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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

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

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

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, labelled "West". The boundary condition representing the

condition on the potential at infinity is applied to the other boundary

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

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 ions 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



2

PILLIX WZMEMR

FIG 1. SPACECRAFT GEOMETRY

e--7



3

C~is North boundary

rao r- rz uo

Wes Easta
IK boundary

04

i 0s. 0 0 4

WSout boundary

satellite 14N

sfIG. 2. GIZEREETTO

Is ~ .1

__________________ aa. Jm1:



4

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.



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 R0 . 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 e (with respect

to the cylinder axis), at a fixed energy. For an isotropic angle distri-

bution, choose e from cose uniformly distributed in the range (-l, 1).

Define the projections of the cylinder areas onto a plane perpendicular

to the beam. There are two cases:

Case e > w/2

Define A = wR0 
2 coseland B = 2Ro Hsine, and choose random number to

select A or B.

Case e < w/2
2Define C = irR0  cose and B = R Hsine, and choose random number to

select B or C.

With angle e and areas selected:

If the selected surface is A or C, choose azimuthal angle uniformly

from (o,w), and choose r2 uniformly from (O,R0
2 ). This gives the position

of injection on the surface. If the surface selected is B, then choose z

uniformly from (0,H), and choose h uniformly from (0,R0 ). Then obtain *
from arc sin(h/R0 ).

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

I fw sinelcoseldet~0 cosel + k2H/io)Sin e (I
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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 e. This method would be equiva-
lent to the one used.

Components of velocity at injection point:

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

x = v sine cos€

= v sine sine (2)

= v cose

Selection from Maxwellian velocity distribution:

Let the velocity distribution f(*) be described by

2 2
f(v)d v-e vdv, , e dvz  (3)

in terms of dimensionless velocity components, where vz is the axial com-

ponent of velocity, and vL is the perpendicular component /2 + }2).

Then choose v1 from RAN1 = exp (-v, 2), and vz from RAN2 = erf(vz), where
RAN1 denotes a random number uniformly distributed in the unit interval,
while RAN2 denotes a random number uniformly distributed in the range

(-1,1). For vz 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 6 and speed v
are given by tane = v /vz, and v = /vT +Vz_. Having the angle 6, we
then select the injection point as given earlier, and following this the
velocity components i, ., and i. If there is also a drift velocity
M (= Mach number) in the axial direction, then vz 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 j0 is the random thermal flux of incident particles

__________-______"________.... .______________________ -
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and e is particle charge. Let J be given by nov , where no is the plasma

density, and v. is the mean velocity component Qf incident real particles

normal to the surface. For a choice of time interval at=Az/v , 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 = j AAt = noAAz (4)
0 0

If N' is the chosen number of computer particles injected in a time

step, say 10 to 1000, the charge e' per computer particle is given by

el Ne= enoAAz (5)

In the problem of isotropic injection, A may be evaluated as 2R 0 2(I+H/R0 ).

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:

Ro = 100 cm N' lO to 1000

H = 100 cm

Az = 2 cm

n = 10 3/cm3 to 10 5/cm
3

For n =l0 , N=2.51xl0 8 is the number of real particles injected per time

step. Each computer particle then represents N/N' real particles, or

2.51 x 105 to 2.51 x l0.

low__ _ _ __ _ _ __ _ _ __ _ _ __ _ _
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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 + ioAT - AT) 2  (6)

where q and m are the particle charge and mass, and where Xo 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

AT = (AZ)min AtAT : n(7)
Voi

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
X (AZ)min At (AZ)min (At)2

0  o v 4 (m/mi) dX (E

where Ei(ev) is the scale energy of the ions (= m1vo 2/2) called "TVIONS"
in the program, and qV is the potential energy in ev. Similarly we obtain

the velocity components:

(AZ)min (At) d (_? V(9, Xo v Voi 4 (9)
0 oi Z(m/m 0)

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

(a) reads in:

At = "DELTA"

Ei(ev) = "TVIONS" = ion energy

Ee(ev) = "TVELEC" = electron energy

mi/me = "XMASS" = mass ratio

F.7
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and

(b) constructs the scale velocity

vo = "SPEED" = 5.93 x 107VTVIONS/XMASS

= ion speed in cm/sec

and

(c) 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)min x DELTA

With the potential grid replaced by O=(mi/m)qV/Ei, the new values of X and

are given by:

X XoX o +j DT)2  (10)
0 0o

- DTj (11

Interpolation

The required components of do/dX in the latter equations are obtained

by double linear interpolation within the boxes of the grid. Let r and z

be located in the ranges rjr.<rj+l and zi.z.<zi. I. Then the interpolated

values of a/3r and 30/3z are given by:

r [O(i,j+l) - *(ij) + (z-zi)G/Dz]/Dr (12)

a= [0(i-1,j) - *(ij) + (r-rj)G/Dr]Dz (13)az

where

G = 0(i-lj+l) + O(ij) - 0(i-lbj) - ¢(ij+l) (14)

and

Dr = rj+l - rj, Dz = zi1 l - z i  (15)

The interpolated potential itself is given by

€ = ¢(i,j) + (r-rj)[¢(i,j+l) - ¢(ij)]/Dr

+ (z-zi)(.(i-lJ) - ¢(i,j)]/Dz

+ (r-rj)(z-zi )G/DrDz (16)



10

THE POISSON PROBLEM: POISSON DIFFERENCE EQUATIONS

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 zi- 1, zi, and zi+ l, and

three vertical grid lines, of constant r values rj3 l, r3, and rj+ l , are

shown in the figure. (Note that the index (i) of z increases as z decreases.)

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 = - p/C (17)

where p denotes the space charge density, and e denotes the dielectric

constant.

4i
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The grid lines 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 T of the torus

associated with Point C:

f f f 720 dr f JJf Pd? Q c/C (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

f ~d =

AN + AS (-!) + A ' A (at) (19)
N 3 ] N S n E FanJ E W anj W

where z denotes the surface of the torus; ao/an is the component of vo in
the outward normal direction at the surface; AN, As, AE, and AW denote the

areas of the north, south, east, and west surfaces, respectively; and the

quantities (a¢/an)N,SE,W denote values of ao/an taken to be constant on

the corresponding surfaces.

(ao/an)N,S,E,W may be approximated by difference quotients, namely,

(ON'' -0) (OS -0
( zN ri-I Y (an S (Z1 - Zi+l)

(20)

_(OE'-0) (OW .'0)

(rj+l - rj) tn W (rJ r J l

where * denotes the potential at Point C and ON' *s' OE' OW denote the
neighboring potentials. If Point C is an interior grid point, the areas
AN, AS, AE, and Aw are given by
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AN =[ [(r,+1 + rj)2 - (rj + rj. 1 )2 1

As AN

AE 7 r+1 + rj)(zj. I - z(+ I )

AW  (r 3 + rj. 1)(zi. 1 - zi+ )

and the volume T is given by

AN 
(2T - (zi. 1 - zi+ I ) (22)

Thus we obtain the difference equation in the form

CN N + CS S + COE + CW - C€ Q c/C (23)

where

C - CN + CS + CE + CW  (24)

and

AN ASCN =z N i CS  T- i,C (Zi. - Zi') C" s - -111

(25)
= AE = AW

CE (rj+1 - rj) r, - r,_11

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-

ti ty.

- -.---- 41
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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 0 and aO/an,

the normal component of vf. The exact relation of f to af/an 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 = 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 f and a./an is used,

but this requires that the asymptotic form of the solution be known in

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

CIO =(26)

on the z-boundary (North or South), and

o =e - 6(27)

on the r-boundary (East only; 0-0 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 aA or BA, where A is the appropriate area. The quantities a

and 8 depend on the position and on the assumed model for the variation

of the potential at large distances.

I.
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Once the coefficients of all of the equations (correspondinq 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

Cf= + Cs S + CEE +CW + Qc (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 l/e by 0.9x4w or 3.6w, in vacuum.

--. --. , - .. .. -
. 1 :.,, ,: .. . | 11.... .. . " 1 .. * '," "' ,,. .- ; ,0 ...
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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 Tr0.l ev, and density n0 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=O.l 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 3.5x0 -6 sec and

l.8xlO"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=O with a fixed potential of -10 v.

Time steps of length 2.36xl0 "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 10
4/cm3

5/ 3
to 10 /cm. The corresponding values of Debye length, Debye number, electron
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plasma period re, and the ion plasma period Ti, are given in the following

table.

no XD x0/50 !e
Run (cm) (a) -- (S)

A 104 2.35 .047 1.11 x 10- 6 5.55 x 10- 6

B 2.5 x 104 1.49 .030 7.02 x 10- 7  3.51 x 10- 6

C 5.0 x 104  1.05 .021 4.96 x l0 - 7  2.48 x 10-6

D 7.5 x 104  0.86 .017 4.05 x 1O 7  2.03 x 1O6

E l05  0.74 .015 3.51 x l0"7  1.76 x 10- 6

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 l04 seemed to be the largest

(at T=O.l 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.

7 (Figs. 7a-7g) shows results of Run A (no=104). This isFigure 7a
printer plot of the variations with cycle number (one cycle = 9.5 x 10-8 sec)

of

A = ion absorptions per step (scaled from 0 to 30)

B = ion population (scaled from 2500 to 5000)

C = electron population (scaled from 2500 to 5000)

D = maximum potential (scaled from 0 volts to 25 volts)

The significances of A, B, C, D, are as follows. We inject 100 electrons

and 20 ions per step.

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=l.4xlO "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 4.7xi0 "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 (2.1x1O"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

(l.7xlO -5 sec), and then rise slowly toward their asymptotic population,

about 4400 out of the original 5000.

The ion 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 (l.9xlO "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.

Figure 8 (Figs. 8a-8g) shows results of Run D (no=7.5x10 4). All 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

6.6x0 "6 sec), the electron population (C) oscillates with relatively small

amplitude and smaller period (about 25 cycles or 2.40 "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 (0).

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

gave slightly different (higher) values for the steady state absorption rate.

The runs made with the cloud model will not be discussed.

Figure 9 shows a potential contour plot for Run D, generated by the com-

puter printer, at the "steady" state.

.1
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PARKTDC PROGRAM

The listing for the PARKTDC computer program is given in the following

pages. (PARKTDC = Parker Time Dependent Charging.)

, -Lab



I""m B" M ~mMNM*139 "I"INNMNMM~fMMPINI4m

L!BRARY pIox B iS

1. PRiOGRlAM FANF98fl
SUBROUTINE LIST(LST,!P3
SUOR0101HE r IE k 1
SUBROUTINE CNSEW(IGO)

3UOfUINE ARRAY
SUBROUTINE RELAY

SlUBROUTINE T RA CKI R 9Z)
FVNcfl0N. ERPIMPERR43R*
F13NCTION ERFINWVIR)
3u8O6qOUTNC PPL;OTFU,R 7 Zi,NlI,ZI!tNOR~!OINUiras#'t*1Fi+-
SUOROUTINE DENSTY uNIT)

SU8RCVT!I4E ASt4ORCERR)

2. PROGRAM SU94RTE 42

EOF END CF FILE ENCOUNTERED 44



PROGRAM PARKTDC 40 2h1/8/ PAGE I

PROGRAM PARKTOC(INPUT~eS ,UTPUTs513TAPE1SI13,TAPE5=i3, 10

c TIME-DEPENDENT CHARGING AND SPACECRAFT SHEATH IN 1

LE We PARK~ER if E.Riv-QS Go Mit.EiAi. LEE W. PARKERP AMC*
C2S2 LEXINGTON ROA0, CONCORD mA. 01742. 1s

Z VERSION -- E -. MODE SELECTISE MODEL, 20

C MODE =0 == STANDARD CALCULATION MODEL 22
-"ewe - CLOUDJ "O~t 23

C MOVE a 2 a.WEIGHTED PARTIGAL MODEL 24

c Ee HOLEMAN* FROG $AMMER* LAST ALTERED 2 MAR 79 26

1 MONMA)CTIMEIPRINTRAOIUSRRC11iiZZ(1i),XC51pOC051) , 30

COMIION/D EN/RFT,.ZPT,9AL 1 8 El ,EVP TVO LTSiDEN ST9 NPTS 9SP EEDOvCURR 9

2 vsAVEU.0,Iao) ,TVCHGNRANNCESCNCASSNCACT.NCHGE(11),NCHGI(21),

____________COM"ON/FLD/OE8YEDIELECIRELAXPHMI(lil ,OENCC 3

OIMENSION ZACii) ,ZBl(li)9ZAri(),z3Icii) 38

DIMENSION KHISTIg5±,j2),KHISTE(Sjtj2),AVG(51),RPaSDII), 4

2 KHA3SE(i2bKlHACTEC1Z),LINE(14) 42
BATA PAR~t1/~l T- IiS i- twPAR12;54 EtECOTROiN/ 4
NFCIZPJR)=JR + NR*(?Z-i) 44

M=6 46

JW -2 48
I.. - 3 ' 49
P1=3.11.15926535898 50

ELK=IH 52

I NI TO 54

NZ0=55 56

C 22 JUNrY 8 TEMPORAV-3 '-fO andEftACtYfoor39i
CALL SSWTCH(6,1S46) 60

.mI
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PROGRAM PARKTI)C 02111/30 PAGE a

IF(ISW6sNE*1) GO TO U006 61,

CALL DISCON(L) 63

REWINO L 65

6?

1000 REAC(L,999 CATE 65
9999 FeRMA f(2 0Ads- ir 5

IF(EOF(L)) 99,1@01 71

9998 FORNAT(II,2EM TIME DE-PENOENT CHARGING* ,20A4) 73

C GEOMETRIC PARAMETERS 75

READIL,11±±) JEOGE#WRvNZAvNZBIRSLAXfMOO E 77
"INME 1,"F ti

NTOT=NZ2wNR 79
REAM(,2Z2) RR 40 pilo1t A
REAM9L2222) (ZA(I),1±,NmzA) 8a.

~EOL222 Z41)I1~) Is
C 83

JE-!GEP=JEVGE~i 85
fAGIUS".564444jEGCC:') o- RRCO6)
*RITEU4, 9990) JEOGEqNRqNZANZSIRELAX 87
lFt~eae.es.s3 w.flTiwp.991; t mus. 68
rF(MODEE2.1) WRITEU4,9992) MOOE 89

)RITE(N99900) RA0IUS, (J-9RR(J),Jm±JE0GE) 91
WA1*E04Y 99701 WJYRR(J.7 J%1CC-PwtR) 9
WRITE(M, 9960) (1 9ZAC!) t11,NZA) 9 3
WR:Tr(0,9956) 41,486CI-1u101Z#46; 9 -

C WRITE(H,9940) (JPMT(J)vJm1vJE0GE) 95
C ITERATION AND SPACE CHARGE OPTIONS 97

ITz1 99
RECASIitt NP11 4RIU,I*PTS,ITF,ZTS, I*~tj,LZSK-! JS(p, !ASS too3
WRITE(K,9930)tIPRItTHPTSITPITSNIINJISKIP,JSKIPIAS'S l01

REAG(L92222) OELTATIMtETVIOINSPTVELECDENCCWCLOUO 1o!

IFCITeGTs0) REAM9,±11l) (NCHGE(I),I=1,JEDGE) IQ!

I TM A X=1.T+S 107

C EBVE=09 109

2
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'ROGRAMI PAR'(TOC 42111/80 PAGE 3

IF(NPTS*EQO0) REAO(L,2222) RPTtZPT,9ALIBEIPEV 112

290 ZZ(fl=ZA(I) 116
UU o L-2142 IIII&

liINZA+I-i 1±8

c 120

*C 122

C 124

IZA=NZAei. 12e

IZP4ZA.NZB 128

c 130
R 11 1 -fm%%- -f13

RIC IR)=RR (NR) 132

300 RI (J)J.15'( RR (J-1)*RRCJ)) 13'.

ZAI (1)=Z A(1) 136
2AT1T A-Z A3 1327t a
ZCI(1)2ZZ CI) 138

00 350 I=29NZA 140

I Z Z1Z Ze± 142

9359 CONTINUE 144

ZBI Ci)=Z a(1) 14f

00 400 1=2028 148

I ZZ=I ZZel ISO5

400 CONTINUE 152
e 1:3

WRITE(MP~9860) (JRI(J),J=lIR) 154

WRITEIM, 9840) (1 ,ZBX( I),riziZ 156

C i5e

KOUNT(NI =9 160

IFCIT*EQ*0) X(N3=Oo 162

3
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PROGRAM PARKTOC 02/11/80 PAGE 4

IF(ITsEQ*G) C(N)O.* 163
uw"CIWe idJE

C 165

al=RI(Jj£67
!Fq4v.lT.,P; at-RieJ;1) tee8
IF(J*EQ*NR) A2=RtR(NRt) 169

NCNGEtj) =0 171
ffIJ.svi.leOcC) 90 To go$ t?2
IF(IT*EQe0*A%0*IRlELAXeGT*0) PH!CJ)=0* 173

seC 8~IH 175i
c % 175

00 525 1-1,NZA 177

IF(r*LT*NZA) Zi=-ZA1II)17

OELztI)= Z2 - 21 lei

525 CONTINUE £8
a 3

XHASS=NA SS 185

00 556 uipNZ 187

Z2-Z9111) 189
!F(Iwt,NZ.40 Zti-ZOI(I#Ut~
LF(I*E(.*NZ8) Zl!.=ZSICIZB) 191

GZPIIK=ANINI g!ZMINOELZ(IZZ)) 193
--55. COtNTINUE i9.

c 19!
1FIRSTaO - --

JF IRST=0 197

c IIONMAX=0 FOS tIONOENERGETIC SEAM1 199
9 tlONflAM-h FOR- IS8*TR0FIC tOI1OENERCETLCG .-

t MOMMAX2 FOS ISOTROPIC NAXHELL IAN 201

NONMAX- 203

IF(?tONMAX*EQ.1) DENO=4* 20!

C 207

.F(HONNAXsGT*0) PCON=PCON*(1.+(ZZ(1)-ZZINZ))/RQ(NP))-2. 209

XIINJ-NI NJ 2.11
CGflPAWnCONOMUINJ ----4--
SPEEOE=5*93E7*SQRTtTVELEC) .213
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DROGRAN PARKTDC 821/0 PAGE 5

SPEEOI=5 .93E7'SQFT (TvIONS/XM'ASS) 2'

CURRE=to 6E-7'w'0ENCC*SPEEDIOENO" 21f

PLASPE=1 .±IE-4/S0RT(0ENCC) 218

C 220
Lo SPEED IS 3cAtt vEtolui,22i

222

DTSEC=GELT4CZIZN/SPEEG*DENOM 224

WRITE(N, 9920) OELTA 9OTSECt TIHE9 TVIONS, TVELEC-90ENCC , PLA SPIP LASP Et

IF(MOCEsEgol) WRITE(N,992i) WCLOUO 228

NFPPC(NTOT/3C0).l 2 30

WRITE(4, 98303 E32
CALL t&3T(2,IFAGE)~ 243

600 CONTINUE 234
u 235-

C INITIALIZE MATRICES FOR ANALYSIS OF VARIANCES 236
e popZ3

00 610 I=19NTOT 238
AV631I)- E...........................39
AVGE(I)xU. 240

RMSCE(I) =0. 242

KIST(ir .J)=a 244

610 CONTINUE 24e

KHASSIII)=C 248

KH~ASE cp =a 250

620 CONTINUE 252

IF(IT*GT*0) GO TO 650 254

c INITIALIZE SPACE CHARGE PATRIX 256

C 25 8

VOL=PI*RRCNA) '*2*(ZZ (13 ZZ (NZ)) 260

hIhJ=PART/CChPA% 262

WRITE(?P,*) INITIAL NItiJRPARTvCOMPAR = ,INJgRPARTPCOMPAR
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PROGRAM PARKTOC j*aiiiieo PAGE 6

CALL '0!SCON(M) 265
00 £30 ZSU 4 -11,!le
IPART=IOUM 267

IF(XTPART*EO.2) SPEEOO=SPEEOE 269

IFIRSTzIFIRST+I, 271~es e eO NT Z NUC- 
7IN IT=0 2-73-

650 CONTINUE 275

C COMIPOTE IPRINT 277
S270 a

IPRINT=O 279

IF(HOO(ITqJSKIP)*LE@ISKIP-1) IPPRINThi 281

IFtIT.,EQ.0) IPRINT - 328

IFCJFIRST.GT.0) TINE=TINE*OTSEC 2485
CALLk FICLOk a0
IF(IPRINToGT.1) WR!TE(M,9790) IT 287
ffffIfflTC.tAuwA~O.,iSN..CoA CALL1 GONNEGCCMl 28
CALL FPL OT(XRR, ZZ,NitNZNRCNZO, RADTUS, XNAXpIT) 289

G 29
IF(IT.GE*ITq*X) GO TO 1960 291

C V)Z 92
C 293

IIpAAT LOt' jPAFrTAy2, A149 3 FRoi INN:, ELEGTRONS, ANe PH8IOTOmlC-TR-
C 295

Be 900 louti.,, 29
IPARTI113JM 297
1(if' sAR T-..O4 E rvi .0LT=o ;VIONS 9
IF(IPA-RT*EO.2) TVOLTS=-TVIONS/XMASS 299
4iu!rAAr.. E0..1 SP6606SPSE91 jog
IM(PART.E0.2) SPEE430=SPEEOE 301
;F( KPART. EO..1). TWCGH~TViICN!-3
IF(IPART. EQoZ) TVCHG=-TVELEC 303
!FCftAR.EO%1) CURf~CUIRRI 30 4
IFfIPART9EQ*2) CURRt=CURtRE 30!
lF4!ARlT-EO.11) FA4T1 *1 mPARlT&416i goe
I F IPART eE 0 91) P ARTCL ( 2) =P ARTI (2) 107
lt'(!PARF~T- 1)v P A RT~c 6 I1 iuP A!RT K(1)---
IFl!PARToGT.1) P ARTCL (2) -P ART 2(2) 309

r,**"*311
C G46h 96NSTV TO ENE10R.TE NEW 1PfiTIS ANO T;Jtf N6XT TtlES 13:F.. -

C' 4 4 6 4 313

IF(IPqRINToGT*j.) WRITE(N,9758) PARTCLSPEEDGCUJR 315

7m6
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PROGRAM4 PARKTDC 02/11/80 PAGE 7

IF(IFART*EQ*21 NINJwXIlNJ*SlPEEoEIsPEEor+.131

c .318

CALL DENSTYCINIT) 320
32i

c COAl#9z2*f677*tENCC*SQRT(TVELECJ 322
323

JVAR-MOD (JFIRST/2, £0) +1 324
Uv "~l " 7-iIII01

IF(IPARToEQ92) GO TO 690 326
QVN)I-XKOUTI !YJ) fl"CoUAxil 32?
NETCH(N)=KOUN~T(N) 325

KHISTICN,12)=KHISTl(N,123*KOUNT(M)4 KOUNT(N)-30

IMSTECN,12A)KiSTEN,2),(ONTN)$OUT(N-KISE(3JR i

KNISTE(N ,JVAR) ZKOUNT(N) 340

- Ti U - -~ Do- 
341

KliTC±)NETCI( iNCT-KACVR 330

KMACTE(N,12)K4ATSTEN2)CACTNCTKOACTICN)KHACSTIC(JVAR%)
I XWa TI(ft 1 AIR1 3
KHlCTI (NJVAR)=CACT(N 340

C -- TORM2TGV*xNl T342

344

NEC=NCESC 348

KHAesEI~iiK'4CsE(1)NCAC-KHtACTI(JVAi) 360

KHACSE(12)=K.IS(IZ)*NCACS#NCACS-KHACSE(JVAR)'KACSE(JVAR)

KHACSE(JVAR).=NCACS 364

7Z4 CONTINUE 36

39
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PROGRAN PARKTOC 02/11/80 PAGE 8

C 367
FIR3TI~IR3--1 Je

JFIRST=J FIRST~i 369

NCH GS E0 371
Remosi-m3 3?2
00 718 J=LJEDGE 373
memfmSE-,,C HG9NCH6Ef -'17
NCHGSI=NCHGSI.NCHGI (J) 375

P10 e6T!YNUE --3*6--
C 377

QDIff !L rC~rAT (W.0tI NOIICCS) OIee3owsifNj 37 6
C 379

lFfIRELA'AsCC.0l) ee TO gee 386O
00 910 J=1,JEDGE 381

C PHI RELATION WILL SE ESTABLISHED LATER* THIS IS INCGQPECTe

PHI1(J)=PI/2e..9*G0ISK/RA0IUS 385

920 CONTINUE 38?

N2--0 '389

100 930 IzipNZ 391

N2=N24NR 39!

930 CONTPIUE T.0 AI(,903ICCGJJ=4t2)-395----

C !EGIN CALCULATICN OF VARIANCES 397

IF(ISW6oEQ.1.ANO.JFIRSTeEC.2) CALL CONNEC(M) 399

AVI A-1SFLOAT (KHABSIti1)) /CELT 401
MAcrAG-rLOcAT(Iu1AC:(±1t)):OMT Lr
RHIlASS=SORTIFLOAT(KHABSI 112) h/0ELT-AVIA3S*AV1A9S) 403
RMATSA FG~l!AT-;l)j4E6FAlGT&*A4140
AVEA9S=FL OAT (KHAeSE(l1) )/0ELT 405
AVE ACT~ftL Wk (KH AGCEit-9 1) aPSELT 4.oe
RNEABS=SQRT(FLOATUK4ABS'E12))/ELT-AVEASAVEABSS 4.07
RHE AcT.mS ArT i kA 1 RHIA GC-11 2 W9: f AVATA V AGT i46
IFIIPRINT*GT*O) WRITE(H,36902) 4.09
lFf!SW6.E..1) CALL CONt4CC(M1 4!

3002 FORMAT (/1/25X 21HSUMMARY FOR THIS STEP,16X,1SHTEN-STEP RMS ERRCRS,
1 17*,I7t1FEN S*EIP AVER ACSof2x, 4HONS, SX, HLG ;-GNSv±, 92 43XV-"-4?x,----
2 1H!,?XIHME))4X5CYCLE3X44T11E,2(4XPi4MAeS ESC ACT),
3 4.14'

IPLASTzlPQINT 4#15

I RMIASRMEA8SRPMZACTOMEACTtAVrA0SAVEA8S9AVIACTAVEACTXHAX

a
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PROGRAMl PARKTOC 02/11/80 PAGE 9

tRITE(XV,3001) ITTINE.NIA8SNIECNKACTNEAOSNEESC,NEACT,

3001 FORM~AT tilIa,1PE1U.39 IN ,13;-21693 Xv139 21693X9,OP4F89I 1,X,4FdoisF8.!

Co 422
J~I-J. 23

GO TO 650 42'.
c 42

99 CONTINUE 42E

C IRANSFER.l StJIlMANV r-RCH ri JLlV r0 00UPI tf 2

C*****430

tRTEC109 5555) 432

WRITE(N9,3002) 3

READ( XV9 4444) LINE 436E

950 CONTINUE '.38
"u~IT~in~44.3 1.r

GO TO 940 440

up CREATE RIS.fART P.Ltf O-T*Pri 44

C y- 444?

REWIND IV 448

-___ ___ ___ ____ ___ ___ ____ ___ ___ ____ ___ ___450

c COPV iiAPE2 Tiu TApet 49
C 452

REAOIJU) INJA,((VSAVE(IJ),I=1,10),J=i,I1NJA) 454.

1030 CONTINUE 456

GO TO 1020 '.58

1010 CONTINUE 460

C CREATE RECORC TO BE COPIED TO INPUT FILE FOR RESTAqT 462

REUINU J9 464

WRITE(JVviiii) JEOGEtNR9NZANZBIRELAxIIOOE 466
WR!?Lr(*Vq 2LP21 ) (d 9J= tqR 6
WRITE(JV,2222) (ZA(I),I=1,NZAS 46e

9



PROGRAM DARKT13C 49 '2/±1/ea PGE1

W.RITC(JV',21U) Q9,IJJJ-1JEOZ3E 469

WRITE(JV9i11i1) NPRZNTNPTSITZTSNIINJ, lSKIFqJSKIcDMASS 71
cA1.L RIANET04R- ___

WRITE(JV,3333) NFAN 7
WRfftCCJ~,ZEf!P) eere!e v nreee fewmtO0r? --

WPITE(JV,11l1) (NCIGIlI) ,IzlJE13GE) 4,75

WRITE(JV,2222) (12(),I=INTOT) ~477

STOP1147

%.aI FORMAT(i6I5) '.81

3333 FORMAT(IX,020) 48

5555 FORMATtift) 485

1. iXII3,2S1i COLUMNS (R-VALUES) TOTAL 1 487

3 iX913,464 ROWS (Z-VALtJES) BELOW AND INCLUOING Z=0 PL-INE/
5 I~vf3f44ff- ERELAX fELATI3?F!0-v---eee*-l-f-i-&t-f------- -

6 1014 IS FIXEC,,4$lH =1 IF BODY POTENTIAL IS FLCATING, A.NC EQUILI3R
F at:fUlNl VAtLUr i1 TO BE GALOUAT0) 49

9991 FORMAT/IX,13,4iM = NODE, SELECTS NORMAL CALCULATION MOCE)
999em FR3 AT(/X,la2911 w mCOB, SELEOVS CLOUD MO10 494
9993 FCRMAr(lX,I3.',41i =NODE, SELECTS WEIGHTED FARTICAL M4OOEL)
ggee r-e~mTff-a24m R vAturs wif-miF 4ADU9- E '/--

iI 3,ipEI5.434 Cm)) 497

9960 FORNAT(//34H Z-VALUES POSITIVE A30VE Z0O PLANE/(lY,3,iPEi5*4,,
1 3H Cem))

2:9950 FORMAT(//34M Z-VALUES NEGATIVE BELOW Z=3 PLAt4E/C.,Y,13,lPE15.4,

990FCRnqATt/12'HM SURFACE POTENTIALS ON B03tIY(tXI3,IYEi5.4, 503
1 ci: VGLTS)l

9930 FOR?4AT(f/38H INTEGER INPUTS FOR SHEATH CALCULATICN /1'f, 505
I1 -3,37H = NPAINT (TO PRINT TRAiEgTeRY ST-EP-ShFi*,-----,-54
2 13,3SH4 = NPTS (TO COMPUTE ONE OR MCRE POINTS) IX, 507
*~, 215,4411 w 1T AND ITSL (14EIATION INODfl AN--NaE F -- 5--
5 12H4 ITERATIONS)/iX, 509
6 15,34H1 ljrS CCNE-49ATCI) FRr TEflC STEr/(l*, i
7 15,35M4 PAGES OF SUMMIARY PRINTED FOR, EACH,15,64 STEOS, 511
a 13,301! M&S '1IZ(ASS OF COMOUTEik !ON!) s-

9920 FORIOAT(//27H EMISSION ANC PLASMA INPUTS /513
1; l~gFI10.3,3I14 u BELTA, ;!MEALT -ICS4-P--,*NE1-WS-r- - ,4 --
2 iPEi5*4,3X,8HSECONOS)f/ 515
J !Xpgrr103,2H - T;fMS * N;tT1Al6 TI1Es 5iE
4 IXF10*3,49I TVIONS =AM31ENT-ION TEMPERATURE IN VOLTS/
5 19,F34. 3,-.JI T E4-T9lN-ELVL -E M P 6 AfA TU-;-!R- - W 4OLT-S -----
6 iXvFlO.3,95Cl4 DENCC =AMBIENT- ELECTRON DENSITY IN NO* PER CC



50
PROGRAM PARKTDC 42/11/60 PAGE it

7 2SY,25HtION PLASMA PERICO =,IPEl5.i.,3X,81-SECON0S)/ 520
8 CUAC~pRIEtE~l(R1m ULASfMA PEIODU =ql*qX~lSCN:~ ;p

9 20X92SH(ELECTRON DE9'fE LENGTH =,El5*4v2X,34CN3/ 522
M A 1qPEl30qsU? - PUIN - UMflE Or- IRLML IONS JNJEIEDL PRci CYC
e 1xtE1504953H = COMPAR NUNSER OF REAL IONS/ELECTRONS PER COMPUTE

9921 FCRMAT(±X,1PEIS.4,29H = WLOU10 a CLOUD HALF WIDTH) 52E

i lXFld*3,19)' RPT z R-POSITIONflXipFl.3vl9H = ZPT Z-POSITICN/

3 lXFLU.3,341 SEI *AZIMUTHAL ANGLE (DEGREES)/ 530
.9 ~ ~ E ENERG.~~y!- ~ uKY IiM VtlTa 93T

9870 FORMAT(/hi3M ALL Z-VALUES/(X,3lPE5e4)) 532

9850 FORMAT (/IIX, 3OHZNTERSTITIAL Z-VALUES POSITIVE/ CIXI3,I0E 15.4))

98 35 FcRAT(f//±X,43HINTERSTITIAL Z-VALUES NEGATIVE ANIC POSITIWEI

9830 FORMAT(jHit6XtiN95X,4HR(N)4XI4I!(N)/) 538

9,750 FORPATC/iXI3925P ORDER FLUXES AND CHARGES) 54.0

1 1311 WITH SPEED =,±1PE±5.4,1H CNfSEC,5X922H AND CURRENT DENSITY
2Itvtt'f F. c* - *- ;*e 9d 3

9740 FORMATC//5X27HSUIMARY OF NET SPACE lCHARGEf/IZX9(A2, 544

973al FORMAT(/5X,2I4Z(,12,iH),2d16) 546
Ei4~3 94?

____ ____ ___ _ 11____ ___



PROGRAM PARICT9C /LIST G2/11fea PAGE 12

SU95OUTINE LIST(LSTIP) 54f

C PRINT ARRAYS 549
c 551-

COMMON ?1IV,IFIRST,JFIRSTJEDGEN~t4ZANZNT0TPIITIR,1Z,

2 ARZEAN(11),OELZ(11),Rli(1gZCI(±±) 554
OI~II~ U(~J,~IJT5IZ555~

C 556

00 20a0 NP=1,5 558

IF(XP*GTNTOT*At4O*NP*EC. 1) RETURN E4
!FC*P*ST.NT3T) Ge To) J0l -- 56t
NMAX=NP -562

IKP=(KP-±) lNf+l 5e4,
d*Pm~e3O(RP tj~f 565

566

IF(LST*EQ*±) ZOUT(NP)=XtKP) 568
3E F(t:SITE-.2) ROUT (NPIw mfRU5P) 1 -r

IF(LSTsEQ*?) ZOUT (NP) =ZZ (IKP) 570
rv 5 ?--I

200 CONTINUE 57?

309 C014T!NUS 574

CS330 GO TO (400,'i50),LST 576

400 WRITE(MI,±000) (KOUT(NP),ROUTCNP),ZOUT(NP),NP=1,NMAX) 57t
10a0 FRiMAT(5(15viP2EC±1.31) -5-----

GO TO 500 58n

450 WRITE(M93l00) (KOUT(NP),ROUT(NPJZOUT(NO)NP=N4AXI 5t2

155C CONTINUE 584.

E~f) 586

1z
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PROGRAM PARKTDC /FIELD 02/11/80 PAGE 13

SUI3ROLINE FIELD 587

C COMPUTE ELECTRIC FIELD FROM GIVEN FIXED POTENTIALS OR CHAFGES ON S
C CONIUII cu'ALL~l W IN tAR X D1~IFFREC E03t11Or5b SOiur.~LVE. BY RE

C 591

I tONAXPTIMEIPRINTRAOIUSRR(11) ,ZZ(11),X(51),() 593

CCP!CN/FLO/DEUYEDIELECtIRELAXpHri() ,OENCC 595

COM43ON/CCCNIJNNNSNENWNSEWPCNCSPCECWCCCAREARZ

REAL KKX1,KKK2 59S

DATA KK1CI/5HALPL4=/ 601

DATA CN/SHNORTH/60

DATA CE/5HEAST / 60!
11 AT i Os."ET f -. r. -.- (3 0 e

c 607
ASSUME~ Asy"0101UTI& SETAViOCR Ar Ii',F.LiT tMCLE40rC0L!,etr.lC9

609

c 613

c IA-PUSTv ITtlofR FOR fa~5I OTU
OIA~i 615
52A-0 - - 2:
IFCJFIRSTsEO.0) WRITE(11,940) ITTIME 617

9604 F30RftAft 41 t1.i* fFELO elCULfAflOP~wSROJIdT -q, I5Wf9 ~ TIME- -t

I. IpElo.3////X,17HCOEFFZCIENT ARRAY) 619

C PURE DIPOLE 621
A-. bf!r

8 1. 623

C PURE MONOPOLE 625
4M i - I 1.. 62

e* 627
C £28

ZOLDO=ZZ( 1) 62S

DO 1000 IDMNiNZ 631

N -N41 633

Z=ZZIIDH) 635

IF(Ir"*Lr.N2A) VCLUME=AREAH(JDM)*OELZ(I0M) 637

13

..... ----- ...... , .r .g .
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PROGRAM PARKTOC IFIELO 62/11/60 PAGE 14

IFCI!DMGT*NZA) VOLUfE=AREAH(JDM)*0ELZlID*~l) T
!F(ID4.E~q.Z) *!A.Z#) 63a
CHARG=QCN) 640

Z CLlD=Z 642

*8900 FORMAT (111XV 2HZ(vI2t 2H)= ,FLO* V 644

2 4X,13NNORNAL CHARGE) 646

LOG CC=O. 64a

J=JOM 653
003 EGGa JilUmatye -_ 3__op_

NSEW=JOUH 652

CALL CNSE:W(1D 654

IF(NSEW E~o 1) OO=ON 656
IF tWSE*.CE642) ee05 6-
IF(IJIA*GT.0) WRITE(tl,8888) NIJO0,AREAqC 658

rl 660

IF(C*GT.6.) GO TO 150 662

ALPMKG. 664

ALI"- KK1 666
C~ 6C7

IF(OIA9GT*Q) WRITE(M,77T7) ALqENqI9JqOARE-AqALPH 668

rl 670

0 672
1: so lF(NSE9.EO.!) GNwG 7

IF(NSEII.EC.2) CS=C 674.
20 GNTINUE 67

676

NSEW=JGUM 678

CALL CNSEW(21 680
IrZC4, EQ. 1.) 00m- G
I F (NSiEW.EO .2) 00=0W 682
ir48!AwGrvO) WiAITEcfl,3Cisaa Nw4-OrEA,C 8

684.
CCUCCIC bas
IF(CoGTo0.) GO TO 350 686

SET=0 * 688

1I4

-- - '
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PROGRAM PARKTDC IFIELO 02/11fea PAGE IS

IF(R.EO.Rft(Nrt)) S3ET=BEF(RtZ) 689

c 691

IF(SET*GT*0.) CcCC + AREA*SET 693
694

'359 IFCNSEWEQ.1) CEOc 695
litHNew.0.Z) qwNq. 696

300 CONTINUE 697
CaLL ARIM 6 9 8

t009 CONTINUE 695

CALL RELAX 701

END2 703

15

.........
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POGRAM PARKTOC /CNSEW 02/11/80 PAGE 16

SUBROUTINE CNSEW(IGO) 744
70

C COEFFICIENTS NORrH ANO SOUTH 706C

CCOON NIVIIRISTJFIRSTJEDGEI4RNZANZNTOTPIITIpIZI

2 AREAH(11),OELZ(11),iRI(11),ZCI(i1) 710

C ON hON IC C C / N 0 vJ NNvN S 9N E NW 9N SE W C N 9C SCE C W C C 9C A rtE A R Z
t. vettUMEveAR6
NF(IZ,JRI=JR + NR*(IZ-1) 714.

IFIIGO.GToi) GO TO 556 71 E

AREA-Go 718

IFIZoEO.0.*) GO TO 100 7213

IF(Z@LT. 0.3 AREA=OIELEC*AREAHIJ) 722
638 fO E96-ff--

C 724
tie iF4#NC9EO.1vt ARE#,A-ARCAk-.(Jl 72:

IFCNSEW.E~o23 AREA=OIELEC*AREAH(J) 726
a ? 27

200 IF(NSEW*Eoo1) GO TO 300 728
lIlNSE~wEO.2) 6O TO 49 ;[
;ETURN 730

300 NN@ 732
irfECot QfCTUIN -a

NN-NF(I-iJ) 734
OZ-ZZ( 1) Z -~ --- *- -- ?35--

Go To See 736

400 NS=G 73.3
IFLO.4)RE*URN F75

N S-NF(I + iJ) 740

742

RETURN 744

C 746
550 CO!NTINUC 77---
C 748

.Au .
0R 0.750

IF(Zt.GT.og) AREA=CELZ(I) 752

754

16
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PROGRAM PARKYOC /CthSEW 02/il/SO PAGE I?

IFCNSEWsEO.1) GO TO 600 ?55

RETURN 5

600 NE=0IS

IF(J*EQ*NR) RETURN 761

DRURR(J.1) - R 763

GO TO 800 765

700 NWaO 767

IF(J *Elo 11 RETURN 765

OR-R - RR(J-1) 771

C 773

IF(CR*GT.O.) C=AREA/OR 7

ENO ;77
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PROGRAM PARXTOC /ARRAYS 02/11/60 PAGE 18

SUSROUTIINE ARRAYS 7
eT -

C SAVE COEFFICIENTS AND INGICES IN ARRAYS 78>0

CCNNON MIVIFIRSTJFIRSTJEDGEtN~,NZ.ANZNTOTPIITPIRIZ,
I TomkoIfIp pftNIRA eftA0Iu3R1 t v!ft(1,Il)(5lfgtpq ?a!
2 AREAH(11),CELZ(11),RI(ll),ZCI(11) 7816
ee0NNfp o offgEv at CftvLeaiP,,I its vin~e ?85

CCMCN/ARRAYC/ INOX(51p4) ,COEF(51,5) 6
cemoc; g-,. ,,N4,r3NEgNCNW..,uE.'~eCreCsgEl, ,etAC APiLj----
I ,VOLUMECMARG 788

C 790
iptCC.Eave.) eAtt Aismemto. 3Tllt 79i
IF(CC.EQDo.) STOPi.±1 792

C CN,-,ORTH -2-'-fl coI8.,SOQ ?9!CI~
c 794

c 796

c 798

C 800
G CECCAST lm!Ri PEMCIStOR G ccF3-G9 89i
C 802

C O F 1Nt.,31crC -- 03-
c 8014

ic 306

s WHERE CC.CthTlAt POi?&T cOEFFIcIIT 60
C 810

C3 IF(OE8YE*G1.0o) COEF(N,5)=CM(N)/CC/DE9YE'*2*o961

C CH-NET POSITIVE CMARGE It' N-TM 9OX (FACTOR *'9 FOR CM IN FICOCCULOM
C rOTENTIA& 1h VOLTS, LCNG14. 1N G141 SL5

ale

INDXfNt2)=NS ale

INDX(NIi)=NW 820
C)IARCiutwei &4 7OLUnMEMBNCC82-----

C 822

IF(JFIRST*EC*0) lRITE(P,910003 NNCNNWCWNCC,NECENSCSCHA5G,
1CIARCO $as

ENO 828



58

PROGRAM PARKTOC IRELAX 02/11/80 PAGE 19

SUSIROUTINE RELAX 829
Saou

c POINT-SUCCESSIVE RELAXATION To SOLVE EQUATIONS 831

CONNON . N IVPIFIRST, JFIRS . ,JEOGE, .NR9NZAI N29NTOTvPIIT9IRIZ9Sz

2 AREA4(11) ,OELZ(11) .RI(11) ,ZC?(11 835

r CO,4KON/ARRAYCiI 114X(51,4 ,COEF(5i,5) 837

ONIEGA1*9 839

IThAXt2U000

FIPQ0LD=0 8.43

IF(JFIRST*GTo0.AND.IT*GT*S) GO TO 203 845

to0 X(K)=6* 847

200 CONTINUE 849

SEL TA PS* 8,51

00 580 N-1,NTOT 853

IF(J.GT.JEOGE.OR*ZZ(I)eNE*0e) GO TO 4406 857

CSET SURFACE POTENTIALS ass

XCN)-PHI (4) 861
se TO ;GO de

*400 CONTINUE 86!

SUM=COEF(N,~ 565
f30 300 q'R-1,4 8 e6
INDEX-INDX (NK) 867
!FtNOEX.G.8) SUn-W"j w vFtN#KACW(TCEA.X 8ib8

3q30 CONTINUE 86 C

X EN)=SUM 87.

0ELTA=A9S X (N)-Xl) 873

lF(OELTA .GT*OELTAN) DELTAM=DELTA 875

500 CONTINUE 877

IFIITR@GT.ITM4AX) WRITE(MI8888) ITR 879

19
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PR~OGRAM PARKTOC /RELAX 02/11/80 PAGE 22

IF(ITR*GT.ITdAY) GO TO 708 889

IF(IPReLEoIPrlOLO) GO TO 600 884
!FRdtv-&Pl 08
GO TO 80 886

600 IF(OELTAH.GT9EPS) GO TO 200 888
-e

C ITERATION CONVERGED* PRINT AND EXIT. SSG

700 IGO-2 6j 2
rfffPR!riTsE0.O; GO To tooo 9

Boo NFFP=(NTOTf369) + 1 8S~4

WITEU'9,7777) ITTIME,ITRqEPS,OELTAMOHEGA 896
eAtt: Lisf tf!PASE- ai)

900 CONTINUE 898
fliTRoA:tt.-#t1;AceLO em;Cu&LAIOt,,5*,4Tl mI3,5X,-9+A*--1rte-u
I IPEMI31/15H SOLUTION AFTER.16,ZX.25miTERATIONS WITH TOLERANCE,

3 IHNZXq 4HN NJ ,TX94HX (N)/It) 902

IFCIGO*EI3*i) GO TO 600 S04
190 0 CNINUE 9~ 0 E---

RETURN 906
C94

i nA Ira
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PROGRAM PARKTOC /INTERF 021180s PAGE 21

SUBROUTINE INTERP(RpZJGIGP,41CRIZIIRIZINT) 908

C INTERPOLATE IN R-Z GRIO TO FIND POTENTIAL AND GRADIENT 913

CONNONITT/PINTXYXOOT,1OOTZDOTPHIP4IRPHI2,OT 912

IF(INI*EO.O) 16=0 91'.

NCH=O 916
C tOCAZON OFZ. INARFCAI 1

c 918
ASS~UPIE M421i .ESS MAN, OR LIL~ F0 2: tfESS IM4AM ,ft E- t~ 27 M

920
&r ~ L~J921

IF(Z 0EOaZI(13) GO TO 103 922
sIi.regall. 771 9?~),3-

C 924

IG= IZ- 142 t3926

10 CONTINUE 928

Go 1099 929

-C ACCEPT IF ZI(IG) LESS THAN OR EQUAL TO Z LESS THAN ZI(IG-1).
r .- I - . - - ._ - - _- - ... 9 3 3

160 IF(Z.GE.bZI(IG-1)) GO TO 102 934
LL X 100 itftGE9 U Sr. OEr_ 4%c LuOP, 9 39

C 936

101. IG,_ICG+ t 938
iFtreys T.!IeI6 1 -.6 -To lot - 939
GO TO 103 940

L9 -

t.IFtZ*GE*ZIt(G-i)) GO TO 102 942

j~33 i~n-194!
el IG OETERMINEC 944'

19~4 CONTINUE 946
w 

94

c LOCATION OF 9 IN ARRAY 9'.8
e 9if 9

C ASSUMIE RI(1) LESS THAN OR EQtJLL TO R LESS THAN OR EQUAL TO RICIR)e
991

IF(R@EO.RI(IP33 JGZIR-1 952

IF(INT*EO@1) GO TO 150 954
95

00 15 Jx~tIR 956
Ja- J- 99
IF(R.LT.RI(J)) GO TO 153 958

21
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PROGRAM PARKTOC /INTERF 02/11/80 PAGE 2?

C RETURN WITHOUT LOCATING R 961
e9 4)

c ACCEPT IF RI(JG) LESS THAN OR~ EQUAL TO it LESS THAN RI(JG*1)

ISO IFtReGE*RIfJG.1)) GO TO 152 965
IP(I~GERI(JE) 1 £93 VC !S- 

151 JG=JG-I 967

GO TO 15 96S
Ise dC-JGI1 9p0

IP(ft.GE*RI(JG+1)) Go TO 152 971.
t;3 me~mi -- 972
is5. CONTINUE 973

IFtIEeLE*Q*OR*JG*LEo0) GO TO 999 975

c RETURN IF 16 AND JG AND ALL THAT WERE REQUESTED 977

IF(INT*EO.2) GO TO 31.0 979

c SET UP FRACTIONS 981

DELZ=ZIgIG-IU-ZI (IG) 983

FZ= (Z-ZI tuG) )#'ELZ 985
rRwfR RICA61109LR: ie-

V 987
e WtfINE rP~fENTAk9 AT seaME0 OF 90 8

C 969

P21-PMICc.JGP IS-i) 991.j rl~flhICJC,1,99-
Pli=PHICCJG, IG 1 993

irP04C1-6.C01 GO TOi 84 99

z9z S I l PHI -EOX 15 NO' T- HANG6999
997

02-- (P21-Pi I) /DEL 7 999

04= (PI2-PII)iDELR 1002.

300 CONTINUE 1003

C INTERFOLATE TO FIND POTENTIAL £140 COMPONENTS OF GRA0I NT 100F

PHIZOZ2 + F~v(Dt-02) 100?

PMI=Pii + FRI00112-Pi3 + FZ*CP2iV-Pi) + FRO FZ* (P22-P2i-PI2+P11)

22
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PROGRAM PARKTOC /ThTERP 02/11/89 PAGE 23

310 CONTINUE Iola

0 10±2

C CANNOT LOCATE EITHER R OR Z OR BOTH 1014

999 WRITE(ffINTS99) R,'zIGJG 10£ e
CAM5 ASNORiGn -W-9c~ ioi?
STOF22 1018

9999 FORMAT(///1X,32HCAI4NOT LOCATE R OR Z. RZ9IGqJG=,,P2E1.Z.4,2I5)
ENVCA
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1ROGRAM PARKTOC /TACK 02/11/80 PAGE 24

SIJBROUTINE TRACK(R, Z) i0zz

c ADVANCE ItYrZPXOOTgYOOTZDOT 9Y-CONSTANT ACCELERATION. WITH STEP- C

COMI'ON/TT/NT,X,Y,XDOTtYDoTZDOTP'II pNIRPmIZOT £02e

!PCR.EO.O.1 FHIX=. 12

IF(ReEC. 0.3 GO TO 100 10 3C

PHIX=PHIROX/R £032

C IC 34

X-4 * OT'(gOOT *GofomrPrIM) to3+
Y=-Y + 13T*CYOT - 25*OT'PHIY) £038

C 1a40

YDOT=Y13OT - *-DT*PMIY 1-012

c 1044

ENrD 104E

24*~
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PROGRAM PARICTOC /ERF 02/11/80 PAGE 25

FUCINEF(.ERR 1047
10 40

C ERROR F1JNCTICN 1049
'.1T 5u a

OIMENSION A(V) 1051

1 *1528±'.30E-3,.27656720E-3,.430638E-ae,1.772453eI ±053

RS= ABS XI 1055

S=AMINICS,675.1 1057

ERF=io.-ERROR'*EXPtf-S) £059
Kt.5IU1 -L V15

*C 1063

00 Soo I-2rT -- to6e
SP= SP*RS 1067

!F(A6SCSP)*LT.1.*E-9) GO TO 350 1069

350 ERFC=I*/SMO*16 1071

RETUR N £073
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PROGRAM PARKTOC /ERFINV 22/11/80 PACE 26

FUNCTION ERFINV(R) £7A £07e
C INVERSE ERF NATICNAL AFPROXIIIATION 1077
e MeE AgRAM-OWIT t STEGUN9 P. -9-33)-t"
c tQ7q

DATA 01,02,03/±. 432788,. '8926'9,e00I308/ tool
OATA ROUN199ReOf e 9ROOT FVI*E. to, iuf15r~a3 563rao q Ito ?2 4 5*5r-- --

1F (I.t.±.pf d.LY0t CAu AB~eRC10H~ ITOP aa)
tF(R*GT.i.e0R*R*LT*0*) Slop 33 Icas

IF(R.LE. .09) XzR*ROOrPI/2* 1087
1F(R*LE..3rG9 3 60 it2BO-te
P-(±.-R) #2. 1089

T= 0. i191

IFCF*LE.ROUNC) GC TO 1150 1093
1F(PGTReUN13) RA6IC.- ft'AL064P) i094---
IF(RAOIC*GT*So) T=SQRT(RACIC) loss

XO1..*T* 0i+T* (02+r*D3)) 1097

IFCX10*GT*a.,s XP-XP-XN/ID 1099
X~)(X(RGOTE 16
IF(X.LT*ROUNC) X0.* 1±01

10CONTINUE 1107

END 1109

26

Aa, 9-
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PROGRAM PARKTOC /PFLOT @21/0 PAGE 27

SUBROUTINE PFLOT(URIZIFNRINZItNRO,NZORAIUSYIMAXI1T) 12l10

1 REXP(12Z)pISYM(26)9U(NRIpNZZ) 1112

DATA ISYM /1HZ,1HA,1H8,1HC,1HO,1IlEg1NF,1HG,1I'P1H~lIJ1ilKpiHLe

DATA BNOT ~,.~.-.-.-.

tMIN T6 ilia
LA.s

1120
uC 9EIMNEa MrINIMUM ,Aqii MAXrLiirl O i, 1" K'A #R.XIIA

C4 . 4  £122

XHAX=-XMIN 112 4jE

N ZC PmN o- -1 1125e

L0 Do0± II=±,NZI 1128

XMINAMII(X1I~q(J~p1))113!

1132

CLIST SYM90L CORFESPONOENCE 11.44

WRITE(HINr.3901) XMAXXMINIT 136
f~t CORMSPOrNOEMCIE FOR PRfliTr~q PLt:Cf~

I 6X,'TWENT'T TWO INTERVALS ASSUMED FOR DATA. XMAX = 4 138
E' 1PCE.fff* 'F NP214 - moeftm 1-1. 9E6!%#N oF &-7E IT so,
3s r6// 24X,* INTERVAL/ 8 X SYHOL 4 5X*FRON4,1IZX TO*) 1140

3002 FCRPMAT(5X9,I3v2XA1P2E15*5) 1142
WIIEMnIq-,34:31 i

30"3 FG;RNAT (II//) 1144

114f
c EPANIG R COOR13 ANO PREPARIE TO IrqwERPOtATE 1i##?

rEXP(1I) =REXf(II-1) 40Rrv 1152

v=co 1 154

h=ZR-i)+Z list

00Q 350 KK~i.,hO 1158

I FL G=0 1160

27
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PROGRAM PARKTDC /PFLOT 62/11/80 PAGE 2M

IF(ZoLEZI(IZCUR)) IlFLGZ±* ±6

INT=0 1163

X=R=REXP (II) 1165

IlF(XeGEeRI(JRCUR)) JPLGaI 1167
CALL Wre-~,~J,6UXZI.ZH
INT-1 1169

1--7
c DETERMINE 90X NUM9ER FROM BOY MATRIX 1.171

00O 253 JJ=i,22 1173

T!80X((B3NOY(JJ)-PHI)'EPHI-BNOY(JJ*1))) 1175
!F(2130X.lQze2! IlE(!!)w-3yN(22) -_____---

IF(T9OXeGT*0.) GO TO 750 1177
eqa ef 3ZVINU 21
750 CONTINUE 1.479

C PARK( CORNERS 1163

IF(IFLG.o.±.olAND*JFLG*EQ.1) ILINE(II)ltlH, 1185

t MARK OISC 1187

c 1191

C 1193

C HAVE WE CROSSED A Z BOUNDARY????? il9s
G ilge

IFCIFLGoEO.1) GO TO 3±0 1197
G 14
C EL SE 1199

3104 FORflAT (9X-P i4A1) ±201

C 1203

WRITS(MINT,3005) ZICIZCURJ,(ILINE(I),I=lNROJ 2C
3005 FRw"tAE r-7.2,1X,8BAI)

IZCUR=IZCUR.1 1207
350 CONTINUC iags

RETURN 1209
ENO -- a0----

- --______________ 1WW6.. 4111A,
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PROGRAM PARKTOC /CENSTY 621/0 PAGE 29

S119ROUTINE GENSTYCINIT) 11
C -x

(1 COMIPUTE FLUXES AND CHARGE DENSITIES 1213

COMMON NIIFIRSTJFIRSTJEOGENRNZANZNTOTPIITIRIZ,

2 AREAHti1) ,DELZ(11) ,RI (113 ,ZCI(11) 1217

I IPARTPARTCL(2),OELTA.SPEEOOOISXDZMNNTSECNINJ, 1219

3 KOUNT(51) ,XKOUN 151) ,HDEW.CLOU) 1221

0IMENSION ENCESC(2),ENCA8BS(2)PPIC(51),WT(5±),FHYP(51),PI-YZ(51),

DATA ENDESC/5H ESCA,5HPES /qENOA9S/5HAfSOR 95I8ED / 1225

IF(IPRINT.GTu) WRITE(1400) ITPARTCLSPEEOOCURR 1227
Flo

JV 3-I V 122 S
lrFCIfnh5Tmcoo so ow dj 1230
CALL RANSET(NRAN) 1231

HITE=ZZ(1)-Z7(NZ) 3 233

AREAB=RR(NR) WHITE 1235
RO Ri9I-TOR --- o' tz 3- .

NTOP=j0 123?
r-"OT-i, t2.38-...
N S 10=0 1239

JG. 1 1241

N1=1 1243

SL K iH 1245

NCHGI(I) =0 1253

GOE~~I) TOT 901

To CCNTINUE 1259
VRTE(jU) i NJA rlV!A*E( 1p di in tt 8) -tv-gItt-)--- ti6a
NFARTS=VSAVE (9,INJA14.1 1261

2V9

jib
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PROGRAM PARXTYOC IGENSTT 2118 PAGE 30

GO TO 60 1262

90 CONTINUE 16

NC A S0 126f

NCAC~u31268
I NTER=5 Utc -

N.0 1270

IFfIPRINT.GT*4.AtD*IPAAT*EQsl) NWUTE(M,1020) (RR(J) ,J=INF)
dt-t No 127~ -

J2--8 1274.

Jl=JI*NR 1276

00 lot J1,qNF L27!

IF(1WOLTS*EC.,8*) 6O TO 110 1280

IF4IFRIHTeGT*0) WRITE(9,1100) IZZII)tPHIC(JtJ=j1,J2) 1282
1.10 eCemT-i NuE
c 1284

l1i=4ZA41 128E

JI1J±*NR 1288

00 156 Ju1,Nf 1290

IF(T'fOLTSeEQe0) GO TO 160 1292
t56 F116(Njwz1(N) 0TWOLTS14-- -

IF(IPRINT*GTo0) WRITE(N,1100) I,ZZ(I),CPHICtJ),J=Ji.,J2) 1294.
* ~~iC- GOt4TINUC 85

IF(PODE*NE*1) GO TO 180 1296

C CALCULATE PMYR ANO PI4TZ MATRICES 129!

N49 134

N=N4

JPHMAXltJl1, ) 1302

iIP=141i(I ,JP) 13103

c 1334

134
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-WPROGRAMI PARKYOC 01!I4STY m2l11/6 PAGE 31

IF(IeEQ;*NZA*AN8*J*EoJE2GE+1) PPYR(Nlu(PWICfNPl'PlZCPl)/

c 1.31!

NPz4IJ(IPJ) 11
131e

IF(I.E~oNZAoANDoJ*LEoJEOGE) PtYZ(N)utPNIC(NM)-PI4IC(N))l 1319

IFCIsEO.NZAoANO.J*LEoJE0GE) PNYALT(J)u(P4IC(0i3-PHIC(NP))/ 1321
t 32

170 CONTINUE 1323
too CO ~UTI~U ~.&a2t

c 1325
Irt"KMNE00) Go I-101 39- i

c 1327

BETA=S9EIPI/lS0. 1331

Csi GO TO '40 1333

C 1V AUG ?So NOTE TNAT SINGLE TRAJECTORY IS INCONFLETE 1335
5EiIc StliE19 ,-E. rl WP4RLY TVI23-CASE &S $091 !RtM&ikA7EG

C '~#' *1337

STOP 400 13
!hTnTlAt COnOITOI tPRJGTRE 346G

C 1341
S50 e6HT2Nb*2r - 2. e
C ***'* 134i3
a !N ICCT NE PAIRTICle3 --- -- 14
C ASSUMED FLUX =NINJ IONS PER CYCLE 1345

C £347

RANI=RA4F NRAN) 1349
QAI-RAOW 4 g A, A.3s

RAN!=RANlF(NRAN) £351
R-4ftN t1RN 352

RANS5RANF(NRAN) 1353

NPARTSMNPARTS.1 1355
!N l8-TNj~-v isie

C 135?
C SLECT W&ER2C~t AO Pr PIEND~ICUt.lt CO PONENT! OF Vet~Ill -live--
c 1359

C 1361

IF(RAN2eGTo*Sl VVERTz-VVERT 1363

31

.1 - -.---- m
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PROGRAM PARKTOC /OENSTY 02/11/80 PAGE 32

C 1364
e *CALCeutAri vTeva ArO TRIG FUNCTIONS OF ?META i-
C 1366

A t It-AA N 2 P ERP 9V Eit7 13 -
CAL I-COS £ ALIA) 136e

C 1379
C gfteCT TOPf~efTC1  OR 9201!

C 1372
~ 13-?--

IF(RAt43*LEeRAREAS) GO TO 360 1374

C PARTICILE HITS SIDE. CALCULATE XYZ AND P41 COOR'). 1376

LOCAT=4HSlnE 1378

SElR=-ASIN(SqJEI) 1380

kSI0=NS11941 1382

X=R(R) 138'.
xrt~i. C.1 f6RTvAC) U(N) -1i65----
Y0-Q 1 386

C 138e
CO To 4is. 1;30'

369 CONTINUE t390

C PARTICLE HITS TOP/9OTTON. CALCULATE XYZ AND PHI GCRD. 1392

EER=2**PIRAI45 1394.

S13E1=5IN (BEIR) 1396

X(=SCRT (RAN5) #RR(NR) 1398

Z -ZZ INZ)t0

IFf INIT. ED. ) Z=HXTE*qAN6,ZZ(NZ) 140 2

IF(CALI.LY.0*) LOCATs3HTOP 11.04

IF(CALILT0e) NTOP=NTOP*1 14a E
410 CON*INUc- .4 Q?

C 1408
C CALCULATCE VClkOCITT SOI1PONCN1 -44.0-.--

C 1410
X~OT f'E~UVPEM CO1414~

YDOT=SPEED*VPERPS9E 1 1412

C 1411

32
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PROGRAM PARKTO.C IDENSTY 02/11/60 PAGE 33

VSAV-E(ip INJS)=X 1415

VSAVEt3, INJS)=Z 1417

VSAVE(S, !NJB)=Y00T 1419

VSAVE(7, INJ9)=DELTA*RAt46 1'.21
ir (.LhI o r4.11 VSAM PYIT,1lI-ELTA i2

XF(IFARTsEael) VSAVE(8,UdJO)mto 1423

VSAVE(9,irNJe)=FLOAT(NPAURTI)4. 1425

ALl=ALlRwi80*/PI 1427

C 1428g
c L~L1~L.~u tuv 149~J

WRITEIJV) INJg,((ySAyE(KJ),K~l,1a),JzlINJ8B) 1431

C 1433
3. CON.TI NUE -14 3#

CSS WRITS(H,#) = ATOSTOC =,pNTOP#NSIUN8OT 1435

I I1,10O) vJlINJ13) 14.37
J.I~ .-Cv. . 1~

IF(INITeE~o.) RETURN 1'439
-- -.-- - .. - - . --- - iff 40

1V 3-JV 1441

IF(IPRINT*GT.I) WRITECM,3.10) ITTIMEPAU1TCL 1443
IpfIp~r%2,vT.3T. iRTI,3*~ OETADTEC1,9

C 1445
goi 820 L19",IT.................

KOUNT(I)=0 . .. . . . . . .1447

820 CONTINUE 1449

IF(ipART.,EOi) IUCPARziMI 15
r!WiuiJV i49
REWIND IV 1453

870 CONTINUE 1497

NPART=WSAVE (9,INJ) .. ± 1459

IF(IPART.EhlZ.ANO.VSAVE(8,INJ).Grog.) GO TO 860 11661

C 1463
f-- ' M4EW t ILItEr NEY LM IfL*CTD0 PARTICtE 14964
C FAYT dot -lot -2., IMPLIES NORMAL, ESCAPING, OR ABSORBEC

.33

L4.



73 ______

PROGRAM PARKTOC #40ENSTY 121/0 PAGE 34

c 1466

ZOLDMVSAVEC39INJI 1470

Y=VSAYE(z2, N4) 1472
Z-V9AIC( 3 # 1 ) 1473
R=SGRT(X*X+Y'PY) 1474

YOOT*VSAVE(5vlNJ) 147E
zoOT-FmvA;L f evipwi1-477
OT=IISAVE (7, tNJ) CZ"1P 1478
IN*-0 1479 -

iF(INTElt.EQO.4) CALL INTERP(RZJGIGPNICRRZZN~,NZINT)
IPftI1 TER.GT. p) CALLttEPRZJG-nCifCII t  f ' - -
E=Pl* SPEEDSPEED 1482

VELzSQRT(XOOT#XOOT.YOOT#YOOT.ZOOTZD3O) 1484

I NiU(N1),XYZRXOOTYDOTZD)OTFATEVEL 1486

C 1488
i469

rF( NZV*EO0fl) GO TO 450 1499

IF(X*EQ.RR(NF)l 60 TO 420 1492
VE-LSDZOOT60e P;IA: 493
IF(VELS~oGTsG*) ZOOT=SIGNlSI2RT(VELSQ) ,ZOOT) 1494
iF(r(kz.klE.0,) ZDOT 720
GO TO 430 149E

42 9 C0INUE 149
VELSQ=XDCT'*2-PNIA 1491

IF(VELSQ*LE*69) XOOT=-XDOT 1540
1486 C0INTitu &91

IF(IPRINT*GT*3) WRITE(M,2:100) NPARTIOPARIGgc- 1502
1; Nt U(Nll X~V,ZgRv OTOrZOT, PATE,~c V633
IFtVELSQ*LE*Co) 60 TO 500 i504

459 C6tNTINUE
IF(NOOE*NE.1) GO TO 440 150 E

C OTSTRIeUTE FORCES IhTrO P"IN AND PHIZ 1508

CALL CLOUD(RvZPI4ICvIF0SK9WTWCLOUO) 1510

P141 7=00 ~±
tivO 15-14-

00 460 I=iNZ 1514
g0 460 j-1!,dI- 151i--

3"

! Jk
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PROGRAM PARKTOC /CENSTY 02/11/80 PAGE 35

PHIR=PMIR+WT (N) *PMYR( N) 1511

C SIFT FCR SPECIAL HALF BOX MARKED BY IF13SK =-1 I5s

IVINEeNZA.CR*JoGT*JEOGE. GO TO 4.70 1521

C 1523

GO TO 460 1525
c 172e

470 CONTINUE 1527
~~V 2g 05E

460 CONTINUE 1525

440 CONTINUE 1531

1533
CAL~~ Clt0t ul Wn.@tg .3

C 1535

PIY-PHIOTVOLTS/TVCHG 1537

ERFC=i *-ERF (XPHY pDENA) 1539

IF(MONMAX.LE.1) VSAVE(1IINJ)1.e(.-SOR(PHY/(1..PHY))) 1541

VSAVE(I0 ,INJ)=VSAYE(13, INJ)'.25 1543

465 CONTINUIE 1545

X'30T=XCOT/SPEED 154?

ZOOT=ZOOT/SPEEO 1549

CALL TRACK (RZ) 1551
-. 9 e~

X1VT=X0OT*SPEE0 1553
Ve0T-Vt093*9EE'8 t9945
ZDOT=Zt)OT'SPIEEO 1595

VSAVEC2, INJ)=y 1557

VSAVE(4, INJ)=XOO T 1559
V3A~l!(9,TNJV-VO0 1 t960
VSAVE(69 INJ)=ZOO 1 1561

R=SCRT (X 'X*VY 1563

IF(R.EQO.. ROOTZSQRT(oIOTXOOT4VODOT'YOOT) 1565

C CHECK WHETHEF TRAJECTORY IS TERMINATED 1567

35



PROGRAM PARKTOC /02ENSTY 02/11/80 PAGE 36

iF(R.r~TdRR(t44).0R.Z.ry7.1i)t So TO 500
IF(ZoLT*ZZ(NZ)) GO TO 580017

IF(Z'ZOL J.LTSO..ANO.R.LT.RADIUS) GO TO 550 15?2

IF(HODEaNEel) GO TO 94014

C GENERATE CLOUD ANDO ISTRIBUTE CHARGE 1576

00 486 I=IpNTOT 15?e

480 CONTINUE 1580
eC1

GO TO 900 1582

c PARTICLE ESCAPES 1584
P. tes---

5ao CONTINUE 15S 6

NC ESC=-NC ESC.1

FATE=iHE 1590
FAIOn 1. 1

C 1592
6O TO 9Q& 1SM33--

C 1594
e PARTrzete 19 ASOROC -5- -

c 1596
550 GBOtTINUEE t5~97~----

C 15sf

NCACT=NCACT-l 60

FAYT=-Z& l1 02

C 1606

G lN*F-6RPQL4ATC 40 FINS !GYjC 44--
INT-2 160!~
IF(FAVT*04. 1I.) CALLI.CrZCI6hCRIZI ~ -
Nl=JG.NR@ (IG-Zi 1610

C 00 SUMS FOR SUMMNARY 1612
-1613--

IFCFAYT.GE.0.) K(CUNT(Nl) :KOUNT(Nl)*l 1614

IF(IPART.EQ.Z.ANC.FAYT.EC.a-2.I 4CGE(JG3=NCHCE(JG)4+1 161E

C 1618

3'



76

PROGRAM PARKTOC /DENSTY 621/0 PAGE 37

~C WRITIE SUMMNARY FOR CURFEN+TLY ACTIVE PARTICLE 11

c 1621

i IGJGN1,UCN1),XYZRXOOTYDOT.ZDOTPATE.WEL 1623

I IGJGvt1U(NIl) ,XYZRXOOTYOOT, ZDOTFATE, VEL 1625

C SAVE CURRENTLY ACTIVE FAFTrCLES 1627

IF(FAYT*LT,3mb GO TO 910 1629

INJ8UINJ 3.1 1.631

00 915 1=119 1633

915 CONTINUE 1635

919J CONTINUE 163?

IF(INJS.GT,6l WRITE(JV) INJBvt(VSVECIJ),11,1itO),J=1INJB)

GO TO 890 1641

880 CONTINUE 1643

IF(IPRIMToEO.S) RETURN 1645

WRTE(H, 3420) PA4TCL, (9LK IsiJEDGE) 164?

-I ±I=IpJEDGE) 164S~t4G tZUC,~l

iI=i,JETJGE) 164'1

N 1=0 1653 -

WRITE(M,3440) PAATCL,3LXK*I9I-iNR) 1655

N 1=N2* ± 1657

WRITE(M,3430) I, IKOUNTtJ)PJ=NiN2) 1699

C 1661

i1i00 FOftnAi~ll~r !tLUZI AV!&* O SIE,1r*tT-I.'A5, i f6(3
1 1314 WITH SPEED =,1PElS.4,7H C'VSEC94X,22M ANG CURRENT DENSI~T sv

F1010 'FORMT(/5X,4IHOIMHENSICNLESS POTEMTIAL ARRAY -ABOVE Z=0 1667

2 //1XSHR =#14F9,3/ (/4Xq14F9o3)) 1669

Lou.
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PROGRAM PARXTDC /CENSTY 02/11/80 PAGE 38

±i)2Q FORMAT(/5X,4IH9IMENn!ONLESS POTENTIAL ARRAY - A30VE 7=0 1670
1 qw!U~fIN UNIfS OF TVIONS)--
2 //1),3HR =914F9.3/ (/4Xri4F9*3)) 167?

1200 FORMAT(///IX, 41HDIMEENSIONLESS POTENTIAL ARRAY - 3ELOW Z=0
tses FeRHAT(±xtw 4:3!mst fA JeTO1RVA,3A.~3LC At:FHA AN KtTf -

i2F15.8,±1H DEGREES =92FI508,SH RADIANS/9H ENERGY =qF15*8p5HV0LTS)

2±00 FORMAT(±X,15,LHi-,Ai,3l3,IPeE1.3,2XAi,Ei. 3) 1673

2700 FCRMfAT(/iX,2A6q5XIGHENERGY CHANGES us iP2ElIOZ 16,
t eam- twmaLC CflOIT, mA* PER SfEP) 1 )t-

3402 FORMAT(/5X933HA8SORPTION SUMMARY, FOR IT CYCLE Zo15, 1682
t-i ,iA ?W19 fM-, ivPiE. v3ve 2A57eX, ;3 , TAL NUM -A oRff----
2 I7/SX,27HNUMF'ER A9SORBED THIS STEP =vI5,0Xp15-4UMeE ESCAPINC-,
a te4 ?"!a STEP -99O99NME eIRRENTLY AeTIVE j t O -

3413 FORMATCIHI/,95X,38HPOPULATION SUMMARY FOR ITERATION 17 =9

3415 FORMAT(5XveH!!ELTA,iPE~I.3,5sx,1iH(MEA4S OT =#Eil.35IH 3EC)

2 SX,42HXOOT' YBOT ZE)OT VELOCITY, 1690

4 6x6C/E9X6CMSC6pH4SC 1692
3428 F8RMAT(/; .3iiItHUlnAxR f %FABORSE9)C GHIIESZ

I 2HR(,11iiH)) ,iiCA1,21Rf,I2,±H))) IE9'4

3440 FOPMAT(//5XThHSUKMARY OF SPACE CHARGE MATRIX FOR, ?X,2A5//12X,9(A2
1 2R4I1-l,1A~vZH tIeytw1 697

END 1

38



78

PROGRAM PARKTOC /CLOUD 02/11/80 PAGE 39

SUBROUTII4E CLQUO(RCO, ZCDPHICIPOSK,1ETWCLOUC) 169S

C (CHARGES ANO FORCES) 1703

C NERSION OF 1.5 JAN ?9,o LAST ALTERATION 2 MAR 79..... 170!

commoN M,rv,IFIRST,JFIRSTJEOGE,NRNZANZNTOTPIITIRIZ,

2 AREAHEi.) ,ELZ(tit) ,iE1) ,ZCI(1i) 17l1

NZAPV-NZA~i 1713

C OETERMINE R AND Z CCOROINATES, OF CORNERS OF CLOUD 1715

ZRH=AHMI. £ZC0.I'CLOUO,.ZCI(i)) £711

RH=-AtINI (RC0O*WCLOUORI tIR)) 171ig
Rt-AMrIRi R6WCL~tu~o!;-) 1720

1721

rC 1723

CALL IbTERP(rMZIJGHIGHpHICR1,ZCIIRIZ,g) 1725
______ - --- -*- -17Z6

'~DETERMINE VOLUME WEIGHTS OF EACH IG JG BOX CONTAINED IN CLOUD

00 86 II1t,NTOT 1725

80 CONTINUE 1731

00 90 II=1,~q 1733

90 CONTINUE 1735

00 10 I=IGHIGL 1737

IF(I&LE*NZA) WIZVELZ(-1) 1711
fFtI.E@ItZAF) 1?42ZvEL~A~a~

-*IFCI.GT.NZAP) WI=OELZ(I) 174.3

IF(I&E~oIGL) WizZCI(IGL-i)-ZL 1745

1747

39
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PROGRAM PARKTDC /CLOUD 02/11/60 PAGE 40

IF(JGNeEg.*JGU) WZ2.*WCLOUD 1750a

IF(ZL.GT.0..CR.Z14.LT.0..OR.J.GT.JEUGE3 GO TO 3C £752

IFXZCO*LTe0..ANO.I.LEoNZAP) GO TO 48 17516

GO TO 30 1756

C 30X IS IN SHADOW 1758

50 CONTINUE 1760

!F(I.EOQrNZAP) WtmAM!Nl*DftZ-NEAl yH) f3-
GO TC 30 1764

17-- -

40 CONTINUE 176E
e AsYc- 4Xse - t~e

wiso* 176 e
Ir(I.NE.WAp) so fO 30
lFf3SK(JI =-I 1771

C 1772
30 GONtTINWE t773

IF(I.EQ.NZAPeANO.ZHoLT.@.) IFUSK(J)=-i 1774
La~--w~e1 ?- j5

20 CONTINUE 17
t0 a eeTINUEC

* C 778

C 1700

00 60 Ii,9NTCT 1782

60 CONTINUE 1784
90 ;4 ;-!,NTGT it3
WT(I1) =WT (I) IWYOL 1786

;0 CONTINUCS
RETURN £78

-. N 1789__ _ __ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _
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PROGRAM PARKTOC /AFNOR 02/11/60 P AGE 41

S1JROUTINE AENORCERR) 1790

1792
L; 1793

C SUBROUTINE ABNOR IS A OUM"tY ROUTINE TO FORCE A MOOE 2 EXIT 179'.

C 1796

C 1798

PRI.NI .3UII.LEVU 179

3001 FORMAT(IX9*AENORMAL STOP REQUESTE3*,p5XA±O) 1800

Czq /A 1802

ENDf 1804

MAXNELLIAN ISOTQCPIC CASE MARCH 1979 1806c

as 40. 60s as* too* 1808
-208 LIP. 0. U 1
1. -25. -50 to810l

0 1 0 40 20 3 20 251812
to80 wt it v1 RW 7500 a 3 A'99 %#&

EOR 1814
H AL tl AW -f aW-T WCPI CASE OMM-K5E 1978 ist185

24 50 26 26 a 0 t81E

20e 22. 24e 26. 280 30.s 32. 34

50. 5 52. 54. 56a 56. 60. 629 64.

8z. 84. 86. 88. 90. 920 94e 96

50. 48. 469 44. 42. 40. 38. 36

18. 16e 14s 12. 10. so 6. 4.
? w -8's7

oe -2. -4. -6. 8 1. I.-
-Ilw -18. -Z c -22. 24 -2e. -28.

-32. -34s -36. -38 -40& -42. -44& -

10 i' 1* -10.' -10. -10. -18 31

-10 * -too -10. -10. -10. -1(* -10. -1
alo ~I a~ 20 I w5- 183-

010 . 1 75O000 15. 1836

41
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PROGRAM SUH-RTE 02/11/83 PAGE ±

PROGRAM SURTECTAPEINtPLTUTPUTTAPSE2,TAPE6ZCUTPUT,TAPE5=INPLT)

I IH*S1(iZ) ,'(IACTI(1Z) ,NESG(5) ,OSET(4), 12

NAM'ELIST /CWNTL/ DENCCAPNANXSIN,8NXCMNCXIJINOMX 1

C DEFAULT CONTL ASSIGNMENTS 16

OECC 0000 I
A MN=~ 0.0 -9

AMX=30*

eCqX=5000 * 22

e 1X4 27

IPSY14(i) =iHA 28

IPSYMC3)=*,HC 30

C 32
igR(AS CCNFLb PARAPICTE 3

34

CALL CONNEC (6) 36
WRiT( 1, P. -9 - 3-7---.

200D2 FORMAT(IX,-ENTER DENCC ANO RANGES OF PRINTER PLOT VA91ABLESP
!N IN tAMEI irC FORAT50 3

REAG (5,9CONTL) 40
WRITEC6,2004) 4

2904 FORMATCIX7*ENTER THIRTY CHARACTER I0ENTIFIER*/) 42

100± FCR1AT(5Ai0) 44

P6Clk(l)-Alx AflN 45___
PSCL C2)=3MX'-MN 4
t'SCL13)mGMX XIN -*- -

PSCL (4)Z13,"X-W4N 48

OSET(2)=BMN 53

OSST(4)= DMN 52
CALD!CNiG) -______

REWIND~ 6 54

REWINC 2 56

1000 CONTINUE 58
59---

c 60

42



PROGRAM SUMRTE 82118 PAGE 2

C INITIALIZE MATRICES FOR ANALYSIS OF VARIANCES 61

030 620 1=1912 63

(MACTI tI3=0 65

KHACTE9I)=0 67
6203 CCNTI~INE l
650 CONTINUE 6S

I RMIAaSREMA9SRMIACTRJIEACTAVIA3NSAVEASSAVIDCTAVEACTXMAX

IF(MODIJLINEv50)oEOel) WRITE(692001) I3ENCC 73
2011 riAM pA ,'M~9Xq lAi iJ. SMAILSILCAt SUMMiARY Or iOAA AS A
*#FUNCTION OF TIME* DENCC =*tiPE12*41 75

2005 FORMAT(ioxo5A10) 77

JVAlR=MOOCJLItE~l0) +1 79

660 CONTINUE a1.
ac

C ADD TO REMAINING VASIANCE SUMS 63

KHA8SIi)=IKhA9SI(1.) NIABS-KHASII(JVAR) 8

KHA8SI(1Z)=KHABSItj2).NA.gSPNIASS-KI4ABSI(JVAR)*KNARSIrJyAR)
-" N'C I I t2) - X 4 AC12tl12) 04 1 AC '04I AC ~CI R (1 jA P) v.rA C T Jv AR,%

KHA8SI (JVAR)=NIA0 S 89

KHABSE(11)sI(HABSE(±±) +NEDSS-I(MASSE(JVAR) 91
o~ ;oeAT-KAACtdJAR) 9?

KHA 8SE ft ) =K4A BS E(U2) + NE A 9 SNEAS- KHA 8SE (JV AR) 4 KHA 9SE CJVAR)

KHIASE(JVAR)=NEA8S 95

730 CONTINUE 97
98 -

C 3EGIN CALCULATICN OF VARIANCES i
ioe

CELT=MINO (JLINE, 18) L01

AVIACT=FLOAT (KHACTI41i) )/OELT 103
R"IA83-SRT (PLA CSll!I(1:21 )PLtf-A8VA;IvA 2) 3:0 4
RMIACT=SqRT (OLOAT(Ki1ACTI (12))/CELT-AVIACT*AVIACT) 05
AWEA93-ftOA I CKMASEL1) If~to iaT
AVEACT=FL0AT (K(ACTE(ll) )/OELT 107

RIPEACT=SCRT fFL CAT( KMACTE C±2) )/OELT-AWEACT*A VEACT) 109 b

-30 0? FORMAT ff2)v~MUMR FOR T-TS3fEv~t9fN EPRSE RF-
1 ±7XIHTEN-STEP AVERAGES/22X4HIONS,12X,9HELECTRONSIX2(3X,2(TX,



83
'PROGRAM SUlMRTE 02/11/80 PAGE 3

2 ±Hl,7XIME))/fiXSHCYCLE,3X,4NTlME,2(4Xi4HA8S ESC ACT),

WRITEt693801) IT qTINEqNI ABSpNIESC 9N!ACT9 NEASSNEESCtNE ACT,

WRITECZ, 3101) IT9 TIME 9NI AlSoNIESC9 NIACTs NEA BS 9NEESC, NEACT,
-t RmIA;3g,ft"IAe3,Rg~z7,n LRM A ;I*A63,A~fciip, Afoyke, 0£,EACT-fi*A*-

3001 FORMAT(1X.I4,1lpEi0.3,iXI3zri6,3x,3tzr6,3xtdPF8. i 3X,'.FO.±,F8.3)

93 CONTINUE 2

WRITE1692O03) DENCC12
~ ~ PL:OT SU"inARV. OF DATA AS A FUN4TINtN
OF TIME* DENCC a *sPEI2e4) 124

WRITEI6,2906) ANANX#8NBMXCNCXVIN0PX 12E
2008 FORMATU~ if9X9 a C'YSe ORRf!SP*NOE,CEv3016X A -!O

413xtSCALED VROII,5X,F8.1,* T0*PFS*1/ 128
* i *rv- ICeU PoputipA*tIir',1.,x'2pitro F~mj*Ftmf T--tvy'--

+IOXt*C =ELECTR~ON POPULATION'9XSCALED FAOP',5XF6-I,* TO*,

4' TOFF$.I//) 132
-30 CeN TIN W ;3

REAO293101) ITTPIENIASSNIESNIACT,NEASNEESC,NACT,RMIABS,

IF(EOF(2)) 40,50 136

IFLC=O 3
fXfN0BofTv10)wEQ.&I lftG-t 1
00 18 II31,100 143

IF(IFLG.EQ.1.AND.,400C11,10).EQO.0 LINECI!)1iH+ 142
t90 CONTINUE -

00 20 11=1,4 144

IPV=MINO (HAXG(IPW,1) ,lOa, 14E
L;t: os ir?) - IP ivcI4

24. CONTINUE 148
!FriLG-6O.1;) WRITC(E,184!.) &T,,L;N! -;4

IF(IFLG.NE.±) WRITE(6,:!03) LINE ISO

3004 FORHAT(4XvI3,3Xv1H~,±00Alv1H*) 152
Co To as t53

40 CONTINUE 15'4
END 1

VVw


