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The computer program is intended as an aid in predicting the
performance of different ILS Localizer antenna candidates for a
proposed runway instrumentation or for the upgrading of an already
instrumented runway. It is also intended to provide a relatively
inexpensive means by which the effect of any ﬁroposed changes to
an airport environment (addition of terminal buildings, hangars,
etc.) on ILS performance may be predicted.

PPEZFACE
% i— As part of the ILS Performance Prediction program (PPA No. %
%ﬁ FA307), a first phase ILS Localizer performance prediction computer z
; program package has been prepared. This package consists of the 2
3 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. 2
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This document was prepared for TSC by D. Newsom assigned
full time as a programmer to the ILS Performance Prediction
program and by A. Watson who helped in its writing. The document
and attached computer program are based on the theories and
analyses developed by the TSC group (Chin, Jordan, Kahn and Morin)

4 ;1 for the ILS program sponsored by H. Butts of the Systems Research
¥ and Development Service of the FAA.
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1. DEFINITION OF INSTRUMENT LANDING SYSTEM

The ILSLOC program has been written to simulate certain air-
port conditions which affect the localizer portion of the Instrument
Landing System. The ILS 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 correspording audio signals and derive a signal to drive the
ILS 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 H 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 Course Deviation Indication. Thus, the
CDI is the piliot's indication as to what his bearing is relative
to the center line of the runway. The CDI is measured in microamps.
The actual course generated by any particular ILS 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 CDI from what the receiver should 'read ideally at that
point in space (e.g., on the center of the runway and CDl 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. 1If 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.
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2. AWTEMNA 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
"sidebands-only" signal.

Figure 1 illustrates how these features zre used to obtain
the desired directional CDI. The magnitudes of the C + S and SO
sideband patterns as functions of angu ar deviation from the
course are illustrated in Figures la. The sicdeband amplitude of
the C + S pattern represents 20% modulation of the carrier wave
(or a "denth of modulation' of §.2) at both 60 Hz and 150 Hz.
Considering the phases of both modulations of the C + § signal to
be positive, the relative phases and typical amplitudes of the two
SO modulations are as shown in Figures 1b. The resultant 90 Hz
and 156 Hz modulation patterns in the total ILS signal are obtained
by algebraically combining the respective C + S and SO sideband
patterns (Figures 1c). 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 zpproaching 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) reachiag the aircraft rsceiver gives the CDI as appears
in Figure 1d.
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Since the strength of C + S and S0 signals fall off at the
same rate with distance from the trangmitting antenna, the CDI
is independent of range.
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Figure la Sideband Pattern Magnitude
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Figure 1b Relative Amplitudes and Phases In SO Pattern
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150 iz
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Figure lc Resultant Modulation Patterns

CbI

Figure 1d Course Deviatiocn 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, ithe CDI shoula be closely
proporticnal 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 wili 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 c’2arance sector. However,
because of the derogation effects, the signals are often not ac-
curate enough to meet category II eor 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 scctor. The second antenna array broadcasts a hroader
pattern, at a slightly different carrier frequency, which covers
the clearance area. This system diminishes the derogation eifects
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 <he stronger transmission signal.
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3. ILS SIMULATION DESCRIPTION

The ILS simulation program makes it possible for airport
planners to determine what the effects of potential airport

buildings on the ILS 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 derogati.n 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 tc 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 CDI. Graphs are generated by a plotting routine (using the
values derived from the ILSLOC program) to show the CDI 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 ILSLOC program simulates: transmission from the various

types of localizer antenna systems; the trajectory of an aircraft
flight cver which the CDI 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




Far field scattering - ali scattering from a surface
is assumed independent of all other surfaces, thus
nultiple reflections from walls and near field
interactions are ignored.

A noise free environment

Relative field strenpths - 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.

: f. An idealized ILS recciver model.

In addition to these assurntions the approxirations of the
scatterer can lose accuracy when the dimensions approach less

) el 1

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

ore building is between the antenna system and another building,
it will shield the second one from some or 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
thenselves are included as part of the physical optics approxima-
tion used (Ref. 1). 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

g - 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.
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Ret. 1 "Instrument Landing Systems Scattering” Report
No. FAA-RD-72-137 (1972)
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i, TEST CASE FOR THE ILSLOC COMPUTER PROGRAM

To illustrate how the ccemputer program is operated a very

simple test case (with only 2 scatterers) has been created and
run. For this simulated airport the program computed the course

width as 4.01 degrees. Both anterna arrays were set at an eleva-

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

array was used as the origin for the coordinate system. An
80'x100'x60' hangar and 75'x110' 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.

Based on the size and location., of these two buildings, the model

predicted the CDI on the runwa) 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 vnrogram 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 th-
ILS, the length of the runway, and the height of the antenna.

The card format is:

Col. Symbol U

sage

|

1-2 Mode 1 (V-RING)

2 (8-LOOP)

3 (WAVEGUIDE)

4 (VACANT)

5 (MEASURED PATTERN)

wowon.nonou

indicates
6 (MEASURED CAPTURE antenna
EFFECT PATTERNS) type
= 7 (THEORETICAL PATTERN)

8 (THEORETICAL CAPTURE
EFFECT TATTERNS)

=-1 (V-RING CLEARANCE)

=-2 (8-LOOP CLEARANCE)

=-3 (WAVEGUIDE CLEARANCE)

=-4 (MEASURED CLEARANCE
PATTERNS)

11-20 FRQ Frequency of ILS in Mega Hz

{See illustration - Figure 2).
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In order to effectively use the rest of the mode card

columns it is important that the user understand the coordinate
system used.

The x-axis is along the center line of the runway, the
threshold being in the positive direction.

positive z being in the up direction.
right handed coordinate system:

The z-axis is vertical,
The y-axis completes a

so that when one is standing
at the origin facing in the x-direction positive y is to the
left. The origin is used as a reference tc define the location
of scatterers, antenna system components, and flight path sample
points. The antennae 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.

Col. Symbol Usage
21-30 XTH

Distance from the origin to

the threshold of the runway,

in feet. This number is used

for both flight path orientation
and for course width determination.
The distance is given in feet.

31-40 ZA(1) There is always a non-zero

antenna height, and it is
input here.

This will be the clearance

antenna height if a two antenna
system is used.

Modes 1, 2, and 3 provide for standard localizer antenna
array types. These antenna arrays are predetermined, the only

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

41-50 ZA(2)

When any array type other than mode 1, 2, or 3 is used, ad-
ditional antenna array description cards must be included.
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 measurement. The angles must be given in ascending order.
A maximum of fifty measurements may be given; if less than fifty

cards are used a termination card with an angle greater than 360
degrees must be inserted.

Mode 5§
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Format of Pattern Card(s)

Col. Symbol

Usage

1-10  ANG Angle of measurement, in degrees

11-20 AFPP Amplitude of sideband only pattern,
in relative units

21-30 AGP¥

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 sideband

and sideband only currents. The arrays are assumed to be aligned

parallel to the y-axis. All elements have the same height, as

given in the mode nard. All elements have the same x-coordinate as

given on the course width card. The y-coordinate, in wavelengths,

is given fo:r each element on the element description card. There

must be one ard for each element in the array, to a maximum of

26 elements. The format for the element description card is:

Col. Symbol

Usage

1-10 DT Element displacement in the
y-direction given in wavelengths

11-20 CT Carrier plus sideband amplitude,
in relative units

21-30 PC Carrier plus sideband phase, in
degrees

31-40 ST Sideband only relative amplitude

41-50 PS

Sideband only phase, in degrees

The phase of the sideband only currunts is ideally in quadrature
to the cuasvier pius the sideband curreats.

Thiz 9u degree shift
is added by the program.

Thus a "PS" 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.
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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 unctil 180°. This is a total of nireteen amplitudes;
the values are read in, in records of 8F10.4 format, for a total
of 3 recerds. 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 s a positive one of equal
magnitude.
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There are twe methods of inputting capture effect system
descriptions. The most general way is to input each antenna array
separately. When using this method the clearance array must be
input first. This input will follow the same steps as a single
array 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 array

must be positive, and followed by the necessary pattern or element
cards.

g B AR 0, G A LR 0 L L s L e 1 L

There are two cases for the secoad method of inputting antenna
array descriptions. The first case is used if both course and
clearance antenna array 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 array: and the second
set for the clearance antenna array. The mode 6 is converted in-
ternally to a mode 5 for each array and these values will appear
in the output listing. In tlie second case, for a capture effect
system which uses two theoretical arrays, a mode 8 is used. This
card is followed by the course antenna element description cards
and the element radiatioi. cards; a seconu: set of arrzy description
cards is used in the clearance antenna. As in the mode 6 case,
the mode 8 is converted internally to two mode 7's. These mode
7's will appear in the output listing.

12
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In our test case:

Mode Card:

Col. 1-2
11-20
21-30
31-40
41-50

6

119.
109000.
13,

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 Usage

1-10 XXA(1) Course array x-coordinate,

in feet

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

in feet
31-40 CwW
41-50 CLS

Course width in degrees

Clearance signal strength
relative to the course signal

If CW is greater than 3° 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 3° the course width will be set to the
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.

The test case course width card would read:

1-10 0.

11-20 -200.
31-40 0.0
41-50 .315
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35.
38,
40,
42,
45,

1000,

Figure 3. Pattern Card Test C~<e Listing
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Figure 3. Pattern Card Test Case Listing (Cont.)
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The label card follows the course width card.

graph. Columns 1-80 are used.
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 Usage
i-10 XMIN

Starting distance from origin,
in feet

11-20 XMAX 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
61-70 Zup

Glide angle, in degrees

Height of aircraft at threshold,
in feet

XMIN is the x-coordinate of the starting location of the
aircraft and XMAX 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.
The cign cf 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

16

This card is
put on the output tape ahead of the CDI records for this flight.

It serves as an identifying record and is the label placed on the

In our test case this card reads:
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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. 1In
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.

«-40 0.
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.

Circular Orbit Case

Col. Symbol Usage
1-10 MIND

Starting angle, in degrees

11-20 MAXD Ending angle, in degrees

17
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Col. Symbnl Usage
21-30 DXR

Angular spacing between samples,
in degrees

51-60 R Radius of orbit, in feet
61-70 up 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 Usage
1-10 VEL

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.

An ID of 1 is used for a rectangular scatterer and has the
foliewing fermat:

Col. Symbol

Usage
1-2 ID Must be 1 for rectangle
3-8 XW(1) X-coordinate of reference point,
in feet
9-14 XW{2) Y-coordinate
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Cel. Symbol Usage
15-20 XW(3; Z-coordinate
26-30 ALPHA

Angle between base and x-axis, in
degrees

31-35 DELTA Angle of tilt, in degrees
36-45 WW Width of rectangle, in feet
46-55 HW

Height along rectangle, in feet

The scatterer is a rectangle with the reference point at the
middle of the base. The rectangle is assumed to be of infinite
conductivity and zero thickness. It also has only one side. This
can be thought of as 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 ninety 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 1II). WW is the width, in feet,
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
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.

of

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 inputting a second card with an ID of
-1 and the size, location, and orientation of the hole.
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Illustratior of Orientation Nomenclature
for Rectangular Surface
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Aa ID of 2 is used for a cylindrical scatterer with the
following format:

ALl O o Y »"“M'W!"“““‘"WW' Wu!NW'!‘W‘WWE‘WWWWWM

)
AL o R L A G

1-2 1D Must be a 2
3-8 XW(1) x- )
9-14 XwW(2) y- coordinates of the

: reference point, in feet

§ 15-20 XW(3) z-

% 36-45 WW

Diameter of cylinder, in feet :

46-55 HW Height of cylinder, in feet

The reference point is located at the base of the cvlinder on
the axis of rotation of the cylinder.

The diameter is WH feet, with
: ] the base parallel to the xy plane at an altitude of XW(3) feet. The

: cylinder extends upward for HWN ieet with the axis of rotation in the
1 vertical direction.

The cylinder is assumed to have infinite
conductivity.

After an ID of -1, 1 or 2, 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
caiculate 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:

T M0 il

transmission
antenna to scatterer to receiver; antenna to ground to scatterer
to receiver; antenna to scatterer to ground to receiver; and
antenna to grour.d 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 ._oops back to read in another 1D
card, permitting the summation of the effects of many scatterers.

This allows the simulation of complex structures by breaking
them up into cylinders and rectangles.
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In the test case, we have only inputted three scattering

surfaces. This was done because only two sides of the hangar é
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. 3
26-30 10. -80. 0 %
31-35 1
36-45 100. 60. 75. §
46-55 80. 30. 110. %

%

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

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

Col. Symbol Usage
1-2 ID not -1, 1, or 2

When a control card is read in, the program will add the direct,
avd ground reflected signal from the transmission antenna to the
scattered signal summations, thus giving the total re:eived signal.
The program then calculates the CDI that would be seen at each re-
ceiver point, and outputs the label, a hc-der 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.
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The program, having finished the previous run, now proceeds

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

to a point in the input stream, determined by the va.ue on the
control card.
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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 standard order is:

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

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
0 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 - 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 (DXR) 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
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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 - 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 - 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.

ID's 16 through 20 start inputting at the mode card, thus
¢llowing a completely new run.

An ID of 21 through 50 uses the same antenna description, but
starts the inputting at the course width card. This permits the

course width, clearance strength and antenna location to be
varied.

The program is terminated after an ID greater than 50 is en-

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

outputted 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 outputting 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', the
second segment is from 20,000' to 12,500', the third segment is
from 12,500' to 11,000' and the last is from 11,000' to 10,000'.
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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§ 3
THIS IS A DEMONSTRATION CASE OF STRAIGHT LINt FLIGHT § §
4nnnn, 2nnan, -4n, 25 50 3 2
20n, z
16NNN, 1100, 10. 100, 80, :
% 1595n, 112n, ~80, 60 g0, s
= 27500, =100D0, Ne De Os 75, 110. i
£ 12
g' THIS 1S A DEMONSTRATION CASE OF STRAIGHT LINE FLIGHT 3 :
5 20000, 125004 ~-15. 265 Ve :
& 200, ; :
4 16000, 1100, 10, 100, 80, : :
4 15060, 1130, -8n, 60, B0, 3 :
§ 27800, ~1nn0, n, Ne Ne 75, 110, 3 3
= 13 : :
. THIS 1< A DEMONSTRATION CASE OF STRAIGHT LINE FLIGHT 4 :
: 1260n, 119200, ~3e 205 50 ; £
. 2nn, 3 :
£ 16090, 1100, 104 100, 80, ’ :
15951, 1130, =80, 60 80 %
H 27500, -10009 Os Oe Qe 75 110 H
.. 13 :
THIS 1S A DEMONSTRATION CASE OF STRAIGHT LINE FLIGHT :
11n0n, 10Cc00, -2 245 50 H
2NN, H
16000, 1100, 104 100, 80, i
1506n, 113N, =80, 60, 80 %
27500, -10nn, n, Ny Ne 75, 110. i
15 i
3
THIS 15 ORRIT CASF WITH SIGNAL STENGTHS i
]8“. 18"\. 0.72 1n000. 504 §
200, p
16000, 1100 10, 100. 80 ¢
1595ne 1130 ~80, 60 B80e :
275006 =1000s N, Ne De 75 110
Figure 5. Flight Case Inputs %
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APPENDIX A

MAIN PROGRAM LISTING
INCLUDING COMMENTS EXPLAINING
THE PROGRAM
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MATIN - EFN  SOURCE STATEMENT e« [FN(S) -

ILS SINGLE REFLECTION INTERFERENCE PROGRAM ILSLOC H
THIS PROGRAM SIMULATES THE EFFECTS OF PECTANGULAR ool
AND CYLINDRICAL SCATTERERS ON THE LOCALIZER PART .
OF THE ILS. THESE COMMENTS SERVE AS THE PROGRAM DESCRIPTION :
FOR THE USER., A USER,S MANUAL WAS BEEN WRITTEN AND
TRIS CONMENTARY 1S WRITTEN ASSUMING THE USER WAS READ !T,

ILBL 1S USEDC TO IDENTIFY THE SIGNAL STRENGM OUTPUTS AS
TO TYPE AND SOURCE. THE FIRST CHARACTER IS ,S, FNR
SJCEBAND ANLY SIGNALS OR ,C, FOR CARRIER PLUS SIDEBAND.
THE SECOND PATR ARE ,CR, FOR COURSE ANTENNA OR ,CL, FOR
CLEARANCE,

DIMENSION ILBL(S)
DATA ILBL/4NC CR,4HS CR,4MC CL,4H4S CL.4N CDI/

AN a0

A a3

[+ X2 Nl

LOGICAL EOF
DIMENSION MEMO(14),DF(581) :
_ COMPLEY SESF,FAC,CE :
% COMPLEX EP.EE.EH;EC.!E(Q),!Dti).EHR.FPPoGPPaFPM.GPMn

: 2 £5(28,2),50(25%,2)

COMPLEX ZJM,BUP,2JPC(2),3UMC(2)

COMPLEX 2P(8@0),2PC(523,2),3M(530),PMC(%30,2)

DIMENSION XXRY{(833,4)
E DIMENSION VCO(580,2),VPD(S38,2),VMN(50",2)

3 DIMENSION XW(3),XWE(S)

E . DIMENSION AN(3)

3 ) DIMENSION AF00(9),PNS(9)

: - DIMENSION XY(12)

REAL LAMBDA

COMMON/CD/ ARAD(53),AFPP(56),ASPP(SE),BRAN(5E),.BFPP(5Q).BCPP(80)
COMMON /ZAB/ ZJUM,2JP,Z2JPC,BJMC

CoOMMON 2P,2PC,2M,BMC,VCD, VRD, VMD

COMMON /VAR/ SM,SNCUT,SNCUD,SNCUC(2),VPE(2),VMC(2)

COMMON /5U8/ MODE, ICP,FRO.LAMBLA,PI,RADD,PH](3),PS1(3),NEL,XTH,
1 XXAC3),YA,2A(3),RA(3)

4 : COMMON /ANT/ LOC.FPP,FPM,GPP,GPM,EWR(4,4),CWA(2),AS,CLS,DE(25,24,
! ; CS,S0.,ET(22,2),ND(2)
EOU!VALENCE (2P(1),B0(1)), (XXRY(1,4),2P(1))
DATA RAD/57,290877908/

L wnl s

CP AND CM ARE THE AMOUNTS OF MODULATIOM ON TWE CARRIER
FOR THE CARRIER PLUS SIDEBAND, CP IS THE COURSE MODULATION
AND CM THE CLEARANCE,

DATA CP,CM/.2,.2/

T e

THE OUPUT OF THE SIMULATION IS ON UINIT 8, A TAPE WITH
WRITE RING SHOULD BE PLACED THEREON.
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AT N AN

(s Xs Ny XeNeRyl (2 XsXeTeN2sioNsir Nelslo N NaRoNaleNel (s NeXeXg)

DO

ALY

CELS N |

NG IS THE COUNT OF THE CASE BEING SIMULATES 1T7,S VALUE IS WRITTEN

- EFM  SOURCE STATEMENT = [Fute) -

ON THF TAPE WITH THE OUTPUT QECORD, THIS WOULD ALLOW
SEARC-14G FGR a PARTICULAR CASE BY MUMRER,

ULEY

THIS 1S TuE STARTING POINT FOR A SIMULATION, 1T 1€ aLSO
ENTERED FoR A PESTART FOLLNWING AN [N GF @ 00 16 Tn 20,

1 CONTINUE
MOOE = 172

NEL IS THF NUMBER OF ANTENNAE IN THE SYSTEM, CSEFAULT
CCADITION IS OME ANMTENMA

NEL =

EWR IS A n0OM21eX MATRIX COMTAINING THE SIDEBAND ELECTRIC FIELD

BESCRIPTIN: PRGDUCED 8Y TWE ANTENNA SUBROUTINE, EWR(],J)
IS THE FISLD FOR THE ,1,TH ANTENNA, AND THE ,J» VALUES
HAVE THE FOLLOWING SISNIFIGANCE?

J
1

2
3

4

USAGE
SIDERAND PAIRTION OF CARRIER PLUS S10EBAND
FOR THE COURSE SECTIOM OF THIS ANTENNA
SIDEBAND ONLY FOR THE COURSE
SIDEBAND PORTION OF CARRIER PLUS SIDESAND
FOR THE CLEARANCE SECTION
SIDEBAND ONLY FOR THE CLEARANCE

THIS SUSROUTINE CALL IS USED TO CLEAR EWR REFORE
STARTING THE SIMULATION

CALL CLEAR(EWR,16)

THIS 1S A TEST

FOR END-OF-FILE ON CARD INPUT, THE CALL TO

EOF ARMS THE INTERUPT, AT END OF FILE ON UNIT 5 IMTERUPT 1S

TO STATEMZAT 835

2 CONTINUE
IF(EOF(8))

.

GO TO 58

THIS 1S TWE INPUT FOR THE MODE CARr, THE VARIARLES HAVE
THE FOLLOWING USES!

sSYMagL
MOQE
1

=2

USE

ANTENNA TYPE
V-RING COURSE
8-LO0OP COURSE
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MAIN « EFN  SOURCE STATEMENT « IFN(S) =~
=3 WAVEGUIDE CAURSE
a4 NOT UJSED
1] MEASURED COUSSE PATTEMN
[ 1] MEASURED COURSE AND CLEARANCE PATTEQNS
s? THEORETCAL COURSE ARRAY
1] THEORETICAL COURSE aND CLEARAMCE ARRIAY
s*q V=RING CLEARANCE
L L] 8-L00P CLEARANCE
a=y WAVEGUIDE CLEARANCE
L Dg-] MEASURED CLEARANCE PATTERN
ae? THEORETICAL CLEARANCE ARRAY
FRO FREGUENCY OF TRANSMISSION

XTH DISTANCE TO THRESHOLD
2A(1) + 1o TH ANTENNA HEIGHT

ORIGIN 1S AT THE CENTER OF COORDINATE SYSTEM,
X=AX1S 1S ALONG RUNWAY
2=AX1S IS STRAIGNT UP
Y-AX1S COvPLETES A RIGHT HANDED SYSTEM
READ (5,1001) MODE,FRQ,XTH,ZA
THIS 1S A TEST FOR INVALID ANTENNA TYPE, TWE PROGRAM ABORTS IN CaSE
OF ERROR. THIS 1S USUALLY CAUSED ay OMISSIoN oF OTHER CARDS
WHICH CAUSE SOMETHING OTHER THAN A MODE CARD To0 BE READ AT
THIS POINT.
1rt MDOE .GT. 8 ) GO TO 8a

IFt MOCE .LT. =7) GO 70 58
1F{ MSCE ,EQ. @) GO TO S8

THIS 1S TEST FOR NéGA?IVE MODE INDICATING CLEARANCE ANTENNA.
IFf MODE IS POSITIVE FLOW IS TO STATEMENT 4

IF( MODE .GT. 2 ) GO TO 4
ICP 1S TWE .ANTENNA TYPE FOR THE CLEARANCE ANTENNA

IcP » = MODE
IF THERE 1S A& CLEARANCE ANTENNA THEN THE NUMAE® OF ANTENNAE
18 SET Y0 2,

NEL = 2
IF THE CLFARENCE AMTENNA 1S SPECIFIED BY A MEASURED PATTERN IT S
NOW READ IN 8Y SUBROUTINE PATTRN,

IFC ICP .EQ. 8 ) CALL PATTRN(RRAD,BFPP,RCPP)

29
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Lo TS0 1y s WY

el A

i

A o,

fe
“AIN = EFN SOQURCI STATEMENT < IFN(S) -

- C 17 THC CLEARINCE A~TENMA S SPECIFIED 2¢ APRAY PARAMETERS THE INPUT
C NaTa FOP  THI :R34Y 1S NONW RZIAD IV BY ¢PRVTS,
¢

c
c
C Tui F1LOW 1S NOW 3AZK TO STATEMENT 2 TO READ IN
C 'RTE TARD FOR MOUQRSE ANTEN A,

c

IF(17P .20, 7) CALL CRANTS (DE(1,2),05(1,2),5S0€1,2),ET(1,2),MD(2))

6~ 75 2
c
¢
€ THIS S TYE [MPUT SERTION FOR THE COURSE ANTEMNA [F PATTERNS oR

C ARPAY DFSrPISTION MUST 85 SIVEN, OTHERVISE FLOW 1S Tn THE
C IMITIALIBATION SECTION,

4 170 MZ0E LT, S ) GO TD &

THIS STATFMENT CONTROLS THE INPUT “ETHOD, PATTERN OR ARRAY,
ACCOINING TO MOOE TYPE,

OO o

IF (MnRE .rT, 6) GO TO &
CaLlL PLTTSx(ARAD,AFPP,AGPP)

<y

€ THIS IS T INPUT THE SECOND PATTERM FOP CLEARANCE ANTENNA IF
C ¥rDE 1S 8,
o

IFC MODE ,£Q. S) GC TO 6

ZALL PATTQN(RRAD,BFPP,3GPP)

c

C TWF MUMBER OF ANTENNAE AND TWE ICP TYPE ARE SET, TWEM FLOW IS TG
C INITILAIZATION.

c

NEL = 2

MNDEsS

IrP o &

Gn 70 46
c
c
C THIS IS TH4E INPUT FOR COUPSE ARRAY DATA,
¢ — . —

5 CalLL CRRNTS (DE»CS:SOpETQHD(l”

:
C THIS TEST IS cOR CLEARANCE ARRAY Ip MONE
g 1§ TYPE »

IF ¢ MODE ,EOQ, 7) GO TO 6
CALL CRRNTS (DE(1,2),CS5(1,2),80(1,2),ET(1,2)ND(2))

400E=?
1cPa?
NEL®2

c

c

30
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e - EFN QOUPC> STATEMENT =« (Fu(S) -

C THIS IS TuF 11 ITIALIZATION SECTION
; ' ? N SE N, LAMRDA IS THE 41 5T
C IM FEET A~L &v [S THE PMASE gHIFT/FISTANf'E“i‘I! 3AO§AV°xE:g¥. !

C YA IS THE Y-COORDINATE GF THE ANTEMNS s rea
C AE FEOO 1. ALL CASES. EMNAE, THIS 15 ASSUMED TO

c
& LAMRNAZ11900,/FRO/712.
AKE2 ,sT [/ AMRDA
YASQ o 1f
32 =2 (.
c IF(EOr(8)) GO TO S8
€

€ THIS 1S TWE COURSE WIDTH INPUT,
g :;A:;; ;2 :nz X-COCRIIMATE OF THE SQURSE A*TEwSA
A S THZ X=CIORDIVATE OF THE SLEARANGE ANTENN
C CH IS THE COUSSE WIDTH LEARANCE AvTENNA
C CLS IS THE RATIO OF CLEARANGE TO COURSE ®IGNAL STRENGTH,

READ (%,1¢23) XXA,CW,CLS

SET THE DEFAJLT CONDITION ON CLS OF 1,
10 CLE i€, 2.2 ) CLS = 1,8

QG aaoaan O

C CWACY) IS THI ZOURSE WIDTH ADJUSTMENT ;
b N TuE L1,7 "
C IT SETS TuE SIDEBAND TG CARRIER RATIO, THE gLEiiA;CeJI§¥g:NA
C (CWA(2)) IS ALWAYS 1.2 ., THE COURSE WIDTH 1€ ADJUSTED
g BY VARING THE COURSE ANTEN~A (CWA(1)).
CWA(LL) s 1.8
¢ CWA(2)21.8

c

C THE PROGRAM WILL NOW CALCULATS THE Ol FOR :

€ OFFSET.. THIS IS USEC T5 MGRMALIZE THE E10Fais LEVEL 10 -

g Aguxzvs TWE JESIRED COURSE WIDTH, LAC IS TWE TYPE OF ANTENNA
USED BY THE ANTENNA SUBROUTINE, PST(1) 1% TRE ANGULAR ALTITUDE

¢
PSIt1) = 5.E~23
PHI(L)Y = 2,.8e8PAD
c LOC = MO%:

€ THE MOJE 1S USED TO METERMINE WHICH ANTENNA SusR

C CSP 1S THE STANDAR) aNTEMNY RCUTINE, ITEcovgagsTSgTstI;g cALL.
¢ 8-%00P A?ﬂ WAVEGUIJE. LNAR IS THE ARRAY ANTENNA SUBRQUTINE

C ANTP [S THE VEASURED PATTZ3N SUBROUTINME. THE SUBROUTINE WILL

€ RETURM FP? AND GPF 73R THE POINT AT PHI,PS! ANP UNIT RANGE

C FPP 1§ THE SIJEBAND ONLY LZVEL. GPP IS TWE STDEBAND LEVEL

€ FOR THE CiSRITR PLUS £
C STATEMENT 9. LUS SIDEBAND, AFTER THE RETURN, FLOW IS TO

IF (MATE ,GE. 7) GO TO 8

na/,
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o AR ALY «WW“U’MWMMM

v

AN ANAOOOCD

uwilv -~ EFN SOURCE STATEMENY = IFN(S) -
17 {MIDE ,GE. 5) RO TO 7
CALL 7S®
e 10 ¢
7 Call aANT® (FPP,GPP,ARADAFPP, AGPP)
sn TH O
8 CalLl LNMAR ( FPP,GPP,FHI,NE.CS,SC.ET,NDY
Go 70 §

THE STIGNAL LEVELS ARE IN FPP AND GPP, TEMP 1S THE APPARENT
COURSE WIDTH WITH CWA,S OF 1.€.

9 TeMP® 1,9378/REAL(FPP/GPP)

(2 X 2] QOO

C THE COURSZ WINTK READ IN IS USED IF IT 1S LARGER YHAN 3 BEGREES
C OTHERWISE THE STANDARD VALUE BY FAx SPECIFICATIOMNS IS8
C DETERMINEN AND THIS VALUE USED. THE COURSE WINTH 1S LIMITED
€ TC A RANGT QF 3 TO & DEGREES.
c
17¢ Cy - 3.3 ) 12,198,144
12 CW & 2.%ATAN(3ISQ./XTH ) & RAD
1FC C¥ L7, 3.5 ) CW 2 3,2
IF(C“ .GT. éce) fusd.2

THE CWA(41) IS ADJUSTZD TO PRODUCE THE DESIRED CCOURSE WIDTH.

¢

¢

c

¢
11 CWA(L) = TEMP/CW

¢

¢

c

¢

THE VALUES, READ IN AND CALCULATED, FOR THE AMTEMNS SYSTEM(S)
ARE 0YTPUT 0% THE LINE PRINTER (ASSUMED 10 at UNIT 6)

WRITE(5,1903) MODE,ICP,FRO,XTH,ZA,XXA CH
WRITE(6,1088) TEMP,CWaA
HRITE(6,4082) CLS

THIS 1S THE LOOP BACK POINT FOR NEW FPLIGNT PATH, IG+S 11 TO 15,
MEMO 1S THE LABEL.FOR NEADER RECORRS AND GRAPHS.,
INPUT DATA FOR FLIGHT PATH!

XMIN STARTING POINT

XMAX ENDING POINT

oXR SAMPLE POINT SPACING

PHIR ANGLE OF APSROACH

PSIR GLIDE ANGLE

R RADIUS OF ORBIT .
zUp ALTITUDE AT TWRESHOLD OR CF oRalT
1CF FLAG O FOR STRAIGNT LINE, & FOR QRB]T

14 CONTINUE
READ (5,48€3) MEMS
WRITE(6,48M4) MERD S
READ (5,4006) XMIN,XMAX,DXR,PHIR,PSIR, R, BUP, ICF

32
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247 =

vald -~ EFN SOURET STATEMENT o [FN(S) - £

€ TME SIGN °F DXP IS ADJUSTED FOR FLIGHT FROM XMIN TO XMAX. §

. DYRSSIAN(“YR, (XMAX=XMI!}) §

¢

E g THE VELOTITY OF THE AIRSRAFT 1S InPyT, :
= READ (8,176) VEL
: . WRITE (6,1227) VEL

: g THE SIGN °F THE VELOTITY 1S SET TO AGREE WITH THAT OF DXR, 3

: VFLSS AN EL . OXR) i

“ ¢ H

C THE NUMRE®R Q€ RECEIVER POI~TS 1§ DETERMINED, [F TeI€ IS :

C LESS THAN £@2 FLOW PROCEENS T3 STATEEMT 14, OTHERWISE THE :

g MAGNITUDE OF ~¥XR IS INCREASEY TO GIVE ONLY 804 PO{nTS, :

NR SIFIX( (XMAX=XMIM) /X2 o §,)
IF(NR LT, 1) GO TO 1=
IFI(NP-5a1) 16,16.15

1% WRITE (§,172n)
DXRa{YMAX-XMIN) /582,
IFCABS(DXR) LT, 1.E~3) GG TO =g
NR 8 5§31

16 CONTINUE

CIET T T T

THE FLIGHT PATH DESCRIPTIOY IS OUTAUT, TWS FORMAT 3EING DETERMINFD

:;czgg‘;;pgong:b%gugép é" TYE CASE OF STRAIGHT LINE THE
OPPLER EFFECTS AND ®0SITION AR

DETERMINED. _ 0SITIoN ARE

AFTER OUTPUT FLOW IS TO STATEMENT 9.

AR N

1F (écr) 18,48,17
17 WRITE (6,1018) XMIN, XMAX,DXR,XTH,
60 10 19 2UP,ICF
18 coutzgue
HRITE (6,1309) XMIN,XuaX,3XR,PH4IR,PCIR P
PHIRSPHIR/RAD PYIR,PSIR, XTH, 82U
: PSIRSPSIN/RAD
- SPS1 = SIN(PSIR)
2 TANSR:SPS1/COS(PSIR)
TANBRLSIN(PHIR) /COS(PHIR)
VXsVEL8COS(PSIR)#COS(PHIT)
VYeVEL®COS(PSIR)ISEIN(PLIR)
VRSVEL_eSIN(PSIR)
19 CONTINUE

0 0 0 O 0 ¢ 1 a0

THESE CONSTANTS ARE FILTER FACTORS FOR TW "
FILTERS, v E ASSUMED MCOULATION

T‘.’,O,is.
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A - EFN  SOURCE STATEMENT = [FNI(S) gesi

BTy 2 FleTa

H&™T 3 §71,8PTh

de T = 97 ,.8PTA

#1527 = 137.6PTA

THIS 1S T«E L0P RACK POINT TC STarT

1o Tk L® : A NEW STHULAT W
;ﬁsxf3¥§~3n1§'?ex§;szgg eND :LIGnT PATH, TKE ggnpfg: ngto
HKMAT 0" % LEASED, T4E CaSE wywarR
INZREMENTED v ONE AMD THE LIMEPRIMTER uz;ggas ARéSHRlTTEN.

27 CNTINUE
CALL cLEA=(2P,4500)
NC s I e g
UITE (6,1318)
HRITE (6,1211)

aOaOaaQaOON

THIS 1S TWE INPUT FO 4 NEW SCATTER
AMAT A $ ER OR CONTROL CaRD. 7
FRRMAT AND USAGE OF THE VARIARLES wiILL BE FOUND IN TSE US:E.S MANUAL.

21 IFAD (5,1712) 10, XW(1),XW(Q) s XW(3),ALPYA,DELTA, WW.HK
A NEGATIVE IZ IS USED ON A SCATTERER T
t Cau M it
9 SURTRACTED FROM THE SUM, THUS 1DA 18 Usgg ;°£°§;E§2§N£0

THE TYPE OF S~ATTERER AND THE 8
SIGN "TERMINATION OF TME rxeissfcN OF 10 15 USED FoR The

IDAsIARS(1D)

AL AAOOODOHOOO QOO0

C THE RECEIVER POINT LOCATION VARIABLES ARE INITIALIZED.

€ THE X-SCOIATE OF THE LOgaTION, 2R (8 Tue 2-cOsRDiuiTe
¢ BY THE VALUE 3F ICF. HE USE oF THESE VARTABLES IS CONTROLLED

¢

XR IS

1F (ICF) 23,23%.22
22 COEGRXMIN~NXR
2qsgiUp
GO T0 24
23 XPsYMINJXR
24 CONTINUE

AR

IF 104 1S NOT § OR 2 THEN THIS CARD IS A CONTROL CaRD aAND

; FLOW PASSES TC STATEMENT T
LEopING BONTRGL; 4? 0 OUTPUT TWHE CDI AND FOR

[+ 13}

IF¢1ba .CT, 2) GO Y0 43
IF(10a .EQ, @) GO TO 43

XY IS AN ARRAY OF DATA ON_THE_ANTENN |
1 N_ i A AND
QUTPUT AS PART OF THE MEADER ItCOIg on’gazrkﬁggzr'ﬁzngno 1

c
c
e
¢
c
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~AlN - EFN SSURCE STATEMENY « IF%(S)

Xv(4) & 2.1R

XY(2) = °S51R

XY(3) = 2yp

XY{4) = FLOAT(NE)
Xv(s) = VEL

XY{g) = T_CAT(MODE)
Xv{?) = TLAAT(ICP)
XY(g) = I¥h

Xvip) = Y¥IN

c

€ THIS SECTION SETS ZEQTAIN VADIABLES ¥OR THE ZYLINCER CASE.

C AA IS A CONSTENT USEC IN THE SCATTEAERI* S avh DELTE IS SET TO

¢ ZERQ FOR ¢ VEITICAL CYLEINDEZR,

c
IFCIDa 2T, 2) 50 10 28
NELTAZZ,

AKAsN j8p</2,
28 CONTINUE

c =
c z
€ THEZ I4PUT ANSLFS ARE CONVERTCT TO FAnIaANS anxd g
¢ THEIR SINIS AnD CRSINES ARS CALCULATED, E
c =
Al PHASAL®HZ/RAD =
DELTARNELTA/RAD L
CASDEISIRELTS) i
SINDeSIN(IELTA) :
SOSASC S (AL PHS) E
SINA®SIN(ALPUA) :
¢ ]
c a
C AECAUSE OF CERTAIN APPROXIMATIONS =ADE IN TWE ANALYSIS %
C THERE IS + LIMIT ON THE SIZE OF TWt SCATTERENS THAT MAY 3
C BE SIMULATED. TO AVOID THIS PPOBLEM AS MUCW &S 3
C POSSIBLE: FOR THE RECTANGULAR SURFacE. 3
¢ THE PROCRHir WILL BREAK UP TOO LARGE A WALL INTOD .
C SMALLER PIECES. TO AVOID 2RNALEMS wWITH OTHER TYPES 3
€ OF SCATTERFRS THE VARIABLES INVOLVED ARE SET YO DEFAULT 4
€ VALUES AND THE BREAKING UP SECTION IS SKIPPED, :
e ) g
lusy 3
Tvag i
Qysg. E
Dysea. £
D2sg. E
Dxis?, 3
-0YZe9, E
IF(10a NE. 1) GO TC 25 2
€ TEMP 1S THE vaXIWMyM DISTANCE FROM TME REFERENCE PCINT SN THE 3
€ WALL THAT WILL CIVE & REASINABLE CRACR [N THE APPROXINATION, 3
e
TEMPREORT (LAMBDASSSRT( (XXACL )= XU {L) }0022(Ya=XN(2))082))/8, 3
¢ 4§
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= mema sty -

b -
§ 3 E
E nas2 1 3
& S - EFN  SOURCF STATEMENT = [FN(S) - z :
¥ € !4 IS T4E MUMIER (F PIEGES HARIZOMTALLY INTO WHICH THE WALL MUST &F f 4
1 C NIV I0eT, i 4
£ c 3
i IReIF Y (hW/2,/TENP) #1 d
{ g 3
; C 1Y IS THE Tu® RUMRER OF PIECES VERTIFALLY. |
: ¢ i
- TvaIFiX(wp/TEMP)+4 g
c g
AFTTEC4,1713, TD, XW(L) ,XW(2) o Xu(3) ,ALPHA ,DELTA, WW, Hul, 1, TV F
C v AND HW 4RE SET Y WEW VALUES, TLESE ARE THE SIBES GF TwE q
C “IFCES. Y ANR OY ARE THE CHANGE [N X= AMD YoCOORDINATES BETWEEN 3
C PIECES I~ THEZ WURIZONTAL RAMS, D2 IS THE CHANGE IN ELEVATION 3
C BETWEEM R5¥S vSRTICALLY., JXZ AND JYZ ARE THE CMANGE IN X AND Y g
C 9CTWEE™ R¢"'S, THIS CHANGE NSCURS WNLY IN TILTED WALLS (SIND 2
C AT EQuUaL Te 2FRNY, 2
Ar=p™ E
WHWW /41 é
TEHPRuRe(:]=1,)/2, 3
IXRABS (CISASUN) i
XW(1)2XW(1)=ABS(COSARTEMP) g
DY=SIGN(SINASWW, XW(2)) i
XWC2)2XW(Z)eSIGN((~SINAGTEMP), YW (2)) 3
HusHW/FLeAT(IV) :
D#sCOSTeMy 3
DXFaSINDOYHESINA 4
Dy2aSINDOLWSLOSA :
GO 7Y 27 j
c 3
c
C XW IS THE COORDINATE VECTOF USED FOR THE LOCATION OF THE 2
C REFERENCE POINT OF EACH PIECE OF THE WALL. ¥wr IS USED 3
€ AS ORIGIN OF THE WALL, AS EACH PIECE 1% USED FOR THE i
C SCATTERIMS XW [S INCREMENTED, XW2 1§ USED Tn RESET XW 3

C FOR LOOPING ON ROWS,
26 WRITE(6,4013) JO/XW(L) o XW(R) 1 XH(S) ,ALPHA,DELTA, 4N ) HW E
27 XWA(1)EXW(1)=DXeDNXB .|
XW2{2)8XW(2)=DY=-DYR A
XWA(3)EXW(3)~DB i
c
C THIS LOOP IS FOR THWE ROWS 8
c :
00 42 1gs1,]V i
XNG(1)EXWA(L)eDX2 i
XWO(2)8XAR(2)+DY2 3
XNZ(3)8XNB(3)+D2 a
XW(1)eXWa(L) 4
3 XW(2)=2XK8(2) K
- XW(3)=XW3(3) 3

Al S

ok g




St M

= 3
7 b
=

= -
= k=

T
bt e MR A

E nass :
5 Ay - EFN SOURCF STATEMENY = [Fu(S) - :
% c e . .
£ C THIS LDOP IS WITHIN EACH RCW AND 1S FOR WORTZQNTALLY SFPARATED
E C PIECES. 5
g c :
g DO 41 lA=1,1H 1
E c -
k c
E C XW IS THE COORNINATE VECTOR 9F THE REFERENCE PRINT 0N THF §
E C PIECE 3EING STMULATTED, 3
£ c :
£ XW(L)=XW(1)+DX ;
3 XwW(2)=XW(2)eDY 3
5 c :
3 c :
Z C SUBROUTINE FL: IS USED TO GALCULATF THF FIELNS GENERATEN BY THE :
i C ANTNNLE SYSTEM AT THE REFERENCE POINT,  AFTER THE SalL :
£ C THE FIELUS AT THE REFERENCE P0INT FOR ALL ANTEMNAE ARE [N A
& C EuwR, :
: c H
CALL FLOCAW(L),XW(2),Xw(3)) :

c £l
: C THIS LOOP IS 2N THE AMTEMNAE. FOR EACH PIECE THE PROGRAM ;
. C CALCULATES TWr SCATTERED FIELN FRIM aLL ANTENNAE, ¢

C IEL IS THF NUMBER OF THE ANTENNA BFING SIMULATED.

c
: c
: DO 42 IEL=1,NEL

g

C XA YA, HA ARE THE Xe,Y- AND Ze COORNINATES OF TWE

C ANTENNA,

c . .

: XA 8 XXACTEL)
: . JMAsBA(IEL)
¢

S'THYI‘IECTION INITIALIZES THE RECEIVER POINT
C LOCATION VARIABLES. IR 1§ Tug NUMRER OF TWE RECEIVER POINT,

¢
: IRsp
z IFCICF.EN.2) GO To 20 ;
N .CDEG = XM!N - DXR 1
G0 TO 32
: 29 XR &8 XMV - BXR
: 32 CONTINUE
= IF(MODE.GT,6) 22 = Za(IEL)

R T LR R

OW IS THE HORIZONTAL DISTavCE FROM THE ANTENNA TO THE
REFERENCE POINT,

DW = SORT((XW(1)=XA)®e2 o (XH(P)eYA)OO2)

"
an Ooaaoon

‘ C AN IS A VECTOR WHWOSE COORDINATES ARE THE DIRECTION COSINES
: C FROM THE REFERENCE POINT ON THE SURFACE OF THE SCATTERER TO

37
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T A R T

na/:
SLN A - EFN  SOURCF STATEMENT = IFN(S) -
C TwF AFTF: 0,  TYE REFERENGE SVSTEM USED IS ALIGNED #1Tw
C THE SIGES T THE BECTANGLE ANC THE THWIRD AXIS IS
C THE NoTwar S 70MAL, Ih THE CASE 5 THE FYLINDER THE
C MOSMAL IS LSSUVEDN TQ LIE IV & HOPIZOMTAL PLANE AND
: € T~ POTNT AT T4F AVTENWA,
¢ ¢
IFCIT NI, 92) 6D TO 32
AMCY )z (XA-XWL1)) /D%
! ANC(2)2(YA=YW(2))/0W
) 5¢ T3 33
: 3z CONTINUE
] ANCL)=SINA
4 AN(2)2=C0%a
g AV (3)=7,
g T3 SovTIsuE
. c
i c |
3 C THE HORIA~UTa: ANGLE BEWTEREN THE NARMAL TO THE SUFFACE AND .
% C THE LINE 7F SIGHT TO THE AMTENMA IS GAMMA, SING AND COSC
3 C ARE TumE S{4FE AMD COSINE OF GAMMA.
3 €
5 CrSGE:=A%(1)8(XH(1)aXa)aANC2)M(XN(D2)nYAY®, 4
1 SIMG = (=AN(2)@(Yu(1)aXA) & AN(1)O(XV(2. 2YA))/DU
: c
E c .
E C IF THF €093 1S NEGATIVE THEN THE LINE OF SIGHT IS

€ THRU THE RACK 7 THE SCATTERER AND THE ILLUMINATION AF
C THE FRONT SURFACE 1S ASSUMED Y0 BE OF ZERO INTENSITY

C AND THE FIELY FROM THIS SCATTERING 1S I1GMORER,

c

IF (CRS5) 34,34,35
34 WRITE (6,1217) lA,I1B,1EL
GO TO 4p
35 CONTINUE
c

c
C THIS 1S THE LOOP BACK POINT FOR TWE RECEIVFR POINTS,
C FOR EACH PIECE OF SCATTERER AND FOR EACH AMTENMA
C THE PROGRAM CALCULATES ALL THE FIELDS AT ALL TWE
€ RECEIVER POINTS BEFORE GOING ON TO THE NEXT PIECE
C OR ANTENNA. XR,YR, AND 2R ARE THE COORDINATES
€ 0F THE RECEIVER LOCATION., VX,VY AND VZ APE THE
C VELOCITIES IN THOSE DIRECTIONME, THE LOCATION
C IS DETERMIMED 3Y SLIGHTLY DIFFERENT METKODS DEPENDING
& ON THE FLIGHT TYPE. THE VALUE OF 1CPF 1S THE CONTROL,
¢ IR 15 THE PECFIVER POINT NUMIAER AND IS USED YO
C NFTERMINE WHERE THE FIELDS FIOM Twe SCATTERIMG
C ARE Tn BE SuU™veD,
c
36 CONTINUE
IF(ICF LE., @) GO TO 37
CNEGRCOEG+DXAR
IF¢ (NDEG-YMAX)®DXR ,GE. B,) GO TO 40
XReFechS(CNEG/RAD)
YRER*SIN(CNEG/RAD)

38
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& g 3

3 = § ]
3 §; g4as: ;
3 : AN - EFN  SOUREF STATEMENT = F4(S) : E
§ % vY & - VTLeYR/A ’ ;
3 £ VY =a VELeXR/R E
3 13 VZ =2 4.0 k
: : Gn T0 39 3
3 2 37 CORTILE E
- ' XPEXeL XS 3
3 : IFC (¥S-xrax)edXe ,GE, £.) GO TO 4 3
3 ) YReXPaTAME 3
3 0 3 3P !
IF(XR L7, XTH) 60 T9 7o 1

2P 3 AR ¢ (XR-XTH)#TAMSR b

V2 = YELeSPS! i

G0 TO 39 :

38 Y2 s 5,0 ]

39 COnTI NE !

IFCIR .GT. 490) 30 TO ag ;

IR®IR+1 %

¢ F

C RW IS THE D[STANCE TROM TH™ BECEIVFR PRIMT TR THE E

C SCATTERER KETEREMCE =0IAT, 3

c E
RNBSGRT((XE=XK(1)) 002+ (YRXN(2))082e(2RX{T))002) E

c p

¢ 3

C RR IS THE HORIZONTAL DISTANCE FROM THWE RECEIVEF TO THE :

C REFEREMCE FPOINT. E

c 3
IRESCRT((XP=XW (L)) 824 (YR-XW(2))002) E

c

C BETA IS Tif W“GRIZONTAL ANGLE SFTHEFN THE SUBFACRE *!ARMAL AND ]

C THE LINE OF SIGHT TO THE RECEIVER POINT., SI“3 AMD CnSA :

C ARE THE SINE AND COSINE GF RETA, E

£ . 5
COSRS(ANCLI@(XR=XW(L) I +AN(2)S(YR=XM(2))) /R 3

. SINBE(=AN(Z)®(XR-XN{1))eAN{1)@(YRYN/")}))/0R ;

¢

C DR IS TWE DISTANCE FROM THE ANTENNa YO TE 3

g REFERENCE POINT ON THE SCaTTERER. {

OR s SGRT((XR-XA)OOQ &> (YR-Y‘)’.Z P (ag-;z’..z ’ i

c :

c =

C THIS SECTYCN CVALUATES THF SSATTERING FRSOM THE SUAFACE.
C THE COMPLEY VARIABLE ,FAC, REPRESE! TS THE GAIM FALTOR
C FROM THE REFZIRENCE POINT 04 THE SURFAGF T0 TWE

C RECEIVER PNINT,

w2 ol s bl e A 8 L

PHID AND PHIJT ARE THE RELATIVE FRFQUEMCY SHIFTS 20 E TO DOPPLER
EFFECT FROM TUE AIRCPAFT VELACLITY,

AT

Y b S b VAT 8 6 st o

W it BaZb e DL

PHID = AKe(VY@(X=XA) + VYS(YR=YA) ¢ VZe(ZR~E2))/0R
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. AUYD = AR (VXS (VRaXW(1))eVYR{YR=XI(2))e VRO (FR-XU(Z)))/RW

c

T

C THEST TOWNSTAVTS ARE THE GAIN FACTORS FGR THE VaAR!Y;S CROSSTALK

C TASES.

c
UTa(P1]JD=PHINI®TA/Z.
SMEUC(L) = SIUN(iT+a07T )02
SNCUC(2) = SINC(UT+W151T)ee2
SHEUT = SINCLUT)
SNCUN = SiNCLUT+WART)

:

€ THIS SECTION TALCULATES THE GAIN FOR THE AfTUAL

C SCATTERING, .

c .
AzAK® (SINN#(COSG+COSB)I+COSDO((XW(Z)eHA)/DWe(XW(I)=2L)/RR))
3=847 #AL0HASCOSD/DW
FACRCTYXP(CMPLX(Z. RWSAX) YO ((CEXPICMPLX( T, s A®HW) )al(1.28.)) /A=
JCEXP(IMPLX(@, 2, #AKOHASXW(S)/DW) )0 (CEXP(CMPLU(A . ,Bapl) )=(1,,0,))
/R) ’
FACaFAC/RY
Bx3=A
AZAK® (SINOe(COSG+COSBY+COSOM (YN (T IeHA) /DN {XK(I)¢ZR)/RR))
BaReA
QUPESIRT(ORGRR (~ZR=XW(J) ) 002)
FACRFAC~(CEXP(CMPLX(B, ,RUPSAK) Y ( (CEXPLOMPLX(2, s A®HN) )=(1,,8.)) /A~
CFXPIOMPLX(D, 2. 9AKOHASXN(I)/D )Y (CEXP(EMPLX (™, ,BOHW))=(1,,0,))
+/8))/3up
FACm=FACOAK®UWWSCOSC/PL/2,

c

c

C ALL STATEMENTS FOR CALCULATING THE SCATTERING FROM RECTANGLES anD
C CYLINDERS ARZ THE SAME WITH THE EXCEPTION OF THE FoLLOWING STEP.
C IDA 1¢ ONE FOR THE RECTANGLE AND TWw0O FOR THE CYLINDER.

IF(I0A LEQ. 1) FACSFAC#COSReSINC(AKaWWa(SING~SINB)/2.)
IFCIDA LEC. 2) FACSFACeBESF(AKA,C0SB,SINR) /2.

IF 10 1S NEGATIVE THE GAIN IS TAKEN IN THE OPPOSITE

SENSE,

IFC ID LT, 8) FACs=FaAC

(9 X 3] [2 R ReXoNe)

C-THE GAIN 1S MULTIPLIED BY THE SIGNALS AT THE REFERENCE

C POINT TO GIVE THE SIGNALS AT THE RECEIVER, THESE SIGNALS ARE COMSLEX
C MAGNITUDES., EP 1S THE SIQERAND PORTIOM OF THE CAFRJIER

C PLUS SIDEBAND FOR THE COURSE ANTENNA AND EE THE S]DEBAND

C ONLY. EM 18 THE SIDEBAND PORTION OF THE CARRIER PLUS SIDEBAND

C FOR THE CLEARANCE AND EC THE SIDEBAND ONLY.

c
EP » FACOEWR(IEL,4)
EE = FACOEWR(IEL.2)
EM s FAC®EWR(IEL,3)
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MAIN - EFN  SOUREr STATEMENT = [IFNUS) -
EC ® FAC#FWR(IE! -4)

THESE ARE THE COMPLEX PHASORS FOR THE SiGNALS AT THE RECEIVER
POINT FOR TWHE DIFFERENT ANTENNAE AND FREQUEWNCIES.
THEY HAVE THE FOLLOWING SIGNIFIGANCE!

SYMEQL  USAGE

2J> CARRIER FROM THE COURSE AMTEN*A

2JPC(1) 92 HE SIDEBAND FOR COURSE

2JPC(2) 153 HZ SIDEBAND FOR COURSE

gJM CARRIER FROM CLEARANCE

2JMC(L) 97 WE FROM CLEARANCE

ZJIHC(2) 123 M2 FROM CLEARANCE

A0 O0O000

2P & EP/THPLX(CP,EC,0)
Z2JPC(L) = EP - EE
2JPC(2) » EP « EE
g8JM 8 EM/CMPLX(CM,2.2)
FIMC(L) = EM - EZ
2JMC(2) ®m EM ¢ EC

SUBROUTINE VARCAL ADDS THE FIELDS 70 THE FIELDS
ACCUMULATED FCR THE ,IR,TH RECEIVER POINT,

CALL VARCAL (IR}

THE PROGRsM LCOPS BACK TN THE NEXT RECEIVEP POINT,

GO TO 3¢
40 CONTINUE
41 CONTINUE
42 CONTINUE

OO0 Ao

THIS 1S THE TRANSFER BACK TO PICK LUP THE
NEXT SCATTERER OR CONTRQOL CARD.

6o T3 21

€3 OO0 OD

€ AT THIS POINT THE PROGRAM HAS ACCUMULATED TME SCATTERED FIELOS
C AND HAS READ IN A CONTROL CARD TERMINATING TWE RUN,

C THE PROGRAM™ WILL ADD IN THE OIRECT UNSCATTERED FIELD, BOTH

€ DIRECTLY FROY THE ANTENNA ANP REFLECTED FROM THE GROUND,

C THEN .THE APPROPRIATE RECORNS WILL RE OUTPUT,

43 CONTISUE

iRsp
SNCUT & 3.8
SNCUD = 2,0
SNCUC(1) = 2,
SNCUC(2) = §.
c
c

41
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FROM THIS STATFMENT THIZUGH JUST R-3BF STATE4ENT 51 IS
THE LAOP v ICFEIVER POINT, THE L-0PILG 1S ANME Trt SAME
AS THE SE~TIS FOLLOWING STATEMENT 35.

a0

—————TY Y N A

44 [F(1Cc 537, &) GN TO 45
XR =® X' ¢ ~XQ
IF( (v ay 2 L)eNXR GE, &, ) G0 T9 ¢4 :
YR = X7 &T.:.PR E
IF(XR LT, ATH) SO 77 15 H
B8R 3 (AR=-YTH)#TANS? + 2P R
V2 = VEL®SPES] =
G TO 47 :
45 V& = 3.9 z
3R = 2P :
6D 70 <7 :
46 CDEG = €I G + DXR
IFC(CNFG=Xx~AX)®DXR .GE. 2, ) 63 TD =%
TEMP = S)OEG/RpY .
XP 3 ReCOS(TEMP) s
YR = ARSI :(TEMP) R H
47 IR=1R+1 ;
Call "LE22(2E,4) ;

U T

WL W LT s

THIS CALL 70 *LC CAUSES THE CALCULLTIGM CF TWE FIELD LEVELS
AT THE RECEIVER POINT,

CALL FLC(¥®,YF,2ZR)

(2 N o] aoagaaan

€ THIS IS TuE LOCP FOR THE OIFFERENT ANTFNNAE. [EL 1§ THE :
C ANTENNA NUMBES3, NEL IS TOTAL NUMBER OF ANTENNAE 3EING -
€ USED. :

00 49 IEL®1,NEL

THIS SECTION CALCULATES THE FIELDS FOP THE VARIOUS SIGNALS
AT THE RECEIVER POINT,

OO O

HA s ZA(IEL) »
XA 5 YXA(IFL)
RNSSORT(RA(IEL)#02=(ZPakA)882) %
CESCMPLX(RD/RACIEL)Y,2,) :
RD22.sAK8LABER/RD
CESCESCMPLX(1,-CNS(RD),=-SIN(RD))
DO 82 U = 1,4
EWR(IFL,u =ENRC(IEL,J)®CE
50 ZE(JU)=2E( )+EWRCIEL,J)
BJP = EWRIIEL,1)/CMPLX(CP,2.0)
gJPctl) 2 EWR(IEL,1) ~ EWVRIIEL,2)
2JPC(2) uw EWR(IEL,1) + EWR(IEL,2)
2JM = EWNR(IEL,3)/CMOLX(CM,2,.8)
BIME(1) = EWRA(TIEL,3) = EWRCIEL,4)
ZIMC(2) = EWR(IEL,3) « EWRCIEL.,®)

42




MAIN -~ EFN  SOURCE STATEMENTY e« IFM(S) -

C “HIS CALL TO vARCAL ADDS THE FIELDS TO TWE ONES ACCUMULATED
C FROM THE SCATTERERS,
c
CALL VARZHL (IR)
49 CONTINUE
¢

c
C DETEC TAKES THE COMPLEX FIELD PHASORS AND EVALUATES

C NUMBER AND IS USED IN THE SUPROUTINE TO SELE"T WHICKW FIELDS
C ARE TO BE USED. DF(IN) 1S THE LOCATION IN TWE ARRAY WHEKRE
C THE CDI 1S TO PE PLACED,
c
CaLL ODETEC (IR,DF(IR))
IFLIR LGT. 499) GO T0 51
G0 70 44
81 CONTINUE
XY(4B)2FLOAT(IR)
WRITE(4,4218) ID,NC,IR,ICF

THIS SECTION 2UTPUTS THE COI ON UNIT 8, THE QUTPUT 1S A LABEL

RECORD (MFMO), THO RECORDS OF FLIGHT AMD AMTENMA DESCRIPTION,
AND THE CDI RZCORDS.

aQAaoNaoonNn

IF(10 .EQC. @) MEMO(13)s]LEL(S)
WRITE (8,408%) MEMD
WRITE(8,1214) XY,I0,NC,ICF
WRITE(S,1816) (DF(1),1s1,1R)

¢
C IF THE ID. IS NOT @ THE FLOW IS TO STATEMENT =7 70 PRNCESS
C THE 10 VALUE FROM THE CONTROL CARD, OTHERWISE THE SIGNAL
C STRENGTHS ARE OUTPUT,
o] .
IFC 1D .NE. 8 ) GO T0 87
:
C IX 18 THE MUMBER OF SIGNAL TYPES TwAT ARE TO BF OUTPUT, TWO
C FOR SIMPLE ANTENNA SYSTEMS, FOUR FNR CAPTURE EFFECT,
c
Ixng -
IF(NEL .ES, 1) IX=2
:
€ THESE LOOPS CALCULATE THE SIGNAL STRENGTWS, THE VALUES ARE
€ PLACED IN XXPV(],J), WHERE ! IS TWE RECEIVER POINT NUMBER AND
C J HAS THE FOLLOWING USAGES
¢ J USAGE )
¢ 1 CARRIER LEVEL FOR COURSE ANTENNA
c 2 SIDEBAND LEVEL FOR COURSE AMNRENNA
¢ 3 CARRIER LEVEL FOR CLEARMNCE
c 4 SINEBAND LEVEL FGR cLEARANCE
c
1~

XXRY OCCUPIES THE SAME LOCATION IN CORE AS 2P AND 2M,

0C 82 IsL.IR
82 XXRY(1,1)=CABS(EP(]))ep,.2

b
»
~
LY

i, b A

C THE COURSE DEVIATION INDICATION (CDIY. IR IS THE PESEIVER POIKT
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MATY - EFN  SOURCE STATEMENT o IPN(S) -

C 83 1s3,1IR

53 XxRY(1,2)2CARS(ZPC(],1)-3PC(1,2))/2.
DN 84 1s¢,1R

84 XXRY(1,3)3CARS(ZM(1))e0,2
20 8% ls=1,]R

85 XYAV(1,4)sCABS(ZMC(L,1)=-2MC(1,2))/2.

THIS LOOP CUT2UTS THE APPROPRIATE NUMBER OF SIGNALS ON UNIT 8,
THE LABEL RECORD FOR EACH CASE IS ALTERED SLIGWTLY AS EXPLAINED
IN THE DATA STATEMENT FOR ILBL,

00 584 J = 1,IX
MEMO(13)=1LBL(J)
WRITE(S8,12a8) MEMQ
WRITE(8,1214) XY,ID,NC,ICF
56 WRITE(8,1816) (XXRY(!,J),1%1,]R)

THIS SECTION CONTROLS THE FLOW OF THE PROGPAM AFTER THE OUPUT
FOR TWE CASE 1S FINISHED., TWE CONTROL 18 B8Y TWE VALUE OF THE
ID READ IN ON THE LAST CONTROL CARD. THIS ABSOLUTE
VALUE OF 1D IS IN IDA, DEPENDING ON THE VALUE CF 1DaA TWE
PRGGRAM LOOPS RACK AMD READS IN THE “EXT DATA CARD P8R THE
NEXTCASE TC 8¢ RUN., THE VALUE WILL CAUSE THE TRANSPER [N
THE FOLLOWING: :

104 NEXT TYPE OF CARD READ

0 MODE

3~18 SCATTERER

11-18  LABEL

16-23 MOOE

21-83 COURSE wiIDTH

87 CONTIVUE ]
IF(I0A EQ, €#) GO TO ¢
IF(10A ,LE. 18) GO TO 22
IF(10a ,LE. 15) GO TO0 14
IF(tDa ,LE. 28) GO 710 1
IFCI0A LE, S¢) GO TO 6
88 CONTINUE .
END FILE 8
REWING 8
STOoP
1082 FORMAT (8F13.3)
1081 FORMAT(12,2X,6X,7F18.3)
1002 FORMAT(SY,4HCLSs,F9,4)
1003 FORMAT(QUEMODE s 214710 FRQ = .3/
1 8N XTH = r’l?/ 8K ZA = 8"02,
2 8M XA = 3F9.2/14H COURSE WIDTH F?7,.2,8H DEGREEE )
1004 FORMAT (3X,13468,A2)
10085 FORMAT (43A6,A2)
1006 FORMAT (7F38.8,2%,312)
1687 FORMAT(¢MS VELS,E11.4)
1988 FORMAT(26W OVER 580 RECEIVER POINTS )
1089 FORMAT(SMAXMINS,EL11.4,7H XMAX2,E14,4,7% DXRs,E11.4,7H PHIRs,E14
Xe4s7H PSIRs,E11.4,6H XTHe,E11.4,8N 8UPe,£81,4)

4 -~
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MATN - FFN SOURCE STATEMENT o [F4(%) -
1040 FOPMAT(14-7 STRUCTURE JATA)
1811 FORMAT(%s4 ID Xu v 2N
X,8HDELTA ,5X,234 Wi “N EX :u: Lo

1a12x;g:.isu v "SECTIONS )

MAT (12,3% ,B.5X,2F5.?,3F

1953 FORMAT (17.1x,7E12, 6,55, 134X 193

1014 FORMAT(1X.7F18.9,/ 3F13.¢,119,18Y,2118)
1015 FORMATIGNGMIND2,T11,4,7k MAXDs,E11,4,7n

XEII-‘-7H EUP: Eiio‘
1916 FORMAT( 7F15.8 ) $TH o TEFsID)

1817 FORMAT™(27+ SURFACE IS NCT ILLUMIGATER
ABM HE, 12,5H V=z,12,68K IEL!.}é) o

1018 FORMAT »3H 2 13,
Fo8 (2X,3W]I0=z ,13,5%,3uNCe , 17,5y, 3HIPx ,13,54,4HICFs ,12.,77)

ﬁDEGloEli.C.lH Rs,
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1 Y N R !M"A'Wmmnmwm

¢

¢ .

C THIS SUBRRUTI™E IS USED To 2ERD OUT THE CONTENTS OF
C VARIOUS MaTRanIES.

c

W g

SUSRJUTINE CLEAR (X,N)
SONPLEY X(1)
0o 11 =2 1,8
1 Xl“ z ‘7-020)
Re TURS
£4d

46
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sug? - EFn SQURCE STHTEMENT «~ ({Fu(3) -

THIS SURRGUTIVE IS USED TO INPUT DATA FOR CaALCULATING THFORECTICAL
PATTER:-S FCR ARRAY TYPE ANTEWIE,

SURRIYUTI. CRRMTS( Dy 2, S» ET, “F )

LGGICAL EOF

DIMENSIOY €T(19),D(1)

COMPLEX C(1),S(1)

COMMON /SuB/ MODE, ICP,FRN,LAMBLA,PI,PADND,PU](3).PSI(3),NEL,XTH
IFCEOF (%)) GN TO 3

11

THIS 1S THE IWPUT FQOR THE ELEMENT LNCATION AND CURRE:T DESCRIPTICH
DT IS THE ELEMENT DISPLACEHMENT IN THE Y-RIRECTION, “FASURED
IN WAVELENGTHS.
CT 1S THE CASPIER PLUS SIDEBAND AMPLITURF, 1N PELATIVE UNITS
PC 1S THE CARRIER PLUS SIDEBAND PMASE, IN DEGREES
ST 1S THE SISESAND ONLY AMPLITUDE, I PELATIVE UNITS
PS IS THE SIJERAND ONLY PHASE, IM DEGREES

1 READ (5,1208) pT, CT, PC, ST, ©8

THIS TEST IS T0 SEE IF THE END OF THE ELEMENT FARDS waS BEEN
REACHED, 1IF THE CARRIER PHASE IS <RFEATER Twah 548 FLIY
1S TO THE ELEMENT PATTERN SECTION.

IfFC Pc .57, %88,) GO ™1 2

THIS IS THE 92 DEGREEZ PWASE SHIFT FOR THE QUARPATURE OF
THE SIDERAND ONLY TO THE SIDEBAND IN THE CARRIFR PLUS SINE8AMND,

PSS s PSe93.8

WRITE (4,1688) DT,CT,PC.ST,PS
D(I) = DYe2,0p}
C(lysCTa2EXP(CMPLX(Z2.,PCORADD))
$(1) = STeCEXP(CMPLX(P,,PS8RAL™))
1] ¢y

THIS STATEMENT LOJPS BACK TSGR THE MEXT ELEMENT IF THS TOTAL
NUMRER OF ELEMENTS DOES NOT EXCEED THE AVAILABLE SPACE.
IFC 1 LT, 26) GO TO &

THIS SECTICN RFANS IN THE PATTERN F02 THE ELMEMTS, NE IS THE
NUMBER OF FLEMENTS. ALL ELEMENTS ARF ASSUYER T0 HAYE THE SANME

PATTERNS,
2 NE sl =1

ET WILL CoMTal4 THE ELEMENT PATTERK, THE VALUES ARE IN
RELATIVE AMPLITUBES. ET(1) 1S THE VALUE AT PERO DEGEES AND

47
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sug? ~ EFN  SOURCE STATEMENT
C SUCCESSIVF VALUES ART atT 12 JEGREE SPanING U

C THERE ARE 19 POINTS SIVEN, THE PaA
C THE ZFRQ -EGIFE BOINT, -
¢
EAD (%,1228) ET
WRITE:4.1228) ET
RETYCN
3 WRITE(6,1209)
EXD FiLE 8
$Top
190C FORMAT( 8F1g.4 )
1201 FORNAT (204 ARRAY DATA MISSING
8

1F-4(3)y -

® 70 137,
TTERN 1S SyvprRle A3CyT
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e

c

C TH18 SUBRGUTINE INPUTS THE ANTENNA PATTERNS FOR THE MEASURED
C PATYERN ANTENNA CaSES,

c

RV

SUSROUTIVE PATTRY ( ARAD, AFPP, 4GPP )
LOGICsL SoF
DIMENSION ARAD(SZ), AFPP(S82), AG2P(8?)
DATA RAD 7 87,295779%
1X s 1
IF(EOF(S)) GO T0 &
. 1 READ(S,1283) ANG. AFPP(IX), ASPP(IYX)
. AFPP(IX)RAFPP(IX)e1g0n2,
] AGPPIIX)SAGPP(IX)eipn3s~7a,
ARAD(TX)maANG /RAD
IXs]Xed
3 IFC Ix .3E. %1) GO TO 2
= IFC ANG ,LT, 381.) GO0 TD 1
2 IFC Ix LE. 2) GO TO &
2 HRITE (6,108%)
WRITE (6.1282)
tysi¥X-2
DO 3 I=1,1Y
ANGSARAD(I)eRAD+ 30821
3 WRITE (6,1883) ANG,AFPP(1),ACPP(])
G 70 =
S RETUYR:
4 HNRITE (6,1884)
- END FILE &
5 SToP
3 4808 FORMAT(gF10,.8)
! 1001 FORMAT(28HEANTENMA PATTERN MEASUREMENT)
‘ 1882 FORMAT(34H ANGLE READ SIDEBAND CARRIER)
3 1083 FCRMAT (3£12.4)
1004 EOQHAT(SSH MEASURED ANTENNA PATTERN MISSING )
N

.

il s
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5UR4 - EFN SOURCZ STATEMENT = IFN(S)

THIS SURRIUTINE SIMULATES THE BEHAVIOR OF THE ILS RECE]VER

5YSTFM, ©OR THE [R,TH PECEIVER POINT 1T CALCULATES THE CDI

THAT wOULD BE NBSERVED WITH TWE FIELD LEVELS IN 2P, %M
2Pt AND Bl

SURRNUTINE DETEC (IR.DI)

DNURLE PRECISION GOGA

REAL W

CAMPLEX ZP(520),2PC(530:2),

2 ZM(500),EMC(508,2)

DIMENSION VCD(800,2),VPD(580.2).VMD(500,2)

DIMENSION V(2),6700(26)

couut. g9,2PC,2M,EMC,VCD,VPD,VMD

COMON /VAR/ SM,SNCUT,SNCUD,SNCUE(2),VPC(2)VMC(2)

DaTaA "G /5/ .

DATA GJB77 .1203300+4,~.28320000+02, o
1-,4687500800000000~04,~.195312500000072D-04,~-.12681152343750D~01,
1-.672012897686250-02,-.46262741088867D-02,-.337529182434080-02,
1-,28710230693221D0-02,~,20234903786334D~02,~,163354848074463D-02,
1-.1347011208623%900=02,-,11295287218958D~82,~,96274462661188D-23,
1-.627186932350790-03.-.719654371145100-!8.-.631005037167500-13.
1-.58911546169754D~03,-.498285770262850-03,~-,44684985629529D-03,
1-.,403020781646310~03,~-.365323232359670-03,~,332467812944802D~03,

1-,304221257334890-03,-,279265607319140-03,-,25725947746239D~-03/
CALL DTC(ZP(IR), VP, VPC)

CALL RTC(BRMLIR), VM, VYMC)
BK2 = 4 ,0aVPOYM/ (VPeVM)ee2
UWw = yMsYP
17F¢ Uv EQ., #,) GO TO 2
N 8 NG
MY = N ¢ §,
Cc = 2.0
CP = 8.0
CM = ao'
1 IFt N1 (LE, 0 ) GD T0 3
G = GIBA(NL)
CC = CCeBK2 ¢ G
CP = CPaBK2 » Go(l.eNe(UN=L,))
CM s CMOBK2 « Go({1.oNe(1,/UW=1,))
Ni 8 N1 ~ 3
NaNi=1
80 70 ¢
2 CC= 1.8
CP ] 100
CH &8 #.,@
IN04 1 my,2
VN2l = CPeCPOYPD(IR, 1) ¢ CMeCKeVMD(IN, 1) ¢ CCoCCoVCD(IR.I)
VeI = CPeVPC(l) « CMeyMC(])
4 V(1) = SORT( VCleVvC] + VD&LI )

COL 7 SMe(V{2)~VI1))/7{V(2)eV (L))
RE TURM
END

50
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THIS SURROUTINE SIMULATES Th=~ EFFECTS o v e
AN STS OF P K
CARRIF# AND S!NEBANDS ON DITECTED ap ang 15;5525AL;£1?58255N

(s NeEeNe Xe]

SURRO.TINZ DTC ( N,V |
CAMPLIY 7y ¢ Fhe N Ine
DIMENSION EN(5¢3,1),VNC(L)
VE & CABS(3N(1,1))
Pu a 2,
IFC VN 8T, ¢,) Pu & ATAN2(AIM
COSP = GhiPn, 2(Al AG(!“(ioi)’oﬂEALtzﬂ(loi)))
SINPESIN(OW)
D01 1 24,2
VNME Yy = ¢ tAj J
1 RETG;H COSP#REAL(BN(1,141)) o SINPOAIMAGIEN(Y,]%1))
END
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3 E suge - EFN  SOUREGE STATEMENT « (FN(3) -
P
t c
H C THIS PUBROUTINE ADDS THE FIELDS IN ZJP, #JM, ZJPT. AND ZJMC
¢ C TO THE SUMMATIONS IN ZPC, 2MC, VED, VPD AND VMD. THE ARRAYS
: C CONTAIN TWE COMPLEX SUMS FOR EACH RESCIVER POINT, THE SYMBOLS
t C HAVE THE FOLLOWING USAGE:
: c SYM0L USAGE
: c 2P CARRIER FROM COURSE ANTENNA
’ c M CARRIER FROM CLEARANCE )
, c ZPCLIR,1) 99 HZ SIDERAND FROM COURSE
3 c 2PCCIN,2) 18p M2 SIDEBAND FROM COURSE
2 c EMC(IR, 1) 98 HZ SIDERAND FROM CLEARANCE
) c EMC(IR,2) 152 HZ SIDEBAND FROM CLEARANCE
: c VeD(IR, 1) #
; c VCD(IR,Q) .
1 c vepiIn, 1) ¢ THESE ARE INTERNAL VARIABLES USED FOR
3 c VPn(1IR,2) * DOPPLER EFFECTS, THEY HAVE NO DIRESY
- c VMD (IR, 1) ® PHYSICAL MEANING,
g ¢ VMD(IR,2) ¢
c .
C SNCUT IS THE GAIN FACTOR FROM THE DIFFERENCE 0F THE SCATTERED
C SIGNAL FROM THE DIRECT SIGNAL FREQUENCY. THIS FREQUENCY
C SHIFT 18 CAUSED BY THE DIFFERENT VELOCITIES OF THE AIRCRAFT
€ RELATIVE TO THE ILS ANTENNA AND THE SCATYERERS, SNCUC(1) 1S
€ THE GAIN OF THE CRCSS TALK FROM THE CARRIER THROUGH THE 98 H2
C FILTER., SINCUC(2) IS THE CROSS TALK AT 156 W2,
C SNCUD IS THE CROSS TALK FACTOR BETWEEN THE o8 HE AND 199 WZ
C SIGNALS FROM THE DOPPLER SHIFT,
1 ¢
9 SUBROUTINE VARCAL (IR)
coOMPLEX #
: COMPLEX 2P(322),2PC(308,2),
3 2 2M(500) . ZMC(380,2)
3 DIMENSION VCD(95802,2),VPD(580.2),VMD(523,2)
e cCoMMON 2P, 2PC,2M,2MC,VCD,VPD,VMD

COMMON /VAR/ SM,SNCUT,SNCUD,SNEUC(2)
COMALEX 2UM,BUP,2JPC(2),2JMC(2)
COMMON /487 ZJUM,2JP,2JPC,BUNE "

3 CAB2(Z) s REAL(ZSCONJG(2))

: 2PCIR) & FPC(IR) » ZJP

3 ZMCIR) & ZMCIR) + BJM
00 4 184, 2
ZPCCIR,I) s ZPCCIR,]) « ZUPC(I)agSNCUY
EMCC(IR, 1) » EMCC(IR,I) « ZUMC(])e3NCUT

chtgﬂol) s VCO(IR,1) « (CAB2(2JP } o CABR(ZUM ) raSNCUC(T)
Jole

SNCUL?2 = SNCUDeSNCUD )
VPB(IN,J) s VPDUIR,J) « CAB2(ZUPL(])) e3NCUD2
- 7 1 VMD(IR,J) 8 YMD(IR,J) ¢ CAB2(ZUMC(])) eSNCUD2
4 RETURN
i END
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sug? -~ EFN  SOURCE STATEMENMT < [FN(S) -

THIS SUZRIUTINE CALCULATES THE ELERTRIC FIELNDS FOR THE

SIDEBANDS AT LOCATION (X1,Y,2). ARRAY E IS THE SAME AS
ARRAY EWR IN TWE MAIN PROGRAM,

AQaQADNNO

SURROUTINF FLC(X1,Y,2)

COMPLEX E€,F,FPP,GPP,C(28,2):,8(25,2)

COMMOR/CN/ ARAD(SZ) ,AFPP(S83),AGPR(BE),ARAD(S2),BFPP(53).8GPP(%F)
COMMO- /8uR/ LC(2),FRE, WAMDA,PL, RARDPHT,P(2),PST,TT(2),NEL,XTH,
1 XXAC3),YA.HA(3),RALS)

SOMMO* /ANT/ LOC,FPP(2),GPP(2),E(4,4),CHA(2),A8(2),D(25.,2),C,S,

/ 2 ET(20,2),ND(2)
AKR2 ,8P1/WAMDA
JA = 4

THIS IS T4E LOOP ON AMTENNA NUMBER,

[+ e )¢ Nyl

no 1 '=1,KEL
CALL “LE&= (FPP,4)

LOC IS THE YPE FOR ANTENNA »J,
LOC & LC(Y)

X I§ THE NISTANCE FROM THE ANTENNA TO THWE POINT.

o000 OO0

X 8 X4 = XXACJ)

RaSQRT(Xea2+Y002+(2=HA(J))O92)

RAtY) = R

PHIRATAN2(Y, X).

PS] & ATAN2(R-KA(JY),X)

JAsie18ge( =1)

IfC LNC LT. 4) CALL CSP

IFCLOC .EQ, B) CALL ANTP(FPP(J) .GPP(J) ARAD(JA) JAFPP(JA) ,AGPP(UA))

1IF(LOC .EQ. ?7) CALL LNARCFPPLJ),GPPtJ),PH],D(1,4).C(1,J),
oS(L,JY)sET(1,J)NOCJY)
CONS =z AKeR

F IS THE COMPLEX GAIN FACTOR FOR THE TRANSMISSION LOSS FROM THE
ANTENNA TO THE POINT,

AAON

F 8 CEXP(CMPLX(B.,CON3I))I/R
00 1 JCey,2
JBrae Cay

GPP IS THE SIGNAL LEVEL FOR THE SINERAND PORTION OF THE CARRIER
PLUS SIDERAND,

GPP(Jc)a GPP(JUC)®AS(JC)

€ CaqQOaOaan
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SOURCE STATEMENT -

EFN
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. €
C FPP IS THE COMPLEX PHASOR FOR THE SIDERAND ONLY.,

c
FPP(JC)aFPP(JC)WCNALIC)#AS(JC)
E(J,JB)aGPR(JC)0F

1 E(J,JR+1)= FPP(JC)eF
RETURY
ENC
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{ € THIS SUBROUTINE GIVES FPP AND GPP AT ANGLE PHI BY SUMMING THE SIGNALC
. C_FROM THE MD ELEMENTS IN THE ARRAYe THE PATTERN FOR THE
C FLEMENTS IS IN FTe THF RELATIVE CARRIER PLUS SIDEBANDS AND
C SIDEBAND ONLY SIGNALS FED TO THE ELEMENTS ARE IN C AND Se
c

SURROUTINE LNAR (FPPsGPPoPHI sDsCsS+ETND)
COMPLEX FPPsGPP4+Cs5S
DIMENSION D(1)+Ctl1)9S(1)eET(1)
SIPH=SIN(PHI)
TEMP=ABS(PHI)/,1745329
1=TEMP+1,
A=1-1
P=TFMP=A
EPP=R*(FT(I+1)=ET(II+ET(])
FPP=(NeNyNeN)
GPP=(0e04040)
: DO 1 J=1,ND
3 GPP = GPP + C(J)#CEXP{CMPLX(0qs=D(J)#SIPH))
3 1 FPP = FPP + S{JY#CEXP(CMPLX{Ces~D(J}%SIPH})
GPP = EPP*GPP
3 FPP = EPP#FPP
= RFTUPMN

L P

B A i A A A A N A B

FND 3
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auae - EFs SOURCFE STATEMENT = IFN(S) =

THIS ANTENNA SUBROUTINE GIVES FPP AND GPP FOR ANGLE PH! &Y
[NTERPOLATION IN TABLES ANT AND ACP., ANGLE PHI IS IN
RADIANS, THE SURROUTINE WILL INTERPOLATE BETWEEN VALUES
RRACKETTING TPHI, IF PHl IS OUTSIDE THE RUNGE OF THE TAPLE
THEN EXTRAPOLATION FROM TWE LAST TWO VALUES WILL RE USED.

SUBROUTINE ANTP (FPP,.GPP,ANGANT,ACP)
DIMENSION ANG(S2), ANT(S52), ACP(S@)
COMMON /8UB/ LC(2).FRQ,WAMBAPL ,RADD,PHI,P(2),°S1,T(2),NAR,XTH,
1 XXA(3),YA,HA(Z),RA(D)
0n 1 122,57
Kzl
IFLaNGCL) ,GE., &.8) 6D T2 S
IFCANS(I)=PHI) 1,3,2
1 CONTIVUE
2 FPPaAYT(K=1)¢ (ANT(K)=ANT(K=1))a(PH] 'ANG‘Kfl))/(ANG(K)-ANG(K°1))
GPP2ANP(Ke1)e (ACP(K)=ACP(K=1) )8 (PH] «ANGIK=1))/{ANG(K)=ANG(K=1))
GO TO &4
3 FPPaANT(X)
GPPsACP(K)
4 RETURY
5 KaKeq
60 TO 2
END
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JURie - EFN  SOUREF STATEMENT = IFN(S) -

c
¢
‘C THIS ANTE'1a SUBROUTINE WILL EVALUATE FPP AND GPP FOR TH

C STANDARD INTENNAE, THE VALUE OF LCC WILL DETERMINE THEETYPE

C OF ANTENYA USED. THF SIGNALS WILL RE CALCULATED AT ANGLE PHI,

C
SUSROMTING CSP
gE‘LOL‘"jA
CMMON /SUBZ LC(2),FRO:WAMBA,PI,RADDPHI.P(2),PS1,T(2),NA »
CoMMOt: ZANT/ LOC.FPP.XF.FPH.YF.GPP.XGcGP“.;GaE(43;) 2 Foxt
DINENSIOV C(1@).8¢(18),D(42),ET(29)
SIPHESIN(PH])
GO T4 (1.4.8),L0C

TH1S 1S TwE V-RING ANTENNA

OO

1 Ces2.22¢%
Ct1)s1.082%0
C(2)sg.54¢
C(3)anm, 385
Cta)ysp,275%
C(S5)=p.214
Ct6)=n.17%
C(7)23.148
D(1)3186.9
D(2)8497.4
0(3)s784.8
D(4)=1122,
D(B)m1442,
Nt6)LL763,
D(7)85C83,
00 2 Jsy,?

2 DCJIBNCJIORADD
ET(1)=1.08
ET(2):2.99
ET(3)=2,97
ET(4)=8,92
ET(8)=%7 .84
ET(8)=2, 7
ET(?)s02,.62
ET(8)=20,48
ET(9)=3,33
ET(12)=8,22
£T(11)08,13
ET(12)=8,13
87‘13)"015
ET(14)28,23
27‘15)'.03"
£T(16)88,36
€7(17)=8.38
€7(18)=3,39
ET(19)=28,.40
TEMPEARS(PH])/Z. 1745329
!'TEHP‘i.
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SUEB19 = EFvN SOURCE STATEMENT

Az]-d
ReTEMP=,
) EPP:S.(ET(!ti)-ET(I))OET(I)
FPPs2.2
GPPsCaegpp
00 3 us1,7
CSPHSCOS(D(J)eS]PH)
SHPUSSING Y(J) eSIPH)
GPP = GPP « 2.°EPPeC( ) eCSPH
FPP s FpPP o 2.9EPPaC(J)eSNPH
S0 T R

"

THIS IS T4E 8-LO0P ANTENNA

4 C(1)81,29
St2)=1.03
C(3)zp,.58
C(4)sn,33
0t1)s53,3
0t2)s198.0
D(3)ssng .0
D(4)sseg.n
FpPsl,
CSP“'2.0308¢RADDOD(3)OSIPH)
GPPsC(1)eCSPH
N0 8 U=2,4
SH’H'Z.OllN(lADDOC(J)OSI?H)
S FPPeFPPC(J)aSNPH
GO 70 8

QOO0

THIS IS THE WAVEGUIDE ANTEMNA

6 C(1)s3,218
C(2)u2,.99¢
C(3)=2,549
Ctd)s2,820
C(S)eg. 440
C(6)ep.943
C(7)sg,545
C(o)=n.004
C(’)'-'.lé
St1)sp.170
S(2)90.9¢3
$(3)s8.77%¢
$(4)2p,994
$(5)ss.0r0
S(6)sg.962
8(7)sg.093
S(.".o’.d
S(9)ng.543
Dti)m117,
0(2)e352,
0(3)a887,

(2 Xr - Tr X
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si3ie = EFM  SOURCE STATEMENT

Dta)y=a2p,
D(S)esngx,
D(s)=4298,
D(7)=183.,
D(R)=17¢8,
(e)zorg~
FoPali,
GPH22, -
e 7 =4,
TSPHED ,8CIS(RADD D (
[ JeSIoW)
SNPHED , aSIN(RN L Y
GPP:coboﬁ(J)OgggHD(J).SXPH’
CPPEFPP+S(J)@SNPH
RETURN
a9

b9

il e
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C THIS FUNCTICN EVALUATES THE WEIGHTED SUM OF A SERIES OF

C BESSEL FUNCTJONS. [T IS USED TO CALCULATE TWE SCATTERING
C FROM A CYLINDER,

¢

slg11 ~ EFMN  SOURCE ST4TEMENTY =« IFN(S) -~

COMPLEX FUNCTION BESF (AKA,XCB,¥S3)
COMPLEX SyM
DATA P1,ZE/3.14159265,2.71828483/

casxCa

SuMs(-2.2,7.)

IFLCB LT. ~.999008) GO YO &
Spsx98
Is(ABS(C3+SB)0g,+18,+AKA®1,3)/2,
Frsle

CB2s8ART((1.4CB)/2,)

Vtz . ‘AKA‘CBZ

Vie2./v

X183./V

IF(Y LT, 3.) GO TO 1
PHIaV-,78539816-X]0(.04166397¢X]10( E0ES3084=X]0(

.o 03262573-X10(,.00054125+X10(. . 80029333-%10,082135588)))))
FOR,797884%56~X10(,.3008C877¢X10( . 9255274peX10(

e s DO0AOBL2-X10(,00137237-X10(.32872008%-X16.00814476)))))
BJ-go-coscvut)/snRt«vr

0 10 2

1 Xlsvev/g,

BJSL.-X]1®(2,2499997-X]1e(1,2656282-X10(,3163866-X]I0(
.o B844470=%10( BB39446-210(,.08821))))))

2 R1=-3588IN(AKA®SR)/ (AKA®(1.4CB))e2,0CB20CB208)

SERal,

FN'?”OIO.
EJo((1.~1./FN)es(FN=,.5))0EEaV/2,/FN
0Jss.

FNEEN-1,

FisefJeFNaviegy

. ANSABS(FJ)I+ABS(0.)

EJsDJ/7AN

0JsFJ/7AN

FNSFN-1,

I?(FN .GY. F"-Q,’ GO 70 3
BaATAN2(S8,C8)
31"3“‘(‘“02.)0012-)
C1sC0S{(FNe2.)0B/2,)
$2581eC8-C1088
C2sCiaCB+51088

YisFN

218FNe2,
SERsSERegI0(C2/7Y1-CL/21)
IF(FN LY, 2.) GO TO 8
CisC2

S1=82

TENPSC20CB+32e8)
$2e82eC=-r12038

C2sTEMP
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SuB1g

Fus=E isFNev]agy
EJsQJ

0usry

‘.N'F“‘l [
FUs=EysFraylegy

AMBARS(0J)+ARS(FY)

FNaFN-1,
SEReSES/au
EJ20J/AM
0JzFJ/amM

GO TO 4
AJs<-EJeFNeylegy
0u=0JeBI/ /0y
SER=SECe8 sy
RIsPI-2,eCR2eSER
Cls=Plecp2e0y
5uN-cnPLX(RI.CI)
BESFaSUM

RETUR:

END

EFN

61

SOURCE STaTEMFNT

Ll
L0 AL L Lot Lt




sUB12 - EFN  SOURCE STATEMENT = IFN(S) a4/

e o 01
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THIS IS THE SIMC FUNCTION 1T 1S OEFINED a8 TWE SINE
c . 5 £ OF
X DIVIDED RY X, SINC OF ZERO 1S TAKEN TO BE ONE, !

FUNCT[ON SINC(X)

XXsABS(X)

IF(XX LT, .6801220783) YxXs,@
SINCESIN(XX) /XX oh1
QETYRM

END
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SUB13 - EFN SOURCE STATEMENT = IF(3)

8LOCK DATA
COMPLEX 2.M,2JP,ZJPC(2) ., 2JMC(2)
CORNON /481" 3M, 2P, 2UPC. 2IHC
N /VAR/ SM.,SNCUT,SNCUD.SNCUC(2),VP -
COMMON /SUR/DUNMY (43, B1,8a0D s o)+ VPE2)aTuCR)
SOMMOM /A%IT/OUM(43) ,AS(2)
NATA AS/2.0,1.87
NATA SM/387./7
OATA 2JM,2JP,ZJPC,2IMC /80(3..2.)/

g:;‘ P1,RADD/3.14159265%,.017453292/
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. DYNAMIC £ MULATION 3
3 PROGRAM DYNM LISTING :
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% % The ILSLOC program calculates the CDI at each point in § 3
% § space; this CDI includes the Doppler effects from the velocity 3
E g of the aircraft. In the simulation, the receiver system is : é
; % assumed to generate the CNI value instantaneously. In the real f i
§ § case, the inertia of the electrical and mechanical ,ortions of : é
g ; the system limit the rate of change of the CDI. Thus the real 2
1 : observed CDI appears to have been low-pass filtered from the é
% instantaneous CDI. :
E The program DYNM takes the output tape generated by program % 1
% ILSLAC and converts it to observed CDI by simulating the effect ’ 2
; 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.

vt
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THIS PROGRAM SIMULATES THE EFFECT OF THE MECHANICAL AND ELECTRICAL
INERTIA OF THE ILS RECEIVER ON THE CDI.
TO A SIMPLE R-C LOW PASS FILTER.
CONSTANT OF THE EFFECTIVE FILTER. A TYPICAL VALUE IS +4 SECONDS.

THE INPUT TAPE IS ON UNIT 11y THE OUTPUT ON UNIT 12.

nannnanan

7 il G ULE T i e R D L U (A i g R G e
w

LN

DIMENSION XY(10)4DEF(501),MEMO(14)
LOGICAL FOF

DATA ILBL/4HDYNM/

DATA TAU/OQ.4/

IF(EOF(11)) GO TO &4

1T=0

DELC=Ce.

READ(11,1000) MEMO+XY,IDsNCsICF
WRITE(6+1003) MEMO.XYy»IDsNCyICF
DEFK=ABS(XY(9)/XY(5)/TAU)
IR=IFIX(XY(10)4,.1)

READ(11,1001) (DEF(I)sI=1,IR)
IF(IT «EQe 0) CEF2sDEF(1}

IT=1

DO 3 Is=1,IR

CEF2=CEF2+DELC
DELC=(DEF(1)~CEF2) #DEFK
DEF(1)=CEF2

MEMO(13)=1LBL

WRITE(12,1000) MEMO,XYsIDsNC»ICF
WRITE(12,1001) (DEF(I)sI=1,IR)
IF(ID «GTe 13) GO TO 1

IF{ ID +EQe 0) GO TO 1

GO TO 2

REWIND 11

END FILE 12

REWIND 12

CALL EXIT _. = .. e N
FORMAT(13A69A25/+1XsTF18.99/93F186494110,10X+2110)
FORMAT(T7E15,8) - .
FORMAT(1Xs13A69A20/31XsTF18e99/+3F18499110,10X92110)
sTOP
END
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THIS EFFECT IS EQUIVALENT
THE VARIABLE TAU IS THE TIME
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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.

b e

The first input card has the following format:

vl il G R LR Y

Col. Symbol Usage
3 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
5 11-13 NTAPE (3) Input logical unit no. for third
3 line

NL pe-nits 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

3 plotted to the same scale. A maximum of three lines per graph
F will be allowed.

NGRFS set; 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:

68
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Col.  Symbol Usage

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-value on vertical scale
RS | YMIN Minimum y-value on vertical scale
4i-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 prcgram will automatically scale the range to the
largest scale that will include the data in the length of the
axis.

When nultiple 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,

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

70

500

600
501
502

MAIN - FEFN SOURCFE STATEMENT - iFN(S) -

COMMCN/TEST/XMIN,DXR 4NTCT 4 NP
LOGICAL EOF
DIMENSICN I8UF(1000)
NIMENSICN NTAPE(3) 4MEMO(14)sM(14)
TAVUIVALENCE (M(1),MEMD(1))
CCMMCN /POF/ CFL2000) 4 XLEN NSTEPS IDEF, IDENTDXC 10 oNPTS(10)
CIMMCN /PRINT/ MLoXSCDELX YMAX,YMIN,DELY, ICF
CALL PLOTS(1BUF,1000)
CALL FLCT(NDy~1249~3)
CALL FACYOR (0Q.4) )
1L8L=]
CONTINUE
IF(EQF{5)) GC TO S5
READ(S59100) NLoNGRFSyNTAPE
WRITE(6,1190) NLoNGRFS,NTAPE
IFI{NGRFS.LE.C) NGRFS=3
FORMAT (212,313) -
DD 401 I=1,NL K
IFINTAPE(I).GE.Q) GO TO 401 -
NTAPE(1}==NTAPE(1)
NU=NTAPE(])
REWIND NU
CINTINUE
READ(S591GL) XSCoDELXYMAXYMIN,DELY
WRITE(G6+101) XSCoDEL Xy YMAX,YMINL,OELY
FORMAT(B8F19.0)
TEMP=AMINL(YNIN,YMAX)
YMAX=AMAXL(YMIN, YMAX)
YMIN=TEMP
TEMPsYMAX~-YMIN
IF(TEMP .NE. O.) DELY=TEMP/(FLOAT(IFIX(TEMP/DELY®*.5)))
NPLY = |
NP = ]
I1=1
NL =1
NTYOT = 0
NU = NTAPE(NP)
IF(ECF(NU)) GO TO SO
READ(NU,500) My XO0sDXReXYoIDoIDEFIDENT,ICF
IF(ICF 4NE. 0) ICF=]
WRITE(69600) MEMD X0 ¢DXRoXY 91Dy IDEF, IDENT,1CF
IFLILBL .NE. 1) GO TO 70
ILBL=0
CALL SYMBOL(0e90s9e149MEMT,90.,80)
CALL PLOT(343049~3)
CONTINMUE
IR =IFIX( XY+, 1)
NTOT = NTOT ¢+ IR
IF(1.EQel) XMIN = XO
FORMATI(13A64A29/9/+3F18.944110!
FORMAT (2Xe 13A69A24/4+3F18.994110)
FCRMAT(7E15.8)
FORMAT{1X+7E15.8)
READ(NU, 501 )(DF(J )y d=N1,NTU,)
WRITE(64502) (DF(J),Jd=N1,NTCT)

70.
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MAIN = EFN  SUURCE STATEMENT -

4RITRE(6410C2) XMINGTRyNL,NTOT,NP, 1
1009 FIRMAT(F1%.3,5110)
NOTS(I) = IR
IX{I) = pxe
IF( IC 6T+ 13 ) GO TO 40
IFCID .%Q. C) 6D TO 40
Nl = N1 ¢ IR
i=14+1
¢S 11 10
11 NL = NP
40 CONTIANUE
N3YEPS = |
IFINP.GT<1) GI TO 41
CALL GRAPH2(0)
GJd TO 42
41 CALL GRAPF211)
42 CUONTINLE
N1l =1
1 =1
NTIT =2 0
IFINPL.EC.NL) GO TO 45
NP = NP + 1
GD TC 10
45 NP = }
CALL PLOTU(XLEN#749=12,,~3)
NPLT = NPLT + 1|
IL3L=1
IFINPLT.GT.NCRFS) GO TO 69
67 To 10
50 CONTINUE
IF(NTOT.GY.0) GJ TO 11
CALL PLCT (XLEN#7.9=12.,~3)
GO T2 60
55 CINTINUE
CALL PLCT(0.+04+999)
D3 400 I=1,NL
NU=NTAPE(I)

4C0 RSWIND NU

STIP
FNO
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: suB 1 - EFN  SOURCE STATEMENT - [IFN(S) -

SUBRPCLTINE GRAPH2{ITL)
DIMENSICN XL2B(4)
COYMON/TEST/ X0 +DFLTAXsMDELTA 4 NP
DATA XLAB/24FDISTANCE,FY. DEGREES /
DIMENSICN TYPE(S)
DIMENSION Xx(3)NC(3)
COYMIN /POF/ CF(ZOOO’QXLENQNSTEPSQIDEFoIDENTQDX(IO,yNPTS‘IO)
COMMCN /PRINT/ NL +XSCoDELX yYMAX, YMIN, DELY, ICF
CATA X ,"500 5.9 50,
DATA NC 714544/
IFCITL «NEo C) GO TO 1
ELX=DELX
IE(DELTAX.LT40.) ELX = -ABS{DELX)
RANGE=0,
DI 11 I=1,NSTEPS

11 RANGE=RANGE+FLOAT(NPTS (1) )*CX(])

= TIX=IFIX(RANGE /EL X¢+.9)

: 7 XLFN = ABS{ELX/XSC*TIX)

3 IF(XLEN «GY. 40.) GO TO 9

3 IF(XLEN .GT. 5.) GO T2 &

: 9 XSC=ABS(RANCGE/20.)

: XLEN=ABS (ELX/XSCATIX)
: WRITE(68) XSC

g 8 FORMAT (25H AXIS OUT OF RANGE SCALE=,E12.5,8H FTo/INe. /)
2 -] CONTINUF
KMAX=TIX*ELX+X0

XMIN = AMINL(XO,XMAX)

XMAX = AMAXLIXO,XMAX)

NO = 2

PUR = 0.

CALL PLCT(Desle5,~3)

AMIN=YMIN

AMAX=YNMAX

IF{YMAX .EQ. YMIN) CALL SCLAX(7..DF'NDELTAoAMAx.AHIN.DELY'ND.PHR)
CALL ‘XIS3‘0-yO.'lHAX,AH!N.DELY'7.9IZHH!CFOQHPERESQlZ!ND!PdR'DELN)
YSC = DELN

IXLAB=2%ICF+1

IXSC=-1

IF(ABS(ELX) .LT. 10.) IXSC=l

CALL AXISB(O.:0.'XMAX.XH!N.ELX.-XLEN.XLAB(IXLAB)'12 +IXSC,0.
«oDELN)

XSC = DELN

XT = XLEN/2., - 2.
3 IFCAMIN®AMAX .GT.0.) GO TO 2

IF( AMIN .EQ. 0.) GO TO 2

LERO=(0.~AMIN/ 10.**PWR ) 7YSC

CALL PLCT (0. Z2ERD,3)
CALL PLCT(XLEN,ZERO,2)
CONT INUE

CONTINUE

XISO.

IF(DELTAX oLT. Oe¢) XI=XMAX=XMIN

J=1
D) S I=1,NSTEPS

DELTAX = DX(1)

-0

72




TR

RS AT Sl i sk b LI SN S S

N 3
04/1
Supl - CIFN  SOURCE STATEMENT -~ IFN(S) =
NX=NPTS(I)
(F(I LT, NSTEPS) NX=NX+1l
YMANIN/10, 44PWR

CALL XCLINFUXIoDELTAX)DF(J) ¢yNX9Os ¢XSCo¥YMy¥SCoNC(NP))
J=JeNPTS (1)

KI=XT+CX{I)}%FLCAT(NPTSI(I})

5 CINTINUF

REIYURN
€ND
73
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sus3 - EFN SOURCE STATEMENT -~ [IFN(S)

SUBROUTINE XCLINE(XI DX oY oNyX¥yDELXyYMyDELY,NC)
DIMENSION Y(1),IPEN(&)
PCAL L{4y4)sLLLIS)
DATA IPEN/2,3+2,3/
DATA L,oaoo19.3’0l'o5'3‘.05'03'3‘01'010005'.1'.05,
X = X1
21C =N -1
XPl = (X=XM)/DELX
YPL=(Y{1)~YN)/DELY
CALL PLCT(XPleYP1+3)
IF(IC.LEL.D) GO TO 1loCO
IFLIC.GT4) 1IC = 4
K=1
I=2
X =X + DX
XP2 = {(X~XM)/OELX
¥YP2=(Y(2)=YM)/DELY
1 LLIK)}=LIKyIC)

10 DIFFX=XP2-XP1
DIFFY=YP2=-YP]
DIS=SORY(DIFFA*DIFFX+DI FFYSDIFFY)
IF(DIS.GT.LLIK)IGO YO 100
CALL PLCOT(XPZ,YP2,1IPEN(K))
XPl=XpP2
YPl=YP2
I=1+1
IF{I.GT.NIRETURN
X=X+ DX
XP2 = (X=XM)/DELX
YP2=(Y(1)-YM)/DELY
LLIK)=LL(K)=-DIS
G2 T0 10

10C RATIO=DIS/LL(K)
XP1=XP1+DIFFX/RATIO
YPL=YPL4DIFFY/RATIO
CALL PLOT(XPl.YPLl,IPEN(K)})
K=K+]
IF{K.EQeS5)K=]
GO T0 1

1000 DO 50 I=24N

X = X + DX
XPl = (X=XM} /DELX
YPi={Y(1)=-YM)/DELY

SC CALL PLCT(XPL,YP1l,2)
RETURN
END
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SCLX - EFN SOURCE STATSEMENT <~  IFN(S) -~

SUBECUTINF SCLAXCAINCH VAR Ny VMAX o VMIN,DELT AyND o ZXP)
DIMENSIGN VeR(1)

AXLEN = AINCH
VMAX = VAK{])
VAIN = VAR(1) sy
DI 40 I=24N
VMAX = AMAX1(VMAX,VAR(I})
43 VMIN = AVINL(VMIN,VAK({])})
N) = C
NE = 0
¥y =z 2
TITAL = VMAX - VMYIN
c DETERMINE EXPONENT ANC INCREMENT/INCH
VM = AMAXL(ABS(VMAX)},ABS(VMIN})
IF(VMAXSYMINY 645,47
7 VAV = ABS{VMAX+VMIN]}/2.
QELTA = TITALZAXLEN
IFITOTALGT40e s ANDL,TCTAL/VM.LT.075) GC TO 4
IF(VMAX L EJ. VM) VYMIN=(0,
IF(VPIN,FI.~VM) VHMAX=0D,
GN TN 5
2 6 AXLEN = AXLEN®VM/TOTAL
3 S DELTA = Vv/AXLEN
3 VAV = yM/2,
5 c TEST FOR VAV B8ETWFEN .01 AND 1991,
3 IF(VAV = .01) 3,10,1
4 41 IF(VAV = 1.) 3,170,110
3 1 IF(VAV = 1033.) 104252
] c VAV GE 1CCC.
3 2 IF(NELEC.D) VAV = vM
VAV = VAV/10J0.

TR

TR

NE = NE - 3
61701
c VAV LT 1.
3 VAV = VAV*]1030.
NE = NE + 3
0D TO 41
c DETERMINE DECIMAL PLACES IN DELTA

1C IF(DELTALLT.VY/1.E4) GO TG 21
NDELTA = DELTA%10.%&NF
11 IF(DELTA = lo.} 12+19+13
12 DRLT2 = CrLTA#10.
ND = NO + 1
GO YO 11
13 IF{DELTA = 10.) 15+841%
14 DRLTA = DELTA/IC.
NO = ND - 1
63 TC 13
c DTLYZ NOw BETWEEN 1 AND 10
15 IF(DELTA = 5.) 16417,17
16 IFIDFLTA - 2.} 19418418
17 DELTA = 5./71C.**(NU+NE)
63 7C 20
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10

13

19
20

21
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SCLx - EFN SOURCE STATEMENT - IFNIS) -
DELTA = 2.71C.**(ND+NE)
¥ a2 5
G0 TO 20
ND) = ND -1
DELTA = 1./710.%%({NDeNE)

RESET VMIN (FIRSTV) FOR AXIS
AK = VMIN/OELTA ¢ .01
K = (IFIX{AK)/M}oN
IF(VMIKLT.0.) K=K=M
VMIN = DELTASFLIAT(K)
NDIV = (VMAX = VMIN)/DELTA ¢+ .9
IFIFLOAT(NDIV).GT.AINCH®2,) DELTA=DELTA®AMAX1(2.,FLDAT({M)/2.)
IF(NDLELO) NO = =]
EXP = NF
WRITE(6,1002) VMAXVMINLDELTA(NDyNE
RETURN
FIOMAT (1H)93E13.3431777)
END
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25

20

n4/1
Ax3 - EFN  SOURCE STATFMENT =~ 1FN(S) -~

SJSIBUTING AXIS3U(X0eYOsVMAX s VMINDELV ¢AINCH+8CD,NCRyNDEC ,PWk,VvS ()
FALTOR = 1D, ePuf

S i mmwmm,wwwmmMMMWM«MM&IM%WWEW

AMIN = YMIANKFALTOR

AMAX = VMAXSFACTGR

O=LX = ABS(CELV)®FACTOR

JIMENSICN BCALL)

HT = 15 3
i1=0.

“2=0.

43 = 0.

NEXP = O

NCH=IABS{NCR)

IF{PHAR MELJ.) NCXP = 6

CINCH=ARS{AINCH)
IFCIVMAX~VYIN)7AMAX] (VMAX s =VY¥IN) ,LT.1.E~6) GO TC 5G
IFL{AMAX=AMIN) 7 (DFLX#1.F=8) s GTo3,8CINCH) DFLX = (AMAX=-AMIN)/CINCH
IFIDELXOGTLAMAX~AMIN) DELX = AMAX - AM]IN
IFINCR.LT.O) W3 = 1.

Miuz {AMAX=AMIN)/DELX®]1.9

ANC=CINCH/FLCAT (NU%~]1)

IF(AINCH.LTLCIGD T7 5

W2=1.

63 12 10

si=1.

CALL FLCT(X),YG,3)

¥SC = DELX/FACTCR/ANC

ANUM=AMIN=-DEL X

=3

Y=J.

XM=,

OFF = W05

ON 40 I=l.AUV

ANJIM=ARUMSDELX

11=2

IF(ABSUANUN) /10.%%]].LT.1.)G0 TO 20
11=11+1

6N YC 25

1F(4NUP-L7.C.)!I=II+1
IF(ABSI{ANUM] LT 1) 1l=11+1

[HORF=NLECH]

I1=1I¢IMIRE

IFCIFIX(W1)®ILCQ.1) HT = AMINI(HY JANC/FLGAT(II+2]})
HL = ‘HAXI‘-rlZ'l.Z-HW,

CENTER = FLCAT(II)®HT/(1.+Wl}

XC = X = CFNTER - 3N2%,15

IF{XCalToaXM} XM = XC

IF(+2%d3,GT.Ce) XC = .15

TFLAASIXC) GTABS{XV}} XM = X(

YC = ¥ = dl®{HT + .15 - w3s{HT¢.3)) - W2eOFF
CALL PLOT{xCeX,Y0eY,2"

CALL PLOTH{XDeX#,.1%W2,Y0¢Y+ . 10%W]1,2)

CALL PLOTIXO®X = 18 %2,YO+Y~,]18W]1,2)

CALL NUMASR{XO#XCYOeYC ,HT,ANUM, 0, +NDEC)
CaAtL FLCTIXOeX,Y0e¢Y, 3}

X=X+ANC*nl

o
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AX3 - EFN SOURCE STATEMENY <~ IFN(S) -~

Y=Y+ANC#*W2

CONTINLUE

AST = (CINCH ~ FLOAT(NCH+NEXP)*HL)/2.

IF . TNale) XM = =XM

Yooox 1 (X0 + BST) ¢ W2%(XO ¢ XM ~ OFF + W3%(2.%0FF+HL))
T o -{Y¥0 ¢ YC = 1.5%HL ¢+ W3R(HT & 2.%HL}) ¢ W2*(YQ+BST)

Lt e JOLLXXC e YYC o HL o BCD 9904 *W24NCH)

LR '.aloEQ.Oo, RETURN

CALL SYMBCL(999¢9999.9HLy5H * 1C,5C.*W2y5)

X = 999, ¢+ (XXC=,65%HL-999.)%W2

Y = 639, + (YYC+,66%HL~999,)*Hkl

CALL NUMBER(XyYy o 75%HL o PWR ¢ 90 ®W29-1)

RETURN

VSC = (VMAX~-VMIN®1.E=-6/FACVYCR)/CINCH

WRITE(641000)

FORMAT (LHD y27HINSUFFICIENTY RANGE FOR AXIS °

2ETURN

END
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