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PREFACE

As part of the ILS Performance Prediction program, a first
phase ILS Localizer performance prediction computer program package
has been prepared. This package consists of the computer program
and the present document which describes the capabilities and
limitations of the computer model as well as the step by step
running of the computer program.

The computer program is intended primarily as an aid in pre-
dicting the performance of different ILS antenna candidates for a
proposed runway instrumentation or for the upgrading of an already
instrumented runway in a known airport environment. It is also
intended to provide a relatively inexpensive means by which the
effect of proposed changes to an airport environment (addition of
terminal buildings, hangars, etc.) on ILS performance may be pre-
dicted. Another computer program has been devised to treat the
effects of terrain on glide slope performance.*

Thié document was prepared for the Transportation System Center
(TSC) B; D. Newsomywho was assigned as a full-time programmer to
the ILS Performance“Prediction program. A. Watson and M. Scotto
helped in the writing and editing. The report itself and the
attached computer program are based on the theories and analyses
which were developed by the TSC group (G. Chin, L. Jordan, D. Kahn,
and S. Morin). The ILS program was sponsored by H. Butts of the
Systems Research and Development Service of the Federal Aviation
Administration.

The present report revises in part an earlier report, FAA-RD-
73-76. The revisions include the treatment of triangular scatters
and glide slope antenna systems. The revised ILSLOC program has
been renamed ILSS-FOR (Instrument Landing System Scattering-
Fortran). The use of the term ILSLOC in the body of this report
refers to the generalized program, ILSS.

—
S. Morin et al, ILS Glide Slope Performance Prediction, Version A.
Report No. FAA-RD-74-157 A. U.S. Department of Transportation,
Transportation Systems Center, Cambridge MA 02142, September
1974.
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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 corresponding 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 Hz and 150 Hz, are radiated
in different angular patterns with respect to the runway centerline
extended. The ''course' is defined as the locus of points where the
amplitudes of the two modulations are equal. The display of a
difference of the amplitudes (90 Hz and 150 Hz) of the sidebands
is referred to as the Course Deviation Indication. Thus, the
CDI is the pilot'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 CDI reading
other than 0) is the derogation effect.




The Localizer system transmits an asymmetrical pattern by
beaming a ''carrier plus sideband" pattern and a '"sideband only"
pattern, the composite of which gives the desired effect. If a
specific localizer system uses two antenna arrays, four sets of
signals will be transmitted; if the system uses a single antenna
array, two sets will be transmitted.

' ;‘ﬁtt; o



2. ANTENNA PATTERNS

The proper angular variation of the transmitted 90 Hz and
the 150 Hz modulation is achieved by the radiation of two independent
sideband patterns by the transmitting antenna arrays. Equal
magnitudes of 90 Hz and 150 Hz modulation are transmitted in each
of these patterns, however with different relative phases. One
of the patterns is symmetrical with respect to the prescribed
course. An unmodulated carrier wave is transmitted with the same
pattern and the combination is commonly referred to as the 'car-
rier plus sidebands" (C + S) signal. The other signal is trans-
mitted in an "anti-symmetrical" pattern and is referred to as the
"sidebands-only" signal.

Figure 1 illustrates how these features are used to obtain
the desired directional CDI. The magnitudes of the C + S and SO
sideband patterns as functions of angular deviation from the
course are illustrated in Figures la. The sideband amplitude of
the C + S pattern represents 20% modulation of the carrier wave
(or a "depth of modulation” of 0.2) at both 90 Hz and 150 Hz.
Considering the phases of both modulations of the C + S signal to
be positive, the relative phases and typical amplitudes of the two
SO0 modulations are as shown in Figures 1b. The resultant 90 Hz
and 150 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 approaching aircraft, and the op-
posite is true to the right of the course. This difference when
properly calibrated in relation to the total modulation (90 Hz
+ 150 Hz) reaching the aircraft receiver gives the CDI as appears
in Figure 1d.

Since the strength of C + S and SO signals fall off at the
same rate with distance from the transmitting antenna, the CDI
is independent of range.
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FAA standards for the ILS specify that within a certain nar-
row angular range about the course, the CDI should be closely
proportional to the aircraft's angular deviation from course. This
sector near the ideal approach is termed the ''course sector' and
usually extends between 1-1/2° and 3° to either side of the runway
centerline. The wider sectors on either side of the course sector
are called the '"clearance sectors.'" In these sectors,“hhich extend
a minimum of 35° from the course, the CDI is required to always
exceed a certain minimum magnitude. The presence of structures
in the clearance sectors which scatter spurious signals into the
course sector is the primary cause of derogation of the localizer
CDI. Such structures are illuminated by carrier and sideband
signals. The ratios of 150 Hz modulation to 90 Hz modulation in
these signals are determined by the angular position of the:
structure with respect to the runway. In general these ratios are
different from those transmitted toward the aircraft, due to the
difference in angular position. The signals transmitted toward
the scatterer will be reflected toward the aircraft. Thus the
aircraft will receive the summations of the direct and scattered
signals. Since, in general, the scattered signals will have im-
proper ratios their effect is to distort the CDI. To combat this
problem several new antenna systems have been designed. Two basic
systems are used: the single antenna, and the "capture effect
system."

The single antenna system radiates two patterns from one
antenna array. The signal generated in the course sector is
stronger than that generated in the clearance sector. However,
because of the derogation effects, the signals are often not ac-
curate enough to meet category II or III requirements and the
more accurate ''capture effect system'" is used. This system uses
one antenna array to broadcast a very narrow, powerful beam in
the course sector. The second antenna array broadcasts a broader
pattern, at a slightly different carrier frequency, which covers
the clearance area. This system diminishes the derogation effects
because of the dual frequency. The term ''capture effect' has
been used to describe this two-antenna array system because the
airplane receiver is ''captured'" by the stronger transmission signal.
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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 progranm
and the derogation effect of that building can be determined.
Because the derogation effect of these scatterers is so important,
the program can warn the planner ahead of time to change the
orientation or location of the building, or it can assure him
that the building would not jeopardize the airport's current
FAA rating.

The output of this program is a magnetic tape of values of
the CDI. Graphs are generated by a plotting routine (using the =«
values derived from the ILSLOC program) to show the CDI in microl
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 over 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



c. 'Far-field scattering-- all scattering from a surface
is assumed independent of all other surfaces; thus,
multiple reflections from walls and near-field

interactions are ignored

d. A noise-free environment

e. Relative field strengths-- the absolute field strengths
involved are not calculated; thus while we can calculate
the CDI's in microamperes, we do not ascertain the
absolute electric-field intensities, and

f. An idealized ILS receiver model.

In addition to these assumptions the approximations of the
scatterer can lose accuracy when the dimensions approach less
than a few wavelengths. Since the program determines the scat-
tering from a surface independently from all other scatterers, the
shadowing of one structure on another is not included. Thus if
one building is between the antenna system and another building,
it will shield the second one from some of all of the ILS signal.
The amount of energy reaching the second building will depend upon
diffraction effects which are, in general, too complicated to
analyze. It may be noted, however, that diffraction effects
themselves are included as part of the physical optics approxima-
tion used.* By using rule of thumb approximations the
analyst can determine roughly how much power will reach the
second building. 1If the level is small the building may be
ignored completely. If on the other hand the power level is
large then the structure should probably be included as though
there was no shielding effect. This will give a conservative
CDI estimate (i.e., larger derogation than actual), but this
will serve for most purposes. If the situation is critical,
that is near category limits, then other means of analysis must
be used.

E3

Chin, G., L. Jordon, D. Kahn, and S. Morin,
TSC, "Instrument Landing System Scattering,"
FAA-RD-72-137, AD754517 (Dec. 1972).
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4, TEST CASE FOR THE ILSLOC COMPUTER PROGRAM

To illustrate how the computer program is operated a very
simple test case (with only 2 scatters) has been created and run.
For this simulated airport the program computed the course width
as 4.01 degrees. Both antenna arrays were set at an elevation
of 13 feet above the ground plane. The clearance antenna array
was used as the origin for the coordinate system. An 80 x 100 x 60
ft hangar and 75 x 110 ft cylinder were placed on opposite sides
of the 9,350 ft runway. 1In this case the threshold is 10,000 ft -~
from the course antenna. (See illustration--Figure 2.) Based on
the size and locations of these two buildings, the model pre-
dicted the CDI on the runway centerline and for a clearance run at
10,000 ft range.

Using this model for input values, the following section

presents a detailed follow through of the main program steps.
The Mode Card

The first input is the mode card. This card contains informa-
tion on the type of localizer antenna used, the frequency of the
ILS, the length of the runway, and the height of the antenna. The
mode card format is shown immediately following Figure 2. In order
to use the mode card, it is important that the user understand the
coordinate system used. The x-axis is along the centerline of the
runway, the threshold being in the positive direction. The z-axis
is vertical, positive z being in the up direction. The y-axis
completes a right-hand coordinate system; so that when one is
standing at the origin facing in the x-direction, positive y is
to the left. The origin is used as a reference to define the
location of scatterers, antenna system components, and flight
path sample points. The antennas are located along the x-axis,
they need not be at the origin. As in our test case, it is
usually convenient to place the course antenna at the origin.
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Model Card Format:

Col, Symbol Use

1-2 Mode (V-Ring)

(8-Loop)

(Wave Guide)

Not Used

(Measured Pattern)
(Measured Capture

Effect Patterns) > Indicates

i wnw o nn
NP N

(Theoretical Patterns) Localizer

(Theoretical Capture Antenna
Effect Patterns) Type

-1 (V-Ring Clearance

-2 (8-Loop Clearance)

(Waveguide Clearance)

-4 (Measured Clearance
Patterns)

Null Reference
Sideband Reference

5 N-Array (Capture Effect)

0 (Half-wave dipole) Antenna
1 (300 width pattern as fronn) Element
d

nou
00~

oaonon
]
(93]

Antennas

oo
e

} Glide Slope

3-4 IET

double wave reflector use
with glideslope antennas Pattern

11-20 FRQ. Frequency of ILS in MH:z

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

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

41-50 ZA(2) This will be the clearance
antenna height if a two-
antenna system 1s used.

51-60 SLP Slope of runway in degrees
used to adjust the flight
path at threshold for
runway slope.
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Modes 1, 2, and 3 provide for standard localizer antenna
types. These antennas are predetermined, the only variable being
course width, the adjustment of which is controlled by the course
width card.

When any antenna type other than mode 1, 2, or 3 is used,
additional antenna description cards must be included. Mode 5
permits the input of a measured pattern for special cases on
theoretical studies. When this mode is selected additional pattern
cards are required. One pattern card must be used for each measure-
ment. The angles must be given in ascending order. A maximum of

50 measurements may be given; if less than 50 cards are used a
termination card with an angle greater than 360 degrees must be
inserted.

Format of Pattern Card(s)

Col. Symbol Use
1-1p ANG Angle of measurement, in degrees
11-2¢ AFPP Amplitude of sideband only pattern,

in relative units

21-3p AGPP Amplitude of carrier plus sideband pattern,

in relative units.

Mode 7 allows the generation of a theoretical array pattern
from assumed element contributions. The antenna is to be a linear
array of elements with identical radiation patterns. Each element
has an arbitrary magnitude and phase for both carrier plus side-
band and sideband only currents. The arrays are assumed to be
alligned parallel to the y-axis. All elements have the same height,
as given in the mode card. All elements have the same x-coordinate
as given on the course width card. The y-coordinate, in wavelengths,
is given for each element on the element description card. There
must be one card for each element in the array, to a maximum of 26
elements. The element description card has the following format:

11




Col. Symbol Use

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 currents is ideally in quad-
rature to the carrier plus the sideband currents. This 90-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.

The next step for this mode must be the input of the horizontal
radiation pattern for the individual element. This pattern will be
used for each of the elements previously described. The input is
the relative signal strength measured every 10° starting at 0 and
proceeding until 180°. This is total of 19 amplitudes; the values
are read in, in records of 8F10.4 format, for a total of 3 records.
This gives the pattern for angles from 0 to 180° and since the
pattern is assumed to be symmetric the value for the negative angle
will be the same as a positive one of equal magnitude.

There are two methods of inputing capture effect system
descriptions. The most general way is to input each antenna
separately. When using this method the clearance antenna must be
input first. This input will follow the same steps as a single
antenna system except that the mode number will be a negative.

The negative mode card and the pattern or element cards (if any)
must be followed by another mode card. This mode for the course
antenna must be positive, and followed by the necessary pattern or
element cards.

12




There are two cases for the second method of inputing antenna
descriptions. The first case is used if both course and clearance
antennas are to be given as measured patterns; a single mode 6
card is used followed by two sets of pattern cards: the first set
is for the course antenna and the second set for the clearance
antenna. In the second case, for a capture effect system which
uses two theoretical array antennas, a mode 8 is used. This card
is followed by the course antenna element description cards and
the element radiation cards; a second set of array description
cards is used in the clearance antenna.

In the above localizer antenna cases, IET has no effect on
the simulated individual element patterns and may be input as

ZeTro.

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

XTH is the distance (in feet) from the orgin to the runway
threshold. The flight path is set to cross the threshold at an
altitude of ZUP (as given on flight path card).

ZA(1) (course) and ZA(2) (clearance) are the heights in feet
of the antennae.

SLP is the slope of the runway in degrees. It is used with XTH
in setting up the flight path. The ground plane assumed for the
signal scattering is not tilted.

Modes 13, 14, and 15 are used for glide slope antennas. Al-
though this program is intended for localizer simulation, it may
be also used to study the effects of buildings on the glide slope
system. The simulation will assume a perfect flat horizontal and
infinite ground plane. If a glide slope antenna is chosen on the
mode card, the next card must be as follows:

Col Symbol Use
1-10 YA Antenna Offset (in feet)
11-20 TGS Glide path angle (in degrees)

13




YA is the antennae offset (Y-coordinate) in feet. Positive is to
the left from the origin facing the threshold. If the magnitude
of YA is less than 300, YA will be defaulted to 1500, the sign
depending on the sign of YA input. TGS is the intended glide path
angle in degrees.

The measured pattern of a capture effect localizer is used
in our test case:

Mode Card:

Col. 1-2 6
11-20 110.
21-30 10000.
31-40 13.
41-50 13.

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

The antenna description cards are followed by the course
width card. The format for this card is:

Col. Symbol Use
1-10 XXA(1) Course array x-coordinate,
in feet A
11-20 XXA(2) Clearance array x-coordinate,
in feet
31-40 CwW Course width in degrees
41-50 CLS 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.

14
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-19, -e602 Ne&490
_150 —0676 00540
~la. ~«680 0560
-13. ~e680 De585
-120 -0675 06620
-90 -0610 00730
2 —~el160 0.980
Ne 0,NNO0 le0Nn0O
2 0.160 Ne980
9 Ne610 Ne 730
12, 0e675 0620
13, 06680 0585
14, 0.680 0560
15, 0e676 0540
19, 0,602 N0e490
204 0.585 0.486
21 Ne565 0e485
22 0545 0e486
25 Ne 490 Ne497
26 0,475 06499
27 Det64 N0e497
30, Nets26 Nets 75
32 Neggla Ne&430
33 Oe4ll 06400
45, 04245 N0e050
4G, 04175 0005
506 0160 0002
51 0el145 0008
54, 0,096 0.019
554 0eN85 Ne018
6N NeN00 0000
1000,

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

1-10 0
11-20 -200
31-40 00
41-50 0.315

The label card follows the course width card. 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
graph. Columns 180 are used. In our test case this card reads:
THIS IS A DEMONSTRATION CASE OF STRAIGHT LINE FLIGHT.

The program calculates the CDI at a point in space: for
convenience, the program will permit calculation for a series
of points. This set of points represents samples of a simulated
flight path,

The program allows two types of flight paths. A straight
line flight and a circular orbit. The flight path card has one
of the following formats:

Straight Line Flight

Col. Symbol Use

1-10 XMIN Starting distance from origin,
in 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 Glide angle, in degrees

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

XMIN is the x-coordinate of the starting location of the
aircraft and 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.
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The sign of the DXR will be set by the program so that the

flight goes from XMIN to XMAX regardless of flight direction.

If the DXR value would require more than 500 points the program
will adjust the magnitude of DXR to give only 500 points. In
some cases a flight will require more than 500 points. If this
is necessary the flight must be broken up into smaller segments
of not more than 500 points each. The procedure for doing this
is explained in the control card section. The flight path is
oriented in space so that an extension of the path crosses the
threshold at the altitude of ZUP and intersects the z-axis. PHIR
is the angle between the flight path and the vertical plane through
the runway centerline. It is zero for a flight path along the
centerline of the runway and is positive for an incoming flight
"(XMIN greater than XMAX) with decreasing y-displacement. PSIR

is the glide angle between the flight path and the horizontal
plane. It is zero for level flight and positive for a normal
landing approach. The flight path is a straight line as de-
scribed above except when the x-component is less than XTH, that
is if the aircraft is on the antenna side of the threshold. In
that case the aircraft altitude will be set up to ZUP.

Thus the values used in the test case would read:

Col. 1-10 40000
11-20 20000
21-30 -40
31-40 0
41-50 25
51-60 50

The arc flight is a series of points at a constant height
of ZUP and at a constant horizontal distance from origin of R.
MIND is the starting angle for the arc, that is, the line of
sight from the origin to the point makes a horizontal angle of
MIND degree with the x-axis. The sample points are spaced at
equal angles of DXR until the termination angle of MIND is
reached. As in the straight line flight the sign of DXR will
be adjusted appropriately. Likewise the magnitude of DXR will
be set to yield not more than 500 points. Column 74 must be
set to 1 to indicate a circular arc.
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Circular Orbit Case

Col. Symbol Use

1-10 MIND Starting angle, in degrees

11-20 MAXD Ending angle, in degrees

21-30 DXR Angular spacing between samples,
in degrees

51-60 R Radius of orbit, in feet

61-70 ZUP Height of orbit, in feet

74 ICF Must be set to 1 to indicate

orbit case.

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

Col. Symbo1l Use
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.
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Col. Symbol Use

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

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 (Figdfe 4, case I). A positive increase in alpha rotates
the wall about the z-axis in a counterclockwise direction when
viewed from above. Thus an alpha of 90 degrees faces the wall
in the positive x-direction (Figure 4, case II). Alpha is the
angle between the vertical projection of the base of the wall in
the xy-plane and the x-axis, measured in degrees. Delta is the
angle between the surface of the wall and the vertical direction,
in degrees. A delta of zero is a wall perpendicular to the ground
and a decrease in delta rotates the wall about the baseline in a
direction so that a delta of minus ninety is a horizontal wall
facing down (Figure 4, case III). WW is the width, in feet, of
the wall measured along its base and HW is the height measured
along the surface at right angles to the base. If the wall is
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CASE I

. /)’
//
P
//
x =0
y =0
z =0
o =0
A =20
CASE I1I
z
-y
//
rd

x =20
y =0
z =0
a = 90
A =20
Figure 4.
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oriented in such a fashion

to the wall passes through

that the line of sight from the antenna
the back and not the front of the wall,

the program will ignore the wall in the simulation.

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

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

with a rectangular hole in
hole is then subtracted by

-1 and the size, location,

An ID of 2 is used for
following format:

Col. Symbol
1-2 ID
3-8 XW(1)
9-14 XW(2)
.
15-20 XW(3)
36-45 WW
46-55 HW 4

The reference point is
the axis of rotation of the

the base parallel to the xy-

cylinder extends upward for

it. The entire surface is used; the
inputing a second card with an ID of
and orientation of the hole.

a cylindrical scatterer with the

Use

Must be a 2

y- coordinates of the
reference point, in feet

Diameter of cylinder, in feet
Height of cylinder, in feet.

located at the base of the cylinder on

cylinder. The diameter is WW feet, with
plane at an altitude of XW(3) feet. The
HW feet with the axis of rotation in the

vertical direction. The cylinder is assumed to have infinite

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

following format:

Col. Symbol ‘ Use
1-2 ID Must be 3 or -3
3-8 xw(1) X-
9-14 xw(2) Y- Coordinates of the reference
point, in feet.
15-20 xw(3) z-
26-30 Alpha Angle between base and x-axis, in degrees
31-35 Delta Angle of tilt, in degrees
36-45 WW Width of base of triangle, in feet
46-55 HW Height along side of triangle, in feet.

The variables have the same use as for the rectangular scat-
terer, with the exception of HW 4 WW. The magnitudes of WW § HW
determine the size of the triangles, the signs of HW 4 WW are
used to determine the orientation of the hypotenuse. The
convention is as follows:

Sign of Sign of
Triangle Orientation HW WW

+ +

ANV

23




If the size of the triangle exceeds the limits imposed by the
Fresnel approximation the scatterer will be omitted and an error
message given in the output. If this happens and one wishes to
include scattering from this surface, the triangle must be broken

up into triangular and rectangular pieces, for example:

The values for IH and IV will indicate the number of pieces horizon-

tally and vertically the triangle must be broken up into. i
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After an ID of 1,-1, 2, 3, or -3, the program will calculate
the electric field at the surface of the scatterer. This will be
calculated from the signal from the transmission antenna array
and from the ground reflection of the transmitted signal. Then,
for each receiver point along the flight path, the program will
calculate the electric field at that location from the scattered
signal: from both the scatterer and reflected from the ground.
Thus, the signal is received from four paths: (a) transmission
antenna to scatterer to receiver, (b) antenna to ground to scat-
terer to receiver, (c) antenna to scatterer to ground to receiver,
and (d) antenna to ground to scatterer to ground to receiver. This
signal is decomposed into complex components induced in the
receiving antenna at the different carrier and sideband fre-
quencies. The program then loops back to read in another ID
card, permitting the summation of the effects of many scatters.
This allows the simulation of complex structures by breaking
them up into cylinders and rectangles.

In the test case, we have only inputed three scattering
surfaces. This was done because only two sides of the hangar
and the cylinder are illuminated. The values for the scatterer
cards read:

Col, First card Second card Third card
1-2 1 1 2

3-8 6000 5950 7500
9-14 1100 1130 -1000
15-20 0 0 0
26-30 10 -80 0
31-35

36-45 100 ’ 60 75
46-55 80 80 110
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After all the scatters have been input, a control card is
inserted to terminate the run. The control card format is:

Col. Symbol ’ Use

1-2 ID not -1, 1, or 2.

When a control card is read in, the program will add the direct,
and ground reflected, signal from the transmission antenna to the
scattered signal summations, thus giving the total received signal.
The program then calculates the CDI that would be seen at each re-
ceiver point, and outputs the label, a header record describing

the flight path and the values of the CDI on output tape. If the
ID is equal to zero the program also outputs additional records for
the strengths of sideband and carrier signals from course and
clearance (if any) antenna arrays. The field summations are then

cleared for the next run.

The program, having finished the previous run, now proceeds
with the next input. The next run is generated by looping back
to a point in the input stream, determined by the value on the
control card.

Once an input sequence has begun the inputs following in the
standard order must be given. The user must also keep in mind
that all values on cards given before that entry point, in the
previous run are still in effect. The following order is

standard:

MODE CARD :
(measured pattern for modes 5 and 6 or current
description for modes 7 and 8)
(second mode card and patterns of currents if
first mode was negative) ‘
COURSE WIDTH CARD :
LABEL CARD
FLIGHT PATH CARD
VELOCITY CARD
(set of scatterer cards)
CONTROL CARD.
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The value of the ID on the control card guides the looping
in the following manner:

Value of ID Next card to be read in
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 to 15 permit a new flight path description and
scatterer set to be input. This looping method can also be used
for flights that would require more than 500 points. For reliable
simulation, the spacing between receiver points (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
of segments of this path does not exceed 4, the plotting program will
connect them on a single graph. The control for this joining is the
ID number. If the flight path finishes with an ID of 11 to 13, the
graph of the next flight will continue the line of the graph. A
long flight may be broken up into as many as four segments: with
three segments terminating in 11 to 13 and a fourth, and final seg-
ment, terminating in 14 or 15. The flight segments must appear in
the order in which they are to be flown, so that the XMIN of one
section is the XMAX of the previous section. For each segment
the programmer must re-input the same scatterers. If only one
segment is to be plotted the control card should read 14 or 15.
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ID's 16 through 20 start inputing at the mode card, thus

allowing a completely new run.

An ID of 21 through 50 uses the same antenna description, but
starts the inputing at the course width card. This permits the
course width, clearance strength and antenna location to be
varied.

The program is terminated after an ID greater than 50 is en-
countered. The direct signal will be added, and the CDI will be
outputed before the program stops. The program will also stop
if an end of file is encountered while the program is attempting
to read any input card, or if certain of the variables are of im-
proper value. In these cases the program terminates immediately,
without outputing the last case.

The input of the test case flight path was done in four
segments. The first segment is from 40,000 to 20,000 feet, the
second segment is from 20,000 to 12,500 ft, the third segment is
from 12,500 to 11,000 ft and the last is from 11,000 to 10,000 ft.
An additional case for a simulated clearance flight by a circular
orbit has also been included. The input cards for these test case

flights are shown in Figure 5.
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THIS IS A DEMONSTRATION CASE OF STRAIGHT LINE FLIGHT

4NNNN, 200N0, —40. 25
200, '
16N00e 1100 10 100, 80
1595Ne 1130 =80 60 80«
27500 —=1000, 0. Oe Oe 75 110.
13
THIS IS A DEMONSTRATION CASE OF STRAIGHT LINE FLIGHT
20000 12500, -15. 2e5
200,
16000s 1100 10. 100. 80
15950, 1130, =80+ 60 80
275nn, =1N0n00, Ne Ne Ne 75 110.
13
THIS IS A DEMONSTRATION CASE OF STRAIGHT LINE FLIGHT
12500, 11000, -3 25
20N,
16NNNe 1100, 10, 100, 80
15950, 1130 —-80. 60 80«
27500, -1000, O Oe Oe 75 110.
13
THIS IS A DEMONSTRATION CASE OF STRAIGHT LINE FLIGHT
11000 10000, ~2 25
Znn.
16Nn0Ne 1100, 10a 100, 80
15950. 1130, —-80. 60 80
27500, =1N00N0, Ne Qe Oe 75 110
15 |
THIS IS ORBIT CASE WITH SIGNAL STENGTHS
180, 180. ().72 100000
200,
1600ns 1100 10. 100 80,
15950 1130 -~80 60 80
27500e —1000e Do Oe Oe 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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O NSOV W

c 1LS SINGLE REFLECTION INTERFERENCE PROGRAM LSS
C THIS PROGRAN SIMULATES TWE EFFECTS OF RECTANGULAR

C AND CYLINDRIGAL SCATTERERS ON (OCALIZLR ANN GL1D€ SLOPE

C ILS SIGNALS. THIS PROGRA¥ 15 AN EXTENSION OF THE ILSLOC PROGRAM
C YHICH TRFATED LOCALIZER SIGNAL SCATTERING RY BUILDINGS,

C YHESE. COVMENTS SERYE AS THE PROGRAM QESCRIATION

C FOR THE USER, A USER'S MANUAL WAS BEEM WRITTEN ANC

C THIS COMMENTARY IS WRITTEN ASSUMING THE USER HAS READ IT,

oo

CL 1LBL IS USED. TQ IDENTIFy THE S1GNAL STRENGH QUTPUTS AS
€ YD TYPE anD SOURCE, THE FIRST CWARACTER 18 18' PR
C SIDERAND OMNLY SIGNALS OR 'C' FOR CARRIER PLUS S1oEBANOD,

DIENSION NEMD(14),0F (501)
COMPLEYX BESF,FAC,CE
EOMPLEX EP.EE,EM,EC,2EL4),2001) ,EXR,FRP,GPP, PPV GPN, __ __
2 €5025%,2),50(2%,2)
COMPLEX !JH.!JP.!JPC(!)-!J*C(
COMPLEY gP(307),2PC(520,2),2M(500), 24C(%04,2)
COMPLEX GB, ICsCLAM,LK,CEXPT
DIMENSION XXRY(80B,4
DIMENSION YCD(Spa.2),VPD(5ag,2),VN0(5%22,2)
DIMENSION XWX}, XWOI)
OIME'SION AN(I)
DIMENSION AFCOt9),PHS(9)
DIMENSEION XY(die)
REAL LAMBDA
LOGICAL IMLGE
COMMAN/CO, ARAD(S3,,AFPP(82,,ACPP(%2y,9RAD(%0,,BFPP(8D,,BCPP (5,
COMMON 7B/ BJM,2JP,RYPC,2JMC
COMMON !P.!Pc.?hlluc.vCu.vFD.vun
COMMNN /VAR/ SM,8NCUT,SNEUD, SNCUE(2),VPCL2) . VME(2)
COMMAN /SUB/ MODE, 1CP,1CM, IET,FRO,LAMBNA,PT, 'ACO.PHI(J).PSXIS).NEL
1,XTH,S5LP, XXA(3),Ya(d),EALY), RA(!) 165,87,516,C8,Al
COnunN /ANY/ an.rPP.rPH,cﬂP,GPn.EHRt4.ll,CHA<2),AS'CLS.0t(2!.2)n
C5,80,ET(20,22,N0(2),WMxxxt 48)
‘EaurvaLence (2P(1),ED(1)), tXXRYLe,1),2P(1))
NATA ILBL/4HC CR, OHS CR,4HL CL,4KS CL,4H TOL/
DATA RAD/S7,2957%9m/
c
[+
C TKE QUPUT OF THE SIMULATION IS ON UNIT 8, A TAPE WITH
€ WRITE RING SHOULD BE PLACED THEREON,
c
REWIvVD 8

C THE SECD'D PAIR ARE 'CR' FOR COURSE ANTENNA OR 'CL! FOR
C CLEARANCE,
[4
e cmeeee.._ DIMENS]ON ILBLc%) . . . . . OO
<
c
c
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SYMROL VSE
MADE ANTENNA TYPE
L1} V-RING COURSE
=) 8~L0ODP COURSE
=3 WAYEGUIDE COURSE
wd NOT USED
5 MEASURED COURSE PATTERN
"6 MEASURED COURSE AND CLEARANCE PATTERNS
.7 THEORETCAL CQURSE ARRAY
R THEQRETICAL COURSE AND CLEARANCE ARRAY
ang Y=RING CLEARANCE
a2 8=L00P CLEARANCE
(LR WAVEGUIDE CLEARANCE
a5 MEASURED CLEARANCE PATTERN
.e? THEORETICAL CLEARANCE ARRAY
GLIDE SLOPE ANTENNA CODES.
13 NULL REFERENCE
14 SIDEBAND REFERENCE
18 M ARRAY ( CAPTURE EFFECT )
GS ELEMENT PATTERN CODES
lev = @ HALF WAVE p1POLE
1 32 DEG PAYTERN
FRQ FREQUENCY OF TRANSMISSION
XTH OISTANCE TO TWRESWOLD

2act) T1YTH ANTENNA HEIGHT

ORIGiN [S AT TWE CENTER OF COOROINATE SYSTEM
XwaXIS 1S ALONG RUNWAY

ZeAK1S IS STRALGHT yP

Ye=AX]S COMPLETES A RIGHT HANDED SYSTEM

READ (5,1821,ENOeSA) MOQE,IET,FRQ,XTH, Z4,SLP

THIS 1S THE INITIALIZATION SECTION, LAMBOA IS THWE WAVELENGTH
IN FEEY AND AK IS THE PHASE SHIFT/QISTANCE IN RADIANE/FOOT,
YA 1S THE Y.COOROINATE OF THE ANTENNAE, THIS (5 ASSUMED TO

BE ZERO [N ALL LOCALIEZER CASES,

LAMBRA®11609,/FRG/12,
AKB2,oP1/LANBOA
YAt1)we,

YA{2) a Q.0

2 5 @,

THIS 1S A TEST FOR INVALID ANTENNA TyPE, THE PROGFAF ABORTS [N €aSC

OF ERRDA, THIS® IS USUALLY CAUSED BY OMISSION OF OTHER CaRDS
WHICH CAUSE SOMETHING OTHER THAN A MOOE CARD. TD BE READ ¥

THIS POINT,
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THIS IS THE INPUT SECTION FOR THE COURSE ANTENNA IF PATTIRNS oR
ARRAY DESCRIPTION MUST BE GIVEN, OTHERWISE FLOW 1S TC THE
INITIALIZATION SECTION,

4 tF¢ “ODE ,LT, 3 3 GO TO ¢
THIS STATEMENT CONTROLS THE INPUT NETHOD, PATTERN CR ARRay,
ACCORDING TD MOQE TYPE, -
IF (M00E .GT( 6) GO TO 3
CALL PATTRN(ARAD,AFPP,AGPP)
THIS 1S 0 INPUT Yug SECOND PATTERN FOR CLEARANCE ANTENNA IF
MODE IS &,

1F¢ MODE ,EQ, 8) GO TO ¢
CALL PATTRN(BRAD,BFPP,BGPP)

THE NUMBER_QF ANTENMAE AND TWE JCP TYPE ARE SET, TREA FLOW IS TO.

INITILALZATION,

NEL w 2
MONEes
tCP n §
GO0 10 &

THIS IS THE INPUT FOR COURSE ARRAy DATa,
8 cALL CRRNTS (DE£,€5,80,ET,ND{1))

ThHIS TEST |8 FOR CLEARANCE ARRAY If MONE
IS TyPp A

IF ¢ MO00€ ,EQ, 7y GO TO &

CALL CRRNTS (DE(41,21,C5(1,2),50(1.,2),E7(1,2),NC(2))
HODEwy

1Cru?

NELe2

THIS 15 THE. COVRSE wWIOTH INPUT,

XXA(1) I3 THE XeCOORDINATE OF THE COURSE ANTENNA

XXA(2) IS THE X-CGOORDINATE OF THE CLEARANCE ANTENNA

€ IS THF CQURSE WIpTH

CLS 1§ TME RATID OF CLEARANGE TO COURSE SIGNAL STRENGTH,
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ncanooaa o

aancacoaacaaoaa

oooo

anaoooo!

o oo

6 READ (5,1000,EMDaS8) XXA,CW,CLS

SET THE NEFAULT CONDITION ON CLS OF 1§,
1F¢ CLS (LE, 0,8 ) CLS @ 1,8

CwAl1) 1S THE COURSE wIOTH ADJUSTMENT ON THE 11tTH ANTENNA
17 SETS THE SIDEBAND TO CARRIER RATIO, THE CLEARANCE ANTENNA
(CHA(2)) 1S ALWAYS 1,0 , THE COURSE WIDTH IS ADJUSTEO

BY VARING THE COURSE ANTENNA (CWa(1)),

CwA(Y) » 1,0
CWA(?2)31,0

1F¢ MODE .6T, 18 ) 60 10 12

THE PRAGRAM WILL NOW CALCULATE TME cOI POR 2,3 DEGFEE COURSE
OFFSET, TWIS 1S USED TO NORMALIZE THE S{DEBAND LEVEL TO
ACHIEVE TME DESIRED COURSE WIDTM, LOC 19 THE TYPE DF ANTENNA
USED 8Y THWE ANTENNA 3UBROUTINE, PSI(1) (8 THE ANGULAR ALTITUDE
OF THE REFERENGE POINY AND PHI(1) 18 THE AZIMUTH OF THE POINT,

PSI(1) = 5,E-23
PHI(1) = 2,58RADD
LOE = MOBE

THE MODE IS USED_TO DETERMINE wHICH ANTENNA SUBROUTINE TO CaLL,

'CSP 13 THE STANDARD ANTENNA ROUTINE, 1T COVERS THE VaRING

A~LDBOP AMD WAVEGUIDE, LNAR IS THE AMRAY ANTENNA SUPROUTINE,
ANTP 1S THE MEASURED PATTERN SUBROUTINE, THE SUBROULTINE WiILL
RETURN FPP A4D GPP FOR THE POINT AT PHI,PS] AND UNIT RANGE,
FPP S THE SIDEBAND ONLY LEVEL, GPP IS TME SIDEBAMD LEVEL
FOR YHE CARRIER PLUS SIDEBANO, AFTER THWE RETURN, FLOK IS TO

‘§TATEMENT 9,

1F (00E ,GE. 7) G0 TO 8

1F(MADE ,CE, 9) GO TO 7

CALL CSP

g0 Th o .

CALL ANTP (FPP,GPP.ARAD, AFPP, AGPP)
go ¥

~

9
8 CALL LNAR ( PPP,GPP,PN],DE,CS,50,ET,ND)
G0 Tt g

TWE STGNAL LEVELS ARE [N FPP AND PP, TEMP iS THp APPARENT
COURSE WIDTH WITH CWA'S OF 1,0,

9 TEWPa {,9378/REAL (FPP/GPR)



8¢

L o JR
C THE Cwa(1) IS ADJUSTED TO PROQUCE THE DESIRED COURSE RIDTH,

c

¢ TWE cQUASE wIOTH READ IN IS USED _IF 17 18 LARGER ThAM 3 OEGREES
C OTHERWISE THE STANCARD VALUE BY FaAA SPECIFICATIONS 18

€ NETERMINED ANO TWIS VaLUE US!D. THE COURSE WIDTH 1§ LIMITED

C Y0 A RANGE OF 3 Y0 ¢ DEGREE -

[N <A U e el

TIFC e - 3.8 ) 18.10,31

17 £W w 2,8ATAN(ISS,/XTH 3 # RAD
1Fe CW LT, 3,2 ) CW s 3,9
{FeCY LGT. 6.0) Cuse.d .

11 CWAgl) » TEMP/CW
GO YO 13

732 tF( €W JLE, 8.7 ) CW = 1.4
CALL GSCAL(CH)
13 CONTINUE

<
C THE yALUES, READ IN AND CALCULATED, FOR THE ANTENNS SySTEH(S)
C ARE QUTRUT 0N THE LINE PRINTER.(ASSUMED TO RE_UNIT a) B

HRITE(4,1883) MDDE. (1CP RO XT s EA,XXASCH
WRITF(4,1088) TEMP,CWA
WRITE(&,1282) CLS

c

£ YIS 1S TME L00P BACK PQINT pOR NEW pLIGWT PATw, [C'8 11 TQ 1%,
C MEMO IS YHE LABEL FOR HEADER RECORDS AND GRAPHS,

C INPUY DATA FOR FLIGHT PATHe

c XMIN STARTING PDINT
c X¥AX ENDING POINT
4 DYR SAMPLE POINT SPACING
c PHIR ANGLE OF APPROACH
c PSIR GLIDE ANGLE
c R RADIUS OF ORBIT
[+ up ALTITUQE AT TWRESHOLD QR OF ORSIT
c 1cF FLAG © FOR STRAIGHT LINE, 1 FOR ORBIT
c
14 CONTINUE
READ (%,10085,ENDe5S) MEMO
NRITE(g,1004) “EMO
READ (3.1086,EnDa58) XMIN,XMAX.OXR,PU[R/PEIR,R,EUP,CF
c
c
L THE SIGN OF OxR.15 ADJUSTED FOR PLIGHT FROM xMIN TC xMax,. - -
c
DXRaSIGN{DXR, (XMAX=XMIN))
c
c
C THE VELOPIYV OF THE AlRCRAFT IS INPUT,
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N e NE e 8
WRITE (6,1810)
WRITE 8,1818)

XY 13 AN_ARRAY OF QATA QN _TYHE ANTENNA AND FLIGHT PATH anND IS
OUTPUT AS PART OF THE WEADER RECORD ON THE OUTPUT TaPE,

XY (1) = PHIR
XT(2) u PSIR

XY(3) «

XY(4) ® FLﬁAth
XY(5) =

XY(a) » rLOAY(MODE)
XYty) a FLOAT(ICP)
Y (9) » DXR

XY(8) & xMIN

TH1S 1S THE INPYT FOR 5 NEW SCATTLRLR OR CONTROL CARD, TME
FORMAT aND USAGE OF TME VARIABLES WILL BE FOUNO IN THE USER'S MANUAL,

24 READ (83,1012,ENOu58) 1D/ XW (1), XK(2) ) XWC3y, ALPHADELTA, WH, KK

A NEGATIVE 1D IS USED ON Ao SCATTERER T9 CAUSF THE FIELDS TO
85 SUBTRACTRD FROM THE SUM, THUS 10A 1S USED O DETERMINE
THE TYOSE OF SGATTERER AND THE SIGN OF 1D ]S USED FCR THE
SIGN OTERMINATION OF THE FIELDS,

104a14BS{ID)

THE REFETyER POINT LOCATION yARIABLES ARE INITIALIZEE, xR IS
THE x.cunxmvn: oF Yup LOCATION, 2R [S TNE Z«COORCINATE

4ND_CDEG 1§ THE AZJMUTH, THE USE OF THESE VARTABLES IS CONTROLLED
8Y THE VALUE OF [CF,

1F (ICF) 23,23,22
[ 4 CUEGIXFIN ¥R
Ruglp
GO ™ 24
23 RXRaYMINeDXR
24 CONTINUE

IF 10A IS NOT 4, 2, QR 3 THEN THIS CARD 1§ A CONTRCL CARD
AND FLOW PASYES TD STATEMENT 43 TO OUTPUT THE COT AND FOR
LOOPING CONTRDL,



v

1F (104 L6, 3) GO T0 43 ~
v IF¢1oh J€Q. B1 60 1O o3
5 ‘ R THE CYLINDER CASE,
PH ¢ ATAIN yARTABLES FO R S 1o
éi; ; T:i’ :‘gf;;:siﬁlt ﬁglﬁ,LH‘¥!I SCATTERERING AND QELTA
- "!"““""g'ignolfﬁn A VERTICAL CYLINOER,
484
3:: ¢ tF¢IDA NE, 2) GO TD 25
Anp
35% 2§k1uuoin12.
M
_A_H%%g_ - - 2% CONTINUE
1ANS AND
o H T ANGLES AREL CONVERTED T0 RAD
e g ;:E(:N;ll,-‘lt; AND COSINES ARE CaALCULATEOD,
403
c
494 "
LPHAGALPHA/RAD
iy N éILTA:OELTAIIAD
“t cOSDeCOS(DELTA)
o SINOSSINC(DELTA)
5 COSARCOS(ALPHA)
;:g SINARSINCALPHA) i
LT W - B R T
S c USE OF CERTAIN APPROXIMATIONS nlgc‘g:tnsgs vnkf i
58 g EEEGt Es A LIMIT ON 7:: 3:?% g:o;tgn fs MAt
305 A TQ AVOLD
1 ¢ 35;:?:3%,7585 THE REETANGULAR SU:FACE'HALL_jyIQ__
b7 : PG an rILL GAEAC R 100 Gli“vi OTWER TYPES
308 R 1 _Egsixfits T0 AYO!D PROBLEMS l‘n: LN S
g g g:‘g'EATT!"RS .14 v‘::l‘atﬁsiégn’::‘?! SKishEn,
4 ER7 vo THE BREAKING
910 g VALUES MO
) i i“ll N
] Ve FUE
——3 - _».,,,D!.'.
He DYno,
245 Daats
;:; 0115;.
0YZe?,
HY N ) WRITE (4,4043)
3y ""‘l%%lga}?T%ii%iT.xutaa.ALnuA.n:LTA,uu.nu
o H ‘g0 10 (62,27,82] [DA
238 ‘ POINT ON THE
53e ¢ THE MAXIMUM DISTANCE FRDH '“‘n'f::$§?55rpacxantgggL
44 E ;E:t 43AY~EILL GIVE A REASONABLE ERROR IN THE APPRCXIM 5
s T PaSORT (LANBOA oS YA(L)=Xu(2))ee2})/5,
T wXW(1))me2e
L ¢ RY (LAMBOA#SORY ( (XXA(L)
527 62 TEMPRSORT (L
528 4
329 4
539 c

ALL MUST BE
1S THE NUNBER Of PIECES HORIZONTALLY INTO wHICH TWE wal
L] ORIZONTALLY INTO uMicH THE wall



(A4

‘pivipen,
IHRIPIX(WW/2,/TENP o4

IVOIFIX(HW/2,/TEMP) o4

c
c
;
. C.ly 8 THE THE NUMBER OF PIECES yERTICALLY,
c
c
c

WRITE(6,1213) 1D, XW(1) aXW(2) o xu(3) s ALPHA, DELTA, wwsMys LH, TV
.—1FC 1DA_LEQ, .3 ) G0 .I0 24 . I . .

€ ¥W AND H* ARE SET TO NEW VALUES, THESE ARE THE SIZES OF THE

C PJECES, OX AND DY ARE TWE CuANGE IN Xe AND YeCQORC JAATES BETWEEN
¢ PIECES [M THE MORIZONTAL RONWS, 02 1S THE CHANGE IN ELEVATION

C BETWEEN ROWS VERTICALLY, DOXZ AND DYE ARE THE CHANGE IN X AND Y

C BETWEEN ROWS, THIS CHANGE OCCURS ONLY IN TILTED WALLS (SIND
g.uﬂl’;ﬂuu,ln,itﬁm1 . . - S . I

AlalM
WWaWY/al
TEMPaWNS (Al=g,1/2,
0XeARS (COBASNW)
XN(1)axXk(1)*ABS(COSARTENP)
DyeSIGN(SINASKN,8INAGCOSA)
XW(2)nXN(2)~SIGN(SINA®TEMP,SINASCOSA)
HRgHE/FLOAT(IV)
AZaCOSDOHN
OXZawSINDSHWOSINA
- DYZuSIND*HKOLOSA .
CLAMCHMPLX(D,,1,/LAMRDA)
l'( 10A «NE. 3 ) G0 TO 27
F¢ ¢1H JEQ. 4 ) JAND, ¢ IV (EO, 1 ) ) &C YO 27

WRITE (6,1849}
G0 T 24
c

c

C xw 1S THE COOROINATE VECTOR USED FOR THE LOGATION CF THE
C REFERENCE POINT OF EACH PIECE OF THE WaLL, XWg ]S USEO
C AS ORIGIY OF THE WALL., AS EACH PlECE IS USED FOR THE

C SCATTERING XW ]8 INCREMENTED, XWa IS USEN TO RESET XW
€ FOR LOOPING ON ROKS.

c

27 XMW@ (L)XW (1)=0X~0X2/2,

XHa(2)eXW(g)=DY-DY2/2,
XWa(3)aXW(3)aD2/2,

THIS LOGP IS FOR TWE RoyS

oaaa

00 42 1Be1,lv
XNA(1)eXHR 1) a0XE
NP (2)eXNB(2)eDYE
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{RulPRel

R IS THE DISTANCE FROM YHE RECEIVER POINT TO THE
SCATTERER REFERENCE POINT,

RHeSARY ((XR=XN(1))ea2e (YR=XW(2))0a2e (gToX¥(3))n02)

oo pnanoa

C RR 1S THE HORIZONTAL DISTANCE FROM THE RECEIVER YO THE
€ REFERENCE POIN?,

) RR&SORT((XR=XW {3} )a0de(YR=XN(2))08?)

¢

C BETA IS THE HORIFONTAL ANGLE BETg[[N THE SURFACE NCRMAL AND
C THE LINE OF SIGWT TD TWE RECEIVER POINT, SIng AND COSB

. C ARE THE SINE AND COSINE OF BETA, _
¢

COSBE (ANCLIO(XR=XN(1))eAN(2)0(YRwXd(2)))/RR
SINB(LAN(2) 8 IXReXW{g))eAN( )@ (YR-XN{2)))}/RR

DR IS THE DISTANCE FROM THE ANTENNA TQ THE
RECETVER POINT,

DR u SORY((XR=XA)ea2 & (YReYA(IEL))0e2 o (FRuiijen2 )

oo aaonaa

€ THIS SECTION EvALVUAYES TME SCATTERING FROM THE SURFACE,
C THE COMPLEX VARIABLE 'FAC' REPRESENTS TME GAIN FACTOR
C FROM THE REFERENCE PQINY 0N THE SURFACE Y0 THE

€ RECEIVER POINT,

PHID ANO PHIJD ARE TME RELATIVE FREQUENCY SHIFTS DLE TO DDPPLER
EFFECT FROM YHE AIRCRAFT VELOCITY,

aooana

PHID m AKe(VXe(XR=XA) * vv.(VR-VA(lEL)
M

y o« VEa(2ReiZ))/DR
PHIJN o AKSIVXS(XRLXW({})aVY®(YRaX Ylevie(

BR=Xu(3}}) /RN

Qo

€ THESE CONSTANTS ARE THE GAIN FACTORS FOR THE yARIOLS CROSSTALK
C CASES,
¢

UTs (PHIJD=-PHID)eTA/2,
SNCUC(g) = SINC(UT4M9pY)es2
SNCUC(2) s SINC(UT.W18aT)ae2
SNCUT = SINCLUT)

SNAUN a SINC(UT+ws@T)

oa
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"THEN THE aPPROPRIATL RECORDS WILL BE OUTPUT,

CONTEINUE

[Rap

SNEUY = 1,8

SNCUD & 2,0 .
SNCUC(4) = B,

SNCUR(2) » g,

FROM TH1$ STATEMENT THROUGH JUST BEFORE STATEMENT 54 IS

THE
AS

44

4
46
4

TH1
AT

Tl
ANT
USE

THT
AT

100P ON RECELIYER POINT, _THE LOQPING IS DONE THE SAME
THE SECTION FOLLOWING STATEMENT 38,

TF(ICF .GT, @) GO TO 44

RXR eRXR « DXR

1F( (RXReaXMAX)aDXR ,GE, @, ) GO TO 53¢
XRgRXRaCOSPIR

YRaRXRaSINPIR
TEMPEGQRT(RXROAXNS , 250X THOX THoX THOXR) =X THE 5
tF(TEN® LT, B,) GO TO 48
ZRaZUPeTANSROTENP

vZ » yELASPS]

.60 To 42

vi e 2.0

R e 2P

60 ™" 47

€DEG » COEG ¢ DXR

1F ((COEGoXMAX)aDXR ,GE, @, ) GO TO 5¢
TEYP g CDEG/RAD

XR & RaCOS(TEMP)

YR & RaSIN(TEMP}

tRe %

CALL CLEAR(ZE,q)

$ CallL TO FLC CAUSES THE CALCULATIOM OF TWE FIELD LEVELS
THE RECEIVER POINT,

CALL FLCUXR,YR, 2N}

$ 1S Tue LOOP FOR THE DIFFERENT ANTENNAE, [EL 1S THE
ENNAL NUMBER, NEL IS TOTAL NUMBER OF ANTENNAE BEING

0,

DO 49 PEL=4,NEL

S SECTION CALEULATES TWE FIELDS FOR TWE yaRIOUS STGNALS

THE RECELIVER POINT,

WA ® Za(lEL)
XA o XXA(IEL)
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ALLID, SIN cos AMAXL DS SI6N
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GECAL  1l48 nODE [
168 35 et 36
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oty gl AK 41
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08 "
ARRAYS
Rt L T ]
CHA 81 AS LE]
PHl 10 (3} 13
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_2444%4000408
7 176676359442
14 000000820008
GPP ZANT /+3
[ ZANY /43?7
1cP /808 Zey | _
P* /8uB /o8
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THIS SUGROUTINE 1§ USED 70 INPUT DATA FOR CALCULATING YHEORECTYICAL . __
PATTERNS FOR ARRAY TYPE ANTENNAE,

SUBROUTINE CARNTS( D, Co 5, ET, NE )
BIMENSION ET(19),041) -
CONBLEX Ce11,8§¢1) . . e
COMMON /SUB/ NODE: 1¢®. LcHs LET. FROLLAMEOM NITTE T
1,XTH.SLP, XXA(3),YAC3). FACIILRALS), TOS, BT.%T%f%D‘EHL

e 4 L J— ——

TMIS 18 THE INPUT FOR TWE ELEMENT LOCATION AND CURRENT DI!CIIPTION

0T 1S THE ELEHINT'DISPLACI"[NT IN THEZ Y=DIRECTION, MEASURED B
IN WAVELENG

cT I8 Tnt CARRIER »LUS SIDEBAND AMPLITUDE, IN RELATIVE UNITS

PC 18 THE CARRIER PLUS SIDEBAND PHASE, IN DEGREES

SY IS THME SIDEBAND ONLY AMPLITUDE, IN RELATIVE UNITS

PS 1S TWE SIOEBAND ONLY PHASE, IN DEGRECS

1 READ (9.1000) DT, T, PC, ST, P§

TH1g TEsY !l To SEE {F THE END OF THE ELEMENT CARDS WAS BEEN
REACKED, WE CARRIFR PHASE 18 GREATER THAN 9#g FLOW -
1S Y0 TME FLENINT IATT[IN SECTION,

1F(¢ PC ,GT, %0a.) GO TO 2

THIS IS THE 98 OEGREE_PHASE SHIFt POR THE AUAORATURE OF
THE SIDEAAND ONLY 70 TWg SIOZBAND 1N THE CARRIER PLUS SIDEGAND, =~

PS = PSe90,0

WRITE ts,168) 0f.ct.pc,ST,PS
plr) s DY*2,0P)
C1)aCTaCEXPLCMPL(D, ;PCIRADD) )
S(1) o STeCEXP (CHPLY (2. PSORADD}) . . e
fnley

THIS STATEMENT LQOPS BaCK FOR THE NEx? ELEMENT 1P Tﬂl ToTAL . o
NUMBER 0F ELEMENTS 0OES NOT EXCEED TWE AVAILABLE SPACE,
170 1 LT, 26) GO TQ 1 . e

THIS SECTION READS [N THE PATTERN FOR THE ELMENTS, N€ 13 THE

NUMBER OF ELEMENTS, ALL ELEMENTS ARC aSSUMED TD MAVE THL SANC . o
PATTERNS,

2 NE @] -1 - T - - s T
ET WikL RONTAIN THE ELEMENT PATTERN, THE VALUES ARE IN -

RELATIVE AMPLITUDES, ET(1) IS TWE VALUC AT ZERO DEGEES AND



L9

CONSTANTS

Kl
GLOgAL
n
COMMON
nobE
LAMBOA
NEL

2A
na

¢ SUCCESSIVE VALUES aRe aT 1a OEGREE SPACING UP 70 1gp, THUS
¢ THERE ARg 19 POINTS GIVEN. TWE PATTERN IS SYMETRIc ABOUT
€ THE BERO OEGREE POINT,
4
READ (9,1P08) ET
WRITE(S,1080) ET

- RETURN
1000 FORMAT( BF48,4 )
END

s0poReaecere
QUHMIES
186 [ 187 s 160 3] 168

/5uB /e0 1Cp /8uB /¢4 1Cu /8ub /2 1€y
/SUB /e85 r /SUB  /e6 RAOD /SUB /7 PH
/SUB Jeyt XTH /8u8 /047 SLP /%u8 /20 XA
/SUB. /27 RA /SUB  /e32. TGS /SUB.  /e33 . BT .
/SUB /o4

SUBPROGRAMS

cExp

SCALARS

CRRNTS
ST
MOOE
LAMBOA
At

ARRaYS

CHpLX CFM.0 FLOUT. FLIRT,

168 4 167 or 17¢ 44 7
173 4] 174 Pl 6 Rabo 7
¢ 1ce 1 {7 2 1€7 3

H NEL 14 . L XTH a2 .o Sue 20

36 816 37 BT} 42

161 0 156 3 157
H XA 24 . YA 24

34 33 36 37 42 9

I - o3 L2y
| 1

o

>

i

|

”

-

[

27 33 33

32 33 36

35 36
7 36

wn-ucnﬂhornv-o\loc
[
»

[

33 36
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i
|
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C THIS SUBROUTINE INPUTS THE ANTENNA PATTERNS FOR THE MEASURED
C PATTERN ANTENNA CASES,
4

SUSROUTINE PATTAMN ( ABAD, AFPR, AGPP ) . _

DIMENSION ARAD(SQ), AFPP(32), AGPP(5Q)
OATA RAD /7 87,2057793 /

X =1

[

READ(S,1000) ANG, AFPPIIX), AGPPLIX)

AFPP(IX)uAFPP (1X)s1 @000,
AGPPLIX)}gAGPP(1X)®1@380R, R

ARADEIX) mANG
fXelXel

/RAD

1F¢ tx .GE, B1) 80 T0 2
1F ¢ NG LT, 361,) GO TD 1
tF( 1x ,LE, 2) GO 70 4

e -Q.MRITE tg,1pp1) _

WR1Te (46,1002}
1YelX=2

ANGEARADI])®RADe, 20201

o

GO 105 . .
RETUAN

WRITE (8.1004)
I#D FILE 8

§TaP
1200 FORMAT(BF10.8)

~u

EU“HIILZEHQANTENNA,BATll!!_ELASUBEHEM%

71002 FORMAT(S4H ANGLE READ

1803 FORMAT (3E42.4)

S10E8AND

WRITE (4,1083) ANG,AFPP(1),AGPP(])

1
A

RIFR)

1004 pQRMAT(SSH MEASURED ANTENNA PATTERN MISSING )
N

END

CONSTANTS

221604802800 1

CLOgAL QUMMIES

ARAD 112
SUBPROGRAMS

TPFEN, EXIT FLOYT,
SCALARS

PATTRN 1758
1 282

ARRAYS

AFPP

FLIRT,

RAD

221624340000 2

173 . AGPP

178 1X

160517426542
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GONSTANTS
3 2014900022078

GLOgal GUMMIES

IR 244 L} 218
COMMON
TR 7,COMM . /00 aPc /.COMM, /o375¢ M /.COMM /45878 gMC /,00MM, so7648 VGO 7C0NN, /013868
VPO /,COMM /445530 VMD /,COMM, /e17500 SM JVAR /e NCUutT /VAR /ey SNEUD  /¥aR 7]
SNCUC  /VAR /.3 vPe JNAR /S vHe VAR /a?
SUBPROGRAMS
oTC FLOAT TF1X SQRT
SCALARS
DETEC 217 NG 220 IR 244 vP 221 ™ 222
.. __hK2 223 uw 224 N 22% N1 228 . N -1 - H | 1
cP 230 cM 231 6 232 1 233 [TH 234
vel 238 cot 21% SM ] SNCUT ¢ SNCYD 2 e e
ARRAYS I
[ ] 2pe 1799 EL =470 e 1040 veo. PF 7 1 I —
vPD 15530 vMD PRLT L] v 236 Gaoy 240 SNEYe 3
vpe 5 (L1 ? .
aK2 29 39 4 a1 [
ce ) 39 8 a9
<ot ] 52 _ . S —
cM 3% 41 4 49 50
cP 35 '] T3 'T] [T] J S —
DETEC 8 .
pre a7 28 [
G 38 39 40 a4
_ Geee N .14 __ .18 3 - _ _ - R P, e
1 a8 ] 50 LT}
IR 8 27 20 49 . e
N 19 32 13 4@ a1 a3
N§ 33 37 30 .2 [H . I R o
NG 17 32
. SM 14 B2 o e [ —
SNCUe 16
SNCUD 16 [ [
SNCUY 16
SQRT LY S
uN 30 33 49 48
___ _ a4 LTS 52 S —
VAR 16
veo 13 15 1] e —
Vel %0 5y
voal 4y L2 e e
VM 28 29 30
\ald 16 28. 50 - e ———
vup 13 19 49
vp 27 29 30 e —
vPC 16 27 L1 S
VPO 13 15 o e
M 11 18 28
ing 11 13 [
4 11 13 27
P 11 1%
1P n 44
20 31 45
RN | S A 42
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c
. | I . CF 1§ TUE COMPLEX GAIN FACTOR FOR THE TRANSMISSION LOSS FROM THE R S
56 C ANTENNA TO THE POLNT,
57 c - S
53 F s CEXPICMPLX(3,,CONY))/R
.89 00 14 JCmg,2 . . . .- . . I e
42 JBu2eyC-1
81 [ S
82 c
.83, C GPP IS TWE SIGNAL LEVEL FOP THE SIDELRAMD PORYION OF THE CARRIER e
84 C PLUS SIDEBAND,
66 GPP(JC)® GPP(JC)eAS(JC)
AZ. c O e
48 c
I 1 ] C FPP 1S TWE COMPLEy PHASGR FOR THE SIDERAND ONLy, - -
70 c
-1 000 __gPPiJcysFPP{JC)elWatJCyeASCIBY .. . S,
72 £(J,JBYRGPP(JC)0r
73 11 g(J,JBallas FPPLUC)SF ———
74 RETURN
75 END e e
I CONSTANIS. . . - L
L gegpoegereT4 1 [ LLLEELLE LT e e

chOgal OUMMIES .

X1 .. 354 . 128 359 2. 358 R e i
COMMON .
ARAD /C0 ] AFPP /CD 1962 AGPP /€0 /e144 BRAD -] 74226 srep /60 A2 11
aGPP /€0 /4372 LC /SUB  ye0 1ET /5U8  /+3 FRQ /8UB /o4 WAMDA  /BUG /8

. _._PL. . _/SUB /ep . RAQQ /848 /e? PH1 /78Up /<1 L SUR._ /eld. . PRL . /BUB /e -
7 /5up 3% NEL /Sup /16 XTH /8ug /617 sLep /78U /e2¢ XXa /78U /24
YA /SUB /a4 HA /5UB  /e27 ]4 /8U8 /32 16§ /SUR /38 B /BUB /e300
s16 /808 /437 ne /8UB  /edn AK 1808 /e4y Lac 7ANT  ed 444 7ART sy
GPP /ANT /a5 £ /ANT /611 cWA ZANT /eS8y AS /ANY /o83 0 JANT /eS8 _
[ IANT /4137 ] JANT /4323 ET JANT /4447 ND ZANT .87 1 ZANT /.50
™ . /NG /0 -1} /WG /48 CJA N6 /o34 c.a I4.1] /o818 L [
SUBPROGRAMS R
CLEAR  SQRY AtANZ  CSP ANYP LNAR (19 GSA CExP CMPLY CPD,0 CFMM,2 CFM,2 o
_SCALARS. . . P [, [,
FLC 361 JA 362 J 363 NEL 16 Loc [ -
x 364 X1 354 M 368 Y1 355 R 386
2 396 PHI 10 PS! 13 {3 3 CON3 38 R
AK 4 r e Je 2 J8 373 FRO [}



A1

14

173

3y

¢ v

] Hi
ts sY
133 vy
13 d

“PFY T ddgy

iy

11

3
h111
s

'
o

\LP]
L4

dd v

.14
HiX

6

£¢

1 1]

[ 4

739

.13

LY

233
L1s
L
114
(73

26

Iy

1 73

e

99

erd
[

VA
dddb
oviy

s
_QQve

[ 14

2L

£L

(1Y

LT3

L4

ir

or
L

£

(1]
oy 143
iz

9t

124

34

[13 &2
{2

99 29
£l 2L
or L
A /34
16

(33 ££
By - Ead
s

ze £as
113 [
o

113 144
W

L4

. —
123

(23

114 et

£

h 13 9

or

- TE

L.

-1
Yrd
il
dd9
XX
dedg
§
a8
td

143
5

ddJ
14
Qvye
%

SAYuYY

s34
YOWYn

77



8.

'
|
i
{
|
i

4 ¢
H c THIS 1S TWE WAVEGUINE FAR FIELD ANGULAR PATYERN RCUTINE, _
3 C UNIY VECTORS ARE USED TO DENOTE THE SIGNIFICANT DlR!chBNS 1
4 t R« DIRECTION OF 0BSEAyaylON _—
5 c B = BROADSIDE DIRECTION
... & c_ w _TANGENT SIRECTION . o .
7 SUBRUUTINE GWG( FPP, GPP, R, T, B )
8 COMPLEX FPP,GPP, C(59),8t3p), FP,GP, € L
9 COMMON /ANY/ LOC.FF(!).GP(!).EN-“:GUA(?),AS(?).D(M).Coi.
1@ ? £7(20,2),N00¢2),GC(4,:3,8) . JE
11 OIMENSTON R(Y), B(3)}, T(3)
IR ND. . . VS
13 SIPH = SP( R,T )
14 EPP » SP( R,B ) —
13 IF ¢ 1¢3) ,LT, 0,0 ) EPP = -EPP
18 Fep = (0.8,0,0) o
17 GPPu(2,2.6,8)
. .18 . _ . 001 Jea,NO . . e e e _
19 GPP a GPP o C(J)WCEXP(CHPLX(E,
H] 1 FPP g FPP o S(J)ocsxvtcnﬂu(a.. D(J)Olnlun o
24 GPP ®» EPPagPP
22 PPP a TPPeFPP E S
23 RETUPN
__._.2¢ _ _  _ END L . [ e
CONSTANTS e
14 LELLELLL A { roo0reaadenn . - e
= ... -1GLOBAL QUMMIES  _ . R - e e Lo el
FPP 151 444 153 R 158 T 136 B 9 el
COMMON e e
__.LOE /ANT  /s8 _FP /AND  fey  GP /ANI /o3 & ZANT /%34 GMA___ __/ANY /83
AS /JANT /45% 0 7ANT FALL] [ 7ANY /4137 S 7ANT /74303 ET 7ANT /-‘07
HQo /ANT /4517 14 ZANT /%21 I R [
SUBPRQGRAMS L e
sP CEXP  cMPLX  QFM,2  CFYM,2 . . JR
SCALARS [P
GwG 183 ND 164 S|PH 169 EPP 166 FeP 151 _ o
GPP 153 J 167 Loe []
T T T aRRays - i T B ) T
£ 13 8 383 FP 1 P 5 € 11 T
Cwi 51 AS 53 0 53 ET 4“7 NDO L1%4 . _
4+ 521 R 158 e 157 T 156
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i

'SURRDUTINE 5SA ( G, R, IE )
COMPLEX FPP,GPP, C(58),5(501, GP,
COMMON /ANT/ LOC,GP(4) ,E(4,4),Chal2),A5(2),0(5¢),C,S,

2 ET(20,2).N0(2),GCt4.344)
DIMENSION G(4), R(3)

IF ( 1F LEQ, B.) F = SORT( 1. - R{2)ee2 ) .
IFCIE JEO, 1 ) FelSINCI4, 04aTAN2(R(2),50RT(R(1)202,R(3)e0R)))}0al 5
00 1 1 w 1,4

GPel) = FeG(l)
GP(L) ® CWALL)oGPLY)

1 c
2 c
3 c
4 c
5 c
[ c.
7

8

9
10
11

A2 —
13
14
19
16 [

17 RETURN
18 [ 4.LN
GLOBAL DUMMIES

[ 76
cOMMON B
Loc /ANT /4B
h] /ANT /458
GC ZANY /4521
SUBPROGRANS
SQRY SINC ATAN2
SCALARS
cSA 124
ARRAYS
c 137
I § 33

[ 76

ANT 9

AS [}

__ATaN2 - 13 .
c 8 9
CHA 14
)] 9
E 8 9
ET 9
F 12 13
rPp 8
G 7 11
GC 9
GP B 9
GPP 8
GSA 7

14 19

1E 7 12
L0c 14
ND ¢

R 7 11

S 8 9
SING 13

SQR! 12 13

1P 14 15

cxr3, 0

DOw

15

18

18

13

12

77

/ANY /1
JANTY /4137

10¢

303
77

13

1E

GP
EY

189

/7 ANTY /o114
/ANT /o303

105

1
447

[
34

THIS SURROUTINE CALCULATES THE FaR FLELD aMPLITUDES EMANATING FROM
INDIVIOUAL GLIOE SLOPE ELEMENTS.THE RELATIVE AMPLITUDES FOR THE VARe
10US SIDEBAND COMPONENTS ARE TRANSMITTED TO THE SLBRDUTINE BY THE
ARRAY G, THE ELEMENT PATTERN 1S SELECTED RY TWE INDEX 1E

A JANT /o33
JANT  /eqa
108
11
517

?

AS /ANT © /e88
ND JANT /o347
we e T
CWA 53

GG, M.




18

1
2 [+
3 €
4 C FRQ™
H C ELEM
_ A c
7 c
8
9
18
11
12
13
14
15
16
17
.18
19
20
21 1
22
23
24
25
CONSTANTS
a 176545
GLOBAL DUMMIES
FPP 173
S 282
SUBPROGRAMS
SIN ABS
SCALARS
LNAR e
A 214
J 217
ARPAYS
o 200
14
ABS 12
- 8
CEXP 2»
CHPLY 20
8
EPP 16
(3 8
_Fpp 3
GPP 8
1 13
o 19
LNAR 8
ND 8
PHl [}
] 15
$ [
SN 11
S[PH i1
TEMP 12

' THIS SUBPOUTINE GIyES FPP 4NO GPP AT ANGLE PHI By SUMHING THE SIGNALS

THE N7 ELEMENTS IM THE ARRAY, THE PATTERN FOR THE
ENTS 1S IN EY, THE RELATIVE CARRIER PLUS SIDEEANDS AND

SIDERAND ONLY SIGNALS FED YO THE ELEMENTS ARE IN C AND §,

SUBROUTINE LNAR (FPP,GPP,PHI,D,CsS$,ET: D)
COMPLEX FPP,GPP,C,S
DIMENSION D(1),€¢1),5¢1),ET¢)
SIPHESINIPHI)
TEXPRASS(PH])/. 1745329
1RYEMPel,
ASls1
RETEMPaA
EPPeRO(ET(1¢0)=ET(I))+ET(])
FPPatg,8:0.8)
GEPw(@2.0.0,7)
00 1 Jey,ND
GPP = GPP C(J).CEX’(CHPLX(B..-O(J)nSXPH;)
FPP = FPP & S(J)SCEXP(CMPLX(p,,=0(J}8S]1PW}}
GPP 8 ppPPagpP
FPp » Eppefpp

RETUPN

ENR

343005 1 800020007000 2 PPARP2BNOLRE
GPP 173 PN 177
34 203 ” 204

1F1X FLOAY CEXP CHPLX CFM,? CFuM,2

SIPH 211 PHY 17y
R 218 EPP 216
ND 204
c 281 S 202
15
9 18 28 —
21
21
10 20 21
22 23
10 16
9 17 21 23
9 18 20 22
14 16
29 21
19
11 12
16
9 10 21
20 21
13 15
21

212
173

203

[} n
| 28 . ——
cPr 173




Z8

1
|
|
(
I

ANT

Pt

HA

PH1
YA

1 [4
2 [4
3 C THIS ANTENNA SUBROUTINE GIVES FPP AND GPP FOR ANGLE PHI By
4 C INTERPOLATION IN YABLES ANT AND ACP, ANGLE PNI 1S IN
5 C RAOIANS, THE SUBROUTINE WILL INTERPOLATE SETWEEN YALUES
) C QRACKETTING TPHI, [F PM] I8 OUTSIDE THE RANGE OF THE TaBLE
7 C THEN EXTRAPOLATION FROm THE LAST TWO VALUES WILL BE USED,
8 4
9 SURRNUTINE ANYP (FPP,GPP,ANG,ANT,ACP)
1 DIMENSIQN ANG(B2), ANT(3@), ACP(S@)
§3 COMMAN /8UB/ LCt4),FRQ,WANOA,P1,RADO,PH],P(2),PS],T(2),NAR, XTH,
I ¥ I 1 XXALZ), YA HACS) JALLS)
13 N0 1 1e2,%@
14 Kt
18 1Fe¢aneely ,GE, 6,3) GO TO 3
16 IFEANG(1)~PHI) 1,3,2
17 1 CONTINUE
- . .Al .2 EPPRANT(K=1)¢ (ANTIK)=ANT(K=1))®(Pu] =ANG(K~1))/(ANGIK)=ANGIK=1))
19 GPPEACP (K= ) (ACP(K)=ACP(K=1))8(PH] @aANG(Kul))/(ANG(K)=ANG(K=1})
20 GO0 17 4
21 3 FPOsANT(K)
22 GPPeACP(K)
23 4 RETURN
. R4_ 5 KSu-)
28 Gg To 2
24 END
CONSTANTS
P 203623146314
GLOBAL DUMWIES
FPP 118 GPP 117 ANG 120
... GQMMON _
LC /SUB /e FRO /58UB /o4 4AMD2 /8UB 7+8
PHI /75U /le1? P /5UB 7e41 281 /78U /13
XTH /5U8 /.17 XXA /SUB /421 YA /8U8 /23
- SCALARS
ANTP 123 1 124 ' 123
TP 117 FRO 4 WAMDA L]
PS1 13 NAR 16 XTH 17
. _ ___ARRAYS .
ANG 120 ANT 121 ACP 122
t 14 XXA 20 WA 24
AGP 9 18 19 22
ANG 9 12 1% 16 18 19
LANT _% . R 18 24
ANTP 9
FPP ? 18 21
FRG 11
GPP ¢ 19 22
WA 11
1 .43 14 1% 18
K 14 18 19 2 22 24
L 13
NAR 11
P 11
PH] 11 14 18 19
Pt 11 .. R
PS1 11
RA 11
RADU 11
b1YL:] 11
T 11
WAHUA S A
XTH 11
XX4 11
YA 11
[] * v

121

/78U
/3U8
rsug

10
23

/46
/014
7024

AcP 122

RADD /38 ge?

NAR /7908 /+16
RA /8u8  se27 .
[1dd 116 L
RADD y
4 R Y [,
Y

25
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8 RETURN
END

CONSTANTS
4 202434223351 1
5 176546310671 s
12 208772702438 13
17 200475341217 20
24 176560807534 F1]
3 177617270243 32
38 202571463446 37
43 200427024365 44
LT ] 200613237574 51
5% 200426017142 58
COMMDN
Lc /SUB  pep FRO
PHI /808 /Jegr [
XTH /SUB  /e1? Loe
YF ZANT Y Gpp
1 /ANT /o481
SUBPROGRAMS
SiH ABS 1F1X FLOAT
SCALARS
(214 E10) S1PH
Jd 511 RADD
Q 515 [4.44
SNPY 520 FRQ
NAR 16 XTH

208427432477
176457065176
200760587534
177753442172
176727024345
177631483146
202597934123
175476411564
200774733108
212445437340

/3UB o4
/8UB 7011
ZANT /+0
JANT /o8

cos
587
7
516
17

2 177812472792
7 2185654631443
14 200727824365
21 177521727824
26 177463446344
33 176545343295
0 202402436560
a9 176527934121
52 200754428446
57 213503609990

4AMDA  SSUB 448

PSI /5u8 /7413
FpP /ANT /o1

X6 /ANTY 766

PHl 19

TEMP 512

FPP 1

wAMDA s

XF 2

Lot
1

cPP
FPM

ﬂlumjltjh .
211761314634

200456038753
176702436362
177848527534
201512172702

201558753412 42

176556457065
200664970454
213%7640200¢
/SuUB radl
/8UB /el
/ANT 702
TANY /97
13

Wowaa

4
11
16
23
30
35

4

54
81

RADD
NAR
(12
Y6

ce

A
comy
rr

242614314631
200569483075 S
176432472762
A776B3078344 0

202638702436
_8a7g7egege
208406517678
206546314631 e
213471280009
[I'] o7
‘ove lese
7ANT /43
AN sl
540
844 .
547
13 i}
4



" »
e et wt [T)
S 1L L LN L 1] 9 LU
@ o ' v £y 2y T
—- - - @wr - e i3 313 13 133 £t
i n 1 £ 13 143 13
——— 2t 86 "% m 98
" £ T L7 L 62
126 3 3 3

134 (14
2Lt ezt £9
sut [T T

[ 244 12t

& v_ 8
g2t (183
rzt
- ¥
2y
I 131 133 23T
113 ' 62

T Izt
§6 14 5
12 £2 14

(314 43
" i

[ LY

(1Y
18

4]
LT

(34
1T

(14 1] di
2t de
te dy
1] de
\ 13 dr
€9 a
PE de
t dt
94
FI 3
HiX
9
4%
YOuVA
139 119 M1 )Y
- et
ons
1] (12 HeNS
£9 9 wals
£e £9 N1S
Tt 227 S
- ¥e o7 aQve
8s ]
184
1d
21 IHd
d
y¥N "~
£ 207
kbl
YoRY
19 149 r
L/ J0s /S 1S
» 29 23 dd?
(.3 T Wdd
L) 'LE]
(1) (.11 g ddd -
at Wdd
oF T sy ey T T
9t (19 11 43
» ey 9% dd3
at 3
L9 28 113
i 92 11 Q
1] ¥9 ™ THaST
1zt 1]
29
16 1 4]
1] (33
I3
Q
d
SAvyYY
WdD 9 ax

86



L8

Cm N A W

oo

€ THIS FUNSTION EVALUATES THE WEIGWTED SUM OF a SERIES OF

¢ BESSEL FUNCTIONS, 1T 1S USED TO CALCVLATE TWE SCATTERING
€ FROM A CYLINDER,

c

COMPLEX FUNCTIGN BESF (AKa,XCBH,XS8)
cOMPLEX SUM

OATA P1,EE/3,1415926%.:2.71828183/
CBeXCB

SUve(=2,0,8.)

19408 (LY. -.99996) GO 70 6
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D0 3 KKuy,5

EJs=EJaFNaVlaly
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iKA 865
SVUBPROGRAMS
ABS . SQRT
SCALARS
RESF 872
SUmM 877

,,,,,,,, _AKA AAS
] 748
s2 71%
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7o 727
cl 734
ABS 13
Ay 51
ARA ?
AN 46
ATAN? 28

28

BESF 7
8y 81
Sl 30
(o] 32
ce 1e
[1:}] 14
4 L33
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. 30
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Ev @2
FN 18
.3

FoO 57
—AFIX .18
XK 22
oy 19
86

PHI 39
Pl 9
_RL _.A¥
S1 29
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98 13
SCAL (1]
SER 17
SIN 29
SaRT 14
v ]
TEMF 39
v 18
78

vl 16
XCe ?
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x§8 ?
%Xy 53
1 33
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FIN] 52
1P 74
2P ”
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4p 1

14 36

&P 12

7P 84

P &9
9p .. B8

IFIX FLOAY  EXP3.4

Pl 874
S8 7484
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44 54
52 54 1]
15 ay
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29 3@
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64 1) &7
31 R 35
k] 3? 39
12 14 28
15 LR ] 1]
87
_61. 76
28
23 25 ki)
19 28 21
4 45 51
LY 74 78
23 23 23
61 72 76
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__.a% _ 97
31 32 38
33 319 4
28 31 32
68 a 82
35 - L1
_83
81 76
11 L1 1]
43
16 18 28
23 23 L}
12
57 (1] 43
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35
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78
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APPENDIX B

DYNAMIC SIMULATION
PROGRAM DYNM LISTING

93




The ILSLOC program calculates the CDI at each point in
space; this CDI includes the Doppler effects from the velocity
of the aircraft. In the simulation, the receiver system is
assumed to generate the CDI value instantaneously. In the real
case, the inertia of the electrical and mechanical portions of
the system limit the rate of change of the CDI. Thus the real
observed CDI appears to have been low-pass filtered from the
instantaneous CDI.

The program DYNM takes the output tape generated by program
ILSLOC and converts it to observed CDI by simulating the effect
of a low-pass filter. The variable TAU is the time constant of
the effective filter.*

Note: When a flight path has been segmented, the low-pass

filter will operate continuously over the entire
flight path.
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NN NAONO NN

THIS PROGRAM SIMULATES THE EFFECT OF THE MECHANICAL AND ELECTRICAL
INERTIA OF THE ILS RECEIVER ON THE CDI. THIS EFFECT 1§ EQUIVALENT
TO A SIMPLE R-C LOW PASS FILTER. THE VARIABLE TAU IS THE TIME
CONSTANT OF THE EFFECTIVE FILTER. A TYPICAL VALUE 1S .4 SECONDS.
THE INPUT TAPE IS ON UNIT 11, THE OUTPUT ON UNIT 12,

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

DATA ILBL/4HDYNM/

DATA TAU/N.4/

IF(EOF(11)) GO TO &

1 IT=0
DELC=0.

2 READ(11,1000) MEMO,XYsIDsNCsICF
WRITE(6,10N3) MEMO,XYs IDsNCsICF
DEFK=ABS{XY(9)/XY{5)/TAU)
IR=IFIX(XY(10)+41)

READ(11,1001) (DEF(I)sI=1,IR)
IF(IT +EQe 0) CEF2=DEF(1)
IT=1

DO 3 I=1,IR

CEF2=CEF2+DELC

DELC=(DEF{ 1)~CEF2) *DEFK

3 DEF(1)=CEF2
MEMD(13)=1LRL
WRITE(12,1000) MEMO,XYsIDsNCsICF
WRITE(12,1001) (DEF(I),I=1,IR)
IF(ID «GTe 13) GO TO 1
IF( ID «EQe 0) GO TO 1
GO TO 2

4 REWIND 11
END FILE 12
REWIND 12
CALL EXIT

1000 FORMAT(13A645A2,/51Xs7F 18495/ s3F1849,110,10X52110)
1001 FORMAT(7E15,8)
1003 FORMAT (1Xs13A63A29/31Xs7F184945/53F18,99110,10X52110)
STOP
END

95




APPENDIX C

ILSPLT PLOTTING ROUTINE
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This program has been written to generate graphs of the
static and dynamic CDI's, It was written on the IBM 7094 using
the CALCOMP plotting subroutines.

The first input card has the following format:

Col. Symbol Use

1-2 NL Number of lines per graph

3-4 NGREFS Number of graphs

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

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

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

NL permits the overlaying of two or more CDI or signal
strength graphs for comparison purposes. The scaling will be
set by the first graph, and the successive overlays will be
plotted to the same scale. A maximum of three lines per graph
will be allowed.

NGRFS sets the maximum number of graphs to be drawn. Each
graph will have the same number of overlays.

NTAPE (i) gives the logical unit number used for the input
of the ith line on each graph. If the value of NTAPE is negative
then its absolute value will be used as its logical unit number
and the tape will be rewound before input. .

The second input card defines the scaling used for the graph
{or graphs) described above. It has the following format:
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Col. Symbol Use

1-10 XSC Horizontal scale in ft/in. or deg/in.
11-20 DELX Tick mark spacing in ft. or deg.
21-30 YMAX Maximum y-value on vertical scale
31-40 YMIN Minimum y-value on vertical scale
41-50 DELY Tick mark spacing on vertical spacing

in microamps for CDI or relative units.

The horizontal axis is drawn in-either feet or degrees per
inch as specified by XSC. The tick mark spacing along the axis
is determined by DELX. The length of the axis will be adjusted
to the shortest length with an integral number of tick marks
that will cover the domain required by the input data. When a
flight path has been segmented it is treated as a single line
on the graph.

YMAX, YMIN define the range of the plotted variable: (DI
or relative signal strength. The y-axis has a fixed length of
seven inches. If DELY does not integrally divide the range, DELY
will be adjusted to yield an integer. When the range (YMAX-YMIN)
is zero, the program will automatically scale the range to the
largest scale that will include the data in the length of the
axis.

When multiple graphs are plotted, each graph is scaled in-
dependently.

After all NGRFS graphs have been drawn, the program will loop
back to the beginning and attempt to read in a new NL card. This
allows many graphs to be drawn. If the user wishes to replot
data using different scales or overlaid with different sets of
data, he may use the negative NTAPE to rewind the input tape.

The program will terminate after reaching an end-of-file
on the card input unit.

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

COMMCN/TEST/XMIN+DXRNT QT 4NP

LOGICAL EOF

DIMENSION IBUF(1000)

DIMENSICN NTAPE(3) ,MEMO(1l4),M(14)
EQUIVALENCRE (M({1),MEMO(1))

COMMCN /PDF/ DF(2090D),XLEN,NSTEPS,IDEF, IDENT,DX{10) NPTS(10)
COMMON /PRINT/ ML¢XSCDELX,YMAX, YMIN,ODELY,ICF
CALL PLOTS(IBUF,1000)

CALL FLCT(N.N¢=12.9-3)

CALL FACTOR (0.4)

ILBL=1

CONTINUE

IF(COFI{5)) GC TO 55

READ(S5, 100} NL.NGRFS.NTAPE
WRITE(64100) NLyNGRFSyNTAPE
1F(NGRFS.LE.C) NGRFS=3
FORMAT(212,313)

DD 401 I=1,NL

IFINTAPE(I).GE.Q) GO TO 401

NTAPE(I )==NTAPE(I])

NU=NTAPE(1)

REWIND NU

CINTINUE

READ(S5,1GL) XSCsDELX,YMAX,.YMIN,DELY
WRITE(6,101) XSC,DELXsVYMAX, YMIN,DELY
FORMAT(B8F10.0)

TEMP=AMINL(YMIN,YMAX)
YMAX=AMAX1(YMIN, YMAX)

YMIN=TEMP

TEMP=YMAX~-YMIN

IF(TEMP .NE. Qo) DELY=TEMP/(FLOAT(IFIX(TEMP/DELY¢.5)))
NPLT =1

NP = |}
1 =1
NL =1
NTOT = 0

NU = NTAPE(NP)
[F(ECF(ANU)) GG TNO 50
READ(NU,SU0Q) My X04DXRyXY 1D IDEFIOENT+ICF
IF(ICF JNE. O) ICF=1
WRITE(696C0) MEMO,X0 ¢OXR4XY,10,IDEF, IDENT,ICF
IF(ILBL «NE. 1) GG TO 70
ILBL=0
CALL SYMBOL(O0e9Q0e9el4,MEMD,90.,80)
CALL PLOT(3.90.9-3)
CONT INUE
IR =IFIX{ XY¥+.1)
NTOT = NT3T + IR
IF(T1.EQ.1) XMIN = X0
FORMAT{L13A64A2,/4/+3F18.9+4110)
FORMAT (2Xs 13A64A2,/+3F18.9,4110)
FCRMAT(7ELS.8)
FORMAT(1X,7E1548)
READ(NU.501)}(DF(J)sJ=N1,NTOT)
WRITE(6+502) (DF(J)yJ=N14NTCT)
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WRITE(6y1000) XMINGIRyNLyNTOT,NP,!
1000 FORMAT(F12.3,5110)

NPTS(I) = IR
DX({I} = DXR
IF{ ID .GT. 13 ) GO TO 40
IFLID .EQ. C) GO TO 40
N = N1 + IR
I =1 +1
GO TO 10

11 NL = NP

40 CONTINUE
NSTEPS = I
IF(NP.GT.1l) GO TO 41
CALL GRAPH2{OI}
GO TO 42

41 CALL GRAPHZ2(1)

42 CONTINUE
N1l =1
1 =1
NTOT = 0
IF(NP.EC.NL} GO TO 45
NP = NP + 1
GO TC 10

45 NP = 1
CALL PLOT(XLEN#7.¢=12.9-3)
NPLT = NPLT + 1
ILAL=1
IFINPLT.GT.NGRFS) GO TO 60
G3 TO 10

50 CONTINUE
IF(NTOT.GT.0) GO TO 11
CALL PLCT (XLEN+7.9~-12.49-3)
GO 7O 60

55 CONTINUE
CALL PLCT(0.+0e1+999)
DO 400 I=1.NL
NU=NTAPE(I)

4C0 REWIND NU

STIP
END
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SUBROUTINE CRAPH2{ ITL)
DIMENSICN XLAB{(4)
COMMON/TEST/X0+DELTAX,NDELTA +NP
DATA XLAB/24HDISTANCE,FT. DEGREES /
DIMENSICN TYPE(S)
DIMENSION X(3),NC(3)
COMMCN /PDF/ DF(2000),XLENyNSTEPS,IDEF, IDENT,DX( 10} NPTS(10)
COMMCN /PRINT/ NLXSC,DELX,YMAX,YMIN,DELY, ICF
DATA X /"50' 5.'5./
DATA NC /14594/
IF(ITL .NE. C) GO TO 1
ELX=DELX
IF(DELTAX.LT.0.) ELX = —-ABS{DELX)
RANGE=0.
DO 11 I=14NSTEPS
RANGE=RANGE+FLOAT(NPTS (1) )%DX(1)
TIX=IFIX(RANGE /EL X+.9)
XLEN = ABS{ELX/XSC*TIX)
IF(XLEN .GT. 40.) GO TCQ 9
IF(XLEN .GT. 5.) GO TO 6
9 XSC=ABS(RANCE/20.)
XLEN=ABS{ELX/XSC*TIX)
WRITE(6y8) XSC
FORMAT (25H AXIS OUT OF RANGE SCALE=9E12.598H FTa/IN. /)
CONTINUFE
AMAX=TIX*EL X +X0
XMIN AMINL (XD, XMAX)
XMA X AMAXL( X0y XMAX])
ND =
PWR = 0.
CALL PLCT(Qe9le5,-3)
AMIN=YMIN
AMAX=YNAX
IFCYMAX .EQe. YMIN) CALL SCLAX(7.+DF yNDELTA,AMAXyAMIN,DELYyNDyPWR)
CALL AXIS3(D.yDer AMAX)AMIN,DELY 74y 12HMICROAMPERES, 12yNDyPWR,DELN)
YSC = DELN
IXLAB=2*ICF+1
IXSC==1
IF(ABS(ELX) «LT. 10.) IXSC=1
CALL AXIS3(0.90. 9 XMAXyXMINJELX,~XLENy XLAB(IXLAB),12 ,IXSC,0.
o,DELN,
XSC = DELN
XT = XLEN/2. - 2.
IF(AMIN*AMAX .GT.0.) GO TO 2
IF( AMIN .EQ. 0.) GO TO 2
LERD=(0.-AMIN/10.**PWR) /YSC
CALL PLOT (0., 2ERQ,3)
CALL PLCT(XLEN,ZERO,2)
CONT INUE
CONTINUE
XI=0.
IF(DELTAX +LT. 0e) XI=XMAX=-XMIN
J=1
DI 5 I=14,NSTEPS
DELTAX = DX{(1)

N Bl
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NX=NPTS{1)
IF(I «LT. NSTEPS) NX=NX+1
YM=AMIN/10.*%PWR
CALL XCLINE(XI4DELTAXsDF{J) yNXyOe ¢XSCoYM,YSC,NCINP))
J=J+NPTS(I)
XI=XI+CX{I)®FLOAT(NPTS{I))
5 CONTINUE
RETURN
END
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SUBROUTINE XCLINE(XI DX oY sNyXMeDELX»YMyDELY,NC)
DIMENSION Y(1),IPEN(4)
REAL L(4+4),LL(4)
DATA IPEN/2¢3492,3/
DATA L/e31elye39el9e593%,059.393%019el9e055019.05/
X = XI
2 1C = NC -1
XPl = (X=XM)/DELX
YPl=(Y(l)-YM)/DELY
CALL PLCT(XPl,YP1,3)
IF(IC.LE.DO) GO TO 1000
IF(IC.GT.4) IC = 4
K=1
I=2
X = X + DX
XP2 = (X-XM)/DELX
YP2=(Y{(2)=-YM)/DELY
1 LL(K)=L(K,IC)

10 DIFFX=XP2=-XP1
DIFFY=YP2-YP1
DIS=SQRY(DIFFX*DIFFX+DIFFY®DIFFY)
IF(DIS.GT.LL(K))IGO TO 100
CALL PLOT(XPZ,YP2,IPEN(K))
XPl=XP2
YP1l=YP2
I=1+1
IF(1GT.N)RETURN
X = X + DX
XP2 = (X=XM)/DELX
YP2=(Y(I)-YM)/DELY
LL(K)=LL(X)=DIS
G2 TO 10

10C RATIO=DIS/LL(K)
XP1=XP1l+DIFFX/RATIOD
YPL=YPL1+DIFFY/RATID
CALL PLOT(XPl,YPL,IPENLK))
K=K+1
IF(K.EQ.5)K=1
Gn 101

1000 DO 50 I=2,N
X = X + DX
XP1l = (X=XM) /DELX
YPL=(Y(1)-YM)/DELY

SC CALL PLCT(XPl,YP1l,2)
RETURN
END
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SUBROUTINE SCLAXUAINCH,VAR,N,VMAXVMIN,DELTA,ND,EXP)
DIMENSION VAR(1)

AXLEN = AINCH

VMAX = VAR(1)

VMIN = VAR(1)

DO 40 I=2,N

VMAX = AMAX1(VMAX,VARI(I))
VMIN = AMINL1(VMIN,VAR(I1})
ND = O

NE = 0

M =2

TOTAL = VMAX - VMIN

DETERMINE EXPONENT AND INCREMENT/INCH
VM = AMAX1 (ABS{VMAX),ABS{VMIN))
IF(VMAXRVMIN) 645,47
VAV = ABS(VMAX+VMIN)/2.
DELTA = TOTAL/AXLEN
IF(TOTAL.GT+ 0. AND.TOTAL/VM.LT..75) GC TO 4
IF(VMAX.EQ.VM) VMIN=0.
IF(VMIN.FQ.=VM) VMAX=0.
GO T 5
AXLEN AXL EN*VM/TOTAL
DELTA VM/AXLEN
VAV = VM/2,

U}

TEST FOR VAV BETWEEN .01 AND 1909.
IF{VAV.LE.L1.E~11) GO TO 21
IF{VAV ~ ,0l}) 3,101
TFI(VAV - 1.) 3,19,10
IF(VAV - 1000.) 104242
VAV GE 1CCC.
IF{NE.FQ.0) VAV = VM
VAV = VAV/1000.
NE = NE - 3
GO TO 1
VAV LT 1.
VAV = VAV*1000.
NE = KE + 3
GO TO 41
DETERMINE DECIMAL PLACES IN DELTA
IF(DELTA.LT.VM/1.E4) GO TO 21
DELTA = DELTAX%]0.%%NE
IF(DELTA - 1.) 12,19,13
DELYT#® = DELTA*]10.
ND = ND + 1
GD TO 11
IF(DELTA - 10.) 15+8,414
DELTA = DELTA/1C.
ND = ND - 1
G0 TC 13
DELTA NOW BETWEEN 1 AND 10
IF(DELTA = S.) 16,417,117
IF(DELTA - 2.} 19,18,18
DELTA = 54/1C.**(NO+NE)
GO 70 20
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)

21

1002

DELTA = 2./10.%%(ND+NE)
M =95
GO TC 20
ND = ND - 1
DELTA = 1./10.**{ND+NE)
RESET VMIN (FIRSTV) FOR AXIS
AK = VMIN/DELTA + .01
K = (IFIX(AK)/M)*M
IF(VMIN.LT.0.) K=K=M
VMIN = DELTA*FLOAT(K)
NDIV = (VMAX - VMIN)/DELTA + .9
IF(FLOAT(NDIV) .GT.AINCH*2.) DELTA=DELTA*AMAX1(2.,FLOAT(M)/2.)
IF(NDJ.LE.C) ND = -1
EXP = NF
WRITE(641002) VMAX,VMIN,DELTA,NDyNE
RETURN
FOQMAT(1HO y3EX3.3,317/7)
END
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20

SUBROUTINE AXIS3(XO0»YOyVMAX,VMIN,DELVAINCH,BCDsNCR,yNDEC,PWR,VSC)
FACTCR = 10.**PWR

AMIN = VMIN®FACTOR

AMAX = VMAX*FACTOR

DELX = ABS(DELV)*FACTOR
OIMENSICN BCDLL)

HT = .15

Wl=0.

W2=0.

W3 = 0.

NEXP = 0

NCH=TABS{NCR)

IF(PHR NE.O.) NEXP = 6

CINCH=ABS (AINCH)

IF({ VMAX-VMIN} /AMAX] (VMAX,~-VMIN) .LT.1.E-6) GG TO 50
IF({AMAX-AMIN)/(DFLX+1.E~8).GT+3.%#CINCH) DELX = {(AMAX-AMIN)/CINCH
IF(DELX.GT.AMAX~-AMIN) DELX = AMAX - AMIN
NUM= { AMAX-AMIN)/DELX#*1.9

ANC=CINCH/FLOAT (NUM=-1)

IF(AINCH.LT.C.)GO TD 5

W2=1a

GO TO 10

WHl=1l.

CALL FLCT{XD,Y0,3)

VSC = DELX/FACTOR/ANC

ANUM=AMIN-DELX

X=0.

Y=0.

XM=0,

OFF = .05

DN 40 I=1,NUV

ANUM=ANUM+DELX

I1=9

IFCABS{ANUM) /10.*%I1[.LT.1.)0G0 TO 20
11=11+1

GO TC 25

IF{ANUM LTCe)II=11¢1
IF(ABS(ANUM) LT 1) TI=II+1

IMORF=NDEC+1

II=11+IMORE

IFCIFIXIW1)#T.FEQel) HT = AMINLI(HT LANC/FLOAT(II+2))
HL = AMAX1(.1291.2%HT)

CENTER = FLOAT(II)®HT/(1l.#+4l)

XC = X = CENTER - W2%.15

IFIW2%WA.GT.Ca) XC = .15
IF(ABS(XC)«GTLABS(XM)) XM = XC

YC = Y = WIR(HT + .15 - W3%k(HT+#.3)) - W2*0OFF
CALL PLOT{XQ0+XsYO+Y,2)

CALL PLOT(XD#X+,1*%W2,Y0O+Y+,1%W1, 3}

CALL PLOTIXO#X=o1%W2,YO+Y~.1%W1l,2)

CALL NUMBER({XO+XC,YO+YC,HT,ANUM, 0. NDEC)
CALL PLCT(XO+X,Y0+Y, 3)

X=X+ANC*Wl
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Yo

40

5C

1000

Y=Y +ANC*W2

CONTINUE

BST = (CINCH = FLOAT(NCH+NEXP)}*HL)/2.
IF(W3.EQele) XM = =XM

XXC = WLR(XO + BST) + W2#*({XO0 + XM - QOFF + W3*(2.%0FF+HL))
= WIH(Y0 + YC — 1.5%HL + W3*(HT + 2.%HL)) + W2*(YO+BST)

YYC
CALL SYMBUL(XXC,YYCysHLyBCDy90.*W2,NCH)
IF(PWR.EQ.O.) RETURN

CALL SYMBCL(999.1999.4HLy5H * 1045Ce*W2,y5)
X = 999, + (XXC=e66#HL-999.)%W2

Y = 699, + (YYC+.66%HL=-999.) %Nl

CALL NUMBER(XyYyoe75%HLoPWR yG0.%W2y-1)
RETURN

VSC = (VMAX-VMIN+1.E-6/FACTCR}/CINCH
WRITE (6, 1000)

FORMAT (LHD ,27THINSUFFICIENY RANGE FOR AXIS )
RETURN

END
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