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This report describes a standarixed technique for the evaluation of 
the sun-glint signature of Army helicopter canopies. It can also be 
used as a tool in the development of canopies that are required to 
have low sun-glint signature levels so as to increase combat surviv- 
ability of the aircraft. 
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1. Background 

Sun glinting from the canopy is a major cue in the visual 
detection of aircraft.  An aircraft canopy reflects the sun— 
produces sun glints—at azimuth and elevation angles which are 
a function of the geometry of the canopy and the orientation 
of the aircraft with respect to the sun. As the aircraft ro- 
tates, as shown in Figure 1, the sun glint also moves; and, as 
the orientation of the aircraft changes with respect to the 
sun, more or different canopy panels can become the reflecting 
surfaces. At any one instant, canopy sun glints may be visi- 
ble at more than one set of azimuth and elevation coordinates 
with respect to the aircraft. 

->    Sun   U V" 
Aircraft 

-90° 

Canopy 
Sun Glint 

+90° 

180° 

Figure 1.    Mechanism of Canopy Sun Glint 

To reduce the chance of visual detection, aircraft cano- 
pies should be designed such that no sun glints fall within the 
band of coordinates which are probable positions for hostile 
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observers.  This document helps to meet this design objective 
by presenting: 

• A standard experimental procedure for determining 
canopy sun-glint signatures 

• A standard format for documenting canopy sun-glint 
signatures 

• An analytical procedure for determining canopy sun- 
glint signatures 

2. Experimental Equipment 

i 

Determination of canopy sun-glint signatures is performed 
using a scale model of the aircraft being studied, a simulated 
sun source, and provisions for observing and recording glint 
patterns.  A typical test facility, shown in Figure 2, contains 
these necessary elements: 

• Aircraft model 

• Model-mounting fixture 

• Viewing screen 

Viewing-screen support 

Sun simulator 

Sun-simulator  support 

Sun Simulator Viewing Screen 

Sun-Simulator 

Support 

Viewing-Screen 

Support 

Model-Mounting 

Fixture 
Aircraft Model 

Figure 2.  Test Setup for Determining Canopy Sun-Glint Signatures 
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AIRCRAFT  MODEL 

A 1/32-scale model is  convenient for these  tests.    If 
another scale is selected,   the diameter of the viewing screen 
must be changed proportionally.    Surfaces other than those 
being studied should be coated with flat black paint to elim- 
inate extraneous glints.     Since this procedure for determining 
sun-glint signatures  does not measure absolute glint intensi- 
ties,  only position and coverage,  glint intensity may be en- 
hanced, when practical,   to  improve visibility.     For example, 
painting the interior surfaces of transparent canopies with 
glossy paint increases glint intensity without changing their 
size or shape. 

MODEL-MOUNTING  FIXTURE 

Any convenient mounting  fixture with a head which rotates 
in azimuth can be used.     The rotating head should be calibrated 
and marked in degrees.    A vertical-adjustment capability is 
required in either the model-mount  fixture or the viewing- 
screen support. 

VIEWING SCREEN 

The screen must be translucent to permit viewing the 
projected sun glints  from outside the cylinder.     Since glint 
patterns are manually marked directly on the exterior surface 
of  the screen,   the screen must have the strength and the abil- 
ity to accept marking.     The screen must be replaceable since a 
new screen is used for each sun elevation angle studied. 
Drawing Mylar has been used successfully as a screen material. 
A screen diameter of  48 inches   (1.22 meters)   is  used for 1/32- 
scale models. 

VIEWING-SCREEN  SUPPORT 

The viewing-screen support must be sufficiently rigid to 
prevent movement with respect to the model as a result of mark- 
ing  the viewing  screen while outlining reflected  sun glints. 
The screen support must also permit installation and removal 
of  the viewing  screens. 

SUN  SIMULATOR 

The sun simulator is  an incandescent light source,  aper- 
tured by a long,   internally  absorbing tube to provide a narrow 
beam of relatively collimated light.     The beam dispersion must 
be sufficient to cover the model. 
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SUN-SIMULATOR SUPPORT 

The sun-simulator support must permit movement of the sun 
simulator through an angle in the vertical plane sufficient to 
encompass the range of sun-elevation angles to be tested.  It 
must be possible to clamp the sun simulator at desired test ele- 
vation angles. A fixed radius from the model is not required. 

3. Experimental Procedure 

The model is mounted on its mounting fixture with the 
center of gravity of the aircraft on the nominal rotation axis 
of the mounting fixture.  The model is raised or lowered until 
the centerline of the sun-simulator axis at an elevation angle 
of 0 degrees passes through the nominal eye level of a pilot 
seated within the aircraft.  This position is marked as the 
0-degree line on the viewing screen. The sun simulator is next 
positioned at the desired test elevation angle.  The aircraft 
is positioned with its nose pointed at the sun simulator and 
its waterline parallel to the viewing-screen support base.  The 
room lights are extinguished to improve visibility, and all 
glints visible on the viewing screen are outlined with a mark- 
ing pen. The model is then rotated to the right 20 degrees and 
the glint-outlining process repeated. The sequence of rotating 
the model 20 degrees and marking sun glints is repeated until 
the model has completed 360 degrees of rotation.  For aircraft 
which possess left-right symmetry, 0- to 180-degree rotation of 
the model is sufficient.  For other sun-elevation angles, the 
screen is replaced, the sun-elevation angle is changed, and the 
procedure is repeated. At low sun-elevation angles, a gap must 
be left in the viewing screen to permit illumination of the 
model.  It may be necessary to extrapolate for glint signatures 
reflected at the 0-degree azimuth in such cases. 

4. Display Format 

Figure 3 is a top view of the test setup shown in Figure 
2. As indicated, the sun is fixed and always located along the 
0-degree azimuth. Any observer position can then be defined 
uniquely in terms of an azimuth and elevation measured relative 
to the aircraft rotational axis and referenced to the sun posi- 
tion.  Aircraft headings are also referenced to the sun direc- 
tion and are measured positive to the right.  If canopy sun 
glints are marked on the screen, then the outlines of the sun 
glints on the screen define the azimuths and elevations where 
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0 
Heading of Aircraft 
With Respect to Sun 

Potential Observer 
Azimuth Position 
With Respect to 
the Sun 

+«0C 

Viewing 
Screen 

±180° 

Figure 3.     Top View of Experimental Test Setup 

sun glints can be seen for each aircraft heading.  If the view- 
ing screen is opened at the 180-degree azimuth and flattened 
with the outside of the screen face up, there is a panoramic 
display of the sun glints produced by the aircraft for the set 
of heading angles selected.  This display defines all possible 
observer locations where sun glint may be seen.  Fy specifying 
the markings on the flattened viewing screen, a standard dis- 
play format for test data can be obtained. Figure 4 is a 
standard display developed in just this way. 

Figure 4 presents the canopy sun-glint signature of the 
AH-1G in standard format. This display contains the elements 
which shall be included in the documentation of canopy sun- 
glint signatures: 

Aircraft and canopy identification 

• Sun-elevation angle and aircraft pitch and roll 
attitude 

Scale ranging from 0 to -180 and 0 to 180 degrees of 
azimuth locations from the aircraft, referenced to 
the direction of the sun 
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Analyst-specified band of potential observer locations 
with respect to the aircraft 

Canopy sun-glint signatures, together with the air- 
craft heading with respect to the sun which produced 
them 

Probability of sun glint occurring in the display area 
bounded by the observer locations and the 0 to -180 
and 0 to 180-degree azimuth boundaries 

© 
Aircraft typ« and canopy typ« 

Sun dcwtion cnfl« Idcf): 

Aircraft pitch attitud* Idaf I: 

Aircraft rod attitud« lda|): 

»160 

AH-1G;   Standard  canopy 

♦1» ♦ISO «120 «M 

Figure 4.    Standard Format for Presenting Canopy Sun-Glint Signature 

SUN-ELEVATION   ANGLE AND  AIRCRAFT   PITCH  ATTITUDE 

The sun elevation angle  shall be presented above and on 
the left side of the display as  shown in  Figure 4   (A).     Air- 
craft pitch attitude and roll attitude shall be presented 
directly below the sun elevation angle. 

AZIMUTH 

The horizontal space devoted to the display shall be 
divided into twelve equal segments as shown in Figure 4 (B) 
and the azimuth position of the sun glints with respect to the 
sun marked in 30-degree increments at the bottom of the dis- 
play.  The display is viewed as an opened right circular 
cylinder with 0 degrees being in the direction of the sun and 
the angles increasing positively to the right and negatively to 
the left as seen from the inside of the cylinder.  The cylinder 
axis is vertical 

POTENTIAL LOCATIONS OF OBSERVERS 

The observer-elevation angles shall be shown as in Figure 
(C) ,  The minimum observation band shall be ±10 degrees from 
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the aircraft horizon. The eye level of the aircraft pilot is 
nominally taken as 0 degrees. 

AIRCRAFT HEADING 

With two exceptions, each canopy sun glint which falls 
within the display angular boundaries as the aircraft is ro- 
tated on its yaw axis in 20-degree increments shall be shown 
as in Figure 4 (D). If the canopy sun-glint signature is so 
extensive that rotating the aircraft causes considerable over- 
lapping, a single heading may be selected for display. (The 
OH-6 data of this report is an example of this exception.) 

If the canopy signature changes little with aircraft 
rotation, other than a translation, data may be shown in incre- 
ments of 40 degrees.  (The OH-58 data of this report is an ex- 
ample of this exception.) 

Aircraft heading shall be given as 0 degrees with the 
nose pointed at the sun.  Rotation shall be positive to the 
right.  For right-left symmetric canopies, only the sun glints 
generated for 0 to 180 degrees of aircraft heading rotation 
need be displayed. Further rotation would only yield the 
mirror image of the glint signatures generated in the first 
0 to 180 degrees of rotation. 

PROBABILITY OF SUN GLINT 

For each display, the probability of a glint. Figure 4 
(E), existing within the observer elevation band shall be com- 
puted.  Probability of glint is defined as the fraction of the 
panorama area between 0 and -180 degrees and 0 and 180 degrees 
with respect to the sun and between the upper and lower observ- 
er elevation angle limits which is swept by the reflected 
canopy sun glint as the aircraft is rotated 360 degrees in 
heading. A swept area is counted only once. For example, if 
the area between 60 degrees and 90 degrees with respect to the 
sun and 0 degrees and 10 degrees of observer elevation angle 
is the position of a glint with aircraft heading at both 20 
degrees and 340 degrees, the fact that there is an overlap is 
ignored in the computation.  For the limits shown on Figure 1, 
there is 360 degrees x 20 degrees = 7,200 degrees2 total area. 
The sun glint sweeps over 305 degrees x 15 degrees or 4,575 
degrees2.  The probability of glint is therefore 4,575/7,200 = 
0.6354.  The glint probability shall be displayed below and to 
the right of the glint panorama as shown in Figure 4 (E) . 



^ ! 

5. Experimentally Derived Canopy Sun-Glint Signatures 

The following four figures display canopy sun-glint sig- 
natures of four different canopy configurations in standard 
format.  Sun-elevation angles were chosen to bracket the sun- 
elevation angles occurring in the Fulda Gap area of the Federal 
Republic of Germany. Figure 5 is the canopy sun-glint signa- 
ture of the AH-1G with the standard canopy. Figure 6 is the 
canopy sun-glint signature of the AH-1G equipped with a canopy 
having vertical sides, flat top panel and front windshield, and 
a canopy centerline fence. Figures 7 and 8 display the canopy 
sun-glint signatures of the OH-6 and OH-58 respectively. 

6. Analytical Procedure 

BASIC CALCULATIONS 

The sun glint from a reflecting surface depends upon the 
reflection angles of the sun's rays from each boundary point 
of the surface.  Determination of these angles depends on the 
angle of incidence of the sun's rays and the normal to the 
reflecting surface. The angle of incidence is given by the 
specified sun elevation and sun azimuth, while the normal to 
the surface depends on the type of surface and, in general, 
the coordinates of any point.  For example, in the case of a 
geometric plane, or flat surface, the normal to the surface 
has the same direction at every point.  However, the quadratic 
or second-order surface has a normal which varies in direction 
from point to point. These two types of surfaces were consid- 
ered to be representative of most canopy shapes. Combinations 
of these two types would generate more complex shapes. 

Surface normals and the angles of incidence must be re- 
ferred to a common axis system in order to permit the calcula- 
tion of reflection angles. A convenient axis system is one 
which is fixed in space (see Figure 9).  The positive Z-axis 
points toward the center of the earth.  The X-axis is chosen 
perpendicular to the Z-axis and in such a direction as to cause 
the sun to lie in the X-Z plane.  In other words, a sun eleva- 
tion angle of less than 90 degrees means that the sun has a 
positive X and negative Z direction.  It will also have zero 
azimuth referred to this axis system.  Finally, the Y-axis is 
chosen so as to complete a right-handed coordinate system. 

10 
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Figure 5.    Canopy Sun-Glint Signature of AH-1G With Standard Canopy 
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Figure  7.     Canopy Sun-Glint Signature of OH-6 With Standard Canopy 
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Figure 9.    Fixed-Coordinate System for Angular Measurements 

Since the reflecting surface is normally described in 
terms of an axis system fixed to the aircraft, a transforma- 
tion of points and curves from one axis system to the other is 
needed.  This transformation of body-fixed axes to earth-fixed 
axes consists of three aircraft rotations (roll, pitch, and 
yaw).  It is assumed that the origins of both axis systems 
coincide. 

Next, if there exist one or more fences on the aircraft, 
the effect of shadows cast by these fences must be analyzed. 
This is done by projecting the boundary points from both the 
fences and reflecting surface along the sun's rays onto a 
plane perpendicular to these rays.  The intersection of the 
shadow and the reflecting surface on this plane will determine 
a new set of boundary points for the reflecting surface.  This 
new set of points will represent the portion of the surface 
remaining outside of the shadow. 

The normal to the surface at each remaining or new bound- 
ary point is then calculated based on the geometric shape of 
the surface.  Generally, it is assummed that a great deal is 
known about the reflecting surface.  Either an exact mathe- 
matical representation or general shape should be known. How- 
ever, if this is not so, the boundary points may be curve- 
fitted to a specified type of surface using a modified least- 
squares error procedure. This surface equation then enables 
the rapid determination of surface normals. 

As was mentioned, the reflection vectors from each bound- 
ary point are determined using the surface normal and angle of 
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incidence of the sun's rays. Assuming a smooth reflecting sur- 
face, the reflection vector is equal to the sun vector with 
its normal component to the surface negated.  It must now be 
determined if the reflection vector intersects any fences on 
its way to the observer.  This is done by extending the vector 
until it intersects the plane of the fence.  If this inter- 
section lies within the boundary points of the fence, then the 
observer will not view the reflection. 

Using all the remaining reflection vectors, a sun glint 
at an assumed observer distance can be calculated. This 
glint is referred to a specific reference point.  Determina- 
tion of this sun glint is obtained by extending each reflec- 
tion vector until it intersects a cylinder whose radius equals 
the distance to the observer. By measuring the elevation and 
azimuth angles of the line-of-sight vector from the reference 
point to each intersection, a sun glint is formed. 

DIGITAL COMPUTER PROGRAM 

A digital computer program was written to solve in detail 
the above-described glint problem.  It was coded in FORTRAN IV 
and has been made operational on the IBM 360 system. The main 
(executive) routine controls the general flow of the program. 
It reads in the desired helicopter angles, plot information, 
observer distance, and boundary points in body axes of both 
fences and reflecting surfaces.  It sets up necessary DO loops 
and calculates surface normals. Figure 10 is a flow chart for 
the main program. 

A general description of all the subroutines used in the 
entire program follows: 

• CFIT—Sets up boundary points in desired form to be 
curve fitted. 

• CURFIT—Sets up necessary matrices for least-square 
curve fitting of given points. Calculates standard- 
deviation error for calculated fit. 

• EQNSOL—Solves a system of linear equations, either 
homogeneous or inhomogeneous.  This subroutine, along 
with CFIT and CURFIT, curve fits boundary points to 
either a plane or a quadratic surface, depending on 
type specified by input. 

• CVBI—Uses the body-to-inertial-axes transformation to 
convert coefficients of our surfaces in body axes to 
coefficients in inertial axes. 
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• SHADOW—Determines the intersection of a shadow from a 
fence with reflection surface.  Defines new reflection 
surface boundary points based on portion of surface 
outside of shadow. 

• PLANPT—Calculates the intersection of a line with a 
plane.  The inputs are a point in space on the line 
and direction numbers for the line along the coeffi- 
cients of the plane. 

• INTERC—Finds intersections, if any, of a line given 
by two points in a plane with set of lines given by a 
set of connected points in same plane. 

• CHECKS—Checks to see whether a particular set of 
X and Y values of a point lie outside of a given range. 

• SORNOT—Determines whether a particular boundary point 
of a fence is between sun and reflection surface or 
behind it.  It is also used in regard to finding inter- 
section of reflection vector with cylinder of radius 
equal to observer distance.  In this latter case it is 
used to choose between' two possible solutions by deter- 
mining which solution lies in positive direction of 
reflection vector. 

• TRANSP—Contains transformation that takes inertial 
axes into set of axes where the Z-axis lies in the 
same direction as the sun vector.  If a set of points 
lies in a plane perpendicular to the sun, this sub- 
routine converts this set of three-dimensional inertial 
coordinate of points to a set of two-dimensional coordi- 
nates of points in this new axis system.  It also pro- 
vides inverse for transforming points back to inertial 
axes. 

• CLOSE—Determines which point in set of points is 
closest to a given point. 

• CHECKl—Determines whether a given point is already 
contained in a set of points. 

• CHECK2—Similar in function to CHECKl except that the 
given point must first be transposed to same coordi- 
nate system that set of points is in. 

• CIRCLE—Determines whether a given point is enclosed 
by a given set of points if each point in the set is 
connected by a straight line. 
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• INTERF—Calculates whether reflection from any par- 
ticular boundary point intersects any fence. 

• TRANQ—Projects points on quadratic surface to points 
in plane, where the plane is a best-fit plane through 
a set of quadratic surface boundary points.  Projection 
is along sun rays.  This subroutine will also perform 
reverse projection assuming that nearest intersection 
of quadratic surface preserves one-to-one mapping. 

• QUADPT—Calculates intersection or intersections of a 
line with a quadratic surface.  Inputs to the sub- 
routine are a point on a line, direction numbers of 
the line, and coefficients of the quadratic surface. 

• PLOT—An on-line digital plot of glints from a re- 
flecting surface for a range of helicopter headings 
for a given sun elevation and helicopter pitch and 
roll attitudes. 

• PROBL—Calculates swept-out area between glints on an 
elevation-versus-azimuth basis.  Minimum and maximum 
elevation angles are used with straight lines drawn 
between corresponding values for different glints. 
Area is calculated using triangular area law of 
points. 

• ADOPTS—Will, if desired, supply additional boundary 
points along curved portions of quadratic surfaces. 

A detailed description of all input variables and their 
format is contained in Appendix A. A complete FORTRAN IV 
listing of the program appears in Appendix B.  Basically the 
inputs are desired aircraft attitudes, sun elevations, ob- 
server elevations, and boundary points.  An assumption was 
made that all fences could be handled as combinations of flat 
surfaces only.  For the purpose of calculating shadows, it was 
felt that this was sufficient. As mentioned before, reflect- 
ing surfaces were assummed to be combinations of flat and 
quadratic shapes.  It was also necessary, in order to save 
some sorting and execution time, to require that the boundary 
points be simply connected.  That is, point 1 is connected to 
poin^. 2 and point 2 is connected to point 3, and so on, with 
the last point connected to point 1. No other combination is 
allowed. 

In calculating the intersection of a shadow with a re- 
flecting surface, the assumption was made that the points 
could be connected by straight lines. An input to the program 
will cause the generation of additional boundary points for 
curved portions, if necessary, thus minimizing the error re- 
sulting from this straight-line assumption. 
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An example of a complete set of inputs is tabulated in 
Figure 11.  These inputs are for the AH-1G with straight sides. 
The configuration is symmetric with respect to the X-Z plane, 
so only the top, front, and left side are needed to generate 
the glint signature. Also, only 180 degrees of aircraft rota- 
tion is needed. 

Output to the program is in the form of tables and on-line 
plots, as shown in Figures 12 through 16.  The tables consist 
of all necessary input information along with reflection vector 
and glint angles.  Figure 12 is a tabulation of boundary points 
for the center fence and the resulting curve-fit.  Figure 13 is 
a tabulation of boundary points for the first reflection surface 
and the resulting curve-fit.  Figure 14 is a tabulation of the 
output reflection vector and glint angles as a function of air- 
craft azimuth for constant sun elevation and aircraft pitch and 
roll.  This table is for reflection surface number one.  The in- 
formation contained in Figures 13 and 14 is repeated for each 
reflection surface.  Also, if on-line plots are requested, Fig- 
ure 15 shows the plot for the first reflecting surface corres- 
ponding to the data of Figure 14.  There will be an on-line 
plot for each surface at each sun elevation with the numbered 
points corresponding to the different input aircraft yaw azi- 
muths, as shown in Figure 15.  In addition to a plot for each 
separate surface, there will be a composite plot of all surfaces 
for each desired sun elevation, as is shown in Figure 16. 

VERIFICATION OF ANALYTICAL PROCEDURE 

The first step in verifying the above-described computer 
program was to input simple shapes with known solutions. Once 
this was done successfully, the next step was to input canopy 
configurations for which experimental data was available. 
Results for three configurations were compared.  The three 
configurations were the AH-1G with vertical sides, the OH-6, 
and the OH-58. 

Figure 17 is the glint signature for the AH-1G with verti- 
cal sides as shown in Figure 6 with the computer results spotted 
on.  As can be seen, the comparison is good.  This is to be 
expected since all surfaces are planes and thus have constant 
normal directions.  Some discrepancies appear in the range of 
azimuths corresponding to glints resulting from side window 
reflections at zero sun elevation. There are at least three 
possible causes.  The plastic canopy used in generating the 
experimental data was not smooth, causing some dispersion. The 
light source used in the experiment had some associated disper- 
sion.  The third error could be in the computer input data, in 
that the dimensions were not generated from a detailed drawing 
but calculated from a partially scaled drawing. 
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Figure II.  Computer Printout of Inputs for the AH-1G With Flat-Side Canopy 

and Centerline Fence 
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Figure 17.    Computer Results Superimposed on Sun-Glint Signature 
of AH-1G With Flat-Side Canopy and Centerline Fence 
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Figure 18 is the superimposed computer results for the 
OH-6 at specified aircraft azimuths.  Here, as can be seen, 
the digital results are not nearly as good as the AH-1G with 
vertical sides.  Possible causes are: 

• The plastic model may not have been completely repre- 
sentative of the OH-6. Slight changes in certain di- 
mensions can cause apparently large changes in results. 
For instance, a change of 0.05 inch in the model cut- 
out of the front windshield could cause a 20-degree 
shift in azimuth of one of the glint boundaries. 

• The exact location of the reference point used in the 
generation of the experimental data was not known. 

• The mathematical representation for the reflecting 
surfaces was obtained from three-view drawings with 
some necessary simplification. 

However, the general location and shape of the glints were in 
agreement.  It must also be remembered that a 1-degree error 
in calculation of surface normal will result in a 2-degree 
error in the position of the reflection.  For rapidly changing 
normals, this multiplying factor becomes significant. 

Figure 19 is the glint signature for the OH-58 with com- 
puter results plotted on top.  Of the three configurations, 
the mathematical expression of the windshield of the OH-58 was 
the most difficult to determine and thus the most questionable. 
Also,the question of model exactness must be raised again. 
The windshield is not a simple shape, and without detailed 
cross-sectional drawings, the representation of the windshield 
as a combination of simple shapes was difficult. The refer- 
ence point again was not known. However, as with the OH-6, 
the results show general agreement. 

The conclusion from these comparisons is that if one is 
looking for relative merits or problems of a particular canopy 
design, then curve-fitting of relatively crude inputs will 
yield adequate results. However, if absolute answers in terms 
of precise location of each glint corresponding to each air- 
craft and sun location are desired, then a very good grasp is 
needed on the mathematical expression of the canopy design. 
This last statement is not as confining as it may seem, for if 
a person is designing a canopy, he will normally know the 
precise shape of his canopy. 
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Figure 19.    Computer Results Superimposed on Sun-Glint Signature 
of OH-58 With Standard Canopy 

29 



Appendix A 

Input and Output of Digital-Computer Program 

INPUT 

All card types with (*) are optional, depending on the type 
and number of inputs. 

Card Type 1—Format 4E10.0 

XSCMIN    Lower limit for glint azimuths for on-line 
plots 

XSCMAX    Upper limit for glint azimuths for on-line 
plots 

YSCMIN    Lower limit for observer angles for on-line 
plots 

YSCMAX    Upper limit for observer angles for on-line 
plots 

Card Type 2—Format 6E10.0 

XREF      X distance along X-body axis to reference 
point, reference point being point from which 
glint angles are measured 

YREF      Y distance to reference point 

ZREF      Z distance to reference point 

DISTG     Distance in X-Y inertia plane to assumed 
observer 

OBSMIN    Lower limit on observer elevation angle used 
in calculating probability function 

OBSMAX    Upper limit on observer elevation for prob- 
ability calculation 

Card Type 3—Format 2E10.0 

THETA     Pitch attitude of aircraft (positive up) 

PHI      Roll attitude of aircraft (positive right 
wing down) 
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Card Type 4—Format IS^X^SEIO.O 

NGAM     Number of sun-elevation angles for which data 
is desired 

GAM      Array containing desired sun elevations 

Card Type 5—Format 5E10.0 

GAM       If NGAM > 5, additional values of sun 
elevatiom 

Card Type 6—Format 15r 5^ 5E10.0 

NPSI      Number of aircraft azimuths for which data 
is Qpxirad 

PS        Array containing desired aircraft azimuths 

Card Type 7—Format 5E10.0 

PS       If NPSI > 5, additional values of aircraft 
azimuths 

Card Type 8—Format 15 

NFENCE    Number of fences for which boundary point 
will be read in 

Card Type 9*—Format 15 

NFPTS     Array containing number of boundary points 
for each fence 

Card Type 10*—Format 6E10.0 

FPTS      Array containing boundary points for each 
fence.  X,y.Z locations in body axis are read 
in with two points on a card.  This card type 
is continued to be read until all points for a 
particular fence are read in.  Then another 
type-9 card is read, and so on, until all 
fences are read in.  Card types 9 and 10 are 
used only if NFENCE > 0. 

Card Type 11—Format 515 

NPANEL    Number of reflecting surfaces to be read in 

IANGL     Determines form of glint azimuths in print 
out: 

IANGL =0     ±180 degrees 
IANGL =1     0 degrees to 360 degrees 
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IPLOT Are on-line plots desired? 

IPLOT = 0 
IPLOT  =  1 

No 
Yes 

I PROB 

NDISP 

Is probability function to be calculated? 

IPROB  =   0 
IPROB  =   1 

NO 
Yes 

Is  sun dispersion of 0.5 degrees  to be used? 

NDISP  =   0 
NDISP  =  1 

No,  parallel rays 
Yes 

Card Type  12—Format 515 

I TYPE 

NPTS 

ICOEFS 

NBETW 

INTERN 

Type of reflecting surface; 

ITYPE = 1 
ITYPE = 2 

Flat surface 
Quadratic surface 

Number of boundary points for reflecting 
surface 

Determines whether coefficients for reflecting 
surface will be read in or curve-fitted from 
boundary points. Also can be used to specify 
shape of fit: 

ICOEFS = 0 

ICOEFS = 1 
ICOEFS = 2 

Curve fit data using 
built-in method of 
selecting terms 
Read in coefficients 
Particular terms to be 
fitted will be specified 

Are additional boundary points along curved 
surfaces desired? 

NBETW =0     No 
NBETW = N     Yes.  N = Number of addi- 

tional points between each 
pair of points read in 

Are internal cockpit reflections permitted? 

INTERN = 0   Yes 
INTERN =1   No 
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Card Type 13—Format 6E10.0 

XPTSB     Array containing boundary points of reflecting 
surface in body axis.  X^Y^ components of 
each point are read in with two points to an 
input card.  This card type is continued to be 
read in until all points are used. 

Card Type 14*—Format 1015 

NCOEFS    Number of coefficients in desired curve fit 

IFIT Array containing location of each desired term 
in basic equation.  This card type used only 
if ICOEFS = 2 and ITYPE = 2.  The following is 
an example of how this is inputed.  The basic 
quadratic surface equation as assumed by the 
program is 

AX2+BY2+CZ2+DXY+EXZ+FYZ+GX+HY+KZ+L = 0 

If it is desired to curve fit boundary points 
to the equation 

AX2+CZ2+HY+KZ+L = 0 

Then the inputs would be NCOEFS = 4, 
IFIT(l) = 1, IFIT(2) = 3, IPIT(3) = 8, 
IFIT(4) = 9. 

Constant term is not counted.  Also, 
IFIT must contain integers in ascending 
magnitudes only. 

Card Type 15*—Format 6D10.0 

COEFB     Array containing coefficient of reflecting 
surface equation 

For ITYPE = 1, COEFB(1)X + COEFB(2)Y 
+ COEFB(3)Z + COEFB(4) = 0 

For   ITYPE  =  2,   COEFB{l)X2   +  COEFB(2)Y2 

+  COEFB(3)Z2   +  COEFB{4)XY 
+  COEFB(5)XZ     +  COEFB(6)YZ 
+  COEFB(7)X +  COEFB(8)Y 
+  COEFB(9)Z  +  COEFB(10)   = 0 

This card  type  is used only if  ICOEFS =  1. 
Two cards of this type are required to input 
the 10 coefficients.     Zeros must be  included 
for undesired coefficients. 
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OUTPUT 

The output to the program is simply a tabulation and, if 
desired/ an on-line plot of the elevation and azimuth angles of 
each glint boundary point associated with each reflection sur- 
face boundary point.  Reflection boundary points which are 
read in but lie in a shadow of a fence will not appear in out- 
put, and points whose reflection vector intersects a fence will 
havö reflection vector angles and glint angles printed as a 
row of asterisks. 

The elevation and azimuth angles are calculated for each 
desired sun elevation and aircraft yaw angle, and are referred 
to a particular reference point. An additional output, if re- 
quested, is a simplified estimate of the area covered by the 
sun glints as the aircraft rotated through a range of azimuths. 
This is put in terms of a ratio to total area and is termed 
the "probability function". 
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Appendix B 
Program Listing 

SUGGESTIONS FOR PROGRAM USERS 

The analytical procedure given in this report is sensitive 
to errors in canopy geometry.  It is suggested that the user 
take advantage of defined fuselage lines from engineering de- 
sign data when available for the aircraft canopy under consid- 
eration.  For flat-panel canopies, this degree of precision is 
not required. 

The analytical procedure is designed to operate using 
simply connected boundary points of the individual canopy 
panels.  For curved canopies, it is suggested that an initial 
run be made with boundary points and nonboundary points in- 
cluded in order to obtain a good equation for the surface of 
the canopy. For this purpose request a 0-degree sun elevation 
and a 0-degree aircraft heading and check the output to see if 
the reflection vectors are in the expected direction.  For 
example, if the canopy is parabolic so that a normal to the 
highest point on the canopy is perpendicular to the aircraft 
waterline, then the reflection vector should be at nominally 
180 degrees azimuth and a low elevation—0 to 10 degrees. 
Similarly, if a normal to the outermost point on the canopy in 
the Y direction is perpendicular to the X-Z plane, the reflec- 
tion vector should be at nominally 180 degrees azimuth and 0 
degrees elevation. By continuing this procedure for other 
points on the canopy where the normal to the canopy is known, 
the user can assure himself that the equation for the canopy 
is reasonable. As a starting point, specifying only equation 
terms 2, 3, 7, and 9 on card type 14 has been found useful for 
parabolic canopies. Once the canopy equation has been defined, 
the user can remove the nonboundary points from the data set 
and specify the canopy equation terms for further runs.  The 
added runs would encompass all sun positions and aircraft 
positions desired. 

There is a note of warning when running with fences. Bound- 
ary points which were inputted may not appear in the output; 
boundary points which were not inputted may appear in the out- 
put.  This is due to the fact that a new set of boundary points 
is generated whenever the shadow of the fence intersects the 
reflective surface. Additional boundary points may also appear 
in the output when the shadow does not intersect the reflective 
surface if the reflective surface is curved (ITYPE = 2).  This 
occurs because the intersection of the sun's vector with the 
curved surface, under a given condition, may have two solutions. 
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OIMENSIOM PPT8(5,J0,J), NRPT8(5),RP8I(5,30,3)# 
1 FP8I(30.3),NPPTS( 5).GAM(«),P8(18) 
OIMCMSION CnEFI(t0)#OIRCo8(3#3)»VNORM(3),SUN(3)fREFLTN(3) 
OIMENSIDN XPTSH(30,3) 
DATA TOL/l.OE-O«/ 
REAt*8  SIGfCOEFBdOl^COfe'FDdO) 
REAL*8  C0EFHQ(i0)#Cüfc'FBF(5,<O 
OI^ENSION COEF3{10),COEFIF(10) 
COMMON/CTR02/OIRC08»XPT8R,XMIN(J),XMAX(3)#MPTS 
REAL*« 0I«C08iCOEFS,rof.FI,COEFIF,SllN»REFUTN,DI3C,X,V,Z»XlfYl,Zli 

\   Xl2,ri?,Zl2,0Q2,OATAN2,t.iARS,OSaRT 
COMMON/fKNCE/COEFBF 
0IMEN8IQM AUPHA2(1000),BETA2(1000),NP8PTS(7,«,18) 
C0MMnN/FIT/IC0tF8^CnEFS,IFIT(9) 
COMMON/PLPP/MGAM8(7»«) 
RAO»S7,2957B 
READ(5,100)   X8CMIN,X8CMAX,Y3CMIN',V9CMAX 
REAOCSf100)   XREF>VREF,2REF»DI8TG»UBSMIN,ÜRSMAX 

10      REAO(5,100)   THETA,PM1 
REAO(«>»105)   M6AN>,(GAM(I)f IB1,NGAM) 

HEAO(5,in3)   MPSI,   (P8(I).I«1#NPSI) 
103     FORMAT(T5iSX»(5E10,0)) 

SUMW«3ftO,*(OH8MAX«nB8MlM) 
lF(SUMi*,EO,0,0)   8Uww«1,0 
REAt)(5,10n   ffFENCE 
TF(^FfNCF,EO,0)   GO   TO   1« 
LIME8BS1 
ICfiEFSsO 
00   1?   I8),NFENC* 
REAÜfS,10n   NFPTSd) 
N«NFPTS(I) 
«EAn(5,l"0)    ((FPT3(I,J,K),K«lfi),J«l,N) 
00   11   J"1»M 
HO   11   Kaj,3 

,1      XPT8«fJ,K)«FPT8(l,J,K) 
CALL CFIT(XPT8R,N,CUtFH.1#SIC) 
IF(LI^E8,r,Tt30) wRITE(fe»210) 
IFfLIMfS.GT.JO) Ll^ESaO 

210 FOR^AT(lHl) 
-"RITKth,?!!)   I 

211 FOWMATMHOf^EMCF   M)-'H(-H'»I3) 
/(RITE(fc,?l?) 

21?  FORMAT(lM0,5X,»BOU^OAHV POINTS • BUOY AXfc8»   /1H0,2(20X,»X', 
1 HX,'YM1X,'7'#2X)) 
MP»N 
IF(2*ff./?),LT,M) MPaNP-l 
DO ISO J«1»MP,2 
JP1»J*1 

150  wRITF(C),?l5) (M,(XPT8B(MfK),K3l,3)#M«J,JPn 
213  FORNATflH ,2(llX,'f»,T?#')',lX,?(F7,?.5X),F7,?)) 

IF f2t»(w/?),LT,^) W«ITF(6,?1«) N, (xPTSH (M,t<) ,Kal ,3) 
?ia  FOH^ATMh ,1lX,'(M2,')MX,3(H7,2»bX)) 
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215     FOPMATdHCSXf'COEFFlClEMTS  Of-'   FITTED  CURVE VlhO, 1 0X,flC » ( »»12, 
1   ')'.FlOt6iflX)) 
^HITE(h,?l6)   SIG 

21ft     FO«MATflH0,SX,'STGMA   ERHO»   OF   FITa»fD12,«) 
LlMeS«LINFS+12*N-M/2 
00    12   KBl,« 

12     COEFBFfI,K)sCOEFP(K) 
ia     COMTINME 
15     «£40(5,101)   MPANEL,lftNGL,IPL0T,IPF't1B,N0lSP 

iFt'jnisp.En.n Nnispaa 
IFfriOTSP.ECI.O)   NDISP«! 

101 FOWMATdPIb) 
^AS»0 
00 2000 T«1^PAMFL 
«E «0(5,101) ITYPF^PTS,lrO«:FS,NMET^,lNTf:»N 
rfEAD{5,100) ((XPT8«(L,J),J«l,3),L»l,NPT8) 
TF(ITrPE,EtJ,n GO TO 26 
IFfICOEFS.EO.l) GO TO 20 
IFdr-OFFS.EQ,?) GO TO 25 
WCOEFSM 
00 17 Lsl,6 
KSL 
IFfL.GT.n K8L + ^ 

17  IFIT(L)sK 
GO TO ?S 

20  PfcAOtS.in?) (COEFBfL),L»l,!0) 
MCOEFSsi«» 

102 FOPMAKfeDjo.n) 
25     COMTlMi.ifc 

IF(rCOEF8,EO,2)   WEAn(5»l0n   WCOEFS, (Ifl T f L) ,L«1 ,^C0EFS) 
?h     CA|.L   CFIT(XPT.3«,NPTS,COfFÖ,lTYPfc,SlG) 

Slr,is^,*SIR 
fFdTYPF.FiJ.P.AMD.^HFTA.RT.O)   CALL   AODPTS(KPTSM,»!PTS,COEFP, 

I   SIG.fMPETw) 
*MtTI(6,2l7)    I,1TVHF 

?17     FOHWAT(lHt .'WEFLFCTIOM   PA^FL   fJllMHtPM3,20X,'T YPfe » , 12) 

NPMMPTS 

IP (<»*(f.,PTS/?),LT,fiPTS)   NPsNP-l 
no i*o JSI.NP,? 
JPlsJ+1 

i^o   rt(RiTF(*,2n) rMXPTsntMfK),K»i,j),M«j,jpn 
IF(2*(f PT8/?),LT.NPTS»   *"K I TF (h, 21 u )   WPTS, (XPTStt(NPTS,K) ,K«1, «) 
TFflCOFFS.FO.l)   "KTTFf*,2191 

219     FOtViiATnHO.SX.'Ct'tFFIClfc^TS   FOH   FITTFt)   CURVE   AWF   HFJNG   «EAO-IN») 
t« ^ T T K h, 21 b)   (J,COtF«(J),j8l,«) 
TFf ITVPF,F.(',21   i"PITE(e.,2l«)    (J,CUtFH(J) , JsS, 1 0 ) 

21«     FO^MATMH   ,lt)X,«('f ♦,l2»*)#,F8ta,10X)/lH   , I nx,2f ' ( * , 12, ' ) ' ,F«t'4, 
1 inxn 
i'.wrTF(*,21*)   SIG 
IFf^FE» CE.F« ,0,OK,lTYPF,f.F,2)   GO   TO   io 
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CALL   CHeCK5(X,Y,Z,Xl,Yl,2!,INTC5,l) 
ICOEFS«0 
CALL   CFIT(KPTSB,HPT8,C0ErR0,l,8lG) 

C wwm(6,«32)   (CütFBO(LL)»LL»l#«) 
CHI?.      FOWMATflHO^OaO,«) 

30     COMTINUE 
00   3000   IGAMal.NfiAM 
^GAMSCI»IGAM)aMAS 
LHFS««51 
GAM^A«GAM(IGAM) 
oo mon iPSisi.MPsi 
I«IPSPT8(I,I(;A^#IPSI)«O 
PSI« PS(IPSI) 
SNPHB8TN(PHI/RAD) 
CSPHsr.ri8(PHl/RAD) 
Si\;TMsST\(Tht TA/HAO) 
CSTMar;os(THf TA/W40) 
SMPS«ST^(PSI/«AO) 
CSPSsCOStPSI/RAD) 
in«cnsn»n«csTH*csM8 
OHCHSd ,2)BC8TH*S^PS 
niRCosf i,;U«"8NTM 
nilyCnS(«?.ns8fJPH*SriTH*CSP8»SNP8*C8PH 
r>I»CnS(^,2)»SilJPH*SwTH*8NPS*CSPH*C8PS 
oiPcnsfafjJsSMPHACsTH 
'M^COS(if l)aCSPH*8MTH*CSPS*SNPS*SNPH 
!")IRC08( *,?)ar:SPH*8MTH*SNPS«SMPH*CSP8 
nTwcnSf^f 53srSPH*(ysTH 
CALL   rvHT(C(ife:FP,niPCOS»Cr.FH,ITYPF.) 
IFf.4f-CNCF,E«iOtORtlTYPf-tNfc,a)   GU   TU  «0 
f.iO   SS   I si ,10 

55     Cpf FS(l)sCn(FI(L) 
CALL   Cv«T(COFFP«,DISCOS,CHEF I,l) 

<4 0     CONTI'vl'fe 
on  in on   inisPai,MOJ8P 
RAMvaGdMMA 
GA^L*O#0 
IFf.viDISP.EtJ.l )   GO   TO   Ub 
TF(iniSP,L> ,?)   GAMV«GAMV+(-l)«»II)ISP/«, 
iFfir.isp.(;Tf?) GftMLaf-n**inisp/a, 

GVaGA^^AwfiAMV 
Sü'.i(n«-COS(GAMV/RAO   )*CnS (GANL/WAn   ) 
SUM(i?)sC03(GÄMV/RAD   ) *SIfv(GAML/RAü   ) 
StiMf 5)sSlN(RAMV/PAf>   ) 
no   SI   LSI »f'PTS 
00   Si    .lai ,3 
t^PSI ft ,Lf JJsO.O 
DO   SI    Kai,3 

SI      KPSt(l,L,J)3PPSI(l,U,J)*DIRCÜS(K,J)*XPTSB(L,K) 
vj^PLSsl 
•JKPTSM )sMPTS 
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!, 
IFCNFErCF.tQ.O)   (.0   TO   5a 
IFdTVPfe.fO,?)   CALL   THAN0(RP81,l#NPT8,C0EFl,SUN,n 
DO   53   IBlfNFENCE 
00  510   Jsl,« 

510     COEFO(J)«C0EFRF(L,J) 
CALL   CvBI(C0eF0,0IRCUS»C0EFlF»l) 
CALL   PI ANPT(CnEFIF(niCC)EFIF(2)»CUEFIF(3).CnEFIF(ä),8UW(n.SLIN(2), 

t   3UM(3).OlSC,0,0t)00,0,0000,0,00O0»X|Y,Z) 
lF(0A8St0ISC),LT,TnL)   GO   TO   93 
NFP8«MFPT8(L) 
00  5?   ^«lfWFP8 
00  52   J«l,3 
FPSHN^JjaO.O 
00  52   K«i,3 

52 FPSI(N,J)aFPSl(N,J)*PlHC08(KfJ)*FPT8(t,N,K; 
CALL SHA00^(RP8I,NRPLS,NPPT3,FPSl,NFP8,8üNfC0EFI,GAMV,GAML) 
IF(N«PLS,E0,5) Gn TO 535 
IF(MPPLS.E«,0) GO TO «00 

53 COMTINUF 
535  IFdTYPE.FQ.l) GO TO 5« 

DO 5ao TRPL»liN»PLS 
LPT8aNPPTS(IHPL) 
CALL THAN0(RPSI,IHPl.,LPT8,C0EF8»8UN,2) 
NRPTS(IRPL)«LPT8 

5«0     CONTINUE 
00  Sob   L«l,lO 

5ü5     C0rF!(L)«CnEFS(L) 
5«     00   «SO   IRPL«1,MWPL8 

LPT9«N»PT3(IKPH 
DO   800   K«1,LPT8 
MA3«MAS*l 
XlsRPSKIRPL.K,!) 
yiaRPST(lRPL,K,2) 
Zl»RPSI(IRPL,K,3) 
IF(ITYPE,EQ,2)   GO   TO  56 
00  55   L«l,3 

55 VNORM(L)«C0EFI(L) 
60   TO   58 

56 VN0RM(ni2,*C0EFI(l)*XltC0EFI(tt)*Yl*C0EFl(5)*Zl*C0EFI(7) 
VN0RM(2)t2,*C0FFI(2)*YltC0F.FI(<J)*XlfC0EFl(6)*ZUC0EFl(8) 
VNORM(3)«2,*C0EFI(3)*Zl*COEFI(S)*XUCOEFI(6)*YUC0EFI(9) 

96     A8N»0,0 
ABSNSQaO.O 
DO  70  L»l»3 
A8N«ASNfSUN(L)*VM0RM(L) 

70     ABSNSQaA88MSQ*VN0R*(L)*VN0RMa) 
IFtlNiTERN.EQ.l.ANO.ASN.GT.O.O)   60  TO  85 
«SNaA8N/ABSN8& 
IF(A88(A8M),LT,l.0F'»08) A8NB0.0 
00 60 L"ti3 

90  REfLTN(L)»8UN(L)«2,0*ASN*VNORM(L) 
ICLEARaO 
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1^(WFf^CF.fO.OI   RO   TO   90 
CALl,   H' TE.HF(FPT8,r)T«r09,"Ff'\iCF,lJFPTS,Xl#Vl,Zl , Hf. Fl. TM, ICl F A») 
IF f iru äP.FD.D) f;n TO VO 

8S    ALPHA«!onnot 

wETAsionno, 
r,o  rn OH 

«JO     CO^TINHF 
rFfDAMSfWEfLTNIf O),fJT,0,g<J9<))   GO   TO   V7 
flLPHta        OATÄM?t-HFFLT,if3).f'SQ«T{WF:Fl.TN(l)**2*KFF| TMf?)**?)) 
HFTAs rTATAM3(«EFLl,V(?)l»tFlT'«'(in 

9S      ÄLPHftswAO    »ALPHA 
BtTA«   WAO   «BFTA 
i}Q?s-DI8TG*OISTfJ 
CALL QI»AI)PT(J .ooflo, i .noon.o,ODOO»n.oDnn.o,onnoio.onon.n,onno, 

X 0,000i,O,0f)OO,nn2,WfFLTN(l ), 
1 ^EPl-Tc (3),Rf;FLTf.(1KXl»Vl,Zl,X.y,2.XI2,YI?,ZT?tIWTC) 
rF( par.f-'j.n RU TO 9h 
CALL   SfiWM)T(Bf FLTM(l),wtFLlN(?),Mf:FLTN(4)»XJ.Yl^»»X.V,Z,lSHAn) 
IFf ISHAU.E'J.l )   GO   TO   96 
XSXI2 

Z»7T2 
Oh      ALPH4a(MA.S)sRAD*nATAli?(-/ + ZWFF.08ljMT( f X-XHf F ) **2* ( V-YMF F ) ♦*2 ) ) 

META?(''AS)snATAN?(V»YrtF-t',X«XH(fch)*HAn 
?F(lAMf;L,En,l tAMi\PETA,LT,Otö5   Hf.TAs3feO,+HrTA 
TFriA^GL.KJ,l,ANf',pfrTA2(MA8),LTt0.0)   HE T A^» (MAS) »360 , ♦RF T A? (MAS) 
HO   TO   79!J 

9 7      ALPHAs-KFFl. T^(5)*90,/nAHSfftFFLTN( j)) 
HFTASO.O 

9H      Al,PHA?f f'AS)aALPHA 
«FTA2('-AS)=RFTA 

795 XtHsr)I«C08(l,n«Xl»ni«C()8(ll2)*Vl*ni«clJS(l,i)*Zl 
Ylfl«r)TPCnS(2»l )*XU!)TMCU8(?.2)*Yl*ilIPC0Sf2,?)*ZJ 
ZlHaOlpmst'S.t )*xUDlMf:0s(3,2)*Yl*0lKCns(3,S)*Zl 
CALl.   C^f rKa(XPT3«,*.PTS,XiB,YiH,/lB,3Ir.;3) 
IF(LI^FS,LT,50)   GU   TO   79*, 
MPTTF(^,200)   I.GAMMA^^tF^HtTA.YHEF.PHIjZMEF-,   OISTG 

?00      FOPMATriMt.«OX,*SUM   GLINT   SIGNATURE   FO«   SURpACt   NOt',I3/ 
X   1H0,5X,*SHM   F.LFWATin1v|»,Fl?,2,7bX,»X«FF',fr«',?/lW   ,5X, 
1    »A/C   PITCH   ATTITünt',F7,?,76X,'YkEF',E9,2/lH   ,5X, 
?   'A/C   wOLl    ATTlTilfJF'',FPt?,7fex,'ZHEF',F9,2/lH   , 1 OfeX,'xniSTG* »E7,2) 

'*hnF(6»?02) 
202     F0RMAT(tH0,5X,»A/C   YA'v',«X ,'SUN   DISPF RSION',«x, 

1   »nOlM/rAftV   POIMTS-^OnY   AXF8#»9X#'REFLECTION   VECTOR',IfcX, 
?   'GLINT'/IH   ,?1X,'VFRT',SX,'LAT',13X,'X',7X,'Y',7X,*Z».1?X, 
3   'ELFWAT ION', 3X, »AZIMUTH», «X,'f.LEVATI0N',3X,'AZIMUTH') 
LlNE9a9 

796 »RITE {6,2111)   PSI »CvMiANiL, XI H, Y IB, Zt 8, ALPHA,8t TA, ALPHA2(MAS) # 
1   9ETA2(MA3) 
LINESBI.TMFS + 2 

201      FORMAT (lHO,   ttX,F7,2»RX,F5,2»3X,F5,2.flX,3F8,2»llX,F<ii2,'»X,F7t?,10X, 
1   F^,?,«X,F7,2) 
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600 

850 

900 

950 

1000 

?0O0 

?0?0 
?050 

mo 

CONTINUE 
NPSPTSd, 
CONTINUE 
CO TO 100 
COMTINI.e 
DO 950 Ka 

ALPHA2(MA 
BETA2(K'AS 
NPSPTSfI, 
CONTINUE 
irtNPANEL 
IF(lPLnT, 

1 NPSPTS,k 
CONTINUE 
IF(lPHl'H, 
nn 2020 I 
GAMMA3RAW 
IFCIPLHT, 

1 XSCWI\',X 
TP(IP»nHf 
CALL P«OR 

1 ORS^AX,S 
CONTINUE 
MEAOCj.lO 
IFflCONT, 
GO TH 10 
FOM^'ATCfef- 
ENO 

IGAM.lPSniNPSPTSn^uAMdPSD+LPTS 

0 

S)»10000t 
)«toooo, 
IGAM|lPSl).NPSPTS(I,IüAM#IPSn*2 

,FQ,n   00  TO  2000 
EQ.U   CALL   PLnT(8rTA?,ALPHA2,GAMMA,I»NPSI,NOISP, 
SCMlN.XSCMAX^VSCCIN.YSCMAX.PHI.THETA.IGAMd^IANGL) 

EQ.O.AND.tPLflT.f-Ö.O)    ÜU   TO   2050 
GAMBJ JNGAM 

(IGAM) 
E(3,l) CALL PL0T(BETA2,ALPHA2,GAMMA,t,NPSl,NDISP,NP8PT3, 
SCMAX,Y8C^IN.V8rMAX,PHl,THETA.I6AM,NPANEL»IANGL) 
ER.O) GH TO 2020 
L(ALPHA2,RF:TA2,GA»'MA,'JPSI,N0ISP,NP8PT8,0B8MIN, 
U^w, IGAM,«*PANEL} 

1) ICONT 
NE.l) STOP 

10,0) 
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SUBROUTINE CHECK«(Xf»TSÖ»NPTS,X18,VlB,ZlB»8ICS) 
OIMENSION XPTae(30,3) 
IF(8JG3,LT,l,0E-0<l) 8IG3«0,0001 
DISCS«SIG3 
00 10 I«1,NPTS 
OIST«SO»T(XPT3B(I»1)**2*XPT8B(I»2)**?*XPTSB(II3)**2} 

l)IST?«SQBT((XPTSB(Iln-XlB)**2f(xpTSB(I,2)«VtB)**2*(XPTSB(I,3)' 
1 ZtB)**2) 
OII9CaOIST2/(niST*8IG3) 
IF(0TSr,GT,SIG3) GO TO 10 
IF(OISC,f,t,()lSCS) GO TU 10 
X1H«XPTS8(I#1) 
V19«XPT3rt(I,2) 
Z1B«XPTSH(I,3) 
0I3C8«niSC 

10  CONTINUE 
RETUR^ 
ENO 
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SUBROUTINE CFIT(XPT8B,NPT8,CaCFB,ITYPE,8IG) 
DIMENSION XPTSB(30,3) 
»EAL*a 8I0,DET,T0L 
RE4U*8 A(9,9),B(9),XCURF(9,JO),F(30),COEFB(lO)»COCf8(9) 
C0MMüN/FIT/IC0EF8,NC0EF8,lFIT(9) 
DATA T0t/1,00-02/ 
ICBO 

IFtlTYPE.EQ.Z) 60 TO 52 
00 20 L»1»NPTS 
F(L)«1,0 
00 20 J»1,S 

20  XCUHF(J#L)»)(PT8H(L,J) 
CALL CURFIT(F»XCURF»5.NPT8,C0EFB#AfB#0ET,8I6) 
IFdCOETS.EO.l) RETURN 
COFFB(«)«-OET 
RETURN 

32     HO  35  Lsi,\PTS 
XCl'RF(l,L)«XPT38(L,n**2 
XCURF(2,L)«XPT88(L»2)**2 
XCURF(3#L)«XPTSßa,3)**2 
XCURF(ü,Ll«XPTSBfL»n*XPT8R(L»2) 
XCiiRF(S,L)»xPTSfl(L,n*XPTSft(L#3) 
XCtiRF(ft»L)»XPTSRrL»2)*XPT8R(L»3) 
XCURF(7#t,)«XPTSB(L.l) 
XC')RF(<»,L)«XPTSB(L#2) 
XCiiRF(9,L)«XPTSB(L#3) 

$5     F(U)«1,0 
IFt^COfFS.EQ.R)   GO   TO   «60 

44     DO   Uh   T«J fMCOEFS 
KSIFIT(I) 
IF(KtE0,I)   GO   TO   «6 
00 a5 L"1#NPT8 

«5  xCilRP(IfL)«XCURF(t<,L) 
üh     CONTINUE 

«60  CALL CtiRFIT(F,XCURF,\'C0EFS,NPTS,C0fcF8,A,B,0eT,8IG) 
:F(lCOFFS,Ey.l) RETURN 
IF{NCr)fcF9tEQ,9)   GO   TO  50 
TF(IC0FFS,EQ,2)   GO   TO   «7 
lF(NPT8,LT,(NCOEF8*3),ÜRt3ir,,l.T.TOL)   GO  TO  "T 
MCOEFSsNCOFf-S^ 
IFfNC0EF8,€Q,6)   GO   TO   Ud 
GO   TO   32 

47     00   48   I«l,NC0EF8 
4«     COEPSCDaCOEFRd) 

00   «0   I«l,9 
40     C()eFR(T)aOf 0 

00 49 I«l,NCOEF8 
««iFiTd) 
COEFB(«<)«COEFS(n 

49 CONTINUE 
50 COFFB(lO)a-OET 

RETURN 
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JJUiROUTlWE CURFIT(F,X,N,W,C0EF'#A,B,0ET,8IG) 
IMPLICIT REAL*« (A-H#0-Z) 
DIMENSION X(9,30)#FC50)#COEFC10)»A(«»,9),B(9) 
C0MM0N/FlT/ICnEFS|MCnFF8#IFIT(9) 
TFCICOEFS.EQ.I ) GO TO ?5 
DO 10 !at,N 
BtlJsO.O 
DO 10 JslrN 

10  4(I,J)«0,0 
DO 20 T»l .N" 
DO 20 jsi,N 
9(J)««CJ)*F(Il*X(Jln 
DO 20 L»1#N 

20  A(L,J)«A(L,JUX(J,n*X(L,n 
CALL   EONSOI, (A,B#MiCnEF»OFT,n 

25     StGaO.O 
TP(ICÜFFS,E3,n   nETs«COtF(10) 
DO an  Tal,« 
SUMsO.O 
DO 10 J8},N 

.JC     SUMssiir'fCüEFrj)*X(J#n 
8UM«8U^*DET 

aO     SIGaSIP*SlJ^*SUv 
SIG«OSf3WT(SIG/v) 
RETURivl 
END 
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SUHWniJTIf.'P:   KQNSOL(A,H,^,X,DET,NMnMO) 
IMPLICIT   «ML*«    (A»H,(W) 
0^-^f:^JSTO^•   Af<»,91,R(9),X(10) 
DATA   TOL/J t0D-iO8/ 
^lRA^'Ka^ 
on in  iei,M 

to   x(n«o,o 
i«o 
ICHLsO 

lCOLairnL+1 
IPl»Tfl 

ia     AMAXI»A(I,TCÜL) 
L«I 
IF(IPl,GTtN)   CO   70   150 
DO   IS   '•aIPl,i>i 
IF(()ABS(A(K,IC0L)),GT,0AOS(AMAXI))   LSK 

15 AMAXIsA(L»ICOL) 
150     IF(L)A^9tAMAXI)tGT,T0L)   GO   TO   16 

X(TC0L)sl ,0, 
MRANKst-'RANK-l 

IFdCOL.EO.N)   GO   TO   «5 
iCOLalCPLl-l 
60   Tn   1« 

16 IF(L,feO.T)   GO   TO   25 
DO   20   Jal/i 
3vAP«AfT,v1) 
A(I,J)BA(L»J) 

20     A(L,J)SSAAP 

SwAPaBri) 
»(I)»8(U) 
«(L)sSi'AP 

?5     X0TV«A(I,IC0L) 
00 30 JsICOL,N 

^0     A(I,J)«A(I,J)/¥niV 
B(I)oH(I)/Xf)IV 
IF(IPl,GTtM)   GO   TÜ   «? 
DO   ao   K*IPl,Ni 
XWIlJLaAfK,lCOL) 
00 35 JaIC0L,N 

35     A(KfJ)sA(K,J)«XMUL*A(I#J) 
«0     8(K)afl(K)-XMgL*B(n 

IFdCOL.LT.M) GO TO 12 
Ü2      IF(NRAMK,E:OtN,OR,NHOMO,EO,0) 
«5  IJUMPslCOL»! 

00 50 Tap,N 
KaN<»IM 
IFtXtKJ.fO.O.O) GO TO «7 
lJUMPalJUMP.l 
GO   TO  50 

«T     IF(NRAMK,|:OtNfO«,NHOMOtt:OtO) 
KPlaK*1 
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XClCODBBfD/Ad.ICOL) 

X(K)aB(K) 
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no u* .isKPt,^ 
a«      « (k)rX(K)-ft(K-IJIJMP# J^XtJ) 
SO     CONTINUE. 

IF("J«ÄMK,l.T/')   OFTsO.O 

MO 
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15 

20 

200 

2oa 

205 
208 

SU8R0UTIN 
RtAL*fl CO 
HE4L»8   81 

SEAL*«   A? 
1   F5,G3,M3 

OATA   TPL/ 
A2«CnfcFH( 

C2"CnF.FR( 
n?«CnEFB( 
E2«CUtF*H 
F2»COEFe( 
r,2«CrF.FH( 
MgsCOEFRf 
K2aCnEF«( 
L2«COEFH( 
IFLAG«0 
MsO 
00   100   I« 

no 15 Ksl 
XSTÜME(M, 
IP1»I*1 
IFd.En.w 
IFdFLAG, 
KS(XPT8B( 
Ys(KPT8P( 
Z«(XPTSe( 
atLBA2«x* 

1 H2«V*K2* 
IF{Ae8(0f 
1P2«TP1*1 
1F(IPI,EQ 
00  20   H«i 
xprsd.K) 
XPTS(2#K) 
XPT8(1,K) 
CALL  CFIT 
flsCOEFPf 
RlBCOEFPt 
Cl»COEFP( 
OiaCQEFP( 
60 TO  20« 
0EL«Ai*XP 
1F(ABS(DE 
IFLAGBO 
GO  TO  5 
00  205  K« 
XPT8(l,K) 
XPTS(2,K) 
IFCDAB3(B 

f 
EF 
G, 

X 
,P 
»K 

1. 
1) 
2) 
n 
aj 
5) 
fa) 
7) 
H) 
<>) 
10 

A0nPTS(XPTS8^PT8,C0EFH,SlG,MBETW) 
B(10),CPEFP(10) 
8IG2 
PTSBflO,3)»XPTS(IO|.4),XSTnRE(30,l) 
?,C?.02,E?,F2,r.2,M2^2,L2.Al,fll,Cl,Ol»A3,B3fC3,05,E3, 
3.Li,8A#SH,SC,l)AB3#FACTl0l8C»0SQHT 
OF-oa/ 

) 

l,^PTS 

.3 
K)aXPTSH(I,K) 

PT3)   IP1«1 
EQ.l)   GO  TO  200 
I,n*XPT8P(lPl»l))/2i 
I,2)*XPTSR(IPl,?))/2, 
I,3)*XPTSB(lPl»3))/2, 
*2*Ba*V**2*C2*i[**2*02*X*Y*E2*X*Z*F2*V*Z*G2*X* 
ZH2 
L),LE.3,*8IG)   GO  TO   100 

88(1.H) 
8B(IPl,K) 
89(IP2.K) 
8,3,rOEFP,l,8IG2) 

,MPT8)   lP2al 
»1 
■ XPT 
«XPT 
»XPT 
(XPT 
n 
2) 
3) 
a) 

T8B(IPi,l)*Bl*XPT89(IPl»2)*Cl*XPT8B(IP|»3)*01 
D.LE.TOL)   GO   TO  204 

1*3 
■XPTS8(1»K) 
•XPT8B(IPl,K) 
n,GT,0ABS(Al).AN0,DABS(Bl).6E(DABS(Cl))   GO  TO  30 
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If-(lUMS(t.n«('T,l)AB8(an»AfjntPAH8(Cnt(;T»rA«S(8l))   Rp   TO   «0 
it (IFLAO.Kfj.i)  r,n  rn ^o«» 
R"S«H?4'fi2*(H1/An**?-Di>*HT/Al 
r.5sr,^*fl?*(ri/Ai i**?-fV^CWAI 
F3sF ? + ^,*A?*ri*M1/ai **?-'"'r'^r.l/Al-F?»H1/A1 
^SsHp^P.^A?*!-)! *H1 /Al **<>-n?*l31/Al-f^i(.B)/Al 
,<3»K?*?,«A2»iM*C1 /Al»-*^-F.?»()l/Al-C^*Cl/Al 
U3sU>)*ft^*C"1/At )**2-fi?«0l/Al 

^n«?      1^ (An.Sf )(PTS(^,?1-xPT«;(i ,?)) ,iiT,ARS(XPTSfi?, n*XPTS(l,3)n   GO   TO  2« 
nil  /?^0   -J«! »^öt'T« 
^ S M ♦ 1 

ZsxPTSM , JUFLH AT (M)»(XPT 8(2, ?)-XPTS(t,i))/FLOAT (NHFT»i*l ) 

Sr.=CW*7*K5*Z + L5 
tF (OA^3(sA),LT.1 ,00-OH)    Gil   T')   2i 
MCTBI.O 
ni.sCsSn**?-a,*SA*SC 
IFtnTsr,I.T,o,0)    «HUfc (»5.^00)   IIISC 
IFfOTSC.UT.O.O)   OISCsO.O 

^,00      Fns^ÄTf///,IS('**) .S«.'niSCMI^INAMT   IS   LFSS   THAN   ZF^O   IN   AOOlNf.;   «0 
IMVOANY   POI'-TS,    /F.H"   ASSUKfrU'/lMO,POX,»ACTUAL   VALUE   TS'.OIP.Ü) 

,»10      Ys-Srt/?./sSA + FAi:T*t)SiiWT(r isr:)/«>,/SA 
nisTsAWSfXPTvSn,?5-V)+AHs{XPTS(2.2W) 
IF{V,lTfxPTS(l,25,A!V)l'.Y.l-T.>i^TS(<?,i>))   GO   TO   2? 
IFfY.UT.XPTSd .2),A1Nn,Y,r,T,XPTS(2»2n   GO   TO   22 

215     KSTORF(M,2)av 
xST0«e(M,ll«-(ll/AUCl*i/A1»Bl«Y/Al 
x3T^K■F(^,i1*Z 
GO   TO 2jn 

22      IFtFACT.LT.O.O)   CiO   To   ^2o 
FACTs-1,0 
OlSTlsniST 
GO Tn ?io 

220      lF(i)TSTtLT,i)lSTn   t»0   Tu   JMS 
Ys-sH/2,/8A*DSO»T(niSC)/2,/SA 
r,ri  TO  JMS 

2^     IFtOAHStSBl.LT.TOL)   Gn   To  500 
Ys-SC/SH 
GO   Tn   215 

2i0     CONTI'-Jl.ifc 
GO   Tfl   <J0 

2U      00   28^*1 .f>'HF. Ti" 
MXM+1 
Ys XPTS (\,2 )*FL.OATtM)*(xPTS( 2,21-XPT 3(1,2))/FLOAT (MBfTW+l) 
SAsC* 
S«aF:s*Y»K3 
SC«Pi:S«Y*Y*Mii*Y+H 
IF(0AHS(8A),LT,l,00-OR) GO TO 25 
FACTBI, 

0ISC«SP*«2«a,*8A»3C 
iF(i)isr.,i.T,o.o) i«'Hne('»#hOfl) DISC 
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1F(OI8C,LT,0,05 DISCaO.O 
240  Z»»8B/2t/SAf»fÄCT*08QRT(0!8C)/2,/8* 

&l8Jf»»B8(Xf»TSni5>«»Z)**B8(XPT8(2»S)*Z) 
IF(Z,LT,XPT8(l,5Ji»

N0,ZlLTtXPT8(2,3)) 00 TO 242 
lF(Z,CT,XPT8(l»3),AN0.Z,CTiXPT3(2i3)) 60 TO 2tt2 

-Ä#i     XSTOtt<%*>»Z 
X8T0RE(M,2J«Y 
XST0RE(M,t)«-01/AUCl*Z/Al»Bl*Y/Al 
SO  TO  26 

242     IF(FACT.LT,o.O)   GO  TO  24S 
FACT«-1, 
6*^Tl»MfrT 
GO  TO  2«0 

24S     IF(DI8T,LT,DI8Tn   GO  TO  241 
Z«-8B/2,/8A*03QRT(0l8C)/2,/8A 
GO   TO  241 

25     IF([)AB3(Sö),LT,T0U   GO  TO  500 
ZS-8C/8B 
GO TO 241 

28  CONTINUE 
GO TO 90 

30  IF(IFLAG,EÜ,n GO TO J09 
AJ«A2*B2*(AI/B1)**2«02*A1/B1 
C3«C2*82*(Cl/Bj)**2»F2*Cl/Bl 
ElsE2f2l*B2«Al*Cl/Bl**2«n2*Cl/Bl«F2*Al/Bl 
G3aG2*2,*B2*Dl*Al/Bt**2»02*0l/Bl«H2*Ai/Bl 
t<3«K2*2,*B2*0t*Cl/Bl**2»F2«0l/Bl-M2*Cl/Bl 
l.3»L2*«2*(0l/8lJ**2.H2*Di/Rl 

309 lF(AaS(XPTS(2>l)-XPTS(l,l)),GT,AB8(XPT8(2,3)-XPTS(l,3))) GO TO 3a 
00 330 Nal#NBETM 
M»M*1 
Z»XPT8(l,3)«FL0AT(N)*(XPT8(2,3)«XPT8(l,3))/FL0AT(NBETlN*n 
8AaA3 
SBaE3*Z+G3 
8C«C3*7«Z+K5*Z+L3 
1F(DAB8(8A),LT,1.00»08) GO TO 33 
FACT«!, 
0I8C«8H*8B»4I*84*8C 
lF(niSC,LT.0.0) wRlTf(6,600J DISC 
IF(OI3C,LT,0.0) OISC«0,0 

310 Xa-8B/2,/8A*FACT*DS0RT(0I8C)/2,/8A 
0l8T»A88(XPT8(l».)«X)*A88(XPT8(2,l)-X) 
IF(X,|.T,XPTS(l,l),AND,XtLT,XPT8(2,l)) GO TO 32 
lF(X,6T,XPT8n.l).AN0,X,GT.XPT3(2»m Go TO 32 

315  X8T0HE(M,n«X 
X8TüRE(M,2)«-01/Bl«Al*X/Pl«Cl*Z/Bl 
X8T0REfM,3)«Z 
GO TO 330 

32  IF(FACTtLT,0.0) GO TO 320 
FACT«-!, 
0I8Tl«t)I8T 
SO TO 510 
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320     IF(OI8T,LT,DI8Tn   60 TO  JIB 
Xa«SB/2./8««D80RT(DISC)/2./8A 
GO  TO  315 

35     1F(OABS(8B).LT,TOL)   GO  TO  500 
X»»3C/8H 
GO  TO  315 

330     COMTINUE 
60  TO  «»0 

3a     00  3»  ^«1,N8ETW 

X»ÄPTS(l.n*FL0AT(^)*(XPT8r2fl)»XPT8(l»n)/FL0AT(N8ETW*l) 

SACC3 
S8«E3*X«K3 
SCBA3*X«XtG3*X4L3 
IF(0ABS(8A)iLT,1,00-08) GO TO 35 
FACT«1, 
0ISC«8B*S8««,*8A*8C 
1F(OI8C.LT,0.0) *R1TE(6»600) 018C 
IF(0ISC,LTt0t0) ni8C«0,0 

3ao  Z»»8«/2,/8A*FACT*080PT(ÜI8C)/2,/8A 
0IST"A«VS(XPT8(1.3)"Z)**B8(XPT8(2,3)«Z) 
IFeZtLTtXPT8(l#3),ANDf2,LT,XPT8(2.3l) GO TO 3a2 
IF{Z,GT,XPTS(1.3),AMn,Z,GT,XPTe(2.3)) GO TO 3a2 

Sal  XSTORE(M,n«X 
X8Tü»£(M,2)»iiDl/Rl«Al*X/Bl«Cl*Z/81 
XST0PF(M,3)»Z 
GO TO 38 

3ü2  1F(FACT,LT,0,0) GO TO 3«3 
FACTa-1, 
OlSTlBOIST 
GO TO sao 

5<I3  IFCDIST.UT.DlSTl) GÜ TO 3'»1 
Z««SH/2,/SA*nS0RT(DlsC)/2,/8A 
60 TO 3«1 

35  IF(DABS(SH),LT.TOL) GO TO 500 
Z8«3C/88 
GO TO jai 

38  CONTINUE 
SO   TO   <?0 

HO      IFClFLAG,Ef4fl)   GO   TO   ao«> 
A3*A?*C2*(Al/Cl)**?•??•A1/C1 
B5«82*C2*(H1/Cl)**2-F2*öl/Cl 
03«02*?,*C2*Al*8l/Cl*<i2»E2*Bl/Cl«F2*Al/Cl 
G3«G2*?,*C2*Dl*Al/CU*2»E2*Dl/Cl-K2*Al/Cl 
M3»H2*2,*C2«01*Hl/CU>»2"F2«ni/Cl«K2»Bl/Cl 
LJ»L2*C2«(lM/Cn«*2«"2*Ul/Cl 

409     IF(AH8(xPTS(2,2)»XPTS(l,2n,6T,AB8(XPT8(2,n.XPTS(l,l)))   60   TO  aa 
00 a$0 NsliNBFTW 

X•xPT8(lllUFLOAT(^)•(XPTS(2,l)•XPT8(l,n)/FLOAT(NBETW♦n 
SA«93 
SBB03*XtH3 
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IFfOÄPStSAJ.LT.l.OO-Oe) GO TO ftS 
FACT«1, 
0ISC«8B*SR-ai*SA*8C 
IFCOISC.LT.O.O) WRITE(6»000) DISC 
IFtOISC.LT.O.O) 01SC«0,0 

aiO  Y«»SR/?./3A*FACT*DSQHT(0lSC)/2,/8A 
DI9T»ABS(XPT8(J,2)-V)*ÄB8(X»»T8(2,2)-Y) 
IF(YlLT,XPT8(l,2),ANntytLT,XPT8(2,a)) GO TO HZ 
If-(y,GT,XPTS(1.2).ANn,Y,GT,XPT3C2,2)) 60 TO a2 

aiS  XSTOWE(M,l)aX 
XSTURt:(»*»2)»V 
XSTO«F(^,S)«-Dl/Cl«Al*X/Cl"Bl*Y/Cl 
GO TO «3^ 

a?  IP(FftCT,LT,0,0) GO TO 420 
FACTs-1, 
0ISTl«ni3T 
60 To «in 

U20  IF (OIST.LT.niSTn GO TO «IS 
Y = -3«/2,/SA*n3()RT(DISC)/2t/SA 
Gn TO «IS 

tt$  IF (OAHStSöj.LT.TnL) GO TO 500 
Ys-SC/Sö 
GU   TO   «15 

«30     COMTIiMUE. 
GO   TO   90 

««     00   ««   ^«UNtBfTft 

VaxPTSd ,2) ♦FLOAT (^)*(XPTS(2,?)»XPTS( 1,2))/FLOAT (M8ETw*n 
SA«AJ 
SH«n3*Y*63 
SCa^3*Y*V^^3*Y*L3 
IF(0AHS(SA),LT,l,0n»08)   GO   TO   «b 
FACTsi, 
niSCsSR*SH»«,*SA*SC 
!FU)ISC»LT,0«0)   ^«TT£(6»600)   01ÖC 
IF(i)lSC,LTtO,n)   DISCso.O 

a/40      Xs,SR/?,/SA*FACT*DSfJ«T{UI8C)/2,/SA 
OlSTsAPSfXPTSd »1 )*X)+ttBS(XPTSCiJ#n«'X) 
IF(x,LT,yPTSMrntAMl>,X,lT,XPT3(2,l))   GO   TO   ««2 
IF(X,GTtXPTSn»ntÄNOtX#GT,xPT8(2,n)   60   TO   ««2 

««I      XSTOREt»'.,!)«)' 
X3T0»E(M,2)«Y 
X8T()PE(M>3)»»DI/CI«A1*X/C1*HI»Y/Cl 
GO   TO   «B 

««2      IF(FAtT,LT,0,0)   GU   TO   «a^ 
FACTB-1, 

OlSTlsniST 
r,o To «ao 

««5     lF(l)I8TtLT,Dl8Tn   GO   TU   ««l 
XS-SH/?,/SA*PSQ«TtOlSC)/2,/8A 
GO   TO   im\ 
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«5  iFfüABStSßl.LT.TOL) GO TO 500 
X«-3C/SÖ 
GO TO iiti\ 

«8  CONTINUE 
90  IFLAG«! 

100  CONTINUE 
NPTSBM 

00 HO I»1»NPT8 
oo no JBI,5 

110  KPTSH(I,J)aX3T0RE(I,J) 
RETURN 

500  WRITE(6,610) 8A,sa,3C 
STOP 

blO  P0»^AT(///#iSC»*'),5X>
#QUADRATIC EQUATION SOLUTION FAILS IM ADDING 

1 BOUNOARV POINTS» CHECK INPUT • PROGRAM WILL STOP HERE'//1H0#20X, 
?   'VALUES "t   COEFFICIENTS OF QUADRATIC EQUATION ARE A«»#D15,«»2X, 
2 '8«»»Dt5ttt»2X,»C«S0t5|«) 
END 
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SUHROUTIN*   CV/ni(COrFH,DIWCOS,COtFl,nYPF) 
t^PLTCTT   HfeAL«fi   (A-H,0«Z) 
DIMENSION   fiIRC0S(3,3),COFFI(l0).CnEFB(l0) 
IF(tTyPE,fQ,2)   (.0   TO  SOg 
00   50   l.«l,J 
COFFICDBO.O 
no so jn ,3 

50  COF.FT(UsC0FFI(U*r»IkCOS(J,L)-»CtJfcFH(J) 
C0FF1fa)«COFF«fa) 
RETURN 

50?  COMTIMHE 
00 SOfc L»l.3 
SAaOIKC08(l,L) 
S9»0!WC0S(?»L) 
SCaOTRrn3(3,L) 
COFFId.'jsCOf f Brn*SA*SA + Cüf F6(?)*8Rl*8B*C0tFfl(3)*SC*Sr>C0EF8(a)* 

1   SA*S«»C(lfcFH(5)*9A*Sr*C0EFPI(6)*3H*3C 
lF(L,Ro,i) r,n TO 5oa 
3A2«DIRC08(l,L + n 
sa?«ni«cns(2,LM3 
8C?ani»cn9(5,L*n 
GO   TO   505 

50«     SAi?aDI«C0Sn,2) 
882»DIMC08(?,2) 
SC2ar>IRCn3(3,2) 

505 CUEFI(L*3)«2,*CnEFB(n*aA*SA2*2,*C'itFB(2)*S8*Sb2*2,«C0FFB(3)*8C* 
1   3C?*   rneFB(«)«(SA«8R?*SA2*8B)*C0FFB(5)*(3A*3C2*9A2*9C)*C0EFB(h)* 
I    (SH*8C2*SH2*Sr) 
COEFHlfbjBO.O 
00  506  «81,1 

506 C0EFI(l>MaCnF.FI(l>6)*OIRC0S(K,U«C0EF8(K*fe) 
COEFl(10)«COtFB(10) 
RtTURN 
ENO 
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SUBHOUTlNE TRANQ(RPSI,IHPL,NPT8»C0EF1,8UN,IC) 
DIMENSION CnEFI(lO),SUM(l),«PSI(5,30,3) 
RE4L*e C0EFl,9W,k,*,C,0,e,t,(i,*,C*,CL,SL,SM,S*,t>19C,*l,i\,l\, 

\   X,Y,Z,XQ2#Y02,ZQ2,D8QHT 
OATA lOU/l,0E-0a/ 
COMMON/8AVE/SL,3M,SM,DISC.CSTH 
A«cnfcH(l) 
8«C0FFI(?) 

i)«COEFT(a) 
GO TO (tO.iO), IC 

10  SLBSUNfl) 
8MB8UN(2) 
SNB3UN(3) 

C     wRTTE(h,200) Affl,C,0,8USM,3N 
CSTMsf A»SL*B*3M*C*8''J)/ö8Q«T(A*A*B«8*C*C) 
IF(AH8fCSTH)tLT,0,l7) «hTUHN 
DO 20 I«t,NPT8 
XjaBP8I(IRPL.l#n 
V1BHP8I(1RPLII.2) 
Zl«»PST(IPPLiI,3) 
CALL Pl.ANiPT(A,P,C»D,vSL»8M.SN,niSC,M»Vl»Zl,X,Y,Z) 

C    A/HiTF(fr,2on) X1,V1,Z1,X,Y,2,DI8C 
C200  FÜHMAT(tHO,7016ta) 

IF(OABS(OISC.),LT.TOL) RETURN 
RPSl(lR«>L»I.n«X 
RPSI(IMPL,I,2)»Y 

20  RP3I(I«PL»I.3)«Z 
RETURN 

30  IF(0AHS(IJI8C),LT,T0L) WF.TURN 
TF(AHS(CSTh),LT,0,l7) RETURN 
EaCOEFI(S) 
FarOFFKb) 
GBCOEFKT) 
HSCOEFK«) 
CK«cnEFI(9) 
CLsCnEFItlO) 

C     i"RITE(^,200) Ä,8,C»0,E,F#G,M|CKrCLi8Li8M,8N 
Lsn 
00 bO lal.NPTS 
XlaRPSHIRPL»!,!) 
YlaHP8l(IRPL.I,2) 
ZtaRP81(IRPL»l,3) 
CALL ötiAnPT(A,H>C»n#FiF,G»H,CK,CL»8L»SM,SN,Xl,Yl,Zl»X,Y,Z, 

1 X'32,YC2,ZM?,INTr) 
IFCP'Tr.f-fJ.O) i"RlTE(fc,SOO) 
IF f paC.f-M.O) GO TO 50 

r. wRITE(<S,200) X,Y,Z,X02»Y(])2,ZU2 
IF(lNTC,FIJ,n RO TO «5 
CALL CHECKS(X,V#Z,)(iJ2.YU2»Z02»INTC5»25 
IFtlNTfS.EU.O) wwlTE(ft,SOO) 
IF(lNTr5,EQt0) GO TO SO 
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IFtlNTCS.EQ.n GO TO US 

«P3I(IRPL,L»n«XO? 
»PSI(lHPL»L,?)sYQ? 
«PSHIPPL,L,:»)"ZR2 

US     L«L*1 
PP81(I»Pl,L,n«X 
PP3I(IRPL,L.,2)BY 

«P3I(I»PL»1.»3)"Z 
SO  CONTINUE 

MPTSaL 
500  FO«MAT(IHO,10('*')»'OUE TC CuHvATU«F Of   SURFACE ', 

1 'CERTAIN BOUNDARY POINTS ^ILL Bfc MISSING IN OUTPUT*/ 
? 1H ,IOX,»FOR THIS COMBINATION ÜF SUN ANGLE AND A/C AZIMUTH») 

BfcTURN 
FND 
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SUBROUTINE CHECK5CX,Y,Z»XO?,y02,2Q2,lNTC5,IC) 
COMMON/CTRQ2/OIRC08n»3),XPT8B(30,3)»XMlN(3),XMAX(J),KiPTS 
DIMENSION X9(3).XQ2B(3) 
REAL*« XfY,2,X02,Y02,Z«2,OIRCOS 
GO   TO   (10,30),   IC 

10     DO  20   I«l#3 
XMAX(IJ»XPT8B(1,1) 
XMtN(n«XMAXCn 
DO  20   J«2,NPTS 
IF(XPTSörjf n.LT.XMlMD) XMlN(nsXPTSB(J,I) 

20  IFfXPT8B(J»n,GT,X^AX(U) XMAX (I )8XPTS8( J, 1) 
RfcTU»N 

^0  Xa(l)«DlWCOS(l,n*X*niRC08(l,2)*Y*OIRCOS(l,3)*Z 
XB(2)»niRC0S(2,n*X*0lRCüS(2#2)*Ytt)lRC0S(2»3)*Z 
XB(3)«(JlRCO8(3,n*x*OI»CO8(3,2)*Yt0IRCO8(3,3)*Z 
Xf02B(nsf)IRcn8(lin*xg2fOIHCOS(l»2)*YQ2*DIRCO8(l#3)*ZQ2 
XQ2n(2)al.5TRCOS(2»t)*X«2*nTpCuS(2»2)*YM2fOlRC08(2»3)*Z02 
xQ2H(n«0lRCn8( Jil)*Xö2*ni»CO8Ci»2)*Y«2 + 0lRCü3(l#3)*ZQ2 
IX»() 
IX?30 
IMTC5«" 
oo ao KSI,j 
IF(XW(M,LTt(X^IfM(K).OtOb*(XMAX(K)-XMIN(K)).OtOl))    iXsl 
IF(XH{K)%GT,(XMAX(K)*O,OS*fX^Ax(Ä)-XMlN(K)}*Ot0l))    IX«1 
IF (XQ2R(f ),UTt(XMlKi(K)-0tOS*(XMAX(K)-XMIN(K))*Oi01))   1X2«I 

aO     IKX(52B(K),GT,(XMAxCK)4-0lO5*(XMAXCK)-XMIN(K))*0,0l))   IX2«1 
TF(lX,FO,n   GO   TP   bO 
TF(lX2,fn,1 )   GO   TU  50 
HTCSsp 
RliTURU 

SO      IMTCSal 
RETURN 

♦»0     tFtlX2,F.Ö,n   RETURN 
iMTCSsi 
Xsxf32 
Vay'J? 
ZsZQ2 
RETURN 
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IMPLICIT WML*« (A-H,(W) 
AHS(XX)SDAHS(XX) 
OAFA TOL/l ,()^«0i4/ 
lF(AMSfSL),r.f .AMSCSM.A.JM.AHSCbU.Oe.AHSU^1)) ÜlSCsA*R*8M/SL* 

1 C*3''/8L 
!F (ABS(Sn,LTtAHS(S^),

Awn,ABS(SM)tLP,ARS(SN)) DlSrsA*SL/SN* 

1    H*SV/SN*C 
TF(AHSfSl ),LTtABS(S^>,A^D,ArtSfS^),LT,AHS(SMn   UISCsA*SL/SV* 

IFfAHSfnTSO.LT.TOI )    Wf.ll.'hN 
IF(Af>S(Sn,UTf AHS(SN),AtjlT,AHS(S"t),U,AHS{.SN))   1,0   TO   10 
FFfAHSCSD.LT,ABS(8M),AwD,ABS(3iy),LTtA8S(SVJ)   Uf)   TO   PO 
X»f-n»R*Yl*H*Xl*S^VSL«»C*ZUC*Xl*S','/Sl.)/nT8C 
vsYUS"-*(x-Xl )/Sl 
ZsZl+Sf *fX-Xl)/SL 
METURN 

10     Z»(«n-A*xl*A*Zl*SL^SN-w*yi4B*/l*SM/SN)/niSC 
xsxi ♦8l*(Z-/l )/aivi 
Y = vuSf'*(Z-Zl )/SN 
Rf.TtJP^ 

po     YB(-(>-a«yj ♦A*SL*yt/S^»C*Z1*C*SN*Yl/8M)/rA*SL/SMfB>C*SN/SM1 
XsxifSLXV-vn/S^ 
zszi+SN*(v-Yn/s^ 
RFTUWW 
FMr> 
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to 

15 

16 

SU^OUTI^:   SHADOW(RP8I 
OHENSIUN  HPSI(5,30»n 

i cneFi(io),»P3iM(S,4o, 
? spsmo,?) 

RfeftU*»   3iJN,C0EFI,A,B,C 
DATA TnL/l,0f"Oa/ 
AsCOEFKl) 
t*«CnFFI(2) 
CsCOFFT(^) 
DsCOFFim 
8L«3liN(n 
Sw«SUN(2) 

C3THa(A*SL*H*8w*C*8M)/ 
IFfAHSfCSTH).U.O.I?) 
NSSO 

00   10   1»1 »f^FPTS 
xaaFPSKI»!) 
Yft»FPSI(I,2) 
Z«iFP8T(I,l) 
CALL   PLANPT(A,H,C,n,SL 
tF(DAH,S(fMSC).UT,TOLl 
CALL   S0WNUT(SL,8M,SN,X 
IFCISHAD.Eü.O) r,n rn i 

CALL   PLA^PTCSLiSM^S^O 
SPSI(MS»1)BXX 

3PSI(^S,2)BYV 
SPSI{NS,^"ZZ 
cONTiNt.'t; 
IP(MS.IE,2)   PETtJWN 
MWPL8^«0 
00   120   IPPLal.NMPLS 
lCa2 
iFdHPL.ea.n ic»i 
N«aNHPT8(IKPL) 
DO   15   T«1,NR 
X««RP8HT9PL,I,n 
YaiMP3T(T«PL»I»2) 
ZaaRPSKlPPL.T, J) 
CALL   PLANPT(8L,SM,8N,0 
PP8I(IHPL»I#n»XX 
RP3I(IRPL,I,2)«YY 
BPSI(TPPL.I.3)«ZZ 
CALL TPAN8P(RPSI»IPPL» 
IR«l 
MCaHPSf IH,n 
YC«RP8(IR,2) 
CALL CIRCLE(SP8.NS,XC» 
IF{lNCRtNE,2) GO TO 17 
IFdR.EQ.NR) CO TO 120 

,<»«PL8»^RPT3,FP8l»NFPTS#8UN,C0EFl,GAMV,r.AML) 
,NBPTS(5)»FPSI(30»3),SUN(J), 
i) ,«PS(J0,2),NPPT8N( 5)»8P3(30,2), 

.D^SLiSM.SNjOISC.xa.Yü^ö.XX.YY.ZZfDSORT 

l)8CvkT(A*A*R*B*'C*C) 
NtTURM 

.SM,SM,Disc,x«,Ya,za,xx,yY.zz) 

«»Ytt^Za^XX^YY^ZZiISHAD) 
0 

.OD0O,SL»8M,SN.ni8C»Xa,Y«,Zä»XX,YY,7Z) 

.ODOO^L.SM^N.D^C.Xa^Ya^O^X.YYiZZ) 

MR,SPS1.NS,RPS.8PS,IC.GAMV,GAML) 

YC,IMCR) 
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GO rn i») 

IFCl'jrB.EU.l)    Tf-'Mfis^ 
MfXTSO 
IF(TFL4(;,Kn,h)   MPMaO 
IF(IPLAGtfe^,#»)   fir   TO  ?') 

MR MSI 
«PSiifl .nsyf. 

?5   r^pisi^+i 
IF(IWfF,J,NK)    T»P1»1 

jr>   xist<pa(i«»n 
Yl«WPS(I«i?) 

iS     <2aWPSfIRPt,1) 
Y?SKPS(IPP1,2) 

CALL   I?:TF.Kr(SPS,MS,Xl,Yl,Xi»,Y?,X,Y,KL,IFAULTlII)nUflL» 
1   XALSn,YALSn) 
IFf I^LAG.feiJ.fe.ANh, IFAULT.fQ.O)   (it)   TO   70 
If (IM rtfi.f^.l .AiVf'.IFMiLT.fen.O)   GO   TO   «0 
IF(IFLAÜ,hfJt«,ANnt IFAIlLTfir,ltO)   GO   TO   ÖÜ 
IFrlFLAG.FO.feJ   GH   TO   i8 
CALL   C^feCKl (X^YPfPPSMfNPf^rOK) 
IFCTCHK.ECJ.U   r,n   ffj  Qn 
IFLAGal 
^PMaNR^fl 
RP8ri(NR\,1 )a>f2 
RPS(V(M»N(2)aY? 

«fl     IRalHPl 
IFflRPl tFQtl,Af-!n,lFLAG,fe(Ji6) GO TO 90 
TRPlsTR+1 
TFflR.KO.MH) IRPiat 
inOUF4Le0 
GO TO 10 

«0  IFLAGa? 
MFXTelPPt 
XSFPaX 
YSEPaY 
CALL CHPCK1 (X^YpRPSCj^RN.ICMK) 
IFdfHK.EO.l) GO TO 90 
NlR\jaN|Rfj*l 
RP3MfNRM,naX 
RP3M(NRN#2)«Y 
ISaKL 
I8P1»IS*1 
IF(IS,tiitN3) ISPl»! 

IÜOURL«! 
XALSOaX 
YALSOaY 
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sn 

sa 

S6 

S8 

60 

*.» 

70 

7U 

7S 

KDFI-IBO 

XiaSPSflSil ) 
vUSPStIS,2) 

KAt SOa« 

T^tliyCp.EQ.O)   r,r)  Tn  S* 
tO   TO   6ft 

TFLAGa^ 
ISPI»IS 
IS«I8-1 

GU   TO   SO 
MRNBNRNtt 
RP8N(»MWN.l )**? 

lonuRLao 
1HAR«5 
ISsISPl 
ISPl«I8M 
IKIS.fQ.NS)   I8P1«1 

GO  TO   50 
IF(r-RPl.SN,F(),0)   RO 
r AI i    ruer a a > w . v 

7« 
.JHPL 

10 

IF(r*RPl.SN,F(),Ol   GO   TO   7 
CALL   CHECK2(X.Y,»PSlrM,.J 
IF(lCHt<2,EQ,n   GO   TO   12 
MRPLSNBNRPLSN+1 
GO   TO   76 

1 t)l,Y,PPSM,MHN,ICHK) 

8N,N«PTSM,1CMK2) 

GO   TO   76 
CALU   CHECK 
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lb 

40 

1 00 

iFtiCHn.EQ.n 

RP9N(NRNf UaX 
«PS'i(MKNf 2)SY 
XlaX 
YUY 
IDnilBLal 
XAUSQaV 
YALSnaY 
IF (IFUAG.FQ,^) 
IF(lFUGt»-Ufl) 
IMPjaKL+l 
lF(KL,fQ,NR) 
TFLARa/i 
(50   TH   ^S 
IF (HRf-'.ttv.o) 
IF C^k.Lf .2) 
I^tNHM.LF,?) 
lF(NExT,Mi,0) 

GO  TO  «»0 

IFLAGi 
GO   TO 

JPPjal 

1 
3S 

GH   TO   l?0 
^RPL.S.v«.vRPLS^-l 
GO  TO   l?n 

r,n TO  mo 
NRPTSNf'!RPL8N)8NRN 
CALL   U^SP(HPM^*WPL.Sh^;Rh,5P81,*S,RP8N,8P8,3,,GAMV,GAML) 
WWNaO 
XlaXStr 
YlaYStP 
IFl.AGsfe 
HPlsMf XT 

XALSOansf P 
YALS^SYSFP 
If-'fwWPLSN.ta.S)   GO   T«   t^o 
G«i   TO   *S 
xla3PS(l,l) 
YlaSPSf1,2) 
CALL   CTKCLf ( KPS11', H«1'. X 1 »Yl , Ti^CR) 
IFd^CP.F 0,0)   GO   Tc   11 0 
XlaHPSMC- P"f 1 ) 
YlaRPS^ (fPN,?) 
CALL  CLOSE (SP8»N8» XI ,Yl»KNi) 
XlaPPS^Ct #1) 
VlsWt'Sf (1 ,?) 
C4LL  Ci i1SF.(8P8,MSf XI »Yl.M ) 
On   mi  KniRat.f» 
«aKN 
TFACTat-l)**{K0IP+1) 
on  in2   Tsi,MS 

LaKtlf-ALl*(I-n 
IF(L,GT,f>8)   Lai 
IML.LT.n   LS^B 
IF(L,fc^,1 tAril;tkoiKth(j,l)   HBt>,I 
IF fl .F.n.f.S, A^n.KniP.FU,?!    Kaiv)S*l-1 

un toi   .) = i ,2 
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101 «P3N(M,J)«SP8(L#J) 
IFd.EO.KD GO TO 1020 

102 COMTINUF. 
i                1020  00 1025 *KalfNS 

X1a8PS(KK,1) 
Yl«3P8(KK,?) 
CALL   CIHCLF(KPSN,M#X1,YI,INCH) 
IFdMCR.FQ.l )   GO   TO   105 

102S     COMTI'nJfc 
GO Tn  inu 

105     COMTINUF 
^HTTF(6,2flO) 

200      FORMAT(IHlf'SO^FTHINR   ftHOMG  3HA00w   SUBHOuTIMF*) 
STOP 

loa     NHPTS-NK^wPLS'OsM 
CALL   TWAI\.SP(NPS^ ^'»MLSf^N^SPSIiMSiWPS^.SPS^S.GAMV^GAMD 
1)0   ioS   Jsl,2 

ins     RP,S^(1,J)«wP8(Nä»N,J) 
KSK'i 

DO   107   Isl#MS 
USK-I^öCT*(I-1) 

IF(L,GT,M8)   Lsl 
IFfL.lT.ll   LSNS 
IFCL.EO.I .At^n.IMCT,£«.•!)   KS?-I 

IFtL.F^^S.ANO.UACT.F'J.U   K«NS*I«l 
i**U\ 
00   10*»   ,1 = 1,2 

106    *PSM(",,nssp;3(i.,J) 
IML.F'^Kn   GO   Tu   10« 

in?    rn'iTK'if- 
10ft     ^»^1 

00   109   Jsl,2 
ioq    H(PSJfM,j)3»<PS(i ,J) 

v)t?PLSNS:VMMUSN*1 
GO   TO   US 

^ ^       jpT^r r .-«Pi S' )«M 

CALL   T-'.    :^  f^SI'   , - ^PLo.-,    ,SFSI,    H , PPS« , f»P8 , ^ ,G AW ,GAVL ) 
t^n     Of r i   < h 

fM      - i S,^    ,- 1   hi- 1. « 
•   J    I S u    I. i l , •  '■ ^ i  .S 

1 f S       r P 1 S      ( I.   ) 

iii.1   MO    Ul ,■•■«' 
«tls^f-ST    (I ,1,1) 
fas-rPST    M  , T ,/>) 
ZasrtfST    (L,I,4) 
CALL   Pl- '■   PI (tW^fC.'SSL »J5   ,S:',i:.) Sf.:, «'J, Yü,;ü,vy, YY,7/) 

«PSIfL, I ,l)sM 
wPSlfL,l,P)syv 

Mi.     WPf5I(L,I, i)s/Z 
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tUlROUTINC  INTERS(Ff»T8,DlRC0i,NFCNCC»NPPT8,XI,n#21,RrFLTNaCLIAR) 
OIMENIION «FT(2;)),8L(S) 
01WEN8I0N ymr(y,t073Ti     tXtRC08(S,S),NFPT8(  S), 

l   )(I(3),XP.(J)»REFLTNfS)»COErB(a),FP8(30,2) 
RE*L*8 COEFBFC   5,4) 
COHMON/FF.NCE/COEFBF 
DATA TOL/l,OE»oa/ 
REAL*« OXRC08,X1,Y1,Z1>REFLTN,COEFB,8L,XB,XI,X,Y,Z,OI8C,DAB8,DAR8IN 
xixrmi 
Xl(2)aYt 
xi(j)»n 
oo s in,-r 
XB(I)«0,0 

oo r-j»r,3 
X8(I)tXB(n*DlRC08CI,J)*Xl(J) 

5     8L(I)«8L(I)»DIRC08(I,J)*REFLTN(J) 
ÜtTI {r~KWT jNFENCE 
00  10 Jai,4 

10     C0EF9(J)«C0CF8F(K,J) 
CALL PLANPTrC0eFB(n,COEFB(2),C0EF8(5)»C0EF8(«),8L(n,8L(2), 

1   SL(S)*0ISC,XB(n,XB(2),XB(S),X,Y,Z) 
IF(0AB8(ÜI8C),LT,T0L)   60   TO  50 
C»LL 80tWüTt8L-tnY«Lt2>»8L(l),XB(l),X8(2),XB(3),X,Y,Z,lNT) 
IF(INT,EQ.0)   GO  TO  50 
IFdNT.EQ.Z)  CO TO 55 
OI8T«0.0 
DO   12  I«l,3 

12     Ol8T«0I8T«COEFB(n*COEFB(l) 
OI8T*8ORTt0r8T1 
DO   1«  iai,3 

1«     C0EF8(I)BC0EFB(n/0l8T 
IF(0AB8(C0|FB(n).GT,TOL,OR,0AB8(C0EFB(2)).GTiTOL)   GO  TO  16 
GV»li570796 
GLaO.O 
GO TO !8 

\h     GViOAR8IN(COEFB(S)*0.9999) 
GL«DAR8lN(COEPB(2)/C08(6v)*0,9999) 

18  8N6Va8INt6V) 
CSGVaC08(GV) 
8NGL"SIN(6L) 
e86L«e08(6L) 
AFT(1,1)«8N6V 
AFT(1,2)»0.0 
AFT(l,5)iC86V 
AFT(2,n«C8GV*SNGL 
AFT(2,2)BCSGL 

APT(2,S)*"8'«6V*8N6L 
NFiNFPT8(K) 
DO 40 IF«1,MF 
00 40 J«l,2 
FP8(1F,J)«0,0 
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an 

so 

S5 

DO   aO   «K=I,5 
FPS(tF,J)aF-PSfIF,J)fAPT(J,KK)*FPTS(K,IF,KK 

)ilPaÄFT(l,1)*X*ÄFT(l#3)*Z 
YtP«ftFT(?,l)*X*AFT(?,<>)*Y*AFT(a,J)*Z 
CALL   CI»CU(FPS,wf.,*1P,YlP,li»CH) 
Ifd^CWtE^.l)   to   Tn   S5 
COMTIIVIME 

fJETiJHiy 
ICLfcAHsl 

) 
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SUBROUTINE   QUADPT(A,B,C,0,E,F,C,H,CK,Cl,8l,SM,8N#XI,Yl,?1,XII,YI1, 
1   Zn»Xl2,VI2lZI2»lNTC) 
IMPUKIT   REAL*8   (A-H,0-Z) 
SQRT(XX)sOSQRT(XX) 
ABS(XX)BOABS(XX) 
DATA  T0l./!,OE«08/ 
INTCiO 
IF(ABS(SL).LT,ABS(SN),AND,ABS(SM),LE.ABS(SN))   GO   TO  30 
IF(ABS(3L),LT,AB8(8M)iANOtAa8(8N),LT.A83(8M))   GO  TO  50 
3A«A*B»(3M/3L)*«2*C*(8M/SU**2*U*öM/8L*F*SW«8N/SL»*2*E*8N/SL 
SB«2,*H*Vl«S^/8L-2,*e*Xl*(SM/8L)*»2t2i*C*Zl*SN/8L»2,*C*Xl* 

1 (SN/8l)**2*D*yi*0*Xl*S'l'l/8L*E*Zl-E*Xl*SN/SL+F*Zl*SM/8L.«F*Xl*SM* 
2 8M/SL«»2*F*Y1*SN/8L-F*XI*8M*8N/8L*»2*6*H*8M/SL*CK*8N/8L 
SCaH*¥l«Yl*B*Xl*Xl«(SM/8L)**2*C*Zl*Zl»2,*B*Yl*Xl*SM/SL*C*Xl*Xl* 

1 (3N/8U**2"2,*C*Xl*Zl*8N/8l.*F*YWl-F*Xl*Yl*SN/8L»F*XWl*SM/SL* 
2 F»Xl*Xl*8^*SN/8U**2*H*Yl-M«Xt*3M/SL*CK*Zl-CK*Xl«8N/SL*CL 

ICONTR»! 
§     OISCaSH*SB*(|,*SA*SC 

C WHITF(h,200)   ICONTR, X1,Y1,Z1»8A, 
C 1   38,SC,UI3C 
C200     POffWAT(lM0,I5,5X,<>Et5,a/lH0,10X,ttfcl5,ä) 

IF(ÜISC.LT.DABS(SA)/lO.)   RfeTURN 
IFfOISC.LT.O.O)   RtTURN 
IF(AH8(8A),6E,TOL)   GO   TO   10 
IF(A88tSB).LTtTnL)   RETURN 
XII«»SC/S8 
I'MTCH 
IFdCOMTR.F«,?)   GO   TO   00 
IFCTCn.iTH,EQ,^)   r.o   TO   ao 
60   TO  20 

10      XllB-8B/SA/2,*S«RT(DT8C)/SA/2, 
xT?«-SB/SA/2,-SORT(niSC)/SA/2, 
IMTC«2 
lF(ICO^TR,f (J,2)   GO   TO   6ft 
IFCICOMTR.EO.J)   GO   TO   «0 

20      YllaYUS^AtXll-XJ )/8L 
zn"ZusM*(xii»xn/SL 
IFeiNTC.F.Ö.l)   RETURN 
Yl2«yi*SW*(Xl2»Xl)/SL 
ZI2«ZU8N*(XI2«X1)/8L 
HETURM 

10     SA»Ct8*(SM/S''')**2*A*(S»-/SN)**2*F*8M/8N*f *8L/SN*0*SM*SL/5N**2 
S8«2,*H*yi*SM/SN-2i*B*Zl*(SM/SN)**2*2,*A*Xl*SL/SN-2,*A*Zl* 

1 (3l./SM)**2*F*Yl»F*Zl*8^/SN*£*Xl-E*Zl*8L/3N*0*Xl*8M/SN-0*Zl<»8M« 
2 SL/SN**2*n*Yl •8L/8M-n*Zl*SM*SL/8N**i»*CK*H*8M/8N*G*8t/8N 
3r3B*Y1»vt*H*Zl'>Zl*(8M/8N)**2-2,*H*yi«Zl*Sw/8N*A*Xt*Xl*A»71*Zl* 

1    (3L/S^)**^-?,*A*Xl«21*8l./SN*0«Yl*Xl»n*Yl*ZJ*SL/SN-D*Xl*Z1*8^/SN* 
?   0*Zl*Zl*SM«SL/8N**^*H*Yl-H*Zl*Sf/3N*G*Xl-G*Zl«SL/SN*CL 

ICO'^TR«! 
GO   TO  5 

UO     ZIiaXTl 
irii«Yt+SM*{zn»zi)/8N 
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Xll«XU8|.«(ZIl«Zn/8M 
IF(INTC,EQ,1) RETURN 
ZI2»XI2 
Yl2«Yl*SM*(2I2»Zn/8N 
XI2«XI*SL*(ZI2-Zn/8N 
RETURN 

SO  8AaBfA«(8L/SM)**2«C*(8N/SM)**2^D*8L/SM*E*SL*8N/SM«*2fF*8N/8M 
3Ö«2,*A*XUSL/8M»2,*A*YU(SL/8M)**2*2.*C*Z1*SN/8M»2,*C*VU 

t (3N/SV)**2*p*Xl«D*Yl«8L/SM*E»Xl»8N/8M*E*Zl«8L/8M«2,oC«Vl*8L*8N/ 
2 SM**2*F*21-F*Y1*8N/SM*G*8L/3M*H*CK*SN/8M 
SC«A*Xl*Xl*A*Yl»Yl*(8L/8M)**2»2i*A*YUXl*Sl/8M*C*Zl*Zl*C*Yl*Yl* 

1 (SN/5M)**2«2t«C»Yl«Zl«8N/Sf**E*X|*Zl»E*Xl«Yl*8N/8M»E«Yl*Zl*SL/SM# 
2 E*Y1*YI*8L*3N/3M**2*G*XI*C*YI*8L/SM*CK«Z1»CK*Y1*8N/SM*CL 
ICONTR12 
60 TO 5 

60  YliaXU 
xn«Xl*SL*(YIl«Yn/8M 
Zll«Zl*8N«(YU«Yn/8M 
IFCINTC.EO.l) RETURN 
YI2«XI2 
XI2«Xim*(Y12-Yn/8M 
Zl2«Zl*SN*(vI2»Yl)/8M 
RETURN 
END 
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IMPl.ICtt   »Ml*«    (A«H,n-Z) 
AHs(yx)snAPS(xx) 
DATA    TOU/l.O^O«/ 

SLisX-yi 

SSisun*."S(s.n^HS(SNn,.LT.T1Ju)«TuRN 
UIRSO.O 
IMAHSCSD.GT.TOLJ   ^U/SL   , 

IFIA^SO^.GT.TOU   DlR.OIWSNi/ 
ISHAOai 
IF(DI».LT,0,0)   TSHAOsO 
»tTUPn 

8N 
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Sl'RHOllTIMF   P»OHL(ALPHAa,BF7A2,GAMMA,        NPSI, NOI3P, NRPTS, 
1    ySCM^.,YSCMAX,8UM^,IGAM,NPANf:L) 

OIMF-NSIDK   ALPHA?(inoni,HfcTA2(lü00),NRPTS(7,a,lB)#lMNM)(f IB,?), 
1   HPTS(ü,?),8PSf50,?),PTS(in,i?) 
CO^MnN/PLPW/vGfiMS(7,ü) 
AHEA(Xl,Yl,X?,Y2,X3,YS)sAB8((XJ*V2+X2*V5*X5*Yl«Xi«Y2« 

\   Xl*y3"X2*Yn/a,) 
TFfNPSI.PQ.n   RETURN 
•mm (6, 200)   r,AMWA,YSCMIrj,YSCMAX 

200     FOqwATnhi#ö<>x,»PkfiHArtILITY   FÜNCT1LNS#/1H0,«3X,'HATIDS   OF   SWFPT   AH 
1EA   TO   TUTAL   «RFA'/I HO ,bX, »SUM   tLF. VÄT ION» .F20,2/lH   ,5X,'MIMMUM   OBS 
PFHVI-H   FLFVATION'^T.a/lH   ,«>X,'MAX JMUM   DHSEHVtR  ffLE VATION'.F?,?// 
3   lM0,iOX,*SUPFACE   ^Ot*,5X,»SWEPT   AWEA'.SX,'PKOBAHRITY   FUNCTION») 

00   200O   KL^liMPANFL 
TOTAaQ.O 
MxK'GAN'StKLiIGArO 
DO   20   L»! .'"PSI 
NPT8«NRPTSCKI.,IGAM,L) 
tMNMxa »21*0 
JJaO 
00   20   K«l,W018P 
AO  ?n   jri»MPTS 

IF(ALPHA2(M),GT,90,)   GO   TO   20 
JJBJJ+1 
lF(JJ,RT,l )   GO   TO   10 
IFCL.ST,!)   GO   TO   S 
H^I^JsHf TA2(M) 
fclMAX«BMIN 

5       IMNMX(L,I)»« 
IM\MX(L,2)«M 
YM4XBAl.PMA2(n 
YMtNaYWAX 
GO   TO   20 

10      IF(ALPHA2(w),LTiYMI(M)    IM^yx(L,l)»M 
IF(ALPMA2(M),GT,YMAX) IMNMX(L,2)»M 
IFCM.fG.IMNMXfL»!)) YMIN«ALPHA2(M) 
lF(IMNWX(L»2),f(JtM) YMAX«AUPHA2(M) 
lF(Sf.TA2(M)tLT,ewlN) RMINBBETA2(M) 
IF(8FTA2(M),GT,8^AX) HWAXBBETA2(M) 

20  CONTINUE 
8P8n,n»BMiKi*5, 
8PS(1.2)BYSCMIN 
SP8(2»1)«8MAX*5, 
SP8(2,?)BYSCMIN 

SPS(5»1 )BBM4X*5t 
8PS(l»2)sYSCMAX 
8P8(«»1 )B8MlN«5i 
8P3(«.2)"Y3CMAX 
NMIBNPSI«! 
00 1000 LBI^MI 
IF(IMNMX(L,2)^0,0) 60 TO 1000 
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iO 

UO 

50 

^0 

70 

HO 

«5 

<»0 

1 on 

no  30 
MJSJMNM 

BPTSd 
BPTS(I 
oo ao 

flPTS(M 
BPTS(^ 
IOOUWL 
ICHKsO 
Ll^tsO 
MPTS«0 
I«sl 
XCsBPT 
YCdHPT 
CALL   C 
TFCINC 
IFd«. 
I^alP* 
QO   TO 
no  7 0 
no 7 0 
PTSU. 
-jPTSea 
GO TO 
IFLAGa 
IF (I.MC 
IF(IPL 
'VPTSal 
PTS(HP 
PTSt^P 
IWPlsI 
!FfIhf 

Xls^PT 
VlsHPT 
K?aHPT 
Y^srtPT 
CALL I 

I XALSO 
IMUA 
IFdFL 
IFf^iPT 
IF(ir:H 
NPTSaM 
PTSCivP 
PTSC^P 
TÜOiiMI.. 
\f[ Ar;s 
IF(1FL 

1 
MX(LPl.2),EO,0) 
lai,? 
X(L,I) 
,n3HKTA?(M) 
,2)aALPHAafM) 
laj,2 

)((LP1»I) 
♦ r»#naPFTA2(N') 
♦ 2#?)3A|.PHA2(M) 
aO 

GÜ   TO   1000 

S(I 
S(I 
IWC 
P.(.' 
F.0, 
1 
50 
lai 
jal 
J)s 

«»1) 
Wi2) 
LM8PS,«»XC,VC,IMCH) 
{'.,?)   CiO   TO   «0 
a)   GO   TO   fcO 

.2 
rtPTS(IiJ) 

1 
PtfeWt0)   IFLAGa? 
AG.t'l.p)   GO   TO   flb 

TS 
TS 

R( 
S( 
8( 
H( 
h.7 

iV 
ML 
AG 

S. 
k. 
f 1 

.n 

.2) 
i 
.«) 
ip» 
i«. 
iwp 
I»P 
F wC 
HS 
T,t 
.F'J 
GT, 

Rtl 
»n 
,2) 

sHPTSrlw.1 1 
a^PTSfI^.P) 

IWPlal 
O 
2) 
i»n 
1*2) 
(aPS»tt»Xl»Yl»X2,Y2,X.Y,JL,lFAULT»ir»üUfH.i 
0) 

.2, 
0) 
1) 

0)   GO   TO   110 
V:iH,lFLAGtfcG,5)   W   Tn   100 

TALL   ChfCM (X2,Y2»PT8,NPTSiICHK) 
GO   TO   Q00 

T3»1)aX2 
TS,2)aV2 

1 
AG.Fu.n   I FLAGs2 
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*""f I l-«»rt-.-»»»inW?«»lC?»*HI»*f-WDU njtMVtWIX*- 

105 

no 

900 

9S0 
1000 

?0l 
2000 

iFLAGag 
GO   TO   105 

IFLAG»3 
IFLAG«a 

IFCIRPl.EQ.U   CO  TO 900 
IR«IR*1 
IRPl«I9#l 
IF(IR,E0,a)   IRRl«l 
GO   TO   90 
IFHPTS.GT.O)   CALL   CMECKl (X, V,»»T8#MPT8, ICMK) 
IFdCHK.EO.l)   GO   TO  900 
NPT8»NPTS*1 
PTSC^PTSJU^X 
iPdFLAG.EQ.a) 
IF(IFLAG,EUt2) 
I0OUBL«! 
XALSOaX 
yAL30«Y 
IFdFLAG.EQ.l) 
IF(IFLAG,t(J.2) 
GO   TO   10S 
IFfNPTS,LE,2)   GO   TO   1000 
N«MPTS»2 
XlsPTSdil) 
YlaPTSn,2) 
00   950   Isl#M 
<2»PT8(l + l»n 
y?»PT8(lM,2) 
X5«PT8(I*2»1) 
y3sPTSri*2»2) 
TOTA«TnTA*ARtA(Xl,Yl,)(2,Y2lX3,YS) 
CONTINUE 
pRTOT«TnTA/SUMw 
1F(P«T0T,GT,1,Ü) PHTUTBI.O 
WRITe(6,20n Kl,,TOTA,PRT()T 
F ORM AT (IHO, jaX. •(', 11, •)'.9X^7,2,16X^5, 3) 
COMflNUt 
RETURN 
ENO 
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nuT(n«PI 
PUT(l)sPFR10D 

0UT(9n«PER10ü 
GO TU 

SUBROUTINE PLOT(XPT8,YPT8,GAMMA»IPANEL»^P3I,N0I8P,NRPT$# 
I XSCMIN,X3CMAX,Y3CMIN»V8CMAK,PHI,THETA»IGAM#NPANF.L,IANGL) 
OIMENSION XPT3(1000),YPT8(1000)»NRPTS(7,«,18),8YM80L(1«) 
DlMENStOM XPH(m,0UT(9n 
DATA 3YMBOL/lHl,)H2,)H3»lHa,lH5»lH6,lH7,lH8,lH9#lHA,JHB,lHC»lH0, 

I IHE,IHF,IHG,IHH,1HK/ 
DATA BLANK,PERIOD,FI/1H ,1H,,1HI/ 
COMMON/PLPH/^GAMStT»«) 
IFdPAMEL.EQ.NPArEL)   WRlTF(fe,?08)   IPANfL 
I^'(IPA^EL,NEtNPA^eL)   WRITE (6,209) 
wHITE(fe»200)        GAVMA,TM6TA#PHI 
OELX«(y8CMAX»XSCWlN)/90t 
DELY«(YSCMAX-Y8CMl^)/«0i 
KPRIMTBS 

TY2«Y8CWAX*DFLY/?, 
00 lao 1*1,11 
TYt«TY2«ntLy 
00 50 J«l,9l 

50  OUT(J)»BUANK 
IF(KPRIMT,E0.5) 
IF(KPH1NT,NE,S) 
IF(KP«IwT,e»,5) 
IF(KPHlNT,"iE,5) 
IFd.NE.l.ANO.I.NE.Ul)  GO TU  50 
189 
DO UO J«lf91 
L8L + 1 
0UT(J)sPEH100 
IF(L,E«,lO) 0UT(J)«ri 

«0  IFfL.tQ.lO) l.«0 
SO  00 90 KLsIPAMEL.NPANfL 

M«WGAMS(KL,IGAM) 

00 90 L«l »l^PvSI 
NPTS«NRPT8(KL.1G*^»U) 
00 90 Ksl ,W)ISP 
OU 90 J»l,N'PTS 
M*M*1 
lF(VPTS(Ni),GT,90.) GO TU 90 
y»YPT8(M) 
IFLARst 

IF(J,Erjtl) MMisM*f«pT8«l 
MPi«y*t 
IF(J,E«,NPTS) MPjsM.fMpTS+l 
TF(T,Etl,1 .A^fJ.v.r.E.tYSC^AX+OELY/a,)) GO TO 52 
tF(I,E0,«ltAtv0,Y,tT,(Y8CMlN»0ELY/2,n GO TO 56 
IF(V,G(-,TY2,nR,Y,LTtTYl) (iü TO 90 
X»XPT8(*) 
GO TO (SO 

52  IF(VPTS(^n,Gf.,(YSOAX*0feLY/2,)) GO TO 5a 
IFLAG"? 
X«XPT8(wvl )>(VSCWAX-YPT8(M-n)*(XPT8(M)"XPT8(MMn)/(YPT8(M)i 
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S8 

feO 

70 
MO 

^0 

tio  rn ^o 

)(s)(HTS(viPn + ( VSt:" Ay-YPT3(NP1 ))*(xf»TS(;'«)-XPTS(MHl ))/(VPTS(Ni)' 
1    YPTSt^Pin 

GO   TO   (SO 
5*.     TFcYPTSC^^D.LF , (YSC^T^-nf LY/5t)5   t,f.i   TD   S* 

<syPTS(''') + (vsr:f1Ul-YPTS(''i))*(xPTS(^ M ) «X^TS ( ^ ) / ( YPTS (^^1) <- 
i YPisrn 

GU   Td   (SO 
iFfYPTsr'Pn.u ,(Y5t> ^-f)M. v/2,)) no TU VO 

IFl. M = S 
X»yPTSf,-n + rYSCvr^-YPTS(''i))*(XPTS(^Pl)«XPTS(M)5/(YPTS(wPJ )• 

1    YPTS(^)) 
rxjaxsf MIM*()M */?, 
no   70   t<Kai#Ql 
TXtatX?-nFI.X 
IKX.GP tTX1 .Ai'n.x.LT.Tx?)   GO   TO   60 
TX?*TX?*i.>f I, X 
LlsKK + f l-IA'iGL)*(9?-?*KK) 
OUT(L.L)sSY-:RÜL(l.) 
GO   T"   (90tSa,t»f(,»5M,90) i    K-'LAG 
CUNTIMdE 
rPLnTsTY?-r-F.iY/2t 

rF(i<PPT.vT,^f3,5)   -.HTTt-, (^#?01 1 
TK^P»Tf^,.,fetS) 
IF(*Pr'T.*Tff.otS) 
KPWTf.TsKP^IM + l 

jao      rYpsTV^-OtLY 
XPP(1jsXSC^I^ 
lF(I«WGt,FGtA)    XPW(1 )sXSr.MAX 
00   1^0   TsPftd 

ISO     )(Pkti)sXPR(P«1 ) + f»l)**(l»lA^GL)*lü,*DELX 

xWUFfC'.pO?!    XP» 

2,-,«  POS^ftTftH^anX^'SUr- GLI^T SIGMATOWp Fn« SURFAft MO, »»IS) 

?00  FQw^ATf 1^0, »SU^ FLFVATH^i», 
1 Fi2,2/i^ ,    'A/C PITCH ATlITUüt»,F7,2/iM , 
? 'A/C ROLL ATTTTUOF'. F8,i>//lH #'0B8f.WVt« ANGLK'^JX, 
i »ORSEPVFP A^TtLP'/lH , XX,'Of-GPttS» , lOOX ,'DEGHFtS'/) 

?n7  FOPMATf/^WX, »GLINT AZIMUTH ^ITM «FSPtCT TO SUN - OEGRt.ES») 
?0\      F0»^T(1M ,F10,5,5X,91A1,1 X,FtO,X) 
JOS      Fit^MATctN    .lSX,9lAn 
?0?     FORviATdH    ,QX,10F10tn 
20U      FORMAT(/) 
209     FOR^ATflHl^aTX,»TOTAL   SO   GLIMT   S|G^ATUKf-») 

RETURi-i 

END 

"RiTf rh,?os) 
«PWIivTsd 

YPL(lT,OUT»YPLnT 
OUT 
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SU««nilTir.E   TKAMSP(HPSI » IkPL »NH» SPSI » MSrkPSf SPS» IC,GAwv,GAMU) 
OlMfwS!n.\'   wPSm,S0,51   ,SP.sn30»3),PPSfiO,?),3HS{iO#?) 
c n w M r < N / T H A ^ / A T r ?, 3). A T n i v (^, a) 

10 S'l^vsSTI.. (C;/U-iv/S7,3) 
f.SfiVsrn8(f,nMV/«i7t3) 
SMRL = SIfjfr,Ar.iL /b7,3) 
CSr;LBC.nS(r,arn./57, J) 
47 (1 , 1 )sSM(;v 
arn ,?) = o,o 
ATM , UsCSGV 
AT(?,!)aCSGV«SwGl 
AT(?,?)srSRl. 
ATf^,3)s«8^GV*SN6L 
on   IS Tsl,3 
HO IS Jst,? 

IS  ÄTIMV(T,J)sAr(.I,I) 
»OU tOO I si,MS 
00 l'>0 Jst ,2 
SP.Sf I,J)rO,0 
no loo ««i# 3 

100  SPS(I,.r)sSPS(T, mAT(J.K)*8PST(I,K) 
110  00 120 1 = 1 »V'« 

00 \?o   J«l.2 
rtPS(I.J)aO,0 
00 120 Kai,J 

1^0  «PS(I».OewP3(I.JWAT(J,K)*PPSI il»f>lil**) 
«E TOWf'i 

ISO  00 lüO Iai,M^ 
DO lUO ..I«l,3 
RP3T(I»PL,I,J)aO,0 
00 iao Kai,2 

lao  '?PSI(IPPL,tiJ)«HP8T(TRf,L#I,J)*ATlMVCJ,K)*BPS(I»K) 

(•'MO 
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10 

3UBROUTINI:   CHECK2(Xl,Vl»ARHAY,NPL8»NPTAR,ICOMP) 
DIMEN8I0M   AHRAY(5#10,3)   ,NPTAH(S) 
COMMtm/T«AM/ATf2,5),ATINV(3.2) 
DATA   TOL/l.Ot-O«/ 
ICfWPan 
X2«ATIh.V(l,l)*)(l*ATINVCj,2)*Yl 
Y2aATlMVf2,n*XWAnMV{2,?)*Yl 
Z2«ATINV(l,n*XUATlNiV:J,2)*Yl 
DO   10   Lat#MPlS 
MPT8«NPTARCt) 
00   10   I«M!PTS 
X«ARRAY(L»I»t) 
Y»ARRAY(L,,I,2) 
ZaARRAYd,!,^) 
If(ARS(X2-X),GE,TOL)   GO   TO   10 
IFtAH9(Y2-V),Gt,TOl)   GÜ   JO   10 
IFfABSf22-Z),GEtT()L)   6Ü   TO   K) 
ICOHP«! 
RET'JPN 
COMTIMi^ 
«F.T'tWN 
END 
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to 

SUBROUTIKiE CLOSE ( ARRAY, NPT8,)(1#Y I, K) 
OHENSIOM ARRAY(10,2) 
K»l 
niST«(ARRAY(l,l)-Xl)**2*(ARRAY(l,2)»Yn**2 
IF(NPTS,Fr3,l) RETURN 
00 10 I«2,NRT3 
0lST2»(ARRAY(I,n»Xl)**2*(ARRAY(I»2)»Yl)**2 
1F(DI8T2,LT,0I8T)  K»I 
COMTINUE 
RETURN 
END 

75 



SUBROUTINE   1NTERC(P01NT8,NPT8,XI,V1 ,X2fy2»X,Y,KL#IFAULTi 
1   I00U8L,XALS0,YALS0) 

DATA   TOL/l,Of-0a/ 
DIMEM8ION   POlNTSCJ0.2)»IPTS(50)»XlNT(50)fYlNT(30) 
NlMTC"0 
IFAULT«! 
00  7«   Itl.NPTS 
IP1«1*1 
IF(I.E«,NPTS)   IPl«l 
X4«PülM9(I,n 
y3«PPIMS(I,2) 
xa«P0IM8(IPl,n 
YasP0IMS(IPl,2) 
XMINSX^ 

YMIMsy? 
YMAXBYS 
TFtXa.LT.XJ) XMIM»X« 
IKXUt6T,X3)   XMAXBXa 
IF(YÖ,LT,YJ)    YWlN«Ya 
IF(Y«,GTtY3)   YMAXaYtt 
l)ELlaX2-Xl 
i)EU2aXü-X3 
IF(AB8(l)ELn,LT,T0L)   (iü   TO   10 
SAi>i{y2-Yl)/r)ELl 
8B1»YI«SAJ*X1 

10     IP(A8S(nFL2).LT,TUU   GO   TO   20 
SA2a(y«-y3)/U£L2 
SB?»yi-SA?*x5 

20     IFCAHSfPELn.GE.TOL)   RO   TO  ao 
!F(A«S(0Pl.2),Gf .TOI.)   GU   TO   30 
GO   TO   7« 

W     NTMTCaMNiTC + l 
XINT(MINTC)«X1 
YlNTfNIMTC)«8A2«Xl*8B2 
IPT8(NITNTC)»I 
GO  TP  7n 

«0     lF(AR3(i)eL2),GEiT0L)   GU   TO   SO 
MIMTC.«M1MTC*1 
XIMT(MIMTC)«X3 
yiNT(f>.I\TC)«8Al*x3*Sf 1 
iPTSC^TOal 
GO   TO   70 

50     OIFF4E8A1-SA2 
tF(AW9(01FFA),UT,TPl.)   GO   TO   7ü 
NlMTC8fjlf>:TC*l 
«lMTrMlNTC)s(SP?-8»1 5/r>IFFA 
VlMT(MhiTC)»8Al*xU'T(MNTC)*8Bl 
IPTS(N^TC)«1 

7n    CO'iTTMif 
CALL   Ct'FCK3{XMIN,X^AX,yNilN,YMAX»XlNT(NlNTC),YlNT(NlNTC)»IPETtN) 
IF(lBETwfE«,l )    IPTS(wl'MTC)t0 
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7a     COMTIMME 
IF(ilIMTC,r,T,0)    IFAULTsO 
IFdFAUl T.fQ.t )    PfTHRM 

Y^TMsYI 
VN.AXsVl 
U(X?,LT,Xl) X^T^ay? 
TFfXP.RT.Xn X^AXsXi» 
rF(Y?,l T.Vl) VMlf^ay? 
IFfYP.nT.Vl) YfiAXsY,? 
no «10 T = 1,^1 ■'•ITC 
IF(If)Ml^L,fcr3.0i   RO   TO   7b 
IF(ABS(XTNT(I)-XAl.SO),LTiT0L,AUD,AHS(YlMT(I)»VALS0)lLT, 

1   TOD   IPTS(T)so 
TPTS(I)30 
IPTSCUaO 
IPTS(U=ü 
IPTS(I)«0 

75 IF(XT'\T(n.l.TfX^IM) 
IFCXT'JTtn.GT.XMfiX) 
IF(YlNT(n,l T.YMTfJ) 
IF(YTMTrn,r,T,YMAX) 

«0 COMTI^nfe 
IFAULTsl 
00   90   T=l,MINTC 
IFtlPTSCD.Ffä.O)   (in   TO   90 
If- (IFAMi.T.bQ.O)   GO   TO   *S 
IFAMl.TsO 
OTSTsCxr T(T)-xn»*^*(YlMCT)-Yt)   **?, 

GO   TM   90 
«5     0IST?afXIMT(I)-Xn**?*(VlM(n-Yn**2 

IF(0IST2tL.T.0TSn   ^«1 
IFtW.fn.n   OISTsniST? 

90      COMTINI-F 

IFdFAMLT.tQ.n   PFTURM 
KLslPTS(^) 
XsxtfMTfW) 
YsYINTfV) 
hFTMPN 
FfvO 
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S'-HKOUTlAf 
HEtvan 
IF (X tLT,yMT.fO IHFT'Sl 
If-(<,(;T,X .iftx) !RfT»s^ 
IF (Y,l T,y MS) TKF T,\S1 
IFf Y.GT.Y^AV) TrtH'Sl 

C^tTK H *N' Ti^ • Xv A X , YMIfM, Y^A^ , X , Y , 1BET^) 
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42 

4a 

M> 

10 

<?() 

SUSROU 
0IMEN3 
DATA   T 
NPC«0 
NiMC»0 
00   10 
Ipt«I* 
iFCI.t 
DlSXla 
OISYls 

0I3Y2» 
IF(AftS 
TF(A«S 
IFfAPS 
IFfAPS 
IF((ÜI 
GO   TO 
IF(ABS 
X«0ISX 
GO   TO 
IP (AH55 
GO   TO 
IF(Af»8 
1F(AP8 
IFfAPS 
IF(("I 
GO   TO 
IF(A«S 
GO   TO 
IF(AR8 
XsDISX 
GO   TO 
rF(APS 
IF (ABS 
IF((ni 
XSDISX 
GO   IP 
SAafOI 
SHsDIS 
Xa-SB/ 
TFfX.L 
IF(X,G 
IF(AH8 
1F(X,L 
IF(XtG 
COwTFJ 
INCWBO 

IFf?*( 
IF(2*( 
INC«S1 
RETURN 

IMCN«? 
HETue^ 
tMO 

TINE  CIRCLE(POINTS,NPT8,XC,YC»INCR) 
TON  P0INTS(30,2) 
OLl/I.OE-Oa/ 

I» 
1 
0. 
PO 
PO 
PO 
PO 
(0 
(L) 
(0 
(0 
SY 
20 
(i) 
2 
P 
fn 
5 
(0 
fD 
(I) 

sx 
20 
(0 

(0 
2 
« 
(0 
(i) 

SY 
2 
e 
SY 
Y1 
SA 

T. 
T, 
(X 

T. 
T. 
I'fe 

1,NPTS 

NPTS)   IPl«l 
INTS(I,l)-XC 
INT3(I,2)-YC 
TNTSdPl, n*xc 
INTS(IP1,2)«YC INTS(IPl,2)«YC 
I8Xn,LTtT0L1.AN0,A88(0l8Yl),LT,T0Ll) 
13X2) iLT,T0Ll,ANP,ABS(ülSY2).LT, TOLD 
isxn.GE.Tnin to TO 5 
TS1I31 .r.P.Tni i 1 Gf) TO 1 

GO 
GO 

TO 
TO 

20 
20 

ISX?),GEtTOLl) GO TO 1 
l/niSYZJ.GT.O.O) GO TO 

T8y2).GE.T0Ll) GO TO 2 

10 

I8Yi»()ISY2)tLTtT0Ll) GO TO 10 

ISYD.GE.TOLl) GO TO 32 
tSX2),LT,TnLl) GO TO 10 
I3Y2)fGE,T0Ln GO TO 10 
1/DI8X2),GT,0,0) GO TO 10 

I8X2)lGE.TnLj) GO TO ^a 

TSYgj.GE.TDLl) GO TO 56 

!3Y2-DlSYn,UT,T0Ln   GO   TO   10 
ISX2-0ISX1j.GE.TOLl)   GO   TO  5 
1/DISY2),GT,0,0)   GO   TO   10 

2-OlSYn/(OlSX2»0l8Xl) 
•SA*OISXl 

0lSXl,ANr)i)fiLT,0lSX2) 
OISXI.ANP.X.GT.DISX^) 
),LT,T0L1)   GO   TO   20 
0,0)   NNC«NNC*1 
0,0)   MPCargPC + 1 

GO TO 
60 TO 

10 
10 

KPr/2),EU,KiPr.) RETURN 
N
N
IC/2),E0,^NC) RETURN 
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" n'T»-iROT*»»-.V'l-r,»i': i-"-!t«r».'i.s-!.-wt*j->-"  ■ 

10 

IS 

SUBWr'lJTp.E   CHfCKl(Xl,Yl,Af*KAY,N»ICOMP) 
DT^fN'ST'tf    ÄPKAY(50,2) 
DATA    TOI /l.Of-.OU/ 

on  in  isi ,iv 
XaAH^AY(1,1) 
Y«4ftf*AV(t»^) 
IF(AHS(X.Xl)tUtTf)|,,AW),AHS(Y.Yl),11,101.)   GO   TO   IS 
CO^-riNME 

Wt TUWN 
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