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PREFACE

The work presented in this report has been sponsored by the
Federal Aviation Administration as part of a program to provide
navigational aids for the safe landing of aircraft. The program
has been concerned with the application of instrument landing
aids, and in particular the development of models to predict the
performance of localizer and glide slope antenna systems. The
present report is concerned with the glide slope portion of
instrument landing system, and the effects of airport topography
on its performance.
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1. INTRODUCTION

A mathematical model has been developed for predicting the
performance of image-type glide slope arrays. The basic theory is
developed in the following section of this report. 1In Part A of
that section a model of the glide slope multipath problem is
developed while in Part B the techniques for dealing with irregular
terrain profiles are outlined. In the final section of the report

some illustrative numerical results are presented.

2. BASIC THEORY
PART A

The presence in the airport environment of such large man-
made structures as aircraft hangars as well as such natural terrain
features as hillsides can lead to glide slope course derogation
through multipath scattering. We begin our treatment of glide
slope siting problems by developing a model for predicting the
amount of such multipath derogation. A typical situation 1is

depicted in Figure 1.

The touchdown point on the centerline of the runway opposite
the glide slope array is chosen as the origin of coordinates 0.
The z-axis is chosen to be the vertical axis passing through the
origin 0, while the x-and y-axes are parallel to and perpendicular
to the centerline, respectively. The positive z-axis points out of
the page (Figure 1). The ground plane is assumed to be perfectly
conducting. Consequently, any deviations from nominal glide slope
performance are attributable to the multipath scattering produced
by the various structures (both natural and man-made). For simpli-
city, we will assume that all such structures are perfectly con-
ducting.

In the situation depicted in Figure 1, the scatterer (perhaps
a small hill) is illuminated by the glide slope array and scatters
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some of this signal back into the path of the approaching aircraft,
We now proceed to calculate mathematical expressions for these
scattered fields at the receiver. For convenience, we will work

with magnetic field intensities.

For a perfect conductor, the surface current density K is

given by:

K=%xH , (1)
where n is the local unit normal vector pointing out of the
scattering surface and H is the total magnetic field,

—

H=H +H,
1 S

(2)

—

where Hi is the incident and E; the scattered field on the surface
of the scattering structure. In terms of the surface current den-
sity E: the scattered field'E; at the receiver is given by the
following surface integral:

HGD = i [(ROF6E,, T )as (3)
S

In Equation (3), the vectors ;1 and T denote, respectively, the
position vector of the receiver and the position vector of some
arbitrary source point on the surface of the scatterer relative to
the origin of coordinates 0. The two-point Green's function G(;i:;)

is given by:

6ir, T = etk (4)
T

where k =2 7/ XA and A is the wavelength of the incident radiation.

The integral is taken over the surface S of the scatterer.

We will adopt here the single scattering, physical optics
approximation for the current density K. Specifically, we will
assume that on those portions of the scattering surface not directly
illuminated by the glide slope array, K is identically zero and




that on the directly illuminated portions of the scattering surface,
K is proportional to twice the tangential component of the incident
magnetic field:

=4

= 0 on S (5)

X 2 (ﬁ x H. ) on S (6)

1 +
where S, and S_ denote, respectively, the illuminated and unillu-
minated portions of the scattering surface S (see Figure 1). For
the current distribution defined by Equations (5) and (6), Equation
(3) becomes

) = [(AEH, @ Jx T6G s, 7
S+
The physical optics scattering model represented by equation (7)
is based upon the existence of a sharp shadow boundary on the
surface of the scattering structure. This assumption ignores such
phenomena multiple reflections, surface waves, and diffraction but
should provide reasonably accurate results as long as the surface
features of the scattering structure do not vary greatly over
dimensions which are small compared to the wavelength 2 (about

3 feet at glide slope frequencies).

In principle, the solution to the problem at hand requires
only that the magnet field Hy be determined. For simplicity, we
will assume that the glide slope array is made up of electrically
short dipoles. With this assumption, we in effect approximate by
a cosine distribution the actual azimuthal pattern of the half-wave
dipoles which make up glide slope arrays. This approximation should
not be too restrictive and it does considerably expedite our calcula-
tions. Let (O, Yas h) denote the x, y, and z coordinates respectively
of a typical dipole in the array and let (x, y, z) denote the coor-
dinates of a point T at which we wish to know the magnetic field
intensity Ha produced by the dipole at (0O, y,, h). In our earlier




glide slope performance prediction report,* it is shown that Ha(r)
is given by
— —- ikJo elle E A h A (8)
Ha(r) = I DT xe, - (z- )exj
1

A A A . ] .
where ey ey, and e, denote unit vectors in the x, y, and z direc-

tions respectively, J, is a parameter which measures relative phase

0
and amplitude, and D, is the distance from the antenna to the obser-

vation point r:
2 Ly
b, =(x2+ oyt -m?)® (9)

To take into account reflections from the ground plane (z = 0)

*
we use simple image theory to obtain the image field Ha(F):
ikJ, e XD2

-k A _ " A (10)
H,(F) = 77 = (xe, - (z+h)e, ]

where D, 1is the distance from the image of the transmitting dipole
to the field point-?:

o, (% oyl e em?]E (1)

The total field intensity H. at T is just the sum of the direct
*
(ﬁa) and ground reflected (%a) signals:

— g —  —— —y  ——

Hy(r) = H (1) + H(r) (12)

Note that on the ground plane (z = 0), the z component of-gi vanishes
identically.

ILS Glide Slope Performance Predictions, Vol. B, FAA-RD-74-157.B,
S. Morin, D. Newsom, D. Kahn, L. Jordan, September 1974,




The field Hi determined by Equations (8), (10), and (12) can
now be substituted into Equation (7) and the integral can be per-
formed over the illuminated surface of the scattering structure to
give the scattered field at the receiver location r,. Actually, only
the z component of the scattered field need be calculated since the
receiving antenna responds primarily to the horizontal component of
electric field which is proportional to the z component of the magnetic
field. It should be noted that for a complete solution, the contri-
bution of the image of the scattering structure must also be cal-
culated. We will assume that the receiver is always in the far
field of the scattering structure so that the following asymptotic
form of the gradient of the Green's function is applicable:

T G6lr 1R - ik (v ikf? T;J
V G(ry,T) ik (r;-r) e _.12 (13)
|Ty-T]

Substituting Euqations (8), (10), (12) and (13) into Equation
(7) and taking the z-component of the resulting vector equation,
we obtain the following expressions for Hsz(rl), the z-component of

scattered magnetic field at the receiver point Tt

- K27
- 0
Hg,(ry) = — [I1*12+I3+I4] (14)
8
where
Fy _
I1 =) elk(R1+D1) ds (15)
D, “R
s,P1 %4
Fy ik (R, +D.)
1 = f e 1720 d4s (16)
2 7, 2
D,° Ry
S, 2
6




1 ik (R,+D,)
Iy = - f—77— KR (17)
5, P1 R
F .
2 k(R,+D.)
I, =I—E7R_2- e 1°UN27Y20 ds (18)
s, D2 Ry
b, = [+ oy p? e z-my?)* (19)
, = [+ oyt + (zem? ] (20)
R, = [xp0f s 0t 2g-0?)" (21)
R, = (o2 s oyl )™ (22)
Fi o= n,x(Y;-y) + [nyx + ng(z-h) J(X;-x), (23)
F, = n,x (Y;-y) +Enlx+n3(z+h)j (X, %) (24)

In Equations (14) through (24), the coordinates (Xl, Yl’ Zl) denote
the coordinates of the aircraft, (x, y, z) the coordinates of some
source point on the surface of the scattering structure and (nl,

n,, n3) the components of the unit outward normal to the surface of
the scatterer at the point (x, y, z). The integrals Ig and Iy
represent the contributions of the image of the scattering structure
in the ground plane z = 0. Note the following relationships among
the four integrals:

I, Xy, Yy, Z) T, (Xq, Yy, -Z

1’ l, 1)

Consequently, when Z1 = 0, Hsz(;i) = 0 as it should be.




The direct numerical integration of the integrals Il, I I

2’ "3

and I4 for an arbitrary scattering structure would in general
require an inordinate amount of computer time. However, certain
simplifying assumptions can be made which considerably expedite the
evaluation of these integrals. Specifically, we will assume that
any scattering surface can be adequately represented by a series of
interconnecting plane facets. By definition, the unit normal vector
n will be constant over each facet. The exact size, shape, and
orientation of these facets will depend upon the surface charac-
teristics of the particular scatterer. In turn, each facet can be
broken up into a series of interconnected rectangular pieces. If
these rectangular pieces are made small enough, the integrals Iy,
IZ’ 13 and I4 can be evaluated analytically for each piece and

then the results summed over the whole surface of the scatterer to

give H__, To illustrate these procedures, we will now evaluate

sz
the 1integral I1 for an arbitrarily oriented rectangular plate.
In the course of this evaluation, we will discuss the size res-

trictions on such plates.

In Figure 2, a rectangular facet typical of those making up
the surface of some scatterer has been drawn. We will evaluate the
integral I1 of Equation (15) for such a facet in the Fraunhofer
approximation. The unit vectors n and g lie in the plane of the
facet, are orthonormal, and define the direction of the outward
normal ﬁ:

A A A
n N

X g

The center point of the facet (x, Yos Zo) Will be used as a local
origin of coordinates for the i.tegrations which are to be per-
formed. The integral Il is given by

ik (D, +R,)
=f__2_1._2 en L LT 4 (26)
g1
+
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FIGURE 2. REPRESENTATION OF RECTANGULAR FACET




where

Fp o= ny x (Y7-y) +((nyx + ng(z-h) J (X]-x) (27)
o = e oyt e em?) s (28)
R, = (xpx% + ot 22t )" (29)

Clearly, the q1§tances D1 and R1 denote, respectively, the length
of the vector Dy from the antenna to a point (x, y, z) on the sur-
face of the facet and the length of the vector Ry from the point
(x, vy, z) to the receiver. From Figure 2, it is seen that the
vector D, can be represented as follows:

1

D1 = D10 + T (30)
where __ A A A

DlO N Xoex * (yo_ya)ey+(zo-h)ez (31)
and

T = onn o+ EE (32)

. An An
and the ranges of the variablesnmandfare - >— < n < 5— and
- %5 < E < %E . From Equation (30), we have
r2+2D T 1/2
D. =D N 10 (33)
1 10 DZ
10

Normally, D10 is on the order of thousands of feet and r is of the
order of tens of feet so that the radical in Equation (33) can be

expanded in powers of r/Dl0 to give D, approximately as a function
of nand £. To terms of second order in r/DlO, we obtain

a+f cosB v T C10™) (34)
Dy~ D + 1 cos@ +¢ cos + -
1 10 2D10 2D10

10




where

Dy = Byo/Dyg (35)
cosa = Dlo'ﬁ (36)
cosp = DlO-E (37)

The numbers cosa and cosp are the direction cosines of D10
relative to n and £. In the Fraunhofer approximation which we
will use, it is assumed that the quatratic terms of Equation (33)
are small compared to a wavelength for any point (x, y, z) on the

surface of the facet so that we can write to a good approximation:

D, =D

1 10 + N cosa + £ cosB (38)

It can be shown that the largest value attainable by the
quadratic terms in Equation (33) on the facet's surface is

2 2 |
A = ééﬁﬁu sinq + éDg) sinze + é%éﬁ coso cos8B (39)
10 10

Equation (38) should provide a good approximation for the distance
D1 as a function of n and £ as long as An and Af{ are chosen so that
A in Equation (39) is small compared to the wavelength A. We will
return to this important requirement later.

Similarly, the vector ﬁl can be represented as follows:

ﬁl = ﬁlo - T (40)
> A A A
where Ry, = (Xl-xo)ex+(Y1—yo)ey+(Zl-zo)eZ (41)

Thus, in the Fraunhofer approximation, we find

R1 > R10 - N Ccos g - £ coss$ (42)




A A
cos a = R10 7 (43)
A A
= 44
cos § = R10 3 (44)
where Rlo = RlO/R]_O (45)

In Equation (42), we have ignored terms of second order and higher
in r/RlO.

One final approximation which we will make is.thatAn and A&
are sufficiently small compared with D10 and RlO’ that the variation
of the amplitude function Fl/D12R12 in Equation (26) can be ignored
This is normally an excellent approximation. Consequently, we will

assume that for any point on the surface of the facet we can write

2
10

2

. (46)

2 N 2
F1/D1"Ry ™ = F /D "R
where FlO’ DlO’ and Rig» are the values of Fqi) Dl’ and Ry at the

center point (xo, Yoo ZO).

Substituting Equations (38), (42), and (46) into Equation
(26) yields the following approximate expression for Il;

+A17/2 +A€/2
Il - E%O - eiik(D10+RIOLr' eikn(cosa 'COSY)daneikE(CO%B_COSS)dE
D10R10 -Am/2 -AE/2 (47

Performing the integrals indicated in Equation (47), we finally
obtain the following approximate expression for Ilz

4F e1k(Dy5*Rp)
I, = X
1772 2

10710

(48)

sin{ RZATI (cosa—cosY)} sin{k é2§ cosfB-cos§ )}

(cos @ -cosY) (cosB-cos§)

12




A similar treatment of the integrals I, I3, and I4 ultimately lead
to the following approximate expression for the scattered magnetic
field intensity at the receiver due to the rectangular facet:

k(D )
J_ F e KD1p*Ryg
H (7,)—2 10° sin(kAA«,l/Z)sin(kBAf/Z)
s2 107 2 57 32 s
10%10
ik (D, +R, )
9o szz)e 2 20 7107 sin (kALAM/2)sin (kB1AE/2)
)
2T DygRyg A1By

3, Floet¥P10"R20)  sin(ka,Am2)sin(kBAE2)

(o]
) 2 2 .2
2m DlORZO AZBZ
1k(D ) . .
. JO2 Fgo 2 20720 51n(kA3Am/2)51n(kB3A§72) (49)
2T D3R20 AzBz

where FlO’ F and R20 denote the values of F F

207 P10 P2or Ryo 10 B
Dl’ DZ’ Rl’ and R2 at (xo, Yoo zo) and the parameters A, Al’ AZ’
A3, B, Bl’ BZ’ and B3 are defined as follows:

A = cosa - coSsy B = cosB - cos$ (50)
A1 = cosua; = cosy B1 = cosBy - cosé (51)
A, = cosa - cosy, B, = cos@ - cosd, (52)
A3 = Cosa, - COSYq B3 - cosBl - c0561 (53)

and the angles appearing in Equations (50) through (53) are defined
as follows:

A A A
D10 = X,&y * (yo—ya)ey + (zo—h)ez (54)

—

A A A
R10 - (xl_xo)ex * (Yl_yo)ey * (Zl_Z )ez (55)

(0]

13




— N A A
D20 = x e  * (yo—ya)ey+(zo+h)eZ (56)
— A A -
RZO (Xl—x )e +(Y1—y )ey—(Zl+zo)eZ (57)
and -
—_— — 2
D D, A
10 10
cos @ = ' cos B = (58)
D, 1 Dy
A
—_— A —
D Dyo &
20-M 20
cosa, = ; s cos[-?1 = : (59)
20 20
— A gl A
R Ryg €
cos @ = 107 , cos & = 10 (60)
Rio 10
— — A
R, N R, .
and cosa, = 201 , cos §, = 20 € (61)
R20 R20

The total scattered field at the receiver is obtained by summing up
the contributions from all of the rectangular facets which make up
the surface of the scattering structure. Segmenting the surface

of a scatterer into rectangular facets and then applying the approxi-
mate closed form solution in Equation (49) to each facet represents

a far more efficient procedure for calculating the scattered field

at the receiver than attempting to directly numerically integrate
Equations (14) through (18).

We now return to thc question raised earlier of the size res-
trictions upon the facets. Clearly, one would like to maximize
the area of each facet in order to minimize computer running time.
The principal restriction upon the size of the facets is that A, and
AE must not be so large that the Fraunhofer approximation, upon which
the approximate formula (49) is based, is violated. That is, the -

quadratic path length difference terms like those in Equation (34)

14




must be small compared to the wavelength X for all points on the
surface of the facet to which Equation (49) is to be applied. Thus,
in choosing appropriate values for Af and AEL , we are essentially
faced with an optimization problem with a constraint. Specifically,
we want to maximize the area AnAf of the facet while keeping the
quadratic path length difference terms less than some prescribed

value. For example, for the path length D the maximum value of

1 y
the quadratic path length difference term is given by

am*  , Bg)t agag
‘ Sin a+ +
8 DlD 8 D

A

lcosacosﬁl (62)

10 4

Depending upon the sign of cosacosB, this value will be achieved at
two of the four corners of the rectangular facet. At all other
points, the quadratic path length terms will be less thanA, but
always positive. We can optimize our choice ofAn andA€ by maximi-
zingAn A& subject to the condition that A in Equation (62) be some
fractional part of a wavelength. This problem has been solved in
closed form using Lagrange multipliers. The optimization procedure
must be applied to the quadratic path length difference terms
affecting all four distances (Dl, Dy Rl’ RZ) and then from the
resulting set of solutions the smallest values of An and A& are
chosen. A subroutine has been written to carry out the optimization

procedure.

Of course, the scattered fields must be calculated for each
dipole in the array, the parameter JO being varied to take into
account the exact phase and amplitude ratios among the various
elements and, along with JO, the height h and y-offset y, of each
element. Our program automatically offsets the elements of an
array to correct for the effects of proximity phase lag. The
y-coordinates of the elements are adjusted so that all dipoles are
at the same slant distance from the touchdown point on the runway
directly opposite the array.

15




Once all of the scattered fields have been calculated, the
calculation of the difference in depth of modulation (P.D.M) at a
given receiver location is straight forward. The scattered fields
at the carrier frequency, 90Hz modulated frequency, and 150Hz
modulated frequency are first added to the direct fields at those .
frequencies. By direct fields is meant the fields which would exist
if the scatterers were not present. For example, if the ground
plane is perfectly flat, the direct field for any one of the three
frequencies at the receiver location Ty is just the z-component of
Equation (12).

. J - -
H. (; ) = iimg X elle ; elkDZ (63)
1z21 AT 1 2 2

where, here, D1 and D2 denote, respectively, the distance from the
antenna to the aircraft and the distance from the image antenna to .
the aircraft, and Xl is the x coordinate of the aircraft. If the
ground plane is not perfectly flat or at least nearly so the direct
fields are calculated differently. These alternate procedures will
be discussed in the next section. In any case, once the total com-
plex field amplitudes (direct plus scattered summed for all dipoles
in the array) have been found, the DDM is calculated as follows:
let Hc’ HlSO’ and H90 denote the total complex amplitudes at the
carrier frequency, the 150 Hz modulated frequency, and the 90 Hz
modulated frequency. In terms of these complex amplitudes, the
difference in depth of modulation is given by:

D.D.M. = Re [ H150 = Hog (64)

H
c

where Re denotes the real part of the complex number. Full scale
deflection (150 microamps) corresponds to a D.D.M. of .175 for the
glide slope. Consequently, the C.D.I. (course deviation indication)

is given by

H - H
C.D.I. = 857.14 Re —légﬁ———éﬂl)lnicroamps (65)
o

16
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PART B

In Part A of this section, we developed techniques for esti-
mating glide slope performance degradation due to multipath
scattering. Once the scattered fields produced by the various
scattering structures in the airport environment have been calcu-
lated, they are added to the direct fields at the corresponding
frequencies and from these total fields, the C.D.I. is calculated
using Equation (65). The direct field at the particular frequency
is just the field which would be detected at the receiver in the
.absence of the scattering structures. If the ground plane is other-
wise perfectly flat or nearly so, the direct field is given accord-
ing to simple image theory by Equation (63).

kI, o 1kD, | ikDg (63)

where Dy and D, are, respectively, the distance between the receiver
and the transmitting dipole and between the receiver and the image
of the dipole. On the other hand, if the terrain profile exhibits
significant irregularities such as downgrade; or drop offs along the
line of sight between the aircraft and the antenna mast, Equation
(63) cannot be used and the techniques developed in our earlier
glide slope performance prediction model must be used.

In the report ILS Glide Slope Performance Prediction, Vol. B
(FAA-RD-74-157.B), we developed mathematical procedures for calcu-
lating the ground reflected signals resulting from irregular terrain
profiles such as the one depicted in Figure 3. The detailed calcu-
lations will not be repeated here, However, the updated computer
program contains the subroutines for performing these calculations.
One simply inputs the shape of the terrain profile along the line of
sight between the aircraft and the antenna mast, and the subroutines

17
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will generate the ground reflected signals at the carrier frequency.
90Hz modulated frequency, and the 150Hz modulated frequency. These
signals are then combined with the incident signals directly from
the antennas to give what we have been calling the direct fields,
the fields which would be measured at the reeeiver assuming that no
scatterers {(hangars, hillsides, etc.) were present. These direct
signals are then combined with the scattered signals calculated
using the techniques of Part A and the resulting total signals are
used in Equation (65) to calculate C.D.I. Again, if the terrain
profile is perfectly flat or nearly so, Equation (63) can be used
to calculate the direct signals.

3. NUMERICAL RESULTS

Before presenting some sample numerical results illustrating
the predictions of our model, we will first review the characteris-
tics of the three main types.of image glide slope arrays; the null
reference, the sideband reference, and the capture effect arrays.

The null reference array is the simplest of the image glide
slope systems. It consists of two transmitting antennas whose
heights are in the ratio of 2:1. The upper antenna is fed side-
band only signal, the 150 Hz and the 90 Hz components being of
equal amplitude but 180° out of phase. The lower antenna is fed
both carrier and sideband. The carrier signal is nominally 40%
modulated. The ratio of the sideband currents in the upper antenna
to the sideband currents in the lower antenna is typically 0.3.

The sideband ratio of 0.3 would nominally yield a 1.4° course
width (full deflection 0.7° above or below the glide path). Let

19




IC, IlSO’ and 190 denote the current amplitudes fed to the antennas
at the carrier frequency, the 150 Hz modulated frequency, and the
90 Hz modulated frequency, respectively. The null reference array
parameters discussed above can be summarized as follows:

Carrier Antenna Sideband Antenna
Height = h Height = 2h
I.=1 I.=0
1150 = 0.4 | 1150 = 0.12

—
[}
(=]
~
—

==0.12

Note that all current amplitudes have been normalized relative to
the carrier current amplitude (IC = 1).

The sideband reference array employs two transmitting dipoles
whose heights are in the ratio of 3:1. If the lower antenna is
positioned at 1/2 the height of the lower antenna of the null
reference array and if the upper antenna is positioned at 3/4 of
the height of the upper antenna of the null reference array, the
same glide angle is produced. Modulated carrier (40% modulated)
is fed to the lower antenna. Both antennas are fed separate
sideband signals. The separate sideband signals fed to the two
antennas are equal in amplitude but are 180° out of phase. The
amplitude ratio of the separate sideband signal to the carrier
sideband signal is typically 0.3. This ratio produces a nominal
course width of 1.4° as in the case of the null reference array.

The sideband reference parameters are summarized below.

Lower Antenna Upper Antenna
Height = h Height = 3h
I.=1 I.=0
Iigg = 0.28 Iigg = 0.12
I90 = 0.52 190 = -0.12

20




Note that the 1150 and 190 current amplitudes given above for the
lower antenna represent the sums of the carrier sideband and

separate sideband signsls (I150 = -4 - .1z = .28, Igg = 40+ 012
= ,52). All current amplitudes have been normalized relative to

the carrier signal amplitude.

The capture effect glide slope array consists of three trans-
mitting antennas whose heights are in the ratios of 1:2:3. If the
lower and middle antennas are set at the same heights as the null
reference antennas, the same glide angle is produced. We will not
treat the clearance signal which provides a strong fly up signal at
low approach angles but has little effect upon the glide angle and
course width. Concerning the primary signal, the modulated carrier
is fed to both the lower and middle antennas. The modulated carrier
fed to the middle antenna has half the amplitude and is 180° out
of phase with the modulated carrier fed to the lower antenna. The
carrier signals are nominally 40% modulated. In addition, all three
antennas are fed separate sideband signals. The separate sideband
signals fed to the lower and upper antennas have half the amplitude
and are 180° out of phase with the separate sideband signal fed to
the middle antenna. The ratio of the separate sideband signal fed
to the middle antenna to the carrier sideband signal in the lower
antenna is typically 0.3. This ratio yields nominally a course
width of 1,4° as in the case of the null reference array. The

capture effect array parameters are summarized below.

Lower Antenna Middle Antenna
Height = h Height = 2h
IC =1 IC = -0.5

1150 = 0.34 1150 = -0.08
I90 = 0.46 I90 = -0.32

Upper Antenna

Height = 3h
I.=0

I159 = -0.06
Igp = 0.06

21




Note that the 1150 and 19D current amplitudes given above represent
the sums of the carrier sideband and separate sideband signals.
Again, all values have been normalized relative to the carrier

amplitude in the lower antenna.

It should be noted here that our computer program automatic-
ally offsets the elements of each glide slope array to correct for
the effects of proximity phase lag. The y coordinates of the
elements are adjusted so that all dipoles are at the same slant
distance from the touchdown point on the runway directly opposite
the array. For each array, one element is held fixed while the
other elements are offset relative to the fixed one. For the null
reference and sideband reference arrays, the lower element is held
fixed while for the capture array, the middle element is held fixed.
The amount of the offset for each dipole can be calculated approx-
imately in the following manner. Let Ya and h denote, respectively,
the y-coordinate and height of the fixed antenna element. The
y-displacement, €, of any other element in the array relative to

the fixed one is given approximately by:

2 _y2

2y

h

(66)
a

where H is the height of the element which is to be offset.

For the present study, the wavelength XA was set at 3 feet.
All arrays were positioned 300 feet from the centerline of the
runway. The heights of the array elements were set at 14.33 feet
and 28.66 feet (approximately 5X and 10X) for the null reference
array, 7.17 feet and 21.5 feet (approximately 2.5% and 7.5)) for
the sideband reference array, and 14.33 feet, 28.66 feet, and
42.99 feet (approximately 5A, 10A, and 15A) for the capture effect
array. Under normal circumstances, a glide angle of 3° would be

produced by all three arrays.
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To illustrate the performance of our multipath model, the
glide slope course deragation caused by a large, flat reflecting
surfaee (perhaps the side of a large hangar or the side of a hill)
has been calculated. The structure was taken to be 300 feet long
and 100 feet high and was oriented parallel to the runway center-
line. The structure was positioned 200 feet from the runway center-
line in the y-direction, on the opoosite side of the centerline from
the glide slope array. The near edge of the structure was displaced
1000 feet in the x-direction from the touchdown point. The geome-
try of the configuration is depicted in Figure 4.

In Figures 5, 6, and 7 are plotted the C.D.I. signal as a
function of the horizontal distance from touchdown for each of the
three arrays for the arrangement depicted in Figure 4. In each
case, the receiver followed the nominal 3° zero C.D.I. hyperbola.
The results for all three arrays are very similar. Our model pre-
dicts large high frequency, alternating fly up and fly down signals
near the end of the flight path roughly between 1700 feet and 1800
feet from touchdown. This region in fact corresponds almost
exactly to the region of specular reflection as predicted by geomet-
rical optics. Note that the excursions are large enough to satur-
ate the receiver over much of the affected range (full scale de-
flection = 150 microamps). The excursionsare clearly highly localized
and damp out very rapidly as the aircraft leaves the specular
reflection zone. The narrowness of the pattern (i.e., the lack of
broadening due to diffraction and the rapid damping of the side
lobes) is undoubtedly attributable to the large size of the

scatterer relative to the scattering wavelength.
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PROGRAM ILSVEN.F4

WRITE(5,2001) o —

2001 FORMAT(’ INPUT ANTENNA FILE NAME:®,$)
READ (5,2000) ILBL _

2000 FORMAT(AS)
. CALL JFILE(20,1LBL) _ —

READ(20,1000) ILABL
WRITE(1,1000) ILABL_ _  _

1 DIMENSION pLABL(8)
2 ___.___ _DIMENS1ON IPTUAT(33) . e = e . [,
3 COMMON /PLXT/ NRP,RXMN,RXMX,RXFT, RXLT,RYMN,RYMX ,RYFT,kYLT,
4 LRZMN, RZMX, RZFT,RZLT,RTMN,RTMX, RTFT,RTLT, I — o _ N
5 2AIMN, AIMX, AIFT,AILT,ARMN, ARMX,ARFT,ARLT,
6 3ADIN,ADIX,ADIF,ADIL, e _ o -
7 4ADRN, ADRX, ADRF ,ADRL
] ——— EQUIVALENCE (IPTOAT(1),NRP) R N - - - -
9 IMPLICIT COMPLEX (C)
10 - DIMENSION x(20),Y(20),2(20)  _ _ . _ R . . -
11 DIMENSION ¢cF1(20),CF2¢20),CF3(20)
12 - IMPLICIT DOUBLE PRECISION (D) B S
13 COMMON /REC/RX,RY,RZ,RT,NSIZE

14 - REAL LAMBDA R B [ R o .
15 COMMON /GROUND/ K,X1(20),21(20),%X2(0/20),Z2(v/20),1EL

16 . _. . COMMON fANT/AX.AY,AZ,LAMBDA,DAK,DPI I
17 COMMON /VAL/ HR,HI

18 ¢ _ - —— -
19 [« THIS VALyE OF TwO P1 1S INITIALIZED THIS wAY TO AvVODID USING
o_ C ALOCK DATA _ - - - -
21 DP1=6,2831853071795864769

22 . C -
23 C THIS OPENS THE OUTPUT FILE
24 CALI, OFILE(1,"STRIP*) B _
25 C
26 I THIS SUBRUUTINE OPENS THE FLIGHT PATH FILE AND RETURNS S1Th, R
27 C THE FLIGHT PATH PLOT LABEL (ILABL) AND TIME CONSTANT (TAU)

28 _.._ L THE FILE WAS SET UP WITH JOVRAX sU THIS SUBROUTINE AND INPUT ARE _ _ _
29 C USEN TO FACILITATF MODIFACTIONS
30 CALL IF(ILARL,TAU) - —
k3 1000 FURMAT(8AS,F)
32 . WRITE(1,1000) ILABL,TAU R . o . . e o
kR C
34 . C . THIS SECTION INITIALIZES SOMF CONSTANTS i . L
35 NRP=0

3% = Cc . _— J— e
17 [o THIS SECTION INPUTS THE GROUND STRIPS DECSRIPTIONS

3 CALL IFILE(20,°GRND’) e e e - -
39 READ(20,1009) ILABL

490 . WRITE(1,1000) ILABL e
41 READ (20) X,X1,21,X2,22

42 CALL_RELEAS (20) _ -
43 C

_ 44 €. _THIS SECTION INPUTS THE ANTENNA FILE NAME TO BEUSED
45 C AND THEN INplTg THE ANTENNA ELEMENT DESCRIPTIONS
46
47
48
49

___50
51
52
53

READ(20) LAMBDA,NEL, (X(1),¥(1),2(1),CFL(1),CF2(1),CF3(1),1=1,NELY




62

53 WRITE(TY LAMBDA,HEL, (X(T), Y1), 2010, CHLIT),CrOCI),CE3(T) 121,01 T)
55 CALL RELFAs (20)
56 SQRT2L=t ./SART(2,%LANBNAY
57 TEMP2=LAMBPA
58 DAK=NPI/DRALE(LAMBOA)
__.59 | SAK=SHGLIDAK)
60 ¢
61 ¢ THIS 18 THE mMa{& LOOp ¥R THE STHULAT Flin (HE RECETVER
62 C LOCATLON IS READ IN RY INpUT, THE DATA 15 Ih OOMhy PkbkC”
&3 C THE INPHT RBFING DONE BY JNWRAX, TF THERF ARE N1 M0ORF RECEIVER
64 C PULNTS THF SUBRUUTTINE RETURAS 10 200,
65 201 CALL JHPU[($2V0)
66 c
67 o THIS sFCT10N JNITIALLIZES THE COMDPLEY AMPLITUNFS UK
68 ¢ THE RECELVED FIELD AS FOLLOwWS!?
89 c CHR1 CARKIFR WI1H “REALS GROUAD
70 c CFR2 190 H7 SINFBAND WITH “REALY GLPUOLED
T C CFR3 QUHZ STUERAND ¢ [TT "RERL GROUND
12 ¢ CESy CARKIFR WITH 1DEAL’ FLAT GOUne PLAMNE
73 C Ces2 {5047 WITH “IDEALT GROLuL
74 c CFS3 Qu HZL1TH “IDEAL® GROUND
75 CERI=(0,,0,)
76 CFR2=(0,,0,)
_ 11 CFR3I=(0,,0,)
18 CFS1=(0,+0,)
79 C¥FS2=(0,,0,)
80 CHFS3=(0,,0,)
_...81 R2=SQRT(RX#RX $+RZ#RT)
82 c
83 C . THIS LOOp 1§ OVER THE ELEMFNTS OF THE ANTED A
84 C THE CIMpLEX FIELDS ARE SUMMED In CFR1,CFP2 RTC,
A5 DO 3 IEL=1,NEL
86 C
a7 C THESE ARF THE LNCATION CODRDIVATFS Nk THE ANTENNA ELFARNTS
T C AND CUNSTANTS USED IN THE SIRLP IWTEGRATINN
__ 89 AXzXCIEL)
90 AYSY(IEL)
.91 AZ=Z(1EL)
92 DELX=SRX=AX
.93 DELYSRY~-AY
94 PELZ=R7~AZ
95 .. _ .. DREDSYRT(DELX#NELX+DELY#DELY +DELZ#DELZ)
96 R=5MGL(DRY
9 . DR=DR#NAK
98 IL=DR/DPI
99 C
100 c THIs SECTION INITIALIZES HR AND HT TH INCLUDE Tok
103 _ . C SEMISINFINLTE REAK GROUND PLANE
Lo2 TEMP2=0RpBLE(FLOAT{IL) ) #NPT
103 TEMPzR24+AZ
104 F1=SORT(TEMP®TFMP+AY#AY)
_105 F2z=RX¥TFMp/(P2#F1)

106 TC=SORT (1, +AY®AY/(TEMP#TENP))
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[2RaXel nnn nanmnn

ann

an

3

th=TC¥A7Z

RESR2¥TC

SESURT((1,/R2¢{ ,/AZ)/(TCHTC*#TC))
G=ZRX/(TN#YpeR}) sk 145)

TEMPZSAKYF |

SF=S1+(TEMpP)

FC=CNS(TRMp )

TEMP=AZ#G/DAK/F 2

Hk AND HI ARE THE PEAL A%ND THAGIHARY PARTS NE Tur Crifply
PGATNS FACTOR OF THE GROHIRD SURFACF SCAITERING T0l THFE RiClEVFR
LOCATION

HR=<TEMpu (SF 4 FC/{DAK=TD))
HI=TEMP#(FC=SF/(DAK¥TD))

THTS SUBRULTINE SUMS THF GAIY® FACTOR PR EACH STkIP OF
THE GLOUMD SURFACE
CALL sCAT

THIS SECTINN JHCLUDES THE KFFECT D¢ THE DIFECT pALTIATIN. bEno
THE ATERNA ELEMENT AT THE WECEIVER
HREHR*SQKFTIL
HI=HT#8QkT2L
TLMPSDELX/ (K*R)
SE251IM(TEFP2)
FC=COS(TEFR2)

CTEMP 1S THE CUMPLEX GAIN FACTOR INCLUDING ALL RAI-IaTICy Fpii
THIS ELEMENT
CTEMPRCMPLY (=TE~P#SF+HR=H] , TEYD#FC+dk+H] )%, S/LAARDA

THIS SECTIOM ACCUMULATES THE FIELDS OF THE VARIOUS FEKGUFCILES
CFS\:CFSI;CFEMP-CF]('EL)
CFS52=CFS2+4CTENP#CF2(IEL)
CF83=CFS3+CcTEMPSCFI(TEL)
ALPHZSAK#2 #AZ®RZ/R
CTENP=TEMP % ,5/LAMRDASCMPLX (=SF,FC) A
1CMPLX((1,=COS(ALPH)),=SIN(ALPN))
CFR1=CFR14CTEMP®CF Y (1EL)
CFRAZCFR24CTEMP#CF2(IEL)
CFR3=CFRI+CTEMPHCF3(IEL)
_CONTINUE . . L
WRITE(1,2003) RX,RY,RZ,kT,CFR1,CFRZ,CFR3,CFSI,CF32,CFS3

2003 FORMAT(4F,/,0E13.6./,0E13.6)

C
c

GO TO 201

THIS IS THE TERMINATION SECTIOK, THE INLIJIAL RECORD 0N

- C THE OUTPUT FILE IS WRITTIEN AND THE PROGRAM_TERMIMATES, _ . el
200 CALL RELEAS (1)

CALL EXIT
STOR
END
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CONSTANTS
n 203622077325
5 GYN00UNONN24
_.. COMMON
NRP /PLXT /4y
RYMN /PLXT  /+%
RZIMX /PLXT /412
RTFT /PLXT /417
e . ALLT /PLXT /424
ADIN /PLXT /431
ADRX /PLXT /436
RZ /REC /42
Z1 /GROUMD /445
AY /ANT /+1
— .. . HR /YAL /40
SUBPROGRANS
FORSE [ JRFF O TLE
INPUT  OSQKT  DEN, 2
- DFS,.% SCAT CYPLX
SCALARS
. opl 6
LAMBDy 3
. DAK 4
CFS1 103
RZ 2
DELX 1943
. R 1053
TC 1060
_______SF. 1065
ALFPH 1071
RXLT 4
RZMN 11
_ .. _.RTMX 16
RIFT 23
LARLT 30
ADRN 35
ARRAYS

RXMN
RYMX
RZFT
RTLT
ARMN
ADITX
ADRF
RrRT
X<
AL
HI

IF
nEM_4
CED,LO

TAU
NEL
SAK
cFSs?
1EL
pELY
1L
TD
FC
RT
pYMN
RZMX
RTFT
AlLT
ADIN
ADRX

1PTHAT
cF2
z2

156042055061
436451642100

/PLAT /41
/PLAT  /4b
/PLXT /413

JPLXT /420
/PLXT /4258
/eLXT /+32
/PLXT /437
/R¥C /43
JGROUND /451
/ANT /42
/VAL /41

ALpHO
NFA,2
CFMm,2

ALPpHT |
pEY 6
CFM O

1017
1021
1025
1036
123

1045
1054
1061
1066

12
17
24
3
kL

0
1246
16

FAMX
RYFT
RZLT
Alra
ARMYX
ANTF
ADKI,
nSTLE
22
Lamhina
1PTDAT

FLouT,
DFMb 2
FXLT

WRP

CFRr1
CES3
AX

FY

TEMp
R1

HRr

RYMie
FYnX
RZFT
RTLT
ARMA
ADTX
ADRF

CF3

BRIUTIR IR T
0O0Gugilguutn

/PLET /42
JPLXT /7
/PLXT /414
/PLXT /421
/PLXT  /+2v
/PLXT 7433
/PLXT  /+4v

JRFC J+d
/GRINND /¢ 10
/ANT /43

/PLXT  /+0

1t LLE
FLaaT

FLinT,
otaT

0
1022
1020
1040
0

1
1655
1062
0

1

6

13
20
5
32

s

1107
1316

3
1o

HXET
RYL T

ALTX
Apb
Apt
kX

Tk L
frar

LY SLETV0N
DEH U

ADHL

NPk 22d4an 4
(IS I E AR

JPLRT /43
/PLxl /41l
JOLAT 7415
/RUAT a2
JPLAT /4
/PLX /438
Yags /ey
LRI Y ey
JGRUGIS D 4123
JANI /44

10213
1030
1oéy

1247
1050
1963

14
21
26
33
40

1426

KL
K7
Fprox
ATE
AR
AlK "
kY
X}
Ax
el

Distok
Clis

iLel
Theb @
CFK3
[T
A
'k
v2

o A
FXF
R AVRS
KT*
Blioa
AkE D
Anll
sl

R NIRRT YRR NEA RV

it RN
/el xT /40l
JHLART S a]nm
/Rlat /4.3
IVLKE 23
/el /¢35

s t” /41
sk e
A Xy
/a4 /4

kb 2 S'ul.
IR RN hed <

tela
1wz
132
\

/
109}
Tust
10k 4
1uof
3

Ly
-
L4
21
34

1
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_ADIF 3
ADIL 3
_ADIN 3
ADIX 3
_ADRF_ 3
ADRL 3
_ADRAN 3
ADRX 3
_AIFT . .3
AILT 3
_ALIMN 3
ATMX 3
_ALPH 142
ANT 16
_ABFT 3
ARLT 3
ARMN 3
ARMX 3
_AX | 1s
AY 1p
_BAZ . s
CF1 11
CF2 1
CF3 11
_CERL 7s
CFR2 76
_CFR3 .
CFsi 78
CFs2 79
CFS3 Bo
CHpLX 136
cos 113
_CIEMP S13e
DAK 1s
DBLE 58
DELX 93
DELY 93
DELZ 94
_ber ___  1g
DR 95
DSQRT 95
EXIT 15¢
_F1_ 104
F2 195
_FC__ 113
FLOAT 103
Iy
GROUND 15
. ) S 17
HR 17
-r @ 53
IEL 15
1F — Ja

143

RQ
90
91
53
S3
53
145
140
147
139
140
141
143
132
139

102
95
98
95
21
9

105
114
118

114

120
119

85

92
93
93
54
S4
54
149
149
144
149
149
149

143
140
59
130
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97
111
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129
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89
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139
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141
97

g
OR
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106
107
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114

1oz
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136

91

109 114 142

149 C14ds 147

t19 120

143

139 a0 T jar T yas
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IFILE
iL
1LARL
ILBL
INPUT
IPTDAT
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1,AMBDA
NEL
NRP
NSIZE
OFILE
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RELEAS
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¥ 13
1 c
4 c THIS SUBRIUTIMF NPENS THE FLIGHT PATH FILE ANn [HPUFS THE
3 € FLIGHT PATH PLNT LABEL AND THE INERTIAL TIME COUSTAST
b3 C
5 c THIS SUKRUUITINE INPUTS THE RECEIVEE LUCATIOW
b __C CUURDINATES UF THE NEXT POINT ON THE FLIGHT DATH, IF THEKE o
7 C ARF N0 MORF PDINTS THE SUBROUTIME FXTTS TO THE -
.8 C END RETUPN POINT
9 SUBRNUTINE IF(1LARL,TAU)
__1o . DIMENSTON TLARL(R)
11 CUMMON/REC, DUM(4),NSTZE

(5,1000) Ns

14 1000 FORMAT(IS,* RECURDS IN PATH DAT®,/)
15 NSIZE={NS=-R) /4
te . _ CALL JOVWI(1,TLARL,&,0)
17 CALL JOVWI(1,TAU,1,0)
_ 18 ... _ RBETURM . [ - R — . . R
19 END
- ‘CONSTANTS
i WO 000000000001 1 502032444134 2 422037242u100 ] GUOOUGOBHGUY 4 voouuuuLy

GLUBAL, DUMMIES

ILASL (Y] TAU 67

- COMMOY

T T pUM  JREC /40 NSIZF  /REC /44
SURPRNGRAMS

JOVSET INTO, inTl, JUVAI

“SCALARS
- 1F 70 NS 71 NSIZF 4 ThU (X
T ARRAYg
ILABL 66 DUM 0 ) )
DUM 1y
IF 9
_ILABL g 10 16
JOVSET 12
Javel 16 17
NS 12 13 15
NSIZE 11 15
REC 11

TAU 9 17
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_too0op 13 14

0 SHBRONTINE IRPUT(S)
2 COM D /REC/ RX({A),NSLTFE
3 IF(NSIZE 1 F, 0) REJUKN 1
4 CALL JOVWI(1,KR,4,0)
5 NSTAESNSTZE=]
R ] KETURM
7 FUD
CONSTANTS
0 0DoLONNNOYDY 1 QUoua0ouuu0N4d ? LOOHNOHAAYO T
COMHOY
rX /REC /40 NSTZF JREC /+4
R SUBPROGRAMS
\xlivwi
SCALARS
0 INPUT 30 NSTZF 4
T aRRAYs
Y 0
_. Inpur 1
JOvAl 4
_NSTZE_ 2 3 5
REC 2
_Rx_ 2 4
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THIS SURROUTINE SUMS THE EFFECTS OF Thf STRLPS THAT FAKH
NP HE GRNDUNDSURFACE, THERE APFE K’ STRIPS PESCHTHEN Tw (1 lY
GRUUND AS FOLLOWS:
X1(1) THE X=CNORDINATE OF THF LFADING EOGE OF THE 1°TH STRIP
[ARED] THE Z«COORDINATF OF THF JEADRING FOGE OF ThE [Tt STl
X2(1) THE X=CUORDINATE OF TeF RNDING EDGE NP Tuk 1°TH STRIG
22(1) THE Z=CNORDINATE OF THE EXDING EDGE DF THE 1°TH STeIP
SUBRKROUTINE SCAT
COMMON /REC/ RX,RY,RZ
COMANN JANT/AX,AY,AZ
COMION /GROUNDY/Z Kk, X1(20)021020),X2(0/720),22(0/20),1tL
COMAON /SEG/ AX1,Z22Z1,XX2,Z722.N

THESE ARE IXITIAL VALUES FOR THE PARAMETERS HSED IN SHADO T G
SLUPE=S=1,
PHIE==1,

THIS {§ THE LONp OVER THE STRIPS
DO 1 1I=1,K

THFSE ARF THE VALUES 10 8 0SED IN THE STKIP
INTEGRATION SURROUTINE

XXt LEADING X=COUPDINATE

21 LEADING Z=COORDINATE

XX2 TRAILING X=CNUORDINLATE

122 TRAILING Z=CUORDINATE
XX1=x1(1)

721=21(1)
XX2=X201)
222=22(1)

THIS IS A TEST TN SEE I¥ THE SUMMATIUN OVFE THE GRDUND
STRIPS HAS REACHED THE RECEIVER LUCATI(N, IF IT HAS THE SLMMATINO
1s STUPPED, THIS 1S TO GIVE THE EFFECT DF FOwARD LONDKING RECEFLVER
ANTENNA PATTERN,

IFC xx1 ,GF, RX) GO TN &

1IF THE RECIEVER 1S LOCATED GUVKR THE MIDDLE pURTIUL GF A STkIpP
THE STRIP WILL BF INTEGHATE ONLY UP TU [He VALNE OF THE
RECEIVEP X=CNURDIMATE
IF(Xx2 ,LF, RX) GO TO 5
2222271 ¢ (RX=XX1)#(Z2Z2=221)/7(XX2=XX1)
XX2=RX
CUNTINUE

THIS SECTION DPOES THE SHADOWING, 1IF PAKT Or ALL OF THE STRIP
Is IN THE SHADOW OF A PREVIOUS STRIP, TH1S STRIP wILL BE ELIMIWATED
OR MASKED TO GIVE THK EFFECT OF SHADOWING,
DELX=XX2=AX
IF(UELX LF, 0,) GP TN 3
PHIE=(AZ=272)/DELX
IF(SLOPE ,I,T. 0,) GO TO 3
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60

XXI1=(AZ=B)/(A+SLOPE)+AX
_ .61 4 L2 ==SLOPE g (XX1=AX) +AZ
62 C
_ 83 ¢ THIS SURRUUTIMNE WILL INTEGRATE DVEP THE
4 C CUMPLEX *GAIN® LFFFCT OF THIS STRIP
— 68 C Ih COMMON ‘VALLS
L] 3 CALL SHM
_. a7 SLOPE=PHTE
bR t CONTINUF
69 [ PETURI
70 EMIY
T CONSTANTS
[ 201400090000
cOoMMDY
TTRx T /REC s RY JREC /el
Az JANT red 4 JGROUNID /40
72 /GRUUND /470 1FL JGROUND 74123
_ 212 /SEG /43 N /8EG /41
. SUBPRNGRAMS
SUM
SCALARS
SCAL . 143 SLOPE 144
xx1 o 7721 1
nELX 147 AX 0
f 152 rRY 1
S '] 4
_  _ABRAYs
X1 1 z1 25

IF (PHIE oGF. SLOPE) GO T 1
PHINz(AZ=221)/7(XX1=AX)

1+ ¢ PAIR ,pb., SLOPF) GN T 3
TF( XX1 ,Fg, XX2) GU 1 4
AS(222-27.1) /7 (XX2=XX1)
B=Zl1-A®(XX1=AX)

wil], HE ADDFED

Rz
Xt
XX 1

PHIE

xXx2
AZ
KZ

X2

[SISE S

THE
HF AML HI
/42 Ax
/GRNUNN /41 i1
/el YA
1
722
PH1te
AY
L2

AL gaw
7GRNILD /425
/3kG Al

Te

Ay
X2
X2

FX

=L

/nr el
Jlaenliv /451
/9EG /4?2

(51
123
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A 5§
ANT 11
Ax 1y
AY 1t
Az 1y
[ 59
DELX 50
GROUND 12
a 20
1EL 12
X 12
N 13
_PHIA 113
PHIE 17
REC_ . lo
RX 10
RY. Lo
RZ 10
SCAYT -9
SEG 13

SLOPE 1l

SuM LT

X1 12
X2 12

Xxx1 . .13
Xx2 13

2y 12
z2 12

2z1 .3
2z2 ts
. 1P 20
k14 51
. A¥ 57
5 42
-1 31

56
52

37

28
30
28
30

49

31
29
3t

54
53

45
ay

60
53
5SS
52

29

54

42

.54

37
42

43
43

68
56

60

30

67

43

Sé

43
43

95
52

hb

b1

31

44

59
44

S8
58

6l

61

97
Su

59

el .

S8
57

o1

59
58
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THIG SURRDHTINE INTLGRATES UVER THE SURFACEH SYRIP DFEINED

BY X1,21,X2,22 TN COMMON *SEG*, Tu GIVE THbk FLELD rFFRECL
OF "AFASTENNA FLEMENT 1% COMMDN *2aM1° AT RECIEVER DEFINF
IN COMMON "RFC?,  THE VARIAKLES Ank AS FULLOSS:

AX ANTENNA XaCNORNDINATE
ay ANTEHNA YeCUURDINATE

AL AHTENMA ZaCUORD VA JE

LAMBDA  WAVELFNGTH OF CARWLER

AK TREPT /L AHBOA

bpl TWOepl (DONBILE PRECTSION)

RX RECELIVEYF X=CONRDInA(Y

RY RECHIVER Y=COURD FaATF

R7 RFCEIVER 2=CONRLINATE

HE PEL PART OF *GAINY FACTOR

HI TMAGTMARY PART NF #GALL" FACTNK
X1 LEADING EDGE OF STRIP*S Xx=CUNRDIIATK
Z1 LEADING Z=COORDINATE

X2 TRATHLING EDGF X=CUNRL InLTE

Z2 TKATLING Z«COORDIRATE

THE INTEGRATINON 18§ PFRFORMED BY A MODTELIED TRApIZULn WHLE
Tht SPACING BETWEEN POINTS ALUNG THE VARJABLE OF 10TEGRATL(L
1S VARIEDR WY THE RATF DF CHANGE OF THE 1UTFR.GRAL Y,

SURPOUTINE SlM

COMMON /SEG X1, 2)4X2,22,N

DOURLE PHECISTON Af,A2,R1,B2, X1, AY2

REAL JR,J1,J0R,INT ISR, IR

REAL LAMIDA

DOURLE PReCISTON AK,DPI,OR

COMMOL JANT/AX,AY A2, LAYRDA, AR, 0P]

ChiMnOwN fREC/RX,RY,RZ

COMUNOY VAL /HR,HT

RFAL L3,Lin

THIS IS5 TvHE INTITIALIZATINNL SFCTT0N
AY2=DBLE(Ay)#DRLE (AY)
ARKSSNGL(AK)
SE=22-21
CE=X2=X)

AMAX TS THE LENGTH ALPNG THE SUukACK {1F THE STKIR
XMAX=SORT(gFwSF+CFoCR)

THESE Apg THE STN AND CNs 0OF [HE ANGLE THE STilIpP “arks
A HORUZUNTAL PLANE
SF=SF /XMAX
CE=CF /XMAX
Jk=y,
Ji=o,

Xt 1S THE VARIARLE OF IRTEGRATIDN IT I5 TdE DISTAMCE
LUNG THE SURFACE NF THE STRIP STARTING FRIM [N LEABLNG EiGF
Xl=o,

wlypn
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L= LAMBDA/24,
L10=20,#LAMBDA

Al=RX=X1
A2=RZ.=21
H1=X1
B2=21-A2
. __ .. A=A}
TeMP=A2
A= SURT{AsA¢TESP#TEMP)
BzR]
TEMP=B2
bz SQRT(HBeR+TEMPRTEMP)
TEMP=A+B
NREDSORT(DRLE(TEMPY#NRLE(TEMP)4URLE(AY®AY))
C=UR
DREDR#AK
I=vr/0P1
FzOR=DBLF(FLOAT (1)} )eDPL
.. CsCLTEMP
D=CaB
R=Cwp
SESART((1,/7A+1,/8)/C/C/C)
G=A1/D/D/R/R/S
TEMP=G/ (AKK*D)
83 @000 _ _CEsSCOS(E) . e o S -
94 SEF=STH(F)
- BS . JOR=G#CF=TEMPaSH
86 JOI=GESF+TEMPCF
87 . AP=(=At#CE=A2¢SE)/A
R8 RP=(R1#CE+p29SE) /B
B9 0000 C_ . o . R
90 C Fp 1§ THE DERIVATIVE OF THE PHASE FUMCTIOw
—9r . . C OF THt [NTEGRAND
92 FP=ARS((AP4RP)/C)
9y  ___ C
94 C DL 1S DELTA XL
95 = . _ ... DLsL3/FP -
96 IF(OL ,GT, L10) DL=LYO
97 IF (oL LT, L3I) DL=L3
98 XL=XL+DL
—929 c . .
100 o THIS 18 THE LUOp DVER THE SURFACE OF THE STRIP, XL 1§
101 @ C INCREMEUTED BY DL (0F VARIABLE SIZE) UNTIL THE ENL OF THe STRIP
102 C IS KREACHED (XMaX)
103 =~ 0 1 - CONTINUE
104 ¢
108 = 0 C . THIS SECTION CALCULATE VARIOUS TERMS USED I~ EVALUALING THE

106 € INTEGRAND, THF AMPLITUDE AND PHASE FUNCTION

NX=1

IT=v
C B
C THESE ARE THE LOwWkR ANF UPPER ROUNDS FNR THE SPACING BETwEEL
C POINTS ALONG THE VARIABLE OF [NTHEGRATION
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v

C ARE EVALUTATED SEPARATELLY. THE DERIVATIVE 0k in PHASE FOrCTlun

107
108 C IS EVALUATEL Tp OFTHRMUINE THe SIZF FOK DELTA X
109 DLSE=DL #SE
110 DLCE=DL#CE
IR E! RlsAl=DLCE
112 A2=A2-DLSE
113 R1z=81+DLCE
_ 114 R2=H24DLSE
115 A=Al
Ale TEMP=A2
117 A= SQRT(A#A+TENP=TEMP)
118 bB=B1
119 TEMPIK2
120 Rz SURT(B#R+TEMPRTEMP)
121 TEMP=A+R
122 DRzUSURT(DRLE (TEMP) #DBLE(TEE)+DRLE(AY#AY ) )
123 C=SNGL(DR) JTEMP
124 DRSDROAK
125 I=DR/DPI
126 C
127 C TH1S IS THE PHASEFR ANGLE “MODULOD Tw(? pi=
128, FeDReOBLE(FLOAT(I)) #npI
129 [PEYo YY)
130 I R=Csp .
131 S=SART( (1, /A+1,/R)/C)H/C
132 G=A1/(D#DeR*R*S)
133 C
134 C THIS 1§ THE AMPLITUDE FUNCTION
135 TEMPSG/ (AKK#D)
136 _ CF=COS(F)Y . . . et e m . Lo
137 SF=SIN(F)
_ 138 c
139 C THIS IS THE RREAL FAKT OF THE INTEGRAND FOwr THE
180 C INTHGRATION VARIABLE VALUE 0F XL
141 JNR2G#CF=TEMPaSK
142 . C_ - - - . N
143 C THIS 18 THE IMAGINAKY FART
144 _ INI=GRSF+TEMP #CF
145 TEMP=DL
146 . C .
147 C THESE ARE THE REAL AN IMAGIHARY PARIS OF THF THE SUMMATIUY
148 _ € OF THE TRAPIZDIDS MAKING 1P THE APPROXIMATIUN T0 THE [WTEGRAL
149 JRzJIR+ (JNR4INR) s TEMP B
150 JTIJdT4+(INT4JINTY&TEMP
151 IF(IT _NE_ 0) GO TO 2
_ 152 . JOR=JINR
153 ‘ JOIsJNL
- 4 ... APE(=A1#CE-AZ*5F)/A . e i e
1558 RP=(H1nCE+B245E)/B
156 0 _C . - - R
187 C FPp 1S5 THE DERIVATIVE OF THE PHASE FUNMCTIOw
1SR FPSARS ((AP«BP)/C)
159 C
] A 1 .
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4 L]
160 c DL IS DELTA X AKD I35 LIMITED AY THE BUDVDS L3I, L1D
__161 NL=L3/Fp
162 IFC, ,GT, L10)Y DL=LIO
163 I¥(OL ,LT, L3) nL=h3
164 NXShX4+1
165 C. . . L
166 C THE VARIABLE AF INTGRATION 1§ IKCREMENTED A¢D 1F THk FHD OF THE
___167 € STRIP TS REACHED THE LAST TRAPIZOIN 1§ ADDED
168 XL=XN+DL
169 TE( XL LT, XMAX) GO Tu 1
170 OL=XMAX+DLeX]
171 . XLEXMAX . . -
172 1T=1
173 G TN |
174 (o
175 [ THIS SFCT10OM ADDS THE FLELD FFFFCT FRIIM THE STRIP TG hHY
176 C TUTAL F1ELD SuUM AND TEH SUBRUUTINE TERMINATFS
177 2 CONTINUE L B :
178 NzNX
_____ 179 TEMEZ((Z1=p2)#CE=X1#SF) /2,
180 HR=HR+JR*TFEMP
181 . Hl=HT+JI8TREMP
182 RETURN
183 END. - - .
e LCONSTANTS
D | 20560000000y
— CcOMMON - - -
e X1 /SEG /e z1 /SEG /41 X2 /3EG 742 27 /SEG
ax /ANT /40 [} /ANT /+1 AZ /ANT 742 La4kha  /ANT
_ ppl /ANT /46 RrX /REC /40 KY /R¥C /41 RZ /REC
HI /VAL /41
SUBPRNGRAMS
DBLE DFM, 0 SNGL SQRT DSURT DFA,V DEMY 2 DFD,2 11T FLUAT LES !
... DFM_,e DFA,4 DFD,4 ABS DFAM,2 DFS,2
. sCALARS . B
. s5UM 1064 AY2 1065 AY ) ARK tunl
SE 1070 22 3 Z1 1 CF 1971
. xx .0 XMAX 1072 JR 1073 Ji 1074
NX 1077 1T 1100 L3 1101 LAMBDA 3
a1t 1103 RX 0 A2 1veSs o _RL__ 7.
B2 1111 AZ 2 A 1113 TEmP 1114
— DR 1116 c 1120 . 1 1121 Dpel L)
D 1123 1] 1124 S 112% G 1126
SF_ 1136 JNR 1131 Joi 1132 Ap 1133
FP 1135 nl 1136 OLSE 1137 DILCE 1140

)

7 ¢3
/4¢3
/&7

ﬂfﬂ.h

Arn
Hi

Cus

/5EG
JANT
A

514

1u?s
11u?

1oy

11)s
1122
1i2/?
1134
1141

/e
/4
/e

rEL )



vy

JNT
RY

REC . 1}
RX 34
RY 34

1142

67
61
b2
1SR
"2
92

36
36
64
70
63
.bd
92
71
42
85
130
81
72
96
111
112
30

122
83
128
95
82
181
180
76
151
49
144
141

178

RZ 3

s = _ . .Ba

71

1]

37
135

154
72

179
71
68
69

155
78
47
86

82
16
97
113
114
15
73

84

158
85

125
172
150
150
149
150
149
149

6

95

59

178
130

131

79
81
87

74

1SR

122

18
RRA
88
158
7¢
87
136

129
122
98

76
74

128

161
e

128

181
153
152
153
152
180
162

97

LX)

132

RO
R7
112

124

Hu
113
114

Bo
8
141
132

124
109

125
75

136

164

a7
1
116

B8R
118
119

92
110
144
135
110
128

10

137

1613

MR

11s
115
1591

114
155
155

123
154

145

122

141

132

129

129
155

16l

123

144

121
154

121

139
1749

102

121

130

131

1ed

125

131

131

194

jod

12%

15%

170



Y

SE
SEG
S1N
_SNGL
SQRT
_SymM
TEMP

5|
ko
!

|

X2

F

XMAX

o

AP
2p

o 12y

103

42

85
137
123

%)

67
122

39
39
53
16
38
38

169
177

46

fe

T0

69
123

61
9%

47
62

173

87

137

BO

Tu
135

63
168

169
64

84

141

EA!
141

179
169

170
179

109

144

1720

12
144

170
171

154

131

11
145

171

155

32
1479

179

RS
154

Ho
174

[REN
1R

117
[

IR

120
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[sNals]

2001

2000

2002

1000

21

2005

Jooo

PROGRAM MOLE.F4

HIMENSION [LABL(R)

DIMENSION {PTDAT(33)

COMM(IN /P XT/ HRP,REMN,RXNX,RXF [y RXLToHYMA , KY VX, ¥ rpT1,hYLT,
TRZMN, HZMX , RZF T, HRZLT, RIMI, RTNX,RIFY ,RTLT,
2AIMKN  ATMX, AFFT,AILT, ARMN, ARV, ARFT,ARLT,
JANIN ADLIX, ADIF,ADIL,

GADRHM  ADRX , ATIRF , ADRL

EQULIVALENCE (IPIDAT(1),u4RP)

ISPLICIT CAMPLEX (C)

NIMENSTON x(20),Y(20),2(20)

DIMENSTION cF1(20),0F2(20),CF 3(20)

™MeLICIT ppuBLE PRECISTUN (L)

CORBON /REC/RX,RY RL,RT NETLF

REAL LAHRpPA

COMMBOL /JANT/AX AY,AZ,LAYBDA,DAK,DPT

COMAON /VAL/ HR,HI

COMMON /GRND/ P(3,4), ()

THIS VALUE NF Twll PL IS IMITIALYZED THIS ~AY TP AavOTp HSLAG

BLOCK DATA

PPI26,203)1R93171795864769
WRITE(S,2001)

FURMAT(® INPUT FILE NAMRL:®,S)
READ(5,2000) ILAIL

FORMAT (AS)

CALL IFILEc2G, ILRI)
WRITE(S,2002)

FORMAT(® OuTPOT FILE NAME:®,$)
READ(5,2000) 1LBL

CALL OFTLE(1,11.RL)
REAL(20,1000) ILABL, TAU
WRITF(1,1000) ILABL

D03 1s1,.2

REALC20,1000) JLARL
WRITE(1,1000) TLABL
FORMAT(BAS,F)

READ(20) TAMBDA,NFL, (X(12, Y0 1), 2C0),CFLel),CF2C1),Cha(D), Iz, i)
WRITE(1) TAMBDA,HEL, (X(T),¥{T1}2C1),CF1{1),CH2(L1),CEICT},IS1snbL)

DAK=zDPI/DRLE(LAMKDA)
READ(20,2009,END=200) RX,RY,RZ, KT,
1CFRy,CFR2,0FR3,CHFS1,CF52,CFS)
FORMAT(4F, /,6L13,b6,7/,6E13.6)
REAL(5,3000) P

FORMAT(3G)

DU S T=1,NEL

AXEX(1)

AY=Y(1)

AZ=Z(1)

CTEMP=(0,,0.)

CALL INTR2(CTFEMP)
CT=CTEMP#CF1(1)

CFRI=CFRU+CT

CFS1=CFS14+¢T



Ly

54
59
56
57
58

— 59
&0
61
62
63
64

—. 8BS

66
67
L]

CT=CTEMP*CF2(1)
CFR2=CER24¢T
CpS2=CF82+4CT
CT=CTEMP*CFI(])
CFS3I=CEFS3e+cT
CEFRI=CFRI+CT
5 CIONTILINUE
WRITE(1,2005) RX,RY,RZ,RT,CFR1,CFUZ,CFRY,CFS1,CFS2,CFS3
Gi TO 201
C
C THIS 1S THE TERMINATION SECTYON, ThE In1TIAL RECURD ON
C THE OUTPUT FILE IS wRITTEH AND THE PRUGRAM TERMINATES,
200 CALL RELEAS (1)
CALL EXIT
STOP
END
CONSTANTS
0 203622077325 1 150042055061 2 QouoLove0L21
5 000000000008
CcOMMON
NRP /PLXT /40 RXMN /PLXT /41 RXMX IPLXT /42
RYMN /PLXT /49 RYMZ /PLXT /46 RYFT /PLXT /47
RZMX /PLXT /412 RZFT /PLXT /41 RZLT /PLXT /414
RTET /PLXT /417 PTLT /PLXT /420 ATMN /PLXT /421
alLT /PLXT /424 ARMN /PLXT /425 ARMX /PLXT /420
ADIN. /PLXT /431 aD1x /PLXT /432 ADIF JPLXT /433
ADRX /PLXT /436 ADRF /PLXT /437 ADRL JPLXT /440
RrRZ /REC /42 RT /RFC /43 NSTZE /REC /44
AZ /AN /42 LAMBDA  /ANT /43 DAK /ANT /44
HI /VAL /+1 4 JGRND /40 N JGRD /al4
.SUBPRAGRAMS
FORSE, ,JBFF ALPHO, aLpHI, IFILE OF IL¥ FLUYT, FLIRT, BINwR,
RELEAS  EXIT
SCALARS
pPI 6 ILBL 3613 TAU 364
NEL 366 NAK 4 RX [\
RT 3 cFR1 367 CFR2 171
cFs2 377 CcFs3 401 AX 0
CTEMP 403 cT 405 NRP v
_ RXFT .. .3 RXLT 4 RYM& . 5
RYLT 19 RZMN 11 RZMX 12
rTMN 15 RIMX 16 RTFT 17
ATMX 22 ALFT 23 AILT 24
ARET 27 ARLT 30 ADIN 31
ADIL 34 ADRN 15 ADRX o

RXFT
RYLI
KTH
AimMx
ARFT
ADIL
KX

AX

npl
1PTDAT

ik

1

RY
CrR3
At
RXtat
RYMX
RZF T
RILT
ARNN
ADLX
ADHF

augoeraouni])

/PLxt
/PLXT
/PLXT
JBLXT
/PLRT
/PLXT
/REC

JANT

/A

/pLxr

nED 2

i

/43
/4 LU
/7410
7422
zya
/434
/40
/Y
/4P
/.ll

KU,

4

K AL
RLb
ETHX
ALFT
ARLD
ADR v
R
Ay
UK

ALLLD,

LA Do
KZ
CFsl

Habx

LWRYET

EYAN)
Al
AR K
ADIF
ADKL

(Y APV RV A RVE VAP O2V]

/PLAT
/elXT
/PLAT
/PLXT
/Phixy
/PLAT
/rEC
/A
/VvAL

Ly

/e
/411
/416
ZYZ]
7430
/¢35
/el
/41
/a0

Ct

“ad



i
Eve

ff9
Lt

€43
X

€Q¢
Q

240
tvalal

uH

€157

Loy

14

T
JI‘Jﬁ‘

aZISN,

48
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ADIF
ADIL
_ADIN .
ADIX
ADRF
ADRL
ADRN
ADRX
AIFT
AILT
AIMN
AIMX

_ANT
ARFT
_ARLT
ARMN
_ARMX
AX
_AY
AZ
CFt
CF2
LF)
CFR1
CFR2
CFR3
CFS1 _
CFs2
CFs)
CcT
CTEMP
DAK
DBLE |
DRI
EXIT
GRND
H1
HR
i S
IFILE
ILABL
 ILBL
INTR2
IPTDAT
_LAMHDA
N

NEL

NRP
NSIZE

OFILE

4 S

PLXT
_REC ..

[WROVIDVRVRT VYW R W I W TV R W RV RV

- .
- AN

o .-
O - -

&
2

46
47
4R
37
37
37
52
S5
59
33
56
58
52
50
39

21

37

3
26

43

38
38
38
61
61
61
61
61
61
53
51

39

38
32
29
37

4s

51
S4
S7

54
54

45

34
30

g

5SS
57

16

35

39

Se

47

57

an

58

St

59

54

57



0s

RELEAS
RT
RIFT
RTLT
RTHN
RTMX
RX _
RXFT

BXLT .. __ .

RXMN
_RXMX
RY
RYFT
RYLT
_RYMN . .
RYMX

RZ

RZFT
RILT
RZMN
VAL SU
TAU
VAL

X

X
z

ip

SP

... 200P
201F

. 1000P
2000P
20Q1p
2002p
2005P.
3000P

L T P P P VY VR WV PP W RV Ve v

-
[PV~ 3

-

-,
-

— . .
(= =N J

33
45
10
10
k3
24
22
27
40
43

a0

40

40

40

37

37

61

61

61

b1

k1)
3R
34

kX
29

b1

46
47
48

35

36



IS

3
.4
5
6 00
7
B
9
__ 10,
11
12
13
14
15
__1s.
17
GLOBAL DUMMIES
T 133
) o ébBPRnGRAMs
TsoRT
"~ SCALARS
TTNORMAL 141
21 146
R
T aRRAYg
ETh 133
NORMAL 1
R 1
SQRY . _. 12
Vi 1
v2 1
V3 1
V4 1
X 9
.9 S— 3
X2 4
X 1o
1 5
X2 6
Z 1
v A B 1
22 f

SURRDUTINE NORMAL(VL,V2,V3,V4,R)
DIMENSION y1(1),V2(1),V3(1),V4(})
X1=2V2(1y=vyicl)
X2=V31)=vi(1)
Y1=V2(2)=v1(2)

L Y2=VI(2)-V1(2)

e . 22 147 .

131

12

NN NN

10

Z18V2(3)=v1(})
72zV3(3)=v1(3)
X=Y18Z2=Y2sZ1
Y=Z1#X2=-Z2eX1
Z=X18Y2+-Y18X2
BSSURT (X#X+Y#Y+Z2#Z)
VA(1)=X/R
¥4(2)=Y/R
V4a(3)=Z/R
RETUPH

Enp

v2 134

x1 142

v3 13%

X2 T 143

150

v2 134

w s w
o s

11
11
14
11
11
15
10
10

V3

T 135

130

144
1591

136

115

__1be



(A

1
2
3
4
5
%
7
_______ [
Q
10
DIsST
DSURT
Ao
R
TEMP
X
A 4
1p

DOUHLE PRECTSION FUNCTION DIST(X,V)

DIMENSTION x(1),Y(1)

DOUKBLE PRECISION R,TEMP

R=0,

a1 I=1,3

TEMP=X (1) =Y (1)
1 RZR+TEMPRATEMP

OIST=NSQRT(R)

RETURN ~

END

"GLNRBAL, DUMMIES
X 56 Y 57

SUBPRAGRAMS

TPFM.2  DFAM,Z  USORT

T TscALARS
 pisT 60 » 62
~ ARRAYs
X Sh Y 57
1 4
2]
5 6
3 4 7 &
3 ) 7
1 ? [
1 2 6
5 7

64

Terntp

hS
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PROGRAM INTZ.F4

1 SUBROUGTINE INTR2(CTEMP)
2 DATA DX,NPY/23,,40,/
3 OIMENSION XTA(3),ZTA(3)
4 POUBLE PRECISION D106,D2U,R10,R20
5 COMPLEX A,R
Y . DUUBLE PRECISION DR1 (DR
7 COMPLEX CTEMP,CCT,CCX,CCY,CCXU
.8 REAL i, LAMBUA,N|,N2,N3
9 COMHON /GRND/ P(3,4),N(3)
_ 10 .. EQUIVALENCE (N(1)eN1),p(NE2)¢N2Yo(N(3),43)
11 DOUBLE PRECIS10M DAK,DPT
__ 2 . .COMMON /REC/ XR.YB:LR . o I
13 ON /ANT/XA,YA,ZA,LAMBDA,DAK,DP1
14 _ EQUIVALENCE (P11,P(1,1)),(P12,P(1,2)),(P21,P(2,1))
15 EQUIVALENCE (P24,P(2,4)),(P31,P(3,1)),(P34,P(3,4))
16 ... LOGICAL TEST
17 DATA TEST/_TRUE,/
18 e JFCTEST) CALL NORMAL(P11,P12,P(1,4),N(1),TEMP)
19 TEST= FALSE.
__20. 2A232,%ZA
21 TPI=SNGL(DPI)
__22 AK=SNGL (DAK)
23 CTEMP=({0,,0.)
24 DELX=DX . - -
25 DGOSPIST(D(1,1),D(1,2))
26 IX=NGO/DELY
27 1F(IX LT, 0) Ix=s=IX
_m_ IF(IX (LT, 1) IXx=1
29 IX=((IX+1)/72)02
30 .. _ __ _ DELX=DGO/FLDAT(IX) . . o _
31 XTA(1)2(P(1,2)=P(1,1))/D6G0
¥ XTA(2)2(P(2,2)=P(2,1))/DGo
33 XTA(3)=(P(3,2)=FR(3,1))/DG0
o34 DPGOX=XTA(1)#DELX
15 DGOY=XTA(2)#DELX
36 L DGOZSXTA(3)#DELX
37 DGI=DIST(P(1,1),P(1:+4))
_ 38 DELZ2DY
39 12=DGt /DELZ
__40 IF(1Z ,LT, 0) 72==-12
41 IF(1Z2 ,LT, 1) 12=%
4 . 122 ((1Z+41)/72)%2
43 DELZ=DGi/FLODAT(1Z)
44 ZTA(1)=(P(1,4)=P(1,1))/DG}
45 ZTA(2)=(P(2+,4)=P(2,1))/DG1
46 ZTA(3)=(P(3,4)=FP(3,1))/D0G1
47 DG1XsZTA(])#DELZ
__48 DG1Y=ZTA(2)#DELZ [, I
49 DGI1Z=2TA(3)#DELZ
-1 DO 1 IXX=1,IX
51 FX=FLOAT(IXX)~,S
52 XSZP(1,1)+FX#DGOX
53 YS=P(2,1) ¢FX#DGOY




vs

~ 020=DSQRT(NR2)

25=P( 3, 1) +FpXeDGOZ

o 2 122=1,12
FZaF1.0AT(i2Z2)=.5
XS=XS+F2#DGiX
YS=YS+FZ#DGLlY
21S22S+4FZenGLZ

CCo=XReXS

CC7=XS=XA

TEMFEYR=YS

TEMP2=2R=Zs

TEMP3I=ZR+ZS
DRI=DMLE(CCHOCCH) +DRLE (TEMPATEMP)
NR2=DRY +DRLE(TEMPIRTEMP])
NR1=NPRL$DBLE (TEMP2uTEAR2)
R12=0R)

R22=DR2

R10=DSQRT(NRL )
R20=NSQART(NK2}

Ri=kR10

R2=H20

TEMP=YS=YA

TEMP2=25-2A

TEMP3I=ZS+Zp
DR1zDHLE(CCT#CC?) +DBLE(TEMPSTEHP)
DR2=2DPR1+DBLFE(1EMPISTFEYP3)
DR1=DR1 +DBLE (TEMPZ#TEMPZ)
D12=bR1

D22=0R2

D10=DSQRT(PR1}

NizUI0

P2=b20

F10=N26XSe(YR=YS)+ (N1#XS+H38(Z5=2R))#(XR=XS)
F20=F10+N3a(XH=XS)#ZA2 o
COSA=(XTA(3)#CCT4XTA(2)8(YS=YA)+XTA(I)#(ZS=2ZA)) /0]
COSAI=(XTA(1)®CCT+XTA(2) #(YS=YA)+XTA(3)#(Z5+2A)) /D2

T CTRG= (XTA(1)#CCo+XTA(2)# (YReYS)+XTAL I R (2E=28)) /R~

COSG)=(XTA(1)}#CCO¢XTA(Z2)#(YR=YS)+XTA(3)#(ZR¢LS) I/ 12
CNSA=(2TA(1)#CCT+ZTA(2)%(iS=YA)+2ZTA( )% (ZS-2A)) /DY
COSBYI=(ZTA(1)#CCT+ZTA(2)%(YS=YA)I+2ZTA(J))#(25+2ZA)) /D2
COSD(2TA(1)#CCo+LTA(2)#(YR=YSI+2TA(3)®(ZR=25)) /R

CUSDQ:(ZTA(])-CCﬁoZTn(Z)'(YR-!S)OZTA(})O(ZRQ§§)1(R?W

"CHzCOSA-CO8G
CH12CIiSA=CN5G1
CH2=2COS Al -rUSG
C#3=COSA1~COSG1
C=CUSK=CUSDP
C1=COSB«COsD}
C2=COSB1=CnSD
C3=CO0S8B1=COSD1
D10=010#DAK
D20=D20#DAK
R10SR10DAK



9S

D1=N10=pELE(FLOAT(ID))#DP]

D2=2020=DBLF(FLNDAT(ID))#LPI

K1=ZR1U=DRILE(FLOAT(ID) )#DPI

R2=R20=DBRLE(FLOAT(ID) ) #DF 1
TEMP=F ) 0#SIN(AK#CHMOFLX# ,S)#SIN(AK#CHDELZs ,5) /7 (CHaC#D124KR12)
CTEMP=CTHMp+ TEMPuCEXP(CHPLX (0, ,L14R1))

CTFEMP=CTEMp=TFMPCEXP (CMPLX(U,,D14R2))

TEMP=F20#StN(AK#CH2¥DELX* ,S)#S1N(AKSC#DFLZe,5)/ (CH2eC28D224K12)

CTEMP=CTRMp=TEMP#CEXP(CHMPLX(0,,N2¢R1))

TEMP=F20#STN(AK#CHIWDELX#,5) #SIN(AK#CI#DELZ®,5) /7 (CHIRCIND224KR22)

CTEMP=CTEMp+ TEMP#CEXP(CMPLX(0,,N2¢R2))

CTEMP=CTEMP#2,/(TPL1#TPI)

1] .
107 P20=R20#DAK
108 0=p10/pPl
t09
119 1D=20/0P]
111

.o 112 10sR10/70P1
t13
114 I0=R20/DP1
115

_. 116
117

118 TEMP=
119
120
21
122
123

124 2 CUNTINUE
125 1 CONTINUE
126
127 ICC=IX#12
128 RETURH
129 END

CUNSTANTS
Q 000000000000 1

GLUBAL, DUMMIES

cTEMp

1341
COMMON
[ /GRND /40
XA /ANT /40
ppl /ANT /46
pi2 /GRND /43
SUBPROGRAMS
___ . NORMAL . SNGL RIsT
SIN CEXP CMPLX
SCALARS
TNTR2 1347
— p12 3
opPl &
. .DpGO 1360
DG1 1365
e . DGI1Z 1372
25 1377

YA

p21

o}
cFM,0

oX
TEMP
aK
X
nELZ
1XX
122

FIVITD DT

/GRND /414

/ANT /41
/GRND /414
JGRND /41

IF1Y FLDAT
CFD .4

1350
1353
1356
1361
1366
1373
1400

XR
ZA
N2
P24

DBLE

DY
ZA2
DAK
DGOX
1z
FX
FZ

Quaaa@aoouol

/REC 740
/AMT 142
s7GRED 7415
/GPHD 7412

DFA 0 DFAM

1351
1354
4

1362
1367
1374
1401

1D#SIN(AK#CHI#DELX* 5)#STH(AKSCI#DFLZ®,5)/(CH1#C 1oy 20R22)

YR

LAFHDA

3
pit

LSURTL

TEST
A
CTEMp
DGOy
NG1g
X3
CCe

guopunIenan2

sREC /4l
7ANT ’43
JGRYD s elb
JGRND 742

BEEY L2 0FD 2

135¢

1341
1363
1370
13715
1402

Lr

L:AR
ISR
P34

e

Pl
Irl
vt
NG
G0

XR

/+t.C 747
AR /47
Skl s
VALY &
7Y BT kS, 0
v

1399

14517

1304

1311

1370

il



95

cc7 1403
. _TEMP} 1405
rR10 1414
D12 1422
n2 1431
_ __ F20_ . _ 1433
c0sB 1440
— __.cHl 144%
c2 1452
— _p21 1
. __ABRAYS
. XTA 1456

xA
DR1
p20
D22
F10
CcOSA
casr1
CH2

p24

FAY]

a
1406
11416
1423
1432
1434
1441
1446
1453
12

1401

YR
BR2
R1
niY
iv2
cogal
¢nsh
CH)

P31

1410
1420
1424
15

143%
1442
1447
1464

TEMP2
R17
k2
(ray
ES]

. Cuse

cnsntg
C

Icc
AL

1401
1417
1421
1426
14

143n
1443
1450
1455
13

i3
Cogel
(]

[}

Vb =1t0n



LS

_A 5
AK 22
ANT__ 13
B 5

€. 109
Ct 109
c2 . 102
Cc3 103

_Ccé 6o
cc? 61

_CCT 1
cex 7

__€cx0. 7
ccy 7

_CEXP .. 111
CH %

_CH1 91
CH2 9q

. 99

CMPLX 117
... .88

Cosat 89

_CosB 92
cosst 93

_COosD 94
cosD1 95

. —— .90
COSG1 9
CTEMP 1
D 25

) B4
D10 4

D12 ____Bg
D2 8%

_D20 4
D22 CHY

_DAK 11
DBLE 1

. _24
DELZ 38

_bgo 25
DGOX 34

_DGOY ig
DGOZ 36

_bgy .3
DG1X 47
DG1Y 4g
DG12 49

_DIST 25
1] 19

1) -3 U -
DR2 6

116

118
118
120
122
65
17

119
116
118
120
122
119

96

98
100
102
100
101

120

90
88

121

121
97
9q

101

103

102

103
9

23

92
X
11a
93
85
122
22
67
10
43
30

43

21
66
69
82

120

91
89

123

123

117

109
104

111
105

104
77
34
47
31

44

j08
61

a3

122

94
92

119

117
108

121
110

105
18
35
48
32

45

109

18

95
93

121

119
109

123
111

100
79
36
49
33

46

110

70 |

A1

123

107
109
116
116

11

83

126

11

118

118

112

_.18

111

120

129

113

19

115

122
122

14

LS

115
W3



89

SNGL
TEMP
TEMP2

TEMP3

TEST

TPl
XA
xR
XS

XTA —

YA
TR
s
I
ZA2
ZR
_2s

53

8
|:4

R
8
8
1R
9

14
la
14
15

64

e

21

24
38
a7

120

43
52
57

109

27
S1
40
56
13

10
10
10

14

tB
18

116
122

51
53
58

110

28

10
LT3
A6
86

15

86
60
32
88
86
62
75

64
63

118

So
54
59

111
29

42

113
106

122

74
79
78
19

87
61
33
a9
99
74
76

90
64

109

112

30

43

3

717

96
34
92
91

a6

91
75

11

i3

55

32

116

A7

35

93
94
a8
en

94
Té

113

114

127

127

33

"7

3o

395
89
89

95
Be

115

115

7

91
92

LX)

DVRES

—q9

91

a9



Gh

vo

€6

h

334

RY

Ly

9

114

(XA
szZy

ve

<._..m.v

59
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1000
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PROGRAM GLDCDI.F4

NIMENSTON JLARL(A)

DIMENSION 1PTDAT(33)

COMMOt /PLYT/ NRP,RXMN , RXVX,KXF L, HXLT, RYMN, FYX ,RYFT,LYLT,
TRZAN L ZMX, RZF T, RZLT R IR, RTHY, RTF T, RTLT,

ZAIMN G AIMY, ALET,ATLT, ARMY , ARMY, AKE T, ARLY,
JADIN,ADIX,ADIF,ADIL,

4ADRN , ADRX, ADRF, ADPT,

KYULVALERCE (IPTDAT()),WRF)

IMPLICIT COMPLFX (C)

DIMENSTON x(20),Y(20),2(20)

DIMENSION CFL(20),CF2(20Y,CF3(20)

IMPLICIT DoUBLE PRECISION ()

COMMON /REC/RX,RY,RZ,RTNSTZE

REAL LAMBULA

COMMOL /GROUND/ K, X1(20),21(20),X200/20),22(0/20), 1k
COMMON /ANT/AX AY AZ, LAMBDA, AR, IRI

COMMON /VAT, /7 HR,HI

THIS VALOE OF TwO PI 18§ INITUALIZED THIs wAY 10 AVOLL GSENG

BLOCK DATA

DP1=6,2R31853071795864769
WRITE(S,2001)

FORMAT(® ¥NPUT FTLE NAME:®,S)
REAU(S,2000) ILBL

FORMAT(AS)

CALL IF1LE(20, ILBL)
WRITF(S,2002)

FORMAT(* DyTPUT FILE HAWMEZL’,$)
READ(5,2000) 1LbL

CALL OFILE¢1.1LbL)

WRITE (1) IpTDAT

READ(20,1000) I1LABL,TAU
WRITFC(I,10n0) ILARL

po3 I=1,2

READ{Z20,1000) ILABL
WRITE(1,1000) 1LABL

FORMAT (4AS,F)

REAU({20) LAMBDA,NEL, (X(1),Yi1)s2(T),CFL(1),CF2(T),CE3(T) 151 ,yEL)
READ(20,2005,FHD=2200) RX,RY,RL,RT,
1CFR1,CFR2,CFR3,CFS51,CF52,CF53
FORMAT (4F, /,6E13,6,/,6E13,0)

AFTHR THE E£TeLOS HAVE REEN ACCUALILATEO FOR ALL fob bIRMedpS

THE CDI’S ARE CALCUATED

ACDR cDI FOR THE GROUND SUFACE

ACDI cD1 FOR "IDEAL” GRUOUND PLANE
ACDR=357,{A#REAL((CFR2=CFK3) /CFRLY
ACDI=BS57.14#REAL ((CFS2=CFS3)/CFS1)

NCRP IS THE COUNT NF THE RECELVERPOLNTS
NRP=NKP#1
UF{NRP ,NE_ 1) GU TO 4



T9

L] . . *
54 C THIS SECTION INITIALIZES THE @AX140M Anb AINIMUM VALUES
55 C OF THE VARINUS RANGE AND DOMAIN VARIABLES, ThFSkE ARKE
56 C YSED IN THE PLOTTING PRUGRAM TO SCALE THF PLOTS, AFTER ThHE
ST C RUN Is FINISHED THEY wILL BE OurpuT IM PLACE OF ThF
58 C INITIAL DUMMY RECORD
59 . _ADDI=ACDT
60 ADDR=ACDR
61 TOaRT
62 ADIX=ACDI
63 ADIN=ACDI
64 ADIF=ACDI
&8 . ADRX=ACDR
66 ADRNZACDR
67 ADRF=ACDR
68 KXFTsRX
69 . RYFT=RY
70 RZFT=RZ
.. _BRIFT=2RT . U -
72 AIFT=ACDI
13 ARFT=ACDR
74 RXMNZRX
15 . RXMASRX
76 RYMN=ZRY
— 1 .. RYMX=RY
18 RZMNzR?
79 .. - RZMX2RZ
80 RTMN=RT
81 RTMX=2RT
82 AIMX=ACDI
83 AIMN=ACDI - — - e e
84 ARMX=ACDR
__ 8BS ARMN=ACDR
86 C
_ 8 ¢ THIS SECTION UDPDATES THE MAXIMUM AND MINIMUM VALUES
CE:] 4 CONTINVUE
89 e . RXLTzRX . _ I, e
90 RYLT=RY
) RZLT=2RZ i
92 RTLT3RT
93 ALLT=ACDI .
94 ARLT=ACDR
95 ... IF(RX LT, RXMN) RXMN=RX e
96 IF(RX ,GT, RXMX) RXMX=RX
91 __ IF(RY ,LT, RYMN) RYMN=RY _ o e
98 IF(RY ,GT, RYMX) RYMX=RY
99 B _IF(RZ ,GT, RZMX) RZMX=R2 B
100 IF(RZ LT, RZMN) RZIMN=RZ
10 _IF(RT ,GT, RTMX) RTMX=RT R . e
102 IF(RT ,LT, RTMN) RTMN=z=RT
103 IF (ACDI ,GT, ATMX) AIMX=ACDI
104 IF(ACDI LT, AIMN) AIMN=ACOIL
105 . IF(ACDR ,GT, ARMX) ARMX=ACDR
106 IF(ACDR LT, ARMN) ARMN=ACOH



107 ' CONSEXP((TO=RI)/TAIl)

108 [o
109 C THIS SECTINA SIMULATE THE HFFECT ©F THE FLECTICAL ANG
110 C MECHANICAL °TNERTILA® N¥ THE ILS
111 C RECEIVER SYSTEM FNR DYNAMIC SIMULATION

. TO=RT
113 ADDI=COM& (ADDI=ACDI)+ACDL
114 ADDR=CON# (ADDR=ACDR) +ACDR
115 TFAPDY 6T, ADIN) ADINZADDI

_ 116 IF (4D0T ,GT, ANTX) ADIX=AULDI
117 ADIL=ADLDI

118 IF(ADDR ,LT, ADRN) ADRN=ZADDR
119 IF(ADDR GT, ADRX) ADRX=ADNDR
120 ADRLEADDR
121 o
122 C THIS 1S THE OUTPINT OF THE REAL ANO “IDedL* , SVATIC
123 C AHD DYNAMIC CDI'S WwITH THE RFCEIVER CUURDINATFS

124 wRITE(1,2003) RX,RY,RZ,RT,ACDI,ACDR,ADDI ADDE
125 2003 FURMAT(8F)
126 GO TO 209
127 C
128 C THIS 1S THE TERMIKATION SECTIUL . THE TMTTIAL RFCQURE 0
129 C THE OYTPOT FILE 15 WRITTEN ANU THE PRIGRAY TERMINATES,

130 200 CaLL RRLEAS (1)

[, 131 ENCUDE (9,2006, LLABL(1))Y (LBL
(3] 132 2006 FURMAT(AS,”,DAT )

133 CALL DEFINF FILF(1,25,1,11AKLCY))
134 WRITEC1#1) IPTOAT
135 CALL RELEAS (1)

136 CALL EXIT
137 stop
134 END

CONSTANTS

R 3 203622077335 1 150042055061 2 000Ny 24 3 [ VIO |
5 000000000031
COMMON
NRP /PLXT /40 RXMN /PLXT /41 KXMX beLxr 742 KXFT /RLAT /el
o RYMN /PLXT /45 RYMX /PLXT /.46 RYFT /PLXT /47 FYL /PLAT  74lh
RZMX /PLXT /412 RZFT JPLXT /413 RZL.T /PLXT /414 RI™ 4 /PLXT 7419
RTFT /PLXT 7417 RTI1 /PLXT /7420 ATMN /PLXT 7421 ALK JRLAT s asl
AILT /PLXT /424 ARMN /PLXT /425 ARMYX JPLXT 7426 ARFT IPLXT /421
_ . ADIN /PLXT /431 ADIYX JPLXT 7432 ADTH IPLXT 7433 ADIL selarl 7434
ADRX /PLXT /436 ADRF /PLXT 7437 ADRL IRPLEXT 7440 229 /Ry C /0
RZ __ _ /REC, /42 RrRT /REC /43 NS1ZE /REC e K JGRUTD /40
21 /GRUUND /425 x2 /GROUND /451 iz JGROUND /476 1%L JGENUIND 74123
Y 3 /ANT I AZ /ANT /42 LAMBDA  /ANT /e3 LAk ALY /e
HR /VAL /40 HI /VAL 741 1PTDAT  /PLXT 740
SUBPRAGRAMS

KAbL]
AN
LR NAPY
ALF)
ARL
AR
Y

£l

et

PAVLLEEERES-T

sebiad 744
IR el
JPLXT  s4lv
/FLAY sae3
/e LR /480
JELXT 7430
/KEC /41
ORI 7 4L
YA /e
Sl | /40
3
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FORSE,
VApDR,

T SCALARS

T ARRAYg
T ILABL
R o 5 U

X2

«JRFF ALPHO,
NEFINE  RECHD,

572
571
605
612
LTS
i3

15
25
24

616
122
51

ALPHI,
RANAC,

ILBRL

CFR2
ACDR
T0

ADRN
RTFY
RYMHN
RTMX
RXLT
ARLT

DAK

IPTDAT
CF2
22

1IFILE AFILE
EXIT

567

575
607
613
3s
17

16

3¢

T2
T8

RTWaR,

TAU
RY
CFRr3
ACDI
ADIX
ADRF
AlFT
Rymx
ALMX
RYLT
COown
T1EL
HR

FLlure FLIFTS k1,

570

577
hLO
32
37
23
O
1u
614
123
O

bZ6 Y
1042 ) 1

REapl,

CEn g2

LA sy
R
Cro/
Aot
AlE
FYHD

X

e e

&u3
ol

20
10

hin
2

RELrag
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_ACDI 4g
ACDR 47
_hpDI . 39
ADDR 60
_ADIF 3
ADIL 3
_ADIN 3
ADIX 3
_ADRF 3
ADRL 3
_ADBN 3
ADRX 3
AIFT. 3
AILT 3
-AfMN . . . 3
ATMX 3
_ANT.. 1s
ARFT 3
ABRLT 3
ARMN 3
_ARMY 3
AX 16
Ay le
A7 16
_CF31 1}
CF2 11
CE3 N E
CFR1 39
CFR2 3e
CFR3 39
CFS1 Jg
CF52 39
LES3 . 19
CON 107
DAK 16
DEFINE 133
_DPI_ .. 1g
EXIT 13
Exp 107
GROUND 1g
HY 17
HR 17
J IO kY'Y
1EL 1s
AFILE 24
JLABL 1
_1LBL 24
IPTDAT 2
K 1s
LAMBDA 14
MEL 3 -

NRP 3
NSIZE 13

59
60

(113

114
04
117
63
02
67
120
66
6%
72
93
83
82

73
94
A5
4

38
38
18
47
47
47
48
48
.48
113

21

62
65
115
118

115
116

104
103

106
105

114

133

33
29
31
38

51

61
66
116
19

35
30
134

52

64
67
117
120

16
131

12

124
121

131

H2
g4

133

B3
85

93
94

103
105

Y04
1

113
114

V24
]



59

OFILE 3g
PLXT 3
REAL = 41 48
REC 13
RELEAS ~ _ 1)a 135
RT 13 39
- -3 71
RTLT 3 92
-3 .. .80
RTMX 3 A1
R 13 39
RXFT 3 6R
RXLT 3 89
RXMN 3 74
RxMx = = 3 75
RY 13 39
RYFT ___ 3 -3}
RYLT 3 90
RYMN_ 3 7o
RYMX 3 17
Rz 13 39
RZFT 3 70
RZLT 3 91
RZMN 3 78
RzMX = 3 79
. TO 61 197
I 7 1| N 1017
VAL 17
X 19 - 3g
X1 15
X2 00 i1s
Y 190 38
Z 10
21 1s
2 s
. _ 3P 34 16
ap 52 R8
__200P 39 139
201P 39 120
_1Q90p i2 33
2000pP 24 25
~2001p 22 2)
2002p 27 24
_2002p 124 12%
2005P k'] 41
2006P 1 132

61

102
101

5
96
69

27
98
10
100

112

35
79

11

74

To

78

16

g0

715

717

79

37

81

89

21

Q92

5

97

- 29

101

s

98

10u

102 101 (R 3 121

124



99

PROGRAM GLDPLT.F4

1 DIMENSION [TYPE(3,2)
2 QATA ITYPE/'STATI*,*C VAL®,“UES s “UYNANT, {C VA, LLUES*/
3 DATA PID,PRD/*CDID®, *THEUN/
4 DIMENSION SPACE(4),LAX(2,3)
5 DATA SPACE/1.924s2¢5¢547
6 DATA TAX/’DEGRE®,*FS°,* FEEI*,” *PSECUNY, "0S s
7 DATA PRX,PRY,PRZ,PRT,PAIl,PAR/
__ & 1PRX,PRY 7, PR27*RT?,*CDIL%, *THEN "/
9 DIMENSTON JPTDAT(33)
— 10 COMMON /PTXXN/NRP, RXMN, RXFX  BXF T, FXLT W YMN, RY SR, REFT,FYLT,
11 ARZMU, RZMX, R ZFT ,RZLT JRTMN  RTMX R IFT,RTLT,
S I SO QAIMN, ATMX, pIFT,ATLT, ARMY, ARMX , ARK T, AKLT,
13 ALIN,ADLX, ADIF,ADIL, ADRY, ADKX, AURF , ADRL
14 FQUIVALENCE (TIPTDAT(1).NRP)
15 DIMENSION TLABL(R)
_ 18 DATA XLEN , yLEN,ITVC/20,,8,,21/
17 DIMENSTION DY1(2000)
18 DIMENSION pX(2000),DY(2000)
19 NAMELLST /FRED/ YLENG,YDEL, YSC,DMUN,0%AX,uEL, LR, XSC
__0 CALL PLOTS(IRUF,360.16)
21 3 wRITF. (5, 1006)
22 1006 FORMAT(? INPUT FILE NAME ANL AXIS TYPES:®,$)
23 READ(5,1005) NAMF,ISX,ISY,BDUND
24 © 1005 EDEMAT(AS,I,I,F)
25 IFCISY (LT, 1) GO TO 204
_ .26, 1FC(1SY ,GT, 2) GU T 204
21 1FE18X LT, 1) &0 TU 204
2B TF{ISX ,GT, 3) GO TO 204
29 CALL PLOT(0.r=12,,+3)
30 . CALL PLOT(0,s1.,=3) -
31 =0
32 CALL IFILE(20,NAME)
33 READ(20) (pTDAT
.3 . WRITE(3,1002) NRP B .
15 tv02 FARMAT(’ THERE ARE’,15,° RECEIVER PUINTS,?,/)
_3& WRITE(3,1003) . e
37 1003 FORHAT(14X, *MIN®, 9X, *MAX*,9X, 'FIFST*,aX, 1LAST", /)
3 1008 FORMAT(EX,AS,1X,4F12,4)
39 WRITE(3,1004) PRX,RXMN,RXMX,RXFT,RXLT
B L O WRITE (3,1004) PRY, RYMN,FYUX, RYFT,RYLT
41 WRITE (3,1004) PRZ,RIMN,RZMX, RZFT,RZLT
42 WRITF,(3,1004) PRT,RTMN,RT¥X,KTFT,FTLT
13 T T T T WRITE(3,1004) PATLAIAN,AIMX, ALFT,ALLT
44 WRITE(3,1008) PAR,ARMN,ARAX, AKFT,ARLT
I T WRITE(3,1004) PID,ADIN,ADIX,ADIF,ADIL
46 wRITE(3,1004) PRD,ADRN,ADRX, ADRF ,AUK],
et GASU=U,
48 _ GASH=0,
49 GACR=0,
_50. DO 7 Ti=1,3
51 READ(20,100) ILARL
82 WR1TF (3,101) TLABL
53 101 FORMAT (1X,8A5)



L9

54 100
5%
56 7
57
54

59 . 1
60 1000
&l
62

.. B3
64

65 . .
66 60
67
68

... 89 3090
70

—_—2
12
73 3ot
74
75 302
16

_ .11 200
78
79 201
LI
B1 202
92
a3 . _199
84

_ 85

R6 198

RE 1001

0 2

95 .. 10

98 11

106 ' 120

FORHMAT(HAS)

CALL SYMBOL(0,,0.,e2, ILARL,90,,40)
CALL PINT(,3,0,,~3)

CALL SYMBOL(OQ,90,0 42, ITYPE(1,ISY)(90,,15%)
CALL PLOT(2.+0.0+3)
REAL(20,1000,ENDS2) X, Y,2,T,C %, CORD
FORMAT (8F)

TEMP=SQRT (X#X+Y#Y)

IF((TEMP T, 3500,) LOR, (TeMP ,GT, 20720,)) GO Ty 60
GASU=GASU+C

GASD=GASN+cD

GACH=GACN+1,

CONTINUF

IsI+1

GO TN (300,301) ISY

CUNTINUE

nY(Iy=C

DYI(I)=R

GO TQ 302

DY(I)=CD

DYI(I)ZRD

CUONTINUE

GO TO (200,201,202) ISX
DX(1)=ATAN2(Z,SQURT(X#X+Y#Y))#57,2953
Gn TO 199

LX(I)=X

GU TO 199

DXtI)=sT

G TU 199

IF(1 (NE, 1) GO TO 198

OMINEDX(I)

DMAX=LX(I)

DMIU=AMING (DMIN,DX (1))
DMAX=AMAX ] (DMAX,DX (1))

FORMAT(5X, 3F)

IF( 1 LT, 2000) GO TO 1

IF(I ,LT, 2) GO TO 3

YLENG=AMA Xy (AIMX,ARS(BOUNG),=ATMN,6,)
IF(ARS(BOUND) ,LT. 1.E«4) GO TO 190
YDEL=YLENG

Grn TO 114
_YLENGSAMAX 1 (YLENG,ARMX,«ARMN)
YORL=FLOAT(IF1X(YLENG/YLEN))
YLENG=YDEL#YLEN

CALL AX1S83(0,,0,,=YLENG,YLENG,YDEL,YLER,
1"MICROAMPERES’,12,0,0,,Y5C)
IPSIFIX(ALOGIO(DMAX=DMIK) ) =1
_POWS10,%41p . - -
DO 120 J=1,4

DEL=SPACE (J) #POW
IT=IFIX(NDMAX/DEL} )+ 1=1FTX(DMIN/DEL)
IF¢IT LT, ITIC) GO TO 121

CONTINUE




89

20460000¢000
207550000000
21750 3bgyuuy
4nb730351230
175631163146

210454000000

/ETXXH
/PTEXN
/PTXXN
/PTXXN
/PTXXN
/OTXXN
/PTXXY

/142

/1

/+14
/421
/426
/+33
/+40

107 12) DMINZFLUAT(IFIX(DMIN/DEL) ) #DEL
___ 108 _ DMAX=RLNAT (IFIX (=, 1 +UMAX/DEL) +1 ) #DNF L
109 TP==TP+1
Al IF(1P ,LT, 0) JP=U
111 CALL AXIS3 (0400, ,0MAX,DMIN, PEL, ~XLEN, TAX(1,15X) 721850, ,X
a1t CALL PLOT(0.r YLEN/242~3)
113 CALL PLOT(XLEW,0,,2)
114 WEITE(5.FRED)
115 CaLL PLDT((DX(l)-DHIN)/XSC.DY(l)/YSC,!)
- 116 WRITE(3,1u0l) DX(1Y.DY(1),DY1(1)
117 GASI=GASU® 7/GACN/150,
118 GASDzGASD® [ 7/GACHN/150.
119 WRITE(3,1007) GASU,GASD,GACH
—120 1007 FORMAT(’ STATIC MEANM ANGLE €RRODR=‘,k,/
121 1° DYNAMIC MEAN AMGLE ERRNKz‘,E,10£, "COUNT=",t6,0)
. 122 bu 4 J=2,1
123 WRITE(3,1001) PX(J),DY(J) DY (J)
124 .4 CALE PLOT((DX(J)=DMIN)/XSC,DY(J)/YXSC,2)
125 T (HOUND 1.7, 0,) GD TH 8
126 Isw=2
127 CALL PLOT((DX(1)«DMIN)/XSC,NY1(1)/YSC,3)
128 DO 6 J=2,1
129 CALL PLOT( (DX (J)=DMIN)/XSC,DY1(J)/YSC,I5k)
130 6 Tgws5S=15W
131 B CALlL PLOT(XLFN+2,,=5,,=3)
132 Gu TO 3
133 204  CALL PLOT(3,,0.,999)
134 - CALL kXIT
135 STOP
136 . __END B o B
,,,,, __CONSTANTS
o Q __.__ 000000000550 1 000000000020 2
5 000000000024 & 176631463140 7
JE— 12 __000000000017 13 202409000000 14
17 204400000000 20 163643334272 21
.24 00000000000 25 000000000014 26
31 0up00o000003 32 200546314631 33
36 000000001747
_ __COMMON . -
__ __NRP____ /PTXXN /40 RXMN JPTXXN /41 RXMX
RYMN /PTXXN /45 RIMX /PTXXN /+b RYFT
 _RIMX _ /PTXXN /412 RLZFT /PTXXN /413 RZLT
RTFT /PTXXN /417 RTLT /PTXXN /420 ATMN
_ ALLT __ /PTXXN /424 ARMN  /PTXXb /425 ARMX
ADIN /PTXXN /431 ADTX /PTXXN /432 ADTF
ADRX /PTXXN /436 ADRF /PTXXN /337 ADRT,
__ SUBPRQGRAMS
v *

-
S5

)

1o
15
22
21
3

12aF T
RYLT
RTAMN
Arwmg
ARFT
ADLL
IpTOAT

QOGO ly
DUUDIUNDOLSY
214on94d 90000
ng32na2ndd
OuuLvaYoogn
203500000480

/PTXX: /43
JPTRAa /410
/PTAK /419
/PTXXT /422
/PTXX /427
/PTXRY /454
J/PTAX + /40

11
In
23
30
i

Rl
KAV
T
ATr
ARL(
AP

!qiﬁuuuuuuu”
1/74031403t4
Zub 12727133y,

T464n 4u2nyne

GLHIOBOO G2
2oZonaiontyo

JFT AR
/PTX X0
/PTaxn
ey
VARSI
/PY LXK

/+3

/41
/4lb
/+213
/+3u
/435



69

FIKSE,
SGRT

. SCALARS
e . RIP
PRT
I1TIC
DMAX
NAME
NRP
—  __RYMN
RZMX
RTFT
AILT
ADIN
ADRX
. ._.GaACN

T
TEMP
ARRAYS

. _1TYPE
pY}

+JREF ALLLD,
ATAN? LU D!

1230
1235
1242
1247
1254

12
17
24
3
36
1263
1270
1275

1302
1332

pLITS
AMBX 1

pRD
pAl
YLENG
peEL
15X
RKMN
RYMX
RZFT
RTLT
ARMM
ADIX
ADRF
11

c
puw

SPACE
pX

ALPHND, ALPHI,
ABS FLNAT

1231
1236
1243
125v
1295%

13
20
25
32
37
1264
1271
1276

1310
5252

14Tt
IF1X

PRX
PAR
YDE
Ip
18Y
RAMX
RYFT
PEZLT
AIMA
ARMX
ADITF
ADKL

J

1AX
Ny

el FLUNT,.
AXS3 ALuGLD

1232
1237
1244
1251
1450

14

24
33
44
1765
1272
1277

1314
11172

[ TN LR N
LXP2,2

PRY
X[
¥sC
xst
[XRTTES
RXE T
KYL.T
ETHS
RIMX
AFET(
ADTH
GASH
Y

Cv
IT

TvToAT

PLUT [
e,5T, P XIT

1233
1240
1445
1752
1257
3

16
15
27
s17
34
1261
1200
1273
1300

0

TLanh

Sy “edlb

1234
V241
Lé+ta
1253
1 2oy
4
il
10
23
30
I
1402
1767
1474
1301

1324

LR



0L

ABS 91
TROTF to
ADIL 19
ADIN 1o
_ADIx 1o
ADRF 10
_ADRL _ 1g
ADRN 10
_ADRX g
AIFT 1n
AILT 1o
ALMN 1o
AJMX 1o
ALDG1D 10a
_AMAXL 81
AMINL B¢
_ARFT 1o
ARLT 1o
_ARMN 1o
ARMX 10
_ATANZ T
AXIS3 9g
_BOuND 23
C 59
_€o . 59
DEL 19
DMAX 19
DMIN 19
_bx 1g
DY 18
_by1 17
FXI1 134
FLOAT_ 6.
FRED 19
_GACN 4q
GASD 47
_GAsU 49
1 3
.8
IAX
18UF . 20
IFI1LE 3
IFIX . 9%
11 S0
ILABL 15
1P tg
1pTDAT -
Isw 126
LIsx 23
IsY 23
dr . 10q
ITIC 1s
1TYPE 1
« Ll

92
45
45
45
45
46
46

46
4
43
43
43

91

44
44
44
44

11
91
63
X}

103
85
a4
17
10
kA

101

114
6%
64
X!
67
99

100

51
100
14
129
27
25
105
105
2

91
91

9%

5
95

70

52
101
33
130
2R
26

57

125

1017
100
100

f1
115
116

118
119
119

71
128

107
5%
109

76
s7

108
104
104

%4
116
123

119

73

108

111
68

111
108
1ol

L]
123
127

71

111

11
111

124
124

17

LR 124 127 12
H7 s Lo 124 L1724
11 R L] =1 w5

oy

A}



TL

J 102 103 122 123 124 128
NAMNE 23 32
_NRP ¥ 14 34
PAL 7 43
_-PAR_. 7 44
P10 3 45
_PLOT. 29 3o 56 S8 112 113
PLOTS 20
PoWw .. 104 103
PRD 3 46
. PRT 7 42
PRX 7 39
_PRY . 7 40
PRZ 7 41
_PTXXN . 1o
R 59 T1
_RD S9 74
RTFT 10 42
_RTLT lo 42
RTMN 10 42
RTMX . _ 10 42
RXFT 10 39
RXLT 1o 39
RXMN 10 39
RAMX. 1o 39
RYFT 1o 40
—BYLT . _ .. .. io 40
RYMN 1o 40
—RYMX. 10 40
RZFT 10 a1
—BILT. . 10 41
RZMN 10 41
_RZMX 10 . 41
SPACF 4 5 103
__SQRT . by 71
SYMBOL Ss 57
T . 59 81
TEMP 61 62
i SRR 1 - . [ 3 77 7%
XLEN 16 111 113 131
_XsC 19 111 115 124 127 129
Y . S¢ 61 17
_YDEL .19 93 %6 97 98
YLEN 16 96 97 94 112
_YLENG 19. 5 93 9% 96 97
ysc¢ 19 98 115 124 127 129

A 59 m



L

82

27

40

83

28

41
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25

20

SUBROUTTINE AXIS3I(XO, Y0, AAAX,AMEN,DELA ,AINCH, kCU,ICP ,NDEC, bk, DELDY

DIMENSION BCD(1)

HT =

A0

DELXSSIGH (DELA, (AMAX=AMIN))

wl=0
w2=0
Wl =
NEXP

0.
=0

NCH=TABS(NCR)

IF(PWk NE,0,) NEXP = &
CINCH=ZARS(AINCH)
IF(ARS(AMAX=AMTIN) +ABS(DLLX) LT, 1,E=3) GO TO 50u
IF((AMAX=AMIN)/(DFELX41,t=5),G1,3,#CINCH)
IF(NCR, LT, 0) w3 = 1,
NUMSIFTX((AMAX=RHIN) /JUELX¢1,9)
ANC=CINCH/FLOAT (NUMa])

IF(ATNCH,LT,0,)GN T S

w2s)

GO TO 10

wis1

CALL PLOT(X0,Y0,3)
DELH=DELX/10,##PWR/ANC
ANIJM=AM]IN«DELX

X=0,
Y=0,
XM=0

DO 40 I=1,NUM
ANUMZANUM4DELX

11=0

TF(ABS(ANUM) /10,4211 ,L,T,1,)GH) TO 20
11=11¢1

GO TO 25

IF(ANUM LT _ 0,)T1=1T+1

IF (ABS(ANUM) ,L.T,§,) 1T=00+1
TMORE=NDEC +1

IL=11+1IMORE R
IFCIFIX(W1)#l . EQ, 1) HT = AMINI(HT ,ANC/FLOAT(1142))
CENTFR = FLOAT(TIT)#HT/(1,+w1)

OFF
XC =

«0S
X o CENTER + W2#(W3#(,30+CENTER) =

IF(XC. LT, XM)XM=XC
Y o wy#(HT ¢ ,15 = W3#(HT+,3)) = W2eNFF

YC =
CALL
CALL
CALL
CALL
CALL

PLOT(X0+X,Y04+Y,2)
PLOT(X0#X4+,1#W2,Y0+Y+,1%4],3)
PLOT(XO0#X=,1%W2,Y0+Y=,1%#n1,2)
NUMBER(X0+XC,YO+YC,HT,ANUM, 0 ,NDFC)
PLOT(X0+X,Y0+Y,3)

_ X=X4ANCaW]
YSY+4ANCEW2
CONTINUE

40

BST
Xxc
YYC

(CINCH = FLOAT(NCH4NEXP)#,12)/2,

Wi (X0 ¢ BST) ¢ W2#(X0O + XM = DEF + w3#(2,#CENTER+,44))

WI#(Y0 + YO = 17 + W3s(HT + ,22)

PELX = (AMAX=R* TN} /CTWCH

o 15)

)

+ W28(YO0 ¢ BST)



vi

CALL SYMHUL{XXC,VYC/s 12,BCD,9u #w2,MCH)
55 IF(PWR,EQ,0,) RETURN
56 CALL wHERE {XW,YQ,X1CX)
57 CALL SYMBOL(XQ,Y0,.12,%H % 10,90,4%2,5)
58 CALL WHERE (X, Y0, XXCX)
- 59 . X = XQ + (xXCe,nA=XQ)¥W2
H0 Y = YU + (yYC+, 08=YQ)uw]
01 CALl NUMBER(X,Y, .09/,PWR, 90, 2W s, =1)
62 RETURK
.83 0 DELN = | ,E-3#]0,#¢PWR/CINCH
64 W=NCR/S
[*S- T . WRITF(S,1000) AMAX,AMIN,DELA,PWR, (RCD{L),1=1,%)
66 1000 FORMAT(1H0,27HTNSUFFICIENT RANGE FUR AXIS ,
_ 61 1/,1%,46G,7,1%,13A5)
68 CALL EXIT
69 RETURN
Tu END
- CONSTANTS .
T 0 175631463146 1 167406111564 2 160517426542
.8 201400000000 6 174631463140 7 177463146314
12 0000006000000 13 175753412172 14 177702430564
_— 201244030540 20 000000000000 21 UN000DIAULBS
e GLOBAL, pUMMIES
X0 656 YO 657 AMAX 660
AINCH 663 BCD 664 hCR n6%
DELN 670 ~ o
SUBPRNGRAMS
_ SIGK 1ABS ABS IFIX FLUOAT pLUT EXp3 7 Fxp2,2  AMIAl
EXIT
T SCALARS o
TTUAXISY 673 HT 674 DELX 675
. .. _AMIN 661 wi 676 W2 n77
NCH 702 NCR 665 PWR hn?
___ NuM 704 . ANC, 705 xo 656 -
ANUM 706 X 107 Y 710
S SN IMORE 114 RUEC 6nb
xC 717 yC 720 BsT 721
_ XQ 124 YQ 728 XXCX 7126
o —__ARRAYS
... BcDb 664
/ . - >

19
15
22

Al
WikC

Hgiise ik

DELA
wi
CIMCH
Y0

X
CrLIFW

XxC
K

2017103130 3)
17646314631 ¢
170534124727
17950 /534121

6bh1
6ot

symith witk RE

tny
Jan
T3
657
711
71%
17¢
721

4

ib
23

Lkl a
Fak

ALL L1,

AhX
ik ap
ALiCH
DEL.o

HFF
YyC

whidnonounue 3
qudygonanguu?
1inluzadesbu
175504,507534

hod
ne7

At ALprl

nbtr
Tul
bo$
6/
Tz
b
Ted



SL

_ABS 11
AINCH 1
~AMAX . . . L
AMIN 1
. AMINI] 37
ANC le
_BNUM 23
Ax1s3 1
~Bco 1
8sT 51
. _CENTER Jg
CINCH 11
—DELA . 1
DELN 1
~DELX A
EXIT 6g
ELOAT 1e
HT 3
D SN 27
1ABS 9
IEIX . .. 1§
11 29
—IMORE 3s
N 64
._NCH 9
NCR 1
_NDEC T
NEXP 8
NUM 15
NUMBER 4g
_0FF k1]
PLOT 21
_PWR g
SIGN 4
SyManl, 54
L3 5
-H2. &
Wl 7
_MHERE =~ =S¢
X 24
X0 . 1
xc 40
& I 26
XG 56
XXC . 52
XxXCx S6
. 25
YO t
Xc 42
Y@ 56

N S )

22
28

52
40
13

22
12

37
37

37
30
k1)
65
St

10
16
61
42
43
i

57
20
18
14

40
21
41

54

40

3o
17
12
12

37
3o

54
53
52
16
65
63
13

38
38
65

3

54
14
16
51
27

52
44
22

37
40
40

43
4)
46
52
58
59

43
43
53
58

34

13
L3

48
33

65

51

15

51
42

33

64

45
S5

38
42
42
44
44
59
44
44

0]

1o
15

49

349

63

22

46

34

47
61

42
44
S2

45
15

4%
45

65
23

16

23

53

k1]

63

44
45
53

47
40

47
46

65

28

37

3]

35
49

48
47

49
47

je

LL]
52

59
52

90
53

52
S3

61

61

6)





