelLEel) TEH=0.0
GNS=ENS L 3 QHC=HL T-HRP s QGHA=HP2 s QHS=HRP
RY=TRACRAY{TEH) $ DLR=QQD $ OML=DL T+DLR s GO Tu 59

€  mmemmmmmmmesmsmmmee ABORTION OF PROGRAM~—=w-~~ —————————
107 PRINT 106 s PRINT 840 s CALL EXIT

304 QG1=QG9=1.05 $ GO TO 306
END :

RADEMS

Subroutine RADEMS converts an angle expressed in radians to one
expressed in degrees, minutes, and seconds.

SUBROUTINE RADEMSIARGs IDE»IMIWSEC)
C ROUTINE FOR MODEL AUG 73

C SUBROUTINE TO CHANGE RADIANS TO DEGREESs MINUTES AND SECONDS

DE=ABSFIARG) #¥57,2957795]
IDE=INTF{DF!
AMINT =60 #{DE-FLOATF(IDE) )
IMI=INTFUAMINT)
SECElAMINT-FLOATFIIM]I))%60,
IF(SECeGT 6594999951 GO TO 9
T IF(IMIeGla59) GO TO 8
6 IDF=XSIGNF(IDEWARG)

RETURN
9 SEC=0. $ fid e IMI+1 $ GO 10 7
8 (DE~IDE+1 s IMI=0 3 GO TO 6
END

RAYTRAC

runcticn 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) orly when the effec-
tive height correction factor (table 1) is not specified.
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10

20

73
T2

70
60

62

80
40

FUNCTION RAYTRACITT)

ROUTINE FOR MODEL AUG 73

COMMON/RYTC/ENSsHC sHAYHS»D

DIMENSION A(Z‘)’Rl(25"EN(25"H(ZS)DTE!(25)!R‘25,
DATAIH20e004¢010060256050¢1562963050e590791601652402¢93004895497091
X0e9206130:480950090706¢950091100122569350694754)

———————————— SETING UP ARRAY OF REFRACTIVITY b -

DN==7,32%EXPF (0400557 7#ENS) $ CE=LOGF(ENS/{ENS+DN))
AZ=6370,

DUM=0.0

AS=AZ4HS

DO 10 I=1,25

EN(I)=EXPF(=CE®HI]) JBENSH1.E~6 § RICI)=Yo+ENIT)
R{I)=  AZ+H{1)4HS .

CONT INUE

DO 20 122425

Kel-1

DN2NaLOGF (RI(1))-LOGFI(RT(K})

DR2R=LOGF (R{I1)=LOGF{R(K )

A(1)=DN2M/DR2R

CONT INUE

RAYTRAC=NUM

TT=0.,

RETURN

e ————— ENTRANCE FOR TRACING RAY-=wm——— e e me e --
ENTRY TRACRAY

TE=TY

RCa AZ4HC+HS ¢ RA= AZ+HA+HS

ENCa  +]1.E-6*ENSHEXPF(-CE#HC) 3 RICs1e+ENC
ENAE  +]1 oE-6RENSREXPF(~-CE®HA) $ RIA=1++ENA
BALL =0 $ ATE=TE

IF(TE«GEL0s) GO TO 41
IF(R11J.EGeRC) GO TO 73
XeRI1)/7{2.#RC) s 2a(RC-R{1)I/R(1) $& W=UEN(1)~ENC)/RIC
TEG*~2  *ASINFISORTF (X% (Z-W})) s GO to 712
TEGENLO
IFITE«LT«TEG) TE=TEG
ATF=ARSF(YE)
IFITE«Gl a0} GO 10O 41
DO 70 [=2425
Ye2o # (SINFIOWSKATE ) Inu2 s 2=(R{1)=RC)/RC
W= {ENC-EN(I) ) #COSFLATE}/RILI) § XeYol-W
1IFIXeLT40e0! "0 TO 70
CT=SQRTFIO,5*KC*X/R(1))
IF(CTeLEajo) GO TO 60
CONTINUE
CT=2.%ASINFICT)
BALL=2 #CTHI-A(I}/(A(TI)41,))
TEI(I)=CT s NE=l+]
DO B0 l=NKs25
RT=R(I} s RITsRI(I)
IFIRTGTaRC) GO TO g1
Lei-1
X=RI(L)®R(L}/(RITART)
TEI(I)=ACOSFICOSFUTEL(L))uX)
XeFo (=ALTD)70A(T Y1)
BALL=RALL+ITEIIII~TFIL) aX
NLA=]
IFIRT=RC) GO TO 40
CONTINUE
CONTINUE ’
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A4

47

90

100

a4l
85
86

46
61

Subroutine RECL is used in calculating reflective coefficients

LL=NLA-] s TEI(LL)=ATE

DO 90 I=NLA»25

LC=1-1

RT=R(1) 3 RIT=RI(1) $ FNT=EN(T)
IFIRT.GT.RA) GO TO 46 ,

X=RC/{2¢#RT) $ Y=2 e (SINFUOSRATE) inn2
Z=(RT=RC) /RC $ W= (ENC~ENT ) ®COSF(ATE!}/RIT

TEI{1 )22 ¥ASINF(SORTF(X®#(Y+Z-W)))

X= =A(1)/7(A(T)+1a)

BALL=RALL+((TETC(II~TET(LC))I®X)

TEA=TEI(])} $ IF{R(1)«GT&RA) GO TO 100

CONTINUF

X=RI1{25)1%R(25)/RA - TEA=ACOSF(COSF(TEA!®#X)
CA=(TFA-TE+BALL)

D=AS*#CA

DN=0*,53995680134

CT=COSF(BALL) $ ST=SINF(BALL) $ TNT=TANFITEA!
Y=RIA/RIC } Xm(CT-STHTNT-Y)/{Y#TANF(TE)=ST=CT*TNT)
X=ATANF (X}

CX=TE=X

CTEeCOSF(TEA)

RAYTRAC=CX

RETURN

DO BS NL=2+25

IF{RC<LESRINL!I} GO TO 86

CONTINUFE

NL=25

NLA=NL $ GO TO 40

RITeRIA $ RT=RA $ FNT=ENA $ GO TO 47
RT=aRC $ RIT=RIC $ G0 Ton 62

END

RECC

via (61) through (69), and (195).

alal

[ 2N

SUBROUT INE RECCIXToFKs[RINPIMYIDHIR e PTICoRLM)

~~~NOTE~=~ THIS ANGLE 1S LIKE THE FORMULATION IN TN 1U1 AND IS

pPI=C
ROUTINE FAR MODEL AUG 73

THIS INCLUDES THE CIRCULAR POLARIZATION

DIMENSION SGET)eFPLT)
COMM’;‘N/EGAP/lpoLholDrolXT
DAIA(FP=8]I'25-OX‘)0 0‘00'81005.'1.’
oATntsnzs...nz..nos..ool..010..010.10.E+06)
Pl=3,1416802454

P12:1,57n77632

t¢=0

St=x!
TWLD=2sNNGRGTPAPE=2RFKE (=10

1=1R 13 M2 ND

IF(STelFalle! 60 TO 301 '
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16

18

36
10
11

12

13

14

15
17
19
20
21
22
23

3l

IF(S]«GE.PI2) GO TO 300
SISI=SINF(SI]}

COSI=COSF(SI)

IF(SISI«LE«Os} GO TO 15
5QS1=SQRTF{SISI)

IF(MS«GT.0) GO TO 19
IFiDHeLEste) GO TD 17

SH= ¢ TARDHEEXPF (- o5 (DH#% 428 ) )
EXDHeEXPFITWLD®#SH®SIST )

DXz (SHESTSI*#FK/29947925)
IF(DX+sGTa0e3) GO TO 32
IF(DXeGFe0+1237) GO TO 33
IFIDXeGTe0.0739) GO TO 3¢
IF(DXeGE.0+00325) GO TO 35
PD=946+ #DX#DX+0.01

CONTINUE

IF(MP-2) 10+11+20

ASSIGN 12 TO N

GO T0 6

CONTINUE

ASSIGN 13 TO N
X=(18000.%SGIT})I/FK
TRM=FP (1)~ COST*COST)
TUPS=SQRTF((TRM*TRM} 4 ( X#X) ) +TRM
P=SQRTF{TUPS#*,5)

GO TO Nol]2913)}

QeX/(2.%P)

DENOM=(Pep) +(QnQ)

B=1+/DENOM

AM= (2 ,%P) /DENOM
RS=(1,+(B*SISINSISTI-(AM®SISI))/ (1,4 (B*SISI#SISI)I+(AMOS]IST))
RaSQRTF(RS)

TOP=-()

BOT=SIS]-pP

CALL RTATAN(TOP+80T»TRA)

ToP =0

BOT=sSISI+P

GO 10 16

Q=X/12.2P)

DENOM=(DPap)+ (NeQ)
B=((EP({])wgP(I))e(X®X))/DENOM
AM= (2, ¥ ((PRFP{[}}+{Q¥X)))/DFNOM
RS={1.¢(ReSISI®SISI)I—(AMBSISII)I /(1. +(RESISI®SISI)e(AM®SISI))
R3SQRTF(RS)

TOPe(X#SISI}-Q
BOTe(EP(IInS1S])-P

CALL RTATAN{TOP4ROT 4 TRA)
TOP=(Xx%c[SI}+0Q

BOTs (EP(T)I®S|ST}+P

CALL RTATANITOP,BOT+TRA)
PIC=TRA-TRB

IFLIC=1) 82422423

SNSI=n. s 6o TO 16
SH2,39#DH s GO TO 18

SH=0. $ EXDHE1, $ GO TO 28
IC=] $ MP aMpP -} $ 60 T0 11
R{MsR $ RETURN

1Cs2 s RV=R s PVEPIC $ MPeMP~ 1 ] GO T0 10
JC=0 3 RH=R s PH=PIC

TERs {(RV*RV) 4+ (RH®RH) ¢+ (2 o ®*RVARHECOSF(PH-PV ) )}
IFIIER«LFeDe) GO TO 30

RsSORTIFITFRY/ 2.

TOP={RH&S INFIPH) )4+ (RV#SINFIPV))

BOTs {RHe®COSF(PH} 1+ {RVRCOSFIPV))

IFIBOTFRee! GO TO 24
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52
53

300
301

CALL RTATAN(TOPBOT,PC)
PIC=PC $ GO To 51
PIC=PI/2s § GC D 51

R=0.0 $ GO TO 31

PD=(0eBT75*EXPF(-3,88%DX))+0.01 s GO TO 36
PD=(~1.06%0X1+0.601 $ GO T 36
PD=0.45+5QRTF{«0008643=-({DX~41026}#%2) S GO TO 36
PD=6s15%#DX S GO TO 36
IF(MSeGFel) GO TO 21

RLM=R*PD

R=R*EXDH 3 RETULIRN

IFINPL,EQ.2! GO TO 53

GO T0 51

CONTINUE

GO TO 51

l=P12 % SISi=1. 3 cosI=0, $ SQsiwl, $ GO TO 16
Si=0. $ SISi=0. $ COSi=1. s SQSi=0. S GO To 16
END

RTATAN

Subroutine RTATAN is used to obtain arctangent values for ancles;

the angle is placed in a quadrant that is appropriate for phasor

manipulations, e.qg., (81).

19
20

SUBROUTINE RTATAN(TOP +DENOM s ANGLE )
ROUITINE FOR MODEL AUG 73

SUBROUTINE TU FIND ARCTANGENT [N THE CORRECT QUADRANT

Ples3,141%592654
TWOPI=26,283185%308
IF(TOP IO 411021
TFIDEMOMIDPEY T 26
[FLTOPIDAe]L]1429
ANGLF=B]1/72,

AR LIRY]
ANGLE-t1,8P[ )/,
Y Ty 1R
THETA TR /DENOM
[FOTHETAI I Y Y e 2
T VA=Thp TA® (=140
ANGLE :ATANFUETHETA)
IF(Inol iy lev )b
JF g i) 10l B )é
ANGLE =0 [+ ANGLE
RFTURN

ANGE F e TWID [ -ANGLT
RE TURN

JFEOENNOMI 1 7918618
AMNGLE P I-ANGLE

R TURN

ANGL E=0,0

YR JOMNF () g IO
A .‘Jl(!Nr(]o'{‘[N(}N"
IFIX119,206420
IFiIY ) ]Se)belh
IFIYI) 741818

END
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19

22
26

25
26

27

28

20

29

31

SCATTER

Subroutine SCATTER calculates basic transmission loss for scatter
and is used in determining scatter attenuation (sec. A.4.4).

SUBROUTINE SCATTER
ROUTINE FOR MODEL AUG 73

51 E(2}

géu;gN/SzRﬁM/HTFEgHRFeoDvDLToDLRoENSoEFRTHoFREK»ALAM.THEToTHERoKDo
XGAD » GAW
COMMON/SCATPR/HTSyHRS s SUMs TWEND s THRFK sHLT s HLR 9 THETA»HTP » AAS REW
FRPI=12.567

DLCT=DLT

IFIKDeLES1) GO TO 10
THOT=THET+(DLCT/EFRTH)

DLCR=DLR

THOR=THER+(DLCR/EFRTH)
AQO=(D/ (2 %EFRTH) ) +THET ((HTS5-HRS) /D)
B800=(D/(2«#EFRTH) 1 +THER~( (HTS~HRS)/D}
D$=D~-DLCT-DLCR

IF(DS-LTQOQ) DS’O.

THOO=A00+B00

DST=( (D*B00) /THOO)~DLCT

IFITHOT 259261426
DST=DST-ABSF{EFRTH#THOT)

DSRs{ (D#A00)/THOO)-DLCR
IF(THOR)27+28+28
DSR=DSR-ABSF{EFRTH#THOR)

CALL DELTA(THOT +DSTENSDAO)
AQ=AQN+DAO

CALL DELTA(THOR,DSR,ENS,DBO)
BOeBNO+DBO

SeAD /RO

THETA=AQ+BO

VIK=FRPI#HTFE#AQ

VRK=FRP ] #HRFE #B0

IF(5-16)29+29430

CONTINUF

S=l-/5

VTIPp=VRK

VRP =V Tk

Go To 31

CONTINUE

VIP=VTK

VRE =VRK

TERM=(SETHFTA) /({14451 %(1,445))
H1=TFRM#¥DS

HSMO=TERMAD o
DTHE =D THETA '
TRIZEXPF (-40000038%HSMO% 26 )
TR2=¢03]1~{,00232%ENS)+( 0000056 THENSHENS)
ETAS*,5696%#HSMO%(1e+{ TR2#TR1})
FOs14084% (ETAS/HSMO ) # ¢ HSMO=H]~HL T~HLR!}
IF{THETACLTs0+} DTHE=Q.

VIasVTP/ALAM .
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VRaVRP/ALAM
CALLL HCHNNT(ETASsSsVTeVR»i{0)

312 IFITHETALLT«0.) G0 TO 313

CALL FDTFTA{ENS«DTHF S DB

314 SUM=THRFY-~TWEND~FO+HO+DR

14

12

313
10
11

-~==CALCULATION OF OXYGEN AND WATER VAPOR RAYS —=w—==—ar--o
EC18HTS-HTP+EFRTH $ EC2=sHRS~HTP+EFRTH
HET=HL T-HTP+EFRTH $ HERaHLR-HTP+EFRTH

IFIDS.GTas001) GO TO 11

CALL SORBIECIsHETWEFRTHsDLTsTHETsRE!
REO=RE(1) $ REW=RE (2)

CALL SORR(EC2/HER,FFRTH DLRTHER,RF)

REC=REO+RE( 1) 3 REW=REW+RE (2)
AA=GAQ*RFO+GAW*REW

RE TURN

DR=0. $ GO TO 314

THOT=THOR=0+ $ DLCR=DLR $ GO TO 24
HV=HET+(DST*TANF (THOT) )+ (DSTADST/ (2., #EFRTH) }
IF(DSTsLECDeeOR4DSR4LE«Os) GO TO 14
DAT=DLT+DST

DAR=DLR+DSR
CALL SORBIEC1HVsEFRTHsDAT o THETsRE!
REO=RE(1) s REW=RE(2)

CALL SORB(EC2+HVIEFRTHsDAR s THERSRE )
REO=REQ+RE(]) $ REW=REW+RE(2)
Go To 12

END

SORB

Subroutine SORB computes the effective ray lengths for oxygen and

water vapor, r

00w’ that are used in the calculation of atmospheric

absorption (sec. A.4.5).

11

SUBROUTINE SORBIHIH24AsRNsCAWRE)

ROUTINE FOR MODEL AUG 73

DIMENSION RE(2)2TEL2 ) yH(2)

TE(1)=3,75 $ TE(2)=1e36
PI2=14570796327 s Pl=3,16159265¢4
BA=CA

IFIH1.GT,H2!) GO To 10

HS5=H1 $ Ht =H2

AT=P]|24BA

ANUM=HS*SINF(AT)

DO 27 ¥el2

HiK 1aTF () +A

IFIHLoLF«HIK}) GO TO 83

IF(HIK) L T4HS) GO TO B)
AS=ASINFLANUM/ZHIEY) s AE=P ] —~{AT+AS}
IF(BAsGTe145620) GO TO 24

IF(AT «FNe0e! GO TO 24
RE(K)=(HS#SINFIAE))/SINFIAS) s GO T0 22

26 RE(K}=ti(k )=HS ,
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22

10
8l

83
85

CONTINUE

RE TURN
HS=H2 $  HL=H1 S BA=={CA+(RO/A)) $ GO TO 11

IF(AT<GT,PI12) GO TO 85
HC=HS®*SINF(AT)

IFLH(K) 4LFsHC) GO TO 8%

RE(K) =2 #HIKI#SINF(ACOSF (HC/HIK) )]
G0 Yo 22 :

RE(K) =RO

6o T0 22

RE(K) a0, $ GO TO 22

END

TABLE

Function TABLE is used to set up and obtain values from a table

of grazing angle, y; corresponding values of path length difference,
Ary and great circle path distance, d. It is used in calculations for
the Tine-of-sight region (fig. 19).

AN N

21

101

S wN

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 SI

COMMON/EGAP/IP LN IDTHIXT
COMMON/SPLIT/LL1oL2sNoX(140) oY (140)4D6(140)9XS(55)eXD(55)sXR(55),YS
X(55)4YD(55) s YRI55) 4139250251 +2D(25),4,2R(25)
DIMENSION AS5(110)4AD(110}yAR{110)

————————————— SET UP ARRAY-=—m e oo
DUM=Q,

CALL TRMESH{XSsXDsXRsL19YSsYDsYR4L2+ASsADsARSLS)
CALL TRMESH{ASsADsARILS9ZS+ZDsyZRsL3sYsXsD&sN)
M=N

DO 21 I=1sN

SD2Y(1)#57,29577951

CONTINUE

TABLE=DUM $ RETURN

FORMAT(31H QUT OF RANGE FOR INTERPOLATION}

ENTRY TINTER
IFIXINT=X(1))Te192

YINT=Y(1)

TARLE=Y[NT $ RETURN
K=1

JEFIXINT=X(K+1))64445
YINT=Y(K+1) .
TABLE=YINT s RETURN .
K=k +1

IF(M=K)RsBr
YINTm U OXINT=X(K))®{Y (K& =Y{K))/{X(K+D1)=X(KI D)oY (K)
TABLE=YINT $ RETURN '
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7 PRINT 101

TA"LE=Y(1) $ RETURN
8 PRINT 101

TABLE=Y(M) $ RETURN

ENTRY DINTER
IFIXINT=X{1}) 17911912
11 TABLE=D&(1) $ RETURN

12 k=1

13 IF(XINT=-X(K+1)116+14915

16 TABLE=D6(K+1) $ RETURN
15 K=K+]

M=K ) 218913
16 }:éLEEC};[&T—X(K)l’(Dé(K+1)-06(K)!/(X(K+13-X(K)))$D6(Kl
RE TURN
17 PRINT 101
TARLE-Co11) $ RETURN
18 PRINT 101
TABLE =D6 (M) $ RETURN

ENTRY SINTER
TFIXINT=PE11))32+31,37
11 TARLF=Y(1) $  RETURN
32 K=1
33 [FIXINT-D6(K+1) 135434436
34 TABLE=Y(K+1! $ RETURN
35 K=K+1 28413
M-K )38 [
16 ;:éLEE((:lNT-Dé(K))*(Y(K*l’-Y(K))/(D6(K+1)-D6(K)))+Y(K)
RETURN
37 PRINT 101
TABLE=Y(]) $ RETURN
38 PRINT 101
TABLF =Y(M) $ RETURN
END

TERP

Function TERP is used in subroutine HCHNOT to obtain values for
parameters used in thc calculation of Hj for (169).

FUNCTION TERP{ARG)
C ROUTINF FNR MODEL ALG 73

C ROUTINE Tn FIND H(R1) AND HI(RZ2)

DIMENSTION TABR(144) s TAHRYG4 )
DATAITABR=1004009560990¢0185%¢0380¢0¢75¢0+70a09656046060355,0,5040%
X6Be0905,0083600404C 0380 +395,0¢33,09230+012B4012h¢012440922400204091
XGa0018409017e0016e0901560414060913e001240011405106009¢65496098,54846047
XeS o7 eNobe 160015 a505006eB80%ab00q6332166093,81306334443e213.09248
X142 0692 0047020709160 ¢80 )abrlab91elirle39)1e2916l9] 02695149 0,8
X50.8|075'p70a65|.()0.559.5.uabool‘o."apcaﬁiozl‘!O320-30020D.250¢2“!02
X292 alselB8yalboaltin 125l o091 00Ul 4073006584060 c0951 005900454004 49403
XByaU3F 3403000129603 1alil8r0)l0060720 002296029 e0180s0163e0160401200
X001 0e0DT9eCNB, e007 9600b5 000063600554 00059¢006596004,4400384940036,600
X345 0,003 ¢0U3 9400284410200 0024 1400229 e0U29000189e000169s0014,,0012
Xv.()Ol) ’
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CATA(TAHRT ¢ F90HNS 4 4099789 4999765 4490073440097 :4999655949996059,999
X543 e 09948 ) 4999354 ,90322,49991834999031+99893+¢99879+4998651+09984v0
X998 14997899975 14997119699€65 69964699521 09948169941949933909926,4,99
X179e2903, 498932987 9498055 698181983097 B94975516972519.96959,9655449
X619.956v.’?‘«,3’.91~1..'\?Bﬁv.°32’ 092\‘5'-923’-918'091’09020'8950-08870.876
X9 eBO6Us aB5 94835148151 e7993e7800T7T9e7551e741e725veT707946832067946451
Xeb2d1e00l9e995 1098105609090 005253,591 14085900653 e044%1,419438514375943
X6 1e351e23391 0321429904289 02649¢25502321.212+¢1939017394152941394129
X10lCPre00649¢08910082940761607 9063900571054 90405290049160469,04400
X04091e0389e035140325+4031e0279e0264940229401829,:01529,01399,0122+.0
Xl()d l001voO()q?0-0085v00078000070.0062D00059| 00056‘00053D.005'c00‘065
X1 000449400605 9e0037594600345,5,00315,.00285400259400229000188,4,00158
X)

IF{ARG=-4001115+154 16

1% TERP=,001%8
RETURN
16 TF(ARG=100,)10911411
11 TERP=,999805
RETURN
10 00 12 KH=1s144
[FIARG-TABR(KH))I124+13914
12 CONTINUF
146 KL =KH-1

TERP={ {ARG=TABR(KH) )/ { TABR(KL )=TABR(KH) ) )# (TAHR(KL)1=TAHR(KH) ) +TAMR
X(KH)

RETURN

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

line-of-sight region (fig. 19).

SUBROUTINF TRMESH(AWBsCoNAIRISIToNRsXsY 92 oN)

c ROUTINF FOR MODFL AUG 73
DIMENSION A1) sBUY)oCl1)oRIY)0SEI o T U aX(2) oYY )p2(1)
I=J=) $ N=0

4 N=N+}
IF{A(II=R(J)I9sTsB
9 XINI=A(]) s Y(N)=R(]) 3 ZiN)=CI(]) s I=1+]

IF (1eGTeNAS 4
8 X{(N)=R(J) $ Y(NI=S(J) s ZINI=TLD) s Jug+]
'F(JOGTONR,3"0
7 X(N)=AlT) s Y(N)=B(]) s ZINIsCLI) $ Ielel s JuJel
IF{I«GTeNA) 10911
11 IF(JeGT4NR) 34
S L=y .
DO 16 LEsLI»NR
N=N+1 s X{N}=R(LE} $ Y(gl-S(LE’ $ ZIN)aT(LE)
16 CONTINUE
60 10 12 .

R
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3 L=}

DO 18 LExLIsNA

N=N+1 8  X{(NI=A(LE) $ Y(NlwB(LE} $ ZI(N)=CILE)
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 TSMESHIASNASRINRsXsN)
c ROUTINE FOR MODEL AUG 73
DIMENSION A(11oR(1)sX(1)
I=J=] $ N=0O
4 N=N+]
IF(A(1)=R(UI)I94TsB
9 X(N)=A(T) s Ix]+]
IF (1.GTaNAS»4
8 X(NI=R(J) $  JUsJsl
1F(JeGTNRI 34
7 X{N)=A(]] $ =]+l $ JuJ+l
IF{I«GToNA} 10911
10 IFUJeGT,NR) 1298
11 IF(JeGToNR) 34
5 Li=J
DO 16 LE=LIsNR
N=N+1 $ X{N)sR(LE)
16 CONTINUE
GO TO 12
3 LIt
DO 18 LE=LTsNA
NsN+1 $  X(N)I«A(LE)
18 CONTINUE -
12 RETURN
END

vID
Subroutine VZD is used to calculate Tong-term (hourly median)
variability (sec. A.5). .

)
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12

13

17

18

SUBROUTINE VIDIDE,G1sG9sA)
ROUT INE FOR MQODEL AUG 73
DIMENSION BI(35)

DIMENSTON C1:319C2(3)0C303sCNTI31CNZI3YoCNII314FMI3),FINI3),2(3)

19Y(35)sA(50)
MIXED~~ALL YEAR TIME RBLOCK YS AND CONTINENTAL V{S50)

DATAICI=74937 ~69542hE~4y]1459E=5)
DATA(C2=3478f~R>1,57€~691e56E~11)
DATAICA=]402E~T34a 707~ T42elTE=B)
DATAICNI=2,004+149742,32)
DATA(CHN?=2,98123194¢0K:
DATAICNI=4.158249093,25)
DATA(FIN=12+5445000)
DATA(FM=8,72310e01369)

DO 13 =143

XSEINCI 4 C{FMOTI=FINIT ) I REXPF(=Co(T)RDERSBCNT V) )
ZUI = ({{CI UL *DE*RENLI TV I =X I #EXPF(=C3( I RDE#RCNI(T I heX
Y{13)==21(1)%#G0

Y23 )=2(2)1%01
Y(l)l=343p79%7 (] ")
Y{2)=3,20529Y(13)
Y{3)=2,03157#Y(})13)
Yi4)=249226%Y(13)
Y(R1=2,7622%Y(113)
Y(61=2,5675#Y(13)
Y{71=2461128Y(113)
Y{8)=2,245R%Y(13)
Yla)r=o,nn008%Y (1)
Y{10)=1,B150#Y(13)
Yill)=1e6005%Y(13)
Y{(12'e1,2835%Y(13)
Y(14)=20,8087%Y(13)
Y{15)=0e656T7%Y(13})
Y(16)=0.{.()‘)2'Y(1'!)
Y(17)=20,1976#%Y(13)
Y(18)=0,0000
Y(19)=0,1976%Y(23)
Y(20)en,an92#Y(23)
Y(21!'=0.656T%Y(23)
Y(22)=0,R087%Y {27
Y(26)2).30650Y(273)
Y125)=1,7166%Y(23})
Y{(26)=]1,950T#Y(23)
Y{27)w2,2000%Y(23)
Y{28)=2,5280%Y(23)
Y(29)a32,7310#%Y(23)
Y(30)22,9180#Y(23)
Y(31)=3,16804Y(23)
Y(32)=3,3320%Y(23)
Y(33)m3,65600Y(23)
Y(34)23,6900%Y(23)
Y(35)=3,81508Y(23)

NnO 18 Is14935

KN=36-1

BllisY{1)42(13)

AlxN)a AL}

CONTINUE

RE TURN

END
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YIKK
Subroutine YIKK is used to determine short-term (within-the-hour)

for a specified value for the parameter K of (6). It uses the VF tables
which are tabulated in this section under TABLES to obtain the Nakagami-
Rice distribution [40, fig. VI] that corresponds to K. Actually, the

K used in YIKK has a sign that is the opposite of that used in (6), and
Rice et al. [40, fig. VI], but is the same as that of [38, table 1] from
which the data were taken.

SUBROQUTINFE YIKK(TsPVsV)
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

NN o

DIMENSION P(35)yPVI50)sVI(50)

COMMON/VV/VF(38917)

DATA ({P(1)}+1u]1+35)m,00001+400002+,000059s00015400025,00055,0019s
X002+e005+0011002960596109¢15+6200030924096500¢6096709¢809¢859¢904¢
X95149816999¢995909989¢9991099959¢99981¢999919¢99995199998+,99999)

AVEF(YNsXNoYNLoXN]) & (YNI®#(T = XN) = YN®(T -~ XN1))/7(XN1l = XN)

DC 1 1 = 1s14

IFIT « VF(lel)) 3,241
1 CONTINUE

1 = 14

2 DO 6 J = 19,5
VIJ) = VF(J+11)
4 PV(J) = PLY)

GO 1D 6 °*

3 IF(1«EQel) GO TO 2

DO 5 J = 1935

VIJ)Y = AVEFIVFIJ+1o1=1)sVF(Llol=1)oVFIJ+1e])sVF(ls1))
PV(J) » PpP(J)

DO 7 Jm1,3%

Vidle=V(J)

RETURN

END

~NowWm

‘e
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B. 4.2. TABLES

The programs all require that a sel of data cards be read before
any input parameiers are read {figs. 25, 26, 27). Tabulations of
these tables are provided n v order required by READ statements of the
programs. Each table is identiried v *the FORTRAN variables used in the
READ statements associated with it.

TABLE TAV/TAHI

This table is used by subroutine HCHNOT.

40000 000 006G LOO 006G 050 200 S3037000 000 ©GU 000 QUQ 0Ky 225 578
35000 0CC 000 000 010 07% 250 61534000 000 0UU 000 013 078 260 640
33000 000 000 006G 015 080 270 &50InG0O0 Q00 000 000 020 100 310 720
27000 000 0nn 000 03N 115 3185 80025000 000 000 000 U040 125 400 860
23000 000 Nng 0OY D80 L4 440 93020000 0G0 000 010 060 160 520 1055
16000 000 010 030 085 210 470 127015000 010 015 038 1UQ 230 720 1350
14000 015 020 045 110 250 775 143013000 020 02% U6U 120 <¢7u 44U 150U
12000 023 040 072 130 290 905 161011000 025 050 080 150 325 1000 1720
10000 035 060 100 170 365 1090 180 9500 040 070 117 180 1390 1150 1910
9000 050 0r5 123 200 425 120% 2000 8500 058 08U 130 220 4%% 1270 2080
8000 060 090 195 245 500 13%0 217% 7¢00 o070 110 175 210 545 1425 2280
7000 075 120 200 305 600 1500 2390 6800 080 126 210 3720 630 1540 2430
6600 085 130 223 340 650 1hWB0 2480 6400 090 140 230 355 680 161% 2530
6200 100 149 245 375 710 1650 2580 6000 105 16C 255 400 740 1700 2640
5800 110 170 270 420 780 1740 2690 5600 120 17% 78% 440 810 1790 21760
5400 125 185 300 465 B850 1830 2820 %200 130 200 320 49% 890 1880 2890
8000 140 220 335 51% 930 1940 29%) 4800 150 22% 350 550 980 2000 30130
4600 160 240 375 6R0 1030 2040 3100 4400 170 255 395 620 1080 2120 3180
4200 175 275 420 045 1150 2190 2270 4000 190 290 &% 100 1210 2260 3350
3800 210 315 484 7%0 1280 23%0 3450 3600 223 130 520 HUQ 1350 2430 3500
3400 240 360 60  B60 1430 2515 360n 3200 260 ALY 610 425 1515 2610 3710
3000 280 415 660 1000 160U 274U 3BIlo 2900 29% 426 «BU 1040 16%0 2775 3890
2800 310 440 709 1070 1700 284U 3950 2700 325 460 740 1115 1750 2900 4020
2600 340 478 770 1155 1800 2960 4090 2500 350 SuO 800 1200 1860 3030 4330
2400 370 420 BY0 12%0 1Y% 3100 4200 2300 3Y0 b4 B713 1298 2010 317% 4300
2200 415 570 915 13%0 2050 3760 4370 2160 43%  £00 960 14U 2120 3340 4450
2000 460 630 1005 1465 2200 34710 4520 1950 475 645 1040 1500 2210 36470 %R0
1900 490 660 1055 1930 2275 351U 4620 185U 500 678 108U 1570 2320 3570 4680
1800 520 700 1120 1600 2360 3610 4710 1740 535 720 14U 1630 26400 3680 4750
1700 550 745 1180 1670 2450 3720 4EQ) 1650 S70 770 1215 17vg 2500 378V 4860
1600 590 790 1250 1790 2550 3H10 4S10 1550 610 820 1280 1790 2600 3860 4990
15600 640 845 1320 1840 2650 3920 S010 14%0 660 870 1355 1880 7710 3980 5090
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1400
1300
1200
1100
1000
960
920
880
840
800
160
120
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

969
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
28170
2919
3090
3220
3365
3480
3630
3830
4050
300
4600
4800
5000
5220
5330
5440
5550
5690
5800
5980
6130
6300
65n0
6700
6990
7000
7000

1390
1480
1580
1695
1820
1870
1930
1995
2060
2125
220%
2290
2375
2475
2570
2625
2676
2740
2795
2855
292%
2990
3065
3140
3225
3310
3400
3500
3600
3700
3800
3920
4050
4¢00
4350
4920
4120
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
495C
5100
5300
5500
5700
5990
6300
6480
6680
6900
7000
1000
7000
1000
7000
7000
7000
7000
7000
7000
7000
1000
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
£880
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
46170
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
6l10
6210
6300
6400
6500
6610
6680
6740
6800
6880
6930
7000
7000
7000
7000
7000
7000
7000
7000
7000

1000

7000
7000
7000
7000
T0C0
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
1000
7000
7000
7000
7000

196

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
190
130
110
095
08%
075
068
064
060
056
052
048
044
040
036
032
028
026
020

710

115

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
327%
3470
3640
3920
4150
4330
4560
4720
4830
4930
5050
5180
5300
3440
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
5%00
95620
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
46440
4620
4820

5080

%350
5600
5790
6000
6190
6300
6400
6500
6630
6770
6920
7000
1000
7000
7000
7000
7000

1980
2100
2230
2370
2480
2540
2610
2680
2760
2850
2935
3020
3120
3240
3320
3380
3440
3490
3520
3590
3650
3730
38VQ
3880
3970
4089
4150
4250
4390
4490
4600
4720
4880
5020
5200
5400
5600
5850
6130
6380
6580
6790
7000
7000
7000
7000
7000
1000 -
7000
7000
7000
7000
1000
1000
1000

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

4100
4230
4370
4500
4630
4700
4790
4890
4950
5030
5130
5210
5310
5430
5500
5570
5630
5700
5750
5810
5900
5990
6070
6120
6210
6320
6400
6500
6610
6710
6850
7000
7000
7000
7000
1000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
1000
1000

5210
5340
5490
5630
5780
5830
5920
6000
6090
6170
6260
6330
6460
6560
6630
6710
6780
6830
6500
6980
7000
7000
7000
7000
7000
7000
7000
7000
7020
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
1000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000
7000



This table is used

1721
1783
1830
1897
1949
1984
2015
2043
2067
2107
2117
2231
2213
2308
2338
2366
2611
2449
2510
2559
1642
1705
1752
1820
1868
1908
1939
1967
1991
2031
2105
2158
2201
2244
2278
2311
23695
2412
26488
25%0

1723
1787
1834
1904
1959
2002
20641
207%
2100
21%0
2244
2317
2382
2440
2494
2544
2637
2718
2883
3038
1o4n
1709
1157
1829
1886
1937
1982
2023
2059
2107
2216
2295
2366
242%
2480
2532
26217
2118
2880
3016

1724
1790
A438
1914
1969
2015
20651
2091
2121
2180
2295
2388
2471
2544
2615
2685
2822
2954
3214
I T4
louo
1712
1763
1b4é
1919
1981
2030
2072
2109
2112
2489
2386
2411
2960
2623
2700
2817
29048
3100
3292

1725
1793
1842
1922
1980
2027
2068
2107
2139
2204
2334
2442
2546
2635
2721
2798
2942
3086
3374
1662
16417
1716
1770
1862
1941
200%
2052
2095
21313
J190
2301
2431
2h417
2615
2134
2808
2941
3086
33064
3632

TABLE TALD/TAFL

by subroutine FDTETA.

1706
1797
1847
1930
1390
EORY
20H4
2126
2162
2234
2375
2503
20631
2743
2842
2932
3112
3292
3652
412
1648
1721
1780
18/9
1962
2028
2077
2120
2199
2228
2367
Jh9%
2622
2718
2840
2930
3lio
3290
3650
4010

1727
1799
1850
1933
1996
2073
4093
2135
21172
2247
2389
2526
2656
2176
2885
2982
3176
3370
3758
41646
1649
1727
1744
l886
1973
203%
2086
2121
2168
2240
2382
2524
663
2185
2902
3005
3211
34l
3829
4]

1727
17199
1851
1934
19396
2Uu6
796
21138
2176
2252
24013
2964
2611
2802
2915%
3017
3254
3480
3932
4384
1649
1727
1708
18491
1975
2040
2088
21132
21713
2246
239%
2534
2696
28013
2920
3028
37264
360
3By
4324

197

T8y
1747
1794
1861
1908
1949
1980
2n08
2031
206
2143
2198
2241
2278
2309
2337
2386
2428
2498
2550
1580
1644
1671
1799
1808
1848
1879
1907
19131
1972
2048
2103
2149
2187
2221
22490
21300
2350
2474
2509

16854
1750
1798
1aeu
1941
1979
2019
2064
2089
2139
2240
2317
2382
2442
2496
2544
26135
2719
2881
3043
1582
1647
1697
1777
1837
1886
1931
1972
2011
2081
220%
2302
2376
24135
2490
2540
2627
27110
2850
2968

1684
13
Tt

(8312
19%%
PRVIYAS)
2055
2097
116
2175
2294
2391
2472
2549
2618
2685
2818
2939
3181
3423
1584
1656
1711
1797
1872
1933
1988
2040
2080
2154
2280
2340
2475
2996
26217
2690
2803
2891
30467
1243

1689
74 d
JHus
]
1966
cnee
062
s103
2137
2205
334
2443
2561
2631
2723
2809
2953
3097
3385
3673
1585
1662
1719
1814
1897
19¢6
2023
2075
2118
2197
23217
2431}
2529
2634
2120
2193
2935
3017
336l
3645

1690
1762
1817
1()\_1 1‘
1976
U3
f078
2182
218
22729
23174
2507
2630
2745
2848
2943
3133
33213
3703
40813
1588
1669
1740
1832
1917
1990
2048
2098
2139
2217
2359
2443
2618
2138
2848
2952
3097
342
3532
3822

1691
1764
1821
1912
1984
2039
208%
2131
2168
2241
2395%
2528
2665
2789
2900
2999
3197
339%
3791
4181
1589
1680
1743
18813
1938
2006
2063
2116
2160
2235
2380
2920
2648
2118
2890
2983
3164
3345
3707
4G69

1691
1764
1823
1913
1984
2042
2088
2134
2173
2250
2402
2545
2684
2811
2929
3034
31244
1454
3874
4294
1590
1680
1749
1859
1943
2013
2070
2122
2166
2240
2392
2530
2665
2185
2900
3006
3218
3430
3854
“«278



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 001%6 00323 00518
00639 00790 01016 01270 01440 01556 01786 01919 02045 02202 02314
02421 02557 02656-250000 =-13620 =~13143 ~12484 -11966 -11427 =-10669 -10055
-09401 ~08460 -07676 -06R11 ~05496 ~04312 ~03487 -02855 ~-01764 -00852 0Q0QVOO
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 053n9 06646 08218 10696 13572 15544
17389 19678 21320 22900 24911 26380 27751 29497 30760
-180000- 28028~ 27074~ 2575. - 24720~ 23678~ 22205- 21003~ 19713- 17840~ 16264
- 14508~ 11846~ 9332- 7609- 6240- 13888- 18780000000 2023 4188 6722
8373 10453 13660 17416 20016 22461 25520 27732 29875 132621 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« 40U877- 39537~ 37685~ 36232
~ 34794~ 32747~ 31069~ 29256~ 26605— 243155~ 21829~ 17896~ 14247- 11664~ 9613
- 5989~ 28930000000 3251 6730 1n802 13558 17028 22526 291%6 133872
38422 44271 48619 52933 58622 62894 66446 T0972 74245-120000- 48738
- 47177~ 45020~ 43326~ 41666~ 39298- 37349- 3%237~ 32136~ 29491- 26507~ 2183]
~ 17455~ 14329~ 11846~ 7381- 356500000000004123000853500123698 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~ 264008~ 21218- J7471- 1449%- 9032- 43630000000 5221 10809
17348 22053 27975 3782V 50372 59833 69452 82658 93196 104384 120469
131278 140025 151165 159224- 80000- 67058~ 65025~ 62214~ 60007- 57888~ 54844
- 52322~ 49571~ 45493 41980~ 37975~ 31602~ 25528~ 21091- 17566~ 10945~ 5287
0000000 6587 13638 21887 23535 35861 49287 67171 81418 96386 118333
136864 157730 188754 214724 231043 251829 266866- 60000~ 82248~ 78505~ 73331
- 69269~ 66923~ 63546~ 60739~ 57667- 53093~ 49132~ 44591- 37313~ 30307~ 25127
- 21011- 13092~ 63240000000 8239 17057 27374 3%494 45714 64059 89732
110?72 1364194 165515 19%674 224091 262921 292688 314933 343267 363765~ 40000
~ 87379~ B4BUN- Bl426~ 78714~ 76158~ 72466- 69388~ 66008~ 60955- 56559~ 51494
= 433]15- 35366~ 29421~ 24699~ 15390~ 74340000000 10115 20942 33610 44009
57101 81216 11918% 142546 171017 209722 240284 268961 303797 139080 363139
393784 415953~ 20000~ 97222- Y4513~ Q0768- B7828- B5080- B]110U- 7777%- 74109
- 68613~ 638B11- 582952~ 49219~ 39366~ 331234~ 28363~ 1%39Q0- 74340000000 11969
20942 39770 46052 67874 96278 134690 164258 194073 233679 263778 2937151
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150271 180527 21U706 2504544 280664 310774 350594 380697 405201 4366413 458992
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APPENLIX C.
LIST OF SYMBOLS

This Jist includes most of the abbreviations, acronyms. and symbols
used tn this report except for those used in the computer 1istings of
section R, TFORTRAN variables used in providing input for the programs
are described tn table 7, and subprograms and input data tables are
vataloged in section 13.4. Many sroe cmilar to those used in [17, 18,
20, A, 40, 4]0 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 tollowing rela-
tronships 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

L R R

—r et e e et

In the following list, the English alphabet precedes the Greek alpha-
bet, letters precede numbers, and lower-case letters precede upper-case
letters. Miscellaneous symbols and notations are given after the alpha-

betical items.

a 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

L and defined for different path types in section A.4.5.

ay 5 Effective earth radii from (88).

34 Effective earth radii from (91).

ANT.  Antenna (fig. 6).



Aa Atmospheric absorption (dB) from (172).

Ad Attenuation (dB) associated with diffraction
over terrain, from (144).

Ado Intercept (dB) for the beyond-the-horizon
combined diffraction attenuation line, from (143).

Agx Ad dB at d , from (144).

Ae Effective area (dB - sq. m) of an isotropic
antenna (sec. 3.2.1 footnote) from (9).

Ae a,t Angles (rad) defined and used in figure 21 only.

ok 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 Tine,
from (124).

AK5 Knife-edge d1ffract1on loss f expressed in
decibels from (134).

Aw Combined diffraction attenuation (dB) at dML’
from (136).
A Intercept (dB) for the within-the-horizon
° combined diffraction attenuation 1ine, from (139).
A , Attenuation (dB) of rounded earth diffraction
P for path p, from (105).
A Intercept (dB) of rounded earth diffraction

pro line for path p, from (104).
Arcsin . Inverse sine (rad), principal value.

rK Rounded earth diffraction attenuation (dB)
obtained from (105) w1th Darameters for path
p=K (fig. 20) and dp 01 d ¢+ Used in (14).

ML Rounded earth diffraction attenuation (dB)
r obtained from (105) with parameters for path
p=K (fig. 20) and dp = dy, .

ArS Rounded earth diffraction attenuation (dB)
obtained from (105) with parameters for path
p=K (fig. 20) and dp de.

’

200



By,2,3,4
cos

Cos™!
CDC 3800

deg
dB

dB/km
(DB/KM)
dB-sgq m
(DB-~Sq M)

Terrain attenuation (dB) associated with forward
scatter (169).

As dB at dx’ from (169).

Attenuation (dB) associated with terrain,
from (84) or (145).

A conditional adiustment factor used to prevent
available signal powers from exceeding levels
evpected for free-space propagation by unreal-
istic amounts, from (16).

Attenuatiors (dB) from (102).

Combined diffraction attenuation (dB) at
dg, from (136).

Combined diffraction attenuation (dB) at
d=d)y + daLg» from (141).

Parameters calculated from (107).
Parameters calculated from (95).

Cosine,

Inverse cosine (rad), principal value.

Control Data Corporation 3800, the computer
type used by ITS for batch processing.

Parameter used in defining exponential
atmospheres, from (29).

Parameters defined following (178).
Great Circle distance (km) between facility

and aircraft. For line-of-sight paths
(fig. 16) it is calculated from (60).

Degree.

Decibel, 10 log (dimensionless ratio of powers).

Attenuation (dB) per unit length (km).

Units for effective area in terms of decibels
greater than an effective area of 1 m®> (sq m),
10 log (area in square meters).
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dB-W/sq m
(DB-W/SQ M)

dBW
(DBW)

dC

dds

pL
pLs

pL1,2

KLs
KL1,2

Units for power density in terms of decibels
greater than 1 W/sq m, 10 log (power_density
expressed in watts per square meter).

‘Power (dB) greater than unit power (W),

10 log (power expressed in watts).

Counterpoise diameter (km).

Distance (km) beyond the radio horizon at which
diffraction and scatter attenuation are approxi-
mately equal for a smooth earth, from (175).
Effective distance (kmj from (177).

dpLS km for path p = e (fiy. 20), from (117).

Q

oL1,2 km for path p = e (fig. 20), from (116).

The largest distance (km) in the Tine-of-sight
region at which diffraction effects associated
with terrain are considered negligible, trom (140).

Great Circle distance (km) for path p (fig. 20).
Total horizon distance (km) for path p from (85).

Total smooth earth horizon distance (km)
for path p (sec. A.4.3)

Radio horizon distances (km) for path p
(sec. A.4.3).

Distance (km) from the horizon to the aircraft
as shown in figure 13 and used in (40).

Smooth earth horizon distance (km) for facility
horizon shown in figure 15 and calculated
from (37).

Distances (km) calculated from (153).

A distance (km) just bevond the radio horizon
where A = 20 dB and Mg~ My

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).

km for path p = K (fig. 20) as per

d B
PLY:2(708) and (109).
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0/u

D/U(q)

D/U{0.5)

1,2

exp( )

Distance (km) discussed prior to (173).

Smooth earth horizon distances (km) calculated

from (173) or (174).

Facility smocth earth herizon distance (km)

from (24).

Aircraft smonth earth horizon distance (km),

from (33).

Facility-to-horizon distance (kri) shown in figure 13;
determired from figure 14 and from (23) or (26).

Aircraft-to-hovizon distance (km) shown in
figure 15 and getermined from (38).

A distance (km) from (128).
A distance (km) from (176).

Maximum line-nf-sight distance (km shown in
fig. 13) from {40).

A distance (km) from (86).

Distance (km) used in rounded earth diffraction
calculation (87).

A distance (km) from (129).

Distance Measuring Equipment (fig. 2), an air
navigation aid used to provide aircraft with
distance information.

Desired-to-Undesired signal ratio (dB)
available at the terminals of an ideal (lossless)
isotropic receiving antenna (sec. 3.1.2).

D/U values (dB) exceeded for a fraction q of the
time. These values may represent instantaneous
levels or hourly median levels depending upon

the time availability option selected (sec. 3.1.2),
and are calculated via (11).

D/U(q) dB at median (q=0.5) level, from (12).

Distance (km) between radio horizons, calculated
via (159).

Distances (km) shown in figure 16 and calculated
via (51).

Exponential; e.g., exp(2) = e?.
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F
FAA
FORTRAN

AY

do

doh

East longitude (fig. 3 only).

Equivalent Isotrop1ca11y Radiated Power (dBW)
calculated using (1).

Effective Radiated Power (sec. 3.1.1), 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 v c? used in (78)
and (79). 9»

Knife-edge diffraction loss factor obtained for
n via subroutine FRENEL (sec. 13.4.1), usad
in (122)

Parameters defined following (178).

Elevation angle correction factor, from (179).
Knife-edge diffraction loss factor obtained
for Ve 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 lieu 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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Fy,2
ch

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

o from (57) for Tine-of-sight paths or ee?r from
figure 14 for beyound-the-horizon paths:

Normalized voltage gain for facility antenna
from (67) with Oop = O from (58).

Gigahertz (10° Hz).

Gain (dB greater than isotropic) of aircraft antenna
used in and discussed after (4); current model assumes
GA = 0 (isotropic) for D/U calculations.

Gpi1,2 98 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 GHBAK
(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 (23).

Actual aircraft altitude (km) above the effectijve
reflection surface from (31). :

’
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eel,?

es?

Kel,2
L1

L2

Height (km) of the counterpoise above facility
site surface and used in (47).

Effective height (km) calculated from (25) and
used in (26).

h 0].2 km for path p = e (fig. 20) from (114)
Peiscand (115).

Effective aircraft altitude (km) above msl,
above (146).

Elevation (km) of facility horizon above
the effective reflection surface, from (36).

Effective height (km) of facility antenna
above the effective reflection surface,
from (111).

Effective altitude (km) of aircraft above the
effective reflection surface, from (32) or (34).

Height (km) of facility antenna above its
counterpoise, used in (48).

h expressed in meters from (106).

pel,2

Height (km) of the intersection of horizon rays
above a straight line between tne 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 msl
(fig. 13), from figure 14 and (22).

Elevation (km) of aircraft horizon above msl
(fig. 15) and used in (164).
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1,2

c,q,t,z

ILS

ITS

JTAC

KuL

Ky, 2.3,4

Facility antenna height h], or aircraft altitude
in kilometers above msl (fig. 13).

" Heights (km) defined and illustrated in figure 21.

Frequency gain function (dB) obtained from
subroutine HCHOT (sec. B.4.1), used in (169).

Height (km) of scattering volume above effective
reflection surface, from (171).

An antenna teiaht (km) shown in figure 16,
from (48).

An antenna height (kin) shown in figure 16,
trom (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-l.
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 railio (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 c¢alculated from (94).
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min
(MIN)

mhos /ni

ms1
(MSL)

MHz
(MHZ)

pr

Common (base 10) logarithm.

Basic transmission loss (dB) for free space,

.from (15).

A reference level of basic transmission loss
(dB), from (17).

Basic transmission loss (dB) values not exceeded
during a fraction q of the time. These values

may represent instantaneous levels or hourly
median leveis depending upon the time availability
option selected (sec. 3.1.2), and are calculated
using (8).

Lb(q) dB for q = 0.5, from (14).

Loss (dB) in path antenna gain used in and
discussed after (4); current model assumes

= 0.
LQP

Trancmission 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 line 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).

’
-

i’
. .
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Ms Slope (dB/km) of A_ versus d curve, determined
using successive AS calculations for distances
greater than dML' Discussed following (144).

MK | Slope (dB/km) for the beyond-the-horizon knife-
edge diffraction line, from (123).
MKa Stope (dB/km) of the K value line used just beyond

the radio horizon (200).

ML Slope (dB/km) of the diffraction attenuation line
used just inside the radio herizon, from (83).
n mi Nautical mile.
(N MI)
Ny 5 3 Parameters defined foilowing (17Q).
N North latitude (fig. 3 only).
N Refractivity (N-units) for a height h in an
exponential atmosphere; calculated via (28).
NO Minimum monthly mean surface refractivity
(N-units) referred to msl (fig. 3).
N Minimum monthly mean surface refractivity
S (N-units) at effective reflection surface,
calculated from N, via (18).
N-units Units of refractivity [3, sec. 1.3] corres-
ponding to 10® (refractive index -1).
P Power (dBW) .available at the terminals of an
ideal (lossless) isotropic receiving antenna,
from (3).
PRO A relative power level (dB) associated with
the ray optics formulation used in the line-
of-sight region, from (82).
PIr Total power (dBW) radiated from the facility
antenna, used in (1).
q Dimensionless fraction of time used in time
availability specifications, e.g.. D/U(y),
Lb(q)’ Sa(q)9 etc.
rad Radians
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r Shortest facility to aircraft ray length (km);
calculated as r_ from (54) for Tine-of-sight
paths, and takeR as d otherwise.

re A distance (km) from (71).
r Effective ray length (km) for oxygen or water
€0, W vapor absorption calculations, from (170).

ry The direct ray length (km) shown in figure 16

and ca:culated from (54).

Meo.,w Partial effective ray lengths (km) for oxygen
o7 or water vapor ¢iu.uiptinn calculations; cal-
and culated using the relal fonships given in
260w figure 21.
r o Segments of reflected ray path shcwn 1n figure 16,
’ and components of ro
rio Total length (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
g for earth reflection, from (68).
RS Specular component of surface reflection multi-
path, from (193).
R Magnitude of adjusted (for counterpoise edge

T9,c 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).

210



sec
(SEC)

sin

SHF

tan

Tan-!

TACAN

Second (min/60).

-Sine.

Facility site surface.

Great Circle separation (n mi) between desired
and undesired facilities, calculated from (2).
South latitude (fig. 3 only).

Power density (dB-W/sq m), an output of the
power density program (3.2.1).

Sa values (dB-W/sq m) exceeded for a fraction of
the time. Thece 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 f_, from (77).

Knife-edge diffraction parameter used to deter-
mine fg, from (75).

Knife-edge diffraction parameter for the h 1 to
he2o Path shown in figure 20, from (121).

Parameters. calculated from (165) and (166).

Parameters calculated 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 mu]ti-

path (sec. A.7), from (199).

A relative power level for the Rayleigh fading

component associated with surface reflection

msltipath (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 (6Z).

Variability (dB greater than median) of

hourly median received power about its median,
(0.5) = 0, where q is the fraction of hours

dﬁr1ng which a particular level is exceeded.
Section A.5 describes methods used to calculate

Yo(d).
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Total variability (dB greater than median) of
D/U about its median, Y U(0.5)=0, where q is
the fraction of time fop which a particular
value is exceeded. These values may represent
instantaneous levels or hourly median levels
depending upon the time availability option
??%ﬁcted (sec. 3,1.2). Calculated from

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 g
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 g 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.

213



00

Yoo,w

Ao
AB

Ah

Ah

Ahe

Ah

Bhey
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 tap]e 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 expres d in meters (table 3).

Refractivity gradient (N-units/km) used in
defining exponential atmospheres, from (30).

Path length difference (km) for rays shown in
figure 16 (r12-r0) that is calculated from (56).

Ar km from (56) for earth or counterpoise
reflection.

Dielectric constant from table 2.
Complex dielectric constant from (61).

A parameter from (162).
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6ee1,2

er
el

el

Ge5

kc

kg
8Kel,2

pe
Opel,2

A parameter from (163).
Angular distance (rad) from (156).

~ An angle (rad) from (70) and shown in

figure 17.

epe1,2 rad for path p = e (fig. 20) as per (118).

Elevation angle of reflecting point at facility
antenna, from (58).

Elevation angle (rad) of horizon at facility (fig.
13); determined using figure 14, from (21) or (27).

Horizon elevation angle (rad) at aircraft,
from (39).

An angle (rad) from (131).

Elevation angle (rad) of aircraft at facility
(fig. 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.
Upey,prad for path p = K (fig. 20) as per (113).

Elevation angle (rad) of aircraft at facility
horizon (fig. 12), from (41).

An angle (rad) from (89).

Horizon elevation anales (vrad) 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 hee2
path shown in fiqure 20, from (126}.

An angle (rad) from (59).
An angle (rad) from (149).
Angles (rad) from {150).
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Angles (rad) shown in figure 16 and calculated
from (50).

Ané]es (rad) from (90).

First approximation (127) for angle O -
An angle (rad) from (132).

Wavelength (km) from (73).

Wavelength (m) from (10).

The constant 3.141592654.

Conductivity (mho/m) from table 2.

The root-mean-square deviation (m) of terrain
and terrain clutter within the limits of the

first Fresnel zone in the dominant reflecting
plane; estimated from (65) which is based on

previous work [32, eqs. 3.6a, 3.6b].

Phase advance associated with complex
earth reflection coefficient, from (63).

Phase lead (rad) 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 v_ .
g,C

Phase lead (rad) of adjusted (for counterpoise

edge effects) effective reflection coefficient

from (80) for earth or counterpoise reflection.

Grazing angle (rad) shown in figures 16 and 17.

Grazing angle (rad) for reflection from
counterpoise.

Approximately.
Degrees, e.g., 12°.

Percent.
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APPENDIX D
INDEX TO EQUATIONS

An index to equations is provided in this appendix. Equation number
(Eq. #), independent variable (I. Var.), and page are provided for each
equation.

Eq. = 1. Var. Page Eq. # I. Var. Paga
1 EIRP 10 31 h];, 16
2 S 22 32 h. a6
3 PI 23 33 dLsZ 46
4 REY 37 34 haz 46
5 ¥ (q) 38 gl "o 46
6 X ‘ .

4 3 36 ho. a7
7 $,(a) 39 37 d 47
) sk
8 L,(a) 39 38 di, 47
9 A . 39 ¢ )
0 N 3 e? 48
m 39 40 dML 48
n D/U(a) 39 .M Y 49
12 D/U(0.5) 40 42 2 51
13 Ypyla) 40 43 Ky 51
14 L,(0.5) 40 44 2, 51
15 Los 40 45 ‘he 51
16 Ay a1 a6 h, 51
17 Lbl" 41 47 H., 51
18 NS 43 48 H] ]
19 do 43 49 Zl P 5]
20 a 43 50 - 51
21 o 43 o V)2 51
52 o
22 hLl 43 : "L 51
23 d a3 >3 ‘ S
24 dle 43 54 r a1
25 he 43 K Mo 51
26 L'L] 43 50 P 5o
27 el 44 ’ h 52
28 N 44 5, “ar _
29 Ce 44 )’ ‘o 57
10 ‘N 44 60 d 67
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Eq._ 4

vl

63
64
65

66
67
68
69
70

71
72
73
74
75

76
77
78
79
80

81
82
83
84

86
i

83
89
40

91

92
93
94
95

K1.2.3,4
by ~.3,4

Page

52
52
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53
53

53
53
53

be

54
54
54
54

54
54
56
56
56

00
60

60
A0
60
60
60
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£q. #

96
97
94
99
100

101
102
103
104
105

106
107
108
109
110

(BRI
112
113
11
115

116
17
113
119
1.0
1
127
173
124

[

126
127
176
1oh
130

[. Var.

1,2
T
" g
3,4
Gy 2,3,

1,2
A3,4
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pr

ml,e
N1,2
KL1,2
KL?2
Ner,2

Q a oo =

el
KLs
'Kel,2
eel

ee?

deLl,Z
deLs
‘eel,E

Page

60
60
60
60
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61
61
61
61
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61
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| -v(0.9) §

r-h 74
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