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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. In 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 is 

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 O. 

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 

1 
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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: - (1)K 

where n is the local unit normal vector pointing out of the 

scattering surface and H is the total magnetic field, 

H = H. + H , (2)
1 S -where -H. is the incident and H the scattered field on the surface 

1 s 
of the scattering structure. In terms of the surface current den­

sity -K, the scattered field -H at the receiver is given by the s 
following surface integral: 

1 fCK (7)xVG(7 ,7) ] ds (3)411 l 
s 

-r -r .
In Equation (3), the vectors and r denote, respectlvely, ther l 
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 O. The two-point Green's function G(r-i ;7) 
is given by: 

(4 ) 

where k = 2 TIl A and ~ 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 
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that on the directly illuminated portions of the scattering surface, 

K is proportional to twice the tangential component of the incident 
magnetic field: 

K a on S (5) 

K (6)
 

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 

/v Jeri (;) xHi (7) Jx vG (IS.;T) ds. (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 A (about 

3 feet at glide slope frequencies). 

In principle, the solution to the problem at hand requires 

only that the magnet field Hi 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 (0, Ya' 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 ; at which we wish to know the magnetic field 

intensity Ha produced by the dipole at (0, Ya' h). In our earlier 

4
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glide slope performance prediction report,* it is shown that Ha(r) 

is given by 

ikDl (8)ikJ e o 
---.r7T D 2 

1 

1\ 1\ 1\
where e , e , and e denote unit vectors in the x, y, and z direc­x y z 
tions respectively, J o is a parameter which measures relative phase 

and amplitude, and Dl is the distance from the antenna to the obser­

vation point r: 

(9) 

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

we use simple image theory to obtain the image field H* (;):a 

ikD 2 

"x J (10)-* -+ 
e 

(z+h)eH (r)a D 2 
2 

where DZ is the distance from the image of the transmitting dipole 

to the field point -r: 

(11) 

-+. •
The total field intensity H. at r IS Just the sum of the direct 

(H ) and ground reflected (~:) signals:a 
-*­

= Ha(r) + Ha(r) (12 ) 

Note that on the ground plane (z 0), the z component of H. vanishes 
1 

identically. 

* ILS Glide Slope Performance Predictions, Vol. B, FAA-RD-74-l57.B, 
S. Morin, D. Newsom, D. Kahn, L. Jordan, September 1974. 
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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 l , 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: 

.-.. -.. ..... ~ 

'V G(rl,r) ~ - ik (rl-r) e iki7l ~I 
(13) 

Irl-rl 2 

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(r l ), the z-component of 

scattered magnetic field at the receiver point r l : 

2
k J
 

H (r ) o
 (14 )
sz l W 

where 

(15 ) 

ds (16)
D 2 R 2 

2 1 
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ds (17 ) 

(18)ds 

[x2 + (y_y )2 + (z-h)2] ~ (19)a 

[i + (y-y )2 + (z+h)2J~ (20)a 

[ (Xl - x) 2 + (Y1 - y) 2 + ( 21 - z ) 2J ~ (21) 

[CX1-X)2 + (Y
l 

-y)2 + (2l+z)2]~ (22) 

(23)
 

n 2x (Y l-Y) + [n l x+n (z+h)] (Xl -x) (24)
3 

In Equations (14) through (24), the coordinates (Xl' Y ' 21 ) denotel 
the coordinates of the aircraft, (x, y, z) the coordinates of some 

source point on the surface of the scattering structure and (n l , 

n 2 , n 3) the components of the unit outward normal to the surface of 

the scatterer at the point (x, y, z). The integrals 1 and 13 4 
represent the contributions of the image of the scattering structure 

in the ground plane z ~ O. Note the following relationships among 

the four integrals: 

(25) 

Consequently, when 21 

• 
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The direct numerical integration of the integrals II' I Z' 13 , 

and 14 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 

nwill 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 II' 

I Z' 13 and 14 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 integral 1 for an arbitrarily oriented rectangular plate.1 
In the course of this evaluation, we will discuss the size res­

trictions on such plates. 

In Figure Z, a rectangular facet typical of those making up 

the surface of some scatterer has been drawn. We will evaluate the 

integral 1 of Equation (15) for such a facet in the Fraunhofer1 
" Aapproximation. The unit vectors n and ~ lie in the plane of the 

facet, are orthonormal, and define the direction of the outward 
A

normal n: 
A A A 
n nx ~ 

The center point of the facet (x o ' Yo' zo) will be used as a local 
origin of coordinates for the i.itegrations which are to be per­

formed. The integral II is given by 

F1 
II J= D 2R Z ds (Z 6) 

S 1 1 
+ 

8
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FIGURE 2. REPRESENTATION OF RECTANGULAR FACET
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where 

(27) 

(28) 

(29) 

Clearly, the d~stances Dl and Rl denote, respectively, the length 

of the vector Dl from the antenna to a point (x, y, z) on the sur­

face of the facet and the length of the vector -Rl from the point 

(x, y, z) to the receiver. From Figure 2, it is seen that the 

vector D can be represented as follows:l 

(30) 

where 

(31) 

and 
_ A 

r =- nn + E,E, (32) 

and the ranges of the variables nand E, are - ~n < n '5 ~n and 
~E, < E, < ~E, From Equation (30), we have
2 - 2 

2 - - 1/2r +2D or) (33)D = D 1 + 10
l 10 ( D2
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Normally, is on the order of thousands of feet and r is of theDIO 
order of tens of feet so that the radical in Equation (33) can be 

expanded in powers of r/DI O to give Dl approximately as a function 

of nand E,. To terms of second order in r /D l 0' we obtain 

r 2 (DlO'r) 
(34)Dl~ D1 0 ~ nCo s a +' cos {3 +-- ­2D lO 2D10 

10 



where 

" :: l\O/D lO (35 ) DlO 

" COSet (36 ) DlO'n 

" " cosB = DlO'C: (37) 

The numbers COSet and cosB are the direction cosines of DlO 
relative to nand g. 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: 

= + n COSa + c: cosS (38)Dl DlO 

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

(39 ) 

Equation (38) should provide a good approximation for the distance 

Dl as a function of nand c: as long as ~n and ~c: are chosen so that 
~ in Equation (39) is small compared to the wavelength A. We will 

return to this important requirement later. 

Similarly, the vector Rl can be represented as follows: 

(40)
 

(41) 

Thus, in the Fraunhofer approximation, we find 

(42) 
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(43) 

(44) 

cos a 

cos 8 

(45)where 

In Equation (42), we have ignored terms of second order and higher 

in r/RlO ' 

One final approximation which we will make .is. that 6. nand 6.f. 
are sufficiently small compared with DID and RIO' 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 

(46) 

where FlO' and RIO' are the values of Fl , Dl , and Rl at theDlO ' 
center point (x , y , z ).

000 

Substituting Equations (38), (42), and (46) into Equation 

(26) yields the following approximate expression for II; 

+ 6.f./2+6."J/2 

ei ik(D lO +R l01 e ikn (coso: -cosy) dnJ eik~ (cosJ3-cos8) df.I 1 
-6. TJ/2 -6.f./ 2 

(47) 

Performing the integrals indicated in Equation (47), we finally 

obtain the following approximate expression for II: 

x 

( 48) 

S in( k f'7 (cosa-cosy )} sin k ¥- :cosfJ-cos 8 )) 

(cos a -cosY) (cosJ3-cos8) 

12 



A similar treatment of the integrals 1Z' 13 , and 14 ultimately lead 

to the following approximate expression for the scattered magnetic 

field intensity at the receiver due to the rectangular facet: 

FIOeik(DIo+RIO)-+ J o sin(kM1JIZ) sin(kB69'Z)H (r )=­ -Z-Z 
SZ I Z11"Z DIORIO A B 

sin (kAlA?']/ Z) sin (kB16!/ Z) 

AlB l 

sin (kA Z6,,!/ Z) s in (kBP fj Z) 

AZB Z 

sin(kA3~,,!/Z)sin(kB36!/Z) (49 ) 

A B
3 3 

where FlO' RIO and denote the values ofFZO ' DIO ' DZO ' RZO FI , FZ 
DI , DZ' Rl , and RZ at (x ' Yo' zo) and the parameters A, AI' AZ' o 
A3 , B, BI , BZ' and B3 are defined as follows: 

A cosa cosy B cosS coso (50) 

Al cosa l cosy Bl cos Sl coso (51) 
A cosa COSY I BZ cosS coso l (5Z)Z 
A cosa l cosY l B cosS l coso (53)3 3 l 

and the angles appearing in Equations (5 0) through (53) are defined 

as follows: 

1\ A A 
xoex + (y -y ) e + (zo-h)e (54)DIO o a y z 

- 1\ A A
 
RIO (Xl - xo ) e x + (Yl-yo)ey + (Zl-zo)e z (55)
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- 1\ 
x e o x 

1\ " + (y -y )e +(z +h)e
o a y 0 z (56) 

- 1\ " " (Xl-x )e + (Yl-y )e - (Zl+zO)eo x 0 y z (57) 

and 

cos a cos f3 (58) 

- " . DZo· '1 
(59)cos a 1 cos f3 1 

DZO 

cos a cos 8 (60) 

-RZO' "€ 
and cos a 1 cos 81 (61) 

RZO 

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 the 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 '~f] and 

~~ 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 A for all points on the 

surface of the facet to which Equation (49) is to be applied. Thus, 

in choosing appropriate values for 11[, and 11[, , we are essentially 

faced with an optimization problem with a constraint. Specifically, 

we want to maximize the area I1nl1[, 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 ofl , 

the quadratic path length difference term is given by 

(62)
 

Depending upon the sign of cosacosS, 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 than /:)., but 

always positive. We can optimize our choice of/:).n and/:).[, by maximi­

zing~n /:).';subject to the condition that /:). 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 (D I , D2 , Rl , R2) and then from the 

resulting set of solutions the smallest values of I1n and 11[, 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 J being varied to take into o 
account the exact phase and amplitude ratios among the various 

elements and, along with J ' the height hand y-offset Ya of each o 
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 (D.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 anyone of the three 

frequencies at the receiver location r is just the z-component ofl 
Equation (1Z). 

. kJ-+ 1 0 (63)H. (r )
1Z l 47T" 

where, here, D and DZ denote, respectively, the distance from the
l 

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 He' H and denote the total complex amplitudes at the150 , H90 
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. (64)Re ("ISO": "90) 
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 

C. D. I. 857.14 Re (", SO": "90 ) microamps (65; 
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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). 

ikDZikJ (63)o
H. = e ]lZ D 24 1T Z 

where Dl and DZ 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
 



(X ,y ,Z1)
1 1 

• RECEIVER 

..... 
00 

DIPOLE 
(O,ya,h) 

FIGURE 3. TYPICAL PROFILE OF ONE-DIMENSIONAL TERRAIN VARIATION 

• 



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 0 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 0 course 

width (full deflection 0.7 0 above or below the glide path). Let 
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Ie' and denote the current amplitudes fed to the antennas1150 , 1 90 
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 

1=1 I 0c c 

0.4 1 0.12150 

0.4 =-0.121 90 

Note that all current amplitudes have been normalized relative to 

the carrier current amplitude (I = 1).c 

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 r 

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 0 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 0 as in the case of the null reference array. 

The sideband reference parameters are summarized below. 

Upper AntennaLower Antenna 

=Height = h Height 3h
 

l 1
 I 0 c
 

1150 0.28 1150 0.12
 
c 

0.52 -0.12190 
190 
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Note that the 1 and 1 current amplitudes given above for the
150 90 

lower antenna represent the sums of the carrier sideband and 
separate sideband signsls = .4 - .12 = .28, = .4 + .12(1 150 1 90 
= .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 0 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 0 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 0 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 

I c 1 I c -0.5 

0.34 -0.08 

0.46 -0.32 

Upper Antenna 

Height = 3h 
I 0 c 

-0.06 

0.06 
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Note that the lISa and current amplitudes given above represent190 
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 y and h denote, respectively,a 
the y-coordinate and height of the fixed antenna element. The 

y-displacement, E, of any other element in the array relative to I' 

the fixed one is given approximately by: 

(66)E 

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

For the present study, the wavelength A 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 SA and lOA) for the null reference 

array,. 7.17 feet and 2l.S feet (approximately 2.SA and 7.SA) for 

the sideband reference array, and 14.33 feet, 28.66 feet, and 

42.99 feet (approximately SA, lOA, and lSA) 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 30 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
 

~ 

5 
6 

9 

II 
12 
Il 

----.ll..__ 
15 
16 
17 
18 
19 

--.2Q._-­
21 

~-­
23 
24 
25 
20 

N 27
00 28 

29 
30 
31 

-.12 _ 
3l 
14
 
35
 
36
 
37
 

__1.L__ _ 
39 
40 
41 
42 
43 

____H. 
45 
~ 

47 
48_ 
49 
50 
51 
52 
53 

DIMlNSION ILABL(8)
 
[)jM£N~jIJN IPTUATPJl _ _ _
 
CD~MON IPLxTI NRP,RXMN,RXMX,RXFT,RXLT,RYMN,PYMX,HYrI,~YLT.
 

1RZ;M-!! , R~MX , RUT, EZLT, FlMN, RTMX, RTFT, R!LLL
 
2AIMN,AI~X,AIFT,AILT,ARMN,ARMX,ARFT,ARLT,
 

_~D~~I-AIULLAIl..l1-,_. .	 _ 
4AnRN,ADpX,ADRF,ADRL 
~~JVALENCE [lPIQ~T[!),NRPJ
 

IMPLiCiT CO~PLf.X eCI
 
DIM~NSION X(20)'¥l20),Z(20)_
 
DIMENSiON CF\(2UI,Cf2(20),CF3(2UI
 
PH'_LIClT DoUBLE PRf.CI.s.l.QN..---l!!.L- .~ _
 
COMMON IREC/RX,RY,RZ,RT,NSIZE
 
R<:AL L~MBDA __ _ __
 
COMMON IGROUNDI K,XI(20I,ZI(20I,X2(0/20I,Z2(U/20),llL
 
CO~~ON fANT/A~,Ay,AZ,LAMADA,OA~,Dpl 

COMMON 'VAL' HR,HI
C	 _ 
C THiS VALli'; Of TWO PI IS INITlAI,IZ,:D THiS ~AY TI] AvnlU USP.G 
CALOCK DATA 

OPl:h.283IR5307179586476Q 
C 
C fHIS OPENS THr OUTPUT fILE 

~'-n.Q£_lJ'f:.11I 'STR I P.'.L- _
 
C
 
C THIS SUBRUUTlNE OpENS THl ,'LIGHT PAI.H _.F:JLl A"DHlTURNS 'IT'.1. 
C THE fLIGHT PATH PLOT LABf.L (ILABL) AND TIME CONSTANT (TAUI 
S THE FILE WAS SET Up WITH ,JOVfl.AX SU_ THIL':;UBRDUTINE: AN.Q. l',pUT APE 
C liSEn TO FACILITATK ~ODIFACTIONS 

__CA-k1....l.f..i.!J.A!l.lu..1.Al'L___ _ _ 
1000	 FORMAT(8A5,Fl 

WRITE:(I,IUOO) ILABL,TAU 
C 
C TH)_Q... Sf.CTION. !.NUI_~LIZ;:S SOMF CONSTANT!1 _
 

NRP:O
 
C __ __	 _ 
C THIS S~CTIO. INPUTS THE GROUND STRIPS DECSRIPTIONS 

CALL I.FlLf,(20,'GRNO') 
READl20,IOOOl ILABL 
W..B..!.IT1..L.l Q0 0 J n Al' L 
REAOl201 K,XI,ZI,X2,Z2 
CALL~s....1.2..l!.1-.. _ 

C 
c.__ _ TIH.s.....sf.C.I!ON INplJ_TS THE_ ~~.TI!'4_~..fILEIIME _TO .B~U~ __ 
C AND THEN INPUTS THE ANTENNA ELEMENT DESCRIPtiONS 

.._...Joo'B.illil...2Qo..LL _ 
2001 FDRMATI' INPUT ANTENNA FILl NAME:',S) 

R~AJU5,20001 ILBL 
2000 FnRMATIA5) 

__~fILE(2QdI.BLL_ 

READ(20,1000) ILABL
 
WRItE..lL.l.OoDLHUI... .__
 
READl201 LAMBDA,NEL,(X(I),Y(I),ZIII,CFllll,Cf2(!I,CF3(1),I:I,NlLl
 

..
 



~-5~4 lot P 'TF ( 1) l'A --lHll A , rJ t L, ( X( I ) , Y l 1 ) , Z ( I ) , r~· \ ( I ) , C ~ ) ( I ) ,C ~ .H t } , r=I , h VI. ) 

55 (HI,	 RF.L~:AS (20) 

50 SGlRT2L= I ./SrJRT( 7. oLA /·,,,,nA)
 

57 n:~f'7=LA~HnA
 

5H
 nAK=npl/nnL~(LA.HUA) 

SA"=SrJGI.WAK)
 

61' r
 
_~.~9 

(" THIS 15 THE MfI{(\! LtHlj,J "'fiR ThF. STI·\dLflTll1r". rfiF I-H.CF.J\iLf.!01 
62 C LnCATll)!l IS RFlI,P IN f-l.Y INPUT. TH~ OAr/l loS J1J C:W'I.IJ 'j.ol-.r' 

63 C THF. INPIIT f\Ft~c; t)OfJF	 R'{ ,Jl1VI-J~X. , ..' Tli~RF AI·'F r~ 1 Ml1pF F.f-r~,II/Fk. 

64 c POP,TS THF SlIRRl1Ul J~F: Bt<Tll~(~S 1'(1 Illll.
 

__6~.. 201 (Aid, JHPt1flS2"O)
 

66 C
 
67
 ( THIS SfCTIO~ INITIAL[Zt-::; THi- (ll\,'PI,V),. A/OIPJ.JTI.I11FS "Ilk 

6R r. T~W R~:(UH[I flEW AS FULI.(]"S: 

t>9 C CHH rAPI-<IF.~ ...'IIH "f.!E".AI,' Gkllll,'lil 

70 ( cn~1. 150 H7. SlnFH"~~l' ~ITH '~":h(J' l,IJUIJt;l) 
( CFR3 9UHZ SIl'f':RA,,,.1) 1f'(T1i ~Hr;AJJ~ (.iPO!lun11--7-i C	 Cf.tJl rAF1f-'Ir.~ ~ojITH 'ltH-::AL.' FLAT GIJUNI" rJ,A~!f 

C'rS2 1~IH~Z \'HTd ~1()f:AI,' <.;f/(11.1L'11J73 C 
74 C CF<·'!;) qll Hl"llH 'II)!::Al..' Gf.:nll~11 

75 Cf~l={U.,D,)
 

76 CF R2=(O •• U.J
 
77 CfHJ=(O.,U.)
 

-~78 CFSl=(O.,O,>
 
79 n·~l=(O,.O.)
 
RU C"·53=(0.,O,>
N 

H2=~QHT(RXoRX.RZoRZ)81\0 
82 C 

-----'LL __ r . THIS LOOp 1~ llV~R TH~ ELPIF'TS rw TH~: A·,:n r:,'~ 

84 C TH~: CIINPI,EX FI~LJ)S AR~: SIl"I·I~D II· CHI.erp, nc. 
R5 Illl 3 H'L=I,NfL 
80 ( 

,'~IV A~TV~NA ~[~·~~'~T~C TdF,sF': ARF' 'r~4J;. I,nCATH1"! CflllpOI i1A1FS I)~87 
( ~~D CU~~TA~lS IlS~1l IN THE SIRiP l,n~:(;RAT"HJ 

R9 hX=X( IEL) 
8H 

--9U~·· AY=Y( H:LJ
 
91 AZ=ZIIEL)
 

9i IJ~LX=RX.AX 

93 IJELY=Ry·AY

---94 nF,I,Z=J<Z·AZ
 

95
 rH<=I'SuHT (DE:LX."l:LX. OELYoOF.LY .IH:LZ.IH.LZ J 
~---q(, 

R=S~GJ,(OR) 

97 PR=DP.OAK
 
<iii 1I,:IlR/nPI
 

'19
 ( 

C TillS ~F:CTIUN I~ITIAf,IZES HR ~NO III T" "KLIIIH~ T,n 
( S~~I-I~FINlT~ pEAR GROIlNn PLAOE 

IOU 
----.lQ.L ~ ..
 

102
 TE~P2=OR-~BLE(FLOAr(IL»onPI 
n:"p=R2.AZ
 

104
 
--.19~ 

FI:SQRT(TE"p'Tr~p.AloAY) 

f2:-RxoT,Mp/(RloFl).102
 
lOt>
 rC=SORT( 1 •• AYoAY/('ff~".pon:·'PJ) 



101 rO=TCo.Z
 
_IQR RI=R2°TC
 

109 S=SUAT«I./R2'I,/AZ1/(TCOrCoTC)1
 
.11u G=~X/(Tn.l'D·Rl·~J.S) 

III Tl"P=SAK of1
 
.---.LlL Sf=5I"(Tf"pl
 

II j ~'r=cnS(T~Mp)
 

IH T~~";AZoG/D.K/Ft 

115 C 
._ 116 C Hk, ANn HI Ar;y THF PfAl, A'-,II Ji o1 ,\(:1 1I..oF/'r PAl-iTS [W TLjI- (,l("pL\-, 

111 C "(;~JI~" FAcrnH nf 1H~ Gk(lll1Jf) SII~r'AC~ SCAITt-f.<]I'Je 'Iff THF hrClr~"Fj.; 

---W.ll­ C LOCATl[Jlt 
119 HH=-T~~p.(~F·.Fr/{DA~.Tn» 

--!2D "l=Tl"po(fC-Sf/(DAKoTDI) 
121 C 
122 C THTs SllBRI)J)1 I"JE:: Sll~-1S THF "GAI"I" FACTfjr: rrlJ·~ r:ACH .sIkH' {JF 
123 C TA,: GhOU"il SlIRFAO: 

__--!.2i-_ CALL SCAT 
125 c 
12b c T"lS sECTIn, PICLU[>fS fHE fTn.CT rw Ttl£:' ['If-'EeT FAI,IliT/": ~ I- I I , ~ 

127 C TAl. •• TI". lLF"INT .T TH[ AfC[IV~R 

128 AR;'IRoSCJRT7L 
J 29 "I =II! 0S.lAT21, 

-l-lU TL~P;l)ELXI (j<o,o 
131 Sf=Sl'l( rF>'pll 

CJ-l .lJ2 FC;COI; (T£f'p2 I 
o	 133 C 

U4 C CTtMp IS THf COMPLEx GAl- FACrO" I;'CLUUJ'G A/.,L RA/·le1J"\ n;rw 
I 3~ C THIS ELl,MENT 

--l-1b.-. __ CTEMP=CNFLX(-rE~r.Sf.HF-HI.TE"r.~Ct~FtAI)0.5/LA"~VA 
131 C 

--l-J 8 C THIS S~:CTlll~' ACcUMuLAn;S TH~; flt:H'S flf' TAE. VARJ['US H-YlJlJ~· 'C '<5 
139 0'$' =("F'SI.C n:ep.cn (IE:I-) 
till CFS1=CFS2tCT~NpoCF2(!~LI
 
141 CF'Sj=rfS3tCT~MPoCF3(I~LI
 

------l--42.- ALPtl=SA~.2:.AZ'RZ/F 
143 CTEr!p=TE~P •• 5/'IA~Bl)A.C~P{,X(-5f.~-C)~ 

.~44 ICftPLX«(1.-COSOLPHjl,-SIN(ALPII1) 
145 CFRI=CFRI'CTE.po("FI(J~L) 

_-.l..1..h..._ Cf'Fl=C'HltCrt:HpoCf2(!~LI 
111 CfHj=C'R3'CTf"poCfJ(IEL) 
14R J CONT 1"[1£ ._ 
149 ~HIT[(1.2~oJ) RI.RY.RZ.RT.CFRI.CFRl.CIHI.CFSI.CF82.CFSl 
l!ill 2Q03 fOHMAT(~"',b~13.b,I,b~13.b) 
151 GlI Tn 2U I 
IS2 C 
153 C THIS IS Ttlf: n:H"II,hTIO,; S~CTfot,. THf; IN1I'IH R':CllFIl rlN 
1"14 L...I.JjL.lJU1£>UT flkE I s ~RITTE" />,NJ.) 1!!J:: Pl'llGRA" . ILlV" !"'.A.I£1i~ 
155 200 CAI,L Ff.I,EAS (II 
~ CALL ElI:lT 

157 STOR 
-~- t:NQ 

~ " 



CllNST~Nrs 

203b12071 375 25(1(l42i150I\{lbl 2 IlIj(f(I(JI_l lI{:'llrIlJ .I ~ r r. '::1 , 1.) ~ 'i" ~ 'I0 1 
5 Ol)ooot)OOOO24 6 4Jb451b4210n 7 (lIlOl)(JU Il O\I\I(lI l I,' 

COMMO", 

/lRP IPI,X 1 I'(j RX·"""j IPL,r f.},~X /PI.;C: r 1.2 I(,(i,'r J ~I I I... r 1'.1 ~ XL. I />-,1.:.., I. I 
RyMN IPI,XT RY~X IPt.,T I.b PYfr IPI,XT 1.7 I'y[, r /PL.c..1 1.1 Ii ~ Z t' I~' I, '1. r I. I I 

1'1 
I'~ 

~ZLT IPJ.XT I-<f,'f' I "1, Xl / ... 1 (, I- I F I If) l'A. j / +1'"RZMX IPI,XT 1'12 Ilu'r IPLXT 1'13 1'1'
 
RTfT IrLXT 1'17 pTLT IPI xr 1+';'0 A ll·~ ..~ IPLXT I +ll J\ I ", ,'I, I iJ I A r It';.) A I f" I /1·' I." I 1+ / J
 

A1,,<1. I II-"J .\ j 

A() I N IPLXT !+JI ADI( IPL.XT I. 31 Aillf IPJ, Xr 1.33 All (I IPLXI I ... j ~ A11 f..;' I ~ L': t I • 3~ 

ADRX IrLxT l+3b AllRF IPLXT 1.37 I PI,XT I' ~v 

. HLT IPLXT 1'14 ARMN IPLXT 1+25 AHM~ I~LXT 1.20 i\ ~ Jo I IpL'~T 1+,,7 ! • ;" 

AIlRI, /;"1-,( I ... \) f..,'·t' /1-0 r (' I. 1 

RZ I~EC I'l pT IRF(" I. J t~S I Z~· I~FC /+4 
,"' /''';kl.,I) f~)J+'1 XI / (.J,' III J, / ... I 

I~ t 1,1', I I ... I,/<;Rflu~rn/+LS X, IGI.j(lllfHlj tS 1 /Gpl)11"Jl)/.'10 II- L I C;f..;(-il'·;' I ... L !. j 
AY IANT I. I AZ IANT I., LA~~HnA /A~JT 1+3 lJ ...... I A I~ 1 1+ • IlPl I ~ • ) It< 
liB IVAl, 1'0 HI IVAL 1.1 IPTDH IPLxt It IJ 

ZI Zl 

SLltjP~oGRAI"S 

flIBSE. • ,JH~'f" llt' I LE If ALp~lJ. AI.. pH 1. .. I.l1lJ T • J.'L I \.JT • If II" h 1 i~ :lk. h r~ l·t·, n,:.:. ~~ i \. I I) i~ j, r 1,1'1). } 5'·\,1. 

I NPII'r llSlJ~l O~",i. 2 D'M .1 IlfA.2 [)f". h llFf.1'1.2 1[> I ''1 FLflAT tIFf). t l tll"S .1 1 ~') I . ('1 1:-' 1.1'11. l I'" A • . 
JJfS.1 SCAT Cv1plJX C' D.O Cf M.2 CF".O rot 

LN SCALA"s 
f-' 

DPI b TAU 1017 r~Hp 0 , I Lt' L 1 I' 1 (j" r ~~: .. ~' ;. 1 \1 -;.~LAMBDA 3 NrL 1021 I 1'122 S J~ 12L 1.,21 
("FHI CFH2 ] tj )11 rF"1 1,03 ,/ 

CfSI 1034 CfS, 1() lb rr 53 11)4'(1 H2 '0 4 ; I' , 

RZ 2 yEL 123 AX 0 Ai I AI. / 

I'E:!,X 1043 O,:LY 1045 FY I rtEI.l; IJ47 

--~ ...1 SAK 1025 1020 

i ' I~ 1 ,I ~l J 

B 1053 IL lOS, n:~p 1(j5S , \ \O~l) , l II)~J 

TC 106(' TD 1061 PI I :'h 2 S 1 \)t> 4 ,. J I' h ~ 

___ 5'_ 1065 F'C l{1~b H~ 0 IHI en. 'p JIIt)J 

ALrH 11171 pT J H: x~,;~ 1 R x. ~' . .l l I- .x. ~ I I 

I<tl,rpX!,T 4 pY~I; 5 RY"~ 6 HHI I 1<' 

RZMN II pZMX. I;> ~ZfT 13 HZI,l I4 1, 
PTMX I ~ RTfT J7 ~TLT 2° 2 I '-iA If", k""I,' A. 

AIF T 23 AII,T 24 A"MrJ 25 AR" x 2b AH 1 ; I 

,ARLT _ lO AD! t~ 31 ADIx. J2 AI) If lJ AI,1 [. H 
AOBN J5 AlJHX 36 ACJRF 17 AIlH L, ~ll I' ~') I. Z1', \ 

APRAYS 

ILAHL lu72 IPTIlAr 0 X 1107 I Illb 1. I " I 
___eI.L ..11 76 r f 2 124b Ct,l l.ll~ XI I 1.1 I'> 

X2 51 Z2 7b 



-.AQlf 3 
AOIL 3 
A!l.l..'L-__ _3­
AoU 3 
~- 3 
AORL 3 

-.ADF_~ 3 
ADRX 3 
~--- 3 

AILT 3 
..~~ 3 

AI"X 3 
.AlJ"!'I 142 113 

ANT I ~ 

~-- ---3­
AIlL! 3 

...AR!'Ji ) 

AIlMX 3 
_AX 16 RQ 9, 

AY 16 90 9 J 104 lOb 
---AZ.....__ _._ _ __ .11> 91 9~ 10) '1)7 10'1 I 11 1-\ 2 

cn II 5.1 51 1 3~ \'15 

..J::H II ~J 51 111 1 146 
cn II 53 54 141 H7 

_.J;fRL 75 lt1S 119 
CfR2 h 11b 149 

----cr..R.L. _ 77 
CfSI 78 

147 
13" 

14~ 

149 
__ Cf5.l 79 140 14'1 

LN CfS3 110 14\ 14'1 
N C"l'],.X 13b 

COS 111 
----.en;.1£.. _. 136 

OAK 16 

10 
132 
1.39 

58 

HJ 
140 

59 
141 

97 
143 
1 14 

14~ 

11'1 
14b 
120 

1-17 

.1261,1: 58 
DELX 92 

102 
95 110 

.Oe;LY 9) q~ 

DE:LZ 94 95 

~-- 16 
011 9~ 

21 
9b 

~8 

97 
9f! 
OR 

102 
102 

.11@RT 95 
EXIT 156 

_ll. 1()4 105 III 

f2 105 114 
----EC­__. .il3 jl9 120 132 136 143 

fLOAT 102 
--.G. Illl 114 

GIIOUND 15 
.---'U...-.. 17 120 120 l)h 

Hll 17 119 128 1 36 
I -ll-­
IE\.. 15 

'i.4 
85 89 90 91 11 9 140 141 14~ 14h I'" 

~_ . 30 

..
 



IFI!..E 38 ~I)
 

II.. 98 101
 
&~~ I 30 12 lq 1" ~ 1 ;'2
 
ILIlI. 18 50
 
INPUT 65
 

-IPTDH R
2
 
K 15 41
 

~ 53 54 &5
 
NRP 3 R 35
 

8TFT
 

f,~~8nA 14 16 53 54 56 57 5~ I 16 111
 

.'!SHE 13
 
OFtLE 24
 
PLXT 3
 
B 9~ lJn 142
 
M_~. I'IS !10
 
R2 81 103 105 11I8 10~
 

_R.E.C 13
 
RELEAS 12 ~5 155
 
~T 13 119
 

3 
RrLT _ J 

3RTHN
 
RTHX
 3
 
RX 13 8 t 92 105 1\ I) 149
 

_~_~fT 3
 
3
RXI.T
 

--'IJ_'i~ 3
 
RX14X 3
 

VI BY \3 93 149
 
VI
 RYFr 1
 

_'!J_l,r 3
 
RYM~
 3 
~____.J_
 
RZ 13 HI 94 142 149
 
Rz.n
 3 
RZLr
 3 
BZIoIN
 3il-ilolx
 3
 
S ..t ~9 110
SAiI---­

59 III 142
 
SCH 124
 
~- 112 119 120 131 I 36 143
 

SIN 112 131 143
 
59 9b
 

SQRT2-L 

SNGL-­
SQRT 56 til 104 lOb 109
 - 5;;- ­ 128 129
 
TAU 30 32
-te--­ 106 107 108 109
 

_.l!L_ 101 lIn 119 120
 
TEIoIP 10] 104 105 106 111 112 II 3 114 I I·~ 12\1 I 3,' 130 1 • J
 
~___ ~5_1 102 131 131
 
VU 17
 

_X______
 10 53 54 89 



- . 

I 
2 
) 

--'" 5 
--~-­

7 

---~ 
9 

_.l.9 
II 
12 
1) 

~­
15 

--li 
17 
18 
19 

TillS SUBRljllTl~)F npF:~'IS THI:: ~'L,IGHT PAPi FII.~: flNll rl~J-!IJrS 

F1.IGHT P~TH PLI11 L~Hf:l, ~NI1 THf. tNE~1IAL T1"~ C"'5TA"T 

r 
C 
C 
C 
C 

__ C; 
C 
C 

THIS SlII\RUIITtNf: INPUTS THE'. R[CfIVfR LUCATlll," 
~UU.RI>IN~n:S tlf" THE NEXT pnltHl1" THf f-I,Jr;H'1' PATt'. 
ARF t~[1 f,nB' pnlNTS THE SUARnIlTI'Jf: FXlTS Tli TIo; 
Erin R~TIIPN pOINT 

SlIBRflIlTI'JE IFtll,~flL,T~U) 

I>IMEN6IDN ,LAHLIR) 
ClIHMnN/RECI nUMt4I,NSIZE' 
qh.h_"OV..s~_lt 1,' PAIH .r)~ T' I NS I 
WRITE't5,lnoOJ NS 

IUnu FflRM~T(15,' RfCURDS IN p~TH.nAT',I) 

NS!ZI.=t NS-8)/4 
CALL JUV~ltl,ILAAL,6,UI 

CALL .JOVWl(l,T~lI,I,OJ 

!'J:;1 tlRj, 
f:Nn 

I F lItEH~ 

T~.~. 

CONSTANTS 

0 OOOOUOOOUOOI 1 5(21))2444114 4), "l~, 3/4 2tJ 1 OIJ i)OOI'I/ljOlil/i,U,1 o/IJ<lIlI,illll){}IJ 1 L) 

VI 
V'1 

GLUBAL 

lLABL 

DUMHIES 

~~ TAli ~7 

Cfl/olHUN 

flU" IREC 1+0 NSIZE" IRf.C 1+1 

SIIAPROGR~MS 

JOVSET It'TO. INTI. JUVol 

SCALARS 

If" 70 NS 71 NS I Zf: Tr,U hi 

ARRAYS 

ILABL 6& (lUM o 

DUll 11 
IF 9 

_II,AAL____ 9 10 It> 
JOVsET 12 
JnVwl 1~ 17 
NS 12 t 3 15 
NSI Zf: I I 15 
HEC II 
tAU 9 17 



IOOOP 1 J 14 

I SIIMI'O"Tl"f~ I NPUl(S) 

2 ('11 111 ;01. IJ.I~CI f.i:X(4) '''''~llr, 

J IFUIS)7,E .I.F. 0) R£r"k" 1 
~ C~LI. JOyw11 I,R).,4. 0 ) 

5 "S I I. f: ='J S TZ,,: ­ I 
tI RcTlJp" 
7 EIJ!) 

("ON:;TANTS 

VI o OOOl)OOflOOvOl OOO(/()OOlJ(jl,)04: 1·,)llllf){lOOOl)llil 

0\ 
CO~'·ION 

RX IPEC 1+0 NSTU Ik f'C IH 

SIl~rpor.PAMS 

,lllYWI 

SCALARS 

INPUT ]b "SIU 

ARRAYS 

RX 

_~"l£v:r 1 
JoV.I 4 

-1i.S..l.ZE. - -_ 2 
REC 2 
iLL 2 

•
 



I C
 
2 C THiS SIIf\~Dllrp,r SU"S TH': ~rnTTS In- Tnf SlPH'S THAT "AH.
 
3 C 11p HE G~nUl\lnSll~~·ACfo'.• TI-lt'RE APF. 'K' STRrps Pf::;rHTk~:p ):" CI,~, l[t')
 

1 C GPOlltm AS I'OLLowS:
 
5 C X!(I) TH~: x-cnnp[)I~A_T'. [IF THF LrADING F"q: liF TH~ I 'Til ST"H'
 

1>.
 C Z., I I) THE Z_ConPDlNATf [IF THr J ~'.ADIN" fll(;F, rW Th~ ['1' ,'iTrdP 
7 C X2II) THE X_CDnpnlf~ATr U" Tft" F.NDUll; ':I,,,f IIF Til' T'TII .~n·ll 

8 C Z2(l) THE Z-CIJORDI~An (If THF ~":lllt-iG U'(,' flf TI" 1'1'/0 cd"'" 
9 SIJHPnliTTNE SCAT 

10 COM"O" IRE'rl PX,P¥,pZ 
II COMMnN IA~T/AX,A¥,AZ 

------l2. C(l~nn" IGkUUfJIJI F.,XI(20),ZlI2u),X21012IJJ.Z210/2'JJ.1t.1, 
13 CIl~·IllN ISEr,1 UI,ZZI,XX2,ZZ2,I. 

.14 C 
IS C THE'sF: ARE' I-VlTlAL VAI,U'-s FOp THF- PARA"·f.TF.PS IISff) IN SHAI,n" .l'
 
16 SLDPF:=-I •
 
11 PlIlF:=-I,
 

.-----lJi __ . C 
19 C THIS IS THE Lonp OVEP THE STPIPS 

__ _2.'1__ DO 1 I =I , ~ 

21 C 
___ U C lHI'SF: ARr THE. VALUE'S In 8F. rlSF:n IN THE ST~ I P 

23 C I~TF,GRATIIJN SIJRROIIT'INE 

_...1.L C XXI LEADING X-COUPI)INAT~ 

25 C ZZI I,F:ADING z-cnnRDINAn: 
?~ C XX2 TRAILING x-cnDRDI~ATE 

-..] 21 C ZZ2 TPAILI~G z-cnOHDINA1E 
__2~ XX1=XIIl)
 

29 ZZI=ZI (Il
 
30 XX2=XH I)
 

VI 

--3-1--- ----­
'ZZ2=Z?(I)
 

32 C
 
]] C Tills IS A n:sr Tn sF:E: If 1'»' SII~MATllJ'~ DVfp THF: Grnlll." 
J4 C STRIPS HAS ~EAClif:D THF: HECEIVF.R I.urATllr~, If IT HAS THF SI'·''':ATllh 
35 r IS sTIJPN:D, TillS IS Til GIVE THE '.fnCT 'JF FIl.APr, LI)IlF,J~G RFCFly'F 
36 C ANTfNNA PATTfHN, 

--~-1-" If I XXI ,CF. RX) GD Til h
 

39 C
--H­ C If THE HECIEHH IS LOCAT~IJ UII':H THE: Hlll"I,;; P'JHTlDt. "I' A STkip 
40 C THE STHlp ~ILL Rf INTEGHATE IJ~LI UP Tn 'HE VALUE OF: THE

--41­ C RECE'IV!p X-CnURDI"ATF
 
42 IfIXX2 ,LE. kXI GD Tn 5


--.-]---- ­
ZZ2=Z~I'IHX-XXI).IZZ2-ZZI)/IXX2-XXI) 

41 XX2=RX
---'45 5 CUNTI,'UE 

46 C 
41 C THIS sF:CTln, nll~s THF: SIlAfJlh'JIN", IF: PAHT OH ALL rlf TIlF_ snip 
48 CIS Ii< TilE SH~DII~ OF A PREVIOUS STHIP, THIS STPIP .-ILL kF ~LI~I"ATt:I'

---4-9--- ---­ t OP ~~SKED TO GIVE THE EfFECT Df SHADO.ING, ~ 

SO DE'LX=XX2-Ax
--'51 IRlUELX .LE, 0.) cn Tn 3 

52 PHIE=(AZ-Zz2)/DELX
--53 !flSI.DPE ,I,T, 0,1 GO Til 3 



54 
5.:> 
56 
57 
5ri 
~ .. _-­

60 
bl 
6Z 

_ ..b) 
(,4 

-----b5.... . 
bn 
.1>7 
6R 
bq 
70 

4 
r 
C 
C 
[
] 

If' (P~l~~ .GF. 5LC,Pfo:J r,;, Til I 
P~IH=IAZ-ZZI)/IXXI-AI) 

If ( PHI~ .I,~. SCOpF) Gil T" 
IF ( I I I • FQ. I X2) Gil rn 
A=IZ7.),-ZZIJ/(XX7-IXIJ 
R=ZZl-A*IXx!-AXl 
XXI=(AZ-D)/(AISLnp[JIAX 
ZZI ; - S1,0 P~: * I XXI - A.1 ) I A~ 

TH Is s\lRpLJIIT I 'IF 
CUMpL~X '~AJN' lfVFCT 
r~ eU~MU~ 'VALL' 

eA1,L Sill,' 
Sl,OPl:.=PHIl 
CIJl\il J filJF 
IJt.TIIHi. 
~- ~II) 

.ILL INr~~RAH: IlV':P TIH SI'FIP Til> 
OF THJ5 STlJlr' ~lLL HE Ail[)r-,P TIJ Hp Af·L HI 

CONSTANTS 

o 20\40000000u 

[O'''''JN 

l.N 
00 

RX 
AZ 
zZ 
ZZ.Z 

IREe I.U 
IANT /+1. 
IGRl1IIND/.70 

ISf-G I.] 

RY 
K 

I~: L 
N 

IRF[ III 
IGFHll'~d) /.0 
Ir.ROII'<J) I I 121 
ISEC, 1.1 

~z 

XI 
I XI 

IP~e 1.'2 
/G"HH/.'JP / + J 

/ .st::r. / +tl 

AX 
Z 1 
Z"l 

1,1 1+'.1 
1-....rlI11,n/+i~ 

~ t. / ... I 

A f 
X2 
xx:;' 

/~ I' /+J 
/(,1< 1_'1': I) / + ~ 1 
/~~G I.) 

S-Illif'-B.Jll;JiAMS 

SUll 

S[AL,AkS 

stl-f- . 
xXI 
oELX 
R 

.IL 

113 
() 

147 
l~Z 

4 

SLI,lPf 
zZI 
AX 
RY 

144 
1 
0 
I 

PrllF 
XIZ 
AZ 
"Z 

1 'I~ 

2 
Z 
'2 

! 
ZZ2 
P'I I I.' 
AY 

l' b 
3 
1~0 

I 

, 
FX 
A 

I ':L 

l 

I, I 
I <!J 

___.AR-liA'is 

XI I zl 2~ X'2 51 Z l 7t 

II 



:rf" 

-L_ SQ 59 60 
ANT It 
Al...----_ .--ll- . .5.!.1 55. 5~ 6Q 61 

Ar 
..!1... __ 

It 
II S2 55 60 bl 

R Sq 60 

..Jl.£U.. 50 51 57 
GROU>lD 
I 

12 
.-.2lL 28 29 30 H 

IEL 12 
..lL....- __ . I~ 21' 

N I] 
..£Ii.lJl.__ 

PHI!: 
S~ 

17 
~b 

52 54 67 
REe 
RX 

..14­
10 17 42 43 14 

.il.L.._. 11) 
RZ 10 

..seAL. 9 
SEG 
SleOPE 

13 
---4--­ 5J 54 S6 &0 H 1>1 

SUM 66 
..ll.-_. 
X2 

..ll1...--.. 
XX~ 

12 
12 

.13. 
\ 3 

28 
Jo 
28 
JO 

37 
42 

43 
43 

55 
44 

57 
5u 

~e 

57 
~9 

~e 

bll b I 

Vol 
\0 

ZI .4.­
Z2 12 

.-Z1.L-____ .. 1.1 
ZZ2 I] 

.2.9_ 
11 
2Q 

11 
43 
43 

55 
52 

58 
58 

59 ~l 

___ . 1.p 20 ~4 be 
3P 51 5J ~b 6b 

-!£--_. 57 61 
SP 
6P 

~2 

37 
45 
nO 



1 
2 
3 
1 
5 
~ 

7 
R 
'J 

10 
It 
1.2 
13 
11 
I~ 

l~ 

17 

1~ 
1 y 

2u 
21 
22 
23 
)4 
25 
20 

~ 27 
o	 28 

29 
]0

'-31­
J2 
H 
14 
l5 
Jb 
'j1 

l8 
19 
10 

"1 i 
42 
'13 
44 
45 
46 
47 
48

--49 
~O 

51 
52 
5] 

c 
C THIS S'JK~nllrliVE II"'TtGkAr~s liVeR THI:." S!.l~FA('~ Sl'~lr DFt 1~<'~')
 
C AY Xl,ZI,X2,Z~ IN CO~\I''''n,~J 'S~'G', Til c.rv~ r~H. FU,LL' r:r~~,Cl
 
C (If \'tWb..HT~"'lIlA FLF~"!'·1 I!'.> CO,-I'o111~ 'A~jl' AT ~HCILVt:Jl DFFl~-:J.I,)
 
C IN Cfl,\\M(lt\ "Rf·C'. PH: VAkIAI-'LF.S ~h~ f.S IOII\,LIl,'JS:
 

C AX 
C ~y 
c AZ 

c I.~Mk"A 
C .4."­
r l)PI 
C HX 
CRY 
C R1 
C ~h 
C HI 

C XI 
C 2.1 
C X2 
C Zl 

AJ~Tr;"';"JA X-Cnllf..?n I :.JAT/-_ 
A~T~N~;A y-rlJlIROI~AT~: 
A"r~~~)r._b.. Z-CI1(Jf·I!)! \JA n.. 
WAVr I.FNGTH UF C~R~ tr R 
TII(hPI/I,AI1(\(lA 

i\\~(hPJ (LlrJlr~I,~	 PFlrtsLCI'.;) 
R~CE!V~~ x-cunHOIhAIF 
pF:rf-.l VER 't-CllllRU Ti~!l. n 
Rr'CF~ I Vu. l-COI1Rl>J!',)TL 
ptL PART UF '(;AI~' f~C'rrlR 
rr-',/lc'Y"IAkY Pl\.kT fl~ "~;Alh" FACTrlfi
 

l,f~I1"G "oca: OF Sfolr'S X-CllnRn[r'~n'
 
l·EADl r-tr, Z-("llllHDI NAT~,
 

Tktoll.lN{; rl)G~" x"C\ln~I'.[Nld\-.
 
TI<Alr.r'G l-("lliJPUlr,AH
 

C THE INTfCRArlflN IS J-'H<f"n~'"IEIl Ky' A ""IJI)I\-l~:r; TR4,PIZf.llr) I-IIIIJ~:.
 
C TI1'" SPACli'JG ~n:T ... rFr..1 NlIf'lTS ALUNl; HW vAFJJ~bL\-. lW If"TU;f.l4TlI, ..
 
C IS V~HH_r Hi' '1'HE HAiF OF C»A"IGE- OF l"lt IIJTF.\'RAf.il.
 

Sll~q;(1LlT I r~E Sll/'I
 

CO....,·-l(lr.. /SI-:r.1 :(1, Zl, X2, Z2, I"
 
OrJllf-l,J.E P/-it"CISJO~1 AJ ,lJ..l,Rl ,B:;.,XI.,/I.~L
 
l·n·,~L ,JH,JI ,~'OFJ'LlnI ,Jr~I-!,JI,'I
 

R~:AG t.fllAj\\)A 

1J()1J"I,f~ PPFCISION A~.IlPI.rJP
 

CO~~1-1nr'J /ANrl AX, r, 'r', AZ, 1.~,'JRf)A,,.."', L\j.' I
 
CIIM/\(ll.. IHI-,r/RX:,RY,RZ
 
(1IM(-1fHJ IV1I_I./HR,l-ll
 
PFAL 1,3,1,1(\
 

C 
C TillS IS THF-. l~qTIAL'ZArlnr" :-jFCTl[lN
 

~Y2=T'f<I.H ~y) .')~r.E( Ail
 
MK=SI<GL{ ~K)
 

Sf=Z2-Zt 
Cf:=X2-Xr 

C 
C X~1AX J S TtW Lt NGTH AV)NC" 'fl-1,", Slil-lr ACF flF TH~ .sn..iJ ~J 

XNAX=SgRT(S~·SF+Cf.CE) 

C 
e TH~.sI:: API": TI-iE STN !'lrJI) ens OF IH~~ o''VC;ld: T}-t~ STtdP "'AIo.~s "rIll 
(" A IjOkIzup.,rAl,	 PLANt-: 

Sf~=SF IX"~X
 

o:=c, IX~AX
 

Jk=u,
 
Jr=o.
 

C 
C XI, Is T\iF: VARr~Hl,t: Of "Tf,GR~rtO". IT IS TdF~ DIPA",Ct 
C LIING THf. SURFACE nF THE STRIP Sl~HTl'G F'R"" rHt: I·HIl!liG Ei'GF 

XJ,:(J • 

.~. 

?'	 • 



~ ., 

54 NX=I 
_--.5.5.. IT=u 

5& C 
... 

._ .. 5.1 C TH~~SE ARE TH~: Lil,,~.R ANI' UPPEP nOll'lDS rllp TH[ SPA, J N(. 1\[ T-> >I • 

58 C pDINT1> ALONG THE VARlAtlLE llf INrH~RATr<],' 

LJ= LA~BI)A/24.
 

1>0 (,10=2". 4LA~HnA
 

_.61 AI=RX-XI
 
62 A2=R1.-Z1
 

.._._.6.3 HI=II:I
 
64 A2=ZI-AZ
 

~-­

-----.6..5..... _ A"A1.
 
66 T<'~P=A2
 

..--iJ..1.. A= SURT1A4AtIE.P4Tf"PI
 
6~ H=I'I
 

.. _.69 TI::'II'=b2
 
70 h= SQRTltl4BtTf.~P4T[~PI
 

-~_. TE~P=Atl! 

72 °R=USuRT1UALf(T<.Hp)4nBLf(TEMPJ+UHL<'IAY4AY))
 
_ ...1.J C=I.lR
 

74 IlP=DR4AK
 
_. ]5 I=UR/I.JPI
 

76 f=(lR-DALE I F(,DAT ( I) ) 4np I
 
~--_._--_. . C.;:C1 Tt:l< P 

7Y D=C4B 
oj::. _.2i R=C4A ..... 80 S::SIIRT I I I ./A tI ./A I IC IC Ie) 

__...8..L G=AI/I.l/D/R/RIS 
82 n;Mp=GI I AKK4[l I
 
A1 .G:...c.OS1F..1
 
84 St'=S TI' I fl
 

•.......ll.5... JUR=G4Cf-TE~P4St'
 

8& JDI=G4SftTE~P4CF
 

-...II.L __._ .. Ap= I -A l.'CE-A24SE I I A
 
AR HP=ltlI4CEtA24SfI/R

Aq c._
 
90 C fp IS THE DERIVATIV[ O~' TUE pHAS~. ~·U',rT IO!'
 

_i.1.. C ur TNt INTfGRANI!
 
92 fP=ARSllAPttlPI/C)


_i.1.. _
 c 
94 c ilL 15 OELTA XL
 
95 _.~/rp
 

9& IflUL .GT. LIOI DL=LIO
 
_....tl_ IfloL .LT. LJI DL=LJ
 

98 XL=XL+DL
 
......ll.-__ .c.. 
\00 C THIS 15 THE LUOp OVER TH£ SURfACE O~ THE STRiP. It \5 
10\ , INCRE.~I.BL..D.1. iDE .YA.I!..!AJi1.t.. .5.l1.U...li".I.liLTl!.l::.....t.._DL I.!iLllRli'__ . 
\02 C 15 REACHED lX~AXI 

.1..ll...L.... . L .CD~IlNUE. 

\04 C 
.1.ll..5......- .C TH1.5. st:cno r, CALCULATE VARIOUS TF:.RMS lJS~D 1'- f.VALUAl I "j" I~t: 

\0& C INTEGRAND. THf A~PLITUDE AND pHASE fllNCTrD~ 

-- ~.~-- ~--_. --- ------- . ---- ­



--

101 C AHE lVALuTArEP S!PAFATELLy. lME OERIVATIVE U> IH> PHASE tlll·'CTIlJr~ 

IO~ C IS ,;VAtliAllU TO OfTrP'\\ll,H: TH' SIZE f-OH I\<l,n X 
109 IlLSE=IJI,*S>: 
110 DLCE=PL*O: 
I II AI =A I-DI,O: 

_-.1..1.2 _ A2=A2-DLSE; 
til HI =81 +llLO: 

__ 114 ~2=~2+DL5E 

115 A=AI 
110 T[i<P=A2 
111 A= saRT I hA +Tcllp*n'w) 

-UR_ ~=Bl 

II Q H:~P=R2 

_120 H= SUHTIB.n+TE~p.TE.PI 

121 H:MP=A +~ 

~22 PR=OSURTIDHLEITE·PI*D8LElrE~PI+OB~EIAi*AY11 

123 
---.1.ll _ 

r=SN(;I, I OR) ITE"P 
I!P_=LlF*A~ 

125 I=DHIOPI 
_121> C 

121 C THIS IS THE PHASEE ANGLE ·~OllllLIJ T.ll Pl­

ill! f=DH-PbLUrLOAT( 1 I] *opI 
129 IJ=C*H 

J...1.lL _ F:C*A 
III s=snPT(II./A+I./H]/CI/C 

+:0­
_132 
IJJ C 

G=A1/Ill*D*R*R*S] 

N .-1..14 C THIS 15 THE A~PLITUDE ru~r-r J()N 

135 
...1.JJ, _ 

n:"p=G/IAKr*nl 
_IT=CUS (fJ_ 

131 SF=SINlrJ 
..--136_ c 

139 C THIS IS THE PEAL PART OF lHE JNTl::GRANll ~'Illo/: THr; 

__.L4 il C INTEGHATILIN VApIABL~ VALUE or XL 
141 JNR=G*Cf-TE~P*SE 

..--1.!l...­ __ _c_ 
143 C THIS IS THE i~A~I~AHY PART 

---.l.!.i. _ JIH =G*Sl' +TEMP *Cr 
145 n:-p=IlL 
~-­ C 

111 C TH[SE ARE THc pEAL AN H'AGI,JARY PARIS or- IH> THE srI,·lf,ATl(l-. 
148 C Of THE IHAPIZOIOS HAKING riP THE APPR(JX J'''~T IlJr~,I[j_ THE r"I.F;C;~AI, _ 
~---­

J~=JR.iJn~;JNR]*TE~~ 
__UO JI=JI.(Jnl+JNI)*T~MP 

151 
~ 

IF(IT .Nf. 
JOP=JNR 

01 Gn TU 

153­
_--.1.li­ _ 

Jrjl:JtJl 
l\!,~~A I.CE-A2*:;U IA 

155 RP=(HI.r~.B2*SE)/B 

--.1~ -.J: 
151 C Fp IS THE DE~IVATIVE: Dr TH>; pHAsE rrl'-'CTlfJ" 
15~ 

-----.-s9 C 
fr=ABSIIAP.BPI/C] 



1611 
__16\ 

Ib2 
.._ J.b3 

164 

C DL IS O~:I,TA X M'D IS 
OL=L3/fp 
Ife;'I, .GT. LIO) DL=LIO 
IHilL ,I,T, 1,3) ilL=I,3 
NX=~JX+l 

LIMITfil [IY TtH: HIIII\ll'S I.I.LIII 
--_ .. ­ - - ---­ .._---------_._----­

-~. 
166 

.__.ill 
168 

_U!~. 
\70 
171 
172 

.---llL 
174 

__11:-> 
17b 

---l1.l. 
178 

.,._..119 
180 

c 
C 
C 

C 
C 
C 

2 

THE VARIABLE flF INTGRATlnrJ IS 1I',Cp~:>IF:"n:11 A"11 IF Trl~. 

STHIP IS REACflfD THE" I,AST TRAPIZfll1l 15 ~f)[)Ell 

XL=XI,+DL 
IF( XL ,LT. X"AX) GO TU I 
IJL=XMAX+DI..XI, 
~I,=X~AX 

IT=I 
Gil Tn \ 

THIS SFCTI(J" hDDS Tlif: flEI,f) FFFFCT FRO" 1Hf STHIP Til 
TOTAl, nn,D SII~ h'D TEH :;UbpiJIITl"~ TI'P"INATFS 

CnNTI'UE 
N="X 
TFMp=(eZI-AZ)*CE-XIISf)/7, 
1i~=HR+JR*TfuP 

PIn 

1Hl 

'IF T~~ 

------.1ll.. 
182 

III =H 1 +.1 IITI':'"P 
PETURI. 

183 I-~~~ p_ 

""'" <J.l 
.CQllSTANTS 

_ ~ 205bOOOOOOOv 

COM'IlliL _ 

.xl 
AX 
IwI 
HI 

ISEG 
IANT 
IANT 
I V AI. 

ItO 
I +,I 

I+b 
1+1 

ZI 
AY 
pX 

ISEG 
IANT 
IPEC 

I + I 
I + I 
1+0 

X2 
AZ 
py 

ISEG 
I AN T 
I~FC 

1+2 
1+2 
I + I 

ZI 
L4·..,H)A 

I'Z 

ISt.G 
IA,r 
IP~C 

Id 
1+3 
/+/ 

" 

A, 
Ilf.: 

I S"~l. 

IA,.r 
IV/041. 

1+-+ 
1+1 
I +II 

SUBPRoGRAMS 

DBLE 
Df M.6 

DFM.O 
DfA,4 

S'GL 
Df'I',4 

SllRT 
ABS 

I)SDP r 
DF'Ai.I.2 

DFA,v 
i)fS,2 

l)F~1""'. 2 I)fD,l 11.1 "T ,"LII~T r,F:;. I' Il"~ il • f"I cus .s.1 ~ rf"" I 

___....scA1AIl.S. _ 

SliM 
SE 

___. __U 
NX 
AI 
B2 

___DR, 
D 
Sf 
fP 

11164 
1070 
o 
io77 

. _--.11 0.1.. 
1111 
Jllb 
1123 
tUG 
1135 

AY2 
Z2 
XMAX 
IT 
RX 
AZ 
C 
~ 

JOR 
1)1, 

106~ 

3 
1072 
1100 

0 
2 
1120 
I 124 
lIlt 
1 I Ib 

.__.____ 

AY I "" II,)'" 
1.1 1 CF I ')1 I 
JP 10" j .II 101, 

L3 I 101 1,~I1t,n~ 3 
P.l ____ Ull.~..____ . ______ l'.Z.__ . _~~ _____ 
A I 11 3 TEI'lP I I I 1 
I IPI lIP I " S 112~ G 112" 
.101 lin AP 11.l) 
llLS~ 11.\7 Dl.0 114 \l 

~, 

X} 
XL 
Liu 
KJ _ 
H 

f 
Cf 
Hp 
.J,III 

L 
11/1 ~ 

II'" 
1- 1~\__~ 

Ilh 
1111 
I I j , 

111-l 
I 1'1\ 

--- --_ .. ~ -­



.l,n 1142 
BY 1 

h7 
Al 26 61 

--.AL~ 21> ,b2 
Af\S 92 l'iP 

,AIL ~ 29 3Q 
AKK 37 ~2 

,AliT ]0 
AP 87 92 

~~, 65 

..A.L-__ 30 
AY 30 ]6 
AY2 21> 36 
AZ 30 h4 

~ B. ~ , 68 70 
Bl 26 b3 

--B+---- ,- ~, 2+0- ,b~ 

BP HS 92 
C 7} 77 

Cf. ]9 42 
,cr 6 J 65 

COS 83 130 
-.lL 111 81 

~ 

~ 
[)RLI:: 36 72 

.D.j"" 95 96 
DLC~ 1\ 0 III 
Ol,SE 109 112 
DpI 29 HI 

_OiL ___ 72z" 
DSQRT 72 122 
.F B37" 
t'LnAT 76 \28 

'£P- 92 95 
G 8 I 82 
..liL--- -_ ---31--- - l!U 

HR 32 1811 
_L 75 76 
IT 55 151 

..lL 27 49 
JNI 27 1-14 

...I1I.R...____ ~_~ __ 27 141 
JOI 27 86 
.JnR 27 85 
JR 27 48 
llO ___ 33 60 
L3 33 59 
~___2.a-,_ 3D 
N 25 178 
tU_ 54 164 
R 79 BI 
REC.., _ __ _ - ,lI 
RX 31 hi 
By -----4---­
PZ ]\ 62 

----S...-___~_~ __Bn 81 

N 4 

7 I 
65 
H 

74 
8 I 
87 

HO 
~7 

112 

J7 
1]5 

74 124 

154 ISH 

72 122 

179 
71 
bS 
69 

155 
16 
47 
66 

7& 
SR 
86 

\'18 
7g 
87 

130 

80 
I I] 
114 

80 
H8 

141 

62 
1b 
97 

ILl 
114 

75 
73 

119 
122 

98 

76 
H 

132 
128 
109 

175 
75 

84 128 13b 

156 
65 

161 
8b \ 32 

125 
172 
150 
150 
149 
150 
149 
149 

96 
95 
59 

128 

181 
153 
152 
\53 
152 
180 
162 

97 
bU 

16 J 

178 
130 I 32 

131 132 

~ I 
11\ 
116 

i-1j.l 

115 
11'1 
IS! 

" 

I 17 
\ 3} 

ILl 
1'1'1 

hi 

13 n 

I 

I 3 I 1.,4 

AA 

SR 

\1" 
119 

92 
1111 
14<1 

135 

11 to 

12~ 

76 

137 

\ 35 

11 H 
155 
Is.!> 

123 
15,\ 

145 

122 

141 

120 

12,> 
155 

161 

123 

\4,1 

121 

130 
17'1 

loJ. 

121 

12:1 

131 

Il' J 

125 

III 

15" 

10'" 

12~ 

]5' 

1°' .. 

Ib,l 

- "
 



SE 38 42 40 87 88 109 154 1~5 17~ 

SEG 2~ 
~_. 84 as ~b 137 141 H4 

SIN 84 137 
..5.NGL 
SQM'r 

31 
42 

123 
~7 7 (I 80 I II 17<l I II 

_~UM 

TEMP 
24 
06 

l.2.1 
07 

122 
oq 

I ~,3 

7\1 
135 

7 I 
141 

71 
144 

71 
14~ 

~ ) 

14" 
R~ 

lS;) 
Hb 

174 
I ti) 
\ii'j 

J II 
1" I 

I 1 , I; " 

UL 
...ll. 

]2 
25 39 61 03 179 

X2 
...xL.... 

25 
2~ 

39 
53 9~ Ihe 169 17" 171 

XM~X 42 4h 47 169 110 171 
..z.L.... 2s 38 62 61 17'! 
Z2 25 38 

+:­
U'I 

.1P 1°3 1f>9 113 
2P I ~ I 177 



PROGRAM MOLE.F4
 

I llJl\fN~ln, I!.ANI"(")
 
2 1I1.'."SIIII. IPTDAl I 31)
 
I rCl~~'I(trr /PLXTI "1""P,"oD:t~i"ffRXr~X,flXrr,IJXL·r,I-IY~~,~V\'X,J.'nl''''YLT, 

4 I fJZ"'41'1, f.l1. " X, PZF T, I-f7.L r, "" 1"W, 10} TIl X, "" fr, , ""T I. r, 
2 A r ~, t. , A t MX , A J F r, A. I L T , ARM,~ , AR\I X , AK F' r , AIoJ I. T , 

l! 3Anl",AIlIX,AnIF,ArIL, 
7 4AIHHJ, AIlI-f X, AfJPF', AP""J 

5 

gUlIlVALENCE [IPI'DAT[ll, ..·RP) 
9 H·,pldC IT Cn.rl,'~x IC)
 

1v nl.':NSIIl~ X(20),YI20),ZI20)
 
II 1J1.':NIiION .. , I OOl,cr~(20I, .. , H2u)
 

_11 pIN,IC IT noUIlL,· PRECIS IllS (t!)
 

1 j r.1l~'·\(lN IP':r/RX,Ry,RZ,RT.~~I~F
 

~ 

PEA I, LA ~RI'A
 

15 CIH\;"Ot. IA~T/AX, A.Y ,Al, I,A'·lF30A ,llld" PPI
 
Jb C(J"·W~ IVALI HP,HI
 
\7 CI '"'<0'. IGkNnl P( 1,4), q lJ
 

14 

C 
14 C f"IS VALli': ,1" T.O PI IS r~ITlAldZFO T~lS .,AY I'll ~,UIL' "~Ij(; 

20 C RI.OrK OATA 

~_ .. ­

-ii- ­ nPI=6,2~3IR~3U717QS8b47b4 

2~ ~~ln:15,2001 )

ij 200 I ""PMAT (' INPUT F I L': NA.'.:'. s)
 

...2 4
 Rr:Alll~,2000l ILF>I.
 
2~ 2000 ,'IlR'IATIA5)
 
2_~. CALI, I"JI,f:(20,lT"R/.)
 
11 WPITEl5,2002l 
2~ 2002 fllP~ATl' (luTPlll FII,E NA·,r:',S)0\ --:iii - Rf: AIIIS,2nool ILBL 
10 CALI. nnLEll,/I.RL) 

~ 

--Jl- ­ PEAU(lO,lnnOl ILAbL,TAU
 
J2 WRITF(I,IOnn) ILA8L
 
33 1)[1 3 I =I , 2
 
14 REALl2U,lnoOl ILARL
 
35 ] "WIIE(I,lnon) ILABL
 
11> Inoo fIlR~AT(8A5,fl
 
)7-­ H,:ALJ (20) r.AMBOA, ~EL, ( xc I ~ . I ( I ) ,L ( I) ,CE 1 I I ) ,n· 2 ( 1 ) ,0 j ( r 1 , r= I, ;,,:1.) 

J8 • wiT f ( I) ',A ~ BnA, 'I t L, I x( I ) , '(( i ) , z( , ) ,C n I J ) , CE 2 ( I J , r E J ( I ) , I =I , .... L ) 
j9 nA~=oPI IDRI.EILM'BnA J 
40 201 REA"(~n,2005,ENn=200) RX,NY,AZ,NT, 
41 ICfRI,crR2,rFPl,crsI,CFS2,CFSJ 
42 200S FnRMATI4F,I,btll.I>,I,bEI1,b) 

4i" -- RgALJlS,lOUol P
 
44 lnoo fllR.AT( lG)
 
45 Ol' S J=I,NEL
 
41> AX=X (Il
 
47 Ay=y ( Il
 

"a AZ=Z(I) 
49 CTE"P=IO .. o.l
 
0;0 CALL INTP2(CTroPl
 
51 CT=CTf_.P*CF I (11
 
S) CFP I =rr·R I tC r
 
53 CESI=CFSl·rT 



54 
55 
56 
57 
58 

_59 
Ml 
61 
6Z 
63 
64 
b!> ~ . 
6b 
67 
1>8 
.69 

5 

C 
C 
C THE 
ZOO 

CT=cnMp*c"z( I) 
Cf~Z=Cf R]tCT 
CrS2=CI'SZtCT 
CT=CnMp*Cf HI) 
CfS3=CfS3tCT 
CfR3=CfF3tCT 
CflNT H. II f: 
~~IT~(I.zo05) RX.RI.PZ.~T.CfRI.Cf~2.CFN3.CfSI.C"S2.CfS3 

Gil ro 201 

THIS IS THI': 'If R:' , NATllJ'l Sf;CrJl)". Tl1f; INITIAL H>;CI'RII 
OurpUT fiLE IS WHITTf N AN" THE prl)GHA~ TEM"INATES. 
CALL NEL~:AS (I) 
CALL EXIT 
STllP 
J:;NO 

,)I. 

-C1.IIISTANTS 

0 
5 

2031>Z2077 J2!> 
OOOOO()()OVOOO 

I 15004Z0551jl> I 2 OOlJOOOVOOIJ2'1 1 (l1.IUOI)\\'IOlIIIO J • \111 1) I, d \.hl \) (} I) tr v 

CU'H1UN 

~ 
--..J 

NFP 
plMN 
pZMX 
RTfT 
ArLT 
AI:!UL 
ADRX 
RZ 
AZ 
HI 

IPI,XT 
IPLXT 
IPLXT 
IPLXT 
IPbXT 
'PLXT 
IN',XT 
I lUX 
IANl 
IVAI, 

ItO 
It!> 
Itl1 
It 17 
It Z4 
ItJl 
It36 
It2 
It2 
It I 

pX MN 
plMX 
pl,fT 
pHT 
ARMN 
ADH 
ADRf 
RT 
I.AMBOA 
P 

IPl,XT 
IPLXT 
IPLXT 
IPLXT 
IPLXT 
IPLxT 
IPLXT 
IPfC 
ONT 
I(,RNLJ 

It I 
It" 
I til 
It20 
It25 
It32 
1.37 
1.3 
It1 
/+0 

~xt.. X 

Pin 
NZLT 
AIM" 
ARMX 
ADIf 
ADRL 
"SIZE 
IJH 
N 

IpLxr 
IpL}(T 
IpI.XT 
IPbxT 
IPLxT 
IpLxT 
IPLXT 
IPEC 
ONT 
I(,N .,1' 

It2 
I" 
Itl 4 
It 21 
Itl b 

l.lJ 
/+40 
It4 
1.4 
Itl 4 

NXl' [ 
~\L' 
HTf1:'~ 

A l t"'l X 
ANf1 
ADIL 
NX 
AX 
"pI 
I pTDA r 

If'l,.[ 
IPLXI 
IPLXT 
Ipl,X I' 
IN.x I' 
IPL}(T 
INfC 
/AhT 
IA"1 
IPL, r 

I +-~ 

It LlJ 
Itl~ 

It l2 
1.J7 
It j4 
1+(1 
Ittl 
I.h 
1+ 11 

fo' .( 1.• 1 

HZ:" 
I, T~'). 

A1FT 
ANI,1 
APP ,~,U 
Ay 
liN 

/PT,XT 

h'LxT 
1f·'.X T 
IPL.Xr 
11'1. x r 
IPHI 
, .. 1::( 

/1\,'1 

" ,\I. 

I +,~ 

I t I I 
Itll> 
It L3 
1+ jll 

It 35 
1,1 
I t I 
I +'l 

.:;UBPRAGRAMS 

f OHSE • 
Rf.Lf;As 

.J8 f-F' 

nIT 
AbpHO. ALpHI. I I' lI,f' OHLf' f~ biJl)T • n IR'f. b I ~".~. 11t'l1,!: IJFn. J. E.O. Af,LLil. I.·.. ' "l Cf "'.2 

SCAl,ARS 

DPr 
NEL 
pT 
CFS2 
CTf.MP 

__----IU£I.. 
RILT 
RUN 
AIMX 
ARET 
AOIL 

6 
366 
l 
377 
403 
J~ 

I V 
I!> 
n 
27 
H 

fLOb 
oAK 
Ct'R I 
Cfs3 
CT 
pllT 
RZ~~ 

RrMX 
AIFf 
AHLT 
AlIR~ 

363 
4 
367 
401 
405 
4 
\I 
16 
Z3 
30 
35 

TAli 
RX 
CFRZ 
AX 
I'~P 

R1Mt, 
R7,MX 
FIff 
AnI 
API~ 

AD~X 

3b4 
0 
17\ 
I) 
Il 

5 
U 
I7 
2' 
.) I 
1<> 

I 
~y 

C"~l 

AI 
R ,( 1'1 ~~ 

IU"X. 
FZf'r 
~ILT 
A ~'1~j 

AU!X 
AOFf" 

j~~ 

I 
3 13 
I 
I 
~ 

11 
ZII 
~~ 

3l 
n 

LA;"r n!1 

HZ 
(F"I 
AZ 
'"" }, ~, .( 

..Iut 1 
HZ,. r 
A'''' , 
~ ",.. X 
AI'IF 
~nl..<'I.. 

I 

j I ~ 

1 

I 
I 
1. 
II 
I" 
jj 

~ I} 



~ 

~, 

~ 0.1> 

.... ... 
i=N 

a: 0. ... 
;r -u 

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

'" . ..,"' ,.... 
,11

iv., L.Ql:; 

% .. 

48 



•
 

_ADfr 3 
ADfL 1 

_~ll. 3 
AOIX 3 
ADRf' 3 
AORL 3 
ADRN 3 
AORX 3 

.AllT _ ) 

AfLf 3 
U'IN 3 
Ai 'IX 3 

_~.!!1 IS 
ARf( l 

--.AJU.L 3 
ARMN 3 

. .Aa!'!x ) 
AX 15 4& 

...AI.­ \S 47 
AZ 15 49 
~- 11 37 3~ 51 
CF2 \1 37 3a 54 
SfJ \\ 17 38 57 
CFRI 40 52 1>\ 

...tUl. ­ 40 ss 1>\ 
CrR3 40 59 &\ 

..Cl'..u _ 40 5) bl 
CF52 40 51> 1>1 

.tfSJ 40 5~ 1>\ 
~ CT 5\ 52 53 54 55 51> ~7 5a 5Q 
\0 c.n~p 49 50 51 54 57 

OAK \S J9 
..QftJ,L. 39 
OPI \5 2\ 39 
un &7 
GRNO \7 
HI \6 
HR \6 
f 33 17 38 45 1& 47 4H 51 54 ~7 

{FILE 2& 
II..A8L \ 3\ 32 34 35 
fLBL 24 21> 29 30 

.HITR2 50 
fPTOAT 2 R 
~M~DA \4 \5 37 3~ J9 

N \7 
NEL )7 38 45 
NRP ) 8 
.!!Silt; \3 
OFILE 30 
~-- 11 4) 
PLXT 3 

_1lK_ .. \ 3 



REL~AS 1.6 
RT' I] 40 I. I 

.Jlli".l. ] 
RTLT ] 

!lI~N ] 
RT~X ] 

R~ t] 40 6 I 
RXFT 1 

..1illL. _.. 3. 
RX~N ] 

.llUl..L ] 
RY I] 40 6 I 

.Rl:f:r ] 

RYLr ] 
JUJUL. 3. 

RYIIX ] 
R~ 
RZFr 

1] 
] 

40 hI 

.JllL.! 
RZMN 

] 
] 

.ll1.ll... . 
TAU 

.1 
]1 

.Y.!I1 16 
X 10 J7 ]~ 46 
Y

Z· 10 
10 

.17 
31 

]R 
]11 

47 
H 

V1 
<:) 

]1' 1] l~ 

51' 45 nO 
... 2JLO-P 10 1.6 

2011' 10 1.2 
IOOOP ]1 ]2 )4 15 16 
20001' 21 7S 79 
20QIP ~2 2] 
20021' 27 2~ 

.2Q1l5P 40 42 61 
]0001' 4) 44 



•
 

V1 
~ 

--~ 
3 

----~­
5 

1 

_---B 
9 

----llL 
II 
17 

13 
__H_ 

IS 
__.1.h 

11 

SURI<UI)TlN~ NI)~'AL(Vl.V2.v3.v4."J 

UIM~NSION VI(I).V2(IJ.V3(1).V4(J) 
XI=V2(II-VIIII 
X2=V311 )-VI (I) 
n=v2(21-Vl (21 
Y2=V31?I-VI(2) 
ZI=V2(3)-VII31 
~2=V]( 31-VI (j) 

X=YloZ2-Y2oZI 
Y=ZIOX2-Z2oXI 
Z=XloY2-YloX2 
F;SURI(X*X~Y.YtZ.ZI 

V1(II=X/~ 

V4(2)=Y/R 
V4( 3)=Z/R 
RI:;TUPN 
E"D 

GLOIlAl. DIIMMH;S 

X2 
_________L 

VI IB 

SUBPROGRAMS 
--- ­
SORT 

-- ­
SCALA~S 

NOl<MAI, 141 
Z I 146 
R 131 

ARRAYS 

VI IB 

V2 

X I 
Z}· 

V2 

134 

142 
141 

134 

v3 

V3 

143 
--.!2i~ 

135 

I3S 

_ 

V. 

YI 
Y 

V4 

lh 

144 
____ 121_____ 

1 If> 

12 
?c 

1 J I 

1 I~ 
t~.I­

_"ORMAL 
R 
MRL_ 
VI 
~l 
V) 

H_ 
X n __ 
X2 
y-­
YI 

_li_ 
Z 

I 
I 

!2 
I 
I 
I 
I 
q 

3 
4 

10 
5 
b 

II 

12 

2 
2 
2 
2 

12 
III 
10 
12 

q 

9 
12 

13 

3 
1 
4 

13 
13 
II 
II 
14 
\I 
II 
IS 

14 

4 

5 
6 

t 4 

15 

S 
1 
R 

IS 

" 

-ZL..-___ 1 9 10 
Z2 R 4 10 



I 
2 
j 

4 

5 
_._.-~._-

7 
--_._._~ 

9 
10 

lllllJilLt p~;:C 1SHh FUNCTlU" 
DIM'.NslnN X(11,Y(l) 
[HlIJJILt PREC I S I U14 ~,TF."f' 

R:f'. 
[In I 1= I.J 
H:MI'=X (I )-y( I) 

k=l-I"1 f.Mr*TF;"-lp 
D151'=nS'lRT (H) 
Hf:TU~N • 
t::ND 

nISH~. f) 

r.V1FIAI. DIJMMIt:S 

Sb 57 

SlJllf'~nGHA~S 

"t·~~ 2 

---- --.- SCALARS 

rJFA."".2 Ilscwr 

n iST 60 p b~ .. 4 Tt..r~p f>S 

tJ1 
N 

ARPAYs 
. ­

X 
---- -­

Sf> Y 57 

Dlsr 
IlSlJRT 
.1 ___ 
R 
Tf:MP 
X 
~ 

I 
R 
5 
1 
j 

1 
I 

Q 
4 

" 2 
2 

f> 

f> 

1P 

•
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PROGRAM INT2.F4 

I 
L_ 
] 

4_ 
5 

7 
--~ 

9 
__19­

11 
12 
IJ 

_-.U 
15 
~ 

17 
I R 
19 

--.l.\L 
21 
~­

2] 
~---­

25 
_---.1~ 

27
U1 2ij
(J'l --29-- -­

__]_0 _ 
]1 

]2
]3 
J4

-Ts 
36 
]7 

~Jl 
]9
 

_4Q. _
 
41
 

~------­
4J 
44 - -45 

~~-­
41 
48 
49 

--.i1L.-__ 
51 

-ll__ 
5] 

SUBHOIiTTNI' INTR2<CTEMP1
 
DATA DX,DY/23. , 40.1
 
OIM~NSION XTAl31,lTAlJl
 
DnUBLE PRECISIDN DIO,D2D,flIU,P20
 
COMPL~X A,A
 
DIJ~ALE PRECISIoN DRI,OR;.>
 
rIlMPL~X CTEMP,CCT,CCX,CCY,CCXll
 
REAL ",LAMBDA,NI,N2,N)
 
CnMMON IGRNDI PI),41,N(31
 
EOUI VALENCE I NIl) , NI I, ( N ( 2) , tl2 I , (N ( ) I , N ) I
 
DOUBLE PREriSlllN OAK,OPI
 
CI!M~Q'L lRLC l XF. YR I til
 
COMMON IANT/XA,YA,ZA,LAMRDA,DAK,DPI 
EOUIVALENCE IPll,P(I,ll),IPI2,PII,2)I,(P21,P(2,1)1 
EOUIVALENCf (P24,P(2,411,(PJI,PIJ,III,(P)4,P(),411 
LOGICAL Tf:ST 
DATA TEST/.TRUI'.1 
IftI~H) (;ALL NIIRMALJ!,!11PI21P(l,41,~(11LIK:'~PL 

TEST=.FALSE. 
ZA2=2,·ZA 
TPI=SNGLlDpl I 
AK=SNGL(DAK) 
CTEMP=IO.,O.1 
[lJ~!"~~P~ 
VGO=DISTIDII,II,V(I,211
 
Ix=nGO/DEI·X
 
IfliX .LT. Ul IX=-IX
 
IfllX .LT. II IX=I
 
IX=11 IX+I 1/21.2
 
IJEL~..!1GO/fLOAT (IX) _
 
XTA(ll=(PII,21-PII,III/DCu
 
XTA(2)=I PI2,21-PI2,I)I/DGO
 
XTAI]I=IP(l,21-PI],Ill/DGO
 
DGOX=XTAIII·DELX
 
DGOY=XTAI21·VELX
 
p_GOZ=XTAI ]).UEl,X
 
DGI=DISTIP(I,II,PII,411
 
U~;LZ:oVY 

IZ:oDGI/OELZ
 
IfliZ ,LT. 01 IZ=-IZ
 
IFIIZ ,LT. 11 IZ=I
 
Il!=1 o.Z~1 )/2).2
DELZ=DG\/FLOATIIZI
 
ZTAII1=IPII,41-PII,III/DGI
 
ZTAI21=IP(2,41-P(2,111/DGI
 
ZTAI]1=IP(],4)-P(3,ll1/DGI
 
DGIX=ZTAIII·DELZ
 

__J?GI Y=~H.l:zJ.DE1Z_ 

DGIZ:oZTAI]l·DELZ 
DO I IXX=l,1X 
FX=fLOATIIXXl-.5 
XS:oP(I,ll+fX.DGuX 
YS=PI2,11+FX.DGOY 



';-4 
55 
50 
51 
Sd 
S_~ 

60 
___U 

62 
6J 
1>4 

__b-~._ 

66 
61 
69 
69 

- 'jlJ 
__!.1. , 

12 
13 

"74 
15

-7&­
_'1.,

19 
_'9 

U"l 9u 
.po 9t--A2"'­

8J 
~---' 

85 
86 
81

--8e 
89 
~-

91 
--gr 

93 
---'f4 

1/5 
-~. 

97
-'98-­

99
 
(00
 
J 01
-102 - ­

,t!tL 
104 

_JOS 
lOb 

ZS:pl),I)+fX'OGIJZ
 
lHl 2 IZZ:I,IZ
 
fZ=f"(.OATI!ZZI-.S
 
XS=XS+F'Z'O"I X
 
YS=YS+F'Z'OGI V
 
ZS=ZS+fl.·"GIZ
 
CC6=XR-XS
 
CC1:XS-xA
 
n;«p"YR-YS
 
n. MP2=ZR-ZS
 
TEMP3=Z~+ZS 

U~I=D~LfIC~6'C(6)+D8LfITEMP'TfMP) 
OR2=DRI+D8L~ITf~P3'TEMPJ)
 

DRI=O~I+OMLf(TEMp2.TfMP21
 

RI2=URI
 
922=OR2
 
RIO=OSORTIORI I
 
R2U=OS09T( I'Ii 2 I
 
.1=IiIO
 
R2="2f,
 
Tt~MP=Y S- YA
 
n;MP2=z.S-ZA
 
TEMPJ=ZS+ZA
 
ORI=DRLfICC1'CC7)+OHLLITfMP'T~·P)
 

fJR2=OR I +Oll(.F: I 1 fMP J 'Tf'~P 3 I
 
URI:DRI+ORLEITt MP2·TfMP21
 
012=I1RI
 
1122=OR2
 
oI!':OSQRT I"R I I
 
ll20=OSQRTIOR2)

-01=010' . 
02=020 
fIO=N2'XS'CYR-Y51+INt.XS+~J'IZS-ZA1I'IXR-XSl 

f20=flO+N3.IXIi-XSI.ZA2
 
(OSA =I XTA I I ) .CO +Xl AI 2 I • CY5- YAI +XI AI ]') .'C ZS- ZA I ) 10 I
 
CnSAI=IXTAIII.rC7+XTA(2).,YS-YAI+XTAI3)·IZS+ZA)I/OZ
 

- CITSG= I XTA I I I .CCb+X TA I i j. I YR-Y S I +xtJl, (J 1-. fZ-p~ZS f) lR["------­
CUSG\=(XTACI),CC6+ XTA I21'IYM-1SI+XTA(J)'(ZR+ZS)/R2 
cnSA=IZTAII)*CC7+ ZTA I21'liS-Y A1+ZTAI])'IZS-ZA)l/fJl 
COSH I = I ZTAIt) .CC 1 +ZH 121'1 YS- YAI +ZTAl J I '1 7.S +ZA I ) In 2 
COSO=IZTAI\),CCb+ZTA I2)'IYR-YS1+Z TA IJl'IZR-ZS)/R\ 
CUSl1t=IZTACI)"rC6+ZTAI2)'IYR-YSI+ZTAIJI'CZR+ZS))/R2
cii'EriSA .COSG ' . ,--- -­
CMI:CUSA -CnSG I
 
CH2=COSAI-r{]S(;
 
CHJ=COSAI-COSGI
 
C=CUSIl-CIJSO
 
CI=COSH-CUSDI
 
C2:cnSHI-CnSU
 
CJ=COSBI-CllSOI
 
DIO=OIO.O~K 

020=D20.0AK 
RIO=RIO.DAK 

..
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107 
10~ 
109 
!IV 
III 
.1.12 _ 
113 
114 
II~ 

_. 11& 
117 

---ll.li._ 
II Q 

120 
121 
122 
123 

_-I2L 
125 
12& 
127 
128 
129 

2 
I 

~20=R20>OAK 

to=1J10/l1Pt 
III =1l10-n~LEIFI,nATI I fl) »oPI 
I[)=U20/11PI 
02=I'20-nf\("lfLflATI 10) »'iPI 
It>=KIOIOPI 
I< I =Rlo-nRLf: (FLOAT I' D» >I1P I 
ID=K20/0PI 
R2=P2"-nRLEIFLnATIID»>flPI 
n:MP=f 10>51 NIAK>CH>OFLX>,5 »05 'N (AK>C>OEI,7.>,5 )/ICh>C>OI :lOP 12) 
cn:MP=CTf:"p. TFMP>CE XP (C"PI,X( 0, ,u I. PI) ) 
T~MP=fI0>SINIAK>CHI>DELX>,5»SI"(AK>CI>IlFI,Z>,5)/(CHI>CI>UlzoP:l2J 

CTf"'P=CTEMp-Tn,p>CExP IC"PLX 1", ,01.1< 2) ) 
TEMp=F20>SINIAK>CH2>OELX>,5»,sINIAK>C2>DFI.Z>,5)/ICH:I>C2>U2:1·~\2) 

CTEMP=CTFMp-TEMp>crXPICMPLXIO"D7. RI » 
TE"P=f20>SI.IAK>CH3>OELX>.5»SINlaK>C3>DFL7 •• ~)/ICH3>C).fl2:10 PZ2) 

CTE"P=CTPlp .TDlp.O:XP ICMPI.X 111. ,1l7.R 2) ) 
CUNTINUE 
CONTINUE 
CTEMP=CTEMp>2./ITPI>TPI) 
ICC=H>\Z 
POUPN 
f:NO 

CONSTANTS 

U1 
U1 

0 0000000001100 I oonuooOoOllOO 2 O\J(lIlO(II)OOllU 1 1 f)1100l1r,'li l !JdrJ I. 

GLI'IlAI, DUMM IES 
----­
CT~;MP 134\ 

COMMON 

p 
---XA.­

OPI 
pI2 

IGpNO 
IANT 
IANT 
IGR"O 

1.1i 
1.0 
I.b 
1.3 

N 
yA 
NI 
p21 

/GJHW 

IANT 
IGRNn 
IGPNIl 

1.14 
1.1 
1.14 
1.1 

XK 
ZA 
N2 
p24 

lOfT 

I !\1JT 
/GI,1:;i1l 
/GprH) 

1+° 
1.2 
1+ 1~ 

I. 12 

YR 
J.,A/-'e I.' A 
I,] 

P II 

'" f:C 
IA I' r 
/t;k\ll 
IGH'Hl 

1.1 
1,3 
1 +1h 
1.1 

ZH 
'A'
I,ll 

pH 

/;<'1.( 

/AliT 
Il..~ -dJ 
/f, .. -III 

1.1 
Ii 'j 

I .. ;1 

1,1 I 

SUBPROGRAMS 

_IH)ll MIlL 
SIN 

S"GL 
CEXP 

~LsT 
CMpLX 

0 
("'M.O 

IFI X 
CFD.4 

fLI1AT DRLf Df· h. [) L'fA".'J USII_P [ IfF I·' " .l Ilrl'.2 Jr" . I !/t' '. f) Ii f ::,. tJ 

SCALARS 

rNT~2 1347 
p.1L __ 3 
DPI 6 
_~O 1360 

DGI 1365 
DGIZ 1372 
ZS 1377 

OX 
TEMP 
AK 
IX 
nELZ 
\XX 
IZZ 

I 3~0 

1353 
1356 
1361 
136b 
1373 
1400 

OY 
ZA2 
IlAK 
OGOX 
IZ 
t"X 
FZ 

I 3~ I 
U54_ 
4 
llb2 
1 3b 7 
I J74 
1401 

Tt:;r 
2.A 
CTF.'·'p 
lJGtI'l 
IlG1, 
xs 
CCh 

1 l~ <! 
2 
1 111 
llh) 
137" 
lJ 15 
14IJl 

Pll 
Ipl 
I' ,.1" 
IJ (~( J l 
IiG!. 
YS 
Xt< 

1 i" ~l 
I 3~ I 
1 104 
1311 
1370 



------------­
cO 
:tlJ:Ip3 
RIO 

__._~U 

~2 

-_._~-

('05B 
CH! 
c2 

..-1>21 

1403 
\405 
1414 
1422 
143\ 
j4)3 
1440 
144~ 
1452 
! 

XA 
DRI 
p20 
D22 
1"10 
COSA 
r.05~1 

c H2 
C3 
p24 

" 140b 
1116 
1423 
1432 
1434 
1441 
1446 
1453 
12 

y~ 

1)~2 

RI 
DIG 
j.. 2 
CflS~ I 
('nSIl 
("H) 
In 
P31 

I 
HI" 
In" 
1'12.\ 
I ~ 

II]; 
l-l4l 

1147 
I 'l~ 4 
2 

1 f,'·lpl 
R 11 
kl 
1">20 

:q 
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C 
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1'34 
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1476 
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1" 
'" 11 
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II ~ I 
J 
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J 
A~ 

5 
22 116 I I A 120 In 

_ML~~ 13 
B 5 

~ (; -
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.~~ 
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~~ 

CC1 

10 0 
1°1 
102 
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_60 

61 

116 
11ij 
12(1 
122 

65 
11 

90 
Aij 

91 
89 

94 
92 

95 
9J 

_.!U 1 
CCX 1 
~Q- 1 

ccr 1 
~--- 111 119 121 12J 

CH 
_.cH1_ 

9/1 
91 

116 
II B 

CH2 98 120 
-tID~ 

CIl4PLX 
99 

111 
122 
119 121 IH 

~---
CaSAl 

JiB 
89 

91, 
98 

91 
99 

__-C-OS~ 

COSBI 
92 
93 

IOU 
102 

101 
103 

_eMIL 
COSOI 

94 
95 

100 
101 

102 
103 

~~ 9.!l 96 98 

U1 
COSGI 

_~C1£'~P 

91 
I 

91 
1 

99 
23 111 119 121 IV 12h 

'-J 0 
_~ttL 

010 

25 
A4 

4 
AS 
A2 

92 
84 

109 
104 

I 11 
lOA 

119 
109 

~.____ llo 
02 85 

--.Jill) 4 
022 81 

_~A~ II 
OBLE b5 
~_____ H 

OELZ H 
_!!~O 25 

II!> 
89 
83 

12U 
13 
66 
26 
19 
26 

118 
93 
85 

122 
22 
61 
10 
43 
30 

III 
105 

104 
11 
34 
41 
11 

121 
110 

105 
18 
35 
48 
32 

123 
III 

106 
79 
36 
49 
l3 

101 
109 
116 
11 h 

III 
_I I A 
II B 

III 
110 
12U 

115 
122
-i2l 

OGOX 34 52 
_12G9_Y 35 

OGOZ 36 
~~ ______ 37 

53 
54 
39 43 44 45 46 

OGIX 41 51 
!!GU 
OGIZ 

48 
49 

58 
59 

-.!UliL 25 
OPJ II 
OBI _ ---6.---­
OB2 6 
~Q!U____.__ 10 

31 
13 

___ 65 
6b 
11 

21 
66 
69 
A2 

JoA 
61 
11 
B3 

109 
!l A 
1A 

II U 
70 
8 I 

111 
17 
A3 

112 
}_A 

III 
19 

114 
H_O 

I I ~ 

ijl 



ox-r;y'­
flO 

2 
2 

86 

24 
39 
87 116 118 

~ 87 120 122 
~QA! 30 n 51 50 109 111 1 I 3 115 

fX 51 52 53 54 
_I'_~-_.- 56 57 58 59 
GB~O 9 

---!.CL­ ____ 121 _ 
10 lOp 109 II u III 112 1 I j \14 115 

-l-'il8.L 1 
IX 2~ 27 28 29 30 5(1 1:l7 

_-.l..U._ 50 51 
IZ 19 40 41 42 43 55 127 
~-- 55 50 

I,AHIIOA 8 I 1 
N 8 9 10 18 
NI 8 I U 86 

._~2 8 10 86 
N) 8 
NOBMAL __.____!Jl 

10 86 87 

P 9 14 15 18 I J 3l 33 H 44 15 .j" SL 5 j 54 
P II

pt2­
14 
14 

\ 8 
18 

__UL. 14 
PH 15 
~ ___ ._ .l5. 
PH 15 

(Jl ----.!!.L. _______._ 72 90 94 II 1 I 17 121 
ex> BIO 4 7u 72 106 112 I 13 

~_. 
B2 

°a 
73 

116 
91 

120 
95 115 119 123 

B20 
B22 

L 
69 

71 
118 

73 
122 

IOZ I I 4 '-'-5. -_._"" _.._---- ---­ -­ _.. _--_. -" .--

BEe 
-Sltr 

12 
116 I 18 120 122 

S~GL 
TEMP--­ -

21 
18 

22 
62 65 74 77 116 117 1\ A I 1 'i -­ - i:1 0 121 In 1;> j 

TEMP2 
TEMP3 

~. 
64 

67 
-6h 

75 
76 

79 
78 

- - --­ -------------_._---------_ .... - . __..- ---_._­ _.~,--

TEST
TPI--­ 16 

21 
17 

12h 
18 19 

XA IJ 61 
XB 12 6(1 86 87 
_XS_____~ __ 
XTA 3 

.5.7 
31 

60 
32 

6 I 
33 

86 
14 

87 
j5 3n PH '--lfO-' . l~hl- - ­ 91 

YA
-Y-B----· 

13
-12 

74 
62 

88 
86 

89 
9U 

9l 
91 

93 
94 9S 

ys
Z,,--­ 53

. i i 
58 
2u 

62 
75 

71 
76 

86 
86 

88 
88 

89 
89 

qt) 

92 
91 
91 

Q2 4j q 1 45 

ZA2------zR-­
~~--

_ .2~ 
12 
54 
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6J 
59 

64 
63 

90 
64 

91 
75 

94 
76 

95 
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PROGRAM GLDCDI.F4
 

I 
2 
3 
4 
5 

__--b_ 

7 
8 
9 

10. 
I I 

_-1.2­
13 
14 
t 5 
Ib 
17 
l.ll 
19 
20 
21 
22 
2J 

__-ll 
25 
2b 

0­ 27 
o 28 

29 
---lJJ. __ 

31 
31 
33 
34 
35 

----lb. _ ... 
37 
38 
19 
4Jl 
4l 

___U 
41 
44 
45 
.4b 
47 

~_.­

49 
. __ . ...5.0­

51 
.52 
53 

"I·~NSIUN ILARLIP)
 
II [.~NSIl)N t"T~Al (_J))
 

COMM.nr, /PLXTI NRP,RXMIIJ,RX·"'X.,kXFI',HXI"T,RI,·'~r.,F-y,,).x,~YfoT,~'tL1, 

1~Z~N, )·.ZMX, pZfT, RZLT, P f1oll1-J, Rfni;, RTVT, PTLT, 
2 A.I M~. , AIM. X, A1 f T , tI, T{. T , ATHH! , 0. R(-1)( , A1< F1 , h HL. f , 

lAlllN,ADIX,ADlr,AUIL, 
4ADRN, J\f)~X, ADJU', APPI. 
~:lIlIIVALENCE (IPTI'~T(l ) ".l'lf')
 
IMPLICIT CnMPLFX (C)
 
[)I.~"NStoN XC2'J),Yllv),ZC211)
 
1l1.l:-NSIot, crl Cl0),Cf-2C2,t),rF )(2°)
 
IMPLICIT DOUBL~ PRECISIUN (OJ
 
rOM.ON IREC/RX,Ry,~Z,MT.N5IZl
 

REAL LAMBVA
 
rn~:IO" IGl'lnIJNVI K.XI(20).Zll2l1J,X?(II/lOJ,Z/(On:>I,HL
 
COM"[IN IANT/AX,Ay,AZ.I,AMRI)A.I'A~.~pl
 

CO •• O~ ,VAL' HR.HI
 
C 
C TItIS l/ALIlF: or T~.n PI IS trIJr{ALtz,f.~ TrlI.s 'l;A'i 10 P.V(I!I, l:sI'j(; 

C BLDC~ DATA 
OPI=b.2~)IB~1071795Hh47b9 

"RITHS,2uol) 
2001 fllRF-IAT(' INPUT ~'lljF: NAr..,fo.:',SJ 

~~AU(5,2000) ILBL 
100U	 FOR~ATIA5) 

CALI, IFIl.FC20.ILBl.) 
.HtrFCS,2002) 

2002	 FORMAT(' UuTPUT F[L~ uA.~:'.S) 

RFAOCS.2000) ILhL 
CALL DflLECI,ILbL) 
"RlnCI) IPTI1AT 
REAO(20,IOOO) ILA~L.TAU 

WRITFlJ.lonOl 1l..AL 
[Ill 3 1=102 
JolEA1\(;lO,lOOII) ILAF\L 

J WRIT~(I.looO) ILAtlL 
1000 FnR'AT(~A5,fl 

REAO(20) LAMBDA,N~L.C~II).Y(I),Zlr),CFIIIJ'C'2(rJ,c,)(r).I=I,.~L) 

201 R~AD(2U,2005.rHD=100) RX.RV,MZ,MT, 
ICrRI,crR2.cfRJ.CFSI.CFS2.CF5) 

2U05 rORMATC4F,I.6FIJ.b,I,6EI3.b) 
C 
C Afn:R TI'F, fit: LI1S H.VO: R~,F" ACCll"IL~HV F{l\-< ALL Pl~, ~ 1.\-,f.I\::'~ roS 
C TH~ COl'S ARF CALCUATED 
C ACDl'l cOl fllM TH~ (;R"UNIl ""F'Cl 
C ACD I CD I fOR • I DEAL" GMlJlJNIJ Pl.A~F 

ACDR=~S7.1.·RFALC(CFR2-CFklJ/CrRt) 

A.l:D I =~57 .14 •• [.AL C(CFS2-Cf S lJ ICF S I) 
c 
C NCRP IS THE CDU"T nF THE MECfIVFRP"I~IS 

"RP=.HP,I 
If(~RP .NE. I) GU TU 4 

C 

1	 • 



• • 

54 C THIS SECT[(H, HHTIAL1ZF;S T1If ,<AU-'·1(I'1 AI<I' "'I'P'U" VALlifS 
55--51; C 

C 
Df TH~ VAHlnus ~ANGF 

IJSf:D IN THI: PLUTT1Nr. 
AND Dn-.IN 
PRlIGRA~ TO 

VAriAHLfS. Thf5f 
SCAI,f: TIW PLoTS. 

A~f 

MTcP Thf 
57 C HUN 15 f-l NISI~E(l Tltn wILL HE flU rpUT I" Pl.ACf flF Thr. 
SR C INITIAL [llIMMY RECOHU 
59 _AflD!=ACLlT 
60 AllOH=ACDH 

_--ll_ 
6l 

TI/"RT 
AfllX=ACDI 

--6.J..... _ AlIIN·ACDI 
64 

---6.5...... ~ 

AD 1f'=ACD I 
ADRX=ACllR 

_ 
66 

---iU-
AI)RN=ACD~ 

A[lRf=ACDR 
68 Rxn=HX 

_M RnT·HY 
70 RZ.T=HZ 
7t IUfhRT 
72 AI'T=Acr:! 
lL-._

--74 
ARr{=ACDR 
~XMN::HX 

7.5._. __ 
-­ 76 

HXM.(=RX 
HYMN=HY 

77 RY~:{=RY 
78 HZMN=HZ 

C]\ 

I-' 

~-­
80 

--U....__ 

PZ~X=HZ 
HTMN_HT 
Hn'X-R! 

82 AIMX_ACDI 
83 __A~ACJli.__ 
84 AHMX_ACDH 
II _ ARMN_ACDR 
86 C 
87 C THIS SF-CTION flOrDATrs THF ~AXIMII:~ ANI'~INIMUM VALllf:S 
~-­ 4 CIlNTI NUE 

89
--9-0 

RXLT=HX 
hi:.T=i\Y' 

91 
92 

RZLT-HZ 
HTLT .."T 

_9.L_ AILl.ACOI 
94 ARLT=ACDH 
95 .!!JJ'.!..... L!.• RX.~"-) __ .!'X.MN.:'~X .. 
96 Ir(RX .GT. RXMX) RXMX.RX 
97

--9il--­
Ir(HY 
If(RY 

.LT. 

.GT. 
RYMN) 
RYMX) 

HYMN.NY 
RYMX:RY 

99 _ If!~_-,GT. RZMX) RZMX.HZ 
100 

---.l.l1.L _ 
If(RZ .LT. 
Jf(~T-,~T. 

HZMN) 
RTMX) 

RZMN=HZ 
RTMX=~T 

102 
---.1Q1-- --­ ----­

104 

I'(RT .LT. RTMN) RTMN.HT 
If(ACDI .Gr. AIMX) AINX=ACOI 
Ir(ACDI .LT. AIMN) AINN_ACDI 

----.!.Q.L. ­
106 

I. (ACDR 
If(ACDR 

,Gr. 
.LT. 

ARMX) 
ARMN) 

AR"X_ACDP 
ARMN.ACDP 



107 r(l~=EXP( !To-R 1') ITAI.I 1 
108 C 
109 C THIs s~.rTln, I>IMllLATF­ 1H,: '.fFtC1 ['f TH': F-LF;rTlCAI. I,/·'L·, 

.1 1 0 C MfCHANICAL 'J'ERTIA' or rUK JLS 
III C PfCf jnR SYSH.M fOR flyNMIIC SIMI.I\,ATH" 

.. U2 TO=RT 
I 13 ADDI=COH*(ADnj-arnllIACfl\ 

114 AUDR=CO-*(ADDP-ICDP1IACDP 
1\5 IflAOOI ,I,T. ~I)[N) ADIN=AnflI 
lib IH/,ol'j .GT, ArJXl AOIX=~lIOI 

I 17 An II,=AI'O I 

~1JJL If(ADIIR ,kT. ~DPN) IORN=Annp 
119 IfllDllP .GT. ~r,PX) AORX=Annp 

120 AI,PL=AOOP 
121
Ln 

C 
C THIS IS TH,: (1l1TPIIIT (if THE ~E:AI, A~n 'In'.AL' , SIA1'le 

123 CA'm nyNAMIC cn,'S WwITH liH. RfCflVfR (lIliRnlNArFS 
.-.U! __ WHIT!'-\J.1003) RX, RY, p Z, RT , ~C PI, A(' [J P , AIH) I , An i}f.. 

125 2003 fIJPMATI8f) 

12b GO Tli 20 I 
127 C 
118 C THIs [S THE rt::f-l~\J~;ATtOfJ Sl:..('TtUr-, Td~· lrlt'IIAL ~F(l\"'l~ Ijl" 

129 ( 1HE nlJTPilT flLf IS .R[TH:" ANI! THE rlll'''RA·1 n:"MINATr:S. 

._ . .uJL 200 CAI,L pf.t,f:AS (I) 

0­ 131 f;~CUOf: 19, ?(JOb, I LA!,L ( I ) I Ll<L 

N 132 2liOb fUP>iATIA5, ',OAT') 
III CALI, DF:nNf F1Lf'(I,2~,I,lI,~HL(ll) 

IH WRITEII.I) IPTD~T 

135 CALI, REL~:AS I') 
_.lib__ CALI, EXIT 

117 STOP 
PH END 

Cl1NSTANrs 

IL 203622017315 j51)042055061 OOOl!l)uoo()u21 ()ljC, 'Jolu 11(luo (, J 1. I )')~ ~·l-~ ~I)~b 

5 0000000000]\ 

CI)M~ON 

NRP IPLXT 1+° RXMN IPLXT 1+1 RXMX If'l·XT 1_.2. RXH I pI., 1 I • I HA.LI I r' I, A. I / .. '~ 

RIMN IPLXl 1.5 p¥MX IPLXT 1.6 RY'-T IPI" XT 1+7 I-' :fL'] If'l,n /+1(, i-<'?, " I~' 1.;l , 1+1 t 

~ZMX IPLXT 1+12 RZfT IPLXT 1.13 nl,T If'LXT I, I 4 ~ 1"': , IN,Xl I+l~ I-< r I \ A I f'I.XT /+Iu 

RTFT IPLXT 1+17 RTI,I IPLX r 1+20 A I ~,~ IrLxr /+21 ~ 11,~ ~ /f·'l ;iT 1+1.2 ~\ 1 F j It-"'- A 1 1+£3 

AILT 
_AD I N 

ADRX 
RZ 
7.1 

IPLXT 1+ 24 
IPLXT 1.3\ 
IPLXT /+3& 
IREe /.2 
/GRUi'ND/+25 

A~MN 

ADIX 
ADRF 
RT 
x2 

IPLXT 1.25 
IPLxT II J2 
IPLXT 1+37 
IR~:C It) 
I<;ROI)~D/+51 

AR"X 
Aon 
ADHI, 
NI>I Zf: 
Z2 

IPLxT I.lb 
If'LXT 1.33 
IPI, X f 1+ 4 (J 

IRFC 1>4 
,c; .. n\II'Jn/+ 76 

ARfl 
Al>jl, 
I~ .( 

~ 

1 ~:L 

If' L,( T 1.;1 
IP t., .... r /+JJ 

1"'( /+11 
j(;RUrr'.t1 / +II 

IGI-: r"1l1 ,,1) I'; 1 i!. j 

~I·d, I 
.... I·k 

fY 
,(\ 

A,. 

I .. L ~ I" I .. j +J 

I ~i I, x: r I .. j~ 

I til: C 1+1 
1,.1-( 'J II f, II I .. L 

/1\., r / .. (I 

At IANT It I AZ IANT 1+2 LAMHfJA IHIT 1+ J Oil' I M'l I .. of I> pI II," I J+f"I 

HR IVAI. 1.0 HI IVA/, 1+1 1 PTUA l' IPl,XT 1+1) 

SUBPRnGRAMS 

'J ,'. 



, • 

rnPs E• 
VAOOP, 

,.IBn' 
PErlNF 

AI,rHO, 
R~~C flO. 

ALPHI, 
pA,\jAC, 

InLF 
F:XIT 

nrlLF l.l.TIIi,,,r'. FLl'IIT. r1.1I-T. r. 1III • ~F 41, L r I) .. 2 to.)." l.: ~ , ) I~r-I r !l.. ~ 

SCALAIlS 

DPI 6 
..!LEL !i72 
CrP I 573 

. _ .en3 605 
ADDR 612 

___....AJ)RX ]0 
pZfT 13 

.RXMX 2 
pTMN 15 
ARM' 25 
A1LT 24 

--"!S,IZt: ....4 
AZ 2 

rL81. 
pX 
CF'p2 
ACnp 
T° 
ADp ~~ 

pTfT 
pYMIl 
pTF~X 

RXI,T 
ARLT 
~ 

!lA~ 

~b7 

0 
57S 
607 
blJ 
3S 
17 
5 
10 
4 
30 
0 
4 

TAli 
p~ 

CFRl 
ACDI 
AJIX 
AD~F 

AIr! 
R n"l~ 

AI~';( 

pnT 
CO. 
I F:L 
HR 

~711 

I 
~77 

hill 

12 
11 
21 
I, 

n 
IV 
014 
'23 
0 

1 
III 
(' F;; I 
r.~p 

A;ll 'j 
PH'r 
ApF I 
" l·l. 
AI "~ h 

RZLI 
ADIL 
A ~ 

1.\ 

~ I j 

1 
r'\lIJ 

'J 

3 I 
1 
7/ 
I! 
21 
1. 
11 

"1 

L/\ ';,Ili. 

PI 
Cr ~I 

~Dl\ J 
AI' 1 t 
HI. 
I·"i 
1-<",- I.. 
.... R:: .( 

kiLT 
All,.... I. 

1\ Y 

I 
I 
to ....l j 

ul1 
j j 

I 
1 
11 

/" 
) 'J 
-11) 

..--­A'PPAYs 

0­
Vol 

ILAHL 
ti! ..... 
X2 

1>16 
?2? 
51 

IPTDAI 
CF'2 
Z2 

0 
712 
76 

X 
n'} 

6f.'ti 
IU42 

Y 
XI 

b~) 

I 

J. 

ZI 
h /" 

l'> 



_ACQl 48 
ACDR 47 

.J.llU..L__ _. 59.­
ADDR 60 

. .ADll 3 
ADIL 3 

.AD.lJi. 3 
ADIX 3

....AllRE.__ J. 
ADIlL 3 

..AQB1i. 3 
ADR.X 3 

..AllI_	 3 
AILT 3 

-A.lM-H-- -l 
AII4X 3 

.AU_ 16 
~RF'T 3 

.ARL.l' ) 

ARMN 3 
...AJUu...__ 

-~ 

~X 16 
.AI I" 
H 16 

..J:F.l 1\ 
CF'2 II 

-CLl---- II 
CF'RI 39 
.CEIU 300\ 
CF'R3 3q 
C£Sl- 39 
CfS2 3q 
CES] ---.3.Q 

~ 

CON 107 
..n..u Ib 
OEF'INf 131 

_ll.2L. If> 
EXIT 13 6 

...I::.U---___ I0 1­
GROUNO IS 
.lil 17 
HR \7 

-1-_. 34 
IEL IS 

...lLt.LL.-_ -- - 4­
ILABL I 

..1WiL 24 
IPTDAT 2 

.JL_ 15 
LAijBDA 14 
NEI, lA 
NRP 3 

.1ISlZE-___ .. I) 

59 
60 

113 
1\4 

b4 
\17 

63 
02 
h7 

\20 
6b 
65 
72 
9.1 
M3 
82 

H 
94 
~5 

84 

38 
38 
38 
47 
47 
47 
48 
4R 

.48 
1\3 

21 

38 

32 
26 

8 

\6 

8 

62 
6S 

115 
\18 

\ IS 
1\6 

)\8 
1I9 

104 
) 0 3 

106 
Ill5 

63 
&l) 

II b 
1\ q 

64 
&7 

\11 
120 

72 
7 J 

1?4 
\ll 

ij, 
~. 

ij3 
H5 

93 
Q4 

\03 
Irl5 

1\)'. 
lilt-

I 1 3 
II ~ 

1) • 

I it 

II' 

133 

J3 
29 
31 

38 

5 I 

35 
311 

134 

52 

36 
1)1 

LJI IJl 

..•'. 
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~-- 30
 
PLX r 3
 

RILl 3 n
 

~--_._~~ 48
 
REe 13
 
~__.. jJQ 1)5

R1 13 19 61 71 80 8 I Ql Jill I [)} 101 IlL 121
 
RTfT _.1 71
 

RTM~ _ .llO
-L- . 102
 
RIMX 81 101
3 
.RX.- __ __ . 1.3 J9 b8 74 75 89 ?5 Q o 12.
 
RXfT h8
1
 

.JU.L.L._ 89
l-
RXMH 3 74 95
 
AIMX 75 9&---l
 
Ry 13 39 69 76 77 QI) Q7 Qil In
 
~ } b9
 
RYLI 90
1 
JiUlII_ 7b 97-.J
 
RYI4X 3 77 98
 
RZ I} .19 70 78 B 91 !l.9 IOU
 __ ~2,, __
 
Rzr-r 3 70
 
JU.IJ.___
 l 91
 
RZMH 3 78 100
 

- 1RZMX 79 99
 
TO 61 107 112
 
.'IAlL.--___ 4 __ .
 1111
 

0"- VAL 17
 
tn· 

~--- 1.0- 18
 
XI 15
 
~-~-
Y 10 38
 
Z 10 JB
 
ZI 15
 

-U.... ______ ..15
 

lP 31 16
 
4P 52 R8
 

~. J9 1 1II
 
20lP 39 12"
 

_10olOr 12 33 J5 36 j7
 
2000P 21 25 79
 

JQI,IU' 22 23
 
2002P 27 2H
 

.2lUW' 124 125
 
2005P 39 41
 
20Q6P 131 132
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PROGRAM GLDPLT.F4
 

I nl~fNSION ITYP~13,21 

2 OAf A lTYPE/"STATI",'e \TAl,', "llt",S", 'L'YNA"", "Ie VA·, "LlIt:.I:',"/ 

3 (lATA ~lD,ppD/'cntD',"TH~U""1 

_.4_ DIME'SION SPACf(4),IAXC2d) 
5 "ATA SPACf~I,,2,,2,5,5,1 

U41'/I, IAX/"[)f.GPE','F.S"," ~Tf.r"," ·,".'jF:ClJr~',"PS"1 

1 D4TA PA~,PRY,PAZ,PAT,pAI,PAf'1 

___8 1 "Fl X~ , , fl 'f ' , "fl. Z .. , "~T ' , "C 0 I ' , "T Hr~ rI .. I 
q nI"~Nslij~ ,PTOAT(3)) 

___lU C{II·'f.\OI~ IPTxxN/NRP, pX.gN, R~MX ,PXf- T" FXl'T Il/yr-\~, ~Y:·~x., Rt~·T If- YI,T, 

II tRZMtl,~Z~X,pZFT.RZLT,RTM~,RT~X,!)rF·r,~TLT, 

-----..1..2. ~Al~r~, ~ I ~-lX: ,AIFT" At [,T" )l.fI·'1r~, Al?r~x" AR~' r, ARLT, 
13 ~AUIN,AOIX,AnIF,AnIL,AnPN,A~HX,A[)Rf',ADHL 

14 F.1,1I1 VAI.o;,C1: (I PTOAl' (t J, "f'P) 
IS nIM~NsIOW ILA8L(RI 
Ib

-11 
DATA kL~N,YLf~,lT1C/2U.,8.,211 

DIMU'sION nYI (2000) 
I ~ --1-9----· 

Dl~ENSION O~(ZOOD),DY(looo) 

NA~ELISf IFMrOI YL~NG,YOEL,'SC,U~IN,U'AX,UEL,lP,15C 
20--2-1--­

1 
CALL PLOTS( """, JhO,I~) 
IoMITEC5,IOObl 

22---IT­ tOOb rllR~U,(l' INPUT fILE NA~E.: A:-JU AXIS 
M~AU(5,I0051 NAMf,I5X,ISY,80UND 

TYP~,S:",S) 

24-25­
1005 rn~~\AT(A5,I,I,F) 

If'IlSY ,I,T. I) GO Tfl 204 

0' 
0' 

2b-rf 
2M-2'l 

If'lIS' ,GT. 2) GO TO 204 
lfelS) ,LT, II Gn TU 204 
I F I 'SI ,GT, 1) GO TO 204 
CALL PLOT(O,,-IZ,,-31 

~--­
31 

.c:::~L~!_..fLOT(ll, 'J .,-) 
1=0 

32 CALL IfrLgI20,NAM~) 

13 RfAIJ(ZOI IpTllAT 
H 
IS 1002 

'MITE(3,IOoZI Npp 
fORMATI' THERE, ARf',lS,' RECUVg-j> PUIr<TS,',iJ 

3b-37-­ 1003 
.Mln:O.,IOQ)1 __ 
fliP t·1AT ( t 4 X, l' po: [N " ,9;( , ",~A X' , 9 X, , F rF s T" , "' x , "I, AS T" , I ) 

lH-----T"--- . 1004 rU~MAT(lX,AS,tX,4P12.4) 

.MlrfI3,IOn41 PRX,R~MN,RXM~,RXfT.R~LT 

40
4\ . 

~RJTf(3,1004) PRY,RYMN,PY~X,RYF'T,PYrJT 

YlAITfl3,Ioo41 PAZ,RZMN,RZ~X,RZfT,RZLT 

42H -----­
wRITr.(l,1004) PPT,RTMN,RT~x,PTtr,PTLT 

-.~lf~(),loo1j P~),AI~N,AIM~,Alfr;AILt 

44-45--­
WHITE(3,11)04) P~R,A~M~,AP~X,A~fT,ARLT 

~AJfE(3,I0041 PIO,AOIN,'OI~,AIJI"AUrL 

4b---47 
~~lTE(3,1004) P~Il,ADRN,APRX,ADHF,AI.JJ-<I, 

GASU=U, 
48 GASIJ=O, 
49 GACN=O, 
~O 00 7 11=103 
SI RF.AO(20,IOoI ILARL 
52 wRITF-I),IOl) ILABL 
53 101 fDAMATllX,RAS) 

.. 



•
 

54 100 
~5 

5& 
57 
58 

_~------5..!l. . I 
60 1000 
&l 
62 
6] 
64 

_----l>5.­
6& &0 
67 
68 
69 lOO 
70 

---ll.. 
12 
7J lOI 
14 
75 l02 
16 

__..11 200 
18 

Q\ 
--.J 

19 
80 
.81 

201 

202 
82 

---lU-­ __ _199 
84 
8.5 
A6 19A 

__87 
AR IDOl 
~_ .. 

gO 
'11 
92 

_..93 
94 

----!l5.~ __ 10 
g& 
97 
98 II 

___ 99 
100 
101 
102 

~.­

104 
~ 

10& 120 

f"RI~ATlRA5) 

CALL SYMROl.(O.,O.,.2,ILAHL,9tl.,40)
 
CALL PI,nT( .1,0.,-])
 
CALI, SY"IROLlO •• O••• 2.ITYP~:(I.ISYJ,90•• 15)
 
rAid. PLOTD.,O.,-])
 
P~A~(20.IOoO,ENO~2) .,Y.Z.r,C,N,CO,RD
 
fOIlMATl H I
 
T~MP=SQIlTlX.X+Y.YI 

1f(ln:Mp .LT. ~5n().) .OP. lnN,p .G1'. 20721,.)) ';1) TLJ &n 
GASU=GASU+C 
GAIHJ=GAsn+CD 
GACU=GACN+I. 
CONTINOF:
 
1=1+1
 
GO T() (loO,lOII ISY
 
CONTI NUE:
 
I)Vlll=C 
DYHll=R
 
G() TO ]02
 
llYlll=CD
 
UYI(()=PD
 
CUNTINUE
 
GO TO 1200,201,202) ISX
 
llXll)=ATAN21Z,SUIlTlX.X+Y.Y)).~7.295] 

Gil TO 199
 
DX(1)=X
 
GU Til 199
 
DXII)=T
 
GO TU 1 qq 
If II .NE. II GO TO 198
 
lJMlf'=fJX(1 )
 
DHAX=fJXII)
 
lJH/II=AMINI(DMIN,DXII))
 
DMAX=AMAXII DMA X,DXllll
 
fUilHATI5X,lf)
 
.Ifl I .LT. 20(0) GO TO
 
IHI .LT. 21 GO TO ]
 
YLENG=AMAXIIAIMX.ARSISOIINP).-AI"IN,6.)
 
IflARS(BUUND) .LT. I.E-41 GO TO In
 
YDEL"YLENG
 
Gn TO II
 
.Y1£~G.AMAX11YLENG,AIlMX,-AIlMN) 

YD~L=fLDAT(lfIXlYLF:NG/YLKNI) 

YLEr4G=YDEL. HEN 
CALL AXIS]IO.,O •• -YLENG,YLENG.YOfL.YLEN. 

I'MICPOAMPEIlES',12,O,O.,YSC) 
IP=lfIXlALOGI()IIlMAX-DMI~))-1 

~E'.D.W~lU. f!IP 
DO 120 J=I,4 
DEL=SPACElJI.POW 
IT=lfIXlDMAX/DEL_I.I+l_lfIXlDMIN/DEL) 
IfIll .LT. ITle) GO TO 121 
CONTI NUE 



101 121 IHI PI =F LU AT ( I F I XIn" I '/I1F_ L j 101) F I> 

~l! 11M AX=f l,fJA T ( I f I X(-. 1 +l,,~ AXIll~ I,) + I I O[lF I, 

10~ lP=-IP+1 

__il!!.. 
III 

If(IP ,LT. 01 IP=U 
CAIIt. AXIS3(O. ,0, ,D~,liX,[P1IN,P~:IJ,·XL~~!\',lAX( t, lSX), 7,1 P,ll, ,x,sc 

112 tALL p~nTIO.,YL~N/2.t-JJ 

II J CALL PI..lnT(XL~~I~,I,.,2) 

.-.1.ll '~ITfI5.fRF:Dj 

115 CALL PLfJTI(OXI\j-DMINj/X5C,OYII j/YSC, 11 

----.-U.n. W~ITEI].luoll OX(II.DYIII.DYIIII 

111 GA511=GASUo 7/GACN/150. 

----1.1.8-_. GASD:GA5Dt:1IGACN/150. 

119 WPlTE~1 3.1 001 I GASlI.GASD.GAC" 

_120 1001 FU~~ATI' STATIC M~A' ANGLE tMkO~=·,~.1 

121 I' D't~AMIC MI::::AN I\rJGld:: t:FlPn~=',E, 101., ·r.nll·IT=',~ f...(l) 

_ . ..1.22 DU 4 J=2'1 
123 W~lTFI3.IUo[) OX(J).DYIJl.OY[IJJ 

---.l2.L-_. ...A. CAl' I PLOT( (DllIJ I _pM 1 ~ I I X5C. IlY I.J) 115<:.21 
125 tHHlIllI~D .I.T. 0.) Gfl Tfl H 

......1li>......, 
121 

15-=2 
rALI, PLOT(I[JX(I)_DMI~I/XSC.IIYI(11/YSC,3) 

--.12JL,.. 
129 

DU (> 
CAI,L 

J=2,1 
PI,nTI(UX(Jl_DfliN1/XSC,l>YI(_)IIISr,IM,) 

130 .Q. )S_=5-ISw 

III ~ rALI, PLOTIXLf:"+2,.-5 •• -3) 

0­
00 

_..132 .. 
III 
134 

2(-4 
C;U Tn ) 
CALL PLOT(1.,O •• 9Q91 
CALL F.XlT 

135 STOP 

130 _---!:J!.Q..._' _ . 

..CDN 5.IANTS 

ooooolloo05~u 

5 OUOUOOOOo 0 24 
l1.___ . "Q!J.Q.l!.Q.QOOOU.l 1 

11 20140(0001)00 

.......2j 00000000111'00 

JI OUOOUUOOOOOJ 

I 
n 
1 3 
20 
1 5 
32 

o fl 0 () n/)o 0 0 n2 (; 

11003[463140 
2024UOOOOOOO 
IOJ6'4jj34271 
000UOUOOOOl4 
200546314631 

2 
7 
11 
2\ 
L,b 
j) 

2114bl)l)OI)UdOII 

2Ij1t:lI)OOOI)(ll)ll 

211'50 lbOl!l.llll) 
4h''''7-j01SI23b 
1156311~314h 

21 0 1~4 ()O~)l)(Jp 

1 
IU 
15 
n 
) I 
II 

l)dll(J [)ull'i,llj(I\) 

f.lU(JU'lJflr)(JI)'Jd 

J. I 0100') <1 'H, 'Il) n 
.1"(;'~ t -32 0) -17tl,f·j 
(,II\I/)(I/)UII(),)(I I 

"( I) 3') lj ,H}IHlll ij" 

~ 

11 
I" 
;> l 

'1.1l., 

I.) 1 oj (! I) II (IU I) U'I 

·1/7 ... nJI4bil~ 

L(Jb/12)lJ~.!\I 

'i; b·1 r) ~ , 1;1" r, i\­ _. 

"(d)LIIIIJl'll(J\,(j 2 
li)"Jr:> ,llj!1 un (. u oj 

_____ ..30 _ OOOOUOOOI141 

____-.l:Q...~.'lrL..,_. 

NRP IPTXXN 
- iiy~~1 IPTXXN 

pZMX IPTXXN 
.RifT /PTXXN 

AII>T IPTXXI~
----AD!,:,--- ii'r)(XN 
__ ,...!.~~.X IPTXXN 

1+0 
1+5 
1+12 
1+11 
1+24 
1+ 3 I 
1+36 

RXMN 
piMX 
pZfT 
pTLT 
AM"N 
ADIX 
ADPf 

IPTXXI'· 
IPTXXN 
IPTXXN 
IPTXX­
IPTXX', 
IPTXXN 
IPTXXN 

I + I 
I+b 
1+13 
/+)() 
1,25 
1+ J2 
1+ 37 

MX~X 

HYF T 
~ZLT 

AI"" 
AP"X 
ADIF 
AOpr, 

IPTXX" 
IPTtX,' 
IPTXX~ 

IPTX XN 
IPTXX' 
IPTX'X" 
IPTXX'~ 

1!1. 
/ +., 

1+14 
1+21 
1+<6 
1+ j 3 
1 + 4l) 

I'.:" F r 
1<'1LT 
HPPJ 

Ali-:t 
A~n' 

/\Pll. 
1pro A r 

IPTU 
/P r), ,(,; 
IPT ,(X" 

IPTX);' i 
IPTXX' .. 
/PTXi.. 
IP r, x ' 

I+J 
I+ln 
1+\'> 
/+:t.2 
1+;> '/ 
/ +.S 4 
/ +\1 

I-Ud 
"l : . 
h r' :( 
~ J v t 

A-H,l 
i',UP I 

1 r 1 .4, 10. J 

/rrxx,~ 

/ ~)T:( X I' 
/P[,(,(" 

l~r(X'1 

/L-ll .(X,~ 

IH 
I + I 1 
I. 1 b 

I+il 
/ + j IJ 

1+3':> 

_---...sIlBPHQGPAMS. 

.. ~ ­



,	 ~ 

l' I I ~ . ~	 ~1 ·bl.ll r, I). 
rll~SF:.	 .Jaf' AI.I,lfl. pLIITS ALPHO. aLPH l. J '''Til. 11':1 r. FLUitT. to 1,11'1 • P l'liT I ~ 11.1:' 

AIAN? Arq ~n A~AXI ABS fLOAT Ifl( A(I ~ 3 AIJll(; t ,) f (P'. t "·I.sr. ... J: I T 
S~PT 

SCALARS 

I i33 I-'H7.	 IJ..HPHX	 12.! 1 PlJtI'lr	 I2)U pPIl 1231 
1231, pAH t737 XI, I-~ 'j 1 loll' t 1·~. ~	 IHI

PRT Ill~ pAl 
!TIC 1242 yLENG 1143 YD.-I. I< 4\ ysc 1I4~ l' ~ 1 I	 It. .j.h 

U~, 1"'11-	 !i~jIP	 12~1 xsc 
II~O blltP II 11~ 7 J 1/,01J

DMAX	 1247 n~L Il5u 
~A~lf:	 1254 I:;X 12~~ ISY 

FilL..T
NPP 0 R.(f~N I PX~'X 2	 HHI 3 .\ 

Pi I. r III Hzr' i II __ R't~_~ 5 RYMX b PYfT 7 
pZLr	 14 f- rr·;:~ I~ ~I 1 . !,( I"pZMX	 12 pZfT 13 
AIM.;	 ,.p'x n i\ (FT lJ17 RTl.l	 20 21 

jl)RTfT	 Apf[ n A,·,· ,AILT 24 AR~l'j 25 AiJMX 2~ 

AJ) II. 34 Al'k"
AOHI	 J\ ADIX 32 ADlf 33 l~ 

(.ASr,	 !intADPL 40	 <"~ASI) 11" 1 
i 11ht' Z Iln7ADRX	 36 ADPf 37 

_____.~~N ! 26 3 II 1264 X 12~5 

T 1210 (" 1271 R 1t7) (u I in Hi) 
Ii " 
l j 111

TEMP 1275 plHi 1276 ./	 1277 1T 131.10 I Sr. 

A~PAYS 

() Il,jl .... tJ	 I jUI AX	 I ~TiIA r ______LUPE: SPACE I }J4 
<D rYI IH2 nX
0>	 1302 1310 

5252 PY 1117 2 



AilS 
-1.-0-(. 

91 
10 

n 
45 

ADIL
ADiN­

10in 
45 
45 

ADIX 10 45 
AOflf 10 46 

ADRL 10 40 
ADRN' 10 46 

~ _Jo 4~ 

AIt'T 1<) 13 
il"-L. 10 41 

AIMN 10 4l q I 

~- 10 43 91 
ALnGlll 100 

...AMllL__ ~, 91 95 
AMINI 86 

_!B.fT 10 44 
ARLT 10 44 

...!RMN 
ARMX 

, 10 
10 

44 
44 

95 
95 

~___11 
AXlS3 99 III 
BDUNt)

-C---­
2) 
59 

9 I 
03 

92 
70 

12, 

--J 
0 

CD-iJfL-­
~,_..... 

I>MI'" 
Jl!.. _ 
DY 

...QY.l--- . 
"Xll 

~9 
19 
1.<1 
19 
18 
I R 
11 

134 

64 
103 

85 
84 
17 
70 
71 

7J 
104 

87 
86 
79 
73 
74 

107 
100 
100 

8 I 
115 
116 

108 
104 
101 
~4 

\ 16 
123 

III 
tfld 
Ifl] 

~5 

123 
127 

111 
III 

"" 171 
12-' 

" ~ 
"7 

12 ,1 
II ~ 

In 
I J n 

I) "j 

I). ( l7. I / , 1;;'1 

---fl&ll.___ .1b,­
filED 19 

101 
114 

.109 

GACN 49 65 I 17 118 11 q 
'G'A'SI> 47 64 118 119 

GASlJ
-1-'­ 48 

31 
63 
67 

111 
70 

119 
71 7,! 71 77 7'1 '<I R I ., ><5 ~, ~l HI 

_______ .'!.2 90 122 128 
lAX 4 6 111 
IBUf 

IflLC' 
20 
32 

If! x
-1-1--­

9 6 
50 

lOt) 104 107 108 

,.!.!-.AJ!.L._ ,_.t 5. 
IP 19 

51 
joo 

52 
101 

55 
IQ9 II u 111 

I pTDA,'!..._ 
Is-
IsX 

'IsY' 

q 

(26 
23 
21 

14 
129 

27 
25 

)j 

I 3Q 
28 
26 

76 
57 

11\ 
68 

IT 10 4 105 
Iric 16 lQ5 
...ll'U'E I 2 57 

.. " '. 



• "
) 

\02 103 122 123 124 12H 129 
~--
NlI~E 23 32
 

14 34~- 10
 
PH 1 43
 

__l'AR_ 41
1
 

l~u 1 31 III

PIO 3 4'>
 

30 5~ 5ij \\2 113 115 124 121
 

PPD 3 4~
 

-~ 1
 

PLOTS 20
 
.-I'.ll!L_ 10\ 103
 

--!'.LUI 29 

42
 
PRK 1 39
 

4U
-UL. 1
 
PRZ 1 41
 
~- 1.0
 
R 5'1 11
 

...R.D 59 14
 
RTfT \0 42
 

...RJ'IJ 10 42
 
RT'IN \0 42
 

-B..UU..-_.__
 10 42
 
RKFT \0 39
 

...B..lL.J 10 39
 
RK'IN \0 39
 

..B..UU. 10 39
 
RIFT \0 40
 

-.....R:LLL__ __ _ _ 1.0 40
 
4U
-...:J RII4N \0
 

I-' _RYMI. 10 40
 
4\
RZrr 10
 

-...1WJ. 10 41
 
RZI4N \0 41
 
.B.Z..Il..L-__ _ . -l0 41
 
SPlICF: 4 5 103
 

_-.S.QB1. b\ 11
 
SII4BOL 55 51
 

---L-__
 S9 81
 

XLEN 16 III 113 \ 3 t
 
---UC. 19 11\ 115 124 \27
 

TEI4P C,1 C,2
 
~-_._--~- b.1 11 19
 

\29
 
17
I 59 ~I
 

..-I~_. 19 93 96 97 9~
 

HEN I~
 q~ 97 98 112
 
~ _____ L9 en _ 93 95 9b 97 98
 
1St 19 9B \15 124 127 129
 

~- 59 11
 



_~P 59 H9 
2P 59 90 

-----.l£.__.___1 L. 90 132 
4P 

___ M __.. 
12 2 
128 

124 
DO 

1P ~O 56 
_...Jl1'_ ._Us. III 

lOP 
lIP 

92 
_.9..4.__ 

9~ 

.. '!.~ 
hOP 62 b6 
~ _ Sl ~4 

10lP ~2 53 
J2Jll'._. 102 lOb 

121P lOS 107 
--llJl£..__~_ ..... Bf> 

199P 18 Ao 82 A3 
----2Jl.QE. 76 77 

20lP 1h 79 
_2JI2P. ...76 81 

204P 25 2b 27 n I l3 
lOOP .....b..a...-.. _ .69 
JOIP 68 7J 

......lJW'...._ 12 '5 
IOOOP 59 60 

.lJl0J.!'..... . 8-8 Hb 123 
IOO2P 34 l~ 

---J .1.O..\U£-_.---.1.6... _._. J? 
N JOO4P 38 _19 40 41 42 41 44 4~ 4 0 

~- .. 23 24 
IOObP 21 22 
IOO1P .. !!'I.. 120 

..,.• ... • 



c	 ... t"I 

I 

~ 
3 
4 
5 

_I> 
7 
II 
9 

10 
II 

...J..L __ 
13 

_11 
15 
h 
11 

-.JJL 
19 
20 
21 
:n 
23 
~­-.J 

25U'I 
lb 
27 
26 
29 

.3Jl 
31 
J2 
33 
34 
35 

...J.lL __ 
37 
H 
39 
40 
41 

_ti 
43 
44 
45 
~l>_ 

47 
----.iJL._ _ _ _ _ 

49 
-----.5.Q. ­

51 
__!5.2 

53 

SlIBl-lnUrfNE AXIS3( XU, YU, Al-4,AX, A'JII "J, L)~LA, ft.It-..iCh, "111,11(1-', f...Il'rC, ~ .... f.._, r'~:I,IJ)
 

DIMENSiON BCD( 1)
 
liT = .10
 
DfL~=SIGN(DELA.(AMAI-AMI~» 

Wl=O. 
w~=O. 

w3 = O.
 
~H;~P = 0
 
NCH=IAf\S(NC~)
 

If(PW~.NE.O.) N~~P = b 

CINCH=AHS(AINCH) 
IF'lARS(AMAx-A'HN)+ABS(DELX).I,T.l.P-j) Gil TO ~v 
If«AMAX_AMIN)/(DfLX+I.t-5).c.r.3._CINCII) [)EI.X = (IMAX-A"'}/CJ~CH 

If(NC~.LT.O) ~3 = I.
 
NI/M= H I X( (A MAX-A HIN) /Dr:: I I +I .4 )
 
ANC=CINCII/FLUAT(NI/H-l)
 
If(AINCH.LT.O.)r.1l TO 5
 
102=1.
 
GIJ TO 10
 

5 WI=I. 
10 CALL PLUT(~0.YD,3) 

OELh=nfL~/IU. __ PwR/ANC 
ANIJH=AHIN-DEL~ 

X:O. 
Y=O. 
XF-4=O. 
[JU 40 I=I.NUM
 
ANU"zANI/M+DELX
 
11=0
 

25	 If(Af\S(ANLIH)/IO._-Il.'_,T.'.lGIJ Tri 2tl 
!I=II+l 
GO Til 25 

20	 IflANI/M.LT.O.)II=ll+1 
If(AHS(ANUHl.LT.I.) 11=11+1 
I HORE=NOt:C +I 
11=11+IMORE _ 
IF(lFI~(WI)_I.EU.I) HT = AMINI(IIT .ANC/fLoAT(r!+2})
 
CENTER = fLUAT(II)-HT/(I.+wl)
 
OFF = .05
 
~C	 = X _ CENTER + W2_(.3_(.ju+CfNrEH) - .15) 
If(IC.LT.XM)~M=XC
 

YC = Y _ ~I-(IIT + .15 - "3_(IIT+.3» - w2_nff
 
CALL PLOT(~O+X.YO+Y.2)
 

CALL PLIJT(XO+X+.I_w2,YO+Y+.I_wl,3)
 
CALL PLDT(XO+X-.I-.2,YO+Y-.I-.,,2)
 
CALL NI/MIIER(XU+IC.YO+YC.IIT.ANI/H,O •• '1[JEC)
 
CALI, PLOTlXO+X,YO+Y,J)
 
_~_=_XHNC-Wl 

'i=Y+ANC_"2 
40	 CONTINUt; 

liST = (CIN("'H _ fLOAT(NCII+NEIP)-.12)/2. 
XXC = WI-(XO BST) + W2_(IO + 1M - OfF + ~3_(2._CENTfR+,44») 

YYC = WI_(YO YC - .17 + Wj_(IIT + .22) ) + W2-(YO + liST) 



-- -

----:~-.r CALL SYMHUI,(XXC.vyc •• 12.ncn.9',.*,,2.I.CHI 
If(r~R.f(l.O.) ~f.:TIIR"
 

Sh CA~L ~Hf.:Hf.: (XU.YU.XXCX)
 
57 CAld, SY""B()l.(X(J,Yf~,.t2,~11 • 10,QO.*""2,Sl
 

5~ 

-- 5B C~LL wHfB~ (XU.YO.XXCXl
 
__2~ _ X = XI) • (XxC •• ra.XQ1*W2
 

60 Y = YU • (yYC •• oH-Yl)l*wl
 
_ -1>.1 CALI, ~~II~~f:R{X,'t, .09,pwH,Qll.*w2,-I.>
 

&2 ..n:tuRN
 
___ 6..3- SO D~L" = I.E.j*IO.*.pwHICINCH
 

&4 I~=NCH/S
 

WRlrf(S.IOOOI A'.AX.A"lN.Uf_LA.PWH. (I-'ClI( (1,1=1," I
~­
hI> 1000 fllR,-IAT(IHO.27HT"SlIffICI;:tlr HAt.G~; rUN ~Xlii •
 

1>7 1/,IX.4G.I.IX,13A~1
 

&B CALL [XIT
 
HETUPN
 

7U END
 
f>9 

rUNSTANTS 

j 2!)) 1 I t'I ) 1 l tl { I 4 I.'~; l) "Oll(l 110\1 II j115&314&114" 1 1&740&1115&4 2 Ib051742&,,4i 
IjV,J'}lllliJ'IUU\IL ° 2014tJOOOoooo 1741>314&314& 7 1 7 7 4b 114& 31-1 I,' 17bJbH1tdli II5	 6

------12 "oooooooooou 1 3 11575)412171 14 11770241'5&" I'> 171>'>HIl1'1/l II> 1/0 11124j~"'b\) 

___-.11_____ _2012 4 4030 5 40 70 oononononoou 21 O r1 OO()I)(I tl l.J lI.o? _ 12 175,>o'~3'l'21 11 1 !?!)!;')t.,_SI!2~~i
-J 
+:0 

GLOBAL llllMMIES 

A'"'AX boo A", I • 6h 1 Ii !:: I, ~ t)'),i 
xo &5& YO "57 

~I (" f..l I~O".C t.')b P,.. I-< n~7AINCH D&3 BCD &&4 hI>"
 
____-L&[,!, __--.J>.1.!1­

sUBPRnGRAMS 

sIGN lABS ~~S Ir!X fl,U~ T pi,OT ~Xpj.~ fXp2.2 A~! I I~ J tJI):'IIH.. i-<. S ,'n;i\[)l, wl't-.kt. Al,L 1". i\ I,~, -i I I • A'-'pt1 J • 

foX-IT 

---SCALAHS-­

. AilS) b1) HT b74 IlU,X ,,75 fl ~:l,A r.tl/ A, ,,~;t.. fJbl' 

AMIN &bl wI &7& 1< 1 h77 _.I lnil Jt ,,-p 7ul 

-NCH 702 NCR &&5 PilJk hh7 r I"CH 7.,3 p, 11':C ~l I)pj 

YI! tlS7 [I ~~L I hIdNIlM 704 ~NC 705 XO b5b 
----ANiiM---70& X	 707 Y 7lCl X" 711 I II) 

714 tlL;FC bbb Cr I·, n;", 71~ I I ~- ~ 'I h71 ) I~OHE 
'-'7T'7 yC 72Cl ~ST 7~1 He 7'1i y,c 1 L 3

xC 
724 Yll 725 XXC X 721> ". 7n 

-.-II 

- 1::9 

___ ___-.ARB! lsL 

__ ...BtD bo4 

; ..	 ". •	 " 



10• " • 

~-. II I~ ]0 H
 
AINCH I \I 17
 

--AllA.X..- __ . 1 4 12 I ] IS ~s
 

A~IN I 4 12 II 15 23 6~
 

_ AIUli! )7
 
ANC 16 22 31 48 49
 

23
__AIlU~ 28 )0 Jj 14 46
 
AXIS) I
 

--.lICll.-_ 1 2 54 65
 
BST 51 52 53
 

-C£II.1ER 39 40 52
 
CINCH II 13 16 51 63
 
~- I 4 65
 

DELN 1 22 63
 
Il.Ell.- _. - -4- 12 Il 15 22 23 28
 
EXIT 68
 

_l'lJIil 16 J7 38 51
 
HT 3 37 l8 42 46 5j
 

J-_ 21 37 65
 
lABS 9
 

----U:I..L ---- - __ -l S- 37
 
II 29 lo 1I 3J 34 3b J1 3H
 

JIlllRE 35 36
 
N 64 65
 

-.IiCH 9 51 54
 
NCR I 9 14 64--..\ 
Nogc -1-- 35 46
 
NEXP 8 10 51
 

.ltUl! 15 Ib 27
 
NUMBER 46 61
 

.ME- 39 42 52
 
PLOT 21 43 44 45 47
 
~----+ 10 22 55 61 63 65
 
SIG~ 4
 
SUdllL. 54 57
 
WI 5 20 J7 38 42 4~ 45 48 52 53
 

..iU- 6 18 4.0 42 44 45 49 52 53 54 57 ~'J oJ 
W3 7 14 40 42 52 53 
liJI£Il.E:-...___ ..s.- .5.8. 
X 24 40 4J 44 45 47 48 59 "I
 

--.XlL. I 21 4J 44 45 H 47 52
 
XC 40 41 46
 

U1 

..:.tJL.. __ _ 4- 41 52
 
XQ 56 57 58 59
 

-llC.-.-. ____ -5.2 5'1. 59
 
XXCX 56 58
 

J.__
 25 42 43 44 4S 47 49 ~(l 61
 
YO I 21 4J 44 45 46 47 5 1
 

...1L._ 4.2 46 53
 
YO 56 57 58 olJ
 
vvc --U---._...5.4....__ .IllL
 




