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Abstract

Characterizing antenna designs in their operational modes has been 2 classic problem
* for electromagnetic engineers for many years. The far-field pattern is of great im-
portance in antenna characterization, but in many cases, it is impossible or at ieast
impracticel to measure directly.

This thesis presents a numerical technique whereby near-field measurements can
be transformed into far-field solutions. The finite element method(FEM), and an
integral formulation, solution to the scattering problem, are used separately to solve
the open boundary wave propagation problem in three dimensions. The near-field of
a known source is sampled over a mesh of points and used as data for both meth-
ods. The integral formulation yields the far-field solution for homogeneous problems
without the need for space discretization. The finite element method uses tetrahe-
dral elements for discretizing the domain of interest and second order interpolation
functions. It is complemented by the application of an absorbing bourdary condi-
tion(ABC) which allows truncation of the domain. Classical ABCs of the local type
are applied to the three dimensional problum. A new non-local ABC is obtained from
the integral formulation and is coupled to the finite element approach. Computed
field strengths obtained with the different 2pproaches are compared with the analyti-
cal results obtained from the excitation source’s analytical expression. The agreement
was very good with maximum error percentages of about 10% for the FEM method
and 2.5% for the integral formulation.
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Chapter 1

Introduction

1.1 Motivation

The problem of characterizing antenna designs in their operational modes has been
a classical problem in electromagnetics for quite some years. Measurement of the
far-field pattern directly in the far-field is in many cases impractical, if not impossible
to obtain. It may be that the far-field distance is too great and unachievable, or that
the antenna cannot be moved about easily.

In the scope of controlling electromagnetic interference (EMI), a quick and ef-
ficient way of estimating radiated emissions of electrical equipment is needed. To
comply with radiation regulations for electromagnetic interference and compatibility
(EMI/EMC), signal levels at different distances and frequencies have to be specified
for all electronic equipment.

Many algorithms have been developed to obtain far-field information from near-
field measurements. These have been generally based on simplified schemes that
take advantage of problem symmetries, or make assumptions that limit the range of
applicability of the results. The amount of work done to model the phenomenon of
electromagnetic(EM) wave propagation in 3-D is very limited and has been possible
today only with the advent of powerful computers.

The motivation of the work that follows was to provide a way of transforming
near-field data to far-field information by exact emulation of the wave propagation in
space without introducing any simplifications. The FEM is not generally considered
a suitable technique for antenna or radiation problems because they are unbounded
problems; however, the FEM has many positive benefits over other techniques. The
problem of using the finite element method on open problems and the errors due



to domain truncation present an added difficulty, the handling of which, still needs
much improvement. What is known in the literature as an absorbing boundary con-
dition(ABC) has been used quite extensively as a remedy to this problem. The ABC
simulates the far-field response at the boundary of the truncated mesh. Applications
of ABCs in 3-D are relatively new and publications in scientific journals presenting
quantitativ: results to demonstrate the efficiency or inefficiency of the implementation
of ABCs in numerical analysis are hard to find.

1.2 Contribution

The results presented in this thesis offers two approaches to tackle the problem of
far-field predictions fro~. near-field measurements using the finite element method
and an integral equation solution to the scattering problem.

A meshing program was developed to discretize the 3-D domain of the problem
solved. The meshing program MESHMAIN creates 2 mesh made up of tetrahedral
elements. It allows finite elements to have different electrical characteristics (permit-
tivityyconductivity). Boundaries of the domain can be identified as any one of three
boundary types used in EM modeling: Dirichlet, Neumann or open boundary. The
meshing program can be executed independently of the electromagnetic solver, and
the mesh created can be modified without the need for re-executing the mesher with
the use of other auxiliary programs.

The electromagnetic solver, the program MAINCOMPSG, solves the wave equa-
tion using the FEM based on a Galerkin formulation for the three Cartesian compo-
nents of the magnetic field. For the open boundary sections, there is a choice of three
ABCs to be applied: i) the Sommerfeld ABC, ii) the first order Bayliss-Turkel ABC,
and iii) an integral type ABC derived from the boundary integral method (BIM) and
adapted to the FE approach. For a homogeneous domain, an integral equation solu-
tion to the EM propagation (BIM) is utilized to obtain the field values anywhere in
space. The program BEMRAD uses the mesh created by MESHMAIN to solve the
wave equation with a boundary integral. BIM results are faster to obtain and the
program itself requires much less memory than MAINCOMPSG for a similar config-
uration. Results are given for the two methods, BIM and FEM with different ABCs,
and comparisons are made between the numerical approaches and analytical values.



Chapter 2

Literature Review

2.1 Introduction

Numerical methods have become important tools in solving practical electromagnetic
problems. Problems that can be handled analytically have simple geometries or use
assumptions that impose restrictions on generality and in most cases do not repre-
sent reel or practical problems. The main issue to using this wide range of numerical
tools is choosing a good numerical algorithm. The selection criteria will be those that
deal with feasibility and flexibility considerations. An algorithm that is inflexible
and solves only one problem configuration may be too difficult to modify for different
configurations, and thus has low productivity. Another consideration is that every
numerical algorithm must make use of a computer. Machine requirements in terms
of memory and execution time weigh heavily when deciding which method to use.
Reaching a decision which takes into account all aspects of the problem is an impos-
sible task because there is never a unique solution and there will always be room for
new arguments and improvements as long as scientific and technologic advancements
continue.

2.2 3-D EM Propagation and FEM

Electromagnetic field propagation problems can be classified into two groups: i)
bounded and ii) unbounded problems. These two situations have the same approach
around the source region and inhomogeneities; however for the unbounded situation,
an extra complication arises from the need to deal with an infinite space. The methods
of dealing with this situation will be discussed in detail in the next section.



The finite element method despite it’s own shortcomings, remains the most ap-
propriate method when the problem has discrete inhomogeneities and complex ge-
ometries. Integral equation methods are difficult to formulate for inhomogeneous
problems, but are very easily adapted to solve unbounded problems. They can be
used to solve large problems very quickly, but they lose their advantage over differen-
tial methods such as FEM when the inhomogeneities are not centralized. The Green
functions involved become very complicated to find and integrate(1].

Several approaches have been developed specifically to solve 3-D EM problems
with the finite element method. Many algorithms have been elaborated and tested
on 2-D situations and parallels drawn to their use in 3-D. Webb(2] used a variational
approach with FEM to solve a vector equation for either the magnetic field H or elec-
tric field E, and derived the scattering parameters from the field values in waveguide
structures. The results obtained were very good, but at the expense of sophisticated
trial functions. Some of the problems solved were inherently 2-D problems. Webb
did not mention any difficulties with spurious modes.

The occurrence of non-physical solutions (spurious modes) arises very frequently
in the solution of 3-D EM problems(3, 4, 5]. Many approaches have been taken to
eliminate this shortcoming of the FEM. In another paper([4], Webb promoted the use
of a penalty factor associated with the divergence of the field quantity to be added
to the wave equation in order to eliminate spurious modes based on the assumption -
that spurious modes are not divergence-free. Among the advantages mentioned for the
penalty factor, was the preservation of the sparsity of the matrix system produced
with FEM. The selection of the factor itself, however, was not systemized. In his
paper, Webb implemented a test where the divergence is repeatedly checked until
satisfactory levels of error were reached.

In [6], Konrad substituted the system of equations obtained from the divergence
directly into the system of equations derived from the wave equation, and thus reduced
its order. The final system is smaller, and quicker to solve, but the substitution itself
is not straightforward([4]. In [3], Svedin enforced explicitly the boundary conditions
between adjacent elements. The approach was tested on several situations including
anisotropic media with magnetic and dielectric losses. The results obtained compare
very well with other methods and did not present any spurious bebaviour.

MacNeal[5) replaced the polynomial shape functions used in the classical FEM
approach by modal basis functions. The modal functions were the eigenfunctions of



the associated eigenvalue problem. The field was rewritten as an expansion of modal
functions and the modal amplitudes were solved for. The idea was that if the basis
functions used were divergence free, the solution would be divergence free.

In [7], G.Mur was more concerned with the continuity of the tangential components
and normal flux of the electromagnetic quantities than with spurious modes. The
work relied on basis functions that provide linear interpolation on the whole finite
element(FE) and not only in the interior, as was the case with Nedelec[§] in his work
on continuity of the same quantities between finite elements. Mur reported excellent
results for 3-D situations but did not mention any spurious mode problems.

The most complete work done on the subject of spurious modes has been con-
ducted by Lynch and Paulsen(9, 10]. Lynch and Paulsen studied the dispersion rela-
tion for four versions of the Maxwell equation:

o The double curl equation: ¥ x V x 5 — k25 =0

e The Helmholtz equation: V2E + k2E =0

e The penalty equation: V x V x E-pV(V-E)- KE=0

e The primitive coupled Maxwell equations: V x B=—jweE; VxE= jwul

The findings were that the double curl, the penalty equation and the primitive coupled
equations supported spurious modes. Some remedies are possible, but not always and
not for all three approaches. The Helmholtz scheme supports physical modes that are
divergence free. The enforcement of divergence free boundary conditions eliminates
the potential for spurious modes.

This quick overview of what has been done with FE in 3-D illustrates some of
the shortcomings that the finite element method has. There is & consensus, however,
that it is one of the most promising methods in terms of versatility and generality for
covering a wide range of problems. The ability of the finite element method to model

any geometry or electrical property distribution, currently, gives it an edge over some
of the other popular numerical techniques.

2.3 3-D Space Discretization

A finite element mesh lends itself very efficiently to modelling of all kinds of inho-
mogeneities in electrical characteristics and geometries. The cost is a huge amount



of mesh data that has to be stored and manipulated. The result is slower execution
time and the need for large storage capabilities. This can be remedied by using a
coarse mesh.

The finite element mesh, if any value is to be given to results, has to satisfy two
requirements. The distance between two nodes of the finite element mesh has to
be at most smaller than A/2. A is the wavelength of the frequency of investigation.
Although the A/2 limit stems from Nyquist's sampling theorem and theoretically
should work; good results with reasonable accuracy require finer meshes in the order of
A/5[11]. The second requirement is that the finite element mesh has to be fine enough
so as to describe the smallest electrical or geometrial features in the structure. An
adaptive algorithm which could create a very fine mesh around the detailed features
and a coarse mesh in the other areas would optimize the number of finite elements
needed for a problem.

In [12], J.D. Zhou proposed to use a function over the solution domain that re-
turns a value proportional to the size of the finite element to be created. The same
author in (13], proposed, after first creating a coarse mesh, to go through all the
finite elements and subdivide them repeatedly until the mesh is fine enough. The
disadvantage of such an approach is that the details of the structure are lost in the
first triangularization given that the smaller finite elements are confined in the larger
ones.

These schemes for mesh density are easily applied to 2-D as well as 3-D problems.
The actual triangularization in 2-D and 3-D is not so straightforward. For the 2-DD
case, any improvised algorithm will work when enough overlapping tests are included.
In [14] Nelson gives an algorithm that will triangularize any planar surface without
the need to check for overlapping of finite elements during meshing. It is based on
the selection of a third point to be associated with another two, such that the three
points are the ones best spread on the circumference of a circle. This algorithm could
not be easily extended to 3-D meshing.

Most commercially available packages that solve 3-D problems are still limited to
structures with axial symmetries, or ones that use a uniform mesh. The approach of
discretizing with symmetrical finite elements such as cubes which fit together nicely is
easy, but does not provide much flexibility in following curved surfaces. The natural
extension of the 2-D triangular finite element is the four faced tetrahedron, which
allows an accurate modelling of the structure features and provides the ability to use



simplex coordinates(to be explained), thus simplifying the bases functions and the
evaluation of volume and surface integrals(15].

2.4 Open Boundary Problem and the Absorbing
Boundary Condition (ABC)

2.4.1 Introduction

The finite element method cannot be used to solve open boundary problems, unless a
means of simulating the condition at infinity is achieved. The simple approach is to
place the outer boundary very far away and mesh the interior. However, the demand
on computer storage will be too great if a large domain is discretized, especially for
& 3-D problem. With most problems, the area of interest is limited to a small region
and solutions for the surrounding regions is not necessary. One approach has been to
terminate the mesh before the fields go to zero and impose an absorbing boundary
condition to represent the response of an infinite space. Another approach has been
to combine the finite element method with an integral method to take care of the
infinite space. This has resulted in methods called hybrid methods.

2.4.2 Local Type ABC

Local type absorbing boundary conditions are the ones that impose & value for the
variation of the field quantity, in the direction normal to the outer boundary, evaluated
from field values at the position of interest. These types are relatively simple to derive
and implement, however, they have some limitations with regards to accuracy and
general purpose usage.

Most of these ABCs are derived from the expression given by the expansion the-
orem for electromagnetic fields found in [16]. The expression is given here for conve-
nience:

= ekt = A8,
A== 3 4l
0

n=

(2.1)

where A is a vector radiating function, and the expression is valid in a region v > constant.
Based on this equation, many authors have arrived at absorbing boundary conditions
of varying accuracy and complexity using derivations and algebraic manipulations.



The most basic ABC is the one known as Sommerfeld’s[17] given by:

-

lim o4 _ —jkA, (2.2)

r— Jr

where r is the direction of propagation.

This boundary condition is valid only when imposed very far from the sources, and
hence defeats the purpose of early truncation of the domain to reduce the mesh
size. J.J. Stoker[18] states that unique solutions of radiation problems cannot be
determined by Sommerfeld type ABCs. The Sommerfeld condition is obtained by
dronping all, except the first term of the derivative of Eq. (2.1) with respect to 7.
Bayliss and Turkel[19] derived a higher order ABC by using Eq. (2.1) and the wave
equation. For one component u of A they obtained the expressions:

du . .
o ao(r)u + ﬁz(’r) 3 ¢2 in 2 dimensions, (2.3)
and 5
3-:- = —jk[as(r)u + B(r)Du] in 3 dimensions, (2.4)

where &, a3, f; and §; are polynomial functions of r, and D is the operator defined
" pf= Lm0y s 124
sin0 0 sin® @ §¢?”

There are three sources of error in expressions of the type of Egs. (2.2), (2.3)
and (2.4): i) the truncation of the series, ii) the direction of the normal to the outer
boundary is not the direction of the coordinate r[20], and iii) the difference between
r and r — rg is not negligible, ry being the position of the source. In the far-field, all
sources behave as source points and furthermore, when the source is centered about
the origin of the coordinate system, r—ry tends towards r. The closer the observation
point is to the source, the more innacurate this assumption becomes. In case (ji},
ma.ny authors have used circular or spherical outer boundaries to be able to replace

by where n is the variable in the direction of the normal, and r is the radial
component. This assumption’s validity depends on how close to a circular shape is
the outer boundary.

Many attempts have been made to minimize the effects of these sources of error. In
[21], Khebir, Kouki and Mittra derived an ABC from a modified version of Eq. (2.3).
They used the progression n = 0, kr/2, kr,... in Eq.(2.1), instead of n = 1,2,3..., to
obtain a higher order ABC equivalent to using more terms in the series. To simplify

(2.5)



the derivation, the artificial boundary was chosen such that the normal coincided
with the spherical coordinate r. Some researchers have attempted to apply these dif-
ferential ABCs to general boundaries without any clear advantages[22] over spherical
boundaries.

An ABC that can be classified in either category, local or non-local, is the ABC
developed by Ramahi[23]. Ramahi represented the field by 2 summation of Hankel
functions in 2-D as:

u(r, @) =3 a. HP (kr)e!™, (2.6)

and a normal derivative of the field on the outer boundary written as & weighted
combination of field values lying in the interior of the problem as:

Ou :
B lroe= Colo + €1U1 + CaUz + ... 2.7

where: 0° refers to the position where the derivative is to be evaluated,
and 0,1, 2 refer to the positions of the nodes chosen for the evaluation.

Equation (2.7) was rewritten using (2.6) and enforced at as many harmonics as there
were ¢ cocfficients in (2.7). This ABC could thus evaluate the normal variation with
values of the field that are distributed all around the boundary and thus give & non-
local estimate. The major drawback was the selection of the harmonics since there
was no a priori knowledge of the dominant ones.

2.4.3 Non-Local Type ABC

The non-local ABC is based on Eq. (2.6). In [24], Keller and Givoli computed the
cocfficients @, with a Fousier integral. Eq. (2.6) is then used to estimate the field
everywhere outside an outer boundary of radius 7 on which the Fourier analysis was
performed. A circular boundary was chosen to simplify the integra.tion with respect
to r. The derivative of the final expression was taken to obtazn . Keller and Givoli
obtained some promising results in 2-D, however, a potential source of inaccuracies
is that the field varies in space and the Fourier representation is based only on the
surface variation of the ficld. Only surface field values are used to cdmpute the Fourier
coefficients and the variation of the field with respect to the normal is not considered.



2.4.4 Hybrid Methods

Hybrid methods with the FEM are often used to solve open boundary problems.
Although, they cannot be called non-local ABC, they are closely related to them. The
methods hybridized with FEM can be used to solve the homogeneous portion of the
problem and at the same time provide an expression to terminate the FEM mesh. The
finite element method has been coupled with several other numerical techniques: the
multiple multipole method, the moment method and the boundary integral method.
Each of these combinations, were an attempt to overcome the weakness of the FEM
in tackling unbounded spaces.

Sroka, in [25], was the first to try to couple the generalized multiple multipole
technique with the finite element method. The major findings were that the outer
boundary did not need to be as far as when other techniques were used. The hybrid
worked very effectively but more work needs to be done to improve the time efficiency
of the algorithm.

The FE method has also been combined with the moment method. Xingchao[26]
used the FEM to solve the interior region of a problem, the part with all the in-
homogeneities, and the moment method for the exterior part. The two parts were
coupled together using the equivalence principal and the continuity of the tangential
components of E and H.

Another hybrid method where extensive work has been done is the FEM/BEM
method|1, 27}, 2 combination of finite element and boundary element methods. B.IL
McDonald in {1] used the FEM to solve the problem in the bounded region including
all inhomogenities and applied an integral constraint on the outer boundary derived
from the application of Green'’s theorem on the boundary values. Paulsen[27] used a
similar approach to solve an electromagnetic propagation problem in 3-D.

When all the inhomogeneities are enclosed in a surface on which the field values
are known, the boundary integral methods can be used alone to solve the propagation
problem. The formulation provided in [1, 10] can be taken up without the FEM part.
The only problem is to find the appropriate Green’s function. In [28], Poggio explains
the derivation of the integral equation solution to the wave equation.
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2.5 The Problem of Predicting Far-Field Patterns
from Near-Field Measurements

Much research has been done in the attempt to solve the problem of determining far-
field radiation levels and patterns from near-field information, for EMI/EMC com-
pliance tests and antenna radiation pattern measurements. In both these cases, it is
sometimes impossible or impractical to provide an open range, or obtain the far-field
measurements directly in the far-field, either due to the electrical size of the appara-
tus or its physical size. One way to bypass this problem has been to collect near-field
measurements and transform them to the far-field.

In [29], the field was expanded into a series expression and the coefficients are cal-
culated via a Fourier analysis of the measured near-field data. The results obtained
in 2-D situations compared successfully with measured values. In [30], Johnson sum-
marized the three main techniques for obtaining far-field information. The techniques
are: i) the transformation of near-field measurements, ii) making measurements on
the test antenna irradiated by a plane wave, or iii) focusing the antenna and assum-
ing that the near-field measurements are the same when the antenna is refocused to
infinity. Johnson also gives guidelines to conduct measurements.

R.J. Luebbers [31] developed an algorithm to obtain far-field information from a
transformation of near-field measurements using the FDTD method. T.K. Sarkar{32]
used an algorithm where equivalent currents on the measurements surface are derived
from the field values and plugged back into an integral expression to have the solution
in the far-field. The disadvantage of this approach is that a matrix equation system
has to be solved. In {33], Bucci elaborated on the sampling of the field. He proposed
an optimal sampling algorithm where the effect of parameters was studied. Bucci
looked at optimal sampling densities and optimal measurement surfaces in terms
of shapes and positions in order to improve and simplify the near-field to far-field
transformation. He used the Fourier analysis method to transform the measurements
to the far-field.

11



Chapter 3

Mathematical Formulation of the
Problem

3.1 The Model

Tke problem to be solved is of interest to the EMI/EMC community and has ex-
tensions into antenna testing applications. The solution is a transformation of field
values measured in the vicinity of an electromagnetic source to corresponding far-field
values.

In practical situations, the source would be an antenna under test or & piece of
electrical equipment with parasitic radiations to be characterized. The apparatus is
located above the ground and radiates into open space. This arrangement does not
imply any a priori symmetries except that of the ground plane. The source of EMI is
represented by an arbitrary distribution of point sources that provide a general and
asymmetric field variation.

The magnetic field H in spherical coordinates created by a point source with an
elementary current directed along the Cartesian 2 component is {33}:

H(r,0,¢) = _IA_z J—ﬁ %]e"'ﬁ' sin 8 ¢, (3.1)

where: 7,8 and ¢ are the coordlna.tes of the observation point when the point source
is located at the origin of the coordinate system, 3 is the phase velocity in free space,
and Az << X is the length of the filament of current amplitude [.

The contributions to the & field in Cartesian coordinates for current filaments directed
in each of the three dir.ctions are given in Table 3.1 with A defined as

—ipr
A== g ) (3.2)
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% dirccted current | ¢ directed current | 2 directed current
[ H. 0 —Acosf Asinfsin¢
I H, Acos( 0 —Asinfcos ¢
[l H. Asinfcord Asinficosg¢ | 0

Table 3.1: Contribution to the field F; from the current filament I;

The total contribution to the field H, can be written as follows:

Nz n Nz
Ho(r,0,8) =Y A(r,roi)0 — }j Alr,ro)cos8 + Y Alr, o) sin 6'sing, (3.3
i=0 i=0 i=0
where n, n,, n. are the numbers of point sources directed respectively along Z, 7
and £ axis. 7. is the position of the ** point source. &' and ¢' are functions of § and
8., and ¢ and ¢,;.
Similar, expressions for H, and H. can be written out. The point sources positioned in
a cluster above ground are sketched in Fig.3.1. For clarity the sources are regrouped
according to their orientation. The point source has been chosen because it has
an analytical solution valid for both the near and far-field regions. It allows the
construction of an EMI source of any desired degree of variation and the analytical
solution can be used as a means for validation of the numerical algorithms. The total
source field is obtained by superposition of the analytical solution of the individual
point sources. Figure 3.2 identifies the different regions and limiting boundaries
associated with Fig.3.1
The surface S in Fig.3.2 enclosing the solution domain V' is made up of three
segments: Sy, S, and J3.

S = S]_ USQ U S3. (3.4)

S, is the portion of S which encloses all sources in Fig.3.1 and is the surface on which
measurements of the field values are made. In the model, these values are obtained by
sampling Eq.(3.3) on S, for Hz, f, and H.. S, lies on the ground. In the model the
ground is represented by an ideal ground plane and in the mathematical formulation
to follow will be accounted for by using image theory. The last segment, S3, has no
physical meaning but is necessary to limit the solution domain.
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Figure 3.1: Source distribution above ground plane

- ~=2Dirichiet Boundsry 5

m —->Ground Plane S,
E: ==»Open Boundary Sx

Figure 3.2: Domain and boundaries of the problem




3.2 FEM formulation

3.2.1 The Equations to Solve

In the volume V, the wave propegates in & homogeneous space. In the frequency
domain, the Helmholtz wave equation describes the variation of the field components.
For the magnetic field, the equation for the phasor H, is given by

V2 + wieL =0 in V, (3.5)

where w is the phase velocity defined as 2*wfrequency and o and ¢ are respectively,
the magnetic permeability and dielectric constants of free space. Equation (3.5) is
arrived at by assuming & time variation as efet,

For the specisl case of Cartesian coordinates, the Laplacian of the magnetic field(or
any vector field) can be written as:

V2H = iVH, +§VH, + :V*H., (3.6)

where the underlining bar representing phasors has been omitted to simplify notation.
Since there are no inhomogeneities in V, Eq.(3.6) permits the uncoupling of the three
Cartesian components of the magnetic field and permits the rewritting of Eq.(3.5) as
three independent scalar equations:

V2H§ + w'zﬂoEon =0 in ‘/, 1= :E‘,:& or z. (3.7)

This will allow solving problems three times larger than if Eq.(3.5) was used directly.
However, it will limit the generality of the solution since the field components are
decoupled and the domain must remain homogeneous. For more generality, one would
have to replace the Laplacian by the double-curl,

V2 = -V x V x H, simplified, here, becauseofthedivergence freemagneticfield.

| (3.8)
The second approach, however, is not spurious-mode free because of the cross-deri-
vatives that arise in the double-curl(9].

A differential equation problem is not properly posed until all initial values are all
specified and all boundary conditions are fixed. For the model in Fig.3.2, boundary
conditions on S;,5; and S; have to be specified to obtain the exact solution and
unique solution of the problem at hand.
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S is the surface on which measurements will be made for the magnetic field
components H;, H, and H,. It will thus be a Dirichlet type boundary. Ss is open with
no constraints. To fully define the problem and obtain a unique solution a condition
derived from an a priori knowledge of the solution and/or the governing equations
of the problem must be applied at S;. This condition describes the variation of the
field in the direction normal to the surface S;. Mathematically, it is %—f— = f where
n is the normal to S;. This expression known as an absorbing boundary condition is
discussed in the literature review and the forms implemented in this work are derived
in Section 3.4, namely, the Sommerfeld ABC, the Bayliss-Turkel ABC and a integral
type ABC. S, is on the ground plane; it is assumed to be & perfectly conducting
surface. If the ground plane is in the £—y plane, then

_ ) __j (0B, OE;
H.=0 since H, = w,uo[ p 3y

s (3.9)

and E,, E:, being the tangential components of the electric field on a metallic plate,
are constant on the z—y plane and identically zero.
From

BH,‘ BH

simplified using the fact that H, = 0, it is deduced that

E=-Lyxf=(-Ly- 2

oH, OH,
—5-;' 0 an Oz = 0: (3‘11)
which for a ground in the x-y plane becomes:
0H, OH,
B =0 an 5 (3.12)

given that the normal # = 2. A condition such as the one given in Eq.(3.12) is known
as a homogeneous Neumann boundary condition. In table format, the summary of
the boundary condition for the whole boundary S is shown in Table 3.2.1.

3.2.2 The Weighted Residual Method

Solving the problem using the Finite Element Method consists of the following: solv-
ing Eq.(3.7) on small patches, called finite elements(FE), which when combined form
the domain V; and, satisfying the boundary conditions given in Table 3.2.1. This
scheme effectively breaks down the problem in a multitude of smaller problems to be
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S S Sa
Measuring surface | Ground plane | Open boundary

(IR Dirichlet %z = ABC
H, Dirichlet =0 ABC
H. Dirichlet H.=0 ABC

Table 3.2: Boundary conditions for the problem

solved simultaneously and simplifies the search for a solution by reducing the require-
ments to be met on the whole of V' to requirements on the small FE patches. It is
easier to find an expression, called interpolation or trial function, that fits the exact
solution on a smaller domain, than on a larger one. The fitting process translates it-
self via an integral formulation into a set of linear algebraic equations for every patch.
The variables solved for are parameters in the trial functions that make these func-
tions a best fit. The method through which one can obtain the system of algebraic
equations is one of two choices. The variational approach or the weighted residual
approach. The variational approach is based on minimizing functional; an integral
expression derived from the governing equations of the problems and its boundary
conditions. In some cases, this process turns out to be a minimization of the energy
in the system in accordance with the state of minimum energy principle of physics.
The disadvantage is that the functional has to be derived and varies from one prob-
lem to the other. The second approach is the weighted residual method. Here, the
integral over the domain of the weighted error expression defined as the difference
between the right hand side of the governing equation and the left hand side when
the approximate solution is used, is forced to zero. This procedure usuelly will yield
the same solution as the variational approach.

As it applies to the problem described in Section 3.1; if only one of the components
is considered, say H, the problem is formulated as:

VH.+kK*H, = 0 in V, (3.13)
H, = g on 5,
OH,
é}? = 0 on &
o8, = ABC on Ss.
on
(3.14)
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The function g is the function describing the values of the field H; on S, and &* =
w?ugeo.
Assume an approximate solution over a FE ¢ as H.;; the expression for the error
E is then
V2H,; +k*H;=E in V. (3.15)

For a weighting function W, the weighted integral becomes
fv WV i + K H) Vi = fv WEdV; (3.16)

where V; is the domain of the i** FE. When H.; tends towards the solution, E tends
to zero.

Equation (3.16) is implemented for all the finite elements that form the domain of
the solution. The patch work of H.; solutions will make up the global approximate
problem solution H,.

In the case of open problems, the domain V is infinite. To limit V to the region
of interest and explicitely include the boundary condition defining the problem in
Eq.(3.16), Green’s first theorem is used. Green’s first theorem will also reduce che
requirements on the continuity of the derivatives of the patch solutions .F}',,..-. As it is
now, Eq.(3.16) contains a Laplacian term which involves second degree derivatives.
To have well defined integrals of the Laplacian, H_; has to have a continuous first
derivative; if the Laplacian is reduced to a gradient, H; need only be continuous,
Green’s first theorem is as follows{35):

_f .o 2
jv (Vu- Vo)dV = fs ug dS - .[v uV? dV (3.17)

where: V is the domain,
S is the boundary enclosing V/,
u and v are two continuous functions with continuous second derivatives.
When Eq.(3.17) is substituted in Eq.(3.16) with u replaced by W and v by Hy;, the
weighted residual integral becomes

- " OH ;
LI * : - 2 ' + — -_z-l. T
jv ' (VW; - VH,) dV; ~k jv WH,; dV, /S .- Wi dS;=0  (3.18)

where: V; is the domain of a FE,
S; is the boundary enclosing V;,
and E, the error, has been set to zero.
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3.2.3 Tetrahedral Element and Interpolation Functions

The tetrahedral element in Fig.3.3 has been chosen to subdivide the domain V into
finite subvolumes V;. This choice, as will be seen in the following developement, is
the best one when it comes to representing irregular geometries. The mathemati-
cal properties the tetrahedral shape posseses, allow & high degree of automation in
performing derivations and integrals analytically.

Node t ¥>(i=2,j=0,k=0,=0)>alpha 1
Node 2 »(i=1,j=1,k=0,1=0)alpha 2
Node 3 »>(i= ) j=0,kul I=0)>alpha 3
Node 4 >(i=1j=0k=0=1)>alpha 4
Node 5 >>(i=0,j=2,k=0,l=0)>alpha 5
Node 6 »(i=0,j=1k=1)20)>alpha &
Node 7 »(i=0j=0k=2,1=0)>alpha 7
Node 8 »(i=0 j=0k=1,I=1)>alpha 8
Node 9 »(i=0,j=0,k=0,1=2)>alpha 9
Node 109>(i=0j=1,k=0,1=1)>alphs 10
i

Figure 3.3: The tetrahedral element and its node indexing

The Simplex and Simplex Coordinates

A simplex § in N-dimensional space is the minimal non-trivial geometric figure in
that space. In 2-D, it’s a triangle defined by 2+1 vertices. In 3-D, it's a tetrahedron
defined by 3+1 vertices.

When a point P is positioned inside an /V space simplex, it divides it into N +1
subsimplexes each of which has P as a vertex and the remaining N chosen from the
N 4 1 vertices of the original simplex. See Figure 3.4. The ratio of the size of the
N +1 subsimplexes to the size of the original simplex define NV 4 1 local coordinates
called simplex coordinates. These coordinates define exactly the position of the point
P in the simplex S. The size of a simplex in 1.D refers to its length, in 2-D to its
area and in 3-D to its volume.
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PI

P4

P3

Figure 3.4: One simplex divided in four subsimplexes

Let &,,6;,83, 64 denote the four simplex coordinates and P, B, By, P; represent
the four vertices of & simplex S. The coordinates of a point P inside S are given by:

| £
Vi
632??- .|=-,é' (319)

where:  V is the volume of the simplex $
W, is the volume of the subsimplex having P, P;, Py, P, as vertices,
V2 is the volume of the subsimplex having P, P,, P;, P, as vertices,
Va is the volume of the subsimplex having P, Py, P;, P, as vertices,
V4 is the volume of the subsimplex having P, P, P,, P; as vertices,

To note that when P coincides with one of the vertices P, Py, P or P,, say P,
then §; = 1. When P falls on a face defined by say Py, P;, P then §, = 0. A point
P on an edge travelling from one vertex P to P, will see the simplex coordinate §,
vary from 0 to 1. When P is halfway between P, end B, 6; = 1/2.

The volume of the tetrahedron simplex defined by four vertices P,, P, P, P, such
that the coordinates of vertex P; is

Rat(z=z,y=y,2=2) (3.20)

20



is given by

1
V=§i

— =

1

I
X2
I3
T4

h A
2 22
Ya 23
Va 24

(3.21)

When the point P at (z,y,2) is inside 5, we can define the coordinate simplexes

8,62, 85, 64 s follows:

1 =z
§ 1 1 z
17w 1 X3
1.‘84
1 =
n = =) 1 =z
3 v 1 T
1 Ty

Using the cofactor expansion along the first row,

rewritten as

i
Lz ]
4

)
th
¥
Ya

I
.".’l,_.
<|
e

0
(5]
-:l"'
-

T
|
Z3
Z4

x
3]
z;
T3

Yy
h
Y3
Y4

y
th
Y2
Ys

z
4}
23
24

z
2
22
23

the simplex coordinates can be

§=A1+Biz+Cy+ Dz
82 = Ay + Baz + Cay + Daz
83 = Az + B3z + Cay + Daz
6,=As+ Bz + Cyy+ Dyz

where: A is the cofactor of entry e;; in the definition of 6;,

B; that of entry e;q,
C; that of entry ez ,
D; that of entry 4.

(3.22)

Equation (3.22) will define a point P as a function of local simplex coordinates

6., 8,, 6, 64, themselves being functions of the global Cartesian coordinates.

Interpolation in a Tetrahedron

To be able to approximate the solution H_; inside a tetrehedral FE, one must use
interpolation functions that are defined inside the FE. The variation they will provide
should represent the variation of the real solution H; over the FE. The solution H;;
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will be locally defined by values of the field H, at special positions in the FE called
nodes.

The choice of the order of these interpolation functions depends on many factors.
In 2-D, it bas been found that it is better to use a coarse meshing, i.e. larger finite
elements, and higher order interpolation functions than a fine mesh, and lower (first)
order interpolation[14]. For a situation of similar node numbers, the former case will
achieve a smoother fit due to the interpolation functions curvatures as opposed to
a linear segment fitting. No similar result has been documented for 3-D problems.
A complete second degree polynomial interpolation function set defined by 10 nodes
values has been chosen for this work. The polynomials, called alpha functions and
denoted as a can be determined via the following expression:

Ru(iod) = — Tl (b =8) m>0
> k=0
aijit = Ri(ng, 61)R;(no, 62) Ri(no, 63) Ri(1o, 84) (3.23)

RO(nD: 6) =1

where: i 4+ j 4 k 4+ | = ng, no being the order of the polynomial.
The alpha functions are obtained by permutating the values 0,1 and 2 between i, j, &
and ! and keeping the sum ny = 2. The ten functions in sequence are:

o = 20d-a @ = 4daom

Qg = 40.'1(!2 (a4 = a§ - Q3

Q3 = 4&103 Qg = 4&304 (3.24)
ay = 40104 Qg = 203 - Oy

Qg = 20% - Qg Qg =~ 40204.

These functions are associated with their respective node values of H; as displayed
on Fig.3.3. The node positions are such that the alpha function is identicaly one on its
corresponding node, zero on all the other nodes and outside the FE, and different then
zero everywhere else. The interpolation polynomials have one important advantage.
They are expressed in terms of local coordinates and thus do not depend on global
coordinate transforms. The work involved in evaluating Eq.(3.16) with these functions
can easily be programmed because the integration variables 6,, 4, 6;,8, always vary
from zero to one.
The approximate solution H; written with the functions given in Eq. (3.24) is:

. 10
H::l' = 20;(61,62, 631 64)"’:1' (3'25)
i=0



where: hg; is the value of H. at node 3.
The solution H_; will match h,; exactly at the node positions and will be interpolated
in between.

3.2.4 Single Element Contribution

The single element contribution is obtained from the evaluation of the integral in
Eq.(3.16) for one FE and the use of the expanded expression of Eq. (3.25).
When W, the weighting function used in Eq.(3.16) is defined as

OH
Oh;
there will be ten possible weighting functions consisting of the ten interpolation alpha
functions. This manner of defining the weighting functions is known as the Galerkin
approach of the weighted residual method.

Substituting the ten W;'s and the expression of Eq.(3.25) for H., one obtains ten
integral equations of the form

W=

=y, (3.26)

10 2 10 BH, .
-/;.' [Va.--V(Za,-h,j) -k a;(Zajh,,-)] dV.' —./;i Q; an ng=0 z=1,2,...

i=1 Jj=1
(3.27)
where V; and S; are ,respectively, the volume and surface of the it* FE.
It is possible to take all constants and summation signs outside the integrals because
of the linearity property:

0H;

10
, - N % PP A f— =
3 haj '/;' (Va; - Va; — Kosa;) dV; =

i=t

dS;=0 i=1,2,... (3.28)

If the first integral is denoted by F1;;, the second by E2;; and the last by E3;;, the
full system of linear algebraic equations can be written out in matrix form:

A.l.l e Al.lﬂ g:: _ g (3 29)
AlO.l AlO,lO H: 10 (:)

where A;; = Fl;j — E2; - E3;.
The evaluation of the E terms can easily be systemized due to the type of inter-
polation functions used. For the first term E1,;, the expression to be evaluated works
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out to be:

osay - [ 0a8a; 800 8o da;y .,
GVt = [ Rt g T ) M B0

With the use of the chain rule and Eq.(3.22), the derivatives with respect to the global
Cartesian coordinates can be expressed in terms of the derivatives with respect to the
local simplex coordinates as,.

Ba; _ 00; 86,  Oa; 06,  Oo; 063 | Oc; 85,

oz a_aEJ’a_ag'éEJ’a_&aEJ’EsTa}"

aal aa. 30:. 3 Oo;
= B‘aa +B’aé +B“36 +B4ab.4 ZB"aa . (3.31)
Similarly for the other terms in (Eq.3.30) so that E1 becomes:
(e Ve = [ (0 BN B

l k_.

2 cka"")+(zo,,3"' C.o5h v (3

(Z Cime

k=1
The second term E2;; does not need to be manipulated and can be integrated directly.
The last term E3 is where the ABC is applied. The different ABC’s in this work
are derived in Section 3.4 of this chapter. The following section explains how the
ABC'’s are incorporated in the FE method via the term E3.
The actual evaluation of the integrals in simplex coordinates is worked out in
Appendix B for volume and surface integrals.

3.2.5 Implementation of ABC’s

The first ABC to be implemented is the one known as the Sommerfeld’s ABC. It
approximates the variation of the field in the normal direction to the boundary as

dH,
e ' (3.33)
When Eq.(3.33) is substituted for the term &= in E3, it becomes
f an. —=dS; = —3k2h,, j; a;o; dS; (3.34)

i=1 !
This term is now similar to E2 and its evaluation is straightforward. Eq.(3.34) differs

from E2 only by a constant factor jk and by the fact that E2 involves a volume
integral and Eq.(3.34) is a surface integral.
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A higher order ABC similar to Sommerfeld’s is the one derived by Bayliss and
Turkel[18]. It defines the normal derivative of the field as

dH. H
L= - ==, 3.35
on jkH: 1‘ ( )
With the Bayliss-Turkel ABC, E3 becomes
OH; 10 . |
fs st dSi= -?:: haj fs G+ )aog dS (3.36)

The term with r inside the integral can be taken out if the outer boundary of the
problem on which ; falls is chosen spherical. r, then, refers to the distance from the
source to the boundary and can be considered constant.

A different ABC, more involved in computation, but more accurate theoretically,
is an ABC that defines

OH(F) 3’ r'r' 6r,r’6Hr’

This ABC is derived in detail in the Section 3.3.2. The surface mtegral defining E3,
once (3.37) is used, becomes

SH(r) ,o 1 O*¢(r,r) _ Bg(F, ) OH(T), ;e
fsi“‘—a"n_’ds“af .-fsf""'[m(") andn’ an on ”Sdfws)

The first integral is computed over the face S; of the tetrahedral element using a
Riemman sum with n = 4. The second integral is evaluated similarly; the kernel is
described in more detail in Section 3.2.2.

The use of this last ABC will reduce the sparsity of the system S obtained with
the finite element method. Unlike the two previous ABC’s whose contributions are
functions of the nodes on the finite element being handled, the new ABC has con-
tributions in terms of all the nodes on a whole layer of finite elements enclosing the
source.

3.2.6 Notes cn The Global System Matrix S

After computing all the expressions for the single element contribution, the matrix
system is incorporated into a larger linear system of equations S representing the
whole domain of the problem. The rows in the smaller single element contribution
system are added to rows in S corresponding to the same global node numbering.
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Rows corresponding to Dirichlet nodes in the problem are all zeroed except.l for the
diagonal entry which is set to 1. The entry on the right hand side is set to the value
of the Dirichlet node. This scheme eliminates the need for row and column shifting
- and node number tracking when a row is deleted from the system S. In matrix form,
the system is represented as

(S]{H] = B] (3.39)

where: [S] is the square system of linear algebraic equations describing the whole
problem,
[H] is the column vector of nodal unknowns,
[B] is the right-hand side filled with the Dirichlet values.

The same procedures are repeated to obtain solutions for H, and H,.

3.3 Boundary Integral Formulation(BIM)
3.3.1 Introduction

The FEM, with today’s computing capabilities, does not permit a solution for a very
large domain to be computed. The limitation encountered when working with open
problems may be unacceptable and other methods have to be considered. When the
inhomogeneities are enclosed by a surface 5, integral methods become more suitable.
They are, in these situations easier to implement, less demanding in computing re-
quirements and provide a faster solution. One such method is the Boundary Integral
Method or BIM.

The BIM will provide an alternative to the FEM and allow a comparison between
two numerical methods. It will also be combined with the FEM to yield an alternative
ABC. In the next section, the integrals to be used for BIM are derived and the
adaptation of the method to the situation described in Section 3.2.1 is described.

3.3.2 Derivation of the Integral Expression

The expression needed is a solution to a boundary value problem in a three-dimensional
domain. Starting with Green’s first identity in vector form,

—o. -— -o' ’ - — - -c_-. - =
L(Q VxVxB-P.VxVxJ)dV '/;’=S;Us;(PxVxQ QxVxP)ds (3.40)
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Figure 3.5: General volume enclosed by a surface

where: V is an arbitrary volume,
S’ is the surface enclosing V/,

§ and P are two vector functions wiih continuous 1* and 2™ derivatives.
As it applies to our situation, V' is homogeneous and source free. It is also infinite.

Figure 3.5 illustrates the extent of V, S and the terminology used in the equations
to follow.

The choice of the vector functions P and @ is completely arbitrary. Since the
problem is solved in a homogeneous open domain, one can replace ¢ by

eIk

(3.41)

where: & is a unit vector of arbitrary orientation,
, 7 are respectively the observation and source point position vectors.

@ defined as in Eq.(3.41) is recognized to be the Green's function represei:ting the
magnetic vector potential due to a point source in a homogeneous domain. Any other
@ satisfying the particular boundary conditions of a problem can be used. Bis chosen
to be the magnetic field 28 '

In the frequency domain the following equations will hold and will be useful for
derivation:
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V x E = —jwuH - M; V.E"=§
VxH=juE+J; V-H=2
V-f=—jwp; V.-M=-jum

Vi - K =0 (3.42)
VXxVXE—kE=—jupJ-V xM (3.43)
VxVxH-kH=—jwueM+VxJ (3.44)

where: w is equal to 27*frequency

J and M are the electric and fictitious magnetic current densities
p and m are the electric and fictitious magnetic current densities
¢ and u are the scalar permitivity and permesbility for a homoge-
neous isotropic media.

If the magnetic field & is substituted for P and the Green’s function ¢é for G,
Eq.(3.40) becomes

fv ($8-VxV x F~H-VxVx(¢a))dV = js o (AxVxga-gaxVx MdS (3.45)

The surface integral over S, has been reduced to zero since it extends to infinity and
the H-field becomes null.

The first term in the integral can be, with the help of Eq.(3.44),written as
fv ($6-V x V x H)dV = _[V a-k2H¢ - jweMo+(Vx Nl dV  (3.46)

By making use of the vector identities A1, A2, A3, A4 and A5 (in Appendix A),
the divergence theorem, and the fact that the Green's function satisfies Helmholtz
equation as in Eq.(3.42), the second term in Eq.(3.45) can be transformed into

fv (F-VxVx(¢a)dv = fv [V-[@-Ve)d} - (a.V) (V- H) + F - ak*¢] av
= [ -2k (a- Vo) dV +
fs (& V)i -7dS'. (3.47)
The right-hand side of Eq.(3.45), with the identity A6 becomes

fs (FxVgi-daxVH)S = .ﬁ | &[(7, x H)x Vé+da- (7, x (Vx H))] dS, (3.48)

1

28



The last terms in Eqs.(3.46) and (3.48) can be rewritten as
j;(Vx.f)qde=_/‘;(JxV¢)dV+fS} (A, x J§) dS, (3.49)
and
jﬂ. ¢4 (A, x (Vx H)) dS, = fs, & [jwe(i, x B)o+4, x Jg|dS;  (3.50)
1 1

with the the help of A6, A7 and Eq.(3.53).
By recombining Eqs.(3.46),(3.47),(3.48) and replacing terms defined by the iden-
tities (3.49) and (3.50), Eq.(3.45) becomes:
] - JweM¢+(Jxv¢)+--v¢) dv = f Ljwe(i, x B)p+ (7, x B x Vo+ (- H) V) dS]
(3.51)
The volume integral will reduce to zero if S; encloses all the sources and V' becomes
a homogeneous domain. Equation (3.51) then simplifies to

fs ljweli, x B)p+ (#, x B x Vo + (A - H)V¢] dS; =0 (3.52)

On the imaginary surface S, there will be no physical current density J and thus,
V x H = jweE. ’ (3.53)
Equation (3.53) can be used to write EQ.(3.52) in terms of the magnetic field H only;
fs; [7, x (V x g+ (7, x H x Vo + (i, - H)V4]dS; =0  (3.54)

This last equation has a simplified form in the case of Cartesian coordinates and can
be reduced to

f;' [Ha = ]dS =0 (3.55)

Identities A2, A3, A8 and A9 are used for the tra.nsforma.tion.

The definition of the Green’s function as in Eq.(3.41) will have a singularity when
r', the integration variable, is equal to . The singularity has to be eliminated since the
H-field is differentiable and continuous everywhere and Eq.(3.55) is a finite integral.
The discontinuity in ¢ will occur when the observation point r lies on the surface S;.
To circumvent this problem, the integral over S; is partitioned into three integrals

f [H = af{ o2 ds, + fs,[---ldsz + fs [Jas, =0 (3.56)
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Figure 3.6: Surfaces of integration around the singularity

where S,,5; and S, are depicted on Fig.3.6.
The center of S, isat P, = [r - r'| = 0, and because fi, is directed inward,

o ., _9

on, = or’
Over S,, chosen as a sphere, the variable of integration is constant and is denoted by
f',.

(3.57)

8¢ 8¢ c"""

[k + —] (3.58)

The integrals over S, and S, as r, tends to 0, become two values to be added to
the result of the integral over S}. If H, and %’: are defined as the average values,
respectively, of the x-component of & and %g at r,, Eq.(3.56) can be written as

TG ACLE L P AL L) L0y g1 ast=o

(3.59)
with a negative sign before S; since i = —#,. 2 is defined as the solid angle subterted
by S;. The sphere S, subtends a solid angle of 4 steradians and the half sphere S,
an angle of 27 steradians. If the limit is taken, Eq.(3.59) is simplified to

Br) = gy e — $t] 451 (3.60)
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If the observation point does not lie on Sy then £ = 0. The boundary integral
equation for all three Cartesian coordinates at an arbitrary observation point r is

given by:
8 (r )

A = g §, 1AC 7200 _ gir, ) T 4 (3.61)

where r = \/ (z — 22+ (y—v')? + (2 — #')%. Equation (3.61) appears sometimes
in the more popular BEM formulation, however, in this instance, the integral in
Eq.(3.61) is simply used, because the kernel is available for computation, to obtain
the magnetic field H anywhere outside the surface S. No systems of equations are
required to obtain the fields. This same equa‘ion is also used in the FEM to evaluate
8H/8n by taking its derivative(see Section 3.2.5).

3.3.3 Adaptation to the Model

Equation (3.61) shows that, if a field on a closed surface is known and the derivative
in the direction of the normal to the enclosing surface, is known, the field can be
computed anywhere outside the surface.

The adaptation of the integral in Eq.(3. 61) to the problem depicted in Fig.3.7
starts by defining the surface 5’ as

5§ =55 (3.62)

where S is the image of S, with respect to the ground plane. This trick has to be
used since the domain, through out the derivation of Eq.(3.61), has been assumed
homogeneous. Image theory takes care of the effect of the ground plane and provides
the homogeneous domain necessary for Eq.(3.61) to hold. Another approach would
have been to derive the Green’s function ¢ for an infinite space divided by an infinite
perfectly conducting plane and integrate (3.61) over Sy only. This would have the
same result; however, S; would have had to be closed by a surface S; (see Fig.3.8). The
surface S, is just above the ground plane and would extend beneath any apparatus
under test resulting in awkard situations for the purpose of measurements.

For the integral kernel in Eq.(3.61), the magnetic field H will be measured and is
thus known on S;. To obtain an evaluation of the normal derivative £2 a , an approxi-
mation is made via the first order forward-difference formula

dH _ H(z + An) — H(z)
dn An )

(3.63)
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Figure 3.7: Domain and boundaries for BIM solution
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Figure 3.8: Domain and boundaries to be considered when image theory is not used
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Figure 3.9: Fields generated by a current filament

The step size An is defined as e fraction of the wavelength the problem is being solved
at. The normal on S, as depicted on Fig.3.7 depends on which face of the cubic cover
is being considered.

By making use of image theory and analyzing the magnetic field generated by
a short current filament above ground, as in Fig.3.9, the relations between H and
H' (the image field), and %ij- and % can be derived from the requirement that the
pormal component of the magnetic field on a perfect conductor is zero. Table 3.3
summarizes these relations for all possible normal vectors # and field components.

To evaluate the integral over S, a numerical representation of the surface is
needed. This is already available from the mesh that was obtained in the FE method.
However, only the first layer of finite elements is used. The mesh does not need to
be extended far. The nodes generated by the one layer of finite elements define the
positions where measurements are to be made (see Fig.3.10). The basis functions
used in FEM are used here to obtain interpolation values for use in the integration.
The values of H{z + An) are obtained in this fashion.

The integral itself is evaluated as a summation of four points on the surface of the
bases of every tetrahedral element lying on the Dirichlet boundary. Each triangular
base is divided in four equal patches, as in Fig.3.11. It was observed that a finer
subdivision of the triangles only slowed the execution without any appreciable gain
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T Tr=z[A=—2]|n=3|h=-i|A=E]h=—3
H 1 1 1 1 1 1
"1 T 1 1 1 i
H. -1 -1 -1 -1 -1 -1
23z 1 1 1 1 1 1

I T S T W I

EET T | 1 [ 4 [ 1 | 1] 1

Table 3.3: Correction factor for obtaining the image quantity

b * 3 MNodes on 1 FE used for the
evalustion of dHzdn

e Nodes lying on the bases of the
FEs in the first layer of the FE meah,
The bases deline Lhe surface §',

] ' the surface of the cube.

) 4 Typicel FE In first
layer of Lhe mesh

L > g

Figure 3.10: Definition of the integration surface with bases of FE's tetrahedrals

in accuracy.

The contribution of every integral over a given triangle is accounted for twice in
order to integrate over the image surface as well. The values of the images of H,
and %’—ff were obtained by implementing the sign corrections dictated by Table 3.3
without the need for the involved calculations rising from the interpolation of the
field values between nodes.

A clarification about the necessity of using an appropriate evaluation expression
for the derivative of the field is necessary. Unlike the finite element approach where
derivatives were obtained directly by derivating the interpolation functions, the same
cannot be done to obtain a good derivative of the field in the BIM situation. In
the finite element method, derivatives at a vertex and in any direction add up to
derivatives at the same vertex in parallele direction from other adjacent elements to
give a valid final evaluation. This process occurs when single element contributions
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Figure 3.11: Triangle surface subdivision

are added to the global system of equations. Thus, an expression obtained from the
derivation on a single element at a given vertex end in a direction parallel to the
opposite edge direction will be incomplete because at that position the finite element
has no depth. As the point is moved closer to the opposite edge, the derivative
becomes more accurate. A diagram describes the situation in Fig.3.12. This means
that in the BIM integral a complex algorithm would have to be devised to determine
the location of a point in a finite element and catalog all the adjacent finite elements.
The alternate route of forward difference formula was chosen to reduce execution
time.

3.4 ABC’s Derived
3.4.1 Derivation of the Local Type ABC

Two local ABC'’s are used in this work. They are derived from Wilcox Expansion
theorem for electromagnetic fields{16). The theorem states that:

Theorem 1 If A(r) is a vector radiation function for a given r > ¢ where (r,6,¢)
are spherical coordinates, then A(r) has an ezpansion:

- jkr o© A
A(r) = ejr > A"Ef,’ 2

(3.64)

n=0
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At position 1 the FE has no
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Figure 3.12: Position of points that provide innacurate derivation estimates

which is valid for r > ¢ and-which converges absolutely and uniformly in the param-
eters .8 and ¢ in eny region r > c+ ¢ > ¢. The series can be differentiated term

by term with respect to 1,0 and ¢ any number of times and the resulting series all
converge absolutely and uniformly.

A definition of a vector radiating function is given in theorem 2.

Theorem 2 If A is a vector field defined in an ezterior domain D. A is a vector
radiation function for D if and only if the Cartesian components of A are scalar
radiation function for D and
lim ') 3. A(r) =0 0orv.4=0 (3.65)
where £ = rf.
From these two theorems, it can be assumed that the Cartesian components of &

can be expressed as in Eq.(3.64) given that H is a vector radiation function satisfying
the Helmholtz and radiation condition, and that V- H = 0. For H. the series is

H, = e’:' $> Hanl0,9) (3.66)

n=0 Lt

If the normal 72 is chosen in the direction of the spherical! coordinate r, as is the
case when the outer boundary of the FE mesh is spherical, and if the boundary is far
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Figure 3.13: Sketch of spherical boundary and the relation between r, r; and the
source position

"enough” (see Fig.3.13 for details of such a configuration), the derivative with respect
to n can be replaced by a derivative with respect to r.

O0H: OH.
B g = JkH: - -H + Error(0?). (3.67)

The above equation is known as the 1* order Bayliss-Turkel ABC. If only the first
term of Eq.(3.67) is retained, a simpler but less accurate expression is obtained.

oH, _
ar

(3.68)
is known as Sommerfeld’s ABC.

3.4.2 Integral Type ABC

In Section 3.3.2, an integral solution to the wave equation was derived. The solution
rewritten here for convenience is

AR = - §, EHET) _ 420y (3.69)

The absorbing boundary condition must provide an evaluation of 2z, If the
derivative is applied to Eq.(3.69), it becomes

OH (T
7(1-) 4;;.?& (B )a¢én, - ¢(F, ")6H(F))d5’ (3.70)
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The normal n is defined by the outer boundary of the problem. n’ is the nor- °
mal with respect to the surface where H, would be already known and can be any
interior surface up to the Dirichlet boundary; however, it must still enclose all inhomo-
geneities. The two surfaces are distinct and are described by two separate coordinate
systems; one for the observation point and the other for the Dirichlet surface. By
Leibnitz’ rule{37], the derivation can be moved inside the integral and performed
before the integral.

QA 1 5 (R F)  88(F7)OHP),
“on ~wmfe O g ~ "o o ) @7)

As in the BIM integral of Eq.(3.71), the evaluation is done in the same fashion
as in Eq.(3.51). The two equations are similar except for an extra derivative on the
Green’s function. An analytic expression is easily obtain for these derivatives once
the normals are identified.
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Chapter 4

Results and Discussions

4.1 The Source Field

The source used to generate the excitation fields in all the approaches has been de-
scribed in Sec 3.1. Figures 4.1-4.6 illustrate the complexity of the source field achieved
with 16 point sources. The real and imaginary part of the Cartesian components of
the magnetic fields are given in the near-field at a distance of 1.5m. The signal is a
monochromatic signal at 40 MHz with a wavelength of 7.5m. Because the numerical
algorithms solve for the real and imaginary parts of the Cartesian components of
the magnetic field, the results are plotted in this format to avoid any attenuation of
improvements due to the transformation to spherical or magnitude and phase formats.

The expression for the source field has been sampled at positions specified by the
mesh generation. In the case of the FEM solution, the positions coincide mainly with
nodes at the extremities of, and half-way on all edges of faces of tetrahedrons lying
on S;, the Dirichlet surfoce. The values of the three Cartesian components of the
magnetic field are required. The boundary integral method requires field values for
all nodes in the first layer of finite elements adjacent to S;. Usually, that is the only
layer present, however, if the mesh has been generated for use with the FEM, then
that may not be the case anymore.

4.2 The Mesher Results

The solution domain described in Fig.3.2 has been discretized using a tetrahedral
mesh of finite elements. The discretization required 680 tetrahedrons. The domain
mesh was creatcc from 243 primary node points and 1106 secondary nodes defined
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Figure 4.1: Real part of the x-component of the magnetic field created by the valida-
tion source at & distance r=1.5m from the origin
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Roal past of Hy(A/m)
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Figure 4.3: Real part of the y-component of the maguetic field created by the valida-
tion source at a distance r=1.5m from the origin
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Figure 4.4: Imaginary part of the y-component of the magnetic field created by the
validation source at a distance r=1.5m from the origin
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Figure 4.5: Real part of the 2-component of the magnetic field created by the valida-
tion source at a distance r=1.5m from the origin
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Figure 4.6: Imaginary part of the 2-component of the magnetic field created by the
validation source at a distance r=1.5m from the origin
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halfway on the 1106 edges needed to form the tetrahedrons. These numbers are the
ones that set the size of the final system of equations [S] defined in Eq.(3.39). The
mesh defines 243+1106 complex unknowns. Figure 4.9 shows the outer tetrahedron
faces delimiting the solution domain. It represents Ss, the outer boundary. On
Fig.4.8, one can see S; and S, as defined in Fig.3.2. To be able to apply the first
Bayliss-Turkel ABC (BT1), which is more efficient on spherical boundaries, the outer
surface S3 has been mapped onto a spherical dome as in Fig.4.11. The corresponding
surfaces Sy and S, are given in Fig.4.10.

The boxes in Figs.4.8 and 4.10 representing S, have dimensions 1.5mx1.5mx1.5m
and the center of its base is located at the origin of the coordinate system. The
plate surrounding the box in Fig.4.8 represents S; and has dimensions 3.0mx3.0m.
Figure 4.9 shows the cover, S, that bounds the solution domain. Its dimensions are
3.0mx3.0m and & heigth of 2.0m. In Figures 4.10 and 4.11, the spherical dome(S;)
and its base(S;) have a radius r = v0.52 + 0.5? + 2= 2.91m. All the faces of
the tetrahedral elements making up the surfaces S, S; and S, are identified with
respect to which type of boundary they represent for proper computation of the
system [S]. The tetrahedral shapes are the ones obtained if a cube of .5mx.5mx.5m
is divided into five tetrahedrons as in Fig.4.7. The distance between nodes, because
the interpolation is a second order interpolation, is 0.25m on two thirds of the edges
and 0.25v/2m for the rest or, 21 nodes/wavelength in the worst case. The second
layer of FE suffers a deterioration of the number of nodes per wavelength because it
has been stretched to map it onto a spherical dome. In some rare case, the ratio can
decrease to 15 nodes/wavelength.

Another mesh has been generated for the purpose of executing the boundary
integral algorithm. It has the same shape as the mesh in Figs.4.8 and 4.9 but is
limited to only one layer of FE with a ratio of nodes per wavelength of 42, This
second mesh has 580 tetrahedrons connecting 258 points via 1093 edges.

4.3 ABC Results

The application of the FEM method for an open problem has necessitated the use
of absorbing boundary conditions. The choice has been restricted to one local ABC, '
the first order Bayliss-Turkel(BT1) ABC, and an integral ABC. The eccuracy of
each of the absorbing boundary conditions has been evaluated directly before being
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Figure 4.7: Actual shapes of tetrahedrons used in the”FEM mesh

Figure 4.8: Dirichlet and ground plane surfaces (S, and S;) generated for the FEM
mesh and integral ABC
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Figure 4.9: Open boundary surface (S generated for the FEM mesh and integral
ABC
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Figure 4.10: Dirichlet and ground plane surfaces (5, and S;) generated for the FEM
mesh and BT1 ABC ,
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Figure 4.11: Open boundary surface (S; generated for the FEM mesh and BT1 ABC
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incorporated in the FEM method.

The analytical values of the derivative of the source field in the radial direction

were computed using the two point forward formula. The values obtained have been
compared with the BT1 and integral ABCs’ values. The evaluation was done at a
distance of r=2.91m which is the extent of the FEM mesh. A distance of 21m was
also used to show the improvements of the local type ABC as one moves away from
the source. The elevation angle 6 was in both case equal to 37°.
Figures 4.12 to 4.21 show the real and imaginary part of the derivative with respect
to the radial variable for the three Cartesian components of the magnetic field. The
improvement is most noticeable in the imaginary part of the ABC. As the observation
point is removed further away. The two ABCs converge toward the analytical values.
For the 21m distance only the imaginary parts are given since that is where the change
occurs.

The improvement with the integral ABC compared to the BT1 ABC can be even
more drastic if a more complex source is chosen. In this study, the BT1 has been
advantaged by the fact that the derivative with respect to r of the point source
analytical field expression is very well approximated by the BT1. One has only to
compare the Bayliss-Turkel ABC,

OH. } H. IAz _. [k 25k 1
huduiot S Lt P L A At
5 Tk H, p yp e [ ] (4.1)

and the derivative with respect to r of H;.

OH, _ 18z _y, [kz 25k 2]

or 4 r rt 3

(4.2)

In fact the error of approximation decays as 0% Furthermore, there is no series
truncation error in this instance. The derivation with respect to r itself does not
introduce much error given that the sources are relatively close to the origin. As
the observation point is removed, the convergence of the two ABCs to the analytical
values becomes perfect.
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Figure 4.13: Imaginary part of 8H,/3r at r=2.91m and 8 = 37°
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Figure 4.14: Real part of 8H,/r at r=2.91m and § = 37°
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Figure 4.15: Imaginary part of 8H,/0r at r=2.91m and § = 37°
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Figure 4.16: Real part of H,/0r at r=2.91m and § = 37°
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Figure 4.17: Imaginary part of dH,/0r at r=2.91m and 6 = 37°
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Figure 4.18: Imaginary part of 0H;/9r at r=21m and 8 = 37°
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Figure 4.19: Imaginary part of 8H,/8r at r=21m and 8 = 37°

35




0.05f )
[ —— Analytical
-------- BT 1t order
0.03} ~——~- Integral ABC

0.01}
-0.01 |

-0.03 |

-0.05 |

0 30 180 270 360
Azimuthal angle ® (degrees)

Imaginary part of dHz/dn (A/m2)

Figure 4.20: Imaginary part of 8H,/0r at r=21m and § = 37°
4.4 FEM Results

The finite element method results have been obtained for the mesh depicted in Figs.4.8
and 4.9. The absorbing boundary conditions have been implemented in the solution
to be able to use a truncated mesh. The outer boundary has been placed at one
seventh of a wavelength from the Dirichlet boundary. The figures 4.21 to 4.26 display
the results obtained with the best combination of mesh shape and ABC. The best
results have been obtained with the BT1 local ABC when the outer boundary of the
mesh is spherical. The reasons have been covered in Sec.3.3. The integral ABC gave
better results when the mesh had a cubic outer boundary. The underlying reason
is a simple question of resolution. Because the aumber of collocation points for the
evzluation of the integral in Eq.(3.61) on every facet has been maintained constant
and because the facets are stretched to form the spherical boundary, the resolution
decreases resulting in better results with the cubic mesh.

Figures 4.21 to 4.26 show the real and imsginary part of the three Cartesian compo-
nents of the magnetic field at an elevation angle of 8 = 37° and a distance r = 2.91m
(the furthest possible within the cubic mesh). The system of equations obtained with
both numerical approaches had 1398 complex unknowns partitioned into 2698 real
unkowns (real & imaginary). This was necessary because the package(37] to solve
the system was available only for real systems. The system was solved using a di-

-
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agonally scaled biconjugate gradient iterative method. The filling percentage was
0.911%, 0.911% and 0.83% for the three z,y and z components respectively with the
local type ABC and 17.17% for the three components when the integral ABC was
ased. The execution time was of 72 seconds in the first case and 525 seconds in the
second case on a Digital 3100 RISC station.

4.5 Discussion of FEM and ABC Results

Although the far-field to near-field transformation has not been achieved with the
FEM -only a distance of A\/7 was possible-, the approach has allowed the study of
the local ABC and the derivation of an integral ABC for early mesh truncation. The
integral ABC has been shown to work extremely well for a very close outer boundary
with the advantege of not being dependent on the source complexity or position.
For even higher accuracy, a finer mesh would do the same for both types of ABCs,
however a more accurate integral evaluation for the integral ABC can provide better
results for the same mesh. .

The degree of improvement shown from the integral ABC to the local ABC as
shown in Figs.4.12 to 4.20 has been attenuated when the expressions are incorporated
to the FEM system. One hypothesis, that can be advanced as an explanation for
this is that an averaging of the error or improvement is occuring over all the nodal
unknowns.

The mesh size has been limited by the computer memory. The use of the integral
ABC puts an extra strain on memory requirements but provides very good results
with more flexibility as to the choice of outer boundary shepes and proximity to
the source. With the local ABC, the mesh can extend a little further, however the
accuracy of the results would still depend on the complexity of the source and the
degree of variation of the field.

With the advent of ever larger and faster computers most memory and execution
time considerations will become obsolete. But a global ABC such as the integral ABC
or any ABC that would provide accurate results for any source with the added choice

of being able to truncate the solution domain to the area of interest would always
keep the edge.
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4.6 BIM Results

As an alternative to the FEM use for the near-field to far-field transformation, the
application of which faces technical limits, the integral boundary solution has been
used to perform the transformation. The method provides field values at any desired
range with a very short execution time. Figures 4.27 to 4.38 show the magnitude and
phase of the spherical components of the magnetic field at a distance r = 2.91m(same
s FEM figures) and 30m (far-field). The elevation angle 6 was 37°. The agreement
between the analytical results and the boundary integral’s is very good with maximum
error in the order of 2.5%. A discrepancy in the radial component at 7 = 30m can be
noticed however. It can be explained by the fact that the magnitudes involved are
very small and that numerical errors due to a low resolution in the integration method
over the Dirichlet boundary starts to take over. A remedy would be to increase the
number of collocation points in the integral s well as the use of a finer mesh. The
mesh used, as mentioned before, is similar in shape to the one depicted in Figures 4.8
and 4.9. It has however a ratio of nodes/wavelength of 42; i.e. twice that used for
the FEM. Unlike the FEM, the use of the mesh does not put any restrictions on the
size of the problem or the range to which far-field transformation is needed because
only a thin volume surrounding the Dirichlet boundary is discretized.
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Chapter 5

Conclusions

The intent of this thesis has been to derive a method to transform near-field mea-
surements’ to far-field values. The problem is a three dimensional wave propagation
problem. The finite element method was used first. It required the generation of a
finite element mesh to discretize the 3-D solution domain and the application of ab-
sorbing boundary conditions to truncate the domain. The approach was implemented
via a series of FORTRAN programs (Appendix C).

The far-field distances were not achievable with the FEM because of technical lim-
itations. Nevertheless, it was proven that the FEM method, in spurious mode free
formulation, can be used to solve 3-D wave propagation problems and eventually,
hardware allowing, be used for near-field-far-field transformations with the advan-
tage of being able to add inhomogeneities to the solution domain.

To achieve far-field distances, a second method based on a boundary integral
equation solution to the scattering problem has been used for near-field to far-field
transformation. This method revealed itself to be more appropriate for the problem
and provided quick and accurate results. One of its drawbacks was that it required
a homogeneous domain. The same boundary integral solution was then modified to
derive a global ABC for the FEM solution that proved to be better than existing
ABCs.

The 3-D automatic mesh generator, one of the major problems with 3-D FEM,
was written to incorporate as much versatility as possible and is in fact able to
discretize a wide range of shapes and forms of solution domains. It is also able
to introduce inhomogeneous media in the domain. To take advantage of this and
solve the wave propagation in the inhomogeneous domain, the FEM formulation in
Cartesian coordinates which uncouples the components would have to be modified.
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Appendix A

Vector and Integral Identities

Vv x V6 =V(V-G) - VG
v.-(fG)=GVf+f(V-G)

V x (f6) =V x G+ f(VxG)
Vx(FxG)=Fv-8) -GV -F+ (G VVF-(F- WG
VE G)=(F - V)G+ G- VF+Fx(VxG)+Gx(VxF)
F.GxEy=G (BxF)=H8-(Hx0G)

(Vv xG)dV = f5(ix G)dS
Ax(BxC)=(A-8)B-(A-B)C

§s (A~ VY(@H) + 7 x V(¢H) - AV - ($H)} dS =0
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Appendix B
Analytical Integration in Simplex
Coordinates

For the calculation of the contribution to the general system of equations from a
single element, surface and volume integrals have to be performed over the FE in
question. With the simplex coordinates, the integrals can be done analytical without
introducing any numerical errors.

The 3-D domain of all the finite elements is defined by a variation of the simplex
variables 6, 6, 63 and 8, from zero to one. The integrals arising from the evaluation
of the FEM system have all one of the following two forms:

_[V §i sigkst av, (.1)
or
fs sisisksl ds. (.2)

where V, is the volume of the e finite element and S, is the surface of one of the
four faces defining the tetrahedral FE.

Because the simplex coordinates satisfy the identity
61+62+63+64=1, (.3)

only three variables are needed to describe a volume, and only two for a surface, one
remaining constant.
For V.,

04 =1=08;+ 6+ 6, (.4)

and for one face of V; (i.e. S.), one of the simplexes will be the constant zero.

bs=1=-6;+8, 64=0. (.5)
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The integrals are integrals of polynomials which have a closed form
expression and hence for a volume integral

( oi 1511131
1 23 rk gl — 1 1.7
./:/.5‘6’636‘ ave 3'V°((z'+j+1¥c-t~z+3)!)‘
and for a surface integral
 of j171k12!
i k Y [yl
./v. 516265 dS. 2‘3‘((5 +i+k+ 2)!)'

where the Jacobian has been used to change variables in the integrai;
dV; = 3!‘/,d51d62d63

and
dS. = 215.d6,dé;

analytical

(:6)

(7)

(:8)

(-9)

The volume V. and the surface S, is readily calculated from the coordinates of the
tetrahedron vertices. In the surface integrals the simplex variable which is constant

is always dropped before evaluation.
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Appendix C
The Computer Programs

All the code with the exception of the iterative solving routines has been written by the author in
DEC FORTRAN?7 for RISC Version 1.0 and executed on the Digital 3100 RISC DECstations{16Meg
RAM, MIPS2000 CPU chip).

The first program POINTSFECREAT.F generates the list of node indexes, their coordinates and
their boundary IDs to be used in the meshing program. If a mesh already exits, POINTSFECREAT
can be used to %gnerate the same list of points as was used for the mesh but modilg the boundary
IDs. This permits the user to have similar meshed structures but with different boundary conditions.
The new boundary conditions are implemented in the mesh by running PROPERTIES.F. The mesh
itself is generated by running MESHMAIN.F, Before a FEM problems is solved, all the Dirichlet and
Neumann boundary values have to be defined according to the data in the FE mesh. This is done b
running the program PREPROS.F. The system is solved then by running MAINCOMPSG.F whicl‘:
will ask all kind of questions about the type of ABC to be used, the maximum number of jterations
for the iterative method, the maximum error tolerance and so on. The non-zero entries in the system
solved is stored in one large column vector. If the number of non-zero entries in each individual
column in the system is known it will speed up the building up of the system. For the local ABC,
this number is around 70. If it is not known, it is good to overshoot if the computer memory allows
it, otherwise it's a good idea to store this ﬁlfing pattern for speedier subsequent runs. The program
RESPROS.F will é)roca-:s the results and provide field values at the desired coordinates.

The program BEMRAD.F is based on the boundary integral method. It uses a smaller mesh and
rovides field results at an rangfg. The mesh can be the same as the one used for FEM. There are
em_versions of PROPERTIES.F, PREPROS.F and POINTSFECREAT.F that have to be rerun

on the FEM mesh. They are not listed since they are very similar, with minor variations in the
boundar{condstlons handllrg].a

ANALYTICRAD.F and DERANALRAD.F are the two programs that give the analytical results

for compﬁliison. ANALYTICRAD.F ?v the values of the field at any desired position and DE-
RANALRAD.F gives the derivative of the field in the radial direction. The programs listed after
DERANALRAD.F are listings of subroutines called by the main ];lro‘frams mentioned above. The
code has been written with as many subroutines as possible with decriptive subroutine names.
Further documentation is included in the code listings

POINTSFECREAT.F

CPROGRAM THAT GENERATES TTHE POINTS TQO BE USED DY THE MESH GENERATOR
CAND THE VARIOUS MESH MODIPIERS

CTHE 1D CODE OF EVERY NODE 18 DEPINED AS FOLLOWS

CCODED BY POSBITION NXABRCD

CX=l QOUTER BOUNDARY

CXm0 INNER BOUNDARY(NO SPECIAL PROPERTY)

CA OR B OR Cal DIRICHLET

CA OR B OR Cm3 NEUMANN

CA OR B OR Cwm3 UNKNOWN

CA OR B OR C=4 ON THE BOUNDARY OF A DIRICHLET AND A NEUMANN
CA POR X COMPONENT

CH FOR ¥ COMPONENT

CC FOR % COMPONENT

CD DIGIT CODE FOR THE MEDIUM UBUALLY ONE FOR ALL HOMOGENEOUS
CNwub NODE LYING ON A SURFACES NEEDED FOR THE INTEGRAL ABC
CNPS IS THE NUMBER OF NODES ON 'I'HE DIRICHLET SURPACE

CNPV 18 THE T'OCTAL NUMBER OPF NODES

]

IMPLICIT NONE

REAL P(41000,3)

INTEGER NPB,NPV,PID(41000}, NPT
(-] .

NP=l

CALL BURFACEPQINTCEN(NP,FPID,1,1,2,0.5,0.5,0.8)
NPBauNP

CALL REXTRAPQINTS(NP,P,PID,1,1,2,3,2,4,0.8,0.8,0.8)
NPVmuNP

CALL WRITER(NPS,NPV,P,PID)

c

END

2!"!"!‘l‘l'l‘l‘l‘f‘f‘l‘!'f'l"f'f'l'f'f'Pf‘(‘f‘l"l‘!‘i‘t‘r‘ﬂﬂﬁﬂﬂpﬂpr‘ﬂrﬂprFrﬂﬂrrcccccccccccccccccc
CSUAROUTINE THAT GENERATES THE POINTS OFF THE DIDIRCHLET SURFACE.

CDEPENDING ON THE DIFFPEAENT I[P STATEMENTAE THE LAST OR ALL LAYERS ARE

CMAPPED ON A SHERICAL DOME

SUDROUTINE EXTRAPOINTS(NP,P,PID LX],LYL,LZ],LX,LY,LZ,0X,DY,DZ)

INTEGER NP,PID(41000),LX,LY LZ,LX1,LY],LZ1

AEAL P{41000,3),DX,D0Y DT

<
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IMPLICIT NONE
REAL XY ,Z,R8X,5Y 52
INTEGER 1,J,K,RX,RY,RZ
LOOICAL LASTL,LABT RLAST,LAY!
DO 10 lw.LX,LX
DO 20 JmLY,LY
DO 30 K=0,L%
AXwABS(I)
RYmAHS(J)
RZeABS{K)
IF ((RX.GE.RY),AND.{AX.GE.RZ)) THEN
AYaRX
RZ=AX+1
BLSE 1P ((RY.GE.AX).AND.(RY.GE.RZ))} THEN
RX=RY

REwitY41

BLSE IP ((RZ.GE.AY).AND (RZ.GE.AX)) THEN
RX=RZ.1
AYwRI-1

END IF
RaSQRT{{AX*DX}**24(RY*0Y)** 24 (RE*DZ)**D)

P ((ADS{I).LELX1). AND.(ADS{I).LE.LYL).AND.{ABS(K}), LR.LZ1)) GOTO M0
HLAIT-(ABS(J).BQ.LY).OR-(ABS(I)-m.u)-on.(l‘.m.u)
l.u-r-(Aum.a'r.l.v1).on..(Anu(|).0'r.th}.on..(u.c'r.uzx)

o  last like this will convert aif taysrs Into domes

LAVl-(AB'(J).QE-(LY-I))-OL(ABSII)-GI.(L&X)).OH.(K.GB.(LZ-I))

LASTI=(LAYL.AND.{,NOT.(RLABT)})

NP=NP4+1

Xml*DX

Yul*DY

ZmDZ*K

P{NP,1)=X

P{NP2}=Y
P(NPI)=Z

PID(NP)ml
1F (LAST) THEN

17 (RLAST) THEN

CALL CONVCARTOSVE(X,Y,%,8X 8V, 8Z,R}
P(NP,1)mBX
P(NP,2)=8Y
P{NP,3)a8ZT
tr (RLAST) PID{NP)=10001
a 1P {RLAST) PID(NP)=11111
END IF
IF (K.£Q.0) PID{NP)=12211

L] IP ((K.2Q.0).AND.RLABT) PID{NP)ml4411
P (LAAT1) PID{NP)uPIO(NP)+300000

30 CONTINUE

10 CONTINUE

10 CONTINUE

B CONTINUE

END

a

c
[elefolel sl el oletol T ol t el sl ol el elel el il Tulud alaf e lol elud ol afetat ol lol e letnllwlad e e ol el wlol o{ol el elel e lal olo{ o o)
c

BUDROUTINE CONVCARTOSFE(CX,CY,CZ,3X,3Y,8Z,R)
dﬂ.la\b CX,CY,CZ,8X,8Y,3Z,R

IMPLICIT NONB
REAL TET,PIR1

c
R1=SQRT{CX**24+CY**14CZ *1)
TET=ACOS(CZ/R1)
1P (R1.EQ.0) TET=0.0
PImATAN(CY/CX)
1P (CX.EQ.0) Fled.0
1P ({(CX.8Q.0),AND.{CY.GT.0)) Plu1.8707096327
1P {{CX.2G.0).AND.(GY.L.".0}) Flm-1.870708327
IF {{CX.GT.0).AND.{CY.EQ.0)) PIm0.0
IP ((CX.LT.0).AND.(CY.EQ.0)) FIm3.1415028
IP {{CX.LT.0),AND.(CY.LT.0)) PlaFI+3.1418028
1P ({CX.LT.0).AND.(CY.GT.0)) FimFI+3.1413024
SXmReSIN(TET)*COS(FI)
BYmR*SIN(TET)*SIN{FI)
AZ=R*COB(TET)
END

c
CCCCCtCCCCCeCCCCCCCCOCCCCCCCCCCCCOCCCCCOCCCCCCOCOCCCoCoColCocCeocee
CSUBROUTINE THAT STORES THE POINTS GENERATED. IF THE POINTS ARE INTENDED FOR
CA NEW MESH uapeint.dat HAS TQ BE COPIED INTO usmesh.dat

SUBROUTINE WRITRR(NPE,NPV,P,PID)

INTEQER NPS,NPV,PID{41000)

gl&b P(41000,3)

IMPLICIT NONE
INTREGER REK,OPFREC,LACP SCY,SCE

[+

OPER(UNIT=),FILEn'polnt.dat' STATUSs 'UNKNOWN'  ACCEEEa'SEQUENTIAL',
. FORM='FORMATTED')

OPEN(UNIT=), PILE=n'ynpalnt.dat! , STATUSw ' UNKNOWN' ACCESSn'DIRECT",
- FORMu'UNFORMATTED RECLaI L, RECORDTYPER'FIXED')

[+]
SCPml
8CF=0
SCEmQ
WRITE({3,FMTw100} NPS,' THE NUMBER OF POINTS ON BURFACES'
WHITE(L,FMT=100} NPV, THE NUMDER OF ALL POINTS'
WRITE(2,FMTulD0) 3CP,* THE NUMDER OF PYRAMIDS*
WRITE(2,FMT=100) 3CF,’ THE NUMBER OF FACES'
WRITE(:FMT®100) 10X, THR NUMBER OF EDGQES®
WRITE(Z,FMT=130) '==POINTS ON SURFACE——.*
WRITE({),AEC=]1) NP8
WRITE(3,REC=2) NPV
WRITR{J,RECm]} SCP
WRITE{J,AEC=s) SCF
WRITE({),REC=b) 3CE
a goto 1000
OFFREC=E
DO 10 1mi,NPE

AEK=OQOFFRECST
WRITE(,Y MTw=110) LP(,1),P(1,3),P{1,3),PID{1)
10 WRITE(}, RECaREK) P{1,1),P(1,2),P(1,3),PID(1)
OFFREC=REK
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WRITE(2,FMT=110) '-——INSIDE SURFACE—'
OFFREC=OFFREC.N
DO 20 1=NPE+1, NFV

AEKmQPFFREC+I
WRITE(I, PMT=110) L,P(1,1),P(1,2},P(1,3),PID(1}
30 WRITE(Y,AREC=REK) P{1,1),P(1,2),P(1,3),PT1D(1)
c

c

100 PORMAT{IS.(A))

110 FORMAT{X,15,3X,79.5,3%,F0.5,3X 70.8,1X,11)

130 FORMAT{(A))

130 FORMAT(X,F0.5,3X,F9.5,3X,FR.5,3X,18,2X,18,1X,15}
1000 CLOSE{3)

CLOSE(Y)

END

c

c
CCCECCCCCCCoCCCECCOCCCCCCCCCCCCCCCCCCCCeCCCoCcoecococecee
CBUBROUTINE THAT GENERATES THE POINTS ON THE DIRICHLET SURFACR
SUBROUTINE SURFACEPOQINTGEN(NP,P,PID,LX, LY LZ,DX,DY,DZ)

INTEGER NP, PID{41000),LX ,LY,LZ

AEAL P(41000,3},DX,0Y,DEZ

c

€ ON THE CUBB

IMPLICIT NONE

INTEGER 1,]

DO 10 1m-LX,LX

DO 20 JmaL¥,LY

NPmNP+1
P(NP,1)=l*DX
P(NP,2)=J*DY
P(NP,3)mLZeDZ

10 pm(ur-)-: 1

10 CONTINU

c

DO 30 Im.LY,LY

PID{NP)wl1111l
H £Q. 0 PID(NP)m14dll
NPaN
P(NP.“--Lx'DX
P{NP2)=I"DY
P{NP,3)=I*DZ
PID(NF)m1illl
1P {J,EQ.0) PID(NP)=iddll
40 CONTINUE
30 CONTINUE

=]
DO 80 Im-(LX1},(LX-1)
DO 60 Jm0,(LZ-1)
NPuNP+1
PINPA)m1*DX
P{NP,2)m-LY*DY
P{NP,})mJ*DZ
PID{NP)=11111
P ({J. m.o) PID(NP)wlddll
NPmN
P(HP.I.}-I'DK
P{NP,2)uLY*DY
F(NP.S)-J'DZ
PID{NP)=L111]
IF (J.EQ.0) PID(NP)=m144l1
80 CONTINUE
80 CONTINUE
c

END
c
[lefelalelelete] olelatdo] T oleleleletoldnlial ool ol orolal ol ol mml cinlalad ol vl ofot e el ool ml v =l mdm] == Tel o el

MESHMAIN.F

coeoceeceecececceccocccccccoccoecccccccccocccccccoccocccccccccccoccocccco
C PROGRAM CONNECTS POINTS IN A MESH CREATE TRTRAHEDRAL PINITE c

C ELEMENTS C
CCCCCECCCCCCCCeCCCOCCCLCCCCCCCCCCCOCOCCOCCCCCCCCCCCUoocCCClCCoce
€ ANY TIME YOU CHANGE THE CGEOMETRY OF THE PROBLEM YOU HAVE TO

C CHANGE THE PARAMTERS IN CENTERVALIDS AND CENTERVALIDV OR THEIR

g CALLS

IMPLICIT NONB

INTEGER FACE(05000,4) EDGE{80000,3),PY R(40000,8),NP,SCP,SCE,SCP
INTEGER EXTRAPYR(40000,0),PID({30000),NPE,NPV,EPY

REAL ${30000,3)

CHARACTER®24 fdate

EXTEANAL fdats

c

[+

SCF=d
3CE=0
ICP-O

NPm

wnrr:(- ) (date()

CAbLL pom-rnuopnwn NEPV,PID,P}

WRITE(®,®) 'l JUST READ THE PQINTS'

CALL FACECREATIONSURFACE(NP,NPS,6CF,3CE,P,PID,EDGE,FACE)
WRITZ{",) "1 JUST CREATED THE SURFACES'

NPVmNPS4NPY

g;\u. PYRAMIDGENERATOR(NP,NPV,SCF,5CE,5CP,P,PID,EDGE,FACE,PYR)

WHRITE("") 'T JUST CAEATED PYRAMIDS'

NP=NPV

CALL SCNDORDER(SCE,8CP,EDCE, FACE.PYR.EXTRAPYA)

WRITE(*,*) 'l JUST CREATED THE § EXTRA FPOINTS'

CALL llHHWNT!MNP.NPﬂ.sm'.SC'.SCB,P.PID EDGE,FACE.FPYR EXTRAPYR)
WRITE(®,*) ‘'t M DONE.*

gmz('.') fdata()

END

8l



PROPERTIES.F

C PROGRAM THAT MODIFIES THE PROPERTIES OF FACES IN AN ALREADY

C MESHED VOLUME. CREATES NEW POINTS ON ALL EDGES AND STORES THE

C ONE ON BOUNDARY CONDITIONS IN dirichlelz.dat

C PROOAAM WORKS BUCCESSFULLY ONLY IF THE NUMBER OF NEW POINTS I8

C THE SAME AS THE NUMHER OF OLD PQINTS AND THE COORDINATE TRANSFORMATION
C DOES HOT CREATE OVERLAPPING FINITE ELEMENTS

C
IMPLICIT NONE

[+

INTEGER HP.!CP.W?.SCE.PID(M).EDGB(lm.!).PACE(OIOOG.‘).NPS
INTEGER P‘lﬂlm,i].El‘rMPVH(MW.G).P!I-.NPBI.NP!.I.PIDN(!IDDO.I)
INTEGER EDGEID, FACEID,PYRID,IND{4),0CCUR,PYACOM,PI1DD{21000,4) NN,ND
INTEGER 11,13,13,[4

REAL P(mo.!].DUHI(!).DUM!(!).DUH(:]

c
OP EN{UNITu4 PILEs'dlrichiata.dat’ STATUSm UNKNOWN®,
- ACCESSa'SEQUENTIAL FORM='FORMATTED')
CALL GETBABICINFO(NP3,NP,SCE,SCP,5CP,PIL})
CGALL MESHREADER(NP,NPS,SCP,ECF,5CE,P,PID,EDGE,FACE,FYR,EXTRAPYR,PIL)
CALL NEWPOINTREADER(NPS1,NPLPID,P)
17 ({NPS.NE.NPS1).OR.(NP.NE.NP1)) THEN
WRITE(*,*) 'YOU RE ABOUT TO SCREWUP THE OLD MESH I’
WRITE(®,*) I M GONNA SAVE THE DAY
aoTo 100
END 1P
DO 20 I=1,5CF
CALL BASEINODE{EDGE,FACE,LIND{1),IND(2),IND(I))
CALL OCCURENCEP(I,5CP,OCCUR,PYR,PYRCOM) *
FACE(I,4)m FACEID(PID{IN D{1)),PID{IND(2)).PID(IND(3)))
20 CONTINUB
DO 10 I=1,83CE
IND(1)=BDGE(L)
IND(2) = EDGE(1,3)
KDGE(I,3)= EDGRID{PID{IND({1)),PID{IND{2}))
NP1uNP1+1
CALL ONEDIM{P{IND({1),1), PIND{1),2),P(IND{1},3),DUML}
CALL ONEDIM(P{IND(2),1),P{IND{2},2),P{IND(32),3),DUM3)
CALL MIDPOI{DUML,DUMI,DUM)
P(NP1,1mDUM({1)
4 NPI.!!.DUM 2
PINPLI)=DUM(Y
PID{NP1)maEDGE(I,3)
10 CONTINUE
CALL CETPHDW{PID,PIDDR,PIDN,NP1,NN,ND)
WRITE(4,*) ND
DO 80 i=1,ND
I=PIDD(1,1)
13=PIDD{1,3)
13I=PIDD{1,3)
14m PIDD{T,4)
80 WRITE{4,130) P(11,1),P{11,3),P(11,3),12,13,14
WRITE(4,%) NN
DO 40 L=l NN
11=PIDN(1,1)
12=PIDN(L,3}
I3mPIDN(LY)
1amPIDN(T, )
40  WRITE(4,130) P(F1,1),P(01,2),P{11,3),12,13,14

c
DO 30 Im1 5CH
CALL PYR4NQOE(EDGE,FACE,PYR,LIND)
30 PYR{,5)= PYRID(PID(IND(1)),PIO{IND{2)),PID(IND(3}),PID{IND(4)))
CALL MESHWRITWO(NP,NP3 SCP,SCF SCE,P,PID,EDGE,FACE,PY R,EXTRAPYR)
100 CONTINUB
130 FORMAT(X, F0.5,3X,F0.8,3X,P0.8,3X,18,1X,18,2X,18)
END
c

(-DDl.al‘Lahh(‘\-hbb‘ubhI-\-I.-'-b(-b‘-‘-‘-i-!-i-l-l-'dl-!-i-(-b‘-'-i-b(-l-hbhbbhb(—hbhbbhbhwhhbbbbh
CEUBROUTINE THAT READS THE SIZE OF THE ALREADY EXISTING MESH

SUBROUTINE GETBASICINFO{NPS NP,SCE,SCF,SCP,FIL)

INTEGER NP,SCESCF,8CP.FILNPE

c

IMPLICIT NONB
OPEN(UNITa2,FILEw ' unmembh.dat", STATUS = 'UNKNOWN',ACCESS='DIRECT",
- FORMu'UNPORMATTED  RECLu1l,AECORDTYPE='FIXED")

READ{2,RECm1) NPE
AEAD{J,REC=]) NP
ARAD(3,AREC=)) SCP
AEAD(1,AEC=4) SCF
READ(1,RRCmb) SCR
FiL=2
WND

c
CECECECECCCeCCCLCCCCCCCCCCCCCCLCCCCCCOCOeoCCCCCCCCCCCCCCCCCCCCOCCCCl
CEUBROUTINE THAT READS THE MESH POINTS' NEW COORDINATE AND PROFERTY ID3
SUBROUTINE NEWPOINTREADBR(NPS, NP, PID,P)

INTEGER NP3 NP PID(30000)

REAL P(30000,3)

c
IMPLICIT NONE
INTEGER REK,OFFREC,!,SCP,SCF,5CE

¢
OPEN{UNITa,PILE="unpol at.dat' STATUS e UNKNOWN', ACCES Su 'DIRECT"
. N O RM = UNFORMATTED" RECLELI, RECORDTYPEm PIXEDY)

c
READ{(),RECal) NPS
READ(IAEC=1) NP
AEAD(3,AECal) SCP
READ(},RECm4) SCF
ARAD(),RECmD) 3CE
QFFRECw=E
DO 10 1= NPS
REKwOFFRECH]
10 READ(I,RECaREK) P(1,1),P(1,2),P(1,9),PID(1)
OPPREC=REK
OFPREC=OFFREC.NPS
DO 20 lmNPS+1,NP
AEK=OPFFRAECH]
%0 READ{J,AECeREK) P{1,1).9(1,2),P{1,3).PI0(1)

82



CLOSE(})
END

CCCCCCCCCCCLCCCCCCCCCCCCLLCCCCCCECeeeCCCCCCCCtGLECCCCCeCCeCCCCeCeace
CSUBROUTINE THAT UPDATES THE MESH

SUBROUTINE MESHWRITWO(NP,NPS,SCP SCF,SCE,P,PID,EDGE,FACE,PYR,EXTRAPYR)

INTEGER NP,SCP,SCF,SCE,PID(30000),EDGE(80000,3}, FACE(65000,4),NPS

INTEGER PYR(40000,5),EXTRAPYR{40000,8)

gBAL P(30000,3)

IMPLICIT NONBE
INTEGER OFFREC,REK,LIN1IN2 INY
OPEN{UNITm1,FILE='sdge.dat’ STATUS m'UNKNOWN')
OPEN{UNIT=2,PILEm'mssh.dat’, STATUS= UNKNQWN' ACCESSm ‘SEQUENTIAL®,
- FORM='FORMATTED")
OPEN(UNIT=3,FILEm‘unmech.dat’, STATUS= ' UNKNOWN*, ACCESS= 'DIRECT",
. FORMu ‘UNFORMATTED! RECLu11,RECORDTY PE='FIXED")
WRITE(2,FMTu100) NPS,! THE NUMBER QF POINTS ON THE SURFACE'
WRITE(2,FMT=100) NP, THE NUMBER OF ALL POINTS'
WRITE(2,FMTa100) SCP,' THE NUMBER OF PYRAMIDS'
WRITE(2,FMT=100) SCF,' THE NUMBER OF FACES'
WRITE(2,FMT=100) SCE,' ‘THE NUMBER OF EDGES’
WRITE(Z, PMT=120) ‘=a—ON THE SURPACE————"
WRITE(3,RECa1) NPS
WRITE(J,REC=I) NP
WRITE{,REC=3) 8CP
WRITE(),RECmd) SCF
WRITE(3,RECwS) SCE
OFFREC=S
DO d0 1m1,NPS
REKuOFFRECHI
WRITE(2,110) P(1,3),P(1,2),P{1,3),PID{1}
60 WRITE(J,REC=REK) P(1,1),P(1,2),P(1,3),PID(1)
OPFRECmREK
WRITE(2,PMT =1320) '—=INSIDE SURPACE——'
DO 70 ImNPS+1,NP
REKmOFPFREC+I-NPS
WRITE(2,110) P(1,1),P(1,2),P{1,3),PID(1)
70 WRITE(J,RECaREK) P{l,1),P(1,2),P(1,3),PtD(])
WRITE(2,FMT®120) *=—eE DG ES———m.®
OFFREC=REK
DO 20 Im1,5C8
ABKmOFPRECH!
WRITE(2,FMT=108) 1,LEDGE(L1),EDGE(L,2),EDGELL,I)}
20 WRITE(3,RECRREK) EDGE(L1),EDGE(1,2),EDGE(LY)
OFPFRECuREK
WRITE(2,PMT=1320) '—PACES—.—*
DO 30 Iml,ECP
REKmOFFREC.-]
WRITE(3, FMT=118) 1,FACE(1,1),FACE(1,1) FACE(L,2),FACE(14)
30 WRITE(Q,RECwAEK) PACE(L,1),PACE{LJ),FAGE(L2),FACE(L4)
OFFREC=REK
WRITE(3,PMTw120) *=PYRAMIDS—*
DO 40 Im},5CP
*  REKwOPPRECHI
WRITE(Z, PMT=130) PYR{L1),PYR(1,2),PYR(1,3),PYR{L4},
. PYR(1,8),EXTRAPYR(1,1},EXTRAPYA(1,2),EXTRAPYR(LI),
- EXTRAPYR(1,4),EXTRAPYR(I,8), EXTRAPYR(l,8)
40 WRITE(3,RECmAEK) PYR(I,1),PYR(L,3) PYR{1,3), PYR(I,4),
. PYR(LS) EXTRAPYR(I1),EXTRAPYR(1,2),EXTRAPYR(1,),
. EXTRAPYR(I,4),EXTRAPYR(I,B),EXTRAPYR(I,0)

c

WRITE(1,") 5CF

¢ DO 80 Im1,SCF

CALL BASEINODE(EDGE,FACE,LINI,IND,IN3)

WRITE(1,%) B(IN1,1)

WRITE(L,") P{IN1,3}

WRITE(1,®) P{IN1,3)

WRITE(1,") P{IN2,1)
WRITE(1,*) P{IN2,3)

WRITE(1,*) P(IN2,3)

WRITE(1,*) P(IN3,1)

WRITE(L,*) P(IN3,2)

::M WRITE(1,”) P(IN3,3)

20 PORMAT(<NPS(/))

100 FORMAT(18,{A))

110 FORMAT(IX,F9.5,3X,F9.8,3X,F0.8,3X,17)

108 FORMAT{X,14,3X,10,3X,10,3X,18)

118 PORMAT{X,18,3X,18,3X,18,3X,18,3%,16)

130 FORMAT{(A)}

130 .PORNAT;GD:)»:GI-:;‘-IO-IX.le.tx.lo.xx.ls.:x.u.:x.le.m.:a.:x.u.xx.
i L

Ao asaaa

c
END
c

LLLLlLLLLLLLLLLLLCoCCoocCocCocococococccccoccccccccccoccococcoccccccccocecccer
CSUBROQUTINE THAT DECIDES WHICH OF THE NEW POINTS ARE DIRICHLET OR NEUMANN
CAND GIVES THEM AN APROPRIATE ID

SUBROUTINE QETPIDW(PID,PIDD,PIDN,NPV,NN,ND)
ICNTEGER. PIDD{21000,4),PIDN(21000,4) NPV ,NN,ND, PID(41000)

IMPLICIT NONBE
INTEGER 1,1D,3,XYZ(3)
LOGICAL WHATI, WHAT2
c

DO 10 Iml,NBV
ID=PID(I)/10
IF (ID.GT.900) THEN
ID=ID-1000
CALL GETINDICATOR(ID,XYZ)
WHATI={XYZ(1).EQ.1).0R.{X ¥YZ(2).EQ.1).OR.{XVYZ(3), EQ.1)
WHATIR{XYZ(1).EQ.4).OR.(XVYZ(2).BEQ.4).OR.{XYZ(3).EQ.4)
IF (WHATL.OR.WHATI) THEN
NDwND+1
PIDD(ND,1)wl
DO 20 j=1,3
19 (XYZ(I)EQ.1).0R(XYZ(1).£Q.4)}) THEN
PIDDB(HD.M-I)-I

LIE
PIDD(ND,J+1)}= D00
END IF
20 CONTINUE



END IF
END IF
10 CONTINUE
DO 40 1m}, NPV
ID=PID(N) /10
1P (ID.GT.090) THEN
1Dw1D-1000
CALL GETINDICATOR(ID,XYZ)
WHAT La(XYZ(1).EQ.3).OR.(XYZ(2).EQ.2).OR.(XYZ(3).EQ.2)
WHAT 2= (XYZ(1).EQ.4).0R.(XYZ(2).EQ.4).OR.{XYZ(3).EQ.4)
IPF (WHATL.OR.WHAT3Z) THEN
NN =NN4L
PIDN{NN,1)=I
DO 30 jml,3
IF ((XYZ(3).2Q-2).0R.(XYZ(3).EQ.4)) THEN
P:ougu.un-x
B

E
PIDN(NN,2+1)mo00
END IP
3 CONTINUB
END IF

END IF
40 CONTINUR
END
¢

CCEECCCCCCCCCECCEECeCCCcCteeecoccoccCieceCCCeleioiotLCheLibLoLtlia
CBUBROUTINE THAT EXTRACTS THE POINT 1D CODE FOR ERY COMPONENT

SUBROUTINE GETINDICATOR(ID XYZ) :

INTEGER ID,XYZ(3)

c
IMPLICIT NONE
INTEGER I,VAL
DO 10 Im1,3
VALmINT{ID/10)*10
XYZ(¢-1)mID-VAL
10 ID=VAL/ID
END
c
!c-i-l-!-i-l..l.-bbbbuuuuuuuuhbu\-\.uuubh\.' CCCCCCCCCCoCCCCCCCCiCCCCOCCCCCCCCo

PREPROS.F

C PREPROCESSOR FOR MEASUREMENTS. PROGRAM THAT CREATES THE SECOND QRDER
G NODES ON THE MESH(USUALLY HALP WAY ON BVERY EDGE). THR FILE C

C dirichistx.dat 13 READ TO SEE WHICH ARE ON DIRICHLET OR NEUMANN,

C IF THE NODE 18 DIRICHLET OR NEUMANN A VALUB IS CALCULATED FOR IT

g FROM THE SOURCE EXPRESEION

c

IMPLICIT NONE

INTEGER NP.OPFSE‘T.I.NDJ.DI.E(G).OFPSE’A“I.IND.INDIJND!
INTEGER 3CP,BCP,SCE,FLGX,FLGY,FLGZ,FD,NDR

REAL P{41000,3),D(10000,3),PREC,DX,DY,DZX,¥,Z

REAL DUM1{3),DUMa(3),DUMI(3).PREQ

COMPLEX V(IDODO,U).DINCHVALK?I-.DIMCHVAL\’PL.DIR.ICHVALZ?L
c

PREC=0.0001

NDRAm0
OPEN(UNIT=2,FILEm'unmesh,dat' STATUSm' UNKNOWN' ACCESS = DIRECT ",
- PORM='UNFORMATTED' A2CL=11,AECOADTYPEu'FIXED')
READ(2,HECal} NP
READ(2,RECa)) 5CP
READ{3,AECm4) SCP
RAEAD(2,AECmS) 5CB
DO 10 Im1,NP
OFPEETmB+1
10 READ(2,REC= OFFSET) P(L,1),P(1,2),P(L3)
OFPPSETm8+NP+BCE+GCF
DO 15 Im1,5CP
OPPSETmOPFSET+1
AEAD(3,AECaOFPSET) D1,01,D1,D1,0L,E(1),E{2),B(3)E(4) E(8),E(4)
DO 18 Jmi,8
OFFSET1m3+NP+E()
REBAD{3,AECwOFFSET1) IND1,IND2
CALL ONBDIM{P(IND1,1),P(IND1,3),P{IND1,3},DUM1)
CALL ONEDIM(P({IND3,1),P(IND2,2),P(IND3,3),DUM3}
CALL MIDPOI(DUML,DUM2,DUMI)
IND=E(J)+NP
PUIND,1)mDUM3(1)
P{IND,2)mDUMI(2)
P(IND,3)= DU M)
14 CONTINUE
18 CONTLIUB
NPaNP+ECE
CLOSE(2)

c
OPIN’(UNH‘-!.PILB-'!-nmlnu.dn'.S‘l‘A‘l‘Ul-'UNKNOWN'.ACCESS-
- SEQUENTIAL', FORM = FORMATTED")

GLOSE(2)
OPEN{UNTTn3,FILEm‘dirichleta.dat’ STATUSm ‘UNKNOWN' ACCESS=
. ‘SEQUENTIAL',FORM='FORMATTED')

DO 20 I=1,ND
READ(2,%) D(1,1),D(1,2),0{1,3),PLOX,FLOY,FLGZ
V{1,1)m DIRICHVALXPL{D(1,1),0(1,2),D(1,3),FLGX, FREQ)
V{I.2}mDIRICHVALYPL(D([,1),D(1,3}, D{L.3)FLGY,PREQ)
V{L2)mDIRICHVALZPL{D(1,1),D{1,2),D{1,3) FLGZ,FAREQ)
20 CONTINUE
CLOSE(3)
OPEN({UNIT=2,FiLE="ordirichlet dat!, STATUSm UNKNOWN' ACCESEm
. 'SEQUENTIAL',FORM='FORMATTED")

=]
WRITE({2,") ND
DO 35 lmi,ND
X=D{L1)
YuD(1,3)
Z=D{1,3)
FD=l
DO 48 Jwl,NP
DXmABS{X-P(J,1))






DYmABS(Y-P(J,2))
DZwABS(Z-F(J,3))
tr { (DX.LT.PREC)AND.(DY.LT.PREC).AND.(DI.UT.PREC) )} FDwm1
1r (FD.EQ.1) GOTO 88
48 CONTINUE
58 IF (PD.EQ.1) WRITE(2,100) J,V{1.1),V(1,2),¥{L,3}
IP (PD.NB.1) WRITE(",*) "ENTRY"I'IN dirlehistx.dat NOT POUND*

33 CONTINUE
100 FORMAT(I8,8F14.T)
END

c
gCCCCCCC¢OC¢CCCCCCCCCCCCCCCCCCCQCCCCCCCCCCC'ICCCCCCCCCCCCCCCCQCCC!:CCCC

SUBROUTINE ONEDIM(E1,P2,P3,DUM)
gu:. P1,P2,P3,DUM(3)

DUM{1)uPl

DUM(2)=P2

DUM{3)=PS

END

c
CCCECOCCCCOCCeotCrECCCCCeCeCECCeCCECCCCCtEtCCcCeCeCCCCCECCCCCceecee

=]
SUBROUTINE MIDPOKDUM1,DUM2,DUMY)
gﬂh DUML{3),DUMI(Y),DUMI(3)

INTEGER I

DO 10 1ml,3

10 DUMI(I)= (DUM1(1}+DUM{1)) /2
BND

c
gccccccccccccccc:cccccccccccccccccccccccccccccccccccccccccccccccccccc

MAINCOMPSG.F

cCeccecceCeceesioeotCCecCcCceogceeccoctococeccocccocccecoeCcecceCCCCcCCoCoch
C THIS PROCRAM SOLVES THE PROPAGATION OF EM WAVES USING THE FEM METHOD C

C THREE ABCs ARE IMPLEMENTED TO COMPENSATE FOR DOMAIN TRUNCATION. [
(él..s.n..uuu..q..uu..t.uus-b(.uubhuuht-bbu;..\..ht..s..t.|.(.t.(..t.v.t.t.i..l..uuuuuuuuuuuuyuubghbbbu—b

c

IMPLICIT NONBE

COMMON /IJACOR/ ABCD,ABCDI

COMMON/PLANES/ AA,B.C.D

REAL ARCD(2000,4,4),ABCDI{1000,4,4),808(14,4,4),HIOS8(186,4,10)

REAL AA(2000,4),8(2000,4),C(1000.4),D{1000,4),88(14,4,4)

INTEGER 51Z,A1{1000000),AJ(30000),FIL3,NZERC,N,ITMAX,ITER,JERR,ABC
INTEGER MDIR,NZ,IWORAK(20),MAXFAC, NFNFS.CO,NQGDES[3000,10),1DCOD
INTEGER PYRIND(3000}, NPYR,BIMP(2000),B8PYR(2000),ALF(10,8,3) NPOS
INTEGER GUESS,I,DIRN({8000),NOLN(8000) , HNODE({2000,10),SPC,UPD
REAL NOI(5000),FPER,NOR({I000,3),BET,HA(10,4,10).LW1,LH1,LW2,LHA
CHARACTER"14 (dale

COMPLEX DIR(3000),EPS(10)

AEAL®S A(1900000),RH3{20000},50L{10000),TOL.ERR

REAL H(2000,18,10),DH(3000,18,10), TIMEARRAY(2),ELAPSE,ETIME
ceceecoceecceccccecccocccee

INTEGER ITOL,REPET(Y)

INTEGER IUNIT,ISYM,LENW,LENIW

SBAL‘I RWORK(100000)

WRITE(*,*) fdata()
TYPE *'ENTER ITERATION NUMBER!'
ACCEPT *,ITMAX
TYPE *'DO YOU HAVE AN INITIAL GUESS(1/0)T*
ACCEPT *,GUESS
TYPZ *'ENTER TOLERANCE{MINuD,BEE-14)T
ACCEPT *, TOL
OPEN(UNITm10,FILEm'ordirichint.dat’ STATUSm UNKNOWN?,
. ACCESSa'SEQUENTIAL  FORMu'FORMATTED")
FILIm10
1IDCODmS00000 11D CODE BY WHICH PYRLAYBAS RECOGNIZES THE
IPYRAMID NEEDED FOR INTEGRATION
SIZm0 [S1Z MUST BE < N
NZEROmO INZERC MUST BB < NZ
Nm20000 IMAXTMUM NUMBER OF UNKNOWNS®2
NZm1500000 IMAXIMUM NUMBER OF NONZERO ENTRIES IN A
MDIRwN®0.1 IMAXIMUM NUMBER OF DIRICHLET AND NEUMANN NODES
MAXPAC= 2000 [MAXIMUM NUMBER OP PACES ON SUAPACE 8 POR ABC
NPwm16 IMAXIMUM NUMBER OF POINTS USED/INTEGRAL ON 8
NPOQSmé IACTUAL NUMBER OF POINTS USED/INTEGRAL ON OUTER BOUND
NPSmé IACTUAL NUMBER OF POINTS USED ON S(NPUB<mNP)}
C THE NBXT ¢ VALUES HAVE TO BE CHANGED IF THE MESH SIZE 13 CHANGED
LWin05 IWIDTH/LENGTH OF THE PIRST HOX1 ON WICK MEASUREMENTS
JIARE MADE{FEM ONLY 1.0)
LH1=1,0 IKEIGTH OF BOX1(FEM ONLY 1.8)
LWIm0.78 IWIDTH/LENGTH OF THE SECOND BOX3 CONCENTRIC TO BOX1
IDEPINING THE VOLUME TO BE DISCRITIZED BY FEa (FEM1.5)
téna-x.u IHEIGTH OF BOX3(FEM ONLY 3.0)

CALL PANCTIONS(ALF,EPS,BET)

TYPE »'DO YOU WANT TO READ 3 MATRIX FILLINGT®

TYPE *,'000800 WILL READ.

TYPE *ANY OTHER NUMBER WILL BE THE ASSUMED NONZERO ENTRIES/COLUMN'®

TYPE *,*THIS PARAMETER i3 CAUCIAL IN THB SPEED OF FORMING 8°

TYPE *'IF THIS IS NOT THE FIRST RUN USE 908909,

ACCEPT »8PC

TYPE *,'DO YOU WANT TO UPDATE THE FILLING (1/0)*

ACCEPT *,UPD

TYPE *,/DO YOU WANT 10 USE ANY ABC{LINEW ABGC,2187T2,3BT1,6SOMMER,
* ANYTHING ELSE:NONE)T'

ACCEPT *,ABC

1P (ABC.EQ.1) THEN

WRITE(",%} '‘PAEPARING IN CASE YOU USE NEW ABC, BE PATIENT!

CALL PYRLAYRBAS(LWI,LHLLWA,LHZ,NPYR,PYRIND,NODES, MAXFAC,CO,
* NOR,SIMP,BSPYR,IDCOD)

CALL GETEMPVALNP(SE,NP.NPS)

CALL GETSMPVALNP(SOBNP.NPOS)

CALL GETHZ{ALP, 12,55, NP.NPS)

CALL GETHI(ALF,H203,308,NP,NPOB)

CALL GETPULLVALONS{BIPYR SIMP,NOR,NODES,MAXPAC,CO,ALF H), B8 NP,
*’ NPYR,PYRIND,NPS,H,DH,HNGDE)



END IF
WRITE {*,*) ‘OK, HEAR WE GO/
WRITE(")
DO 8 1=1,3
CALL BUILDS(A,AL AJ,AHS,N N2 SI%,NZERO FIL2,1,DIR,NOL,
. DIAN,NOIN,MDIR,
*  BEPYRSIMP,NOR,NODES,MAXFAC,CO,ALF,HIOS,35,80D,NP,EPS,BET,
=  NPYA,PYRIND,NPS.NPOS,H,DH,HNODE,ABC,SFC,UPD)
WHITE(*,*) I YE JUST BUILT $ AND SIZE 15" 81Z
PER=({(NZERG*1.0}/3IZ**1)*100.0
WRITE(®,") 'PERCENT OCCUPANCY",PER
tr (GUESS.FQ.1) THEN
CALL VPILLGURSSH( 812, 80%, N, 1)

ELIE

CALL VPILLDIR( S1Z, 30L, RHS, N)

END IF

WRITE(*,*) 'BOLVING FOR THE "1 Itk COMPONENT.!
CeCeCCCCCCCCCCCCCCCCCGCCCCeCCoCee
(-] CALL BOLVER(SIZ, RHS, BOL, NZERO, Al Al, A,
(] *TOL, ITMAX, ITER, ERR, IERRA,IWORK,N,NZ)
I3YM=0
ITOL=1
a IUNIT=0
+POR MONITORING CONVERGENCE
IUNIT=8
LENWaN*g
LENIW=10

CALL DADCGS{MIZ, NHE, BOL, NEERD, AL AJ, A, 10YM,
1TOL, TOL, ITMAX, ITER, ERA, IERR, IUNITAWORK, LENW, IWORK, LENIW)
CECCCCCCCCECCCCCCrCCCCCCCCCoClC
AEPET(I}=ITER
WRITE(**) 1 VE JUST SOLVED 8 FOR I EQUAL\L

WRITE(®,*) IT TOOK/,ITER, TTERATIONS!
WRITE(®,*) “THE ERROR RESIDUE 18, ERR
WHARITE(®,*) 'STATUS I3 JERR
WRITE(®,*) 'IT USED) IWORK(10),' STORAGE LOCATIONS FOR REAL.
WRITE("*) "IT USED!,IWORK(0),' STORAGE LOCATIONS FOR INTEGER.'
CALL SOLWRITER(BOL,N,SIZ,T)
WHRITE(®,*) 'DONE WITH ONE COMPONENTI"
3 CONTINUE
WRITE(".*) 'I M DONB."
CLOBE(FILZ)
Do 8 Iml 3
& WRITE(",*) '"COMPONENT 11, TOOK “REPET(I)," ITERATIONS.'
WHRITE(®,*) fdste()
ELAPSEmETIME(TIMEARRAY)
WRITE(*.*) BLAPSD
END
c

el Te e el e va et vl ttal sl a]alelellalelslel sl sfal ool el uinfalofalel nlalalalolal ol slala ol el ol ol e ol it af el a{a] ol o a{ o]

<

C SUBROUTINE SOLVER(SZ,ANS,SOL,NZERO,ALALA, TOLITMAX ITER.EARJERR
¢ * JWORKMN,NZ)

C INTEGER S1Z,AI(NZ),AJ(N),NZERO,NZ

C INTEQER IWORK(10},!TERJITMAX,IERA,N

gcllkl-'l A{NZ),RHI(N},SOL(N),TOL,BAR

C IMPLICIT NONE

C INTEQER ITOL

C INTEGER, IUNIT, ISYM,LENW,LENIW
C ABAL*S RWORK(800000)

cc

C 18YM=D

¢ 1TOL=1

€ IUNITu8

CoFOR, MONLTORING CONVERGENCE

Ce IUNIT=D

€ LENWm=N®10

C LENIW=10

c CALL DSDCGN(SIZ, RHS, 80L, NZERO, AL, AJ, A, ISYM,
€ o, TOL, ITMAX, ITER, BRR, TERR, ITUNIT AWORK,LENW,IWORK,LENIW)
c

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCOCCCCCCCCCCCCLCCCCOCCCCCCCCCCCCe

RESPROS.F

CPROCRAM THAT PROCESSES THE RESULTS IN THE FILE unsolution.dat (IT ASKS FOR
CTHE COORDINATES WHRE THE FILED IS DESIRED
c

I

IMPLICIT NONE

REAL AP{¢},BP(4),CP(4),DP{4},FOINT(1,3),COOR(4,3),1,3,2,Y1,Z1
NEAL SIMP(1,4),A{4),B(4),C(4),D(4),DET,IX,FX IX1V,IZ,FV,FZ5Y SZ
COMPLEX EPSILON{10),EX,EY,EZ,EX0{10),EY0(10),EZ0{10),COMPUTE
INTBGER PYR,K,L,INDP(8),INDEX(4),NODE(10),NP,SCP,REK
INTEGER ALF{10,3,8),F1L,FIL2,SCE,SCF.EDGE{4,3),POINTS(4,3,2) MEDP
INTEGEN MEDP(4),MEDE(4,3),SCREEN,VAR,SC

LOGICAL VAL(4),AROVE

CHARACTER"3 AA

CHARACTER®20 FILENAME,FNAME,FNAME!

goum.u HR,HTET HFL

]
TYPS *,ENTER DATA FILENAMET
ACCEPT 130,FILENAME
TYPR *,'BNTEN MESH FILENAME?
ACCEPT 130,FNAME
TYPE *'WAIT A SECI'
OPEN({UNIT=4,FILEmFILENAME STATUS= ‘UNKNOWN',ACCESSm'DIRECT"
. FORMR'UNFORMATTED RECLu 2, AECORDTY PER'FIXED')
CALL PANCTIONS(ALP,EPSILON,BET)
CALL DEPINEPYR({PIL,SCP,NP,FILISCE,SCF.FNAME)
» TYPR *'ENTER OUTPUT VARIABLE(L POR SCREEN/2 FOR FILES) 1*
ACGEPT * ACRERN
IF (SCATEN.EG.2) THEN
TYPR % ENTER OUTPUT PILENAMET
ACCEPT 130,FNAMEL
OPEN{UNIT=20,PILE=FNAMEL STATUS® 'UNKNOWN',ACCESSm
s ' SEQUENTIAL',FOAM='FORMATTED")
TYPE S BNTER COORDINATE THAT VARIES(R/1, THETA/2,PHI/)} +*
ACCRPT %, VAR
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END P
TYPE *ENTER 89 FOR SPHERICAL/ANYTHIN .
ACCEPT %.5¢ /. HING ELSE FOR CARTESIAN
TYPE *'ENTER RADIUS!
ACC:I:T 'JX.;K.SK
TYPE *ENTER INITIAL THETA, FINAL THETA R
R A e
X IAL PHI, PINAL PHI AND )
ACCEPT 5,17,F2.57 THE STEP v
PO 10 I=IX,FX,3X
DO 10 I=lY,PY,SY
DO 26 ZmlZ,PZ,S5Z
YimJ®3.14180/180.0
T1mZ®2.14160/180.0
POINT(1,1)=I*SIN(Y1)}*COS(ZY)
POINT(1,2)=I*SIN{Y1)*SIN{Z1)
POIN"I;(I.J)HI'COS(YIJ
PY

K=
DO 30 K-l.SgPK, ’
AEAD(FILAECaK) AP(1),BP(1},CP(1),DP(1),AP(3),BP(3),CP(3),DP(2
BB (%) CPL).DRONAPL) SR EP B o C1Or ),
DO 40 Lal,d
40 VAL{L)mABOVE(POINT.AP(L),BP(L),CP(L),DP(L))
IP (VAL{1).AND.VAL(2}. AND.VAL(3).AND.VAL{4)} PYRmK
tr (PYR.NE.Q) GOTO 38
38 TP (PYABQ.0) WRITE(*,)
Bl R.EQ.C ") '"PROBLEM | could was 01
*sncioslng thess coordinates. This polnt la cutalds the .::.:,"’"““
IF (PYR.EQ.0) WRITE(",*) 'POINT: POINT
IF (PYR.EQ.0) GOTO T0
CALL READINFO(PYR,NPSCESCP,EDGE,POINTS,MEDP,
- MEDF,MEDE,INDP,COOR,INDEX,PIL2)
CALL ALLCOZPFFICIENT(COOR,A,B,C,D)
CALL GETSIMPLEX(POINT,1,3,5IMP,1,4,A,8,C,D)
CALL GETNODES(NODE,NPINDEX,INDP)
DO 80 Karl,10
REK=mNODE(K)
READ({4,REC=REK) EX0{K)
REK=sNODE(K)+NP+SCE
READ(4,REC=REK) EYO{K)
AEKmNODE(K)+2*(NP+ECE)
80 READ(4,AEC=REK) EZ0(K)
EXmCOMPUTE(EX0,ALF SIMP)
EYuCOMPUTE(EYOALF.SIMP)
EZ2=COMPUTE(EZ0,ALF,SIMP)
AL
HR=EX 1 (Z1)+EY*BIN(Y1)*SIN{Z1) +BZ*COS(Y1)
HTET=EX*COS(Y1)*COS{T1)+EY*COS(YL)*SIN +BZ*
:g.;.nx-sm(zu-mv-couzunz-o.o( PNz ERTsINCYD)

HR=EX

HTET=EY

HFImEZ

END IF

CALL CONVTOMAGPAZ(HA)

CALL CONVTOMAGFAZ(HTET)

CALL CONVTOMAGFAZ{HFT)

iF (SCREEN.EQ.2) THEN
IF (VAR.EQ.1) WAITE(30,110) [,KR,HTET,HP1
IP (VAR.EQ.2) WRITE(10,110} J,HR,HTET,HFI

o :r'.\n.yq.:) WALTE(10,110) Z,KR HTET,HFI

o e
1), POINT(L, INT{1,3),
25 commNDE" (1.2)y {1,3)HR, HTET,HF1

10 SONTINUE
IF (SCREEN.EQ.2) CLOSE(30)
70 TYPE *,’OTKER VALUES (y/m)?*
ACCEPT 130,AA
Tt
AT (WPT, P10, FT,') 18 Hem (', B10
. '.;;r;..:,.-'),mm-(-.mo.a.- T.:.'hﬂphl-('.BI.D.U.',',( -,
3,1).
110 PORMAT(1%,F7.3,2X,£10.9,3%,¥7.2,2X,810.3 . X
110 PORMAT(X ,3X,810.3,2%,P7.3,2X, £10.3,2X,P?.3)
130 FORMAT{A20)
CLOSE(4}
CLOSE(FIL)
END

[~}
CCLCCCCCLLCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCoCCCoCCCeCCCCocClCcoce
CSUBROUTINE THAT COMPUTES FE INFOR

C'Aﬁﬁ?x!cg?loﬂ { MATION AND STORES IT IN pyramid.dat FOR

auB NE DEPINEPYR{FIL SCP NP FILL B

INTEGER FIL,SCP,NP,FILL NRFILLACESCE.FNAME)

CHARACTER*I0 PNAME

]
eI X018 o e
B X 6),INDEX(4) SCP, KD . .
I T
3, B WCP(4),DP(4),DUML(Y), N
REAL nuuqa).nuaata).num(:).nuug(’:'),nuus‘g,?f:g’g,’.gg:;ﬁ;

c
OPEN(UNIT=3,FILEwFNAME STAT (S UNKNOWN', ACCESS m' D] .
. mm--umomm'rsa-.nzcl.-u.nsconb'rvu--ﬂx:g?'
OPEN{UNIT=3,FILE='pyramid.dat’,STATUSm UNKNOWN' ACCESSm’ DIRECT",
®  PORM='UNPORMATTED',RECLu18,AECORDTYPERFIXED")

READ(2,RECmI} NP
READ(1,AEC=)) SCP
READ(1,AECa4) 5CP
READ(Z,RECuS) SCE
FILim3
FiLwd
DO 10 Iml,5CP

CALL READINPO{I,NPSCE SCF,EDGE,POINTS,MEDPF,

- MEDP,MEDE,INDP.COORINDEX,PILL)

CALL ONEDIM(GOOR(1,1},CO0R{1,2),COOR(1,3),DUM1)
CALL ONEDIM{COOR(2,1},CO0R{1,2),COOR{3,3),DUM3)
CALL ONEDIM{COOR(3,1),CQOR(3,3),COOR(3,3),DUMI)
CALL ONEDIM(COOR(4,1),CO0R(4,2), COOR(4,3), DUMS)
GALL PLANEPARI(DUM),DUM2,DUMS,AP(1),8P(1),CP(1),DP(1))

87




GALL PLANEPARI{DUMI, DUMI DUMS,AP :;.np 2),CP(2),0P(2))
CALL PLANEPARI(DUML,DUMY,DUMSAP(3),BP(3),CP(3),DP(3))
CALL PLANEPARI(DUMA,DUMI,DUMSAP(4),BP(4),CP{4),DP(4))
CALL DUMP4FROJ(DUM,AP{1),BP(1),CP(1),DP(1),DUME)
CALL DUMPAPROJ(DUMI,AP(1),BP(3},CP(2},DP(32),DUM8)
CALL DUMP4PROJ(DUMI,AP(2),BP(3},CP(3),DP(3),0UMT)
CALL DUMPAPROJ(DUML, AP(4),BP(4),CP(4),DP{4),DUMS)
CALL DIRECTION(DUMA,DUMA DUME)
CALL D-RECTION (DUM3,DUMS.D1I/MA)
CALL DIRECTION(DUM2,DUM?,DUMT)
CALL DIREGCTION(DUM1,DUMS,DUMS)
ANG{1)«COBINUB{DUMS,AP(1},BP n.cpﬂ)
ANG(3)mCOSINUA{DUMS,AP(2),BP(3),CP{2))
ANG(3) mCONINUS{DUMT,AP(3),BP(3),CP(3))
ANG{4)=COSINUS(DUMS,AP(4),BP(4),CP{4))
DO 70 Jmid
IF (ANG(J).LT.0.0) THEN
AR(J)m-AP(T)
BP(J)a-BP(J)
€P{J)=-CP(1)
DP(J)=-DP({J)
END IP
1P (ABS{AP({1)).UT.1.0E-00) AP({J)m0.0
7 (ADS(BP13)) LT.1.0E-08) BP(Jj=0.0
IF (ABS{CP(1)).LT.1.0E-08) CP{I)m0.0
I# (ADS(DP{1)).LT.1.0E:08) DP(J)m0.0
30 CONTINUE
WAITE{3,REC=I) AP(1),BP(1).CP(1),0P(1),AP(2),BP(3),CP(2),
=  DP(3),AP(3).HP(3),CP3),DP(3),AP({4),0P(4),CP{4),DP(4)
10 CONTINUE
END

CCCCCCCCCCCCCCCCCCCLLCLLLLLLLLLLLLLLLLLLLLLLLLGL CCCCCOCUCLULLLLLLL
c

COMPLEX FUNCT!ON COMPUTE{VAL,ALF SIMP)
COMPLEX VAL(10)

INTEGER ALF(10,2,6)

REAL SIMP(1,4)

c
IMPLICIT NONE
COMPLEX SUM
INTEGER, 1,1, POW1,POWZ,POWI,POWY,COEP
BUM=CMPLX(0.0,0.0)
DA 10 lm1,10
DO 20 Jul,3
POWImALF(L.4,1)
POWImALF(1,3,2)
POWImALF(1,3,3)
POWAmALP(L.1,4)
COEFaALF(I,I.8)
BUMm({ SIMP(1,1)¥*POW1*SIMP(1,3)** POWI*SIMP(1,3)*"POWI*SIMP(1,4)
- *=pOW4)*COEF VAL(I) +5UM
20 CONTINUE
10 CONTINUE
COMPUTE=SUM
END

c

CCCCECECECCECCCtCCCCCCCCCCCCCCCeCeCCCeCCCCCCCeee

CEUBROUTINE THAT CONVERTS AN IMAGINARY FIELD TO POLAR F%c:: ceeeacceeccecece
BUBROUTINE CONVTOMAGFAZ{EX)

COMPLEX EX

c
IMPLICIT NONB
ARAL AVAL,IVAL,PHASE

c

RVAL=CADB(EX)
IVAL=PHASE{EX)
EX=CMPLX{AVAL,IVAL)
END

bhbh‘-‘-‘-\-hbh\-l-‘-'—h‘-hb\—l-l‘-‘-bb‘-‘-\-a‘-Iv‘-|J‘-‘w‘-I-lUUl-\-nhhbhbhb‘-ﬁhhhbhb‘-&\-‘-bubbbb

(]
REAL FUNCTION PHASE(VAL)
COMPLEX VAL

c
IMPLICIT NONE
ARAL DX, DY,F1,PLANG

c

Pi=ACOS(:1.0)

DXmREAL{VAL)

DYmuAIMAG(VAL)

Pla ATAN(DY/DX)

1r (DX.EQ.0) Fi=0.0

tr ((DX.£Q.0).AND.(DY.GT.0)) FI=Pl/2
1P ((DX.EQ.0).AND.{DY.LY.0)) Flm.PI/2
1* ((DX.GT.0).AND.{DY.EQ.0)) FlmD.0
1IF ((OX.LT.0 .AND.iD\’.BQ.O)) Fim Pl

1 ({DX.LT.0),AND.(DY.LT.0)) Flm¥I+PL
1P ({DX.LT.0).,AND.(DY.GT.0)) FimFI+PI
ANGuPFI*180.0/PL

17 (ANGL.AGT.180.0) ANQ=ANG.380.0

1P (ANG.LT..180.0) ANGmANG+380.0
PHASE=mANG

END

gbt.-\..t.ut.l..;.u..q..u|..t..|.-n..t.-t-i-hcct-i-i-t-i-l-t-l..!-l..t.s..(..n..!..n.-ui..\..i.t.uu\.ut.u\.uuuuububwuuuhb\-h

BEMRAD.F

CCCCCCCCCCCCCCCCCCCCCCCCCCC(‘CCCCCCCCCCCCCCCCCC

g gl:l: :A“:gm.lt‘) sgr‘rgg‘ 'iﬂc".:l;"l;no aVJ\I-U!S AT ANY MNggi‘i%clec'l‘clf:lcﬂcTc:Bcﬂ?Acb c
AFACE. T

C FIRST THEORKM APPLIED TO RADIJTION NSEDS HE ALGORITHM 13 B%ED ON GRERN G

::::Elglc_fggiiccCCCCCCCCCCCCCCCL‘CC_FCCCCCCCCCC’CCCCCCCCCCCCCCCCCOCCCCC

COMMON/DIA/ ALLDIR,ALLDIRN MAXDIR

COMMON/IACOL/ ABCD,ABCDI

SRTEGER NODES(000.10).1:NOD1(10}

1 [ 31000,10),1,NOD1{10},A LLDERN(3000),NPUS,1 D

INTEGER llHP('JDOO).cl.!izE.ALF(II}.G.D).SHPI.(HAX)N.VAR.PASSQD

INTEGER MAXDIRNPLPYRIND{2000),NPYR,BSPYR(3000),SCREEN 80
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REAL ABCD{2000,4,4},ABCD1(1000,4,4).NOR{2000,3),N

AEAL ABED (4.4}, ABEDI(4,4).NOR) Ha0 D) Y

AEBAL BET X, Y,Z,IX,1Y,PY,.8Y,1Z,FZ,5Z,9(30,4,4),LW1L,LHI, LW3,LHZ

REAL A{2000,4),B(2000,4),C(2000,4).0{2000,4),¥1,21,¥3,22, X}

gg:::a ::'scm)s.:;,l.(g')‘.g:g)i:L;.Dla(oooo.:).nm(m.s)
100¢,30,3}, ,30,3),K1{21000,30,3

N N TeT 3 30,3}, DH1{3000,30,3)

CHARACTER" AA

g:uluc-rzn-ao FNAME

¢
1DCOD=S11111 1D CODE BY WHICH PYRLAYHA
INBEDES POR “&TEGMT‘QN 8 RECOCNIZES THE PYRAMIDS
NPUSmdé  INUMBER OF COLLOCATION PCINT PO
ISSUH(INTBGM:,)MUM A THE RIEMMAN
1Zim3000 [MA NUMBER OF PYRAMIDS IN
NP1=30 IMAXIMUM NUMBER OF NPUS THE LAYER OF r&
MAXNmO000 [MAXIMUM NUMBER OF NODES IN THE FIRST
SCREENwL IPARAMETER FOR SCREEN/FILE OUTPUT'I LAYER OF FE
NVALmG INUMBER OF POINTE COMPUTED IN THE PAR-FIELD
PASS=0 PARAMETER TO BYPASS ROUTINES NECESSARY FOR PIAST RUN
C THE NEXT 4 VALUES HAVE TO BE CHANGED IF THE M .
Win0.8 IWIDTH/LENGTH OF THE PIRST BOXL ON WICH MBASUREKENTS 0
IARE MADE
LiimL0 INEIGTH OF BOX1
LWI=0.75 IWIDTH/LEN THE SECOND BOX2Z CON
P iNING THE VOLUMS TO BE DISCRITIZED oy Pee. o ToC TO BOXL
LKa=1.33 IMEIGTH OF BOX3
CALL PYRLAY LW1,LH1,LW3,LH2,NPYR,PYRIND
S R ORBIMP BEPYRIDCOD) o Y HODES,SIZE,CL,
WRITE(",*) 't OF INNER PACES=',CI
WRITE(*.*) " OF BOUNDARY PYRAMIDS=',NPYR
CALL PANCTIONS{ALF.EPS,BET)
GALL READDIRVB(ALLDIR, ALLDIAN, MAXN,MAXDIR}
CALL GETSMPVALNP(S,NPI,NPUS)
CALL GETHI(ALP,H3,8.Mp1, NPUS)
5 TYPE *,ENT PUT VARIABLE(1 FOR BECREEN/2
ACCEPT = SCREEN i N/3 FOR PILES) v
IF (SCREEN.EQ.2) THEN
TYPE */ENTER OUTPUT PILENAMEY
Agcer 140,FHAME
OPEN(UNIT=20,FILE=FNAME STATUSm'tNKNQWHN'
i AL S TEBTTER o
pE "B NATE THAT VARIES(X/1.Y/3 .
ACCEPT *,VAR YT 8
END 1P
TYPE *'ENTER RADIUS ¢*
ACCEPT *1X e
TYPE *'ENTER INITIAL THETA, PINAL THETA AND T .
ACCEPT AL ) B THE STEP +
TYPE =, ENTER INITIAL PRI, FINAL PHI AND THE STEP ¢
ACCEPT %,1Z,FZ,5Z on s . STER
TYPE *'ENTER 99 POR SPHERICAL/ANYTHING ELSE
TYPE S ENTZ LSE POR CARTESIAN®
DO 10 X1m:iX,IX,IX
DO 30 YamIY,FY,5Y
DO 30 ZImIZ,P2,8Z
HP(1)m CMPLX(0.0,0.0)
HF(2)mCMPLX(0.0,0.0)
HP{3)mCMPLX{0.0,0.0)
NVALmNVALLF1.0
Y1mY343.14100/180.0
TimZ23.14160/180.0
XwX1*SIN{¥1)*COS(Z1)
YmX1*BIN{Y1)*SIN(21)
ZmX1°COB(¥1)
DG 40 f=L.CI )
LL SELECTDATA(BSPYR(D),L,SIMP,NGR N
. BELECTOATA(DSPY ()1 SIMP,NOR NODES,SIZE,NODT,3MP,
IF (PASS.£Q.0) THEN
CALL GETOIRIO(DIR,NODL,PYRIND(BSBYR{D))
CALL INTEGRAL(X,Y,Z,BET,VAL,SMPL,ABCD1 , ABCDI1 NORL,

. ALPF,H2,DIR,5,NPI,NPY &, PYRIND,N
- ALPHIDIR.S ODES,SIZE,NPUS,BEPYR(I),
E B
CALL INTEGRALL{X,Y,Z,BET,VAL,8MP1,AB
. S,NP1,S1ZE,NPUB,LH,DH HI,DHI) COLABCDILNORL,
END 1P
HP(1)mHP(1)+VAL{1)
HP(2)=HP(2)+VAL(2)
@@ HFQ)mHF() VAL
PASSml

gnuﬁir:(%.-?t)ﬂ#fjucou(

- o - T1)+HP(2)*SIN(V1)*SIN({Z1)+HP(3)*CO8({Y1)
HTET=HP{1)*"COB(Y1)}*COS(Z1)+HP(2)™ .

lll:l’--l-'lr{l_ "“"(21J‘“"'(3)'(‘30?('25(.&.ﬁgf.gf;"’m““ HF(3}*8IN(Y1)

HFI=HF(3}
BND IF

CALL CONVTOMAGFAZ{HR)

CALL CONVTOMAGFAZ{HTET)

CALL CONVTOMAGFAZ{HPI)

IF (SCREEN.EQ.2) THEN
IF (VAR.EQ.1) WRITE(30,110} XL HRHTET HF
IP {(VAR.EQ.2) WRITE(I0,110) Y2, HRHTET H?1
1F {(VAR.EQ.3) WRITE(20,110} Z3,HR,HTET HFI

END IF
IF (SCREEN.EQ.1) WRITE{*,100) X,Y,Z,HR
30 CONTINUE E{*,100) X, HWLHTET, KPL
30 CONTINUEB
10 CONTINUE
IrF (SCREEN.EQ.]) CLOSE(2D)
TYPE *OTHER VALUES {y/a)7*
ACCEPT 130,AA
IF (AA.EQ.'y') GOTO B
100 :O!\..HA'I' ‘A.'r:g'-’l-5'-'-2'-ﬂ-l..'..'.ll.l.‘).l‘t:-('.BI!.I.
. o;l"l‘:o{::;:)..;,i setm(',£12.8,",",710.8,")Hphin (", £12.5,",",
e r AT{1X,F7.3,2X,E10.3,2X,PT.2,3X,210. . 3
119 !OHMA‘I‘(A!)' L,aX,E10.0,9X,F7.3,2X,210.3,2X,I'1.1)
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140 PORMAT(A20)
END
c
cc(.‘.aLbl-l-Dbl.uh‘-hi-‘-‘-‘wh\-\-‘-‘-9‘-MUUUI—"L-L-".".-I..\.'-‘-(-Gbbbhhbbhbb&bh&bbb\-bbbbh‘-
CSUPROUTINE THAT COMPUTE THE INTEGRAL JUST LIKE THE SUBROUTINE 'INTEGRAL!
CHOWEVER ONLY THE GREEN'S PUNCTIONS ARE RECOMPUTED. APTER THE FIRST PASS
STHE H,0H/DN AND THEIR [MAGES ARE STORED PROM THE SUBROUTINE 'INTEGRAL!
CTHIS SPEEDS UP THING THEMENDESLY
SUBROUTINE INTEGRAL1(X,Y,Z.K, VAL SIMP,ABCDLABCDILNOR,S,

o NPSIZENPUS,HIH,OH,HI,DHI)
COMPLEX VAL(3),H(S1Z2,NF,3),DH(S1ZZ,NP,3),DHI(3IZB,NP,3)
COMPLEX HI(BIZE,NP.3)
INTEGER SIMP,NP,SIZE
INTRGER NPUS,BS
AEAL ABCD1{4,4},ABCDIL(4,4)
HEAL NOR(I}LB(NP4ALNY 2K

c

{MPLICIT NONE

COMPLEX GG(30,2),G(20),2G1(30,3),G1{30}
COMPLEX GN(30),GNI{30),DUM

REAL P(30,3),P1{30,3),NORI(3)

INTEGER AX,1

<
NGRI l)-NOMl;
NORI{2)=NOR(2
NORI(3)=.-NOK(3}
CALL GETIPCLOB(ABCDILS,P,PLEIMP.NP NPUB)
CALL GETGRADG({P1,4GL KX, Y, T.NPNPUS)
CALL GETG{PI.GLK.X,Y,Z,NP,NFUS)
CALL GETGRADG{P,GQ,K,X,Y,Z,NP,NPUS)
CALL QETG(P.G,1, XY Z,NPNPUS)
CALL DOTGN{GC,MOR,GN NP,NPUS)
CALL DOTGN(GGI,NOAL,GNINP,NPUS)
DO 10 AXm1,3
DUM»CMPLX(0.0,0.0)
DO 20 lw1,NPUS
10 DUMmDUM+(H(BS,1,AX)*GN(1)-G(1)*DH(D8,1,AX))
DO 30 Im1,NPUS
30 DUM=DUM+{HI(BS,],AX)*GNI{1)-Q1(1)*DHI(BS,1,AX])
¢ minus sign besause Nor waa direcied Inward Instaad of oukward
VAL{AX)m-{DUM/12.40837)%0.0078123
10 CONTINUE

-]
END

CECCCCCCCECeCCCeecCeeoclCioccecoccccecicecccocacCoocrooil ccccccoccee
CSUBROUTINE THAT DOES THE INTEGRAL OVER A SUKFACE
SUBROUTINE INTEGRAL{X,Y,Z,K,.VAL,SIMP,ABCD1,ADCDI1 NOR,ALF,HS,DIR.S,
e NP,NPYR,PYRIND,NODES SIZE,NPUS,PYR,1'3,H,DH,H1,DHL)
COMPLEX VAL(3),DIR(10,3),H(SIZE,NP3),DH(SIZE,NP,3),DHI{SIZE,NP,3)
coMu%';:?sil“(!':S'::&L.PYNND(B
INT MP, NP, 1ZE),31ZE,ALF(10,2,8 28
INTEGER NPUS,PYR,BS PALF(10.2,8),NODES(SIZE, 10}
REAL ARCD1{4,4),ADCDI{4,4),HS(NP,4,10)
glM.. NOR(3) S(NP,4,4),X.V,Z,K

IMPLICIT NONE

COMPLEX GG(30,3),6(34),G01(30,3},G1(30),GFN(30,3),GFN1(30,3)
COMPLLX GN(30),GN1,30),DUM,F(30,3),71(30,3)

ARAL P(30,3),P1(30,2.HORI(3}

INTEGER AX,I

c
NORI(1)mNOR(1)
NORI(2)=NOR{2)
NORI(3)w.NOR(3}
CALL CETIPGLOB{ABCDILS,P,PLEIME,NP,NPUS)
CALL GETGRADG(PI,GCLK,X.Y.Z,NP,NPUS)
CALL GETG(PL,G,K.X,Y.Z,NP,NPUS)
CALL CETGRADG(P,GG,K,X,Y,Z,NP,NPUS)
CALL OETG(P,G. KXY, ZNP,NPUS)
CALL DOTON(GG,NOR,GN,NP,NPUS)
A O (PP P UBG PN NO!
H(P,NP,NPUE,GPN,NOR,NPYR,PYRIND,N ,
+ PYR,DIR,ABCDL} L ,NODES,SIZE,ALF,
CALL GETORADHI{GPN,GFNI,NGR,NOR!,NP,NPUS)
CALL GETH(HS,OIR SIMP,F,NP,NPUS)
CALL GETHI(P,PLNE,NPUS)
DO 10 AXm=l,3
DUMaCMPLX(0.0,0.0)
DC 20 Imt,NPUS
H(BS,1,AX)mP(1,AX)
DH(BS1LAX)mGFN(L,AX)
20  DUMeDUM+(F(1,AX)*GN{1)-G(1)*CFN{I,AX)}
DO 30 Im1,NPUS
HI(BS,LAX)mFI{LAX)
DHI(BS,1L,AX)=GPNI(1,AX)
30 DUMmDUM+(PITLAXI*GNI(1)-GI{1)*GFNI{1,AX))
§ e el N O THE BIZE OF THE PACES AND HAS
0.0079138 DE HE SIZTE OF THE PACES AND HA
CTHE MESH SIZE I8 MODIFIED(GIMME A BREAK) HAS TO BE CHANGED EVERY TIME
VAL{AX)m-(DUM/12.58037)%0.0078128
10 CONTINUE

c
END
<

BGI—b\.‘.l..Ld-i-hl.o\-l.-|.-h!-I-Ll-!-buuy(.‘-&!-d-LI-GBLI-\..|.|.|.|.|.1.uy‘.uyhuu‘b\.buhhhhb\-bbh\-b

CSUBROUTINE THAT RETURNS THE IMAGE O

A NLESIANCOMBONENETS, P DH/DN ABOUT THE XY PLANE FOR ALL 3
SUBROUTINE GETCGRADHI(F FILNOR,NORI,N,NS)

COMPLEX F(N,3),FL(N.3)

INTEGER AX,N N3

ATAL NOR(3) NORI{I)

c
IMPLICIT NONE
INTROER 1,DIR

c
DI NOR(1)*NORI(1)+NOR{I)*NORI{2)+NOR(I)*N
DO 10 AX=l,3 \ (A)*NORI(3)
DO & im) NS
PI{LAR)=F(LAX)
1P (AX.EQ.Y) FI{LAX)™
8 CONTINUE
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10 CONTINUE
END

¢
S CCCOCEECECCtettiCoCCeCeeiCeetCCeCCeOCCCCCeCeCteCteCCCCOreecceoores
CIUBROUTINE THAT CONTROLS THE COMPUTATION OF THE GRADIENT OF H AT ALL CCOLLOCATION POINTS AND CORECTES FOR THE RON
SUBROUTINE GETGRADH(P,N,NS,PN,NOR,NPY
P baeay .( \NS,PN,NOR,NPYR,PYRIND,NODES, S1Z,ALF,
INTEGER NPYR.SIZ, PYRIND{SIZ),N, NODES(SIZ,10}, ALF{10.2,8
COMPLEX FN(N.3),DIR(10,3) (912,101 ALF(10.3,8).N8,PYR
REAL P(N,2).NOR(3),ABCD(4,4}

>
(MPLICIT NONE
COMPLEX DHN(J)
INTEGER 1,3,NODE{10),AX
I.EAL PD{3),5(4)

c
DO 10 [=1,NS
DO 20 J=1,3
D VAL AT EGH(PD.NOR
c A EGH(PD, NPYR,PYRIND,NOD
*  ABCD,8,NODE,DIR) v BS,DHN,SIZ,ALF,PYR,
© MINUS 81GN DEPENDING ON DEFINTTION OF NORMAL
DO 30 AXmt,3
30 PN{LAX)m.DHN(AX)
10 CONTINUE
BND

c
cccct‘f‘f‘l"f‘"!‘l‘r‘r‘l“f‘f‘mr‘ﬂﬂrf‘l‘f'l"l"l"f"!"ﬁ!“'t'r'{'r'flrof-rvflpﬂ"(\-pﬁﬂl‘l‘f‘l"r‘l“'f‘f‘l‘f’l‘l‘f‘f‘f‘f’
ggg?&ﬂg%’;}ﬂl THAT EVALUATES DH/DN USING 3 POINT FORWARD DERIVATIVE FROM THE
SUBROUTINE EVALUATEGH(PD,NOR.NPYR,PYRI

e RaE DI (PO, ! ND,NODES,DHN SIZE, ALY, PYR,
INTEGER NPYR,SIZE,PYRIND(SIZZ),NODES({SIZE,10),ALP{10,2,8),PYR
INTEGER NODE(10)
REAL PD(3),NOR(3),ABCO(4,4},8(4)
gOHPLEX DHN{3),DIR(10,3)

IMPLICIT NONE

COMMON/DIR/ ALLDIR,ALLDIARN,MAXDIR
INTEGER I,J, ALLDIAN(6000),MAXDIR,OLPYR,AX
AEAL P(3),P1(3},P2{3),MN

COMPLEX ALLDIR(3000,3),VAL(3)

c

DO 8 AXm1,)
5 DEN(AX)mCMPLX(0.0,0.0) :
DO 10 J=0,2
DO 30 lm1,3
P{l)=PL{1)-0.00L*J"NOR(I)
IF (3.EQ.0) PLU}mP{l
20 Ir (J.EQ.1) PA(I}mP(I)
OLPYR=PYR
CALL GETPYR{P,NFYR,FYRIND SIZE,PYR)
1F (OLPYR.NE.PYR) THEN
CALL GETNODEJACOB(ABCD,NODE,PYR,NODES SI1ZE)
CALI; GETDIR1G{DIR,NODE,PYRIND{PYR})
END I
CALL QETSPLOC(ABCD,P.S)
CALL GETVALUE({ALY¥ S DIR,J,VAL)
DO 30 AX=l,)
30 DHN(AX)=DHN{AX)+VAL{AX)
I.DHCOSZ';R'!?(U(%““ P1(1))**2+(P2(2)
MN=m P 2)-P1{2)) **3+(P2(3).P1{3)}**2 .
DO 4D AXai,3 M (P2(3)-PL(3))**D)
40 DHN(AX)mDHN{AX)/MN/2.0
END

<

G(..h(.al-i-i-i-\n\-b\-\-‘-‘-\-—l-b‘-‘-h‘-l—l-\-\-hhhbhh[,bi,(,l.,bl,(.g,gghi,U\-\ahbhbbhbbb\-h'—bhbhhbh

gig?\ﬁ%'g:-g ';“:TN%:‘lfﬁgitﬂgggs FIEVLD AT §, USINGTHE DIRICHLET VALUES AND
ATIVE, SIMILAR TO GETH2 D GETH COMBINED

SUBROUTINE GETVALUE(ALF 3,DIR,OP,VALI) AN

COMPLEX VAL2(3),DIR{10,3)

INTEGER ALF{10,2,8),0P

REAL 8(4)

c

IMPLICIT NONE
INTEGER 1,8P,P1,P3,P3,PL,AX
COMPLEX VALY VAL

c
DO B AXml,d
VALI[AX)mCMPLX{0.0,0.0}
DO 10 Im1,10
VAL=CMPLX(0.0,0.0)
PO 20 BPm1,2

VALILl (B1oaP1y*(8(2)+
VALim( (B{L1)**P1 2)**P2)*(3(3)**PI)*(5{4)** .
10 e vath )*(5(3) )=(S(4)**F4¢} )*ALF(1,8P,8)
10 VALI(AX)=VALI{AX)+VAL*DIR(I,AX)
tr (OP.BQ.0) YALI(AX)m-3.0°VALI{AX)
IF (O EQ.1) VALI(AX)m4.0*VALI(AX)
1P {OP.EQ.2) VALA(AX)=m-VALI[AX)
e IF (OP.BQ.0) VALI(AX)m:VALI(AX)
¢ 1P (OP.EQ.1) VAL2(AX)aVALI(AX)
8 CONTINUE
EHD

oy m{ e ] oo o ol o o ol o] ol ] o] Bt i Sl el e ] e e e ] ] el ] ol i ] ] o ] o {0 o o v 4 CCCCCCCCCLLLLLLCG
CSUBRQUTINE THAT COMUTE STHE IMACE OF T

GTHE 3 CARTESIAN COMPONENETS OF THE H FIELD ABOUT THE XY PLANE FOR
SUBROUTINE GETHI(P.FI,N,NE)

COMPLEX F{NJ3),FI{N.3)

INTEGER N,NS

c
IMPLICIT NONE
INTEGER L,FAC.AX

c

DO 5 AXwl,d
FACwL
IP (AX.EQ.3) PACw-1
DO 10 Im) NS

81



10 ri, Ax).r(:..\xa-nc
8 CONTi
END

c
CCCCCCCCoCcecCcoeccecccocoeceeCCoecCcoccccLcCcccccocccccccccoccccecccccecce
CISUBROUTINE THAT COMPUTES THE CREEN'S FUNCTION FOR ALL COLLOCATION POINTI]
SUBRROUTINE GETC{P,G,K,X,Y,.Z,N,N3)

REAL X.¥,Z,K,P(N.I)

COMPLEX G(N)

INTEGER N,NS

c
::MPL!CIT NONE

REAL R
INTEGER
COMPI-IX EX

DO 10 Iwl,ND
R=BART{ {X-P{1, l'l)"=+(Y-P(I.=))"3+|‘.2-P(1-ﬂ)“’ }
EXwCMPLX(0.0,-1.0)"K

10 G{)uCEXP{EX)/R

END

c
GCCCCCCoCCCCCCCCCCCCCCCCUECCCECCCECCECCCeCCteCeECCCeCeCeCCCCCCcereee
CSUBROUTINE THAT COMPUTES THE GRADIENT OF THE GREEN'S PUNCTION FOR, ALL
CCOLLOCATION POINTS

SUBROUTINE GETGRADG(P.GG,K.X,Y,Z,N,N8)

RBAL X,Y,2,K,P(N,3)

COMPLEX QG{N,3)

INTEGER N,N8

=]
lclll’lolct'l' NONEKE

ARAL R
INTEGQER I
goupux FLEX,FIP

DO 10 Im1,NB
RuSQRT( (X.P(l, :))0-:+(v-p(l 20)**24{2.P(1,3))°*2 )
EX=CMPLX (0.0.41.0)*K'
Pl=CEXP{RX)/R
FIP=(PI/(R**2)+CMPLX(0.0,1.0)*K*FI/R)
un L1)m{X.P(1,1))"PIP
.3 ¥.P(1,3)) *FIP
ID G(1,3)=(Z-P(1,I))*FIP .
BEND

CCCCCCC L CCCCCCCCCUlCLLCCLLLLLLLLLLLLLLLLLLLLLLLL L LLLLLCLLLCCCCLOCCLUG LU
CSUDROUTING THAT COMPUTES THE FIELD ON THE SURPACE PATCH(QONE FACE OF THE
CPYRAMID POR ONE PARTICULAR NORMAL 8P AND USING THE PIELD NODE VALUES

CTHE OUTPUT IS THE rm.p FOR ALL COLLOCATION POINT AND IN THE 3 CARTESIAN
CDIARCTION OF THE FIELD

SUBROUTINE amm.nm.sr.r.n.us)

REAL H(N,4,10

COMPLEX r(u.:n DIR(10,9)

INTEGER 8i%N,N8

c
lcNPLlClT NONE

INTEQER I,P.AX
COMPLEX VAL{Y)

)
DO B AXw1,3 .
DO 10 Pw1,NS
VAI.(AX)-CM?M!(G.O.D 0)
DO 30 Im1,10
20 VAL{AX)mVAL(AX)+H{P,SP,1)*DIR(T,AX)
PP, AX)mVAL{AX)
10 CONTINUE
B CONTINUE
END

c
CCCECtCCCCCECCCCCCCCECeeeCtCECCCCCtCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CSUBROUTING THAT READS ALL THE DIAICHLET VALUES AVAILABLE AND STORES THEM IN
CVECTORS, THIS I3 FASTER THAT ACCESSING THE FILE EVERY TIME.

CALLDIR 18 THE VALUE OF THE NODE X,Y,2 COMPONENT

CALLDIRN IS THE INDEX OF THE NODR

guaxoln IS THE NUMBEN OF DIRICHLET NODES

SUBROUTINE READDIAVE{ALLDIRALLDIAN,N, MAXDIR)
INTEGER ALLDIRN({N),MAXDIAN
gcupuu ALLDIR{N 3}

IMPLICIT NON‘I
INTEGER )IND
RB&L KlX.XI.\’.TI.X,YlY.Z!X.ZIY

DPIN(UNIT-l.l..ﬂl.l-'onllrlchln bem*',STATUS='UNKNOWN', ACCESSm
& ‘SEQUENTIAL', FORM='FORMATTED")
NEAD(11,%) MAXDIR
DO 10 Jul MAXDIR
NEAD{1L,®) IND,XIX,X1Y,Y1X,YIY,Z1X,Z1Y
ALLDIRN(IND)mJ
ALLDIR(S,1)mCMPLX{X1X,X1Y)
ALLDIR(J,2)mCMPLX{Y1X,¥Y1Y)
ALLDIA(1,3)mCMPLX{Z\X,Z1Y)
10 CONTINUN
CLOBE(11)
END

<
[l cfel sl sfelolul ol el o lel etnl el ol ol slal ol sl sl ol stel elal o ml el elel sleetaf sl ol odel ool ol ol el o Lol T o el e o]

ANALYTICRAD.F

C PROGRAM THAT CIVES THE ANALYTICAL SOLUTION FOR THE SOUACES USED IN
€ AND IN MAINCOMP{3OURCES ARE DEFINED IN 'SOURCESUBS.F*
C

c

IMPLICIT NONB

REAL I,J,06,1X,FX,5%,[V,FY¥.8Y,1%,FZ,02,Y1,E1
REAL X,Y X, FREQ,NVAL

92



COMPLEX EX,EY,.EZ,DIRICHLETVALX,DIRICHLETVALY,DIRICHLETVALZ
COMPLEX HRHTET HM

INTEGER SCREEN,VAR,SC

CHARACTEAR®] AA

CHARACTER"10 FNAME

c

[+
OPEN(UNIT-3.?l'..EII'hmhn.dn'.!'rATUS-'UNKNOWN',ACCBSB-
- ‘SEQUENTIAL' FORM='FORMATTE')
READ{},") FREQ
CLOSE(3)
TYPE *'ENTER OUTP''T VARIABLE{l FOR SCREEN/2 FOR FILES)
ACCREPT * 3CREEN
1F (3CREEN.EQ.2) THEN
TYPR *'ENTER QOUTPUT FILENAME?"
ACCEPT 140, FNAME
DPEN(UH’IT-”.?!LE-?NAHB.STATUS-'UNKNOWN‘.ACCSSS-
- SEQUENTIAL FORM='FORMATTED")
TYPR *'ENTENR COORDINATE THAT VARIBS({X /1, /2,213, TWO/4) '
ACCEPT *,VAR
END IF
5 TYPE *ENTER RADIUSZ
ACCEPT * IX.FX.3X
TYPE *'ENTER IN'TIAL THETA, FINAL THETA AND THE STEP
ACCEDT % 1V,FY,8Y
TYPE *'ENTER INITIAL PHI, FINAL PHI AND THE STEPF ¢
ACCEPT *I1Z,FZ,32
TYPE *'ENTER 20 FOR SPHERICAL/ANYTHING ELSE FOR CARTESIAN'
ACCEPT *, 3C
DO 10 I=tX,FX SX
DO 20 J=IY,FY,8Y
DO 28 KnlZ,F2,852
¥im]®3,14180/180.0
Tlm¥*3,141060/180.0
XmISIN(Y1)*COS(Z1)
Yal*SIN(Y1)"SIN(ZY)
Z=I"COB(Y1)
NVAL=NVALYL.0
EXwDIUCHLETVALX{X,Y,2,FREQ)
EYmDIRICHLETVALY(X,Y,Z,FREQ)
EZaDIRICHLETVALZ{X,Y,.Z,FREQ)
I¥ (8C.EQ.00) THEN
HH.-!x'SIN(YI.)'QOS(ZI)+IY‘EIN(Yl)'lIN(Zi)+E7.°COE(\‘l)
H.TI'.'I'-!K‘COS(YI)'COS(ZI)-{-BY‘COS(Yl)'SIN(Zl)-EZ'SlN{Yl)
HPI=-EX*SIN{Z21)+EY*COS{Z1}4+EZ*0.0
BLEEB
HR=EX
HTETwEY
HFI=EZ

END IF
CALL CONVTOMAGPAZ(HR)
CALL CONVTOMAGPAZ(HTET)
CALL CONVTOMAGFAZ({HFI)
IF (SCREEN.EQ.2) THEN
IF (VARLEQ.1) WRITE{30,110) |,HR,HTET.HFI
I¥ (VAR.EQ.2) WRITE(30,110) J,HR,HTET.HFI
IF (VAR.EQ.2) WRITE(20,110) K,HR,HTET, HFI
r (van.m; .4) WRITE(20,130) J,K,HR,HTET,HFL
END I
17 (SCREEN.EQ.1} WRITE(",100) X,Y,Z,HRHTET,HPI
35 CONTINUE
10 CONTINUE
10 CONTINUB
IP (SCREEN.EQ.2) CLOSE(30)
TYPE o 'OTHER VALUES (y/m)?
ACCEPT 130,AA
IF (AA.2Q.'y") GOTO &
100 FORMAT('AT:(* FR.5,%," F5.5,%,".70.5,") Hrm (", E12.5,
: '.;.ng.‘s).-));nm-(-.m:.a.'.'.uo.u.-)mpu-(-.zu.s.~.'.
L0
110 FORMAT(1X,P7.3,2X,210.3,2X,F7.2,3X ,E10.3,2X,F1.2,3X, E10.3,3X,P7.2)
130 FORMAT{1X,P7.3,2X,P1.3,3X,P7.2,3X,E10.3,2X ,77.3,2X,B10.3,3X,
= p7.2,3X,510.3,3X,77.2}
120 FORMAT(A2)
140 FORMAT(A20)
END

cooctCtoeceRCCCCCCCCCCUCCCCCCCCCCOCCCCCCOCLLLLULLLLLLLA e CCCCLLU TG
c

DERANALRAD.F

C PROGRAM THAT PRINTS ANALYTICAL DERIVATIVE OF FIELD IN THE RADIAL
€ DIAECTION GIVEN FOR THE SOURCE DEFINED IN sourcesubs.f.

=]
gnrucn' NONE

COMPLEX H(1,3)

REAL IX,PX,8X,1Y PY SY,1Z,FZ,5Z,P(1,3),NOR(3),P[LFREQ
REAL ¥1,Z1,BET,1,0,K

CHARACTER"2 AA

INTEGER BCREEN,VAR

gﬂAMC‘l‘lﬂ‘lﬂ FPNAME

c
OPEN{UNIT=],FILE='lancticas.dat’,STATUB= 'UNKNOWN', AGCESS=
- *SEQUENTIAL*,PORMM'FORMATTED")
READ{3,*) FAEQ
CLOBE(Y)
PlmACOS{-1.0)
AET= 2.0°PI*FREQ*SQRT(.588-13°1,J60648.0)
8 TYPE *'ENTER OUTPUT VARIABLE(L POR SCAEEN/2 POR FILES) '
ACCEPT *,SCREEN
IF (SCREEN.EQ.2) THEN
TYPE *ENTER QUTPUT PILENAMEY
ACCEPT 140,PNAME
QPEN(UNIT=20,FILER FNAME STATUS= ' UNKNOWN',ACCESSm
. ISEQUENTIAL',FGRMa'FORMATTED")
TYPE *'ENTER COORDINATE THAT VARIES(R/1, THETA/I,PHI/I) 1
ACCRPT * VAR
END 1P
TYPE *'ENTER RADIUS (¢

a3



ACCEPT *,IX FX,5X
TYPE *ENTER INITIAL THETA, FINAL THETA AND THE STEP ¢*
ACCEPT * IV PY,8Y
TYPE * ENTER INITIAL PHI, FINAL PHt AND THE STEP
ACCEPT * 12,P2,52
TYPE *,'DERIVATIVE IN THE R DIRECTION'
DO 10 taiX,PX.5X
DO 30 J=IY,FY SY
DO 28 KmiZ,PZ,8%
YiaJ*3,14150/180.0
ZimK"3.14180/180.0
951.:)-1%1:«’71 *COB(Z1)
P{1,2)mI*SIN{ Y1} *SIN(Z1)
P(L3)ml*COB(V1)
uani:)-?(:.n
NOR(3)=P({1,2
NOR(3)=P{1,3
CALL GETREALDHDN1{P,H.NORL,1,BET)
CALL CONVTOMAGFAZ(H{1,1))
CALL CONVTOMAGPFAZ(H(1,3))
CALL CONVTOMAGFAZ(H(1,3))
IP (SCREBN.EQ.3) THEN
IP (VAR.EQ.1) WRITE(20,110) LH{1,1),H(1,2),H(1,3)
17 (VAR.£Q.2) WRITE({20,110) J,H(1,1),1(1,3) H(1,3)
1P (VAR.EQ.3) WRITE(30,110) K,H{1,1),H(1,3),H(1,%)
BND IP

1F (SCREEN.EQ.1) WRITE(®,100)
- P(1,1),P(2,2),P{1,3).11(1,1),H(1,2),#{1,3)
38 CONTINUE
20 CONTINUE
10 CONTINUR
ir (SCRREN.EQ.2) CLOSE(20)
TYPE *,'OTHER VALUES (y/u)7
ACCEPT 120,AA
17 (AA.EQ.'y') COTO B
100 FORMAT (*AT:(*, P8.5,"," FE.0,',", F0.0,") Hru (" E12.5,
- '.'.ﬂu.n).'))mu.-(',uu.n. 10,5, );Hphim (", E12.8,",",
. ri0.8)'
110 PORMAT(1X,F7.3,2X,E10.3,3X,P7.2,2X,E10.3,2X,F?.2,3X,E10.3,2X,F1.2)
120 FORMAT(A2)
140 FORMAT(A20)

gND
gr CCCCCCCCCCCOCCCCCCCCCCCCCCCCCCCCCCCUNCCCCCCCCCCLCCOCLlLCLCLLLGLLL
DFDNCOMP.F

C THIS LIST OF SUBROUTINES ARB USED BY MAINCOMP FOR THE IMPLEMENTATION
C OF THE ABC BABED ON DEM. MOST OF THE ROUTINES ARE SIMILAR TO THB ONE
g IN BEMRAD BUT NOT QUITE THE SAME,

(-'-hb‘-l-bhhhhb‘-!—\bbbbbhhhbhhDl-!‘d‘-l‘l\-Whhbhbb\-hhbbbyb\-bwbhbhhb‘-i-!-l-&\-‘v

SUBROUTINE GETFULLVALONS(DSPYR,SIMP,NOR,NODES,SIZE,CO,ALP,HI,S,NP,
= NPYR,PYRIND,NPS,H,DH HNODE)

INTEGER BEPYR(SIZE)},SIMP(SIZE},31ZE, NODES(SIZE,10},CO,ALP(10,8,2)

INTEGER NP,NPYR,PYRIND(SIZE)NPS,HNODE(SIZE,10)

ATAL NOR(SIZE,3),HI(NP,¢,10),8(NP 4 4)

as.u. H{SLZE,NP,10),DH(SIZE,NP,10)

IMPLICIT NONB
INTEGER NODL(10),8MP1,1
REAL ADCD1{4,4), ABCDIL(4,4),NORL()

[+
DO 40 I=1,CO
CALL SELECTDATA(BSPYR(1),1,9IMP,NOR,NODESSIZE,NOD1,SMP},
* ABCDL,ABCDI1,NOR1
CALL GETHDHHIDHI(SMP1,ABCDL,ABCDILNORY,

*  ALFH2,8NODLNPNPYR,PYRIND NODES,SIZE,NPS,
 BEPYA{I)}H,DHHNODE)

40 CONTINUE

END

<

CCCCCCCCCCCCCCCCCCCCCeCtCCCUCCCCeCCoeCCeCCCeCeteeCCCCeCoCCootTCCCk

c

SUBROUTING OETHOHHIDHI(BIMP,ABCDLABCDIL,NORALF,HS 3 NODE,
* NP,NPYR,FYRIND,NODES SIZE,NPUS PYR,DS,H,DHHNODE)

NEAL H(SIZE NP0}, DH(SIZENP,10)

INTRGER SIMP,NP,NPYA,PYRIND(SIZE) SIZE,ALP{10,2,0),NODES(SIZE,10)

INTEGER NPUS PYR B3 NODE(10),HNODE(SIZE, 10)

REAL ABCD31(4,4),ABCDIL(4,4),HS(NP,4,10)

allb NOR(3),B(NP,é,4)

IMPLICIT NONE

REAL F(16,10},GPN{18,10)
REAL P(18,3)

gc'uam ND1

CALL QETIPGLONSING({ABCDI .S, P.SIMP,NP,NPUS)

CALL GETGRADH(P,NP,NPUS,GFN,NORNPYR,PYRIND,NODES,S1ZE, ALY,
" PYR,ABCDL)

CALL GETH(HS8IMP,F,NP,NPUS)

DO 10 NDw1,10
HNODE(DS,ND)mNODE(ND)}

DO 70 t=l,NPUS

(B3I, NDYw(P(1,ND}/12.00037)*0,03128

30  DH(PS,I,ND)m{GFN(I,ND)/12.86637)%0.09128

L‘o CONTINUE

END
c
gCCCCCCCGCCCCCGCCCCCCCCCCccCCCCCCCCCCCCCCGCCCCCCCCCCCCCCCGCCCCCCCC

SUBROUTINR INTEGRALL(POB,NPOS,K, VAL, VALNOD,NVALMXVND,SIMP,ELAREA,
* ABCD1,ABCDIL,NOR,HIOS,5,NP,MXFAC,NPUS,NVEC,BS, H,DH, HNODE,
= AX,CR¥,INSIMPLEX)

RRAL H{MXPAC,NP,10),DH(MXFAC,ND,10}

INTEGER SIMP,NP,VALNOD({MXVND),MXVND,KRVAL,NPOS,IN(8) SIMPLEX

INTEGER NPUS,BS,HNODE(MXFAC,10),AX,CAF{MXVND),MXPFAC IND

ARAL ABCD1{¢,4),ABCDLL(4,4),NVEC(3),ELAREA

COMPLEX VAL(8,MXVND)
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ICIBAL NOR{I),S{NP,4,4),K,POB(NP,3),HIOS(NP,4,10}

IMPLICIT NONE

COMPLEX GG{16,%),C2M{18),CGT{16,3),52IN1(18),DIR(10,3)

COMPLEX GN(18),GNI{10),DUM(10},32(18,3),G21{18,3),DUMIDALF(8,10)
REAL P(19,3),PI(16,3),FAC,NORI(Y)

INTEGER I,L,ND,ALF,IND1IND2,INDI

c

FACE=1.0
NORI(1)=NQR(1)
NORI(2)mNOR(1)
NORI(3)w.NOR(I)
1P (AX.EQ.3) FACH-1.0
CALL INITIALIZE(DUMI0ALF,8,10}
DO 10 L, NPOS
CALL GET3PGLOB(ABCDILS,P,PLSIME,NF,NPUS)
CALL GETGRADGN{P1,GGLX,POB(L,1), POR{L,2),POB(L,3),NP,NPUS)
CALL GETGRADGNNP(PI,G2L,K,POB{L,1),FOB(L,2),POB(L,3), NORI,NP,NPUS)
CALL GETGRADGN(P.GT,X,POB(L,1),POB(L,2) POB(L,3),NP.NPUS
CALL GETGRADGNNP(P,G2,K, POB(L,1),FOB(L,3),POD(L,3),NOR,NP,NPUS)
CALL DOTGN{GG,NVEC,GN,NP,NPUS)
CALL DOTGN(GGI,NVEC,GNI,NP,NPUB)
CALL DOTGN(G3,NVEC,0IN,NP,NPUS)
CALL DOTGN{G3I,NVEC,GINLNP,NPUS)
DO 80 ND=1,10
DUM(ND)mCMPLX(0.0,0.0)
DO 20 Im1,NPUS
20 DUM(ND)mDUM(ND)+(H{BS,[,ND)*QIN(1)-GN{1)*DH(BS,I,ND})
- +FAC*(H(BS,1,ND)*GaNI([}.GNI{1}* TH(BS,1,ND))
QO 30 ALFm1,8

D
30 DUMIOALP(ALP,ND}=DUMICALF(ALP,ND)+DUM{NDI*H208(L,SIMPLEX, IN(ALF})
cocd0 DUMILDALP(ALP NDI=DUM{ND)
50 CONTINUE
10 CONTINUE
DO 80 ND=1,10
INDI=HNODE(BS ND)
INDI=CRIP{IND1)
DO 70 ALFwl,8
DUMLIOALP(ALF NO)=DUMIJALF(ALF,ND]*ELAREA
geeon  DUMLIOALF(ALF,ND)mDUMLOALF{ALP,ND)
VAL(ALF,IND2)mVAL{ALF,INDJ)-DUMIOALF{ALF.ND)
e minus slgn becawss Nor was direcied (nward Instead of outward
70 CONTINUE
Gco CONTINUE

END

c
P Tt a st ntelalat el elatalalalelelatal sl el olel i wlot ool nl wlol el el elalelelaloloiafel ol stul ol elu el sl st nl o ml s el )

c

SUBROUTINE GETGRADH(P,N,NS,FN,NOR,NPYR,PYRIND, NODES SIZ,ALPF,
= PYR,ABCD)

INTEGER NXPYR,SI1Z,PYRIND(SIZ) N, NODES(SIZ,10)

INTEGER ALF(10,2,8),N5,PYR

REAL P(N,3),NOR(3},ABCD(4,4),FN(N,10}

c

IMPLICIT NONE
INTEQER L,J,ND
REAL PD(3},8(¢),DHN{10)

DO 10 1m1,NS
DO 20 Jw1,d
30 PD(J)=P({1J)
CA-M'.. ::aléu'?‘l‘wH(PD,NOR.NPYR.PYRJND.NODBS,DHN.BIZ.AI&P.PYR.
'
C MINUS SI1GN DEPENDING ON DEFINITION OF NORMAL
DO 30 NDm110
30 FN(IND)=.DHN(ND)
10 CONTINUE
END
c
CoCrCCCCCoCCCCCCCCCCCCCCCCCCCCCCCCCtCCCelcCocccccceectececocececceececec

c
sunﬁlgxggi EVALUATEGH{PD,NOR,NPYR,PYRIND NODES,DHN,SIZE,ALP,PYR,

INTEQER Nl.'YR.SlZB.P\’MND(S!ZE).NODB&(SIZE.!D).ALP(!D.!.!).PYR
gmu. PD(3),NOR(3),ABCD{4,4),5(4),DHN{10)}

IMPLICIT NONE
INTEGER 1,J,0LPYR,ND,NODE(10)
gﬂb P{3),P1(3),P2(2), MN,VAL{10}

PO 5 NDwm1,10
5 DHN(ND}m0.0
DO 10 J=0,2
DO 20 Im1,3
P(1)=PD(1)-0.001*I*NOR{1)
1¥ (3.2Q.0) P1{I)mP(]}
20 1P (.EG.1) Pa(D=P(l}
OLPYR=mPYR
CALL GETPYR(P,NPYR,PYRIND SIZE,PYR)
I¥ (OLPYR.NE.PYR) THEN
CALL GETNODESACOB(ABCD,NODE,PYA,NODES,31ZE)
WRITE(®,*) 'YOU HAVE NEW PYRAMID THIS IS NOT GONNA WORK
e BECAUSE YOU STEP IN DERIVATIVE 1S TOO LARGE THAT YOU USE
- MORE THAN ONE PYAMID TO EVALUATE DH/DN*
WRITE(*,*) "I TRIED TO GET NEW NODES BUT IT WONT WORKY'

BND IP
CALL GETSPLOC(ABCD,P,S)
CALL GETVALUE(ALP.S,J,VAL)
DO 30 NDm1,10
30 DHN(ND)mDHN(ND)+VAL(ND)
10 CONTINUK
MNwBQRT( (PI(1)-P1{1))1**2+{PA{2)-FL{3))**3+(F2(I}-P1{2))**2)
DO 40 NDml,10
40 DHN(ND)=DHN(ND)/MN/2.0
gND

CCCCCCCCCoCCCCCCCCCCOCCCCCCCCCCCCCCCCCCCOCCOCULCLCLLLCLOLLLLCLLLLL

c

SUBROUTINE CETVALUE(ALY,S,OP,VALI)
INTEGER ALF(10,3,8),0P

REAL 8{4),VAL{10)

c




IMPLICIT NONE
INTEGER AP, PLP2,PLP4ND
AREAL VALl VAL
c
DO 10 ND=},10
VALI(ND}= 0.0
VALm0.0
DO 20 8Pw=1,2
PleALP(ND,AP,1)
PIxALF{ND,S5P,2)
'Sall-'(ND.SP.S)
PawALF(ND A
VALLu{ (S(l)"?l)‘(!ﬂ]"Pi)'(8(3]“?”‘(8(‘)"?‘) J*ALF(ND,SP8)
20 VAL=VALSVA
VALIIND)= VAL
iP (OP.2Q.0) VALI(ND}m-3, 0*VALa({ND)
1r (OP.2Q.1) VALI(ND)}=4.0° VALI(ND)
IF (OP.EQ.3) VALI(ND)w-VALI(ND)
10 CONTINUE
END
c
ut.\-!.u-t.l..l..ut.l..l-t.\.l.uut..l..hhu..t.uuuuuhbm—uuguuy(..ht.GCCCCCCGCCCCCCCCOGCCCCCC

c

BUBROUTINE GETGRADGN(P,GGXK,X,Y,Z,N,N8)
REAL X,Y,Z.K.P(N.3)

COMPLEX GG(M,3)

INTRGRA N,N8

c
::Ill'lalcﬂ' NONE

REAL R
INTEGER I
CQMI‘L“ rL.EX,FIP

oo 10 m1,NS
RuSQRT (x.P(l,l})'°:+(¥-P(l.:))"!+(z.?(:..))"1 )
EXwmCMPLX(0.0,-1.0)*
FlmCEXP(EX)/A
"P-.S :nn--a +cup;.x(n 0,1.0)*K*F1/R)
Qa1 m{X-P{1,1))*P;
Go{l :)-(Y-P(:.:)}-rw
10 QG(I3)=({Z-F(LINFIP
END

CECCCCCCCCCCCCCCtCCCCeCCCCCoCCCCECCCOCCCCCCCCCCCCCCCllCCLcUllbLLLLiL

c

SUBROUTINE OETGRADGNNP(P,GG,K,X,Y,Z,NOR,N,N5)
REAL X,Y,Z.K,P(N,3),NOR(I)

COMPLEX GG(N,3)

INTEGER N,NS

c
IMPLICIT NONE
c

MEAL R
INTEGER 1
COMPLEX PLEX,PIA,FIBABIMG XX, YY,ZZ XY X2,YZ

c
IMGmCMPLX(0,0,1.0)
DO 10 I=s1,N3
A=SQRT( tx-P(l.m":-l-(v-P(x 2))**21+(Z-P(1,3))%%3 )
EX m- IMOPK!
ﬂ-cnxr(sx
A-mnmlnu.o/
a-(u;‘-:;: nﬂna-mn.-: 0/R**2}/{R**2)

ri*n

XXwPIA+(X-P(1,}}}"*2*FIB
YYuPlA4(Y.P(],2))°*1°FIB
ZZaFIA+{2Z-P(1,3))"*2*FID
xY-(K-P(t.l))'(Y-P(I.H)I'PIB

XZm(X.P(1,1))* 'bP 1.3))*FIB

YZm{Y.-P l.!) 5,3))*PID

aacl, l)-NOR(!)'K)H-NOll.(!)'XY-FNOK(S)'XZ
OO(I.SI-NOR(“‘XY-'-NOR(?)‘YY-!-NOR(:)’YZ

I‘ONDGG(I.!)-NOH(l)'x!-l-NOH.ﬂ)'Y‘&d-NOR(:)'Z!

c&Dbhbbhhbccl—Lb&bh‘-bhbcl:l.ul-b‘-l-\-bbhl-l-(o'-!-i-b\a\—bGh\abhhhb‘hhbbhbbhbh\—hb‘-h(—
c .

SUBAQUTINE GETH(H,SP,F,N.NS)
REAL H{N,4,10),F(N,10}
INTEGER SP,N,N8

<
IMPLICIT NONB

<
INTRGER PND
:lhl.- VAL{\0)

DO 10 Pml,NS
DO I NDm1,10
20 P(P,ND)=H(P,3P,ND)
10 CONTIRUE
END

c
gCCCCCCCCCCCGCCCGCCCCCCCCCGGCCCGCCCCCCCCGCCCCCCCCCCCCCCCCCCCCCCCCC‘:C

DFDNSUBS.F

[+
gcccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

SUSROUTINE IDENTIFY(MEDPF,IDCOD,INNER.BON,J)
INTECER MERDPF(4),IDCOD,I
LOGICAL INNER,BON

e
+ IMPLICIT NONR
BON=.FALSE.
17 {IDCOD.EQ.$00000) T
BON={INNERAND, (J.IQ l)) OK.(HED?(J‘) GE.IDCOD)
BLSR IPF {IDCOD.EQ.11111) T
BON=({INNER.AND.(J. SQJ)) OH..(IIEBPU) 2Q.1DC0D)

.
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ELSE ¥ (IDCOD.EQ.811111) THEN
BON=(INNER.AND.(J.EQ.1)).OR.(MEDP(J).EQ.IDCQD}

ELSE
WRITE(",") 'IDCOD 18 NOT DEFINED®
END IP
END
c
CCCCCCCCeCCCCCCECCOCCOCCCCCCCCCCCCOCLCCLCCOCCLCCCCoLiLiuhLLLLi Lt

c

SUBAQUTINE AETURNINNER(MEDP,IDCOD,INNER)
INTEGER MEDPF(4),1DCOD

:-:OGICAL INNER

IMPLICIT NONE
INNERw.FALSE,
IF (IDCOD.EQ.600000) THEN
INNERm({(MEDF(1).LT.1DCOD).AND, (MEDF(2).UT.IDCAD).AND.
- (MEDP(3).LT.1DCOD).AND,(MEDF(4).LT.1IDCOD) )
ELSE 17 (IDCOD.EQ.11111) THEN
INNER=((MEDF({1).NEIDCOD).AND (MEDF{3).NE.IDCOD}.AND.
. {MEDP(3).NZ.IDCOD).AND.(MEDF{4).NE.IDCOD) )
ELSEB IF {IDCOD.EQ.511111) THEN
INNER={{MEDF(1) NE.IDCOD).AND.{MEDF(3).NE.JDCOD),AND.
- (MEDF(3).NE.IDCOD).AND.(MEDF(4).NE.IDCOD) )

ELSR
WRITE(®,®) 'IDCOD 18 NOT DEFINED’
BND IF
END
<
CCCCCCCEeCeCteCCCteCtCCeCtCCCeCLCCCECCCCCCCCCCeCCCCCCCCCCCCCCCCCT

]

BUBROUTINE AJOUTEQUNON(X,AJOUT.IDCOD)
INTEGER X,IDCOD

LOGICAL AJOUT

c

IMPLICIT NONE

AJOUTw.FALSE.

17 (IDCOD.EQ.B00000) THEN
AJOUT=(X.GB.IDCOD})

ELSE IP (1DCOD.EQ.11111) THEN
AJOUTm(X.2Q.1DCOD)

ELSE IF (IDCOD.EQ.811111) THEN
AJOUT=({X.EQ.IDCOD)

ELSE
WRITE(",*) '1IDCOD 1S NQT DEFINED"
ENDIF

END

c
CCCerECCCtcCCeCCCCCCCCCCCCCCCCCCCCCCOCCCCOCCCCLCCLLLLLLLLULLLLLLLL
CSUBROUTINE THAT COMPILES MESH INFORMATION IN THE PILE uvnmesh.dat
CCREATED BY THE MESHER . THE INFORMATION 18 COLLECTED ONLY ABOUT THE
CVOLUME DEFINED BY THE TWO BOXES OF DIMENSBIONS LXY1,LZ1,LXY2.LZ.
CPYAN 15 THE NUMBER OF FE(TETRANEDRAL) FOUND IN THE ABOVE VOLUME
CPYRIND 158 THE FE NUMBER OF EACH OF THESE TETRAHEDRAL
CHODES 15 THE LIST OF THE INDEXES OF THE 10 NODES ON EACH OF THE PYRN FE
€C1 18 THE NUMBER OF FACES(SIDES OF TETRAHEDRALS) THAT DEPINE THE CLOSED
CSURFACE QF INTEGRATION.
CNOR 18 THE NORMAL VECTOR(X,Y,Z) GF THE Cl PACES
CHIMP I8 THE NORMAL SIMPLEX OF THE C! FPACES
CBEPYR IS THE L1$T OF THE FE THAT HAVE A FACE ON THE SURFACE OF
CINTEGRATION(QNLY)
CTHE SUBROUTINE WiLL RETURN
CA.B,C.D WHICH ARE THE PLANE PARAMETERS WHOSE INTEASECTION DEFINES THE FE
gggﬁ%ﬁgﬁgl ARE THE COEFFICIENTS OF THE SIMPLEX.GLOPAL COORDINATES TRANSFORM
CIDCOD DECIDES WHICH PYRAMIDS WILL BE USED FOR THE INTEGRAL
SUBROUTINE PYRLAYABAS(LXY1,LZ1,LXY2,LZ2,PYRN,PYRIND,NODES,SIZ,CO,

= NORSIMP,BEPYRIDCOD)
REAL LXY1,LZ1,LXY3,LZINOR(SIZ,)
INTEGER PYRN,PYRIND(SIZ),S12,3IMP(S1Z),BEPYR(8IZ)
INTEGER CO,NODES(5IZ,10),IDCOD

=

IMPLICIT NONE

COMMON/JACOB/ ABCD,ABCD!

COMMON/PLANES/ A,B,C,D

INTEGER 1,7.X,LINDP(8),INDEX(4),3CP EDGE(4,3),POINTS{4,3,2),IN{a}
INTEGER IN10(68),ND{3),9IMPLEX

INTEGER MEDP,MEDF(4),MEDE(4,3),SCE,FIL1,NP,SCP,NODE(10)
REAL ABCD(2000,4,4},ABCDI{1000,4,4),A{2000,4), B(2000,4),C(2000.4)
REAL ABCD1(4,4),ABCDI1{4,4)

AEAL D(3000,4),A1(4),B1(4),Ct (4),01(4),DCOR(4,3),AREANV()

REAL COR(4,3),DUM1({3),DUMI{3),DUMI(3),AP(4),8P{4),CP(4),DF(4)
REAL DUMA{3),DtME{3), DUME(I), DLIMT(I),DUMI(3),ANG(4),COINUS
:éomcm. GOOD,PYRVALID,INNER,BON,AJOUT

PYRNa

CQup
CALL READBASICINFO(NP,SCE,SCF,SCP,FILL)
poO 10 I=l,3CP
CALL READINFO{I,NP.SCE.SCP.EDCGE,POINTS, MEDP,

- MEDF,MEDE,INDP,COR,INDEX,FIL1)
CALL ONEDIM(COR(1,1),COR({1,2),COR(1,3),DUM1)
CALL ONEDIM({COR(1,1),COR(2,3),COR(2,3),DUM2)
CALL ONEDIM{COR(3,1),COR(3,2),COR(Y, I}, DUMI)
CALL ONEDIM{COR(4,1),COR{4,2},COR(4,7),DUM4)
CALL MIDPOI{DUMI,DUMI,DUMS)
CALL MIDPOI{DUMS,DUM),DUMBS)

CALL MIDPOI{DUMB,DUMS,DUMT)
GOODmPYRVALID(DUMY?,LXY1,LXY2,LT1,122)
1P {QQOD) THEN
CALlL GETNODES(NODE,NP,INDEX INDP)
CALL ALLCOEBPFICIENT(COR,AL,BL,C1,D1)
CALL RETURNINNER{MEDPF,IDCOD,INNER)
DO 23 =14
CALL IDENTIFY(MEDF.IDCOD,INNER,BON,T)
1F { BON ) THEN
PYANuPYRN+1
1P (PYRN.GE.SIT) WRITE(",®) 'MAXIMUM NUMBER OF PYRAMIDS TO
SCONTNBUTE TO GLOBAL BQUNDARY HAS BEEN EXCEED. PYRANa'PYRN
PYAIND{PYRN)ul
CALL INITIALIZEI(IN,0,1)
CALL INITIALIZEXIN1GS,1)
CALL BABEINODER{PQINTS,J,ND)
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CALL SPECIALNODE({LININIOND,EDGENP.NODE)
CALL C“NQ“&LVIMSX(ND.CQR.AI.Hl.cl.t“.INDEX.SIHPL“,ARM.DCOH)
CALL GETUNITNORMAL{DCOR,NV)
CALL SETUPID{ABCDIY)
CALL SRTABCDINVABCD{A1,B1,C1,01,ABCDL,ABCDI1)
DO 48 Kwié
DO 35 Luml,d
ABCD{PYRN.K,L)m ABCDL{K,L)
ABCDI{PYRN,K,L)=mABCDIL{X,L)
a8 CONTINUE
48 CONTINUE
DO 86 Km1,10
8 NODES(PYAN,X)=NODE(K)
CALL PLANEPAR DUHI.DU“:.DU“I.&l’(n.ﬂFtl].cP(l).DF(l))
CALL PLANEPARS(DUMIL,DUMI,DUME,AP({2)BP(2).CP(2),DP(1))
CALL I’MNII’AM(DUN‘.DU“’.DU“‘.AP(S).BP(:).CF(S).DP(S}}
CALL PLANEPARS(DUM2,DUM3,DUMS,AP(4),BP(4),CP(4),DP(4))
CALL DUMPPROJ{DUMAAP[1),BP{1),CP{1),DP(1),DUME)
CALL UU“PI’H.OJ(DUUU.APi’;.nP(’).CP(i].DP(?].DUM‘)
CALL DUMP4PROI{DUMIAP(I),BP(3),CP(3},DP{3}.DUMT)
CALL DUMPAPROJ(DUML,AP(4),BP(4),CP(4),DP(4),DUMS)
CALL DIRECTION(DUM4,DUMS,DUME)
CALL DIRECTION{DUMI,DUMS,DUMS)
CALL DIRECTION{DUM3,DUMT,DUM
CALL DIRECTION{DUML,DUMS, DUMN
ANG(1}mCOSINUS{DUMS,AP(1),BP(1),CP(1))
ANG(2)m COSINUS(DUMSE, AP 2),BP(2),CP(2))
ANG{3)=mCOSINUS{DUM?,AP(3),AP(3),CP(3))
ANG(4)=COBINUS(DUMS, AP 4),BP(4),CP(4))
DO 80 Kmld
IF (ANG(K).LT.0.0) THEN
AP(K)m-AP(K)
BP{K)m.BP Kz

END 1P
IF (ABS{AP(K)).LT.1.0E-08) AP(K)w0.0
17 (ABS{BP(K)).UT.1.0E-08) BP(K)m0.0
IF (ABR(CP(K})LT,1.0E-00) CP(K}m0.0
IP (ABS{DP(K}).LT.1.0E-08) DP(K)m0.0
] CONTINUE
DO 30 Kwi ¢
A{PYRN,K)m AP(K)
B PYI‘N.K;-BP K)
C{PYRAN,K)mCP{K) R
30 D(PYRN,K)mDP(K)

c
CALL AJOU“OUNON(HBD’(J).AJﬂUT.IDCOD)
IF (AJOUT) THEN
COnCOHL
IF {CO.GE.SIZ) WRITE(*,*) "MAXIMUM NUMBER OF FACES TO
ASONTRIBUTE TO GLOBAL BOUNDARY HAS BEEN EXCEED. CO=',CO
SIMP{CO)=SIMPLEX
DEPYR(CO)=PYRAN
NOR(CO,1)=NV 1;
NOR{CO,2)mNV(1
NOR{CO,3)=NV(3)
£ND 1P
EBND IF
a8 CONTINURE
END IPF
10 CONTINUE
CLOSK()
END

\lU&hwbhh\-hbhh\-b\vbhhhl—(—&l-i&Dbbbhlohhhb\-l—E-i-l-‘-l-(-hhbhbcmbbbbhbhabhcccc

CBUBROUTING THAT CHECKS THAT THE PYRAMID (OUT OF ALL POSSIBLE PYRAMIDS) 13 1N
CTHER VOLUME SPECIFIED BY LXY1,LXY1,...

LOGICAL FUNCTION PYRVALID(DUM,LXY1,LXY?,LZ1,LZ3)

g!hb LXY1,LXY3,L2L,L2Z3,DUM(I)

IMPLICIT NONE

AEBAL LX1,LX3,LY1L,LY]

LOGICAL XQUT,YOUT,XIN,YIN,ZOUT ZIN, XYOUT,XYIN
LOGICAL XIN1,YIN1,ZIN1L,ZOUTL, TOP,SIDE

c

PYRVALID= FALSZ.

« DUM{1)wDUM(1):20.0
LX1mLXY1

LX2=LXY3

LYiaLXYL

LY2mLXY3
XOUT=ABB(DUM(1)).GT.LX1
YOUT=ARS(DUM{2)}.GT.LV1
ZOUT=DUM(3).GT.0.0
XYOUTmXOUT.OR.YOUT
XINuABS(DUM(1))LT.LXD
Y1NmABS(DLUM(2)).LT.LY2
ZIN=DUM(Y).LT.L22
XYINmXIN.ONVIN
xnm-auénuuun.m.bm
YIN1=ABS{DUM({3)).LT.LYL
RINL=DUM(3),LT.LE2
TOUTL=DUM(3).GT.LEL
TOPaXINLAND.YINLAND.ZINLAND.ZQUTL
SIDEaXYIN.AND.XYOUT.AND.ZIN.AND.ZOUT
PYRVALIDwTOP.OR.SIDE

« DUN(1)=DUM({1)+30.0
:Nn

CeCeCCCCCCCoCCoCCeiCCoCioCocecececotccecccococooecoeccocCccoccccoccace
CSUBROUTINE THAT AECTURNS THE 10 NODES OF THE PYRAMID PYR AND THE COOEFFICIENTS
COP THE TRANSFORM RELATIONS SIMPLEX TO GLOBAL FOR THE PYRAMID PYR

SUBROUTINE GETNODEJACOB{ABCD,NODE,PYR,NODES, SIZE)

INTEGER BIZE NODES(SIZE,10),NODE{10),PYR

ARAL ABCD(4,4)

IMPLICIT NONE

COMMON/JACOB/ ABCDL,ABCDIL
REBAL ABCDI(3000,4,4),ABCDI1{2000,4,4)
gn'lan. LJ



DO 10 Im1,10
10 NOD!(I)-NODH(PYR.I)
DO 30 l-l.
DO 3 3
Bl ABCD(I,J)-ABCDI.(P\’RJ J)
30 CONTINUE
END

¢
CCCCCCCtCoCCCeeCCECCCCCCtCCeCCCCCCCCCCCCCCCCECCOCeteceeeceeceececee
CSUBROUTINE THAT RETURNS THE SIMPLEX COORDINATES OF A POINT FAOM IT GLOHAL
CCOORDINATES USING ABCD

SUBRGUTINE GETSPLOC(ABCD,P,8)

gmu. P(3},3(4),ABCD{4.4)

IMPLICIT NONE
lcN'l'EGllt I

DO 10 Iwl, 4
;DNSD(I)-ABCD(I.l}+AﬁCD(l.ﬂ)'P(l)+ABCD(I.3)'P(S)+A8CD(I.4)‘P(3)

C
CCCCCCeCCCCOCCCCCLCCCCCCCcCCCOCoLCCCeoeoCCocoeCoCecaccCcoccacecee
CSUBROUTINE THAT RETURNS PYR THE PYRAMID CONTAINING THE POINT PD

CIT USES THE PARAMETERS OF THE PLANE EQUATIONS WHOSE INTERSECTION FORM THE
CTETRAHEDRAL, IT CHECKS ON WHICH SIDE OF BACH PLANE THE POINT PD 18 USING
CTHE PUNCTION 'INSIDE!

SUBROUTINE GETPYR(PD,NPYR,PYRIND,SIZE,PYR)

REAL PD{Y)

INTEGER. NPYR,PYRIND{3IZE} SIZE

c

IMPLICIT NONE

COMMON/PLANES/ A

AEBAL A(ﬂﬂﬂﬂ.‘).B(!m.i).C(ﬁMﬂ.‘).D{!m,‘)
LOGICAL INSIDE, VAL{4),3A

IcNTEGIH. K.L,PYR

SAMEm, FALSE,
ir (PYR.HE-O) THEN

DO 40 Lml,é
40 VAI‘..(I.)-IHBIDE(PD.A(PYI!.L).B(PYR.L).C(PYR L), D{PYA,L})
IP (VA.L(I.).AND.VAL(!) AND.VAL(ILAND.VAL(4)} SAME=.TRUE.

DiIr
ir (.NOT.SAME) THEN
PYR=0

80 VAb(L)uINSID!(PD.A(K.L).B(K.L).CIK.L).D(K L))
ir (VAL(I.).AND.VAL(:).AND VAL(I).AND.VAL(4)) PYR=K
1P {(PYR.NE.0) GOTO 25
30 CONTINUE
b1 QONTINUI
END
ﬂ' (P\’B.IQ.O) WRITE(",*) 'PROBLEM"

C
gcccccccccccccccccccccccccccccccccccccacccecccccccccccccccccccccccc

LOGICAL FUNCTION INSIDE(COOR,AP,BP,CP,DP)
aun COOR(3),AP,BP,CP,DP

IMPLICIT NONE

REAL VAL

INSIDEa. PALSE,

VALwAP*COOR(1)+BP*COOR(3)+CP*COOR(Y)+DP

IF (VAL.GE.:1.0s.0) INSIDE=TAUE,

gno
CCCCCCOCCeCCCCoCCCCtCCCCaCCECCCCCEtCeCCCCCCEECCCCeCCeeeecreceescee
CSUBROUTINE THAT COMPUTES THE DOT PRODUCT BETWEEN TWO VETORS
SUDROUTINE DOTGN(V,N.SCALNP,NS)

COMPLEX V{NP,3),5CAL{NP)

REAL N(3)

INTEGER NP,NS

c
IMPLICIT NONE
IH‘TBGBR I

DO 10 Im
10 SCAL(I)-V(I LY*N{1)+ V(L 2}*N(2)+ V{1, 3)*N{3)

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCGCC
CSUBROUTTINE THAT COLLECTS THE SIMPLEX TO GLOBAL COOADINATES TRANSFORM
CEQUATION PARAMETERS POR A PYRAMID, IT ALSO GETS THE 10 NODES ON THE PYRAMID
CAND THE NORMAL FOR THE FACE QF INTEREST ON THE PYRAMID
CIND IS THE PYRAMYD(TETRAHEDAE) IN QUESTION
BUBROUTINE SELECTDATA{IND,CLSIMP,NOR,NQDES,SIZ,NOD1,3MP1,
* ABCD1,ABCDI1NORL)
INTEGER BIMP(51Z),812,NODES(S1Z,10),IND,CIL
REAL NOR(S1Z,J)
INTEGER SMP1,NOD1{10)
EML ABCD1{4,4),ABCDI1{4,4),NOR1(})

IMPLICIT NONE

COMMON/JACOB/ ABCD,ABCDL
REAL ABCD(2000,4,4),ABCDI{2000,4,4)
lcﬂ'l'lﬂln I

BMP:-HHP(CI)
DO 10 Im),
10 NODI(I)-NOD“(INDJ]
DO 10 l-l,d

PO Y Iu=l,

A'CDH(I.J)-ABCDHINDJJ)

0 A!cnl(l J=ABCD{IND I.J)
a0 CONTIN
DO 40 1=
QUNNORI“)-NQR(CI.I)

c
COCCCCCCCCCCCCCeCeCCCCCCCeCCeCCCCCoCCCCCCCoCCCCCCenCeCcccccoeceeieee
CBUBROUTINE COMPUTES THE INVERSE OF MAT AND MAT -
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SUBROUTINE GuTABCDINVABGD(A,B.C,0,MAT,ID)
REAL Afa),B{4),C(4),D(¢),1D(4,4) .

IMPLICIT NONE
INTEGER [
REAL MAT(4,4),MATI{4,4),E0,INDX(4)

c

DO 10 Im1,é
MAT(1,1)=A()
MATI(I1)mA(T)

MAT(I,4}=D(1)
10 MATI(LA}uD(l)
CALL LUDCMP{MATI,4,4,INDX,EO)
DO 20 Iwl,4
20 CALL LUBKSB{MATL4,4,INDX,ID(1,1))
END
c

rr(--1......-.......-..1--.--..:l-----.-...r;.x....-(..ux--(x--(-xl

CSUDROUTINE FOR INVERBION TAKEN FROM NUMERICAL RECIPIES FOR FORTHAN
<

SUBROUTINE LUBKSB(A,N,NP,INDX.B)
DIMENSION A(HP.NP).INDK(N).B(H)
=m0
DO 11 lml N
LL=INDX(I)
SUM=a{LL)
B{LL)=B{I}
IF (ILNE.O)THEN
DO 11 Jmil,l-1
SUM=SUM.A(L,2)"B(J)
n CONTINUE
ELSE IF (BUM.NE.0.) THEN
1wt
ENDIF
B({l)=3UM
12 CONTINUE
DO 14 IuN,i-1

IMLLT.N)THEN
DO 13 Jul41,N
BUM=SUM-A(1,J)*B(J)
13 CONTINUE
ZNDIF
B uSUM/A(LL
14 CONTINUE
AETURN
END
c

hb\-bhb‘-lbbhhh‘-hb'abhhbhbhbbbh‘-b\-bUU\-Dbbbbbbh‘-bhbhhbhbbbbbhhbhbhbbhbh

CSUBROUTINE FOR INVERSION TAKEN PROM NUMERICAL RECIPIES FOR FORTRAN
=]

SUDROUTING LUDCMP(A,N,NPINDX,D}
PARAMETER (NMAX=100,TINVw1.0E-20)
DIMERSION A{NP,NP)INDX(N),VV{NMAX)
Dwi.0
D0 13 Imi,N

AAMAX =0,

DQ 11 I=1,N

IPISABS(AU.JJ).OT.AAHAX) AAMAXm=ABS(A(L))
CONTINUE

IF (AAMAX.EQ.0.) PAUSE "Singular matrix.'
VV{Iml./AAMAX
12 CONTINUE
DO 18 Jmi,N
ir (J.QT.1) THEN
00 14 Imi,Jd.1
SUMmA(LJ)
tr (1L.GTA)THEN
DO 13 Km1,1-1
SUMuSUM-A(LK)I*A(K,))
13 CONTINUE
Al J)mSUM
ENDIF
14 CONTINUB
ENDIF
AAMAX =0,
DO 16 TalN
BSUM=A(LY)
1P {J.GT.1)THEN
DO 10 Xml,J-1
SUMuBUM-A(L,K)*A(K,J)
1 CONTINUE
A(1,J)mBUM
ENDIF
DUMaVV{I)*ABS(SUM)
1IF (DUM.OE.AAMAX) THEN
IMAXm]
AAMAX uDUM
ENDIP
18 CONTINUE
1P (JNEIMAX)THEN
1? K

ml N
DUM=A{IMAX,K)
AMAX,K)mA{I,K)
A{J,K)mDUM

17 CONTINUE

Du.D
VV(IMAX)=VV({)
ENDIP
INDX(J)=IMAX
1P(J.NE.N)THEN
IF(A(,3).BQ.0.)A (), ))=TINY
DUMa, JA(S )}
DO 18 led+1,N -
A{LL D= A(1,2)*DUM
19 CONTINUE
ENDIP -
1# CONTINUS



TP{A(N,N).EQ.0.)A{NN)=TINY
RETURN
END

c
LCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCLOCCCCCCCoCCCCCCCeCeCoCCCoCCe
CSUBROUTINE THAT COMPUTES A PSEUDO CENTER OF A TRIANGULAR SURFACE DEFINED BY
CDUML,DUMZ,DUM)I.

<

SUBROUTINE MIDCENTER({COR,DUM,DUMSs)
gmu COR(4,3),DUM(ILDUM{4)

IMPLICIT NON!
INTEGER 1
gyu. DUML{3),DUMI(3), DUMI(3),MID()

2O 10 Im1,3
DUML(1)=COR(1.1)
DUM{I)=COR(31)
DUM4{I)=COR(4.1)
10 PUM1)=COR(3,1}
CALL MIDPOI(DUML,DUMI,MID)
CALL MIDPOL(MID,DUM3,DUM)
END

c
gCCGCCCCCOCCCCCCCCCCCCCCccccccCCCCCCOCCCCCCCCCCCCCCCCCCCCCCGCCCCCCC

LOGICAL PUNCTION INNERBOUND{DM,D4,V,LXY,LZ)
gub DM(3),V{3),LXY,LZ,D4(3)

IMPLICIT NONB
gl.\l- DLXY,PLZ,MD(3)

DLXYmLXY.0.001

DLZwLZ.0.001

CALL ulnpo:(nu.m uo)

INNERBOUND=.FALS

IF ((ABSCVQ)). Nl.u.xon.uas(vm) NE.1).XOR.(ABS(V(3)) NE1))

aoTOo 10

I ((ABI(DH(I)) UT.DLXY).AND, (Ans(nu(an Ur.DLXY)).AND.

DM(3).LT.DLZ} ) GOTO L

:r (Aas(unm) o-r.m.xv:.on.(ana(nbm) GT.DLXY) } GOTO 10
V(3).LT.0.0) GOTO 10

:Nn:nnounn-.-muu.

10 CONTINUB

END

c

CLCCCCCCCCCCCCCLeCUCCCCCCrCCCCCCCCCCeoCCeceCcceceeccococeececoccececececcccececoe
CSUBROUTINE THAT COMPUTES THE WEIGTH DUE TO THE ALPHA FUNCTIONS{INTERFPOLATION}

gNT ALL THE COLLOCATION POINT, FOR THE FOUR POSSIDLE FE ORIENTATION AT ALL THE €10 NODES,

SUBROUTINE GETHI({ALF,H38,N,NS)
INTEGER ALF(10,2,8),N,NS
g!&b 8¢\ 4,4),HI(N,4,10)

IMPLICIT NONE
INTEGER P,SP,ROW,P1,P2,SPN,P3,P4
REAL VAL, VALL

¢
DO 10 Pmi,NS
DO 20 ROWwm1,10
DO 38 SPNuwld
VALim0.0
DO 30 8Pml,2
PLuALF{ROW,SP,1)
PamALP{ROW, 88,2
PImALF{ROW,8P,S
P4mALP{ROW,SP,4)
VALm(S(P,L, IIPN)"PU‘(B(P: SPN)**P1)*(8(P,J,9PN)**P3}
- *(3{P,4,3PN)""P4
VALuVAL*ALF(ROW,SP,8)
30 VALLmVAL1+VAL
Ka(P,3PN,ROW}mVALL
38 CONTINUE
30 CONTINUE
10 CONTINUE
END

c

CCCLCCCCCCCCCLCCCCCCCCCLCCCCCCCCCCOCLoCCCCCCCeCCCCtCeCoCCCtCCeaec
CSUBROUTINE THAT COMPUTES THE SIMPLEX COORDINATES OF THE COLLOCATION POINTS
CFOR ALL FOUR POSBIBLE FACES.(VALID ONLY FOR NSa4 OR Niml)

€8 18 THE MATAIX OF THE COORDINATES

CN I5 MAXIMUM COLLOGCATION POINT NUMBER

gNl 18 NUMBER OF COLLOCATION POINTS

SUBROUTINE GETSMPVALNP(S,N,N5)
REAL 3{N,4,4)
lcN'I'EGIR N,NS

IMPLICIT NONE
INTEGER 3PN, 8PP
gnb 21(100,4), TEMP

DO 20 Pul,N5

1P (NS.EQ.1) THBN
ll(l 1)wl.0/3.0

t ) -l.o[’.ﬂ Ia LINES FOR NBml

I..S -l. 3.0
Nﬂ !Q ‘) THEN
'I. 1 l)-lcﬂl.-ﬂ
31 I.’)-I.OI‘.U 1]
91(1,3)=8.0/8.0 1
81{(2,))=1.0/8.0 1
51(2,2)m1.0/2.0 H13 LINES FOR NSwd
31(2,3)m3.0/8.0 1!
S1(3,1)=3.0/8.0 1 :
81(3,3)»1.0/2.0 N
$1(3,3)=1.0/9.0 1|
S1{s,1)mB.0/0.0 1

A m1.0/4.0 1l

Lo/0.0 It
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wru-r:(- *) "GETSMPVALNP {8 NOT SET POR THIS RESOLUTION®
END
bo ao spn-m
DO 40 r-l.ns
DO 80 8P=
:(r.ap.uu)-ll(P.SP)
80  CONT
P con'rmua
30 CONTINUE
DO 60 8PNul 4
DO T0 Pmi,N
TEMPuS({,EPN,EPN)
S(P,SPN,EPN)=S(P,4,8PN)
10 B(P.4,SPN)=TEMP
80 CONTINUE
END

c
CCCCOCCCCooCCCCCCOCCCOCCCCCCoCCCCCeCCCCCCoCCCCCCCCCCCCeCcCectCcecce
CHAUBROUTINE SETS UPF THE IDENTITY MATRIX USED BY INVERSION ROUTINES

c

SUBROUTINE SETUPID(ID)
ARAL ID(4,4)

c

IMPLICIT NONE
INTEGER 1,7
DO 10 Iml,4

PO 30 Jml,d
30 1D{l,J)=D.0
10({1,1)=1.0
10 CONTINUR
BND

c
CCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCoCCCCCeCCClocTeiee
CAUBROUTINE THAT READS ALL THE DIRICHLET VALUES AVAILABLE AND STORES THEM IN
CVECTORS. THIS IS PASTER THAT ACCESSING THE FILE EVERY TIME.

CALLDIR 18 THE VALUE OF THE NODE X,Y.Z COMPONENT

CALLDIRN 1S THE INDEX QF THE NODE

CMAXDIA IS5 THE NUMBER OF DIRICHLET NODES

c

SUAROUTINE READDIRV(ALLDIR,ALLDIAN,N.MAXDIR)
INTEGER ALLDIAN(N), MAXDIR,N

COMPLEX ALLDIR{N,D)

c

IMPLICIT NONE

INTEQER J,IND

RIAL N1XXLY,YIX,YLY,ZIX,Z1Y

OPIN(uNlT-I.l.rlnt-‘adlrlual-l.rln'.S‘rA'l'us-'uuxuown-,gccus.
* MEQUENTIAL, FORM='FORMATTED')
READ({11,*) MAXDIR
DO 10 Jul MAXDIA
RERAD(11,*) IND X1X, X1V, Y1X,¥Y1Y, 21X, 71V
ALLDIRN{IND)uJ
ALLDIR({J,1)mCMPLX(X1X X1Y}
ALLDIR J.S)-CMPLK(YIX.YIY)
ALLDIR(J3)aCMPLX{Z1X,21Y)
10 CONTINUE
CLOSE(11)
BND
c
CCCCLCCCCCLLLLLLLLLULLLLLLLCOCLCCOCCCCCCCCCCCCCCCCoCCCCoooocCcCoecCCCCiol
CAUBROUTINE THAT GETS THE DIRICHLET VALUES FOR THE 10 NODES ON TETRAHEDRAL PYR
CWHOSE FACE 18 BEING INTEGRATED.

c

SUBROUTINE GETDIALO{DIR,NODE,PYR)
INTEGER NODE({10),PYR

gOMPLSK DIR(10,))

IMPLICIT NONE

COMMON/DIR/ ALLDIR,ALLDIAN,MAXDIR
COMPLEX ALLDIR(8000,3},DUM

INTEGER LALLDIRN(4000),MAXDIR,IND

c

DUM=CMPLX{990.0,909.0)
DO 10 lwi, 1)
DIR(IL,1)=DUM
DIR(1,2 -DUN
DIR(1,3)=DU
IND-ALLDIH.N(NODE [$3))
1P {IND.EQ.0} WRITE(", 'J 'Au..nmu ?OH'.NODB(I).'IS NOT SET
*FOR THE P’(MMIDI o
DIR(L,1)=ALLDIR( .n
DIN{1,3)=ALLDIN INDJ)
DIR(I,S)wALLDIR{IND,D)
LLg (Dlll(l.l) EQ.DUM) WRITE(®,*) ‘O, OHI IN GETDIRIO [ CANT FIND
R St e o ek KO
P (DIR(L2). 'O, IN GETDIR10 I CANT
( ;l MPONENT VALUE OF NODE',NODE(I) riNg
r (DIII(I.S) lﬂ DUH) WRITE(®,*) 'OH,OH IN GETDIR10 I CANT PIND
MPONENT VALUE QF NODE',NODE(1)
I.D CON‘I‘INUI

C

gﬁ.ub‘a.:;:aiih;alé\.ohubvh;;}h;&;lclol‘:blo-c-x---(.x.-;:----..x;;x.:-:n-.r:-lll
AR A’X'ION POINT

CTHEIR CLOBAL COORDINATES USING ABCD: COORDINATES IN SIMPLEX TO

SUBROUTINE GETIPGLOB(MLS,P,PLEPN,N NS]

REAL MI(4,4),P(N,3},S{N,4,4},PI{},2)

lcN‘l‘Ian BPFN,N,NB

IMPLICIT NONE
INTEGER !

c

€ CONVERTS THE COORDINATES

CALL GRTIPGLOBSING(ML,S,P,5PN,N,NS)

€ COMPUTES THE IMAGE WITH RESPECT TO XY PLANE
DO 10 lm1,N8

PIT L) P(I1

PI(L2)w P12

10 P1{1,3)=-P(1,3)

END

[+

CuhbLLLLLLLLLLLLULLLLLLLLULLGLCLU L LG CCCCCUCCCoCCCCCCCCCCceoceccccceccccce
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<

SUBROUTINE GETIPGLOBSING(MLS,P,SPN,N,NS)
REAL MI(4,4),P{N,3),8(N4,4)

INTEGER SPN,N,NS

c
IMPLICIT NONE
IcHTIGER. I

DO 10 Iml,NS

P(l, u-m(:,u-su.: SPN)+MI(2,2)*8(1,2,3PN)
MI{2,3)°5(13,8PN)+MI(2.4)*S(],4,5PN)

m.:)-ul(:.u'su. SPN)+MI(3 3)‘5(1.:.3PN)

+MI{3.3)*5(1,3,SPN)+MI :.4)‘3(:.. SPN)

I’(I.:)-ln(d l)'S(I.I SPN)+MI(4,2)*S({!,3,3PN)
MI(4,3)°5(L.3.8PN)+MI(4,4)%3(1,4,5PN)

10 CON‘.I'INUB

END

c

CCCCCCCCCECCCCCCCCoCCCCCCCCCCCcooccocceccoccceccococcccocccccCociociieccl

[ <]

Z

MESHCOMPSG.F

colcgoeccecoeocceCcCciicCCCCCCCCcCcCCCeCoecCCocCeceCCCeCCocecCCcClcLirlLLLLLLL

c

SUBROUTINE AI..FPIEhDCONT(CDNTS.ALPF.VOL)
REAL ALFF{10,

COH?T..BX CONT!(IO.I.O).VOI.

mrmm NONE
INTEGER 1J
DO 10 1m1,A0
Do 20 J-l.
CONTS(1, J)-CONTI(I.J)-I-AIJ?P(I J*von

GGH‘—I—BU\;\.\-EUI—\‘l-‘-lh‘wb‘whhhhhbhbb\-l-\-lbhbh\-hl-\-bbbbbb’b&b\-l-l-‘-(-bh&\-bhb\-l-!—b

=
SBUBROUTINE GETCONTS
* (CONTS,BCONTS,I,NODENPSCE,ECF,EPSILON, FILLALLDIR,ALLNOI,
* ALLDIRN ALLNOIN,MAXN,MAXDIR,MAXNOIL, DIR.DII\N.AX.BET
= BEPYR,SIMPNOR,NODES,MXFAC,CO,ALF,H208,3,808,NPLNPYR,PYRIND,
* NPS,NPOSH,DH,HNODE, VAL, VALNOD,NVAL,CAF MXVND,ABC,
* NZIERO,AS,ALAINNZ,TOTNONZIERO,VALNODEG)
COMPLEX CONTS(10,10},BCONTS{10),EPSILON(10),DIR(10)
COMPLEX ALLDIR{N),ALLNOI(N),VAL({8,MXVND)
INTEGER 11,NODE(10},NP.3CE HCF,FILY,DIRN(10),AX,ALLDIRN{N),ABC
INTEGER ALLNOIN(N).HAKDI&“AKNOI.HAKN.BSPYR(HIH\C] SIMP(MXFAC) NPOS
INTEGER NODES(MXFAC,10),MXPAC,CO,ALF({10,8,3),NP1, NPYE.PYNND(HXPAC)
INTEGER NPS,MXVND VALNOD(MXVND), HNODB(lllXI“AC.'l.0).NVAL.CHF(MXVND).1N(0)
RAEAL H{MXPAC,NP,10),DH{MXPAC,NP1,10),HIQOB(NPI,4,10)
REAL BBT.NOH(MX?AC.S).S(NPl.d.t).SOB(NPI &, 4)
REAL®S AB(NI)
INTEGER NZERO,AI{NZ),AJ{N),N,NZ,TOTNONZERQ,VALNODSG (MXVND)

c

IMPLIGIT N

OOHHOHIOP!MTI:HM LAPLACIAN,TRANSLAPLACIAN, GRADGRAD,ALPP
NORM,FIELDN,TRANSPIELDN,TANLAPLAC,SURFALFF

REAL LAPLACIAN{10,10,1,4), TRANSLAPLACIAN(1,10,1,4), NORM(10,10,1,4}

¢ REAL LAPLACIAN(10,10,1,4), TRANSLAPLACIAN(10,10,1,4),NORM(10,4,1,1)

REAL ALPF(10,10,1,1) GRADGRAD(10,10,4,4),FIELDN(10,10,1,4

AEAL TRANSFIELDN(10,10,1,4), TANLAPLAG(10, m.q.q).sunnurr(;n.m.x &)

INTEGER EDGE(4,3),MEDP,MEDF(4) MEDE(4,3) INDP(8),SIMPLE

INTEGER POINTS(4,3,3),J,INDEX(4) MEDIA, TYP(3), No(a).lmo(u)

INTEGER NGD1{10),SMP1,1,B12K0(13)

REAL ABCDL(4,4),ABCD[1{4,4),ELAREA,VALIG(12,7000)

REAL coonu.:l.a\(l).n(t).cw D{4),DCOOR{4,3},NOR1(3)

REAL VOL,AREA,VOLUME,NVEC(Y),R,FI, TET,FOB(10,3)

COMPLEX vOL1,KSQUARE,NSID(8)

LOGICAL OUTER

c
CALL nno:uro(u.ur SCE,SCF,EDGE,POINTS,
EDP.MED?,MEDE,INDP,COOR,INDEX,PILL)
vo:.-vai.uz.se(coom
CALL GETHQDEI(NODE,NP,INDEX,INDP)
CALL ALLCCTPPICIENT{COOR,A,B,C,D)
VOLIm-VOL
CALL SRADGRADCONT{CONTS,B,C,D,GRADGRAD,VOL1)
MEDIAmMEDP-MEDP/10
KEQUAREB=EPISILON(MEDIA)
VOLImVOLYEPSILON(MEDIA)
CALL ALFFIELDCONT(CONTS,ALFP,VOL1)
ga:.‘r.a ?I‘TDIR(DIR.DIRN.ALI-DIR.ALLDIRN MAXN,MAXDIR,NODE)
ml,é
CALL BOUNDARYTYPE{MEDF(J),3,TYP(1))
CALL BOUNDARYTYPE(ME 1PF(J),2,TYP{2))
CALL BOUNDARYTYPE(MEDF({1),1, TYP(3))
CALL INITIALIZE(IN,0,1)
CALL INITIALIZEI(IN10,6,1)
OUTERm umrw.a'r.mo:.;\un.(u:br(:) ux-.uooooo)
1F ((TYP(AX).EQ.2).0R(TYP{AX). zq 4 T
CALL BASEINODEP{POINTSIND
CALL SPECIALNODE(J,IN,INID,ND,EDGE,NP,NODE)
CALL GETNORMALVERTEX({ND,COOR,A,8,C,D,INDEX SIMPLEX,AREA,DCOOR)
CALL OETNSID{NSIDIN ALLNOLALLNOIN,N,MAXNOI}
CALL GETCONTALFNORM(BCONTA, NORM NSID,AREA, SIMPLEX,IN10)
ELAE IP ({(TYP{AX).EQ.0).AND.OUTER) THEN
CCC THIS THE BEM BASED ABC
17 (ABC.EQ.1) THEN
CALL BASEINODEP{PQINTS,J,ND}
CALL SPECIALNODE(J,IN IN10O,ND,EDGE,NP,NODE)
CALL OETNORMALVERTEX(ND,CQOR.A,B,C,D,INDEX,SIMPLEX,AREA,DCOUR)
CALL GETUNITNORMAL(DCOOR,NVEC)
CALL SETUPID(ABCDIL)
CALL GETABCDINVABCD({A,B,C,D,ABCDL ABCDIL)
CALL :-rpom'roml'runcnn SOB,NPOS,NPL,POD,SIMPLEX)
BLAREA=mAREA /NP
CALL lNlTlAHiVAL(VA LNVALMXVND)
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DO 40 1=1,C0
. CALL SELECTDATA(BSPYR(1).1,SIMP,NOR,NODES,MXFAC,NQD1,8MPL,

ABCD1,ABCDILNOR1)

CALL INTEGRALL(POB,NPOS,BET, VAL VALNOD, NVAL,MXVND, SMPY,
. ELAREA ABCD1,ABCDI1 NOR],RIOES NPLMXFAC,NPS,KVEC,LH,
- DH,HNODB,AX,CRF IN10,SIMPLEX)

0 CONTINUE
CALL CONVVALVALBQ{VAL,VALBO, VALNODSG MXVND,NVAL,NP,

= 8CE,AX,IN,BI1IND)
CALL ADVALSGTOS(VALIG,VALNODBG, MXVND,NVAL,AS,ALAL NN,
A RAD, D1ZND, TOTNONZERD,SCENP)
ZLSE IF ((ABC.CT.L)AND.(ADC.UT 2)) THEN
GGG THIB 15 SOMMERFIELD,BT1 AND 8T2
CALL BASEINODEP{POINTS,J,ND)
e T B
CALL GETNOAM X 'B,C.DINDEX SIMPLEX,AREA,DCOO
GALL GETUNITNORMAL{DCOOR.NVEC) o PAREA ")
EALL GETAVERAGER{DCOORRFITET)
AL O T 30MMER(CONTS,SURPALFP AREA,SIMPLEX,R,PLTET,
o " BT AXABC)
END 1P
END IF
16 CONTINUR
ano
€ e cCOCCEEEaOEEEeETeECCeaeECCEeCCoeacteeCCCoeeeeeteeeCCCCCCcCeeeeeee

SUBROUTINE GETPOINTOFINT(ADCDI1 308,NFO8,NP,POB SIMP)
REAL ABCDI1(4,4),POB(NP,3),50B(NP.44)
:cu-rmr.n NPOS,NP.BIMP

IMPLICIT NOKR

E:M‘ GETIPOLOBSING(ABCDIL,S50D,POB SIMP,NP,NPOS)
D

c

CoCCCCCotCtccecCeCCCClCCCCl ULl CCCCCCCCCCCCClCOCCCLOCCClCLiLLL LA

c

BUBROUTINE INITIALIZVAL({VAL,NVALMXVND)
COMPLEX VAL{O,MXVND)

INTEGER MXVND,NVAL

c
IMPLICIT NONE
gd-rmza 1,J

DO 20 1=, ,NVAL
DO 38 J=1,6
28 VAL(J,1}wCMPLX(0.0,0.0)
20 CONTINUE
:'ND

RO CCCCCCCCCCCCCCCCCCCCCCCCC e CCCCCCoCCCCCCtCtCCCCCCCCcCCCCCel

c

SUBROUTINE OSTCONTIOMMER(CONTS, SURFALFP,ARE.

COMPLEX CONTS(10,10) ¥ » A SIMP,R,FI,TET, BET,AX,ABC)
RBAL SURPALFF({10,10,1,4} AREA,BET.R,FI,TET

INTEGER SIMP,AX,ABC

c

IMPLICIT NONE
INTEGER L3

gﬂlﬂ'bl‘.l. TEMP,IM,FAC

1M=CMPLX{0.0,1.0)
IP (ABG,£Q.2) FACs.( IM*BET-(BET**2)*R } IBT2
1P (ABC.EQ.3) PACs-{ IM*BET+1/R 18T
IF {ABC.EQ.4) FAC=-{ IM*BET ) ISOMMER
DO 10 1m1,10
DO 20 Jml 10
TEMPmBURPALFF(1,J,1,8IMP)*AREA®PAC
20 CONTS{1,J)=mCONTE(1,J)+TEMP
10 CONTINUE
BND
c
CCCCCRCCCCCCCCCCCClLLLLVLLLLLLLLLCLLULLLCCOCCCCCCCCCCCCCLLCLLLLLLLLLLEL

c

SUBRQUTINE GETCONTBAYLISB(CONTS,8,C,0,T.

cornnxtfgwrsu?.m).m § ,C,DTANLAPALFP N, R,EX, ARBA,KI,IN)
AREAL AREA,R,ALPF(10,10,1,4),8(4),C(4),D(4),TAN

breriel gy e 110,1,4),8(4),C(4),D(4), TANLAP(10,10,4,4},N(3)

c

IMPLICIT NONE

COMPLEX X,FR,GR,IMI,GRADF(3],NIX
AEAL CORP

lcN'l'Nln FRYEN. |

IMJuCMPLX(0.0,1.0)
NIXwnCMPLX{0.0,0.0)
.r‘;.f(s S aona: SIMITKSR ) / (3*
wdts O *R**3.3.0' I*K*R 3*R+4-3* T L .
GRA=R**] / { MK *A**243%R ) ¢ HITIMITKERS4 )
00 10 J=l,10
DO 20 Qml,10
00 30 Mw1,d

QRADPF{M)=NIX

DO 40 Lml 4
Ir (M.EQ.1) COEPmC(L)**2+D(L)"*2
1P {M.EQ.2) COEFuB{L)*"*1+D )%
1P (M.EQ.3) COEF=B LY** 34 C{L)*"
40 aMDP(M)-GMDP(H)-{-COIP‘T&N&&P(.l.q.b.sx)
Y ONTA s GRADP PNy OHADP e s

) | 1)+ GRADPF({3)* »

. R Al D)en () 0D e () B ) 3N+ GRADFQ)*H(3)
20 CONTINUB
10 CONTINUR
« writa{*,*} P AKX XK XA XXX XXX XXX XXX XX
llwaﬂ-l|‘mi...l|’)

c
€ EECeCCaCCECEEtCECeCCCEtaCECCCoCTrCCCECecececteaecereeeecaceaces

SUBROUTINE CETAVERAGER(COR,A.FI, TET)
REAL COR{4,3),A,FI,TET

c
IMPLICIT NONB
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gub DUMP1(3},DUMP2(3},DUMP3(3),MID1(3),MID1{3)

CALL ONEDIM(COR(1,1),COR(1,2),COR(1,3),DUMP1)

CALL ONEDIM{COR(2,1),COR(%,2),COR(2,3), DUMP2)

CALL ONEDIM(COR(3,1),COR{3,2),COR(3,3),. DUMPI)

CALL MIDPOI(DUMP1,DUMPI,MIDL)

CALL MIDPOI{MID1,DUMP,MID3)

g;r:;:. CONVCARTOSPE{MID3(1},M1D3(2),MID3(3),R,FI,TET)

c
gCCCCCCCCCCCCCCCCCCCCCGGCCCCCCCQCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

SUBROUTINE CONVCARTOSFE(CX,CY,C2,R,FI,TET)
REAL CX,CY.CZ.R,FI,TET

c
IMPLICIT NONE

c
RuSQRT{CX**214-CY**1+CZ4)
TET=ACOS(CZ/R)
1F (R.EQ.0) TET=0.0
PImATAN{CY/CX)
I7 (CX.2Q.0) PI=0.0
IF ((CX.EQ.0).AND.{CY.GT.0}) F'Tm1.570706337
CX.EQ.0).AND.(CY.LT.0)) Fl.1.870756327
IF ({{CX.QT.0).AND.(CY.RQ.0)) FI1..0.0
IF {CX.LT.0). AND.(CY.EQ.0)) Fimd. 1418026
IP ({CX.LT.0).AND.(CY.LT.0)) FlmPFl+3.141608
" ] 4 ) * - |
AT 0} AND.{CY,GT.0)) PlmPl4+1.1410020

CoLLLCLLLLLCL L L L e L L O R e CCCCCC O CCCCCCCCOCCCCCCCOCCLOCCCCLCO

SUBROUTINE GETCONTALPNORM{BCONTS,NOAM,NSID,AREA, SIMPLEX IN10)
COMPLEX BCONTS(10),NEID(8)

RAEAL NORM(10,10,1,4),AREA

o REAL NORM(10,4,1,1),AREA

INTEGER SIMPLEX,IN10(8)

c
IMPLICIT NONE
INTEGER, K,J,L,K1
DO 10 Jm,8
K=1N10(J)

DO 20 Lwl,0

KimIN10{L)
€ tF (NSID(J).NE.699.0)
a BCONTS(K)mBCONTS(K).NORM(K1,8IMPLEX,1,1}" AREA®NSID(L)
c BCONTS(L)mBCONTS(L)-NORM(L,SIMPLEX,1,1)* AREA®NSID(J)
BCONTS(K)mBCONTI(K).NORM(K,K1,1,SIMPLEX)="AREA*NSID{L)

20 CONTINUE
10 CONTINUER
END

cc
ggCCCCCCCCCCCCCCCCCCccCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCGC

SUBROUTINE GETCONTFIELDNORM(CONTS, FIELDN, AREA B,C,D,IN,NV)
INTEQER IN(8)

COMPLEX CONTS{10,10)

gub PIELDN(10,10,1,4), AREA,NV(2),FACK,PACY,FACZ,B(4),C(4),D{4)

IMPLICIT NONE
INTEGER J,K,L
0O 16 Jwi, 10
DO 20 Kml,10
FACXmD.0

DO 30 L=1,4
FACXmPACX+PIELDN(3,K,1,L)*B(L)
FACY=FACY+PFIELON(],K,1,L)*C(L)
30 PACZ=PACI4FIELDN{IK,1,L)*D(L) )
20 CONTS(J,K)mCONTSE(J,K)+{PACKX*NV(1)4+FACY*NV(2)+PACZ*NV(3))*AREA
10 CONTINUE
gun

CCeCctCcCCCCCCCCCCOCCCCCeCLLCocooeooceoeeaoeoceegoceceeececcccececcecocce
SUBROUTINE GETDIR(DIA,DIRN, ALLDIA,ALLDIAN,N,ND, NODE)

INTEGER ALLDIRAN(N),NODE(10),DIRN{10),ND,N
gOMPLI DIR{10),ALLDIR(N)

IMPLICIT NONE
ENTIGBR t

Jml
DO WHILE {J.LE.ND)
DO 10 w120
IF (ALLDIRN{J).EQ.NODE(1)) THEN
IF (REAL{ALLDIR(J)).NE.S99.0} THEN
DIR(I)=ALLDIR(J)
DIRN{I)m=l
DIP

b 1P
10 CONTINUE
JmJ41
END DO
20 CONTINUR
END

[+
gcccccccccCccccccccccccccccccCCCCCMguuuuuuuuhuuuybububbbhhbbbhbbh

w

BUBROUTINE READDIR(ALLDIRALLDIRN,N, MAXDIN FILZ,AX)
INTEGER PIL2,ALLDIAN(N), MAXDIR N, AX

COMPLEX ALLDIR({N)

C

IMPLICIT NONB

INTEGER JIND

REAL X1X,X1Y,Y1X, Y1V ZLX,Z1Y

c
REWIND(PIL)
READ(FIL2,*) MAXDIR -
DO 10 Jm), MAXDIR
READ(PILY,®) INDXLX,X1Y,¥1X, Y1V, Z1X,21Y
IP (AX.EQ.1) THEN -
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ALLDIA{)jmCMPLX[X1X, X1Y]
ALLDIRN(J)=IND
END IF
1P (AX.BQ.3) THEN
ALLDIR(J)}=CMPLX{Y1X,Y1Y}
ALLDIRN{J}=IND
RND IF
1 (AX.£Q.3) THEN
ALLDIR{))a CMPLX{ZI1X,E1Y)

ALLDIRN(J)=IND

END IP

10 CONTINUR

END

c

G cCEatECCreCCCCCeECCCeCCCeCtCCtttCCetCCCCCeCCECoCCECttCCCCCCCCees

SUBROUTINE BUILDS(A,ALALRHS,N NZ SI2E,NZERO,FILI,AX,ALLDIR,
* ALLNOIALLDIRN,ALLNOIN MAXN,
o BAPYR,SIMP,NOR,NODES,MXFAC,CO,ALP,HI08,35,08,NPLEPSILON,BET,
= NPYR,PYRIND,NPS.NPOS,H,0H HNODE,ABC,SPC,UPD)
REAL®S AHB(N),A(NE)
REAL NOR(MXFAC,3),55(NPL,4,4),808(NPI4,4),BET
COMPLEX ALLOIR(MAXH),ALLNOI{MAXN),EPSILON{10}
INTRGER AI(NZ),AJ(N) SIZEFILS, NEERO,AX MAXN,ALLNOIN{MAXN) RPOS
INTEGER ALLDIRN{MAXN),NODES(MXFAC,10), MXFAC,CO,ALF(10,5,2)NPLNPYR
INTEGER PYRIND{MXFAC),SIMP(MXFAC) BSPYR(MXFAC),NPS
ABAL H{MXFAC,NPI,10),DH(MXPAC,NPI,10),HIOS(NP1.4,10)
INTEGER HNODE(MXFAG,10),ABC,NZ,N,SPC,UPD

c

IMPLICIT NONR

COMMON/OPERATEUR/ LAPLACIAN, TRANSLAPLACIAN,.CRADGRAD,ALFP
. ,NORM,PIELDN,TRANSFIELDN, TANLAPLAC,SURFALFP

INTRGER 8CP,1,NGDE(10),NP,SCE,SCF FILL

AEAL LAPLACIAN(10,10,1,4), TRANSLAPLACIAN(LC,10,1,4),NORM(10,10,1,4)

o REAL LAPLACIAN({10,10,1,4), TRANSLAPLACIAN(10,10,1,4),NORM(10,4,1,1)

ATAL ALYF(10,10,1,1),FIELDN(10,10,1,4), GRADGRAD(10,10,4,4)

AEAL TRANSFIELDN(10,10,1,4), TANLAPLAC(10,10,4,4),SURPALPP{10,10,1,4)

COMPLEX CONTS(10,10),BCONTS(10),DIR(10),DIRN(10),VAL(8,2000)

AEAL SCONTS(30,30),88G (20),DIRSG(20}

INTEGER NGDESG(0), DIRNSG(30),VALNOD{1000), TOTNONZERO

INTEGER MAXDIR,MAXNO!NVAL,CRF{2000) MXVND,VALNODSG(2000)

c

TOTNONZERO=O

MXVNDm2000 IMAXIMUM NODES IN ABC EXPRESSION VAL
CALL RMDBASICINI'O(NP.SCE.BCP.SCP.IIbl)

CALlL OPERATORS(ALY,1)

CALL INITIALIZECD(RHE,M,1)

CALL READDIR(ALLDIR,ALLDIRN MAXN MAXDIR,FIL1,AX)
csbl.:au%um ALUNOLALLNOINMAXN,MAXNO!FILL,AX)

Do 3 1el,C

B CALL CRBATVALNOD(VAI-NOD.NVAL.I.HNODI.CRF.HKVND,HX FAC,VALNODSG NP,3CE)
CALL SETAA!AJ(A.AJ.AI.SC!.NP.H.N:.NI!HO.SPC.AX.UPD.VAI.NODSQ.
" NVALMXVND,ABC)

DO 10 Im1,3CP

CALL INITIALIZEI(DIRN,10,1)

CALL INITIALIZE2(DIRNSG,30,1)

CALL INITIALIZE2(NODESQ,20,1)

CALL INITIALIZE(DIR,10,1)

CALL INITIALIZE(DIASG,20.1)

CALL INITIALIZE(CONTS,10,10)

CALL INITIALIZE(BCONTS,10,1)

CALL INITIALIZE4(3CONTS,20,10)

CALL INTTIALIZB4(0584,30,1)

CALL GETCONTS(CONTS,BCONTS,,NODE NP SCE,SCF,EPSILON,FILLALLDIR,
*  ALLNOLALLDIAN,ALLNOIN,MAXN,MAXDIR,MAXNOLDIR,DIRN,AX,BET,
*  BSPYA,IMP,NOR,NODES,MXFAC,CO.ALF,HI0S8,85,50B,NPLNPYR,PYRIND,
- NPI.NPOS.H.D“.HNODE.VAL.VALNOD.NVAD.CH.F.IIXV!CD.ABC.‘,

*  NZERO,AALAJINNZ,TOTNONLIERO,VALNODSG)

CALL CONVCONTBCONTS(CONTS,BCONTS,SCONTS,B8G,NODE,NODESG,DIRN,
- DIRNSQ.DIH.DIRSO.NF.SCH.AX)

CALL ADSCONTSTOS(ANS,BSG,NODESG,DIRNEG,5CONTS,DIRSG,BIZE,A,

- AI,AI.N.NI.NBIKD.SCS.NP.TWNONZEEO)

‘Writa{*,100) lsop Aoinonasro,nsero

a | {l.eq.B580) goto 8O

10 CONTINUE

100 FORMAT('DOING PYRAMLID * I8, OUT OF ‘16, PYRAMIDS. NIEROw",
= J10,2x,410}

CLOSE(PIL1)

WRITE(®*) "JUAT PINNISHED PYRAMIDS FOR ‘T'HIS RUN"

80 CALL CLEANAATIAJ(A,AJ,ALSCE,NP,N,NZ,NZERD)

P {(AX.EQ.1}.AND.(UPD.EQ.1))

4 GALL STORESPACING(NZERO,ALAJNNZSCE.NP)

€ slep

END

(]

gi—b!..\.1..t..uL-u-u.u..\..n..b\.buut—nbuu\-un..!..b!..1..t..u..t.ut..uubhbbbb\-hubuuhuhu\.(.‘c(.t.‘.t.uu

SUBROUTINE STORESPACING(NZERO,ALAJ,N,NZ,5CE,NP)
INTEQER NIERO,NEZAI(NI)AJ(N)BCENPN

c
IMPLICIT NONR
INTEGER I, hEK
on.m‘uggr‘;;l.ru.l;-'-p.:g...:‘.vhu;-:gus-'uunuown-.
w DIAECT",FORMm" RMATTED' RECLm1, AECORDTYFEn! '
DO 10 Twl,(SCELNP)*2 ' = PE=TIXED)

REK=]
10 WRITE(10,ARECuREK) A1)
ARK=AEK+1
WRNITE{10,REC=REK) NZERO
DO 20 I= i ,NEERO
REX=uREXSL
20 WRITE(18,AEC=REK) AL(l)
CLOSR{18)
END

c
gcccoccccccccocccccccccccccccccccccccccccmcccccccocccccccccccccccc

SUBROUTINE SETAAIAJ(A,AJALSCE,NP,N,NZ,NZERO,SPC,AX, UPD,NOD,

& NVAL,MX,ABC) B
5:1;3“ (ANJ:(;().AI(NI).N.Nl!m.SCI.NP.IPC.AX.UPD.N!.NOD(MX).NVAL.IIK,ABC
IMPLICTY NONE

-
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c
INTEGER 1,TOT,J,AEK,ESPAK
c

'ro'r-(scu-up)-:
NZERO
DO 10 t-: N2
10 A(l)m0.000
tP ((BPC.EQ.000000).0R.(AX.NE.1)AND.{UPD.EQ.1}) THEN
OPEN(UNIT-!G.P"‘E-'IDRIHI dat' STATUS="UNKNOWN',
*  ACCESSm’'DIRECT",FORMu'UNFORMATTED!, RECL=1,RECORDTYP Bu'FIXED")
DO 40 1=}, TOT
REK=1
40 READ(16,RECmREK) AJ{)
REK=REK+1
READ(18,AEC=REK) NZERO
DO 80 Im1,NZERO
AEK=REK+1
80 READ{16,RECaREK) AI(D)
CLOBE(16)
ELSE

HEEROmNZBRO4+1
AJT)=NZERO
AI(NZERO) =l
DO 80 Kml,NVAL*3

80 1P ((NOD(K).EQ.I).AND.(ABC.EQ.1)) ESPAmI2E0

DO 30 Jul,ESPA
NZERO=NZERO+1

30 AI(NZERO)m.0o9

20 CONTINUE

END 1P

A.l(‘ro‘r+l)-NleD+t

C‘-
CCCCCCCCCCCCCCCCCCC:CCCCCCCCCCCCGCGCGCCCCCCCCCCCCCCCCCCCCCCCCGCGCCCC

auan.ou*rma CLEANAAIAJ(AALALSCE,NP,N,NZ,NZERD)
INTEGER AJ(N),AI(NZ),N,NLERQ,SCE,NP,N%
REAL®S A(NZ)

IMPLICIT NONR

c

INTEGER I,TOT,J,NONZERO,START,FIN SHIFTDEC,NLAST
c

NONZEROm0
TOT=(3CE+NP)*2
SHIFTDECED
NLASTw0
DO B ImAJ{TOT),NZERO
8 1P (A(l).NE.0.0) NLABTmNLAST+1
NLASTaNLAST+AJ(TOT}
DO 10 1=1,TOT
STARTwAN1)
AJ()mAJ(I):SHIPTDEC
PINmAIIE1)1
1F (1.LEQ.TOT) FINumNLAST
JwSTART.1
DO WHILE( J.UT.FIN }
Jmigd
i’ :um NE.-980) THEN
ONZEROuNONZERO+1
AI(NONZ!M)-AI(J)
t(NQN!!lO)-A(J)

SE
ARIFTHDECESHIFTDECHL
END IF
END DO
10 CONTINUE
NZERO=NONZERD
gg'(gOT+1)-NZBRO+I.

c
gCCCCCCCCCCCCCCCCCCCCCCCCGCCCCCCCCCCCCCCCCGCCCCCCCCCCCCCCCCCCCCCCCC

SUBROUTINE ADVALSGTD!(VALSG.VALNODBO.HXVND.NVAI..A ALAJNNZ,
* NZERO,B12,TOTNONZERO,SCE,N

INTEGER VALRODSG(MxVND).N'I.AI(NZ).AJ(N).MJ(VND NVAL,NZERO,B13(13)

INTEGER TOTNONZERO,BCE,NP,N

REAL VALSG(12,MXVND}

gn:.-s A(NZ)

IMPLICIT NONE
INTEGER LINDX,INDY . J.K,WHERE,NEW,COLSTART,DEL

c
DO 40 Km1,(1°NVAL)
INDY=VALNODSG(K)
COLSTARTwAJ(INDY)
na;,.a.l(mnv-n).cowum-t
DO 80 Jwml,
r (vu.snu.m.n.o) THEN
INDX=B12(J)
WHERE=D
NEWml
DO 00 ImCOLSTART,(COLSTART+DEL)
i’ (A!(I) EQ.INDX) THEN
WHERE=I
Naw-n
END
1P (u:w :n D) GOTO 80 )
80 CONTIN i
"W Ir (wunnz 2Q.0) TOTNONZERO=TOTNONZERO+1
IF ((WHERE.NB.0).AND.(A(WHERE).EQ,0.0))
TOTNONZERO=TOTNONZERO+L
IP ({TOTNONZERO,GE.NZ) THEN
WRITE(**)

S'NEXT PASS THE TOTAL SIZE ALLOCATED FOR A(NONZERO) WILL EXCEEDRD"
WRITE(",*) 'IP I AM NOT STOP2D [ M CONNA CRASH
gﬁr; *,%) "TOTNONZERC=' TOTNONZERD
IF {NEW.EQ.1) THEN

DO 10 Im (COLSTART+DEL),COLITART 1
10 IF (AI(1).EQ..000) WHERE=]
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WI(ERE.EQ.0) WHERE=COLITART +DEL
iAl(VlHl!\.l’ NE.-009) CALI
lrunmunmu.lu,u M, N2 NZERO,WHERE SCEB,NP)
Auwuuu)-mnx
nN

lr (ABS(VALSG(J,K)-000,000).0T.2.0) THEN
A(wnm]-A(WHlﬂH-VALSG(J X)

£L8
A(WH“I)-I.O

80 CONTINURE
49 CONTINUE
END

c
CCCCCCeCCCCCCCCCCCCCCCCCleCCiCCCCCCCCCoCaCCCoecececieceCcaccccocceccocccce

SUBROUTINE ADSCONTSTOB(RHS,B8G,NODESG, DIRNEG,5CONTS, DIRSG,SIZE,A,
« ALAJN,NZ,NIEROSCENP,TOTNONZERD

INTEGER uom:scuo).mmdsa(:o).N.A:(Nz).AJ(N).s:ze.uzano.scg,Np

iNTROERA TOTNONZERO

REAL scom-u(ao.:o).nwm) \DIASG(20)

REALS HHB(N),AINZ)

IMPLICTT NONR
IN'I'DGIR. LINDX JINDY,, K, WHERE,NEW,COLITART ,DEL

DO 20 Jm1,20
RHS(NODm(J))-RHS(NODQO(J))+B!G(J)
tr (DIRNSG(J).NE.O}) THE
DO 30 K=1,20
30 UCON‘I'S(J.R)-D.
BCONTS{,J)
RH!(NOD!SG(J))-DIMG(DIRNSGH))

END IF
IF (NODKSG{J).GT.BIZE) SIZEaNODESA(])
30 CONTINUE
DO 40 Kwm1,30
INDY=NODESG(K)
COLSTARTmAJ(INDY)
Dl‘.L-AJ(lNDY-)-l)-COI‘..STAR’!‘-I.
DO 40 J=1,2
tr (SCONTS(J,K) NE.0) THEN
INDX=NODESG(J)
WHERE=O
NEWsl
DO 80 Im COLBTART,(COLSTART+DEL)
IP (AI{1).EQ.INDX) THEN
WHEARS]
NEWaD .
END 1P

80 1F (WHERE.EQ.0) TOTRONZERO=TOTNONZERO+1
r (sWHEIlt.Nl.U) AND.(A(WHERE).EQ, 0.0))
TOTNONZERO w'TOTNONZERO+1
¥ (TOTNONZERO.GE NI) THEN
wm_T:‘(:- i ASS THE TOTAL BIZB ALLOC
XT P, ATED FOR ,A(NONZERO) WILL EXCEEDED® .

WRITE(®,®) "IF | AM NOT STOPED I M GONNA CRAS 0 Re) Ex¢
WRITE(®,®) "TOTNONZERO =", TOTNONZERO
END 1P
1P (NEW.2Q.1) THEN

DO 70 1-gcomurr+m:;.).co:.s~nn'r.-:
10 IF (AI{I).EQ..000) WHERE:

17 (WHERE.£Q.0) wnmn-cowmm-i-nab

7 | AI(WHIEB) NE.-060) CA

n.mmnsr.aﬂa ALAJN,NZ,NZERO,WHERE,SCE,NP)

Al(wunnm-mnx

END

IP (ARS{SCONTS({2,K)-009.009).GT.2.0) THEN
:a(:'llﬁnll-o\(WIIIRBH—!CONTS(J K)

A{WHERE)=1.0
BND IF
END 1P
80 CONTINUE
4cN CONTINUE
B

GCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCQCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

AUBROUTINE SHIFTANDINSERT(AALAJNNZ NIBRO WHERE, SCE,NP)
INTEGER AI{NT),AJ{N) NNZERO, WHERE,SCE ,NP,NZ
glAL'l A{NI)

IcMPLIClT NONE
gn-mun LToT

P (N NZEROS LE.A) (9,9 A V

NZ-NZERO).LE.1) WRITE{®, ECTOR 13 FULL, T .
DO 10 Im NZERO,WHERE,-1 1 1 M GONNA CRASH
A(l#1)mA(1)

10 A:(l-H}-M(I)

DO 30 im1,TOT

20 1P (AJ(1).GT.WHERE) um-umq.:

NZIEROmNZIERO+1

WHERZa WHERE+H1

A(WHERE)=Q.0D0

AJTOT+1ImNIERO+1

;Nn

CCCCOCCCCCCCCCCCCCOCCCOCCCCCOCCCCOCCCCCCCOCCCCCEOCCCCCCCCCCeCCecace
!UIROU'I"IE: CAEATVALNOD(VALNOD.NVAL,BS KNODE CRP MXVND,MXFAC,NODST,

INTRGER MXVND,CRP(MXVYND), VALNOD(MXVND), NV
lcN'l‘lGll\ NOBSG(MXVND).NP.S&B ( 1 NVAL, B3, HNODE{MXFAC,10),MXFAC

IMPLICIT NONE
IcNTlOll LIND,INDC, TOT,OFPSETJ
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1r (88..1Q.1) THEN
DO 20 Im1,MXVND
20 CRP(I)m0
NVAL=D
END IP
DO 10 1m1,10
IND=HNODE(BS,!)
}; ﬁeﬁwn).m&)‘ N’V‘A"I..-NVALQJ.
GE.MXVND) WRITE(®,*) "MAXIMUM N
A NDARY (MXVND) 1S EXCEED. NVA:.-'.#:'AB:K OF NODES IN GLODAL
IF {CRP(IND).BEG.0) VALNOD(NVAL)mIND
1P (CRP(IND).EQ.0) CRF(IND)aNVAL
10 CONTINUE
INDC=D
TOT=NP+SCE
DO 30 I=1,3
OFFSET=TOT*(1:1)
DO 40 Jm1,NVAL
INDmJI+INDC
NODSG(IND)= VALNOL(J)}+OFFSET
40 CONTINUE
INDCalIND
20 CONTINUE
END
c
G(.l.;ul-\-bbubbhh‘-\-t-!-l-wu\-l..i-‘-Hl-\-i-hh!-i-!-!-(.l.t.K.(.(..thyw»uubbhbhbbhubl—hbbh

SUBROUTINE CONVVALVALIG(VAL,VALSG,NOD,

D B13HD) ( , 86, MXVND,NVAL,NP,SCE,AX,
COMPLEX VAL{0,MXVND)

REAL VALSG(13,MXVND)

INTEGER MXVND,NODSG(MXVND)

Lm-nonn. NP ACE,AX,NVALBEND(8),BLIND(13)

IMPLICIT NONE

INTEGER 1,J,IND,INDC, TOT,OPFSET

INTEGER INDCX,INDCY, INDX INDY,INDXLINDYL
REAL VALR,VALL

C

INDC=D
TOTuNP+ETE
DO 10 =i
QFrFsETwTOT*{1-1)
DO 10 Jm]1 NVAL
INDuJ+INDC
1P (J,LE.8) BIAND(J+8)xBAND())+OFFSET
1P (J.LB.6) BLIND{J)=BEND(J)
30 CONTINUE
INDC=IND
10 CONTINUR

c
INDCXw(

INDX=l+INDCX
INDXImINDX+0
DO 80 Jm1,NVAL
INDY=J+INDCY
INDYImINDY+NVAL
VALA=REAL{VAL{LJ))
VALImAIMAG(VAL(1J})
VALSG{INDX,INDY)uVALR
VALSG({INDXLINDY1)=VALR
VALSG(INDX,INDYI)m-VALL
VALSG(INDXLINDY)mVALL

50 CONTINUE

40 CONTINUE

END

c

CCCECCCeCCCCCCCCCClClCUCCCCCCCCCCCCCCCCCCCCCCLCCCClCLCLLCLLULLLLLu

c
SUYBROUTINE CONYCONTECONTS(CONTS,ACONTS,
NGRS G AT ‘(x) . 3,8CONTS,05G,NODE,NODESG,DIRN,
COMPLEX CONTS{10,10),HCONTS(10),DIR(10)
AEZAL SCONTS(20,30),B8G(30), DIRSG(30)
INTEGER NODE(10),NODESG(30),NP,SCE,DIRAN(10),DIRNEG(20), AX

IMPLICIT NONE

INTEGER 1,J,INDINDC,TOT,VAL,OPFIET
INTEGER INDCX,INDCY, INDX INDY, INDLLINDY]
REAL VALR,VALI

=]
INDC=0D
TOTmNP+ICR
oQ 10 1=1,2
OFFAETwTOT*{I:1)
DO 20 Jm1,10
INDuJ+INDC
VALuNODE{J}+OFFSET
1F (MOD(1,32).£Q.0) DIRSG{IND)=AIMAG(DIR(I}))
I (DIAN (1. NE.0) DIRNBO(INOJmDIRN(I)+1ND
. NE uDIRN 1
NODESG(IND)=VAL ! ()+1NDC
20 CONTINUE
INDC=IND
léﬂ CONTINUE

INDCXmO
INDCYwD
DO 40 1m1,10
INDXml4+INDCX
INDXI=INDX+10
DO 80 J=1,10
INDYwJ4INDCY
INDYImINDY+10
VALR=REAL(CONTS(1,1))
VALImAIMAG(CONTS(L,J))
SCONTA(INDX,INDY)mVALR
SCONTS(INDXLINDYI)= VALR
SCONTS(INDX,INDY)m-VALL
SCONTS(INDXIINDY)mVALL
50 CONTINUE
BEG({INDX)=REAL{BCANTS(I))
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BAG(INDX)mAIMAG{ACONTS(I))
40 CONTINUE
c

END
c

GQ(-bbhh\-\-hEBHWDD\-‘-Dbhb‘-hb!—h(—bhhh\-bbbbhbbhbbhbbhhhu—bhbbbhb“b&I-(-
c

SUANOUTINE INITIALIZE(RHS, N1 N2)
COMPLEX RHB{N\,N2)

INTEGER N1,N2

<

IMPLICIT NONE
SOMPLEX NIX
INTEGER L.

c
NiXaCMPLX{0.0,0.0)
DO 10 l=1,N1

DO 20 J=mi,N2
20 MHA{L))=mNIX
10 CONTINUE
END
c

CCCCCCCCCCCCCCCCCeCCCCCCCCiteeeClCCCCCCCCCClCCCLlTLLLLLLLLLLLLLLL

<

SUBROUTINE INITIALIZE4(RHS,N1,N2)
REAL RHB{N1,N2}

INTEGER N1,N2

c

IMPLICIT NONR
gc'rnaln 1d

DO 10 I=1,N1

10 CONTINUE
END
c

o B h\-U!-b\-h\-\.al.-ln!-l-E‘-i-Hb‘-Dluh‘ubhb\-l-\-l-‘-b\n&\—U‘—-‘-b‘ahbh‘-(—‘-&bbbl‘bbhhhl—h\-khb

<

SUDROUTINE INITIALIZE4D(RHS,N1, N2}
NRAL RHUS(NL NI

lcl'l'l'lﬂtl N1,N2

IMPLICIT NUNE
g‘TEGBR [ ]

DO 10 I=1,NL
DO 20 Jwl,N3
30 RHS{1,J)=0.0
10 CONTINUR

END
c

\-b\-‘-W\'h‘-h‘-l-blnl-l-H\-HH‘-hb‘-U\.u‘-b(-‘.-k‘-l-‘-‘-hl-\.aHUhU\-b‘-bh‘-‘-‘-bbb\-\-hhb\.\ahhhbhb\-

SUBROUTINE READNOL(ALLNOLALLNOIN, MAXN MAXNOLPIL2,AX)
INTEQER ALLNOIN{MAXN)Y, MAXN MAXNOLFILI,AX
gOHPL“ ALLNOI{MAXN)

IMPLICIT NONE
INTREGER ND,J,IND
REAL X3,X2,Y1,Y3,28,23
COMPLEX X(3)

c

ABWIND(PILI)

AEAD(FIL2,°) ND

READ{PILI,100)

READ{PIL3,*) MAXNOI

0O 10 Jm},MAXNO!
READ(FIL2,®) IND,X1,X3,Y1,¥2,21,22
A(1)mCMPLX(X1,X3)
X(2)mCMPLX(Y1,Y32)
X(2}mOMPLX(Z1,23)
ALLNOI(J)uX({AX)
ALLNOIN{J)=IND

10 CONTINUE

100 FORMAT(CND-15(/))

END

c
cccccccccccccchblxl-x.;.----r:..--;--.x.x.-;.x-----.-..--.--.-xr:r:-.

IUBNOWINH GETNSID(NSID,IN, ALLNOLALLNOIN,N,MAXNGI)
INTEGER IN(8),ALLNOIN{N},N,MAXNOI
gOHPb“ NSID({0),ALLNOI{N)

IMPLICIT NONE
INTEGER 1,0
gDMPL“ VAL

DOt
: N‘ID(I)-CMPLI(NO ('.0.0)

-l
VAL=CMPLX(990.0,0.0)
DO WHILE II LEMAXNOD

DO 10 Jwi 8

ir (IH(J) BQ.ALLNOIN(1)) NIID())=ALLNOI(I)

10 CONTIN

Imlél
BND DO
DO 30 lmi e
iwr (N!ID(I) £Q.CMPL X (040.0,0.0)) THEN

RITE(",") *{ODE *,IN(I),' 13 SUPPOSED TO BE A NEUMANN VALUE.

luwpnl'l‘l(‘ W) 'COUL S NOT PIND I'Tt CHECK IT OUT, FOR ME LIFE GOES ON.*
30 CONTINUR
END

e ‘
_’54-:ccmcgccf;ccocccccccccccccccccccccccccccoccc-cccccccccccccccccccc
~ SUBROUTINE sgl.wm-run(nsm:.n.stzs.u)

ARAL'S BSIDE(N)
INTEGEN N SIZE. AX

c
TMPLICIT NONE

110 .



COMPLEX VA
INTEGER I.BLK.RBK.OPP“K

c
OPEN (UNITw2,PILE="unsclutlon.dst’ STATUS=' UNKNOWN',ACCESS='DIRECT"
s FORMe'UNFORMATTED' . RECL=1,RECORDTYPE='FIXED')

c
BLKuSIZE/2
1P (AX.EQ.1) THBN
DO 10 1=1,BLK
VAL=DCMPLX(SSIDE() BIIDE(L-BLK))
AITE(RECST) Vi
10 col"rl
EL3E IP (AX. BQ.:I} THEN
QFPREXK=BLK
DO 30 I-l.nbx
AEX=OFFRE
VAL-DCHPLJ:(IISIDE(I).Bsml:(l-}-am(n
WRITE(2,RECuREK) V.
20 CONTINUE
ELSE IF (AX.EQ.3) THEN
QYFREK=BLK"2
DO 30 fml, BLK
ABK=OFFRE
VAL-ncuPI.X(nl:nnm (BSIDE(+BLKY)
WHRITE(2,RECaREK]} V.,
30 CONTINUE

END IP
CLOBE(D}
END
c
'c‘ CCCCCCCOCCCCCOCCCCCCCCCCCCCCCCCCCCCoCcococCiCoceCcococoeCloceiLitt
[+
SUBROUTINE VFILLOQUESS(SIZ,S0L,N,AX)
REAL®S SOL{N)

INTEGER BIZ,N,AX

-]

IMPLICIT NONE

INTEGER I,BLK\I,QOPFREK,REK
COMPLEX VAL

c
OPEN(UNITm4,FILEm unaciution.det’ STATUSm ' UNKNOWN",
® ' ACCESS='DIAECT',FORMm='UNFORMATTED" RECL=2,RECORDTYPE='FIXED")
BLX=B51Z/3
IF (AX.EQ.1) OPFREK=0
IP (AX.EQ.2) OFFAEK=BLK
1 (AX.EQ.3) OFFREK=SIZ
DO 10 I=1,BLK
AEKm OFFAEK+]
AEAD(4RECEREK) VAL
u-m. +1
T)mREAL(VAL)
m-.\:um(vu..)
m com'm
CLOSE(4)
END

c
gCCCCCCCCCQCt:CCCLCCCCCCCCCCCCCCCCCCCCCCL‘CCCCCCCCCCCCI:CCCCCCCCCCCCCG

SUBROUTINE VPILLDIR{SIT,SOL,RHS,N}
REAL®S SOLIN),RHS(N)
INTEGER SIZ,N

c
IMPLICIT NONZ
gc'rzann 1

DO 10 Iml, 81T

!OL(I)-RHS(I)

10 CONTINUR

END

c
lét.uuuuuwum..\..l.-uuuub\.i.bbhbubt..u.u..u.t.t.\.n.u\.\..\.ugu.u.g.u.uu!.uyn.um..u..n..t..u.-i-i-u-b

SUBROUTINE REQRDERNODES(NODES,BSIDE,SIZ,N)
COMPLEX BSIDE(N)
INTEGER NODES{N),N.SI1Z

IMPLICIT NONE
INTEGER LTEMP,ROW.IR
COMPLEX DUM

c

DO 18 ROWm,SIZ
DO 20 [w),S12
10 1r (NODES(]).CQ.ROW) IR=l
DUMeBEIDE(ROW)
BEIDE{AOW)mBSIDE(IR)
BEIDE(IN)wDUM
TEMP=NODES(ROW)

NODES(IR)=TEMP
18 CONTINUE

END
p4 cCcCccecccccocococoe
MESHER3DSUB.F

SUBROUTINE MESHWRITEA(NP.NPA,8CP.SCY.SCE.P,PID.EDGE PACE PY REXTRAPYR
INTEGER NPSCP,SCF,ICE, PID(30000),5DG r.ubooo.:f.ncn(uooo.q. )
INTEGER FYR(40000,8), EXTRAPY R{40000,8)

REAL P(30000,3)

c
IMPLICIT NONE
INTZGER OFFAEC,REK.1INLINZIND

OPEN{UNIT=1,FILEn'sdge.det' STATUSm'UNKNOWN'}

OPEN(UNITm3,PILE="mesh.da1’, ETATUS  UNKNOWN',ACCESSm ' SEQUENTIAL',
PORMu 'FORMATTED")

opr.uwm'r-: FILE='unmash.dst’ STATUS = UNKNOWN', ACCESS='DIRECT",
FORM= ‘UNFORMATTED', RECLu1l,RECORDTY PE='FIXED')

wmsca. MT=100) NP8, THE NUMBER OF POINTS ON THE BURFACE'

111



WRITE(Z,FPMT=100) NP, THE NUMBER OF ALL POINTS!
WAITE(2,FMTw100) 8CP,' THE NUMBER OF PYRAMIDS'
WRITE(2,7MT=100) 3CF,' THE NUMBER OP FAC®S'
Wlﬂ'!ii.f‘ﬂ‘l‘-lm} SCE,' THE NUMBER OF EDGES'
WRITE(2,FMT=130) ‘——ON THE BURFACE .
WRITE(J,RECm=1) NP3

WRITE(J,REC=1) NP

WRITE(,AEC=)) BCP

WRITE(IREC=4) SCF

WRITE(J,REC=8) SCE

REK=OFFAEC+H!
WRITE(3,110) P{1,1},P(1,2),P(1,3),PID{1)
80 WRITE(3,REC=REK) P{1,1),P(1.2),P(1,3),PID{1}
OFFPRECEREK
WIUTE(3,F MT=130) ‘——INSIDE SURFACE——
DO 70 [mNPS+1,NP
REKmQFPREC+]-NPS
WRITE(2,110) P{1,1),P(1,2),P(1,9),P1D(I)
70 WRITE(3,ARC=REK) P(L,1),P(1,2),P(1,3),P1D(1)
WRITE(2,FMT=130) *=n BDGES ——*
OPFAECanEK
DO 20 Im1,ACH
REKuOPPAECH
WAITE(2,PMT=105) |, EDGE(1,1),EDGE(L,32),EDOE(L)
20 WRITE(),AEC=REX) EDOE(L,1),EDGE(],3), EDGE(1,3)
OFFAECuREK
WRITE(),FMT=130) '—PACES—'
PO 30 1=l ACP
NEKmOFPRECH]
WRITE(),PMTa118) 1,FACE{L1),FACE(],2),FACE(LI) . FACE(L.4)
30 WAITE(S,AEC=REK) FACE(1,1),FACE(1,3) FACE(LY),FACE(L,4)
OFFARCmAKK
WRITE(2,FMT=130) '—PYRAMIDS——*
DO 40 Im1,5CP
REK=OFFRECH]
WRITE(2,MT=130) PYR(I,1),PYR(52),PYA(1,3),PYR(I,4),
- PYR(1,8).EXTRAPYR(1,1), EXTRAPYR(1,2), EXTRAPYR(1,3),
- RXTRAPYR(1,4),EXTRAPYR(1,8),EXTRAPYR(1,8)
40 WRITE(I,REC=REK) PYA(L1),PYR(1,2),PYA(L,3),PYR{14),
. PYR(1,8),EXTRAPYR(L1),EXTRAPYR(I,2),EXTRAPYR(LI),
- EXTAAPYA{L4),EXTRAPYR(1,8) EXTAAPYR(1,0)

c

WRITE(),*) SCF

DO B0 Ym1,3CP
CALL BASEINODE({EDGE,FACE,LINLIND,IND)
WRITE{1,*) P(IN1,1)
WRITE(1,%) P(IN1,3)
WRITE(1,%) P(INL3)
WRITE(1,*) P(IN2,1)

WRITE(1,*) P{IN2,2)

WIITE(1,*) P(IN3,3
WRITE(1,*) P(IN3,E
WRITE(1,®) P(IN,3)

0 WRITE(1,*) P({IN3,3)

80 FORMAT{<NP>(/)}

100 PORMAT(IN,(A))

110 FORMAT(3X, ¥0.5,3X,P0.5,3X,F0.8,3X,I7)

108 FORMAT(X,18,3X,18,3X,10,3X,16)

118 PORMAT(X,18,3X,10,3X,18,3X,10,3X,18)

130 PORMAT((A))

130 FORMAT(1X,16,1X,16,1X,18,1X,18,1X,18,1X.18,1X 16, 1X,18,1X,18,1X,
18,110

c
:ND
gcccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

SUBROUTINE POINTEEAI-DER(NPS.NPV.PID.P)
INTEGER NPE,NPV PID(I0000)
REAL P(30000,3)

c
IMPLICIT NONE
INTEGER AEK,OFFREC,ISCP,3CF,5CE,NP

c
OPEN{UNI'Tal,FILBu'uammh.dat* STATUS= ' UNKNOWN'  ACCESS="DIRECT",
- PORMu'UNFORMATTED RECL=11,AECORDTYPEw'PIXBD')

<
READ{1,AECw1) NPS

READ(2,AECn4) SCF

READ(3,AEC=0) 8CE

NPVaNP.NPS

OFPFRECHD

DO 10 Im1,NPS .
REK=OFFRECH!

10 READ{2,ARC=REK) P(1,1),P{1,2),P(1,3),PID{T)

OPPREC=REK

OFPAECuQFPREC.NPS

DO 20 ImNPS+1,NP
REKmQPPRECH

20 READ(2,ARC=REK) F{I,1),P(1,3),P(1,3),PID(1}

c
CLOSE(2)
END

<
gCCCCCCCCCCCECCCCCCCCCCCOCCCCCCCCCCCCCCGCCCCCCCCGCCCCCCCCﬂCOCCCCCCCCC

SUBROUTINE DRTEAMINANT(MAT,N,NN,DET)
INTEQER N,NN
alAb MAT({N,NN),DET

IMPLICIT NONE

INTEGER LROW,COL,K.J

AEAL COPAC,DMAT(10,10),DETL

DETLm0.0

DET=0.0

1P (NN.GT.2) THEN

DO 10 lal,NN

COPACRMAT(1,1)%(-1)**(1+1}
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DO 18 Ked, NN
ROWmI.1
DGO 30 Jm]l,NN-1
CObLm=J

1P (1.GE.I) COLmI+

20 nuu(na\v..n-m\-r(x.cm.)

13 CONTINUE
CALL DETERMINANT(DMAT,10,NN.1,DET1)
DET=DET+DETI*COFAC

10 CONTINUE

ELSE
DET=MAT({1,1)*MAT(3,2)-MAT(3,1)*MAT(1,3)

END 1P

END

[~
gcccccCCCCCCCCCGCCCCCCCCCCt:CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

REAL FUNCTION DIST{DUM1,DUM2I)
gun DUM1L(3),DUMI(

DISTwBQRT( (num(n-nuuz(m“:+(num(:)-nt.llﬂ(:ln“=+
DUM1(3)-DUM2(3))**2 }

c
gND
gCCCCCCCCWCCCCCCCGCCCCCCCCCCCCCCCCCCCCGCCCCCCCCCCCCCCCOCCCCCCCCGCCC

SUBROUTINE MIDPOI{DUML,DUMI,DUMI)
gMb DUML(3),DUMI(3),DUMI(I)

INTIGIB l
DO 10 Iw
l't;‘DUHl(l)-(DU“I(I)-I-DUM!(I))II

gCCCCCGCCCCCCCCCCCCCCCCCCCCCCCCCCCGCCCCCGCGCCCCCCCCCGCCCCGCCCCCCCCCC

SUBROUTINE ONEDIM({P1,P2,P3,DUM)
EML P1,PL,P3,DUM(Y)

DUM(1)=PL
DUM{2) =PI
DUM(3)=P3
END

gccCCCCCCCCCCCCCCCGCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCGCCGCCCCC

SUBROUTINE ONEDIM4{P1,P2,P3,P4,DUM)
REAL P1,P2,P3,P4,DUM{e)
<

DUM{1)=P1
DUM{3)=P3
DUM{3)=P3
DUM{4)=P4
END

€
gcccccccccccccccccccccccccccccccccccccccccccccccccc:cccccccccccccccc

SUBROUTINE MAKEMATI(DUML,DUMZ,DUMI,MAT)
gluu. DUML(3),DUM3{3),DUM3{3),MAT(3,Y)

INTEGER I

DO 10 tm1,3
MAT(1,)=DUML(I)
MAT(2,1)=DUMI(I)

10 MAT(I,=DUMI{I)

END

c
gcCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

SUBROUTINE MAKEMATA(DUML,DUMI,DUMI,DUM4,MAT)
Rub Dvnl(t),DUM:(&).DUMS(‘J.Duua(n).un‘(t 4)

m-rzcn. 1

DO 10 1m1,é
MAT(1,)mDUM1L{I)
MAT(2,)=DUMI(1)
MAT(3, 1) =DUM3(1)

10 MAT(4,1)mDUM(I)

END

c
gCCQCCCCCCCCCCCCCCCCGCCCCCCCCCCQCCCCCCCCCQCCCCCCCCCCCCCCCCCCCCCCCCCG

c
gccccccccoccccccccccccccccccccccccccccccccccccccccccccccccccccccoccc

INTEGER FUNCTION PACEID(PL,P2,P3)
lcNTlle ,P2,P)

IMPLICIT NO!

LNI;I'EGBR 91(8).93(0).D3(!).DP1 DP2,DPY, VAL,LJ, FACD

impP

DPImP2

DPI=P)

DO 10 Im
VAL-INT(DPI[IO)':G
D(1)=DP1-VAL

10 DPI-VAU,IU
DO 20 w1,
VAL-INT(ﬁPIIIO)‘IO
D3H1)wDPI-VAL

20 DPA=VAL/1O
DO W Iml,8
VAL=INT{DP3/10)"10
DI} DPYVAL

30 DPAmVAL/ID

:r ((mm £Q. 1).0»-(0:(1).:0 1) OR.{D3(1).2Q.1)) THEN
1P (D1(1).EQ.4) Di(I)m}
1P (D2(1).EQ.4) DA(t)mi
1P (DI(1).£Q.4) D3{I)jm1
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elaz tr { nu:).zq.:z.on.(m(n.r.q.z).on.(mu).zq.:n THEN
17 {D1({1).EQ.4) D1L(1})=2
IF (D3(1).KQ.4) DI(1)=2
1P (D3(1).2Q.4) D3(N}=2

BND IP

P ( (D1(1).£Q.D3{1)}).AND.(D2(I).EQ.DI(1)) )
- FACDmFACD+DI(1)*(10°%])
40 CONTINUE
17 ({D1(8).£Q.8).AND.(D2(8).EQ.E}.AND.{D3{0).EQ.b)) FACDO=PACD+500000
'ﬁ%ﬂb-';\CD
E

c
GCCCCEECCCECCCCCCCCoCCtCCCCCCCCCeCCeeCeCCeeeaCCCeCCCCCCCCOCCCCCocCce
c

REAL FPUNCTION DISTPIPLAN(DCEN,DAP,DBP,DCF,DDP)
REAL DCEN{3),DAP.DEP,DCP,DDP

c

REAL DEN.NUM

DENaSQRT( DAP**24+DEF**24DCP*"2)
NUM=DCEN(1)*DAP+ DCEN{2)"DEP+DCEN{I)*DCP4DDP
2:‘!S'HPMN-ABS(NUHIDSN)

c
LECCCCtCCCCCCeCCCCCCCCOCCCCCCCCCCCCCeCCCCCeCeCCCCCCCctCCeCCCCCCCCoeee
c

AUBROUTINE PLANBFARI(DUME, DUMI,DUMS,DAP,DBP,DCP,DDP)
ARAL DUML{3),DUMI(3),DUM3{3),DAP,DBP,DCP,DDP
c

IMPLICIT NONB
REAL DM1(3),DM3(3),DMI{3).MAT(I,Y)
gt'rm:n H

DO 10 Im1,3

DM1(1)=DUMI(I)

DM3{1ImD UML)
10 DMI{[)mDUMI(I)
CALL MAKEMATS{DM1,DM3,DM3,MAT)
CALL DETERMINANT{MAT,3,3,0DP)
DDPm=.DDP
DM1(3}m1.0
DM2(3)=1.0
DMI{I)m=1.0
CALL MAKEMAT3{DM1,DM2,DM3,MAT)
CALL DETERMINANT(MAT,3,3,0CP}
DM1(3)m DUML(2)
DMA(2)mDUMI(I)
DMI(3}m DUMI(3)
CALL MAKEMAT3{DM1,DM3,DM3,MAT)
CALL DETEAMINANT(MAT,S,3,DBP)
DOP=-DBP
DM1{1)mDUML(2)
DMa(1)mDUMI(3)
DM3(L )= DUMI(I)
CALL MAKEMAT3{DM1,DM3,0M3,MAT)
E:tl;l. DETERMINANT(MAT,3,3,DAP)

c
CCCCCCCCCCCCCCCLeCCCCCCCCCCCCCCeCCCCCCLCCCCCCCCOCLCCCCCCCCCOCCeCCCce

c
SUBROUTINE CENTERSPHERE(DUM),DUM2,DUMI,DUM4,CENT)
glll. DUM1({3),DUM2(3),DUMI(3),DUM4(I),CENT(Y)

IMPLICIT NONB

REAL DM1(4),DM3(4),DM3{4),BM4{4),MAT{4,4)
REAL DAS,DDS,DES,DFS

INTEGER {

lc.omcu. COPL,COPLANAR

COPL=COPLANAR(DUMI DUM2,DUMS,DUM4)
IF (,NOT.{COPL)) THEN
DO 10 Iw1,3

OMI{II=DUML{L)

DMI(1}=DUM{T)

OMI()=DUMI(T)
10 DM(I)mDUM4(I)
nmia)-n.n

!

DM4(4)m1.0
CALL MAKEMAT4(DML, DM, DM, DM4,MAT)
CALL DETEAMINANT(MAT 4,4,DA3)
DM1(1)mDUM1(1)**3+DUML(2)**34+-DUM1(3)**3
DMI(1)=DUMI(1)**3+DUMI(2)**2+-DUMI(I)**2
1w DUMI(1)**2+DUMI(2)**24DUMI{I}**2
1)**24-DUMA{2)**2+DUMA{I)**2
CALL MAKEMAT4(DM1,DMI,DMY,DM4,MAT)
CALL DETERMINANT(MAT,4,4,D08)
0D3=.0D8
DM1(2)uDUML{L
DM2(2)mDUMI(L
o,
-
CALL MAKEMAT4(DM1,DM2,DMI, DML, MAT)
CALL DETERMINANT(MAT,4,4,DK3)
Dllli! wDUML(D

DM3(3)=DUMAI(2
DM3I(3)=DUMI(2
DM4(3)=DUM4E(2
CALL MAKEMAT#{DM1,DM2,DM3,DM4,MAT}
CALL DETERMINANT (MAT,4,4,DF5)
DFSw.Ors
CENT(1)=.DD3/DAN/2
CENT(2)w-DES/DAS/2
CENT(3)m.DFS/DAR/2

sLen

o

CENT(2)=8000.0
CENT(I)w8980.9
END 1#
END

c
CLCCOCCCOCCCECCLCCCCCCCCCCCCCCeCCCCCCCCOCCColCoooieceeceeeccocececceee
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c

SUBROUTINE PYRAMIDGENERATOR([NP,NPV.SCF SCESCP, P, PLD,EDGE,FACE,PYR)
INTEGER NPV, SCF SCESCP,PACE(88000,4),EDGE({B0000,3},P YR(40000,8)

INTEGER PID(30000),NP

REAL P(30000,3)

c

IMPLICTT NONE

AEAL DUMPI(J}.DU’NPR(!).DUMPS(S).DUHPC(:),VOLUNG.VOL.MT

REAL AP,BP,CP,DP,DIST,MID1(3),COCR(4,3),COBINUS

REAL MIN1,RATREF MINREFL

REAL DIARL (3,.DIR2(!}.SUMACB.AREA.NBWF(:)

INTEGER VICIN(S0),NV,NO,SCOLD,3CFOL SCPOL K, MAX

INTEGER 1,J,8C,LSTAK(3000),SCELSCE2,SCEY,SCP4,F1,OLDSCP

INTEGER IN1,IN2,INJ,0CCUR,SCF1,8CF1,5CFI,IND, ,PYRCOM,NODE(4)
INTEGER NPYR,VICPYR{400),N EW,ANGFAS(08000), SNGPFASC,ORDPOINT(30000,30)
INTEGER VICEDG{1000),VICPAC(I000) JNEDG,NFAC,VICIN1(30),NV1

LOGICAL CANTUSE,PYRLAP,PYRAMOVERLAP,NOGD2

LOGICAL DONTUSR.NOGDI..NOT\‘ALID.CBNTII\VALIDV.NOWAI-IDI.CIN'I‘!H.\MLIDVl
CHARACTER®24 FDATE

c

NOmQ
LSTAK{1)=1
s8Cal
@ CALL FILLSTAK(LSTAK,BCSCF)
ANGFASCED
VOL=0.0
SCE=D
SCF=0
MAX=30
CALL OBDHR(ORDPOIHT.NP.NPV.P.H AX)
WRITE(*,") "1 JUST FINISHED ORDER*
WHRITE(",”) FDATE()
130 DO WHILE (8C.GT.0}
SCrimLITAK(L)
CALL UPDATESTAK(SC,LETAK)
DONTUSE=, FALSE.
100 IF (.NOT.DONTUSE) THEN
CALL BASEANODE(EDGE,FACE,SCF1,IN1,IN2,INY
CALL ONEDIM(P{IN1,1),P{IN1,2),P{IN1,3),DUMP1
CALL ONEOIM(P{IN3,1),P(IN2,3),P(IN2,3),DUMPI)
CALL BﬂEDIM(P(INS.!).P(IN!.?).P(INJ.!).DUIIPS)
CALL PI.ANBPAM(DUMPI.DUHH.DUMP!.AP.BP.CP.DP)
CALL GﬂCORNBR(DUHPI.DUHPS.DUHPS.INI.IN:.IN!.IND.IIIDI)
CALL VIGINITY(VICIN.NVI.IND.HAX.ORDPQINT)
NV=3I0
IF (MAX.LT.NV) NVaMAX
« this is the distanca betwean 3 poluts
18 RATAEF=0.26
MINREF1=10000.0
INDmO
CALL GETVICPYR(VICPYR,NPYR,EDGE,PACE,PYR,SCP,SCF SCE,SCPL,
- NFPAC,VICFAC,VICIN,NVL,P)
CALL PACEVICINITY(NPYR,VICPY R,PYR,NFAC,VICPAC)
CALL EDCGEVICINITY{NFAC,VICFAC,FACE,NEDQ,VICEDG)
CALL OOCURINCBPVIC(SCP!.NPYB,OCCURJ‘YR,PYRCOM.VICPYR'I
DO 20 iImi,NV
ImVICIN(IL}
IP ((INL, Q.1).OR.{IN2.EQ.I).OR.(INJ.EQ.1}) GOTO 30
CALL ONEDIM{P(I,1),P{1,3),P(13),DUM P4)
@ the [ast 3 parsmeters change with slse of prablam
HO‘I‘VALID-CENTE!\VAI.IDV'(BDGB.FACB.SCFI..DUNP‘.P.O-I.D.I.I.U]
IF {NOTVALID) GOTO 20
FY“AP-PYMMUVBMP(IDUB.?ACB.PYH.AP.BP.CP.DP.SG'I.PYHCOH.I.P)
1P (PFYRLAP) GOTO 20
CALL INSIDEPYR{INLIN2,INII,DUMPLDUMP2,DUMPY,DUMP4,
. P,NV1,VICINL,NO
1r (NO,NE.0) GOTO 20
CALL DVIRLAFMTKFACE(FACB.BDGB.VIC!DG.VICPAC.N EDG NFAC,5CFL,
. I.P.NOGDI.NOGD?.NV.VICIN)
1P (NOGD1) GOTO 10
IF {(NOGD2) GOTO 20
CALL GITNOH.MAUI‘O!’ACE(DUMPl..DUHPI.DUMPS.DUHPC.DIRI)
DlRl(l)--Dlﬂltl
DIR1({2)=-DIRL{3)
DIR1{3)=.DIRL(I)
CALL DIRECTION{DUMP4,MID1.DIRI)}
AAT=COSINUS({DINL,DIRZ(1),DIRA(1),DIRI(Y))
MIN1=DIST(DUMP4,M:D1)
ir un.A'r-a-o.ooooon.w.M-rnzn QOTO 20
[ Ir ((MT.W.MTHEP).AND-(HIN!.GB-HINRIP!)) goTO 20
1P {MINLGT.(LA*MINREF1)) QOTO 20
CALL NOOVERLAP
- (!DGI.I‘AC!.SCFI..DUHPC.P.P\'I..SCP.CAN’FUS!.VIGP‘Yn.NPYII)
IF (CANTUSE) GOTO 10
IND wt
RATREFaRAT
MINAEFL=MINT
20 CONTINUE
SCOLD=SC
1P (IND.NE.O) THEN
CALL EXISTENCEEDGE(INL,INT,IND,N EDG,SCE1,BCEL,SCEL,VICEDG,EDGE)
CALL CHECKEDRGE SCE1,8CH,SC,INLINZ, PID,EDGE,0,LATAK NEDG,VICEDQ)
CALL CHECKBDGE| SCII.SCl.lc.lN2.IND.I'ID.IDGB.O.IATAK.NIDG.VICBDG)
CALL CHECKEDGE 3CEY,5CE,8C,INLIND,PID,EDGE 0,LSTAK, NEDQ, VICEDG)
CALL IXIB‘I‘BNCBVACS(ICII.OCIH.’Cﬂ.NfAC.SC!‘OL,VIC'AC.?ACI)
CALL CHECKPACE({SCELSCELSCES,IN1,INIIND,SCP SCFOL,FACE,PID,
- 1L,LETAK,BC,NFAC,VICFAC)
SCrim3CroL

CALL EXISTENCEEDGE(INL,IN}IND NEDG,SCEL \SCE2,8CE,VICEDG,BDGR)
CALL CHICKEDGE(SCII.SCI.SCJNI.INS.PID.IDG!.G.LSTAK.NIDO.VICIHG)
CALL CHICKIDGI(SC!ﬁ.ﬁcl.ﬁc.IN3,lN0.PlD.IDGI.O.I.STAK.NSDC.VIC!DG)
CALL CHECKEDGE(SCE),SCE,SC,INLIND,PID,EOGE0,LSTAK,NEDG, VICEDG)
CALL EXISTENCEPACE(SCEL SCE,SCEINFAC SCFOL,VICFAC,FACE)
CALL CHBGK?AC!(!GEI..SC.SCEQ.INI.IND.INS.SCF,ICPOI-.PACE.”D.
. 1,LATAK,SC,NPAC,VICPAC)
SCPa=3CrOL

CALL IXIBTINCIBDOI(IN!.INS.lHD.N!DB.SCI!.SCI!JCE.VICIDG.lDQl)
CALL OHICKIDGI(SCII..BGI.IG.INI.INS.?ID.IOQI.O.LIT‘K.NIDG.VICSDG)
CALL CHECKEDGE(SCE2,SCE,EC,INYIND,PID, EDGE,0,LSTAK,NRDG,VICEDGT)
CALL CllICKIDQS(BCBS.SCI.BC.INZ.IND.PID.EDG!.D.I.BTAK.NIDQ.VICIDG)
CALL “NTINGIFACi(ﬂ:ll.ﬂﬂlﬂ.ﬂclﬂ.N'AC.’CPOb.VIO?AC.'AGI)

CALL CHICK?ACI{!OII.SCH.BGH.IHD.INIJNI.SGP.!C'OL.I‘ACI.PID.

1135




LLATAK BCNFAC VICFAC)
SCVSHBCPOL

CALL “MINCSBDOI(INI.INI IN3 NEDO,SCELSCE2SCES, VICEDG,EDGE)
CALL CHECKEDGE(S l.lCBJCJNIJNl.PID.BDOB.D.LS‘rAK NEDG,VICEDG)
CALL CHECKEDGE(3CEL SCR,AC,IN2,INI,PID,EDGE,0,LITAK,NEDG,VICEDG)
CALL CHECKEDGE(SCE3,3CE,SC,IN1,IN3,PID, EDGE,0,LSTAK,NEDG,VICEDG)
CALL EXISTENCEFACE(3CEL SCE,SCE),NFAC,SCFOL,VICFAC,FACE)
CAM. CHECKYACE(SCEL,5CE,SCE) IN1,IN2,INI SCF,SCYOL,FACE,PID,
1,LATAK SC,NFAC,VICFAC)

scu-scrm.
CALL IKISTBNG!FYR(SCPI.!CNJCH.SCF‘ PYASCPOLNPYR,VICPYR)
tP (SCPOL.EQ.D} T
CAM. CHICKPYR(SC'l.SCH.HCPS.SCPI.INI.INS INJIND,
P.,BCPOL.PID.P\'!\)
call mu-nda(-dp.rnu.pﬂ.up.-odc)
DO Bl Kml,4
CDOMK.II-P(NODE(K) 1)
COOK(K,2)=P(NODE(K),2)
[ 1 COOR(K,S)=P{NODE(K),3)
VOLaVOL+VOLUME{COOR)
WRITE(®,1110) ecp,node(l),nade{l),nade(3),noda(4),volume{ooor),vel
1w (lCQLD NE.SC) 8C=8C.1

DONTUIIH TRUR.
aoTO 100
lNﬂ !'

DON‘!‘U!I—.’I‘W’-
COTO 100
END IF

c
ARBAwD.0
FLa=0
DO 40 I=],3CF
CALL OCCURENCEP(1,8CP,0CCUR,PYR,PYRCOM)
CALL BASEINODE(EDGE,FACE,LINLINIINY
e wrin{®*) 1 lll.ln!.ln!.ow-l'
1® (OCCUN.EQ
CALL ONIDIM FEINI L) PUING2),P{ING D), DUMPL
CALL ONEDIM(P{IN2,1),P(1N3,2),P(IN2] DUHPI
CALL ONEDIM(P{INJ,1), P(INS.I).P(INSJ). UMPY)
A“A-AH.EA-F!UI‘?ACE(DUMP!.UU"PI.BUHFU)
‘:l-'l.-bl.
IF (OCCUR.GR.A) CALL FACEIN{PACE(L4))
40 CONTINUE
VOL=0.0
DO 1000 Imi,8C
Csbb PYMNODS(IDOB,’ACB PYR,I,NODE)
PO 8o X
coon(x.u-l-(rmn:(x) 1)
COOR(K,2)=p(NODE(K},2)
80 COO!\(K.!)-P(NODR(K) 3)
VOLaVOL+VOLUME(COD
«  WRITE(®1110} ! -od-u).-od-(a) nada(3),modu(4),voluma(coor),vol
1000 CONTINUR
WRITE(" '; SAREA 13 AREA,'FOR " F, 'FACESR'
WRITE("*} 'VOLUME 18 ,VOL
1100 'ORHAT(I".SI.I'II-?)
;“0 PORMAT(88,32,012.7,2x,M12.7)
ND

c
CCCCCCCCCCCCCeCCCCCCCCECCCCCiCCCOCCCCCCCCCCCCCCCCCOTCCCCCCCCCCCCCCCe
[+

SUBROUTINE GETCORNER(DUMPL,DUMP2,DUMPY,INL,INDINI,IND MIDL)
REAL DUMPL(3),DUMP2(3),DUMP3(3),MID1(3)
lcN'I'mEﬂ IN1INDINJIND .

IMPLICIT NON
glhl‘ DIHI(S).DIM(”.ANGIU).CDSIN’US

CALL DIRECTION DUMP!.DUNI’I.DIRH

CALL DIRECTION{DUMPY,DUMP!L,D
ANQ(!)-COSINUS(DIRI.DIRI(I).DIH(G).D"U(!))
CALL DIHIC'NON(DUMI’I,DUMP!. l

CALL DIRECTION(DUMP),DUMPI,DI
ANG{I)-CB!l!'lUl(DIRI..DIRI(I).DIM(S).DIM(S))
CALL DIRECTION(DUMP2,DUMP3,DIRL)

CALL DIRECTION(DUMPL,DUMPS,DIRT)
ANG(3)=COBINUB{DIAL, DIRB(I).DIM 2),DIN2(3

wr ANO(I).LI.ANQ(I)).AND- ANG(L LI.ANG(S)) ) INDmIN1
ir VANBi LE.ANG ;;.AND. ANG(I ;.LI-ANG ; INDwiIN2
1P { (ANG(S I.-I-ANG AND, ARQ LE.ANG(3 IND=IN3
1F (IND.EQ.INL1} CA MP3,MID1)

1P (IND.EQ.IN2) CAI.I.. MIDPOI DUMPI DUHPS.HIDH
1P (IND.EQ.IN3) CALL MIDPOI( DUNP!.DUHP!.MIDH
IF (IND.EQ.IN1) CALL MIDPOI(MID],DUMPL,MIDY
IF {IND.EQ.INT) CALL MIDPOI{MIDL,DUMPI,MIDY
l.' {IND.EQ.IN3} CALL MIDPOI{MID1,DUMPJ,MID1)

c
gCCCCCCCCCCCCCCCCCCCCCC'.'.cCCCGCCCOCCCCCCCCOCCGCCCCCCCCCGCCCCCCCCCCCC

SUBROUTINE QETNOAMALTOFACE(DUMPY,DUMPI,DUMPY, DUMP4,QRT)
REAL DUMPL(3),DUMP2(3),DUMPI(3),DUMP4(3),0RT(3)

]
IMPLICIT NO
REAL IIID(S).HIDI.(3).DlR(S).?AG.IIAG.COSINUS.VAI.

c

FAC=1.0

CALL DIRECTION(DUMPI,DUMPL MID)

CALL DIRECTION(DUMPS,DUMPL, HIDI)

CALL DIRECTION(DUMP4,DUMP1,DIR]

CALL NORMALVEC(M ln.OR‘I‘.IIlDI.(l).NlDl(i).HlDl(!})
\‘AL-COSINUS(0RT.DIH(I).DII\(!}.QII\(S))

1P (VAL.GT.0.0) FACw-1.
IIAQ-SQN.'I'(OIIT(l.)“i-POR’I'(I)“I-l-ORT(S)“I)
ORT(1)=ORT(1)*FAC/MAG
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*FAC/MAQ
FAC/MAG

0“{2}-0&1‘{2;
QRT(3)=0RT(3
cND

CCECCCCCCCCCCCCCeCOCCCCCCCCCCOCCCCCCOCCCCOOCCeCCCoCCCOCtGCOeeceece

c
SUBROUTINE PACEVICINITY(NPYR,VICPYR,PYR.NFAC,VICFAC)
!N‘TEGIR NPYR,VICPYR(400),PYR{40000,8}, NPAC,VICFAC{2000)

!HPLICIT NONE
lcNTEG!R 1,7({4),J INDX

DO 10 =], NPYR
IND=VICPYR(I)

DO 10 Jwl,é
'(J)-PYR(]HD J)
DO 30 Kw1,N

o Ir (VIC?AC(K).EQ.F(J)) QOTO 20
NFPAC=NFAC
VIC?AC(NPAO)-?(J)

a0  CONTI

10 CON"HNUB

BND

[+
CCCCCCCCCGCCCCCCCCOCCCCCCCCGGCCCCCGCCCCCCCCCCCCCCCCCCCCCCCcCCCI':CCCCC

BUBRDI.T'HN! EDGEVICINITY{NFAC,VICFAC,FACE,NEDG, VICEDG)
IN‘T!:G!I!. NFAC,VICFAC(2000),FACE(85000,4),NEDG,VICEDG(1000)

lllPl-ICn‘ NONE .
g«'rucna LK(3)J,IND, X

NEDG=0
DO 10 L=1,NPAC
DO 30 Jm1,3

INDmVICPAC(])
z(:)-ncn(mn.:)
DO 30 Kml,N

1w 1y (v:czoa(u).:q E(J)) GOTO 20
NEDG=NEDG+
wcnnn(uano)-n(:)

20 CONTI

10 com'mun

BND

L+
gcccGCCCCCCCCCCQCCOCCCCCCCCCCCCCCCCCCCCCCCCCCGCCCCﬂCCCCOCCCCCCCCCCCC

SUBROUTINE UPDATESTAK(SC,LSTAK)
gﬂ‘!dlk SC,LSTAK(8000)

IMPLICIT NONR
INTEGER I,J
I-D

DO WHILE ( J.LE.(8C-1))
ln!+

Jml4
LS'I‘AK(I)ULSTAK (€]
1r (LSD’I:K(JJ.BQ&) I-I.

IND
c s
CCCCCC’CCCCGC‘CCCCCCOCCCCCGCCCCCCCCCCCCCCCCCCCCCCCCC!:GGC(:CCCCCCCCCC

sunmu'rmu OVERLAPWITHPACE(FACE,EDGE,VICEDG, VICPAC,NEDG, NFAC,
* SCF1,IND,P,NOGOOD],NOGOODI, NV, VICIN)

INTEGER FACE(05000,4),EDGE(80000,3),NEDG,8CF1,IND,NFAC NV

INTEGER VICFAG{1000),VICEDG(1000),VICIN(E0)

REAL P(30000,3)

LOGICAL NOGOOD1,NOGOOD]

¢

IMPLICIT NON

INTEGER IN11 INII.INM.I.J.B,NP.A'(m).IN!. INLLINSIN(D),ING, K
INTEGER NE,EDJ(1000)

REAL AP.BP.CP.DP.DUMPI(S} DUMP2(3),DUMPI(3),DUMP4({I)dn,dy
LOGICAI- SAME,SAMESIDE,COPL,COPLANAR,INTERSECT,INTERSLINE

uoooom-.ml.s.
NOGQOODIw, PALSE.
CALL ONEDIM{P(IND,1),P{IND,2),P(IND,3),DUMP4)
CALL BASEINODE{EDGE,PACE,SCFLIN(1),IN(2),IN{3))
CALL ONEDIM{P(IN(1),1),P{IN(1),3),P(IN(1),3),DUMP1)
CALL ONEDIM{P(I1N(2},1),P(IN(2},2),P(IN(2),3),DUMP2)
CALL ONEDIM(P(IN(3),1),P{IN(3},2),P(IN{3),3),DUMP3)}
CALL PLANEPARI{DUMP1,DUMP3,DUMPJ,AP,BP,.CP,DP)
DO 10 Iwl,3
EuFACE{3CFL,1)
IN1I1=EDGE(E 1)
IN2I=EDGE(E,)
CALL EDGEINCOMMON{VICPFAC,NPAC,NF,AT,E,FACE)
CALL ONEDIM{P(INiL, :).P(mu.:).rum1.3).nuupn
gsu. eunpm(r(maa.u.r(mu ,2),P{IN22,3),DUMPI)
30 Jml
CALL lASﬂNODB(!DGI.PACI.AF(.‘I).lNI..uu,lua)
n' INLNE.INL1).AND.(INL.NE.IN22
IN2.NEB.INL1). AND (IN2.NB.IN23 mu-mz
ur (INJ.NEINL1), AND.(INJ.NE.IN22)) IN3I=IND
CALL ONEDIM{P({IN3J,1),P{IN3),2),P(INII,)),DUMP])
SAME=SAMESIDE(EDUR,FACE,AP,BP,CP,DP,SCFL,IND,IN3),P)
COPL=COPLANAR{DUMPL,DUMP2,DUMPI,DUMPY)
1P {SAME.AND. cor:..mn {IND.NE£.IN33)) NOGOODIw, TRUE.
1¢ {NOGOODL) GOTO T
20 CONTINUE
10 CONTINUE
c

DO 40 lw1,NY
INLLmVICIN(T)
CALL EDGEINCOMMONFROMPOINTS(PACE,EDGE,NEDG,NFAC,VICEDG,VICPAC,
& IN11,5CP1,EDJ,NE)
DO 80 Jm1,NE
INAmIN
:m-lno:{:m(n.u
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INImEDGE(EDI(S),2)
DO 60 Kml,3
INL=IN{K)
CALL ONEDIM(P(IN1,1),P(IN1,2),P(IN1,3),DUMP1)}
CALL ONEDIM{P(IN3,1),P{I1N2,2),P{IN13),DUMPI)
CALL ONEDIM{P(INY 1} P{IN3,2),P(INI,3),DUMPY)
CALL ONEDIM{P(IN4,1),P(IN4,2).P(IN4.3),DUMP4)
INTERIECT mINTERILINE(DUMPLDUMP2,DUMPJ,DUMP4)
1P {INTERSECT) NOGOODIw.TRUE.
17 (NOGQOD2) THEN
dumdy
continue
centinwe
sentinve
santlinue
GOTO T
END IV
a0 CONTINUE
80 CONTINUER
40 CONTINUE
70 CONTINUB
sontinee
seatlawe
END

cbbbb’b‘-bl-l-l-l-l-w‘-hh&hbhw‘-hb\-hhh‘-lﬂ-hhbhi-Gb&‘b&hhhbbwbbbhl—\-&“b‘hb

LOGICAL FUNCTION INTERSLINE(DUMP),DUMP2,DUMPY,DUMP4)
REAL DUMPL(3),DUMPI(3),DUMP(3),DUMP4(3)

c

IMPLICIT NONE,

REAL DIRI{2),DIR(3),T,P1{3),P3(2),DIFX,DIFY,DIPZ

INTERSLINE= FALSE.

CALL DIRECTION(DUMPI,DUMP,DIRL)

CALL DIRECTION(DUMP4,DUMP1,DIRI)

CALL PARAMETERINT(DUMPI,DUMP1,DIRLDIRI,T)

P1{1}mDUMP3{1)+T*DIR1(1)

P1(3}= DUMP3{2)+T*DIR1{2)

P1{3)mDUMPI{3)+T*DIAL(I)

P3 l}-DUMI’I 1)+ T*DIN3(1)

PI{2}=DUMPL{2)+T*DINI(2)

PI(3) = DUMP1L{3)+T*DIRI(I)

DIFX=ABA(P1 u-ni:)

DIFY=ABS(P1(2)-P3(2

DIFZuABS(PL(3)-P2(I))

" {smrx.ur.o.oooom.ANn.(mrv.ur.n.oooom).mn.(mn.ur.o.ooooon
AND.{T.UT.0.09#99).AND.(T.GT.0,00001)) INTERSLINEm.TRUB.

END

c

COCCCRCrCCCCCCCCCCOCCCOClCCCCocCocCoCiecCocCccccecccoccocococoeccoocCece

[}

SUBROUTINE GETVICPYR({VICPYRNPYR,EDGE,FACE,PYR,3CP,SCF SCESCFI,
- NFAC,VICPAC,VICIN,NV.P)

INTREGER VICPYR({400),NPYR,EDGE(B0000,3),FACE(86000,4),VICIN(B0} NV

INTEGER PYR(40000,8).SCP,SCF1,5CE,SCF.NFAC,VICFAC({2000)

REAL P({30000,3)

<

IMPLICIT HONE

INTRGER 1,J,X,ND{4), TIMES

glAb DUM{3},DUMI(3),DIST,FAR,MAX

PARSOD

=0,

CALL BASEINOQDE{EDGR,FACE,3CF1, VICIN{NV41), VICIN{NV+1) , VICIN(NV+3))

ggl-:-'ﬂglgt‘!,lu(P(Vlclﬂ(l),l).P(VICIN(l).ﬂ).P(VICIN(l).!).DUH)
CALL-D.NBDIIl(P(VICIH(NV).I).P(VIC[N(HV).2).F(VICIN(NV).J).DUHI)
MAX=DIST{DUM,DUML)
1F (MAX.GT.FAR) FARmMAX

8 CONTINUE

FAR=I*FARS0.008

DO 20 J=l,NPYR
30 1F (VICPYR({J).EQ.I) GOTO 10
CALL PYRANODE(EDGE,FACE,PYR,1,ND)
CALL ONEDIM(P{ND(1),1),#(N0{1},2),P(ND(1),3),DUM1)
MAXmDIST{DUM,DUMI)
iF (MAX,GT,FAR) COTO 10
TIMESmO
DO 30 Jm1,NV43
Km VICIN(J)
¥ { (K.EQ.ND(1)).OR.(X.BQ.ND(2)}.OR.(K.EQ.ND(3)).OR.
. (K.EQ.ND(4)) ) TIMESmTIMESH1
IP (TIMES.OE.3) THEN
NPYRaNPYALL
VICPYR(NPYR)ml
GOTO 10
BND IF
30 CONTINUR
10 CONTINUE
BND

C
gCCCCCCCCCCCCCCCCCCCCCCCGCCCCCCCCCCCGCCCCC&'CCCCCCGCCCGCQCCCOCCCCCC

SUBROUTINE EDGEINCOMMONEPECH(FACE SCP,NF,AP,E)
INTEGER PACE(88000,4) 5CF N, AF(800),E(3)

c

IMPLICIT NONB

INTEGER 1,%1,E3,K3,7

LOGICAL SAME(Y)

NP=D

DO 10 tu1,ACP
El=FACE(L,1)
RImFACE(1,)
RIuPACE(LY)
00 20 Jmi3

SAME{J}=.PALEK.

0 SAME())=m(E(]).£Q.R1).OR(E{2).EQ.E2),OR.(H().EQ.E)
1P ( BAME(1}.ORSAME(1).ORSAME(3) } THEN
DO 30 Jul,NP

0 {F (AF(J).EQ.H) GOTO 10

NFmNPbL
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AF(NF)=]
END IF

10 CONTINUE

END

(]
gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCGCCCCCCCCCCCCCCCCCCCCCCCCcc

[+]

SUBROUTINE EDGEINCOMMONFROMPOINTS{PACE,EDGE,NEDG NFAC,VICEDG,VICFAC,
*IND,SCF1,EDJ,NE)

INTEGER PACE(88000,4),EDGE(80000,3),IND,3CF1,NE,EDJ{1000)

INTEGER NEDG,NFAC,VICEDG (1000}, VICFAC{2000)

[

IMPLICIT NONE

INTEGER E1,B2,E),P1,P2,1,J,K,NF1,AF1{300),NEOLD,L,E
c

ElwFACE(SCF1,1)

EamFACE(SCF1,2)

E3mFACE(SCFL,)

NEmD

DG 10 I=1,NEDG
P1wEDGSE(VICEDG(1),L)
Pi=EDGR{VICEDG(),2)
1P {(P1L.EQ.IND).OR.(P2.EQ.IND)) THEN

N!" m.un.m: AND.(LNE.E2).AND.(I.NE.EY)) THEN

-
nn:(un)-v:cnoam

IND IP
::n CONTINUB

NEOLD=NE
DO 20 L=l,NE
CALL nao::uconuoutwcnc.nnc.un,,\n EDJ{L),FPACE)

c
DO 60 Im1,NF1
DO 60 Jmt,3

E=FACE(AFL(1), )

gﬂ(u.:q.m& on.u.:q E2).0R.(1.EQ.E3)) GOTO 60
¥ (E.EQ.EDI(K)) GOTO 8o
T0 CONTINUE

NEmNE+1

EDJ(NE)mE
€0 CONTINUR \
30 CONTINUB
20 CONTINUB
END

[~
CCCCCCCCCCCCGCGCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

SUBRDUTINB EDGEINCOMMONFROMPOINTISPECH(FACRE,EDOE,SCR,SCP SCI1,ED),NE)
lcNTI'.GSB FACE(86000,4),EDGE(30000,3), SC!‘!.NE.BDJ(\M).BCE. 3cr

IMPLICIT NONB

INTEGER P1 pa.:.u.nn.u:(aoo) NEOLD,L n.sn.n(!uno).um
INTEGER Bi,E3,

goa:cau. COTE>,COTEI,COTEY

NEL=O
NEmD
CALL DASEINODE(EDGE,PACE,SCFL,B1,E2,E3)
DO 10 I=},80B
Pi=BDORE(I,1)
FimBDGE(1,2)
COTRIm(ELEQ.F1).OR.(B1.EQ.P2)
COTEI=(E).EQ.P1).0R.(E.EQ.P2)
COTEIw(EJEQ.PL1).OR.(EEQ.PT)
r (CO'I;:II.‘OR-COTM .OR.COTE)) THEN
mi,N
40 IF (EDJ(L).EQ.I) GOTO 10
NElaNELl+-1
BDJL(NBL)wI
END 1P

10 CONTINUE

c
NEGLD=NEL
DO 80 Lmi,NEOLD
CALL EDGEINCOMMONID(PACE,SCP,NF1,AFL,EDIL(L))
DO 80 Iml,NFL
E=AFL(1)
DC 10 Kmi,NB
T 4 (l.nq nm(un acTo 8%
70 GON
N:-u:-o-:.
EDI(NE)=E
90 CONTINUE
80 CONTINUE
END

[+
CCCCCCCCCoRCCCCCOCCCCOCCCCCCCCCCCOCCCCCCCCCCCCRCCCCCCECtCCCCCCCCCe

c

LOGICAL FUNCTION BAMESIDE(EDGE,FACE,AP,BP,CP,DP,5CF1,IND1,IND2,P)
INTEGER EDGE(80000,3),FACE(45000,4),IND1,8CF1,IND2

2“& P(30000,3),AP,BP,CP,DP

IMPLICIT NONE
REAL VALL,VAL3
lc.OQlCAI- OVER,UNDER

SAMESIDE=.FALSE,
VALI=AP*P(INDL1)4-BP*P{INDL,2)+CP*P(IND1,3)+ P
VALImAP*P(IND2,1)+8P*P{IND3,2)+CP*P{IND2,3)+DF
OVER=({VAL1.QT.0).AND.(VALLQT.0)
UNDER={VALL.LT.0)LAND.{VAL2.LT.0)
l.'N(DOVlR.OR.UNDSR) BSAMESIDE=. TRUE,

c
gccccQCQCCCCCCCCCCCCCCCCCCCOCCCCCCCCCCCCCGCCGGCCCCCCCCCCCCCCCCCCGC

REAL PUNCTION BURFACE{DUM:,DUM2,DUMI)
REAL DUML(3),DUMI(3),DUMI{I)
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c
IMPLICIT MO
g!Ah Vlc‘(!).VICI(SLNVIC(S)

CALL DIRECTION{DUMI,DUM1, VEC1)

CALL DINECTION(DUMY,DUML,VEC)

CALL Non.uat.vnctuc:.uvuc.v:c:n).vzc:(z).v:c:(:n

BURPACEN0S*SQRT({ NVEC(1)**2+NVEC(2)**3+NVEC(I)**2)

:ND
CCCCCCCCCCCCCCCECCCLCCCCTCCOCCCCOCCCCCCCCCCCCCCCCCLCCOCLCCOClLTllelU

SUBROUTINE PACEIN(P1)
INTREGER F1

c

IMPLICIT NONE
INTREGER VAL

C Ir (F1.GRB.300000) THEN
C Fi=s3

COCCCCCCCCCCCCCoCCltCoCCCoCCeCeoeeiceecieeccococccocoCCCCCCLCCCCCCCl

-] .

SUBROUTING INSIDEPFYR{IN], INZJNS.IN‘.DHl..DH?,DHS.DH‘.P.NV.VICIN.NO)
INTEGER IN1,IN2,INY,ING, VICIN (80}, NV,

ARAL P{30000,3),DM1(3},DMI(3},DMI(), DM4(3)

c

IMPLICIT NONR

INTEGER L5

REAL AP(4),DP(4},CP{4),DP{4),POINT(1,3)
léOCICAI. VAL{¢),ABOVE

NO=0
CALL PARPLANES(DM1,DM32,DM3,DM4,AP,BP,CP,DP)
DO 10 w1 NV
I=VICIN(IT)
IP ({IN1.EG.1),OR.(IN2.BQ.I).OR. (IN3,EQ.1).OR.{IN4.EQ.1}) GOTO t0
POINT(L,1)mP(1,1)
POINTL :)-.r 1,3)
pom-r Lalmp 1.3)

4o vu.u.)-.usovz(pomw.u(n) 8P(L),CP(L),DP(L))

I¥ {(VAL(1), mo.va:.u) AND.VAL(3).AND.VAL(6)) NOaNO4+1
10 CONTINU

END

c

Py e e el ot el alel ool ilil ol tlninl siaialeloletolviol sinl ot vt el vl ol ol el el wd ol if dd sl ol it sl el ml ] ol af e o af o]0t

c
LOGICAL FUNCTION ABOVE(COOR,AP,BF,CP,DP)
gmu. COOR{1,3),AP,BP,CP,DP

IMPLICIT NONB
REAL VAL

ABOVE=.FALIR.
VAI.-AP‘CQOH(IJH-BP'COOR(I.S)-!-CP'COOR(I.,!)+DP
l' (VAL GE.0.0) ABOVE=, TRUE.

c
chCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCGCCCCCCCCG

LOGICAL FUNCTION ABALLYABOVE(COOR,AP,BP,CP,OP)
ARAL COOR(1,3),AP,BP,CP,DP

IMPLICIT NONE

ABAL VAL

ARALLYABOVEm=.FALSE,

VAL=AP*COOR(1, IH‘BP'COOR(!J)-{-C?‘COOR(I..SH-DP
lf (VAL.B’I‘.O 0) ADALLYABOVER TRUE.

gCCCCCQCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCGCCCCCCCCCCCCCCCCCGC

SUBNOUTINE PARPLANES{DUML,DUMI,DUMY,DUMLAP,BP,.CP,DP)
alhb DUM1{3),DUM3{3),0UMI(I), DUML(I) AP(4),BP(4},CP{4),0P(s)

IMPLICIT NON
REAL nuum),uum{a).nuur(ll.uumm.ANO(A).COSINUS
grrn.

CALL PLANEPARIDUMIL,DUMI,DUMI,AP
CALL PLANEBPARMDUMI,DUMI, DUMS, AP
CALL PLANEPARI(DUM1,DUMI, DUM4E,AF(3),BPF(3),CP(3),DP(3))
CALL PLANEPARY DUMB.DUMS.DUM‘.AP ). BP(4), CP(CI DP{4))
CALL DUMP4PROJ(DUMAS,AP(1),BP(1),CP(1),DP(1),DUMS)
CALL DUMP4PROJ(DUMY, AP(2).BPiI).CP(S).DP(l).DUMﬂ)

1),BP(1),CP l).Dl’Et)g
2),BP(2),CP(2),DP(2)

CALL DUMP4PRCJI(DUMI,AP({I),BP(3},CF(3),DP(3),DUMT)
CALL DUMP4PROJ(DUM,AP(4),BP{4),CP(4),DP(4),DUMBS)
CALL DIRECTION(DUM4,DUMB,DUM

CALL DIRECTION{ DUH!.DUMG.DI’JMG)
CALL DIRECTION({DUMI,DUMT,.DUMT)
CALL DIRECTION(DUM1,DUMB,DUMS)
ANG l)-COIINU!*DUMl.AP(l).BFlI}.C?
ANG(2)=COSINUS(DUMS,AP(2),BP(2},CF
ANG{J;-CO!INUS DUMT,AP(I) BPJ),CP
ANG(4)=COBINUS(DUMS,AP(4) BP(4),CP

l" (ANG(J).L‘I‘.D.O) THEN
AP(D)a. AP(2)

J)m-BP{]
e
E CQNTINUI
‘I:HD
gCCCCCCCCCGCCCCCCCCCCCCCCCCCCCCCCGCCCCCCCCCCCCCCCCQGCCCCCCCCCCCGCGCCC

RRAL PUNCTION COSINUM{VECLX,Y,2)
REAL VECI(3),X,Y.3

& LA e
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c
IMPLICIT NONE
REAL NUM,DEN
DEN=BQRT{X**24Y*=24Z**2)"SQRT{VEC1 (1)"*24+VEC1(3)**2+VECI{3)"*2)
NUMmX*VECL(1)+Y*VECL{2)4+Z VECL(3)
COSINUSmNUM/DEN
D

c
CECCCCCCCCCCCCCCCCCCCCCCCCGCCCCCCCCCCCCC¢CCCCCCCCCCCCCCCCCCCCCCGC

susnou‘rwl PACECREATIGNSURFACE(NP,NPS,SCF SCE,P,PID,EDGE,FACE)
INTEGER NP,SCF,SCE,EDGE(80000,3), FACE (85000, 4), PID{30000),NPS
nu:. P(30000,3)

IIIPUCIT NONE

REAL MIN,DUMP1(3}.DUMP2(3},MID({3),CENT(3).MINO, DUMP3{3},ANG

REAL DIR1{J),ANGREF,DIR2(3

INTEGER LSTAK(8000),3C,3CE1,SCE],SCE),IND,INL,INI,OCCUR,LJ

INTEGER EDGEID,SCELL,SCEILSCEN, IND lNll.lN!I.lN:: NP AF(300)

REAL DIST,CENT1(3),DUMP4(3), MA’!‘(I 3),VAL,ORC(I) .COSINUS

INTEUGER VICIN(80),NV.I1,NO,VICIOL(20),8COLD, SCFOL scfol

LOGICAL CENTERVALIDS, VALID COPL, I‘AC!LAP.COPMHAE,PACIOVERLAF

C WHEN YOU RUN A PURELY 2D PROBLEM SHIFT ALL BY ONE IN THE Z-DIRECTION
€ FOR 3D ORG(I) IS AT THE HEIGTH QF THE COVER OF THE BOX
ORG(1)=0.0

ORG(2)=0.0

ORG(3)w=1.0 .

INDw2

SCm0

scfm

nafoldmd

CALL ONEDIM{P(1,1),P(1,3),P(1,3),DUMPL)

CALL ONEDIM({P{IND,1),P(IND,3),P(IND,3),DUMP1)

CALL DIRECTION(ORG, DUMPL,DIRL)

CALL DIRECTION(DUMP2,DUMP1,DIRD)
ANGREF=COSINUS(DIRL,DIRI{1),DIA3(2},DIRA(3))
MIN=DIAT(DUMP1,DUMPI)

DO 10 Iw3,NPS
CALL ONEDIM(P('.I) P(l.ﬁ).l’ﬂ.ﬂ.nuu!’ﬂ)
CALL DIRECTION{DUMPI,DUMP1,DIRD)

ANG=COSINUS(DIRL, mmm D1A2(2}, DIRI(I))
1F (ANG.GT.ANGREF) THEN
1P (DIST(DUMP1,DUMPI).LT.(1.8°MIN)) THEN
MINwDIST(DUMPL,DUMP2)
IND=}
ANGREFuANG
END IP
END 1P
10 CONTINUE

SCaBC+1

SCRuiCRL1

IDGE(ECIJ)-S

EDGE(BCE,)=IND
IDCB(SCBJ)-EDUSID(PID( L}, PID(IND))
LSTAK(SC)=5CE

DO WHILE (8¢.GT.0)
BCE1mLITAK(SC)
CALL OCCURENCEF(8CE1,5CF,0CCUR,PACE)
CALL lnumtcounoum(mc:.scr.ur.n SCR1)
%0 Ir (OCCUR.LT.3) THE
MINOw10000.0
INImEDGE(SCEL1)
IN3=mEDGE(ECEL,2)
CALL ONEDIM{P{IN1,1),P(IN1,3),P(IN1,3),DUMPL)
CALL ONEDIM(P{IN3,1},P(IN3,2),P{IN3,3), DUMP2)
CALL MAKEMATI(DUMPL,DUMP2,0RG,MAT)
CALL DETERMINANT(MAT,3,3,VAL)
1P (VAL.UT.0) THEN
[Nim BDOE(BCHEL,2)
glﬂ:-:no:(scm.n

D1r
1P (NP.NE.O) CALL DASEINODE(EDGE, FACI,AF(])JN“JNS! IN3Y)
IF ({IN1LNE.INL).AND,(IN11.NE.IN2)) INImIN1L
IF ((IN22.NE.IN1),AND.(INIJ.NE.IN3}) INIm[N22
IF {{INSJ.NE,INLL.AND,.(INJLNE.IN2)) INImINI3
CALL ONEDIM({P({INY,1),P{IN3,2),P(IN3,3),DUMPL)
CALL ONEDIM{P(IN1,1),P{IN1,2),P(I1N1,)),DUMPL)
CALL ONEDIM P(INS. .P(lN?,:).P(INl.ﬂ.DUMP‘I)

CALL MIDPOI{DUMP1,DUMP3,M1D)
ﬁ;\nbbD\'lclNITYID(VICIN HV.MID.NP.NPS 7,30)
-
DO 20 H=i, NV
I=VICIN

1]
1P ((INI..lq.l).OR.(lNl.lQ.l]) QoTO 30
DO 40 Jml ,NO
H 4 (l.lq.VlClObﬂ')) GOTO 20
40 CONTIN

CALL ONSDlﬂ(P(l.l).?(l.!).?(l.l) LDUMP3)
FPACELAP=uPACEQVERLAP(DUMPL, DUMPA,DUMP4,DUMPI)
COPL-COPMNAI‘!DUHPI DUMPI.DUHPS.DUHP!)
IF (FACELAP.AND.{NF.NE.0)} GO F 1]
1P (COPL.AND.FACELAP.AND. (NI-NI 0)} GOTO 20
CALL GBNTIRSPACE(DUIIPI.DUHPI.DUMP!.CIN‘I‘.I]
YALIDuCENTERVALIDS{CENT)
o VALIDw, TRUE.
IF { VALID ) THEN
MIN=DIST{CENT,MID)
1P (MIN.UT.MINO) THEN
INDm]
MINO=mMIN
SCE1I=SCEL
SCERI=8CE)
SCRI=ICE)
CALL TRANBFER(CENT,CENT1)
END IF
END IF
:_'0 CONTINUE

SCOLD=SC
1P (IND.NE.O) THEN
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NOwu0
CALL ELIMINATORS(VICIN,NV.CENT1,DUMP1,P.NO,VICIOL)
1P (NO.NE.0) THEN
CALL SPECIALORDER{CENTLIND,IN1ININQ,VICIOL,P)
INImVICIOL{)
DO 30 1=3,(NO-1)
INI=VICIOL{T)
1M 3= VICIOL{14+1)

CALL EXISTENCEEDGEZD({IN1IN2,IN),SCE ACE1,8CE3,5CE),EDGE)
CALL EXISTENCEFAGEID{SCE! SCE2.8CE) SCr.8CFOL,FACE])
CALL CHECKEDGEAD(SCE] SCE,5C,INLIN2,PID,EDGE,1,LSTAK)

CALL CHECKEDGEID(SCEZ,SCESC,IN2,INI,PID,EDGE,1,LETAK)

CALL CHECKEDGEID(SCE),SCE.3C,INLIN3,PID.EDGE,1,LETAK)
CALL CRECKFACUD(SC!lJcII.SCl!.lNl.INS..I‘NS.CS,CF,SCFOL,?ACB.PID.
.

30 CONTINUE
ELSE

ACEImSCELI

SCEA=BCEI!

SCEIa SCEXN

CALL CHECKBDGEID 5CH1,8CR,AC,INLINI,PID,EDOE,1,L.STAK)

CALL CHRECKEDGEIN(ICESSCE,NC,INZIND,PID,EDGE,1,LITAK

CALL CHECKEDOEID(SCE,SCR,SC,IND,INLPID,EDGE,L,LITAK,
CALL c"WKI‘ACIQQ(EHl.scla"cﬂ'lﬂ‘JN’.!ND.'C'.IC'OI-.FAC‘.?ID.
- 0, LSTAK,AC)

SND IF
BCwEC.1
BLAR
« NOmD
SCuiC.l
END IP
1f (aafold.aw.pal) then
aall hm:ood-(.d;c.fm.nr.llI.lal.lns)
[ write{®,%) sctyinl, ind,ind
safoldmacf
ond If

END DO
DO 1000 1=1 ACPF
call baseanade{adgs,faoe,l,lnl,indind)

1000  WRITE(®,1100) 1,in1,In2,ind
1100 FORMAT(718)}
gun

CCCCCECCCCCCCCCeCCCeCettitCEtCCCeCttCCCCCeCCtCCCCCCCCCCCCCCTCCeCCecl

c

AUBROUTINE VICINITYID(VICIN,NV,POLNP,NFD,P,NUMB)
INTEGER VICIN(30),NV,NP,NPD,NUIMB
glAl.. POI(3),P(30000,3}

IMPLICIT NONEB
REAL DUM{3),DIST,LON{J0000),FAR
lcﬂ'l'mlll 1,3, 5TAR,PIN,IND,K,VOISIN(I0000)

NVm=O
STAR=NP+1
FINWNPD+NP
CALL ONEDIM(P(STAR,1),P{STAR2),P{STAR,3),DUM)
LON(1)mDIST(DUM,POI)
VOISIN(1)=ATAR
DO 10 Im1,(FIN-8TAR)
INDuSTARSI
CALL ONEDIM{P{IND,1),P(IND2),P{IND,3),Dt/M)
PAR=DIST(DUM,POI)
a IF (FAR.GT.CRIT) GOTO 10
IF (FAR.UT.LON(1)) THEN
DO 30 Jul,1,-1
VOISIN(J+ 1) mVOISIN{I)
30 LON{J+1)=LON(Y)
LON(1)aFAR
VOISIN{1)=IND
RLSE
DO 30 Jwi,1
1P (PAR.UT.LON()) THEN
DO 40 Kml,J,-1
VOIBIN{K+1)m VOISIN(K) .
@ LON{K+1)=LON(K)
LON{J)=mPFAR
VOISIN(I}mIND
TO 10

LON(1+1)=FAR
VOISN(I+1)wIND
BND IF

10 CONTINUB
NVuNUMB

DO 80 Imi,NV

20 VICIN(L) mVOISING)
END

c .
CCCCCCCCCCCCECCCECCCCCrCCCCCtCCCCCCCCCCCCCCCCCCCCCCeLCCCCCCCCCCCe

C
INTRGER FUNCTION EDGEID(PL,P2)
INTEGER P1,P2

[ ]
IMPLICIT NONB
INTEGER D1{8},02(3},DP1,DP3,VAL,LL,EDG
DPimPlL
Dri=Pa
1P {DP1.GR.000000) DP1aDP1.800000
1P (OP1.QE.000000) DP2=DP2.300000
DO 10 Im1,0
VAL=INT({DP1/10)%10
D1{1)=DP1.VAL
10 DPLmVAL/10
DO 3 fulb
VAL®INT{DPFI/10)"10
DI1(1)=DPI-VAL
20 DPamVAL/10
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EDG=0
DO 30 Im1, 8

17 (D1(1).EQ.4) D1{I)=DI(1)
Ir (Da{1).2Q.4) DA(l)=wDI()
tF (D1{1 -%%D!(l]) EDG=EDG4+DI{I)*(10*"J))

30 CO
EDGEID=EDG
END

-]
CLECCCCCCCCCCOCeCCOCeCCCCCLCCClCeCCCeteCCeCCCCCCCCCcCCeeoCeCCceccece

c
INTEGER FUNCTION PYRID(P1,P1,P),P4)
IcNTEG!l PLPI,PLPL

IMPLICIT NONE

INTEGER D1,D2,D3,04,0P1,0P2,DP3,DF4

DPlmPl

DPI=P3

DP3=P3

DP4mP4

IP (DP1.0E.500000) DP1mDP1-800000

IF {DP3.GE.800000) DPI=DP3-400000

I¥ (DPS.GE.500000} DP3InDP3.800000

IF (DP4.GE.500000) DP4mDPe-500000

DimDP1/10°10

DImDPI/10%10

D3mDP3/10%10

Dd=DP4/10%10

DimDP1.D1

DImDP3.D2

DI=DP3-D

DemDPLD4

PYRID=0

IF ((D1.EQ.D3).AND.{D3.EQ.D4),AND,(D3.EQ.D3)) THEN

P\'RI mD1

ELS
lr (m.ua.n:).mn.(m NE.D3}.AND.(D1.NE.D4).AND.{D1,NE.4)) PYRID=D1

D3.NE.D1}.AND.(D1.NE.D3).AND.(D3.NE.D4). AND.(D2.NE.4)) PYRID=D32
DI.NE.D3).AND.{D3.NE.D1).AND.(D3.NE.D4). AND.(DI.NE.4)) PYRIDmDI

:r {{D4.NE.D32) AND.{D4.NE.D3).AND.(D4.NE.D1).AND.(D4.NE.4}) PYRID=D4

END IF

END

c

CCCCCCCCCCoCoCCCCCCCCECCCCCCeCCCCCCCCCCCCCCECCCCCCCCCCCCteeeceaCes

c
SUBROUTINE FILLATAK(LETAK,5C,5CF)
INTEGER LSTAK({8000),5C,5CF

c
IMPLICIT NONE
INTEGER [
SCmsCP

DO 10 I=1,3CP

LATAK(D) .l
10 CONTINUE
END

c
gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCGCCCCCCCCCCCC

SUBROUTINE VICINITY(VICIN,NV,IND,NUMB,ORDPOQINT)
INTECER VICIN(80),NV ,IND,NUMB,ORDPOINT(30000,20)

<
IMPLICIT NONB
INTEGER I

c

DO 10 Im1,NUMB

10 VICIN(T)m ORDPOINT(IND.T)
NV=NUMB

END

c
gccccccccCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCGCCCCCCCCCCCCCCCCCC

SUBROUTINE QRDER(ORDPOINT NP,NPD,P,MAX)
INTEGER ORDPOINT{I0000,30),NPF,NPD,MAX
AEAL P{30000,3}
c

IMPLICIT NONB
REAL LON(30000),POIL(3),MIN,FAR
lcNTlﬂlR 1.4, 8TAR,FIN IND,K,L,DIF INDL

STAR=NP

FINmNPD+NP

DIF=mPIN.STAR

IP (DIP.LT.MAX) MAXnDIF

Dg‘l L-(STAI.-‘-S).IIN

cﬂlldo ONIDIH(P(INDb.l).P(lNDL.ﬂ).P(INDL.S).POII.)

DO 10 Im1,DIF
IND=I+STAR
uonm-(l’(mn.u-mu(m--uu-(mn.:).pon(:n--:+
( IND3)-POIL(3))""
10 CONTINU

Kmb
MINmd#e09.0
DO 30 I=i,DIF
17 {(1+8TAN)LEQ.INDL) GOTO 20
IF (LON(I).LT.MIN) then
MINmLON(I)
and It
20 CONTINUR
ir (NIN E2Q.0.0) WRITE(",*)
‘'YOUR MESH HAS 2 IDENTICAL POINTS NUMBERED DIFENRENTLY'
'AE-I'HIN-I-0.0000I.
DO WHILE (K.LT.MAX)
'AR-!AMHIN
0O 80 Im1,
i (LON(I) O‘l‘ FAR) GOTO 80
INDmi+8T
1r (IND;EQ-INDI-) GOTO B0
DO 30 Jmi,K
0 IF (QORODPOINT(LJ).EQ.IND} GOTC 80
KmKel
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ORDPOINT(L.K)=IND
1P (K.EQ.MAX) GOTO b
w0 CONTINUE
UND DO
8 CONTINUE
END

ccb'-iilohl-“-“DHWhb‘-b‘-&bhbﬁbhhhhi—\-b‘-bhbhhb&wbbbhbbhwh

SUBROUTINE SCNDORDIR.(!CB.SCP.!DG!.PAGB.PYR.IXTMP\’R)
INTEQER SCS.!‘AC!(MDOO.‘).SCP,?YR(M0.0).:XTMWB(MW,!)
lcNTIQM EDGE(#0000,3)

IMPLICIT NONR

INTEGER SIDE(8),1,K,L,J, THAT IND{9,2), TEMP,X
LOGICAL THERE

<

DO 20 I=1,8CP
DO 30 J=1,8
0 SIDE({I)}=0
BIDE(1)mFACE(PYR{L1},1}
SIDR(2) mPACE{PYR(1,1),3)}
:lD;-(?',-'ACl(PYI.(I.l).I)
DO 40 L=l,d
DO 80 J=1,3
THAT=FACE(PYRA{L,L)J}
1P (THERE(SIDE, THAT,X,0)) THEN
Ko+l
SIDE{K)=THAT
BND IP
st CONTINUB

DO 70 =l 8
IND{J, 1 )= EDGE(SIDE{J),})
70 IND(J,2)=EDGE({SIDE{J],2)
00 80 Jml.8
IP {(IND(1,1).NE.IND{J,1)).AND.(IND(1,1) NE.IND(J,2)})) THEN
DO 90 LmJ41,8
IF ((IND{L,1).EQ.IND{1,1)) OR.(IND(L,2).EQIND(L.1))) THEN
TEMP=SIDE()
LY TRt 1.1 TAE )
BIDE{J+1)=TEMP
DO 5 Kml g
IND(X,1)=EDGE(SIDE(X),1)
8 IND(K,2)=EDGE(SIDE(K),2}

80 CONTINUB

IF {(IND{3,1).NEIND{1.1)} THEN
TEMP=IND(2,2)
IND{2,3)=IND(2,1)
l.l:‘D(I.I.)-'I‘IIIP

- 314

1P (IND{J,1).NEIND(1,1)) THEN
TEMP=IND{),3)
IND({3,2)wIND({3,1)
IND{3,))=TEMP
END IF
Aal
DO 118 Lad b
DO 100 Jml,8

ir EI.-.IQ.I} X=3

IP ((IND{X,2).NE.IND{,1)) AND.(IND(X,2).NE.IND(3,2))} THEN

Ir ({IND(2,2).NE.IND(J,1))} AND.(IND{2,2).NE.IND{J,2))} THEN
TEMP=SIDE())
SIDE{J)=BIDE(I+1}
SIDE{J+1)=TEMP
DO 120 Kml, 8

IND{K,})mEDGE{SIDE(K).})
120 IND{K,2)=wEDGE(SIDE(K).2}
GOTO 118

END IF

BND 1P
100 CONTINUE
118 CONTINUE
<]

DO 80 Kal,8
0 EXTRAPYR{,K)=aSIDE(K}
Icﬂ CONTINUE

END

CCCCCCLLLLGW

CCCCCCCCCCCCCCCCCCCCCCeCoCCCteCeCCCCCCOTel ceoct

LOGICAL PUNCTION THERE{BIDE, THAT,K,N)
INTEGER BIDE(N), THAT,X,N

]

IMPLICIT NONE

DO 10 Im1,K

‘IGNI;' {SIDE(1).EQ. THAT) THERE= FALSE,
c

COCCCCECCCCCCocK CCCCCCeK CCCCCCCCOCCCCCCCCOCCCCCrTTaCECCCeTee

[~
REAL PUNCTION DISTLINPOI(CENT,DUM1,DX,DY,DZ}
REAL CENT(3),DX,DY,DE,DUM1(3)

< "
IMPLICIT BONE ot
zl&ln ®1,2,03,B

E=DX"*14+DY*"34 D22

Ri={CENT 1}.DUM1{1})*DY-{CENT(2).DUML(2})*DX
u-uﬂﬂ‘f-:;.nuut'a) *D¥. CINT? DUM1(3))*DY
E3m{CENT{I-DUML{N))*DX.{CENT(1)-DUM1I(3))* DT
2:"; LINPOI=SQRT((B) "1+ REI**24+EI°*} /E)




sunmu-nuz ELIMINATORS(VICIN,NV,CENT, DU MP1,P,NQ,VICIOL)
INTEGER VICIOL(30),VICIN(20),¥V,NO
NEAL CENT(3),DUMP1(3),F(30000,3)

=3

IMPLICIT NONE
INTEGER I

gur. R,RD,DIST,DUM(I)

NO=0
R=DIST{DUMPL,CENT)
DO 10 J=1, NV
CALL ONEDIM{P(VICIN(1),1).P(VICIN(I),2),P{VICIN{1),3),DUM)
ADmDIST(DUM,CENT)
ir (AB’(RD-I\] LT.0.0001) THEN
NO=NO+
VICIOL(NO)-VICKN(TI

END
10 CON‘TINUB
END

[+
gccCcCCCCGCCCCCGCCOCCCCCCCCGGCCCCCCCCCCCCCCCCOCCCCCCCCCCCCCCCCC

<

€ THIS SUBROUTINE DEPENDS ON THE PROBLEM
LOGICAL FUNCTION CENTERVALIDS(CENT)
REAL CENT(3)

[~

IMPLICIT NONE

REAL ALX,ALY,RLZ

INTEGER DUH(!) LX,LY,L2Z

LOGICAL GX,GY.GZ,PX,PY ,PL,PZP,GZP,BL,DZP,DAS
c

ALX=0.0

UX=INT{RLX*10000)

LY=INT{RLY*10000)

LZuINT(RLZ*10000)

DUM(1)=ABS(INT(CENT(1)*10000))
DUM{2}=ABS(INT{CENT(2)*10000}}
DUM(3)mABS(INT{CENT(3)*10000))

CENTERVALIDS=, TRUE.

GXmDUM{1).GT.LX

AYuDtM(2).GT.LY

CENDUM{L.OT.LE

PXmDUM(1).LT.LX

PY=DUM{2).LT.LY

PZ=DUM(3).LT.0

PZPumDUM(3).GT.0

e PZPw,TAUE. SWITCH 2 LINES POR EM[ OR ANTE PROB
¢ PZu.TRUE. WITH praviaus 2 llaes

« ns-((m'r(cm-r(:)-tm\) EQ.{-LZ))
GZP=DUM(Y).LT.LZ

BZP=PZIP.AND.GIP

BZm=PZL.OR.GZ

1P { (PX).AND.(PY).AND.(BZP) ) CENTERVALIDS=.FALSE.
1P { (GX).AND.{GY).AND.(BZ) ) CEN'ERVALIDSm.P.

¢ IP { (PX),AND.{P¥).AND.(BAS) ) CENTERVALIDS=.FALS
- Il’ ( (GX).AND.{GY}.AND.(BAS) ) CZNTERVALIDSw=.FALSE.

c
=3
CCCCCtELCCCCCCCCCCCCCCCCCCCCOCCUCCrCCCCCCCCCCCCCCCCCCCCCCCCeCte

c

€ THIS SUBROUTINE DEPENDE ON THE PROBLEM

LOGICAL FUNCTION CENTERVALIDV(EDGE,FACE,SCPL,DUMP,P,ALX,ALY,RLZ)
REAL P(30000,3),ALX, ALY ,RLZ,DUMP(3)

INTEGER EDGE(50000,3), FACE(856000,4),5CF 1

IMPLICIT NONE

AEAL DUML({3),DUMI(3). DUHP[(&).DUMP:(:).DUHPS(:)
REAL CENT(3),DIR1(3),RLZL

INTEGER IN1,IN2,IN3

IéOGH:Ab LX1,LX2,LYL,LYI,LELLEI, L1LE

RLZiw-ALZ

CALL BASEINODE{EDGE,FACE,SCP1,IN1,INI,INY}
CALL ONEDIM(P({INT,1),P{IN1,2},P(IN1,3),DUMPI)
CALL ONEDIM{P{IN3,1),P{IN3,2),P(IN2,3),DUMPI)
CALL ONEDIM(P{IND,1),P(IN3,3),P(IN3,3),DUMP)
CALL MIDPOI{DUMP1,DUMP2,CENT)

CALL MIDPOI{CENT,DUMP3,CENT)

CALL DIRECTION(CENT,DUMP,DIRL)

DUML ;-Aua DLUMP(1)+0.002°DIRL ;)
DUML(2)mABS(DUMP(2)+0.002*DIRL{2
DUML(3)=DUMP(3)4-0.003°DIRL(3)

DUM2 IJ-ABS(DUMP(IH-D.MI'DH“(:))
DUMI(2)mABS(DUMP(2])+0.098°DIRL(3))
DUM2(3)=DUMP(3)+0.008°DIRL(I)
CENTERVALIDVm. FALSE.

LX1w(DUMI{1). LB ALX)

LX2=(DUM3(1).LE.ALY) -,
w;-(oumm.u.nr.r)

LY2=({DUM2(3).LE.ALY)

« LELm({DUMI(3).LE.RLZ) AND.{OUM1(3).GT.0.0) SWITCH THIS 3 LINE WITH
< LZ2={DUM3({3).LE.RLZ).AND.(DUM3(3}.GT.0.0) NEXT 2 FOR EMI OR ANT PROD
LZ1e(DUMI(3).LERLZ). AND.{DUM1{3).GE.RLZ])
Lza-(nuu::a).:.s.nu) Aun.(ouuam GE.RLZ1)
LimLX1.AND.LY1.AND.LZ
t.:-:.m.mn.wn.mo.m

IF ( L1.OR.L2) CENTERVALIDV=, TRUE,

RND
ngCCCCCCOCCCCCCGCGCCCCCCCCCCCCCCCCCCCCCCCCCCOCCCCCCCCCCCCCCCC

LOGICAL FUNCTION CENTERVALIDVI{EDGE PACE,SCF1,DUMP,P,RLX,ALY,ALT)
REAL P(30000,3),ALX,ALY,RLZ,DUMP(3)
INTEGEA EDGRE{$0000,3),FACE(§8000,4), 5CP1

IMPLICIT NON
REAL oum(a).nuu:(:).nuumu) DUMPI(3), OUMPI(9)
REAL CENT(3),DIK1(3)
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INTEGER IN1,INLINY
LOGICAL LX1,LX2,LY),LYZ,LELLZI,LL L2
<

CALL BASEANODE(EDGE,FACE,SCP],IN1,IN3,INY)
CALL ONEDIM(P(IN1,1),P(IN1,3),P(IN1,3},DUMP1)
CALL ONEDIM{F(IN3,1),P{IN2,2),P(INZ,3},DUMP3)
CALL ONRDIM(P{IN3,1),P{IN3,2),P(IN3,3),DUMPY)
CALL MIDPOI{DUMP],DUMP2,CENT)

CALL MIDPOI(CENT,DUMP3,CENT)

CALL DIRECTION(CENT,DUMP,DIR1)
DUMI(1)mABS{DUMP(1)40,002*DIRL(1))
DUM)(3)=ADS{DUMP(2)+0.002°DIRL(2))
DUMI(3)=DUMP(3)+0.002°DIR1(3)
DUMI(L)=ABS(DUMP(1)40.008°DIR1(1))
puu:in)-ns(nuup(:)-n-o.nn-mm(:n
DUM3{3)mDUMP(3)+0.008°DIRL(I)
CENTERVALIDVIm.PALSE.
LX1=(DUML{1).0T.ALX

LX32=({DUMI{1).0T.ALX

LY1m({DUM1{2).GT.RLY)

LYa=(DUMI(3}.GT.RLY)

LELa(DUM1(3).LT.RLE)

LZ2=(DUM3{3).LT.RLZ)
Lim(LX1.0RLY1),AND.LZL
L3={LX3.0R.LY2).AND,L22

IF { L1.LOR.LI) CENTEAVALIDVImTRUE,

END

et CCC At CCCCCCECCCC ot CCCCCCCCCCCCCCCCCCCEEECECCECaCCeCeees

C
BUBROUTINE DIRECTION(DUML,DUM2,DIRE)
REAL DUMI{3),DUM2(3),DIRE(])

[+

« poiata from dumd to dumt
IMPLICIT NONE

INTEGER 1

DO 10 Im1,3

10 DINE{)wDUMI(1)-DUMI(L)
END

CCCCOrCCCCCCCCCtCCCCCoCelcoCeCcCCeCccctoococcococccoocoeecececececceccecce

c
SUBROUTINE NORMALVEC{VEC,NVEC,AD,BD,CD)
REAL VEC(3),NVEC(3),AD,BD,CD

c
IMPLICIT NONR

c

NVEC(1)mVEC(2)*CD.-VEC(3)*BD
NVEBC(2)mVEC(3)*AD-VEC(1L)}*CD
NVEC(3)mVEC(L)*BD-AD*VEC(2)
anu

CcoCCCorncoooroceectetctcoocociocccoceccoeeccoeccecoccoceccececcocococcoce

c

SUBROUTINE CENTERIPACE{DUMI,DUMI,DUMI,DCEN,CHECK)
REAL DUM1{3),DUM3(3),DUMI(3),DCEN(I)

INTEGER CHECK

(=3

IMPLICIT NONE

REBAL MID1(3),M1D2(3),0IR1{3),DIR3{I),NDIR1(3)
ARAL NDIR2(3),AP,BP,CP,DP,T,MID13(3),MID22(3)
LOGICAL COLINEAR,COLL

c
COLl=.FALSE,
1IF (CHECK.EQ.1) COLImCOLINEAR(DUML,DUMI,DUMY)
1P (.NOT.(COLI1)} THEN
CALL PLANEPARI{DUMI,DUMI,DUMS,AP,BF,CP,DP)
CALL MIDPOI{DUMSE, DUMZ,MIDL)
CALL MIDPQI(DUM1,DUMI,MIDI)
CALL DIRECTION{DUM1,DUM3,DIRL)
CALL DIRECTION(DUM1,D1}MI,DIAT)
CALL NORMALVEC(DIRLNDIRLAP.BP,CP
CALL NORMALVEC(DIR),NDIRLAP.OP.CP

MID13(1)=MID1(1)4+NDIR1(1)
MID13(2)m MID1{2)+NDIR1(2)
MIDLI{3} = MID1(3)4NDIRL(3)
MiD23(1)m MIDI(1)4-NDIRI(L}
MID27{2) = M1 DI{2)4+NDIRI(3)
MID22(3) = MID3(3)+NDINI(I)
CALL DIRECTION(MID1,MID13,DIR1)

CALL DIRECTION{MID2,MID33,DIR3}

CALL PARAMETERINT(MID1,MIDY,DIRL,DIRI,T)
DCEN(1 -mn:sx;-wr-omz 1;
DCEN({2)=M103(2)+T*DIRI(2
DCERN(3)aMIDI(3)+T*DIR{I)

T ]

DCEN(1)=it00.0
DCEN(2)=00048.0
DCEN(Y)=#00D.0
END IF
END

c
gccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

SUBROUTINE PARAMETERINT(MID1, MID3,DIRY,DIR2,T)
3‘”‘ MID1(3),MID2{3},DINI{I), DIA2(3),T

IMPLICIT NONE

ARAL €1,87,C9,A1,81,A2,181,A3,B3,01,02,03
ClaMiD3(1).-MID1(1)
CI=MIDI(3}-MID1{3)
C3=MID3(3)-MID1(3}

Bi=.DIR(1)
A3uDIRL(I)
BI=-DIRI(2}
AI=DIRI(S)
B3m-DIAZ(S)
DlaBL*A2.BI"AL
D2wBL*A-BI*AlL
DImBI"AX.BI"AZ

IP {D1.NE.5.0) THEN
Ta{ A2*CLAL'CE ) / DL
BLSE (7 (D3.NE.0.0) THEN
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Tm{ AJ*Cl.AL*CY ) / D2

ELSE
Tu{ A3*C2.A2°C3Y ) / D3

BND IF
gND .
gCCCCCQCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcCCCCCCCCCCCCCCCCCCCCCCC

SUBROUTINE EXISTENCEBDGEID(IN]IN2,INY,SCR,5CEL,SCE)SCE)LEDGR)
EN‘I‘IGER IN),IN2,IN3,SCE,5CE],SCEL,5CE),EDCE(50000,3)

IMPLICIT NONB
INTEGER K,F1,F2
c

SCELImD
SCEIw0
SCEImO
DO 10 K=1,5CE

.2
1P {GNL. EQ. n) OR.(IN1.EQ.FZ).AND.
{IN2.EQ.P1).0R {.N3.EC, u)) } SCRiI=K
1P { ((142.8Q.P1).0R-21503.EQF)).A
{t ns.m.n}.on.(ma.mmn ) SCEI=K
IF { ({IN1.£O #1).0R.(IN1.EQ.F3}) AND
(iN3.EG.F1).OR(INJ.EQ.F1)) ) SCEImK
1.?‘ gomm

C
CCCCCCCECOCCECCCCCOCCCCCCCCoCCCCCCCCCCCCoctecootcceece
c

SUBROUTINE BXISTENCEEDGE(INT,INI,INS,NEDG, SCEL SCELSCE) VICEDG,EDOE)
g‘"l'lﬂn IN1,INT,INJNEDG,8CEL,SCE], SCE),VICEDG(1000),EDCB(80000,3)

IMPLICIT NONB
INTEGER K,F1,F3.E
<

BCEim0
SCEIm0
SCEI=D
DO 10 Km) NEDQ
EmVICEDG(K)
PluEDGE(E,1)
¥i=EDGE(E,2)
ir ( (18171 8 EQ F1).0R.{IN1.EQ.F2)}.AN|
N1.BQ.FL1).OR.{INJ.EQ. ")) JaCE1mE
w { (ana. m PL.OR.(N2. £Q.F3)).AND.
INS.EQ,P1).OR.(INI.EQ.FY)) ) SCEI=E
i ( ((INI.m.F“ OR.(IN1,EQ.F1)).AND.
“ 3.EQ.F1).0R.(INJ.EQ. '3” } SCE3=E
10 CONTIN

END
c
gcccccCCCCCCCGCGCGCCC‘CGCCCCCCCCCCCG’CCCCCCGCCCWCCCCCC

SUBROUTINE QCCURENCEF(SCEL BCF,0CCUR,FACE)
INTEGER SCEL,SCF,0CCUR,FACE(83000,4)
c

IMPLICIT NONE
gﬂ'mzn K,F1,r,r:

OCCURmD .
DO 10 K=1,5CP

¥1mFACE(K,1)

Fi=FACE K.!

FIuPACE

IrF( I'I.EQ.SC&I) OR.(FLEQ.SCEL).OR.(FI.EQ.SCEL) ) OCCUR=OCCUR+]
g8 goiind

c
gcccccccccccCCCCCCCCCCCCCCCCCC:CCCCCCGCCCGCCCCCCCCCCCCCCCCCCCCCCCCCC

SUBROUTINE OCCURENCEPVIC(SCPLNPYR,OCCUR,PYR,PYRCOM,VICPYR)
ICNTIQER. BCP,NPYR,OCCUR,PYR{40000,2}), PY HCOM,VICPY R(400)

IMPLICIT NONE
INTEGER X, F1,72,F),F4,F

c

PYRCOMmD

OCCUA=D

DO 10 K=i NPYR
PuVICPYR(K)

P,
IP { (F1.2Q.SCP1).OR.(F2.EQ.SCF1).0R,
73.EQ.5CF1).OR.(F4.EQ.SCFL) ) THEN
OCCURMOCCUR
Pvnggu-r
alr (Pvncou.u::.o) GOTO 20
10 CONT
20 con-rmun
END

c
CCCCCCCCCOCCCCCCCCCCCCCCCOCCCCCCCOCCCCoCCCeLeeceeceeececccecceccccee

[+
SUBROUTINE OCCURENCEP(SCFL,SCP,OCCUR,PYR,PYRCOM)
ICNTBQBR 3Cr1,3CP,0CCUR,PYR({40000,8),FYACOM

IMPLICIT NONE
INTEGER X,FL1,P2,F3, P4
c

PFYRCOM=0

FamPYR(K4)
Ir ( {P1.EQ.5CP1).0R.(F2.EQ.8CF1).OR.
(P3.2Q.5CP1).OR.(F4.EQ.BCPF1) ) THEN
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OCCURmOCCUR+L
PYRCOM=K

END IPY
« IF (PYRCOM.NR.0) QOTO 20
10 CONTINUR .

20 CONTINUE

END

c
CCCCCCCCCCCCCiCCCCCCLCeCCCOCCCCCOCCCCCOCCCCOCUCCCLLLOCCOCOCLLLLGLLT

<

BUBROUTINE CREATEPACE(SCE} SCE2,SCE),SCP,FACE,INL,IN2,IN3,PID)
INTEGER Scll.SCH,SCB!.SCP.PACB(!IM.‘).I’ID(M)JNI..INS.INS
IMPLICIT NONB

c

INTEGER FACEID

FACE(BCP,1)a3CE]

FACE{SCP,2)=BCE2

FACE(SCP,1)=3CE3

PACE(SCF,4) =PACEID({PID(IN1),PID{INI),PIO{IN3])
END

c

COCCOCCoCCClCCCCCCCCCCCCCCCCECCCCCCCCCCCCCOCCLCCOCCCCCCCCOCTCL

c
SUBAQUTINE CMATSEDCB(!CI.INDIJND!.PID.IDGB)
INTEGRR SCR,IND1,IND2,P1D{30000},BDG E{30000,3)

c

IMPLICIT NONE

INTEGER EDGEID

2DGE acs.n-:um

EDGE(BCE3)=IN

EDAaE scz.s;-:nonm(rm(mn:).Pm(mo:))
EBND

c
CGCCGCCCCCGCCCCGCCCCCCCCCCCCCCCCO\-CCCCGCCOCCCCCCQCG:CCCCCCCOCC

IUBH.OU'I‘INB CHECKEDGE(DSCE,3CE,8C,IN1,IN2,PID,EDGE,N,LSTAK,NEDG,VICEDG)
INTEGER DSCE,SCR,SC,IN1INI, PID(30000),EDGE(0000,3).N

INTEGER LSTA K(5000),N2D0,VICEDG(1000)

glPMCIT NONE

1P (DSCR.EQ.0) THEN
SCR=SCE+1
DaCE=SCR
NEOGeNEDG+1
VICEDG(NEDG)mSCE
CALL CAEATEEDGE(DSCE,IN1,IN1,PID,EDGE)
1P (N.ZQ.1) THEN

LETAK(SC)mSCE

BCuSCH1

END IP
END IF
END

c
gCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCGCCCCCCCCGCCCCCCCCCCCC

SUNNOUTINE CHECKEDGEID(DECE,SCE,SC,INLINI,PID,EDGE,N,LETAK)
INTEGER DSCE,SCE, SC,IN1,INI,PIO(30000), EDGE(B0000,3),N

INTEGER LATAK(8000)

IMPLICIT NOND

-]
IF'&DUCC-HQ.B) THEN
EnSCEL1

DECEwECE

CALL CREATEEDCE{DSCE,INL IN2,PID,EDGE)

IF (N.BQ.1) THEN
LSTAK({SC)=3CE
SCuBC+1

END 1P

c
COCCCCCCCCCCCCCCCOCCCCOCCCCCCCCCCCCCCCCCCCCoCCCCCCCoCCcCCctCoc

c
REAL PUNCTION ANGLE(VECL,VECZ,VEC)
gllb VECI(3),VEC2(I),VEC(I)

IMPLICIT NONE

INTZOER

AEAL SUML,5UMI,MACGL, MAGZ,COSINE2
38‘“- MAGSUM,COSINELANG

MAGu0
00 10 1mld
IUHI-SUI"-O-VICI(I)‘VBCI
SUMI=SUMI+YECI ) *VECHT
AU M= SUM+V EC2(1)*VEC(!)
MAQuVEC(1)**3+-MAG
MAQLeVECL(I)**3+-MAGL
10 MAGIaVECI{1)**24+MACY
COOINEI=BUMI/AGRT(MAGT) I'BQRI’(HAGH
COSINEI=BUM/SQRT(MAQ)/SQRT{MAQL)
ANQuATANICOMNEILCOSINED)*180.0/3.141502884
ANQuINT{ANG®*100)/100
DO WHILR (ANG.LT.0.0)
Al‘GD-oANO-i-m.O

BND
ANGLEwANG
END

c
t.c:ccccccccccccocuccccccccccccccccccccccccccccccccccoccccccccccccccc
SUBROUTINE SPECIALORDER(CENT, IND,IN1 IN2,NO,VICIOL,P)

INTEGRA IND,IN1,INI,NO,VICIOL{20)

sSAI‘ P(30000,3),CENT(3)

IMPLICIT NONB
REAL DDIR(Y),TET{20),DUM(3),0IN1{3},DIR(20,3),ANGLE
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REAL AP,8P,CP,DP,DIR2{3) NDIR1(J), TEMPL
::N'I‘IOIH. 1,311, TEMP

DO 10 Im1,NO
U= VICIOL(T)
CALL ONEDIM(P{I1,1),P(11,2),P{11,3),DUM)
c.u.:. DIRECTION{DUM,CENT,DDIR)
1,1)=DDIR(1)
n: 1.2)mDDIA{)
t.a)-nnm(a)
10 CONT
CALL ouominm 1,1),DIR(1,3),DIR(1,3),DIRL
CALL ONEDIM{DIA = ¥),D1R{2,3),b1R{3,3),DIR
CALL PLANEPARY{DIRI,DDIR.DIRL,AP,BP,.CP,DP)
CALL Nonuu.vnc(mm.umm.a P,BP,CP)
DO 20 Iwi,NO
GALL, ONEDIM{DIR(T,1),DIR{1,3),DIR(L,3),DUM)
?:u TET()=ANGLE{DIRL,DUM,NDIR1)

Do %0 J-‘l.(NO-!)
DO 40 tu(I+1),N
1F (TET(). ur.-r;-r(:)) THEN
TEMP1=TET(J)
TET{)=TET()
TET{)mTEMPL
TEMPwVICIOL{])
VICIOL{)) mVICIOL(T)
VICIOL{) mTEMP
END IF

40 CONTINUR

30 CONTINUE

END

c
gcccccccccccccccccoccccccccccccccccccccccccccccccccccccccc

SUBROUTINE TRANSFER(VEC1,VEC])
sﬂl- VEC1{1),VECI()

1IMPLICIT NONE
m'rnon.t

DO 101

lov v:c:m-vsclm

c
gcccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccocccc

c
gCCCCGCCGCCCCCCCCCCCCCCCCCCCCCCCCCCCOCCCCCCCCCCCCCCCCCCOCCCCCCCCCCCCQ

LOGICAL FUNCTION COLINEAR(DUML.DUMI,DUMI)
aub DUML(3},DUM2()),DUMI(3)

IMPLICIT NONE
AEAL NUMLNUM3I,NUMY,DENLDENS, DENI,AATLRATZ,RATI,X(I)
gﬂ‘:unn 1

DO 10 I=l1

X{I)m0
xr( () (DUM1(1).EQ.DUMZ{I)).AND.{DUML{I).EQ.DUMI(T)) } X(I)m1
10 CONTINUR
COLINEAR=.FALSE,
NUMImDUMI(1)-DUM1{1)
NUMI=DUMI(2)-DUMI{2)
NUM3InDUMIA(I)- ouu:(s)
DEN1wDUMY I -DUMI{1
DEN2wmDUMI I -DUMI1(3
DEN3ImDUM3(3)-DUM1(3)
RATImNUM1/DEN1
Mﬂ-NUu?ID“:
RATImNUMI/DEN:
wr ((X(IH-K(SH-X(!)).GT 1) THEN
OLINE <TRUE.

A

ILS! IF (X(1).EQ.1) THEN

IP (ABS(RATI-RAT).LT.0. 0001) COLINEARS.TRUE.
ELSE IP (X(3).EQ.1) TH

1P {ABS{RAT1.RATI}. ur 0.0001) COLINEAR=TRUE.
ELSE IF (X(3).£Q.1) THEN

IF (ABS{RATI.NAT1).LT.0.0001) COLINEAR=.TRUE.
BLSE 1P ((Aasnu'r:.un) LT.0.0001)

ND.{ABS{RAT1-NAT3).LT.0.0001)} THEN

couunn-.'ruus.
END IP

END
gcccccc [oldeelelalalmlolall el ulolal sl ololalal sledel sld elife) el el ool ol ot ofe] ool o od ool ol olod f o oo o] o ot o]

SUBROUTINE DASEINODE(EDUR,FACE SCF1,INLIN2,INDG
lcN'l'IQIE EDGE(80000,3), FACE(88000,4), 8CF1,INL,IN),INS

IMPLICIT NONE
INTEGER TRY,I,J
léOGICAla FOUND,NOUYV

INLmQ
INI=mD
INI=D
l-l

=

rouun-um: NE.0). AND {IN2.NE.0),AND (IN3.NE.0))
IN1mEDGE(PACE(SCFLL),J)

DO WHILE (.NOT.(FOUND))

IPJ (.k:q .3) THEN

Imlbl
END IP
Jud+l
TRY = EDOE{FACE(SCF11),J)
uouv-((-nw Nu.w:.) AND. (TRY.NE.IN2).AND.(TRY.NE.IN3))
1P (NOUV) THEN

IF (IN3, lq.u) THEN

INI=TRY

RLAB
INI=TRY
END IP
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END 1P
POUNDw{{INL.NE.0).AND.(INI.NEO).AND,(INL.NE.O))
ND DO

END
c

hhbhhhb&-(—yhhbbu\.hhbh‘-hwh""""""'""""""""“"""'""“'

LOGICAL PUNCTION GOPLANAR{DUML, DUMI,DUMI,DUME)
REAL DUMI(3),DUM3(3},DUMI(3),DUM(3)
c

IMPLICIT NONE

REAL MAT(4,4),DET,DM1{4),DM3I(4),DMI{4),DM4{4)
INTEGER }

[

DO 10 T=1,]
DMI{D=DUM1(1)
DMI(I)=DUM{I)
DM} =DUMI(I)
10 DM4{1)=DUMETL)
DM1{4)m1.0
DM2({4)wl.0
DM3I(4)=1.0
DMd(4)=1.0
COPLANAR=.FALIR,
CALL MAKEMAT4(DM1,DM2,DMI,DM&MAT)
CALL DETERMINANT{MAT 4,4,.0ET)
I¥ (ABS{DET).LT.0.00001) COPLANAR®. TRUBR.
BND

c

CRECECCOCCCCrCCCCCCCCCCCCCCCoCSCeCcocoCLeCCCCCCcCCcCCcCCCCCcCCCCCCC

c
SUBROUTINE EXISTENCEPYR({SCFL,ACF2,ACPF3,8CP4,PYR,SCPOLNPYR.VICPYR)
INTRGER SCP:,3CF1,3CFI ACPL,NPYR,PYR(40000,8),SCPOL,VICPYR(400)

c
IMPLICIT NONB
INTEGER K,P1,P3,P3,P4,P
LOGQICAL VALLVALI VALY, VALA
ACPOL=0
DO 10 Kwi NPYR

PaVICPYR{K)

PluPYR{F1)

PImPYR{3T)

PduPYR(P,4)
VAlLla Ptl.EQ.SGPI).OR.tPI.BQ.!C").OIL(P!.EQ.SCI‘S“.OR-(PI..EQ-!CPA)
VAL2=(P3.BEQ.5CF1) OR.{F2.EQ.3CPF2).0R.(P1.EQ.S5CFI),OR.(P3.EQ.ECF4)
VALI=(P3,£Q.SCP1).OR.(P3.EQ.8CPI).OR.(P).EQ.5CF)).OR.{ P3.EQ.E5CF4)
VAL4m({P4.EQ.5CF1).ON.(P4.EQ,5CF1).0R.(P4.EQ.5CFI).OR.(P4,.EQ.3CF4)
1P { VALLAND.VALL.AND.VALYL.AND.VAL4 ) SCPOLaP

1F (SCPOL.NE.0) GOTO 20

10 CONTINUE

%ﬂ BND

(lll(1ll(!lll(lllll‘l'lllllllll(lllllllKII‘(ccccccmcccccccmcccc

c

SUBNOUTINE CHECKPYR(SCF1,8CF2,SCPLACKSINLINDINYINGICP,
- SCPOL,PID,PYR)

INTRGER SCF1,3CF3,5Cr3,5CrF4,5CPOL, SCP,PYR(40000,5),P1D(30000)

lcN’I'DGI:R TN, INDING, TN

IMPLICIT NONE

INTEGER PYRID

tF (3CPOL.EQ.0) THEN
SCP=iCP+1
PYR{SCP,1)mBCPr1
PYR(BCP2)mBCTFI
PYR(ICP,3)=BCF3
PYR({SCP.4)=B8CF4
PYR{SCP,B)mPYRID{PID(IN1),PID(IN2),PID(IN3),PID(IN4))

END IF

END

c

CCCCCCCCCCCoCCCCCCCC el C e L C U C e O CCClCLCUCLLCLUCLLLLLLGLLLLLL
[+ .

SUDROUTING EXISTENCEFACEID(SCEL SCEL SCEISCF,3CPOL,FACE)
gl'l'mll SCE},3CE],BCE}SCrOL, FACE(85000,4) 5CF

IMPLICIT NONR

INTEGER K,F1,V3,F3

8CroL=0

DO 10 Km1,5CP
FimFACE(X,1)

FI=FACE{K.Y)
IV { {(SCEL.EQ.F1).0R.{SCEL.EQ.F1).OR.(SCELEQ.FI)),AND.
. 8CE31.EQ.F1).0R.(SCEL.EQ.F3).0R.(SCEL.EQ.F3)).AND.
&  ((SCE3.EQ.F1).OR.{3CEL.EQ.F3).OR.{3CES.2Q.F3)) ) SCPOLmK
I? ($CFOL.NE.O) GOTO 20
10 CONTINUE
20 END

c
gccccccccccc:ccccccccccocccccccccccccccccccccccccccoccccccccccccccccc

SUBNOUTINE EXISTENCEPACE({SCEL,SCE),SCEINPAC,SCFOL,VICFAC,FACE)
INTEGER SCEL,3CE1SCE)SCFOL,VICFAC(2000),NPAC,FACE(88000,4)

]

IMPLICIT NOND
INTRGER K,FL.F3L,F)P
SCrOL=0

FI=FACE(F.3)
1P ( ((SCELEQ.F1).ON.(3CE1.2Q.F1).0L(3CEL.EQ.F3)).AND.
. t{3CE2.£Q.F1).ON(SCEL.EQ.¥2)-OR.{JCELEQ.F})).AND.
e ({SCEI.EQ.F1).ON(SCEIEQ.72).0N(SCELEQ.FY)) ) 3CFOLmP
17 (SCFOL.NEQ) COTO 20
10 CONTINUE
g} BND

COCrCCC OO CCCCCCCCCCOCCoCottC el CcocacooccececeCoceoeccocoeoecooe
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<

SUBROUTINE CHECKFACE(SCEL SCEJ,SCEY,INL,INLINISCF ACPOL,
- FACE,PID,N,LSTAK,SC,NFAC,VICPAC)

INTEGER SCE1,5CEJ1,SCE), ICF SCFOL, FACE(48000,4), P1D(30000],N

lcN‘I’EGIR LSTAK(5000),5C,IN1,INZINY,NPAC,VICFAC(3000)

IMPLICIT NONE
INTEGER 1,3
iF (SCFOL.EQ.0) THEN
SCFuSCP4-1
SCroLmscr
NFACaNFACH1
VICPAC(NFAC)=SCF
CALL CREATEFACE(SCELSCRI,SCELSCF, FACE,IN1,INI,INY, PID)
1P (N.2Q.1) THEN
LETAK({BC)mSCP
SCuSC41
END IF
ELSE
DO 10 Im1,5C
IF (LATAK(1).EQ.5CFOL) THEN
DO 1,8C-.

Jul, 1
20 LSTAK())mLSTAK(I+1)
SCaiC.1
END IF
10 CONTINUB
END IP
30 CONTINUR
END
[+]
Ei.(.l.\.\..\.t.\.ca.\..ut.s.uh\.bt.i.-|.-i.-bi.-i..uU..u..l.d.u..t.n.‘b\.uuuuubmhuuuuybscb\.uhuhhbb

SUBROUTINE CHECKPACEID(SCE]L SCE2,5CEY,IN1,INZ,INJ,SCF,SCFOL,
- PACE,PID, N LSTAK,SC)

INTEGER SCB1,SCE2,SCE), S5CF,3CPOL, FACE(85000,4), PLD(30000),N

INTEGER LITAK(5000),3C,IN1,IN3INY

c

IMPLICIT NONE
IF (SCFOL.EQ.0) THEN
SCPmBCP+1
SCFOLmECF
CALL CAEATEFACE(SCE1,3CELSCEY,SCF,FACE,IN1,IN2INY,PID)
IF {N.EQ.1) THEN
LATAK{SC)mSCP
ACasC+1
END IF
END IF
END
c
Lot elaladelml eml el nt e lal nnl ot el o] ol ofof olol o o] el afal sl el ol ol o afa ol ol alo] o olelnl clalol ol o wl ot el el ot ol ol w0l o1 o)

c
SUBROUTINE MODIFYPOINTSUR(NPS,PID)
lcN‘l'Bﬂlﬂ NPS,PID{30000}

IMPLICIT NONB '
INTEGER I :
DO 10 Iwi, NPS

l.l;‘;ln(l)-Pln(l)-lm(?lb(l)llo)'lﬂ

[sials{elei o] ofol el a{ainfadafadalal s atalatel elol vl mio] adal al o1 4 ] 5 1 0 4] 0 6 b v] @] oe o 0] g m] o0 1

c LMLULCLLLLLLLLLOLLCCT
SUBROUTINE NOOVERLAP(EDGE,FACE,3CF1,DUMP,P,PYR,SCP,CANTUSE,
. VICPYR,NPYR,

INTEGER EDGE(50000,3),FACE(85000,4},5CF1,PY R({40000,8),8C#
INTEGER VICPYR(400),NPYR

REAL P{30000,3},DUMP{3)

:.:OGICAL CANTUSE

IMPLICIT NONE

INTEGER I,K,INL,INJ,INS

INTEGER NODE(4),L

REAL DUMPL(3),DUMPI{3),DUMPI(3),DUMPHI)
REAL AAP(4),BP(4),CP(4).DP{4),POINT(44,3)
REAL DIR1(3),CENT{3),POIN{1,3)

lc-OGICM'.- VAL{4),ABOVE

CANTUSEw,.FALSE,
CALL BASEINGDE(EDGB,FACESCF1,INLINGINI

CALL ONEDIM{P{IN11),P{IN1,2),P{IN1,3),DUMP1}
CALL ONEDIM{P{INT,1},F{IN2,2),P(IN13),DUMPI)
CALL ONEDIM(P{IN3,1),P(I1N),2),P(IN3,3),DUMPY)

CALL MIDPOI MP1,DUMP2,CENT)
CALL MIDPOI(CENT,.DUMPY,CENT)
CALL DIRECTION(CENT, DUMP,DIRL)
DO 80 Im0,10
KmlsL
POINT(K,1)=DUMP{L)+{0.00241%0,0008) *DIR1(1)
FOINT(K,3)=DUMP(3}+{0.00341%0.0008)*DIR1(2)
80 POINT(X,3)=DUMP(3)4(0.002+(%0.0008)*DIR1({I)
CALL MIDPOHDUMPEL, DUMP,CENT)
CALL MIDPOI{CENT,DUMPI,CENT)
CALL DIRECTION(CENT,DUMP),DIRL)
DO 81 Im0,10
Kwmisld
POINT(X,1)mDUMPI(1]}+(0.0024-1%0,0908)*DIRI{1)
POINT(K,2)mDUMPI{3)}4(0.003+1*0.0006)*DIR1(2)
81 POINT(K,3)=DUMPI{I)-+{0,002+1°0.0006) *DIR1(I)
CALL MIDPO{DUMPL,DUMP,CENT)
CALL MIDPONCENT,DUMPI,CENT)
CALL DIRECTION(CENT,DUMPI,DIRL)
PO 83 1=0,10
Kml+23
POINT{X,1)wDUMPI(1)+(0.0024-1°0.0000)*DIRL{1)
POINT(K,2)=DUMPI(2}+(0.00241°0.000¢)*DIRL(3)
83  POINT(X,3)=DUMPI{I)+(0.00241°0.0008) *DIRL{I)
CALL MIDPOI{DUMP,OUMP,CENT)
CALL MIDPOL(CENT . DUMPI,CENT)
CALL DIRECTION(CENT,DUMPL,DIAL)
DO 83 1m0,10

Kuls34
POINT{K,1)=DUMP1{1)+({0.002+1%0.0888) *DIR1({1)
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POINT(K.Q,-DUuPl(:)+(°-m+l'ﬂ-om).nlhl(3)
83 POINT(K,3)=DUMPI1(3)+(0.002+1°0.0996)"DIAL(Y)
DO 48 Ku1,NPYR
CALL PYRANODR(EDUE,PACE,PYR,VICPYR{K).NODE)
CALL ONEDIM{P(NODE(1),1),P(NODE(1),2),P(NODE(1},3),DUMP1)
CALL ONEDIM(P(NODE(2),1),P(NODE(2),2),P(NODE(1),3),.DUMP2)
CALL ONEDIM{P({NODE(3),1),P{(NODRE(I)2).P(NCDE(I)I),DUMPY)
CALL ONEDIM{P(NODE(4),1),P(NODE{4),2),P{NODE({4),3),.DUMP4)
CALL PARPLANES(DUMPLDUMP,DUMPI,DUMPL,AAP,BP,CP,DP)
0O 10 Iwl 44
POIN(1,1)=POINT(L,1)
POIN(1,2)=POINT(I,2)
POIN(1L,3)mPOINT(1,3)
DO 80 Lwl,4
] VAL{L)mABOVE(POIN,AAP(L) BP(L),CP(L).DP(L))
1P (VAL(1).AND.VAL{3).AND.VAL{3LAND,VAL(4)) CANTUSEw.TAVE.
1P (CANTUSE) GOTO TO
10 CONTINUE
43 CONTINUE
70 CONTINUR
;ND

C‘-(—‘-Wh&bbhhhlﬂ-l.(nl-bhK-hU‘-H\-‘-l‘-b\-bhwb“bbhhbwhbhhhbbtﬂ-!—bbbh\-\-w‘-\-\-b

LOGICAL PUNCTION FACEQVEALAP(DUMP1,DUMPI,DUMPY,DUMP4)
REAL DUMPL(I),DUMP2({3),DUMPI(3),DUMP4(3) .

C

IMPLICIT NONB

AEAL VAL, VALI,MAT(3,3},DUMI1{)),DUM3I(3),DUMI(3),DUM4(3)
INTEGER [

LOGICAL OVER,UNDER

c
PACEOVERLAPw.FALSE,
DO 10 1m1,3
DUML{1)mDUMPL{1)4+0.0086474
DUM2({I)=DUMP2(1)-+0.00804T4
DUM3(I}mDUMPI([)+0.00884T4
16 DUMA(I)=DUMP4{1)+0,0008474
CALL MAKEMAT3(DUM1,DUM2,DUMS MAT)
CALL DETERMINANT{MAT,3,3,VALL)
CALL MAKEMATI(DUM1,DUM2,DUM4,MAT)
CALL DETERMINANT(MAT,),I,VAL2)
¢ | commantad this snd it worked!
o I {VAL2,Q'T,0) PACEOVERLAP=.TRUE,
OVER=({VALL,GT.0), AND.(VALI.GEQ)
UNDER=(VALL.LT.0),AND.{VAL2,LE\0)
i# {OVER.OR.UNDER) FACEOVERLAP=.TRUE,
END
c
eococececoececoceccecCoCcoChCcCLCCLlCcCCClliCcoCcCocCCoccoccccoccCoccoocccccoce

[+
BUBAOUTINE EDGEINCOMMON(VICFAC,NFAC,NF AP B FACE)
INTEGER VICPAC({I000),NPAC,NF,AF(300),E,FACE{S5000,4)

[

C

IMPLICIT NONR

INTEGER [,E1,E2,8)

LOGICAL SAME

NF=O .

C DO 10 lm1,3CF

DO 10 [, NFAC
EilmFACE{VICFAC(1},1)
E3m FACB{VICFAC(1),2)
EI=PACE(VICFAC(1},3)
SAME=(E.EQ.E1).OR(B.2Q.E2).OR.(E.EQ.EI)
1P ( BAME) THEN

NPauNP4L

AP(NP)auVICFAC()

P v

EN|
10 CONTINUE
END

x .
gcccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

SUBROUTINE EDGEINCOMMONID(FACE,CF ,NF,AF,E)
INTEGER PACE({05000,4},3CF . NF,AF(300),E

[}
IMPLICIT NONB
INTEQGER 1,B1,22,E3
LOGICAL SAME
NF=d
DO 10 I=w1 35CF
Eim PFACE(L,L)
El=m PACE{1,2}
EI=FACK({,3}
SAMEx(8,EGQ E1).0R.(E.EQ.23),OR.(2.EQ.EJ)
IF ( BAME) THEN
NPanNPFi+1
AF(NF)ul

END IF

10 CONTINUVE

2ND
gCCCCCCCCCQCCCCCCCCOCCCCCCCCCCCCCCCCCCCCCCOCCCCCCcCCCCCCCCCOCCCCCCC

LOOICAL PUNCTION EQUALCENTER(CENT,CENTL)
gm\h CENT(3),CENTL(3)

IMPLICIT NONE

AEAL VAL(3)

INTEGER I .

EQUALCENTER=.FALSE.

PO 10 Iml,)

10 VAL{1)@ARS(CENT(1)-CENTI(1))

1P ({(VAL(1},LT.0.001). AND.{VAL{2). LiT.0.001), AND.(VAL(3).LT.0,001))
- EQUALCENTEA=.TRUE,

5ND

.

ceceoeaceceecoecccccccccccCocciccicocccococoocaecoceeceeeececeeececcececccecece
SUBROUTINE OETDUMPS(P,INLINLING, DUMPL,DUMPL,DUMPY)

INTEGER IN1,INJLINY
allb P(30000,3), DUMP1 (3),DUMPI(3),DUMPI(3)
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IMPLICIT NONE

CALL ONEDIM(P(INL1),P{IN1,3),P{IN1,3),DUMPL)
CALL ONEDIM{P(IN2,1),P(IN3,2),P(tN2,3),DUMP2)
g:gl. ONEDIM({P{INI,1),P(IN3,3),P(IN3,3),DUMP3)
c

E\.\-buhlﬂv\ﬂ-ﬂ-bh‘-'—‘-"‘-u‘-‘-‘-5‘-‘-‘-‘-‘-‘-&hb\-&bl—&‘-hh\-hbhbwhbhh&bbbb‘-hhbb\-bbu\-h

LOGICAL FUNCTION EQUALPACE(F,FACE,EDGE,IN11,IN3
INTEGER r.ncuuuoo.q.znnn(méo.a).mu.mi:.mif: N33

-]

IMPLICIT NONE

LOGICAL VAL1,VAL2,VAL3

INTEGER IN1,IN2,INS

EQUALPACEm FALSE.

CALL BASESNODE{EDGE,FACE,F,INLIND,INY)

VAL = (IN1L.EQ.INL).OR.(IN11,EQ.IN2).OR.{IN11.EQ.IN3)
VAL3m(INIZ.EQ.IN1).OR.(IN22.EQ,IN2),OR.(INI2.EQ.IND
VALIm{IN33.EGQ.IN1).OR.{IN33.EQ.INT).OR. (INYLEQ.INS
X:H guu).mn.(vu:).aun.(w\un EQUALFACER.TRUE.
c

GhbbhbhhhUM&bbhhbh&hhhbhhhhgbDhDLbbhUEGDGbGthbhbbhhhbhbhbbhhbthbh

c
ARAL PUNCTION VOLUMEB({COOR)
gsaucooaua)

IMPLICIT NONE
AEAL COORL{4),COORI(4),COORI(4),COORA(4),VOL MAT(4,4)

c

CALL ONEDIM4({COOR(1,1),COON(1,3),COOR(1,3),1.

CALL ONEDIM4{COOR(2,1),COON(3,2),CO0R ::s;:l.g:ggg::g
CALL ounmm:coon 3,1),COOR(3,2),COOR(Y,3),1.0,COORJ)
GALL ONEDIM4{COOR{4,;1),COOR(4,3},COOR(4.3)1.0,CO0R4)
CALL MAKEMAT4(COGR1,CO0R),COONI,COORA, MATH)
CALL DETERMINANT(MAT4,4,4,VOL)

VOLUME=ABS(VOL)/0

END

ﬂc;cs.uu\..\..u\.\-uuubhbbbbuubgygggb\,uu;x.......[.-.[....-.--.....----...;

SUBROUTING DUMPAPROI(DUM,AP,BR,CP,D
REAL DUM{3),AF,BP,CP,DP,DUMPS(3) PiRUMPS)

c
IMPLICIT NONE
REAL DEN NUM,T

c
M= DMy AP +OUM()

UM= M(3)"BP+DUM({3)*CP+D!
Tu.NUM/DEN ! ) +or
DUMPE1)mDUM{LI+T AP
DUMPB(2)mDUM(3)+T*BP
DUMPS(3)=mDUM()+T*CP
:ND

CCCECECCCCCCOCCCCCCCCCCCCCCCCCCCCCCCOCCCCCCCCCCCCCCCCLCCCCCCLLLLLLlLl

c

I.-OG.ICAI. PUNCTION PYMHOVEHLA;(‘?Eg:.FACE.PYE.AP.P.CP.DP,SC!‘\.
INTEGER lDQI(lm.l).'ACB(uM.‘).INDl.!lé.rn:D‘.F)
INTEGER PYRCOM,PYR(40000,8)

gub P({30000,3) AP, BP,CP,DF

IMPLICIT NONE

INTEGER NODE(4),LINLINDINYIND2
REAL VAL, VAL

LOGICAL OVER,UNDER

c
PYRAMOVERLAP=.FALSE.
IF (PYRCOM.£Q.0) GOTO 20
CALL MASEING DE(EDGE,FACE,SCFLINLINI,ING)
CALL PYMNODE(EOGE.PACEPYA.FYRCOM NODE)
L}
10 1P ((NODE().NE-IN1).AND.(NODE(1).NE.IN2). AND (NODE(1).NE.IN3])
IND
AT Bl oLy crnp R
- 2.2)+CP*
ovu-(mm.un.h.aun.(vaLa.c':?.o) PePUNDI3) DR
UNDER={VAL1.LE.0).AND.{VALI.LT.0)
IF (OVER.OR.UNDER) PYRAMOVERLAP=.TRUE,
20 CONTINUE
EvD

CoCCCCCCCCCll
. L . CCCCCCCCCCCCCCOCCCCogcoccccocoeceCcocCCCClCCCLLLLULLLLL

c
SUBROUTINE PYRANQDE(EDGE,FACKE . PYA,PYACOM NOD
INTEGER ml{mﬂ).l‘.ﬂ:t(mﬂi."RCOII.NQDI:(‘).zF)YR(m.I)

<
IMPLICIT NONE
INTEGER F1,FLINLINLINIINGING INGINT
PiuPYR{PYRCOM,1)
EALL MAGEINGDI{EDGEvA
GE,FACE,FL,INL IN
CALL BASEINOD mt.h\ﬁl.r:.lﬂl:lﬂ::}::
r (IPM.Nl.lﬂl).AND.(IN&NB-INI).AND.!INA.N!JNS)) INT=ING

IP ({INB.NE.INL}),AND, (INS.NE.IN2). AND.{INE.NE.INI}) INTmINS
1P ({ING.NE.IN1).AND, (IN6.NE.IN3). AND.{ING.NE, -

Ir (N NE D ) NG.NE.IN3)) INT=ING
NODE(3)mIN2

NODE(3)mINS

NODE(4)mINT

END

c
gCCCCCCCCOCCCCGCCC&CCCCCCCCCCCC’CCCCCCGCGCCC.‘CCCCCGCCI':CCCQCCGCQCCC

SUBROUTINE PACEINCOMMON(PYA,SCP,FAS,SCP
INTEGER wMmoo.u.scr.ns.up.amu).scr"x LNPAR)
IMPLICIT NONE

INTEGER 1,F1,F3,F,F4

NP=O

<
DO 10 I=1,3CP
PL=PYR({11)
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Fi=sPYR{l,2

F3=PYR{II

FamPYR(L.4)

1P ((PAS.EQ.P1).0R.(PAL.EQ.F1).0R.{PAS.EQ.PIL.OR(FAS.EQ.F4)) THEN
1P (FAS.NE.BCF1) THEN .
NP=NP4L
AP(NP)m=l

END 1IF

END 1P
10 CONTINUB
END
€ CCoEOOEa0aaaEEEEEEOOEEEaEEEEEaCCEEEaCEeceEEEERaeeEEEaaaaaaaacee

c

SUBRO1T INE MESHAEADER({NP,NPS SCP SCF SCE,P,PID,EDGE,FACE,PYR,
- EXTRAPYR,FIL}

INTEGER NP.SCP.SCP.BCB.PID(:DOOD).BDO!(W.!).PACB(UDM.Q).NP‘B

INTRGER PYR(40000,8),EXTAAPYR(40000,6),FIL

3-“5 P{30000,3)

IMPLICIT NONE
INTEGER OFFREGC REKI
ABAD(FIL RECm1) NP8
READ(PIL,ARC=2) NP
READ(FILAEG=3) SCP
READ(PIL,AKECn4) 5GP
ARAD(PIL,RECmS) SCE
OFPFRACES
A
- +1
60 READ(PIL,AEC=REK} P(1,1),P(1,2),F(1,3),PID(1)
OPPAECAREK
SO v
- o+
70 READ(PIL,REC=REX) P(1,1),P{13),P{L3)PID(1)
OFFREC=REX
DO 20 I=13CK
=OFPRECHT
70 READ{PIL.RECsAEK} EDGE(I,1),EDGE(1,3),EDGE(L,)
OPPREC=REK
DO 30 1mi8CP
wOFPRT
% nmngm..u"é-um PACE(1,1),PACE(1,2), FACE(,3), FACE(1,4)
OFFREC=REK
Do “'-"l"c:c .
REKuQFFREGY
40 BAD(PIL,ARCaAEK) PYR(LL),PYA{L3)PYR(1,I),PYR(LA),
= U PYA(,0LEXTAAPYA(LL),EXTRAPYA(L), EXTRAPYR(LY),
e EXTRAPYR(L4),EXTRAPYR(1,8), EXTRAPYR(L0)

c
CLOBE(FIL)
mHD
Subuwuuuuuuua.' CCCCCCCCCCCCCCLLLLLULULLULLLLLLLLLLLLLLLLLLLLLLCLLLLLG
c
MESHCOMPSUPSG.F

SUBROUTINE OPERATORGRADGRAD(GRADGRAD,ALF)
NEAL GRADGRAD(10,10,4,4) N
IONTIO‘R ALF(10,2,8)

IMPLICIT NONE
INTEGER ROW,COL,ALFR(2,8),ALPC{3,8),ALPCD(3,8),51MP1,3IMP2
INTEGER 1,J.S1MP,OALPR(4,2,8),DALFC(4,2,0),ALFRD{2,8),ALFAD({4,8)
53&& INTEGRATIONVOL

DO 10 ROWuL,10
DO 20 I=l,3
DO 30 Jmi,b
30 ALPR{l,J)=mALF{ROW,1J)
30 CONTINUE
DO 80 SIMPm1 4
CALL DERIVATE(ALFR,ALFAD,SIMP,1)
DO 10 Im1,2
DO 00 Juld
] DALFA(SIMP,1,J)wALFRD{,J)
1 CONTINUE
8 CONTINUE
DO %0 COL=1,10
DO 100 w13
DO 110 Jwi
o ALPCUL )= ALF{COL,LY)
100  CONTINUB
DO 120 SIMPw1,é
CALL DERIVATE(ALPC,ALFCD,SIMP,1)
DO 130 1wl,2
DO 140 Imib
140 DALFC{BIMP,1,0)= ALFCD{L,J)
130 CONTINUR
130 CONTINUE
DO 1K 3IMPL=lé
DO 180 Im1,3
DO 170 Jwi d
110 ALPRD(1,1)=DALFA(SIMPL,LJ)
180 CONTINUE
DO 180 SIMPIm1¢

DO 1% I=1,2
DO 200 Jml,b
00 ALPCD{1,J)=DALFC(SIMF,1.J)
180 CONTINUE

CALL MULTIPLYALFA{ALFAD ALFCD,ALFAD)
GRADAORAD{ROW,COL,SIMPL,8IMPI)=INTEGRATIONVOL(ALFAD)
10 CONTINUE
180  CONTINUE
0 CONTINUE
g CONTINUR

CCoCCCCCCCCCCCCeCCeCCCCClLLLLLLLLLLLLLLLULLLVLLLWLLLLLLLLULLLLLL LU G
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c

SUBROUTINE ALFPIELD{ALPP,ALF)
REAL ALPF(10,10)

lcwtasn ALF(10,2,8)

IMPLICIT NONB

INTEGER ROW, COL.ALPMS.UJ.ALPCG.I) 1,3, ALFAD(4,8)
REAL INTEGRATIONYO

=]

DO 10 ROWm1,10
DO 30 l-l.:
DO 3 J
k1] AL'R(IJ)-AIJ'(H.OW.I J)
210 CONT

80 J
a9 cab'c(l.l) wmALF(COL,1,J)
.1}
CALL MULTIPLYALPA(ALFR,ALFC.,ALFAD)
ALPP{ROW,COL)uINTEGRATIONVOL{ALFAD)
40 CONTINUE
10 CONTINUR
END

<
ceCeeeeceeecocccecoeccceccocococeccoceecocecccceccecocccccccceccceccceccoccoece
c

SUBRQUTINE ALFPOVAURF(ALPPALF)
REAL ALPF(10,10,1,4)
lcN‘I"EOIR. ALF(10,2,8)

IMPLICIT NONB
INTEGER RDW.COL.ALIMI.B).ALN(?.B).I,J ALFAD(4,5),5IMP
REAL INTEQRATIONSU

c
DO 10 AOWm1,10
Do 20 1-1.:
DO 30 Jm
30 A:.rnu..l)-u.rmow.l.a)
20 CONTI
DO 40 COL-t 10
PO 40 1=t
DO 80 Jm1,8
00  ALPC{LJ)mALP(COLLJ)
80 CONTINUE
CALL uuurwwat.uu\nrn,nrc.uun)
DO 70 SIMPal,
10 M..rr(now.col.. 1,8IMP)=INTEGRATIONSURP(ALFAD, SIMP)
40 CONTINU
10 com'wua
END

<
gcccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

SUBROUTINE MULTIPLYALFA(ALFERLALFERI,ALFAD)
chT!GIR ALFER1I{2,0),ALFERI(2,5),ALFAD(4,8)

IMPLICIT NONE
INTEGER 1J,K,L
LwG
DO 20 Iwl,2
DO 30 Jml2
LmLpl
AUFAD(I'...I)-AL!!I!.I (LE)*ALFERI(J.2)
DO 40 K=1,4
AL?AD(L.K)-ALPIRI(I.KH-ALF!IU(J K)
40 1P {ALPAD{L,3).EQ.0) ALFAD(L,K)=0
30 CONTINUE
20 CON‘I‘INUI
END

c
cGeecoocoecceeeccecececicoccccececceccoceoccececceccoccccccococececocceccocccocoe
c

SUBROUTINE DERIVATE(ALFI ALPID,L DEH)
ICNTEGBB. ALFJI(2,83),ALFID(2,8),L.DER

IMPLICIT NONE
INTEGER I,J,K
DO 10 J-l. 3
DO 20
0 ALFJDH K)-ALPJ(J.K)
10 CONTIN
Do 30 J-l.Dll
B0 &1
ALFJD(I.G)-AL'JD(I B)*ALFID{LL)
40 ALPID(IL)=ALPID(I,L)1
0 CON'I'I ‘l'.ll
DO 80 lm
1P (ALFJD(I.I.) L1.0) THEN
0 60 J=1,8

Do 60

80 ALPFID{1,3)=0

END 1P

8 CONTINUE

END
gccccccccecccccccccccccccccocccccccccccccccccccccccccccoccccccccc
SUBROUTINE OPERATORFIELDN(PIBLDN,ALP)

REAL PIELDN(10,10,1,4}

grrzazn ALP(10,2,6)

IMPLICIT NONE

INTEGER ROW,COL,ALPR(1,8),ALFC(3,8)},ALFCD{2,0}, ALPAD(4,8),1,1
INTEGER SIMPX

REAL INTEGRATIONSURY

DO 10 ROW=1,10
DO 20 Imi,3
00 3 J=1 8
30  ALFR{1,))=ALF(ROW.LJ}
20 CONTINUE
DO 40 COL=1,10 -
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pA 1.;.:

DO 80 Jm1,
(4 ALPC(IJ)-ALP(COL.I.J)
80 CONTIN

DO T0 smpx-n.c
CALL DERIVATE{ALFC,ALFPCD,SIMPX,1)
CALL MULTIPLYALFA(ALFR,ALPFCD,ALFAD)
PFIELDN{ROW,COL,1 5IMPX)=INTREGRATIONSURF(ALFAD, SIMPX)

10 CONTINUVE
END

c
gCCCCCCCCCCCCOCCC'CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCOCCCCCCCCCCCCCC

SUBROUTINE OPRRATORALFNORMoriginai(NORM,ALF)
AEAL NORM{10,4,1,1)
INTEGER AL?(10,28)

IMPLICIT NONB
INTEGER I.OW.I.J.ALM(!.I).ALPM!.B].ALP&D(d.l)
‘l:lhb INTEGRATIONSU

00 10 1mt,2

DO 20 Jm1,8
20 ALFC(IJ}=0
10 CONTINUE

80 J
80 A:.!M:.J)-M-I'(nnw.:.n
40 CONTIN
33“.'6 uuurm.wu.uuun.a:.rc ALFAD)
[
00 uom(now.l.: 1}mINTEGRATIONSURF(ALFAD,T)
:o CONTINUR .
ND .

c
gcccocccccccccccccccccoccccccccccccccccccccccccccccccccccccccccccc

SUBROUTINE OPERATORALPNORM(NORM,ALF)
REAL NORM{10,10,1,4}
INTEGER ALF(10,1,8)

c

IMPLICIT NONB

INTECER ROW,I,J,ALPFC(2,8),ALPR(3,6),ALFAD(4,8),COL
gBAl.n INTEQRATIONBURF

DO 8 ROW=1,10
DO 10 l-l.i
Do
0 ALPC(I. )-Abrmow. o

DO 80 Jm

8 AL'H(I.J)-AL?(COL L3
42 CONTIN

CALL lll.llﬂ'lPL\’AL'A(AIJ’R.ALVC.AB'AD)

DO 80 Im1,4
o0 NO“(MW.COL.I =INTEGRATIONSURF(ALFAD,])
30 CONTINU
8 CONTINUE
END
<
lc-(.b&l..‘(..i..|..(.I..(..l,\..t.\.\.i.u&ub(-hbbbl.-!.-bl.-bhl—hbbb\-\-ubhbbbhuubhhuh\.uubuu“gui.yu

REAL FUNCTION INTEGRATIONVOL{ALFAD)
INTEGER ALFAD(4,8)
c

IMPLICIT NONE

AEAL SUM INTEGRATEVOL

INTEGER |

SUM=D.0

DO 10 lml 4

IUII-BUH+1NTIGHATWOL(ALFAD(I 1)L, ALPAD{1,2),
ALFAD{I,3),ALFAD(1,4))* ALFAD(18)

10 CONTINUSR

lcN“l‘lﬂMTIONVOL-SUH
aND
CCCCCTCCLCeCCCCOCCCCCCCCCCCCCCCCCCCORUCCTOCCCCotoeCeCCCeeceeceeeee

c
ABAL FUNCTION INTEGRATEVOL(A1,A2,A3,A4)
gﬂ‘mna A1,A2,AY, A4

IMPLICIT NON®

INTEGER SUM,FAC

SUMmAL ALY

;‘gﬁgmu'r:vm.-a 0*PAC(AI)*PAC(AZ) PAC(A3) *PAC(A4)/ PAC(BUM)

c
gCCCCcCCCCCCCCCCCCCCCCCﬂCCI e ECCOCCCCCCCCCCCCCCCCCCCCCCCCCCOCCCCCCCCC

INTREGER PUNCTION FAC(VAL} B
IcNTlOIR VAL N

IMPLICIT NONE
INTIBGER SUM,I
SUMs1

DO 10 ImVAL,L,-1
10 SUMmRBUM*!
FACaSUM

EBND

<
cgccoccccccccn“-----n--------n........u.......1........1L

IUIIROU‘I'INI CORPFICIENT{DUM1,DUMI,DUM], AD.BD.CD.DD.DI‘.N)
sl&b DUM1{3),DUMI(I),DUMI(3),AD,BD,CD,DD,DEN
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IMPLICIT NONE
REAL MAT3(3,3),DM1{3),DMI{3),DM3(I}
ICNTBGIR. 1

DO 10 Iml,3

DM1{)=DUMI(I)

DMI{T)=DUMI(T)
10 DMI(T)mDUMI(1}
CALL MAKEMATI(DM1,DMI,DMI,MATI)
CALL DETERMINANT(MAT3,3,AD)
ADmAD/DEN
DM1(1)m1.0
Dlﬂil)-l-ﬂ
OM3{1}wl.0
CALL MAKEMAT3I(DM1,Du3,DMI,MATS)
CALL DETEAMINANT{MAT?,3,3,8D)
B0 =-BD/DEN

DM1(2)mDUM1{1)
DM2()=DUMIA(L
DM3I(2)mDUMI(1)
CALL MAREMATI(DM1,DMI,DM3,MATI)
CALL DETERMINANT{MATI,3,3,CD)
CD=CD/DEN

DM1(3)mDUME(3)
DM3{)mDUMI(2)
DM3(3)=DUM3(3)
CALL MAKEMATI(DM1,DMI,DMI,MATY)
CALL DETERMINANT{MATY,3,3,0D)
DD=.DD/DEN

c
:ND
gCCCCCCCCCCCCCCCCCCCCCCCCCCOCCCCCCCCCCCCCCCCCOCCCCCCCQGCCCCC:CCCCC

REAL FUNCTION INTEGRATIONSURF{ALFAD,SIMP)
INTEGER ALPAD(4,8),SIMP

c

IMPLICIT NONE

REAL SUM,INTEGRATESURY

INTEGER 1,ALFAS(4,4)

SUMm0.0

CALL ALPSURF{ALFAD,4,ALPAS,SIMP)

DO 10 1m1,4

10 SUMuSUM+INTEGRATESURF( ALFAS(L1),ALPAS(L2),ALFAS(L,3) }*ALFAS{L4)
INTEGRATIONSURPRSUM

END

€
gCCCCCCCCOCCCCCCCCOCCCCCCCCCCCCCCCCCCCCGCCCCCOCCCCCCCCCCCCCCCCCCC

REAL FUNCTION INTEGRATESURP(AL,AZ,A3)
grrl:onu ALAZA

IMPLICIT NONE

INTEGER S‘UM.FAC

SUM=AL+AI+AT S
l'l':l‘DBOMTBSUR'-Q.D‘FAC(A1)'FAC(A‘.'I)'?A¢(A3)IPAC(SUM)
c

L LGLLLLLLVLPLRLVCBRRLLLLLGL GGG G L L L O O CCCCCCCCCCCCCO
c

SUBROUTINE ALFSURFP{ALPAD,N,ALFAS, SIMP}
g“!‘tﬂll ALPAD(N,8) SIMP,ALFAB(4,4),N

IMPLICIT NONE
INTEGER 1,
DO 10 Imi,N
ALFAS(,4)mALPAD(1
101Ir ((Auuou.smﬂ Na.o) OR.(ALPAD(1,8),EQ.0)) ALFAS(I,4)m0
DO 20 1mwi,N
0O 30 Jmi,N-1
IF {3.UTSIMP) THEN
AL:AS(I.J)-ALFAD(I.J)

ELS
ALPAB{[,2)mALFAD(1,J+1)
END 1¥

30 CONTINUE
10 CONTINUE
c

END .
(=3

CLLLCOLULLLLLLLLLLGLLLLLLLLCLLLUCCCCOCCOCCCoOCCCCCCCCcecccccccicceeco

SUBROUTINE TRANSPOSE{MAT1,MAT,L,8)
REAL MATL(L,L,1,5),MATI(L,L\1,3)
INTEGER L,8

[~
IMPLICTT NONB
INTEGER 1,J,%
DO 10 1ml,L

DO 30 J-I l.

DO W K

20 uA'r:(J.:. ) MMATI(LI,L,K)
30 CONTINUE
éo CONTINUE

END
c

séu..un..s..u..\..u..bbu-t-u-u.-bu.bt..m..u.uuuuCCCCCCCCCCCCCCGCcccccccccccCCCCG

SUBROUTINE GPERATORLAPLACIAN(LAPLACES,ALF)
REAL LAPLACEA4({10,10,1,4)
grrlaaa AL¥({10,3,8)

IMPLICIT NONE

INTEGER now.co».smr.&urn(a 5),ALFC(3,0),ALFCD(3,5)
INTEGER ALFAD(4,5).1,

REAL m'r:cu'nonvo:. .

c

DO 10 ROWm1,10
DO 30 I-I.I
DO 30 J=} |
30 ALPMI.J)-AL'(MW 1.4)
ac CONTINU
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DO 40 COL=1,10
DO 3 Iml,2
DO a0 J=l
8  ALFG(,1)=ALP{COLLT)
0 CONTINUS
DO 10 BIMPu1,4
CALL DERIVATE(ALFC,ALPFCD,SIMP,T)
CALL MULTIPLYALFA{ALFR,ALFCD,ALFAD)
LAPLACEA{ROW,COL, 1L SIMP)alNTECRATION VOLIALFAD)
10 CONTINUE
4 CONTINUER
10 CONTINUE

<
END
c

gugguhbg‘_u‘_‘_bw‘,‘_b‘_r---1...c.--..x.....rr.--....x..l.--.--..‘...--...
c

BUBROUTINE ATLAPLAGCTAN(TANLAPLAC,ALF}
AEAL TANLAPLAG{10,10,4,4}

INTEGER ALP(10,2,8)

c

IMPLICIT NONE

INTEGER AOW,COL, SIMPALPR(2,8),ALPC(2,6).ALFCD(2.8)
INTEGER ALFAD(4,8),1,),3MPX

ARAL INTEGRATIONBURP

c
DO 10 ROWs=l,10
DO 20 twl,2
DO 30 IJul @
Eod ALPR{L I mALF{ROW L)
30 CONTINUE
DO 40 COL=1,10
DO 80 lml,]
DO 80 J=1.8
80 ALPC{1,J)mALP{COL1 I}
80 CONTINUE
DO 10 SIMPe1,4
CALL DERIVATE{ALFC,ALFCD,81MP.3}
CALL MULTIPLYALFA(ALFR,ALFCD,ALFAD)
DO 80 BMPXw] 4
L TANLAPLAC(I\DW.COI'-.SIHP.BIIFXJ-tNTEGM’ﬂONSUHP(ALl’AD.SHPX]
T CONTINUE
40 CONTINUE
10 CONTINUE

e
END

ccccccc‘:ll.lllllll(llll(Jllllll!llllll-llll!llll(lll'll_llilllil’lllll.ch

c
SUBROUTINE ALLCOEPFICIENT({COOR.AB.C,D)
glu. COOR(4,3),A(4),H({4),C(4).D(4)

IMPLICIT NONB
REAL DUML{3),DUM3(3),DUMI{3) MAT4(4,4),AA,BB,CC,DD,DEN
gﬂhb DUMLLL), DUMIA(4), DU MI4{4),DUMAL(4)

CALL ONEDIM4(1.0,COOR(1,1),COO0N(1,32),COOR(1,3).DUM14}
CALL ONEDIM4(1.0,C00R(2,1).CO0R({2,2),CO0R({2,3),DUMI4}
CALL ONEDIM4{1.0,CO0R(3,1),COOR(3,2),COO0R(,3),0UMI4)
CALL ONEDIM4{1.0,COOR(4,1),CO0R{4,3),COOR(4,3},DUM44)
CALL MAKEMATA(DLU M4, DUMIA,DUMM,DUMLMATS)
CALL DETERMINANT(MAT4,4,4,DEN)

CALL oulplu,coon(:.n.coonu.:).cooni:.:).nuuu
CALL ONEDIM(COOR(3,1),CO0R(3,2),CO0R(3,3),DUM3I)
CALL ONEDIM{COOR(4,1),COOR{4,2),COOR(4,3),DUMI)
CALL COEFFICIENT(DUM1,DUMI, DUMY,AA,BB.CC,DD.DEN)
All)mAA

B{1)=B0

C{1)mCC

D{1)=DD

CALL ONEDIM(COOR(1,1),COOR(1,2),COCR(1,3),DUML)
CALL COEFFICIENT(DUMI DUMI,DUMYAABR,CC,DD,DEN)
AlT)m-AA

B{2)=-B8

C{1)m.CC

D(3)m.D0D

CALL ONEDIM(COOR(2,1),CO0R(3,3),CO0R(2,3),PUMI)
C‘AISLEAOEFHGBNT(DUHI.DUMI.DUHS.AA.BB.CC.DD.DEN)
A(3)= M

B{3)=nB

C(3)=CC

D(3)=DD

CALL ONEDIM(COOR(3,1),CO0R(3,2),COOR(S,3),DUMI}
CALL GOSIFIC!T(DUM}.DUHQ.DUHl.AA.ﬂB,CC.DD.D!N)

Ald)m-AA

(s

o:{a

D(4)=.DD

c

END .
e

\'I-!-bl-'i-l-l-\-l-(-Uhbhl-bbbbhbbbhhhb‘b‘-bﬁ-hbhbbhhhbbl-bh&hbﬁbbbﬁbhhbbwbhhhbhcc

c
INTEGER PUNCTION NORMALSIMPTOSURPACE(ND],ND2,NDI, VERT}
IcN‘l'lﬂIR NDI NDI,NDI,VERT(4)

IMPLICIT NONE
INTEGER 1,V(4) .
NORMALSIMPTOSURFACE=D
DO 10 Im1,4
Vi{lilmd
%a(svtfr(l).BQ.NDI).DR.(VII\'I'(I).!Q-NDS).OR-(VBR’;’(I).BQ.NDU)) v{)=1
bt
Icﬂ 1r (V({1).EQ.0) NURHAH!M?TGSUMA“-I

END
c

CCCCCCCCCCCCCCCCCCCCCCOCEEeCCCCCEtCCCCCCCCCCCCCCCCCCCCCCCtCCeC'Ce
c

SUBROUTINE PANCTIONS{ALF,EPSILON,BET)
INTRGER ALP(10,2,8)
COMPLEX EPSILON(10)
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AEAL BET
c

IMPLICIT NONE
INTEGER L,N,IND
E!AL DX, DY, FREQ.MU,PLEP

OP!N(UNIT-S.FKL!-'I’IHI.IOM dar' STATUSe'UNKNOWN', ACCESSm
SEQUENTIAL' ., FORM='FORMATTED")
PlauAGOS(»1.0)
EPmi,35E-12
READ(3,100)
DO 10 Iw1,10
AEAD(3,*) ALP(L.2,1),ALP(1,1,3),ALP(1,1,3),ALF(1,1,4),ALF(1,1,8)
::’535"1?1 L") AL?(I.’ NALF(LL,2), ALP(1,2.3),ALF{1,2,4},ALF(1,2,8)

AEAD(") N
BET=3*PI*FALQ*SQRT{MUEP)
DO 30 Imi,N
READ(3,%) DX,DY,IND
EPSILON(IND)=CMPLX(DX,DY)*BET**2
20 CONTINUB
CLOSE(Y)
100 PORMAT(S(/))
END

c
gCCCCCCCCCCCCCCCCCGCCGCCCCCOCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

SUBROUTINE READBASICINFO(NP,SCE,S5CPF SCP,FIL)
INTEGER NP,SCE,SCF,SCP,FIL
C

IMPLICIT NONE

OPEN(UNIT=3,FILEm unmesh.dat! STATUSm UNKNOWN' ACCESSu ‘DIRECT",
FORM='UNFORMATTED',AECLm11,AECORDTYPEm'FIXED")

unnu.mnc-:) NP

RAEAD(2,AECwS) SCP

HEAD(2,RECm=4) SCP

READ({2,RECnS) SCE

FiLw3l

END

c
CCCCCLCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCECCCCCCtCCCCCCCCCCCCLCCCCee

c

HUBROUTINI READINFO(I,NP,SCB,SCP,EDGE,POINT, MEDP,
MEDF,MEDE,INDP,COOR,INDEX,FIL)

IIBAI.- COOR{4,3)

INTEGER I NP,SCESCP.EDGE(4,3), FOINT(Q.S,!).MEDP.MEDF(‘}
IN'T!GEH. MEDE(4,3),INDP({8) INDEX (4),F1

!HPL‘IC!‘I‘ NON
INTEQER OP?B!T.IND.J.K.I“ACE(‘).IND!.INDQ.ND
c

INDmD
OFFSETmNP4ECE+SCr+148
READ(FIL,AECHOPFSET) FACE(1),FACE(2),FACE(3),FACE{4) MEDP,INDP(1),
- :Npp(a).moﬂ:),:unr«).wDpu).mnp()
DO 10 Ju} 4
OF FSETmNP+ECE+PACE(I)4+0
Bgaalgc.r‘lbilgzc-orrsnﬂ EDGE(J1),EDCE(1,3).EDGE(],3),MEDF({J)
il
OFPSETaNP+EDGE(S,K)+8
READ{FIL,REC=OFFSET) POINT(J,X,1),POINT(J,K,2),MEDE(],K)
20 CONTINUER
10 CONTINUE
NDwO
DO 40 Jml,4
OFPSETaNP+8+INDP())
uapmr...uc-orrsrr) IND1,IND2
DO 50 Km1,ND
50 IP {INDEX({K).EQ.INDL) GOTO 82
ND=ND+1
mnnxmn)-wm
88 DO 80 K=l,
e 1IF (:Nn:x(lc) EQ.IND2) GOTO 40
NDmND$1
INDEX{ND)=IND2
1P (ND.EQ.4) GOTO 45
40 CONTINUE
48 DO 70 Jm1,4
DO M Kml3
mmnpom'rz.l.u.n
INDIm POINT(S,K,2)
IF ( [(INDEX(1).EQ.IND1).AND.(INDEX(2).EQ.IND2)}. OR,
((INDEX(1).EQ.IND2).AND.(INDEX{2}.EQ.IND1)) ) INDP(I)-!DCE(J K)
ll' { ((INDEX{1),EQ.IND1).AND.(INDEX{3) . £Q.IND3)).OR.
((INDEX{1).EQ.IND2).AND.(INDEX(3).2Q. mm)) ) INDP(2) = £DGE(J, K}
:r { ((INDEX{1).EQ.IND1).AND.(INDEX(4).EQ.IND2)).0R.
((INDEX(1). EQ.IND2),AND.(INDEX (4).20Q. :um)) ) INDP(3)=EDGE(J,K)
w { ((INDEX(3).EQ.INDL).AND.(INDEX(3).EQ.IND2)).OR.
* ((INDEX(3).EQ.IND2}L.AND.(INDEX(3).EQ. mmn ) INDP{4)wEDGE(J,K)
1P ( ((INDEX(3).EQ.INDLLAND.(IND®RX(4}.EQ.IND2)).OR.
* ((INDEX().EQ.INDIL.AND.(INL LX(4).EQ. :nm)) ) mnp(u)-zocau K)
P { ((INDEX(4}.EQ.INDLLAND.(IDEX(2}.EQ.IND32)).OR.
. ((:NDl:x«) EQ.INDIJ.AND(INDEX(3).EQ.IND1)) } INDP(8)m EDGE(J,K)
0 CONTINU
70 cou'rmu:
DO 30 Jml, 4
OFFSET=INDEX(I)+1
a% nuAn(ru..nnc-orram') '), CO0RM),CO0R(IN
]

e .
gCCCCCCGCCCCCCC'.'CCCCCCCCCCCCCCCCCCCCCCCCC-'.7CCGCCCCCCCCCGC¢;CC¢C¢CCC

SUBROUTINE OPERATVRS{ALF,.COMPILITE)
INTEGER ALPF{10,2.8),5¢ MFI!TE

c

IMPLICIT NONE

REAL MPMQIAN(IG,ID.I A1 TRANSL A?MCMN(W.W 1,4),FIELDN{10,10,1,4)
AEBAL ALFF(10,10,1, l).ﬂMaGPADf.b 10,4,4),NORM(10,10,1,4)

¢ REAL ALFF(10,10,1,1),GRADGRAD(10,10,4,4),NORM(10,4,1,1)
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REAL TRANSFIELDN(10,10,1,4),TA NLAPLAC(10,10,4,4),3URFALFP(10,10,1,4)
COMMON/OPERATEUR/ LAPLACIAN, TRANSLAPLACIAN,GRADGRAD.ALFF
- .NORH."ILDN.TMNHHBI.DN.‘I’ANMFI‘..AC.BUR.!‘ALI’P

[+
OI’IN(UNI‘I‘-‘.'II.I-'mulur.dnl'.!‘l‘A’l‘US-'UNKNOWN‘.ACCHS-
- ARQUENTIAL , FORM='FOQRMATTED")
17 (COMPUTR.EQ.1) THEN
CALL OPERATORLAPLACIAN{LAPLACIAN,ALF)
CALL WRITER(LAPLACIAN,10,10,1,4 LAPLACIAN ‘4})
CALL TRANSPOSE(LAPLAGIAN, TRANSLAPLACIAN,10,4)
CALL WRITER{TRANSLAPLACIAN,10,10,1,4,"TRANSLAPLN'4)
CALL OPERATORGRADGRAD(GRADGRAD,ALF)
CALL WRITER{GRADGRAD,10,10,4,4,'GRADIENT '4)
CALL ALPPIELD(ALFPF,ALF)
CALL WRITBR({ALFPF,10,10,1,1,'ALFFIELD *4)
CALL OPERATORALFNORM(NORM,ALF)
CALL WRITER(NORM,10,10,1,4,'ALF conat",4)
¢ CALL WRITER(NORM,10,4,},1,'ALF*const’4)
CALL OPERATORPIELDN(FIBLDN,ALF)
CALL WRITBA(FIELDN,10,10,1,4,'ALFdF]/da'.4)
CALL TRANSPOBE(FIELDN, TRANSFIELDN,10,4)
CALL WAITER(TRANSFIELDN,10,10,1,4,'FIAALF /du’.4)}
CALL BTLAPLACTAN(TANLAPLAG,ALF)
CALL WRITER(TANLAPLAC,10,10,4,4,"TANLAPLAC" 4)
CALL ALPPOVIURF(SURFALPP.ALP)
:C‘Alab WRITER(BURFALPP,10,10,1,4,"ALFFOVIURF' )
ELSR
CALL READER(LAPLACIAN,10,10,1,4,4)
CALL READER(TRANSLAPLACIAN,10,10,1,4/4)
CALL READER(GRADGRAD,10,10,4,4,4)
CALL READER{ALFPF,10,10,1,1,4)
CALL READBRA{NONM,10,10,1,4,4)
CALL READER{FIELDN,10,10,1,4,4)
END IF
CLOBE(4)

END
c

CrECCCCCCCCCCCCCCCCCCeeCCtCCCCCCCCCCCCCCCCCCeCCCCCCCCCCLCCCCCLLLL

c

SOURCESUBS.F

CLIST OF SUBROUTINES USED COMMONLY BY SEVERAL PROGRAMS
CGCCOCCCCCCCCCGCCCQCCCI:CCCCCCCGCCCGCCCCCCGCCCCCGCCCCCCCCCCCCCCCCC
CIUBROUTINE THAT CALCULATES THE 3 CARTESIAN COMPONENETS QF THE MAGNETIC PIEZLD
SUBROUTINE GETREALH(P,F,NP,N8,K)

INTEGER NP,NB
COMPLEX F(NF3)

]

IMPLICIT NONE

INTEGER LAX

COMPLEX DIRICHLETVALX,DIRICHLETVALY ,DIRICHLETVALZ
REAL PREQ,PI

)
PlmACOS(-1.0)
ruo-n/(z.an-m-mwr(l.lu-u-:.:uus-a))

DO 10 tm1,N}

1P (AX.EQ.1) P(LAX)=DIRICHLETVALX(P()),#(12), P(LI}FAEQ)

1P (AX.EQ.2) P(ILAX)=DIRICHLETVALY(P(1,1},P(1,2),P(1,3), FREQ)

IF (AX.£Q.3) F(L,AX)mDIRICHLETVALZ{PF(1,1},7{1,2),P({1,3),FREQ}
10 CONTINUE
8 CONTINUE
END
c
G e CEECCCCCerECCECCCCeeCCCCCCCOCeCCCeCCeceCECeecCetCeccaeece
CSUBROUTINE THAT CALCULATES THE X.COMPONENT OF THB MAGNETIC PIELD
COMPLEX FUNCTION DIRICHLETVALX(X,Y.Z,FREQ)
AZAL X,Y,Z,FREQ

c
IMPLICIT NONBE
AEAL MEASURERROR,PHASEANG,MAG,FAC
COMPLEX FILCONT, VAL
VALmFILCONT{X,¥,2,0.0,0.0, 0.7,1,FREQ,1,9)+
*  PILCONT(X,Y,2.0.0,0.0,-0.7,1,FREQ,1,3)+
FILCONT{X,Y,Z,0.2,0.3, 0.8,1,FREQ,1,3}+
FILCONT(X, ¥,Z,0.3,0.2,:0.0,1 FREQ,1,3} 4
FILCONT(X,Y,2,0.1,0.0, 0.7,1,FAEQ,1,3}+
PILCONT{X.Y,2,0.1,0.0,-0.7,1,PAEQ,1,3)
VALmVAL+PFILEONT{X,Y,3,-0:2,0.0, 0.7,1,PREQ,1,3)+
PILCONT(X,Y,Z,:0.2,0.0,:0.7,} FAEQ,1,9)+
PILCONT(X,¥,2,0.0,:0.2, 0:3,1,FAEQ, 1,90+
FILCONT(X,Y,Z,0.0,-0.3,-0.3,1,FREQ,1,3)+
PILCONT(X,Y,%,0.3,+0.18, 0.4,1,PREQ,1,3}+
PILCONT(X,Y,Z2,0.3,0.18,:0.4,1,FREQ,1,9)
aVAL+FILCONT(X,Y,2.0.2,0.0, 0.0,1, FREQ,1,2}+
PILCONT(X,Y,2,0,3,0.0,-0.6,1, FREQ,-1,2)4
PILCONT(X,Y,Z,0.0,0.2, 0.7,1,FREQ,1,2) +
FILCONT(X,Y,2,0.0,0.2,-0.7,1,FREQ,-1,3)+
PILCONT(X,Y,Z,0.2,0.2, 0.4,1,FREG,1,3}+
FILCONT(X,Y,%,0.2,0.2,:0.4,1,PREQ,-1,3}
VALSPILCONT(X,Y,Z,-0,3,-0.38, 0.4,1, FAEQ,1,2)+
PILCONT{X,Y,Z,:0.2,-0.28,:0.4,1 PAEQ,-1,2)4
PILCONT(X,Y,2.0.0,0.0, 0.0,1,FREQ,1,2)+
PILCONT(X,Y,%,0.0,0,0,:0.0,1, FREQ,-1,3) 4
PILCONT(X,Y,Z,0.3,-0.1, 0.48,1,PREQ,L,3)+
PILCONT(X,Y,Z,0.3,+0.1,+0.48,1 PREQ,-1,2)
VAL4+ PILCONT(X,V,5.,0.1,0.18, 0.,1,FREQ,1,1)+
PILCONT(X,Y,£,0:1,0.18,-0.7, 1, FARG - 1,1)+
PILCONT(X,Y,Z,0:1,0.0, 0.85,1,FREQ, 1)+
PILCONT{X.Y,E.0.1,0.0,-0.68,1, PREG 1,1 )+
PILCONT(X,Y.5,-0.1,-0:1, 3.8.1,FAEQ.L,1)+
PILCONT(X,Y,2,20.1,-0.1,-0.8,1,PREQ,:1,1)
VAL+PFILCONT(X,Y,T,-0.2,0.0, 0.4,1, FREQ,1,1)+
PILCONT(X.Y %,-0,3,0.0,-0.4,1,FREQ,-1,1)4
« PILCONT{X,Y,2.0.1,-0.1, 0.7,1,PREQ,1,1)+
PILCONT(X,¥.£.0.1,-0.1,-0.7,1,PREQ.1,1}4
PILCONT(X,Y,%.0.2,-0.3, 0.0,1,FATQ,1,1)+
PILCONT{N,Y,E,0.,20.2,:0.0,1,FAEQ,-1,1)
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C FACwMEASURERROR(L)

PACwu1.0
ANG=PHASE(VAL)*PAC®3.1415026/100.0
MAGuCABS(VAL)*FAC
VAI.-I-IAG'CHPLX(COS(ANG).SIN(ANO))
DIRICHLETVALXm10.0%V,

END

CCCCCCCCCCCCCCCCCCOCCCCCCCCQCCCCCCCCCCCCCCCCC(. ~CCCCCCCCooCeCCCcccea
CSUBROUTINEG THAT CALCULATES THE Y.COMPQONENT OF THE MAGNETIC FIELD

COMPLEX FUNCTION DIRICHLETVALY(X,Y,Z,FREQ)

ABAL X,Y.Z,FREQ

c
IMPLICIT NONE
REAL MEASUAERROR,PHASE,ANG,MAG,PAC
COMPLEX FILCONT, VAL
VAL=FILCONT(X,Y,2,0.0,00, 0.1 FARQLI)+
FILCONT(X,Y,Z.0.0,0.0,-0.1,2, FREQ,1,3)+
nu.':om' X.¥.7,0.2,0.3, 0.8,3,FR -
PILCONT(X,Y ,£.0.2,0.2,-0.6,2, FREQ,1, )+
PILCONT(X,Y,%,0.1,0,0, 0.7,3,FREQ,1,3}+
PILCONT(X,Y,2,0,1,0.0,,0.7.2,FREQ,1,
VAL=VAL+PILEONT(X,Y,%,-0.1,0.0, 0.7,2,FREQ,1,3)+
FILCONT(X,Y,T,-0.2,0.0,:0.7,2, PA2Q,1,3)+
FILCONT(X,Y,Z,0.0,-0.7, 0.5,2,FREQ,L,3)+
PILCONT x.v.z.o.a.-o.:.-u.a.z.rm. A+
PILCONT{X,Y,2,0.2,:0.18, 0.4,3,PREQ,1,3)}+
PILCONT(X,Y,2,0.3,-0.13,-0.4,3,FREG,1,3)
vu.-wuwnwou-r(x.v.z.o.z 0.0, 0.8,2,FAEQ,1,2)+
FILCONT(X,Y.Z,0.2,0.0,:0,6,3,FREQ,-1,2}+
nwou'r %, 0,0.3, 0.7.3, ruq.:.2)+
PILCONT T.2.PREQ,1,2)+
FILCONT FREQ,1,2)+
PILCONT
VAL+FILCONT{
PILCONTY
PILCONT{
FILCONT
FILCONT(
PILCONT(
vu.-n-ru.cou-r(x.
ONT(X,

VA

L)
0.8,0.0, 0.0,2,FRE
0,0.0,-0.0 :.rn:q.-l 2}
0,2,0:1, 0.48,2,FAEQ,1,2)+
0.2.-0.1.-0.“ 3, FREQ,-1,2)
0,18, O.T.I.Fﬂ.w.'l 1)+

8,.0.7,3,FREQ,-1,1}+
0.0, 0.88,2,FREQ,1,1)+
1,0.0,-0.08,2,FREQ,-1,1)+
w0:1-0.1, 0.8,2,FREQ,1,1)+4
=010 0.3,-0.5,2,FREQ,-1,1)

sanselennes

VAL

FILCONTY{
ILCONT{X,

I
VAL®VALHFILCONT(X
FILCO

.Y.Z.-O. ,0.0, 0.4,2,FREQ,1,1)4+

NT(X,Y,Z)-0.2,0,0,-0.4,2, FREQ+1,1)+

FILCONT!
PILCONT

X,Y,Z,0.1,s0.1, 0.7,2,FREQ,1,1)+
X, Y 2,0.14-0.1,-0.7,2,PREQ,-1,1)+
X,Y,Z,003+0.2, 0.8,2,FREQ,1,1)4

(X,¥,Z,0.2,-0:2,-0.0,2,FREQ,1,1)

€ PACaMEASURBRROR(1)

FAC=1.0

ANGuPHASE(VAL)"FAC*3.1412920/180.0

MAGuCABS(VAL)*FAC

VAL-HAG‘CMPLX(COHANG),SIN(ANG])

DIRICHLETVALYm10.0"VAL

END

c
cccocoetcecececeeecccececceccooccecccecccccccceccocccccecccCeccecccCCocccoccccoo
CAUBROUTINE THAT CALCULATES THE Z.COMPONENT OF THE MAGNETIC FIELD
COMPLEX FUNCTION DIRICHLETVALZ(X,Y,Z,FREQ)

REAL X,Y,Z,FREQ

c
IMPLICIT NONE
REAL umuuznnon,vun:,auo.u AG,FAC
COMPLEX FILCONT.VA
VALuFILCONT(X.Y .z.o.u.o.u, 0.7,3,PREQ,1,) 4
FILCONT(X,Y,2,0.0,0.0,:0.7,3, PREQ,1,3)+
PILCONT(X,Y,Z,0.3,0.2, 0.8,3, PREQ,1,3)+
PILCONT(X,¥,Z,0.2,0.2,:0.0,3,FREQ,1,3)+
PILCONT(X,Y,2,0.1,0.0, 0.7,3, PREGQ,1,3)+
PILCONT{X,Y,Z,0.1,0.0,:0.7,3, FREQ,1,3}
VALwVALHFILCONT(X,Y,Z,-0.3,0.0, 0.7,3,FREQ,1,2)+
FILCONT(X,Y,Z,-0.,0.0,:0.7,3,PREQ.1,3) 4+
PILCONT(X,Y,2,0.0,-0.3, 0.8,3,PREQ,1, %)+
FILCONT(X,Y,2,0.0,-0.2,-0,8,, FREQ,1,3)+
FILCONT(X,Y,Z,0.2,-0.18, 0.4,3, FREQ,1,3)+
PILCONT(X,Y,2,0.2,-0
VAL-VAI-—I-"WONT(
PILCONTY

3

I\ -uln'd-lﬂ.'ﬂquol.i)-i-
0.7,3,FREQ,1,3)+
T I'HIQF‘ 12+

FILCO

-0.
VAL-VAHFID&OW( fd.’l o, .!.PREQ. )+

B0
NT(X .v.s.-n.:.-n.aa.-o.n.a FAEQ,-1,3)+
FRAEQ,1,2)+

FILCONT(X,Y,Z,0.0,0.0, 0.0,3,
PILCONT
PILCONT(
PILCONT(X,Y,2,0.3,-0.1,:0.45,3,
VAUSVAL4FI bconr(x.v.z.o.x.o.u. 0.73,FREQ,1,1)+
PILCONT(X,Y, $,-0.7,3,PREQ,-1,1)+
m.cou'r X,¥\2,0.1,0.0, 0.68,3,PREQ,1,1)4
PILCONT (XY £,0.1,0.0,-0.85,3,PREQ,-1, 1)+
(X, ¥,2,.0.1,-0.1, 0.5,3,PREQ.11)+
NT(X,Y,2,-0.1,-0:1,-0.8,3,FREQ,1,1)
X,¥,2,-0.3,0,0, 0.4,3,FREQ,1,1)+
PILCONT(X,Y,Z,-0,3,0.0,-0.4, 3, FREQ,1,1)+
PILCONT{X,Y,Z,0.1,:0.1, 0.7,3,PREQ,1,1)+
PILCONT(X,Y,2,0.1,:0.1,:0,.7,3, FREQ,-1,1) &
PILCONT(X,Y,%,0.2,:0.2, 0.6,3,FREQ,t,1)+
PILCONT(X,Y,Z,0.2,:0.2,:0.0,3,PREQ,-1,1)
C FAC=MEASURERROA(L)
FACu1.0
Aua-pm\u(vnt.)'rAc'a.uunqm.n
MAGuCABE(VAL)®P.
vm.-nAa'cuP:.x(cos(mo) BIN{ANG))

s
ssassfacann

DIRICHLETVALZ=10.0°VAL -
:un
ECCCCCCCCeCCCCCECCCCCCECCCCCCECCECCCCCetsCCCCCCCCCCCeCeCecCeCcCcocee
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GRANDOM NUMBER CENERATOR SCALED FOR 18% EAROA{+-34B)
REAL PUNCTION MEASURERROR(X)
INTEGER X

c
I1MPLICIT NONE
INTEGER RAND
MEASUREARORS (RAND(X)/71233.0)+0.79
END
<
€ ¢ cCECCTEEEEEEaaaECEecCEceEeaOeceeCCCCCCaCeeeeeeeCeeeeEcceceeeeocce
U SROUTING THAT ACTUALLY COMPUTETHE DIFPERENT CONTRIBUTIONS TO THE FIELD
CRETURNE APROPRIATE VALUE ONLY
GX,v,z IS THE QUSERVATION POINT
COX,0Y,0% 15 THE SOURCE POINT
GAX'IS THE COMPONENT CONTRIBUTION DESIRED
AN T8 THE OMIENTATION OF THE IDEAL DIPOLE 1 IN SAX DIRGETION,-) IN .8AX
CSAX 18 THE AXIS ALONG WHICH THE DIPOLE 18 DIRECTED .
ALl VALUES ARR COMPUTED PROM A TRANSPORMATION, OF THE FIZLD VALUES
COENERATED BY A 2-DIRECTED DIPOLE.
COMPLEX PUNCTION FILCONT{X,Y,Z.0X%,0¥,0Z,AX,FREQ,DIREAX)
AEAL X,¥,Z,0X,0Y,0%,FREQ
INTEGER AX,DIREAX

c

IMPLICIT NONB

REAL R.TET.FI

COMPLEX VALZ(3),VALX(3),VALY(3)

e

VALE(AX)}mCMPLX(0.0,1.0)

VALX{AX)=CMPLX(0.0,0.0)

VALY(AX)mCMPLX(0.0,0.0}

IP {SAX.EQ.3) THEN
CALL CONVCARTOSFEZ(X,YZ,0X,0¥,0%,R,TET,F1)
CALL FOLE(R, TET.FLFAEQ.VALZ)
VALZ{1)mVALZ(1)*SIN(TET)*SIN(PI)"DIR
VALZ(2)m-VALZ(2)*SIN(TET)*COS{FI}*DIR
VALZ(A)mVALE{3)*0.0°DIN

ELSK I¥ (8AX.EG.1) THEN .
CALL CONVCARTOSPEZ(X,Y,2,0X,0Y,0%,R, TET,FI}
CALL POLE(R,TET.FIPREQ,VALX)
VALX({1)mVALX(1)*0.0*DIR
VALX{3)mVALX(2)*COS{TET)*DIR
VALX(3) = VALX(3)*SIN(TET}*SIN(FI)*DIR
L3B

CALL CONVCARTOSFEL(X,Y,Z,QX,0Y,0Z,R,TET,FI}
CALL POLE(R,TET,FLFAEQ. VALY)
VALY(1)m-VALY{1)*COS{TET)*DI%

VALY{2)m VALY(2)*0.0° DIR

VALY (3) = VALY{3)*SIN(TET)*COS(FI}*DIR

END IF

'LlogONT-VALI(AK)-I-VA LX{AX)}+VALY{AX)

i

]
©CCCOCaCECCCCiCCEteCCCCCOEtCeCCECCCCCCCCCCCecCececocecocecceecoccoo

CSUBROUTINE THAT CALCULATES DHDN PROM THE 2 POINT FORWARD DERIVATIVE
SUBRCUTINEG GETREALDHDN1{P,JPN,NOR,NP,N5,K)

REAL P{NP,3),NOR(J)K

CCMPLEX GPN{NFP,J)

g!-rmnu NP,NB

IMPLICIT NONB

COMPLEX GHD(},3),0H(1.3)
INTEGER LAX )L

BIAI. PDLLI)LMN, PL3).PA(I}

DO 10 Im1,NS
DO 18 Jmb,i,1
DO 30 L3
PD(3,L)wP({l,L)+0.001°J*NOR(L)
1P {3.8Q.0) P1{L)=PD(LL)
ap 1P (3.EQ.1) Pa(L)mPD{1,L)
IF (3.EG.0) CALL OETREALH(PD.GH,(1,1,K)
IF (1,XQ.1) CALL GETREALH{PD,OHD,1,1,K)
15 CONTINUE
MH=SQRT( gram.pmn"u-(p:(z).n(s))"um(a).m(sn--:)
QFN(,AX)=(GHD(1,AX}-GH(1,AX))/MN
5 CONTINUE
10 CONTINUE
BND .

CCCCCCCeCOCCCeCCCECCCCCCCCCCCCCCCCCCCCoCCCoCCCOCoCOLCoLLLLLbCLLLLLL
CEUBROUTINE THAT CALCULATES THE FIELD VALUES DUE TO A Z.DIRECTED DIPOLE
SUBROUTINE POLE(R,TET,FLLFREQ,VALY)

AEAL PREQ,A,TET,F!

gﬂﬂl‘b“ VALI(Y)

IMPLICIT NONE
COMPLEX IARGH,VALR,VAL
REAL K,P1

c

PluAGCOB(-1.0)
Km3.0°PI*FREQ*SQRT(8.05E-12°1,.26604E-0)
IM=CMPLX{0.0,1.0)

a

ARGH=.IM*K*R
VAL=CEXP{ARGH)/R/4.0/PL
VALRu{IM*K*VALA-VAL/R)

[ » otianted ldeal dip
VALI(1)=VALR

VALI{2)=VALR

VALI(I)=VALR

END

CCCCOCCCCCCCeOCCeocClCl TeCCocecCcCeccecccCocccoccCicCcecCoCeCiiiLlLiLLe
CSUBROUTING THAT CONVERTS THE DISTANCE FROM OBSERVA’

AL HOORDIANTES RVATION POINT TO SOURCE POINT
SUBROUTINEG CONVCARTOSFEZ(X,Y.2,0X,0Y,0Z,A,TET,F1)

allla X, ¥ XN TETFIOX0Y,08

IMPLICIT NONE
AEAL DX,DY,DE,PFI

e
PL=ACO8{:1.0) -
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DXmX.0X

DYmY-OY

DIunZ-0Z

CALL CONVCARTOSPE(DX,DY,DZ,R.TET.FLP1)

END

c
ceeeceecececececeoccceCeCccecceccocccccecocceccceccccecCocececicccccciLclLet
CSUBROUTINE THAT CONVERTS CARTESIAN COORDINATES TO SPHERICAL COORDINATES
SUBROUTINE CONVCARTOSFE(DX,DY,.0DZ,R,TET,FLPL)

REAL DX,DY,DZ,R,TET,F1,P1

c
::MPLICH‘ NONE

R=SQRT(DX**1+DY**24DZ°*2)

TETmACOS(DI/R)

¥ (R.£Q.0) TET=O.0

PI=mATAN(DY/DX)

IF (DX.8G.0) PIm0.0

1P {(DX.EQ.0).AND.{DY.GT.0)) FImPI/3

1F ({DX.EQ.0).AND.{DY.LT.0)) Flw.P1/3

1P ({DX.GT.0),AND.(DY.EQ.0}} Plm0.C

i? +iDX.LT.0), AND.(DY.EQ.0)) FimPL

IF ((UA.LT.0} AND,(DY.LT.0)) Fl=FI+PL

1F ({DX.1/1.0).AND.(DY.GT.0)) FlmPI+PI
END :
c
c:--z-xl;;..--z-.l‘x..xl----------.-z----:l(l;;----llhh‘;‘,hb‘,b‘_‘_‘_‘,‘.u
CSUBROUTINEG THAT CORRECTS THE ANGLE RETURN BY THE ATAN FUNCTION
SUBROUTINE ADIUSTTAN(DX,DY,P1,PY)
REAL DX,DY,PI1,P!

c
IMPLICIT NONB

c

17 (OX.EQ.0) Fim0.0

I¥ {(DX.EQ.0).AND.{DY.QT.0}) FiuPl/3

IF {{DX.EQ.0).AND.[DY.LT.0)) Flm-P1/2
1P ({DX.GT.0).AND.(DY.EQ.0)) Fim0.0
w» iDK.LT.OI.AND.(DY.BQ.O)) ri=Pl

IF ((DX.LT.0).AND.(DY.LT.0)) FI=FIi+PL
17 ({DX.LT.0).AND.(DY.GT.0)) Fi=FI+PL
END
c
P e e e e s eletulalalal el atulalelalelnlalolalaialalolal ol el alnl e al ol ol ol ol ol ol al s alel el edwl el el eloiatel efei ol ol ol ol ol ol ]
CPUNCTION THAT RETURNS THE PHASE OF AN IMAGINARY FIELD
REAL PUNCTION PHABE(VAL)
COMPLEX VAL

c
IMPLICIT NONE
REAL DX,DY . FI,FLANG

c
PleACOS(-1.0)
DXmABAL{VAL)

ty {DX.EQ.0) Fi=0.0

17 {(DX.EQ.0).AND,(DY.GT.0)) FI=P1/2
17 {{DX.EQ.0).,AND.(DY LT.0)) Fim=.P1/2
1P ({DX,GT.0).AND.(DY.EQ,0)) Fim0.0
IF ({(DX.LT.0) AND.{DY.EQ.0}) FlaPl

IF ((DX.LT.0}.AND.{DY.LT.0)) FlmFi+PL
t¥ ((DX.LT.0).AND.(DY.GT.0)) Fl=Fi+P]
ANQOuPI®180.0/P1

Ir {ANG.GT.180.0) ANGmANG.-380.0

IF {ANG.LT.-180.0) ANG=ANG+380.0
PHASEwANG

:ND

COCCCCCCrCCCCCOCCoCCCCeClCCCCCCCCoCoCCoCoCcCocceerceeceeecitceccccccecaca
CSUBAQUTINE THAT CONVERTS AN IMAGINARY FIELD TO POLAR FORM

SUBROUTINE CONVTOMAGFAZ{EX)

SOMPLIX EX

IMPLICIT NONE
lé!hb RVAL,IVAL,PHASE

RVAL=CABS(EX)
IVAL=PHASE(EX)
::;cum.xmw\u.m\m

CCCCCCCCCCCCCCCCC2ECCCCCCCCLCLCCCCCCLCCCCCCCLCCCCCCLLCCCOCLLLLLLL
CPUNCTION THAT COMI'UTES THAT CONTROLS IP' A VALUE 15 NEEDEDP FOR X-COMFPONENT
COMPLEX PUNCTION DIRICHVALXFL(X,Y,Z,FLG,FILEQ)

REAL X,Y,I,FAEQ

INTEGER FLG

c

IMPLICIT NONB

COMPLEX DIRICHLETVALX

IF (FLQ.2Q.009) THEN
DIRIGCHVALXPLaCMPLX{999.0,0.0)

ELSE

DIRICHVALXFLuDIAICHLETVALX(X,Y,Z,FREQ)
END 1P
END
f - e
-x----...x--.(--.-.Il(:(ll(l:xxl;x.;;;;---._..-(1-r--.||_(.1_|-c':ccccccc
CPUNCTION THAT COMPUTES THAT CONTROLS IF A VALY IS NEEDED FOR Y-COMPONENT
COMPLEX PUNCTION DIRICHVALYFL(X,Y,Z,FLO,FREQ)
AEAL X.Y,Z,FAZQ
INTEGQER FLG

c
IMPLICIT NONE
GCOMPLEX DIRICHLETVALY
1P {FLG. EQ.088) THEN
DIRICHYALYPLuCMPLX(099.0,0.0) -

ELSF. .

DIRICHVALYPL=DIRICHLETVALY({X,Y .2,y REQ)
ENDLP . ;
END -
CCCCCCCCCCCCCCCCLCCLCCCCLCCCCCOCCCCCCCCCCCCCCLCCCCLLLLOCOLLLLELLLCLL
CPUNCTION THAT COMPUTES THAT CONTROLS IF A VALUE IS NEEDED FOR 2-COMPONENT
EOMPLEX PUNCTION DIRICHVALZPFL{X,Y.Z,PLO.FREQ)
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REAL X,Y,Z,FREQ
INTEGER PLG

<

IMPLICTT NONE

COMPLEX DIRICHLETVALZ

IV (PLG.EQ.P88) THEN
DIRICHVALIPLuCMPLX (099.0,0.0)

EL3E
DIRICHVALZPLaDIRICHLETVALZ{X,Y 2,FPREQ)

END ¥

END

<
oo CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCUL L LLLLLLLLCLL L LL

<
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