
TECHNICAL REPORT STANDARD TITLE PAG

1. Report No. - 2. Government Accession No.

FAA-RD-73-103 AD 770 335
4. Title arnd Subtitle 5. Report D)ate

Computer programs for air/ground _Se~ptember 1973
propagation and interference analysis 6. Performing Organization Code

(0.1 to 20 GHz)__.........
7. Author's' 8. Perforir,ng Organi zatiron Report No

G. D. Gierhart
M. E. Johnson

9. Pef o.r..ng Org aization Na.re .nd Address 10. Work Urit No.

U.S. Department of Commerce 213-620 TRAIS 14671

Office uf Telecommunications II. c.ntroc. o, Gr.rr. N.,

Institute for Telecommunication Sciences FA68WAI-145
Boulder, Colorado 80302 13 Type of Report and Period Covered

12. Sponsoring Agency Name und Address

U.S. Department of Transportation Final Report
Federal Aviation Administration

i Systems Research and Development Service 4--tos n cit -y-AcC•, . ..e
Washington, D.C. 20591-______._____

1 Ss upplemr enrtary Note,

16 Abstroct

This report describes three computer programs for use in predicting ->..

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

PRICES SWEJ.TT
Reproduced by

NATIONAL TECHNICAL
INFORMATION SERVICE

U S Department of Commerce
Springfild VA 22151

17. Key Words air/ground, computer program, 18. Distribution Statemernt

DME, frequency sharing, ILS, Document is available to the public
interference, navigation aids, through the National Technical
propagation model, TACAN, Information Service, Springfield,
transmission loss, VOR. Virginia 22151

Se ur.., asai. . (of this report) 2 ecurity. s.C--- y,,, . , 1., of tohis pg•."

Unclassified Unclassified

Form DOT F 1700.7 (8.69)



PORTIONS OF THIS REPORT ARE NOT LEGIBLE.

HOWEVER, IT IS THE BEST REPRODUCTION

AVAILABLE FROM THE COPY SENT TO NTIS



TABLE OF CONTENTS

Page

LIST OF FIGURES v

LIST OF TABLES vi

ABSTRACT I

1. INTRODUCTION 1

2. PROPAGATION MODEL 3

3. COMPUTER PROGRAMS 4

3.1 Input Parameters 4

3•1 . ' Conmon Parameters 5
3.1.2 Additional Parameters 17

3.2 Output Generated 22

3.2.1 Power Density 23
3.2.2 Station Separation 23
3.2.3 Service Volume 30

4. SUMMARY 33

5. RECOMMENDATIONS 34

APPENDIX A. PROPAGATION MODEL 36

A.1 Transmission Loss 37

A.2 Pcwer Density 39

A.3 Desired-to-Undesired Signal Ratio 39

A.4 Median Basic Transmission Loss 40

A.4.1 Horizon Geometry 41
A.4.2 Line-of-Sight Region 49
A.4.3 Diffraction Region 57
A.4.4 Scatter Region 68
A.4.5 Atmospheric Absorption 71

A.5 Long-Term Power Fading 73

A.6 Surface Reflection Multipath 77

A.7 Tropospheric Multipath 79

APPENDIX B. PROGRAM LISTINGS 81

B.1 Power Density Program 81

B.2 Station Separation Program 101

Preceding page blank
iii



TABLE OF CONTENTS (Cont'd)

Page

B.3 Service Volume Program 106

B.4 Subprograms and Tables 118

B.4.1 Subprograms 'i 8
B.4.2 Tables 195

APPENDIX C. ABBREVIATIONS, ACRONYMS, AND SYMBOLS 199

APPENDIX D. INDEX TO EQUATIONS 217

REFERENCES 220

iv



LIST OF FIGURES

Figure Pae

1. Antenna heights and surface elevations. ,

2. Normalized antenna gain versus elevation angle. 11

3. Surface refractivity map. 14

4. Sketch illustrating interference configuration. 21

5. Sample parameter sheet, power density program. 24

6. Sample power density versus distance plot. 25

7. Sample power density versus distance plot, with lobing. 26

8. Sample parameter sheet, station separation program,
desired facility. 27

9. Sample parameter sheet, station separation program,
undesired facility. 28

10. Sample D/U signal ratio versus station separation plot. 29
11. Sample parameter sheet, service volume program. 31

12. Sample service volume plot. 32

13. Geometry for facility radio horizon. 42

14. Logic for facility horizon determination. 45

15. Geometry for aircraft radio horizon. 48
16. Geometry for path length difference, Ar, calculations. 50

17. Geometry for determination of earth reflection
diffraction parameter, vg, associated with counterpoise
shadowing. 55

18. Geometry for determination of counterpoise reflection
diffraction parameter, vc, associated with the limited
reflecting surface of the counterpoise. 55

19. Block diagram of procedure use in line-of-sight
calculations. 58

20. Paths used to determine diffraction loss. 62

21. Geometry associated with atmospheric absorption
calculations. 72

22. Parameter card types for the power density program,
POWAV. 82

23. Parameter card types for the station separation
program, DOVERU. 83

v



LIST OF FIGURES (Cont'd)

Figure Page

24. Parameter card types for the service volume program,
SRVVOLM. 84,85

25. Block diagram for power density program. 89

26. Block diagram for station separation program. 102

27. Block diagram for service volume program. 107

LIST OF TABLES

Table Paae

1. Model Parameter Specification. 6,7

2. Surface Types and Constants. 12

3. Estimates of Ah. 16

4. Additional Parameters for Power Density Program. 18

5. Additional Parameters for Station Separation Program. 19

6. Additional Parameters for Service Volume Program. 20

7. FORTRAN Input Variables for Parameter Cards. 86,87,88

vi



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 rrany factors including

the desired-to-undesired signal ratio at the receiver. This ratio

varies with receiver location and time even when other parameters, such

as antenna gain and radiated powers, are fixed.

*References are listed alphabetically by author at the end of
the report so that referepce numbers do not appear sequentially
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 (OT) under the sponsorship of the Federal Aviation Administration

(FAA). Although these programs were intended for use in predicting the

service coverage associated with ground-based VHF/UHF/SHF air navigation

aids, they can be used for other services.
The three computer programs discussed are for use in predicting the

service coverage associated with air/ground radio systems in the frequency

band from 0.1 to 20 GHz. Power density, station separation, and service

volume programs are used to obtain computer-gen*rated microfilm plots.

These are, respectively, (1) power density avC.'Iable at a particular alti-

tude versus distance from a ground-based transmitting facility; (2) the

desired-to-undesired signal ratio, D/U, available at an isotropic receiving

antenna versus the distance separating desired and undesired facilities;

and (3) constant D/U contours in the altitude versus distance space between

the desired and undesired facilities.

This type of information is very similar to that previously developed

by ITS for the FAA [17,19]. However, many more operations are automated

via these computer programs. The new service volume program performs opera-

ations that previously involved (a) the use of separate programs for each

propagation region (line--of-sight, diffraction, and scatter), (b) manual

blending between regions to obtain continuous transmission loss curves,

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

D/U versus distance curves for various aircraft altitudes and station separ-

ations, and (d) using these curves to construct service volume displays.

In addition, the propagation model incorporated into the programs is more

general than those used previously; e.g., smooth earth conditions were

emphasized in previous models, whereas the current model may also be used

for irregular terrain.

The use of such information in spectrum engineering has been dis-

cussed by Hawthorne and Daugherty [23] and Frisbie et al. [16]; infor-

mation on spectrum engineering for air navigation aids is available [11,

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

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

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

eters and output generated. A summary and recommendations are given in

sections 4 and 5, respectively. Program listings are given in appendix B,

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

C along with an index to equations in appendix D.

2. PROPAGATION MODEL

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

air telecommunication links operating at radio frequencies from about

0.1 to 20 GHz dt aircraft altitudes less than 300,000 ft. Ground station

antenna heights must be (I) greater than 1.5 ft, (2) less than 9,000 ft,
and (3) at an altitude below the aircraft. In addition, the elevation of

the radio horizon must be less than the aircraft altitude. Ranges for

other parameters associated with the model will be given later (table 1).

At these frequencies, propagation of radio energy is affected by the

lower, non-ionized atmosphere (troposphere), specifically by variations in

the refractive index of the atmosphere. Atmospheric absorption and atten-

uation or scattering due to rain become important at SHF [18, sec. A.3;

30, ch. 7; 40, chi. 3; 11]. The terrain, along and in the vicinity of the

great circle path between transmitter and receiver, also plays dfl impor'tant

part. In this frequency range, time and space variations of received signal

and interference ratios are best described statistically.

Conceptually, the model is very similar to the Longley-Rice [32]

propagation model for propagation over irregular terrain, particularly in

that attenuation versus distance curves calculated for the (a) 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 estimate 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) ground facility antenna patterr (e)

surface reflection multipath, (f) trnpospheric multipath, and

3



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 aiid output produced is provided in sections 3.1 and 3.2, respec-

tively. Program listings are given in appendix B.

3.1 Input Parameters

The programs may be operated with 20 or more separate parameters

specified. Most parameters not specifically provided as input will be

set to initial conditions incorporated into the programs or will be esti-

mated from parameters that are specified. However, three primary parameters

must be provided by the user. These are facility antenna height, frequency,

and aircraft altitude. Most input parameters are common to all three pro-

grams and are discussed in section 3.1.1. Section 3.1.2 is devoted to

those additional parameters needed for each program.

4



3.1.1 Common Parameters

Parameters that may be specified as input common to i!ll 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 ,(.,sired

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 .mslI

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 hori.,•ons may not be treated correctly if the aircraft

altitude is less than the facility antenna elevation above nisl. 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 importart..
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Aircraft altitude above msl,

Facility antennai height above site surface

Facility site elevation above msl

Fffective- reflect ion surface elevatio•t abov, rmsI

Me an seat level ( msl) 4

Figure 1. Antenna heights and surface elevations.

Facility Antenna Height Above Site Surface (ss)

As shown in figure 1, this height is measured above the facility site

surface (ss), not msl. The propagation model is not valid for antennas

below the surface, and such a facility antenna height will result in an

aborted run, after an appropriate 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 and/or scattering from hydrometeors



(rain, etc.) may become important; and (c) greater than 17 GHz, when

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

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

Absorption (at surface) Oxygen and Water Vapor Options

The program will calculate surface oxygen and water vapor absorption

rates if values are not specified. These calculations involve interpola-

tion between values taken from Rice et al. [40, fig. 3.1]. Metric units

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

the parameter sheet to be checked directly against sources of such infor-

mation [40, fig. 3.1; 3, sec. 7.3; 30, ch 8].

Effective Altitude Correction Factors Options

If not specified, these factors are calculated by ray tracing

through an exponential atmosphere [3, sec. 3.8;4]. These factors are used

in correcting for the excessive bending associated with the effective

earth radius model when high (> 9,000 ft) antennas are used [40, fig. 6.7].

However-, values provided by Rice et al. [40, fig. 6.7] are based on ray

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

Effective Reflection Surface Elevation Above msl

As shown in figure 1, this elevation is measured above msl. If not

specified it will be taken as the "terrain elevation above msl at site."

This factor is used when the terrain from which reflecton is expected

is not at the same elevation as the facility site, e.g., a facility

located on a hill top or cliff edge. When the elevation of the facility

antenna is below the spherical reflection surface level, a note will be

printed and the run aborted.

Equivalent Isotropically Radiated Power

Equivalent isotropically radiated power (EIRP) is the power radiated

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

lobe directive gain (expressed in decibels above 3n 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 same

radiated power is involved.

Facility Antenna Type Options

These options involve the antenna gain pattern of the facility

antenna in the vertical plane. Patterns currently built into the program

are shown in figure 2 where antenna gain, normalized to the maximum gain,

is plotted against elevation angle (measured above the horizontal). The
"cosine" pattern is used for a vertically polarized electric dipole or a

horizontally polarized magnetic dipole such as the antenna associated with

the VHF Omni Range (VOR) or Instrument Landing System (ILS). FAA specifi-

cations [13, sec. 3.5] were used to define the Distance Measuring Equipment

(DME) pattern. Measured gain data on the RTA-2 antenna, supplied to ITS

by FAA, were used in obtaining the pattern for this Tactical Air Navigation

(TACAN) antenna. The JTAC [29, p. 51] pattern is for an antenna with d

400 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 = PTR + GM dBW (1)

where PTR(dBW) is the total power radiated from the facility antenna and

GM (dB greater than isotropic) is the main beam gain of the facility

antenna.

10
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Facility Antenna Counterpoise Diameter

The counterpoise was incorporated into the model for the VOR. It

will not be included in the calculations if its diameter is specified as

zero, and the parameters associated with it will not be printed. A diameter

greater than 500 ft will cause a warning note to be printed, but will not

abort the run.

Facility Antenna Counterpoise Height Above ss

If the height above the site surface is less than zero, it will be

set equal to zero. An appropriate note will be printed and the run

aborted if the height is (a) greater than 500 ft or (b) greater than

the "facility antenna height."

Facility Antenna Counterpoise Surface Options

These options fix the conductivity and dielectric constant asso-

ciated with the counterpoise surface. Values estimated for each option are

given in table 2 [32, table 2].

Table 2. Surface Types and Constants

Type Conductivity Dielectrir
(mhos/m) Constant

Poor ground 0.001 4

Average ground 0.005 15

Good ground 0.02 25

Sea water 5 81

Fresh Water 0.01 81

Concrete 0.01 5

Metal 107 1

12



Facility Antenna Polarization

The option selected for polarization (horizontal) when a specific

option is not selected will frequently result in poorer propagation con-

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

Horizon Obstacle Distance from Facility

If not specified, this distance will be calculated from horizon

parameters that are specified and/or by using the terrain parameter Ah.

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

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

Horizon Obstacle Elevation Angle Above Horizontal at Facility

If not specified, this angle will be calculated from horizon param-

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

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

be aborted.

Horiznn Obstacle Height Above rnsl

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-msl* range, a warning note will

be printed but the run will not be aborted.

Horizon Obstacle Type Options

When the smooth earth option is used, all horizon parameters,

effective reflection surface elevation, and the terrain parameter Ah are

set to their smooth earth values.

Minimum Monthly Mean Surface Refractivity

Values for the minimum monthly mean surface refractivity referred

to mean sea level, NO, may be obtained from figure 3. Specification of

*This notation is used to indicate the units of measure and the
base from which it is measured so that ft-msl implies feet above
mean sea level.

13
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N0 outside the 250-to-400 N-unit range will result in No being set to 301.

If 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 line-,2-sight region. These options can result in predictions that
are very different. The variability option provides a more reliable
estimdte of propagation statistics in most cases. However, the pattern
option is useful when selecting antenna heights to avoid low signal
levels (nulls) in particular portions of air space. With the first option,
lobing is treated as part of the short-term (within-the-hour) variability

when the reflected ray path length exceeds the direct ray path length
by more than half a wavelength (inside horizon lobe); i.e., the lobing
pattern is not plotted. The other option allows the median level to be
determined by such lobing for several (~I0) lobes just inside the

radio horizon; i.e., the lobing pattern will be plotted. Regardless of
the option selected, lobing 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, ýnd a note will be printed if the 15,000

ft-msl 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 - 260 40 - 80

Hills 260 - 490 80 - 150

Mountains 490 - 980 150 - 300

Extremely rugged mountains >2,000 >700

Terrain Parameter Ah

This parameter is used to characterize irregular terrain. Values

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

estimated using table 3.

Terrain Type Options

These options fix the conductivity and dielectric constants asso-

ciated with the effective reflecting surface. Values associated with

each option are given in table 2.

Time Availability Options

If the first option is selocted 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 I are requirci for each facility.

The "Graph Format" sections of these tables are similar except for items

related to the specific parameters used as abscissa and ordinate in the

different programs. When scales are not specified, appropriate ones will

be estimated so that the "Graph Format" items should be specified only

when definite requirements exist. A title of 35 characters or spaces may

be specified; it will appear on the computer-generated plots and param-

eter sheets (samples given in sec. 3.2).

Additional parameters for the power density program (table 4) in-

volve only "Graph Format" parameters so that the above discussion is

sufficient. However, parameters other than "Graph Format" are included

in tables 5 and 6. These are described in the text below.

Distance from Desired Facility to Aircraft (Table 5)

A sketch showing the relative positions of the desired facility,

undesired facility, and aircraft is given in figure 4. The great circle

distance from the desired facility to the aircraft, dD2 and the great

circle distance from the undesired facility, d u, 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 b(cause the

effective receiving area of an isotropic antenna varies with frequency

17



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

Parameter Range Value

(b)
Graph Format , Estimated if not Specified

Abscissa grid intervals < -difference between n mi
(Facility- to-aircraft limits

distance)

Left-hand limit >-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 mi dB-W/sq m

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 parametei sheet (fig. 5).

18



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

(b)Graph Formatb, Estimated if not specified

Abscissa grid intervals <difference between
(Station separation) limitsn mi

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 assuiied for values
placed in the blanks if other units are not provided. Other
parameter values may be specified using Table 1.

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

Parameter Range Value

Primary Model Parameters, Specification Required

D/U signal ratios (dB) Up to 30 values may be
specified in space below
for a particular program run.

Station separation 0.1 to 1,000 n mi n mi

Secondary Model Parameter, Estimated if not specified

Aircraft altitudes (ft above msl) up to 25 may be specified in space
below to cover extent of the service volume required. Values for
effectve altitude correction factors may be paired with altitude
values if desired. Sec Table 1 and discussion following it for
additional information.

Fomt(b)
Graph Format , Estimated if not specified

Abscissa grid intervals < difference between limits n mi

Left-hand limit 7 0, <right-hand limit n mi
Right-hand limit < 1,000 n mi n ni

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

Lower Limit < Upper limit ft
Upper Limit - 300,000 ft ft

Title < 35 characters or spaces ft

(a)Copies of this table may be used to provide data for computer runs by
utilizing the spaces provided, The units indicated will be assumed for
values provided if cther units are not provided. Other parameter values
may be specified using 'Faule 1.

(b)Fxcept for the title, graph format va.'ameters are not riven 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 param-
eters associated with a particular run and (b) a microfilm plot. These
outputs are provided for each parameter set used as input to the computer
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and are tied to each other by a run code consisting of the date and time
at which calculations for a particular parameter set started. Sample

outputs for the power density, station separation, and service volume pro-

grams are provided in sections 3.2.1, 3.2.2, and 3.2.3, respectively.

3.2.1 Power Density

A sample parameter sheet for the power density program is shown in
figure 5. Parameters are given in the same order as they were in taLle 1

(sec. 3.1). They were selected so that a comparison with the reference

[18, fig. 1] can be made. The terr*, Ae dB-sq m, requirad 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.,

PI = Sa + Ae dBW. (3)

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 optioi is taken.

3.2.2 Station Separation

Sample parameter sheets for the station separation program are
shown 'n figures 8 and 9. A parameter sheet was produced for each
facility (desired, fig. 8; undesired, fig. 9), since they do not share

common parameters. The format of the parameter sheets is similar to

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

POWER DENSITY FOR ISOTROPIC ANT.
REQUIRED OR FIXED

AIRCRAFT ALTITUDE: 40000 FT ABOVE MSL
FACILITY ANTENNA HEIGHT: 50.0 FT ABOVE SITE SURFACE
FREQUENCY: 125 MHZ

SPECIFICATION OPTIONAL
------------------------

ABSORPTION: OXYGEN 0.00029 DB/KM*
WATER VAPOR 0.00000 DB/KM*

EFFECTIVE ALTITUDE CORRECTION FACTOR: 2107 FT*
EFFECTIVE REFLECTION SURFACE ELEVATION ABOVE MSL: 0 FT
EQUIVALENT ISOTROPICALLY RADIATED POWER: 0.0 DBW
FACILITY ANTENNA TYPE: ISOTROPIC

POLARIZATION: HORIZONTAL
HORIZON OBSTACLE DISTANCE: 8.69 N MI FROM FACILITY*

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

MINIMUM MONTHLY MEAN 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

POWER DENSITY (DB-W/SQ M) VALUES MAY BE CONVERTED TO POWER
AVAILABLE AT THE TERMINALS OF A PROPERLY POLARIZED
ISOTROPIC ANTENNA (DBW) BY ADDING -3.4 DB-SQ Me

*COMPUTED VALUE

Figure 5. SArnple parxne, er sheet, power density program.
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PARAMETERS FOR ITS PROPAGATION MODEL AUG 73
09/05/73 16 56:4q RUN

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

AIRCRAFT ALTITUDE: 6250 FT ABOVE MSL

FACILITY ANTENNA HEIGHT: 5.5 FT ABOVE SITE SURFACE
FREQUENCY: 110 MHZ

SPECIFICATION OPTIONAL

ABSORPTION: OXYGEN 0O00023 DB/KM*
WATER VAPOR 0OOnO0 DB/KM*

EFFECTIVE ALTITUDE CORRECTION FACTOR: 0 FT*
EFFECTIVE REFLECTION SURFACE -LTVATION ABOVE MSL: 0 FT
EQUIVALENT ISOTROPICALLY RADIATED POWER: 22.1 DBW
FACILITY ANTENNA TYPE: 8-LOOP ARRAY (COSINE VERTICAL PATTERN)

POLARIZATION: HORIZONTAL
HORIZON OBSTACLE DISTANCE: 2.88 N MI FROM FACIL:TY*

ELEVATION ANGLE: -0/ 2/ 9 DEG/MIN/SEC ABOVE HORIZONTAL*
HEIGHT: 0 FT ABOVE MSL
TYPE: SMOOTH EARTH

MINIMUM MONTHLY MEAN SURFACE REFRACTIVITY

301 N-UNITS AT SEA LFVEL; 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

SCOMPUTED VALUE

Figure 8. Sample parameter sheet, station ouparation
program, desired J•ai~ii.
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PARAMETERS FOR ITS PROPAGATION MODEL AUG 73
09/05/73 16:56:49 RUN

UNDESIRED STATION IS STANDARD VOR
REQUIRED OR FIXED

AIRCRAFT ALTITUDE: 6250 FT ABOVE MSL
FACILITY ANTENNA HEIGHT: 16.0 FT ABOVE SITE SURFACE
FREQUENCY: 110 MHZ

SPECIFICATION OPTIONAL

ABSORPTION: OXYGEN 0.00023 DB/KM*
WATER VAPOR 0900000 DB/KM*

EFFECIIVE ALTITUDE CORRECTION FACTOR: 0 FT*
EFFECTIVE 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: 1? FT ABOVE SITE SURFACE
SURFACE: METALLIC

POLARIZATION: HORIZONTAL
HORIZON OBSTACLE DISTANCE: 4.91 N MI FROM FACILITY*

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

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

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

PARAMFTFR: 0 FT
TYPE: AVERAGE GROUND

TIME AVAILABILITY: FOR INSTANTANEOUS LEVELS EXCEEDED

* COMPUTEL' VALUE

Figure 9. Sample parameter sheet, 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 frQm 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 Ratio paragraph in sec. 3.1.2) are plotted against

station separation (see Station Separation paragraph of sec. 3.1.2) for

three time availabilities (5%, 50%, and 95%) and free-space propagation

conditions. These curves are calculated for a fixed desired facility

to aircraft distance so that the undesired facility to aircraft distance

varies in accordance with (2). A time availability of 95% implies that

the 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 =

Signal Ratio paragraph in sec. 3.1.2) are plotted in the altitude versus

distance between facilities plane. These are shown for free-space

propagation conditions and three time availabilities (5%, 50%, and 95%).

Inside the volume formed by rotating the contours about the ordinate axis,

the time availability will almost always equal or exceed that associated

with the contours used to form it. A fixed station separation is used

in producing all curves shown on a particular service volume plot (see

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

09/05/73 20:02:25 RUN

DESIRED/UNDESIRED STATIONS ARE VOR WITH COUNTERPOISE

REQUIRED OR FIXED

AIRCRAFT ALTITUDES IN FT ABOVE MSL: 5009 1000, 5000,
10000, 200009- 30000, 40000, 500009 60000, 70000,

80000' 90000. 100000
D/U RATIOS IN DB: 70
FACILITY ANTENNA HEIGHT: 16.0 FT ABOVE SITE SURFACE
FREQUENCY: 113 MHZ
STATION SEPARATION: 190 N MI

SPECIFICATION OPTIONAL

ABSORPTION: OXYGEN 0900025 DB/KM*
WATER VAPOR 0.00n00 DR/KM*

EFFECTIVE 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: HORYZONTAL
HORIZON OBSTACLE DISTANCE: 4.91 N MI FROM FACILITY*

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

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

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

PARAMETER: 0 FT
TYPE: AVERAGE GROUND

TIME AVAILABILITY: FOR INSTANTANEOUS LEVELS EXCEEDED

SCOMPUTED VALUE

Figure 11. arnp~e paarnet~en Eheet, service ,'o,7:wie pro rJnrI.
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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 in-

formation is not available [32, sec. 2.4]. Allowances are included in the

model for (a) average ray bending, (b) horizon effects, (c) long-term

power fading, (d) ground facility antenna pattern and counterpoise, (e)

surface reflection multipath, (f) tropospheric multipath, and (g) atmos-

pheric absorption. However, special allowances are not included for the

less common effects of (a) ducting, (b) rain attenuation, (c) rain scatter,
(d) ionospheric scintillations, or (e) the aircraft antenna pattern.

Three computer programs that utilize the propagation model are dis-

cussed in section 3, and program 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 prepdred 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

climdtes and time blocks [40, sec. 111.7], (c) reflection from water

where sea-state temperature and salinity [5] would be used in calculating

the reflection coefficient, (d) absorption where water-vapor absorption

is determined using relative humidity, and (e) reflection from a non-

spherical surface such as a tilted plane.

Computer programs similar to those described here should be

developed for (a) air-to-air, (D) ground-to-satellite, and (c) air-to-

satellite. Work on these prograins ha% been initiated by ITS [19, 20],

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

h) prWLdutWT Contours of constant power' density in the altitude versus

distainct space ahove a great circle radial from a facility, i.e.,

-wrvic.e volumt, without intorference [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 aititudes 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 I (sec. 3.1.1).

Units of measure associated with input parameters are also given in
table I, and those associated with computer-generated output are provided

in section 3.2. However, almost all of the calculations within the pro-
grams are made with distances and heights expressed in kilometers, and
the equations given in this appendix follow this procedure, i.e., unless

specifically stated otherwise, all distances and heights are measured in

kilometers. Frequency is always measured in megahertz.

Conceptually the model is very similar to the Longley-Rice [32] propa-
gation model for propagation over irregular terrain; i.e., attenuation

versus distance curves calculated for the (a) line-of-sight (sec. A.4.2),
(b) diffraction (sec. A.4.3), and (c) scatter (sec. A.4.4) reg;ons 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 sucil information is not

availl•!,le from facility siting data (sec. A.4.1). The model includes
allowince 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), arid (g)

atmospheric absorption (sec. A.4.5). However, special allowances are not
included for (a) ducting [44], (b) rain attenuation [41], (c) rain

scatter r,,, (d) ionospheric scir~tillations [45], or (e) the aircraft

antenna pattern [17, eq. 36].
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A discussion of the computer programs in trms 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/UHF/SHF. The work discussed here

follows procedures that have been used by ITS to predict statistically

the effects of terrain and atmosphere on the variability of field strength,

and on the performance of radio systems [7, 17, 18, 20, 21, 22, 27, 32,

33, 40]. It is also convenient to use the concept of transmission loss

[36, 37], which is the ratio (usually expressed in decibels) of power

radiated to the power that would be available at the receiving antenna

terminals if there were no circuit losses other than those associated

with the radiation resistance of the receiving antenna.

Transmission-loss levels, L(q), that are not exceeded during a

fraction of the time q are calculated from

L(q) = Lb (0.5) + Lgp-GF-GA-YZ(q) dB (4)

where Lh(O.5) is the median basic transmission loss [40, sec.2], Lgp is

the path antenna gain loss, GF and GA are free-space antenna gains for

the ground facility and aircraft, respectively, and Y,(q) is the total

variability.

The calculation of Lb(O.5) is described in section A.4. Free-space

loss and atmospheric absorption are included in Lb(C. 5 ) along with lobing,

diffraction, and/or scatter attenuation.

Values for Lgp and GA are taken as 0 dB in the model. The former is

valid when (a) transmitting and receiving antennas have the same polari-

zation and (b) the maximum gain of the facility antenna is less than

50 dB [32, sec. 1-3]. The latter results from assuming that the aircraft
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antenna is isotropic (0 dB gain in all directions). Values for GF are

not explicitly used in the model since the maximum facility antenna gain

is included in the specification of equivalent isotropically radiated

power (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, Y (q) is calculated from

Y.(q) -+ • 2 (q) + Yý (q) dB (5)

+ for q < O.5\

- otherwise

where Ye(q) is the variability associated with long-term power fadinq

(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 Y (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) dB . (6)

Here, WR and Wa are the relative power levels of Rayleigh fading com-

ponents associated with surface reflection multipath (sec. A.6) and

tropospheric multipath (sec. A.7).

*The K defined by Rice et a]. (40, sec. V.21 and used here
differs in sign from the K defined by Norton et al. [38]. Some
of the subroutines using K were written before 1967 so that K
in the computer program has a sign opposite to that of the K
used In this text.
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A.2 Power Density

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

mined using

Sa (q) = EIRP - Lb(q) iN - Ae dB-W/sq m (7)

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

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

loss not exc,-:ded during a fraction of time q, GN is the normalized gain

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

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

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

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

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

determined from

Lb(q) = Lb(50) - YZ(q) dB (8)

and

A = 10 log(X'/4ff) dB.-sq m (9)
e

where the total variability Y Z(q) is given by (5), and Am is the wave-

length in meters. For a frequency of f MHz,

Am = 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 . (1I)

39



The median value of D/U(O.5) and the variability YDU(q) of D/U are calcu-
"*iated as

D/U(O.5) = [EIRP-Lb(O*5)+GN]Desired

(12)

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

and

YDu(q) = + y + [YE(1-q)] 2  dB (13)
ý)]Desi red Undesired

(- for q >0.5

+ otherwise

where EIRP is defined by (1) of section 3.1.1, the calculation of Lb(O.5)

is discussed in section A.4, GN values for antenna options currently

available are given in figure 2, and YE(q) values are obtained using (5).

A.4 Median Basic Transmission Loss

Median basic transmission loss, Lb(O.5), is calculated from

Lb(0.5) = Lbr + Ay + Aa dB (14)

where Lbr is a calculated reference level of basic transmission loss, Ay

is a conditional adjustment factor, and A is atmospheric absorptiona
(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.5) is large, and

Lb(O.5) is near its free-space level, Lbf. That is,

Lbf = 3 2 . 4 5 + 20 log f + 20 log r dB (15)

where f MHz is frequency and r km is the shortest ,acility-to-aircraft

ray length,
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0 if (Lbf-3) < [Lbr-Ye(Q.l)] if lobing option (sec. 3.1.1)
is used and the aircraft is
within 10 lobes of its radio

Ay horizon, or path is beyond dB (16)
line of sight

(Lbf- 3 ) - [Lbr-Ye(OQl)] otherwise

where Ye (0.) is the long-term variability Ye (q) described in section A.5

with q = 0.1 and is calculated from (180). Note that Ay adjusts Lb(O.5)

so that Lb(O.l) >. (Lbf-3) when Y• = 0 in (3).

Terrain attenuation, AT, and a variability adjustment term,

Ve(O.5, de), are used along with Lbf to determine Lbr; i.e.,

Lbr = Lbf + AT - Ve(O.5, de) dB . (17)

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

Since the effect of terrain depends on the propagation mechanisms in-

volved, the discussion of terrain attenuation, AT, is spread through three

sections dealing with propagation in the line-of-sight (sec. A.4.2),

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

A.4.1 Horizon Geometry

Almost all calculations within the programs are made with distances

and heights expressed in kilometers, and the equations given in the

appendix follow this pattern, unless specifically stated otherwise. Fre-

quency is always measured in megahertz, and angles are usually measured

in radians.

Geometry for the facility radio horizon is shown in figure 13. An

effective earth radius [3, sec. 3.6], a, is used to compensate for ray

bending so that the ray is shown as a straight line from facility to

horizon, and as a curved 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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Figure 13. Geometry for facility radio horizon

(not drawn to scale).

distance, dML' that is excessive [40, fig. 6.7]. Facility antenna height,

facility horizon elevation, and aircraft altitude above msl are hI, hLl,

and h2 , respectively. Facility ray horizon elevation angles measured

above the horizontal at the facility and its horizon are uel and oL

re )ectively. The great circle facility-to-horizon distance is d l.

Effective earth radius, a, is calculated using the minimum monthly

mean surface refractivity referred to mean sea level, N0 (fig. 3), and the

height of the effective reflection surface above mean sea level, hrskm

[40, sec. 4]; i.e.,
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Ns = N0 exp(-0.1057 h rs) N-units (18)
ao = 6370 km (19)

and

a = a o[-0.04665, exp(O.005577 Ns)F'I kin. (20)

Here N sis 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 dLl, hLl, and Oel are related to each

other by the following

e Tan-' {hLl-hI dLl rad (21)

el f dL 2a I

d2Ll + tan 0 km (22)

L. 1 2a dLl el

and

dLl = + v,/2a(ýh1 -hl) + a 2 tan 2 0el - a tan 0el km (23)

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

value. If dLl and/or ael 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, hel kin. The hel is

calculated from specified elevations (fig. 1) or is taken as the facility

antenna height above the facility site surface when the effective

reflecting surface elevation is not specified. That is,

dLsl 2a hel km (24)

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

of°0 dLsl or f26

dLl = larger off s r1 km (26)dLsl exp(-O.07 v/Ah/he)J

and
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Qiý 1 3 (iýI Ah - 4 hel

eel ' lesser of or rad. (27)

L0. 2 09 4 (120) J
The programs allow any two of hLl, dLl, or eel to be specified or esti-

mated via Ah, and the remaining parameter to be calculated. When a smooth
earth is specified, Ah is set to zero, hLl is set to hrs, dLl set to
d Lsl and 6el calculated via (21). This logic is summarized in figure 14.

Ray tracing is used in the detprmination of effective aircraft alti-
tude, maximum line-of-sight distance, and effective distance only when

the effective altitude correcting factor is not specified. Then it is

performed through an exponential atmosphere [3, eqs. 3.44, 3.43, 3.40] in

which the refractivity, N, varies with height above msl, h km, as

SN s exp [- Ce (h-hrs)] N-units (28)

where N

CL n Ns AN"(29)

and a Rn +AN

AN = -7.32 exp(O.005577 N ) N-units/km . (30)

Thayer's algorithm [43] for ray tracing through a horizontally stratified
atmosphere is used with layer heights (above hrs ) taken as 0.01, 0.02,
0.05, 0.1, 0.2, 0.305, 0.5, 0.7, 1, 1.524, 2, 3.048, 5, 7, 10, 20, 30.48,
50, 70, 90, 110, 225, 350, and 475 km. Above 475 km raybending is neglected;
i.e., rays are assumed to be straight relative to a true earth radius, a0.

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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F-ompute dLsI via (24)
L-I

Yes
Is smooth earth specified? -I No Yes

Are h and 0 specified? YeS

Ll elSet

CeAh = 0

Is d No_,_Compute h Compute23 LI h Ll= h r
via (23) L2 rs

L specified? di LI5 =e IsS~dL =d~s

Ys Compute d LI thenvia (26) Coptcompu te

0 el via

(21)

I-; e .... - No • 0 r Is h L} ] Yes i

eCop Lut

Compute ) 6ei viaut (2 el

via (22)

Exit

Ir

Figure 14. Logic for facility horizon determination.
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Effective aircraft altitude, he 2 km in figure 13, may be calculated

from

ha 2 = h2 - hrs km (31)

and

he2 = ha 2 - Ahe km . (32)

However, Ahe specification is neither required or recommended. When Ahe

is not specified, he 2 is defined as the lesser of ha 2 or the aircraft

altitude above the effective reflecting surface which will yield the

proper aircraft smooth-earth horizon distance dLs 2 when used with

d = 2a he 2  if he 2 < 50 km 'I km. (33)

a Cos-'[a/(a+he 2 )] otherwise .

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

the earth's surface and is good when dLs21 s resulting from its use do not

exceed about a/l0 km. Whereas the lower expression is for a spherical

earth and may not yield sufficient precision when d Ls2' s resulting from

its use do not exceed a/l0 km, it is useful when altitudes greater than

about 50 km are encountered. Based on the above, he 2 calculations are

made using

"ha2 - Ahe if Ahe is specified
h 2 = ,km (34)

[ha2 1
lesser of or otherwise[d s2 /(2a) if s2__ 0.1 rad

{ a[sec (0s2)-I] otherwise

where dse2 dLs2  rad 
(35)

6a
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Fhe dLs2 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 ha2 or is determined from Ahe, dLs 2 is calculated using

(33). Values obtained for he2 by using ray tracing do not always agree

with those [40, fig. 6.7] based on a modified effective earth's radius

model [3, sec. 3.7], since the ray tracing described here is based on the

later exponential model [3, sec. 3.8]. Actually this effective earth radius

model predicts smooth earth radio horizon distances that are too short
(insufficient ray bending) for antenna heights less than a few kilometers

[3, sec. 3.8], but the propagation models [32, 40] on which much of air/

ground model is based use the effective earth radius model. Therefore,

ha2 is selected in (34) when such antenna heights are encountered, and

ihe 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 h Ll - hrs km (36)

dsL : 2 a h e km (37)

and

d-dLl if d - dLl < dsL + dLs 2

dL2  km (38)

d Ls2 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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heL 0eHorizontal at aircraft
Case 1, obstacle horizon

SCase 2, smooth earth horizon

Os 2 ie2

Figure 15. Goometry for aircraft radio horioon
(not drawn to scale).

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

above the horizontal, and is calculated from

-Tan' heL-h e2 dL2 ] if dL=d-dI da L d2 2 a dL2=d Ll

0? = or h[ d ]e d rad. (39)

Tan- - - otherwise
t dL2  2 a I hr

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

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

a ~\Cos`L r(a+f -el 'o S -_e1) if Ahe is specified
d ML =a+ie' l km. (40)

dLl + drt otherwise

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

a ray from the horizon obstacle 'to the aircraft locatinn where the ray
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lbwiv the obstacle at the angle uL (fig. 13). This angle is related

to ', by

L ; 0el + rad. (41)

A.4.2 Line-of-Sight Region

Calculation of Lb(O.5) in the line-of-sight region via (14) and (17)
involves Lbf from (15), Ay from (16), A a of section A.4.5, V e(0.5, d e) of

N'otion A.S, and AT.

A detailed discussion of the methods used in calculating the ter-
railn dttenuation term, AT' in the line-of-sight region is provided in

this section. Values of AT obtained by these methods are used only

when the path distance does not exceed the maximum line-of-sight distance,

i.e., only when d < dML, where the determination of dML is described in
section A,4.1. Allowances are included for (a) lobing caused by surface

reflection, (b) lobing caused by counterpoise reflection, and (c)
diffraction near the radio horizon. Methods used to combine these

allowances will be described in detail; then a block diagram of the pro-
cedure used to calculate AT within the line-of-sight will be provided.

Path length difference, Ar km, is the extent by which the length of

the reflected ray path, rI + r2 = r 12 km, exceeds that of the direct ray,

r 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 a0 from (19); (b) grazing

angle, pý, rad; (c) ha 2 km from (31), and he2 from (32); (H) counterpoise
height above facility site surface, hcg kin; (e) effective facility antenna

height above reflection surface, hel km; and (f) facility antenna height
above its counterpoise, hfc km. The A~r and the corresponding great circle

path distance, d km, are calculated for both surface and counterpoise

reflection lobing as follows:
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Figure 16. Geometry for path length difference, Ar, uZcu/ations
(not drawn to scale).
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z = (ao/a)-1 (42)

ka = 1/(l+z cos •p) (43)

aa = ao ka km (44)

Aha = ha2 - he2 km (45)

Aha = Ahe (aa-ao)/(a-ao) km (46)

W 2 ha2-Aha for earth k

ha2-Aha-hcg for counterpoise }
hel for earth{ hfc for counterpoise km (48)

z1,2 aa + H1 ,2  km (49)

Q1,2 = Cos`1 [aa cos (I)/z, 2 ] -12 rad (50)

D1,2 = z1 ,2 sin a1, km (51)

D1,2 tan 4 for p < 1.56 rad km

H,2 = Hi,2 otherwise } (52)

Tan-1 [(H'-H')/(D +D2 ) for i < 1.56 radcx: { } km (53)

SotherwiseIkm(3

{,(Dl+D2 )/cos u for O < 1.56 rad km (54)
r LH21- HI otherwise }

{(D,+D2 )/cos . for ý < 1.56 rad}

r12 =H + H2 otherwise
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Ar = 4 Hi H•/(ro + r 12 ) km (56)

Oh = O - I rad (57)

eer = ý + 01 rad (58)

0o = 01 + 0 rad (59)1 2
and

d = a e km (60)
a o0

An effective earth radius, aa, and an effective aircraft Oltitude,

H2 , that varies with ip 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 ý is not - 1 [3, eq. 3.23].

Effective specular reflection coefficient for reflection from the

earth, R exp(-jý ), has a magnitude R and a phase lay of -q . Allow-

ances are included for the effect on reflection coefficient of (a) reflec-

ting area illumination (antenna gain), (b) surface dielectric constant e

and conductivity u mho/m from table 2, (c) polarization, (d) surface

roughness, and (e) wavelength Xm m from (10), but not allowances for

divergence [6, sec. 11.2] or shadowing by the counterpoise (included

later). It is calculated using the complex plane earth reflection coef-

ficient R exp(-jl) L6, sec. 11.1] and the reflection reduction factor

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

%c = e - j 6Mm (61)

grazing angle (fig, 17)

Yc = iE - cos 2 i (62)
and

adsin() Y c for horizontal

R (S'in(fl Y Yc polarization
Rexp(-jcp) {= n~P-c}(63)

E:Cc sin()-Y c for vertical
Cc sin(fl)+Yc polarization

52



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[l-0.8 exp(-0.02d)] m (64)

0.39 Ahd for Ahd < 4 m

c~h 0.78 Ahd exp(-0.5 Ahd 1 /4) otherwise (65)

and

F h = exp(-27a h sin(p)/XM) (66)

Further,

cos 0er if le er1< 830 for cosine option where0.12589 otherwise 1er is from (58)

10GN/20 with GN from fig. 2 for DME and TACAN options
g 1 for isotropic option (67)

[l+(21eer- tI/eHP)2 5 0._]-5 for JTAC option where
the beam tilt above horizontal is et and the

half-power beamwidth is 6HP degree, both in

the same units as Oer

and
Rg exp(-jýg) = F h g R exp(-jh,v) (68)

Similarly, the effective reflection coefficient for the counterpoise, Rc

exp(-joc); is calculated from

Rc exp(-joc) = g R exp(-j~h,v) (69)

where parameters appropriate for the counterpoise are used to determine

R exp(-jp) via (63), and g via (67).

Counterpoise shadowing of earth reflecting surfaces and the limited

reflection surface available to support reflection from the counterpoise

53



are accounted for by using knife-edge diffraction factors in the process

of combining direct and reflected rays. Geometry associated with this
diffraction is shown in figures 17 and 18 for earth and counterpoise
reflections, respectively. The "v" parameters used in the diffraction

calculations are calculated as follows:

hfc = height (km) of facility antenna above counterpoise

dc = counterpoise diameter (km),

0ce = Tan-'(2 hfc/dc) rad (70)

rc =0.5 dc/Cos Oce km (71)

p = grazing angle (fig. 17)
0kg 1 lOce . eer I rad (72)

where 0er is determined from (58)

X = Xm/1000 km (73)

where Xm is from (10)

Y = V 2 rc/X (74)

vg = + 2 Y v sin(akg/2) (- for 0er < 0ce (75)\+ otherwise

0kc = '6ce- OhI rad (76)

where Oh rad, determined from (57) for reflection from the earth, is used

as the grazing angle %c for counterpoise reflection and

vg Ys 1)- for s0h > h ce (77)g = v kc + otherwise /
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Figure 18. Geometry 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. 111.3] is used to determine the loss, f (dimensionlessg,c
voltage ratio), and phase shift, ¢ Kg,C rad, factors from Vg c.

Ray combining is performed as follows:

Ar g,c = path length difference (km) earth or counterpoise

reflection from (56)

R exp(-jg ) = complex effective reflection ce.!fficientRg,cgc

for earth or counterpoise reflection from

(68) and (69)

fg,c and bkgc are the knife-edge loss and phase shift factors

for earth or counterpoise reflection that are discussed

in the preceding paragraph

dc = counterpoise diameter (km),

S= wavelength (km) from (73)

R g if de_< 0 } if lobing option'

fg R otherwise (sec. 3.1) used

RTg - (78)
{ 0 if Arg > X,/6}

Rg if dc < 0 otherwise

fg R otherwise

R Oif dc <fTc fR otherwise7

g27 gc /X)v + rv2 C /2 rad (80)

•Tg,c (2Tg,cl•)+ + kg,c g

D= value of g for direct ray from (67) with Oer set to

8h from (57).
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WRO IgD TRg exp(-JcTg) + RT, exp(-Jp1 c)I 2 + O.000l (81)

and

PRO = l0 1og(W o/g2) dB.* (82)

Diffraction is included in the line-of-sight calculations near the

radio horizon by using (a) the largest within-the-horizon distance, d0 km,

from (140), at which diffraction effects are considered negligible
(sec. A.4.3); (b) the value of -PRo from (82) at d0 , A0 dB; (c) the maxi-

mum line-of-sight distance, dML km; and (d) the attenuation greater than

free space at dML, AML dB from (137). Hence the terrain attenuation factor

AT is calculated for the line-of-sight region (d < dML) from

AML + PRO dB/km (83)
MLd do

and

A {PRO if d < d° I (84)AT ML(d - d) - P RO if do0 < d < dML dB

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 tw-a

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

II

Interpolate between values in the ip, 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 X,) inside the
smooth earth radio horizon, or (b) near the horizon
lobe. Critical Ar's (e.g., multiple of X/2) are
selected and d's determined.

III
If a counterpoise is present (dc > 0) determine d's
required to plot first 10 lobes associated with
counterpoise reflection. Critical counterpoise, $ 's,
are determined from ani = Arcsin(0.5 Arc/hfc) for
critical Arc values an5 these values are used with
appropriate counterpoise parameters to obtain d via
(60).

IV

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

V

Calculate AT values via (84) for each d in the block
IV array. Starting i values for (43) are obtained
by interpolation within the 0,Ar, d table of block I.

Figure 19. Block diagram of procedure used in
linq-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, d0 , in the line-of-sight

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

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

Rounded earth diffraction is treated using referenced methods

[32, eq. 3.28, etc.; 40, sec. 8.2]. Rounded earth diffrdction attenua-

tion, Apr' for path "p" is calculated as follows:

dpLI, 2 = radio horizon distance (km) for

terminal 1 or 2 of path p

hpel,2 = effective height (km) for

terminal 1 or 2 of path p

dpL = dpLl + dpL 2  km (85)

a = effective earth radius from (20)

f = frequency (MHz)

dpLs = smooth earth horizon distance

for path p

dpL + 0.5(a2/f)1/3

d3 = larger ofI or km (86)

dpLs

d4 = d3 + (a2/f)1/3 km (87)

a2 = d 21(2 h km (88)1l,2 dOLI, hpel ,2)

Opel,2 = :,orizon elevation angle (rad) for

terminal, 1, or 2 of path p
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pe pel + Ope2 rad (89)

0d = + /a rad (90)
3,4 pe 3 ), 4

a3, 4 = (d3,4-dpL)/0 3 ,4  rad (91)

a = conductivity (mho/m) from table 2

x = 18000 a/f (92)

d ,ielectric constant from table 2

Kd = 0.36278f-'/' [(E-l)2+x2]'1/1# (93)

C Kd a-1/3 for horizontal polarization

Kl,2,3, 4 - or 1,2,3,4 f r(94)Ka- I/• 3 [EE2+x211/2 for vertical
Kd 1,2,3, 4  polarization

B1 ,2,3,4 = 416.4f1/3 (1.607-Ki, 2 ,3 ,4 ) (95)

- 2/3

1,2 1,2 a 1 ,2  dpLl,2 km (96)

d1,2 = 0.0134 x 1 , 2 exp(-0.005 X1 ,2) (97)

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

x 8 a"2/12 (d + xI + x2 (99)
34 B3 , 4  3,4 (d3 , 4-dpL

GI,2,3,4 = 0.05751 xi,2,3,4 - 1O log "1,2,3,4 (100)
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When 0 < xI 2 < 200

Y1,2 if l,21 < 117 if 0 < K, 2< 10-1or17 otherwise } - 'L

* or

Yl,2 if 10-s < K1 , 2 < 1

and x1 ,2 > - 450/[log K1 ,2]

or

F, 2 = 20 log(Kl,2) - 15 + 2.5(lO)-Sx, 2 /K, 2  dB (iOl)

otherwise

When 200 < x < 2000
W 1,2 Y1,2 + (1-W1 , 2 ) G1 ,2

When X1 ,2 > 2000

G GI,2

A3 , 4 = G3, 4 - F1 - F2 - 20 dB (102)

Mpr = (A4 - A3)/(d 4 - d 3 ) dB/km (103)

A pro = A4 - Mpr d4  dB (104)

Apr = Apro + Mpr dp (105)

hmil,2 : 1000 hpe1,2 m (106)

and

BN1,2 1.607 - K1,2 (107)

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

of a 1 .2 , f, BN1,2' K1,21 dpLI,2' and hm,2 where GHBAR [7. eq. 64, fig.31;

40, eq. 7.6, fig. 7.2] includes a weighting function [20, eq. 17].

61



ht hKe2aee o he2

to~ ~ heleats

h heel =h Ll-hrs S 4'6s• x

h Ke I h el"•Eft'ective reflection 4'

surface

h ee2=h e2

Figure f0. Paths used to determine diffraction loss (not drawn ineo9 :aa/e).Rounded earth diffraction is calculated for the
h~el to hKe2? and heel to hee2. paths. Knife-edge dif-
fraction is calculated for the h1 to h~e n e
to heel paths. e e n e

This formulation is used to determine rounded earth diffraction lines,

(105) and GP-F,2 (discussed under knife-edge diffraction in the next para-

graph) values for two paths illustrated in figure 20. The first v-th in-

volves diffraction over the facility horizon obstacle only where the sub-

script p is replaced by K so that:

(a) d Kl dLl km (108)

with dLl from figure 14 and

dKL2 = dML - dKLl km (109)

where dML is from (40),

(b) hKel,2 : hel,2 km (110)
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whe re

hel ' hI - hrs km (Il;)

(f iq.- 13) and he2 Is from (34),

(c) dKLs = dLsl + dLs 2  km (112)

where dLLsl is from (24) and dLs 2 is from (33), and

(d) 0Kcl,? : el,2 rad (113)

from figure 14 and (39). The second path involves diffraction over smooth
edrth from the facility horizon obstacle to the aircraft where the sub-

script p is replaced by e, so that:

(a) heeI = hLl h km (114)

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

above msl (fig. 13), and

hee2 he2 km (115)

from (34),

(b) deLl 2= 2a heel ,2 km (116)

where a is from (20),

(c) deLS = el + deL2 km (117)

and / heel,2 del
d~l de2l )

(d) Ueel,2 = Tan- -d 2 rad (118)d eLl ,2 2

Knife-edge diffraction is used to define another diffraction li;ie

for diffraction by an isolated obstacle with ground reflections [33,

sec. 3.5; 34, sec. 2.1; 40, sec'. 7.2]. rhis line is based on linear
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interpolation between knife-edge attenuation values, AKK,e, calculated for
two knife-edge diffraction paths illustrated in figure 20; i.e., paths from

hel to hKe2 and from hel to hee2* Parameters discussed in the previous para-

graph are used in these calculations. That is, GK•1, 2 and Ge -l, 2 are deter-
mined as per discussion following (107) where calculations are based on

parameters for subscript K and e paths (fig. 20). Further:

AKK = 6 - GGKhl - GK-2 dB (119)

0 v = 0el + 0 ee2 + (deLs + dLl)/a rad (120)

where 0el is from figure 14, 0ee2 is from (118), deLs is from (117),

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

vh = 2.583 sir(O V) vJfdLI deLs/(dLl + d eLs) (121)

where f MHz is frequency and dLl is from figure 14.

Subroutine FRENEL (sec. B.4.1) written for the Fresnel integrals

[40, sec. 111.3] is used to determine the knife-edge loss factor, fh

(dimensionless voltage ratio), associated with vh. Then

AeK = Ah - Ge-l - GK-l - 20 l og fh dB (122)

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

e path (fig. 20) and dp = deLs,

MK = (AeK - AKK)/(dLl + deLs - dML) dB/km (123)

where dML is from (40)

AKo = A KK - MK dML dB (124)

and
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A K = MK d + AKo dB (125)

where d km is the great circle path distance.

The distance do__km in the line-of-sight region at which diffraction
is considered negligible is required for line-of-sight calculations via
(84). It is determined from diffraction considerations as follows:

0h Sn~l[ 0.5
0 2h =Sin-'[( )] 2dML/fdLl dKL2 rad (126)

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

d KL2 is from (109)

05 = 0h - eel rad (127)

where 0el is from figure 14,

dL5 : -a0 5 + / (a tan 05)2 - [(hl-hLl)/(2a)] km (128)

where a is from (20), h1I km is facility antenna elevation above msl, and

hLl is from figure 14

d5 = dL5 + dLl km (129)

hs2= h2 - Ahe km (130)

where h2 is aircraft altitude above msl and Ahe is from (45)
(h__-_hs2 dL5)

0e5 = Tan- - -d L5 2T rad (131)

06 0 el + 0e5 + (d5 /a) rad (132)

v5= 2.583 sin(o 6 ) V/fdLl dLs/d5 (133)
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Subroutine FRENEL (sec. B.4.1), written for Fresnel integrals

[40, sec. 111.3], is used to determine the knife-edge loss factor, f 5

(dimensionless voltage ratio) associated with v5. Then

AK5 = 20 log f 5  dB (134)

and

1 wnen d ML > dKLs

W = 0 when dML < 0.9 d KLs (135)

0.5 + cos L (d ?Ks I otherwise
10.1d KLs -

where dKLs is from (112), rounded earth attenuations A rML and Ar5 are ob-

tained from (105) witn parameters for the subscript e path (fig. 20), and

dp set to dML and do, respectively,

A5  {AK5 if W < 0.001 dB (136)

L(1-W) AK5 + W Ar5 otherwise

ArML if W > 0.999

AML = AKK if W < 0.001 dB (137)

(I-W) AKK = W ArML otherwisej

Mo = (AM - A5)/(dML - do) dB/km (138)

Ao= AML - Mo dML dB (139)

and

do= - A/Mo km (140)

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

(AK5, AKK) and rounded earth diffraction values (Ar5 , ArML) at the dis-

tance where the knife-edge v parameter is about -0.5, d , 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 distance d0 at which the attenuation resulting from it would

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

Terrain attenUdtion_ AT for beyond-the-horizon paths (d > dML) is

determined using attenuations for diffraction and scatter. Attenuation

for scatter, As, is discussed in section A.4.4 whereas diffraction attenua-

tion, Ad, is calculated using the rounded earth and knife-edge diffraction

formulations previously discussed in this section. That is rounded earth
attenuation ArK is obtained from (105) with parameters for the subscript K

path (fig. 20) and dp set to dLl + deLs where dLl is the facility horizon

distance and deLs is obtained from (118).

SArK if W > 0.999

A6  A Ke if W < 0.001 dB (141)
(l-W) A Ke + W A rK otherwise

where W and AK are obtained from (135) and (122),

\e

Md = (AML-A 6 )/(dML-dLl-deLs) dB/km (142)

where AML is obtained from (137),

Ado = AML Md dML dB (143)

and

Ad = d d + Ado dB (144)

where d km is the great circle path distance. The distance, dx km, is the

shortest distance just beyond the radio horizon at which scatter attenua-

tion, As) is > 20 d3 and the slope of the A versus d curve, Ms, is

< Md where M is determined using successive A calculations (sec. A.4.4)

for distances greater than dML. Then
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A if Asx > Ad
•fo r

'(AsXAML-•dM <_ d < dx

AA if(::d ; (d'dx) otherwise
AT =-x-M ) dB (It

f lesser of Ad or As ifAT $A

for all shorter distances pre- for dx <d

viously considered

As otherwise I

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, Ads are neglected. Use of A. and Ad to obtain AT was dis-

cussed in the previous s~ction (145) so that this section is only concerned

with the calculation of A 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, 111.5],

but includes certain CCIR information [7, sec. 11]. Readers interested

in details concerning the scatter model should refer to these documents.

However, As calculations may be summarized as follows:

d = great circle path distance (km)

a = effective earth radius from (20)

ael = facility horizon elevation angle (rad) via figure 14

0 e2 aircraft horizon elevation angle (rad) from (39)

hI = elevation of facility antenna (km) above msl

hes2 = effective altitude'of aircraft (nm) above msl
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hes2 = h2 - Ahe km (146)

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

from (45)

d hI -hes 2
=o d 2ah0 I-+ d rad (147)00o 2a • el + d

0 2a e2 h-hes2 rad (148)

000 o 0 + 00 rad (149)

dLl facility horizon distance (kin) via figure 14

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

0 for smooth earth

Oel ,2 d •a otherwise

=d oo d Ll km (151)

d do

Ys2 =- 0o - dL 2  (152)

YsI,2 f0 ol,2 > 0

dsl,2 =a km (153)
YVS1,2 - Iol,2I otherwise

Values for Act and ASo [7, fig. 18] are obtained with subroutine

DELTA (sec. B.4.1) by using values of 60o,2 and Ns from (18). Then

= + Auo rad (154)
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+ 0+ rad (155)

0 = 0 + o rad 
(156)

SI = C°/lo 
(157)

= I if S 1 < 1I

1/S1 )therwise (158)

Ds d - dLl - dL 2  km (159)

hv D s 01(1 + s) 2  km (160)

= ds 0(1 + S)2 km (161)

= 0.031 - (2.32 Ns/101) + (5.67 Ns/1O 6) (162)

ls = 0.5696 h o1 + n] exp[-3.8 ( h0)61 (163)
F = 1.086 (ns/ho) (ho-h vhLlhL2 ) dB (164)

, = wavelength (km) from (73)

v = 4Tr h I %o/A (165)

v = 4T, hes 2 V0/A (166)

v]:vif S I < I}

and vn otherwise (167)
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ai if SI <-lI

"= otherwise (168)

A value for H0 is obtained with subroutine HCHNOT (sec. B.4.1) by

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

[7, sec. 11.4]. Subroutine FDTETA (sec. B.4.1) is used to obtain Fdo from

values for d, 0, Ns, and s where FDTETA is based on a referenced method

[7, sec. 11.1]. Then

As = 10 log f - 40 log d + Fdo + H - F - 32.45 dB (169)

where f MHz is frequency.

A.4.5 Atmospheric Absorption

The formulation used to estimate median values for atmospheric

absorption is similar to a described method [18, sec. A.3]. Allowances

are made for absorption due to oxygen and water vapor by using surface

absorption rates and effective ray lengths where these ray lengths are

lengths contained within atmospheric layers with appropriate effective

thicknesses. The geometry associated with this formulation is shown in

figure 21 along with key equations relating geolnetric parameters.

For line-of-siqht paths, (d < dML) where dML is from (40), the

figure 21 expressions are used to calculate effective ray lengths reo,w

where H yl hel from (111), Hy2 = H2 from (47), for earth, a. = aa from
(44), and = e h from (57).

For single horizon paths (dML < d < dLl + deLl) where dLl is from

figure 14 and deLl is from (116), the figure 21 expressions are used with

two sets of starting parameters and the reo,wis obtained with these are

called r leo,w and r2eo,w. In the first calculations, Hyl -= hel,
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Parameter values for H y kin, H 2 kmi, and a km and v are defined in
the 'Lext for line-of-sight, single horizon, and two horizon paths.

At = :, + 0. 5

Ht = Teow + a Y -v

Hq H 1  + aY .-

Hz = lesser of {Ht or Hy2 + a, I Att

H H

When H, < Teo AE!

I Teo~w
Aq Sin-I(H q sin At/HZ)

A -(At+Aq) a

r e o w H t-Hq if Aq < 0 .02 rad

eow {Hq sin Ae/ sin Aq otherwise km

A

H q
When T 1H1eO'w

1 si n A t H H

(Q if H <H or At}k
2 Ht sin [cos 'I(Hc/Ht)] otherwise

t

Figure 21. Geometry associated with atmospheric absorption calcula-
tiona. Values of T' for oxygen and water vapor are
taken as 3.25 and , 1.36 km [.3, table A.2],
respectively (not drawn to soale).
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Hy2 = heel from (114), a: = a from (20), and a = 0el from figure 14. For

the second set H1 = HLl, Hy2 = he 2 from (34), ay = a, and ý = - 0e2 -

(d - dLl)/a where Be2 is from (36). Values for reo ,w are then obtained

using

reow = rleow + r2eo,w km . (170)

For two horizon paths (dLl + deLl < d), the figure 21 expressions are

also used with two sets of input parameters, and the results obtained are

called rleow and r2eo,w, where (170) is used to determine reo,w values.

Height of the scattering volume above the effective reflection surface, Hv,

is used as an input parameter and it is calculated using hee2 km at dis-

tance dsl km from (153), eoI rad from (150), and a km; i.e.,

Hv = h + d tan 0 o + ds'/(2a) km . (171)
V ee2 sl l s

In the first set of calculations, Hl = hel, Hy2 = Hv, ay = a, and e = eel.

For the second set, Hyl = lesser of {HV or He2 }, Hy2 = greater of {Hv or

He2 }, ay = a, and 3 = greater of.1-0e2 or - ee2 - (d-dLl-dsl)/al .

Surface absorption rates for oxygen and water vapor, Y oow dB/km are

used with effective ray lengths, reo,w km, to obtain an estimate for atmos-

pheric absorption, Aa dB; i.e.,

A a = yoo reo + Yow rew dB . (172)

Values for yoo0w may be provided as input (sec. 3.1.1). When values are

not provided as input, estimates are made within subroutine AS0RP (sec.

8.4.1) by interpolating between values taken from referenced curves

[40, fig. 3.1].

A.5 Long-Term Power Fading

The formulation used for the variability associated with long-term

(hourly median) power fading that is required for (5) is designated Y (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.ý. 2.2], and (c) a modified version of a power

fading model [40, secs. 10, 111.6, 111.7]. These modifications consist

of: (a) the conditional use of ray tracing to determine effective dis-

tance, de; (b) replacing 0h in their elevation angle correction function

[40, fig. 111.24] by 8 0ht where eh is the elevation angle of the facility-

to-aircraft direct ray from (57); and (c) conditional limiting of Y e(q)

values q , 0.1. The 8 0h modification in (b) comes from a comparison

[20, fig. 2] with satellite data [35, fig. 8]. In the calculation of

Y e(q), ray tracing from the earth surface to the 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

dLol = '/-18000 hel km (173)

where hel is from (111)

dLoR if Ahe not specified
dLo2 = km (174)

SW v/1800"-0 ha2 otherwise J

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

dds = 65(100/f)1/3 km (175)

where f MHz is frequency

dM = dLo0 + dLo 2 + dds km (176)
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r I30d/dM for d < dM

de : km (177)

130 + d - dM otlierwise

where d km is great circle path distance and

V(0.5)} - ] n3

Y(O. CIdenll f2  exp(-C 3 de ) + f2 dB (178)
-Y(0.9)

where f2 " fo + (fm - f..) exp('C2den2 and the values used for the
parameters C1, C2, C3 , n2 , n fm' and f depend on whether V(0.5) [40,

table 111.5, climate 1], Y(O.l) [40, table 111.3, all hours all year], or

Y(O.9) [40, table 111.4, all hours all year] is being calculated. Then

feh= 0.5 - 7-1 Tan-' [20 log(32 oh)] (179)

Ye (0.1) = fOh Y(O.l) dB (180)

Ye (0.9) = fOh Y(O.9) dB (181

YT = Lb(O.5) - [ Lbf -•0 log(gD + RTg + RTc) dB (182)

where Lb(O.5) is from (14), Lbf is from (15), and g., RTg' and RTc have

the same values as they would in (81).

lesser of or e for lobing

Ye (0.0001 I e Ye(0.1) } dB (183)

lesser of o r •otherwise

LLbr + AY-(Lbf- 6 )}
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where the lobing option is discussed in sec. 3.1.1, Lbr is from (17) and

Ay is from (15),

lesser of { or (1for lobing

e (0.001) ilesser of Ye(To l) } dB (184)
lese of orotherwise
lese of Lb.5)_ (Lbf_5,8)1

L195 Ye(O.'l)

lesser of { or for lobing

Ye(O.01l, {.dB (185){1.95 Y e(0.1I) }

lesser of or e otherwise
Lbr+Ay- (Lbf-5)

YB = Lb(O'5) - (Lbf + 80) dB (186)

(1.82 Ye(O.9)
greater of or o for lobing

Ye (0.99) =otherwise dB (18/)

2.41 t er(09)

9 greater of { Bor for lobing
Ye (0.999) =124 'e0 ~ohews dB (188)

2.41 Ye (0.9) otherwise

and

rge 2.90Ye 0)

(.9999) reater of t YBor for lobing dB.(189)
2.90 Ye( 0 .9) otherwise
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Ihi, moditin iadJustmant factor Ve(0.5, d e) required for (17) istsbti,•ed usinlt the results of (178 and 179), i.e.,

VeI(0.5, d e) V ft h V(0.5) dB (1l90)

A.6 Surface Reflection Multipath

Multipd•th associated with reflections from the earth's surface is con-
Sid,,rI'VI aS part of the short-term (within-the-hour) variability for line-of-

4I qht paths, aMd 1s used only when the time availability option for
"InIstantaneous levels excel -d" is selected (table 1). Contributions asso-
( iittxd with both specular and diffuse reflection components may be included
thoutqh thv, sl eculir component is not allowed to make a full contribution
when it is.. t'%o ,t';,d in determining the median levels (e .y., when lobing
opt ton iý. .electA'd, table 1). These contributions are incorporated into
the variability part of the model via the relative power level, WR, in
(ta. Eoriiiulas Used to calculdte WR ,may be suniinarized as follows:

I A re tle,-ction reduction factor [42, eq. 21 modified]A ssociated with the conditional adjustment factor Ay
from (k16

I if Ay < 9

FAY o. 4t A y > 6 (191)

5[1.1 + 0.9 cos(,Ay/6)J otherwise }
* reflection reduction factor [42, eq. 22] associated

with path length difference, %r kin, from (56) wave-
length, \ kin, from (73)

0 for lubing (table 1)

F, I for \r > '1/? (192)
0.1 for .',r < .',r 0 ý/6 otherwise

I.1-0.9 u:s L3r-,ro /\] otherwiise

2
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Rs = RTg F Ar (193)

where R2 is the specular contribution to relative multipath power, and
s

RTg is from (78). Fdh is the reflection reduction factor associated

with diffuse reflection that is based on curves fit to data [5, fig. 4]

and expressed in terms of Foh from (66)

(0.01 + 9.46 F2  if F 0.00325
U h oyh'

6 .15 F01h if 0.00325 < Fah < 0.0739

Fdh 0.45 + V O.O00893-(F h-0.1026)2 if 0.0739<Fah <0.1237 (194)
0.601 - 1.06 F h if 0.1237 < F0 h ' < 0.3

1.01 + 0.375 exp(-3.88 F h) otherwise

Rd = RTg Fdoh/Fh (195)

where R is the diffuse contribution to relative multipath power and

WR = {R2 + R2 for line-of-sight (d<dML)} (196)

0 otherwise

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

.h, R g in (193) is an effective reflection coefficient for reflec-

lion from the earth. It is calculated using (78) and (68), and includes
allowances for: (a) surface constants and frequency via the plane earth

reflecL,•n coefficient, R, of (63); (b) antenna illumination of the reflec-

ting area via the relative antpnna gain, ', of (67), (c) shadowing of the

reflecting area by the counterpoise with f of (78), and (d) surface

roughness via Fh of (66). This formulation for Fh [32, eq. 3.5] has

been ureviously used L20, p. 17; 4?, 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-!TS 158, pp. 7-9;

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

A.7 Tropospheric Multip,-th

Tropospheric multipath is caused by reflections from atmospheric

sheets or elevated layers, or additional direct (nonreflected) wave paths

[2; 9, sec. 3.1] and may be present when antenna directivity is sufficient
to make surface reflections negligible. It is considered as part of the

short-term (within-the-hour) variability for line-of-sight path, is used

only when the time availability option for "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 withili the line-of-sight region [dML < d where
dML is the maximum line-of-sight distance from (40) and d is the great

circle path distance] involves: frequency, f MHz; effective water vapor
ray length, rew, from figure 21;

10 log (f rew)- 84.26 if d < dML di (197)
and is not calculated otherwise

obtained via (201) if d > dML

[40 dB if F <0.14Vl}
Kt L -20 dB if F-> 18.4 d 18

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

and
Wa = /10 

(199)

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

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

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

tance with rew; expressing frequency in megahertz; setting both "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

- are used in (198) by selecting the Kt that corresponds to Y (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 0 rad from (156), and (b) the value KML of K obtained

from (6) at d = dML with WR from (196) and Wa from (199); i.e.,

MKa = (-20-KML)/0.02618 dB/rad (200)

and

obtained via (198) if d < dML

Kt = -20 if 0 > 0.02618 rad dB . (201)

KML + MKa 0 otherwise

However, the calculation of Wa for such paths can be bypassed since

the K of (6) is equal to the Kt of (201) because WR in (6) from (196) is

zero. Data [26] was used to determine the values of 0 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 (', = 0, Kt = KML) and Rayleigh fading (0 = 0.02618 rad,

Kt 7 -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. All listings are in FORTRAN and have some annotation to assist

readers.

Data tables, which are read into the computer prior to any system

configuration data, are listed in section B.4.2. Initial (first 5) READ

statements of all three programs concern these tables. Remaining READ

statements concern model parameter data where the cards used to provide

such data for each program are indicated in figure 22 (POWAV), figure 23

(DOVERU), and figure 24 (SRVVOLM). FORTRAN variable names used in the

programs and in these figures are described in table 7. Additional in-

formation concerning most of these parameters is given in section 3.1.1.

Format requirements are given in the program listings.

B.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.

81



LU l-4

03SI

1-4) 4-

e ~41~2 LU

u/ii

NId

- E

= -,-82



LU ~4~j
,-l tz 0

03SI

NWI -

901~ >
Ti

C-)

0 LL-

~ - 0 ~ j.ca(1Jj %,c

e~ '4 V ) Q

co <

*4 Ci 4r- A

LALu

L)~
(n) V*C) 4 -

(/) 0~l 00 4"

4l) t) t

Ln4

-4,

83



caA

CL-

Ca

0J3SI

C ~~NWI V

0)
C) 4-)

'-4-

0
9i-

3eN0

> V)0

IdI-

'-41

fnn

84



~-~-0 .'0 j

la tj to o

0 C)

LL*) - r4

; L 00 to Q QiW n E 44 ?

IS;, -2 $Z4 Ikl e

""I ILI 2 , i

n, 9ý , ýk
4ý 4- w 4-

$ .4 1-3-

fA)

C, '0 $L r

$Zi Q '3~ 4-1 "1 .±

.. ~ ~ ~ t -2A 14 0

=4- Q'ri~o~-

85)-Z

efI -



0,

a, 7L -1 n0
o o . o.- 3 m

I- 33 .4- 3 - o
0c c) - . o Q

(U o- 3 3 > -

a. - a a)-- U
4-, 3c 4-0 - 4 Q

4-) cc 
4

0.f Ut > 3 , .
C S.- 03,~ 4- s-4- U

Q) (, E .'
.LFS.33 4-' -o .I U 0

s4 . 13 I- >~4, 30 .

a 3l E333 a

U) cu - --- a) 3o 4- .- 'CU Q4' 3 -

UU c.U f- 04. cu .' , S 40
c3 .-. 33, U I . 0 ,,

a ' U 
4  

m m~ U 3 cu :3 3 - ~-
3~ M- C-0 -- U U 4 -- -- E m C-' V) j- w -) -C .

U~~~ o. 340 o0 0..-U c344 - 4' 0 3 ~

4-' o' w,3 3 U 3 . 0 a) r_ n- U 3a) ,-0 .

a) c0 c . 30) 1 m- E: Do .3 0.3 m0

0'u 411 U ml 4--- 04 0 U 0 U

14-- 4-'.- . 3 >~4- U' - U 0D (a Q), 0

ILI.0 3 - o o s- Cý F- - 4.o -- o.4 m
3 ~ ~ ~ ~ ~ ~ Q 0- ,UC3 4.0 - U 40 -- 4 3 4'

=I o .' 30--- a4- >-. 0 U 3 UC 3L L
m-4 U C) U L -n a)U 0. C- 3 3 u w0U 30 - - - 0- ~ ~ ~ ~ ~ ~ ~ ~ ~ C Uo u-l 0 3 3 -4-4' U 0 -- 3 0

<[- 0 .0 . 4 0 m 0. U7 a) 0 w 0 o 0
3 U 0 U -- 0CY U U ' -- 0- C- 0

0. 0 0- )3 .03 044-, 03 j 30 01 U -j j-- ý, U --

0 o 4-l'cIU.-0)0 43 4' --- 44 - -' 4 -- ' 4 4. - 4 3 44
V1 3 . . -- 0 3 3 3 4 30 0 3 ... . 0 .

3) 0E .. 3 ) -- 3 3 0 3 4' 3 ~ 3 3 3
Z0. =- zý4 ,-. 3 0)4 3j 3j U. 0-- j3- 0 44' 3-

03 3 3 -.- U -'- 3 3U '-0 3 - 3 3... 0 . 0

04-' 3 0 3c0 4 U D4 4 3- 3 ) 3U~ . 4

s" CU C UC U C C . ( 4 )- C J > C U C

L-_
m3 )

L-V : f n '

Uo00

~ -4 C'. C C C U U U U CU 0- (4 '4 CU CU C 864 C



C0

M -j CD C
C 40 , - 2f) -.

U :) 0 m L-

a) (2 Ca - a--
A_ a - a .

a) ) co'-

6-zt a) A: r )0 - C -

L. C) a) C- m )a'a C
0 (D -z CD ) - -

U, S--:' :1 -- C-C
CU Ei 'a (V ~. ' a . -a) C

'ao > n a' L *0
-- .L m m 0 4 a

a'0 0) G) A > . ., -a-
0)~~1 ca 'aa c) r)a E.Ca ) '' 4'

fl~~ ~ o 'o- a) u a' .. ') 0 -

N. C .4- A.-C E m~

a'j &a- .' C- 0, *, 0 L- W (L -- 0-
C. 4->V)~ 0) a, u) a)4 0 U S.'4-'

a) cm 0.*~- C U3 c -  c. ( -j m aj .0 '04 a '
c- W' 0 00 4' - - '0 ) C 0 ~ a

o 'a .)'- .00 0)o 'a L - ( - a 0 0 4-' 0

0. E0 La >.- a)
0  

L. .4- -. L 4~4 0 CC -4'
J- -n 0 (7n 1CC)- 4 C : 4J '; QJ M - aO ' 0ID

> > S- a)0 'Q c) a ai - a) *Cr 'o '- 4-' (-' a)'u
a) L)- A Q), o4- L. 0 -- Q) L- C:0 M) CL CL r -L 0 0) L' -' dn m 10 0-' 44 L L L 0'

CL >u- 4 4 '- a', 0J a' C17 C:) L-a L a Wa- U
4A a) I Wa0 C' ':I n-.- a. a. (V- 0 -a

r- 4- 0)a) 4- C. C CL L-' rC 'a CC ='aa 0) 24 za n. D L
0 'aC i 0 a~f L E L 'a a.v. a. 0.- 0 0C 4-) A 10 r 4- W ) '

C L '- a . ' 0 ) 4)) ' S.C 00 S..A - L'.' a 0 A
a. 4- , t 4 -' >'M- S. ) 4- -' ' 0 ' - A L 0 .0a) -- -' '

CL '4 - a) o4' Li- 4-' C- '- ' L '4 L Qa I a), .. - - ~ -- 4' a 0

0 0 a) C' .- 4 4-3 2a) 00)1 0 0 C 0 0 C-- a- 0 : -- C(- S- m 0 '- 0
C L 4-' 'a'a --lf -,L - W- 4- a) 4 4- a)~ X

I~~~ 4J CU a U LA 4 ) 4-' -U a'- I) E)1 'a u - ý-"- '4"0 .' 4' L
'a 0U a --- - .f ca. 0 a. 0 '-4 a) w) a) C a) w)C L- aC 'i .- a U - a

~ C C 'a '4.-- AF A - ' ' C a a C. 0- U > > I- n a. 'a '

S- S- ID.0 4- >n m 4-' U 'a Ma 'a Q) 0 V C 0-- C 0 0 'a
0- 0 - '4-_ -- ' a)A (0)0 a) C I 'A A.- .- ' -IV (1-' '-'a) E ) cA

0 a' 0- .- ' c. :3 n-C m ' Lr 0. . a) n m'4 "'~ - 'a C 0 n nm.
CL W i L-1 4-( Li~ L4' 41- JU Ci ~ ~ . ) C C 04-4- V' 0- a'4' C 4- ' a

0.cl r-4-

87



1 . o WC 4
z 4-

Q) C'L W '
4- 1- ý - >,.0 -0 1

u-J

u- s- -1 1 u - cC
, - z -o -C o

U 0  
'00 - .;OW. )C

a)' a.- L 0 , QC ) -;
F= -- U I-Ca I- c

CD > = - . .1 - Wi cy)E-j

41'- 0. Q) 0) WU >L o ~
>. 0) - C 

0
L)

4  
0 C

0~~~ (3 0.0 U o ~ .

Q ) 41 -0 CW /1 LW L

4' 4- L. -'- S-O r )

0 > W~j -- o 0,..- o0 ca

CC QW LQ -- C C 0-.

(r.~ ~ cr 0 4 - L '-' U) 0
0 ~ ~ ~ ~ 4 M-. r

0
0 W -- r

I - a).C m C:
CD- UL m t ,L . .E

0~Q 0C 0.4) - L.0..
20 C ~ 0 -

c 0 0W >-O u 0 J
- 4- (I u- -4 -J> C-' .0 Or

j00 -0 ;i CL `- ') " f
c- (1) - -T0) o - c 00 W .4

0~~: 4- C: 4-O-1 . .~

4-- 1-- c0 IL T- L- V- Z1

'- '- 1 3. 4- -. 1

7,' L C - CT 4- L- OW.4.
(Z0 ) S) 0) U-/ -L) .C . W

C 0 ~ 0 -- 4- Su-4

0-~ 0L 0I W u-) W j- W

L/) 0I 0 L O E cT--' 0 r0L

144



Ca1tllz SCyTreRdn rTBE (sec. B..4.1) tocluefrard scatterg teuptcons

(sec. .4.4) 3oia.- tois loop dforect ne stenutioadslc

the fprpit valu rame (144> ro 1e

Readh insutpantameours (table 7,ilabit o2)tionvr isl ucdi(table 1)ang-

terights i to ki ometeraned alli n glesi toec ra1 a.41 ;sc bie wth ho -

Cmuterm vai~t y he r or necs sSc a..1 by usrm t snotg i ngsu aO U (sfc.j 41 ) Otherwise zo

paony-eters fuC- i g. ity isd ob ntpained. she fiy,5

C ttna tio vFa lu(es, in.4u. in toobt hericdaf soaptionlie (sec. A.4.3) ac oiiie

withALO varaeiit, 841ooti values fof poeplnyobtaineg via (7) aind soredfor

reiotti (sec. A. 2)

Bendin of loop for beyond-h -horizon dsac aus

Call SCA TE R P (sec. B .4.1 ) to Cacuaet uporwaphr d plotte attenuatio

(sec.".4.). Loop back fors nwi ~ sefatio reuto , dslc

t F prpiytre va. lu ck diag~a fo(owrd44t)por,,PWA1'

If th in ta tne us ire v ilb liy p io i isd t bl 1 ,l9g



PROGRAM POWAV

C ROUTINE FOR MODEL AUG 73

2 FORMAT(* PROriRAM 15 FINISHIED.*)
4 FORMAT(IHIl
5 FORMATCIH )
6 FORMAT(20Xq*INP0T**2IX#*WORKING VALUE*)
7 FORMAT C 2,F6.O,212,3F6.U,12,2F6.O,12,2F6.O,313,3I2.F6.O911J
8 FORMAT 12A8,2F6.OF4.O,3F6.O.2(2F5.OF4.0' ,12)

12 FORMAT(lX#F5.1)
50 FORMN1AT I F7 .0,1X )
71 FORMAT(Fý.0).14F'r.1 I

106 FORMAT(rXq* DML Is LESS THAN ZERO. ABORTING RUN II)
ins FflPMAT(pI(Fl~o37Frl.7))
lie0 FORIIATVIAA)
505 FORNIAT1I1F7*4)

C FORMAT STATFMFNTS FOR PARAMETER SHEET AND WORK SHEET

700 FORMAT(2lX,*PAlkAMFTFRS FOR ITS PROPAGATION MODEL *,A8,,32X9A8,2XA
X8,* RI'N*#//)

701 FORMATC3?XEIýE~eIREt) OR FiXED*P/32X,'-------------------- *,/i5x,*AIR
ICRAFT ALTIT1UDF:*,F8.o,* FT ABOVE/ MSL')

702 FORMATIISX,*VAO.ILITY ANTENNA HEICHT!*,F7.I,* FT ABOVE SITE SURFACE
X*)

703 FG MAT (It X #FREo1,FrNC f:* F6.0,* Mi/el)
704 FORMATI?,iX#'5 ECIFICATION C)PUONAL*,/29Xo------------------------- *

4/ 1SX9*A9SoRPTor nxY( f,'FN' ,F')9,*0 0/r4I*,A2 127X9 *WATER VAPOR.,F9.5
4,4flr/W1)4# ,A2

705 FORtAArTI1)X*f~f-sCTrVl ALTITOOF (-:RPFCTJON FACTOR: *.F6.O,' FT*oA2
5*/I5X~lFiECI K', 4FilfTIkN ' fHAE LFVAI ION ABOVE MSL IF7.0,* F
5T*9/1')A9*EUjvAL[NT jýS,.kLoP1CALLY RADIATED POWsER; *PF6*1#' DBW*P/l
55X,*FACILITY A.Ntý.NA lvý,A8

706 FOMT2CCL<'.A(IAMETEP *FS.(), FT*#/25X,*HEIGHT:EF5qO
60~ FT AF4OVF SITF ýU,qf-AF *,2X*,ICAF,,2A8)

7n7 FORMATf?OX,*P0IAPIYATIOPN 0?AP,)
708 f URMAuI (IýX, .*10kI,' ( P LFTA'L F r)I T ANjCtrA,0F7 2 o N M I FROM EAC IL ITY*

8 PA2 9 2()X E L E VA T I t AN~(,L 1 9 3v *.Io,''12 1/ # 12. oDEOf /MIN/ oCC ABOVE
8l H0RIZ)N1TAL#,A2o1/2)x 'Ilf 1I.~T * .Ie,.Oo# FT ABOUVE NSL*P.(2 I

709 FORM IA1ýX,.IIN I -'.M I1)N T 111Y ME AN SO IR.FAC[fP ~F RA(-II V ITY: *,v/20XoF 3.
9' N-J N IT 1 AT ',FA LrVFL! *,9F 3 .0,0 N -olt I 1

710 FURM A III 1' X,'T [ kA IN U I IVA I I N A T ITTF.* vF6 . (t0 F T A ROVE ML .2OX #
A*PARAWrTFR *#5.9 FT'./?'iXo*IYPF* *.?AF

711 FORMA7(',lXv*PLUT LIMITS*,/?5X,* -------------',,15X.'AVAILAF)L[ POWER:
8 4 oF S . ( 91 t, *F S . 1) 9 f)BW 0 / 17 X9* 1 , T ANC tI F, D91'. t,,* -*, ',F. () # N M I *)

712 FORMA Il?:2CXANTEN4NA HEIGH1T 7lut HIII H. I ONL~bPIiFR IC FF FECT '/25X I MAY
2 8F I mPrWI AN t #

713 F0RMAT(20o*.AIRCkAFT TOO LOW. TfRRAIN BEFYOND FACILITY *#/25XP'HURI
3ZON IWAY BE IMPOPTANT41

714 FC)RMAT(2OX9*IN ADDITION. SURFACE WAVE CONTRIBUTIONS SHoULD'./15X§'
48F CONSIDEREOCI

715 FORMATIZ0X9*ANIENNA TOO HIGH* RAY BENDING OVERESTIMATED**/)
716 FORMAT12ox**ANTENNNA TOO LOW. SURFACE WAVE SHOULD BE*,/25X,*CONSID

6EPFP#
717 FORMAT( ?OX 9 Ot F(OWiNY TOO LOW . I ONOSPHER IC EFFECT IS MAY BE* ./25X 9'I

7MPoRTANT. .// I
718 FORMAt ?OXs A TI TfiAT ION ANO)/OR S(ATTFR ING, FROM HYDROME TEORSo12 5Xv

8 ( RA IN v FTO. I MAY I*& I MP()RTANT #I
719 FJRMAT I?OXv*AfMO$)PH[RI- AUSURPT ION ESTIMATES MAY B!-',,25X#'UNREI IA

9fILF4 I
774 FORMAT/I/XtA2t'C0MPUT[I) VALtJES'

7?'i F0RMATI?i)X,'TYPF. X,2AFC.AII

90



72'6 rORMAT( I X 9 OFART1 '4r.e 0~ N MI (u., KMb 1
778 FORMAT ( I X o HRIO' p1 fA 9i, t,,0..'0F~t4, ~'Fti.A KM)
779 FORMATclRX,'rlN'r AVAILAOILItY: ,AA8,A1,//)
731 FORMATI12W, HIAI 0,FB.Ce*o FT M51. O Fý*4o* KM H4SLOI
7?2 FORMAT (I?xt H ( F * 078l. a *f T TO SURF'ACF 6 of'P d,,1 KM *.)

733 FURMATlI2XsOFREUL'ENCY'# F5.000 MHZ *.F8.U%* MI14 v)

714 FORMAT(12Xo* AIUIW, F9*w',f 011/KM lvFAo5sO DH!KM*,A2)
735 FORMAT(IIXt AlW)oF9v.5 Pf ()f3/M *,Fa,5,0 WRKM,,A21
716 FORMAT( 17X9*D(HF) 0,FR.O,' **Ffl.4t# KM**A?)
717 F0RMAW7Xk*FIRP *sFe).1 v* 01W P CON49FS919, OW *1
738 F'ORMAT(I?xo~r ANT **6X912t 7XsiAnf
739 FORMAr(12X,0 D(C) wF8oO9* FýT vtF8e4v# KMOI
740 FORMAT(1?Xt* H(C) *vrRBli. FT ABOVE SURFACF *,FB.4o* KMVI
741 FORMATII?X,*COUNýTFRPOIsF*,I2,1OXp2ABI
742 FORMAT(1?X,*H(FR) *oFe~lt* FT ABOVE RFFLECTION*sFB.4v0 KM'I
743 FORMAT(12X,'PoLARIZATION',I2,1OX,2A81

745 FORMATiI0XA2t*0(HO) *9F8*2,* N MI FROM HORIZON *,F8o2)* KM10
746 FORMAT(1OXsA2,*E(HOI ,2**12#*I, DEG/MIN/SFC*97X#FO*59* R

6Ar)IANS*)
747 FORMA(I~oXA2,*H(HO) *,F8eO9* FT MSL *tF8*4*0 KM#)
748 FORMAT(12XP* N(O)*tF9.O ,* N-UNITS N(S) 0,F8.O09 N-UNITS*)
749 FORMATfl2X,*HlSUR)*,F8.0,* FT MSL *tF8.4s# KMO)
750 FORMATI 12XvrH($,UR)*9F7O,0* FT #s8.t KM*)
751 FORMAT(12X,*TFRRAIN*,5X, I2,IOX,2A8)
757 FORMAT112X*INPUT PARAMETERS FOR *,AB,2XA8,* RUNN,/I2X*OF *oAS9* A

IIR/GROUND MODEL#.//)
760 FORMATI IXF7.2, 12FB.1,F6.1 ,2F5elF6.1,A5)
761 FORMAT(5Xv*HORIZON POW=*9F7.19* AWD=*sF8*29* SLOPE-*,F8*29* Zu*t

X E13 o5 )
767 FORMAT(2F7.3,3F7.2,F"..OF6.OF5.OF7.3,2F8.5 I
768 FORMAT (3F7o3t2F7qI9?F7.2t 5X94F7*1 ,E13.5)
769 FORMAT (?F7.3 ,3F7.I,2F7.3)
772 FORMAT (* HTF HRE D DLT DLR ENS ERTH FREK LAMDA

x TFT T E R )
773 FORMAT(* HFS HRr, DH AFD SLP DLST DLSR

X DOP NM LAF AT 0O WRH*)
775 FURMAT(/12X,*POWER DENSITY INTO POWER AVAILABLE ADD *PF6.1#/)
776 FORMAT(15X,*POWER DENSITY (DB-W/SO M) VALUES MAY BE CONVERTED TO P

XOWEPvt/2OXt*AVAILABLE AT THE TERMINALS OF A PROPERLY POLARIZED*,/2
XOX9*ISOTROPIC ANTENNA (013W) BY ADDING *9F6*19* 08-SO Mo*)

777 FORMAT(lHII2925HX*POWER DENSITY FOR *5A8) I
778 FORMAT(15Xt0 SURFACE REFLECTION LOBING: CONTRIBUTES TO VARIABILITY

X* )
779 FORMAT(15X,*SURFACE REFLECTION LOBING: DEIERMINES MEDIAN*)
785 FORMAT(1ZX,*SURFACE REFLECTION LOBING: CONTRIBUTES TO VARIABILITY

x*I
786 FORMAT(12x,*SURFACE REFLECTION LOBING: DETERMINES MEDIAN*)
800 FORMAT(/,loX,*SOME PARAMETERS ARE OUT OF RANGE*)
809 FORMAT COX#*DLT IS LESS THAN .1XDLST OR GREATER THAN 3XDLST*)
810 FORMAT(2oXv*INITIAL TAKE-OFF ANGLE GREATER THAN 12 DEG9*1

DIMENSION CFK (3 ) CMK ( 3) 9CFM( 3 ) CKM( 3 ) CKNC3)
DIMENSION ACD(1O1I),ANP(1O1),SCT(1O1)oAAD(1O1),RW(1OI)
DIMENSION FAT(5,8J ,CCI(2971 ,POL(2,3I.TSCI2,7I
DIMENSION ADNT(I1, VARFORW4
DIMENSION ADENT(?l.PAS(2)
DIMENSION MTM(51,YCON(5)
DIMENSION YV(1O)9SV(10I
DIMENSION P(351 ,QC(5OIQAI(I0),POA(501,POK(50),OK(5OI ,PQC(50)
DIMENSION TYD(3t2lVYD(5,21
DIMENSION RE(2IAD1(35) ,BD(35)*ALM(12)
COMMON/RYTC/QNSOHC .OHA#QHS'OOD
COMMON/EGAP/IPvLN, lOTIXT
COMMON/PARAM/HTEtHREDDLTDLRENSEFRTHFREKALAMTETTERKDGAO,

X GA W

NOT REPRODUCIBLE
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CUMNMON/f'. 10 *ýti)%L" I ))~ 11 S ý ) N i I !I I: ~ I ~ o It I It. 6 .' 01" *'"X (POO~ 4 1 $1

COMMON,VATTI N0ifrW1),WTMAXII?.I'M. I 'iIKpA 0sIC IC$%Ai S PIn

CO'14MONefJIA oi I ALI) ' $C vY Al" I, Ito o o 0
<0MMN#'VV,'Vv I'A I h
COMMOWN.A I.' I FA
DATA (CFK*O91*00340l0'dI.oOO)k
DATA
)A T A C ufl,.D.J

DATA

DA TA )POL&RH I$ORIZOI`101TALv(1fl VFRTICA9,1AL*3H CIRCULA91HRI
DATA (FATviUH ISOTROPICtI(1IM Ie4H OME*4(IH )v1'.H TACikN IRTA-?)*311

XH 1939H 4-L-00P ARRAY (COSINE VERTICAL PA7TFPN)olqtt B LOOP ARRAY IC
XOSINE VF'RTICAL p1ATrERN?.34H I OR it (COSINE VERTICAL PATrERN)*1H
X4.0HJTAC TILTIFD ?0 DEG WITH 4.0 HALF-POW ReWos'710TAC TILTED) 8 DEG92
XIIH )l

DATA %'0.)8H- AUG 731
DATAITSCvI&H SEA WA~TER *16H GOOD GROUND *16H AVERAGE GROUN

AD wI6H POOR GROUNn %16H FRFSH WATER s16H CONCRETE *16H
X METALLIC
D'ATA (PAS.2H 921111 1
DATA ((P(I),I1,135,)x..OO01,.UO(Q)o'.OUOOo9,.OQ0,.oooo002eU(

5 *,ool,.

X95..98..99.90995,998,.999,.9995,.9998,,9999,A99995,.999g9a,99999)
DATA(VYDa,33HýOR HOURLY MEDIAN LEVELS EXCEEDED933HFOR INSTANTANEOUS

X LEVELS EXCEEDED)
DATA(TYDu1THSMOOTH EARTH 91711IRREGULAR TERRA!N)
DATA fMTM920o.1O30O.O0OI

DATA(CCI'.16H- SEA WATER v16H GOOD GROUND -16H AVER.(6E GROUN
XD o16H POOR GROUND 916H FRESH WATER 916H CONW.RETE o16H
X METALLIC
DATA (DMODe511 DIFRI s DATA (SMO)D'5H SCAI)
DATA ceMoo=5H COMB)
FNA(FX9FA*F9tFCIFDIU((FX1-FRI*(FC..FD/(FA..FBII+FD
IDTv IDATE1(IDXI

TPTH'.2.617991078E-2 s TLTH*O. s TPK*2O.
CALL 09EXUN
ASPA'.r*25 $ ASPH=0.O.5
ZO-. .v)OOnol
IRAD=.0174532925? s DEO=57.29577951 s TWOGw12*.RAD
ERTH r.6370.

C PRE-PROGRAM INPUT OF TARLES

READ 108,(TAV( I) (T'kHl(JII ,J:1w7),Inltl75 )

READ 71, (DUMB, (ITAFL (I ,J K U J'.1 7) , 1'3 4,'I,'i 20I
READ 505t(IVF( I 'JhI'.136) ,J=1jq1
READ 5U05sfIVFI 12) ,1-1o36) ,J;;4q17)

------------PROGRAM START WITH CARD 1------------------------
1oo READ 7orK.HiFI91FA,IPLSURHrFIDH51,KSCDCIHCIICCDiOIHHiOliDG,

XXM1-UISFC,KEvKK#KD#EIRP9ILB
PksINT 4
PI'.3.14159265'. S ICAR=O t NOCinO S IXT=ITIMEDAY(ITX)
Ir(IlK.LE*01 GO TO 4F-I1
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;tfART Or PARAMETER VIEF1..........

f I~ I )vAf)#'h II I I 1T121.A!)ENT(2)
r.ITI*tvl1)ITl(k*IAnNT(1h 'ADNTII3ADNTt13uTI16)uPA5tI1

c I--- * -INfl)i OF CARDI 3 1IF NE CE SSAY--Y
t~fIAs6Y,16 I RFAO I leiA(NT
7T11mAI'AfNMI S ITI4asAfONTI2) S TTIS)UADNTIS)

fWUf1 9 7 7 v VA tFOIN ) NK
PRINT VAQF0RvA(M*NrtADNT
PRINT 7em).HAI
FNCO0FINM'1VsAAt1 HAI
IF I HA I .e ', O00non I ICAR aI
IF(HA!.GTISO0C)Oa) PRINT 712
IF(HAt*LTe40(j,I PR'INT 713

IFIHAI.LT90*I Go TO 825
PRINT 7fl?,HFI
IFIHFI#LT.OoI GO To 825
I F(WFI * (;T f,9000. ) PRINT 715
IF(Hf'I*LT*.1.%J PRINT 716
PRINT 701sFREK
IF(F*LT*IOO.IG0 TO 805

806 IFIF..LT,70.) (, o TOioo
IFCF.GT,5O0n0* PRINT 718~
!FI.C.T.17,')00* ) 60 TO ROT

808 IF(F.,GT.jooO,'iO.I (,n TO 100
PRINT 5~
IF(AOI.LTeo.I GO TO 56
PXHmPAS( 1

5? GAOaAO1 S5 6AW=AWI
PRINT 'ln4.CAOPXHGAWPXH
IFfIS()p*6T , I 000*) I ICAR. I
IFISUR...Teop) 60 TO 81n

Oil AS~AP*SP*6r3#
PDC0Nz1S.ri44-20,*AL0c;10(F) S PIRPOEIRP'-PDCON
HRPwHPFI'*CFKi IK
IF(HAI.(T.(11PFI+1)00.I) ICARal
FTS=5IJROCFl(I1K) S HA5*H2-ETS
IFIETS.LT.O. I ETScO%
IF(SUR.GT. 1ý000. ICAR=1
IF(HAS.*LT.iFS? GO TO 770
IF(DH'31ILToO.I O)HS'I-O.
DHaDHSI*CFK(I R
IF(ENO,,LT.250..OR.ENO.GT*400oI GO0 TO 801

802 FNS=FNO*FXPFI-0.1057*HRPI
IF(ENS*LF*2509) G0 TO 803

804 EFRTHi=ERTH/(1.-.04665*EXPFI.O05577*ENS))
EART*Fl7PTH*CK~N(RIK
HT=HFS+FTS S HI.HT
IF(HRP96T*Hl) GO 10 825
HTEuIIT-HRP S DLSTvSORTF(2e*EFRTH*HTE)
HFRIwHTE*CKM( IK
IF(DHEI*LT*0.) GO To 50
FACNIIHFI*CFK( III
PDH=PAS( II
HR=H2-EAC S 14RScHR-ETS
HREuHR-HRP S DLSRnSQRTFI2.**RE*FFRTH)
IF(HRE.GE@50#I OLSRiEFPTH*ACOSF(EFRTH/IEFRTH+HRE)I
DSo.3.*s0RTFI2O0004*I1TE)+3.*Sd1RTFI2OrV'*HREI
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JK'1
55 PRINT 7onS.DHIEIPDHHPF1,EIRP,(FATiIIFA),Iu1,5I

IF(flCI*L.FvZO) GO TO 789
IF(ICC.LF'onI 6O TO 789
----- ---COUNTERPOISE PARAMETERS CONVERTED -------------

DCwnDCI*CFK(IKI s HCWUIICI*CFK(IK)
PRINT 7n6%DCI#HCI9(CCI( I9ICC~s *l#12)
IFIHCI*LT.OoJ GO TO 828

$29 IF(HCI*GT*50O*d ICARul
IF (DCW*GT**1524) ICAR01
IF(HCW*GT*HFS) GO TO 825
HFCaHT-FT S-HCW

'788 CONTINur
PRINT 7079IPOt.(I*IIPLbvIU1,21

C----------HORIZON AND INITIAL TAKE-OFF ANGLE COMPUTATIONS ----
PrlSwPTS*PPIS.PAS( 1)
IFIKI).LFe1) GO TO 7S5
HL.T*HHOIOCFKIIKJ S DLTODHOJ*CMKIIK)
HL TS"H-LT-HT
DGwIDG S AMNwIMN S SEC=ISEC
TETURAD)*(PG(+((SEC/60.1*AMN)/60.)) S ATETuABSF(TET)
TATETuTANFI TEr I
IFtKE.Eno.) GO TfO 782
IF(DLT*LF.ZOl GO TO 781

71j9 IF(KF-1 )7197'589780
lie IFITET.LT.O.) GO TO 752

HLTS-DL IL TATETI(DLI'*[)LTr/c2*EFRTHHl
753 HLT=HLTS+I-WS+ETS s f4HOIuHLT*CKMUIK)

PHS.PA SI?2
783 CONTINUF

IF(OLT.LT.( .1*01 STI.OH.OLT.GT.(3.*DLST) I PRINT 809
IF(TET*GT.,?O943951) PRINT 810
iFIHH0I*GT915000. 1 ICAR~l
PRINT 708IDHOT ,IDOSIDCIMNISEC*PT5,HHOI~pHS

PRINT 7?59(TYD( IoKD#IwImi 31
PRINT 7n9oFNSENO
IFIILS) Go To 762
PRINT 778

'763 PRINT 7109SUR*()HSIv(TSC(I#KSC)91I#2)
PRINT 7?9,(VyO( IvKK9Imlw15I
PRINT 776.PPUCON
PRINT 72'.,PAS(2)
IF(DMAX*GT.IOOO.) OMAXR1000.
IF(ICARcGT.0) PRINT 800

i: ---------- START OF WORK SHEET-------------------------
PRINT 4
PRINT 757,IVTsIXTtOMD
PRINT 5 s PRINT 6
PRINT VARFORoADENTADNT
PRINT 731#HAIPH?
PRINT 7329HFI.HFS
PRINT 733PFoFREK
PRINT 734,AOIGA0,PXH
PRINT 735vAWI#GAW9PXyl
PRINT 736oDHEI*EACgPDH
PRINT 7379FiRP*PIRP
PRINT 738*IP-Av(FAT( I9IFA9Imhlv51
IF(NOC.LT1I) GO TO 754
PRINT 7199DCloDCW
PRINT 740,M-CI,9PCW
PRINT 741,ICCvdCCI( IICC),Iwl#21

79'4 CONTINUE
PRINT 5
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PRINT 742tHFRItHTE
IF(FoGTo16O0.l GO TO 104
QGl=I .21*SINF( 5.22*ALO)GIOIF/200. I 1+1.28
0G93(.181,SINF(5.22*ALOG1O(F/200e)II+1.23

306 CONTINUF
PRINT 7289H29EAC9HRPvHRE
PR INT 743. IPLv, POLl I.IPL~vlul '2)
PRINT 74'SPDS9flHOIsflLT
PR!INT 746 ,PTS. lOGIMNi ISEC9TET
PRINT 747,9PHS HHOItHLT

PRINT 7i.8*ENOtENS
PRINT 726oEARToEFRTH
PRINT 7499SURvETS
PRINT 7r50,fHSIOM
PRINT 7r3~iKSC. TScI I KSC,)I IU 2)
IF(ILB) Go TO 764
PRINT 785

765 PRINT 7159PDCON
PRINT 72q,(VYD(I*KK)tIn1'5

3

PRINT 724,PAS(2)
PRINT 5 $ PRINT 5
PRINT 711 ,PMINvPMAXDMIN ,DMAX
IF(ICAR.GT.0) PRINT 800

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

CUBTRZ 100./F
I)SD=65.*CU8ERTF(CU8TR)
DSL I =SO+DSD
ALAM=.2997925/F
PRINT 4 s CALL PAGE(0

1

THRFK=30.*ALOGIO(FRFK)
ICp r=0
r)LS~rDL'T+r0LSR
AFP=32.45+20o*AL0OG1O(FRFK)
DKAX-OMAX*CMK( 1K)

C ---- HORIZON POINT DISTANCE AND PARAMETER CALCULATION------
IF(JK*LT.O) 6O TO 58
TRM=((HTE+EFRTH)*COSF(TET))/(HRE+EFRTHI
DMLzFFRTH*(AC`OSF( TRM)-TFT)
DL-R-DML-D)LT

59 DNMaDML*CKN( 1K)
IF(VML.i-F.O*) GO TO 107
D-OML s TWEND=20.*ALOG1O(DI s ALFS.AFP+TWEND

HTPýHRP
DRPcDL SP
TATER ( (HLT-HR)I/DLR )-(DLR/ C2.*EFRTH)I
TFR-ATANF(CTATER)
TATES I (HRP-HR)/DRP)-CDRP/(Z.*EFRTH

1 I

TES-ATANF CTATES)
IF(CHLT-HRP).LEeOe) 15f14

15 DHRPNDLSR+DLT s GO TO 13
14 DHRP.DLTOLSR+SQRTF(2e*EFRTH*(HLT-HRPII
13 C0NTINuF

HTDPHT S IIPD-HR S HLD-HLT

CALL DFFRAC
GVD=GAINITET) S GDD*20**ALOGIO(GVD)
SMDý-f(INTF(DNM/Io)H41.)+1. S AMDuAWD+(SWP4IDI
A TO.ARI)-AV!
VZR'- CAWO/SWP)
PR~o-CAMD-GDD) S WRHU1C,.**(PRH*.l)
ZH-ALOGIO (WRH) -2.

C-------------------------- PRINT STATEMENTS-----------------------
PRINT 772
PRINT 767.HTE .HRE.D.DLT .DLRENSEFRTHFREKALAM.TETTER
PRIN4T 773

NOT REPRODUCIBLE
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PRINT 7689 HT9HR ,DHAEDSLPDLST iDLSRDNMALFSAMDDZRWRH
PRINT 761%PRHgAWDtSWPZH
PRINT 5 S CALL PAGEW6

C -- - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C---------------------- LINE-OF-SIGHT-------------------------------
CALL ALOS
NCT=NU( 1)
SPD=SMD+2.

C------------------ BEYOND THE HORIZON CALCULATIONS -------------
KF D-O
DO 900 NSP-1*5
MZS=MTM(N5P)
IFtMZS.lE.O) Go To 907
DO 90 1 MXS= 1 mZs
D-SPO*CMKUIK) $ DNM=SPD
IF(O.r;TerHRP) GO TO 17
DLR=D-DL T
HLRrHLT
TATER=((HLR-HR)/DLR)-IDLR/(2.*EFRTH))
TER=ATANF( TATFR)

19 CONTINUE
IF(KFO-1 )40'41 '4?

40 KSwO $ Kpro
KS~l $ ACD(KS)-ARD s AND(KS)-DML
AMOD*DMOD
EClsHTE+EFRTH s EC2=HRE4EFRTH S EC3*HLT-HRP+EFRTH
CALL SORD(ECI ,EC3,FFRTHDLTTETRO1,RWI)
CALL SORBIEC2,EC3,EFRTHDLRTERR02,RW2)
REO=ROI+R02 $ REW=RW1+RW2 s AA=GAO*REO+GAW*REW

RW( I =RFW
AAO (1)2AA

DO 30 KC=191OO
KS-KS+l
D=DNM*CMK(I K I
SPD=DNM
ACD (KS) .AED+( SLP*D)
AND(KS)uO
TWEND-2n.*ALOG101D) s ALFSuAFP+TWEND
IFIDeGTeDHRP) GO TO 44
HLRvMLT

DLRcD-DLT S TATER.(IHLT-HR)/DLR)-(DLR/(2.*EFRTHII
TER=ATANF(ITATERI

45 CONTINUE
CALL SCATTER
SCT (KS )sAL SC-ALES
AAD(KS)=AA $ RW(KSIUREW
IF(SCT(KS)eLT.2O.) Go TO 31
KR.KR+1
IFIKR.L~e.) GO TO 11
KP=KS-l
SSPm (SCT(KSI -SCT(KP) )/(AND(KS)-AND(KP1)
PRINT 49qDNM,5CT(KS),ACD(KS~i SLPSSP

499 FORMAT(3F7*192F7*2)
lE(5SP.LE9(-.O1fl GO TO 49
IF(SSP*LEoSL.Pl GO TO 48

31 DNMaDNM+lo
30 CONTINUE

PRINT 14 s KFD1l S GO TO 33
49 KRzO s Go TO 31
14 EORMATI5X,'BEYOND THE So MILE LIMIT DOING DIFFRACTION*)

33 DO 4.1 KC~uI9KP
D-A ND (KG I
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DNM=D)#CKN(IKI $ sPn~nNM
TWENDae20.PALOG1O(D) s ALFSUAFP+TWEND
ATTS=ACD( KG1

AAwAAD(KG) $ REW-RW(KG)S THETA=TET+TER.(D/EFRTHI
ASSIGN 36 TO KT
Go T^ 200

36 CONTINUE
43 CONTINUE

SPDwDNN4 s MZSu6 S KFD-1 s Go To 37
48 IF(SCT(KP).GEoACD(KP)) GO TO 33

ACD(KP )=SCT(KP)
SýLP-(AC~r(KPI-ARD)/(AND(KP)-DMLI
AED=ACO)IKP )-( AND( KP) *SLP)
ASSIGN 35 TO KT
DO 34 KG=1.KP
DmAND (KG)
DNM-D*CKN(IKI s SPDmDNM
TWEND=2o.*ALOG1o(DI s ALFS=AFP+TWENO
ATD-AFD+( SLP*O)
AT TS.A TO
AMOD*CMOD
AAnAAD(KG) s REW-RWEKG)S THETAnTET+TER+(D/EFRTH)
Go TO 200

35 CONTINUE
14 CONTINUE

SPDwDNm s MZS*6 s KFDs2 S GO TO 37
41 CONTINUJE

AMO~uOD4OD
ASSIGN 37 TO KT
ATO-AE)+( SLP*D)
TWEND*2O.*ALOG10(D) 5 ALFSwAFP+TWFNO
IF(D*GTeDHRP) GO TO 24

HL R mHt T
DLR-D-DLT S TATERw((HLTHýR)/DLR)I(DLR/(2.*EFRT1l))
TE~mATANF( TATER)

25 CONTINUE
CALL SCATTER
ATS=4(. SC-ALF';
IF(ATS-LE.ATDI) Go TO 46
ATTS-ATP s THETA=TET+TER+(D/EFRTH) S Go TO 2O0

46 ATTS-ATS 5 KF0=2 s AMOD.SM01) s GO TO 200
'42 CONTINUE

A MO0 S MnD
TWEN(Th?n.*ALOGIO(D) $ ALFS=AFP+TWEND
CALL SCATTFR
ATSuALSC-ALFS s ATTS-ATS S ASSIGN 37 TO KT

200 CONT!NUF
C--------------------- LONG-TERM POWER FADING-----------

IF(D*LE*DSL1) 311,312

311 OEEU(1340.*D)/DSL1 S GO TO 313
312 OEFa230.+D-DSLI S GO TO 313
313 CALL VZ0(DFEtQ6IsQG99Al))

NCT -NCT+l
PFS=PIRP-ALFS
P1 -AT TS
AL 1M*3.
AL 1OnPL+AD( 13) s AVEALIO-ALIM
IF(AY.LT.O.) AY.Oo
DO 11 Ku1,35
8D(K I.PLADIfK I-AY

11 CONTINUE
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D0 12 KeI'12
ALLME-ALM4(K)
IF(BD(K).GT.AL.LM) BD(K) mALIM

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

BX(NCT,5)=BX(NCT,61-DX(NCT,7)IBX(NCT,5)=DNM
BX(NCT9l)aBX(NCT,2)hBX(NCT,31=BX(NCT,4)=ONM
IF(KK9GT.1) GO TO 20

23 PGS-PFSeGDD
BY(NCT#1) =P65 $ BY(NCT92)wPGS8D0(j8I-AA
BY(NCTt3)=PGS+BD(12)-AA s BY(NCT94)=PGS+BD(24)-AA
O',(NCT ,5)-PGS+BD(23)-AA s BY(NCT96)=PGS+BD(26I-AA
BY(NCT,7)=PGS+BDI29)-AA I BYINCT*8)vPGjS+BD(32)-AA
PFY(NCT,1 ImPrGS+BD(to)-AA s PFYtNCT#2.bPGS+BD(l)-AA
PF'V(NCT,3)=PGS+BD(10)-AA S PFY(NC'io4)nPGS+BD(13)-AA

C--------------------------- PRINT STATEMENTS --------------
PRINT 't60tDNM9(BY(NCToLZ),LZs1,8)(PFY(NCToMW ,MW-1,41,PLtAAAYOBK
X ,AMOD
CALL PAGE(l)

C -- - - - - - - - - - - -- - - - - - - - - - - - - - - - -
IF(SPD.GT.DMAX) GO TO 907
GO TO KT,(35o36,37J

37 CONTINUE
903 SPD*SPD+YCONINSP)
901 CONTINUE

SPruSPfl+YCON (N5P)

NPP=NSP+l
IF(NPP.GT.5) GOi To 907
IF(YCON(NPP

1.EQeO*I GO TO 907
IF(NPP.EO.0

1 Go To 907
IXDclNTF(SPO/YCON(NPP) I
SP D- C CON(CNPP) *F LOATFIIXD) )+YC ON INPP I

900 CONTINUE
907 CONTINUE

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

SXt1I.DMAX s SX(2)xDMIN s Syf1)wPMAX s SY(2)mPMIN
Do 904 K=198

904 NU(Ki=NCT
NS(IIU9 NS(2)-NS(3)-NS(4)w1
LYDvO 5 LUDvel S LLv4
NSI5).NS(61'1

CALL PLTGRPH t
Go To 100 t

C ---LOOPING BACK TO START FOR NEW SET OF PARAMETERS------------------t

17 TER-TFS S DLRwDRP S HLRUHRP S TATERwTATES 5 GO TO 19

C---------------------- TROPOSPHERIC MULTIPATH----------
20 DO 21 1-1#35

QA(I)-ROI I)-PL
POA(I)OP( II

21 CONTINUE
IFITHETA.GFeTPT141 GO TO 26
IF(THErA-LE.0.J 60 TO 27
BK-FNA( THFTATPrHTLTM9TPK9RDHK I

26 CONTINUE
CALL. YIKK(flKPOKPQKI
CALL CONLuT(QA.QK,PQA.35.*1. .0. POCQCI
Do 22 lul,35

22 O0(II.OC(I)+PL
Go To 21
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24 TERaTES s DLR.mORP s HLRwHRP S TATEN-TATES S GO TO 25

26 BK=TPK $ Go TO 28
27 BK=RDHK s GO TO 28
44 TER=TES S tLR-ORP s HLRzHRP s TATERmTATES S GO TO 45

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

150 PDH=PAS(2)
HP2=H2-HRP s HP12Hl-HRP
DUMnO.O $ ZER=O.0 s QLIm-1.-56
QNSN329- s QHCuHP1 S OHAwHP2 5 QHSwHRP

CALL RAYTRAC(OUm)
RY-TRACRAVI QL 1M)
DSO*QQD
QNSUENS s QHCwZER s OHA-HP2 S OHSwU.RP

CALL RAVTRACIDUM)
RY-jTRACPAY( ZER)
DLSR=QOD) $ TSL2=DLSR/EFRTH
IF(TSL2.LE..1) GO TO 53
R2E-EFRTH/COSF( TSL2)
HRE=R?F-EFFRTH

54 IFCHRE9GTeHP2) HREzHP2
HR-HRE+HRP s EAC=H2-HRP-HRE
DHEI=EAC*CKM(I1K)
JK-l
GO TO 55~

53 HRE=(DLSR*DLZR?)/(?.*EFRTH) s GO TO 54

Oý6 CALL AS0-RP(F*A0I9AWI)
r rXHmPASi(2) s Go To 57

58 1'EH=TET+(OLT/EFRTH)
IF(KrD.LE.1) TEH=O.O
ONSzENS $ OHC=HLT-HRP s OHAuHP2 S QHSzHRP
RY=TRACRA'.'(TEH) S DLROQUD S DML=DLT+DLR S Go To 59

167 PRINT 106 $ GO TO 100
3C4 QGl=C39=1.05 s GO TO 306
762 PRINT 779 $ GO 10 763
752 HLTS=DLT*TET 4(DLTODLT/(29*EFRTHH) : GO TO 753

764 PRINT 786 $ 6O TO 765
770 PRINT 800 s 6O TO 100

C------------------- HORIZON PARAMETER CALCULATIONS------------
781 HE-MAXIF(HTE9.0n5)

DLTeDLST*EXPF (-.07*SQRTF(DH/HE) )
PDSXPAS(2)
IF(DLTeLTo(.1*DLST) I DLT-*1*DLST
IF(DLT.GT.(3**DLSfL') DLT.3o*DLST
OHOin=DLT#CKN( 1K)
GO TO 759

730 TRM=I.lIDH*l(DLST/DLT)-1.)
T'ET-.5./DLST)*(TRM-(4.*HTE))
IF17ET*GT*TWDG) TETuTWOG
CALL RAnFEMS(TFTvIDTlG.IMNvSFC)
ISEC-XINTF(SEC)
PTS-PAS(? I
TATET=TANF( TET)
GO TO 758

782 XTRMaS5CRTF((EFRTH*EFRTH*TATET*TATETI4(2.*EFRTH4HLTl))
YTRM=-EFRTH*TATET s DLT-YTRM-XTRM
IF(tOLT*LF.O.I OLTaYTRM+XTRM
PDS.PAS(2 I
DHOInDLT*CKN(IK) s Go TO 783

780 TAIETs(HLTS/DLTI-IDLT/I2.*EFRTHI) s TET=ATANFITATET)
PTS.PAS( 2

784 CALL RADEMS(TET*IDG*IMNSEC)1  NOT REPRODUCIBLE
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ISEC-XINTF(SEC) S GO TO 783
C - ....---- --- SMOOTH EARTH PARAMETERS--------

755 PTS-PDSwPAS(2)'
DLT=DLST $ DHOI-DLT*CKN(IKI

TATETu(-HTE/DLTI-(DLT/(2o*EFRTH)) s TET=ATANF(TATET)
HLT=HRP s HHOI=HLT*CKM(IK) S DH-O*
Go To 784

7e9 HFCnO. s GO TO 788
801 ICAR-1 $ ENO=301* S GO To 802
805 ICARmI $ PRINT 717 S GO TO 806
803 ENS=250# S ICARmI $ GO TO 804
807 ICAR=l s PRINT 719 S GO TO 808
825 PRINT 800 $ 60 TO 100
828 ICAR=1 $ HCI=O. S GO TO 829

830 ICAR=I s SUR=O, s GO TO 831

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

451 CONTINUE
CALL CRTPLT(OOO,0O20)
PRINT 4
PRINT 2
CALL EXIT
END
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B.2 STATION SEPARATION PROGRAM

Input parameters for, and the output generated by, the station

separation program (DOVERU) are discussed in sections 3.1.1 and 3.2.2,
respectively. Information concerning input parameter cards and FORTRAN

variables is given in figure 23 and described further in table 7. Sub-

programs for all programs are listed in section B.4.1. Of these DOVERU,

requires (app. B) ASORP, BLOS, CONLUT, DEFRAC, DELTA, FDASP, FDTETA,

FRENEL, GAIN, GHBAR, HCHNOT, LINE, PAGE, PLTDU, POWSUB, RADEMS, RAYTRAC,

RECC, RTATAN, SCATTER, SORB, TABLE, TERP, TRMESH, TSMESH, VZD, and YIKK

(sec. B.4.1) and the data tables (sec. B.4.2). A block diagram of the

operations performed by DOVERU is given in figure 26. Text references

and major subprograms that are relevant to specific blocks are included

there. A listing of DOVERU is provided at the end of this section.
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Ini ti a lyize adit'. H FABLFS (sec. B.4.2) and setting up constants.

Start of loop for each new set-A

of parameters and graphs.

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

call POWSUB (sec. B.4.1) to obtain an array of isotropic power* (free

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

Interpolate using values in 'his array to obtain isotropic power

values for the fixed desired station to aircraft distance required

(table 5).

If the und,!sired facility nas different parameters than the desired,

rtdd in ne' 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 retý41h array since it is

also applicable to the undesired station.

[ ,rt. of loop for station separation values. 4

Uilculate the unuesired f ci lily to ijircritt qist,nce from station

separation and desired dist, e f ,), irlt,,rp(,lto troT array for

undesired facility for corresr-ondinq isotropic power values, call

CYoL[IT (se-. B.4.1) to combine distributions via (13), arid store

points '-r plottino.

w

LooIp b aI< ~ 'ne t t sep ~ratI ion VYl i7• ] F - - - - -

F-Cal PTiU (sec. 8..)to plot graph]

SLoop back I fr flIw set of p, rar•e ters..

if no new pa rarue ter, [

progjrai ends

*`lsotrullic power'" is th.i powe.r tha t woul ' be avi II abi it t Iv' tti rmai iiiI,

ut ai idea l (lossless) iSUtropic aIlrCiaft datenna.

Pigjure 4;1. hilook di~fg2rvn _wr (A, Jelt (4),uat, -0 roron LOA.
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114lR,04(,AM 1)i)v4 Ali

C 4dI4t I NJ r4. 01 itl I A116 73

10.~4MAl I I 010i-AM I N IN I Sk4Ffl 0

I kill AY I 1 ' 4
A P~N'I 1 .1 1 1 4

A b'A"AT I I I r. %041

?10 F il4mAl II Jill ST T ONI'11 S

7 9 1 I~ W AT I4 Jill Ii 4li 0 ('1 t, I~ RI 01 14 f 5 4~) S A N R 1

10 4 1,110AI 1 6 '*, ItsI ', r I '4 X4 J 0 . V .

I4 -* -- -- - l
1  

I - a I
791l f ORMATI IJVtv% ~n P rD UDO D F

9t76 J P4M A II 4144 X~4HSIIVHI STAT, IO IS I'A6
701 f I)WP'At I I olkf' 44O's ~IH tl)'LflSRpTAINAR AI4
Pn 11,11 NA4 I 'N (A I ýI 0, ( 4 1 ()1: 1 3 P , 1 3 DC 13

(l I4WMAIik41 ( 1IJI V'N.*11NjI r.AT MIt XRE TPC DA

9 flfl o VfR AT / I4 IA %I PC),44A1 I(I e

('04IOIN: I.0 VV / r' V .vt (3 16C e 17 1D
C Ml~ 01 'o / I- .A TI' I I ' A 4N

CUMMON/111 "I ! 4 'U olt. v NJ 8P , 314,Ir ,rNSs 1 ,K (2 SY ( 21 9 TH(5I t IC9 CD PBX 200 O! 1 98

FNAIM VI of A i'Hi ,N( F )I FfF X-FA FC-6 4AF
V f(iFMN~,'Y 1A)V4IP 4, t AR -RI/I 4 7,3 7 I

L'0TIA T (P~jI I 4)

FN C FAa F ,PREP4.(R INPU O FC-0/ TABLES

IPT' 7PT 1 *1 DMB I ITF Js J 3te1Pm12

RFAD 50Sv(IVF( IJ4,Iw1936)%Jw1o3)
RFAD 1O',,IIVFIIJ4 .Iul361,Jw4*174

c-----------------PROGRAM START WITH CARD I1----------

100 RFAl) Qv1CSMIN*5MAX*5NC#D1)
I FI I 1sLF.*0) GO TO 4 51

c---------------------- INPUT OF CARD 2 --------------
RUAD 7,IK,44F1ilFA.IPL.SURsF4PFI ,DHS1,KSCD)CIHCIICCDHOIHHO?,IDG9

X IMN. t ISFC KF ,KK vKD cFTRP,9 10
c---------------------- INPUT OF CARD 3 --------------

RE AD 1 ,AptN T,#HA 1 911[1 9ENOo AO¶,9AWI1,9F vDMIN 9DMAX sXC #PMJN PMAX 9YC9 1A
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IXT-ITIMFDAY(ITXI
TT(I)=ADFNT(I) s TT(2)=ADENT(2) S CMAX=SMAX
TT(3)=TT(4)=TT(5)=ADNI(1I=ADNT(2I=ADNT(3)uPAS

C - ---------------.-INPUT OF CARD 4 IF NECESSARY -----------------
IF(IA.GT.161 READ 110OADNT
TT(3)=ADNT(1) $ TT(4)=ADNT(2) s TT15)-ADNT(3)
ENCODE(A99O.AAT) HAI
ENCODE(8329TG)DD
IF(IS.GT,1) GO TO 15
NKu43-1(ij+IA)/2)

ENCODE(489779*VARFOR)NK

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

16 CALL POWSU8
C ------------. . PRINT STATEMENTS---------------------

PRINT 900,I(PFY(LALB),LB.196hoLA-lNCT)
PRINT 5
MCK-NCT/2 S CALL PAGE(MCK)

DO 20 I=1,NCT
IF(DD-PFY(If1))?2,21,20

20 CONTINUE
I =NCT

22 IF(I*LE,1) 1=2
L=I-I
DRAT=FNB(DDvPFY(II)oPFY(L1I))
DFS=FNC(DRATPFY(It2),PFY(L,2)) S DPW=FNC(DRATPFY(I13)tPFY(L,3)I
DV5=FNC(DRATPFY(II4),PFY(t,4)) S U5O=FNC(DRATPFY(I,51tPFYIL,5))
D95=FNC(DRATPFY(I,6),PFY(L,6)) S GO TO 25

21 DFSuPFY(I,2 )  s DPW=PFY(I,3) S DV5=PFY(II4)
D5O-PFY(I,5) $ D95=PFY(16)

25 IF(ISLE.1) GO TO ?H

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

C ------------------- INPUT OF CARD TYPE 2 --------------------
READ 7,1KtHFI,IFAIPLSUR,HPR),DHSIKSCDCI.HCI.ICCtDHOI HIvfOIIDGI

XIP4NISECISC,.KK,.KDtFIRP.TLB
C---------------------------INPUT OF CARD TYPE 3---------------------

READ 6,ADENTHA1 DHEItFNOAOI AWI FIA
ADNT(jI=ADNjT(2)=ADNT (3=PAS

C---- ----------- IF IA GREATER tHAN 16 INPUT OF CARD TYPE 4--------
IFIIA*GT*16) READ 110ADNT
NK-43-((21+IA)I/2)
ENCODEF(48,778,VARFOR)NK

C --- OBTAINING ISOTROPIC POWER ARRA' FOR UNDESIRED STATION---
CALL. PnWSUR

C -----------------------PRINT STATEMENTS---------------------
PRINT 9001((PFY(LAoLBIPLB*196)tLA=19NCT)
PRINT 5
MCKwNCT/2 s CALL PAGE(MCK)

C

C -----------------CALCULATION OF D/U RATIOS------------------

28 S=SMIN
DAII)=DV5 s DA(2)-DSO S DA(31-D95
JCT=O

C ----------------------- PRINT STATEMENTS -------.-----------
PRINT 791 s PRINT 792 S CALL PAGE(2)

C
DO 26 KLB-INCT
IaKLB S DUmPFY(IvI $ S-DU+DD
IF(S.GT.SMAX) GO TO 27
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JCT=JCT+l
BXIJCT,1)=BX(JCTt2=BX(JCT,3)=BX(JCT,41=S

31 UFS=PFY(I,21 S UPW=PFY(I,3) $ UVSPFYII,4)
USOuPFY(I,5) S U95=PFY(I,6)

23 BY(JCTI)-DFS-UFS s REFV-DPW-UPW
DR(II-UV5 S DB(2)uU50 S DRC(3)U95
CALL CONLUTIDA.DBDP,3,-1, 0.PCDC)

C -------------- VALUES PUT INTO PLOTTING ARRAY ----------------
BYIJCT,2I-REFV+DC(1) s BY(JCT,3)-REFV+DC(2)
BY(JCT94)mREFV+DC(3)

C - ------------------------- PRINT STATEMENTS--------------------
PRINT 790PSDDODU#DF,),UFSDPWPUPWt(BY(JCT*K)9Kmlt4)
CALL PAGE(J)

C
26 CONTINUE
27 CONTINUE

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

SX(I1=DMAX s SX(2)xDMIN S SY(1J'PMAX s SY(2)nPMIN
DO 904 K*1#4

904 NU(K)=JCT
NS(1)=9 s NS(2)uNS(3)=NS(4)n1
LYD=O s LUD=+1 s LLw4
IG=IG+l

CALL PLTDU
GO TO 100 tt

C -------- LOOPING BACK TO START FOR NEW SET OF PARAMETERS -------------

15 NKu43-((1Q+IA2/2)
ENCODF(4897779VARFORiNK
GO TO 16

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

451 CONTINUE
CALL CRTPLTIOOfO,20)
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, DEI.TA, FDASP, FDTETA, FRENEL, GAIN, GHBAR, HCHNOT,

LINE, PAGE, PLTVOL, PWSRB, RADEMS, RAYTRAC, RECC, RTATAN, SCATTER, SORB,

TABLE, TERP, TRI4ESH, 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.

106



St Ut 04 4)

4)04 *.'-A 04

4) � Vt Ct

m.4c 4)

, *,W L3-V4

t�UC C)

'�0

u�c- S

4)00,4

I 77�7

04) '4, C)

.4) c,. 4) .� O�
'4 4) at, ci .� a>., S�

00 V 4- 0 (JOCO

4)) Cl4 .- 4., C-
-� CS 44. C-

A.-) 00 4)L 4U0 U 4
CC.- taos 00 --

-0 cv at. 4)4)0>, C'S ut. 'v N
0> -.- �, 4-v

cat- 4)4- -04 **� �L *-�U 'SOS
t-00,4)
WOOL aS 0 v

Co Vt- a � CU 0-.. a
C 4)� Ut 40 CSC.4) 0

Ct 4)4) - 4-OCt. 0
0000 004 t� -

V fl a 4) 0) 0�0 - �t0.�j4), �04
0)4)) 4) �4) 4) rm WV

'-U C LW 0 �O 4))->,'' I V
VSrV 00 0 4. 00 04) 4)0 to
O 04)4 C-CL At) 0)400

4-, 0L4) 04.
U L 00 04.04, � 3

C 04.44) VV
0,-4, 3 4)04)4) 00
U fl' C 4)L L

0 .4 4) V 4) 4) S V C
V4-)o4) 0<) C 044-
4)-.��04U 0.4>. WS ).-'V4)04

V4).ra - V 4 U V
'yOU Cc 4.4.0

107



PROGRAM SRVVOLM

C RoUT 'NE FOR MODEL AUG 73

2 FORM~AT ( 11 PRO(GPAhI 15 FIN ISHFO0 *
4 FORMAT (IHI)
5 FORMAT(JH)
6 F0RMAT (?A8,2F6.0,F4.O,3F6.O,?8X,12)
7 FORHiAT( I2,F~.O.2I2,3F6.0,I2,2F6o0,IZ.2F6.O,3I393I2,F6.OI11
8 FORMAT('5A89F4sO*2F6#OsF5.o09121
9 rORMIAT(12,2F4,O,?2,23F4.OF6,O,2F5.,))

12 FORNMAT(F4.094X)
50 FORMAT(F7.0#1X)
71 FOkMAT(F~oOfI4F'5.1)
106 FORMAT15Xo* DML IS lESS THtAN ZERO* ABORTING RUN *
108 FORMAT(2(F5e397F?5,2)
105 FORMAT1IlF7.4)

C FORMAT STATEMENTS FOR PARAMETER SHEET AND WORK~ SHEET

700 FORMAT 123X*PARAMETER5 FOR SFERVICE VOLUME CURVES*,/34X,*ITS MODEL*.
XA8s/30X*A892XýA89, R)N*,//)

701 FORMAT hýXt*REOUIREO OR FIXED*,/32Xt* -----------------
702 F kMAT(15Xv*FACILITY ANTENNA H('IGHT:*sF7o1,* FT ABOVE SITE SURFACE

X*)
703 FORMAT(15X,*FPEOLWN4CY:*,f'6.0,* MHZ*)
704 FORMAT(29X9*SIPECIFrCATI0N OPTIONAL*9/29X,'-------------------------'*9

4/15XqfA8SCRPrIOtj: OXYGEN*,r9.5t* DB/KM*,A2,/27X,*WArER VAPOR*OF9*5
49*Dt8/KM*,A2)

705 FORMAT(15XP*EFFECTIVE REFLECTION SURFACE ELEVATION ABOVE MSL:*,F7@
50** FT**/15X9*EQUIVALENT ISUTROPICALLY RADIATED POWER: *9F691,* DS
5W't/15Xt*FACILITY ANTENNA TYPE: *95A8)

706 FORMATC(2OX9*COUNTERPOISE DIAMETER:*,FS.O,* FT*,/25X#*HEIGHT:*,F5oO
69* FT ABOVE SITE SURFACF *v/25X9*SfURFACE:*,2A8)

707 rORMAT(20X9*P0LARI7ATIrM~: *vA~l
700 ForMAT(I,5X,'IIOfRZ.ON OB3STACLE bISTaNCE: *,F7.2v* N MI FROM FACILITY*

8#A29/20X9*ELEVATION ANGLE: *9 13q*/*9I2q*/*9I2s* DEG/MIN/SEC ABOVE
e HIORIZONI'AL*,A2,/20Xi,*HiEIGHT:*tF6.0,* Fr ABOVE MSL*9A2)

709 FORMAT(15Xv*MINIMUlM MONTHLY MEAN SURFACE REFRACIIVITY:*9/20XF3*O,
9* N-JN ITS AT SEA LEVEL: '.F3oO9' N-UNITS*)

710 FORMAT(15X#*TERRAIN ELEVATION AT SITE:',F690o, FT ABOVE MSL*,/20X,
A*PARA~lEl0R:*9r5.0t* F'T*9/20X9*TYPE: *92A8)

711 F0RMAT)2X,13F6.o)
712 FflPMAT('ýXu15F5.O3
713 FORMAT(F8.op'ZX.A8,6(F8.1 ,F8.o)/( 18X,6CFB.1,F8.O)I
714 FORM.AT(15X*AIRCRAFT ALTITUDES IM FT ABOVE MSL: *#3(F7.OPAI)I
715 FORMAT(20X,*ANTENNA TOO HIGHt RAY BENDING OVERESTIMATED',/)
716 FORMAT(20X,'ANTENNNA TOO LOW9 SURFACE WAVE SHOULD BE*9/25X,'CONSID

6ERED' J
717 FORMAT12OX,'FREQUENCY TOO LOW, IONOSPHERIC EFFECTS MAY BE*9/25XO*I

7MPORTANT*9 //I
718 FORMAT(20X**ATTENUATION AND/OR SCATTERING FROM HYDROMETEORS*0/25X,

B*(RA N, ETC) MAY HE IMPORTANT*)
719 FORMAT120X#*ATMOSPHERIC ABSORPTION ESTIMATES MAY BE*,,25X9*UNRELIA

9BLE*)
724 FORMAT(/15XPA2**COMPUTED VALUE*)
725 FORMAT(20X,#TYPE: *s2A89A1I
726 FORMATE Xe'qRlH*9F9#O 9* N MI *gFS*Ot' KM*)
72 R , 4iX*D/IJ RATIOS IN PB: *91O(F3.09Al1)/20XoI31F30,9A1IP
72ý F-ORM¶AT ( 1XTIMF AVAILABILITY: *94A89A1I
'731 FORMAT~r)1X*D/U RATIOS IN PR: *,10(F3.OAlIo/20X.13cF3.0,AI1,,2OX,1

X3 (F3,0'A~ll
732 FORMAT(12X,* HIF) *9Feoi.* Fr To SURFACE *or8.4t* KM 0I
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733 FORMAT(12X,'FREOUENCY', P5*0t' MHZ 09FI.09* MHZ *1

R .4 FORMAT112X,' ACO)', F9.5,' 08/KM *tFS*59' DB/KM',A2I
135 FORMAT(12X,* A(W)',F9*S 9* 06/KM *9FO9594 DB/KM*tA2)
736 FORMATI15X*D/U RATIOS IN DS: *,1O(F3*0,AlI))
717 FORMAT(12Xt*EIRP *79F9* 9* 06W *9F'S.1,' DOW 03
738 FORMAT(12Xt*F ANT *,6X9129 2X#5AOI
739 FORMAT(12X,* D(C) *,FB.,0* FT *tF8#4.' KM')

70FORMAT112X,' H(C) *tFB*Ot' FT ABOVE SURFACE ',F8.49* KM*)
-741 FORMAT(12X,*COUNTERPOISE*,12,1OX.2A8)
742 FORMAT(12X,*H(FR) *tF8.O,' FT ABOVE REFLECTION*9F8.4,* KM*)
743 FORMAT(12Xt*POLARIZATION',I2,1OX,2A8)
745 FORMATfIOXsA2,*D(HO) *tF8.21* N MI FROM HORIZON *oF8*2v' KM*)
746 FORMATt1OXsA2v*E(HO) **129*/*9129*/*9129* DEG/MIN/SEC*97XvF8*59* Rt

6ADIANS,')
747 FORMAT 310XvA2,'H(HO) ',F8*0O,' FT MSL '.PS949' KM*)
748 FORMAT(12X,* N(O)**F9*O 9* N-UNITS N(S) ',F$*Ot' N-UNITS')
749 FORMAl'(12XEM(SUR)*9F8.OI FT MSL 'tS&49* KM')
750 FORMA7(12X#*DH(SUR'*,F79O,' FT ',F8*A,' KM*I
751 FORMAT(12X,'TERRAIN*,5Xo-2,I2OX,2A8)
752 FORM/4T(15X*STATION SEPARATION:*,F5*0,* N MI'3

7S6 FORNAT12?4X92AR)
757 FORtJAT(12X*INPUT PARAMETERS FOR ',A892X9A8.' RUN*,/12X*OF 'tA$,* A

1IR/6ROUND MODEL',//)
772 FORIAT(15X*AIRCRAFT ALTITUDES IN FT ABOVE MSL: *93(F7sOA1),/20Xv7

2(FloOgA1l)
773 FO'RMAT(15X*AIRCRAFT ALTITUDES IN FT ABOVE MSL: *t3fF7.O9A1),/20X97

3(F7,OsAI ,/20X97(F7,OAI 3)
774 FORMAT(15X'AIRCRAFT ALTITUDES IN FT ABOVE MSL: ##l(F7*OtA1)./20X,7

4(F7.OAl)./20X,7(F7.OAl),/20X,7(F7.0,AI))
776 ':ORMAT(ISX*AIRCRAF'T ALTITUDES IN FT ABOVE MSL: *,3lF7#OA1),/20X,7

f6(F7.0,Al),/2oXt7(F7.OAI,9/2OX,7(F7.OAl),/20XF7.O)
778 FORMAT(15X%*SURFACE REFLECTION LOBING: CONTRIBUTES TO VARIABILITY

X*)
779 FORMAT(15X**SURFACE REFLECTION LOSING: DETERMINES MEDIAN*)
785 FORMAT(12Xt*SURFACE REFLECTION LOSING: CONTRIBUTES TO VARIABILITY

X*)
786 FORMAT(12X**SURFACE REFLECTION LOSING: DETERMINES MEDIAN*)
790 FORMATE5Xv3F7.192(2Xi,2F7.1) ,3X,4F7.11
791 FORMAT411X**NAUTICAL MILES FREE SPACE MEDIAN

X --------0/U ------- *)
792 FORMAT110X%*S DD DU DD DU DD DU FeSP

XACE 5% 50l- 95%'*)
796 FORMAT(SXip*AIRCRAFT HEIGHT IS',FB*O,' CORRECTIVE HEIGHT Is'.FS.op

6A21
197 FORMAT(1M(12926HX*DESIRED STATION IS *SAO))
798 FORMATI1H(12928HX*UNDESIRED STATION IS *SABI)
799 FORMAT(lH(12938HX*DESIRED/UNDESIRED STATIONS ARE *SAW)
800 FORMAT(//1OX*'SOME PARAMETERS ARE OUT OF RANGE*)
809 FORMAT(20X,'DLT IS LESS THAN .IXDLST OR GREATER THAN 3XDLST*)
810 FORMAT120Xt*INITIAL TAKE-OFF ANGLE GREATER THAN 12 DEG**)

'900 FORMAT(2f3Xv6F7#1))
901 FORMAT(5XF8*39SF7slt212)

DIMENSION DA(3) ,OB(3 3,0P(3),PC(3),DC(SI
DIMENSION CFK(3),CMK(3),CFM(3),CKM(3).CKN(3I
DIMENSION FAT(5,BhtCC1(2,7) ,POL(2,3),TSC(2,7I
DIMENSION PAS(2)
DIMENSION ACHT(25)9,DEHTf25)
DIMENSION APCT44)oLP14)
DIMENSION TYD(3,4)vVYD(SV2)
DIMENSION PR(30) ,ADENT12),ADNT(3) ,VARFOR(61
DIMENSION QHTE(2),ODLT(2),QENS(2),OEFTI2),QFK(2) ,OTET(2),JKD(2hoGA
XO(2),OAW(2),QCW(2),OHW(2),JIC(2),OHRP(2),QERP(2),JKKI2),JLB(2),OHT
X2) ,OHLT(2) .QHFS(2) ,QDH(2J ,OOLST(2) ,JPL(2) ,JKSC (2) ,JFA (2I
COMMON/EGAP/IPvLNDTOTIXT

109



COMMON PDY(125,5),DE(125),DRU(125,4),DED(125),MU(25hPMD(251,PY(251
XPXU( 25 .4 ) PXD( 25 ,4) A( 251,01 25) ,MCT( 25)
COMMON/PLVD/LUDLYDSHXSHYTGSX(2htSY(2),TT(6),XC.YCAAT
COMMON/RYTC/QNS#QHC ,OHAOHS .OQD
COMMION/PAOUT/NCTPFY(125,6) ,JJHIP1,HP2
COt-Ir4ON/VAT/TAV(175),TAHfl 7,175)
COMMION/DLAT/TALD(2O),TAFL(4,7,20)
COMMON/VV/VF( 36*17)
COMMON/PARAM/HTE,-iIREDD)LTDLRENSEFRTHFREKALAMTETTERKDGA0,
XGAW
COMMON/S IGHT/DCWHICWDMAXDMLDZRIKEACH2,ICCHFCPRHDSLIEIRP,
XOG19QG99KKoZHPRDHV, ILB
COMMON/SCATPR/HTfi-RALSCTWENDTHRFKHLTHLRTHETAHTPAA'REW
COMMON/DPIFPR/HTDHRDDHAEDSLPDLSTsDLSRIPLKSCHLOHRPAWDSWP

COMMON/cAT/JFA
DATA (ONID=8H AUG 73
DATA (CFKc.OO1,.00030489.0003048)
DATA (CMK:1. .1.60914491 .852)
DATA (CFM=199*3048,.3048)
DATA (CKM=1000. .3280.83989593280.539895)
DATA (CKN=1. 9.621371 1922 ,.5399568n34)
DATA (POL=8H HORIZON93HTALoSH VERTICA91HL98H CIRCULAolklR)
DATA IFAT=1OH ISOTROPIC,3(1H )94H DME94(1H )914H TACAN IRTA-2)93(1

XH )t39H 4-LOOP ARRAY (COSINE VERTICAL PATTERN)939H 8-LOOP ARRAY (C
XOSINE VERTICAL PATTERN)934H I OR 11 (COSINE VERTICAL PATTERN),1H 9
X40HJTAC TILTED 20 DEG WITH 40 HALF-POW 8.We,17HJTAC TILTED 8 DEG,2
X(1H ))
DATA(TSC=16H SEA WATER 916H GOOD GROUND 916H AVERAGE GROUN

XD 916H POOR GROUND P16H FRESH WATER 916H CONCRETE 916H
X METALLIC
DATA (PASu2H 92H*
DATA(VYDu33HFOR HObURLY MEDIAN LEVELS EXCEEDED933HFOR INSTANTANEOUS

X LEVELS EXCEEDED)
DATA(TYDm17HSMOOTH EARTH #17HIRREGULAR TERRAIN)
DATA(CCI=16H SEA WATER t16H GOOD GROUND 916H AVERAGE GROUN

XD 916H POOR GROUND 916H FRESH WATER 916H CONCRETE 916H
X METALLIC
DATA (PASrIH
DATA (CM=1H9)
DATA CLP=992i1,3)
DATA(APCTn8H FREE SP#8H 5 = 98H 50 a 98H 95
FNA(FXtFAF8,FCFD)u((FX-FB)*(FC-FDI/(FA-FB))+FD
FNB(FRXFRAFRI3)u(FRX-FRB)/( FRA-FR&)
FNC( FFX FFC oFF0 .( F FX*IFFC-FFD) I FFD
IDTaIDATE( IDX)
DP(1=.oo1 $ DP(21u*50 s DP(3Iu.9S
IGSO S JJuO $ ZO*.0OOOOOO1 s ERTH=6370*
RADa.017453292S2 $ DEG=57.29577951 $ TWDGu1Z.*RAO

C PRE-PROGRAM INPUT OF TABLES

READ 108,(TAV(I),(TAH1(JI) *J-197),Il,1v75I
READ 719(TALD(K),((TAFL( IJK),Jul,71,I.1,2),Kul.20)
READ 71,(DUMB,( (TAFL(IJtI 'Jn1'7),I*3'&) ,K.1,20)
READ 505.1 (VF(IJl9IvI936lvJwlp3)
READ 505.1 (VF( I J) .1-1,36) ,J-4*17l

C------------------ PROGRAM START WITH CARD 1 -------------------
100 READ 9. IS9DMAXvS*LHLEsSX.XCoSYoYC

IFIIS*LE@O) GO TO 451
IXT=ITIMEDAYI ITX)
DO 200 J*1915

C------------------- START OF LOOP FOR TWO FACILITIES---------------
ICARmo
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C ----------INPUT OFCARD22------- --------------
READ 7.IKHFIIFAIPLSUR.HPFJDHSIKSCDcdCIIcC1,CDHOII*402,IOG,
XIMNv1SEC9KEKKoKD#EIRPIL8
------------------ -------- INPUT OF CARD 3-------------------
READ 8vADENT9AONTENOvAOIAWIFsIA
TT(1)wADENTll) s TT(2IuADENT(2) 6 TTf6)wPASI1
TT(3)=AONT(1) 5 TT(4IuADNT(2) S TT(S)OADNTIS)
CmAXxDMAX
JFU[S*GT*Ii GO TO 15

ENCODE 148,799 .VARFOR INK
14 PRINT 4

C--------------------- START OF PARAMETER SHEET ----------
HFS-HFI*CFK(IKI 9') FREo~uF

PRINT 7n00oMD9IDT9IXT
PRINT VARFORoADENTADNT
PRINT 5
PRINT 701
IF(J*GT*1) GO TO 820

C ----------- INPUT OF CARDS OF AIRCRAFT ALTITUDES --- ---

READ 711*(ACHTEIIIlu1,LH)

C ----INPUT OF ALTITUDE CORRECTION FACTORS IF SPECIFIED----
IF(JJ*GT90) READ 711,(DEHT( I) ,I.1LH)

C---------------------- INPUT OF CARDS OF fl/U RATIOS -----------
READ 71?' (PR(I Ilvlwl9LE)

820 LLILH-1
JF(IHGr.24) GO TO 769
IF(LH*GT#17) GO TO 768
IF(LH.GT.1o) Go TO 767
IF(LH.GT* 3) GO TO 766
PRINT 714,((ACHI(ICM),IwlLL),ACHT(LHI

770 LLwLE-1
IF(LE.GT.23) GO TO 721
IF(LE.GT~ln) GO TO 720
PRINT 716#( (PR(I I CMI, I1=1LU 'PRfLE)

777 PRINT 702$HFI
IF(HFI.LT.O.) GO TO 825
IF(HFI.GT*9000*) PRINT 715
IF(HFI@LT*1.5) PRINT 716
PRINT 7M39FREK
IF(F.LT9100. 100 To 80S

806 IF(F.t.T470.) G0 To 10n
IF(F.GT.5000.) PRINT 715
IF(F*GT.170009) 6O To $07

808 IFIF.GT.100000.) Go To 100
ALAMu .2997925/F
PRINT 752sS
PRINT 5
IFIAOI*LT*O.I GO TO 56
PXHxPAS( 1

17 GAOwA0I s GAWr.AWI
PRINT 7n4oGAOsPXH9GAWvPXH
IF(SJR96T*150n0. ) ICAR-1
IF(SUReLT~ooI GO TO 530

831 PIRPuEIRP
FTSwSLJR*rFK( 1K)
HRPwHPFI'CFK( IKI
IF(ETS.LT.0.I FTS.O.
IF(DHlSI-LT.O.) DHSI.O,
DH-DHSI*CFK( 1K)
IF(ENOoLTo250o.OR*ENO#GTo400.l GO TO 801

ONZ ENS-F:NO*EXPF(-0.10O57#HRP)
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IF(ENS*LE*25O.) GO TO 503
804 EFRTH*ERTH/Il.-.O4665'EXPF(.0O5577*ENS))

EART=EFkTH*CKNI IK)
HT*Hi-S+ETS s HlwHT
IF(MRP.GT*H1I GO TO 825
HTEaHT-HRP s DLSTw5QRTFi2e*EFRTH*HTE)
HFRIsHTE*CKM( 1K)
PRINT 7O)5,HPFIFIRP,(FAT( IIFA)IIu,51
IF(DCI.LE.ZO) GO TO 789
IF(ICC*LE*O) Go TO 789

--------------------- COUNTERPOISE PARAMETERS CONVERTED -------------
N0Col
DCWuDCI*CFK(IK) S HCW-HCI*CFK(JK)
PRINT 706#DCI$HCI,(CCI( IICCh9Iw1,2)
IF(HCI,LT.O.) Go To 828

929 IFfHCl.nTo5OO.) ICA'Ral
IF (DCWoGTvv1524) ICAR01
IF(HCW*GT.HFS) 6O TO 825
HFCaHT-ET S-ICW

798 CONTINUE
PRINT 7O7v(POL( IsJPLpIIl1,2)

C---------HORIZON AND INITIAL TAKE-OFF ANGLE COMPUTATIONS��
PDSxPTSmPHS-PAS( 1)
IF(KD.LE.II GO TO 755
HLT*HHOI*CFKfIK) $ DLTuDH0I*CMKlIK)
HL T SHL T-HT
DG=IDG S AMN=IMN S SECwISFC
TET=RAO*(DG+((ISEC/60.)+AMN)/60.)) s ATETuABSF(TETI
TATET-TANF( TET)
IF(KFoEQ.3) GO TO 782
IF(OLToLE.ZO) GO TO 781

759 JF(KF-1)730.7589780
758 IFITET,@LT*09) GO TO 752

HLTS*ODLT*TATET+(OLT*DLT/ (24*EFPTHI 3
753 HLT=HLTS+H-FS+ETS s HHOI=HLT*CKMIIK)

PHS-PAS(2)
793 CONTINUE

IF(DLT.LT.il.*DLST).OR.DLT.GT.(3,*DLSTI I PRINT 809
IFITEToGTo*209439511 PRINT 810
IF(HHoI.GT.150OO.) ICARul
PRINT 708,OHOI~POSoIDG.tIMNPISECoPTSHH01.PI4S

C--------------------------- ------------------ ---------

PRINT 725*gTYDI 19KD?,Is1.3ol
PRINT 7en9vENS9ENO
IF(IL8.GT@O) GO TO 762
PRINT 778

763 PRINT 710,SURDHS1I,(TSCII,-KSC),lIa23
PRINT 7p99(VYD(I9KK)9I.1,5)
PRINT 7?4,PAS(2)
IFIICAR@GT.O) PRINT 800

C---------------------- START OF WORK SHEET-----------------------
PRINT 4
PRINT 757tIOTtIXTOMD
PRINT 5 $ PRINT 6
PRINT VARFOReADkNTPADNT
PRINT 7019S
PRINT 732,HFIvHFS
PRINT 73loFtFREK
PRINT 734,AOJGAOPXH
PRINT 735 9AW I GAW#PXH
PRINT 717#FIRPPEIRP.
PRINT 7l8vIFA91FAT( IFA)9,fI9I5J
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IF(NOCoLT*1) GO TO 754
PRINT 7399DCI*DCW
PRINT 740PHC19HCW
PRINT 741vICC9(CCI( I9ICC)9Imlo2)

754 CONTINUE
PRINT 5
PRINT 74?,HFRIvHTF
PRINT 743sIPL#dP6L( IIPL)vIw1,21

771 PRINT 7459PD59DH019DLT
PRINT 746,PTSIDGoIMNISECvTET
PRINT 747,PHSHHOIHLT
PRINT 7&AorN0l.IN5
PRINT 726,EARTtEFRTVI
PRNT 7499SUR*ETS
PRINT 750,DHSIPDH
PRINT 7r1,KSC,(TSC( I9KSC',y-l,21
IF(ILB.GT.O) GO TO 764
PRINT 789

765 PRINT 729*(VYD(IJprKUI-193)
PRINT 7?4,PAS(2)
IF(ICARorToO) PRINT 800

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

IF(IS.LFo]) GO TO 201
QAW(J)=GAW s OCW(J)=DCW s QHWIJ)-HCW 5 JIC(J)=ICC
OHRP(J)=HRP S OERP(J~=EIRP S JKK(J)e'KK $ JLB(J)wIL8
QHT(J)-HT S OHLT(J)=HLT $ OHFSIJ)uzHFS s ODH(J)-DH
OHTE(JI:HTE s OOLT(J)=DLT S QENS(JlftENS s OFK(JI-F
QEFT(J~uEFRTH s QTET(JJ=TET S JKD(JI.KD S QAO(J).GAO
QDLST(J)=DLST s JPL(J)wIPL s JKSC(J)&KSC S JFA(J!.IFA
QHFC-HFC

200 CONTINUE
C------------------- END OF LOOP FOR TWO FACILITIES-----------------

201 PRINT 4
CALL PAGE(-I)
FNC0DF(8912pTGW S
IFILF=O
MHwO
DO 60 LrD=1,LH
HA! =ACHT (LO)
H7=HAI*CFKd !KJ
IF ILEF-IFILF+l
IF(IS.GToI) GjO TO 202

206 CONTImUF
IF(JJ.LT1I) GO TO 63
A LAM=. 299'7925/F
PHN.PASI ii
EAC-DEHT( LD) *CFK (1K
MRwH2-FAC
HREwHR-HRP s DLSRzSORTF(2o*HRF*FFRTH)
HASmH2-FTS S HRS=HR-ETS $ HREwHR-HRP
IF(HREoGE9509) DLSREEFRTH*ACOSF(EFRTH/(EFRTH+HRE))
DSOU3.*SQRTF(2000.oHTEI+3.*SQRTF(2000.*HRE)

64. CONTINUE
r -----------------PRINT STATEMENTS-----------------------

PRINT 796& HAI*DEHT(LD19PDH S CALL PAGEW1
C-------------------------------- ------------------------------------

C------------------- OBTAINING ISOTROPIC POWER ARRAY----------------
CALL PWSR8

C----------------------------- PRINT STATEMENTS-----------------------
PRINT 9no.((PFY(LAgLB),LBwI,61,LAU1,F4CTI
PRINT 5
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MCK-NCT/2 $ CALL PAGEIMCK)
----------- ----------------------- ------------------ ----------------

IF(IS.GT.1) GO TO JC
203 NCD=NCT

DO 24 LAuINCD
DE(LA)-PFY(LA,1)
DO 29 L8=296
LCuLB-1
PDY(LAqLC) PFY(LA9LB)

29 CONTINUE
24 CONTINUE

IF(IS*LE*1) GO TO 27
J-2 S ASSIGN 27 TO JC s GO TO 205

27 CONTINUE

C ----------------------- PRINT STATEMENTS --------------------
PRINT 791 5 PRINT 792 S CALL PAGE(2)

C -----------

C----------------------CALCULATION OF D/U RATIOS------------------
JCTtO
DO 26 N=loNCD
DD=DE(N)
DA(1)=PDY(N93) • DA(2IsPDY(N,4) s DA(3I=PDY(N*5I
DLI=S-DE(N) $ IF(DU.LT9O) GO TO 25
DO 20 I=.1NCT
IF(DU-PFY(I[1))22,21,20

20 CONTINUE
IuNCT

22 IF(I.LE.o) 1-2
LuI-1
DRAT=FNB(DUPFYII,1htPFY(Ltl))
UFS=FNC(lRATsPFY(Iv2)9PFY(Lv2)t S UPWHFNC(DRAT9PFYII,3h9PFY(L,3))
UV5uFNC(DRATPFY(I,4),PFY(L,4)) S U50.FNC(DRATvPFY(Ip5)5PFYILq5)1
U95zFNC(DRAT9PFY(I,6),PFY(Lv6)) s GO TO 28

21 UFS-PFY(It2) $ UPW-PFYII,3) S UV5uPFY(I,4)
U50=PFY(I,5) s U95uPFY(I,6)

28 CONTINUE
JCT=JCT+I
DRU(JCTl) mPDY(N,1)-UFS S REFVnPDY(N92)-UPW
DB(1)mUVS S DB(21mUSO s DB(3)mU95
CALL CONLUT(DA#DB*DP939-199OtPC*DCI
DRU(JCT*2) wREFV+DC(l) s DRU(JCT93) &REFV÷DC(2)
DRUIJCT*4) *REFV+DC(3)

C-- -------------------------- PRINT STATEMENTS---------------------
PRINT 790oSoDDPDUPDY(Nol)PUFS*PDY(Nt2)oUPW9(DRUIJCTtK)o Kul,4)
DED(JCT)0DD
CALL PAGEtI)

C
26 CONTINUE
25 CONTINUE

C ------------------- WRITING FILES ON DISK -------------------
MCT(LDO)JCT
WRITE(2) IFILEtACHT(LD)*MCTILDI
KCT-MCT(LD)
DO 73 KEwIKCT
WRITE (2) DEDIKE)i((DRUfKEvJL))sJLwlv4)

73 CONTINUE
END FILF 2
MHmMH+I
PRINT 5 • CALL PAGEIJ)

60 CONTINUE
C -------------- END OF AIRCRAFT ALTITUDE LOOP ---------------
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tbO 40 M*19LE
LYD-O s LUDw+I
JG=IG~l
ENCODE18#329AAT) PR(M)

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

CALL PLTVOL
C------------------ VALUES PUT INTO PLOTTING ARRAY--------------

DO 41 JLuI%4
DO 65 fel*LH

65 CONTINUE
IF IL zO
REWIND 2
DO 62 IvIfLH
IFILE= IFILE+1
READ (2) KFJLEPBCHTLCT
IF(KFILE.NEeIF!LE) GO TO 100
DO 74 JE-19LCT
READ 12) DED(JE)911 DRU(JE9JG) ) JG-1,4)

74 CONTINUE
SKIPFILE 2
.JC TuLCT
DO 42 JKm3oJCT
JM-JK-1
IF(PRIMI@GE*DRUIJKPJL) @AND*PRIM)*LE*DRUIJMoJLI) GO TO 43
ZF(PR(M)oLE*DRU(JK,JL) *AND*PR(M).GEoDRU(JMtJL)i GO TO 44

42 CONTINUE
62 CONTINUE
61 LS=LP(JL)

DO 66 KC=Is4
J40~
n0 67 ZwILH
JF(MD(J)*LToKC) GO TO 67
IF(PYIII.GT.SY(11 .OR.PXD(IKC).LT.SX(2)I GO TO 67
IF(PY(I).LT.SY(2).OR*PXO(JKCI.GT*SX(l,) GO TO 67
JRJ~I s S(J~wPY(Jl S A(J~wPXDU.*KCI

67 CONTINUE
IF(J) 68.66

C--------------------------- PRINT STATEMENTS---------------------
68 PRINT 713tPRIM) #APCTIJL ). 94 AINN) 98(NN) ) oNNxIJ)

PRINT 5
NPGs(J/61+2 s CALL PAGE(NPG)

IF(J*LTo2) GO TO 66
CALL LINFILSpAsRJ9SHXSHY)

66 CONT I NlJ
DO 69 KC-194
J-0
DO 70 1.1 ,LH
IF(mU(JI.LT#KCJ Go To 70
JF(PYlI'.CT.SYll).ORPXU(IKC).LT.SX(2)) GO TO 70
IF(PY(TI.LT.SYI2).O)R.PXUIIKCI.GT.SXI1)I 1,0 TO 70
J@J+I s B(J)UPY(I) s A(J)&PXUlIKC)

70 CONTINUE
IF(J) 72969

C----------------------------PRINT STATEMENTS -----------------
72 PRINT 713,PRIM),APCTIJL)h((AINN),8(NN) ).NRa1,J)

PRINT 5
NPGwIJ/6P.2 s CALL PAGEINPCI
IF'IJ.LT,2) GO TO 69
CALL L INEILSvAv89J#SH~vSHY)

69 CONTINUE
41 CONTINUE

c-------------------------Erin OF GRAPH--------------------------------
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PRINT 5 $ PRINT 5 6 CALL PAGE(2)
40 CONTINUE

REWIND 2
Go To 100 t

C--------- LOOPING B'ACK TO START FOR NEW SET OF PARAMETERS------------------

43 MU(.11-MU(11+1
KC=MU( I
IF(KC.GT.41 GO TO 61
XRDUFNA(PR(M),DRU(JMJLJDRU(JKOJL),OED(JMhvDED(JK))
PY(I)-ACHT(II s PX)(tJ(KCI.XRD
Go TO 42

*4 MD(II=A40(I)+l
KCwMD( II
IF(KC.GT.4) GO TO 61
XROuFNA(PR(M),DRU(JMJL),DRUIJKJLIOED(JMPDED(JK)I
PY(IIWACHT(II s PXD(IKCJuXRD
Go TO 42

15 IF(J,GTs1) GO To 16
NKx43-( (19+IA) /2)
ENCODE 1*8,797 .VARFOR )NK
Go To 14

16 NK=43-(U20+IA)/2)
ENCODE(48 ,798 VARFOR )NK
GO TO 14

53 HRE=IOLSR*OLSR)/12.*EFRTH) s GO TO 54 -

56 CALL ASORP(FAOIPAWI)
PXHUPAS(2) s Go TO 57

C----------------------- CALCULATION OF RAY SENDING-----------------
63 HP2uH2-HRP s HPI.HTE

DLJM=0.O $ ZERvO.O s QLIMm-lo56
QN5=329. $ QHC=HP1 s OHAmHP2 S OHSwHRP
CALL PAYTRAC(DUm)
RYwT PACRAY(COL IM)
DSOvOOD
ONSENS S OHCxZER $ OIIAwHP2 S QHSUHRP
CALL RAYTRACIDUM)
RYwTRACRAY(ZER)
DLSR=QQD s TSL2=DLSR/EFRTH
IF(TSL2.LE.91) GO TO 53
R2EaEFR I /COSF ITSL2)
HRE-R2E-ErRTH

54 IF(HRE*GT.HP2) HRE.HP2
HRwHRE+HRP
EACUM?-HRP-HRE
HASmH2.-ETS S HRS.HR-ETS
DEHTILD)uEAC*C-M(IKC S PDHaPASt2I 6 GO TO 64

107 PRINT 106 s Go TO 100

C------------------------- TWO FACILITY CALCULATIONS-----------------
20? Jul $ ASSIGN 203 To JC
205 HTEuQHTE(jJ 5 DLTOQDLT14J s ENSwUENS(J1 6 FwQFKuJ)

EFRTHuQEFT(J) S TETEOTETIJI S V.DwJKD(J) 6 GAQUQAQIJ)
GAWuOAW(J1 s DCWwUCW(J) 6 HCWwOHW(J) 6 lCCujICIJI
HRPwOHRPIJ) s EIRPuQFRPIJ) S KKuJKK() s S L8*JLB(J)
HTwQHT(J) S HLTUOVILT(J1 6 1fF5-QHFS(J) S D~wQnHIJ)
DLSTmOOLST(J1 s IPLuJPLIJ) s KSCOJKSC(J) 6 IFAwJFA(Jl
FR EK .
GO TO 206
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C ---- -------PART OF PARANIAER SHEET PRINT ING --- ----
tPO "MIINT V1RIIPRfII)CMoItaI#LLhlPRlLEI S GO TO 777
III P~'INT ?itIfIP)NIIItCp4I9.1,LLU.PRiLEI S 00 TO 777
761 PR IN Al779 1 6n to ?63
44* PRINT IRA s An To 765
l7ft PRINT 77?,U(A(HTIIICM),Iu1,LLbtACHT(LHI s Go TO 770
VPA? PRINT ?'idilACHIIII,9CM),Iu1,LLIACHT(LHI s Go TO 770
168 PRINT 7T6,IEACNIgII.CMiIu1,LLIACHTtLHI S Go TO 770
TA9 PRINT 776,IIACHITIIICMIIllLL),ACMTILHI S GO TO0770

C-----------------HORIZON PARAMETER CALCULATIONS ----------------
701 HfwMAX1F(HTE**0Oqn

OLT.OLSTSEEPFI-.OTOSQRtFIOH/MHE) I
ODS1ePAS I I
IrIDLTsIT*II*ILSTI I nLTvaI*DI.ST

IFIj ,~Tt .'OST IDLTNI*eDLST

6n to ikq
710 TRP4.Is iomia I I LSTIDLT )-I* I

TCuIv.%iflLS ).ITRM-('..UHIEI I

CALL RAnrmsiTufIA6*IMN#SEC)
IS'FC.X INTFISFCI

TArTrPTANFI TrT)
GO 10 T%m

762 XtRMuStJITF I&FRTH*EFRTH*TATET*TATETII2.*EFRTH*HLTS)I
VI)RMv-tU'TH' TATET S DLToYTRM-XTRM
IP l0LLf.1F.O I LI*YTHM4XTRM
PI)SePASI ?I
flHoi%(LTeCKNf IK S GO TO 783

780 TATrFtVIN,Y15/LT)-IDLT/(2.EEFRTHJI s TETuATANF(TATETI
PISePASI? 1

18 CALL. RA~rMFNS(TFT, lOGp IMNt5EC1)
ISVcXINTFI'rrI s 60 TO 783

C----------------------- SMOOTH EARTH PARAMETERS------------------
IRS PtSaPDS*PAS[('I

nLTvnLST s flHOluDLT*CKN(fIK
TATETuI.-HTEIDLTI-IDLT/IZ.*EFRTHI) s TETNATANF(TATET)
HLTwHRP s HHOIsHLTOCKMIIK) S 011.0.
Go To 784

752 HLTS*DLTOTET *IDLT*DLT/(29*EFRTHH) s GO TO 753
789 HvCwO. s GO TO 788
801 ICARmI S ENOml0I* s GO TO A02
603 ENS.?%0* S ICARsI s GO 70 804.
anS ICARNI s PRINT 717 S GO TO 806
Win ICARUI PRINT 719 S rO TO 808
875 PRINT Ron 5 GO TO 100
876 ICARal s HCIwO. s GO TO 829
fliO ICARai s SURwO. S GO TO 831

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

451 CONTINUE
CALL CRTPLT(OOOO,201
PRINT 4
POINT 2
ENDf EXIT 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 listed alphabetically by
name in this section. Each listing is preceded by a short discussion
and contains some annotation. Listing for system functions (e.g., SINF,
COSF, etc.) and system subroutines (e.g., CRTPLT) are not included
since they are available to system users, and do not have to be submitted
with the programs.

118



ALOS

Subroutine ALOS is used only with the power density program (sec.
B.l) 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-O-S SUBROUTINE FOR POWAV
C ROUTINE FOR MODEL AUG 73

5 FORMAT(IH
760 FORMATI 1XF7.2,12F8.1,F6.1,2F5.1,2F6.1)
766 FORMAT(2XY*D N MI FREE SPACE 50% 5~ 9510 90% 99%0

x 99.9% 99.99% .000 .1% 1% 1010 PL AA AY
X K DEE*)
DIMENSION XCONW5)NTM(5)
DIMENSION CFK13) ,CMK(3),CFMC3ICKMI3),CKN(3)
DIMENSION GLD(8)9,D1(200)9D2(200)9D3(2001
DIMENSION HiTX(2) ,Z(2),TEAC2) 'DA(2,ilIPR(2I
DIMENSION 51D124)
DIMENSION SPGRD(31
DIMENSION RE(21,B01351.VD(35)
DIMENSION ALM( 17) ,AD(51
DIMENSION P(35),oC(501,QA(50) PP0A(50o)PQK(50ObQK(50I .PGC(50)
DIMEFNSION YV(10ISV(10I
COMMON/EGAP/IPqLi4,IDT, IXT
COMMAON/PARAM/HTE*IIREDDLTDLRENSEFRTHFREKALAM,1ETTER.KDGAO,
XGAW
COMMON/DIFPR/HT 91IR ,DHAEDSLPDLSTDLSR, JPLKSCIILTHRP.AWDSWP
COMMON/SIGIiT/DCWHICWDMAX.DMLi,DZRIKEACdi2,ICCIIFCPRHDSLiPIRP,
XQG1,0G9,PrY'200,4),KKZHRDHlKILB
COMMON/PLTD/LUDLLNU(B1,NS(8),SX(21,SY(22,TT(61,XCoYC,0X1200,8),O

XY(200,8) .LYD9AAT9TG
C0tiMON/SPLIT/LlL2,NXI140),Y(l4O),D6(140IXS(55),XDI55),XR(55),YS

X(553 ,YD1551,YR(55) ,13,ZS1251 tZD(251 .ZR(25I
DATA (CFK=*0O19-O0O3048#000Q304 e)
DATA ((P111 9I1*135IOOUO01o..0O2,.0OOD05,OOO1,.ooO2. 0005 *001#

X95..98..99,.995,.99a.99
9 9. 9 9 9 5 ,*9 9 9 8t. 9 9 9 0 99 9 9 9 95P 9 9 9 9 8 9 .9 9 9 9 1 ;'

DATA (CP1K=. '1.609344v1.852 3
DATA (CFMv1. ..3014R,.?04)'.
DATA (CKMA~10OO.,3280@83989593280.8

3 9895)
DATA (CKN=1. ..62137119Z22.539g'568o34)
DATA(X':ONx1-05e91,o.,z.#.O.
DATA INTMn 10,19. 30. 10 .0
DATA (GLnz-O.%.1 ..2..39.4,.5,.75,j.I

X4*59-397)
DATA (SPGRD.Oo..6o.il
DATA (SIfl-.2o,.'t7,1.,1.2,l~1.5,.?

2*, 2 os,, .3.5.4. .5.,6..7.,8.,O.l

CCMPLEX AT'ioAT2
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FNAIFXFAFBFCFD)mI(FX-FBI*(FC--FD)/IFA-FSflFD
BSPIw. 3183098862
RADw.o1745329252 S DEGv57*29577951 5 TWDGnl2o*RAD
ALIM3*3
PI=3*141592654 $ TWPlm6*289185307
FwFREK
P12al.570796327 5 CP12s*156
DKAXoDMAX*CMK( IKI
AFPP32 .45+20**ALOGIOIFREKI
ALA2mAL AM/29
ASPAwo*25 s ASPB*.O.25
ASPCoASPA*ASPB* (6.E-B I*F
TWPILA*TWP! /ALAM
DTRO*ALAM/6*
ERTH s6370.
AO=ERTH s EFNwEFRTH
PKLNI 3.*PI )/ALAMI I
NCTmO
NOCan
PRINT 766
.CALL PAGEf!)
IF(ICC*GToO) NOCul
CDRKz2O.95841232*F
IF4NOC*LF*01 G0 TO 502

RCW=DCW**5S e TCuATANF(HFC/RCW)
ABTCwABSF(BTC) 6 R1CuRCW/COSFISTCI S SQVT.S0RTFf2**R1C/ALAM4)
HD!.HTE-HFC s TWHCu2o*HFC

503 CONTINUE
L I L2wN-O
TWHT=2 .*HTE

C----------SETTING UP OF TABLE OF SI. DELTA R AND DISTANCE----

LEu7 S IF(ILB.GT.O) LE011
DO 61 LK*1.LE
IF(LKeLT*4) GO TO 120
LBw13-LK S GRDFLOATFqWDI s APDRwAi.AM/GR0

121 IF(APDRoLE9O.I GO TO 122
IF(APDR.GToTWHT) GO TO 21
SI*ASINF(APDR/TWHT)
ASSIGN 65 TO KR S GO TO 66

65 Ll=L1+1 S XS(L1I)SI 'S XD(Ll)mDR
XRIL1 )mD
IF(APDR*LE@O.) Go To 122
SI.SORTF(APDR/(2.*OLSTI)
IF(ST*GT*P121 SIOP12
ASSIGN 123 TO KR S GO TO 66

123 L2inL2+I s YS(L2)uSI S YDIL2)*DR
YRIL2 .0

61 CONTINUE
21 CONTINUE

IF(!LS.LE,01 GO TO 162
DO 150 LAwu1'1
GND.FL(OATF4 LA)
Do 151 LGw1'4
60 TO (155,156,157*158), LG

155 GRD.(4o*GND-1lo/4o s Go To 159
156 GROEGND s 6O TO 159
157 GRDu(4.*GND+lo)/4. s GO To 159
ISO GRD=(?.*CND+19)/29 s Go TO 159
159 APDR-GRD*ALAM

IF(APDR9GTTWHT) GO TO 162
SleASINFI APDR/TWHT I
IF(SI.GT.P12) SI*PI2
ASSIGN 152 TO KR S G0 TO 66
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152 L1mL1+1 s XS(Ll)wSI S XD(L11uDR S XRtL1)-D
SI*SORTF(APDR/(2.*OLS1 IP
ASSIGN 153 TO KR S GO TO 166

153 L2=Li'+l s YSIL21.SJ s YD(L2)aDR S YR(L21u0
151 CON T INUE
150 CONTINUE
162 L3=0

D0 67 LK=1924
SzxSID(LK)*RAO
ASSIGN 724 TO KR S GO TO 66

124 L3zL3+1 s ZSIL3IuSI s ZDIt.3)=DR
ZR(L3 )UO

67 CONrINUE
SJ=P!2
L3-L3+1 ~; ZS(L3)zSI s ZD(L3)uTWHT S ZRIL3)z0.
CALL TABLE(OUt4)

C ---- USING TABLE To OBTAIN STRATIGIC DISTANCE POINTS-------

LRuO
DO 70 LAw1,LE
IF(LAsLT.4) GO TO 88
L8=13-LA S GR~uFLOATFILB) 5 DR.ALAM/GRD S LDOLD41
IF(DR*GT@TWHT) GO TO 25

86 CONtINUE
D*DJNTER( OR)

TFID.GT*DML) GO TO 70
LRtLR+l $ Dl(LR)AD

70 CONTINUE
25 CONTINUE

IF(ILS*LE*O) GO TO 163
00 172 LA=1910
GND-FLOATFI LA P
DO 173 LG=194
GO TO (1659166t1679168l, LS

165 GRO=r4.*rNr)1.,)/4* S GO TO 169
166 GPD=GNED S GO To 169
167 GRD=U..*GNn+1.)/4. S Go To 169
168 GRO=(2.*GND+1.)/2. s GO TO 169
169 0RmGRD*ALAM

IF(DRGToTWHT) GO TO 163
D-DINTER(DR)
JF(D.GT.DML) GO TO 172
LRsLR+i $ OI(LRP-D

173 CONTINUE
172 CONTINUE
163 CONTINUE

IF(LR)1549164
1954 D=D1(LR) s SILTMuSTNTER(DI

00 11 LAu1.LR
LVz4R+1-LA

11 D3(LAI.D1ELV)
02(11 uOZR
CALL TSMESH(D2oI9D3oLRvO1,L5)

160 LRzO
SPDu. 1
DO B0O NSPw1e5
MZS-NTF4(NSP)
IFIMZS*LE.O) GO TO 107
DO Rnf Mxswt1MZS
Dw SPDOCNIK ( IK I
!F(DoGT*DML) Go To 107
LP-I-R+1 S D31LRPUO

803 SPI. SPD+XCONINSP)
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801 CONTINUE
SPD"*SPD-XCON(INSP)
N PP =N S P.
IF(NPP*GT.51 Go To 107
IF(XCON(NPP1.EQoOo) GO TO 107
IF(NPP#EO*01 GO TO 107
IXORINTEE SPD/XCONINPP))
SPDuIXCONINPPI*FLOATF(IXD2I+XCONINPP)

Boo CONTINUF
107 CONTINUE

CALL TSMESH(01,L5,03%LR,02sLX)
IFINOC*LE*01 GO TO 75

C------------- CALCULATION OF COUNTERPOISE STRATIGIC POINTS---
LR wO
DO 600 LK~wl13
IF(LK*LT*9) GO TO 601
FLK=LK-8
00 603 LG*194
FLGmLG
GNDx( (4**FLKI.FLGI/4-

602 APDRxGND#ALAM
IF(APOR*GT*TWHC) G0 TO 29
S IvASINF( APDR/TWHC)
ICPTr-i
ASSIGN 40 TO KR S Go TO 66

40 CONTINUE
IF(D*GT*DP4L) GO TO 604
LRmLR+l
03 (LR I T

604 IF(LK.LT*9) GO TO 600
603 CONTINUE
600 CONTINUE
29 CONTINUE

CLIM-D3(LR) S CCIMwD3(1)
DO 69 IcILR

LV*LR+I-

CALL TSMESH(DjqLRs029LXsD39LKl
14DO 129 LV-u1PLK

IC Tr'O
13 SIwSINTERtnfl3LVI)

ASSIGN 28 TO KR

C-------------------- RAY OPTICS GEOMETRY ------------

66 CSSIwCOSF(SII
SNSI&SINF(SI) s SlSQ=SNSI*SNSI
AKOmEFN/AO S ZEs(I1/AK01 -1. S AKE*1./(I1.IZEOCSSl))
AEFTsAO*AKE S DHEmCAC*(AKE-1Ie/(AK0-1Iv
HTX(I)uHTE S HLwH2-DHE S HTXI2)uHL-HRP S HCLmHIL*CKM(1K)
IF(ICPT*GT*O) GO TO 77
A-A EFT

78 CONTINUE
DO 62 LCw1.2
Z(LCIUA+IHrx(LCI S TEA(LCI-ACOSF(A*CSSI/Z(LCII-Si
DAILC)-ZILC)*SINFITEA(LC) I
IFISI@GT*1*561 GO TO 61
HPR( LC )=DAILC) ITANFIS51

62 CONTINUE
OTXxARSF(Z( 1)-Z(21 1
IFISI*GT.CP12I GO TO 64
AFAwATANFE(HPRIZ)-HPRII))/(0A(1I+DA(24))
RO=(DA(I 1,DA(21P/COSFIAFA) s R12w1DAlIl1DA(2))/CSSl
IF(ROsL1.DTX) RO"OTX
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68 CAw-AFA-TEA~i) s THaTEA(11*TEA(2)
DRuA.*I4PR(1 )*HPR(2)/(ROR121
BAvCA
CDwCA*OEG
DsAEFT*TH
IF(DeLT*Ool 0.0.
DNMOD*CKN( iK)
GO TO KR.(65'2891239132.133.124040.152.1531

C ----------- I------------ ---------------------------

28 IFIO.LT*O.O1) GO TO 129
IF(DoGT.DML) GO TO 121
AIF SmAFP 20 **A LOGI10( RO)
PFS=PIRP-ALFS
GOD-GAINICA)
GPDw2O.*ALOG1O (GOD)
Z3uZ(2)-Z(1)
Z4.(fl1)*COSF(BA))/Z(2)
IFIOH.LE.0.) GO TO 42
OHDuOH*( 1.-(O.8*EXPF(-OoO2*D) I *1000.

44 CALL SORF5(Z(1),Zf2),AROBAvRE)
AAaGAO*RE( 1 +GAW*RE (2)

51 IF(ILBoGT*O*AND*SI*LEoSILIM) GO TO 35
IF( DR*GE*ALA2) GO TO 34
IF( DR*LE*DTRO) GO TO 26
FDR-(1.1-(O.9*COSF(PKL*i DR-DTROII))E.*5

43 CONTINUE
CALL RECC(SIFPKSCJPL0oDHfDRPICRD)
GAn-(TEA(1)4+SII S GAMDuGA*DEG S GOGaGAIN(GAI
RDG=RD*GOG
RECwO.O
R EGw*R *0Go
RLGwRFG
IF(NOC*LE.0) GO TO 500

C-------------CALCULATION OF COUNTERPOISE CONTRIBUTION�---
TEGmABTC-ABSF(SI+TEA(l1) S TEGwASSFITEGI
VFGD=22-*SINF( TEG**S5)*SQVT
IFIABSF(GA)@LT*ABTC) VFGDu-VFGD
CALL FRENEL(VFGDoFPGD~PHIG)
REG*REGOF PGD
R 0Gm R D*F PGD
TRM3uPH16(.(P12*VFGD*VFGD)
IF(D@LT-CLIM*OR*O.GT*CCIM) GO TO 14.6
SIC-CA
TECxABsF(BTC-CA) S DARC=2**HFC*SINF(CA)
SITI--SIC S GOCaGAIN(SIT1)
VFCP-2*#SINF( TEC*.5 )*SQVT
IF(ABSF(CAIeGT@ABTCI VFCPu-VFCP
CALL FRENELIVFCPtFPCP*PI4IC)
CALL RECC(SICFICCIPL,1,DHDRCPICCRDC)
RLCwRC*GOC
RECwRLCOF PC P
EXPCn(TWPILA*DARCI+PICCIPHIC,(P12 *VFCP*VFCP))
ATRMwREC*COSF(EXPC) S OTRMs-RECOSINFIEXPCI
ATI=CMPLX( ATRM9aTRM I

147 CONTINUE

C------------------CALCULATION OF LOSING CONTRIBUTION�------
IFESi.GT*SILIM) GO TO 135
EXPGu( TWPILA*DRIPICTRM3
ATRMwREG*COSF(EXPOI $ STRMs-REG*SINF(EXPG)
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C -----------SUMMATION OF TERMS-------
136 AT2uCMPLX(ATRMBTRM)

WRL.CABS( GOD+AT1+AT2) I s WR-iWRL*WRL+*OOO1
PRm1O.*ALOGIO(WR)
IFID*LE.DZR) GO TO 148
IF(LV@E091) GO TO 148
PLoFNA(DoDMLDZRoPRHtPZI
WL1OIO***I .*PLI

149 CONTINUE

C ---- i--------- LONG-TERM POWER FADINNG------

PLwPL-GPI)
IF(D.LE.o.) GO TO 38
IF(DoLE*DSL1I 301#302

301 DEEU(130.*D)/DSL1 s GO TO 303
3o2 DEE=130.+D-DSLI S Go TO 303
303 CALL VZD(DEE9QG1,0G9pAD)

IF(CA.LE.O.1 GO TO 32
IF(CA*GE.1.J GO TO 533
FTH=.5-BSPI*(ATANF120*oALOGIO(32.oCA)III
IF(FTN.LE.O.OI Go TO 33

52 AL1OmPL+(AD(13)*FTH) S AVUALIO-ALIM
JF(AYeLT*O.) AYuO.

53 IF(ILB*GT.O*AND*SI*LE*SILIM) GO TO 22
DO 31 K=~1#35
VD(K)=ADIK)*FTH-AY s BD(KINPL+eVD(K)

31 CONTINUE
DO 50 KI.*12
ALLM--ALM C p)
IFfBDCKIdGToALLM) BD(K~wALIM

5O CONTINUE
;!4 CONTINUE

C ----------- VALUES PUT INTO PLOTTING ARRAY--------------

NCT=NCT+1
DXC NCT ,1IzBXC NCT 92)I=BXC NCT ,3 I (NCT ,4)I DNM
BXC NCT ,5)BXNCTNd IBX( NCT ,7 InX CNCT ,8 I DNM
IFCKK.GT.1) GO TO 20

23 PGS-PFS+GPD
BYCNCT.1I=PGS s BY(NCT*2)uPGS+RDC18I-AA
BY(NCT,3)-PGS+B0C123-AA $ BYCNCT,4IuPGS+BD(24I-AA
BY(NCT,5Iu'PGS*8D(23)-AA s BY(NCT96loPG5480C26I-AA
BY(NCT97)=PGS+BDC29)-AA s BYCNCT98)=PGSe80C32)-AA
PFYCNCT911-PGS+BD(4I-AA s PFYINCT#2IUPGSBD(71-AA
PFYCNCT*31=PGS+BD(1OI-AA s PFY(NCT94)=PGS.60C131-AA
PRINT 760,DNMCBYCNCTLZILZE1,8ICPFYCNCTMWIMW.1,AIPLAA.AYBK

X9DEE
CALL PAGE~11

129 CONTINUE
III CONTINUE

NUC1IuNCT s RETURN

C -------------- RETURN TO MAIN PROGRAM- -- ---

15 FAYa1. s GiO To 17
10 FAY=Ool S GO To 17

C---------------------- TROPOSHERIC MULTIPATH- -------------
20 D0 30 1*1935

'DoACI)wPC II
QAC I 1 BDC I -PL

30 CONTINUE
IFIAY*LEeO.I Go To 15
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IF(AY.rGE.6.' GO 10 16
FAY'(1.l+(O.9*COSFU(AY/6.i*PIli)/2,

17 CON TTINUF
FRSP=REG*FOR*FAY
IF(RE(2).LE.O.3 60 TO 45
RKu-1O.*ALOG1*O(ASPC*(RE(21**31 I
ACKsFDASP(RK) $ WAulO.**(@1*ACK)

46 RSTn( (RSP*RSP)+IRDG*RDGIWA)
!F(R.SToLE.O.) GO TO 37
BK u+1o.*ALOGIO(RST)
IF(BK*LT*-40.J BK'--*o

47 CALL YIKK(BKPOK*OK)
RDHK-BK
CALL C0NLUT(QAQKPQA,35,+l.,O.,P0COC3
DO 27 J1=135

27 sn(fl~oc(t)+PL
GO TO 23

37 SK=-40o s GO TO 47

C----------------------- LOSING MODE --------
22 AY=O.

TI IM=.2O. *ALOG1OI GOD+RLG+RLC)
SL !M'-Sl.
D0 36 K=1935
VD(K)awAD(K)*FTH sS D(K).PL.VD(KI-AA
IF C8D(KI .GToTLIM) BD(KI.TLIM
IF(U3D(K).LT.BLJMJ Rn(KuSBLIM
80(K)*BPI KI4AA

36 CONTINUE"
GO TO 24

26 FDRxOo1 5 Go TO 43
32 FTH-1*O S GO TO 52
33 FTHw'O0 5 AY-O*0 S GO TO 53
34 FDRm1. S GO TO 43
35 FDR0o. s Go TO 43
38 DEEwoo s GO TO 303
42 DHDsOso S GO TO 44
63 I$PR(LC)RHTX(LC) S GO TO 62
45 WAmoOOO1 S GO TO 46
64 AFA-S! s RONHTX(2)-HTX!UJ 5 R12-HTX(1I,94TX12) 5 GO TO 68
75 DO 74 LK91,LX
74 D3(LK)=02(LK)

LK *LX
L R LX
6O TO 134

77 HTXIII'HFC S HTX(2$uHTX12)-HDI 5 A'AEFT+HDI
ICPT'O s GO TO 78

Ra GRDvSPGRD(LA) s DRsALAM*GRD S LDwLD+I S GO TO 86
120 GRD*SPGRDILK, S APDREALAM*GRD S GO TO 121
122 SJuO. s ORwOs S DeDLST+DLSR S Go TO 123
135 ATRM'O. S STRMxO* S GO TO 136
164 D1I1IwDZR s L5v21 S SILIMwo. s GO To 160
500 TRm43an~o
1*6 ATRMwOo S BTRMsOo S AT1'CMPLX(ATRMSTRM) 5 RLCaO*O

GO TO 1*,
148 PLuPR S PZ*PR S WLwWR S GO TO 149
502 BTCwSOVtw0* 5 HDIwHTE S Go To 503
601 GNDwGLDILK) S GO TO 602

END
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ASORP

Subroutine ASORP is used in the calculation of atmospheric abq~v~ptio~i

(sec. A.4.5) to obtain surface absorption rates, yo~ dB/km, for oxygeni

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

Yo values for frequencies up to 100 GHz.

SUBROUTINE ASORPIFK*AOAW)
C ROUTINE FOR MODEL AUG 73

19 FORMATISX*FREQUENCY IS TOO HIGH FOR ABSORPTION TABLE USING VALUE
X5 FOR 100 GHZ*)
DIMENSION Z'X13)9ZW(51)tFZ(51fl
DATAIFZ..l0,.15,.205,.30,.3259935,.40,.55,.70'l.O'l.

52' 2.09 3.o.3.'
F940949* 10.CI2,1*9702,92O2*i2 l.O, 9 30. 932.0 ,33. .3

DATA(ZXu.00019,.0004?.,.OOO70..00U96,.0O13,.OO1
5,.OOlU900 024..OO 3..

XO04299005,.UO7O1,.OogS,.92,.O10tO,.011,.4,.015..017,oIS,.0o
20..O2I

X,.022,.024,.O2?,.030,.0329.035,.OAO,.044,e050,.060,,OO9.9090elOO9

DATA(ZW=13(O.0),.OO01,.00017,.00034,.00 2l,.OO9,.O25*.0 4 5'@lO,*2 29
W2O,.16,.l5,.l1,,1A,.1O~oO99..O9S,.0963,.O967,.oO9S1,eO9 87,*O 99,elOO

W. 20 . 25,* 34, 56)
TEN. 10.
F uF K *Onl
IF(F.LTeel) Fuel
IFIF.GT.100-) GO TO 20
DO 10 101953
IFIF-FZ( P112911#10

10 CONTINUE
Go TO 2n

12 IF1IeEQ1I) 1Z2
13 LaJ-1

AUALOGIO)(F) S B&ALOG1O(FZ(11) S CoALOGlOM~LI)
R I A-C / (B-C)
D.ALOGIfl(ZX(I2) S F.ALOtG1OIZXIL))
ARoIR*ID-EI')+E 5 AOuTFNI*AR
IF(IoLE*13) GO TO 21
GOALOG1O(ZW(II) S HoALOG1O0(ZW(L))
WRN(R*(G-HI)+H S AWwTEN**WR
RETURN

20 PRINT 19 5 AO*910 S AW.SS6 S RETURN
11 A0OZEfII S AWuZWIPI 5 RETURN
71 AWaOsOOnO 6 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).

SUBRoUr INF S81l.A
C L-0-5S SURSROUTINE FOR nOVERI)
C ROUTINE FOR MODEL AUG~ 73

5 FORMAi(IH I
DIMENSION XCON(5) NTM(s)
DIMENSION CFK(3)hCMK(3( ,CFM(3htCKM(3)hCKN(3)
DIMENSION GLD(81iI '(200) ,D2(2001,D3(20U)
DIMENSION H-TX(2 )vZ(2'),TEA(2) .DA12IHPR(2)
DIMENSION 5ID(24)
DIMENS ION SPGRD(3)
DIMENSION RE(2),8D(351,VD(35)
DIMENSION ALM(l?),AT)(15
DIMENSION P(35),QC(50) ,QA(501,POA(501 ,POKI5O).QK(50),PQC(5Ol
DIMrNSION YV(10) .SVI 10)
COMMON/FnAP/IP*LNInT9IXT
COMM'ON/DIFPR/HT7 HR ,DHAED.S5LPDLSTvDLSRIPLKSCHI.T.HRPIAWDSWP
COfk.1ON/ PAO( T/NC TqPFY 1200 .6)
COM'MON/PAIRAM/i1TEHIRED.DLTDLRENSEFRTHFREKALAM.TETTERKD.GAOv

X GAW
COMMON/S IGHT/DCWF)CWDM1X.DMJ.PDZRIK.EACH12oiCCHFCPRHDSL1,PIRP,

XOGI ,0G9vKK9ZHvROHK, [L9
CONMMON/SPLIT/Ll1.L2,NXI140),Y(140),D6(14O1,XS(55)PXD(55IXR(55!.YS

X(55),YD(55).YR('55),L3,ZSI25lZD(?5JZR(251
DATA (CFKm.OO1,.0OO3048,.C,00304n)
DATA ((P(l),11,t35)m..OOO1,.00002,.00005,.0001,.0002,.0005..001..

X959,9P,.99,.9959.9989,9999.9995,.999S,,9999,.999995,.99998,.99999)
DATA 1CMK=1. .1.609344, 1.8521
DATA (CFM-1.9.3048,.30481
DATA (C'KM=101o1,280.839895,3280.819895)
DATA (CKN-1. ' 6213711922 .. 5399568034)
VATA(XCON-1.,5-vI1O.,25svO.)
DA TAt'NIMa10.19 30* 10 0)
DATA (GLD-O...l..Z..3,o~.'.5,. 5.1lI
D)ATA(ALMO-6.2,-6.15,-6.O5,-6.O,-5.95,-5.88,-5.8,-5.65,-5.35,-S.O,-

X4.5s-1.7)
DATA IPRO,0,1
DATA lSJDN.?,.5..7,1o,1.2,1.5,1.7,p2.,2.~,3.,3.5,4.,5o,6. ,7..8.loo
X .20. 45. .70 .. 0. .85. .88..89.
COMPLEX AT!9AT2
FNA(FXFAsirBECFDI-((FX-FB)*(FC-FDI/(FA-FBI1 .FD
OSPI =.31 83098562
RADa..o1145329252 S 0EGx57.29577951 S TWOGw12**PAD
AL IM*3*
P1=3#141592654 S TWPIs6&283I85307
F. FR EK
P12,,1*570196327 S CP12ml.56 NOT REPROD'JCIBLE
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DK AX= DMA X*CMK UK I
AFP=32945+20o*ALOG1O(FREK)
ALA2wALAM/2e
ASPAw0*25 s ASPBuO.25
ASPCoASPA*ASPS* (6 *E-S8*
TWPILAuTWPI /AL AM

DTRO=ALAM/6*
ERTH u6170*
AO.ERTH S EFNmEFRTH
PKLu( (Io*PJ )/(ALAM))
NCTwO
NOC.0
IF(ICCsGT*01 NOCN1
CDRKs2O.95841232*F
IF(NOC.LE.0) GO TO 502

RCW.DCW*.5 s BTCmATANF(HFC/RCW)
ABTCEABSFIBTC) S RIC=RCW/COSF(BTC) S SOVTOSORTF(2**RIC/ALAM)
HDI-HTE-HFC S TWHC=2.#I4FC

503 CONTINUE
L1wL2wNwO
TWHTn2 .*HTE

C ----------SETTING UP OF TABLE OF SI, DELTA R AND DISTANCE-----

LEz7 s IF(ILB.GT.OI LE911
D0 61 LKuItLE
IFILK.LTo4) GO TO 120
LB=l3-LK $ GRD-FLOATF(LB) s APORmALAM/GRO

121 IF(APDR*LEe0oI GO TO 122
IF(APDR.GToTWHTI GO TO 21
S I-AS! NF( APDR/T WHT I
ASSIGN 65 TO KR s GO TO 66

65 L1aLl+l s XS(LI)-SI s XD(L1)EO)R
XRIL1 1.0
IF(APDR.LE.0.) Go To 122
SluSQRTF(APDR/(2**DLSTUl
IF(51*GT.P[2) SIwPI2
ASSIGN 123 TO KR S Go To 66

123 L2vL.2+1 s YS(L2ImSI 6 YD(L2)uDR
YR IL? )a DE

61 CONTINUF
21 CONT:NUE

IF(ILS-LE.01 Go TO 162
DO 150 LAmI910
GND*FLOATF( LA I
DO 151 LG*ul"
GO TO 1155,156,157,158), LG

155 GRnu(4.*CND-1.)/4. s GO TO 159
156 GRDwGNfl s Go To 159
157 GRD-(4**GND+1I*/4. S Go To 159
158 GRDw'(?.*Gt4D+1.I/2. s GO To 159
159 APDR-GRD*ALAM

IF(APDR*GToTWHT) Go To 162
S 1-AS INFI APDR/TWHT)
IF(SI*GT.P121 STOP12
ASSIGN 152 TO KR S GO TO 66

1532 LluLIl+ s XS(L1IUSI S XD(LI)mDR 5 XR(LII.D
SinSOR1F(APDR/12.*DLSTI I
ASSIGN 151 TO KR S GO TO 66

153 L~nL2+1 s YS(L2 1.51 S YD(L21*OR S YRIIZ)uD
151 CONTINOE
150 CONTINUE
162 13-0

DO 67 LK8*124
SI-SIDILKIORAD
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ASSIGN 124 TO KR S GO TO 66
124 L3sL3+1 s ZS(L3)mSI S ZDIL3IUOR

ZR (L3 )=D
67 CONTINUE

SIRP12
L3=L3+1 S ZS(L3)=SI s ZD(L3)-stWH'T S ZO(L3)=0.
CALL TABLE(DUM)

C ---- USING TABLE To OBTAIN STRATEGIC DISTANCE POINTS-----

LRwO
DO 70 1AzlvLE
IP(LAeLT*4) Go TO 88
LB=13-LA S GR~uFLOATFILB) S DRwALAM/GRD S L~mLD*1
IF(DR.GT.TWHT) Go To 25

86 CONTINUE
DvDINTER(DR)
IF(DoGT*OML) GO TO 70
LR-LReI s Dl(LR)uD

70 CONTINUE
25 CONT INUE

IF(TLB.LF*O1 GO TO 163
DO 172 LA-1910
GNDuFLOATF( LA)
Do 173 LGw1'4
GO TO (165916691679168)9 LG

165 GRDz14.*GND-1.)/4* S Go To 169
166 GRD=GND S Go To 169
167 GRD-(4.#CND+19)/49 S Go To 169
168 GRDw(2.*GND+19I/2. S Go TO 169
169 DR=GRD*ALAM

IF(OR.GTTWHT) GO TO 163
OuflINTER(OR)
IF(D.GT.nML) GO TO 172
LR-LR+l s DlEIR~mD

173 CONTINUE
172 CONTINUE
163 CONTINUE

IFILR)1549164
1534 D-D1ILR) s SILIMuSINTER(D)

D0 11 LA.'1,LR
LV=LR+ 1-LA

11 D-3(LA) wr~l0 VIV
02(11-DuZR
CALL TSMESH(D2v1,03,LRvD1,L5)

160 LRwO
Sp~ws1
DO 80o NGPwl95
MZ SmN TM(N SP

* IF(MN(Z(..Fnl3 GO TO 107
DO 801 MXSU1,MZS
nws PfluCMKI~K)
IFfD*GT.DML) Go To 107
LR.LR.1 s D3Il.R~wD

803 SPDnSPD+XCON(NSPI
.01 CONTINUE

SPDvSPD-XCON NSP)
NPPVNSP+1

* IF(NPP.C.T.51 GO TO 107
IF'(XCON(NPP)sEQ.0#I GO TO 107
IFINPP.FO.Ml rO TO 107
IXO. INTF( SPO/XCON(NPPI)
SP 0.IX CON INPP I'PLOATF( IXDIIXCON INPP I

600 CONTINUE
107 CONTINUE
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CALL TSMESjIID1,LS,03,LRD02,LX)
IF(NOC-LE.0) Go TO 75

C-------------CALCULATION OF COUNTERPOISE STRATEGIC POINTS--~-
LR-O
DO 600 LKv1'13
IF(LK*LT99) GO TO 601
FLK=LK-8
DO 603 LGN194
FLGxLG
GND=( (4.*FLK)+FLG)/4*

602 APDR=GND*ALAM
IF(APDR*GT.TWHCI Go To 29
SI-ASINFIAPD I /TWHC)
ICPT~l
ASSIGN 40 TO KR s GO To 66

40 CONTINUE
IF(DoGT*DML) GO TO 604
LR=LR+l

f 03 LR )-D
604 TF(LK.LT.9) GO TO 600
603 CONTINUE
600 CONTINUE
29 CONTINUE

PRINT 5 s CALL PAGE111
CLIMUO3(LR) s CCIMuO3(1)
DO 69 In1.LR
LV=LR+1- I

69 D1(l)uD3(LV)
CALL TSMESH(D1,LRD2,LXt03#LKJ

134 0o 129 LV019LK
ICPTmio

13 SIwSINTER(n3(LV))
ASSIGN 28 TO KR

C------------------- -RAY OPTICS GEOMETRY --------------------

66 CSSIuCOSF(SI)

SNSIzSINFISII s SISQ=SNSIOSNSI
AK0-EFN/A0 S ZE-(1./AKO)-1. s AKEwle/fie+IZE*CSSIJI
AEFT-A0.AKE $ DHEuEAC*(AKE-1*I/(AKO-1I*
HTX(I1SHTE s HLuH2-DHE s HTX12IuHL-HRP S HCLuML*CKMI2IK)
IF(ICPTGToO) GO TO 77
A A EFT

78 CONTINUE
00 62 LC*192
Z(LCI-AHTXILC) S TEA(LCI.ACOSFIA*CSSI/ZILCHI-Si
DAILC),Z(LCJ*SINF(TEA(LC) I
IF(Si*GT.I.56) 60 TO 63
HPRILC)uDA(LCI*TANFISI)

62 CONTINUE
DTXuAi8SF(Z(V-7f2)H
IFIS!.riTCP12) GO TO A4
AFA.ATANFIIHPRI2I-HPRI1D)/IDA(1)+DAI2u))
R0-IDA(1)+DA12) D/COSF(AFA) S P1ZUIDAII)*OA(21)/CSSI
JPIRO*LT.OTXI ROmOTX

68 CA"AFA-TEAIII S TN.TEA(I.ITEA(2)
DRu4.*HPR(1)vHPRI21/fR0+R12)
8 AuCA
CDwCA*DEG
fl.AEFT*TH
IF(D*LT.O.I D=O.
DNM-uO*CKN(I K)
GO TO KR, l65.2S.1239132,1339124,4o.152,155I
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- - - - - - -- - - - -- - - - -- - - -

It a t Ir'LTfl~nfnl ( in) TO 129

AI.H%,fl.riAo~t Icm TnIII

Co'OD-1 5A IN( C A )

13ZW'Zd1411,

lFflmw.t.,AJ r~O To 42
qOinfl)ýaI(.-I0.Aft*XPFI-0,02.0l))I*3000

46 CALL (II)?hARARE
AAAAfltA0.I#fI1 I.AWvRE(2)

1II lP~ Lt.G%(TOANO.SIsL~eSILIM) GO TO 35

jpFe ("R*LfOTt4O) GO 'O 26
fuI1.1*.ll~ 9*COS;(PKL*E bR-DfR0f))I)05

M1I. R(Ccli.IFvKSCIPLUo.DHORPICRDI G~GI(A.Au..TCA(1$SIJS GAMDwGA*0EG S GGGZ(A

Ricanso
MRI0RGAfl

RLI (RE 6
IPIOC.Lf,01 0O TO 500

c --- ------CALCULATIO)N OF COUNTERPOISE CONTRIBUTION ----------
TiC,.A0Tf'-AiHSF(SI+TEAIfl) s TEGuAI3SF(TEGI
vPFlD' . c~l ifT(.* 5** ! *OVT
IFIAIsFj6rA3 .LT.ARIC I VrrFl.-VFGD
M~l FprNri.IvprGi)9rpGDspHiG)
P FG ERFIC'ppl)A
RV6wRt)6%FP~t)

IF(D-LT*.CLIMmOR&D9GTaCCIM) Go To 146

TIC.ARSF(0TC-CA) s DARCu29#HFC*SINF(CAI
SITIM-sic S GOCaGAIN(SJTI)
VFCPw?*sSINFITEC#*.;)0SQVT
IV(AHSFICA).(iT*ABTCl VF'CPw-VFCP
CALL. FRfNELIVFCPsFPcp9PHJCI
CALL RFCC(SICFICCIPL . oDHDRCsPICC)RDC)
RLCvsRCf*'0OC
RFC-RLC'FIICP
EXPC*l TWPILA*OLARCI.PZCC.,PHIC.(P12 *VFCP*VFCPI I
AYIRMuflEC*cosr(ExPcI s BTRMw-REC*SJNFIEXPC)
AT1'CMPLX (ATRMvRTRMb'

147 CONTINUE

C------------------CALCULATION OF LOBING CONTRIBUTION-- -
IFISI.GTeSILIM) GO TO 135
EXP~mI TWPIL.A*DRI#4P1C+TRM3
ATRM-'8EG*COSFIE.%PGI 5 BTRMs-REG*SINF(EXPG)

C---------------------- SUMMATIOtN OF TERMS-- ----------
M5 AT~uCMPLX(ATRM.OTRM)

WRLwCAGS( GOD+AT1,AT2 3 S WRseWRLOWRL,.OOOI
PRwIO.*ALOGIOIWR?
IF(O.LE*DZRI GO TO 148
IFILV9EQa151 GO To 148
PL-FNAIDvE)ML#.DZRvPRHoPZ)

149 CONTINt)E

NOT REPRODUCIBLE
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C ----------LONG-TERM POWER FAIG---- ------

PL -PL-GPI)
IF(D-LE.O.) GO To SA
IF(n.LF.nSL1 -301,302

301 DEE:(130.*n)/VSL1 s GO TO 303
302 DEE-130.+D-DSL1 s Go To 303
303 CALL VZD(DEEvOG1,0G9*AD)

JF(CA.LE*O.1 GO TO 32
IF(CA*GEo.1. GO TO 33
FTte.5-BSPI*(ATANF(2O.*ALOGIO(4.#CAI II
IFIFTHeLE*0.O) GO TO 33

52 ALIO=PL+(AD(13)*FTH) S AYNALIO-ALIM
IF(AYsLT.O..I AYaO;

53 IFIIL89GTo0.AND*SloLE*SIL!M) GO TO 22
DO 31 KmI935
VD(K)=AD( K)*FTH-AY 8 0(KIUPLVD(K)

11 CONTINUE
DO 50 KP1912
ALLM--ALM (K I
IF(BD(K).GT.ALLM) BD(K~wALIM

So CONTINUE
24 CONTINUF

C----------------- VALUES PUT INTO PLOTTING ARRAY ----------

NC TnNC T+
IF(KK.GTo1I GO To 20

23 PGS=PFS.GPD
PFL-PGS+PL-AA
PFY(NCT*Jj=DNM S PFY(NCT#21*PGS $ PFY(NCT#3ImPFL
PFY(NCT,4 l=DD( 12)-PL s PFY(NCT,5JuBDE 16I-PL
PFY(NCT*6)uBD(241-PL

129 CONTINUE
III CON T INUE

RE TURN

C----------------------- RETURN TOPOU -

15 rAY*1. s Go To 17
16 FAYuO.I s GO To 17

C---------------------- TROPOSPHERIC MIIITIPATH------ ---

20 DO 10 1=1935
POA (I P (II

30 CONTINUE
IFCAY.LF.O.) Go To 15
IP-(AY.GE.A.I Go TO 16
FAY=(hIo+(099*COSF((AY/64)*PI)uJ/29

17 CONTINUF
RSPaREG*FDR*FAY
IF(RE(?)*LE9O.) GO TO 45
RKc.-1O.*ALOGIO(ASPC*Ir<E(2)**3))
ACKeFDASP(RK) s WANIO.*#(*I*ACKI

46 RST-((RSP*RSPI,(RDG*RDGI4+WAI
IF(RST*LF~fl.I GO TO 37
PK w4-1O.fALOGl0(RST)
IF(PK*LT#-40o. BKo-40*

47 CALL YIKK(BKoPQKtf)K)
RDHK=BK
CALL CONLUT(QAeOK.PQAii5,+1..O.,i2QCQCI
00 27 lu1935

77 BDW-l.C(JI+PL
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GO TO 23

37 t3K'-40, S GO TO 47

C----------------------------LOBING MODE -----------------------------

22 AY=O.
TLIM=+2n0.*ALOGIO(GOD+RLG+RLC)
BLIM=-80,
DO 36 KvI935
VDIK)-AD(KI#FTH $ BD(K)rPL+VOVI'-AA
IF(BD(K).GT.TLIMJ BD(K[-TLIM
!F(BD(K).LT#BLIM) BDIKI-BLIM
8D(K) ODNK)+AA

36 CONTINUE
GO TO 24

26 FDRaO,! S GO TO 43
32 FTH=1.O $ GO TO 52
33 FTHG.0O S AY=OO $ GO TO 53
34 FDR1. S GO TO 43
35 FDR=O0 S Go TO 43
38 DEEO. $ GO TO 303
42 DHD=0.O $ Go TO 44
45 WA=,O001 S GO rO 46
63 HPR(LC)=HTX(LC) S GO TO 62
64 AFA=SI S ROWHTX(2)-HTX(1) S R12mHTX(I)+HTX(2) S GO TO 68
75 DO 74 LK=1,LX
74 D3(LK)=D?(LK)

LKcLX
LROLX
GO TO 134

77 HTX(j;lHFC $ HIX(2)=HTX(2)-HDI • A&AEFT+HDI
ICPT-O S GO TO 78

88 GRD-SPGRD(LA# $ ORmALAMNGRO S LD=LD+i 'S GO TO 86
120 GRD=SPGRD(i,K) S APDR-ALAM*GRD S GO 7C 121
122 SILO. S DR=O, $ D=DLST+DLSR S GO TO 123
":35 ATRM-O. S BTRM=O. S GO TO 136
164 D1(1xDZR S L5=1 $ SILIM-O S GO TO 160
500 TRM3=O.0
145 ATRM=O. S BTRM=Oo S AT1SCMPLX(ATRMr8TRM) S R1.CzOO

GO TO 14f
148 PL=PR $ PZ-PR $ WL'WR $ GO TO 149
502 BTCzS0VTO. $ HDIOHTE S GO TO 503
601 GNDzGLD(LK) S 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-O-S SUBROUTINE FOR SRVVOLM
C ROUTINE FOR MODEL AUG 73

5 FORMAT(1IH
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DIMENSION XCON(S)*NTMIS)
DIMENSION CFK(S) ,CMK(3p,CFM(3ICKMI3)oCKN

4 3J
DIMENSION GLDf8)sD112001 ,D2(200),D3(200I
DIMENSION H-TX(21,Z(2),TEA(2) .OA(2bH1PR(2I
DIMENSION SID('24)
DIMENSION SPGRD(V
DIMENSION RE(2) ,BD(35) tVD(15)
DIMENSION ALM(12),AD(35)
DIMENSION P(35) ,QC(50) ,QA(50) ,PQAI(50OI PQKiS)0),K(50) ,PQC(50)
DIMFNSION YV(11005.V( 10)
COMMON/EGAP'IPLN,IDT, IXT
COI'1I¶0N/PAOuT/NCTPFY(12!5,6),JJOHPIHP2
COIIMON/PA RAM/ HTEOHRE,9D,Dl..T 9DLk*ENSEFRTHFREK OALAM,9TET, TER,9KDt GAO 9

XGAW
COMM4ON/OIFPR/HT 9HR ,DH,4AEDSLP.P)LSTDLSR, IPLKSCHLT.MHRP.AWD.SWP
CONIMfON/SicfiT/D)CWIICWOMAXDMLDZRIr.,EAC,)$2tC,.ICFCDCPRHDSL1,PIRP,

XQGI90,OG9,KVLHqqrHK91LB
COMMON4/SPLIT/LlL2,NX(140)sY(l40),D6!140),XS(55),XD(55),XR(55)PYS
X(55)oYV)(55)OYIR(55)PL3,ZS(25),ZD(25),ZRI25)
DATA (CFKý.O001#.00030489.0003048i
DATA ((PII),B1,135hý.00001,.0O0O2,o*0(05,.*O0O1,.OO02,.OOU5,.OO1,.

X95t,0 895.99,.995..998..999-7 99950.9'98..9999..99995..99998'.99999)
DATA Cs'MV=1.'1 ,60)3'44,I#852)
DATA (CFi1'9.30)4Av.3O481
DATA (CKMI=1OOO0 ,3280.83989593280.839895)
DATA (CKNm- 1.'.621?71 1922P, 5399568O)34)
DATA(>'CON=1.,59,1O.925.o#0)
rDATA(NT'1=1O,1993O,1OO
DATA (GL0=O. '. 1'29*3v.49.5t*75vI.)

DATA (SPGRD=D...06O*1I
DATA (Sr)x2.o~o*1215179.253o o,95. 6. ,7.,8.,1O

COM4PLEX ATItAT2
FNA(FXFAFBtrcFDI.(IFX-FBI*(FC-FDI/(FA-FBJ)+FD
BSPI=.3181098862
RAD=.01745329252 s DEGw57o29577951 S TWDGn12*'RAD
ALIM=3.
PI=3.141592654 s TWPIm6o283l853O7

P12-1.570796327 s CP12=1956
DKAX=DMAX*CMK( 1K?
AFPu32.4S+?O.*AL0GlO(FREK I
ALA2=ALAM/29
ASPA=0.25 S ASPB=O.25
ASPC=ASPA*ASPB*(6.E-8 )*F
TWPILAzTWF! /ALAM
D)TRO=ALAM/6*
ERTH u6370*
AOuERTH s EFN=EFRTH

NCTuO
NOCw0
IF(ICCoGT*01 NCCal
t:DRKu 20.*958412 32*F
TFIMOC*LEFl') G0 TO 502

RL.W-OCW*sS s BTC*ATANF(HFC/RCWI
AOTCNABSFIBTCI s RICwRCW/COSF(8TCJ S SQVTmSQRTF(2**RIC/ALAM)
HDI=HTE.-tFC s TWHCmlo*HFC

503 CONTIMUE
L 1:L2UNwO
TwHT.2,.*HTF
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C----------SETTING UP OF TABLE OF Sit DELTA R AND DISTANCE----

LE-7 S IF(ILB*GToO) LEm11
DO 61 LK=19LE
IF(LK.LT*4) GO, TO 120
LB=13-LK $ GRD=FLOATF(LBI S APDR=ALAM/GRD

121 IFIAPDR*LE.Os) GO TO 122
IF(APDR.GT.TWHT) GO TO 21
S inASINF( APDR/TWHT)
ASSIGN 65 TO KR S GO TO 66

65 L12L1+l S XSiLII.SI S XO(L1JwDR
XR (Li)=
IFIAPDR*LE.O.I Go To 122
SI=SQRTF(APDR/(29*DLST)i
IFISI.CT.P121 SJOP12
ASSIGN 121 TO KR S GO TO 66

123 L2=L2+1 s YS(L2IuSI s YD(L21.OR
YR (L2 I.))

61 CONTINUE
21 CONTINUE

IF(IL)3.LF.0) Go TO 162
DO 150 LAzl*lO
GNDeFLOATF( LA)
DO 151 LGmI94
Go TO (15591569157915819 LG

155 GRD-(4.IG)NJf-1.)/4. S GO To 159
156 GRD=GND s Go To 159
157 GRDc(4**GND+1.)/4@ s GO TO 159
158 GRD=I29*GNO+loI/2* s GO TO 159
159 APDR=GRD*ALAM

IF(APDRoGT.TWHT) GO TO 162
SI"ASINF( APDR/TWHT)
IF(SI .GT.P12) 51=P12
ASSIGN 152 TO KR S GO TO 66

152 L1zL1+1 $ XS(Ll1=SI s XC(LI)UD)R s XR(LlJUD
SI=53RTF(APDR/(2.*DLST))
ASSIGN 15 TO KR S GO TO 66

153 L2-L2+1 s YS(L2)wSI S YD(L21.DR S YR(L2JUD
Ifil CONTINUE
150 CONTINUE
162 L3=0

DO 67 LKuI,24
S1uSID(LKR 'RAD
ASSIGN 124 TO KR S 6O TO 66

124 L3&L3+1 S ZS(101.5I S ZD(L9'.DR
ZR(L3 laD

67 CONTINUE
SIzP12
L31L3+1 s ZS(L3IuSI s ZD(L3)nTWHT S ZR(L31u0.
CALL TARLFiDUM)

C ----USING TABLE TO OBTAIN STRATEGIC DISTANCE POINTS --------

LRnO
DO 70 LAw1.LE
IF(LA*LT.41 G3 TO 88
LB~w13-LA S GRDuFLOATF(LBI 5 DROALAM/GRD 5 LD*LD+l
IF(DRoGT*TWHTI Go TO 25

86 CONTINUE
D-DINTER(DRI
IF(D*GT*DML) G0 TO 70
LP=LR+l s DI(IR~mD

70 CONTINUE
25 CONTINUE
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IF(ILB.LF.0) Go To 163
DO 172 LAwIIO
GNDuFLOATF(LA 2
00 113 LG=1'4
GO TO (1659166#167#168)t LG

165 GRO.(49*GND-1.2/49 s Go To 169
166 GRD=GND S Go To 169
167 CRD=(4.*GND4+1.)/4. S Go To 169
168 GRrwr?.*GND+192/2# s Go To 169
169 DR-GRD*ALAM

IFIDP*GTTWHT) GO To 163
D=D INTERIOR)
IFID*GT*DML) GO TO 172
LRaLR+1 s DIILR)wO

173 CONTINUF
172 CONTINUE
163 CONTINUE

1Ff LR)1549!64
154 04)1(I-R2 S SILIMuSINTER(OI

DO 11 LAuI*LR
LV=LR+1-LA

11 D3(LAbI=D](LV)
02(12 =nZR
CALL TSMESH(D2t1,03#LRD1,L5)

160 LR=O
SPD~ *
DO 800 NSPX1,5
MZS=NVM(NSPI
IF(MZS.LF.C)) Go TO 107
DO 801 MXS1.lMZS
D=SPD*CMiK C K)
IF(D*GT*DMfL) GO TO 107
LRaLR+l S (D3(LRIEO

803 SPDwSPO+XCON(NSP)
801 CONTINUE

SPDuSPD-XCON(N SP I
NPP=NSP~1
IF(NPP*GT*S) GO TO 107
IF[XCoN(NPp).Eoq0*) GO TO 107
IF(NPP*EC*O1 GO TO 107
IXI'wINTF(SP0/XCON(NPP2)
SPOSI XCON(INPP ItFLOATF( IXO I I+XCON( NPP I

800 CONT1NM1
107 CONTINUF

CALL TSMESH(D1,L5,D3,LRvD29LX)

C------------- CALCULATION OF COUNTERPOISE STRATEGIC POINTS-
IFINOCoLE.OI GO TO 75
LR=O
Do 600 LKcwI,3
IF(LK*LT*9.) GO TO 601
FLKaLK-8
DO 603 L~m 1.4
FL G ' G
GNDuI (4.*FLK)+FLGI/4.

602 APDR-GND*ALAM
IFIAPDR.GT*TWHC) CPO TO 29
SImASINF(APDR/TWHC)
ICPTw1
ASSIGN 40 TO KR S GO TO 66

40 CONTINUE
IF(D.GT.D,4L) GO TO 604
LRmLR+1
03 ILR~wO

604 IF(LKt.LT*9) GO TO 600
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603 CONTINUE
600 CONTINUE
29 CONTINUE

PRINT 5 $ CALL PAGEWl
CLIM=D3(LR) S5 CCIM=D3(1)
00 69 I1-1LR
LvcLR+1- I

69 Dl(I)-D3fLV)
CALL TSMFSH(D1,LR,02oLXtD3*LK)

134 DO 129 LV=IPLK
ICPTuo

13 SI=STNTERiD3(LV')
ASSIGN 28 TO KR

C--------------------- RAY OPTICS GEOMETRY ------------

66 CSSI-COSFISI)
SNSI-SINF(S1

1  $ SISO-SNSI*SNSI
AKO=EFNiAO S ZE-I1./AKO)1.e S AKEU1./f1.+fZE*CSSWi'
AEFT=AO*AKE S DHE=EAC*4AKE-1*3/(AK0-I9)
H-TX(I)-HTE s HLwH2-DHE S HTX(2)mHL-HRP S HCL=HL*CKM([KI
IF(ICPT*GT*O) GO TO 77
AUAEFT

78 CONTINUE
DO 62 LC=192
Z(LCI=A+HTx(LC) S TEA(LC)zACOSFIA*CSSI/Z(LCI 1-Si
DA(LCwZ(LC)*SINFITEA(LCI)
IF(SI.G-T.1.56) GO TO 63
HPR(LC[ýDA(LC)*TANF(SI)

62 CONTINUE
DTX=AHMF(l(1)-Z(2)3
IF(SI.GT.CPI2) GO TO 64
AFA='ATANFI((HPR(2)-HPR(1fl/(DA(1)+DA(2))H
RO=(DA(II+DA(?) 3/COSFIAFA) $ R12wtDAf1)+DA(211/CSSI

IF(RO.LT.DTX) RODTX
68 CA=AFA-TEA(1) s TH-TEA(11+TEA(2)

DR=4.*HPR(I1*HPR(2I/(RO+R12l
BA-CA
CD=CA*DEC)
D.AEFT*TH
IF(D*LT.O.I DwO.
ONM=D*CKN C K)
GO TO KR9 :05.28t1Z3913291339124#40*1529153)

C -------------------------------- -------------

28 IF(D.LT.O.I1) GO TO 129
IF(O.GT.DML) Go To III

ALFS=AFP+2O.*ALOGIO(RO I
PFS-PIRP-ALFS
GODwGA INC CA)
GPDu2Os*ALOG1O (GOD I
Z107Zf2) -ZC (I)
Z4- Z (1 *COSF(BAI I/Z (2)
IF(DH.LF*O.) Go TO 42
nPRDUDH*( 1.-CO.8*EXPFC-0.O2*DJ 31*1000.

44 CALL SORA(Z41IZ(2),AROBAqRE)
AA=GAO'RE(1 JGAW*RE (2)

51 IFlIL8.G1'.09ANDoSIeLE.SILIM) GO TO 35
IF( DRvGE9ALA2) GO TO 34
IFf DR.LE*DTRO) GO TO 26
FDOsI *1 .1(09*COSF(PKL*l DR-DTRCJ) ) 1*.5

43 CONTINUE
CALL RECCCSI ,FKSCIPLODHDRPICRDI
GAo-(TEA(1P*SI) s GAj4D=GA*DEG S GOGmGAINIGAI

NOT REPRODUCIBLE
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RDGzRD*GOG
REC=O.0
R FG =R *GC, GC
RLG=REG
IF(NOC.LF.O) flO TO 500

C-------------CALCULATION OF COUNTERPOISE CONTRIBUTION ---------
TEG=ABTC-ABSF(SJ+TEA(l)) s TEGuABSF(TEG)
VFGD=2.*SINFI TEG*.5I*SGVT
IF(ABSF(GA).LT.ABTCI VFGDw-VFGD
CALL FRENELIVFGDFPGDoPHJG)
REGuREG*FPGD
RDG=RDG*FPGD
TRM3*PHIG4( P12*VFGD*VFGD)
IF(D*LT.CLIM.OR@D@GT*CCIM) GO To 146
S IC=CA
TEC=ABSF(BTC-CA) s DAC2*FCSN(A
SITI-~SIC S C4OC=GAIN(SITl)
VFCPv2o*SINF( TEC*.5 [*SOVT
IF(ABSFICAloGT.ABTC) VFCPw-VFCP
CALL FRENEL(VFCPtFPCPtPHICI
CALL RECC(51C.FdICCIPL,1 ,DHDRCPICCRDC)
RLC=RCNGO
REC=RLC*FPCP
EXPC-2UWPILA*DARC)+P1CC+IPHIC+IPI2 *VFCP*VFCP)i
ATRM=REC*COSF(EXPC, S TRMa-RFC*SINF(EXPC)
AT1=CMPLX(ATRMBTRM I

147 CONTINUE

C------------------CALCULATION OF LOBING CONTRIBUTION----------
IF(SI.CT*SILIMI GO To 135
EXPG=C TwPILA*DR)+PIC+TRM3
ATRM=REG*COSF(EXPGI sSBTRMO-REG*SINF(EXPG)

C----------------------- SUMMATION OF TERMS------------------
136 AT2zCMPLX(ATRMPBTRM)

WRL=CASS(CGOD+ATI+AT2I s WRNWRL*WRL4..0001
PP= 10. *ALOG1O(WR)
IF(D.LF.DZR) GO To 148
JF(LV.EQ.1I GO TO 148
PLftFNA(OOMLvDZRPRHPZ)
WLv1O.**(0.*PL)

149 CONTINUE

C-------------------- LONG-TERM POWER FADING -------------

PL=PL-GPn
JF(D.LF.0o) GO TQ 38
IFID.LF.OSLI) 3019302

301 DEE=(130..O)/DSLI s GO TO 303
302 DEEv130.+O-DSLI s Go TO 303
303 CALL VZD(DEE9oc,19OG99AD)

IF CCA.LE*Oe) GO To 12
11 CA.GE*.l. Go TO 33
F, -ý*.5BSPI*(ATANFI2U.*ALOG10I32.*CAI)I
IF(FTH.LF.o*OI GO TO 33

52 ALIO=PL+(AD(13)hFTH) s AYwALlO-ALIM
IF(AY.LT~o.) AYsoo

53 IF(ILP3.GT.O*AND.S[*LE.SILJMI GO TO 22
DO 31 KvI ,35
VOIK IwADE K)*FTM-AY s BDKl-PL+VZ:'XI

31 CON TI NOE.,
DO 50 Kwl.12
ALLM--ALpqIKJ
IFEBD(K).GToALLM) BD(KINALLM
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S0 CONTINUE
24 CONTINUE

C-------------- VALUES PUT INTO ISOTROPIC POWER ARRAY -------

NCT-NCT+i
IF(KKGT.1) GO TO 20

23 PGS=PFS.GPfl
PFL=PGS+PL-AA
PFY(NCTol)wDNM s PFYINCT92)=PGS s PFY(NCT#3)oPFL
PFY(NCT94)=BD(12)-PL s PFY(NCT,5)=BD( 18,-PL
PFY(NJCT96 I=6D124)-Pi.

j29 CONTINUE
III CONTINUE

RE TURN

C------------------------ RETURN TO PWSRB -----------------------

15 FAY=I. $ Go To 17
16 FAY=O.l s 6O TO 17

C----------------------- TROPOSPHERIC MULTIPATH--------------------
20 DO~ 30 I1=195

POA (1)=P I)
OA I )=fiD( 1)-Pt

IM CONTIN(IF
IF(AY*LE*Ool GO TO 15
IF(AY.GE-6.) Go To 16
FAY:( I ,1+0.9*COSF( (AY/6. )*PI)) )/2.

17 CON T INUF
RP=S R EG*F DR *FA Y
IFIRE(2).LF-0.) GO TO 45
RK=-1O.*ALOGIO(ASPC*(RE12)**3))
ACK=FDASP(RKI s WAB109#*(el*ACKI

46 RST=( (RSP*RSPI+(RDG*RDG)+WA)
IF(RS1.LE#O-) Go TO 37
RK r+1ln.*ALOGIO(RST)
IF(BK.LT.-40.) BKN-40*

47 CALL YIIKK(8K#P0K90Kl
RDHK=RK
CALL CONLUJT(OAQK.PQA,35,+1.,O.,PQC.OC)
DO 27 1=1#.35

27 BD(I)=QC(1I)PL
Go TO 21

37 BK~-40* s Go TO 47

C------------------------ LOBING MODE-------------------
22 AY=0.

Tt IM=+?O.EALOGIO(GOD+RLG+RLC)
SL IMz-8n;
n0 36 K-1'35
VD(K)-AD(K)*FTMH S BD(K["PL+VD(KI-AA
IFIBDIKloGToTLIM) BDIK)*TLII4
IFIBOIK).LT.8LI143 RD(K)88L1M
9D(K I.BD(KI.AA

36 CONTINUE

Go TO 24

26 FoRmfl.1 s Go TO 43

12 FTH-I.O S GO TO 52

33 FTH=0.0 s AYmO.O s 60 TO S3

34 FDR1I. s Go TO 43
35 FDR=O. s GO TO 43
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I8 DEE=0. $ GO TO 303
,42 r)HD=0.O GO TO '44
4.5 WA=.00O1 S GO TO 46
63 HPR(LC)*HTX(LC) S GO TO 62
64 AFA=SI S -RO*HTX(2)-HTXI1) S R12uHTx(1)4HTX(2) S GO TO 68
75 DO 74 LK=IPLX
74 03(LK)-D21LK)

LK~LX
LR=LX
Go To 114

77 HTX(1)=HFC S HTX(2)=HTXI2)-HDI S A=AEFT+HDI
ICPT~o S GO TO 78

88 GRD-SPGRD(LA) S DRwALAM*GRD $ LD=LD+1 S Go TO 86
120 GRD=SPGPDIL.K) S APDRuALAM*GRD S GO To 121
122 SI=O. $ DR=O. $ DmDLST+DLSR S Go To 123
135 ATRM~n. $ BTRMaO. $ GO TO 136
164 D1(l)=DZR S L5=1 S SILIM=O. S GO TO 160
5W TRM3=non
14.6 ATRM=O. S BTRMuO. S AT1-CMPLX(ATRMBTRM) 5 RLcaO.O

GO TO 147
14,8 PLvPR S PZ=PR S WLwWR $ GO TO 14.9
502 BTC=SOVTr-0. $ HD!UHTE S Go TO 503
601 GND=GLD(LK) S 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].

SUPROUTINF CONLUTIAB*C9N*R9RHOtP9D)
C ROUTINE FO'R MODEL AUG 73

DIMENSION All) ,BiI),C(1),PI1),D(1),X(100).YI100)
DIMENSION Z(50)
IFIA(N).LT.A(1)) Go To 10
DO 11 I1=1N

11 X(I)*A4I)
12 IFIB(N)*LTeB(1)) GO TO 13

IF(ReLT.O.) GO TO 14
15 Do 16 InlN
16 Y(IjwB(I1

17 DO 18 I=19N

PCI)A.C (I)
IF(C(I).CT..499,AND.C(I).LT..501) ME1

18 CONTINUE
Z IM ux (MI 41R*Y(MI I
DO 19 IlIPN
IF1IEO.MI GO TO 19
YAUXII)-X(M) S YBwY(II-Y(MI
YU.SORTFE (YA*YAI4.IYB*YBI4(2.*R*RHO*YA*YB)I
TF(I*LT9MI GO TO 20
Z(I)uZlm)+YU _S Go TO 19

20) Z(I~wZ(M)-Yu
19 CONTINUE
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DO 23 I1=1N
K-N-I11

23 D(I)=Z(K)
RETURN

10 DO 21 In] vN
K*N-Il+

21 X411-A(K)
GO TO 12

13 Iv(R.LT ,O.J GO TO 15
14. DO 22 Iu1.N

IKuN-I+l
22 Y1III=6(K

Go TO 17
END

DEFRAC

Subroutine DEFRAC is used to calculate attenuation at the radio
horizon and other parameters associated with the diffraction region
(sec. A.4.3). Some of these parameters are used in line-of-sight

calculations, e.g., (81).

SUBROUTINE DEFRAC

C SUBROUTINE TO COMPUTE DIFFRACTION ATTENUATION
C ROUTINE FOR MODEL AUG 73

5 FORMAT(5Xv 4F7.1,F8.'.,2F8.3)
6 FORMAT(5X,10F7.IF8.'.,5F8.1,F7.1)
7 FORMAT(5X* 6F7.1 'F8.'..5F8o39F7.I I

51 FORMAT(OX.*0L7 DL8 TECI TEC2 TEI. AC3 D3 AC
X4. U4 AV4 GH7 ARK AKS *

52 FORMAT15X92F7*I,3F5.'.,8F7.21
57 FORMAT(RX9*AK3 AK4. D DK' GHI GH? W AMD

x AFtO SWP AWD AK5 DK5*)
60 FORMATg5Xt*AR3 AR'. 03 04 AK3 AK'. D 1)K4
X GH1 GH? W AMD AED SWP AWD AKS OKS')

61 FORMAT(8X#*AR3 AR'. D3 04 W AMD AED*)
71 FORMAT( 1OX*W,914X*D*,1'.X*DLS*,12X*DL*I
70 FORMAT(4(2X9E15.5H)

COMMON/PARAM/HTE9NRE,~D.L1,0L2,ENSAFPALAK.TEI.TE2,KOGAOGAW
DIMENSION ES(73,EEW7
REAL. KI ,K2,K39K4,K59K6
DATAIESm5.,.02,.oOS,.Oo1.O1Q,.O1O,1oO.E,06)

FNDIC)S.36278/(UCOFI**THIRD*((CE.1I#)*2+(X*X,,**.?SII
FNF (C IuC'SQRTFIE*F+X*X)
PIw3. 1'.1592654
IPOL. IPX-I
THIR0.1.,/. S TWTRDx2o/3*
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HIE=1nln**HTE $ H2EuHRE*10009
HSTcHT-HL.T s HSR=HR-HLT S HLR.HLT
HLI=(HLT,-HRP) S HL2.NR-HRP
HPI=HL1*1000* $ HP2=HL2*1000* S ALAM*ALAK*10009
S-ES(KSC) S E-EFiIKSC)
DLS=DLSI+DLS2 s DL=DLI+DL.! S TE-TE14TE2
CW=O.9 s CU=*193573364 s TWA'?.*A
XeI8o0*0*S/F
Al-DLI*nLI/1/2.*HTF)
A2=DL?*DL2/( 2.*HRF)
KJ=FNDIAIA
K2=FND(A2 I
IF(IPOL.EQ.O) GO TO 3
KI-FNEKI)~
K2zFNF(K2)

3 CONTINUE

C CALCULATION OF GHBAR AND W

85=1. 60 7-K 1
86=1 .607-K2
GHl=GHBAR(F9A1 .B5*K1.DL1.H1E)
GH2=GHBAR(FpA2,B6,K2 .DL2 ,H2E)
AK3=6.-GHI-GH2
IF(DoGEoDLS) GO TO '41
IF(D*LE.(CW*DLS)) GO TO 50
W:O.5*( 1.+COSF(CPI*(DLS-D) J/(DLS*( 1.-CWI II))

C----------------------------- PRINT STATEMENTS----------------------
PRINT 71
PRINT 70,WoDLSDL
CALL PAGE(2)

C ------------------ ------------------------------------

IF(WoLT**001I GO TO 45

C CALCULATION OF ROUNDED EARTH DIFFRACTION

42 CONTINUE
D3=DL+.5' (A*A/F)**THIRD
DL7utVLl s DL8SDL2
ASSIGN 25 TO JD
IF ID3#LT.DLS) D30DLS

30 D4.D3+(A*A/FI**THIRD
T 3mT E +3 / i
T 4uT E 04 /A
A3ulD3-DL J/T3
AA.4n04-OL)/T4
K,3wFND(Al I
K4-FND(A4 I
IF (IPOL - 0) GO TO 2
K3-FNE(K3)
K4=FNEIK4)

2 CONTINUE
B~wFNC(KI I
82uFNC (K2 I
BluFNC (KI)
84.FNC (K4)
X~uIaS 'L7/AI**TWTPn
X2zB2*DL8/A2**TWTRD
X3zX1+X2+(83*(D3-rDLI/:A3**TWTRD)I
X4.X1+X2,(84*(fl4-fL?/(A4*.TWTRD))
IF(IKGE.19) KIN*99999
IFIXI*GT@2oOI GO TO 17
IF(K1.LE.OOOO1I GO TO 16
XLI*45O./AEJSI-(ALOGIO(KlJ**3)
IF(X1.GE*XLI) GO TO 16
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FXIsZO.*ALOGIO(Kl)ý(2.5*1.E5S*X1*X1/K1II15.
20 rF(K2.GE.1.) K2me90999

IF(X29GTv2Oo.) GO TO 19
IF(K2.LFoOOOnl) GO TO IS
XL2x450./ABSF (ALOr,10(K? **'3
IF(X29GEeXL2) GO TO 18
FX2,:20.*ALOGIO(K2)+(2@5*1.E-5*X2*X2/K2)

3 15.
21 GX3zoO575l*X3-10.*ALOGIO(X3)

GX4-o05751*X4-10.*ALOGlO(X4)
AC ~uG X3-F X - FX 2-20.
AC4=GX4-FXl-FX2-20.
GO TO JD,(25 .26)

17 FX1..05751*Xl-( 10.*ALOCIO(XIl I
IF(X1.GT92000.I GO TO 201
Wl- .0134* xl*EXPF (-. 005*X I)
FXI-WI*(40.*ALOG10(Xl)-117e)+(l.-WlI*FX1
GO TO 2M

16 T-40.*ALOG1O(XI)I-17.
Tlu-I 17.
T2uMIN1F( (ASSF(T) I,(AB5F(Tj)))
FXI=T
IF (T2 =ABSF(TI)I FX1-T1
GO TO 20

19 FX2z.O5751*X2-(1O.*ALOGIOIXII
IF(X2.GTo2000.I GO TO 21
W2*.01 34*X2*EXPF(-.OO5#XI
FX2cW2*(40.*ALOGIO(X21-117.I+(l.-W2)*FX2
Go TO 21

is T=40.*ALOr1Ot(X2)-117.
Tlv-117.
T2wMlN1F((A8SF(T) I (ABSF(T1) U
FX2-T
IF IT2 - ASSF(Tl)I FX2wT1
Go To 21

25 AR3uAC3 S AR4uAC4
DR4uD4 S DR3wD3
AMSa CAR4-AR31I/ I 4-03) S AES.AR4-AMS*D4
IF(WaGT*,999) GO TO 41

C CALCULATION OF SINGLE KNIFE EDGE WITH GHBAR

45 CONTINUE
IFIHLI.LE.O.) GO TO 43
THIwATANF((HST/DL1I-IDLI/TWAI)
TMUASINFICU*SORTF(D/(F*DLI*DL2 JI)
THI5u-(-TH+THI) s ATI15uA*TANF(THS)
DLK~u-ATHa5+$ORTF(ATH5*ATHS+(HSR*TWA) p
DKF~zDLK)+D~l1
TE~SATANF( (-HSR/DLK',I-(OLKS/TWAI I
TH'i'TE1+TF,;+(DKr'JA
TM5x5ORTF((F*tOLI*DLK5)/DK5) s V~mZ9583*SINF(TH5?*T#45
CALL FRENEL(V59FV5#PH5?
AV'~.-7O.WALOr51O(FV5)
AMK5-( AV5-AK3)I/(DKS-DI
AWK*AKI-C AMKS*DI
DLST7.S'QRTFiHLIOTWA) s DLSR7nSORTF(IHL2*TWAI
DL7-DLST7 5 DL8.DLSR7 S DLuDL7+DLO
DL K'..DL
ASSIGN 76 TO JO
A1-IDL7*nfl7/(2.*HL1I) S A2=(DLB*DLBI/g2.*HL2)
KI*FND(A1I s KZ.FND(A2)
IF'UPOL.FO.OI 6O TO 2 9
KluFNFISK1I $ K2nFNE(K2)

29 TEC1IalTANFI(-HLI/DL7)-IOL7/TWAI)
TEC2uATANF(I-HL2/D)L8I-(DL8/TK(A)I NOT REPRODUCIBLE

28 TEmTECI*TEC2
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D3eDL+-5* (A*A/FI**THIRD
S~o TO 30

26 B7=1.6O7-KI
88=1 .60O7-JK2
GH7zGHBiAR(F9A~sB7,K19DL7vHP1)
AC7 I AC4 -AC3)I/ (04-03) S ARSUAC4-AC7*DLK4
ARK=ARS*AC7*DLK4
TE4PATANF4((HLT-HR)/DLK4)-(DLK4/TWAfl
DK4cDiYK4+rL 1
TH=TEI+TF'#4-(DK'4/A I
TP42-SORTF((F*DLI*DLK4)/DK4) s V4u2.583*SINF(7H)*TM2
CALL FRENELIV4#rVPH)
A V4=-?0. *AL0GIO( FV I
AKSz=AV4-GHI-GH7+ARK
AMKD-(AKS-AK3I/(DZ4-'D) $ AEKOAK3-(AMKD*D)

c--------------------------- PRINT STATEMENTS ----------
PRINT 51
PRINT 52,DL7,Dý.8.TEC1 ,TEC2,TE4tAC? ,D3,AC~oD4,AV4,GH47,ARKAKS
CALL PAGE(2)

C------------------------------------------------
AK4uAEK+DK4*AMKt) 5 WKw1.-W
AK5=AWK+DK5*AMKS
IF(W*LTooOO1I GO TO 36

C COMBINATION OF ROUNDED EARTH AND K(NIFE EDGE DIFFRACTION

AT3=(WK*AKII)+(W*IAES1.(AMS*D)) I
AT4i-(WK*AK4)4(WI(AES+(AMS*0K4IJI
AT5miWK*AKS~)4IW*IAFS+(AMS*flK5 II
AMD-(AT4-AT3)/(DK4-D) s AEDuAT3-IAMD*D)
SWP=(AT5-AT3)/(DK5-D) $ AWDuAT3-,(SWP*DI

C--------------------------- PRINT STATEMENTS---------------------
PRINT 6n
PRINT 6.AR3tAR4 ,DR3,DR4,AK3.AK4 ,DOK4tGH1 ,GHi2,WAMDAEDSWP.AWOAK

X5 9DK5
CALL PAGE(21

C - - - - -- - - - - - - - - - - - - - - - - - - - - - - -

RE TURN

36 AEDwAEK S AMDwAMKD s SWPmAMK5 s AWDmAWK
C -1 ---------------- PRINT STATEMENTS ---------------------

PRINT 57
PRINT 7.AK3,AK4,D,0K4,GH1,GH2,W.AM~OAEDtSWPAWDAKS.DKS
CALL PACGE(7)

C-------------------------- ------------------------- ---------
PR TURN

41 1#. Go 6TO42

4~3 AFDwAFS s ANMDAMS S AWDuAES S SWPuAMS
C---------------------------- PRINT STATEMENTS------------------

PRINT 61
PRINT 5,AR39ARADR3,DR4,WAMD9AED
CALL PAGF(2)

C ---------------------- ------------- ---------------------
RE TURN

50 WuOo S - GO TO 45
END
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DELTA

56bruutliio DELTA is used in the caiculation of attenuation for
Co~ttar,- SpetcificaHly, It Is used to obtain values of Aoý0 and Aý.for
(I ý3) .ýjt (154), DELTA is based on CCIR recommenerdations [7, fig. 18].

S(MNROU!?NI VLLTA(AR(ivDSflNSf)AO)
c ROnU I1 FOP~ MOM~E. AUG~ 71

c ROUUHNI TO CALCULA1I. CORRECTION FACTOR FOR ALPHA AND BETA NOUGHT

X*04o9W .O960' 9, 0175se1)

1,1. il16, 1.23 .1.31.1.'8 l. .3.1.5 .155. 1.59,1.62. .68,1.7,1.72, 1.

X,.2s,".7,tl2.6)l'2.82.,7,2,5>?.51,2c4992.46,2.4292,39,2.35.2.392

K9b 1.,08 .1.22sI..32, 1.,42w,1*5I1. .6.1.7, 1.779? .839*1.87,1.93, 1.98,2.02.
x2.0)6,2.l2,d.15,?.19t,'.2o22,25,2.2892.31,2.33,2.36,2949,24Z29245s2.

.2. . 12. 3 . 5 .65, .82,1.0, 1.17 ,1.32,l,51,1.67,1*

X,31.15%'i,l3.2,32 62.?7,3.31,3.33.3.37,3,4,3.44,3.47,3.5.3,53'3.56.3.5

X.? R,3sQ9,4,)4,4.?8,4.43p4.5'.,4.65.'?.749468494.9295.01,5.Oo5,13,5e
X2,5.26k5.3195.36,5.4ý195.45,5,49,55.3,5.57,5.S2,'S.65,5.68,5.72,5.76

DATA(II(1 1.4).1=1,41) ,J=14) j2.68 ,2.59.2. 512,2 43,234 .2 26.2. 18 ,2.
xo9,2.0)o1.9.$,#1.84,l.76,1.6991.6l1,l54,l.481,141.1.36,l,26.1.2,l.16
X.l10.1O,1.U7,04,1.01.9Q8..94,.91,.88,.87,4(.86)93(.85lv.86,.06,.87

X*06,1lo76s,1,1.8.15891.51.1.4391.3391.3191.23, 1*1991.1591ol2ol.08#1*
xoti,1ooi,.97,.93,.)39,.84..769.71,,64*,61,.57,.53,.51,.47..42..4094*
X15,3.92,3.7293.593.32,3.12.2.9l,2.74,2.5B,2.41,2.Z5.2o12.1.97,1.83

)'.79,9.75,.72..66,.62,.58,.534.51,.49..47s.439.4l,.4,5.55,5.18,4.85#
X4.'55,*4.3.4.07,3.83i,3,68,3.5,3.35,3.2,3.08,-2.95s,28292.72,2.62,2o53
X,2.47,2.',,2.31,2.2792.292.15,2.112,2072,202,2*0,1.97,1.93,1.991.89
A,1.07 1. 04, 1.82 .1.8. 1.79 .1.19. 1.75 .1.77.176.1.75)
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IF (ARG)O )1010, 11

GO TO 12
11 IF(ARG-*1 113#14,14
14 1-41

GO TO 12
13 DO 15 1:1,41

IF (ARG-' fMA(II16.1?.15
15 CONTINUE
16 RATAM(ARG-TBA(I-1I I/ITBA(II-TBA(I-1

1)
ASSIGN 20 TO K!

17 IF(ENS-250.)18018019
18 J=1

GO TO 30
19 IF(ENS-400.)31932932
32 Jv4

Go TO 30
31 Do 33 JzI94

IF(ENS-SNSfJ) 134930933
33 CONTINUE

34 RATNu(ENS5SNS(J-1)P/(SNS(J)-SNS(J-1))
ASSIGN 22 TO MI

GO TO Klv(20t2l)
12 ASSIGN 21 TO K!

Go To 17
10 ASSIGN 24 TO MI

GO TO Kl,(20921)
20 CALA=RATA*(A(IJI-A(1IltJ)i+A(I-1,J)

CAL8:RATA*(3( I ,JI-8( 1-1.J) l5( -1,JI
CALC:RATA*(CC I JI-C( i-iJ) 1+C( !-1,J)
Go TO M19(22*24923)

21 CALA=A(19JI
CALB=B13(0JI
CALCwC( I J)
Go To mfo(22'24923)

22 CAL-HA=CALA
CA LHRzCAL B
CALH-CoCALC
ASSIGN 23 To MI
J=J-I
GO TO KI,(20,211

23 CALA-RATN*(CALHA-CALA)+CALA
CAL8-RATN*i CALHB-CALB)I+CAL8
CALC=RATN*( CALHC-CALC )+CALC

24 DAO.OO1*I(.01*DS*(CALBn.0O1*CALC*DSI)lCALA)
IF! DAO) 27 .28 28

27 DAOvO.O
28 RETURN

END

FDASP

Function FDASP is used in calculations associated with tropospheric

multipath (sec. A.4.6 following eq. 195). It used the 7iF tables which

are tabulated in this section under TABLES to obtain the variable K. The

K value obtained has a sign that is the opposite of that used in (6), and

elsewhere [40, fig. VI], but the same as that of Norton et al. [38,

table 1] from which the data were taken.
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FUNCTION FDASP(SJ
C ROUTINE FOR MODEL AUG 73

C K' IS B~ASED ON RATIO OF S TO 9990
C T'4!S NAKAGAMA-RICE DIST* HAS TABLES FROM NORTON 55 IRE PAGE 1360C THE VF TABLES ARE THE NEGATIVE OF THE K IRE TABLES AND THEREFORE
C Ra-
C K HAS THE OPPOSITE SIGN OF 101 BUT THE SAME AS THE IRF PAPER

COMMON/ViVvF 136917)
AVEF(YN9XNpYN1pXN1,r~uCYNl*(T - XNI - YN*(T - XN1)I/(xNl XN1

DO 1 1*1#17
IF(R-VF(27vI) I 39291

1 CONTINUE
I a17

2 AK=VFU,!l)
GO TO 6

3 IF(IoCO.11 GO TO 2

,FOASP-AK
RETURN
E ND

FDT ETA

Subroutine FOTETA is used in calculations for the scatter region
(sec. A.4.4) to determine values of F de 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.

SUBROUTINE FDTETA(FI9D1,S19De)

C ROUTINE FOR MODEL AUG 73

C SUBROUTINE TO CALCULATE THE ATTENUATION FUNCTION

DIMENS ION TAD(25l .TAFD(7594)
DIMENSION TS(71 ,FNS(4) '0A5121 ,DBT(2)
COMMON/DLAT/TALD(2o) .TAFL(4,7o20)

35 FORMAT(51H DIHETA IS TOO LARGE FOR TABLE. USE GR~APH MANUALLY)
DATA 'EN5-25O..30o#.35O.,#.O0.I
DATA ;TS~eO1,*1,, .2*39*.5, .7o1.j

UATA(4 (TAFOI IJIt-1,25)J .J1.41=79.5,88.5,93.9,97*5 *1)2*9,10 6 0,7 10X9.6t 118.R.123.9,' 27.7,130.6, 33.. 135. * la-8, 138.3,139.99149.2154.
X9, 158.8 *162. .164.6,167., 169. .170.9, 172.5,75,6,84 7,90,2 93 8 99 3p
X103,. s 1o. *115. 9 120.3 9 124. 91 26.9. 129.3. 131.o4, 133.29 134.69 136. 1,145,

X3l.8,141. 2, 146.8,150.9, 154. ,156.8, 159.2 .161.2 , 63. 1 64, 7.64 6 73e
X8079.2 983.0988*4092*1995*191049 2 P lo9* P 1  33 ,391 16* 2 1 18* 6 1 20,6 p 2 2
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Do 10 1=194

10 COnfI I NUE
11 IFII-1112i,12913
12 1=2
13 Jul-i

RTE-IE-ENSfJ))/(ENS(JI)-ENS(J))
IF(D-lO. 14914033

14 DO 16 K=1925
IF (D-TADf(I )17017,16

16 CONTINUE
17 IF(K-??18718tl9
'18 K*2
19 Lr.-1

D~lu(RTD*ITAFD(KIl)-TAF0(L.I3))+TAFDCL9J)
DBZ.-(RtD*tTAFD(KJ)-TAFD(LJ)) )+TAFD(L.J)
D~ziRTEr(DB1-DB2) )eD32
Go TO 20

33 IFCO-100.I101591994
34 PRINT 35

CALL PAGE(1)
DBOW.
00 TO 20

15 00 21 Ku'.2O
IF(D-TALD(KI i2:922,9'1

21 CONTINUE
K=~20

22 IF(K-1123923i24
23 Kr?
24. L-K-I

RTDa(D-TALD(L) /I.'(ALD(KI-TALD(LJ)
IF(S-.nlI)25926#26

25 Sw.01
26 DO 27 MxIoi,

IF(S-TS(M123928,927
27 CONTINUE
28 IF(M-1129929p00
29 M-2
30 N-M-I

RTSw(S-TSlN) 1/ITS(M)-TS(NIj
DO 31 KL.'1.2

DO 32 Nal.'2
flBS(NI.ERTO*(TAFL(I.JK.I-TAFL(IJJL)i),TFL(IIJL)
JuJ-1

12 CONTINUE

D8T(KL1.(RTS*(05SI1)-D~bSI2I1))D8S(2)
31 CONTINUE

D8.E(RrE*(DBT(1)-0813T2))J 1 (
2C RETURN

END
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FRENEL

Subroutine FRENEL is used in knife-edge diffraction calculations
to determine the loss factor and phase shift associated with diffracted
waves (see text following eqs. 77 and 121). It is based on the Fresnel
integrals [40, sec. A111.3].

SUBROUTINE FRENEL(V*FVtPH)

C ROUTINE FOR MODEL AUG 71

C SU8ROUlINE TO CALCULATE THE FRESNEL INTEGRAL

DIMENSInNAiI)R1,G1 D(1
COMPLEX PZoSZtCZ
DATA (A=-1. 702E-6,-6.808568854,-5.76361E-4,6.920691902,-1.6898657E
X-2,-3,05048566,--7.5752419E-2,8.50663781E-1,-2.5639041E-2,-1.502309
X6OF-1 .3.4404779E-2)
DATA(B=4.255387524,-9.28IE-5,-7.78002O49-9.52O895E-3,5.O751612989-
XI.38341947E-l,-1.36372912'.,-4.03349276E-1.7.02222016E-I,-2.1619592
X9E- 1P1.Q541O31E-2 I
DATA (G=-2.4933975E-293.936E-6 ,5.77e1956E-396.89892E-4,-99497136E-3

Xl*1 1948809E-2,-6.748873E--3,2.4642E--492.102967E-3,-1.21793E-3.2.339
X39E-41
DATA (D=~2.3E-8,-9.351341E-3,2.3006E-594.851466E-3,1.9O3218E-3,-1.7

X122914E-2,2.9064067E-2,-2o792e955E-2,1.64973oeE-2,-5.598515E-3,a.'j
X8386E-4)
P1=3o141592654 S TWPI.=2o*P1
IF(V.E~o.O) GO To 71
IF(V9GE*5*) GO TO 74
PTnV*Ve.25 5 CPSIwTWPI*(PT-INTFIPT)J
XOV*V*PT#.5

25 IF'X.GT.4.) GO TO 10
5 PXaCOSF(XI.SQRTF(X/4*)

PY. SINFI-X 1*SORTF(X!4,)
SUJMX=1. 595 769 14
SUF4Y~-3 *3E-8
XN= 1.
DO 10n I = It 11
XNsXNIPX/4,
SUMXsSUHX+All IX

100 SUMYrStJMY+81 I I*XN
SZ.CMPLX( SUMX*.SUMY)
PZrCMPLX(PXoPYI

CuRFAL(CZ) S S*AIMAG(CZ)
GO To In

10 PXUCOSF(X)*SURTF(4*/X)
PYuSiNF(..X)*SORTF(4*/Xl

S 'JM X a
SLIMY.. 199471140
DO 200 1 w It 11
XNaXN#4./X
SU4X-SUMX+G1 I ,*XNo

200 SUMY=SUJMYkn(:I.,x4

149



SZ=CMV'LX (SUMX .SUMY)
PZ=CMPLY( PXOPY)
CZuSZ*pz
CrREAL(CZ) S=SAIMAG(CZ)
C-C+*5 S ýzS-.5

30 SOABSF'IS)
'IF(V&LT@0.J GO TO 70
FV.* SOR TFII1.-( C.S U**2+IC-SP I2

4 YNC-S $ Wal.-(C+S)
75 PH=ATAN2(Y*Wl

PH=PH-CPS I
.APnABSF(PH) S APX=AP-TWPI*INTFIAP/TWPI)
IF(PH@LT . o) GO TO 37
PH=APX

39t IF(F'N.LT.O.I PHuTWPI+PH
RETURN

3.7 PH2-APX S GO TO 39
71 FV=*S S PHuO. S Go To) 39
74 FV=.225n8/V S PH=*78539816 S GO TO 39
70 FV=.5*SCRTFI(I1.+(C+S)IO*2+IC-SI**2)

Yft-(C-SI S Wn.1.(C+Sl S GO TO 75
END

GAIN

Function GAIN determines the relative facility antenna voltage

gain associated with a particular facility antenna at a specific eleva-

tion angle. It is used to obtain the g of (67) and the 9DOf (81).
Gain values may be calculated directly or obtained by interpolating
between values taken from figure 2.

FUNCTION GAIN(XI

C ROUT INE FOR MODEL AUG 73

COMMnN/GAT/ IFA
DIMENSION RA12'.),RB(24)
DIMENSION rDA(81,OC,(8)

X?.,-9.,--6o,-2.5.O.,3.,8.,12.,24.,36.,57.,84.,
90.)

DATAIRB.-29..-22.,-26.5,-27e4,-21979-20Oe,.5,-4eZ,-3e5 -4 .S,-7.3,
X-11.8,-10.,-3.5,-1.,4.,6.5,7,4,7.,-l.4,-1.5,-9o5,-4.,-13.OI
DATA iDAm-6.'O. ,2.5,5.,7.5,7.51.14.99,15.O)
DATA (DGa-8.,-6.,-3seC..-3.O,-20.,-20.O19-30e

3

FNA(FXtrAFBFC,-D1.( (FX-F6I*(FC-FD)/IFA-FBI) )FD
A-X
GO TO (1O,20,30,40.50,609709801 'WA

C--------------GAIN FOR ISOTROPIC ANTENNA -------------

10 GAIN zl. S RETURN

C------------- GAIN FOR DME ANTENNA ---------------

20 DaA*57.79577951
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p

DO 21 1=1h8
IF(D-DA( II 239?2f2l

P21 CONTINUE
Ice

22 GAINwj0***(DGfI)*.OI,) S RETURN
23 JFIIoEool) 6O To 22

L1l-1
GDwFNA(DDA( I,*DA(LIDG(1',DG(L)I
GAIN=Ioo**(GD**05) $ RETURN

C------------- GAIN FOR RTA-2 ANTENNA ---------

30 D=A*57.29577951
DO 31 IwI924
JF(D-RA( 11133o-,2'31

31 CONTINUE
1-24

32 GAIN1O0.**IIRB(II-7.4)**O5) S RETURN
33 IF(I.EoolJ GO To 32

LmI-l
RDWFNA(DRA( II RA(L I RR( I I RR(LJ I
GAIN=I0.**(lRD-7*4)*@05) S RETURN

C--------------GAIN FOR VOR ANTENNA (COSINE PATTERNi-------------
40 GA!N-I.nO*COSF(A)

IF (GA! N.LTo@12589) GAIN=-12589
RETURN

C------------------- GAIN FOR ILS LOCALIZER---------
50 GAIN=1#0O*COSF(A)

IFiGAIN*LT...12589) GAINu.12589
RETURN

C------------------- GAIN FOR GLIDE SLOPE -------- ----------
60 GAIN*1*00*COSF(A)

IF(GAIN*LT9.12589I GAIN..125a9
RETURN

C----------------------JTAC 20DEG BEAM TILT20 DEG H POW----
70 OSA*57-295t7951

TLT=-20@ S HPBW*'20*
TERM=A¶PSF(D-TLT)
GA1N(I1.+I((TERM/HPB Wi**2.5)11*#(-0.5 I
RETURN

C-----------------JTAC 8 DEG BEAM TILT ------

80 DOA*5?.29577951
TLT%;Bo
HPB Wml.95 95452 58
TERM=ABSFID-TLT)
GA1N=(1.+((TERM/HP8W)**2.sII#0(-O.5I
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 GChl ,2 and Ge.Fl,2 for (119) and (122).
These are special values for GF12W hich is discussed following (107).
GHBAR is based on CCIR recommendations [7, eq. 64, fig. 31; 40, eq. 7.6,
fig. 7.2] and includes a weighting function [20, eq. 17].

FUNCTION GHBAR (F,A,B,A~oDHOR#HE)
C ROUT I N FOR MODEL AUG 73

6 FORMAr(5X,*K GREATER THAN .1 GIIBAR NOT CORRECT*)
7 FORMAT(5X**HBAR 1S GREATER THAN 100*1
WG=2. $ PIG=3.141592654
HB=2 .2325*B*B*(F*F/A)**.33333333*(.oo1.HEI
IF(Ar.GT..1I PRINT 6
IF(HB.GE.2.5) GO To 10
IF(AK.GT..05) GO To 11
IF(HB.LT..3) GO To 12
GH8ARc-6. 5-1 .67*HB+6.8*ALOGIO(HB)

13 IF(AK@LF.o~lý GO TO 2
GHB=GHRAR

11 IF(HS.LT..25) GO To 14
6HTw-5.9-I-9*H046.6*ALOG104HB)

15 IF(AK.GT..05) GO TO 16
GHBAR=GHT-(GHT-GHR)*Ei .05-APKl/.o41

2 CONTINUE
FRE=300.*SORTFI .2997925*DHOR/FI
IF(HE.LE.FRE) GO TO 3
IF(HE*GE.IWG*FRF)) GO TO 4
GW=.5*(1.+COSF(PIG*IHE-FREIFRElp
6HBAR=G,1RAR*GW S GO TO 3

4 GHBAR=O.
3 fF(HB*GT.100*l PRINT?7

RETURN
10 GHBARu-6.6-eO13*I1R-2.*ALOGIO(HB)

GO TO 2
12 GHBAR31.Z-13.5*HB+15.*ALOGlO(HB) S GO To 13
14 GH-Tu-13.9+24.1*H84.3.1*ALOG1O(HBJ S GO TO 15
16 GHB-GHT

JF(HS*LTo0.1) GO TO 17

1S GH8ARUGHT-(GHT-GHB)*(E.1..AK1/.O5I S GO TO 2
17 GHTE-130 S GO To 18

END
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HCHNOT

Subroutine HCHNOT is used in calculations for the scatter region

(sec. A.4.4) to determine values of Hofor (169). !t uses the TAV/'YAH1
table which is based on data from CCIR recommnendations [7, sec. 11.4],
and is tabulated in this section under TABLES. Function TERP is also used.

SUBROUTINE HCHNOT(ETA5S9SVT9VRHOI

C flOUTINE FOR MODEL AUG 73

C SUBROUTINE To CALCULATE THE FREQUENCY GAIN FUNCTION

DIMENSION TAR(1141,TAHO(114)
DIMENSION TETA(7)
COPAMON/VAT/TAV( 175 ),TAH 1(7 91751

DATA( TAR:ý*01 ,.129*0149.0169*0189 .02,.022s.024v*0269*O289*o3*.o329
X.036,.014,.045,.05,.n55,.069.o659.07,.o75,.e.08oS,5.09,.o 95,.l,.ll,

X.293.d493.6,3o8,4.O,4o2,L4,~4.694.afO5.052,s.6,6.o.6.5,7.U,7.5,a*O
X,8.5,9.o,9.5,1O.0,12.,0914.O,16.O,18*0,20~,025.O,3O*O,35.O,4o~oSo.
X , 60 .0 700.09.80 .0 .0 .099.0)
DATA( Tt41o=64.3 ,62.O,60.0,58.4,57.O,55.7t54o3t53.2,52.2,5l.2,50.3,4
X9.7.48.0O,46.8,45o2./44.O,42.8,41.8,4O).8,4U.O.39.O,3t3.2,37.5,36.8,36
X#2,935 97 p34.5 933 .5 ,32. 7931 *8 t31 oOP30@2,2996928 *9,28e2927e,26*6 925*
X7 ,24.3,23.8,23. 1.22.5.21.8 .21.2920.7,2U.2 .18.9,17.9.17.0,16.0.15.3
Xv 14*8,14e.O,13e42 #12o92*12*4911,93 ,11,55, 1O75,10*03#9*420,89598*4w
X8.0,7.6,7.2.6.05,6.6,6o28.6.U,5.7595.55,527,5.o2,4.e1,4.62,4.46,4.
X3 P4 ol 15 3. 73 y3. 5 93.28 o3o 192 .93 92975 92o6 o2.459,235 92.2 *2.0.1.62,1.e65
Xol.45,1.32,1.2,1.1,1.Oo,.929.82,.69,,47,.38,.3..24,.2,.17,.1,,.1..o7
Xt.04,.029*019210.OH)

IFi VT-40. J10, 11911

13 HO-0.
RETURN

12 J-2
GO TO 14

10 *J a
IF( VR-40. 115914914

15 J&J+2
14 OuVR/VT

IF (s-.1 15o,50,5
50 A~LGS-1.

Go TO 52
li1 AL6S-ALOGIO(S)
52 IF1Q-1O.)53954v54
54 ALGOxl.

Go To 55
53 IF(Q3-.1156,56s59

Go To 55
59 ALGQwALOGIO(QI
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55 IF(ETAS-2.I17918,19
17 DEHO*3.6*ALGS*ALGQ

ASSIGN 35 TO M
Q5.O*S
JF(QS-*Q99995 124916980

80 !F(0S-1.O000OO5)l6,16,24
16 J=J+1
24 GO TO (419g42943944)9J
18 ASSIGN 30 TO M4
36 DEHO=3.6*ALGS*ALGO

KLIl
ASS16N 33 TO K
GO TO 121,22,23t231,J

19 DEHO=6.*1.6-ALOGIO(ETAS))*ALGS*ALGQ
ASSIGN 34 TO K
ASSIGN 30 TO M4
DO 39 KLv1,7
IFlETAS-TETA(KL) 158,57,39

39 CONTINUE
57 KN=KL

RATNw1.
49 GO TO (21*22s23,23IJ
58 KN=KL.-1

RAlN=(ETAS-TETA(KNI I/(TETAIKLI-TETA(KN) I
GOTO 49

Go TO 28
42 R1=VR*(1.+SJ
28 TTT..5*RI*R1*11.-TERP(R1II

HOO=-10.*ALOG1O( TTT)
GO TO 36

R2=VR*1 I.+S)
UP=29*( I@-S*S*O*0l
BAS=R2*R2*1 TERP (RI I-TERP(R2))
TTT=UP/BASj
IF(TTT)45945946

45 HCOmO.
Go To 36

46 HOO=10.*ALOG1OITTT)
Go TO 36

R2-Rl
IF!IR-.n10147*47#48

47 HnfOwA4.1
GO TO 36

48 IF(RI-90.160,45o45
60 D0 61 1=11,14

IFRIi-TARII 3163,62,61
61 CONTINUE
62 HOO.'TAHO(J

60 TC 36
63 11.1-1

1400n1(((RI-TAR(LJ Ii, TARI I -TARILi)11141TAIIOl I -TAHOILI ip ITAMO(LiI
Go TO 36

21 ASSIGN 75 TO L.
20 VzVT
31 IF(V-, 018132032938
32 HV=70.

Go TO L*125#26927929)
38 DO 64 1.1,175

IF(V-TAVC 11164,65,66
64 CON T I N)r
65 KM-I

RATa.q
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GO TO Ki.33*34)
66 01a 1-1

RAT= (V-.TAV(Ifl/(TAV(KM)-T'AV(If)
Go TO Ko(3393'.)

22 ASSICN ?6 TOL
V=VR
GO TO 31

?3 ASSIGN 27 TO L
GO TO 20

13 HV=(RAT*(TAH1( 14KM)-TAHI(1,I )U+TAH1I1,I;
GO TO L'(25*26*27,29)

34 HV1=(RAT*(TAH1(KL.,KMi-TAH1(KLI)I )+TAN1(KLlI3
HV2=(RAT*11AH1EIKNKMI..TAHI(KNI))lTAHIIKN,I)
HV-(RATN*(HV1.-HV2) I+HV2
GO TO 1-9.(25926i279291

25 HOT=I-V
HOR=O.
GO TO 37

26 HORuHV
HOT0.O
Go TO 37

27 HoT=HV
ASSIGN 29 TO L
V-VR
GO TO 31

29 HOR=HV
17 AH0=(HOT+HOR)/2.

IF (AHO-DEHOI67(.68.68
67 HO1=HOT+HOR
69 IF0401170971s7l
70 HoIzO.
71 GO TO M,(30t351
68 HO1UAHO+DEHO

GO TO 69
30 HO=HOI

Go TO 73
35 HOvHOo+(tTAS*(HO1-HoOI)

IF (HO)172*,73 .73
72 H0z0.
73 RETURN

END

LINE

Subroutine LINE is used in plotting different types of lines.

SUBROUTINE LINE(KL*AvBJ9SKXSKY)

C ROUTINE FOR MODEL AUG 73

C ROUTINE WILL. PLOT THE FOLLOWING LINES ACCORDING T) CODE KLC KLwl-CONTINUOU," LINE KLw2-SHORI VASHED LINE KLw3X X X X XC KL-4-DASH-DX XL.INE KL&5-+ +~ + +C KLm6-LONG-DASH-SHORT-DASH LINE KLw7-LONG-DASH..X X LINEC KL-S-LIGHT LINE KL%9-DOTTEO LINE
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DIMENSION At1O00I)f3(1OOO)
DIMENSION C12O0fl)oD(2OOO)
DIMENSION X(10oJYf10)91DH(2)
D)ATA (IDH-3H+OX93H+O+l
IF(KL.Eo.lJ GO TO 11
IF (KL*EO,8) GO To 52
IF(KI..Eo,2.OR.KL.EQ.4.OR.KL.EQ.6P GO TO 30
IF(KL*EO.9) 61) TO 30
SCX=S'KX S SCY=SKY
---------- KIUS FOR LIGHT LINE--- -

10 JN=J-1
Two
DO 63 Ku1,JN

C (I I=A (K
D( I lR(K)
CXuAIK) /SCX
DX=A( K+1I)/SCX
CY=B(K I/SCY
DY=B(Pr+1 /SCY
XTanX-Cx S YTmDY-CY
CL'u5ORTF( (XT*XT).(YT*YT))
L=XINTFUrL)
SM=XT/CL
SSM=YT/CL
IF(LeLE*O) GO To 65
DO 64 JK-loL
AXuCX.SM

C(Il)-AX*SCX
D(IItwAY*SCY
CX=AX
CY=AY

64 CONTINUEF
65 1=1+1

Ci) zA (K. 1
D(1I)=R(K+I1

63 CONrINUE
GO TO (IO'12sI39l49159l6917918939I *KL

C----------------------- KLul FOR CONTINUOUS LINE ---------------
10 CALL CRTP~LT(09090#098I

CALL CRTPLT(CDIO,1I
RETURN

C----------------------- KLm9 FOR DOTTED LINE---------------------
39 CALL CRTPLTICU,'JO,82

CALL CRTPLTICoDI,1,17)
RE TURN

11 CALL CRTPLT(OP0,OO,8)
CALL. CRTPLT(ABJ,1,1I
RETURN

52 CALL CRTPLTlO90O9O~ti
CALL CRTPLT(ABoJO,1)
RETURN

C ----------------------- KLO3 FOR X X X X X LINE-----------
13 ILA=4

ILHu 1014 1
CALL CRTPLT(3~,#oILH9ILAv5)
CALL CRTPLTICO.IO,1)
RETURN

C----------------------- KLOS FOR + + + + + LINE------------------
15 ILAwO

ILHo (DH(2)
CALL CRTPLTfO 0#*0ILHvILAP5)
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CALL CRTPLT(C9DtlOIi
RE TURN

C------------------------ KL02 FOR SHORT DASHED LINE -----
12 IFC!.LT.IC GO TO 10

N-1

20 L=N+l SKNLNi2
XII )C(N) $Y(I)=DIN)
XC 7 1C(L) $Y C?-DCL)
IF(L.FO*I) GO TO 19
X(31-CCKNI SY(3 1 DCKN)
KA-KN~l
JF(KA*EQ.II Go TO 23

21 CALL CRTPLT(0#0,OO,81
CALL CRTPLTCX#Y,3,O,1I
N=N+3
IF (N.GF. I RETURN
Go TO 20

19 CALL CRTPLT(OtO009,O,8
CALL CRTPLT(XPY92,O,1I
RETURN

------------------------ KL*4 DASH4 X DASHI LINE-----------
14 IF(I.LT31) Go To in

N~1
22 L=N+l SKN=N4-2

X(21 C(CL) SY(2)=D(LC
IF(L.E~O.) GO TO 19
X(3 )=CCKNI $Y(31anD(KN)
KA=KN41

CALL CRTPLT109O90,O,8)

CALL CRTPLT(XY,3,0o,1
IFCKN.Eo.IC RETUR~N
X(1 CuC(KAI SY(1Iufl(I(A)
IF(KB.Eo.II Go TO 31
ILHuTDH(l1
1LAs4
CALL CRTPLTIO. 'O.ILH9ILAv5)
CALL CRTPLT (XtYt1.Opl)
NzN +4
IF(N.GE.II RETURN
GO To ??

7'3 X(4Iu(*CKA) $Y(4Iwf)0(,A)
CALL CRTPLT(09OOO,8)
CALL CRTPLT(X9Y,4 ,o,1)
RE TUtRN

2S X(51wCCKBC $YSV()=DCKB)
CALL CRTPLTIOvOOO,8)
CALL CRTPL-TCX9Yv,',O1)
RE TURN

C------------------------ KL06 FOR LONG DASH SHORT DAsH LINE---
16 JF(I.LT.4) Go To 10

Nol
26 LvN41 $KN=N+2 SKAvN+3 %KR'N+4.

KCwN+5 S KDmN*6 S KEvN47
xCI ).C(N) SYC 1 IOIN)
XII *CCCl. SY(213rCLI

IF(LsFO.TI 60o TO 19
X(3 JCCKN) sYli)-OIKN)
IFIKN.o~Jl GO TO 21
IFCKA.FO,1I Go To 21
XI', IC KA) SY(4.J.DIKAI
IFIKA.EO.I) Go To 25
XIlS -C IKRI SYIS)-nIKB)
!F(KC.EO.II GO TO 27
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X(6 -C=CKC) SY(6) DKC

XC? )uCIKD) SYC 7 )D(KD)
IF(KE.EO.TJ GO TO 29
CALI. CRTPLT(O,090,098)
CALL CRTPL.T(X*Y*7*O9l)

IF(N.GE.I) RETURN
Go TO 26

c ------------------ KLu7 FOR LONG DASH X X LINE ------
17 IF(I.LT.1) Go To 10

N-1
28 L=N+1 SVN=N+2 3KA-=N+3

XC 1 )C(N) $YC 1)-D(N)
X(2 )-C(L) SYC2)cD(L)

IFCL.EO.I) GO TO 19
X(3)=CIKN) SY(3 l.DCKN)
IF(KN.E0.I? Go TO 21

IF(KA6EO*fl Go TO 23

CALL CRTPLTCO,0~,O:,,8,)
CALL CRTPLT(XtYt3,Oi

IL A=4
ILHMuIHO )
CALL CRTPLTfO.,OTLH9Il.A95t
CALL CRTPLTI'CDI,09'
NuN44
IF(N.GE.1) RETURN
Go TO 28

27 XC61-C(KC) SY(6)-DCKCI
CALL CRTPLT(OiO.O,098)
CALL CRTPLT(Xy96%O.1)
RETURN

29 XC(j)=C(KFI $Y(8r)-DCF)
CALL CPTPLT109OOO,8)
CALL CRTPLTCXtyv8*O*9D
R ET URN

30 SC.X~uSKX**5
SCYoSKY*. 5
GO TO 18

31 XC2)*CIKSl S Y(2)*D(KBI S Go To 19

END

PAGE

Subroutine PAGE is used to structure printing associated with

program runs~ such that each page contains no more than t52 lines and

is numbered and dated.

SUIAROUTINE PAGE(N)

C ROUTINE FOR MODEL AUiG 73
4. FORMATICIY)
6 FORMATIO PAGE..I4.,ZCZX*AJ))

COMMON/EGAP/ IP .LN. ROT, ET
IFI N)I10,11, 2
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ING

PRINT 6sIPoID)%IXl
~I kf TURN

I1I LNw N4+N

14 PRINT 4
cio To klI
INrn

PLTDU

Subroutine PLT0UH is used onjy in the station separation program to

construc~t graphs. It is similar to PLTGRPH.

s~twRouTINIF PL TD1i

C PLOT St~gROUIT i~ FOR DOVERLI
c N40117INE FOR MODEL AUG 71

14 f ORMAT (0 CAPACITY OF t.INE*9I29# IS OVER 100 POINTS*)

?A FORMAT l)'3pX)

?Q FORMAT ( Fl. 1SX)
it) FORMAT)IJI791
3ý FORMAT (4XIa 1
16 FO14PAYiF4,O94X)
41 FORMAT 4 X *F4..% I
4? FORMAl 14XwF4v?
43 FORMAr(%X9F',*I)
,16 FOR4M I TI14# 4x I

D Ilf Ne [ON I TI i) .1 AN 14 9 [pIf (5
D I MENSION 7)..)3) ,TI4141,TA(2' 'TB(2ITCIZ),TD(2),TE(4)
DiMt'4l ION AX(2)9AY(? i,((2lv, 11 ,LM(61.X(2) ,Y(2)
I) I MI N, 1, N 5(2 J 112 )
0 Imroo I N 0"00OI0000OO
COýIMCNiP'LTO/LUiDLLNt.(BI*N5(8)tSXI2ISY(2ITT(5IXC.YCBX(2OO,5I,8

XYI 200t.141LYVP AATvT
COMMONfCAP/IPLN, tOTIXT
OATA iNSvI ,909,,5,)
DATA (ANv?lH1S49TATION SEPARATION Itl N MI)
DATA (BT'3SH ýD/ U ;9SIGNAL RATIO IN DiIe I
DATA (IT-IH s2'eH M-E JOHNSON EXT 358791H I
DATA I I L -I 7HRil 9(N 41 CS00DE 1: 1I
DATA (TE.I214DW9SIRED DISTANCEij:. 49N MI)
DA rA (TfF.5A I 9L T ITUDE 11 4qFT)
DATA IrA- 16HF i9Rrr SPACE I
DATA IT~u)6H(19UPPER4I) 50%I
DATA fTCul6H~iSMI0I't.E1I) 50%)
DA TA fTD-16H(49L0wrRjll 95%)

C------------------------- DRAWING PERIMETER--------------------------
SCXw(SXII)-SX(2))/10.
SCYufSY(1I-SYI?)I/l0.
G6I1ISx(114.I0.l*ScXI
G(2 I USX 2).- (1 .OSCx
HNI ISY(1 1f41 .8fSCYI
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H(2)mSY(2l-(1.2*SCY)

SHYU(G(11-fl(21 /100.

PYw .3*SCY
AXl1)wSX(2),SAX(2):SX(ll $Aytl~mS'Y12) SAY121m H(1)-t3*'SCY)
LD1 .0
LD2wO

CALL CRTPLTl6,H*5vIT92)
CALL CRTPLT(AXAYO,1 .14)

C----------------------- DRAWING GRID -----------------------
LX=NX+1
LY=NY+l
Y(1)=Sy(1l S Y(21=SY(2) $SX(1)NSX(2)
DO 20 !n1,NX
X(1 )-X(1)+XC SX(2)=X1l)
IF(X(1)oCYE*SX(l)) GO TO 33
CALL CRTPLT(O09,O.816
CALL CRTPLT(XV,29O,1l

20 CONTINUE
34 X(IIuSX(2) S X(2l-SX(1l S Y(1)ESY(l)

D0 21 !1,1NY
IF(Y(1l.LEoSY(2)) Go TO 38
CALL CRTPLT(OO,0,O,6)
CALL CRTPLIIXyo2vO,1)
Y( )-Y(1)-YC $Y(?)uY(1)

21 CONTINUE

C----------------------- LABELING GRID----------------------------
39 GY-SY(1) $ GX=SX(2)-I.95#*SCXI

ASwSY (21
DO 22 I=1,LY
IF(LYD.GT.O) Go To 16
KL:GY s IF(LUD.LT.Ol KLaXABSFIKLI
ENCODE(8,329AL) KL

44 LM(1l)= SLM(2)=l SLM(3)wO SLM(4)u0 SLMIS1.0 SLM(62*1
CALL CRTPLT(GXGYLMqAL,1O)
GYSGY-.VC
tF(GY*LTeAS) GYcSY(?)

22 CONTINUF
EX-SX(2) $ GY=SY(2)-(.2*SCY)
DO 24 I=1,LX
IF(XC.LT.I.) GO TO 25
I X=EX
IF(EX.LT.Oo1 GO TO 35
IF (EX*LT*1091 GO TO 26
IF(EX*GT.9991 GO TO 41
ENCODE(8,279AL) IX
GXwEX-( .O75*SCX)
Go TO 28

33 Lx=I+l s GO TO 34
38 LYI1 s GO TO 39
16 YA=GY s IF(LUD-LT*O) YAwASSF(YAI

IF(LYD-2117918919
17 ENCCDE(8#419AL)YA S GO TO 44
18 ENCODE(8*42,AL)YA S GO TO 44
19 ENCODE(B,43,AL)YA S GO TO 44
41 IF(EX*GT*999*) GO TO 31

ENCODE(8*23PAL) IX
GXEX-( .15*SCX I
GO TO 28

15 ENCODFIR,36*AL) EX
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3? GX- FX-' ?25)*5CX I
(o TO 2 P

2 ,F N CC 0D F (~'32vAtL L X

GO TO 28
26 ENCODE(8,309AL)1X

GX =EX
28 LM(1)z1 SLM(2;=1 SLM(3)uO SLM(4)0O SLM(5)*G SL.M(6)r1

CALL CRTPLT(C.X9GCflLMAL. IC
EX=EX+XC
Ij (r y II rv.rx 1ý X rs 1I

24 CONTINUE
YL-I O.7*SCY~flSY(2)
XL=SX 12)-I .C5'SCX)
LM(11t5 SLM(2)=1 $LMI3h1l SLMI4)=O SLM(5)mO $LM(6)c2
CALL CRTPLT (XLgYNI,LM ,wr do)
LM ( 1)4 $LMi(2I=]1 $L-MI;)0O I.M(t4)r-0 St M (5 )u0 $L M16)=2

XL -,S xt2I.~ 3.0*SCrx)
CALL CPTPLTIXL.yLLMANlo)

C--------- ---------------- DRAWING LEGEND -------------
XI -SE(2)+.U4.SC(X)
YL=H(II-(.0cy
LMI1)=5 $LM(2)-l SLM(3)cO ILM(41uo SLM(5)=O SLM(6rz2
CALL C:RTPIT(XL.vL,IMTT*lo)

LM(11t4 ILMI2Ifl $LNI(3)=O SLM(A)uO SLMC5)mO $LM(6)=2
CALL f:RTPL-TIXt .V ,~LMvTF*10)

L-MI1I=i $LMI2I1l $LM(I3)O $LM(4)=O IiLM(5)sO SLM(63r2
CALL (MMCPLI)XLqVL,LMTGlo)
XL tflyX ( I )4f. 1 *t,'uy I
'L.,H I1I-I4,.40e5ýryj
LH(lI"4 $LNII2)rl $L¶I(3)m&) SLM(41.O SLM(5)=O SLM(6)2=
CALL CRTPLT( XloLYl-,M#TI-.1)
XLr-SXl,(?I.I2O*Scx)
LW44I ! ),LMI ¶LM(31V0 $LM(4H-O SLM(5)rO SLM(6)=2
CAI.(. (RIPl TI K' ,vytl .MAAT .10)

VL=H( l-I . 60' SCY)
i.M(1hw3 ¶1MI2'=1 $LM3(I)= $LMI4)cO SLM(5).O SLMI6)rI
CALL CRTPL1"IXLqYL1.LM,TL .1o)
XL-,SX(2)~+17,7rj. SCX)I
LM(Ilml SLMI2)=1 $LMIq3)rO bLM(4),=o SLM(S)aO SLM(6)sl
CALL CRZTPL.T(XL o.VL.LM, JOT .10

LM)I 11 $tMI2I=j $LM(I3)O $LMI4)-O SLM(5)aO SL-M(6)-1
CALL CRTPLT(XLsYL-,LM#rxT .10)

XLSX(2I +( 8.3'SCXI
S(1)=FSX(?)+(7.345c7X)
6(2 ) SX (21 + 18 **SCX)
TI I =TI2I=YL-
CALL L INF)9q,ST,2,SHXSHYI
LM(1I)= $LMI2)-1 SLM~IIzO SLM(4)0O SLM('31.O SLM(61'.j
CALL CRTPL-T:XL.YLLMTA.Jo)
YLrH(1I-Iq.774SCV)

CALL LINE(Io1S.T,2,SHXSHYI
LM(1)tZ SLMI2I'1 SLM(3IaO SLM(41=uQ SLMI5)=O SLM(6)al
CALL CRTPLTfXLYLLMTB,10)
YLH(1 )-(4.14*SCY)
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f ~T( 1IuT(2IvYL
CALL LINE (1 ST,2,SHXvSHY)
LM(l)c2 SLM(2J=l SLM(3h0 SLM(4)-n $LN(5)sO SLM16)01
CALL CRTPLT (XL.YLqL.MvTC91O)

T (1 =T (? IYL

CALL LINFEl v8gT,,s5HASHYi1
LM(lo&2 SLM(2Jc1 $LM(31=0 SLM(41se0 SLM½I5zO SLM4(6)61
CALL (RTPLT(XL9YLLM#TD,3 0)

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

DO 12 K=1YLL
NI=NU(K) S LS=NSlK)
JWO
DO 1r~ I=1,NI
WF(BV(lK).GT.SY(1I.ORo.BX(IK).LT.sx(21! G0 TO 10
IFIBY(IKl.LT.SY(2).OR.BXIIK).GT.SX(1J) GO TO 10

IF(J.GT.200) GO To 13
A(J)'FIX(!,K) $ PIJ)-BY(19K2

10 CONTINUE~
11 CAL.L LINE7(LS9Av89J#SHX9SHY)
12 CONTINUE

RETURN
13 PRINlT 1'..LL $ CALL PAGE(1) S J-200. S GO TO 11

END

PLI'GRPH

Subroutine PLTGRPH is used only in the power density program to

construct graphs. It is similar to PLTDU.

SUBROUTINE PLTGRPH

C PLOT SIJAROUJTINFR FOR POWAV
C ROUTINE FflP MODEL AUG 7~3

14 FORMAT(*' CAPAC(TY' OF LINE*#1,.*~ IS OVER 100 POINTS*?
23 FORMAT(!3,ýX)
?7 FOPN1AT( I2*OX)
pq FqIRhAT (F *1 *99X

I? FORMAT (4X ,14)
36 FnRMAT(F'4.O,4X)
41 FOR~MAT (4X or4 -1
42 FORMMAT14XPF4.2)
4.3 FORMT ( IX tr'53I
4.6 ForwMATII 4 4X'

D I MFNSION TL. (3) oTHI14i.TA(2)o T1312)#TC(2)#TD(21 ,TE43)

n IMF N rIONI A(200)#RI2OO)

C OMMON /P UT Pr/ L UD LL ,NU ( 8 1 9NS 18 )SX (2 )9 SY12) oT T 6) XC YC OX 200 9 8),
XY(?OO00) ,LYD0AATvT(3

C OMMON/ E(-.P/I P PLN 9 101 DPIXiT
DATA (ITzIH *2'.H M E JOH;SON EXT .358791H I
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DATA IAN=24H DW91STANCE IN N MI
DATA (8Tw40H P490WER DENSITY IN D418-W/49SQ M I
DATA IMSul,99,9935,7)
DATA (TL=17HR49UN 4IC49ODE41:)
DATMATF724HO~WIT?1 D41BW EIRP
DA TA ( TH=4 rHA 191-T I TjDE 4 1 OFT)
DATA (TA.=I6HF49REE SPACE
DATA (TB=16HC49ULPPER41) 5%)
DATA (TC=16ill 9minDLE41) 50%)
DATA (TD-16HH49LQWER4I, 951a)

C------------------------- DRAWING PERIMETER---------------- -
SCX=(SX(l)I-5X(2)),1o.

GI 2) =SX (?)- 1 .o*SCXp
H(1)=SN(1 )+14.8*SCY)
H(2)=SY(2)-(1.2*SCY)
SHX=(Gil)-G(2) 1/100.
SHY-IH(l)-H(2))/,lOO.
PY=.3*SCY
AX(1)=SX(2) SAX(2)=SXI1) $AY(1)uSY(2) SAY12JO H(1)-(3.*SCY)
LrD 1=-0

NX=(ISXC1 )-SX(2))XC)
Ny=( (SytlI)-SY(2 I /YC)+1.4
CALL CRTPIT(GvHv,!T92,
CALL CRTPLT(AXtAY,9),1,14)

C------------------------- DRAWING GRID -----------------------
LX=NX~K1
LY=NY+l
YllI=Sy(ll S Y(2)=SY(2) S X(1).Sx(z)
DO 20 1-1,NX

TF(X(l).(GF*SX(l)? GO TO 33
CALL CRTPLT(loOOoo.t)
CALL CRTPLT(Xy,2,O,1 I

20 CONTINUE
,4 X(II=SX(7) S Xi?)=SXII) S Y(I)uSy(1)

Y(2)=Y'lI
D0 21 1I=,NY
IF(YHI).LF.SY(2)) Go TO 38
CALL CRTPLTIO#O909O,8I
CALL CkTPLT(X9Y,2,ob,)
V )-(IIsl) -yC SY (2 I :(1)

21 CONTINUE

--------------------------- LBLN RD--------------------------LAEIGGI
39 Cy=sy(1) S G~x2-*5SX

AS-'SY(?I
DO 22 lIsLY
IF(LYD.GT.0) GO TO 16
KL=GY $ IF(LUD*LT*Oi KLwXABSF(KIj
ENCODE18,329AL) KI

44 LM(1)wl SLM12)u1 SLM(3)u0 SLM(44)0 SLM(5)wO SLP416)nl
CALL CRTPLT4GX#GYoLMoAL,10)
G ov n~YeV C
IFrCY*LT.ASI GYuSV(2)

?2 CONTINUF
EX=SX121 S GY-S'r(2)-(.2*SCYI
Do 24 I=ILX
IF(XC*LT.1Io GO TO 25
IXwEx
IF(FX.LT.O.) Go To 35
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IF IEXeLT*10*. Go To 26
IF(EX.GT.99-) GO To 41
ENCOr)E(R,279AL) IX
GXEFX-( .075*SCX)
Go TO 28

33 LX~I+1 S' GO TO 34
38 LY=I s GO TO 39
16 YA=GY s IF(LUD.LT.O) YA=ABSF(YA)

-17 ENC0DE(8,4l9AL)YA S Go TO 44
18 ENCODE(8,42%AL)YA s Go TO 44
19 ENCODE[8o439AL)YA $ GO TO 44
41 IFtEXoGT*9999) GO TO 31

ENCODE(8,23tAL) IX
GX=FX-( .15*SCX I
Go TO 28

"3 ENCODE(89169AL) EX
GO TO 37

31 ENCODF(8*469AL) TX
1~7 GX=EX-(.?225*SCX)

Go To 28
25 ENCODE(89299AL) EX

GX-EX- (.*1'*SCX)
GO TO 2n

26 ENCODE(8%lo9AL)IX

28 LM(1)ul SLM(2Ial SLM43)0 5Lt4(4)=O SLM(51=O SLM(6)01
CALL CRTPLTlGXGYLMAL,1O)
EX-FX+XC
IF(EX.GT.SX(1)) EX=SX(1)

24 CONTINUE
YL-( n.7*SCY).SY(2)
XL='SX(2 1 -( .85*SCX)
LM(1)=S SLM(2b=l SLM(3)zl SLM(4)=o SLM(5)wO SLM(6)L2
CALL CRTPLT(IXL9YLLM9BT .10)
LM(1)=3 SLM(2)=l SLM.(3(.O SLM(4)=O SLM(51=O SLM(6)-2
YL=SY(2)-( .60*SrY)
XL=SX(?1 .( 3.O*SCX)
CALL CRTPLT(XLYLLMAN,1O)

C------------------------- DRAWING LEGEND-----------------------
XLSSX(2)4i(.4*SCX)
YL=H( 1 -( 3*40*SCY)
LM(1I=6 SLM(2)1l SLM(31=O SLM(4)=O SLM(5)uO SLM(61.2
CALL CRTPLT(XLgYLLMTT,10)
YLuH(l1 -I 3.9O*5CY)
LM(II(3 SLM(2h=l $LM(3flO SLM(4)-O SLM(5)uO SLM16122
CALL CRTPLT (XL*YL#LM9TFi,10)
XL=SX(2 ).bo.8*SCXI
LM11)wl $LM(2)=l SLMI3IsO SLM14)-o SLM(51u0 SLM(61=2
CALL CRTPLI (XLvYLLM9TGvI0)
XLtSX (2). C.4*SCX)
YLzfl( I)I-(4o4O*SCYl
LMtlh=4 SLM(2b:1 SLM(I)ro SLM(4lu0 SLM(S)SO SLM(6(u2
CALL CRTPLT( XLYL,-MpTH91O)
XL=SX (2 ).(7.O'i*SCX)
LM(llel SLM(2)rl $LM(312O SLM(4)ao SLM(S)uO SLM16102
CALL CRTPLT(Xt ,YL9LM9AAT,1O)
XL cX (2 '4- C n* rfl CX)

LMCI)-3A %LM(21'1 $LM(0)=O SLM(4150 SLM(5'(uO SLM(6)u1
CALL CRTPL TCXLsYLLMiTL ,10)
Xtj=SXI?)..(7.70*S;CXI
LMCI)-I StM1?)m1 SLM(3k'O SLM(4)-O SL.M(5)NO SLM(6Iwl
CALL CRTPLT(XLYL-9LMIDT .10)
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XL-SX(? )+I8-90*SCXI
IM~i~al SLM(2)al SLM(3)*O SLM(.41u0 $LMSIN)O $LM(61=1

CALL CRTPLT(XLYLLM*IXTv1O)
YL=HfI1 ((3.4O*SCy)
XL=SXf? 1 +( 8-1*5CX)
S(1)=SX(2)+.(7.3*SCX)
SI? )-SXI 2 ),(8. *SCXI

CALL LINE(9*S*T ,2,SHXSHY)
LMW1)2 $LM(2)=1 SLM(3)0O SLM(41.O SLM(5)0O SLM(6)=l
CALL CRTPLT(XL9YLLM9TAq1O)
YL=H(I1)-( 3#77*SCY1
T (1) tT ()=YL
CALL LINF(1,ST,295HXSHY)
LM(1)=2 SLMI2(1l $LM(3)0O SLM(4)mo 5LM(5)2O $LM(6)21

CALL CRTPLT(XLtYLLMTB9IO'
YLxH(1 ((4.1L,*SCY)
T (1)*T (2) =YL
CALL LINF(I S9T,2,SHX*SHY)
LM(I1-2 SLM42)=1 SLM(3)=O SL.M(4)=O SLM(51zO SLM(6)21

CALL CRTPLT(XLYLLMTC,1fl)

YL=H(I )-(4.51#SCY)
TfI1)vT (2) =YL

CALL LINEfI1,ST,2,SHXioSHY)
LM(I1)2 SLM(21=1 SLM(3I=O $LM(410O SLM(5)vO SLMI6)1l

CALL CRTPLTI XLYLLMqTD,1O)

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

DO 12 K=1'LL
N1'NU(K) LS=NSIK)
J aO
DO 10 IzIqN1
IF(BY(IK)eGT.SY(1).OR.BXiIK(.LT.SX(Z') GO TO 10

IFBI,)L.Y2.O*X1K.~S~) GO TO 10

IF(J.CT.200) GO TO 13
A(J)-BX(I,K) $ B(JIU8Y(IK1

10 CONTINUE
11 CALL LINF(LSABJSHXSHY)
12 CONTINUF

RETURN
13 PRINT 149LL S CALL PAGEWT S J02009 S GO TO 11

END

PLT VOL

Subroutine PLTVOL is used only in the service volume program to

set up graphs. It does not draw the contour lines.

SUBROUTINE PLTVOL

C PLOT SUBROUTINE FOR SRVVOLM

C ROUT INF FnP MODEL AUG 73

14 FORMAT(* CAPACITY OF LINE*#I2o' IS OVER 100 POINTS*)
21 FORMAT1I1,rX)

27 FORt4AT(1296XI
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?q FORMAT(F3.195~X)
30 FORMATIJI,7X)
32 FORMATI4X914)
16 FORMAT(F4.O,'.X)
41 FORPI AT 14X9F.4.1
42 FORMAT(4X9F4*2)
43 FORMAT(3XtF5*3)
46 FORMAT(1494X)

DIMENSION IT(5) ,AN(4)*BT(5)
DIMENSION TL(3),TH(4J.TAI2),TB(2) ,TC(2).TDI2),TE(5)
DIMENSION AX(21 ,AYI2I.G(2 ),H12) LM(6) ,X(2),Y(2)
DIMENSION S(2),T(2)

COMMON/PLVD/LUDLYDSHXSHYTG.SX(2ISY(21,TT(6),XC9YC9AAT
COMMON/FG'AP/IPLN Inr, IXT
DATA IIT=I1H 924H M E JOHNSON EXT 358791H
DATA (AN=311HD49ESIRED PATH DISTANCE IN N MI)
DATA (BT=39H A49IRCOAFT ALTITUDE IN THOUSANDS OF FY)
DATA (TL=17HRj9UN lIC19ODE41:)
DATA (TE=34HS49TATIO14 SEPARATION41: 19N MI)
DATA (TH-25HD/U 19RATIO41: 19D4181
DATA (TA=16HFj9REE SPACE
DATA (TF3= 161-M 90UTTFR 41 ) 5%)
DATA (TC='.;H(19MIDDLElI) 5016)
DATA (TO=161-4U91NNER411 95761
TS=eonn

C------------------------- nRAWING PERIMETER-------------------

5CYz(SY(1)-SY(2))/1o.
W0 (=SX 11)+(O.3*SCX)
G(2(=5SX(2)-(U.O#SCX)
H~l )=SY(1 ),(4o8*SCY)
H(2)=SY(2)-(1&2*SCY)

PY,-*3*SCY
AX(1)=SX12) SAX(2)-SX(1) SAYf1)wSY(2) SAY(2)w H(11-(3.*SCY)

LD2xO
NX-( (SX (1l-5X (2 ) /XC)
NY=((SY(i)-5Y(2)1/YC)+1.4
CALL CRTPLT(6tH959IT#?)
CALL CRTDL.T(AX9,AY9O09i1v14

C-------------------------- ORAWING GRID ------------------------
L-X=NX +

Y(1l=SY(l) S Y(2)=SY(2) S X(I)uSXI,")
Do) 20 I-19NX
X(11 (=Xl)+XC SX(2(=X(1 I
IF(XI1).GF.SX(I)) GO To 33
CALL CHTPLT(OOOO,8)
CALL CPTPL-T(XvY,2,0#1

20 CONTINUE

DO 21 xIq1NY
IF(Y(l).1.r.SY(2)) GO TO 38
CALL CRTPIT(O,0,O09flI
CALL CRTPLT(XY,2,O,1)

71 CONTINUE

C---------- - --------- LABELING GRID -------------------------
19 GY=SY(1) S GX=SXt2)-(995*S~CX)
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AS*SY(21
00 22 I=1,LY
IF CLYD.GT-O) GO To 16
Kl-c(Y*TS S IF(LUD,.LT.O) KL=XASSF(IK1J
FNCOr)F(Ao!2,AL) KI

44. LM I )= I $.M'(2 )=1 SLM( 3 )=O SLM(4Iuo $LM(S 100 SLM(6J*a1
CALL CRTPLT(GXGYLMAL,1O)
GY=GY-YC

IF(GY.LT.AS) GY=SY(2)
22 CONTINUE

EX=SX(2) $ GywSY(2)-(-2*SCY)
DO 24 I=1,LX
IF(XC*LT.1.) GO TO 25
IX=EX
IF(EX*LT*Oo) GO TO 35
IF (EX*LT91O.1 GO TO 26
IF(EX*GT*99o) GO TO 41
FNCODEF(89?79AL) IX
6X=FX-(,O75*SCX)
6o TO 28

33 LX=1+l s GO TO 34
38 LY-I s GO TO 19
16 YA=GY s IF(LUD.LT.O) YAwASSF(YAi

IF (LYD-2 117 18, 19
17 ENCODE(8,4T'AL)YA S GO TO 44
18 ENCODF(89429AL)YA $ Go TO 44
19 ENCODE(89419AL)YA s GO TO 44
41 IF(EX.GT*999,) GO TO 31

ENCOIPF(8,239AL) IX
GX= EX- ( * 1*SCX I
Go TO 28

35 ENCODE18,369AL) EX
Go To 37

31 FNCODE(8,46.AL)I X
37 GX=EX-(.225*SCX)

Go To 28
25 FNCOOF(8#299AL) EX

GXwFX-( .15*SCX I
GO TO 28

26 ENCOD)E(8,30,AL)IX
GX=EX

28 LM(l)-l SLM(231l SLM(31=O SLM(41*O SLM(51uO SLT4(61*1
CALL CRTPLT(GXoGYoLMAL,1O1
EXxEX+XC
IF(EX.GT.SX( 1)) EX=SX(1I)

24 C0ONTINUF

C------------------------- DRAWING LEGEND-----------------------
YL=( O.7#SCYI+SY(2)
XL-SX(2)-( .05*SCX)
LM(1)-5 SLM(2)-l SLM(3)ul SLM(43nO SLM15JuO 5141(6)02
CALL CRTPLT(XLYLLMBT,1O)
LM(1l~4 SLM(Zln1 SULi(31uO SLM(4JzO SLM(5ImO 5144(6102
YLaSV(2)-(e6O*SCY)
XLmSX(2)+i 2.5*SCX)

CALL CRTPLTIXL,YLLMAN,1Ol
XLNSX1I2 + ( .4*SCX 3
YLNH( 1)-I1.40*SCYI
LM(l)1 6 $LM12)-l SLM(3)=O SLM(4aoo SI)4(S)*O fLM(6102
CALL CRTPLT XL ,YLLMPTT .103

YLRH(1 3-C .90*SCY)
LM(1)*15 SLM(2)z1 SLMM3)0 $LM(43.O SLM(rilsO SLM(6)02
CALL CRTPLTIXLYL*LMgTF .103
XL.SX(2)4 (l.8*SCX)
LMI1I~o SLM(2)-l SLM13)=U *LM141-O SLM(5)u SLM(6lw2
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CALL CRTPLT1XLsYLLM9TGq10)
XL=SX(2)+( .4*SCX)
YLuHI1 )-(4;40*SCY)
LM(1)v4 SLM(2)-l SLM(3120 SLM(430O SIM(5)NO SLM(6J-2
CALL CRTPLT(XL*YLtLMoTH910)
XL-SX( z)+' Z25*SCX)
LM(1)-1 SLM(2)-l $LM(3)=O SLM(4)0O SLM15)zO SLM(6Iu2

CALL CRTPLT(XLoYLLMAAT#10)

XL-SX(2 )+(6.50*SCX)
YL=H(l)-.(2.60*SCY)
LM(1)=3 SLM(2)=1 SLM(5)rO SLM(A>Dz0 S1M15)=O SLM(6)=l

CALL CRTPLT(XLtYLLMPTL ,i10)
XL-SX(2)+(7.70*SCXI
LM(1(1l SLM(2)=l SLM(3)0O SLM14)=0 51M15)=O SLM16I:1

CALL rRTPLT(XL9YLqLM.IflT910)
XL=SX(2 )+(B.90*SCX)
LM(1)u1 SLM(2)-l SLM(3)m0 SLM(4)&O SLM15)aO SLM(61ul

CALL CRTPLT(XLYL*LMPIXT*10)
YLwH( 1 )-3.40*SCY)
XL=SX(2)+4I 893*SCX)
S~i )=SX(2)+(7,3*SCX)
SQ )=SX(2)+(8.1*SCXI

CALL L INF(9*S,1 ,?,SHX9SHY)
LMW-~2 SLM(23=1 SLM(3)inO SLM(4J.O SLMI4I5O SLM162u1
CALL CRTPLT (XL *YL LMTA ,10)

Hi )vT(?)=YL
CALL L (NFl 29SsT,29SHXSHY)
LM(1)=2 SLM(2(*1 SLM(I)v0 SLM14I.O SLM(~5)uO SLM(6101

CALL (CRTPLT1XLYLLMTR,1O)
YLZ4(I )-(4.14*SCY)
1(1 )uTf?(NVL
CALL LINF(1,S9T92,SH~X9SHY)
LM(I0-2 $L.M(2)1l SLM(3Iu0 SLM(43s0 SLMI5)nO SLM(6)=1
CALL CRTPLT(XLoYL*LMtTC910)
YLa(4(1 (-(4e1*SCY)
T I I) .T (2)u!
CALL L1NE(3S9,T92*SHXsSHY)
LM(1)82 SLM(2)nl SLM(31-) $LM(41=0 SLM(510O SLM16I1=

CALL CXTPLT1XL*YL9LM9T,0s1O
RETURN
END

POWSUB

Subrou 1 POWSUB is used only in the station separation program.

It performs parameter conversions, prints parameter sheet(s), and

obtains an array of sotroplc power values versus distance for both

desired and undesired facilities.
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SUBROUTINE POWSUB

C ROUTINE FOR MODEL AUG 73

4 FORMATIHII
5 FORMAT(1H )
6 FORMAT(20X,*INPL.IT*,21X,*WORKING, VALLIE-'U)

106 FORMAT(5X9* DML IS LESS THAN ZERO. ABORTING RUN *1

C FORMAr STATEMENTS FOR PARAMETER SHEET AND WORK SHEET

700 FORMATI1BXt*PARAMFTFRS FOR ITS PROPAGATION MODEL ##A8,/24XA8*2XA

701 FORMAT(32X,'REOUIRED OR FIXED**/32X,*-------------------- *9/15Xý*AIR
ICRAFT ALTITUDE:*,F8.O,# FT ABOVE MSL*I

702 FORMAT(l5X9'FAClLITY ANTENNA HEIGHT;*,F7o1,' FT ABOVE SITE SURFACE

7o3 FORMATlI5X9*FREQUFN(-Y:*vF6.O,* MH7')
704 FORMAT(29X,*SPECIFICATION OPTIONAL*,/29X,'------------------------- *

4/15X,'ABSORPTION: OXYGEN'PF9#59* D8/K(M',A2,/27X,'WATER VAPOR*,F9.5
4,*DR3/KM*,A2)

705 FORMAT(15X9*EFFECTIVE ALTITUDE CORRECTION FACTOR: ',F6.09* FT',A2
5,/15X*'EFFECT IVE REFLECTION SURFACE ELEVAT ION ABOVE MSL! WF7.0o* F

ST*9/15X,'EQUIVALFNT ISOTROPICALLy RADIATED POWER: *9F6*lt' DBW*-/1
55XNFACILITY ANTENNA rYPF: 0,5W8

706 FORMAT(2OXv'COLNTERPOISE DIAMETER!*9F5*0f* FT*9i25X9*HEIG)1T ',F5.0
6.' FT ABOVE SITE SURFACE *9/25X,**5JRFACF'*,7AB)

70)7 FORMAT(2OX,'POLARIZATION>',.?A8)
708 FORMAT(15XP'HORIZON OBSTACLE DI5TAN)CE:*9F7o29* N M) FROM FACILITY*

89A29/2OX,'ELEVATION ANG6LE: ',3*'I./,2'DEG/MIN/SFC ABOVE
8 HORIZONTAL*,A2,/20X,*HFrICdIT:*,F6.O,* FT ABOV'E MSL*.A2)

709 FORMArC15X,*MINIMUH MONTHLY MFAN SURr'ACF REFRACTIVITY:*,/20XF3.09
9' N-UNITS AT 5EA LEVEL: *qF1.0,' N-UJNITS*)

710 FORMATUj5X9*rERRAIN ELEVATION AT SITE:*oF6*O,' FT ABOVE MSL*P/20X9
A*PARAMFTER:#9F5.O,* FT*,/20)X**TYPE; *92A8)

712 FORMAT )20X*ANTENNA HEIGHT TOO HIGH, IONOSPHERIC EFFECTS*',/25X,$*MAY
2 BE IMPORTANT*)

713 FORMAT120X#*AIRCRAFT TOO LOW* TERRAIN BEYOND FACILITY *9/2SX,'HORI
3ZON MAY BE IMPORTANT*)

714 FORMAT12OX,*IN AnDITION, SURFACEF WAVE CONTRIBUTIONS SHOULD*./15X$*
lwBE CONSIDERED*)

715 FORMAT 120X#'ANTENNA TOO HIGH, RAY BENDING OVERESTIMATED',/)
716 FORMAT(20X9'ANTENr4NA TOO LOW, SURFACE WAVE SHOULD 8FE~,/25X,'C0NSID

6FRED')
i17 VORMAT(?r)Xw0FREOUENCY TOO LOW, IONOSPHERIC EFFECTS MAY BE*9/?5X#'I

7MPOR TANT' ,//)
718 FORMAT( 2OX oAT TENUAT ION AND/OR SCATTERING FROM HYDROMETEORS*,/25XP

8'(RAINv ETC) MAY HE IMPORTANT')
719 FoRMATl2OX,*AIM()SPHf.RIC ABSORPTION EST'IMATES MAY BE'./25Xq'UNRELIA

qRAL F* 1
774 FURý'ATI/j5X9A?v*COMPUTFD VALtJE')
725 FORMAT(20X,'TYPE! '*2ARA1)
726 FORMAr(1?X#'FARTHIoF9.O v# N MY *,r5,*3,* KM*)
728 FORMA-(I2X,'HkE- #9F8@4v#-',F894,'-ý*,F8&4,I - 'F8.4,' KM*)
729 FORMA A1E.,V,*TIMF AVAILABILITY: *,4A8,AI9//!
711 FORMtrtlXv' H(Al ',FA.0v' FT MSL '.F8.49# KM MSLO)
712 FORMA"(IXo H(FI '.F8.19' FT To SURFACE ''EB.'..' KM *I
713 FORMATI lX,'FRFQUFNrY*t F59090 MH7 *9F8.O.' MHZ '
7d14 FORMO,1( 12X,' AID)', Fg.ci,' UN/Kfi #qF8.5.' Dfi/KtO9A2 1
715 FORMAT(IZXv' A(W)*tF9.5 ## DB/KM *#FR.59' DB/KM',A2)
736 FORMAT(12X9*DlIHF) fF8,U9# *vF8*49' Kfl*,AZ)
737 FORMAT(I2Xt*EIRP *tF9*1 'flABW *#F8.1'' DOAW)

718 FORMAW?1X,'F ANT *96X*12# 7XrAA)
739 FORMATII?Xv* D(rl *oFgo()tm FT *9F8.49f KM*)
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740 FORMATII2X9* H(C) *PF8.O.* Fr ABOVE SURFACE *,F8@49* KM*)

741 FORMAT(12X,*C0UNTERPOISE*,I~,1OX.2A8I
742 FORMAT(I2Xo*H(lFR) *,F8*O,* FT ABOVE REFLECTION*#FB*4#. KM*)

743 FORMAT(12X,*POLARIZATION*,12,10X.2A81
745 FORMAT(l0XvA2,*V(HO) *,FB@29* N MI FROM HORIZON *PFS*2#* KM*)
71')6 FORMAT(10XiA2t*E(HOl *v12t*/*sI29*/*vI2#* DEG/MIN/!5EC*97X9F8.5t* R

6ADIANS*I
747 FORMATl1OXvA2s*H(HO) *tFB*O,* FT MSL *9F8.4t* KM*)
748 FORH'AT112Xt* N(Ol*,F9*O #* N-UNITS N(S) *,F5*Q,* N-UNITS~l
74A9 FORMAT(12Xo*HCSURI*,F8.O94 FT MSL *,F8.4,* KM*l

750 FORMAT(I2X,*DH(SURI*,F7v0#* FT *9F8.49* KM*)
751 FORMATI 1,X,*TFRRAIN~pry, r2,1OX,2A8:
756 FORMAT(25X92AS)
757 FORMAT(IX*INPUT PARAMETERS FOR *,A8,2XA8,* RUN*#,12X*OF *,A8,*ý A

11R/GROUNO MODCL*o//l
778 FORMAT115xt*SURFACE REFLECTION LOBING: CONTRIBUTES TO VARIABILITY

779 rORMAT(ISX,4 SURFACE REFLECTION LOBINIG: DETERMINES MEDIAN*)
785 FORMAT(1ZX,*SURFACE REFLECTION LOBING: CONTRIBUTES TO.VARIABILITY

786 FORMAT(12Xo*SURFACE REFLECTION LOBING: DETERMINES MEDIAN*)
800 FORMATi//IOX#*SOMF PARAMEI'ERS ARE OUT OF RANGE*)
809 FORMAT IZOX,*DLT IS LESS THAN I1XDLST OR GREATER THAN 3XDLST*1
810 FORMAT(2(Av9*INITIAL TAKE-OFF ANGLE GREATER THAN 12 DEG**)
8*0 FORt4,-, ý i'ROGRAM IS BEING ABORTFD FOR WRONG PARAMETERS*)

DIMENSION CFK(31 ,CMK(31,CFMI3I.CKM(31,CKN(3)
DIMENSION ACD(1O1)tANDI101h#SCTI1O1IAAD(1O1),RW(101)
DIMENSION PAS(2)
DIMENSION FAT15,81,CCI 12,71,POL(2,3).TSCI2,7

1

DIMENSION MTM(5)*YCON(51
DIMENSION YV(101.SV(1Io
DIMENSION P(351,QC(5OJQAISOIPQA(501.PQK(50i.QK(50oPQC(5OI
DIMENSION TYD(3v?)9VYn(592)
DIMENSION RE121,ADf15lBDL35IALM(12)
COMMON/F6AP/l.PLNJlI,9IXT
COMMON/RYrC/(UNSQHC ,UHAUHSUQ()
COMMON/PAINP/NK 'HF I NPL bURPHPFI .DHSI .NSC.DCI ,HCI NCCDHOIHHOI ,ID

XGIMNoISECo KEMKMPEIRPNLDHAI ,DHIEIENOAOI ,AWIFIAADENTIZ).A

XDNTll)I,VARFOR (61 ,CMAX
COMMONPARAM/HTEHRFeflDLTDLRENSEFRTHFREKALAM,TETTERKDGAOP
XGAW
COMMON,'PAOtUT/NCT9PFY(200,6)
COMMON/SIuII/DCWHiCWDM1XoiML.DZRIK.EACH2,ICC.HFC9tPRHPDSL1,PIRPe
XOG I #0G9,KKvZHRrPUK, #IL8
COV~t(ON/SCATIPR/HIHRALS)CTWENDTHRFKoHLT9-HLRPTHETAIHTPPAAPREW

CCMMON/GAT/ jrA
D'?TA (UMnicRH AUG 71
nATA (CFKa-00O1 .0003048,.00030481
DAlA fCMKvI.,I.609'344,I *552)
DA TA ICFMc 1. .30489. 3048)
DAT,4 (CKMW1000. ,3?8O.83989j,328O.039895I
DATA (CKNx1. ,.6?'1711'?2..539'0568034)
DATA IPOLOSH I4ORIZON93HTALt8H VERTICA91HL96H CIRCULAtIHR)
DATA (FAT*10H ISOTROPIC93flH 1#4H DME#4(IH )*14H TACAN (R1A-2I,3(l

XH 1,99H 4-LOOP ARRAY (COSINE VERTICAL PATTERN)#3c.H 8-LOOP ARRAY (C

XOSINE VERTICAL PATTERNI,34H I OR 11 (COSINE VERTICAL PATTERN)PIH
:940HJTAC TILTED 20 DEG WITH 40 HALF-POW BoWo.17HJTAC YILTED 8 DEG92

XIIH )l

X4*5 *-lw7)
DATA(TSC-16H SFA WATER o16H GOOD GROUND o16H AVERAGE GROUN

XD #16H4 POOR GROUNn t1AH FRESH WATER #16H CONCRETE P16H

x MFTALL (C
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DATA (PAS=2H ,2H*f
DATA ((P(J),I=1,351=.O0001,.00002,.00005,.*0001,.0002,.0005..OO1..

X959.98.999,.995999989.9999,.99959.9998,.9999,.99995,.99998'.99999I
DArA(VYD=33HFOR HOURLY MEDIAN LEVELS EXCEEDED,33HFOR INSTANTANEOUS

X LEVELS EXCEEDED)
DATA(TYD=17HIýMOOTH EARTH 917H-IRREGULAR TERRAIN)
DATA (MTM=20.1O.0*lOO)
DATA (YC0N-5. .1O..25*vO..0.)
DATA(CCI=16H SEA WATER P16H1 GOOD GROUND .16H1 AVERAGE GROUN

XD 916H1 POOR GROUND .1611 FRESH WATER *1611 CONCRETE 916H1
X METALLIC
DATA (DMOD=8H DIFRACT) S DATA (SMODw8H SCATTER)
DATA (CMr)D=8H COMBINE)
FNA (FX FA.FB.FCF7D) U(FX-FR J'*(FC-FDI /(FA-rB) )+FD
lIr-NK $ IPLmNPL s KSC*NSC s 1CCvNCC S ILBxNLB
KKxMK S KDaMD S DMAXxCMAX
TPTH=2.617993878E-2 s TLTH=O. s TPK0200
ASPA0*025 $ ASPB=*025
ZOw .00000001
I CAR uO
RAD-.0)1745329252 s DEG=57.29577951 S TWDGP'12.*RAD
PI=3.141592654 $ ERTH.6370. s NOCN1

.C---------------------- START OF PARAMETER SHEET--------------------
PRINT 4
PRINT 700YOMD91DTIXT
PRINT VARFORoADENT*ADNT
H2=HAI*CFK(IK) s HFS.HFI*CFK(IK) :1 FREKxF
PRINT 7n1,HAI
IF(HAI.G)T*10000o.I ICARwl
IF(HAI.nd.15nonne) PRINT 712
IF(HAIsLT,'5OO.) PRINT 713
IF(HAI.LT*1*5) PRINT 714
IF(HAI.LT*.0. Go TO 825
PRINT 70?,HFI
IF (HF! .LT~fno) GO TO 825
IF(HIFJGT.90009) PRINT '715
IF(HFI.LT.I.5) PRINT 716
PRINT 7fl3.FREK
IF(F.LT.Inn.)iGO TO P05

806 IFCF-.LT.?.) C6n TO 400
IF(F.GT.qnO0.) PRINT 718
IF(F.GT*17n00.) 60 TO 807

808 IF(F.rT.InnOoOO.) 6O TO 400
PRINT 5
IF(AOI*LT.0.) GOl TO 56
PXHPAS(1I?

ý7 GAOvAOI S 'AW-AWI
PRINT 704PGA09PXHGAWPXH
IFISUP.GT.150OO.) ICAR-1
IF(SUR*LT*09) 60 TO 830

811 ASPC.ASPAOASPl*'iA.F-8)#F

IF~lP41.LT. (H~IPl+50. ) ICARW!
ETS-SUROCFK(IK) s HAS.H?-ETS
IF) FTS91Te.0.) FTSvO*
IFISIJP.GT9IS000# I CARm1
IFIHAS-(T.I10) 60 TO 770
IF (0HSDL1O. i 07* 1 OS11.0.
flMt OHS I@('Fie( I V I
IFIENO.LT.2%)O.OoR.ENo.GjT.400.l GO 10 801

802 eNS-FNO'mFXPFf-0,IO57*f1RP)
IF(FN',.LF.Z50.) GO TO 803
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804 EFRTH-ERTH/(1..#04665*EXPFI.0O5577*ENS))
EARTuEFRTH*CKN( 1K)
HT.HFS+ETS s H~mHT

IF(HRP.GT.Hl) GO TO 825
HTE=HT-HRP S DLSTUSORTF(2.*EFRTH*HTE)
HFRI-HTE*CkM( 1K)
IF(OHEI.LT&O-) GO TO 50
EAC-DHEI*CFK(I K)
PDH-PASQ)1
HRuH2-EAC S HRS=HR-ETS ERH
HREsHR-HRP s DLSR-SQRTF( 2.*HRE*FTH

IF(HRE.GE.50e) 0LSR-EFRTH*ACOSFIEFRTH/IEFRTH+HREJ)
DSO:3.*SQRTF 12000.*HrE)+3.*SQRTFI2000.*HREI
JK=1

55 PRINT 705,DHEIPDH-IHPFIEIRP.(FAT( IIFAhI-1,5S)
IF(DCI.LEoZO) GO TO 789
IFfICC-LE.0) GO TO 789

C------------------ COUNTERPOISE PARAMETERS CONVERTED---------------
N0C~l
DCW=DCI*CFKIIK) s HCW=HCI*CFK(IK)
PRINT 706,DCIHC19dCCHIICC)#lw1,2'
IF(HC!.LT.O.) GO TO 828

829 IF(HCIGT*500*) ICARwl
IF (DCW#GTool524) ICAR~1
IF(HCW.GT.HFS) GO To 825
HrCwHT-Er5-HCW

788 CONTINUE
PRINT 707,(POL( I IPL)sI.1,2)

C ----------HORIZON AND INITIAL TAKE-OFF ANGLE COMPUTATIONS----
PDS-PTS=PHS-PASI 1)
IF(KD.LE.1) GO TO 755
HLTamIIOI*CFK(IK) s OLT&DHOI*CMKIIK)
HL TS-HLT-HT
DG-IDG S AMN-IMN S SECmISFC
TET=RAI*(DG..(((SFC/60.).AMN)/60.)) s ATETEABSFITET)
TATFT- TANFI TFT )
IF(KFE~tG*3) GO TO 782
IFIDLT.LE.ZO) GO TO 781

759 IF(KE-1)7309758#780
758 IFITET*LT.Oo) GO TO 752

HLTS.OLT'TATET4~U)LT*DLT/ (2.LCFRTH))
753 HLT=HLT5s.HFS+ETS s 10f0$I.HL.T*CKMIIK)

PHS-P/A 2)

783 CON T INUE
IF(DLT.LT*.U1'DL.STi.OR.DLT.GT.(3.*DLST)) PRINT 809
IFtTEJ.GT**?049~'51) PRINT 810
IF(HHOI.GT*!5n00*) ICAR-I
PRINT 7nH0HOlt'I POSP lIroGIMN9 ISEC9PTSHHOI 9PHS

PRINT 77?ivUY~ltI9Kfl),1I1,l)
PRINT 109sfNSsFN0
IFliILR.G'T.O) Go TO 782
PRINT 77R

763 PRINT 710,SLIRDHSI,(TSC(1,KS.-,I.II2)
PRINT 729,IVYO( I*KK)vIwi,5l
PRINT 7249PASM?
IF(DmAX.GT.1000.) wm~AXu1OflO.
IF(ICAR*GT.0) PRINT 800

C------------------------- START OF WORK SHEET-------------------
PRINT '.
PRINT 7579IDTsIXTQMD
PRINT 5 s PRINT 6
PRINT VARFOReADENTtAONT
PRiNT 7319HAItH2
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CALL C)EFRAC
GVDvGAIN(TET? s GD~w2O.*ALC0G1O(GVD'
SmDu((INTFlDNM/I*)l*1.)+*1 AMDeAWD+(SWP*D)
AT T) a Art n a A 011)
OZftu- AWD/SWP I
PRHO'ILAMO-15DDI 5 WRH1O.0e*(PRH*.11
ZHwALOG1$J(WRH) -2.

C-----------------------LINE-OF-SIGHT -------------------------
CALL BLOS
SPOIN 3Ni'4-2.,

C----------8YN THE HORIZON CALCULATIONS ----------------
KFDv0
DO 910 NnPm1.5
Mi S MTM (N SP
IF(MZS.#IF.O) GO To 007
DO 9011 MX "a I MZS
DOSPC ''M.K II K I s r)NM.q,ýPD
IF(D.GT*DhlRP) GO TO 17
DLP ruD-fL T
HLRUAIL T
TATFR.I iHL.R-HRI/O)LR)--(OLR/12.*FFRTH)I
TERmATANF71TAIFRI

19 CONTINIJF

40 KSwO s KRmO
KS-1 % ACD(KSI=Ahl) s AND(K~SI.DML

ECImHTL~+EFRT1 s EC2vHRE4EFRTH s EC3nHLT-HRP+EFRTH
CALL SORB4EI E(, EC3 9EFRTHoL T 9TIT *RO 9RW1 )
CALL !SORRi(FC2 ,C3#FFRTH#DLNtERR029RW2I
R~FnmRoj*R02 s REW-RWI+RW2 s AA=GAOOREOGAW*REW

RWI 1).Rcw
AAP( 1 lAA

PO In AKCu I 100

Fl*(',NM#CMb$ I II K
SPDXDNM
ACD(KS)uAt.fl+( SLP*IN

ANOIKS)wrl
TWENDo2fl.#ALOG10D)l s ALFSaAFP+TWENC)
IFID.C~T.OHRPI Go0 To 44
lit P-141-l
0LP'-D-PtT s rATIP-RIEHLT-44RI/PLRI-IDLR/(2.'EFRTHJA
T(U .41ANf'(TA] ( 4
(. ONT f Nt,~r

'A Ili ',).A TFR AIFc

AAIlv' )-AA RW(KSW.RFW
IF('Cl lb i~gT?~ (;O TO 31

IV(KR9LF*I) 150O TO 31

I V SSP I~ F 0 1 1 6 TO4
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TWFND*22O.ALOGl0(0I) S ALFSwAFP+TWENO
ATTS-ACD(KG)
AAmAAD(KG) s REW.RW(KG)s THETAwTIET4TER+lD/EFRTHl

ASSIGN 36 TO KT
GO TO 200

16 CON TIN( I
43 CON T INUF

SPO-ONM s NIZSM6 s KFDOI 3 GO TO 37

p 48 IF(.SCT(KPI.GE.ACD(KP)) GO TO 33
ACO(KP)= SCT(KP)
SLP-(ACflfKP)-ARD)/(AND(KP)-DML)
AEO0=AC 0 CKPI-(IANDIKP1* SLP I

ASSIGN 35 TO KT
no 34. KG=1,KP
(WAND KG)
DNzn~r*CKN(rK? s SPOwDNM
TWENDW?M**ALOGIO(D) s ALFSaAFP+TWEND
A TD= AF f+ SLP*D 1
ATTS=ATn
AMODr'.MOn
AAwAAD(KGi) S REW=RWIKGIS THETA=TET+IER+!D/EFRTH)
GO TO 200

15 CON TI KIE
34 CONT INUE

SPD*DNM s MlSw6 s KFDw2 5 Go TO 37
41 CONTINUE

AMO()L?)Mof)
ASSIGN 37 TO KT
ATDEAFD+( SL P*D)
TWEND-2n**ALOGIOID) S ALFS*AFP+7WEND
IF(D*GT9DHRPl 6O TO 24
HL R alL T
I)LRm -oL1 T TATERu((HLT-HR)/DLR!-(DLR/12.'EFRTtiII
TFR=ATANF C ATERt

2J CON! INUF
CALL. SCATTFR
A I 5AL Sr'ALFS
IV(ArS.f.E.tATI 60 TO 46
ATTSrATO s YP4ETAurET+TFR4!D/EtR~TH4 s GO TO 200

46~ ATIS=ATI; S K~Fnm2 s AMO~vSMn0 s GO TO 200
42 iCON IfI IUE

A~nDOr StMOO
T$0.',NO' - n. 4AL-Cv10 1O t)I s At.FS=AF'P.TWENO
CA~LL $oCATTE9
Ar~LCAF s ATTSwATS s ASSIGN 37 TO KT

200 C:)N I INUF
C----------'---LONG- IEnM POWER ADN--------------

IF tt.LE.)SL 1 31103122
311 tDEE.'.30.*D)/V.SLl S 6o to 313
312 0EF>113.+D-DSLl 5 Go To 313
'.41 CALI. VZ0l)FEvQGICGGQAOP

NkC IrNC"T+ I
PIS 5P I P.-ALFS
PL r-A TI
AL 1 !Mw*4
AL1OaPL*A00ll) S AYaALln-ALIMI JlFtAY-0L.0.) A~wO.
01) 11 V01135
81I) 1 K I -Pt +At;, K ) -AY

11 CONTINUE
DO 12 K2'1012
it I t"--A! m(KIb
IF I M) (9 1 .oT4ALLM5  0KSuLL

11 CnN! iftur
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C---------'ALE PUT INTO ISOTROPIC POWER ARRAY--------------
IF(K.rk,.fr.1 ) (,O TO 20

23 PGraiS'r+cGo
PFLýPG5.PI.-AA
PFY(NCTtl)*DNM s PFYINCT#2)NPGS s PFY(NCT,3)nPFL
PFY(NCI't4)wBD( 12)-PL S PFYINCT*S)nBD(18I-PL
Pry(NCT.6 )=BO( 241 -PL
IF(SPD.GT.OMAX) GO To 907
G0 TO KT9135936,371

37 CONTINUE
903 SPD-SPD+YCON(NSP)
901 CONTINUE

SPDrSPD+YCON INSP)
NOPPNSP+ I
IF4NPP.CT.5) GO TO 907
IFIYCON(NPP).c:Q.o.) G0 TO 907
IF(NPD*FO*OI GO To 907
IXD-INTF(SPO/YCON(NPPI)
SPDU(YCON(NPPIEFLOATF( IXO) )+YCON(NPP)

900 CONTINUE
907 CONTINUE~
100 CONTINUE

RE TURN

C--------------------------- RETURN TO MAIN PROGRAM --------------

17 TER."TES s DLRDRP S HLRUHRP S TATER-TATES S Go To 19
C----------------------- TROPOSPHERIC MULTIPATH -----------

20 DO 21 1*1935

POAC I hP( I)
21 CONrLTI NUF

IF(TlfETA.CGEeTPTHJ GO TO 26
IFITHFTA.Lr*Oe) rio TO 27
rIK. FNA (THiFTA SIP TNTL TH TPK RrIHK I

28 CnNTINUIF
CALL YIKK(HK9P0K*0Kl
CALL CU)NLUTIUAQKPQA,35,+1,,O..PQCoOC)
DO 22 l-1.!5

22 BtD(1).QCfl)+PL
Go TO 23

24 TICRaTFS S DLR=DRP % HLRvHRP S TATER=TATE5 S GO TO 25
26 f4K-TPK s GO 70 28
27 RK-RMHV s (;O TO 28
44e TER=TES S DLR*DRP s HILRuHkP * TATERuTATES S GO TO 45

C ---- --- -- CLCUAI ONOF Rkz' SENDING ----------
So PPH=PAS(?)

HP2=H2-HRP s HPIsHI-iRPP
DUM=0,0 s ZERNOOO s QLIM~-1*56
QNS=329. I QHCmHI-P S GAA-14PZ S OHS-HRP
CALL RAYTRAC(DUM)q
RY=TRACRAYIQLIM)

QNS-UEN5 s QHCwZER S OHA.1iP2 $ OMSmHRP
CALL RAYTRAC(OIJM)
,RY-TRACRAY( ZER)
DL5RvQOO s TSL2uDLSR/IUFRTH
lFITSL?.tF..fl GO TO -3
R?I-EFRp1I,,USF( T5L2)
HRF-R ?F -F rR T

54 IF (14R17GT*HP2l HRF'o)P2
HRvHRFfHRP 5 FAr 147 .HRP-I8RC
DjjEItrAC*CKM4 1K)
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JKm-1
Go To 55

53 HRE-fDLSR*DLSR)/(2.*EFRTH) s GO To 54

56 CALL ASORP(FtAO19AWh)
PXHEPASI2) s GO TO 57

58 TEHaTET+(DLT/EFRTH)
QNSmENS S QHC.HLT-HRP $ OHANHP2 S QH~wfHRP
RY=TRACRAY( TEN) S DLRmQQD S OMLeDLT+DLR s GO To 59

10? PRINT 106 s GO TO 400
304 QG1*QG9.1.o5 S GO TO 306
752 HLTS=DLT*TET +IDLT*DLT/(2.*EFRTHI) s Go To 753
762 PRINT 779 S GO TO 763
764 PRINT 786 S GO TO 765
770 PRINT BOO s GO TO 400

C------------------HORIZON PARAMETER CALCULATIONS-------..-&--
781 HEaMAXIF(HTEv.005)

DL T *0DLST* EX PF I-.O7*SQR TF( OH/HE) I
PDS&PAS(2
IF(DLT.LT.(-1*DLST)l DLT=.1*DLST
[F(DLT-GT-(3.*DLSTDi DLT-3.*DLST
OHOIwDLT*CKN( 1K)
GO TO 759

730 TRMOI.3#DH.I 'OLST/DLT)-1il
TRMal*3*DH*( IDLST/DLTI-le)
TrTu1.5/()LSTý*fTRM-(4**HTE) I
IF(TEToGT*TWDG) TETsTWDG
CALL RAOEMSITET*IDG#JMNoSEC)
ISEC=XINTF(SEC)
PTSEPAS( 2)
TATETuTANF( TET)
GO TO 758

782 XTRM2SORTF((EFRTH*EFRTHIITATET*TATET)+(2.*EFRTH.HLTS))
YTRMs-EFRTH*TATET s DLTmYTRM-XTRM
IF(DLTsLF*Oo) D)LT-YTRM+XIRM
PP)S=PAS(2)
OHOI=DLT*CKNUIK, S 6O TO 785

780 TATET-(HLTS/DLT)-(DLT/(2..EFRTF14) s TETUATANF(TATET)
PTS.PAS! 2)

784 CALL RADEM54TETsIDGPJMN*SEC)
ISECoXINTF(SEC) s GO TO 783

C----------------------- SMOOTH EARTH PARAMETERS----------
755 PT- *PDSr-PAS(2)

DLT-DLST S DHOI-OLT*CKNEIK)
TATETZe(-NTE/DLTI-(DLT/(2.*EFRTH)I s TETuATANF(TATET)
HLTwHRP s HHOtuHLT*CKM(IK) s DM.O*
GO TO 784

789 HFfC-0. s Go TO 788
801 ICARri S ENOw3O!. s GO TO 802
003 ENSu25O. S ICARai S GO TO 804
805 ICARml S PRINT 717 5 GO To 806
807 VARa1 S PRINT 719 s GO TO 808
825 PRINT 8n0 5 GO TO 400
828 ICARMI s HCIuOs S GO TO 629
030 ICAR.! s SURNO. GO TO 631

C---------------------- ABORTION OF PROGRAM--- ---------~...~
4nn PRINT 840 5 CALL EXIT

E NO
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PS WRB

Subroutine PSWRB is used only with the service volume program. It

obtains an isotropic power versus distance array for both desired and

undesired facility for each aircraft altitude considered.

SUBROUTINE PWSRB

C ROUTINE FOR MODEL AUG 73

4 FORMAT1M1H)
5 FORMAT(IH )
6 FORMAT (20X,*INPUT*i2IX,*WORKING VALUE*)

106 FORMAT(5X#4 OML IS LESS THAN ZERO* ABORTING RUN *1
840 FORMATC'5X9'PROGRAM IS BEING ABORTED FOR WRONG PARAMETERS*)

DIMENSION CFK(3 ) ,CMK (3) oCFI( 3) ,CKM(3) oCKN13)

DIMENSION MTM(5)9YCON15)
DIMENSION YV(10,S5VI1O)
DIMENSION P(351,OC(50),QA(50),POAI5O),PQK(5S)hOK(50),PQC(5O)
DIMENSION RE(2) ,AD(15) ,BD(35)tALMI 1?)
COMMON/EGAP/IPLNIDT, IXT
COMMON/RYTC/QNSQHC ,OHAUHS9QQD
COMMON/PARAM/HTEHIREODLTDLRENSEFRTNFREKALAMTETTERKDGAOI
XGAW
COMMONPAOUr/NCToPFY(125,6),JJhPlHP2
COMMON/51GHT/0CWH4CWD)MlXDMLDZRIKoEACH2,ICCHFCPRHDSLIEIRP,

XQGI .OG99KKZH9RDHK, ILR
COMIMONSCATPH/HTHRALSCTWENDTHRFKHLTHLRTHETAHTPAAREW
COMMON/DIFPR/HTDH-RDDHAEDSLPDLScTDLSRIPLKSCHLDHRP.AWDSWP
COMMON/GAT/ IFA

DATA (P(I) ,i=lt35)=.00001,.C.OO02,.000O5,.OO01,.OO02,.000O5,.OO1,.
X0O290O6..O*1 ,.02%eO3..l 9,15,.209.3Q,.40,.50,.60,.7O,.80,.85,.90,s
X95 $098 9*99,.995 90998 0999 9 9995 0*99989 09999 *9999590999989.99999)
DATA (MTMn2O,1O.30O*OO)
DATA (YCONc5. .1O9*259%O. .0.1
DATA 1DMOf)=8F DIFRACT) S DATA (SMODz8H SCATTER)
DATA ICMOI1-8H COMBINE)
DATA (CFK-.0O1 ,.0003048, .0003048)
DATA ((KN-1 .'.621371 19229.5399568034)
DATA ICKM-10OO. ,3280.8"9895,3280.839895)
DATA (CFM*1e9%30489*3O4e)
DATA I CMKv1 %*.1609344,1.852)
FNA(FXFAFBFCFD)mu(FX-FB)*(FC-FO)/(FA-FB))+FD
TPTH22*617993878E-2 S TLTH'sO. S TPV~u20.
F-FREK
ASPAUO.25 S ASPBaO.25
NOC .0
ASPC*ASPA*ASPB* (A.E-a)*F
IF1FeGT*lf,OO.) rnO TO 304
QGI.I.?1*SINIFIS.??*ALOGIOIF/2009)))+1.28
QG9m).18#SINF(5.22*ALOGIO(F/2UO0.))b1.23

306 DS0u3,'SORI'F 2000.'HTE)4.3.'SQHTFIZOnOo.'RE)
CUBTR'.100*/F
DSD%6'R.*CUBERTF(CUBTR)
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DSL1=Dsn+DSD
THRF~twlO.*ALOG10I FREK)
ICPT=O
DLS=DL ST DLSR
AFPu32.4S+?0*'ALOG10(FREK)
FmFREK
DKAX=DMAX*CMK( [KI

C ----HORIZON POINT DISTANCE AND PARAMETER CALCULATION-----

IF(JJ.LT.1) GO TO 58
TRM=((HTEEFRTH)*COSFITETII/(HREEFRTH)
DML-FFRTfi*IACOSF(TRM)-TET)

59 DNM-DML*CKN( IKI
IFIDML*LF*OoP GO TO 107
0'DML S DLRwD-DLT S TWEND&20.*ALOGIOIDI S ALFS=AFP+TWEND
HTP=HRP
DRPaDLSR
TATER=I(HLT-HRI/DLR)-(DLR/(2.*EFRTH))
1 ER-ATANF(ITATER)
TATESuU(HRP-HR)/DRP)-ID)RP/(2.*EFRTHI)
TES=ATANF(ITATES)
IF((HLT-HRP).LE.O.) 15914

15 DHRP=DLSR+DLT s Go To 13
14 PHRP=DLT+DLSR+SQRTF(2.*EFRTH*IHLt-H.RP))
13 CONTINUE

HTDwHT s HRD-HR S HLD=HLT S HPPmHRP
CALL. DEFRAC
GVDPGAIN(TET) s GDDu2O**ALOG101GVD)
SP'0((INTF(DNM/1.)l*1.1,l. S AMD=AWD+ISWP*DJ
A TD=AR D AMD
DZR=-I AWD/SWP)
PRHw-(AMD-GDD) s WRH1OIO**(PRH*ol)
Z HuALOG 10 1WRH 1-2.

C------------------------ LINE-OF-SIGHT--------------------------------
CALL CLOS
SPDuSMD.2*

C------------------ BEYOND THE HORIZON CALCULATIONS--,---------
KFD-0

DO 900 NSP=195
MiS UMTM CN SP I
IF(MZS-LE.F0 1 GO TO 907
DO 901 MXS-1*MZS
DZSPD*CMK(IK) S DNMwSPD
IF(D*GT.DHRP) GO TO 17
DLR=fl-nLT
HLR-HL T
TATER=((HLR-HR)/DLR)-(DLR/I2.*EFRTHI)
TER-ATANFITATER)

19 CONTINUE
IF(KFD-1 140.41 .42

4O KS-O s KRa0
KSsl s ACD(KS~wARD s ANDIKS).DML
A MOD. DM0 D
FC1*HTE+EFRTH S EC2uHRE+EFRTH S EC3=HLT-HRP.EFRTH
CALL SORBIECIEC3,EFRTHDLT,'ETRO1,RWI)
CALL SORBEEC2,EC3,EFRTHDLR.TER.R02,RW2)
IIEO=ROI*R02 s REWuRWI+RW2 S AAaGAO*REO+GAW*REW

RW(1 JuREW

AADfI I AA
DO 30 KCrIs100
KSvKý4 I
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D=DNM*CMKI1KI
S PD =DNM
ACD(KSImAED+(SLP*D)
AND(KS~sn
TWEND=2n.*ALOGIO(DI) S ALFS*AFP+TWENO
IF(D.GT.DHRP) Go TO 44
HLRsHLT
DLR=D-DLT S TATERu((HLT-HR)/DLRI-IDLR/(2.*EFRTH)I
T ER AT AN F TAT ER)

45 CONTINUE
CALL SCATTER
SCT (KS JuALSC-ALFS
AAD(KS).AA s RW(KS)wREW
IF(SCT(KS),LT.20.I 6O TO 31
KR=KR+l
!F(KRoLE*1) GO TO 31
KP=KS-1
SSP= (SCT(KS)-SCT(KP) I/IAND(Ks)-AND(KPI)
IF(SSPoLE.(-.Olfl GO TO 49
IF(SSP*LE.SLP( Go To 48

31 DNMwDNM+1.

30 CONTINUE
PRINT 14 S KFDwl S Go To 33

14 FORMAT15X9*BEYOND THE 50 MILE LIMIT DOING DIFFRACTION*)
49 KR=O s Go TO 31
33 DO 43 KG=19KP

0. AND(CKG)
DNM-D*CKN(IK) s SPDmDNM
TWENDu?o.*ALOGIO(D) S ALFS-AFP+TWEND
AT TS=ACD( KG)
AA=AAD(KG) S REW=RWIKGIS THETAsTET+TER+(D/EFRTH)
ASSIGN 36 TO KT
GO TO 200

36 CONTINUE
43 CONTINUE

SPD=DNM S MZS=6 s KFDal s Go TO 37
48 IF(SCTtKP)*GE.ACD(KPI) GO TO 33

ACD( KP) .SCT EKP)
SLP-(ACD(KP)-ARD)/(AND(KP)-DML)
AED-ACD(KPI-(AND(KP l*SLP)
ASSIGN 35 TO KT
Do 34 KGwloKP
D=ANr)(rn)
DNM=D*CKN(iK) s SPDwONM
TWEND=2o.*ALOGIO(D) $ ALFSuAFP+TWENO
ATD=AED+( SLP*O)
ATTS=ATD
A MOD =CMOD
AAwAAD(KG) s REW-RW(KG)S THETAsTET.TER.(D/EFRTH)
Go TO 200

135 CONTINUE

34 CONTINUE
SPDzDNM s MZS.6 s KFDw2 S Go TO 37

41 CONTINUE
AMOD=DMOn
ASSIGN 17 TO KT
ATI)zAFD+ISLP*D)
TWEND=20.*ALOG1O(DP s ALFS-AF'P+TwEND
IF(U.GT.DHRP) Go To 24
HLR-HLT
DLFR=D-DLT S TATERuI(HLf-HR)/DLRP-EDLR/(2.*EFRTHI)
TERnATANF( TATER)

25 CONTINUE
CALL SCATTER
ATS-AL SC-ALFS
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IF(ATSoLE*ATD) GO TO 46
ATTS=ATD $ THETA*TET+TER+IO/EFRTH) 5 Go TO 200

46 ATTSzATS S KFD02 S AMODaSMOD S Go TO 200

42 CONTINUE
AmOD-~s mnl
rWEIJD=2n,.ýALCGIOU)? s ALFS=AFP+TWEND
CALL SCATTER
ATS'ALSC-ALFS $ ATTSwATS $ ASSIGN 37 TO KT

Poo CONTINUE
C---------------------- LONG-TERM POWER FADING-------------------

IF(D.LE*DSLI) S11#312
311 DEE=11)0.*D)/OSLI S GO TO 313

312 DEE-130.+D-DSL1 s Go To 313
311 CALL VZD(nEEQG19QG9,AD)

NCT-NCT+I
PFS=E IRP-ALFS
Pl. =--A) TS
AL IM=3*
ALIOnPLAD(13) S AYmALIO-ALIM

IF(AY.LT.O~.) AY-0.
D0 It K=1935
BD(KI rPL+AD(K)-AY

11 CONTINUE
DO 12 K-1#12
ALLH=-ALM (K)
IF (BDlK)I GT.ALLM) BDIK)-ALLP4

12 CONTINUE
C--------------- VALUES PUT INTO 1!;OTROPIC P~OWER ARRAY--------------

IF(KK.GT.1) 50 TO 20
23 PGS-PFS+CDD

PEL ='PC,S+PL-AA
PFY(N(T.l)=DNM s PFY(NCT,9I)F'G! PFY(NCTv31wPFL
PFY (NCT#4 )w8D(12)-PL $ PFY(t4CT'# I.BD( IBI-PI

PrY(NCT,6 )=BD(24)-PL.
IF(SPD*GT.DMAX) GO TO 907
GO TO KT9(35,16,17)

17 CONTINUEF
903 SPOwSPD+YCON(NSP)
901 CONTINUE

SP0*SPD+YCON INSPI
NPP -NSP+ 1
JF(NPP.GT.51 GO TO 901
IF(YCONiNPPI.EQ.0.) GO TO 907
IF(NPP-EO.01 Go To 907
IXD-iNTEISPD/YCON(NPPI I
SPD=( YCON INPPI* ELOA TFlIXOP I+YC ON INPP I

900 CONT INU)E
907 CONTINuEF

RETURN

C--------------------------- RETURN TO MAIN PROGRAM----------------------- ---

17 TER-TES s DLRwDRP s HLRmHRP S TATERwTATES S GO To 19
C----------------------- TROPOSPHERIC MULTIPATH-----------

20 DO 21 1-1035
QA (I) =f3D1 JI-PL
PQ)A I I)P( I

.21 CONTINUE
IF(THErA.GE.TPTH) 6O TO 26
IFITHErA.LF.O.P ('O TO 27
8K%:FNAITHETATPTHTLTHTPKRD4V I

78 CONTINUE
CALL VIKK(BK*PQKPQKI
CALL CONLUT(OAOKPQA,35.+1.,O..PQC.QC)

181



DO 22 I=1,31
22 BD(I)-QC(I)+PL

GO To 23

24 TER=TES S DLR=DRP S HLR-HRP S TATERTATES S GO TO 25

26 BK=TPK S GO TO 28
27 BK=RDHK $ GO TO 28
44 TERvTES S DLRwDRP S HLR-HRP S TATER-TATES S GO TO 45
58 TEH-TET+(DLT/EFRTH)

IF(KDo.LE.1) TEH=0.O
ONS-ENS $ QHC=HLT-HRP S QHA-HP2 S QHSzHRP
RY=TRACRAY(TEH) S DLR=QQD S DMLaDLT+DLR S GO TO 59

C- --------------------ABORTION OF PROGRAM -........
107 PRINT I16 S PRINT 840 S CALL EXIT

304 QGI=QG9=j.05 $ GO TO 306
END

RADEMS

Subroutine RADEMS converts an angle expressed in radians to one

expressed in degrees, minutes, and seconds.

SUBROUTINE RADEMS(ARG9IDEtIMISEC)

C ROUTINF FOR MODEL AUG 73

C SUBROUTINE TO CHANGF RADIANS TO DEGREES# MINUTES AND SECONDS

DEARSF(ARG)*S7.?957795I
IDOF INTF(nfI
AMINT=60.v(DF-FLOATF(IDFH|)
IMI=INTF(A4IINT)

SFc-(AMINT-FLOATFIIMIf)l60.
IF(SEC.GT.59.99995) GO TO 9

7 IF(i~4t3r.59i GO TO 8

A IDFvXSIGNF(IDEtARG)
RE TURN

9 SFC-n. S INiAIMI+I S GO TO 7

8 IDE'IDE+1 S IMI-O $ GO TO 6
E ND

RAYTRAC

FunctiUn 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) Orl when the effec-

tive height correction factor (table 1) is not specified
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FUNCTION RAYTRACITT)
C ROUTINE FOR MODEL AUG 73

COMMON/RYTC/ENStHC#HAtHSD
DIMENSION A(25).RI(25) .EN(253,H125),TEI(25).R(25)
DATA(H&0.0O..1 ..02,.05,.1 ,.2,.30St5..5,7,1.,1524,2.o,3a048,5.,i7e,1

XO. .20. .30 .480 .50. 70. .90. .110. 225. 350. .475 *

C--------------- SETING UP ARRAY OF REFRACTIVITY--------------------

DN*-7.32*EXPF(O.005577*ENS) s CE=LOGF(ENS/(ENS.ONI I
AZ -63 70
DUM=0 *0
AS=AZ.HS
DO 10 I=] o25
EN(I)=EXPFI-CE*HlI) 1 'ENS*1.E--6 S RIlI*I-.+EN(Il
RUl)- AZ+H(I)+HS

10 CONTINUE
DO 20 1-2#25
Kw-I-
DN2N-LOGF(RI(III-LOrGF(RI(K))
DR2R=LOGF(RUIJ)-LOGF(R(KUl
A(1I =DNN/OR2R

20 CONTINUE
RAYTRAcmDUM
TT-O,
RE TURN

C--------------- ENTRANCE FOR TRACING RAY--------------------------

ENTRY TRrkaRAY
TE=TT
RC- A!+HC+HS S RAw AZ+HA+HS
ENC- *1.E-6*ENS*EXPF(-CE*HCI s RICI*4ENC
ENA- +1.E-6*ENSIEXPF(-CE*HA) s RIA*1.*ENA
BALL-09 S ATEwTE
IF(TE.GE.O.I Go TO 41
IF(RlH).E(0.RC GO TO 73
X=RI1)/(2.VRC) s Z=(RC-R(1I)/RIII S W-(ENI11-ENCI/RIC
TEG.--.*ASINF(SORTF(X*(Z-W)JI S GO TO 72

73 TFG-O.n
72 IF(TE-LT.TEG) TE-TEG

ATF-ARSF( YE)
JFITE.Gir.o.) G~O 70 41
DO 70 1-2o25
Y=2.*fSINF(O.5*ATEl).*2 s Z-(RiII-RCI/RC

W-(ENC-EN(~IJ)*'COSF(ATE)/RI (II s XUY+Z-U
IF(XoLT*O.OJ '-0 TO 70
CTwSQRTF(O.5*FC*X/RltI)
IFICT*LE.1.) 60 TO 60

70 CONTINUE
60 CT=2.*AS!NF(CT)

SALL-2*'CT*(-A(I)/(A(II.1I))
TEIII)-CT s N)-I+I
D0 50 I-NK925
RTwR(I) s RlTwRI(1I
IFtPT.6r.RC) Go TO 61

62 LcI-l
X=RIfL)*RIL)/(RIT*RT)
TEI(I)-ACOSFfCOSF(TEIILI)*X)

8ALLR8ALL+.lTEI(I)-TFIfLlIOX
NL A- I
IF(RT-RC) Go TO 40

80 CONTINUE
40 CONTINUE
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IF(NLA.LT.2) NL.A'2
LL=NLA-1 S TEI(LLI-ATE
DO 90 I=NLA925
LCý1T-1

44 RT=R( I) $ RIT=RI(Il S FNT-EN(I)
IFiRT.rT.RA

1 GO TO 46

4T X=RC/(2-*RT) Y'=?*(SINF(0*5*ATE))**2
ZeIRT-RCi /RC $ W-(ENC-ENT)*COSF(ATE)/RIT
TEI(II?. tAS INF(CSORTF(X* Y+Z-W I I
Xv -AC II/(AC 11+1.
RALL-RALL +C CTEI(I?-TEl (LC))I*X)
TEA=TEIC[) S JF(R(I).GT.RA) GO TO 100

90 CONTINUE
X=RI( ?5)NR(25)/RA £ TEA-ACOSF(COSFITEAI*X I

100o CA=(TFA-.TE+BALL)
D=AS *(A
O)N=O*.53 99 5680 34
CT-COSF(BALL) S ST=SINF(BALL) S TNTmTANF1TEAI
Y=RbA/RIC S XlCcT-ST*TNT-Y)/(Y*TANFCTEI-ST-CT*TNT)
X=ATANF ( X
CX=TE-X
CTf-=COSF( TEA)
RAYTRACzCX
RE TURN

41 DO 85 Nt =2,25
IF(RC.LE.R(NLI) GO TO 86

85 CONTINUE
NL-=25

86 NLANL S GO TO 40
46 RITmAJA S RT=RA F NTuFNA S GO TO 4T

61 RT-RC S RIT-RIC S GO TO 62
END

P ECC

Subroutine RECC is used in calculating reflective coefficients

via (61) through (69), and (195).

$U08ROUI INE RE(CCCX1.FKIRNPMt),DHRPIC9RLM)

C ---NOTE-~-- THIS ANGLE 15 LIKE THE FORMULATION I14 TN 1U1 AND IS

C P1-C-

C Rnt)T W NF EP V.aflfl AU(J 73

C Tfil JNCLIOE$S THE CIRCULAR POLARIZATION

DIMENSTION S(,171 ,FP(7)
COMML9N/ErAP/IP9LN9,IDT#IXT

DA TAC EP=FI. '25..91. 494 81. 99. 1.)

DATA) SO-lz%.,.fl?.OU5.)01,0103,O10,10oE+06I
P I 3.* 14 1 r '11 1)

P! I= I .' r

IP. t.. 7,0 TO 10 31
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IF(SJ.GE.P12) GO TO 300
SISI=S INF( SI)
COSIvCOSF(SI)
IF(SISI.LE90.I Go To 15
SOS IwSORTF( S 151

16 IF(MSeGT.O) Go To 19
IFIDH.LE.4.) GO TO) 17
SH=.7R*OH*EXPF(-.5*CDH**.2S))

18 FXDH-EXPF(TWLtD*SH*SISJ)
flX= (Si-f*SISI*FK/299.7925)
IF(DX.GT.Oo3) Go TO 32
IF(DX.GE.0.1237) GO TO 33
IF(DX.GT9O.0739) GO To 34
IF(OX.GE.O.00325) GO TO 35
PD=946.*DX*DX+OoO1

36 CONTINUE
25 IF(MP-2)10l'11.20
10 ASSIGN 12 TO N

GO TO 6
11 CONTINUE

ASSIGN 13 TO N
6 X=(1800O..SGII))/FK

TRMwFP(IYI-(COSY*COSTI)
TUPS*SQRTF( (TRMITRMI.(X*XI )+TRM
P=SGRTF(TUPS#.5 I
Go TO No(12'13)

12 Q=X/(?.*P)
DENOM ( P*P) +10*0)
8-14/DENOM
AMut. I7P) /DENOM
RS(Il.,(S*SISI*SISI?-(AM*S1SIjI/(1.IR#SJS!S*SISJII+AM*SJSI)I
ReSORTF(PS)
TOPw(
BOTxSIS I-P
CALL RTATANITOPPBOT*TRA)
TOP so

BOTwSISI.P
Go To 14

13 Q.X/12.*P)
I3FNOM= (P*P'I+ (O)00
8-( (E~fI I IPC I )+(XOXI h/DENOM
AM.(2.M((PRFP(r)I+(O#Xflh/OFNOM

RwSORTF(RS)
T0Pv(X*SI $1 )-Q
BoTa (FP( I I.Sc I I k-P
CALL RTATAN( JOP9MOT .TRA)
TOP-(Xo'sISI 1+Q
ROT. (EPI II.StSrI+P

14 CALL RTATAN(TOP,BOT,JRRI
P I(CTRA-TR(3

15 SOSIOn. S GOn TO 16
17 SH-el9*DH $ 60 TO IS
19 SH-Os S 9-xI)Hl.. S GO TO 25
70 V.-1 S MP.MP-1 S rio To 11
21 RLM-R S RETURN
22 IC.? S RV-R $ PVWPIC S 14Pump-1 S 6O TO 10
23 V.-0 % RH.R S PHRPlC

TEL4- UJRVORV)t(RH*RHI,(2.ORV*RHOCOSFIPH-PVIII
IF( I R*LF*.O) G~O TO 30
Rw SOR IF ITFRI/2.

11 TOP.IRH'SeINFIPH) J,(RVOSJNF'PVI I
001m(RH@COSFIPHII+(RV@COSF(PVII
JF(HOT*FO~nol. 60 TO 24
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CALL RTATAN(TOopor,pC)
PrC-P(c S Go To 51

24 PIC=PJ/2. S 6C J 51
3M R=0.0 5 GO TO 31
32 PD=(O.875*EXPF(-3.88*DXDI+O.O1 S GO TO 36
33 PD=(-1.06*QXJ+0.601 S GO TO 36

34 P0=0.45+SGRTF(.000843-(DX.91026)**2) $ GO TO 36
,35 Ppc6.15*fOX S GO TO 36

51 JF(MS*GFe1) GO TO 21
RLM-R*PD
R-R*FXDH $ RETIOPN

52 IF(NP*EO.2) GO TO 51
GO TO 51

53 CONTINUE
Go TO 51

300 ý",PIP2 S S151M1. $ COSIZO. S SGSIMi. S Go To 16
301 S1-00 S 5SI10R. S C0511I. S SOS10O. S Go To 16

END

RTATAN

Subroutine RTATAN is used to obtain arctangent values for anales;

the angle is placed in a quadrant that is appropriate for phasor

manipulations, e.g., (81).

SUBROUTINE RTAY1AN(TOPOENOM#ANGLE)

C Rn11TINF FOR LIOrDL AUIG 71

C SUBROUTINE TO FIND ARCTANGENT IN THE CORRECT QUADRANT

P I 3.14IS Q26S4
TWOP I 6.2143185308
fF T(P121 .11 '21

21 I r[pi~97?

60O TM 1A

128A04fz A(. TN (PI '2. TA

I V '[1'0 t 1 n 4 1 16 14
10 1 F I~ tp- M Ii -. 1 P.If

I ' ANM, F &0'1+AN(JLE

16 AN(,( .TW(,P1-ANC6,LV
Pf 'I'UN

17 AfJ6L V- VI -ANCL t
IS PF 10"NV

I~ A PV~ t J f 0 (L N

1-PI F (J .. T cw

20 IF(Y'17918918
ENrO
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SCATTER

Subroutine SCATTER calculates basic transmission loss for scatter

paths and is used in determining scatter attenuation (sec. A.4.4).

SUBROUTINE SCATTER

C ROUTINE FOR MODEL AUG 73

DIMFNSION RE I?)
COMMON/PARAM/fiTFEHRFEDDLTOLRENS@EFRTHFREKPALAMoTHETPTHERKDV
XGA0 ,GAW
COMMONSCATPR/HTSPHRSSUMTWENDTHRFKHLTHLRtTHETAPHTP9AA9REW
FRP 1=1?. 567

19 DLCT=DLT
IF(I(D*LE*1) 60 To 10
TH0T=THET+( DLCT/EFRTH)

22 DLCR=Di.R
THOR=TliER+C DLCR/EFRTH)

24 AOO=~(O/(2.*EFRTH))+THET ((HTS-HRS)/D)
Bo0=(D/(2 .*EFRTH))+THER-((HTS-HRS'/D)

DS=D-DLCT-DLCR
IF(DS.LT.O.) nS-'O.
THOO-AOO+BOO
DST=( CD*BOO)/THOO)-DLCT
IF ITHOT)25,26 926

25 DSTuDST-ASSF(EFRTH*THOT)
26 DSRB( ED*AOO)/THOO)-DLCR

IFI THOR)2 7' 28#28
27 DSRxDSR-ABSF(EFRTH*TH-ORI
28 CALL DELTAITHOT9DS.T9ENSDA0)

AOAOO+DAO
CALL DI7LTA(THORDSRtENS9DBO)
BOWB00+08B

THETAý'A0+BO
VTKrFPP!I*HTFE*Ao
VRKa~FRPJ*HRFE#BO
IF CS-i. I29.29. 30

10 CONTINUF
Swi ./S
VTP=VPK
VRP =VTK
Go TO 31

29 CONTINUE
VTP=VTK
VRP =VRr,

31 TERMu(SWTHVFTA)/((1.+S)*(1..Sl I
HI =TFRM*DS
HSMO: TFRM*P)
DTHL =0'THE TA
TRI =EXPF(C-.U000038*HSMO**6)

ETAbx.P*,96*HSM0*(i.+iTR2*TR1)P
FOv1.O844~(ETAS/HSMOI *ýHSMO-H1-HLT-HLRI
JF(THETA.LT*O*I DTHEwO.
VTwVTP/ALAM
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VRoVRP/ALAM
CALL HCHNnT(FTA5,SVTVRwiAO)

312 IF(THETA.LToO.) GO To 313
CALL. FrTFTA1FNS9F)THFtS9DBJ

314 S(]M=THRFK(-TWFNrD-FOl+HO+r)S

C -----CALCULATION OF OXY~GEN AND WATER VAPOR RAYS-------

ECI-HTS-HTP+EFRTH- $ EC2cHRS-HTP+EFRTH
HEr=HLT-HrP+EFRTH S HERaHLR-HTP+EFRTH
IF(0S.6T..DO1I GO TOl11

14 CALL SORBCEC19HETEFRTHDLTTHET,RE)
RFO=RE(l) $ REW=RE(2)
CALL SORA(EC2 ,HFRFFRTHsDLRTHER,RF)
RE0=REO+RE(l) S REW'=REW+RE(2)

12 AA=GAO#RFO+CAW*REw
RE TURN

313 DR-0. $ GO TO 314
10 THOTvTHOR=O. S D)LCR=DLR $ GO TO 24
11 HV=HET+(DST*TANFCTHOT)),CDST*DST/(2.*EFRTH))

IF(OST*LE.O..OR*DSR.LE.OJ) GO TO 14
rDAT=DL T+rST
DARaDLR+DSR
CALL SORB (ECi ,HV9EFRTHDATTHETRE)
REO-RE(1) $ REW*RE(2)
CALL SORB(EC29HVsEFRTH9DARqTHER9RE)
REO:REO+REI1) S REW=REW+RE(2)
Go To I?
END

SORB

Subroutine SORB computes the effective ray lengths for oxygen and

water vapor, r eo w' that are used in the calculation of atmospheric

absorption (sec. A.4.5).

SURROLJTINE 5OR8(HlH2,AqR09CARF)
C ROUTINE FOR MODEL AUIG 73

DIMENSION RE(2)9,1'(? ),H(2
TF(1?=1.29 S TE(2'.1.36
P12=19570796127 S PJ-3.141592654
BA-CA
IF(HI.GT.I12) GO To 10
H4S=Hl S HL-H2

11 AT=PI2+BA
ANL)M-H'5*o5 NF(1AT)
DO 2? 0(al 97
H(K )-Trt(v )+A
IF (HL *LF.H(r.) )GO1 TO 91
rFCHIK) L T.HSc) 6O TO Al
AS=ASIN'FtANUM/HIV)) S AE=PI-(AT+AS)
1U (flA96(e1t.95620) GO TO 24
IF(AF.Fn.0.) Go TO 24
PE1K)=(HS*SINF(AF?)/SINFiASI S Go TO 22
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22 CONTINUE
RETURN

10 HS=H2 S HL=H1 $ BA*-(CA+(RO/Afl S GO TO 11

81 IF(ATGTP12) GO TO 85
HC=HS*SINF(AT)
IF(H(K),LF*HC) GO TO 85
RF{K)=2.*H(K)*SINF(ACOSFIHC/H(K))I
GO TO 22

83 REIK)%RO
GO TO 22

85 RE(K)O0. $ GO TO 22
END

TABLE

Function TABLE is used to set up and obtain values from a table

of grazing angle, p; corresponding values of path length difference,

Ar; and great circle path distance, d. It is used in calculations for

the line-of-sight region (fig. 19).

FUNCTION TABLE(XINT)
C ROUTINE FOR MODEL AUG 73

C ENTER TINTER WITH DELTA R AND GET ST
C ENTER DINTFR WITH DELTA R AND GET DISTANCE
C ENTER SINTER WITH DISTANCE AND GET SI

COMMON/EGAP/IPLNIDTIXT
COMMON/SPLIT/LIL2,NX(140) Y(140)9D6(140),XS(55jXD(X55),XR I5),YS

X(55),YD(553.YR(551L3,ZS(25)tZDC25),ZR(25)
DIMENSION AS11O) AD11O)tAR(110)

C ------------- SET UP ARRAY-------------------------
DUNO.
CALL TRMESHtXSKXDXRLlYSYDYRL2,ASADARLS)
CALL 1RMESH(AS.ADoARLStZSZDZRL39YoXtD6,NI
MxN
DO 21 I=10N
SD=Y(II)*57.29577951

71 CONTINUE
TA8LE-DUM S RETURN

101 FORMAT131H OUT OF RANGE FOR INTERPOLATION)

ENTRY TINTER
IFIXINT-Xil))79192

1 YINT-Y(I)
TARLEwYINT S RETURN

2 Kx1
3 IFIXINT-X(K+13)6,4,5
4 YINT=YIK+I)

TABLEwYINT S RETURN.
5 K-K+1

IF(M-K),8#89
6 YINT'IIX!NT-X(K)Ie(Y(K+.1-YIK;)/jX(K+I)-XcKi )+Y(KI

TABLE-YINT S RETURN
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T7 L=1 SRIRETURN
7PITr'EY) 101TUR

8 PRINT 101
TA8LF=YfM) S RETURN

ENTRY DINTER

11 TABLE=06(I) S RETURN

1? K-1
13 IF(XINT-X(KIP+ 116914,15
14 TABLF=D)6(K+1

1  S RETURN
15 K-'K+1

IF (M-K IM*~ 1891 3
16 TARILE=( (XINT'-X(K) J*(D6(K+1[.-D6(KJ 1/(X(K+11-X(KJ I +D6(KI

RE TURN
17 PRINT 101

TAPLF- :X111 S RETURN
18 PRINT 101

TABLE =D6(M) $ RETURN

ENTRY SINTER

qi TAALFrY(lI S RETURN
12 K=I
33 IE(XINT-t)6(K+1

1135934#36
34 TARLE=Y(K+1

1  S RETURN
35 K=KK~1

16 TABLE-( (XINT-D6(KJ [*(Y(K+11-Y(Kl I/(06(K+1I-D6(KJ))).Y(K)

RE TURN
37 PRINT 101

TABLEwY(1) S RETURN
18 PRINT 101

TABLE &Y(M) S RETURN
E ND

TERP

Function TERP is used in subroutine HCHNOT to obtain values for

parameters used in the calculation of H0for (169).

FUNCTION TERPIARGI
C ROUT I MF FOR MODEL AUG 71

C RnLuTINF TO FIND H(RI ) AND H(R21

DIMFNSI(ON TABR(144 ) 91AIIPl1441
DATAfTAPR=10O.0,95.O,90.O.85,0,8O.n,75.O,'O.O,65.0,6o.O,55,0,50,o$

X4B.O,45.*0 P43.0,40.C0,8. 93')*O.33@0,t3o.O,28.0,26.0,24sO,22.oo,?0.0,

X0,.00.8. it 17.#6.*014.. 12 149 .o9 11 .09 2.065, *#06, O55, .5..0,.9o4,.03o

XDi,.0fl'),.CO8,OO)79.OV6ýt,.00L,.0J)55,.flO5o.0O45,0U4,.0038,.0036,.OU
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CAT A T kir~. 999H!' 9 .99789, ,997f6%, . 193 9 9997 t 999655 o .999605 9.999
X54,.'9994%t.9q?9359.9922,,99918,.9~q9 l3,.998q3,.998799.998659.9984,.
X9982,.99789.997,').9r)71,.9966,.996,.995?,.99489.994,.Q)933,.9926,999
X17,.'-9uj3,.Q69,.997,.9Thf5,.9A81..98,.97A..9755,.97269.9695'.9655,.9

X 9 *1C8 9.0949 089 P.083 9.076 t 07 P9063 9 057 o.054o #U529.049 9 046t..449*
X04O5t.038,.0359.0325 .O3,.O27,.024,.021,.0l62'.,,01529.013

9 9.0122,.0
X 108, .01 9.009? 9.0085 , 0078, .0079*0062 P.00599,.00569,0053 9.O059,00465
X,.0C'44,.0040,,.0O93759.O0345,.00315,.0028,.OO259.0022,.OO188,.0O158

15 TERP=.001ý-B
RE T URN

11 TERP=.9P9805
RETURN

10 DO 12 KH=1.144

12 CONTINUE
14 KL=KH-1

TERPm.((ARG-TABR(KHI)/(TABR(KL)-TARR(KHII)*(TAHR(KL)-TAHR(KHIi+TAt4R
XC KH I

RETURN
13 TERP-TAHRIKH)

RETURN
END

TRMESH

Subroutine TRMESH sorts arid 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).

SURROIT INF TRMESH( A.BoCNARSTNRXeYZNI
C ROUT INE FOR MODFL AU)G 73

DIMENSION A(1I .f3(l1~ C( Ii RCII),S( 1) TC I.#X(1I *YC1),ZIil
IwJa1 S N-0

4 N-N+I
IF(CA(CI)-RI J)19 7v8

9 X(NI=A(I) $ Y(N~oSII) S ZIN~uCII) $ I1411
IF (I.GT-NA)594

8 X(NI=R(J) S Y(Nl.61J) S Z(N)RTIJI S JWJ+i
IFIJ*GT*NR)394

7 XIN)-ACI) S Y(N~wB(I) 5 ZIN)ucCII) S 1.1.1 $ J.J+1
IF(I.GT.NAI 10011

10 IF(J*GT.NR) 12t3
11 IF(J*6T.NR)3*4

bLI*J
DO 16 LE=1-I.NR

N:N+I $ XIN~uR(LEI S Y(ISL)S Z(NI.TCLE)
16 CONTINUE

60 To 12
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3 LI1!
DO 18 LEuLI9NA
N=N+l S X(N)-A(LE) S YNIN)B(LE) S Z(N)vC(LE1

18 CONTINUE
12 RETURN

END

TSMESH

Subroutine TSMESH sorts and merges two tables of single element

arrays in an ascending order. It is used in calculations associated with
the line-of-sight region (fig. 19).

SUBROUTINE TSMESH(ANAR*NRX#N)
C ROUTINE FOR MODEL AUG 73

DIMENSION A( )I R(13)XEII
I=J-I $ N=O

4 N=N+1
IF(A(I -R('J))9*7s8

9 X(N)A(I) $ I-I+1
IF (I.GT.NA)s,4

8 X(NlvR(J) S JJ1J+t
IF(JGTNR)3,4

7 X(NI=A(l) $ 141+1 S J*J+1
IF(f.GT.NAI 10911

10 IFIJGT.NR) 129S
11 IFIJGT*NR)3,4

5 LIzJ
DO 16 LEmLI9NR
N=N+1 S X(NIuR(LE)

16 CONTINUE
GO TO 12

3 LI-I
DO 18 LE-LI9NA
NzN+1 S X(N)NA(LE)

18 CONTINUE
12 RETURN

END

VZD
Subroutine VZD is used to calculate long-term (hourly median)

variability (sec. A.5). , .
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SUPROUTINE VZD(DEC31 ,G9,A)
C ROUTINE FnR MODEL AUG 73

D IMEN3m F3 135 )
O1MENS ION Cl 3) ?,C2 (3),9C3 (3 ) tk(N1)3)CN2(3) CN3(3)*F-M(3I ,FIN( 3) Z13)

C MIXED--ALL IFAR TIMF HLOCK VS AND CONTINENTAL V(50)

DAACl '.sQ952)-4l5E-5)
DATA( C2=3. 18f_-P I ,7F.7-6#1 .56E-111
DATA( l I3.r2E- ,.V7ý,c-- 2.77E--81
DATA (CN =2*or., 91 .97 9 * 32
OA TA I 982 Slt2 .31 949'.
DATA(ICNIýA. 15.2 .90.3 .25 1
DATA(FTN-1.2#'.4,00.)
DATA(Fm=8.?$IO.O,3*9)

12 DO 13 1=1,3l
X=FIN(I )+('FMlI I -FINI! I *EXPF(-C?( Ii*DE**rN?!';)

13 Z(I)- i (Cl 1)*D)F*NCNI( I))-X)*EXPF(-,C3(IJ*DEOACN.3(;)f
Y( 13K-I1G

Y(4)=?.Olr)7*yill)

YVI6.¶2.762?*YI13)

Y (6 1=2. 5677*V( 13)

Y(7)=2.?417*Y(!l)

VI 10) =1.8 50NV( 13)
V111)=1.60P5*V)13)
VI 12!tI.*2835*V (13)
Yr 341-.(3 087*V) 31
VI 15)=0 .6567*Y( 13)
y ( 16 ) = 0 .401,)2 *y(I 13)
'v(171 =0.1 976#V (13
YVI 18 ) wo .nnof
V (19 )=o.19C7ANV I23)
VI 20)-0fl4flq2*V)? I)
Y(21?).96,7*Y(23)
V(?2)=O.8oI17*Yý231
V( 2'. ) ! 1 .3 326 61 N V ( 23 )
VI 25) =1 *7166*V( ?1)
Y1?6)=1.99nf7N V I23 I
Y(27 )02.2000NV1 231
Y(28 )w2.5280*V 123)
VI 291=2. 7310*YI 23)
VI 30)=2. 9IBONVI231
V(31 )=3.1680*YI231
VI 12I)r3,320*Y123)
VI 33 )u3.4'S60.V 21)
V 134 I =.6900'VI23)
VI3S)=3.8150NV123)

17 DO 18 1=1,35
V N36- 1
ni1) =Yll .Z (31
A(KN). 8( 11

18 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.

SUBROUTINF YIKK(TPVtV)
C ROUTINE FOR MODEL AUG 73

C THIS NAKAGAMA-RICE DIST. HAS TABLES FROM NORTON 55 IRE PAGE 1360
C THE TABLES ARE THE NEGATIVE OF THE KK IRE TABLES BUT ARE CHANGED
C BEFORE GOING OUT OF THE ROUTINE
C K HAS THE OPPOSITE SIGN OF 101 BUT THE SAME AS THE IRE PAPER

DIMFNSION P(35) PV(50)vV(SO)
COMMON/VV/VF(36.17)
DATA ((P(I -It1,35)-.OOO,.00002.OO0OOSOOO1,pOU02..OOUU,.001,.

X002,.005e.Ot.O2,.05O.lOt,*St*20o.30,.409.50..60*.70*.80O.85,o909.
X95,.98,999,.9959,9985.999,a99959a9998to9999,99995,.99998..99999)

AVEF(YNPXNoYN19XNI) a (YN1*(T - XN) - YN*(T - XNIII/(XNI - XN)
DOC 1 1 z 114
IF(T - VF(191)) 3,2,1

1 CONTINUE
I - 14

2 DO 4 J z ],j5
V(J) z VF(J+1÷,)

4 PV(J) - P(J)
GO TO 6 "

3 IF(IEO.1l GO TO 2
DO 5 J a 1935
V(J) AVEFIVFIJ+IoI-1IVF(II-1I VF(J÷I3,)tVF(1,IPI

5 PV4J) * P(IJ
6 DO 7 J*1.35
7 V(JIw-V(J)

RETURN
END
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B. 4.2. TABLES

The programs all require that a se! of data cards be read before
any input parameters arc read (figs. 25, 26, 27). Tabulations of
these tables are provided r ,o order required by READ statements of the
programs. Each table is identil;e, -. e -he FORTRAN variables used in the
READ statements associated with it.

TABL. TAV/TAHI

This table is used by subroutine HCHNOT.

40000 000 000 u0 000 Ot0 200 53037000 000 Otu 000 OU0 (1f, 225 575
35000 0-0 000 000 010 075 250 61534000 000 O(u 000 013 078 260 640
33000 000 000 (jOG 0 1 080 270 650" noO000 000 000 020 100 310 720
(7000 000 OnO 000 O0q 115 3£5 800?%0o i( 000 000 (100 040 125 400 860
230O0 000 nO 00,) 0,o0 14 4'/40 930?nooo 000 000 010 o60 160 520 1055
16000 000 010 o ý0io i85 210 u 70 120015000 010 015 038 1UO 230 720 1350
14000 015 020 045 110 250 175 141013000 020 025 ubu 10 z/u h4U IS5U

12000 023 040 072 130 290 905 161011000 025 050 080 150 325 1000 1720
10000 035 060 100 170 365 1W'0 18 o 1 r)00 01.0 070 117 180 390 1150 1930
9000 051)0 0 123 200 425 120) 20on 801) 1155 ()00 130 220 4.5 1270 2080
8000 060 090 155 245 500 13ho 2175 7'100 070 11i) 175 21( 545 1425 2280
7oo 0o75 120 200 305 600 1500 2 390 6800 080 126 210 320 630 1540 2430
6600 085 130 223 340 650 1',80 2480 6400O 090 140 230 355 680 1615 2530
6200 100 149 245 375 710 161(3 2580 6000 105 10C 255 400 740 1700 2640
5800 110 110 270 420 780 174(0 2690 5600 120 175 285 440 810 1790 2760
54O0 125 185 300 465 850 1830 2820 5200 130 200 320 495 890 1880 2890
5000 140 220 335 515 930 19140 295o0 4800 150 225 350 550 980 2000 3030
4600 160 240 115 oRo 1010 20WJ 3100 44 (10 170 255 395 1,) 1080 2120 3180
4200 175 275 425 2 O,', 1150 219o ?27o 4000 190) 2)() 4.5 100 1210 2260 3350
3800 210 315 484 P)0 1280 23t0 345n 3600 2ý 130 520 HO0 1350 2430 3500
3400 240 360 560 860 1430 2-'15 3To0 3,200 0a, 311; 610 'i25 1515 2610 3710
3000 280 415 660 1000 1600 2120 3U1H10 2•-0U 295 426 t 1o U40 1650 2715 3890
2800 310 440 709 1071) I100 2b4oJ 9'(50 2100 325 4bO 7140 1115 1150 29U0 4020
2600 340 478 770 1155 1800 2P;6 t, bW) 2'(r0 30 5 ) Th() 800 1200 1860 30 40 4]30
21400 310 ',2 0 8'40 125) 199`5 31o' 1,211 ,0o 390 54'g, 673 121)5 2010 31/5 4300
220o0 415 570 915 13510 0',O 3? ?0 4#J7o 21 (1 , 435 COO Q 6 0 1400 2120 3340 4450
2000 460 630 100, 1465 2200 3', )) 4520 145 0 415 645 1C it 1500 223)0 3410 4580
1900 490 660 1055 1530 2275 3510 462o 1850 500 618 1080 1570 2320 3570 4680
1800 520 700 1120 1600 2360 3610 4710 175' 535 71, 1,U 1630 2400 3680 475U
1700 550 745 1180 1670 2450 3720 4t'0O 1650 570 7710 1215 1700 2tO0 .3180 4860
1600 590 790 1250 1750 2/550 3010 4;lo 1550 610 820 1280 179U 2600 i86U 4990
15 0 640 0145 1.i20 1340 26'.0 3 ,2) 5010 1450 660 870 1355 1880 2710 3980 50)0
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1400 680 900 1390 1940 2760 4020 5130 1350 710 930 1430 1980 2810 4100 5210
1300 740 96ý 1480 2040 2890 4160 5280 1250 775 1005 1525 2100 2950 4230 5340
1200 800 1045 1580 2160 3020 4290 5400 1150 830 1085 1628 2230 3100 4370 5490
1100 870 1130 1695 2300 3170 4420 5570 1050 910 1180 1751 2370 3240 4500 5630
1000 950 1230 1820 2440 3340 4610 5720 980 975 1260 1840 2480 3365 4630 5780

960 995 1285 1870 2510 3400 4670 5800 940 1010 1310 1900 2540 3440 4700 5830
920 1035 1330 1930 2580 3460 4740 5880 900 1060 1360 1960 2610 3490 4790 5920
880 1080 1380 1995 2650 3510 4820 5960 860 1100 1410 2023 2680 3560 4890 6000
840 1130 1430 2060 2775 3590 4920 6030 820 1150 1465 2090 2760 3630 4950 6090
800 1180 1490 2125 2800 3680 5000 6110 780 1210 1523 2165 2850 3710 5030 6170
760 1240 1555 2205 2890 3780 5090 6210 740 1265 1585 2250 2935 3800 5130 6260
720 1295 1622 2290 2980 3850 5190 6300 700 1320 1655 2335 3020 3900 5210 6330
680 1350 1690 2375 3070 3960 5280 6400 660 1380 1730 2430 3120 4000 5310 6460
640 1420 1770 2475 3180 4050 5380 6500 620 1450 1820 2523 3240 4100 5430 6560
600 1490 1860 2570 3290 4150 5490 6610 590 1510 1875 2595 3320 4180 5500 6630
580 1525 1900 2625 3350 4200 5530 6680 570 1550 1924 2650 3380 4230 5570 6710
560 1570 1950 2676 3410 4260 5600 6740 550 1590 1975 2705 3440 4300 5630 6780
540 1610 1997 2740 3470 4330 5680 6800 530 1630 2025 2770 3490 4370 5700 6830
520 1660 2050 2795 3500 4400 5720 6880 510 1675 2072 2825 3520 4420 5750 6900
500 1700 2110 2855 3540 4480 5790 6930 490 1730 2130 2890 3590 4500 5810 6980
480 1760 2167 2925 3610 4520 5870 7000 470 1780 2195 2960 3650 4580 5900 7000
460 1810 2220 2990 3690 4610 5930 7000 450 1840 2267 3030 3730 4630 5990 7000
440 1870 2290 3065 3780 468 6010 7000 430 1900 2330 3110 3800 4710 6070 7000
420 1930 2360 3140 3850 4770 6090 7000 410 1950 2390 3177 3880 4800 6120 7000
400 1990 2435 3225 3930 4830 6170 7000 390 2025 2470 3270 3970 4890 6210 7000
380 2060 2505 3310 4010 4920 6270 7000 370 2090 2547 3360 4080 4980 6320 7000
360 2140 2590 3400 4100 5020 6370 7000 350 2165 2628 3446 4150 5080 64U0 7000
340 2210 2670 3500 4200 5120 6460 7000 330 2250 2717 3550 4250 5190 6500 7000
320 2300 2760 3600 4300 5220 6560 7000 310 2350 2810 3650 4390 5290 6610 7000
300 2390 2870 3700 4450 5320 6680 7000 290 2440 2920 3750 4490 5390 6710 7000
280 2490 2919 3800 4530 5460 6790 7000 270 2550 3030 3880 4600 5510 6850 7000
260 2600 3090 3920 4650 5590 6920 7000 250 2660 3155 4000 4720 5630 7000 7000
240 2720 3220 4050 4800 5710 7000 7000 230 2780 3290 4120 4880 5800 7000 7000
220 2850 3365 4400 495C 5480 7000 7000 210 2940 3390 4280 5020 5950 7000 7000
200 3010 3480 4350 5100 6030 7000 70C0 190 3100 3560 4440 5200 6120 7000 7000
180 3175 3630 4520 5300 6210 7000 7000 170 3275 3730 4620 5400 6310 7000 7000
160 3370 3030 4120 5500 6430 7000 7000 150 3470 3930 4820 5600 6520 7000 7000
140 3520 4050 4950 5700 6650 7000 7000 130 3640 4190 5080 5850 6800 7000 7000
120 3780 ;300) 5200 5990 690 7000 7000 110 3920 4470 $350 6130 7000 7000 7000
'100 4080 4600 5500 6300 7000 7000 700r, 095 4150 4700 5600 6380 7000 7000 p000
090 4250 4800 5700 6480 700 7000 7000 085 4330 4890 5,790 6580 7000 7000 7000
080 4470 5000 5890 6680 7000 7000 7000 075 4560 5110 6000 6790 7000 7000 7000
070 4600 5220 6110 6900 7000 7000 7000 068 4720 5290 6190 7lOC 7000 7000 7000
066 4790 5330 6210 7000 7UO0 7000 7000 064 4830 5380 6300 7000 7000 7000 7000
062 4880 5440 6340 7000 700 7000 7000 060 4930 5500 6400 7000 7000 7000 7000
058 4990 5550 6430 7000 7000 7000 7000 056 5050 5620 6500 7000 7000 7000 7000
054 5100 5690 6580 7000 700 7000 7000 052 5180 5740 6630 7000 7000 7000 7000
050 5230 5800 6700 7000 7000 7000 7000 048 5300 5880 6770 ?000.7000 7000 7000
046 5380 5980 6840 7000 700 7000 7000 044 3440 6040 6920 7000 7000 7000 7000
042 5530 6130 7000 7000 7000 7000 7000 040 5620 6210 7000 7000 7000 7000 7000
038 5700 6300 7000 7000 700 7000 7000 036 5800 6400 7000 7000 7000 7000 7000
034 5900 6500 7000 7000 7000 7000 7000 032 6000 6600 7000 7000 7000 7000 7000
030 6100 6700 7000 7000 700 7000 7000 028 6230 6830 7000 1O00 7000 7000 7000
026 6370 6990 7000 7000 7000 7000 7000 024 6500 7000 7000 7000 7000 7000 7000
022 6680 7000 7000 7000 700 7000 7000 020 6840 7000 7000 7000 7000 7000 7000
018 7000 7000 7000 7000 7000 7000 7000
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TABLE TALD/TAFL

This table is used L ,i hroutine FDOETA,

10 1721 1723 1724 1725 17.?6 172' 11 72 1 1 1485 1688 1689 16:o 1691 1691
15 1783 1787 119U 1793 1797 1799 1797' 17-7 1 ?5ý 1 '3 1 7 '!H 1162 1764 1764
20 1830 1834 .!338 184,2 1847 1850 1851 1194 1796 )k P')u8 1811 1821 1823
30 1897 1904 1914 1922 1930 1933 1934 1861 106Q :813? t )' 19u4 1912 1913
40 1945 1959 1969 1Q 80 1990 1996 1996 19 ",8 19 1 19 "5 1966 1976 1984 1984
50 1984 2002 2015 2027 ',,)0 '7 2G4 3 2Uý6 1)49 1)79 2)C,)0 21 )22 ZU 33 2039 2042
60 2015 2041 2051 2060 2084 'Oq3 2 -95 1980 2019 2055 2062 "078 2085 2088
70 2043 ?o75 2091 2107 112'6 2135 2138 2)'18 2064 20P7 217 3 2.122 2131 2134
8C 2067 2100 2121 2139 2162 2112 2176 2131 2089 2116 2137 2158 2168 2173

100 2107 2150 2180 2204 2234 2247 2252 206) 2139 2175 2205 2229 2241 2250
150 2177 2244 2295 2334 2375 2389 2403 2143 2240 2294 i334 2315 2395 2402
200 2231 2317 2388 2442 2503 2526 2544 2198 2317 2391 2.443 2507 2528 2545

250 2273 2382 2471 2546 2631 2656 2677 2241 2382 2472 2541 2630 2665 2684
300 2308 2440 2544 2635 2743 2776 2802 2278 2442 2549 2631 2745 2789 2811
350 2338 2494 2615 2721 2842 2885 2915 2309 2496 2618 2723 2848 2900 2929
400 2366 2544 2685 2798 2932 2982 3017 2337 2544 2685 2809 2943 2999 3034
500 2411 2637 2822 2942 3112 3176 3254 2386 2635 2818 2953 3133 3197 3244

600 2449 2718 2954 3086 3292 3370 3480 2428 2719 2939 3097 3323 3395 `)454
800 2510 2883 3214 3374 3652 3758 3932 2498 2881 3181 3385 3703 3791 3874

IOOC 2559 3038 34.14 1662 4012 4146 4384 2556 3043 3423 3673 4083 4181 4294
10 1642 1b44 I1o46 1b47 1648 1649 1649 1580 1582 1584 1585 1588 1589 1590
15 1705 17n9 1712 1716 1721 1727 1727 1644 1647 1656 1662 1669 1680 1680
20 1752 1157 1163 1170 178U 118', 11118 16'"i 161ý7 1711 1719 1730 1-43 1749

30 18(0 1829 1046 1802 1819 1836 1691 1759 1771 179f 1814 1[32 1853 1859
40 1868 1886 1919 i941 1962 1913 1975 1808 1837 1872 1897 1917 1938 1943

50 1908 1937 1981 2005 2028 2035 2040 1848 1886 1933 1966 1990 2006 2013
60 1939 1982 2030 2052 2077 2086 2088 1879 1931 1988 2023 2048 2063 2070
70 1967 2023 2072 2095 2120 2129 2132 1907 1972 2040 2075 2096 2116 2122
80 1991 2059 2109 2133 2159 2168 2173 1931 2011 2080 2118 2139 2160 2166

100 2031 2107 2172 2190 2228 2240 2246 1912 2081 2154 2197 2217 2235 2240
150 2105 2216 2289 2301 2367 2382 2395 2048 2205 2280 2327 2359 2380 2392
200 2158 22195 2J8b 2437 2495 2525 2538 2103 2302 2380 2431 2493 2520 2530

250 2201 2366 ?477 2547 2622 2663 2696 2149 2376 2475 2529 2618 2648 2665
300 2244 2425 2560 2645 27'A8 2185 2803 2187 2435 2556 263'. 2735 2775 2785
350 2278 2480 2623 2134 2840 2902 2920 2221 2490 2627 2120 2848 2890 2900
400 2311 2532 2700 2808 2930 3005 3028 2250 2540 2690 2793 2952 2983 3006
500 2365 2627 2812 2947 3110 3211 3244 2300 2627 2803 2935 3097 1164 3218
600 2412 2118 2908 3086 3290 3417 3460 2350 2710 2891 AL77 3Z42 3345 3430
800 2488 2880 3100 3364, 3650 3829 383"2 241'4 2850 3067 i3t,l 3532 3"107 3854

1000 2550 3016 3292 3632 4010 4?41 4324 2505 9)68 1243 3645 3822 4069 4278
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TABLE VF

This table is used by subroutines FDASP and YIKK.

-400000 -02581 -02487 -02357 -02255 -02148 -01998 -01878 -01750 -01568 -01417
-01252 -01004 -00784 -00634 -00516 -00321 -00155 00000 00156 00323 00518
00639 00790 01016 01270 01440 01596 01786 01919 02045 02202 02314
02421 02557 02656-250000 -13620 -13143 -12484 -11966 -11427 -10669 -10055

-09401 -08460 -07676 -06811 -05496 -04312 -03487 -02855 -01764 -00852 00000
00897 01857 02953 03670 04538 05868 07391 08421 09374 10544 11374
12165 13161 13882 14561 15427 16053-200000 -22901 -22126 -21055 -20214

-19343 -18111 -17110 -16037 -14486 -13184 -11738 -09524 -07508 -06072 -05003
-03076 -01484 00000 01624 03363 05309 06646 08218 10696 13572 15544

17389 19678 21320 22900 24911 26380 27751 29497 30760
-180000- 28028- 27074- 257"-- - 24720- 23678- 22205- 21003- 19713- 17840- 16264
- 14508- 11846- 9332- 7609- 6240- 3888- 18780000000 2023 4188 6722

8373 10453 13660 17416 20014 22461 25520 27732 29875 32621 34644
36434 38716 40366-160000- 33978- 32842- 31271- 30038- 28808- 27061- 25634

- 24096- 21856- 19963- 17847- 14573- 11558- 9441- 7760- 4835- 23350000000
2564 5308 8519 10647 13326 17506 22463 25931 29231 33402 36452

39433 43340 46182 48661 51818 54103-14U00o- 40877- 39537- 37685- 36232
- 34794- 32747- 31069- 29256- 26605- 24355- 21829- 17896- 14247- 11664- 9613
- 5989- 28930000000 3251 6730 10802 13558 17028 22526 29156 33872

38422 44271 48619 52933 58622 62894 66446 70972 74245-120000- 48738
- 47177- 45020- 43326- 41666- 39298- 37349- 35237- 32136- 29491- 26507- 21831
- 17455- 14329- 11846- 7381- 35650000000000412300085350013698 17289 21808

29119 38143 44715 51188 59723 66239 72862 81865 88923 94335 101228
106214-100000- 57509- 55715- 53235- 51283- 49399- 46694- 44462- 42034- 38453

- 35384- 31902- 26400- 21218- 17471- 14495- 9032- 43630000000 5221 10809
17348 22053 27975 37820 50372 59833 69452 82658 93196 104384 120469

131278 140025 151165 159224- 80000- 67058- 65025- 62214- 60007- 57888- 54844
- 52322- 49571- 45493- 41980- 37975- 31602- 25528- 21091- 17566- 10945- 5287
0000000 6587 13638 21887 23S35 35861 49287 67171 81418 96386 118333

136864 157730 188754 214724 231043 251829 266866- 60000- 82248- 78505- 73331
- 69269- 66923- 63546- 60739- 57667- 53093- 49132- 44591- 37313- 30307- 25127
- 21011- 13092- 63240000000 8239 17057 27374 35494 45714 64059 89732

110972 134194 165515 195474 224091 262921 292688 314933 343267 363765- 40000
07379- 84880- 81426- 78714- 76158-- 12466- 69388- 66008- 60955- 56559- 51494

- 43315- 35366- 29421- 24699- 15390- 7434000UU00 10115 20942 33610 44009
51101 81216 110185 142546 171017 209122 240284 261961 303797 339080 363139

393784 415953- 20000- 97222- 94513- Q0768- 81828- 85080- 8110U- 77773- 74109
- 68613- 63811- 58252- 49219- 39366- 33234- 28363- 15390- 74340000000 11969

2094Z 39770 46052 678/4 96278 134690 164258 194073 233679 263778 293751
333813 363666 388076 419169 441663 0000-105951-103056.- 99054- 95912- 92995

- 88164- 85215- 81301- 75411- 70246- 64248- 54449- 44782- 31425- 31580- 19678
- 95050U00000 13384 27709 44411 58105 r5267 105553 145401 175512 205618

245411 275515 305618 34r412 V15516 399995 431180 4537)01 0000-I?2990-119117
--113164-I0U';61- 99223- 94117- 91044- 86919- 80697- 75228- 66861- 56843- 48088
- 40196- 33926- 21139- l021100000wu 14189 29316 41145 61124 80074 110005

150271 180527 21U706 250544 280664 310774 350594 380697 405201 436413 458992
40000-117687-114512-110122-1o6676-103504- 98887- 950U,- 9"714- 84231- 78525

- 71873- 60956- 50137- 41879- 35318- 22007- 1063000U0000 14563 30149 48385
62706 80732 111876 152273 182513 212774 252627 302749 312868 352664 382767

407273 438489 461011 60000-120323-117170-112811-109389-106130-101386. 97395
- 92980- 86309- 81435- 73S88- 62354- 51233- 42762- 3603?- 22451- 10845000000

18080 37430 60071 69508 81386 112606 153046 183361 213565 253426 283549
313664 353464 383567 408076 439293 461877 200000-124109-120713-116020-112336

-108939-103997- 99845- 95253- 88326- 82236- 75154- 63565- 52137- 43470- 36584
- 22195- 11o110000000 14815 30672 49224 63652 81814 113076 153541 183864
214076 253935 284060 314174 353i74 384077 408586 439805 462369
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APPENUIX C.

LIST OF SYMBOLS

rh'i. lict includes most of the abbreviations, acronyms, and symbols

uii.d in this report except for those used in the computer listings of

t it ion ii. FIORTRAN vVridhles used in providing input for the programs

,ire described in tdble 7, arid .,ubprograms and input data tables are

,atfloqod in section 13.4. Mat,' i•e ii-ilar to those used in 1-17, 18,

.'0, K , 10 . The units 9 iven for symtbois in this lit are those re-

qulred by or resulting from equations as given in this report and are

applicable except when other units are specified, The following rela-

t ,tiolmis ttre provideJi aos cuunvenl1enco to the reader.

I foot = 3.048 x 10-' kilometer
I statute mile = 5280 feet
1 statute mile = 1.609344 kilometers
I nautical mile = 1.852 kilometers
1 radian = 57.29577951 degrees

In the following list, the English alphabet precedes the Greek alpha-

bet, letters precede numbers, and lower-case letters precede upper-case

letters. Miscellaneous symbols and notations are given after the alpha-

betical items.

a Effective earth radius (km) calculated from (20).

aa An adjusted effective earth radius (km) calculated
using (44) and shown in figure 16.

a0 Actual earth radius, 6370 km to about three
significant figures.

a An effective earth radius (km) used in figure 21
and defined for different path types in section A.4.5.

a 1 ,2  Effective earth radii from (88).

a3,4 Effective earth radii from (91).

ANT. Antenna (fig. 6).
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A Atmospheric absorption (dB) from (172).a

Ad Attenuation (dB) associated with diffraction
over terrain, from (144).

Ado Intercept (dB) for the beyond-the-horizon
combined diffraction attenuation line, from (143).

Adx Ad dB at dx, from (144).

Ae Effective area (dB - sq. m) of an isotrnpic
antenna (sec. 3.2.1 footnote) from (9).

A e,q~t Angles (rad) defined and used in figure 21 only.

AeK Knife-edge diffraction attenuation (dB) for
path p = e (122).

Ah Attenuation (dB) used in (122).

AK Attenuation (dB) associated with beyond-the-horizon
knife-edge diffraction, from (125).

A KK Knife-edge diffraction for path p=K (fig. 20),
from (119).

AKo Intercept (dB) for the beyond-the-horizon
knife-edge diffraction attenuation line,
from (124).

AK5  Knife-edge diffraction loss f- expressed in
decibels from (134).

AML Combined diffraction attenuation (dB) at dML,
from (136).

A Intercept (dB) for the within-the-horizon
0 combined diffraction attenuation line, from (139).

A Attenuation (dB) of rounded earth diffraction
pr for path p, from (105).

A pIntercept (dB) of rounded earth diffraction
Apro line for path p, from (104).

Arcsin Inverse sinu (rad), principal value.

A rK Rounded earth diffraction attenuation (dB)
obtained from (105) with Parameters for path
p=K (fig. 20) and dp=dLl + deLs, used i n (141).

A rML Rounded earth diffraction attenuation (dB)
obtained from (105) with parameters for path
p=K (fig. 20) and dp - dML.

Ar5  Rounded earth diffraction attenuation (dB)
obtained from (105) with parameters for path
p=K (fig. 20) and dp=d 5 .
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As Terrain attenuation (dB) associated with forward

scatter (169).

A sx A s dB at dx, from (169).

AT Attenuation (dB) associated with terrain,
from (84) or (145).

Ay YA conditional adjustment factor used to prevent
available signal powers from exceeding levels
ev.pected for free-space propagation by unreal-
istic amounts, from (16).

A3 ,4  Attenuation'. (dB) from (102).

A Combined diffractiun attenuation (dB) atd5, from (136).

A6 Combined diffraction att:enuation (dB) at
d=dL! + deLs, from (141).

BNI,2 Paraineters calcilated from (107).
BI,2,3,4 Parameters calculated from (95).

cos Cosine.

Cos' Inverse cosine (rad), principal value.

CDC 3800 Control Data Corporation 3800, the computer
t-ype used by ITS for batch processing.

Ce Parameter used in defining exponential
atmospheres, from (29).

C1 ,2, 3  Parameters defined following (178).

d Great Circle distance (km) between facility
and aircraft. For line-of-sight paths
(fig. 16) it is calculated from (60).

deg Degree.

dB Decibel, 10 log (dimensionless ratio of powers).

dB/km Attenuation (dB) per unit length (km)
(DB/KM)

dB-sq m Units for effective area in terms of decibels
(DB-Sq M) greater than an effective area of 1 m2 (sq m),

10 log (area in square meters).
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dB-W/sq m Units for power, density in terms of decibels(DB-W/SQ M) greater than I W/sq m, 10 log (power density
expressed in watts per square meter).

dBW Power (dB) greater than unit power (W),
(DBW) 10 log (power expressed in watts).

dc Counterpoise diameter (km).dds Distance (km) beyond the radio horizon at whichdiffraction and scatter attenuation are approxi-

mately equal for a smooth earth, from (175).

de Effective distance (kim) from (177).
deL dpLs km for path p = e (fk.. 20),, from (117).

deLl,2 dpLI,2 km for path p = e (fig. 20), lFro,, (116).
d The largest distance (kin) in the line-of-sightregion at which diffraction effects associatedwith terrain are considered negligible, from (140).

dp Great Circle distance (kin) for path p (fig. 20).

d pl Total horizon distance (kin) for path p from (85).

dpLs Total smooth earth horizon distance (km)
for path p (sec. A.4.3)

dpL], 2  Radio horizon distances (km) for path p
(sec. A.4.3).

drt Distance (km) from the horizon to the aircraftas shown in figure 13 and used in (40).

dsL Smooth earth horizon distance (km) for facility
horizon shown in figure 15 and calculated
from (37).

dsl, 2  Distances (km) calculated from (153).

dx A distance (km) just beyond the radio horizonwhere As L 20 dB and Ms- Md.'dDIU Great Circle distance (n mi) from aircraft to desiredand undesired facility, respectively (fig. 4).

dKLs dpLs km for path p = K (fig. 20) as per (112).

d KLI 2  dpLI km for path p = K (fig. 20) as perdL(108Y and (109).
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dLoR Distance (km) discussed prior to (173).

dLol,2 Smooth earth horizon distances (kin) calculated

from (173) or (174).

dLsl Facility smocth earth horizon distance (km)
from (24).

dLs 2  Aircraft sn.,h earth horizon distance (km),
from (33).

dLl Facility-to-horizon distance (krm) shown in figure 13;
determined from figure 14 and from (23) or (26).

d L2 Aircraft-to-ho, i~on distance (km) shown in
figure i5 and ietermined from (38).

dL 5  A distance (km) from (128).

dM A distance (kin) from (176).

dML Maximum line-of-sight distance (km shown in
fig. 13) from (40).

d 3  A distance (km) from (86).

d 4  Distance (km) used in rounded earth diffraction
calculation (87).

d 5  A distance (km) from (129).

DME Distance Measuring Equipment (fig. 2), an air
n-avigation aid used to provide aircraft with
distance information.

D/U Desired-to-Undesired signal ratio (dB)
available at the terminals of an ideal (lossless)
isotropic receiving antenna (sec. 3.1.2).

D/U(q) D/U values (dB) exceeded for a fraction q of the
time. These values may represent instantaneous
levels or hourly median levels depending upon
the time availability option selected (sec. 3.1.2),
and are calculated via (11).

D/U(O.5) D/U(q) dB at median (q=O.5) level, from (12).

Ds Distance (km) between radio horizons, calculated
via (159).

D1,2 Distances (km) shown in figure 16 and calculated
via (51).

exp( ) Exponential; e.g., exp(2) = e
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E East longitude (fig. 3 only).

EIRP Equivalent Isotropically Radiated Power (dBW)
calculated using (1).

ERP Effective Radiated Power (sec. 3.1.1), 2.15 dB
less than EIRP.

f Frequency (MHz).

ft feet

(FT)

ft-MSL Elevation (ft) above MSL.

ft-ss Elevation (ft) above facility site surface.
fg,c Knife-edge diffraction loss factors determined

with subroutine FRENEL from v g,c used in (78)

and (79).

f h Knife-edge diffraction loss factor obtained for
v via subroutine FRENEL (sec. 13.4.1), used
ip (122).

fm,2,00 Parameters defined following (178).

f oh Elevation angle correction factor, from (179).

f 5 Knife-edge diffraction loss factor obtained
for v5 from subroutine FRENEL (sec. B.4.1),

used in (134).

F Fade margin (dB) from (197).

FAA Federal Aviation Administration.

FORTRAN FORmula TRANslating "language" or coding used with
iectron'computers in lieu of "machine language".
Many such languages are used and FORTRAN itself
has several variations.

FAY Reflection reduction factor associated with
Ay. from (191).

F do Attenuation function (dB) obtained from
subroutine FDTETA (sec. B.4.1), used in (169).

F dah Reflection reduction factor associated with
diffuse reflection, from (194).

F0  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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FI, 2  Parameters (dB) from (101).

F ah Specular reflection reduction factor associated
with surface roughness, from (66).

FAr Reflection reduction factor associated with
Ar, from (192).

g 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 er set to
e h from (57) for line-of-sight paths or eel from

figure 14 for beyond-the-horizon paths.

gD Normalized voltage gain for facility antenna
from (67) with aer = 0 h from (58).

GHz Gigahertz (109 Hz).

GA Gain (dB greater than isotropic) of aircraft antenna
used in and discussed after (4); current model assumes
GA = 0 (isotropic) for D/U calculations.

GeF1,2 GpFl, 2 dB for path p = e (fig. 20), used in (122).

G F Gain (dB greater than isotropic) of facility antenna
used in and discussed after (4).

G-h, 2  Values (dB) for the residual height gain function
(sec. A.4.3) from subroutine GHBAR (sec. B.4.1),
used in (119).

G 61,2 Values (dB) of the residual height gain function
for path K from subroutine GHBAR, used in (122).

G pFl 2  Values (dB) for the residual height gain function
(sec. A.4.3) for path p, from subroutine GHBAR
(sec. B.4.1); described following (107).

GM Gain (dB greater than isotropic) for main beam
(maximum) of facility antenna, used in (1).

GN Normalized gain (dB relative to the maximum gain,
GM) of the facility antenna in the direction

"of interest (fig. 2), used in (7).

G1,2,3, 4  Parameters (dB) from (100).

h Height (km) above msl used in (23).

ha2  Actual aircraft altitude (km) above the effective
reflection surface from (31).
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h 9 cgHeight (km) of the counterpoise above facilitysite surface and used in (47).

he Effective height (km) calculated from (25) and
used in (26).

h h km for path p = e (fig. 20) from (114)
heel'2 hpel 2 and (115).

h es2  Effective aircraft altitude (km) above msl,
above (146).

h elElevation (kin) of facilitv horizon above
the effective reflection surface, from (36).

hel Effective height (km) of facility antenna
above the effective reflection surface,
from (111).

he2 Effective altitude (km) of aircraft above the
effective reflection surface, from (32) or (34).

hfc Height (km) of facility antenna above its
counterpoise, used in (48).

hml,2 hpel,2 expressed in meters from (106).

h Height (km) of the intersection of horizon rays
above a straight line between tie antennas in

forward scatter (161).

h pel,2 Effective antenna heights (km) for path p
(sec. A.4.3).

h rs Elevation (km) of effective reflecting surface
above msl (fig. 13).

hs2 A height (km) from (130).

hv A height (km) from (160).

hKel,2 hpel,2 km for path p = K (fig. 20), from (110).

h Ll Elevation (km) of facility horizon above msl
(fig. 13), from figure 14 and (22).

h L2  Elevation (km) of aircraft horizon above msl
(fig. 15) and used in (164).
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hl1,2 Facility antenna height hl, or aircraft altitude

in kilometers above msl (fig. 13).

Hcq,tz Heights (km) defined and illustrated in figure 21.

H° Frequency gain function (dB) obtained from
subroutine HCHOT (sec. B.4.1), used in (169).

Hv Height (km) of scattering volume above effective
reflection surface, from (171).

Hl An antenna i~eiqht (km) shown in figure 16,
from (48).

H, An antenna height (ki,) sh;wn in figure 16,
e trom (47).

Hi, 2  Heights (km) shown in figure 16, from (52).

Hy Heights (kin) used in figure 21 and defined for
different path types in section A.4.5.

ILS Instrument Landing System (sec. 3.1.1), an
air navigation aid used in landing.

ITS Institute for Telecommunication Sciences.

J '7
JTAC Joint Technical Advisory Committee.

km Kilometer (10' m).
(KM)

ka An adjusted earth radius factor, from (43).

Kd A parameter calculated from (93).

Kt K value associated with tropospheric multipath,
from (198) or (201).

K The ratio (dB) between the steady component of
received power and the Rayleigh fading component
that is used to determine the appropriate
Nakagami-Rice distribution [40, sec. V.2] for
YTr (q), from (6).

KML K value at the radio horizon. Used in (201).

K1,2,3,4 Parameters calculated from (94).
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log Common (base 10) logarithm.

L bf Basic transmission loss (dB) for free space,
.from (15).

Lbr A reference level of basi. transmission loss
(dB, from (17).
Basic transmission loss (dB) values not exceeded

during a fraction q of the time. These values
may represent instantaneous levels or hourly
median levels depending upon thE time availability
option selected (sec. 3.1.2), and are calculated
using (8).

Lb(O.5) Lb(q) dB for q = 0.5, from (14).

L Loss (dB) in path antenna gain used in and
gp discussed after (4); current model assumes

L = 0.gP

L(q) Transmission loss (dB) values not exceeded during a
fraction q of the time. These values may repre-
sent instantaneous levels or hourly median levels
depending upon the time availability option selected
(sec. 3.1.2), and are calculated using (4).

m Meters.

min Minute (deg/60).
(MIN)

mhos/m Conductivity (mho) per unit length (m).

msl Mean sea level.
(MSL)

Md Slope (dB/km) of combined diffraction line for
beyond-the-horizon, from (142).

MHz Megahertz (106 Hz).
(MHZ)

M 0 Slope (dB/km) of the within-the-horizon combined
diffraction attenuation line, from (137).

Mpr Slope (dB/km) of rounded earth diffraction linefor path p, from (103).
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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).

M Ka Slope (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 horizon, from (83).

n mi Nautical mile.
(N MI)

n, 2 3  Parameters defined following (',•,.

N North latitude (fig. 3 only).

N Refractivity (N-units) for a height h in an
exponential atmosphere; calculated via (28).

N Minimum monthly mean surface refractivity
0 (N-units) referred to msl (fig. 3).

N Minimum monthly mean surface refractivity
s (N-units) at effective reflection surface,

calculated from No via (18).

N-units Units of refractivity [3, sec. 1.3] corres-
ponding to 106 (refractive index -1).

PI 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).

P TR 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(q),
Lb(q), Sa(q), etc.

rad Radians
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r Shortest facility to aircraft ray length (kmi);
calculated as r from (54) for line-of-sight
paths, and take8 as d otherwise.

rc A distance (km) from (71).

r eow ~ Effective ray length (km) for oxygen or water
vapor absorption calculations, from (170).

ro 0 The direct ray length (kin) shown in figure 16
and ca;A;ulated from (54).

rleow Partial effective ray lengths (kin) for oxygen
or water vapor ... rptirn calculations; cal-

and culated using the reldi :wiships given in
r2eo,w figure 21.

r1 ,2 Segments of reflected ray path shown in figure 16,
and component-s of r 1 2.

r 12  Total length (km) of reflected ray of figure 16,
from (55).

R Magnitude of complex plane earth reflection
coefficient from (63).

R c 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).

R s Specular component of surface reflection multi-
path, from (193).

R T Magnitude of adjusted (for counterpoise edge
RTg'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).
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sec Second (min/60).

(SEC)

sin Sine.

ss Facility site surface.
(SS)

S Great Circle separation (n mi) between desired
and undesired facilities, calculated from (2).

S South latitude (fig. 3 only).

Sa Power density (dB-W/sq m), an output of the
power density program (3.2.1).

Sa(q) Sa values (dB-W/sq m) exceeded for a fraction of
the time. These values may represent instan-

taneous levels depending upon the time availability
option selected (sec. 3.1.2), and are calculated
from (7).

SHF Super-High Frequency (3 to 30 GHz).

SI A parameter calculated from (157).

tan Tangent.

Tan-' Inverse tangent (rad) with principal value.

TACAN TACtical Air Navigation (fig. 2), an air navi-
gation aid used to provide aircraft with distance
and bearing information.

T eoHeight (km) associated with atmospheric absorptionTeo'w (caption, fig. 21).

UHF Ultra-High Frequency (300 to 3000 MHz).

v c Knife-edge diffraction parameter used to deter-
mine fc' from (77).

vg Knife-edge diffraction parameter used to deter-
mine fg, from (75).

Vh Knife-edge diffraction parameter for the hel to
he22 path shown in figure 20, from (121).

v Parameters calculated from (165) and (166).

v 1 ,2 Parameters calculated from (167) and (168).
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v 5 A knife-edge diffraction parameter, from (133).

Ve (O.5,de) Variability adjustment term (dB), from (190).

VOR VHF Omni Range (sec. 3.1.1), an air navigation
aid used to provide aircraft with bearing
information.

VHF Very High Frequency (30 to 300 MHz).

V(0.5) A parameter (dB) from (178).

W West longitude (fig. 3 only).

W A weighting factor used in combining knife-
edge and rounded earth diffraction attenuations,
from (135).

Wa A relative power level for the Rayleigh fading
component associated with tropospheric multi-
path (sec. A.7), from (199).

WR A relative power level for the Rayleigh fading
component associated with surface reflection
multipath (sec. A.6), from (196).

WRO A relative power level associated with the
ray optics formulation used in the line-of-
sight region, from (81).

W1,2 Parameters calculated from (97).

x A parameter calculated from (92).

X1 , 2  Parameters (km) calculated from (96).

X3,4 Parameters (kin), from (99).

Y1 , 2  Parameters (dB), from (98).

Y B A parameter (dB) from (186).

Y c A parameter from (62).

Ye(q) Variability (dB greater than median) ofhourly median received power about its median,

Y (0.5) 0 0, whure q is the fraction of hours
daring which a particular level is exceeded,
Section A.5 describes methods ,ised to calculate
Ye(q).
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YU(q) Total wdriability (dB greater than median) of
OIU about its median, YnlU(O.5)O, where q is
the fraction of time fol which a particular
value is exceeded. These values may represent
instantaneous levels or hourly median levels
depending upon the time availability option
selected (sec. 3.1.2). Calculated from
(13).

sl,2 Parameters from (151) or (152).

Y T A parameter (dB) from (182).

Y v A parameter calculated from (74).

Y(O.1) A parameter (dQ) from (178).

Y(O.9) A parameter (dQ) from (178).

Y (i) Variability (dB greater than median) of received
power used to describe short-term (within-the-
hour) fading associated with multipath where q
is the fraction of time during which a particu-
lar level is exceeded. It is used in and is
discussed after (5).

YV(q) Total variability (dB greater than median) of
received power about its median, Y (0.5)=O,
where q is the fraction of time foy 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).

z A parameter from (42).

21,2 Parameters (kin) from (49).

X An angle (rad) shown in figure 16 and calculated
from (53).

a 0 An angle (rad) from (154).

00o An angle (rad) from (147).

0 An angle (rad) used in figure 21 and defined
for different path types in section A.4.5.
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An angle (rad) from (155).

%o 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).

Act 0 An angle (rad) obtained via subroutine DELTA
(sec. B.4.1), used in (154).

A60 An angle (rad) obtained via subroutine DELTA
(sec. B.4.1) used in (155).

Ah Terrain parameter (km) estimated using table 3,
which is used [32, sec. 2.2] to characterize
terrain. It is an asymptotic value of Ahd.

Aha An adjusted effective altitude correction factor
from (46).

Ahe Effective altitude correction factor (km) which
is specified as input (sec. 3.1.1) or calculated
from (45).

Ahd Interdecile range of terrain heights (m) above
and below a straight line fitted to elevations
above msl; estimated from (64) which is based
on previous work [32, eq. 3].

Ahft Ah expressed in feet (table 3).

Ahm Ah expres ýd in meters (table 3).

AN Refractivity gradient (N-units/km) used in
defining exponential atmospheres, from (30).

Ar Path length difference (km) for rays shown in
figure 16 (rl 2 -r 0 ) that is calculated from (56).

Ar gAr km from (56) for earth or counterpoiserg'c reflection.

Dielectric constant from table 2.

E Complex dielectric constant from (61).

A parameter froip (162).
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A parameter from (163).

0 Angular distance (rad) from (156).

0ce An angle (rad) from (70) and shown in
cfigure 17.

Oeel,2 Opel,2 rad for path p = e (fig. 20) as per (118).

0er Elevation angle of reflecting point at facility
antenna, from (58).

eel Elevation angle (rad) of horizon at facility (fig.
13); determined using figure 14, from (21) or (27).

0e2 Horizon elevation angle (rad) at aircraft,
from (39).

Oe5 An angle (rad) from (131).

o h Elevation angle (rad) of aircraft at facility
(fig. 1), from (57) and (126).

ekc An angle (rad) calculated via (76) and shown
in figure 18.

Okg An angle (rad) from (72) and shown in figure 17.

OKel,2 0pel, 2 rad for path p = K (fig. 20) as per (113).

0 L Elevation angle (rad) of aircraft at facility
horizon (fig. IS), from (41).

0 An angle (rad) from (89).pe

Opel,2 Horizon elevation anqles (pad) for path p,described following (88) (sec. A.4.3).

0s2 An angle (rad) shown in figure 15, from (35).

Ov Diffraction angle (rad) for the h to h
path shown in figure 20, from (1261. ee2

00 An angle (rad) from (59).

000 An angle (rad) from (149).

0oi,2 Angles (rad,) from. (150).
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01,2 Angles (rad) shown in figure 16 and calculated

from (50).

03,4 Angles (rad) from (90).
05 First approximation (127) for angle e6.

06 An angle (rad) from (132).

SWavelength (km) from (73).

Xm Wavelength (m) from (10).

T The constant 3.141592654.

a Conductivity (mho/m) from table 2.

Yh 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).

Oc Phase lead (rad) associated with counterpoise
reflection, from (69).

'g Phase lead (rad) associated with earth reflec-
g tion, from (68).

kg,c w Knife-edge diffraction phase shift determined
kgwith FRENEL from vg,c.

OTgc 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.

ýc Grazing angle (rad) for reflection from
counterpoise.

Approximately.

( )o 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 E(q. d 1. Var. I

1 EIRP 10 31 haP 46

2 S 22 32 hP2  46

3 P1  23 33 dLs2 46

4 L (q 37 34 he2 46

5 Y (q) 38 '"2 46

6 3 ,,3 36 h e 4 7

7 S a 39 37 d 4 7

8 Lb(q) 39 38 d 2  47

9 A 39 39

e. 339 e2 48I 0 •,I39 40 ML4f

11 D/U(q) 39 41 49

12 fD/U(0.5) 40 42 z 51

13 YDU(q) 40 43 ka 51

14 Lb(O.5) 40 44 aa 51

15 Lbf 40 45 he 51

16 Ay 41 '16 ha 51

17 Lbr 41 47 51
18 N 43 4, 11

19 a 43 49 Zl

20 a 43 5,0 ? 51

21 e1 43 51 01,2 52
22 hLl 43 52 2 51

23 dL1 43 53 .I

24 dLsI 43 54 r 0
25 he 43 5 5 1' 51

26 dL1 43

21 'el 44 h 52

28 N 44 er 52)

29 Ce 44 62

30 N 44 60 d 52
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Eq._ # I.Var. P-age Eq. # I. Vdr. Pajge

u! c 52 96 60
62 Yc 52 97 Wi1,2  60
63 Rexp(-j ,) 52 96,i2 60
64 ',hd 53 99 x3, 4  60
65 1h 53 100 G 1 ,2,3, 4  60

66 7h 53
67 g 53 101 F ,2 61

68 R exp(-j g) 53 102 A3, 4  61

69 Rc exp(-j 1, c) 53 1pr104 A 61
70 1ce 54 pro

105 A 61
71 rc 54 pr

72 kg 54 106 hi1 ", 61
73 54 107 BN1,2 61

74 Yv 54 108 dKL1 2 62
75 V9  54 109 dKL2 62
76 kc 54 110 hKel 2 62

77 vc 54 1 11 hel 63

78 RTg 56 112 dKLs 63

79 RTc 56 113 Kel ,2 63

80 1 1: h 6380 Tg,c 56 11 h eel 63
115 he263

81 WRO 57

82 P RO 57 I deLl 2 63

83 ML 57 17 deLs 63
84 A1 1. eel ,2 63
85 dpL 59 1i) AKK 64

86 d 3  59 v64

ý"7 d 4  59 I1 vh 64
88 a 1 2 59 1 ! Ae 64

89 pe AO 1 " " fl. 64
90 3,4 60 124 AKo 64

91 a 3 4  60

92 x 60 16h
901 7 6593 Kd6J
1 ;"60 L5 65

90 K1,2,3,4 60d 65

95 1 ,3,4 60 1 h 1 65

218



Eq. I. Var. Paje V1 r .Val rka

131 e5 65 167 v1  10

132 65 1 W v /1

133 v, 65 16. A /1

134 A5 6 170 00 w 73

135 W 66 / I v 13

136 A5 66 1R/ A '

Ii AML 66 d I..o I4

I 8 M0 66 4 ,1 7,1

1.3'1 A 66 1 74

140 d 66 176 t,. /4

141 A6  67 /7 d /5

142 ,l 67 I v(0. ) )

143 Ao 61 178 Y(0 ) 1

144 A1  67 y (0.9
119 f /

145 AT 68 1 h

146 h es2 L6 ,( ((O. 1 7)

147 9 6• Y(0) 9
1 4, "o. oUIVY•.,

00 o)Y
149 ":3 K( (3' (( 01U ) /,

150 6,) 69 34 Ye(o.001)

1,51 Ys (5) (2, V f•(0.OI) ,,
II W Y'. u

152 Y 6y

153 d 69 /

154 ''1 K ' 3 U. k) ,,

155 10 I0 ,

1!36 /t; ](uS' , <'

157 0f ,

159 1 ']1 .
160 hP I Pi

V

161 h 7') 195

166 70 ;"
S

164 3 70 J• "
0t

165 v 0II (3'.7,

166 v 70 ,fj!I< :
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