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PREFACE

This document supercedes NASCAP User's Manual

NASA CR-135259.



SUMMARY

‘This document is a user's manual for the NASCAP code.
NASCAP simulates the charging process for a complex object in
either tenuous plasma (geosynchronous orbit) or ground test
(electron gun source} environment.

The user's manual begins by describing, in a general
way, the workings of NASCAP — user input and program -cutput.
It goes on to describe more specifically the program control
words, the structure of user input files, and the various
user options available. .



1. OVERVIEW

NASCAP (NASA Charging Analyzer Program) was developed
by Systems, Science and Software under contract to NASA-Lewis
Research Center. It simulates the charging process for a com-
plex object in either tenuous plasma (geosynchronous orbit) or
test tank (electron gun source) environment. It is an extremely
powerful and extremely flexible program, which allows user in-

put to determine the scope of the calculation.

The NASCAP user must define a spacecraft or test object
geometrically and electrically, and specify the plasma environ-
ment. The user may also alter any of a wide range of para-
meters affecting the calculation. Then NASCAP simulates the
charging process in a guasistatic fashion, alternately calcu-

lating currents -and potentials.

In each discrete timestep, NASCAP calculates the electron
flux, ion flux, and secondary, backscatter and photoemitted
fluxes for each area of the satellite. These fluxes are assumed
to hold for the length of one timestep, subject to the limits
imposed by the LIMCEL (LONGTIMESTEP) calculation. The charges
on the satellite are updated, and the electrostatic field is
calculated for the new charge distribution. This field cal-
culation involves solving Poisson's eguation for a computational

space of perhaps tens of thousands of points.

To begin the next timestep, satellite fluxes are cal-

culated on the basis of this new field.

The NASCAP code, in its present form, includes the fol-
lowing features:

e Full three-dimensional treatment of spacecraft
charging — NASCAP calculations accurately predict
phenomena which are beyond the range of 1-D and
2-D models.

PAGE_A  INTYHONALLY BLAN



Flexibility with defaults — the user can closely
tailor a NASCAP calculation to his or her parti-
cular needs through the use of extensive keyword
input. A beginning user can simplify input by

accepting program-defined default values.

Modular program control — the code is structured as
a set of separate modules which are called indivi-
dually, as needed by the user. This sharply re-

duces wasted computation.

LONGTIMESTEP option — the calculation proceeds in
discrete timesteps. Fach step includes a space-
craft charging cycle and a potential calculation
cycle. With the LONGTIMESTEP option, NASCAP can
take timesteps appropriate to the phenomena of
interest, without being restricted to the time scale

of rapid charging processes.

Choice of flux definition — the spacecraft environ-
ment can include one of four different flux types. —
test tank electron beam, isotropic Maxwellian, parti-

cle pushing, and double Maxwellian.

Levels of accuracy — the user can balance cost of
computation with need for accuracy by limiting the
number of potential solution iterations and shorten-

ing or lengthening the timestep.

Universal surface material — spacecraft surface
materials are 100 percent user defined. Any known
material or imagined material may be used. (This
manual includes suggested material properties for

some common substances.)

Efficient potential solver — the scaled conjugate
gradient technique allows an iterative solution to
Poisson's equation that converges in minutes, not

hours. of computer time,



gram.

© Conductor coupling — spacecraft conductors may be
defined as floating, held at fixed potential, or

biased relatiwve to one ancthexr.

® External file usage — external "scratch" files are
used eifficiently to minimize IO time. External
permanent files are automatically updated to allow

program restart.

® Automatic satellite rotation — the new ROTATE con-
trol word makes necessary adjustments to rotate the

satellite relative to the sun.
e Adjustable computaticnal grid.
¢ Optional uniform and dipolar magnetic £fields.
¢ Potential contour and charge contour plotting.
@ Satellite illustration with hidden line elimination.
e Shadowing of surfaces from incident sunlight.
¢ Adjustable output.

The NASCAP code is a large, highly segmented FORTRAN pro-

It requires 2000008 words (v65 K decimal) of core memory,

and several external storage files. For output, it regquires a

high-speed printer and some kind of graphics device. Presently,
there are versions of NASCAP running on a UNIVAC 1110 with
Tectronix graphics terminals (at NASA-LeRC), a UNIVAC 1100/81
with Gould plotter (at S3), and a CDC 6600 with Tektronix texr-
minal (at AFGL/Hanscom AFB).

The run time and output are highly variable, depending

on the problem the user runs. A short run may take less than

a minute, and a long run several hours.

usexr.

This manual is an attempt to introduce NASCAP to a new

We have tried to include, first, all the information

necessary to run the code and, second, enough description to

give the user some feeling for what 1s going on. This manual



is not intended either as a programming guide or as a scien-

tific description of the physics of NASCAP.

Chapter 2 (Input) is the most basic user orientation
chapter. Chapter 3 provides information on program output.
Chapter 4 discusses discretization of the physical problem.
Chapters 5 through 8 discuss in detail the various program
modules. Chapter 9 shows a sample NASCAP run. Finally, sub-

routine descriptions are given in Chapter 10.



2. INPUT

Two kinds of input are necessary to run NASCAP. First
is the machine~épecific job control input, which consists mainly

in assigning temporary and permanent files.,

Second is the NASCAP input. This includes a list of

control words which control the progress of the computation by

invoking modules of NASCAP. In addition, three input files are
used for a full NASCAP simulation. The keyword file required
by the RDOPT module, the object definition file (reguired by
OBJDEF), and the flux definition file (required by TRILIN)}, all
hold user-supplied data. By default these files are found in
file numbers 26, 20, and 22, respectively, but the user can
change these file numbers., or (by changing to file 5) incox-

porate these files into the runstream.

2.1 CONTROL WORDS

The seven control words and the function of the logical

NASCAP segment they invoke are as follows:

" Control

Word Function of Logical Segment

RDOPT — Call subroutine RDOPT to read options (see Section 4).
RDOPT must be called on entry to NASCAP, and may be
called subsequently to change options. (Options

need not be respecified unless changed.)
OBJDEF — Perform object definition.
SATPLT — Generate object display plots.

HIDCEL — Perform a shadowing calculation for sunlit cases.
Must be called before photoemission is calculated
unless the CONVEX option has been specified.

ROTATE — Calculates a new sun direction, and calls HIDCEL
if necessary.

CAPACI — Perform capacitance analysis of satellite. Must be
called prior to TRILIN for a new calculation.

TRILIN — Call TRILIN to perform charging and potential cal-
culations. Reads flux definition file.



NASCAP

RDOPT

OBJDEF * SATPLT

ROTATE
HIDCEL

CAPACI

TRILIN

Figure 2.1. Block diagram of the NASCAP code.




The control words RDOPT, OBJDEF, and TRILIN cause the
program to look for a keyword option file, an object defini-
tion file, and a flux definition file, respectively. SATPLT,
ROTATE, CAPACI, and HIDCEL assume that an object has already
been defined and user options hawve been selected. CAPACI,
SATPLT, and HIDCEL take no further input. ROTATE optionally

reads two cards.

2.2 CONTROL WORD ORDER

RDOPT is the one control word which must be present in
each run. In fact, RDOPT has to be the first control word in
all NASCAP runs. It is usually followed by OBJDEF, unless the

run is a restart of a previously set up problem.

Once the keyword options have been chosen and the object
has been defined, the user may call for SATPLT, TRILIN, HIDCEL,
or ROTATE, in any order. CAPACI must be called once, immediately
before the first TRILIN. 2All other control words may be re-

peated any number of times.

2.3 THREE INPUT FILES

The six control words cause subroutines of the same name
to be executed. Subroutine RDOPT is inveoked when control woxrd
RDOPT is encountered. RDOPT causes the reading of a keyword
option file in which the user can change default values for the
running of NASCAP., If all default values are accepted, the
keyword option file consists of one card, reading "END". The
keyword options file is file number 26, unless another number
is given on the RDOPT card. Additional information on this
and the other input files will be found in the section for the

corresponding control word.

An object definition file is read by OBJDEF. There is
no default object. You must provide an object definition. The

object definition file begins with a list of materials and



material properties. Then the user gives a list of building
blocks to define an object on the innermost grid. An object
is built from a set of six types of building blocks — rec-
tangular parallelepiped, right prism, tetrahedron, angled
wedge, octagonal right cylinder, and guasisphere (a solid with
26 faces). Two or more objects may be defined. The object

definition f£file is file 20.

_ There are four choices possible for flux definition.
Each time TRILIN is called, a flux definition is read. Dif-
ﬁerent fluxes can be used for different TRILIN calls. The
four flux types .are test tank electron beam, isotropic Max-
wellian, particle pushing, and double Maxwellian. The flux

definition is found on file 22.

The default file numbers for these three files can be
changed by putting an integer (I2 format) in columns 9~10 of
the RDOPT, OBJDEF, or TRILIN cards. If the file number is

changed to 5, the input stream must contain the information.

So a card punched "RDOPT 5" followed by a card punched
"END" could begin a run in which all default values are ac-
cepted.

2.4 RESTART FILES

If yvou are experimenting with different environments,
or you want to fiddle with other parameters such as timestep
or conductor bias, you will probably use the RESTART feature.
This allows you to run a few cycles of NASCAP, stop and look
at the results, then continue. The restart calculation will
bring back the same object and the same potential and charge

arrays. Keyword options may be changed if desired.

NASCAP automatically writes out the information it
needs for restart on six files. By default, these six files
have logical unit numbers 10, 15, 16, 17, 19, and 21, but the
file numbers for any files can be changed through keyword

input.

10



The main duty of the restart user is to ensure that
these six files are saved as permanent files between the
initial run and the restart run. This reguires a few cards
in the runstream. Aside from preserving these six files, the
user need only insert a "RESTART" card intc the keyword file
on the second, or restart, run. If the "RESTART" keyword is
omitted, TRILIN will begin with timestep 1 for an uncharged
object.

2.5 PROGRAM FLOW

The main uses of the NASCAP code fall naturally into
two categories — pure object definition and potential cal-

culations.

2.5.1 Object Definition

A large amount of processing is necessary to take the
user input of satellite "building blocks" and turn it into a
form that NASCAP can use for calculations. The code must
generate a list of surface cells and their attributes, as well
as a list of volume elements that are partially filled with a
piece of the satellite. In addition, there are lists de-—
scribing the electrical connectivity of the object and other

miscellaneous tables,

In order to be sure that object definition is proceeding
properly, the user will generally make a few runs purely for
the purpose of defining and displaying the object. To make such
a run, the control words RDOPT, OBJDEF, and SATPLT are used, in
that order. A keyword option file and object definition file

are needed.

FPigure 2.2 shows a complicated NASCAP object. The plot
was automatically generated by HIDCEL.

11
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Hidden line plot of object defined for NASCAP.




2.5.2 Charging Simulation

A charging simulation (control word TRILIN) requires a
set of keyword options, a defined object, and an electrical
environment. It also requires one call of CAPACI. It pro-
ceeds with a series of alternate charging cycles and potential
cycles, one for each timestep as specified by the user in the
keyword file.

A charging simulation may be run along with object de-
finition, or may be restarted from previcus runs. So if you
wanted to test one object in different flux environments, you
could do it in two ways. To do everything in one run, you
would call for RDOPT, OBJDEF, SATPLT, CAPACI, TRILIN, TRILIN.
In this case two different flux definitions would be provided

by the user.

If yvou wanted to look at the results of the first few
timesteps of a simulation before continuing, you would use a
restart calculation. The initial run would go RDOPT, OBJDEF,
SATPLT, CAPACI, TRILIN. Then you would add a RESTART card to
the keyword file. The second run would go RDOPT, -TRILIN.

Do not call CAPACI again on a restart run. For these restart
runs vou would catalogue files 10, 15, 16, 17, 19, and 21 as

permanent files.

In the above charging simulations, photoemission is not
a significant factor. To include photoemiésion, we would have
to have set a sun inteénsity in the keyword file and have called
HIDCEL before the first TRILIN.

i3



3. OUTPUT

Each section of NASCAP has its distinctive printed out-
put section to let you know it has been called and is doing
something. Some sections also have graphical output. Follow-

ing is a section by section account of what to expect.

3.1 RDOPT

The RDOPT Section .gives a 'check on the user's choice of
keyword options. It prints a list of the value of all keyword
variables, including the default values of those for which the

user has not specified changes.

3.2 OBJDEF

The object definition section of NASCAP has no graphical
output of its own. The user must call SATPLT to get a satel-
lite picture. But OBJDEF does provide printed output that is

valuable for diagnostic purpeses.

OBJDEF prints a summary of material properties, a sur-
face cell list, and a short volume element table. For informa-
tion. on the structure and use of these outputs, see the OBJDEF

section of this report.

3.3 SATPLT

SATPLT generates just enough printer output to let you
know it has been called. However, it generates a good deal of
graphical output. By default, SATPLT generates six material
plots — views of the satellite in which each surface cell is
shaded according to surface material. The user can specify
additional material plot views through the NDIV keyword. Also
by default, six 3-D satellite illustration plots are drawn.
These are generated by three calls to subroutine HIDCEL. From

each of three directions we see the satellite composed of



building blocks, including hidden lines. Then we see the
satellite as a set of surface cells, with hidden lines ra-
moved. Additional satellite illustration plots can be called
for with the NDIR keyword.

3.4 TRILIN

TRILIN generates the bulk of NASCAP output. It runs
through a user-specified number of timesteps, each timestep
consisting of a charge cycle and a potential cycle. Each charge
cycle produces flux data for all surface cells in which the user
has expressed interest (through the SURFACE CELL keywoxrd). If
no surface cell has been specified, the information is printed
for cell number 1.

.The potential section gives a running commentary on the
value of certain variables concerned with potential convergence.
At the end of the potential cycle, a printer plot shows the
rate of convergence. After the end of the last time cycle,

potential values for all points in computational space are
printed out.

All graphical output from TRILIN is optional. The defaul
is no graphical output. By using the keywords ICON, IROUSP,
ITCUR; and IPART-ITPART, the user can call for potential contour
plots, charge contour plots, current contour plots, and particle
trajectory plots. The default contour plots show three cuts of
constant ﬁ, Y, and 7 through the middle of computational space.
Additional cuts can be requested through the NCON keyword.

3.5 HIDCEL — ROTATE

ROTATE merely generates one call to HIDCEL each time it
occurs in the runstream. It passes HIDCEL a sun direction cal-
culated from the current timestep and the user-specified rota-

tion values.
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HIDCEL prints only one line — the wvalue of a variable
called NAl. This lets you know it has been called. It also
generates two frames of graphical output. The first plot
shows the user building blocks as they appear from the sun
direction, all lines show. The second shows the code-generated
surface cells, from the same direction, with hidden lines re-

moved.

Finally, HIDCEL writes out on mass storage the percentage
exposure for each surface cell, to be used later by the charge
section of TRILIN.

3.6 CAPACI

The main work of CAPACI is to make a preparatory call to
subroutine TRILIN. Therefore the CAPACI output is merely the
output from TRILIN, except that it is headed by an echo of the
CAPACI control word card.

3.7 A NOTE ON RESTARTING

Aside from printed and graphical output, NASCAP also
writes data onto mass storage files for later proézgﬁ restart.
If the user wants to preserve this data, he must insure that
logical unit numbers 10, 15, 16, 17, 19, and 21 refer to per-
manent files. Otherwise, the data will be written on temporary

files, it will be lost, and restart will be impossible.

Figure 3.1 shows another view of the NASCAP object in
Figure 2.2.
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Another view of object in Figure 2.2.

Figure 3.1.
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4. A CAST OF THOUSANDS

One problem for anyone trying to figure out the physics
or coding of NASCAP is trying to decide just what approxima-
tions are made. How is the continuous physical problem turned
into a discrete computer model? What are the important data
structures that are manipulated? This section is meant to be
an informal: introduction to some of the most important charac-

ters in the NASCAP cast of variables and arrays.

The basic fact about NASCAP is that everything takes
place on a three-dimensional grid of dimension 17 by 17 by
4n+l (4 < n < 8). There is a series of these grids, each larger
than the one before, and containing the preceding one as a sub-

grid.

For a maximum grid (17 x 17 x 33), the grid lines will
intersect at 9537 points. The grid can equally well be thought
of as this collection of points, or as the 8192 cubic spaces
(16 x 16 x 32) that -lie between the grid lines. Each larger
grid has a mesh spacing exactly twice that of the one before.
So the cubic volume spaces of any grid are eight times the

size of the next smaller grid.

But let us focus on the innermost grid, grid #1. It is
here that the bulk of the spacecraft resides, and here that the
most complicated calculations take place. Here we f£ind examples
of every type of NASCAP abstractioﬁ. We will briefly intro-
duce five of them — points, volumes, surfaces, conductors, and
fields.

4.1 POINTS

On our grid of 17 x 17 x 33, each grid point is uniquely
identified by an ordered triple (i,j,k) where i and j run from
1 to 17 and k ranges from 1 to 33. There is a potential asso-

ciated with each point on the grid, and we keep track of these
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with a potential array called P. So the potential at point
x =5,y =15, 2 = 9, is just the array entry P(5,15,9).

The potential at a location somewhere in space in be-
tween grid points is easily found. We just linearly (or tri-
linearly) interpolate from the potentials at the closest grid
points. So we have potentials for all of computational space,

once we have solved for potentials at the grid points.

To solve Poisson's equation and find these potentials,
we need to know the distribution of electrical charge in the
system. One way to do this would be to introduce a large
number of charges, and constantly keep track of their spacial
location. But this would be tco slow to ke practical. So we
have anocther array called ROUS that stores an elect;ical charge
value for each point on the grid. Then if we know for some
reason there is a charged particle at some location in space
(not right on top of a grid point) we reverse interpolate that
amount of charge and store a fraction of it at each of the

nearest grid points.

These two arrays, the potential array P and the charge
array ROUS, tell us most of what we need to know about the
electrical environment. In particular, the electric field at

any location can be calculated from the potential array.

Currently being implemented in the NASCAP code is a
scheme to "get in between"” the grid points, by introducing at
locations of interest a limited number of “"subdivision points”.
This will make it possible to store charges and directly cal-
culate potentials at selected points that do not happen to
fall on the grid.

Figure 4.1 illustrates in two dimensions the nesting of
cdmputational grids.
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4,2 VOLUMES

If there are 17 x 17 x 33 points on our three-dimen-
sional grid, then in between the grid points there are 16 x
16 x 32 three-dimensional unit cube spaces. In NASCAP these
little cubes are referred to as cubic volume elements or

volume elts. Each volume elt has eight vertices, each of Wwhich

can be found as an entry in the potential and charge arrays.
Likewise, each grid point serves as a vertex for the eight

volume elts around it in space.

The process of spacecraft definition is in part a pro-
cess of specifying which volume elts are occupied by the space-
craft. Some elts will be completely occupied, some will repre-
sent empty space, and some will be partly occupied and partly
empty. NASCAP keeps a table called the element table which is

created at object definition time and specifies exactly what

is the location and shape of the object.

One limitation of this method is that no part of the
spacecraft can be modeled to be thinner than a volume element.
We are currently implementing a way to represent thin plates

and rods in the computaticnal space.

4.3 SURFACES

The spacecraft surface — the boundary between filled
space and empty space — is a very busy place. NASCAP per-
forms vexry sophisticated calculations for this area, including
the effects of incident particle flux, secondary emissions,
electron backscatter, and photocurrent. A significant part
of object definition is descriking the surface material of

every exposed part of the cobject.

The unit of spacecraft surface is the surface cell.

Every surface cell is either the boundary between an occupied

volume elt and an empty space volume elt, or it is the boundary
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between the filled and empty portion of a partly occupied elt.
The surface cell shapes that result from object definition
are four: unit square, rectangle, right triangle, and equi-

lateral triangle.

There is a list of all the surface cells, called as you
would expect, the surface cell list. This list contains such
information as whether the surface is bare conductor or coated
with a dielectric. There is a pointer to a list of material
properties to indicate the response of each surface cell to

a given local environment.

Grid points that lie on the.spacecraft surface get
special treatment. A separate list is kept of surface noedes
and the surface cells they bound. The fact that they are not
surrounded by empty space makes the 'special handling neces-

sary.

4.4 CONDUCTORS

Conductors, like points, have potential and charge arrays.
Unlike a point, a conductor can be in several places at once,
lying beneath surface cells all over the spacecraft body. There
may be up to seven conductors specified, and each surface cell

must claim one for its own.

Conductor #1 is considered to be spacecraft ground, and
other conductors may be floating, fixed to a certain potential,
or biased with respect to #1l. In addition, any two conductors

may be capacitively coupled, as desired by the user.

4.5 FIELDS

Pields per se have no peérmanent representation. They
are calculated when needed from other information that is per-

manently stored.

22



Electric fields are ‘calculated when needed from the
potentials of adjacent grid poinits. The magnetic field at
any point is the sum of a user-gspecified constant field plus

the effects of any user—specified magnetic dipoles.
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5. RDOPT

The RDOPT input file consists of any number of keyword

options, in any order. The last card must be an END card.

Although there are many keyword bptions, the user need
not concern himself with the complete set. Default values are
supplied for all keywords. A non-trivial program can be run

in which the entire RDOPT file contains only an END card.

Aside from the COMMENT and END cards, the keywords break
down into five categories. Space Description options allow the

user to tailor certain physical properties of the computational

space. Object Description is concerned with potentials on

spacecraft conductérs. Program Control gives the user various

ways to affect the progress of the calculation. This includes
such parameters as the length and number of time cycles and

the way that potentials are calculated.

The first keywords in the Output Control section
(SURFACE CELIL, ICNVP, APRT)} control the amount of printed out-

put. The rest of the keywords are requests for optional plots

on a graphics device.

The final keyword category is File Numbers.
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5.1 KEYWORD CARD FORMATS

The standard keyword card format is as follows: a key-
word in columns 1-10, data if necessary in columns 21-30, 31-40,
41-50, etc. Standard integer data is read in I10 format, which
requires integers to be right-justified in a ten character
field. All real number data is read in F10.0 format. This
allows a real number anywhere within the ten character field,

so long as a decimal point is used.

Non-gstandard data formats are used on keyword cards
TANKSIZE, CIJ, and NDIV. Also, keyword cards NCON, NDIR, and
NDIV request additional data cards that do not have keywords,

and have data fields starting in column 1.

In Section 5.3, keyword meanings and formats are shown.

Remember that keyword card data begins in column 21.
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5.2 KEYWORDS LISTED ALPHABETICALLY

Keywoxrd Default Keyword Default
APRT 1 TPREST 0
BFIELD (0.,0.,0.) IR 12
BIAS - IROUS 15
an) - TROUSP 0
COMMENT - _ ISAT 20
CONVEX - ISPARE 14
DELFAC 1.0 ITCUR 0
DELTA .001 ITPART 0
DIPOLE - ITYPE
END - IU 13
FIXP - LONGTIMESTEP-
IAREL 27 NOLONG -
TAUN 11 MAXITR 10
ICNOW 21 MCYC 1
ICNVP NCON 0
LCON NCYC 1
ICREST NDIR 0
- 05 NDIV (0,0,0,0,0,0)
IFLUX 22 NG 2
IREYWD 26 Nz 33
ILTBL 17 RESTART B
OB 18 SgégngOSCALE )
IOBPLT 19 SECOND _
TOUTER 0 SUNDIR (1.,1.,1.)
P 10 SUNINT 0.
IPART 28 SURFACE CELL 1
TPQCND 16 TANKSIZE (1,N2)
XMESH 0.1
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5.3

Keyword

COMMENT

END

NZ

NG

ITYPE

SUNDIR

SUNINT

Default

KEYWORD MEANINGS BY CATEGORY

Meaning and Format

Comment and End

N.A.
N.A.

Ignore this card.

Stop reading keyword cards.

Space Description

33

(1.,1.,1.)

Number of z-direction grid points.
Must be of the form 4n+l, with
4 <n < 8. (I10)

Number of nested NX x NY x NZ grids.
Potential solving is done in NG
grids; particle tracking is done
in at most two grids. (I10)

Flux definition flag. (T10)
ITYPE

Il

1 implies test tank case.

ITYPE = 2 implies isotropic Max-
wellian plasma approximation.

ITYPE = 3 implies particle-pushing
space case (experimental data or
Maxwellian ambient plasma).

ITYPE = 4 implies double Maxwellian
plasma approximation.

The flux type from the keyword
(RDOPT) file must be the same as
the flux type given in the flux
definition (TRILIN) file.

Vector indicating direction from
center of inner grid to sun for
shadowing calculation. SUNDIR will
be used to calculate new shadowed
areas only if HIDCEL or ROTATE is
called. SUNDIR need not be nor-
malized. (3F710.0)

Solar intensity in units of 1
solar constant. If # 0 either
CONVEX option must be specified or
HIDCEL must be called prior to
first TRILIN. (F10.0)
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Kevword

XMESH

TANKSIZE

BFIELD

DIPOLE

28

Default

Meaning and Format

Space Description (Continued)

0.1

(1,N%)

(0.,0.,0.)

N.A.

Distance bhetween innermost mesh
grid points. (F10.0)

The %-dimension of the outer grid
may be truncated from the' left
and/or right. (The outer grid must
inelude the next inner grid.) (2I5)

Constant magnetic field in
Webers/mz. (3F10.0)

Data P(3), R(3} ... magnetic di-
pole with moment P (A—mz) at loca-
tion R (grid units). (6F10.0)



Keyword

CIJ

BIAS

CONVEX

FIXP

Default

Meaning and Format

Object Description

(empty space
capacitance
value be-
tween con-—
ductors)-

{no con-
ductor bias)

(all con-—-
ductors
float)

Data I, J, C ... Capacitance C
(farads) between conductors I.
and J. This is to be used for
conductors which are glued to-
gether or are separated by a thin
insulating layer; capaciltance be-
tween disjoint conductors is
handled implicitly. (2I5, F10.0)

Data I, VBIAS ... Conductor I to
be biased at VBIAS (volts) rela-
tive to conductor 1, which is con-
sidered spacecraft ground. Bias-
ing must be done in order, begin-
ning with conductor 2. (I10, F10.0)

Satellite is convex. Allows photo-
emission calculation {(i.e.,

SUNINT # 0) in TRILIN without ever
calling HIDCEL. Surface cell il-
lumination determined solely by
angle to sun.

Data I, VFIX ... Potential of
conductor I to be fixed at VFIX.
Spacecraft ground {(conductor 1)
may be fixed. (I1l0, F10.0)
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Keyword Default Meaning and Format

Program Control

IOUTER 0 Boundary condition and potential
initial guess option. (I10)

IOUTER = 0 implies begin with zero
potential everywhere.

IOUTER = 1 implies begin with 1/r
potentials on outer boundary of
system; zeroes in all other loca-
tions. (Not recommended.)

IOUTER = 2 implies begin with 1/r
potentials everywhere.

IOUTER = =N (negative integer) im-
plies multiply previous potentials
and charges by 10~N if ICREST = 0

and IPREST = 1l. (Start at cycle 1
with scaled version of previously

calculated potentials.

MAXITR 10 Number of potential iterations
desired. Zero is allowed; 50 is
a suggested maximum. {(Note pos-
sibility of potential restart.) (Il0)

NCYC 1 Number: of time cycles to be run.(Il0)

MCYC 1 POTENT call flag. (I1l0)

MCYC = 0 implies POTENT will not
be called to calculate new poten-
tials; scaled potentials will be
used.

MCYC > 0 implies POTENT will be
called every MCYC time cycles be-
ginning with cycle 1.

DELTA .001 Length of time step in seconds for
one charging cycle (time cycle)}.(¥10.0)

DELFAC 1.0 Factor by which DELTA is multiplied
at each cycle. (¥10.0)
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Keyword

LONGTIMESTEP—
NOLONG

SCALE-NOSCALE-
DSCALE

SECOND

ICREST
IPREST

RESTART

Default

Meaning and Format

Program Control (Continued)

NOLONG

(see
meaning)

'ANGLE'

N.A.

The LONGTIMESTEP? option invokes
the LIMCEI routine, which causes
the satellite to be charged in
an implicit fashion. If the
satellite is charged explicitly,
(NOLONG) then the chosen time-
step must be characteristic of
the most rapid physical process.

The potential may be scaled from
the previous result according to
the total charge prior to the
conjugate gradient calculation.
The default is SCALE if conductor
1 is floating and NOSCALE if con-
ductor 1 is fixed.

DSCALE causes potential to be
scaled according to [total
charge - (sum of charge on fixed
potential conductors)]. {Often
appropriate to ground-test simu-
lations.)

The secondary emission formulation
keyword 'SECOND' allows the user

to specify a literal {(starting in
column 21) to be passed to the
current emission routines BSCAT,
ELSEC, and PROSEC. {The wvalue is
placed in the variable SEEMIT of
common block/MOROPT/, and takes

the default value of 'ANGLE'.)

The only other currently imple-
mented value is 'NORMAL', which
causes PROSEC and ELSEC (but not
BSCAT) to ignore angular dependence
of the emission coefficients. Any
other value is ignored. A sophis-
ticated user may wish to use this
flexibility to implement his own al-
ternative emission formulations. (A6}

Restart flag. See Table 5.1. (I10)
Restart f£lag. See Table 5.1. {£10)
Calls for restart calculation.

Equivalent to ICREST = IPREST = 1. (I10)
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(A3

ICREST

0 or 1

IPREST IOUTER
0 >0
1. ignored
1 >0
1 -n

-n E'—0

TABLE 5.1

RESTART OPTIONS

Description

New problem.

Full restart at new cycle. (Equivalent
to RESTART keyword.)

Potential restart. Start with potential

calculation for final cycle of previous
run.

New start on a problem which has been
done previously; &.g9., in a different
environment. Start with cycle 1, t = 0,
with initial charges and potentials 10™I
times those at end of preceding run, then
scale appropriately.

Same as IPREST = 1 above, except poten-
tials are obtained from file n rather
than file IP.



Keyword Default Meaning and Format

Qutput Control

SURFACE CELL 1 Print detalled information for
specified surface cell. If
particle plots are made, they
are for the lowest numbered
such cell. {(I10)

ICNVP 1 Potential convergence printer plot
flag indicating whether or not and
how often printer plots of converg-—
ence data are desired. (I10)

ICNVP = 0 implies no plots.

ICNVP > 0 implies plot convergence
data every ICNVP time cycles
starting with cycle 1.

APRT . i This is the number of grids for
which potentials will be printed
at the end of each potential
cycle. Allowed values range from
0 {no potentials printed) to
NG (potential at all points of
all grids printed). (I1l0)

ICON 0 Potential contour plot flag indi-
' cating whether or not and how often
potential contour plots are de-
sired. (I10)

TCON < 0 implies no plots.

ICON > 0 implies plot potential
contours every ICON time cycles,
starting with cycle 1.

ITPART 0 Plot flag for tank test particle
trajectory plots. (I1l0)
ITPART = 0 implies no plots.

ITPART # 0 implies plot particle
trajectories.

33



Keyword Default Meaning and Format

Output Control (Continued)

ITCUR 0 Plot flag for tank test current
contour plots. (I1l0)

ITCUR = 0 implies no plots.
ITCUR # 0 implies plot current
contours.

IROUSP 0 Plot flag for ROUS (space charge
density) contour plot. (I1l0)
IROUSP = 0 implies no plots.
IROUSP # 0 implies plot final
ROUS contours.

NCON 0 NCON is the number of additional

potential contour plot cuts de-
sired.

If NCON is non-zero, we read:

READ 3010, ((ICNOPT(I,J).,I = 1,2},
J = 1, NCON)

3010 FORMAT (15I5)

ICNOPT(1,J) = 1, 2, or 3 indicating
the Jth cut is through fixed x, vy,
or z plane.

ICNOPT(2,J) is an integer between
1 and NX, NY, or NZ (depending on
ICNOPT(1,J), indicating the fixed
value of the cut. This value is
in units of the next-to-inner
grid.
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Reyword bDefault Meaning and Format

Output Control (Continued)

NDIR 0 NDIR is the number of additional
viewing directions for which the
3-D satellite illustration plots
are desired. .

If NDIR is non-zero, we read:
DO100 I = 1, NDIR

READ 1030, (DIROPT(J,I}), J = 1,3)
100 CONTINUE

1030 FORMAT (3F10.0)

DIROPT{1,I), DIROPT{(2,I), and
DIRCOPT(3,I) form the direction-
of-view vector from the satellite
center to the viewer for the Ith
optional view. DIROPT need not
be normalized.
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Keyword

NDIV

36

Default

Meaning and Fermat

Qutput Control (Continued)

(0,0,0,0,0,0)

Extra material plots. FORMAT (6I5)
in columns 26-55, not columns 21-50.
NDIV(I}) is the number of extra
division plots desired for the Ith
view of the material composition
silhouette plots (views 1 through

6 correspond to +x, -x, +y, -V,

+z, and -z}.

For each non-zero entry of NDIV,
we read one card:

DO 200 IVIEW = 1,6
NDIVI = NDIV(IVIEW)
If (NDIVI.EQ.O0) go to 200

READ 3020, IVIEWZ, ((NDVAL(I,J,
IVIEW2), I = 1,2), J = 1, NDIVI)

If (IVIEW2.NE.IVIEW) RETURN 0
3020 FORMAT (I5, 5X, 1015}
200 CONTINUE

For a given view IVIEW, a card
is read in with a check variable
IVIEWZ (which must equal IVIEW)
and NDVAL. NDVAL(l,J,IVIEW2) and
NDVAL(2,J,IVIEW2) are the lower
and upper limits of the Jth
optional division for view IVIEW.
The optional plot for this divi-
sion will plot shaded surface
areas for only those cells which
lie within these limits {(limits
for the default plots are 1 to
NX, 1 to NY, and 1 to NZ).



File Numbers

File number keywords are IP, IAUN, IR, IU, ISPARE,

- IROUS, IPQCND, ILTBL, IOBJ, IOEPLT, ISAT, ICNOW, IFLUX, IDIV,

IKEYWD, IAREA, and IPART. The default file number and file

purpose for each is shown in Table 5.2. File usage is broken

down by code section in Table 5.3.

Default file numbers for ISAT, IFﬁUX, and IKEYWD can
also be changed by using the optional LUN (logical unit
number) specification on the OBJDEF, TRILIN, and RDOPT con-
trol cards, respectively. The LUN, if present, is read in

I2 format from columns 9 and 10.
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TABLE 5.2

AUXILIARY FILE NUMBERS, NAMES, AND USAGE

User Input - Regtart Scratch
20 ISAT (OBJDEF) 10 IP (potential} 11 IAUN
22 IFLUX {(TRILIN) 15 IRQUS (charge) 12 IR
26 IREYWD (RDOPT) 16 IPQCND (various) 13 IU \ g?gg‘;gize
17 ILTBL (element table) 14 ISPARE
18 IOBJ (subdivision) 25 IDIV /
19 IOBPLT (various) 28 IPART (plots)

21 ICNOW (surface charge)

27 IAREA (booms)

NOTE: For a NASCAP run that is not a RESTART, when no further restart is anticipated,

there is no difference between Restart files and Scratch files.



6€

Section

RDOPT

OBJDEF

SATPLT

ROTATE
— HIDCEL

CAPACI

TRILIN

DETECT

TABLE 5.3

FILE USAGE BY CODE SECTION

User.Input

26

20

(user specified,
if any)

22

(user specified,
if any)

Restart
21
17,18,19,21,27
i9
16,19,21

10,15,16,17,18,19,
21,27

(all restart files)

10,15,16,17,18,19,
21,27

(all restart files)

10,15,16,17,18

Scratch

14

11,12,13,14,25,28

{({all scratch files)

11,12,13,14,25,28

{all scratch files)

11,12,13,14,28



5.4 SAMPLE KEYWORD FILES

Here we have three examples of keyword files to be read
by RDOPT. They are shown in example 5.1.

File 'USED' is the one used for the sample run —
Chapter 9. The keyword meanings are, in order of appearance:
The computational grid will be 17 x 17 x 17. There will be
just one such grid (NG). Boundary conditions will be 1/r and
initial guess potentials will be 1/r (IOUTER = 2). For each
potential solution, 20 iterations will be taken. (MAXITR). The
sun will be located in the direction (1,1,-1/2) (SUNDIR), and
will have intensity of 1 a.u. (SUNINT). The timestep for each
cycle (there is only one time cycle for each TRILIN call, as
NCYC has the default value of 1) will be 1/10 second (DELTA).
The LONGTIMESTEP option will be used. Finally, potential con-
tour plots are requested at the end of each time cycle.

File 'END' has just one card — the 'END' card.
This is a complete keyword file as it stands. All keywords
assume their default values, and you can proceed with object

definition, or even a complete charging simulation.,

File 'NOTUSED' shows some other keywords. XMESH
sets the grid spacing for the innermost grid to 0.25 meter.
(Each outer grid has twice the spacing of the one before.} In
this run there would be two nested grids, as NG adopts the
default value of 2. BFIELD sets up a constant magnetic field
with x, v, and z components given in Webers/mz. FIXp fixes
the potential of conductor #1 {spacecraft ground) at zero.
NCYC, DELTA, and DELFAC together determine that there will be
10 time cycles, the first will be 0.1 second, the next will
be 0.15 second, and so on, each 1.5 times the one before.
SURFACE CELL will cause flux information to be printed for
surface cell #15. Potentials for both grids will be printed at
the end of each TRILIN invécation (APRT = 2). IROUSP asks for

charge contour plots. NCON requests extra potential contour
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pPlots — one each at the planes X = 6 and Y = 6 in outer grid
units. In innexr grid units this would correspond té X =3

or ¥ = 3. X or ¥ = 9 would mean the same plane (mesh center)
in either grid. Finally the user changes the file number for

IP (potential array) to 29, instead of the default of file 10.



mAEkFE  CND  wEdrdz

1. END

$zemwx®  NGTUSED sxwxdss
1. XMESH 25
Ze BFIZLD C. =-.080C40 LUGC04uS
2. FIXP 1 €.
4, NCYC 14
5, DELTA o1
£ DELFAC 1.5
7. SURFACE CELL 15
£, APRT Z
S, TRQUSP 1
ic. NCON 2
11. 1 & 2 &
12. 1P 25 4,
F ML AT
12. KD @@%%
Q@ @%%\
%, le
xEREE  USED  mwsdmsod '
1. NZ 17
2. NG 1
3. IQUTER 2
T MAXITR - 20
5. SUNDIR 1. la =.5
6. SUNINT l.
T DELTA ol
£ LONGTIHESTELF
G . ICon 1
1G. END

Example 5.1. Three keyword files. The bottom file is used as the
keyword input file for the sample run in Chapter 9.
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&, OBJDEF

When describing a complicated three-dimensional object,
people are apt to use sketches, hand gestures, and the expres-
gsion, "It's like ...." An object definition that NASCAP under-
stands must be limited to words and numbers, which can seem at

times awkward and unwieldly.

NASCAP needs for its computations several detailed lists
indicating which grid points touch on what surface material and
which conductors lie below. The user obhviously does not want
to describe the object cne grid point at a time. Therefore,

the user needs only know about what we call user building blocks.

These can be used to describe simple objects very simply, yet
they can also be used for the most complicated objects NASCAP
can handle. (The more complicated objects generally require

building block overlap — see Overlap section).

The program takes the building block information and
generates its own lists of smaller-blocks and surface cells.
Beyond verifying that this code breakdown does indeed represent

the proper object, the user can largely ignore this process.
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6.1 USER BUILDING BLOCKS

These six building blocks represent the basic shapes
you would imagine necessary. There is a rectangular parallele-
piped, a wedge, and a tetrahedron. There are objects to gen-
erate the best approximation we can make to a sphere and a

cylinder, and there is a special object called FILLlll.

Our computational scheme demands two basic restrictions
on the objects to be defined. First, no dimensions can bhe
smaller than one grid unit. Second, any surface must be nor-

mal to one of the twenty-six symmetry directions of the cubic

mesh.

For pictures of the six user building blocks, see

Figure 6.1.
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Figure 6.1.

Z”
The six building block types are shown here. The
uppermost object shows a FIL1lll smoothing a corner.
Below, from left to right are gquasisphere, octagon
right cylinder, tetrahedron, wedge, and rectangular
parzllelepiped.



6.2 MATERIALS

In addition to object shape and position, the user has to
tell NASCAP what the surface materials are all around the object
boundary. Surface materials can be anything at all, as the user
defines the materials. Each exposed surface must be associated
with some surface material. Otherwise the surface will be "in-
visible" to NASCAP. (Exception: The octagon and quasisphere
surfaces default to the first defined material if none is speci-

fied.)

The present version of NASCAP makes use of fourteen mate-
rial properties; storage is provided for twenty. The twenty
values are read on three cards following the material name using
FORMAT (F10.0). The input values are converted to code values

by subroutine MATPRO and its subsidiary routines.

Property 1l: . Relative dielectric constant (dimensionless).

Property 2: Thickness of dielectric f£film or vacuum gap
(meters) .

Property 3: Electrical conductivity (mho/m). The wvalue
-1. indicates a vacuum gap over a conducting
surface.

Property 4: Atomic number (dimensionless}.

Property 5: Maximum secondary electron yield for electron

impact at normal incidence (dimensionless).

Property 6: Primary electron energy to produce maximum
yield at normal incidence (keV).

Properties 7-10: Range for incident electrons. Either:

P P
Range = P7E 8 + P9E 10

where the range is in angstroms and for the
energy in kev,

or

Py, = -1. to indicate use of Feldman's 1]
empirical range formula

Py = density (g/cm3)

PlO = mean atomic weight (dimensionless).
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Property 1ll:

Property 12:

Property 13:

Property 14:

Secondary electron yield for normally inci-
dent 1 keV protons.

Proton energy to produce maximum secondary
electron yield (kev).

Photoelectron vield for normally incident
sunlight (A/m?).

Surface resistivity in ohms/square. If
less than 0 ignore this property.

6.2.1 Sample Values

There is a great deal of uncertainty in all property

values concerned with particle range, low energy electron emis-

sion or conductivity of insulators. With that warning, we

present below the input values we have tentatively adopted for

clean aluminum, clean magnesium, teflon, kapton and SiOz.

Aluminum

Property

W O Nyl W

S
= W N O

Value Comment
1.0 Vacuum gap )
0.001 v107% mesh units
-1. Conductor
13.
0.97 % See Reference 2-4
0.3 kev
260 A
1.3 } See Reference 5
240 A
1.73
1.36
40 keV
4.0 x l()"5 A/m2 See Reference 6
0.0
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Magnesium
Property

1l

~1 o U o W N

9
10
11
12
13
14

Teflon
Property

1

~] O W W N

10
11
12
13
14

48

Value

2.0

1.27 x 10
14

1.0 x 10~
10.
3.0 )
0.3 kev J
-1.

2.00
16.7
1.40
70. keV
2.0 x 10~
3.0 x 10

5

13

mho/m

ohms

Comment

Vacuum gap

”ulO-2 mesh units

Conductor
See Reference 2-4

Feldman's formulation,
Reference 1

Density, gm/cm3

Atomic weight

Comment

5 mil

Reference 7

Feldman's formulation,
Reference 1

Density, gm/cm3

Atomic weight



Kapton

Property

1

~ O N s W B

<2

10
11
12
13
14

8102

Property

W 00 ~1 & U = w N+

I B e I
= W N PO

Value

3.5
-4
1.27 x 10
-14
1.0 x 10 mho/m
5.0
2.1 )
0.150 kev J
-1.

1.42

9.8

1.40

70. kev
2.0 x 1072 A/m
1.0 x 10%° ohms

2

Value
4,0
~4
1.27 x 10
-14
1.0 x 10 mho,/m
10.
2.4 }
0.4 keV
250 A
0.12 I
360 A
1.63
1.40
70.0 kev
2.0 x 10°° A/m°
19

1.0 x 10 ohms

Comment

5 mil

Reference 7

) Feldmaﬁ's formulation,

Reference 1

Density, gm

Atomic weight

Comment

5 mil

Reference 2-4

Refarence 8

Uncoated glass value is
1.0 x 109 ohms
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6.3 FURTHER PROCESSING

Object definition for the user ends when a set of
building blocks has been chosen and located in space and
surface materials have been specified. But NASCAP still has
work to do. The code takes the defined user building blocks
and breaks them into a set of smaller blocks — the volume
elements. Each volume element is a single unit cube or part
of a single unit cube in the computational grid. (See Fig-

ure 6.6.)

NASCAP will use the volume elements throughout the rest
of the computation. To be sure that NASCAP and the user have
the same object in mind, it is important for the user to ex-
amine a set of satellite plots. The cycle of object defini-
tion — plot examination — revised object definition, should
be expected to run for several iterations before an object of

any complexity is properly defined.
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6.4 OVERLAP

The NASCAP user building blocks are unlike children's
toys in one respect — two or more blocks can occupy the same
space. When this happens, the most recent definition has pri-
ority. It is often necessary to use this feature to define

surface material patterns.

In Figure 6.2 for example, most of the large cube has a
bare aluminum surface. Two surface cells, however, have a
coating of teflon. We could define a set of five disjoint
rectangular parallelepipeds, each with the proper surfaces, to
make up the cube. But an easier way is to use the overlap

feature. We need define only two building blocks.

Example 6.1 is the object definition file used to de-
fine this object. Figure 6.3 shows one of the resulting

material plots.

Notice that we have only defined one surface of the
second building block. All other surfaces (in particular the
minus x surface) are invisible. They do not replace existing

surface definitiouns.
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Figure 6.2. Two rectangular parallelepipeds are overlapped.
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Figure 6.3.

As a ,result of the overlap shown in Figure 6.2,
twd surface cells are redefined as being teflon
coated.
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6.5 SATPLT

Satellite illustration plots clearly show the three
important structures at object definition time — user building
blocks, NASCAP code blocks, and surface materials cell-by-cell.
These plots should be generated and examined whenever the user

has any uncertainty about an object.

It is simple to get the satellite plots. The control
word SATPLT will generate a complete set. The default set
includes six material plots (two-dimensional plots from *Xx,
+y, and +z directions), three building block plots (all lines
show), and three corresponding code block plots (hidden lines

removed) .
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6.6 THE OBJDEF FILE

The OBJDEF file has two main sections — a materials

section and a building block section.

The materials section is a set of one or more material
definitions. Each material requires one card with the mate-
rial name, and three cards with material property values, 20
values in all. Notice that with these cards you are defining
a material to be whatever you want. If you make up a crazy
material name and give it physically impossible values, NASCAP
will accept your definition with a straight face. Likewise,
if you misdefine teflon, your mistake will not be corrected.

There are no default materials.

The material name is read in A6 format from the first
six columns, and the 20 material properties come in 8F10.0

format. Any unrecognized keyword is taken to be a material

name.

The building block section is a set of one or more
user building block definitions, plus miscellanecus other

optional inputs.

Each building block definition is constructed as shown
in Table 6.1 (Building Block Formats). A building block de-
finition starts with one of the words RECTAN, WEDGE, TETRAH,
OCTAGO, QSPHER, FIL1ll. It ends with the word ENDOBJ. 1In
between, various inputs are required according to the building
block being defined. Columns 1-10 are read in A6 format
{(columns 7-10 ignored). All numerical input in this section

is 15 format.

The miscellaneous words recognized in the building block
section are ENDSAT, COMMENT, OFFSET, CONDUCTOR, COMPRESS, and
DELETE.
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ENDSAT marks the end of object definition input. The

other six words may occur in any order before the first build-

ing block, between building blocks, or after the last building

block. Only the first six characters of each word are signifi-

cant.

ENDSAT:

COMMENT :

OFFSET:

CONDUCTOR:

COMPRESS .

DELETE:

56

End of satellite definition. Must appear as last
card in file.

No action initiated. Ignore this card.

Subsequent coordinate definitions for building
hlocks are taken relative to the absolute co-
ordinates on this card. Format is 3I5 in ccl-
umns 11-25., Default offset is the center of the
mesh. Default offset is not (0,0,0).

The surfaces of subsequent building blocks will
overlay the conductor whose index is given in
column 15. The maximum conductor index is 7.
The default is 1. If different surfaces of a
single building block are to overlay different
conductors, define the building block twice.
Each time include SURFACE cards only for the
surfaces over the conductor number in effect

at the time.

Causes elimination of redundant surface cells.
This is sometimes necessary to stay under the
1024 limit,

Changes to type 0 (empty elt) the volume elt

with origin X, ¥, 2 (format 3I5 in columns 11-253).
All surface cells associated with this volume elt
are deleted.
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TABLE 6.1

BUILDING BLOCK FORMAT81'2'3'4
Columns
1 - 10 11 - 15 l6 - 20 21 - 25 26 - 30 31 - 35 36 - 40 41 - 45
For the Rectangular Parallelepiped
RECTAN
CORNER % Y z
DELTAS Ax Ay Az
(Surface
Cards)
ENDOBJ
For the Wedge
WEDGE
CORNER X Y z
FACE (material name) (normal to face — type 110)
LENGTH" AX Ay Ax
ENDOBJ



8G

Columns
1~ 10 11 - 15 16 - 20 21 - 25 26 - 30 31 - 35 36 - 40 41 - 45
F'or the Tetrahedron
TETRAH
CORNER X hY Z
FACE (material name) {(normal to face — type 111)
LENGTH6 Ax
{3 surface
Cards)
ENDORBRJ
For the Octagonal Right Cylinderx
OCTAGO
7]'8 - - e
AXIS X y z {blank) X v z
WIDTH9 w
SIDE9 s
(3 Special ngnw n_mn
Surface or "C"
Cargisl0

ENDOBJ




6%

Columns ‘
1 - 10 11 - 15 16 - 20 21 - 25 26 - 30 31 - 35 36 - 40 41 - 45
For the Quasisphere

QSPHER

CENTERll X Yy Z

DIAMETER12 d

SIDE12 s

MATERTATL (material name)

ENDOBJ

For the FIL11ll Surface

FIL11ll

CORNERLINE13 X y Z (blank) x” v~ z”
FACEl4 (material name) (normal to face — type 1l1l1)

ENDOBJ

The Surface Card

SURFACE

+X,Y, 2

{(601.11~12)
I

(blank)

(material name)




09

NOTES :

=

10

11

12

13

14

All small letters refer to user-specified integers in I5 format.

(material name) means a word of one to ten letters identical to a material
that has been defined.

{(normal to face) is three integer values in I5 format. Only permissible values
are -1, 0, +1l. For type 110 normals, one of the three values is zero. For
type 111, zero is not permitted as a value.

{surface cards) represents from zero to six cards specifying surface material.
Columns 1-7 read "SURFACE". Columns 11, 12 read ‘'+x', '-x', '+y', '=y', '+z',
or '-z', to indicate the outward normal of some face. Columns 21-30 contain a
material name of any previously defined material.

Wedge — two of the values Ax, Ay, Az must be equal. All must be greater than 0.
For the tetrahedron Ax = Ay = Az.

(x,v,2) is the low index end of the axis. (x“,y",2”) is the high index end. The
axis must lie along a grid line.

If the width is odd, the axis line will be moved +1/2 grid unit in both normal
directions. This aligns the octagon faces with the grid.

Width and side lengths must be both even or both odd. See Figure 6.5 for il-
lustration of octagon.

Special surface cards recognize only the symbols '+' (for plus end), *'-' {(for
minus end), and 'C' {for circumference) of cylinder.

If diameter is odd, quasisphere center will be moved +1/2 grid unit in each
direction. This aligns the guasisphere on the grid.

Diameter and side lengths must be both even or both odd. These are analogous to
width and side on the octagon.

Two of the differences (x"=-x), (y”"-y), and (z"-z) must be equal. The other must
be zero.

All surfaces of the FIL111l will be of the same material as the face. Usually,
most of the other surfaces will be interior to the corner being filled in.



6.7 OCTAGON AND QSPHERE

In defining the building blocks OCTAGON and QSPHERE,
the user must be aware of one restriction. The specification
of WIDTH {(or DIAMETER) and SIDE must be both even or both odd
to allow the object to fit into the three-dimensional grid.

Figure 6.4 shows the meaning of these specifications.

Note also that if the octagon WIDTH and SIDE are both
odd, the CENTER will be incremented by 1/2 grid unit in both
directions, perpendicular to the axis. A gquasisphere with
0odd diameter will have its center incremented in all three
directions. This is necessary to align the object on the

grid.
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Figure 6.4. Axis, width and side of octagonal right cylinder.
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6.8 FIL11l1

The FIL11ll building block is a special purpose item
designed expressly to fill in right angle corners that do not
lie along grid lines. As such, it has some unavoidable

peculiarities which should be noted by the FIL1ll user.

i1f defined all alone, without a corner to £ill in, the
FIL11ll loocks like Figure 6.5. We see it is made of truncated
cubes and tetrahedra volume elts. Now look at the way the
FILLll is actually used in Figures 6.11-6.22. Notice where
the teflon of the FIL11l1l overlaps the aluminum of the wedge
blocks. This is a square face of the truncated cube turning

up where you might not expect it.

There are two other peculiarities of this building
block that should be mentioned. The most important is that
it must be defined after the corner it fills. Otherwise you

would end up replacing the trqncatéd cube elts with wedge
elts. (See Section 6.10, Restriction #6.)

Secondly, and of little practical importance to the
user, the building block representation of the FIL1ll is not
congruent to the volume elt representation. The buildiné
block wversion ignorés the "back half" of each truncated cube
elt.
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Figure 6.5. A FIL11ll building block all by itself.



6.9 ELTS AND CELLS

The six types of user building blocks give rise to four
types of code-generated volume elements or volume elts. The
four volume elt types give rise to four distinct surface cell
types.

The four volume elt types (shown in Figure 6.6) are
cube, wedge, tetrahedron, and truncated cube. Inspection of

these types will reveal the four types of surface cell needed.

1. Sguare: With sides of one grid unit, the square
surface cell is part of the cube, wedge, and trun-—

cated cube.

2. Rectangle: It has dimensions 1 x v2 grid units,
and is found only on the wedge. The normal to a
rectangle surface is type (110), i.e., it forms a

45° angle with exactly two of the coordinate axes.

3. Right triangle: Found on the wedge, tetrahedron,
and truncated cube. Like the square, it has a type

{100) normal (parallel to a coordinate axis).

4. Eguilateral triangle: Found on the tetrahedron and
truncated cube — has sides of length v2. It has a
type (111} normal.

6.9.1 Surface Cell List

OBJDEF prints out the full Surface Cell List, as well
as a breakdown of each surface cell word. Figure 6.7 shows
the surface cell codes. Figure 6.8 shows a sample Surface
Cell List.

The normal as shown in the list is the outward normal.
The X, Y, and Z coordinate shown for a surface cell is the
origin of the volume element out of which the surface normal
points. This is the lowest index vertex of the veolume element

on or within which the surface resides. It is not necessarily
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Figure 6. 6.
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Four shapes of volume elts to be considered by
NASCAP code: (a) empty cube; (b} wedge-shaped
cell with 110 surface; (c¢) tetrahedron with 111
surface; (d) truncated cube with 111 surface.



5 43 210 987654 321098 765432 109876 5 43210

L1

i | | | I

Field Bits

A 4-0
B 5

c 11-6

D 17-12
E - 23-18
F 29-24
G 32-30
H 34-33

E D c B A

Material index

Set for right—triangular'loo sur-
faces and for 111 surfaces whose
enclosing volume cell is mostly
empty

Direction of surface normal (in
crystallographic notation)

Z-coordinate
Y-coordinate
X~coordinate
Conductor index

Orientation code for right-
triangular 100 surfaces

Figure 6.7. Surface cell list (JSURF) entry format.
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89

40

D ¥oog
SI 39vd TyNigug

-

ALivn

SURFACE CFLL LIST

CELL MO Cunk ConibuCrIOR TX 1Y 12 NORMAL MATERT AL
} GIGTUTUIT 742 i 7 7 T -1 -1 -1 TEFLON
2 HLATLTIC N2 ] 7 7 3] -1 -1 C TEFLON
3 Liogreriyieng 1 l 7 o ~1 -1 C TEFLON
] OTGTu7127%u7 1 7 7 1C ~1 -1 1 TEFLON
) Lidrico7esur 1 l fi 7 -1 0 -1 TEFLGN
6 Urovioibena? i i f 4 -1 0 o TEFLUN
7 creriallecor { 7 3} 9 -1 0 ¢C TEFLCN
8 Qlo7ivirelne 1 1 i 10 -1 0 1 TEFLCQN
9 Cteriturescz 1 7 9 1 -1 o -1 TEFLON

1C CLo7i1i106n002 i 7 9 8 -1 o 0 TEFLGN
i1 Q107111160062 1 7 9 9 -1 0 0 TEFLON
12 Glu7E1126102 i 7 9 10 -1 0 1 TEFLON
12 C1o712076742 1 7 190 1 -1 1 -1 TEFLON
1y glurizi0eu4ioz 1 7 10 8 -1 1 C TEFLGN
15 Qlo7rizilenn? 1 7 10 9 -1 | B TEFLON
le GI10712126842 1 7 14 10 -1 b1 TEFLON
17 crigoro7ivton i 4 1 7 6 -1 -1 TEFLON
16 CLi10d7161uQ2 i f 7 R 0 -1 € TEFLON
19 N11C37111432 1 B 7 9 6 -1 C TEFLCN
26 griocrizinoz ! 8 7 | g -1 1 TEFLON:
71 ut10106703ny 1 8 & i g 0 -1 TEFLON
22 CIiuIn1z20101 I g § 10 o o 1 ALLMIN
23 Grigrianroso? 1 8 9 7 g 0 -1 TEFLON
24 C11011126101 i é k4 ld o o 1 ALLMIN
25 ariolzaroioz 1 10 7 n 1 -1 TEFLON
26 bliglzicannz 1 8 1u £ C 1 o TEFLON
27 clidirzirionag 1 10 9 c 1 C 1EFLON
28 tllo12120%02 1 th 10 16 0 1 1 JEFLON
29 Griigroryice ] 49 7 7 C -1 -1 TEFLON
Ic 0r1lurioyage i 9 7 é 0 -1 g TEFLON
1 DlIIGTIY IO 1 G 7 9 n -1 ¢ TFFLON
12 £i11187121507 i kK 7 10 e -1 1 TEFLUN
33 Lil1110670202 1 < f 7 n n - TEFLUN
34 Cl1lrin1201p1 1 g 8 iC e o 1 ALUMIN
3% Crrryinrnine 1 ki 9 T C 0 -1 TEFL UK
16 Lii111iraigl 1 9 9 10 0o 0 1 ALUMIN
37 0rrlizvur0z i 9 18 7 D1 -1 TEFLON

Figure 6.8. Partial Surface Cell List, as printed by OBJDEF.



a vertex of the surface cell itself. In fact, if the surfacse
normal points in the +X, +¥, or +% direction, the coordinates
given will represent a point that is definitely not on the

surface itself.

6.9.2 Volume Element Table

After it prints out the Surface Cell List, OBJDEF prints
a summary of material properties — input values and code values.

Then it prints a digest of the Volume Element Table.

The Volume Element Table or eltable is a 17 x 17 x 33
array with an entry for each of the unit cubic volume spaces
in the innermost grid. Naturally, most of the spaces repre-
sent either empty space or space completely filled by the
object. It is only cubic spaces that are part filled and part
empty and those that are subdivided that require special

handling.

These partly filled volume elts and subdivided elts are
the ones printed out in a table by OBJDEF. They are, to put
it in a different way, all those elements with an element type
greater than zero. Element type 0 is the empty space elt.
Element types are pictured in Figures 7.4 to 7.9 (in TRILIN
Chapter} .

The element table code is described in Figure 6.9.

Figure 6.10 shows a sample volume elt table.
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CODE FOR ELEMENT TABLE [LTBL(NX,NY,NZ)].

54321 0987654321 0 9 8 765 432109876 5 43210
| ] l
E D C B A
Field Bits
A 4-0 Elt—-type code
B 1l4-6 Orientation code
C 18 Set if elt is completely filled
{interior)
D 19 Set for an empty special elt
E 30-21 Index used to reference PHOJ array
to determine low energy electron
currents

ORIENTATION CODE

3 x 3 bits. Each group of 3 contains 1, 2 or 3 in the

lower 2 bits, with the high bit set for negative.

m
Code {-) li

1 4 (_) izr (") i3

takes (rl,rz,rB) to (=) "x. , (=) "r., , (=) "«x

e.g., the following codes take a point to (x,y,2):

Octal Code Dec. Code Point
123 1,2,3 (X,¥,2)
365 3,-2,-1 (-z,-v.,x)
532 -1,3,2 (-%x,2.Y)
176 1,-3,-2 (X,2,-Y)
567 ~-1,-2,-3 (=X,=-y,~2)
617 -2,1,=-3 (y,~%x,-2)

Figure 6.9. Element table codes and orientation codes.
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ELEMEMNT TAPLE

I J K EHTEREY

7 7 7 nusunGLLe i
7 7 & aeneiinse?il
7 7 G quaeaeisrisgl
7 7 1€ OLeocuLise 30y
7 £ 7 paQGeLuIs2ll
7 5 10 NeGoUGh3nzZal
7 9 7 U000 75201
7 9 i0 guoLues3szol
7 10 7 ganuauis27auy
7 19 Q guueooosz32Gl
7 17 @ ApOCECNS2331
7 1C 1 JUo0sens23Gy
g 7 7 gaceauneTlnl
£ 7 RN Jquoucoite3l1gl
2 10 7 guecnouz2iiod
8 10 i GO0U0Ct22101
S 7 7 NOECGe3Y6710G)
9 7 1o GeiogGcle3lod
G in 7 Ja0s00u27141
K] 10 10 BoaQnuoZ31o0l
10 1 7 nuoooCdlse7dy
10 7 L} go0Co0ollesul
10 7 9 aggoauuiesnsl
10 7 10 goaLoanis3as
1C 3 7 npsounBn7i2ol
1t B 10 goocoues1zol
it 9 7 geogouonrizol
10 9 10 agonoeonnilzlt
1d 1n 7 ouccuuLeiTcy
10 10 & a0acoun12341
1t 4, 9 paooonaiz2iel
10 19 10 guoueogulz3ca

86 VOLUPD CILLS NUMBLRED BY NUMLTE.

Figure 6.10. Sample Volume Element Table, as printed by
OBJDEF.



6.10 RESTRICTIONS ON OBJECT GEOMETRY

There are certain objects that can be defined using
the six user building blocks, which NASCAP would not be able

+o handle. The restrictions are as follows:

(a)
{b)

l. The maximum number of surface cells is 1024.
2. All objects are defined in the innermost mesh.

3. No point of the object surface can lie on the
boundary of the innermost mesh. That is, all sur-
faces must be at least one unit away from the mesh

(c)

edges.

4, Every volume element at the border of the innermost
mesh must be type 0 (empty space — trilinear poten-
tial function). This implies that a subdivided
surface cell must bg two units from mesh boundary,

(c)

likewise right triangle surface cells.

5. Only volume cells of standard type are allowed.
For instance, an empty cube cell cannot have two

right triangle faces.

6. A partially filled volume elt cannot be superseded
by partially filled elt, except through the use of
the DELETE command.

(a) This limit to be increased to 1250.
{b) Long booms will be allowed to extend to the outer meshes.
(6) Restriction 4 to be eliminated. Restriction 3 will then

be that no surface cell can correspond with the inner

mesh boundary.
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6.11 SAMPLE OBJECT DEFINITION

Several examples of object definition files follow.
Most of the satellite illustrations in this manual were pro-

duced using these files.

The final object definition file shown here defines an
example of each type of user building block. The FIL11l block
is shown filling in a corner between a wedge and a rectangular
parallelepiped — the intended use for the FIL11ll.

The final Figures 6.1l to 6.22 illustrate the types.
This is the default set of plots from SATPLT. First material
plots, then three dimensional projections and hidden line

views.
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ALUMTIHNUM

1. 8.031 -1, 13. C.57

24C. 1.73 1.36 4C.

17. 18. 15. 2Ce 21.
ZFLON

2. 0.C30127 1.E-14 i0. 3.
Za2 1647 1.4 7C.

17. 16, 19. 2C. 21.
QFFSET .0 ) C

RECTANGUL AR PARALLELEPIPED

CORNER 7 7 7

DELTAS 2 3 z

SURFACE +X ALUMINUK

SURFACE -X ALUMINUM

SURF ACE +y NLUMINUM

SURFACE -y ALUMINUM

SURFACE +Z ALUMINUA

SURFACE -2 ALUPINUM

ENDOE J

SECTANGULAR PARALLELEFRIPED

CORNER 7 & 7

DELTAS 2 1 1

SURFACE -Z TEFLGN

ENDOBY '

ENDSAT

Example 6.1. Overlap object definition.
" overlapping rectangular parallelepipeds shown in

Figure 6.2.
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Z2.E=-05 14.

22

260 .
15.
23.

-1l
5.

23

This file-defines the ’

1.2
16.
24

C.
16.
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ALUMINUK
Is

243,

Ze

MATERIAL
Enposy

RECTANGULAR PARAL

COBNER
doLTAS
SuPfFsc
ENDBOBY
ERGSLT

—
C
—

f;

Y

2
TEFLAOA

m

Example 6.2.

-l 13. .57
lt...O L}C.

1g ZE . 21.

1.E'lq 130 3.

1.4 TE .

i9. 2h. 21
8] G
Q S
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ALUMINUM

26l .
15.
23

15.

23,

Teflon ccated QSPHER with one aluminum face.
This file was used as the obkject definition file

(NASOBJ)

for the sample run in Chapter 9.
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ALUMINUM
1.
240,
17.
TEFLCN
2.
Ze2
17.
KAPTGN
2.5
lel32
17.
QFFSET
TETRAH
CORNER
FACE
LENSTH
SURFALE
SUFFACE
SURFACE
ENDCEBY
RCCTAN
CORNER
DELTAS
SURFACE
SURFACE
SURFACE
SURFACE
SURFAaCE
SURFACE
cNDCEBJ
ENGSAT

g.0c1
173
18.

Jd.Cocaizvy
167
18.

0.080127
3.8
1&.

b

1a
TEFLON
4
+X
+Y
-Z

+X

+Yy
-Y
+Z

-7
&

Example 6.3.
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G

16

Unidentified compound object.

-1. 13.
1.36 4L
19, 20

i.B-14 10,
1.4 TCe
19. 2C o

1.E~lu4 5.
1.4 T0.
15. 20.

G

6
-1 -1 1

KAFTCN
KAPTON
KAPTCON

8

Z
ALUMINUK
ALUMINUK
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM

C.S7

2l.

3 26C
q.E-ES lqc 15-
22. 22a
B.3 -1.
.E-GS 14. 15.
22 23,
0.15 il
00002 14. 15,
22 23.

This file gene-

rated the object shown in Pigure 8.1.
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SLUMINUM
1.

24T,

17.
TEFLGN

2‘

2.2

17,

KaP TN
3.t

1.42

17.
MAGHESTUM
1.

24T,

17.

siez

1.

240,

17.
CoLOULTOR
OFFSET
MESH STZE

d.C0C127
1.7

1s.
Z.003127

9.8
le.

2 2
« 0234

RECTANGULAR PARALLELEPIPED

COEBNER
DELTLS
SURF A
SURF A
SURF
SURF?

SURF &

-

T
YOI CTCY O O
M mMmMmmmm

g

[

ad)
0
-m
™

ENCGEBJ
CONQUCTOR
QFFSET
QLRFHERET
CENRTER
DIAMETER
SIBE
MATERIAL
ENDQS Y
CORUUCTOR
OFFSET

G Q
2 3
+X
+Y

+Z

-X
-y

~Z

iz

1z b

TETRAHEDRON

COPNER
FeCt
LENGTH
SUPFACE
SURFACE
SURFACE

EnNGE Y
CONDUCTOR

-1
TEFLON
2
-x
-Y
-Z

-1l. 13-
i+32¢ 4.
G Z0.
loE-lq
1.4 7C.
19. 2C.
llE-ll‘i
1.t TCe«
19, 2T«
~-1. 13.
+ 26 4.
1G. 2C
—i- 13.
1.%5 uC.
16, 2C.

2
C
1
ALUMINUM
ALUMINUM >
ALUMIMNUM
KAPTON
KAPTON
KAPTCN
/
28
2y
~1
1 i
AL UMINUM
ALUMTAULM
ALUMINUM
Example 6.4.

.57
4.E~05
21

Object 1
RECTAN

Object 5
QSPHER

Object 3
TETRAH

Page 1 of 2.

«3 26C .
g, IS5.
22 23.
C:3 "lo
14, 1=,
22, 23
Guls -1a
14. i5.
22« 23.
«3 z6C.
14. 15,
224 22,
«3 260 .
15, I5.
22« 23

Ox" B

Aia?%& o

q? “Q
%,
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OFFSET 3 12 22

CCTAGON

£X1S ¥ g -1 o 0
wIDTH 3

SIDE 1

SURFACE - ALULMINUM

SUFFACE +27 ALUMINUM

SURFACE c siez

ENCORY :

CONSUCTOR 5

GFFSET 4 9 12

<EDGE \
COPNER-™ -1 -1 -1

FACE TEFLON C 1 1
LEKGTH 3 2 z

SURFACE -X ALUMINUM >
SURFACE -y MAGNESIUN
SURFACE -2 ALUMINUN

SURFACE +X KAPTON

ERDQBJ /
CONDUCTOR 6

OFFSET 12 12 2
RECTANGULAR PARALLELEPIPED

CORNER -1 -1 G

GELTAS & i 1

SURFACE +X ALUMINUHM

SURFACE +Y ALUMINUM

SURFACE +2 ALUMINUM

SURFACE -x ALUMINUNM

SURFACE -y ALUMINUM

SURFACE -2 ALUMINUM

ENDOBJ

wWEGGE

CORNER 3 3 1

FACE ALUMIN -1 -1 g
LENDTH 3 3 z

SURFACE +X ALUMINUM

SURFACE +Y ALUMINUM

SURFACE -z ALUMINUM

SURFACE +7 ALUMINUM

CNOORY :

OFFSET a9 g C

FIL111

CORNER 12 15 2 15 12
FACE TEFLON -1 -1 1
ENDORJ

ENDSAT

Example 6.4.
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iad

Object 4
OCTAGO

Object 2
WEDGE

Object 3
RECTAN,
WEDGE,
FIL11l1l

Page 2 of 2. Six disjoint objects. This object
definition file produces each of the various user

buiiding blocks.

6.11 to 5.22.

The result is shown in Figures



SURFACE CELL MATERIAL (COMPISITION AS JIEWSD FROM THE POSITIVE X DIRECTION

FQR X VALUES BETWEEN i OAND 17

MATERIAL LEGEND

ALLHMIN
2
TESLON
3 :/
LACTON ‘ /
$102 | :
+ - + e
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i€
15
14,
13.
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10.
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7.
7.
<
5.
.
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L

Figure 6.11.

< AaXis

Material plots of six user building blocks.

(1) rectangular parallelepiped; (2) wedge;

(3) tetrahedron; (4) right octagonal cylinder;
(5) gquasisphere; (6) compound object consisting
of aluminum rectangular parallelepiped, alumi-
num right triangular prism, and teflon <11l>
wedge.
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SURFACE CELL MATERIAL COMPOSITION AS VIEWED FROM THE NEGATIVE X DIRECTICN

FOR X YALUES BETWEEN + AND 17
“ATERIAL LEGEND
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Figure 6.12. Another view of Figure 6.11.
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Figure 6.13. Another view of Fiqure 6.11.
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SURFACE CELL MATERTAL COMPOSITION AS VIEWED FRCM THE NEGATIVE Y DIRECTION

FGR Y VALUES BETWEEN

1 aND 17

7.

15
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14,
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11 3 6 -
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Figure 6.14.

Another view

of Figure 6.11.
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SURFACE CZil MATERIAL COMPOSITICN AS VIEWED FROM THE POSITIVE Z DIRECTION

FOR Z YALWUES BETWEEN 1 aND 33

£ AXIS

Figure 6.15. Another view of Figure 6.11.
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SURFACE (Bl MATERIAL COMPOSITION AS VIEWED FROM THE NEGATIVE Z DIRECTION

FOR Z VALJES BETWEEN T OAND 33

MATERFAL LEGEND

ALJMIN

2

——

TERLON

<AFTON

1.
B A,
/|

g.
7.
2. \
£, 5. X
1Q.

L S ] >

Q
13,
14, 4
is.

6
-
{7.
1 2 3 3 =) & 7 3 = i0. fi 12 13 14 = g 7.

X axis

Figure 6.16. Another view of Figure 6.11.
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Figure 6.17.

=\
=
<~

A perspective view of the six user building
blocks; no hidden line elimination.
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Figure 6.18. The same as Figure 6.17, but with hidden line
elimination and showing surface cells.
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Figure 6.19. Another view of Figure 6.17. The tetrahedron
is behind the guasisphere.
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Hidden lines removed. The tetrahedron is

Figure 6.20.
almost completely obscured.
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Another view of Figure 6.17.

Figure 6.21.
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Figure 6.22.

90

One last view. This is the twelfth of twelve
default plots generated by SATPLT.
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7. TRILIN — CAPACI

TRILIN performs the actual satellite charging calcula-
tion. It is the heart of the NASCAP code. This subroutine
is initiated by a control card reading "TRILIN ii" where ii
is an optional I2 integer specifying the file number where a
flux definition is to be found. File number 5 is the input
stream, i.e., flux definition immediately follows the TRILIN
card. A blank field means the flux definition is in file
IFLUX (by default, file 22).

TRILIN operates by alternating calls to CHARGE and
POTENT. POTENT calculates potentials on the entire computa-
tional grid, given the charge distribution generated by CHARGE
and LIMCEL. CHARGE generates a new current distribudtion from
the user flux definition and the most recent potentials, from
POTENT. TRILIN also makes use of the new LIMCEL routines whén
the LONGTIMESTEP option is invcked.

7.1 CHARGE

Subroutine CHARGE, called by TRILIN, obtains the re-
quired information from external files to calculate currents
to the object. CALFLX calls routines to calculate the incident
and emitted fluxes for each surface cell. Surface cell proper-
ties are decoded by GETCEL. For the test tank case, the inci-
dent flux is computed by SOURCE and ETNGUN; for the reverse
trajectory case by PUSH. ELFLUX, PRFLUX, BKSCAT and SOLFLX
compute emitted fluxes of electron- and proton-produced
secondaries, backscattered electrons and photoelectrons,
respectively. ITOFLX performs printouts of these properties
as requested. SHECAL (called from CHARGE) and PHOCUR perform
the photosheath calculation. EFIELD and BFIELD provide the
force fields regquired by the particle-tracking routines PUSH,
ETNGUN and PHOCUR.
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7.2 POTENT - POISSON'S EQUATION

To scolve Poisson's egquation on our three-dimensional

mesh, we are faced with solving a system of linear eguations
Ap = g

where g is a vector representing the charge at every point on
the three-dimensional grid. The vector p 1s our solution
vector — the potentials at every grid point. A is a large

square matrix.

Realize that p and g are very large vectors — f£or a two
grid problem with NZ = 33, they would be 2 x (17 x 17 x 33) =
19,074 words long. (They are most easily thought of here as
one-dimensional arrays.) Our large A matrix would then be
19,074 x 19,074; that is, more than three hundred million
words long, far too large to handle as a whole. Fortunately,
A is a sparse matrix which we can form piece by piece as

needed.

To solve this system of equations without inverting A,
we use an iterative method — the Scaled Conjugate Gradient
technique. This method converges very rapidly — ten to forty

iterations are sufficient for most NASCAP problems.

7.2.1 Scaled Conjugate Gradient Algorithm

Figure 7.1 outlines the scaled conjugate gradient
technique, as it is performed by subroutine POTENT. Capital
A and D represent square matrices (D is a diagonal matrix).
Lower case letters represent vectors — in particular pn is
the desired solution potential wvector. Scalars are repre-

sented by Greek letters.

The diagonal matrix D is represented in storage by a
vector. The sparse matrix A is never constructed. The opera-
tion (B) (u™) is performed as a series of 16 x 16 x 32

(maximum) times the number of grids, operations.
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In the code documentation, the names of the wvarious

arrays and scalars are

Code Name

RCUS
RDOTRS
RDOTR
ALPHR
BETA

N

™ D O QL L5 R T o O
c

There is also an intermediate wvariable UDOTAU = u - a .

Figure 7.1. Scaled conjugate gradient technigque, as per-
formed by subroutine POTENT. (Page 1 of 2.)
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SUBROUTINE POTENT

94

CALL GETDIV

CALL COPROD

CALL URSETO

CALL COPROD

CALL PUPDAT

CALL RUPDAT

CALL UUPDAU
n = n+l

-

P =9

IF finished RETURN

ELSE GO TO A:

Figure 7.1

{construct D)

o

a® = (&) ()
O O (@]
r =g - a
w® = (D) (£°)
Q (o]
p=r =+ u
a® = (a) (u")

= p + qu
n+l n n
r = Ir = Jda
- + +
or = L oy (™
B =0p"/p,
un+l - Bun + (D) (rn+l)

(Page 2 of 2.)



7.2.2 POTENT Data Management

The two big problems in executing the routines in Fig-
ure 7.1 are first, to perform data management in an efficient

way, and second, to calculate Au or Ap.

Efficient data management is necessary because available
core space is barely sufficient to store the entire p vector
for a three grid problem. Therefore we bring only one grid's
worth of the p vector into core at a time, while the rest
resides on a mass storage file. The same goes foxr the other

five vectors r, 4, g, a, div.

Iin addition, because I-0 time for these vectors is a
significant factor, we use seven files to store the six vec-
tors. Then when, for instance, a new p vector is being cal-
culated, the new p is written out on the spare file while the
0ld p is read in from the old p f£ile. The old p file then be-

comes the spare file for the next operation.

7.2.3 Coproduct Calculation

The calculation a” = (a) (u) is a complicated matter,
handled by subroutine COPROD. As stated before, the A matrix
is too large to be stored in any fashion. So a® is calculated
in a series of 8 x 8 matrix operations which, if taken all

together, would add up to the complete A matrix.

Each volume element in our computational space is
represented by an 8 x 8 array. This array, when multiplied
by part of the u™ array (the eight vertex points of the given
volume element), will vield a part of the a’ array. The 8 x 8
array used depends on the element type. Figures 7.5 to 7.10

show the arrays for each type.
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7.2.4 Interface Region in COPROD

One volume element type not shown in these figures is
the interface element. Figure 7.2 shows, in a two-dimensional
sense, what happens at the boundary between two grids. The
square marked A has nodes at its four vertices. The sqguare B
has five nodes, an extra one along one side, and must receive
special handling. In three dimensions, a typical empty space
element has eight nodes (at the wvertices). Most interface
elements have thirteen nodes — five extra. The subroutine

COPROD calls special routines to handle interface nodes.

Data management is a problem for the interface regions.
During most of the COPROD calculation we have in core one grid
worth of the u" array, and one grid worth of the a® array.
For the interface region we need two grids worth of " to cal-

n

culate two grids worth of a Unfortunately, it won't all

fit. Two grids of " and one of a® is our limit.

So we do the interface calculation twice — once for
the interface nodes of the inner grid, and once for the inter-

face nodes of the outer grid.
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e

Figure 7.2. Two dimensional representation of grid interface
region. "A" is typical empty space element. "B"
and all 1like it are interface elements.
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7.3 FLUX DEFINITION FILE

The first card of the IPLUX file must contain the word
'TYPE' in columns 1-4 and 1, 2, 3, or 4 in column 10. The
value must agree with the value of keyword ITYPE. If ITYPE is
not specified in the keyword file, it assumes a default value

of 2. The types are:

— Tast tank, electron beam case
— Isotropic Maxwellian space case

— Particle-pushing space case

= W N

— Double Maxwellian space case

Subsequent cards differ for each case.

Type 1 — Test tank with electron beam source (see Figs. 7.3, 7.4)

Card 2 — IBMCAIL (I4)

Normally 0; set to 1 for stop after
initial beam calibration.

Card 3 — Z-location of beam calibration plane
in grid units (F10.1).

Card 4 — Beam size (X and ¥Y) at the calibration
plane (meters) (2F10.2).

Card 5 — Beam energy (eV) (F1l0.1}.

Card 6 — Initial electron wvelocity in code units
(EL0.2).

Card 7 — Gun location in outer grid units (3F10.1).

Card 8 — Sample plane {(in grid units) (F10.1).

Card 9 — Total beam current (amperes) (F10.1).

Cards 10-

45 -— Current density calibration values (11F4.1).

All beam information is calibrated using the maximum
value of the beam size from card 4. The current density array
contains the current density profile as a function of (R,9)
for 36 evenly spaced angles and 11 evenly spaced radial values.
Each card read contains the 11 radial values at a single

angular value.
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{-=-

(i-1)

r. = -3p X beam size {(card 4)
_ (i-1)
Bi 36 X 2T

The central value is repeated on each card. The values are
read in arbitrary units and the code will normalize the total
beam current to the input value. Card 8, the sample plane
location, should be on or behind the target; it is used for

terminating particle trajectories. {See Figures 7.10, 7.11.)

Type 2 — Maxwellian probe approximation

All cards are FORMAT (F10.0, 246). Accepted literals
are MKS and CGS for plasma density, EV, JOULES, KEV, and KELVIN
for plasma temperature. The first density/energy refers to
electrons and the last to protons. The literal END is also

accepted, and terminates the flux definition.

Type 3 — Flux determined by reverse trajectory particle tracking

Card 2 contains one of the two literals (A6) MAXWEL or
DEFOR. Following 'MAXWEL' input is as in Type 2, (g.v.)}, ex-
cept an END card is required. Following 'DEFOR', cards are
required giving IUNIT, IHOUR, IDAY (I5/F10.0/I5). The data
contained in the ELT NASCAP.DEFOR must have been copied onto
file IUNIT.

Subseguent cards contain

NSPEC (I5) Number of species

NENG (I5) Number of energies

NTHET (I5) Number of polar angles

NPHT < (I5) Number of azimuthal angles

NSTP (I5) Maximum number of steps per
particle
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RMASS{1l), CHARGE(1l) (2F10.16)
Mass (kg), charge (C)

-

RMASS (NSPEC) , CHARGE (NSPEC)

VCODE (F10.6) Initial code velocity
STV (3) (3F10.0) Vector characterizing flux
anisotropy

The present code requires NSPEC = 2, with species 1
being electrons and species 2 protons. The final card, STV,

may be omitted, in which case the flux is assumed isotropic.

Type 4 — Double Maxwellian flux definition input

Flux definition input file consists of the TYPE card
specifying type 4, followed by up to four cards specifying
Maxwellian components, and (optionally) an END. Each com-
ponent card consists of five 1l0-column fields, each field
containing a (left—justified) literal or a floating-point num-
ber (F10.0).

The fields of the component cards and their permissible

entries are:

Field Column Contents ) Permitted Entries
1 1-6 Species TPROTONS', 'ELECTRONS', '"IONS',
TEND'

2 11-20 Density (F10.0)

3 21-26 Density Unit  'CGS', 'MKS'

4 31-40 Temperature (F10.0)

5 41-46 Temperature TEV', 'KEV', 'JOULES', 'KELVIN',
Unit "TERGS!
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Figqure 7.3.

Geometry of the test tank configuration.

101



x T
o
B4
&
=
/
7,
e &)
m
_,.—-”"‘ I
3w £ Tr}
9=3 e e =
)/-’ y
.f//,r
|~ // . ~, T~
(L
'
p=
Figure 7.4. Specification of electron gun characteristics

for the test tank case. Electron fluxes at the
sample plane for an uncharged environment are to
be specified at the solid points.
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|
2.
3.
Y e
S

Example 7.1.

mode.

) 1+ TYPE
2, MAXwELL
3. 1.00
4 1.0
5. 10,00
bw 1000
7
8+ z
9. £
10 s
11 5
12+ 100
13.
14, l16«7E=28
15, 0.3

Example 7.2.

TYFE
14040
IID
10.00

1.0

(Flux Definition)
plasma for use in

F.lE=~23}

(Flux Definition)

cas
CGS
KEY
KEY

Defines a neutral 10 keV
the Maxwell probe operating

€GS
€GS
XEY
KEV
END

~1ebE~LF

NSFEC
NEG
NTHET
HERI
hSTP

YCODE

MASS5, CHARGE
#AS5, CHARGE

Defines a neutral 10 keV
Maxwellian plasma for use in the reverse tra-
jectory particle pushing mode.
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i. TYPE

2. DEFOR

3. 9

4. 9.993

5. 73

ba 2 NSPEC

7. 5 . NEMG

8. 5 NTHET

Y. ! NPHI

10 200 NSTP

11. FelE=31 =1.6E=19 HASS. CHARGE
12 15+ 7E~28 LabE=19 MASS., CHARGE
134 03 VCUCE

Example 7.3. (Flux Definition) Takes flux from DeForest en-
vironmental data for hour 9.998 of day 73. The
data is read from LUN 9.

P TYPE 3

2e MAXWELL

E 0.53 CGSs

L TJad CGLS

Se 4.1149 KEY

-3 g.43 KEY

T END

8. 2 NSPEC

G a5 NEMNG
10. S MTHET
1le. i NPH ]
12 1G4 NSTP
13 Y.lE~31 "InbE'!? HASS] CHARGE
14, 1b37E-23 l'éE'l? HASS, CHARGE
15. 0.3 VCOLE '

Example 7.4. (Flux Definition) Defines a non-neutral, non-
equilibrium Maxwellian plasma for use by the re-
verse trajectory particle pushing mode.
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O U o 0D T

Example 7.5.

TYPE .
ELECTROND .o
ELECTRONS .4
PROTONZ .
PROTOME- _
END

-y

(Flux Definition)
flux environment.

==
i.a I.J's-'i
= g
I R
T
Ll

-—
12195

Defines a double Maxwellian

20.
0.

-3

REY
FEW
KEY
kEV
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Example 7.6.
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e
=
4
5
G
7.
Be
G
ID.
l!.
12
13
| e Y
16
16
17
184
19
Zde
21-
22
23,
qu
25.
248,
27,
28
2%
30.
it.
32.
13.
34
35.
kY-
3i7.
38
3%
40,
41
4272
43
LY
45

TYPE 1

2.0

+30

2000.0
«20EU0

2.0
210
He4E=-7
10.0146G.0
1ued Yo
100 Yo7
10.0 Y&
I1C«0 Yeb
190 9.7
10.0 Y-8
1€E.0 9.7
iL.CiLe0
1GeC Favw
1040 ¥sb
10.0 9+8
100 Yebs
1G+0 99
1Ce0 9%
U1 JeO
10.C1L.0
10«31Ce0
lC'oCFlUvU
IC-UIU-D
1C.G1C+0
1C0il+0
1La01J.0
1040100
10+01uaB
1C.01L.0
1. 2120
13«G135.C
lb-l}lc.o
1G.013.0
iJ«L1J.C
10eCITs0
1GeLleael

13adl 23
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lustlJei
1901l

VUYL DD 00D L LD DD D ND DD E BN D EK RO O X DD

L]

{Flux Definition)
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3¢l 1v4 041 0,5 0.0 3Ta0
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Defines flux in the tank test
mode with a 2 keV beam.



7.4 CAPACI

CAPACI is to be called once, and only once, before
the first TRILIN call. It forms a capacitor model of the
spacecraft body that is used to generate limits to the
charging process. WNo matter how many times TRILIN appears,
CAPACTI should not be called again, and in a restart run,
CAPACTI should not be called at all.

7.5 THE LONGTIMESTEP OPTION (SUBROUTINE LIMCEL)

NASCAP, as originally conceived, performed explicit
timesteps in order to study the dynamics of a particular
charging situation and f£find ah eventual steady state. How-
ever, it became apparent late in the first year of NASCAP
development that the disparate time scales of the various
physical processes involved in satellite charging made such
an approach impractical. For example, photocurrents tend to
raise the overall potential of a body at 'th6 volts per second.
However, this current ceases when the body becomes a few volts
positive, since the low energy emitted electrons cannot escape
from the neighborhood of the satellite. Meanwhile, incident
electrons tend to develop kilovolts of differential charging
over a period of many seconds or minutes. Explicit timesteps
suited to the differential charging processes tend to cause

unacceptable oscillations in the mean body potential.

The LIMCEL routines were developed to allow a simula-
tion to proceed on the time scale of interest to the user and
in a fashion guaranteed to be stable. The basic strategy used

by these routines is:

1. A lumped-circuit-element model of the body is
constructed using NASCAP's information about geo-
metry, material properties, and electrical con-

nectivity.
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The current to each node of the model is divided
into low energy emitted electron current and

"~ther" current. If the former is dominant, the
node is held fixed at a quasi-eguilibrium poten-—

tial determined from the potential in space nearby.

For other nodes, a treatment which is fully im-
plicit for (linear) bulk and surface conductivities
and approximately implicit for (nonlinear) incident

and emitted currents is used.

A user-specified parameter, DVLIM, is employed as
follows: (a) No "fixed" node can change in poten-
tial by an amount larger than DVLIM, and (b} if
any conductor is found to have a potential charge
larger than DVLIM, LIMCEL is repeated using a

shortened timestep.

The resulting change in nodal charges is returned
to TRILIN for use by the full potential solver,
POTENT.



(Format)
Description

tandard Orientation

Potentiazl Function = ZNJ'@J._
i

. . 2
Weight Matrix, W..: dQ{V = W. .d,d.
g ix, W0 [ae]vel % ;5010

Point Index Cube Cornex

= W N

t
= =2 o O K+ O O
= - 0o O O O

w ~1 oy W
- o = O O
[

Figure 7.5. Format and definition of point indices for
- Figures 7.6-7.10.
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http:7.6-7.10

Standard Cell 0

Empty trilinear cube

Orientation:

Arbitrary

Potential Punction:

L VIt i

o <3 o U

W,

1/3

0

0
-1/12
.
-1/12
-1/12
-1/12

Figure 7.6.

110

i

N
(1-x) (1-y) (1~2)

1/3
~1/12
0
-1/12
0
-1/12
-1/12

(1-z) (1-y) =
(l-x)y (1~2}

(l-z)yx

z(1l-y) (1-x)

x(1l=-vy) (2
zy (1-x)
XY2

1/3

0
-1/12
-1/12
0
-1/12

1/3

-1/12 /3
~-1/12 0
-1/12 0

0 -1/12

/3
-1/12

The empty cube volume cell.

1/3

1/3



Standard Cell 1

Orientation: Right angle along
line 7-8

Potential function:

i nt
1 0
2 (1-y) (1-2)
3 (1-%) (1-z)
4 (x+y-1) (1-2)
5 0
6 (l-v}z
7 (1-x)z
-8 Ax+ty=-1) =z
Wij
0
0 1/4
0 1/24 1/4
0 -1/8 ~1/8 5/12
0 0 0 0 0
0 0 -1/24 -1/8 0
0 -1/24 0 -1/8 0
0 0

~1/8 -1/8 -1/12

Figure 7.7. The half-empty wedge volume cell.

1/4
1/24
-1/8

1l/4
-1/8

5/12
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Standard Cell 2

Cube with diagonal line on one face

Orientation: Line from 2 to 3

t

Potential Function:

i

i N
i (1-x%-vy) (1-2) @ (L-x~y)
2 (20 (1-x-y)+(1-y) O (x+y-1)] (1-2)
3 [0 (1l=x=y)+ (L=-x) 0 (x+y-1)] (1-2)
4 (x+y=-1) (1-2) 0 (x+y-1)
5 (1-x) (I-y)z '
6 x{l=-y)z
7 (1-x)vz
8 Xyz

W..:

1]

5/12
-1/8 1/2 -
-1/8 1712 1/2
0 -1/8 -1/8 5/12

- 7/360 -37/360 -37/360 -23/360 1/3

-11/180 -1/45 -1%/180 -11/180 0 1/3
-11/180 -19/180 -1/45 -11/180 © -1/12 1/3
-23/36Q -37/360 -37/360 7/360 ~1/12 0 0 1/3

Figure 7.8. The empty special cell.
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Standard Cell 3

Tatrahedron

2 <x+y+ 2z <3

Orientation: Empty corner at

point 8

Potential Function:

i Ni

1 0

2 0

3 0

4 1~z

5 0

& 1-y

7 1-x

8 x+y+z=-2
Wij:

0

¢ 0

0 0

0 0.

0 0

0 0

0 0

) 0

Figure 7.9.

Qo o o o o O

1/6

0 0

0 0 1/6
0 0 0
~1/6 0 -1/6

The tetrahedron volume cell.
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Stzndard Cell 4
Truncatad Cubke

Orientation: 000 corner {pocint 1)
missing
Potential Function:

Nl

l_l-

i 0
2
3 exercise
4 for
3 readexr
6
7
8
Wij:
0
0 5/12
0 i1/72 5/12
0 -11/120 =-37/360 13/36
Q 1/72 1/72 -1/9
0 -37/360 =1/9 -7/180
0 -1/9 -11/120 =~7/180
0 ~5/36 -5/36 i1/45

5/12

-11/120 13/36

~37/360 =7/180 13/36

-5/386 1/45 1/45 7/20

Figure 7.10. The empty truncated cube volume cell.
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8. HIDCEL -- ROTATE

If photoemission effects are to be included in a NASCAP
charging simulation, we need a table of which surface cells
are illuminated by the sun, and which are shadowed by other
surface cells. HIDCEL produces such a table, including ef-
fects of partial shadowing and angle of incident sunlight.

Thé orientation of the spacecraft with respect to the sun is
given by the SUNDIR keyword in the RDOPT file. (We use a pre-
Copernican system in which the sun rotates around our space-—
craft.)

The ROTATE control word generates a new sun direction
for a rotating spacecraft. It then calls HIDCEL to generate a

new table of surface cell illumination.
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8.1 HIDCEL

For purposes such as calculating photoemission effects
it is desirable to be able to calculate the shadowing effects
of the satellite upon itself for an arbitrary angle of incident
sunlight. A subroutine called HIDCEL computes f£or each sur-
face grid cell the area of that part of the cell which remains
exposed when partially or completely shadowed by some other
portion of the satellite (or, of course, when not shadowed at
all). The program is completely general: For any satellite
which NASCAP can treat, any incident angle may be specified as
a vector from the center of the satellite out towards the viewer
(sun). In addition to calculating the cell-by-cell areas needed
for code computations, HIDCEL plots a diagnostic (and informa-
tive) hidden line 3-D plot of the satellite as viewed from the

incident angle requested.

The code accomplishes both the area calculations and 3-D
plots by a long series of polygon maskings. The set of cell
faces whose normals produce positive dot products with the
vector pointing towards the viewer are selected and projected
into 2-D polvgons. We call this set of individual cell poly-
gons the Al polygons. A second but much shorter set of poly-
gons is selected and projected into 2-D by finding those faces
of each parallelepiped, wedge, tetrahedron, octagon, etc. form-—
ing the satellite {as determined by user input), which meet the
dot product criterion. We call this set the A2 polygons.

The cell-by-cell (Al) set of 2-D polygons is then masked
one at a time against each of the larger "building-block" (A2)
polygons, and at each step we discard any polygon which is
partially or completely shielded and replace it, if necessary,
with the polygon {(or polygons) representing that part of the

original cell which remains visible.

An Al polygon which is completely shadowed, but is

masked by several different surfaces, will then be "whittled

116



down" a bit at a time, each masking leaving an appropriately
smaller polygon until the last masking for that cell finally
removes it from the system. A polygon whose middle is masked
but whose ends remain visible will be split into two or more
new polygons; the code maintains records, however, indicating
which original cell has generated each new polygon. Conse-
guently, when all maskings have been completed and a finalized
set of masked Al polygons exists, we may calculate areas of
each polygon and add into the appropriate cell area the area
of each polygon contributing to that cell.

The areas stored for further NASCAP calculations are
fractional areas with the dot product (2-D projection} effect
removed. We do this by calculating the areas of each cell's
2-D projection before any masking takes place and then comput-
ing the fraction of this area which remains visible following
all maskings. This procedure also precludes any area

normalization problems.

As is ewvident, for a satellite of this complexity, we
may be masking on the order of 500 cell faces against on the
order of 150 building-block faces for a total of about 75,000
individual maskings. Computing time (including plot genera-
tion) on 83'8 UNIVAC 1100/81 varies from 5 to 60 seconds per
view, depending on satellite complexity. Figure 8.1 shows

two plots of the object defined by Example 6.1.
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Figure 8.1. Unidentified compound object.
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8.2 ROTATE

Because it is not only inconvenient but often impossible
for the user to specify sun orientation at each timestep, the
ROTATE command has been added to the main routine NASCAP.
ROTATE causes the sun direction to be altered in accordance
with the sun direction at time zero and the satellite's spin
angular velocity. If the CONVEX option was not specified,
HIDCEL will be called automatically to perform a shadowing

calculation for the new sun direction generated by ROTATE.

Action taken by ROTATE depends on the value of LUN
specified in columns 9-10 of the command card. If LUN = 0,
the default values will be used. The default initial direc-
tion is (1.,0.,0.) and the default angular velocity is 1 RPM
about the z-axis. If LUN = 5, ROTATE reads the next two cards
from the "card reader". For any other positive value it
reads the first two cards of the specified file. The first
input card contains the spin angular velocity {(rad/sec) and
the second the sun direction at t = 0. Both cards are
FORMAT (3F10.0) .
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9. SAMPLE RUN

On the following pages, we reproduce the printer output

and graphical output of a sample NASCAP run.

The sample run shown is an object definition and charging
simulation for a sunlit quasisphere. The object is rotating at
0.27 rad/sec. The quasisphere surface is coated with teflon,
except for one face (four square surface cells) which is bare

aluminum.

In this run we do an object definition (OBJDEF), a satel-
lite illustration (SATPLT), a shadowing calculation (HIDCEL),
the longtimestep preparation (CAPACI), a charging and potential
calculation for time zero (TRILIN), a rotation (ROTATE), and
another charging-potential calculation for time t = 0.1 sec
(TRILIN). Since keyword NCYC assumes the default value of 1,
each TRILIN call handles only one timestep.

The runstream shown on the next page does everything
necessary to run NASCAP. The three input files (here called
NASOBJ, FLUXES, and KEYS) are shown as examples in Chapters 6,

7, and 5, respectively.

We first assign all of the restart and scratch files
using the default numbers as shown in Table 5.2. File number
28 is used only for particle push plots, so we omit it. We
then assign the three input files which have previously been
created. The absolute version of NASCAP is copied, a format

command is given, and the XQT.command begins execution.

Then we have the-control word list that actually directs
the NASCAP program.

Finally, the PMD command requests a postmortem dump in

the event of abnormal program termination.
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CZT

FASG, T
READY

A5G, T
READY

FASG.T
READY

AASE, 1
READY

FASE, T
READY

A5G,
READY

BASG,T
READY

aAS5G,T
READY

AASG,T
READY

AASG, T
READY

AASC,T
READY

FASG, T
READY

GASG,T
READY

aust
READY

1¢.

1l

13.

14.

i5.

16

bi.

18,

19,

21,

27.

Z20.mA500Hd.

Thirteen temporary files are assigned. If a RESTART
were anticipated for this run, permanent files would
be assigned for file numbers 10, 15, 16, 17, 19, and

21. The object definition file is assigned.




€CT

FASGLAX 20.

READY
Flux definition and keyword

BUSE 224 FLUXLS files are assigned. The NASCAP

READY
absolute element is copied. 2

AASG,AX 22,

READY format command asks for 62 lines to

be printed per page.

BUSE  26,KEYS
READY

FASGHAX 20,
READY

QCOPY A HAMDELL-MERPROG.NASLCAP
FURPUR 27R3-1i F35 SL7IRL 07/20/778 10:35:07
1 ARS

AHDG M, 664242



PeT

FXCQT

FARIUEROOPT 0 Execution is initiated. The first

control word is RDOPT. Columns 10-11
on the RDOPT card are blank (=0) so

file 26 is read for keyword input.




GZT

REYWORD INPUT
NZ
NG
IOUTER
HAXITR
SUNDER
SUNINK?
DELTA
LONGTIHESTEP
ICON
END

The keyword input file is echoed. There will be one grid
with dimensions 17 x 17 x 17. Boundary conditions and
initial potential guess will be 1/r. The potential solver
will run for 20 iterations. PholLoemission will be cal-
culated with the sun intensity at 1 a.u. and sun direction
initially (1,1,-.5). The sun direction will change when
ROTATE is called. The timestep will be 0.1 sec. The
LONGTIMESTEP option will be used. Potential contour plots

are reguested.




9Z1

SUHKARY OF INPUT OPTIUNS

NX = }7
NY = 17
NZ = 17
NE = 1 .
NGPRF = 1 Values of all keyword variables are
1P = 10 printed, including default values for
TauN = 11 ' . ]
If =12 those not mentioned in the keyword
1DLv = 25 )
Ty = 13 file.
ISPARE = 14
IROUS = 15
IPOCND = 16
teL = 17
1084 = 18
IOHPLT = =19
ISatT = 20
ICNOW = 21
IFLUX = 22
IKE YWD = 28 Q0
IAREA = =27 "1_'-'9
IPART = Q@ w5
Q=
ICREST = 0 O5n
IPREST = D - ~
[0BCAL = O
ICON = 1 ’8!,;?
ICNVP = = 0y
10UTER = 2 = m
ITYPE = 2 3-:.
1TPART = 0 w
ITCUR = 8]
IROUSP = @
MAXIIR = 2¢
MCYE =)
HCYC = ]
GELTA = 1,0000-01
DELFAC =  1.0000+00
XMFSH ¥ 1.0000-01 METERS
NORMALTZED SUN DLIRECYION VECTOR = YY) fG6T -.332
RELATIVE SUN TNTENSITY = 1.G000+00
NG, OF ADDITIONAL CONTOUR PLOT CUTS = 0
MO. OF ADDIMIONEL 3-0 PLOT VICWS = 0
NO. OF ADDITIOMAL WATCRIAL PLOT VIEWS = u 0 U 0 0

1 SURFACE CELLS SPECIFICD FUR L1/0:
1



THE CODEF UN1T OF CHARGE IS 8.85-13 COULONMES.

THE Conf UNTT GOF CaPACITANCE 1S 6.85=13FARANS.,
CldJ:
n.oo n.onn n.4a n. oo 0.00 G.0n 0.00
.00 0.0 .00 o.00 0.0u0 N.G0 0.00
.00 .00 .00 0.00 . 0.an 1,00 .00
L.no 0.0% Ga 00 0.010 o.o0n 0.00 0.00
n.un .00 0.00 0.CD 0.00 .00 n.00
.00 .00 G.U00 0.040 a.0r1 0.00 0.00
.00 0.00 0. 00 Ra. 01 U.00 0.00 0.00
ClJsSus; 0.00 g.un 0.40 .00 g.un 0.0dq g.on
LONGTIMESTEP OPTION Z*FIX * OVLIW = 1.0+C3 VOLTS

POTENTIAL SCALIMG OPTION Z'SCALE °
SHCATH OPTION Z'HO *
SECORDARY EMISSIOH FORMULATION S*ANGLE °
SHADOWING FORMULATIOUN Z°SHADOW® t
FULL OUTER GRID USED
CONSTAHNT MAGNETIC FIELD =t .00 040 00 } OW/MEn2,
NO MAGNETIC DIPOLES

9% 2R 0RJOEF 0

More keyword variables. Object definition is

initiated. TFile 20 is the object definition
file (default).

LZ1
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ALUMIN
1.0G+00
1.36+00
TEFLON
2.00+00
1.40+00
OFFSET c n
QSPHER
DEFINING Q-5PHERE
CENTER =
DIAMCTIER =
HATLRIAL =

QCTAGON DEFINED

AXTS = o
HIDTH =

OCYAGON DEFINED

AXIS =
WIDTH =
0CTAGON DEFINED
AXIS = o
WIGIH =

RECTAN

0BJECT NOw CEFINED.

SURFAC +7

ENDOBJ

ENDSAT
CALLING TRHNGLS

HATERIAL PROPERTIES

1.00-03 -}.00+00
n.00+01 4.00-00%
HATERIAL PROPERTIES
1.27-04 1.00~14
T.0L+01] 2.00-05
0
9 9 9
4 SIDE = 2
TEFLON :
8 9 gy 1O ( 10 9
y 310k = 2
9 8 9y TO 9 10
L SIDE = 2
9 9 8y TO 9 9
n SI0E = 2

R PARALFLLEPIPED

4<x< 10
He<Y< 10
9¢ZC 11

ALUMIN

.30+
~1.G0+00

1.00¢01
~1.L0+00

91

9}

109

S.70-01
1.50+¢G1)

J.covon
1.50+0)

3.00-01 2.60+072 1.30+00 2.40+02 1.73+C0
1.60+01 1.70+01 1.804+01 1.90+01 2.00+01
3.00-~01 -1.00+00 U.00 2.20+00D 1.67+01
1.60+01 1.70+01 1.80+0} 1.90+0] Z2.00+01

Material property input is echoed.
The gquasisphere is constructed, in
part, from three octagons. A cube
is defined to overlap the g-sphere
so the +z surface is defined as bare

aluminum.
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SURFACE CCLL LIST

CiLL NO.

CODE

N1gT00Y T2 .

ULLTOTINTHL?
010707117402
0107071027547
010710076302
g107101N6002
¢10710116007
010710126102
nig71i076302
D1O711106002
ul10711116002
010711126102
010712076742
010712106402
010712116402
£10712126562
011007071702
011007101402
011007111402
611067121502
011010070307
011010120101
011011070302
011011120101
011012070702
LI1D12100402
0lL1012110802
011012120%07
011107071702
011107101402
011107111402
CLLI0T7121507
011110670202
011110120101
ori111070302
VE1111120101
011112070702
011112100402
011112110402
011112120502
011207073742
011207163402
011267113402
V11207123542
011210072302
011210102007
011210112002
tilizin}22102
11211072302
011211102002

CONDUCTOR

gt e e et e b bma b e b bt B e bt s Pt b b b g B b et e g b Be e e S e b b o b b B b b e bt B et eed B b R aw g

Ix

MO SN S G O D VDS ODD R DT D0 e ol ] s owl omy) w) wd wd wd ) wd s wf

s b bk B bk et et bt bat
DoCcOhpDoD oo

n

—
ban JEE= B R R IR - B IR I

10
n

SO DD DR et

[
N

— — - [ — — — — - [ " -— [
DM DO NOD SR ND OO0 WO NGNS SR e —wODN DN O A DO~ D VD a0 LS DD -

[

NORMAL

=1
-1
=1
-1
-1
-1
-1
-1
-1
-1
-1
~1
-1
-1
=1
-1

Wt e = e = = = DD CODOD D000 00ODD0O0ODOD Do OoOD

-1
-1
-1
-1

1
Ll = B ol e Y e B

t !
-

]
- OO OO

cocoo

[} I i 1 I 1 1

]

L3 oot bt [ O3 = bt (300 e b D0 DD b o ot b b v D00 b b I D et bt bt v et bt O D) b e 20 bt pwe D) T e e (DD s e 0D 0D e

MATERIAL

TEFLON
TEFLON
TEFLON
TCFLUN
TEFL QM
TEFLON
TEFLON
TEFLON
TEFLON
TEFLON
TEFLON
TEFLON
TEFLON
TEFLON
TCFLON
TEFLON
TEFLON
TEFLON
TEFLON
TEFLON
TEFLON
ALLMIN
TEFLON
ALUKIN
TEFLON
TEFLON
TEFLON
TEFLON
TEFLON
TEFLON
TEFLON
TEFLON
TEFL ON
ALUHIN
TEFLGN
ALUKIN
TEFLON
TEFLON
TEFLON
TEFLON
TEFLON
TEFLON
TEFLON
TEFLON
TEFLON
TEFLON
TEFLOWN
TEFLON
TEFLON
TEFLON

Allvng
004
S 39yy wma:;g
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ALUMIN MAFERIAL $IROPERTIES
1.0G+00 1.0i-13 ~1.00+00
1.36+00 h.00+01 H.00-05

TEFLON BATERTAL PROPERTIES
2.004+00 1.27-04 t.00~14
7.000+01 2.00-05

OFFSETY
QSPHER

DEFINING U-SPHFRE
CENTER = 9 9
DIAMCTER = o
MATLRIAL = TEFLON

OCTAGON DEFINED
AXTIS = o 8 2
WiDTH = y

OCTAGON DEFIMNED
AXIS = £ 8
HWINTH = ]

QCTAGON DEFINED

AXIS = o 9 P
WIDIH = 4
RECTAN R PARALFLILEPIPED

O0BJECT NOW DEFINLD.

SURFAC +7 ALUHIN
ENDOBJ

ENDSAT
CALLING TRHGLS

91

%)

81

X 24
ACY L
0¢Z¢

2

1

I.30+401
~1.00+00

1.060+01
~1.L0+«00

$.70-01
1.50+01

J.c0v00
1.50+01

J.o@-01 2.60+072 1.30+00 2.40+082 1.73+00
n+01 1.70+01 1.804+01 1.90+D1 2.00+01

+00-01 ~1.00+400 .00 2.20+00 1.67+01
»60+01 1.70+01 1.80+0}% 1.90+01 2.00+01

Material property input is echoed.
The quasisphere is constructed, in
rt, from three octagons. A cube
ined to overlap the g-sphere
surface is defined as bare

aluminum.




PRCPROLESSING Of MATERIAL PRUPERTIES

MATERT AL It ALUMIH

PROFERTY INPUY VALUE COCE VALUE
X DICLECTRIC COUSTAMT 1.,0C+480 (NONE) 1.0G0+400 (NONED
2 THICKNE §% 1.06-03 HETFRS 1.00~02 MESH
3 CONDUCTIVITY ~1.00400 MHG/H -1.00400 MHOZM
4 ATOMIC NUMBI R 1.36+01 {NUNE) 1.3C+01 (MONE)
5 DELTA KAX SCOEFF 9.706-0} (NONF} 7.21400 (NONE)
6 E-MAX SOLPTHa-) 3.0C~01 KLV 1.73-02 ANG-01
7 RAKNGE 2.604062 ANG. 3.38+02 ANG.
8 EXFONINT > RANGL 1.3C+DO EHCHE} 4.15+02 ANG,
9 HAKGE > EXPONENT 2.H0+02 ANG. 1.30400 INONE)
10 EXPONENT 1.77+400 (NGNE} 1.71400 (NONE?}
11 YICLD FOR JKEV PROTONS 1.36+00 (NONE) 1.36400 (NONE) Materxial property values
12 MAX DF/0% FOR PROTONS G.0G+0] KLV H,0C+01 KEV
13 PHOTOCURRENT H.0C-85 A/He%2 4.0C-05 Afhdaz are listed.
14 SURFACE RESTISTIVITY ~1.0C+00 OHHS ~£.85~13 v-5/Q
15 1.50+401 1.5C0+01
16 Fe60401 1.6C+01
17 1.7C+01 1.70+01 '
18 1.80+01 1.8C+01
19 1.96+01 1.90+01
20 2.00401 Z2.0£+0]
MATERIAL  2: TEFLON
PROPERTY INPUT VALUE COBE VALUE 9
1 DILLECTRIC CONSTANT 2.0C400 ¢NGNE) 2,0C+00 [NONE} 4§>
2 THICKHESS 1.27-04 MLTERS 1.27-03 MESH &
3 CONDUCTIVITY 1.00-35% MHOZH 1.00-10 MHO/HK i?
y ATONIEC NUMBER 1.00+01 ENGNE) 1.0C0+401 (MONE) ih,#;
5 DELTA HAX SCUEFF 3.00400 {NCNE) 1.96+01 (HONE)
6 E-MAX POEP THR#-] 3.0C-01 HEV 2.95-02 ARG-01 455%3?7
7 RANGE -1.0C+00 ANG. 4.58402 ANG. L
8 CXPONENT > RANGT g.oc (NONE ) C.0L MG \}'Q?,f
9 RANGE > LXPONCHT 2.20+00 ANE. 1.65+00 IHONE) g§7\ ‘
10 EXPOULNT 1.67+01] (NOGNE) 1.0C+00 ¢NONE) [
1] YIELOD FOR LKEV PROTOUNS 1.40400 (NONL) Joul+00 {NONE)
12 HAX DE/CX FOR PROTONS 7T.00+01 KFV T.0L+D1 KEV
13 PHOTOCURREKT 2.00-05 A7P%s2 2.UC-N5 A/HAR2
14 SURFACE RESTSTIVITY ~1.00400 OHKS ~8.85-13 Vv-5/0
18 1.50+01 1.66+01
16 1.60+01] lsbL+]
17 1.76+01 176401
18 1.80+01 1.80+01
19 1.90401 1.90+01
20 2.0GC+01 2.0C+01

CALLING SPFCEL
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All non-cubic volume elements from the
element table are listed. The code is
given in Section 6.9.2, Volume Elt Table.
This completes object definition. SATPLT
and HIDCEL are called. The following
twelve plots are generated by SATPLT —
material plots and satéiﬂite illustration

plots. The final illust}étion plot

ey
(thirteenth plot) is genefétgﬁ by HIDCEL.
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Six plots show surface materials.
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SUMSFATE (ELIL PATEPLaL, O IPOETTION AL VIEMER P01 THE NEGATESE = DLFECTION

FOR 2 wALLES BETWEEM 1 ahD 17
STEPIAL LESEIID
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Three building block plcts alternate with three hidden line
plots.
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HIDCEL generates a view of the satellite from the sun direction.]




At = 26 NA? = 17 1P = 1]
FINAL NAL = 26
R AACARPAL] n
POYENTIALS TO UE SET BY SETALL TO 1.0U+DG/CuxPI%R)

2%y CYCLE LOOP FROM CYCLL 1 70 CYCLE 1

KC DETERMINIDO BY GLTRC TOQ WE 1}

2

IN POTENT, HC = 1
MOIAS = ) YRI&S = 0.0000 f.0000 0,.0000 0.0000 s.0000 C.nuoe 0.0C00
CIJSUK = 0.0000 0.0000 u.0000 8.0000 0.0r00 B.00UD 0.0000
ROUSCN = 1.0000400  0.0000 0.6G000 0.CO0n G.O0Con 0.0040 0.0c00
ITER = 10C= 1,0000+00 AUNCZ 2,0202+401 P(= 3,4677-02 RCZ-1.9202+01 UC =-1.9949-04
PCOAD = 3467702
oCoND = 1.0000+00
AFIFR RUPGAT RDOTR = T7.3813~-03 ERDOTRS = 4,6613-01
1TER = 20C= 1.,0000+00  AUKCZ-3.8495+01 PCS 3.0483-02 RCT 1.8649+401 UC = 1.9059~04
PCOND = 1.4481~02 .
QCOND = 1.0000+00 The CAPACI control word
AFTER RUPDAT ROOTR = 7,4262-06 RDOTRS = 7.3813-03
causes a call to POTENT
1TER = 3007 1.0000+00 AURCS 3.6665+01 PCS 3,4578-02 RC=-2.7926-0D2 UC =-9.8379-08
PCOND = 3.4578-02 which runs through twenty
0CoND = 1.D00U+DD
AFTER RUPDAT ROOTR = 1.2405-06 RDOTRS = 7.4262-06 potential iterations. At
ITeR = 40CT 1.0000+00 AUNCZ-4,2840-02 PC2 3.8578-02 RC=z 1.9216-02 UC = 1.831%-07 each iteration, several
PCOND = 3.4578-02 '
0CUND = 1.0000+00 variables are printed.
AFTCR RUPDAT RDOTR = 3.9306-07 RDOTRS = 1.2405-06
1TER = 56C= 1.0000+00 AUNCT 6.2B66-03 PCZ 3.6578-02 RCZ 9.4209-03 UC = 1.5592-07
PCOND = 3.4578-02
oCoND = 1.0008 00
AFTER RUPDAT RDOIR = 2,1003-07 POOTRS = 3,9306-07
ITER = 60C= 1.000G+0N  AUNCE B.BHY8B-05 PCZ 3.4578-02 RLT 9,28301-03 € = 1.7934-07
PCOND = $.u8TH-02
QCOND = 1.000¢r00 ’9
AFIFR RUPDAT RDOTR = 1.1110-07 RBOOTRS = 2.1003-07 > §
11ER = 16C= 1.,0000+00 AUHCZ 3.7563-0u4 PECZ 3.4579-02 RC: 8.5199-03 o€ = 1.8338-07 <§>£§?
PCOND = I H579-02 ‘b,\-b.
ocanD = 1.0000+50 0
AFTCR RUPDAT RDOTR = 6.M340-08 ROOIRS = 1.1E10-07 QAb
ITER = &QC= 1.0000+00 AUNCZ 2.0836-04 PCT 3.0579-02 RC- 6.020%-03 UC = 1.8954-07 ¢ ’g)
PCOND = 3.4579~02 oS
GCOND = 1.0000+00
AFTER RUPDAT ROOTR = J.T093-08 ROGIRS = bL.4350-N38
TILR = FUCT 1.0600+00)  AUNGCZ 1.5556-04 PC= 3,4579-02 RCZ 7.6313-D3 UL = 1.5854~07
PCOND 1.4579-02

QCOKD = 1.0000+00



AFTER RUFDFE RUODTR = 1.8373-048 RDOTRS = 3.70%3~-08¢

[TER = 100CC 1.0000+00 AUNC: G4,1506-0% PCZ 3,4580-02
PCOMND = I.H580-07
QCOND = 1.0D0G+0D
AFTER RUPDAT RGOIR = 6,.3277-09 PRDOTRS = 1.8173-04

ITER = 110Cz 1.0000+00  AUNCE-9,6866-07 PCZ 3.4580-02
PCOKND = 1.u4580-07
eCoOND = 1.000u+00
AFTER RUPDAT RDOIR = 2.99%4-09 RDOTRS = 6.3277~09

1TeR = 120C% F.0000+00  AUNCZ 1.6949-04 PC= 3,4580~U2
PCOKD = J.us580~-02
QCOND = 1.0000+00
AFTER RUPDAT REBOYR = 5.1596-0% RDOTRS = 2.9994-09

1TER = 130Cz 1.0000+110 AUNCZ-2.4099-184 PC=Z 3.80541-02
PCOND = J.u581-02
QCOND = 1.0000+00
AFTER RUPOAY RDOTR = 2.207K-08 RUDIRS = 5.1596-09

1TER = T4uc=z 1.0000+00 AUNCZ T.5080-Ny PC= 3.4583-02
PCOND = J.4583-02
CCOND = I.0000+a0
AFTER RUPDAT RDODTR = 1062D6-07T ROOTRS - 2.2098-08

ITER = 150Cz 1.0000+80 AUNC=Z-4.9677T-03 PC= 3.4598=-02
PCOND = J.Uu595-02
0CcoOND = 1. 0000+00
AFTER RUPDAT RDOTR = 8.1670-07 RDCGTRS = 1.6236-~07

ITLR = t6QC= .0000+D0 AUKCZ 4.1223-C2 PCzZ 3.0647-02
PCOND = J.4647-02
0COND = I, 000000
AFTER RUPDAY RDOTR = 1.0731-0D6 ROOTRS = B.1670-07

1TER = 170C= 1.0000+00 AUHCZ-9,9686-02 PC2 3.4778-07
PCOND = 3.AT78-02
GConp = 1.CO000+QG
ATTER RUPDAT RBOTR = 4.6534-07 ROOTRS = 1.0731-04

1TFR = LROC= 1.0000+00) AUNCS S5.6429~002 POz 3. u92%~-02
PLOND = 1.4925-02
QConDp = l.000n+30
AFTIR RUPDAT RODTR 2 GL.a4%6~08 RDOTRS = H.6534-07

ITER = 19GCZ 1.0ND00+00  AUNECZ~1.4113-02 PC= J.0969-02
PCOND = S.u%69-02
0CONG = F. 0D +6n
AFICR RUPDAT RODCGIR = TLE3ITZ2-09 RUOTRS = 6.n9ub-03

I1TER = 20005 1.00D0+00  AHNCT 1.,699u0=-(:3 PCS §.0975-02
PCOND = IJ.h9i%~(}2
GCOND = l.0000+00
AFTER RUPDAT RDOTR = 2,.13%4-009 PDOTRS = 7.£372-09
PCOND I.0976-112

QCOND L DO+

RCT 7.5558~03

RC= 7.5567-03

RC= 7.2607-03

RCzZ B.0261-013

RCZ 3.4991-03

RL= 4,6381-02

RC=~1.473¢~-01

RC= 9.71102-02

RC=-1.8455-02

RC= 1.9181-03

RC==-2.1037-04

uc

uc

ue

uc

uc

uc

uc

uc

uc

uc

uc

1.7188-07

1.3770-07

1.4070-07

3.25u3-047

1.4301-006

1.0970-05%

5.375i-05

1.1633-05

3. i872-05

4.2987-06

5.2017-07
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Three printer plots show convergence of the potential routine.
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3 1.25-02
Ll 1.21-02
5 1.u0-02
[} l1.21-02

1 1.25-C2
8 1.21-02
9 1.25-02
10 1.25-n2
11 1.21-22
12 1.2%-02
13 - 1.2%-012
lu l.25-012
16 1.21~02
16 1.21-02
17 1.25-02
1A 1.25-02
16 1.25-12
20 j.21-02
Z21 1.25-02
22 1.21-n2
23 1.00-02
24 1.21-02
25 1.21-02
26 1.21-02
27 1.00-02
28 1.21-02
29 1.21-02
30 1.21-02
31 1.00-02
32 1.21-G2
33 1.25-02
3y 1.21-02
35 1.25~02
36 1.25=012
31 1.25-02
e 1.21-02
39 1.21-02
40 1.25-02
41 1.25-0D2
42 1.25-02
W3 1.21-02
iy 1.25-02
45 1.25-02
UE} 1.21-02
47 1.25~-02
uf 1.21-02
4G 1.30-02
50 1.21-02
51 1.25-02
52 1.21-02
s3 1.25-0N2

dredpe ITRILEN 8]

FLUX UDEFINITION
TYPF F4

FLCCTROA

1.96+U3
1.20¢03
1.57+N3
1.90+03
1.96+03
I.90+03
1.96¢03
P96 +83
1.90¢33
L7683
1.96¢(3
L5903
1.90+073
Poltrill
J.96+03
1.59%v03
F.926403
1.90v0%
L2603
1.70+03
1.5%7+03
1.90+03
1.90+0)3
1.164+03
1.57¥033
1.%0+03%
l.16r03
1.%0+03
1.57+¢03
1.90+03
1.96+U3
L.90+03
[.96+03
1.96+03%
1.59+013
1.90+03
ta16103
1.96+03
1.59v)3
1.96+03
1.90+013
1.96+03
le96t03
1.90+01}
1964103
1L.70+07
1.5%1+023
1.90+00%
1.96+03
1.90+03
1.94+03

TLPPERATURL

6.39-01
q,.78~01
2.01-01
§,7T8~-0D1
G.35-01
4,79-001
t.39-01
6.39-01
Haol8-01
6.37-01
Ga39-11
6.39-01
H,78=-01
4,710-01
6.37-01
6G.37=-01
6.39-01
4.718-01
be39~01
haTR=01
l.L1-01
4,78-01
N,78-01
4.78-01
3.01-01
h,78-01
y,78-01
n.78-01
J.0t-01
h.78-01
6.59-01
4,.768-01
6.39-01
L.39-01
6.39-01}
H.T8-01
y.78-01
6.39-01
6.39-01
6.3%-01
4.10=-01
6.39-01
6.39-N1
h.TR-D1
6.39-01
4.79-01
1.01-01
G.TH~01
G.39-01
q.70-011
6.39-01

2.00+01

The CELGET subroutine (called by CAPACT)
generates a list of capacitance values for
points on the object surface (surface nodes)
to end CAPACI. The TRILIN card is read, and
a flux definition is taken from file 22.
59
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7]
8]
ELECTRON NDCNSITY = P.00+006 MLYER#%{-131
TON TEMPERATURE = 2.004040 LLECTRON VOLTS
ToON DENSITY = 1.00+06 METER#%(=3)
POTEMTIALS YO BE SCT RY SETALL TO 100+00/{0%P 1R}

#%% CYCLE LQOP FROM CYCLr 1 10 CYCLF 1

NC DETERMINCD BY GETNC TO BE  §
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is given.

Detailed flux information for surface
cell #1 (default) is printed.

Diag-

nostic printout from the LIMCEL section

TIFCSTER NO. 1 TIHE = 0.0oocn SECONTS.
Qs5un = 1.0000+00
PCOND = 1.80677-02
oCoMnD = 1, 0000
SURFACL CLLL NO, 1 Lcour = ainrn70777402
LCCATION = T 1T 1
NORFAL = -1 =1 =]
BATFRIAL = TEFLON
POTFNTIAL = 3.249-02 VYOLTS
FIELD = To720+{) VOLTS/METLR
FLUXES TN A/MEx2
IRCIDENY ELECTIRONY 1.784-006
RESULTING BACKSCATIER 1.02-06
RTSULTING SELONDARIES 1.23-08
INCIDENT PROTONS d.83-018
RESULTING SCCONODAMRIES 9.15-071
PHOTOCURRENT 0.CQO
NET rLux ~5,30-07 of PRILIN
NEFT CHARGING CURRENT = 3.,27+06 (CODE UNITS/SEC.) .
BACDCEL --- 0 0UT OF 53 WODES SCT.
BARCND --- 0 out or 1 ConnOCTORS SET.
[
wTWbt02 =1 0+02 =7,6402 =T, 002 -6,2402 -7, 4+02 I .9+02 -T7.H4+02 -T7.6+02 ~T7.6+02
-4.,.0+02 B.0v03 t.3+403 9.9+03 6.,8+012 BaS+N3 ~T, 4402 -6,2402 -T.4+(2 3.C+03
ToU+00  1.004  6,.9+002 -7,44+402 -7.6+02 B.0403 1.3+03 l.u+0n  3.3403 1.94C8
6.8+03 4.9+03 1.8+0N4 T.h+04 1.0+04 2.2401 2.7+04 1.6+04
EMTERING [CCLY -- VLIRI = a.o00a0
LEST CONTAINS 160 ENTRIES.
CAPPQOT === RODOGTR/RDOTRL = lotl=14/ 1.68+10
LEAVING I1CCG] -~ VCIN] = 1. 138+00
Lo . :
~T.6¢02 ~7. 4402 ~T.6+02 -T.4402 =-6.2402 ~7.N+92 B.2402 =T.4+02 =T, 6+02 ~T.6+402
~hL,a+032 B ,04073 P.3+013 9.9+0G5 6(.9+4013 B,9403 =T7.44+02 =h.2+02 -T.4+02 3.0+03
Tamwe(da i.0404 N,9+02 —-T.4+82 ~-7.6+02 A, C+0)3 1.:+03 1ot +04 3.3+C3 1.9+404
HL.,8+03 H4.9+403 b B+00 Tl 1.G+Du 2,240 2.7+04 1.6+404
BADCEL ~-= 39 Qur af 53 HONBES SET.
BALCCND ~-~ ) Oul QOF I CORDUCTORS SET.,
ENTFRING ICLCHRY ==~ YCTP1 = [SIRIT170] ﬂu

M&‘Nﬂ@ %N\%‘ﬁﬁ

LIST CONTAINS J60 ENTRITS.

CAPPOT —--- RODOTR/ANDOIRT = 1.008-23/ 1.22+N5%

LEAVING 1CCG1 -- YCTRL =  =3.020-01

=T.4+402 -7.6+02
=0 4+02  6.,9403
6.59+403 2.2+404
~T.0402 =7.6402
~h.h+02 6.9+03
6.9+03 ?2.24+00

1.1+L3 ~6,1+02 3.0+03
1.0+l 3,3403 1.8+04
2.2+CH  l1.6+04 9.9+03
1.3¢03 -6,1+02 3.0+03
1.4+4C4  3.3+03 1.8+C4
2.2+C4%  1.6+04 9,9+03




vaT

Do
“T.6402 =7,4+02 -7,6+02 ~T.04¢02
b uel}2 B,0403 1.3+3 9.94+03
l1.4+04 t.0+0n B9+l ~T7.8402
HoHeD3  4.9¢03 1.8+01 l.u+0n
ce
N 0.0 .0 0.0
.0 n.n 0.0 t.0
3.0 1.0 0.n 0N
1.0 n.n .0 N
ENTERING TCCGL -~ VCTRI = =3.020-01
LIST COMHTAEINS 160 ENTRICS .,
CAPPOT ==~ ROOTR/RDOTR) = 6.08-24/
LEAVIKG ICCGY1 -- YCFRI ~3.020-01
DACt 1} = -5.5250+33
[t1H]
~TL6402 “T. 8402 =T.,6+402 -T.u4+02
“H.u+02  6.0+¢02 4,R+B2  H,.0402
Q.7+02 5.7+02 6.0+02 -T7.4+02
S.7¢02 6.0+402 5.7+02 4.7+02
VFIX --- 34 QuT OF 51 NODES FIXEU.
ENTERING ECCGY -- WCFRT = -3,.020-01
LIST CONTALNS 1600 ENTRIES.,
CAPPQOT --- RUOTR/RDOIR) = 1.57-21/
LEAVING ICCGl -- VWCIRI TL81Z2+000
DGOt 1} = =-5.5250+0D3
Do
=T206+02 ~T.4102 =~1,6+40)2 ~T.44+02
~HL 02 3,1+02 =-2,2+013 B.e02
2o14813 13403 ~3,.7+03 -7.4+02
“h.9+01 -B.9+02 2.7+{)3 2.1+C3

~6.2+402 -7.4402
6.8403 U,9+03
~1.602 B.4+03
.00 2,2+404
0.0 .0
0.0 a.0
0.0 .0
o.u .
1.22+065
~6.2+02 ~T.4+02
5.7402 6.0+02
=1.6+02 6.0+02
5.7+02 6.0+¢02
2.01+06
~h.2402 ~T7.040)2
“H.9+01 -8.9+402
~T.6402 3.1402
1.1+02 3.4+403

H.G5+02
-T.ue02
1.2+03
2.2¢04

noco o
.«
In B =Nalel

G402
=1.4+02
4.8+02
5.7+02

«3.7+03
“7.H8402
-2.2+03

J.3+03

=7.44+02
~6.2+02
1.4404
1.6+0y

-7 04+02
-6.2+402
5.7+02
h.0+02

-T.u40)2
~b.2+02
2.0+03
23403

~T.6402 -7.6402 ~7.4+402 =T7.6+02 1.1+C13
~T.4402 3.C+03 -4.4+02 6.9+403 1.0+CY
J.3+C3 1.9+404 6,9+03 2.2+408 2.2+04
0.0 a.0 0.0 0.0 C.G
0.0 a.0 0.l u.0 L if
0.0 0.0 a.c 0.0 n.o
=T.6+02 =T.6+402 ~T.H+02 -T7.6+02 6.0+02
=~TU+C2 5.7+02 ~H.4+02 4, T+02 5.7+LC2
J.54C2 6.C+02 4.8+02 6.0+402 5.7+(2
~7.6402 ~T.6+402 =7.4+02 -7,6402 ~3,1+C3
—T.8402 -1.7403 -t.u+02 3F.7402 2.04013
-3.0+02 2.8+03 4.1+02 Y.4+03 J.3+E3

-6.1+402 3.0+03
3.3+403 1.8+D4
l1.6+404 9,9+03
C.G 0.0
£.C 0.0
0.0 0.0

~6.1¢02 5.7+402
3.5+02 5.7+02
6.C+02 6.0+02

-6+1+02 ~1.7403

~3.0+02 2.7403
2.3+03 48.9+02



PREODICTLD NODE POTENTIALL

NODE V-PRLD no
1 a2 =T635.94
2 1.42 -The .22
3 1.4z -T63.494
Yy fou2 =Thhe 22
& 1.42 ~621.1R
[} 1.42 ~Tun. 27
1 ] ~3660.480
8 1.42 -Tah.22
9 .42 =16 5.9
10 1.u2 ~Th3.un
11 1.42 ~Tun .72
12 1.42 =16 5.7
13 $22 ~5113.u9
14 1.43 ~510.4850
15 .90 -1729.4%4
16 1.84 03610
17 1.91 I B2
18 LU0 223,493
15 2.26 Gdah.hu
20 1.79 -i49,19
21 1.36 ~889.%]
22 1.4 144,02
213 1.472 -621,18
24 1.02 44,22
25 « 91 -1729.5%4
26 1.84 436416
27 205 377.18
28 2.85 1975%.14
29 1.5% =3Uk.N7
30 1.22 26081.17
3 3.15 20948.148
3z 2.39 1101.483
33 -~ Ub =3660.80
34 1.02 -7y, 22
35 1ey? ~ThH3.94
3t 1.97 3. 62
37 40 -2243.9%
LR 2.858 197L .. 0th
39 1.59 -301.57
u0 3.23 2798.11%
il 2.07 49, 37
42 3.54 31393.50
03 31.53 3270.11
Yy 3.00 2343.062
us 2+.26 BHS .ol
ué 1.79 7. 19
yy 1.36 ~089.5]
ha .22 2681.17
ng 23409 20094 .08
50 2.39 11d1.813
51 3.514 3393.40
52 Jubl 3210.11
53 3.00 23143,.52

SUurino) = S5.576026124¢003

SUMLCs»DvEZ

5.05303435+0]

v-oLp

.03
04
.03
. G4
L
Lt
03
L
U3
.03
.04
.03
LU3
03
LA
«0u
03
03
.03
L
03
+0u
2L
.04
«On
L
04
04
WD
.04
Q0%
04
03
SO
.03
03
03
PR L]
L4
03
.03
03
ik
(13
.03
L]
.01
L]
0N
VL]
TR
NIL
MR

PTLIST

ooarIUI0n0n
oOC7i0) 10001
nuarTINIZenol
OBTYEILOLUL
a00711110001
Ung711120001)
nonTizivonol
ganT1z1I000]
goerizizonn:
aplpd?idonng
ac1ua711000l
001007126001
001016670001
00010131001
GOI011I07000%
guInr11310il
guigl2arnoel
nD1012131001
noo13louon:
rotolilioeonrs
neIuL 320001
norin/iunnoy
WSRO EFARTIDI
po1iazIZnogt
pO111607000]
noritpl3iony
CGr1110TDO0G]L
0o}112070001
natiir13lont
oniitilonoe:
nNii13tinenl
onli13izeog)
not207100001
pur20711000]
aoiz2nTlzonag)l
purziICOU00]
N01210131001
gerz2rinnoad
npi1211131001
auIz12070001
on1212131001
agrzi3ionna)
005213110061
Mirz13izopn)
cui3le1sonct
6013101 14Un]
cu13lo1z20068
no13tiinoon:
GO131E1100CL
noiLiltlzauut
Copit21660e)
ony3Lzrionnd
noi3t21200c)

LIMCEL predicts new potentials for

surface nodes.
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nGce

~5.524%65%52+N3

1.£1165567+00

When the new charge distribution has been calculated, POTENT is called

to calculate potentials.




TIMESTCP NO. ! TINE = 1.000-01 SECONES.

OSUM = 5.1061+01L
PCOND = 1.17G6+00
9COND = -5.5250+03
IN POYENT, NC = 1
HBIAS =] VEIAS = 0.0000 1.0000 0.0000 t.0000 0.0000 £.0000
CIJSUM =  0.000C 2.00u0 0.,0000 0.C000 ¢.0ro0 n.o000 0.0C00
ROLSLN = =5.5250+03  0.00J0 0.0000¢ 0.co00 g.0co0 0.0000 U.0Co0

11ER = 10C=-5,5250+03 AUNC= 1.0315403 PLS 1.7766+00 RCZ-5.5565+03 UC =-£.8115-02
PCOND = 1. 7706 +00
OCOND = ~5.5250+03
AFTER RUPDAT ROOTR = B,.7987+02 RDOIRS = B.4532+04

11LR = Z0C=~5.5250+03 AUNC=-1.3115+04 PCZ 1,7032+00 RCT 6.4165+03 UC = 6.5952-02
PCOND = 1.7032+00
QCOND = =5,5250403
AFTER RUPDAT RDOTR = 6.1919+00 RODOIRS = 8.79A7+02

1R = 30C=-5,5250+03 AUNCZ 1.2692+408 PCZ 1.7369+0C RC3-6,7643401 UC =-2.3865-04
PCOND = 1.7369+00
QCOND = =5.5250+03
AFTER RUPDAT RDOIR = 1.5985+080 ROOIRS = 6.1910+00

1YER = 4OCT-5.5250+03 AUNCI-#.9194+401 PCI 1.7366+0C RCZ 1.0543+01 UC = 4.1901-05
PCOND = 1.7366+00
0COND = =5,5250+03
AFTER RUPDAT RDOTR = 6.3113-0) ROOIRS = 1.5985+00

ITER = 5QC=-5,5250+03 AUNGCS 6.1#39400 PCZ 1.7366+00 RC=-7.0406-01 UC = 1.1595-05
PCOND = 1.73656+00
OCOND = ~5.5250+03
AFTER RUPDAT RDOTR = 3.0663-0D1 RDOIRS = 6.3113-01

ITER = 60C=-5.5250+03 AUNC=-1.0086+00 PCZ 1.7367+0G RCZ 1.2673+00 UC = 1.8801-05
PCONL = 1.7367+00
QCOND = =5.5250+03
ATTER RUPDAT ROOTR = l.ubS6-Ul ROOIRS = 3.0663-01

ITER = 70C=-5.5253+03 AUNCZ 2.3545-01 PC= 1,7367+00 RC= 7.8511-01 UC = 1.8356-05
PCOND = 1.7367200
QCOND = =5.5250%03
AFTER RUPDAT ROOTR =  6.252!-02 ROOIRS = 1.6636-01

11CP = HOCZ-5.5250+03 AUNCZ-2.0190-02 PCT 1.7367+00 RCZ 8.2412-01 UC = 1,5461-05
PCOND = 1,7367+30
0COND = -5.5250+03
AFTER RUPDAT RODOTR =  2.2000-D2 ROOIRS = 6.2627-02

ITER = YQC=-5.5250+03 AUNCZ #4.4093-03 PLZ 1.7368+0C RCZ B.1711-01 UC = 1,3930-05
PLOND = 1.7368+00
0COND =  ~5.5250403
AFTER RUPDAY ROOTR = 5,9209-0% RDOTIRS = 2.2004-02

ETER = 100C=-5,5250+03 AUNGCS 2.4078-02 PCZ 1.7368+06 RC= 7,.7602-01 UC = 1.1810-05
PCOND = 1.7363+00
OCOND = =5,5250+03
AFYER RUPUAT ROOIR =  1.0295-03 ROCTRS = 5.9209-04

ITER = 110C=-5.5250+073 AUNCZ=3.3026-02 PCS 1.7368¢68 RCT 8.2973-01 UC = 1.187(-C5

PCOND = 1.7368+0D

p.ocou
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OCOKD = =5.5250+D3
AFYER RUPDAT RDOTR = 5,7570-046 NDOTRS = 1.06295-03

1YER = 120C7-5.5250+403  AUNC: 6.7072-D2 PCz 1.73168+4010
PCOND = 1.7368+00
oconp = ~5.5250+01
AFTER RUPDAT RDOTR = 2.1538-04 RODOTRS = 5.7%78-04

ITER = 13002-5.5250+¢013  AUNCEZ-9.9502-02 RFC= 1.730(8+0C
PCOND = 1.73658+00
QCOND = ~H.8250+03
AFTER RUPDAT RLOTR = F.H109-05 RPOTRS = 2.15%38-014

ITER = 140C==-5,5250+0%  AUNCZ 2.0821-01 PC= 1.7369+0C
PCOND = 1.7369+50
GQeonp = “5.5250+01
AFTER RUPDAT RUOTIR = &.011)5-05 RDOTRS = 9.5149-05

1TER = 19QC==%.5250+03  AUNCZ~-4,2171-01 PCZ },.T7369¢00
PCCGANL = 1.7369+00
oCokn = -5.5250+D3
AFTER RUPUAT RDOTR = 7,2642-0% WDQATRS = 4.0105-05

11em = 1600==-5,%2%0+03 AUNCz 9,20006~01 PC= 1.7369+5C
PCOND = 1.72691+00
QCONG = ~5.5250+03 .
AFTER RUPDAT RUOOTR = A.1827-0% RODOGTRS = 7.26u42-0%

ITER = 170L3~8.5250+03 AUNC==-1.8708+00 PC= 1.7370+0C
PCOND = 1.7378+00
QCONG = ~5.5250+03
AFTER RUPDAT RLOIR = A.37649=-0% QRDOTRS = 3.i827-0%

;TER = 18GC=-0.5250¢03  AUNCEZ 7.2273-01 PC2 J.7371+00
PCONE = 1.7371+00
QCOND = -5.5250+0}3
AFTER RUPDAY RDOTR = 1.54B0-014 RUOTRS = 8,3769-0%

ITER = 1900=-5,5250+03 AUNC=-3.9154-01 PCz 1.1372+0C
pPCOND = 1.7372400
QCconp = ~5.5250+03

AFTER RUPDAT RDOTR = 4,502%-048 RDOTRS =

ITER = 2U0C=-5.8250+03 AUNC: 7.0349-02
PCOND = 14T7377+00
GCOND = ~5.5250+03
AFYER RUPDAT ROOTR = 4 .3807-0u RDOTIRS =
PCONY = 1.7390+00
OCOAD = ~5.5250+03

FC=

1.5480-04

1.7371700

4.5025-0n0

RLZ 7.2522-01
RUZ 9.0406-01
REZ S5.1943-01
RC= 1.3651+00

ACZ-1,9968-01

RC= 1.9222400
ez 2.8515-01
RC= 9.4925-01
RLz 5,9390-01}

uc

uc

uc

uc

uc

uc

uc

uc

11

1.172%-05%

I.3784-05

1.1486-05

241037-05

2.0717-05

4,3307-05

4,7297~-05%

$.7262-05

2.8907-04
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P{I,dy 1, 1)

1 2 3 ) 5 [ 7 8 9 10 11 12 13 14 15 16 17

1 1.E -1 X 2.93 3.05% 3.17 .28 31.39 3.u7 3. 54 31.58 31.59 3.58 3.54 L LN} 1.1319 .28 3.1 3.0568 Z.93

2 1.8 -1 x 3.05 3,19 3,33 3,46 3,58 3.68 3.76 3.8l 3.2 3.81 3.76 3.6B 3.%8 3.4 3.33 3.1% 3.05

3 1.E -1 X 3.117 3.33 J.48  3I.03 3.7 j.0% J.94 gL on 4.06 §.0u 3.98 3.09 3.77 Jab3 j.ubB 3.33 .17

L B B ¢ 3.28 3,46 3.63  3.81  3.97 4.10 4.,2F 6,28 4.3) 4,28 Nw,23) 4.i0 3.97 3.81 3.63 3.h6 3.28

5 1.E -1 X 3239 3.58  3.7T  3.97 1% 4.3l a.u3 4,51 4,549 4,51 4,43 4,31 4,16 3,97 3,77 3.58 1,39

6 1.E -1 X 3.47 3.h8 3.89 B0 w31 4,49 NH,63 y,712 H,76 4.72 Ge63 W49 4,31 4.10 3.89 3.68 .47

T 1.8 -1 X Fo84% 3,76 3.98 M.2)1 WJ83 .63 N 79 9,89 H.93 4,89 4,79 4,63 .43 4,21 3,98 3.76 3.5%4

8 1.t -1 X 3I.58 3,81 4,04 6,28 #.5%1 .72 hw.89 5.0 5,04 5,00 w.B9 0,72 H.51 w.28 H.04 3.B} .58

9 1.E -} X 3.99 3. 02 4,06 w31 4.%4 n.Te .93 5.04 5,08 S.04 4.93 4.76 4.54% u.31 4.06 3.82 3.59

10 1. -1 X 3.58 j.at n.ny .28 H.51 4.72 H.39 5.00 5 .04 5.00 .89 4,72 4.5] .28 4,04 3.81] 3.58
11 1.E -1 X 3.54 .76 3.90 n,.,21 .3 4,63 H.79 H.89 4,93 4.89 4.79 4.63 u.43 4,21 J.98 3.76 3.514
12 1.E -1 X 3.7 3.00 3,89 f.00 4,31 NJA9 4,63 N,72 UH,T6 H.TZ H.63 H.HY H,31 4,10 3.89 3.68 I.u7
13 1.E -1 X T.39 358 3,77 1,97 4.1% a,31 4,43 0,51 u.5F 4,51 4,43 N,31 4,35 3.9T 3.7T 3.58 3.39
14 1.E -1 X 3.280 3 N6 3,685 3.01 0 3.97 HL10 N.2) 4.28 hJ 31 4,28 4,21 M.l0 3.97 31.81 3.63 3.46 3.28
15 1.E -1 X 3.7 3.33 3.48 0 3,63 3.7 3.89 1.9 u. .04 h.06 4.0 3,98 3.89 3.7? 3l.63 3.y 3,33 .17
16 1.E -1 X .08 3.1% 3,33 3,46 F.58  1.68 3,16 3.A1  3.82 3,81 3.76 3.06B  3.58 3.06 3.33 3.19 .05
17 Y.E -1 X 2.93 3.05 3,17 3.28  3.39 3.47 3.54 3.5 3,59 3.58 3.54 3,07 3.39 3.28 3.17 3.08 2.93

Pilsds 2+ 1)

1 2 3 " 3 ] 7 a ? 10 11 12 13 14 15 lo6 17

1 1.E -1 X 3.05  3.1% 3.33 3.06 3.58 3.68 3.76  3.01 3.82 3.81 3.76 3.68 3.58 3J.ue 3.33 3.19 .05

2 1.t -1 X 3.19 3.35  $.50 3.6 2.77  3.B8  3.98 4.B4 4,07 4.05 4,00 3.91 3.79 3.66 3.51 3.35 3.19

3 1.L -1 X 3.33 3.50 3.606 3.82 3097 w.ll n.22 4,30 4,33 4.32 4,25 4.1 n.D2 3.87 3.69 3.5] 1.313

" 1.6 -1 X 3.46 3.0 3.B2 .00 HLIB O 4,34 4.48 4.57 #.6)1 H.60 4,53 4,42 H.26 fi.0B 3.88 3.67 3.46

§ 1.E -1 X 3.58 3,77 3.97 4.106 4.39 4.58 4.74 4,85 #4.91 4.90 4.83 4,70 4,51 4.29 4.06 3,81 .58

& 1.£ -1 X 3.6 3,88 a1 4.30 WLSH 8,79 4,98 5,02 5,20 S.20 S5.12 4.96 4.T4 4,49 4,227 3.95 1.b8

7T 1.6 -1 X% J.76 3.98 .22 H.MB HL.TH .98 5.19 S5.36 5.46 S5.48 5.38 5.20 4.95 4.67 Hh,36 4.05 2.7¢6

8 1.£ -1 X J.81 4,04 4,30 H4.57 H.85 5.12 G.16 5.56 5.68 5.70 S5.60 S5.39 S5.11 4,79 #.u45 &.,12 3.81

9 1.E -1 X 3.2 .07 4,33 M.6)l H.91 5,20 S5.46 5.68 5.8l 5.83 5.72 5.50 5.20 4,86 MN.50 #H.15 .82

10 1.£ -1 X J.81 4,05 1.317 #.60 0,90 5.20 S5.48 S5.70 5.83 5,85 5.7k 5.51 5.20 4.B5 6.49 4,14 .81
1Y Y.E -1 X 3.76 .00 H.2% #.53 #.83 H.12 5,39 5.60 5.72 5.74 S.63 S.41 S.11 4,78 4.3 4.08 3.7t
12 1.6 =1 X 1,68 3.9 NMale A.H2 470 ©.96 5.20 5.39 5.50 5.51 5.41 5.2t 4.94 4,63 4,31 4.00 3.68
13 1.6 -1 X% J.58 3.79 4.02 H.26 .51 .75 u.95 5,11 6.20 5.20 5,11 4.%4% 4,70 4.4n 4,15 3.87 2.58
14 1.E -1 X 3,46 3,66 3.07 4.08 4,79 H.49 U,ET7 M.19 H.BE6 N.BS H.TB 4.63 houy n.2) 3.96 3.7]  2.46
15 1.6 -} % 3.33  3.5) 3.69 3.88 406 N,22 H.od6 H.85 .50 4.4 b.u3 4431 4.1% 3.%6  3.7T8 3.53 3.33
16 IT.E -1 X% 3.19  3.35 3.5 3.67 3.8 3.95 4L.CH  4.12 4,15 .14 uw,08 H.00 3.87 3371 3.53 3.36 .19
17 1.8 -1 X 3.05 3,19 3.33 3,46 3.58 3F.68 3.6 3.0) 3.82 3.B1 3.76 3.68 3.58 3.6 3.33 3.19 3.05

Pll,Jd, 34 11}

1 2 3 4 5 b 1 4 k4 10 1l 12 13 14 15 16 17

1 1.6 -1 X J.17 3,33 3.48  3.63 3.77 3.89 l.98 4.C4 4,00 H.04% 3.98  3.89 3.77 3.63 3.8 3.3] 3.17

2 l1.E -1 3.33 34489 3.66 0 3.82  1.97  f.ll 0 on.22 0 4,29 4,33 4,31 4.75 .15 4.02 3.80 3.66 3.5] 31.33

3 1.6 -1 X .88 3.66 3.44 84.02 4,19 0,35 H.48 4,58 4.62 H.61 .55 u. 4y 4,29 4,11 3.9C 3.69 2.4

4 1.E -1 X% J.63  3.82 n.NZ2 0 4.22 4.2 4.6l HL.T77 4.90 0,96 4.96 4,89 4.77 4.58B "H.37 4.13 3.88 2.63

5 1.€ -1 X 3.77 0 3.97 H.19 .42 4,66 B.BB 5.08 .20 5.34 5,36 5.29 5.13 n.91 4,65 4.35 4.06 3.77

6 1.E -1 X 3.89 h,.11 4.35 4,61 #.88 5415 5H.39 5,60 5.765 S5.78 5.71 H5.5%2 5.25 8,92 4.57 H.22 3.89

T 1. -1 X 3.98 Nn.22 4,48 #.77 5.08 5.39 S5.69 5.96 6.15 6.22 b6.!3 5.0 5.5 &.18 4,76 H.36 1.98

8 1.5 -} X% H.046 %.29 4.5 4.90 B5.24 S.60 5.96 6,20 6.52 6.61 H.51 6.23 5.83 5.3I7 u.90 w.46 4.0

g 1.8 -1 X .06 U.33 #.62 8,96 5.3 5.74 6.15 £.52 6.79 G.B9 6.7 bL.45 6,00 5.50 4,99 4.58 4.06

10 1.£ -1 X .08 4,31 habl HL9G 5.36 5.7 6422 6.6) 6.89 b5.99 6.85% 6.5) 6.0G3 S.51 4,99 4.50 4.04
il 1.8 -1 X 3498 H.25 .89 6.89 5,29 S,.T1 6413 6.5L 67T 6.85 6.0 6H.3T H.97  S.42 4.92 4,43 3.98
12 1.E -1 X 3,89 4,15 a.4a4 6,77 5,13 5.52 5.90 6.23 O0.45 6.51 6.37 6.08 G.68 9.23 4.77T 4,32 3.8%
13 1.E -1 X Io1T W.D2  4.29 0G5B He51  5.25 H.hT 5,83 6,00 6.03 %5.92 5.68 5.33 .95 4,55 4.15 .77
14 1.E -1 X 3.63  3.86 H.11l 0 H.37 H.65  H.92  S,1H 5.37 S.50 5.51 b.u2 5.23 4,95 4.563 H.29 3.9 3.63
15 1.8 -1 X 3.9 3,69 3.9 B,13 b,3% 4,57 4,76 W90 4.99 H.99  4.92 4,77 u,5% #.2% 4,02 3.75 Q.48
16 1. -1 X 3.33 3,51 3.69  3.8R h.0& H.22 4,36 4. 46 4,50 .50 4.n3 4,32 #.15 3,96 3.75 3.53 .33



€91

17 1.£ -1 X 3.17 0 3,33 3.48 0 3.63 3.17 3.8 3.98 U.N48 0 4 00 HL.BS 3.98  3.89  3.7T 3.63 .48 3.33 1,17

PL{lydy 4, 1)

H 2 3 4 5 6 7 8 9 10 1) 12 13 14 15 16 17

1 1.0 -1 X 3,28 3.46 3.63 3.81 3.97 .10 .21 0,28 4.31 0,28 4.2) 4,10 3.97 3,8] 3.6 3,46 3.28
2 1.L -1 X 3.6 3.6 3082 4,00 W17 N.33 hulie 8,55 0058 4.57 4,50 4,39 4,24 H,06 3.886 3.66 .40
3 1.E -1 X .63 3.82 n.01 6023 4,41 4,60 4.75 8.87 4,93 4,92 4,85 4,72 4.55 4.3% #,11 3,87 1.63
4 1.E -1 Xx J.BL 4,00 4,21 .44 6,67 N.9C 5.C9 5.25 S5.30 5.35 5.27 5.13 4.92 4,66 4.38 4.p09 3.81
"5 1.[ -1 x 1.97 4,17 4.4l #.67 H.95 5.22 5.7 S5.67 5.81 5.86 5.79 8.61 5,34 5,07 G.66 .31 1.97
6 1.E -1 X .10 W.33 4,60 H4.90 5.22 S.50 5.85 &.lf b6.36 b6.ME 6239 6.17 G5.8) §5.39 4,95 4.5)] 4,10
7 1.E -1 X 4.21 4.6 &,75 S.09 5S.47 5H5.85% 6.26 E.65 6.98 7.15 7.07 6.7T7T 6.29 5.75 5.20 4.69 4,21
8 1.F -1 X B.28 W.55 4.87 5,25 BH.67 6.1% 6,65 T.18 7.63 7.85 T.14  T.32 6.72 6.05 S.4]1 u4.B2 4.28
9 t.E -1 X 4.31 4.58 H.93 5,34 S.81 6,36 6.98 V.63 B.16 0.0 .24 7,73 7.01 - 6,29 5.53 4,88 uy,.3}
10 }.E -1 X q.28 4.57 4H.92 5.35 5.86 6.6 7.18 T.85 R.4D 8.62 B.41 7.85 7.0% .29 5.55% n4.88 4,28
1 3.E -1 X 4.21 4,50 n.85 5.28 5.79 6.39 T.07 T.74 B.24 B.Ni B.18 T.bY 6,92 6.7 S.45 4,08 u.2]
12 1.£ -1 X 4.10 H.3% 48.72 5.13 5.61 6.17 6.77 T.32 7.73 J.85 T.64 7,18 b.5%6 5.90 5.26 .66 4.10
13 1.E -1 x 3.97  h.2h HL.55 4.92 S5.34 5.081 6.29 6,12 1.01 1.09 6.92 6.56 6.06 5.52 4.97 u.u5% 3,97
ih 1.E -1 X 3.8 4.06 Hw.34 4,66 BH.02 5.39 65.75 .05 6.24 6.29 6.11 5.90 5.582 5.09 H4.65 4.22 11.81
15 1. -1 X .63 3.86 hM.l1 H.38 4,06 .95 5.20 5.4 5.53 5,55 5,45 5.26 kH.97 H.685 6,36 3.96 3.63
16 1.E -1 X% 5«86 3.606  3.87 .09 4,31 4.51 4.069 4,82 H,.88 H4.88 4,80 4.66 4.5 4,22 3.96 3.71 3.46
17 1.8 -1 X .28 3.46 0 3.63 3.81  3.97 4,10 4.2F 4.28 4,31 4,28 B.2F 4410 3.97 3.81 3.63 3,46 1.28

PlIydy 54 11}

1 2 3 Y 5 N 7 a 9 10 11 12 13 14 is 16 17
1 1.f -1 X 3.39  3.58  3.77 3.97 .15 8,31 4,47 4,51 4054 4,51 4,43 u,31 4,15 3,97 3.77 1.58 1.39
2 1.k -1 X 3.58 3,76 3.96 .17 4.37 8,55 4,70 4.80 .84 4,82 4.15 4.62 4.45 4.25 4.03 3.B80 3.58
3 1.8 =) X I.77 3,96 NM.YT 4.H0 A.63 .85 5.03 5.16 5.23 5.22 S.14  S$.00 4.8 N.57 4.3} 4,08 3,77
4 1.6 -1 X 397 4.17 L4000 M.66 H.93 5.19 5.02 9,60 5,71 5.73 5.65 5.49 5.25 8.95 b.62 4.28 3.97
S 1.E -1 x .15 437 .63 4,93 5.28  £.57 5.86 b.12 6.29 6.37 6.30 4A.1)1 5.78 5,39 4,96 4.54 4,15
& 1«8 ~-1 X #.31  U.55 H.BhH 5,19 5.57 5495 06.32 E£.67 T.00 7.20 T.17 6.88 6462 5.88 S.32 4.79 4.3]
T 1. -1 X k.n3 4,70 5,03 S5.HZ 5.86 6.32 6.80 7,39 T.94 8.30 8.2 T.82 7.33 6.38 S5.66 S5.01 Nh.ul
& 1. -1 X 4.5] 4.8 5.16 5.60 6.12 6.67 7.359 B.21 9.09 9.63 9.48 8.80 T.B0 6.82 5.93 S5.17 4,51
9 1.6 0 x N5 LuB 52 « 57 + 63 T 19 91 1.02 1.07 1.05 +95 «83 « 71 01 +53 45
10 1.E O X L) 8 .h2 «57 64 .72 -83 .96 1.07 1.13 1.08 -98 L 72 b} .53 45
11 1.6 0 x LUy 47 « 51 5T v 03 72 A3 <95  1.05 .08 1.04 94 .82 70 «EC .52 L4
12 1.£€ -1 X .31 H.62 S.0M0 5.49 6.1) 6.8 7.82 B.80 9.53 9.76 9.38 8.59 7T.60 6.63 5,76 4,99 4.3}
13 F.E -1 X 4.15 h.4% NW.B1 5,25 5.78 6.42 T.13 7.80 B.29 8.42 8,17 T.60 6£.88 6.12 S5.39 4,73 4.1§
In 1.E -1 X 3.97 .25 4.57 8,95 5,39 5.88 6,38 682 7.12 7.19  T.D1 6.63 6,12 5,56 BL.9$ U.he 1,97
15 1.F -1 X 377 4.03 H.31 .62 H.96 5.32 S.66 5.93 6.11 6.18  b.02 5.76  5.3% 4.99 #,57 4.17 .77
16 1.E -1 X 1.58  3.80 4.00 4,28 H.%4 0,79 5,01 5,17 5.26 S.27 5.17 4.99 Nn.73 4,06 4,07 3.B7 3.58
17 v.C -1 X 3.39 3.8 3,77 3.97 A.lb5 H.3)1 n.43  u.8) w.B4 0 4.51 .43 6,31 wL.15 3,97 3,77 3.58 3.39

P{l,dsy 6, 1}

1 ? 3 [ Y 6 1 8 9 10 11 12 13 1 15 16 17

1 1.E -1 X 3.u7 0 3.6B 3.B89 4.10 4.1 W 49 4 Er 4,72 4.76 8,77 4.63 4.49 4,30 4,10 3.8% Y.6B .47

2 1.E -1 x 3B 3.88 4.10 4,32 M.50 .74 M,%) 5.02 5.07 5.05 4.9 4,82 .63 .40 H,16 3.52 F.68

3 1.E -1 X 3.89% 4.10 4.33 4,58 4,83 S5.07 5.28 S.43 5.5%1 S5.50 S.01 5.25% 5.03 4,77 W,.4B 4,18 1.89

4 1.E -1 X b.10 .32 .58 u.8b 5.17 5.8 H.1% 5.9% 6.0 4.09 6.00 5.82 5.5 5.20 U4.81 4.6 4.l

5 1.E -1 X .31 4.58 0,83 S.1T 5.8 5.94 6.t BLE0 6.7T  6.B81 bL.TT 6.57 06.20 S.74 S5.24 8,7% 4,3}

6 1.8 -1 X .9 a7 .07 5.48 5.0y b.U42 O.LRT T.28 7.5H9 7.817 T.87 T.59 T.03 5.35 5.67 5.04 .49

7 1.6 -1 X M.63 4.1 5,28 5,75 6.51 6.B6  T.21 7.50 8.61 S.60 9.71 9.0 B.NY T.0) 6.08 5,30 H.613

8 1.6 0 X JHT .50 « 54 .60 Y »73 .15 L5000 1.08 1.21 1.23 1.07 .21 W15 b4 +55 S0l

9 1.E D X «HE Y i W01 O Tl A6 1.09 1.35 1.51 1.04 1.20 « 98 B0 07 e 56 ]

10 1.8 0 x U7 A1 LY ebl 68 .79 .96 1.21  1.51 1.6l 1,52 1.24 1.00 B2 67 .56 47
11 1.8 0O X LT Lol 54 40 Y .79 97 1.23 1.4 1,5%2 1.38 1.17 96 .79 06 +55 WG
12 1. 0O X oG Y W53 .58 o LTh L90  1.07 1420 1.7200 1.17 1.03 86 « TH o6 2 .53 W8
13 1.F 0 X “H3 s 50 .55 Sh2 ST6 W80 W91 L8 1,00 + 90 B8 L 77 b7 58 +50 o3
14 1.E -1 X n.in .50 h,77 5.20 4.4 6.35 T.11 Te62 B.00 B.15 T.91 T438 6471 6.00 5.3} h,68 H.10
15 1.0 -1 X 1.89 4010 4B %.83 5.24 5.67 6,09 B.45 6,68 6.TH &.5R 0 0.25% 5.80 S.31 .81 4,34 31,89



POT

"6 1.E -1 X J.68 3.92 u.18 G.46 K¥.75 5.08 5.30 S5.80 5.63 S.63 5.52 5.30 5.00 u.68 4,34 4,01 3.06H
17 1. -1 3.7 3.68H  3.B9 4.10 H.31 8,49 A.€3 4,72 H.TE N.T72 .63 4,49 4.3) 4.10 3.89 3.68 .47

Ptlsdy 7y 1)

1 I3 3 b 5 L 17 8 9 10 11 12 13 14 15 16 17

P 1. -1 X 3.5 3.76 0 3.98 n.21 4,43 H.063 H.TY 0 4.89 HL.93 4,89 4,79 H.63 U 63 4.2} 1.98 3.76 2.54

2 1.t -1 X 3.76 3,97 4.20 4.45 4.69 4,90 5.C8 5.21 5.26 S5.28 S.14 4,98 4,78 4,53 0,28 H.01 1,76

3 3.8 -1 x 3,98 w20 4,45 4,72 5,00 5.27 5.5U0 h.t6 5.75 5.74  S.64 H.46 5,22 H,93 4,61 H.29 3.98

Y 1.E -1 X HeZ)  H.45 4,72 5.04 5,39 5.74 6.05 6.78 6.40 6.40 &.30 6,09 5.78 5.41 5.00 4.59 4.2l

S 1.E -1 X 4,43 4.6% H.00 5.39 5.83 0431 6476 T.08 7421 TL30 Tol4 6.93  6.53 6402 5.5 4,92 u.43

& 1.E -1 x Hab3 4,90 5,27 5,78 6431 6,93 T.6) B.19 B8.28 T.80 8.28 B.17 7.55 64,73 5.9 5.24 kU063

T 1. 0« CE:] o b3 55 Y11 68 Tt L H2 .58 «0% 1.02 .06 1.03 .89 « 715 b4 55 A8

8 1. ©C X L9 52 <07 «63 71 B2 «B7 +15 . .83 1.90 1.54 1.31 1.03 83 b9 «+58 Y

9 1.£ D x Y -1 57 Ol o712 83 .09 B3 1.97 2.78 2.05 1.54 1,13 .89 .72 «59 LRy

10 1.E o0 X 49 £ 52 «57 b4 W13 «78  1.03 .90 2.78 3.16 2.12 1.60 .16 + 91 T2 «59 19
17 1.F O X LF:] «51 50 63 .71 «82 1.06 1.%4 2,05 2.13 1.91 l.44% .10 «B87 « 10 «58 48
12 1.E © X WU 50 +55 61 65 «82 1.€2 1.3 1.54 1.60 1l.44 1,21 «98 « 80 67 .56 Y
13 1.E O X LUy LR .52 « 58 b5 T «89 1.03 }.13 1.16 1.10 «98 «85 « 12 +61 .52 44
It 1.f -1 x 4,21 h.53 4,923 5.4} 6.0} 6.73 T.54 8.3 8.86 9.02 B.70 8.04 T.20 6.35 S5.56 H.HS5 4.21
15 1.E -1 X 3.98 w.28 H.6) 5.00 H.H5 0 5.90 b.44 0 6,87 7416 7423 T.05 465 6,12 5.56 5.00 H.47 3.98
16 1.E -1 X 1.76 4,01 4.29 4,59 4,92 5.24 5.5%4 5.18 5.92 $.93 5.80 5.55 K421 4.85 h.07 N.1Y 3.Tb
17 .0 -1 ¥ 3.84 3 16 3,908 H.21 4.n3 Q.63 4079 0,89 H.93 H.89 W,79 H.63 4,43 4,21 3,98 3.76 1.54

Pll.Jt, 8, 11}

1 2 3 q 5 b 1 8 9 10 11 12 13 1H 15 16 17
1 1.E -1 X 3.88  3.B81 4.0% 4,28 4,51 4,72 4.RY S.00 5.04 5.00 Y4.89 4,72 4.51 4,28 4,04 3.e1 3.58
2 1. =1 X J.81 4,03 4.zZ8 %.53 4,78 5.01 5H.20 5.33 5.39 5.36 5.26 5.09 .87 4.b) 4.34 4,07 3.81
3 1.L -1 x .04 4.28 4,58 4.83 5.13 S.41 5.68 5.83 5,92 5.90 5.79 5.59 5.33 5.02 UH,69 4.36 4.04
h 1.E -} X 4.28 w.53 u,.83 5,18 5.55 5,94 6.78 6.53 6.6 6.64 6.49 6.27 5.93 5.54§ 5.11 H.68 4,28
5 1. =1 x %.51 4,78 6.13 5.55 6.05 6.62 7.15 71.50 7.70 V.52 71.50 T.15 6.74 6.18 5.58 5,02 4.51
6 1.E -1 x 4,72 %.01 B.41 5.9% 6.62 T.4} B.HY  9.05 B.59 9.4T7 8.24 B.,58 T.86 6.96 bL.I1 S5.37T 0.72
7 1.8 0O X LHY 52 .57 .63 71 By 96 T1.24% 1.35 -.13 1.1% 1.11 « 210 <19 66 57 49
8 1.t O X .50 513 « 58 «b65 « 15 «91  1.35 .00 00 00 2.39 l.44 1,11 87 + 71 «59 +50
1. 0 x 50 « 54 58 17 17 A6 1.35 0 .00 «00 3.15% 31.78 1.24 « 9N « 75 «61 «S0
10 1.£ O X «50 « 51 HY b6 15 95 =213 .M0 .00 «00  3.47 1.84% 1,28 906 75 61 50
11 1.£ O X 09 «53 50 X3 <75 L .82 1.08  2.19 I.15  3.4T 2.21 1.67 1.20 92 « 13 «60 N9
12 1.€ O X 47 «51 « 506 63 .12 86 1.11 1.4 1,78 1.84 ).67 1.33 1.06 « &5 «68 57 U7
13 1.E O x N5 N9 53 59 87 79 «98 1,11 .24 1.28 1.20 1t1.06 « 90 15 62 «53 U5
T4 r.€ - X he28 4.0t 5.02 5.54% 6,18 6.96 7.86 8.74 9.38 9.56 9.22 8.6 7T.51 6.5b6 5.71 H.95 4.28
15 1.8 -1 X% h.0n  4.34 8,69 5.310 S5.58 6.11 6.65 7,13 TL86 T.54 Tu3f 6.90 6.32 S5.71 S5.10 H.E5  4.0%
16 1. -1 X I.B1 4.07 4,36 .68 5.02 S.37 5.69 5.94 6,10 6.12 $.98 S5.70 5.35 4,95 6.55 #.17 .81
17 1.8 -1 X

3.58  3.8)1 w.0Na n,28 H.51 0,72 a.0% 5.086 S5.04 5.00 #.89 4.72 4,51 4,28 4,04 3.81 3.58

PiTydsy 9, 1)

1 2 L] Y 5 [ 7 B 9 18 11 12 13 14 15 16 17
1 1.L -1 X% 3.59 J.82 ho{tb 8,31 .54 4.Fe 4,93 S.04 S5.08 5.0 4,93 4,76 4,54 H.31 4.06 3.82 3.59
2 1.k -1 X J.B82 4.0% 4.30 #,57 4.82 5.06 5.25 5.34 S5.44 5,41 5,30 5.12 4,90 4w.64 H.3IT w,.09 2.82
3 1. -1 % h.06 .30 4,58 4.B7 S.18 S5.47 .72 5.%0 5.9B 5.96 S.84 S.63 5,37 S5.C6 4.72 u,38 4,06
4 1.E -1 X 4,31 8,57 HuRT 5.23 5.62 6.03 6,39 €.60 65,77 6.73 6.58 6.32 5.97 5.57 5.13 4,70 4.31
S 1.0 =1 % B.5%  4.82 5,18 S5.62 615 6.TC .35 1.7% 1.87  T.Be6  T.57 T.25 &6.78 6.21 S.61 S5.05 #.54
6 l1.F -1 x .70 5.06 %47 b.03 .76 T.69 08.81 9.73 9.84 8.97 9.0} B.61 T«BT7T 6.98 b.14 5.39 H.76
7 1.¢€ b ox U9 « 52 57 Gl - Th -1 1.09 1.3% 1.34 1.35 14156 1.09 « 90 .79 .67 «57 U9
B 1.6 0 % .50 .50 09 60 LT7 97 1.3 +CO .00 L00 1.71 147 1.3 .84 12 .60 . 5C
9 1.E 0 X .51 « 5 LHD .60 . 1Y L9813 ] 0o L00  3.07 1.81 1.28 LYY .15 61 +51
10 t.€ U0 X 50 Y «O0 W67 19 L9000 1.3% 00 00 LO00 3.86 1.91 1.29 « G + 16 02 +50
11 1.E 0O X 3 - ) Y17 w70 L9 telb  1.71 3.07 3.46 2.39 1.71 1.22 93 « 71 Bl U9
12 1.0 0O x Y W91 L6 63 72 LBG 1,09 1,47 .81 1.91 1.71 1.36 1.07 .85 .69 .57 .8
13 1.E 0 X U A W Bl 060 68 15 .Y 1alid 1.25 1.29 1.22 1.07 90 ] L «5Y 45
M 1. -1 X

o3l H.b0  5.05 H.57 6,21 6.97  7.0B  R.TT 9.83  9.64  9.29 8,53 T.56 6.60 S.74 H.98 wu.3]

O ¥oog 3¢

S 39vd Nmg

ALrvn
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15 1. -1 X
16 1.E -1 X
17 1.E -1 X

PlILJyl0y
1 *.E -1 X
2 1.8 =1 X
3 1.8 -1 X%
4 1.8 -1 X
S 1.& ~} X
6 1.8 -1 X
T 1.E 0 X
8 t.E O X
2 1.E O X
10 1.£ & X
11 1.E O X
12 1.6 0O X
13 1.6 O X
14 1.E -1 X
15 1.E -1 X
16 1.E ~1 X
17 }E -1 X
Piledell,
1 1.£€ -1 X
2 1.8 «1 X
3 1.6 -1 X
4 1.8 ~1 X
§ 1. -1 X
6 1.E -1 X
7 1.6 0 %
8 1.E O X
9 l.E O X
10 1.£ O X
11 1.E o x
12 t.E D X
13 1. 0O X
i4 1.8 -1 X
15 1.E -1 X
16 1.E -1 X
17 F.E -} X
Ptl,d,12,
1 o€ -1 X
2 1.F -1 X
3 1.0 -1 X
4 1.5 -1 X
5 1.E -1 X
6 1.E -1 X
7 }.F =1 x
B 1.E 0O X
9 1.6 0O X
10 1.£ O X
11 1.£ G X
12 1.6 0O X
13 1.8 -1 X

i}

11

1)

N.06
J.Be
3.59

1.54
3.81
y.0u
4,28
4.51
4,72
U9
.50
.50
«50
49
7
05
4,28
b,On
3.81
3.58

3.54
3.76
.98
4,21
h,43
h.63
«48
4Y
N9
49
Y
U6
«hY
.21
1.98
3.%6
3.94

1

I U7
3.08
1.89
4.10
4,31
4.9
.63
«H7
U8
47
G
wU5

4.31

W37
h.09
3.82

.41
4,0y
.28
y514
4,79
5.02
.52
53
. 54
-hY
+53
51
0""9
4.&1
4.3
o b
J.B1

3.70
3.9%
4,21
h.hi6
haTD
.92
+51
.52
.53
52
« 01
ISU
N8
.52
h,26
.00
J.76

3.68
3.89
Ge11
4,33
4,56
1.76
4,92
.50
+ 51
« 50
LUy
.llb
.61

h,12
H,38
.06

.04
i, 28
4.56
0,05
5.1%
S.44
+57
+ 59
+59
+ 59
+58
.Sh
«53
5.01
ha.68
4,35
.05

3.%0
k.21
Heb7T
0,75
5.03
5.3)
+55
.57
+58
57
+ 50
54
.\‘.’2
4,89
458
4427
3.98

5.89
Gall
4,34
4.60
4,86
5.11
5,32
« 55
+ 55
5%
+ 5l
<52
n.%78

He13
.70
h,31

b.28
.54
4,.A5
.20
5.59
5.9%8
63
2 b6
«67
07
W65
s02
«59
5.50
5.07
L3713
4,28

.21
q.qb
He75
5.08
S.44
5.81
61
64
65
«b iy
63
«60
.57
$.33
4,95
.57
4,21

4
4.10
4,33
4.60
4.91
5.23
5.5%
5.83

«60
61
Ul
«59
+57

5.43

561
5.05
4,54

4.51
4.79
5.15
5.59
6.11
6.70
« 73
W17
.78
« 77

o711
66
6.09
5.53
4.9%
5.51

Heu3
4.70
5.01
5.4
$.92
6.45
« 69
«73
« T4
.74
» 71
« 68
63
5.87
5,135
4,87
Heyl

1.3
4.56
4.06
5423
SebY
6.07
[ PRl]

6.14
5.39
h.76

W.72
5.02
Sely
5.98
6.70
T.60
81
oY
98
+95
L
«83
16
6.81
6.02
S5.32
.72

Neb3
4,92
5.31
5.8)
GuU5
7.22
+80
+87
.89
+B87
B3
+T7
71
6.7
5,79
5,17
.62

&
h.49
4,7¢
5.11!
5.55
£.07
6.0
T.24

76
<717
« 76
T
L0
6.58

6.068
5.71
4.93

h.89
5.21
5.¢68
6.3y
7.21
8.69
1.04
1.35
1.35
1,36
1.C9
1.00

1.61
652
5,63
h.8%

4,79
5.10
5.54
6.13
6.94
g.02

+95
b.04
1.02

97

« 91

+90

Bl
7.14
6.23
5.45
hel9

.63
.92
5,32
5.83
.46
T.24
.06
W87
-B7
.82
82
+ 79
1.29

1.16
5.98
5.04

T«49
6.4
5.08

9
Sty
5.39
5.93
6.70
7.84
9.76
1.35

+00

.00

<0G
2.32
1.57
l.16
?.01
7.28
6.03
5.04

4,93
S:27
5.77
£.47
Teti5
8.89
1.02
1.36
1,73
1.48
1.42
nlzﬁ
1.01
8.217
6.87
5.9
4.93

9.76
5.08
£5.52
6.1l
6.87
T4
B.T72

986
1.06
1,10
1.06

W98
B.61

T+59
5415
5.004

10
5.00
5,317
5.90
6.61
7,74
9.46
1.35

.00

.00

.00
2.93
1.66
1.20
9.21
7.37
6.0
5.00

10
4,89
5.24
5.74
6.43
7.38
8.68

+98

«33
1.48
1.99
1.64
1,35
1.05
8.43
6«34
5.81
4,89

10
4,72
5.05
5.49
6.07
6.81
7.65
8.17
1.6G1
1.18
1.18
1«16
1.03
8,85

7.38

6.01
4,93

11
h.nyg
5.26
5.748
6.50
T.49
8.98
1.0%9
1.29
2.32
2.93
2.03
1.55
1.14
8.91
7«18
5.91
4,69

11
W79
5.14
S5.62
6.21
Telt
B.26

«91
1.13
1.42
1.63
1.587
1.26
1.01
8.19
6.78
5.09
4,79

11
h.63
.95
$.348
5.93
beb2
T.37
8417

90
1.06
1.16
1.12
1.00
a.61

L]
5.74
4,76

12
4.72
5.08
5.57
6.23
T.12
8.32
1.00
1.29
1.57
l.66
1.55
126
1.02
8.23
6.717
5.65
4,72

12
4.63
4.97
Sef}
6,02
6.79
1.72

30
1.06
1.26
1.35
1.26
i.09

lgz
7.65
6ol
S.46
.63

i2
h.49
4.80
.20
5.71
b33
105
T.88
-89
.98
1.03
1.00
«91
8.01

6,30
5.37
4.54

13
4.51
4.86
5.31
5.89
6.64
1.60

.89
1.04
! llb
1.20
1.14
1.02

IBT
7.35
6.23
5.30
He51

13
Hett 3
4.76
5.18
$.70
6.35
1.4

81
« 92
1.01
1.05
1.01
«92
Isn
6.92
5.96
5.14
H.43

13
4,31
4.61
4.98
S5.43
5.96
be58
1+29

«B0
+ 86

+ 06
L80
7.20

S.74
4,98
4,31

14
4.28
4.6]
5.01
5.50
6.10
b.81

76
-84
«90
.92
+89
B2
73
6,46
E.64
4.92
4.28

i4
H.21
4.52
4,89
£.33
5,87
6.u7
71
+78
«83
.84
82
« 77
+69
6.17
5,45
4.80
4,21

14
4.10
4,34
4,71
5+11
5.56
&.05
6.56

.70
s 7Y
+T5
«73
lb?
6.38

S.13
4.57
4,06

15
4.04
4.34
4.68
S5.07
5.53
6.02

.65
l’G
.73
T4
.12
.68
.62
S.64
5.06
4,53
Y.04

18
3.98
h.27
4.58
4.95
5.35
5.79

+62
+66
«569
+b69
«68
«64
«60
5.48
4.93
H.44
3.98

15
3.89
4,18
LI ]
4.7¢&
5.12
Se4Y
5.84

«61
63
by
ab3
«6C
HEY:D

4.57
.18
3.82

16
3.81
4.G6
4,35
4.66
h.99
5.32

«56
.59
«60
+60
.59
«56
«53
He92
4.53
Haelb
3.0

16
370
4.00
4.27
heb17
4.817
5.17

-Sq
57
»58
58
57
«58
51
4.80
Uahy
.69
3.76

1o
3.68
3.91
4.16
Yoy2
4.70
4,96
5.19

«54
«55
«55
+ 54
.52
4,92

4,06
3.82
1.59

17
}.58
3.81
4,04
4.28
.51
.72

A
«50
Isﬂ
«50
G
7
45
4,28
.04
l.81
3.58

17
3.54
1.78
1.98
4.21
a3
h.63

.48
+49
49
o9
48
WHG
L]
4.21
3.98
1.76
3.54

117
J.u1
1.68
3.89
4.10
4,31
4.4y
.63

47
48
47
MO
05
h.31
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4 1.8 -1}
15 1.£ -}
16 1.E
17 1.t

-1
-1

E I

Pilsdsl3,

-1
-1
-1
-1
-1
-1
-1
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~1
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1)

4,10
3.89
.68
J.41

3.39
3.58
3.77
.97
4.15
4.31
l"."3
4.51
.54
4.5]
443
4,31
4.15
3.97
3.7
3.58
3.39

3.28
LPRT
3.63
3.81
3.97
4,10
4,21
4.28
e 31
4.28
4.21
4,10
3.97
3.81
3.63
3.46
3.28

3.17
3.313
.48
3.63
1.77
T.89
.98
Y04
4.06
4.0Y4
3.98
1.8%9

G308
4.1%
3.91
3.68

3.58
3.7
3.97
4,18
4.38
.56
4.71
4,81
4,84
4.81
4,73
44,59
be42
.22
4.0l
3.79
3.58

l.46
J.b4
3.82
4,00
4.18
H.34
4.7
4,55
H.58
4,585
4,48
.36
4,21
4,04
3.8%
1.6%
3.0

3,33
T84
3.
3.82
3.97
4.11
.22
He29
b.,32
b,.29
4,23
Ha13

4.71
.84
116
5.89

3
.77
3.57
4,19
Hol2
4,65
4.87
5.05%
5.18
5.?2
.19
5.09
el
4,74
41.51
4.27
4,01
3.77

3.63
l.82
‘I-UZ
4.22
h,i2
o2
Hell
4. 47
H,91
4.88
h,79
H.66
4,49
.29
q.08
3.85
3.63

3
3.8
.60
3.83
4,02
%4.19
4.3
.49
.57
hob0
h,58
4.50
0,39

S.11
.76
fal2
4,10

3.97
k.18
Yy, u2
4,69
4.97
5.24
S.u7
5.63
5.69
5.66
5.54
5.136
5.12
4.84
4.5%
4.25
3'97

3.81
4,00
y.22
.45
4.70
4,93
5.11
524
5.29
5.26
5.16
5.40
481
4,57
4,32
4,05
l.81

Y
3.63
3.82
.02
23
Ho43
he62
h.717
4.88
4,92
4.89
4,00
4,67

5.50
5.12
4,170
31

9.18%
4.38
u.L5
4,97
5,11
5.65
5.95
6.117
6.25
6.22
6.07
5.85
5.55
5.21
4,85
4,49
4.15

3.7
4.18
4,42
.70
4.98
5.25
5.".8
5.65
5.71
5.69
5.57
$.39
5.15
4.87
4,586
.26
1.97

3.77
3.97
Nel®
L T
4,67
4,89
5.07
S.20
5.25
5.,23
5.13
.98

6.05
S.4%
He96
4,49

4,31
4.5¢4
b.87
S.24
5.65%
6.09
G.49
b.T717
6.88
6.81
6.65
6.39
6.02
5060
5.15
1.71
Ha31

4,10
4.3y
4,62
4,93
5.25
5.58
5.86
6.07
B.16
6,15
6.01
5.79
5,50
5.17
4,80
4.4y
4.10

6.56
S5.84
5.19
n.63

M3
4.71
5.06G5
5.47
5.95
6.9
T.L0
7.38
7.53
7.5%
7.28
6.97
G.52
5&99
5.43
4.90
Q.43

4.71
Bl 7
4.717
5.11
S5.48
S.06
6.21
b“!&
6. 60
be bl
bu.lib
b.20
5.85
5.405
5.02
4. t0
ha.21

J.n8
U222
4.49
h,11
.07
5.75
Sa60
5.78
.58
S, 87
5.76
556

7.04
6.15
§.28
H.72

4,51
4,81
5.18
S.63
6.17
6.77
7.38
1.85
8.18
Ball
8.01
1.55
6.96
6.32
S.66
5.05
4.51

4,28
4,55
4.87
5.24
5.65
6.07
6.46
6.79
6.98
7.01
6.0b
6.56
bal5
5.68
5.18
h.71
4.28

.04
.29
4.57
4.88
.20
5.51
S.78
6.00
6.12
6.13
6.01
5.79

139
6.35
5.48
.76

4.54
h.84
5.22
Heb9%
6.258
6.88
7.53
8.18
8.61
8.78
8.56
a.05
T.34
6.56
5.80
5.13
“a54

4,31
4.58
.91
5.29
572
b.16
6.60
6.98
Ta24
7.31
Telb
b.E3
6.306
5.83
5.28
4,77
4.31

4.06
Ha.32
4.60
4,92
5.25
5.58
S.88
6.12
6.27
6.30
6.1B
5.93

7.51
6.40
5.49
4.72

10
ho51
HeB1
5.19
S+66
b.22
6.81
T+53
8.14
8.77
2.03
8.85
8.29
T.48
6.63
5.83
S.13
4.5}

ia
4,28
4.55
h.88
5.26
5.69
6.15
6.60
7.01
T+31
T.141
T.28
6.92
bl
5.86
5.30
4,717
4,28

10
LI
ha29
h.58
49,89
.23
$.56
5.87
.13
6430
6433
Ga21
5.96

7.34
627
5.39
Ha&3

11
.03
4H.73
5.09
5,55
fI-DT
b.66
T.28
8.01
8.56
B.8Y
8.70
8.12
7.33
6.51
5.73
5.04
Hay3

11
4.21
H.48
.79
5.16
5.58
6.01
b.h%86
b«BO
7.16
1.28
7«15
6.80
6.31
5.17
5.22
ha69
4.21

11
3.98
N.23
4,50
4,80
S5.13
S5.h6
.76
.01
b.18
Ea21
b.10
5.87

&.94
6.00
§.19
4.49

12
H.31
.59
h.oy
5.36
5.85
6.39
6.97
Tebhk
8.085
8.28
Ba.l2
Teb3
b+95
6.21
D51
h.88
4.31

12
4.10
4.36
4.66
5.00
5.39
5.79
£.70
656
&6.B3
6.92
6.80
6.49
6.05
5.56
5.05%
4.50
4.10

12
3.89
4.11
4.39
4.67
4.98
5.28
5.56
5.79
5.93
5.96
5.67
Si.65

6.38
S.61
.92
4.31

13
.15
Qb2
HeTH
5.12
5.55
6.02
6.52
6+98
T30
1.417
1.33
6.%25
6.40
5.80
5.21
4.65
Ha15

13
1.917
Ha21
H.49
He.81
5415
5.50
5.85
6.15
630
6442
6,31
6.05
S5.68
S.26
h.81
.37
3.97

13
3.77
3.99
4.24
4,50
he.78
S.04
5.29
S.48
5.60
5.62
5.53
5.35

5.77
.18
ha62
4.10

14
3,97
4.22
4,51
L% :1]
5.21
5.6D
5.99
6.32
6.55
E.63
b.50
€.21
5.80
5.34
4.86
4,40
3.97

14
3.81
4.04
4,29
4,57
4.87
5-17
Ge45
S5.68
5.683
S5.86
5.717
5.56
5.26
.90
4.53
A.16
l.8)

14
3.63
.84
4,07
.30
4,54
.77
4.91
$.13
§.22
5.23
5.1%
4.99

5,18
4,73
4.3C
3.89

15
317
.01
Ha27
4 .55
4.85
5«15
5.493
S.66
5.80
583
5.73
5.51
5.21
.86
4.49
.12
3.77

15
3.63
3.85
4,08
H.32
4,56
.80
5.02
S.18
S.28
5.3C
§.22
£.05
H.81
4.53
h.23
3.93
3.63]

15
J.48
3.68
3.88
4.08
4,28
LAY ¥}
.64
4,76
4.82
4,82
h,15
4.62

H.02
4430
3,99
3.8

16
3.5¢8
3.19
4.01
4,25
4.49
4.71
4,90
$5.05
5.13
5.13
S.04
4.88
4.65
4.40
4.12
3.65
3.58

16
.46
3.65
3.85
4.05
4.26
H.hy
4.60
4.71
4,117
4.7
4.69
4,56
4,37
4.16
1.53
3.69
3. 46

16
3.33
3.50
1.68
3.85
ha02
hel?
4.30
4.39
B3
q.42
4.35
4.25

4.10
1.89
3.68
.47

17
1.28
1.4¢
J.63
3.01
1,97
4,10
he.21
4.28
H.31
4.28
4.21
4.10
1.97
l.81
J.63
J.hé
1,28

17
3.17
31.33
.48
31.63
1,77
1,89
1,98
4.04
4.06
4,04
1,98
1,89
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11

1}

LAST TIMESICP

12

3.77 3.99
3.63 31,84
.08 3.68
3.33 3.50
3.17 3,33

1 2
3.05 3.9
3.19 3,34
J.33 3.49
3.46 J. 648
3.58 3.7
3.68 3.89
.76 3.98
3.81 4.04
3.82 4.086
3.81  4.04
3.76 3.98
J.08 3.89
3.58 3.74
J.46 3.65
3.33 3.80
3.19  3.34
3.05 3.19

1 2
2.93 3.05
3.0 3.19
3.17 3.33
3.28 3.0
3.39 3.58
3.47 3.68
.54 3.76
3.58 3.81
3.59 3.8z
3.%58 3.81
3.54 3.76
3.47 3.68
3.39 3.48
3.2 3. 40
1.17 3.33
J.05 3.19
2+93 3.056

iy = 11

COMPLLIED 1S

4,24
4,07
1.84
3.68
308

J.33
3449
3.66
3J.82
3.97
H.11
Nel2
.29
h.32
4,29
B.23
4,13
4.00
3.85
1.68
3.50
3.33

3.17
§1.33
3.48
3.63
3.77
3.89
3.98
.0
4.00
4.04
3,98
J.o¥
3.77
3.63
J.us
3.33
3.57

IsPARE

1

4.50
4430
4.08
3.85
3.63

3,80
3.64
3.0z
4,01
4,19
4,35
W47
4,50
4,59
"‘56
h.48
.37
h,22
ho0H
I.4h5
3.465
3.8

3J.28
J.u6
3.63
3.81%
3.97
4.10
.21
4,28
43]
.24
ho21
4.10
1.97
3.81
1.63
J.46
3.28

B it

4.76  5.08
.54 u,77
4.28 4.47
4,02 4.17
1.77 3.89

5 6
31.58  3.68
3,17 3.89
3.97 4,11
4,19 4,38
9,39 4,57
4.57 .78
4,72 4.95
H.82 5.06
4,86 5.1l
4.83 5.00
4,75 S5.00
.61 4.84
Bohh o W64
Y.24 4.4)
u.02 4.17
3.79 3,92
1,58 3.68

5 b
3.39  3.47,
3.58 3.68
3.77 3.89
3.97 4.16
04,15 b8,3]
4.31 u,49
4,43 n,63
4,51 u.72
U.58 4.76
.51 .72
B.43 4,63
4,31 u.49
4,15 4,31
3,97 4.0
3.77 3.P9
3.58 3.68
1.39  3.47

1IPSAVE =

10

5.29
4,97
4.64
4.30
3.98

3.70
3.98
.22
.47
4,72
%5
S.l4
5.27
6.33%
5.31
5.21
S.04
4,02
4,56
§.29
4.02
3.76

3.54
1.76
3.98
ha21
h.43
4.63
.79
.09
4.93
.09
4.7%
LI
heh3
4,21
3.98
3.76
3.54

5.46
5413
4,76
W39
4.C4

3.061
.04
4,29
5.56
4,82
S.06
5.27
S.h2
5,09
S.48
5.37
§.19
4,95
4,67
4.38
q.09
3.81

3.58
.01
4.04
4.28
4,51
4.1z
4,89
5.00
5.04
5,00
H.809
4.72
4,51
4,28
‘luﬂq
3.81
3.58

5.60 '

522
4.82
H.u3
4.086

3.82
.08
4,32
4.59
4.06
5.11
5.33
5.49
5.57
5.56
S.46
5.26
5.01
4,72
.02
4.11
3.02

3.59
3.82
4,06
§.31
§.54
Y4.76
H.,93
5.04
5.08
5.04
94.93
4.76
4.54
4,31
Y 086
3.82
1.59

5.62
§.23
.82
ha42
4.04

10
3.81
4.04
4,29
4,86
4.83
5.09
5.31
5.48
5.56
5.56
5.45
5.26
5.01
4.71
Hed)
4,10
J.81

10
3.58
1.81
4,04
4.28
4,5}
4,72
4,89
5.00
5.04
5.00
4,89
.72
1.51
4.28
4,04
3.a1
1.58

5453
5.18
4.75
4,35
.98

11
3.76
3.%8
ha23
4.48
4,75
5.00
5.21
5437
B.46
5.45
5.35
5.17
4,913
.04
4.34
4.04
3.76

11
I.54
3.76
3.58
.21
4,43
Ha.63
4,19
.89
h.93
4.89
4,79
63
4.yl
4.21
3.98
3.76

5.35
H.99
Hab?2
4.25
3.89

12
3.68
3.89
ha.13
4.37
.61
H.84
5.04
5.19
S5.26
8.26
5.17
5.00
.78
.51
4,24
3.9%
3.68

12
I.87
1.68
3.89
4.10
4.3}
Y09
.63
4.72
b.76
4,72
Y.,63
.49
y,31
4.10
3.a9
3.48
3a07

5.08
4.77
LILE
4,10
3.77

13
3.58
3.78
.00
4.22
4.4y
H.64
4,82
4.9
5.01
5.01
4,93
4.18
4.58
4,3y
4.09
3.83
3.58

13
3.39
3.58
3.717
3.97
4,15
4,131
"qus
4.51
He54
He.51
4.43
4,31
4.15
3.97
1.77
1.58
3.39

H.717
4,50
He2l
3.92
3.63

14
346
3.65
3. 85
4.04
ba.24
4.4]
4,56
h.67
Hel2
4.71
Habl
4.51
Hely
.14
1.91
3,09
J.46

14
3.28
3.l
3.063
3.81
3.97
4,10
4,21
1.28
§.31
4.28
9,21
4,310
3.97
3.81
3.63
3.“6
3.28

H.43
.21
3.97
3.73
3.48

1%
3433
3.50
3.68
3.85
4.02
.17
4,25
4,38
Hati2
S|
.34
4.24
4,09
3.9]
3,12
F.52
3.31

18
.17
3.33
I.48
3.63
.1
3.89
3.98
4,04
4,06
h.04
3.98
1,85
.77
3.61
3,48
31.33
31.17

4.10
3.%2
3.73
3.53
3.33

16
3.19
3.35
3.50
3.65
3.79

"3.92

4y.02
4,09
4,11
4.10
4.04
3.95
2.83
3.69
3.52
3.36
3.19

16
3.05
3.19
3o33
346
3.58
3.68
3.76
3. 21
3.82
3.81
3.76
Jebl
3.58
3.46
3.33
3.19
3.05

3.77
3.63
J.ug
3.33
1.1

17
2,08
1.19
1.33
346
3.58
1.68
1.76
1.81
3.B2
3.81
J.76
l.68
3.58
J.56
1.33
1.19
1.0%
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Potential values for all grid points

are printed.

The requested potential

contour plots are generated.
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TLT

1P = 1D IR = 12 IU = 13 ISPARE = 1% IPSAVE = 10
"R E¥RRROTATE a
YIHE = « 1000 SECOHDS

SUN ROTATED TO 1.0000 +1999 ~« 0054

ROTATE moves the sun and calls HIDCEL, which produces a picture of the

satellite as it appears from the sun.
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From this direction, the quasisphere looks rather flat.
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ELT

NAl = 28 NAZ = 18 IP = 1]
FINAL NAL = 23
e TRILIN o]
FLUX DCFINITION
TYPE 2
ELECTRON TCHPLRATURE = 2.00+04 FLECTRON WOLTS
ELECTRON DENSITY = 1.00406 HETER#4*(~3)
10N YEMPLRAYURE = ©2.004048 ELECTRON vOLYS
1ON DENSITY = 1.00%06 HETER®#¢-13}

POTENTIALS TO BE SET B8Y SCTALL TO 1.00+00/14*P1%R)

#*% CYCLE LOOP FROM CYCLE 1 10 CYCLE 1

NC DETCRMINED 8Y GETNC TO BE |

TRILIN is called again for the new sun direction.




PLT

CONLCS.

COnE =

LOCATION

NORMAL

HMATERIAL

BIN7070%7742

TIHESTEP NO. 1 TIME = o.non SE
osur = 1.0000+00
PCOND = 3.4677-0)2
eConn = Q.0000
SURFACE CELL NO. 1
POTENRTIAL = 31.249-D2 VOLTS
FIELD = 1.724+0) VOLTIS/HETER
FLUXES IN A/M&2
INCIDENT ELECTRONG 3.78-0¢6
RESULTING BACKSCATIER 1.€2-06
RESULTING SECONDARIES 1.23-06
INCIDENTY PROTONS A,B3-CH
RESULTING SECONDARIES 5.15-07
PHOTOCURRENT 0.00
NET FLUX -5, 34-07

NET CHARGING CURRENT = 3.11+06

BADCEL --~ 0 0UT OF %3 NODES SEeT.
BABCND --- 0 OUT OF } COUNDUCTORS SET.
Do
=T.b+U2 =T.4+402 ~7.6402 -T.4+02
—4,4¢02 §4,2+02 H.8+02 1.5+03
3.9+03  3.7+03 6.8+03 8.2+03
o940 1 ,B4D0 2.,2+04  2.2+404
ENTERINGS ICCGL -~ VCTIRI = o.0no
LIST COHTAINS 160 ENTRIES.
CAPPOT --- RNOTH/ADOTRY = 2.72-13/
LEAVING ICCGI =-- VCTRI = 1.0T8+11y
[o14]
“Te64002 =TFo4s02 ~T.6+40L2 ~7,4+02
=, U402 8 ,2+07 U.B402  1.5+013
3.9+403 3.7+035 6H.8+U3 B,24+03
1.9¢06  1.8+04 2,2+0H4 2.2+04
BADCEL --- 31 cuTl ar 531 NODES SET.
BAUCND ~~- U QUT OF 1 CONDUCTORS SET.
ENTERING ICCHLL -~ VCTRY = 0.000
LIST CONTAINS 160 ENIRIES.
CAPPOY =--- RDOTR/RDOTRI = 1.04-23¢

LEAVIRG I1LCG) -- VCTRI = -3.G36-D1

(CODE UNITS/SEC.).

~6.2+02 -
1.5+403
6.7403
2.2404

3.33+10

~6,2402 -
1.5+403
6.7+013
2.2+

1484015

7.4+02
1.5+03
7.9+403
2.2404

T.usl2
1.5+013
7.9+03
2.72+04

~T.6+02
~T0+02
8.C+03
2.0+04

~T.6402
~T202
8.0+03
2.4+04

H Tr 1
-1 =1 -1

- TEFLON
“T U402 -T.6402 ~T.6402 -7.4+02 -7.6402 -7.3+L2 -6.1+402 -6,8+02
~0a2402 ~7.44C2 ~6.8402 -4,4+02 -5.0402 1.6+C3 1.7+403 X.B+03
1.1404 1.1+C4  1.3+04 1.1+0% 1,304 1.5+C4 1.3+04 1.8+404
2.2+04
—T 4402 ~7,6402 -T.6402 -T. 0402 ~7,6+402 ~T.3+¢C2 -6.1+402 -6.8402
~h.,2+02 -T.U+L2 -6.8+402 -4, 4+02 -5,0402 1.6+C3 1.7+03 3.8+02
1.1404  1.1+04  1,1+04 1.3+04 1.3+04 1,5+C4 1.3+04 1.8+04
2.2+04
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Do
~T.6+02
- .qe12
J3.9+03
L.2+04

1]

ENTERING (CCG1
LIST CONTAINS
CAPPOT

LEAVING ICCG]

pace 1y = -5.52
Do
~T.6H+012
~ 402
5.6+02
G.9+02
YFIX === 31 0

ENTERING ICCGY -

LIST CONTAINS

CAPPUOT

-7.4+02
4.2+{)2
3.1+03
1.8+04

3.0
.0
0.0
G0

VCOTRI

160 ENTRIES.

-- VCIRI

50+03

~T.4+02
T.2¢02
6.9+402
T.2+02

BT oF

- vCInl

=== RDOTR/RDOTRL =

-T.6+02 ~T.4+02
4.8+02 1.5+03
b B+(33 8,2+03
2.2+04 2.2+04
0.0 0.0
0.0 D.C
g.0 0.0
0.0 0.0

= =~31.5636-01

1.18-23/
~3.636~01

=T.64¢02 -T.4102
5.8+02 7.2+02
T«2+02 6.9+02
L.9402 5.6402

53 NOOLES FIXED,

160 £NTRIES.

LEAVING ICCGL -~ VCTIRIT
pact 1) = =5,5250+03
Da

=T.6+02 =T.9+52
-4.,4+02 ~-3.7+03
~6.7+02 ~1.3+03

3J.0+03 2.8+03

--= RODIR/RDOTR] =

z -3.b3b6-01
Te85=21/

1.710+Q0
=~7.6402 -T. 0402
-2.8+(3 -2.7+013
“2.6+01 S5.4+02
T.0+03 3,3+03

“6.2902 ~7.4407
1.5403 1.5+03
H.1403  T.4r0D3
2,2408 2.2+04
0.0 0.0
n.0 0.0
0.0 0.0
0.0 0.0

1.48+08

—6.2402 =T.4402
6.9+02 7.2402
7.2+02 7.2¢02
6.9+02 7.2+02

1.65+06

-6.2402 -7.4+02

-2.,6+01 -2.8+03

-4.1+40)1 3.9+02
3.4403  3.4+03

qvnd ¥00d 40
) gijasﬁhj 1Vb“9ﬂ“;

“Tebt+02
~T.4402
8,0+03
2.0+04

~7T.6%02
-7.4+02
5.8+02

6.5+L2

~7.6402
-7.4402
8.1+02
3.7+03

=T.4202
—h.2+012
1.1+84
2.2+0y

~T.4+02
~6.2¢02
&.9402
7.24+02

~7.4+02
“be2+012
i.2+03
3.4+03

~T.6+02 ~T.6+02 -7,4+02 -7.,6402 -T,3+4L2
~T.0+02 ~-6.8402 -4.4+02 ~5.0+02 1.6+C13
1.1+04 1,3+04 1.,1+048 1.3+04 1.5+C4
0.0 0.0 0.0 0.0 6.0
0.0 0.0 0.0 0.0 g.cC
0.0 .0 0.0 0.0 0.0
~T.6402 ~-T7.6+02 ~T.4402 ~7.6+02 -7,3+02
=T.h+402 ~6.8+02 ~4,.U4+02 ~5,0+402 6.9+02
Ha2+02 T.2+402 5.8+402 7.2+02 6.9+C2
~T«6+02 -T.6+02
-T.4+4C02 -6.8+02
1.7+03 1.2+03 1.5+03 1,7+03 2.2+C3

~6,1+402 -6.8402

o= I = =]
= 0o
oo
.
(=R =]

—6.1402 ~6.8402

T4 +02 746402 ~7.3202 ~6.1202 ~6,8+402
~h 402 ~5.0902 ~2.5+C3 ~1.0+403 ~1.2+03
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PREDICYED NODE POTENTIALS

NOGE V-PRLD
1 i.32
2 1.12
1 1.32
4 1.32
5 1.32
6 1.32
7 1.32
8 1.32
9 1.32

10 i.32
11 1.32
12 1.32
13 1.33
14 1.32
is 1.3%
16 1.34
17 ‘ols
18 -.06
19 W33
2e 1
21 .30
22 1.32
23~ . 1.32
24 .32
25 1.35
26 1.34
21 1.40
28 .39
29 .83
L] 1.08
31 1.29
32 1.04
313 169
iy 2.00
35 1.69
36 1.91
37 2.21
38 2+35
19 3.19
40 2.31
41 2.63
42 2.59
) 2.88
4y 2.58
45 3.13
46 3.30
57 3.2
4g 3.48
49 3,78
S0 3.48
51 LY
52 Ay
53 3,43

SUMTIDOl=S 5.5

SUMLCSEDV=

.

Do, .
-T63.94
-Th4.22
-7163.94
-?HR.ZZ
~6d1.18
-T44 .22
-763.94
~Thy, 322
-163,94
~763,94
-149.22
~TeJ.o8
"7 33;!)5
-610.85
-~683.53
-436.16

-3709.496
-2821). 16
2709 .61
~2602.067
27154 .78
-Tuh. 22
-62).18
=TH4.22
-683.53
4364106
~500.05
~2515.68
-1025.31%
~1207.78
-669.23
~1269.52
“25.79
S5u3.99
-4p.76
388.84
B9, N
1222, 1%
1717.01
118¢.78
147567
1730.01
2218.99
1706, 302
279%. 36
3022. 453
217140
332,010
31258.25
3355.29
3I404,50
3670402
3389%..248

T422638+03

H.07526698+01

-t

.03
.04
.03
.U"i
N
04
IU3
.Uq
.03
03
.0
.03
.03
IU!
.04
.04
.03
‘03
.03
. 04
.03
04
.04
.09
.08
ID"I
.0n
.4
.08
.ﬂq
loq
Ll
.03
.04
.03
.03
lu]
.04
J04
.03
.03
.03
"
.u3
.03
.0y
.03
it
oy
.0
.03
lnl'
.03

oL,
ToN=OLD T

PILIST

guntivionnni

0oe71011000]
auocriuranocy
nun711100001
OBE7ilil0oel
opn11120001
gucTizio0uny
QonT12110001
BOCT12120001
pul10o7iqooal
001007110001
oploo7izuund
paioleca7op0l
nulolo131o0)
0U1011070081
0010111310€1
nO1012070001
ao10121330861
noi0l3lepout
No1o13110001
et 3lzaon}
pUEiOT1006]
001307110801
0o1107120001
001118070081
001110131001
oGli11i070U01
anlilz2oinacy
oos112131ua01
C011)1310000%
p011t3r10001
001113120001
001207100001
nprzoT11000]
nDoY207120001
no1z210010001
oo12i0131001
co121i070001
potzlltiion)
goizrz2oioonl
0012121310C1
aalzlilofong
gu1213110001
001213120001
no1310100001
0013101108001
fo1316120061
nel3111on001
eG1311110001
001311120001
CC131251GH0E1
No131z2110001
Bn13iziznoog



-5.,52497388+03

pac

1.70983063+00

v-C
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TIKESTEP NO. TIMC = 1.000-C1 SECAONLS.

QSuUM =  4,9253+01
PCOND = 1,7079+00
QCOND = ~-5,5250+U3
IN POTENT, NC = 1
MBIAS = 1 VBIAS =  0.0B00 0.0nge f.,0000 L.oooo 0.0000 r.oooo
CIJSUM = f.0000 g.0n000 0.0000 0.0n00 u.urcon U.0000 0.0C00
ROUSCN = -5.5250+03 0.0000 0.000n 0.0000 0.0CD0 n.0000 g.0c00
ITER = 10C-6.%250+01 AUNCZ 9.9490402 PCZT 1.7079+00 RC=~6.5200+03 YL ==~6.71735-02
PCOND = 1.7079+00
NCOND = -5.5250+03
AFTER RUPDAT RDOIR = 8.7818+02 ROCTRS = 9.8145+04
ITER = 20C=~5.5250+03 AUNC=-1.3041+04 PCZ 1.6400400 RCT 6&.4002+03 UC = 6.5885-02
PCOND = l.6408+00
QCOND = -5,5250+403
AFTER RUPDAT ROOTR = T.%216+00 RDOTRS = 8.7818+02
ITER = 30C=-5.5250+N3 AUNCT 1.2683+04 PC= 1,.6745+00 RC--8.4683+01 UC =-3.1546-04
PCOND = 1.6745+00
0COAD = -5.5250+03
AFTER RUPDAT RDOIR = 1.9523+00 RDOTRS = 7.5216+00
ITER = 40(=-5,5250+03 AUNCZ-6.0729+01 PC= i.6740+0C REC= 1.1755+8)F UL = 4.0236-05
PCOND = l.6740+00
oCcoND = -5,5250+03 )
AFTER RUPDAT RDOTR = 7.7208-01 RDOTRS = 1.9523+00
ITER = 50C=-5.5250+03 AUNCE 7.6357+00 PCS 1.6741400 RC=-2.2237+00 UC =-7.1895-06
PCOND = 1.6741+00
QCOND = -5,5250+073
AFIER RUPDAT ADOTR = 3I.764R-0§f RDOTRS = 7,71208-01)
ITER = 60C=-5.5250+03 AUNC=-1,4111+4C0 PC= 1.6741+0C RC=Z 5.41423-01 UC = 2.1192-06
PCOND = 1.6741+00
QCOND =  ~5.5250+03
AFTER RUPDAT ROOTR = 2.0451-01 RODOIRS = 3.7648-01
ITER = 70C=~5.5250+03%  AUNCZ 3.2239-03 PC- 1.6741*00 RC=-1,.,18823-0) UC =-8.3372-08
PCOND = 1.6741+00
gcoND = ~5,525U+03
AFTER RUPDAT RUOTR = 7.4561-02 ROUOTRS = 2.0451-D1
ITER = BOC=-5,5250+03 AUNC=-8.54910-02 PC= 1.6701+00 RCZ #.4329-02 - UC = 4.30613-07
PCOKD = l.674]1+00
QCOND = ~5.5250+03%
AFTER RUPDAYT RDOFR = 2,7254-02 ®ROOTRS = 7.4561-02
ITER = 90C=-5.5250+03 AUNC= 1.6196-0Z PC= 1,.6741+0C RCZ 1.7440-02 UC = 3.384C-07
PCOND = 1.6741+00
QCOND = -5.5250+03 .
AFTER RUPDAT RDOTR = 7.5793-03 RDOTRS = 2.7254-012
ITER = 100C=~5.5250+¢03 AUNCS 3.9749-03 PCz 1.6741+00 RC= 1,0605-02 UC = 2.068)17-D7
PCOND = 1.6741+00
QCOND = ~5,525040%
AFTER RUPDAT RUOTR = 2.,0u4%2-03 RUOTRS = 7,57U3-03
ITER = 119C=-5.5250+03 AUNC:-1,9513-02 PC= J.6781+U0 RC= 4.2451-02 UC = 4.9628-07
PCOND = 1.6741+00

n.0coe
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"QCOND = -5,5250+03

AFTER RUPDAT ROOIR = G.H8200-04 ROOTRS = 2.04092-03

TTER = 120€=-5.525%0+403 AUNC= 3.8651-02 PCZ l.074}+00
PCOND = 1l.674]1+00
eCoND = -5.5250+03
AFTER RUPDAT RDOER = 2,.1215-0U4 RDOTRS = 6.8200-04

I1TER = 136::—5.5250+03 AUNEZ-6.6993-C2 PC= 1.6741+00
PLCOND = 1.6741+00
DCOND = =5.5250+03
AFTER RUPDAT RDOIR = $,.0222-05 ROOTRS = 2.1215-04

ITER = LHOC==-5,59250+03  AUNCT 1.2012-C1 PC= 1.67T01+00
PCOND = 1.6Thi+00
QCOND = ~%.5250+03
AFTER RUPDAT RDOTR = J«+b6499-05 RDOOTRS = £.0222-D%

ITER = 160C==-5,6250+03 AUNC=-2.2850-01 PL= 3.6741200
PCONG = 1.6741+00
QcokD = ~5.5250+03
AFTER RUPDAT HDODTR = &6.4564-0U6 RODOTRS = }1.6499-0S

1TER = 160€=-5,5250+03 AUNCE 4,0419-0F PCz 1.6T41+0C
PCOND = 1.6741+00
OCOND = ~5.5250+03 .
AFTER RUPDAT RBOTR = 3,54992-06 RDOTRS = &.4564-N6

ITER = 170€z=-5,5250+03 AUNC=-5.106)-01 PC= 1.674]1+08
PCOND = 1.6T41+00
0COND = -5.5250+013
AFTER RUPDAT RDOTR = 1.165%5-06 RDOTRS = 3.85592-06

17ER = 160Cz=-5.5250+03 AUNC= 2,7858-01 PC- 1.67u1+400
PCOND = 1.6741+00
QCOND = -5.5250+0R .
AFTER RUPDAT ROOTR = 2.,90006-07 HKDOTRS = 1.1655-06

ITER = 190€=-5,5250+013 AUNC=-5.486H4-02 PCZ le6T743+0C
PCOND = 1.6789]1+00
QCORD = -5.5250+03
AFTER RUPDAY RUOTR = 3.8948~-08 RDOTRS = 2.9006-07

{TER = 200C=-5,52%0+03  AUNCZ 8.3058-03 PCz 1.6741+0C
PCOND = LebTal1+00
aCoND = -5.52511+07%
AFTER RUPDAT RUCTR = 4.9781-08 HDOTRS = &.AN48-08
PCOND = 1.6741+00
ocCoOnND = -5.5250+073%

RC=-1.T764%-02

RC= 9.6396-02

RC=-1.0848-01

RC= 2.56089-01

RC=~3.1151-0C1

RC= 3.0375-01

RC=~-4.9556-02

RC= 3.8526-02

RCZ 2.1690-02

uc

uc

uc

uc

uc

uc

uc

114

uc

-1.8182-08

9.9579-0Q7

—8.8427-07

2.1375-06

-2.2824-06

1.8974-06

1.0653-07

3.85206-07

3.8275-07
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P{COND. 11}
1.6744955927}

1.67112688720

1.66775818169

le66038947618

1.66102077067

1.65765206516

1.65428335965

1.65091465410

1.64754590862

lebUU1T724311

1.64080853760

UNIT NG i

VS.

ITERATION NUMBER
PEPE,

- » L) - Ll

. P
. P
. P
. P
- - - [ ] Ip.
. P
. r.
. P .
L] l> 1]
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.71
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7.27
6.18
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.40
4.70
5.05
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T.08
T.66
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8.03
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7.03
6.27
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4.80
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6.56
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T.45
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1.53
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607
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3.51
J.68
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l.cn
3.51
3.36
3.21
3.006

Z2+95
3.u8
3.21
31.34
Ity
1.55
3.02
.67
3.69
3.67
I.62
3.55
.45
3.3y
3.21
3.08
2.95

2.4L3
2.95%
3.0¢0
3.17
3.27
3.35
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3.4%
.46
3.45
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3.3%
3.27
3. 11
3.06
2.948
2.03

Iy

3.9%
3.78
3.60
3.40
31.21

1.08
3.21
3.34
3.45
3.8%
3.62
3.67
T.69
J.617
1.62
3.55
3.45
3. 34
3.21
3.08
2.95

=13

4.28
he 87
3. 84
3.60
336

3.21
3.3%
J.54
3.7
3.87
4.01
4,13
He21
.25
Y,.24
h.19
4.09
3.95
3.78
3.60
.40
5.21

3.06
3.21
3.36
3.51
3.6H
3.5
J.84
3.90
3e92
3.90
J.84
3.7%
Jebl
J.51
3.3¢6
3.21
3.06
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Haeb3
.37
4.09
3.7%
3.51

J. 34
3.52
1.70
3.89
H.08
4,25
4,39
4,50
4,56
4.56
4,49
4,38
4,21
4,01
3.79
3.56
3.34

3.17
.34
3.51
367
3.82
3.96
.06
4.13
4.15
4,13
4.0%
3.9
3.82
3467
3.51
3.34
3. 07

10

4.59 5.34
.68 4,9¢L
4,33 4,56
3.98 4,1%
3.64 3,75

5 &
3.45 3,55
.65 3.7b
3.85 31.96
BeGT H.21
4,28 4,45
Y., h8 H.H8
4,656 4,08
4,78 5.04
4.86 S.14
4.7 5.l16
.60 5.09
a6 H,.93
4,47 4.78
4,23 4.43
3«97 4,14
3,71 3.84
3.4% 3.5

s [
3.27  1.13%
J.ug  31.58
J.bh 375
J.82 3.9¢6
4,00 n.i5
haelH 4,33
4.28 4.41
4,38 4.5¢
4,38 4.59
4,35 4,56
4,28 4,47
4,55 4,33
.00 H.lb
3.82 3.96
.o 3.75
J.u5  1.55
3.27 3.35%

IPSAVE =

10

S.04
5.21
Hel4
H.28
3. 84

3,62
3.84
4,08
,33
n,58
.84
5.07
5.25
5.37
5.40
5.32
5.1%
5.90
h, 60
Ha27
3.94
3.62

7
J.41
J.62
5.8"‘
4,06
h.28
447
Ha62
.72
.75
.72
.62
LELNS
4.28
4.06
3.04
3+62
3.4

5.85
5.37
H.87
4.37
.00

3.67
l.8¢9
4.1y
4,40
y.61
4,93
5.18
5.38
5.52
5.56
5.48
5.30
5.03
4,71
4,36
T
1.67

a8
J.u5
3.67
1.90
Hel3
4,35
HeSb
12
h.82
4.86
h.82
4.72
.56
4h.35
4.13
3.90
3.467
J.4%

§.93 5.86 5,66 5,37 5,02 H4.65 4,29 3.95 .64
§.44 5,39 5,23 4,99 4.70 4.39 4.08 3.79 3.51
4,92 4,88 8,76 4,58 H.3I5 4,16 3.85 3,60 3,36
U840 4,38 4.29 4,16 3.99 3.80 3.60 3.u41 3.2
1.92  3.90 3.84 3,75 3.e4  3.51 3.36 3.21  3.06

9 10 11 12 13 14 15 16 17
3,69 3.67 3,62 3.55 3.45 3.34 3,21 3.08 2.95
3.9} 3.89 .83 3,785 3.64 3.51 3,37 3.22 .08
4,15 4.13 4,06 3.96 3.83 3.68 3.53 3.37 3.21
4.41 4,38 4,30 4.)JB 4.03 3.86 3.69 3.51 .30
4,68 H.64 A.54 n.40 4,23 4.04 3.84 3,64 3.45 fo N )
5,95 4,90 .79 W.62 .42 8.20 3.98 3.76 21.56 -
5,20 5415 5.01 8.82 4,59 4434 4,05 3.85. 3.62 - %
5.42 5.35 5.20 H.99 H.73 4.46 4,18 3.92 .61 03
5.56 5.49 5,33 5.310 #4.82 4,52 0,23 3,95 1,69 OF
5.61 5,54 6.38 5.13 n.84 4.5 4,23 3.94 3,67 g re
5.54 5,48 5.32 5,08 H.79 H4.49 4.18 3.89 2,62 O
5.35 5.30 5.15 4,93 4.67 4.38 4.06§ 3,81 3.55 & m
5.08 5,084 #,9] .71 4.48 4,22 3.95 3.70 .45 = &
4,75 4,71 H.61 4,44 4.24 4,02 3.7% 31,56 1.34 = m
4,39 4,36 4,28 4,15 3.98 3.80 3.6C 3,40 3,21 :? -
4.03 4.01 3,94 3.84 3.71 3.57 3.41 3.24 3.08 (3
3.69 3.67 3.62 3,55 3.45 3.30 3,21 J3.08 2.95

9 10 ¥ 12 13 14 15 16 17
.46 3.45 3.u1 3,356 3,27 3.17 3.06 2.95 2.83
3.69 3.67 3.62 3.55 3,45 3.38 3.21 3.08 2.95
3,92 3,90 3.84 3.7T5 3.64 3.61 3.36 3.21 3.06
4,15 4,03 4.06 3.96 3.82 3.67 3.51 3,34 3,17
438 H.3S5 #.28 4,15 H.00 3.82 3.68 3.45 3.27
#.59 .56 MH.u7 8,33 H.15 3,96 3.7hH  3.65 3,35
4,75 H.72 H.62 H.47 4.28 4.06 3.84% 3.62 3.4l
4,86 H.82 4,72 4.56 H.36 0,13 3.9¢ 3.617 .45
Ha90 H.B6 H.TS H.59 4.38 4.15 3,92 3.69 .46
N.B6 .82 4,72 .56 U.35 4,13 3,9C 3.67 1.45
.75 4,72 H,.62 NHel7 4.28 H.06 3.8% 3.62 3I.41
4.59 4.56 G.07 4.33 4,15 3.96 3,75 3,55 3.35
4.38 H4.35 H.28 4.15 4.00 3.82 3.64 3.45 3.217
4.15 4,13 #.06 3,96 3.82 3.67 3.51 3.348 3.17
3.92 3.0 3.84 3.5 3.64 3.51 3.36 3.21 3.08
3,69 3.67 3.62 3,55 3.45 3,34 3,23 3.08 2.95
3,06 3.85 3,00 3,35 3,27 3.17 3.06 2.95 2.83
Another set of contour plots is generated.
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C6T

IP = 10

A ERHBENG

aPHO,RED

I = 12 IU = 13 ISPARE = 14  IPSAVE = i@

0

The "END" control word is read. Program terminates normally.

A dump is requested in case of abnormal termination.




10. SUBROUTINE DESCRIPTIONS

In this section, subroutine descriptions are‘arranged
according to program modules. The modules vary in complexity
from ROTATE with only one subroutine, to SATPLT — HIDCEL with
over forty. The descriptions vary in detail, but each includes
the name of the calling subroutine and at least a sentence

about the subroutine purpose.

Figures 10.1 through 10.4 give the general code struc-
ture for sections with many subroutines. Each subroutine is
indented below the subroutine that calls it. Subroutines at
the same level of indentation are at the same level in the
calling hierarchy. Subroutines enclosed in a box all share

the same level.
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NASCAP
GETIGF
DEFOPT

Initialization

RDOPT
OBJDEF
TRILIN
. SATPLT , Program Modules
HIDCEL
CAPACT
ROTATE /

RDOBJ -— Restart subroutine —

FINSHV — Termina@ion

Figure 10.1l. Partial hierarchical -outline of
NASCAP.
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10.1 NASCAP

DEFOPT

Called by NASCAP.
Sets all keyword variables to default values. These are subject
to modification by RDOPT,

FPINSHV

Called by NASCAP.

Closes the plot file if one was opened.

GETIGF

Called by NASCAP.
Opens a plot file if needed.

NASCAP

Main routine of NASCAP code.
Reads control word input and calls program modules as directed.

Performs initialization and termination tasks.

RDOBJ

Called by NASCAP.
Reads object definition information for restart run. Object

was completely defined in previous run and should not be re-
defined.
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10.2 RDOPT
RDOPT

Called by NASCAP. .
Reads keyword file. Changes default values to user-—specified

values. Calls SUMOPT to print summary. Calls REVERT under

certain conditions.

REVERT

Called by RDOPT.
Tn case of internal restart (successive TRILIN calls with some

options changed in between) translates some variables from code

units back to input units.

SUMOPT

Called by RDOPT.
Prints out a summary of keyword options, including default

values for those not specified by the user.
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OBJDEF

INPUT

RECTAN WEDGE TETRAH
CONDUC FIL11l CMPRSS
OCTGON QSPHER DELETE

CMPRSS
LORDEQ
TRNGLS
DIAGNO
MATPRO
SPECEL
NUMLTB

Figure 10.2. Partial hierarchical outline of
OBJDEF module.
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10.3 OBJDEF

An outline of OBJDEF is shown in Figure 10.2. The three
main functions are: (1) determine the geometrical configuration
and surface cell list from user input, (2) perform preprocessing
of the material properties, and (3) determine the surface points,
special points and their potential coefficients. The subroutine
writeups which follow are divided into (1) general and miscel-
laneous routines, (2) geometrical object routines, (3) material

routines, and (4) point and potential coefficient routines.

10.3.1 General and Miscellaneous Routines

CMPRSS

Called by INPUT, OBJDEF, QSPHER.
Eliminate superfluous oxr redundant surface cells.
Calling Sequence: SUBROUTINE CMPRSS (LTBL,NX,NY,NZ).

CONDUC

Called by INPUT.’
Places conductor indices in surface cell array.
Calling Sequence: SUBROUTINE CONDUC (NCON) .

DIAGNO

Called by OBJDEF.
Prints list of surface cells.
Calling Sequence: SUBROUTINE DIAGNO.

DELETE

Called by INPUT, FIL11ll.
Deletes a volume cell and all associated surface cells.
Calling Sequence: INPUT, FIL1lll.
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INPUT

Called by OBJDEF.
Reads ISAT input file and calls object definition routines.
Calling Sequence: SUBROUTINE INPUT (IOFF,LTBL,NX,NY,NZ,ISAT).

LORDEQ

Called by OBJDEF.
Identical to LORDER (g.v.).
Calling Sequence: SUBROUTINE LORDEQ (LIST,W)

NUMLTB

Called by OBJDEF,

Number volume cells (LTBL} adjacent to object for purposa of
calculating low energy electron flux.

Calling Sequence: SUBROUTINE NUMLTB (LTBL,NX,NY,NZ).

OBJDEF

Called by NASCAP.

Primary routine for object definition section of NASCAP code.
(See Figure 10.2.)

Calling Sequence: SUBROUTINE OBJDEF (NX,NY,NZ,NC).

10.3.2 Geometrical Object Routines
CFLICT

Called by several geometrical object routines and CMPRSS.
Determines if a right-triangular surface cell is valid, super-
fluous or illegal.

Calling Sequence: SUBROUTINE CFLICT (N100,NORM,IB5,IRET).

CUBE34

Called by FIL11l.
Defines a truncated cube volume cell.
Calling Sequence: SUBROUTINE CUBE34 (IOFF,LTBL,NX,NY,NZ,STUFF) .
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FIL111

Called by INPUT.
Defines a wedge with (11l1)-type surface normal.
Calling Sequence: SUBROUTINE FIL1ll (IOFF,LTBL,NX,NY,NZ,ISAT).

NIOOBJ

Called by NIOOCT.

Defines a rectangular parallelepiped with parameters passed in
array JSTUFF.

Calling Sequence: SUBROUTINE NIOOBJ (LTBL,NX,NY,NZ,JSTUFF).

NIOOCT

Called by OCTGON, QSPHER.

Defines an octagonal right cylinder as two RECTAN's and four
WEDGE's from parameters passed in array JSTUFF.

Calling Seguence: SUBROUTINE NIOOCT (IOFF,LTBL,NX,NY,NZ,JSTUFF).

NIOTET

Called by QSPHER. S

Defines a tetrahedron from parameters passed in array JSTUFF .
Calling Sequence: SUBROUTINE NIOTET (IOFF,LTBL,NX,NY,NZ,JSTUFF).

NIOQWGE

Called by OCTGON, QSPHER.

Defines a right triangular cylinder (WEDGE) from parameters
passed in array JSTUFF.

Calling Sequence: SUBROUTINE NIOWGE (LTBL,NX,NY,NZ,JSTUFF).

OCTGON

Called by INPUT.

Defines an octagonal right cylinder from input data as two
rectangular parallelepipeds and four wedges.

Calling Sequence: SUBROUTINE OCTGON (IOFF,LTBL,NX,NY,NZ,ISAT).
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QSPHER

Called by INPUT.
Defines a guasi-sphere from input data.
Calling Sequence: SUBROUTINE QSPHER (IOFF,LTBL,NX,NY,NZ,ISAT).

RECTAN

Called by INPUT.
Defines a rectangular parallelepiped from input data.
Calling Seguence: SUBRQUTINE RECTAN (IQOFF,LTBL,NX,NY,NZ,ISAT).

TETRAH

Called by INPUT.
Defines a tetrahedron from input data.
Calling Sequence: SUBROUTINE TETRAH (IOFF,LTBL,NX,NY,NZ,ISAT).

TRNGLS

Called by OBJDEF.

Performs further processing of right.-triangle surface cells,
including determination of right angle corner location and
elimination of redundant cells.

Calling Sequence: SUBROUTINE TRNGLS (LTBL,NX,NY,NZ).

WEDGE

Called by INPUT.
Defines a right triangular cylinder (WEDGE) from input data.
Calling Seguence: SUBROUTINE WEDGE (IOFF,LTBL,NX,NY,NZ,ISAT).

10.3.3 Materials Routines

ELSECLl

Called by INEIMP
Identical to ELSEC (g.v.).
Calling Sequence: SUBROUTINE ELSEC1 (YIELD,E,THETA,IOPT).
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INEIMP

Called by MATPRO.
Preprocesses material parameters associated with electron

secondary emission.
Calling Sequence: SUBROUTINE INEIMP (MPRM).

MATPRO

Called by OBJDEF.
Preprocessing of material property parameters
Calling Sequence: SUBROUTINE MATPRO.

QEON

Called by INEIMP through ZSYSTM.

Routine used in preprocessing of electron-produced secondary
material parameters.

Calling Sequence: . FUNCTION QEQN (Z,X,Q).

QEQN2

Called by INEIMP through ZSYSTM.

Routine used in preprocessing of electron-produced secondary
material parameters. -

Calling Sequence: FUNCTION QEQN2 (Z,K,Q).

ZSYSTM

Called by INEIMP.
Modified version of IMSL routine to solve a system of non-
linear equations.

Calling Sequence: SUBROUTINE ZSYSTM (F,EPS,NSIG,N,X,iITMAX,
WA,PAR,IER).
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10.3.4 Point and Potential Coefficient Routines

IBIT

Called by PERMU, SPECEL, others.

Extracts N bits from word I, with bit NO the rightmost bit.
(The rightmost bit of a word is bit 0.) Substitute for FLD
functions for machine independence.

Calling Seguence: FUNCTION IBIT (I,NOC,N).

SPECEL

Called by OBJDEF.

Identifies special cells and puts LTBL in its final form ex-
cept for numbering by NUMLTB.

Calling Seguence: SUBROUTINE SPECEL (LTBL,NX,NY,NZ).
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SATPLT
MATCATL
MATPLT

HIDCEL
PPJSET (see PRSPPJ)
AZPLOT
A1GEN
AZ2GEN
AREA
SHIELD

INSTDD PRSPPS PTCOMP
PRSPPK QLAP INSIDE-{—
LINPLN INTCHK FINVER

ADDAL
A1COMP
{plot package)

Figure 10.3. Partial hierarchical outline of
SATPLT-HIDCEL module.
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10.4 SATPLT — HIDCEL

SATPLT calls all routines responsible for satellite
illustration plots. HIDCEL creates three-dimensional per-
spective plots, while MATPLT produces the shaded area sil-
houettes. CONPLT plots potential contours, ROUSP plots ROUS
charge contours, and PARPLT plots particle trajectories.

Only the three-dimensional hidden-line plots are com-
plex enough to warrant an algorithm description. Following
is a description of the HIDCEL algorithm and documentation of

all plot-related subroutines.

For purposes such as calculating photoemission efiects
it is desirable to be able to calculate the shadowing effects
of the satellite upon itself for an arbitrary angle of inci-
dent sunlight. A subroutine called HIDCEL computes for each
surface grid cell the area of that part of the cell which
remains exposed when partially or completely shadowed by
some other portion of the satellite (or, of course, when not
shadowed at all}). The program is completely general: For
any satellite which NASCAP can treat, any incident angle may
be specified as a vector from the center of the satellite out
towards the viewer ({(sun). In addition to calculating the
cell-by-cell areas needed for code computations, HIDCEL plots
a diagnostic (and informative} hidden line 3-D plot of the

satellite as viewed from the incident angle requested.

The code accomplishes both the area calculations and
3-D plots by a long series of polygon maskings. The set of
cell faces whose normals produce positive dot products with
the vector pointing towards the viewer are selected and pro-
jected into 2-D polygons. We call this set of individual
cell polygons the Al polygons. A second but much shorter set
of polygons is selected and projected into 2-D by finding those
faces of ecach parallelepiped, wedge, tetrahedron, octagon, etc.
forming the satellite (as determined by user input), which
meet the dot product criterion. We call this set the AZ poly-

gons.

205



The cell-by-cell (Al) set of 2-D polygons is then
masked one at a time against each of the larger "building-
block" (A2) polygons, and at each step we discard any polygon
which is partially or completely shielded and replace it, if
necessary, with the polygon {or polygons) representing that

part of the original cell which remains visible.

An Al polygon which is completely shadowed, but is
masked by several different surfaces, will then be "whittled
down" a bit at a time, each masking leaving an appropriately
smaller polygon until the last masking for that cell finally
removes it from the system. A polygon whose middle is masked
but whose ends remain visible will be split into two or more
new polygons; the code maintains records, however, indicating
which original cell has. generated each new polygon. Conse-
gquently, when all maskings have been completed and a finalized
set of masked Al polygons exists, we may calculate areas of
each polygon and add into the appropriate cell area the area
of each polvgon contributing to that cell.

The areas stored for further NASCAP calculations are
fractional areas with the dot product (2-D projection) effect
removed. We do this by calculating the areas of each cell's
2-D projection before any masking takes place and then comput-
ing the fraction of this area which remains visible following
all maskings. This procedure also precludes any area normali-

zation problems.

As is evident, for a satellite of this complexity, we
may be masking on the order of 500 cell faces against on the
order of 150 building-block faces for a total of about 75,000
individual maskings. Computing time {including plot genera-
tion) on S3's UNIVAC 1100/81 varies from 5 to 60 seconds per

view, depending on satellite complexity.

Subroutine descriptions follow.
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ADDAI

Called by HIDCEL.
ADDALl adds a new polygon and its associated information to the
end of the AL polygon list.

Calling Seqguence: SUBROUTINE ADDAlL (A3,N3,Al1,NAl,NV1,IFFS,
IFF1,AlRS,AIR,A1BS,ALlFS5,4A1B,A1lF ,XMIN],
XMAX1 ,YMIN] ,¥YMAX1,TAl) .

AREA

Called by HIDCEL, FINVER.

AREA's value is the area of polygon A.

Calling Sequence: FUNCTION AREA (A,N).

Local Variables: A(2,N): Vertices of a 2-D polygon

N: Number of vertices

AlCOMP

Called by HIDCEL.

AICOMP is called following masking of all Al polygons against
one A2 polygon. ALCOMP removes all flagged Al polygons (any

which have been partially oxr wholly shielded), and compresses
the list by inserting polygons from the end of the list into

those spaces occupied by the'removed ones.

Calling Sequence: SUBROUTINE AlCOMP (Al,NAl,NV1,IFF1,RAlR,
AlB,AlF,XMIN1,XMAX]1 ,YMINI1,¥YMAXL, IREMOV) .

AlGEN

Called by HIDCEL.

Al1GEN generates the vertices in 3-D of all Al individual cell
faces whose normals have positive dot product with the direction
of viewing. Each of these 3-~D polygons is then projected into
2-D by calling PRSPPJ. The final set of 2-D vertices is stored
in the Al array. In addition, 2-D XMIN's, XMAX's, YMIN's, and
YMAX's are calculated and stored for use in rough masking and

behindness tests.
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Calling Sequence: SUBROUTINE AI1GEN (DIR,Al,AlB,AlF,NAl,NV1,
DV1,AlR,IFF1,XMIN1,XMAX] ,YMIN]1,¥YMAX]1 ,NSURF,
JSURF,IP).

A2GEN

Called by HIDCEL.

A2GEN generates the 3~D and 2-D projected coordinates for the
"building-block" face A2 surfaces whose normals have a positive
dot product with the direction of viewing. A2GEN also computes
and saves minima and maxima for use in behindness tests.

Calling Sequence: SUBROUTINE A2GEN (DIR,AZ,A2B,A2F,IFAC,NA2,
IFF2,DV2,A2R,NV2,NBLK,NPBLK,IPER,XMIN2,
XMAX2 , ¥YMINZ ,¥YMAX2,TIP).

Internal Organization: We start with a loop over all building
blocks making up the satellite as defined by user input to
OBJDEF. The number of points in the block (NPBLK(IBLK)) tells
us which type block it is of the five possible types: rectan-
gular parallelepiped, wedge, tetrahedron, octagon, or “"FIL11l1l"
type. From the type, we know how many faces this block has,

and we loop over each face for the current block.

Using face normal data stored in the IFAC array (see
SETFAC), we find the normal for the current face and place it
in IFF(3). We compute the dot product of this face normal
with the direction of viewing, and skip this face if its dot

product is less than or equal to 1.E-10.

If we keep this face we must find its 3-D vertices.
We pick the vertices for this face in order out of array IPER
according to the face index, the type of block, and the vertex
index data stored in IV (see SETFAC).

Next, we project the 3-D vertex set into 2-D by calling
PRSPPJ for each vertex. We also store the distance to the
viewer for each vertex in DV2. The closest and furthest points
to the viewer are found and stored in AZF and A2B. The 2-D
minima and maxima are calculated and stored, and the first
vertex is appended to the vertex list. All faces of all blocks

are looped through in this manner.
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AZ2PLOT

Called by HIDCEL.

A2PLOT plots the non-hidden line plots of the building block
faces when HIDCEL is called with IAREA = 1. If drastic errors
have been made in deflining the building blocks which make up
the satellite, A2PLOT plots will reveal them in an obvious
manner.

Calling Sequence: SUBROUTINE A2PLOT (NBLK,NPBLK,IPER,AZP).

CONPLT

Called by TRILIN.

CONPLT plots potential contours for the inner one or two grids.
The 3-D plane at which the potentials are plotted is specified
by a fixed %, y, or z. IXYZ determines which dimension is

fixed, and IND is the fixed wvalue.

IND is an index in the outer grid if two grids are used.

Calling Sequence: SUBROUTINE CONPLT (IXYZ,IND,NX,NY,NZ,Pl,P2,
IPER,PER, IOBPLT) .

Local Variables: IXY¥Z: IXYZ = 1, 2, or 3 spacifies contours
through a fixed %, y, or z plane

IND: Fixed value of x, vy, or =z

Pl: Inner grid potentials

P2: Next-to-inner grid potentials
Internal Organization: CONPLT fills in a two-dimensional array
P with the potential wvalues at the specified cut. P has the
fineness of the inner grid, but encompasses both grids. Poten-
tial wvalues at the new finer points in the outer grid area of
P are found by linear interpolation, while the values for the

inner grid are simply those already present in Pl.

CONTOR is called to plot the potential contours and
titles.
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The satellite silhouette is plotted by reading in the
building block data from file IPLT = IABS(IOBPLT) and plotting
the block perimeters in IPER = PER projected into the appro-
priate plane and translated according to the new coocordinate

system.

CONPOT

Called by TRILIN.

CONPOT sets the potentials at points in the interior of the
satellite (otherwise untreated) equal to the potential on
conductor one.

Calling Sequence: SUBROUTINE CONPOT (BUF1l,NX,NY,NZ,PCOND).

FINVER

Called by SHIELD.

FINVER completes the vertex set of a new polygon consisting
of one or more Al vertices and two points where Al intersects
the A2 perimeter, by adding those A2 vertices which fall be-
tween the two intersection points and which are inside the
original Al polygon.

Calling Sequence: SUBROUTINE FINVER (INEW,NEW,A3,A2,N2,N3,
N3INT,NA2SG3,IA28G3,INSZ,IN2Z,NJOIN,IJOIN,
Ip).

Local Variables: INEW: Number of points currently
in the new polygon

NEW: Index of new polygon being
considered

N2: Number of vertices in the
current A2 polygon

N3(12): Number of vertices (final)
in each of the new polygons
N3INT(12): HNumber of intersection
points for each of the new
polygons

NA2SG3(2,12): Number of A2 segments inter-
sected by up to two inter-
section points per new poly-
gon, for up to twelve new
rolygons
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IA28G3(2,2,12): Indices of A2 segments inter-
sected for the intersection
points indexed by NA2SG3

INS2(9): 1INS2(I) is 0 or 1 if the
Ith vertex of A2 is out-
side or inside Al

IN2: Number of A2 wvertices in-—
side Al

NJOIN: Not used
IJOIN: Not used
IP: Print flag

Internal Organization: First we determine if the first and
last points of the new polygon are the same. If they are not,
we proceed to the normal loops of the routine. If they are,
we check 1f INEW = 3. If so, we have two points different to
the finer accuracy of the intersection routine, but the same
to the coarser accuracy of PTCOMP. We keep the finer accuracy
polygon and return. If INEW # 3, we have a redundant last
vertex and remove it to yield an already complete polygon. We

return with this polygon.

If the two intersection points are on the same A2 seg-

ment, we are done already.

The normal section of the routine marches around the
vertices of A2 between the two intersection points, first in
one direction, and then, if necessary, in the other. It
searches until it finds a complete set of A2 vertices between

the two points which are all within Al. This is the set of

points we need. If any point in the first direction is out-
side Al, we skip out and search in the other direction. If

no such set ig found in the second direction, we error return.

For some very complex cases, we may need to calculate
the area of the new polygon taken with each of the two possible
vertex sets. The set providing the lesser area is the correct

set.
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HIDCEL

Called by NASCAP, SATPLT.

HIDCEL calls all routines associated with the 3-D plots.
There are two modes of calling HIDCEL: (1) IAREA = 0 implies
that this call is merely for satellite illustration, and both
a "building block" non-hidden line plot and a cell-by-cell
hidden line plot will be plotted. In this case, no areas will
be calculated; (2) IAREA # 0 implies that this call is to
generate hidden-cell fractional areas for each of the (up to
1024) surface cells. These areas will be written onto unit
IAREA at the end of HIDCEL. A cell-by-cell hidden line plot
is also plotted in this case, but no building block plot is
generated.

Calling Sequence: SUBROUTINE HIDCEL (PDIR,IPLOT,NX,NY,NZ,
IAREA) .

Local Variables: PDIR(3): Vector (not necessarily normalized)
indicating direction from center of
satellite to viewer (or sun, for
shadowing) ..

Internal Organization: HIDCEL first normalizes the PDIR(3)
vector pointing from the center of the satellite towards the
viewer. The normalized data is placed in DIR(3). PPJSET is
then called to set up the 3-D to 2-D (PRSPPJ calls) and 2-D to
3-D- (PRSPPK calls) conversion matrices. Data is read in from
file IPLOT = IABS(IOBPLT) holding the building block informa-
tion which defines the satellite. If we are in mode IAREA = 0,
subroutine A2PLOT is called to generate the 3-D non~hidden-line
plot of the building blocks.

Next, A2CEN is called to generate all A2 polygons and
all data associated with them. The set of A2 polygons is the
set of building block faces whose normals have a positive dot
product with DIR, projected into the 2-D focal plane perpen-
dicular to the direction of wviewing as set up by PPJSET.

Al1GEN is called to generate the set of Al polygons and
their associated data. The set of Al polygons is the set of
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surface cell faces whose normals have a positive dot product
with DIR, projected similarly into 2-D. The 2~D area of each
Al polygon is calculated and the information written onto file
IAREA. These areas reflect the angle of a cell relative to
the direction of view, and represent the entire 2-D area of

each cell before shielding.

Two nested loops march through every combination of
each Al polygon with each A2 polygon. The outer loop loops
through the A2 polygons. Thus, for one building block face

polygon, each cell face polygon is checked against it one at
a time.

If the A2 vertex closest to the viewer is at least as
far as the farthest Al wvertex, A2 is behind Al and this com-
bination is skipped.

2-D XMIN's, XMAX's, ¥YMIN's, and YMAX's are generated
in A1GEN and A2GEN for each Al and A2 polygon. If A2's in
XMAX is greater than or equal to Al's ¥MIN, or if A2's XMIN
is less than or equal to Al's XMAX, or similarly for the
YMIN's and YMAX's, we skip this combination.

A variable called IMASK, initially set to 0, indicates
whether we have yet determine& if Al is behind A2 and must be
masked. If the A2 vertex furthest from the viewer is at least
as close as the Al vertex closest to the viewer, Al is behind
A2 and IMASK is set to 1. If IMASK is 0 at this point, how-
ever, several possibilities still exist as to whether the com-
plex shielding algorithm must be executed for this combina-
tion (e.g., Al may be on A2 in which case it must not be
masked against A2). Subroutine SHIELD is called to make the
final determination of whether masking is to be done, and to
do it if so, or, if IMASK is already 1, to simply execute the

shielding algorithm, skipping any further tests on behindness.

ISHLD is the main output indicator from SHIELD.

ISHLD = -1 implies that no changes need be made in any of
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the polvgon bookkeeping arrays. This occurs when it is
determined that the polygons need not be masked against one
another due to Al's being in front of or on A2, or when the
polygons are masked against one another but there is no over-
lap. ISHLD > 0 implies that the polygons were masked, that
there is overlap, and that ISHLD new Al polygons have been
created and are currently in array A3 waiting to be transferred
to array Al. Thus, if ISHLD = 0, the current Al polygon was
completely shielded by A2 and zero new polygons have been
created. Regardless of whether any new polygons have been
created or not, the current Al polygon is flagged for removal
by subroutine AICOMP by setting IREMOV(IAl)} egual to 1.

If new polygons have been created (ISHLD > 1), subroutine
ADDAl is called for each of them to add their respective infor-
mation to the tail end of the Al polygon arrays.

Next we loop back around to the beginning of the Al poly-
gon loop to begin checking of the next Al polygon against the
current A2 polygon.

When all A1 polygons (except those new ones created by
comparison to the current A2 polygons) have been checked
against the current A2 polygon, subroutine ALCOMP compresses
the arrays containing Al polygon information by removing each
polygon flagged in IREMOV, and replacing its data with data
from the end of the list (starting with the last new Al poly- -
gon created). Thus, when checking against the next A2 poly-
gon begins, the list of Al polygons which we check it against
is exactly what we want it to be; the most current set of Al
polygons containing some already partially masked by previous

A2's and contalning no superfluous polygons.

When all A2 polygons have been checked against all Al
polygons, we are left with a final set of non-overlapping Al
polygons representing those parts of all surface cells remain-

ing visible when viewed from direction DIR. We loop over this
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finalized set of Al polygons calculating an overall 2-D XMIN,
XMAX, YMIN and YMAX. We also calculate the area of each poly-
gon and add it into the appropriate location in array AREAlL.
The index in AREAl is the index of the original surface cell
whose 2-D projection was the parent polygon of the current

Al polygon. This index is stored in bits 6-15 of IFF1(IAl).

A given surface cell can generate two or more partially
shielded new polygons if some thin part of the satellite
crosses over the middle of the surface cell. For diagnostic
purposes, a message to this effect is pointed out along with

the Al polygon area whenever such a situation is encountered.

Next, the original unshielded areas of all surface cells
are read back in from unit IAREA. (Cells which did not face
the viewer have this area already set to zero and hence, in
this sense, have already been shielded.) A second loop over
the surface cells computes the fractional areas for each
cell: £inal shielded 2-D area/initial unshielded 2-D area.

In this way, the effect of the dot product on the area is
removed,

Next, a user area for plotting is set up using the 2-D
overall minima and maxima just calculated. A last loop over
all final Al polygons plots the perimeter of each polygon by

simply connecting its vertices.

Finally, the IAREA file is rewound, i+he set of 1024
fractional arxeas is written onto it, and IAREA is rewound

again for use by the rest of the code.
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INSIDD

Called by SHIELD.
INSIDD determines if point P is inside polygon A. If P is on
the perimeter of A, it is considered inside. INSIDD = 0 im-

plies P is not inside A. INSIDD = 1l implies P is inside A.

INSIDD is used instead of INSIDE for determining if
vertices of a polygon are inside the other and for resetting
them to be exactly on the polygon perimeter if they are off
by only some epsilon. This resetting is accomplished by cal-
ling PROLIN to do a double-precision calculation finding the
projection of point P on the segment of A which it is almost

on.
Calling Seguence: FUNCTION INSIDD (A,AD,P,PD,N,IP).
Local Variables: A(2,10): Single~precision polygon vertices
AD(2,10): Double-precision polygon vertices
P: Single-precision point
PD: Double~precision point
N: Number of vertices in polygon
IP: Point flag
INSIDE

Called by SHIELD
INSIDE determines if point P is inside polygon A. If P is on
the perimeter of A, it is considered inside. INSIDE = 0 im-
plies P is not inside A. INSIDE = 1l implies P is inside A.
INSIDE is a single-precision function.
Calling Sequence: FUNCTION INSIDE (A,P,N,IP).
Local variables: A(2,10): Vertices of a polygon
P(2}): Point
N: Number of vertices of polygon
IP: Print flag
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INTCHK

Called by SHIELD.

Given the Ilth segment of Al, INTCHK checks for any and all
intersections of this segment with all A2 segments. INTCHK
also keeps track of which A2 segments are intersected, elimi-
nates duplicate intersection points, and orders those kept
according to how close to the start of the Ilth Al segment
they are.

Calling Sequence: SUBROUTINE INTCHK (I1,al,AlD,A2,A2D,INT,
N2,INDINT,X1NT,NA2SEG,IA28EG,INSZ,IP).

Local Variables: Il: 1Index of current Al poly-
gon segment

AlD: Double-precision copy of
Al

A2D: Double-precision copy of
A2

INT: (output) number of inter-
sections of segment Il of
Al with A2 perimeter

N2: Number of A2 segments

INDINT: Not used

XINT(2,10) : (output) intersection
points found
NA2SEG(10): (output) number of AZ seg-

ments intersected by up to
10 intersection points

TA2SEG(2,10): (output) indices of A2 seg—
ments intersected by up to
10 intersection points

INS2(8): INS2(I) = 0 or 1 if vertex
I of A2 is outside or in-
side Al

IP: Print flag
Internal Organization: INTCHK starts with a loop over the A2
segments. INTSEC is called to find any intersections of the
Al segment with the current AZ segment. If there were none,
we go on to the next A2 segment. If there was one, we incre-

ment INT and record the A2 segment information in NA2SEG and
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IA2SEG (INTSEC has already placed the intersection point in
XINT). The distance of this point to the start of the Al
segment is computed and stored in D for sorting purposes. If
there has been at least one previous intersection, we check to

see if we have a redundant intersection and eliminate it if so.

If the Al segment does not "intersect" the A2 segment,
but partially or wholly overlaps it, we do not need to count
the intersection but we must record the A2 segment information

in NA2SEG and IA2SEG for use by FINVER.

When all A2 segments have been checked, we sort all
intersection points (if more than one) according to their dis-
tance from the start of Al, so that the closest ones will be

treated first.

INTSEC

Called by INTCHK.
INTSEC determines if segment X1 intersects segment X2, and if

so, calculates the intersection in double-precision.

INTSEC finds thelequatiOns of the two lines, finds
their intersection, and determines if that intersection is on
both of the line segments by calling PTLINE.

Calling Sequence: SUBROUTINE INTSEC (X1,X2,PXI,INTFLG,IP).

Local Variables: X1(2,2): First double-precision line seg-
ment

X2(2,2): Second double-precision line seg-
ment

PXI(2): (output) single-~precision inter-
section of X1 and ¥2, if any

INTFLG: (output) INTFLG = 0 implies no
intersection; "INTFLG = 1 implies
an intersection; INTFLG = -1 im-~
plies the segments overlap.

IP: Print flag
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LINPLN

Called by SHIELD.
LINPIN finds the intersection XINT of a 3-D line with a 3-D

rplane.
Calling Sequence: SUBROUTINE LINPLN (XL1l,DIR,XP,INB,XINT).
Local Variables: XL1(3): Start point of line
DIR(3): ZXL1 + DIR forms finish point of
line
XP(3): Point on the plane
INB: Word containing bit-encoded normal
to plane
Bits 0,1: x-component of normal
Bits 2,3: y-component of normal
Bits 4,5: z-component of normal
XINT{3): (output) intersection of the line
with the plane
MATCATL

Called by SATPLT.

MATCAIL reads the satellite surface cell and material informa-
tion from unit IOBPLT and calls MATPLT to plot the satellite
material composition silhouettes.

Calling Sequence: SUBROUTINE MATCAL (NX,NY,NZ,IOBPLT}.

MATPLT

Called by MATCAL.

MATPLT plots satellite silhouettes illustrating surface material
composition via fifteen different shadings. The default mode

is to plot six views from the plus or minus z, y, and z direc-
tions, plotting all cells whose normal has a component in the
direction of viewing. In cases where a cell face 1s partially
or completely shielded by other cells in front of it, only the
visible part of that cell (if any) is plotted and shaded. The
sacrifice here is that inner surfaces hidden by outer surfaces

may never be seen via the default views.
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Hence, additional input allows the user to specify for
any of the six basic viewing directions, additional plots
showing only those cells within a specific range of x, y, or
z values according to the view involved.

Calling Sequence: SUBROUTINE MATPLT (NX,NY,NZ).

MOVEAL

Called by AICOMP.
MOVEALl moves the information for the Ilth Al polygon into the
I2th position in all the Al information arrays.

Calling Sequence: SUBROUTINE MOVEAl (Il,I2,Al,NV],IFFl,AlR,
AlB, AlF, XMIN1,XMAX]1,YMINLl,¥YMAX1).

PARPLT

Called by TRILIN.

PARPLT plots particle trajectories generated by subroutine
PUSH projected onto either of the y~-z, x-2z, or x-y planes.
Separate plots are made for electrons and protons (species

one and two).

The particle data is read from file IPART and plotted
by connecting each successive location for one particle to the

next.

The satellite silhouette is plotted by reading in the
building block data from file IPLT = IABS(IOBPLT), and plotting
the block perimeters in IPER = PER projected onto the appro-
priate plane.

Calling Sequence: SUBROUTINE PARPLT (IXYZ,IPART,IOBPLT,NX,NY,
NZ) .

Local Variables: IXYZ: IXYZ = 1, 2, or 3 specifies particle
trajectories projected onto the y-z,
x-z, or x-y plane (fixed x, fixed y.
or fixed z).
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PROLIN

Called by INSIDD.
PROLIN computes the projection XP of point X on line segment A.
Calling Seguence: SUBROUTINE PROLIN (A,X,XP,IP).
Local Variables: A(2,2): Double-precision line segment
X(2): Double-precision point
XP(2): (output) projection of X on A
IP: Print flag

PRSPPJ
Called by HIDCEL (PPJSET); ALGEN, AZ2GEN (PRSPPJ);

SHIELD (PRSPPJ, PRSPPK).
PPJSET sets up the 3-D to 2-D to 3-D projection matrices.
PRSPPJ projects from 3-D to 2-D; PRSPPK projects from 2-D to
3-D. The method is as follows:

Imagine a camera properly oriented to take a picture of
a collection of points and line segments. Let Pv be the point
at the center of the lens of the camera and let Pq,be a point
that is directly in front of the lens so that its image is
focused on the center of the plate. The line lying on the
points Pv and Pq is the optic axis of the camera. Unless the
optic axis is parallel to the z-axis, the camera will be
rotated about the optic axis until the image of a wvector
pointing in the +z direction points straight up on the plate.
If the camera is pointed straight up (or down)}, then the image
of a vector pointing in +x direction will point to the right
and the image of a vector pointing in the +y direction will
point up (or down).

The plane perpendicular to the optic axis at the lens
is the principal plane and the plane in which the plate lies
is the focal plane. The distance between the focal plane and
the principal plane is the focal length. The focal length

determines the magnification of the camera. In fact, if a
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segment 1is perpendiculr to the optic axis and if

o ¥ o
il

= the length of the segment
the length of the image of the segment
= the distance between the segment and the

principal plane

o
i

then
h = d*H/D.

Calling Segquence:

Local Variables:

the focal length of the camera

Entry Point PPJSET: SUBROUTINE PPJSET
(X1Q,22Q,¥X3Q,¥1V,X2V,X3V,D).

Entry Point PRSPPJ: SUBROUTINE PRSPPJ
(X,Y,2,XP,Y¥P,ZP).

Entry Point PRSPPK: SUBROUTINE PRSPPK
(XJ,¥J,2J3,XI,YI,2I).

X10Q:

© X20:
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X30:

Xiv:
X2v:

X coordinate of satellite center
{inner grid center)

y coordinate of satellite center
{innexr grid center)

z coordinate of satellite center
(inner grid center)

X coordinate of camera lens
y coordinate of camera lens
Z coordinate of camera lens

camera focal length

| coordinates of 3-D point to be pro-

jected into 2-D

(output) coordinates of 2-D pro-
jection and (ZP) distance to viewer

(output) coordinates of 3-D reverse-
projection point

coordinates of 2-D point to be reverse-
projected and (ZP) distance to viewer
of 3-D point to be found



PTCOMP

Called by SHIELD, INTCHK, FINVER.
PTCOMP determines if the points X1 and X2 are the same point.
Calling Sequence: SUBROUTINE PTCOMP (X1,X2,ISAM).
Local Variables: X1(2): Point 1
X2(2): Point 2

ISAM: (output) ISAM = 0 implies X1 and X2
are different points; ISAM = 1 im-
plies X1 and X2 are the same point.

PTL.INE

Called by INTSEC.

PTLINE determines if point XP (which must lie on the line
formed by X1 and X2) is on the line segment bounded by X1 and
X2.

Calling Seguence: SUBROUTINE PTLINE (X1,X2,XP,IONFLG).

Local Variables: X1(2): Start of double-precision line
segment
X2(2): End of double-precision line
segment
XP(2): Double-precision point which may
or may not lie on the line seg-
ment

IONFLG: (output) IONFLG = 0 implies XP is
not on the segment; IONFLG = 1 im~
plies XP is on the segment.
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ROUSP

z

called by TRILIN.
ROUSP ploﬁs contours of the charge array, ROUSZ at a specified
cut. ROUS is only defined for the inner grid, and the 3-D -
plane at which the ROUS values are plotted is specified by a
fixed x, v, or z. IXYZ determines which dimension is fixed,

and IND is the fixed wvalue.

ROUSP also plots the satellite silhouette by reading
in the building block data from file IPLT = IABS(IOBPLT) and
plotting the block perimeters in IPER = PER projected onto
the appropriate plane.

Calling Sequence: SUBROUTINE ROUSP (IXYZ,IND,IROUS,BUFL,
IOBPLT,IPER,PER,NX,NY,NZ) .

L.ocal Variables: IXYZ: IXYZ = 1, 2, or 3 specifies contours
through a fixed x, vy, or z plane

IND: PFixed value of x, y, or z; index in
grid at which cut is to be taken

SATPLT

Called by NASCAP.
SATPLT is called when IOBPLT is greater than zero indicating

satellite illustration plots are desired.

SATPLT first calls MATCAL to set up for and call MATPLT

to generate the material composition satellite silhouettes.

Next, HIDCEL is called to generate 3-D plots for each
of three default views, and for any additional views reguested
by user input.

Calling Seguence: SUBRQUTINE SATPLT (WNX,NY,NZ,IOBPLT).



SETFAC

Called by SETFWG, SETFOC, SETFTH, SETFFL.

The IFAC(80) array stores block face normal information for up
to 64 building blocks plus extra face storage for up to 16
octagons {which would already be part of the set of 64). For
rectangular blocks, the faces are indexed 1 through 6 and

face I will always have the same orientation and normal.

For blocks which are wedges, coctagons, tetrahedra, ozx
"FIL111" types, the input block is not symmetric in three dimen-
sions, and a given face I of some block may have a normal dif-
ferent from the face I normal for a previous block of the same
type if the two blocks are input with different orientations.
(The array IPER = PER contains for each block a list of ver-
tices, some of which are duplicated, which when traced out
sequentially in 3-D draws the entire perimeter of the block.
Face I for a given block type is defined as a particular sub-
set of the vertices stored in PER for that block; e.g., ver-—
tices 4, 3, 8, and 5 might define face 2 of block type 2,
which is a wedge. These face-definition data are stored in

array IV in subroutine AZGEN.) -

A block face normal may be defined by six bits; 0 and
1, 2, and 3, and 4 and 5 define three bit pairs for the x, ¥y,
and z components of the normal, each pair of which can repre-
sent either a 1(01), 0(00) or -1(11}. All block types except
the octagon have at most six faces. Conseguently, the first
64 words of IFAC contain, one word (36 bits) per block, normal
information for up to six faces per bklock. The last 16 words
contain, for a satellite with up to 16 octagons, the normal

information for the last four octagon faces in bits 0-23.

For rectangles, because due to their 3-D symmetry of
general shape, their orientatiocn in the code is always the
same, the specification of IFAC is a constant set of 36 bits.
This constant is called IFACR and is defined in RECTAN in a
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data statement. For each rectangular block encountered,
RECTAN is called and sets IFAC for this block equal to IFACR.

For the other four block types, however, a somewhat
complex decoding of input orientation information must be
made in order to correctly specify the face normal for each
block in IFAC. For wedges, octagons, tetrahedra and FIL1l1l
type blocks, the routines which f£ill in the set of PER peri-
meter vertices are WEDGES, NIOOCT, TETRAH, and FIL11l. Each
of these routines calls, just after PER has been defined, one
of SETFWG, SETFOQOC, SETFTH, or SETFFL. Each of these routines
defines the cell face normal for its block type by filling in
IFAC (NBLK) with a series of calls to SETFAC. SETFAC fills in
a particular field of two bits with an 01, 00, or 11, accord-
ing to whether IDIR equals 1, 0, or -1. Which pair of bits
of the set of six for a given face is determined by I; I = 1,
2, or 3 implies the x, y, or z component is being defined.
Which face is being treated (which field of 6 bits) is de-
fined by INDFAC.

The building block cell face normals and vertex sets
are necessary for the definition and sorting of A2 surface

polygons in subroutine A2GEN.

Calling Sequence: SUBROUTINE SETFAC (I,IDIR,INDFAC,IWORD) .

Local Variables: I: I =1, 2 or 3 implies an x, y, oOr
z component of the block face
normal.

IpIR: IDIR = 1, 0, or -1 implies set 01,
00, or 11 bit pattern for this com-
ponent. '

INDFAC: INDFAC specifies what face of the
current block we are defining a
normal for.

IWORD: Word currently being filled in with
normal bit set patterns; following
completion of this block's face
normal definitions, IFAC(NBLK) will
be set egual to IWCRD.
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SETFFL

;

Called by FIL111. )

SETFFL defines the block face normals in array IFAC for input
blocks which are FIL11ll type blocks. A series of calls to
SETFAC fills in IWORD, and IFAC(NBLK) is set equal to IWORD
(see SETFAC).

Calling Sequence: SUBROUTINE SETFFL.

SETFOC

Called by NIOOCT.

SETFOC defines the block face normals in array IFAC for input
blocks which are octagons. A series of calls to SETFAC fills
in IWORD and IFAC(NBLK) is set egual to IWORD for the first

six faces, while IFAC(64 + NOCT) is set equal to a second IWORD
for the last four faces {see SETFAC).

Calling Sequence: SUBROUTINE SETFOC (NBLK,NOCT,IFAC,I1,IT2,I3).
Local Variables: NBLK: Index of current block being defined.

NOCT: Number of octagons including current
one, which have been encountered
(defines which word of last 16 of
IFAC will be used in storing normals
for last 4 faces of this octagon).

I1:) Some combination of 1, 2, and 3,
I2:; specifying x, y, and z components
I3:) of block face ncocrmals.

SETFTH

Called by TETRAH.

SETFTH defines the block face normals in array IFAC for input
blocks which are tetrahedra. A series of calls to SETFAC

fills in IWORD, and IFAC(NBLK) is set equal to IWORD (see
SETFAC) .

Calling Sequence: SUBROUTINE SETFTH (NBLK,IFAC,ID).

Local Variables: NBLK: Index of current block being defined.

ID(3): 1, 0 or -1 for normal specification.
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SETFWG

Called by WEDGES.

SETFWG defines the block face normals in array IFAC for input

blocks which are wedges. A series of calls to SETFAC fills

in IWORD, and IFAC(NBLK) is set equal to IWORD (see SETFAC).

Calling Sequence: SUBROUTINE SETFWG (NBLK,IFAC,ID,I1,I2,I3}.

Local Variables: NBLK: Index of current block being defined.
ID{(3): 1, 0, or -1 for normal specification.

Il:) Some combination of 1, 2, and 3,
I2:; specifying x, y, and 2z components
I3:) of block face normals

SHIELD

Called by HIDCEL.

SHIELD finishes deciding if an Al polygon is behind the current
A2 polygon. If so, it masks the Al polygon against the A2
polygon, placing new polygons created (representing the un-
shielded portion{s) of the original Al) into the A3 array.
ISHLD indicates the number of new polygons created by this
masking. ISHLD = 0 implies Al was completely shielded by AZ.
ISHLD = -1 implies no shielding tock place, either because
there was.no overlap or because Al was in front of AZ.

Calling Sequence: SUBROUTINE SHIELD (N1,N2,Al,AZ,ISHLD,N3,A3,
IMASK, IFFl,IFF2,DV1,DV2,DIR,IAL,IAZ,A1R,
A2Z2R,IP).

Local Variables: Nl: WNumber of vertices in Al.
N2: Number of vertices in AZ.

N3(12): Number of vertices in up to 12
new polygons.

Internal Organization: SHIELD first generates AlD and AZD,
double precision copies of the Al and A2 vertices for use in
INSIDD and INTCHK calculations demanding double precision

accuracy.

A loop over the Al vertices determines whether each Al

vertex is inside A2 or not by calling INSIDD {(on the perimeter
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is inside). Within this loop we also perform a behindness-
checking algorithm if IMASK = 0 and if the current vertex is
inside A2, PRSPPK finds a 3-D point on the line between the
3-D surface cell vertex and its 2-D focal plane projection
(see PRSPPJ). The 3-D line defined by the 3-D lens point
(see PRSPPJ) and this new 3-D point is the line between the
3-D vertex and the 2-D projection. LINPLN recaptures and
places in XINTALl the original 3-D coordinates of the Al ver-
tex by finding the intersection of the line with the plane of
the Al polygon as determined by its normal in IFF1(IAl), bits
0-5, and point A1LR. AlR is one 3-D vertex of Al; we cannot
store all 3-D vertices for the Al's due to storage considera-
tions. (Note: We do store all 3-D coordinates for the A2
polvygons in A2R, since there are far fewer of these.) LINPLN
is also called to find the 3-D point on the plane of A2 which
this line intersects. This point is placed in XINTA2. Since
the line from the 3-D vertex through the lens point to the 2-D
projected point represents the direction of viewing for this
point, the distances to the viewer of XINTAl and XINTA2 indi-
cate whether Al is behind or in front of AZ. PRSPPJ calcu-
lates these two distances, DAL and DAZ2.

If the two distances are equal, then this Al vertex is
actually on A2 in 3-D. We keep track of the number of such
vertices by incrementing NDA2 for each of these cases. If
NDA2 reaches 3, indicating that at least three vertices of Al
are on A2, the two planes are the same and Al must be on AZ.
We skip out of shield and skip this polygon combination.

(If we masked Al polygons against the A2's on which they lie,
the whole satellite would disappear.)

If DA2 iz greater than DAL, then Al is closer to the
viewer than A2 at this point, which implies that all of Al is
closer than A2 due to the Al's being single-cell polygons.

ISHLD is set to -1 and we skip this combination.
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If DAl is greater than DA2, then A2 is closer to the
viewer than Al, and we must mask Al by AZ. IMASK is set to

1 so no more behindness testing will be done.

The inside testing is done for each Al vertex, and the
behindness algorithm checked for each Al vertex which is in-
side A2 until IMASK is set to 1. It may happen either that no
Al vertices are in A2 or that those that are yield only in-
conclusive behindness tests. In this case IMASK may still
equal zero at the end of this loop. If NDAZ2 equals 2 at this
point, we have Al adjacent to A2 and set ISHLD = -1 to specify
skipping this combination. If all vertices of Al are inside
A2, then Al is completely inside A2 (since A2 polygons must

be convex in this code), and we return with ISHLD = 0.

A similar loop on A2 vertices follows. For each A2
vertex, INSIDD determines if the vertex is inside Al. If
IMASK = 1, no behindness testing is done. Otherwise, for A2
vertices inside Al we call LINPLN to find the point on the Al
plane which the line from the current 3-D A2 vertex to the
lens point intersects (we need not use PRSPPK to find the 3-D
vertex since we save all of these for A2's in AZR). We call
PRSPPJ to calculate the distance to the viewer of this Al
plane intersection point. We already have this distance for
the A2 vertex stored in DV2 (another example of information

stored for A2 polygons but not for aAl's).

We compare these two distances, DAL and DvV2. If
DAl = DV2 we increment NDAl. Unless NDAl reaches three,
indicating an error, this information is inconclusive. How-
ever, if DAl is less than DV2, we may return with ISHLD = -1
again, since Al is in front of A2; and, if DAl is greater
than DV2, we set IMASK = 1 to avoid any further behindness

tests.

We determine whether each A2 vertex is inside Al, and
if IMASK = 0 at this point, check for behindness for a2
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vertices which are in Al, until IMASK is set to 1 or until

we finish the set of A2 vertices.

It is possible for IMASK to equal 0 at this point but
for masking to still be necessary; for example, if two long
rectangles at right angles c¢ross at their middles, neither
will have any vertices within the other, hence no behindness
testing will have been done in the previous two loops. This
and other somewhat pathological cases must be tested for be-
hindness when some intersection point of the two polygons is
found by the masking algorithm. In this case, an algorithm
identical to that in the first loop is used to determine be-
hindness.

The remainder of the routine masks the Al polygon by
the A2 polygon by following the Al perimeter around from start
to finish, making note of all intersections with the A2 peri-
meter, and opening and closing new polygons as is appropriate.
A "new polygon" is a portion of the Al polygon which lies com-
pletely outside A2 and is composed of one or more Al vertices
and two intersection points with the A2 perimeter (these may,
of course, also be Al vertices in certain cases). The A2 peri-
meter intersection points mark the start and finish of the
"new polygon" at this point, but may or may not lie on the
same A2 side. If they do lie on the same A2 side, then the
polygon is already complete. If they do not, however, then to
complete the new polygon we must find that set of A2 wvertices
which lie on that part of the A2 perimeter betwen the start
and finish points of the new polygon. Whether the start and
finish points lie on the same side or not, the task of
finishing the vertex set of a new polygon is performed by
subroutine FINVER.

Following the inside tests and behindness checking, a
loop over the segments of Al begins. A segment of either
polygon is referenced by the vertex starting it: segment 1

goes from vertex 1 to 2, segment 2 from vertex 2 to 3, and
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the last segment from vertex N to vertex 1. The last vertex
information is appended to all appropriate lists to facilitate

handling of the last segment.

If the last vertex of the current Al segment is outside
A2, it is added to the current new polygon vertex list. Next,
we call INTCHK which'checks the current Al segment for inter-
sections with all A2 segments. INTCHK returns INT = number of
distinct intersections with the A2 perimeter. If INT = 0, we

go onto the next Al segment.

If INT # 0, then INTCHK has also returned all inter-
section points in array XINT, and information (NA2SEG) telling
how many A2 segments this Al segment intersected at each
intersection point (if it intersects at an A2 vertex, then it
has intersected two A2 segments at that intersection point).
It also returns IA2SEG indicating which A2 segment the Al

segment intersects. FINVER will use this information.

A loop over the number of intersection peoints follows.
If the current intersection point is the same as the last one
treated, we skip it. {There are certain tests here to avoid
skipping such a point if it is needed both to start the first
new polygon and end the last one.) If we keep this inter-
section point, we add it into the current new polygon by
incrementing INEW (number of points in the new polygon) and

by moving the intersection point into A3 (INEW, NEW).

Before we actually move the point intc A3, however, we
must check if, for INEW = 2, we have a segment which is com-
pletely within A2. If so, we must discard the INEW = 1 point
and start our new polygon with the current intersection peint.
We determine this by finding the midpoint of the segment from
the INEW = 1 point to the INEW = 2 point. Since A2 must be
convex, if this midpoint is inside A2, we discard this seg-

ment, while if it is outside, we keep the segment.
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It is at this point that we check for behindness once
again if IMASK is still equal to zero.

Since the current point is an intersection point, it
must either open or close a new polygon. If INEW is equal to
1, we are opening a new polygon and go on to the next inter-
section point (if there are no more, we go on to the next Al
segment) .

If INEW is greater than 1, we are closing a new poly-
gon. If this ig the second intersection point in this new
polygon, we may call FINVER at this point to finish its vertex
set. (The first and last new polygons may need to be added
together to form a complete new polygon with two intersection

points, depending on which Al vertex we started at.)

We close this new polygon by incrementing NEW, the

number of new polygons and by resetting INEW to zero.

We then check to see if the current intersection point
is an A2 vertex. If so, we must count it not only as the
last point of the last new polygon, but also as the opening
point of the just-opened new polygon. If this is sc, we set
INEW = 1, and move the appropriate information into place for

the new polygon.

We then loop back to finish any more intersection peints
for the current Al segment. When these are exhausted, we loop
back to the next Al segment. When all Al segment vertices and
intersection points have been exhausted, we reach statement
label 70. Here we know that there has been at least one in-
tersection, and our task is to determine if either or both of
the first and last new polygons are incomplete. If the first
one is incomplete, we join it to the last one. If the first
one is complete, we either keep oxr discard the last one de-
pending on whether it is complete or not. A polygon to be

discarded might be, for example, a one-point polygon.
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If the first and last polygons are added together,
FINVER is called to complete the vertex set. We are now
finished and jump to 300 to perform final checks and return
to HIDCEL.,

Tf we reach the end of the 200 loop, there have been
no intersections at all. If this is so, and neither polygon
had any vertices inside the other, then there is no overlap
and we return with ISHLD = -1.

If all vertices of Al are inside A2, Al is completely
shielded and we return with ISHID = 0 (this has already been
checked earlier in the routine). If all vertices of A2 are
inside Al and there have been no intersections we error return
with a RETURN 0. We do not allow an A2 polygon to be com-—

pletely enclosed within an Al polygon with no intersectious.
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TRILIN

PLXDEF

INDATA

CHARGE

CALFLX

SOURCE ELFLUX SOLFLX
GETCEL PRFLUX TOFLY
PUSH BKSCAT

LINMCEL

QUPDAT

QSUMER

POTENT
GETDIV PUPDAT Qconce
COPROD RUPDAT CNVPLT
BIAFIX UUPDAU
URSETO APRT

{various plotting routines)

Figure 10.4. Partial hierarchical outline of

TRILIN module.
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10.5 TRILIN

APRT

Called by POTENT (most calls are currently commented out),
INDATA

APRT prints NGP grids' worth of data for the NX x NY x N2 x
NG array stored on file IF.
Calling Sequence: SUBROUTINE APRT (BUF1l,I1F,NGP,NX,NY,NZ,NG).

Local Variables: IF: Unit number of file containing data
to be printed

NGP: Number of grids worth of these data
to be printed

BIAFIX

Called by POTENT.
Corrects the ROUS point charge array for points on biased

conductors. Also sets ROUSCN — the conductor charge array.

BXSCAT

Called by CALFLX.

Computes flux of backscattered electrons through FUNCTION
BSCAT. o
Calling Seguence: SUBROUTINE BKSCAT (ICELL, ITYPE,FIN,FOUT) .

CALFLX

Called by CHARGE.
Calls SOURCE, PUSH, ETNGUN, ELFLUX, BKSCAT, PRFLUX, GETCEL,
IOFLX.

Calling Seqguence: SUBROUTINE CALFLX (ITYPE,PCOND,FLUXES,CNET,

FLOW, IOBPLT,IPART)

ITYPE - NASCAP operating mode

PCOND - Array of conductor potentials

FLUXES - Array of net fluxes to surface
cells

CNET - Net charging current

FLOW - Low electron emission for each
surface cell

IOBPLT - LUN of OBJDEF output file

IPART - LUN of particle trajectory plot

scratch file
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CHARGE

Called by TRILIN.
Primary routine for charge accumulation, transport and sharing
for the NASCAP code.

Calling Seguence: SUBROUTINE CHARGE (NNX,NNY,NNZ,NNG,ITYPE,
QCOND ,PCOND)

NNX,NNY ,NNZ ,NNG

1

Same as NX,NY,NZ,NG

ITYPE - NASCAP operating mode

QCOND - Array of charges on
conductors

PCOND ~ Array of potentials on
conductors

CNVPLT

Called by TRILIN.

Plots potential convergence parameters using printer-plotter
routines, i.e., ALOGl0(RE(I)) wversus I, ALOGlO(U(I)) wversus I,
P(I) versus I.

Calling Seguence: SUBROUTINE CNVPLT (R,U,P,NI)

R(NI) - An array of positive numbers
U(NI) - An array of positive numbers
P(NI) - An array assumed to contain

potentials of spacecraft ground
NI - Dimension cof arrxays R,U,P

COPROD

Called by POTENT (in two places).

COPROD computes the product of the linear equation coefficient
array A with either of pO or un, depending on whether the call
to COPROD is the initial call in POTENT or the call within the
potential iteration loop. COPROD alsco calculates utea” adding
terms intc the dect product one at a time, as it calculates the
individual terms of a".

Calling Sequence: SUBROUTINE COPROD (IA,IAUN,BUF1,BUF3,NG,
NX,NY,N%,P3,W4,UDOTAU, AUNCON , UPCOND, IOBJ,
W,LIST,WPCOND,PMCND, SWPSSC,CIJ,CIJSUM,
MBIAS,MFIX) .
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Local Variables: TIA: COPROD takes the product of the coef-
ficient array A with whatever vector is
on external storage unit IA. 1In the
initial call to COPROD, IA = IP, the
unit storing the (at that time) initial
guess for the potentials. In the itera-
tion loop call to COPROD, IA = IU, the

unit storing the u"! vector.

ELFLUX

Callied by CALFLX.

Calculates incident electron flux and flux of electron-produced
secondaries using subroutine ELSEC.

Calling Sequence: SUBROUTINE ELFLUX (ICELL,ITYPE,FIN,FOUT)}.

ICELL - Current surface cell

FIN - Incident electron f£lux (output)
FOUT - Flux of secondary electrons (output)
ITY¥PE - NASCAP operating mode

FLXDEF

Called by TRILIN.
Reads and preprocesses flux definition parameters.
Calling Sequence: SUBROUTINE FLXDEF (ITYPEl ,N¥X,NY,NZ,NG) .

GETCEL

Called by CALFLX, SHECAL.

Places gecometrical and electrostatic properties of surface
cell in common block SRFPRM.

Calling Sequence: SUBROUTINE GETCEL (ICELL,PCOND)} .

GETDIV

Called by POTENT.
Constructs the inverse of the diagonal term of the copreduct
A matrix, for all points. The resulting diagonal matrix D is

used in the scaled conjugate gradient algorithm.
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INDATA

Called by TRILIN.

Performs data manipulations associated with initialization/
restart. |
Calling Seguence: SUBROUTINE INDATA (NX,NY,NZ,NG,NC).

TOFLX

Called by CALFLX.
Output of fluxes, potentials and fields across dielectrics
for selected surface cells.

Calling Sequence: SUBROUTINE IOFLX (EIN,EOQUT,PIN,POUT,EBACK,
PCUR,PCND, ICELL) .

LIMCEL

Called by TRILIN.

Adjusts the charge arrays for an implicit (LONGTIMESTER)
charging calculation. LIMCEL and its called subroutines are
undergoing further development, and are not fully documented

at this time.

POTENT

Called by TRILIN.

POTENT uses the iterative conjugate gradient technigue de-
scribed bhelow to solve a set of linear equations whose unknowns
are the potentials at all grid points and on each of the con-
ductbrs, and the charges on each biased or fixed-potential
conductor. .

Calling Sequence: SUBRCUTINE POTENT (BUF1,BUF2,BUF3,ICYC,
RITER,UITER,PCITER,NITERP,ROUS ,NX,NY,NZ NG,
QCOND ,NC,W,LIST,WPCOND,PMCND,PCOND, IWARN,
IALG) .

Internal Organization: POTENT places fixed-potential con-—
ductor potentials (set by input in array VFIX) into PCOND, and

then forms some precalculable quantities (for use in OBJSPC)
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based on the WPCOND and PMCND weights and on the conductor
relative capacitances. The first call to COPROD calculates

A times po where Po is the initial guess for the potentials
for this run (determined by one of the initial guess options
specified by user input, or, in the case of a restart, by the

final potentials left over from the previous run).

POTENT then proceeds to make calls as shown in Fig-—

ure 10.4.

PRFLUX

Called by CALFLX.

Calculates flux of incident protons and resulting secondaries
using subroutine PROSEC.

Calling Seguence: SUBROUTINE PRFLUX (ICELL,ITYPE,FIN,FOUT).

PUPDAT

Called by POTENT.
PUPDAT updates the linear equation solution vector P on file IP

(containing system potentials) according to the equation

Pn+l = p" + a*u"

The updated pn+l

grid at a time, and when all data has been updated, the unit
numbers IP and ISPARE are switched.

data is written onto file ISPARE, one

PUPDAT also updates the conductor potentials in array
PCOND.

Calling Sequence: SUBROUTINE PUPDAT (ALPHA,IP,IU,ISPARE,BUFL,
BUF2,NG,NX,NY,NZ,NC,PCOND,UCOND,MBIAS,MFIX).
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PUSH

Called by CALFLX.

For a given cell, calculate the incoming particle flux from a
given ambient environment by the reverse trajectory technique.
All test particles are emitted from the center of the cell.
The selection of energies and angles are in common block FLUX.
The actual flux densities are from FSPACE. The local flux is
filled into F. EPOT(I) is the minimum final kinetic energy
that a particle of type I can have upon impacting the object.
That is, EPOT(I) = 0 1f the object repels type I particles and
EPOT equals the absolute value of the local potential if the

object attracts particles of type I. (See Figure 10.4.)
Calling Sequence: SUBROUTINE PUSH (F,EPOT,ICELL,IPART).
Local Variables: X(3): Particle position

X0(3): Center of the cell

V(3): Particle wvelocity
QCONCP

Called by POTENT.

Potentials for any conductors designated as fixed-potential or
biased potential conductors are removed as unknowns from the
set of linear equations solved by the conjugate gradient poten-
tial iteration system. Following convergence upon all other
potentials of the system, proper biases are added to conductor
1's new potential and the resultant biased potentials are
placed in the appropriate places in array PCOND (this is done
in subroutine POTENT). The only unknowns remaining in the
system at this point are the new amounts of charge on the
biased or fixed conductors. QCONCP finds the amount of charge
on conductor i according to the original equation for this
conductor:

Q; = (' Z We * Z Cij) o5 - Z Ci484 + Wpidp
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QCONCP calculates the charge on each conductor and
places it in the appropriate location in array QCOND.

Calling Sequence: SUBROUTINE QCONCP ({(QCOND,PCOND,CIJ,CIJSUM,
WPCOND , PMCND,BUF1,IP,NX,NY,NZ,IOBJ ,MFIX,
MBIAS) .

QSUMER

Called by TRILIN, INDATA.
Calculates total charge contained within inner grid.

Calling Sequence: SUBROUTINE QSUMER (IROUS,ROUS,QCOND,NX,NY,
: NZ,QSUM) .

QUPDAT

Called by TRILIN.
Updates the charge array ROUS for surface points.

RUPDAT

Called by POTENT.
RUPDAT updates the conjugate gradient vector r on file IR ac-

cording to the equation

n+1i n

n
r = r - a*a

The updated rn+l data is written onto file ISPARE one grid
at a time, and when all data have been updated, the unit
numbers IR and ISPARE are switched.

RUPDAT also updates the conductor r values in array
RCOND, and computes two dot product rn+l « D rn+l.

Calling Sequence: SUBROUTINE RUPDAT (ALPHA,IR,IAUN,ISPARE,
BUF1,BUF2,NG,NX,NY,NZ, RDOTR,RDOTRS,NC,
RCOND , AUNCON , RDOTAU ,MBIAS ,MFIX) .
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SOLFLX

Called by CALFLX.

Calculates flux of photoelectrons from surface cell using
material properties and shadowing calculation output.
Calling Sequence: SUBROUTINE SOLFLX (ICELL,PCUR).

SQURCE

Called by CALFLX.
Performs logical and I/0 functions relevant to test tank
particle tracking.

Calling Sequence: SUBROUTINE SOURCE (IOBPLT).
IOBPLT -~ LUN of OBJDEF output file.

TRILIN

Called by NASCAP.

Internal Organization: After calling FLXDEF and INDATA for
initialization purposes, serves as primary program for NASCAP
main loop: alternate calls to CHARGE and POTENT. Calls neces-
sary routines for potential scaling, potential convergence
pPlots and potential contour plots. After end of main loop,
calls routines for restart dump, particle trajectory plots and

charge density contour plots.

URSETO

Called by POTENT,.

Given the set of linear equations for the potential of the sys-
tem, Ap = ROUS, and given the coefficient prcduct Apo of A with
the initial guess for the potentials, po, and given the diagonal
matrix D, URSET0 defines the w° and r° arrays on files IU and
IR according to the equation

Q
r

ROUS - Ap®

o] o
u =Dr
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URSETO also calculates the initial dot product
o o
r D zx .

Calling Sequence: SUBROUTINE URSETO (ROUS,IU,IR,IAUN,BUFL,
BUF2,NG,NX,NY,NZ,RDOTR,NC,AUNCON,UCOND,
RCOND, ROUSCN, MFIX,MBIAS) .

UUPDAU

Called by POTENT. ' ,
UUPDAU updates the conjugate gradient vector u on file IU

according to the equation

n+1 n+l

n
u =D r + B*u

+1 data are written onto file ISPARE one

The updated oh
grid at a time and when all data have been updated, the unit

numbers IU and LISPARE are switched.

UUPDAU also updates the conductor u values in array
UCOND.

Calling Sequence: SUBROUTINE UUPDAU (BETA,ISPARE,BUF1l,BUF2Z,
NG,NX,NY,NZ,NC,UCOND, RCOND,MBIAS ,MFIX) .
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10.6 ROTATE

ROTATE

Called by NASCAP.

Rotates the satellite by changing the sun direction. If an
input file is specified, ROTATE reads user rotation specifica-
tions. If no input file or file 0 is specified, existing
values (default or previous input) are used. The rotation is
specified in terms of spin angular velocity (rad/sec, default
is 1 RPM), and sun direction at t = 0 (default is (1.,0.,0.)).

The sun is rotated to the proper direction for the cur-
rent time, and the subroutine terminates. Upon return to
NASCAP, the HIDCEL routine will automatically be called to

perform a shadowing calculation for the new sun direction.
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10.7 CAPACI

CAPACI

Called by NASCAP.

Forms a capacitor model of the satellite to allow for an im-
plicit charging calculation (LONGTIMESTEP). CAPACI deposits
a unit charge on conductor #l and calls the potential solver
POTENT. The resulting potentials are used to construct a

lumped-~circuit-element model of the spacecraft.

Like the LIMCEL routines, this section of code is still
being developed. We are incorporating cell subdivision and
surface conductivity as well as other features. The documen-~

tation is incomplete.
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