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ABSTRACT

The propagation of the charge-exchange plasma for an electrostatic
ion thruster is crucial in determining the interaction of that plasma
with the associated spacecraft, A model that describes this plasma and
its propagation is described, together with a computer code based on
this model,

The structur¢ and calling sequence of the code, named PLASIM, is
deseribed. An explanation of the program's input and output is included,
together with samples of both. The code is written in ANSI Standard

Fortran IV,
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INTRODUCTION

Ion thrusters can be used in a variety of primary and auxiliary
gpace-propulsion applications. A thruster produces a charge-exchange
plasma which can finteract with varlous systems of the spacecraft, In
oxder to understand these possible interactions, a detailed knowledge
of the plasma propagation 13 required.

The production of charge-sxchange fons by thrusters has been
understood for some time.l Fast ions from the thruster interact with
slow neutrals that are also escaping, resulting in the production of
lons that initfally have only a thermal velocity., The electric fields
within the ion beam cause these ilons to move approximately radially out
of the don beam, These charge-exchange lons leave the ion beam along
with electrons supplied by the neutralizer, the combination constituting
the charge-cxchange plasma. The propagation of the charge-exchange
plasma depends on several factors, licluding the initilal thermal energy
of the ilons, the distribution of ion production along the beam, and the
potentials and geometry of neighboring spacecrafF surfaces,

In the THEORY section of this report, the geometry of an idealized
spacecraft with an lon thruster is described, together with the simpli-
flcations and definitions used in modeling the ion beam. The distribution
function used for charge-exchange ion production is also presented,
along with the harometric equation that relates the variation in plasma
potential to the variation in plasma density, The numerical methods and
approximations used for the calculations are then discussed, This
section describes the main calculatilon subroutine, CALC, and the dis-

placement calculation subroutine, CALCD.
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In the PROGRAM STRUCTURE section, a flowchart is provided that
diagrams the calling sequence of the modules; also presented are
detailed deocriptions of cach of the modules. A guide to using the
program is presented in the INPUT AND OUTPUT section of this report,
Desecriptions of the calculated results are presented in the INPUT AND
OUTPUT and VERIFICATION sections.

Alpo presented is a method of obtaining better resolution in the
upstream region. The high-resolution option of the program simulates
only the upstream region. This ogtion utilizes previously calculated
trajectories as boundaries for the region to be simulated at higher
resolution (seec notes in the computer code).

The VERIFICATION section of this report also compares experimental
and analytic results with those obtained by the computer code.

Facteors limiting simulation accuracy are also discussed,

An analytic solution is derived for the case of an infinitely
long cylindrical beam with a uniform distribution of charge-exchange ion
prodﬁction along the beam. Expressiong are obtained for the radial
variations in ion density and velocity, permitting a direct comparison
with results from the computer code, This analytic solution is
described in APPENDIX A and used in the comparison described above.

It should be noted that this final report provides a complete
description of the program and supersedes previous reports.2’3 All of
the information necessary to use the program is contained herein. A
glogssary of the variables used in the computer code is provided in

APPENDIX C and the computer code is listed in APPENDIX D,
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THEORY

The interaction of an fon thruster with other components of an
eleetrically propelled spacecraft through the plasma surrounding a
spacecraft has been ptusied for some time., 7The tranaport of cleetrono
from the don beam to a eolar-array surface was treated first by Knauer,
et al.h ap an clectron space-charge~flow problem., Measured electyon
gurrents, though, were found to be much higher than caleulated by
Knauer., The difference was due to the presence of a charge~exchange
plasma,

Charge-exchange ions are produced when fast beam lons pass ncar
slow escaping neutrals. The fast neutrals that result usually present
no problem, and ecscape following the directions they had as iona, The
slow charge~exchange ions that are produced, though, initially have only
the velocity of the thermal neutrals. Small electrie fields within the
ion beam result in the charge-exchange fons leaving the beam in approxi-
mately radial directions, These charge-cxchange ilons, together with
gome escaping eleetrons, form the charge-exchange plasma that surrounds
an electrically propelled spacecraft,

The production rate for the charge~exchange fons was first calcu-
lated by Staggs, ct ul.l The capability of the charge-exchange plasma
to transport electrens to other parts of the spacecraft was experimentally
evaluated by Worlock, et al.5 Some detalled trajectories of charge-
exchange ions have been examined by Komatsu, et al.6 Experimental studies
of the charge~exchange plasma distribution, particularly upstream of the
ivn~beam direction, have been conducted by Kaufman,7'9 and Carruth, et

10-12

al, Several studies included a corrvelation of plasma properties in

terms of the distance from the thruster and the angle relative to the
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beam direcction. Theoretical studies of tha charge exchange plasma

have been carried out by Rubinson, ot nl.g’ll and Katz, ot n1.14 The
latter treat the ions, numerically, as a cold fluid in contrast to the
use of calculated ilon trajcectories and density gradients.

The phvsical processes involved in the charge~exchange plasma have
become well understood as o result of the various studies that have
boeor conducted, The electron population outside of the beam agrees with

the "barometric" equation

e © Dy, rof exp(~qV/kT ) (1)

which wan introduced by Sellen, et al.ls

.l6,l7

and verified by Ogawa, ct
al for the population within the beam and by Kaufman7 for the
population in the charge-cxchange plasma. The plasma potential V in Eq.

(1) is taken to be zero at the reference electron density n The

e,ref’
electron temperature Te in the charge-exchange plasma has been found to
be about half the value in the ilon beam.7 The electron temperature in the
ion beam varies with thruster size and ranges from about 7 eV fox a 5 em
thruster to 5 eV for 15 cm and 0,35 eV for 30 cm, Also, gq is the clem-
entary unit of charge and k is Boltzman's constant.

ihe experimental validity of Eq. (1) is consistent with the low
density and long mean-free paths Ln the charge-exchange plasma. The
decreasing plasma density with inereasing distance from the thrustex
forms a potential well for the electrons, so thet many transits of this
reglon are probable before an clectron escapes, The many transits

permit randomization of the electron popularion to a single Maxwellian

distribution by Coulomb collisions.
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Tho ewtent of the charge=cxchange plasma io Jarge compared to tha
Debye shiclding distanee, which means that the electron density must
everywhere be equal to the don density., Inaomuch as the lons only move
outward from the thrustew, tholr motlion is cssentially collisionless and
governcd by the potential distribution from Lq., (1),

The approach uged in this study has been to assume a cylindrical,
axinlly symmetrie ion beam, with the charge-exchange ions lcaving the
beam with a uniform velocity in the radial direction, The coordinates
and simulation boundaries are defined in Fig, 1. The current density of
these charge=-exchange dons at the cylindrical beam boundary is a function
of the distance downstream from the thruster. The total charge-cxchange
current is distributed among the total number of trajectories, with
this total number gpecified as an input parameter, N, Approximately
fifty percent of the charge-~exchange ions are generated within one beam
radius of the downstream end of the thruster, so about half of the
speclfied trajectoriecs will initially start in this region,

A trajectory represents the path of a single representative dion on
which acceleration 18 produced by electric fields in the plasma. These
fields correspond to potential gradients induced by gradients in the
plasma density, as indicated by Eq. (L). Density gradients axre used in
two separate calculations. The component of the density gradient along
the path provides a potential gradient which serves to change the ilon
velocity in that direction, while the component of the density gradient
normal to the path provides a potential gradient which modifiles the
direction of the path, The forces on the lons acting normal and parallel
to the path are resolved into x and z components to obtain the resultant

force acting ¢n the ion.

ORIGINAL PAGE 'S  ORIGINAL PAGE |5
OF POOR QUALIT  OF PGOR QUALITY



ok 3

Boundary of Simulated Reglon

x oxis {radius)

—

RT 7
| RB

b b s axis (axis of symmetry) —— -

o
1

(0,0)

ré

+~THRLEN ~~|

ZBOUND -

Fig. 1. Conrdinate system and dimensions for simulatiomn,

ORIGINAL PRAGE IS
OF POOR QUALITY

RBOUND




In the simulation used herein, the ion path is represented with a
stepwise progression away from the beam and the trajectories are advanced
from left to right starting from the end of the thruster, It is assumed
that, with small enough step sizes, following the lons through one pass
of calculations is sufficient. (The validity of this assumption 1s
partially checked later by comparison with experimental and analytic
results.) From a physical viewpoint, the ions are moving at, or above,
acoustic veloclty, so disturbances should not propagate in the upstream
direction. Also, the extent of the plasma is very large compared to the
Debye shielding distance, he¢ce electric filelds at the flow boundaries
should not extend into the bulk of the plasma. The distsncesa to neigh-
boring paths are important parameters, In that they are used to determine
densities. As indicated in Fig. 2, a normal to the path being incremented
is extended in both divections. This normal is used to calculate the
distances to neighboring paths, on the right and left of the path being
incremented. In this report, right and left are defined in terms of
relationships upon leaving the fon beam, with the viewing direction in
the divrection of charge-exchange ion motion. The distances to the
neighboring paths are obtained by calculating the distance from the path
being incremented, along the normal to this path, to the neighboring
path where the normal intersects it., If the neighboring path was not
intersected by a normal, as in the right side of Fig. 2a, then the
neighboring path 1s extended linearly from the last interval and the
distance is calculated. If the normdl intersects a neighboring path
below the final two lon positions on that path, as 1s the case for the
left hand paths in Figs. 2a and 2b, back stepping is used. This allows

the distance to be calculated to the line the normal actually intersects.



o

\

(a) Linear extrapolation used on right, back stepping
used on left,

- s o

(b)  Paths intersected both sides ( path iterated again),
back stepping used on left.

Fig. 2. Geometry for evaluations of distances between paths,
8 A
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If intersections are found on both the right and left, as in Fig. 2b
(Linecar extrapolaticon not used), the path currently being iterated will
be iterated again so it can keep in step with its neighbors., Finally,
if the normal intersects the neighboring path between the final two ion
positions, as in the vight hand path of Fig. 2b, the intersection point
is used as it is.

The density is inversely proportional to the distance between nelgh-
boring paths, the ion velocity and the radial distance. The latter rela-
tionship Lls due to the axial symmetry and the use of only one trajectory

for each axial location, The density on the left is thus given by

ny o= G/Adevi, (2)

where C is a constant depending on operating econditions and the number

of trajectories specified, AdL 1s the distance between the path being
ineremented and the path on the left, x is the radius and ] is the ion
veloedty, The density on the right is defined in a simllar manner, except
that Ny and AdR arc used. After the radial distance, %, and the ion
velocity, Vyy are calculated, the densitles to the right and left are cal~

culated using Eq. (2), The two quantities, n, and Ry are averaged to

L
get the plasma density at the point under consideration.

The plasma potentials to the right and left are then calculated
using Eq. (1). Here n, represents the density just caleculated to the
right or left and ne,ref represents the initial density to the right

or left of the path being incremented. The foree normal to the path

direction is then,

F, o= -qav_l_/AdS (3
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where 4V io the difference between the potentials on the right and left
and 5d, 1s the smaller of ady and AdR. This choice for Ads was included
to accommodate radical changes in the displacements arising when the
perpendicular displacement intersects a boundary, The effect of this
cholce as compared to averaging the displacements was found to have a
negligible effect on interior paths, This force is resolved into x and
2 components.,

The force acting parallel to the path can be calculated in a fashion
similar to Eq. (3),

Fyp = =94y, /3d (4)

where Avl‘is obtained through Eq. (1) with potentials being those at the
point presently under consideration and the previous point and Ad_ the
distance between these two points, This force is also resolved into
% and z components,

The normal and parallel forces can also be set equal to the rate of

change of momentum:

Fi;|‘= miv ’“/At (5)

with m the ion mass, A{L llthe velocity component generated normal
’
or parallel to the path direction, and At the size of the time interval

used in the diteration. Equating these two force expressions yields

AYLalf= Fl,”At/m . (6)

These are the velocity changes normal and parallel to the path direction

for the present iteration, Similar expressions hold for the x and z
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components of the velocity, Avx and sz. where Fx,z is used instead of
QL’". The total velocity and its components are calculated from Avx and
sz. The new ilon position 1s tlken caleculatud, using linear exprcasions,
thereby incrementing the path.

It was necessary to consider several special cases in the execution
of the displacement algorithm, Three were meniioned in reference to
Figs. 2a and 2b in discussing the calculation of distances to neighboring
paths, Those were linear extrapolation, back stepping and iterating a
path again if intersecctlons were found on both sides. Other cases
involve the extreme right and left trajectories that have not inter-
cepted a boundary, Without specilal treatment, these cases would result
in an undefined density on one side of the path because the normal will
intercept a boundary instead of another path, The boundary is treated
as another path with one exception. If at any time a path would be
repelled by the boundary, the direction is left unchanged. This approx-
imates a plasma sheath which would be present at such a boundary, .

In general, both the distance between trajectories and the distance
from a trajectory to a boundary will be much larger than the Debye
distance, The accuracy of the simulation should therefore be considered
questionable at any location where the distance between trajectories
approaches the distance to a boundary. A better approximatiun in such a
location might be obtained by extrapolating from deeper within the
charge-exchange plasma. It would also be possible to use more trajec-
tories, so that the space between them would be reduced.

The distribution of charge-exchange ion production along the axis
is assumed to be proportional to the neutral density on the axils. This
neutral density for a single thruster (no overlap of neutral effluxes

7,8

from adjacent thrusters) is (see Appendix B)
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where T is the beoam radius and n, 18 a constant for a given combination
of beam diameter and neutral loss rate, This function decreases rapidly
with increasing z, due to the rapid divergence of neutral atom paths in
free molecular £low, The beam radius, rb, is an important paramefer in
this simulation, because approximately half of the total charge-exchange
production occurs within about one beam radius of the thruster. This
means that half of the charge~exchange trajectories will originate
within the same distance,

In determining the locations for the origin of ion trajectories

along the axis, the integral of Eq. (7) is used
o]
J~ n(z)dz = nry . (8)

The region simulated is finite, so that not all of the integral can be
represented. The reglon to be simulated was defined so that 95 percent
of n,Ty is contained within this region. For N trajectories making up
0.95 LR with each trajectory located at the median of the density

interval that it represents, the following expression holds

;W 2441 2141
5 j. n{z)dz = N J’ n(z)dz = 0,95 norb/z . (9)
i=0 zi z:L

For the first trajectory, the starting point is at the right end of the
thruster (left end of the ion beam, see Fig. 1). To calculate each

successive z, the expression used is

2 2,1/2 _

N 2, 2.1/2
0.95rb/2N =2y (zi+l + Ty ) z; + (zi + Ty ) . (10)
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For the first trajectory, i = 0 and 4 + 1 = 1, The value of 2, is the
right end of the thruster and the first trajectory is started at 2y
The sccond trajectory is started at 2q: third at % and so forth.

The initial veloeity upon leaving the ion beam 1s the Bohm velocity,
- 1/2
Vg (kTe/mi) ’ (11)

where ‘1‘e is the electron temperature in the ion beam and m, is the ion
mass. The constant, C, in Eq. (2) is obtained using the following
procedure. The total production rate of charge-exchange ions, for a

uniform beam current density profile, is given by6

. 2 2 -
Nog & 2p" (=m0, Jmeyn a™ve (12)
where Jb is the ion~beam current (A), Ny is the propellant utilization,
Uy is the charge-exchange cross section (mz), 128 is the beam radius (m),
q is the absolute electronic charge (C), and ;o 1s the mean neutral
thermal velocity, (BRTO/ﬂmo>l/2 (m/sec), With typical values for Hg
neutrals and singly charged ions used,

16

N =6,18 x 10

ce Jbz(l—nu)/rbn . (13)

u
The charge-exchange cross section usually decreases with ion energy.
The value used for Eq. (13) corresponds to Hg+ ions at about 1,000 eV.

The plasma density can be related to thils production rate by

n=N_/2n6d xv.N , (14)
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where Adm is the local mean spacing between trajectories (m), x is the

radius (m), vy is the local don veloeity (m/sec) and ¥ 48 the number of

trajectories simulated. Substituting for &ce’

2
J, "(=n o
_— b uee

. 2 2 ®40d v
Nrbnuq TV, m i

where the quantity enclosed in the parentheses is the constant C.
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PROGRAM STRUCTURE

The simulation is performed by a computexr program written in
standard Fortran IV that is listed in APPENDIX D, The wain driver
program, PLASIM, cstabliches the scquencing of computations in the
simulation and makes calls to the major subroutines which perform the
required calculations, This overall flow is 1llustrated with a flow
chart in Fig. 3.

Pirst, all of the fixed parameters are stored in the COMMON blocks
by the subprogram BLOCK DATA. The control paramcters which define the
type of computation, disposition of results and termination, along with
physical data used in the simulation, such as the thruster and accel~
arator system dimensions and the plasma characteristics, are input
through subroutine READER, The parameters and data are read from card
images.

For a typical simulation, the next call is fo subroutine INIT,
which initializes the constants and arrays, ealculates the coordinates
of ion trajectories (paths) at the beam edge and performs the first
iteration, thus calculating the second get of coordinates on the paths,
Calls are then made to subroutine WRIT to output the heading, thruster
schematic, initial parameters and results of the initialization and
first iteration,

PLASIM next begins the staging and successive ilterations by calls

to subroutine CALC. Subroutine WRIT is also called to oubtput a heading

for information on the progress of the computation. After the completion

of a specified number of ilterations, termed a stage, the contents of the
coordinate and density arrays are written to an external mass storage

file, PATHS. The arrays are reinitialized and the next stage commenced,
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READER
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Fig. 3. Calling sequence for program PLASIM,
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After completion of all the stages, the plotting routines are called
according to the status of the control parameters set at the beginning.
Another call to READER is made to determine the next action, either
another simulation run or a normal termination.

The main calculation subroutine, CALC, sets up an accounting
procedure fox the paths, the iteration number, the activity of the
path, and the boundary condition, in addition to carrying out calcula-
tions leading to new ilon positions, Displacements from the current
path to adjacent paths are returned by a call to subroutine CALCD and
then the densitics on both sides of the present path are calculated.
The potentials, on both sides of the path and at the present and prior
ion locations, are obtained, followed by the calculation of forces
acting perpendicular and parallel to the path, respectively, The forces
are resolved into z and x components to calculate the new z and x
components of the ion velocities. A new ilon location is computed from
the z and x velocitles and a call is made to subroutine BOUND to ascertain
if it is within the simulation boundaries.

Two plotting methods are included, one for a line printer, LNPLT,
and one for a Versatec electrostatic plotter, VRSPL, The subroutines

18 These

called in VRSPL are described in the appropriate literature.
may be not only device-dependent, but site-specific as well. They are
included to indlicate a possible preparation procedure to use in presenting
the simulation results in graphical form,

There dare several error detection segments in the code which output

informative messages whenever unrealistic values appear in certain

variables (see subroutine BLOCK DATA).
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There avce three types of simulations defined by the control parameter
EEY, EKEY#=1 generates a normal simulation with anon-uniform initial
denoity distribution, KEY==1 generates o simulation with a uniform
initial density distribution and KEY>0 generates an upstream simulation
which utilizeo a given path fxom a previous run as a boundary and
simulates paths upstream from that path. A call with KEY=0 causcse a
normal termination including normal clearing of the plotting buffers,

The following subsections discuss the various subroutines in detail,

PLASIM

This 45 the main driver routine for the simulation of a charge-
exchange plasma suvrounding a broad beam ion thruster, This routine
controls and sequences the computation and lefines the program structure
and staging by calling various subroutines. It is outlined in Fig. 4.
The first statement (two lines) of the program is a non-ANSI statemenk
whieh declares the files required for input and output, This will be
converted to a comment statement to prevent crrors because of non=
standard FORTRAN,

READER: The first call is to subroutine READER which reads in the
run specifications and information. INIT: The next call 1s to sub=
routine INIT which initializes various paramcters and parforms the first
iteration., CALC: The next call is to subroutine CALC which computes
the ion positions along the trajectories., CALC is called NUMIT times.
This completes the first stage, (NUMIT is the maximum number of itera-
tions to be performed on any given path during any particular stage,)
Information for the first (NUMIT - 10) iterations is written to an
external file, PATHS. Core memory is then reinitialized by transfering

the results of the final ten iterations to the core space for the
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input data

CALL READER

terminate
plotting

inft1alize constants and
arrays

CALL INIT

begin
staging

NSTAG=
NTOTST?

begin
plotting

iterated
NUMIT
times?

:< 1 Yes,,

calculate 1on
position

CALL CALC

T

output heading
CALL WRIT (3)

Fig. 4. Flow chart of main driver routine, PLASIM,
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write contents of core to
external file

CALL WRIT (5)

'

reinitialize core

Fig. 4. Continued, PLASIM.
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initial ten, The results of these ten iterations act as a base for
another eet of (NUMIT ~ 10) iterations. CALC is called another (NUMIT -
10) times to f£1ll core storage with another set of PATH coordinates
which completes the second stage., Then another set of (NUMIT - 10)
results are written to PATHS, core is reinitialized again and another
stage 1s run. This 1s done until all paths intersect boundaries,
Finally, the plot indleator, ICLPLT, is checked to determine which
plotting routine to use to output a plot of the path coordinates, if
any,

Two blank cards are always placed at the end of the data deck to
signal a stop, The word size dependent variables are IFl, IF2, INFO,
ITITL, and IW. See BLOCK DATA for instructions on word size dependent

variables and code generated error messages.

BLOCK DATA

This subprogram loads data into labeled common storage at compille
time through the data statements. Error message information and the
instructions on word size dependence have been included. This depen~
dence was motivated by the reQuireﬁent for transfer of alphanumeric data
for labels to the plotting subroutines of Versatec and IMSL, The basic
unit for dnput was chosen to be 80 characters, a full data card., These
80 characters must be packed coniinuously into words of an array which
will be transferred to the extnrnal plotting subroutines. The arrange-
ment described below accomplishes this but requires a change in the DATA
gtatements for computers with word size not equal to 1G characters.

The word size dependent variables are: IFl, IF2, IW, INFO, and
ITITL, 1IW is the number of words required to generate R0 characters.
To convert to a machine using different word size, modify only IW, IF1

and IF2 in first two data statements below. The third data statement
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is for 1/0 buffers and the fourth data statement is for values of
congtanto,
DATA 1W, IF1Q1), I¥1(2) /8, O6H(BALOQ), 1H /
DATA IF2(1), TIF2(2), 1r2(3), TF2(4) /10H(BALO/2(4A,4HL0)),1H ,1H /
DATA IN, I0UT, TPATHS /5, 6, 7/
DATA BK, Q, PI /1.3806B-~23, 1,002E~19, 3.141593/
When a code generated error wessage is called, the first line of
the ervor output will be of the form,
kkidok BRROR NNN  sddedew

where 'NNN' 4s one of the following integers,

207 Sco Subroutine WRIT

410 “ee Function Subroutine DS
412 See Function Subroutine DS
521 See Subroutine CALCD

522 See Subroutine CALCD

523 See Subroutine CALCD

524 Sce Subroubting CALCD

525 S5ca Subvoutine CALCD

526 Sce Subroutine CALGD

527 See Subroutine CALC

528 Sce Subroutine CALCD

529 Sce Subroutine CALCD

530 See Subroutine CALC

610 Sce Subroutine BOUND

612 See Subroutine BOUND

and the referenced subroutine is the calling routine,

READER

Sce INPUT AND OUTPUT scotion.

INIT

This subroutine initializes the necessary variables and performs
the firvst iteration, It is outlined in Fig, 5. The constants, which
include the Bolm velocity, velocity of the thermal neutrals and the

step sdze, are defined first. Then the z and x coordinates oL the ion

ORIGINAL PAGE I8
OF POOR QUALITY
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( ENTER

initialize constants

!

ET LS

define ZBOUND

calculate x,z coordinates of
fon exit points from beam,

high résolution upstream run
redefine ZBOUND

Y

KEY
v, Yes
?
No |«
Yes
No

uniform density distribution
run recalculate x,z
coordinates

y

positions

initialize velocity array
calculate second set of jon

'

initialize density
arrays

-0

Fig. 5,

Flow chart of initialization routine, INIT.

ORIGINAL PAGE IS
OF POOR QUALITY




nity

24

output heading, schematic,
initial parameters
CALL WRIT (1)

'

output first two sets of
interim data
CALL WRIT (2)

RETURN

Fig. 5. Continued, INIT.
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trajectory exit points are obtained and ZBOUND is defined, If this is a
high resolution upstream run (KEY>0), ZBOUND is redefined, If this ds a
uniform density run (KE¥=~l), the ion trajectory exit points are redefined

to be unifsarmly spaced, Following this, the wveloclty arrays and lteration

counter are inltialilzed, the second ion positions on each path are calculated

and all the paths are set to active. The dinitial densities between the
paths and the initial densities on the paths are then calculated. Finally,

the heading, thruster schematic, initial parameters and results of the dnit-

lalization and first iteration are output, then control is returned to PLASIM

CALC

This 1s the main calculation routine, It is outlined in Fig., 6.
This subroutine uses the arrays in blank common along with subrgutine
CATLCD to determine the next position of the ilon being considered, The
densities and potentials to the right and left of the present path are
calculated first. Then the force acting perpendicular to the present
path is calculated, If the boundaries repel the path, the perpendicular
force 1s set equal to zero., The potentials and forces acting parallel
to the present path are obtained next. The total force (sum of perpen~
dicular and parallel components) acting on the ilon is caleculated and then
the velocity components along the x and z axes are obtained. The speed on
path one is normalized to 1.2 times the speed on path two when the speed
on path one is 20% greater than the speed on path two. Finally the next
ion position is calculated. Subroutine BOUND is called to make sure the
new lon position is inside the boundaries, The results are printed every
ICLWRT iterations. IFLAGL is checked (see CALCD) to see if intersections
were found to both the right and the left. If intersections were found

to both sides, the path is iterated again.
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calculated
ion position for
\ NUMION

\ trajeq;orie

RETURN

+set jteration number on
current path

‘make sure path is active

1

v

calculate displacements to
right and left paths

CALL CALCD

+check flags

~calculate x-position on right and left
*calculate velocities to right and Teft
*calculate densities to right and Teft
«calculate density at present location

set perpendicular

boundary
forces to zero

repulsion
?

C

Fig. 6. Flow chart of main calculation routine, CALG,
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T

«calculate potential on
right and left

+calculate force acting
perpendicular to pat

h

s

«calculate potentials a
present points

»calculate force acting
parallel to path

)

t

Y

scalculate total force
components

«calculate total veloci
and components

and

ty

A

first
trajectory
?

Yes

if necessary,
normalize speed on path 1 to
1.2 times speed on path 2

y

calculate new ion posit

ions

!

make sure new jon posit

within simulation boundaries

CALL BOUND

jons

v

«output results of iteration

if desired
«increment iteration cou
rcheck flags

nter

Fig, 6. Continue

d ) CALC ’
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CALCD

This subroutine, which 1s outlined in Fig, 7, computes the perpen-
dicular displacement from the present path to the adjacent paths, The
flago are defined in this routine.

First, the flags are initialized and then the slope of the line
perpendicular to the present path, at its end point, is calculated., If
the path under consideration is the right- or left-most active path,
function subroutine DS is used to get the displacement to the boundary.

When an interior path is under consideration, displacements are
obtained to the right- and left-hand paths. Here, the slope of the
adjacent path, between the last two ion positions, is calculated, The
intersection point between the line perpendicular to the path under
consideration and the line formed by the last two points of the adjacent
path, 1is calculated. Tests are run to determine if linear extrapolation
(adjacent path extended to find an intersection point) or back stepping
(interpolation between points on the adjacent path previous to the last
two points) 1s to be used. The flags are set, the displacement of the
adjucent path is calculated and then control is returned to subroutine
CALC. This subroutine returns the values of the flags, the displacements
to the right and left and the angle that the perpendicular makes with

the horizontal, to subroutine CALC,

BOUND
This subroutine checks the point (z,x) to see if it lies inside the

defined boundaries of the simulation. TIf (z,%x) does lie inside the

defined boundaries, no changes are made and control is returned to sub-
routine CALC, If the point lies outside the buundaries, the path status
is set equal to the iteration number. In addition, if (z,x) lies on the

ORIGINAL PAGE I?
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ENTER

initialize flags

!

«calculate slope .F line perpendicular
to current path at the end point

+calculate angle the perpendicular makes
with the horizontal

SIS ——— calculate displacement
to left

left
most
path?

calculate displacement to
boundary on left (IFLAG3),
use function DS

«set iteration index of left hand path
‘make sure left path is active (IFLAG2)

t«

«calculate slope of left hand path
between final two ion positions

can qecrease iteration
] intersections index of ;g:t path by
2 be found?
A

tig., 7. Flow chart of displacement calculation troutine, CALCD.
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«calculate intersection of left
path Tine and perpendicular to
present path

is

intersection No

0

point adequate?
(IFLAGT,
IFLAG2)

calculate displacement to left

)

calculate displacement
to right

calculate displacement to
boundary on right (IFLAG3)
use function DS

+set iteration index of right hand path

-make sure right path is active (IFLAG2)

RETURN

Figu 7. Cont inued, CALGCD,
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«calculate slope of right path
between final two {fon pesitions

No | decrease iteration
index of right path by
one

can
intersections
be found?

|
«calculate intersection point of right
hand path 1ine and perpendicular to
current path
is
intersection \\No
point adequate? >

(IFLAGT,
IFLAG2

calculate displacement to right

Y -

define IFLAG3 RETURN

Fig., 7. Continued, CALCD,

ORIGINAL PAGE »  ORIGINAL PAGE |z
OF POOR QUALITY O POOR QUALITY



32

fivst or last active path and lies outside the boundaries, no changes

are made and control 1o returned to subroutine CALC,

WRIT
Thig 1o the main output routine. It consists of five subsections
with the value of the passed parameter, KE, determining which section is
called, KE=l: the first three pages of output are generated, consisting
of the heading, a thruster schematie and the constants and input data,
KE=2: the interim status of the major variables is output from subroutine
INIT. KE=3: the heading is printed for the results of one pass of cal-
culations, KE=4: a file of path coordinates is created to be used in a
high resolution upstream run, KE=5: a file of position-density trxiplets
(see INPUT AND QUTPUT saction)

BT A WRAJ ¥

This function subroutine finds the perpendicular displacement from
the f£irst or last active path to the boundary. CALCD constructs a
perpendicular Lo the present path at the present point (z,x%) with a
slope of SLOPEP. Function DS then extrapolates this perpendicular of
slope SLOPEP to the left or right (depending on whether the first or
last a~tive path is considered) and finds the z and x intercepts (ZINT
and XINT) along a boundary line., ZINT and XINT are checked to see if
they lie on or between the boundary endpoints on the boundary line. If
they do, the displacement is calculated, if they do not, ZINT and XINT
are calculated along the next boundary line and tested again., This
continues until adequate intersection points are found or all boundaries
have been considered in which case an error message is output, The

perpendicular displacement is returned to subroutine CALCD.
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VRSPL and VRSPLT

Theoe subroutines set up the data in ZION and XION for transfer to
the utility plotting package, Versatee. They also draw a sehematic of
the thructer and beam. Labels for the graph and its axes are algo
transferred and involve the word=size dependent variables. VRSPL plees
from the external file, PATHS, whereas VRSPLT plots from core memory.
Theoe routines are device dependent and may require considerable modifi-

cation at other installations.

LNPLT and PLOIW

ILNPLT sets up the data in ZION and XION for transfer to the utility
plotting routine PLOIW which utilizes the line printer. It is also
dependent on the type of printer available and may require considerable

modification at other installations.

ORIGINAL PAGE I ORIGINAL PAGE |
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INPUT AND DUTPUT

Por cach simulation run, seven dota cards (ox card images) are read

by READER., On the sceond card, if KEY=0, the reading sequence ls inter-

rupted and control returns to PLASIM, where normal termination cnsues.

The input data cards have the following formats and paramcters which are

defined in the following subsection and in APPENDIX C,

Card 1, FORMAT (see the first data card in BLOCK DATA)
Content: DNeseription of the run, up to 80 characters,

Card 2, FORMAT (7110)

Content: NUMION, NUMIT, KEBY, LCLWRT, ICLPLT, NIOTST, ICLERR.

Card 3, FORMAT (6F10.5)
Content: RB, RBOUND, RT, THRLEN, BMCLR, UTIL,

Card 4, FORMAT (5EL0,3)
Content: TELIN, TELOUT, TTHNEU, CEXSEC, UMSION.

Card 5, TFORMAT (3F10,3)
Content: TIMEMU, XVELMU, ZVELMU.

Card 6, FORMAT (see the sccond data card in BLOCK DATA)
Content: Label for graphical output.

Card 7, FORMAT (sce the second data card in BLOCK DATA)
Content: Axils labels for graphical output.

Due to the dimensions in the COMMON BLOCK, the values of the
variables MUMION and NUMIT should not exceed 41 and 150, respectively.

Also NUMIT should not be less than 11 and the total number of itera-

tions performed should be less than 8888, The temperatures input on the

fourth data card should be in units of eV, all other variables require

SI units,
The printed output begins with three pages of identification
including a schematic of the simulation region and a statement of the

parameters defining the conditions of the run. (See WRIT(1).)
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The next two scgments conslst of INTERIM STATUS, a report of the
covrdinates, veloclity and density for each path after the indtialfzation
and first iteration, as prepared by INIT. (Seca WRIT(2).) A provision
is made in subroutine CALC to output the counters, coordinates, velosity
and density values for each iteratlon so that the progress of the
simulation may be followed in detail. Tf the results of each iteration
are not desdred, the value of the input variable ICLWRT on data card 2
should be set to a value other than one. The value chosen detexmines
how many iterations mugt occux before these results axe output. WRIT(3)
outputs the heading for the information output in subroutine CALC,

Graphical output consists of an outline drawing of the thruster and
beam boundaries and the paths generated by the computation in the foxm
of dots or lines., The paths are graphs of the eoordinates contained in

th
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I, XTON. These arrays are each a doublo-~subseripted array
in which the £irst subscript identilfies the lon path number, and the
second one ildentifies the idteration. The density array is also available
for plotting, but provision for such has not been installed.

An approprilate relative scale in terms of the number of paths and
the iteration step size must be established to proporly model the upstream
reglons. Very small steps compared to the path spacing are inapproprilate
as are very large steps compared to the path spacing. The scaling ratio
S = Ad/vBAt compares the path spacing to the axlal step size. Appropriate
values of this ratio, used herein, for the various thruster sizes are:
5 cm thruster: 8 = 2,9, 15 em thruster: S = 3.9, 30 em thruster: § = 3.6,
These values were obtained by taking Ad as the separation between the
14th and 15th paths, along the beam edge, vy as the Bohm velocity and At
as the time step for each configuration given in the SAMPLE INPUT section,

It should be noted that the value of the scaling ratio, S = 2.9, for the
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5 cm thruster wag rescricted by computer CFU time allocations, The
modeling of the upstream reglen for a 5 em thruster would be better if
more stages were used beeause for 10 stages, § = 3.2 and for 11 stages

8§ = 3,5,

Sample Input

A typical sct of input parameters for program PLASIM, to simulate
a 5 cm lon thruster using mercury (Hg) propellant, are,

Data Card Content

1 3 em thruster, non=-uniform density distribution,
basle configuration.

2 40 150 ~2 20 3 9 1

3 »025 .60 .08 .50 .05 .7}

4 7.08+00 3.5K+00 4,7E~02 6.0E-19 3,34E=-23

5 W75 1,0 0.0

6 Propagation of a charge~exchange plasma, 5 em thruster
7 Distance along beam axis (meters) Radial distance

(meters)
A typical set of input parvameters for program PLASIM, to simulate

a 15 cm thruster using mercury (Hg) propellant, ara

Data Card GContent
1 15 em thruster, non-uniform density distribution,
basic configuration,
2 40 150 -2 20 3 4 1
3 075 .60 .12 .30 .63 .83
4 5,0B4+00 2,5E+00 4,7E~02 6,0E-19 3,34E~23
5 v75 1.0 0.0
6 Propagation of a charge~exchange plasma, 15 em thruster.
7 Distance aleng beam axils (meters) Radial distance

(meters).
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A typical set of input parameters for program PLASIM to simulate a

30 cm ion thruster using mercury (Hg) propellant axe,

Data Card Content

1 30 cm thruster, non-uniform density distribution,
basic configuration.

2 40 150 =2 20 3 2 1

3 14 .60 .20 .40 2,0 0.9

5 .75 1.0 0.0

6 Propagation of a charge~exchange plasma, 30 cm
thruster,

7 Distance along beam axis (meters) Radial distance
(meters) .

The values given on data cards 3 and 4, in all of the above cases,

norrespond to the experimental values for those quantities.
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VERIFICATION

Two studles, one analytic and one experimental, are used for
the verification of the computer code presented herein, The analytic
study was conducted as a support activity for the development of the

subject computer code, and is reported in more detall in APPENDIX A.

Analytic Solution

The analytic solution is for the case of an infinitely long
cylindrical fon beam with a uniform production of charge~exchange ions
along the beam. The density and potential varilations are restricted
to be only radial so that an analytic solution could be obtained in
a stralghtforward manner.

A computer solution was obtained using the uniform ion density
option of the program (KEY=-1) and is shown in Fig. 8, The dots ocecur
every 60 ilterations. The radial density and velocity from the analytic
solution are compared to the radial density and velocity from the simu-
lation, as a functilon of radial distance, in Figs. 9 and 10, respectively.
The agreement between the analytic solution and the computer simulation

for the velocity and the density is excellent,

Experimental Solution

Experimental surveys of the plasma density8’9

are shown in Figs,

11 and 12 along with comparisons to the computer code for 5 cm and 1% am
thrugters, respectively. The operating conditions used in the experi-
mental studles were duplicated to obtain the isodensity contours
generated by the computer simulation. Figure 13 shows the isodensity

contours generated by the computer simulation for a 30 em thruster. No

experimental data is presently availlable for a 30 em thruster. The ion
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Analytic solution
0.9} ° Computer solution
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Comparison of radial densities calculated using the
computer code and analytic solution.
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Analytic solution
* Computer solution

Dimensionless ion velocity,
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Dimensionless radial distance, P = r/r,

Fig. 10. Comparison of radial velocities calculated using the
computer code and analytic solution,
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trajectory directions obtained using the simulation are in good agreement
with the experimental measurements of Carruth and Brady.lo
Figures 14, 15 and 16 show typical ion trajectoriecs generated by
the simulation using the data in the SAMPLE INPUT section for a 5 om,
15 cm and 30 em thruster, respectively. The dots ocecur every 60 iltera-
tions,
Figure 17 is a simulation of the 15 em thruster for usc in comparing
the computer code contained herein to that discussed in relation to

Fig. 8 of the October 1980 report.3

Limitations in Use

Major factors affecting the accuracy of the simulation obtained are
the number of ion paths used, the number of iterations performed and the
time interval used. When the number of ilon paths simulated is increased,
elther more lterations must be used or the time interval size decreased
through use of the variable TIMEMU, This is necessary to keep the
spacing between the paths comparable to the distance the :lon travels in
one iteration, this is accomplished using the scaling ratio, S. If care
is not taken in doing this, path crossings will sometimes occur, especlally
among the paths within one beam vadius of the thruster. These path
crossings xesult from plasma properties changing so rapidly that the
error in a path locatlon will exceed the local path spacing, The procedure
used in carrying out the simulation depends on a "laminar" path structure,
that is, no interscction of paths} The exlstence of any crossed paths,
therefore, invalidates local caleculations of densities and the other
related parameters.

Other limitations are imposed by core storage allocations, external

file space, and the CPU time available in a particular machine,
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The present code takes approximately 20 seconds to compile, 150 seconds

to exccute threec stages with NUMION=40, NUMIT=150 and ICLWRI=l, occupies
about 140K8 bytes of central memory and writes approximately 125,000

characters on an external file for three stages, as above, on a Control

Data Cyber 171 computer,
It should be noted that the code could be significantly simplified

and ghoxrtened if it were translated to Fortran 77 (Fortran V).
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APPENDIX A

ANALYTIC SOLUTION

A theorctical benchmark is valuable for verification of the
computer code developed to model the charge~exchange plasma propagation
in the vicinity of an operating lon thruster. An analytic solution
is developed herein for that purpose.

A cylindrical ion beam is assumed with a length veuy much greater
than r,, the beam radius. The current density representing positive
charge-exchange ilon production in the beam is assumed uniform along the
beam.

In the region exterior to the beam, three basic physical conditilons
are assumed to hold for the ion population and/or the plasma as a whole.

The first is continuity of lon current represented by
vet=0 (AL)

where F is the lon current density. The barometric equation is also

used to relate plasma density to local potential V

n = nD’refexp[e(V—Vc)/kTe] (A2)

where VO is the potential at the reference density n and Te is

yref
the electron temperature in the region exterior to the beam. Finally,

energy conservation for singly charged ions is represented by

3] = (v,% = 2ev=v ) /m) /2 (A3)
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where V 18 the ion velocity and m, 1s the ion mass. As a boundary
condition at the beam edge, lons are assumed to have acqguired the Bohm

veloeity

1/2

v, = vy = (kTeB/mi) (A4)

o]

where 'I.‘e is the electron temperature in the beam.
B
The ion current density is related to the streaming velocity by

= nev . (A5)
For the assumed symmetry, the velocity 1s radial and is
v = v(r)r . (A6)

In cylindrical coordinates, Eq. (Al) can be written with the substitu-

tion nf Eq. (A5) as

1 av(r) 8v(r) an(r) 3v(r) _
- n(x)v(r) + n(r) = T + v(r) AT 0 (A7)
which can be solved for V(r) by eliminating n(r) and v(r) using Eqs.
(A2) and (A3). The solution can then be written as

1/2

(L - e(V-Vo)/kTe) exp(-e(V~Vo)/kTe) = r/rb . (A8)

The density and velocity can be calculated using Eq. (A8) along with
Eq. (A3) or Eq. (A4).
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The solution in tcerms of potentlal, density and velocity is

displayed in dimensionless form in Figs. 1A, 2A, and 3A.



less Potential, e(V-V,)/ kT,
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Dimensionless Radial Distance,r/ p

Fig. 1A. Potential as a function of radial distance.
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Dimensionless lon Velocity, v(r)/v(r)

Tig. 3A.
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APPENDIX B
BEAM CURRENT DENSITY PROFILES

Determination of the total rate of chaxrge exchange ion production
in the beam volume must take into account both the beam current density
profile of the ion thruster and the spatial distribution of neutral
propellant atoms in the path of the ion beam,

For theorctical calculations a simplified ion beam current density
distribution is usually chosen and axial symmetry assumed., A closed-
form solution exists only for the very simplest distribution which has
19

been used for conservative estimates of charge exchange ion production,

In this case the current density is given by a Dirac delta function,

3y = I,8G) (81)

where J, 1s the total beam cuxrrent and 6(?) 1s the two-dimensional Dirac

b
delta function. This expression essentially places all of the beam
current on the thruster axls where the neutral density follows a simple
function, thus allowing a closed-~form solution,

A current density profile tha: is more accurate for the larger,

multipole thrusters is a uniform beam current density
§, = J /mr 2 (82)
b b "b

where r, 1s the beam radius, Another profile that approximates the beam

b
of some divergent field thrusters 1s a parabolic profile

) 2,2 2
3y = ZJb(l r /rb )m:b , (B3)

e PR T

e ks pnes

i e
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where ¢ io the diptance from the beam axis,
The cxprecalons given above for beam current density are normalized

guch that

Jprdrde . (B4)

A Gaupoian profile 1o also used by some workers where

9 ~*-(r/7cb)2
jb 2 (Jb/wrb Je ) (B3)

subject to the normalization:
Zn o

J, @ S 3.ededo . (B6)
oS,

The uniform, parabolic and Gaussian profiles can also accommodate
a defined rate of becam spreading as 1t propagates. The simulation
deseribed herein does not include effects from beam spreading.

Neutral gas leaving the accelerator system is taken to be in free
molecular flow so that the effective neutral density at an arbitrary
point such as that shown in Fig. 1B 1s proportional to the subtended
golid angle of the lon optics as viewed from the point (r,0,2).
Effective neutral densitiles were calculated numerically for an r-z
matrix with a resolution of 0.1 Ty Fov the near field, where about
half of the charge exchange takes place, the calculated densitides are
given in dimensionless form in Table 1B.

The caleculated distribution of neutral propellant along with the

g beam current deneity profile allow a calculation of charge exchange ifon
production rate per unit length as a function of distance from the ion

optics,
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As a first approximation, the charge exc.ange production rate can
be caleculated in closed form 1if the Dirac delta function is used for

the ion beam profile. The neutral density along the beam axls is given

by

n
no(z) @ ..—océ-]-:.gg. 1~ s zZ (37)
z2 + rbz

vhere N ref 1is defined as the density that would provide the correct
H
loss rate of neutral propellant through an opening of the same area as
the beam. The neutral loss rate is then
wkT
. 2 0 ‘
N =1r™n — (B8)
o b o, ref am !
0
where T° 1s the propellant temperature, m 1is the propellant mass, and

k 1s Boltzmann's constant. The ¢harge exchange ion production rate per

unit length is thus
Nog(z) = J,Qn(z)/e , (89)

for small total production rates., Integrating to obtain the total

production rate gives

NCET = Jano,refrblze , (B10)
As the assumed lon beam profile becomes less peaked, progressing
from a Dirac delta function through Gaussian and parabolic functions to

a uniform distribution, the production rate of gharge exchange ions
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will diminish as more of the beam passes through the peripheral regions
of lower neutral propellant density. The two extremes in production
rates as a function of dlstance thus use a delta function and a uniform
function for the beam profile, The results for these two extremes are
shown in Fig, 2B, Table 2B gives the calculated total charge exchange
ion production rates for these two extremes, as well as the intermediate
parabolic ion beam profile. The lon beam profile is clearly not a
dominant parameter for charge exchange lon production,

The simulation developed to model the ¢harge exchange plasma propa-
gation can be modified for an arbitrary input for the production rate

ag a function of ulstance.



Charge exchange ion production rate

Fig., 2B.
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| l
04 08 .2 1.6 2.0
Distance from grids, z/r,

Charge-exchange ion production rates as a function of distance

from the grids for extremes of possible beam current density
distributions.
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Table 2B, Charge~Exchange Ion Production Rates for Different Beam
Current Density Profiles,

Profil | :
rofile Production Rate (Jano,refrb/Ze)
jbs("l?) 1.00
2, 2 2
ZJb(l - /rb )/wrb 0.97
2

Jb/mrb 0.94
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GLOSSARY OF VARIABLES FOR PLASIM

%

%

§

? APPENDIX ¢
!

|

% This glossary contains definitions of the variables used in the
driver program PLASIM, the subroutines BLOCK DATA, READER, INIT, CALC,
CALCD, BOUND, and WRIT and the function subroutine DS, including all the
variables in the COMMON blocks, The variables used in the plotting

subroutines, VRSPLT, VRSPL, LNPLT, and PLOTW are not defined here,
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BK: Boltzman's constant (J/K).

BMCUR: Beam current (AMPS).

CEXSEC: Charge exchange cross section (METERS SQUARED).

C: Time interval divided by mass of ion (TIME/UMSION).

COSPAR: Cosine of angle between line parallel to path and horizontal,

COSPER: Cosine of angle between line perpendicular to path and
horizontal,

DELTAX: Difference between two x coordinates on present path.

DELTAZ: Difference between two z coordinates on present path.

DELTLX: Difference between two x coordinates on left path.

DELTLZ: Difference between two z coordinates on left path,

DELTRX: Difference between two x coordinates on right path.

DELTRZ: Difference between two x coordinates on right path.

DELTRZ: Difference hetween two z coordinates on right path,

DN(L,N): Density on path I at iteration N.

DNI(I): Initial density between paths (I-1) and (1).

DNL: Pensity to left side of current path.

DNOB: Constant uged in calceculation of the densities, combination

of quantities including; BMCUR, CEXSEC, RB, NUMION, UTIL,
Q and VELNEU.

DNR: Density to right side of present path.

DS: Perpendicular displacement from present path to boundary.
DSPLL: Displacement to left hand path,

DSPLR: Displacement to right hand path.

DUMMYP, DUMMYL, DUMMYR: Dummy variables used in the calculation of
the intercepts. Contain intermediate results.

]

DSPLIP: Displacement of ion along path.

Fi: Total force acting on ion.

FPARS Force acting parallel to the path.
FPARX: Component of FPAR acting in x direction.

ORIGINAL PAGE S
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FPARZ:
FPER}
FPERX:

FPERZ:

LCLERR:

ICLPLT:

ICLWRT:

IDEF:

IDXNEW:

IFLAGL:

IFLAG2:
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Component of FPAR acting in z direction.

Force acting perpendicular to the path.

Component of FPER acting in x direction.

Component of FPER acting in z direction.

Component of F acting in x direction (FPERX + FPARX).

Component of T acting in z direction (FPERZ + FPARZ).

Allows do loop index, II, to be passed through COMMON,
path index.

Used to determine 1f code generated error messages, for
non-fatal errors, are written out.

= (0, Write messages.,

= 1, Do not write messages.,

Used to determine which (if any) plotting routine is used;

=

1,
2,

Use subroutine VRSPLT,
Use subroutine LNPLT.

= 3, Use both VRSPLT and LNPLT.
anything else, No plots,

=

Frequency with which results of CALC are output, Write
statement in CALC called after every ICLWRT number of
iterations.

Used to determine when the x and z coordinates of an ion
trajectory exit point are defined (every other time).

New dndex for right or left-most path.

Used
left

=
=

=

0,
1,
2,
3

to determine 1f intersections were found to both the
and the right without using linear extrapolation,
Linear extrapolation not used.

Linear extrapolation used on left.

Linear extrapolation used on right.

Linear extrapolation used in both cases,

Error flag, tells whether or not the neighboring paths
are active,

=
>

~ 0 u

0,
0,

..1’
—.2,
-.3’

No error, path active.

Error exists, value references program statement
where error condition originated.

Path to left is not active.

Path to right is not active.

Neither path (right or left) is active,

Negative values do not indicate an error condition.)
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IFLAG3:

IFLAG4:

IFVAR:
IFl:
TF2:
II:
IL:
IN:

INFO(K)

..

INITDO:
INITIT:
IOUT:
IPAG:
IPATHS:
IR:

ISAT:

ISTAT(I):

ITITL(K) ¢

ITTOTN:
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Used to determine when there is a boundary on the right or

left (or both) of the current path.

= 1, No boundary intersected by the perpendicular to the
current path on either side,

= 2, Boundary intersected on left,

= 3, Boundary intersected on right.

= 4, Boundary intersected on both the left and right.

Trajectory one renormalization flag,

= 0, Continue iterating as usual,

= 1, Recalculate position, velocity and density of ion
on path 1.

Dummy variable used as an argument in an if statement,

A format for alpha-pumeric data I/0,

A format for alpha-numeric data I/0,

Do loop index.

Index (I) of left-nost active path,

Device code for input unit, used in read statements.

Array storing information describing run.

Initial do loop index for DO 80 N which calls CALC.

Initial iteration index (stage dependent).

Device code for output unit, used in write statements.

Page number for output,

Device code for output to external files.

Index (I) of right-most active path.

Used as path status holder for reading IPATHS and in
defining right boundary for high resolution upstream run.

Status of path I,

= 0, Path is active.

= 1 to NMAX, Path is not active, value is iteration number
where boundary was intersected.

8888, Path is not active, error condition,

]

Array storing graph title and axis labels.

Total number of iterations to be performed.
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IW:

KEY:

LARB:
LASTDO:
LASTIT:

LR

NIP(I):
NITP:
NL:
NLML:
NMAX:
NR:
NRML:
NSTAG:

NSTAGE:
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Number of words required to generate 80 characters,

8 Tor computers with a word size of 10.
14 For computers with a word size of 6,

(Used in COMMON /I0/ and Routines BLOCK DATA, READER, WRIT,
VRSPLT and VRSPL).

Used to determine when WRITE~435 is executed (CALR).

Calling parameter for subroutine WRIT,

=]

b3
=
1=

1, Output heading, initial information and data.

2, Output interim status of maln variables.

3, Finish of a pass, output results, start of new pass,
4, Create file of path coordinates.

5, Create file of position -~ density triplets.

Used to determine type of run,

=

>

=]
<

0, Finish plots and terminate (2 blank cards will do).
0, High resolution upstream pass, right most boundary is
defined using KEY'TH path of file IPATHS (used to

define ZBOUND).

-1, First pass, uniform density distribution.

-1, Regular run; first pass, normal non-uniform density
distribution,

Label containing computer code name, used for output.

Dummy variable denoting last value of do loop index.

Final (last) iteration index (path status dependent).

Determines which side is being considered (DS),

=

=

1, Looking to the left.
2, Looking to the right.

(Working) number of iterations on present path, I, total
number of iterations for the present stage.

Total number of completed iterations on path I,

Iteration pass number, used for output.

(Working) number of iterations on left hand path,

NL minus one (NL-1), used for indexing left-hand path.

NUMPRE divided by four (NUMPRE / 4) (see WRIT(4)).

(Working) number of iterations on right hand path,

LR minus one (NR-1), used for indexing right-hand path.

Allows do loop index NSTAGE to be passed through COMMON.

Program stage number.
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NSTGMU:

NTOTST:
NUMION:

NUMIT:

NUMPRE:

NUMTRI:
NUML:
NUMZ2;
PI:
PIOV2:
Q:

RB:
RBOUND:
RB2:

RBYSN:

RT:
SINOV2:
SINPAR:

SINPER:

SLOPEL:
SLOPEP:
SLOPER:
SPACER:

TELIN:

.Yy
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Used to add 10 to N after first stage, (N stage multiplier),
NSTAG = 1;  NSTGMU = 0

NSTAG > 13  NSTGMU = 1

Maximum nunber of stages to be run,

Number of lon paths.

Maximum number of iterations to be performed on any one
path during any one stage.

Number of ion paths (NUMION) from run which created file
IPATHS (see WRIT(4)).

Number of triplets output to be external file,

Number of ion paths plus one (NUMIONW + 1).

Two times the number of ion paths plus one (24NUMION + 1).
Geometrically defined constant, 3.14159265...

PL over (divided by) 2.

Elementary unit of charge (C).

Radius of the beam (METERS).

Radial boundary in positive x direction (METERS).

Beam radius squared (RB ##% 2),

95 percent of the beam radius divided by 2 times the number
of ion paths (RB * ,95 / (2 * NUMION)).

Radius of the thruster (METERS).
SINPER over (divided by) 2.
Sine of angle between line parallel to path and horizontal.

Sine of angle between line perpendicular to path and
horizontal.

Slope of path on left between two '"working' points,
Slope of line perpendicular te current path at endpoint.
Slope of path on right between two "working'" points.
Initial distance between paths in uniform distribution.

Temperature of electrons in the ion beam (EV),



TELOUT:
THETAP:
THRLEN:
TIME:

TIHEMU:

TTHNEU:
UMSION:
UTIL:

VCURR:
VELBET:

VELBGH!

VELBTIL:

VELBTR:

VELNEU:
VELTOY:
VELTT2:
VELTX(I):
VELTZ(1):
VELX:
VELZ:

VL:
VPREV:
VR:

X:

XINT:

ey
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Temperature of electrons outside the ion beam (EV),
Angle between line with slope SLOPEP and horizontal,
Thruster length (METERS).

Time intexrval, defines dteration step size.

Time multiplier, used to define the time ostep in terms of
multiple of RBOUND / (VELBOH * NUMIT),

Temperature of thermal ncutrals in chamber (EV).
Mass of dons (propellant) (KILOGRAMS).

Utilization factor of propellant (part of propellant turned
into dons).

Plasma potential at present point on path I.

Present total velocity between path under consideration and
nelghboring path,

Bohm velocity.

Present total veloeclty between path under consideration and
path on left.

Present total velocity between path under consideration and
path on right.

Thermal velocity of the neutrals in the chamber.

Present total wvelocity of ion.

Present total velocity of ion along path 2,

Present total velocity component in x direction.

Present total velocity component in z direction.

Velocity contribution for this iteration along x direction.
Velocity contribution for this iteration along z direction,
Plasma potential on left side of present path.

Plasma potential at previous point on path I,

Plasma potential on right side of present path.

X coordinate of point to be tested.

X intersectisn point on boundary line.



XINTL:
XINIR:
XTON(I,1):
XTION(I,2):

XION(L,N):

XION(X,N+L):

XPOSL:

XPOSR:

XVELMU:

2

ZBOUND:
ZCURR:
ZINT:
ZINTL:
ZINTR:
ZION(I,1):

ZION(IL,2):

ZION(I,N):

ZION(T,N+L) :

ZMAX:

ZPREV:

ZVELMU:

oy
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X intersection, to left, of lines SLOPEP and SLOPEL.
X intergection, to vight, of lincs SLOPEP and SLOPER.
X coordinate of ion trajectory exit point I,

First x coordinate of ilon after leaving lon beam along
trajectory I,

Present x position of lon.
Newly calculated % position of ion.

X~position (coordinate) half way along the perpendicular
displacement (DSPLL) to the neighboring path on the left,

X-position (coordinate) half way along the perpendicular
displacement (DSPLR) to the nedghboring path on the right.

X velocity multiplier, used to define initial x velocity in
terms of some multiple of the Bohm velocity.

2 coordinate of point to be tested,
Z boundary to right of thruster.

Current z increment, used to get ion exit points,

Z Intersection point on boundary line.

Z intersection, to left, of lines SLOPEP and SLOPEL.
Z intersection, to vight, of lines SLOPEP and SLOPER,
Z coordinate of fon trajectory exit point I,

First z coordinate of lon after leaving ion beam along
trajectory I,

Present z position of dion.
Newly calculated z position of ion.

Maximum z value on path KEY of IPATHS, defines ZBOUND for
high resolution upstream run.

Previous z increment, used to get lon exit points.

Z velocity multiplier, used to define initial 2
terms of some multiple of the Bohm velocity.

velocity in
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APPENDIX D
COMPUTER CODE LISTING FOR PLASIM
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PROGRAM PLASIM (INPUT, DUTPUT, TAPES = INPUT, TAPEG6 » OUTPUT)
1 NPAPAM, PATHS, TAPET » PATHS, DERUG » DUTPUT)

shppkbnbbrar DRIVER RAUTINE  ddndnsddssss

PROGRAM OESCRIPTIONS PRAGRAMMER = WILLIAM DEININGER) 9 = 30 = P]
PLACE NOTES NN REVISINNS HERESs (INCLUDE DATE, INITIALS, LOCATION
AND CHANGE MADE ¥k PLEASE #¥%)

THIS IS THE NDPIVER RNUTINE FOR THE STIMULATINN OF A CHARGE =
EXCHANGE PLASMA SURRAUNNING A GROAD REAM ION THRUSTERs THIS ROUTINE
DEFINES THE PROGRAM STRUCTURE AND STAGING BY CALLING VARIOUS
SURRQUTINES, RFADFR1 THF FIRST CALL IS TO SUBROUTINE READER WHICH
READS IN THE RUN SPECTIFTCATIONS AND INFOPMATIONs INITH THE NEXTY
CALL IS TO SUBRAUTINF INTT WHICH INJTIALIZES VARINUS PARABETERS AND
CONSTANTS, DEFINFS THE TDN FXIT PDINTS ALONG THE REAM EDGE AND
PERFORMS THE FIRST ITFRATINON, CALCS THE NEXT CALL IS 70
SURROUTINE CALC WHICH CMMPUTES THE I0ON POSITINNS ALONG THE
TRAJECTORIES. CALC TS CALLED NUBIT TIMES, THIS COMPLETES THE
FIRSY STAGEs (NUMIT TS THE MAXIMUM NUMBER OF ITERATIONS TO BE
PERFNRMFD DN ANY EGTVEN PATH DURING ANY PARTICULAR STAGE),
INFORMATION FOR THFE FTPST (NUMIT = 10) ITERATIONS IS WRITTEN TO AN
EXTERNAL FILE, PATHS, CODRE MEMORY IS THEN REINITIALIZFD BY

TRANSFERING THF RESULTS OF THE FINAL TEN JTERATIONS TO THE CORE SPACE

FOR THE INJTIAL TEN, THE RESULTS OF THESE TEN ITERATIONS ACT AS A
BASE FOP ANNTHFR SET NF (NUMIT = 10) ITERATIONS, CALC IS CALLED
ANOTHER (NUMIT = 10} TTMES 7O FILL CORE STORAGE WITH ARGVHER SEV OF
PATH POORDINATES WHIOH CAMULETES THE SECOND STAGE. THEN CNRE IS
REINITIALIZED AGATIN AND ANQTHER STAGE IS RUN. THIS I§ DONE UNTIL
THE DESTREN TOTAL NHUMAFR QOF ITERATIONS IS PERFORMFD, OR UNTIL

ALL PATHS INTERSFCT ANUNCARTIES., FINALLY» THE PLOT INDICATNR,
VICLPLY?Y) IS CHFCKED TO DETERMINE WHICH PLOTTING POUTINE TQ USE TO
NUTPUT A PLOT NF THE PATH CNORDINATES, IF ANY,

*kk NOTE Hkk
ALWAYS PUT TWN RLANK CARDS AT THF END OF THE DATA DgCk TN
SIGNAL A STOP, THE WORD SIZF DEPENOFNT VARIABLES ARF}
IFly TF2, INEO, ITITL AND IW,
SEE RLACK OATA FNR INSTRUCTIONS ON WNARD SI7E
DEPENDENT VARTARLES AND CNOE GENERATED ERRQOR MESSAGFS,

vh¥uuiokd  VARTARLF DICTINNARY #sddddpn

DIN(K M) $ DFENSTTY 7N PATH Ky AY ITERATION M,
ICLPLT 1 USEN TO NETERMINE WHICH (IF ANY) PLOTTING ROUTINE 1§

USED L » USE SUBKOUTINE VRSPLT,
-« ? » USE SURROUTINE LNPLT,
= 3 » USE ADTH VRSPLT AND LNPLT,

s ANYTHING ELSE » ND PLOTS.

INITOD t INITIAL DD LOOP INDEX FOR tDO RO Mt WHICH CALLS fCALC!.,
ISTAT(K) ¢ STATUS 0OF PATH K,

« 0 e PATH IS ACTIVE,

» 1 TN NMAY , PATH IS NOY ACTIVE, VALUE IS ITERATION

NUMRER WHERE BOUNDARY WAS CROSSED,

« AARRA s PATH IS NOT ACTIVE, ERRNR CONDITION,
KEY 1 USEN TO DEYERMINE TYPE OF RUNy

» 0 p FINTISH PLOTS AND TERMINATE,
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> 0 » HIGH RESOLUTION UPSTREAM PASS, RIGHT MOST
BOUNDARY 1S DEFINED USING "KEY!TH™ PATH OF FILE
IPATHS (USED TO DEFINE 7BOUND).

» wly FIRST PASS, UNIFORH DISTRIRUTION,

% =1, REGULAR RUN, FIRST PASS) NON=UNIFORM DISTRIRUTION,

NSTAG 1 ALLAWS DN LOOP INDEX 'NSTAGE' TO BE PASSED THROLGR
COMMON

NSTAGE 1 PRDGRAM STAGF NUMBER.

NTOTST  t MAXLMUM NUMRER OF STAGES TO RE RUN.

NUMION  + NUMBER N7 TON PATHS TD BE SIMULATED.

NUMIT 1 MAXIMUM NUMRFR OF ITERATIONS TO BE PERFORMED ON ANY ONE

PATH DURING ANY ONE STAGF.
XINN(K) M) ¢ X PASITINN NF ION NN FATH K AT ITERATION M,
ZION(K,)M) 3 Z POSITINN OF ION ON PATH K AT ITERATIUN M,

#%%  END OF PROGRAM NFSCRIPTION k%

PROGRAM DECLARATYNN STATFMENTS.
BLANK COMMON FOR LARGF ARRAYS, 10 « INPUT=QUTPUT, PAKAM = PARAMETERS,

COMMON ZION(42,151),¥TNN(41,151),VELTZ(15L),VFLYX(151),

1 NIP(4L1)YsPN{41,151),0NT(42)sISTAT(41)

COMMON / I0 /7 INsIQUT)INFO(14)sKEY,ICLPLT,ICLURT)ITITL(2R),

2 TPATHSsTWs JF1(2), IF2(4) ICLERR

COMMON 7 PAPAM / NyNUMION,NUMIT»RBsRABOUNDSRT» TELOUTHBMCUR)UTILS
3 TELIN,)THRLEN,UUMSTON, VELROH, ZBOUND» TL, IR,PI,RK,Q,RRGEN,

4 DNNBCEXSFCyTTHNEU, TIMES TIMEMU) XVELMU) ZVELNMU, NSTAG)

5 NSTGHU,NTOTST, PTOV2

INPUT PARAMETERS, SPECIFICATINNS, INFORMATION, INITIALIZE VARIARLES.,
CHECK KEY TO SIGNAL sTNP,

i CALL READER
INITDD = 2
NSTAG = 1
o sk b koK ok ook ok o ok ok ok ok ok s ook o ok ok o ok ok ok skokokokok ok skokOk koK ok
PLOTTING RONTINE VRSPLT PLOTS FROM CORE MEMORY
JF (KEY +EQ. 0) CALL VRSPLT
e m
IF (KEY 4EOs O) FALL VRSPL
IF {KEY .EQ. 0) STNP 1

PERFNRM INITIALYIZATION,
CALL INIT
BEGIN STAGING. THE DO LONP INDEX INSTAGE' GIVES THE STAGE NUMRER,

DD 100 NSTAGE = 1, NTATST
NSTAG w NSTAGF
IF (NSTAG +EQ+ 1Y GO TO 70
INTTDO = 10

REINJTIALIZATION PRNCEPURF. THE RESULTS FOR THE FINAL TEN ITERATIONS
ARE TRANSFERED TO THE CARE AREA FOR THE FIRST TEN ITERATIONS. THFSE
TEN JTERATIONS ARF USFD AS A BASE FOk ANOTHER (NUMIT = 10) ITERATIONS.
THE TOTAL ITERATINN PER PATH COUNTER IS REDUCED BY ONE 7O ENSURF

ORIGINAL PAGE |8
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115 € THAT BEACH STAGE DOES THF PROPER NUMBER OF ITERATIONS,

DO 50 M = 1, 10
PO 40 K w» 1y NUMION

IF (ISTAT(K) NE. 0) GO TO 40
120 Mu « N 3 14]

HINNEK M)  w XTION(K MM}

TINNIXeM) w ZION(K,MM)

IF {M +F0, 10} 60 TO 30

NN(K ¥} » DN{Kp HN)

129 60 TN 40
30 ; DN(KyH) & 0,0
40 CONTINUE

20 CONTINUE
DO 60 1 = 1, NUMION
130 NIPETY » NIBLT) = 1
60 CONTINUE

¢
€ ITERATE “NUMIT® TYMES YO COMPLETE ¥TME FIRST STAGE. ITERATE
€ “NUMIT = 10% TIMES TN COMPLETE THE SUCCESSIVE STAGES. THIS
135 g SECTION CALCULATPES THE INH POSITIONS ALONG THE PATHS.
70 CONTINUE
DO 8O MN = TRITDO, NUMIT
N = NN
140 CALL WRITID)
CALL Calq
B0 CONTINUE
¢
¢ HRITE INFQORMATINN FOR FIRST (NUMIT = 10) ITERATIONS IN CORE
14% € TO EXTERNAL FILEs REGIN NBW STAGE IF DYSIRED,
e
€ sokotokoRdokokok ook ok kok ok kb ok ok ko ok kR & ok
€  VRSPLT AND LNPLT PLOT FROM CORE MEMDRY
¢ CALL VRSPLY
1% ¢ IF (ICLPLT +GTa 1) CALL LNPLT
€ d gk gk oKk ok ¥ bk ok ok ok ok kg
CALL WRIT(S}
¢ 100 CONTINUE
155 € DETERMINE PLOTTING ROGUTINE TO BE USEDy IF ANY. AFTER PLOTTING CHECK
- C FOP MOPE INPUT (PEAD MORE NATA IF ANY!s
¢
IF (ICLPLT oE0« 1) CALL VRSPL
IF (ICLPLT oFO. 3) CALL VRSPL
160 60 70 1

END

CARD NR. SEVERITY DETAILS NTAGNOSTS OF PROALEM
1 ANSI THIS STATEMENT TYPE IS NONeANSI.
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OOAOOOGOOOOOOO0OODCOANDNOODIONOO0

QGO0

CCITIOIOD

7

RLOCK DATA
FREEERRRER  MCOMMANT DATA ENTRY ROUTINE bkdskskkdink

PROGRAM DESCRIPTION: PROGPAMMER <« WILLIAM DEININGER.
REVISIONSt (INCLUDE DAYE, INITIALS AND DESCRIAF GHANGE #*% PLEASE #¥%)

THIS PROGRAM LNADS DATA INTG LABLED COMMON SYORAGE AY COMPYLE TIME
THROUGH THE DATA STATEMENTS,

#hskkuy  VARTAALE DICTINNARY  Hokkdtkk

BK P BOLTIMANYS CONSTANT {(J/K).
1F1 ! A FORMAT FOR ALPHA=NUMERIC DATA I/0.
1F2 t A FORMAT FOR ALPHA=NUMERIC DATA 1/Q.
IN t DEVICF CODE FOR INPUT UNIT, USLD IN READ STATEMENTS,
ouy t DEVICE CNNE FOR DUTPUT UNIT, USED IN WRITE STATEMENTS.
IPATHS ¢ DEVICE CNDF FNR OUTPUT TO EXTERNAL FILES.

!

Iw NUMBER OF WNRDS REQUIRED TO GENERATE €0 CHARACTFERS,

» 8 FNP COMPUTERS WITH A WORD SIZE OF 10

w 14 FOR COMPUTERS WITH A WORD SIZE OF &

(USED IN WCOMMON /I0/" AND ROUTINES “BLOCK DATAM™, “READER™,
"WRITHy WVRSPLT" AND MVRSPL")

PI t GEOMETRICALLY NPEFINED CONSTANT, 3.14159265¢0s

a t ELEMENTARY UNIT NF CHARGE (C)e

¥4k END OF PROGRAM DESCRIPTION AND DICTIONARY %%

PROGRAM DECLARATINN STATEMENTS.
BLANK COMMON FNR LARGE ARRAYS, IO = INPUT=DUTPUT, PARAM = PARAMETERS,

CNMNON ZTONT41,151 3, ¥I0NT41,1511,VELTZ{151
1 NIPE4L)»PNI41,151),ONI(42),1STAT(41)

COMMON /7 10O / IN;IUUT:[NFD(lﬂi;KEYpICLPL

2 IPATHS»IW, IF1(2)» IF2(4)»ICLERR

COMMON / PARAM / N,NUMION,NUMIT,RB,RAOUNDsRTs TELOUT,BMCURYUTIL,
3 TELIN, THRLEN UMSTOWN, VEL BOH, ZBOUND s TLo IR, PI,RK, Qs RRISN,

4 DNOB,CEXSECy TTHNEU,) TIME» TIREMU, XVELMU, ZVELMUS NSTAG,

5 NSTGNU, NTOTST, PTOV?

s VELTX {1510y

» ICLWRT, ITITL(28),

NOTEt WORD SIZF DFPENDFENY VARIABLESS
IFLly TF2, YW, TNFO; IVITL
IW IS THE NUMRER OF WORDS REQUIRED TO GENERATE 80 CHARACTERS.
TO CONVERT YO MACHINE USING DIFFERENY WORD SIZE, MODIFY ONLY
TWy IF1 ANV IF2 IN FIRST TWN DATA STATEMENTS BELOW.
THIRD DATA STAYFMENT FOR 1/0 BUFFERSs FOURTH DATA STATEMENT FOR
VALUES OF CONSTANTS,

DATA IV, IFI(1)e TFLL2) /Ay GH(BALO)p 1H /

DATA IF2(1), IF2(2Y, TF2(3), IF2(4) LOH(BALO/2(4As4HI0))s1H 1K /
DATA IN, 10UT, IPATHS /5, 6, 7/

DATA BK» Qp PJ /1.3RDAF™23) 1.602E=19y 34141593/

IhFDPHATIDN NN PRNOGRAM GFNERATED ERRORS MESSAGESH

UHEN ERROR CALLED, FIRST LINE OF ERROR QUTPUT WILL RE OF THE FORH,
ok dkkk  FRROR NNN  dokdkokok
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WHERE YNNNY IS5 ONE OF THE FOLLOWING INTEGERS)

207
410
412
521
527
523
924
ves
526
527
528
529
530
510
bl2

SEE
SEE
SEL
SEE
SEF
SEF
SEF
SEE
SEF
SEE
SEE
SEE
SEE
SEE
SEE

SURROYTINE WRIT
FUNCTTON SUBROUTIME DS
FUNCTTON SUBROUTINE 0§
SUBROUTINE CALCE
SUBRDUTINE CALCD
SUBRNUTINE CALCO
SUBROUTINE CALCD
SURROUTINE CALCD
SUBRNUTINE CALCD
SURRTUITINE CALC
SUBRBUTINE CALCD
SUAROUTINE CALCD
SURROUTINE CALC
SUBROUTINE BOUND
SUBROUTINE AOUND

AND THE REFERENCED SUBROUTINE IS WHERE THE ERRDR IS CALLED FROM,
FFATALY ERRORS ARE GENFRALLY FATAL TO PARTICULAR PATH ONLY.

END

ORIGINAL pagk 15
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SUBROUTINE READER
kb akokdky  TNPUT (RFAD) ROUTINE  wkskdokdokkgd

PROGRAM DESCRIPTYONS PRNGPAMMER w WILLIAM DEININGERs, 7 = 9 = 81,
BEVISIONSt (INCLUPE NAYE, INTITIALS AND DESCRIRE CHANGE %% PLEASE *¥)

THIS SUBROUTINE WEADS IN THE RUN DESCRIPTION AND SPECIFICATIONS,
ROUNDARY SPECIFICATINNS, PROPELLANT AND PLASMA SPECIFICATYIONS, GRAPH
LABLFS AND READPS FYLF IPATHS (IF NECESSARY) TO SUPPLY THE NECESSARY
INEORMATION FOR HIGH PESNLUTION UPSTREAM RIINS,

¥HIORRE VARTABLE DICYTONARY  bkbkks

RMCUR t BEAM CURRENT (AMPS),
CEXSFC t CHARGF EXCHANGE CROSS SECTION (METERS SOUARED).
ICLPLTY ) USED TN DFTER“INE WHICH (IF ANY) PLOYTING ROUTINE IS
USEn - » USE SUBROUTINE VRSPLT.
" ? s USE SUBROUTINE LNPLT.
w 3 » USE BOTH VRSPLT AND LNPLT.

L 3

ANYTHING ELSE » NO PLOYS

ICLUERT t FRFOUFNCY WITH WHICH RESULTS OF CALC ARE OUTPUT. WRITE
STATEMENT TN CALC CALLED AFTER EVERY ®“ICLWRT"™ NUMBER
OF ITERATY(INS.

ICLERR 1 USED TO DETERMINE IF COCE GENERAVED ERROR MESSAGES», FOR
NON «= FATAL FRRORS, ARE WRITTEN OUT.
= Op WPTTE MESSAGES.
# 1 N0 NOT WRITE MESSAGES.

INFO(K) ARRAY STOPING INFORHATION DESCRYBING RUN,

ISAT 3 USED AS PATH STATUS HOLDER FOR READING IPATHS AND JIN
DEFINING RIGHT BNUNDARY FODR HIGH RESOLUTION UPSTREAM RUN.

£

ISTATEI) 1 STATUS OF PATH I,
« 0 » PATH IS ACTIVE,
= 1 TN NMAX , PATH IS NOT ACTIVE, VALUE IS ITERATION
NUMBER WHERE BOUNDARY WAS CROSSSD.
® BAAQ + PATH IS NOT ACTIVE, FRROR CONDITION.
ITITLIK) & ARRAY STOPING GRAPH TITLE AND AXIS LABLES.
KEY ¢ USED TH NETERMINE TYPE OF RUN;
m 0 5 FINISH PLOTS AND TERMINATE (2 BLANK CARDS WILL DOV,
> 0 s HIGH RESOLUTION UPSTREAM PASS, RIGHT MOST BOUNDARY
T5 DEFJNED USING KEY'TH PATH OF FILE IPATHS (USED
TO DEFINE ZBOUND). (SEE NOTE BELOW),
» =1, FIRST PASS, UNIFORM GISTRIBUTION,
< =1, REGULAP RUN} FIRST PASS, NORMAL NON=UNIFORM
DISTRTRUTION,
NIP(T) 1 TOTAL NUMRER OF COMPLETED ITERATIONS ON PATH I,
HMAY ¢ NUMPRE NIVIDED RY FOUR (NUMPRE / &) (SEE WRIT(4)),
NTOTST  : TOTAL NUMRER DF STAGES TO BF RUN.
NUM1 1 NUMRFR AF (ON PATHS PLUS ONE (NUMION + 1).
NUMION 1 NUMREP OF 10N PATHS,
NUMIET 1 MAYTMUNM NUMAER OF ITERATIONS TO BF PREFORMED ON ANY

ONF PATH DURING ANY ONE STAGE,
NUNPERE t NUMRER (F TON PATHS (NUMION) FROM RUN WHICH CREATED FILE
TPATHS (SEF WRIT(4)),

RR t RADIUY OF THF REAM (METERS).
RBOUND 8 RAMZAL BNUNDA®Y IN POSITIVE X DIRECTION (METERS).
RT t RADIUS OF THE THRUSTER (METERS).
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TELIN t TEMPERATURE AF ELECTRONS IN THE ION BEAM (EV),

TELOUT t TEMPFRATURF NF ELECTRONS OUTSIDE THE TON BEAM (EV).

THRLEN t THRUSTER LENGTH (METERS)a

TIMEMU t TIME MULTIPLIER, USED TO DEFINE THE TIME STEP IN TERMS
OF SNME MULTIALE OF RBOUND / (VELBOH * NUMIT).

TTHNEU t TEMPFRATURE OF THERMAL NEUTRALS IN CHAMBER (EV).

UMSTEN 3 MASS OF TONS (PROPELLANT) (KILDGRAMS),

UTIL ¢ UTILTZATION FACTOR NF PROPELLANT (PART OF PROPELLANT
TURNED INTD JONS).

XVELHY t X VELOCITY MULTIPLIER, USED TO DEFINE INITIAL VELOCITY
IN TFRMS OF SOME MULTIBLE OF THE BOHM VELOCITY.

IVELMU t 7 VELOCITY MULTIPLIER, USED TO DEFINE INITIAL VELOCITY

IN TFRMS QF SOME MULTIBLE OF THE BOHM VELOCITY.

vé¥  END DF PRNGPAM NDFSCRIPTION AND DICTIONARY #%#

PROGRAM NECLARATION STATEMENTS.
BLANK, COMMON FNR LARGF ARRAYS, IO = INPUT=QUTPUT, PARAM = PARAMETERS,

COMMON TTON(41,151)pXINN(4L,2151) ) VELTZ(151)sVELTX(151),

1 NIP(41)pNN(41,151)»DNIT42),ISTAT(4]}

COMMON / 10 / IN,TQUT,INFOC14)»KEY,ICLPLT» ICLWRT,ITITL(28))

2 IPATHS, IW,) IF1(2)5IF2(4), KCLERR

CNMMON 7/ PARPAM 7 NoNUMION,NUMIT;RB,RBOUND,RT,TELOUT,RMCUR,UTIL,
3 TELIN) THRLEN,UMSION, VELBOH» ZEOUNDSIL2IR)PI»BKSO,RBIEN,
4 ONOB,CEXSEC) TTHNEU, TIME, TIMEMU» XVELMU» ZVELHUS NSTAG)

5 NSTGMU,NTNTST, PINV2

READ IN 80 COLUMNS OF TNFNRMATION DESCRIBING RUN. FIRST CHARACTER
SHOULD BE A BLAMK ENR PRINTER LINE CONTROL.

READ (INs IFL) (INFOUK)y K = 1, IW)
READ IN RUN SPECTFICATIONS AND PARAMETERS.,

READ (IN, 12) NUMYON, NUMIT, KEY, ICLWRT, ICLPLY; NTOTST, ICLERR
12 FORMAT (7I10)

IF (KEY +EQ. 0) RFTURN

NUN1 = NUMION + 1

READ IN BROUNDARY SPELTFICATIONS.

READ (IN, 13) PR, RAQUND, RT, THRLEN, BMCUR, UTIL
13 FORMAT (6F10.5)

READ IN PROPELLANT AND PLASMA SPECIFICATIONS. TEMPERATURES (FIRST
THREE VARTABLES LISTED) SHOULD BE INPUT IN ELECTRON=VOLTS. THEY WILL
BE CONVERTED TO THE NESIRED UNITS FOR CALCULATION BY THE CODE.

READ (IN, 14) TFLIN, TELOUT, TYHNEU, CEXSEC» UMSION
14 FORMAT (5E10.%)

TELIN « TELIN * 0

TELOUT = TELOUT % 0O

TTHNEU = TTHNFU * 0

READ IN THE TIMF MULTIPLIFR AND THE X AND Z VELOCITY MULTIPLIERS
(SEE ABOVE DEFINITIANS),

ORIGINAL PAGE I8
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115 ¢
READ (IN» 15) TIMEMU, XVELMU, ZVELMU
15 FORMAT (3F10.3)
¢
C READ TWO CARPDS FNP GRAPH, B0 COLUMNS FOR TITLE AND 40 COLUMNS FACH
120 € FOR AXIS LABLES. (WNPN SYZE DEPENDENT AREA)
c
TW2 = IW % 2
READ (INp, IF2) (ITTTL(K), K » 1, IW2)
¢
125 € TEST TO SEF IF THIS TS A HIGH RESOLUTTON UPSTREAM RUN. IF NOT,
C RETURN Tn DRTIVER, IF SNy READ FILE IPATHS AND SET UP ANUNDARY,
¢
IF (KEY) 99, 99, 130
c
130 C REWIND FILE IPATHS SN XT CAN BE READ FOR ANOTHER PASS, THEN READ
C THE NUMBER OF INN PATHS IN IPATHS TO BE RFAD, THE TOTAL NUMBER DF
£ JON PATHS MAKING UP THE FILE IPATHS (NUMPRE = NUMION FROM BEFORFE),
C THE STATUS OF THF PATHS AMND THE ARRAY NOF PATH COORDINATFS,
C NEMENNWRUNEED NS
135 ¢ kkkdx NDTE wokokkk
C NRERNUN RS RS R
c PUE TO THE DFFINITION OF MMAX (SEE WRIT(4)), KEY MUST RE LESS
C THAN OP FOUAL TN NMAX FOR A HIGH RESOLUTION UPSTREAM PUN,
Cx0 ASSIGNMENT NF PFVYTCE CODE SHOULD RF MODIFIFD SO AS NOT YO
140 (WO INTERFER WYTH STAGING AND WRIT(5). (S5EE WRIT(4))

u
(=4

REWIND IPATHS
READ (IPATHS) NMAX, NUMPRF
READ (IPATHS) (ISTAT(I), I = 1, NMAX)
145 DO 50 1 = 1, NYAX
ISAT » ISTAT(T)
READ (IPATHS) (ZIONCI»NNY, XION{I,NN}, NN « 1, ISAT)
50 CONTINUE

DEFINITION OF THFE RIGHT RAOUNDARY (USED TO DEFINE ZAROUND). PATH FOR
RIGHT BDUNDARY IS DFFINED RY TRAJECTORY MKEY™ OF FILE IPATHS ALONG
WITH THE PATH STATUS AND ITERATIONS fIN THE PATH,

150

IO

ISAT = ISTAT(KEY)
155 PO 70 NN = 1, ISAT
ZIONCNUML, NN) = 7ION(KEY, NN)
XION(HIML, NN) = XION(KEY, NN)
70 CONTINUE

ISTAT(NUML)Y o ISAT
160 NTP(NUML) e TSAT
99 CONTINUE
RETHRN
END
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SURROQUTINE INTT
FEbreokdokkiok  INITTALIZATION ROUTINE  #ddkkhbksns

PROGRAM DESCRIPTIONs PROGRAMMER = WILLIAM DEININGER) 7 = 2 = Bl
REVISTONS: (INCLUDE DATE, INITIALS AND DESCRIBE CHANGE #% PLEASE *¥)

THIS SURROUTINF INITIALIZES THE NECESSARY VARIABLES, CALCULATES
THE COOPDINATES NF THF IOk TRAJECTORY EXIT POINTS FROM THE BEAM
EDGE AND PERFORMS THE FIRSY ITERATION. FIRST THE CONSTANTS ARE
DEFINED, THEN THWF INN EXTT POINTS, THE INITIAL 2 AND X POSITIONS
AND 'ZBOUND!' ARE CALCULATFD, THEN THE TOTAL VELOCITY COMPONENTS
AND THE ITERATION NUMBER PER PATH ARE INITIALIZED. THE NEXT ION
POSITIANS ARE CALCULATED AND ALL THE ION PATHS ARE SET TO ACTIVE.
THE INITIAL DENSYTIES ARE CALCULATED AND FINALLY THE RESULTS OF THE
INITIALIZATION AND FIRST ITERATION ARF OUTPUT.

whodokkdkk  VARTARLE OTCTIONARY  dohsskbkinn

DNI{I) t INITIAL DENSITY RETWEEN PATHS (I=1) AND (I),

DNDB t CONSTANT USFD TN GALCULATION OF THE DENSITIES, COMBINATION
OF QUANTITIFS INCLUDING3 BMCUR, CEXSEC» RB, NUMIDN,
UTILs O AND VELNEU.

IDEF t USED TN DETFRMINE WHEN THE X AND 7 COORDINATES OF AN IDN
TRAJECTARY EXIT POINT ARE DEFINED (EVERY OTHER TIME).

IL t INDFY {I) NF LEFT MOST ACTIVE PATH,.
IR t INDEX (Y1) OF RIGHT MOST ACTYIVE PATH.
ISAT 3} OISTATUI) FDR KFY'TH PATH IN UPSTREAM RUN,
ISTATYI) & STATUS NF PRTH 5
=0 s PATH IS ACTIVE.
w 1 TH NUMYT , PATH IS NOT ACTIVE, VALUE IS ITFRATION
NUMBEK WHERE BOUNDARY WAS CROSSED.
» BRAR » PATH IS NOT ACTIVE, ERROR CONDITION.
NIP(1} t TOTAL NUMRFR DF ITERATIONS PERFORMED ON PATH I,
HUML t NUMRFR OF INN PATHS PLUS ONE (NUMION + 1).
HUM2 } TWO TIMES THE NUMBER OF JYON PATHS PLUS ONE (2%NUMION + 1).
piov2 t P OVEP {NTIVIDED BY) 2.
RB2 t BEAM RADIUS SQUARED (RB #% 2),
RBGSN t 9% PERCENT NF THE BEAM RADIUS DIVIDFD BY 2 TIMES THE

NUMBER OF INN PATHS (RH * .95 / (2 * NUMION)).,
SPACER t INITIAL DISTANCE RETWEEN PATHS IN UNIFORPM DISTRIBUTION,
TIME t TIMF INTERVAL, DEFINES ITERATION STEP SIZE.
VELBET PRESENT TATAL VELOCITY BETWEEN PATH UNDER CONSIDERATION
AND NFTGHBORING PATH.
VELROH 1 BOHM VELNCITY,
VELNEY t THERMAL VELNCITY OF THE NEUTRALS IN THE CHAMBER.
H
1

VELTX(I) PRESFNT TOTAL VELOCITY COMPONENT IN X DIRECTION,

VELTZ(TI) PRESENT TNTAL VELOCITY COMPONENT IN Z DIRECTION,.

XION(Io 1)t X CONPNINATE OF ION TRAJECTORY EXIT POINT I,

XION(I, 2}t FIRST X CNORNINATE OF ION AFTER LEAVING ION BEAM ALONG
TRAJECTORY T,

ZBOUND t Z BOUNDARY TO RIGHT OF THRUSTER,

ECURF t PRESENT 7 INCREMENT, USED TO GET ION EXIT POINTS.

ZION{I,1)t 7 CONRNDINATE DOF ION TRAJECTORY EXIT POINT I.

ZION(i,2)8 FIRST 7 CONPRDINATE OF ION AFTFR LEAVING ION BEAM ALONG
TRAJECTARY I,

IMAX t MAXIMUM 7 VALUF ON PATH "KEY"™ OF IPATHS, DEFINES ZBOUND
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FOR HIGH RESDLUTION UPSTREAM RUN,
LPREV t PREVINUS 7 INCREMENT, USED TO GET JON EXIT POINTS.

k% END OF PROGRAM DESCRIPTINN AND DICTIONARY #kx

PROGRAM DECLARATINN STATFMENTS,
ALANK COMMON FN® LARGF ARRAYS, I0 = INPUT=OUTPUT, PARAM » PARAMETFRS.

COMMNN ZION(419151),XTNN(41,151),VELTZ{151),VELTX(15]),

1 NIP(41)sDN(41»151))DNIL42),ISTAT(4])

COMMON /7 10 / IN)IPUT,INFNCL4),KEY,ICLPLT,ICLWRT)ITITLI2R),

2 IPATHS »TM,XFL(?)pIF2(4)ICLERR

CNMMON 7 PARAM / NyNUMION,NUMIT,RByRBOUND,RT, TELOUT,BMCUR,UTIL,
3 TELIN) THRLEN,)UNMSTON, VELROH) ZBOUND,IL, TR, PI)HK) Q) RBY5N,

4 ONOR» CEXSEC) TTHNEU» TIME, TIMEMU) XVELMUS 7VELMUSNSTAG,

5 NSTGMU,NTNTST)PIOV?

DEFINE CONSTANTS JNCLUNING BOHM VELOCITY, THERMAL VELOCITY OF THF
NEUTRALS AND THR TIMF INTFRVAL,

It = 1

IR w NUMINN

NUML w NUMTION + 1

NiIM2 w 2k NUMIAN + )

pIova w PY / 2,0

rRB2 w RR %% ?

RAGSEN = RP % 0,95 / (2,0 » FLOAT(NUMION})

VELBQH w SORT (TELIN / UMSION)

VELNEU w SORT (TTHNEU / UMSIDN)

7PREV w 0,0

DNOB w ((AMCUR %% 2) ¥ CEXSEC * (1.0 = UTIL)) /7 (FLOAT(NUMION)
A ¥ QA & UTTIL ¥ VELNEU * (Q %% 2) * (PI %% 2,0))
TIME » TTIMEMU * RANUND / (VELBOH * FLOATINUMIT * NTOTST))

CALCULATION OF THF X AND 7 CODORINATES DF THE ION TRAJECTYORY EXIT
POINTS FROM THE RFAM, GIVES A NON=UNIFORM DISTRIBUTION OF ION EXIT
POINTSe (2 * NUMTON + 1) POINTS ARE CALCULATED, THE EVEN POINTS
ARE USED AS ION EXIT POINTS. THE LAST VALUE CALCULATED,

{2 * NUMION + 1)TH POINT, DEFINES ZROUND.

PO 100 IT = 1, NUM2

ICURR w 0,5 % (RAG5N + ZPREV = SORT (ZPREV #% 2 + RB2)) =
7 0s5 % RR2 / (RPQSN + ZPREV = SQRT(7PREV %% 2 + RR2)})
INEF = MAD (11, 2)

IF (IDEF «E0s 0) GO TO 95
I » (17 +1) /2
XION(Ts 1) RR
7ION(I»1)w THRLFN + ZCURR

5 ZPREV = ICURR
100 CONTINUE .
ZROUND = TIDN{NUML, 1)

IF THIS IS A HIGH RESQOLUTTAN UPSTREAM RUN, ZBNUND MUST BE REDEFINFD.
THE LARGFST ZION() VALUF ON THE KEY'TH PATH IS USED AS ZBOUND.

IF (KEY) 120, 120, 105
105 ZMAX » ZI0ON (KEY, 1)
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115 ISAT = ISTAT(I)
DD 110 M = 2, TSAT
IF (ZION(KEY, M) JLE. ZMAX) 6O TO 110
ZMAX » 7ION{NUM1, M)
110 CONTINUE
120 IBOUND = 7MAX

IF KEY EQUALS =1, A UNIFORM DENSITY DISTRIBUTION RUN 1S DONE.,
THE INYERVAL BFTWFEN THRLFN AND ZBOUND IS BROKEN INTO NUMION+1
EQUAL INTERVALSs THE ION PATHS START AT THE END OF EACH INTERVAL.

120 IF (KEY ,NE. =1) 60 TO 125
SPACER » (7ROUND = THRLEN) / FLOAT(NUM])
ZION(1,1) = THRLEN + SPALER
DO 122 I « 2, NUMTON
130 ZION(I»1) = 7I0N{I=1, 1) + SPACER
122 CONT INUE
125 CONTINUE

DOOOOD

125

¢
C INITIALIZATION Nf THE TNTAL VELOCITY COMPONENTS AND THE TOTAL NUMBER
135 ¢ 0OF ITERATIONS PRR PATH COUNTER (NIP(I)), CALCULATE NEXT ION
C POSITIONS AND SET ALL TNN PATHS ACTIVE.
¢
DD 130 T » 1 NUMION .
VELTX(I) = VELROM * XVELMU
140 VELTZ(I) » VELROH * ZVELMU
NIP(I) - 2
ATONTI»Z) = XINN(T,1) + VELTX(I) * TIME
TINDN(I»2) = ZICN(TI,1) ¢ VELTZ(I) * TIME
ISTAT(I) » 0

145 130 CONTINUF

CALCULATION OF THE INITIAL DENSITIES,
THE FOLLOWING GETS THF INYTIAL DENSITIES BETWEEN THE PATHS,

150 DO 160 I = 1, NUMI1
IF (I +E0, 1) 60 7O 152
IF (] «EQ, NIIM1) GO TO 156
VELBET = (SORT (VELTX(i=1) %% 2 + VELTZ(I=~1) %% 2) +
8 SORT {VELTX(I) *# 2 + VELTZ{I) ¥% 2)) / 2,0
155 DNI{I)= DNOR / (((XION(I, 1) + XION(I=l, 1}} / 240)
9 ¥ (ZTION(T, 1) = ZION(I=1, 1)) % VELRET)
60 TO 160
152 ONI{1) = ONOB /7 (XION(1, 1) * {ZION(1, 1) = THRLEN)
1 ¥ (SOPT (VELTX(I) %% 2 + VELTZ(I) %% 2)))
160 GO TO 160
156  ONI(NUML) = DNOR / (XION(I=1, 1) # (ZROUND =ZION(I=1s 1))
2 % (SORT (VELTY(I=1) %% 2 + VELTZ{I=1) %% 2)))
160 CONTINUE

OO

¢
165 C INITIALIZATION OF THE DENSITY ARRAY
¢
DD 180 I = 2, NUM]
DN(I=1p, 1) = (DNI(I) + DNI{I=1)) / 2.0
180 CONTINUE
170

s3I

RETURN TN DRIVFR AFRTER QUTPUTTING HEADING, SCHEMATIC OF THRUSTER,
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TIAL PARAMETERS AND THE TWD SEYS OF INFORMATION GENERA
S SUBROUTINE, ION GENERATED AY

TELIN w TELIN 7 0
TELOUT = TELOUT / 0
TTHNEU = TTHNEU / 0
CALL WRIT(1)

TELIN » TELIN # 0
TELOUT w TELOUT = ©
TTHNEY = TTHNEU * 0

N ]
CALL WRIT(2)
N w2
CALL WRIT(2)
RETURN

END
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SUBROUTINE CALC
AEREeA s CALCULATION ROUTINE hhwddshsdais

PROGRAM DESCRIPTYON} PROGRAMMER = WILLYIAM DEININGERy) 5 = 26 = B}
REVISIONSt (INCLUDE OATF, INITIALS AND DESCRIBE CHANGE %% PLEASE #%)

THIS SURROUTINE USES THE ARRAYS IN BLANK COMMON
ALONG WITH SURPNUTINE CALCD (GETS DISPLACEMENTS TO RIGHT AND LEFT)
TO DETERMINE THF NEXT POSITION OF THE YON BEING CONSIDERED. THE
DENSITIES AND PNTENTIALS TO THE RIGHT AND LEFT OF THE CURRENT PATH
ARE CALCULATED FIRST, THEN THE FORCE ACTING PERPFNDICULAR TO THF
CURRENT PATH IS CALCULATED, THE POTENTIALS AMD FORCES ACTING
PARALLEL THD THE CURRENT PATH ARE OBTAINED NEXT. THE TOTAL FORCE
{SUM OF PERPENDICULAR AND PARALLEL COMPONENTS) ACTING ON THE ION IS
CALCULATED AND THEN THE VFLOCTITY COMPONENTS ALDING THE X AND 2 AXES
ARE OBTAINED, FTNALLY THE NEXT JON POSITION IS CALCULATED. SUB=
ROUTINE BOUND IS CALLED T MAKE SURE THF NEW ION POSITION IS INSIOE
THE BOUNDARIES, THE RFSULTS ARE PRINTED (EVERY "ICLWRT® TIMES) AND
FLAGL IS CHECKED (SEE CALCD) TO SEE IF INTERSECTIONS WERE FQUND TO
ANTH THE RIGHT AND THE LEFT. IF INTERSECTIONS WERE FOUND TO BOTH
SIDES, PATH T IS ITERATED AGAIN,.

WHRRKNHY  VARIARLE DICTIONARY  wendsokssn

¢ t TIME INTERVAL DIVIDED BY MASS OF IDN (TIME 7 UMSTON)

COSPAR 1 COSINF NF ANGLE BETWEEN LINF PARALLEL TO PATH AND HORIZONTAL,

COSPER 1 CUSINF 0F ANGLE BETWEFN LINE PERPENDICULAR TO PATH AND
HORTZANTAL,
DN(T,NV3 DENSITY ON PATH T AT ITERATION N,
DNL ¢ OENSITY TO LEFT SIDE OF CURRENT PATH.
ONOB  + CONSTANT USFD IN THE DENSITY CALCULATIONS (C IN THe
L]

DNR ¢ DENSITY T RIGHT SIDE OF CURRENT PATH,
DSPLIP ¢t DISPLACEMENT DOF ION ALONG PATH,.
F t TOTAL FDRCE ACTING ON ION.
FPAR t FORCE ACTING PARALLEL TO THE PATH,
FPAkY, 1 COMPONENT NF FPAR ACTING IN X DIRECTINN.
FPA#Z ¢ COMPONENT NF FPAR ACTING IN 7 DIRECTION,
FPER t FORCE ACTING PERPENDFSULAR TO THE PATH.
FPERX ¢ COMPONENT NF FPFR ACYING IN X DIRECTION.
FPERZI 1t COMPONENT NF FPER ACTING IN 7 DIRECTION,
FX t CUMPONENT nNF F ACTING IN X DIRECTION (FPERX ¢+ FPARX).
Fi t COMPONENT OF F ACTING IN Z DIRECTION (FPERZ + FPARZ),
I t ALLOWS DD LANP INDEX, II, TO BE PASSED THROUGH COMMON,
PATH INDEX,
IFLAGSY t TRAJECTNRY NNE RENORMALIZATION FLAGs
= 0y CONTTNUE JTERATING AS USUAL.
a1y gsc:kCULATE POSITIONs, VELOCITY AND DENSITY OF ION
TH 1.
IFVAR + DUMMY VARTARLF USED AS ONE ARGUMENT IN AN IF STATEMENT,
J t USED TD NETERMINE WHEN WRITEw~43% IL EXECUTED.
N t {WORKING) NUMARER OF ITERATIONS ON PRESENT PATH, I, TOTAL

NUMBERP NF ITERATIONS FOR THE PRESENT STAGE.
NIP{1) t TOTAL NUMBFR NF COMPLETED ITERATIONS ON PATH I.
NSTGMU ¢ USED TO ADD 10 TO 'NY AFTER FIRST STAGEs

(N STAGF MULTIPLIER)
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NSTAG = 1 3 NSTGHU » 0
NSTAG » 1 ¢ NSTGMU = )

SINOYZ 1 SINPER NVER (NIVIDED AY) 24

SINPAR 4 SINE 0OF ANGLE RETWEEN LINE PARALLEL TO PATH AND HORIZONTAL,

SINPER & SINE NP ANGLE RETWEEN LINE PERPENOICULAR TO PATH AND
HORIZONTAL,

VCURR t PLASHA POTENTTAL AT CURRENT POINT ON PATH I

VELBTL + PRESENT TOTAL VELOCITY BETWEEN PATH UNDER CONSIDERATION
AND PATH ON THE LEFT,

VELBTR ¢+ PRESENT TOTAL VELOCITY BETWEEN PATH UNDER CONSIDERATION
AND PATH NN THE RIGHT,

VEL?
Vi
VPREV

PLASMA POTENTIAL ON LEFT SIDE OF CURRENT PATH,
PLASMA POTFNTTAL AT PREVIOUS POINY OGN PATH I,
YR PLASMA POTENTIAL ON RIGHT SIOE OF CURRENT PATH,
XpOSL X=PRSITION (CONRDINATE) HALF WAY ALONG THE PERPENDICULAR
DISPLACEMENT (DSPLLY TO THE NEIGHBORING PATH ON THE LEFT,
XPOSR 1 X«=POSITION (CONRDINATE) HALF WAY ALONG THE PERPENDICULAR
, DISPLACEMENT (NSPLR) TN THE NEIGHRORING PATH ON THE RIGHT.
XION(I)N) Y CURRENT X POSITION OF ION
XION(TsN&1) s NEYY (NEH) ¥ POSITION OF I0ON,
ZION(I,N) CIRRENT ? POSITION OF ION.

VELTOT ¥ CURRENT TNTAL VELOCITY OF JON,
VELTT2 t CURREMNY TOTAL VELUCITY OF 10N ALONG PATH 2,
VELTX(I) CURRENT TNTAL VELOCIYY COMPONENT IN X DIRECTION,
VELTZU(I ) CURRENT TOTAL VELNCITY COMPONENT IN 7 DIRECTION,
VELX ¢ VELOCYTY CONTRIBUTION FOR THIS ITERATINN ALONG X DIRECTION,
t VELOCITY CAONTRIRUTIAN FOR THIS ITERATION ALONG 7 DIRECTION,
!
!
!
1

Wk END OF PROGRAM DESCRIPTION AMD DICTIONARY %%

PROGRAM DECLARATION STATEMENTS.
ALANK COMMON FOR LARAE ARRAYS) I0 » INPUT=DUTPUT, PARAM » PARAMETERS,

COMMON ZION(4151%51),¥INNC4L,151), VELTI(151))VELTX(151),

1 NIP(4L)pDNEAL, 151)»ONI(42) s ISTAT(A])

COMNON / 10 /7 IN,TQUT,INFO(L43,)KEY2ICLPLT)ICLWRT)ITITL(28),

2 IPATHS)IW IFL(2),I02(4) »ICLERR ;

COMMOR /7 PARAM / N,NUMION,NUMIT,RBsRBOUND,RY, TELOUT,BMCUR,UTIL,
3 TELIN) THRLEN)UMSTON) VELBOHs ZBOUND, IL) TR)PIsBKs QpRBIEN,

4 NNDB) CEXSECY TTHNEU» TIME» TIMEMUSXVELMUp ZVELNUINSTAG)

5 NSTGMUSNTNTSTyPINV2

DEFINE CONSTANTS, BEGIN ITERATION OF FACH PATH, TESYT FOR PATH ONE
RENDPHMALIZATION AND SFT THE CURRENT "WORKING® NUMBER OF ITFRATIONS
ON PATH I. MAKE SURE THE TOTAL NUMBER OF ITERATINNS PERFORMED ON
PATH 1 IS NOT 70 LARGE FOR THE CURRENT STAGE AND SEE IF CURRENT
PATH IS ACTIVE.
NOTEY  ANY QUANTTTIES OPERATED ON BY "AINT® AND MULTIPLIED
OR DIVIDEP RY 1 TIMES SOHE POWER OF TEN, ARE BEING
TRUNCATED TN AVOID COMPUTER ROUND=OFF ERRNR.

€ = AINT (TIMF / (UMSION * 1,0E+15))
¢ = C % 1l.0F+1H

NSTGMU = 0O

IF (NSTAG 46T, 1) NSTGHU w» 1}

IFLAGY = 0

i1
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113 Do 450 = 1y NUMION

]
0s 2) [FLAGY » 1
15 +GTs ((NSTAG % NUMIT) w {(NSTAG = 1) ¥ 10)))
120 100 I) = (NSTAG = 1) # (NUMIT = 10)
I) +GTs ((NSTAG % NUMIT) = ((NSTAG = 1) * 10)))

g 3 XYL e

123 GET THE DISPLACFRMENTS TN THE RIGHT AND LEFT» CHECK THE ERROR
FLAGy BDUNDARY INTERSECTION FLAG, MAKE SURE PARTICLE TRAJECTORY
PATHS ARE SHONYH AND CALCULATE THE NEEDED TRIGONOMETRIC FUNCTIONS

OF THETAP,

130 CALL CALAD (1, YFLAGL, IFLAG2, IFLAG3, DSPLR) DSPLLs THETAP)
IF (IFLAG? +GT+ 0) GO TO 499
IF (IFLAG3 WLFs O «ORs IFLAG3 ,GE. 5) GO TO 497
IF (IFLAG3 +EQ, 4) 6O TO 460
COSPAR = AINT (CDS (PIOV2 =~ THETAP) # 1,0E+03)
135 COSPER AINT (r0S (THETAP) * 1.,0E+03)
SINPAR AINT (SIN (PINV2 = THETAP) * 1,0F+03)
SINPER AINT (SIN (THETAP) * 1.0£403)
CNSPAR fOSPAR / 1,0E6403
COSPER COSPER / 140E+03
140 SINPAR SINPAP / 1.0C402
SINPER SINPER / 1.,0E+03

CALCULATION NF THE L EFT AND RIGHT X=POSITIONS HALF WAY ALONG THE
PERPENDICULAR DISPLAGCEMENTS TO THE NEIGHBORING PATHS
(X=COORDINATFES AT CFNYER OF DENSITY CFLLS)s "IF STATEMENT®
DETERMINES THF DTRECTINN OF PATH PROPAGATINN,

SINQV2 = SINPER / 2.0
IF (ZION(TyN) « 7ION(I,N=1)) 314, 310, 318
150 ¢

1 XPOSL » XION(T,M)
XPOSR = XIONIT,N)
60 TO 320

155 34 XPOSL = XION(I,N)
XPOSR = XINN(I,N)
G0 TO 370

318 XPOSL = XION(I,NY DSPLL * SINOV2
160 XPOSR = XION(IN) DSPLR * SINOVZ

CALCULATION NF THE TNTAL VELOCITIES BETWEEN THE PRESENT PATH
AND THE PATHS TN THE RTIGHT AND LEFT.

165 320 IF (1 504 1) GN 70 322
VELSTL = (SHORPT (VELTX(I=1l) *% 2 4 VELTZ(I=1) *+% 2)
3 + SORT (VELTX(I) #% 2 + VELTZ(I) ** 2)) / 2,0
IF (T €0, NUMION) GO TOD 323
2] VELBTR » (SORT (VELTX(T) %% 2 + VELTZ(I) %% 2) +
170 4 SORTéVE;TX(I+1) ok 2 + VELTZ(I+1) %% 2)) / 240
60 (0 325

IICT IO

. 2% €K =

145

OO0

DSPLL * SINDV2
DSPLR * SINOV2

+ 3

Pe

ODIIIN
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3722 VELBTL = SORT (VELTX(I) **% 2 + VELTZ(I) #% 2)
60 1O 321

323 VELRTR » SORT (VELTX(]) %% 2 + VELTZ(I}) %% 2)
CALGULATION DF THE DENSTTIES TO THE RIGHT AND ‘LEFT» AND THE
AVERAGE DENSTTY AT THF CURRENT POINT. MAKE SURE DNL AND DNR
ARE NOT ZERO,

325 DNL » AINT (DNNB / (XPOSL * DSPLL * VELBTL))

ONR « AINT (DNOB / (XPOSR * DSPLR % VELBTR))

ON{ILN) = (DNL + DNR) / 2,0
IF (DNL oLEs 040 JOR, NNR oJLEs 0+40) GO TO 495

WHEN A BOUNDARY IS INTERSECTED ON THE LEFY OR RIGHT, THE DISFLACE =
MENTS HAVE TO AF CHECKRD TO MAKE SURE NO BOUVDARY REPULSION EXISTS.
IF THE DISPLACFMENT FPNM THE CURRENT PATH TD THE BOUNDARY IS LESS
THEN THF DISPLALCEMENT BRETWEEN THE CURRENT PATH AND THE NEJGHBORING
PATHy THE PERPENDICULAR FORCE IS ZEROED, OTHERWISE THE PATH
PROPAGATES AS USHAL,
TF {IFLAG3 +EQs 1) GD TO 340
IF (VELT7(1) +EO0. 0,0) GO TO 340
IF {(IFLAG2 LEGs 2) GO TO 328
IF (IFLAG3 +E0. 3) GO TO 335
60 TN 497
3zs IF (DSPLL +LE. DSPLR) GO TO 330
G0 TN 2340
330 FPERX = 0.0
FPERZ = 0,0
G0 70 370
335 IF (DSPLR +LFs DSPLL} 6O TO 330
CALCULATION NF THE POTENTIALS TO THE RIGHT AND LEFT, THE FORCE,
AND ITS COMPONENTS» ACTING PERPENDICULAR TO THE PATH IS THEN
CALCULATED USING THE SMALLER OF THE TWO PERPENDICULAR DIS =
PLACEMENTS AS THE DIVISOR.
340 VL = AINT ((ALOG (DNL / DNI(I)) #* TELOUT /7 Q ) »
5 1. 0E+04)
VR * AINT ((ALOG (DNR / DNI(I+1)) * TELOUT / Q) *
] 1.0FE+0¢4)
Vi w VL /7 1.06+04
VR = VR / 1.0E+04

IF (DSPLL JLEs DSPLR) GO TO 345
FPER = AINT ((0 % (VYL = VR) / DSPLR} * 1.0E+2Q)
G0 TO 350
345 FPER = AINT (40 % (VL = VR) / DSPLL) * 2.0E+20)
350 FPER « FPER / 1.0£+420
FPERYX = FPER % SINPER
FPERZ = FPER * COSPER

CALCULATION NF THE POTENTIALS AND THE FORCE AND ITS COMPONENTS
ACTING PARALLEL TO THE PATH,

370 YCURR = ALOG (ON(IpN) / DN(I,1)) * TELOUT / @Q

VPREV » ALOG (ON{I»N=l) ¢/ DN(I,2)) * TELOUT / @Q
DSPLIP » SORT ((XION({I,N) = XION{IsNewl)) %% 2 + (ZIDN(I,N)

— el
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410 XION(IoN+1) & VELTY(X) * TIHE + XION(I»

MO0

92
7 = JION(I,N=l)) *% 2)
FPAR » AINT (0 %« (VPREV = VCURR) / DSPLIP) * 1,0E+20)
FPAR » FPAR / 1.0E+20
FPARX w» FPAR % SINPAR
FPAR? = FPAR ¥ COSPAR

CALCULATION QOF TOTAL FORCE AND COMPONENTS.

FX = FPARY + FPERX
F2 » FPAR? 4 FPERY
F n SORT (FY »% 2 4 FI %% 2)

CALCULATION N® VELACITY COMPONENTS FOR THIS ITERATION, TOTAL
VELOICITY COMPONFNTS AND TOTAL VELOCITY FOR PATH I.

VELX = FX % (
VELZ u F7 % ¢
390 VELTX(I)= VELTX(I) & VELX
VELTZ(I)= VELTZ{I) + VELZ
VELTOT = SORT (VELTX(I) %% 2 + VELT7(I) %+ 2)

THIS SECTION MADYFIFS THE VELOCITY ON THE FERST PATH SO THAT ITS
NORMALIZED WITH RESPECT TO 1,2 TIMES THE VELOCITY OM THE SECOND
PATH IN TERMS NF MAGNITUDE., THE DIRECYION OF THE TRAJECTORY IS
LEFT UNCHANGED, THIS NNRMALIZATION ONLY OCCURS WHEN THE VELOCITY
AN PATH 1 IS MNRE THAN 20 PRECENT GREATER THEN THE VELOCITY ON
PATH 2. THE VALUE NF 20 PERCENT IS ARRITARY AND IS BASED ON

WHAT GIVES THF SMONTHEST TRAJECTORIESe THIS PREVENTS PATH ONE
FROM ACCELERATING TN FAST,

IF (1 +EQs 1 +AND. IFLAG4 4EQes 1) GO TO 398
GO TOD 410

396 VELTT2 = SOPT (VELTX(I+1) #*% 2 4 VELTZ(I+1) %% 2) * 1,2

IF (VELTOT =« VELTT2) 410, 410, 400

400 VELTX(T) = (VELTX(I) # VELTT2) ¢ VELTOY

VELTZ(TI) = (VELTZ(I) * VELTT2) ¢ VELYOT
VELTOT =« SORT (VELTX(I) ¥ 2 + VELTZ(I) ** 2)

CALCULATION NF THF NEXT ION POSITION (USES LYNEAR APPROXIMATION),
MAKE SURF ITS INSIDF THF BOUNDARIES.

N)
ZION(Ip)N+1) = VELT7(I) % TIME + ZION(I,N)
CALL BOUND (ZIAN{IsN+1}, XION(I»N#1l), I)

WRITE THF RESULTS EVERY WICLWRT™ TIMES. IF ISTAT(I) IS MON=ZERQ,
WRITE THE RESULTS. INCREASE NIP(I) BY ONE FOR NEXT PASS.

IF PATH I REACHEN A BOUNDARY ON THIS ITERATION, SET NIP(I) TO ITYS
FINAL VALUE. TIF TN MANY ITERATIONS HAVE OCCURED SET ISTAT(I) = N,
TEST TL SEE IF PATH I NEEDS TO BE ITERATED AGAIN (TEST IFLAGL) AND
CHECK TO SEE TF TTFRATION LIMIT HAS BEEN REACHED., CHECK IFLAG4
FOR RENORMALIZATION OF PATH 1.

420 IF (TCLWPT LLE. 0) GO TO 440
J = MOD (NIP(I), ICLWRT)
IF (ISTAT(I) NF. 0) GO TO 425
IF (J NF, 0) (D TO 440
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425 WRITE (IOUT, 435) I, Ny NIP(I), ISTAT(I)» ZION(IsNtl),
8 XEONCI)N+1), VELTZ(I)» VELTX(I)» VELTOT, ON(I,N)
435 FORMAT (1¥%, 13, 1X» 3(I4y 2X)s 6(EL3.6, 2X))
440 NIP(I} = NIP(I) 4}
IF (ISTAT(T) oNEe O) NIP(I) =» NIP(I) = 2
IFVAR = (NSTAG * NUMIT + 1) w ((NSTAG =~ 1) * 9)
IF (NIP(T) «GT, JFVAR) ISTAT(I) = N
IF (] +EO0« 1 LAND, IFLAGA +EQs1) GO TO 445

YF (IFLAGL +EQs 0} GO TO 300
IF (XFLAG4 .EO0. 0) GO YO 450
I =1
IF (ISTAT(I) «NEs 0) GO TD 445
NIP(T) = NIP(I) = 1
GD 10 300
445 IFLAG4 = O
450 CONTINUE
NSTGMU = 1
RETURN

IF A BOUNDARY TS INTERSECTED ON BOTH SIDES OF THE PATH (TO THE RIGHT

AND LEFT) ALL FNRCES ARE SET EQUAL TO ZERD CAUSING THE ¥ AND 2
VELOCITY CONTRIBUTIONS FOR THIS ITERATION TO #E ZERO. THE PATH
PROPAGATES LINEARLY+ THE DENSITY IS TREATED AS A CONSTANT.

460 VELX = 0,0
VELZ = 0,0
DN(IsN) = DN(IpNwl)
GO TO 390

tokkkkdk  ERROR EXITS AND ERROR CONDITIONS  skdddnk
= ERROR 527 = TFLAGI TMPROPERLY DEFINED, FATAL.

~ ERROR 530 = DNL NR DNR EQUAL ZERO OR LESS THEN ZERO., CAUSES
VL OR VR TO BLOW UP, FATAL.

495 IFLAG2 = 325%
WRITE (IOUTy 530) IFLAGL, IFLAG2s IFLAG3, Is N, DNL, DNR,
9 DSPLLs, DSPLR, XPDSL, XPOSR
GO TO 499
497 WRITE (IDUTy %27y IFLAGLs, IFLAG2, IFLAG3, I, N
499 ISTAT(I) = 8B88n
G0 TO 420
527 FORMAY (/511X,23H%¥exdkk ERRDR 527 #kkkkky /s /511Xy
33HIFLAG3 IMPRPPERLY DEFINED (FATAL)»/)»llX,
2THCALLED FRT! SUBROUTINE CALC»/s11X»BHIFLAGL =,I5,
10H TYFLAG2 w; Y5, 10H IFLAG3 wyI5,5H 1 w=,15,5H N =,15)
530 FORMAT (/511X 23H¥4kksk ERROR 530 #kkkkw,/,/511%,
45HDNL DR ONR LESS THEN OR EQUAL TO ZERO (FATAL)»/,511X»
2THCALLED FROM SUBROUTINE CALCy»/,11Xp
SHIFLAGL w,T5,10H JIFLAG2 w,I5,10H IFLAG3 w,I5,5H I =,
I6)58 N w15, 7TH ONL =pEl0e3,7H DNR m3E1048,5/511%,
9H DSPLL wyFl043,94 DSPLR »,E1l0,399H XPOSL =3E10.3)
9H XPOSR #,E10.3)

W e

L WY -

END
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SUBROUTINE CALCD (I, IFLAGL, IFLAG2» IFLAG3» DSPLRy DSPLL, THETAP)
¥HRReR CALCULATION OF THE DISPLACEMENTS TO THE RIGHT AND LEFT #dsddtd

PROGRAM DESCRIPTION t PROGRAMER = WILLIAM DEININGER, 5 = 19 = 81
REVISIONS t (INCLUDE DATE» INITIALS AND DESCRIBE CHANGE %¥PLEASE#*)

THIS SUBROUTINE USES THE ARRAYS ZION()» XION() AND NIP(I) TO GET
THE DISPLACEMENTS FRAM THE CURREMNT PATH TO THE LEFT AND RIGHT HAND
PATHSs THE DISPLACEMENT TD THE LEFT IS DENOTED "DSPLL®™ AND TO THE
RIGHT "DSPLR", FIRST THE PERPENDICULAR IS OBTAINED (SLOPEP)s THEN
THE LINE FORMEDN BY THF FINAL TWO POINTS OF THE PATH ON THE LEFY
1S OBTAINED (SLOPEL)y AND FINALLY THE X AND Z INTERSECTIONS, TO
TRE LLCFT, ARE CALCULATED (XINTL, ZINTL)s TESTS ARE RUN TO MAKE SURE
THE INTERSECTION POINTS ARE "GOOD"™ AND TO DETERMINE IF LINEAR
EXTRAPOLATION WAS USED, THE DISPLACEMENT TO THE LEFT HAND PATH
(DSPLL) IS THEN LUALCULATED. LIKEWISE FOR THE RIGHT HAND
DISPLACEMENT (DSPLR)s FUNCTION (SUBROUTINE) DS IS CALLED TO GET
g?gHglg:LtcngNTS FOR THE SPECIAL CASES, EG' PROUNDARIES ON THE

EFT,

=wwlFLAGL IS USED T0O DFTERMINE IF INTERSECTIONS WERE FOUND TO BOTH
THE LEFT AND THE RIGHT WITHOUT USING LINEAR EXTRAPOLATION,

IFLAGL = O LINEAR EXTRAPOLATION NOT USED.

IFLAGL « 1 LINEAR EXTRAPOLATION USED ON LEFT,
IFLAGL = 2 LINEAR EXTRAPOLATION USED ON RIGHT.
IFLAGL = 3 LINEAR EXTRAPOLATION USEO IN BOTH CASES,

IF LINEAR EXTRAPOLATION IS NOT USED, THE CURRENT PATH NEEDS TO BE
ITERATED AGAIN NUE TO ITS SMALLER ACCELERATION,

=m=lFLAG2 IS THE FRRNR FLAG AND TELLS WHETHER NR NOT THE NEIGHBORIMG
PATHS ARE ACTIVS.

IFLAG2 = C NO ERROR.

IFLAG2 > 0 FRROR EXISTS, VALUE REFERENCES PROGRAM
STATEMENT WHERE ERROR CONDITION ORGINATEN.

IFLAGZ = =l PATH TO LEFT IS NOT ACTIVE.

IFLAG2 © =P PATH TO RIGHT IS NNT ACTIVE.

IFLAG2 = =3 NFITHER PATH (RIGHT OR LEFT) IS ACTIVE.

mewlFLAG3 IS USED TN DETEPMINE WHEN THERE IS A BOUNGARY ON THE RIGHT
DR LEFT (OR BOTHY NF THE GURRENT PATH,

IFLAG3 = 1 NO BOUNDARY INTERSFCTED BY THE PFRPENDICULAR TO
THFE CURRENT PATH ON EITHER SIDE.

IFLAG3 = 2 BOUNDARY INTERSECTED ON LEFT,

IFLAG3 = 3 ROUNDARY INTERSECTED ON RIGHT.

IFLAG3 = & BOUNDARY INTERSECTED ON BOTH THE LEFT AND RIGHT

THIS SUBROUTINE RETURNS 3 IFLAGl, IFLAG2» IFLAG3, DSPLLs, DSPLR»
AND THETAP.

*kkkd VARIARLE DYCTIONARY #¥¥k#

DELTAX1 DIFFERFNCF BETWEEN TWO X CODRDINATES ON CURRENT PATH.
DELTAZt DIFFERENCE RETWEEN TWO Z COORDINATES ON CURRENT PATH.
DELTLX: DIFFERENCE BETWEFN TWO X COORDINATES ON LEFT PATH.
DELTLZt DIFFERENCE BETWEEN TWO Z COORDINATES ON LEFT PATH,
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DELTRX? DIFFERENCE RETWEEN TWO X COORDINATES ON RIGHT P&TH.
DELTRZt DIFFERFNCE DETWEEN TWO 2 COORDINATES ON RIGHT PATH,.
DSPLL ¢ SEE ABOVE COMMENTS,
DSPLR ¢ SEE ABOVE COMMENTS.,
DUMMYP, DUMMYL, DULMMYR 1 DUMMY VARIABLES USED IN THE CALCULATION
NF THE INTERCEPTS, CONTAIN INTERMEDIATE RESULTS.
IFLAGLY SEE ABOVE COMMENTS,
IFLAGR2t SEE ABOVE COMMENTS,
IFLAGAt SEE ABOVE CNOMMENTS.,
TFVAR & DUMMY VARTABLE USED AS AN ARGUMENT IN AN IF §HTATEMENT,
NIP(I)t TOTAL NUMBER OF COMPLETED ITERATIONS ON PATH I,
N t (WORKING) NUMBER NF ITERATIONS ON PRESENT PATH, TOTAL
NUMBER NF ITERATTONS FOR PRESENT STAGE.
t (WORKING) NUMRER OF ITERATIONS ON LEFT HAND PATH.
NLM1 ¢ NL MINUS 1 (NL = 1), USED FOR INDEXING LEFT HAND PATH.
'
!

60

65

70

t [WORKING) NUMRER OF ITERATIONS ON RIGHT HAND PATH,

~ NR MINUS 1 (NR = 1), USED FOR INDEXING RIGHT HAND PATH.
SLOPEL: SLOPE OF PATH NN LEFT BETWEEN TWO "WORKING" POINTS.
SLOPEPt SLOPE OF LINE PERPENDICULAR TO CURRENT PATH AT ENDPOINT,
SLOPER® SLOPE NF PATH ON RIGHT BETWEEN TWO "WORKING®™ POINTS.,
THETAPt ANGLE RETWEEN LINF WITH SLOPE "SLOPEP®™ AND HORIZONTAL.
XINTL & X INTERSECTION, TO LEFT» OF LINES "SLOPEP" AND "SLOPEL™.
XINTR ¢ X INTERSECTION, TO RIGHT» OF LINES "SLOPEP™ AND "SLOPER"™.
ZINTL ¢ 2 INTERSECTION, TO LEFT, OF LINES “SLOPEP™ AND "SLOPEL",
ZINTR ¢ 2 INTERSFCTINN, TO RIGHT, OF LINES "SLOPEP*™ AND "SLOPER™,

#¥% END OF PRNGRAM DESCRIPTION AND DICTIONARY #¥x

75

80

85
PROGRAM DECLARATINN STATEMENTS.,
BLANK COMMON FOR LARGE ARRAYSy, IO = INPUT=QUTPUT, PARAM = PARAMETERS.,

; COMMON ZION(41,151),XINN{41,151),VELTZ(151),VELTX (151}
v 90 1,NIP(41),0ON(41,151)sDNT(42),ISTAT4]1)
COMMON / I0 /7 IN,TOUT,INFO(14),KEY, ICLPLY, ICLWRT)IVITL(28),
2 IPATHS»IW, IF1(2),IF2(4)»ICLERR
COMMON / PARAM / N,NUMION,NUMIT,RBsRBOUND,RT,TELOUT»BMCUR,UTIL,
3 TELIN) THRLEN,UMSION, VELBOH, ZBOUND» ILs IR»PI»BK,Q,RBOSN,
95 4 DNDB,CEXSEC, TTHNEUs TIME, TIMEMU, XVELMUS ZVELMU) NSTAG)
5 NSTGMUSNTOTSTsPIOV2

OO0 O0O0N
=
-

DELTAZ = ZION{T)N=1) = ZION(I,N)
DELTAX = XION(I,N) = YION(I,N=1)

110 IF (DELTAX +EO. 0.0) DELTAX = 1.0E=16
SLOPEP = DELTAZ /7 DELTAX

i THETAP = ATAN(SLOPEP)

DUMHYP = XION(TyN) = SLOPEP * ZION(I,N)

i ¢
! € INITIALIZE NECESSARY VARTABLES (FLAGS),
¢
100 IFLAGL = 0
. IFLAGZ = 0
I TFLAG3 = O
; c
L € CALCULATE SLOPE DF LINE PERPENDICULAR TOD THE CURRENT PATH AT END=
§ 105 C POINT OF CURRENT PATH (NEGATIVE RECIPROCAL OF SLOPE BETWEEN LAST
%: C TWO POINTS ON CURRENT PATH) AND ANGLE THIS LINE MAKES WITH HORIZONTAL
¢
f

inim g e
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TWO SUBSECTIONS FOLLOW3; THE FIRST SUBSECTION OBTAINS THE INTERe
SECTION POINY AND DYSPLACEMENT YO THE LEFT, THE SECOND SUBSECTION
OBTAINS THE INTERSECTION POINT AND DISPLACEMENT TO THE RIGHT,

CALCULATIONS FOR LEFT,

CHECK TO SEE TF THIS IS THE FIRST ACTIVE PATH AND INITIALIZE

THE COUNTER FOR THE LEFT HAND PATHs THE FIRST ACTIVE PATH MUST
BE HANDLED AS A SPECIAL CASE (Il = 1). CHECK TO SEE IF LEFT HAND
PATH 1S ACTIVE.

IF (X = TL) 492, 460, 307

307 NL = NIP(Iwl) = (NSTAG = 1) * (NUMIT = 9)
NLKHL = NL = )
IF C(ISTAT(I=1)) 470, 311, 470

CALCULATE SLOPE OF PATH ON LEFT BETWEEN FINAL TWO (OR TWO
PWORKING™) PNINTS.

311 DELTLZ = 7ION(I=1,NL) = ZION(I=l,NLK1)
DELTLX = XION({I=1,NL) = XION(I=~1,NLM1)
IF (DELTLZ «EQs 040) DELTLZ » 1,0E=16
SLOPEL = DELTLX / DELTLZ

MAKE SURE INTERSECTION!{ CAN BE FOUND, THE SLOPES OF THE TWD LINES
CAN NOT BE THF SAME. STATEMENTS 312 AND THOSE RIGHT BELOW,
BACKSTEP THE LEFT HAND PATH ONE ITERATYON, ALLOWING A NEW SLOPE
TO B8 CALCULAYED. IF BACKSTEPPING IS NOT NEEDEDy THE
INTERSECTION POINTS 4RE CALCULATED.

IF (SLOPEP = SLOPEL) 313, 312, 313
312 IF (IFLAG2 +EO, 312) GO TO 481
IF (IFLAG2 .EO. 311) GD TO 461
NL = NL =1
IF (NL «EQs 1) GO TO 480
NLMLl » NL = 1
60 70 311
313 DUMMYL = XION(I=1,NL) = SLOPEL * ZION(!-I,NL’
ZINTL = (DUMMYL = DUMMYP) /7 (SLOPEP = 3LOPEL)
XINTL = SLOPEP * ZINTL + DUMMYP

TEST TO SEE IF INTERSFCTION POINTS ARE 60ODs FIRST FIND DIRECTION
OF PATH PROPGATION, 320 IMPLIES NEGITIVE Z DIRECTIONs 325 IMPLIES
POSITIVE Z DIRECTINN, 330 IMPLIES VERTICAL (UP OR DOWN) DIRECTION.
THEN TESTS ARE RUN T0 SEE IF THE INTERSECTIONS ARE "GOOD"™, IF
LINEAR EXTRAPOLATION IS USED (SETS IFLAGl), OR IF BACK STEPPING
IS NEEDED., THESE TFSTS ARE RUN IN ALL CASES.
IF (ZION{T=1sNL) = ZION(I=1,NLM1)) 320, 330, 325
320 IF (ZION(TI=1,NL) JLE, ZINTL JAND, ZINTL JLE,
6 ZION(I=1,NLM1)) GO TO 355
IF (ZINTL oLTs ZION(I=1,NL)) GO TO 333
322 IF (ZINTL .6T. ZINN(I=1,NLHM1)) GO 7O 312
IFLAGZ = 322
GO TO 486
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325 IF (ZIUN(I"'JJNLMI) .LG. ZINTL QAND! ZINTL QLE.
7 TION(I=1,NL}) GO YO 335
IF (ZINTL «GT. ZION(I=lp,NL)) GO TO 353
327 IF (ZINTL oLT, ZJON(I=1,NL¥Z)) GO TO 312
IFLAGZ = 227
GO TO 4Rb
WHEN STATEMENT 330 IS CALLED WE HAVE TO TEST THE X COMPONENTS
TO FIND THE X DIRECTION OF PROPAGATION, THEN SEE IF THE
INTERSECTIONS ARE ®aOnD®, IF LINEAR EXTRAPOLATION IS USED,
(AR IFf BACK STEPPING 15 NEEDED,
330 IF (XIAN[T=1,NL) = XION(I=~1,NLM1)) 340, 4B4, 345
340 IF (XTON(I=~1,NL) JLEs XINTL <ANDs XINTL JLE.,
8 XINN(I=1,NLM1)) GO TO 355
IF (XINTL LT, XION(I=l,NL)) GO TO 353
342 IF (YINTL .GT. XION(I=1,NLM1)) GO TO 312
IFLAG? = 342
GO TO 486
345 IE (XTON{{=1,NLM1) oLEe XINTL ,ANDs XINTL oLE,
g XION(TI=1,NL}) GO TO 355
IF (XINTL 6T YION(Im1loNL)) GO TO 353
347 IF (XTNTL LT, XION(I~1,NLM1)) GO 7O 312
IFLAG? » 347
GN TN 486
STATEMENT 350 RFSETS IFLAG2 IF STATEMENT 404 IS REFERENCED.,
STATEMENT 353 SETS IFLAGL, STATEMENT 355 CALCULATES THE
DYSPLACEMENT TN THE LEFT. MAKE SURE IFLAGZ IS SET PROPERLY.,
350 IFLAGZ = O
GO TO 355
353 IFLAGL » IFLAGL + 1
355 DSPLL » SORT ((XINTL = XION(I,N)) %% 2 &
1 (ZINTL = ZION(IsN)) #% 2)
IF (IFLAG2 +GT, O) IFLAGZ = JFLAG2 = 312
CALCULATIONS FOR RIGHT,
CHECK TOD SEE IF THIS IS THE LAST ACTIVE PATH AND INXITIALIZE THE
COUNTER FOR THE RIGHT HAND PATH. THE LAST ACTIVE PATH MUST
BE HANDLED AS A SPECIAL CASE (IR = NUMION). CHECK TD SEE IF THE
LEFT HAND PATH IS ACTIVE,

358 IF (IR =~ T) 492, 461, 359

359 NR w NIP(I4+1) m (NSTAG = 1) * (NUMIT =~ q)
NRM1 = NP = |
IF (ISTATUI+1)) 472y 361, 472

CALCULATE SLOPE NF PATH ON RIGHT BETWEEN FINAL TWO (OR TWO
"WORKING™) PDINTS,

361 DELTRZ = 7INN{T+1,NR) ~ ZION(I+1,NRN1)
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DELTRX = XION(I+1,NR) = XION(I41pNRM1)
IF (DELTRZ +EQs 040) DELTRZ w 1.,0E=26
SLOPER » DELTRX / DELTRZ

MAKE SURE INTFRSECYIONS CAN BE FOUND, THE SLOPES OF THE YWD LINES
CAN NOT BE THE SAME, STATEMENTS 362 BACKSTEP THE RIGHT HAND PATH
ONE ITERATION) ALLNWING A NEW SLOPE TO RE CALCULATED. IF
BACKSTEPPING IS NOT NFEDED, THE INTERSECTION POINTS ARE
CALCULATED,

IF (SLOPEP = SLOPER) 363, 362, 363
IE (IFLAG2 4GE. 359 WAND. IFLAGZ WLE. 362) 60 TO 483
IF (NR +EQs 1) GO TO 482
NRM1 = NR = 1
60 70 361 |
DUMMYR » XION(I+1)NR) = SLOPER * ZION(I+1)NR)
ZINTR » (DUMMYR = DUMMYP) / (SLOPEP = SLOPER)
XINTR = SLDPEP * ZINTR + DUHMYP

TEST TO SEE IF INTERSECTION POINTS ARE 6O00D. FIRST FIND DIRECTION
OF PATH PRUPAGATINN, 370 IMPLIES NEGITIVE Z DIRECTION, 375 IMPLIES
POSITIVE 7 DIKRECTINN, 380 IMPLIES VERTICAL (UP OR DOWN) DIRECTION,
AS BEFORE, TESTS ARE RUN TO SEE IF VTHE INTERSECTIONS ARE "GOOD™,
IF LINEAR EXTRAPOLATION IS USED (SETS IFLAGl), OR IF BACK STEPPING
IS NEEDED, THESE TESTS ARE RUN IN ALL CASES,

IF {ZION(T41,NR) = 7XON(I+1,NRML)) 370, 380, 375

IE {Z2INM{T41:MR) GLEs ZINTR SAND; ZINTR SLEs
2 ZION{I+1,NRHML)) GO TO 397

IF (ZINTR (LT, ZION(I+1,NR)) GO TO 395

IF (ZINTR +GT. ZION(I41,NRM1)) GO TO 362

IFLAG2 = 372

GO TO 48R

IF (7IONCI+1,NRM1) oLEs ZINTR +AND. ZINTR .LE.
3 ZION(I+1,NR)) GO TO 397

IF (ZINTR oGT+ ZION(I+1,NR)) GO TO 395

IF (ZINTR LT, ZION(I+1,NRM1)) GO TO 362
IFLAG2 = 377
GO TO 4ARA

WHEN STATEMENT 380 IS CALLED, WE HAVE TO TEST THE X COMPONENTS
IN THE SAME MANNR AS WHEN STATEMENT 330 WAS CALLED TO LOOK TO
THE LEET. NEED TO TEST FOR “GODD® INTERSECTIONS, LINEAR
EXTRAPOLATION AND RACK STEPPING.

IF {(XION(T+1sNR) = XION(I+1sNRM1)) 385, 490, 2390

IF (XYON(I+1,NR) +LEs XINTR o+AND. XINTR LLE.
4 XINN(T+1,NRM1Y)Y GO TO 397

IF (XINTP LT, XION(I+1sNR)) GO TO 395

IF {XINTR GTes XION(I+1,NRM1)) GO TO 362

IFLAG? = 387

GO TH 48R
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39 IF (XTON(T+1)NRML) oLEs XINTR +AND, XINTR oLEs
5 XION(T+1,NR)) 60 TO 397
IF (XINTR +CT¢ YION(I+1,NR)) 6O 7O 393
392 IF (XINTR oLT. YION!I+1,NRH1)) GO TO 362
290 IFLAG2 » 392
60 TN 488
¢
C  STATEMENT 394 RESETS IFLAG2 IF STATEMENT 490 IS REFFRENCED.
C  STATEMENTY 395 SFTS TFLAGL, STATEMENT 397 CALCULATES THE
295 C  DISPLACEMENT TN THE RIGHT. MAKE SURE IFLAG2 AND IFLAG3 ARE
g PROPERLY SET.
394 IFLAG2 = O
6 TO 397
300 3¢5 IFLAGL = TFLAGL + 2
397 DSPLR = SORT ((XINTR = XIONCI,N)} % 2 4
6 (ZINTR = ZION(I,N)) ¥% 2)
IF (IFLAG2 +GT, 0) IFLAG2 = IFLAG2 = 362
If (TFLAG? JEQ. ?) GO TO 408
305 GO TO 418
405 IF (TFLAG? JNFe =2 JAND, IFLAGL «NEs 2) 6O TO 450
IFLAG3 » 4
G0 TO 450
¢
310 g DEFINE IFLAG3.
; THE FOLLOVING SECTION EYAIMES IELAGL AND IFLAG2 SO YHAT IFLAG3 CAN BE
C DEFINEDs JFLAG3 IS USED IN CALC TO DETERMINE WHEN BOUNDARY REPULSION
315 £ EXISTS SO THAT THE NESCESSARY FORCES CAN BE ZERDED. STATEMENT 4301
C BOUNDARIES INTERSFCTED ON BOTH SIDES, STATEMENT 4351 BOUNDARY
C INTERSECTED ON RIGHT, STATEMENT 440: ROUNDARY INTERSECTED ON LEFT,
C STATEMENT 4458 NO RNIINDARIES INTERSECTED.
c
320 418 IF (IFLAG2) 420, 445, 496
420 IF (IFLAGL) 404, 445, 423
423 IF (TFLAG? +EQs =1 +ANDe IFLAGL <EQ. 2) 60 TO 445

IF (IFLAG2 +EQ. =1) GO YO 440
IF (TELAG? LEQ, =2 +ANDs IFLAGL +EQ« 1) GO TO 445
325 IF (IFLAG2 +EQ. =2) GO TO 435
TE (IFLAG2 «NEs =3) GO TO 496
IF (IFLAGL +EQs 1) GO TO 440
TF (TFLAGL +EQ. 2) GO YO 435
IF (IFLAGL LEQ. 3) GO TO 430

330 60 YO 494
i 430 TFLAGE = &
: G0 TN 450
435 IFLAGY » 3
60 TO 450
£ 3385 440 IFLAGS = 2
i 60 TO 450
ﬁ 445 IFLAG3 = }

450 YF (DSPLL +GT. 0.25% 6O TO 502
452 TF (DSPLR 6T« 0.25) GO TO 504

% 340 455 RETURN
f ¢ e .
I ¢ CALCULATIONS FR (ROUNDAPY)SPECIAL CASES. °
W o

i
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345 € STATEHENTS 460 AND 461 CALCULATE THE DISPLACEMENY TO THE LEFT
C  NF THE FIRST ACTIVE PATH TO THE BOUNDARY AND YO THE RIGHT OF THE
C  LAST ACTIVE PATH TO THE BOUNDARY, RESPECTIVILY. WHEN STATEMENT
g 461 IS CALLED TFLAGA HAS TO BE PROPERLY SET,
1%0 460 NDSPLL = DS (Z7I0ON(I,N)» XION(IsN)» SLOPEP, 0» 1)
IF (DSPLL .FO, 1,0E+20) 6O TO 490
IFLAG3 » 2
c 60 TO 35R
35y 46l DSPLR = DS (ZION(IsN)» XION(LsN)» SLOPEP, 1, I)
IF (DSPLR JEO. 1,0E420) GO TD 500
If (IFLAG? NF, =1 +ANDs IFLAGL +NEs« 1) GD TO 465
IFLAG » 4
6O TD 4h6
360 465 IFLAG3 = 3
’ . 466  RETURN
g OTHER TESTS AND ASSIGNMENTS,
365 € _
g DEFINE IFLAG? IN CASES WHERE TESTED PATH IS INACTIVE.
470 IFLAG2 = =1
60 TO 311
370 472 IF (IFLAG2) 475, 478, 496
475 IFLAGZ = w3
GO TO 361
478 IFLAG2 = w2
c GO TO 361
379
c BACK~STEPPING LNGIC WHEN MORE THEN TEN BACKSTEPS ARE NEEDED ON
C A PARTICULAR PATH, ALLOWS USE OF INFDRMATION IN CORE STORAGE
¢  NDT YET OVER WRITTEN WITH NEW RESULTS.
¢
380 g FOR LEFT=HAND PATH,
480 IFLAG2 = IFLAGZ + 312
IFVAR = NIP(I=1) = (NSTAG = 1) * (NUHIT = Q)
IF (IFVAR «GF, 140) GO TO 506
385 NLM1 = 141
. 60 YO 311
481 IFVAR = NIP(Iwl) = (NSTAG = 1) * (NUMIT = 9)
IF (NLML oLE. (IFVAR + 2)) GO 7O 506
390 NL = NLH]
NLML » NLM1 = 1
c GO YO 311
; ¢ FOR RIGHT=HAND PATH,
! 395 C
; 482 IFLAG2 » IFLAG2 + 342
i IFVAR = NIP(I+1) = (NSTAG = 1) * (NUMIT = 9}
d IF (IFVAR +GE. 140) 60 TO 508
i NRH1 = 141
CRIGINAL PACE
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420
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430

435

440

445

450

455
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GO TO 361

m

¢
483 JFVAR = NIP(I41) = (NSTAG = 1) * (NUHIT = 9}

IF (NRML «LE+ (IFVAR + 2)) GO TO 508

NR = NRM1

NRM1 = NRH1 = 1}

60 TO 361

ERROR CONDITIONS .

whkrd STATEMENTS 404 THROUGH 500 ARE VARIOUS ERROR EXITS. ¥#¥¥sn
THE VALUE OF IFLAG2 DEVYERMINES IF VALUES OUTPUT ARE FOR RIGHT OR
LEFT» SINGE VALUE OF YFLAG2 REFERENCES A PROGRAM STATEMENT.

=~ ERROR 521 = STATEMENTS 506, 508 MEAN INDICES NL, NR WERE BACKw

ERROR 522 =

ERROR 523 =

|

2

ERROR 524 w

ERROR 525 =
ERROR 520 =
ERROR BEd =
ERROR 529 =
484 IFLAG2 = 484

1

STEPPED (138 TIMES) UNTIL CORE SYORAGE NO LONGER
CANTATNED VALUES THAT WERE CALCULATED DURING THE
PREVINUS STAGE. CORRECT COMPARISIONS CAN NOT PE
MANE PAST THIS POINTs (FATAL).

STATEMENTS 406, 488 MEAN THAT THE INTERSECTION POINTS
CONSINERED IN STATEMENTS 322, 327, 342, 347, 272,
377, 387 ANP 392 00 NOT SATISFY ANY LOGICAL
CRITERIDN, UNPHYSICAL INTERSECTIONS (FATAL).

STATEMENTS 4845 490 INDICAYE THAT POINTS N AND Nw=)
ARE THE SAME, ION ON LEFT DR RIGHT HAND PATH»
RESPFCTIVILY, DID NOT MOVE., UNPHYSICAL UNLESS IGW
HAS ZERN VELOCITY AND THERE IS NO NET FORCE

ACTING ON IT (FATAL).

STATEMENT 492 INDICATES THAT I IS LESS THAN ONE OR
GREATER THEN NUMION, SHOULD NOT OCCUR SINCE I IS
DO LOUP INDEX (FATAL),

TFLAGL TMPROPERLY DEFINED (FATAL).,

YFLAG? TMPROPERLY DEFINED (FATAL).

NSPLL OR DSPLR COULD NDT BE DEFINED (FATAL).

DSPLL OR DSPLR UNUSUALLY LARGE (NON=FATAL}.

1F (VELTX({I~1) +EQ, 0.0 vAND. VELTZ{I=X) .£Q. 0.0)

760 TO 350
WRITE (IOUT,

523) IFLAGZ2, I, NLp Ny ZTON(IwI,NL), 2ION(Im1,NLM1),

8 XION(I=1,NL)» XTON(IwlpNLML1)y» ZINTL, XINTL, SLOPEP, SLOPEL

G0 TO 510
486 WRITF (I0UT)

522) IFLAG2y I, NL» Ny ZIONUI=1,NL)» ZION(I=1,NLM1),

g XION(I=LlsNL)y XIONCI=1pHLML)» ZINTL» XINTL, SLOPEP» SLOPEL

G0 TO 510
468 WRITE (I0UT,

522) YFLAG2y T, NRy Ny ZIONCI+1,NR}, ZION(I+1pNRM1),

1 XTON(I+1sNR)» XTONCI+1pNRML)» ZINTR, XINTR, SLOPEP, SLOPER

60 TO 510
490 IFLAG2 » 490
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480
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490

493

500

505

510
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102

2!8 %gEg;X(I#I) sEQs 0.0 JANDs VELTZ(I+)) +EQs 0.0)

5

WRITE (IOUT, 523} IFLAG2» Is NRp No ZIONC(K+1,NR), ZION(I41)NRH1),
360 Tgtg§3x+1’uk” XION{T+1,NRHL)» ZINTR, XINTR, SLOPEP, SLOPER

492 WRITE (J0UT, 524) I, 14, IR, NUMION

GO TO 510

494 MRITE (JOUY, %25) IFLAGL, I, N

G0 TO 510

496 WRITE (I0UTy 52A) IFLAG2) I, N

60 7O 510

498 IFLAGZ = 460

WRITE (IOUT, %28) TIFLAGZ, I, N
GO TO 510

500 IFLAG2 » 461
WRITE (I10UT, 528) IFLAG2» I» N
G0 TO 310

502 IF (ICLERR +EQ. 1) 60O TD 452
IFLAG2 = 355

WRITE {I0UT, 529) IFLAG2, I» Ny NL» DSPLL» SLOPEL, SLOPEP) XINTL,
4 , ZINTL, DUMHYL, DUMMYPs HION(IsN)s» ZION(I»N)
IFLAGZ » 0

G0 10 452

504 IF {ICLERR +EQs, 1) 60 TO 510
IFLAG2 = 397
WRITE (IOUTs %529) YFLAG2» I, No NR» DSPLR, SLOPER, SLOPEP, XINTR,
s ZINTP, DUMMYR, DUMMYP, XION{I,N)}, ZION(IsN)
IFLAG2 w 0

506 WRITE (IOUT, 521) IFLAG2, I, NL, N» SLOPEPy SLOPEL, ZINTL»
6  XINTL, DUMMYP, DUMMYL, XION(I=1pNL), XIOM{I=lyNLM1),
7 2ION(I=1,NL}p ZINN(Lel,NLM1), DSPLL, THETAP
G0 TO 510 ,
508 WRITC (I0UT, %21) IFLAG2, I, NRs RRML, N» SLOPEP, SLOPER, ZINTR,
8  XINTR, DUMMYP, DUMMYR, XION(I+1sNR), XION(I+1,NRM1),
9  ZION(I+1sNR)) ZINNCX41,NRM1), DSPLP, THETAP
60 Y0 510
510 RETURN

ERROR CONDITION FORMATS, ERROR NUMBEK IS FORMAT NUMRER.,

521 FORMAT (/7513 23Heakkid ERROR 521 ¥k, /, /11Xy

J6HML DR N AACK STEPPED TO FAR (FATAL);/QIIXD

28HCALLED FROM SUBROUTINE CALCD,/51l1Xy ,
BHIFLAG2 #»9p15,y%H I w;I8513H N(L OR R) =, I8,9H WL OR ,»
GHRIMY wpI%,% N mwp15,10H SLOPEP »»E9.3,12H SLOPE(L DR,
SH R) w)pE9e3p/011X»16H ZINTI(L OR R) =) EQ43)/14HXINT(L DR,
%H RY #5EQ43,10H DUMHYP w,EQ9.31TH DUMNY(L OR R) myE93)
/> L1XeA3H  YIONCY (~ OR +) 1, N{L OR R)) w»,E9:3p

F3HAINNIT (= AR +) 1; NIL OR RIMY) w;5E943)

93H  ZIONCY (= DR +) 1, HCL OR R)) =y/pllXsE9.43)

3AHZINN(Y (= UP_+) 1, N(L OR RIM1) #jyE9.3)

16H OSPLIL DR R) wsEQ43,10H THETAP %,E9.3)

522 FORMAT (/,11%,23Hkdkkkh ERROR 520 w#ddkd, [y /,11X,

3BHUNPHYSTCAL INTERSECTION POINTS (FATAL)» /211X

2RHCALLED FROM SUBROUTINE CALCD» /511X

BHIFLAG? wel8shH 1 =yI5,13H N(L OR R)Y #,15,

SH N wye18,324 ZION(I (= QR +) 1, N(L OR R)) #4E943,/511%,

N OO ~F O LINg

E R R R
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BIHZINNCT (= NR +) 1, NIL OR RIMY) w,EQ.3s

334 YTON(Y (= OR #) 1, N(L OR B)) #,E943»/211X%,

JFHXIONCY (= DR +) 3; N{L OR RIN1) w,£9,3,

16H TINTIL OR R) »pE943)16H XINT(L OR R) 60,3 /5110y
BHSLOPEP woFO,3p)TH SLOPE(L OR R) =)ER.3)

523 FORMAT (I/IIXIZBHt#tttt ERROR 523 *hkdss,/, /511X,

ASHINN POSITIONS ARE THE SAMEs NO MOTION (FATAL)!/illXD
285HCALLED RPOM SUBRDUTINE CALCD, /»11X,

BHIFLAG2 wsI3,5H 1 wpIB5,134 N(L OR R) wp15,

SH N wypU%y33H LIONGI (= DR +) 1, NCL OR R)) =, E9,3,/s11%)
3IHZIONCY (= 0OR ) X, N(L DR RIBL) »,EQ.3;

33 XIONCT (= OR +) 1y NIL OR R)) %,E9,30/021%)

A3HXIONLT v OR +) X, N{(L OR RIM1) wyE943)

16H 7ZINTIL NR %) wpE9.3,16H XINT(L OR R) =3EQ,3,/911X»

BHSLNPEP wpE0,3,17H SLOPE(L DR R) ®,EQ.3)

524 FORMAT (/11X 22Huwkkknd ERROR 524 ¥Ekkk%,/,/,11X%)

30HDO LOOP INDEX MOOIFIED (FATAL)a/p1il¥,

20HCALLED FRMM SUBROUTINE CALCD»/s11%s

3HI wpTBs6H IL wyIB,0600 IR w,15,10H HNUHUION wylh)

525 FORMAT (/,11%,23Hexaskd ERROR 525 ##¥k¥¥, /,/,11X),

F3HIELAGL IMPROPERLY DEFINED (FATAL)» /511Xy

2BHCALLED FRNH SUBROUTINE CALCD»/»11X»

AHIFLAGY w9 I8»85H 1 wyIBpB5H N =;]15)

526 FORMAT (/7,11 p23He¥xksk ERROR 526 whkkdd,/p/y11X,

33HIFLAG2 TMPROPERLY DEFINED (FATALY» /5 1LYy

28HCALLFD FROM SUBROUTINE CALCD,/»1lYX,

 BHIFLAG2 7% 5H J wyI5,5H N =yI5)

528 FORMAT (/211¥,23H*%%%ey ERRUR 520 #F¥¥*¥%pipiylk

43HDSPLL OR DSPLR COULD NOT 8F DEFINED

2BHCALLFD FRNM SUBROUTINE CALCDy/,11X,
BHIFLAGZ w15, 5H I #pI5,54 N =pI5)

545 529 FORMAT (/7»11X%,23Hkkkkkd ERROUR 529 wkkkkk, /y /511X,

32HOSPLL OR DSPLR LARGE (NON=FATAL) /911X,

2BHCALLED FROM SURROUTINE CALCD)/,11%)

BHIFLAGZ #5X5,8H I »,I5,8H N #)15,13H N{L. OR R) «x;

I5,16H DSPLIL DR R) =5E943,17H SLOPE(L DR %) wsE943y
111X, RHSLOPEP »»EQ43)16H XINT(L OR R} w,EQ.3y

16H TINTIL OR P) wyE9,3,17H DUMMY(L OR R) w»EQ43p
104 DUMMYP wy£Qe¢3,/pL1Xp 1LHXION(IsN) =sE9,43)y

13H  7IONCEIIN) w,EQ,3)

515

D~

520

525

DTN I

530

(PCE N g

535

LTV R ¥

L3 0 -

540
i
(FA

1y
FATAL)»/511%

LR R

550

DI NI

END
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SUBRDUTING ROUND (70 ¥ I)
MRk EEpaeRdr  BNUNDARY CHECK ROUTINE wsdvwdvbishs

PROGRAM DESCRIPTYONG PROGRAMMER » WILLIAM DEININGER, 1 = 8 = B2
REVISIONS: (INCLUDE DATE, INXITIALS AND ODESCRIBE CHANGE %% PLEASE %%)

THID SUBROUTINE CHECKS THE POXNT (Z,X) YO SEE [F IT LIES INSIDE
THE DEFINED BOUNDARIFS OF THE SIMULATIONs If (ZsX) DOES LIE INSIDE
YHF DEFINED BOUNDARTES, NO CHANGES ARE MADE AND CONTROL IS RETURNED
TO SUBROUTINE CALCs TF (7,X) LIES QUTSXDE THE DEFINED BOUNDARIES,
THE PATH STATUS IS SFT EQUAL TO THE ITERATION NUMBER, IN ADDITION,
IF (Z9X) LIES ON THE FIRSY OR LAST ACTIVE PATH AND LIES OQUTSIDE THE
BOUNDARIES, THE LFFT=MOST (IL) OR RIGHT=MDST (IR) INDEX IS RESET.

whdopkkak  VARTARLE NICTIONARY Hdddkdhs
PATH INDFX

1
IOXNEW ¢ NEW INDEX FOR RIGHT OR LUFT=MOST PATH.
11 i DD LOtP INDEYX,
IL t INDEX NF LEFT=MOST ACTIVE PATH,
IR t INDEX DF RIGHT=ROST ACTIVE PATH.
LASTDO 1+ QUMMY VARIABLE DENOTING LAST VALUE OF DO LOOP INDEX,
X t X COORGEINATE OF POINT TO BE TESTED.
i t 2 COORDINATE 0If POINT TD BE TESTED,

w54 END OF PROGRAW NESCRIPTION AND DICTICNARY k¥

PROGRAN DECLARATYNN STATEMENTS,
BLANK COMMON FNR LARGE ARPAYS, IO = INPUT=~OUTPUT) PARAM = PARAMETERS,

[ Y] - -t _ ¥ N3 WY
FVELT SLiV AT1530,
STAT(

EY

— il

CLi kg

1 AT (4 |
sICLPLT)ICLWRTAITLITL(28),

2 IPATHS,IV:

COMMON 7 PAPAM / NpNUMIUNpNUNIToRB»RﬁUUND»RT:TELDUT;BMCUR:UTIL.

3 TELINyTHRLEN)UMSINN,VELBOH, ZBOUND, TLs IRy PX,BK, Qs RBG5N,

4  DNOByCEYSEC) TTHNEU, TIMEs TIHEMU, XVELHU, ZVELMU,NSTAG,

5  NSTGMU,NTOTST,PIOV2

TEST TO SEE IF THE X COORDINATE IS LESS THEN OR EOQUAL TD THE BEAM
RADIUSy OR GREATFR THEN Np EQUAL TQ RBOUND. TESY TO SEE IF THE 2
COORDINATE IS LESS THEN DR EQUAL TO O (ZERO) OR GREATER THEN OR
EQUAL TN ZROUND, FINALLY, TEST TO SEE IF 2 IS LESS THAN DR EQUAL TO
THE THRUSTER LENGTH AND IF X IS LESS THEN OR EQUAL YO THE THRUSTER
RADIUSs IF ANY 0OF THE ARQOVE TESTS ARE TRUE, SET ISTAT(I) = N,
OTHERWISE RETURN TN SURRNUTINE CALC.

IF (X JLE. RR) GO TN 50
IF {X .GE. PAOUND) 6N TO 50
IF {Z +LE, 0,00 6O T 50
IF {7 +GE. 7RDUND) 60 YO 50
IF {7 +LE. THRLEN .AND. X .LE« RT) 6O TO 50
RETURN
50 ISTAT(T) = N

IF (Z,X) IS ON THE FTRSY DR LAST ACTIVE PATH AND LIES DUTSIDE THE

ORIGINAL PAGE |8
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DEFINED BOUNDARIES, RESET THE CNDORESPONDING INDEX YO THE INDEX OF
THE NEXT ACTIVE PATH,

FOR LEFT MOST PATH,

60

IO ND

IF {1 = IL) 200, 8O, 120
65 8o CONTINUE
LASTDO = NUMION = TL
PO 100 IT = 1, LASTOO
IDXNEW = T + I1
IF (ISTATCINXNEW)) 210, 105, 100
70 100 CONTINUE
105 IL = IDXNEW
RETURN

FOR RIGHT MOST PATH,

75

OO

120 IF (I = IR) 160, 12%) 200
125  CONTINUE
DO 140 II = 1, IR
80 IOXNEW » I = IT
IF {ISTATCIDXNEW)) 210, 145, 140
140 CONTINUE
145 IR = IDXNEW
160 RETURN

ERROR CONDITIONS,

85

*hkkx STATEMENTS 200 THRNUGH 210 ARE ERROR EXTYTS, kkkus

90
= ERROR 610 = I,TL MR IR DEFINED INCORRECTLY, FATAL.

= ERROR 612 = ISTAT(I) IMPROPERLY DEFINED, FATAL,

OOCIGHIDOHACO

95 200 WRITE (IOUT»510) I, IL, IR
ISTAT(1) = pAAn
G0 TO 250
210 WRITE (10UT»612) T, IDXNEWs» ISTAT(I)», ISTAT(IDXNEW), Ny
6 NIP(T), NIP(JDXNEW)
100 ISTAT(I) = 8ARSE
250 RETURN

ERROR CONDITION FURMATSy ERROR NUMRER IS FORMAT NUMBER,

105 610 FDRMAT (/,11X%,23H%%%kkk FORND 610 hkk¥ky/y/pL1X,

39HI, XL NR TR DEFRIMED INCORRECTLY (FATAL)»/s11Xs
28HCALLED ®ROM SURROUTINE BOUND»s /511X, 3HI =,15,
6H IL =pI5,6H IR »,15)

612 FORMAT (/»11X,23Hk%%%4k ERROR 612 wdkkdk, /,/,11X,

e X e X 2]

(IR

110 1 34HISTAT() TMPROPERLY DEFINED (FATAL)»/s11X,
2 2AHCALLED FRNK SUBROUTINE BOUNDs/, 11X,
3 AHI =, I5s10H INXNEW ws15,12H ISTAT(I) =;15,
4 17H ISTATCIDXNEW) =,I5,5H N =, 15,104 NIP(I) =,
5 I5,15H NIP(IDXNEW) =, I5)
115 END
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SUBROUTINE WRIT(KF)
C==WRIT PRINTS INFORMATION ARQOUT THE SIMULATION
Cw=KEw1lt DQUTPUT HEADING, INITIAL INFORMATION AND DATA
C==KEw2t OUTPUT INTERIM STATUS OF MAIN VARIABLES
C~~KEm3t FINISH OF A PASS, RFSULTSy, START OF NEW PASS
Cm=~KEm4l CREATE FILE NOF PATH COORDINATES
CwwKEn5t CREATE FILE OF POSITION = DENSITY TRIPLETS.

c
C BLANK CONMON FNR LARGE ARRAYS
COMMON ZION(41,151),XTON(41,151),VELTZ(151),VELTX(151),
1 NIP(4L)sDN(41,151),0N1(42),1STAT(41)
COMMON / 10 / INsTOUT,INFO{14),KEY,ICLPLT, ICLWRT,ITITL(28),
2 IPATHS,IWsIFL{2), IF2(4), ICLERR
COMMON/PARAM/NyNUNTONy NUNTT, RB, RBOUND) RT» TELOUT, BHCUR,UTIL,
3 TELIN)THRLENsLHSION, VELBOH) ZRUUND, IL, IR, PI,BKpQ,REQ5N,
4  DNOBpCEXSFC, TTHNFU,TIME) TIMEMU,XVEL MU ZVELNUS NSTAG,
5 NSTGMU,NTOTST,PI0V2
DATA IPAGyLAR,NPAS 70,6HPLASIM,L /

Cuws  FORHATS

10 FORMAT( /77/7/7+43H0 THIS RUN MAY BE CHARACTERIZED BY INFOQOt,//7 )

11 FORMATULHL1,//)60XsAb,13,7077711 )

13 FORMAT(///7/717%p33HP L A S M A ST HULAT YO No/ZYY

17X, 43HA COMPUTER CODE TO DESCRIBE THE PROPAGATION,//

17Xy 43HNE A CHARGE=EXCHANGE PLASMA IN THE VICINITY»//

17Xy 40HDF AN ELECTRICALLY PROPELLED SPACECRAFT /717

17Xp45HYRITTEN BY WILLIAM DEININGER AND DALE WINDERs//

17X, 33HFOR THE JET PROPULSION LABORATORY,//

2LXp27HL J P L Pe Os NOo. 955322 Yo /71

ITR)4IHHAROLD R, KAUFMAN; PRINCIPAL INVESTIGATDR .2/

27%Xs21HDEPARTMENT OF PHYSICS,//

25%,25HCOLORADO STATE UNIVERSITY,//

26Xp23HFNRT COLLINS, CO 80523 ,//

33X, 9HFALL 1981)

14 FORMAT{IHL, /760%sA6»13,/7117510%X,2 HSCHEMATIC OF THRUSTERS///

1LXp3Hw 8, /911X, 3HA t,/,11Xp3HY ty/s11Xp3Ht 3, /)

11Xp3Ht 15X, 6HTHRLENS/»11Xs3HS 297X 1HV /),

11X 1iH! wemmesmmmmy 43X, GHZBOUND 7o 11X LHE56Xo4HA 35 44X 5 1HY

799X 6HRBOUND p3Xy4HY  1,/11Xp1lHt 66X HE,2X945(1Hu), /)

11X, 1H1 , X5 2HRT )5XpLHAP 40X e Ht o /911X p2(1Ht s 6X)I2HRB, 39X, LH I,/

GCLLIXpLHEp X IHE ) 6X)1HS 940Xy LIHE 7 )»13Xp AH4,13(AH™ o )y /

11X 5HID,0) 950X 1HE s /9 5(66X)LHE ) /}r21X045(1Hu),/,

2(21Xp1H1p /Yo l3XpQ(LHm) p/p6{13XedH»/)s01))

15 FORMAT(18X,2BHINITIAL VALUES OF PARAMETERS»/s/»/»
SXp22HFRNM SFCOND DATA CARDss/»14Xs 6HNUMIDN 5Xs SHNUMYIT,
Ty AHKEY p 4 X, 6HICLWRT ) X SHICLPLT » 4X s 6HNTOTS T2 4Xs6HICLERR, /»
LOXsTILDs /7979 /95%Xp2L1HFROM THIRD DATA CARDp)p/s18X»2HRByGYX)
6HRBOUND ,BXp 2HRTp 4 X9 GHTHRLEN5X s SHBMCUR ) 6X» 4HUTIL S /510X,
6F10e30 /7979 798%,22HFROM EQURTH DATA CARDjsp/»15Xs5HTELINY
GXp GHTELOUT, 4Xs 6HTTHNEU, 4 Xy GHCEXSEC, 4X» 6HUMSION) /510Xy
AF106392F1043579 /5 /55X, 21HFROM FIFTH DATA CARDs»/» 14X,
OGHTIMEMU» 4 X GHXVELMU, 4X s 6HIVEL MU, /910X ,3F10.3,54572/55%
22HCALCULATED OUANTITIES)a/»16Xs 4HTIME» 4 X 6HVELBOis X,

; 6HZIBOUND, 7»10XpEL1Qe352F10,.3)

FORMAT(1IHL»12(%H w2= ) Aty I3//710Xs2THINTERIM STATUS == ITERATION,

T4,3H OF,T4,11H ITERATIONS,

WNF ORI WLN

OD~NDIPMIWN

21

nN Lol -0 e iV BRSNS R o
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3 10723Xy LHYpaXpLHN) 3Xp BHISTAT» 4 X) QHZION{I+1) » 6Xp GHXTONIT+1 ),
4 GBXs BHVELTZ (L) pTXp BHVELTX(X )2 8X26X0B8Xs THDN(IsN)»/)

22 FORMAT(1Xs I3, 1Xp 2(T4p 2X)s AUEL3ebs 2X)» 15X, §1346)

31 FORMAT(/7»/»27H RESULTS OF PASSw==~ITERATION, L4,3H OF,J4,9H ITERATIO,

2 2HNS» 79 3Xp HTs4Xp LHN 3% o BHNYP» 2Xp BHISTAT »4X, QHZIOM(N41) 26Xy
3 3&55??‘::1};6X;8HVELTZ(I)o?XpBHVELTX(I)p8X:6HVELTDT»8Xo
4 IsN)

385 FORMAT{/»/»5Xp3QH%ssdokdkkddn BEGIN WRIT(S) opidokiokikk, /)
36 FORMAT(/2/»3Xs30Hkkkbkkbgbkbk  END WRIT(5) skdkikkinysk, /)
C e WHAT KIND OF CALL I8 IY
6070 (1,2 ;1)4;5); KF
Cow 1
Cm=INITIAL STATEm=HEADING AND DATA
1 IPAGRIPAG + 1
WRITE(IOUT,11)LAG),IPAG
WRITE(TIOUT,13)
IPAG = IPAG + 1
WRITECIDUT»14)LAB»IPAG
IPAG = IPAG + 1
WRITE(IOUT,11) LAR, IPAG
WRITE(IOUT,10)
WRITE(IOUT,IF1) (INFDIK))Kml,IW)
WRITECIOUT,1%) NUMION, NUMIT, KEY, ICLWRT, ICLPLT, NTQTST, ICLERR,

1 RA, RBOUND» RT» THRLEN, BMCUR, UTIL,
2 TELINy, TELOUTs TTHNEUp CERSEC, UMSION,
3 TIMEMUy XVELMU» ZVELMU,
4 TIME» VELBOH, ZBOUND
RETURN
Comm 2 2 2

C==~THIS SECTION PRINTS THE INTERIM STATUS AT THE NTH ITERATION
2 IPAG = IPAG + 1
WRITE(IOUT,21) LAR,IPAG,NyNUMITY
DO 28 I=1,NUMINN
28 WRITELIOUT,22) IoN,ISTAT(I)»ZION(CIsNI,XIONCIsN)»VELTZ(I),
2 VELTXUI),DN{I,N)
RETURN
Coom 3 3
C THIS SECTION PRINTS RESULT UF A PASS AT NTH EXTRAPOLATION
3 NITP = N + (NSTAG = 1) # (NUMIT + 1) = (10 * (NSTAG = 1))
ITTOTN = (NTATST ¢ NUMIT + 1) =~ (NTOTST = 1) % 10
WRITE(IQUT»31) NITP, ITTOTN
RETURN
Comem 4 4 4 ,
C THIS SECTION CREATES FILE OF PATH COORDINATES
CwD DEVICE CODES SHNULD RE CHANGED SO AS NOT TO INTERFER WITH WRIT(5)
4 NHMAX=TFIX(ELNAT(NUMTION)/4,)
REWIND TPATHS
WRITF(IPATHS) NMAX,NUMION
WRITE(IPATHS) (ISTAT(T),Inl,NMAX)
DO 44 I=1,NMAY

ISAT®ISTAT(T)
44 WRITE{IPATHS) {(ZTON({IsNN)»XIONCIsNN)s»NNwl,ISAT)
RETURN
c
Comem 5 5 5

c
C (WRIT(5) WRITYEN BY WILLIAM DEININGER)
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THIS SECTION WRITES INFORMATION FROP THE FIRST (NUMIT =~ 9)
ITERATIONS IN CNRE MEMORY TO AN EXTERNAL FILE. THE INFORMATION
IS STORED ON THE EXTERNAL FILE IN MTRIPLETS"3 EACH TRIPLET CONTAINS
ONE VALUE EACH FNR "XION()®, WIION()™ AND "DN()®, THIS IS DONE IN
PAYH MAJOR ORDFRs JN OTHER WORDS, ALL THE DESIRED RESULTS FOR ONE
PATH ARE DUTPUY BEFORE DUTPUTTING ANY RESULTS FOR NEIGHBORING PATHS,
FIRST THE PATH STATUS IS CHECKED TO MAKE SURE NO ERROR CONDITIONS
WERE SET DURING rFXECUTINN, THEN THE INITIAL ITERATION INDEX IS SET
EQUAL TO ONE FOR THE FIRST STAGE AND 10 FOR ALL STAGES THERE AFTER,
THE FINAL ITERATION INDEX IS COMPUTED, FOR WHICH THE MAXIMUM VALUE
IS (NUMIT + 1) AND OCCURS IF THE PATH IS STILL ACYIVE, IF THE PATH
IS ACTIVE (ISTAT = 0), THE NUMBER OF TRIPLETS BECOMES (NUMIT = 9),
IF ISTAT IS GREATER THEN 7ERO AND BECAME GREATER THEN ZERQ IN
THE CURRENT STAGE, THE NUMBER OF TRIPLETS BECOMES (ISTAT = 1),
;:T£STAT BECAME NONwZIERD IN A PREVIOUS STAGE WE CONSIDER THE NEXT
AFTER CALCULATING THE NUMBER OF TRIPLETS, THE PATH NUMBER AND
NUMBER OF TRIPLETS ARE DUTPUT TO THE EXTERNAL FILE, THEN THE
TRIPLETS ARE OUTPUT. THE NEXT PATH IS THEN CONSIDERED» ETC.

= ERROR 207 = PATH STATUS IMPROPERLY DEFINED, FATAL.,

. 5 IF (NSTAG ,EQ. 1) REWIND IPATHS
: WRITE (IDUT¢35)
1 DO 100 IS = 1, NUMION
140 IF (ISTAT(IS) = RBAA) 25, 100: 95
25 INITIT = 1 |
IF (NSTAG 6T, 1) INITIT = 10
| LASTIT » NIP(IS) = (NSTAG = 1) * (NUMIT = INITIT)
. IF (ISTAT(IS)) 95, 50, 40
ﬂ ' 40 IFVAR = (((NSTAG = 1) & NUMIT) + 1 = ((NSTAG = 2) »
i 1 INITIT) * NSTGMU)
; IF (NIP(IS) .LE. IFVAR) GO TD 100
| LASTIT = ISTAT(IS) = 1
! GO TO 60
150 50 LASTIT = LASTIT = 10
60 NUMTRI = LASTIT
MODNTR = (NUMTRI / 3) + 1
WRITE (IPATHS) IS, MODNTR
| D0 90 NS = 1, NUMTRI
| 155 IF (NS €0, 1) GO TO 85
i J = MDD (NS, 3)
I IF (J oNE. 0) 6O TO 90

115

120

123

130

135

OO CODNTO0O00

A
et
&
W
&3
L o

85 WRITE (IPATHS) XIONCISsNS)» ZION(CIS,)NS)y, DNCIS»NS)
90 CONTINUF
160 G0 TO 100

95 WRITE (IQUT, 207) IS, ISTAT{IS)
: ISTA’ “1S) = R8AA
| RETUKW
i 100 CONTINUE
! 165 WRITE (IQUTs36)

RETURN

38HPATH STATUS IMPROPERLY DEFINED (FATAL)»/,11X,
2 29HCALLED FROM SUBROUTINE READERs/Z7»11X»
170 3 HBHISTAT(,I4p5H ) = ,15)

i
|
{’\
5@ 207 FORMAT (/»11Xs 23H*&k#ét ERROR 207 #h#wshy/,/r 11X,
il
i
;
; END
}
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FUNCTION 0S (2, X» SLOPEP» LR» I)
RERRskrebrae BOUNDARY DISPLAGEMENT ROUTINE #awakwbddsbnn

PRUGRAH DESCRIPTINNY PROGRAMMER w WILLIAM DEININGER) 8 = 26 = A1
REVISIONSt (INCLUDE DATE, INITIALS AND DESCRIBE CHANGE #¥ PLEASE #¥)

THIS FUNCTION SUBRNUTINE FINDS THE PERPENDICULAR DISPLACEMENT FROM
THE FIRST OR LAST ACTIVE PATH TO THE BOYUNDARY. CALCD CONSTRUCTS A
PERPENDICULAR TO THE PATH FROM THE CURRENT POINT (ZyX) WITH SLOPE
"SLOPEP". FUNCTYON DS THEN EXTRAPOLATES THIS PERPENDICULAR OF SLOPE
"SLOPEP"™ TO THE LEFT DR RPIGHT (DEPENDING QN WHETHER WE ARE CONSID =
ERING THE FIRST NP LAST ACTIVE PATH) AND FINDS THE 2 AND X INTERCEPTS
(ZINT AND XINT) ALONG THE BOUNDARY LINEs ZINT AND XINT ARE CHECKED
TO SEE IF THEY LIE ON OR RETWEEN THF BOUNDARY ENOPOINYS ON THE
BOUNDARY LINE. TF THEY DN, THE DISPLACEMENT IS CALCULATED, IF THEY
DO NOT, ZINT AND XINT ARF CALCULATED ALONG THE NEXT BOUNDARY LINE
AND TESTED AGAIN, THIS CONTINUES UNTIL ®GOOD" INTERSECTION POINTS
ARE FOUND OR ALL BNUNDARIES HAVE BEEN CONSIDERED IN WHICH CASE AN
$382§LSSSSAGE IS NUTPUT. THE PERPENDICULAR DISPLACEMENT IS RETURNED

L]

FROKEEE VARTABLE DYCTIONARY wkwhabks

DS ! PERPENDICULAR DISPLACEMENT FROM CURRENT POINT TO BOUNDARY.
I t PATH INDEX,
LR t DETERMINES WHICH SIDE IS BEING CONSIDERED,

= 1 LOOKING TD THE LEFT.

» 2 LOOKING TO THE RIGHT, _ o .
X t CURRENT X POSITION ON FIRST OR LAST ACTIVE PATH (XION(I»N)).
XINT ¢+ X INTERSECTION POINT ON BOUNDARY LINE.
z t CURRENT 7 POSTTION ON FIRST OR LAST ACTIVE PATH (ZIDN(I,N)),
ZINT  t 7 INTERSECTION POINT IN BOUNDARY LINE.

*4%% END OF PROGRAM NDESCRIPTION AND DICTIONARY %%

PROGRAM DECLARATINN STATEMENTS.
BLANK COMMON FOR LARGE ARRAYS, IO = INPUT=DUTPUT, PARAM = PARAMETERS.

COMMON 2ION(41,151),XTON(41,151),VELTZ(151),VELTX(151),
1 NIP(41)sDN(41»151),)DNI(42),ISTAT(41)
COMMON / 10 /7 IN»TIOUT,INFO(14),KEY)ICLPLT»ICLWRT,ITITL(28),
2 IPATHS, TW, IF1(2),IF2(4), ICLERR
COMMON / PARAM / NsNUMION,NUMIT,RB,RBOUNDsRT,TELOUT,BMCUR,UTIL,
3 TELINs THRLEN,UMSION, VELBOH, ZBOUND» TL)IR»PI»BK,0»RBISEN,
4 DNOB)CEXSEC, TTHNEUs TIME  TIMEMU) XVELMU, ZVELMUSNSTAG)
5 NSTGMU»NTOTST, PIOV2

DETERMINE WHETHER THE DISTANCE ON THE RIGHT OR THE LEFT IS DESIRED.
IF (LR +EQ. 2) GO TO 200
CALCULATIONS FOR LEFT.

TEST #QJR INTERSECTIONS ALONG THE END OF THE THRUSTER BETWEEN THE
BEAM EDGE (THRLENs RB) AND THE THRUSTER CORNER (THRLEN, RT)s (FIRST

ORIGINAL PAGE 18
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110

THE INTERSECTIONS ARE FNUND ALONG THE BOUNDARY LINE AND THEN TESTED
TO SEE IF THEY LIE ON OR BETWEEN THE BOUNDARY ENDPOINTS ON THE
BOUNDARY LINE.) (EQUATION OF BOUNDARY LINE$ 2 = THRLEN)

100 IF (SLOPEP +LTs =1l.0F+#10} GO TO 110
ZINT » THRLEN
XINT @ (THRLEN = Z) % SLOPEP + X
IF (XINT +GEs PB +AND. XINT +LEe RT) GO TO 300

TEST FOR INTERSFCTIONS ALONG THE EDGE OF THE THRUSTER BETWEEN THE
THRUSTER GORNER (THRLEN» RT) AND THE SPACE CRAFT WALL (0» RT).
(EQUATION OF BOUNDARY LINES X = RT)

110 IF (SLOPEP +EQ. 0.0) GO TO 120
TINT « (RT = X) / SLOPEP + 2
XINT » RT ,
IF (ZINT 46Es 0.0 JANDs ZINT JLEs THRLEN) GO TO 300

TEST FOR INTERSECTIONS ALONG THE SPACE CRAFT SURFACE BETWEEN (0s» RT)
AND (0, RBOUNDY. (EQUATION OF BOUNDARY LINE® 2 = 0.0)

120 IF {SLOPEP LT, =1.0E410) GO TO 130
ZINT = 0,0
XINT » X = 7 % SLOPEP
IF (XINT 4GEs RT 4AND, XINT JLE. RBOUND) GO TO 300

TEST FOR INTERSECTIONS ALONG RBOUND BETWEEN THE SPACE CRAFT WALL
(0» RBGg:D; AND (ZRDUND, RBOUWD)e. (EQUATION OF BOUNDARY LINE?
X » RBOUND

130 If (SLOPEP LEQ. 0,0) GO TO 400
7INT = (RBOUND = X) / SLOPEP + Z
XINT = RBOUND
IF (ZINT «GF, 0.0 oAND, ZINT ,LE. ZBOUND) 6O TO 300

TEST FOR INTERSECTIONS ALONG THE BEAM EDGE BETWEEN THE THRUSTER
(THRLEN, RB) AND (ZBNUND, RB)s (EQUATION OF BOUNDARY LINEt X = RB)

TINT » (RB = X3 / SLOPEP + 2

XINT = RB

IF (ZINT +GFe THRLEN .AND. ZINT +LE. ZBOUND) 6O TO 300
GO TN 400

CALCULATIONS FOR RIGHT.

TEST FOR INTERSECTIONS ALONG ZBOUND BETWEEN THE BEAM EDGE (ZBOUND,
RB) AND (ZBOUND, RBOUNDY. THE 7 COMPONENT OF THE TOTAL VELOCITY
CHECKED TO DETERMINE THE DIRECTION OF PATH PROPAGATION., (EQUATION
DF ROUNDARY LINE: Z = ZROUKD)

200 IF (SLOPEP LLT. =1.0E+10) GD TO 210

ZINT = ZBOUND

XINT » (ZBOUND = Z)} % SLOPEP + X

IF (XINT ,GF« RB +AND. XINT oLEs RBOUND) GO TO 300
210 IF (VELTZ(IN) 220, 400, 240

. ORIGINAL PAGE ¢
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TEST FOR INTERSECTIONS ALONG RBOUND BETWEEN THE UPACE CRAFT SURFACE
iO; ggggng; AND (2BOUND, RBOUND)s (EQUATION OF BDUNDARY LINE!
L]

720 ZINT = (RADUND = X) / SLOPEP + 2
XINT = RBOUND
IF (ZINT +GEs 0.0 «ANDs ZINT ,LE. ZBOUND) GO TO 300
6O TO 400

TEST FOR INTERSECTIONS ALONG BEAM EDGE BETWEEN END OF THRUSTER
(THRLEN, RB) AND (ZROUND, RB). (EQUATION OF BOUNDARY LINES X = RR)

240 ZINT = (RB = X) /7 SLOPEP + 2
XINT = RR
IF (ZINT +GEs THRLFN +AND. ZINT 4LE. ZBOUND) GO TO 300
G0 TO 400

CALCULATE THE DISYANCE TN THE BOUNDARY.

300 DS = SORT ((Z = ZINT) *% 2 4 (X = XINT) %¥ 2)
IF (DS 46T 0.25) 6N TO 402
RETURN

#rekAkak  CRROR CONDITIONS bk kmkn

= ERRG® 410 = NO "GOOD® INTERSECTION POINTS FOUND BETWEEN
BOUNDARTIES AND CURRENT PATH USING DS (FATAL).

=~ ERROR 412 = DS UNUSUALLY LARGE (NON=~FATAL).

400 WRITE (INUT, 410) X, Z» SLOPEP, XINT» ZINT, I, VELTZ(I)» LR
G0 TO 408
402 IF (ICLERR «EQ¢ 1) GD TO 409
IF (LR +EQ. 1) 60 TO 409
WRITE (IOUT, 412) LR, I, DS» Z» Xy SLOPEP, XINT, ZINT
GD TO 409
408 DS = 1.,0E+20
409 RETURN

ERROR CONDITION FNORMATS.

410 FORMAT (/511X 23H%#%dokk ERROR 410 whdkdhy/y/,11X,

30HDS UNUSUALLY LARGE (NON=FATAL)»/s11Xy

34HCALLED FROM FUNCTION SUBROUTINE DS»/»11X%»

3HX wsE9e3s5H 7 w;EG43,10H SLOPEP w)E9.3,8H XINT =,E9.3,
BH ZINT wyEQ43,8H VELTZ(,I5,4H ) =,E9.3,6H LR wy1X3)

412 FORMAT (/511%p23H%kkkkk ERROR 412 ®¥%¥ns,/,/,11X,

30HDS UNUSUALLY LARGE (NONmEATAL)»/»11Xy

34HCALLED FRNM FUNCTION SUBROUTINE DS»/511X»

GHLR =, 13,5H T wyI%,6H DS #;59,395H Z mpEQ.3,5H X =,
E9+3510H SLOPEP wyEGe3,8H XINT "EQ.BpBH ZINT -;E9.3)

Ry e

W

END
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’ SUBROUTINE VRSPLY
C==VRSPLT USES VERSATEC PLOTTER TO PLOT ARRAYE X() AND Y{)

¢
CWD THIS ROUTINE IS SITE DEPENDENT, IT PLOTS THE CONTENTS OF ARRAYS
CWD XION AND ZIDN FROM CORE MEMORY,

¢
C OBLANK COMMON FOR LARGE ARRAYS ,
COMMON ZINNC41,1%1 )oXTONC4L,181),VZ(151),VX(15]1)
1)NIP{41)»DNC4L1»151))DNT(42),ISTAT(41)
COMMON /7 10 7 IN»IDUT)INFOCLA),KEY,ICLPLY» ICLWRT, XTIVL(238)
1 sIPATHS,IWaIFL(2),IF2(4), ICLERP _
COMMON/PARAM/NsNUMINN)NUMIT»RB) RBOUNDART, TELOUT, BHCUR,UTIL,
1 TELIN,THRLEN,UMS TONy VELBOH, ZBOUNDs ILs IRpPI»BK,QsRBISN
1 »ONOB,CEXSRC, TTHNEU) TIHE) TIMERU, XVELAUS ZVELNU)NSTAG)
5 NSTGRU,NTOTSTPINV?
DIMENSION SAVTI(2)pSAVX(2),07(151),DX{151)
DATA ZAXLNSXAXLNpINCyLINTYP,ISYM /79.0574051240,1/
DATA INTR/0O/
CW USF INTR TO COUNT ENTRY NUMBER AND AVODID REINITIALIZING
CemEIRST ENTRYw~wSET UP THE SYSYEM» SCALE» AXES AMO TITLE IF DESIRED
INTRuINTR4]
IF(KEY.EQ.0) GDTN 23
IFCINTR.EQel) CALL PLOTS(04004504)
C==SET ODRIGIN OF PLNT
CALL PLOT {1leslep=3)
CALL SETMSG(1)
SAVI(L)=0.
SAVRI1i=0,
SAVZ(2)«ZROUND/ZAXLN
SAVX(2)=RBOUND/XAXLN
TMAX=ZAXLN*SAVZ (2’ |
CW WORD=SIZE DEPENDENT APEAS IWls IW2 ARE FLAGS IN ITITL
IWL=ING L
IH2«IWY + IW/2
CALL AXIS(OerOupITTTLUIIVL) »m4h0yZAXLN)O4»SAVZ{L)»SAVZ(2))
CALL AXIS{04sXAYILNSIH ,15ZAXLNsO4sSAVZI(1),5AVL(2)) o
CALL AXISCOa»Oes ITITL(IM2) 3402 XAXLN)G04»SAVX(L))SAVX(2))
CALL SYMBOL(O.28,090424»ITITL(1)»04280)
00 80 Ju2,NUMION
IF{ZION(J,1)eGT ZMAXY GO TO B2
80 CONTINUE
82 NUNPTadml
IF{KEY+GTe0) NUMPT=NUMION41
00 150 Jel,NUMPT
NPTS=ISTAT(J)
IF(ISTAT(J)«EQ.0) NPTSaNIP(J)
DO 100 NMs1,NPTS
DZINMInZION(J,NH)
DXINMInXIONCJ sNM)
100 CONTINUE
DO 120 Ixl1,2
NPToNPTS+]
DZINPT)InSAVZ(I)
120 DX(NPY)uSAVX(T)
IF(J«EQ.NUMION+1) ISYHu]
CALL LINE(DZ»DXoNPTS»INCHLINTYP,ISYM)

@:‘\‘??GS’F A PAGE 10
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150 CONTINUE
C==DRAW SCHEMATIC NOF THRUSTER AND BEAM,
60 PX{1)=RT
DX{2)mRT
D2(1)=0,
DX(3)=0,
DZ(2)=THRLEN
&5 DZ(3)=THRLEN
DZ(4)wTHRLEN
DX{4)»RR
DX(5)=RB
DZ{5)=2BOUND
70 NPTS=%
00 200 Tel,2
NPTuNPTS#I
DZ(NPT)wSAVZ(I)
200 DXINPT)wSAVX(I)
78 CALL LINE(D7sDXsNPTS»25050)
CW FINISH THIS PLOT AND GN RACK FOR MORE
CALL PLOT(Ce004r~9%9)
RETURN ‘ ‘
CH=TERMINATE ALL PLOTTING#~RELEASE QUTPUT TO VERSATEC PLOTTER
80 3 IF (INTR oLY: 2) RETURN
CALL pLQT(OoIO.]Q +999)
INTR = 0
RETURN
END

ORIGINAL PAGE I8
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. SUBRNUTINE VRSPL
Co=VRSPL USES VERSATEC PLOTTER TO PLOT ARRAYS X{) ANO Y()

5 CWD THIS ROUTINE IS SIVE ODEPENDENT. IT PLOTS THE CONTENTS OF THE
CWD  ARRAYS XION AND ZINN WMICH HAVE REEN READ FROM THE EXTERNAL
CWD  FILE PATHS IN TERHMS NF TRIPLETS.

¢
C BLANK COMMDN FROR LARGF ARRAYS
10 COMNON Z2I0N{41, 181 X TONCAL 1B, VZ(LBLI,VX(L51)
1sNIPLALY)DNIAL 151 ) ,DONT(42) »ISTAT(4])
COMMOK ¢ I0 7 INsJIOUT,INFOUYA))KEYpICLPLTICLWRY,ITITL(28B)
1 HIPATHS»IM»IFL(2),YF2{4)»ICLERR
COMMONZPARAM/N)NUMTION, NUNIT)RB)RBOUNDIRT»TELOUT, BRCUR,UTIL,
15 1 TELIN, THRLEN,UMSEON, VELBOH, ZBAUND IL, IR, PT)BK» Q) RBYSN
1 »ONOB)CEXSEC) TTHNEU, VYME, TIMEMU) AVELMU)ZVELKUSNSTAG,
5 NSTGHU)NTOTSTyPIOV?
DIMENSION SAVZI2),SAVX(2)50Z¢151),0%(151),0¢(151)
DATA ZAXLNpXAXLNy INCoyLINTYP,ISYM /8.02645925430,1/
20 DATA INTR/0O/ v
CW USE INTP TO COUNY ENTRY NUMBER AND AVOID REINITIALIZING
C==FIRST ENTRY==SET UP THE SYSTEM), SCALE, AXES AND TITLE IF DESIRED
cuo 11 « 23 = 81y RUST REWIND FILE BEFORE READING
REWIND IPATHS
25 INTR=INTR+1
IF{KEY.EQ40) GOTH 3
IFCINTRLEQWL) CALL PLOTSI049046004)
Cw=SET ORIGIN OF %LOT
CALL PLOT tlepler=3)
Si‘v‘iiiif-i}.
SAVX(1)=0,
SAVZ{2)w0.9277AXLN
SAVX{2)wRBOUND/XAXLN
TMARRZ AXLNESAVT (2)
35 CW WORD~SIZE DEPENNENT AREAD IWl, IW2 ARE FLAGS IN ITITL
IWimiue L
IW2=IW)l + IW/2
CALL AXIS(OerOspITITULIWL) pmtQp ZAXLN)O4pSAVZILY8AVZL2))
CALL AXIS{Owr YAXLNSIH »1pZAXLN,OepSAVI(1),SAVIL2))
40 CALL AXIS(O0esOss ITITLIINZ)pA0»XAXLN) GO pSAVXIL)ASAVXIR))
CALL SYMNBOL{X2+»B8.050,145ITITL(L1)504580)
CW==DC298)==M0D F(R READING, PLOTTING PATHS FILE
WRITECIOLUTs21Y NUMION,NUMIT
NUML = NUKRION ¢}
45 DO 5% JS§= 1, NTAOTST
CNO  THE FOLLOWING CDDE COUNTS THE NUMBER 0OF TRAJECTORIES WRITYEN
CWD TN FILE PATHS.
fCOUNT = @
IF {45 =~1) 5,154

u
<

50 4 IFVAR w» {[JSw1) *NUMIT +1) w ((JS=2)%10)
DO 7 I=l,NUMION
IFINIPLI)»IFVAR) 7y7s9
7 CONTINUE
9 INITDD = Y
55 DO 11 1 = 1,NUMION
I1 « NUML =1
IF(NIP{II}=TFVAR) 11511512
L ’ﬂ
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11 CONTINUE
12 LASTDD = JI

60 DD l4 IJ = INITDO, LASTOD
IF (ISTAT(IJ) = BRRAB) 14, 13, 14
13 IFVAR w (J§ = NUMIT ¢ 1) = ((\5 = 1) ¥ 10)
I (NIP(T) = TEVAR) 4, 6, 14
6 ICOUNT » ICOUNT + 1
65 14 CONTINUE
LASTOD « LASTOO = INITDO =~ ICOUNT
60 70 18

15 INITOO » 1
LASTDO = NUMION
70 18 CONTINUE
DD 44 Jul, LASTOO
READIXPATHS) TON)NITER
WRITE(IOUT)22) ION)NITER
gy 22 FORMATLZON 444 VRSPL 4es TON NUMBER »13/13)11H ITERATIONS//)
]
21 FORMAT(1HO, 104, 13H+4+ VRSPL ++4,15,6H TONS »15,11H ITERATIONS )
Dy 33 ITs 1,NITER | |
CWD 12/7/81 VX,V7 TD DX,DZ AND O TO D(IT) TO HOLD DENSITIES
READ(IPATHS) DX(IT),DZ(IT},0(1IT)

80 IFLEOE(IPATHS) \NE« 0,0) GO TO 70
33 CONTINUE
00 37 Isly2
NPT » NITER#I
NZINPT)=SAV7(T)
Y 37 DYINPT)uSAVY(])

CALL LINE (NZ,0XyNITEP,INC,) LENTYP)INTEQ)
44 CONTINUE
5% CONTINUE
Cm=DRAW SCHEMATIC NF THRUSTER AND BEAM,
90 70 DX(1)=RT
DX{2)uRT
PZ(1)=0,
NDX{3)n0,
DZ(2)=THRLEN
95 DZ(3)=THRLEN
DZ{4)»THRLEN
DX(4)uRA
NX(5)eRB
D2{%)=2BOUND
100 NPTSw5
0a 200 Iw=1,2
NPTaNPTS+I
DZINPT)I=SAVZIT)
200 DXINPT)IwSAVX(T)
105 CALL LINE(DZyNXyNPTS,1,0,0)
Cw FINISH THIS PLAT AND GO RACK FOR MORE
GCALL PLOTI(O0+»04ym0099)
RETURN
CHUWTERPKINATE ALL PLOYTING~=RELEASE OUTPUYT TO VERSATEC PLNTTER
110 3 IF (INTR +LTs ?) RETURN
CALL PLOT(04s0er +999)
INTR » O
RETURN
END
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SUBRDUTINE PLOTN (X, Yyl LB)LINEsLAB)

¢
Cuem SUBs, PLOTW AY Dy Re WINDER, PHYSICS DEPT.» COLOs ST+ UNIV,
C PLOT ARRAYS Y VS X» FACH HAVING N POINTS, SELF SCALING,

¢

Cww LB IS THE SYHRAL USED FNR THE CURRENT GRAPH==SUGGEST NUMERICAL ORDER
ComEoGem FOR THE FIRST GRAPH) SET IN CALLING PROGRAH® LBwlH]

CmwTHEN FOR 2ND ONF, RESET IT1 LB«1H2, ETCe ONLY ONE CHARACTER, PLTASE.
Cw»THE FIRST ENTRY IS5 CRITICAL==IT ESTABLISHES NUMBER OF POINTS, ALSO
Cw= UPON FIRST ENTRY, MAX AND MIN VALUES ARE FOUND AND ARE USED LATER
Co=IF LATER CALLS INVNLVF POINTS OUTSIDE THESE LIMHITS, THEY WILL AE
C==TRUNCATED AND AN EPROR MESSAGE PRINYED ON THE PLOT FILE.

Cw= 70 SIGNAL 1 LAST GRAPH TO BE PLOTTED) PUT Nw%0., ALL GRAPHS WILL
Cw=BE PLOTTED ON ONF SHEET VIA THE ARRAY LINE(103,60). IF ONLY ONE
CwsGRAPH IS DESIRED, SFT NwewN IN THE CALLING PROGRAM. ;
Cw=NOTE ON SCALINGS THIS EXPECTS PRINTER WITH 10 CHARS/INCH, & LINES/IN
Cwm LAB{1A) CONTAINS TITLE (IN WORDS 1=8 )p XwAXIS LABEL (IN 9= 12)
Cw=AND YwAXIS LABEL (IM 12=16). THE LAST CALL (N»0) DULTERMINES LABELS

¢
Cw= CALLING PROGRAM HUST SET UP LINE(103»60) AND LA®.xb)

c
CwnNOTE THAT FORMATS ASSUME IWDw103, LNGwbO, IF OTHERWISE, ADJUST THEM
20 zFORE:{éSHl PLOTY ZZY;8A10r1125X;BHXﬂAXISS,)6A10;11H3 YuAXISt
21 FORMT(ZOX;lHIolOHOHu..V..uXhaH.X)
22 FORMAT(//57TXs 1OHPLOT==0N ENTRY,I3,12H WITH SYMBOL»1XsAly /79X
2 52HTHE RANGE NF VALUES EXCEEDED THAT SET ON FIRST ENTRY»/»9X%,
3 31HCURRENT RANGES ARE! (ABSCISSA)»14X,lOH(DRDINATE)»/»12X»
4 L13HFIRST ENTPYmumyhX 4Bl 03,/ p12%Xp L 2HTHIS ENTRYwwm, DXy HELL43»7771]
23 FORMAT(//77Xy13HPLOTw= ENTRY,13,8H SYHBOL +ALyI5,14H POINTS) RANGE
2 31HS OF ARSCISSA AND ORDINATE AREYs/29X»4El1l.3)
24 FORMAT(20X,103A1)
25 FORMAT{H5X,1PEL13.4)2%X»103A1)
26 FORMAT(13X,1101X,1PEQ.L)»l11)

DIMENSION X(N)»Y(N))LINE(LO3,60)5LAB(L6),ZX{L1)
DATA IBLNK»IBORDs IWD)LNGsNTR/1H ,1HI,103,38,0/ o
cH 74534?16 REPLACED DATA ON I/D WITH NEXT LINE==RM PROBLEMS
L]

NTRaNTR + 1

IF(NTR.EQ.1INK=TARS{N)

Co= HAX=MIN SECTINN==FIRST ENTRY ONLY THE RANGE IS SET FDR X AND Y

XSiuX(1)

XL1eX{1)

YSim¥(1)

YLI=sY{1)

DO 31 JwZyNN
XS1uwAMINL(X S, X(
XL1=AMAXTIXL 1y %!
YS1wAMINI(YS1, Y

31 YLIeAMAXIIYLY YU

TFINTR.GT,1)60TN 3
¥§m¥S51
XLeXL]
¥5e¥S1
YieYi

¢

J))
41)
3
ARD]
4
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105

110

115
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6010 39 ,
CmuNOY THE FIRST FENTRY, 50 CHECK RANGES
34 IF(XSY.LT.XS) GOTn 38
IF(XL1+GT.XL) 6OTD 35
IF{YS1.LY.YS) GOTO 28
IF(YLL.6T.YL) 6OTN 29
G0TO 39
C=»QUT OF RANGEw~WRITE MESSACE AND SET A FLAG WITH NTR
3% HRITECIOUTL,22) NTR)LAy XSy XLy YSsYLeXS1aXL1rYS1,YL]
NTRw = NTR
6OTD 55
GwwWRTTE HESSAGE ABDUT THIS (GOOD) ENTPY
3% WRITE(IOUTL»?3) NTYR,LByN)XS1,XLY,YS1,YLY
IF{NTR.NE.L) GOTD 4%

Co=DONE WITH RANGING, NOW SCALING ON FIRST ENTRY ONLY
XSCALEw (XLwXS) 7FLOAT(IND=2))
YSCALE={YLwYS) /{FLOAT{LNG=])})

DO 70 Jeljll V
70 2X(J)wXS + FLOAT(J=1)#XSCALE* 10,

CmwALANK THE PLOT ARRAY ¢ LINE ON THE FIRST ENTRY

DO 33 J=),IWn
DO 33 Km)»LNG
33 LINE(JsK)mIRLNK
Cw=HORDERS==LEFT AND RIGHT
DO 44 Jel,LNG
LINE(1,J)e]RORD
4% LINECIND,J)=1R0RN
BE COMTINUE

Cm= FILL IN ARRAY LINE
DD 57 Isl,NN
IX*(X(I)*XS)/XSCALE+1 5

FAXCY) ol ToXS)IXu]
IF!X(I)-GT XLYIXwIWD
IYu(Y{I)=YS)/YSCALF + ¥
IF(f(I).LT.YS$lY-O
FUYLI)oGToYL)IYRING mw]
IY'L NG = LY
57 LINE(IX,IY)uLR

Cm=1F NOT THE LAST GRAPH, Gf) RACK FOR MORE
1F(H6T40)GNTH 91

C==MUST BE PLOTIME == PRINT TITLE, AXES LABELS» AND TOP BORDER
WRITE(IOUTL,20)LAR
WRITE(IOUT1,21)

ComPRINT YoVALUES 4ND PLOT
YVAL=YL + YSCALE
00 73 J=lyiNGy2

YVAL=YVAL =~ YSCALE
WRITE(IOUT1»25) YVAL)(LINE(L)J)slwl,sIWD)
YVAL#YVAL =~ YSCALF
73 WRITE(IOUTYI#24) (LINE(LyJ+1l)plwlyIWD)
VRITE(IOUT1,21)
WRITELIOQUTL526Y (Z¥%{L)Ysl=1pll)
Cm=CLEAN UP THIS MESS AND RETURN
91 MNTR=IABS(NTR)

C==IF THIS IS THE LAST GRAPHy RE~INITIALXZE
IF(N.LT.I)NTR'O
RETURN

END
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SUBROUTINE LNoLT ’ _ 7
CW  7/2478)  LNPLT MNDIFIEND FOR PLASIM3 NOW NO FORMAL PARAMETERS
C LNPLT PREPARES ARRAYS X AND Y FOR PLOTTING VIA PLOTW
C N IS NUMBER OF FNTRIFS IN X AND Y ON FIRST ENTRY
C NeO SIGNALS LAST ENTRYW FOR ONLY 1 ENTRY» ENYER WITH =N
DIKENSION LINF(LOR,60),LABILO)X{1510,2(20))
cw TI24/781 CHANGED COQF FOR PLASIM PLOTTINGs wwmwSTP sINCREMENTS
CW 7124181 ALANK CNMMON AND LABELED COMMON FROM READER
COMMON ZIONT4Yo181)»XYON(4L, 1500 VELTZ(151)» VELTX(15)
LosNIPCAL))ONCAL15L)»ONI(42))ISTATIAL)
COMHONZIN/ INYINUTINFOCLA) pKEY» ICLPLYT,, ICLWRT,ITITL(28)
2 pIPATHS s IN TFLL2)»IF2(4) ) ICLERR v
COMMON/ZPARAMZ N NUMION,NUMIT,RB)RBOUND)RT) TELOUT» BMCUR)UTIL,
3 TELINSTHRLEN)UMSION,VELBOH, ZBOUNDS ILA IR, PY)BKs» Q) RBIBN,
4 DNDB CEXYSEC) TYHNEU, TIME» TIMEMU» XVELMU) ZVELBUSNSTAG)
5 NSTGHUNTOTSTo PIOV2
DATA NTR)IDNSTP,ITRSTP/092,2/
NTR=NTR+1
IRCNTR.GT1IGOTH 3%
cw 1124181 PUT LARELS IN LAB FROM ITITL
IN2uw2e Y
DD 33 Jw)lsIW?
33 LABCJII«ITITLLI)
35 CONTINUE
Cw T12478) SET UP DUMMY X,7 FOR PLOTW USING XION,ZION
cW 1124181 tF NTHER PLOTS DESIRED, CHANGE NEXT LINES
NIT#NUNIT*]
CW 7/26/81 AD HOC SET UP MAXMIN FOR PLOTW
DO 39 ION=),NUMION
NITRuNIP(TON)m{NSTAGwL )% (NUMIT=i0)
X{1) « XION (I0N,Y)
» ZIODN (JON,1)
)} ow oXt1)
) = 241)
39 ITRw#?,NITR
} ow AMINI(X{L),XIONCION,ITR))
) » AMINI(Z(2)»ZIONCION,ITR))
ITIwAMAYL(X(NIT)Yos XION(ION)ITR))
TUNITIwAMAXL(ZINIT)»ZIONCION,ITRY)
39 CONTINUE
LBe1H
CALL PLOTW(?» Yo NITsLBsLINE»LAB)
DD 66 I0NwZ NUMTON, TONSTP
RO 44 JmlpNTT
¥{Jiw0,0
44 ZLI)uG0
NITR=NIP(IONY
LB=SHIFT{ION) +54)
PO 55 ITRuwlyNITR)TITRSTP
X{ITR)=XION(IDNSITR)
55 Z{ITR)=ZIONCION,ITR)
cu T/24281 IF LASY ENTRY TO PLOTW, TELL IT SO WITH N=0
IF{TON,GE.LNUMIDNINIT=0
66 CALL PLOTWUZ, X sNIT,LB,LINE,LAR)
CW 7/%4/81 FINISHED NITH ONE PLOT, RESET FOR NEXT ONE
NTR=»O
RETURN
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CARD NR. SEVERITY DETAILS DIAGNDSIS DF PROBLEM

41  ANSI

R~ W

HOLLERITH CONSTANT APPEARS OTHER THAN IN AN

ARGUMENT LIST OF A CALL STATEMENT OR IN A DATA
STATEMENT,
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