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PREFACE 

The ZAP laser analysis program was written for the 

Naval Research Laboratory, Washington, D.C., under contract 

N00014-70-C-0341.  The Principal Investigator was Dr. M. Troost 

The code was programmed and debugged by J.E. Welch. 

Dr. J.H. Alexander contributed strongly lo the geometrical 

analysis, in particular the Helix. Dr. A.G. Petschek defined 

the statistical analysis.  Dr. J. Trenholme 01 NRL made many 

worthwhile suggestions for improving the program and contri- 

buted the second sample problem.  The excellent cooperation 

by NRL personnel throughout the contract peri od contributed 

significantly to the success of this contract. 
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ABSTRACT 

This report presents a detailed description of the ZAP 

co-puter program  It is used to determine the distribution 

of energy deposition within a laser asse.bly. The program  is 
written in FORTRAN' IV.  The calculation uses ray tracing and 

Monte Carlo techniques to obtain a solution. The program  is 
applxcable to a wide range of geometries and a spectru. of 
wave lengths. 
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1.     METHODS USED 

1.1 INTRODUCTION 

Several methods might be employed to calculate the 

distribution of the energy deposition within a laser assembly. 

Analytical calculations are impossible due to the complexity 

of the, geometry.  Numerical solutions of the relevant wave 

equations should be possible, but the computer time cost for 

three-dimensional calculations is prohibitive.  Ray tracing, 

which is frequently used in optical problems, seems to be the 

most practical method available. 

1.2 RAY TRACING 

In ray tracing, rays may be selected systematically or 

at random.  In simple geometries, systematic selection of 

■i        rays is advantageous, as only a few arc needed for a good 
sample.  In complicated 3-dimensional geometries, the number 

of rays required for an adequate systematic sampling becomes 

prohibitively large, and randomly selected rays from known 
I     j 

distributions will give more reliable results for the same, 

amount of computer time. As many laser designs are of con- 

siderable complexity, the ZAP program uses randomly selected 

rays from specified distributions.  Each ray is defined by 

the three directional cosines, the coordinates of the start- 

ing point, and an intensity distribution as^^fwtction  of 
wavelength. 

A problemjEor^ähy method of ray tracing in a design 

with a large amount  of internal reflection and no black 
absorbers, is to decide when to stop following a particular 

ray. As each ray loses its energy very gradually via partial 

absorption, it is impractical to follow the ray until it is 

completely absorbed; without a black absorber this would take 

• • 
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a very large number of reflections.  If a ray is ignored only 

after its energy falls below a negligible level (e.g.. It of 

its original strength), the paradoxical situatior exists where 

most  of the tracing effort is used for rays that contribute 
very little to the final result.  If, on the other hand, each 

ray is cut off when its energy is still significant (e.g., 251 

of its original strength), larger errors will be made. A 

■ethod is needed that does not ignore weak rays, but that does 
not waste too mich effort on thea. 

1.3 MONTE CARLO AND RUSSIAN ROULETTE     / 

/ By randomly selecting the rays to be traced, the prob- 

lem is transformed into one that can be solved by Monte Carlo 

methods. A technique frequently used in Monte Carlo solutions 

is the Russian Roulette Technique. This technique allows 

each ray to be cut off while its energy is still significant 

without ignoring the weak rays.  Basically this method 

involves statistically eliminating some weak rays, while 

strengthening other weak rays for further tracing.  In prac- 

tibeV the Russian Roulette method works as follows. 

A ray Us followed until its intensity falls below a 

certain predetermined level (e.g., 5IH of original intensity). 

At that point, it is decided randomly whether this ray will 

survive.  If it dies, it is ignored and no record is kept. 

If it survives, its intensity is multiplied by a factor which 

is the inverse of the probability of survival in the random 

test.  The intensity of the surviving ray is tSherefore always 

relatively high (e.g.,  above 50% of the original intensity). 
As each ray may several times pass through this procedure 

before being killed, even very weak rays are statistically 

represented in the sample.  Partial reflections may be treated 

by creating a new ray of appropriate intensity. A pass 

through the Russian Roulette routine will then decide whether 

the new ray survives and with what intensity. 

2 
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Energy deposition is determined by calculating the 

exponential attenuation along the path of a ray.  The deposi- 

tion is assigned to the segment through which the ray passed. 

The intensity is checked at every intersection of the ray 

with a boundary, and a ga.e of Russian Wiette is played 

when necessary.  Eventually each ray will therefore be killed 
in a game  of Russian Roulette. 

1.4 ACCURACY 

The accuracy of the energy absorbed in the various 

regions of the system is dependent on the number of rays 

traced.  Several runs may be necessary to determine the number 
of rays needed for the accuracy required. 

1.5 MULTIPLE WAVELENGTHS 

Multiple wavelengths are handled in the ZAP program by 

assigning intensities for each wavelength to a single ray. 

For this technique to be applied it must be assumed that the 

angle of refraction at a material interface is independent 

of wavelength, which is an approximation.  The absorption 

coefficients and the percent reflected may vary with wave- 
length . 

As the ray is traced through the system, the amount 

absorbed for different wavelengths varies.  Therefore some 

wavelengths will be destroyed by Russian Roulette while other 

wavelengths survive.  The ray is traced until all wavelengths 

have lost their intensity either by absorption or by Russian 
Roulette. 

The energy deposited in a material by a given ray is 

the sum of the contributions of the various wavelengths. 
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1.6  GEOMETRY SPECIFICATIONS 

A flexible method for describing the geometry of the 

system has been developed which allows simple input and fast 

computation. At the same time, it allows for great gener- 

ality in geometrical configuration. 

A problem common to many Monte Carlo codes is their 

extreme slowness when applied to complicated geometries. 

This slowness is caused by the need to check for possible 

intersections with all possible boundaries.  The running time 

thus becomes roughly proportional to the number of boundaries 

in the system.  It becomes quickly evident that some technique 

is needed which eliminates the necessity for checking all 

boundaries for each intersection. 

One possible solution to this problem is to divide 

space into subregions and to check only for possible inter- 

sections with those boundaries that exist in the subregion 

and with the boundaries of the subregion itself.  Some 

modern Monte Carlo codes use this method, but they are often 

inconvenient to use because of the cumbersome geometrical 

definitions required for each subregion. 

Systems, Science and Software (S3) has developed a 

method which uses the subdivision method recursively. The 

geometry is specified by a greatly simplified geometrical 

Input, as the subregions used are the natural geometrical 
shapes of the system. 

1.7  SEGMENTS 

Each part of space in the problem to be studied is 

divided into one or more segments. A single piece of mate- 

rial may belong to several segments or a segment may contain 

several materials in the form of subsegments.  Two kinds of 

segments are defined: Mother segments and Daughter segments. 

/ 
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The Mother segaents act as subregions and the Daughter seg- 

ments lie within Mother segments. When a photon lies in a 

particular Mother segment, only tfee intersections with boun- 

daries of that Mother segment and its Daughter segments need 

to be checked.  The boundaries of the Mother segment shield 

the photon therefore from the details in the space outside 
the Mother segment. 

It frequently is also desirable to shield the photon 

from details in certain areas within the Mother segment. 

This may be done by enclosing these details in a Daughter 

segment and declaring this Daughter segment to be a Mother 

segment at a lower level.  We now have a recursive definition 

of Mother and Daughter segments, where any Mother segment may 

be a Daughter segment of a higher level Mother and any 

Daughter segment may be aj lower level Mother segment. 

The geometry of thl complete system fits into one 

Mother segment.  This Metier segment usually will have several 

Daughter segments that ar«| Mother segments in turn. 

This recursive subdivision may be continued to~-»uy 

desired depth. Any Daughter segment, that is not a Mother 

segment, must consist of a homogeneous material. 

A Mother segment is a segment that is partially or 

completely filled by one or more Daughter segments.  That part 

of space within a Mother segment that is not occupied by 

Daughter segments has the material properties of the Mother 

segment.  The volume of the Mother segment is the volume of 

the space within the Mother segment that is not occupied by 
Daughter segments. 

Whenever possible. Mother segments should have simple 

shapes, e.g., rectangular parallelepiped, cylinder, sphere. 

A simple shape allows an efficient check for boundary cross- 

ings and reduces computer time.  However, in principle 

\ 

\ 
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Mother segment may  have any shape, even though that .ay be 
expensive in coaputer tiae. 

Although the possible m«ber of Daughter seg^nts 

within a Mother segment is unlisted, in practice this mmber 

should-be quite low (e.g.. below 5) to reduce the nurter of 

boundary crossing checks. After all. the Mother seg.ent was 

introduced to reduce the m«ber of potential boundary cross- 
ings. 

A Daughter segment Must lie completely within its 

Mother seg-ent.  Each Daughter seg.ent is therefore associated 

with only erne Mother seg.ent.  Each Daughter seg.ent may  in 
turn be a lower level Mother segaent. 

For each Mother segaent. all of the external boundaries 

-ust be specified.  Boundaries of Daughters need not be speci- 

fied for the Mother.  For each Daughter segment, all of the 
confining boundaries «ist be specified. 

In specifying the boundaries of a given segment, it 

is necessary to know on which side of the boundary the seg- 

ment lies.  For a plane, one must specify if the segment is 

on the origin or non-origin side of the plane. This is 

accomplished by specifying a positive boundary number for 

the origin side and a negative boundary number to indicate 

that the segment is on the non-origin side.  For curved sur- 

faces, a positive boundary number means that the segment is 

inside the surface and a negative boundary number indicates 
that the segment lies outside the boundary. 

1-8  SURFACE DEFINITIONS 

The geometric surfaces of the system are defined con- 
veniently for vector calculations.  In theory, any 

mathematically definable geometric shape can be used with the 

ZAP program by adding the appropriate subroutines to the 

6 
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computer  code.  The definitions for the geoaetry types of 
■ost general interest are sumarized below: 

1.8.1 Plane 

A plane is defined by the directional cosines of the 

nonal to the plane and the coordinate of a point which lies 
on the plane (Fig. 2.1). 

1.8.2 Cylinder 

A cylindrical surface is defined by the directional 

cosines of the cylindrical axis, the coordinates of a point 
on the axis, and the radius (Fig. 2.2). 

1.8.3 C^nic Cylinder 

A, conic cylinder whose »ajor axis is perpendicular to the 
Z axis (|Fig. 2.4) is defined by the directional cosines of 

the «aj^r axis of the conic, the X-Y coordinates of the focus, 

and the X-Y coordinates of two points on the conic surface. 

The two; points mist not beN symetric relative to the axis, 
although one of the« may  lie on the axis. 

Whether the conic represents a parabola, hyperbola, or 

ellipses is defined by the value of the eccentricity, which 

can be calculated fro» the data provided. 

'parabola: ev * 1 

hyperbola: e, > 1 

ellipse:      e, < 1 
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1-8.4  Sphere 

A sphere is defined by the coordinates of the center 
of the sphere and the radius (Fig. 2.3). 

1.8.5 Half-cone 

A half-cone whose axis of symmetry is parallel to the / 

2 axis (Fig. 2.5) is defined by the coordinates of the vertex,        ] 

and coordinates of a point on the surface of the half cone. 

1'8.6 Paraboloid of Revolution 

A paraboloid of revolution whose axis of symmetry is 

parallel to the 2 axis (Fig. 2.7) may be defined by specifying 

the coordinates of the vertex and the 2 coordinate of the 
focus.  : 

1-8-7 Prolate Elipsoid of Revolution 

A prolate ellipsoid of revolution whose axis of symmet: 

is parallel to the 2 axis (Fig. 2.6 ) is defined by the coor- 

dinates of one of the vertices, the 2 coordinate of the focus 

nearest the chosen vertex, and the coordinates of a point on 
the surface. 

1-8.8 Hyperboloid of Revolution 

One sheet of a hyperboloid of revolution whose axis of 

symmetry is parallel to the 2 axis (Fig. 2.8) is defined by 

the vertex of the sheet of interest, the 2 coordinate of the 

focus of the sheet of interest and the coodinates of a point 

on the surface.  This point may lie on either sheet. 

1.8.9 Helical Tube 

A helical tube must have its major axis parallel to 

the 2 axis.  A point on the axis is chosen such that the 

8 
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perpendicular from the point to the centerline of the helical 

tube lies along the X axis and points from the point to the 

centerline in the positive X direction.  The perpendicular 

distance ffom the axis to the centerline is specified and 

the radius of the tube must be specified.  The only other 

parameter required is proportional to the distance between 
successive coils. 

1.8.10 Boundary Intersections 

In order to determine which boundary is next inter- 

sected by a ray, it is necessary to calculate along the 

direction of the ray the distance to all pertinent boundaries 

and choose the boundary which gives the smallest positive 

distance.  Because of the segmentation, it is not necessary 

to calculate the distance to all of the boundaries in the 

system, but merely to a subset of these boundaries defined by 

the current Mother and its daughters.  This is accomplished 
as follows: 

1. When a photon is inside a Daughter segment, 

the following boundaries should be checked: 

a. The boundaries of the current Daughter 
segment. 

b. The boundaries of the Mother segment. 

2. When a photon is inside a Mother segment, 

but not inside any of its Daughter segments, 

the following boundaries should be checked: 

a. The boundaries of all Daughter segments 

in this Mother segment. 

b. The boundaries of the Mother segment. 

V 



3SR-40S 

1.9 NE» SEGMENT DETERMIHATION 

After a photon has crossed a boundary th. . 
taining the photon nust be deter-ined  „£' ^ ""^  "" 
Ing each boundary of the see-JT 7        qUlreS CheCk- 

"es on the deseed s^ ITZVo^lT" Ü:":  Ph0t<,n 

on the wrong side of „y boI11,dary of a «gjnt  t        ' 
that segnent  Th,-. ..  ^ -  ^ OI a se«"ent, it is not in egnent. This search ls COIldllcted as foll(wj: 

1- Is the photon still m the Mother Segnent? 
it the answer is yes, 

2- Check each Daughter seg.ent until one is 
found that contains tJae photon. 

If the photon does not i-i« ■<« .   *• , 

it lies by definitiL in the ^her    D*Ug,'tei S"^'ltS- 
Photon lies „ithin a D^tlr^n T^ 1 ^    " the 

see if this Daughter segLnt is ^       ■USt ^ ■"^ t0 
level.  If SU(:h j, ^ *    " ' ,,0ther «««»t at a lower 

starting at S for tisT' fj"^" ^ *' *'**"'* a    J-   uj for this new Mother segment. 

If the photon lies outside the current Moth., 

the procedure should be repeated starting "tWiw T"' 
next higher level Mother seg.ent. ^^ ^  . 

The search thus continues until the finai 
taining the photon has been found.  Jhis Lit   T1" COn" 
ing several Mother levels and ^ * *      lnVOlVe Climh- i   , revels and then descendine several M«*I, 
levels.  The algoritlm is writt^      .    several Mother «wxxLiw xs written recursive!v on^ 5- concerned wi«-!. «L  L c»-u*:»ivei)r, and is not 
•-oncerned with the absolute Mother level  Who« 
found outside the hin^ *  , en a Photon is uLsxae the highest level Mother vhirh A-*- 

boundaries of the conplete geo«try. an' e^ "o^a^. 

10 
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1.10 NORMAL TO THE SURFACE 

In order to calculate the angle of incidence and the 

angle of refraction for a ray intersecting a surface, it is 

necessary to determine the directional cosines of the normal 

to that surface at the point of intersection. The equations 

used to calculate the directional cosines of the normal depend 

on  the geometry type of the surface. t 

1.11 ANGLE OF REFLECTION 

When a ray intersects a surface, part or all of the 

ray reflect.-: off the surface at some angle which must be 

determined.  In the case of specular reflection, this angle 

is the same as the angle of incidence, but in a different 

direction.  With a diffuse or Lambertian surface, the ray 

reflects with an angle chosen at random from a known distri- 

bution. 

1.12 ANGLE OF REFRACTION 

When part or all of a ray is transmitted through a 

real surface, the transmitted ray may be refracted. The direc 

tional cosines of the refracted ray must then be calculated. 

1.13 PERCENT OF REFLECTION 

Each boundary is assigned a reflection type which 

defines the method i^sed to determine the percent of the ray 

that is reflected. 'Each reflection type is designed to 

handle a particular type of boundary that might be necessary 

in setting up a geometrical system.  All reflections are 

assumed to be specular with the exception of diffuse reflec- 

tion.  The following types of reflection are currently in the 

ZAP program. 

11 
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1.13.1 Fresnells Reflection for Dielectrics 

The surface of laser rods and laaps or iiny other type 

of glass component will generally be represented by Fresnel's 

reflection. 

''» 

1.13.2 No Reflection 

A non-reflective or dusny boundary is used primarily 

for segmentation purposes. The material should be the same 

on each side of the boundary.  Hence there is no refraction 

either.      ^ 
> 

1.13.3 Total Reflection 

Total reflection boundaries are used primarily for 

boundaries of symmetry, but can also be used for other pur- 

poses where one wishes the impending ray to be totally reflected. 

1.13.4 Constant Reflection 

Rays are reflected with constant percent of the inten- 

sity going with the reflected ray regardless of material 

properties or the angle of incidence. 

1.13.5 Table Reflection 

Rays are reflected by a percent which is dependent on 

the angle of incidence.  A table is provided which gives the 

percent as a function of angle, and interpolation in the table 

gives the percent to be used. 

\ 

\ 
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1.13.6 Function Reflection 

Any number of functions might be used to give the per 

cent of reflection.  One of particular interest is 

percent reflection = 1-A cos2 6 

where 

6 ■ angle of incidence 

a «/öeffij A « a coefficient between 0 and 1. 

1.J3.7 Diffusion Reflection 

In the case of a diffuse surface (see angle of reflec- 

tion), the percent to be reflected is considered to be a con- 

stant which may be chosen for the particular surface ^mder 

consideration. 

i  ' 
1.13.8 Wavelength Dependent Reflection 

The percent of the ray to be reflected may be dependent 

only on th^ wavelength, or may be dependent on the wavelength 

and the angle of incidence. 

1.14  SOURCE DEFINITION 

1.14.1 Surface Source 

One type of source that is available is a surface 

sourcfe for a cylinder whose axis is parallel to the Z axis. 

A random point is chosen on the surface of the cylinder, and 

a ray is started from that point.  The direction of the ray 

is determined by a subroutine that is provided by the user. 

This subroutine provides an angle 3 with the normal to the 

surface at the point, and an angle $ with the cylinder 

axis in thv   ane tangent to the point.  The distribution 

of the rays is therefore under user control, and can be 

13 
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chosen to fit the model desired.  Fro« these two angles, the 

directional cosines of the ray can be calculated. An option 

provides for the rays to be directed outwards fro« the cylin- 

der surface or inwards fron the cylinder surface. 

1.14.2 Volume Source 

If desired, a volume source may be used.  For a volume 

source, a starting point is chosen at random within the source 

segment. A direction is then chosen in such a way as to give 

Isotropie emission.  This is accomplished by choosing another 

random point within a unit sphere having the starting point 

as t^ie center.  These two points uniquely define the ray and 

the directional cosines are easily calculated. 
"•••■. - J . 

More thaA one source may be included within a given 

system.  For each source the number of rays to be created is 

input and an initial energy distribution for the desired 

wavelengths must be provided.  This distribution may be read 

in from cards or may be input by providing a subroutine to 
produce the desired results. 

1.15  ENERGY DEPOSITION 

When a ray passes through an absoibing material, 

energy is deposited in the material for each of the wave- 

lengths being considered.  For each wavelength the ray inten- 

sity is decayed exponential!/ and the amount lost by the ray 

is deposited in the material through which the ray has passed. 

The amount lost by different Wavelengths is dependent on the 

distance traveled and the absorption coeffic ent of the mate- 

rial for each wavelength.  It is therefore necessary to pro- 

vide an absorption distribution as a function of wavelength 
for each material. 

14 
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1.16  LOGIC FLOW 

The flow of logic using the ZAP progrsut is as follows: 

1. Generate a ray or contiiiue with a leg of 

the previous ray. 

2. Determine the number of I the segment con- 

taining the ray. 

3. Find the distance to th^ intersection point 

or points for each of tie appropriate boun- 

daries and choose the boundary with the 

smallest positive distance. 

4. Deposit energy in the segment through 

which the ray has just passed. 

5. Determine the segment nimber on the 

opposite side oi the intersected boun- 

. , 6.  Find the normal to the surface at the 

^j point of intersection. 

7. Calculate the angle of reflection, the 

angle of refraction and the percent of 

\       the ray to be reflected. Calculate the 

directional cosines of the reflected and 

transmitted rays. 

8. Play Russian Roulette with each wavelength 

of the reflected and transmitted rays.  If 

— the wavelength survives, double its inten- 

sity.  If it does not survive, zero its 

intensity.  The same-random number is used 

for each wavelength. i 
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9. Deteraine if the transMitted ray still has 

live wavelengths.  If it does, start again 

with step 3.  If it does not, go back to 
step 1. 

The above procedure is repeated until the desired m» 

ber of rays have been traced to extinction.  After all rays 

have been co-pleted, the final segment and .aterial results 
are printed, and the problem ends. 

1.17 OTHER USES 

The ZAP program is a technique for solving opines 

problems of .any types. Although it was developed foj the 

analysis of laser efficiency it is also a general optics pro- 

gram that may lie applied to a wide range of problems. 

An example of another use is in the area of designing 

reflectors for spotlights. The problem would be set up with 

a reflector and spherical light source within the reflector. 

At some desired distance in front of the reflector a black 

nonreflecting plane woud be placed, and the material behind 

the plane would be divided up into segments.  The final 

absorbed pnergy distribution in the target segments would 

give^a very effective measure of the focusing ability of the 

reflector. Many optics problems involving light sources and 

eventual light absorption may be solved with the ZAP program. 

16 
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THE PROGRAM 

2.1  PROGRAHMlilG PHILOSOPHY 

The ZAP program was developed on the UNIVAC 1108 and 

was written in basic FORTRAN IV and is as machine independent 

as is possible. A version exists for the CDC-3800. 

Throughout the development of the program, every effort 

was made to make the program as general as possible.  In those 

cases that require special geometric shapes not available in 

the present code, new geometry routines may be incorporated 

in the program by adding the name of the geometry to a table 

and writing four subroutines to handle the tasks required for 

each geometric shape.  Likewise, new types of reflection or 

ray creation may be added in the same manner. 

As far as is possible, each subroutine or function in 

the code handles a given task without regard to what has 

happened before the routine was called.  In that way-^^tttesrö ^ ~ 

routines may.^ of the program 

to perform the same task for different purposes.  Obviously 

this is not always possible, but a definite effort was made 

in that direction whenever possible.  One obvious drawback to 

this is the resulting large number of subroutines, some of 

which are so short as to be almost ridiculous.  However, it 

was felt that the advantages far outweigh the disadvantages. 

Changing the way a particular task is performed usually means 

replacing a small subroutine rather than making changes to a 

large subroutine. 

The remainder of this section presents the mathematical 

equations used for source generation, reflection and refrac- 

tion.  The equations used for each of the allowable geometries 

are given next. 
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2.2 SOURCES 

After a ray has been absorbed or eliainated by Russian 

Roulette, a new ray «ist be created.  The intensity distribu- 

tion of the new riy is acquired fro« a table (isOR(N,F)) that 

was set Up at the beginning of the run, where N = the source 
muber and F is the wave length index. 

The position and direction of the new ray depends on 
the type of source being used. 

Let 

x. 
i 

yi /  " t^e coordinates of the starting point 
I     of the ray. 

zi 

\ 
\ 

a. 
M 

ßi >  " the directional cosines of the ray. 

i 

2.2.1  Surface Source 
\        ' ■  • 

For a surface source the new ray is created at the sur- 

face of a cylinder whose axis is parallel to the Z axis.  The 

ray may be directed either inwards or outwards fro« the sur- 
face. 

18 
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Let 

e^    «an angle in the plane pemendicular 
to the cylinder axis 

0     -    the angle of the ray with the normal 
to the surface 

♦     " la» angle with the cylinder axis in 
the plane perpendicular to the normal 

ZMIN  = minimum z value for starting point 
pf ray 

Az    =  istance along the z axis for start- 
ing point of ray 

Xj^y^ ■ coordinate of a point on the cylin- 
der axis. 

RAND  « a random number between 0 and 1. 

Choose a random angle 9,     0 1 0i 1 2n 

xi " ^ * («V * e) * cos Gj 

, \ 
yi " yk + (^ t e) * sin ei 

zi  - ZMIN ♦ Az W RAND. 

In order to calculate the directional cosines of the 
ray it is first necessary to find the directional cosines of 
the normal to the surface äf.  the point (x-, y., z.) 

0n 

0n ) = directionial cosines of the normal 
to the surface at the starting 
point 

Yn 

19 
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The angjes 6 and * are deterained by a special sub- 

routine.  This subroutine must be provided by the user, and 

will be written to give the desired distribution of rays. 

o<e<f 

0 < ^ < 211 f 
then 

0i ,' 0n C0* e * ßn sin e sin  ♦ 

Pi ^ ßn cos e ' 0n sil1 e sin ♦ ■  ?ij .■ -.. 

Y^ " cos ft sin 9 
■l      I  - 

{ 
If it is desired föor the ray to point inwards from the 

surface, the signs of its directional cosines (a., B  Y ) 
are reversed. \ ^  x  x 

'•4 
2.2.2 Volume Source        V I 

j  *S ! 
For a volume soured the ^ew ray is created at a random 

point within the source segmented the direction of the ray 

is chosen to give Isotropie emission. 
■    i     i? \ . 

The random starting point |$ determined by creating 

a random point (xj, y^, zj  within a rectangular parallelepiped 
that encloses the source segment, then  a check is made to 
determine if the point vlies within the segmeat.  If not, new 

random points are chosen, until one is found that does lie 
within the segment.    x 

\ , '      ■ \ 
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To find the directional cosines, random components of 
a vector are found. 

Ax = a random number (-1 < Ax < 1) 

Ay - a  random number (-1 < Ay < 1) 

Az = a random number (-1 < Az < 1) 

then 
l 

s 

R « VAX2 ♦ Ay2 + Az2 
■*• - I 

If R < 1, the random components are used.  If not, other^sets 

or random components are determined until an appropriate set 
is found. 

Finally 

Oj = Ax/R 

»i =  Ay/R 

Az/R 

2.2.3 Ray Input \ 

The third way to create new rays is to input the start- 

ing points and directional cosines of a systematically selected 

set of rays.  Then when a new ray is needed, it is available 

in a table.  This feature is primarily useful in debugging. 

/ / 
, / 
\ - 

V- 
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2.3 REFLECTION 

2.3.1 Specular Reflection 

When a ray intersects a specular surface, part or all 

of the ray is reflected at the saae angle with the normal 

and in the same plane ^hat contains the normal and the impend 

ing ray.  The directional cosines of the reflected ray are 
 —calculated as follows: 

b - -2(a.a ♦ 0.0 + V-Y \ 
V x n  wxwn      TiTn' 

a = d. ♦ ba 
r   i    n 

ß » ß. ♦ bß 
,,       r   i    n 

Yr ' ^i * bYn 

v;here 

* vhe directional cosines of the ifay 

n 

ß n the directional cosines of the normal 
tio the surface. / 

n 

\ 

22 
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2.3.2 Diffuse Reflection 
/      :        ;  

Diffuse (Lambertianl reflection is calculated by giving 

the reflected ray a pseudo-random direction with a L^mbertian 

distribution.  Two angles (9 and *) represent the angle between 

the ref.lected ray and the normal to the surface, and the 

angle the projection of the ray onto a plane perpendicular to 

the normal makes with some line in that plane, respectively. 

By definition, a Lambertian distr^Hution is such that 

the probability distribution P(6) varie as cos 6, uhile 

?(♦) is constant.  The problem then is tox randomly choose 6 

and * in a manner that gives the desired probability distribu- 

tions.  One method of doing this is to choose a random 

♦ ( 0 < ♦ < 2ir) and a random cos2 6  (0.0 < cos2 6 <_  1.0). 
That is not what has been done in the ZAP code however. 

If the reflected ray is a unit vector, the probability 

distribution of the projection of that ray onto the plane 

perpendicular to the normal should be constant.  This fact 

is the key to the technique used here. 

With uniform random numbers R. (0 £ R. £ 1) we get the 

diffusely reflected directional cosines of the ray relative 

to the normal (Ä) and two orthogonal axes (?,(J) in the perpen- 
dicular plane as follows: 

Let 

oR ■ projection of ray onto ? 

Bß -  projection of ray onto ($ 

Vn ■ projection of ray onto $ 

23 
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Then choose 

ßR " 2Ri+i-l 

If   2    2 
1 aR + ßR > 1^>  choose tvo new rando. niabers and calcu 

late new values for o,, and 0„. 

Then 

Y - VITo - (^ . ^ 

Nor«al Ä has directional cosines a .8 v 
n^n^n* 

If 0n = 1-0 choose 

Op = 0 

*P = 1 

Yp = 0 

Otherwise the directional cosines of P 

l-o 

are 

2 
a    = n 

P VT -n
2 

0«^ 
ßP 

Vw 
v    =     ft n TP 

iR5 

24 
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The directional cosines of Q are 

ßQ ' 0PYn " 0nYP 

YQ S 0nßP " aPßn 

Finally, the directional cosines of the ray are: 

0r " aR0P + ßR0Q + YRan 

ßr " VP + ßRßQ + Vn 

Yr- VP;+ VQ 
+ Vn 

2.3.3 Percent of Reflection for Dielectrics. 

When A  ray intersects the surface of a laser rod, lamp, 

or any other glass component,  the percent of the ray to be 

reflected mist be calculated.  The ZAP code uses Fresnel's 

equation for reflection to calculate this percentage. 

Let 

cos a = cosine of the  angle of incidence 

cos b = cosine of the angle of refraction 

REF^j = refractive index of the material the ray 
is leaving. 

REFH2 '-  refractive index of the material the ray 
is entering. 

25 
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then 

KEF^ 

REF^ 

cos a - la^ » BjB,, + T^J 

cosb - I «rf«,, *«,£»,,* Tr£Tn I 

2 
rs 

(cos b ~ « cos a V 
cos b -^ ■ cos a / 

(cos a cos b - ■(! - cos aly 

cos a cos b ♦ m(l  -  cos a)/ 

rs * ri> Percent reflected ■  »—E- 

2.4  REFRACTION 

When part or all of a ray is transmitted through 4 

surface separating different Materials, the transmitted ray 

is refracted because of the difference in material densities, 

The directional cosines of the refracted ray are calculated 

from the following equations. 

Let . 

0rf 

ß  \ = the directional cosines of the 
rf (    refracted ray 

Yrf 

26 
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REF 1 ■ the refractive index of the material 
the ray is leaving 

REF 2 " the/refractive index of the material 
the ray is entering 

T ) 

a. 
i 

jj. (  = the directional cosines of the impend 
1 '    ing ray 

^ Yi 

then 

a ■ REF^ 

c - a^ *  i^*  TiYD 

b = ac 

i 
ß  \ = the directional cosines of the normal / 

n  ' to  the surface at the point of inter- 
section . 

(-i ♦ Vi* u-*2)/*2-2) ' 
a x = aa. ♦ bo^ rf    i    n \ 

i 

Br£ = aBi  * bßn 

Yrf = aYj * bYn 

27 
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r 2.5 DEBUGGING 

2.5.1 Printer Plots 

I A pri»ter Plot of ^e gecetry cut by a plane «ay be 
obtained for as .any different planes as desired.  In each 

| case a rectangular section of the plane is defined as input 

The geo^try within this rectangle is the geo^try that will 
|        be plotted. 

TK^ technique used to generate the points that represent 

| the geo^tric boundaries is as follows:  fake rays are created 

and traced across the plane. Each ti^ an intersection with 

a boundary occurs, the coordinates of the intersection are 

noted, and a blanjc is plotted.  The -aterial nu.ber is plotted 

between intersections. Rays are not reflected, and are 

traced until they leave the area of interest. 

The only «ajor restriction in defining the rectangular 

^Plotting area is that the rectangle «.st be co^letely enclosed 

by the overall «other region (region number  1). This is no 

real restriction since the overall «other can be «ade very 

large with no loss of computer ti.e or accuracy. 

Ihe input required to define the rectangular plotting 
area consists of three points p0. p^ and pj. Poi^t p0 will 

become the  lower left hand corner of the plot and paint p 
will be the low^ right hand corner.  Point pi  will be on^he 
top line of the p%ot. 

Fake rays ar*? created at even intervals along the lines 

that for« the top and lefthand sides of the plotting area, 

and are traced perpendicular to the line on which they are 

created. The-nu«ber of rays to be created is deter«ined in 

such a way that one ray corresponds to each pri«t line and 
one ray corresponds to each print colu«n. 

L 

L 

NX = nuaber of vertical rays 

NY ~  nuaber of horizontal rays 

\ 28 
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I [    v <toce ^ intersection point (xfy,2) has been fouÄd, the 
coordinate syste« mist be rotated and translated to correspond 
to the plotting area.  The equations needed are: 

Ax « length of line p0p 

,' 
a   m      \      0 
XX   ~I   " 

axy " ~i   /   directional cosines of p0p1 

a  - Z1'Z0 axz "l 

Point p2 mist be found 

x- « x' - k a 2   2     xx 

y2 = Xj " k a 
«y 

22 = 2J " k axZ 

then 

1 ■ length of line p0p2 

29 
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a yx 

yy 

. X2-x0 

yy-r 2 '0 
directional cosines of 

P0P2 

Z2-20 
yz 

Rays are created at equal intervals along the top and 
lefthand side of the plotting area. 

NX - 130 = niuber of print positions to be used 

Asx ' £x/(N "^ * interval along horizontal direction. 

10 Asy " _6Asx 
= interval along the vertical direction 

Ny = *y/Asy + 1.5 

Horizontal ray nimber n has the starting coordinates: 

x = x2 - (n - .5) As a s   * y yx 

(n - .5) As 

Zs = z2 ' (n ' •5)As„a 

y yy 

a 
y yz 

and directional cosines 

o = a xx 

• 

Ö = a. 
«y 

Y = a 

30 
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Vertical ray nimber n has the starting coordinates 
\ 

xs " x2 * (n ^Asxaxx 

^s " ^2 * (n-1>Asxaxy 

2s " 22 + Cn-l)Asxax2 

and directional cosines i 

a  « -a_ 

3 « -a 
yy 

LJ Y « -a 
yz 

/• 

Li For each intersection point x^.z the plotting coordi- 
nates are calculated as 

■' t '     ' ' i 

?- V(X-X0) +ayy(y-yo) +ayz(Z-2o) 

2.5.2 Rando« £rrors 

The rando. errors in tfie results of the ZAP program are 

due to statistical variations in the number of rays passing 

through a particular segment and due to the variation in the 

amount of energy deposited by each ray passing through this 

segment.  The latter variation is due to variations in the 

path length through the segment and variations in the ray 

energy upon entry into the segment.  It turns out that the 

variation in the number of rays usually contributes to the 
largest fraction of the random error. 
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The random error is displayed in the output as a per- 

centage error of one standard deviation. When the number of 

rays contributing to a segment is less than four, •••*• is 
printed t0 indicate the lack of data.  Large errors are by 

their very nature unreliable as their calculation is based 

on unreliable results. An error larger than 20t indicates 

unreliable results, where an error below 5* indicates usable 
results. 

The percentage error is calculated according to the 

equation presented below: 

where 

ERi 

N 

E 

Percentage error in segment i for 
one standard deviation 

Total number of rays in the problem 

Energy deposited in segment i by a 
ray 

Total energy deposited in segment i 

2.6  GEOMETRY 

2.6.1 Equations for a Plane 

A plane is defined by the directional cosines of the 

normal to the plane and the coordinates of a point that lies 

on the plane.  An additional piece of information needed in 

many of the equations is the distance from the origin to the 

plane.  The directional cosines of the normal must be such 

32 
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that the normal vector points fro« the origin to the plane. 

The calculation of the distance from the prigin to the plane 

provides a check on the direction, since the distance will be 

negative if the vector points in the wrong\direction. 

Define: 

»k 

° 

the directional cosines of the normal 
to the plane 

.... * 
1 '  i 

/   I 

\ 

xk 

yk ■ the coordinates of a point on the 
plane 

2i(t.%l    Distance from the Origin to the Plane 

1        dk = Vk + Vk * Ykzkr 

2.6.11.2  Intersection of a ray with a plane i 
Let 

■ distance along the ray to the point 
of intersection 

ai 

Bi =  directional cosines of the ray 

33 
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v  l 

coordinates of the starting point 
of the ray 

'\      I 

then 

VliVi! Vi" Ykfi) 
«i^ + hh + YiYk 

The point of intersection (x,y,z) can then be calculated: 

x  * ^. *! Lo- 

y - Yi ♦ Lßj 

2 = zi * LYi 

2.6.1.3 Normal to the Point of Intersection 

In the case of a plane, the normal to the point of 

intersection does'not require an actual calculation, since 

the normal to the plane is the same everywhere and is part 

of the definition of the plane.  Hence: 

% = «k 

3n =h 

Yn = Yk 

34 
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..'  
2.6.1.4' Position of Point Relative to Plane 

In determining if a point is inside a given segment, 

it is necessary to determine on which side of a plane the 

point lies^  This «quires finding the perpendicular distauce 

from the plane to the point. 

D - okxi * ttfi *  Yj^i " d, 

where 

the coordinates of the point 

2.6.2 Equations for a Cylindrical Surface 

A cylindrical surface is defined by the directional 

cosines of the cylinder axis, the coordinates of a point on 

the axis, and the radius of the cylinder. 

Define    j, 

ßi 

■, ■ 

.+ directional cosines of cylinder axis. 

* coordinates of a point on the axis 

35 
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dk = the  radius of the cylinder, 

2.6.2.1  Intersection of a Ray with a Cylinder 

Let 

L    = ^stance along the ray to the poii. 
of intersection. f 

a. 
i 

^i J = directional cosines of the ray, 

Yi 

,   Then 

i 

Xi   \    •    coordinates of the starting point 
I of the ray 

2i 

Ax = xi-xk 

Ay f yi"tk 

Az  =  z.-z. 
,       .ik 

^ " ^i^ %Vk *, YiYk 

yy  =  ouAx  +  ßjAy ♦  Y.Az     , 

/ 
ZZ  " akAx * ekAy *   ^z 

36 
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(AA)2 = Ax2 ♦ Az2 ♦ A22 

Cz^) (3") - yy ± V(yy-zz*xx)2 - (l-xx)2(AA2-Z22-dk2) 

(l-xx2) 

2.6.2.2  In or Out of a Cylinder\V 

To determine if a point lies inside a cylinder, it is 

necessary to calculate the distance fro« the point to the 

cylinder axis and compare this distance with the cylinder 
radius. 

Let 

D = distance of point from cylinder axis 

x. 
i 

'/j \     * coordinates of a point 

z. 
i 

Then 

Ax « X.-x, 
/ 1  k  . 

Äy/= yi-y* 

Az = z.-z. 

\    '■ 7 f f 7 '  ' 

D = Ax ♦ Ay ♦ Az  - (akAx + S^Ay ♦ Y^z)2 

'C   -  - ' 
2   2 

if D < d^ point lies inside cylinder. 
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2.£.2.3    Nonaal  to a Cylinder 
\1 

Let 

:  Z 

3. 

n 

Calculate 

a point on the cylinder surface 

toet^r^C?-05al COSines of the «onnal to the cylinder at the point (xfy,2) 

Ax = x-x. 

-;*'■'*-Us^ir-^'^ffErtwu. 

Ay " y'yk 

Az • z 

C - akAx ♦ BkAy + Yk Az 

Ax-Cc 

Ay-Cß 
ßn = - J    

k- n    d^ 

Az-Cy, 
Yn= s: 
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2.6-3 Equations for a Sphere 

A sphere is defined by the coordinates of the center 
and the radius. 

Define: 

yk } "  t,ie coordinates of the center of 
I    the sphere 

zk ' 

d^ ■ the radius of the sphere 

2.6.3.1 Intersection of a I^y with a Sphere 

Let 

L - distance along the ray to the point 
of intersection 

a. 
i 

^i / * directional cosines of the ray 

i 

xi 

yi f ~ coordinates of the starting point 
of the ray 

z. 
i 

39 



■■ W MvftOMMI 

r 
r 
r 

SSat-405 

then 

Ax - x -x 
i k 

Äy  » Xi-X, 

A2 » 2rzk 

B = Axa. ♦ AyBj ♦ Azy- 

C = Ax2 * Ay2 ♦ Ar2 - «J2 

L « -B ♦ VB2-C 

2.6.3.2 In or Out of a Sphere 

To determine if a point is inside a sphere, one «ist 

calculate the distance fro« the point to the center of the 
sphere and coapare thi«, with the radius. 

/ ; 

l-et i 
i 

D = distance of point fro» center of sphere 

xi 

Xj J * coordinates of the point 

zi 

then 

,'2 

If D < c^, the point is inside the sphere. 
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Figure 2.1 A plane whose normal is not parallel to  any of the 
■ajor axis. 
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Figure 2.2 Cylinder whose axis is not parallel to any of 
the sajor axis. 
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2.6.3.3    Noraal to a Sphere 

/ 

Let 

y    \   =    a point on the  surface of the sphere 

0n 

3  \ = the directional cosines of the normal 
n f    to the surface at the point (x,y,z) 

^n 

Calculate 

*n '  (y"yk)/dk 

_ f. - \/J Tn " ^^k/'^k 

2.6.A    Equations for a Conic Cylinder 

The conic cylinder is limited to one whose conic axis 

is perpendicular to the Z axis and whose cylindrical axis is 

parallel to the Z axis.  In this case, only the x-y planemust 

be considered in defining the surface.  The conic is defined 

by the coordinates of the focus, the directional cosines of 

the conic axis, and the coordinates of two points which lie 

on the surface.  In addition, the eccentricity and the distance 

from the focus to the directrix are calculated for use in the 

equations.  See Figure 2.4. 
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Figure 2.3 Sphere 

Figure 2.4  Conic cylinder with axis parallel to Z-axij 
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...i 

Define 

-    directional cosines of the conic 
£ |    axis 

:} coordinates of the focus 

xl 

x2 

coordinates of two points on the 
surface 

e^   «= eccentricity 

dk   = distance fro« focus to directrix 

2.6.4.1 Eccentricity and Distance fro. Focus to Directrix 
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ß    - y2'yk ß2 FT" 

cos e1 = a^ + tk&1 

cos e 2' VZ* hB 
k^Z 

rl  " r2 
'k      Tj  cos Oj  + r2 cos  9. 

. rlr2(cos ei - cos 92) 
rl " r2 

♦ *■ 

2.6.4.2 Intersection of a Ray with a Conic Cylinder 

Let 

x. 
i 

^i coordinates of starting point of ray 

a. 
i 

Bi = directional cosines of tke ray 

distance along the ray to the point of 
intersection. 
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then 

Ax = Xi-xk 

cos   0 

3SR-405 

o' = a./cos 9 

6'.= Bj/cos 9 

EE « a' Ax ♦  ß' Ay 

FF Oj^ Ax ♦  ß.   Ay 

GG «=0^0^  +  ßjj ß 

2 2 7 
BB    «  Ax    ♦ Ay 

P =  1-e^ GG2 

H « EE-e2 GG(FF + d2) 

BB (FF * ^) 

-H ± Vl? 
p cos e 

15 
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2.6.4.3  In or Out of a Conic Cylinder 

To determine if a point (x.. y.) lies inside of a conic 

cylinder it is necessary to calculate the distance fro. the 

focus to the surface in the direction of the point, and the 

distance from the focus to the point and then compare the 
two distances. 

Let 

^i ; 
the coordinates of the point 

D 

R 

=  the distance from focus to point 

= distance from focus to surface 

then 

Ax = Xi-Xk 

Ay  = 
>'i-yk 

D =  VAXZ  ♦  Ay2 

a'  = Ax/D 

• ß'  = Ay/Ö 

dk ek 

^^(V^F) 
if D < R, the point is inside the conic, 
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2.6.4.4 Xoraal to a Conic Cylinder 

Let 

then 

a n 

ßn ) ~ directional cosines of the nornal 
to the surface at the point (x,y,2) 

Yn 

Ax = x-x, k 

Ay = y"yk 

DD = ^tx2*Ly2 

a' = Ax/DD 

ß' = tf/VQ 

cos  6 =  a^a'  ♦  BVS 

sin  9 =  Oj^S'  -  aß, 

t^ cos  G  -   ßk sin 9  -  ej^o. 

V1  +ek   "   2ek cos e 

e    = 
a^ sin  S ♦  £k  cos   S  -   ekS, 

n * ^  
y 1   ♦  ek  -   2ek cos   S 

Tn.o 
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2-6.5  Equat ioris_^or_a_rnTw» 

A right circular half cone whose axis is parallel to 

he 2 a„s is defined by the coordinates of the vertex and 

the coordxnates of a point on the surface of the cone.  If 

the poxnt lies above the vertex, the half cone is a cup.  If 

it lies below the vertex the half cone is a cap (see 
Figure 2.5). P L 

Define 

") 

yk > -  the coordinates of the verte« 

Zk l 

Xl 

Xj \    -    the coordinates of a point on the 
I    surface 

21 

d 

ek - 2rzk 
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Figure 2 5  Cone with axis parallel to Z-axis 
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2.6.5.1  Intersection of a Ray with a Half Cone 

Let 

Then 

x- 
i 

yi   l    =    ^0[dinates  of the starting point 

z- 
i 

a. 
i 

ßj ^ - directional cosines of a 

Yi 

ray 

L    = ^S^a*Ce alon« the Tay  to the point of intersection p"x"i. 

AX = Xi ^ 

Ay = yi"yk 

Az - zi-Zk 

A = yf-^ 

B = (^dk'V2 ' ^'"i^ + Vy) 

C « d-dj.z2 - dk(Ax2 + ^2, 

,  _ -B ± VBZ-AC 
Lt Ä  
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We «ist now choose the sollest positive length that 
gives an intersection point in the proper half of the 
Let cone. 

e*= K ♦*iL+)K) 

e-= K + V-) {%) 
if e+ is positive, L^ gives an intersection in 
the proper half of the cone. 

if e  is positive, L_ gives an intersection in 
the proper half of the cone. 

2.6.5.2  In or Out of a Half Cone 

To deter-ine if a point C^, y  z ) lies inside of 
half cone, the following procedure is used. 

Ax " *i-*k 

AZ = Zi-Zk 

EP = Az»i 

FP = Az2 - dk(tx2  *  Ay2 + Az
2) 

if (FP)(EP3 > 0, the point lies inside the half cone 
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2.6.5.3 .N'orical to a Cone 

Let 

a n 

Sn / "  the directional cosines of the 
nonaal to the surface at the point 
I* »y > z) 

Yn 

then 

Ax = x-x, 
k 

Ay - y-yk 

A2 - 2-zk 

R = Vdk(^ + *yz) * (i-dk)
z AZ2   ' 

an S d^/R 

ßn = ^Ay/R 

Yn = "(ldk) A2/R 

2-6'6  Rations for an Ellipsoid of Revolution 

The ellipsoid of revolution mist have its axis of 

revolution parallel to the Z axis.  It is defined by the 

coordinates of one of the vertices fx  v  z 1  ti,« ,-  A- - «--L^CS ixk, y   z i  the coordinates 
of a point on the surface (x,. y   z 1 and thl  7 ^       A- *■ 1' 'i» ziJ an<1 the Z coordinate 
of the focus Uf) nearest to the vertex chosen.  See 
Figure 2.6. 
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*2» Xi » -^i 

>'v» z, k» ^k' ^k 

Figure 2.6 Ellipsoid of Revolution vith axis parallel to Z-axis 

Xk' h'   Zk 

Figure 2.7  Paraboloid of revolution vith axis rarailel to 
Z-axis 
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Let 

A restriction on the choice of the point (x,, y , z ) is: 

2K-k) f-(2i-k)21 K-k)
2 * {yi-yk)

21 *H^--k) 

The paraneters a  and b are calculated as follows: 

z*= zr2k 

SQ = sign(f) • fü^-f 2 . 

.2 
b = (z^f+SQ)/(4- ^j 

a2 = b2 - (b-f)2 

2.6,6.1     Intersection of a Ray with the  Surface 

Ax = x. -x- 
i    k 

4v = y. - y, 7i  'k 

Lz  =  z.-z, 
i     k 

C =   1   -  Lx2 * Lv2   .   U-'b)2 

B  =   - 
ra.Ax+SjAy      y^Lz-h)^ 
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■W4] 
2 

if B -AC < 0, there is no intersection. 

Calculate 

B SVB2-AC L. = 

The intersection of interest is the ninirun positive 
value of L . 

2.6.6.2  In or Out of an Ellipsoid of Revolution 

To determine if point (x^y^z^ is inside of the sur 
face calculate: 

7 ?— 
if F(P) > 0, the point is inside of the ellipsoid. 

2.6.6.3 Xornal to the Surface at a Point Cx,yfz) 

V ^ b4 

The directional  cosines  of the noriaal  are: 

x-x. 
a    = * n   TiT 

5    =1^ 
n      a2R 
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z-zv-b 
Y      ■ * 

A paraboloid of revoluti««   -     ,-   . 

defied by provxding  the coordinates of tK " 
coordinate of the foc„5       If the^ ■ TerteX'  md the Z 

the figure is a cuo      rt ^ I * " aboVe the ««« 

«.ure is a c^rte 11^ IT " ^ ^ ^ ^ 
Define: 

the coordinat es of the vertex 

-  the z coordinate of the focus 

=  2f - Zk 

2-6.7.1  Inters 

Lef- 

ection of a Ray with a parabolüid 
of Revolution 

a. 
i 

h directional cosines of the ray 
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!   '  1 

X. 
1 

Then 

y.   \    =     starting point of the  ray 

/ B = 2fYi - «.(x.^) - ßi^-yj 

V .    /_2   „2' 

if B* < Ac there is no intersection .2 

K ' -B ± VB2-AC 

Choose the minimuin positive value of L+ 

2.6.7.2  In or Out of a Paraboloid of Revolution 

Hh  - 4f(zi-zk) - (x.-^)2 - (y^V 

if F(P) > 0, the point (x.,yj,z.) lies inside. 
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2.6.7.3 Normal to a Point on the Surface 

Let 

x 

y 

z !■ 

a point on the surface 

n 

Calculate 

= ^^s^Mnir^^.-r 

ix-xk)2 * (y-yk) 2.4£2 

« -13 
n   R 

n   R 

'n   R 

2-6-8 iaüalSa» for » Hyperboloid of Revoiutinn 

the 2 A.hyper'0l0id of «volution whose «Is Is par'allel to 

sheet ^1S "      " ^ the COOr'!i»at« of  the vertex of the sheet of „terest l^.y^j,  the z coordinate of       
he 

on the   r   IntereSt (Zf) a,,d the ""«»«es of a point 
on the surface of either sheet (x^.zp.  see Figure 2.8. 
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Figure 2.8 Hyperboloid of Revolut ion 
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Let 

f ' 2f-2k 

A restriction on the choice of the point (XJ.^.ZJ) 

"(Vk) M'i-^k)2 M^r^k)2 

The paraaeters a2 and b are calculated as follows: 

•^ ■ K-*k)2 MW 
2* « Z -Z Zl Zk 

SQ -. Sign (z*) * Vu*-f)Z + W2 

is 

b = (2* * f*SQ)/^ . 4) 

a2 • (b*f)2 - b2 

2-6.8.1  Intersection of a Ray with the Surface 

Ax - x.-^ 

Ay ' Yi~yk 

Az - Vzk 

C = -1 - ä**t*xl *   Uz^b) 
2        5 a       V 

B = Y(Az>b) _ aAx+SAy 
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A   b2-^ 

if B2-AC < 0 there  i s no intersection, 

Calculate 

i  = -B ± ^B
Z-AC 

±       Ä  

The  intersection of interest is the miniaum positive 
value of L± that will give an intersection on the desired 
sheet. 

2.6.8.2  In or Out of a Hyperboloid of Revolut 

To determine if point (x-.y z.) is inside of the 
face, calculate: 

ion 

sur- 

FCP) = -1 - & ^Y2.  + (Az^b)
2 

If  F(P) > 0 and AZ*f > 0. the point is inside, 

■ 

2-6-8-3    gSagl to a Point on the Surface 

Let 

} 
x 

y > =  a point on the surface 

63 

^ 



I 

[ 

3SR-405 

a 
n 

B  \ =  the directional cosines of the normal 
s  '    to the surface at the point (x.y.z) 

^n 

Calculate 

VAx2*Ay2 .  Uz*by 

a_  = Ax 

'*      a2R 

ß AZL 
n      a2R 

2.6.9 Equations for a Helix 

A helix whose main axis is parallel to the Z axis is 

defined by 

Xh 

yh 

zh 

i =  coordinates of a point on the axis 
of the helix 

Point on the helical wire in the 
positive x direction fro« the axis 
of the helix 

i (C     =  Parameter defining the distance 
between successive coils (D) 
D = |2inc| if < < 0, coil  is left- 

[ handed. 
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p  ■  radius from axis to helical wire 

a  ■ radius of the helical tube. 

The equations used are quite volumnous.  They are derived 

and presented in Appendix A.l. 
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3.  INPUT - OUTPUT 

3.1  SETUP COXSIDERATIOXS 

The use of any large generalized computer program re- 

quires a certain amount of knowledge of how the program works 

and requires a learning process the same as with a piece of 

complicated machinery.  The more general a program is, the 

more understanding and experience is required to effectively 

make use of it.  The ZAP code is no exception in this respect. 

In particular, a thorough understanding of the mother- 

daughter relationship and its consequences is very important, 

since this is the basis of the ZAP technique.  To try to set' 

up complicated geometries without this understanding will 

invariably resalt in boundaries existing in areas where they 

are not supposed to exist.  To cut off the extension of a 

plane for example, requires that the area where the plane 

actually exists be enclosed in a Mother segment.  Then the 

plane win not extend outside that Mother segment. 

Unfortunately, with Monte Carlo techniques gross errors 

can occur in the setup of a problem without causing any 

indication that these errors exist.  Boundaries may exist in 

areas where they are not intended without ever being obvious 

in the results.  Therefore, extreme care and thought should 

be put into the setup of a problem.  To help spot a bad setup, 

test data points and geometry plots have been included in the 
program. 

The bad effects of boundaries extending into areas 

where they do not belong has perhaps been over emphasized in 

the above paragraphs.  Regardless of the type of boundary 

under consideration, it is treated as a dummy boundary and 

has no ill effects if the same material exists on each side 

of the boundary.  Conversely, it must be kept in mind that 
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if the sa«. ^terial  or  two different materials with  the  saffle 

iT£ti:iz
tion 7separated by a bo—• - -- - be treated as a du-.y regardless of how it is defined.  ' 

use of thVzAp18*117 reCOMended that -y-e Planning extensive 
use of the ZAP progra. should beco.e as faailiar as is 
possxble with the inner workings of the code. 

3-1.1 Miscellaneous Rules 

1. Planes «ist not pass through the origin 
(0.0.0). 

2. Each Mother segment «ust also exist as a 

daughter segment (except for the overall 
Mother segment). 

3. The overall Mother segment .ust be segment 

/ 

4-  Each Mother segaent .ust have at least one 
daughter. 

S.  A Mother segaent .ust co.pletely contain 

each of its daughters.  Conversely a 

daughter «ust be co.pletely contained by 
its Mother. 

6. Different .at^rials that are to be separated 

by a real boundary .ust not have the sa.e 
refractive index. 

7. Planes defined for geo.etry plots .ust not 

coincide with, a real plane in the geometric 
system. 

8-  A seg«nt .ust be "totally confined by its 

confining boundaries .  For example, an open 

ended cylinder does not qualify as a se„. 
■ent. B 
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9-  Any rectangular area to be plotted must  lie 
completely within the overall Mother seg.ent. 

3-1-2  User Routines 

Provisions have been .ade to allow the user to provide 
sub.oounes to handie certain functions within the p.ogra, 

to  e?    ^ theSe TOUtineS ^  glVen bel0•' « "Vap^ to the functions desired. P y 

3.1.2.1  Wavelength Dependent Absorption Coefficients 

In a multifrequency proble. the user .ust provide a 

TolZIZ0'  SUbrOUtineS that CalCUlate ^ 5t0re ^ ^-rp- 
nul  "1ClentS ^ a fUnCti0n 0f —^^ ^ serial 
onl   r6-11^ ^ the SUbrOUti- ^r each .aterial is given 
on the materxal data card and «st be of the for.: 

ABSX 

where X is a number from 1 to 9. 

The argument list for the subroutine is: 

SÜBROUTIXE ABSX(XLAM.FMAX,TSTG.M) 
where 

XLAM = 

FMAX  = 

TSTG  = 

J^qu^cie^.3"^ that COntains 

the number of frequencies (integer) 

storage area for absorption coeffi- 
cients from F=l to F=FMAX 

M    = material number. 

co,ff 
ThiS SUl,r0Utine ■"" -«er-ine and store the absorption coefficients for material M intn  «-u ^»"rption 

r material M mto the array TSTG(F), F-1,FMAX. 
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»- 

One subroutine My be provided for each material or 

the sa.e subroutine .ay be used for different materials. 

3.1.2.2 Wavelength Dependent Intensities 

In a multifrequency run, the ray intensity may vary 

with wavelength.  Therefore a subroutine to provide intensity 

as a function of wavelength must be provided.  The name of 

the subroutine to be used for each lamp type is given on the 

lamp  data card and will be Of the form: 

1NTENX 

where X is an integer from 1 to 9. 

The argument list is: 

SUBROUTINE. INTENX (XLA>I, FMAX, TSTG, LAMNO) 

where: 

XLAM = name of the frequency array 

FMAX «  the number of frequencies (integer) 

Ti^TG = ^an array to store intensity as a 
function of wavelength for lamp 
number L-iMNO 

t i 

LAMNO ■ lamp  number. 

This subroutine must determine and store ray intensi- 
ties for lamp number LANXO into the array: , 

TSTG(F),F=1,FMAX ^ 

One subroutine may be provided for each lamp number 

or the same routine may be used for different lamp numbers! 

69 
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3.1.2.3 Surface Source Distribution 

When a surface source is used, a subroutine «ust be 
provided that will give the angles used to calculate the 

directional cosines for a given ray.  The na.e of this routine 
is gxven on the lanp data card and «ust be of the for.: 

ANGLEX 

where X is a number from 1 to 9. 

The argument list for the subroutine is: 

SUBROUTINE.ANGLEX(TH,PHI) 

where 

TH = ^rfafe6 ^ With the normal to the 

PHI "    S SS^oAil!11 ^ Plane PerP^-ular 

This routine must provide values for 6 and « where: 

o < e < »/2 

0 < ♦ < 2-K 

The routine is called each time a new ray is created 
and should provide values of 9 and ♦ that correspond to some 
desired probability distribution. 

An example would be to provide a Lambertion distribu- 
txon. In this case the subrouting would generate a random * 
and a random cos2 e.  From cos2 6, 6 would then be found. 
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3-1.2.4 Wavelength Dependent Fraction of Reflection 

When the fraction of a ray's intensity to be reflected 

o  ^f/n ^ WaVelen«th' a subroutine^ust he p^  d 
to gxve the fraction for each wavelength,  l^e na.e of the 
subroutine must be of the form: 

REFLXX 

where XX is the reflection number of the boundary. 

There are two separate cases that may be considered. 

1.  Fraction dependent on wavelength only 

^  «Ä &dnecl0n WaVel"^h and 

In case 1 the argument list is: 

SUBROUTIXE.REFLXX(XLAM,FMAX,TSTG,DUM) 

where 

XLAM = name of wavelength array 

FMAX = number of wavelengths (integer) 

TSTG = array for storing fractions of 
reflection 

BUM  = dumihy argument. 

In this case the routine is called at th* h*^  - 
the proble. »d the inforlnation is ^„^  ; t 

8  ln-f, 

subroutxne .ust deteral„e and store. the tr^joj^^* 
tion into the ^rray: ^^««. or retiec 

^SfG(F),F=l,FMAX. 

/ 
•Otm 
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In case 2 the arguaeitt^list is: 

SUBROyTINEÄÄEFLXXCXLAM,FMAX.TSTG,COSGAM) 

where ► 

XLAM » naae of wavelength array 
// ' 
/FMAX = ninrter of wavelengths (inteeer) 

// 
TSTG - array for storing fractions 

GOSGAM = the cos of the angle of incidence. 

In this case the subroutine is called when an inter- 

section occurs and mist calculate the fraction to be reflected 

for each wav-length for the particular angle of incidence 

indicated.  These fractions are then stored into the array 

TSTG(F),F«1,FMAX 

3.2  INPUT 

Input to the ZAP code is in the for« of data cards. 

S^^lal keypimch fo«s have been designed for each of the 

various type^Msinput cards, with the exception of the 

general input which tf^a standard FORTRAN data sheet. 

The entries use a coabination of int^er^ real and 

alphanimeric for-ats.  In the case of real and integer input, 

either a blank or zero .ay be entered if the niaber is zero. 

All directional cosines entered are checked by jJns 

code and the sum of the squares of the three directional 

cosines «ust be within the range jrf 1.0 + lO3.  If they are 

not, the program will terminate execution with a debug print. 

Care must be taken that no plane passes through the 

origin.  If this happens, the program will terminate execu- 
tion. / 

/ 

/ / 
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used. blank 0r 2ero' ^e default nuaber is 

3*2*1 General InP"^ [three^cardsl 
CanLn - 72 character coiMent ^ titie c \^ 

Card #2 \ 

Description 

of continuity exist  'ti,?! n0 ?ls Jes 
ignored. "ist,  t^is nunbei  is 

MVNIll - ninin.« wsvelength      fy». 
be netted fo, Hagle ^ling^ 

HAVHAX . ■axinu« wavel        .        , 

Fomat 

E12.4 

:12.4    I 13-24 

E12.4    j 25-36 

E12.4    I 37-48 
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Card #3 

¥?   .A. 

... 

1 Entry 
Number Description Format Columns 

, ■ 

^ FMAX = Xumber of wavelengths 
! 16 1-6 
1 2) IOPRXT = Option for printing each 

^ray created.. 16 7-12 

0 = no 
1 ■ yes 

.- -- 

i 

3) IDEBUG « Option for debug prints. 
0 - no 
1 = yes'« 

16 13-18 

4) IR - starting random integer. 
Default ■ 1.           s 116 19-34 

-- 
\ 

1 io  blank card following general input cards. 

L • 

L" 
*. 

\ 

L 
L 
L 
L 
L 

-/ 
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3.2.2 Reflection Data 

■ 

'■ 

: 
i 

For each special reflection a reflection data card must 

be provided.  The reflection number must b> greater than ten, 

since reflection numbers 1-10 are reserved for built-in 
reflection types. 

I Entry 
Number 

D 

i) 

2) 

Description Format 

Reflection number (greater than 
ten). Integer 

Reflection type (left justified).    Alpha 

CONST~ = Constant reflection (frac- 
tion reflected will be input). 

FUNCT^ = Function of the form- frac- 
tion reflected = 1.0-A(cos e)2 where 
A is input and cos 6 is the anale 
■ade by the impending ray^ with the 
normal to the surface. 

TABLEA = An input table of ten frac- 
tions which indicate the kmount 
reflected for different angles with 
the normal. Angles are ftom 0° to 
90° in 10° intervals. 

DIFFUS = Diffuse reflecticn.  Frac- 
tion to be reflected is iiiput. 

MAVCAL « Reflection dependent on 
wavelength.  The fraction Iof each 
wavelength to be reflected is calcu- 
as a function of the wavelength and 
S£,J?gle 0f *ncidence.  A subroutine 
KEFLAX must be provided where XX is 
tue reflection number.  Example 
reflection number 12 means that'the 
subroutine is REFL12.  (See section 
on User Subroutines for details.) 

NAVINP = Reflection dependent on 
wavelength only.  A subroutine 
named REFLXX must be provided where 
XX is the reflection number.  This 
subroutine is called immediately at 
the time this card is read, and fills 
an array with wavelength dependent 
fractions of reflection\to be used 
later.  (See section on User Subroutines.) 

Columns imns } 
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3) 

4-12 

For CONST load fraction to be re> 
fleeted. 

For FUNCT load value for A. 

For DIFFUS load fraction to be 
reflected. 

For TABLE load fraction for 0°. 

For WAVCAL or WAVINP this ent^y is 
ignored. ' 

For TABLE load fractions to be re- 
flected for angles 10o-90o.  Blanks 
for other reflection types. 

Real  I 13-17 

Real   19-71 

A blank card must follow the last reflection data card 

If no reflection data was loaded, the blank is still required. 

3.2.3 Material Data 

For each material a material data card mist be pro- 
vided. 

L 

Entry 
Number 

1) 

2) 

3) 

4) 

5) 

6) 

Description 

Material number 

Name of routine to generate absorp 
tion coefficients as a function of 
wavelength.  (See section on User 
Routines).  If this is a single 
wavelength run, this entry is 
ignored. 

Absorption coefficient (length-1) 
If an input routine was specified 
above, this number is ignored. 

Refractive index (must be non-zero) 

Lazing wavelength (for multiple 
wavelength runs only).  This is an 
optional input value. 

39 character description to be 
printed 

Format 

Integer 

Alpha 

Real 

Real 

Real 

Alpha | 

Columns 

2-4 

6-11 

13-18 

20-25 

27-32 

34-72 

A blank card must follow the last material data card 
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3-2.4 Boundary Data 

For each boundary a boundary data card .ust be provided 

The form  of the data on the card depend, on the geo.etry type. 

Entry 
Nuaber 

1) 

2) 

3) 

Description 

Boundary nuaber 

Reflection nuaber 

1 = total transaission, no 
refraction 

2 = total reflection.  May or aay 
not represent boundary of 
syaaetry. 

3 = Fresnel's reflection for dielee 
tries. 

4 = Top boundary of continuity. 

5 = Bottoa boundary of continuity 

6-10 = Reserved for further built-in 
reff lection types. 

11-50 = Special reflection types defin- 
ed on reflection data sheet. 

| 

Geoaetry type (left justified in 
coluans provided on data sheet). 

CYLINt) - cylinder 

PLANE* = plane 

CONIC* = conic 

SPHERE = sphere 

CONELä = half-cone with axis par- 
allel to 2 axis 

PARAB* = paraboloid of revolution 
with axis parallel to Z 

i    axis. 

HYPERB = hyperboloid of revolution 
with axis parallel to the 
2 axis. 

ELLIPS^ = ellipsoid of revolution 
whose axis is parallel to 
the 2 axis. 

Format 

Integer 

Integer 

Coluans 

2-4 

6-8 

Alpha 10-15 

HELIX - helical tube with axis pai 
 al^el to the 2 axis J 
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Boundary Data (continued) 

Entry 
Number Description Format Columns 

4-11) Parameters for the particular geometry 
type being described: 

Real 

PLANE: 

Directional cosines for the nor 
mal to the plane. Normal must 
point from origin toward plane. 

4) a) 
5)-H* 
6) Y) 
7) X) 
8) Y 
9) Z) 

0-ll)--Not used 

Coordinates of a point on the 
plane. 

lYLIND: 

4) a) 

si 
:ONIC 

Directional cosines for cylin- 
drical axis. 

Coordinates of a point on the 
cylindrical axis. 

6) 
7) 
8) 
9) 

^0) R =Radius of cylinder 
11)  - Not used 

ajDirectional cosines for axis. 
01 

X»{Coordinates of focus. 
Y.J 
xn 
Yi 
X2 
Y2 

Coordinates of two points on 
the conic surface.  These two 
points must not be symmetrical 
with respect to the axis. 

(SPHERE: 

4) Xc 

5) Y  (Coordinates  of center of sphere 

6) Zc) 
7) R = Radius of sphere 

Q-in Not used  

I. 

17-22 
24-29 
31-36 
38-43 
45-50 
52-57 

17-22 
24-29 
31-36 
38-43 
45-50 
52-57 
59-64 

17-22 
24-29 
31-36 
38-43 
45-50 
52-57 
59-64 
66-71 

17-22 
24-29 
31-36 
33-43 
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Boundary Data (continued) 

Entry 
Nuaber Description 

CONE: 

Format 

0 

5) 

6) Z, 

7) X 
8) Y 
9) Z 
11)-- 

PARAB: 

4)XV 

5)Yv 

6) Z„ 

7) 

Y ( Coordinates of the vertex 

Coordinates of a point on the 
surface of the half-cone to 
be considered. 
Not used. 

I 
Z, = f 

HYPERB 

5) vv 

6) ZY 

7) X 

Coordinates of the vertex 
t 

Z coordinate of the focus 

Coordinates of vertex for 
sheet to be considered. 

8) Y 
9) Z 

10) Zf = 

Coordinates of- a point on the 
surface.  This point may  be 
on either sheet. 

Z coordinate of focus for 
sheet to be considered. 

11)  -  Not used. 

ELLIPS: 
4) X, 

5) 

6) 

7) 
8) 
9) 

Y ) Coordinates of vertex 

X | Coordinates of a point on the 
Y j surface of the ellipsoid. 

Columns 

17-22 
24-29 
31-36 

38-43 
45-50 
52-57 

17-22 

24-29 

31-36 

17-22 

24-29 

31-36 

38-43 
45-50 
52-57 

59-64 

17-22 

24-29 

31-36 

38-43 
45-50 
52-57 
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3SR-405 

Entry 
Number 

Description 

ELLIPS (continued) 
10) 

11) 

Restriction 

Zf - Z-coordinate of the focus 
nearest the chosen vertex, 
Not used. 

A < B < C 

2(Z-Zv)(Zf-Zv) - (Z-Zv)
2 

(X-Xv)
2 + (Y-Yv)

2 

4(Zf-Zv)(Z-Zv) 

Coordinates of a point on the 
helical axis.  The nearest 
point on the helical wire is 
assuaed to be in the positive 
X direction from this point. 

Parameter associated with dis- 
tance between consecutive 
coils.  D = Ziric.  If K<ot  coil 
is lefthanded. 

radius from axis to helical 
wire. 

radius of tube. 

•N'ot used. 

Format | Columns 

59-64 

38-43 
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3.2.5 Segaent Data  / 

For each segment, a segment data card must be provided. 

J 

Entry 
Number 

1) 

2) 

3-13) 

14) 

Description Format Columns 

Segment number 

Material number 

Boundary numbers indicating the con- 
fining boundaries of the segment.  A 
positive boundary number indicates 
the origin side of a plane or inside 
of other geometries. A negative 
boundary indicates the non-origin 
side of a plane, or the outside of 
other geometries. 

Segment volume (if known). 

Integer 

Integer 

Integer 

2-4 

6-8 

10-63 

Real 65-71 

A blank card must follow the last segment data card. 

<3> 

3.2.6 Structure Data 

For each mother-daughter relationship, a structure dat.- 
card must be provided. 

Entry 
Number 

1) 

2-18) 

Description 

Mother segment I' 
/ 

Daughter segments 

Format 

Integer 

Integer 

Columns 

2-4 

6-68 

A blank card must follow the last structure data card. 

^i 
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3.2.7 Lamp Data 
V 

For each lamp type a lamp data card must be loaded. 

This data describes primarily the method to be used for creat- 

ing rays. Many different sources may refer to the same la^> 
type. 

Entry 
Number 

1) 

2) 

Description 

3) 

4) 

L 

5) 

Lamp number 

Lamp type (left justified) 

VOLUME = volume source 

OUTSUR = cylindrical surface source 
With rays directed outward 
from the surface. 

INNSUR = cylindrical surface source 
with rays directed inward 
from the surface. 

RAYINP = directional cosines and 
starting coordinates are in- 
put for each ray. 

Name of routine to be us^td for gener- 
ating intensity as a functibSi of 
wavelength.  This routine will have a 
name INTENX where X is a number from 
1 to 9 (see user routines) and must 
be provided by^the user.  If this is 
a single wavelength run, this entry 
is ignored. 

Name of routine to be used for calcu- 
lating the angle with the normal for 
rays created if this is a surface 
source.  If not a surface source this 
entry is ignored.  See user routines 
for description of this routine. 

Intensity of rays if this is a single 
wavelength run.  If multiple wave- 
length, this entry is ignored. 

Format 

Integer 

Alpha 

Columns 

2-4 

6-11 

^pha 13-18 

Alpha 

Real 

20-25 

27-37 

A blank card must follow the last Lamp Data card 

L 
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3 • 2.8 Source Data 

iu*        t"""  <Uta "^ ■USt be PrOVided for "^ «urce in the problem. 

Entry 
Number 

1) 

2) 

Description 

Source number 

3) 

Segment numbe/ or boundary number of 
source.  If t^e l£p  type designated 
n^-h^ * T?1^6 ?ource' ioad a segment number.  If ^the lamp type designated 
is for a surface source, load a boun 
dary number. 

Lamp number - refers to a lamn 
data card. r 

Number of rays for this source. 

Parameters which depend on the particu 
lar lamp type designated. 
VOLUME: 

5) XMIN 
6) XMAX 
7) YMIN 
8) YMAX 
9) ZMIN 

10) ZMAX 

Minimum and maximum 
Values of X,Y and Z 
which describe a 
rectangle within which 
the source segment is con- 
tained. 

INNSÜR or OUTSUR: 
5-8) Blank 

ill   S!Iv Mini,I,u,n and maximum values 
10) ZMAX of Z for creating rays. 

RAYINP: 
Entries S-10) are ignored. 

For RAYINP, this card is i^ediatel,- foUowed by Ray 
data cards for the n^ber of rays specified above. 

A Maak card ,us- follow the last Source Data card. 

X 
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3-2-9 Ray Data 

If rays are to be input individuaUy, one data card 
-St be inpnt for eacb ray to be created. Use 
sheets. source data 

I Entry 
Number 

Blank 

Description Format I Colunis 

Directional cosines of ray Real 

Starting point of ray Real 

19-2S 

27-33 

35-41 

43-49 

51-57 

59-65 

3-2.10 Test Data 

for errlr." ^Cards."e "»* " ^^^etric^Tet.,, 
and iZZ:- I S 0f refe«»cl»« " seg^t nnrter 

ZTlTZ Z^pTtdpoint lies eith" W* or it An      i-    ********    ^e Point is then tested to see if 
xt does lie on the proper side of the segment. As maTsets 
of test data as desired may be loaded. * 

84 
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Entry 
Niuber 

U 

D 
U 
u 

1) 

Description 

JTEST = 

2) IOP 

IOP 

IOP 

3) 
x) 

4) 
Y! 

5) z) 

Segment nunber to be testedL 
if JTEST>0, point should lip 
inside segment.  If JTESKO 
point should lie outside of 
segment. 

Option for testing tc see if 
point lies within the confin- 
ing boundaries of the segment, 
or to see i^ the point lies 1 
within this segment rather ■ 
than some other segment.   I 

0, Test segment boundaries 
only 

1, Determine which segment con 
tains the point and determine 
if it is the desired segmen 

= Coordinates of the test point 

Format Columns 

Integer 

Integer 

1-6 

7-12 

J 
Real 

Real 

Real 

13-24 

25-36 

37-48 

i —■ 
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3.2.11  Plot Data 

Each plot data card indicates a rectangular area within 

a plane that slices through the syste..  This plane «ay be at 

any desired orientation.  The geo.etric boundaries sliced by 

the plane within the rectangular area are then plotted. The 

only restriction is that the rectangular area must be com- 

pletely contained within the overall .other region (Region il). 

This is no real restriction since the overall ■other region 
■ay be made  as large as desired without affecting the speed 
or accuracy of the prograa. 

Entry 
Nunber 

1) 

3} 

Description 

Coordinates of the point to be 
used for the lower left-hand 
comer^pf the plotting area. 

Coordinate? of the point to be 
used for the lower right-hand 
corner of the plotting area. 

Coordinates of a point that lies 
soaewhere along the top line of 
the plotting area. 

Format Colums 

Real IfS 
Real 9-16 
Real 17-24 

Real 25-32 

Real 33-40 

Real 41-48 

Real 49-56 
Real 57-64 

Rfeal— 65-72 

A Blanl card nust follow the last of the plot data cards. 

L 
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3.3 OUTPUT      ^ 

Output fro« the ZAP code consists of printer plots of 

various cuts through the geö«etry and printed suiwaries of 

the energy deposition for each segment and for eich material. 

Under the heading SEGMENT RESULTS the following quan- 
tities are printed for each segment: 

1.  Mother segment number = mother of the segment 
being considered. 

j 2. Segment number. 

3. Material number in segment.  ^ 

4- Total ^ergy = Sum of energy deposited in 
segment. 

pi 5- Scaled Energy = Sum of energy scaled by lasing 
LI wavelength. 

v ^-    '    ■ - 

6. Energy per'unit volume. ^ «»^^-dr^M — 

^^Jl—JVHPcent^tmral ^nergy-V ^g ^^^ ^ ^ 

total energy in the system that is in this 
segment. 

8. Percent error = probable statistical percent   ] 

error,  ^ee Section 2.5.2) 

9. Number of legs = actual number of ray legs 
traced through segment. 

10.  Number of rays = number of different rays 

traced through segment, even though each 

ray may have had several legs passing 
through the segment. 
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Under the heading MATERIAL results the following quan 
titles are printed: 

1. Total absorbed energy = sua of segaent ener-l 
gies. ,. 

2. Total source energy - sum  of initial ray in- 
tensities. 

/ 

3. Total nuaber of i-ays. 

4. Final randoa integer = Rande« integer that 

could be used to continue the. run without 

changing the randoa nuaber sequence. 

ed: 

, ^""i-S iSSrV- 

L 
L 

For each aaterial the following quantities are print 

1. Material nuaber 

2. Material voluae = sua of voluaes of seg- 

aents containing aaterial. 

3. Total energy = sua of energies of segaents 

containing aaterial. 

4. Scaled energy = sua of scaled segaent ener- 
gies for aaterial. 

5. Energy per unit voluae. 

6. Percent of total energy = The percent of 

the total energy in the systea l^hat is in 
this aaterial. 

7. Percent error = Probable statistical percent 
error.  (See Section 2.5.2) 

8. Nuaber of rays = nuaber of different rays 

that passed through the aaterial. 
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3.4 SAMPLE PROBLEM #1 

The first sample problea consists of a cylindrical lamp 

and a cylindrical laser rod «incased in an elliptic laser 

In 

cavity (Fig. 3.1). The area of interest is chosen to be in 

the body of the syste* so that end conditions are ignored.  . 

this case each end is considered to be a boundary of symietry 
(a siaple boundary of total rtef'action). 

A single wavelength is considered and parameters such 

as absorption coefficients and refractive indices are not 

intended to be physically real but were chosen arbitrarily 
for demonstration purposes. 

I 
The laser system is encised in a 20 cm sphere that is 

considered to be the overall Molther segment (segment #1).  The 

area inside the cavity was chosen to be segment #2 and is a 

mother containing two daughters.\ These daughters are respec- 

tively, segment #3 which is the Cylindrical lamp and segment 

#4 which is the cylindrical laseii rod.  The laser rod is a 

mother and has daughters #5 and #k which are simplv the front 

and back half of the laser rod. liote that the area of 

segment #4 is completely filled byl segments #5 and #6 so that 
segment #4 has no actual volume ofl^ts own. 

The material outside of the icavity is chosen to be 

material fl, the air inside the cavity is material #2. the 

lamp is composed of material -^3 and the laser rod consists of 

material #4.  These material numbers!appear in their proper 

place^ in the printer plots (3.2 through 3.6). 

Boundary #1 is the sphere encaling the system.  Boun- 

dary #2 is the elliptic cylinder that\represents the cavity 

wall and is chosen to be a boundary of constant reflection 

with 901 reflection and 101 transmissikn.  Boundaries #3 and 

*4 ar« cylinders Refining the lamp and laser rod respectively 

89 



3SR-40S 

Diaensions in Ceajimeters 
!  ^ 

\ 

M&4 

Figure 3.1 A simple laser cavity u^ed for sample problem #1 
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Figure 3.2 Top view of laser syste» used in saaple problem #1. 
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Fig. 3.4    Top view of rigfit half of laser system us(pd in sample 
problem #1-1 
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Figure  3.6    Top view of lower half of laser systea used in 
sanple problem #1. 
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and allow Fresnel's reflectinn  TK   J , 
sy-etry (total reflection! ^        Planes are planes of 

Plane tit JulsZlZl^"'^"^  " "* '^    *» 
'7 and is a dn^ „.»a."      X,,t0 ^ "««^ ls -»^ 

rays witTheala,,P/Se8"e,,t '3) 1S a VOl,-e sour« »kat e-its rays with an intensity of 1 0  n«i  ,«« "»"-» 
this sanple run.      ' ^ 1D0 '"" W"e «""ad for 

resultsAareStinE "K ^ in,",t Ca,rdS USed •»" » "atin« of the results are given below. * 
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INPUT /ÖATA 

W^-C Pao?frm mutvtt-i 
•5 r-c i.c 

II  CMST     .• 
c.r 

i   j 

icrc.c 
.1 

2.r 
i_^ "r-tL «»oi-» o «*STC« • • - •XUT'« 

.1 1-« 

'  •",.' \ 
1.7 c 

? s»-*** c.c ••_■» 
II   COSTC      l.- V -•^^'    2C.C 
> cruvD c.c 0.3 

-•.E       C.C 
l'r          -3.0 
«•6          3,5 
I.C         o.n 
i.c      c.c 
P.»          3.0 

-f.r CO 
3 CVLTMO  C.C c.c 

5.C 
c.c/ 
o.j: 

c.s c.c 
? n.lac   o.a 
z mir   c." 
i Pt»«   i.e^ 

c.c 
CO 
0.0 
0.0 

CO 
I.C 
s.o 
o.c 

>       i .^ 
2         ?       -5 s t) 

'       J     -5 c 
*         •       -5 c 
*         «          7 -c c 
•          •       -7 -c s 
? 
3       •   * 
5       i 

c.c 
1.0 
I.C 

I   VOLUNr 
1.0 

1 
7 
3 
S 
2 

1     ICG  -i.c 

1-5.0 
ICO 
1-3.5 
13.S 
CC.C 

-2-p -1.0 1.0 I.C S.O 

-5.1 
-5.1 
CO 
-5.1 
-5.1 

-3.1 
O.S 
-3.1 
-3.1 
-3.1 

3.0 
.5 
3.0 
3.0 
3.C 

C.C 
C.C 
c.c 
CO 
c.c 
5.1 
5.1 
5.1 
C.C 
5.1 

C5 
3.C 
?.C 
3.C 
3.C 

-3.1 
CO 
-5.1 
-3.1 
-3.1 

3.C 
.5 
3.C 
3.« 
3.C 

-5.1 3.1 j.c 
-S-l CO S.S 
C.S 3.1 y.p 

'•I CC 3.C 

••1 
r? — '' 
C3 
Cm . 

/ «* cr 
»-7 

rm 
C9 
ir 
Ji 
i? 
13 ' 

. M 
15 ■ 

1 

IC 
17 
tf 
19 
?C 
71 
72 
.73 
*K 
25. r 

M 
2* 
2? 
79 
3C 
31 
32 
33 \ 
3» 
SS \ 
Sf .s\ 
37 -\ 
3* \ 
39 / 
*C 
«1 
•2 
•3 
*% 
•5 
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3.5 SAMPLE PROSLEH 12 
3'5.1  Introduction/ ' - 1 i 

In order to /de«,nstrate the actual use of ZAP the 
si-ple laser syste- shown in Figure 3.7 will he anal^ed.  In 

thas User, a spherical «t.l reflector contains a xenon 

«d4""! T  a ,,e0d^u-d<'Pe<' «l«s laser rod; the la^, and 
rod are held at their ends hy cylindrical holders. «.^«.0 
1»P is pulsed, power is produced throughout the »olme of 

xenon; the a«unt produced depends on waveleagth. The power 
travels through the plas-a to the wall „f the W (so» is 

absorbed on the way), refracts through the wall, and enters 

the reflector volu«. There the power bounces off the walls 

and other surfaces, travels through the glassTaseFwd^nd^ 
reflector surfaces. We are interested in the fractions of 
the „xtial pOWer which end up in the rod. la-p. and walls, 
and also in the power distribution in the laser rod. 

3S-2 Initial Analysts »f n,e Geonetry 

«.. . I"' "" USe the symmetly of *>»  la«r asse*ly to Ulprove 

nlane     ;CS ^ ^ "^^ * PUtti,"! P"fectly refle«ing 
Planes tn the two planes of sy«try (see Figure 3.7).  This 

W effect gives four tines as -any rays per unit of run tine 
(we could get the sane result without the planes and their 

tx-e-losmg reflection by adding together the depositions in 
sy-etrtcally equivalent volu-es. but the conputer tine lost 

to the reflections is cheap conpared to the hu-an tine gained 

in not adding nunbers). The introduction of the sy^etrv 
Planes reduces the proble. to a quadrant of a sphere, as shown 
1» Figure 3.8. ^e deconposition of the quadrant into 
successive .other and daughter segnents is also shown in 
Figure 3.8.  (The rod is divided into eight segnents of 

essentially equal volu« so that the energy distribution in 
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Figure  3.8    ^decomposition of the laser assembly for ZAP 

orT  iL?"^ PoinJin8  ^o« .other to^auISterfs) or by inclusion m the «other.     The laser rod il^' 
caHf ^d0.that  ^ —^ ^positL^^atMr;5    / 
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it —y be found.)  The decoHposition proceeds in a straight 

forward way fro« the all-enclosing segment 1 through smaller 

and smaller segments, always keeping the number of daughters 

small at each level.  In fact, the number of daughters per 

level may be unnecessarily small - a comparison run with more 

daughters per mother in the rpd gave essentially identical 

run times. Once the mother-4aughter decomposition of the 

geometry is decided, the preparation.of the .input.is easy 

(if tedious). * 

3.5.3 Input Preparation      \ '•■ 

While reading' the followiÄg explanation of the input 

information the reader should refer to the listing of the 

computer input and' output reproduced at the end of this 

section. \       .  \^ 

3.5.3.1 Reflection Data 

Aside from the built-in reflection types 1, 1 and 3 
(dummy boundary, total reflection, and dielectric boundary 

respectively) we will need three defined reflection types: 

1. reflection varying smoothly from .85 fot 

rays normal to the surface to 1.0 at 

grazing incidence to represent the reflec- 

tor and other internal metal surfaces; 
/ i 

- ■' / i i 

2. diffuse reflleibtion returning half the 

incident lirihjt,' to\ roughly represent the 

complicated I end and electrode structure 

in the lampc /-  i'  \ 

3. reflection Vjlarying smoothly from .95 for 

rays normal to the surface to" 1.0 at 

grazing incidence to model the dielectric 

mirrors at the ends of the laser rod. 
/    ('   ■  ■   \ ■'■'   ■ - 

/        I / 
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.  These three types of reflection are entered as reflec- 
tion types 11, 12 and 13. 

3.5.3.2 Material Data '■   0 

The «,t.l. air aad quartz «terials are entered in a 
straxgh.forward «nner (the refractive indices for the »etals 
and ai, are .ade slightly different so that ZAP will know' 

a?iVwo
e
uL

OUndarieS betVeett  the" "" n0t  iüSt iU^  «-^daries, as xt would asSu.e xf their indices wer* the sa-e - see soh- 

routxne BOUNr,:):  TBe «etfon la^. plas« and Nd3* - doped glass 

have ahsorption coefficients wlxich vary with wavelength. Ld 
the user-written subroutines ABS2 and MS3 TOst be supplied 
Hese routines (see listing at end of section) are self- 
explanatory. 

The absorption coefficient of the «tals is wide very 
large so that any light entering the. will be iMediately 

'absorted. Note that a snail absorptibn has been added to the 

glass at all wavelengths: this is to insute son« absorption 
(even xf snail) for al, wavelengths, to avoid rays that 
dribble on forever. 

3.5.3r 3 Boundary Data 

The boundaries Tin this *-ae» «~i« ~~u~^.     « ,. , 

and planes) are just those necessary to specify the seg-ents 

prevxously decided«o„. because ZAP currently handles surf,.es 
through the origin, the cehfer of the ,,,o«try is displaced 
bt  .001 on each axis.  Khen two reflection properties are 

requxred for different parts olf-a boundary, two coi^idlr.   , 
boundarxes are specified with"different reflections, and the 
choxcc between the. is .ade when the bouhdaries.of's^-enU 
are speexfied (hote boundaries 5, 11 and 13)i . . 

• '  „   •   . «</v;'     ■ '.. 
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3.5.3.4 Segment Data 

Once the boundaries are specified, the segments are  ^ 
defined by giving all boundaries of each (and the volume, if 

the energy d-nsity is desired for that segnent).  The process 
is quite sinple. - 

3.5.3.5 Structure Data 

The ■other-daughter relationships are entered for each 
segment.  The inforaation is aost easily prepared by reference 
to a decoaposition diagram such as Figure 3.8. * 

3.5.3.6 Lamp Data 

For this problem there is only one type  of source. 
Jthis  is the volume-emitting xenon plasma in the lamp.  Its 
properties are specified in the user-supplied sub^putine 
INTENl, which is reproduced at the end of this section. 

3.5.3.7 Source Data 
\ ,"«..■- 

There is only one source, namely the xenon lamp.  It 
is specified geometrically by one boundary and a rectangular 
parallelopiped.  For this run 500 rays are called for from 

the la^,, in order to get acceptably lo¥ errors in the segment 
deposition energies in the rod. 

/ i   . 

3.5.3.8 Test Data : \ 

Test points ^re specified for all segments in this 
example, although this is not necessary in general.  Option 1 
is used except when the segment volume is zero (because 

daughter segments tjake up all its volume) , in which case  e 

Optio* 0 is used,  kegment^ l and 2 also have points speci- 

fied outside them (negative segment number).  All points are 
correct, so no error messages appear. 
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3.S.3.9 Plot Datät 

Five plots are called for.  There is a cross section 

near the center of the sphere (but just above the syMnetry 

boundary) perpendicular to the rod and lamp;  detail of the 

rod and laup is poor because of the liaited printer resolution. 

Another plot parallel to and through the rod and laap suffers 

from  the same lack of detail, although the general configura- 
i I*      ' 

tion is clear from both.  The third plot is a close-up of the 

laaip-rod holders-sphere area of the second plot; it clearly 

shows the quartz laap wall, rod segmentation, and holdbr 

details. The fourth and fifth plots are close-up views of 

cuts across the rod and laap respectively. These plots are 

very useful in checking that the geometry has been specified 

ju'' as desired, and that no silly errors have crept in. 

3.5.4 Discussion of Output 

The output due to test points and plot requests has 

been discussed above. Here the power deposition results will 

be discussed. 

3.5.4.1  Segment Results 

The most interesting information in the segment results 

is the pattern of power deposition in the laser rod.  The 

half of the rod near the sphere wall (segments 14, 15, 16 and 

17) and the half near the center (segments 20. 21, 22 and 23) 

get essentially the same amount of scaled power - 47.13t and 

52.86t respectively (we get these figures by adding the num- 

bers in the percent scaled power column).  The lensing effect 

of the laser rod has concentrated /acre power in the core of 

the rod (segments 14» 16, 20 andz2) than in the skin (seg- 

ments 15, 17, 21 and 23); the core got 60.461 and the skin 

39.53%.  This effect is apparent in both the center and end 
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sections of the rod.  Because the 500 rays have been enough 

to give approxiaately 10» errors in the deposition powers in 
the rod segments (see percent error column) 
art reasonably reliable. 

^.S.4.2 Material Results 

these conclusions 

y  The Material results tell us the distribution of power 
aaong the various elements of the laser assembly.  Fro« the 

percent total power coluwi, we see that the laap absorbs by 

far the greatest fraction of the initial power. However, the 

lanp is a volime emitter and mch of the power created in its 

voluae pay be absorbed before it ever gets out. To find out 

how Buch is internally reabsorbed in this way. another run 

was Bade with the absorption coefficient of the "air" in the 

cavity e^ual to 1000 en"1. The laap was found to absorb 

[J        76.59» (error 2.29») of the radiation before it got out for 

the first ti«e. leaving 23.21» (er/or 7.64») of the initial 

power as the aaount actually euitted fro« the la«p (the 

rc«aining .2» was absorbed in the la«p ends).  Thus we find 

|        that the cavity and holders absorbed 9.58» of the initial 

power (41.28» of the e«itted power), the rod absorbed 6.70» 

(29.30»), and the la«p reabsorbed 7.02» (30.25»). The power 

returned to the laap will act «uch like the la«p electrical  ' 

input power (because the ther«alization ti«e in the dense 

la«p plas«a is very short).  If a fraction R ofjhe ia«p input 

is radiated as light with the re«aining 1-R lost as heat, and 

-d£JL is not changed gr^atly-by-th^sc^Lf^loading^iie^to returned 
power (probably a good assu«ption for the low self-loading 

here, but «ore questionable with higher loadings), we can «ake 

a rough self-consistent^Sculation of what^happends to the 

returned power and what the deposition fractions are as 
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r ^ ■    ;    /     l' ■' 
I follows fassu«e all spectral regions act iike the .4 - .92 „ 

region we calculated): 

The input electrical power is, P 

The power returned to the laip fro« the cavity 
is Q 

The total input is thus P+Q  ! ' 

The lamp  light dwt is R(P*Q) 

Then Q = R(P+Q)F or Q « (RFP)/(1-RF) where F 

is the fraction of la«p output reabsorbed 

(F is .3025 for the geometry we analyzed). 

Then if F1 is the fraction of P re absorbed, 
we have F «Q/P - (FR)/(1-RF) 

And if L is the power absorbed by the laser rod 

And if G is the fraction of laap output wMch 

the rod gets (G is .2390 for our laser) 

Then L « GR(P+Q) = CGilP)/(l-RF) and so 

G - L/P = (GR)/(1-RF).  Similarly, if C is 

the fraction of lamp output the cavity gets 
then C1 » (CR)/(1-RF). / 

Thus we see that self-consistency requires that ^11 deposition 

fractions be «iltiplied by the factor R/(1-RF).  Taking the 

reasonable value of .5 for R. w* find this factor to be about 
.59 for geometry we analyzed. 

Fro« the material power and scaled ^ower for the laser 
glass («aterial 6) we find that 57* of the power the laser 

glass absorbed was useful laser power (the re«ainder was con- 

verted to heat in the rod when the absorbed photon energy was 

reduced to upper-laser level energy by radiationiess transi- 

tions after absorption), The self-consistent fraction of 

electrical input the rod absorbed is .18. so .10 was useful 
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i       \ for laser operation and .08 went to rod heat (we have assumed 

\a quant», efficiency of 1.0, which «ay hj  too high). 

V  I Our results, «odified by the above self-consistency 
Arg\impnt,  thus iaply that: 

The electrical i^put was 1.00 

The laap heat loss was #58 

L_..              The  cavity wall absorption w^s .24 

The laser rod heat loss was .08 

The upper laser-level result was .10 

3.5.4.3 Simary Results' 

v 
The  total absorbed power and total source power are 

slightly different because of statistical fluctuation in the 

«ay rays are killed off. The execution ti-e (on a CDC 3800 

whxch has floating point add-substract. multiply. and divide 

ti.es of about 2. 5 and 10 Vs)  was 1855:469 seconds. A run 

r j        with one ray shows that the setup time is about 30 seconds. 
U        and thus the run time was roughly 

\ T* 30 + 3,7 K seconds 

where N is the niaber of rays (each with 200 wavelengths) 

traced. The program and storage occupied about 60.000 words 
(48 bits each) of storage. 

I . 
3.5.5 Conclusidtas 

We have f^und that about 105 of the input electrical • 

power is converted into a pumping rate into the upper- laser 

level for the laser geometry and lamp conditions we specified 

The actual laser output available will be decreased by spon- 

taneous emissioh and (for/pulsed lasers) by the fact that not 

all the upper-level energf can be extracted. However, the 

upper-level pump r^te ^s Ubably the best measure of cavity 

efficiency and thus the bUt number to use when comparing 
cavitiec r    * cavities 
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r 
3SR-405 

I SAMPLE PROBLEM #2 - USER SUPPLIED SUBROUTINES 

I 
I «.*i. MM».  TSis, m | WWWTI« aasz . .„,..,.. „.„. ,>lb, „ , 

IHIS MOOTIkC MO SI»««  l»^-—— «"««Wflä '••■»■•■« 
•ftgjgio*! n.ufi|a fsrcHi 
c»«o» /cm/ OM. DIM. sc«c 
g*S.V« CW, DIM.  SOMi n'i'*i a», CUM. DIAN. SC*L£ 

•*«~~ CCMVEIIT  TO WS WJW 
OM «  IMM.«ClM/SCaie/SC4L£ 
•I«« a  .•laOIAfMSCALC 

•—^•« riu. w «•smaiiOM cocrr 
00  !•  lAxI.nuf 

■ETlMi 
?• Fo^uifjr?».»! 

I     3»M MPS i^« SOUMC   1WMT UfcSlN |M|r/ 

I ^{sssirs?}^^:^^-»*»-« «-«»• «-its/ 

\ 
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n 

SAMPLE PROBLEM #2  -  USER  5;IIPPI rnn  gUBROtrn; 
;ES 

,—.^ÜT""11* *M3   * XLaMm  'Uk',^  !"••  « I 

\ \ 
tßmmmmmtimm 

-_-.-_._-..   ,_  also«  rworai. 

«•"«• /OUR/ ClMt OUM,  SMlt »■•»»^  •HJTWHIZ«! 

*"•■"■"—  ««O  I* b*U OUhf OtC* 
■O J«  I*>1.2*l 

' "^^ «t.I«,«««,«!^! c........ o«« roit own «OT a, jeiM« 

la     MittT ««.iii 

i f, Z^^^r P:"ÄrT ro" ,,,fE,,poLaI,,* M ^ *«OT 

U • ^;/I
,S.:2L•,T,, Ä,,S<W'r,q- «"'CU-TS CO-CSPO«,« TO ^s 

 --*U" ■ «UWIICI 

••     "is no » .fli#scAu. 

^yT.^jSEgy^q.w .«. „ „,. c «, mm     „ 

«■vir IM 

•• FOMWIf lIS.SX.JSEia.«! 

I 

1     \ 

L 
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r 
3SR-40$ 

SAMPLE PROBLFM ,2  -  USE»  ..mp. )cn srorogTIMS 

***<*ni*e l*ttm\ i ILM. muv, isi^ .t*-« I 

c—...... L^THTNI*   ti ^ M^n1!"?!1*^- ;«c«> HEN cuiic iCwr 

C—.••..   f^ciwUL  tCKJIi Mili,>.     mTlf-if!-, ^ "LA*«  IM LOOM. c—:rj'iss,¥,ir» sis« ü^ns^^jr ?* -^ •«» OI^^ION ILAHHi.   1516,1, «W»  I« LMV. 
CO-tOli /CUR/ CUH,   DIM.   SC*L£ 

T ■  <TLO.**»TN|..*l«*.iMMtr 

WHO. . e»»«MIiillIOB».f/«/T,M,,|  . |, 
"I.«.   -  3.7*«bes/X/A/X/X/X/Ki«N 

■ETUHM 
fND 
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ri 
3SR-40S 

n 
S*!S:t^52WJMJ2^J!SE!^^ 

nacric« «I^M f M,, 

gHHH! ^3S5'sSK:s,s.ffÄJr.K5.-isrMW 

..Cii?-;'£,",,,l4,#l,"^J,E,J,,,Ä,*2,l-"'-'-««--«.^i 
e   ^T.?rcKt£'?» «-"»-M« s«., ^ 

«CTi 

■'•7, 

) 
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r 
3SR-405 

I S\MPLE PROBLEM #2 - TEST RUN INPUT 

"ULTIFRCOUFMCT  TEST 
•5       , a.« 

2M • • 
II   FtMCT     .15 
1?  OIMUS   .S 
19 FIMCT ' .•« 

SMCNC  MITN Hot) « 

•• .«2 
-      • 1 

1 
2 

4 
«  MS? 

ItM.     .«9 

TV 

IMt.     .«• t. 
•- 1« •• 
«Ml       l.te.       ■. 
•. l.«l '    t. 

M. 
•  »B.3        *. l.M        1.1 

1 4. •««•••-Ml 
2 4.•/••••-••! 
1 4,••••••-••! 
• 4.•«.••••.••! 
$ .   4.MMt9-MI 
• )    4.IMM«-M1 
f *.le*mm*-m9i 
• 4.14fMf-Ml 
« «.■«••••-••I 

1» 4.|M«««-'MI 
11 4.?•••••-••| 
12 4.??••••-••1 
■ 3 4.?*••••-•• I 
I« «.?M«d»-eai 
15 «.2«M««-Hl 
16 4.3«M««-M1   . 

'it 4.V«Mt-Wl     ' 
>« 4.>•••••-••1 
!• 4.344M9-M1 
2t 4.3HM^^-M1 
21 ••••••••-Ml 
22 4.•?••••.••! 
2S .«.44M«*-M1 
24 4.4»Ma«-«tl ■' 
2% 4.4«M»»-tai 
2* 4.S«M0«-M1 
2T 4.S2MI^>«tl 
2« 4.S*••••-••! ! 
2« 4.S4»«M-H1 
3« 4.SM*Mt-Ml 
31 4.6MMC-MI 
32 4.62C•••-••! 
33 4.44MS0-MI 
34 4.6*««*a>Ml 
M 4.«liMlt-Ml 
34 4.7*«M«-M1 
3' 4.7^Mt«-Ml 
3« 4.T4MM-M1 
3« ' 4.7M0»«-M1 
** 4.7StM*-Ml 
41 4.SflaM»-Ml 
«2 4.UMM-M1 
«3 4.««••••-••! 
«4 4««6««t»-ttl 
•5 «^«••••-••| 
♦* 4«9»MJ*-«*1 
«7 4.«2«Mt-Ml 

•*l*t SmEHIC4L HCFLECTIM 
M.IM. CVLIMWICAL HOtOCNS 
»I"  I^Slot   SfSUH 
OUAMTl L4W> f-vtLO^t 

I. 
i    O-I   tth-g mi»  L«StM CLASS  IK UQO 

t.••••••••■• 
2.IS«4»«-M1 
2 ■7jMt-«*l 
».«2MW-M1 
l.MtVMt-aat 

, 1.^Jo•••-•«i 
l*7k*«ai»-Ml 
l«7»ft4«t-t»l 
l.b    ^••-••| 

l«t)i2ua»>Mi 
l.74*4aa-aai 
l.MVMa-aa^, 
i.4i2«aa-Mi 
l.«2a«aa-aai 
3.4!^«aa«-Ml 
4.«v2»aa-aai 
3«a72a«a-tai 
l*Maa<«8-««3 

l«3a5*aa-a«i 
l.l»2aaa-aai 
l.iS2aM-a«i 
9.2i*aaa-aa2 
l.j»24aa-aai 
l.4>fi2a»-Mi 
l«M9*aa-aai 
2.*73Mt-aai 
2.a4iM»-Mi 

J.araaaa-avi 
3.225Mt-Ml 
j.araaaa-aai 
3.45*aat-aai i 
3.a«a««^-«Vi  t 
4.i472aa-aai 
4.«3a4a»-aai 
4.4S44aa-aai 
4<4S44ar-oai 
4.377M. aai 
3.S4a«« ooi 
3>a72aaa-aai 
|.9V6«oa'eoi 
l«&i«aat-aai 
^ •• J«?«oa-o«i 
l«22asa»-aai 
i.3a56aa-aai 

L 
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n 
3SR-405 

SAMPLE PROBLEM #2 - TEST RUX INPUT 

5T 

»I 

«3 
•* 
M 
M 

»I 
n 

4. 
•■«MMr-Cfl 

il 

S.IMM» MI 
S-I2M**-M| 

S«|*«M*-M1 
»«IMMtA-Ml 

S-22MM-M1 
»•»*—M Ml 
».?MM« MI 
9mtmat§ MI 
S«aMM»-Ml 

».»•«MD-MI 
5-i-»*«»-Ml 
»•«»i«M-Ml 
S>*2«M»-M1 

1>«»«2M4-Mi 
2«*f3*«*^M| 
2>MaM^-Ml 
?.*«••••-•« Il 
-»••»?•••-••! 

••«*2M**MI 
S.M»%M-MI 
T«Mr2M<>««I 
l.aJMMt*M« 
t*2l3*MI*M« 
|.*JMM>»M 
••M«M«-M1 
«-•••—•-♦•! 
l*atJfM*»*» 

!••»•♦••••« 

»'»***M*M» 
1«*2MM«M» 

■I 

■1 

I 

•1 
•2 
*3 
«• 
•5 

. W 

IM 

% 
I« 
IM 
IM 
IM 
laf 
IM 
1W* 
II» 
III 
112 
llJ 
II* 
115 
II« 
117 
11« 
II« 

»«S«MM-«ai 

S.SMM*  MI 

S.MMM-MI 
S.«2ft»»«-Ml 
«•«•••••-•tl 
»«■»^M Ml 
>««**«M-MI 
^*••••••"9#I 
5>72M««-MI 
'• ••P'P©' Ml 
S«2MM» ««| 
S«Tw«««t MI 
S»«««M> MI 
»««2»M« MI 

S.«^M*-M1 
*-«M««#-MI 

S««2M««-MI 
»■«*—« MI 
5.9M99V-MI 
».'»■««««■MI 
*°»M«t«»-»tl 
«»«2««««-«»| 
*.«*>M««-MI 
«.««■M«a-»»| 
«.«»«•••-•11 
«.l««*M-MI 
•■12M«*^««| 
*.IM«»*-M1 
*.|*««M MI 
«•«I"«M*-MI 
*.2«M««-MI 
«.22M«*-M1 
«.2*M«*-MI 
«.2*«M*-MI 

••»■MM-MI 

••«I2M»-MI 
«•22«M»-MI 
2*«I|2M-MI 
uumm MI 
*^I*M»-MZ 
•«MMM-«a2 
••*•»»••-•«; 
S.J'«»a»-M2 
*.««CM«-M2 
••i*«a««-««2 
f.-- 
«■ 

-  1.11 
1. 
3.laT2M«i_. 
«•1*C«M*«M 

«••«««••«M« 
«■M«M«*M« 
».♦IMM»«M 
•<5M«e**tM 
?.IM»M*««« 

«.2/>M««M« 
3. Jr<*■•.••« 
2.*112M*M« 
I.WMM*«M 
l.«2«M««M« 
l.a^2«».M« 
T.MM««-M| 
S.37M*«-M| 
3.»*MM-«a| 
2.*WM*-Ml 
2->22riM-Ml 
I•«>«/»•-•«] 
|.22M«*-M1 
1.2/*Mi*-Ctl 
1.3«2*M ■««! 
|.»J«««C-M| 
1.UM«»-MI 
l«S3MM'M| 
|.S3««M-M| 
l«3«2»«a-M| 
1>3«SM«-M| 

1««'S2««-M| 
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SAM1 PROBLEM *2   -   TEST RUX INPUT 

1?0 *.J-S^fü-0»i 
1?1 «.4*0009'-tOI 
1?? «.4<>9oac-«*i 
I?J 6.446« !i-i-eei 
1?» «.4*aeofi-«ai 
I?5 «.*H«cei-ooi 
I?«. «.5«f«ftO-0*l 
1?T b.5<!0»C«-«Gl 
l?i> «.S*««9C-t01 
IM «.s^srow-ooi 
138 *.S-Ow^;-0«l 
131 «.«.c-o.  -eoi 
13? «.«^»«•ifr-aoi 
133 «.S480ce-eci 
134 «.6«S»je-831 
135 «.««rotfc-eei 
136 «..7srt;>-»oi 
137 ».7<?e»e«-««i 
13* «.7«oeao-sti 
139 «.76r«o»-i*i 
|4t «.7ii3«.ce-a«i 
1*1 «.P37eo»-e«i 
l«2 «.K/1«03-t(l 
1*3 «.•«•e«ä-9oi 
144 «•■»hOCJ-.-SEl 
I4S 6.?-C£ J.-9C1 
|4k «.9««ei><>-a*i 
147 6.9/liaOf—501 
148 6.949e«e-^ai 
149 l>.9»«aBu-331 
ist b.94pa89-eai 
ISI 7.a0cc<>3-oai 
IS7 7.e^9ce'>-eai 
IM 7.a40«o«-eai 
1«* 7.a*owaa-aai 
l«iS 7.8«C090-a91 
IS« 7.iaaa4e-aai 
157 7.i<aaae-aai 
IS« 7.i4«6aa-ati 
1S9 7.inaaaa-eei 
I «9 7.iHaeei-oei 
IM 7.?CC839-a«l 
I*? 7.22ccoc-aai 
IS3 7.2*oec&-OSl 
1*4       ■ 7.2xaaaa-aai 
1*5 7.2<*a»i>«-«ai 
IS« 7.3aceed-aai 
I«7 7.32a«a»-9ei 
l«9 7.34a»8li-eai 
IS9 7.3soeo3-a«i 
170 7.3HOv9a-001 
171 7.4«ecac-aoi 
17? 7.420688-3C1 
173 7.4*9ifg«-aoi 
174 7.*6!Ca3-8CJ 
175 7.4(iai>b0>a«i 

9.£16«a8-8*? 
«•»♦ecee-ao? 
7.6ba«ag-a9? 
T^baaaaa-aia 
7.««ta8aa-a82 
«•«izaaa-aaz 
«•912il8a-t#2 
»•«I298a'a«2 
«•vizaaa-aa? 
«•912«8a-«ti2 
r.«ac««8-8v2 
7.«ae«»a-aa2 
7.6(>908S-«^ 
7.««aaak-a82 
7.»aa«aa-a*2 
9.21(888-842 
I.22fäai-8ei 
l«4»92i>«-S8l 
l.bJ«d8C-JSl 
2.»/3b«8«a«| 
2.Ja488a-a«i 
2.ttii2ae-eoi 
2.««5288-aa| 
3.4r>«a8a-a8i 
3.225»«»-a81 
2.B4ib«a-a8i 
2.Ja4eB9-68| 
l«5j«88(i-aBi 
1.132888-981 
«.«12888-842 
••912M88-842 
3.848888-882 
4.988848-882 
4.b88«88-8«2 
4.«88888-892 
4.«88088-842 
4.b8e88S-8<>2 
«.«88888-892 
5.37«8B«-882 
«.144888-882 
«.144«88-8v2 
7.bao««8-892 
9.2l«640-8w2 
1.385088-801 
1.9^8488-881 
2.B41b88-88I 
3.848888-801 
«.912888-801 
1.3824e8*|)C8 
2.384888.808 
3.«89b«6.B<!8 
3.«32b4e*8C9 
3.7«3^8e«8a9 
3.«89»C8*808 
3l«488e8*808 
«.978488*888 

3SR-405 

i. ■ \ 
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SAMPLE  PROBLEM  #2   -   TEST  RVS  INPUT 

3SR-405 

IT* 
177 
I»» 

!••• 
Ill 
I«? 
1*3 
I** 
IKS 

mr 
IM 
t*» 
19« 
l«l 
19? 
I»3 
19* 
I9S 
IM 
1*7 
19S 
199 
7M 
291 
?97 
?93 
?«4 
?«S 
796 
?97 
299 
299 
219 
211 
212 
213 
219 
21S 
216 
217 
21" 
219 
22» 
221 
222 
223 
22* 
225 
22* 
227 
22« 
229 
239 
211 
232 
233 
234 
235 
23S 
237 
239 
239 

T.5>C(v>-cei 

7.59963S-fl*l 
7.5«>»ftjr-:ei 
r.s-9»(i,-aei 
7.6«**»»-e9t 
7.62««a0-99| 
7.b«99a«-9ei 
7.M>9Se»-9ei 
7.fc-««Si«-991 
7.7fc0t0*-9ei 
T.7<?e99#-99l 
7.T*a9tB-991 
T.7»t9«9-Ml 
7.7"6»S}-991 
7.M9C99-99I 
7.»^0i.9i—BOl 
7.e*»bCb-esii 
7.Mtr»S-0«l 
7.««otv5-cei 
7.9«99S«i-3ei 
7.929999-9*1 
7.9*9999-«ai 
7.9<>999P-991 
7.9ice9«-991 
S.999999-991 
9.9^99»9-9Bl 
8.9**»9«-9ei 
e.fyCi. .c-oci 
•.t««r .«8-901 
•.|99i«»-991 
«.l<r99«0-991 
e.i»9t«c-c5i 
ft.l»9CD<;-9ai 
9.1H«C0J-9»1 
S.?«e994-99I 
9.22099'—OCl 
«.2*3999-001 
r.2»0a90-0*l 
S.2110099-901 
a.3»*990-oei 
•.32oee!-coi 
e.3««c3tf-ft»i 
■ .3t>0009-0*l 
•.3'«0090-e01 
n.**eoo»-ooi 
8.*200ni- .ICl 
S.**9009-«*l 
8.«*090(t-901 
■.*HOO0O-e01 
■.500C09-991 
• .520*00-991 
•.5*9990-901 
8.5»990a-90I 
8.519C09-ÜOI 
B.t,*et»i-oai 
•.620*00-901 
•.6**oso-eoi 
•.6»909*-90I 
•.64009C-0ei 
•.7a9*9»-9ei 
•.7200C9-90I 
■•7*i9»*-«01 
• .T«><)l>:-991 

*.I«72*0*0«« 

2.9«5<f*0oc:'0 
2.5344(iO*Ot.8 
i.e<3^«0*000 
l.J*4*09*0*0 
1.07S^**.040 
7.e8*000-0*l 
*.I««»*9-0CI 
• .tt9ai**0-9«l 
3.*«6««9-0*I 
3.072900-0*1 
3.072**0-0«1 
3.*72*0».04I 
3.2256*0-0»! 
3.9*0<*0-*01 
•.608*89-001 
6.1*40*9-091 
7.660<liO-0«l 
l.OJCddO'Oi* 
I.J05»9**OSO 
l.ro64*0*0(0 
2.3*4**0*a0* 
2.9V5^***eM 
3.*56**0«010 
3.8*16***099 
3.9l69***0i>9 
*.3939*9.e«0 
6.2M289*0g0 
6.1a2«*0*OCiO 
«.7616*9*0*9 
3.41TciO9*0Q0 
2.6a6*00*0*0 
1.9y6«00*0a0 
1.5J6*00*9<>0 
1.22«a*0*geo 
l.07;^iio*oeo 
e.CiJ. .-*0-Oal 
7.<:»!:.»e-OJl 
5.37(009-941 
*.2^«009-001 
3.*»6000-09I 
2 •> «57600-001 
1.76«**0-001 
l.Ja2***-0*l 
1.3d2«*9-0*l 
1.3*2*09-061 
1.362*«0-OCI 
1.3*2*99-0*1 
1.3*2*M-0*| 
l.*5V2*0-0ei 
1.536909-09I 
I.6d9»*0-Ov| 
2.i»e«oo-eci 
3.225b00-0Sl 
*.224**o-Oe| 
5.9y6**0-0«| 
7.**96*0-e'}I 
9.216000-01(1 
9«6ti0000-0»| 
9.6«e«*0-0»| 
9.676980-891 
l.*J«»iift*0^8 
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3SR-405 

SAM PL I:  PROBLEM x 7 TEST RUN INPUT 

1*9 
?«I 
?•? 
?*3 
?♦* 
?*5 
/•ft 
?47 
?4* 
?49 
?5« 
?M 
m 
?S3 

?«• 

I 

3 
4 
S 
6 
T 

9 
10 
II 
i? 
13 
I» 
IS 

? 
3 
* 
5 
* 
r 
a 

it 
n 
12 
13 
I* 
IS 
•6 
I? 
18 
19 
?f 

?? 
?3 

I 

«•7iC*vO-Otl 
«l.9CI8b«9-eei 
■••/rCCj-BJI 

a.909e*i-s»i 
a.q/qijw-e:] 
a.9«oooa-cti 
B.«M>0ä>3a-0SI 
».s~cü03-ati 
«.•oooeu-cfi 
9.M<)9a»-toi 
*.Meaao-»?i 

9.i"0C6»-CCl 
«.Itecoo.ed 
9.i2»ee3.s9t 
v.i*oi»a-o2i 
«.i*ot«o-aoi 
9.j^oo«o-6ai 
9.?0t9«0-901 

II   SI>«taL   .(01 
? <n.»»e 

1   »L»»E 
II   CTLIM) 
II   CTLIM) 
3 CtLIW) 
3 CTLIkO 
3 CTLIMD 

I? »L»KC 
I   "lAfcE 

13 PLÄKC 
I   Pt«».E     I. 
1   CTLIMD 

-••1 
.•01 

I 
3 
3 
3 
2 
2 
* 
« 
5 
6 
6 
a 
6 
6 
6 
a 
a 
a 
a 
a 
a 
a 
a 

l 
2 
2 
2 
2       -3 
2       -3 

-3 -♦ 
-3 -♦ 
-3 -* 
-3 S 
-3        -4 

S 
S 

12 
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5r,R--;o; 

SAMPLE PIOBLEM ^2 - TEST RUN INPUT 

2 a « 
s t 
T ■ 

II 11 
H 

\z 13 
in 1« 
16 IT 
i« 15 
?2 ?3 
2% 71 

1   VOLIFC   INTChl 

i 9       1     St« -l.S         -.5 •■«!          .S .««1         *. 

1 1 I*. la. I*. 
-I 1   *«. M> M. 

2 % i. 3. 3. 
-2 « ?. -3. 3. 

3 1   .3 1. S.3 
♦ 1  ?. .1. 3. 
5 1   1.1 .    .3 ».2 
6 1  -.» .2 S.3 
7 t  1.2 .1 2.4 
« 1   -1.4 .4 4. 
« I  -.6 .2 .1 

1» «   .9 .4 3. 
11 I  1.3 .3 2. 
12 •   1.1 .4 4. 
13 •   .9 .1 3. 
14 1    .« .2 4. 
15 I   .7 .3 3. 
16 1   1.2 .2 4. 
17 1 1.3 .3 3. 
1« t 1.2 .2 2. 
19 • .8 .4 1. 
29 1 .7 .1 2. 
71 I   .6 .2 1. 
22 1  1.3 .1 2. 
23 1   1.4 .2 1. 

-*. -.S            .91 *. -.S            .•!            -«.             6.               .U 
-*. .91            -.5 6. .91            »,S            -9.             .el             9. 
-1.7 .91             4. 1.6 .91             4.                -1.7           .«1              6. 
•49 -.05          .91 1.S5 -.65          .91             .4b             .55            .«1 
-1.65 -.1             .91 -.35 -.1             .91            -1.65        .65            .«1 
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SAMPLr:_PROBLEM  *2   -   TESTRHV OUTPUT 

■W-Tirarftjf^jy TE$T ^ 
$»»C»C WITH MOO MO 

■OACTTr rmteriomm   s.Mtt.Mi 

■•T m^iT e»Tl©N- a 
»^•US  KlfNT  OVTICV. . 
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APPENDIX A 

A.l  HELIX 

A.1.1  IntroJuction 

This Appendix describes the procedure that is followed 

for finding the intersections of a ray with a helical pipe. 

Two related procedures for determining whether a given point 

is inside or outside of a given helical pipe and for determin- 

ing the normal to a helical pipe at a given point on its sur- 

face are also discussed. 

A. 1.1.1  Notation and Conventions 

The region R of interest in which the helical pipe 

lies has a fixed coordinate system.  An equation like 

V = [x,y,z] means that V is a vector* with components x,y, 

and z.  Vectors will be used to represent points, line segments, 

displacements of points and directions within the region R. 

The length of Y is denoted by |^i.  |[x,y,z]| = (x^+y^+z^)"5. 

Curves will be represented in parametric form.  For example, 

if P = [x,y,z] and D = [a,£,Y] is a direction (in which case 

a2*52+Y2 = 1), then t(s) = ?+sÖ = Ix,y,z] ♦ s[a,8,Y] = 

[x+as, y+6s, z+ys] is the line through P in the direction of 

D.  More precisely,^it is the point on the line that is a 

distance s from the point P.  Similarly 5(9) = [x+pcosO, 

y+psinr, z+<9] is a helix with axis parallel to the z-axis 

and passing through the point [x,y,z].  (More properties of 

the helix will be given in the following sectiorfs, particularly, 

the next.) 

* 
The notation used is essentially that of Louis Brand, Vector 
Analysis, h'iley & Sons (1957) except that he uses hold face 
type instead of the arrow to denote vectors. 
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Surfaces will be represented in two ways:  by parametric 

formulas and by locus equations.  For exar.ple, the plane pass- 

ing through the three points PQ, ^, and ?2 is given by the 
parametric fornula 

nu,v) = P0 + uf^-^) ♦ v(?2-?0) (A.!) 

or the equation* 

o » (?-?0) . (^.g x (?2.?o) (A 2) 

which is satisfied by just those points that lie on the plane 
and no others. 

A.1.2  The Helix 

A paranetric fornula for a helix was given in A.1.1.1. 

With the addition of a subscript h on sone of the tercs, it 

is the one that will be used consistently in all that follows, 
viz. 

H(e) = |xh + pcos9.yh * psin5.-h ♦ K5J .       ^.33 

The axis of the helix is parallel to the r-axis and passes 

through the point Ph = [-\0'h,-h].  The radius of the circular 

cylinder on which the helix is wrapped is z.     The pitch of the 

helix is 2-<, the distance traveled in the z  direction per 

revolution.  The helix is right-handed if <>0. The parameter 

6 represents the angle of rotation required to move fron the 

point 1^(0) = Ixh + c,yh,2h] to the point K(e). 

See Brand, §10 and 11 for definitions of scalar (dot) ard 
vector (cross) products. 

AZ 
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A. 1.2.1  Tangent 

The tangent* t(5) to the helix at the point Ä(e) is 

found by differention: 

tW -  |j Bfe) 

« [-psin 6, pcos 6, K] 

(A. 4) 

The length of t(e) is the distance the point H(6) moves along 

the helix whence increases by 1.  The unit tangent 

^(e) = t(6)/(p * K2)^ is the unit vector in the direction of 

the tangen..  It is the direction of the line tangent to the 

helix atJUr), so the parametric form for the tangent line is 

H(e) + sT(ä) where s, not 9, is the parameter. 

A. 1.2.2  Principal Normal 

The principal norr.al** to a curve at any point is the 

direction from that point to the center of curvature.  It is 

perpendicular to the tangent.  It may be found by differen- 

tiating the tangent once again.  Since dr(9)/de = [-pcos 9, 

M)sin 9. 0], which has length p, the principal normal is 

NO) = [cos 9,-sin 9. 0].  It is always perpendicular to the 

Z-axis as well as to t(e) and it points from H(9) toward the 

axis of the helix. 

** 

See Brand, §27. 

Brand, §29. 
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The radius of curvature of the helix is given bi 

Pr-     = 

dH(5) 
de 

dZfi(6) 

de' 

= P < /P      , (A.5j 

vhich can be worked out by straightforward algebra and differ- 
entiation. 

The binormal of a curve is the direction perpendicular 

to the tangent and the principal normal which nay be deter- 

mined by taking the vector product of those directions.  In 

our case, the binormal is given by 

MC3) = f(e) x .^(e) 

=  [icsin  6,   -<cos   e.p1!  /h2*<2\ (A.6) 

A.1.3 The Helical P ipe 

The surface that we must deal with is, loosely 

speaking, a circular cylinder whose axis is a helix which is 

to say that a plane perpendicular to the helix at some point 

P, cuts the surface in the immediate vicinity of P, in a 
. . -*■ a 

circle with center Ph and radius a.  A parametric formula for 
the surface can be given as 

Q(5,({>) = 0(6) + a cos $ ^(5)+a sin $ M(6) 

= |Xh + p COS e ' a cos ^ cos 5 + <a sin i   sin 6/ 

2  2 h 
(p +< J  • yh + p sin 5 ' a cos t sin 9 " Ka  sin * cos 6/ 

/ 2  2» i 2  •> ^1 
(P +< )   ,  zh + KS + pa sin ^/(p +<" ) |  • 

A4 
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Notice that when c=C the fornula reduces to one for a circul 

cylinder of radius a and if <=0 it reduces to one.for a torus 
ar 

A.1.4  The Ray and the Helical Pipe 

The origin of the ray will always be denoted by 
?0 ' Ix0,y0,20] and its direction by D = [a,S,Y] where, of 
course, a2+52-Y2 = 1.  Ke will always use P(s) = ? +s5 

-i.xQ*s~>yQ+i'Z,zQ+sy]   as the parametric fonula for the ray 

where s denotes the distance from P0 to ?(s).  Since P  is 

the origin of the ray, s>0 for points of the ray. 

Let b denote the distance between the axis of the helix 

and line of the ray and let P(sb) (it is possible that sb<0) 

be the point which is closest to the axis.  Since 5 is per- 

pendicular to the shortest line joining P(sb) to the axis, we 

must have aCx^-s^) ♦ 5(>V>Vsb3) = 0-  Therefore 

Sb = [a(Vx0) 
+ S(>'h-y0)]/(a

2
+S
2) (A.7) 

and 

1,2 MVW)2 + (>'h->'0-Sb£)2  • (A-8) 

As we soon will see. it is important to know whether 

the ray passes the axis- on the right or left.  The ray passes 

the axis on the right if and only if the three vectors PQ-t   , 

D and  <  form a basis for a right-handed coordinate system h' 
vhich^ in turn, is true if and only if the triple product 
0 = ^O'^'^ x ^ is positive.  But 

D x k = h.a.y] x 10.0,1] = [£f-a.0]   ,        (A.9) 

A5 
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and hence 

= [Xo-Xh'>'0->'n'20-Zh]* l£'-a'0] (A-10)   * 

(xo-xh^ ' M^-yJ   • = £ 

The magnitude, as well as the sign, of o is significant 

Notice that D x 1c, being perpendicular to both D and k, is 

parallel to the shortest segaent joining P, + sk (the axis) 

to ?0
+sÖ (the ray).  Hence, b must be the length of the pro- 

jection of PQ-^J. on D * ic, , 

b _ i(V?h) -g^: _   ^i 

A.1.5 The Turns of the Helix 

When the ray and the axis of the helix are skew, there 

is a unique plane Z    contar^ing the ray which is parallel to 

the axis.  Consider, then, the half-plane extending away fron 

the ray in a direction perpendicular to 11 and having the axis 

as boundary.  This half-plane cuts the helix into a seriies of 

individual loops, that we will call turns, whose endpoints are 

as far as possible from the plane 11 .  The turns are arcs of 

the helix H(3) corresponding to intervals v t ~  —  ~n+l K^ere 

■Vn = ^0+2nr, and \ 

*™ VQ 
= (>V>V5sJ/b (A-12) 

cos v0 = lxh'x0":isb)/b (A-13) 

Ab 
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The vector (cos ^0, sin ^Q.O] is parallel to the short- 

est segment joining the axis to the ray, which is perpendicular 
to D.  Therefore 

acos v0 
+ ßsin «0 = P (A.14) 

A.1.6  The Sequence of the Turns 

The basis of the plan that is used for finding the 

first intersection is a procedure for calculating the inter- 

sections of a line with one turn of the helical pipe.  For 

the sake of efficiency, it is desirable to know the order in 

which the turns are encountered by a point as it gravels 

along the ray.  The present section is devoted to the descrip- 

tion of a method for plotting rays that is well-designed to 
illustrate how they proceed from turn to turn. 

To see hov; the plot may be generated, consider a half- 

plane that is bounded on its edge by the axis of the helix 

and which cuts the ray at sorie point and let a curve be 

traced out on the half-plane by the cut-point as the half- 

plane rotates about its edge and the point travels along the 
ray. 

Let r(s) be the distance from the axis to P(s).  Then, 

rCs) = ((x0 + as-xj
2 + (y0 + Bs-yJ

2) (A.15) 

= (b2.;2
(s-sb)

2f 

Let wCs) be the distance from P(s) to the half-plane that 

passes through PCs,). 

A7 
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Then 

w(s) = p(s-sb) (A.16) 

where 

/ 2 2\^ 
V =  (a += }    sgn(a) (A.17) 

i.e., p is the length of the projection of D on the plane 

2=0 and it is positive iif the ray passes the axis on the 

right as it does in Fig. A.2.  It follows from Eqs. (A.10) 
and (A.11) that 

li  » o/b (A.18) 

Finally, let 

*(s) = arctan w(s)/b CA.19) 

and 
V, 

Z*(S) = YS <^(s) (A.20) 

The significance of ?(s) is shown in Fig. A.2.  It is the 

angle tfcat the plane through P(s) makes with the plane 

through P(sb).  The sign of v  in Eq. (A-'l?) üzs  selected-so ' 

that $ and 9 are both measured in the right-hkded or counter- 

clockwise sense.  The purpose of tCs) is to prbvide the tern 

K(5>(s) in Eq. (A.20) which compensates for the lise (or fall) 

of the helix as the point on the ray passes thj axis.  Tbus^ 

2*(s) represents the height of PCs) above^^l^Tthat rises 

with the helix.  The desired plot^^then^ is g/nerated by a 

point having r(s) as^MPdlnate and z*(s) as^bscissa.  On this 

plot, the turns/of the helix appear as fi^ed points with 

coordinat   (rn,2* ) where r =c and :* 
"  n        n        n ♦ <C-0+C2n^l)-) 

AS 
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Fifure A.2 Another top view of 

X directior 

the helix and ray. 
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The equation of the trace of the ray is obtained by 

eliminating s from Eqs. (A. 15) and (A.20).  Khen ic=0 the 

result is 

(^)   (k) =1 lA-21) 

where z. = z0
+ s., so that the trace is a hyperbola whose 

center has coordinates z* = z, and r = 0.  The effect of k / 0 

depends on the relative values of <y/Y and b.  If ICII/Y
<
0 then 

the~ray |joes counter to the helix and the hyperbola is 

stretched by the amount TTK, the distance the helix rises dur- 

ing a half-turn.  In this case, the ray meets the turns of 

the helical pipe in their natural sequence. 

If icy/Y>0 than  the ray and the helix both rise or both 
fall and if the magnitude of K  is large enough so that K\i/y>h 
then helix rises or falls faster than the ray while the ray is 

close to the axis; the hyperbola is compressed by TK  and a 

loop forms. 

To verify this fact, observe that 

dz*(s)/ds = Y - -vj ^ 2 
/(s-sj2 ♦ b2 

which changes sign if <y/Y>b at s=sb+X where 

(A.22) 

All 

/ 
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Khen 0<icy/Y<b, the hyperbola is still conpressed by -< but 

not enough to fern a loop. 

Figure A.3 shows examples of the three types of 

traces that rays nay have.  The traces of the turns of the 

helical pipe are more or less elliptical.  It is seen that 

when <ii/y<ht  the ray intersects the turns consecutively, each 

one at most  twice.  Khen b<»cjj/Y, all turns except the two 

nearest z*-z,   are still passed in natural sequence and each 

is intersected at most twice.  On the othtr hand, the two 

exceptional turns (i.e., the two with z*  nearest -u)i may 

both be intersected four tines by a ray whose trace resembles 

the one pictured in Figure A.3. 

A-1.7 Numbering the Turns 

The strategy that is used to find the first intersec- 

tion of a ray with a helical pipe is to determine the sequence 

in which the ray approaches successive turns and then to 

examine the turns in that sequence to find the first that is 

actually intersected.  In implementing this strategy, the 

turns are assigned ordinal numbers as follows. 

/ Let 

v = 2Tsgn(<Y) n " v0 
nv 

j where 
i ■ i 

cos -o = (>V>V-sb)/b 

and 

sin 'o = (>Vso-asb)/b 

Then, turn n is the turn for which VJ <=<„  - n   n+l 

\ 

/ 
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Figure A. 3  Traces of typica: rays:  1) Kv/y<Q,     2) Q<Kvh<h' 
3} b<icu'Y, 4) ray with 8 intersections 
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This definition of the number  of a turn differs from 
that of Al.5 in that here we require that the sign of v 

agree vith thax of ty.     This has the pleasant effect of insur- 
ing that n will increase as s increases (except for that 

segnent of the ray corresponding to a loop in the trace).  In 

order to give precision to the above statement, the function 

n(s) is defined to be the number of the loop that is closest 

to the point £(S) = ?0 + sÖ.  The value of n which is assigned 

to points midway between turns is unimportant since such 

points are necessarily exterior to the helical pipe. 

A.1.8 Seven Special Points on a Ray 

There are certain points on a ray that are special 

enough to receive specific names.  They are listed below 

together with a formula for the value s at which the point 

is attained.  When the value of s for some special point on 

a particular iray is negative or complex, it means that that 
point does not occur.  The points are 

P«, ihe origin of the ray.  s0 = 0 

PL the point where the ray enters the cylinder 

that encloses the pipe.  Sj = sb - V(p+a)2-l 

If b>p+a, the ray does not penetrate the 
cylinder. 

2,  the point where the ray enters the cylinder 

j on which the pipe is wrapped. 

s2 = sb - VCp-a}2+b2.  If b>p-a, the ray 

does not penetrate the inner cylinder. 

P3, the point where the ray emerges fron the 
inner cylinder, s3 = sb * V(Pra)

2+b 
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that 

■V  the point where the ray e«rges fron the 
outer cylinder. s4 - % . ifl^y^T 

PS.  the point where the ray reaches the botto. 

of the loop i„ Us trace. ss . s.n. There 
is no loop if x  is conplex. 

V  the point where the ray reaches the top of 
the loop in its trace,  s = s -1. 

Sl - S2 1 s3 1 s4 » S5 is6 

nl ^ n2 1 n3 1 n4 » n 1 « 

whenever the indicated quantities are real. 

The subroutine IXTHEL which we consider next is 

s-aix.  it will be observed that when n >«  »t. 

;::.:::"::.::.:■■::::"•■'—•:— -";"=- 

A'1"9 I^^iHHEg fron j^n t ^o_a_Une 

The distance fron the point P - fv   i 
fCs) = ?n+s5 = rx+;is  v+aQ  

P "' P " [X'y'z]   to ^e line 
= 0  i e  th 

y       '   Z+yS]   iS  attai"ed where D.(tCs)-^ 
0. i.e.. the segment that joing ? to the closest point on 

t ^s perpendicular to the line.  If s=s  at th'   
P01nt 0n r s sin at that point, then 

s = m 
5-(?„-?) 
D-Ö 

= a(X0-X) + S(y0-y) ♦ Y(2o.2) 

Al 5 



--.-, 

. J 

■ ! 

3SR-405 

and the distance from the point to the line is 

d" h + -v-)2 + (xo + **n-y)2 * (z0 + Ysa.z)^     (A.25} 

A.1.10  The Distance from a Point to a Turn 

It is often necessary to determine the distance fron 
a given point to a given turn of the helix.  The distance 

from P = [x.y.z] to Ü(e) is easily verified to be (20* where 

G « %(x-xh- cos 9)2 + h(Y^.  sin 6)2 + ,(2.VK0)2     CA 26) 

A change of 6 will reduce the distance if it will reduce G 

The  distance will be a minimum when dG/d9 = 0 and d2G/d62>0 
The first two derivatives of B turn out to be 

dG        i 
de = Psxn e(x-xh-pcos e) - pcos e(y-yh-psin e) - <(2-zh-<5) 

(x-sh) - pcos e(y-yh)- .(z-z^.e) (A.27) 
= psm e 

d2G 

TIT 
• pcos Blx-x (x-xh) + psin e(y-yh) + K

2     . 

The problem reduces to that of finding the nearest root of 

dG/d9. A given estimate of the 9 of the closest point is 
improved using Newton's method .hich is to set 

dG 
9   = 9- ?§- 

d2G   '   , CA-28' 

do1 

It is well-known that Newton's method can fail and the present 

application is no exception.  The trouble arises when 

d G/dO <0 which usually causes a maximum rather than a ninimu. 
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to be approached.  The proble. is overco« by settin, 
enev = 8-sgn(dG/d9) whenever d2G/de2<0 i e  bv „, 
radian toward the «nlM. 0 • ^ - • • by «»«g one 

to the The.qUeSti0n 0f •h" to "op this iterative approach o the minlmm  cannot be „„„^ oiit of       „/^„l" 

^rrtLr"to be"— -"—- • --- 
Alll The Inside of the Pipe 

in J "  " OUtSlde the P1""-  n« Point f is 
rns de or outside the pipe.  The point i  is inside if its 
drs ance fro. the helix is iess than a.  Ttis assertion 

follows fro. the definition of the surface of the pipe which 
accords to the parai.etric ^^ ^ ^ £  P  htch, 

of those po.nts lying It . distance . ^ ^^ts   . 

the proble« reduces to finding the distance fro. t  to T 
helix. 1C 

The first step in the procedure for finding the 
distance xs to find the values of 9 for those points where the 
he r, intersects the half-pla„e that ls „„^J ^telll 
and contains the point t.     These 9-values are 

"n ' "^ly-Xh' »-«h) * 2""  • (A.29) 

The value of n which .i„iniZes   |f-H(en)|   is the one  that 
Mni«zes   |z-th.K8| Bhich is>  in turn» 

„ . M^h^O        1 
(A.30) 

where [xj denotes the greatest integer that is not greater 
than x.  Caution:  in FORTRAN, INT(x) - UM when x<0. 
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of Al  lflS^£ ilC>)  " a StartinS P"".  - P-cedure  like  that 
of Al.10 xs used to search  for the closest point with  the 
refinement of a quadratic  terra.     Thus 

d3G 
—T " -ps; 
de"3 

sine(x-xh) + pcos e(y-yj ^3,3 

and we write 

0 = If + (e   -e)^£ ♦ i6new-e)_ d3G dö   v new ITTJ —r 
de     2    de3 

3 (A.32) 

Writing G'. G". G- for the successive derivatives of G and 5 
for enewe* we «et 

= ^G" *  ((G"l2 - 2G'G"-)ls 

2G'" l*»' 35} 

((G")2 - 2G'G'")!s 

a^Inrth ^ WhiCh ^ 0btailied ^ the firSt b>' "t'ion- 
alxzxng the numerator, is preferred, especially when G'" is 

nie iteration may well be stopped when Is|<.01 because 

the error will be less than a(l-cos5) < .SxlO'V 

The method tails for points on the axis but these 

pomts are outside the pipe because a<p. 

i 
/ 
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A-1-12  The Distance from the Ray to a Turn 

A ray approaches every turn at least once and never 

more than twice.  If it approaches turn n at two pcints  9 

and eb then ea and ^ will be separated by a + i^, the'aid- 
point of the turn 

The procedure for finding where and how often a par- 

ticular turn approaches a ray is a combinatioji of tiwOmiques 

.described above.  First, the point B1 ~ **hv  is selected. 
The equation (A.24) is used to find the point on the 

closest to H(3).  Let its parameter be called s(0 ).  .,_ 

method discussed in Al.10 is applied to find a e2 such that 

HCe2) is closer to PCsO^I than ^(0^ and then s(e ) is 

calculated.  The process is repeated until a convergence 

criterion is satisfied. When the procedure was first designed 

the plan was to apply just one step of the algorithm described 

m Al.10 per iteration but certain test cases showed signs 

of instability.  The dynamics of the instability are not 

understood but it was found that repeating the algorithm 
Untl1 Kew"6^-01 vas sufficient to damp the oscillations. 

rav 

Next the 

The whole procedure is repeated with 9, = ^  + lv 

When the ray approaches the turn on both sides of ? *hi   'the 

points of closest appfoach are found with an accuracy of 

better than .01 in 6.  If the ray approaches the turn on only 

one side, the procedure on both sides will usually converge 

to that point but occasionally , when S, is set to the "wrong" 

side, xt will drift around the back of the helix to an adjacent 
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A. 1.13 Finding the Intersections 

If a ray is found to be within a distance a of a turn at 

a point where it is closest, it can be inferred that it inter- 

sects that turn.  Two procedures are used for localising 

intersections, one is used if [B-f(9)|<0.3f else the other is 
used. 

In case ID-TXS)|<0.3. a first approxination to the 

location of the intersections is made by calculating the inter- 

section of the/ray iith a circular cylinder of radius a and 
axis through ifa) in the direction f(5).  if c is the distance 

fro. fl(e) to ihe ray  then the intersection of the ray with 
the cylinder will be at c(.Q)*Ls  where 

As - fVc*  ) 
CA.34) 

J Hie first approxinations to the intersections of the 
ray with the turn of pipe are further refined.  Let P 

'Va^a1 denote one "f the first approximants . The pro- 
cedure begins with, the application of Al. 10 to determne the 
e correspond:ng to the point on the helix that is closest to 

the point Pa. Then  the closer intersection of; the rav to the 

tangent cylinder at the new 9 is deternined. The equations 

used are discussed below, first, the equatiori of the cylinder 

|f-B(e)|2.a2~* (f-Bcsj) .fCe) 2        (A35) 

Next, we substitute f^uS for P m Eq.   (A.35)  and solve for 
u, which yields 

u2(l-(D.f)2)   ♦  2uÖ.(Pa-n) iV^i2 - -2 = o (A.56) 

■ 
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or 

u = a2 -c2 

.(l * (xMS-c2)/»*)"} 
(A.37) 

where 

.2   .HK -..2 c = IPQ
0

!  . d - 1 - (0.f)2 , b = ff.(? -fi) 

and f-(P0-fi) - 0 (because the segment Joining ?0 to the helix 

at H is perpendicular to the tangent T). 

Then s+u is substituted for s and 6 is further refined. 

If the change in 6 is less than .01, the current value of s 

is accepted, else another step is taken. 

When |D-TJ>.7, the approximation in Eq. (A.3S) will 

often yield such poor accuracy that the refinement technique 

fails.  For that reason, an entirely different aethod is used 

when |i$.f| is large.  The criterion for the alternate «ethod 
is |i5-f|>.3. 

In the beginning of this section, s(6) waV defined to 

be the value of the parameter of the point on the ray closest 

to H(e).  We now define a new point on the ray to be associated 

with 6; and that is the point where the ray intersects the 

plane n(9) that is normal to f(6) and is cut by the helix at 

0(9).  The equation for n(9) 

P-f(9) = Ü(9)-f(e) (A.38) 
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substituting F0*sÖ for ? in Eq. (A.38) yields an equation in 

s, the parameter of the desired point: 

(x0+as)('psin e^ * (y0
+Ss)pcos e + (Z0

+
YS)< 

■ (^P005 e) C-Psin 9) + (y0*psin 9 

Denoting the solution by s (9). we get 

jpcos  8  +   (zh+  K5)IC 

spCe) K'^o)c'psin 8> * (jvyoli!^e * (vv,cB)' 
-apsin 6  +  Spcos  B * ytz 

(A.39) 

Ü 

Note that the denoninator of tiie ^HS of Eq. (A.39) is 

(p *K  ) D-f, aaking sp(0) large when Ö-f is soall.  The impor- 

tant thing about the point £(s (9)) ip that 0(3) is locally 

the closest point on the helix.  Therefore, ?(s (6)) is a 

point of intersection if the distance |?(s (9))-H(5)I " a. 

Let B(e) be defined as 

B(9) = is(x0+as (9) - xh - pcos e)' 

%(y0*ßs C9) - yh - psin 9): 
(A.40) 

h(z0*ys W -  zh - <6j: 

or, in vector notation, B(9) = %!P(sp(5))-H(6)j
2 or, in vords, 

half the square of the distance from ?(s (6)) to fi(e).  Thus 

the problem of finding intersections reduces to that of solv- 
ing the equation 

B(6) = |- (A.41) 
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«hen |i5.f(9)|«a. Eq. (A.41) is hard to solve because BCe) 
becOBes     large .„ the ^.^  of ^ ^^ ^ 

the cylxnder approxi.atio„ is employed in such cases. 

A-114 Finding the Roots of Bf9) = a2/? 

*U,A*    ^J™^  0f findin« the roots of Eq. (A.41) involves 
dB/d . lch   denote by B' . as well as B itself. ^ fo^ 
B follows from Eq. (A.  ); 

B 

where 

'W ■ (v^pW - V'« »1 («;C9) ♦ osin e) 

* {yo*ispW   ■  yh-P"n 9)(3s^e) - pcos e)   \  (A.42) 

I 

s^ce) - (nr-M,.)/^ (A 43) 

N ' (^^o)(-""-' 6) ♦ (yh-y0) pcos ?        (A.44) 

N, = (Xh-Xo)(-Pcos 9) *  (yh-y0)(-psin 6) * <2      (A.45) 

D - -apsin 9 + Spcos 9 ♦ Y« (A.46) 

D' = -apcos 9 - 0p Si,j 9 (A.47) 

ah« .  ^e
i
Pr

i
OCedu^ is to «««ine B(9) and B'(9) at steps of 

root   L     8 '" interValS that night COntain - or more 
roots.  Khen a change in the sign of B(9)-a2/2 is observed 

between the endpoints of an interval, a rather ordinary root 
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:ioii  of finder is evolved to find the location of the locatlot, of the 

B(ej-a /2 w.n occnr only when a single root lies within the 

tnterva .  Two indicators are used to detect the occurrence 
of double rootsT The first is a sign changd in B'.  ,f „■ 
changes sign as an interval is traversed. Jen an extrenun In 
B-ust occur w.thin the interval. The extre-u, is ig„ored lf 

is ereat  «   f dlreCti0n' **■  » " is a «rinun and B 

is Lth    r I'*  " ^ end-oi»ts- But if the extrenun 
is xn the „ght direction, a linear interpolation of B- is 
applted to provide an estate of 6 at the extre,e point.  ,f 

Ex. on the other side of a*/2 at thM.ti-ated extreme point 
then two roots are hracheted .nd the root-finder is called  ' 
forth for each. Otherwise, the reduction of |B-a2/2| is con- 
puted and if it is reduced by „ore than 1/2 th. ■ V  , -, .     , 7 murv  tnan i/z    the interpolation 
xs repeated, if not. the interval is abandoned. 

The second indicator of a double root is used to detect 
intervals m wbteh a double sign change of B' has occOrSS'"* "' 

JiL3!^™r~tosus.ust*4*i*... --,  ~- 
\ 

"K) - B(e2) 
(v^ipKF7»1^" (A.48) 

ZZl\      V2    ".^  ValUeS 0f e " the "" P°"ts of the interval  T^us c  ls the ratio of the «„„„„ 

of B to tw.ce the average of the derivatives at the endpoints 

to he ZU      ' C:  1/2-  " C<1/4' ^ int""1 is "-""ed to be too large and it is subdivided. The subintervals are 
then processed in the sa-e way as full-sized intervals. 

In the above, it has been assuned that no interval can 
contain «ore than two roots of B-a2/2 m h ,,""al can 
.  .. r ," a ''- To be sure that such 
is the case, each turn is divided in the niddle into two half- 

turns whach are treated separately.  Each half-turn contains 
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fLris ailroot:and at 'ost o,,e wni■u■of B•• ^'««« fact  xs also used to reduce the „urter of branches at a few 
points  in the progran. " 

in  inf ^^ teChni'IUes "«cribed above would occasionally fail 
in  intervals containing a zero in  «,. j. 
of Eq.   (A.39)   for s   m       Z ^»"»«.r of the RHS 
solvin. »l, 0r.Sp(e)-    ^ P"1»* to be avoided is found by 

A    *T Z eT10n DW  ' 0 ,'here D " defi-e'' * oration (A «)    The solutlm is si led by sub ' 
6 where !)„ - ^«iv.     Then *    0 <• 'or 

D =  -apsin(e0n)   * 6ocos(e0*c)   * Tr 

-  -opsin e0 cos c  - opdos e0 sin c 

* Spcos  e0 "« '«  -  8psin effl sin t . Y1c 

.^^6w V« - it    so cos e0 .  -cos ♦    = \cos .    and sin        . 

a consV? VT'S     "  ^ f<,11<ÄS fr0- **■   (*")  Jbat cos 90 . 8 sin 6o . 0.     TJerefore, when D - 0 

cos c = 15 vie 
P(usin B0  -  fccos  30)- -   " ^ tA.49) 

but O^K"  I1"7'5"1:1'  then fM  » »ever perpendicular to 5 

s   a) td^m li65 = 0 '" ',=B<'-C-   At t,'0» *•» P-^a 
ES  A 3M h ^ " lnfinite al,d the Pla"e "fJ "«"»öd ^ 
side o^  « "rS Parallel t0 ^ "^  ^"«er-ine which 
P fir-   ?   CO,,  nS ^ ">' « "^"late d.Hfw^t). 

IIC'C:^ U  the dlStanCe f™ the "^ - the -ay 
except that d, is positive or negative according as the ray 

- or is not on the side of aCV0 to which f points ' . 
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sectionT^,,eXVUeStl0n " '""' ClOSC to 60^ "" the l„ter- 

adequate for our purposes. Recall that the radius of . 
ture of the helix Is p*K

2/D      n, rVa" 

tr -a. the „is i^ziTz^riTz-jr 
mat case, if the plane »oves a distance d, to go from 

VC to the intersection e «.st change hy «Je thL 

(A.50) P*a+K
2/p (p2^ P ♦« ♦pa 

TStl-IVl^^'  - —e a po^t on 
>0 ve 

we look betveen 9 and en and eAn*e -   - ■  ' mxn 
v 0    "      0 ^ "mxn 

is well-behaved over the raiige. 
in either case, B(e) 

Similar considerationk apply to 6 -r  T* «K I^ U 

rasi
br r" ^ - VL": ^^."i hribL 

us»'«e: if rarching for ioots ot *w ^ ™™ •>. using the cylinder approximation. 
r, 
w, A-1-15 Assertlinp the Pieces '( 

tne calculation goes as follows. 
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A. 1.15.1  Step 1 

Fundamental constants (b,u.A...) are computed.  Six 

special values s.. l<i<6 of the para-eter s are evaluated 
together with n.=n(s.) and n = nrm  TK    U 

i  lÄiJ dna n0 nW)-    The number n of the first 
turn to be investigated is selected using the following 
decision ru]/es. / 

1. if s^O set n ■ n. 

2.  if s1<0<s- set n = n, 

*; 

■> 

if S2<0<s3 set n = n3 

^.  if s3<0<s4 -s& n = n0 
i • 

1 
5. if  s4<0 then |here is no intersection 

S 
6.  if n.n6 as set by\one of the above, change 

O tO Hp. 

A.1.1S.2 Step 2 ! 
I 

Having selected a turn fo^t investigation, the method 
of Al.12 rs applied to determine Whether the line of the ray 

comes close enough to eithör hal^öf the turn to intersect 
the pxp?.  if so, go tQ step  A.LJS^ otherwise go to s 
A. 1.15.3. \ '' 

A.1.15.3 Step 3       \ 

It has been established that there is no intersection 
with turn n (s<0 does not count).      \ 

1.  if n=n5<n6, set n=^6 and go to A.1.15.2 

otherwise, set n=n*; and continue. 

V 
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2.  if n>n- there i 
4 mere is no intersection 

3. If n2<n<n3, set n=n . 

4. Go to step A.1.15.2 

A.1.15.4 Step 4 \ 

An intersection has been identified.  The value of 
D.T is deter-ined at the closest known pair of points between 

the ray and the half-turn and on that basis, the B-E.ethod or 

the cylinder approximation is used to deteraine the location 

s of the intersection to within an acceptable tolerance  If 
0<s*<s** where s" is the best previously determined inter-^ 
section (initially: s" - 1021) then set s"=s*.  Both half- 
turns are conside. d.   If „-„^ then set     and repeat 

this step. Otherwise, one or .ore intersections with s>0 

have been found and the procedure for ordering the turns for 
consideration assures us that the minim«, of these positive 
s's mist correspond to the first intersection. 

\ 
/ 

—(,, 

/ 
/ 
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APPENDIX B 

B.l  AUTOMATIC SEGMENTATION/ 
; 

A separate computer program has been developed to auto- 

matically segment a generalized circular cylinder.  The corfe 

is called LAZY and produces data input cards for the ZAP code. 

It is_assimcd that the cylinder is horogeneous and is 

confined between two end planes.  The outer surface of the 

cylinder and the two parallel end planes are considered to be 

Fresnel's reflection.  All internal cylinders and planes are 

treated as dummy boundaries. 

Either a full or half cylinder may be generated.  If a 

half cylinder is used, the plane through the center of the 

cylinder is treated as a plane of symmetry. 

An option exists for treating a cylindrical shell.  In 

this case the segments are those confiried between an out«sr 

cylinder and an inner cylinder. 

The segments are formed by generating a specified num- 

ber of equally spaced planes between and parallel to th^ two 

end planes, and a specified number of concentric cylinders 

within the outer and inner cylinders.  In addition, planes 

are generated at equal angles through and parallel to the 

cylinder axis.  In this way each segment is Confined b^ four 

planes and one or two cylinders. / 

In addition to generating boundary aiid segment cards, 

the program will generate structure data cards. 

The cards generated by the program will be on/iy a por- 

tion of the cards needed to set up a ZAP problem and are 

intended primarily as a »leans to segment the laser lod 

\ 
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B.2  INPUT FOR LAZY 

Input to the LAZY code is in the form of d^ta cards. 
Standard Fortran Data keypu/ich forms are used : nd fo 
1216 and 6E12.4. 

ormatis are 

Output from the code consists of punched cards and ; 
listing of the card images. 

Care must be taken that no plane passe- through the 
origin. 

Card #1 (1216) 

\    i 

1)  IOPSYM - Option for generating only half of 

a cylinder with a plane of symmetry. 

-1 = Plane of symmetry with segments on 

non-origin side of plane. 

0 = Full cylinder, no plane of symiecry. 

+1 ■ Plane of symmetry with segments on 
Origin srde of plane. 

2)  MOMOP = t)ption ;for generating tether segments 
and mother-daughter structure data 
Cards. 

0 = No 

1 - Yes 

3) KBAR 

4) NBAR 

5) LBAR 

6) NBAR 

First boundary number to use 

Number of slices to generate (MBAR+1 
parallel places are generated). 

?Äei: of rings to generate (LBAR or 
LBAR+l concentric cylinders are gen- 
erated). 

Number of wedges to generate (for a 
full cylinder, NBAR must be an even 
numbet.  The number of planes gener- 

SR!PO%
NBAR

 l0i  a half Münder and NBAR/2 for a full cylinder. 
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7)  JEAR = First'segment number to use. 

«)  MAT  = Material number for segments gen- 

9-12)  Not used 

Card #2 (6E12.4) 

!)  a    Directional cosines of «-!.- 
21  ß

P   end planes   Ifttt   v f e norBal to 

4) a 
s 

5) o Directional cosine«: of t-i.» s the nliiii«       ^"^^nes o±  the normal  to tne plane of symmetry. 
Ts 

■     • > 

Card  #3   (6E12.4) 

enTX'sf 0f ^ POint 0" »- ^ »he 

-      y 
eSS^i^l« of a Point on the other 

1) X , 
Pi 

2) Y  , 
Pi 

3) Z  , 
% Pi 

4) XP2 
5) Y  , 

P2 
6) Z  , p2 

Card  #4   (6E12.4) 

1) «^ 

0 

c 
2) Bc a*[rti0nal C0Sines of »« cylindri 
3) Y. ' 

4)    Xc 

^    IC        ax"'1""" 0f a P»1« »» the cylindrical 
c 
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Card #S (6E12.4) 

1) RC = Radius of outer cylinder. 

2) RI  - Radius of inner cylinder Cusually 0 o:) 

3-6)  Not used ' 

: i 
i j 
LJ 

u 
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APPENDIX C 

ZAP FLOW DIAGRAM AND PROGRAM LISTING 
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fl 
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3SR-405 

ZAP FLOK DIAGRAM 
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C—»«y»««»»—•••»•«■—■■■■•■■■■■■■■■• •• 
C«>»«*... ztp IS Ti« MAI« MVMUN «MO IS MINMILT A COklNOL ■ESIWU 
f «»«■•«»»—««■■■■»»■■■■»»■■••■■•■■■«■■■■■■■■■«■■■»»■■■■■■»»»»•«»■■■««•■ 

C«»»»—«• TK MEfHlMfr MO^MMMIN SIZE OF THE SUMCRirTS IS AS FOLLOMS 

C*»«»*...    F    MVCLCMSTM 7M NOTC THAT F IS IN1C«CH 
Cmmmmmmmmm     I    STORED RAT «0 
CM««««»»     m IM>ur  OAT SOf 
Cmmm,»:.m     j     SESMEMT 2M 
(••«•>••.•     K     MUMOAMT 2t« 
£••-«•••••   mm OOUMMIT MT* <»•§ 
C*« •••••••    t    OEFtECT TT«      20 
C*»»M««a    i* LAMP TTPE 20 
(•.•••«••a    #     NAfEaiAL M 
C——— 'jir somcc M 
£•••••••»• ';"  

OF TIC VAUIAOUS  III CONNM  IS A$ FOLUMS C»^««#"»»/T»< l«AIII*0 

(;•»••••••  AOCOIHaFlaAO ■MSONPTIOM COEFFICIEllT OF NATUIAL N AN« MAVEUMOTN 
(•••.»•.• «L. «LPNA OF MV aeiMc FattoiiEo« 
CMMMM* «LKiKi- I DIRECTIONAL COSint ASSOCIATED MITN OOMDADf ■> 
€••«•••••• ALN'M.'NA OF MMNAL» 
€••»•••■•• ALMAIII- I OIMECTIOMAL COSIME OF STONED DAY I. 
€••••••••• ALB* «LFMA OF DEFLECTED «AT. 
c».»>»«. . ALNATIlNlMUINAT OF ALT^A FON IMWT RATS. 
c*..•••... ALWa ALPNA OF REFRACTtO RAT« 
C*.**««*M K- RETA OF DAT DElNC POLLOllED. 
C*...»«.*« NEBIM* T DIRECTIONAL COSIMC ASSOCUIID WITH DOUMOART K. 
Cmmammmmmm JHg/mttMA    OF NOHNAI 
C«M*MM« DER> OETA OF REFLECTED RAT. 
€••••••••• DCRATIlMlsARRAT OF NCTA ft*  IHFWT RATS. 
$■»■■■••»• RERFs RETA  OF REFRACTED RAT. 
C«.»**... DETAIII • T DIRECTIONAL COSINE OF STORED RAT I. 
£••••••..• ccoMDSimn.Mi. si« CODMOINATE LIMITS FON 
€••••••••• OFTUI« DEVIATION OR EMMM FOR SEfiMEMT J. 
CM*»«*.« DIS« DISTANCE FRON PO|«I TO INTERSECTION. 
C«*««««*«« OKIKl> DISTANCE ASSUCIAtU "ITM ROUMMRT R. 
C««««««««« OffN» N|N|HUN INTEIOECTIKi DISTANCE FOWMQ. 
C*«««««««« DZB DISTANCE DEbEEN TOI* AND DOTTON ROUMOADT. 
CMMMM« EII.FI« ERERfiT OF STORED RAT I AT MATELENSTN F. 
C«MMMM ERASE IFi> RASE EKMT FOR RAT AS A FUNCTION OF MAVELEMTN. 
fmmmmmmmm  ER|RI« ECCENTRICITT |F HOI»«ART R IS A CONIC. 
C».«*««*.* CLANIJI* SCALED ENEROT DEPOSITED IN SCSNENT J. 
C««M*«*«* CLANATINIs SCALED E*CH«T FOR MATERIAL N. 
£•»•••••• EMATIM1> E»CRST DEPOSITED IN MATERIAL R* 
C««M*«*>* tKtattiJtm  SE6MENT UCHST. 
£•••»•••• fps. SMALL DISTANCE FO« NOVlNS R«T POSITION OFF OF DOUMOART. 
C««««««««« ESORILN.FI« RAT EACROT FDD LAMP TTPE LN AM) HAVELEN6TH F. 
CM««««««. FMAXa MMNRCR OF MATELEMTMSIINTECERI. 
C««M*«««. SA. DANN« OF RAT DEINO FOLLOkED. 
C———— CAKIKI« ZXOIRECTIDKAL COSINE ASSOCIATED «|TH DOUMOART K. 
C««*««««** CAMNAIIt« Z DIHECTIWMAL COSINE OF STORED RAT I. 
C««M««..« SANsCA*MU OF NORMAL. 
C«««...-.* »Ad« SAMMA Of REFLECTED RAT.         
C««««****« SARATIlKlaAWUT'OF «AINU FOR   U*UT RATS. 
C«*M.«.«« «ARF« SAMMA OF REFRACTtO RAT. 
CMM«MM IFLAGIII« FLACVINHCATIM IF STORED RAT I  IS LIVE OR OEM« 
CM««««»««  IMAA« MfNRER OF RATS SI OREO« 
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L 
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;      \ 
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M^———  IMM- mSCMT IUT  IM)C«.   

^:::...:. J^I^Voi-Tt» Pol«!-* W FIRST SIOKO MT TM SO«!« M 
ro«.»«-*»  in> LAST RMOON  I«t6€" USCO. 

/ »•••••••• imnm MT MI»«» KIMS THAceo. 
/ c———» isNuiMi- MI^« or «äTS IO cac«TC ro« souog g» 

c—•••— isoaiLwi« nee« or sou-ct TT« ro« LM* TT« U. 
?■■■■■■■■■ JTIJIs FlOST oaufciTf DT HOTMER SESHEkT J. 

/ ^n!.MI. JKlJI-"OS I-OIWTIk* IT Ö*T OCMSltEO E1K0BT IM ÄOOT J. 
/ ?■.■■»■■■■ JLIJt« LAST DMKNTCa Of  NOTt«R SCS-tHt  J, 

>—■■»■■■ j-ui- NOTKR ST OAUSMlE« SESNEkT J. 
/ rw»""  ^•««- MUIIIV* SC0*t«iT  M^Bta. 

€■■■■■■*»» JkIJl- kEZT SISTCM  IM «CHUMCrtT. 
e——— «OK« SC««MT H4T  IS  I" «I-. 

j     i CMMM.«« JCLO- SEOMEMT M»¥ MS 1». 
L J C—M—..* JPUI- MCVIOUS SISTtB IM N-fsuac»-». „^..^ „e-M-   . 

C—W—— JRAYIJI« MuraEM OF M»TS MMICM MVE »«SSEO TWnMN SCCNEMT J. 
c^..—,. jsoMiMi. scfr>EHT MI^E- or souoce MM«« M. 

c*«..—.. tfL«si«i* fi« iMUCATiu ir oouMrwr ■ los MJMOT KEM oce 
L  . e—,.—.« RIMT- OOUWMT KIM CO^MOEaCO FC«  IMTERSECTIOH. 

£■■■»■■— «««- ••»«!•**" OOUMOMT MM4EM. 

c.«..M... ^ij;. :*OEX »oiMTiMc to «oiMOaBT M^c^s roo SEO^WT J. 
Cmmmmmmm,» KT«>WlB «CO-EIMT  TTPE FOB OOUMiMBT K.   

l     ) CMMM... L«-*-IMi« LWI»  tTPE  •Vniü roa SOoSCt MB«EB M. 
CM...»*.. uuiEttm« IM«» or ••«tt aouTiK roa L*»* TTä LM. 
r*«...*... LBE'LI«!" BErLECTIO* M^BE« TOB RCIM««BT K.     _   ^ 
C......... LTTPCfLI  • OErLECTIOM ITBE FOB BEFLEClIOH MMCM L. 

izz:::: äK^J^äCSS1!'«ras«« ««•'«- ««-«^ -• 
rM.M.«.* M>«Xs nAXIMV* •WTERIM. M^OEB. 
C«..«—.* »••Tfl'l* MI-BE« Cr B»TS  If»! PASSED T«MJu6- MTE«1<L M. 
c»»......» k&O» SOUSCE MI« BEIM LSCJ- 
C»*M..... »SOB* «••»l^.- SOWSCt M*'««'. _    ^.,  
£•••••••.• M.MIAVIJI- bv-dEM or BATS  IKIT PASSED TMOMM SCCRCMT J. 
r«««....*. rfa> «scrui er BAT IBA&SüIITEO« 
clül...!. ^OlL^ri- BtTLCCllOM 0A1A rOB BETLECTIOM L MO MAWU^TM F. 

r   ! c<>»Ma*a» VIN1*   INDEX  DT  BErBACtlO« rOB NATEBIAI. M. 
!     \ BM——*— »SBWIllMI« TEB^ NEECCC rOB EBROB AMALTSIS. 

C«.****..* S«,««»A ■  SUt-ATIOM Or   BAT  E^CMT. ^^^.^    .  _„  Ä_ M_ 
C*.M*«..* St-BATUl. 101AL E«Mf OtPOSITEO IM SEWT J 01? flMC BAT, 
C—*^M* S^SQBIJI. SU- Or RAT Ei*MT **•«" J" ««^^J;,.-.- __ 
£■■»■■>»■■  TITUIIZI- »ABIAOLE  AU^A^^^BIC  1I1U «MICM OCSCBIKS BÄ. 

u 
D 

{—■■>■■■ V-ATIMI«  »OLO-t  Or   RAUMIAL "• 
#■■■■■»■»« VCLIJI* IOLW^ or stA**»i J. 
rM*»*»... xiiis x cOoaoiotflE or stOBED BAT I. 
Sininn. M! w*TS?5.roB riMiiM BosinoM AM» IMIEBSECTIOM. 
C......... MIKl» X COOBOIMATE OF B0I*1 ASSOCUIED »ITH BOWCABT R. 
£••««...••  S|.A*IFI« ASBAT OT  kAVELLMI^S* 
^••••••M. MO» x er I«cTEBSEClIO«> BOIMT. 

CC.*M.... icco" x or SIA<IIM^CI»T or BAT. 
g——••»«• HATIIM» jL-CDeBBÜüfEl Dr   IfcBWl  RATS. 
C^»»»»«»»  IBETs XOr  REFLECIEO BAT. 
CM*..*..«  SIRAM» X Or   IBAMMlllEO RAT. 
CMM.-... Tin« T cooaoiMlE or STCBEO RAT I. ^„.,^..^. 
r«.......« Ti- Bonti usEC roa Fi%t>i%s PCSHIC* AAO I^TEBSECTIOM. 
CMM..... T<l«l- T COCaCIkATE Or PO!«! ASSOCIATED «UM 00t«OART ■• 
(«•••••••• TftO<> T OT IXTEEScCUC* PCI*T. 
CSM...... TCLC» T Cr STA41IM PCIM OT aATk 
TM.«».... TBAVIIM* T COOMOIMA1ES OF IkPUl MW« 
CM...*... TREFa T Or REFLECTED RAV. 
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I 

in*KM T Or  TOikSMITTCO lUt, 

-Hü IJ** z m ««PINI »«l»T or iuv. 

«•COIM.?«*! 
•El4t«2MI 
■■Cai2ta2«0| 

1  «COIMSSU.S«! 

3 •«aLi?Mi 

I -*r;«t««i .oc«»>*i 

»  •»•••» ■VKIZMl 
* «ZtMIMl 

•ISMMIMI ClSOfilMi 
•AI2NI .^iTttl 
•J»»*««»! .jsoaisti 
"«*«?••» •KTv»t2t3l 

•«JUTI5MI 
•CMS£f2M| 
•tlfMEIUi 
iflUTlSMI 

•OKI2MI 
•CMAffM» 
•■CriMI 
■>U«| 
•ZIMI 

•JFIZMI 
•JklZMl 
•■■Ml««»! 

■•WIIZMI 

•*"*# ISM} 

•KKC2MI 
■EM2MI 

•2Kf2*fll 

•iPonriMi 
•JFlieM! 
•JVfZMI 
■■rusiZMi 
•LMCUIZfl 

•I 

•2TU* 
• !»«■ 
•UAT 

•« 

•M 

•m •Tl 

•at« 

•«I «mKC« 

•*•*          .«XO .l«f 
CO» •9«/l>>«aai>/ FajLX 

•IOKUT    .ic»«»T ,ia 
•«I%T         •■»«x ««kO« 

 _l*Tr«a r.r»»« 

€■■■■■■■■« is FASffa. -«^»^» ■•« PMNMaarf i» MVI 1# ««JJ,, 

OI^XSICX  C->~^I?)«UI -«   »   •  «■«,»  ff- .^. 
CaiI««Lc»a   ll-^—fill.m«COi 1*1 

•9  IM  ftal.23*32 
•J«TII«»   ■ |. 

IM OKVIV-f 
Cmmmmmmmmm af.0  t**ur CAT*-M4> Mf UP #ao«Lr*. 

CKL SCTU^T 
C**M.*...  frTT   Trf   %f«T  MT  fO «C  »-CCtSSfS. 

IM CALL  ■«VfIFL6l 
€•■—■■■■   IF   T»*^£   «-£   Ml "Mt  «*TS M  TO  102. 
 iFf*FiEiie2.ia3.i»3 
€•■••••••• CCTEa-iMe .^ic« SCb^Ehi CC«Tai%s STMTIMC »01*1 OF mn. 

tn CH.L SC6MT 
c^^«««« IF scs*rkT MkMc« is itao ft« MT IS CUISIDC T« srsu«. 

iri^c3.ii»«.iir».iti 
C*——— Fl*0 *Ol*T  »-eaE  "*T   IklCBV -IS TKC «CMFST 

\ 

^\ J 
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1*1 CALL Mme 

iM aT
,;ss,,,,,-,*,H 

STOP 

r 

i - 
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fv 

***OU1IMfl MCLESITH.PHII 

UCOiza.Mai      .«- " "■•••■■•••• CO—os. /M/ 

1   •COSSCSfft.S«! 

3 tVOLIZMI 
4 .ZWTIM«! 

COP-O» /«MUTS/ 
1   •«f'r«f4«| 

•Ft*"l2MI 

•SU-VATIZMI 
•T(«tl 
•ZLMIMI 

C0i"0*/|4WT/ 
•l'"?!!»»»       •IS««« 

•KOIZt.ZMi 
•Ef««t2Ml 
•RCOfZt.ZMI 

1LKI2MI 
•KVI2MI 
•CLMATlZti 
•S«MU|««I 
■SUKSMi^cf} 
•TKf2C»| 

•«LaariMtl 
•EBASCC2MI 
•TITLEI12| 
•»•TfSMI 

•ALPHAf«(1 
•0M2MI 
•EM«Tf2«l 
•"EFI2tl 
•If4tl 
•Zf4»| 

•>>«TI2MI 
•»I2itl 
•«^fFtl2Ml 
•■■•*? f2tl „ 
r»woi/»«im»s/ 

•J*Ut9t 
•J5MIM1 
.■ITP(2M| 
•LTTPei2ai 

I2M1 
4L 

•SO*** 
•Tm« 
•ZWM 

•M« 
• UOM 
•TMEF 
tzwr 
FNU 

•I« 
•KMM 

IFUCIM1 
•JTKMI 
•JkfZMl 
•M«i|9Ml 
•LAWlSai 
•'*4TI2MI 

•4LN 
•OIS 
•ea«F 
• «CUB 
• TTiUM 
»ittum 
• IM« 
• !■*» 

•K44TI5U1 
•ESM|2t,2c«i 
•VMari2«|       * 
•TRaTi5at| 

•KKI2MI 
>eKi2Mi 

.S««UT|2«1 
tUlZMl 
•ZKI2M1 

II»OIMTIS«I 
•«'FLI2MI 
•J»f2**l 
•VLASKMl 
•I MWUWI 
••VLI2« 

HI« 

•21 

• I 

fO* SOURCE 

•II 
•VOLO 

«MM ,fOLO 
COMHOW/IPUUM/ 

•lorjtr   .lOPflkT 
•«IM .uux 
lairec« r.r»«« 

••••• SET L4»p 
IfoLAMPikMO.! 

«ft IWEH OF «OUTlac  TO C4U.. 
L4«L4N6LriLTl -^   -" t^M,. 

•*••• SO TO OESl-fO C4U.. 

.MiLT0^;?j::^r-M-w^-.«M-w.^u 
•o TO u« 

2M C4LL 4MLC2fTN.PH|i 
•O'T« 11« 

300 C«LL AkfiLESITH.mn" 
CO TO lit 

400 C4LL 4kCL£4ITN.niIl 
SO TO II« 

»•• C4LL «kfiLESITN.PNii 
CO TO 11« 

—• CALL 4»CLEftlTN(ni|| 
CO TO 11« 

TM C4tL 4ACLeTITH.mil 
CO TO lit 

••• C4LL 4ASLCS(TM.*MII 
CO TO lit 

•ft C4U. 44CLC«ITM.»NI| 
11«  «ETUMl 

•02 

ITOA« •VI 

C7 



»**€mv* MSOWIIM.-i 

1 tCOWCSf*.S«l 
2 «CMMVISMI 
3 ■VOtf^MI 
* «TWrfSMI 
Cordon /«aiuys/ 

1   «KTAIAtl 

3 tS«Cf?00| 
* tSiMAT 12001 
S tTU0| 
* t2UMf20l 
COMOM/IAHUY^ 

•ISMUfMl 
•JL12001 
•JB4YI2MI 
•»12001 
""ER. 12001 
" «1201 

MCOI20(200| 
•C140.2001 
•«0(20.2001 
•XLM12001 

M.K 12001 
•KV 12001 
•Et«UT(20| 
■SAWAi«0| 
•SV«Oa I200f 
•n(200i 

•<La«TiS00i 
•EH«SE|200| 
•TlTLEfl2l 
• »«TISMI 

•ALPH«|«0| 
•OKI200I 
•EiUT|20l 
•■ET12*1 
•XI40I 
•ZU0I 

•0E«AT| 
•ESORI2 
•VM«T|20 
•TMT(S0^ 

Sac) 

•KK(200I  \ 
•EK12001     \ 
•E««STf3-.^ 
•SaWUTlcii 
•M|200} 
•UI200I 

• ISOIIf20l 
•^fl200| 
■JSORlStl 
•■IVP(2|«| 
■tTWCf20| 

V »Ml 

IFLMU0I 
•Jri200l 
••»12001 
•MM>f«00| 
•LMPis«! 
••UT12001 

•SUMU 
•CM 

i 
l.' 

••IS 
•« 

• TRCF 
•ZKEF 

• I* 
•• 

•rttum 
•ZTnui 
• IMAI 
•UUT 
••WAX 

•«m 
•ONfll 
•PE* 
•UEF 
•21 

•IPOIkTIStl 
•JFL12001 
•JP(200I 
•MLAS12001 
•LMCLCI20I 
•«in.1201 

•«mr 
•02 ' 

• MOW 
•JNU 
• • 

• H 
•TOLO 
•ZOLO 

COWft/IPuUn/ 
•IOMAT     .IOPMT 
•«IfcT       «nui 

IVTCfiCJI F.rnu 
oi>c«siaM TST« 12001 

t   oi«cksiON iasr«4(«i. 
,   0|iT4iiMr«8««N«asi   .0NUS2   •«MMSS   . 

i^n0i,2,T,Ei * ,,owT,*io *»"■. 

•  . 
•XTU« 

•EPS 

•JOLO 

•«Mas«   i 

l.LE.JUTHKLMKWSO^TIO« SO^TI«.,..^,^ ^  ,„ .^^ 

•■■■«■■■• cc T0 OCSIBEO C*tL 

!S & .-US:?;:»;:"!:!!-"-"«.-..«.... 

L 

100 {CALL ««SICXLM.FHU.TSTC 
gO TO 110 

t— CM.L «•S2ISIJM.Fnu.VS1« 
g« ?• 110 

M9 MtL «OSJIILAM.Ffu.TSTC 
fO »• 110 

•M 5*U WS4fXUM.FiUJI.TSTC 
4» TO 110 

M0 CJN.L MSSIIUH.FHU.TSTC 
•0 »• 110 

••• OIL MS«f*LM.Fi.u.TsT6 
«f TO  110 

TM C«U.  ««STIKLAP.FIUX.TSTC 
•• TO 110 

••• OLt AaS0fX|jM.FlUI.TST« 
TO  110 

ii0 cdÜtS'tgLMm'"ltM'nu 

C^^>3$TS.r^Sr'T,0,, c^""^ ro. ^^^ .., B. 
MCOCI.FI-TSTCIFI 

103 COKTIkur 
•rtiM 

•Ml 

•PI 

•PI 

•PI 

IPI 

•PI 

•PI 

•PI 

•PI 

C8 



~- AW 

^f*"*** ??*LC CAtCIItATW FUNCTION «iTN|.  CUIMIItC 8*"| 
€'••••••—« 0isfÄNCE~STHSTH:.~'  '  —'"T!»'" 
C**—«... ^Mty of MELI, INTCMCCTION CALCULATION. 
c«—    -  - -     - 

r 
••••••*■.•••••«••••• 

COV^OK /M/ 
1 •cnooostfttMi 
2 «CUAVISOtl 
3 •«air?Mi 
« »TNAflMtl 
Cl^^O«  /A«UTS/ 

1 •«TTAIMI 
2 •FUMMZMI 
3 •SAKIZttl 
« •SI»«AT(2MI 
S «Yt««! 
0 .7t«"l?»l 

•XSffHISOl ■ISOOIZtl 

tCIMtZMl 
•KOKt.ZMl 
•XLANI2MI 

M.UI200I 
«ocvutai 

•TKI200I 

•ALMTIMtl 
■EB«Sei2Ml 
•TITLEI12I 
•KRAVISOOI 

.«Ll*«*l*«| 
•0«l2tOI 
•EMATi2fl| 

•XI40I 
•II40I 

•KUTISOOl 
tESOHf29.2Ml 
■«MTI2«| 
inuvisoo: 
•KKIZMI 
•CCI200} 
>D«IISn200l 
tSa»UTl2tl 
•UI2MI 
•2Kf2N> 

*•• 

•JSONI&OI 
i>TTPI?MI 
•LTTPCI20I 
•NUMUy|2MI 

tOM 
•no« 
tVRCF 
tZSCF 
FNM 

•I« 

IFL«CU«| 
•JFl20t| 
•ja f2Mi 
•KOfDlOOOl 
•LAWIStl 
• •MTlZMt 

tlOOINTISOl 
•JH. i200i 
•JP12001 
iKFLMf200| 
•LMCLCI20I 
tMFLI20l 

•AL" 
tOIS 
•« 

tTTOAN 
■ZTNAM 
• I*UU 
lIHAT 
»MMS 

•AUI 
•ONIN 

til7 

tJ^AX 

•AUF 

•Al 

«MLfOOl 
•JUV12001 
•«»«001 
•UVTLIMOi 
••HATltOl 

•OCN .oc* 
•CA .SAN 
•SUM«      .H 

•TMOM       .TOLO 
•ZMO«       .ZOLO 

CO**OH/tPUUm/ 
•lOMOV 

Ixif«« F.FNAI 

CO^OH/KLCO^/« . AOAR.O.OI .01F.BPtCAI>.oELTH.OELI*OCLTtOELZ.DHlT 
•»SIZ.NCV.MO.STH.TN.TMI.SaNRS.MS.CSfN.S«TN.I«STN««SNfff,BSnii 
•COSTAN.THZtDTHZ 

CALCULATE PAIUMETCOS. 
STHaSIftlTNl 
CTNaCOSCTNl 
■COS»1'0"CT»I 
■SIN-MHKSTH 
K4.>-AL*«S|M.Be*t1C0S*6««C«P 
ElV>«>-CCLI*aSI«*0FLr*aC0S* |KLZ*CAP»TM| «CAT 
"■■■ CALCULATE DISTANCE STM. 
STtoaENUM/OEN 

C———•  CALCULATE  OeaiVATIV«  OF  STN. 

AL»sOELI*aCOS-AL*STN 
0f9-OCLT»«SJN-rtf»STn   / 
SA«aOELZ*CAP*Tl^€A*STN ' 

C«<MM«»*.a CALCULATE FUNCTION/0. 
•■.«•ALOM2..»^caM2*.^«CAil»«2 

C*A
,
A—•• CALCULATE DERIVATIVE OF 0. 

0»«»L«« I-«SIN.«L«S0I »BEa« IIICOS^>E:«Sl>l •€AS*ICA»-CA*SM 

EMI 

c——— 

e——< 

C9 



■ «^»mwmwwuir' ^.x. 

D 
a. 

SWMUTIMC SMtHMT 

CMMM».* S*-t!- OUT.s« ■fcC^T Ri«CS MMOAnT  C4TA MO StTS i»  ^-KJiSItS. 

itmt 
I •cooaosiftaMi 
S  tC«UTI<SMI 
3 •«nil2MI 

COfHW «AMUVS/ 
I   •KTAfMI 

3 ■CWI20«! 
4 «SIMUTIZNI 

* «ZLMfMl 
C«MOM/IAMUT/ 

•ISPUIMI 
•JLI7MI 
•JHATIZMI 

•OJffH?MI 

•jiCeizc*?Mi 

•«coiMtZtai 
•ILMIZNI 

•LKIZNI 
•DEVf2MI 

tVKlTMl 

*—————«»—«« : 

lEBASCIZet» 
riTLnizi 

• JUIATISMI 

• *LP"*l*0l 
•0«IZMI 
.E-ATI2II 
tHErtZtl 
t»l4t» 
•ZUfl 

•CS3ai2:.zM: 
•«««T(Zt| 
ITIUTISMI 

•abilZMI 
•EKlZMi 
tCfcEil«T(Zt»l 
•SCRHAIiZCi 
tUlZNI 
*z«i2ati 

• ISWlZtl 
t^ilZMI 
•JSMIMi 
■KTVPIZMI 
•tTTKIZtl 

TlZttl 

•JFIZtSl 
tJMIZMI 
tKSMt|«t«| 
tLAWtS«! 
tMTIZff«! 

Cow*4M/l>MUMS/ «L 

• JFLIZMl 
•JPIZMI 
•ML«CIZ«>I 
iCUCLEiZ«! 
•MFllZfll 

•OIS 

•a 
•TftUlp 
•ZT««« 

tIMV 
t« 

tOMm 

•ZI 

•oz 

•XTHM 

E*S 

• Tl 

tIMOH 
tJMAX 

•KIkf •■ 
IMTCCC« F.FMU 
CtwW/l—CBW/IMBW «121 
oi-e«sio«t KisMiEiiti 
0A¥«fKT«MX>*MPL|UlC  ■MCn.IftOiAriCSIkIC 

«II«  12 
12 FOa«*Tl|H]«SJK.l*«0UMOMT 0«T«//ftH BOUW.2Xi4MKFL.3X. 

■Si«aiWO(3XrSMILPl|«««M«N«C'».3x«5HSA'«U.T»«lHXtTXtl<fTt 
•'X.|Nl.4I.2HX2.U.2HV2t6x.?MXJ.*«.2Mrr3.5x.3t«)IS.5Xt3»CCC/ 

■ «MSPtCREtWCOkC     .*M>M«B 

f»«»»««» LOOP TMOUBN »u aOWOMlES. 
104 «EM  la.K.L«EFI.KTrPl«(B»0»>^lkliK«l.ai 
I» F0»>aTlZI4«lXf««.l>F7|iSI 

€■■■■»■■■■   IF  K COEATEM  1H|U| KfUX.   KMU««. 
iriciiii.m.ias 

105 iF(*.K»*x)m«iM*it|r . 
!•?  KN4I>« 
f ■■■■■— OttTEKUKE SCO^THT  TYPE 

1*4 00 IM FT9!«!»   i 
RTtOMIMCt' 
!F|<TTPI^(TX0LEIKTnlM«!»9«lM 

IM  CCM.TIMUC 
€•••••••••  «0-ETHT  T,TPE "BT  |M sTXOLE. 

C4CL  ERMWTI4NOM004T1 
€•••••••••  STORE  HEriittllOÜ MUfmER. 

IW U«EF|.I«I«U«FI      i        ' 
\ llI»PI»llTT»IKI   I   | 

— -     \ -  - " i    i     - ( -   - - 

! • 
Li Cl(^ 



€•••••••*• BBtfcCM O* GCO^ETRT  l?Ri. 

C»«»«»«»«« CCNERATE  A PLAKC* 
IM  C«|.t   HTPL/IIKI 

«0 TO  11« 
€••••••••• SENCMTC  * CT.irCi1!! 

?•• CALL SETCTLfici 
•0 TO lit 

€••••••••• 6ExCa«TC A TOKIC» 
3M CALL SC'CMIKl 

€•••*••••« C-EKEMTE  A SWfE« 
48»   CALL   SETSPHIKI 

SO TO  !!• 
C»«»"«»«»  eCstRATC   A HALF-COfcE j 

M«  CALL  SETCNIK»  ■> 
«0   TO   Iff 

€•••••••   •> CCNCRATE  A PARASOLOID 
«••  CALL  SCTPARIKt 

CO   TO   Hi 
C»«««»«»»«  6EHERATE  A HTPERBULOIO 

TM CALL SETMTPIKI 
SO  TO  11« 

C*M*»«««> GEKERATE  AN ELLIPSOID 
M» CALL SEKLLIKI 

60 TO ne 
€••**,••••• GCHJATE A HELI« 

••• CALi.SETHELfKl 
so fo lit 

1»M   CO*TI«,tE 
SO   TO   11* 

II»   AiLP«KLP*) 
Cm*m**lT!llF^SSSl**Z. VIS" W,I,kTC0 "«"« *«• tjCCT A« Pm« TITLE. 

112 MLP>S 
PRfnT   12 

C—~»*»» 60 READ NEAT ECJKU-T CARB. 
SO TO 104 

111 RETURN s 

CNO 

■»r-i 

It 
■ / 

Cll 

il 

o 
^ 

MMH 



11 

SUMOUTIIC MNMCE 

•»• mUNCC MTCMIi^S TrC l>I-tCIICv*L  C0SI«5 AfcO fCH6v t* 
C—>••••..   f€   TMatSMlTTEC MO HCFUCUD P*TS  *M) DfttS-I%tS   IF  T^T 
€•••—•••• suaviVE. 

CO»iO«l /ft«/ *8C0U».2«9I        tALMTIMftl              •■IMriSCII 
J  tCOCMSSIft.MI •ri*«i2Mi «EBaSC I2MI •ESOl>l2i.2«s: 
2 .SMUTISMI •nCDl2ta2MI         tTITLCHZI . ,VNAT|2t| 
3  .•itl?»tl .XLMI2MI tXRftTIS«» •TIU«ISMJ 
4   .7<>«TI<.f»l 

IWMOM /*«UTS/ U.Kf2MI •ALP»«!««! ,RE<f2MI 
1   .*ri«(*|ll •DCVI2MI •OM/MI •E>|2MI 
2 .ri»i?«ti •ELMA1 |2ftl •E"alf2*l •EkCHSviZatt 
3  tSMfZMI .SWMAIMI •■1FI2«I •SSMMftT12*1 
4 f$i«<a«TI2M| ,SV>Sfiai24tl          «XUtl ■!■12**1 
5   .*l4fl •rai2Mi .H4»l •2M2**| 
ft •71.***?»% 
COMCMVIAMUT/ IFL«SI««| ,I>«IkTIS*l          , 

•I$>AXI5tl          ■ISOMIZtl IJFI2MI ■JTl. 12**1              , 
•JLI2MI              •^i|2tfl •Jk(2*«| •J»I2**I                 , 
•josTiztti       «jsoaisai • K3M3(9»S| •VLMi2**l          , 
•»*I?MI                 •KlTPlZ^ti tL«»»l5tl ,LM«C£I2*I          , 
•Urn.l2Ml       •LTTVCtZ«! «"*!!2-S! .rf\.iZZ'.                  , 
•^*TI2il             .« MUT 120*1 
c»i m*9uumu ÜL •«L*                .«Ul •*Uf             .«E 

•Kk            .KM m9tßf •OIS               .»»Ik •U                .f^s 
•«»               «SM •SM •MMF        .pen ■ 
•SUM«     ,II .INOa •«CU>            «UEF • «TRA«           ,TI 
MM»         .TflLS .»«r •TIMUI          ,21 § 
•I»0-          «ZOLO •ZREr •ZTUw 
.ceMoa/tPMA^/ FMU ■ Iru           «INOH , 

•I* • IMT             ,JMU •J>0*           «JBU 
•■I*t             mVi »MO* ,I*U                .MkO« •«SO" 
l«TC«a r.f  •■ 
l«I"CW • 

•• STT COC«OI«ftTES AT iMftSniTTEC Bar. 
IIIIsITaMI 
2lIl>/fCM o 
TlflaTTaM 

C***""««  ir UT mEOST l£$S TNM .HfiVSE U^Oftrl.  S«|P CALCULftTlOhS 
IEFl«Cx* 

■ M 11« FalrTMl 
|r|E(l^rt'll^-3l<C0ASC|F|ilI5^11S^llft 

llS.En.FI.*.* 
CM  *•  HA 

lift iirik^r 
114 COkTikuC 

lFfiertasil2*.12*.l*2 
c^^^»»» ir ouMnr maukoun, M to 113. 

1*2   IriL>>eFLIKI«l)/l*9,l*S.I'9     ' 
C—•——  IF   TOT COhTlMJATIVl  BOükOAÜT.   «0  TO  1*3. 

\1 lFiLaCFLtKl'4llia.l*3<ll* 
C« )*••*•••  |F aoTIO« COMTIMMTIVE MwMAflT,  M TO  1S3. 

•11* IF<LaEFLIK/-5ll*«.l*3,l*« 
&••»•••»• Pl«T MISSIM KOULET KITH  TUMSalTTEO BAT. 

1*3 C*LL RCuUTlli 
M TO 12* 

104 Ml^j-TIJOLOI 
N2B«UTtJ|H0MI 

C12 



r 
r 

«LPH/lfliUKlBAm 

■(I»AZI«1BEF 

Zll>uxi«ZiiEF 

C^..J:,i"rL,,<,-2,,M'>e*"" ^"CIXO-. CO TO 1,5. 
^1^       «fFLCCT  T0I4L MT. 
I»5 00  111  F*l.FMi| ' 

C(I-«X.FI>CIKFI 
Efl.FLt.t | 

111   COKflKvl 

^"^ KrKS^ B0ÜLET «?" ^crto «,. 
 *0 TO 12« 

C>M...... p,^^. ausj,^ o«.,.,,   
c«tL RcotCTfn'       *J-" •—'«^:TTEO RAT, 

c*sr£: K^K^:? BOi,LeT -1?- «^01« R«. 

IFL'Slllxl 
HE TURM 
UD 

\ 

CIS 



n 
•N. 

"*».*» 

gggg =c^s*«ii«$ Poimj 

MC0C2t.2M] 

»■BDIZCtZMI 
•>LMf2MI 

•S/24/71 

ÄÄUäs^fO^^^r- 
•C«£SCf2Ml 
•TITLCfl» 

•««♦•I 
•Zl««l 

•JTfZMI 

•KMOfMai 

•WITiZMi 

■KurfSflu 
tCSM(2fl.2ct, 
t*iUTI2*| 

•BGK(200| 
tCKCMtl 
tDCKTIZMl 
tSMMTlZfi 

■ 

'I 

•BIS 

•BOU) 

■ IK» 
■ lUt 

/ 

•OMM 

•zi •TI 

< ■UMTis«»: 
> ««OLIZMI 

^H^f",BMT',so■,^•, •4.120*1 •J«I2M| 

^^«Ml .LTTPE«,, 

•«=« .can 
»»I .MM 

•IO«*T    .tOMUT      .1« 
**'?!       »«»u«        tnsw 

L« tZr*"''*'**'" * ***** ^tW "-"- ™«T -r «.TJA 

Its HMMcnff 

•*— ir ois COML Mm «« jm***, un. 

•voivristi 
■jn.C2MI 
■'»Ml 
•WlMlZMI 
•UM6Lci2t} 
•WLIZtt 

•02 
■ 
•xnua 
t 

C14 



rais.sA 
M*2t/7l 

"i VM-jwn iit.it: au 
ill mo»«»? 

•0 TB HZ 

««-«.•«»•«•««••••MM 
r.....!,l*S|**<E,S*M*» 

«TAHMUOM^SWALN "««WIIIW MT. 
VTMMBTMQH.SMaBCM 
nMMaZ«S«*s«*6Ui 

*•'"•"" «" COPMIMTES or KFLCCTCD My. 

ZBCF«nBK.SIi«€«N 

«> TO i» 

125 'r4M^7TMM.SIMCeZ.S«Ml 

•^TH^TIS 
eO08jI"'« » «*««? -T «Mt TO muMino MT. 

Zf-ZTHM 
Ut COMTtMlC 

C^ILKMIM B0ÜW, 

/ 

•OflM) 

•OUM» 

«OUk? 

CIS 



n 
n 

smaMtijitt, crsrM 

€••••*•— CCSTM. CALCULAfES COSTM. 
c*^*»... PMT or «cm i^uHstciiÄ CALCUMII». 

■<••••»■•• 

J   . 

i 
2 
3 
4 

1 
2 
3 
4 
S 
« 

«K0I2«.2MI 
>ri««.244i 
(■E0|2«.2M| 
• lltMl2MI 

•KVI2MI 
•Q.«MI|2|| 
•S«wMi4«| 
• SUMSullfZMi 
■ TKI2MI 

•EB«SCf2MI 
• Tln.€ll2| 
• «•tare SMI 

•«^M4|4«; 
■CC<2M1 
•Cii«fl2il 
• RtFI7«l 
•»1*61 
•ZI4«| 

i————#——«»a^a^,«. 

•ESOBtZ«.:-«} 
•IMtf|2«] 

•CBI2MI 
•OCa6Tf2Ml 

tJUIf2Nl 

cIMI«f:s«| 
■JrLf2MI 
•J»f2MI 
•■FUVIZMI 
■1MCU.I2*! 
■^n.f2tl 

•CIKWDSIfe.St! 
■fMUTHMt 
•MLI2MI 

to*** /MMTV 
■METAMfl 
■fUuflttl 
•«MKCMI. 
itlMUtltMl 
•Vf4*i 

. i7L«Mf2tl 
cop'^nui—mr/ 

•*I?MI-       .^•i2tai 
•<«avi2«ei «JSMMMI 

•l"r^LI2«»!       •LTTKI2tl 
a"*4Tf2»| .HIMUriZttl 

••** «K« .KHF 
••* .CM .MR 
•SU>*M «If .MM 

•VMW .TOU» .THEF 
•ZMOM «ZOtO .1HEF 
COM>aM/t»UU«/ FMX 

•I0M4T .lOPMNT .1« 
•«IMT .WI ,U0M 

CSf«»CCSlTMl V 
SHTN>SIN(TMI 
■CSntcSMOacSTM 
"iSfcTifiMf^TH 
C9STM. l-«$«TM4L*BCSTlM«e>au>^A| /SOM» 

tm 

IFL4Cl4tl 
iJTKMI 
.JH2MI 
■MN>I««*| 

•"»T12001 

«OIS 

•1 

•2TMM 
■ IHU 
• lB»f 

tOZ 

•Tl 

': 

L C16 



suwnuTi« occKtnccAA.M.Mi 
c« 
f«^»— ——fit OCCK «SMJHES THAT T^  SIM OF   TiC 
f ■■■■■«■ SCT OF OIK^TIOML COSIES «MK UP !• O«. 

•— IF n«  SIM flT TK SOUMCS U it$S IK* l.C-3. «■ fo  13?. 
V liaSIMC-l ««I-2.C-2I IK* 1M.1I1 

It F9c4*rflH .«*•     4C12.«I 
C———— CKJ« IK oiaccfi€M(. casi»£S. 

CALL WHf MWOgDI I 

CMMMMM «OJUSV «LMMk TO NME COSlMES i^dt «CCUUTC. 
C———— aojHST cosivs 

ItZ SO.SOKTIMC1 \ 
AteftjiSSa 

Cfi«GC/SO 
!•• «ETUM 

\X 

I, 
> 

\ 

C17 



D 
n 
r 

j 

c^^-';—^«rnr-:.-^:—•-—... UCOIZt.ZM) 
•EIM.ZMI 
tKOlZltZtfl 
•ILMC2MI 

«LKI2MI 
•0eVf2««| 
tCLMATlZ«! 
■6ANMIU0I 
•SU^SORfZetl 
• TKfZMl 

•«LnATISDSI 
tea«seizoti 
•Tiacnzi 
tuuvisNi 

■OiiIZMI 
tENAiizai 
tDEFIZHI 
•■«♦•i 
•zuti 

IrLAfiU«! 
tJFIZMi 
••»(Zttl 

1   tCOMtOSU.S«! 
Z •««•«> (SMI 
3 tvoLizt«; 
« •Ttansfti 
C8l«0il /AHUrS/ 

I  «llflAI««! 
Z  .FLUif70f| 
3 »CAKIZMI 
• •Sum«TtZMl 
S tri«fli 
• t7L>ii2f| 

^"«M» «ISORIZ«! 

•««VIZMI .JSORlStl 
ÄJf«! .KTTPfZMI 

•T"«»»        t«Mi«rizM; 
•«* .St« 
"«• .61-« 

•t^naii      ,rc._0 

•2*o*      .zcu» 

•IfMMlav      .lOFRUT 
•«Hi» .KMM 

I«TC«CQ r,r*»i 
BClla»l(»tf-M|«| 
•fLr"»kC -TK|«| 
BEL7-ZM>W«|«| 
^■SMf IOK|«|*«»*inri ■••9.-     ..... 

■CftaOKfKI«OEtT/S0 
SM»IM(l|.|.a|SOELZ/sa 

C41L CMCOIIMOMM .«L*.«e»IsMl 

fKurisosi 
•ESO(ttZ«.ZMI 
•VMATlZgi 
•TRAtlSftl 

tSCKIZatf 
tcmzMi 

• SMfVTlZCi' 
t'KlZMl 
• «»17001 

»IPOINflSOl 
«TLIZMI 
*JP(ZMI 
•VLASIZt»! 
tL«MLE(Z*| 
tNFLIZO) 

•t 
•SM 

•ZHEF 
FMU 

• I« 
•II 

•CIS 
t«MF 
• XOL0 
«TTit«« 
•ZT4AN 
• IlUX 
• m*T 
•NMAI 

.pt« 
•WEF 
•ZI 

»l-Om 
«JMAX 

• i 
•oz 

tXTMN 
t 

t 

tE^S 

.VI 

•JOLO 

'coI^'Juf^u.'-2^«"-«» 

C18 



r 
r 

\ — 

SJMK;TINC CCOEFILLI 

: •cccacsi««Sfli 
?  tMUTISMI 
3 •MLiztei 
4 »TRATISfll 

CSfm^om /ABflA'S/ 
1   .WT».»»I 

3 ««MtZMI 
«  i»lMUTl2MI 
5 »TIAtl 
•  ./L»"I?t» 

■Cf«t«2Mj 
tKOI20«2««l 
■ILA"I2MI 

«LKCZMI 
•MflZtCI 
•EL AMT <(20) 
■C«MUf«ai 
•a»nSWl2MI 
•raf20«i 

i£easei2Mi 
•TI71CI1ZI 
•xua«fseti 

• OKI7MI 
•EMflZtl 
•KFI20I 
fiUtl 
• Zf4«l 

•CSOBI20.ZMI 
••MII2fl| 
•nUTISM» 

•■CCIZM: 
•CKIZMI 
•EMCKT IM» 

•SBBWtsZti 
•SKCZM: 
•KlZMl 

•JLITfltl 
•J*avi2MI 

•LSErk.i2t«l 
MMftVISII 
ca»"OM/»—its/ 

•«• .SMi 
•sm-««     (xi 
•f«C .TOLO 
•/»:-       .ZOLO 

- CO*"<M/lPUSa«/ 
• ::•»-»» T    «ic^tVT 
•• ;*T        •D>4< 

CM«»»»«..  SET PERClkT 

«ETin» 
CHI 

•J«l23«k 
•jsoai;»«! 
•«TTri2MI 
•LTTPEi2«i 

TIZMI 

■«EV 

■■MM 
• TBEF 
•ZCCF 
FMU 

• I« 

iFUCiati 
•jr«ZMi 
•Jkl2MJ 
•■MUN»! 
•L«<V|S«I 
•MTi2MI 

■OIS 
•6*» 
»MCLO 
tTflMm 
•li**m 
• l»ax 
*IUf 

■ I*Oir«Tf&«l 

•J»r>Ml 
•VLMIZM« 
■LMCLEI2«« 
•xVLIZtl 

•i 

•W 

•suum 

•EPS 

OF  TRMSMISSIM TO Mi UWUT  CCMSTMT. 

i 
L 
L 
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n 
D 
[ 

Cß~*z*~» $amminm c<»'.v * CALCULATES IMC OIWCTIOML COSINES OF T« 
C——— ^aWL  TO •  W».I   0*  Tl*  SUBFACC  Of   A  SONIC. 

MCOI2a«2tt) 
■Cl«*«2**l 
•REOCZO.ZM) 
• ■LANIZMI 

MJII200J 
•OCVfZMI 
•ELM*1i2t) 
•SAMMUOI 
•SUMSOKIZttl 
•VKIZttl 

•CBASEIZMI 
tTITLEHZI 
■ IMAT15001 

t«L»MA|40l 
■OKlZtOI 
•CMTIZOI 

•XUtl 
•21401 

12001 
•CKI2P0I 
•CaCWTIMoi 
• SOVATI20I 
•UI200I 
•2K12001 

•IPOIMTISOl 
•JTLUOOI 
•JPf200f 
•BrL«CI200l 
nlMCLCIZOI 
eMFLt20l 

u 

•OHIk 

•««tF 
•ZI 

• IN» 
•Jnu 

1 •C<I000SI£.(50I 
2 .SMATISOO» 
3 «ML 12001 
4 «fUTISOOl 
tm  ** /4MUTS/ 

X .WTa(««i 
2 •H.4"I200I 
3 •««■12001 
4 •SiWI4TI200l 
5 •Tf40l 
• •2IJMIZ0I 
COMOrf/IOMUT/ 

•ISMUISOI •ISO«l20l 
•JL12001 •^•12001 
•JUVfZo^l •JS0BI50I 
•W-f»! •KTTri200l 
•Mt - L fZ001        •LTWC1201 
•»•«TI20I      ■»    •MMUT12001 

CöpawasPMMäS «L 
•■Ek        .rr» «oev 
•C4 ,1\M .SMI 
•Six««       ,5( •*•«■ 
•VW r»uu> .»«F 
•f«w .ZOLB «ZflCF 
C«M«*E/IW:M/ FNAX 

•I0M4T     «lOPUa •IR 
•«IfcT .Kf>«K .UlO« 

iMTrcc« F.FIUJI 
••••• CALCULATE UWTH AM) COSIkES OF Ll 
0XaMt04->UfKI 
0T«T»O«-TKf«l 

KL>OT/a 
CAtL O«ail4NC0MMia.ALL*KL*0.0l 
>•••• CALCULATE COS AM» SI« OF  A««LE FWM AXIS TO LI« F 
'•••• FCCUS TO POINT ON SUOFACE. 
CesTMBaLK (Kl •ALL*OCMU "«CL 
SlliTN>«|JIIKI*«EL'-KK(Kf*Au. 
BC»«$0OTli.O*E«l«l••2-2.0«E»IKI »COSTHI 

' CALCULATE COSIXS OF %OMAL TO PfUNT ON SMFACE« 

•BERATfSOOl 
•ESQR120.2001 
•VRATI20I 
•TRAT|;oOI 

IFLACUOl 
•JF12001 
•JNI200» 
•MMIIOOOI 
•LA^ISOI 
•MAT 1200» 

•ALN 
•OIS 
•CAdF 
■AOLO 
•TTiiAN 
•ZTRAN 
• IMX 
• IRAT 

•OZ 
■ 
■ITRMk 

•RE 
•F^S 

•Tl 

»JOLO 

FHOM FOCUS TO POINT. 

«UtolALK I« «COSTK-CEK IM*SINTN-ec|4| •ALKWII/OEM 
OEM lu ■ IK1 «SlNTitoBEK »i •CCSTiUCK IKI «OC« Ul»/DEN 

CHfC« DIRECTIONAL COSIMS, 
CAi(. CwCCK|ONC(MykaR.ALI^OEfc>CA*| 
CALL OEOUBIOMCOMORl 

END 

i    — 

C20 

V 



r i \ 

i 
suaMwri« en. 

•^•"— Pis- OF HELU i-it^ciioTcareuLn^' 

MCOI2*.2ttl 
tCC4«t2MI 
•aCOI2«.2MI 
•■LMfZMl 

«LBI2MI 
•M«l?Ml 
■CLMUIiZti 
■SVMAIMI 
•SU*Sfrl(2M> 
.»«I2MI 

•«UUTISMI 
•UASCI2MI 
• TIn.CU2l 
•UATfSMi 

•Ml. Ml 

•KIMI 
•ZI4CI 

•KMTI5MI 
•1&0"I2«,2M> 
•aMTl2«l 
•»««¥15«« 

•NCsCEMI 
•CKIZMI 
•ncasvuM, 
.SMNAVfMl 

•ttl2Ml 

• I SOP ^01 
•^•t2MK     . 
•JSMIMI 
•■rTPl2Ml 
•LfVKI2«l 
•MIMI«TI2pfll 

•L 
tMNF 

iruiciMi/ 
•jri2M> 
•Jkl2MI 
•■Ml««*! 
•LAr*IS«l 
•MiruMi 

•jrtiZMi 
•J^liZMI 
•■FLMI2MI 
■I MWUtWl 
••VLf2ai 

«I 
•TKF 

FWU 
• IN 

•TI 

12 
c« 

c 

c 

I* 

CCMMQC /My 
1 •C<KMOSI*(Sai 
2 •«*■** IM«) 
3 •|aLI?ai> 
* •?■«-?ISMI 
CO*-Oli /A«Ut3/ 

1 •«CTAIMI  ' 
2 »rLM^MI 
3 «KUIZMI 
* •SWR4TI2MI 
S  >vi««i 
* »ZLMi^tl 
COrtON/IAMAT/ 

•IS»*aiS»| 
•Jll^tl 
•J*«*I^M> 
•W|?««| 
•U>fFL12MI 
••••TI2»»' 
COwNOM/r««MS/ 

••t* .KM 
•** .ua 
•5l»*A       ,11 
•TNe«i ,TOL» 
•2*oii       ,iato 

COM^V«/|l»«fc«ii/ 
•10MAV     .IC^Mil 
-«IM        .vai 
lyrrcta ?•;■** 

•cosraN.TNZ.DTH/ "'••;w,,l?,,"l*»c5T»»»»»n«.«csiM,«swii,«sTH. 
COMTINUC 

mmmmmmmm C«LCU.«TL STN MO BSTM 
Cait SOTTM 

CM.CUI.aTE  TN «w OtLTN 
C«tl   fHOFS 

,'I**Jr  IU«aTl0« HAS NOT CüftVEfVCB. CO TO 12 
IFia<KIKLTH|.6r..«ll  U TO 12 W « K 
KtS>SCOTMa*^^SlM|/ll.^OSTa*^2| | 

BFi«TNC*2.«0Q.S.LT.t.l  «TIM 
lr(STNC.2.«0rLS.CT.0NlT|  «TIMM 
STmSTMCHKLS ' 

~rr CilCw.AIC  äKicHäcCTim iiisiaacE. 
cait «CTL —**• 
iFlSTN.LT.tl  CO TO 14     - 
Ifl<!TM.CT.ONIT|   RETMM 
MfTaSTH     ' 
•ETUM 

•BIS 

tX«U> 
•vtM« 
•ZToa« 

rioar 

■am 
•MIR 
••XN 
•i«r 
•zi 

■BZ 

iiTMa 

COHTINUC 
STt«aSTNC»OCLS 

<:••••«<•••• FUo 0TlCB WTDISECTIO» 
c*ir OCTL 

»«tu1-1'5™ •*■0• $™»LT.0NIT|  OMIT-STH 

EMO 

C21 



n 

MWIITtK CTUMWtKI 
c————*———♦»«. ••••••••••••.••••.....»««„,..,.,.,...„,„„, 
C^~^^» CTLM« CALCblATCS OintCIIc-^L  OUSI«eS OT INE ■W»»4L To * 
C——•———M——•—•——————3——————<—«^ 
»^^••»    MIMT  OM  T«  SUVMX  Cf   A  CTLI«CtB. 

)     *    I 

COP «O'I /*•/ 
l .cooar>u.%«i 

OOwiiOW /«MUTV 
1   .M-TAIMI 

* «SUXUTIZMS 
9   «Tf*«! 
• «ZLAMIMI 

CO—«K/1 •««•TA 
•ISvuiMI .IS0«I2»I 

•«COI?•.?#•) 
•ElMtZMI 
.«COlZt.^MI 
•ffsrnüi 
MJU2MI 

•SMwAi«ai 
• SlPS««l2Ni 
•TKIZMI 

t«.B«TlS««l 
tEB«SCli««l 
■ TITLCllizi 
tXRATISMl 

t 

tO«|2MI 
tEMTlZt» 

•ai4«l 
tZIMI 

.Hi«? 15««, 
•rS0«l23.2MI 
•«•At I2«| 
tVR«t|5M| 

•BUi2tt| 
•EKlZMI 

tSOMpTHt) 
iU|2Nl 

•ja«TIMC| 

"•Tizai 
Cimow/rcA«^/ 

•JSOKtMl 
o«»Wii««J 
•tTYPf:i2«i 

VI2NI 

in^ci««i 
tJFt2M| 
•Jftl2M> 
• K8V)|9«t| 
.l.«r»|S«l 
tNAllZMI 

•iroikTiMi 
•JFLC2HI 
.Jrizttl 
•VlA6l2ell 
ctMCLEI2A| 

■ MA 
• OIS 
.6»-» 

tT«£F 
•ttCF 

FIMUI 

.I- 

• ZTfU« 
«IfAS 

• 0*1« 
• Pt« 
.««tF 
•21 

•>1iU« 

•BC 
•ers 

.TI 

.^••■» 

-02 
t* .CM 
•SUM«      .if 
•T^o- .TOLO 
•2««W ,20U» 

CO»   0«/1PMAta/ 
•IOMAV   ,iap««T 

IWTCSe«  F«FI>U' 
CMM—...  C»tCW.»it  COSIES, OF  wtCTO« F«». «DI»?  O« CTLlKSfllOU. «lie 
C^~«»— TO POIkT ON TIC SUBFtCt OF TiC CTLIk.XK. 

BO.K««H« ymi 
OELTs VMHf-TKI«! 
KLZK2Mh*>ZBf«l 
CC«0CI.>*«UfKI«0ELT*IK«|K|*IIEL2aC«K|K| 

C———« CALCULATE COSIkCS OF  MtoUL TO PCI«T OB SWFACE. 
AUttlOCLB-CC>«LK|KII/0«l«| 
■E»> iaCLT-CC«flE« Ml •/D« IKI 
CM« I0EL2-CC«CM IKI l/M l«l 

C———— CPCCK OIRECTIOMAL COSIMCS. 
CAtL OCOK(«CVL«0«*ALNt«ek«CA»l 
CALL BEMWIMCTUiaai 
•ET1IM 

*N i 
C22 



';•* .K»tCiM 
C>.««**«< ••'■••  

»IST   CF   T-£  CCIL   TC  LO-X   1»  *♦.; 
£•••*••«•« .-:,-■. -.tz-^z'.t TC ts? 1C   CILtJLtTE   T*£   IMthStCIIDK. 

r^ Jr1 0 W*IP W"WWW»WwwVw W W V ^f ■ ^^W ^^ V IF ^ ^ ^ ^ W W ^ ^^r^F ^ ^ W ^ ^ ^ ^^ W ^ ■■ ^ ^ ^^F^» ^ ^ ^ ^ w^^ ^ -v ^ ^ -mv ^ ^ » ■   gji ^ ^ T» 

CO To  / «3/               «5COl2f.ZJ§l        tiLSATIS;!!             ieW»»'5Jtl 
I .c'-^'Sit.Mi    .Ei4t.arn IESASCIZMI          .f s-«i?s.?i:> 
? te«Ja«i5tli        »*tctz**itn .TITLCIl^l                *V>UT<2|i 
a «rvizeti          t»L»-«2:>.! «taATiSiCi            «TMTISM: 

4  ,7-»*»( = :51 
CC—Cx  /iBS*\iS/     ftL«((2iCI .4U.P-1I.S)                .BE«l2Ctl 

i .--Tt(4T»          tccvizsai • Z*IZStl                     .fltiil 
2   .fLi-'ZTt»             ,€L*"*JI23» iE-«Tl2fl                  «El>€fcST(?*»t 
3 .P»««?:II           ,6»*-*t»«> tB£Fl2fl                     »StHXAT^tl 
* .v-sttTizasi     .Si.*5:*i(2ni 1           tll4ei                          (U|2tf| 
% crf«$:                     aTS^SII • ZUtl                        tZftl2H) 
k  •7-»"«2S» 
CC—Z^/Jtaa*»/ IF4.CSUSI             .IPCIKTIS«!           . 

•iS"*ti«u       .:S-=I?II • JFI<>fe)                   «JFLUtSi               • 
•JLI?CSI             ..r-i?:;! ijkizgsi              •JP(2CCi             « 
•--i'ie:f          •JSMiMi .tev:i«ssi         .■VL«6C2III       . 
•«»IT»!            •«'•»':ir3i .L««IS«I                •LMSLEI2II           i 
•t.:.rrLi2st!l         «LlT.t'.ZS» .*ATt2MI                ••VLllSi                  , 
••«»TI2-1              .•*/"=»! iZCfl 
CC—'^/».'SJ.    /             »L i»L"»               t*La               .»t<»             ,af           , 

•«v            .^t-              .*£^ «eis          ,s*:%        .02            .F»S     « 
•Si                <6A«               .r-»- .fciiF             .»»E«               • 
•S.»=»        .»1                   ,»»D« .»C..2              .««iF              .STRA«           ,Tl           • 
•»1.-*          .»M.3            .»»IF .TT44«           .21                   « 
•/•    -          .Itt.C            .2*tF •2T<i*M 
C:--^«./!!»«?»"/         Ff*» .1»*»           »l*Om           ■ 

•I:=-»T    ,!D==XT     tia ,1S*T              .JHA«             .JfcO»              .JOLC     • 
•KI«T           ,«•«!              .«.ikO« .»•tt             ««VD«            ••tSC« 

|«TFSEa F.F-*t 
CC—3%/-iLCC,'/».*3tr'3.öl«E I'.S^.CiP.SCcT-.DtLStSEl-T.SELZ.C-IT, 

"^S ! Z .=? » • ^-^ • S Tf , Tr . T-i J ,Si- ■S««*S.CSI".i*T»i.-;STri.«S*Tf,r5T-<» 
•crT'i«..T-?.rT"Z 
ti-iC*ST«==*J 

C....O-        C(-C. .ITE  Pt3»-£TtSS  klLO£C« 
F.r 
««5xs-«r*':- •C«*»»2 
SSS<S=5»sTl»«Sl 
l>SI«>»SIZ 
T^7=3S:2».5»c£* 
C€l7Z-rfL2 
OCI/ «cetZ'^aE^c*» 
F.l 
IOCFX» 
0T"/«1.S7 

I?                                CC*T1S».€ 
THI=T«7.0T-.Z 

T"aT"l 
Ki.T—18. 

C.....*...   ClcZJ^nt  CISTAXICOS  C»   »Vi-E   *£T«Et* »»T  «O  TA\6EnTj 
C«LU C:ST*N 
DT-7—^T-Z 

1*                                 CONTIM.« 
(•.•••••••  C»irJL*'E   JlTi-J. 

C»LL sr--- 
|F|*aS.;i-_'-I.ST.   .11   it  TC 145 

C2; 



** 

Kz(TiH].T»'l/ST-; 
|F|-«f».LT.?.»*r.»ai   60  TO  21 
Ir|M5(CClLT'-I.L'..CC!'   60 TO  IS 

U5 COihT:«..£ 
C•••*•••••  C»tCÜL*T:   THISI, 

CALL   TMCTS 
6J  TC   I« 

IS COMmjE 
iniDCr.EO.tl   60  TO   1* 
CM.L  ZCU.C 
60  TO « 

1« CO^TJ'J.f 
ir«'»tT,-i. .c«.r."Hi.:°.;.. co rs » 
«o ?0 12 

21 CO*TI*UE 
C*«««>*»«<  SET   SalTO». 

IS**6»!CCF«1 
IFlB3SICCST<Jkl.ST..3l   I5»:S**3 
lFfB.fiT.1.1   |S.sIS**2 
IFIA.LT.-I.I   |S-*ISa*l 
lF|0Tn7.LT.I.I   IS>'IS«*12 

(-••*••••.•  USAMO* 0*  SWITCH. 
CO  TO   I   23.27.^7.2«,27.27l,2<>l23.22.24. 

• 22.22.2«,23.:Zt2ft.22.l2i.:&. 
C 123«S*709a 
C DCCISIC«T&BLE 
C     IS« R COST*»     IZC* i.1-1        STAT   I 
c 
C 1 • V-*Ll fl 
C 2 -1 S-»U. t 
C 3 «1 S-^LL • 
C       • • LM«; • 
C         S         -1 L*s&£            • 
C          fc           «1 L»=St              ■ 
C          7            • S**J.L             I 
C         •          -1 S-^LL            I 
C         «          »1 Si**LL             I 
C       19            ■ L«»S£            1 
C       11          -1 L*=St            1 
C       12          •! L*=it             1 
C       13            t S*«JM.L 
C       1*          -1 S-^LL 
C       IS          »1 S-^U. 
C       1*            • LM«£ 
C       17          -1 L*a« 
C      1«        •! t*-St 
C   »:• 
22 CO*TI*UE 

Ct«.L  ZOLC 
69  TO « 

23 C0*TINUC 
CM.L CTL 
60 TO « 

24 CCKTIMUE 

SO TO  12 
25 cmriwt 

C*|.t  CYL 
C*|.L  2C*LC 
60  TO « 

26 CCVtlK-i 
IDCF»1 

60 TO  12 
27 CO«»TI*W£ 

60 TO « 
?« COST I «»«X 

CALL ZC*LC 
2« CO^TIkCE 

OTkZB-rTMZ 
C*U.  ZC«LC 

« CC*T:»-E 
OELZ-SELZZ 
RE TUMI 
CM» 

23 CTL.SO   TO  9 
27 60   TO 9 
27 6C   TC  9 
29 C>-«SSi   S:3\,ZctLC.-£T 
27 6C   TO 9 
27 6C  TO 9 
25 CTL.ZC«L£.65  1", 9 
23 CTL.SO   TC  9 
22 ZCALC.SO  TO 9 
2S ZCALC   leSTH  S:-£S  »«■£ 
22 /CiLt.s:   TO 9 
22 ZC«LC.60   TO  9 
2« CTL.&O  TO   12 
23 CTL.SC  TC  9 
12 6C   TJ ul 

2L     26 SET   IOCF 
2L     22 ZCM.C   (»IT- TH.LT,T»-Z 

2L     12 
«- fPKSSIbcE 



»*«»«••»••••••••*«•«••-••••*• 
f, .-,c.. • ••<«....«»' 

5.==:-::^: L-:-.:- 6i»£S * ci=-:- PSI-T urn is c»4.Ltc «o- 

£•••••»•• >>•.•••••••••••••••'••• »••••«*«•-«*••••*«*•«•?•*• 

A^COiZCtZttl 

laf»i2!«£SSi 
,IL&«(2:;) 

tTITl£lI2l 
•tfcATlSIII 

»L*:2::» 
,&f', (231' 
.t^t-iTi2Si 

»s-.'Si-it:;! 
.TCI2S3I 

,:sro!2:> 
.j"i2:ii 
.jscaii:» 
,KTTPI2::> 

,2-tF 

.1" 

tsi(2et) 

•tuei 

IFL*6I*() 
• JF(2t» 
•J%I2:SI 

tLt-'lSlI 

• OIS 

tZT-i** 
,I»&X 

,•••■1» 

• »»CF 
.21 

.H»CX*TC5SI 
• JFLIZSCI 
.JPI2CC) 
.«FL«&l2C9l 
iL4k«L£C2t) 
»MFLI2ÜI 

fOZ 

erwies /**/ 

3 t«ni.i2a«l 
t   ,7a*T(STr) 

£;»»•:'•   /i-S«»S/ 
i (iiETai*ti 
2 .fLflJJt» 
3 .ci»(?::3 
• iS "-iT i2;;> 
s .»{*:i 

Co-:•./!»>-»»/ 

•fc-« T 13:» 
r---c./'i'i-s/ 

• 64 .   »•* 
•S---*     •  : 
• »•.:•       .«.. T 
•z».-.       .2    r 
c-"-:s/:ai    -' 

• I'-OJiT      ,1'   ^M 

I\T?Sr=   r.-    *» 

iFi:Et-,;>;;s>i!iiUi 
is: •■tT.5% 

".t- :-*»..1:2.*-. 'AC.XUJ 
PiI%T   Ip.ALt-r'St.lltTIt/I 

12  Fr = -»Tll-   »*"        *»-*•     tl2.*«»'* 
• t-        Il = .      EU.'.t"       TI" 

^aiKT   l3.»L"«St5»6»a«»"£f 

11  Fra-ITUN   ,*>.     *4.a».     E12.*.f     « 
•fc-   fsry*.     E12.«.6- rS£Fx,     E12.«.t-   2=tF".     E12.*I 

OaisT'l4.«LaF.=E=F.6»**.«Ti*v.fT-««w,/T3*«i 
14 F-=«»TIIM   .fc«   »L = Fs,     tl£.».t-'   etÄ^x,      £12.4.fc-   6*»« 

•fe-  •--!«.     £12.».4- »T«**,     tl2.».f. 2T«**.     E12.»J 

15 Fc:-iT!i- t"    «-*••    £12.4•^',• 
•fe-  IK:.X.     E12.4.ft- THC«».     £12.••t- Z^C.x.     E12.0 
paiM ifc.cis.c««:'..'!" 

16 rra-*Ul-   ,t*    DIS«.     £12.*.*•* D":^". 

£s- 

.öta»»l5r5» 

.ESC>a«23.2fSl 
• »'«•AT Cell 
.TiUTIStn 

tB£«t2C;i 
t£«l2«ei 

.S--<"*T«r:j 
tU(2391 
.2M2S9I 

• XTaUl 

.JVC« 

.»£ 

.Tl 

.JOLS 

.ICEs-S 

•Cat 
.     £12.t«*» 
,T-EF./"£F 

£12.»»^      6»".     £12.♦• 
ZI«t     E12.«> 

tl2.»t6*-    C-ia«.     E12.«t 

ll£xx,      f;2.*«t-     &Mat     £12.4t 

£12.».t-    ^«"t     E12.»1 

c:s 



vjBstvjTi I* : ::£«irt.6i 

£••••••■*• i.i ■£•■-.«,-3    If   t   *im   34? 

• XTM* 

toe« 

.T: 

*JX.Z 

co^-z^ /«?/ Atcr.i».?ii:      (AL»TI5MI ir'-iiifi5:;i 

2 iMaATIMtl iB»D(2i«2se! allT^eil^) .•-*'i?:: 
3 .»'i.«?riJ tii.*"!?.:- I1^*TI51»J tTiaTiciji 

1 «NFTai«Ct f3E¥l2c:i •C«|2tCI tE'tZtll 
2 .EL«»«l?Cil ttL*'*T|2;) tCl-TlZIl •t»t'5»l2£t; 
3 «e*«i?C6: .si-™*'*;» iKF^si fS'-K^iTiiS) 
4 isuMATizcti      tSfS»:«tci        >ii4:i i««i2:ii 
5 .TI*:> •TKi27«l «ZI4»I IZK^SSI 

• •7i.«-«2e. 
cc*—:-./:t-s*T/ IFL4SI«:I tlPCl^^isti 

■ISv4(i%fl .ISCJI^:: t-«:i:;i •jn.tziti 
•JL«?tJ> «^»^«ti t.xas:! ■JPiztsi 
•J«t*i22ai        .jscaii:i •»tv;«9sii •■TLtsiZtSi 
•rpi?eii iKTmz;ii iLi'^ist: ttthat-Cizti 
•l.«»fFL«2ejl iLT»F£l2iI .-1II2S:! •«TLIZtl 
•^-lT^^f) («uMfTiztti 

Cc•"«Ol^/s,*c*•^/ *'- iiL* »«^s tM.af 
•*€\ «Bi« iCtaF tCIS »C-iX iCZ 
•S* .64X ._-i- ibX-f tPt* 
•sjMaa     .»: »««.c« tKc.D •»«£» 
• T-.r» »TOJ-O tTi£F iTT>«iX ./: 
•Zv-.          ,ZC_B            «Zsif             iZT-U* 

CS""Cs/IP*=i"/ F"»« #!►*« »IfcC« 
• 10034«  .ft-S--T   ,IK       iIBlT     ,-»" 
•«!>-•   .icia    ,«■>.;•    ,"^»i ■  »vv-» 
IStESiB F^F-l« 

C-    1C3   «=1.»-1« 
1«3  *'..tSI«lx: 

C*«**«*>*«   IF   BtFt-i^EO  F4T  CIC  OT   SJ^/I«£.   »E«'.ST   I»»!. 
IZi   C-   113   Fal.f-ii 

IF|FII»4I.F1I113rlI3>12: 
113  CC*.TI«.VE 

CM««**«*>   SET  FL»S  TO  INDICATE  «4T  CE40. 
IF!. tSII«41IM 

122  I"i«=I"4«-l 
121   CO«.T:"-.€ 

C»»»»»«»»»   ItTtS-I'-i   IF  R>T   SO^VltCO. 
I=IVC« 
CO   112  F«1,F»»I 
IF|FII.FII112>I12,1«1 

112 C:-.TI^F 
C»>******* SET FL46 TO I<OIC4TE HIT CT.»S. 

irL4«i|i>t 
«0  TC   It« 

C•••••••••   S«T   S~S-.:»tO.   iSJitST   F*a*"£*E"S. 
1»1   lFL'-=3 

K«4eTaiI«iO«l 
64KS4<w4IIIhO«l 
XfalllkO«! 
TI«TlIk»al 
ZI>ZCXxO»> 

TOL^TI 
Zotn=Zl 
■tTims 

£••••••••• a»T DID VOT S.=tl»t.  SET Fw*s 4N; aETt*v. 
lit   IFLS»«1 

BFTL-a* 

C2o 



So »>-T:».5 CC-»;» 
c«***>«*»>••••••••••••••••••>••••••■•••••••••••••••••••••••■••••. 

C:— %   /(«/               Aacoi2S«2Cfl         •«»"*'i^fl- .bl4ATiS9l I 
1   .CC-^-Slfc.Stl      •Cl«tt2til «E9tSEl2SCI •ESoa:2c.2cfl 
2 .-t-i.'-::)        .af3(2s.2C£i iTITU<12l •*-»II281 
3 t«x<2:ji          •XLA>'I2I:I ■IMAfISSSI •r««ri«sB> 
• .7a*Tis:i. 
C;»«^ /»is*.  _,     «4.«t2)fl .«1>-*I*31 •Kxizeti 

1   •KTAIMI                 .C£«(2(£l ts«i2rci • EM29C; 
2   tf-*-«?:!!             .tL»-*H2Sl •E>&7l2C) • Ek£ai,TI20{| 
3   •CMI2(;i                 »S*««!»*! .■EFI2»! • S{.4>«Tl29 » 
«  •(•«'«•TI2M1       iSl/OilÜtt) •11411 .U(29ll 
5 .»!»:i                   •T>i2*Ci ■2Ut| •2K|29ai 
4 .7lt-l2l> 
C!>-C^/:*~*T/ IFLASU9) .IPCIkTIStl 

•is<i»«i«3i       .:sr--^;i ■ JFI2t9l • Jn.l2Ctl 
•J^I»S:I           .^••2::» t.*l2fSl iJ*l2tS1 
•j-iT;2it>        .jsc-itiji •««v;i«391 • tfl.«6I2Bil 
•ft9|2*CI              («TvPUtll PLi-^lbJ» .L»».:   EI2II 
•L»??i.I2t»l        tLT»SC!28» .-*Ii2;j; • MFLI2Ci 
•WiTIitl             •«(J«)t^(2S3l 
CC«»C%/S'i3t-5/            »». i»L* .»»-a »UJ* • «         . 

•*?»            .er«               ,SC-f • CIS • C-14 • DZ •EPS       • 
•ti           .sx«           ,0*- • 6«4F • »»£3 • 
• S-»=«       •(!                 i&xCa • SCO ,iSEf t>THMi • Tl          . 
•TV".             .TrtO                tT-£f • TTMM • 21 •      _ 
•2*-«         fZOs-O            tZ=tF ./:■♦*> 
COoT^/lPlClK/             f-i» • IM« .1^=- • 

>»XC"»T     .IC'-%J        ,!- • I6«T • ^*AI • JkO« •JOLO     • 
M|\T             .«MI                «KWS« .«*•*» v**0« •»SO« 

I^Tf.-fs i.rvjti 

fc" 

c< 

00  It2 F.J.FMi 
lriJ.--c-r-,riiii;,K?.;:; 

it: ,.^-=EIZ.',I 

C***«i*«<» C«tCJL*'i  *€• ,!*,'  E*t**»« 
El!.fl*ErLC»E«»t-»?CCH"tF|»i^,:M 

c....•>*..   ttTSlT   t«kt = ;»   LCST  «T "A*   IS   St5*t>T. 
V-^s* f (jl »S-o^ar IJI •CW.O-E 11 »F1 

C •••••••••  tfi SC»*.E F»CT0a 
C«LL   SCnEI".»L*^.F»SC*l 

c »••••••••  sctLE  £M.«t   ÜE«>flSITEC. 
t L «- (. s«-: L»" i -1 • (ECw>>e: i .n i »s-» 

1(2 CC^'IV.L 

191   -'i.U»»! 
•••LC"I»1 

c ■•••••••• t^rtTE v.-^£a c* «u»s PASSIM T-3 C»*^ SCS«EMT. 
ja«T(ji«jaAT|ji*l 
C«LL   CEt-ilb«  0E»SSI 
«fijas 
t»c 



•* ••••..  

"^""""!"*"""!:"!"*'•*-••""••••—  
■CD(S£l2t9l 
tTIT.FIiZl 
• ■>>«T|SSCI 

•D«i2rei 

.-rtJ?I1 
tSUIl 
•Zl«tl 

ijFi2e«i. 

tL*-*C5t» 
■»ATlZCd 

fOIS 
vGff 
• «OI.S 

• l-i-l 
fIBIT 
■ MKAX 

•AL« 

»PI« 

• 21 

•^:. 

• IPCI<iTI5Cl 

tJ»l2C(l 
•KFL«äl2CS) 
wUttöLCiitt 
• TLI2:i 

«02 

• ■THAN 

1*1 

l«T 

IM 

Itt 

I» 

c 

c« 

1*3 

c.... 
IM 

C 

1 .roo^-sti.sii    .ti*i.2i.i 
2 ^ICSTISSOI •REPI2:.2££l 
3 •*nLI2tC> tIL«"l2C«l 

CW-C^I /AKPCTS/     «L«l2iCJ 
1   .("T<i4el itXtUHl 
Z ■FL«ll?tai •E:L«<"Tl2tl 
3   •e*«l2«»l .GfwiXl««! 

5  wri*»t •TKI23SI 

C0>"«O<tS IARIUT/ 
•iswaciKti       *iscai2*i 
•-«.I PCS I .J-'?3gl 
•jaaTi2«»i «jSOffiSCI 
•wi^vai •■TT»i2eei 
•LBrrL(7»f|       tt.TTP€l23l 
••««Tia«! •«U«'«Af i2Stl 

CO»<«0«/P«aAMS/ »|_ 
•«* .KR .8CV 
•6« ,6IH .w« 
•Su^M        ,11 ,i^o« 
•TWO«« fTCLO .TÄCF 
•2\C» ,2Cl.P ,23£» 
CC«"»»/IP»a«i«/ Fi«4Jl 

•I0P31T       ,I0»K»T ,1« 
•«I^T ,K—.t ,>l\C« 

I«tTrs£B  r,FHAI 

••••  C»I.CtT.»TE  5*^0»* CCk«,   CELT«   MB  CCL2  FOB P0I*T, 

W- »«?.».R»'<?«»l-1.9 

IFlI.t-DELl^^-üCLT'-ZlIOltlST^lST 
WlZ-S^3Tll.e--;L«»»?-Sf. ».»i» 
IF 11 .«.«i •>••?■ 1«6.U«. 1(2 

•CPal.t 

«O   TO   1» 

«L» 11 .•.«L*>a*2l/SO 
■CP—»LN.l>E*/SC 

6«C>«t.k.a£P.AL».seki 

•••   C»LCUL*TE   CIB£CTItA*.   CCSI^ES  Fra   RCFLECTEO  BAT 
*L"=OEII»*L«»»CCLT.«LO.K:L/»*L<« 
BEcxCEl I*BE<>*CeLT«F£0.CcL2*9E« 
6«asO£LI*6«P*0€LT*6AC*aeL2*bA« 
••••  GET  CCS  »V6«.E  OF   «EFLECTEO «*T  »JTH «CO-AL 
C0STH.ALffaALM*6A>).SAIt«sE"*>.t% 

SET  CCS  AVSLE CF   I-^fv.Ivs  »AT   -jT-« ikCanaL 
CIKAK5xAL*ALK*äE*aE*«Sx.±A% 
...   is  BEFLECTES  a*T C* -f^ECi:^  SICE CF  S.*FACE< 

lF|C0STN.CCS«^«llC4.13«,lei 
■•• c-Ai.ec OI=S:CT»C-S OF üEFLECTEO BAY 

AU>.-*LI> 

CABs.fitB 
••••• CALCULATE PERCENT 0*   TMAIIS*ISSI<* 
Pt"»l.e-=EO<LL.ll 
•....  C»^C< 0IBECTJC1AL CCSIMS, 
CALL  Ct-lC*lb*i)tfUtF,*l,Htel*tikm} 
METlff« 

•&lSAf|i;J, 

• ES>> 120.2691 
• »••^Ti2{| 
•TfcATlSff; 

•eEKl2ttl 
•E«I2»3| 
•£»c««T|2tSI 
• S.—«T(?i; 
•KK|2«S| 
»2ft|2asi 

at 

»Tl 

• JOLO 

L^» 



t;«»««»»•••*••••••••• ••••••••••• •" ••••••••••••••••••••••••••••••• 
(•••••••«• ;5.i 57; -5 |i-S .&•< ;-£ •»"C'tSI 4%SLCS TO !SCL*It *M» 
£•••••••«• FJK: «•.   see»* T-4T ••»» tusT rc^ COIL H, 

(••••••••• a»ar  c*   'iL:»   '•kTr.-StCf!«■% C<LCwi«TI&k. 

CC»^   /*»/ 4SC,i2fit28*l       t4i.a4V (SOU .bc««y(S6«l 
11   •C'>C-r?i*.55l .CI*f«2SSI tEa4sei26si .EVQM(2t.2t2l 
? teiftin^stl ,BC;«iii25«l •TITLEII2I tV4T;26l 
J •»-H.usri •IL4»i2eil .«-ITISI6I .TiUTi566} 
4 •rairiscfll 

COw<<«  /«MAYS/ 4L«(29SI •4LPM4|46| .81X12601 
1   .iirTic««! •Otvi^esi •0«12061 .£4(2661 
?   JFS.t-l?«3l • El.A"* I (291 ti-itiasi •e*c«6T(?6e: 
3 •<;«ci?*»i ,Cn—Jil*il tR£FI20l ,Sv-ft-. L26I 
4   ,5 •dlTlZtd iSl"S^)l260 .««481 .M|2C6I 
5 .TI«;I •TK12061 tZUOl tZKC266l 
*   •7L«,"I7*> 
CO—'x/I*"»*»/ IFL46(4SI .ICCi'-USS»           . 

•:S-i»l'--)           >ISC<>|29I tJFl2cSI tJFLi206l                 . 
•JLl?t3l                t^«C?CCI tJ4S2eSI .J»I200>                  . 
•rf"»T«?931           •jSri*-rCI • 4?M!/{»99) • VL46(20«I           . 
•»ff'JJI                fUTTP^ISl .L4ni>(S8l .Li^J:-i(29l           , 
•trr-cijeOI        .LTT»Et28I ."«1(2601 • MFL(26I                  . 
•M>sTi2e>         »Mu^ajrizaai 
O—"N/:»»at-s/ 4L i*L1 .4LR .4LI*            .«t         , 

•«£%           •"£•< .9t"f •OIS ,C-I* .02               .rPS      . 
•61                   ,64% .Gt-i • 64MF • Pfc« ■ 
• S,--i        ,1] • tvü« .4CL0 .«»IF .ITAA*       trl       . 
•T«CW       tTO^a .TS^F *TT><4*| • Zl t 
•2%r«         .ZCLO t/--^ *l1*xn 
Co-^/iPAa«"/ f*'44 ti-A* • IMM t 

•IPP34T       ,ICP«\T • I« .in»T «JMX f^O«           .jOLO    t 
•«INT                ,«»41 .4*0« • HM* «M»«a .«SO« 

KTFG^o  F.F-4« 
C0«O/>£LC2"/4.4B4a.B.Bl.BlP.Bi>.CAP.DELTM.Dl.L>t0ei.r.0eLZ.0NlTt 

•PSI7.V r.>M<O.STn.T>-.TNl.Sa<)«S.MS.CSTx.S*iTM.RcSTn(ffS*TH.aSTH. i 
•C05T4«i.T-Z.Dl-Z 

161 "»O 
C*>****** STJHE !»E»!0-JS  4«ir5LE. 

162 r-i.T-4 

6:PX>>P 
C*»***«*<> 4DV4%CE STEP COUWTE«, 

C»»**»,,«#  C4LCUL4TE  »«E«   «'•SLE* 
TMSTM.CELTH 

C•••••••••  C*LC'JC4TE  8  4K3 BP. 
C4LL  8C4LC 

(•••••••••   if   sit«i i.-,E=S4L  C4LL  «»S. 
IF|aPM|Pll09.;C4.|C4 

163 C4LL  »FVS 
C*»M*»*>«   IF   l>9«IM   444T   FROM  PCOT   ««A  B  &a£»TEH   THAN  ASAR  «0  TO NEXT  S 

IFl^LTtOBPIieb.lOA.IOS 
16S  IF|4-4#xailC6.16b.m 

(•••••••••   IF   »avIKS  4>4T  FRO« SCOT.   CALL   I^FL. 
1C4   iFiSCLT^apuci.ICB.lOT 
IST  C41L   I4FLI1FL> 

CMM«»«*»   IF   4   C*-A%G€   C   SIGs  «AS FC-VJ«   60  TO kCIT  SIE«'«1661. 
IF(tFLUe6.16».115 

(•••••••••   IF   5  LESS  TH4*  ABAR.   CO  TO »CXT  STEP. 
,1K   IF(4-4B43|1E6.I66.1II 

r«;».*...  IF  BCDT   IS »-4C4ETEJ.  FI'SO ROCT, 
166   IF|m-«9iai»(»l-*BA«»»lCW.l««tl06 

166 CALL  FlStS 
(•••••••••   IF   *Z~t   STEPS. 

ICO   IFc<-«ST4ail62.111.1ll 
111   C5\TIS.E 
116 SET,*»« 

CM) 

60  TC   1G2. 

CZ9 



,   , t5/2«/71 
Slf^HlUvf   tC]T 

« .I8*»I»:«J i.«""««! .»s»*|i3!i .T<»*T|5;J, 

>  •!»*•» .•-12381 ,,;*,' .«M«C) 

-.is?«) .^.^t, ''VillV, .-^i?JC) 
•--M.2«)        .JS-MS:, ^  ^.1 ••"■•2-' 

n«mi2«3i    .tTT.eTla «mJS .^«tEcjoj 
•»•M(2a, .^-i.»ri2c:,      ,"T,'8•, .^L(?3) 

•^k .«- .iisr 'riJ ,*L' •'i-Br l5£ 

'" •"* S« It !r ir,fc •" .E'S 

"i^,;::::.   —    ^"   --    :^    -^ • 

MIM  2s e-,T 

[< lea j«ttjii«i 

Ul IVii"1™-* «it 

c «ü/jr1 pt" ^^ 

E:IT 

E:IT 
e:iT 

C50 



rTk5-b* n/29/71 

4     2i.•-*..;,   i]I.f»r>ES   .«»,6-»?.(.-£,3^.>'»TST*LI3«.e''E»=3l»   I\.2I. 

7     7^:si»;T«.2*.7-iir\5jrT,Jf,«,.Sit,5»,»^»8-c"   .2«i»»TiT4t  PCT.il, 
•     »•■*:-fcJ   .21,7«:»   S:S.,21.7-:*.  SiZt/} 

te in *=•':,.-*i (rit 
ire..-:-£-)>.:<.id,i;2 EC|T 

C«»» '-;%'   -5'-cs   Sfci-£%7   <i^>E-«, ftIT 
ii? «i:*.T i2,-i» „.. 
12 r£ — .tu, ,;»j ,:',,, 

»LIV=V.|S»1 
€•••• itT ,. F;SST -»i.S«T£S SFG"c«Ta ECIT 

.-M«?-! ECIT 
€••••••••• S^fcCJiL «-BJ^T-.T rs* StS X ScSw-'S 

lH-E--ir 1J4,1J4,1S3 
1J4 . . 1 
lt3 -i'ftj} EC,T 

If It£k(rfi|tt*lll$ltt4 
c  :*.:-.»Tt e-t^S^/.S!? »PL!-"? Fes Ssi-£xT J, EtIT 

1C4 li?.»e%r-i»|ji/»:.:ji Ertr 

es ft ic» ECIT 
us i»»»«:,i FtlT 

?»".»- » t, 
€•«••••••. :I^C^_*T= i»E-:c%T ENt3s»/j\:T »F^U^C,                                        ECIT 

lit   F%':" :::\r->..»l.,)/5ir-c 

C •••   -    2\T   -E»..Ti   F"^   t   S!if»   SEJ"fc».T, KIT 
'*Z\.T   :3.-f.-.ik=s.*(,>.eL*"(J>,E»t.,i.et.*>»,»Ei,UI.E»TsT,:r»|Jl, 

15  FES-iTlj.-   .6i.2I».Ji.4E9,2.Ei;.2,2»,2?F6.2,2l3I,2?r6,2>f?ISI 
l>Ks\-|N.l E = |T 

c    '•'   Ljxe  Lr.M  ciC££;s 5r,  E.iCT  1^3 ?a;^T  NEAaikS, ECIT 
l»t\.I\-ijJi3;.lJ..131 Er|. 

lil FS:\T 25 
tf.yi 1» 
»Lit«* 

Et IT 
ECIT 
ECIT 

lit  ti.Ul.t EC|T 

€•••• >F   j«5T   »Q1«IE3   S€S  1  S€SLtTS,   CcT   Oik-S-'TcR 
IM,-1J   lJ>,i«i,iJ3 

1J5   .   «   ,,FI"5»l 
sere I:J 

C««<««>«..   SET   y«   »tit   iA^Sx^eS, Er|T 
Xi3   ,   s   ,\(il 

C    If   •'B-t   CALS'TE'S,   C8   T8  153, ECIT 
IFC„ll3i,li:.lCJ 

Xtl   CEVTJ\.e EC,T 
C PajM  TMLE,   TgT*L  St^-fVT  «j  a«T  EfcESEIES. ECIT 

«IVT   II EC|T 

It  Fta«4T(lMi,)3i,x«»p«TE*:n.  «tS.'.TS/J ECIT 
(••••••••« »»J»T MC«:;*«. E-IT 

pai%T n EC|T 

C51 



li 

ru.5,>» 
• r «T j 

t,.,£,.l%,'%£ZlWlU r*EasUS.   «?:.-«*.   ifc3  £c5-E»« 

"fi.l"l  ■  C 
1J2  Cf*T|VJt 

lie fr*TI«|si**H'»«?^;tT«J> 
w»tliil»tn«t<»'i»«ki.|ji 

ni.f"l  • »,*^.^",» • i 

C   Lti-   T-SWit  »Li  •'»•tsi»kS, 

lie »i--;xt-»'i-»/i-*f 

c. t*i.:..*u «-fc-rcxT £-«?« "5 «•»na;*;.. «j» 

iri\««T|-|.JI22J.l?3.124 EC|. 
liJ  rit-1!-!-* EtlT 

t£   *8  12= 
U«   |ller«t|->-l.t.6S:23.:ZJ,:?7 

125  CCMltwt 
IIC»»«T|"lIlli.ll<.lll .   . p,,- 

c i... C«LCW«Te  fe*e'S*/^It  HIV»-E re» •■4^:*. r. E.IT 
111  StE.sfc"»^l"»/»'*TI"> 

1£   1?  113 
11? [»£»«••■ 

113  C**11k-c ,,   ,, crtT 

PBIVT iJ.-.t-»Ti-».E.*-*'c-:.£iEL.Ef?-*-.»-*'«»•>.'^-cr^'.^"^*-« 

it» «»■»:^»-fc 

FiJ^T   ii,S--£.5--<.*-.S.,-«:X.:=*».>; 

jl  rtS-iTlj-J,////////;*'   S.—*5*   «riLL'S// 
•!•■   ,22-IEI»*.  »TSt-Ttr  =£-£=  *.€l?f</ 

• !>• .ZJ-1'1»«- i--5»«: p£-es  "•  E12f4/lJ • E.,T 
• 22"fCTlL »-*ärS 8* 5tfS «.112/ *■' 
•1»- <22««»!*»4. •>»*:'

,* Jk^eStS ••11?»                              etlt 
«tu»* t:iT 

C5: 



CM« 
c***< 

c»».>« 

•••*•   ELLS?'   I-LC-tiTtS  OJRcCTIC'.:^   tCSIVtS  Cr   K(W«UL 
• •••*   T:   *   tCIM   C%  *>. ELLi-SCIO  CF  «tvCLbTIOK- 

•11 

tlMM 

tIPOIkTIS«! 
tJFLIZJOl 
tJPI?..-) 
tKFL«6(200) 
tLtKSLEIZat 

t«LBF 
t02 

CO»CH  /69/ «&COI29.2SC:        i*La«v:S03l 
t .-cKwrsiftiSBi    •EiMaZaoi lEaasEczoei 
?   •6lS*'l-.C3l •BECr2£i29ei «TITLEIlZI 
3   •VH.IZCCi .It »-(2361 fXa«T|5fie| 
«   •7'4ATIS93I 

COi"«ON /xSs*rS/     ^LXtZBSI •«LP"«i«OI 
i •atT*(4Ti trevizaci •CK(?90I 
2 t?L*-(2301     .E)*-iT(23l     tEMATlZOl 
3 .C-*<(-CC)      fGlfwAUOl      taEFIZOI 
« «S'jM^aTizoc)     tSLtssaizsei       «xuei 
s «yuai iYKi2aai »zusi 
* .7Lt-l2e) 
CC—C'./Iät'tv/ IFLAGUei 

•Xs»««isai       •issaicsi tjFi2eai 
•JLczoai tj-ieiu •j«(2e8i 
•jatT(2;oi .JSC-(55J •K8*0l«sai 
•KP|73t) tKTTP|2S3) tLi-'CSS) 
•tafFLCZae» '    tLTTPE(2GI ••UT(2a|| 
•V-»T<?9|             iMü«a«T(2Cai 

•    CO—C'./PABt-S/ «L tÄt* 
•BZ\ ,«n ,BEaF ,OIS 
•61 ,G»-. ,&*.« .&»-F 
•Sv-a*        »If ,«VO« tMLC 
•»**- .TCt.P tTBEF iTTriftN 
•/••'- tZC^D tZS£F «2T4AII 
CC-'CS/JPIOJ«"/ FM«( tI»«X 

• IC94AT      .IC-'«!!        .IB .IB»T 
•«IST           ,Km             •KM)' «MiAX 

ISTEGEB  F.F-»X 
£•••♦••••• c«rc!-'.*f£ x.y.z CC-S-OVEMS or ««awAi. VECTCR. 

OEL(A*ix*.'.-(<|K| |/OIC(K| 
OELVAHY'.:- r<|<)l/31l<l 
OELZP*:Z'.i«-Z<|iU-E«l«M/E<C«l»»Z 

€••••••••• C*LCUL4TE LE».ST" Of NCXPAL VECTOR 
SSaSCS I IOELXA^^2*CELTA«»2*riELZa*a2l 

CMM«*««« CALCULATE OI=tCTIO«.*L CCSIMES OF kOBMAL VECTOR. 
ALNaCELXA/SQ 
ets«cEL*A/sa 
CA*isoeLZa/sa 

C»^^»»»»« C-ECiC OI'RECTIOXAL CCS:«.£S. 

CALL  CHECK(6«ELLHCatALMtBE*k>6Alt) 
CALL  DEBU6l6*<£LI>C<:i 
«CT'JBH 
END 

••••••••••••^••»oo 
.fic.a>ris«c: 
•ESoBizs.iaii 
• »"AllZBi 
oTRATiSoOI 

tBEKizaai 
•E«i2aa> 
•EkfERenzaei 
• SMMAT|2«| 

^Mizaai 
•ZM2aai 

•ITRAN 
t 

MSOR 

HE 

• Tl 

•JOLO 

•-: 
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SunaO'JTIkC CLLVSQdO 
C« 
C« 
C« 
O 

TC   i   eOl«!   OS   *U  ELLIfrsOIC   O»   RLVCw-TION. 

t£.a«S£l2C9) 
«TITLEIiaj 
fXR«rCSCOI 

• /ILP~«I«CI 
tCM?90l 
tE^ATiaOl 
•RE^iZOI 
tXUGI 
•Zi4C| 

c**»» 

C*a*» 

CO^-rjV /*q/     «BCOIcCt?C0l 
1 tCMXrsiö.SOI •El*ti206> 
2 .6:3»T(S00I «REUIZCZOO} 
3 tV"!.(?r(>l tXL*^l29DI 

CC-Ss  /cRa«rS/     ALK 12001 
1 •■rTAIArl tDEVIZOCI 
2 tK_»,'i?CC'5 .fll-»t(£ai 
3 .f»<f?CM tGA«"«!««! 
4 .<)--»TI2Cl»l tSL-H'-Wi^ao) 
5 «TIAOI tVKI2C9l 

CC"-O«./UB«*T/ irL«6(*oi        «ipottmo» 
•IS"i»«5CJ tISOaiZOI tJft?30) «JFLIZOOl 
•JLt'301 .Jf(?CC) tJ^(2e0l •JOI2C0I 
•JOAYJ200» •JSOSISD) •liBst){9?0l tKFL«G(200| 
••rP|7CCI «KTTPIZoei •L<4P|50I tL«*.S!.EI20) 
•L«!rrLJ?eai .LIT5MZ0) t^ATIZOSI t**FLi20> 

CO—0*/Pt-f-s/ AL fAL»« .»L» i»L«F 
•t»EK .>>£•» .BE«»F .OIS .0»IN ,OZ 
•G« ««AM ,eAa tfiA^r 
•S(j*3A        dl ,1*0* tICLU 
•»KC« .Tn.0 .TREF «TTKAN 
•2K#>. iZCD «ZBEF t2TrtAN 

•lOPJAT  ,IC-'SM   ,1B       ,1BAT 
•"KT    .K»/«     .KM)*     tf«AX 

IST'Gft  f,f-tU 
••••» CALC'.w-T£.   A.t.Z  CC-»C%E»iTS Of  «aq»AL  VECTOR. 
DfLKAsf«\;.-;«|«tl/OKIKl 
OEl»A»iyfc;»-r^ncii/cmKi 
ÜCLZ^'IZ'.r—Zillnj-EKUcjj/EntKlMZ 

>••»»»  CALCINATE  LEtGTM &  KC***i.  »CCtW 
SOs<WTeCELIA»»2.DELTA»»2.C£LZ3»»21 

•••»•  CALCM.ATE  DIRECTIONAL  CCSI%tS OF  KOBMAL  VECTOR. 
*LN«oeLi«/sa 
BEKsOELTA/SO 
6A%«ncL7B/SQ 

•••»• C»-ECK OIRECTICMAL COSINES. 
CALL  OFCM^f LLMOB.ALitBEk.GAM 
CALL  0EBlKI6HELLM>R| 
•»rT'jRM 
END 

• B£ii«T(S03| 
.ESc-'izo.zeei 
•V"A.«201 
• r<)AT(S00> 

(BEKI200I 
iEK(200l 
• EKrE«GT(2fiO) 
(SCRMAT(?0) 
(XKfZSOl 
.ZKI200I 

• «LR 
• O-Iti 
(PER 
.«PEF 
eZI 

(IfOD 
(Jt'A« 
(M^C* 

,XT = ««( 

MSO« 

.HE 

.YI 

.J0«.C 
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c< 

• •••• • -•••••»••••••«»„,,„ M ,,, 
;*=: Mi^j. »«£»£ taao' c^r.-3£o 

.»«*t|29» 

.t=*T|5C3» 

•B£K(2tei 
tE«l20tl 
tE^eR«T(233i 
.SSs-«Ti2oi 

•Z«l2lt} 

.21 

• MnOa 

tJ9<2fei 
•KFLASl2e*l 
.L«».3L? «281 

»02 
«»E 
E^S 

^TMN .TI 

C>"-C'. /»?/ •::;i2:>23ti (AL.aaris;«i 
1 •C"r= Sit.iBI •El*:*2*5l (C9«SCI2Cei 
2 cls«B«T:5til •C£a"i2«.2:ci «TITLEII?! 
3 .vii2r;i .Än.-i2iri taa«fisc8i 

cc—':\ /tsai«5/ ».<«2rri     •ALP-«I*CI 
I .=sT»(*r:    *3C»i2f9i     «sxi?-:» 
? .ft»-t2:5)     tEL^oaT^;!     tE**Tl2ei 
3 tc>«l2t9l      «Cl"'«!«:!      .s£'(2el 
• •*"'-«ti2c9i     «Si.'«m2agi       «(i«ci 
s .TI*:I •TKI2:SI «21431 

CC»-C*/I»liS«w/ IFL*61»:i 
•I5»»«i«ri        .:sc=!?ti .jri2t:) 

•JLI?3J» mJ'titZ} (Jk(2Ml 
•JO«T 12381 •jSMlätl «IIE«(939I 
•«9«?»il •■TTP(2f3l tLa>«IS3i 
•iO-rLI?eei «LTTPii^Jl •••«TI20SI 
••^1'I2H .VU^6X'-239I 
CC«»0V/=/3««S/ *L •«L«» 

•»€* .BE« .*£« .OIS 
*** ■£•« ,6ia «eaxF 
•SJ*3»     .«I .«•.:•        .»ci-D 
•»vc- •TR.S .»-£> .TT-<«V 
•2v-» ,2Ci3 .Z-£F *Zl*»s 

•10a3«T     ,IC*I!'.T       ,1ft .I6»r 
•■:*.T      ,«*««        .<%(>■        .»••» 

CM»**«».* P3j"i.T s.-aauTivE *•"£ «rwenc Eaasq OCCWWE:, 
Pii;»i,T  lc«*ir- 

€••♦••••*•  P3I\T   .ML-JtS CF  CC«»-5*   VMUBLES. 

H   »--««Tij-   ,6-  J-<.C=,Il2.fc-  ^VS«>.:i2,«*<   I«C«afIi2( 
•tH   T-X«x>I}2.6-   <€*:•», 1121 

«»«Ir;T  12«aL«8£>U«II«TI«{I 
12 E03>««TC1H   ,6-       *L".     t!2.*.tH       »£■»     EI2.«<6>-       ft*" 

•*-       «!■,     El?.«.«-       TI«,     E12.*.«M       21.,    E12.4I 
PJI^T  l3*Hß**f*»&**•**£* •r*tr,ttsif 

13 Ffa-t'ti-  ,»^    «Lss,     tr2.*.t-    e»B.,     £12.4,6»    6M> 
•6^  lAEFa,     EU.«.«--  T*iF«,     tI2.4,6H Z^EFa.     E12,4| 
^•im i4.4LPr,.>.*r,s,«.flF,cTa«\.Trax-../rats 

14 FOdTIlN   ,fr~  «LOTa,     El2.4,e«  BCKFp,     £12.4,«» SftBFa 
•6-  «T3i%,     Fl7.4,f>   TT-*N,     tl2.*.t- ZTS««,     E12.4I 

pai'.T Is*4LN.-^,••:}t^•*v:.,T«:■,z<i^■ 
15 F«;3-4TJ1-   t-     «'.S*.      E12.4,ft»     !»Et»a,      fl2.».t-     64^a, 

•6-   iv-S...     E12.4,6f   YKC...     £12.*,*H  2SC>a,     £12.41 
H|«T   1».3IS.:-I\.?£3 

1«  FC='»Ill-   .6"     ^ISa.     E12.4»«M  C-INa,     El2.«tfC     PEaa,     rt?  4, 
C********* Pi:%T  S£>"£\T   4V9 «4TEI.I4|.  BESETS. * 

C«H.  EC!T 
STOP 
Ev 

,J0L0 

•    E12.4, 

«    E12.4. 

«    E12.4. 

E12.4. 
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£nt..:. rin-.p FI^S TeC wot *1t* IT .XS Btt* iscu*Tt:. 

§:::::::::.::::.n.n;ii.i::t:;u::2:.^^:::^: — 
«eCCl2et3:SI 

•TIT;.E(I2> 

•ESsaiZStZt» 
.«r»«T|2E) 

»TMTISetl 

«LKlZCtl 
tDE«(2»ei 
,EL»,'»»«ZS1 
iG&NvftUCI 
,S.."Si'i2Ctl 
• TKCZCO 

.isoaizti 
IJHIZ6» 
•JSORCSSI 
tCTTPlZCtl 
.LtTPEIZ«» 
t«c)Mi*TCZ9el 

«L 
.«E»* 
t6*a 

iT»<.F 
,/Stf 
FMX 

.IB 
• KMO« 

iC<iZ0*) 

• RiFlZOI 
iii4ei 
iZl««I 

IFL«e(43l 
tJFizasi 
•JklZtfll 

>F«TIZ0II 

.SEKIZ:- 

.£«|Z8C: 

.EfcE-'iTiZS») 

.««IZSSI 
tZKUSSI 

.IP0IKTI59» 
tJFLIZC&3 
•jpizeci 
.vuietzsei 
tL*k£i.EiZ6l 
.►rnzei 

• 01» 

• ftCLC 
«TTMAW 
fZTiUN 

• I»*x 
.I6AT 

.0-1» 

.ft«» 

.»»iF 
•ZI 

.IHC« 

tlMO« 

.oz 

tXTiUU« 

•wsoa 

.E'S 

.Tl 

.JOLC 

CO^-Cv /69/ 

2   .c»BtTCSt9l 

* .7aATiseei 
CO—O^  /ARRAYS/ 

1 •■ETCIASI 
2 .n i^izesi 
3 .f-- (?eii 
«    ,S--=ATJZP91 
5    •T<*tl 
ft  .7t»-«2«* 

CO^^^/IARRAT/ 

•IS^AIIStl 
•JLl7«Ci 
•JBrvlZCtl 

•LRFFLIZMi 
■WMAtlZCI 

•»E«. .€£■ 
•«« .t*" 
•SUvSA   «If 
•Tur«    •TOLO 
•Z*C«    • 20^.0 
CO—O^/IP***-' 
•IC^JAT  tIC

s«^T 
•KltT    .WAS 

^^L/^LCct/A.ABAR.b.Bl.aiP.ei'.WP.OeLT-.CCLX.CtLT.JELZ.O-IT. 

•CO$TMi*TAZtOT«<2 
IOFLM>a 

£»•»•••••  SAVE STARTI«6 ««LUCS. 

IMI'STHI 
BTa-ll 
BTP-BIP   

CMMS»«*  SET BOÜlkCI«« WALUES. 

|tt  IHBSTH 

BlIPsBP 
,-••••••••• CALCULATE  kE*  AW6I.E. / 

c Ir-I^Tirr^^T BET.EE. TH7 A« TH.. 60 TO 102.. 
lF|ITM-T-«l»rf«-TH711I«I.I81»ieZ 

I*Z TMS|TMT.TH81/Z.} 
^mmmmmmm*m  CALCULATE ».En B »«> B*. 

101  CAtt 8CALC * 
B.IR-aSARI/l?6-ASAai 

CMMJS^IF  -OP.   T-AK   ICC   ITERATIONS.   FRII.T  Ki  «ETUS*. 
ir«iiC»iBBnis«»Mt»ii 

C5b 



ice cz\-'::.z 

... |:;;4;Ä.i:i.:;:If5!I^1ä:;;;"'« - «.-.. 

Bmaa 

./ 

es: 



CO-C%  /fei)/ 
I   .Crci-Slt,S6I 

3 •v'H.i?ce) 

3 <c-»<f?:;) 

S   tTI*3l 

•ls«»*u;ti 
•JLi>ej» 
•JSATI23BI 
•RP(700l 
•LBrrL(2C9l 

"oTIKE Ff\SEfItLI 

tEtJi2;.2::> 

•LCIZOSI 
•OC«l2fiOI 
•rLA»«7|2B| 

t«LBt»(5:?j 
• EatSE^S;) 
•TITcEUei 
•««*»(56ei 

tSErijji 
•«(*C) 
iZC«Cl 

tES:,-; »?£,?:; 

ts:t «./IPS) 
•Hizsei 
•Z«|2CCl 

CC«"'Cv/PxBi-5/ 

•G» 
•Sj«a« 
• TV3« 
•Z».-. 
CC"r 

«in 

tRE- 

•«I 
tTCLO 
tZC.O 

/I»«5i«»/ 
.IC'SfcT 

• issaiesi 
t.-i?::- 

•<TYP|2cci 

tc-SF 
t6ts 

• Z6cF 

»I« 
• «*£■ 

2) 

IFLAS(4SI 
• .-CI2CCI    - 

•"XTIZSO) 

• CIS 
• e«-F 
• «C'-C 
•TT-4S 
•ZT-lH 
t>x« 
.1S*T 
• •WAS 

• «La 
• C-js 
•PEa 
• «R£F 
• ZI 

• I»CIl>T(59l 
•J^LiZCt) 
•js>i2eoi 
•«^Lt&iz;*) 
•t«»6t.EI2»| 
tKFLIZd 

• «LBF 
• CZ 

■I*.TEC-?s  FfF-«! 

COST"»it*«L»--£«öfs-&i«£»s 
COSTNsnSTt.»»2 

C*....*...  CtLCH.»TE  PEBC£*T  &F   T>M\S«ISSIC«. 

«ETU=v 
EM: 

• Itc« 

•MC« 

■ 

• fcsca 

PE 

EPS 

.VI 

• JOL 

C58 



c 
••••*•• 

2  •««-•T15*01 

€€•-:%  /tsa«TS/ 
1 ••rTt|«*| 
2 •FL*"'i?t:i 
3 •fi«*f2iei 
• •S'MOtriZMi 
5 .T-»:I 

ce-^ik/iASSAr/ 

Aeccizc.zcui 
tri*Ct2eci 
«neci2«t2ec) 
■K.A«:ze«i 

«L«I2BSI 
•CE*(2«3I 
• Et.&**Tl2|| 
.6* —i!*ll 
• Si,«3.-(23»l 

•TIItEll2l 

tC«l2C0l 
tEf»Tl2«) 
•REFCZt* 

•ZI4SI 

tBEüATCSeO) 
tES9a(2s.2e«l 

• T-i.T{bOI) 

tBC«l2etl 
tEKi2«ei 
tEKCserizMi 

.H|2M| 
•2»(2t«| 

irL«eu«i 
tJF12091 
#^12001 

•"ATi2eai 

ti»cifcTis«i 
■JFLI2VSI 
•jpi2*ei 
•>FL«6f2C0l 
•L«iv«LEl2ti 
i^Vl 1201 

•j^*T(2cei        »JSC^I»:) 
•«»/?roi .«ITP(?;-3I 

•tOfrL12061 •LTTPEI20I 
•**'*T[28I .••     -iTl?;si 

•«EK ,BE« .SC«F 
•6» .6Jt<< ,t«"» 
•Su«9a     ,«i «««.s« 
•TVS« »»«.n ,T=EF 
•2^« .2C-.', .26tF 
«•-■^l/IP*:*-,- fm 

• ICBWf     ,IC»-iT .13 
•«IM ,K»i( t<UkOa 

C>£-.s;c-. Ll'Ell30).«COt.C130I.TC0LII3eit2COLI130I.Cc:(.ll301, 

D«Tt|Ns«|3;i 

.315 
tfiOtF 
tICLO 
iTT^Aw 

f I»A« 

.»LO 

.PEB 
• »»EF 
■21 

• iMNi 

■ «LRF 
t02 
t 

•NSO« 

.«E 

.fPS 

JOU) 

EM) OF  PLOT  D*T*. 

123 »En  ll.«E-«O.T/rfic,Z2t«H;,»JA£,»OliC,2»kE.«TM.TTI»0,2T«0 
11 F06»*T|9EB«3I 

Kl<a>0«C»a2ElO 
0EL»*Trfc£-T2E«5 
0EL7«2Ck»-7/Ea3 
»LiSC^JT ICEL*»»2»9El.»»#2«CELZ»*2» 

£•••••••••   IF  PL»^£  K3T  CEFIkEU.   IMS   IS 
iFdL-l.E-IOl 121.121.122 

c»*«««».* psiM PLOT C«T*. 

122 ^IM   I2.WEa3.T2ES0.2ZE»0.»C*€,TOKr.Jc»€,«T«O.TT«0,2T«0 
12 Fra-«Tn-i.»c«.»:-?Loi CF PLäIC OEFI^EC fcr P01I.TS PO PI PT// 

1 |f.34MPt   ILC.t»  LEFT   CC-*l*   CF   PL0T1   HAS, *     **f 
2 7I.3?~?1    CLC-ia   aiG«T   COikc-l  CF  PLOT)   HAS. 
3 ftl.33-'2   ISO«£«»-E-*c   *L2^S  TC*  LI^E)   »»«S/ 
*     313" K.Eie.3.3« Ts.ElC.3.3- Z-.EU.3.2«)/) 
•••••  C*LC^*TE  OI=ECTIC*»i. CCSKS CF Kai20*T*L MTS. 
*«t»SELI/»L 
•i»";€L»/«L 
•I2«C£L2/IL 

C*«««l«UTiiC-»2Eao)»AJlT»lTT»0-T2E55)«»X2»«2T»0-22E»0) 

C« 

C59 



TTfcO»TTi»Z-C"»»»T 
lT•1=^T•r-C''•*»/ 

C€L»»TT«t-T/£.J3 

€••••••••• CiLC-^Mt CIRECTICA^L CCSI%£S C*^ »t-TIC*i. SiTS. 
•Ti=CEL«/»L 

•»/»5EL7/TL 
C«»***»»«*  CtLCJL'Tt  B«T   IkTEQ««LS 

CSlzlL/IM-l) 
DSr«li>f*i&7*OSS 
•nrSin./l>ST«i.si 

BEa-ITT 
fiAs.«T7 

DO   ICZ  Kcl.^X 
C———*»  SrT  ST<=TlhS P3IkT  FC«  »EBTIC*L  a«T  US.  Hi. 

»CCt IMs« TBC-.*««» Ik-! I «cs« 
»CC!.lk» = t'»C*l»T»l»-l»«t3» 
ZCCLIKIsZTMC*tXZ*I*»1I»0S« 
■IsVCCtihl 
VI>TCOLIHl 
ZI>7CC1 IM 

€••••••••• Ff.r  SEG-tVT  CCsTA:s:\3 ST«"TIM  POIfcT, 
C»H.   S?6—.T 
iFi^-.-.n'is.iie.iei 

€••••••••• Fl'.r FISST 5C.%;*■*» IMESseCTJiX 
1C1 C4LL KW'M) 

€••••••••• STCSE SEI-EVT MJ-BE;"* »>* ElSTisCf TO lMf-S£C^ICs. 
JCr'_IM«jM>« 

00 1(3 «sl.vxi 
KFLKSKtst 

103  CO^TIV.E 
ICZ CI^Tlv.C 

kTMaarr«! 
€••••••••• c; *LL HC^IZCMAC BITS. 

00  IM  |«1,».T- 

C»»«"*»»»  StT   STMTIS6  POINT  CF  «*T, 
KlBtT«t-II«>SI*0ST*ATS 
TlaTTaC-ll-.SI^aST'&TT 
Z!»7T.r-l|-.5l»3ST»*T2 
«La«l« 
BE«»«» 
6«s«BZ 
OL>s.a 
JWC-al 

€••••••••• FJs.?  SES'EST C0\T«:Mt6 POT. 
113  C*LL  SES«ST 

iFiJ^C.lila.llt.lCS 
€•••••••••  FJ^.-:  BCU^SASIT   IkTEBSECTIC». 

IM C*tL «»rw^ 
DO iu *.i,*"*» 
KFLMKIM 

1C» CC^TIK.r 
€••••••••• SET PSf^T C-tsxz'L'  fZ*  ^ITE«:«. kl^äE^. 

C-10 



C«*»<**>*   I^   DISTANCE   TBawELEO  GME«TE<)   TM*\ ctv&TK  Of  RECTAMUF. 
(••••«••••   GC   TC   1C&. 

iFtnL-lLllOT.lCT.lOB 
€•••••••••  CiLCi.i»TE   PL5T   C0040IK«US. 

1»7   X-i»1=«;i ■ • «:-»/t--l«»»r«l»i-T/t'<;i •»»Z«(/I-/ZfäO) 
«Ma9«t«i        :-*Z£aoi*«Tf*ITI-r£E<*OI**TZ*IZI-/4ERO> 

€•••••••••  Sf:   •. C-J*k Kwae« Of  Rütiac*«»  INTEOSECTKA* 
■•2aiteta/csi«i.$i 

€•••••"•••   S*T   PBIKT   CH10ACTEJI   TC  BUIkR, 
U'-r I\?)»1M 

•iT.-"^?-! 
IFf -'.€P-ST«0''ll09f 109tn2 

C*»*»*««**   STOOE   »«TeaitL  VJPBEB   IK   ILL  PBIM  POSITIONS  BET^CKN 
€•••••••••  CO-SiCUTm   IMt-S£tTIO\S. 

la« DO   111  %=>.CSEP«HTHC" 

111 CC\T1M.E 
112 fcl^? 

€•••••••••  6C  LOK  FOa  ««T   IHTE-SECTIOH. 
63   TC   113 

C**»»**.«   STC-.  »«TtüUL  M-fJE" fO« ^EH.-VctB  OF   PBIKT POSlTlMS. 
It«  ».S«.fP««.l-l 

IF|itC«fP-hIllU>ll«tll6 
11* 00  119  •«.».C-vfi'fM 

L|»FfS|.i.piiT 
115 C0M!».Lt: 
116 »L«-*TI 

BEa-ar* 
ttmmttZ 

€•••■•»•••• LCCP  T-aO-j1!« «LL  VERTICAL R4YS, 
00   117  t.»l.\« 

C«. •>••••••  «<;vE   B*r   STMTIfcfi  POIlkT   HT   Cf.i   LI«   •IDlH. 
■COL IK) XCOL (M -»L»OSY 
»CPt l»U «TCCLIM »«E'OST 
2CCL (HI ■2C0LINI •G»«>UST 
OCrL IM =CtOL I«») -OST 

C«*****«**  IF   WEaSECTIC* ■*$ MJT CROSSED CC TO  117. 
lFirC0LI*>>illS*I17.r .7 

lit  «I»»C0LI*1 
TisrcoLiHi 
II«2C0LINI 

C»»»»»»«»» F1W  Kt*  SC6WENT  MUMAER. 
C«LL  SE6-XT 
|F|jM>*lU«tllfall« 

€•••*••••• FT«» ttEtJ rtHADA«T INTEMSECTICN. 
119 C«LL  BCUV3 

00   120   K«liKH«I 
RTLASIKIM 

129  CO^TivvE 
€•••••••••  SET BL»« F« PRIKT PCSITfOk. 

LUFIHlslM 
OCOLI*I«0»'I'« 

117  COKTfK f 
C—»—»mm  P.ifcT  LI*E 

«I^T   It.LI^F 
1«  FOa««T(lM   .13C»n 

€••••••••• 60 DO «<«T HORIZONTAL R*T. 

If CO%TI%uC 
€••••••••• GO  LCC«  AT  SEIT  DATA CARO, 

60 TO  123 
121  Jv>S| 

RET'iRS 
lit CALL Eapa<«Ti6f*üE0PLTi 

STrp 

CA1 



SOSOOUTIME MfLfcoac; 

(••••••••• -rt'-CB C*LCCL1T£S DI-£CTIC"»»L COSZ'-ES FCS T>-t •-"►iL T3 

CO^-ON  /69/ «dCC(2Sfi': #>       ««La'TiSOO) tBCiurisi 01 
1   .C«)Sr:SI6.5»» tE(«bt2c:: tERlSEl203) tESr.Sj2o, 2CS) 
2   ,Gts»riSOei •REÜl2St2iC)           tTITLE(12l t<(''*T|23) 
3   tVOL^OOl tIL«t(2Sii| •latTise»! .»««»1535 1 
4   t7°«VIS06l 

CO—ON  /4RR«TS/ «L<(C2C0I t»LP-*(*ej .BEiCl2iei 
1   .PCT*i*gi tDEVI200) tCKi2oe) •EK|2se) 
2 .u*-i?Bei .FL*-»tuoi .F-»T|iC) •C^£"C-T|?«tl 
3   .S«<t(?031 ,6«KHA(4C) •PEFi20) • S.^«T|2BI 
♦  .S-'airi^oo» tSU^S:««(2e3)           .«14^.) •IKI2JG) 
5  .»(*0l tTK(200) • 2UCI t2«l20C> 
* t7L«Ml?C> 
co*»>o<t/iAaa«v/ IFL»G(«rj iIPOlKTtSO) 

•Is-»»(soi         tisoaizoi •JFl29ai iJrLi209| 
•JLI?«0I                 .JM1P0S) •jki2eBi iJP|2C3) 
•jn«V|2oei          •JSOQISOI tK8«0l9aCI |KFL«GI206I 
•KP|>eoi           t«TTPi2c:i iL«"Pe5CI •L«kfiLEI2ai 
•l»EFL(?00»        tLTYPEI«:;» iH«T(20»l |PFLI2e) 
•VUT(20I              tHü«I«T(2:0) 

CO"-C«./P»Bt-S/ «L tAL«               .4LB .*L^F .«E          . 
•Et«            .BE» .BE4F tOIS               ,t>"m .02 .EPS       . 
•6»               .CAN •e«a tG»-<F               tP£B . 
•Sj-o»        txi .«».!>■ tXCLC             •>»EF .«M»J» .»I         . 
•T%'-           «TOLD .TBEF •TTM«II       ill . 
•IS--           .2CLD tifOEF t2T4*l« 

CO«—Cf/IPAOt"/ FPAX tlPU            .IM>« * 
•IO'a»y     ,10?«^! iIR ,IPAT                ,JN*X • J^C« .jotc    t 
•KI<«T           .K»«! i»sO< tMPU            .Moon .KS^ 
IHTFCES F.F-AX 

€••••••••• FI«(0 PCJWT OK HELIC'L »I<»E CLOSEST TO POJfcT C* SURFACE. 
CALL PCI*iTI<(.ALPT,BEPT.GAi>T.SM:*.ThO«.2KC4t 
RaSCOTIALPT**2*nCPT*»2*6APT**2| 

€••••••••• CALCULATE DIRECTIONAL COSXftES OF kORHAL» 
Am=«LPT/a 
BEK«nEPT/R 
6A%-6APT/R 
XNn4aXA0«>(B.0«|K)I^ALN 
TNOXsTkOa-IR-OKtKI )al>Efc 
2M}rt«^!40M-(R-OKIKI)*6Ali 
CALL CfcEC«l6HneLMW.AO.bElk.eAM 
CALL 0Emi«l6NHCLIk0R) 
RETURI 
END 

C42 



c 
C»«»» 

••••••••••••••••••••••••••••••« »M»,#< 

t*La«T(5*tl 
•E9«S£i2aei 
tTITLEdZ) 
•Xd«T|SCtl 

•0«I2«3I 

•R£ri2ei 

•ZI4«I 

irLts(»ej 
tJFIZOOl 

c*»** 

(••••a* 

CC"»CH /f9/ «Ecsizttzeii 
1 tCOCVSiifSGI     >EI*Of200l 
2 i6(ä«T(5og> ,a^O^^;,/oc> 

Co—c> /<»a«rs/   AL«i20fi 
1 •a?T*|4;l tOe«l239) 
2 .rl»-i?::i «EL*"T(26l 
3 ti:*«(2efi) .G»"-»!»«) 
* .S---»Ti2r-,        tSt*«S;<l20il 
5   •T(«9I fTKiZCOl 
* .n»-i?»t 
CCwx*\/I«RaiT/ 

* isotucei       ttsoaizsi 

•J4iri2cei iJSCaiäSI 
•«P«?©»! •■(TVPI2C0) 
•LOfFUI208l        >LTT»EI2«I 
•*'«tTl2a» ••M«3«T|200I 
CCM'^K/PICI-S/ «L 

•«eK        tet'« ,dc«f 
•s* ♦«;*•• ,üX» 

•»NT^ tTCLD iT^lF 
•Z*-- tZC-.O .ZSjF 
CP"«^;H/IP*B»"/ FMIX 

•IC"»T     .IC'S"«!        .IB 
•«KT ,<"kl .«"»Oo 

XMfCES  ftF-«l 
•••••   CiLCOL*T£  CC-PD'.ESTS  CF  *34>UL  »EC-ü 

Of L VAx I v" --T< |<))/c< IK: 
0rLZ4«IZ*.C««Z«l<l*E<CIKI|/fE«lil|**2l 

••••• CiLCw»IE  LEMGTx Of  KC»»»»^  »ECTM. 
"-'■-•il :D£Lia>*2*CELT«*«2*bELZa«*Zl 

•••••  CiLCUL*TE OISECTIC«i»L  COSIES Of IkOfML »ECTO«, 

•»K«-CELZB/a 
'•••  C-EC« COSINES 

C*LL C-fC«(t----\Cfi.tL"».o£»..6A«.J 
CALL  D£RUG(t   -rs^OOl 
«ETU«% 
END 

.bl-*TIS39J 
tESOÜ(2a.2ffl 
t*"»T|2»| 

• BCi(l230l 
•E«(2a9| 
•EvEaST|2f«| 
iSUWATlZfi 
tU|29ei 
t2«l2Mt 

• C'S 
• 6*HF 

• KCL3 
tTT-UM 
•ZTMAS 
• !•>«■ 
• IBAT 

•«La 
.o-t». 
»PE« 

•ZI 

• IMOM 
• JHAX 
.»AC» 

•IPCIMTISOl 
•JTLIZfCl 
•JP|2»«I 
•«fL«SI2|l| 
•L«K6LEI2t> 
.»■FLIi'CI 

•«LflF 
•OZ 
• 

.»■SO« 

.BE 
•EPS 

• Tl 

•JCLO     • 

C45 



c—• i-.« .cTs r-r ..£i;:.-:::::  
c#*" *  

•C(*Ct2SSI 

«L«C2»ei 
•0E*(283) 
•EI.«"'T(2«I 
• Sf-ll».; 

tTKI286) 

tAUMrtatU 
te-3is£(2es) 
»TlTLf CU) 
•JuiArissii 

t«LP««i«et 
•o<(2ee) 
•£"47120) 
•KEFI20I 
• «140 
• ZU8J 

•siAiTfStSl 
tES3^(2S.2sel 
• »••«TJ2JJ 

•E«i2eei 
• E^t*«5TI2esi 
tS»KATl29| 
tU{2se) 

• lsoiif2ei 

fCTT»|2CS| 
.LTTI»EI2J> 

Mr(2:Bi 
•t 

tfe£sF 
•««■ 
tM3a 

.2;£F 
F"AJl 

*|a 

IFL«GC4e| 
•JFI208I 

•«soisesi 

.«tu 
•SIS 
.6» JF 
• «CJ.0 
• TT«»«» 
t/T-iS 
tlrlX 
tlSAT 
«•«•AX 

•*u» 
«OHIk 

•«»tr 
• 21 

«I»«« 
tJMAX 
t« 

•IPCINTISC) 
•JrL(28CI 
•jp(2esi 
•KFL«e!2eei 
«LAk&LE(2Sl 
• •»1(281 

• 02 

•XT«** 

tusoa 

rfs 

.VI 

• JOLO 

cow;», /fc«/ 

3 •»*».(?t8l 
« «/OATISfOI 
CO»"«C% /A«RATS/ 

1 •■FTA|«e> 
2 «CLOl?:«! 
3 «CAKC;»» 
• .S .~-i»Tl2jB| 
S   .f«4C1 
• •7L«,'I2ei 

Co»«©'./1 AMU A r/ 
•iSatllfti 
•JLi?a(i 
•jaAr(?;*i 
•«»I?»:) 
•l*FFLi?eei 
•<MUTI28I 
COMOtsMKiMSS 

•«• .SAH 
•St^SA        fi| 
•T«o«       .roto 
•**>-       ,29i.n 

•lOPQAT      . !C^-ikT 
•«IM ,K-it 

ITTEGCO F.FOAX 

CO"'^>*/B*Se/     FBAC 
OXTA fr<v%Tca) 

C—••••— «C TO 4CXT SOU-CE. 
IN •>«•=•.• ?.••! 

icvnr«! 
IFIV«O—«.^»nti.iei.iiB 

Itl iFfis-txlMwD.i)|ce.i:«.ics 
C*»»*«..   I'-ratASf  RAT   I««,tX, 

I0S   IWAtsIvAl«! 

Lr«l4lWflMOW| 
€>•••>•*..   ^T  SCt«CC   TTPE, 

ISnsasrsOatLTI 
C>«»M*...  e-AHO.  OK  SOUBCC   TYPE. 

M  T0i|«3,2es.2M.488-.lSr«A 

IM CALL VSOBCE 
60 TO 1*4 

C»»"*»»»e stir QAT FOO^ SUBFACE SafNCE. 

SO TO 18» 
f •••••••• 6ET aa» FBC-Jk^T T*5L£. 
Ait CALL axTSORficotwri 

60 10 114 

•IO£&tS 

C-14 

:/ 



c#i;r;r;erF
o:^:/KEaGr ^ w,o*ic ^^ ***<» ™ «»c^r. 

ElI«««.Ft«eS9<l|LT»FI 
Ee.iSE:iF|sESC3(LT.r)>FR«C 
KKntS£(r))|C7.I07tl08 

|0S  Su»aAZ5ij«.aA*eiIN4X,FI 
106  COsTIv.? 

IFLAGII»»!«] 

lie »eiu^s 

C45 

/ 
/ 



Fl»\CTK<»   INCKCiC« 
CM« 

CO«-OM  769/ 4tiCOt2C>?04il        t«l.=*ri503l «bi.>-AT(SS0l 
1   .C-JOSrS «6.501 .Ef«0<2CC) «Ei9«SE(20ai .ESO>4129.2091 
2  iMQ" 1*001 .RE3I2C.(;C1          tTITLE(12) ,V»AT|2SI 
3   .VOtl?C0) .«Li-lHC&l «XRATI £301 .T-XT1500J 
4  .70«TISCOI 
co^s« /«aiurs/   ALKIZOOI tXLPHAIAOl ht< 12001 

1   ."«-¥»1*0.' .DEVf2Ct» 1 •OKi2ac) •EK(200) 
2  ■EL*>«I239) •ELMATI2CI «EMXTIZOI «EfcEXfiT12001 
3 •C«iCI2C}> «GA^XAUSI tREF(?0> .SCRMXTI20) 
4  .S-JMRAT 12001 «stiMSoauoo «XUSI tXK(200l 
5  iTI40l .TKI200I • ZI40I «ZKI200I 
6 «7L4»I?0} 
CO—(A/ltHB»V/ IFLX6(40> iIPOI^KSOl           , 

•IS«««(S0l           • IS09I20I «JFI209I •JFL12001               . 
•JLt?00l                « J^«200l •j^izcai IJPI203I                 . 
•J94TI2CCI           • JSOaiSSI •K8%019901 .RFLAC-(200|           , 
•KPc?oei            . «TTP(2:Sl •LXHPfSOl ILAKSLEI26}          , 

•LSfFLIZSCI         ■ LTTPE!?:» •«*I(200> • MFLI20)                  . 
—t-ftlZS}              • MÜFRcr12901 
CC—OH/Pi^/lxS/ »L «*L« «ALR «ALRF            .BE         t 

•Urs             .BEa • a£RF • OIS «OMII, «OZ                .EPS       . 
•61               „e«"« .G»*» «Cl-F «PER t 
•St.--t«        .XI ■ MtS« «XCi.0 • XREF «XTHAN           .Tl           t 
•XSZ-          .TOLO .Ti.£F •TTRXN «ZI • 
•Z*C'          .ZOCD ,v>tr tZTHl* 
CO-^C/IPiOi"/ FMAS tlwiX ^1^0» • 

•I0=a*T    .IO'BST      ,1« tIKXT «J«AX *J*0*            «JOLC     « 
•KIikT          ,<»■-« t«»Oa «Mi AX ,1*0* «kSOR 

I^TF.GEa  F,f i« 

DEt'=/I-2««'» 
C«««**»**   IF  PO:ivT 0^ haOMS SIOE OF   CERTEX 60 TO 101 • 

IFc«>£L7«E«t««lMOl.l01tX03 
103 CEL(slI-i«IKt 

DELr»YI-t<|0 
C•••••,•••  PfT  POI».T I ««TO  ECv-'JlTIC« OF  CCSEIFPl. 

i:«»«(i.e-r<<«u •OELZ»«i-0« l"l•«CELX»»2. CELT"2> 
C—•!•••»   IF  FP LE«  TH»I« Ot  PQIM  IS C-TSICE CCM, 

\f ifpnoi.icz. 102 
c»»«»,#—• PCI*V IS IMSIOC« 

102 I^:s«l •*■ 

«»ETU«»^ 
C«*»«»»«* PCIHT   IS CUTSI3E. 

101   IKC-'X 
«ET-jai, 
CM) S 

/ ^ 

C-16 



/ 
7 

FlRCTI^Si   I\CI,*J<ll 

•••••  r,.s,cTi:\   |«.:c\  t/£Ti«»Hl\£S   IF   <   PClHTIXItTI.ZI)    IS   I\S1".£ 

•   I^CO*.»«l   FO<  TtS. 
■••••   IvCf^.»-!   FO» ^0. 

!•• 

Itl 

1(2 

103 
10* 

1 «COS-irsfStSSI     •El*9>2801 •E4aSlC209l 
2 .«aaATISSOl taESI?S.2B0l >TITl.FII2l 
3 .w-<,e?;5i iiL'iZesi tHAViSOOl 

CO—'"I /«satrs/    «tOZOBI ••LP'^J.f^OI 
1 t"FT«|4ei tOCklZMI .(XI230I 
2 .FL«-l?HJ .EL*'-rt2:i «EHATIZ«! 
9 «SAVIZOCI    •&«•".C4ei   /CREFIZOI 
♦ t$U>9«Ti?00l        tSw^SÜlZMI    /    .(I49| 
5  tTI4S> iTiCIZSSI «ZUOI 
• .7L»-I?0r 
CC—JS/!•«»¥/ IFL«6f4«l •IPCIhTISCl 

•is^iifsoi       .ISC^I2:J tjFtzasi tjn.12001 
•.^ 12901 iJ^tZCtl iJklZCOl fJPIZCSI 
•.-•▼12901 .jSr-USCi «KaKdCMOl «KFLAGI290I 
•^-l7B:i ><TT>{2ESI tLA^^I^gi •L4K6LCt20) 
•LaFFLI20Si       tLT»PEI20l tM4T IZMI tNFLIZOI 
•M>4TI2SI tVjMATIZStl 

COM«3\/Px«i»S/ «L •*{.> («LB t*LRF 
•Bf». «SE^ «KV tOIS .DMIk ,0/ 
•84 ,S4-< «649 »GAAF «PER , 
•s«>3«     ,«: .ass«        IXCLO        «UEF        «XTüAM 

•TIC< .TCI.D .T»t.F »TlrfA« ,21 , 
•Z*C« .2--C ,Z'£F .ZtlAI 

CO^^^/IPC-l"/ F'iX «IMJII .I««0« 
•I0P44T    (ic^aoT      .is .ia*T ,j»4X 
•«I\T •«••41 (4VO« .MNAX .MkCa 
«««ncÄi8» F.F-«» 
•••*'iiju;i.LiTfc OIST4\CE FS:- FCCUS TO POI«T, 

IFco=-!.E-*iIJ2.I;2.:9:      
• FffcO CJSi'.rS CF VECtOa FBC^I FONCUS TOMINT. 

SEt»rT/a3 
C4LL c-tc<«%- :N:ss.4i.L.tEL>e.oi / 
Oe^«1.0-E<l*l*ltLL*4L<l<>*ttL*a£«iK|l 
IF|a=SICE^:-:.E-»llC2.1S2.!Cl 
>•••• Fl»o ::5Tf\.C£  FJi-  FCCt-S TO SM)F4CE. 
B4-.S |S)< l<] •£< IO t/CES 
IFi«s.S4:)i:2.lC2.I03 

••••• PCI\T :s XSSICE C3%ic« 

SO  TO   10« 
••••• 9z\w is ojTsict cere, 

ivcova.: 
C3\T;\UE 
fe£Tu5\ 
Ei« 

.{»EiurisaBi 
•ESCAl20(2eOI 
.•MfiTtzei 
iTRAT15301 

•6ECI2G0I 
tE<|2dCI 
.E»>€«5TC?CCI 
.S«MM4Tl20t 
.MIZCOI 

•ZKizeei 

• JM)M 
tMSOR 

.E«»S 

»joto 

/ 
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FincTICN   llkC'HII 

clim»*»* rufccTio« i^CTL &ETc—:   s IF * POIMTUIITIIZII IS IKSIOE 

(-•••••«•••   I»CTl*-l  FO« *0. 

CO—C*  /6»/ 
1   «COOASSIftiS«! 

3  .VQLI?«») 
• .7««»TISC«I 
WNW /«MUTS/ 

1 ,«fT»l*fl 
2 trL*"l2tfl 
3 tCMI?MI 
4 ,v#««Y«2e»l 
5 •TI401 
• t7UUM7«l 

CO»'?«/1AMUT/ 
•ISrallSOl tlSORtZtl 

UCt I2«*2MI 
•Ei*ci2e*i 
•REDI2t<20ei 
.U.*n(29CI 

U.KI2C0I 
tOE«l2C0l 
.eL«,«*T«20l 

•suMsawtzMi 
tTKI2MI 

iE4ftSE12001 
.TITLE«!?) 
tKRATlSOOl 

• *LP«i4(«0l 
tD«12001 
.t-»Tl201 
iREFIZOI 
tXI40l 
• ZUOI 

,fSC^CZ5,2?«I 
.»"«.TlPSl 
• TiUTISgO) 

•BE.KI200I 
•EKi2«ei 
.KfcE-STIJCiV 
«SOMATIZOI 
tM 12001 
.2«12001 

•JLI700I 
•JHAT12901 

•LVFLfrCOl 
•4M4TI2C1 

•at* .eea 

■if 

■JSORI&0) 
•KTTPIZOOI 
•LTTFE120I 

12901 
4L 
.BEÄF 
.643 
SUM 

IFL46Uei 
*JF12001 
•Jkl2S0> 

•L4*tP(S0i 
■MT 12001 

•*L1 
• DXS 
• 644F 
• XCLO 
.TTÄ4* 
• ZT<iAN 
• IM4X 
• IR4T 
.MP4K 

.*L« 
•ONlk 

•«EF 
•21 

•IPCIMTISOI 
•JFL12001 
•j9f2eoi 
•KFL«GI200| 
•L44fiLE(2ei 
."FL120» 

• 4LRF 
• DZ 

,lTii4«| 

•EPS 

• Tl 

.IV3- 

• • • MSOA 

C*Ll«iC«IC*L 4«IS TO PCIfcT. 

•T^o«    •TOLO .T«tF 
•2W    •ZOLO »ZBEF 
CO*»C^/|P4a«««/     Fi«4X 
• IO= .4T  •ICH»««IT fl« 
•CIKT    .KN4S .»«W 
IWTFEE« F.F-41 

CM..***.* FI40 0IST4KCE FSOU 
D4x(l-I«1KI / 
DTsrl-T«|Kl 

00«n«»«?.DT»»2./»»«2-I4L« IICI »OlaBE« t«»«OT.«* IICI«ZDI »«Z 
C»«»»—«»  IS 0IST4>C£ LESS TiUUi R40iaS«< 

IFioo-ntiKi«»*! I0l»ie = «102 
c—*•••;•  POIHT IS INSICE CTLlMCE«. 

Itl INCTL "I 

CM...M.. POINT IS OUTSIDE CTLIM)». 

loz i*cn.»'i 
■ETUM 
END 

• JOLO 
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[/ 

FiKrTIC«   IktLLKI 

2 

4 
S 

M-COt2*>2«S> 
tE(«tt20«l 
•S£:i2**2l«l 
.«Li-ä28Kl 

ftLXl2«ai 
,0E<l2a*l 
JEL*"*T|26I 

•scsiKizas) 
•TKI2MI 

f«L<»T<SSSI 
tEB«SCI2«e) 
•TITLC(12l 
tUATlSHI 

tikLP-AIMI 
•D«I2MI 
•EH«TI2t> 
.»tf1211 
i«UOI 
•2«4»| 

^•■•••••••••••••••••••••••••••••••••••■••« 
£•••••••«•  r;K:TirK  l^tLL FI^CS   If  POXM  IS 
C***»««* ••••• 

cr»"»o\ /69/ 
1 .CfCi.Sli.SDI 
2 .r-taiTisesi 
3 .votMOBJ 

co*-cs /ciu«rs/ 
1   ,ptTai*ci 

•Ei.«,>(2ea> 
t«M<7ttl 

—ft i7t>«i?ei 
Co«-D\/i«aa«T/ 

•IS"»»(5»I 
•JLl2£:i 
•jatv(2t«l 

•LncFLI?t9l 
«•MATIZai 

•Bt» .SE« 

•sc«--»     .«: 
•T^C< «TOtD 
•/VT- (ZCl.D 

• lOPaAT     •IC*'*«! 
•klvT tKPlX 

I^TEKEB  Fift* 
€••••••••• C*LCW.*TE FUNCTION FP. 

FPa|.t-IIXI-l<(l«)l**2*<Tl-TKlK|l**2i/0KlKI 
•-l|II-7«l'lI-f«C<>l/E«l«ll»»2 

C«»»««»»»« IF FP LESS THM •• POIMT IS OUTSIDE 
IFfFPlltZ.ltliltl 

C«*«»M«.. peiftT IkSIOE 
1*1 INFLL>I 

■ETua% 
C••••••••• POI*T OUTSIDE 

102 IMFLL>-1 
■ETUM 
ENR 

••SICE ELLIPSOID. 

•BERITISStl 
•ESORI2a.2oai 
«vwAiizat 
■THATISOai 

•BEKlZail 
•EM20ei 
•EfcEü«TC2aai 
•scKXATizai 
•ui2aai 
.z>i2aai 

•iscaizst 
.J«I2«0» 
•JSORI59I 
•■TTPi2aai 
■LTTPE(2ei 
•■M^MTierai 

.«E"F 
• SAO 

.THEF 

.2«EF 
FK4S 

• ia 

IFL4C(4ai 
•jFi2aai 
•jki2aai 
• M<4l9a9| 
•L«"*i5ai 
••uii2aai 

•At* 
•ois 
.6«HF 
»«CLO 
• TTA4N 
•ZTMAM 
• IP*< 
• IR4T 
• Mi AX 

•Cilk 
•PES 
•HREF 
•ZI 

• IMO« 
• JHAX 

•IPOINTISftl 
•JFLCzaai 
•jpi2eai 
•KFLAGSZaOl 
•LAMLEI2ai 
.HFL 12»I 

• ALRF 
•OZ 

•XTRAN 

•NSC« 

• RC 
•E« 

• Tl 

•JOLO 

C49 
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/ 

/ 

SUBOOUTI^E   INFLIIFLI 
c— 

c*«**< 
CO—O« /69/ AäCOl20>20«)         •«Ln«T(S0CI H^-«T|S?- 1 

1 .cfoarsifc.soi .El«0>200| •Eb«SES2C0) • EMRIcS.: :ai 
2  .««»«tt^OOl .I!CO|20.2OOI           iTlTLEC12l •VMATi2ai 
3   .VOL 12001 • ItMiZOS) .XiU» 15001 •TAATISOOI 
*   .7O»TISS0l 

COV^M  /«RIIATS/ ALKIZOOI tALPHA|«9l •8EKl2eOI 
; ••"•rT*i*ei loevizeo^ tDil|20«l tE«i2eei 
2   .FL«"»l?00l fEL«MATf20l .t"*U2öl .F».£-C.T(?eci 
3   t««KI?0«l .6*r^«l40| .fitF(2CI tS=afATi2e > 
«   .Stt-SlTiZOO» tsuxscriizeo)       txusi •««12001 
5   .»I4C1 .TKIZOtl tZUOl •ZMzaii 
* •n.txtm 

COMMON/1 «RR AT/ IFLAG1401 • IPOINTIMI . 
•ISfttlSOl          tlSORlZOI • JFI2SCI •JFLIZOOI . 
•JLI?OOI             .j«i?eci •JklZlOl IJPI200I . 
•ja«vi2oci        .jsoaisei •«B*«(90e> ■KFLA6I293> ■ 
•K»I?MI               .KTTPCZOO) tLAMPisei •LAK&LEI20i . 
•LRFFLIZtOI       iLTVPEIZOi iMAT12301 •MFLI2ai » 
•«^UT(2OI         twMUTtzee» 

COvMON/PtRAMS/ *L tALU • ALR .»LHF .RE 
•BE«            .6CP .«EKF • OIS .DKIk •02 .EPS 
•fc«               .G«*l •SAR tGAMF .PER • 
•SUVH«         ,11 t'kO« tXCLO .«»EF .■THAn •Tl 
•TMO«          .TOLD .THEF ■VTNAN .21 i 

•/HO«        .7c;o .2REF t2T>4Ali , 
CO^-C«!/!'»?^/ FMA« ■ IPAA • I»«« * 

• lOPÜAr     .lO--»«»! tin .16 AT • JNAI • JkO« .JOL 
•KI\T          .K"»« ,*».c« .KrAX   . .«M« •fcSO« 
IlTFCER F.FWAI f 
CO»<Hlk/HELCO^/A.AaA4.B.e:.a|P.EP.ciP.0CLTH.0eL>*DeLT.C€L7.~-IT. 

•PSI>.«tV,R^->.ST«,TH,lhI.iSSilS,k<5,CSlH,SM».,«cSTM,SS\TH,Bi- ., 
«COSTAN.TH2ICTH2 1 

irL«a 
€•••••••••   IF  FU^CTIO^l LC0<S  LKE  A  PARABOLA.  60 TO  102. 

IF||R-B||/|l*P.BlP|*lTn.THin..2ä||Wl,I«2a102 
C—••*•••  If ROOT AS 6RACKETEO.  FI*C  «OOIT. 

!•?   IF I fii-ABlRI*l81-A8A*IIU3.103.114 
ia3  CALL FIWR 

SO TO  11« 
€••"••••• SAVE START I*« VALUES. 

iai  TM7«IH 
B2rt 
BTPsBP 
TH3aTHl 
B3B41 
B3P««p 

C*«*****«* CALCULATE »«i* AMLE 
104  THa|Ti<*TNll/2.« 

€••••••••• CALCULATE -LH B *«O BP. 
CALL BCALC 

&*••••••• IT SISN REVERSAL. C«LL "EVS TUICE. 
1FH1P-BP1105.105.10* 

IBS CALL  REVS 
IFL>1 
TM|«TH 
BIBII 

C50 
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6P»a2P 
C*tL  «E»S 
60  TO   11« 

C**M«**..   ir  FUKCTIOü LC0«S Ll«  * PMUOLAt   «0 TO  117. 
IM   IriIR-ail/IISS>.aiP|*|TH.T>.in..2S|l0«.llTti«| 

«••••••••• IF «oor is eaicKEieo. FI«O «OOT 
H7  irilx-OiRI'IBl-ABMJlloa.iM.lt« 
K» CiLL Fi«era 

£••*•••"•  SET LIMITS FC« OThCB PAüT OF FukCTIOk. 
!•«  THJ.TH ' 

B|z4 

Tt«»-  i 
Bsa- 
B»»-?P 

CM***«».«   IF  FJACTIO% LC;<S LKE  PUASCU.   CO TO   111, 
If|CB-":i/HEP.HlP|»lT^-I-lll-,25lU,,lu,iii 

C«**......   IF   Sc-T   is asuzitltO,  FI^J  ROOT. 
111 lF||n-±El=]*|bI-AB»ini2,ll2(|ie 
112 C*IL r|j -R 
lit  iTTUVNi 

i 

L 
L C51 



FUbCTICN  Ilk-Ctl«! 

>••»*••»•   It 0£T£—l^ES  If  PCW  «ItTI.Z!   35  X^SISE  t-cS-I«. 

• ESC"I2S.Z«»I 

ALKIZtOI 
.cE«iz«ei 
•EI>>AT|20I 
•6AM»at*si 

•TKIZMI 

•iscpizai 
tj"iz:9i 
■JSC^lStl 
«KTTPizeei 
•LTTPCIZII 
•Mwturizat) 

AL 
.BERF 

• Uk3« 

.Zä£F 
FMM 

■ I« 

•«LP"«l«fll 
tOMZtti 

tR£FIZt> 
tII4tl 
•ZUII 

iruwuti 
•JTIZMI 
• ÄIZMI 
■ «sOl^Stl 

«BE^IZCSI 
•EKlZSfll 
•E»€H«Tf2eai 
•scaiuTtzti 
tutztai 
•ZKizaw? 

•JFLizaai 
•j^czaai 
•KFLAfilZ:»! 
•Ll^CLEIZSI 
•"FLIZCi 

.PE« 

•zi 

«IMta 

ttMOm 

•DZ ' 

co—c». /i »/ »eccizs.zaa»     .*La«Ti5e:i 
1 .coca s  ..sei    .Ei»atzcsi .Ea«SEiza3i 
2 .cM««iwti       .aEOizt.zeei       .TITUIIZI 
3 .VOLIZaai ,»L»«IZ6SI .«JUT»56SI 
« »zuTiseai 
COW« /«RfUTS/ 

1 .»fl»«*»! 
2 .EL*"«2t»> 
3 tsMi?aai 

5 «Tuai 
*  .7t»-l2t> 

CO^OM/IAMIAT/ 
•IS"»««?0I 
•JLizaai 
•jBavizaai 
Mvmai 
•UKFLizaei 
•»••TIZC-I 

co«,«>^/'»s'*",s'        **- •*L* 
•HE« .«»El? .aEBF .015 
•CA .Wf .S*" •••^ 
•Sü-a»      .«11 t«**» t*OLO 
•TMC* .»CLO .»-t» •"ft* 
•Z»C- .ZC-0 .Zä£F .ZTW-C 

COMCM/IPSf"'/ ^"** »IP*» 
•IC?a»f    ,I)b»i-T      .1« •!■*' 
•«I*T .«P*» .«M»* •• 

BELX'tl-lfl«! 

CMM^H'ctLCilLATe  OIST»«iCt FBO"  «US TO PCIWT. 
■=rn.«»»ZI*CEL»««2 
«lMiaEK<«i-c<i«n»#z 

C^.^I'ir^lU^T'äElftE^  I^E« «* OUTER MOtWS.  «0 TC  UZ. 
Iria-«i*nia2«i«3*ia3 

1*3 iFia-artfTllS4>ia*.iaz 

C.lÜ.i.i^LCCiTt k£4=EST POI*T ON -€LlC»L •!"£. 
CALL  PCIKT|1«»L?'»=EPT«S*?T.«I.TI,Z11 

c....o»>.> CÜLCULtTE  OISTMCE  VW*a£0 bET.tE* T»0 rOlKTS. 

C„-J;«  J  BI5T4SCE St-iStO US* T«*» TUBE »*CItS SOüMEO.  60 TO  lit. 
IF|r>S-nXI«»»«2»16l.iai»it2 

£••••••••• POIkT   IS  I*SICt 
lai I«»«.»! 

«tiua« 
(••••••■•• PCIMT IS CUTSISC 

iaz i«wtL«l-i 
■CTua** • 
En 

•EPS 

.Tl 

.JOLC 
.%soa 
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r 

5••• 'L-zllCs  1%HT? FINOS IF PCIhT IS IHSICE  MYPEabOi-Clor" C»««»»«»».««.»»»«««aaaaaaa..aaaaaaaaaaaaaa,aaa-,##,###M-#,###* 
••aaaaaaaaa 

»tststuoai 
tTlTLEHZI 

•o<(i2«ei 
•EH4TI28I 
■REFIZtl 

'•XUOI 
«21401 

• BiMTISOOl 
«ESOR(2:,2ool 
«Vf*11201 
tT»»T|5;oi 

tBCKlZOUl 
«EKIZOOI 
tfNE«5TI?00l 
tSCaMATl2ei 
• JUtZOOl 
•ZM200I 

CO«—Oil  /*»/ ABCOIZGiZOOl 
1   tCrD3:S(6.58J      *E(*0fZ00i 
z «e*9«T(500i taESizttZagi 
3 «vrLizosi «XL««izoei 
• •7a«Ti50Ol 

CO—0«i  /AnMvS/ «LKIZOOI 
1   ••rT«f«ei tOEVIZCOl 
Z   .Fl»-I?50) «ELMATlZOt 
3 •fiKi?e:i tst'MAUc) 
• >s<j-4«Tizcei     «SLMSMIZSOI 
s .Y(*S» «viKZeei 
• «TLI^IZOI 
CC—C/lÄSaiY/ 

•IS-iKlrOI »ISORlZOI 
••ILIZOOI «jiiacai 
•jn»T(2coi        «jsoaisei 
•«"»«?ooi •KTrpcZoei 
•toj'LIJCCl        »LTTPEIZOI 
•»i««»TfZ;i «MNWATIZOOI 

COw«OK/?l.C(MS/ *l. 
•BEK ,»£« .§EaF 
••« .S««! tGAfi 

•Tfi;c- .TCLO .TSEr 
•Z^l«' iZOLD t2»EF 
Cc»-S*/lPi-»»»/ FMaz 

•IOP3«»     .IC'SM tH 
•«IM .icvax .KKO« 
I*TF6CC F,F»«4» 

^••••••aa Ct^COL«T£ FUKCTIO» FP, 
OElZaZI-Z«iK| 
IF |CFL7>S«« U) IIOZi 10Z> 1C3 

103 CtL«"«I-«t««» 
OEL»»»!-*«!«! 

'«'—»••-«CEL«»»Z.DEtr«»ZI/ciCUl.|lBtt2.EK(ICIl^»2l/lE«W|aa2, 
C»—"'.. IF FP LESS iHkH  0« POI*T IS OUTSICE. 

lFl«rPU82.101.101 
€••••••••• PCISiT IkSIOE 

101 IS-TP»! 
BETL-aw 

C«M«>**aa PCI%T OUTSIDE 
I0Z K*.TPa.I 

RETum 
En« 

IFL«6U0i 
tJFlZOOl 
tJklZOOl 
«KBM>f900l 
«LA<W|50I 
«"anzooi 

«OIS 
«6«RF 
• <CLO 
«TTUN 
»ZTUN 
• IMAX 
tIBAT 
«miAX 

c*L<» 
«DMIN 
tPEB 
•MEF 
«21 

«INOM 

«MkO« 

•IPOINIISOI 
•JFLIZOOi 
•JPIZOOS 
•KFL«6l2oet 
■LM6LECZSI 
•"FLiZOI 

.»LRF 
«02 
« 
«XTRAN 
« 

» 
• JNO« 
•NSOH 

.BE 
«EPS 

.VI 

• JOLD 

cs; 



- 

< 

^E™ir--"~!;r^^ »HC0«2«.2Dw» 
•EI40f2COI 
•fiEoizctzagi 
tXLAMIZOtl 

«iKizeoi 
•DCVIZOOI 
•ELAH«T(20I 
«6«NMJI|*0| 
tSUMS3<l(2cs> 
•TKI2E0I 

t*LatTISC5J 
tEbaSEIZOai 
• TIKEIIZI 

•ALP-»|«OI 
• DK 12331 
tEH«T|23| 
•«EFI20) 
• IU3I 
tZUOl 

COf'Cs  /65/ 
1 •cnaicsi6.sti 
2 •MC«rl50«l 
3 •VOLC'Cil 

1 tRcui4e) 
2 .EL»"l?COI 
3 «CtKIPCOl 

5 »vuei 

•JLI200» 
•JUVI20tl 
•KP 17001 
•t^FL 12001 
••*»TI20I 

COV^OM/PARIWS/ 
•BEk «RE« 
•6* .6«^ 
•SU»at       ,«l 
•»•in* »TOLD 
•1*0* .ZOLf» 
C0»40*/IP/US*M/ 

•locaar    »icPiiMT 
•«IKT ,KH4X 

IlTECE» F.F-»x 
€•••••••••  C«LC'JL*TE   FUSCTJCN  EP. 

• iu.Q«ri5C0) 
•EScai20<290l 
tVM«Tl2SI 
tTfiAT 15051 

•aE<l2001 
tEH|2CCI 
•E^E-ST12081 
.SCa-MTCJSi 
•ui2oei 
tZK|200t 

t1509(201 
tjH(2eoi 
pjsoaisoi 
•KTTP|2:9| 
•LTTPEC23I 
•MiMRATIZOO) 

•L 
tSEW 
t6*H 

tTHEF 
«ZREF 
f-ux 

• IR 

IFL«6I43| 
tJFI20»> 
*Jkl293| 
tKflsC|9e9| 
tt.«"P«S5l 
• «Ti20sl 

tAi.« 
tOIS 
•6<KF 
•<CLO 

tZT-i*«i 
»tPAI 
• Ifi*T 

tPER 
.WJEF 
tZI 

t-tfcOh 
.JM4X 

•iPOIMTtSOl 
.JFLI203) 
•JPI200I 
•M'LAfi(206| 
tLASSLEl2C| 
•MFLI20I 

.*LRF 
tOZ 

ml^**i 

tNSOO 

BE 
EPS 

• vl 

tjOLO 

€«•••••••• POIMT  IS  INSIDE. 
102 I*P«RB1 

«ETlUM 
€••••••«.. PCIMT   IS  OUTSIDE. 

101   iNOlGa.l 
■ETum 
Uo 

C54 



£*••• FLVrTIC-   I%PL« OETt^Ill£S   Ir   «  PC1%TUI.TI.Z1|   IS 0- 
c......... ihE oaiei- siot of PL*^ BOUMUHT **«£««. W 

€••••••••• i-.Pi *..»-i FO» rts. -^w. ». 
£••••••••• I«.-L»«.»-I Foa «>. 

••LOAristei 
■Ed«S€l2atl 
tTITLEIIZl 
tXRATlSOOl 

*E"ATc2ai 
tntrs?6l 
•«•*3I 

IFLACUfll 
•JF12031 
tJklZoOl 
■KaiiD(9t«i 

•N«T(20«I 

«•«OS  /*»/ «aCOIZOtZG«! 
1 tCW-J-Sl6.'>3) »CUCwZQtt 
2 «GMAtCSOSI tilEJ(26.2«ai 
3 *V'H.t260t •KLM'tZSCI 
♦ .7"»YCS5C» 

CO--CK /Ait*xis/   «LKtzoei 
1 tBrT«l«oi tOCVtZSCI 
2 •FL«a'(20ll •CL«*'*Tl20) 
3 .C-»-.VCCl t6AW"*(*0l 
♦ tSU^tUTIStfl iSU«S(M(ZO«l 
5   tT(4I| «TMIZDOl 
♦ t7L«-C?0I 
CO^-'S/IiQIUT/ 

•IS-1XK0I «ISMCZO 

•J-til?COI «JSOQISOI 
•««".'^as» IKTTPI2C9I 
•L4(ft(209l «LTTPeiZOI 
•»^fM?PI irtUMjiTtzeoi 

•*tK .6ta trtEV 
•6« .«Ali ,MJ| 
•S-J-o«       ,ii .x^o, 
•IV:K .TOLD »MtF 
•Z'.0« tZCtO .ZREF 

COWMCH/IPAS«»/ F"«« 
• Ir»a*T      «ICSVT ,IR 
•KUT ,W1» «McOii 

KTFGES F«FMM 

C»****»»» FIM) OISTAKCE FROH P0I*1   TO PLASC. 

00-ALKIKI*XI»i(Cl((KI*TI<«AK|ll)«ZI>M|Kl 
lFfnoil«l,l«2,IM 

€•••••••••  PCIM M>T ON CRI6IM SIOC. 
IM  I«a>LA*«-l 

■Erum 
€••••••••• PCIIHT ON 0RI6IN SIDE. 

1»I   {•«PLINal 
RETuaK I 

€••••••••• POINT  ON PtANC. 
1*2 CALL eapaNT(6«iiü>L««i» 

"ETURN 

•BEaarisooi 
iES04|2a.2M> 
• »«AT 1201 
• TNATI5MI 

•BEKlZaai 
•EKl2Bt| 
• E^BST(?tei 
•SC4nAT|2«| 
• )Ui(290l 
fZ«l2MI 

■DIS 
■ 6AKF 
• 'OLD 
t*TB»N 
•ZTRAN 
»IP*« 
• IRAT 
• NPAI 

• ALR 
•OMIN 
•PER 

-•XREF 
.21 

.INC« 
• JMAX 
• • 

•IPOINTtS«! 
•JFLizaei 
•Jpizoai 
•KFL«6(ZaO| 
•LAAfiLEIZC) 
•NFLIZOI 

tALRF 
•02 
• 
•ITRA« 

• ' 
• JNO« 
• «SOR 

.»E 
•EPS 

• Tl 

• JOLO 
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FukCTir« i«.5rsiji 

f••••••••• 
»•••••••••••4 

>E6  C-ttE- -I»^S lf POI \T1>I 
*•• 

•zu IS USICE 
[••<•••••»• S€S-i».T -ur--a j. 
(■••••«••«• I»S£C«1 fo- »ES. 

ro- •-". 
••» »•• >•••• *•• t*«< >••< • ••*••■•■•••••• 

CO»-!*  /6C/ *rCOi20.?i BI       («LdrlSCSI • otHMISGS 1 
1   .CftOfiCSIft.MI •EI*<>Z8:i •ESASFU9E) • ESC'SCZO.ZfCI 
2 •B«a«risrei .BEOIZetZSOi           ■TITLCfIZI .V««T(20I 
3 ,»'*•?»?, tlL^iZBS) .»S*»(iiCJ .r«*T(s;c» 
*   ./0*»iSCCI 

CO»—C%  /«SSITS/ »l«l?«»l «ALP"«!«»! •BEKlZCBI 
1   tHETAI««! tDFVlZCSI •OMIZSOI •EMZOO 
.   tFLAMl2ltl .ELMCTlZe) • E"/IT|2«| •E*€«ÖTI2toi 
3   .ClrOSS .G«M<M«CI •PEFIZ«) .SC4«AT|2e 1 
♦   .S'^aATIZesi .sc-swizce»        .litoi • MlZtOI 
5   .»I4tl tntztoi •21*51 •ZKlZBCI 
• ./l*-l?»l 
CC««09i/I«iBUT/ iFLACUai iiKiMisat .' 

*IS-»HS»I           .ISC^IZ«! tJFizeai t •JFLIZICI 
•JLI2MI                .J-IJCCI tA(2«ai f ijpcztei 
•»<vi?fti        tjsonisei •Ke« 19091 tVL*6(ZS*} 
•«"f^MI                 t«W|ZO«l lULv^lSOI tLMSLElZCI 
•u»Fn.i2»ei     .LT»PEI?OI • •UT<20tl tXFLIZD 
•«"•TI2CI               tMUMRATlZOal 

CO**OM/P&IU«S' M. •*t»> • AL« .AL» ."»E         . 
•K»             .BE« .dCBF .eis • D-I«. •oz .e«»s     c 
•c«           .e*-. .6M • 6«<1F • •»E«» » 
«SUMS«      (II tXMM «XCLÖ .»ft£F tlTRAN .VI            f 
•T*0««          .TC^C tTSEF .TT"i«« • ZI • 
•2««-       .zc.r .Z!»EF .ZI-*** 

CO^Gs/IPASi --/ FMU .l»»ii. ilfcO« » 
•IC«»a*T     »tr-fwT flü • ISAT •J*-*» • JMS« • JOU)    • 
•Kirr           .<••*> .itfcC« .»<»"** .M«J« tKSO« 

COMIC« CO TO 161 

SPieoE» 6c TO iei. 

0 

>   6£T   It-rt»   FON BCJXDAST   MRAT  F»)   S£6»£>IT  J. 

•»=«»IJI 
>•  SCT   I».-^«   <c  FOR Ot.E   HCUM)A-T  OF   SE6«1«T  J. 

1t* Ks!ii>SI<(eM)(kll 
f««w» eet sccreTüT TTPE. 

■TKKTTPIKI 

£•••••••••  SSAKC-  0* CtO^ETHr   TtF£. 
*o Toii«e.2»t«39e.«ec«S8««»ee«7co*«tc(9Mi«KT 

C*********   IF  PCIW  0<« OfSI-tD SIl*  CF  «LANC*   60  TO   161 
IM   IF|IKPl.AMKI*KSie4ill92.1C2*191 

C»»^«*»»»  IF  POINT O* CCSIBEO Sice fT CTLIKOEJI«  60 TO  111 
?M   IF|IMCTLtKI*KSieM192.l«2*191 

C———— IF POI««T e% ocsimo SIDE 
3M IFII«CMIKl*KSI6hlie2.le2.161 

€•••••••••   IF  POIfcT  0^ DESIKEC SIDE 
4M lFft».SPMIKI*«SI6«ill42«l«2tlOI 

tr~~»—  IF POI«T Om DESIRED SIUE OF  cO*E     «  60  TO  Hl. 
so« lFii*c%fKi*<simi«2.ia2«ui 

C———   IF  P0I«T  OM OESIrfiO  SItft CF   PAfl&aCLOID.   60 TO Hl. 
MO IFtIi»AaiKI*«SI««!l92«l«2*ICl 

C———   IF POINT OM OeSIRED SIDE OF  NTPEHSOLOID«  CO TO iei. 
700 IFiIM<TPIKI*KSISaiie2il02>l»t 

Cmmmmmmmmm  IF POIMT  OM DESIRED SICE  CF  ELLIPSOID.  60 TO 101. 
Mt lFlI»eiXIKI*KSI6Nll«2.le2,l«l 

* 1 

i«i »*M.I7^    ^" w»«*-». 
c^^J^i!,5K"',1,*'I,3«»^  v ^^M ,s ,"s,0£ S£^,' 

Ilf CO«TlM.T 
«ETOBM 
CMD 
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FUkCTICX IKSPHi«! 

••••• FLKCTIOK I^SPH Fl^OS IF P01M IS IfcSIO£ SPh£*E. 

tIPClMTiS«! 
tJFLIZOO} 
.J?12091 
•KFLAGIZOOI 

rMFLIZOI 

CO—3K 764/      ABCOlZOtZOOl   •ALRATiSOOl tBLM«TISOO) 
1 tC904cSI6.5ei  iEI«et200l tEB«SEl20SI     «ESabtZOtZOO) 
Z *6CRtT(S»ei    fREOiZOfZOOl    «TITLedZI tVfAHZOI 
3 tVOLIZOOi      »ILANIZOSi -     tHATIStO^      .TMTI^OOI 
• «ratvisooi 
co-^cs /«fia»rs/    «LKIZOOI .«LPI*I«SI            .BEKIIZOOI 

1   .PfT»i*o»              IOEVIZOSI •OKfZOOt                   tEKiZOOl 
Z  tEL««lZ001            •ElAHftTlZOI tEM«TiZ*l                 tEkEKeTIZOei 
3 tCAKizeei          ,G*--»I».O> «REFizoi             «saaMATizai 
4 .s'!^»r«2eoi     fSL'^somzaai       txuai •uizeti 
s •T:«SI               tVKizooi »zuoi                 c/mzoei 

Coi»-3\/:»=-»V/ IFL'fifMI 
•is-iie«io>       «iscmz?) tjFiZooi 
•JLIZOOI                »JMI200I tJMZO*! 
•joavizcoi       tjscRissi «iiavmest 
•KPfZOO)                t)(TTP(239l .L«W(S3> 
•LRFFLIZOOI        tLTTPtlZ»! tM«T(2C0) 
•«•«iTIZOI             •«iJNBaT 12001 

CC"<<CS/P£a»-S/            AL f»t«i               t»L« 
«BEK            .ftcR              -«BERF .OIS               .OMIM 
•6«               ,G*K               ,04« »5«iiF            «PER 
•SuwflA        »11                  ,»1,0* «ICLO            «1REF 
• T^O-           .YCLC             .TSEF ,TT~i«l           ,11 
•2vow          ,ZCLD            »2REF «ZTMN 
Co^-Cs/JPlsi-/           FNAX «IHAI            «IfcOa 

•IC^BAT     ,JC»B».T        ,IR »I   ty             «JHAS 
•«IKT          .IC*«!           ..KNaa «N^AX            «NN9d 

IMTFGER  F,FM«s 
C*«»****«>  C«LCL.L*TE  OIStAhCE  To CENTER OF SPHERE. 

SS«III-K(K)l**Z*ITI-TlC|K||*aZ*lZ|-Z<|lO}**Z 
€•••••••••   IF  O.ISTl>.CE GREATER  T^AN RADIUS«  POINT  IS OUTSICE. 

lF(SS-riC|<(l*«2i lOX.lOltlOZ 
€••••••••• POI^T  IS  INSIDE. 

101 INS'-M 
«ETUR«I 

€••••••••• PCIHiT IS CUTSICE. 
102 1NS0—-1 

RETURai 
ENQ 

t« 
•OZ 
t 
«XTMAN 
t 

ikSOR 

RE 
E^S 

•n 

tJOLO    ■ 
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SU4B0UTIME   IMTCM|K«DMIT| 

£•«•••••••••»•••••••••••••••••••••••••••••« 
C——•••••   IkTCH FINDS IfcTERSECTIO* OF  N«V 
€••••••••• FC» ECU'TIONS USED. 

»IT« A CONt. SEE kRITCUf 

•6C0l2«<20ei 
tEI*0*2eOI 
tREOlZO^ZOOl 
iXL«Nt20S| 

«L«I20PI 
•DE«(2001 
iEL«»i»tl2»» 

,SU^SQHl?CO) 
C(2»0I 'T/ 

• «(.aariSOO) 
.Er*SiC2C0I 
•TITLE(I2I 
iCdAT15001 

•ALPHA|«0) 
•OKI200I 
•E»AT|20| 
•REFC20I 
• XUOI 
tZUOl 

•BEBATISOOI 
•ESOD 120.2001 
• »MAT 1201 
•TMAT15001 

•BEKI200i 
•EKI200I 
•EfcERST12001 
.SM»AT|20) 
•«Ki2eei 
•ZKIZOOI 

/ 

«isomzoi 
.J-1200) 
•JSORISOI 
•KTrpf2eoi 
.LTTPtl20r 
•MUMaAT(2001 

• SERF 
a6AR 
• «M>« 
• tKEF 
• ZREF 
FMA« 

• IR 
• KM)« 

IFLACUOt 
•JF12001 
•JklZOOi 
•RBM>(900I 
•LAW» 1501 
•PAT 12001 

t*L«" 
• OIS 
»GAUf 
•ACLO 
•TTRAH 

•ZTMAN 
• IPAX 
• IRAT 
• •WAX 

•ALR 
•OMIH 
• PER 
• XR£F 
• ZI 

• IfcO« 
• JMAX 
• NNO« 

•IP0INTI5«! 
•JFLC200) 
•JPIZtOI 
•KFLAG(200i 
•LAkGLEI20l 
•MFLIZOi 

• ALRF 
•OZ 

•XTKAN 

•NSOM 

COMMON /69/ 
1 •c'Hmrsib.soi 
2 •fiARATISOt) 
3 .VOLI700I 
A «ZRATISOei 
CO—«w /ARRAYS/ 

1 •RETAIAOI 
2 .fLAW(2001 
3 •«AK(200I 
♦ •siiK«Ari2ooi 
S   «V 14(11 
ft •ZLAiMZtl 

CQv*^>N/IARRAT/ 
•IS'ilSO» 
•JL(?Oftl 
•JRATIZott 
•«PI2D01 
•LRFFL12001 
•^AT|201 

CO»«0*I/PARAHS/ 

•BEN •BE« 
•CA ««AN 
•Su-a»      .if 
•TNew •TOLD 
•ZM5- •ZOLD 

COMON/IPARAM/ 
•IOPPAT     •ICPRNT 
•KI«T «KrAX 

INTEGER  F.F-A» 
€•♦•••*••• CALCULATE PARAMETERS kEEQED FCR CISTANCE ESUATXOt. 

OELX«XI-XK|K| 
OCLT«TI-TK|lll 
OELZ'ZI'ZKI«! 
C«r€LZ"2-0«CI«« • IDELX»«2»I)ELT««2*DELZ<»«2I 
Bx||.0-OKIKil*6A*OELZ>OK(KI*IAL*CELX*BE*OELri 
«»eA»«2-0«|ii| 
SOs««*?-A*C 
lF|SOil0H102*102 

102 ROATzSCRTISQl 
C»»»»»»»»» CALCULATE BOTH ROOTS AftO CHOOSE THE SMALLEST POSITIVE 
Cm—m—mm»  «COT THAT IS IN TNE OESlNEO KALF CF CONE 

DNITIs|-B*ROOT|/A 
OMIT2>I-B-ROOTI/A 
lF|OriITlll01«103.103 

|03 ES>Ls|ZI«DHlTl»SA.ZKIKII*EK(KI 
E''I«IZI*0t<IT?*6A>ZK(K)l*EKIKI 
IFiOHITPllCS.lDS.lO* 

104   IFlF'IllOS.lOb.lO« 
IBS   IFirrPLI101.101.107 
lift 0HIT*0MIT2 

CO TO 10B 
IBT DHIT«DHITI 

SO TO 10S 
1*1 0NIT«1.E«21 
IBB CALL 0EBU6(6HINTCN I 

RETURN 

tm 

/ 

RE 
E«»S 

YI 

JOLO 
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Swac-UlKf   IMTCO^ilKtONlTI 

SLS-9üTint   INTCOH C*LCUL4TtS  TM£  DISTANCE FROM POINT 
»l.TI.ZI   TO THE  POINT   a*t*t  1-t  MT   IkTtBSeCTS CONIC 
HKUKOt** K, see «JiTtw FO^ t»»CT CQIMTIONS uieo. 

COwoO^t  /69/ 
1 .rooarsittS»! 
2 .64ilA«|S0fll 
3 t«<H.I7MI 
• .7=»»» 15001 

CO^^ON /*aa»TS/ 
1   .PFT«I««I 

* tS'MMATizaai 
5  .»1*01 
*   .7t»"l?0I 
CO-«os/!*»«»▼/ 

•IS»>XI50I «ISORIZtl 

WCOIZttZfill 
•E(*0tZ00l 
tREoizttzaai 
.«L^'ZtOI 

«LKIZOOI 

.DEVtZOOl 
(EL*MAT|Zfll 
(6MU|«ff| 
•suNSooizeii 
•TKIZt*! 

tALRAviM*! 
iE4«SEiZa«l 
•T1TLEI1ZI 
•Mar «SMI 

t«LP«<>i«ei 
■MlZttl 
•ENATlZtk 
•aEFIZ«! 
•II4»I 
.ZI40I 

tBEMTCSMi 
•EsoHiza.zMi 
.«•UltlZtl 
.TaavisMi 

iBEKizaai 
•EKIZMI 
tENEMTIZftl 
•SCMfUTlZtl 
»utzaai 
tzxizaai 

iFLACUai 
tJFizaai 
tjNizaai 
•KSNOiaaai 
■L4Np|5a> 
••uTtzaai 

timiNTisai 
■JFLIZOfii 
•jpizaai 
tKFLAfiizaai 
tUMLEtZai 
tMFLIZai 

.4LWF 
• OZ 
• 
.XTB4N 

tJ 
• NSO« 

•JLizaai    «jvizaai 
•jN4rizaoi   •jsottisai 
•KPi7aai    ««TTPizaai 
•LnEFLIZaai       »LTTPEIZai 
••puTizar        .NUN«»»Tizeo» 
CO—H)N/P»"»*"S/     4L       •4LN      •4m 

•BEN    ««CM     tfiERF    tOIS     iDNIH 
•64    ,  t6AN      tft*«      t64HF     «PEa 
•Suwa4 ,ii .»NO*   »SOLO   t>nCF 
•TNC*   .TOIO   .TaeF   «TTMN  ./I 
•ZMMI .ZOLO .ZBtF tZT>i4N 

CO—Ofc/IPAB»-/ FMUI «IMX «INO« 
• I0P44T     .IC'stNT tIR «IlUt .JN4X 
•«IfcT mtCftt «KNO« .»14« tMNO* 

INTEGEB  F.FM« 
C««*«***'«  C4LCUL4TE COEFFICIENTS FOB DISTANCt EQUATION. 

OSaSI-IKIKI 
Orsri-fKiKl 
IFH3SI('5AJ»«2-1.0I-l.E-611«*.l04,lai 

iai   COSTM»SCaTll.0-fi4M2l \   
*tL«4l./C0STM 
•El«8E/C0STM 
CALL CHECK|M.Ii.TCON*AlJL«nfLta.ai 
EE»OI»4LL»DT»-fL 
FF*QK«4LKIKI »("'BEKII» 
C«a4LK IKI •ALL'NEK CK> »BEL 
■S»O«"Z.0»««Z 
PP»l.a-IE<l«lMZ»#«««,,Z> 
lFi4Hsippi-i.E-zaiia4tie*tiaz 

iaZ NMsFE-EKIKI*«Z*fi«^(FF*D«IKII 
eOs*S-EKIKIMZaIFF*OKIK| »"Z 
MSPQZHH«»2'-PP^00 
iFf<sPciia4.ia3tia3 

£■•>•—— FIM) BOTH ROOTS OF TMC EQU4TI0W AM) CHOOSE T« SHORTEST 
C^**»*««» POSITIVE ROOT. 

in  ROOTuSCRTlHSPQI 
DMIT1S|-MM.*I00TI/|PP^CCSTH) 
DMI TZ> l<>MI.ROOTI / IPP*CCSTH| 
ONITaAMINllOHlTl.nHlTZl 
IFfOHITI105.105.iaT 

ia5 0HIT«4HAX1C0HIT1.0H1T2» 

trs 

Tl 

/ 
IF|tHlTlia4.|C4.107 

104 OMiT.l.EZI 
iaT  COMIfc.-t 

C4LL  OERUeit'HlNTCONi 
RETURN 
EM) 
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SUMOmihC   iNTCVLfKiDHITI 
€••••• ••••••••••••••••»••••••••••••••••••«.•.•••••••••«».••«•„,,,.,„», 
€•••••••••   SUÜIOUTI««   IWTCTL  C«LCuC»Il5i   !•«   CISTANCE  FWH«  POlST 
€•••••••••  II.TI.ZI   1* !►€ OISICUC* »L.ct.n*  TO Tf«E PCI».T  ■►■£»£  T»< 
€•••••••••  1I«T   IhltASCCTS CTLIWSICA«.  bOUM;A«r  K.   StE  »BlJtu«" FOR 

ti»cr EOUATIOKS USEO. 

■ HEMTISMI 
ES^HIZt.ZMI 

•TR^TISMI 

tEKkZMI 
tEaC<>6TI2«t| 

«T|?0| 

tZKllZMl 

fPtB 
• MEF 
tZI 

tlMM 

•IPOIkTfS«) 
• JFLIZOati 
•jpiziai 
.•VL/^IZI»! 
•LMGLEIZHl 
fNFLIZtl 

■ «.«- 

fXTAMi 

Cot"**! /»«/ ISCOIZI.ZMI        .«Li)*TlS«»l 
1 ■coonosi«.s*i    .Ef«*.2esi •euKiziai 
2 .CUMTISMI       toeoiza.ze«!       .TITLEIIZI 
3 •VOLIZtt) tELMIZa«) tXRlflSMI 

COO—C* /ARRATS/  4L«tZfl*l       .aLPM«|««| 
1 .iarT«i4«l      tDEVIZtSI      «DKIZMI 
2 «FLMizaai •CLwAiizai •e-cnzai 
3 .«wizaai .s««ui*ai .aiFfzti 
« »viMiATizaai «svtsaRfZaai «luai 
5 tTi«ai «nizaai «zuai 
* «ZLAHi^ai 

COv»OM/I«RR«T/ ^IFLACUai 
•is«*xfsai       «isoRizai •JFCZSOI 

•JL(?MI •^•izaai iJiiizaai 
•jaavizaai       «jsoRisai •■cCfasiaaai 
•«PiTaei ««Twizaai .LSMPI^SI 
•L"ErLizaai     tLTTPeizai trtkiizaai 
•^uTizai •MiMATizaai £ 
COM<«M/P«R«^/ «L »«L« 

•flCai .BE« .BEV tOIS 
•*• tft*'» .6«R .6»iif 
•SUMA       .El .UBOB .»CtO 
•TMO' «TOLO «TREF «TTRAM 
•Z««¥ .ZOLO ./«.F tZTMM 

CO^^ON/IPAB«"/ FNAX tlMAI 
•lOPdAT     .IDPfHlT        .IM .IMT 
•«IkT ,W«1 «KMO« «HMU 

IWTCKR  F.F"«» 
C^^^»" C«LCUL«TE COFFFICIEirrS FOR OISTMCC EOUATIOk. 

•■•«SÄi.a-M*»? 
iFiA«sio-(Si-l.E-«iiai.iai.ia2 

102 KL«3II-Ml<l 
BCL*«TI-TIII«I 
OELZsZI-ZKIKI 
TTaU.*FCLI*ilE>OCLT*e«*OELZ 
ZZsAL« IKI •OELS'OC« f «I •OELT*SU IKI «OCLZ 
•Sa«OEl«««2»OCLT«»2»0a.Z»«2 
SOTFRNs ITT-ZZ*It| «»Z-lOMSI • I ASB-ZZ*«2H)K IK) ••21 
iFfSflTfR^uaitiaj.ias 

&••*—*•  FIM> ROTH ROOTS OF TlC EOUATICM 4*0 COOSE TiC SMCRTCST 
€••••••••• POSITIVE ROOT, 

103 ROOTsSCRTISOTERNI 

DNIT1>IZINT*ROOTI/ONXS 
ONIT2sIZIHT-ROOTI/ONXS 
ONlTcAvlMlfONlTl^OMlTZI 
iFi0NiTiia4.ia*.ias 

10« DHIT>A>AXlf0HlTl.0HlT2> 
iFiQNiTiiaidai.ias 

lai  0NIT«1.E*21 
its cokfimic 

CALL OeaUSIMlMTCTLI 

»en** 

tTl 

■4 
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SWBOUTI^r   lMTD«TIITtLTI \ 

C«»«»*»«> SLftao-jTIftC  IKTU*! C*LLS TH£ OCSI^EO ROUITkC  TO 
€•—•••»• CUC'JLaTE  MVELChSTH cfihOtil  N«y  INTENSITIES. 

I   «COMTSIAtS«! 

• .7a«*«seei 
CO*«0«l /»RUTS/ 

1   «NCTAIMI 

3  •6«<I?MI 
♦ tSu^triZMi 
5  tTf«tl 

cc»w^i«/i»aB*T/ 
•IS-««ISil «ISORIZ«! 

UCOl2a«2MI 
•Ei«>tZa»i 
.flEDf2a.20«l 
•■LMizaai 

«LM2aai 
.Kvueai 
•ELAMTi2ai 
•CAHMAuai 
•suxsoauaai 
iTKizaai 

•«.■•Tisaai 
•ERASEi2aai 
•TlTLEtl2l 
■MATisaai 

•«LPfuuai 
•o«i2aai 
•EMTtzai 
.atnzai 
•««♦01 
•zuai — 

.»tw«Tisaai 
•ESOM|2a.2aai 
•vHATizai 
•TUTisaai 

•KKizaai 
•EKi2aai 
•ENEHcvizaai 
•smHATizai 
•»IZMI 
•ZKizaai 

•jMizaai 
•jsovcsai 
•KTT»i2aai 
•LTTpei2ai 

Mrizeai 

•«EOF 
• 6*4 

•«er 
•ZKEF 

• IF 
•«MM 

IFLACU»! 
•JFizaai 
•jNizaai 
•MMOivaai 
•UMPisai 
••unzaai 

•ois 
•IOLO 
• VTHMI 
• ZTUM 
• I»>*JI 
• IB»r 
•M>*JI 

• •LB 
• OMIk 
• PE» 
fMEF 
•ZI 

tlNM 

•a 

•JLi?:ei 
•jaxTizaai 
•«•izaai 
•iRfrnzaai 
•*"«TIZ«| 
CO"Ok/P«cj-S/ 

•«» ,6tN 

•»•tow ,TOLO 
•ZNO«       •ZOLO 

•lC»a«T    .ic^tniT 
•«I'lT ,«''»« 

INTE6CB r,rn»A 
oivCksiM TSTcizaai 

f ■>—■• 60 TO OESIREO CALL. 
Co TOfi«a.;3a.)c».«ae.Sft.6oa.Taa.aaa^«aai^iT 

1M CALL  I^TENIIALAH.FüAA^TSU.LlI 
Co TO na 

2«a CALL IkTEW2IILA<«(FHA>fTST6^LT) 
•o TO na 

' Saa CALL mE*IIILAN(FMX.TST«(LTI 
6o TO na 

••a CALL ifcTFw«i>u«.FMAx.fst(.Lii ' 
6o TO na 

W8 C*tX  I«TE«5>i>LA*l,FMAA«TST6^LTI 
60 TO na 

•aa CAU.   UTEIi*(XLA«.FMAk.TSTS^LTI 
6o TO na 

TVa C*tL   IfcIE"T««L»"«.F"»«.TSt6,Lfl 
6o TO na 

MC  CALL   l^TEVjItLAM.F^a.TSTs.LTI 
«o TO na 

«•• CALL  WENafXLAM.FMXfTSTfi^LTI 
na DO lai F>I«FM*A 

ES04iLT>FI>TST6fFI ' 
iai cok.TiNbE 

«ETOM 
em 

•iPOiNTisa» 
tJFLi2aai 
•J»f2aai 
•VLAeizaai 
•LANCLEIzai 
••VLizai 

•i 
•02 

• XTIUN 

■E 
EPS 

•TI 

iJOLO 

toi 



I 

SUaOOUTlNC   iNfetLIKtBHlTI 

c*** 
•" IkTflL FINOS THE IMtGSCCTIO* OISTANCt Of » »»» 

..•••• a*, FLLIPSOIC.  Set •HllUt' FO«) EuUiTIONS USED. 

1 .cooHnsifc.s»! 
?   tCMATISOII 
3 tvoLizeti 
4 f7O«riS00l 

CO—'Ot /*IW»*»S/ 
1 •RFTMMI 
2 .fL»"'20P> 
3 •»•«12001 
« «Si««!» 12001 
5 tTUOl 
0 .7L»««I?»I 

CO«40N/IA(niAY/ 
•IS««II50I tISOill20l 

«BCO|20*200I 
tCf«Oi2eoi 
.REOt20>200l 
• ■L'>«I200I 

«LK12001 
.Oe«l200) 
teL*MTl20l 
•GAfliUUOl 
.suMSOHf2eoi 
tYK12001 

lALDlviSOOl 
lElUSE 12001 
tTlTLEI12l 
■XR«1:sooi 

•ALPHA|«0i 
•DKI200I 
•EHATI20) 
tREFI20l 
•XC40I 
•ZI40I 

MITM 

.;„.... 
• ESON(20t200l 
tVM«TI2ei 
■THAT|C0g| 

• BE.KI2C0I 
•EKI200I 
iEK:MST 12001 
• S4MnATl20l 
•XK|200) 
•ZK12001 

- \ 

•JNI200I 
•JSORISOI 
IKTTPI200I 
•LTTPEI20I 
•MWR4TI200I 

•BE«f 
«6*R 
iXNO« 
• »«F 
.ZREF 

FM4X 
i IM 
• «MW 

•JLI^OOt 
•JR4T12001 
•RP|?00l 
•LRFFL12001 
••CHAT 1201 

CO»<^KI/PMRAMS/ 
•HCfc .BCM 
»ÖA •GAN 
•SW«IA        •XI 
•TN04 •TOLD 
•ZtaC« «ZOLD 

CO^WO/IPARAK/ 
•IOP»*T     •lOPR*!' 
•KIKT .H"»» 

HiTFGfB   F.FNAA 
••••••• CALCULATE COEFFICIENTS NEEDED  IN EQUATIONS. 

IFLA6I40I 
•JF12001 
•Jhl2eOI 
•KBMII900I 
•LAMPiSOl 
••UT (2001 

tALN 
•OIS 
• 6AKF 
• XOLO 
•TTMAN 
•Z14AM 
• INAX 
• IRAT 
• M>*X 

•IPOINTISOI 
•JFLl20ei 
•JPI200t 
•llFLA6(20et 
.LANeLEi20| 
.••FH20I 

• ALR 
•OMIN 
•PEN 
• XHEF 
•ZI 

• INON 
• JNAX 

• ALRF 
•OZ 
• 
• XTRAN 
t 

• ^C« 
•KSOR 

RE 
E*S 

• Tl 

IJOLO 
_-Tt^U-...i.««- A-■!1N> — 

OELV'TT-VKIKI 
OTLZRaZI-ZKIKi-CKIK) 
•SCaEKfftl**Z 
Cl .0-IOELX«»2«nCLTM2l /D« (Kl -KLZ8M7/0SO 
8a. I iaL«OELX*llE»OELr > /DK f «I •6*»UtLZB# «SOI 
As-11 ALM2*RE*«2I /ON INI •U**2/8SOI 
SOs4>*?.A«C 
1F(«OI10I*102.102 

102 ROOTaSCRTfSO) 
€••••••••• FIND BOTH ROOTS AND CMOOSE  SMALLEST  POSIVIVC  ROOT. 

DMIT|B|4*R00T|/A 
ON | T2» I -R^KMII I /A 
0NITcAMlN|l0HlTl.DHlT2l 
lF|f|HITI104*IO«l10S 

104 DHITsAi'AXl(OHlTl«0HlT2l 
IF(nt.ITIieitlS1.10S 

101 OHITal.E*21 
105 CONTINUE 

CALL 0EBU6(W<INTELL) 
RETURN 
EN» 

C62 
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i 
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SlM3{RJTI«C   iMTuCLiltMII 

£••••'••••   I^T^L  LCC«S ro*   I«t   kUneST   lKUKStCTIC%  OF   * «AT  kITM 
c-*" -FtlMlL SJ-F»C1.  I*I-£L i»ai-*aiL» oiits«i^£s UMIO-ITF «NTI 
c»»»«—«« CCILS aac Kessi-Lt ►«« iMt-«c>!CNS MO C*LLS OC«LC ro« 
€••••••••• EäC fiSSl-iVt  COIL. 
c« 

MCClZ<t29«l 
•Ei«at2tei 
•acoiza.zaji 
.ILMIZMl 

M.K(ZMI 
•oeviZMi 

■SCnSdNIZe» 
tT4iza«i 

••LBArisoei 
•EBASClZttl 
• TITLE 1121 
• MUVI5MI 

^ALI»-*l*il 
•KlZMI 
•ENATIZ«! 
•■EFizai 
•XUI| 
•zi*ei 

.«.MTCMtl 
•ES04i2».2M| 
■ VMTlZtl 
■TRATISMI 

•BbtZMI 
•EKIZMI 
•E*t.iiSTiZMi 
•S&VUTI2«! 
•uizati 
•ZK|Z0t| 

•IS09IZOI 
•J^lZttl 
• JSMIb:! 
•«TTPIZe^l 
«LTTPEIZ^i 
• «MMUTIZMI 

• EE"F 
•6*a 

.TSEF 
• 2AEF 

.13 
• »V. • 

•I»CINTl5*i 
■ JFLIZMI 
tJPizcai 
•VL«6(ZMi 
•LAft«LE(Z«l 
■MFLIZ«! 

• *L«» 
fOMI» 
•Pta 
«UEF 
.« x 

• IMS« 
•JMAI 
•• 

•AUF 
•02 

•XTMM 

C0»««ll /69/ 
1 •roo«s»i6.S0i 
Z   WUdftTISM) 
3 ■«OLIZIOI 
4 .74ATI5Pei 

1   .«WTai4t> 
, 2 •rii-'izej: 

3 «MaiZMI 
• •$•*««¥ IZMI 

ft ./t«"!?»!    • 
COv«^/IASaaT/ 

•JLi'eai 
•ja«Ti2r«i 

•u»rrLi?Mi 
••"•Tier. 

•K\ ,«■• 

•Tv* •VCLD 
•2v;« .ZOLO 

•locaar    ,ic=-vt 
MIKT .«•*« 

IkTESCa F.F-a« 

fO—"v/HftCC-/«,«P*J.,.Jl.eiP,8P.caP.!jELI«.0tLl.DCLT.C£L7.O«IT. 
^IJ«-£»«c-3.ST-,TH.I«l.S>.*i.K'VS.tSTM,SkTl.,acSTf..ÄSkTH.8STi.. 

«HIT«1.E»Z1 
C«-**>*«*.. CM.C«.*TE P«P«*CTEIIS kUOta. 

CftPa*L«(KI 
■MPaPfKIKi 
•ar<fKI 
Maa>a»Z/Z.t 
CALL  PEPTcaiftL.BEiS«! 
Sl.f.t 
0Ct«»««l<>-«I 
OCLV'V'lxl-TI 
0EL'>Z«l«l-ZI \ 
TMs.aL'KLv-a&^Eui 
T"Pl»nfL««»2»i>eL»»»2»CEL2"2 
F>«»sie^ii.?.Tiri>i*s:ari«L««2*dE*a;.'i 
S^»l~€L«»«L«CtL»«nfl/iaL^^Z'BE«'?! 
»S^al3CLa-S-'<«i.l«*2*lC£LT-Sä*aEI»*2 
■Ct'TSI» IS-;.«» «^ 
■I^S:»ia-C-«I»»2 

JÜÜÜ""" ,f P:I',T C% '•*' SE*M€SI TC "O-IC«. MIS %CT IkSISE OUTER €••••••••• P»r>:«S CF ^LI». «Eloi*. ' 
iFi"S3--rüTs-i:;i.jie.iit 

iai "«CSCBCELI'-Z-BELT»^ 

IFLACU«! 
•jrizaai 
•jKizaai 
•«e>ci«aai 
•L»«*»«5tl 
••uTizaai 

•AL« 
•ois 
•saiF 
.»cto 
•TT>UM 
ill*** 
• IP«X 
.ia«T 

.«so« 

RE 
EPS 

•TI 

•JOLO 

C65> 

V 



UOUTzSCRT f »OuTSG-qSHI/««S f F n(f I 
C—-•••»IF   5T«TIMi POM  M)T   iHStOi. OuTea RMIIUS.  M  TO  Je? 

I«? IIOT>(«t*neLJl>rC*OCLTI 

IF loom if, 11«. us ^   ^"*, •*CTl,k*• 

'"Snü:,^"'  C0IL  ,^it-5 *■* 0T*-  ■*"" ««U^U«. 
!••  S««VI*ilK|T 

"EV-«.?«3IBS31*SI6Kll.t,£il>OU>| 
u«iI*aLssn / 

ZRxZI«FC«S« j 
»r««»»siTMici~ro»-i.E-si|«,».a«o.i*i 

14*   IF I IRS IM CRI -181 -1 .E-5I I«?* l«2.1«! 
1*2 fSl2xaiM2l.OELX*CCLTI 

SO TO  1*3 
1*1   PSH'CTA^ITKCKl-TBtUUI-Utl 
143 ^«MXTISII 

If «■•l.C-T.liBl   60 TO  11* 
■UsarlkTIS«! I 
SOTa«|%SO-«SO 

€•••••••••   |F POIKT OK B«T ttAREST  To UU   IS   IkSIDr   fkaTa ■>•...»     ^. .- 
lF|SOTl|M.I06.1t5 »«SIBt   IMC« UDIUS.  CC TO 

IM fcZsie»« 

so TO ie» 
1*S UlLsS<9STlS0V|/A8Strmi 

STaSN-UI« 
v S3.S"*l<Iii 

"e-^iHiT 1S2I 
W««cI%TIS3l 

c«....«... |C$T TO see IF »s MO i» «e »«oea. 
IF|F«u*c«P/liA.KCLIIlJtlX3.l4ä 

100  *L«.5C=/<C*»»»ÖCLAC*/FK«-t!UC/FH.««2l 
•   * SS«S4*>L4 \ 

} so»s«t »t* ' \ 
. . •«•'•nrnssi 

»**Wt%TIS6l 
IF|«15-*»II0«,1|3,II3 

!•• lfi«L4»»2.BSc-aoürsam4.ii4,iii 
II» CMTIMJC " 

.    . CALL 0C4LCi»ll 
IF|li|^SI112.110*112 

112 C4LI DcaLCltSI 
CO TO 110 

113 M.I«»»» 
■»■!•••■ 

rlimilü I^1* I?,0üSH »WSSIBLE COILSWII. M IHTeKSeCTIO« l« rnu» 
ttTZTi      ,L •"•wsii« «its ^u« MtM"B^s:CT, ^     ^ 
123  IF|b^.;iii7.il7.115 V 
115 lFl*i.-oiii4(||7,||7 -i 
110  lks«) 
11? Iriv-Miiio.iifl.ii« 
II» »-»s 

II« CO^TIHC 
IFI«.6T.20*I60 TO  11« 

C«MM«.M L00li r0B  iMTEBSCCTIC* «171. COIt «. 

"«•-«5»I21,|2ttl21 1 
120 MM* \ 

CO TO HO 
121 lF|CNIT.l.e.20iiit,i22(122 
|22 *■%•! 

lF|«b««ii23.i23.|lv 

II' C«tL  OCWSiMlMTlCLI 
0HI.0H1T 
•CTum 

Cö4 



+ 
S«a«IIHITI^   UTHrPm.iHITI 

c........-.....^..a.:S:.^:.r"iIä!#l?? '««IO« ü^p. 
CO«-C«.  /6«/ 

?    .'"-XQiTI'OOl 
3  •«'H.I7MI   / 
* •ra«riSM)/ 

I •"FT«(4S|/ 

? tFL«-{?c9l 
3   •GAK(2«oi 

* •»«401 
* •7L**l?pI 
CO»tO«l/lkRa«T/ 

.»S«M«50/| .ISOKIZOI 
"JH«oi .jHiicoi 
-JB»T|?00l .JSORIMI 
•«»«?oei .KTTPueei 
•«-TFLUOtl .LTTl>f(?0) 

«BCOl2o«2|OI 
• EUdZOPI 
••teoizo.znti' 
• ■LUMZOOI 

•oe»i2v»i 
tEL«MAT|2t| 

«TKizoai 

•ALa«viStt) 
tEHASCIZMI 
'TITLEII2I 
•»'••»ISMI 

•M42MI 

•REFI?!! 
•««♦•• 
tZU*| 

•ES0R|2a.2M| 

tBEiClZfti / 
•EKI2MI i 
•UCRfiVCZM,./ 
tS(MRATl2t|P 

IrL«6f4«| 
• JF 12091 
•JRI2MI 

iL«HP|5«| 
••UTI2MI 

•WIZMI 
tZKlZMi 

•IPOIHTIS«! 
tJFLCZMl 
tJPIZMI 
tVLMlZf»! 
fLAMSLEI2f| 
•"THZtl 

• ONIN 

•MET 
tZI 

• mo. 
«JN4I 

.02   " 
• 
•ITMN 
t 

••-•fTlZoi 

•sow»«     (II 
•;MO<      .TOLD 
•ZM«  ,ZOLD 

COv^OM/IPMCM/ 
•IOPC*»     «lOORMT 
.«IkT ,014« 

DCLv.rr-riciHi \ 
l>El2HsZi.ZK{ft,>EK|l(| \ 

•-«••OELZR/IE««,.^,.,^.^,.,^^^ 

iFlSOIIfl.iaz.itz S4 

0N|T2s|HI-l)00T|/« li 
pL« I/I .OHI Tl'SA-ZK IK11 .fiu IK) 
C*>I-C;i.0HlT2.S4.ZR|KI IHiMIKI 

IM   iFfCHIIlai.lfll.lts 
105 0H|T=0*1TZ >     ' 

» 

.RC 

.ePs 

tTl 

• JOU» 

\ 

*0 TO 1*6 
1«3  lF|^Iil07.14T.lts 
107 ONIT«I>hITl 

«0  TO  I»» 
IM OHIWffMllONlTI.OMfTZI 

■" lFfOMITII09.tt9.Ilf 
JI! ??,T"*,'"»«««IT1.0HIT2| 
II* irrnHiTim.iti.iig 

1*1   OHIT>l.f.2| 
II« CALL 0EBu«f6Mi«TKrPi 

*ETiJ!»i» 
EN) 

\ 

C65 
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( 

SWM»OUTI«t   IftTP^IK.OHlTl 

c>........ ,*„,„ FIK)S THE 0Ii;i";*"""*"—"—•  
C^-^.......„.#.i#„:.::^^;:<>S€C  «ITtO-P FO« tOUAUCHS ÜSEO. 

MCOi?lt200l 

•fieoiao.zooi 

tEL«wiTi2«| 
tfiMWAU«! 
tSUMSONlZM) 
■ VKfZMt 

•EH«S€12*01 
•T1TLEII2I 

>«l.Pri«(4f} 
•0«f2e*l 
tEMATC2*l 
•««^12*1 
•«•♦PI 
•Zf4*l 

.,'  \ 

!.i 

CO*~OH /M/ 

1 •CO(WRSf6(»oi 
2 •6<nATfS0il 
3 «VOL17**) 
♦ «ZMVis**! 

CM»«OM /utmrs/ 
1 «RET«!«*} 
2 «FLATK**} 
3 tFaKI2**l 
• «StMltrfZMi 
5 tV(4*| 
ft  .71A«(?•| 

•IS-MI50I .ISOai20l 
•JLI2**I .J-I200I 

^EFII2M|       .LTVPEI2*! 

2J* .«« .BERT 

•'•«-      .rote       .w 
CO—M)*/lP«o««/ fj,^ 

•»IM .«►'41 ,«10« 

S^ffir C«F"""« «EOEO ro- Eouxrics. 
OCLrsTI-TKIK) 
0FL2-ZI-ZKIKI 

•BtRAriSOSl 
•ESORl20,2ee) 
•»MT (201 
•TMAVISOOI 

•B£K<2**| 
•EKi2*0| 
•EKEMSri?**! 
,SCJIMAT(2*| 

• >UI(2**| 
•ZK|20*I 

IFLACI«*} 
•JFI2**| 
•J«I2**| 
•M««««**| 
•LAW>|<>oi 
• ««1120*1 

•I»0INT(SS| 

•JP(2**| 
tKn.«6i2**r 
•LAIk6LEl2*l 
•MFLI2*} 

.015 
• «4Wf 
•XOLO 
• rTMN 
•ZTHMi 
»I«»« 
• IB*» 
• N»UU 

• «LR 
•ONIN 
• PER 
.«Rtr 
•ZI 

• IMOM 
• JMU 
•I 

• _ 
•oz 
t 

•ITRAM 
f 

f 

• J-O* 
thSON 

•EPS 

•YI 

• JOU) 

•»?. *»0K «»•M-*t»0£U[-BE«otLT 

\ 
/    \ 

A>.|4L««2*BE*»2I 
S0sR««2.**c 
IF(SOI 1*1.1*2.1*2 

1*2 "OpT>SCRTISO| 

-^miÄÄ?,^011 "* e-0S£ ^uesr POSITIVE ., 
0HIT2.|-a-BOOT,/4 

^^•■»"»«»•"»tBHIfll 

IM 0MIT>U'M1I0HIT1.0NIT2) 
... i^,n,,i"«fti»i»io*s 
1*1 0N|T»1.E.21 
1*5 OKTIXLC 

CALL OESUOIftNlMTPARI 
PETi«H 

C66 



/ 

Suaacu.'IXE IhTPi«IK.OHITI        / 

C«*—*..* S'JBaOUTl»* iMirn  C*LC"C«U fHC nlSTUCL FROH IHt POINT 
c«.«.«».. n.ri.ti IN TMC oiatcnoM »L.nr.o« to TMC POINT MHCRC T« 
£••••••••• R£V INTEMSeCTS T»*. PL*»*. - 

CO—C«  /69/ 
1 .r^o-Jrsifc.soi 
2 .6«R«TIS0ei 
3 iVH-iPoei 

COw*HSN 

•BCOI20.200I 
• f 140.^001 
tREO(2a.20«l 
•xLAKUesi 

ON  AL.nf.G«   1 
* BOUMuir «. 

'i     iujuvise 
KitUSf !20 

/«URATS/ 
1 •RrTai*01 
2 .€I*"«?»0I 
3 tfiMI20»l 
•  .SU^AT 12001 
S  «VIMI. 
ft  •IL*MC20I 

co»"«ON/i»»a«r/ 
•IS»«II¥0} .ISORI20I 

ALK1200I 
tOe*l200> 
■ EL«fUIl20l 
.6«rt««i«SI 
.SUMSaRl200l 
•rKi2oe) 

ALRAVIS00I 
eti*sci2oo> 

• TITLE 1121 
tMAT 15001 

•«LPMAIMI 
•IM 12001 
•Fn«I|20l 
•R£Fi20l 
•I1401 
•ZUOI 

tKRATISOOl 
•eSOHl20.200l 
>VtUI|20l 
•VRATISOOI 

*f&C 12001 
•CK12001 
tE»CU6T{700l 
• S<MM*Tl2t| 
.UI200I 
•ZK12001 

•JN(200I 
•JSORISOi 
•KTTPIZOOI 
•LTVPEIZCI 
•NUHR«T(200I 

•L 
• HtRf 
•6«R 
• «NO« 
»TREF 
«ZREF 

FN«X 

IFLACUOl 
•JFk200l 
*Jkf200) 
tK8<«l900l 
•LAM11501 
•P«T12001 

•IPOINTI50I 
•JFL12001 
•JPI200I 
•IVLA6I200I 
•LAWLCI20I 
•NFL 120) 

•OMfN 
•PER 

. •MEF 
•21 

• INOM 
• JNAX 

•AUF 
•D2 
• ' 
• «TRAN 

•JLI'OOI 
•jR«Ti2aol 
•KPI700I 
•LRrFL(?00l 
••«••AT 120) i ' 
COfr^ON/PARAxS/     AL •ALM 

•K* .BE« .StHf .DIS 
•fiA      .6AM »CAR »CAHF 
tSU«RA   .«I .«NO« •AOLO 

^•TSfm    .TOLD .TREF •YTRAN 
•IHO* .ZOLO .ZREF .ZTHA^ 
CO«MOM/IPAaAM/    FNA» •IPAX 

•lOPJAT  .IOPRNT ilR .MAT 
•KINT    .«•«« iKNOa •* 
liiteta F*F*AX 

€••••••••• TIM) I»« COSINE Of Tt-E 
^•^•••••^ NORMAL TO TMC PLAKC 

C0«AN6aAL^ALKf Kl«BE^BEKIKI «CA'CAKIKI 
lFiaPSICOSAs6l-I.E-6II03.leJ>lel 

€•••••—• CALCM.ATE THE DISTANCE TO THE POINT OF IPTERSCCTIOM. 
101 OHITslOKIKI-<ALKIKI*Xl*BEKIK)*rI*eAR|K)*ZII^/COSANfi ' 

IFIQMITI103.104.10* ? 
103 OHIT-1.E21 
10* CONTINUE N 

CALL DEBUCCAK^NTPLAI 
RETURN 
Earn 

•RE 

• YI 

/ 
•JOLD 

M6L£ BETWEEN THE RAT «10 TIC 

C67 



t••«••• ••••••••••••••••••••••••••••* 
,»»«i«««••••••••••••••••••••••••"•• 

2 ,f«=»»lSC9l 
3 •««.!?•» 

COVOM /«SRATS/ 
1   •NTTAtAtl 
*  .f1.«"l2MI 

4 ,»f!itri29»l 
5 .»!*£! 

M—W/1 «asuT/ 
•IS«a«(Sti 
•JLI?MI 
•JPm»l?»»> 
•«»l?tSI 

••M«VI2ll 

•K« »«a 

Aacoize^zswi 
tEC*S*2e») 
•REC(2««28SI 

4LKf2ffl 
tK«i2M> 

.6AfwA|4«l 
tSL«saiii2aai 
•TK(2»tl 

.»L-n „SSil 

tTITLttUl 

•o«(2ee) 
.t-*t12*1 
.RCFIZSI 
•X4CI 
»zuei 

tES3«l2S.2cel 
tV"*11201 
(VlUTISMI 

tBi«l2Ctl 
tE*l2t3l 

•x«i2:ei 
•Z«(2b3> 

.ismi2«i 

«■TTPfZOCI 
.LTTPcl2SI, 
t\^M9*T(2ati 

•■tar 

.T»tF 
t2<»ef 

FMAX 
•X« 
.«MM 

I^LACI4tl 
•JF<2t«l 
•AI2MI 

• R4TI2MI 

.JFLUtC. 

.U*«*' IZ5I 

.HFLI2ai 

•OIS 
tfc»-* 

.»txo 

• ZT«UM 
.15>*X 
tIGAT 
• N'AX 

•at" 
•ONI« 

■ZI 

.«.OF 

.07 
• 
tATWUl 

• TCLO 
•ZM?' «ZCLD 

MII^T .«-*« 

•••• C«LC^«ie COEFFICICMS kECSES. 

net***!-**'*» 
BEL7*2I»Z«I«I 
C«r*l.«»»2»C«.»»«2*Ct»-2*»2-C« «» ••2 

»^irL«»M.«CEL"Ä»CtLZ»«* I 

IF|V:ilil.l»2.«»2 

c^!;..... ff%a  BOTK «DOTS «O C^OCSC SlttLLEST POSITIVE «4I.UE. 
0HfTl>.f.a30T * 
ONIT2s-«-aOOT ' ; 
DNIT*4>I\lirNlTl*0HlT2l 
lFip«iiiic«>ia**ia5 

1*4 0MITa4»*IlC0HlTli&«IT21 
iri9MiTiial«iaitia5 

801 0HIfal.E*21 
ItS CIKTI«UE 

CALL OEM«C*MI«TSMII 

4E 

• Tl 

.JOLS 

EW 

C6S 

i    I 



I 

SUCQPUTIKE   JHOU'.OUI 

C«a«a»«*M  5lSBCuTI\f   jaCuM) FIKOS  lut  OIStAktf   FROH POIMT  «I.VI.rl 
^••••••••*   Ik.   Thr  DiatCTIiH   «L*cUt6«   TO  HC*  Of   fHt  BOUtOAfltS  OF 
€•••••••••  SfG-€«iT  J AM} OOCStS  IrC  SMOMTIST  POSIffVE  OlSlXKCf. 
(;•••••••••*•'••••••••••••••••■••••••••••>•»•■••••••••••••••••••«•, 

CC"-"OH  /69/ 
1   •cnoqqSlfrtSOl 

3  fVOLtZOOl 

CC—ON   /«RRATS/ 
1 ,prT«(4<M 
2 .FL*"ie09J 
3 «GU17001 
« .S»»N«TI200> 
5 «VUOI 
* •7I.AN|2ei 

CO^x^K/lAitRAV/ 
•IS^ailcOl iISORIZCI 

•ecoizoiZsoi 
•E(«OtZoei 
tREütze.zeei 
•SLAMI200I 

»LKI200I 
•DEVlZOfil 
tEL^MTlZOI 
.6«W4*|40| 
tSU>«SSR(2«0l 

«M.(t*VIS0OI 
•E0«SC12001 
•TITLEIIZI 
tlRAT15001 

tALPHA(«01 
•DK|20fl 
*ENATf20l 
tRFFIZOI 
tXU.OI 
tZUOl 

tBtRAriSIOl 
tFSOH(20.2001 
tVMllZOI 
tTIUV 15001 

fKKlZOOl 
•EKIZOOI 
.£MEiiST(2 vl 
tSOHTUTlZOI 
•MIZOOI 
tZMZOOl 

lFLA6i401 
«Jri200l 
•JNIZOOj 
•KaNO(9ooi 
tL*HP(5oi 
•MAT(2001 

. »IPOIUMSOI 
\JFLC200I 
^JPI200> 

^WLACCZOOl 
•1  A«LE(20| 
*F  8.1201 

«OHIk 
.PE« 
.««£F 
•If 

• INO« 
•JNAI 

ti 

•XTRAN 

•JL(Z00l .JN«2C0I 
•JRAri200) •JSOR(S0l 
••U>(700l .KTTPI200» 
•tRfFL(?001       •LTrPE(20l 
•NMAT(29I •NUMIAT(Z00> 

CO'U'ON/PARAHS/ AL tALI 
•BEN .BE« •BERF IOIS 
•«A ,Gt»< iSAR (CArfF 
•SU-BA        .II •XNOH «XCLO 
• TNC- «TOLO .TOtF •TTRAtl 
•Z>»<]« tZOLO «ZiteF •ZT'IAN 

CO»«ON/IPARAN/ FNAK tlK&X 
•IOea*y     ,IOPRMT       iIR «IKAT 
•«I».T .KKAI ,KNOM •HMAX 

IMFGEO  FtFHAX 
€•••••••••  SET.IKOCX FOR UIMOART «MUT OF SEMCNT J. 

Na«P(J| 
OIS*I.E20 

C««»*«»««*  CHOOSE  A  MUNDART  MMBER  K. 
101   KcIARS(«3VD(MI 

€•••••••••   IF   POUhOARV  MAS  ALRtAOT   KEN  DCCKCO«  60 TO  104* 
lF(i(FL«6IKII106.106tlO« 

10*  KFLAfiUI«! 
KTxi(TTP|KI 

€•••••••••  RRAMCH  OK ROUMOART   TTPt. 
«0  TOI100.2S0.33f.430.SOB.600.70e.aoO.900l.KT 

C««*«»«».»  FIM) DISUSE   TO PUWt  aOUMOART NUMBER R, 
100  CALL   IKTPL«(K.DHIT) 

60  TO  102 
€••••"•••• FIM) DISTANCE TO CVLfkORlCXL BOOkDART ÜSWMR R. 

200   CALL   IKTCTLtK>ONlTI 
60  TO  tOZ 

€••••••••• FIND DISTANCE  TO CONICAL BOUNOoRY NUPfiER K. 
300  CALL   IbTCONdC.OHlTI 

60 TO  102 
€••••••••• FIMO DISTANCE  TO SPHERE. 

400 CALL  INTSPM(K..irtMlT) ^ 
60 TO ICZ 

C**»**«*** F1NO DISTANCE TO CONE. 
S00  CALL   fKTCNtK.DNlU 

60  TO  102 

EPS 

»TI 

•JOLS 
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€••••••••• FIKO DISTSXCE TO PAHtBOLOIO. 
«M C»LL IiiTP*P(KtD«ITI 

60 TO 1«? 
(••••••••• FINn OISl»vCt TO HTPEntfCLOlO. 
TM CALL IiklMTPI«tD«lTI 

60 TO I«? 
C***«**««* FINO OISTAVCE TO ELLIPSOID» 
M« CALL IkTELLlKtDHITI 

GO TO 1*2 
£••••••••• FIND OISTAMCE TO HELIX« 
«M CALL I^THELIKiDHITI 

CM«*«**«* IS OKTALE LESS THAK HlMinUN DISTANCE. 
102 IF|l)HlT-0ISIia3*l*«*l«* 
in  OIS«tHlT 

, KIkT-K 
C********* LOOK AT NEXT 80UNCAHT. 

104 NSN»! 
IFKRNOIMlllOlclOSflQl 

1(5 COkTIfctf 
CALL oeaucuw-jaouM)) 
RCTUM 
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SoaeouTifcf L«"0»T 

CO—O» /*">/ 

2 ffS«UrlSO0l 
3 •V'M.17001 
4 ./-l»»(SC3l 

CO"-OX  /AiUUTS/ 
1 ,nFT«l«ei 
2 tFL*«l2aOI 
3 t6*K(2eOI 
4 ««-jmaT 12001 
5 «71401 
* •7L4MI20I 

CO»<HX(/IAm«T/ 
•IS'illSOl «IS0RI20I 

«RCOl20«2fOI 
«Ei40«2eai 
«REDI20.200I 
«KL4i<t200| 

ALKIZtOI 
«oe«i2oei 
(CL*iaTI201 
.S«M"4(4*> 
•SUMSaA(2M) 
.TKI200) 

• 4La«V(!>00l 
<[HASEI2C0I 
«TITLE 1121 
• MAtlSOOl 

•ALPM4|40I 
«DK|20ei 
•EH4TI20I 
«fKFI20l 
•11401 
«ZI40I 

.ES0H|2t«2MI 

.WH«I|2«| 
•THAT15001 

«BEKJ200I 
«£K12001 
.EMEM6T12001 
•Sa«UTl20l 
«KK12001 
«M(200l 

•J4I200I 
«jsoatsoi 
«KTTPI200I 
«LTTPEI20I 
«MMI4T12091 

IFL4CU*! 
•JFI200I 
•Jk12001 
««8*019001 
«LAHPlSOt 
• '•4112001 

.iraiHTCSOl 
• JFLI200I 
.JPI200I 
•VLWIZO«! 
.L4H«LEI20I 
."FtC20l 

«•LK 
•ONIN 
«PEA 
«IHEF 
«21 

«INOa 
• JH4I 

«ALBf 
«DZ 
• 
«ZTRAN 

•JLi?eai 
•JR*rC200l 
••IP|?00I 
•i-BfFL 12001 
••MAT 1201 

CO«'«0*/PA«AHS/ AL •4L" 
•Bfk .Bf" «BEHF «DIS 

         »64 «G4N «fiAH «ftARF 
•SUVQA        .XI .»NO* ««OLD 
•TM04 »TOLO «TREF •TI'IA* 
•ZW (ZOLD «ZREF •ZTR4II 

C0»<t0«i/IP4R4M/ FNAX •lH4a 
•IOPa4T     •lOPQNT        .1» .I04T 
•KIKT •KP4a «UO« «MI4JI «MNCM «MSO» 

iNTrSE» FtFfAC 
OI-KISIO* L^>T4«llOI^ISUbTi9l«I JI«T|«I 
04T i ILAMTlfi--•«V0LUvE«6M0UTSWM«6nI«>KSua^HR4TlNP«ftl6N 
04T*IIcU'BI:<-<IME%1.6<«I*iTE42«6Hl>iTEH3.6nlNTEM4« 

•*MI^E'L5.*"-IkTEro***HllU«7a»*«IkTENS.»M:ilTEK9i 
04T4flAr'6TsM.lK?LE1.4MAkeLE2^*MA*iGLE3<6HAM6LE4« 

"   •«H4«6L'S.6*<AK6LE6«6>'4N6LET.»«4A6L£*^M4N«U9I 
€••••**••• PSIhT P4Ge M£40INC. 

Pl»|«.T   10 
*       10 FORMAT||Ml«b3*>9»C4MP DATA//1N  «1*1    L4PP«H« 

•4*^.4HP.3tt9HI»TeMSITT«TX«SMAfcäLEO>«9HlMTEKSITT/ 
•    «IH   .6H4UfBE".»««4HTTPE«&X«7Hii0UTlME«SI*TWI0UTINe/) 

C»««»«»»»» Bf40 4 C4II0 
100 ■E4n ll.L4PPM.L4MPT«lSU0I«I4ft«tEL*'* 
U  F0«l-«T(U.3I1«.461.EI2.»I 

C»»»»»»»«» L4H(> MJnoER «ZERO 1N0IC4TES END OF 0414. 
IFIL4MPNOI110«110«101 

C«»*«*»* PRINT L4MP D4T4. 
101 PRI«T 12«L4MPN0*L4VPT«ISimi«I4ft««EL4NP 

12  fOO-4T(IH   .1».«161.461.E12.«I 
C****«**«* SEARCH TABLE  FOR SOURCE  TYPE. 

DO  102 anl.lO 
lriL4WT-L4"IA8IH|110Z.104.I02 

102 COkTlMUE 
C**«***«»« SOURCE TTPE NOT I» TABLE« 

C4tL ERPRNTI6ML4N04TI 
C>*>**>*«* S»0=E SOURCE TTPE IM0E4« 

104 ISO"CLA>#N0>BN 
C»»»»«»««» IF •MLTIPLE MAVELEM6THS CO TO 10« 

«TI 

«JOLO 

II 
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ir(r»«*.|iifs*ies.iOfi 
€••—••••• STIHE  SO^*CE   IKtfkSlXt 

CO  TO  ItT 
C»»——• STAaCM T^^LE FCR fc*-C 4»  I^TE^SITT HOuTIsr. 

IM DO  ]M  IT«1.9 
lF|!SWI-tSMTlITIIlM«l».ia« 

IM CCNTIüUE / 
€••••••♦-•   I^TFVSITT BOUTIkC MT   I»  TMLC. 

C«M*»«..« «ET  l^TEwSITT 4S A FimdlO« V ■AVELEfcCTt«. 
IM CALL   IMCäTIII.L»-«»«)! 

&••••••••  IF  SuaFACE SOXCt.  SCI »ME OF MhfiLE MUTIkC. 
107  IF|IS0KIL£«?MI-2|111«112.111 
111   iFIISMIt'WfeOlOlllS.llZ.llJ 
IIZ 00  114  U»l.« 

lF||Me.IA\JTtUIIIl««115(ll* 
II* COMIV.E 

CäiL EU>««TI*fL*i«*T) 
IIS LAiSUiLMPMO).!« 
113 «O  TO  !•• 
lit METUM -^ 

\ 

C7Z 



/- 

C^^«»«»««  St^TBTlVE  •'«TO«!   Vi MS   1% •UICOML 0*T* FOR tACn •fAlfoUL. 

C0«"«0\ /*>*/ 

3  .VOll'Iti 

COT* /*aa«TS/ 
1   •■FTAI4II 

3 ■CMI2HI 

* t7LM|?«l 
COrxOM/lAKUT/ 

MC0I2a«2MI 
«FI*0.?tPI 
•REOIMtZfltl 
• ILAMSZMI 

ALKI2MI 
.KVI2MI 
•n.*«*Ti2ai 

•svtsoamai 
■TKI2MI 

tTITLCU2l 
tUATISttl 

•ALPHAi«ai 
•0>I2M> 

•fleri2ti 

fZI««l 

ittjwrisati 
feSOll|2««2MI 
•mi4Ti2ti 

•KKI2MI 
•EK12*«| 
»Enc>«V|2Mt 
• S<MfUTI20| 
•JUII2MI 
oZM2M| 

I2ai 
•J|NI2«*I 
• jrSORIStl 
^KrTPi2aai 
•LTTaci2ai 

T(2aai 

lFL«6f4*t 
•JFi2aai 
•jki2aai 
•MMOiaaai 
•LAMPisat 
•Mfizaai 

• IMINTIMl 
•JFti2aai 
tJPizaai 
•KFLMI2all 
•L«MLE(2ai 
•NFLtZal 

oz 

•TI 

•ISvUllStl 
•JLIffffl 
•jR«Ti2aai 
•»*i?aai 
•UcrtUNi 

CO»-O*/P«II«««S/        M. •M.* ••m 
•K%           .■£•» «KV tOiS •ONm 
•*«              .CMI (SM «CANF «PE« 
•SUM«       ,11 . .«MM tKCLO •UEF 
•Twrw           ,TOtO (TBtF tTTHAN ,21 
•Z«a>         ,/CLO «ZaCF ,2TM«M 
CO"-DH/IP*0»«I/ FMAX »In** •IMO« 

•IOf>a«T    .lOomuT      .1« tlMT .JMMK 
•«licT ,»»•*» •MM •NMI •NNOM 

I«TF«C« F.F-AI 
D|*r^5I0V LI«C1*1 

c»«»»«»»»» »temr p*fie ICAOIMS. 
pai%T « 

* F0o-«Tl|Hl,5Sl.r3»w«Itai»c   >4f«//9M •••TeRI*L*4X.5Nlatf>lfT. 
••■•iaRMSOiH>TIO«*«I,ia*WttFii4CTIve*ta>^»^ASI«i6« 
•»■•llHCeSCaiPTIM/lH ««M     M««E««28,TMB0UTINE,SX^ 
•llNCCCFFICienT« 1 lX^SN|i«ex*»X^ iaMI«VElEN6TN/l 
t«u««a 

«:••••»•••• Of«O e*C  "*fE«IM. OAT« CAM. 
IM  MEaO   la.X.IM«'8C0I.atFI>/LM<I.D£SC 
la FM»*Tll4.1S,M,3FT.S*M*t 

€■■■■■•■•• IF MIERIM. MU^ER IS ZERO, «U. WTERIAL OAT« MAS REEN READ« 
lrf«l|M»l|R»ltJ 

£•«•«»••.•   IF  N SWEATER  TMAR HNAS«   NMUaM. 
itl iFi---04t11a2.1a2.1a» 
lai MUis« 

C——M—» STORE LASIM MAVELEMTN ARO REFHACTIVE   IMEI. 
1*2 REFI««I««EFI \ 

ZtA^IHI'TLA«!! \ 
£••••••••> paihT MATERIAL 041*. 

MfWT  ll.H.lAR.AaCOI,REFl\n.AilI.DESC 

••••• CONSTANT VALUE SPECIFIED |R A8C0lii»F|. 
M ia% FBUFMAX 

IRS AKOIH.FI  - ARCÖI 

11  F0MATI1H  f1«.3X.««.3(4j|.ri2.kl.*l.4*«l 
C——— STOME ABSORRTIM COErFlCIEMf. 

IFlfAO.tC.M » MTO ia* 
fM—— IF mo MAVELEMTM-OEPEMI^T ARSOMTIM COEFFICIERT^ STORE 

so TO ia*  rmM •••  IF   t»m CO.  OEPEROS 
IM -CALL AIISOBPHM.RI—/ 

60   TO   I«4 
na CONTINUE 

RET'JM 
END 

Om MVELEMSTH, CET FRM SUBROUTINE. 
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11 

FMCTIOM MIMTtS) 

••"•"•••••••••••••••«•.••„,,, 
■•••••«••• 

COMMON /69/ 
1 •C(HMOSI6<5fl 
2 .e«R«riSM 
3 tVflLIZMI 
* tZMvtsaai 

COM-OM /«MUTS/ 
1 «nrTAut) 
2 .FL«M(?OOI 
3 «««KtZMl 
4 tSUMI«Tl2MI 
5 »Tuai 
ft •7LftN|2«| 
COHMON/IMRAT/ 

•iSMuisai       .ism izai 

•8COI2O.?P01 
fttiZM) 

fREOIZt.ZMI 
iXLMizat) 

«L*l2Ptl 
tMVIZM) 
tELMATlZ»! 
tCMMUUti 
tSUMSWicZtOI 
•TKIZOtl 

•CBASEIZ»«! 
•TITLEI1ZI 
tXiUTiSMl 

tftLPMIift«! 
(DKIZMI 
•EHiTiZt) 
tRCFIZ«! 
i«ue» 
tZU«l 

•esomzt.ZMi 
tWUTlZtl 
• ViUTlSM» 

•BCKIZMI 
«e«12001 
•ENEH«Tf   001 
• SOMATCZtl 
tUlZMl 
t^llZMl 

tjMlZMI 
•jsmtsti 
tKTTPfZttl 
tLTYPftZOI 
••MHUTIZMI 

•8EV 
tSAR 
tIMO« 
tTBtf 
tZREr 
FNM 

tin 
tKNOM 

iFLACUtl 
tJFfZoOl 
• JklZMi 

•LAMP|s«| 

•IUTIZM) 

tIPOINTIS«! 
fJFLIZttl 
tJPIZMI 
•■VLMIZM1 
■UMLEIZ«! 
«HFL 12*1 

tONIN 
tPE* 
• IREF 
•ZI 

-•INOM 
tJMU 
•NkOM 

tOZ 

»«TIMM 

•JLIZOOI 
•JRAVIfttl 
•«PlZfttl 
•Ulf FL1200! 
••«•TIZOI 

COMMON/PMAHS/ 
•SEJi .BE« 
•«*    , tWN 
•$UMB« ,«I 
•mo*        ,TOLO 
•/NO- .ZOLO 

COMMOW/IPABM/ 

•lopatr    .lOPiMfT 
•«Idf «KPOI 

IMTEKH f.FHAX 

COl«MO«l/MELC0M/A.««B,B,BIt81P.B»».C*».0ELTH.DEL».l)EL».llfi » IW.IT 

BSQaHE^S-OELT 
ftSll«AL«S-OELX 
IF(iBSO.EO.B.t.AIO.ASO.Ea.t.tlASOM|.a 
THSTMATMZIBSO.ASOI 

MSTMlFIIItTHSr-PSIZI/REV*l.E*«|-lttoO 
TNZ*TNST««IST«REV 

■E?5lir,",,M,$H,ELZ'Cil>*T,U,/,Cil*^,t¥,*l*c**-5,-I«M« 
END 

•D|S 
fOARF 
flOLD 
tTTMN 
tZTMAN 
• IM»» 
tIRAT 
•NMAK 

•RC 
■EPS 

•TI 

•JOLO 
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SUB>KMlTI«C  M)R«*L 

ALKIZMI 
•K»l2Ni 
.EL*<t*1l2tl 

tSUMSOaiZMI 
.vKUtai        \ 

tMJR'TISt«! 
■Uiascizati 
tTITLEilZI 
tUUTISMI 

•0KI2MI 
tEMT I2tl 
•REFIZfl 
txuai 
tZtaai 

• isiMizai 
•jtizaai 
.jsoRisai 
tKTT^izaai 
.LTT^eizai 

■aTiztai 

IFL«Sl4ai 
•JFizaai 
•jktzaai 
•K8M0i««ai 
•L4«i5ai 
tHanzaai 

•DIS 

c<y«c* /»a/ ucoiza«zaa 
1 ,rnfM^5i*.so» ,ri*o.?aai    { 
z b6>aAvisaai «iiEDizatZaai 
3 .»oLizaai .iLMizaai 
4 .zMTisaai 

CO^HXi  /AMUITS/ 
1   .erT«!««! 
z iCL'oizaai 
x t«Mi?aai 
a .sj-*"»*«zaii 
s tvi*ai 
4 .TLu^izai 

CO>"«'M/IC«UT/ 
»is-ixisai 
•JLIZMl 
ojRcvizaai 
M^lZMt 

MMaTizei 
Co~Gx/Pta»"S/ 

•KK .Pt» 
•fe« «CM 
•$U*M        ,11 
•«Ml« «TCLO 
•ZMO« .ZOLO 

CO» »Ol/IP*P^/ 
•ICX-^T     ,I5?SKT 
•«ivt ,«••»» 

lNT*Sra F.f >«« 
UrnKKTm 

CM*»»*»   fcfT  SrOCTST  TTPt  FOR  MMAMT 
■u^rrpiKi 

r********* paatiO' 0* SdWCTRT TTPC* 
co Toiiai.?#B.3aa.4aa.sat.6aa.7ae.aaa.9aai.« 

(**•***<*•  riv; MRM«L  TO PLANE, 
laa  C4LL  PLMOBIKI 

co TO id 
CM*«»**« FINO MWWM. TO CTLIWEM« 

ZM CALL CTLMOWI 
•o TO iai 

£—■■•»■■ Fl«© MMHUL TO CONIC* 
saa tau. COMMOOWI 

co TO iai 
C»***»*** SPtcat 

at« CALL SPMoaiKi 
CO TO IN 

•ouuvisaai 
•EsoHiza«zaai 
•vMiizai 
•TiuTtsoai 

•Kcizaai 
•ecizaai 
t»ca«Tfzaai 
•sowuTizai 
•uizaai 
IZKIZNI 

•IPOIMTISOI 
.jFiizaai 
•>fzaci 
•■rLMizaai 
•LMCU.IZ0I 
•MFLIZtl 

•WtF 
•ZREF 

fnAM. 
• I« 

tTTUM 
iZTUUi 
• IMU 
• IBAT 

■ 
tZl 

•DZ 

JITOMI 

,trs 

flTl 

Ma cau. OLNOOWI 
co TO iai 

Cmwmmmmmm PAOA00LOX0 
«aa CM.L PAOMoniKi 

co TO iai 
£••**»**• HTPCROOLOIO 

Taa c*tt NTPMOowi 
co TO iai 

t——— ELLIPSOID 
aaa cau. ELLNWIKI 

co TO iai 
C<M*******  i^LII 

«Oa CALL •CLMIOIKI 
co TO iai 

iai COkTiauE 
CALL DFOUCICMORULI 
■ETUO» 
im 

■J 
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n 

SUVOLTI^Z PAOOM 

€•••••••••  i-MOUTIfct  9*t*U* P*C«S Tr£  Q«» «-'ITS   10 ELIoI^ATE   fnE 
C••••••"••  STC««»6t  UStO P»  •>•»* «"IC" ■•«*»€ mt'. CCSTCOf EC. 

CO-"C-. /ft«/ 
H «COOorsit.Sti 
2 .«•«•rts««l 
3 (VOtlZMI 
♦   «ZUTIS»«! 

CO»-0\ /«RMTS/ 
1 ,RfTl|«tl 
2 .fl»-l2MI 
3 «CHI?««» 

5 tTI«*l 

CO—rA/imJWli»/ 
•is-Adsti       «isoacz»! 

ucoiz««»«! 
tEIM*2MI 
.REOlZa.2S9l 
•XIJMCZMI 

«LMZMI 
•KVIZI«! 
•ELA«ATi2«l 

tSUMsaaiztfi 
■TMZMI 

, fALUViMat 
•CBASEIZ««! 

tTITLEUZI 
lUUHSMI 

tALPM«|4«| 
•MIZMI 
iEK«1l2tl 
tKFf?li 
• «UBI 
tZU*l 

.»td'rissoi 
•ESCIZa.ZKl 
t*f«IIZ«l 
•vuTisati 

•BEKfZtSI 
•E«|Z3«| 

•sowuTizai • 
•uizati 
tZKizaai 

T' 

•jMizaai 

i«TT»fZaai 
•LTTPCf^ai 

IT|Z»rf| 

• MO» 
.f-rf 
•ZKEF 

FNA« 
• I* 

in.«su*i 
•jFtZaai 
•JkUaai 
•MW3i«aai 
•tAK»isai 
••urizaai 

••Mi 
•eis 
•< 
•i 
• TTiUai 
•ZTHMi 
• IMS 
• IRAT 
•MMU 

•Altai 
•JBATIZsai 
•Wf^aai 
•UEFLizaai 
MMATlZai 

CO—■OX./P««««»*/ 
•Bl« .MR 
•** ,«Jl» 
•V»»«»*       .(| 
•TS.-h. .TCLO 
•ZNC •ZCLO 

CO—«CN/II»*B»"'/ 
•IOPOAV   ti&nun 

iMTCsea r.i-»« 
€■■■■■•■•» SET ET'ECTIVC  IMXi»!. 

irr-l 
€■■■■■»»•* tro» T»«OüSH UT  STMtii. 

00 !••  IsldMU 
iFiiFL«6iiiiita.ua.iai 

€••••••••• «E-SICSE  »AT 0* CFrtCTlVE  IKQEJI. 
iai AI^UIIEFICALPMAIII \ 

■ETAIIEFIsSETAIII . 
«•—»JlEF|«3f«-*III        I 
XllFFIrllll | 
TIIFFI.TIII / 
ZI1FFI.ZIII / 
00 1«1 F-l.FHAk        / 
ElIFF.FIsECI.Fl 

ia3 CO».TIM.E '*• 
IFl»6IIEFl-| 

f■■■•«»«  iKtREASE EFFECTIVE  1*CE« IT |. 
IEF-IEF.1 

lOt COMTIKUE 
iHiOIEF-l \ 
■ETUM \ 
E*n 

•iMiMisai 
•JFLizaai 
.jpizeai 
••n.«6izaai 
•LAMLEIZai 
•NFLCZai 

■oz 

•XTII*N 

•en 
•»I 

»JOLO 

t 

■ 
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f 

SM9OUTI«C PMMWiki 

C.........  ^..on c4lCUL«TES T-E OiaECTio^.t COSIMtS OF  fnt  kOltaui 
c«»«.»»... ir t poi^r OM !•€ su^TAct OF « 0aa*aaLOlo. 

•EI«t*2S9l 
•aeoi29.2oai 

•ocvizm 
•n.«Mii2fi 

tSL-^SflltiZM) 
tTKIZM) 

•«LMTIaMI 
•EstSCiZStl 
tTITLEUZi 
• KRATfSMl 

tAl.PN«|««| 
«0«IZM> 
•E^ATIZCI 
iBCFIZtl 
•«<*•! 
•Zl«*l 

CO>.-t3s  /69/ 

Z   •CUUVIS««! 
3 «»OLizeai 

co-IO* /«aurs/ 

Z  «ELMCZ«!! 
I if«<cz*ei 
♦ «»"«aTlZMI 
S   tTC4*l 
• wrt««i?oi 

CO»«04i/I«]MUT/ 

•JLlZf«! 

•»«»Ml 
•U»FFLIZMI 
•*«»TIZ«I 
CO—0»/Px3l««S/ 

•«\ .BEfl 
•«* .CM 

•Tw< «TOLO 
•ZMM ,Z0L0 
CO-'^X/IP*»»-/ 

•IO»IT     .lOOfisT 

Ki-r-rc r.Fxai 
•••• C«LC<A«Tc COEFFICIENTS »EE0C3. 
Ofi«»«*".-»*««! 
OELVsTk.p«i-T«|il| 
0tl/»/fcC»-7«l«l 
»••• CaLCULATE LEMTH OF NOX««L VECTM. 
$«»«S0«T I - £:La*«Z*0CLT*«Z*«. ■•C« | «I ««zi 

tßmmmmmmmm C»LCUL*TE 0|aECTI0M«C CCSInCS OF MübUL. 
M.M0EL4/S0 
Kt>0El.T/S0 

C»M.*... o*CK aia£CTIO%ilL COSIkCS. 
CALL C~tCKt',*P*s»*oa,U.l,tUt»"6AMi 
CALL OEBU6ift>«AaNoai 
■ETUM» 
tm 

fK4AriS«*| 
tESCHiza.ZMl 
•vNtTtzai 
tnutisaai 

fpuizaai 
tEKizaai 
tEhEHfiTtzaai 
tSO*UTCZtl 
twizaai 
•ZKiZaai 

•isoMizai 
tjNizaai 
.J$0«I53I 
tKTTPizaai 
•LTTPElZai 
t*M«uTizaa> 

•KV 
•6M 
• <%M 
• TMEF 
• /■EF 
FNtX 

tIR 
■mo« 

iFLACUai 
•jFizaai 
•Aizaoi 
•M««l9aOI 
•LAflPisai 
tM«Tizaai 

• CIS 
•fi*4F 
• KCLD 

•ZfiUw 
• In*« 
• IMT 

• iPoiMisai 
•JFLizaai 
•Jptzaai 
•RFLWizaai 
•LaMLEiZai 
•HFLfZai 

•AL« 
•o-im 

•UCF 
•ZI 

.0/ 

J 
***- 

•XIRM 

• I* 

• • 

•TI 

•JOU 

c——« 

f—— 

C77 

>■    ■ -• -^ 



n 
\ 

SWOOUTINE PE"CNT 
€•••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C*««*««««»  SimffOUTIME  PCSCfcT OtTEMfUtS  «HAT  Pt-^UM   Of 
£•••••••••  la*%S«IT1EO.  UMS tuJtIIOfc »(M ulELECTRICS« s 

MCOt2t<2MI       t«LB«Vl»BOI 
•ei«0t2««i •M«se<2*ei 
•REOI20.2MI •nTLEU2l 
• ■LANIZMI  , tUUMSMI 

TMt   RAT 

CO>nO*i /69/ 

2 .r,«H«visa«i 
3 tVOLI?«*! 
4 ./3ATfSOBI 

CO^-OM /«HUTS/ 
1 .prT«l40l 
2 .»I •••i?r»i 

«. .V>«»«TI2»0I 

COWOM/IAWUT/ 
•IS*>MI5CI .ISO«l2«l 

ti>tH«TISM) 

• «••411201 
•TM4TISV»! 

4LKl2«Bi 
•Ktfi2MI 
•ELAM4TI24I 
•SAfMAUOl 
•SUrtSMI2«tl 
•TKI2MI 

•ALPH«1441 
• DK 1/041 
•£«471241 
tReFi20l 
•XU4I 
•21401 

• KK12441 
•E>12441 
•E^EHST12441 
• KaNAT|24) 
•SK12441 
•21(12041 

•JL12441 
;*JRAV12441 
•BPMOOI 
«turn. 17401 
•*MATI24> 
; COV^OM/PABAMS/ 
fKk     .BE« 

IFLASU4I 
•JFI244I ■ 
•JMi244i 
•K0Nai944l 
•LAMP1541 
•MAI12441 

. IPOIWISOl 
(JFL(244I 
•JPI244I 
•VLAO(240l 
•LAMLE(2e) 
•NFL 1241 

• ALU 
•OIS 
afiAMF 
tlOLO 
• TfiUN 
• ZTiiAM 
• IMA 
• IIUT 

• A(.B 
•OMI« 
• PER 
•»"Er 
•ZI 

.1*0» 
• JMAX 
•NNO« 

•ALMF 
•02 
• 
•XTRAN 
• 

t 
• JNO* 
•NSOR 

•JNI2M1 
tJMMIMI 
■KTVPI2MI 
•LTTPEI24I 
•NIMa AT 12441 

XL 
■KV 
•«XU 

•xi «XNO« 
•TOLD «TftEF 
•ZOLD •ZriEF 

flPUUm/ FMU 
IOPÜAT  •lOPBMT   •IR 

•klHT    ,W"A«     .KMM 
tNTFCCR FcFNXX 

>*••• SET  IXSICCS FOR MATERIALS ON EACN SIDE  OF  BOUND*«». 
•iU-AtlJOLOl 
W^aTlJMORI 

CM«***««» FIND COS OF  XM6LE oefkEEM  INCOHlNfi  RAT  AND NORMAL. 
CIISA*AOSIAL*ALK«Sf*"J£««»GA*£*kl 

C*«*«**«t.*  FIND COS OF  MCLE RET«tEN TRxkS«lTTeO RAT  AND NOiMAL. 
Cfev««AqS(ALRF*ALN*aERfaaEN*6A«F*ftut| 

CMM««4** FIND RATIO OF RCFCACTKE   INDICES. 
E^aRCFlNll/REFINZ} 

C**M*«^.« SOLVE EQUATIONS FOR ROIN MJOR POLARIZATION AXESms.RPi 
■Sä I ICCM'EMCOSAI / ICOSfil»EN«COSAn »«z 
TMf|sCCSA«CDS« 
Tttp^mE"» 11 • 4>COSAM2l 
RpiNS*t f Tl#UTW2l/ITIVI*T)>P2l l**2 

C»mmmmm»im FIW PCRCENTACE OF  TRANSMISSION. \ 
PEAsl.4-fRSoRP|/2.4 

14« RETURN \ 

«E 

TI 

JOLO 

\ 

1- C78 



€••• 
€••• 

1 

SWaOUTIMC  PERTHRIAa.Bil.6GI \ 
 •••••••••••••••••••••••••••M,^»,,,^ 
 »»l«rTSB PfRTURBS OUtCllOt Of H«T   IF  fctEOfO 

IF l«««.2.Be-2.LT. 1 .E-7I «*. J .E-3 
IFIMM7.LT.1.E-7I6SS1.C-3 
'«5,>»T ia4*«2*B8*«2.ae**zi 

MlsM/» 
6fi<66/P 
■ETURN 
(*> \ ■ . 

*——*—■»■» 

••"•••••••.•.•••«• 
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\ i 

\ 

SUVOOUII^C PLAMWfll 

■cM»CSlft*S«l 
.CAHATISMI 

•CMIZHt 

5 «TI«ffl 

•Cf*t*2NI 
•aet>f2«.2e«i 
•ILMI2«t| 

/ 
«uunti 

•ocviztci 
.ELM*; 1291 

•TM2MI 

•cLa«Tcsnii 
•E««Se129*1 

• IflATCSMl 

.i-4H2ai 
•a£Fi2«i 
•««*0| 

COMDM/IAMUT/ IFL<&(««I «IPOIkTIS«! 
•ISVAIK*! «ISMl2tl «J^IZMI «JFLIZaSi 
•JL8»tl tJ"l29«l .Ail2f»| tJPl2Mi 

ri2c«l     .  .jsoaisci .««w}(«»ai iVLASi2gti 
•mci /   •■Tm2NI tLWlS«» .LA<MM.ll?fl 
rn.f?MI /    «tTTPElMt oiU^IZMl «iVLfZII 

•ttfaAflücai 
•ES(HI2a.2MI 

■a£«l2*«l 
tE«(29||    -^ 
■E«C<«ri2ttl     -, 
.suvuTizai 
fU|2M| 
•ZKlZMl 

Tizaa» ««M«TI2CI • 

•«« .«*« ««iU 
•S4 ■•«•        .XI «XVN 
•»WW .*0U» iWt* 
•l«- .ZOLB liZOEF 
Cc—OkxlPitai"/ rtJ 

•le99«T   •lorawr     .14 
•KI%f        .wu .«>»■ 

IMTFCEB r.ro'js 
'•• SET OIKECTIOMlL COSIVCS OF 

«Wl 
_f«l \ 
CtC« »KnECTIOWL CCSI«*S. 

CM.L OCCKfA^UMOB.aUl.K^'CMI 
CALL OEauSffc^LMOllI 

■OIS 
«buv 

^rf4A« 
•rraui 
tlWU 
.1B*T 

«AC« 
•OMIB 
•re« 
•UEF 
•Z| 

02 

«IB*« •vi 

TO nc PUUC. 

Ea«t 1 

I        \ 

/ 

CSD 



I 

SOPaC'JTI^F POlMTIK.ALFT.tCPTteaPLSIk^TITiJM) 

£••••••••• POIHT LOCiTcis I»* poixr ok INE HELICAL «IBE TMI IS CLOSEST 
£•••••••••  TO  «  S^ECI'ItO P0I*1   *K0 CALCULATES TK  ftTtZ COMPmCHTS CF 
£•••••••••  iHf   VECTM bET-Ec*  T«C   t«c  P01«.IS. 

CCn-OH /6«/ Af      l?O.?0«l        tALRATIMSI «BEJUTISO*! 
1 ,rCOn-SI6tS0J     tEI*«»Z»0l «EdAfSEIZNI     )     tESOMi2p,2M| 
2 «AAaATlSMI •aiOtZa,200l tTITLEHZl \ tV"AT|2ai 
3 t«Ti?ae) .iLAHizoei tuufiSMi «TaATisaei 

CO—CV  /AMATS>      ALKIZ60) .ALPn«|A«l tBE<l2ttl 
1 .■rTA(«.ci «OEVCZOOI tOKlZMI »EKfZOO) 
Z iFLAwiZBOl tELAHATlZtl •E«AllZ«l •EI>CM6TI20tl 
3 .«»Kt?;;! «6ANMAIMI tREFI2t> .SCOnATlzci 
• «MJ^aATIZMI tSuvS^niZtOi •■««•!  , «MlZMI 
S «VI4«> «YKIZO«! tlUti tZK(ZO«l 
• «ZLAKIZ»! 

CO—^S'll.fHi'.Y/ IFLASI4*! tlMIHTI-J«» , 
•1SWASI>!«I «ISCaiZOI tJiFCZMi tJn.lZ0»l t 
•JLizani .j»«i2o«i tjMtzafi ^JPIZMI . 
•JB«V(20tl .JSOWSSCI *K8*»)(«MI «VLASIZatl , 
•"P|?»0| tKTTVlZOO)       '    tLAnPlStl »LAMGLElZtl , 
•LOfFLI?tt) «LTTPEIZei tNAKZMI .MFtlZSI . 
•*-»II?OI »IMVIATlZatl 
COK-K\/PtVt*S/ AL fAL« .AL« -AL» (NE t 

•Hffc .DER «KERF «CIS .OMlM .0/ .FPS        t 
•6s ,C*«t .«AR «6AÄF »PER • 
•SUvRA       »11 «UkO« «XCLO «XRET   -        «XtRM ,Tl . 
• TM5-          «TOLD            «TREF tTTRAN    . ,11 t   ' 
•ZVWi          «ZOLO            t/REF iZTrfAN 

COTMON/IPARAM/ FltAX «IMAX flNOM f 
• 10PRAT     .lO^DMT        .IN sIRAT .JHAX «JMH «jOLO     r, 

Ö   »HAT           .«•■«I             «KitC«             ttmUkX             ,—*>m             «NSOR 
In^EfiEB  F.F-A« 
DATA(T>0PIsk.Za3IR53II 

c»m—*f CALCULATE PARAI^TERS «EEOEO. 
OEL»XII->MKI 
OELT«TTT-TA«l 
OELZ-ZZZo^KUl 
PSI«AT«H?ID£L».OtLX> 
CAP«AL«|K> 
RrtCO««rEL«"R£««<> 
RMMT«rELT»«E*C<l , 

C***M*«M CALCULATE CCIL KU^SER AM> SVARTI«« ANSLEITMI. 
WtyIFrilfDEL7-CAP»PSIi/llBC^I*CA^I«l>E****5l>iatCa 
TH>PSI*TaOPI*KN " 

£••••••«..  ITERATE IMTIL .«iGLEITwl   MAS COWFIfttO. 
IM STMBSHITMI 

CTHSCOSITNI 
FTSSTH«RM30X-CIH»RMOOT-CAP*ICELZ-CAP«TN| 
FPaCTH«RHODX*STN*RHOOV«CAP*«Z 

, f^t>«-STH*i>»c<;A»CTM»ar-scr 
lF|ABSirT»FPPl,LT,I.E-A»fP«»Zl60 TO  t«2. •     • 
9 fMa l-FP*FP*SCRT < 1 .••Z.ft*FT*Fi>P/FP**2 V >/FPP 
«0 TO  103 . 

1«Z OTK--FT/FP , 
103 THaTH.nTlft 

lF<«RSioYHi>i.E-5iiai.iaB.ia* 
C*«******a  CALCULATE  X.T.Z  CO<^MEfcTS 

101   Au?-JCfH-8EiH>H»CaS(TM»l 

8EPT»«CELT-«E,H«»,Sl»«THri 6 

«APT J ICELZ.-CAPMHJ 
RET'JR* vo-      . 

•   '       ERO   ■      ' 

•»f-> 

L csi 
0 

7 f 

Si'1 



I  i 

K 
r—.»...   Fl^iCTIM  RAM)  fiEhESATCS  «  MN20H ^«»EH  Btl-tt"*   C.O   4S0   1.0, 

C0>H0M/IPM4M/ FMAI .I*.«» »Xno» f 

•IOPIIAT     .lOM«!?        .IR .16»» ,JHU ,j^o» .JOLO     . 
•«HiT ,K*tX .«W>- .MIM ,M,o. .NSOH 

C»^^«»»» Slont   ^»JS -   I  AS-CO^STAitT 
0»T«lj.3ia>-»Jj«3fc7J 

C-.»»«..  ^E  WC|P0-R*W>0H KU^fcLH   !S  CEKERATEO tfr  THE nJXEC CONS^Eft- 
C—•••••^«   TI«L  NEtHOOr   USXSS » P-.Z.fJ M^LTIPLIE«  «M) «CCULüS. 
€••••••••• riinO IB»%«»I5 •  fl/2«SSST|3|/*|«2««)9 •  | 

I  •  I»«3t51757ei25 •  77*10(17067 
C»»««»»«»»  TüRü OTF  0tfERFLC4   IN>ICAT0M  IF  ON 

IF  OVEBFLOH FAULT   Itl 
€••••••••• REfWCC RESULT N03UL0 2««35 

1   IR >   I   .AND.   J 
€••••••••• FLOAT RESULT 

■IP ■  IR 
C———•• «ukE  •  .LE.  RESULT  ,LT.   1 

RA\n ■ R|R/343597383M. 
■ETURN 

A 

i 
' i 

I 

CS2 

/ 



r - / 

SuaoOUTInf MTIIFLGI 
\ 

€•••••••••   5LFP0UIIM   RAY  PICKS   I«C  L*ST   B»*   SToafOI   If   mO  iutS  FUSTT 
€•••••••••   A  KEü  «4»   IS  GCEHAlEO. 

tMOAri^oti 
• ESoRIZt.ZM) 
•VHATlZti 
«TWTISiai 

.UKl2«t| 
tEKfZMl 
tC*CHfiT|2M| 
tSONMATIZti 
tU(2MI 
•/KfZMl 

tIPOINTIS«! 
tJFL(2Ml 

tRr: MiZMi 
• LAM«.r I2tl 
tMFLCZBI 

tDNIN 
.Ptl 
n»HtF 
•ZI 

tI«M 
• JMX 
•I 

•OZ 
I 
• ITM« 

tNSO 

.»I 

•JOLO 

CO—C«.  /69/ «BCOIZOtZMI        lALBAVtS««! 
i fCKwt-sie.sai    .EI«B.?OO) «EBASCIZMI 

Z   tRARAVISOfl •REOlZOiZOOl tTlTLEHZI 
3   tVOLIZO«! aJILAMIZl«! «IRATIS«*! 

COMMON  /«RRATS/     ALKIZatl     - •«LMU|4t| 
i «PFT«I*»I .Dcvizaat «OKCZMI 
Z   tFL*M|?«e( .ELANATlZfll .(MtTlZai 
3   .C«KI7B«I .i6«P>UU'i| •BEFIZai 
«  .S'r«l«TI?fOI •Sti'SOMIZMI tSUOl 
S .v(4»i .TKIZMl «ZUtl 
• iZLMlZtl 

CO^OO/IARRAT/ iFLACUti 
•isoaiisti  «isoRizai    tJFizaai 
•Aizooi    tjMizeoi     tjhfZMi 
•JR«T|Z«ai «jSORIStl •K8Nai9««| 
•«P|?MI fKTTPIZItl «LMPIS«! 
•CRTFLIZM»        tLTTPEfZO} tlUTIZMI 
••MATlZOI             «NUMRATIZMI 
CC-OM/P*B*MS/ «t »Al,« 

*«:* tBER «SERF IOIS 

•»»» .6»" «SAU .6«« 
• S,«o«        ,xi                   .««** •XO'.O 
•»•*<          ,TM.O            ,TREF «TTRAN 
•ZM*>          .ZOLO            .ZBEF «ZTRAM 

CO»-0«i/Ii>AR*H/ FNAK «IPAA 
• lOPPAV     .IOPR*lT        ,IH »IRAT 
•»IM           .KMAI             (KMOM             tNMU 

IMTE6CR FtFMAI 
OIvffcStON SUWATI1MI 
OATAINPACMI 

€•••••••••   IF  ARRAT   IS  FULL« .MCK.AJMUT. 
IF I IPAI.MI IM. 1*7.1*7 

1*7 CALL PACUP 
C««*«**>.*   fF   ARRAT   IS STIU. FULL.  CeiTROT RAT  AMD PROCEED  to «EKT RAT. 

IFIIWAI.39II66.IM.168 ^^ ^*,   W' 
-       !M PHUlT  BS.IRAT 

35 FOfioATtlH  .lOHRAT iHMdER.IA.JJH HAS TQO MUMT LESS. RAT KSTROTEOI 
C»«.»»»*..  SET RAT *L«6$ TO #. i* .   utainvwuii 

00 169 Isl.lNAl 
IrLARlIlM 
00 169 Frl.FMAx 
Clf.FIM.t 

169 C«KTI«ut \ 
iMAtf 
60 TO 194 

€••••••••• EVERT TEM RATS. P»C« THC RAT ARftATS. 
166 kPAC'^PCC»! 

IF|«PAC-ltn0Z.103*193 
103 CALL PACKUM 

NPAC*O 
tOZ COMIMIF 

t«**«**»«* IF NO RATS EIIST IN STORASC 60 TO 104. 
IFftMAll104.1*4.105 

€••••••••• LCO« FOR L»ST RAT STORED.   
10S 00 100 II-ldNAI 
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■ 

■ n 
•>. 

laflU-II«! 
lFiirLaGiiijiM«i«e«iai 

!•• Cteriwc 

CM.*«»...   WM "«II   M  M^H  lUT, 
»•«  C4LI   IMM 

00  It/ j=l.jn«» 
SU'SM IJI «s^soa I J| • CSUMIATIJI t ««Z 
tV«CT I J| sCACHCT IJI •SUMUTi Jl 

112  SU^'TlMLS^waTlMfSUMtlTIJl 
111   COM IM* 

lriJFLIJIIlfl7«ia7alH 
!•• SUM«rijlM.0 

M»>-t«T IJI aMWUT IJI »1 
ItT COLTIftuC 

00  It« itel.MKax 
..     iFfrLIKIIlW.lW.H» 
11*  —WtmfmmiAJwl 

SWU ft «SO^UT 111 «SU»«»! |H| »«Z 
"Pi l"l zt 

IM Sl^iilTinist.f 
C—.......   ,F   „a BmT EJISTS.   StT HJkfi  MO flCTUK». 

lriiiuviit£,i(k.jS5 
IM  iFLte-l 

■ET'Jte / 
C*m,i^.?eT 'M^TEfiS Foa To*cW • «- MT, 

Bfallil 
VIsVIII 
*i«riii 
«oto-«i 
TOLOsTf 

MjmMßMkttl 
UmtKtBiU 
■toMMMfll 
c*t»- OCOKIM      tur.aL.BC.sai 

CMJL  OCOIMItM       BAVI 

END .■A' 
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SMHOUTIK   RATSOtlflCOWTI 

€-<■••••-•• RAVSOR f ITCHES  • R*¥ TROM M  IM>ur   I«M t. 
c« 

«8C0(2f.?ari («LRATIM«! 
•EI«t«2MI «EUSEIZHI 
•REOl2t*2MI «TlrLCIlZ» 
•ILMIZflll •MAflSNI 

7 
3 
4 

CO—Ok   /»«/ 
1   •r««RDSI*«S«l 

tSfJUTISttl 
•VOLIMtl 

COMM /MR«ys/ 
1 •KTAfMI 
2 •£!.••• f2MI 
3 .cA<i?flai 
♦  .Viw)«V(2MI 
S  «TIAtl 
ft   .71•"«?•! 
cew^M/iaRRAT/ 

•IS»A>ISt) 

•JBavf2Mi 
•C»I2«*I 

••l«TI2tl 

-RCk tKR 

M.KI2MI 
•K»I2MI 
.CLAHAtizai 

•SUNS(iR|2MI 
|TKI2««I 

•0KI2MI 
tEiUTl2*l 
•REFI2t> 
•aua» 
•zuai 

•KOATIS««! 
.esoMi2a.2aai 
•VMI |2t| 
•nuttsMi 

•■EKf2MI 
•CK(2tti 
.PCR6TI2««! 
• Sl«N«rf2«| 
tiei2«ai 
•ZKI2MI 

•IS0RI2«! 
•JNI2Mf 
•JSORtS«} 
■■TT»f2ati 
.LTTPU2ei 

VI2MI 
«L 

.HV 
•C 
• I 
•TRtF 
•ZREF 

FMAX 
■in 

IFLACUfl 
•JFi2a«i 
>jMi2aai 

. •L«w>isai 
•NATI2M1 

•OIS 
•6«NF 

•IROIMTIS«! 
•Jn.l2Mt 
•J»C2MI 
•KnLAS(2*«l 
«i a—JUMi 
••>rLl20i 

■TTRAN 
•ItRMI 
• IRAX 
■ IRAT 

•DHIM 
.PtR 
•UEf 
•21 

•JNU 

02 

XlRMi •Suvoa      .ii 
•*NIM »TOLD 
•2«e4 .ZOLD 

Co« wviwaw/ 
•lOPRAT     dO^KT 
•■I%T .KMI 

ifcTesc« F.F-*« 
i^i^oiwr IM««I »ICOUMT-I 
■ IfUXlaXUTfln 
Tii«aii«nuTii»i 
Zl|«UI>2UTIIR| 
MJftU 11 n«XI •HJHB tin 
•ETAII««Ila«EMrfiri 
S*MU f IMXI aftMav IIP* 
C*tL C»CCKI*M£TS0R.«UPHaiimX|v0EUlIMI|.6AMUtINrUI| 

•RE 
•EW 

•TI 

•JOLO 

1^ 

C8S 
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WUVflMUt Bert 

C*.^... acrL c»LCUL«TES THE  IMEBStCTION CIST4XCE FM S*^L CMTU 
^••—..., piRT CF  HELU  lüTEaSECTKK C«LCCL*TI(». COST»*. 

i tcaoacsiafSoi 
2 «fiARATISaOi 
3 tVOLIZMI 

s .»i«»» 
* «ZL««!?«! 
COWMM/IARRAT/ 

•ISVAICStl    «ISORIZOI 

«BCOlZitZOAl 
fEI*OfZC0| 

ilLICIZ««! 

AIKIZOOI 
tOEvizoei 
•ELAXATlZtl 
.CANMAUOI 
iSuMsooizeBi 
»VKiZtOI 

i*LR*fIbOCI 
•E8«'EIZ«ei 
(TIT.EI12I 
tKRATISOt) 

tALPtaiMI 
•0<C|Z««l 
«E»AT(2B| 
•REFIZO) 
■ lUtl 
•ZU«I 

• BElUTISSai 
•ESo«fzo.2iei 
•VMAIIZ«! 
tTNATISBBI 

tBEKIZCOl 
tE«12001 
tEKEUftTiZOCi 
tSlMMAT|20i 
.Ut200l 
tZK(20tl 

•JLI200I 
•JR«r12001 
•WI200I 
•LREFL12001 
•«-«1120» 
C3—tOS/ft=i*s/ 

(JMI200I 
tJSOHISOl 
tKTTP|200l 
•LTfPEI29l 
«NUMIATlZBOi 

IFL«6U0I 
tJF12001 
•JkiZOOl 
t-CBM) 19001 
tLACPlSOi 
tiur 12001 

•«El. 
•«• 
•SUvRA 

•ZM>< 

BER 
• «AN 
• XI 
• TCLD 
ZCLO 

AL 
•SERF 
• 6AR 
.«.C- 
• TREF 
• ZREF 
FNAX 

• IR 
■ KMhi 

• Al« 
•OIS 
•6ARF 
• SCLO 
•TTRAH 
•2TRAN 
f IfAK 
tIKAT 
.««•AX 

• «LR 
.0*1», 
•»tR 
• XREF 
.21 

•I^CIKTISOI 
•JFLI2eOI 
•«12001 
•KFLAei200l 
tLAfc6LE92ei 
t*n.f2oi 

.4LRF 
•02 
• 
• XlRMk 

.E!S 

• Tl 

• INON 
tJNAX • « 

•M'9R 
• JOU 

C0««0N/1PAS£H/ 
•IOMAT     .IC'-*1 
•KlKT .KKi« 

iNTfG'O  FfF*/ll 

JSn0^-rEoT«,*;":!,Bi,81P,,"',C4P,0CLT-0€LX^0CtT.0ELZ^IT, 
SK2X^«"OJHJH H       a**,,!*?,CSI•'•s*'t,,•,,CSTH,,,s*,T,••8*^• 
C«tL  T»0F$ 

1 CCMK'JE 
C^^«»«»» CALCVLATE PARAMETERS ».EEOEO 

■R»STH*AL-CELX-RCSTH 

TR«STH«BC-CcLV-RS%TH 
ZRs$Th>«A.CELZ-CAP*TH 
FNSOsXR«*2*TRo*2*ZR**2 
ÖD«« f A|.*XR*BE«VR»SA*ZR) 
OEaFrSS.Z.e^XBAR 
lF|A8SiOEI.LT..001*AaAR|   RETURI» 
OEsCE/CDI' 
06«ll.-C0STAH**2l/0OM ■■   f 
0CLSTH>0E/ll.*S0Hril.-Ce«06ll 

C«     •••••• CALCULATE DISTANCE  TO IMEaSECTIOfc. 
STMaSTH.OQLSTH *      " m 

C*M.»>*.. CALCfATE MOU TH, 
CAUL TMCFS 
«O TO l       ' 

C86 
■   , y 



Smoouritt «EFMr 
»***••••***—mmm:mmmmm u II ■ lrr««.w.M..„,,.   . 
C——...  «rrc«!  Rt*C$  BtFLtCMC* 0*»«. 

1 tcooaosi*.5oi 
2 tCMAVISMI 
3 •VOLI?««! 

CB>ilOll /UHUTS/ 
1   ilieTAIMI 
z •n.*"i?Mi 

•  tSWUTI2MI 
S   .»•*•! 
ft   ./L*«»?tl 
COv^M/IftMUV/ 

MCOI2»*2tftl 
•CIM*2MI 
•Iie0f2ft«2«fl 
• iLMi2tt| 

*Ulf2ttl 
tOCVl2MI 
•CL«"*ri2»l 

•SbtSMlZMI 
tTKf2M| 

•caAsei23fti 
•TirLeii2i 
tiMATtsaii 

•0«t2tftl 
>CH*f(2Ql 
•■EFI2ftl 
ilUtl 
•ZUtl 

•KwtriMfi 
tESoai2a.2Ml 

tVMTiSMl 

rBEKl2M| 

•CNE)i6Tf2ttl 

•«|2ttl 
•Z«f2ft«i 

J 

tJMi2MI 
•jSORIStl 

•LTTPCfZtl 
riZMI 

•jri2Mi 
•AI2MI 

•Lawisti 

jxIMIMTISft) 
•JFLI2MI 
«JPIZMI 
•■n.MI2C«» 
tLUbfiLCIZtl 
t*<n.i2fi 

•I 

• UON 
•TBtr 
•zocr 
FMÜ 

tl« 
■■ 

.at" 
•OIS 
fS««F 

■rraMi 

tlMX 
tIBAT 

•«Ul 
kONIli 

»i _ 
•21 

•I* 

•i*9M 

•i 
.02 T 

•ITUM 

•en 
•TI 

•JOLO 

•JLI7MI 
•JUT »Ml 
•«»l?Ml 
•t«fn.l2MI 
•*"»Tl2ii 
caMOMsMuafs 

••C* «KB 
•*« .sail 
•SUM« «H 

•»•«- •TOLO 
•2N(M .20LO 

•IOM«r    .IOMMT 
•«IMT •■*•■ 

I«TFSCB  r.FMX 
OI^KSIOk LTASLEIltl.TCi^dftl 

£—>■•■•« PBI«r «Ufcf   ICMI««. 
Wll*T   It 

11 Fa9<uTii«.i>.ae.iBF*.4i 
C^^~»— BCFLECTIO* tM^aCB OF ZEW laeiCATES EBO Or KFLECTIIM MT. iFlLIIIB.llB.laa -     - -■•*■••• t-w »■  »rttCTIO* DAT«. 

IM Ual'lt 
CBWW— STOBE BEFL£CTI(M OAT«. • 

M 1*3 «>1.10 
lft3"EeiU..*l *TEM?ISI 

C""""** MTCOWliC ^EFLCCTIO« TT»E. 
M It« 1T-1.1B 
tTl«eiLI«LT 
IFlLKfC-LTAWLCILTIMM.US.lft« 

If«  C(KT|M« * 
CBWM«  «friECTISV  TTFt  «Of   |B   IMU« 

C«tL EBMNTf«Ma£FO«ri " ' ' - > 
STO» 

1*5  lFlLT-5llM.l*r.lM 
IM  IFaT^llll.ll2.iii \ 
111  MftiT 13«L*LK«*C.TEH* . 

13 FflMATllN •llft(«I.A*.ltFlt.«l 

M TO IM 
1»T «IW 1«.L.LKA>C 

>♦ FO*-*f|l«i  ,|1B,4«.A*| 

J«1«T  lS«L.LBa^.iaC0IU.*FI.Fa|.FHAl^ 

2*'*T,|M •I*•••,I•*V,,,• •2M»S«F1«8*|| ^W   .IV   IwV 
lit RETtm 

urn 

C87 



li 

SUWHWTINC ECFIfcPlLU 

C——••.. BiHKf c«I.LS  THC CCSIB» B&JTUC FWJ ce^CSATI*« 
£-•...>...  aFFLCCflON  fWCTICvb  <S «  FMCTK»  OF   -»a.lf V4I-. 

«BC0I2S<2«6I 
•ei*C«2«0l 
•aEOf2».2HI 
• ILMI2MI  

«LK(2MI 
•CEVI2MI 

.scts.-<i2oei 
tTKIZtfit 

■•«.■'riMti 
•Eb«^l2MI 
tTlTLCHZl 
■UUriSM» 

• •LPt>A(*«l 
■0«l2ttl 
■EPaTlZCI 
•■CFIZtl 
.«l*M 
•ZUtl 

COw»C« /ft»/ 
1 ■COMCSfft.S«! 
2 fCAnoiSMI 
3 •V'ILf2MI 

OHPIO» /«IHUTS/ 
1 •■CTAIMI 
2 •Fl«*l2ft«l 
3 .6<KI7flfll 
* .St*«U»l2i#I 
S  iTIMl 
• «TLMIZtl 
co»-os/i*aa«T/ 

•ISMIIfffl 
•A. UNI 
fMftVftMl 
/««»I2M1 
•t«EFll?#»| 
•»«•TI28I 

•6t» .ef- 
•*» .S««i 
•S'JMU ,11 
•»•»{H* .TCCO 
•Z»!M .ZCLO 
cc««r</iP«s»N/ 

«UT ««UK 
l«Tr«cQ F.r-*i 
OI«ClbSIC» TST6l2lt| 

TOlIM.23IOCÜr«ao.S«t.66«.Tt3.ecS.«»«I.^L 

■EScai2«.2c:i 
•V«AT(2S| 

•K«I2M| 
•pi|2Ml 

«Sbi>'jtTl2*: 
•Uf2Ml 
•ZKC2MI 

«ISMl2tr 
•jHi2a0i 
•jscatsti 
«KTmzcti 
•LT»»EI2ei 
•WJKaATl2MI 

• MC« 
• MKF 
•ZKF 

■ I« 

IFLASU«! 
•JFI2MI 
•^I2M| 

••UII2MI 

•I»0IkTI5*| 
•JFil2tfl 
•J*I2MI 
»■FL4CI2MI 
■LMfiLCIZSl 
■•VLIZfl 

tit« 
•OIS 
•CARF 
.«etc 
•TTBUi 
•ZTrtMl. 
• I*>«X 
• IB«T 

• 0"lk 
.Ft« 
• MtF 
• ZI 

• 1*0« 

•oz 
•iia«« 

•ttSO" 

.fF$ 

•rl 

•JOLO 

1M CALL »CFLlIllLl-.Fvax.ISTc fOuni 
CO TO  11» 

2»» CALL REFI.12lxLAX.rfAi.TSI6 .OVM 
CO TO HI 

Mt CALL  ■eFL13l>LAi'GFMX«T5TS .30"! 
CO TO lit 

A»» CALL *CFL1«IILA«.FMAJI(TSTC •OVII 
' CO TO  lit 

»•• CALL 'BEFLlSIXLA^.FIfAAuTSTC ,OUN| 
CO TO lift 

*tt CALL «EFLlftllLAM.FPAA^TSTfi «OUNI 
CO TO  lit 

TM CALL ■EFLlTiALAM.FMX.TSTS (OUN| 
CO. TO  11» 

0»» CALL aEFLl»iSLAf.r   AX^TSTC «IMil 
CO TO 111 " 

«0» CALL aCFU»IIUUl,FMIiTST6 (OVli 
111 00 111 F-l.FfAi 

■COILL.FI-TSTCiri 
111 OKTIHtC 

■ETUH% 

* 

C88 



r 

\ 

c"*  ~-  -       .>rni2a.2aai 

I .c^-irscÄ.Mi 
2    .Ft~ATlSCfl 

CO»"'^  /AMUTS/ 
1 .a(T«(*tl 
2 ,O.M«2MI 
3 .SMI?M1 

5  «TIMI 
• .n.*"l2tl 
co»-^«/I«BB»T, 

.»CDiZttZMI 

•uuzeti 
.OCVIZMI 

.««•>w«|4«t 
CSUMSSAI2«|I 

•CiASCUMI 
.TI1LCU29 
•XUVISMI 

fD«l2Mi 
.Cf>Tt2*> 
■■eri2«i 
.11411 
•ZI4«I 

.KOATISttl 
•esoRi2tt2tai 
,V«All2*l 

.KKi2ati 
tEKl2MI 
•E»C"6T(2«a> 
•sooMTizei 
• Uf2MI 
•ZM2MI 

IFLMIMI 
.jr(2MI 
.jbl2M> 

•LA^lSfl 
«■«T<2ffC> 

•CIS 
.6»"» 

•JLl2«tl •"5i|!Jl, 
•jnaT(2M> .jSOaiMI 
•«Pi?«»l .«TTIMZMI 
•U«rFLI2M> .LtT»cl2»l 
•«••7120 .W^SUTlZMI 

•K« .«" •^^ 
•«*       •6*,'       •**!. 
•Sura«      .«1 •J22 
ml-o* «TCLO iWlf 
•Z-r- .2ft.O •2'«? 

/ Co*«'«*/!«»'-*"' "•*■ 
•|OPS«T     .IP^s^T •!» 
MHT •»-*« •"'0* 

J^MLoSn cccrriciEM «KBM. 

c^^-irW*.»« cosies roa -tfUCTto MT 

••••• C»-CC< DiatCTie«*L ct»i»ts. 

■ETUM 

tlMlMTIS«! 
•JFLI2MI 
.JPIZM! 
•KFLMI2«ai 
,t*%W-tl2»» 

iZTU» 
.If»» 

•IWAX 

•ONia 
•«■ 
■M£F 
•21 

• I« 

•• 
•DZ 

• STUM 

■■SOR 
.jOLb 

L C89 

: -^^XL   . 



11 

c————•r.—«;;:««». .»t«...«..    •ü-'!«!«»L.. 
1 ,cC<VinSI6«5«l 
2 ,«:»a»TlSOtl 
3 .vrtizaei 
4 ,7M»iS001 

CSf^ON /«RRftTS/ 
I   .«CTAIMI 

«   .S.|^>*Tl2t«> 
s .*•*•» 
* tii-^jzs» 

•15-»*«S§» 
•JL1?»»I 
«JH»TI?Ot» 
•IVfZMI 
•u»rn.iaM> 
•MMATtZtl 

ABCOtZltZif 

((IE0I2I>Z»*I 
(l|.M«IZC6t 

ALstzao 
.oc«iz«ai 

a6AMM(4*l 

.TKIZ«*I 

«iSMlZtl 
.JHI20»! 
.JSORIMI 
,KTt»«ZO»l 
,tTT»€IZ»» 
•I«|MUT|ZM> 

.fe«sc(ze«> 
iTITLCOZ» 
tKRATiseai 

•DKI2MI 
•EMATIZI) 
.nenzai 
•xuai 
■zt«ai 

1FLA6I4»! 
• JFIZMI 
tjklZtt» 
,MJHO|980) 
«LAM»!«») 
.MAT IZM1 

,HtJ*TlSOBI 
•ESCXIZOiZOOl 
(*MAT«Z»I 
(TRAT|5t«l 

.BKtZOtt 
•EKlZOSI 
•EkC"6TiZO0l 
.SCrfMAltZOI 
,M(ZO(} 
tZKizeoi 

,I«)lfcTIS9l 
•JFLizeei 
.J»(2C0I 
«VLMlZ«» 
«LAhSLElZ«! 
.MfLlZtl 

tOlS 

tSCLO 
• VTil«M 
tZT«*1 
tin** 
■ 1MT 
tl 

t*Ln 
.DHll. 
.PER 
.*ft£f 
.ZI 

.»LRF 
tOZ  ' 

«xta*« 
t 

• 
t 
t 
■ 
« 

.PE 

.EPS 

• -     - 
(NSO" 

.»1 

.JOLO 

CO»««/!»*"*1«/ *L„ 
•K» .«ER .«* 

•Zns- .MtO .'«F 
C6~«M/I»*R*"/ f*** 

•lOPMT     .lOM^T •!■ 
•«1KT .«M« •W,0■ 

Bf»L LOOTM 

c lll^scT IROICCS rc« «TE.IM* * E*CH SIOC or Wa«*.T. 
Ml.MATIJOLOl 

c ^".rJl^TIO Or REfR*CTm I-01CCS. 

,^.^^^^1« ^K.EMS «EOtO. 

•tcr-«E 
CARfaS* 

,., SESI!!1..».-"—"'«^,,,t••2,•,u>oT,^^,, 

C^^::'^ «^«.«««. ^*1E« TH« ... « TO IM. 
lri(LREH.C«M>-l-l«»»"«"T»m 

111 M.R»-«»- 

CARTBC* 
M TO 10« 

FREStfL REFLECTION. 

C90 



/ 

Its BT«O.«THP.LOOT».«l-l.«•SOfcTlaTEMtI 
€••—•••• CALCULATE COSINES Of uiftttdtO n«T. 

AL')r>ATM>*M.*BTNP*«LN 
BEBFs«TMP*BE*MTMP*8CN 

C*LL C>-ECKI6HaEFil«C««LI>r«»EIV9fi4Rn 
!•*   lFiLCtrLIKXOi.l-IOIlOB.10«,!»« 

€••••••••» FIM) Pf net--»! OF RAT TO K THAItSWITTEO. 
IM CktL naiHX 

SO TO 107 
€••••••••• 6£T REFLECTIOM TYPEILTI* 

IB«  LaLBEFLIKNOwi 
LT.LTTPf in 

.LL-L-10 
C*»**»««  RBANCN 0« REFLECTION TTPl, 

M  TOilO»,?0et30et«e0tS39.*001fLT, 
C«*»»«..   r«RLE LOO«üP REFLECTION. 

!•• C»IL   T«>t4EFILLI 
«O  TO   ItT 

€—•—•»•• CCNSTCüT REFLECTION. 
2M CALL CCfc^EFILLI 

60 TO 1*T 
C««***««.* DIFFUSE REFLECTION. 

308 CALL  0IF3EFILLI 
SO  TO  10T 

CMMMM« FbKCTION REFLECTICMi  PERCENT«l.a.««U.«*ce9CTH||| 
»•• CALL FijOEFlLLI 

CO  TO  ItT 
«M CALL  BAVSEFILiLI 
AM 00   113 F>1.F*4I 

ClI-AI.FI-fiEO<LL.FI*EII(F|' 
til.' I.EH.Fl-f lIKil.FJ 

113 CO^TINLE 
«0 TO lit 

ItT 00  112 F*1«FMAK 
ElI-A3,F|«II.f>ERI*E(IiFl 
^M.FIsPER^II.FI 

Jl? CDMlmt 
€••••••••• SToaE cosiics or TRAMSHITTEO RAT. 

lit  ACP-MW.M-BF 
•ETAIIlMERF 
•RN^IIIIatMr 
CALL OEBUCItMREFRACI 
RETURN 
INO 

i \ 
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n 

-•I'*  METS 

c——— 

1 •coaansi*«Mi 
2 «SMATISMI 
3 tVOLIZMI 
4 .ra^viSMi 

COi '^X /MUTS/ 
1 .-»»«f*»l 

3  «CMfTMl 
« ■S>*I««TI2MI 

• «ZLMfMI 
ce»^M/i 

•IS^UISAi 
•-tl^MI 
•JUTI7MI 

••^TlZtl 
COMOk/r««HS/ 

PMI cr "»Li« iHTEBsecilOb c.c.muc». 

•F.f««*2t*l 
■■EOfZfl.ZMI 
•XLMIZMl 

«.«I2M» 
•KVI2ttl 
«a.aMI|2t| 

•SU«Sfl0S29«l 

•M.a«T(SM) 
•U*«Se42MI 
«TITLCIIZI 
•xaATlSCII 

•0XI2HI 
•C*All29t 

*•»»•»■■■»■■■■» 
•llCMTISttl 
•ESOXIZttZfltl 
t »MI |?fl} 
•TkATISsai 

tK«i2tai 
•EKI2NI 

■ SOMflZci 
•U|2M|. 
•ZKI2M« 

•jri2c»i 
■AI2M1 

•M«Tf2MI 

•DIS 

.iPCjfcHM» 
t-JflUttt 
tji>i?6ai 
•■ft«SC2fll 
•I^Cl£l2tl 
•Mn.i2ti 

• IPAS 

•DNI* 
.ita 
•MET 
•21 

■ 
•02 

•xraui 
•e»s 

«TI 

T/ 
•ISMlZtl 
•JKf2MI 
■JSOBIStl 
tCTT^UMI 
•LTTPCIMI 

«I2MI 
«I 

•6MI ,64M 
•>I .UO« 

•TJ«V«      ,»OU)        »ncr 
•2»«»< .2Ä0 •ZKET 

•IO»«»*     .IC^MI        .1« 
•UI«T «OMX «UOM 

I«TrGC«  F.FMM 

M««O^/^ELC0M/*.//«M.8.«l.BlP.e».CA».8CLTN.0ELa,teLT««EUaDHlT. 

•COST4W.TM/.OIK/ 
IC» 
iFii»-«aMi*i6i.iUU4iiiH.iaa.iai ' 

tM OMX FI^M 
CO TO 11« 

101  lF|««-MMI«flP*OELTNfcll*«lft««l»* 
■•*.05><« 

T*^«TM 

• I 

•' 

\ ,, 

/ 

12 

TNftaTM 
TM4aiTMI 
0*^11 

COMTIWIE 
OtN* ( TitenMI / Uff-04rj • 
TH4STM 

13 

TMBTM^TN » 
.   lF|fTN.Ttall*|Ttf>TMfe||   S3,IB,1« 

M tO«TlMX 
TMB.S*fTMl*Ti«l 

CM.I mCMC 

IFIBI   1M.IM.1« 

H 

C92 

^^   ♦ 



19   O.Tl<.cE ^   ,, 
IF|=.LT.   0.S1   60   TO   I* 
ir(-L*P4P)   l«>2C(2t 

?j co^TiM-t: 
IFI»&S(T«l-Th6I.ST..01l   60  '0  1* 

«3? CO^TI^KJE 
TNaTNS 
B«aS 

KTum 
14 CO^TlHJt 

IF|aP*iilP.LT.tl   60  TO   15 
II4I-TN 
Him» 
BlPsR» 
60  TO   16 

15 CO^TI"** 
llWaTK 

CONTIMIE 

f03-iT(»-    aE*S  17./I     12E10.31I 
60 TO  132 

II« C»LL Fit«« 
TM|STM 
BI«" 

THaTNS 
Bcas 

C«LL  FIKOB 
lit  CO^TIKUt 

■CT'JU 
I*« 

1« 

IT 

1 
I C95 



SUaBOOTINe ROOLETCl»  ..••• 

zz^^^Z&jzz^x:^^—•  
c—••••"•••"—-^n.::«. ..L..r.?...   •«"!:••.. »bCOlZO.iSi» 

tREOl2(t2e«l 
,XL*M|2eO» 

•iLa*vlS00> 
.EdAseizeei 
,TlTt€ll2» 
txa«Tisoo> 

AI.KC200I 

,Sk<«SOSt(2oe> 
.YK12091 

tISCitl2«> 
,J"(?C01 

,KTTPl20ei 
,LTYPEI2t» 

•L 
,BE«F 
,6»" 

,Zii£F 
f «»« 

• IM 
,KM3« 

•ALP"*«4** 
• DM2e3l 
,f-»riZB» 
«REF(2«> 
•X(*CI 
•zua> 

iFL*euei 
•jrizooi 
• Jkl20e) 
•RBM:I9O0) 

.H1T«Z0«> 

1 ,cooarSI6t5i» 
2 «MAAVIS*» 
3 ,vm.i?«ti 
■<   t2a«TlS9tl 

CO-MOS  /»RBATS/ 
>    ,BFT«(«0I 
2 ,EL»"«200» 
3 (c«KIZ0«l 
4 ..(•MttlZOOl 
5 .«I*»» 
•  iZLÄi'IZO» 

CO—«O^/U«»»»' 

•XC290I 
•JBATIZ90I 
•KP|'99I 
HAfFLIZMI 
•»••«Tizei 

CO•"*Ofc/P»,,**••s, 

•«E». •*« 
•fiA t6*** 

•TM^W iTOLO 
• Zl^'' *iC'-0 

CD'-OK/IP»6»''7 

• ICP«»»1'     .IOJ>i,,<T 

It.TE««  F.F^X .10E6».6 

1M ^.rn nl,.i!tUi.E8»SE.F,.ioi.ioi.102 

!•!   COkTI^LE 
GO   TO   Ili 

1        IFtais-.Sl165.10*.16* 
l#4 ??.Ea/niEarsE.rni07.i06.io6 
itt Eii.F>"2.o#tn.ri 
1*6  COMIMlE 

60 TO 100 

1«9  E«1.F>«0.0 
IfS COfcTIMUE 
11«  «ETI*» 

END 

.Esontze.zooi 

.VMAKZC) 
.TrtAMSOO) 

.BEKIZOO) 

.EK(2SC) 

.E*<eM6T(2oet 

.SOaM«T(20l 

.Mizoei 

.ZKi2oor 

.IPOl«»T«S0J 

.jrLt206l 
•JPI2C») 

,PfL(20) 

.M.H 

.DIS 
,G»-"r 

.»C-0 

.TTMiN 

.ZT«*S 

.If" 
.1R*T 

t»LB 
.0"IN 
.P£- 
.WSEF 
.ZI 

. .i»o« 
,JMA» 
.MHO' 

.DZ 

„XTSAN 
n 

.J^O" 

.fcSO« 

.«E 

.EPS 

.TI 

.JOLO 

cyj 



S.*>30OTI\£   SC*LEf«,Tt.«-,r,sC»l 

cc-o./«/     «co.2c.L:r   ::::::::::——ü.—  «ecoizctzeei 
*tf0t2»3t 
tl)EOl20i200l 

AUCtZS».' 
•0£vl2«ei 
tEL««uiT|20l 

iSl,«SM(2eoi 
•TKI2«6) 

3 tcv^arsis.sei 
2  lE^Bkrisaot 

* «/-«TIS;;! 

1 •■FT«|«Ci 
2 .n»-(?;e> 
3 tGK|?9e> 
• fS'"t^«T(2B9l 
5 tiruil 
6 ./I *HI?51 

C0*"3v/;4(jinv/ 
•IS««ll5t| 

•Ja«ri2c0> 

••-'»^(2001 
•*-iTi2ei 

cc—rv/Pi Ji-s^ 
•«* .5£a 
•«• .6»«. 

•»■<:-       .YC^D 
•2*0^ ,2CL0 

I«aFGca  r»F««S 

C*.—....   ,F  L.SIK3  .»tfELES5Tr,   IS 2 

!Fi7LA»i>iiise.iee.i«i 
!••   SC«»C.B 

M  TO  |C2 
C*.»*..... c»LCm.»TE   SC4LE  F«CTM. 

1*1    &C«aTL«M(F|/7L4*l(N| 

£•.0 

•es«SEI2tf} 
•TlrLCI12| 

•«EFI2B) 
tX(4S| 
tZU«| 

•eiBArisesi 
tESOR(20.2st) 

\ 
•BE<I2««| 
•eKi2Bai 
•E%£»i»i23ei 
.S--.H4T|?si 
tUi2Ml 
•ZKizaai 

• IS<MI2ei 
• ^•12031 
.JSOOIS51 
•«TTP|e39J 
.LTTJ»EC201 
• •iMMa<r(209l 

AL 
.eE«F 
• 644 
• «V3« 
.TSEF 
./-£F 
F»»4« 
fl« 

IFL4U(4C| 
tJFI2l«l 
•jkfZes) 

• L4»J>(S9| 
•-«TC2:3l 

• 4LN 
• CIS 
•ei-<F 
tAOcO 
• TT«!4ia 
•2T44^ 
• 1*4« 
• IRAT 
• •»A« 

• ALA 
• Dxik 
.»»Ea 
fJW£F 
tZI 

tj»oikTi5«i 
tJFLi2e:i 
•JPl2t«) 
tAFLASi2}S; 
•LA4«LEI2«| 
•"FLI2tl 

.»LJf 
•OZ 

• IkOW 
• JM4( 

.XT^4> 

• kSC* 

•Fl»S 

•rl 

•JOLD 

SCALE FACTOU   IS ZE*0, 

C9; 



SUROOUTINC  SCKUT 

c $E6D4T «„s MU tV) s.Tm."""^: — 
c......... M......  

■Ef«Ct?8£l 

•LKI2C91 
•C€«i2eei 

•TK;2«ii 

•Edcseizsei 
iTirL£ll2| 

.AL»-«i*{i 
•C<I?SSI 
tE«'«T(29l 
tBEriPOl 
•a(4fi 
• 2 14*1 

• lS»i2g,;e«> 
#»•■»» I2tl 

tBE<l2eCl 
•EKI2C0I 
•CM: «ST i?e9} 
• SUi»ATl2«| 
.X<|2«|| 
tZK|2M) 

■ ISSOI261 
•J4l2e«l 
•JSORISttl 
•■TTPl2sai 
•LTTPEf2i» 

ir|2601 
AL 

IFL«SI40I 
tjFc2eei 

■ L4Mi>|S«) 
■ fUT(2fCI 

^ 

•»aEF 
•/-tf 
FiUJI 

(KMM 

•*tl> 
•CIS 

.«CCD 
•TT4*N 
• ZT4A)| 
tlfA« 
• IBAT 
."-A» 

• AL'« 
• C-I* 
• •»EB 
• «EF 
• ZI 

•IPSIMTIS«! 

•JPi2ca> 
•AFLAG(29»| 
•LAW6LEI2*! 
• •<FLI2il 

• ALW» 
•oz 

« 

-•IkO« 
■ JRAX 
• »MC« • ■SO« 

» 

^ 

CO»^)*  /St/ 
1 •CtCWSIftaS»! 
2 .ci^tnscc, 
3 •«flLI?ltI 
* •/"••iSf;: 

CO>«0S  /(SSATS/ 
1 •»CTAfACI 
2 ■ELAm2>fl 
3 •»<I?(CI 
* •S>^I«ATI2M| 
S -TIAil 
* •ZLAMI2f| 
Co»ws/i*a»AT/ 

•JBATIZMl 

•t^CFLIPtfl 
••"■ATI2AI 
coMOK/maMs/ 

•«E* •«£■ 
•«A .t.s 
•SU-OA ,11 
•T%r-       .TOLD 
•z«e-       .zcLO 

CO»«OK/|P»8 A»/ 
•IOP-IAT     .ICSHlSir 
•«I^T ,m.-lit 

IWTFEE«  F.FNAI 
OlarKSiDM liIkPcT|2ai 
WJIMT  13 

13  Fr,-iT|i«i,S3«.17^SE6«*HT   CATA//8M  SEe«El.T.?I   «KWATrBT*. 

•P.I 

c*«*«««*.. ii£4D 0A1tL F0Q sc^^m^ j# 

It  F0a-ATI2I4.|1IS.F».6I ' 

IF|«I»4TJTI««lll»S.m,.lS5 
I »5 ***•* 

C—•••—  MIKT  SFC^CKT   DATA. 
IM P«I*T   «.J.tUTl.iKXkPuT,»,,^,!^,,,^, . 
 »? F0S-4TIIH  •miI»,5I,UI6.6A.Fl2.»l 
€•••••••..   IF  j fifftATER  V«« ,^AA 

iFlJ-J^Alilli.iti.iM 
!••   JMAI-J 

C•••»—..  seT UP SEaNENT J, 
Ifl   KPfJlMP.] 

NAT IJl■«ATI 
VOLIJIaVOLI 
UMtlWIa« 

Oo 112 m*l,ue 

MV?IM>T|*KIMMT|M| 
112  Cn*T|*i£ 

MPKIP«\B*| 

lFf<4.P.S2ll97.II7.iea 
IM M.P«S 

'»I*!  13 
1«T  CCkTIkLE 

«0  TO  |M 
11*  CC«TI«t€ 

M«g(ai»i«f 
«CTuni 
E*0 

"E 
.FPS 

• ri 

• JOLO 

C96 



SüP3CijT!NE   SE6-VT 

• ••   er "■ 1  F1«.JS  ■-IC-'  StC-£i»T  C0M*!»5 PCF»>T  XltTI.21. ;„ ..••« •..»••••••••• •••••••• 
CC--CS   /69/ 

3   iV'LI?00> 

3   tGKCcODt 
«  »S'iHatriZgO) 
5 iT(*Ol 
6 t7L*,,«?01 

• IS>«»«l?0> '«ISCWCZOJ 

kHCoiZotZcei 

■ CEiX^ttiZOC) 
.KLAXIZOO) 

ALxizeei 
•CEV(230> 
,ELA"«T(2CI 

•Sb'SS^iZCOI 
.TKIZQO) 

• tl.a*Y(SOSi 
•E8tSE(283l 
fTITLEClZl 
•XütttSCOI 

• DM-'301 
•Extnzoi 
• HtM?a) 
tlUC) 
tZC40l 

IFUtSUOI 
• JFI200I 

.-»1(2091 

,bi-»»IS  01 
tESCIZO^ZSOl 
t««-tT(20l 
.YH»TIS0S) 

•BE«12001 
tEK|23«l 
tE^EASTlZeS) 

timzcei 
tZKizoei 

tIPOINKSOI 
tJFLiZoei 
.JPlZOOt 
•KFLAfitZSOl 
iL«k6LE(2«l 
.HfLIZO) 

• PE« 
tMtF 
tZI 

.IH3- 
tJHAX 

fDZ 
t 
■XTRAN 

tfcsoa 

•JL(?B8) tJ^lZOC) 
•JS>«T(290i .jSOaiSC) 
•«Pfzoci tuTTPtzca) 
•L»ffL«2«0)        tLTTPEl201 
••.•«1T1201 t*u«n*T(2aoi 

•Btfc     .»Ea «««E «01* 
•GA      .6»N tC« •6*,*F 
•SU«a*   .«I ,«N3« •«CLO 
•TKO«    tTOCD .»"EE .TiaAN 
•2^0-    .ZCLO .ZaEE tZT-M* 
C0*-OH/IP»B»"/ E"** tl"»» 
•lOPaAT  .ICPRST •!» tlfi»T 
• KIKT    ,«»•41 ,«».0« fllli»» 

IfcTEGE»  E.FHt« 

c.....«:C'^CÜsC-   IS  »OT-r^  sca-ENT  SU-dE«   I.   SET  J.JKO-. 
lEijooinoitiootioi 

IS«   J'J^C* 
60   TO   10? 

(•••••••••  SET   J EOJ»L   TO  «OTHEB  Of   JHO*. 

cl".^'^!«   IS  1*  -OTMta  SE6-EKT  «u-BE« J.  W  TO  !■«. 
|t?   lrilsStG«JI»I03«103tl04 
it3 inj«ijiiitStic%i>ii2 
II? J«J-(J» 

60 TO 10? 
IBS JMS"« 

60 TO III 
£•.••••••• POINT IS IN XOTHEB SEG'-EM J. 

C.^I.^I'LCO« «T L«ST C»-&»iTEa I* ftlBABCHT. 

C.l«"'«'^  POINT   IS   IN  SE6-ENT  Jt  GO  TO  110. 
19"   IFltNS€6CJI»I0,»tl09.110 ,._.„.  „ 

c.;;......  LCO<   »T   NE«T   LO-Efl  SECEHT   IN |..EIB»BC»iT, 
109   IF|JP|J>lUltllI»lU 
113 J"JP«JI 

60 TO I»» 
(••••«•••• PCINT IS IN SEGMENT J. 

c.li!.£C/lF j IS . MOT^a. 60 TO 10b •*) LCO« »T 0*U6HTE»S. 
»rijFunllltiilticö 

BE 
EPS 

.JOLO 

111 CCxTlNUE 
»ETUBN 
EMO 

C9 



3 >«xi7eei 
4   >734TI59*I 
O^C«»   /»*3»,TS/ 

1 .BrT«|4«l 
2 tfl •<M?S*I 

4 •S'l>m>4ri2«ll 

•Jt.l?tt> 

•UWfrn2S3l 
••»*ri2«> 

•s» .©»•» 
•SU»<>4       «n 

*SC0l2!>2';«l 

(R£9(2«*2Stl 
• KLAxtZZtl 

4L<i2SS> 
•oevi2i>i 

.«4M-4IOI 
• Sl.*S2-e2t6l 
.TKI2««I 

tEd4S€c2::i 
•TITtril2| 
•IM4TIS3II 

.4L9-4I*CI 
•c«i2a»i 
*E'4li2(> 
|B£FI2S> 
.»(*«» 
•ZUCI 

.ta>4T.-c:i 

■9E<t2t«l 
■CKI2III 

tSl(l2(SI 
.2«|2ISI 

:2t> 
«J«I2S(I 

i*TTPl2IS> 
• S.TtF£:i231 
UU^>&TS2CI1 

*L 

.TUCf 

%l» 

iri.AS(4ii 

•J4l2|i| 

t"AfI2:fl 

•jrLl29Jl 
•jpi2(ai 
.»fL*S«2J*> 
•L4»«.EI2»I 
•'FLI2S> 

«4L* 
«CIS 

«JCLC 
«TT«»** 
.2TM» 
• IM' 
• IB4T 

• 0"I* 
.pea 
,iaer 
•zi 

,44.* 
.3Z 

■£ 

.Tl 

-.I^Oi 
• J"4* .jotr 

•ZV> «ZCXC 

•inoa4T     •ICC-,»T 

l«.TtMi ftr-4i 
CC»"«*/5"- ^CC-/"V3»*B 1121 

(»■•••••••  STC-E   I*-3«!  CA^A« 

TCfK)■■«094^121 
ZK|<|s«»0*'4l3l 
E« HI ««»■.CP4«» 16)-eNC*»"«31 
oeLZ»E«i«i 

^«T^^E^COS-Z   cr A^E f*y. CM «is TO CO* S^ACE. 
D«l<>».rEI.Z«»2/ir*L«*«2«C£i.T««2.C£LZ»"2l 

£•••••••••  PfJKT  CC'vC  D»T4. 
P»I^T ll,K,L«!En.^«ll■^^s*,*-«*^•«»"••*, 

H   FWi-«T«l-   ,I5«I»«*«»*^C0%t»2%1»6f*'" 

EM) 

CHS 



CM»»«**»* V£TC:^ <£TS i-s» t CC^::»L 6^-•';»-' ^»0" T»< I^JT CAT« rca 
C*********   T-i^   J;D,">>Ctr», 

.»■III 
«PER 
• MCF 
.21 

.I»<C« 

1 .CI>"J;SI»»511     ,Zt*tt2:ai .Cu*S£I289l 
2 .«-i»t->::» .SE0(2Ei2S9l tTlTtElltl 
3 .»-t(?if) .ii.A«i2zti .(««Msaai 

1 .arTli4|i: «CC'^SII .CM2««I 
2 .^it-irtri ,fi.»-ij«^i> .E"«T(2e) 
3 .c*<(?:SI .6»—*i«ii .REFI29I 
4 ,S-J~*illt2tZt .SfSSa^SJJ .«I4CI 
5 .»1415 .T«J2t»J .21411 
ft .n.«-i2»» 

•lS*a«l*fll «ISOa^si ■JFl2g*i i 
•J|.l?tCI .J»(2CCI .AI28II 
•^-<«'i?rii        .jsc^isfi .»^•;i«t6i 
•«»i?::» .«TT?i2r}) .L±"»IS«I I 
•fffLUZtl        .LTT?EI2:i .««AT^SftJ 
»«.-»ii2Ti .w<a>ri2CSi 

•«CS .=£-» .9£KF »OIS 
•64 ,6«> .644 «644F 
•SL»a4      «n .>%:• .SOLO 
•TV. «TC-.O .T-EF iTf44J|. 
•ZV- .2Ctr; .2-tF f2T<U*i 

CO»—^N/lS,«=i"' Fl»41 mlPUL 
•I-934T     ,I;S-%T .1" »ISXY 
*«I».T .c-»« .««3a ,rw»l 

Ct>>T-»/»V>CO-/9SC*4ail2j 
C*********   ST-?  »C^v^ar 04T«. 

64«I<I*«.C 
C4LL  C-EC<J^fc«TC:*.H.<J«I.St<(«l.8*ill«ll 
Jl< f<| z-*.r''4 J ( )l 
I«|<|>av,>»A4l4l 

(•••.•*•••  CiLCU(.*TE ECCE^ajcITT  t«C  0IST4««CE  TO 
0i|»"%~P4ai5i-i<i<) 
OTi«=%-».»ai«.i-T«!«i l 

Bl,5tJ5TICtl**2.^Tl**2» 
«LlOI/al 
MEIBOTI/»! 
C4tt   C-EC<l*-SETCO\.*Ll.tEl.C.ei 

OT>«av-PiaiS|-▼<:<! 
az.si-J' ir»2**2»3T2t*21 
lF|43Sfai-c2)-I.E-ftllCl.lt|.l«2 

1*2 *L?»5«2/a2 
BE?«3»2/a2 
C«LL  C-fC<la-5£TC;v.»'.2.i»E2»t.C) 
Tn?B4i.« I<: *±L2«fic< (<> "HE* 
EKi«isiai-a2i/ial*Tii-a2*T«2i 
0«i«i»«ai»s2*iT-i-T-2i)/iai-s2i 

,.»Ea4Tissti 
•ESO«i2i.2efl 
•V»4ll2CI 
.TUTISfttl 

.BE<l2S9t 
«EM2S9I 
.Ei>£*>ST(2Se} 
•Süa«4Ti2ei 

*Z4t29»l 

I90IMTIMI 
JFLI2I«! 
JVI299I 
VL4GI2C9I 
L44«L£I29| 
nFLt29l 

«02 
. 
• STR4N 

BE 
E»»S 

.»I 

.JOLO 

DI»ECT«IX. 

C*********   asiKT   4ai4T   «XLttS  ^OJ  e3„•.:*-»». 
W»l-»1   lt«««taiFt««l«4fc«l«l.»E«l«> .ItflO.T«!«!. 

•a\.--=»=f si. »•-:=»« i %■ ■«%:»4<iiri«a^^4a(«i«o<iKi «EKCKI 
I« Fc-«4TitM  •I5«I*.Ii«b-COH!C.2Fga3(8(,2rfl.3tt4( 

•f'.Jl 

191   »»JIKT   J2.« 

ST?» 

C99 



Slin^OUTIKC   S€TC»L(«» 

[•••••••••  StTC*L   StTS  UP  »  CTL:».ö«IC*L  «JKsa*»T. 

tEd«SE(200) 
•TITLEI12I 
tlHlTCSOCI 

• ALP>-«i«OI 
•D«(200l 
.f>»I|ZOI 
fREFIZOI 

ti «*0| 

IFU-JUOI 
iJF(2S0l 
•jK'.2eoi 
tHBvCC90e» 

••ur(2ee> 

fAL» 
• 3IS 
i6«HF 
tXCLO 
fTTXAN 
iZT>4*M 
.If*« 
• IRAT 
.»WAX 

.AL« 

tPER 
tXHEF 
•21 

• IMO« 
• JMAX 
*MM>a 

tIP01NT(5e> 
IJFLC200I 
•JPI2t0l 
•KFLAG(200I 
•L«Mit.EI2«i 
•MFL(20) 

.ALRF 

.D2 

Co—OK tvti *ecoi2e.2oe> 
1 .COOATSIS.SOI      .E(*0.Z0C-) 
2 .FARATISSO) (l>EO(29i200l 
3 .vnLI?»*l i»LA»C200) 
4 .7RAY(50e) 

CO'—O^  /ARRAYS/     AI.HIZ801 
1 .»FTAlAOl IDEVI2C0> 
2 .EtA-l2«0» tELAHAIl20l 
3 .«AKIZOBI ,SAHHA«*0> 
«  (<iMRaTI2»SI (SUMSOaiZOel 
5 tTIMI .Y*l20tl 
ft  t7LA«l2«l 
COMaON/ItMUT/ 
•ISwAXlSOl    •ISORI20> 
•JLizaoi ijHizoo» 
•JRAV(29«I »JSORISO) 
•KPlZOftl tBTTPl200» 
•LRFFLIZCOI        .LTrPEI20l 
•K«»TI?r» .MUMRATIZOOI 

COwiON/PAaAHS/ AL 
•BtK .8ER «BERF 
•6» «GtN •CAR 
•Su-aA       ,»I ,»S0« 
•r»*0« .TCLD »T^F 
•/•SC* .ZOCD ./REF 

CO^^Oi/IPARAW/ FKA» 
•I0P4AT      .IOPRNT        •IR 
•HIM .ICA« .WKM 

iNteSFR F.FMA» 
CO*-0«i/P"-"CC«'/PM)P»R«l2J 

CM*M««»*   510=E   bCUKOART  DATA  FCH  CTLlNCE" 
ALKKIsBK.PPAPdl 
BE«CKI«RV>PAR(2> 
eA«IK|KPKOPARI3l 

£•••••••••  CHECK DI&ECTICMAL CCSlNtS. 
CAU  C»<C<l*»«StlCTL»»L«(»I•■«•«W•««««»> 
IK|K|s4MOPAiI|«l 
flC|«l«aN0PAXt51 
Z«i<l>ni(OP*Rlftl 
DCKIcaNOPARIT) 

(;•••••••••  PRJNT  BOIMOART  DATA. 
PSI1NT   lO.K.LREFLdCI . ALKIlO .OEM«» .6AMKI •«Ul .XKC«) t 

•Zicco.rm«» „_ ,. 
1« FonoATllH tI5.I6^2X.6HCrLlh0.*F8.3.32x.2F8.3» 

RETUHN 
END 

••••••••■••••••••••••••a 
•BEaATisos) 
• ESO«(20.2C0> 
.VPAI 1201 
•TAATISOO) 

•BEKlZtO) 
•EHlZCei 
•EKELST(200) 
tS6RM«T(2e) 
•SK(20Si 
.ZK(200I 

tXTRAN 
t 

• 

.NSOR 

• C<»S 

• *I 

.JOLO 

C10U 



V^a^TlKT   StTfLLI«! 

C c.-r   .    CCTC   .^   T     •••••"••••••••"••••••.••.^•-  

c«»» ••.........^:-i- 

• DC«I2C«1 
•ELC-AII29I    ' 

•Sb" Sw«'(208l 
tT«2»tl 

• Eri«S€(2Cai 
•TITLEII2I 

• ■(«Cl 
tZI48| 

•isca«2ei 

•LTTPEI2SI 

«L 
tf>CW 
• 6*<l 

.TS£F 

f-i» 
• I« 

iFLASUtl 
iJF(2««| 

• «8H3|9ftl 

•"»Tizet» 

t4l.«l 
•OIS 

sAOLO 
■TT4«* 

»IP*« 
.I».*r 

CC"-C\  /ti/ 
1 iC">"--5*4.5»l 
2 •<:t=iT|Sefl 

1 •BrTl|4{l 
2 iFLt-l?JS» 
3 •tt<l?tai 
♦ tS'^^irizaai 
S    •TC«9I 

CC-^^/ItJatT/ 

•>»«TI2»0I 
MP|79«| 
•l.»^FL|?38l 
•»-»T(ZJ| 

•«» .6*« 
•Sea«       ,II 
•TV« .TOLD 
•2v»* ,/(XP 

C^w-O«/!?«;*-/ 

•■ivr        .«MII 
UTf?€=   F,F«i« 
CO»Ci./r.t.c:o«/j«v3?*« 112| 

(:••«-••••..   STOJ£   l*s>uT 0«T» 

Tl>av=?«a|5i 

ZTaatOBMiTi 
SFx/F-JCKI 
«•>2.4*l2I.Z«(<||»SF-l21-7c|li||»>2 
M>|fl-i«|«||«*z.|rri_til|K,)*«2 
CCc«.t»SF^(2l>2<l<|| 

IFia«.<M;i01.10Itie3 •>-««.• 
|t|   iFjo--rcile<%l3<?.i63 

^«"^CT3^!^5 *OT  OESCalK   ELLIPSOID. 

12  FO0««TlIH|.2IrDAT/l  FOR  BOJVO*J»T  hO..U. 
•2»«  £>0£S  WT  FIT   M  EU.IPSCIO.I 

strsp 
1»2 CC^TIv.t 

€••*•••••• c«LC*«TE CC£FFIC1E».TS fcCECEO. 
■S7>ll|.xci<|)M2.(Ti.rKII(,is«2 
ZST>Zl-Z«fK) 

"a5?aTf(ZST-SF>M2*«SOI^SI6*U.0.SFI C———.   CALCUATE  B. •   »»ri 

t«io»izsT«sF»ai/i4.e-.so/izsT»sfn 

C*********  CALCULATE  •••2. 
0«f«|KtKIKI»2-IE<(«l-SFM«2 

€••••••••• Pa|i,T  lw>uT  0*1«. 
f^IwT   Il.K.LReFLIKIlia»3«>4B(fc|,ii>.j,r, 

II   FOe-ATiiH  •I5.U.2I.6^u.IPS.24(,7F8.3l 

cm 

• MaaTissS) 
• ESOli20.2eai 
iVKAiizai 
tTHATISeti 

.Be«C2M| 
•E«i2a«i 

t£k€H6r(2eei 
.SCRM4Tl2a) 
• UI2MI 
tZMZMl 

• OMJN 

.P€» 
• »-tf 
tZI 

iIPOIKTIS«! 
•JFL(2e«l 
•JPI209I 
tVL4Gi29ai 
•LA»6L£IZ9I 
•MFLi29l 

tAUiF 
tOZ 
t 

tJM«J| 
• Mi'» 

."I 
• E« 

.TI 

• JOU) 

C101 



SuaaOUTI^C   SET»*' l«l 

$H.antS93l 

tTITLf «;2. 

•»«TISOOI 

t*tf (2C) 
tS(40l 
tZ(*e) 

CC-—'^  /69/ A9CO(2Si?90l 
i •co:=rsi6i5e)    .Ei*8t2cci 
2 .r,«a»*ist:;        •aEJi2C<2;3) 
3 •V'Kf2e9l ttLA*'l2;il 
4 ./-*TISCS» 

CO—'>.  /tHKAIS/     *L« 12001 
1 >*CT*c««l tD€iri2ee> 
2 •FL*>'(2e0l tEL^ATlZS) 
3 •€tK(20ei .6»c-tU.l 
* tSii^siTI2*C)        tSUvS<A|23GI 
5 .»»•0) (rKi~:ti 

•IS"t«:S9> tISOai2»l 
•JLl?3B| tJN|203l 
•ja<ir{2tei «jSMtSCI 
•«Pi?e«i •«TTP«2»»I 

•L«»firLI2«e)        .LT»PEI20» 
••i-tTi?o) •MUMii«r(2S0) 
C5«"«0<k/Pt»t-S/ *J. 

•9Ek .Et-i idERF 
•6» ,6t* .c«J 
■Suvat «11 .>VD" 
• T^Cri «VCLO t»"EF 
•ZK*?*           ,IC'JD             tZBEf 

COw^W/IPAS i*/ FnA« 

•«I«.T .•t»-»« .XKO« 

IMEGEB   FiF-*« 
CO«—0»t/««».5C£W/?S!>P4a«12) 
KKKIsSViPftaill 
T<|<tKRMDP<ai2) 
Z«|<|aPMOP«^f3l 

BEKIKI«6M>PCBI5| 
0K|K)xPt.-CP«Si<61 
Pai'-.   ! 9,t.L-tf Lm». («*:"*■; is) tS"-!.«,) 

1«  fCs-.'T.l-   .IS.I6.2X.6M HLLl»i2«<t6Fe.3l 
•»EToa«! 

EM) 

tTitrcs«:» 

t6E<(2C0l 
•E«|23E1 

tSua»«Ti2ei 
tt«(2vg) 
tZK(2sai 

IFL«6I40I 
• JF<20:) 
tw*f29&l 

tl.«"P«5C» 
tx«Tl20ei 

• CIS 
• Ci-f 
«aCLO 
•TTrfAM 
tZT<«*N 
• I »AX 
tiaiT 
tK«AS 

t«LR 
tD"!». 
tPEa 
• x^EF 
tZI 

• I»«« 
tJMAX 
.VSC« 

tiPc:>>T(ss) 
tJFLIZCCl 
•JP(2CG> 

• VLA6(2:0I 
tL«K&Lt(?C) 
t"FL«2C) 

• ALfiF 
,01 

t^TBAN 

t 

t 

E*»S 

»J0(.C 

C10.2 



SUOPOUTI'.E   SETMYPW) 

(••■•••«••   CfT»-T?   SETS  UP   T»it   »«iiaTS  FCS   A   MtPl-nOtOlO. 

• REI)(20t20CI 

ttLB*T(»OOI 
.ta»M ^oo> 
•TITLEI12I 
t&MtTlbOO> 

1   ,CT:J-CJ6,S0I 

3   iV^LC^eO) 

COK-av  /iSB»TS/     ilL«i290> t«U>«*(*0« 
1 .artai^C) tCEKCZOO) lORCaoO 
2 ,FLtNi2eOI ,EL»»'*T(2JI iEN«T|20l 
3 ,r.»<«2C01 .G*»«»««©! iSEFI2»l 
4 •s<!>'H4vi2oei      tsu-stai2aoi       »«140» 
5 ,Y(»0J ,T«(200l iZI*»! 
*  .7L*,,I?0> 

COHU^V/IARIUY/ IFL*Gl40l 
•lS-»xisa> t5Scai2Cl iJF(200) 
•JL|7()3I «J"I2C0I »Jk^OOl r 
•JaiTl2C0l tJSCa(53> .*B«I900J * 
•KP(700) tKTTP(200l tLA*P|50l t 
•Ll»EFLt200)        tLTTPEt20l tM«T<200l 
•K-»T(?CJ      tKUHR4T<2ee> 
CO"-0»i/P*0»",S/ *L •»L1« t»L« 
•HEk     iBE« tBE«F tOIS *0*l*> 
•0« ,    t6»N tS*" •«»*' •'f* 
•SU»«P«   •«! iHKO» f«CLO t««Ef 
•Tsn.    ,YOLD tTBEF tTT«»M tit 
•ZkC-    tZOLC .WEP tllMH 
CO-^0«*/1 ?»«*»■/ f** »In*« «INO* 

•lr»a»Y    tlc^PHT      tl» flBAt t.m4X 
•KIM .K-l* tKKO" •!«»» .»O* 

I«.TEC-E»  F.FHAX 
co-"3'*/a»;occ»"/nN!)P»i»(12i 

(••>••••>■ sir=E IVPJI OAT*. 
XKIK)«a*i3PAP(I> 
YK|<|£C>.nP«B(2) 

G*l((IC>r = ".OP»«(Tl-Z<«(K) 
XI>RKDP4BiAI 
TlaMKQOXRISI 
ZIBIUCPXPIG) 

»»4.0•6•KHt)•'^l-Z''««•, 

B« Ml-« (lO> ••2* (»»-»*•"» I "Z 
[••••••••• SEE IF D*T* OESCHIBES * HYPERBOLOID. 

lFM-a)I01tI02tl02 
102 PRIKT I0t<C 
10 FOo«<«TnHli?'HO»T« FOR 80uM)*Bt WO.tlGt 
•32HOCES NOT DESCRIBE A HYPERaOLOIO.i 
STOP 

C********* CALCULATE COEFFICIE1TS KECOED. 
!0l DCtX»Xl-X«|ilI 

OEL'^Tl-T«!*' 
«SC»OELX"2»DELT,,2 
2ST-Z1-Z«!"» 
B«<aRTHZST-GAK(K»l»»2'l<SOI»SIGNll.0»ZST) 

(••••••••• CALCULATE AND STORE 8. 
-€ri<»»IZST»6AK|«».HJ/(»SO/(ZST»6AKCltI)»4.0l 

£••••••••• CALCULATE AMD STO«E A»«2. 
0KI«l"lEKIK1.6AiC(mi«»2-EiCUl)#,2 

£•••••••••  PRINT   IKPUT   DATA. 
MT^T   ll.K.LKEFLIICl t IBKOPARIM .N>;.7I 

U  FW^ATni  .I5,I6.2X.6HHfPE««.2A^7F«.3l 

RETURN 
EMO 

tHERATISOO) 
•ESORI2C.200» 
.VKAlU'OI 
•THAt15001 

• BE« 12001 
.E«|2»0I 
•EKEMGYCZOOI 
lSO4HAT(20) 
•XKl2eO) 
.ZK|200) 

IPCINTtSOl 
JFL12001 
JPI200} 
IIFLA6(2C0I 
LA^(.CE<2e» 
'-*F'.«201 

.ALU» 
«D2 
• 
•XTRAN 

tJNO* 
• NSO« 

BE 
EPS 

.tl 

• JOLO 

C105 



SuqROUTIxe   SETP««»(Kl 
€•••••• •••••••■.•••••••  
C»»»»»»»"   SFTP««»   SETS UP   THE   »k- AYS  FOR   A   PARABOLOID. 

CC«"«OS  /69/ ABCO(20>200)        .*LS*T(^C01 •EEHATCSOg) 
1   «COOCnSCbiSOi •E(*Ot?OOI •EHASE(200I •ESO^IZO.ZOO) 
2  .e«R«Y(S00) «REOCZCfZOO           tTITLFI12l • «^1(201 
3   tVLtPCOl <XL*HI200I •XRATISCOI «TGATISOOI 
* •7"«nsooi 

CO—O".   /«MAYS/ ALKI200) •ALPHAIAOI «BEICI200I 
I    ,nfl»(*0l iOE«C200i tD«UOO) «ERI200I 
.    .H»"l?30l tELA"»I(20J iEMAT(20l «ENERGY 12001 
3   .r..<l?00i «6ANnA(«0l tREFI?OI •SCRNATI20) 
4   .SU^iKTI^OOl «suMSORczeor       •XIAO) .XRI200) 
5  .rc*Oi «VKI20S) •Z(40i •ZMZOOI 
*  .n»-(?ol 

COM«OM/IARRAY/ IFLA6IA0I »IfAINTISOl         . 
•ISvA(|cei           ,IS(WI20J • JFIZOOI iJFL(200l 
•Jti-'ooi          tjMiaoo) *Jk(200l iJP(2C0>                 « 
•JRATIZOO)           tjSO»(50l .«evioooi IKFLAGI200!           , 
•KPjPOei                 tKTYP|20ftl •LAMPISO) •LAN6LE(20l           , 
•C"fFLI?0«l        tLTVPE«20) • MAT 1200) iHFLI2e)                 • 
••«•»1(201             iMlMRAYIZOO) 

CO^^ON/PARAMS/ AL «ALU                «ALR «&LRF            «RE          « 
•«EK             .9ER «BERf • DIS                .C««!». .OZ                «EPS       . 
•0»               .GAM «6 AM *6A*<F             «PER t 
•SUMSA        «XI «XM>a •XOLD             «XNEF «XTRAi.          «Yf          « 
•TKC*          tTOLD «TREF «TTRAN          ,/I • 
•2K0«          .ZOLO «ZREF •ZTHAM 
CO«<ON/IPARi«/ FHAX «IHAX               -«IMO« • 

•IOPRAT     .IOPRNT .1« •IRAY              «JMAX • JM)«             .JOLC     • 
•«INT           «KI'AI «KMM «•WAX              «MHQri «NSO« 

IKTEGCR  F«FMAX 
CO^WM/BMOCOM/B^iOPAR 112) 

C»^»M^^^  STORE   IW»UT  DATA. 
XKIlCI>aMDPARIll 
ric;«|aRNCPARI2l 
ZKtKi>RM>PARI3l 
BlC(K|zRN0PAAC4l-ZKiKI 

€•••••••'•  PRINT   INPUT   DATA. 
PR11T   1l.K.LREFLIKI«IBNOPARIKI«Mal.«)«OKIK) 

II  FORMATllH   «I5*I6»3X«SNPARAB«24X«4F8.3«24X«F8. 
RCTURM 
Em 

3> 

C104 



c*** 

.^.^"«."»«"l  
 !!!!.,..,.„.        ..IPMI500I .AW»«»»' 

ittUSCIZSSI • ESO« 120 ^««l 
•VMftTlZOI 
«TRATISeOi 

*L<!2B«> 
•DE«(2001 

• SUMSdRl2«tl 
•TK(200I 

.tSORlZOI 

.J"(20») 

,ICTTP|2CS) 
.LTTPEI20I 
.•IUMMTIZOOI 

*L 
.BE» 

«TREF 
.Z-Ef 

FNAK 
.1" 
.»«>■ 

tD«lZ»OI 

• REFI20i 

• ZU«I 

IFL«riC40t 
tJFlZOOl 
•Jk(20il 
iKBxOtvoei 
,LW*»I50I 
tM«TI20»> 

tBEclZOOl 
lEKtZOOt 
• El>en6TIZ001 

•«KlZOtl 
• ZMZOO) 

.IPOINHS»! 

.JFLI200} 

.JPI2001 
• MLAfilZOOl 
.LAMGLEIZCl 
.NFtlZOI 

i 
■ 
t 
t 

• OIS 

.»CLO 
• TT*MI 
.ZTRAN 
.lH*t 

«MHAX 

i AL« 
.DMIN 
tPCR 
,M»£F 
■ZI 

• 1*04 

• ALRF 
.0/ 

IxTftM 

tJNO« 
iHSO« 

.tl 

C»^ 

c 

CM 

CO-W.  /fr"/ i»C0l20.?0«fl 

2 .ptaty 15001 .«»EOI20.290I 
3 .»OICZ00» .H.MC2MI 

2   .ELt-'tZCO» 
a .r-*m?oci 
4 .«.-.Hi-iTlPOCI 
5 .TI40I 
6 .ZL*-lZ0l 

CO—«N/I*,,fl»T/ 

•IS»tlC«OI 
• JLCZOOI 
•JBtV(230> 
•KP I'001 
•{.Rrri. 12001 

CC^-Ofc/P*»»*^' 
•afk ••»ti 
•64 .Giv 
•Su^a*       •,I 
•tw,-- .»CtO 
•Zv>- .Z0S.D 

CO—<JS/IP»"J/ F^*8 US" !i«i ,JM>« .JOLO 
•lo?a»T     »10^-^T 
•KlkT .*•'»« 

IfcT^««   F.FW4X 
CO""H;%/P*'OCO«'/SHOP»>« 11Z » 

»l.«lltl ■•»«<»•■ «U 
BE«^«l»,»'*p*"(^, 

C""C:E^"SE3UL..*LM.. .^.K. .««.«I. 

"'"^^'ÜE'OISTM«   10 BOi*0*«T. 

•HH-Äi^si'J^^'Ä:«...« — 
IFiniCliclil01il01tl02 

roI^lll^-.^U^  «..1*.^  H*S  -  ^T,VE. 
.20* 0« M"0 D1ST4M* 0F.1PE12.4» 

SIC* 

•J^i,;"i"..5....j..v«.«.««.>-«-«-j' 
RETUm 
END 

101 
11 

102 

10 

I C105 



StMOOUTIMC  SCTSPNIK) [ 

f.-:::::::-^:-^—r^ü™:^,":;: •• 
«BCOIZOtZOOl 

iBE0(20.2«V| 
(ILMI2««| 

«LKtZO«) 
•OEVtZOOl 

tSuMsoNizoei 
•TRI2«»I 

f«LQ«VtS00) 
tEHASC 12001 
•TITLEI12I 
•«»«Tiseoi 

tALPH4|40) 
tOK|2MI 
• (•'«TI20I 
•fitfi?e» 
tlUOl 
.7(40) 

•ISORt20l 
•jMi2e«> 
tjSORISOl 
tKTTP|2tSI 
tLTTPei20> 
tiuwt«ri2e*i 

.64« 
tXHbit 
tTdtF 
tZneF 
FM4X 
tIR 

IFLAGUOI 
•JF(2eoi 
»JHliOOi 
.KB«<cj9eoi 
tLAHPisai 
.»•«f l?00! 

1 tC00i)0S(«tStl 
2 .r4R4rc>ec) 
3 .»oi(?eci 
* •roArisooi 

CO-«OM /«murs/ 
1 .nFT4l4al 
2 .fl4H|?00l 
3 .r.4it(?oo» 

S   •TI4fl| 
* •7L«"I2«I 

C0»i«Cli/|4RB4Y/ 
•IS»«IIStl 
•JLI2MI 
•jR4Ti2eai 

•«.RFFLf2«0l 
•*"4TI20) 

C0«»0M/P4R«^S/ 
•BEK .B£R 
"64 (64N 
•SU-Q4        ,11 
«TNO- ,TOLO 
•2MJW ,ZOCO 

•I0PR4T     «lOPRNT 
a«I««T .KMI 

I"TE«« F.FMAX 
C0»i0N/RN0C0M/IUOP4R (121 

€•••*•••••  STORE   IM»UT DAU. 

TKfK|MNOP«m2| 
ZKIKlBRIOPARiai 
D«|«|aaM0PAf|(4) 

€•••••••.• PRINT INPUT O/IT«. 

.. ??I'a,,,,,t,,-RCFt,K,,",,l,»T,",l»»Z««">tO«tM 
RtTjRiIIH •I5*,*'ZX,*HS,,,,E',t,Z*"»^««3.32X.F8.3| 

El« 

• ES<Hiao.200> 
• VMII20I 
.TRAKSOOI 

•BE<(2Cai 
•EKI200I 
•EkCRCT12001 
tSMM«T(20| 
tM|2eOI 
tZK|200l 

tOIS 
tf-AKf 
.»010 
tTTRAN 
•ZTN4N 
• I MAX 
tlRAT 

t*lR 
• OMIN 
tPER 
• XREF 
•21 

• INO« 
• JNAX 
«• 

.IPOIMTISO) 
tJFll200) 
*jR(2oei 
tKFL«G(2k-iOI 
•LAk«LEI20) 
tMFLI20l 

tALRF 
• OZ 

iXTRAN 

.^I0* 

•NSOR 

.RE 
•ERS 

.rl 

.JOLO 

C106 



I 
SysS^jTiKE   SCTuPP 

C**»«****>  ScsoiX'TIHf   SETl^P  Bt*C5  1*1   IK!»wT  OAT« AHO  MAKDCfcS  ALL 
€•••••••••   S?TLS»   *KO  P^CSLIH   lvIll*LI/*IiO<.. 
€•••••• ...••« •••...«••...••.••..•» »••••••••••••••»••••»»• 

co»-r> /6<i/          *ecsizo«2»ei      .«LO^TISCS» .BERATIS90I 
1 tCHXirsittSai    .f (*c.?oo)           tE4«se(2«oi • ESOR|2t,2MI 
2   .6*R4T|SC«:           iREOcaO.ZOtl           iTlTLflI2l tVPATl2»l 
3   .VfXi?ce»                 •«.«••(2001                 tHAVlSOOl •TflATtS«t| 
«   ./^triSCO) 
cc—ON /«aaxv^/   «LK(?oei             .«LPHAIM) •BEK(2tei 

1   .ori»I4C5                •OEVI200I                  .nK(?0SI •E««2t0t 
2 >ru«"i2Pe)         .fL*»'«uioi         tEWAmoi. .ENt"iT(?08l 
3   «CM 12001                .6»—*«»01                fR£FI20l •S6RHATI20I 
4   .5<-a*r(?60)        .SUHSSMI20ai           iKUtl .U(|2MI 
5 •r(4oi                 .VKI^OOI                tzuoi • ZK|2M> 
ft  .7I.»'««20J 

iIPCINTISOl           . 
• is-««c-ci        .isoaieo           tJF(2oei • JFLI200I                , 
•4.12001                .J-I?03l                  'JHZOUI • JPIMO)                  . 
•JJ»YI?CO)        tjsoai»)           fK8M>i9aoi •KFLAfilZOOl           , 
•KPl'COl                •KTVPI200>             •LIVISOI iLAKfiLEfZO)           , 
•ffftlZOCI         tLTTPe^OI              tHATIZOOl |MFL(2«I                 t 

CO^-vM/PftRftXS/              *L                   «AIM                .«L« •AUF            .RE         . 
•BC«            .BE«              •SERF            «OIS              .DMIM •OZ                •EPS       . 
• S«               ,6»"«               t6iH               tGAilf             «PER • 
• S^s»        .»1                  ,M>(M             .«CID            tlREF •XTRAD          ,Y|          , 
•T«»0«           .TCt-O              iTREF              •TTrtAM           ,/I ■ 
•ZW«          .ZCLO    .       tZREF             tZYRi.« 
C(M>«{W/IP«ai«/             fHAX              flPAX             flMMi • 

•IOPR1V     .lOPRKT        .IR                   .IB»T              fJMAS tJNO«              •JOU)     t 
•»1ST            ,H"»I              tKNO«              tNMJU             tIMO« •MSOR 

IMTFOTB F.rNii 
CC—C       »St/     FRAC             .I0t».U6 

€••••••••• INITIALIZE PARAHETERS. 
|RAT>0 
j*\n»i 
EPS-l.E-3 
SdvRAat.l 
!■•««>• 
PRIVT   12 

I? F0a<'ATl|Hl.21HGEMERAL  IMM1   FOR ZAP//» 
C»^»»»»»»  BFAD   1«PUT  DATA. 

«€«•>   IB.TITLE 
10  F0a»aT||2A»l 

REAP   l|.FF«C>OZ*MA»MINiliAVPAX 
II   FOC^ATI6E12.«l 

RCAO  lB.F>UX.IOP<)NTt|OESUC.IR 
15 FOR-ATI3I6.II6I 

C*********   IF  MULTIPLE  MAVEUMTMSt  CALCULATE  AW STORE  TMEM. 
iFlFMALlllMtllttlll 

It« FMaol 
60  TO  11« 

111   DFa|MAVM«I-aAVnlM)/IFMAX«ll 
««»«F=rf»V"Ill 
00   112  F«I.FNAX 
SLA«IFI*MA/F 
■AvFsMAVF.DF 

112 COMTIMUE 
60  TO   113 

1 

L 

L CIO 7 



11«  >L*"III>«AV«II* 
na co*: me 

iFiriuci  leStiaSiitT 
i«s f»ic«.? 
1*7  COfcTIME 

«»m  I3tTITLE 
13 F0=-«»T|lwe.l?«6//» 

PHt^T   M.FRACtCZt^VNlM.ktvNAI.FMU.IOFRHr^T&EBUSflil 
14 FOBMlTllN   .l«~iiC«L£ITt   Fil«CT10«k>fEl?.4/ 

•*?•< DISTANCE «ElMCEN CO*iTIsUlTI«E B(MhC*RIESa.E12«*/ 
•Zfu MlklMUW li«vELEM«THa,E12«4/ 
•2«H lUiIfV« M««EI.EMT>UtE12.*/ 
•23'« MUrBE» OF ■«VELENGfHSail6/ 
• in« Civ POINT OPTIOMstlft/ZOH OESUS MIKT OPTICN-tie/ 
•2SM STtaTlNS flMOO« |NTE6EüafI16l 

•••••••• RC«0 REFLECTION DATA 
IB« CALL RfFDAT 

..■.•«... neio MATERIAL DATA A« SET UP MATERIAL ARFAVS. 
CALL "«TOAT 

• •••••••• Rr«o BOüNCARY DATA »VC SET UP BOUkOART ARKATl« 
CALL SMWAT 

••••••••• READ SEfiMEVT DATA AND SET UP SfG EWT ARMATS. 
CALL SFGOAT 

••••••• AFAO STRUCTURE DATA AM) SET V SEGMENT STRUCTURE. 
CALL STRUCT 

•••••••A* READ LANP DATA ANO SET UP LAMP ARRAYS. 
CALL L«*OAT 

••••••••• READ SOURCE DATA. 
CALL SCROAT 

••*—••»• REAO TEST POINT DATA ANO TEST SETUP. 
CALL TEST 

••••••••• CF^RATE PRINTER PLOTS OF 6C0METRT. 
CALL 6E0PLT 
CALL nCBUGIBHSCTUPPI 
■ETUM 
END 

C1Ü8 



( 

StmDOUTtNC SOFT* 

€••••••••• S^H« C«LCt.L»TES STH «M) BSIM. 
£••••••••• PtPT CF "tLH mTtll«-£CIIOl» C«LC)LAII0' . 

co—cs /69/ «ecoi2a«2ga>     •*ia«rc>coi •Bex'Tisosi 
1 .c^-rsie.'jOl     tEl^OiZOOl «ErttSEIZaoi tESOH(2«,2««) 
2 iCiRATISOO» tREÜI2ef29ei tTITLFI12l .yn«ll?ai 
3 tWHlPOO» tlL«M|2eOI tilUMSMI «THATIS*«! 

C0»<««O«i  /«RlUyS/     ALIII2B0I ••LI>H«|««} tfltK 12001 
1 tarT«|«ei tOe*l2aoi tD«(2e*l •EK(2C0I 
2 .rL4»t200) •EL«M4Tf20l ,t**H201 tf ^: ^äTCZOOt 
3 •6*«l2e0i (6«NMAU0l tREFIZ«) tS(MMAT|2|| 
* »SiMiXT^OOl        iSUMSIM(200) tXUOl tW|200l 
5 fT(4o» •TKI2«II tzt4ei tzmzttt 
t>   t7L«M(20) 
CO"-0«./l«OH»r/ IFL*6C40I tlPOINTIS»! , 

•IS"*XIS«I fISOill2ei tJFI200l tJfUlOO} , 
•JLI-'OOI ijHi2ee> fA^ooi «JPIZOOI . 
•JA*Tl209< •JSORI50I .KHXÜIVOOI •l(n.M(2«t| , 
•K'COOI tKTV7l2eOI tLANPiSel fU«i6LEI20l , 
•LBrFLI2«tl tLTYP£«ZOI tH<I(?oai t-^LIZO) , 
•»••<»T(2P» ••iuMa«ri2ooi 
CO«MON/P«R«»S/ At tALN t«U» tMJlF .« , 

•BE» «SEM tbERF ,0IS tOMIN «OZ tfl»S       • 
•G» ,G»«* .G*B tb*MF .Pt» , 
•Suva«        ,11 .(MM «XOLO tMtF tXTRAN ,TI . 
•»M)« .TOtO tTHEF tTTMUa ,Z1 ,   ' 
•/so- ,/CLO «ZRCF tZTMAN 
CO»>HM/IPAa«M/ FM4X tlMXX •INOM f 

•10P4AT      .ICPBHT        ,IM tIRXT ,JM«1 tJMO« ,jWLD     t 
•MkT .KM«X (KNOM tlWAX .WKO« tNSOM 

IXTESeq  FtFMXt 
COvvON/NCLCOM/AtXeXN.BtBliBlPtaPtCAP.OELTH^DeLXtOCLTfSeLZiiMlT« 

•«'Sl?,«lf».OMO,StH,lH.TMl.iOa»S,B»S,CSlH.SlirM.HcSTM.«S«TM,sSTH. 
•COSTMUTHZIOTHZ 

STH.tL*IDCLI>wcSTHI*St*tOtLT*BSHTH1.6«*IOCLZ*C«l»TM| 
BSTMS(OELX*RCSTN-AL*STN|■•2*(UtLT.xstTx-HC'STK)»«Z 

• •ir)CLZ»C»P«TH-6*»5TMI«»2 
RETURN 
END 

C109 



I" 

SURBOUTIKE   SOOO*I 

clllll:..   STi-'/LT  Ki»05  SiX^;t  0«T*  CA^S  *xC   Sf TS uP   SOWCtS. 

C***"cc»-«*'/6»/ »aC0|Z««2M» t«L»*Tt5e»l sftCMTCSMl 
1 .conarSlb.S«! .EI*e.2M> .te«SCI2«»I .Eb«HI2i.2C«l 
2 .f»«»TIS»»l .REOiafiZMl .TITLE IUI •»«•*Tl2t) 
3 .V9CIZICI .«L*1i2M» .I"*t|5Ml .TB»TI5MI 

^öi^oi*/««»*«/     M.«l23tl .*LP«4l*il .B£«t280l 
1 .«Tai*ei .OE*l2MI .0«l2tBI .E«|2CJl 
2 .fi«-«?C9j ,EL4-*T|2il .E'«T(2»I .Efc£>»»iT(2««l 
3 :««.?#;!     .6*«.*.4«i     .«F.2ii       •!^!l

,^•» 

5   (VI4«| ,tKI2»0l .ZI4BI .WlZlft. 

*Co2Ä/lIil»*T/ IFLASU9I .IPOIMIMJ 
•IS"««!'»! •ISOBI2«! tjrC2t»l tJTHZt«! t 
•JLI7«»I .^•I2BB! .Jfc(2:»l .JPI20»! . 
•>»»*l?6»l iJSOaiMI .KB*OI9Ml .WLA6I2«»! . 
«U>I?MI .«TTPI2MI .UXPCS«! .LAWLEIZtl . 
•«*rrLt2ii)        .LTTPEI2tl •»UTI2MI t"n.«2»> • 
•tP>4TI24l            »•«■«•riZMI 
CO—0«/P«»*-S/ «L ••f •*,-,, •^,* »X-        • 

,85^        .ecu .BCV        fOis tDMin        .0/ iC^s     • 
•«A ,64<« .6»« »6*» ••*■ •   _ 
•S^a«        ,11 .XM>« t«CU> .«»EF tXT«*« ,TI t 
•»HO- .TOU) .'««f .TT«4* »21 • 
•ZMO« .ZOUJ .2«»£f fZTiU* 
C0»'«0«/H»M4-/ FKA» »H»*X -.I»«« • .      ^.. 

•IWM4T   .loprarr     .1« »l»*» •■»"« »52 •-Äi,   ' 
.«I„T .K«« »KMW tlWAl .wa« »»öfl« 
ImEK« F.F-AJI 
Ol«*«rtir«  TEMPI6I 
04T4IIO1I 

f■■■»>»» PBIKT P4ec HE40IN6« 

9 F«£«TnMl,53».lli«S0i>»CE 0*T4//1H  .«HSCURCE.Sl.THSeSMEfcT. 
•2«,«»«CW»0»'»T.M.*K.4'V.4l,6»«iRr«»E".*«» 
•2l»-fiCOrCTaiC  SOUBCE 0*T*/|H   .6M»JM8EM.4X««MMCEa« 
•4l.«w«M«B.4l.*iMUWEii.3)l«7H0F MTS/I 

C»«»«»»«»» «40  4  SOUHCC 04T4 C4B0. 
112 "E4!)  l?,»l,J»SW.L4H>ll,ISK4XI»TE^•, 

1?  F0Sü4Ti3I4.15.*F*,3I _^ 
c....«*... tet  Ii01C4TES EM) OF  SOURCE 0AT4. 

|F|NI111.111*1M 
(.....•>•.* RETRIEVE  SOURCE TTPE. 

IM   ISO«H»MSOH«L4»»RI   
£•••»••••• BR4*0« ON SOURCE TYPE« 

60 TOI10l«M2*l*2«lt*>>I5aRN 
C«»••■•*»* VOLI^E SOURCE 

101  MMts« 

«0 TO  1*3 
(•<.••••«•• SURFACE SOURCE 

1»2 M>i>A>JKSOR 
MSER-B 
SO TO  1*3 

C**«"»» R4T IVUT SOl^CE 
1*4 «ONO-« 

CIO 



I 

I 

If3 "SIM   I3.H,sSEt.wai»0tL»»*Pfc.ISil4«l   ir«o 

ler «s»es% 
C*WM««M  ST(WE  soiwcf  o,,^^ 

COraOSll.N|aTE«Plll 
C09B0Sl«^N|.TENP|«|.rEM>l3| 
CCMPS13.% WE«P 13) 
COC-nS(»,M.TF-i>|6l-TE>«(>l5) 
CO0anSl5.»il»TE««»»5l 
SO  TO   1»« 

C**"M,M  ä£«D   IM>ot   B«rS. 
18»   IPOIMTlftlalP 

00 nt i.i.is«a«i 

I*  fOo«.«Tlirx.«rf8.Jl 
CaMMM*.« c.fc, OWECTUÄAL COSI-CS, 

iPaf»*] ' 
Hi cr^riMuE 

C*m^"c^00'1 " w ***<* 0*» c«o. 
Ill  ■FTUMi 

END 

1 

I 
I 
L cm 

l - 



F    -- 

SUOtJOUTIKf   SPMIDORIKI 
CM«a**»< •••■•••••■•••••••••••••••••••••••••••••••>•*••••••••••>•••••••• 
€•••••••••   SFMHC» FINOS  THC  OIHCCIIOKAL   COMKtS  CF   THE   fc<W«*L   TO 
C«»"»«»»»   *  POI«kT   ON  THE   SU«F»CE   OF   «  SPHfc-t. 
£••••••••••• .«••............••..•.•....•••.•.•.«...••.•..„•..•.. 

coM-nv /69/    AecoiZotZodi  ••LR«V(SOOI   .at-J»f(sro) 
I   tC^M'-Stft.SO»      IEI«0I2«0I tEtUSEIZOOi tESCM|20<200l 
?   .f,«o»YC.0C) •REOI20t200l .T1TU (121 iVM«T|20> 
3   <VOLI200I •(LAMI200) t(M«riSCOI •TRATlSSOl 

COx-OX  /«HRATS/ «L«l?00( .»IPH«(*CI .BIKI200) 
1 taFT«l40l «OCV^tt) •D«t20«l iEKl20ei 
2 •CL«M|20ei .EL*H»T(2t, IEN«T(28| .tKtWuTt200l 
3 •clK(?eei .GAMMAU«) iREFIZOI .SUM"i»t(?0i 
♦ .S<J»'M«T(?03J     tsu«surti2eei       txuoi •w(2ooi 
5   iTI4ei                       iTK(20«l tZUOl                          t2K|2eo> 
ft  •7l«"l?0) 
CO'-ON/uaq&T/ IFLA6U0I             tIPOINTIS*!           i 

•ISw«l(SOI           tISOR{2fl tJF12001                  •JFLIZOOI                , 
•JLI700I                «JHfPOOl iJk(200l                  •JP(200i                  , 
•J«»VI,'001            tJSORISO) .R6-.aiV90l              .«fL»&(2001            , 
•KI>|?eOt                •KTrP(200l »LAXPISOI                tLAKGLEIZOI           i 
•LftFFl(?O0>        iLTTPEi?OI iH*T«200l                •MFLi20I                  . 
••M«T|20I             filUMi)«V(200l 

CO*MON/Pt»i««S/            *L tAL**               fALD               tALRF             .fit           ■ 
•SCtt            tBER              tltE«ir tOIS              •OMIM            t02                .EPS       i 
•6A                 »6AN                tGAR tCAilF              «PER                t 
•SUMQ«        ,il                  «(NO« »ACLO             •AREF             tXTRAN          ,TI           . 
•TNO«          tTOLO            iTREF tTTKAH          .21                  , 
•ZNOM          <20LO            tltttf .ZTHAN 

CO^^ON/IPARAM/             FKAX tlPAK              «INOM              t 
•I0PRAT      «lOPRNT        tIR tlRAT              «JMAI              tJNQ«              IJOLO      • 
•KINT           «KPAZ              tKNO« iMPAX              •MMOM              tNSOR 

INTEGER  FtF«A( 
C>««»***« CALCULATE  DIRECTIONAL  COSlStS. 

ALNaIX^O«-A«IKIi/O«I«I 
BEN-fTkOb-TK|KIl/OKIKI 
6Ak>IZ>w0k-ZKIKI)/DK(Kl 

€••••••••• CHECK OIRECTIo^il- COSINtSs 
CALL CHECKiftMSPHNORtALNtvcMtGAN) 
CALL DEBU6I6MSPNN0R) 
hCTURN 
END 

s 

C112 



I 
I 

c» 
c« 

S'joayjT'nc ssc-JCE 

-••.. s<r.3cE csf.Tfs • «*T ro« . so«f*cE SOURCE 
•••••••••» 

«acoizot;««! 
.M*c.?eci 

«LKIZBOl 
I>OE*I20OI 
iELA»«T|2»| 

• Si>MSM|2«ti 
•TKI2I0) 

•»La»TIS0Ol 

•TITLEII2) 

•0«(2M) 
• EMAHZtl 
•REFI?tl 
•««»«I 
• 2UAI 

t8EiUTIS»»| 
• ESOH(2a.2M| 
•VH«T|2a| 

tBE«l2ia) 
•CKI2*«I 

•EM:R£ri?eai 
.StMfUTl2«> 
tM|2Ml 
• ZKlZMl 

•isoaizel 

f JSMISOI 
• KTTPI2MI 
•LTTPEI2«I 
.•«MI«T|2«t| 

•t 
.btH» 
.MM 

tTHEF 

FN«X 
• IN 
• «NO« 

IrL«6(40i 
•JFi2aai 
•J»f2tCl 
• xevxvasi 
•ui"pisai 
••UTIZMI 

• CIS 

tXOLO 
• TTiiAd 
tZTXA« 
• IKAX 
• IRAT 
•f 

• OMIk 
•PER 
• XREF 
■ZI 

• IMM 
• JMX 

•IPOIMTISt) 
•JFL{2a01 
• JP(2MI 
•KFLA6I2B«I 
<L4MM.tl20} 
tl«n.l2fl 

• ALRT 
•0/ 

•XTRAN 

•KSOR 

1   lOtXtrSlGtSOI 
?  .r.»a»T(satj 
3   .»*HI?03) 

Co-P« /«aa«TS/ 
1 .«Tiltf) 
2 tFL««!?«! 
9 •'"-«<(?cei 

5   aTltOI 
» .7i«-«?ei 
CO>"««i/raRR«r/ 

•ISM«I|CB| 
•JLi2a*i 
•JR«r|2«ai 
•«•isaoi 
•«-•»frLi?iei 
•**»Tl20l 

•BEfc .«KJ 

•C* .6M 

•»*!• tTOLO 
•JM5« .ZOLO 

•IftMftr    .lo^fcvi 
•MIT ,uiaX 

I«aF6C" F«F««I 
D«TllTliO<>I«6.Zll3|SS) 

«M**«* riHO « BAKOON POINT.«ID.Till./,,,, «I T« SURTACF 

RajSIMflMMl 
SWEEPS 

lF|ISOC|M«-|.3ll0«.ia3.1M 

a« aKTi«uE 
XIII«lKUI*IO«IKl.sial*coSITHl> 
TfllaTKlKI.IIMfKi.SAics,^,^!, 

ZUI>CCIIBOS i5t«M0if i «cooRosiafiMMMi »Riuio iai 

XMOatatlH 
»"0««TII| 
ZMMaZlH 

c^: £JS"?T::S£ r0R XS1'*0 -«»«am OKTRI-UT,«.. 
C0<TM.C05ITHI 

COSWMl«C0S|PMll 
SIKONISSIHIPMII 

Sl»TH-S<JWT|I.a-C0STM"2j 

ri!.5;LCU-4U OIRECTIOMC CO$|l« Cf IUT. 

aeTaiii.«e»*cosTi«-«u«*siw>Mi*siRTN 
«*"«• IJ-COSPhl.SII.TK 

C**#****M   »F  ■*»  SHOULD POIfct   I»«NOS.   -f «hs,   DIurrTiM. nc   - 
lFi«Miiai.ia?tia2 "t»t"»f: oiHecnoN OF mr. 

lai   ALpH«ltl>-«LPHA|I| 
■eT«II|B.BET«(II 

taz RCTUüM 
BW 

• HE 

.»I 

•JOLO 

c«« 

c—*— 

C113 



SUBPOUTIMC STRUCT 

SLRBOUTIkT STRUCT StTS W T^C Str.i'tfcT S(«LC'l.-t 1-'Ici^rnri , 

CO^MO« /69/ «eCO(20<29a> •«LoriSOO) 
1 tC<M>«rSI6f%ll tEI*0<20tfl tEHASCIZOIt 
2 tEMUMMOl «R£0l2«.2MI .IITlf Cli» 
3 tVnLI2t«) .XL*MC2tai tI(i«T(S«»l 

CO*-»0*  /«ßlUTS/     AL«l20«i .*L«»'!4I*«I 
1   tOCTAIMI tOCV(2«OI .0»!   tJJ 

,t I »«!?«•! tEL«iUT(2ai tCM«Tl20t 
.c*Kl7«et ,fi«MM«U«l tOCFtZtl 
.$ti«<R*rc2*»l       tSU*^aR|2«SI •H*0l 
.vi4»i tT«l2tOI «ZUSI 
tZL*"l2«l 

CO«©«/!»«- -T/ 
•lSM«XI«tl 
•JLI?MI 
•jn«y(2fltl 

•U»CFLI?tO» 
MManzai 

CO-<K)«i/P*0*HS/ 
•BCK tBCi« 
•«« ,6*V 
•Suwa*      t«l 
•ratw        tTOLO 
•/».n« ,Z0LD 
to**iimi \PUMU 

•IOP3AT      .lOPRMT        tIR .IB*» *J«.tJC tJkO« 
•»IM .KKAI tKMOW .«IK*« «HMOlf fNSOR 

!*IT€6EI>   F.FH4X 
OlPFKSION  JOAUI22) 
PBI^T   « 

9  FoaH«TlIHltS3X.I4HSTMUCTU(tE  C»T*//ert     POTHERtlOX« 
•17Mn«U£HTER SEeMENTSt34X/ 
•■H srcn««T/I 

«rns-t 
C»»»««»«.»  READ O*   M0T«CR »HO   ITS DAUSMTE^S. 

1?»  "EAO   le«>«M«IJO*U(LI>L»ltlTi 
1«  F0Bt«Tll«I4l 

<:••••••••«   ZrRO «"OlMfB  SEA'CkiT   I».OIC«ItS  EN)  Of   DAT«. 
IF|«»*|122.1Z2.121 

C««»***«.> CCUMT  MIMRER OF 0AU6MTERS. 
121  00   I»?  LL«|.I7 

IFiJOAUILLIiltl'UltlOZ 
ItZ  CO«wTI*rf 
Ifl  L2»L-I 

C********* PRINT ••OT»€R AND OAUSfTERS« 
Mill   ]l.N0M.(jDAUILItL>l.tL2>   ' 

U   FSVATIIH   .IT.^X.17161 
L1>1 
J-C 

£•<•«•*>•• ERROR  IF MOTHER HAS «0 DAUGMTER*. 
IF|JOAiilLLII103tl«3tlt4 

1*3 PRIMT   IZ.JDAUILI.I 
12  FORMAT (IN   ,I*"vjTHf:H  StG-tfcT.I*,17«   "«S   M)  OAueMTERSI 

■vos.Hfns.i 
60  TO  11» 

2 
3 
« 
5 

t8ea*T(590l 
iESS>t(2C.200) 
tVCAl(201 
tTRATISOOl 

1BEKI200) 
tEK|2tO| 
tEftCRfiTIZOOl 
•SCRnATl20l 
tMlZO«) 
./«(200> 

tlS0R(2*l 
tjHizeoi 
•JSORISCI 
tKTrRI200l 
•LTVREIZ«! 
tNUMRAT(200) 

AL 
• BESf 
tSAM 

tTBEF 
.ZPtF 

FNAX 
tIR 
tMKM 

IFLA6I4AI 
tJFIZtei 
tjhiztai 
• il8NOl9eO> 
tLAHP|S«| 
tHATIZ0»l 

.AL" 
• DIS 
tfiA^F 
tXOLD 
tTTRAN 
t2T4AN 
tlKAX 
.IB At 
tWAX 

.XL« 

.OHI* 
tPER 
f»REF 
fZI 

iIMO« 

• •MOM 

tlROIHTIS«! 
•JFLI20») 
•JPl20ei 
tKF|.A6(2tOI 
•LA>veLE(29i 
fMFLiZOI 

• ALRF 
•OZ 
• 
.XT«** 
< 

HE 
E»»S 

.Tl 

• JOLO 
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€•••••••••   SET   VALUES   FOB  ARHATS. 
104 JFf^-'j-JOAUIlL) 
105 Ir(jriau(LL)>109tl09tl06 
106 JHlmj 

J"JO»U<LLI 

107 PBIVT   13,j 

13 ^«S*^«.;7MSE6',E,"T,I*,33M  *PPEA"S  4S  0*Ü6HTER  ^ T"0 "ROSI 
LL«LL»1 
63  TO   105 

£••••••••• SFT HOTHCR OF SEGNEST J. 

10« jM(J|aHOM 
Lt«tL*I 
&0 TO 105 

C**"" «FT L»ST OAUGMTER Of SEGMENT. 
10« JLJ"OHI.J 

LLsLL-l 
111 LL-LL-l 

IFILLI 110,110,112 
112 JPl-J 

J"jn*U(LL) 
<;••••••••. SET NE«T 04UGMTE« IS  NblRANCHT. 

60 TO 111 
110 60 TO 120 
1?? CCvTtKUE 

c—Z'ul^V^l1'IF 4',T SE6'EfcT MAS w *"**• 
113 lF(Jr|J|III6fll6tll4 
11* lF(JM|J>>llS,m.ll6 
115   PB|«JT   14. 

14 ^Cos-iTr "0™E,'  SE6I!£»IT,I4.14H »US  NO  HOTHtOI 
II«   CONTINUE 
117   IF|NE>ISII19.I19.1I8 
II«  PafNT   I5*MCftS 

15 5TW*TC1M  ,I3,33M E"a0,,S  lH  «S-tENT  STRUCTURE OAT*l 
II« RETURN 

END 
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SURROUTINE  T«BatFILLl 
COWON  /*9/ »BCOI20.200I 

.EI*Ci200l 
(REOl2«>200t 
tXL*"(2001 

1 •CO<MtnS(6iSOI 
2 ,c»B*viboai 
3 .VH-IPOO» 
4 .7«ftt15001 

COMMOM /«RRAVS/ 
1 fRETAI^OI 
2 iEL»"12001 
3 t«MC200) 
4 «SilHilaT 12001 
5 .VI481 
» tZL*MC20> 
COv^N/MRRAY/ 

•ISMAIISOI *ISOfll20l 

4L*12001 
«OEVl2eOI 
tEL*M*T(20l 

tSUfSCR12001 
,TKC200I 

.*LP»r(SCOI 
ieB«SEC2oai 
1TITLE1121 
•KRtTlSOOl 

14LP14I40) 
tOK|290l 

iREF ezoi 
1SI40I 
,11*01 

tBER4risoei 
»ESOHI20<2oei 
tVN4T|20) 
.TR4TIS00I 

tBEKl200) 
.tmzor- 
«EMER6TI200: 
.S(I«'<4TI20) 
• W12001 
tZKl200i 

IFL46(40I 
•JFI200I 1 
tjkl2e0i 
• I18N0I900I 
tL«HP(SO> 
tM»1I200J 

•JLI200I »^12001 
•JR4TI200I tjSORISOI 
•M>(?OOI tKtTPl2001 
•LRFFL12001 tLTTPE(201 
•NH«TI20t .•IUt«4Yt2001 
COmvOH/PWS/ *L •*L;' »»L« 

•REN .BE« .BE» »»IS •^i* 
.6. .G4N .6«- .6»^ ^E" 
•SWR*        .Kl .«*» •«CL0 •?"EF 

•TNOrf .TOLO .»«tF .T7«iN .21 
•Zl«- ./CLO .WEF .2IH4i( 
C0»«^lN/lP4Rii«/ FN4JI tlHM .INO* 

• XOO^T     .IC'SNT        .IR •!»»' •J,,*X 

MINT .*••»« .KM)* .MN4X .MiCa 
INTECER  F.F-XX 
OIrFNSIO».  4H«LEI10i 
D4T4I4K61E-l.0..«84SI.,93969..86603..76604, 

•.647T9,.5».34282..lT3fc5.0.8l 
c.....*...  C4LCUL>TE   COSINE  CF   4K&LE  *   iKZICtKZt, 

C0ST•*■4L••L^•BE•8E•»•6A•S*'• 
CO$TMB«RSICnSTHI 

£••■•••••• FIND PüSITICX   IN  TAtfLE, 
M  100  I>1.I0 
IFlCOSTH-XKGLElDIlOO.lOl.IOl 

^•lü^^I'l^TEliPOLATE roa PERCEKf  TB4fcS"lTTEO. 
it«  PrR-l.O-mEOILL.l-ll'^EöCLL.II-REDILL.I-l»: 

••icO$T*-4»i«LEIl-III/("'64.E«l»-«N6LEII-I>n 
RETURN 
END 

•IPOINTtSOI 
•JFLC200) 
,JP(200I 
•RFL*^(200I 
•L4KGLEI20I 
,MFL(20I 

,4LRF 
• 02 

«XTRAn 
t 

.JNOX 

.NSON 

EPS 

.Tl 

•JOLO 

/ 
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SOUOOUTINC  TEST 
f—— *...............—..........•...,.„..., 
C****««>*«   Tr.ST  BtADS C»s«S  COKTAlMfcS  TEST   POINTS FC* CXECKlNG  Ti« 
t*«>»"«««*   I».PUT  SEO"tTaitS  FO>i  ExiiOGS 

CO"-.-s  /69/ 
1 tCO(Ht>SI6>S«l 
2 .CARATISOII 
3 tVOLIPOtl 
« •rsAvisapi 

CO--0«  /AIMATS/ 
1 .prTAfA«! 
2 .fl*H|?00l 
3 .6A"(7eoi 
* .so****ittai 
5 tVIAtl 
6 •ZI.Amzal 

COMOM/lAMkAT/ 
•iSMAimti       tisoaizei 

APC0l2«*2e*> 
tCi*e>2*oi 

.«LA-I^OOI 

ALKI2M) 
.DEVI2S0I 
•ELAMAT|2ei 
.6ANMAI40I 
.SU-SiW<?Otl 
■TKI2t0l 

•ALBATISSai 
tEeASEI2tOI 
CTITLEU2) 
•KUAT15001 

tALPMAIAOl 
tOKC2»CI 
.t-«ir?oi 
.«»I?« i 
•11*91 
•ZUM 

•BtiUriSMI 
tESON|2».2Mt 
•VN«TI2«| 
•TIUTISttl 

•KKt2Ml 
tER|2M| 
•E«C<i6TI2MI 
.SOHfiATl?«} 
.xKi2iai 
•m2Mi 

IFLASIAOI 
tJF12*01 
«Jhl2tOI 
• M«« 19001 
.1 A'*>I50» 
•MAl12001 

•IPOIMTIStl 
fJFL12001 
•JPI200I 
.VLA6I200I 
• LAikGLEI20| 
tMFLI20l 

.At» 
•DZ 
( 
•ITRAM 
• 

•JLI'OOI »jntzoai 
•JRATI2MI .jSOai»0l 
•KP|?O0l •«TTP<2S0i 
•tarFL«?0r»       .LTTPcf20l 
——*ri?»l .MMIAT12001 

CO-<«0*/P»ai».s/ AL .AL« .»l« 
•BE« .OER .bERF .CIS .IXi* 
•CA .GA«I .6AR .OAillF «PER 
•Su-OA        .II «AKM •■OLO .»«EF 
•TN04 .fOLD .TbEF .TT4AN ./I 
•Z>WM .ZCLD .ZPEr «ZT^tMl 

CO-^CV*/!?!^!«/ FMAA .IPAI .INC« 
•IOP«AT     .lOPiIXT        .IR «IRAV .JMAI 
MINT .KPAI .KKO* tMUU ,M*« •NSOR 

IMTC6CR F.F^AK 
Pal«.!   12 

12 FOa«ATllKl.S3k.9MTEST  OATA//1H   .THS£»vfNT.tH     OPTION« 
•11S.|MI.IU«1MT.I1X.1HZ/I 

ISTOPsO 
•••••••••  READ  A  C*=D 

112 "EAO  IB.JTESTilCP.II.TI.Zf 
10 FORMATI2I«.9€I2.*> 

•i***«^«« Ze?0 JTEST  EaeCICATES E*0 OF DATA. 
iFfjtesvtm.iio.ioo 

;«MM»*«M  »I PWStV  «6-t»T  Mu^ER. 
100 JN0<»1AHSIJTEST1^-,.. 

MfNT   U.JTlST.lOJ>.»K»i'/I 
13 FOR^TllM •IT«2A.I*.3EI2'.«1        

•••*••••• FOR IOP>0. TEST St5"EAT tXimotaili  OM-T — 
••••••••• FCR IOP»I. TEST TO SEE IF POINT IS INSIDE SEW^NT. 

IFIIOPII01.102.101 
•••••••• FIW $E6«€NT COMAH.Isfc PCIRT 
101 C»|.t SEG^tT 

CO TO I0S 
•••••♦••• SEE IF P0I«lT IS INSISE OF THE BOtADMlES OF JM>«. 
102 iFlINSfSIJKOHMlOA.103.10* 
•••••••• POINT M)T INSIDE SEGMENT jNO« 
103 JMOM-0 

CO TO 10S 
mammmmmmm  PCINT IS INSIOE SEGMENT JNO« 
10* JNO-aI*BSIjTESTI *' 
•••••»•- IF POINT IS IN SEGMENT JTfSI. «0 TO 10* 

NE 
EPS 

•Tl 

IJOLO 

1 
L 
L en 



. . 

1*5  IFlJM>ti-I«BSIJTeSTIIltTfie6.I0T 
C.il...... ^[f   IF OESIReo »eSULT »*s MTAIMO. 

!•*   IF|JTf5Tll6«.10B.IO» 
ItT  lriJTeSTIlM»lM»lM 
it« lemM 

60 TO 111 
IM 1CB«M 

c********* oio AM rfiacB OCCUR« 
111  IFlIEmill2*U2<li3 
113  I$Tn»"l 

CALL SC6MMT 

11  FM<uTllO>.24H«aOVC  TEST POIM   Id SE6  «X*.!*«« - RUN A8CRTE0/) 
SO TO 112 

CM..»»..«   IF  EIHHMS  OCCU-*atD.   STOP 
11« IFiISTOPlUStUStll* 
II« STO» 
115 OETUWI 

tm 
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SUWHiTINC  THOfS 

>•••«•   TxOrS C»LCUl*ItS   Tu  «S  *  FUNCTION OF  STn. 
»••••• Pint Of KCLl»  IslinHCMO» CftUULi<IOk. 

co—•:•• /69/ 
1 «cwarsieiSai 

3   .V"LI?00l 
♦ .7a«TiSMl 

COv^OH  /«RUTS/ 
1   .RFTXABI 

«  tS^UTIZMI 
S .Ti»ii 
* .7L»"l?iI 

COM40N/URIUT/ 
•IS««(l*0l «ISMlZtl 

*scotZa*2e«> 
•E(«0t200l 
tREOl2*i296l 
f)U.MI2*«| 

toe«i2*ai 
tEL«M«Ti2ti 
.6«*«'« 14« I 
tSu^SORC2MI 
tV«l2MI 

tM.a«T(seai 
iCHtscizati 
tTITLFIUl 
tuiATisoai 

•0KI2MI 
.E-»T|2»| 
tRCFIZtl 
•x(«ai 
tzuai 

•bc>i«ris«ti 
•E&cRt2«.2eai 
t«n«I(2ai 
.THAT 15001 

iBbitZMi 
•CK12001 
tE<CR«TI2toi 
tSMNATlZOi 
■utztti 
tZKlZMI 

.JMi?SO> 
•JSORISOI 
tRTT»l2aOI 
.LTT^CIZtl 

T12001 

IFL««l4fl 
•JF12001 
•Jh12001 
tM*ai«oti 
tLONPfSol 
.RAT 12001 

•IPOIMTfSCl 
.JFL12001 
.JPI200I 
■KFLAfi120*1 
tLAKfiLEI2*l 
tMFLCZtl 

• •LR 
•OIS 
•CORF 
.«ceo 
.TTHOM 
t2T«UN 
• ll>*X 
tIRAT 

•AIR 
•OMIM 
• PER 
•XREF 
•ZI 

• IM)« 
• J-" 

•OLHF 
•OZ ' 
• 
•ZTRAN 

RE 
EPS 

TI 

•JOLO 

•JL 12*01. 
•J4lYr20*l 
•«Rf»**l 
•LREFL12**1 
•MROTIZai 

COMOM/POMi«/ 
•«> •RCR 
•CO •COM 
•SU>4«       .II 
•1*0* .TOtO rTPCF 
•/•<■« •ZCLD «ZOEF 
CO~'HM/IPO»«i'/ FHOX 

•I0O30T     .IO^-NT        .IR 
«IM .««»i »«MN •mux .N^C« «RSOR 

tltrCf«  F.FMO« 
CO>"«OR/MEI.CO*'/o.«B«**b.Bl«*l'>tBPtC«P.OELTM.OEUUOC:Lr*Oei.Z*OHm 

•«•SlZ.ir».B»'C.5.TH,TH.Tm.SO«»S,imS.CSTM,S*TH.HCSTH.tlS*T..,BSTH. 
•COCTOM.TNZ.OTXZ 
••••• CALCULATE PARAiCTERS AEEOEd. 

I»#«TN 
COMTIiRtS 

0ZTMS6A*ST»»-CELZ-C0P«T»> 

OlTNsALaSTH-OEL> 
0TTMa4E*STH-0eLT 
fT-OS«iTM»f>«TM-aCSTH»OTTM-C»P»OZTH 
FPsaCSTM*OlTM*RS«iTN*DTTf«»CAP«*2 
iFfFP.ST.a.l CO TO Z 
f IkT».9» ID«TMM2«DTTHM2»oZTH»«2l 
FT»aFUT/FT 
SO TO 3 

COWTIMUC 
FTRaFT/FP < 

CONTIHUC 
IF I »BSIFTIM.6T.il 60 TO « 
••• CALCULATE TN 
TMSTH-FTP 

••••••• CALCULATE COSTAN. 
CALL CCSTAN 
••••• SEE IF «iORt ITERATIONS ARC ACEOEO. 
IFI«BSIFTPt.6T..ael> M TO 1 
OCLTMaTH-THV 
RETURN 

CONTINUE 
OElTNaSICXIl.tFTPl 
THaTH.CELTH 
CALL CCSTAN 
RETURN 
END 

I 
L 
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SUnaoUTlsC VSORCE 

4 •7a«riSMI 

1 .mi*i«Bi 
2 •ELU'izaot 

4 •SUWV12001 
5 i»l*tl 
4 •n.A<«i2oi 

cow«OH/i««a»Y/ 
•lS"4iisai       tisORiZsi 

.Ei*Ot2oai 
tRE0l2t.2««l 
•u.«Hi2e«i 

klKt299l 
tDCVl2*OI 
t(a«^*Ti2»i 
f6«HMAUOI 

tT«l2MI 

•ALR«V(5S0I 
tCBtSE12001 
•TITLCI12I 
tlRATlSOOi 

•ALPN4I4SI 
•OKI/OOt 
.l-»TI?01 
•REFI20I 
•XI40I 
•ZI43I 

.BEilATISeOl 
• eSOi<(20a200l 

•TKATISOOI 

•BEKi200l 
tER|2C0l 
texHet i2oo> 
.S(.HHAT(Z0I 
•SK|200| 
•ZK12001 

tJMI200l 
tjSORlSOl 
■■TTPIZOOI 
•LTTPECZOI 
tMMIUTlZOOl 

IFLA6C40I 
tJF12001 
tJMIZOCI 
tK8M)(90C) 
tLAMPlSOl 
••UT(ZOOI 

tIPOIMTISOl 
tJTLlZOOt 
•JPIZOOI 
•KFLA6I200I 
.L*Mrf.tl20l 

tOlS 
.6»fJF 
t>OLO 
.TIM«» 
tZTMAN 
tlfUL 
tIRAT 

.»LB 

.OHIH 
•PER 
tUEF 
tZI 

.INO« 

• UMF 
tOZ 
t 
• XTRAN 

.J*0" 
•MSOR 

iRE 
• E« 

tTl 

• JOU 

•JLI200I 
•JRATlZOOl 
•«PI200I 
•LBEn. 12001 
•NWftTlZOi 

COMtOH/PARAMS/ 4L »AL1* fl." .«.«r ,mt • 
•K« .BER .t»t«f tOlS .OM]N tOZ .EPS       t 
•CA .SAN t64R 
•SUMA        tXI tUtOM 
•TNG« «TOLO tTREF 
•ZNQ« ./OLD .ZREF 

CtNMON/IPARAIi/ FNA* 
•I0POAT     t ICRhT       • IR 
•KlkT ,*«•»« tKMM 

IMTFGER F*r»«S 
C«»»»*» CALCULATE COOCaiNATES OF  4 POINT  kITrtIN SOURCE LIPITS. 

102 IIaCO&:OSflv*'M>«l*RAM)l01*COCRCSI2*N>tO*> 
TI««: OOJOS 13.»'M^i.Btvaioi «cocoes u.v» o-i 
ZIsCOOaoSIS.M^Orfl^PAvOIOioCOGROSIbtNMNii 
jBjSOBfllKOlil 

C********* SEE   IF POINT LIES MlTMlk SOURCE  SE«>*E 

c»i i  sreMVT 
IF|J-^Ot>n02.103.10Z 

C**»*«»«  CALCULATE  RANCÖN CO*«CI>CNTS OF  A  VtCT 
103 OCLl*2.0*3iM)IOI-1.0 

DeLV'2.0*aAM>IOI-1.0 
OEL/«2.0aRANOIOI-I.O 

C***«»«*»  CALCULATE LENSTH OF  «ECTOR. 
■■S3RT IOELX»»2»OEL»M2«OeLZ*«Zl 

C——#——  IF  VECTOR LENGTH SREATER  THAN  J.tf  60 CREATE ANOTHER VECTOR* 
IFIR-1.0I104.104.103 

C«»»«—••• CALCULATE DIRECTIONAL COSINES OF RAT. 
|»4  ALPH4CIM4I|BOELA/II 

■ET4l|P4Sl>OELr/R 
S4««411IUXI «OELZ/R 

C—■■■•••  STORE COORDINATES OF  RAT. 
llfVUIMI 
TffMAXI-TI 
ZlfNAIIaZI 
RETURN 
CMD 
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i C.........   «.vac,:  C4LLS   Tr.£   of^ato B0UTU.f   TO PRO.ICC   HErLECTf^ 

cc::::::::: %"&'%£.' ^Iic- CF -EUE.6TH,^C^UCT,0,( 

tee«sei2toi 
tiiTLPiiai 
titiATfstai 

t«LPH«|«t| 
•o«i2aoi 
• E"/IT|20| 
•KEFI2II 
t«U«I 
•ZUtl 

tIPOINTCSfl 
tJFLIZMl 
tJ9|2M) 
tKrLASf200l 
tL»fcGLt«?0| 

CO"«KMi /69/ «8COl20>2oa) 
1 •roonnsit.sai    fei««»2oui 
2 •C'RATISOOI tnEDl20>200> 
3 »WOLIprOI iKL«M|2**| 

CO-*OH /«RflATS/     «LKI2«tl 
1 tqFT«|*ai >DCV(200I 
2 'ftffZOOl ,fL*»*HdO> 
3^.    »«f?00l tGAXMAU«! 
• -<«»lir(?001 tSf«S<Mt200l 
S .ri4»i tTici200l' 
• ..~I.*"I20I 

CO>M|)%/URRAr/ 
• IS-*IISOI       •rs(»c2oi 
•JlI'DOl .JHf?Ci>l 
•J<i«V(200) tjSMlSSI 
••",(?0OI iKTTP(2«0l 
•t«€FL(200j •LTTPEI2ai 
•fcM<TI20> •NUMMT |20*l 

co«>H»>/P«n«Ns/ AL 

•■Ex «BER .BERF 
*** «CAN ,G«« 
•SU»«        ,»1 tM*On 
•1*0* »TOLD .THEF 
•itKJW tZOLO »ZREF 

CO»<««I/IP«R«H/ FMAX 
•lOPRAT     .lOPSsT «IR 
•■INT .«MAI ,KHO* 

IXTfGfQ   F.FM«! 
OIxf'.SICN   TST6(2e*l 

CO   TOI100.?C0.3e0.*C0.b00.600.T00<l'00.V001.LL 
1*0 C«LL REFLIIULAI.FP/U.TSTC .COSGMl 

60 TO no 
2« CHI REFL12CIL«i.Fi'«XtTST6 tCOSGMI 

60 TO  lit 
3M C*tL  REFLIJCXLA^.FMX.TST« ICOSGAMI 

60  TO   lie 
••• CALL REFLUCXLAM.F'UXtTST« tCOSeAMI 

60  TO  lie 
*•• CALL REFL15»LAM,F»AX.TST6 tCOSCAXI 

60  TO  lie 
••• CAU  REFLI6IALA4.FMAX.TSTC »COSfiAMl 

60  TO  lie 
Tee CALL  REFLlTCKLAM.FPAAtTSTfi tCOSCAMl 

60  TO  lie 
■ee CALL RFFL16IKLAM.FMAX.T&TS tCOSfiAMI 

60 TO no 
•t« CALL REFLI9(ILAM.FMAA.TST6 .cosn««.) 

C#irr^Ver?!i.FMl»L£'*TH K'**0**1 ^CMC« or «EFttcTiok 
MEnfU.«risTST6iri 

161  COfcTJMJE 
RETMM 
tm 

•BERATiseei 
•EscHi2e.2oe) 
tVMATl2ei 
•riutfseoi 

tKKi2e*i 
tEKt2Ml 
•CKeM6Tf2«ei 
•sgMNATi2ei 
•Mi2eei 
•ZK|2Ml 

IFLACUei 
iJFi2eei 
•JNi2eei 
tKaMOiee«! 
•LAMPisei 
."411201) 

• AL« 
•OIS 

• SOU) 
• TTRAAi 
•2THAN 
• IMAA 
• IRAT 
• MHAX 

•M-R 
•OM|H 
• PER 
• >RFF 
•11 

• INQ« 
.JMAI 

• ALRF 
•OZ  ' 
• 
•XTRAn 

• 
• JMIM 
•«SON 

•RC 
•EPS 

•rl 

• JOLO 
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