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PREFACE
 

As part of the ILS Performance Prediction program, a first 
phase ILS Localizer performance prediction computer program package 

has been prepared. This package consists of the computer program 
and the present document which describes the capabilities and 
limitations of the computer model as well as the step by step 

running of the computer program. 

The computer program is intended primarily as an aid in pre

dicting the performance of different ILS antenna candidates for a 
proposed runway instrumentation or for the upgrading of an already 

instrumented runway in a known airport environment. It is also 

intended to provide a relatively inexpensive means by which the 
effect of proposed changes to an airport environment (addition of 

terminal buildings, hangars, etc.) on ILS performance may be pre

dicted. Another computer program has been devised to treat the 
effects,of terrain on glide slope performance.* 

This document was prepared for the Transportation System Center 
&~ 

(TSC) by D. Newsom who was assigned as a full-time programmer to 
the ILS Performance 

~ 

Prediction program. A. Watson and M. Scotto 

helped in the writing and e~iting. The report itself and the 
attached computer program are based on the theories and analyses 

which were developed by the TSC group (G. Chin, L. Jordan, D. Kahn, 
and S. Morin). The ILS program was sponsored by H. Butts of the 
Systems Research and Development Service of the Federal Aviation 

Administration. ,. 

The present report revises in part an earlier report, FAA-RD

73-76. The revisions include the treatment of triangular scatters 
and glide slope antenna systems. The revised ILSLOC program has 

been renamed ILSS-FOR (Instrument Landing System Scattering

Fortran). The use of the term ILSLOC in the body of this report 

refers to the generalized program, ILSS. 

*S. Morin et aI, ILS Glide Slope Performance Prediction, Version A. 
Report No. FAA-RD-74-lS7 A. U.S. Department of Transportation,
Transportation Systems Center, Cambridge MA 02142, September 
1974. 
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I. DEFINITION OF INSTRUMENT LANDING SYSTEM 

The rLSLOC program has been written to simulate certain air

port conditions which affect the localizer portion of the Instrument 
~anding ~ystem. The rLS is used to provide signals for the safe 
navigation of landing aircraft during periods of low cloud cover 
and other conditions of restricted visual range. Separate systems 
are used to communicate vertical and horizontal information; the 

horizontal system is called the "localizer." 

This system operates by the transmission of an RF carrier, 
amplitude modulated by two audio frequencies, beamed to approaching 
airborne receivers. In an instrumented aircraft, the localizer 
receiver serves to demodulate the RF signal, amplify and isolate 
the corresponding audio signals and derive a signal to drive the 

rLS horizontal display in the cockpit. The pilot, by reading the 
display, can determine if he is on course, to the left of the 
runway, or the right of the runway. These signals must be strong• 
enough to cover a radius of twenty-five "miles around the antenna. 

The directional information is determined by the relative 

strengths of the transmitted sideband signals. The audio frequency 
modulations, which are fixed at 90 Hz and 150 Hz, are radiated 

in different angular patterns with respect to the runway centerline 
extended. The "course" is defined as the locus of points where the 
amplitudes of the two modulations are equal. The display of a 
difference of the amplitudes (90 Hz and 150 Hz) of the sidebands 

is referred to as the fourse ~eviation Indication. Thus, the 
CDr is the pilot's indication as to what his bearing is relative 
to the center line of the runway. The CDr is measured in microamps. 
The actual course generated by any particular rLS installation will 
deviate from the ideal due to the interference of spurious re
flections from buildings present in the range of the transmitting 
antenna. The deviation, caused by these buildings, or\ scatterers 
of the CDr from what the receiver should 'read ideally at that 

,point in space (e.g., on the center of the runway and CDr reading 
other than 0) is the derogation effect. 
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The Localizer system transmits an asymmetrical pattern by 
beaming a "carrier plus sideband" pattern and a "sideband only" 
pattern. the composite of which gives the desired effect. If a 
specific localizer system uses two antenna arrays, four sets of 
signals will be transmitted; if the system uses a single antenna 
array. two sets will be transmitted. 

I,.,.,
'i'\:. 

• 

• 

• 
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2. ANTENNA PATTERNS 

The proper angular variation of the transmitted 90 Hz and 
the 150 Hz modulation is achieved by the radiation of two independent 

sideband patterns by the transmitting antenna arrays. Equal 
magnitudes of 90 Hz and 150 Hz modulation are transmitted in each 
of these patterns, however with different relative phases. One 
of the patterns is symmetrical with respect to the prescribed 

course. An unmodulated carrier wave is transmitted with the same 
pattern and the combination is commonly referred to as the "car

rier plus sidebands" (C + S) signal. The other signal is trans
mitted in an "anti'-symmetrical" pattern and is referred to as the 
"s idebands -only" signal. 

Figure 1 illustrates how these features are used to obtain 
the desired directional CDr. The magnitudes of the C + S and SO 
sideband patterns as functions of angular deviation from the 

course are illustrated in Figures la. The sideband amplitude of 
the C + S pattern represents 20% modulation of the carrier wave 
(or a "depth of modulation" of 0.2) at both 90 Hz and 150 Hz. 
Considering the phases of both modulations of the C + S signal to 
be positive, the relative phases and typical amplitudes of the two 
SO modulations are as shown in Figures lb. The resultant 90 Hz 
and 150 Hz modulation patterns in the total rLS signal are obtained 
by algebraically combining the respective C + S and SO sideband 

patterns (Figures lc). The evident consequence is that the depth 
of modulation is greater for 90Hz than for 150 Hz to the left 

of the course as seen from an approaching aircraft, and the op
posite is true to the right of the course. This difference when 
properly calibrated in relation to the total modulation (90 Hz 

+ 150 Hz) reaching the aircraft receiver gives the CDr as appears 
in Figure ld. 

Since the strength of C + S and SO signals falloff at the 
same rate with distance from the transmitting antenna, the CDr 
is independent of range. 

3 
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Figure la Sideband Pattern Magnitude 

90 Hz 

Figure lb Relative Amplitudes and Phases In SO Pattern 

ANGLE M)GLE 

Figure lc Resultant Modulation Patterns 

eDI 

.. 
Figure ld Course Deviation Indication (CDI)
 

Figure 1. Antenna Patterns Sketch
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FAA standards for the ILS specify that within a certain nar

row angular range about the course, the CD! should be closely 

proportional to the aircraft's angular deviation from course. This 

sector near the ideal approach is termed the "course sector" and 

usually extends between 1-1/2° and 3° to either side of the runway 

centerline. The wider sectors on either side of the course sector 

are called the "clearance sectors." In these sectors, which extend 

a minimum of 35° from the course, the CDI is required to always 

exceed a certain minimum magnitude. The presence of structures 

in the clearance sectors which scatter spurious signals into the 

course sector is the primary cause of derogation of the localizer 

CDI. Such structures are illuminated by carrier and sideband 

signals. The ratios of 150 Hz modulation to 90 Hz modulation in 

these signals are determined by the angular position of the: 

structure with respect to the runway. In general these ratios are 

different from those transmitted toward the aircraft, due to the 

difference in angular position. The signals transmitted toward 

the scatterer will be reflected toward the aircraft. Thus the 

aircraft will receive the summations of the direct and scattered 

signals. Since, in general, the scattered signals will have im

proper ratios their effect is to distort the CDI. To combat this 

problem several new antenna systems have been designed. Two basic 

systems are used: the single antenna, and the "capture effect 

system." 

The single antenna system radiates two patterns from one 

antenna array. The signal generated in the course sector is 

stronger than that generated in the clearance sector. However, 

because of the derogation effects, the signals are often not ac

curate enough to meet category II or III requirements and the 

more accurate "capture effect system" is used. This system uses 

one antenna array to broadcast a very narrow, powerful beam in ..	 
the course sector. The second antenna array broadcasts a broader 

pattern, at a slightly different carrier frequency, which covers 

the clearance area. This system diminishes the derogation effects 

because of the dual frequency. The term "capture effect" has 

been used to describe this two-antenna array system because the 

airplane receiver is "captured" by the stronger transmission signal. 

5 



3. ILS SIMULATION DESCRIPTION 

The lL5 simulation program makes it possible for airport 

planners to determine what the effects of potential airport 
buildings on the lL5 performance are going to be. Thus, for 

example, if a new terminal or hotel is planned, the information 
as to size and location of the building can be input to the program 

and the derogation effect of that building can be determined. 
Because the derogation effect of these scatterers is so important, 

the program can warn the planner ahead of time to change the 
orientation or location of the building, or it can assure him 

that the building would not jeopardize the airport's current 
FAA rating. 

!" 

The output of this program is a magnetic tape of values of 

the COl. Graphs are generated by a plotting routine (using the ~ 

values derived from the lL5LOC program) to show the COl in micro

amperes, along a flight path, for the scattering surfaces input. 
These generated graphs would serve the same purpose as the FAA 

strip charts which are generated for a certifying flight. The 
simulation graph differs from the actual recorded measurements 
due to limitations of the program which will be explained later 
in the text. 

The lL5LOC program simulates: transmission from the various 

types of localizer antenna systems; the trajectory of an aircraft 
flight over which the COl is to be determined; and the scattering 

from rectangular and cylindrical surfaces. The program permits 
various simulated flight paths. 

The program is not an exact simulation of the certifying 

flight, due to certain simplifying assumptions which were made. 
These assumptions include: '. 

a. A flat perfectly conducting ground plane 

b. Perfectly conducting reflectors 
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c.	 iFar-field scattering-- all scattering from a surface 
I 

is assumed independent of all other surfaces; thus, 

multiple reflections from walls and near-field 

interactions are ignored 

d.	 A noise-free environment 

e.	 Relative field strengths-- the absolute field strengths 

involved are not calculated; thus while we can calculate 
,.	 

the CDI's in microamperes, we do not ascertain the 

absolute electric-field intensities, and 

f.	 An idealized ILS receiver model. 

In addition to these assumptions the approximations of the 

scatterer can lose accuracy when the dimensions approach less 

than a few wavelengths. Since the program determines the scat

tering from a surface independently from all other scatterers, the 

shadowing of one structure on another is not included. Thus if 

one building is between the antenna system and another building, 

it will shield the second one from some of all of the ILS signal. 

The amount of energy reaching the second building will depend upon 

diffraction effects which are, in general, too complicated to 

analyze. It may be noted, however, that diffraction effects 

themselves are included as part of the physical optics approxima

tion used.* By using rule of thumb approximations the 

analyst can determine roughly how much power will reach the 

second building. If the level is small the building may be 

ignored completely. If on the other hand the power level is 

large then the structure should probably be included as though 

there was no shielding effect. This will give a conservative 
CDI estimate (i.e., larger derogation than actual), but this

• 
will serve for most purposes. If the situation is critical, 

that is near category limits, then other means of analysis must 

be used. 

*	 .Chin, G., L. Jordon, D. Kahn, and S. Mor1n,
 
TSC, "Instrument Landing System Scattering,"
 
FAA-RD-72-l37, AD754517 (Dec. 1972).
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4. TEST CASE FOR THE ILSLOC COMPUTER PROGRAM 

To illustrate how the computer program is operated a very 

simple test case (with only 2 scatters) has been created and run. 

For this simulated airport the program computed the course width 

as 4.01 degrees. Both antenna arrays were set at an elevation 

of 13 feet above the ground plane. The clearance antenna array 

was used as the origin for the coordinate system. An 80 x 100 x 60 

ft hangar and 75 x 110 ft cylinder were placed on opposite sides 

of the 9,350 ft runway. In this case the threshold is 10,000 ft .~ 

from the course antenna. (See illustration--Figure 2.) Based on 

the size and locations of these two buildings, the model pre

dicted the CDI on the runway centerline and for a clearance run at 

10,000 ft range. 

Using this model for input values, the following section 

presents a detailed follow through of the main program steps. 

The Mode Card 

The first input is the mode card. This card contains informa

tion on the type of localizer antenna used, the frequency of the 

ILS, the length of the runway, and the height of the antenna. The 

mode card format is shown immediately following Figure 2. In order 

to use the mode card, it is important that the user understand the 

coordinate system used. The x-axis is along the centerline of the 

runway, the threshold being in the positive direction. The z-axis 

is vertical, positive z being in the up direction. The y-axis 

completes a right-hand coordinate system; so that when one is 

standing at the origin facing in the x-direction, posltlve y is 

to the left. The origin is used as a reference to define the 

location of scatterers, antenna system components, and flight 

path sample points. The antennas are located along the x-axis, • 
they need not be at the origin. As in our test case, it is 

usually convenient to place the course antenna at the origin. 
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Model Card Format: 

Col. Symbol Use 

1-2 Mode 1 (V-Ring) 
2 (S-Loop) 
3 (Wave Guide) 
4 Not Used 
5 (Measured Pattern) •6 (Measured Capture 

Effect Patterns) Indicates 
= 7 (Theoretical Patterns) Localizer 

S (Theoretical Capture Antenna 
Effect Patterns) Type

=-1 (V-Ring Clearance 
=-2 (S-Loop Clearance) 
=-3 (Waveguide Clearance) 
=-4 (Measured Clearance 

Patterns) 
=13 Null Reference 
=14 Sideband Reference } Glide Slope

Antennas=15 N-Array (Capture Effect) 

3-4 lET o (Half-wave dipole) Antenna 
Element1	 30 0 width pattern as from ~ 

double wave reflector used( with glideslope antennas Pattern 

11-20 FRQ-" Frequency of ILS in MHz 

21-30 XTH Distance from the origin to 
the threshold of the runway, • 
in feet. This number is used 
for both flight path orienta
tion and for course width de
termination. The distance is 
given in feet. 

31-40 ZA (1) There is always a non-zero 
antenna height, and it is 
input here. 

41-50 ZA (2) This will be the clearance 
antenna height if a two
antenna system is used. 

51-60 SLP Slope of runway in degrees 
used to adjust the flight 
path at threshold for • 
runway slope. 
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Modes 1, 2, and 3 provide for standard localizer antenna 

types. These antennas are predetermined, the only variable being 

course width, the adjustment of which is controlled by the course 
width card. 

When any antenna type other than mode 1, 2, or 3 is used, 

additional antenna description cards must be included. Mode 5 

permits the input of a measured pattern for special cases on 

theoretical studies. When this mode is selected additional pattern 

cards are required. One pattern card must be used for each measure
ment. The angles must be given in ascending order. A maximum of 

50 measurements may	 be given; if less than 50 cards are used a 

termination card with an angle greater than 360 degrees must be 

inserted. 

Format of Pattern Card(s) 

Col. Symbol Use
 
l-l~ ANG Angle of measurement, in degrees
 

ll-2~ AFPP	 Amplitude of sideband only pattern, 
in relative units 

2l-3~ AGPP	 Amplitude of carrier plus sideband pattern, 
in relative units. 

Mode 7 allows the generation of a theoretical array pattern 

from assumed element contributions. The antenna is to be a linear 
array of elements with identical radiation patterns. Each element 

has an arbitrary magnitude and phase for both carrier plus side
band and sideband only currents. The arrays are assumed to be 

alligned parallel to the y-axis. All elements have the same height, 
as given in the mode card. All elements have the same x-coordinate 

as given on the course width card. The y-coordinate, in wavelengths, 
is given for each element on the element description card. There 
must be one card for each element in the array, to a maximum of 26 
elements. The element description card has the following format: 
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Col. Symbol Use 

1-10 DT Element displacement 
given in wavelengths 

in the y-direction 

11- 20 CT Carrier plus sideband amplitude, 
relative units 

in 

21-30 PC Carrier plus 
degrees 

sideband phase, in 
) 

31-40 ST Sideband only relative amplitude 

41-50 PS Sideband only phase, in degrees. 

The phase of the sideband only currents is ideally in quad

rature to the carrier plus the sideband currents. This 90-degree 

shift is added by the program. Thus a liPS" inputted as zero degrees 

is internally converted to 90 degrees out of phase with the sideband 

portion of the carrier plus sideband. To indicate termination when 

there are less than 26 elements used, an element card is placed with 

a carrier plus sideband phase value (PC) of more than 500. 

The next step for this mode must be the input of the horizontal 

radiation pattern for the individual element. This pattern will be 

used for each of the elements previously described. The input is 

the relative signal strength measured every 10° starting at 0 and 

proceeding until 180°. This is total of 19 amplitudes; the values 

are read in, in records of 8FlO.4 format, for a total of 3 records. 

This gives the pattern for angles from 0 to 180° and since the 

pattern is assumed to be symmetric the value for the negative angle 

will be the same as a positive one of equal magnitude. 

There are two methods of inputing capture effect system 

descriptions. The most general way is to input each antenna 

separately. When using this method the clearance antenna must be 

input first. This input will follow the same steps as a single 

antenna system except that the mode number will be a negative. 

The negative mode card and the pattern or element cards (if any) 

must be followed by another mode card. This mode for the course 

antenna must be positive, and followed by the necessary pattern or 

element cards. 

, #> 

• 
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There are two cases for the second method of inputing antenna 

descriptions. The first case is used if both course and clearance 
antennas are to be given as measured patterns; a single mode 6 

card is used followed by two sets of pattern cards: the first set 
is for the course antenna and the second set for the clearance 

antenna. In the second case, for a capture effect system which 

uses two theoretical array antennas, a mode 8 is used. This card 

is followed by the course antenna element description cards and 

the element radiation cards; a second set of array description 
cards is used in the clearance antenna. 

In the above localizer antenna cases, lET has no effect on 

the simulated individual element patterns and may be input as 

zero. 

FRQ is set to the frequency (in MHz) of the carrier for the 

antennas system. 

XTH is the distance (in feet) from the orgin to the runway 

threshold. The flight path is set to cross the threshold at an 

altitude of ZUP (as given on flight path card). 

ZA(l) (course) and ZA(2) (clearance) are the heights in feet 

of the antennae. 

SLP is the slope of the runway in degrees. It is used with XTH 

in setting up the flight path. The ground plane assumed for the 

signal scattering is not tilted. 

Modes 13, 14, and 15 are used for glide slope antennas. Al

though this program is intended for localizer simulation, it may 

be also used to study the effects of buildings on the glide slope 
system. The simulation will assume a perfect flat horizontal and 

infinite ground plane. If a glide slope antenna is chosen on the 

mode card, the next card must be as follows: 

Col Symbol Use 

1-10 YA Antenna Offset (in feet) 

11-20 TGS Glide path angle (in degrees) 
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YA is the antennae offset (Y-coordinate) in feet. Positive is to 

the left from the origin facing the threshold. If the magnitude 

of YA is less than 300, YA will be defaulted to 1500, the sign 

depending on the sign of YA input. TGS is the intended glide path 

angle in degrees. 

The measured pattern of a capture effect localizer is used 

in our test case: 

Mode Card: 

Col.	 1-2 6 

11-20 110. 

21-30 10000. 

31-40 13. 

41-50 13. 

Pattern Cards: See attached Figure 3 for test case listing. 

The antenna description cards are followed by the course 

width card. The format for this card is: • 
Col. Symbol Use 

1-10 XXA(1) Course array x-coordinate, • 
in feet 

11- 20 XXA(2) Clearance array x-coordinate, 
in feet 

31-40 CW Course width in degrees 

41-50 CLS Clearance signal strength 
relative to the course signal. 

If CW is greater than 30 this value is used as the course 

width and the signal strengths of the course antenna are auto

matically adjusted to produce this value. 

If CW is less than the course width will be set to the30 

FAA specification for a threshold to antenna distance, given by 

XTH, and the signal levels will be set accordingly. 
• 

CLS is the ratio of clearance signal strength to course 

signal strength. 
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-45. -.012 0.006 
-42. -.n2n 0.(\14 
-40. -.n14 0.020 
-38. n.nnO O.f)2~ 

-'35. n.f'\JB o.nf'\1'1 
-32. 0.n08 -.025 
-3n. -.010 -.n?n 
-28. -.n11 0.000 
-27. -.008 O.Oln , 

0-26. 0.000 0.017 
-25. 0.n11 n.019 
-23. n.n20 0.0()') 
- 20. o.nnn -.039 
-19. -.0]0 -.041 
-18. -.n15 -.035 
-16. 0.000 o.nor 
-14. 0.016 0.n24 
-13. 0.015 0.035 
-12. 0.00 a n.n50 

-9. -.lBO 0.140 
-5. -.535 0.535 
-4. -.535 0.660 
-1. -.165 0.996 

n. n.nnn 1.nnn 
1. 0.165 0.996 
4. 0.535 n.6bO 
5. 0.535 0.535" 
9. 0.180 (\.] 4 r l 

12. o.non (\.051") 
13. -.015 0.035 
14. -.016 0.024 
16. 0.000 n.nno 
18. 0.015 -.()3~ 

lQ. o.nIn -."4] 
20. 0.000 -.039 
23. -.n2n n.nf'\1'1 
25. -.011 r.("'110 

26. 0.000 0.017 
27. n.008 0.011 
28. (J.n11 o. n(' ". 
30. n.010 -.1")2·" 
32. -. no 8 -.02':: .. 35. -.018 a.OGC 
38. O.f)on n.I")?" 
4n. 0.n14 0.:"2" 
42. 0.0.20 a.c} 

n.(\(~,45. 0.n12 
1000. 

Figure 3. Pattern Card Test Case Listing 
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-60. O.()i') 0 
-55. -.085 
-54. -.096 
-51. -.145 
-50. -.160 
-49. -.175 
-45. -.245 
-33. -.411 
-32. -.414 
-30. -.426 
-27. -.464 
-26. -.475 
-25. -.490 
- 22. -.545 
- 21. -.565 
-20. -.585 
-19. -.602 
-15. -.676 
-14. -.peo 
-13. -.680 
-12. -.675 
-9. -.610 
-2. -.160 
o. o.ono 
2. 0.160 
9. 0.610 

12. 0.675 
13. 0.680 
14. 0.680 
15. 0.676 
19. 0.602 
20. 0.585 
21. 0.565 
22. ().545 
2'5. °.490 
?6. 0.475 
27. 0.464 
'), () . 0.476 
32. 0.414 
3~ • 0.411 
45. 0.245 
49. 0.175 
50. 0.160 
51. 0.145 
54. 0.096 
55. 0.n85 
60. 0.000 

l:lO(1. 

o.0rlO 
0.018 
0.019 
0.008 
0.002 
0.005 
0.050 
0.400 
0.430 
0.475 • 
0.497 
0.499 
0.497 
0.486 

.. 
0.485 
0.486 
0.490 
0.540 
0,560 

0.585 
0.620 
0.730 
0.980 
1.0no 
0.980 
0.73() 
0.620 • 
0.585 
0.560 
0.540 
0.490 
0.486 
0.485 
0.486 
0.497 
0.499 
0.497 
n.47'i 
0.430 
0.400 
0.050 
0.005 
0.002 
0.008 
0.019 
0.018 
O.O()O 

Figure 3. Pattern Card Test Case Listing (Cont'd) 
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The test case course width card would read: 

1-10 

11-20 

31-40 

41-50 

o 
-200 

o 0 

0.315 

put 

The label card follows the course width card. 

on the output tape ahead of the CDI records for 

This card is 

this flight. 

It serves as an identifying record and is the label .placed on the 
graph. Columns 180 are used. In our test case this card reads: 

THIS IS A DEMONSTRATION CASE OF STRAIGHT LINE FLIGHT. 

The program calculates the CDI at a point in space: for 

convenience, the program will permit calculation for a series 

of points. This set of points represents samples of a simulated 

flight path. 

The program allows two types of flight paths. A straight 

line flight and a circular orbit. The flight path card has one 
of the following formats: 

Straight Line Flight 

Col. Symbol Use 

1-10 XMIN Starting distance from origin, 
in jeet 

11-20 X~X Ending distance from origin, in 
feet 

21-30 DXR Spacing between sample points, 
in feet 

31-40 PHIR Angle of approach, in degrees 

41-50 PSIR Glide angle, in degrees 

61-70 ZUP Height of aircraft at threshold, 
in feet. 

XMIN is the x-coordinate of the starting location of the 

aircraft and X~X is the x-coordinate of the ending location. 
The sample points are spaced along a straight line so that the 
difference in x-coordinates between successive samples is DXR. 

17 



The sign of the DXR will be set by the program so that the 
flight goes from XMIN to XMAX regardless of flight direction. 

If the DXR value would require more than 500 points the program 

will adjust the magnitude of DXR to give only 500 points. In 

some cases a flight will require more than 500 points. If this 

is necessary the flight must be broken up into smaller segments 

of not more than 500 points each. The procedure for doing this 
is explained in the control card section. The flight path is 

oriented in space so that an extension of the path crosses the 

threshold at the altitude of ZUP and intersects the z-axis. PHIR .
is the angle between the flight path and the vertical plane through 

the runway centerline. It is zero for a flight path along the 

centerline of the runway and is positive for an incoming flight 

(XMIN greater than XMAX) with decreasing y-displacement. PSIR 

is the glide angle between the flight path and the horizontal 

plane. It is zero for level flight and positive for a normal 

landing approach. The flight path is a straight line as de

scribed above except when the x-component is less than XTH~ that 

is if the aircraft is on the antenna side of the threshold. In .... 
that case the aircraft altitude will be set up to ZUP. 

Thus the values used in the test case would read: 

Col. 1-10 40000 
11- 20 20000 
21-30 -40 
31-40 o 
41-50 2 5 

51-60 50 

The arc flight is a series of points at a constant height 

of ZUP and at a constant horizontal distance from origin of R. 

MIND is the starting angle for the arc~ that is~ the line of 
sight from the origin to the point makes a horizontal angle of 

MIND degree with the x-axis. The sample points are spaced at 
equal angles of DXR until the termination angle of MIND is 

reached. As in the straight line flight the sign of DXR will 
be adjusted appropriately. Likewise the magnitude of DXR will 

be set to yield not more than 500 points. Column 74 must be 
set to 1 to indicate a circular arc. 
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Circular Orbit Case
 
Col. Symbol Use
 

1-10 MIND Starting angle, in degrees 
11-20 MAXD Ending angle, in degrees 
21-30 DXR Angular spacing between samples, 

in degrees .. , 51-60 R Radius of orbit, in feet 

61-70 ZUP Height of orbit, in feet 

74 ICF Must be set to 1 to indicate 
orbit case. 

Following the flight path card must be the velocity card 
in the following format: 

Col. Symbol 

1-10 VEL 

Use 

Velocity of aircraft, in feet/sec. 
This is used for the Doppler Effect 
on the receiver. The sign of the 
velocity will be made to agree with 
the directional motion from DXR. Test 
case assumes velocity of 200 ft/sec. 

" 

At this point we have described the antenna system and the 
trajectory of the aircraft; the derogating surfaces in proximity 

to the ILS must now be described. The program will simulate 
scattering from rectangular or cYlindrical surfaces. We will now 

describe the method of inputting scatterers to simulate derogating 

structures. 

The next card describes either the scatterer(s) or output and 
control. The usage is determined by the value of the ID field 

in columns 1 to 2. An ID of -1, 1, or 2 is used for scatterers, 

while the other values are used for control . 

• 
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Col. Symbol 

1-2 ID 

3-8 XW(l) 

9-14 XW(2) 

15-20 XW(3) 

26-30 ALPHA 

31-35 DELTA 

36-45 WW 

46-55 HW 

The scatterer is 

middle of the base. 

conductivity and zero 

can be thought of as 

Use 

Must be 1 for rectangle 

x-coordinate of reference point, 
in feet 

y-coordinate 

z-coordinate 
• 

Angle between base and x-axis, 
degrees 

Angle of tilt, in degrees 

in 
• 

Width of rectangle, in feet 

Height along rectangle, in feet. 

a rectangle with the reference point at the 

The rectangle is assumed to be of infinite 

thickness. It also has only one side. This 

the front surface of a metal wall. A wall 

with zero x-, y-, and z-coordinates and an alpha of zero is located 

at the origin with surface of the wall facing in the negative y 

direction (Figure 4, case I). A positive increase in alpha rotates 

the wall about the z-axis in a counterclockwise direction when 

viewed from above. Thus an alpha of 90 degrees faces the wall 

in the positive x-direction (Figure 4, case II). Alpha is the 

angle between the vertical projection of the base of the wall in 

the xy-plane and the x-axis, measured in degrees. Delta is the 

angle between the surface of the wall and the vertical direction, 

in degrees. A delta of zero is a wall perpendicular to the ground 

and a decrease in delta rotates the wall about the baseline in a 

direction so that a delta of minus ninety is a horizontal wall 

facing down (Figure 4, case III). WW is the width, in feet, of 

the wall measured along its base and HW is the height measured 
•

along the surface at right angles to the base. If the wall is 

20 



CASE III 
CASE I Yz 

/' " 
/' 

x 

= -90 0 
/' 

/' 
/' 

/' 
/' ..	 v" 

x / 

I! • 
X = 0 

x 0 y 0 
y 0 z = 0 
z 0 CL 90 
CL 0 tJ. =-90 
b. 0 

CASE II 

z
 
"y
 

/' " 
/' 

/' 
/' 

/' 

" " 
j,; x 

x 0
 
y 0
 
z 0
 
CL 90 
b. 0 

.. 
Figure 4.	 Illustration of Orientation Nomenclature 

for Rectangular Surface 
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oriented in such a fashion that the line of sight from the antenna 

to the wall passes through the back and not the front of the wall, 

the program will ignore the wall in the simulation. 

An ID of -1 is used with the above format to describe a 

negative wall. This ID is used, for example, to create a wall 

with a rectangular hole in it. The entire surface is used; the 

hole is then subtracted by inputing a second card with an ID of 

-1 and the size, location, and orientation of the hole. 

• 
An ID of 2 is used for a cylindrical scatterer with the 

following format: 

Col. Symbol 

1-2 ID 

3-8 XW(l) 

9-14 XW(2) 

15-20 XW(3) 

36-45 WW 

46-55 HW 

Use 

Must be a 2 

x-

y- coordinates of the 
reference point, in feet 

z • 
Diameter of cylinder, in feet 

Height of cylinder, in feet. • 

The reference point is located at the base of the cylinder on 

the axis of rotation of the cylinder. The diameter is WW feet, with 

the base parallel to the xy-p1ane at an altitude of XW(3) feet. The 

cylinder extends upward for HW feet with the axis of rotation in the 

vertical direction. The cylinder is assumed to have infinite 

conductivity. 
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An ID of 3 or -3 is used for triangular scatters with the 

following format: 

Col. Symbol Use 

1-2 ID Must be 3 or -3 

3-8 xw(l) x

9-14 xw(2) y- Coordinates of the reference 
point, in feet. 

15-20 xw(3) z

26-30 Alpha Angle between base and x-axis, in degrees 

31-35 Delta Angle of tilt, in degrees 

36 -45 WW Width of base of triangle, in feet 

46- 55 HW Height along side of triangle, in feet. 

The variables have the same use as for the rectangular scat

terer, with the exception of HW 4 WW. The magnitudes of WW &HW 

determine the size of the triangles, the signs of HW 4 WW are 

used to determine the orientation of the hypotenuse. The 

convention is as follows: 

Sign of Sign of 
Triangle Orientation HW W1'/ 

+ + 

+ 

• + 
.. 
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If the size of the triangle exceeds the limits imposed by the 

Fresnel approximation the scatterer will be omitted and an error 

message given in the output. If this happens and one wishes to 

include scattering from this surface, the triangle must be broken 

up into triangular and rectangular pieces, for example: 

• 

• 
The values for IH and IV will indicate the number of pieces horizon
tally and vertically the triangle must be broken up into. ~" 

• 
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After an ID of 1,-1, 2, 3, or -3, the program will calculate 

the electric field at the surface of the scatterer. This will be 

calculated from the signal from the transmission antenna array 

and from the ground reflection of the transmitted signal. Then, 

for each receiver point along the flight path, the program will 

calculate the electric field at that location from the scattered 

signal: from both the scatterer and reflected from the ground. 

Thus, the signal is received from four paths: (a) transmission 

antenna to scatterer to receiver, (b) antenna to ground to scat

terer to receiver, (c) antenna to scatterer to ground to receiver, 

and (d) antenna to ground to scatterer to ground to receiver. This 

signal is decomposed into complex components induced in the 

receiving antenna at the different carrier and sideband fre

quencies. The program then loops back to read in another ID 

card, permitting the summation of the effects of many scatters. 
This allows the simulation of complex structures by breaking 

them up into cylinders and rectangles. 

In the test case, we have only inputed three scattering 

surfaces. This was done because only two sides of the hangar 

and the cylinder are illuminated. The values for the scatterer 
• cards read: 

Col. First card Second card Third card 

1-2 1 1 2 

3-8 6000 5950 7500 

9-14 1100 1130 -1000 

15-20 0 0 0 

26-30 10 -80 0 

31-35 

• 36-45 100 60 75 

46-55 80 80 110 

25 



After all the scatters have been input, a control card is 

inserted to terminate the run. The control card format is: 

Col. Symbol Use 

1-2 rD not -1, 1, or 2. 

When a control card is read in, the program will add the direct, 
t

and ground reflected, signal from the transmission antenna to the 

scattered signal summations, thus giving the total received signal. 

The program then calculates the CDr that would be seen at each re

ceiver point, and outputs the label, a header record describing 

the flight path and the values of the CDI on output tape. If the 

ID is equal to zero the program also outputs additional records for 

the strengths of sideband and carrier signals from course and 

clearance (if any) antenna arrays. The field summations are then 

cleared for the next run. 

The program, having finished the previous run, now proceeds 

with the next input. The next run is generated by looping back 

to a point in the input stream, determined by the value on the • 
control card. 

Once an input sequence has begun the inputs following in the 

standard order must be given. The user must also keep in mind • 
that all values on cards given before that entry point, in the 

previous run are still in effect. The following order is 
standard: 

MODE CARD 
(measured pattern for modes 5 and 6 or current 
description for modes 7 and 8) 

(second mode card and patterns of currents if 
first mode was negative) 

COURSE WIDTH CARD 
LABEL CARD 
FLIGHT PATH CARD 
VELOCITY CARD 
(set of scatterer cards)
CONTROL CARD. 

• 
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The value of the ID on the control card guides the looping 

in the following manner: 

Value of ID Next card to be read in 

o MODE 

3-10 SCATTERER 

11-15 LABEL 

16-20 MODE 

21-50 COURSE WIDTH 

>50 WILL CAUSE THE PROGRAM TO 
TERMINATE AFTER OUTPUTTING 
THE LAST CDI. 

The looping permits the repetition of a run with changes in 

some or all of the variables. For example, ID values 3 through 10 
permit a run with the same antenna system and flight path as the 

previous case, but with a new set of scatterer inputs. 

ID values 11 to 15 permit a new flight path description and 

scatterer set to be input. This looping method can also be used 

for flights that would require more than 500 points. For reliable 

simulation, the spacing between receiver points CDXR) should be 

small enough so that the change in CDI between successive points 

is not more than -20% of the peak value. Thus for long flights the 

flight path must be broken up into shorter segments. If the number 

of segments of this path does not exceed 4, the plotting program will 

connect them on a single graph. The control for this joining is the 

ID number. If the flight path finishes with an ID of 11 to 13, the 

graph of the next flight will continue the line of the graph. A 

long flight may be broken up into as many as four segments: with 

three segments terminating in 11 to 13 and a fourth, and final seg

ment, terminating in 14 or 15. The flight segments must appear in 

the order in which they are to be flown, so that the XMIN of one 

section is the XMAX of the previous section. For each segment 

the programmer must re-input the same scatterers. If only one 

segment is to be plotted the control card should read 14 or 15. 
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ID's 16 through 20 start inputing at the mode card, thus 

allowing a completely new run. 

An ID of 21 through 50 uses the same antenna description, but 

starts the inputing at the course width card. This permits the 

course width, clearance strength and antenna location to be 

varied. 

The program is terminate~ after an ID greater than 50 is en

countered. The direct signal will be added, and the CDI will be 

outputed before the program stops. The program will also stop • 
if an end of file is encountered while the program is attempting 

to read any input card, or if certain of the variables are of im

proper value. In these cases the program terminates immediately, 
without outputing the last case. 

The input of the test case flight path was done in four 

segments. The first segment is from 40,000 to 20,000 feet, the 

second segment is from 20,000 to 12,500 ft, the third segment is 

from 12,500 to 11,000 ft and the last is from 11,000 to 10,000 ft. 

An additional case for a simulated clearance flight by a circular 

orbit has also been included. The input cards for these test case 

flights are shown in Figure 5. 
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THIS IS A DEMONSTRATION CASE OF STRAIGHT LINE FLI GHT 
400n n • 20000. -40. 2.5 50. 

200. 
16nOO. 1100. 10. 100. 80. 
15950. 11 ~o. -80. 60. ~O. 

27500. -1000. o. o. O. 75. 110. 
13 

THIS IS 
20000. 

A DEMONSTRATION CASE 
12500. -15. 

OF STRAIGHT LINE FLIGHT 
2.5 50. 

200. .. 16000. 1100. 10. 100. 80 • 
15950. 11':\0. -80. 60. 80~ 

27501'1. -1000. '1. o. fl. 75. 110. 
13 

THIS IS A DEMONSTRATION CASE OF STRAIGHT LINE FLIGHT 
12500. 11000. -3. 2.5 50. 

21'1'1. 
160fln. 1100. 10. 100. 80. 

15950. 1130. -80. 60. 80. 
27500. -1000. O. o. O. 75. 110. 

13 
THIS IS A DEMONSTRATION C~SE OF STRAIGHT LINE FLIGHT 

11000. 10000. -2. 2.5 50. 
2nn. 

]f,nnn. 11 0n. 10. 100. 80. 
11)950. 1130. -80. 60. 80. 
275no. -lonfl. o. o. o. 75. 110. 

15 

IS ORBIT CASE WITH SIGNAL STENGTHSTHIS 10000. 50.
lfW. 0.72l'~ n. 

200. 
10. 100. 80.

16(01). 1100. 
80.-80. 60.15951). 11~0. 110.o. o. 75.-1000. o.27500. 

Figure 5. Flight Case Inputs 
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3 C AND OYL.I"ORICAL SCoTTlREqS ON ~OOALIl[q ANn GL.IOt SLOPE 
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5 
6 
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14 
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1~7 C 
108 C S"~80L USE 
1Z~ C ~"OE A~TE~NA TYPE 
1111 C 01 Y-RING COURSE 
1U C ., 8'L~OP COURSE 
11~ C 03 WAYEGlJIOE COURSE 
1U C .4 NOT USED 
U4 C oS HEASUUo COURSE PATTERN 
U5 C .~ HEASUOE~ COURSE ANO CLEAAA~CE PATTERNS 
116 C 07 THEORETCAL COURSE ARRAY 

C THEORETICAL COURSE A~O CLEARANCE ARRAYU' .. 
US. C 0'Ll V.RING CLE.AJUNC£ 
11~ C 8-Lnop CLEARANCE"2 
1211 C •• J WAVEGU I OE CLEARANCE 
121 C "5 ~EASUREc CLEARANCE PA HERN 
122 C 0" THEORETICAL CLEARANCE ARRAY 
123 C 

_1~ C GL IDE Sl.~PL ANTtNftA. COllLS 
125 C 13 NULL UrERENCE 
126 C 14 SlDEUNO RErERENCE 
127 C 15 H ARRAY ( CAPTURE ErrECT I, 
128 C GS ELE~E>iT PATTEAN CODES 
12i C lET 0 II 
1311 C 20 ~NI~A~hm~LE

Vl..,. 131 CC 
132 C roo rREOUENCY Dr TRANSH I 55 I ON 
113 C XT~ OISTANCE TO THRESHOLD 
134 C lACll 'I'TH ANTEN~A HEIGHT 
135 C 
U6 . C OA~ 15- AT T~ .CUTER or-COOR01~AT~ usu:.t"; 
137 C X.U I S 19 ALONG RUNWAY 
1U C I.UIS IS STRAIGHT UP 
13' C Y.UIS C"~PL[Trs A RIGHT HANDED SYSTEH 
1411 C 
141 READ c5.1II111IE~005PI MDEdEr,rRD.xTH,lA.SLP 
l.U .C 
143 C 
144 C THI$ IS THE INITIALIU-TIO~ I£CTIO~, LANBDA IS THE WAyELENGTH 
145 C IN rEET AND .~ IS THE PHASE SHIrT/DISTANCE IN RAOIANS/rOOT. 
146 C YA IS THE Y.COORDINATE Dr THE ANTENNAE. T"IS 15 ASSVH£D TO 
141 C 8£ IERo IN ALL LOCAL InA CASES. 
~~8 c 
14' LA"BnAo118".lrRD/12. 
1511 AK02;'PI/LAHBDA 
151 YA(1).0.~ 

152 VAl21 0 11.8 
1'3 it • "I 

..1M C 
1" C 
1'6 C THIS IS • T[ST rOR INYALID ANTENNA TyPE. THE PROGPA~ ABORTS IN CASt 
157 C or ERROR. T"II IS USUALLY CAUSEO BY O"ISSION or OTHER CAROS 
1ll C "HICH CAV5£ SDHETHING oT"ER THAN A HODE CARD. TO .BE RUll A.T 
1" C THIS POINT. 

---- ----- ---- - ----- --- -------- -~-------------_._---
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• • 

213 
2t4 
215 
216 
211 

_liB 
219 
220 
221 
222 
213 
22~ 
225 
2H 
221 
228 
229 
2JJL 
231 
232 
233 
234 
235 
23& 

(.N 231 
0\ 238 

2J9 
240 
241 
Hi 
243 
244 
245 
246 
241 
240 
24 9 
2'O 
251 
25Z 
2'3 
244 
2S5 
2" 
251 
258 
259 
2U 
261 
262 
263 
264 
265 

cO TO 2 
C 
C 
C T"I$ 1$ THE JN~UT SECTION 'OA THE COUASE A~TENNA I. 'ATTrANS OA 
C ARRAY OE5CRI~TlON MUtT BE CIVEN. OTHER"ISE 'LOw IS TC THE 
C IIIITlALllAUO/i SECTION. 
C 

4 1'1 "DOE ,~T, , ) cO TO 

T"IS SToTEMENT CONTROLS THE INPUT METHOD. -ATTERN CA ARRAy.
 
ACCORDINIL TO HOOt TT~L
 

I' I"ODE ,aT, 61 GO TO , 
CAL~ ~ATTRN(ARAD.A'PP.oG~P) 

C 
C 
C ~"lS il _TO LNP!,!T. T"l. SLtnNJL P~I1EItN rOR__ ~URA!'Ct. A.NT.l'tliA 11 
C MOOE IS ~. 

C 
1'1 HOOE ,ED, 51 GO TO 6 
CA~~ PATTRNI8RAD.8rpp.~aPPI 

C 
C TJoLE /lUHSr.R.O' ANTEliNAE AND TwE ICI' TYPE ARE SET. TjO.E~ '~DH ,5 TO 
C INITI~AllATION, 
C 

NEl 0 2
 
HOOE05
 
IC. 0 5
 
aD TO 6
 

T"IS IS THE INPUT 'DR COURSE ARRAy DATo, 

5 CA~l cRRNTS (OE,CS,SO.ET .NO(1)) 
]; 
C 
C THIS TEST IS 'OR C~EARoNCE ARRAy I' HooE 
CIS TYPE • 
C 

Ir ( HODE .ED, 1) GO TO 6 
CA~~ CRRNTS (D[(1.21.CS(1.2).SOI1.21.tTI1.2).NCIJ)) 
HOOE07 
tCP.' 
NEL02 

THI$ IS THE. CDVASE wiDTH INPUT,
 
XXA(1) IS THE X.COORDINATE 0' THE CDUR~E ANTENNA
 
XXA(2) 14 THE X.COORDINATE 0' 'HE C~EARANCE ANTENNA
 
CH IS TH' COURSE WID'H
 
C~S IS T"E RATIO 0, C~EARANCE TO COURSE 51GNA~ STRENGTH,
 

.. >I 



I' t , 

266 6 ~EAD (9,iue~E"oo'81 XXA,CW,C~S 
it7 
268 
269 SET TW~ ~ErAU~ T CO-O IT I O~ O~ C~S or 1. 
271 
271 ,r( C~$ .~E. e,e C~S 0 1,8"-212 C 
2n C 
274 C C.AIIl IS TwE COUASE wlOTw .OJUSTMENT ~N THE I( 'Tw .HENN' 
27' C IT SETS TWE SIOUl"D TO C.AAIEA A.TIO, TwE C~lAA'NCl ANTENN'
 
276 C (C •• (2)) IS ,~W"S 1;8, TwE COUASE WIDTw IS .DJUSTEO
 
2n"~ . C BY VAAIN~ TNE COVASl 'NTEN_. (CW.111I,

278 C
 
279 CWA(II • 1,8
 
2ee CwA(71 0 f,8
 
2e1
 
2e2 irl "ODE .OT, 18 I GO TO 12
 
2~L C

2~4 'c T~E pRnG~.MwI~L NOW CA~CU~.TE Twi: COl rOA 2,' DEG~EE COUASE
 ze, C OrrSET, TWIS IS USEe TO NOA•• ~I!E THE SIOEI.NO ~E~E~ TO
 
296 C ACHIEVE TWE OESIAE~ COUASE WIOTw, ~OC IS TWE TY'E Dr 'NTENN'
 
2~7 C USED BY TWE 'NTENNA SU~AOUTINE. 'SI(1) IS TWE 'NGU~.A '~TITUDE
 
h8 e or TwE AEHAENCE PO,~T '~D PWll11 IS TWE .UMUTw or TWE POINT.
 

__ ..z~.L e 
Vl 2ge ;oSIIII • "t~n 
"-J 291 PWIlII • 2.,oA.DD 

292 ~Oe ••OOE 
293 C 
294 C 
295 C .!J'tE.OO.L!S~S.EQ, T~ ~UEAHJ,NI ,~wlcw,_'!l'-E~N' ~IiJAOUTI~E TO C'~~' 
29"6 C CsJ" IS THE STANO.Ao AN TENN. AOUTI~E. IT cllVlAf 'rHE v.RING . 
297 C 8.~00~ ."0 H'~ECUIOE, ~NU IS TWE .UAY ANTEN~' I~IAOUTINE, 

298 e .NTP IS TWE "E.SUAEO PATTEAN SUBAOUTINE, TWE SUBAO~TINE WI~~ 
299 C AETUAN r~p ."0 CPP roA TWE POI"T .T PHI,'SI AND UNIT A.NGE. 
3U C rPP is TWE Slon.NO ON~Y ~EVE~, GPP IS THE slon.'o ~EV[~ 

3e.1.. crQ~ !W[ "',AAIEA P.bUS SIDEBANO, .rT~A TwE AETURN, r~OH IS TO 
3U C STA TEHENT 9, 
3U C 
3~4 Ir ("ODE ,CE. 7) GO TO 8 
3U Ir(HOOE .GE, Sl DO TO 7 
306 C.~~ CSP 
3~7 GO Tn 9 .. _ . _,. ". 
T<f8 ~~~~"'~TP cr.. ,c.. , ...o••rpp,'c,,) 
3~9 

310 e'~~ ~N.A c rpP.OPP,pwl.DE.CS,SO,ET.NDI 
311 CO To 9 
312 e 
313 C 

" ~14 C TWE SlCNAL ~EVE~t .AE INr~rA~D- CPP. ft-H. is TWE .PP.AENT 
31' C COUASE H10TW wlTW CH.'S Dr 1,8. 
316 e 
317 9 TE"Po 1, 937S/AE'~ crpP/CPR I 
318 



• • 

319 
Ull 
321 
m 
3t3 

_ilL_ 
325 
.ll.6 
327 
321 
329 
J.3..L _ 
331 
:u2 
333 
J.JJ 
US __ ~ 

U7 
;us 
339 
3CIl 
3C1 

l.N	 342 
00	 3C3 

3U 
3C' 
3CI 
34 7 
HI. 
3C93'. 
3'1 
352 
3'3 
UAH, 
356 
357 
35. 
3.9 

_.l4A _ 
361 
3,2
363 
364 
365 ____ ~u. 

367 
~68 

369 
371 
371 

C 
C T"[ eQUR!E .wIDTH R£lll [N 15 .1I1Ul.lr IT IS LA"-'£"- TH~ 3 DEGREES 
C OTHERW[H THE STANOARO YALUE BY ru SPEelrlCATlONS IS 
e D.[TtRH[NED l"O THIS ULU£ USED. TH£ COURSE WIDTH IS ~lIl1T£D 
C TO l AANGt Dr , TO 6 DEGREES. 

_ c_
 
[re ew • 3.' I 11,11,11
 

111 eN • a~UTANlS5•• ,nH I • _IIAD
 
[re ew '.r. I .3 ••.~T. ew
 
IHew .'T. 6.'1 Clld ••
 

C 
_.. _._.t...__ _ _ 

C THE CWAOI [S AOJU~TEO TO 'AOOUCE THE DESIRED COURSE wIDTH. 
e 

11 CWAcl1 , UHP/CW 
C. 

GO TO 13 c. .. __. . _ 
12 Ire cw d.E. I.P I CW • 1.C
 

CALL ,selLleWI
 
13 cONT I NUE 

C 
C T~E vALurs. READ IN AND ClLCULATEO, rOR THr ANTENN' SySTEHCSI 
C A~[ OUTPUT 0" tHE LIn PR[NTtRCASSUH£~ TO it_UNIT 61 
c 

HR[T[(6,lllUI HoDE.ICP.rRQ.XTH,U,XXA,CW 
wAIt[C6.1ll1l1 TEHP,CWl 
WAITEl6,lll121 CLS 

C 
_C T1<[S t.S Tilt 1.Clll2 .8.J.CJt UI.llL,OR .II£Jo'_.r~l..!.AT". IC'I 11 TO 15. 
C HEHO IS THE LAIEL roll. HUDER A[COROS l"O GR"HS, 
C I..PUT OlTA roll. r~ICWT PATH. 
C X"IN STARTING POINT 
C X~lX ENO[NG POINT 
e OrA SAHPLE 'OIN' SPlCING
 
C PH I R ANI:LE 01 APPROlCH
 
C PSIR C~IOE lNG~E
 

C R RlO[US or ORBIT
 
C fUP A~ T!TUOE AT THRESHOLD DR or OR8I T
 
C ler r~lC 0 roll. STRUCHT ~[NE, 1 roll. OUIT
 
C
 

lC	 CDliT1JlUE 
orlO 15'l.",ENO,'~1 HEHO 
wRITEI6,lUCI HEHO 
RElO 15.lllU,E,'005el X-IN.XHU,DXR,PHIR"SIR,R,IUP.ICr 

C 
C 
c.. TKt SICIl. or ~JtR ..IS. ~UJTED. rOR r-l.lC;WT rRO- .VlIN TC xlIllt. 
C 

OXR,SIGNlOU,IXHlX;XH[NII 
C 
C
 
C THE YELDeITY or THE lIPCRArT 15 [N'UT.
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• • 

~2' 

a~ 
~2I 
~29 
4311. 
431 
4]~n3 
4J~ 

~S' 

-~~~ 
~se 
~~9 
44e 
~~i 
~~L~ ~ 

- 043 
~H 

4~5 
~46 
~~7 

.j;"	 ~~~ 
~~9o 
~~0 
~~1 
~~a 
4~S 

U; 
~56 
~" 
~~e 

4'9 
~611. 
~u 
~62 
4&S 
4&~ 
'In 
~l6 ~ 
~&7 

~u 
4&9 
~le 

~71 
~11. 

~'73 
~74 

475 
~76 
~77 

~c • Nt'; • 1. 
wRITt 16,111.111
 
WRITr '6.1'111
 

C
 
C 
C Xl ~lS AJL~R~~y or _OAf A Il~ ~~[ A~!'ltt!lJU~ A!'lQ 'LIIiliT PA-lW ANIL II
 
C OUTPUT A~ PART or THE HEAOER RECORO ON THE OUTPUT T.aPE.
 
C
 

HIlI • PH IR
 
XT lal
 • PSIR
XT lSI lUP
 
~yW n.oAU·,Cl
 
XTI" • VEL
 
XYe 61 • rLo4TC .ODE I 
XYe 71 • nO.aTIICP)

XT 191 OXR
 
XT I 51 xM IN
 

~
C 
C THIS IS THE INPVT rOR .a NE"~ SC.TT[R[R OR C~NTRDL CARC, THE 
C rOAMAT .a"C US.aCE or TME v.aRI.aBLES WILL Bt rCUNO IN TWE USER'S M.aNU.aL, 
C
 

21 READ lS.1t12.E.~O'UI ID.XWlll.xWIZI.XWISI • .aLPHA,DELT.a.WW,HW
 

A NECATlvE 10 l$ USEC DN A SCATTERER T~ CAUS, THE FIELDS TO
 
BE SUBTRACTED rRDH THE SUM. THUS ICA IS USED TO DETERMINE
 
TME TYOE or SC,TTERER AND THE SICN or 10 IS USED rcR THE
 
SICN DTERHINATIDN or THE rlELDS,
 

10A.IAndol 
C 
C 

~ ~~~ :~mXgN=~~N6rL~~:T~~~A¥~~~:B~~S I~R~HiN~~~~W~~ATExR IS 
~C .NO~C!l.tG H THE ,lIMUTH. THE USE or THESE VARIABLES IS CDNTROL~[C 

C 9T THE VALUE or Icr. 
C 
C 
C 

,r I lcrl 23.n.22 
2Z COEG,XHIN-O~R 

ZR.rl:p 
cO Tn Z~
 

23 U •••• I H.OXR
 
2~ CC"T I NUE
 

C 
C
 
C
 
C Ir lOA l~ NOT 1. 2. DR 3 tHEN THIS CARD IS A CONTRCL CARD
 
C ANO rLOW PASSEl TO ST'TEHENT ~S TO OUTPUT THE COl AND rDR
 
C LOOPING CONTROL,
 
C
 

.. .. 



f'\ •	 • 

0'. IrllOA .OT, 3) GO TO 03 
0" Ir (lOA ,EQ, IJ GO TO 43 
{~S C 
O~l C 
!~2 C THIS SECTION sn. CE~TAIN VA~IA8L[S 'OR THE CyLINOER CASE, 

_.~L ~_ ~J!.!..l!.A--~N.~.!~!!.u.no._l-'LT!!J S"nl~LA1~;~'!P IUL.T_A IS liT TO 
0" C IERO ,o~ 1 VERTICAL CYLINOI:~, 
!I, C 
O~, IrllOA ,NE, Z) GO TO Z, 
!1.7 otLTA.e. 
Oil Z, AKA.WW.'lC/t. 

---~... CONTt NlI[ 
098 C 

..!.'1 C 
!'2 C THE IN"UT ANOLU ARE CONVE~TEO TO RAOIAN' ANa 
!O~ c THtl~ SINES ANa COIINts ARE CALCULATEO. 
000 C 

--~,-  A~illMAlUD 
00' OEI. ThOEL TA/~AO 
0.7 cOSOtCOI ( DtL TAl 
091!.., m~:m:~~~~::
'u SlNAlIINlAL'"Al

_..!n ._ ~ _ 
+:> 'u C 
I-' ..!eJ C BtcA~SE or cERTAIN A'PROxIMATlONS MAOt I" THt ANALy'IS 

UO C THtRE IS A LIMIT O. THE 'UE 0' THE 'CATTERER' THAT ~n 
~I' C BE 'IMULATEO, To lYol~ THlt 'ROBLEH AS MUCH AS 
'U C POSSIBLE, ,OR THE RECTANOULAR SURrACE, 

_	 ~L __ ._..k..l!!t..l'~QJi.~A'L!'IJ.Ulli!LlI~_ Y.M..U~.G.t.A.W~I...ll'TL
'u - C 'HALLER "IECES TO AVOIO PROBLEMS WITH OTHE~ n,ES 
~~, .C 0' SCATTERER' fill: VA~IABL£S INVOLVEO ARE sn TO OErAULT 
'11 C VALUES A'O THE B~l:lKlNc U, IECTIO. IS S.I"EO,
'u C. 
'12 IH'l

'1'
__~1J _ lliL_. _ 

'10 Ole ••• 
OT.I.

'16 01:.". 
OXib~.l'1';11 OVldl

, 

. l.ul~~_ .L"!J.L-1LJ!!ITt_16L!Iill__ . ----#t- -- , 10, XWIlI ,XNIZ). XN l31 ,AL'IIA, OEL TA,"W,HH 
'21 cO TO C62,Z',UI lOA 
'U C 

C. irz. C TEMP IS 'HE MAxiMUM OISTANCE rROH THE RE'ERENCE 'OINT ON THE 
C NALL THA' WILL GIVE A RUS~NABLE ERROR IN THE A"RCXIMATION. 

'z~ 

'21 - -i:- --.-- ----. -------- --- .. - -- - - - -- .. ---- ..---'2",-- 
127 62 TEMP.soRT (LAMBOA.SORT llXXA 11 ).xw (1) ) ..Zo (TA U I-X. (Z) )"iJ )/'. 
~zf C 

C . 
~j. C I II IS THE NUMBr~ 0' PI EClS HoR IIONTALL y INTO NH I CH TWt WALL MUST BE
'z,



~31 OIVIOEo. 
'32 
'33 I H.I' I x I HW/2 ./TEwP )'1 
'34 C 
'35 C 
'U C-_I V lJ Tilt Ii'lE NUW_BU Of PIECU VERTlCil.~h 

- ;37
I VoIQxI HW/2. ITEWP )'1'3'

C 

'39 
'411 
S41 wRlTf I 6.1BUI 10. XHI 11. XWI 21. XHI II. A~PHA. OE~TA. ww. HW. IH.IV 
_~U-_ ___lrl 10A_~U. _3 I ;0 _lit u
'43 .:W AND H" ARE I[T TO NrW VA~U[S. THUE ARE THE SUES Of THr 
'44 P IECU, OX AND OY UE THE CWAN;E IN X~ ANC Y'COORC I~AT[5 BETWE[N;.-, PIECES ...' THf HORlilONh~ Rnws. Oil IS THE CHANGE IN E~EVATION 

'46 C BETWEEN ROHS VERT I CALL Y, on ANO OTi ARE THE CHANG[ I N X ANO Y 
'47 C 9£'WEEN ROWS; THIS CHANCE OCCURS ON~Y IN TI~ no WA~~S ISINO 
!!4- - '-ill -J:~-IO-Z£RQ4 
'49 C,'" AI.I" 

WW.W1oI/'t"1 
"2 TrHP,WW·IA!·1.1/2.
n3 ox..oS CCOSA'WW)
,'-" XlUl1UWIU.l.BSICOUU£MP I 

+>	 Oy.S ION I51 NAoWW.1I HAocolA I ~" 
N	 "6 XWI210XW I 21.11 GN ISI NA0TrWP. SI NAOCOIA I 

n7 HW.H'/f~OAT CI VI 
"~I 26 Ohc~so.WH 
;~9 oXh.SINO.HWoSINA," oYl.!lNOoMW·COIA 
'&1 C~AWoC~P~x I••• 1./~AW90A) 

'62 If I 10A.N£; I I Go TO 27 
'u rl rlH ,EO, 1 I .~NO. I IV .EO, 1 ) I GO TO 27 
~64 WR ITE 16 .1Bl91 

CO T" 21'6' C'-U
~67 C 
'61 C xw IS THE COORDINATE VECTOR USED fOR TwE ~OC~TIOH cr THE 
'69 C REfERENcr POINT or EACW PIECE Of THE MA~~. XW, IS UIEO 
'71 C AS ORICI" or THE WA~~. AS EACH PIECE IS U"Eo fOR THE 
"1 C SCATTERI~; xw II INCREMENTED. XWR IS UIE" TO RESET XW 

C rOR ~OOP I NG ON ROWS. 
'73 C 
'74 27 xW, 11 "X" U l'OX-OX1I2, 

'tl 

;" XWR III.XW I".OY.OYU2. 
'76 XWR 13 leXWIII.Oilll, 
'77 C,,, C 
'79 C THIS ~OOP IS fOR TWE ROMS 

C'U
'41 00 47 IB'l,1V 
)&2 XWP. 11I.xwll I 1 10 oXi! 
h3 XW117leXW1I121.0Tl 
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H3 IR o IR.l 
1£4 C 
74' C 
746 CR. IS THr DISTANCE FROw THE RECEIvER POINT TO THE 
1£7 C SCA TTERE" R['ERENCE RO I NT, 
JilL C 
749 !lWoS"RT CCXR.XW~lll ) ..2. (TR.X. 1211 ..2.Cl•••• c3, 10021 
7" C 
7'1 C 
7'2 C RR IS THE HOR IlONTA~ 0 I ST A~CE FROM THE RfCrr vER TO TWE 
7'3 C REFUE~CE AD I~', 
!U C. 
7'5 RR.SQRT I I .R_X. (111"2. CYR-XW (2) 1.0" 
756 C 
7'7 C 
7'1 C BETA IS THE HORIlD~TA~ ANO~E BET.£EN THE SURF ACE ~CRHA~ AND 
7'9 C THE lI~E OF SIOH' TO THE RrCEIVER ROINT, SI"B ANO coSe 

~	 16.i. C AIlE tK£ il'd: AND CllU!i£ or BEY4
761 C 
7U CDSB8CAN C1Io(XR-XW (111.AN c210CTR.XiU2111/RR
763 SINel(;'ANI210IXR.XW(11 )",Nll10CTR.XWla) I IIRR 
7~4 C 
765 C 
166 C DR IS 'HE olSTAttU 'ROM 'HE ANTENNA TO TNt 
767 C RECElvrR POINT, ..,.	 168 C 
769 DR I SORT(IXR,X,,002 • ITR.TA{![~lIooa • (U.HI002

0\ 77~ C 
771 C 
772 C THIS SECTiON EvAL-U,U.S THElcATTERING FROM THE SURFACE, 
7'3 C THE cOWPlEX VARIAB~E 'FAC' REPRESENTS THE OAIN FACTOR 
774 C FROM THE REFERENCE POI" O' THE SURFACE TO 'HE 
77' C RECEIV~R POINT, 
716 C 
7" C 
778 C 
779 C PHIO '.0 P41JD ARE THE RE~ATIVE FR[QUE~CT SHIFTS OLE TO OOPP~ER 
7e~ C ErrrcT F"D" THE AIRCRA., VE~OCITT, 

7'1 C 
782 PHID I UoIVXoIXR-X" • VTo(TR·"{!E~I) • vhliR.llllIOR 
703 PHI J" 0 AKI (VXo CrR.XWC 111.VToITR.X" I 211.vlo I U-X~ C311 IIRW 
7H C 
7~5 C 
7'6 C THESE CO"STA.TS ARE THE OAIN FACTORS FOR THE VARIOLS CROSSTA~X 
787 C CASES, 7., C 
709 UTo CPH IJD-PHIO) oTA/2, 
1VII SNCUCC!) I SINccUTaWteTJl1a 
7~1 SNCUC(2) • SINCIUT.W15pTlo02 
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794 
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902 . T~ENT~E ,PPROPR lATE RECORD·. WIL~ BE OUTPUT:
90~
 
9~4 4J CD~T I NUE
 
9~'
 IRol 
'~6 SNCUT 0 1.1 

S~Q. otl.&. _.at- 5NCUCI1) 0 I, 
SNCurC21 0 I,'~9911 C 

911 C 
912 C rROM T~i5 sT,TENENT TNIDUGw JUST BE'OIE It,TENENT '1 IS 
UI . C T~Ll.OO~ ON IEt£IYER~DINT. _TJo!.E. l.OOP1NG 15 CONE T~E hNE 
'14 C A. THE SECTION 'OL~OWI.C STATEMENT n. 
'1'
 C
 
916 44 jrelCF .CT, 81 CO TO 46 
V17 IXR oRXR • DXA 
yu Ire IRXA.XNUloCXR ,CE. 8. ) 00 TO 51 

~A..'lX!!o~SPIR-t~t- VloAXRoSINPIR 
9U TEMpoSQRT I RUORU•• 2'oXT~OXT~.XT~"RI·XTW o.'
'n IFlnN" ,~T, 8,) on TO 4' 
'23 lRdUA.TANIAoTENP 
924 VI 0 vE~O"S1 
9~ _ ~IQ H~ 926 4' Vi 0 8·;1\0 921 !A 0 lUA 
Y28 CO T~ 41 
V'-' 46 CQEC 0 COEC • DXR 
9~B IreICCEC~XMAX)oDXI .CE, 8. ) GO TO '1 
'J~ Tt.P • CDEGlAAD 
932 XR 0 10CDSITEN"' 
9U VR 0 RoSlNITENP) 
914 ., tR_ICI·t
Vn CA~~ C~EARIU,.) 
Y16 C 
'37 C. . . _ 

9"
-V38 C T~JS C,~~ TO rLC CAU'ES THE CA~CU~,TIO" 0' T~E FIE~O ~EVE~S 

C AT THE AECElVER POINT, 
941 C 
941 CA~~ F~C I XI I VI ,Ill 
942 C 
94' C _. .9«- C T~IS IS T~E ~OOP '01 TwE OIFFERENT ANTENNAE, IE~ IS T~E 

C ANTENN, "U'BEA, NE~ 15 TOTA~ NUNBER OF ANTENN'E BE INO'4'
V46 C USEO, 
V47 C 
94' DO .. IE~ol,NEL 

94f- C-..._._._... .___ _ .____ _ _. _ 
-----"1 C THIS SECTION CA~CU~ATES THE 'IE~DS '01 THE v,IIOUS S10NA~S 

'~1 C AT T~E A~CElvEA POINT, 
C"2 HA 0 hllE~1 

Xi 0 XUIIE~1 
V"
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3Z pS • P5.91,1 _ . 
33 wRITE 16.11n, oT.cT,PC.ST,PS 
34 o1I) 0 OTo., oP I 
n C( lloCr-CUP I C"pli I I. ,PCoRAOO) ) 
36 SlI, 0 SToChPIC~PLK(ILIPSORAO.D1I 
37 i • I • 1 
38 c 
39 c 

C T~IS STATE"ENT lOO'S BACK NhT ElE"ENT I' T~r TOTAL"I '0' T~E 
c NU~BER 0' ElE_ENTS DOES NOT EICEEO THE AVAILABLE SPACE, 

"Z 1'( I .IT. H, GO TO 1 
"3 c 
"1 

04 c . .., c T~IS SECTION READS IN THE 'ATTERN 'DR THE [lOENT•• NE II THE 
"6 C HU"SER 0' ElE-ENTS. All ELE"ENT, ARE A$SU"EO TO _AVE THE SA-E., c PATTERNS, 
44 C 
49 NE 0 I - 1 
~I 

U 
ET wIll ~ONTAIN '-E ElE-ENT 'ATTERN. THE VALUES ARE IN 

'J 
'Z 

RELATIvE A"PLITUOES. ETli' IS THE VALUE AT fERO OEGCES AND 
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C SUCCESSIVE ·V.~UES .AE .1 1~· oITAu·iip.cjN·C-yp·To-al-. ~ljs-
~5 c T~EA[ .A[ 19 POINTS GIVEN, T~E PUTEAN IS HM£!Ate. ABOUT 
~6 C T~E IEAO OECAEE PO I NT. 
~7 C 
~8 AhO IS. UIII rT 
~9 wA_I TE (L lUll [T 

H 

., AETUAN 
Al UII rOAMUI ~r".4 ) 
.2 [NO 

CONST .NTS 

~ 00~UU8e8~8 

C~OB.~ OU~MIES 

156 C 157 5 16' n 

COM.ON 

MOOE ISUB I.e ICp IIUB 1·1 IC. ISUB 102 lET 
~,MBO' ISUB I.' PI ISUB '·6 R,OO ISUB '.7 P~I 

NE~ ISUB 1·1 A n. IIUB 1017 S~P ISUB 1·28 Xl' 
. u ISUB . I.Z7 AA IS.UB .1.12. T~S. ISUB. I·~L B'I' 

DB ISUB 1.4e 

SUAPROCA ••S 

CUp c.p~x crM.~ HoUT, '~IAT. 

SC.~.IiS 

CAANTS 166 I 167 oT 171 CT 

ST 173 PI 174 PI 6 RAllO 
MOOE 8 ICP 1 ICM 2 lET 
~.BO' , NEL 1J ._ .!I~..... .H. _.lI.~_ 

RT 36 SIC 37 OB 41 

0'1 .AA.VS 
'-I 

ET 161 156 157 S"' _ P!L.__ ~ ° ~X, 11 -~- .u~'
u •
C ,

---..C.E..xe D. _~ 35 

C.P~x 35 36 
c...AA'!TI 5 
cT U 33 35 

_JL. 5 6 36 
OB 8 

_..D..t._. ....u... 33. - _.3..... - ,.ET 5 6 
rAe a " 
I U 34 ~5 36 37 42 '9 
ICM 8 
ICP 8 

_1ll.. .. _. ...A.. --- ------
~'M~O. 8 lP 
M.OD~ 8 2P 
N[ 5 49 __..UIlIH 
~i~ 8 
PC 21 27 33 35 

.. J'ltL . L 
PI 8 34 
pI 21 32 33 36 
PSI I 
'A a 
RAOC 8 35 36 

_ S. , 7 36 
SIC I 
ILP 8 
IT 21 33 36 
SUB a 
Tes 8 

....x..tI!.__ ..a --- "-_.- -
xu 8 
VA 8 ,
U a 

lU 

IIUI I·J 
I.SU' ,.'8 
IIUI IoU 
IS.!1L. /olL _ 

171 
7 
3 

...t.I._ 

168 
._11......._ 

'fc"-'''; 
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27 

_.2.L 

12 
49 
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2 C 
~ C T~IS SUB"oUT1NE INPUTS T~E ANTENNA PATTERNS 'OR T~E -£ASUREO 
4 C PATTtRN ANTENNA CASU., C 

-- ~ .sllBR~LlllNt P_AlTRIL t- ABAn.AfPL-~"'1'__L_ 
7 01.ENS10N ARAOI,.), ArppI,8), A,pPI,8)
 
8 DATA .AO' '7.ZV'77i' ,
 
9
 IX - 1

U RUOI,.lIl1l ANQ~ AfPplIxl. AQpp\LX] 
11 AfPP tI X) -ArPP II Xl_U8811, 

.--12 __ __ ~l'''-ll!llillPI UI-~I.1UL_ 
13 ARAOllXhANQ 'RAO 
14 IXIIX.l 
15 1'( IX .'E, '1) QO TO 2 
16 I'e 'NC .LT, 361.) GO TO 
17 If I Ix .LE, 2l '0 TO 4 

_-ll_ _ ____ 2l!BUE .J L-U1lll 
19 w. ITE IA .11121 
?0 ihn~2 
21 00 ~ l-l,IY 
22 4..NG••••OIII·RAO••IBIU _ 
2~ wRITr 1',18131 ANG,AfPPIIl.AQPPCIl 
H GIl-TO' 

RETURN2'0 26 WRITE IA.UI4100 27 END 'ILE , 
28 STOp 
29 nee 'OR.AT (" 11,11 

_llll.r:0"~~Iln_~uNYE!L1l! eAHl.RJj .!!UlllH.l1I:N11 _ 
~1 lU2 'OR.'TlSA. ANGLE READ SIOEUNO CARRlrRl
 
~2 11.3 fOR.'T 13£12.4)
 
~~ 1004 ,OR.'Tl" ••EASURrn ANTENNA PATTERN .ISSING
 
H EN?
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~N5TANIS. 

2216065881.8 221624548U8 1615174ZU42 

GLOBiL OU•• IES 

ARAD 1.l2 Af'P 11S -1'-'-- _~ __ A"'~ 

SUBORDGR,.S 

TPrc~. EXIT J'L"UT I fLIRT, 
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PATT.N RAD IX 177 ANO HI17' 17' 
I 202 

ARRAYS 
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.K2 .llJ UW 224 22' -"V021- 234I 233--er- 230 CM 231 SNCUT SftCVO 2SN 0 1CO I 2Uvel 215 

ARRAYS 
2.e yeo L1U 0.2M ,.71 114'2PC 1192P 0 slicue 3G0U 240v 236vPo - VMD 17"~1'53~ 

vpe 5 VNC 7 

'-.J U2 29 39 40 41., 49
 

~01 -8 5.L
 
CH 36 41
 

~ ce 34 39 

49 50
 
CP 3~ "
41 46 49 U
 
otT[e 8
 
oTc 27 28
 
e 38 39 40 41
 

. ~Ue lL -U- ta
 U
 
I
 48 49 50 51
 
IR 8 27 28
 49
 
N 10 32
 n 40 41 43 

141 33 J7 JI 42 43
 

Ne 17 32
 
SJ1 16 -U
SNC~r, 16
 
SftC~O 16
 
SNCU T 16
 
SQR!
 '1 40 41 
~._- . 1t '1- 52
 
VA~ 16
 
yeO 13 15 49
 
VCI 'I 51 
v021 4' '1
 
VM 2e 29 ~0
 

YHC 16 28-- 50
 
VMD 13 15 49
 
vP 27 29 30
 
vPC 16 27
 
VPO 13
 

uw 31 31 

49l' " 
2. 11 15 ~.
 

2MC 11 15
 
~. 11 15 ,7
 
'Pr: 1 ~
" 

1P 37 44
 
2P 31 4'
 
31'.. 31- - ~.
 
4P 4' '1
 

~ 



I I; 

i I 

• 

....... 

..,z... 
:>w 

.... 0 

..,::> 
CD .... 

~......... 
-X 
.xC 
en on ...... ...::::r"'
c ... ..... z,."'" ... ..
~~ .... 
on...... 
VI> ,.W 
0.0 ~ '" 
ti~ 00 .., ':

u z ......,... ,. z 
'" '" :u- o "' 

~, '" 
:~ ~ ,. V 

%
~ 

'" wz 
~c :'" ...... 
-::>0..T...... 

z,.~~ 
....-'"
::>0
 
0%
 

c
o. "Do SJ m ..... .., ~. .. .. .. :on V ., ... 

-"' .....x .. 
.... v 

UUUIL>U 

z ..,~ .... ,~, 

m,;z-u' U 
.-0 .... , ZZTZ
O'uol-» .......
 , 

... 

72
 



• 

.. 
-' 

"0 u ..... 
zcz.......
 
... ~UI 

o ... 
<JI. W:& 
C~~ 

.' 

• 

u ..,"z
 
'::
 

" .'~..." 
IV'"
00 

UU "" ....
ZZ.. 
;~-
&.:'.0 
Z.Z

uuMI"''' .. SO~!:.~ ......"-,-fill 
U'U. IVN
a.!r .. :: 
~~ UU .'. 

..... 
Z 
Z 

D " 

73
 



I 

~.
 
I 

~~ 

J",, 
I 

... ..
..'" ....."'''' 
L> 

<>
£z.....

::> 

..
.
 
I.. I• ..

....... '" ... '" 

UQlL'"... > 

.. 
"' 

: .. .., 

z 
o 
r 
r o 

lLlL~ g "". 

... PUll.,...... 

.. 
..... C>.u ..... O"~lClft .... lt\.lt\lno-..,...,..,I5I .... Ci ............... 
"t")~.N·.,o)t")..,...".f")f"')N~I""JP')P')t"'JI""J~I"')I"'J""f"').., .. 

74
 



• 

,c
_2 IL:~ ~. 
IL • IL 
IL
<SN ~ _.~~ :3 4'
"'. ioI..  -, ... 
-.. CO IL .., A. .. X ~ ILU 

'"

... e Il. .. c_
 

.... - .N
 ':i":...... lIIINIlIJ ..... ., 
&. --u.,Ji 

",e .....- 0. ........, .. , 0 ... ... -0 
m_..--:Zlft, N ... <> •

1(It~ -,O& .. ~ • z c 
0'" uc ......... II) 

J -IE o • .x o elL "" ,.:;.... a:o -u IL 
~=. '"') "'c. ~ ..,.. ... u-.,,_-u .. 
U ~ ~~;a.f~j~; ILIL ID 
",e 0 UU -... "" 
.... or: .;:: ~~:j;~ ... ... 
ua .. _c : ~ ...N~DC 

... e .. c . -
;;-:~~~~J Z ,• J ... _x_ ......... ... N
... ... 7' 
-&,,"'a..-- .. ..... - . :::J ; ~ 
~~~;~~~ Z "' ............. c ... ...... :::1: ~CJll!l ~
 

.-No. .. "'_4i .... 4 4 ... '" ............. -"' .. :::1: Z 2
........ ., u
 
_U4W"'-"_" Z Z 

..... 0< ..... "--LN .. ...e_" >-a. _ .c ..... _ ~ '0
J "'Ii. tsI ...... ,...1.o..J tslN 2 
:::J22 :~ .. ;e...o~.." -~N •)C .................... .., 
J_4 ;,
uo ,0-O-ou'"' ....- ....  IL 'a 
e ... E uo. C...J_ W X'" :0 ......... c .... _
uc 

U ... ...... c ..... ....,; % ill. J"" '.. 
... .,:>: .0 ...z :'"' 

2 .... ~." ....I =- Z i3 .:;~ . >2 J>- L£J"':. .... ~)I(~ ?;It" IL 

...... 2 .- U ...... CL'-l ...... 0 .... .... u 
:::J 4_ .... x ..... ...J - .... ,-' J 
o :::JW2Z.,,7! ZUJ'" U ....... n'"til ..03" :1it~~:;;~ ~~. .. J ...'" .." ' J U~~l..' Ig~~~:;a ~!. .. o C 0 

tIl> :",uuu u uo-' OU ~ ...J 
...... e .. ,N 

.u-0'"x_a .~ 0 
...... e '...J 

,UUUUUU VUIVU '"'9 UU 

75
 



'4 
~~ 

" H,. 
.~. 

A0 
Al 
U 
~U 

&4 
-----U-

&& 
ll~ 
&8 

~ Il..i 
70 

___!1....---. 
72 
1L 
74 
75 

CPPcJCI" CP.IJCI"SIJCI 

f " CEWPrCHPL.lc0 •• CON311/R 
llo.~u ~.2--
~Bo2.JC-t 

C 
C f IS T".[ ~~'LE.l .GU~ FACTOR ro.B Till TRANS~ISSlaN Lan r.o~ 'liE 
C ANTENNA fO TWE POINT. 
C 

C 
C 
C CPP 15 T"E II GNAL LEVEL rap TilE S IalUNa p~RTlaN or TilE CARRIIR 
C 'LUS S10EBANO. 

~_L._ 

C 
C 
C fPP IS T"E C~~PLEW PIlAsaR faR TilE S10£l!A~ a~L •• 
C 

U'p~uc.w-.U.1JC).CHA(JC~..ili.JC~_ 

E(J.JBI.CPPC~CI.r 
~J.l~.El.l. ~a..J.J. fPP l.le ).• r 

RETURN 
ENn 

---- - ~----
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CQHUHt.S. 

0 ~ UUUUU~4 1 01ueUIUU 

Ill.Oi.L OllH~ I ES 

'U __ U4 ti 35' Z S56 -- _._-- .. _-_.__._-

caHHO~ _. ____ 0._.

A.AO 
BGPP 

_1'I. 
TT
••SIC 
GPP 
C 
Iii 

ICO 
ICO 

. ~..Lm 
ISUB 
ISUB 
ISUB 
ONT 
IANT 
I.HG 

1'0 
I'S72 
I., 
1.1' 
'·2''.3' 
10' 
1.137 
1'1 

Arp. 
LC 
RADO 
NEL 
WA 
DB 
E 
S 
ill 

ICO 
ISUB 
ItUi 
ISUB 
ISUB 
ISUB 
IA~T 
IANT 
IWG 

1'62 
I·e 
1'7 
1.16 
1'27 
1041 
I·u 
loSeS 
10& 

AGPP 
lET 
Pili 
.TW 
..A 
AK 
CHA 
tT 
~JA 

Ica 
I'UB 
liJll 
ISUB 
ISUB 
IIUB 
IANT 
IANT 
IWG 

10144 
lOS 
1.1J 
1.17 
I'U 
1'41 
1"1 
10447 
101t 

BRAO 
'Ra 
P 
SL' 
Tes 
LaC 
AS 
NO 
CJI 

Ica 
IIUI 
lSUi 
IIUI 
ISUI 
IANT 
IANT 
IANT 
IH.G 

1'226 
1'4 
IOU. 
1.21 

1 
0 

" 
1 

0 
' 

10U~ 

l.tl7 
10UL 

Br,. ICD I~UI ~ _____~~._~ .._ 
HA~O' IIUI 

1 
0 

'.n _ ...-LIlI.I.-~--b.U 
U. IIUI IoU 
8T IIUI ,0U. ~~_~~_ .__~~ 

r•• IANT 1'1 
a IAU 'd'_ ~ ~ __.__ 
CC IANT 10'11 

SU8PROGR'~S 

cLUR SQRT AfAN2 cSP AWTP LN.R r..G CSA CEwP CH'LW cra,e crHII.I crR.I 

~!ULAAS 

rLC 
W 
l 
AK 
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SI< 
sse 
01 

~A 
Wl 
Pili 
r 
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a,o 
11 
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~ 

• 
'SI 
~C 

sn 
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n 
S72 
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Y1 
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16 
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a
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CONSTANTS 

1 
2 
3 
4, 
6-, 
8 
9 

11 
11 

_.ll 
13 
14 
15 
16 
17 
_lL 
19 
~~ 
71 
72 
~;j 

____ Z.!__ 

c 
g ~m J~cmS~:aG~m ~SRoHm mV§~M~Ia-~~ m~mONS 
C R! DIRECTION or OBSERyAT10'J 
C B. BROADSIDE DIRECTIDN 
e __..! .i.!A~G~!4L_ H~[CTJDN 

SV'R~VTINE GWGI r'p, GPP, " T, B ) 
CO~P~EW rpp,oPP, CI'II,SI'e), rp,oP, E 
CO"~ON IANTI ~OC,rPI2),oPIZ I.E (4, 4), CWAC~ I. AS I~) ,D IS.) ,C, I, 

2 ET [II, 21, NDDI21, GC C'. 3,4) 
OI"E-SID" RC31, 1131, T(3) 
NIL. Z! 
SIPH' SPI R,T ) 
EPP • SPI R,8 I 
If I 1131 ,~T, B.B I EPP • -EPP 
rpp • 1~,B,I.B) 

cPP • (il'.'a.l.i,. 
.Jl.Q..1_..IllJ NtL _ ._---- --_. -_.

GPP • GPP 0 CCJ).CEXPCCHP~X(B. ,.OCJ).SIPHll 
rpP • rpP 0 S[JI'OEXPCCHPLWCB ...DCJI''''HIl 
GPP • EPP'OPP . 
rpp • EPp·rpp 
IiElVP~ -
[~~ 

- -------

IUBBUB~B·8 1 .UI~UBIUB 

-".\.0liL- Q\J~HU~ 

,PP t51 GPP 1'3 R U' T U8 , 1J7 

. - ._~. -_ .._--------

CDM~O~ 

~!1.C 
AS 
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iAOil 
/ANT 
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-i~-,':tI 

1·517 

- 'P0 
GO 

I!Nl_ 
IA'T 
/ANT 

.1.0 1 
1 

0 
"loU1 

GP 
i: 

I~Nl 
IANT 

0 

'110 137 
t 
S 

lA!!L 
IANT 

.l_oll_ 
10 313 

_ c.!!L __ ....LA'!l_1!U___ 
ET IANT I·U7 

SUBPROG.A~S .-----

sP CEWP CHP~W Cf.,! Cr".,2 

SCALA.S 

G>G 
GPp 

163 
1'3 

ND 
J 

16' 
167 

SIPH 
LDt 

16' 
f 

EPP 166 r,p 1'1 

ARRAV~ 

e 
C.A 
roc 

137 
S1 
521 

S 
AS 
R 

383 
53 
15' 

rp 
0. 1 

55 
U7 

GP 
ET 
T 

, 
447 
156 

E 
NOD 

11,,, . ------
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i C 
~ C '~I~ ~U~ROUTIN~ CALCUL,T£S TH£ f,R rIELO 'M~I.JTUOES EMA.ATlN~ fROM 
3 C INO I VIOl'AL CLl DE SLO~E ELEMENTS. THE RELAT I VE AM~L !T~OES fOR THE VAR" 
4 C IOUS SIOEBANO COHAONnoTS ARE TR'NSMITTEO TO THE SLBROUTINE BV THE, C ,RRAV G. THE ELEMENT PATTERN is SELECTEe RV THE l'oEX IE 
o c.. 
7 SU~ROU'INE GSA I G, R, IE I 
o COMPLEX rpp,cPP, CC'BI ,51'~I. GP. £ 
9 COMMON /ANTI Lnc,G~(41,EC4,4I,C~AI21,ASI21,OC5~I,C,S, 

11 2 ETlU,21,~OI2I'GCC4.3,41 
11 OIME'SION ~(4I, Rl31 
.1.L__. If 1 IL.•U. B. ..L r~. i1:lllH1•• Rl21"."2 I . 
13 IfllE ;ED, 1 I ,.ISINCI4,oATAN2CRI21,SDRTIRC1I",.RC31,o21111 ..1.' 
H 001j 0 1,4 
15 ~~ljl • foCell 
16 GP(1I • CHAl110CPl1l 
17 RETURN 
H __ . EN~_ 

GLOBAL OUMHj£S 

76 R 77 1£ 111 

COM.ON 

LOC 
J 
GC 

/AN' 
/ANT 
IANT 

I., 
I." 
1.'11 

DP 
C 

/ANT 
/ANT 

1'1 
1'137 

E 
S 

14NT 
/ANT 

I'll 
1'313 

C.A 
tT 

/ANT 
/ANT 

I'U 
1'447 

AI 
NO 

liNT 
14NT 

1·!iS 
1''17 

·suBPRDIfRAMS· 
00 
0 SORT SINC 'UN2 UP3,I 

SCALARS 

GSA 114 iE 181 r 115 I 188 LOC 
- ._.

~- - ---

,RRAYS 

C 
'S··c--· 

137 
53 
76 

S 
0 
R 

JU 

" 77 

GP 
ET 

1 
447 

E 
NO 

11 
H7 

eMA 
CC 

51 
1.11 

ANT 9 
AS 9 

._All!'2 
e 
CH' 

.13

•9 
0 
E 
ET 

9•9 
r 
rp~ 

G 

12•7 

1:1 

11 

15 

11 
GC 9 
GP 
GP. 
GU 

8

•7 

15 

I 14 15 
IE 7 12 13 
LOC 9 
NO 9 
R 7 11 12 13 
.5 
SINe 

I 
13 

9 ---- ------- -_.._-----

SOR! 12 13 
1P 14 15 
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7 
e 
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1M 
11 
1L 
13 
14 
l' 
16 
17 

._ .1.1. 
19 
28 
21 
22 
23 
24'-, 

C 
C T~ I 5 5"8'O','T I NE GI yES ~p, .NO GP' AT A"G~E P~I BT SUMH I NG THE 
C rRoM THE N' E~EHENTS I" THE ARRAT. THE PI.TTERN rep THE 
C E~EHENTS IS IN ET. THf RE~ATIYE CARRI~R P~US SIOEEA~OS ANO 
C S lo.EAA~O O,,~. 51 GNA~S rED TO THE E~EHE,n ,RE INC 1.'0 S • 
C 

sueR~UTI'E ~NAR cr,p,G'P,PHI,O,C,S,ET,"OI 
CO·PlU rpp,G'p,c,s 

OIH[NSION 0C1I,CC1I,$(II,ETC11 
SI'HoSINIPNII 
ualiU1PHJ 1/.174U29
IIT[IolP+l,
AO I-l 
RoTE·P~A 

[P•• RoCETl l'll-ETIIII.ETC I I 
,.PIIII. t •• 1,0.1I) 
GPo.CI,I.L81 
00 1 Jo1,ND 

1 ~~: : ;== : ~:~l:m:l~~:~m:::gl~l:m~n 
GPp 0 EpooGPP 
rp, • £,pp.rpII 
RETU'N 
ENo 

S I GNA~S 

------

- - ._.. _--~~ 

---- ---

CO-ST"TS 

17""53438~5 1 uel~UIUU ' nuuewe.u 

G~eBAl OUHMIES 

00 
1-0' 

rp, 
S 

173 
2'2 

GPp 
ET 

I" 
213 

'NI
.10 

177 
21" 

0 II' e 111 

SUePROGRAMS --- - -----  ----

SIN ABS IrlX r~OAT cuP CMP~X crH.? crMM,2 

~CA~AR~ 

lNAR

•
J 

21. 
21" 
217 

$IPH 
R 
NO 

211 
21' 
21" 

'HI 
EPP 

177 
2le 

TEMP 
rpp 

212 
173 

I 
Cltp 

211 
175 

AR·A'S 

A 
ASS 

.~. -
CEX' 
CMPlX 
0 
EPP 
[T 
rpp
j;pp 
I 
J 
~NA· 

ND 
PHI 
R 
S 
SIN 
SIP. 
TE"~ 

211 

14 
12 

ij 

28 
28 

8 
16 

ij 

0. 
8 

1J 
19 

8 
8, 

15 
8 

11 
11 
12 

15 

9 
21 
21 
11 
2Z 
11 

9 
9 
l' 
21 

19 
11 
16 

9 

21 
13 

C 

11 

21 
23 
16 
17 
18 
16 
21 

12 

11 

21 
15 

281 

28 

21 

Z1 
21 

21 

23 
22 

5 282 ET 213 --- --- ---
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1 C 
2 C 
3 C T~IS A"TENNA SUBROuTiNE GIYES rpp ANO GPp rOR ANGLE P~I qy 
4, C INTtRPnLATION IN TABLES ANT ANO iCP. ANG~[ PMI IS l~ 

C RAOIANS, TME SUBROUTINE WILL INTERPOLATE qETWEEN ~ALUES 

_._-~ 
7 

C ~RAC"ETTtNG TP~I. 
C TMEN EXTRAPOLATION 

Ir PMI IS OUTSlaE 
rRO" T~E LAST T~O 

T~E RANGE or TM( Tn~E 
Y'LUE~ WILL SE USEO. 

8 C 
9 SU.RnUTINE ANTP crpP.GPP.ANG,ANT.ACP, 

U OI"ENSION ANGC,al, ANTCUI. ACPI,al 
U 

__1L._._. _ 
CO"M'N /SUBI LC 141,rRO, WAMOA, Pl. RAOO. p"l. P C21. PS I, TIll. NAR, XTM, 

1. nAUl. Y-41U (3) ,lUI 31 
13 
14 

00 1 1'2.,a 
K'I 

15 IreA-GIlI ,GE, 6.3, GO TO , 
16 IrIANGell-PMll 113.2 
t7 1 CaNT INUE 
.n. 
19 

..2. J:~P~ 'NTlK-ll'IAJjT IXI -A NT I K-lll" P~l 
GPPoACP C"-11' ( ACPt ",-ACP[K-lI1'C PMI 

.. NG 111-11 I I ( ANG CKl-Al'G1J\-U I 
"NG CK_lII/IANG C",_ANG IK-lll 

2J GO T" 4 
21 FPD.UoIT(IO 
22 GPP.ACP C., 
23 4 RETURN 
ZL ~ 11·.·.1 
25 Go T~ 
26 EN~ 

CONSTANTS 

.• .-».3.11.2.314 631' 

G~08A1. CUMMIES 

rp p 116 app 11' ANa 128 ANT 121 ACP lit 
00 .J;.Q~Qt, 
N 

,C 
PMI 
XI~ 

ISUB 
ISUB 
ISUB 

I·a 
1·1" 
1 .. 1, 

rRG 
P 
XXA 

ISUB 
ISUB 
ISUB 

I" 
I·U 
1.20 

~AMOA 

PSI 
'A 

ISUB 
ISUB 
ISUB 

"5 
1'13 
1.23 

PI 
T 
MA 

ISUS 
ISU8 
ISUB 

I'. 
"14 
1.24 

RAOO 
NAR 
RA 

1'.~8 
IIUB 
',UB 

1". 
1'16I.t'. 

SC-,LA~S --._--

ANTP 
~ 

123 
117 

I 
rRG 

12 4 
4 

•
WAMOA 

12' 
5 

PMr 
PI 

18 
6 

rpp 
RAOO 

U 6, 
PS I 13 NAR 16 XTN 17 U 2J 

___~~.ns 

AN. 
T 

lU 
14 

ANT 
XU 

121 
2a 

AQP 
MA 

122 
2' 

~c 
RA 

a 
2' 

P .11 

ACP 
ANa 

. _A~T . 

9 
9 

_2. 

11 
11 
.U 

11 
15 
18 

n 
16 
:u 

18 19 

ANT~ 9 
rpp 9 18 21 
rRG u 
app 9 11 22 
"A 11 
1 

" 
13 
14 

U. 
18 

l'
19 

16 
21 22 24 lP 13 16----17-

LC 
NAR 
P 
PMI 

_1'1 

11 
11 
11 
11 
11 

16 18 19 

lP 
3P 
41'
'P 

16 
16 
2a 
15 

18 
21 
23 
24 

25 

PSI 11 
RA 
.AOU 

11 
11 

SUB 
T 

11 
11 

. WAM~" 11 
XTM 11 
xu 11 
VA 11 
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, ~ t .. •• 

In 
1~11 
1}9 
lU 
i11 
112 
113 
114 
115 
UO 
111 

.lU. 
119 
U~ 
121 
U2 
123 
~ 
ln 
121 

S(eIo0,1~0 

5(910";'43
0(u o111, 
0(21 03'2. 
O(~)·''''I 
CJU~!2..2, 

O(" o l'IP, 
0161 0U", 
01"01'30, 
01Bl011&" 
0(91020U • 
n~.~...I! 
GP'aQl.lII 
00 1 J o l.9 
CS'~02, oCOS (AAOO.O (J I.S I'~ I 
SN'~02,'S 1N(RA 0000 (J loS IP~' 
CPDaCPPi. C( ..I> ·CS, ... 

1 F~f.p.>s 1J) ~SNpH 
e RETU'N 

END 

CONSTANTS 

00 
(J1 

, 
5 
1i 
11 
2' 
31 
31 
43 
'0 
55 

2'2§H2233H 
116"631'6~1 
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2U4153 41211 
11656"'''~4 
1116i121~243 
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2'0421024315 
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20U2IU~1'2 

1 
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xF 

10 
'12 
1 
5 
2 

L.OC 
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1 C 
2 C 
3 C 'MIS CIJN"'ION EVllIJA'ES 'HE wEIGwHO SUM OC A SE~IES OC 
4 C aUIEl fUNCHO~S. IT IS USEo TO CAlCUlATE 'W[ SCAHE~ING, ~ CROM l CTUNOER. 
6 C 
7 COMPlEX CUNC'ION BESCllKA,XCB,XSB) 
8 cO~PlEX SUN 
9 OlTA '1.[[/3.14159265.2.716Z81831 

10 CBoXC8 
11 su .... (-2'.QI,i1. ) 
12 Ifl~ .J.h -.999961 GO-fO 
13 SBoARS I XSB 1 
14 CB2aSQRT Ill ••ce lI2. 1 
15 va 2. a ,lt(A-CB2 
16 vl.Z;'v 
17 SE1h" • 

.J.L FPtt, l' lX19.l!' I 67-Y J82·121 
19 OJol.ICN 
20 ["'8 «( 1. -1./F'~) •• (PI'"', 5) .[[av a , !!aO"'-OJ 
a rf'.4·"I\,'-1 .. 
22 00 3 KK'1.5 
23 EJo.EJoCNoV loOJ 

co 24	 ,.~,r~·l. 

OJ•• "J.'~.V t .EJ 
26 rN,F~_ll 

27 CO'Jl!NU[ 
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'3	 ,,....'·).1. 
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4~ OJoOJoAM 
'9 S['h~[lhAM 

52	 GO '0 • 
51	 ".,Ia.£ J.'~.V t -OJ 
5Z UJoAJ 
53 XX",.l"lJ 
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.. A 665 ~C9 666 XU 667 

SV8~ROGRA~S 

uS SQ.BT HIX rLOAT rX~3 •• AT ANa SIN cOS CMPLX 

SCALARS 

RI:Sr 672 PI 674 tt 675 C8 676 XCS 666 
SUM 

_llA
£J 
S2 

617 
U5 
710 
715 

S9 
WI 
KK 
C2 

7~1 
716 
711 
716 

~U 
!l[R

•
'! 

667 
7m, 
712 
717 

C82 
Pit 
51 
U 

782 
7~ 
713 
721 

V 
OJ

~lKp 
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-U1 
71' 
721 

AM 
ro 
cI 
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727 
73' 

AJ 
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73~ 

UJ 
BJ 

72' 
731 

OJ 
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72' 
7U 

XI 
RI 

726 
733 

ASS 13 66 56 
AJ 51 52 56 68 "I 
~I\). 
A. 
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7 
'6 
28 

H 
67 

aJ 
AI ., 

S 
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28 
7 

61 

2'5'66 

31 

66 67 61 76 79 !1 13 
- .Q 

C2 
C8 
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11 
16 
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35 
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15 
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37 
16 
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Cl 66 87 
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l' 21 23 25 '2 46 '6 '1 '1 '3 54 66 67 12 

PHI 
PI 

. .!!l 

86,.
• _. _.J!a. _ 

61 
66 ___ a, . 

72 

57 

76 

51 
52 
99 
SCAL 
SER 

----ill! 
5QRr 
su-
Tf"~ 
V 

2' 
31 
13 
66 
17 

___Zt__ 
l' 

e 
39 
15 

31 
50 
21 
68 
3' 

__ 83 
61 
11 
'1 
16 

32 
3' 
31 
51., 
76 
.7 

II 

38 
41 
!2 
82 
U 

89 

21 

3' 
..6 
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APPENDIX B 

DYNAMIC SIMULATION 

PROGRAM DYNM LISTING 

to 
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The ILSLOC program calculates the CDI at each point in 

space; this CDI includes the Doppler effects from the velocity 

of the aircraft. In the simulation, the receiver system is 

assumed to generate the CDI value instantaneously. In the real 

case, the inertia of the electrical and mechanical portions of 

the system limit the rate of change of the CDI. Thus the real 

observed CDI appears to have been low-pass filtered from the 

instantaneous CDI. 

The program DYNM takes the output tape generated by program 

ILSLOC and converts it to observed CDI by simulating the effect 

of a low-pass filter. The variable TAU is the time constant of 
the effective filter.* 

• 

Note:	 When a flight path has been segmented, the low-pass 
filter will operate continuously over the entire 
flight path. 
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C THIS PROGRAM SIMULATES THE EFFECT OF THE MECHANICAL AND ELECTRICAL 
C INERTIA OF THE ILS RECEIVER ON THE COl. THIS EFFECT IS EQUIVALENT 
C TO A SIMPLE R-C LOW PASS FILTER. THE VARIABLE TAU IS THE TIME 
C CONSTANT OF THE EFFECTIVE FILTER. A TYPICAL VALUE IS .4 SECONDS. 
C THE INPUT TAPE IS ON UNIT 11, THE OUTPUT ON UNIT 12. 
C 
C 

DI~ENSION XYI101,DEF(501),MEMOI14) 
LOGICAL J=OF 
DAT~ ILBL/4HDYNMI 
DATA TAU/().41 
IFIEOFlll» GO TO 4 

1	 I T=,')
 
DELC=O.
 

2	 READ(11,1000) MEMO,XY,ID,NC,ICF
 
WRITE(6,10n3) MEMO,XY,ID,NC,ICF
 
DEFK=ABS(XYI9)/XY(5)/rAU)
 
IR=IFIX(XYII0)+.1)
 
READlll,lOOll IDEFII),I=ltIR)
 
IFI IT .EO. 0) CEF2=DEFI 1)
 
I T= 1
 
DO 3 1=1, I R
 
CEF2=CEF2+DELC
 
DELC=(DEF(I)-CEF2)*DEFK
 

3	 DEFII)=CEF2 
ME~0(13)=Il.8L 

WRITFI12,10no) MEMO,XY,ID,NC,ICF
 
WRI TE( 12 , 1001) ( DE F I I ) , I =1 , I R I
 
IF(ID .GT. 13) GO TO 1
 
I F I I D • EQ. () GO TO 1
 
GO TO 2
 

4	 RE\</IND 11
 
END FILE 12
 
R Ell' I ND 12
 
CALL EXIT
 

Inno FORMATI13A6,A2,I,lX,7FJ8.9,1,3F18.9,II0,10X,2I10)
 
1001 FORMATI7E15.AI
 
In03 FORMATIIX,13A6,A2,I,lX,7FI8.9,/,3F18.9,I10,10X,2I10)
 

STOP
 
END
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APPENDIX C 

ILSPLT PLOTTING ROUTINE 
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This program has been written to generate graphs of the 

static and dynamic CDI's. It was written on the IBM 7094 using 

the CALCOMP plotting subroutines. 

The first input card has the following format: 

Col. Symbol	 Use 

1-2 NL	 Number of lines per graph 

," 3-4 NGRFS	 Number of graphs 

5-7 NTAPE (1)	 Input logical unit no. for first 
line 

8-10 NTAPE (2)	 Input logical unit no. for second 
line 

11-13 NTAPE (3)	 Input logical unit no. for third 
line. 

NL permits the overlaying of two or more CDI or signal 

strength graphs for comparison purposes. The scaling will be 

set by the first graph, and the successive overlays will be 

plotted to the same scale. A maximum of three lines per graph 

will be allowed. 

NGRFS sets the maximum number of graphs to be drawn. Each 

graph will have the same number of overlays. 

NTAPE (i) gives the logical unit number used for the input 

of the ith line on each graph. If the value of NTAPE is negative 

then its absolute value will be used as its logical unit number 

and the tape will be rewound before input. 

The second input card defines the scaling used for the graph 

(or graphs) described above. It has the following format: 

.. 

97 



Col. Symbol Use 

1-10 XSC Horizontal scale in ft/in. or deg/in. 

11~ 20 DELX Tick mark spacing in ft. or deg. 

21-30 YMAX Maximum y-va1ue on vertical scale 

31-40 YMIN Minimum y-va1ue on vertical scale 

41-50 DELY Tick mark spacing on vertical spacing 
in microamps for CDI or relative units. 

• 
The horizontal axis is drawn in-either feet or degrees per 

inch as specified by XSC. The tick mark spacing along the axis 
is determined by DELX. The length of the axis will be adjusted 

to the shortest length with an integral number of tick marks 
that will cover the domain required by the input data. When a 

flight path has been segmented it is treated as a single line 
on the graph. 

YMAX, YMIN define the range of the plotted variable: CDI 

or relative signal strength. The y-axis has a fixed length of 
seven inches. If DELY does not integrally divide the range, DELY 

will be adjusted to yield an integer. When the range (YMAX-YMIN) 
is zero, the program will automatically scale the range to the 

largest scale that will include the data in the length of the 
axis. 

When multiple graphs are plotted, each graph is scaled in

dependently. 

After all NGRFS graphs have been drawn, the program will loop 

back to the beginning and attempt to read in a new NL card. This 
allows many graphs to be drawn. If the user wishes to replot 

data using different scales or overlaid with different sets of 
data, he may use the negative NTAPE to rewind the input tape. 

• 
The program will terminate after reaching an end-of-file 

on the card input unit. 
a 

The vertical scale on the graph is always labeled "micro
amperes." This is valid only for CDI graphs. All others are 

in relative units and this labeling should be ignored. 
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60 

100 

401 

101 .. 

10 

10 

.. 500 
600 

501 
502 

COMMCNITEST I Xl'll N,OXR ,NT or ,NP 
LOGIC~L EOF
 
DIMENSION IBUF(lOOO)
 
OI~ENSIGN NTAPE(3),MEMOl14),Mt14)
 
EQUIVALENC~ IM(1),MEMOl1»)
 
COMMeN IPDFI DF(2000),XLEN,NSTEPS,IDEF,IDENT,DX(lO),NPTS(10)
 
COMMO~ IP~INTI NL,XSC,DELX,YMAX,YMIN,DELY,ICF
 
C~LL PLOTSlIBUF,1000)
 
CALL FlOTlO.O,-12.,-3)
 
CALL FACTOR 
IlBl-: 1 

CONTI NUE 
IFl[OF(5» 
RfAOlS,lOO) 

lO.4) 

GO TO 55 
Nl,NGRFS,NTAPE 

WRITE(6,lUO) NL,NGRFS,NTAPE
 
IF(NGRFS.lE.C) NGRFS:3
 
F:JRM~T(2I2,3 13)
 
01) 4 a1 1=1, NL
 
IF(NTAPF.lI).GE.O) GO TO 401
 
NTAPE(I)=-NTAPEII)
 
NU=NTAPEII)
 

RZ;WINO NU 
C'JNTINUE 
REAO(S,lGl) XSC,DFLX,YMAX,YMIN,OElY 
WPITE(6,lOl) XSC,DELX,YMAX,YMIN,OElY 
FORMAT(6FlO.0) 
TEMP=AMIN1lY~rN,YMAX) 

YMAX=AMAX1(Y~IN,YMAX) 

YMIN=TEMP 
TEMP=Yf.4AX-YfoIIN 

IF(TEMP .NE. D~lY=TEMP/lFlOATlIFIX(TE~P/OElY0.) •• 5))) 
NPLT = 1 
NP = 1 
I = 1 
Nl = 1 
tHOT = a 
NU = NTAPE(NP) 
IF(EOF(/I,U») GO TO 50 
REAO(NU,500) M,XO,OXR,XY,ID,IDEF,IDENT,ICF 
IF(ICF .NE. 0) ICF=l 
WRlTE(6,6CO) MEMO,XO,OXR,XY,10,IDEF,IOENT,ICF 
IFI IlBL .~E. 1) GO TO 10 
Il BL=O 
CAll SYMBOl(0.,0.,.14,MEM'J,90.,80) 
C~LL PlOT(3.,O.,-3) 

CONTINUE 
IR =IFIXl X't'+.u 
NTOT : NT8T + IR 
1Ft I.EO.U XMIN = xu 
FOQMAT(13A6,A2,1,1,3F18.9,4IIO) 
FOQMH (2X, 13A6,A2,1, 3F 18.9, 41 10J 

F('QMAT( lEl5.8) 
FORMAT< IX, 1E 15.8) 

Rf:ADINU,501)(DF(J),J:Nl,NTOTJ 
WRITE(6,502) (DF(J),J~Nl,NTCT) 
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1000 
WRITEl6,1000) XMIN,IR,Nl,NTOT,NP,l 
FORMATlFIQ.O,5110) 
NPTSU) = IR 
OX ( I) = OXR 
IF ( I 0 .6T. 13 ) GO TO 40 
IFCID .EO. 0) GO TO 40 

Nl = Nl .. IR 
I = I .. 1 
GO TO 10 

11 Nl = NP 
40 CO;'H I t\UE 

NSTEPS = I 
IFlNP.GT.l) GO TO 41 .. 
CALL GRAPH2CO' 
GO TO 42 

41 CALL GRAP~2(1) 

42 CONTI NUE 
N1 = 1 
I :: 1 
NTOT = 0 
IF(NP.EQ.NL) GO TO 45 
NP = NP + 1 
GO TO 10 

45 NP = 1 
C~LL PLOT(XLEN+7.,-12.,-3) 
NPLT = NPlT + 1 
ILBl=1 .. 
IF(NPLT.GT.NGRFS) GO TO 60 
GO TO 10 

50 CO"JTINUE 
IFlNTOT.GT.O) GO TO 11 
CALL PLOT (XLEN+7.,-12.,-3) 
GO TO 60 

55 CONTlt\UE 
CALL PLOT(O. ,0. ,999) 
DO 400 1= 1, NL 
NU=NTAPECI) 

4CO REWIND NU 
STJP 
END 

• 
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SUBROUTINE GRAPH2(ITlJ
 
DIMENSICN Xl'B(4)
 
COMMON/TEST/XO,DElTAX,NDElTA,NP
 
DATA XlAB/24HDISTANCE,FT. DEGREES I
 
DIMENSIGN TYPE(S.
 
DIMENSION X(3.,NC(3)
 
CO~MCN IPDFI OF(2000.,XlEN,NSTEPS,IDEF,IDENT,OX(10J,NPTS(10)
 
COMMeN IPRINTI Nl,XSC,DElX,YMAX,YMIN,DElY,lCF
 
DATA X 1-5.,5.,5.1
 
DATA NC 11,5,41
 
IF(ITl .NE. C. GO TO 1
 
ElX=OElX
 
IF(DElTAX.lT.O.) ElX = -ABS(DElX) 

RANGE-=O. 
DO 11 I-=l,NSTEPS 

11 ~ANGE=RANGE.FlaAT(NPTS(I»).OX(I) 

TIX=IFIX(RANGE/ElX+.9) 
7	 XlEN -= ABS(ElX/XSC*TIXI 

IF(XlEN .GT. 40.) GO TO 9 
IFIXlEN .GT. 5.) GO TO 6 

9 XSC-=AeS(RA~GE/20.) 

XlEN=ABS(~lX/XSC*TIX) 

WRITI:(6,8) XSC 
B FORMAT(25H AXIS OUT OF RANGE 
6 CONTI NUF: 

X~AX=TIX*ElX+XO
 

XMIN = A~IN1(XO,XMAX)
... 
X~AX = A~AX1(XO,XMAX)
 

NO = 2
 
PwR = O.
 
CAll PlOT(0.,l.5,-3)
 
AMIN=V~IN 

AMAX=V~AX 

SCAlE=,E12.5,8H FT./IN. I) 

IF(YMAX .EQ. YMINI CAll SClAX(7.,DF,NOElTA,AMAX,AMIN,OElV,ND,PWR) 
CAll AXIS3(~.,O.,AMAX,AMIN,DEly,7.,12HMtCROAMPERES,12,ND,P.R,DElN) 

YSC -= DElN 
IXlAB:2*ICF+l 
IXSC=-l 
IF(ABSI[lX) .IT. 10.) IXSC=l 
CAll AXrS3(0.,O.,XMAX,XMIN,ElX,-XlEN,XlAB(IXlAB),12 ,IXSC,O • 

• ,OElN)
 
XSC = Dfl"4
 
XT = XlEN/2. - 2.
 
IF(AMIN*AMAX.GT.O.) GO TO 2
 
IF( AMIN .EQ. 0.) GO TO 2
 
lE~0=(O.-AMIN/I0.**PWR)/YSC 

CAll PLOT ((l., ZERO, 3) 
CAll PlOT(XlEN,ZERO,2)
 

2 CONT INUE
 
1 CONTI NUE
 ..	 XI=O • 

IF(DElTAX .IT. 0.) XI=XMAX-XMIN
 
J=l
 
DJ 5 I=l,NSlEPS
 
DF.l TAX = OX ( I I
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NX=NPl SI I)
 
IFII .LT. NSTEPS) NX=NX+l
 

YM=AMIN/IO ••*PWR 
CALL XCLINEIXI,DELTAX,DFIJ),NX,O.,XSC,YM,YSC,NCINP» 
J=J+NPTSII) 
XI=XI+DXII)*FLOATINPTSIIJ) 

5	 CO"4TI NUE 
RETURN 
END 
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SUBROUTINE XCLINEIXI,DX,Y,N,XM,OELX,YM,OELY,NC)
 
DIMENSION Yl1t,IPEN(4)
 
REAL L(4,4J,LLI4)
 
DATA IPEN/2,J,2,3/
 
DATA L/.3,.1,.3,.1,.5,3*.05,.3,3*.1,.1,.05,.1,.051
 
X = XI
 

2 IC = NC - 1
 
XP1 = IX-XMJ/OELX
 
YP1=IY(1)-Y~)/DELY 

CALL PLGTIXP1,YP1,3) 
If I IC.LE.O) GO TO 1000 
IfIIC.GT.4) IC = 4 
K=l 
1=2 
X = X + OX 
XP2 = (X-XMJ/DELX
 
YP2=IY(2J-YMJ/DELY
 

1 LUK)=l(K,IC)
 
10	 DIFFx=xP2-XPl 

DIFFY=YP2-YPl 
DIS=SQRT(DIFFX*DIFFX+DIFFY*DIFFY) 
IF(DIS.GT.LLIKJ)GO TO 100 
CALL PLOT(XP2,YP2,IPEN(K)) 
XPl=XP2 
YP 1= YP2 
1=1+1 

•	 IF(I.GT.N)RETURN 
X = X + OX 
XP2 = (X-XMJ/OELX
 
YP2=(YIIJ-YM)/OELY
 
LLI K)=LLlK J-OI S
 
G'J TO 10
 

10C RATIO=DIS/LlIK) 
XP1=XP1~DIFFX/RATIO 

YPl=YP1+DIFFY/RATIO 
CALL PlOT(XP1,YPl,IPENIK)) 
K=K+1 
IFIK.EQ.5)t<=1 
GfJ TO 1 

1000	 DO 50 I=2,N
 
X = X + OX
 
XPI = (X-XMJlDELX
 
YP1=(Y(IJ-YMJ/OELY
 

5C	 CALL PLCTIXP1,YP1,2)
 
RETURN
 
END
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C 

C 

C 

C 

C
 

C
 

C 

SUBROUTINE SCLAXIAINCH,VAR,N,VMAX,VMIN,DElTA,ND,EXP)
 
DIMENSION V~RtlJ
 

AXLEN = AI NCH 
VMAX = VAR( U 
VMIN = VAR(l)
 
DO 40 I=2,N
 
VMAX = AMAXICV~AX,VAR(I»
 

40 VMIN = AMINltVMIN,VAR(I), 
ND = 0 
NE = 0 
M = 2 
TOTAL = VMAX - VMIN 

DETERMINE EXPONENT AND INCREMENT/INCH 
VM = AMAXICABS(VMAX),ABSIVMIN» 
IFCVMAX*VMIN) 6,5,7 

7	 VAV = ABS(VMAX+VMIN)/2.
 
DELTA = TaTAL/AXLFN
 
IF(TOTAL.GT.0•• AND.TOTAl/VM.lT •• 75J GO TO 4
 
IFCVMAX.EQ.VM) VMIN=O.
 
IFCV~IN.FO.-V~) VMAX=O.
 
GO TO 5
 

6 AXLEN = AXLEN*VM/TOTAl 
5 DELTA = VM/AXLE~ 

VA V = VM/2. 
TEST FOR VAV BETWEEN .01 AND 1000. 

4 IF(VAV.LE.i.E-11) GO TO 21 
IF(VAV - .01) 3,10,1 

41 !F(VAV - 1.) 3,10,10 
1 IF(VAV - 1000.) 10,2,2 

VA V GE 10CC. 
2	 IF(NE.FC.O) VAV = VM 

VAV = VA'v/lOOO. 
NE = NE - 3 
GO TO 1
 

VAV LT 1.
 
3 VAV = V~V*1000.
 

IIIE = NE + 3 
G!1 TO 41 

DETERMINE DECIMAL PLACES IN DELTA 
10 IfCOELTA.LT.VM/1.E4) GO TO 21 

DELTA = DELTA*10.**NE 
11 IFCDELTA - i.) 12,19,13 
12 D~lT' = DELTA*10. 

NO = NO + 1 
GO TO 11 

13 IFCDELTA - 10.) 15,8,14 
14 DELTA = DELTA/10. 

ND = NO - 1 
GO TO 13 

DELTA NOW BETWEEN 1 AND 10 
15 IF(OELTA - 5.) 16,17,17 
16 IF(D~LTA - 2.) 19,18,18 
17 DELTA = 5./1C.**CNO+NEJ 

GO TO 20 
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.
.
 

18 DELTA;: 2./I0••*(ND+NEI 
", ;: 5 
GO TO 20 

8 ND = NO - 1 
19 DELTA = 1./IO.*·(ND+NEI

C RESET VMIN (FIRSTV) FOR AXIS 
20 AK = VMIN/DH TA ... 01 

K = lIFIXlAKI/MI*M 
IFlVMIN.LT.O.) K=K-M 
VMIN = OELTA*FLOAT(K)
NDIV ;: lV~AX - VMI~I/DELTA + .9 
IFlFLOATlNOIV).GT.AINCH*2.) OELTA=OELTA*AMAXll2.,FlOATlM)/2.) 
IFlNO.LE.OI NO = -1 

21 EXP = NF
 
WQITE(b,10021 VMAX,V~IN,OELTA,ND,NE
 

~ETURN
 

1002 FO~"'AT(lH(),3E13.3,3I1111
 

PW
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SUBROUTINE AXIS3(XO,YO,VMAX,VMIN,DELV,AINCH,BCD,NCR,NDEC,PWR,VSC) 
FACTOR -= 10.**PWR 
AMIN = VMIN*FACTOR 
A~AX = VMAX*FACTOR 
OELX = ABS(OELVl*FACTOR
 
OI"1ENSICN BCDtU
 
HT = .15
 
'141=0. 
"'Z=O. 
W3 = o. 
NEXP = 0 
NCH-=IABS(NCRJ 
IF(PWR.NE.O.J NEXP :: 6 
CIIIICH=ABS(AINCHJ 
IF(CVMAX-VMINJ/AMAX1(VMAX,-VMIN).LT.1.E-6J GO TO 50 
IFC(AMAX-AMINJ/(0~LX+1.E-8J.GT.3.*CINCH)DELX = (AMAX-AMINl/CINCH 
IF(DELX.GT.AMAX-AMIN) DELX :: AMAx - AMIN 
IF l NC R.l T. 0) W3 .: 1. 
NU~=(AMAX-AMIN)/OElX+1.9 

ANC=CINCH/FlOAT(NUM-1)
 
IFCAINCH.lT.C.)GO TO 5
 
WZ=1.
 
GO TO 10
 

5 W1= 1. 
10	 CALL FlCT(XO,YO,3J 

VSC = OELX/FACTOR/ANC 
ANUM=AMIN-OELX 
X=O. 
y=o. 
XM=O. 
OFF .: .05 
011 40 I-=1,NU'" 
ANLlM=ANU~+DELX 

I 1-:0:0 
25	 IF(ABS(A~UM)/I0.**II.LT.1.JGO TO 20 

II=II+1 
GO TO 25 

20	 IFCANU"'.lT.C.)II-=II+l 
IFCABS(ANUM).LT.1.) 11=11+1 
I~l1RF.-:o:NOEC+l 

II=II+IMORE
 
IF(IFIX(Wl)$I.EQ.IJ HT = AMIN1(HT ,ANC/flOAT(II+Z»
 
HL -= AMAXIC.IZ,l.Z.HTJ
 
CE~TER = FlOAT(II)*HT/(1.+Wl)
 
XC = X - CENTER - W2*.15
 
IF(XC.LT.XM) XM -= XC
 
I F l W2*W3 • GT • C. J XC = • 1 5
 
IF(A8S(XC).GT.ABSlXM)J XM = XC
 
VC :: Y - Wl*(HT + .15 - W3*(HT+.3» - WZ*OfF
 
CALL PLOT(~0+X,YO+y,2)
 

CAll PlOT(XO+X+.l*W2,YO+Y+.l*Wl,31
 
CALL PLOT(XQ+X-.l*W2,YO+Y-.l*Wl,2)
 
CALL NUM~ER(XO+XC,YO+YC,HT,ANUM,O.,NDEC)
 

CALL PLCT(XO+X,YQ+Y,3l
 
X=X+ANC*lo.l
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Y=Y+ANC*WZ 
40	 CONTI NUE 

BST = lCINCH - FlOATlNCH+NEXP)*HlJ/Z. 
IFlW3.EO.1.) XM = -XM 
XXC = Wl*lXO + BST) + WZ*lXO + X~ - OFF + W3*(Z.*OFF+HlJ) 
YYC = W1*lYO + YC - 1.S*Hl + W3*(HT + Z.*HlJI + W2*lYO+BST) 
CAll SYMBOLlXXC,YYC,Hl,BCD,90.*WZ,NCHJ 
IFlPWR.EO.O.) RETURN 
CALL SYMBOll999.,999.,Hl,SH * 10,9C.*W2,SJ-' 
X = 999. + lXXC-.66*HL-999.J*W2 
y = ~q9. + (YYC+.66*Hl-999.)*Wl 
C~lL NUMQERlX,Y,.7S*HL,PWR,90.*W2,-1) 
RETURN 

SO	 VSC = lVMAX-VMIN+l.E-6/F~CTOR)/CINCH 

WRITEl6,lOOO) 
1000	 FORM,ATllHO,27HINSUFFICIENT RANGE FOR AXIS) 

RETURN 
END 

:
 

.) 

107
 



SI~ULATED CERTIFICATION FLIGHT for
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SIMULATED CLEAP~CE RUN for MEASURED PATTERN 
ALFORD 14 AND 6 
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MEASURED ANTENNA PATTERN  SIDEBAND ONLY for ALFORD 14 
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MEASURED ANTENNA PATTERN CARRIER SIDEBAND ONLY - WITH SCATTERERS 
and SIDEBAND for ALFORD 14 for ALFORD 14 
SHOWING SCATTERERS, SCALE IN 
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