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{ : INTRODUCTION

This project is concerned with the numberical simulation of the time-
dependent behavior of spacecraft sheaths and charging effects. The objec-

. tives are to develop a time-dependent simulation model for plasma-spacecraft
interactions, and to apply this model to a geometrical representation of the
X SCATHA spacecraft. An appropriate representation is that of a short right-

?; circular cylinder (or "pillbox"), of comparable length and diameter (see
: Fig. 1), with azimuthal symmetry so that the potential and charge distribu-
tions can be defined on a grid in r-z space.

A computer program has been developed for the study of the time-

dependent sheath. A grid is used to define the spatial distributions of

4 potential and charge density in the space around the spacecraft. Figure 2

k; illustrates the nature of the r-z grid representation used. The geometry

: is axially-symmetric, with the axis shown as the vertical dotted boundary
line on the left, labe'led "West". The boundary condition representing the
condition on the potential at infinity is applied to the other boundary

3 lines of the grid. The inner boundary represents the satellite surface, on

f the grid points of which the surface potentials are defined. Associated

with each spatial grid point is a volume of revolution in the shape of a

torus of rectangular cross-section (shown as shaded boxes surrounding some

of the grid points). Only 24 grid points are shown in Fig. 2, for the pur-

pose of clarity. In an actual problem many more points are used.

An important feature of this grid representation is that the zoning is
nonuniform. This allows for fine zoning in the regions of interest, e.g.,
where there are large gradients, and coarse zoning elsewhere, and has the
advantage of optimum use of a given number of grid points, and therefore -
computer efficiency in large problems.

The plasma electrons and ions are simulated by a number of discrete
“"computer particles" injected through the outer grid boundaries. These par-
ticle trajectories are followed step by step through the grid. Similarly,
= emitted electrons and/or fons are injected from the inner (spacecraft) sur-
fact. Each simulation particle represents a definite number of real parti-
cles, retaining the charge-to-mass ratio of the real particles. The density
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of computer particles associated with any grid point is determined at any
instant of time by the number of these particles in the box surrounding that
grid point at that time. The potential distribution is found for the par-
ticular charge distribution and boundary conditions at any given time by
solving the discretized analog of the Poisson equation. The particles are
“pushed" in the calculated electric field during a time step in a given
cycle and, based on their positions at the end of the time-step new charge
densities are assigned to the grid points. At the beginning of the next
cycle a new potential distribution is calculated from these densities. The
calculation thus simulates the time-behavior of the system step by step.

In the following sections we describe the particle injection algorithms,
trajectory calculation method, and technique for solving the Poisson equa-
tion. Following this we discuss the results of a number of sample runs.
These show that the code is capable of handling arbitrary densities and tem-
peratures with acceptable fluctuations. Current collection and space charge
distributions can be computed as functions of time. Finally the program
listing of PARKTDC (Parker Time Dependent Charging) is presented.

The present program is an original development. Although there is a
considerable numerical simulation literature, it applies to other geometries
than the present one. Sources available to the author give little or no
information on methods of simulating axially-symmetric time-dependent prob-
lems involving finite cylinders in space plasmas. Yet the axially-symmetric
3-dimensional geometry requires techniques significantly different from
those of say, planar, infinitely-long cylinder, or cartesian systems. There-
fore no references are cited.
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PARTICLE INJECTION ALGORITHMS

Particles are injected through the outer grid boundary according ..
the following velocity-distribution options: (a) unidirectional monoener-
getic beam, (b) isotropic monoenergetic, and (c) isotropic Maxwellian.

Selection from isotropic monoenergetic velocity distribution:

The outer boundary surface of the grid is a cylindrical "box" of
finite length H and radius Ro‘ This means that in the process of statis-
tical selection of particle injection sites, one of the three areas must
be selected, namely the top (A), side (B), or bottom (C). Consider a
distribution of particle beams distributed in polar angle 8 (with respect
to the cylinder axis), at a fixed energy. For an isotropic angle distri-
bution, choose 6 from cosé uniformly distributed in the range (-1, 1).
Define the projections of the cylinder areas onto a plane perpendicular
to the beam. There are two cases:

Case 6 > n/2

Define A
select A or B.

uR°2|cose[and B 2R° Hsine, and choose random number to

Case 8 < n/2
2

Define C
select B or C,

"Ro cosé and B ZRO Hsine, and choose random number to

With angle 6 and areas selected:

If the selected surface is A or C, choose azimuthal angle ¢ uniformly
from (o,7), and choose rl uniformly from (O,Roz). This gives the position
of injection on the surface. If the surface selected is B, then choose 2z
uniformly from (0,H), and choose h uniformly from (O,Ro). Then obtain ¢
from arc sin(h/Ro).

It should be noted that alternatively one could have first selected
the areas A and B (or A and C) on the basis of a uniform distribution of
values of the integral

™

T
1 J sing lcose|de 1)
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which represents the average over angles e of the ratio of A to A+B, but
which does not seem to be evaluable in analytical terms. Following this
selection one would then select a value for 6. This method would be equiva-
lent to the one used.

Components of velocity at injection boint:

For a given speed v, and for selected angles & and ¢, we have the
components of particle velocity at the point of injection:

X = v sing cos¢
y = v sine sing (2)
Z =V cose

Selection from Maxwellian velocity distribution:

Let the velocity distribution f(V) be described by

~v2 v ?
f(V)d3-e vdvy, e ? dv, (3)

in terms of dimensionless velocity components, where v, is the axial com-
ponent of velocity, and v, is the perpendicular component /(iz + 92).

. Then choose v, from RAN1 = exp (-vxz), and v, from RAN2 = erf(vz), where
g | RAN] denotes a random number uniformly distributed in the unit interval,
while RAN2 denotes a random number uniformly distributed in the range
(-1,1). For v, we need the inverse (=erf']) of the error function erf,
(The inverse function was constructed by suitably modifying a fitting
formula given by Abramowitz and Stegun.) Then the angle & and speed v
are given by tane = Y;/VZ' and v = vv," + v, . Having the angle 6, we
then select the injection point as given earlier, and following this the
velocity components X, y, and z, If there is also a drift velocity

M (= Mach number) in the axial direction, then v, can be chosen from
RAN2 = erf(vz-M). This method of selection thus leads to a simplification

when dealing with a drifting Maxwellian distribution.

PARTICLES INJECTED IN A TIME STEP

The actual charge of particles entering a surface of area A in time
At is ejoAAt, where jo is the random thermal flux of incident particles




and e is particle charge. Let jo be given by NoV¥s » where o is the plasma
density, and v, is the mean velocity component af incident real particles
normal to the surface. For a choice of time interval At=AZ/YL, where Az
is a chosen thickness of transit (say, of the order of a mesh interval),
we may determine the number N of real particles injected during the time
step:

N = joAAt = n,Asz (4)

If N' s the chosen number of computer particles injected in a time
step, say 10 to 1000, the charge e' per computer particle is given by

enoAAz

' _ Ne
N (5)

e =

In the problem of isotropic injection, A may be evaluated as 2nR02(1+H/R°).
The value of e' is used to calculate the charge assigned to a grid point
through its product with the number of computer particles found at a given
instant of time to be associated with that grid point. It is similarly
used to compute the charge incident on and absorbed by the body.

Typical values of the parameters which have been used in tests are
the following:

R, = 100 cm N' = 10 to 1000
H =100 cm

AZ = 2 ¢m

n, = 10%/cn’ to 10°/cn’

For n°=103, N=2.51x108 is the number of real particles injected per time
step. Each computer particle then represents N/N' real particles, or
2.51 x 10° to 2.51 x 10’.
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TRAJECTORY CALCULATION

The particles are moved in accord with the equations of motion, which
may be represented as follows.

Let X denote the dimensional vector position (X stands for any one of
the 3 cartesian coordinates). Let T denote the dimensional time, and let
V denote the dimensional potential (in volts) at the position X. Then over
a short step AT with constant acceleration, X changes in accord with

X=X, + XOAT - é%-%;(AT)Z (6)

where q and m are the particle charge and mass, and where X0 is the initial

value of X at the beginning of the time step. Let dV/dX be in volts/cm, and

let AT be expressed as

_ (AZ)min At
v

AT (7)

oi

where (Az)min is the minimum zone thickness, Voi is the scale velocity of
the ions, and At is a dimensionless time, called "DELTA" in the program.
Let m be the mass of the particle expressed in units of the ion mass. Then
we may write
2 2
(AZ)pip At (Az)min (at) d gV
Voi T 4m/m)  dX {E ]

X=X, * xo i (8)
where E;(ev) is the scale energy of the ions (= mivoiZ/Z) called "TVIONS"
in the program, and qV is the potential energy in ev. Similarly we obtain

the velocity components:

.. (8Z) sy, (at)

= d (qV

X=Xy = Voi Z{m/m.) — dX [E;J (9)

Hence, assuming electrons and one species of ion, the program

(a) reads in:
at = "DELTA"
Ei(ev) = "TVIONS"
Ee(ev) = "TVELEC"

ion energy
electron energy

mi/me = "XMASS" = mass ratio

O YN Nt s, x|

S AR DA S T Sy ¢




and
(b) constructs the scale velocity

“SPEED" = 5.93 x 10 /TVTONS/XMASS

ion speed in cm/sec

Yo

and

(¢) finds the minimum zone thickness (Az)min‘

The particles are moved in subroutine "TRACK" (called by "DENSTY"), with
given

X, X/SPEED, and "DT" = (aZ) .. x DELTA

min
With the potential grid replaced by ¢=(m1/m)qV/Ei, the new values of X and
X are given by:

2
= ;o7 DT d
x-x°+x°v;--(—l)— (10)
X=X -y DU de ‘
X=X~ Vo 7 &K (1) !
" Interpolation %

The required components of d¢/dX in the latter equations are obtained
by double Tinear interpolation within the boxes of the grid. Llet r and z
be Tocated in the ranges rysr<riug and zy<25z;_¢. Then the interpolated

% values of 3¢/or and 3¢/32 are given by:
! 38 = [6(1,341) - 8(1,3) + (2-2,)6/D,1/0, (12)
22 = [4(1-1.9) - o(3.d) + (r-ry)6/0.I0, (13)
where
G = ¢(i-1,3+1) + ¢(i,J) - ¢(1-1,3) - o(i,j+1) (14)
_ and
i M Dr = rj+1 - rj, DZ = 21_-‘ - Z.i (15)

The interpolated potential itself is given by

¢

¢(193) + (T‘Pj)[¢(1,,j+1) - ¢(i9J)]/Dr
(z-2,)[8(1-1,3) - (1, 5)1/D,
(r-rj)(z-zi)G/DrDz (16)

+ +
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THE POISSON PROBLEM: POISSON DIFFERENCE EOUATIONS

In the present problem the electrostatic field is axially symmetric
and is defined on a mesh of spatial grid points, such that at any point
(including grid points) the potential and electric field can be obtained
by interpolation.

Assume that the space charge density is known at the grid points.
Consider a group of interior grid points, forming a portion of the over-
all grid as shown in Fig. 3. In this figure, the vertical and horizontal
directions are the z and r directions, respectively, where z and r denote
the cylindrical axial and cylindrical radial coordinates, respectively.
Three horizontal grid lines, of constant z-values Z. 10 24 and z and
three vertical grid lines, of constant r values rj_], rj, and rj+1, are
shown in the figure. (Note that the index (i) of z increases as z decreases.)

i+]?

The set of grid lines intersect at 9 grid points, or nodes, as shown. Each
point may be considered to be associated with a volume of space, and to have
a group of four neighboring points which "interact" with it. Thus, consider
the central point of the group, labeled C in the figure, which may be iden-
tified with one of the grid points in Fig. 2. Associated with this point is
a volume of revolution (a torus) whose cross-section is rectangular and is
shown by the rectangular shaded area surrounding Point C. The shaded area
is defined by connecting the mid-points of the surrounding mesh rectangles.
Let t denote the volume of the torus, and let the neighboring points (above,
below, to the right of, and to the left of C) be labeled N, S, E and W
(north, south, east and west, respectively).

Let the Poisson equation be written

v2¢ = -ple (17)

where p denotes the space charge density, and ¢ denotes the dielectric
constant.
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FI1G. 3. GROUP OF INTERIOR GRID PQINTS IN r,z GRID
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The grid 1ines may be considered to be arbitrarily chosen so that the
mesh intervals are nonuniform. In this case the Poisson difference equa-
tions may be obtained by integrating Eq. (17) over the volume r of the torus
associated with Point C:

J”v%ms-J”pdr?-oc/e (18)

T T
where Qc is known at the grid point C. The right-hand side has been approxi-
mated as shown since t is small in principle, and Qc is the net charge in the
box at Point C. By the divergence theorem, the left-hand side becomes

3 4y =
[[2%a
£
2 2 k1] I}
Ay [an]N *Ag [an]s * Ag [an]E * Ay [an]w (19)

where ; denotes the surface of the torus; 3¢/an is the component of v¢ in
the outward normal direction at the surface; AN, AS’ AE, and AN denote the
areas of the north, south, east, and west surfaces, respectively; and the
quantities (3¢/3")N,S,E,N denote values of 3¢/an taken to be constant on
the corresponding surfaces.

(a¢/an)N S.E.W May be approximated by difference quotients, namely,
Rt Bk ]

. - o (oc -
(20)
R Y

where ¢ denotes the potential at Point C and Ons s bp» by denote the
neighboring potentials. If Point C is an interior grid point, the areas
AN’ As, Ag» and Aw are given by
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2
AN = % [(rj+‘| + rj) - U‘J + rJ_'l )2]

AS = AN
(21)
s X
Ap = 7 (rguy *+ ryd(zy g = 244)
=X -
Ay =3 (rg om0z - 24y)
and the volume ¢ is given by
T*= '2" (Zi_] - Z.H,]) (22)
Thus we obtain the difference equation in the form
Cy oy * Cgég + Cpop *+ Cuty = Co = = Q /¢ (23)
where
C=0Cy+Cc+Cp+Cy (24)
and
Ay As
N ) ST )
(25)
AE Ay
BT Ty - ) W)

This shows how to form the difference equations used for the Poisson prob-
lems of this report. Equation (24) holds only for an "interior" point of
the grid, that is, a point surrounded by neighbors on all four sides. If
Point C has a known neighboring potential (for example, if Point C is adja-
cent to the spacecraft surface), then the corresponding term on the left-

hand side of Eq. (23) is transferred to the right-hand side as a known quan-
tity.
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The boundary conditions for the potentials in the Poisson problem are
as follows. At points representing the body surface, the normalized poten-
tials are fixed at the chosen values. At the external (boundary) points of
the grid, where "infinity" is represented on the computer, a "floating" con-
dition is optionally used, namely, a linear relation between ¢ and 34/3n,
the normal component of v¢. The exact relation of ¢ to 3¢/5n is not impor-
tant when the external boundary of the grid is sufficiently far away. (For
the calculations to be reported, the assumed relation was the same as for a
Coulomb potential.) In any case, either the fixed condition ¢ = 0 or the
floating condition will give the same results, provided the grid boundary
is moved sufficiently far out. The effects of various types of boundary
conditions representing "infinity" have been studied by the author.

In general, the floating condition appears to be

computationally more efficient than the fixed one. Of course, the floating
condition becomes ideal when the true relation between ¢ and 234/9n is used, ;
but this requires that the asymptotic form of the solution be known in n
advance. The boundary conditions at the outer
grid surfaces can be combinations of fixed and floating conditions.

Consider a Point C on the outer boundary of the grid where a floating
boundary condition is chosen. If the potential is assumed to satisfy the
linear law

-—= == - 0 (26)

== - B (27)

on the r-boundary (East only; B=0 on the West), then the corresponding
"neighbor term" on the left-hand side of Eq. (23) vanishes, and the cor-
responding "neighbor coefficient" on the right-hand side of Eq. (24) is
replaced by oA or BA, where A is the appropriate area. The quantities a
and B depend on the position and on the assumed model for the variation
of the potential at large distances.




g

Once the coefficients of all of the equations (corresponding to the
grid points where the potentials are unknown) are computed, the system of
linear equations of the form of Eq. (23) may be solved by iteration. Point-
successive over-relaxation is a well-known process and has been found to be
effective in the present problem. For the relaxation process, one rearranges
the equations, so that the "diagonal" term is alone on the left-hand side,
while all the other terms are on the right-hand side with the known charge-
density term. Thus, Eq. (23) becomes

Co = CN°N + Cobg + CE¢E + cw¢w + Qc/c (28)

First, an initial guess is made for the values of all the potentials. Then
new values are obtained from the left-hand sides of all of the equations
(28), using previous values on the right-hand sides. One "sweeps" through
the equations successively, replacing the potentials on the right-hand sides
with updated values as they become available from preceding equations. This
procedure is usually stable and leads to convergence. "Over-relaxation" is
the process of mixing successive potential iterates in such a way as to
enhance the rate of convergence.

It is convenient to express all potentials in volts and all lengths
in centimeters. Then if the charges are all expressed in picocoulombs, we
need simply to replace 1/e¢ by 0.9x4w or 3.6%, in vacuum.
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SAMPLE RESULTS

One of the most vexing problems of numerical time simulation is that
of noise, wherein fluctuations not representative of the actual plasma are
generated by the relatively small numbers of particles and grid points used.
This problem becomes more severe as the plasma density increases, that is,
as the Debye length becomes small compared with the spacecraft size. Since
it was deemed essential that the code be able to cope with dense as well as
tenuous plasmas, as part of the code checkout sample runs were made with
the parameters, temperature T=0.1 ev, and density o varying from 103/cm3
to as high a limit as practicable.

Among the quantities of interest are the collected fluxes of ions and
electrons. Fluctuations in these are a measure of those in the plasma. In
the first problem to be discussed the spacecraft is modeled by a disk, of
diameter one meter. The plasma has density 1000/cm3, and is Maxwellian with
T=0.1 ev. In this case the Debye length is 7.43 cm, so that the Debye num-
ber is 0.149. The electron and ion plasma periods are 3.5x10'6 sec and
1.8x10'5 sec, respectively, for an assumed ion mass of 25 electron masses.
(The use of an unphysically small ion mass is common in simulations, espe-
cially if the steady state is wanted. In the steady state the solution
normally does not depend on the ion mass.)

The disk is assumed to "turn on" at t=0 with a fixed potential of -10 v.
Time steps of length 2.36x]0'6 sec are chosen, with 100 electrons and 20 ions
injected per step. (The ratio 100 to 20 is the same as the ratio of electron-
to-ion random thermal fluxes.) A coarse grid of 25 points is used.

The number of ions absorbed per step represents the collected ion cur-
rent. This quantity is shown in Fig. 4 as a function of cycle (step) number.
It is strongly fluctuating, but quite clearly centered about 12/step.
Increasing the number injected per step to 1000 electrons and 200 ions
results in a smaller fluctuation as illustrated in Fig. 5. When 10-cycle
averages are plotted instead of the raw data, one obtains a "quieter" current
as shown in Fig. 6.

In further runs to be discussed, the plasma density varies from 104/cm3
to 105/cm3. The corresponding values of Debye length, Debye number, electron

Py T e N . 2
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plasma period Ta» and the ion plasma period Ty, are given in the following

20

table.
ng Ap Ap/50 T .
Run {cm=3) (cm) _D_-_-_ é)_ _(_;_)_
A 10? 2.35 .047 1.1 x10°® 5.55 x 1078
B8 25x10% 1.49 .03  7.02x107 3.5 x 1076
¢ s5.0x10% 1.05 .01  4.96x 1077 2.48 x 107
D 7.5x10% 0.8 .017  4.05 x 10"/  2.03 x 10°°
E 10° 0.74 .015  3.51 x10°7 1.76 x 107°

In the following we will discuss Runs A and D in detail. Runs B and C
gave results intermediate. Run E was so strongly fluctuating that it was .
not pursued further. The density of 7.5 x 104 seemed to be the largest %
(at T=0.1 ev) that could be treated at the present boundary condition (20 cm '
from the spacecraft surface). Higher densities will require that the boun-
dary be moved inward. 3
Figure 7 (Figs. 7a-7g) shows results of Run A (n°=104). This is a y
printer plot of the variations with cycle number (one cycle = 9.5 x 10'8 sec)

1

of
. A = jon absorptions per step (scaled from 0 to 30) 5
& B = on population (scaled from 2500 to 5000) i
. C = electron population (scaled from 2500 to 5000) i
! D = maximum potential (scaled from O volts to 25 volts) gf
The significances of A, B, C, D, are as follows. We inject 100 electrons f
and 20 ions per step. 3
i
i

A represents, through the ratio of the number absorbed to the number
injected, multiplied by the ratio of the area of collection to the area of
injection, the collected current relative to the ambient thermal current
available.

B and C represent the ion and electron populations (numbers of parti-
cles active throughout the grid). These should become constant as the steady
state is approached. In order to arrive at the steady state as quickly as
possible, a "quiet start" approach is used, wherein the space is previously
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filled with particles so as to represent normal density. In the present
case 5000 ions and 5000 electrons are used, to represent the unperturbed
populations.

D is a measure of the fluctuation intensity. Since the boundary poten-
tials are allowed to float, they are susceptible to oscillations. In par-
ticular, when the instability is severe the boundary potentials tend to
become positive, with the maximum increasing as the severity increases.
Hence the maximum is monitored.

The behavior of A, B, C, and D as functions of time are shown by Fig. 7
as follows. Large transients occur in all 4 quantities during the first
150 cycles (t=1.4x10'5 sec). Both the electron (C) and ion (B) populations
decrease from their unperturbed values, the electrons because they are
repelled away, and the ions because they are accelerated and spend less time
in any given volume (a consequence of Langmuir probe theory). The electrons
(C) oscillate while approaching their final value, the oscillations having
diminishing amplitude. The period of the oscillations is roughly 50 cycles,
or 4.7x10'6 sec, about 4 times the electron plasma period (see table),
approximately equal to the ion plasma period. It is not clear whether the
oscillations represent physical behavior; their smoothness suggests that
they do. However, the effects of numerical "aliasing", wherein high-
frequency sources can drive low-frequency oscillations through the finite
grid spacing, must certainly be present because of the relatively large grid
intervals (of order 10 cm).

After about 220 cycles (2.1x10'5 sec) the electron population has set-
tled down and subsequently rises slowly toward its asymptotic value, about
3500 out of the original 5000. The ions (B), on the other hand, do not oscil-
late, but drop monotonically toward a shallow minimum at about 180 cycles
(1.7x10'5 sec), and then rise slowly toward their asymptotic population,
about 4400 out of the original 5000.

The ijon absorption rate (A) rises initially, overshooting and subsequently
decaying to an asymptotic value of about 11 absorbed per step. A higher-
frequency oscillation of relatively small amplitude and a period of about 20
cycles (1.9x10'6 sec) is superimposed. The ratio of the current collected to
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the unperturbed current that would be collected in the absence of electric
fields is given by dividing the number absorbed per step by the number
injected per step, multiplied by the ratio of injection area to collection

area, and divided by DELTA, a time-step input defined earlier.

4
).

Figure 8 (Figs. 8a-8g) shows results of Run D (n°=7.5x10 A1l inputs
are the same as in Fig. 7. However, now we see that there are severe fluc-
tuations in curve D, the boundary potential. The ion and electron popula-
tions (B and C) both descend almost monotonically to lower values than they
had in Fig. 7. They are closer to each other (about 3300 and 3000) than
they were. The ion absorption rate (A) initially overshoots to a large
value, but more quickly settles to a "steady" state, with some fluctuations
though not severe, about 6 absorbed per step, roughly half of that in Fig. 7.

During the transient period in absorptions (first 70 cycles or about
6.6)(10'6 sec), the electron population (C) oscillates with relatively small
amplitude and smaller period (about 25 cycles or 2.4x10'6 sec) than in Fig. 7.
This period is again about the same as the ion plasma period (table). Hence
this oscillation, which appears regular, may be physical. It is interesting
that the electron population fluctuations (the ions have little or none) are
much less severe than and apparently uncorrelated with the boundary potential
fluctuations (D).

ST WM oo gt L o

g

It should be stated that a "cloud-in-cell" model was also developed and
used, without significantly reducing the noise as had been hoped. It also
i? gave slightly different (higher) values for the steady state absorption rate.
' The runs made with the cloud model will not be discussed.

T
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Figure 9 shows a potential contour plot for Run D, generated by the com-
puter printer, at the "steady" state.
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PARKTDC PROGRAM

The 1isting for the PARKTDC computer program is given in the following
pages. (PARKTDC = Parker Time Dependent Charging.)




HARAAARAIM N RO AR ANAAANANr ~ A e it s e tata La R R Ll Ea a o R R oufy Lo

L LLLLU L L L LS DL L LS L L L LY 39 MMNMM MR MMM MMM MMM
HEHMMME M MY MMM PO MM e ————————
tTORARY—INDEN -82/414480—
+r—PROGRAM—FARKTDE S
SUBROUTINE LISTILST,IP)
—SUBROUTFINE—FIELD-
SUBROUTINE CNSEW(IGO)

SUBROLTINE ARRAYS-
SUBROUTINE RELAYX

SYBRCUTINE—INFERPIRYZy ISy ISy PHICY Fiy v IRy IZyINTY
SUBROUTINE TRACK(R,2)
FUNEFION—ERFOHERROR)

FUNCTION ERFIN¥(R)
SUBROUTINEPPEOT-CUyREyZIyNREyNZEFNROY NZETRADIUSy X MAX g EF———
SUSROUTINE DENSTY (INIT)

SUBRCUTINE A3SNGR(ERR)

2. PROGRAM SUNKTE 42 s

EOF ENU CF FILE ENCOUNTERED bl




PROGRAM PARKTDC 02s11/879 PAGE

CALL SSMTGCH(6, ISHS)

PROGRAM PARKTOC(INPUT=ES ,0UTPUT=513,TAPEL=513,TAPE2=513, 10
b9 - ) ] 13
c‘c“&““.l.&l.;OJOOOOOU‘OO:O“'m‘li‘::“.OOOOC"‘0.'06'.'000'0“0‘.00
- : — - . 13
c TIME-DEPENDOENT CHARGING AND SPACECRAFT SHEATH IN 16
¢ R=2CCOMETRY — o
c 1€
- CEE W P ARKER 777 ERNE ST i HOLE AN LEE Wi PARKER;—INGT
c 252 LEXINGTON ROAO, CONCORD MA, O!742 18
Tovove - 9
£ VERSION == € ==, MOOf SELECTIBLE MODEL. 20
A%} g 2t
c MODE = 0 ==> STANDARD CALCULATION MODEL 22
¢ NOOE =1 ==>—CLOUOMOtEL—— 23
c MODE = 2 ==> WEIGHTED PARTICAL MODEL 24
" - 25—
c E+« HOLEMAN, FROGFAMMER. LAST ALTEREOD 2 MAR 79 2€
E:0';:‘ltll#'ll'..l.“'ll“l"”5”0"".“'O!“'l.l'.‘. 500"6.&#“2‘“‘
COMMON M5 IV I FIRS TP IR S THRICDS B NG NZ A N2 N T O TS5 P I T T IR 125
1 MONMA X, TIME, IPRINT,RADIUS,RR(iiD.ZZ(Li),X(Si).Q(Si) ’ k{}
2 AREAN (I L) 5 BELZ I S RIS 202 ¢t 1t
COMMON/DEN/RFT,ZPT,AL1,8E1,EVy TVOLTSy DENSTy NFTS, SPEEDD,CURR,
& .I. w9
2 snvstzn,iuc),YVCHG,NRAN.NCESG,NCABS NGICT,NCHGE(11)9NCHGI(11).
—3- £ [] OU— - 35
connoulrLo/ueeve,UIELEc,IRELAx,Pnx(11),uENcc 3¢
OIMENSIONOATEC20)- A X
OIMENSION ZA(11).23(11).znr¢11),231t11) 38
BEMENSION—PART L2 PARTL 2 ¢ T NEFEHES - —34-
DIMENSION KHISTI(51.12),KHISTE(51,12) A'GI(51).R!SDI(5‘), N,
T sfisz i
2 KHABSE(iZ).KHACTE(lZ),LINE(ib) 4“2
BAT A PART L7 5 TONS T SH———7/5PART 27 5H—ELECT SHTRONS 3 ——
NFEIZL,JRY=JR + NR*(IZ-1) Lt
t=5— 55—
M= ~ L6
T¥=1 —
Je=2 8
ty=3- —t59—
PI=3,1415926535898 50
E¥=0% 5t
ELK=1H 52
NRAN=O 53
INIT=0 1%
NRO=80" 55 -
NZ0=55 56
£ -5 P—
Cl# e Se
- — 22 —JUN—T S TEMPCRARIZS FOR—INTERACTIVE MOBE— 54




4
PROGRAM PARKTDC 02711780 PAGE 2
IFCISHE.NEL 1) GO TO 1800 | 61
ISCONH- 83—
s CALL DISCON (L) 63
3 —RENINE—H- : : ~Et—
i REWIND L . 65
~RENINE~H . _ 4
] Cessss 67
b % g i J&G
3 1000 REAO(L,9999) OATE 65
. 8939 FORMATt2 0 d) : _ ro—
IFCEOF(L)) 99,1002 71
9998 FORMAT(1H1,2€H TIME DEPENGENT CHARGING. 520A4) 73
e Fo—
c GEOMETRIC PARAMETERS 75
t ~ 76—
READ(L,1141) JEDGEsNRyNZA,NZB,IRELAX,MODE 77
—HZ=NTA— NPt #6—
NTOT=N2®NR 79
READELT 22221 (RRESIyI=ty iR} 4
REAC(L,2222) (ZA(I),I=1,NZA) 81
REAStEy2 222 234Dy TntyN2S) 82—
c 83
—REMS-Hy 2222 —PHECHvd=-tydE06E) 94
JEDGEP=JEDGE+1 85
s —RADIU Sy SACRRAIELCERI—+—RRAJEDGENI— 86—
3 WRITE (M, 9990) JEOGE,NRsNZA,NZB,IRELAX a7
3 F-(#EDEr EQv I —WRITE My 39941 HOBE— 83
1 IF(MODELEV.1) WRITE(M,9992) MOOE 89
4 — I HODEY-EGr IR EFEHH G993 HO9E— 35
WRITE(M, 9980) RADIUSy (J9RR(J) o J=1 4 JEDGE) 91
; —WRETE My 39783y RR Iy I EDGEP NR)- res
; i WRITE(My 3960) (I,ZACI)oI=1,NZA) 93
&« —HRIFE My 39504 Ty T BT Fy T mty NEBY- S
5 : WRITE(My 9940) (JyPHI(J) yJ=1,JEDGE) 95
4 s c ITERATION ANG SPACE CHARGE OPTIONS 97
> i & , e : —3%
I1=9 99
REAB P L4 NPRENTyNP ISy I Ty EFSy NE TNy ESKEPydSKEPy MASS——— 88—
WRITE (M) 3930INPRINT,NPTS,ITyITSyNIINJ» ISKIP » JSKIP, MASS 101 ;
TR ETv 03 —READHy 33T HNRAN- 2- :
REAGCL,2222) OELTAyTIME, TVIGONS, TVELEC,DENCC, HCLOUD 101
— I T ET v REAB Ly tEE 4 NGHE T LIy Fudy JEDGED Qo
IF(ITeGT40) READ(Ls1141) (NCHGE(I),I=1,JEDGE) 10¢
~ IF T v 6T v REAB LY 22224 QEI Iy Iot N O — 30— —
ITMAX=IT+ITS 107
~DIELEC L +08-
c DEBYE=0, , 109 ;
66— —DEBYES—24-3+-292SGRTLTVELECLRENCCIHRADIUS- 213 -
b 111 !
]
2

. 'y e e e s S I i “'\ i
i o ‘ S—— o R y Tt TR o -, *‘ﬂ"i‘f .y . $

NI ; )
Yol W W Lot AR Tag e
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%3. PROGRAM PARKTOC 82/11/80  PAGE 3
Y
1 IF (NPTS.EQe0) READ(Ly2222) RPT,ZPT,AL1,BEL,EV 112
: IFCRPTSsEQ- 0 WRITE(N; 9888 RPT; 7P T AL T BEL; EV—— I1s
IF(NPTS.EQ. 03 TINE=O. | 114
00200 T=1,N7A — — b+
200 2Z(I)=7A(D 116
00210 T=2N2% T
I1=NZA+I-1 : 118
210 2Z2¢ 11 r=23¢1Y —— : - 119
c 1290 .
*RITEON; 9870 T 22t I I=17N2T 12t
c 122
C—CALCULATE T NTERITITIAT GEONCTRY - 123
c 124
IR=NRFY ———— ; — 1es ‘
1ZA=NZA+1 12¢ ‘
TZ8=NZB*T - ~ » 27 f
IZ=NZA+NZ9 128
127=t - e _ ree
c ‘ 130
RITLI=RRtL) —_—— tet
RI(IR)=RR (NR) 132
B0—300—J=2; KR ————— £33 :
300  RIC(J)I=.5%(RR(J=1)+RR(J)) : 134 :
-~ e — +39 :
ZAT(1)=ZA (1) 136 ;
AT =2t — 137 ;
1 2C1(1)=22(1) 138 $
i, —  ertth=IIN———————— - T30 :
. 00 158 I=2,NZA 140
AT = S I I e A1 ~— — +ert—
, 122=172+1 142
L e R tTPRI=TAT I} ————— — to
- 358 CONTINUE 144
e | * —— e — —t45
jy~] ZBI (1)=ZB (1) 14€
| FAIITOI= TRt —_ , tar?—
§ N0 408 I=2,N78 148
TR M= 5+ 2O LIt 28t 1) — 149
122=122+1 150
— 21 IITI=I8 It} ——— . 151
400 CONTINUE ' 152
e 153
NRITE(N,9860) (J,RICI)J=1,IR) . 154
HRITENF 9850t ISP ALt Iy =ty 124 yE5—
WRITE(M, 9840) (I,ZBI(I),I=1,I2B) 15€
WRITE(N; 9838t Iy 2C It D Ity I — —+57-
c 158
DO S 0—N=tFNTOT— - - . +59-
, KOUNT (N) =0 160
e ——— XK OUNNY = — 164
IF(ITLEQe0) X(N)=0, 162
‘ 3




PROGRAM PARKTYDC . - 02711780

IF(IT.EQeQ) G(N)=Q,
50— CONTINVE—
Cc

Uy
1=RICJ)
FHetIt T NRI—R22REtIvL)
IF(J.EQe NRY? R2=RRINR)
—AREAHECI) = F IR 2SR LSS )—
NCHGEtJ) =0 '

-6 T+JEBGE—60—T0—S580———
IFC(ITeEQe 0o ANDLIRELAXeGTo0) PHI(I)=0,
BONTFINUE

B2 INaLE V5
00 525 I=1,NZA

FWE XY

L »>CLY

IF(I.LTaNZA) Z1=7AI(I¢1)
I EarN A Eta 2 E tE 2 A
BEL2(I)= Z2 - 21

[NV
ry

CONTINUE

XMASS=NASS

T2 20N~

00 559 I=1,NZ!

FZiwizZ+4

22=2BI(1)

b N28)—21=20T4I+4)
IF(I.EGoNZB) 21=28I(1I2R)
BECZEEEe—2E 24— -
DZHIN=IHIN1(CZHIN,DELZ(IZZ))
SONTINUE —

JFIRST=0

MONMAX=0 FOR MONGENERGETIC BEAM
HONMAXSL— FOR—ISOTROPIC MONGENERGETIE
MONMAX22 FOf ISOTROPIC MAXNELL IAN

MONMAX=Z2
BENGMELy —
IF(MONMAX.EQs1) DENOM=b,

EFNONMA X+ EGve)—DENOH®ZL ASARTLAT)-

PCONDP IS BENGEADELFASOZMINARRENR)-2 52

IF(MONMAXoGTe0) PCON=PCON®(1,+(ZZ2(1)=ZZINZ)) /RRINR))*2,
GHGONe-4»-6E~FAPCON

XIINJ=NIINJ

COMPARSAGONANTIN-G .

SPEEDE=5,93E7*SQART(TVELEC)
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PROGRAN PARKTDC 02/711/88 PAGE 5
SPEEDI=5,93€7*SQAFT(TVIONS/XMASS) 214
CURRITI. GE=7*OLNCC*SPEEDT7OENON : 21T
CURRE=1, 6E-7"DENCC*SPEED I/ DENOM 21°¢
PLASPI=I  ITE=§7STRTIOENCC/ XMASS) re %4
PLASPE=1.11E-4/SQRT(DENCC) 218
BERYE=73 S SO SORTCTVEL L C7DENCTY 219
c : 220
T SPEED 1S SCALE VELUCITY ~ 22t
t 222
SPEED=SPEEDT — 22—
BTSEG=0=LTA'UZHINISPEEU‘DENOH 224
A" 229
NRITE(N, 3920) OELTA,uTsec,TtnE.rv:ons,TVELEc,oeucc,PLASPI,PLASPE,
1T OEEYE; PCONCONPRR—— 227
IF(MORE.ED.1) uRITE(H,9921) HCLOUD . 228
< 229
NFPP=(NTOT/3(0) + 1 239
S0—¢ =13 A . >3+
WRITE(M,9830) 232
CALL tIST 25 P ACE)—— — 233
608 CONTINUE : 234
£ - - - 235—
C INITIALIZE MATRICES FOR ANALYSIS OF YARIANCES 23¢
00 610 I=1,NTOT 238
—A¥6 =0+ —— —————— - 239
AVGE(I)=0, 240
RUSOT D=0 ———————— 24t
RMSOECI) =0, . 242
PO—6L0—d=1t3 15 — e — 243
KHISTI(I,Jd) =0 _ 264
j KHISTEt L H=t——————————— - —_— a
, 610 CONTINUE 24¢€
Y 062011518 - - P
: KHABSI(I)=0 248
—HAC T =0 - ——s -2 49
KHABSE(I)=0 250
KHACTS¢1) =0 — — 25t
620 CONTINUE 252
e — — . —25%
IF(IT.GT,0) €O TO 650 254
€ - pES
c INITIALIZE SFACE CHARGE MATRIX 25€
e ASSUME—OHIET—START 257
r 258
—————INIT=t — - - 269~
voL= PI‘RR(NR)"Z'(ZZ(i)-ZZ(NZ)) 269
AP AR T DENCESVOL - . 26t
} NINJ=RPART/CCHPAR 262 .
‘ CALLCONNEC () - 263 —
WRITE(M,%) = INITIAL NINS,RPART,COMPAR = ", NINJJRPART,COMPAR
s 5
1 | '
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PROGRAM PARKTOC 82711780 PAGE 6
CALL DISCONN) 265
BO— 630 T DU 2 266
IPART=1DUM 267
<PELOI=SPEEDT 268 ——-
IF(IPART . EQ.2) SPEEOOQ=SPEEDE 269
CALL—DENSTY-LENTTS 278
IFIRST=IFIRST+1 271
—630—CONTFINUE— -2re——
INIT=0 273
- e Pe——
650 CONTINUE 4 275
-2 27€
c COMPUTE IPRINT 277
2 278
IPRINT=(Q 279 )
I NSRINT S ECTH—IPRINT =L 88—
IF (MODCIT 3 JSKIP) oLEoI SKIF=1) IPRINT=1 281
FEIFERIF T Er ORI NS Pyt £t TP REN Fup— 28
IFUITLEQ.0) IPRINT = 3 282
4 £ —2 B .
IF(JFIRST.6GTo0) TIME=TINE+OTSEC 285 ~
CALL—FIELS P S ;
IFCIPRINT.GTe1) WRITE(M,9790) IT 287 %
I Tv-GEv I AN AN v IS HOvEQvEI—CALL—CONNESHI————————— 288 —
CALL FPLOTCX,RRy2Z,NR, Nz,Nac.Nzo.RAorus,xnnx,xt) 289
IFCIT.GE. ITHAX) GO TO 1880 291
] — — 292 — -
o C 293
—— - IPART OO PAST O Ay 2y AND—3—FOR—FONSy—ELE G TRONSy—AND—RHOFOELECTR—-
c 295
IPART=IDUM o " o 297 ;
IFCEPART v EGv I~ TYOLTSo—THIONS- : : 208 . ;
IFCIPART (EQ.2) TVOLTS=-TVIONS/XMASS 259 {
IFAIPART vEOv i) —SREED0=-SPEEDT— : 338 i
IFUIPART . EN.2) SPEEDQ=SPEEDE A 01
— IF{IPART v EQvi)—TFHCHGS THIENS- : — 332
IF (IPART.£Q.2) TYCHG=-TVELEC ' 303
I EIPARTrEGv ) CHRREGUARE 3
IFCIPART.E0e2) CURR=CURRE 30¢
— IR IPARTYEGv I PARTEL S AARTA (- 306
1F (IPART.EQ.1) PARTCL (2)=PART1(2) 107
IFIPARTv G Tvi)—PARTOL- 4 SPAR T2 ¢4 368
IF(IPART.GT.i) PARTGL(Z)SPARTZKZ) 309
S S — . 330
- rsssss ‘ 311
o GO ENS T —TO—CENERATE—NEN—RART I E S—AND—TAKE—NEXT—T-THE—ST 66
COO“O . 313
~5 31h

t IFUIPRINTGTe1) WRITE(M,9750) PARTCL,SPEEDQ,CURR 315

= 6
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A PROGRANM PARKTDC : 02711780 PAGE 7
“ e 31¢€
) i WINI=XIIND 317
3 N IF(IPART . EQ,2) NINJBXIINJ‘SPEEDE/SPEEDI+.1 31;7
| ¥ i
CALL DENSTY(INIT) 320
¢ - 32+
T CDANB=2,67T*TENCC*SQRT(TYELEC) : 322
- t - . 323
1 JVAR=MOD (JFIRST/2,10) +1 324
ot T0—700 N=t;NTOT 28—
: IFUIPART,EQ.2) GO TO 690 32¢
g ENT=XKOUN NI CHCONZ LT INT — 27
4 NETCH(N) =KOUNT(N) - 328
KHT ST NG T KM IS T T N L PR OUN T EN T = KN TS T Tt N S AR 329
KHISTI(N,iZ)—KHISTI(N,12)+KOUNT(N)‘KOUNT(N)- 330
1T KM ISTI N VAR * KT ST I (NG IVAR) 33t
KHISTI (N, JYAR)=KOUNT(N) ‘ 332
€0—TO0— 700 — — 3
690 CCNTINUE 336
N = O N =X K CUN N *CNCONZ X LTINS — 335
NETCH (N) =NETCHIN) =KOUNT (N) 336
, KN ST E NG T DK N IS TE NS T L P K OUNT-CN = KR TS TE R IV ER) 37
, KHISTE(N,12)-KHISTE(N,12)+KOUNT(N)'KOUNT(N)-KHIST‘(N;JVAR)‘
+—KHISTRERTIAR 339
xnxsrs«u,avns)zxounrcna 3490
28-0——CONTINUE - - e e e et -345¢
c 342
C—ADD—TO REMATNINGVARIANCE—SUMS- s — IHF———
T Jub
HIARTSEC 26007 20— - - J6e5— ;
NIABS=NCABS 346 }
NT = €F — — L 24 3
. NIESC=NCESC ' 348 g
! KHARS T I I =KHABS T LI *NCAB S=KIHAS ST CIVARY 349 f
i KHACTI(11)=KFACTI(11) +NCACT~KHACTI (JVAR) 350 ]
; ARSI 2= ARSI 2N AR S INC A=K HA RS I AR T HUA B S TR —————— &
KHACTI(tZ)—KHACTI(iZ)#NCACT’NCACT KHACTI(JVAR)'KHACTI(JV&R) !
HARS T CIVARI=NCARS 353
KHACTI(JVAR)'NCACT 35,
—_————————— 60— TO T3 —ee ——— 36%
720 CONTINUE \ 356
NEART=NCA DS F5
NEACT=NCACT . 358
NEESC=NCESC- . 359—
anesstzz)-xwaesetzz)oncnes-xnaasevaas) 360
KHACTECL LI KHACT Rt *NCACT=KHAC TE-CIVARY 361
KHABSE (12) =KKABSE(12) ¢NCABS®NCARS=-KHABSE (JVAR) *KHAISE (JVAR)
KHACTE T 2 I = KA C TE L 2 e NCAC TONCAC P KM C TRtV AR I MR TE I R ———— ——
r KHARSE (JVAR)=NCABS 364 o
KHACTEtIVART=NCACT— - , 3€ |

729 CONTINUE 366




PROGRANM PARKTOC 02711780

367
] ' "L B 3-6 é
JFIRST‘JFIRST01 369
900 CONTINUE 374
NCHGSE=0 371
NEHEIT=0 32
D0 710 J=1,JEOGE 373
NEHESE=NCHESE+NEHGE ) 174
NCHGSI=NCHGSI+NCHGI(J) 375
AP0 CONTINUE- 376
c 177
GO SHmFEGATENCHES TN HESE) *CHOONF T TN 374
c 379
IFHIRELA T ESTH—E0—FO—920— 388——
D0 918 J=1,JEDGE 381
. 362
c PHI RELATION WILL 9E ESTABLISHED LATER. THIS IS INCCERECT.
7 e
PHI(J)=PI/2.%.9*QDISK/RADIUS 385
914 —CONTINUE 385
928 CONTINUE 387
Ni=0 - 388 -
N2=0 389
H-EEFRINFv O HREFEH ISP 13t e Ty Emty NRI— 3549 4
00 930 I=1,NZ 391 ;
—NteN2+t - - —— ' 352 : i
N2=N2+NR 3Q7 ]
IFCIPRINTS 6 Tr i HRITE H G730 Ty ONETCH I dm N NE———— — 39— |]
930 CONTINUE 385
B - — 306 i
C 9QEGIN CALCULATICN OF VARIANCES 397 i
P — 35
IF(ISHG.EQ.1-“NO.JFIRST.EG.2) CALL CONNEC (M) 35¢
HEI !'“*“‘ W"“ —— 40‘93
AVIASS‘FLOdT(KHAESI(ii))/DELT 601 ;
AHIACTAF L GATRHAGT I I ADELF—— 452 E
RMTIABS=SQRTA{FLOAT(XHABSYT {12) ) /DELT~AVIA3S*AV JARS) 4e3 f
RHIAC TS SQRTAFLCAT-EKHACTI (421 £DEL P AV T ACT S ANV IAG T — — B %
AVEABS=FLOAT(KHABSE(11))/0ELT 40¢ : ;
—ANEACTaFLSAT-HHASTE (44 /BELT 46— —
RMEABS=SQRT(FLOAT(KHABSE(12))/DELT=-AVEARS®AVEARS) «Q7
RMNEACTFoSARFHFEOATHHA-GFELL 2P DEEF- AV EAGTA A EA L T ——— o f -
IFCIPRINTLET0) WRITE (N, 36802) .09
IR ISHEvEQv-t—GALE—GONNES M- Doy
3002 FORMAT(/7//725%5 20 HSUMMARY FOR THIS STEP,lGX,chTEN-STEP RMS ERRCRSy
4+ 7%y L FHFEN-SFEP—AVERAGES /22Xy oHEON Sy £ 2 Xy IHELECTRONSy LI 24 3 Xy 2 4P Xy
2 1HIs7Xe LHE) I/ 1XoSHCYCLE yIXy 4HTIME 2CLX,14HABS ESC ACT),
3Ny FHABS Y ENy B HAB Sy 5Ny FHAC Ty SNy FHAC Ty Ny 4 HRRAX)- Teve
IPLAST=IPRINT k15

— WRITE My 38040 IT o FINEy NIABSy NEESCYNIAC Ty NEABSyIEESCYNEAG Ty —
1 RMIA3S,RMEASS,RNIACT,RMEACT,AVIABS,AVEABS, AVIACT, AVEACT , XMAX
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PROGRAM PARKTDC : 02711780

PAGE 9

WRITE(KV,3001) IT,TIME,NIABS,NIE SC,NIACT,NEARS,NEESC,NEACT,

BAry N, L

1 ’ ’ [ ) » ] ]
3001 FORMATILIX Il yiPELBe3y)1X 13,2693 X913y 21693Xy0PuF8eLy3XF8e14F842)
IFUISWE, EQ.IY CAIL DISCORIMY —&eT
Cco 422
IT=1IT*t —§23
GO 10 650 426
C — 2%
S9 CONTINUE L2¢€ -
T T
cersxs &2¢
- T IR ANS P ER  SUNMARY  FRCNPFICEsXY—TOOUTRUY — 429
Cresnns 430
—CACLC DISCONTM)- —43L f
WRITE(M, 5555) 432 ,/4
T REWIND XY — g3
WRITE(N, 3002) L34
9 T CONTINUE —gS%
READ(KY, biisd) LINE 643€
p 4 605 37
950 CONTINUE 438
GO TO 940 440
45 N CONTINUE : - : —4 4t
C 442
T CREATE RESTART FILEON-TARPEL 5ty 3—
c : bit
IS AT IR Y-S AR AR 7Y $55-
Iv=1 L6
V=2 -
REWIND IV 448
—REWINDG I 59— - 4
c 450 1
€ COPY - TAPEZ—TCTAPEL %51 3
c 452
~—10-20—CONTINGE 53— i
REAQCJUY) INJA, ((VSAVE(I.J)’I 1, 10),J—1qINJA) 454 £
i?ffﬂ'f&'f?‘tﬂtt”tﬂ’t‘ 459— ;
1330 CONTINUE 458
Wy RS IET =F X r 57—
GO 7O 1020 L58
—e 59
1019 CONTINUE 460
1, SCTL
c CREATE RECOGE 70 8% COPIED TO INPUT FILE FOR RESTARTY 4E2
— 463
REWINGT J' Lbb
HRITEEIV 5799940 TS &
HRIYE(JV11111) JEDGEgNR9gNZA NZB,IRELAX,HOOE LEB
JELTNR— &7
HRITE(JV,222¢) (ZA(I) yI=19NZA) 468 N

9
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PROGRAM BARKTDC 82711784 PAGE 10
WRITE(JV,2222) (Z8(I),1=1,NZ8) ° 469
WRETEC IV 2222) tPHItI 5 I=t7IEDGES %70 - i
WRITE(JV,1111) NPRINT,NPTS,IT,ITS,NIINJ, ISKIF,JSKI®,HASS 471
CALL—RANGET-CRRANY- e
WRITE(JV,3333) NRAN : 273
WRETE L5 22221 DEL FAy TINET M EONT T TV EL ECT BENCETHELOUS— P t——— —
WRITE(JV,1111) (NGHGICI),I=1,JEDGE) 475 ;
= - 76 -
WRITECV, 2222) (G(I),I=1,NTOT) w77
- ~ : - 478 i
STOF11 479 4
42— FORMATIR ISy 1FAELIvIrt—SELBvIN- e
1111 FORMAT(1615) | $81
2329 —FORMATLEE LS o652
3333 FORMATELX,028) 483
A FORMA T IR0 AC) _ 486 p
5555 FORMAT 11H1) 485
1 1X,13,25H COLUMNS (R-VALUES? TOTAL 7 487
2 3513 T G RONS—(E—VALUES)I—ASOVE AND—INCLUBING 220 PLANE —/— -
3 1Xs13,46K ROWS (Z-VALUES) BELOW AND INCLUDING Z=0 PLANE /
5— Sy EF et FREEAN—RECANATFEONy —=0—FF—BODY—FOTFENFIALy — —
6 10F IS FIXEC,,#84 =1 IF 800Y POTENTIAL IS FLCATING, ANC EQUILI3R
2 L HEUN—VAE—F5—F0—DE—GMBULATED v — 452

9991 FORMAT(/1X,13,41H = MODE, SELECTS NORMAL CALCLULATION MOCE)

5307 FORMATUAA Ky E3y2OH—a M EBEy— SELECTS—ELOUD HOBEL— &S
3993 FORMAT(/1X,I3,41F = MODE, SELECTS WEIGHTED FARTICAL MCOEL)

9988 FORMAT €/ 724 H—R—VALUES—HETHIN-RAD TUSRPELSriry IH—CM/ N —— W GE—— -~
1 I3,1PE15.4,3H GCM)) 497
39%4 FWWW £ Sy 3G _
9960 FORMAT(//3u4H Z-VALUES FOSITIVE A3OVE Z=0 PLANE/(1X,I2,1PE1S.4,
4+—3H—GM))- S84 — —-
. 3950 FORMAT(//34LH Z'VALUES NEGATIVE BELOW 7Z=§ PLANE/(‘Y,I3,1PE17.Q,
3 4. 28d __£0MAN =4 . G R —_—
E 99419 FCRNAT(/IZ7H SURFQCE POTENTIALS ON BODY/Z(4X 9y I341PELS. &, 503
: - 58
‘ 99339 FORHAT(IIJ&H INTEGER INPUTS FOR SHEATH CALCULATICN /1Y, 50¢
—_— £ P33T NPRINT T PRIN—TRAJES TR S TEPSH /Ty 58-¢
2 I3,3SH = NPTS (T0O COMPUTE ONE OR MCRE POINTS)/1iX, 507
2 EoydrieH—a— T AND—F TS EFERATION—INDEX—AND-NUNSER BFy——— 588 —
S 412" ITERATIONS) /71X, 503
7 15,354 PAGES OF SUMMARY PRINTED FOR EACHyIS,EW STEFS, 511
813y 30H—=—HASS—HASS—OF -COMSUTER—TOM-— —— 542
39280 FORMAT(//727H EMISSIGN ANC PLASHMA INPUTS / 513
b2 STEP—— AMEMNSy————— 5Ll —-
2 1PELS.4 93X 8HSECONDSY / 51¢
3 Xy BRF LBy By RirH—a—T I E—— NI T T EMEA 544
b 1XyF10e J949M TVIONS = AMAIENT=-ION TEMPERATURE IN VOLTS/

= IYELE G2 MHOIENT~ELECFRON-TEMRERATURE ~IN- YOLTSA—

é 1X,F10o3q56“ NENCC = AMBIENT-ELECTRON DENSITY IN NOes PER CC /

10
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50

PROGRAN PARKTDC 02711780 PAGE 11
7 20X, 25H(ION PLASMA PERICD 29 1PE154 4y 3X, 8FSECONDS) / 520
8 ZUX ZSHTELECTRUN PLASMA—PERIOD ’OEISO‘stQGHSECUNES,’ 521
9 20X,2SHC(ELECTRON DEBYE LENGTH =,E15.49 2X, 3HCH)/ 522
A IX5IPEL S 4, S0H T PCON T NUMBER OF REAL TONS INJECTEC PERCYCUZ7Z
B 1XyE15.%4553K = COMPAR = NUMBER OF REAL IONS/ELECTRONS PER COMPUTE _
CIONRPARTICLT)— s2e— |
9921 FCRMAT(LX,1PE15.,429H = WCLOUD = CLOUD HALF WIOTH) 52€ ;
988 0 FORMAT (7 7 TX 5 29N INPUT S FOR ST NGLE—TRAJECTORYZ —s2+—— |
: 1 1%,F108.3,19K = RPT = R-POSITION/1XyF108.3,19H = 2PYT = Z-POSITICN/ ;
» 1 PO 35 SO =AU =POL AR ANGLE (OFGREES) 7 %29 i
; 3 1X,F10.3,34K = BEL1 = AZIMUTHAL ANGLE (DEGREES)/ ' 530
I I 3 2N ENERGY N VO TS T 93T
9870 FORMAT(//413H ALL Z-VALUES/ (1XyI3,1PE15.4)) 532 /
9860 FORMAT (77 X2t HINTERS TIT AL ReVALUE S/ (S IS tPELSe e o3+ |
9850 FORMAT(//1X430HINTERSTITIAL Z-VALUES POSITIVE/ (1X,I3,1PE15.4)) §
T 9G0 FORMAT I/ 71X SOHINTERS TITTAL Z=VALUES NEGATIVEZ TG I SHTPEtseer—— B
9835 FCRMAT(//1X,43HINTERSTITIAL Z~-VALUES NEGATIVE ANC POSITIVE/ -
XISy et roee )y 43—
3830 FORMATC(LHL/6Xy1HNy 5%y 4HRIN) s 4X9GHZ(N) //) 538
9790 P ORMAT /I T 5 IS ORDER—POTENTIALY- —539-
9730 FORMAT(/1X,12,25F ORDER FLUXES ANO CHARGES) 540
9T S 0 F ORI T/ I X 2 INGOTNG I N TO D ENSTY HITH 522579 2ire
1 13H WITH SPEED -,1PE1s.u,7u cnrssc.sx,zzn ANO CURRENT DENSITY =,
»-2y— 543
9740 Foanar(//sxz7usuuuaav OF NET spacs CHARGEIIlZX,Q(AZ, Sk

9733 éoannrcrsx.:nzc,rz,1u).ane) 546
~—END I _ i

oy
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PROGRAM PARKTOC /LIST 02/11/780  PAGE 12
SUIROUTINE LIST(LST,IF) S4 €
€ Strg—— —
c PRINT ARRAYS 559
C 5—91—-._._ —_—
COMNON My IV,IFIRST,JFIRSTy JEDGEyNR,NZAJNZ,NTOT,PI,IT,IR, 12,
+ I
2 AREAR(11),0€LZ(11),RI(11),2CI(11) 554
+ 555— - -
c 556
00 208 NP=1,% 558
HPwEENE—+— NP~ 56— TS 2 350 553
IF(KP4GT «NTOToANCNP,ECs 1) RETURN 5eg
P s ST NFOT-66—F0—-3 08— 561
NMA X=NP 562
KOUTENPY=KP— 565
IKP=(KP=-1) /NF+1 5€a
FUP MO BHEP—tyNR I+ 565
T 566
EFHES T EGr - ROUT-NP )= G- LR 56
IFILSTeEQel) ZOUTINP)=XIKP) 568
o FF ST EQu 2 ROGT NP RRAEHEP T — 565
IFILST4EQe2) ZOUT(NP) =22 (IKP) 5790
¥ : 574
200 CONTINUE 572
] 573 -
308 CONTINUE ‘ 574
e IS T NE s 60 —T0— 450 55—
C$1300 GO TO (490,450),LST 576
7 573
480  WRITE(M,1000) (KOUT(NP),ROUT(NP),ZOUT(NP),NP 1 4NMA X) 578
SytP2ELtv3IN) SpL -
6O TO 500 589
& 58
50  WRITE(M,3000) (KQUT (NP sROUT (NP) , ZOUT (N®) ,NP=1 ,N¥AX) 582
23.) 282
500  CONTINUE 584
RETLAN 585-.
END 586

12




PROGRAM PARKTOC /FIELD 02/11/80 PAGE 11
SUSROUTINE FIELD 587
T — 58t
c COMPUTE ELECTRIC FIELD FROM GIVEN FIXED POTENTIALS OR CHARGES ON S
[~ WU °
c 561
COMNON-H TV IF IR ST IF IR S TS JE0CE NN A NZ NTOTT P T Iy IR 125
1 MONMAXy TIME,IPRINT,RAOIUS,RRC11) $Z2€11) ,X{51),Q(51), 593
> AREANTL I 0EC ZC I RTCE LT 5 20T CHt— —594—
CCMMCN/FLO/DERYE,DIELEC, IRELAX,PHI (11) , DENCC 565
COMNONZARRAYCZ INOX (S L5875 COEFtS 1557 —sgs—
COMMON/GCE./N,T,J5NNyNS yNEsNH NSEH » CNy CS 5 CE4 CHs CC1C 1 AREA,R, 2
TV OLUME S CHARG— A L
REAL KKK1,KKK2 : 59¢
INTEGER DT - — - 500
NATA KKK1/SHALPH=/ 601
OATA KKK 2/ IWEET = - 02
DATA CN/SHNORTH/ , 6032
DATA—OSTSNSOUTH? — - -1 &
OATA CE/SHEAST / 60°¢
SAT A Oy SHNEST 7 ———————— — — 0t
c : 607
| 609 g
SR tRRRT 22 T A St AT 3T B L3 T RS+ 2 I I/ RSB R 7 A+ T P27 RS ST 3
c : 611 !
: R RRRT I I I I ABS AT I R I RSIFRAR NS AV B 22 Rt ——— ;
c : 613 .
¢ OIATPOSITIVE-INTEGERFOROIAGNOSTIC CUTPUT 1%
' DIA=Y 615
—BrA=t- — 1€
» IF(JFIRST.EQ0) WRITE (¥,9800) IT,TINE 617
{9508 FORNAT-(LHIF 1 = ; =
. 1 19510.3////1x,17ncoarr1czsur ARRAY) . 619
V! C — 20
7 T PURE DIPOLE 621 g
A=ts 522
A=1., 623
2 ¥ ve'e
c PURE MONOPOLE 62¢
A=t : 626
R=Q, 627
. ¢l
Z0LD=Z2(1) 626
=t 30
00 1380 IDM=1,NZ 631
SO 1000 IOH=; NR— 632
N=N+1 . 633
—R=RRCIOMT - t3%
7=22110M) 635
—RE=RIP 7482 &3¢
IFCIOM.LT .NZA) VOLUNE-AREAH(JDH"DELZ(IDH) €37
13
:




PROGRAM PARKYOC /FIELD 02711780 PAGE

IF(ION,GT,N2A) VOLUME=AREAH(IOM) *OELZ (IDM+1) 62
1M E QT N2 —VOL UMESAREAHEIOMI *COEL Z tNZAI v OELZ IN AVt H—63——
CHARG=Q(N) €40
4 IF 266 200 AND T N 6T t—G0-TOt00— Gt -
& 20LD= 642
4 It P IR T E AT R ITE CHy 880820y 2— —G &3
3 : 80880 FORMAT(//1X42HZ(,1252H)=,F10.3/ Bk
1 120X HHNT LT THIE PRt HE T AT HHE T 1 P Xy tHS 7 S TEHOHARSE — E5——
2 4Xy,13HNORMAL CHARGE) 646
< ¥\ ) P
: 100 cC=0. Y-
F T= IO — i S
J=JOM ' , 559
y, 53 [4 L,z 65‘5
NSEN=JTUN 652
6=0+— &3
“CALL CNSEW(1) E54
i 655
IF(NSEW, EQ, 1) 00=0ON 656
IF-NSEWER 200205 657 .
F- IF(DIAGT.0) WRITE(My8888) NyI,J,00,AREA,C 658
———— 3 88 0——FORMAT L Xy t6HN Y E 3y Oy ARE A oy Ty 2Ny R Iy O A S AP 2E Lo — 65—
, T ) 660
1 —56a66+C— . s
3 IF(CeGT.8.) GO TO 150 662
£ . — — A &3
ALFH=0, : : 664
2% - y2) €65 —_
ALRE=KKK L 666
IFCOIALGTo0) WRITE(M, 77773 ALIESNyIoJ9009AREA,ALPH 668
. 4 ' Iyt Ny ASy 1 PR EL S ——669F———
i p . 679
e IR AP He 6T v B —CCmE 6+ ASEABALPH —e P ——
Y c 6872
e 1 50— FANSEN-EGr ) —ENeG 673
. IF (NSEN.EQ.2) CS=C 674
280 CONFINUE——————— —ee 675
' c 676
86—380—JOUNety 2 —— ‘ — , poigy
NSE W= JOUM 678
—Sogy — 70—
CALL CNSEW(2) 680
IR ENSEN 64 00e0E — - —&8%
IF(NSEWN,EG.2) 00=0W 682
- 4T AT HRIFE A 5888 Ne Iy 00 AREAYG 683
s 684
-CGa66+6— 5
IF(CsGTo0s) GO TO 350 686
5 c——— 87— —

PET=0. 688




54
PROGRAM PARKYDC /FIELO 02711786 PAGE 1t
IFIR.EQ.RR(NR)) asraaEE(n,Z) 689
ACBETKKK g 890
¢ 691
‘FTGIITGTTET’WRtTETH777?7T—ttGE?NTTTU7007tR21?!zT* —692
IF(BET.GT.0s) CC=CC ¢ AREA®IET 693
" : : o
356 IFC(NSEWN.EQ.1) CE=C 695
T ° ® C : -2 A- EESE—
3400 CONTINUE : 697 .
CALL ARRAYS" -898
1069 CONTINUE : 69¢
hd . 700
CALL RELAX 701
—RETURN — » 792

4 END . : 702
18

- e
i YO TR
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PROGRAM PARKYDC /CNSENW 02711784 PAGE 16

SUBROUTINE CNSEW(IGO) 704
¢ oe-
¢ COEFFICIENTS NORTH ANO SOUTH 70¢
° o
COMMON My I¥oIFIRST,JFIRST,JEDGE)NRyNZA9JNZy,NTOT,PI, IT,IR,17,
& ] -1
2 AREAHM{11),05L7(11),RTI(11),2CIC11) 710
€0 €€ 711
COMMON/CCC/NyI 3 J9NNyNS yNE9gNWyNSEW,CNyCSyCE,CW,CCyC,AREAYR,2
“ 15 YCEUMEFCHARG - 743
NF(IZ,JRI=JR + NR*(IZ-1) 714
A 45
IFUIG0.6T.1) GO TO 558 71¢€
€ —_ 47 ’
AREA=(, 718
—8Z=0% o= 42 .
IFUZ.EQ.T0.) GO TO 149 721
236 s 0 AREATAREAH S 24—
IF(ZeLTa0s) AREA=DIELEC*AREAHIS) 722
66— T0—20-0— » 723-—-
c » 724 :
e 30— P NSE N EGT 1 ARCATAREA I Ppe— — :
IF(NSENe EQe2) AREA=DIELEC®AREAH( J) 72€ i
8 ~ A ~ #2+ '
290 IFINSEW.EQ.1) G0 TO 300 728 3
IFENSEWrEQv2)—GO—FO—4d0——— 725 ———- y
RETURN 720
- — : — —_—— 734 §
340 NN=0 . . 732
EF6Fr BG4 —REFURN— 233 -
4 | NN=NF(I=1,J) 736
b s T 2T a3 Z - - e 735 o i
G0 YO S00 73¢
£ - - — - — 737 - i
#00 NS=0 733
IF4IvEQuNII—RETURN— : . 739 )
NS=NF (I+1,49) 740
- DEnd =22 (I41) e ‘ T4t
b T42
598 ——FF 02 6T o0t CRAFEALDE— . . 3 ——-
RETURN ' Ti
o > N -4
e 74¢
558 GON-FINUE- o — — Pl -
c 768
AREASGy— : . 248~
OR=0, 750
32w EGw ) —AREASDELT- (N AN —4+—B I ELECADELZ LN ZASL) —15-1-
X IF(Z.GT40e) AREA=DELZLI) 752
— e IF{Zei T8+ AREA=OIEL ECRADELZLTI L) T N——
s ; 754
?, 16




', PROGRAM PARKTDC /CNSEW 82/11/80 PAGE 17
IF (NSEW. EQ.1) GO TO 600 755
() O j = g ﬂb
RETURN 757
o ‘ — 78t
609  NE=g _ 75¢
TPt B O MR AR AT 25 PP TORR(IT *ARER et
IF(J.EQeNR) RETURN T€d
NEXNFLT; 31T — —— 762
DR=RR(J+1) - R 763
PERINZPTVIRRTIFIF ¥R — - -7o% -
GO TO 800 765
~— - — R row
700  NwW=g ’ 767
RIAT (3 TR T AN Ll o O —— - — ot
IFCJ+EQe1) RETURN _ 76¢
NWNFCT; 3oL . e ro— /
OR=R = RR(J~1) 774
PER TP TR R It — - . o
c : 773
800 ARCATPERTH*ANER — — . A
IF(CR.GT.0.) C=AREA/DR : 775
RETURN —— — 776 :
END 777 ;
17 %
{




4 57
Ja PROGRAN PARKTOC /ARRAYS 02/711/80 PAGE 18
g -
Yl
k3 ¢
‘ SUBROUTINE ARRAYS 778
v 7S -
c SAVE COEFFICIENTS AND INOICES IN ARRAYS 7890
17 g 78t —-
CCMMON My IVoIFIRSTyJFIRSToJEDGESNRyNZASNZ,NTGT,PI,IT,IR,12,
T HONMAXT T INETIPRINTIRACIUSTRR ¢TIy 22 ¢ 1 T 1 8¢5 1) 83—
2 MREAH(11),0ELZ(11),RTI(11),2CT(11) 784
CCMMONZFL D7 DESYETOTELECTIRELANTPHICLLIBENECE —785
COMMCN/ARRAYC/ INDX(54,4),C0EF(51,5) 766
COMMONZCCC/NFETITNNTN S NETNHINSENF ENF CSFCEY I ECFC T AR ER R 7————
1 »VOLUMNE 4CHARG 788
—& » A
c , 794
IF€CCEQT 8 ) CALL—ABNORELOH—STOP L) 794 .
IF(CC.EQ.0.) STOP11t 792
L2 CH=NORTH—(=+2)—NEIGHEOOR—=COEPL*CC 743
c 79
CEEFtNyTI—CN7EE - #95——
c 766
—&- £5=50UTFH—t==2)—NEZGHIOR—=—COEF24EE 787
b 798 :
COEFtNy29=€657€E . 755 f
c 880 ;
—&- CESEAST—{s+R)--NEIGHIOR—~—COEF3ALS Fres :
c 802 £
i COEFANy3ICELE5— . — ser—— |l
4 c A 804 £
[ e S We HEST =R NEIGHIOR = COEFES GO~ 84 ?
T 306 1
c . 803 ,
| WHERE—GCE @ GENTRAL~POINT—GOEFFICIENT— 495 - :
i c ' 810 :
5 6 S — 811 :
?4 css IF(OEBYEL6T.0e) COEFINyS)=CHIN)/CC/DEBYE®*2+,9 812 :
3 C 813— — -
' c CH=NET POSITIVE CHARGE IM N=TH 30X (FACTOR 9 FOR CH IN FICOCCLLOM
— . —IN-GM) 845 -
' T 81€
- INOHANy L I o NN- — . : PP
INDXEN,2) =NS 818
NNy IaNE 84+9—
INDX(Ny&)=NW - : 820
GHARGGBL—~ 6E-FAVGLUMEBDENGG— - 82t
c 822
3 5 . . . 83—
IF(JFIRSTL.ECL0) WRITE (M, 1000) NNy CNyNW,CHyNoCC,NEyCE4NS9CSyCHASG,
1+ CHARGS. . 8-25-
1009 FORMAT(/13X,SCAXo1H ) Tly2H)=91PEL1D L) 32ELke &) 8z¢
RETFURN 823 — .
END 828
18
- 1
'Y - - ".'i'm-‘ P 5 .."7:»
Mk PG 3 F

e ammma e




PROGRAM PARXTDC /RELAX 82/711/80 PAGE 19
SUBROUTINE RELAX ' 829
T —§30
c FOINT-SUGCESSIVE RELAXATION to SOL'E EOUATIONS 831
i N
COMMON H,IV,IFIRST,JFIRST,JEDGE,NR,NZA,NI.NTO?,PI.IT,IR.IZ,
T MO T INE S I PRINTS R RO IUS S AR T S 2 2C¢ 1t 5 o150t o L) —3y
2 AREAHC11) ,0ELZ(11) 4RI (21) ,2C1(C11) 835
Y: y ] F) [] © '_o'”f
COMMONZARRAYC/ INOX(51,4),C0EF(51,5) 837 .
" : = : . - —§
OMEGA=1,9 ‘ 833
a1 1] -3k 28 - - — S L 1’ S
I™AX=2000 841
TTR=S : — e ¥
] IPROLD=0 843
- 160t — — — gt
IF(JFIRST.GT.0.AND. IT.GT.O) Go TO an 845
Ot K=1t7NTOT g - 36—
100  X(K)=0, , 367
B3 L j —84t
200 CONTINUE 849
“ITR=ITR*Y m— e ‘ 8S0-
OELTAM=0. 851
o) e S - . , -~
00 S8d N—-i,NYOY ) 853
HE=EN— - r———e e — . 354
I=(N=1)/NR+1 855
=0 tN=L I Ny et — : —a856—
IF(J.GT.JEDGE.OR.ZZ(I).NE.G.) Go TO 600 857
; € SET SURFACE POT‘NTIALS ’ ' a85¢
£ e r—r—rr———s —— —8€8—
X(N)SPHI(J) sel
—G0—T0—500— ——— — — 662
400 CONTINUE 861
! SUH:COEF(N,S) . 865
A0 HR=t5& , . ; —4€6———
INDEX=INDX (N, KX) 867
LPt1N0tr—GT—tT‘SUﬂ=SUﬂ—v*cotftﬁrtft'*ftﬂﬁE‘r* —868——
330 CONTINUE 86¢
72 —7 Y
XINI=SUM 874
L3 3 . %Xt — 7
DELTA=AGS (X (N) =X1) 3?73
It LI NE T O O T AT A SNt N " X7ty ——m—mMm——m—————— 8
IF(OELTA/GT.OELTAM) DELTAMN=DELTA 875
— — e
3 500 CONTINUE . 877
: 2 ; ‘ —& 8
IFCITR.GTITHAX) WRITE(M,8888) ITR 879
19
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T e m b mren o i e o Mot +aoa b et

PROGRAM PARKTDC /RELAX

02711788  PAGE 23

IFCITR.GT.ITMAX) GO TO 7048 889
' 2 ) HIONSY—————— 88t ———
(] 08?
IPR=TITR7 SO0 883
IFCIPR.LE.IPROLO) GO TO 600 884
IPROLO=IPR- 345
GO TO 880 886
A" 66!’*
F 600 IF(DELTAM.GT.EPS) GO TO 200 888
, - 435
Eﬁ c ITERATION CONVERGED. PRINT AND EXIT. 850
: € . g4
1 703 160=2 652
5 853
{ 800 NFEP=(NTOT/Z300) & 1 854
po = 895
f WRITE(My7777) IT,TIME,ITRyEPS,0ELTAM, ONEGA 856
CACEC ISP AGE) 457
F 940 CONTINUE 898
3 FOHHAT-—FINE 2yg———
1 1PEL18.3//15H SOLUTIGON AFTER,I642X,25HTTERATIONS WITH TOLERANCE,
—2 9P FLEr -G Fev Sty ———
3 1HNy 2X9 GHNIN) , X, GHX (N)Z7) 902
& 94-2—
IF(IG0.EN.1) GO TO 600 904
43908 —CONTENUE- ‘ . 95—
RETURN 906
END— 307

PR . -
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PROGRAM PARKTOC /INTERF 02711780 PAGE 21
SUBROUTINE INTERP(RZ»JIGyIGyPHICIRISZISIRyIZHyINT) 903
C st ~ 90— —
c INTERPOLATE IN R-Z GRIO TO FIND POTENTIAL AND GRADIENY 913
T : : —91t
COMMON/ZTT/ZFINT 4 Xo¥, XOOT o YDOT,Z00T o PHI o PHIR, PHIZ, 0T 912
J [} [} 913
IFCINT.EQ.0) 16G=0 914
= 4 [ . 9'1".'——
L NCH=0 : 91¢€
o c ~COCATION-OF 2 IN—ARRAY —e17
- c 918
' — A SSUNE 2T T2 LRSS THAN—ORCQUAL—TO— 2 CESS—THAN-OR—EOURL—TO— 21ty
5 920
1Pt EGZ Ity I6=2— —92t
i IF(2.,EQ.2IC1)) GO TO 103 922
~IFCINT 01 GO T0 100 92—
c 924
% 0010 I=2512 -9 29—
1 16=1Z~1+2 92¢€
3 I 2et T 2Tt IC=t) GO0 10103 o2
10 CONTINUE 928
GO 10999 92—
T RETURN WITHOUT LOCATING y4 930
- T3
‘ c ACCEPT IF ZI(IG) L:SS THAN on EQUAL ro z LESS THAN 2I(1G=1).
* - - 93—
160 IF(Z.GE.ZI(IG-x)) Go 10 102 934
e 1 [ —9'3'5*'
c , 93¢
P EET 2T CIE GO O 10N -
101 IG=IG#1 938
17t T 2T I8 —)—60—T0—1081 ~—939—
GO TO 103 ' 940
———tgr—— 16161 9%t
IF(Z.GE.ZI(IG-i)) GO ro 102 942
—t - NCN=t— 9% 3
o 16 OETERMINEG ke
- 95—
19%  CONTINUE 946
- 947
T LOCATION OF & IN ARRAY 9438
- G e—
c ASSUME RI(1) LESS THAN OR EQU:L TO R LESS THAN OR EQUAL TO RI(IR).
—— 951
: IF(RLEQ.RI(IF)) JG=IR-1 952
TG EC RI IR GO TO— 193 — 9453
IF(INT.EQ.1) GO TO 150 954
- 955—
DO 15 J=2,1IR 956
36=d=1 —aer— —
IF(R.LTLRICJ)) GO TO 153 958
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PROGRAM PARKTOC /INTERF 02711780 PAGE 22
15 CONTINUE 35¢
—60—F0—999— <68 N
: c RETURN WITHOUT LOCATING R 961
3 — 962
( c ACCEPT IF RI(JG) LESS THAN OR EQUAL TO R LESS THAN RICJGe1)
- G
t 150 IF(R.GE.RICJGe1)) GO TO 152 965
RS GERIGIET— ) 60—TO—t56— €5
151  JG=J6-1 967
i ' , PR TR IGIEr 6016151 68—
P GO 1O 153 96¢
+4 - 978
: IF(R.GE,RI(JG+1)) 50 TO 152 971
1 153 Nen=t - 372
E 154  CONTINUE ‘ 972
¢ ; 974
IF(I1CLE«0<OR.JG.LELG) GO TO 999 975
- ' 976
t RETURN IF I6 ANO JG AND ALL THAT WERE REQUESTED 977
1 ¢ 378
IFCINT.EQe2) GQ TO 310 979
o 389
c SET UP FRACTIONS 981
1 _s; - - LR
DEL2=21(16G-1)-21 (16) 932
—BELROREES G+ -RIAIE) , 384
F2=(Z=-21(IG))/DEL2 985
T : ‘ 987
E————BEFINE—POFENFIALS—AT—OORNERS—OFB0% A
] 389
[ PR2aPrIEHI6+y 61— - e 3ae
' P21=PHIC(JIG, 1G6-1) 991
; P42 FHIC {36+ 1y I6—)- — —— —992 ———
P11=PHIC(JGy IG ) 993
; —IFANCHVES+—60—F0—36-0— G54
) c 995
e 5 SHIPFFPHI-EOR—ISNOTGHANGED— ; 396
c 997
——————————————B1e(PR2-PL 21/ BEE T — 958
02=(P21~-F11)/0EL 1 999
— B3P A2~ PRI BEER— +6-6-0-
D4=(P12-P11)/DELR 1001
o . - $80-2
300 CONTINUE 1003
- & ~ - 13 04— ——
c INTERFOLATE TO FIND POTENTIAL AND COMPONENTS OF GRADISNT  100°¢
0o 4006
. PHIZ2=02 + FR¥{01-02) 1007
! FHIR=DH—+ F2UL03=Bl}—— 1008- ——-

PHI=P11 ¢ FR*(P1Z-P11) + FZ®(P21~P11) ¢ FRUFZ%(P22-P21-P12+P11)

22




PROGRAM PARKTOC /INTERF 82/711/89 PAGE 23

310 CONTINUE ' 1010

RETURN" — - I01Y
c 1012
T g T3
C CANNOT LOCATE EITHER R OR Z OR B30TH 1014
T ry F -
9499 RRITEIMINT,G€99) RyZ,IGy 4G 101¢€
—CACLL ASNORTICH ——STOP22) —101 7
STOF22 1018
C — 1019
3999 FORMAT(///71%332HCANNOT LOCATE R OR Zs R9Z9IG9JG=91P2812.449215)
*ND- g " — " 1021




63
-i,l PROGRAM PARKTDC /TRACK 02/11/83 PAGE 24
)
’ R SUBROUTINE TRACK(R,2) 1022
€ 1023
¢ ADVANCE X,Y,2,XDOT,YDOT,2Z00T 8Y "CONSTANT ACCELERAT ION. WITH STEP C
€ - 1025 e
COMMON/TT/MINT ;XY XDOT, YDQGT, 2007y PHI yFHIR, PHIZ, 0T 102¢
—£ 1827
- IF(Re€EQs0s) FHIX=0. 1028
IFRTEQ O +429—
IF(R.EGe 0.) GO TO 100 103¢
& - 43—
PHIX=PHIR®*X/R 1032
—PHEraPHERS AR — 1835
(] 1024
18-8—CONTFENUE— g I
c 103¢
————— A= BT X BE T 25 B TR HEX) 143 F+———
Y=Y + OT*(YOGCT - ,25%0T*PHIY) 1038
2=2— AT+t 200 T~ 28 DT 4PHILY +4-39
c - 13490
X80T XRS5BT PRI towt——
YDOT=YBOT - .S*DT*PHIY 1042
286 T=700F 5B THPHEZ 1843
c 1044
RETFHRN 485
END 104€
. 24 T

SRR
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4 PROGRAM PARKTDC /€RF _ : 82711783 PAGE 25
F3%
" FUNCTION ERF (X,ERROR) : 1047
] 7 ~ - : 1058
c ERROR FUNCTICN 1049
—C — - <050
OIMENSION A(7) 1051
VAT A ASRP T 71558 T 002U I8t 022820 1 20 w5 O 2T 82T 28w, — 1092 ——
1 ¢15201630E=3,¢27656720E=3,0430638E=b ol 7724538/ 1053
S=X*X = - —10SY"
RS=ABSIX) 1055
IFSSLTs 40 GO TO 240 = » : 19%¢
S=AMINL(S,675,.) 1057
—ERRORT L 7 IRSURPIT (L ¥ S 7S ot v 87 St =7 S7S ) 1058
ERF=1+-ERROR®EXP (~S) 1059
m —ee e - IUBG
c ‘ : 1061
s FASTINGS APPROXIMATION (P L87Y 10682 v
c . 1063
—2u0—SP=1: 8 — 1064 ,
SM=1,0 1065 ;
0020 E—T=257 = — : : e g
SP=SPeRS 1067 ]
SH=SHAACTIY*SP — - — 1068—————
: IF(ABS(SP)LT,1.E=9) GO TO 350 1066
: 30— ONTINYE e - t+ore——
‘ 350 ERFC=1./SM®*%1p A 1374
RETURN 1073 i
—END _— ——r e —_— 1574 :
25 ;

.\‘m{-»:& B
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PROGRAM PARKTDC /ERFINV g2711/8¢ PAGE 2¢€

FUNCTION ERFINV(R)

L")
c INVERSE ERF RATICNAL AFPROXIMATION
e —~{SEEAIRAMONITZ L STEGUN;—#;—93)— 4078
: c N 1079
1 , -+0-9¢
DATA D1,02,03/1,832788,. :89269,.,001'308/ 1381
DATAROUNDTREOF2IROOTP I/ Lo E—-tirto vt 421356237 ISy 1+ 7245 I85/— ——-
. ERFINV=~-2, 1083
: R G e b v ORa Rt T 05 T CALL ABNOR €1 OH—STOP I ————— 1884 ———
g‘, IF(ReGTeleeCReRelTo0s) STOP 33 108¢
A= . 4666 —
2 IFCR.LE. +09) X=R*ROOTPI/2, 1087
» R LET 06010200 — 1865——-
: P=(1.,~R) 72, 1089
P Y ] 'R K : w ﬁ%‘“’“—
A 100 1692
IF(F.LE.ROUNC) 6C TO 150 1093
P56 T ROUNEI—RABECe—E* ALEG¢P)- 410S4
IF(RADIC.GT<§.) T=SQRT(RAQIC) 10¢¢
AN=CE+ T L+ TE2Y . 489€
XD=1,4T7* (D1+T*(D2+T*D3)) 1897
*PaT- 4058
1 IF(XT.GTaBs) XP=XP=XN/XAD 1059
H= X PAROOTE— . ‘ 4455
‘ IF(X.LTe ROUND) X=8, 1101
-60—F0—20-0- — — — : 1162
150 CONTINUE 1102
ot it AL 06 Ly 5+ ROOTRIAPY . 44
IF(TeGTe 0e) RADICZT = oS*ALOG(T) 1105
FEARAD IS v 6 Fv v —XaSORFARABEG——— 4166
209 CONTINUE 1107
ERFINI=X E— £404———

END
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PROGRAM PARKTOC /FPFLOT , Q2711780 PAGE 27

\

SUBROUTINE PFLOTQU,RI,ZI,NRIsNZI,NRO,NZO,RADIUS, MAX,IT) 1110

TINENRSION ITINECIZ2Y JLINE(I 22 IN0Y (23, RITITYNZI0LLYS II1Y
_ 1 REXP(122),ISYML26) U INRI,N2ZD) 1112
: TCOMNON 7T T7 FIRT; GV XOO Ty YOO T 200 T, PHIGZPHIR,FFLZ DT 1713
ﬁ 0ATA ISYH /71iHZ, 1Hl'1H8,1H0p1H0,1HE,1HF,1HG,1PH;1HI 1HJs LKy 1HL »
] I ’ ’ ’ [] ’ ’ ’ ? -
3 DlTl BNDY /1“0.,100’90'30170950'5.'5093012-.10,“..'1.,'20)‘3-'
; I >4~ %a 5 0 i~ T > 8e v v il 10057 rerya
NINT=6 1118 N
s t— : - — - 1119
*’5 L 2 X Y X J 1120
_ C O T RN INE I NI MU AN MA X I MU O THE X MATRIX T2t
P Cossvs | 1122
AMINTIOT L0 — S — g = : 112y
i XMAX=<-XMIN 1124
E KROM=NRO>Y g g —— e
‘ NZOM=NZ20-13 112¢€
80100 $I=t3NRRT " Tt2?
i 00 1068 II=1,N2I ‘ 1128 ,
! ANAX=AMA XL CANG U T 1129 i
XMIN=AMINL(XMIN,U(JIHIT)) 1130 :
10— CONTINUE- = — 113t
c ‘ 1132
‘ - - —— - e +4+33
‘ € LIST SYM30L COEFESPONOENCE 1134
‘ £-4-0-3-3-0 - T — - 1135
WRIT:(HIN793001) KHA!,XHIN,IT 113€
3oL 7 oXy T g
1 BX,*THENTY TWO INTERVALS ASSUMED FOR DATA, XMAX = *, 1138
( P 9
3 167/ ZQX,'INTERVAL'IBX,’SYHBOL‘ EX,'FRON' 12X,*70%) 1140
WRITEAMINT; 3002t IS Mt BNOY ¢ D) NG ¢ I+ D)5 I=t3 22— ti4t—
3902 FCRFAT(SX,IJ,ZX,Ai,IPZEisoS) 1142
HRITENINT; IO > ; — R - ros 23 '
3003 FCRNAT(1H1//) 114k i
a : S : . 145 . i
Nev ey 114 € E
e R PAND R COORDTANDPREPARE T O INTERPOLATE — 1147 s
Cosens 1148
REXPLLI=RITLY — — T
ODRKk=(RIINRI)-RI(1))/FLOAT(NRONM) 1150
V02001 T=25NRO" 15
REXPCII)=REXF(II=1) +0ORK 1152
— 20 0 CONTINUE- 153
=0. 1154
2= (2 I Ly =2 TR Y/ L OA T INZ Oy 5 =1 O 119%
2=71(1)+022 1 115€
, r2CUR=T —+1 57
; 00 350 KK=1,M70 1158
. 2=7=021 1159
IFLG=0 ‘ 1160
27

g
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PROGRAM PARKTDC /PFLOT 92711780 28
IFC(2.LE+ZI(I2CUR)) IFLG=1 . 1161
IRCHUR= 1165
INT=0 11€3
6o-3 =170 t1es
X=R=REXP (1) 11€¢
- —IPE6=0— 1166
IF(X.GE.RI(JRCUR)) JFLG=1 1167
€ r- tt6e
INT=1 1169
— £ -—4178———
c DETERMINE 30X NUMSER FROM BNDY MATRIX 1171
4 t+472
00 258 JJ=1,22 1173
TBOX=( (INDY (JJ) =PHI) ® (PHI-BNOY (JJ*1))) 117¢
I IOG EGT 2 S L INE LI )= SN2y — — — ——— ————— ———{ P
IF(TR0X, 6T, 08.) GO TO 750 1177
£59—CENTINUE 1478
:* 750 CONTINUE 1179
IF(noo(Iaox 2) +EQe1) ILIMECITI=ISYM(MON(IAOX=142€) +1) 1181
€ : : L8P — e
C PARK CORNERS 1183
H— +4-6«
IF(IFLGeEDe1AND oJFLG.EQ 1) ILINECII) 21+ 1185
& £4 6
T MARX NISC 1187
€ — 11— —
IF (ZI(IZCURD +EQe OooAeREXPCII) LEs RADIUSeAeIFLG.E0e 1) ILINE(II)=1H~
AL+ EGv I IROURTIREUR+L +499
c ‘ 1191
—35-8—SONFINUE t492—— .-
: c 1193
] —————Bsssss . — 14—
: C HAYE WE CROSSED A Z BOUNDARY??7?7?7 119¢
| ——————gasans $+4 56
IFC(IFLG.EQ.1) GO TO 310 1197
6 , +108 - —— -
C ELSE 1199
rIetyNRO}) 1288 -
3906 FORMAT(9X,13ZA1) 1201
€0—¥9-359 1292
c 1203
34+9—GONTFINUE : : : —4204 -— —-
WRITE(MINT,3605) ZICIZCUR) o (ILINECI),I=1,NRO) 12c¢
e 30-05—FORMAT D ey F e By £ Ny S GA L) £20-6-——
IZCUR=IZCUR+1 1207
35-0—CONFINGE- 124648
RETURN 1209
£ND- 13310— —

«‘l"ﬂh m
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1 PROGRAM PARKTDC /CENSTY 02/11/8¢ PAGE 29

SUBROUTINE OENSTYULINIT) , 1211
L - P Y9 T4
s COMPUTE FLUXES AND CHARGE DENSITIES 1217
T g 12T
COMMON My IV,IFIRST,JFIRST, JEDGEyNRyNZASNZ,NTOT P, IT,IR,12Z,
—T™0 ] ) ] ] v ? v 5 t21e
2 AREAH(ii),OELZl11).RI(11)oZCI(11) 1217
bUl‘ll‘iU [ -9 } »
1 IPART,PaRTchz).uELrA.spEEo,nost,oanN.oTsec.NINJ. 1213
2 VSAVECL 05 100) 5 TVCNG; NRAN; NCESCNCABS NCACT; RCHGEL Ly T R CHET I
3 KOUNTISi),IKOUN!51).HODE,RCLOUO 1221
LY AN [}
n:nensxou ENCESC(Z),ENCA&S(Z);PHIC(Si),HT(SiinHYP(51),PPYZ(si),
T PHYALT (LT, TFOSK LYY 12246
DATA ENDESC/SH ESCA,SHPES /,ENDABS/5HA ESOR,5+8€ED / 1225
NISTCI;ITTNRYP IS5+ - 122t
IF(IPRINT.GT40) WRITE(M,1800) IT,PARTCL,SPEEDO,CURR 1227
- - - Y443
JV=3-1V 122¢
TP CIFIRSTaNES OGO TO 90" - - : 1230 ;
CALL RANSET (NRAN)D 1231 i
NPARYS=0 — g - 1232
i HITE=ZZ(1)-22(N2) 1233
] AREAR=RL 7 2 AR INR Y * RN — - 1236
‘ AREAB=RR(NR) *HITE 1235
—ROOTPI=SART (P ——— — - 1236
NTOP=0 : 1237
i NEGT=0 T - 1238
7 NSID=0 1239
; At . - - - — 240 ¢
; Jo=1 1201 '
A MTINT=mN ; - D T S g — AL 3
% Ni=1 1243 i
3 INIR=0 = - e e - 1244 '
¥ oL K=1H 1245
< REWNINO—IY— — r Y422
REWIND JV 1247
£ - . - t240——
IFUIT.NELG) GO TO 60 . 1269
7 - - —— ; +250—
D0 80 I=1,JECGE 1251
NECHGECIr=0— - 4+258——
NCHGI(I)=0 12513
80— —CONTINUE 1954
GO TO 90 1255
60— CONTINUEF : 128¢
REATC(IV) INJA,CC(VSAVE(I,J),1=1,10),3=1,INJA) 1257
12 0Pt —905 70 —t 28—
70  CONTINUE 1259 . ’
—HREITECIV TN A VAV E ;s Iyt Oy st INA———— ———— 1 26 0— —
NFARTS=VSAVE(9,INJAI+ .1 1261
29 o




PROGRAM PARKTOC /DENSTY 82/711/480 PAGE 3¢

GO 70 60

- t26——
90  CONTINUE 1266
— 1Pt INE T €051 6010350 - +265—
NCABS=0 1266€
—NCE3C=0— t2 6+
NCACT=0 . 1268
—INTER=0— 12 6<
N=0 | : 1270
IR INT 6T 0 A MO T P AR T EQs 2 HREFEC Mt St —RREPyI=ty N6 ———— —
IFLIPRINTGT 3. ANDIPARTEQel) WRITE(M,1020) (RRIJ),JI=1,NF)
— e t—NR— 4273
Jo=8 1274
— 0110 Ity NI 1275
J1=J1eNR 127¢
F2=I2ONR . 1277
00 188 J=1,NF 127¢
N=Not } 1334
IFCTYOLTS.ECe8e) GO TO 110 1280
—4 68— PHECH =GN THOL TS +284
1 IFLIFRINT.GTe0) WRITE(M,1100) I,ZZCI), (PHIC (J),J=J1,42) 1282 1
. —+t——ECONTINYE 1263 ,
1 c 1284 &
IR EFRINT oG T WRIFE-¢My-£280) ~——t2 85— — »
T1=NZA+L 128¢ ¥
i BO—168-TeTtyhZ - : 12 -
3 J1=JL1+NR 1288
: J2I2HNR . — . +283———- :
3 00 150 J=1,N% 1290 £
. N4 ‘ - 4254 '
IFCTYOLTS.EG.0) GO TO 160 : 1292 ,
4 50— PHIC-NI SN ATHOL TS — - . 1283 — - ;
% i IF(IPRINTGT0) WRITE(My1100) I,2Z(I),(PHICIJ) yJ=J1,42) 1294 :
~ —46-8-——GONTINUE — A —— e £295 i
3 IFINODE.NE.1) GO TO 180 o 129¢€ {
5 1297 >
C CALCULATE PHYR AND PHYZ MATRICES 1298 B
& S — e — 1269
N=0 1300
IP=MINQ(I*+1,N2)
M ARGt i)

— 50— 179 —Jaty N

N=N+1 130¢

T R} - +-34-¥
JH=MAXE(J~1,1) 1308

-~ 1335
NP=NIJ(I,JP) 1310

N 3 1311

NRo=NIJH Ty M)
PHYRIN) = (PHICUNP) =PHICINMIV/L{RR(JP) =RRTJIM))

30




PROGRAM PARKTOC /OENSTY 82711700 PAGE 31
' xr«z.en.nza.Aun.J.eu.Jenszoxv PHYR(N):(PHIC(NF)-PHIG(NP!)I _
- ' T (RROIPYSRANDIUSY TV
; c 131°¢
F NERIICIN; ) » 3T
- NPZNIJ(IFyJ) o 1317
E PVt T PN IC TN Y PRI CINPT Y7 T2 2 CINT =2 2Py Y T
: IFC(I+ECeNZAoAND e JoLEo JEDGE) PHYZ (N)=({PHIC(NM) =FHIC (N))/ 1319
T CZZ2¢ TN =2Z2¢17F = T X4
3 IF(I.EQ.NZA.AND.J.LE.JEBGE) PHYAL?(J)s(DHIC(N)-PHIC(NF)DI 1321
: T t22CTY=2Z2CIPY Y 32?2
L 170 CONTINUE 1323
g 180 —CONTINUE— : — TS
E c 1328
: IE NP TSI NE TGO TO— 390" — - 132¢
| ¢ 1327
% o SINGLE TRAJECTORY —CNPTST0Y - 1328
j c : 1329
* ACPHR=AL T*P T/ T30 - 1330—
 BETA=BE1%PI/180. 1334
WRITECH; 1300 AL T SEL T ALPHATSET A Iy — 1332
C$L GO YO uao 1333
covsee 1334
T 17 AUG 78. NOTE THAT SINGLE TRAJECTORY IS INCOMFLETE 1335
& AECTNNING  HERE;—TENPORARTEY—THES-CASE— 1 —JUST T IR N INATED—
Cesvnse 1337
- CALLABNOR 18— STOPH 00— — — . 433
STOF 400 1339
e INITIAL CONOITIONS OF—TRAJECTORIES —— — - ~t- 348
c - 1361
—————— 35— ONTINUE— 4342
Crvuss 1343
B—INJECTNEWPARTICLES - —_— — 43—
! C ASSUMED FLUX = NINJ IONS psn cche 1345
\ ey - — e : LoWT
| c 1347
| BO—IFO—F=tFNINS ——— —1348
| RAN1=RANF (NRAN) 1349
—RANZ=RANE-ENRANY - e ~4354
RANT=RANF (NRAN) 1351
RANG=RANS-ENRANT ———— — 1352
RANS=RANF (NRAN) 1353
—RANERANP-HNRAND 1354
NPARTS=NPARTS+1 1355
INSE=ININeL +3eE——
T 1357
TSt ECT VERT I AL AND—PERPEND ICULAR—CONPONENT S OF VEL OC T 1Y 388———
c 1359
— VP ERP=SORT AR S AL O IR AN T360-
: c ‘ 1361 - 1
r ANVERT=ERFINV-IAR St =25 " RANE)) 1362 -
IF(RAN2oGTee5) VVERT==Y¥ERT 1363




7}

BROGRAM PARKTDC /DENSTY 02/11/80  PAGE 32
c 1364
€ CALCULATE THETFAAND—TRIG—FUNCTLONS 0P —THETA 1365 ——
c 1366
—ALIRTATANZ CYPERPEVERTY 1367
CAL1=COS (AL 1R) 136¢
- —SAC L= INCAL LY +3€0
‘ c 1379
“ £—SELECTTOP7BOTTONOR—SIDE — £374
s ¢ 1372
—RAREASSARE AR DS CAL LI A HAREASS TAL tHAREAASAB S HEAL T 373 — ——
IFCRAN3.LE.RAREAS) GO TQ 360 1374
¢ PARTICLE HITS SIDE. CALCULATE X,Y¥,Z AND PHI CGOR". 1376
€ : 1377 -
Q' LOCAT=4HSTIODE \ 1378
: 29 t=RANS— . 4379—
; BE1R=ASIN(S3EL 1380
5 EREL=COSHIELRY +38+
3 NSTIO=NSID+1 1282
{ & . +363—— ——
X=R& (NR) 1384
I EENE T EGv 1 XnSERTCRANGH-SRRENR— 1385 - :
=0, : 1386 {
—ZeRANSECHIFEI-Z TN — - 4387 —— :
n , 1388 i
60—F0—4t0— —_— e . 1389 —— b
360 CTONTINUE 13990 3
£ . : S S — £+391% i
c FARTICLE HITS TOP/S0TTOM., CALCULATE X,Y,Z AND PHI GCOORD. 1392 :
—5- — T 4333
EELR=2.*PI*RANG 1394 :
GOE 106 8SHBELRI— : I 1395 ;
S3E1=SIN (BE1LR) 139¢ ;
a— — S— 1357 - §
X=SGRT (RANS) *RR(NR) - - 1398 -
Y0y — —$353 :
Z=22ND 1440
TITYVIPENE SPUTE 3% T T 7Y W— , 4B
IFCINIT,EQe1) Z=HITE*RANES2ZZINZ) 1402
— L OCATREHIOTFEN—— _— 43
IF(CALL.LT.0.) LOCAT=INTOP 1404
FFAC A4y Ev-Gvi—NOOTaNBO Tt 45
IF(CAL1.LT.0s) NTOP=NTOP+1 140€
& — o — : : $+4-07
T 1408
G GALCULATE-VELOCITI-COMPONENTS— 240
: o 1619
%50 TamSPEEQGAVREARSCHES— thtt
YOO T=SPEEDQ *VPERPSSHE 4 1612
RY. I POL S—




PROGRAM PARKTDC /DENSTY 02/11/80 PAGE 3
VSAVE (1, INJB)=X : 1418
] v j j 11t
VSAVECL3I, INJB)=2 1417
VSAVE GG INJISY=XN0T 151t
VSAVE(S, INJB)=YDOT 16419
—VSAVETS; INIST=700T - 14520
VSAVE (7, INJB)=DELTA®*RANG 1421
TFCINT TS EC 1Y VSAVE LT 5 INTEY=OELTA » 1522
IF(IFART.EGe1) VSAVE(S8,INJB)=%, 1423
IF T TPART s E0- 2y VSAVECS,; INIBY =L, — 152G
VSAVE(9, INJR)= FLOAT(NPAR?S)#.i 1425
TSAYECIOy INIS 1S - —— . ” -ty 2¢
AL1=ALIR®180./PT 16427
—BEIXBEIRO TG /P —— : 428
i c 1429
1FCINISS LTS 188 G0 TO 370" - : 1530
i WRITETIV) INJS, ((VSAVE(K,J) 9Kx1,10)93=1,INIB) 1431
INSET0— — o - t532
c 1433
ST —CONTINUE : — - » 143G
C$S WRITE(M,®) = ATOBTOC =",NTOP,NSID,NBOT 1435 :
IFtINIES G T O WRITEGI IS TIESAVYETT 00, t53e——— |
1 I=1,10) yJ=1,INJB) 137 §
—“INIE=Y — ——— — - 153 )
IF(INIT.EO.i) RETURN 1439 ]
3 ==y ———rr—r T T = —to60 :
1 IV=2-3Y 1441 :
H € = — Te42— 3
¢ IF(IPRINT.GT.!D uarrzcn.sutu) IT,TIHE.PAETCL 1443 :
LA CEPRIN TS O T NRIPE T It DB T AT O TIEC— ~t it
c 1445 '
20820 1N —— PS4 23
KOUNTC(I) =0 ‘ 1647
XOUNSLF =0 — » — e : ’3.21-2
820 CONTINUE 1449 -
12 PO AR=LHE » ——— T35 :
> IF(IPART EQ.1) ITPAR=1HI 16451 :
—RENINC—IY —————— 1482
REWIND IV ' 1452
—3$91——CONTINUE — - — 155t
REACC(IV) INJA, ((VSAVE CIoJ) ,I=1,10) 9J=1,INJA) 1485
2Pt LOP LIV 0805 0P 0 toSe—
870 CONTINUE 1457
POt I NS5 INSA 1456 -
NPART=YSAVE (S,INJ) +e1 1459
—- IF CIPART B0 o AN TS VSAVECE IND LT 0 GO T0— 8617 1560———
IFCIPART e ENeZoANCe YSAVE (8, INJ) «GT0.) GO TO 860 1661
NCACT=NCRC T - Tyer——
3 c 14E3 <
e —NEN T T IHPL I P S RENLYINTEC IED—PARTICLE 1ot
C FAYT = 8oy =1ey =2.5 IMPLIES NORMAL, ESCAPING, OR ABSORBET

33
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PROGRAN PARKTOC /CENSTY 827117880 PAGE 34
c 1466
NEw=g- 467
FAYT=(0. 14638
FATE= M 1469
ZOLD=YSAVE (3,INJY 1470
—X=VSAVEHLYENDY b
- Y=VSAVE( 2, INJ) 1672
— BV SANE S EI ti3
R=SGRT (X *X+Y¥Y) , 1674
: AECFRYIAVECNTING 14?5
YOOT=VSAVE (5, INJ) ' 147¢€
280 FRVSAYEA Gy I ~gig 72—
0T=VSAVE (7, INJ) * CZNIN 1478
ENT=0- tiPG—— —
IFCINTER.EQ.8) CALL INTERP(R,Z,JG,IGyPHIC,RRy2ZyNRyNZ,INT)
IF-EINTERS 6 To 0 CALL INTERP RS 23067 I 6y PHICTRESZCIFIRGIZFING————— —
£=PHI +SPEED*SPEED 1482
- SAVE LTINS o ET T DEL FA—NEH=L— — 463
VEL=SQRT {XOOT*X00T+YOOT*Y0OQT+200T *200T) 1484
~FFEPRINTT 6 T oA M v NENTEGT 1 NRITE My 2180 NFARTy I BPARY E65 6y e
1 N1,UCNL)9X,Y,2,RyXDOT,YDOT,2DOT, FATE,VEL 1486 ;
EFYSAVE (P END T DEE TA ) VEL VAV Et Iy IN————————— —tB? ——— ;
c \ 1488 H
—¥ELSGety , . 1463 i
IF(NEW,EQ,.8) GO TO 4590 1499 :
1 PHIAPHIASPEERSS2 . 14GL '
F IF(X.EQ.RRC(NF)) GO TO 420 1492
3 VELSOeZBOTI¥R-PHIA— - — » 1493
1 IF(VELSQeGTe0s) ZOOT=SIGNISARTIVELSQ) ,2Z0D0T) 1494
: H-4VELSavtEvtv)r—206Fa—790F 495
1 GO YO 430 169t J
, 428 —GONTENUE—— : S— 4497 - |
: VELSQ=XDOT*#2=-PHIA 1608 ;
z IR EVEL SG+-6F+ G+ ) HDOFRSTENASARTLLEL SOy XDO T : 1439
i IF(YELSQeLEeGe) XDOT==XDQOT 1550
! IF (IPRINTLGT.3) WRITE(M,2180) NPART,IDPAR,IG,J4C, 1502 g
' £ NEyU-ENL I My ¥y Zy Ry X B0 Ty 180Ty 2O FvPAFEy VEL- £503 :
! IFIVELSQ.LELC.) 6O TO 500 : 1504 E
; w5 —CONTINUE— , - 1585 -
IF(MODE.NE.1) GO TO 440 150 €
ﬁ j:s,
C OISTRIBUTE FORCES INTO PHIR AND PHIZ 1508
0 4 0080
CALL CLOUD(R,Z, PHIC,IFDSK,HT,HCLOUD) 1510
—BHIRa8> 154t ——-
PHIZ=0, 1512
, —Nag- : 1513
{ 00 460 I=1,NZ 1514
| — 50—463—J=Ly NE : 1548 —— —
j : N=N+1 151¢
t i 3k




PROGRAM PARKTDC /DENSTY 02711780 PAGE 35

PHIR=PHIR®HWT (NI *PHYR(N) » 1511
og - 15Tt
C SIFT FCR SPECIAL HALF BOX MARKED BY IFDSK = =% 151 ¢
T = —1%20
IF(I«NEeNZACReJoGT.JEDGE)Y GO TO &70 1521
~IPtIPOSK Y INET™ I GO TO & T0 18T
c ) 1523
—PHIZ=PHI TN T OO *PHY AL T¢I - g 1524
GO TO 460 . 1525
17 — 182t —
470 CONTINUE 1527
——PHIZ=PHI 2N TN *PHY I tNT " 192t
460 CONTINUE 152¢
- S —— - — 1930
440 CONTINUE 1534
TPTHOBE“NE‘?T‘GO‘TO‘#!’f : - 1832
] p . 1513
] C—CRTCCUCATE HEIGHTS : = - 193%
g c . 1535
I R EN T RE S T CR PRI GE T 0 T ORI T 2R 8GO TOH 69— —153¢6—
PHY=-PHI®TVCOLTS/ TVCHG 1537
PHY=SARTLPHY) - - 1836
RFC-io'ERF(XPHY,DENA) 1539
It LTS S ) DENA=E X PPN ERFe 1540
IF(MONMAXJLELL) VSAVE(1I,INJ)3101(1.'SORT(PHYlli OPHY))) 1541
— I RONMA R E OS2 )y YSAVE (T TN I=237 ROCTP L XPHY v D ENA— 1542
VSAUE(iO,INJ)'VSAVE(il,INJ)“.25 1543
- ——— S —— 45t
465 CONTINUE ' 1545
XOOT:XOOTIS?EED 1547
YOOT=YR0T#SPEED— T T " t54—
200T=200T/SPEED 1549
e - — — — e ES— - —4-558
CALL TRACK(R,2) 1551
—p . . ——— — . 4555
XCOT=X00T*SPEECL ' 1563
YOO ¥ £8- - — : ; 1556—
200T=200T*SPEED 15¢5
- VSRV ECLFING =X = ” 155€—
VSAVE(2, INJ)=Y 1587
v 2- 1550—
VSAYE(4y INJ)=XDOT 1559
4 SAVESCS; IND=Y 00 —1560
VSAVE(6,INJ)=Z001 1561
VSAYECTF INT =0 TA = ' g —t562—
R=SCGRT(X*Xsv2Y) 1563
RS T 0 ROOTs OO BO T Yoy 00T/ 15€%
IF(R.EQe0.) ROGT=SQART( XOOT*X00T+YOOT*YDAT) 158&5 -
€ 1566
c CHECK WMETHER TRAJECTORY IS TERMNINATED 1567

St e B
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75
PROGRAM BARKTOC /DENSTY ’ 02711781 PAGE 3¢

c 1568
IFtRIGTIRR NG SORT 256 T 2262 ) 60— 10506 1569
IF(2.LTe2Z(N2)) GO TO 5180 1578
52 15+
IFCZ*Z0LDLTe0.sANOR.LTeRADIUS) GO TO 550 1572
€ +SF -
IF (MODE.NE.1) GO TO 900 1524
e t575
C GENERATE CLOUD ANDO OISTRIBUTE CHARGE 157¢
* ~ CALLCLOUN R 2y PHICT IFBSHGHTHELOUD)- —15FF—"
DO &8¢ I=1,NTOT 157a
g HROUNEEF oSO ENCE IR EY 1543 —
] 489 CONTINUE 1589
e » 1584 —
3 GO TO 9400 . 1582
2 - oo 1583
c PARTICLE ESCAPES 1584
e 1565
500 CONTINUE 158¢
3 2 — 1587 —
NCESC=NCESC+1 : 15848
NEACTRNCACT—1 4589———-
FATE=1HE 153¢
FAY- Ty . 15554 —
] c 1592
H 60—T0—98-0- —— - 593 —
4 e 1594
? € PARFICLE—TS—AOSORSED- — —4595—— -
i C 1596
: 55— GONTENUE- 4597 -
. c 15¢¢
i NGABSeNGARS+¢ - — £55C
£ NCACT=NCACT=-1 1600
i FATES L HA —— — ——ee . 1604
g ! FAYT==2, 1602
4 & 1603 -
s c 1604
‘ ‘%G‘E—“W 460K
c 16Q0¢
5 INTERPOLATE IO FING—I6yd6— 169-7
INT=2 160
IHFAFAY T NEv~ v —CALE—INFERP(Ry 2y I Gy Iy P HIC YR IV 26 Iy IRy F Iy INF— i —
N1=2JGeNR* (IG-2) 1510
3 1611 -
c 00 SUMS FOR SUNMARY . 1612
— c - 16%‘3_—"-
IF(FAYT.GE.@e) KCUNT(NL) sKOUNTENL) *1 1614
TR FAY T oo E v o v A N-Lr MOB-E N Ew- XU NN ) S U KOUNA NI AN SAEE L 1 Oy T NH—
IF(IPART e €EQe 20 ANCoFAYTY.ECe~2.) NCHGE(JIG)=NCHCE (JG) +1 161€
IR IPART - EQw o ANCo FAY T EQead e )—NCHOI(IGINCHGI(IGI 0 — 16472
c : 16148
36
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5 PROGRAM PARKTIC /OENSTY 92711/80 PAGE 37
] -
1 c WRITE SUMMARY FOR CURRENTLY ACTIVE PARTICLE 1619
— NEED TO ADCROOT TO CISTINGS CATER — 1620
c 1624
1 ° eJde . . * [ ] N 1622
1 IG53GyN1, uc»x),x,v,z,R,xoor,voor,zoor,rnre.vEL 1623
f P § [ rex []
' 1 IG,JG,Nz,U(hi),X,Y,Z,R.XDOT,YDOT,ZDOT,FATE.VEL 1625
L9 pR-X4-]
¢ SAVE CURRENTLY ACTIVE FAiTICLES 1627
T 162t
IF(FAYTJLT.3.) GO TO 910 1629 :
———————— 80— CONTINUE— , 1630
INJB=INJO¢1 1631
TFTINSSEO- INI®) GO T0 910~ 1632 -—
00 915 I=1,9 1633
—YSAYELT; INSEI=VSAVE (T INIY ~ 16 34—
915 CONTINUE 1635
- e - - 163¢
919 CONTINUE 1637
- — 1638
IFCINJBaGT. 0% WRITECJVI INJB, ((VSAVE(I,J)I=1,10),J=1,INJB)
—INIB=0— CEE 1640 ———
G0 To 890 1641
L vn - e ———— —r—— - Iaq?
‘ 880 conrznue 1643 .
- ——————r T — — 1ot — :
! IF CIFRINT .+ £0.8) RETURN 1645 .
! - — 1+64¢
¥ unlrecn.shzo) PA#TCL,(BLK,I,I-i,JEDGE) 1647
. - CIPART T EOS 2R ITEHTIAIO I NZAFNCHEELD)S 1640
o 1 I=1,JEDGE? 1646 i
o IFLEPART EQotWRITECNFIIOrNZATINCHE Tt 1656——— ||
2o 1 I=1,JEDGE) 1651 !
:- - - - - : - — e e —1 652 ‘j
2 N1=0 ' 1653 i
: N2=0" - + 654 %
WRITE (M, 3440) pAaTCL,(aLK.I.I=1.NR) 1655 %
020 I=15 N7 —$656———
Ni=N2e1 1657 X
N2=N2*NR~ . —t658————-
WRITE(M, 3430) I, (KOUNT(J),J=N1,N2) 1659
———————9P 1 CONTINUE —669—
c 1661
—RETFURN +66E
e 1663
G0 FORMAT L7 2t LU ES AN OENS IT I EST e X O HIT =5 135 4% 5 2A S — 66—
1 13H WITH SPEED =41PE15e4y7H CM/SEC,4X,22H AND CURRENT OZNSITY =,
2B+ A NP IC CATPF NS 2 )~ —t6EE
i 1010 FORMAT(/5X,41HOIMENSICNLESS POTENTIAL ARRAY - A80VE 2=0 16€7
e 4 5% I PN CEN—UNT TS OF M ENU STV LONS/AXMASS) —4 668
2 /771X, 3HR =,14F9.37 (/74X ,14F9,3)) 1669
37
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PROGRAM PARKYDC /OENSTY 82/711/80 PAGE 32

1020 FORMAT(/5X,41HOIMENSIONLESS POTENTIAL ARRAY =~ A3JOVE 7=0 1670

15X 2O I N UNTTFS—OF—TV-IONS 46574

1672

2 //71%33HR =,14F9,3/ (/4X,14F3,3))

T P ORMAT L/ S H L INES TN I T 2N =P T At/ P Pt ———— 1 67 - - -
1200 FORMAT(///1X, 4IHDIMENSIONLESS POTENTIAL ARRAY ~ 3ELOW Z=0 )
T 130
12F1%.8,11H DEGREES =,2F15.8,8H RADIANS/9H ENERGY —,FIS BpSHJOLTS)
2400 FORMAT (Lt XF IS5 PLEELE 3215 167
2100 FORMAT(1XyISyi1H=-5A1,313,1P8E11e352%XyA1,E11.3) 16713
2202 FORMA Tt X 155 iH—7A I T Iy PO Etta Iy R IG Aty 6H—RAN=yEL 3 43— 1673 ——
2700 FCRMAT(/1X92A6,5Xy16HENERGY CHANGES 34 1P2E10.2, 16835
20 H Ot ECREAT Tyt —PER—SFEP t6et— —
3400 FORMAT(/5X, 3IHABSORPTION SUMMARY FOR IT CYCLE =,1IS5, 1682
T 2AF AT FINE =y 1P EL 8 Ty 2ty 2ZASy 2R Sy EIHTOTFAL MUMBER- A BSORIES—=3— -
2 I7/8X,27HNUMFER ASSORBED THIS STEP =,1I5,8X,15FNUMBER ESCAPING,
T R THE S S T ER = 15 8 G 2 SHINUIMAER - CURRENTL Y AC T IV E =515 1685 - — -
E 3418 FORMAT(1H1//,5%, 38HPOPULATION SUMMARY FOR ITERATION 1IT =,
T ISy ST AT I INE =7 tP B0 3y 2 G 2A5) — e
3 3415 FORMAT(S5X,6HCELTA=,1PE11.3,5X911H(MEANS OT =,E11.3,5H SEC)
E t—7710%5 N2 AFIHPOTENTFIALT S H G Gt PGt y L S Xty SRRy —
2 8X,462HX00T YDoT 00T VELGCITY, 1690
320y SR OL TSy INFRHO My SR R HE My P2 HEM Yy P RHE My TNy HENASEEy— — - -
4 SX.6FCHISEC,‘0X,6HCNISEC,GX,GHCHISEC) 1692
2 Sy 2 ASSA L 2Ny G- Ay
1 CHR(yI141H)),11(A1,2HRE,12,1H))) 1634
Ju I —FORMAT/ SXy2HE tyIdyet iy 20163 1635
3440 FOPHAT(IISX,“QHSUHHARY OF SPACE CHARGE MATRIX FOR,2X,2A5//12X, Q(AZ
i R‘ i’ 1”, ’1 ‘ﬁ, 21IR ‘ ie1_tm+,__,_______ R ——————— — _.16‘}_?,_ — —
END 16¢8
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;f PROGRAM PARKTDC /GLOUD 8027117890 PAGE 9
3
‘ SUBROUTINE CLOUD(RCO, ZCD,PHIC, IFDSK,WT, WCLOUD) 169¢
resssss ' 1701
C  OISTRIBUTION OF FINITESCLOUU PARTICLE AMONG GRID BOXES 70—
c (CHARGES AND FORCES) 1703
1™ - T ey
C YERSION OF 15 JAN 79, LAST ALTERATION 2 MAR 7Q¢casse 170¢
3 e eee % ' 3 Em—
P“.‘ll‘l"’"."’..“.l“‘."’.“..‘..".““.‘C".'..“"."l"l’#l"'.
b’ OIMENSION PHICCS D) SNT (ST IFOSKILTLY 708
] COMMON NIV, IFIRST,JFIRSTyJENGEJNRINZAGNZyNTOT,PI,IT,IR,12, j
X i mrmm’ ’1,,‘:‘5:" Lrlﬂ’—
2 AREAMI11)Y, DELZ(il),thli)gZCIiti) 17114
NTUfT‘dT=NR‘11‘zrv¢ S e — g " Tt
NZAF=NZA+1 1713
197 YA T 2
C DETERMINE R AND 2 GCORGINATES QF CORNERS OF CLOUD 171°¢
: Lo AT LlC
E ZH-AHINI(ZCOOHCLOUO.ZClti)) 1717 é
H=AMNARKE CZ COHELCUDFZCI I 2V — 1718 §
RH=AMINL (RCO+HCLOUDLRI(IR)) 171¢ g
- RE=AHAXTIRCO-NCLOUD58S) = —L1720—
C 1722
S OET RN INE I AN I COMNERSCFGRIS CONT A INED W ETH I L oUe—t P 22—
o ’ 1723 i
CaLL IhT‘RP(EH,ZF,JGH,IGH,PHIC,RI,ZGI.IR.IZ,¢) 1725 £
] B LTEQ - §
r  DETERMINE ¥OLUME HEIGHTS OF EACH IG JG BOX CONTAIBED IN TLOUD
— s et :
0Q 88 1II= 1,NTOT 172¢ §
—— ¥t ) =0 S — - - - 1730 ,
89 CONTINUE 17314 i
© - e —_ — ~ — 4732 {
. 00 98 II=1,NK : 1733 ‘3
—— SR S0 . -+ 34 i
90 CONTINUE 1735 ¢
e : 1736 i
00 10 I=16H,IGL 1737 ;
S EE—L a2 mr o o . 738"
N1i=NIJ(I,JI) 173¢
- w2 AREAHC ) &0
IF(I.LE«NZA) WI=DELZ(I-1) ‘ 1741
e A I E G N Z AP ) WO INT A O EL TN T AP — —t 42—
IF(I«GTeNZAP) MWI=DELZ(I) 1743 .
T I L RN IO M) W= 2= 20 T LI CHY 17484 -
IF(I.EQs IGL) W1i=ZCTIC(IGL-1)~2ZL 1745
e [ O - 8 cCLoue f?#‘l’
o 17417
T T T T IR E R G L Y M= IR T CI G D A 2= 22y 17648
IF(JEQaJGH) HW2=FI*(RH*¥2-RI(JGH) **+2) 174§
39 :
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79

———— At OB 13¢

PROGRAM PARXTDC /CLOUD 0¢/711/89 PAGE &8
IF(JGHOEDLJGL) WZ=2,*WCLOUD 1750

- tP5t——
IF(ZL oGTe0seCRuZHelLTe 8¢ aORsJoGToJEDGE) GO TO 3L 1752

< g 17253~
IF(ZCOLT e 00sAND.I<LE.NZAP) GO TO &8 1754
Pt ZCBT6 B 0o AND ST SE TN AP 60— F0— 58 +755—
G0 70 30 175¢

C 17'5 T -

C 30X IS IN SHADOW 1758

e : t75¢

s¢ CONTINUE 1760

Ve N1

Hi=0.

~d A
"rn

4

" §a A

T E QNI AP I—NATANEN L COSEZ ENZAY v 2H)-

GO TC 30

AT UT

A7
&0 CONTINUE

Y- .

242"

Wi=0.

IFtIsNETNZ AP —GO—FO0—3 0
IFNSK(J) ==1

—WE=ANINL CBEL T NTAPy—ZL )
v

F———QONFINUE—
IF(I.EQ.NZAP.ANO. ZH.LT.O ) IFDSK(J) =-1

HFENLI =L 02 =

20 CONTINUE

DO €0 I=1,NTCY

—WY RGN
60 CONTINUE

0073 I=1yNIGF

RT(I) WT {1)/%VOL
23——GONTINUE

RETURN

END.
1034
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80 )
PROGRAM PARKTDC /AENOR 82711789 PAGE 41 g
SUBROQUTINE AENOR(ERR) 17490
L YA 28
cessns 1792
C 793
C SYBROUTINE ABNOR IS A OQUMNY ROUTINE TO FORCE A MODE 2 EXIT 1794
v WHEN ANY NON STANOARDSTOP CONDITION IS DETEZCTED 79—
c 179¢
ceevew v — 1797
¢ 1758
PRINT 300, ERR — : RIS LS
3091 FORMATILX,®AENORMAL STOP REQUESTED®*,5X,A10) 1300
=0 = ; —180T
C=9/A 1882
RETURN S - = ' 18072
£ND ' 1804
*EOR— g — . —t80*
MAXWELLIAN ISOTRCPIC CASE MARCH 1979 180¢
2 -2 3 3 1 -1 3
. 40, 60. 80. 100. 1808
Bl 295 0 — g 10— ;
% -2%. =5 (e 1310 ¢
10— =105 — : 181t
0 1 8 48 20 3 20 25 ‘ 1812 %
— 0803 s 7 3 —T79¢005 —1%% —t81ry
‘ EO0R 1814
M 78— 181%
24 58 26 26 0 0 181¢€
S o N % %% —$&e Tt 165 s
3 20, 2¢e 2. 26. 28. 30. 32. 34
£ e 385 0 —&23 - LA 7 —467 49—
S58e5 524 She 56e 58. €0, 62 1) ;
: 565 685" 5 o — %% 7o+ —78% 8
;} ! 82, 84 86, B8, 9. 92. %, 96 t
It kD 1005 - » — 1823 4
= 50, 48 46 ho 426 48 38, 36 d
5o —t 2% 30 t—— 282t 225 20
' 138. 16. 1é. 12, 10. 8. 6o 4o
—?o ﬁ‘ . 16?7
1S -2, “be -6 =8 -1t. =12, -1
w8y w2 e w2 e e 2t =2 & w3 ——
=32 -3k -3€, -~38, =40, =42, 44, -
-t ~503 — -1+63¢t
-10. -10. -10. «10. -10. -10. =10, -1
185 -1 0% -1t e ' S 1 I -1ts o 3’ ] —~
-10, -10. -10. -10. =10, -1C. =10, -1
3] 1 '] 11— 20— 320 29— —183%———
o1 0. ol o1 750040, 15. 1836

L1
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PROGRAM SUMRTE 02711781 PAGE b

PROGRAM SUMRTE(TAPEL1, INPLT,0UTPUT,TAPE2, TAPEG=CUTPUT, TAPES=INPLT)

DIMENSION 44 —
1 KHABSI(12) ,KHACTI(12) 4MESGIS) yOSET (&), 12
2 KHABSEC L 25 HACTE (L2 L INEtHEO )y PYEC T IP SIS PSCL ) —— 13- ——
NAMELIST /CONTL/ DENCC,AFN,AMX ,3MNyBMXyCMNyCMX, DMN , OMX 14
< +£
C DOEFAULT GONTL ASSIGNMENTS 15
© - — +3
DENCC=18000. 18
AMN=05 - Y- S—
ANX=30. ‘ 29
enx-snno. 22
cwx-suoo. - 24
U"i"z'lo A{
DMX=4, 2¢€
€ : -7—
IPSYM(1) =1HA 28
IP S =tHE , —2g——— —
IPSYM(3) =1HC ~ 30
TIPS U=t HD 3t
c 32
G REABGENFLPARMETERS - b
e 34
—— —GALL—CONNES5)- ——— — 35
CALL CONNEC (6) : ' 36
NRIFTELO7 2602 f T S
2002 FORNAT(iX,*ENTER DENCC AND RANGES OF PRINTER PLOT YARIABLES®,
+5— EN—NAHELESF—FORMATS£) 33
READ(5,CONTL) 40
—— — WRITE 6y 2084} ot
2004 FORMAT (1X,*ENTER TMIRTY CHARACTER IDENTIFIER®/) 42
1004 FCRNAT(5A10) ' ) PoR
ASCLA4-FmA MmN 45— -
i PSCL{2)=BMX-BMN 46
: PSELER) S EMA-EMN—— - - “?
PSCL(L)=DMX=CNN 48
GSETHLImAMN- - . : 4G —
OSET(2)=8MN ' 53
-GSEFEIIeGMN 54
0SET(4)=DMN 52
GALL—BISCONEE) . 53— — -
REWIND 6 ”
REMEIND—% =55~ ——-
REWINE 2 €6
AN 8 A . 32X
] 1000 CONTINUE 58
———JL-INE=8- ‘ N Y-

c 60

B g7 Iz .

Yy xS
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A, PROGRAM SUMRTE 02/711/80 PAGE 2
2 C INITIALIZE MATRICES FOR ANALYSIS OF WARIANCES 61
L 73 j i |-X4

00 €20 I=1,12 63

KHASSTI (I =0 g g ty

KHACTY (1) =0 €S

KMARSECT =0 t6

KHACTE(I)=0 67

T 620 CONTINUE : &t

650 CONTINUE 65

; i .

1 RHIABS,REHAES,RMIACT,RHEACT.AVIABS,AVEABS,AVIICT.AV¢ACT,XHAX
JUINE=ICINRE Y T2
IF(NOD(JLINE so).eo.z) uatr€te.znnz) DENCC 73
p ———— ’ ;
1 +*FUNCTION or TIME. DENCC = ®*,1PE12.4) 75
A I OMOD tITINE; S0 E0s T WRITECS52005) —MESG — 7€
2005 FORMAT(10X,5A10) 77
9y [ 3 [] (7 76
JYAR=MOD (JLINE,10) +1 79
- ~IRtEOR LY ) 995680 1) ;
660 CONTINUE : &1 {
C ADOD TO REMAINING VWAKIANCE SUNS 83 %
~ £ - 8%
‘ KHABSI(li)-KhABSI(i!)‘NIAGS-KHABSI(JVAR) 85
: KHACT I (LI T KNACTI L *NTAC T KHAC T I CIVAR)- 86 ¥
KHABST(12)=KKABSI(12) +NIABS®*NIABS~ KHABSI(JVAR)'KHAGSI(JVAR) ‘
¥ - KA CT L 2y = A CT LI 2 r e NTEC TN T AC T =K A C T TtV A KA C T T VAR ——————— —— ;
L KHABSI (JVAR)=NIAES 83 .
3 KHACTFCIVAR I =NTACT 90— i
KHABSE (11)=KHABS E(11) ¢NE 28S=-KHABSE (JYAR) 91 s
KHAC TE (L1 I=KHACTEC L *NERAC T KNAC TECIVAR) —g2 %
L KHABSE (12) =KHABS EC12) +NEABS*NEABS~KHABSE (JVAR) *KHASSE (JYAR) ?
£ KHACTE L 2Y=KHAC T Lt L2 PNEAC T NEAC T=KHAC TECIV AR S KA CTE CIVARY 1
g KHABSE (JVAR)=NEASS 95 i
r KA CTECIVAR Y =NEACT - —_— 96 :
Do 739 CONTINUE : 97 :
— > - -
C 3EGIN CALCULATICN OF VARIANCES _ 39
e - . 180
CELT=MINO CJLINE,10) 101
A I EAS PO T AR S Tt 7O LT +62
AVIACT=FLOAT (KHACTI®11))/0ELT 162
RMIASSTSORT(PLOA T CHAS ST (1 2 ) P OEL T AV TAB S AV ARS) —— 40— ———
RMIACT=SART(FLOAT(KHACTI(12))/0ELT=AVIACT*AYIACT) 10¢
AVEASS=FL OAT(KHATS P tE L)) 7OFLT +0-¢ -
AVEACT=FLOAT (KHACTE(11) ) ZDELT 107
RMEABS=SART(FL O T KHA RSBt 2 ) 70 TAVE ABS+AVEARS) 108~
RMEACT=SORT(FLCAT(XHACTE(12))/DELT-AYEACT*AVEACT) 109 .

T T 3002 FORMAT (/77 25 Xy 2L HSUMMARY P OR—THT S—SFEP 716X L IHTEN-STEP R NS—ERRERS;
1 17X,17HTEN-STEP AVERAGES/ 22X, 4HIONS, 12X, IHELECTRONS, 1X, 2(3X, 2 (7X,

'03




e i ————

PROGRAM SUMRTE 02711780 PAGE 3

2 «Hz.rx,me»)/1x,sucvcw,sx,wune,zux.umnas ESC  ACT),
3 BN PN Ay ———— ——— 14y
WRITE(6y3001) IT,TTME,NTASS,NIESC,NIACT,NEABS,NEESCoNEACT,
R TARS; RMEARS TRUIACT TRMEACT TAVIABS SAVEABS T AHTAC T, AVERC Ty X ot
_WRITE(2,3801) IT,TIME,NIABS,NIESC,NIACT,NEABS,NEESC,NCACT,

R”T*ﬂ3TRHE*Q3TRﬂT*efTﬂHE*e*T*1t*GST*VEiﬁST**Tie*riVE*C*T*kf#
3g01 FORHAT(i!.I“,iPEiﬂo3,1X,I312I6’3XQI31216,3X,0PQF8.1,3!,6F8.1,F8.3)
—60-T0—650 19—
99 CONTINUE 1290
3 REWNING--2 g 124
WRITE(6,2003) DENCC 122
243 FORMAT M HE Y S *PRINFER —PLOT—SUMMAREOF—DATAAS—A—FUNCTFION S ———— ———
+% OF TIME. DENCC = ®,1PE12.4) 124
HWRIFTELEy 2005 MHESE 425 -
WRITE(Gy2006) AMNN AMX ,BMNyBMXyCMN o CMX , THN,OM X 12€
20 06 FORMA T/ 5 X5 Y MB oL CORRESPONOENCES A LG A ——=T1ONARSORPTIONS > ———
+13X,*SCALED FRON®,S5X,F84 19* TO*,FB.1/ 128
— PG — =N P OPULATION Tt * S CALED—FROM Y S PO L T8 F 8t
+10%,*C = ELECTRON POPULATION®,9X,*SCALED FROM*,SX,FBs1,* TO*,
e+ 8 A L O R O = MA N MU PO TENT AL R st G A SCAL E D FROM Ay SN F s ty— —
+* TO®*,F8,1/7) 132
—38——CONTFINUE +33 -
REAU(Z,3'01) IT:TIHE,NI!BS,NIESC,NIACT NEABS,NEESC,NSEACT,RMIAZS,
£ - }
IF(EOF(Z)) 48,450 13¢ :
—59——ECONFENUE - ) t3p——
IFLG=0 138
FFANOBE Tyt TEQr P FFEG=t - —— 39—~
00 18 II=1,100 143
EINEHET-=H wt
IF(IFLG, EQ-i.ANB.HOD(II,iU) .EQ.N LINE(II)"i"‘* 142
————————40——GONTFINUE— 43—
00 20 1I=1,4 144
IHPVetPNEC I F)~0SET4E I ) /PSELA T I 43 0v 4> s —m—
IFV-HINO(NAXG(IPV;i),iOU’ . 14¢€
—ENELT A - T REYMLT T )- 441
2e CONTINUE 148
IR 43
IF(IFLGeNE,1) WRITE(6-3303) LINE 15¢
b 4 - 4. 84
v N A 93 -
30046 FORMAT(4X,13,3X,1H*,100A1,1H*) 152
66—F0—38- +53
40 CONTINUE 154
D — 4586 .. .
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