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{ ABSTRACT

\

—

This report describes work done under grant AFOSR-76-2962.
This work has included the development of computer programs for
simulating spacecraft charging at three levels of complexity:
LOCHG, a relatively simple local~charging calculation; CYLVIA, a
two-dimensional simulation program for treating cylindrical
spacecraft cross-sections, and XYCIC, a simulation program for the
treatment of a larger variety of two-dimensional geometries. This
work has also included studies of two physical phenomena which are
fundamental to an improved understanding of spacecraft charging:
the "threshold temperature" effect and the "barrier" effect. Also
includedpds a derivation of two results which appear likely to be
of u§ uture simulation studies: an analytic expression for
photoe on currents on surfaces with variable illumination in
electric fields, and a perturbation technique for calculating

space~charge density and flux along particle orbits.
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1. INTRODUCTION

The performance of many satellites in geostationary orbit
has been degraded by anomalous events which include frequent
spurious spacecraft commands and in some cases permanent damage
[ﬁosen, 1975; McPherson and Schober, 1976]. These events invariably
appear to involve electrical discharges caused by differential
charging of spacecraft surfaces to large relative potentials. The
latter condition is known to result from the large average
energies (up to a few keV) of the charged-particle environment at
geostationary-orbit altitude, particularly in disturbed magnetospheric
conditions. In order to be able to design spacecraft in future
which do not suffer from such difficulties, it is important to be
able to make reliable predictions of them on proposed spacecraft
configurations. The ability to make such predictions requires
improved understanding of the plasma sheath which connects a
spacecraft with its environment in such conditions. This sheath is
more complex in many ways than those which usually surround
lower-altitude spacecraft because at geostationary-orbit altitude,
the fluxes of incident electrons, secondary and backscattered
electrons, and photoelectrons can all have comparable magnitﬁdes
and usually vary by large amounts over the surface of a spacecraft,
and the relative weakness of space-charge shielding (large Debye
length) means that electric fields due to charging of one part
of a spacecraft surface can readily extend around the spacecraft to
other parts, including those on its other sides, exerting strong
influences on charged-particle collection by them and hence on

their charging.

Because of the magnitude of the spacecraft-charging problem,
a joint USAF-NASA programme was commenced during the 1970-1980
decade to study it, including the launching of the P78-2 (SCATHA)
satellite, which was specifically devoted to the study of the
high-altitude charging process, and also including theoretical work
on the nature of the spacecraft-environment interface problem: this

work was to be closely coordinated with analysis of SCATHA observations.
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The work described in this report is part of this theoretical effort.

This work has been conducted using a number of different

approaches. In Sec. 2, we describe a relatively simple local-current-
balance calculation of charging which formed the first phase of it,
and led to the discovery that floating potentials (voltages) of

many spacecraft surface materials can have more than one possible
value in certain, frequently-occurring, space environments; the
possibility that this might occur had been earlier predicted by
Whipple (1965). Attempts to gain further understanding of the
conditions in which this might occur led to the realization that

this was one of several closely-related phenomena which could all

be explained in terms of a newly-defined property of spacecraft

surface materials, the threshold material temperature for high-voltage

charging (Sec. 3). We present herein a table of these threshold
temperatures, calculated for a variety of spacecraft surface
materials. A second phase of our effort was the development of

a more elaborate, two-dimensional spacecraft charging simulation
program called CYLVIA, which treats the regions around circular’
spacecraft cross-sections (Sec. 4). We have also begun development
of another two-dimensional simulation program, called XYCIC (Sec. 5),
which treats a wider class of two-dimensional geometries than does
CYLVIA. The effort to develop CYLVIA, together with efforts by
other workers (Sec. 4.6), led gradually to an understanding of the

importance of the barrier effect, an example of which is presented

in Sec. 4.6.

A related phase of our work has been an effort to develop . 4
efficient numerical techniques, and analytical replacements for
some numerical procedures, which will be of general use not only
in our own simulation programs but also in other spacecraft-charging
simulations. To this end, we have developed an analytic expression
for the electric current produced by photoelectron migration on a

surface with spatially-varying illumination in an electric field

(Sec. 6), and a perturbation technique for calculating current




density and space-charge density carried by collisionless charged-~

particle orbits (Sec. 7).

Listings of computer programs developed as part of this work

appear in Appendices A-E.




2. LOCHG: A LOCAL-CHARGING CALCULATION

2.1 INTRODUCTION

In order for high-voltage differential charging of a spacecraft
to occur, some of its surfaces must charge to large (usually negative)
potentials (voltages) relative to space. The amount of such
"absolute" charging, for the surface at the largest potential, is
generally simpler to estimate than are the differential potentials
between this surface and others. On the sunlit side of a spacecraft,
photoelectron emission tends to compensate for incident electron
fluxes. Sunlit-side surface potentials therefore are generally
less negative than shaded-side potentials, and may be slightly
positive if photoemission flux > ambient random electron flux.
Therefore, an approximate upper bound on differential charging
magnitudes can be obtained by simply calculating floating potentials
of electrically-isolated shaded surfaces, relative to space pot-
ential. In the present wcrk, we have attempted to obtain upper
bounds on these floating potentials, which in cases of interest are
usually highly negative, because these bounds ccnstitute "worst
cases" for design purposes, and also because unlike more exact
calculations, they can be obtained from simpie current-balance
calculations. Furthermore, it is sufficient to consider local current
balance only, because this corresponds to an electrically-isolated
surface element, which is also a "worst case" for differential
charging. To calculate these bounds, we have constructed a
computer program called LOCHG (LOcal CHarGing), which extends a
previous calculation by Knott [;972], of the floating potential of
a spherically-symmetric geostationary-altitude satellite in
eclipse. A listing of LOCHG appears in Append x A. To
investigate geometrical effects, we have replaced Knott's use of the
Mott-Smith and Langmuir[}926] orbit-limited current expression for
collection of Maxwellian ions by a unipotential sphere, by the

corresponding expression for an infinite cylinder;




both expressions have been shown[}aframboise and Parker, l97i] to be
upper bounds for collisionless ion collection as a function of local
surface potential, for three- and two~-dimensional collectors,
respectively, regardless of collector shape, sheath potential, or
potential of other parts of the collector. This replacement causes

a large decrease in ion collection and a correspondingly large
increase in negative shaded-side floating potentials (Sec. 2.3).
Another important ion-current restriction may be caused by "effective-
potential barrier" or "angular-momentum selection" effects [Bernstein
and Rabinowitz, 1959; Laframboise, 1966; Laframboise and Parker, 1973],
in which the presence of less-negative sunlit-side potentials produces
dipole and higher moments in the sheath potential [Fahleson, 1973],
causing steepening and contraction of the potential well surrounding
the shaded side (Fig. 2.1). A similar steepening effect will also
occur if an isolated shaded surface element is surrounded by adjacent
shaded surfaces which for any reason have less-negative potentials
(Fig. 2.2). The most extreme possibility would be a potential profile
which was equal to space potential almost to the spacecraft surface,
then fell discontinuously to surface potential. This limit would
correspond to a "planar sheath" situation in which the ion collection
on any shaded convex surface would be given by just the ion random
flux. This amounts to a further ion-current restriction which
produces even larger increases in negative shaded-side floating
potentials (Sec. 2.3). This situation corresponds to a velocity-space
cutoff boundary for incident ions which is "one~dimensional"; the
cutoff boundaries corresponding to spherical and infinite cylindrical
collectors are, respectively, "three-dimensional" and "two-dimensional"

(Sec. 2.2) [Laframboise and Parker, 1973}.

We also show (Sec. 2.3) that if shaded cavities containing
isolated surfaces exist on a spacecraft, negative potentials on such
surfaces may surpass even these predictions. In some cases, more
than one possible floating potential results from the calculation.

This has several implications (Sec. 2.3), including the possibility

— e e




(a) of "bifurcation phenomena" in which adjacent isolated surfaces of
the same material may arrive at different floating potentials as a '
result of differences in their charging histories (b) that large and

relatively sudden changes in surface pot ~tials may result from

gradual changes in ambient velocity disiributions (c) that such changes ¥
may also result from relatively gradual changes in beam emission

currents in a beam experiment. In Sec. 2.4 we calculate effects of

ion drift motion on floating potentials.

We have also modified Knott's calculation in another way, by

A
&
including currents due to electron backscattering (Sec. 2.2). These f
currents will tend to decrease net electron collection, thereby making #
floating potentials less negative than otherwise (Sec. 2.3)}). A process f

not included by either Knott or ourselves is secondary electron
emission due to ion impacts; this will also tend to make floating
potentials less negative. Ion-produced secondaries have been included
in a calculation by DeForest [1972] of the floating potential of a
shaded aluminum surface. However, no direct comparison is possible
between his result and ours (Sec. 2.3) because we have used different

ambient velocity distributions than his.

2.2 THEORY

The ambient electron energy distributions used in the present
work are a model quiet~time spectrum (Knott [1972], Figure 1) and a
model disturbed spectrum (Knott [1972], Figure 2b) based on measurements
by Shield and Frank [1970] and DeForest and McIlwain [1971J, respectively. H
Both of these distributions, and also the ambient ion distribution, i
are assumed isotropic. The disturbed spectrum was chosen from the
three used by Knott because it has a higher average electron energy
(v4keV) than the others. 1In using it, we have changed it as follows:
in the energy ranges 0.5 keV<E< 10 kev and 10 keV<E £ 40 keV, we have |
replaced Knott's differential energy spectrum by V2 x 108 E™™ and /2 x :

109 E-3/2electrons/cm 2sec steradian keV, respectively, where E is




enerqgy. These relations are simpler than those indicated by Knott, and
they also bring the model spectrum into closer agreement with the data

on which it is based. We therefore believe that they may have been the
ones actually used by Knott, and that the corresponding parts of Figqure 2b
in his paper may be incorrectly plotted. For any spacecraft surface
having a negative potential $4 <0, or for a three-dimensional (e.g.

spherical) surface having d4> 0, the orbit-limited flux (particle current

density) J, of ambient electrons is given by [Laframboise and Parker,
1973] :
o —-
Ja = J fvn @ 7
= 8=r/2 p Y=27 ,
= J I f(E)(v cos ©) (v2 sin 8 dv dg d¥)
E=max(0,-e¢s) 9=0 =0
@
= (1+ ey /E) (dJeo/dE) dE (2.1)
max(O,-e¢s)

wnere e is magnitude of unit electronic charge, ¢s is local surface
potential, dJeo/dE is the ambient energy-differential flux incident on
one side of an arbitrarily oriented surface element, v is the inward
velocity component normal to the same surface element, (v,0,Yy) are
spherical coordinates in velocity space with v, as polar axis, and
E==‘1mev2 -ed. dJeo/dE is 7 times the energy-differential flux per
steradian used by Knott [1972], and is given in terms of the ambient

—’
electron velocity distribution f==d3Nm/d3 v Dby the relation

dJeo/dE = 2nfE/me2, where me is electron mass and N is ambient ion

or electron number density. Since f is isotropic, £z f£(E). The factor
(l-+e¢S/E) in (2.1), which appears to have been neglected by Knott,
leads to a divergent integration in (2.1) if ¢S> 0, unless dJeo/dE-*O
as E» 0, i.e. f(E) remains finite as E+ 0. This implies that the
differential fluxes in Knott's Figures 1 - 3 must approach zero linearly
with E at E values smaller than those shown in these Figures. In the
present work we have introduced a linear rise in dJeo/dE from O to 1 eV.
We have also introduced a sharp upper cutoff at 50 keV in the quiet-time

spectrum, also in order to avoid a divergent integration when calculating

average energy for use in backscattering calculations (see below). The

resulting values of N_ are 5.43 cm~3 and 5.39 cm™’for the quiet-time

= o .

gt o
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and disturbed spectra, respectively. These values are consistent

with those quoted by Knott [1975] for the corresponding spectra. The

resulting values of the average ambient electron energy E are 0.176 keV ;
and 4.17 keV, respectively. The incorporation of these changes has a '

relatively minor influence on Knott's results [Prokopenkc and Laframboise,

1977, Table 1].

In order to obtain the orbit-limited electron flux expression for {

an arbitrary cylindrical collector, the lower integration limit in (2.1}

e

must be replaced by the two-dimensional velocity-space cutoff boundary

E = max(o,—eés), where E, is the total energy of transverse motion

FS
%me(vx2-+vy2)-e¢, and we have chosen a z coordinate perpendicular to

g

the cylinder cross-section. If ¢ >0, this complicates the integration

in (2.1), which may then be done in either of two ways. The first f
ELaframboise and Parker, 1973, Eq. (6)] is to convert (2.1) into an
integration using cylindrical coordinates in velocity space. A more r
convenient method [Mott-Smith and Langmuir, 1926; Polychronopulos,

1973] is as follows. We choose rectangular coordinates (v ., Vs v,)

in velocity space, such that v, is the velocity component in the inward
normal direction at the collector surface. Then v, and v, become
tangential coordinates, with Vi in the plane of the cylinder cross-section.
We then transform to spherical coordinates (v,8,y) with v, as polar axis.

Then: v,=v cos6, v _=v sinfcosy, and v_ =V sin8 siny. The
n

t
condition E, 20 is equivalent to sin 2 [é¢s/(E-+e¢s)]5. For ¢_>0,

Eq. (2.1) is then replaced by:

J =1 fv &7V
e J n

DE) "";=TT/2 g=m/2 ’

=2 , £(EY(v sin @ cosy) (v¥sin § dvdedy)
B=0 | __q/g’ G=Arc sinfe¢ /(E+ed )]’
%
S Par o E 5 (Eedy) o5, dJeo )
= JO - LArc sin( E4'e¢s Y o+ E*‘e¢s ](1+- 7 ) dE dE . (2.2)




In comparison with Eq. (2.1), we see that the integrand in (2.2)
contains an extra, energy-dependent weighting factor, which arises
from integration of v over the fractional solid angle over which

ambient electrons can reach the collector at each energy.

A similar procedure is advantageous in obtaining the

one-dimensional (Sec. 2.1) orbit-limited flux expression. In this

case, the lower limit in (2.1) must be replaced by: En=1nax(0,-e¢s),

_ 2 : - , . -
where E_ = %mevn ed. This time we transform (vn, e vz) to
spherical coordinates (v, € ,!) with v as polar axis. The condition
Ep 20 is equivalent to cos 8 2 [e:s/(E«+eis)j%. For OS> 0, Eq. (2.1)
is now replaced by:
- L
F=w o=Arc cosLe¢q/(E+e¢S)],
J, = : ; £(E) (v cos 8)(2=v® sin §dv d8)
g=0 =70
A dJeo
= _" dE dE (2.3)
0

independently of collector potential, as expected.

The corresponding expressions for ion flux Ji are simpler because
the ions are assumed to be Maxwellian. Corresponding to the three-,
two-, and one-dimensional velocity-space cutoffs described above, we
obtain, respectively [Mott—Smith and Langmuir, 1926; Laframboise and

Parker, 1973], for ion-attracting surface potentials Xis> 0:

2.4
(1+%, ) (2.4)
¥ 31 2.5)
J; o= T [z(xis/ﬂ) + exp(Xis) erfc (Xis )] (2.
(1) (2.6)
where xis = —e¢s/kTi, k is Boltzmann's constant, Ti is ion temperature

L
and Jio is the ion random flux N”(kTi/Zﬂmi)z. For ion-retarding surface

potentials Xis<(h we obtain:

Ji = Jio exp(Xis). (2.7)

i g S
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We have assumed, following Knott [19721, that T; = 1 keV, and that
the random ion-to-electron flux ratio Jio/JeO==0.025. Making these two
assumptions simultaneously causes ambient charge neutrality to be
violated in general. Large apparent violations of charge neutrality
are frequently observed in measurements made by particle energy
analyzers. Such discrepancies are believed to result from failure tc
measure particles outside the energy ranges of these analyzers, especially
at energies of a few volts or less [DeForest and McIlwain, l97ﬂ . Our
calculations therefore neglect any current contributions which may be

made by such particles.

For the secondary electron fractional yield §(E), we have used,

following Knott [19721, the relation of Sternglass [195&%:

_ 5 kY
S(E) = 7.48  (E/E ) exp [-2(E/E__)]. (2.8)

We have used values of § and E from Gibbons [1966],
max max
Hachenberg and Brauer [19591, and Willis and Skinner [19731.

The process of electron backscattering, which was not included in
Knott's calculations, becomes important at incident electron kinetic
energies larger than those for which secondary emission is dominant.
For the backscattered electron fractional yield n, we have fitted the
results of Sternglass [195451 and Palluel [i94z] with a relation of the
form:

n(E) = A - B exp(-CE) (2.9)

where the coefficients A, B, and C are functions of the atomic number

Z of the surface material. We have evaluated A, B and C for each
surface material considered (Sec. 2.3) by substituting Sternglass' and
Palluel's values of N at 0, 1 and 16 keV, into Eg. (2.9). For compound
surface materials, we have used an atomic number given by a weighted
average of those of each constituent. There exist more recent
measurements of N [Thomas and Pattinson, 1970; Darlington and Cosslett,
1972] which give generally larger values than those of Sternglass or

Palluel, especially for electrons having near-tangential incidence.
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Increased values of § have also been measured for electrons having
non-normal incidence [Allen, 1939; Dekker, 195é]. In a separate calcul-
ation (Sec. 3), we have included angle-of-incidence effects on n and 5 , but

here we have ignored these. We have therefore underestimated both 4 and

n, and our predicted floating potentials in Sec. 2.3 will therefore be

somewhat more negative than more realistic corresponding values.

When ¢s> 0, not all secondary and backscattered electrons will
escape. To calculate flux escaping, we assume @ternglass, 1954b; Chung
and Everhart, 1974] that both secondary and backscattered electrons are
emitted with Maxwellian velocity distributions having thermal energies
E =kTsec= 3 ev, and E

= kT
sec scat scat
respectively, regardless of the form of the incident velocity distribution.

= (0.45+ 2 x 10™32) (E+ed ) ev,

Here, (E-+e¢s) is the average incident electron kinetic energy. We
further assume that escape of emitted electrons is orbit-limited, i.e.
that no barriers of effective potential [Bernstein and Rabinowitz, 1959;

Laframboise, 1966; Laframboise and Parker, 1973] or negative barriers

of electric potential exist on the shaded side. {Fahleson [l97i] has
pointed out that such a barrier is likely to exist on the sunlit side
independently of any space-charge effects, if substantial shaded-sunlit
differences exist in ¢s. Such a barrier would cause most electrons
emitted from the sunlit side to be recollected, driving sunlit-side
potential just negative enough to almost destroy the barrier [Sec. 4.5];

[Katz et al, 1979, Figs. l7-2]J}. The expressions for the escaping

secondary and backscattered fluxes Jgec and Jscat therefore are:
ncn {
Jsec_-{e¢“ 5(]£+'etb5)(l+-e(ps/E)(dJeo/dE) dE (2.10)
8 i
-
Jocat T TE+ed) (1+ed /E)(dJ, /dE) dE (2.11) |

if ¢S< 0. If ¢5> 0, the three-, two-, and one-dimensional cases must be

id . We defi = KT d =e kT .
considered separately e define Xsec e¢s/ sec an Xscat ¢S/ scat

For brevity, we consider only the secondary fluxes; the corresponding

results for backscattered fluxes may be obtained by replacing & by n

and Yo throughout. If J is the emitted flux of secondaries,
S

o] by Xscat
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then their velocity distribution at the surface is fg =(JS/2W)(me/kTsec)?
exp(-%meviykTsec),In the three-dimensional case, the cutoff condition
for their escape is E==%mev2-e¢s> 0. We redefine v, as velocity
component in the outward normal direction, and we use spherical coordin-
ates as defined in connection with (2.3). We obtain, for the escaping
secondary flux:

£ v BT

,
J =
sec v s n

Jgf Me E =
- i(ﬁ )J‘ ““f exp(-3m v* /kT__ ) (v cos 8) (2 sin 2dv de)

= (1 +x, dexp(-X ) %5(E+ ep ) (1+e¢p /E)(dJ, /dEYdE.  (2.12)

The factor (1-+xsqc) is noteworthy, because it is specific to
three-dimensional, as opposed to planar, sheath geometry. In the
two-dimensional case, the cutoff condition for escape is %me(vn
and the integral for Jg contains the extra weighting factor which appears
in Eq. (2.2). It is convenient to use spherical coordinates as defined

in connection with (2.2). We obtain:

- E 5 -
Jsec-[z(xsec/ﬂ) + exp(Xsec) erfC(XSec >J exp xsec)
1
(Eed )2 ed, dJ
mg 3 E }5 S:] T8 + eo
X‘ro 1_T[Arc 51n(E+e¢S) + B+ ep, (1+ T ) &(E e:bg) 15 dE .
(2.13)

In the one-dimensional case, the escape condition is %mevn2-e¢s> o,
and we again use spherical coordinates as defined in connection with

(2.3). We obtain:

Jgee = XPEX ) j;)é(E+ e¢s)(dJeo/dE) dE . (2.14)

The floating potential(s) of an isolated shaded surface element is
(are) now given by the zero(s) of the function:

J =J,-J +J +J (2.15)
i e s

net ec scat’

2.3 RESULTS AND DISCUSSION: SHADED CAVITIES AND MULTIPLE FLOATING POTENTIALS

Table 1 shows floating potential values obtained using the program
LOCHG, which performs numerical solution of the equation Jnet:=o' where

Jnet is given by Eq. (2.15) An important feature of Table 1 is the very

2
“+ve?)-epg > 0,
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large floating potentials which are evident in disturbed conditions in the
presence of the two- and one-dimensional velocity-space cutoffs. The
dramatic differences among these results are evidence that spacecraft
geometry and sheath potential shape are important influences in determin-
ing floating potentials. As floating potential becomes more negative, it
also becomes more sensitive to the presence of small amounts of high-energy
electrons. This means that if a spacecraft should encounter conditions
that are "more disturbed" than those given by Knott's spectrum 2b, the
values in Table 1 most likely to be significantly exceeded are those for
the one-dimensional cutoff. This implies that for design purposes in which
worst-case information is desired, it is important to do calculations with
the "most disturbed" electron spectra available. In obtaining these results,
we have made no attempt to calculate the charging times involved.
Also evident in Table 1 are situations in which the current-voltage
characteristic of the surface has three roots. For these to occur, it
is necessary that 6max be substantially greater than one, and that the
ambient electron spectrum be at least slightly non-Maxwellian (Sec. 3).
The latter requirement arises because if the incident electrons are
Maxwellian and ion-produced secondaries are ignored, the ratio of total
secondary emission curren. to incident electron current will then
be independent of ¢s for ¢s < 0, and the total secondary emission
will therefore be a monotonic function of ¢s for ¢s < 0. (An exception
to this, in which a triple-root situation occurs with Maxwellian ambient
electrons, has been found by Meyer-Vernet (1982), but this exception
applies only when Ty < Tsec’ a condition which is not applicable here;
see also Sec. 3). The centre root never represents a possible floating
potential, because it is "unstable" in the sense that a small change in
surface potential would cause a net current collection of a sign which
would drive the surface potential away from this root to one on either
side. Various consequences of such a situation are discussed later in
this Section. A similar phenomenon in electronic image storage devices

has been discussed by Kazan and Knoll [1968, pPpP- 17-19].

In comparison with the results of Knott [1972], Table 1 includes
the further addition of backscattered electron flux (Sec. 2.2). In most

cases, the effect is a moderate reduction of negative floating potentials.

In some cases, the reduction is large, as in the case of a gold surface
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exposed to the "quiet" spectrum. In several other cases, all agsociated

with the quiet spectrum, backscattering changes a multiple-root

to a single-root situation [Prokopenko and Laframboise, 1977J. As
indicated in Sec. 2.2, we have probably underestimated secondary and
backscattered fluxes caused by electron impacts, and we have also (Sec. 2.1)

ignored secondary electron emission caused by ion impacts. Both of these

effects would tend to further reduce negative potentials. For

ion-produced secondaries, fractional vields at energies from 5 to

50 keV are generally of order unity to several times unity for metallic
surfaces [Cousinie et al, 1959; Ray and Barnett, 1971; Baragiola et al, 19793
so substantial reductions due to this cause can be expected whenever ion
collection plays an important role in total current balance. In compar-

ision with the results of Table 1, potentials reaching -19k” on the ATS 6 space-

ey e

craft in eclipse have been observed (E.C. Whipple, Jr., private communication). i

Figures 2.3 - 2.7 show current-voltage characteristics for some of
the situations in Table 1. Figure 2.3 shows a "typical" single-root }
situation in which secondary and backscatter contributions do not change
the general shape of the net current curve. Figure 2.4 shows the
above-mentioned case of gold exposed to the quiet spectrum, in which the
backscatter contribution changes a large predicted negative floating
potential to a much smaller value. rigure 2.5 shows a triple-root
situation. Figure 2.6 shows the disappearance of a triple-root situation
because of backscatter. In Fig. 2.7, secondary electron current is

sufficient by itself to prohibit a negative floating potential. 3

We now examine situations which may arise in the case of spacecraft
which have shaded cavities containing electrically-isolated interior
surfaces. Figure 2.8 shows an idealization of such a spacecraft. We wish [_
to show that the effects of surface concavity may cause ion collection
to be reduced more than net electron collection at an interior point
such as B, relative to an exterior point A; such a situation would
result in floating potentials more negative than those of Table 1. To
demonstrate this possibility, we first note that in the presence of an :

isotropic ambient plasma, incident fluxes to any surface depend only

[Laframboise and Parker, 1973] on the locations, in velocity space, of
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the cutoff boundaries inside of which the orbits of ambient particles
can connect "from infinity" to the surface. Figure 2.8 shows a set of

the associated "cutoff orbits". We see from Fig. 2.8 that the included

angle between cutoff orbits has been reduced in going from A to B for
ions but not for electrons, for which orbits tangential to the surface
are shown as reaching both A and B and the range of allowable directions
remains 180°. Accordingly, the incident ion current contribution for the '
energy shown will also be reduced, but the electron contribution will not. f
This picture is invalid for higher-energy electrons at B, whose orbits iv
are straighter and will have a greater tendency to connect back to the i
interior surfaces of the cavity. Even though such higher-energy {
orbits will generally have lower populations than lower-energy orbits, H
it is not clear whether the relative current reduction at B will be
greater for ions or for electrons. Therefore, this argument demon- é
strates only the possibility that the bounds in Table 1 will be exceeded.
On the other hand, this possibility will be enhanced by the effects of t
secondary and backscattered electrons, which will tend to be recollected .
inside any cavity, rather than escaping into space, thus tending to

increase net electron collection and driving floating potentials more
negative. This effect will be strongest for backscattered electrons

because their higher emission energies will cause them to have straighter
orbits. The detailed numerical simulation required to draw firm conclusions
remains to be done. An additional feature of cavities is their generally
higher outgassing pressures, which will increase any tendencies for arcing
to occur. More negative floating potentials may also result if the

ambient electron distribution contains beam-like constituents [DeForest,
1977] which happen to be directed into a cavity. Severe arcing problems

are known to have occurred between electronic components mounted inside

a cavity at one end of the DSCS spacecraft.

Finally, we discuss some further implications of the multiple-root
results shown in Table 1 and Fig. 2.5. We first consider a situation

involving a shaded, isolated spacecraft surface whose external conditions

change with time, as in the case of time-varying ambient distributions,
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in such a way as to produce an evolution from a multiple-root to a
single-root situation. If a spacecraft surface were floating at a pot-
ential corresponding to a root which disappeared, a large and relatively
sudden change in surface potential would occur, even if external changes
were gradual. In many situations, rapid redistribution of potentials on
other parts of the spacecraft would result. In order to examine this
situation in more detail, we illustrate it schematically in Fig. 2.9.

In Fig. 2.9a, the current-voltage curve at an earlier time ty

has three roots. The two roots furthest apart, ¢la and ﬁlb' correspond
to stable floating surface potentials; these are typically from one to

ten kilovolts apart. As a result of a changing environment, this curve
evolves continuously into the one shown for the later time t2, which has
only the single root ¢2. If the surface happened to be floating at the

voltage ¢1a at time t then a sudden positive change in surface voltage,

ll
toward the voltage ¢2, would occur as soon as the two left-hand roots

disappeared.

In Fig. 2.9b, a spacecraft surface floating at the more

positive root (at ¢1b) would undergo a sudden negative change in voltage,
toward ¢2, as soon as the two right-hand roots disappeared. Sudden voltage
changes have been observed both on the SCATHA (P78-2) satellite and in
numerical simulations (Sec. 3.1; Schnuelle et al, 1981; Stannard et al,

1982).

Similar sudden changes could occur on a spacecraft which was
emitting a changing ion or electron gun current, if an increase or
decrease in gun current were to provide enough net current to a
surface to cause it to change from one stable floating potential to
another. Again, such a change would be relatively sudden even if

beam current changes were gradual.

A different effect could arise if the situation evolved in reverse
fashion, so that t2 were now the earlier time. Consider a spacecraft whose
rotation carries a number of independently-floating surface panels from
sunlight into shade, one after another. Suppose the situation evolves as

in Fig. 2.9b. A surface already in the shade when the environment

changed would go from voltage M, to ¢la' However, a surface which was
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still in the sun, and whose photoemission current held its voltage
’ close to ¢lb' would go to ¢lb when it entered the shade. As a result,

two adjacent surfaces made of the same material could easily come to

¢ quite different voltages in the same environment, with a2 resulting danger

of arcing between them. ]

In Sec. 3, we examine in detail the conditions in which multiple

roots can occur.
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2.4 PREDICTION OF ION DRIFT EFFECTS ON SPACECRAFT FLOATING POTENTIALS
2.4.1 INTRODUCTION

The plasma environment of high-altitude spacecraft has been
observed to involve ion velocity anisotropies which sometimes become
comparable to ion mean thermal speeds. These anisotropies are varied in
nature, but a qualitative estimate of their effects on spacecraft charg-
ing may be obtained by considering the effects of a relatively simple
anisotropy, namely the addition of a drift to a Maxwellian velocity
distribution. Such drifts may cause an electrically-isolated spacecraft
surface to float at a substantially increased negative potential if it is
simultaneously shaded and downstream relative to the drift direction. 1In
this Section, we present a calculation of upper and lower bounds on such
potentials for a spherical spacecraft, based on the fact that ion collect-
ion on the spacecraft at its downstream point is bounded above by the
corresponding current which would be collected if the spacecraft were
an equipotential (i.e. were more attractive for ions elsewhere on its
surface than it is in reality) and bounded below by the corresponding
result for a sphere at space potential. The results show that (1) the
ion speed ratio at which drift effects become "important" (i.e.
change the floating potential by at least 10%) can be as low as 0.1, and
may be decreased if the ambient electrons are non-Maxwellian; (2) the
effects of ion speed ratio increase with increasing ion-to-electron
temperature ratio; (3) negative floating potentials for drifting
Maxwellian ion velocity distributions with speed ratio unity are typically
about twice as large as the corresponding potentials for nondrifting

conditions. We now examine the effects of ion drift in detail.

If a spacecraft is exposed to ambient ions whose drift velocity

U is comparable to or larger than their most probable thermal speed

i >

[ion speed ratio Si==U/(2kTi/mi) A~ 1, where k is Boltzmann's constant

and m; and T; are ion mass and assumed ion temperature], a large decrease
in ion flux J; to downsteam surfaces will occur. Unless such surfaces

are able to expel surplus incident electron fluxes, e.g. by photoemission,
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>

[ion speed ratio Si==U/(2kTi/mi) v 1, where k is Boltzmann's constant
and my and Tj are ion mass and assumed ion temperaturé], a large decrease
in ion flux J; to downsteam surfaces will occur. Unless such surfaces

are able to expel surplus incident electron fluxes, e.g. by photoemission,
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their floating potentials will become substantially more negative as a

result. If the ambient electron temperature Te is simultaneously large,
Or more generally the ambient electron energy distribution has a signif-
icant high-energy component, then large absolute increases in negative
floating potentials will occur, with correspondingly increased arcing
hazards. Even if Te is relatively small, such effects may influence
surface potentials enough to disturb particle and field measurements.

Sj values of order unity may be reached in the Earth's outer magnetosphere
{Mauk 1975; DeForest 1977, Figs. 6 and 8); larger values are likely in

the outer Jovian magnetosphere and magnetosheath (Goldstein and

Divine 1977), and in the solar wind (Dessler 1967; Axford 1968; Manka 1973).
In both outer magnetospheres, electron distributions having substantial
high-energy components have been observed (DeForest and McIlwain 1971;

Goldstein and Divine 1977).

A calculation of ion drift effects on the floating potential
of the lunar surface has been done by Manka (1973), using a local-current-
balance formulation. Parker (1978) has done exact numerical calculations
of floating surface potentials for nonconductive finite cylindrical
objects, including photoemission due to illumination of one end and icn

drift parallel to the axis of symmetry.

In this Section we have done an approximate calculation of ion
drift effects on the floating potential of a shaded, downstream,
electrically-isolated surface element on a spherical spacecraft (Fig. 2.10),
using a local-current-balance formulation which yields upper and lower
bounds on such potentials. This formulation is an adaptation of that of
Secs. 2.1 to 2.3. The basis of the calculation is as follows: if one
compares, on one hand, a situation wherein the entire spacecraft is at
the same potential as the surface element in gquestion, with, on the
other hand, a more realistic situation wherein the rest of the spacecraft
is at a less negative poten+tial (Fig. 2.11), then in the latter case,
the potential well surrounding the surface element will be steeper and

less spatially extended, and the ion collection will in general be




decreased. When Si # 0, this argument is subject to qualifications not
present in the nondrifting case, for which it is rigorously true in a
wide range of conditions (Laframboise and Parker 1973; Laframbose and
Godard 1974). 1In particular, one can envision hypothetical asymmetric
sheath potentials which would cause a high-speed-ratio ambient ion
distribution to be focused onto the downstream point. We exclude

such cases in what follows.

The most extreme example of steepening would be a potential
profile which was equal to space potential almost to the spacecraft
surface, then fell discontinuously to surface potential. In this limit,
the surface element in question would collect just Lhe downst - -eam
space-potential current corresponding to the given ion speed ratio. The
downstream-point current-density values corresponding to a unipotential
sphere at, respectively, the potential of the surface element and space
potential may therefore be regarded as upper and lower bounds on the actual
current collection at that potential, the upper bound being subject to
the above-mentioned qualifications. The resulting values of local floating
surface potential may correspondingly be regarded as upper and lower
bounds on more realistic values of this quantity. The above-mentioned
upper and lower bounds on current correspond, respectively, to the
"three-dimensional"” and "one-dimensional" velocity-space cutoffs considered

in Secs. 2.1 to 2.3 for nondrifting situations.

2.4.2 THEORY OF LOCAL ION COLLECTION ON A UNIPOTENTIAL SPHERE

We assume a collisionless plasma with a drifting Maxwellian ion
velocity distribution and negliqgible magnetic field, containing a fully
charge-absorbing, unipotential, spherical electrode. We assume that Debye
length XD\) electrode radius r.. 1In the resulting spherically-symmetric
Laplace potential ! (r) = % r /r, the nondimensional ion current density

s s
at the electrode surface is (Godard 1975, p. 31)

\

j. = | exp (-3 -QS-SE COS 4 COS £ - Si)IO(ZSiB}sin\Lsin 9 3)d> d3

"
max(O,\Q\ 0 (2.16)
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1
where x_ = qp_/KT, 8= E/KT, = ?/emelkm), 3 o= 3/[N qxr/2mm?],

Io is the modified Bessel function of zero order, N is number density
far from the electrode, y is angular surface position coordinate
measured from the upstream direction, 6 is change in direction of

the radius vector of a particle as it moves from infinity to radial
distance rs, and 8 is related to particle energy E, angular momentum
L, charge g and the potential profile ¢ (r) by the following expression

(Goldstein 1950, Ch. 3):

% -
3 = ™ Ldr/{r2[2nE - 2mqe(r) - L2 /x21} 2 (2.1D

Tq

We have computed ji by integrating Eq. (2.16) numerically. For
the given Laplace potential, Eq. (2.17) can be integrated analytically.

We obtain:

el

ra

L
3=sint [(204 %)/ G +480) % - sin”? (%6 /(2 + 6300 7] (2.18)

For space potential (xs = 0), Eq. (2.16) can be integrated
analytically. The result is (Tsien 1946)

[Slad

jj=7" 84 cosyp [1+erf(s; cosu)] + exP(-S2i cos®y) (2.19)

Figure 2.12 shows results obtained for the ion current density
ji“ at the downstream point U = 7, as a function of S;, with Xg as
a varameter, where Xs = e¢s/kTis 0 and e = q;- As expected, jin
decreases with increasing S; and increases with increasing 'Xsl' In
Figure 2.13 the same results are graphed logarithmically as functions
of Xs' Figure 2.13 shows that these results may be approximated with

an error KX5% by power-law relations of the form

Q,
3 = 3 = LA (2.20)
3 %) =3y (Xg=0y+ A fx |7 5 % <0

The resulting S dependence of the coefficients AL, o and B, =
l ]

Ji“(xs==0) is shown in Fig. 2.14.




2.4.3 RESULTS AND DISCUSSION

Upper and lower bounds on negative downstream-point floating potentials
for a shaded, isolated surface element, obtained by numerical solution of the
equation Ji +Je =0, are shown in Fig. 2.15 for various ion-to-electron temper-
ature ratios € =T,/T,. Here we have assumed that ambient electrons are
Maxwellian,. and that Jj is given alternatively by Eq. (2.20) with Fig. 2.14
and by Eg. (2.19), yielding upper and lower bounds on ion current, correspond-
ing respectively to "three-dimensional" and "one-dimensional" ion velocitv-space
cutoffs (Sec. 2.4.1). We have also assumed that secondary, backscattered, and
photoemitted electron currents are zero. The lower-bound results are subject

to the qualifications noted in Sec. 2.4.1. The dashed lines in Fig. 2.15

represent floating potentials for the nondrifting case 5;=0. At ion speed

ratios larger than those shown, the situation becomes complicated by
electron speed ratio effects, especially at larger values of €. 1In
Fig. 2.15 we see that at larger values of &, effects of S{ become

important at smaller S; values.

In Fig. 2.16, upper and lower bounds are shown which are similar to
those of Fig. 2.15, exceunt that instead of Maxwellian electron velocity

distributions, we have used the '"quiet" and "disturbed" electron

distributions measured by Shield and Frank (1970) and DeForest and
McIlwain (1971) respectively in the Earth's outer magnetosphere, and
approximated by Knott (1972), as described in Sec. 2.2; see also
Prokopenko and Laframboise (1977) and Laframboise and Prokopenko (1978).
The ion temperatures used are 111.6 eV and 2.43 keV, respectively.

These values were obtained by integrating the electron velocity distrib-
utions to find N, , equating N;, to the result, then assuming that the
ions were Maxwellian and that the ratio of ion to electron random fluxes
was 0.025. This procedure differs from that used by Knott (1972) and

in Secs. 2.1 ~ 2.3 in which an ion-to-electron random flux ratio of
0.025 and an ion temperature of 1 keV were assumed simultaneously,
thereby violating ambient charge neutrality in general. The correspond-
ing electron mean energies are 270 eV and 8.78 keV. The method used for
calculating electron currents is described in Sec. 2.2. We see that §5;
effects become important at smaller S; values in "quiet" magnetospheric

conditions. The ratio of ion to electron mean energies implied by the
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above data is also larger in "quiet" conditions, corresponding to the
dependence of S; effects on ¢ noted in Fig. 2.15. The "quiet" and
"disturbed" distributions also differ substantially in shape (Knott, 1972,
Figs. 1 and 2b). The onset of "significant" drift effects (i.e. floating
potential changes % 10%) is seen to occur at Sj values as low as 0.1,
depending on conditions. It occurs at lower S; values in the presence of
the "quiet" distribution than in any of the other cases shown in Figs. 2.15
and 2.16. In Figs. 2.15 and 2.16, negative floating potentials for Si= 1

are in most cases about twice as large as the corresponding potentials

for nondrifting situations.




3. MULTIPLE FLOATING POTENTIALS, AND THE "THRESHOLD MATERIAL
TEMPERATURE FOR HIGH-VOLTAGE CHARGING"

3.1 INTRODUCTION

The high-voltage charging behaviour of spacecraft surfaces, especially
in outer-magnetospheric plasma conditions, displays a variety of unexpect-

edly complex features.

These features are most evident in the absence of photoemission (as
on shaded surfaces of a spacecraft). One of them is the existence of
multiple roots (zeros) in the current-voltage characteristic of various
spacecraft materials exposed to certain kinds of ambient plasma
environments. An example of such a current-voltage characteristic was

shown in Fig. 2.5. In this illustration, only the right- and left-hand

roots, which are located at +1.9 and -4100 volts, respectively, represent
stable floating surface potentials, because the centre root is an unstable

one, in the sense that any voltage excursion from the indicated value

(-500V) would result in a net current of a sign which would cause the
voltage excursion to increase, ultimately driving the voltage to the right-

or left-hand roots.

The possibility of such triple-root situations was first proposed by
Whipple (1965, pp. 4-7). Prokopenko and Laframboise (1977, 1980) calculated
current-voltage characteristics of various surface materials in
outer-magnetospheric {including geostationary-orbit) plasma environments,
and found numerous examples in which triple-root characteristics were
actually obtained. Sanders and Inouye (1979) did calculations to examine

the ranges of conditions in which such characteristics would occur. :

Besse (1981) examined the mechanisms underlying them. Meyer-Vernet
(1982) showed that they may also occur on dust grains in space, such
as those in Saturn's rings. It is now generally recognized that in

triple-root situations, the stable floating potential near space

potential is the result primarily of a current balance between incident

!
|
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"primary" electrons and emitted (secondary and backscattered) electrons, l
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with incident ion current making only a minor contribution, while at the
more negative stable potential, the current balance is primarily between
incident ion and electron currents, even though in this case also,

both of these may be substantially modified by secondary or backscattered

electron emission.

Another feature of the high-voltage charging phenomenon is the
occurrence of "sensitivity" effects in the numerical prediction of
spacecraft potentials (Stannard et al, 198l1), in which relatively
small changes in assumed surface properties or ambient conditions can
cause large changes in spacecraft floating potentials. Evidently, this
phenomenon may frustrate attempts to make reliable predictions of
spacecraft charging, and it is important to identify the parameter

ranges in which such sensitivity effects occur.

This phenomenon is closely related to that of "threshold" effects,
both predicted (Stannard et al, 198l1), and observed (Gussenhoven and
Mullen, 1982), in which no high-voltage charging occurs over a large
range of environmental or surface conditions, but a small further change
in conditions then results in a large change in surface potential from
a small value (relative to space) to a value typically several kilovolts

negative.

Another closely-related effect is that of sudden large changes in
surface potential in response to relatively slow temporal changes in
ambient plasma conditions (Sec. 2.3). This phenomenon was predicted
by Prokopenko and Laframboise (1980) and Besse (1981), and subsequently
observed both on the SCATHA (P78-2) satellite and in numerical simula-
tions made using the NASA Charging Analyzer Program (NASCAP) {(Schnuelle
et al, 1981; Stannard et al, 1982).

In Secs. 3.2 and 3.3, we introduce the concept of threshold
temperature as a property of a spacecraft surface material, and we show

that all of the above-mentioned phenomena are unified and explained by

this concept.




A separate phenomenon, which often controls the differential
charging of other surfaces, including sunlit ones, relative to the
most highly-charged surface, is the "barrier" effect; we discuss

this in Sec. 4.5.

3.2 THE THRESHOLD-TEMPERATURE PROPERTY.

A typical secondary-electron yield curve is shown in Fig. 3.1(a).
For most commonly-used spacecraft surface materials, there exists a
region of this yield curve in which more than one secondary is
produced on average per primary. This generally occurs for incident
electron kinetic energies of a few hundred evV. In Fig. 3.1(b),
energy~differential incident-electron flux (particle current density)
curves are shown for Maxwellian electron velocity distributions at two
representative values of electron temperature Te. In the example shown,
the peak of the lower-temperature curve is at almost the same energy as
that of the secondary yield curve. In this situation, there is a large
production of secondaries; in fact, the total secondary flux, which is
given by an integral involving the product of these two functions
[Eq. (2.10); Prokopenko and Laframboise (1977, 1980, Eq. 10)] , will be
greater than the incident primary flux if the maximum secondary yield
dmax Per primary is greater than about 1.16 (Besse, 1981, Fig. 2). 1In
contrast, the peak of the higher-temperature curve does not coincide
closely with that of the secondary-emission curve, and in this case,
the total secondary flux will be less than the incident flux. Evidently,
a critical value of T, must exist, intermediate between the two values

indicated, at which emitted flux would exactly balance incident flux

(H.I. Cohen, 1982, private communication). (There will also be another
such critical temperature, below the peak of the secondary yield curve,

but this is not of importance here.)
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Maxwellian ambient distributions also have the special property
that if they are retarded by a repelling (negative) surface potential,
the distribution of particle kinetic energies reaching the surface is
independent of the value of this potential. Therefore, for a Maxwellian
ambient distribution, the preceding conclusions have a special property:

they are independent of spacecraft surface potential (Besse, 1981;

H.I. Cohen, private communication, 1982) as long as this potential is
negative (with respect to space). Therefore, if the ambient electrons
were Maxwellian at the critical temperature, incoming and outgoing fluxes
would balance each other for all negative values of surface potential,
and the surface then "would not know at what potential to float", i.e.

the surface potential would become indeterminate, except for the

(relatively small) current contribution from ambient ions. It is
therefore evident that very large (negative) increases in floating
potential will result for very small increases in ambient electron
temperature in the neighbourhood of this critical value, which is a
property of the surface material only. We will therefore refer to this

critical value as the threshold material temperature T* for high-voltage

charging. In terms of this property, the first four effects mentioned

in Sec. 3.1 can be immediately explained, as follows.

(1) Triple-root current-voltage characteristics have a simple explanation
if the ambient electron velocity distribution can be approximated by a
double Maxwellian. Such an approximation, although empirically-based,

is often a very good one (Garrett and DeForest, 1979 ; Garrett et al,
1981). 1In this case, a characteristic will have three roots if (1)

the temperature Ty of one Maxwellian is less than T*, but the other one
T, is greater than T*, and (ii) the total emitted electron (secondary

and backscattered) flux at space potential is greater than the incident

flux.
This can bhe proven as follows. The roots of the current-voltage
characteristic are given by the zeros of the function:

=J, -J +J + J (3.1)
i e s

J
net ec scat
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where J;, Je, Jsec and JsCat are particle current densities (fluxes)

for incident (ambient) ions and electrons, secondary electrons and
backscattered electrons, respectively. Except at relatively large
negative surface potentials ¢s relative to space, Ji is relatively small,
and will be neglected in what follows. For ¢S< 0, we then have, in

this approximation:

J = (J + - <
net ( sec,1 Jscat,l Je,l) exp(e¢s/kT1)

+(J +J - ¢
( sec,2 scat, 2 Je,2) exp(e¢s/kT2)

Tnet,1 SXP(E4/KT1) +3 5 exp(ed /kTy) (3.2)

where e > 0 is the elementary charge, k is Boltzmann's constant, and all
double-subscripted J are space-potential values. A triple-root character-
istic must have an unstable root, i.e. a value of ¢S such that

(a) Jnet = 0, and (b) dJnet/d(bS >0. This can happen only for ¢S< 0
because JSec and JScat both decrease rapidly at positive potentials (an
exception to this, applicable at very small electron temperatures, has
been found by Meyer-Vernet (1982)). Condition (a) requires that Jnet,l
and Jnet,2 have opposite signs, i.e. T* is between Tjand T,. Condition (b)
implies thatJnet >0 for all ¢s values between this root and zero; this

in turn implies that Jnet,l-+Jnet,2 >0. This completes the proof of (i)
and (ii). Even though this proof is only approximate for real velocity
distributions, it will still be generally valid in terms of "temperatures"
related in the usual way (E==%’RT) to the mean energies obtained from

a double-tlaxwellian fit. Meyer-Vernet (1982) has shown that triple

roots can also occur with Maxwellian electrons, when the electron

temperature is less than the "temperature" of emission of

secondary electrons. The unstable root then o -urs at a positive

rather than negative value of ¢s.
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(2) For T(or 2E/3k) close to T*, most current-voltage characteristics
will have both a very small value and small slope over a large range
of potentials, and the floating potential(s) will then be subject to
large changes when only small changes in conditions occur. This explains

"sensitivity" effects.

(3) For T slightly less than T*, J if épfio, and the

+ J >J
sec scat e
floating potential will generally be slightly positive. For T slightly
greater than T*, J + J <J and the floating potential will
sec scat e
generally be very negative. Clearly T* is the temperature at which

"threshold"” effects may be expected.

(4) For a distribution which is (nearly) Maxwellian and has T®¥ T*,
small (or gradual) changes in ambient conditions can cause the sign of
Jsec'*Jscat-Je to change, resulting in large, sudden changes in
floating potential. For a distribution which may not be near-Maxwellian
but which leads to a triple-root characteristic, changes in ambient
conditions may cause two of the three roots to coalesce and disappear,

also producing large, sudden potential changes (Sec. 2.3; Prokopenko

and Laframboise, 1980; Besse, 1981; Meyer-Vernet, 1982).

o g =
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2.3 JALCULADICN of JHRESHULD 1TEMPeERATURES; LIS00358 0 A

We have calculated threshold-temperature values (Table 2) :2r a
variety of spacecraft surface materials; a listing ot »ur computer
program for doing this appears in Appendix B. In order to Jo tnis,
we have calculate J + J -J as a tunction of T for Maxwell1ian

sec scat e

incident distributions, and searchea numerically rfor the value T* at

which this function changes €from positive to negative as [ increases.

For ambient electrons normally incident to a surface, we nhave
used the secondary and backscattered flux expressions given by Proxopenxko
and Laframboise (1977, 1980), together with data given by Dekker (12358),
Havnenberg and Brauer (1959, 1962), Gibbons (19A6), Willis and SXinner
(1973), Katz et al (1977, p. 38), Schnuelle et al (1979), Lenng et al
(1981), and Krainsky et al (1981).

The increased yields for electrons incident at other angles
have an important irIZluence on our results (last three columns of Table 2).
For both secondary (Dekker, 1958; Salehi and Flinn, 1981; Krainsky et
al, 1981) and backscattered (Darlington and Cosslett, 1972; Krainsky
et al, 1981) electrons, it is found experimentally that the dependence
of yield (average number of emitted electrons per incident electron)
S(E,?) on angle of incidence 2 relative to the surface normal can be

usefully approximated by a relation of the form

n §(E,2) = in S(E,0) + £(l-cos? ). (3.3)

For secondary emission, the coefticient 3 appears to depend
primarily ~a /¥, .+ where Ep,y is the energy at which Y is largest
when @ = 09 For bhackscattered emission, ¢ appears to depend most
strongly on the atomic number Z of the surface material, and only weakly
on incident energy E. Also, available information on E dependence is
fragmentary, and in any case, secondary emission predominates over

backscattered emission at smaller v.ues of E. For these reasons, we

have ignored the E dependence.




The depencence yiven by Eq. (3.3) has the special advantage that
for any isotropic ambient velocity distribution, the integratior over
angle in the emitted flux expression can be done analytically. In this
~ase, we have:
J___orJ = [esv %
sec scat n
= ([ S(E)I(E,H) (v cos®) (v'sin%adv & dv)

o)
N k R (E - LA s
27f F(E)S(E,0)viav fjw e'( ) {1=cos 8 )c059 sin 5 @3

9 o (3.4)

where (v,3,y) are spherical coordinates in velocity space with polar
axis normal to the surface, f:= dGN/d3r d%v  is the velocity distribution
of ambient electrons, E=4mv?, and Vi is the normal component of

incidient electron velocity.

The integral over 9 yields [exp(B)—B—lJ/Bz, which has the value

s when :=0. After B is specified as a function of E, multiplication
of §(E,0) by the factor T = (2/82)Lexp(5)-8-1] then corrects & (C,0) to

include angle-dependence of the secondary or backscattered yield Bee
also Whipple, 1981, Eq. (3.llﬂ . To obtain the resulting dependence
of 573 + 96 on E, we require that E and ¢ for normal-

sec scat max max
incidence secondary yield be specified, together with Z. Our complete

vield algorithm then is:

£= ln(E/Emax); n= 0.2755(f - 1.658) -V [0.2755(£-1.658)]°+0.0228

Q = &, o = 2 - - 3.5
"sec - €7 lsec (z/Bsec )[exP(Bsec) Bsec i]; (3.9
~0.56875
= 7.37 ; T = 2 ~ -
Sscat 372 ' " scat (2/ssc t )[ex9<escat) sscat ﬂ
where the above expressiors for B and 8 have been obtained by
sec scat

fits to the data of Dekker (1958), Darlington and Cosslett(1972),
Salehi and Flinn (1981), and Krainsky et al (1981). Finally:
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S(E) = (7.45 g exp(=2/s—)] r__+[a-me” ] (3.6)

max max

where the factors multiplying Fsec and Fsca are, respectively, the
secondary-yield curve of Sternglass (19S4a), and an empirical

given by Eg. 2.9 (See also Prokopenko and Laframboise, 1980, Eq. (9)),
in which the coefficients A, B, and C are functions of Z obtained from
the data of Sternglass (1954b) and Palluel (1947). These coefficients
are also displayed in Table 2. J +J is then given by 27 times

sec scat
the integral over v in (3.4) with f replaced by the Maxwellian

distribution corresponding to temperature ', or more generally, by

Egs. (2.10) - (2.14). J, = nm(kT/Zﬂme)%, i.e. the usual random

flux for a Maxwellian distribution (where n_ is ambient electron
.

density and m, is electron mass), or more generally, is given by Egs.

(2.1) - (2.3).

The resulting threshold temperatures T* (labeled "TC3") appear in the
last column of Table 1. Corresponding values of T* for simplified forms
of §(E) as indicated (labeled "TCl" and "TC2") appear in the two adjacent
columns. It is clear from these results that angle-dependence of
ésec and 6scat has an important effect on values of T*. The values
labeled "TCl" can also be inferred from Fig. 2 of Besse (1981).

Clearly, those surface materials having the largest values of T* will
be the "most resistant” to high-voltage charging (leaving aside the effects
of material conductivity) because the ambient environment will exceed
their threshold temperature the least often. From this viewpoint, and
using the data of Table 1, MgF, is the "mo:t resistant" material, followed
by activated beryllium-copper, gold, and NASCAP 'BOOMAT', a spatially-averaged
representation of a composite surface consisting of kapton partly covered
with platinum strips, used on the SCATHA satellite (Schnuelle et al, 1979).

The zero entries for T* in Table 1 are those for which J + J <J
sec scat e

at all values of T.

"y
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Qur discussion so far has been almost completely concerned with
"absolute" or "overall" surface charging, and has been based only on
calculations of local currents to and from surfaces. Calculaticns of this
type are usually sufficent to determine the floating potential of the
most highly (usually negatively) charged portion of a spacecraft surface,
which is usually in a shaded or partly-shadsd region of the spacecraft.
However, the most damaging effects of high-voltage charging are "differential"
effects involving large potential differences between adjacent parts of

a spacecraft. These effects are frequently dominated by non-local

phenomena, an example of which we present in Sec. 4.6.

[ S,




4. CYLVIA: A TWO-DIMENSIUNAL CHARGING SIMULATICN FOR CYLINDRICAL
SPACECRAFT CROSS~SECTIONS WITH ANGLE-DEPENDENCE.

4.1 INTRODUCTION: THE QUASISTATIC ITERATION METHOD

We have constructed a numerical simulation program called CYLVIA
(CYLinder Voltages in Ionosphere and Above) which combines the following

features:

a) infinite circular cylindrical geometry with angle-dependence.
We have chosen this geometry for the following reasons: A realistic
model must be at least two-dimensional because the asymmetry between
sunlit and shaded surfaces, or between surfaces with large and small
secondary-electron emission currents, is a key feature of the differential
charging problem. Cylindrical geometry is the simplest two-dimensional
geometry, and it is also a useful appreximation to many spacecraft shapes,
including the Ds7S and SCATHA mainframes, which are finite circular
cylinders. Effects of finite cylinder length (three-dimensionality)
on sheath potential profiles, which tend to cause a more rapid decrease
of potential with radius, can be approximated by using a modified form of

Poisson's equation (Sec. 4.3).

b) Quasistatic time-dependent iteration (Laframboise and Prokopenko,
1977). 1In this procedure, sheath potential changes during particle
transit times are ignored. This leads to the following iteration scheme:
a distribution of surface potentials is chosen. Poisson's equation is
then solved to provide a radius- and angle-dependent static sheath
potential [éee (c) belowJ. Particle orbits are then followed numeric-
ally in this potential, yielding net surface charging rate as a function
of surface position. Using this information, the surface potentials are
updated. This process is repeated until a steady-state floating
condition is obtained or in order to follow temporal changes in external

conditions, such as spacecraft rotation or eclipse passage.

c) use of simplified space-charge density expressi (Sec. 4.2;

Laframboise and Prokopenko, 1977), rather than numerical orbit-following,

. ey =
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in solving Poisson's equation for sheath potentials. Approxinations of

this type are good ones for geostationary-orbit situations, in which the
Debye length of the ambient plasma is generally large enough that
space-charge erfects are almost negligible. They also yield an important

saving of computer time.

Features (b) and (c¢) are now also usea in the NASCAP (Katz et al,

1977, 1979) simulation program.

A listing of CYLVIA appears in Appendices C and D. The numerical
solution of Poisson's equation in CYLVIA calculations uses the subroutines .
POIS, POISGN, POINIT, TRID, TRIDP, and NCHECK written by Swarztrauber and
Sweet (1975).

v -

4.2 USE OF APPROXIMATE SPACE-CHARGE DENSITY EXPRESSIONS
At geostationary-orbit altitude, the Debye length i, for ambient
particles is usually % 10 m, so for satellites of ordinary size, effects ,
of ambient space charge on sheath potentials will be relatively small.
Any reasonably realistic approximation of this space charge can therefore
be expected to produce only negligible errors in solving Poisson's
equation for sheath potentials. Furthermore, large savings in computer
time can be expected to result if one can avoid exact density calculations
involving numerical orbit-following. In calculations using CYLVIA, only
a relatively small amount of orbit-following is done, in order to calculate

surface currents (Sec. 4.4).

A more significant space-charge effect near the spacecraft may be
caused by emitted photoelectrons or secondary electrons (Soop, 1972;
Schrdder, 1973), because of their relatively low velocities compared to
ambient values. However, effects of these are likely also tobe small
enough that any reasonably realistic approximations for their densities
will yield good accuracy (Lafon, 1976). Such approximations must
ultimately be verified by comparison with exact calculations. It is
advantageous if such approximations depend on local potential only
(rather than potentials at many locations), together with a relatively
small number of other parameters, such as spacecraft potentials and

potential barrier heightsand locations. Laframboise and Prokopenko

(1977) have developed such an approximation. Here we develop three
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approximate expressions for ambient space-charge density [Eqs. (4.1) -
(4.3)}, based on the use of exact density expressions developed for
collisionless, Maxwellian particles in the presence of obstacle-free
potential wells of arbitrary shape by Laframboise and Parker (1973). The
appropriate expression for our purposes is the result given by their

Eq. (2) for three-dimensional wells. This is true even for an "infinite",
that is, very long cylindrical spacecraft geometry, because of particle
entry at the ends of such a geometry. For definiteness, we consider

a negative well given by 4(x,y,z) £ 0, with 60 as %2 +y3<#22+w, where %

is electric potential. If only ambient particles are considered, Poisson's

equation is:

I SR

“$ = — (N_-Nj) (4.1)

where e is magnitude of unit electron charge, c, is permittivity of space,
and Ngs, Nj are electron and ion number densities, respectively. Since
positive ions are the attracted species in this well, we use Eq. (2) of
Laframboise and Parker (1973) for ion density, and the usual Boltzmann
factor for electron density. If xDe :=(eokTe/e2Nm)%, N, is electron or
ion density far from the spacecraft, L is a characteristic spacecraft
length, %==LV, X = e&/kTe< 0, k is Boltzmann's constant and T is
temperature, Eq. (4.1) becomes:

{72x :<71i>2{ex -\[%_ [(-x Te/Ti)1/2+g (-x Te/Ti)l/z]} (4.2)

o

where g(s) = %/ 7 exp (s2)erfc(s) = exp(s?) f exp(-t2)dt. An efficient
S
method for calculating erfc(s) has been given by Shepherd and Laframboise

(1981).

The important feature of Eq. (4.2) for our purposes is that its
right-hand side is 1 function of Y only. For small y, Eg. (4.2) reduces

ro: FPx = L+ T_TIL/A ) « f

e 1 De (4.3) |
where terms of order X3/2 and higher have been ignored. The linear form ‘
of (4.3) permits the use of direct Poisson-solvers for finding x. Another

simplified form can be obtained by rederiving Eg. (4.2) with monoenergetic

1
!
|
instead of Maxwellian ions assumed. The appropriate monoenergetic velocity ’
1
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distribution (Chen, 1965; Laframboise, 1966, p. 14) is:

“

2
rzds - myN_ SE-E)

|

(2%
<}

Q.

in (2miE1)1/2 (4.4)

1 i
ambient number density and flux values of a Maxwellian at temperature Tj.

where E ==4kTi/n and m; is ion mass; this distribution duplicates the

Rederivation of (2) using this distribution yields the computationally

simpler form:

2

~ 2 L2 X ‘rTe 1/

P | (e
A\De 4 i

3

(4.5)
If any regions exist where x>0, the roles of ions and electrons

are interchanged, and Egqs. (4.2) - (4.5) must be modified accordingly.

The essential approximation contained in Egs. (4.2) - (4.5) is the
neglect of orbit depletion due to intersection with tlt » spacecraft. The

densities of ambient ions and electrons will therefore both be over-

estimated near the spacecraft in these results. As long as the spacecraft
is at least moderately smaller than ADe' the effects of this overestimate
will be small. The attracted-species density will be overestimated by

the greater amount for reasons involving the curvatures of attracted

and repelled particle orbits. The sheath profiles predicted by (4.2) or
(4.5) will therefore be steeper than real profiles, if electron emission
effects are ignored. Laframboise and Prokopenko (1977, Secs. 2.4.2 and
2.4.3) have also discussed space-charge density approximations based on
symmetric potentials and on equivalent potential wells, for ambient

and emitted electrons.

4.3 APPROXIMATE INCLUSION OF FINITE~CYLINDER — LENGTH (THREE-DIMENSIONAL)
EFFECTS IN POISSON'S EQUATION.

Effects of finite spacecraft length on sheath potential profiles can
be included in either of two approximate ways which lead to modifications
of the two-dimensional Poisson equation to be solved. We include here
a description of these methods. The first method is derived by pretend-

ing that the circular inner boundary ot the computation grid, which
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represents the spacecratt surfaczz, {s no longer a cross-section ot an
infinite cylinder, but rather is a cross-section through the equatorial
plane of a prolate spheroid of polar-to-equatorial axis ratio LZ 1.

We also assume that the sheath potential is (for some unspecified reason)
independent of the latitude coordinate perpendicular to this plane.

This leads to a modified Poisson equation of the form

a ¢ 20X L XX _ sinh?e (.R_sf .
tanh § + tanh g aee = Sinh? . " (ng = ny)

\gv (4.0)
where y = e¢/kT,, £ is a radlal coordinate in the equatorial plane and

is related to nondimensional radius r = R/Rg, defined in the same plane,
by the relation
r = (L2 - 1)%

the same plane, Rg is spacecraft radius, \Ap is Debye length, and ng and

sinh € , §s==%zn [(L+1DY/(L-1)], ¢ is angular coordinate in

nj are the nondimensional electron and ion densities Ne/Ng and Nj/Nj.,
where N_ is ambient density of either species. Use of Eg. (4.6) in
place of the usual polar-coordinate Poisson equation would result in
sheath potential profiles which became increasingly steeper as L
decreased, thus allowing for approximate estimates of sheath potentials
around finite cylinders. The limiting case L =1 would correspond to an
assumed spherical geometry without latitude dependence; the limit Low

leads to recovery of infinite cylindrical geometry.

The transformation s = %n coth %£ leads to the alternative form

1 X, 3®X _ sinh® € )
— Tt Tm T T T (n
cosh® £ gs” = 38°  sinh®gg (4.7)

which contains no first-order terms. For small £, s varies logarithmically

with r; for large £, s varies as r~ -1,

The second method is d2rived by first writing the nondimensional

Poisson equation for cylindrical coordinates, which has the form

a?x , 1 X, 1 22X, ®%x ( Rs )3
S 24 = C2y . 22 = - n,
33 - ar 7 352 + pps " (ng - mny) . (4.8)

We then assume that ' (r,,z) is periodic in z, such that values of y
repeat after nondimensional distance 27 parallel to the z axis. In

particular, we assume that v (r,”,. ) = some given dependence ., (r,0),

PR g VRS SN




and that x(r,8,0) =Xo(r,6) to be found. We further assume that
dx/3z = 0 at z=0, z=4g, z=%2¢, etc, and that only the lowest

Fourier component of the z dependence of ¥ is present. Then

x(r,8,z) = %[Xo(r,9)+-xz(r,9)]+ %[xo(r,e)- xz(r,e)] cos( %f ) (4.9)

and, at z=0, we have

BBXO T \2
322~ F <£> [%,(r.8) - x (r,8)] (4.15)

The Poisson equation for xo(r,e) now becomes

P, 1 Mo, L FXo T N2 Rs \? /n>2
— —_— - — = e - . - — ,e
52 7T 3 T 3@ ¢ ( ) ) %o <m> (nemni) = 3( g ) %, (78 (1.1

We see that in this Poisson equation, effects of z-dependence are

represented by a homogeneous "Helmholtz" term and a fictitious space
charge contribution. The z-dependence incorporated into this equation
could represent approximately the effects on sheath potentials of finite
spacecraft length and/or features such as conductive circumferential
bands. Equations (4.7) and (4.11) are both solvable by standard methods;
both are linear. Both contain only two (radius and angle) independent

variables.

4.4 ORBIT INTEGRATION AND CURRENT CALCULATION

CYLVIA uses a form of the particle orbit equations in which particle
total energy is explicitly conserved. This formulation was adopted
because of a difficulty which arose when using more standard methods to
integrate photoelectron orbits. Accumulation of numerical errors was
occasionally found to change the total energy of an orbit by amounts
large compared to the assumed thermal energy of emission (1.5V),

especially near points where orbits were "reflected" by a potential

barrier; this in turn produced large errors in calculations of photo-

electron currents reimpacting spacecraft surfaces.

In order to derive the orbit equations, we consider the motion of

a particle in a plane. We let (r,0) and (vr, VO) represent its position and
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velocity components in polar coordinates (Fig. 4.1). We let s represent
arc length along its orbit, and 4 and n represent unit tangent and unit
normal vectors at a point on the orbit, the latter directed toward its !
local centre of curvature. We let p represent its local radius of :
curvature. We let g,m, and E represent particle charge, mass, and |
total energy, and 4(r,3) represent electric potential. The eguation
of motion m d37dt:=—q7¢ reduces to:
f \rg-ga+.v§a=§1.(-;s£_;:) (4.12) |
We equate respective components of Eq. (4.12) and use the relations
ds=cdla +3), dr=cosl{a)ds, and r d8 =sinla)ds. We then obtain the

orbit equations in the following form:

d _ _ g cosa b . 2\ _ sina :
ds mv ( r a6~ St F > r 5
%E = cosQ £
s (4.13) t
4% _ sing ',
ds r '
2

N == E-ng(r,e)] , |

This system is reduced from fourth to third order because the last

equation appears in integrated form. At points where particle reflect- |
ion from potential barriers produces cusps Or near-cusps in an orbit
(da/ds becomes singular or large}, a segment of the orbit is replaced

by a parabolic arc.

We illustrate the current calculation method used by CYLVIA by
first considering photoelectrons which arrive at a point on the surface
whose normal makes an angle 06 with the sunward direction, each of them
having originated at some other surface location 90 (Fig. 4.2a) and
forced to return to the surface by a potential barrier which surrounds
the spacecraft. Their current density at the surface location given by

8 is:

x
:
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V =0 LU=
J(9) = J I B(v,w) (v sinw) (v dv dy) (4.14)
v=0 w=0

where v = (vrz-rve2)5 and w = tan‘l(vr/ve) are polar coordinates in
incident velocity space at the surface location, f = d2N/dvrdv9 is the
two-dimensional velocity distribution of photoelectrons, and N is

their number density. By Liouville's theorem, f is constant along a
particle orbit. Assuming that photoelectrons are emitted with a
Maxwellian distribution corresponding to a temperature T, their emission
= 3 -

Slux Jph(eo) is related to f as follows:

- 1 m \3/2 -mv ®/2kT
f = Afz_—ﬂ Jph(eo) ( 'ﬁ e (4.15)

If the sunlit side of the spacecraft has uniform material properties,

then
Jph(90)= Jph(O) cos 90. We introduce dimensionless variables as follows:

L
x= q/kT; u=v(m/2kT)* (4.16)

i L = 2 .
Since 3mv® + q¢ = %mv0 +ad,» (4.15) and (4.14) become:

. 1 3y 2 Yo-X 5
- = o ) -u 4.17 T
- T (E) 7 e (4.17) }
2 U= - T -X '
J(®) = ﬁ du u? ™" J-“F dw sinw [Jph(eo)exo ] (4.18)
u=0 w=0 .

The factor in square parentheses in (4.18) is evaluated for each
u and w by integrating the corresponding photoelectron orbit backward
to its origin to find 80 and Xo' To do the integrations in (4.18) we
set up a polar-coordinate grid in velocity space at the surface
location ©, as shown in fig. 4.2b, where we have defined un = -Uy, “t="u9-
We approximate F(u,w) = (2//1) Jph(eo) exp(x,=-X) in each cell
ui5 ufldi+1, mji(uﬁ(uj+l by (A + Bu) (C + Dw) where A, ..., D can be
determined if the values of F at its four corners are found, again by

integrating orbits backward. Equation (4.18) then becomes:
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a2 -u® . 4
J(®) =iSj J du u® e (Aij+-Biju) f dw 51ncn(Cij+ Dy W) 5 (4.19) i
[} ui "‘”j !

a form in which all integrals can be evaluated analytically. This
method for evaluating J(8) is essentially equivalent to the "inside~out”
method of Parker and Whipple (1967). The factor exp(xo'-x) in F(u,w)
may vary strongly within individual cells. The potential barrier which .”
surrounds a spacecraft is always of finite height, permitting some t
photoelectrons to escape and ambient electrons to reach it. This means '
that the integration in (4.19) must be performed over two regions of
velocity space, labelled I and II in Fig. 4.2b, containing photoelectrons
(and secondary and backscattered electrons), and ambient electrons, ¢
respectively. 1In general, E will contain a discontinuity at the
boundary between I and II (Whipple, 1976) which can produce large 14
errors in the evaluation of J(8). The integration method used in CYLVIA f:
treats these discontinuities explicity, using bisection searches to find ;j
points such as those circled in Fig. 4.2b. If the ambient electron

velocity distribution is isotropic, then F in region II will be independent

of w.




4.5 RESULTS AND DISCUSSION

Figure 4.3 shows a CYLVIA calculation of equipotential contours ?
surrounding a cylindrical spacecraft cross-section whose surface consists
of two independently floating conductive sectors, the smaller of which is
shaded and subtends an angle of 90°. 1In this calculation the ambient

ion and electron velocity distributions are double Maxwellians with the

following properties:

= -3 = -3
Nil l cm Nel 1l cm
Ti1 = 20 eV Tel = 500 ev ;
: = -3 = -3
Njio> =1 cm Ne2 1l em ,
Tip = 104 ev Tey = 5000 eV :

The photoelectron charge flux erh is 45:(10‘6A/m2 at normal sunlight
incidence. Tpp=1.5 eV. Secondary and backscattered electron fluxes
are assumed zero. Ambient ion and electron and photoelectron currents
are calculated using numerical orbit-following as described in Sec. 4.4.
The computation grid in (r,0) contains 65 x 48 intervals. In this and
subsequent calculations, the computation grid in (u ,w)contains 8x 16
intervals for each Maxwellian component of each particle species, apart
from bisection searches (Sec. 4.4) which give finer resolution. Linear
space charge is assumed [Sec. 4.2; Laframboise and Prokopenko, 1977,
Eq. (3)]. The above-mentioned plasma parameters imply an ambient Debye
length of 32.5 meters; spacecraft radius rg is 1 meter. The outer

5

boundary of the computation grid is at e”r_ ) 148rg. The most noteworthy

s
feature of Fig. 4.3 is a negative saddle-point potential barrier which

surrounds the larger sector, and whose height varies from about 2 volts

at the sunward point to several hundred valts near the edges of this ;V
sector. The potential of the 270° sector (-2.265 kV) is controlled by
blocking of electron escape caused by this barrier; this mechanism is
discussed in more detail in Sec. 4.6. In Sec. 6.5, surface photocurrents '
obtained from this calculation are compared with values given by an

analytic approximation. In this and subsequent calculations, calculated

surface potentials are all within 10 volts of the values at which the

residual currents change sign.




Figure 4.4 chows a CYLVIA calculation of equipotential contours
around a spacecraft cross-section divided into four 90° sectors, two
covered with aluminum and two with quartz. The aluminum sectors arec
electrically connected to each other. 1In this calculation the ambient
velocity distributions are single Maxwellians with Nj = Ne==3cm‘3 and
Ti =Tg=1 keV., Photoelectrcn fluxes at normal sunlight incidence are 42

a . . - N . '
and 32 uA/m- for aluminum and quartz, respectively. T 5 eV for both.

ph” t.
Secondary and backscattered fluxes are assumed zero. The computation
grid in (r,8) contains 65x 16 intervals. The outer boundary of this
grid is at e’ %1097 spacecraft radii. The above-mentioned plasma
parameters imply an ambient Debye length of 96 meters; spacecraft
radius rg is 1 meter. As in Fig. 4.3, a saddle-point barrier is

present on the sunward side of the spacecraft (see Sec. 4.6), and controls

the potential of the sunlit quartz sector and the two aluminum sectors.

In a separate calculation, which is not shown, we included secondary
and backscattered electron emission; the calculated surface potentials .
then were all between 0 and +10V. This result can be readily interpreted

in terms of the threshold material temperatures for high-voltage charging

defined in Sec. 3 and listed in Table 2. Although the value of Tq for
this case is greater than the threshold temperature of aluminum (Table 2),
the aluminum sectors are partly sunlit, and photoemit enough to balance
their ambient electron collection current. The threshold temperature of
quartz is greater than T,, so secondary and backscattered electron
emission from these sectors is therefore.enough to balance their ambient
electron collection current. Thus in this case, no negative charging
occurs on any sector. If T, were made substantially larger than the
threshold temperature of quartz (Table 2), then high-voltage negative

charging of the shaded quartz sector would again occur.

In Fig. 4.5, the same spacecraft cross-section as in Fig. 4.4 has .
been rotated by 90° relative to the sunward direction. 1In this case »
the most negative potentials are those on the shaded regions of the
quartz sectors, which float separately from the sunlit regions because

the quartz is nonconductive. In this situation it is possible that

|
I
|
I
i




breakdown of orbit-limitation of the collection of ambient ions (Gec. 2.1
could occur, especially near the edges of these shaded regions, and

this wou! . restrict ion collection and cause their floating potentials to
become even more negative than we have calculated, but the rather coarse
9-interval of our computational grid has prevented us from resolving this

question in this calculation.

Also in Fig. 4.5, we have this time a saddle-point barrier on the

shaded side of the spacecraft; if the calculation had included secondary
and backscattered electrons, this barrier would have controlled their
escape. In this case a negative current flows from the shaded to the
sunlit aluminum sector, so the sunlit sector floats at a much more

negative potential than it would otherwise.

Figure 4.6 shows the distribution of surface potentials correspond- .
' ing to the calculations of Figs. 4.4 and 4.5, together with the calculated
é surface potential distribution of a completely nonconductive ("quartz"
i but with secondary and backscattered electron emission not included) i
1]

cylinder which is placed in the same environment.

Figure 4.7 shows again the same surface potential distribution for
a nonconductive cylinder as in Fig. 4.6, together with another distrib-
ution for conditions which are unchanged except that the outer boundary
rg of the calculation is moved inward to 12 spacecraft radii rg. A third
calculation is shown, which has been done not using CYLVIA but using a '
program called TWOD, which combines the physical assumptions of the ‘
NASCAP program with circular cylindrical geometry (M. Mandell, Systems,
Science and Software Inc., private communication). Except as noted, the
physical situations treated in the CYLVIA and TWOD calculations are the
same; in both cases rg=12 rg, zero secondary and backscattered emission |
is essumed, and a l6-noint anqular discretization is used. In the TWOD

calculation, zero space charge is assumed, but since AD==96 rg in the

CYLVIA calculation, the comparison shown is probably unaffected by this




difterence. In the TWOD calculation, photoelectron temperature and

nortal-incidence flux are 2 eV and 20 uA/m?, whereas for CYLVIA, the

L. - 5 - o
corresponding parameters are 1.5 eV and 45.A/m" .

We see that rough agreement exists between the CYLVIA and the TWOD
calculations. Either our higher photoemission flux, or the rather coarse
angular discretization used in both calculations, may account for the
differences; we have not yet investigated this question with further
calculations. Even though the barrier which surrounds the sunlit side
of the cylinder prevents almost all photoelectron escape in the (two)
regions 60°§ 9 < 90° where the largest disagreement occurs, our larger
assumed flux permits greater surface migration of photoelectrons
(Sec. 6), and the resulting surface current will drain excess negative
charge from these regions (to an extent which we have so far not determined).
The large difference between the two CYLVIA calculations for rB==12rs
and rB:=e7 rg iIs symptomatic of the great sensitivity which two-dimensional
Laplace-potential (or nearly Laplace-potential, as in our case) cal-
culations have to outer-boundary position generally. On the other hand,
tests with CYLVIA have indicated that rBK,eS rg is sufficient to overcome
this sensitivity, especially when a small amount of linear (or other)

space charge is included, as we have done.

4.6 THE BARRIER EFFECT

As we have seen (Secs. 2 and 3), charging calculations based on
local~current-balance considerations are usually sufficient to determine
the floating potential of the most highly (usually negatively) charged
portion of a spacecraft surface, which is usually in a shaded or
partly-shaded region of the spacecraft. However, the most damaging
effects of high-voltage charging are "differential" effects involving
large potential differences between adjacent parts of a spacecraft.
These effects are frequently dominated by non-local phenomena, several
examples of which occurred in Sec. 4.5, and which we now examine in

more detail.




The most important among these phenomena is the "barrier" effect,
which often controls the differential charging of other surfaces, includ-
ing sunlit ones, relative to the most highly-charged surface. In the
"barrier" effect, a strong dipole or higher moment of the spacecraft's
potential distribution produces "saddle-point" barriers over less-highly-
charged portions of the spacecraft, limiting photoemitted or other electron
escape from these portions and causing them to charge more negatively
than otherwise. Space-charge effects are normally not important in the
formation of such barriers. Their existence, and the resulting implic-
ations for differential charging, were first predicted by Fahleson
(1973). Wwhipple (1976) presented evidence for the existence of such a
barrier on the ATS-6 satellite. Other properties and consequences of
these barriers were discussed by Prokopenko and Laframboise (1977,1980)
and Laframboise and Prokopenko (1977). Katz et al (1979) performed a
numerical simulation which showed the formation of such a barrier near
a polyhedral "quasispherical" model satellite, together with the result-
ing effects for differential charging. Besse and Rubin (1980) developed
an analytical treatment of the barrier effect for a spherical satellite.
Purvis (1982) presented a variety of NASCAP numerical simulations to
illustrate the prevalence of the barrier effect in high-voltage charging

situations. Katz and Mandell (1982) examined mechanisms underlying the
barrier effect, called by them the "field-reversal" effect, and in one
particular application, the "snapover" effect. 1In this Section, we
present results of a numerical simulation for circular cylindrical
geometry, which emphasize the importance of the barrier effect for

differential charging.

Using CYLVIA (Secs. 4.1 -4.5), we have calculated the equilibrium
charging state of a cylindrical spacecraft shape with a nonconductive
surface in a model geostationary-orbit plasma with sunlight incident
normally to the cylinder axis on one side. Figure 4.8 shows the results
of a CYLVIA calculation in which we have deliberately made an important
oversimplification: we have calculated the surface potential distribu-

tion on the basis of local current balance only. Because sunlight
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strikes only one side of the spacecraft, photoelectrons are emitted

only from this side. In this example, the escaping photoelectron flux

from most of the sunlit side is sufficient to balance the ambient

electron flux, so the sunlit side of the spacecraft floats at a potential
of 5.1V, while the shaded side floats at -2.96 kV. As a result, the
spacecraft potential has a strong dipole moment, resulting in the existence
of a potential barrier which surrounds its sunlit side. The height of

this barrier is -0.61 kv, while the assumed photoelectron emission
temperature is only 1.5 eV, so almost all photoelectrons reflect from

the barrier and return to the spacecraft, an effect which we have not

taken into account in this calculation.

In Fig. 4.9 we have included this effect, and have allowed CYLVIA
to converge to the resulting more-realistic steady state. As a result
of photoelectron reflection from the barrier, the sunlit side of the
spacecraft has charged to a more negative potential. As a result,
the barrier height in the sunward direction has been reduced to -0.2V.
A substantial fraction of the photo-electrons now escape over the barrier,
permitting the local currents to come into balance. A further indication
of this is that the saddle point has moved inward from 5.9 spacecraft
radii almost to the spacecraft surface: such an inward movement was first
predicted by Fahleson (1973), and is evident also in the results of

Katz et al (1979, Figs. 17-21) and Besse and Rubin (1980).

The resulting changes in the potential profile along the spacecraft-
sun line are shown in Fig. 4.10. The inward motion of the saddle point
is again evident. Most importantly, the amount of differential charging
between the sunlit and shaded sides has been reduced dramatically, from
2.96 kV to 1.19 kv. Potential-barrier formation evidently exerts a
controlling effect on the differential charging. This is increasingly
recognized as being the normal condition in differential-charging
situations (Purvis, 1982; Katz and Mandell, 1982). Because the

capacitances between various parts of a spacecraft are generally much

larger than the free-space capacitance of the entire spacecraft, the

- e
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charging times for differential charging are usually much larger than

those for absolute charging (Purvis, 1982).

It is clear from our example and also the examples presented in
Sec. 4.5 (and also another example to be presented in Sec. 5.2), that the
formation of potential barriers is very geometry-dependent. This is
the case because in geostationary-orbit conditions, space-charge shield-
ing around spacecraft of "ordinary" size (up to a few tens of meters) is
a small effect (since the ambient Debye length is usually at least
this large), and electric fields produced by charging on one part of a
spacecraft surface readily surround other parts of it , even if these are
on the other side of the spacecraft. Detailed simulations which
include realistic representation of spacecraft geometry therefore
appear likely to remain important for studies of spacecraft charging

whenever the possibility of barrier effects exists.

In Fig. 4.11 we show another CYLVIA calculation which is discussed

in detail in Sec. 5.
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5. XYCIC: A SIMULATION FOR GENERAL PLANAR-SYMMETRIC (TWO-DIMENSICNAL)
SPACECRAFT GEOMETRIES

5.1 INTRODUCTION

We have developed and partly tested a program called XYCIC C(X,Y)
Charging Investigation CodeJ, which is designed to permit simulation of
a wider class of two-dimensional geometries than does CYLVIA. XYCIC is
designed to treat any spacecraft cross-section which takes the form of
one or more polygons, each of which joins a set of unit lattice points
in a Cartesian plane with lines having slopes of O, fB, t1, ¥2, or w~.
Thus a circular cylinder can be approximated by either an octagon or a
hexadecagon (l6-~sided polygon). At present, the geometric features, or
"object-generation" portion of XYCIC, and its Poisson-solver, have been
completed and tested, mmd program segments incorporating the same plasma
simulation features as in CYLVIA (Secs. 4.1 - 4.4) have been written and

partly tested. A listing of the present version of XYCIC appears in

Appendix E.

As noted in connection with Fig. 4.7, plasma simulations in two
dimensions generally involve strong sensitivity to boundary effects,
unless space-charge shielding intervenes, an effect which frequently
does not occur at the large Debye lengths typical of geostationary-orbit
conditions. In such cases, as we have seen, it may become necessary to
place the outer boundaries of computational domains very far from a
(simulated) spacecraft. 1In order to accomplish this in XYCIC without the
penalty of excessive numbers of grid points, we have constructed its
computational domain as a set of nested square grids, each of which is
centered in the next larger one, and such that in crossing the boundary
from each to the next larger one, the grid interval is doubled. A
similar succession of nested sub-domains is used in three dimensions in

NASCAP (Katz et al, 1977). On the boundary of the outermost domain,

the potential is assumed to be zero.




5.2 PRELIMIUARY RESULTS

[ ] Figure 5.1 shows a XYCIC calculation of equipotential contours ;

around an octagonal approximation to the circular cylindrical geometry

of Fig. 4.11. As in the case of Fig. 4.11, the surface potentials in
Fig. 5.1 have the imposed values shown, rather than self-consistent
values. A total of 7 nested grids have been used in this calculation,

with the outermost grid boundary located at 27.4 half-widths of the

simulated object.

This calculation, and the CYLVIA calculation shown in Fig. 4.11,
have been done for comparison with a NASCAP calculation (Olsen, 1980,
p. 190; Olsen sud Whipple, 1980, Fig. 1l6) of potentials around an
octagonadi -rylinder "model object" which approximates the ATS-5
satellite. The feature of greatest interest in both sets of calculations
is the potentials of the four saddle points which occur outside the 50 V
sections of the spacecraft surface, which represent conductive areas
from which electron emission occurred on the real spacecraft. Comparison
of our results, Figs. 4.11 and 5.1, with each other indicates a satis=-
factory level of agreement between them with regard to the potentials and

locations of the saddle points. This is the case even though the CYLVIA

calculation contains a small amount of linear space charge, while the

XYCIC calculation contains none.

Comparisci of either result with that of Olsen and Whipple indicates
that our saddle points are located about twice as far from the spacecraft
surface as theirs, and have larger negative potentials (-56 to -59 V)
than theirs (-53 V). These differences undoubtedly result from the

fact that our simulation is two-dimensional and theirs is three-dimensional,

even though our geometry in Fig. 5.1 is identical with that of their 1
cross-section. Incorporation of three-dimensionality into our calculation, |
using the approximate method described in Sec. 4.3, would probably bring 1
our results into much closer agreement with theirs, but we have not yet '
done this. In modifying our calculation in this fashion, it would

probably be advantageous to perform our calculation as the superposition




of two modified calculations of the type described by Lgs. (4.8) to (4.11).

ne of these would have surface potentials given by the (uniform) averadge
(taken over surtace position) of those in our Figures, and the character-
istic length : used in it would be that of the ATS-5 model object. The
other would have surface potentials given by the departures from this
average, and its (much smaller) value of ? would be that of the con-
ductive patches on the ATS-5 object. The disturbance potential of the
patches would then decrease more quickly with radius, in better agreement

with the Qlsen and Whipple calculation.

Figure 5.2 shows a XYCIC prediction of equipotentials around a
composite "object" which represents a cross-section through a hypothetical
spacecraft-body-and-antenna combination. Again the surface potential
values are given ones; in this case they are hypothetical. Other data

pertinent to this calculation are given in the figure caption. If

self-consistent calculations are made in the future with a geometry similar

to the one shown, the "cutout" in the spacecraft body, and the region
between the spacecraft body and the antenna, would both become examples
of the "shaded cavities" discussed in connection with Fig. 2.8. It would
then be possible to verify the prediction, made in Sec. 2.3, that
electrically-isolated surfaces inside such cavities may charge to

larger negative potentials than those elsewhere on the spacecraft. It

would also be possible to investigate the relative importance of the two

mechanisms, discussed in Sec. 2.3, which may produce such charging.

i ndu




6. AN ANALYTIC CALCULATION OF SURFACE PHOTOCURRENTS
6.1 INTRODUCTION

?hotoelectron migration can be an important cause of surface currents
on spacecraft in charging situations. Numerical methods of calculating
photoelectron migration involve following a large number of electron
orbits which will generally be short (from origin to impact point) and
have large curvature. Such a prccedure can be a major source of
expense in operating a simulation program. A good analytic approx-
imation for surface photocurrent can therefore be of great value. If
photoelectron migration takes place over a curved surface, the
sunlight incidence angle will vary over this surface and therefore so
will the photoemission flux. On the other hand, if the normal component
of electric force on the electrons is attractive toward the surface and
is large enough, the total distance of their travel along the surface
will be short enough that effects of surface curvature on their orbits
can be neglected, so a model situation involving a planar surface with
a photoemission gradient along it becomes appropriate. In Section 6.2,
we perform an analytic calculation of surface photocurrent for such a
situation. 1In Section 6.3, we do a partial numerical verification of
our result by comparing it with a numerical result obtained using

CYLVIA.

6.2 THEORY

In this Section, we derive an analytic expression for the surface
current density of photoelectron migration along a plane surface y=0,
in the presence of: (a) a uniform normal electric field Ey> 0, which
causes photoelactrons emitted from the surface to reimpact it (Fig. 6.1)

{b) a uniform tangential electric field E, (¢) a uniform photoemission
]
ph

per unit surface area is Jph(x) = Jph,o.*JSh X. This photoemission

jradient, or "production gradient", would ordinarily be caused by a

current density gradient J - deh/dX’ so that the photoemission current

spatial variation in the illumination of the surface. We also assume




that photoelectrons are emitted with a Maxwellian velocity distribution

corresponding to a temperature T =T In the presence of (a) and (b),

ph-
all photoelectron orbits are varabolas whose axes are parallel to the

resultant electric field vector (Fig. 6.1). The impact location x for

a photoclectron which originates at x, with emission velocity components

o
Vxo and Vyo is:

2m Ex 2
X = X +

° 5—- (VXOVYO-E; VyO ) (6.1) )
b4

where e is the magnitude of unit electronic charge. The surface
current [ in the x direction, per unit distance z perpendicular to the
(x,y) plane, can now be found by integrating over position and velocity
of emission to find the number of photoelectrons per unit z and unit
time which cross the plane x = 0 in the direction of increasing X, then
subtracting the corresponding result for decreasing x. We note that
Vyo §(xo,vxo,vyo) is the number of photoelectrons produced per unit

-~
surface area per unit vy, and v, , where f= dzN/dvxdvy is the two-dimensional

Yo
velocity distribution of photoelectrnns and N is their number density.

We obtain:

o«

o] hed ~
ro= | dxg idvxo jdvyovyo £ (Xor VyorVyg) e KooV, v, ) (6.2)
- o]

-0

o] 0 o ~N
- fdxo fdvxo fdeo Vyo £ (Xor VyxorVyg) Ho (X5, VyoiVye)
o

Q -0

A ¥2
where f = (l/2ﬂ)Jph(x)(m/kT) exp(—mv02/2kT), and H, and H_ are equal
to 1 if the impact location x given by (6.1) is positive or
negative, respectively, and equal to 0 otherwise. We define:
2= 2 2 = -1 ' = -1
v _¢= + Y=t ; =t E/E ). -3
o= Yuo vyo ) an (vyo/vxo) £ an™* ( y/ x) (6.3)

. . N . > >
Since vyo'>0, (6.1) implies that x Zxo if vgg < (Ex/Ey)vyo’ or ¥ 2 E.

Equation (6.2) now becomes:

1 m oy mv,2, 5 0
L= (_M . 2 _ 0 - -
r Ve [ T ) £d/ovo exp { ZKT) jdw 51ny1£mv dxo(Jph,o Jph xo)
o - E° ( cosy sin ' —cot £, sinly )
e
Yy
2mv <
-égLﬂ-(cosu:sin¢ -cot £ sin?y)
m _’_ o mvo" T Y
—_— 2 2 - . '
- = (E?) {dvo v, exp(- 2kT) {dw 51n?f d%o (Iph,o * Jpp X.)

’ A (6.4)
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We define:

r =43 kT/eE ; y=T/T ;
o ph,0 Yy o (6.5)
X = (eE /kT)x; ' =3' T /3 .2
y ! ph o "ph,o '
u = vO vm/2kT .
Then (6.4) becomes:
2 ® -u? !
y= ———f du u? e fdw [éuz(cosuysinzd)-cotg sinsw)
/n o o
- 8u“j'(cos2xySin3tp— 2c05tpsin”1pcot£ + cot? g sinsw)]
= - dcotf - j'(4+ 1lécot?E). (6.8)
Using (6.3) and (6.5), we finally obtain:
4J kT xT
r:-_M-J' (‘_pif 4+16(5>i]2 . (6.7)
eEy2 ph eEy Ey

This result contains, respectively, a potential-gradient term, a
production-gradient term, and a cross-term. The effect of the cross-term
can be substantial: we see that it enhances/the production-gradient term
five-fold if (EX/EY)2 = 1, in comparison with its value when E, =0. This
is true regardless of the sign of Ey; in other words, surprisingly, an

"opposed" electric field causes the same enhancement as an "aligned” oOne.

The potential-gradient term is twice that given by Eq. (14) of
Pelizzari and Criswell (1978); this can be seen as follows. If one
assumes that photoelectrons are emitted isotropically, corresponding to
a value of zero for the parameter b in their Egs. (13) and (14), then
in our notation, their Eq. (14) is:
4
qphlo(%krph) E,

nd
3E,"

-el = {(6.8)

Y
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where our quantities -el', J , and %kTph are the same as their Ja'

ph,o
F, and {E), respectively. It is readily seen that (6.7) with J' =0

ph
gives a result twice as large as (6.8), as just mentioned. To see why
this difference occurs, we rederive Pelizza:ri and Criswell's result
more rigorously, as follows. From our Eq. (6.1), the contribution of
E, to particle displacement in the x direction is
-2mE, v 2
x Vvo
2 (6.9)
eEy

which is the same as their Egs. (9) and (ll) combined. The contribution
due to Veo in (6.1) averages to zero. Now the surface current density [
per unit z equals the integral over vxo and Vyo of: photoelectron
production rate per unit on and vyo per unit surface area in the (x,z)
plane, times distance travelled by particles of a given vyO before
impact [given by (6.9)]. This production rate in turn equals number

per unit volume per unit v and v times the value of v, ,.

X0 yo' yo
Therefore:
T = f dv o f dvxo f vyo (— EEEEL%&Eii)
- eEy
- Do (gL 20 o exn (<25 fav v dee (- TH2)
- Vor KT eEy )_m vxoexP - okT’ O vyovyoexP 2kT
4Jph,0 kTph
= - ___EE;E____— (6.10)

in agreement with our result [Eq. (6.7)] rather than that of Pelizzari
and Criswell. The reason for the difference evidently involves the fact

that we have integrated Eq. (6.9) over VYO but they did not. Thus we

perform an integral containing vyo3 [in the first line of (6.10{], but
their procedure involves essentially an integral containing vyg (to

evaluate their gquantity {E)), times a separate integral containing vyo

~
(to obtain Jph o from f). Their procedure therefore involves the use
’

of incorrect moments of the velocity distribution function of photoemitted

electrons.




6.3 COMPARISON WITH A NUMERICAL RESULT FROM CYLVIA

Figure 4.3 shows a CYLVIA calculation of equipotential contours
surrounding a cylindrical spacecraft cross-section whose surface consists
of two independently floating conductive sectors, the smaller of which i
is shaded and subtends an angle of 90°. Data pertinent to this calcu~
lation are given in Sec. 4.5. The most noteworthy feature of Fig. 4.3
is a negative saddle-point potential barrier which surrounds the
larger sector, and whose height varies from about 2 volts at the sunward

point to several hundred volts near the edges of this sector.

The resulting normalized current densities ji’je' and jph of
ambient ions, ambient electrons, and photoelectrons are shown as functions
of surface position in Fig. 6.2. We have made a separate calculation of
jph using Eq. (6.7) with the tangential electric field Eyx set equal to
zero since the spacecraft surfaces are conductive. To use (6.7), we note
that the net photoelectron flux out of the surface is equal to the

divergence of I' with respect to surface coordinates. In our geometry,

this means that

= _-1 dr _ fL d kTphj 1Jph, Out
Jph,net in‘_Jph,in- Jph,out = T, de rg e eEr ] (6.1

where
edlpp oue/d® = -45x 1078 sin@ A/w? ('%n <8 <%TT)

and the radial electric field E, is obtained from the numerical solution

for 4(r,8) used to construct Fig. 4.3. Net photoelectron currents
obtained in this way are shown as dashed curves in Fig. 6.2. We see that
near § = 09, the net outward photocurrent is badly underestimated by

Eq. (6.11) since the potential barrier for electrons at this location is
not much higher than the photoelectron mean thermal energy, so a
substantial fraction of photoelectrons escape, and this is not allowed
for in Egs. (6.7) and (6.11). However, in the interval 30°56 €90°, ;
where photoelectron escape is negligible, agreement between Eg. (6.11) and
the numerical result is much better. TIhe numerical result is about 10%

to 20% above that given by (6.11); the most important reason for this

R AT Ry
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difference is probably the fact that the tangential electric field,

although zero at the spacecraft surface, is nonzero outside it, and the

form of
current
to such
to zero

angular

the cross-term in (6.7) indicates that the production-gradient
[which is the one calculated in Eq. (6.11)J is strongly sensitive
fields. We have shown the photoelectron current as decreasing
almost discontinuously beyond 8 = 90°, because the average

distance of photoelectron migration in the electric fields at

this point (E; = 0, E, =1824 V/m) is about 0.1°.

Anotiner noteworthy feature of Fig. 6.2 is the decrease in the flux

of ambient electrons at larger 9, caused by the increasing height of the

potential barrier as one moves away from the sunward point 6 = 0°,




7. FLUX AND DENSITY CALCULATION FOR COLLISIONLESS PARTICLE ORBITS

Calculation of current density deposited on a surface by particle orbits
neighbouring a given orbit is of importance in several contexts related to
spacecraft charging. Examples of these are: calculation of current density
deposited on one part of a spacecraft by photoelectrons, secondary electrons,
or beams of charged particles emitted from another point on it, or calculation
of ion current density deposited on spacecraft surfaces in the presence of
either a (model) infinite or a large but finite ion speed ratio. In this
Section, a simple, general procedure is described for obtaining such information
essentially as a byproduct of a numerical orbit calculation. The procedure is
based on a perturbation of the orbit equations, and involves finding the evolution
along an orbit of the axes of a differential tube of neighbouring orbits. The
positions of these axes are given in terms of a set of integrals, contributions
to which are collected as the orbit is followed numerically, and whose inte-
grands involve the space derivatives BFi/axj of the force components of points
along it. At a surface impingement point, current density is then obtained by
projecting the cross-section of this tube onto the surface tangent plane. The
same formulation can also be used to obtain information about particle number

density along an orbit.

In order to appreciate the usefulness of such a procedure it is instructive
to compare it with the "standard" procedure which one would normally follow in
calculating values of current density deposited on surfaces, and space charge
density, of collisionless ions with negligible thermal motion flowing past a
collecting object. The "standard" procedure is to numerically follow sets of
neighbouring, initially-parallel particle orbits inward from an assumed
unperturbed region far from the object, and to calculate flux and density
everywhere between any two orbits by finding out how far apart they have become
at their impingement points or elsewhere. This method has inherent difficulties:
if the orbits chosen are too far apart initally, an orbit may eventually go off
in a very different direction than the orbit next to it, making calculations of
flux or density between them impossible or unrealistic. On the other hand,
if they are initially too close together, inaccuracies in calculating either

orbit may obscure the small difference which one is trying to calculate.
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Our calculation proceeds as follows.

are:
2 -
d'x = F(x,t)
dt2 m

which is equivalent to:

2
d X Fi(xl’x2’x3’t)

dt2 m

Integration of this yields:

-

xi(t) = xi(O) + vi(O)t + J-dt'

o

For perturbed orbits, (7.2) is replaced by:

d2 (x. + 6x,) = Fi + 5F1
i i —_—

dt2 m

Subtraction of (7.2) from (7.4) yields:

i.e. we ignore (6xj)2, (ij)3, etc.

The equations of particle motion

(7.

7.

o

(7.

(7.

(7.

Equations (7.5) and (7.6) now imply, after integrating twice:
1]

t t 3F

t'
j de" F [x ("), £") .
m

1

3)

4)

5)

6)

= [ " - _1_ " " "y o4 +
6xi(t) %}J dt I dt ; ij [xk(t ), t ]ij(t ) Gxi(O) t 6vi(0)
o o

7.7

where the nine quantities 8Fi/8xj must be provided along the unperturbed orbit

given by xk(t") and t".




By noting that the region of integration in (7.7) is a triangle in (t',t'")
coordinates, and then interchanging the order of integration, we can change ‘
"

(7.7) into the equivalent form (A.D. Stauffer, private communication):

t oF,
Sxi(t) = %J dt" (t-t'") V; Dx; [xk(t”),t"]ﬁxj(t”) + 6xi(0) + t 6vi(0) (7.8) |
(o] - .

which contains only a single integration.

We now consider a monokinetic particle beam having initial velocity
(vo,0,0). This implies a zero initial perturbation velocity: 63(0) = (0,0,0).

We choose two mutually orthogonal initial perturbations in position:

522(0) (0,1,0) (7.9)

§,%(0) = (0,0,1)

Since (7.8) is both linear and homogeneous in 62, final values of 62; and §3;

are proportional to initial values, as one expects for perturbation quantities.

> > > - >
Furthermore, if 6x(0) = a Szx(O) + b 53x(0), then §x(t) = a 62x(t) +

b 63;(t), where a and b are unchanged.

We now consider an initially circular differential tube of orbits defined by
(7.9). As the unperturbed orbit is followed numerically, we simultaneously
calculate 62; and 63; using (7.8). At the impingement point of the orbit,
we project these onto the surface tangent plane (Fig. 7.1). The area of the
ellipse thus generated is inversely proportional to the current density deposited

on the surface.

For a monokinetic beam, this gives current density with no approximations.

The linearity of the perturbation equation (7.8) now implies that all
orbits passing through Ao(Fig. 7.1) also pass through A. Therefore the total

. LI A
current carried by the tube 1is a constant, equal to AOJO =% iy where i, s the

current density through Ao'
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The area A is given by:

A A A
i j k
s xx6.x | =2l 8 6 (7.10)
e A S B (1o B A B A :

AN A
where i, j, and k are unit vectors along the coordinate axes.

The current density at the surface therefore varies inversely as the

projected tube area given by:

[
A n n n
I0e G Exe® = T 1 2 3 (7.11)
62xl 62x2 62x3
63x1 63x2 63x3

Y
evaluated at the orbic impingement point on the surface, where n is a unit

vector perpendicular to the surface tangentplane (Fig. 7.1).

The current density at the surface therefore is:

surface 3o 62x 8,% 9,x (7.12)

3% S3x)  Syx4

J

surface

It is possible for the plane of the ellipse to be perpendicular to the
surface tangent plane. This occurs when the perturbed orbits happen to cross
each other at the surface. The current density at the surface will then be
infinite. This can occur only for a monokinetic distribution of initial

velocities, which 1s only an approximation to real distributions.

We can also obtain an expression for number density n along the orbit,

-> -
since nv times the projection of A on a plane perpendicular to v remains

constant along the orbit.
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kid - -> - .
i.e. the product Z-n v -(62x X 53x) is constant.

We therefore obtain:

V1 V2 V3
n = novo szl 62x2 62x3 (7.13)
§,x 8§, §,.%x

31 372 373

For a monokinetic distribution, n can also become infinite if the perturbed
if a surface
syrface

is present) can also become infinite if one of the vectors 62x or 63x, or some

linear combination of them, becomes zero. An example of this occurs on the

orbits cross each other. For the same distribution, n(and j

(wake) axis of symmetry behind a sphere in a flowing collisionless plasma

containing infinite-speed-ratio ions.

In two dimensions the perturbation produces a differential strip rather than

tube. The corresponding results are:

1™
i = ]
surface o dxl 6x2 curface (7.14)
1. "
n =nv (7.15)
oo éxl ze
We can also consider velocity-space rather than position-space initial
perturbations. We assume that:
§.x = 8x = 0, but 8,y = (0,1,0), and §.v = (0,0,1). (7.16)

2 3 2 3

This permits us to treat situations where the ion speed ratio is large but not
infinite. We can use (7.16) to do a calculation of ion defocusing on the

wake axis behind a sphere, valid to order S;I, where S, is the ion speed ratio.

i
We consider the situation shown in Fig. 7.2, in which an unperturbed orbit,

initially parallel to the ion drift direction,has already been computed, in the
presence of some known or given electric potential distribution e.g. a Coulomb

potential. This orbit crosses the z axis at a downstream point z - Because
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all orbits having the same impact parameter r cross at z, the ion density

at this point is "infinite" unless the ions also have some random motion
(Siis finite). In reality the resulting space charge along this axis will
influence ion orbits near it, but we ignore this effect here. We assume

that values of 3Fr/ar, BFr/az, DFZ/Dr, and Bleaz are known alon: the

unperturbed orbit. Our procedure is as follows. We choose two initial
velocity perturbation vectors 633(0) and 5b;(0) in the plane of the unpertubed

orbit (Fig. 7.2). We also choose 62;(0) = 63;(0) = 0 at z - We now do

our perturbation calculations backward, or '"inside-out" along the ion orbit,

even though we initially calculated the orbit forward, in the ion direction

of motion. A single integration of (7.5) with (7.6) yields:

t OF

sv, (8) =§1— at' 1 5—}(—1 [ (81D, 6116, (61 + 5v,(0) (7.17)

o J J

For each of our two initial velocity perturbation vectors, we first integrate

(7.8) from z_ to an upstream point at which the orbit is essentially no longer

T -~ e

affected by the electric field of the sphere. We then use the resulting values of

5xj(t') [in this case 6r(t') and éz(t') ] in (7.17) to calculate 5Vi(t) [in this

case évr(t) and sz(t) ] at the same upstream point. The linearity of the

perturbation calculation

already discussed, implies now that multiplying 5a3(0) and Sb;(O) by any
constants a and b means that éaz(t) and sz(t) are also multiplied by a and b.
Suppose now that the velocity distribution at the upstream point is a drifting
Maxwellian. The linearity just mentioned now implies that velocity components

in the (r, z) plane at the upstream point map linearly into those on the axis

at z_, so an integration over velocity gpace to find the density at z 1s easy to
perform. This now will be found to yield a finite rather than infinite result,
essentially because most ions will now have a small amount of angular momentum
about the axis of symmetry and will no longer be found at z,» and our perturbation

calculation implicitly takes this into account.

As a final example, we consider the case of a nearly-monokinetic beam
(the usual case for ion or electron guns on a spacecraft). We first need to calculate
the five perturbation quantities 82;,...,66; resulting from choosing initial

perturbations given by (7.9) and by 61;(0) = (1,0,0), 523(0) = (0,1,0), 633(0) =

>
(0,0,1). The values of sz and 63; then give, as before, current density or

space-change density at any point of interest, but these are now differential
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quantities with respect to the velocity distribution f = d3N/dv1dv2dv3 of the
beam at its emission point; 1.e. the values of these quantities found in this
way are proportional to f(v ,vz,v3)dvldv2dv3. The remaining perturbation

quantities 64;, § ;, and 66x then give the required information about the

spread of the beai in position space. This may itself be due or partly due

to beam space~charge; if this is the case, then the force derivatives BFilaxj
must themselves be found self-consistently, complicating the problem; in this
case, calculations of the kind presented here would presumably become part of

an iterative scheme.

If the beam is not nearly monokinetic (as will often be the case if it
has not been deliberately accelerated) or it creates its own potential barrier
around the spacecraft, so that part of it escapes and part does not, then
evidently differential perturbations in velocity do not provide a realistic
description of the result, and one would then need to replace calculations of
§ %, 5.x, and &

4 5 6
representative discrete sample of the particle velocities most strongly

>
x by separate, non-perturbation, orbit calculations for a

represented in the beam.
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SPACECRAFT
SUNLIGHT

RADIUS

™~

"

RADIALLY
SYMMETRIC \
PROFILE

POTENTIAL

Fig. 2.1. Steepening of shaded-side potential profile, and sunlit-side i
potential barrier formation, caused by shaded-sunlit asymmetry on i
a spacecraft with an insulated surface, after Fahleson [1973].
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Fij.2.2. Conductive spacecraft with shaded isolated surface patch.
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. Current-voltage characteristic for aluminum in "quiet" conditions,
with a one-dimensional velocity-space cutoff. In Figures 2.3 -2.7
the zeros of the characteristics are indicated by arrows.
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Fig. 2.4. Current-voltage characteristic for gold in "guiet" conditions,
with a one-dimensional velocity-space cutoff.
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Fig. 2.5. Current-voltage characteristic for aluminum oxide in "quiet"
conditions, with a one-dimensional velocity-space cutoff.
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2.6.Current-voltage characteristic for quartz in "quiet" conditions,
with a two-dimensional velocity-space cutoff.
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SPACECRAFT

SUNLIGHT

/ION ORBITS
ELECTRON ORBITS ——

. Spacecraft with shaded isolated cavity, showing incident ion and
electron orbits with energies close to the lowest for which
collection of each species is possible. The orbits shown are
cutoff orbits, defined as the most nearly tangential orbits for
which incident particles of a given energy are able to reach a
given point on the spacecraft surface, having tangential velocity
component in a given direction.
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Fig. 2.9. Disappearance of multiple roots in the current-voltage
characteristic of a spacecraft surface, as a result of temporal
changes in ambient electron velocity distributions. These illustr-
ations are schematic only but are representative of predicted
behavior for various surface materials. O3ome combinations of
materials and environments for which such behavior is predicted
appear as clusters of three numbers in Table 1.
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Fig. 2.10. Spherical spacecraft with downstream point (relative to ion
drift direction) shaded.
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EQUIPOTENTIAL
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Fig. 2.11(a) Hypothetical symmetric equipotentials around a spherical
spacecraft (b) nonsymmetric equipotentials around the same
spacecraft.
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Fig. 2.12. Nondimensional downstream-point ion current density
Jir= Jiﬂ/[Nwe(kTi/ani) ] as a function of ion speed ratio

S; = U/(ZkTi/mi)5 for various nondimensional surface potentials

Xg = e¢s/kTi, assuming spherical geometry, zero magnetic field,
uniform surface potential, collisionless large-Debye-length
conditions, and drifting Maxwellian ions. For si—»o
when Xg < 0.
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Fig. 2.13. Nondimensional downstream-point ion current density jiw as
a function of surface potential Xs for various ion speed ratios Sj,
for the same conditions as in Fig. 2.12. The straight lines shown
are power-law approximations.
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Fig. 2.15. Upper and lower bounds on floating potential ¢¢ at shaded
downstream point of spacecraft, as a function of ion speed ratio S,
for various ion-to-electron temperature ratios e, for Maxwellian
electrons and drifting Maxwellian ions, for one-dimensional and
three-dimensional ion velocity space cutoffs.




100 T T T l lrllllll R

L111IT]

"DISTURBED" SPECTRUM

i
|

/10 -

8, (kV)

T 11

T?l

{

|

|

|

|

|

|

|

|

|
L Ll

- ______—_--—/ E
_—---u::f.:'_. _______ — |
— — Jdim
—-—3dim.
0/ Lot L L LI
0.0/ 0./ /
5/'
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for "disturbed" and "quiet"” electron velocity spectra representing
geostationary orbit conditions, for one-dimensional and three-dimensional
ion velocity space cutoffs.
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Fig. 3.1.(a) typical form of secondary-electron yield § (secondary
electrons per incident primary electron), as a function of incident
primary kinetic energy E, at normal incidence (b) energy-differential
electron flux dJ,/dE for Maxwellian ambient electron velocity
distributions at two different temperatures. Total secondary-
electron flux is obtained by integrating the product of these two
functions [multiplied by another factor given in Eq. (2.10)] over {
energy E. b
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Fig. 4.1, Coordinate system and definitions for particle orbit
integration.




Fig.

SUNLIGHT

SPACECRAFT

4.2. Position-space (a) and velocity-space (b) coordinates for
calculation of incident current density at a surface point.
Figure 4.2a shows several particle orbits incident at a surface

point 0, one of them having originated at the surface point

9 .
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Fig.

24

4.3. Equipotential contours around a cylindrical spacecraft
cross-section with two conductive sectors having angles of 270°

and 90°. Sector potentials are -2.265 kV and -11.88 kV, respectively.

Other data pertinent to this calculition are given in Sec. 4.5. The
radial coordinate in Figs. 4.3-~4.5, 4.8 and 4.9 is 1+ 2n(r/rg)
where rg is spacecraft radius.




Fig.

SUNLIGHT

4.4. CYLVIA calculation of equipotential contours around a
cylindrical spacecraft cross-section with four sectors each

having an angle of 90°. The two sectors labeled "A" are conductive,
have the photoemission properties of aluminum, and are connected
together electrically, as shown schematically in the figure.

The two sectors labeled "Q" are nonconductive and have the
photoemission properties of quartz. In this and subsequent figures,
the symbol + indicates the location of a saddle point. Other data
pertinent to this calculation are given in Sec. 4.5. The radial
coordinate in this figure is as in Fig. 4.3. The floating surface
potential distribution resulting from this calculation is shown in
Fig. 4.6.




SUNLIGHT

(A

Fig. 4.5. Same as Fig. 4.4 except that the spacecraft has been
rotated by 90°,
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Fig. 4.6. Distributions of floating surface potential vs angle for
the calculations shown in Figs. 4.4, 4.5, and 4.8.
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4.7. Distributions of floating surface potentials vs angle for the
calculation shown in Fig. 4.9, and also for another one which is the
same except that the outer boundary of the calculation (which is
held at space potential in all cases) is at 12rg rather than e7rs.
Also shown is another result for which the outer boundary is at
12rg, calculated using a program called TWOD, which combines NASCAP
physical assumptions with circular cylindrical geometry (M. Mandell,
Systems, Science and Software, Inc., private communication).

Other data pertinent to these calculations are given in Sec. 4.5.
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Fig.

SUNLIGHT

4.8. CYLVIA calculation of equipotential contours around a cylind-
rical spacecraft cross-section having a nonconductive surface,
corresponding to a surface potential distribution calculated
assuming local current balance only (i.e., the presence of a
potential barrier is ignored in calculating photoelectron escape) .
The symbol + indicates the location of a saddle point. The photo-

electron charge flux erh = 4.2x10-5A/m? at normal ‘ncidence.

Tph =1.5 eV. Ambient ion and electron distributions are single
Maxwellians, each with n =3cm~3 and T=1 keV. Secondary and

0 .
backscattered electron fluxes are assumed zero. The polar-coordinate

computation grids in position (r,8) and in velocity space contain
65 x16 and 8 x 16 intervals, respectively. Outer grid boundary

radius rp is e’ times spacecraft radius rg. Linearized ambient space

charge (Eq. 4.3; Laframboise and Prokopenko, 1977), corresponding to
a Debye length of 96 r is assumed. Radial coordinate in Figure
is 1+4n(r/rg).
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SUNLIGHT

Fig. 4.9. Same as Figure 4.8 except that the calculation is now
self~-consistent including potential-barrier effects on photoelectron
and other particle orbits.
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Fig. 4.10. Potentials vs distance along spacecraft-sun line for the
situations shown in Figs. 4.8 and 4.9, showing the large decrease in
differential charging which results when potential-barrier effects
on particle (especially photoelectron) orbits are included. Without
these effects, surface potentials at the sunward and anti-sunward
points are 5.1V and -2.96 kV; with these effects, these potentials
are -1.76 kv and -2.96 kv.
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Fig.

4.11. CYLVIA calculation of equipotentials around a circular space-
craft cross-section with given rather than self-consistent surface
potentials, as shown. In this Figure, the radial coordinate is
proportional to radius. The computational grid in (r,0) contains

65 X 180 intervals. The outer grid boundary is at e” X 148 spacecraft
radii. Linear space charge corresponding to XD= 32.5 spacecraft
radii is assumed. Other data pertinent to this calculation are given
in Sec. 5.2. This calculation was done for the purpose of comparison
with a XYCIC calculation shown in Fig. 5.1, and also with a similar
but three-dimensional calculation done using NASCAP (Olsen, 1980,

p. 190; Olsen and Whipple, 1980, Fig. 16). The results of this
comparison are discussed in Sec. 5.2.
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Fig.

5.1. XYCIC calculation of equipotentials, corresponding to the

CYLVIA calculation shown in Fig. 4.11. One difference between

these two calculations is that in the XYCIC calculation, zero space
charge is assumed. The innermost grid used in the XYCIC calculation
contains 40 x 40 intervals; the octagon has a dimension of 28 x 28
intervals and is centred in this grid. Six other grids surrourd

the innermost grid; the outermost grid boundary is a centred square of
side 19.2 times as large as the innermost grid boundary, i.e.

located at 27.4 object half-widths.

R gy




Fig.

2 SPACECRAFT 2
BODY

5.2. XYCIC calculation of equipotentials around a cross-section
through a hypothetical antenna + spacecraft body combination. As

in Figs. 4.11 and 5.1, surface potentials are imposed (in this case,
also hypothetical) values. Zero space charge is assumed. The
innermost grid used contains 32 X 32 intervals with the combined total
width of the "object" being 24 intervals. Six other grids surround
the innermost grid; the outermost grid boundary is a centred square
of side 20 times the innermost grid boundary, i.e. located at 26.7
nalf-widths of the combined object.




ILLUMINATION

A

Photoelectron
Emission
Point Xo

\

SURFACE
STTSTTTTITTTTTTTINTITNNTT

Fig. 6.1. Geometry for photocurrent sheet calculation. The illumination
is assumed to vary linearly with x, producing a photoemission current
density Jph(xo)==Jph,o‘*Jph'xo- The electric field components Ey
and E,, are assumed uniform, so that the surface potential varies
linearly with x. The electron orbits are then tilted parabolas.
Their impact points x can be found analytically (Eq. 6.1) for given
values of emission position x, and emission velocity components

Vyo and VYO'
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Fig. 6.2. Current densities vs surface position for the situation shown
in Fig. 4.3 and described in Sec. 6.3. In this Figure, normalized
current density j is defined as J/J,o¢, Where Jy ¢ is the random 1
flux of Maxwellian ions having a temperature and density of 1 keV
and 1 em=3. Approximate photoelectron currents j,, obtained using
the approximate surface current ("current sheet") model given by
Egqs. (6.7) ana ‘A.8) are shown as dashed curves.
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Fig. 7.1. Particle orbit geometry.
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Fig. 7.2. Geometry for perturbation calculation of sphere axial
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WU/ TEON

CION=O0,
TF(¥.67.10.°60 10 2
1F(V.0E.0.°G0 TO 1
Ue-w

CIONSRIONSASPEED

SUNKOUT INE RETARD (V. CUR. TEMPY M
COMMON /GENRAL 7ERAX s DELMAX e TSELRION TIONSKP T, CUTORF » CUTL OM o R BRNCH
" TA=-U/TENE
HETALe-BETA
IF (ABS(PETA}.GF.100.160 10 1
TF (RRRNCH.F 0. TICURTCURSEXP (BETA)
TFCRBRUCH.EN. 2ICIRCURSEXP (BETALS (KEI8SORTIBETAL) +EXPLRFTAL) S
TEMFC(SORTCMETALY )Y
IF ERBKNCH . £ 11, 1 1 Uk aCURS!
o 10 0
1 (im0,
R
Fun
SURRIMIIINE SCATY (UsCSCAT e MeMeT)
NIMENSINN MM VN

POBETA R (). ¢RETALY

Al
Listing of LOCHG

REAL RONSMINT RGN S NONG ROMS s AONY ¢ AUNS s hONT s RONLO e RONZO 1 RON3O +
INONAO:RUNSO RONGOvRON 0 -RONL L (AUNLT RONST o AUN&T o RONS S o AUNBL L RON/ |
IRONT 2 RUNIZ A ON ST o RDNAT  AONS T e RONS W RON 7T
l.u(-ul!-r«nu‘1-v\u~14.nonu.non»hn(wa;-tun/!.uuﬂs.umso-mmal-»on
2vROND S

| TIMRON /13t NKAL /EMAX » DE L AAX + 1SEC PRIONS TTUNSKF T eCUTURS s CUTE UM ARNNCH
COMAUN /SCAT/WELIGRTON) 3 HCATALS e SCATHIS) v SCATL (S ) s USLAT %) s NUNFAK
AL=00 30089410, /CUTURF S0.0LUTLUW

THAK= (1H.0H19-6. 6666 /8CUHLUMBSY 5= 0./ SUKT(CUTOFF 3 )/

TLA%. J3904-400 . 050RTCCUTI DM 73-20./ (5. 0LUTOFFOB) ., 5))

CSCAT=0.

UG HO Nel,NuUnHAR
AxSCATAN)Y
K*SCATRIN)

VHAK=USCAT (R )
+ RARTURARS T BAR
ta-v
IF(U.LT.10.)60 10 2
FASUA=O
NONL=(COTOFF -t /2,
RUND= (CUTOFF #1007 CCUTURF -u)
nO 10 lvi,m
NON3=Y (141,
NONSSAGNESRONS
NONS=Y (1) sR(INL
FXAMOTPONONIRCA-REFXP( -CONONS ) ) /NONSSE3
FXSUMSF X4F XSUR
10 rONTINUE
FXSUM=10. 8F XSUH/RDN1L
G0 10 4
2 IFCU.LT.1.)G0 O 3
FXSUN=0.
KRON1=(CUTOFF -10.3/2,
KON2=(CUTQFF +10.)/<CUTOFF-10.)
AON4=AOND-2. 30U/ (CUTOFF -10.)
NON7=U/KONL
KONLOTC 10, -u>/2.
AON20=(10,4U) /(10 - W)
DO 30 I=1.M
NON3=Y (1) eRDN4
AONS=RONISKONS
RON&=Y (1) #NON2
RON3O=Y(TV41,
AONSO=AON10SRON3O
KONSO=Y (1) $RON2O
FXeHCD) B (AOMIS10. 8CA-REEXF(-COROND ) ) /(AONIIAONSSES) ¢
IRON3OS (A-BSEXP{ -CSRONSO0) > /RONSOSD)
FXSUM=F X $F XSUN
30 CONTINUE
G0 10 &
3 IFU.LT.. 1160 TO 4
FXSUMeO.
KON1=(CUTOFF-10,)/2,
RON2=(CUTOFF$10.)/ (CUTOFF~10.}
NONA=KON2 -2, $U/ (CUTOFF-10.)
AON7=V/NONL
KON10=(11.-2,8U)/9,
AON3O=11./9.
RON70=V/4.5
RONL1= (1, -U) /2.
KON21e(1. 353/ ¢1 -0
DO S0 telenm
RON3=Y (1) 20N4
NONS=RONISAONI
KONS=Y (1) $NON2
KONKO=Y (1) +AON1O
RON20=4,.38¢Y (1) +RDN10)
KONSO=Y (1) +KON3O
KONIL=Y(1)81.
KONS1=KON318RONIY
RON&L=Y (1) $RON2Y
FX®METIB(RON3S10, #(A-BREXP (-CAKONS) )/ (KONISKON6IS3I) ¢
1KOM208 (A~BSEXP (~CERON20) )/ (4.SBKONSOSS2)
14(A-RSEXP{-CHNONS1) )/ (KON118KRONS1833))
FXSUM=F X $F XSUN
50 CONTINUE
GO T0 &
4 IF(U.LT.CUTLOWIGO TO 5
XSUM=0.

ANON1=(CUTOFF-10.)/2,
RON2= (CUTOFF$10.)/(CUTOFF-10.2
KONABADN2 -2, 8U/(CUTOFF-10.)
KON7=U/KONL
NONLO=(11,-2.8U}/9.
KON3O=11,/9.
RON70=V/4.5
RONIL=(1,1-2.0U)7.9
RON31=1.1/,9
KON71=V/ .45
NON12=¢.1-U)/2.
KON22=(. 14y 7€ -
00 70 I=1.M
KON3I=Y ([ ) +KONS
AONS=RONIRRONT
KON6=Y (T} 4KON2
KONAO=Y ([} ¢RONLO
NON20=4.58(Y(1) $hONLO)Y
KONSO=Y (1) {RON3O
NONAL=Y(I)+KONS1L
KON&I=Y (L) $AON3L
ADN21e. 4S8 (Y (1) ¢RONIL)
KONJIZ=RON129(Y(T)41.)
KONG2=Y{]) $RON22
FX#H(I)8(KON3$10. 8 (A~BOEXP (~COKONS) )/ (NONIORONSGSS3) 4
IKON2OB (A-REEXP(-CONON20) 1/ (4. SERDNGORE2) ¢
1CA-BREXP (~CHNONZ1) ISKON2E /(. 20238NONS 18T+
1300. R (A~REEXP{-USRONID) ) SRONIZ/NONGD)
F XSUM=F X4F XSUM

70 CONTI
00 YO &

S IF(U.LT.0.260 TO B
FXGUM=O.
KONE= (CUTOFF-10.5,2,
NOW2® (CUTOFF $10.)/(LUTOFF-10.)
NONA=KOND -2, 8L/ (CUTOFF -10. )
RON2eV /KON
AOMIO®(11,-2.80U)/9,
NONIO=11, /9,
AONTOSV/4,S
ROMLI®(1,1-2.0U)/.®
KON3tet.1/.9
LONTLSV/ 4
RONID=C.1-CUTLOMY/ D,
RON2D=(, {4CUTLOW) 7 (. 1 -CUTL W)
CONT2oRON2D -1I/AONT !
RON?2=U/RONLD
KONt 3= (CUTLOW U) /D,
RON2 3= (CUTL QWL / (CUTLON-)
PO 90 Imy.m
NON3=Y (1) 4nDNS
ARk N TR N8

- M.

o
NP AR w L R




A2

[ RN PRI N
LY T IV RO RN TR
AN M T TR ONIO Y
AEMAUSY (L) $RDN 3
MONAL Y OThaRUNLL
(ST ES RN SETNV XY ]

AUNDT- A58 Y DaruntL
CONAT YT ARUNT T eRUNL
AUNT T LreRuN S

RONA TV (TR NS
NUNATaY Lol

FUNISaNDN) S0RUNA Y
RUNAL Y C LI OALN E

R TR R PN AT SO YR Y IR T FAINS D CRUNEBRUNASS © 0 b

IRONZOBLA-HBF 3¢ LSRONG D L 4.5 0AONADES. ) ¢
BRUN T VL ORUNT. CL 0 SERINALSS 3 1 4

CQUD . SRONE B R NOEXF-LORONISY) NuNADH

100, 8 A-RRERF L UBAUNSS) 1SRN ISORUNLY CUTLOW)

£ ASURSE X oF LSUA
70 CONTINUE
[EURR TTIY
< FXSUMSO,
RONT=CCUTORF - 10,073,
AN CCUTUFF 410, (CUTOSF-10,)
RONSRAON DL 0L LTUTORS 1D, )
ANy nONL
LULALTNE B SR TUL
AUNEQul . /@,
NONZ70=v. 4.9
[ LTS ETE BY RN TR
NONS L, 1.9
NONT1SV7. 45
AOMIJ=c. ) CUTLOWY /D,
FONIDw L 1 4CUTLOWY “ (1 UUTLON)Y
RUON3I=AONDD-U/RONLEDY
AONI3=U/NONL2
RUNTS=(UTLOM/ D,
AOND 33V /RONLS
0O 100 [nf.M
AONYev (T} 4nONG
AONSIAONISRON]
RON&aY (1) +n0ND
RONAO=Y (1) IRONIO
AUNZO*4.58 Y1) IRONLO)
NONSORY (12 #RUNTO
RONAYT=YI]HIRONLL
AOWO Y=Y { [V INON3)
AOMDLS . 4B8CTLLI#RONLY)
YOI VARONIZ)ISAUNY D
Ye1340ONID
AONG22Y (1) #RONDT
ROM&3=T(I) 41,
AONS3sRONS3HRUND S
KRON3I3=RONIISRONAS
AONAS=RON] ISRONS Y
1F ARBRNCH,EQ. 1)
IFXSH(IISCANONIS10-41A-REEXP (-CINONS) ) " (RONESRONSSR3Z) ¢
TNONDORIA-BIEXF (-CONOMIO) 1/ (4. SERONGOSE) ¢
1 CA-RSEXP(-CERONT1) ) SRONDL/ (. J02TOR0NS 1§23 ¢
1100, SAONATS(A-FIEXP (-CORONAD) ) /RONSDH
1100. SAONAIEIRONE 3 (A-BEEXP( -CORONGI) ) /LUTLOW)
1F (ARRNCH.EQ. D)
IFX=H(1 810, S (RONIBARSTN(SORT (KONS/RONI) ) /RONS+SORT (NUN/ /nGR&Y Y
LO(A-HEEXP(-CONONS 3 )/ LNDNSSBIBAONT 3 ¢
(RONSOSARSINISART (NONSO /A ONAO) 1 /RONSOISRRT (RON70/NONSQ) )}
IRCA-BBEXP{-CINDN20) ) /hONSO
1(RONSISAKSINISORT (NONST/RONSL) ) /RDNS1+SORT(RON71/NON61)
1B(A-PSEXP{ ~CORON2L 1)/ (. ASIRONSISY)
14200, 6(AONSDSARSIN(SORT IADNS2/KDNSD Y ) /RONAZ4SORT (NON72/RONSD2 )&

1(A-BEEXP (~CONDNAD) ) SAON
1100, SRONLISAONII®(A-DSEXP (-CINON43I) 13 (RONSINARSIN(SORT(AONS3/
1RONS3) ) /ROMEI4SORT (RON23/RANST 1 ) /CUTLOW)
1§ IRDRNCM.EQ. 33
1FX=RIIIR(10.8(A-ROEXP( -CERONS) )/ (RONGSEDERONL) 4
CA-DREXP(-CERONI0) 1 /RONSGO
1CA-BEEXP(-CERONDL)I)/( , ASTAONS1BE2) ¢
1100, 8(A~BOEXP(-CUAONE2) ' SROMNL2¢
1100, SRON13SRON3IR(A-BSEXP (-CORON4S) ) /CUTLOM)
FXSUMsF X $F XSUM
100 CONTINUE
IF (KRBRNCH.EQ.2)F XSUM=, 63461 988F XSUN
TFIU.LT.0,1CALL RETARD(VF XSUN,ERAR)
CSCAT=CSCATHHE IGHT (X ) 8F XSUN
coNTt
CSCATCSCAT/AL
RE TURN
END
SUBRDUTINE ELEC) (VeCELEC)
COMMON /Z/H(100) ¥(100)sRI(S) o
COMMON /GENRAL /EMAX + DELMAX» TSEC RION+ TIONsRPT,CUTOFF + CUTLOW o KBRNCH
REAL RON/RONMEROND+RDN3:KON4sRONS s RONSsADN7 shON1O s RONDO+hON3IOo
1AON40 - RONSO s KONSO s AON?0sRON1t +RONZ1 (RONILrRONA 1+ AONS1 RONST ' NON71
IKONL2 o RON22sRONIZ s RONAZ s RONS2 W AONS2 W RONT2
LeRONT I KONZI/RONII+KOME3 s KONSI KONSTRON? T e KONB . AONBO s R ONS Y » KON
182.A0N8)
A1222.30259~10./CUTOFF-50.8CUTLOW

@
oo

ye-v
IF (CUTLOW. LT, 1E-8)RBRNCH=3
IFty.B7.0.100 1O S
1F (U.GT.CUTOFF>CELEC*O.
IFt.LT.10.260 TO 2
CELECS. /UPS. SU/CUTDFF #92-10, /CUTOFF
GO Y0 5
2 tFeu.LT. 1,960 T S
CELFCoALOOC S0, /U 14U/ 20,95, 6U/CUTOFF 882 -10, 7CUTOFF
g0 10 &
3 IFiU.LT..100 TO 4
CELECOALDG(10.74.5/U-10./CUTOFF$5. SU/CUTOFFee2-, 4580

LCUTLOMIGO 10 35

CELEC=20., - 150. 452043, SU/CUTOFF 88210, /CUTOFF -100.
1ALOG( L0, )

o0 10 &

eALOGL, 1/U) ¢

A8 CELFC®20.-50.450U+5.8U/CUTOFFSE2-10, /CUTOFF - 1008CUTLON- 100, FUSALDO
1.3 /CUTLON $ALOG(30.) 30, 8CCUTLON-UI$82/CUTLOV
60 10 &
“ 1F(RPANCH. F0. 1 CELEC=AL
15 (RPRNCH.EQ. 1 CELECR0. -50, 458U+, SU/CUTOFFES2-10. /CUTOFF
1 100.6CUTLOW- 100, 2USALOGC . L/CUTLOV) ¢ALUGC [0, 1 $30. #LUTLOW- 100,90
15 RMRNCKH. M . 2160 TO &
£ saumen,
AONI=12. 732193/ (CUTOFF-10,)
RON2e CEUTOFS $10, 1/ LCUTOFE -10.)
NONTed. oV (CHUIDER 30
AONG=RONTIRONS
AONIO=_s30819R
AW IOy /8.9
AONAOwY 2222 22¢NON3O

ARy Y. A%
PONEGL Y P2D220INONSE

AOWI et BYAGSSL L .CHf) e

Coontioe L
. LI NI
RONA RN RN
SUTENE
NN LY O
NONESe) NGNS
%0 fet.m
RENY U] I AN
MNAT Y] P arON
RORSO 1Oy arUnae
NONAGEY Oy, o0
NSRRI
TS IR AT S I
NGNSy CLosh oG,
RUINS LN Y N1
KNS T YOl pRONS Y
AONA L. v Eren.
FXSHCE O UNONL S RONSBARS TN SUK PR ONA/ ROND |+ - AONA$SAR T (AONS/ADNG > )
1T RONASETRONLUS IFONGUSARSING SORT CRONAG/ RUINTO ) ) /P INLOESURT (RON 3O
T/MONG0) 1 RONSUSADING $ 8 (RONT T BARSINCSUR T CRONSL/RUNS T 1) P LUNAT S
VUK TVRONTL/RONST Y H RUNATES HRUNI DR CRDNS D SARS TN CSURKT (RONGT/RONS ) b/
ANONOTESUR T ORON T NUNAL S ERUNT 38 CRUNSG SEARSINCSORE CRUINA T RING §) 0
LESURTCAONSISRUNS 31 ) 2
£ ASUNSE XeF 1 5UR
CONTINUE
CELEC f T8um
CHLEF=CRLEL. A)
hETUNN
END
SUBROUTINE SELI(VLESEC oM, 1)
DEIRENSION MiM) oYM
(ORMON /(GE NRAL /8 RAX e BELRAX, TSEC, RIDNs TIONSRF T CUTOFF » CUTLOW R RRNCH
KEAL RUNYRONL+AON2 ohUNI ADNANONSsRUNS A UN7 1 AUN1O e RON IO s RONI0 s
INONSU L RUNSO P RONGO s AONZG s RUNE L P AONDT s RDNSL e AONAS rADUNST s AUNGI cAUN 7S 0
TROND 20N D e hUNIZ o RONAZ  RONS D A NONSD s NOND 2
1eNONLSoRONI3sAUKIIIAONASRONSI+AONSI s ADN/ 3o AONE <AONBOAUND T «ADN
1R .KONB Y
A12.0. 304910, /CUTOFF -50. sCUTLUW
Us -y
AON= 7, 48UFLHAX/ENAX
THULLT. 060 10 S
TF(U,L1,10.000 10 )
t7SUNS0.
AON1=10. RGN
NONDe CCUTAFE 410/ LCUTOFE -U)
NON3=2, 6(CUTOFF -1 /L MAX
00 10 I=s1wn
RONS=Y (1241,
NONZ s SORT(NONISRONS )
R{NA=Y (1) 4NOND
FXSH(I ) SRONSEEDSEXF (-AON7) /NONSIES
FXSUM=F X $F xSum
10 CONTINUE
CSEC=nONL#F XSUR
GO Yo &
IFCU, LT 1,160 70 2
FXSURN=0.
0.8hON
= (CUTOFF $10. 1/ (CUTOFF-10.)
NONJ=2. $(CUTOFF - 10. ) /EMAX
NOM4=(CUTOFF+10.-2.8U) /(CUTOFF-10.)
RON1O=(10. ~UIBRON/D
NONDO=(10. +U)/(10.-U)
AONIO®?. 2110, -U) L HAX
RO 20 I=1,M
RONS=Y (1) 4AONA
KONswY (L) $00MT
RON7=SORT (AON3ISRONS )
AONSO=Y(I)¢1,
ADN6O=Y (1) +RONO
KON70=SORT (AONIOSAONSO0)
FXaH(I )R CAONI BRONSEBIEEXP (-NON?) /RONSSEIRONIOSRONSO9S28
TEXP (~-KON70) /AONSO!
FXSUMSF X $F XSUN
20 CONTINUE
CSEC=F XSUM
GO 70 &
T IFGULT. 1260 TO 3
FXSUM=0.
AON1=10.3K0N
AON2«(CUTOFF+10. 3/ (CUTOFF-10.}
KON3a2, 8 ¢(CUTOFF-10.)
KON,
KON1O=4,SSNON
RON3O= 18, /ENAX
AON4O=E,222222-U/4.3
KON11=hON
RON21=¢ 1, 4D/ 1)
KON3L=2, 808, -UI/ERAX
00 30 I=1:n
RONS=Y (1) 4KON4
KONA=Y (1) $ROND
KON7eSORT (RONISKONS )
XONSOQ®Y (1) +h0ONAO
KONSO=Y (1)41,222222
ANONZ0=SORT (NONIOSNONSO)
RONSEI»Y(I)41,
KONS1=Y (1) 4RONZL
KON71=SORT (NON31SNONS( ¥
FXuH{L ) ECKONTSRONSESDREXP{-AOND 3 /NONS3 83 4RDNI ORAONSO
1EXP (-RON70) /RONSUSEZHRONL1SRONS1EISEXF (-RONT 1) /AONS
FXSUM=F X $F XSUM
30 CONTINUE
CSEC=F XSUN
60 T
3 IF(U.LT.CUTLOWIGO TO &
FXSUM=O .
KON =10, 0X0N
RON2=(CUTOFF 410,17 (CUTOFF-10,)
RON3=2,8(CUTOFF -10. ) /EMAX
KONIe(CUTOFF$10, -2. 80U/ (TCUTDFF -10.)
KONt SERON
AON30=10. /ENAX
KONA0=1,222222-U/4.3
RONL L oRON
abMILe) . B/ERAX
MOag=) 23020240/, 43
RONL 22T, SRONSL . | -UI 88D
MON22= (L 18UI/ZE 1 -
AON32 S 1-U) /EMAX
00 40 f=1en
AONS=Y (1) 400N4
PONAeY ) ERON2
AONT7»SORT INONISAONS )
RONSO=Y ([ ) 4KON4O
RONAO=Y(T1)41.222007
ROHIO=SORT{RONIOSAONDO
ANNS =YL bRONAL
ROMAI=Y T 8E, 22220
ROWTI=SORT CAONITORONSY )
AONS2=v [ 41
POWA Y Y I Ty eRnwIY

<

2

FEMAX
U)/(CUTOFF-10.)




AUN " QR T (NONIIEROND DY .

FURHOL 0 RONTORONDSOZSEXF (AU ) ADNGSS S+ADN 1 OSAUNTOS Tt
1EXF RUN'O)  NDNSO +AUNE | SRONS T SEXFC-RON L) RDNSIBE Y o0
VERONL CORONS20E S SE NP L-AONT2 ) RONG Y > 0-
1.
1.

FASUASF X $5 SN
40 CONTINIE

USEC: ¢ vium

[UIRTONS

=

oN

PONI= CUTOFF#10.) 7 (CUTOFF~10.)
RON3: . 8 (CUTOFF -10.)/ERAX

A& CUTOFF #10.-2. 80/ LEUTOFF-10.)
AONIO 4. SBNON

Enax

222222-0u/4.3

3
(. 1-CUTLOW)I S92
. RON2Z=(, L CUTLOWE/ (. 2-CUTLOW)
NOMIZ 2. 04, 1 -CUTLOM) /EMAX
NON4TNON2Z-2. SU/ (. 1-CUTLOWY
AONB=2. 8V/ (CUTOFF-10.)
AONBO =V /4.5
AONB1av/ .45
NOMBZ=2, 8U/ ¢, 1 -CUTLOW?
NOME3=12,59M0NS (CUTLOW-U ) 883/CUTLOV
NON23=CCUTLOMSU P/ (CUTLOW-U)
AONIZ=2. 8¢CUTLOW-U) /EMAX
00 50 Ial.m
. RONS=Y (1) PhONS
. NONS=Y( 1) 4ROND
KONZ=SORT (AONISKONS)
; AONSO=Y( 1) +AON4O
} NONeOaY( L) +1,222222

NONZ0=SORT (AONIOSKONSO )

AONS1aY( 1) PRONSL

NOMGRaY Ty 4L, 222222

AONZ1=SORT (ROM3 | IKONS2 >

RONS2=Y(1)+RONA2

AONSZaY (1) 4KON22

AOM72=SORT{KONI2SKONS2)

NONS3I=Y ()4

AON&3=Y (| )4RON2I

KON?73aSORT (AONIISKONSI)

FXSHCT) S (KONLSKONSSS28EXP ( ~KON7 ) /KONSSEI
14+KON10OKONSOSE29EXP L -KONTG) /KONSOSS2 RONT 1 IRONSI SS2SEXP { ~KON71 )
1/KONG 1 ESI+RONL DOIRONS2828EXP ( ~KONT2 ) /RONG2 )
14KONE 3SKONSIZE2SEXP ( -KON?3)

FXSUM=F X4F XSUN

SO CONTINUE
CSEC=F XSUM
GO TO &
RON1=10. SRON
KON2=(CUTOFF $10. )/ (CUTOFF-10.)
AON3«2. 8(CUTOFF~10. ) /EMAX
AONA= (CUTOFF $10,~2.0U) / (CUTOFF~10.)
KON10=4, SEKON
KON3O=18, /ENAX
uan:«:-: L 222202-0/4.3

-

“u

AON4 )=} 2222-U/ .43
KDN12223, aKOMNE( . 1-CUTLOW) 882
KON22=(, 1 $CUTLON? /. 2 -CUTLOW)
KON3202,8(.1-CUTLOW) /EMAX
NONA2=KON22-2, 81/ ( . 1 ~CUTLOW)
RON®=2, 8V/ (CUTOFF~10.)
KONBOY /4,5

KONB1ev/. 45

KONG222,8V/ ¢, 1-CUTLOM)

XON33=2. SCUTLON/ENAX
KONA3=. -2, 8U/CUTLON
FASUN=O.
DO 40 Is1+M
KONS=Y (1) 4KONS
RONG=Y (1) $KONZ
KOM7=S0RT (KONZEKONS )
KONSO=Y ( 1) $KONAO
KOMO=Y (1) +1.222222
KONZO=SORT (KONIOSKONSO )
xnnsl-vuu-mx
(1)45.222222
loun-mnmn:nun-sl »
KOWS2aY (1) $KONSZ
KONG2eY ¢ 1) +KON22Z
KON?20SORT (KONIZOKONSZ
KOWS3eY (1) +K0NQ3
KOW?3=8ORT (KOMIIKONSS)
KONG3=Y (1)1,
"mm.ta.uu-ml XP(-KOM?
1 -KON70) ........nnousnlztnn-wu?n
uxwln:uulmmn-mn( -KON?72) /KON62)
- 14K0N1 IEKONSIES29EXP ( -KONT3)
e €0, 2 F =M1

(SORT (KONS/KONS) ) /00N
16+SORT (KONG/KONS ) ) SEXP( -KON? ) sor
27 (KONAO/KONSO ) ) /KONSO+SORT (KONSO/KONAO ) ) SEXP ( ~KONT0) /KONSOIKONT 1
SORT (KONG1 /KONS1 ) ) /KONSS FBORT (KDNS1/KONSL ) )
JSEAP (~KONT1 ) /KONS1 S92 PKONL 2BKONS2E (KONS20ARS IN(SORT (KONE2/KONS2 )
- 25 /KONGZ$BORT (KONE2/KONS2) } SEXP -KON72)
SoNONI JEKONSISKONSIE (KONTISARS N ( SORT (KONE3/KONSS) ) /KNGS
SSORT (KOMBI/KONG3 ) ) SEXP (-XONZ3) }

lf' £0.3)F =Ml XP(-KONT)/KONGIS2
XPL-KON7O 1SKONSISEXP(-KON71)/KONS1 082
l SRON120R0NS20EXP ¢ -I“’?l JERONT ISKONIISXONSISEXP (-RONT3)
FNSURSF X6 XSUN
40 CONTINE
IF CADRNCH. £0. 2)F XSUN. 436419887 XSUN
CHEC=FXSUN

IF(U.LT. 0. )CALL RETARD(V,CSEC, TSEC)
& COECaCSEC/AY

35119068 -01
- 8013809€-01
1213106
«1522032
-+3132488 + 1933304
- 3194124 2091983
< 1000349 12152439
+ 1080349 « 2152439
«3191124 +2031
13132008 + 1833384
4872920 «1972032
-0272013 1219106
9204349 +0013009%€-01
- PRAETA TR IDHAF A

+ 484

B W Y S
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Appendix B: Listing of threshold temperatures program !
i
¢ UM SURDH TRTGEE ) !
PO G TROLST S T 00004 K RS K 0000 T
LEal sl 000 TUTOE) 3048004 1
L) "
VRUGRAN e 4
, THiS S0 LOmfUTES THE CRITICAL TEMPERATURES FUN SFAUEENAE | 10 SUMA: SUMAHF INTGE ) | !
MATERIALS INCLUGING ANGULAK BLFENGENCE b 1 (8L L0, I oF bUE : '
THeh - LUOTUR 2 10.%00 00
. COUBLE PRECISTUN U < '
CONMUN/ATRL - ERX L2 o IXE 52 vRSACI2 1 v BORSD) o WSEE 8004 20 §.0) COOEINTG-DE /6, 031050M8 1), 08SUR 4, 085UNE)
LOMAOR ERCMeREMeArHoC ok 2o IFLGe LLHRSDTNIGELO) TTER-1TER) 3
UIMENSEUN 1080060 o DUMRY (A0 0 LLUMCAS) o DTS C 0y 1i=1reeey
EQUIVALENE CBURNAY, TThum) 1 ell.6t .60 GO T0 &0
DAVA EFS/1,06~5/ s D0TS/0.050 0.0 BINTGC 1T 2EINTG
DATA NUNS/ L/ P NURE *09 "y LFLGE /37 oML/ L/ pNb 2 00 L0 TQ 40
PATA LU/ 13 e [TRAC/ 20+ (SECT 0r 60 UINTGCAI-DINTLIYY
FINTG(S) =B INTG i
DO 500 N -NUNS . NUNE [ .
WHITEC1.3000 N 40 15 (ABSEINTG-SURR) /€ INTG-ERROR) S0.50s 30
HOO FONRATIDE 8 Do N3’ s12) €
=g mxoN) 30 HUR225UM$50M4
LTI SiMAsE INTG L.
GO SO0 MEARTINPY NP [ TR
FACENFARTSES- 3 GO To 4
DISBOIS(NFART) "
WRITECL.804) NPART S0 DINTGOIY=CUTOR
} HOS FORMAT(10 . "« NPAKTS ', [2) DINTGO) E Y B
1 DO 300 IFLG=1s1FLGE BINTGC3r=lE
IFEIFLG.6E.2) 6O 1O 90 LFCITER.ED. 1) RETURN
d A=0.0 fINIG=4146.08LINTG(S) BINTG(4))/15.0
¢ b:0.0 KE TURN
L :0.0 (14
IH(NPART . EQ.1) [SeEN ¢
IF(NPART . £0.2) TS=EM/2,0 FUNCTION RCUKRCT)
60 10 10 COMNON EH N KEMsAe By ToF 2o IFLG TCHR  DINTG(10)
90 A=ESAINY KEM=EM/T
BPSPIND CALL INTG(EINTD)
CoBSC(A) KCUR WL MO REXP (2.0 ) SDNSEINTG4(A-B/(1.04CTIO8T18FZ-1.0
IF(IFLG.EQ.2) GO TO & RETURN
DZ=DBLE¢ Z(N)) END
BETAB=SNGL (7. 37D08DZ83( -0.5687500)) 3
FZa(EXP(BETAB)~BETAD~1.0)/BETALINDS2,0 FUNCTION FINTGIE)
MRITE(14201) Z(N)RETAD COMMON ENDAsRKEMeA ke CeF 2o IFLGe IENN+DINYG(10)
201 FORMAT(10Xs " Z=' oFS.1¢5%s ‘BETAB="E15.7) F1%-2.085QKT (E) -RENSE
GO TQ 8 IF(IFLG.GE.5) GU 10 10
6 FIs1.Q 1+(P1,GT.-20.0) GO TO S
H IS=TCONWNFART) FINTG=0,0
IF(NPART . EQ.1.AND.TS.LE.3.0E-4) TS=EN KETURN
1F (NPART.EQ.2.AND.TS\LE.1.0E-4) TSsEM/2.0 4 FINTG=ESETREXP(PL)
10 DT=DTS RETURN
NPATH=1 10 X=0,27558(ALOG(E)~1,658)
' 20 FL=KCUR(TS) ¥=-0,0228/(X¢SART(XPET40.0I26))
4 30 TSS=TS+DTEFAC HETAS=EXP(Y)
: IF(TSS,LE.1.0E~4) GO TO 500 F2aP1IRETAS .
FHsRCUR(TSS) 1#4F1,67.-20.0) GO TO 15 :
! WRITE(1,800) TS+FLFH,DT FINTG=(E/PETAS)SIREXP(P2182.0 i
' 400 FORMAT(4F15.7) RETURN
: IF (NPARY.EQ.1.AND.TS.LE.1.0E-4) GO TO 500 15 FINYG=(E/PETAS) 8828 (EXP(P2)-EXP(P1)R{PETAS41.0))82.0 .
P IF (NPART.ED, 2, AND. FS,GT.20.0) GO TO 300 RETURN
; IF(FLOFN) %0:50,40 END
40 TSaTS4DTRFAC ENDs
FLAFH

GO TO (30.30) .NPATH
30 DT=pT/2.0
NPATHD
IF(DY-EPS) 50+60,30
50 WPAT=NPART+(IFLG-1)82
TC(NIAPATI=TS
WRITECH,200) IFLGSTS
200 FORMAT(SX,  IFLG="»I1e5Xs TCa’,FB. &)
00 CONTINUE
CALL EXEC(2+LU+EMX e84+ ETRACS [SECT)
CALL EXEC(2sLUsDMX+64s [TRAC ESECT+1)
caLt LUsRSA»64+ [ TRAC, ISECT+T)
caLL 20LUIRSEs 642 I TRACS ISECTH3) .
CALL EXEC(2+LUsBSCr+64+ITRAC ISECT+4) ~
CALL EXEC(2¢LUsZr647 ITRACS ISECTHS)
00 300 Jyeird
ISECSISECT+I4S
PO 310 [=1,32 !
DUNMY ([ FC(Ts ) |
310 CONTINUE
CALL EXEC(27LU+DUMMY 64+ ITRAC, [SEC) |
300 CONTINUE !
TDUNC L) eNUNS
TOUM(2) vNUNE
CALL EXEC(2+LU» [OUM 444 ITRAC 1SECTHID)
STOP
END

BLOCK DATA
COMMRON/NTRL/ZEAX (32) s DX (32) s BSA(32) s BSB(32) , BSC(32),2(32)

DATA EMX/0.8+0,3:0. :.o.az-o 33+0.35,0.3/0.4,0.3+0.15,

40.2510.8+0.25+0.4¢0.8,0.35¢0,34:0.3%,0.,39:0.085,0.15,

.7z.o.~s.o.sv.o.:/ .
DATA OMX/1.45/0.97¢2.6¢2.303.48¢0.75,2.2¢5.0¢3.0+2,1,

A1.Br1.4,0.9244.001.0r2,53+2.3902.3551.52¢8.3802.1¢

$2.05,2.1 1 e191.03,1,49+1,8451.07

0129.0,29,0:8.05.3,

16,9+15.3+10.0+5.0s !

.l0.0-S.O-S'OOS.Or7°-lv02.
DATA BSA/0.4802,0.1548:0. 123.-0.]2! 0.123
A0.313440.09¢0.0790.07:,0.273» i
90.2:0.183+,0.1238+0.06,0.123840. 0‘10 08+0.04+0,.458:0.373 '
C0.439:0.08/ ;
DATA B89/0.3546+0.0303+0.0172,0.0172,0.0172,0.0:0.0492¢ |
i

|

v

+0.00:0,3134,

R0.0692+0.070.0:0.0+0.04+0.073,0.0172,0.289+0,037+0.04,
90.042,0.037:0.0172+0,000.0172+0.0+0,0,0.0+0.338:0.276+
€0.32%:0,0/

DATA 29C/0.6103+0.3431,0.3433,0.3433,0.3435,0,000.4207¢
#0.420720.0:0.0¢0,0+0.54:0.344,0.3433,0.632+0.302+:0, 399,
$0.41+0.302,0.3439:0.0,0,3435,0.0¢0:000.010.612,04617+ ,
€0.613+0.0/ ‘

€no '3

SUBROUTINE (NTG(EINTOY i
COMNON €MD KER-AsBeCoF T+ 1FL G, xcm.nlnmtlo) I
DATA ERROR/1.0E-4/+sEFCUT/1.0E-7 !
17ER=0 (
PO 100 [=1,200
CUTOF =g
ECYE=F INTOICUTOF »
1FFCUT.LE.EFCUT) GO TO 110
100 CONTInue
WRITEC),989)
P89 FORMAT( - usunlcn:nv § OF DOMAING ) 1
110 pE*CUTDF /10 1
My etCUT !
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Appendix C: Listing of CYLVIA

e
NI Y S RIv
PRORAR VAL 1500

PUKEUNE (b RIMGRAR LvaM

O OMIATE THE FOUIENTTAL DL TRTEUTION ARIING A SFALE URAFT
LRI K MALNE TOSFRER LT CONDT ! Tuns
THE SEATECKAT 1S LIVIBED INTO ECTIRS, FACH UF WHIUH
AAY TUNTAIN SEVERAL GRIL FOIMTS. SHKEAEE RATFRIAL FROFERTIES
ARE SET UE 1N Ssb DATRED USING THE CONTENT s THE F1LE DIATRAZ.
THE INFUT FILE DATING WRILH SAts WOw THE b ark teak ) SUREALE 15
VIVIDED, IS ALSO REAL IN CAIREN.
FILE 1S SCRIFTLO0NS
lvavln.u.\llmlvrmm ARE INFUI FILFS
FOTIN 1S USED IF FLAL IFOIS-
FOTIN RAT CONTAIN SUKFALE FOTENTIAL INFUORNATIUN
WHICH SHORT-CIRCUITS THE  GUESS FLELG  INIFIAL L ATE0N.
TAREH=FUTGUT CONIAING BRIEF INFORRATTON ARaUT FOTENTTAL
TAFER 1S REWUUND AT EACH MAJOK LTERAT TN
TAFEY:0UTFUT IS THE RAIN OU FUT FILE

llFSL'Ili"IDN UF THE VARIAHLES
ACUKCY TOLERANCE FON QBJECTIVE FUNCTIuN
ANG ANGULAR LUCATION OF GKIEB FOINT VD IN S 8 S0
ANGO IS ANGLE KETWEEN FHE FIKST GRID FInT anh 'Wek SUBSOLAR FOIN
CHSCAT  (NON-DIW) CURNRENT DUE TO BALRSLATIEES
CHSCAL1  FMITTED BACKRSCATTER CURKENT A1 GRIO FNINT
BSCAT1.HSCAT2 BSCATS CORFFICIENTS OF AT RS(ATIER ERILSTON
CELEC ELECTRON CURRENT Al GKID ¢ OINT
CHUNCL44)  CURRENT LUE U CLECTRUN OF 1ON LON
CION ION TUKRENT
CPHORX  FHOTOELECTRON COEFS FOR A LIVEN MATHS [A1 s CRUAME 188
(LFROTD PHOTOELECTHON CURKENT
CSFEC)1 EMITTED SECONDARY ELELTKON CURKKENT AT (D FNINTS
CSEC TOVAL SECOMPARY ELECTAON CURKENT AT LELD FiiNIS
CSECTR TOTAL CURKENT FOR A GIVEN SECTOR
MELEE DELMAX COEFFICIENTS OFf SECONDAKY EMISSION
DELT STEF IN OKBIT INTEGRATION
DFHI FOTENTIAL [NCKEMENT
DENE1 ELELTRON NUNBER DENSITY FFR CUBIC METER
CORRESFONDING TO A LOW ENERGY MAXMELLIAN VELOCITY DEISTRIBUTION
DENED ELECTRON NUMBER DENSITY CURKESFUNDING 10 A MIGH &NERGY
DENIS.DENI2? TON NUMBER DENSITIES
DFLTAX  GRID SFACING IM X COORBINATE
DELTAY GKRIL SPACING IN Y COORDINATE
DVUDX=xPOTENTIAL DBERIVATIVE IN x DIRECTION
LYDY=FOTENTIAL DERIVATIVE IN v RIKECTION
EVs BTH OWDER MONDENERGETIC VELDCITIES
EA=8TH ORDER MONOENERGETIC WEIGMTS
GAMMA TEMFERATURE RATIO(GIVEN SPECIES TEMF/REF TENF)
IDIL FLAG FOR FINE STRUCTURE (SECTORS)
IFAULT=FLAG FOR INCLUDING OR EXCLUDING [ONS,ELECTRONSFHOTONS.ETC
1GEOM 1S FLAG FOR GEOMETRY OF SPACECRAFT
IGEQMat THE CRAFT IS AN INFINTE CYLINDER
IGEQM=2 THE CRAFT 15 A PROLATE SPMEROID
ILEV FACTOR OF DJVISION OF VELOCITY LEVELS
IPOLIS IS A FLAG USED IN S/P GENGRD
I1POIS=0 A GUESS FIELD IS COMFUTED USING LOCAL CURKENT RALANCE
IPOIS=1 POISSON EQUATION SOLVED USING UPDATED DATa
IPOIS.Y RESTART THE PROGRAM AT THE LAST ITERATION
ISTABLE IS FLAG INDICATING STABILITY FROM ONE ITERATION TO NEXT
ITER [S NUMBER OF MAJOR ITERATIONS
ISYM=0 CORRESPONDS TO NO AXIAL SYMMETRY
ISYm=2 THE FIRST GRID POINT MARES AN ANGLE EQUAL TO ANGO WITH
THE SUBSOLAR FOINT
JLOCAL DEFENES SURFACE MATERIAL
IROOT»FLAG INDICATING CONVERGENCE AT A GIVEN GRID POINT
H=INITIAL STEF IN ORBIT INTEGRATION
LUN3 LOGICAL UNIT 3(DATBAZ)
LUN& LOGICAL UNIT 4(DETAILS FOR CURRENT DUE TD SECONDARIES)
LUNS LOGICAL UNIY S(DATIN)
LUNS LOGICAL UNIT 6(CUT-OFF BOUNDARIES -ACCEPTANCE ANGLES
FOR PRIMARY PARTICLES
LUN? LOGICAL UNIT 2 (MISCELLENDUS)
LUNE LOGICAL UNIT B(POTOUT)
LUN? LOGICAL UNIT 9(0UTPUT)
LUNIO LOGICAL UNIT 10C(POTIN?
MANUMBER OF UNKNOWNS IN I DIRECTION (RARIAL)>
NPOINT=NUMBER OF UNKNOWNS IN J DIRECTION (ANGLE)
NANG THE VELOCITY SPACE IS DIVIDED INTO Q8MANG-1 INTERVALS
FOR ANGLES(USED FOR SECONDARY ARRIVING PIRYICLES)
NLEVEL NUMBER OF VELOCITY LEVELSs «NTIMESN
NTINES FACTOR OF MJLTIPLICATION OF NUMBER OF U!’LOCH‘V LEVELS
NSAMP=NUMBER OF VELOCITY LEVELS AT OUR DISPOSAL.
NSECT=NUMBER OF SECTORS
PERSECSNUMNBER OF GRID POINTS PER SECTOR
PSECTR=SURFACE POTENTIAL FOR A GIVEN SECTOR
PROUND=POTENTIAL ON OUTER BOUNDARY (USUALLY ZERO)
PHI=POTENTIAL OF SPACECRAFT SURFACE AT GRID POINTS
RATIOG(1)T(2)/70¢2)T(1), SEE SUPROUTINE GENRAT
RAD=RADIUS OF SPACECRAFT
SROUND=LM(QUTER BOUNDARY RADIUS/SPACECRAFT RADIUS)
SECINT COMTAINS [MDICES OF GRID POINTS PER SECTOR
SECPRE=EMITTED SECONDARY CURRENT DUE TO PROTONS
SECPRN=TOTAL SECONDARY CURRENT DUE TO PROTONS
SUNANG [S ANGLE OF SUN RELATIVE TO HORIZONTAL AXIS
TEMPB=®SCAYTER ELECTRON TEMPERATURE IN EV
TEMPE1wPRIMARY ELECTRON TEMPERATURE IN EV
TEMPE2=PRIMARY ELECTRON TEMPERATURE IN EV CORRESPONDING
TO MIGHER ENERGY POPULATION
TENPT1=10N TEMPERATURE IN EV
TEMPI2+10N TEMPERATURE IN EV FOR HIGH ENERQY SPECIES
TEMPFa PHOTELECTRON TEMP IN EV
TEMPR=REFERENCE TEMPERATURE TAREN AS 1000EV
TEMPSeSECONDARY ELECTRON TEAP [N EV
TEMPSP=TFMPERATURE OF SECONDARY ELECTRONS PRODUCED BY
FROTON TWPACTS
X8+X55 RAUDIAL DISTANCE
YaSURFACE ANGLE(DEF INED N GENGRD)
IMPORTANT CONSTANTS DEFINED ELSEWMERE

ACCHIN IS TOLERANCE FOR ACCEPTANCE ANGLE (DEr INED IN S/P GENORP)
HCMS DEFINES [NITIAL STEFP SIZE FOR ORBITS (5/P GENGRD ANU FROLAT)
TOt 1S TOLERANCE FOR ORPIT INTEGRATION (DEFINED IN S/P DRPIT)
VALL 1S ANCURACY FOR VELQCITY SPACE MINIMA (S/F 10M AND ELFC)
FXTFRNALS

BSCATR

DATE

NATRED

prvear

FLEC

€1 FRN

F InORD

FL WO

LR NREn

-

T OARSasRtssseassssssssssssRonnssussstsstnuessssnssssssssunsasasnssssss
c

Sesessnssrcan

NOTES 1N DI NERGL . TNDE

)
e
e

ton

[EANT
1eads it
[RIGIN
POl al
Aaon

DI leAL LNET 8
(LAl ont

L kEEERS 0 SECTORS
TNk € 2 RESERY T GRID FOINTS Al |,
INDES N REFERS TU VELIn IS (FuELS
Iratk a

REFERG TO ANGEES S LHOLTY SFACED

Infi D 1T WpukLE FRECISTON A W.0 2)

THTEGER FERSECSELINDE ERE AN ANTND

S BARDN  ROR Y

I v RAVE LA U cUSAVE CLA e Lo ok BT TREL 1 LSECTR (T80

SIECEE CI0) IEEMAK (L& vt MAX  JersETA U b 6Tl CT0 s

ACAT (160 KSCAT SCLA I ef HU 0,401,

LONGAO Y CCRHIIAT A 160 5 SUNANG s ANGU « BUUNDIL ( 204 40 ) « KOUNDT ( 20+ 40 )«
S ANGL 040 VT T LN0r AUy JUHELRET0 . 400 o RATIOUT S0 TRONT (Lh s
CLEAUL 0 141s HOCAL (16 LLONCTaY .

EVTL 000 b Vo) NCEVONTIRES TLEV TENING20) 2 TIRAXCTO0) s VINUNCTO) o
TIELGeMPDINT Mo TGEOR TSYMe TFOTS o NSEC T o NFERDD REERON, THIAY .
DLABMAC VIR L 70160 IWVIT 70,1602 T (181 o DEL TAKLEL TAY,

BYG1AA 181 XS aA) L XSSO0,

FVARKBLE (45 T lEL 1 » SHOUND s NUTM FOToHe J1oKP12RE D «REIHAF »SOTF T,
SSAYCTEMFE L TENEE D DENE L DENED - RENTLADENIZ o TEMPI L TEMPLYY
STEAMPR LN UNASLUNS s LUNSLUN7»LUNB A LUND oL UN1O ¢

TILI V160 e D IL 1A o PERSEC (161 «SECINDIG16)  TFANEL (1a) s
CFERFANCLA, 41 s FANTNDCLS)

ITONI 1A G L LECH 160 USECTIA)+CSECI(14) «CFHOTOUL14) s
2CFHOTLL16) e LESCAT(18) +CBSCAL (160 +SECFRNI148) rSECFRIC16)

TFHI 18 CLUNCES) o

IRALE s JOAL  IFHT « NANG e RAD o FHOUND : OPEGA L ALFHA SO+ JF 4+ 1SeECSy
JEAFVICN0EFTVI(Z0) » IERROR e TETMINS TETHAX » HETAL s RETAD JLESS,
UL ARRIVCFHe X1 o CSECEL «CSETCEL/CS2+CRaCS1ALET

COMMON/RLND/ DELF (163 1EXMF(16)

CTMMONZ BUR S/ TNAML » INAND, INAMD . INARA S INANS s INARG - INAMT7 > TNANS .
1 INAN?, INAMLO0s INANL L INAMLD INANL I INAML 4 INANIS . INAN] G,

D INAMI 7o INARLB, INAMED ) INAM2O

COMMON/ BL R4 /CE » CURENT

CONHON/HLRG/ TEMPE + TEMF L. DENIRATE s NUMsNTOURSVZERD R+ TZERGYVNIN,
1 uRED

UIHENSION NAMG(3) »NAN7 ()

DIMENSION NAME D (3) oNAMED (3 oMANEI(I) , NAREACI) s NFMES( I
DINENSION NAML3C3)sNAMLACS) -NAMES(3) 1 NAMIS( D)

DATA NAME 1, 2HUA 2HTR, OHD 7

DATA NAMED/ THF (1 PHIS . DHS /

DATA NAMEZ,PHIO0s DHNC » PHC

DATA NAME4/HFHL THOT ) 2HG

TATA NAMEYL . DHGU. PHES s INS

DATA WARS /WD« 2HUP . OHT ¢

BATA NAMT/IHSUTHAC THK ¢

DATA NAMLEI/OHEL » THEC S
DATA NAM14/ HSE » THCO
DATA NARMIS/JHBS: "HCAL OMT
DATA NARI&/DHEL . . PRI THN ¢
LUN3=1]

LUNIO=10

[4 'R.NCNINB INS'RUCYIDNS FDR SEG"EN'AVIDH
T

INANL.EQ. 1)

IF(INON «EQ.1) bO 10 °Oo"
IF (INAM3.EQ.1) GO TO 9003
IF (INAM4.EQ.1) GO TO 9004
IF(INAMS.EQ.3) GO TO 9003
IF CINARG.EQ. 1) GO TO 9006
IF (INAM7.EQ.1) GO TO 9007
IFCINAM13.ED.1) GO TO 9033
IF(INAM14.£Q.1) GO TO 9014
IFCINANLIS.EO.1) GO TO 9015
IFCINANLG.ER. 1} GO TO 9016
LUN1O=12

RPI*3.14159256D0
RP]2=2.0D03RP]

RP IHAF=RP1/2.000
SATPI=NSORT(RPI
SAY=1.0D0/SQATP]
ACUCY=1.0

RAD=1.0
PBOUND=0.0
IFLG=0
30=0.0
ILEV=L
ITRACE=t

ao0nan

READ IN DATA AND ORGANIZE ESCTORS

CM L EXEC(BsNAMNEL)

9001 INAM1=OQ

C
c

ININY=M$2

N=NPOINT

[ INIVIM 17€ ARRAYS

1 )=l eNPOINT
lllDD'(J)-o
CIONt ) =0,
CELECT =D,
CPHOTO( ) =0,
CSEC(1) =0,
CRSCATC =0,
SECFRNt J1 =0,
CFHOTLE ))a0.
CoUMt Jy=0,
CSECTRI{ <0,
PHIC11=0,0
CoNT IR

- . . oAk mcds

»a e

o

PR e T




.
VA ENESATE INTTTAC s TENT Ll sl E
ALt HaNanE

RE LT A

Pigl puRmAl 10N, WURRER UF ITeRaliowss (1.

C O ORbUTE NEW INUIUES $UR CURRENT COLLECTIUN [F srmmt Thy
NNEN
IFOISYR. 2R, NNsN D
MNLaNM-L

e

BULLD FOTENTIAL OF SECTORS FROM FOTENTIAL AT GRID FOINTS

L=y
[0 4000 T=ienNsECT
r kg RSEC T
N_uL eN
NisLat
L0 400t NJaNE N2
JeSECIND MUY
PSECTRUL1=FMTC )
4031 LOMTINUE
Bl Y
4000 CONT ENUE
<

COBReUsEesnEt ot EaUssuTsAsEIrNIueasariasvauirieExatnssosiossnstussessists
L START ITERATION FROCESS
3

TTER=D

4010 NTQUR=Q
c
<

c
4199 CONTIMUE
C GENERATE GRID AND CALL POISON SOLVER
CALL EXEC B NAMED
F002 INAM#0
TIX1 FORMAT (@ULXLIFE12.5))
CaLL ESEC(B NAMS)
2006 INARGYO
NTOURSNTOUR S
ITER=ITERSL
4100 FORMAT(/  SECTOR  PSECTR CSECTR ELEC Cur)

COMPUTE CURRENT COLLECTION FOR ALL SECTORS AND ONJECTIVE FUNCTION

COMPUTE CURRENT COLLECTION DUE TO FRIMARY FARTICLES
ANU SECONGARY EMERGING PARTICLESS
BIPASS COMPUTATIONS 1F FLAGS I0TL AND JDTL CONCERNING FINE DETAIL
STRUCTURE ARE NOT SET TD ONE
La0
15#0
4200 I5a]S4l1
IFCIDTLCIS).NE. 1) GO TO 4200
An=FERSECLIS)
NIoL ¢AN
LEL
4201 NUEm )
J=SECINDIND)
Py
IFCUDTL(JI.NE.1) GO TO 420t
IFLISYN.ED.O) GO TO 4210
1F(J.LE-NN) GO TO 4210
C IF TMERE I5 A SYWMETRY+SAVE COMPUTATIONS
c

k)

CION(JI=CION N-141)
CELEC¢ ) =CELEC(N-U+1)
CSEC1¢ I =CSECIIN-J41)
COSCAI S =CPSCATIN-J¢1)
SECPR1(JISECPRL(N-J41)
GO 10 4202

4210 CONTINUE
CALL EXEC(B.NAMES)
9003 INanl=0
CaLL EXEC(8:NAML3)
9013 INANLIA0
4202 IFINJ.LT.N2) GO TO 420)
[N
IF(IS.LT.NSECT) GO TO 4200

onann

COMPUTE CURRENT COLLECTION DUE TO SECOMDARY ARRIVING PARTICLES

Le=0

15=0

ISel5+3

IFCIGTLCIS)I.NE. 1) GO TO 42%0

WROPERSECIIS)

N2ELRK

et

4251 MJeNad2

JaSECIND(ND)
Py
IFCJIDTLC I .NE 1) GO TO 4231
IF(15YM.EQ.O0) GO TO 4260
IF(J.LE-NN)> 0O TO 4260

€ IF TMERE |9 SYWNETRY,SAVE COMPUTATIONS
CPHOTOUJY*CPNOTO(N- 441}
CSEC(JI*CSECIN-J41)
CPSCAT(JI=COSCAT(N-J+1)
SECPRM( I SSECPRNIN-U23)
GO ro 4232

43

)

c
4260 COWTINUE
C COMPUTE SECONDARY CURRENTS
IFCIFAULT(3).EQ.1) CALL EXEC(BsNANEA)
9004 INAMS=0
IFCIFAULTE?) EQ. 1) CALL EXEC(BsNANIA)
9014 INAN] 42O
IFCIFAULT(E) . £0.1) CALL EXEC(BINANLS)
903 INAM1S=0
IF-IFAULTI141,EQ. 1) CALL EXEC(B-NAM1S)
9018 INAML4e0
A28 IFum LT ND) GO TO 4234
Lol shn
IFC1S,LT.NSECT) GO TO 4250
4
g COMPUTE TOTAL CURKENT AND SAVE TOTAL ELECTRON CUKRENT FOR SECTOR
IS0
WRITE(LUNA,410)1)
4101 FORPMATL//  J POTENT {aL 107CUR 10NCUR CLECCUR .
8 PHOTCUR ENIPHOTCUR SECONDL UK EnISECUR RSCATCUR /7
2 EmENSCAT ELE IND EMD ELEC I00 il
WRITE (LUN®/ 13080 1TER
4270 15194y

c2

T R o

T RN (T Y
T TS L LN R R T IR R
Poasgr b0 f0a

IR

CORUELL UL TIUE P UNL LN AN SavE LURRENTS ana SUTENT LA S

[ N R

LU S TN S R N Y

RLNED FITSI Y LIS NE TN

CHAVE LT otiton s «(SECTRETD

FSAVE ) cNIOUR e PSECTRO L)
1000 COMTInUE

WELTE MY, 15100 [TEROb

C010 FURRMAT . 1x. LIERAIIUN ¢ .13, Teb kg ive FUNCTION 1S o 3bE10.%¢
t
<
L
C IF AUCURALT UF ORJMECTIVE FUNCTION IS LRTAINED LG TU NERT STEW
IF QB2 E . AUUCTY GO TU 4200
4
C

IFNI0UL.EB. 1) LU TO "4u0
COUHECA IF (URKENTS HAVE CHANGED SIGN
( «IRUOT=1
HO 210 bey WSECT
IFCEROOT (I . FL. 1) GO TO 7210
TF CCSAVE 1 1o NTOUR I BCSAVE « [oMTOUR-1).LE€.0,07 1KOOTcT)y
7210 CONTINUE

C

C CMECK IF CURKENTS OF ALL SECTORS HAVE CHANGED SIGN
L}
DO 7220 Lag.NSECT
IFCIROOTL) . EQ. 1) Rakel

120 COMTINUE

9
IF R EQ.NSECT) WRITE19 +7230)

T30 FORMATC ALL CURKENTS HAVE CHANGED SIGN. NUM REFINE SEARCH VECTORS

»
1F (N .NE.NSECT) GO TO 7400

C

€ ¢FIND AFPROKIMATE RKOOIS FOR THE CURKENTS

C

00 7250 [e1.NSECT

IFCIPTLCI Y NE. L) GO TO ’2%0

PO 7240 JaeaNTOUR

JSTARTaNTOUR- JIe2

TF(CSAVE L [+ JSTARTI1ECSAVE ( [+ JSTART-13.LE.0.0) GO TQ 728¢
T2B0 CONTINUE

Ga 10 230

c
7200 PSECTRIT (=i PSAVE (1, JSTARY)-FSAVE ([ JSTART 1))/ (CSAVEC L+ JSTART) -
1 CSAVE(1.JSTART- 1 1)B(-CSAVE( ]+ ISTART-1))1¢PSAVE(S¢JSTART-1)

c
7205 CONTINUE
WRITE (LUN® 70903 PSECTROI) JPSAVE (1, JSTART ) +PSAVE( [+ USTART-11s1
7290 FORMAT( " APPROXIMATE ROOTS ARE- ¢3(1X/1FDIO.320 0687
72%0 CONTINUE

c

C NOW DIVIDE INITIAL INMCREMENT BY 5
OPUE~OPHL /5.0
NTOUR=O

€ KESET FLAGS TO ZERO
O 7300 1=1,NSECT
IRDOT (1) 20

7300 CONTINUE

GO YO 4499

4
€ WODIFY POTENTIAL OF SECTORS
7400 CONTINUE

DO 7450 I=1,NSECT
IFCIDTLCTY.NE. 1) GO TO 7430
IF(CSAVE (1 )NTOUR) .LE.0.0) PSECTR(IIaPSECTRC 1) -DPNE
1F(CSAVE(T NTOUR) .GT.0.0) PSECTR([)«PSECTR(1)+DPH]
7450 CONTINUE

RESET POTENTIAL AT GRID FOINTS

LG LI Y

4497 L=0
: DO 4300 e} .NSECY

IFCIDTLCI).EQ.0) GO TO 4300
AePERSECL1)
NeLR
NisL4)
00 4301 NeN1eN2
JoSECIND(NJ)
PHI(J)=PSECTR(L)

4301 CONTINUE
LeLén

4500 CONTINVE

4340 CONTINUE

C REVIND SHORT FiLE POTOUT
C CHECK SI1ZE OF ARRAYS
TF(NTOUR.E0.10} NTOUR®1

RECONPUTE CURRENTS

GO TO 4190

[4
4700 10ML= 0N -1
1FJ0ML.€0.0) WRITE (LUN9.4710)
4710 FORMAY (X, COARSE CONVERGENCE HAS BEEN REACHED/DO OKPIT FOLLOVING
1 FOR ALL FARTICLES )
N0 4701 I=1,MNSECT
1#00T 1120
4701 CORTINUE
1FCJOML.EQ.01 6O TO 4010
WRITE (LUN®,1301)
WEITE (LUNB. 130}

1301 FORMAT (1X: FINML CONVERGENCE MAS BEEN REACMED
4

340




(10

KLOTK lata

T L i DOUME FTRECTSION (A Heu [

COMRON BLA . TIRLF L8 vk amE (18

CORRON BURL [NARL TNAAL, [NAR S INARA, INAAS . [NARA L [NAR 7o I NARK S

L INARY INARLO INSAL L INARL s INARL L. INAAT @ [NARLY , [MART S

T OINARY S INAM I INARLY L INaR DY

CORMUN BLR A LE st UnENT

LOMAUN KRS (EAEE s TEAF E ol N kAT v MDA NTOUR sV BRI P o L IERUPVRENG

LLSLUNENT, Q.00 0L Ul

DELF ok XMF 1680, 0DV 1580 . U110

INARL L [NARD , INAA 3o INARA L [NARYS 04 00teUoy

INARG o TNAM 7. INARE S HARY Veued sy,

INAMTO . INARLL S INANL 1 [HARL 3o [NARI A 010200000/

INARTS . INARLS INARL 70 INARLY: [NART Y+ INARCO Co0e0004000
TERMFE o TEMP o DENSRATE sV ZE KU TZERU S VALN, UL BB 0D
NUANTOUE oA/ 8807

NI
SUBKUUTINE | aTREDIRASE s NANG » JORL + W HT )

e s il e

HEAD IND DATA AND SURFACE PRUFEMTIES.ASSEABLE SUKPACE OF SATELLITE.

e

r

INTEGER PERSECSECINUIPERFANFPANIND

COMRON FSAVE (144,101 USAVE 144+ 101 PSECTRE144)1 . CSRCTRO1 A,
IDELEE (20D v DELAAX CLA44)  EMAX 1441 L TALO) +PSCAT (1440,

DBSCAT 144) /BSCATIC144),FNUC 202401,

LANG( 40 1> LPHOMK (1 44) + SUNANG - ANGO « BOUNDL ( 20+ 401 s BUUNGL ( 200400+
JAMGL ¢ 2040 e VI (J0r 401 s [CHECR IO 401 RATIOUL 3 IROQT (1440,
JLIFAULTI 141« JLOCAL 1441 JCUNI 1441,

IVEEI0) sEVCB) s NLEVINTIRES LLEVeTIAINII0) o TIMAX S T0) +VIMINE 0D ¢
TACEAMI RNC1841,C 01441 BB144) BMI144)TH(144) sDRC144).

JEMC 1441, TWOCOS: 2000,

1 LG MPOINT M, IGEDN ISTR. IFOISsNSECT . NPEROD MPEROD . IDTINY .
SGAMMADVDXC 70, 48) +DVOY (0048 s 111441 . DEL TAX-DELTAY,
JYSc66,48),X5¢64)>1X55(70),

YVARBLE (42 s ToDEL T+ SBOUND NI LM« FOT e Mo 2t »RP L+ RP LD+ RP INAF o SUTF T ¢
JSAYTEMPEL s TERPEZ+DENEL DENED s DENT Lo DENI2 TENPTL, TENPI D,
ITEMPRLUNIoLUNSLUNS LUNSSLUN 7+ LUND L UNY s LUNIO

LIDTLCI 445, JDTLC144) PERSEC( 1441 s SECINDI 144) s [FANEL (14410
JFERPAN(14444),FANIND(144),

1CIONC144) ,CELECU 1443 . TSECC 144 CSECI(I44),CFHOTO( 1440,
2CFHOT1(144),CPSCATI144),CUSCAL144) SECPRNL144).SECPRI(1445,
SPHI(144) .COUN(144)

INASE + JOML + DPHT « NANG + RAD » PROUMD + ONEGA » ALPHA s 50+ WP ¢ 1S/ ECS
SEXFVIOT0 EFTUE«20) » JERROR TETH N TETHAX s PETAL.DETA2, MESS,
3L UARKIVCPMex T CSECEL/CSECEL/CS2CBIC51,C01

sessss
C FURCOSE
C (M IS S/P W€ [NPUT THE NMECESSARY FARAME TERS FOR A CASE STUDY
RASE 1CASE STUDY
TEWPIL :10N TEMPERATURE
TEMPIZ [1ON TEMPERATURE
DENTL :ION DENSITY
DENI2 :ION DENSITY
TEMPEL ELECTRON TEMPERATURE
TEMPE2 ELECTRON TEMPERATURE
DENEL ECTRON DENSITY
DEMNE2 ELECTRON DENSITY
SUNANG (SUN DIRECTION WITH RESFECT TO ORIGIN OF ANOLES
ANGD  IANGLE DETWEEN FIRST GRID POINT AND ORIGIN OF ANGLES.
SPOUND : DUTER BOUNDARY
DPHI i INCREWENT IN POTENTIAL IN KV
IPOLS FLAG FOR POLISSON SOLVER
ISYM :FLAG ABOUT SYMRETRY
T0EON IFLAG ABQUT GEOMETRY
NANG ! FOR ANGULAR SAWPLING FOR SECOMDARY PARTICLES
NTIMES: FOR MULTIPLICATIOM OF VELOCITY LEVELS
NPOINTINUMBER OF ORID POINTS IN ANGULAR DIRECTION
NSECT INUMBER OF SECTORS
SUNANGIANGLE BETWEEN SUN DIRECTION AND ORIGIN
IANGLE BETNEEN FIRST GRID POINT AND GRIGIN
SPOUNDILOG OF RADIUS
DPHI  IINITIAL POTENTIAL INCREMENT(USED FOR CONVERGEMCE)

nMANRAANPRORNNORRAOANNCAAN

CALL DATE (IDATE)
READC(LUNS» 99) KASE

99 FORMAT (13)
HRITE (LUND»990) KhlEnlnA'E

990 FORMAT (40X, SRASE= DATE=0/,A10/40X+25(8-83//7//)
c
c
READ(LUNS»5000) TENPIL1+TENPI2.DENTI1,DENI2¢TENPEL» TENPE2)DENEL »
1 _DENE2
3000 FORMAT(SEL0.3)
MRITECLUND 901) DENE1-DENE2 ) TENPEL . TENPEZ - DENS Lo DENI2, TENPTL s TENPL
12
901 FORMAT (1X.8 DENEL DENE2 TENPEL TENPE2 DENIL
1 DENT2 TEnP L1 TENPI28/8(1Xs1PEL10.3)/7)
c
c

READ(LUNS:3001) SUNANG ANGO + SROUND » DPHT » IPOTG o I8 Y+ IGEON : NANG ¢
| NYIMES: ILEV, JOM rWPOINT s M NSECT
TOOL FORMAT(4£12.5,712,313)
WREITE (LUND.902) MoNPOINT NSECTIPOIS,NTINES: NANG s ISYH, IGEON JOM.
902 FORMAT(AX,8 M NPOINT NSECT 1POIS [TINES NANG ISYM IGEOM JOM
L 8e/71N0001837/
MRITE (LUNP,903) SUNANG, ANGD: SBOUND . DPHI

903 FORMAT(1Xs8 SUNANG ANGO SPOUND DPHIS/A(IXIPELD. D) //
1
¢
¢
C NEAD [w FLAGS FOR OPTIONS!
Covommmmmmnm ORI -
c IFALT (1o 10N CURRENT |8 COMPUTED
c IFARLT(2) et ELEC CUR IS COMPUTED
c IFauLTi Sl EMERGING SECONDARY CUR
c IFAULT (4ot ENERGING BSACT CUR 18 C
c IFAULT(5)=1,EMG PHOTO CUR COMPUTED
c IFALT(a1=1,KECFIVINO PHOTO ELEC CuR
¢ IFAQLT(?)~1,RECY SEC CUR CONPUTED
1 (FAULTI8)a1,RECV BSACT CUR COAPUTED
c IFAA T(® =1 $NERG ELEC TNDICED RY PROTONS

&00

" KEA,

th

801

201

A

REA,

2%aks]

303

e lalal
@
~

110
101

%01

02
100

r

IHAUL tete e JahECY FLEC INDUCEY n P ROTONS
Thedl Fo bt o bRt GUN IS WOKK | &

Tean a3l e FLOW LEBRCT ON luns

AU T 1 el FING DETAIL 1y SET Uk

IRAla 11140 Lol INEAR SPALE LMARLE 15 S | UF

READL XS dOL T TFAULTtE s ool 4

PORMAT SO

NHITE CLUNY 26000 (IFAULT J3s J=leld)

POKMAT (LA 0FLALS [NDIUAIING WHETHER VARIOUS FARTICLES ARE IMILULE
th 1, Uk NUT O ENCLUGRD <028/
AR Y | LON ELEC SECD BaLr FHOT  PMOT SECD PACK ELF  ELF  GUN FLOW
I DET L.S.(HANGES - 1X. 1415770

0 IN suR'A([ FROFERTIES AT GRID PUIN'S

e FIRLT ;uﬁlﬂ(l nA'iRlAL
WRITE (LUN9,601)
FORMAT (1X.8TYFE OF SUKFACE Al L OCATION t 8/
LIX8C1 S GOLDsY IS ALa3 IS AL UXIDE(4 1S QUARTIZ.9 15 RAPIONID)

FEADILUNSS 201 (JLICAL () s in1eNPOINT)
FORMAT (321

WRITE ‘LUN9:602) «JLOCALS J) v =1 oNFOINT)
FOKAAT (32138

U IN SURFACE CONDUCTIVITY PER SECTOR

1CON=O (INSULATOR) s ICONSY (LUNIMA TOR)

KEAILUNS 2010 CTCONCII . 3x1oNSECT)
MRITECLUND.010)

FORMAT (. 3 X+ 8FLAGS ABDUI CONDUCTIVITY OF SECTORSS)
METTECLUNY 802 (TCONCE)sis)eNSECT)

UP SURFACE PROVERTIES

DO 100 Ja) MPULMT

REWINDY

READILUNI, 301) JF IRST

FORRAT (12

IF1 A .OCAL ¢ 1) . NE. JFIRSTICO TO 110
READ(LUN3. 401 )1 DELAAZ( ) +ERAXIS) s CPHONX(J)
FORMAT 3K, 3F)0. 1)

READ(LUNISOL) BSCAT11J)+BSCAT2( 1), BSCATI ()
FORMAT(3Xc 45 10.3)

READILUNSSO2) DELP(J) +EXMPCJ)
FORRAT(3X:2F10.3)

CONT INUE

RE TURN
EnND

SUBROUTINE INSECT

Cs
C 1
€ pur

UTS! NPOIMTNSECT
PUTS PERSEC,SECIND - VECTORS
INTEGER LvdehoLoTENP(144)

C TEMFC, ..} AUST BE DINENSIONED TO MAX NUMBER OF POINTS IN A SECTOR

C part
[

€ part
[T
€ piF
CowlY
C aD
C FOR

A FOR EACH SECTOR BEGINS ON A NEW LIMEs FIRST NUNBER IS NUMDER

POINTS [M SECTOR FOLLOMED PY IMDICES OF THESE POINTS

A FORMAT 1S 1613

S S/P 15 CONCERNED BY THE GEOMETRICAL ORGANIZATION OF THE

FERENT SECTORS. A CONDUCTING SECTOR mAY CONTAIN SEVERAL PAMNELS

H A MAXINUR OF 4 PANELS PER SECTOR. A PANEL 18 A SERIES OF
JACENT CONDUCTING GRID POINTS. WE MAVE ONE PANEL PER SECTOR
INSULATORS .

C IPANEL [S NUNDER OF PANELS PER SCETORS.
C PERPAN IS NUMBER OF GRID POINTS PER PANEL

C PANIND IS5 GRID POINTE INDICES BI’N(D CLDCKUI.( PER PQNEL- ™S
C MARES THE NUMERICAL INTEGRATION OF CURRENT EASIER
€ VALUES ARE STORED AS FOLLOWS! ORID '0!““ OF THE FIRSV PANEL
C (FIRST SECTOR) EXI 31932002
€ +THEN GRID POINTS OF THE SECOMD PANEL(FIRST SECTOR) ETC.
c
4
INTEQGER FERSECSECIND+PERPAN:PANIND
CONMON PSAVE(144,10)+,CSAVE(144+10)PSECTR(144)+CSECTR(144),
IDELEE (20) s DELMAX(144) s ENAX (144} ,ETA(20)+BSCATI(144) 0
2DSCAT2(144)BSCATI(144):PHO(20:40) ¢
1ANG (401 s CPHORX ( 1 44) » SUNANG + ANGD » BOUNDL ( 20+ 40 » BOUNDI (20,40} ¢
28NGL (200401 ¢V11(20:402 s ICHECKR (20+: 403 ¢RATIOC13)» IROOT(244) ¢
SIFAULT(14)r AOCAL (144), TCON(144),
IVEC20) EV(B) sMLEV/NTINES s ILEV  TIMINC20) r TIMAX(20) sVINUN(DO0) ¢
€146),C144)DB(1A4 1 DU(144), TW(1441,DW(144) s
TWOCO§(700) ¢
1IFLGsNPOINT « #s JGEON ISYN, IPOIS s NSECT o NPEROD » HPEROD ¢ IDINY o
20AMMA . DUDX (700 48) s DVDY(70+46}rY(144) ¢ DELTAX/DELTAY
3VS(68+48) e XS(84) ¢ XSS(70),
1VARBLE (430 T REL T »SPOUNDsNDINs PO He 33 s RPTsRP L2, RP IHAF »SOTPT »
25AY ¢ TEMPEL  TEMPE2 +DENE 1 »DENEZsDENTL o DENIQ» TEWPIY « TEMPI 2,
STEMPRLUNILUNA s LUNSsLUNS ¢ LUNT » LUNB » LUN UN1Os
FTIDTL (1442 JDTL (1442 »PERSEC(144) s SECIND(144) ¢ IPANEL (144},
2PERPAN(144+4) rPANIND(144) 0
LCIONC144) +CELEC(144)1CSEC( 1441 :CSEC1(144) ,CPHOTO( 144) ¢
2CPNOT1 (1445 CRSCAT(144),CBSCAL(144),SECPRN(144) ,SECFRI(144),
3PHI(144),COUNC144),
TRASE » JOAL « DPHT » MAND e RAD » PROUND » OMEGA ¢ ALPHA SO+ JP ¢ IS/ECS»
2EXPUI2(20) +EFTVI(20) + IERRORs TETMIN, TETHAX s DETAL + DETAZ ¢ JLESS +
SL2+CARRIVICPHoXT ¢ CSECEL »CSECEL+CSCR.CS1¢CB1
c
¢
(4
L0
PO 100 1=1.NSECT
READILUNS 201 (K+ (TEWPL ) s J=1,K))
MRIFE(LUN? 400 T+ (Ro (TEMP{ ) e JoloR))
40 FORMAT(IX 9SECTOR NUNBDER 3:12+8% ) VALUES ARE 9.3213)
20 FORMAT((1414))
PERSEC(1)wh
DO 90 Jel.K
SECINDCJ4L I =TENP (D)
90 CONT INVE
LaL sk
100 CONT INUE
IF(L.NE ,NPOINTIGO TO 99
c
c
DD 80 1=1.WPOINT
1F (SECIND($).LE.0100T0 97
IF(SECIND(1).GT.MPOINTIOOTO 96
0 COMT ENuE
RaNPOINT -t
00 80 Ie1.M
L=l¢1
DO 70 Jei sNPOLINY
""S!CININI) £Q.SECINDJ)1I0010 *8
70 TINUE
a0 COﬂ'lM
c
c
r

-




P ! [FITLLY AN § BT RS f
l KEARLUNT 08 CLFANEL < Era tr LansSECT) Linimsmy e £1 2vasECININ S T 08 L .
G0 00 LeleNsECT Mgmme . 2810188 N
. Y .
I P lPanEL D) LunTTEs oty ING WIsLIeS i
READVLUNS 2200 (PERFANL L Ur e dmia 1F 118 LoNT I '
WREITEVLUNY 901 ) [e1FANEL L o tFERFANCT e d s 0: 1a 1P [l
1 SO0 CONTINUE THLL Cumd It !
Q0L FORMAT 13,8SECTOR NUMBER 6012.8 NUABER OF PaNELS 8210, Lel ¢n ¢
1 8 NR OF GRID FUINTS FER FaNELS.4la) 112 CONTINUE i
READSLUNS» 201 PANIND T )1 s s | sNFOINT) c
IFCIFAUL TC13).EQ.0) hETURN c
READ (LUMNS:J0) (IDTL1ILS L2t sNSECT) O NOW RESCT ARRAT '
WRITEILUN® 900> +E0TLCI o1 eWSECT) GO 114 IRl NEQINT
00 FORMAT:/. 10C+SSECTORS WHENE WE WAMT A FINE STRUCTURES/ (146147 SECINDC e IbunART L))
c | 114 CONTINUE

READILUNS 20 (JDTL(J e JuL s MFOINT) D
WRITECLUNY 902 (JDTLUIV o Jx1sNFOEINT) [
902 FORMATL/ 10X, 0GKID FOINTS WHERE ME WANT A FINE STRKUCTURES. (1sls1 C
<

RETURN SET LP NEW INDICES OF GRID POINTS FER PANMEL (FANIND)
99 MRITE(LUN®+30) L =0 v
30 FORMAT.® EKROK [N SECTOR DATASs/s/) 1120
! WRITE(LUN® . 3530 s NFOINT un Bt IeteT0LD
A5 FURNAT(S NUMBER OF INDICES “#:13.8 1S NOT EQUAL REFERSECT L)
1TO NUNBER OF FOINTS =€.11) RETRYN
¢ LIETRA
c 00 250 MyEN1oN
stop JEFANTNBIN D)
V8 WRYTE(LUNY. 30 IF CICONGT).EQ.0.AND.ISYA.E0.2) GO TD 2300
WRITELUND 310 K5 30 SECINDCJ) THUMAY N 83-2) e je)-0
31 FORAMAT(® INDEX( 3r8) & INDEXCS.13.8) =8,13) ThuRmY(NJE3-1) = 83-1
< IDUANTY(NJB3  )sJe3 ,
¢ 11=1143 §
sStoP 50 10 250
97 WRITE(LUND:30) 2%00 I1=1l+s
MRITE(LUND»32) [, SECIND(L) 10UMAYTT-S)e 0 8-2
32 FORMAT(S [NDEX{3,13.8) =8,13:8 IS LESS THAN UNITY®) IDUNNY (T T-4)=PANINDINI+1783
€ IDURRYIT-3 =831
¢ IDURRYCTT-2) sFANIND(NI$E) 8 5-1 Kl
srop IDUMAY(IT-1)eJ83 '
96 WRITE(LUNY+30) IDUANY(TT 1 =PANIND(NJ+1)83-2
WRITE(LUN®»33)1.SECINDCI) s NPOINT G0 TO 2308 -
33 FORMAT(® INDEX(8,13.8) =8.,13:8 IS GREATER THAN 230 CONTINUE )
1THE NUMBER OF POINTS s8.13) 2501 CONTINUE i
< LaL R 'S
< 251 COMTINUE 1
STOP [ H
END CRESET ARRAY
SURRJUTINE FINGRD DO 240 Jt={+NPOINT '
c 260 PANIND( )= LDUNNY (J) .
C PURPOSE: [
C--ommmmaen c
C TO RESET ALL ARRAYS FOR A FINE DETAIL STRUCTURE OF SURFACE c
C IN ORDER TO RESPECT GEOMETRY.INTERVALLES ARE DIVIDED BY THREE. C FIND NEW NUMBER OF POINTS (PERSEC) PER NEW SECTOR '
€ C IF AN OLD SECTOR IS INSULATORsIT IS BROKEN INTO 3 NEM SECTORS .
INTEGER FERSEC,SECIND/PERPAN:PANIND [
CORMON PSAVE (144+10)CSAVE/144:10),PSECTR(144),CSECTR(144) L=0 N
IDELEE (20 +DELMAX(144) sEMAX(144)ETAC20)+BSCATI(144), 11=0 - .
2BSCAT2(144),PSCATI(144) +FHO(0, 400 00 120 I=1.10LD v
1ANG (407 s CPHOMX (1 44 ) + SUNANG » ANGO » BOUNDL ( 20+ 40) s BOUNDI (20,407 ¢ R=PERSEC(I)
QANGLID0+40) e VIT{20+40)» ICHECK (204 40) yRATIO(13), TROGT(144), IF (ICON(I).EQ.1) Bi=TI41 :
SIFAULTI14) ¢ HLOCAL(144)  ICON(L44), 1F CI1CON(1).€0.1) IDUMRYCI[) 38K .
LVI{Z0) sEVE@) s NLEVINTINES, ILEVs TIMIN(20D » TIMAX(20) s VINUMCIOY # 1F (ICONCI).EQ.1) GO TO 120
2AC144)sP(1441,CC144 BB (144)>BUC144),TW(144),DU(144), 11=1143
JEM(144)« TNOCOS(700) » TDUMMY (I1-2)=]
JIFLGsNPOTNT oMo IGEOHS 1SNy IPOISINSECT ,NPEROD r MPEROD» IDINY IF(ISYM.NE.O) 1DUMNY(I1-2)e2
2 DVDX( 70,4839 DUDY(70+48) 1 Y(144) ¢+ DELTAX o DELTAY ¢ 1DUMMY (11-1) =K
3vS(e 8)»X8(662¢X55(70) IDUNMY(IT st
IVARBLE {41 » T+ DELT + SROUNDsNDINsPOT oM+ J1 +RPIeRPI2,RPIHAF »SQTPL» IF (ISYM.NE.O) IDUANY(1I)=2 i
2SAY s TEMPEL s TENPE2vDENEL s DENE e DENIL ¢ DENI2« TEMPIL« TENPL2: 120 CONTINUE
ITEMPRILUNIsLUNASLUNS LUNA/LUN? LUNBLUNP LUN10» c
TIDTL(144)+JDTLC144) PERSEC(144),SECIND(144) + IPANEL(144), NSECTeIT
2PERPAN(144:4) ' PANIND (1441, c
1CIOM{144)-CELEC(144) sCSEC(144) /CSEC1(144) sCPHOTO(144) c
2CPHOTE (1440 )CBSCAT(144) ,CBSCAL(144)SECPRN(1441SECPR1(144) ¢ C NOW REORGANIZE ARRAYS
IPHIC144):CGUN(L44) PO 130 I=1:NSECT
IRASE » JOML » DPHI » NANG » RAD » PBOUND » OMEGA » ALPHA+ SO+ JP+ IS+ ECS» 130 PERSEC(I)I=IDUMAY(I) l
2EXPVLI2(20) ¢EFTVI(20)+ JERROR, TETMIN TETHAX-BETAL1+BETA20 AESSH <
3L2+CARRIV.CPMoX1+CSECEL»CSECEL/CS,CBrC51¢CRL 4 ‘
EQUIVALENCE (IR0OT(1),IDUMNNY(13) [4
C ¢ SET NEW FLAGS IDTL FOR SECTORS
c It=0
c PO 3140 I=1,I0LD
[+ IF CICONCI).EQ.1) II=1l4t '
c IFCICONCT).EQ. 1) IDUMMY(11)=1
TOLD=NSECT IFCICONC]).EQ.Q0.AND.IDTL(]).£Q.0) 00 TO 130
JOLD=NPOINT IF (ICON(I).EQ.O.AND,.IDTL(1).£0.1) GO TO 160
NPOIMT»38J0LD G0 YO Le0
ANGO=ANGD/3.0 150 II=1143
SUNANG=SUNANG/ 3.0 IDUMRY(T]-2)w0
c IOUMMY(II-1) ey
C FIND WEW FLAGS OF CORRESPONDING ORID POINTS N IDUMRY(I1)=0 '
CFIRST SAVE OLD VALUES G0 T0 140 i
< 160 II=I1+3 ‘
DO 100 J=1,JOLD IDUNNY(IT-2) e '
IFCIDTLLD) . EG.O) GO TO 102 IDUMNY(TII-1)m}
IDUMIKY ( J83-2)m] IoUNNY (LT =] i
IOUNMY( JO3-1) =] 140 CONTINUE {
TOUMRY(JS3) =1
10 100 c !
102 IDUMMY (J83-2)s0 C NOW REORGANIZE ARRAY n
I0UNRY (J83-1)wl DO 170 I=1,NSECT ) !
IDUMNY(JISI =0 170 IDTLCI)=IDUMMY (I} ' .
100 CONTINUE c |
' c ¢ ;
i < C SETY ‘l'l NEW NUMDER OF GRID POINTS PER PANEL .
i c =0 :
C NOW RESET ARRAY DO 270 T=1.10LD i
DO 110 J=1sNPOINT TPeIPANEL (1)
110 JOTLC LI =IDUMAY (D) IFCICOM1) . EQ.1) Tlsl]e} i |
4 IFLICONCT) . EQ.1) IDUMNY(IT)a]P
¢ IFCICON(E).6G.1) GO TO 200 i
[ 11=17¢3 . !
€ FIND NEW [NDICES OF COMRESPONDING ORID POINFS oMY (TI-2)m) i
- IFCISYA.NE.O) TDUMNY(I]-2)e2
11a0 UYL II-1)elP )
D0 112 I=3.10LD IDUMNY(IT =g :
AePERSEC(T) IFCISYN.NE.O) IDUMNY(I])e2 ' !
NIWL AR 10 «rouRRYLL-2)
Nisg o1 PO 273 L=1,1D .
00 113 NIeNLIND IDURCTT-2eL b1
JeSECINDIND) 27% 1Dumcll  sL)el
(FEICONIE) EQ.0.4ND.ISYM.ED. T GO TO 1100 [4
[OUMRY (NJB3-T1e 1832 200 DO 290 LeteIP
TOUAMY (M 83| 1= j03-1 1€ (TCON(T) . E0.1) TDURITLI,L)=PERPANI T L)
1oUmAY(NISDr <03 TFCICONETY.EQ.0) IDUNITI -1 L) =PERPAN(] LY
Tietle} 290 CONTINUE
60 10 113 270 CONTINUE
c [
orls c
oo :r'uualulu..“.g..“y: C NOM RESET ARRAYS
Theme F T4 xSFr It N ) 0t N “eR Tel.NAFCT




acnan

"

l"ﬂﬂ(Llll'll‘UMl&ll

1 ~1PANEL ¢

) 2vs I'I-U‘

PERPANT L LI »1DUR(LL}
VS CONTTNUE

CONBICTIOLTY OF NEW SECTORS
iteo
00 300 (=1.1010
IF C1CONCTY.EQ.1) TTalE#)
IF C1CONUED CER. L) TDUARTUIT)I=]
IFCICONCTY . FOL 1) GO TO 300
llal 3
1DUMMY (11-22e0
(bumnY IT-11m0
IduRAY It 2=

300 CONTINUE

NOW REDELANIZE ARRAYS
00 310 t=1,NSECT
LEON T a g hURMY ()

110 COMTINUE

NOW RESET SURFACE FROPERTIES
FIRST SAVE OL.J VALUES
DO 450 Jele.JdD
IDUMNY ( J) = L OCAL ¢ J)
AS0 CONTINUE

DO 460 J=1.JOLD

JLOCAL ( J83-T) = IDUMAY( J)

SLOCAL (J83-1) = 10UAAY L))

JLOCAL (J83 )= IDUMRY (D)
440 CONTINUE

IND NEW SURFACE PROPERTIES

DO 470 Je1sNPOINT
REWIND LUN3
480 READILUN3+S00) JFIRST
500 FORMAT (12)
IF (JLOCAL{J) .NE. JFIRST) GO TO 480
READ(LUN3Z»301) DELAAX () cEMAX (DS ¢ CPHOMX ¢.1)
308 FORMAT(3X+3F10.3)
READ(LUN3I»301) BSCAT1(J},BSCAT2(I) +BSCATI( )
READ (LUN3:305)> DELP () eEXAP(J)
470 CONTINUE

MRITE(LUND900)

900 FORMAT (//10X,@THE FINAL DETAIL STRUCTURE 1S NOW SET UPB/10X,40
1 (n-82)

WRITE NEW VALUES

WRITE CLUNP P01 CIDTLCS) o mi oNPOINTY
URITE(LUNS»902)
WRITE(LUN®,901) (SECIND(J) ¢ a=]1)NPOINT?
URITE(LUN902)
MRITE(LUN?:901) (PERSEC(1),I=1,NSECT)
NRITE(LUNY»902)
WRITECLUND»901) (IDTL(I) s I=1+NSECT)
WRITE(LUND»90D)
WRITE(LUND,901) (PANIND(J) ¢ =} NPOINT)
MRITE(LUNY,»902)
WRITE(LUND:901) (TCOM(I?oI=1+NSECT)
WRITE(LUND.902)
902 FORRAT(/)
901 FORWAT (32123
903 I=1,NSECT
IPeIPaANEL (1)
WRITE(LUND»902)
WRITE(LUND:901) (PERPAN(IsL) L=1+1IP)
903 CONTINVE

RETURN
END
SUBROUTINE INTPOL {DUMMY)

. tune nvu SELTURYS
1000 |21}
1 tl WELNSECT) RE TRN
C DU BIFFENENTS SHEMES TF [NSULATONS 1k CONDUL 10 S
[FCELONGD) -EQ ) Gu 1O 1O

NUW DO lnllki‘(lll\lllm }(lk CD"UU(,YO‘(S-'INU NP OF FANELS

TPelFANELC]

C FIND WR OF (WLD FOINTS HéW FANEL AND ACCURULATE FUNCTIDN VALUES
WHEN JDTLG et

C
[
€

ae

DO 2 fisgelF
JFaPERPANC LT
JEND P USTART -1

C NOW ACCHAUMLATE DATA
FEE
DO 3 22 ISTART » JEND
130040
JEFANIND (1)
IF ¢« UTLO I EQL L) XXCSI) aDBEL TAYSC J1-1)
IFCJDTL CHGEG. 1) YY( DI =DUNMY(J1)
3 CONTINUE

NOW CACE [NTERPOLATION ROUTINE
IF JJ=JP.NO INTERFPULATIUN NEEDED FOF THAT PANEL
IF (JJ).E0.JFP) GO YO 8

nra

]

CALL SPLINE (JdoxXsYYsBoloel)

DO 7 J1=JSTART ¢ JEND

JeFANINDCIY)

IFCIDTLCD .ED.0) GUMMY(JIeSPIDER(JIrDELTAYRCIL =121 XX+ eDeCol)
CuNTINUE

~

JSTART=JENRH)
CONT INUE
50 10 1000

Y

INTERPOLATION FOR lNSULA'DﬁS

10 CONTINUE
€ DO INTERPOLATION OF EXTRAPOLATION BETWEEN KNOWN SECTORS
C TARING INTO ACCOUNT THE SURFACE PROPERTIES OF SECTORS
c

IFCIDTLCI).EG. L) JSTART=ISTARTHPERSEC(])
IFCIDTLCL).EG.1) GO TO 1000

an

SEE 1F WE CAN DO AN INTERPOLATION
Ji=JSTARY
Tiel
1 Ii=11-1
IF(I1.LE.O) GO TO 20
J1® 31 -PERSEC( 1Y)
TFCIDTL(1)?.E0.0) GO TO 13
12
J2eISTARY
12=1241
IF(12,GY.NSECT) GO TO 30
J2wI2+PERSEC(I2-1)
TFCIDTLCI2).EG.Q) GO YO 12

N

€
C FUNCTION 1S NOW KNOWN AT SECTORS 11 AND [2
C NOW CHECK IF SURFACE PROPERTIES ARE IDENTICAL AT 11 ANDI2
IF (ICONCI1).NE.O) OO TO 20
IF CICONCIZ).NE.O) GO TO 30
JIeSECINDCT)
JJ1eSECIND(RY)
JJ2=BECIND(I2)
IF (L OCAL{IJIL ) ,NE. NOCALSJS)) GO TO 20
IF (HLOCAL(JJ2) .NE. ROCALJJY) GO TO 30

40 DUMRY (JJ) = (DUMNY ( JJ2) -DUMNY (JJ1D D /4T LU =Y (UL DHISIYLIN =Y (I )
14DUNAY (JJU1)
IFCISYN.EQ.2) DUMAY (NPOINT - 41)=DUMAY (JJ)
JETARTe ISTARTHPERSEC(T)
80 YO 1000

c
C DO EXTRAPOLATION FRON RIOMTY OF 1
20 el
JiaJSTART
21 Ki=ley
JISJL4PERBEC( T
1" (lCﬂ(llI.(ﬂ 0) a0 10 24
12«11
J2eat

22 12=124t

»

PURPOSE: TG INTERPOLATE VARIABLES FOR FINEGRID STRUCTURE

onnano

anasnannan

DIMENSION DUMNY(1)

DIMENSION XX{(144),YY(144),0(144)

INTEGER PERSEC,SECING» PERPAN, PANIND

CONMON PBAVE(144,10)sCSAVE(144010) +PSECTR(144),CSECTR(144),
IDELEE(20) » DELMAX(1488) »EMAN(1448)sETA(20):PBCATI(144)
29SCAT2(144):DSCATI(144),PHO(20+40) »

1ANG(40) sCPHOMX (1 84) « SUNANG « ANDD » POUNDL ( 20+ 40) r POUNDI (205400 »
2ANGL(20+40)+VTT(20040>+ [CHECK (207401 :RATIO(13),IR0COT(144),
JIFALT(L4) s LOCAL(144)+ICONC144) ¢

IVIC20) rEVIE) s MLEVINTINES, ILEVs TININC20) s TIMAXC20) » VINUNG20) ¢
200144)oD(144),CC144)sBPI14A) 1 PUI144) 5 TW{144) e DI 144) ¢

3&¥¢ Vo TWOCOS(700)

LIFLONPOINT + %, IGEQN, ISYN, IPOIS,NSECT , NPEROD « WPEROD» 1DINY +
20AMMA»DUDX(70,48) 1 DVDY (70,4815 Y(1448) s DELTANDEL TAY
3YS(46+48) s X8(46) s NES( 700y

IVARBLE (4) o T DEL T » SPOUND s HDIMsPOT cHr 1« RP [ o RPI2 ,RPIMAF 1 SOTP S,
28AY s TENPEL » TERPEL : DENE L »DENE2 s DENT 1 e DENT 2 TENP 11 ¢ TENPL 2,
STEMPRLUNI L UNA s LUNSsLUNG sLUNTZ oL UNG LUNTD s LUNTO

LIDTLC144), JDTL(144) sPERSEC(144) +SECINDC 1 48) o [PANEL (1447 ¢

4041 s PANTNDI144),

1C1OMC 1 4. CELEC(144)+CSEC(144),CSECE (1441 ,CPHOTOCE
zcmoncuu-cucanuancmal«nanucnmun.ucnuluu
3PHE(144)+COUNCIA4)

1RASE » JOML + DPHT » NANG s RAD ¢ PROUND s ONEGA » ALPHA Y80 » 305 IS ECS »
2EAPVI2(20)»EFTVT(20) s IERROR TETHIN: TETHAK - DE TAL:DETAZ+ AESS»
L2'CARRIV.CPM, X1 ,CSECEL »COECELSCS cs1,CP1

COUTVALENCE (XXC1DeACEID o (YY1 eBBCLII (D1 eDIT))

IF SECTORS ARE CONDUCTORS, INTERPLOATION 1S BONE PER PANEL
17 SECTORS ARE INSULATORS, INTERPOLATION IS DONE BETWEEN ADJIACENTS SECT
PESCRIPTION OF VARIABLES
JSTARTIINDTICE WHERE TO FIND FIRST ORID POINT OF SECTOR
XX ANB YY:TENPORAY STORAGE FOR SNTERPOLATION
8eCo® COEFFICIENT FOR SPLINE
JSTARTel
Ten

)2

12-1
lnlconuzr €2.0) 00 1O 22

[
C 00 EXTRAPOLATION FROM LEFT OF |
30 Ji=1

Ji= u-ﬂ:mcun
IF (}CON(11).£8.0) OO0 TD 3y
12=11
2001
32 12=12-y
J2eJ2-PERSEC(12)
IF (1CONtI2).£0.0) 00 TO 32
00 10 a0

Ene
SUBROUT INE lﬂ.ll(uhl-h.vc'b)
C REFL PALLOM AND NOLLE!
DINENSION l(”lv'(l)vl("lvt(lhn(')

C YNE COEFFICIENTS un.cu).ml D(Ide 1mie2e,
C FOR A CURIC INTERPOLATING SPL

o¥ ARE CONPUTED

C SUO=Y(DERDISIN-NIIIHCCDISIX-X(T)ISS2IR(IIBLX-X (1) )88]
C FOR XCI)LE.NCTI00)

c

C wurt

C MaMMBER OF BATA POINTS
C X=aRSC18SA

€ Y-ORDINATES

c

€ outPUTt

€ P+CoB=ARRAYS OF SPLINE COEFFICIENTS
[4

ien-1
IF(R.LT. 2> STOP
IF(N.LY.3) 00 TO S0

[4
€ REY 1P TRINTANANAL SYQTEN

- ——gyr - e




s
‘

RaBLAGUNAL s (1o FDIAGONAL s CaRIGHT HAND SIDE

£

o

ARE

[ TARLL YIRS TR ¥

RS LR NN RR YRS VY TN )

[UVRR L R E Y 1)
Bul)axctitr-xcl?

Bilrel [N ON R R ) N3

[ CRTXR FERTERATY SR DY TS §)
CulraCilens-coly

CONT [NUE

CONGITIONS. THIRD DERICATIVES AT X(L) AND T(N)
OBTAINED FRKOM LIVIDED DIFFERENCES

Ruetra-poly

DNI=-D(N-1)

Catimg,

CNrI=0,

IFIN.EQ.3» GO TO 1D

COImCLII/ (XA =X 1 -CLDI/EXNCII=XE1D)
CUMIBCIN-LY/ LRANI=X(N-21)-CON-DD/7CXN=-1)-XIN-3))
[XRREITRRTS JRRL T R4S TR XS TR R R
CONPe-CUNIOD(N-1DBED/ L XIN)-XIN-3))

c
U FORMARD ELININATION
<

15 PO 20 le2eN

Tad(1-11 ReI-1)
LIBRLL IDRERS RN B
CilreCely-TRC(2-1)

JO CONTINUE

c
C PACK SUBSTITUTION
T

C(NYaCLN) /BIND

DO 30 IRel.Nm1

T=N-1D
CehratCoy-DeIrecetetrs/acly

30 CONTINUE

C COMPUTE POL rNOMIAL COEFFICIENTS
C

€

4

k1

1

0

BONISCYINI~Y(NRL)I ) /I ONMI D 4DINRIISCCINNL) $2.0BLINI
DO 40 I=l.NML
ReDPa(YLI4) =YDV /DT -DCIIOCCCIs1)42,00C(E))
DCIVICCI+)-COIVI/DCTD

Cel)m3.08C(1)

CONT InUE

C(N)=3.08CIN)
DINI=DIN-1)
RETURN

B e (Y (2-Y 1) I/UXCQ) XD
Ct11=0,

Dt1ymO.

R(2)aB(1)

£(2120.

0(2sw0,

RETURN

END

FUNCTION SFIDER (MsUeXsYsBsCrD)
DIMENSION X{N)oYINIsBIN)-C{N)¢D(N)

C WIS SU.IWI‘INE EVALUATE THE CUBIC SPLINE FUNCTION AT POINY U,USING
€ HORNER ' S RULE

C IF U IS “Uf IN THE PROPER INTERVALr A DINARY SEARCH IS PERFORMED.
10 1w1

0

Jenet
Ke(l4J)/2

IFCULLT. X(K)) Jon
IF(U.GE. (R} TaK
IF(J.GT.141) GO TO 20

c
C EVALUATE SPLINE
c

30 DXeU-X(I)

SPIDER «Y(I)4DX@(BCI)DXSC(IIIDXBC(DIII )
N

nAnoann

CIHITY I8 U ROCATCE44 ,( i AL144
AEMT1 L4t ot lain (4410
LRASE « (0ME + 18 T sNANG o RAD e F BUUNDOME GA L ALEHA 08 I 2 150F( ©s
MEREVIN O b FIUT I TERROM o TETAINGTE TrAsbE TAL o RE LA H LSy
M CARKIV LR XLl op CEL o COECREoCS O, Lyl oL
NATA FHASSE o CHARGE (BOL 129,08 - 31 vl 0k-1vs 1. IHE - 3
UATA TEAEG TEARY s TEMPSF o FRASS L/ §.001.%030.0. 1830, 0/
TERPE 0. S8 TENPE D
1E#FK=1000,0
RATLOCL T ML/ TEWPR
RATIOC se- ThAFL 1/ TENPR
KATTOC N - th wPs/ TEMEN
KALIG( )= - TEME/ TENPR
RATTOCB) »IENFLL 1 APK
RKATIOES) « - TEREP/ TEMR
KAT10(6) «SORTCTEWELEFRASST/ TNk
HATIO?) =SRTCTEMF T/ TLRER)
RATIHO(O 11,0k =6/ (0. JSEDENT 1 OCHARGE SS0KT ( (B.OO TENPRETHARGE )/
1 (RPISFNASS1SFNASSE ) ) )
RATLO110)« - TEWPE 2/ TERPK
RATIOCE 1) sSORTCTEMEE TOPRASS T/ TEMPR)Y
KATIOC1Y) aSOKTCTERE T2/ TERPR)Y
KATIOCLX )= T MESH/ TEMER
RETURN

SECENMOI4a i (ORI (14840,

€ND
SUBROUT INE GENVEL
. .

INPLLCIT KEAL®E (A-HWD-2)
INTEGER FERSEC < SECINDFERF ANCFANIND
CORMON PSAVE (1441100 LSAVE (144100 # SELTR(1443,CSECTR (14820
IDELEE (DO s DELAAX(144) vEMAX (1441 s ETAI 0 s RSTATI (1441,
2PSCAT2(144)¢HSCATI(144),FHOCQ0.40)
TANG(40) s CPHOMX € 1 44 ) 3 SUNANG » ANGO + BOUNDL < 20+ 402 ¢ BOUND 1 (201 40} ¢
TANGL (201401 sVIT(30/ 402« ICHECAE20+40) 4RATIOC(13) s IRUOT (14400
J1FAULTC14) 4 JLOCAL ¢ 144} ICONT144) ¢
IVIC20) s EV(BI M EVINTIMES  [LEV: TIMINCD0) ¢ TIMAX(J0) +VINUNI20) ¢
JAC1442 01447 0CC144) s RRF(1441:BU(144), TWI144) s DM 1440,
SEW(144), THOCOS (7000 ¢
LIFLGNPOINT oM LGEONS [SYN IFOIS/NSECT s NPEROD +MPEROD IDINY
2GAMALDVUDX [ 70+ 4R s DUDT (70,485 ¢ Y (1441 s DEL TAR DELTAY ¢
3YS(8A:48)9X5(88)XS5(70),
LUARBLE (44 ToDEL T+ SBOUNONDINsPOT oMo J1 s RP 1. RF 12+ RP THAF «SOTPT
2SAY s TENPE L o TEMFE 2« DENE Ly DENE DENIDTENPTLTENPI2e
ITEMPRILUNI . LUNG/LUNSLUNS»LUNZ s LUNBS LUNT »LUNIO»
1IDTLC144) 9 JOTL(144) PERSEC(144)+SECIND(144) IPANEL(144)
2PERPAN(144,4) PANIND( 144},
1C1ON(144) sCELEC(144),CSEC(144)¢CSECI(144)LPHOTO(144) 0
2CPHOT1(144)sCPSCAT(§44) ,CRSCALI144) +SECPRNC144) +SECPRI 1440,
IPHIC144) +COUNCLA4) .
LKASE ¢ JOML + DFHT « NANG « RAD s PROUND » OREGA s ALPHA 1 50+ JP v 1S ECS s
2EXPVI2(20) sEFTVI (200 + IERROR TETHIN, TETMAX DETAL» PETAD » AESS»
3L2sCARRIVSCPM» X T rCSECEL » CSECEL¢CSeCR/CS1.CRY

THIS SUSROUTINE GENERATES VELOCITY LEVELS USING THE WONOENERGETIC
VELOCITY LEVELS AS A BASE

NEAMP 1S NUMBER OF NONOENERGETIC LEVELS USED

NLEVe(INSARP+1)SNTIMES -1 ARE NUMBER OF LEVELS USED

NYIMES [S AN INTEGER .GE. 1

V1 1S VELDCITY

an

NSANP=8
EV(1)=1.210120€-01
EV(2)m3.882449E-01
EVI(3)®7.851497€-01
FV(4)e),.22469)
EV(3)=1.731398
EViare2, 343383
EV(7)103,014409
£V(8223.831371
NLEVeNSANPENTINES
VZIERQ=O.
0O 100 1o1,NSANP
DO 200 J=1.NTINES
J1eMTINESS(I-1)4J)
VICJ1YeVIEROHFLOAT (JIBLEVIT)I-VZERD) /FLOAT(NTINES)

200 CONTINUE
VIERO=EV(I)

100 COMTINUE

STORE FOLLOWING VALUES FOR /P FIT

i
;i
-

RETUR D0 300 Ke1.NLEV
€np EXPVI2(K)EXP (-VI(K)$32)
SUBROUTINE GENRAT EFTVI(K)EFT(VI(K)} .
c 300 CONVINUE
c
C
¢ RETURN
¢ EnD
¢ SUBROUTINE GENORD(MsPHI s+ RADs SBOUND » PROUND » DEL TAX s DELTAY ¢ Y s Mo
¢ 1 ANOO: IPOTS PBECTRICSECTR)
c PACKAGE ¢ 2 c
< RO e ommmmnn e c € .
¢ [ 7O GENERATE GRID POINTS ARRAYS AND COEFFICIENTS OF THE { .
c GENCRATE DINENSIOM.ESS PARANETERS [3 POISSON EQUATION: TO CALL THE GUESS FIELD.
c GENERATE VELOCITY LEVELS c t
¢ GENERATE ORID C DESCRIPTION OF THME VARIABLES i
c GENERATE POTENTIAL DERIVATIVES c AsBsC ARE COEFFICIENTS IN THE POISSON EQUATION.
¢ c ANOO T8 ANOLE DETWEEN SUM DIRECTION AN ORIOIN OF ANGLES. B
¢ c DELTAX I8 GRID BPACING IN X (R} DIRECTION. )
¢ [ DELTAY IS ORID SPACING IN Y (ANGLE) DIRECTION
c c MCONS 18 USEP IN THE COMPUTATION OF M |
¢ c M INITIAL STEP SIZC FOR ORDIT INTEQRATION
c c lrou 18 A (LA f
¢ c =0 THE OUESS FIELD IS CONPUTE !
< [ lro CONPUTATION OF THE rolnou [ '
¢ ¢ 1r01 READ IN POTEMTIAL X
1~
c c ‘
€ PURPOSE ¢ |
¢ 10 GENERATE SCALING FACTORS WITH RESPECT TO TENP REF AND DENIS. TAPLICIT REALED (A-Hi0-1) |
C EXTERNALS INTEGER PERSEC s SECIND: PERPAN, PANIND |
¢ CORNON PEAVE (144010 +CRAVE(144010) +PSECTR(144) /CBECTR( 148D ¢
¢ TDELEE(20) o DELMAX(144) sENAXC 14470 ETA120) ¢ PECATI(144) ¢ !
IRPLICIT REALSS (A-N.0-Z) 2DBCAT2(144),BECATIC144) ¢ PHO(20+40) s . :
IMTEGER PERSEC s SEC INDPERPANPANIND TANG(40) s CPHONX (1445 + SUNANG + ANGD » BOUNDL ( 20+ 40 ) + POUND] ( 20+ 40 ) » i
CONNON PEAVE (1440 CSAVE (1440101 +PSECTR(144) (CBECTRI344) ¢ JANOL €205 405 VE31205 401 ICHECK (200401 ,RATIOCI3) ¢ IRDDT () 44)» )
1DELEE (207, DELAAK(144) ERAX(144) v ETA(20) s PSCATI(144), ITFAULTC14) ALOCAL (1843 [CONTI 44D, i
2PSCATZ¢144) 4 RSCATI(1441,PHO(20+40) ¢ V1200 cEVEB) oM EVoNTINES: ILEV TININI201 2 TIRAKC20) , VINUNC 200 « !
1ANGL 40) ) CPHORX (1 44) s SUNANG + ANGO s BOUNDL 20+ 40 s BOUND] € 200405, 2A0184)sBCEA4)CEIAGI oDDILAR)BUIIAS)  TUHI 104D DM 44}, '
2ANGL (20,405 yVIT1(20040)+ ICHECK {20+ 401 1RATIO(13) o [RODT (104} 3EW 14415 THOCOB( 700) ¢ !
JTFAULTC14) 0 JLOCAL 1442, ICON(144), 11FLGNPOINT .1 [OEONs ISYH0 1POLS - NOECT : NPEROD: RPERDD . IDINY 4
v o TLEVs TIMIN(20)» TINAX(20) s VINUN(20)» 20AIRR DYON (705407 s BUBY (702401 + Y (1447 . BELTAK: DEL TAY o !
BU144),CI144), (5445, TH(144)sDUC144), IVR164¢40) ¢ NB(AO)I S NSS(70) 0 l
JEW 144}, THOCOS ¢ 7000 ¢ IVARBLE (430 T+DELT »SDOUND NOTIN,POT sMs J1 sRP1 s RP 3 s WP IAF »SQTP) ¢
|ru-~rmuv.n-mmn.uvmlmls»mcv-m-nn-m-nn.nm"- ISAVTENPEL, TEMPE 2o DENE L« DENE 2. DEMI D : DENTZ0 TERPTY, TERP 12,
+DUDX(70+48) s DYDY (704481, ¥ 144) e DEL TAKs DELTAY» STEMPRILUNI.LUNGLUISLUNS  LUN7 o LUNE L UNS o LUNT O,
YoxS (48 .:ssuo)- 1107L¢ Y oPERSEC(144) s SECTND( 1447+ IPANEL (1
+TeDELT SBOUNDINDINIPOT o, 11 PRP TS RP L2 RPIHAF . SOTFI 2PERPAN(1 84, 4) 1 PAN (
2SAY . TENPE LS TEMPE2 . DENES» DENE2DENT1.DENIZ TENPT1 o TENPL2, ICIONCI44) o CELECS SECI(104),CPHOTOC144),
FTEMPRLUNS s L UNG L LUNS  LUNG s LUNZ s LUNS + LUNY 2 LUNIO FCPNOTE (1441 ,COSCAT(144) .CORCALL144) . SECPRNC144) 1 SECPRI(144), !
TEATL 1440, JDTL (144) PERSEC 1441 ,SECIND( 1441+ IPANEL (14400 IPHT(148) ,COUNC144}s h
IPERPANILA4.4) FANIND(144) TRASE < AONL « DPH T+ HANG : RAD « P BOUND + OMEDA s ALPHA + 80« JP¢ 13+ ECSs !
ACINMEIRAY TP EL (I AY FRTr e sV FaFr (1448 of PHATRtI A4, APV IOV IVT e M ITRRAR.TT TNIN. TR TRAY . RFTAL.METAY, R FaR,

EAE SRR SR -\
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C

L UARRIVeTEHo Y 1oL SECELOLSRLE L)1 S0l B-('Slvl.;;
DAITA WUUNSZ 100/

N=NFOINT
1F¢IFIG.EN. 160 TO 100

COMFUTE | INFAR SPACE -CHARGE
RLMDA=O. O

DEBYF «a98SORT(TENFRSL . 0E-19/ (DENTLS] . JHE-23))
IFCIFALTC14) . ED. Y1)

T RLADA«(RAD/DERYE ) SS2B{DENEL/TEMPELDENED/ TEMFE2+DENTLZTEM 11 ¢

! DENEII/TEMPIY)STENPR/VENT L
DELTAX=SROUND/FLOAT (#41)
DEL TAY=RPIZ/FLOAT(N)
SYX®(DELTAY/DEl TAX) 982
GENERATE GRID POINTS, COEFFICIENTS AND KNS OF EUUATION (1.Nk.1)
100 Mrten-|
DO 200 JeleN
Y(JIIaFLOATS- 1) EDEL TAY +ANGO
IF(Y(J).LT-0.0.0R.Y(H),.GT.RPI2) STOP
YS (M 4) n-SYXEFROUND
DO 210 [=lemy
¥S(1+01=0.
210 CONTINUE
200 CONTINUE

FREPARE DATA FOR POISSUM SOLVER
TLADARLADASDEL TATSS2
DO 220 Iatsn
ASCI)=FLOAT(T) SDELTAX
ACT)aSTX
BCL)=-2, 8SYX-TLADASEXP(2.0X8( 1))
C(Ir=SYX
220 CONTINUE
Al11=0.
cinr=o,

230 IFCIPOIS-1) 300:301:310
CALL GUESS FIELD
300 CALL GUESS
IPOIS=1FPOIS41
301 DO 230 JsisN
YS{1,2)a-SYXSPHI(J)
230 CONTINUE
CALL POISSON SOLVER
ALL POL
IFCIERROR.NE.O) MRITE(LUNYs121) IERROR
121 FORMAT(® ERROR IN POISSON FLELDs IEEROR=%,13//////)
COMPUTE APPROXIMATE STEPSIZE FOR ORDIY INTEGRATION
H=DEL TAX/HCONS

IFLG=1
RETURN

READ IN POTENTIAL AT THE SURFACE
310 WRITEC(LUNY»2343)

2348 FORM\' C//77/20%-8THE INITIAL POTENTIAL AT Ylﬁ SW'NE 188,
2

READ(LUNIONIZ2) (PHI(J) sl sN)
122 FORMAT(8EL2.5)
MRITE (LUN®/1220) (PHICJ)sJm1eN)

1220 FORAAT(4(1X»IPEL2.5))

1FOLSs1
60 TO 301

END
SUPROUTINE DIVPOT

G GLLE L L LR LT e

PURPOSE

TO COMPUTE DERIVATIVES OF POTENTIAL IN X AND Y DIRECTIONS AND
TO RESET POTENTIAL ARRAY,

DESCRIPTION OF THE VARE

ABLES
DVDX IS M.D. FINITE DIFFERENCE DERIVATIVBE OF POTENTIAL IN X DIF
DVDY IS N.D, FINITE DIFFERENCE ulwanvs OF POTENTIAL IN Y DIR

N IS NUNDER OF INTERVMLE IN Y DINECTI

NP2 IS NUMBER OF GRID POINTS [N X Dll(cl‘lﬂﬂ
PHT IS POTENTIAL AT THE SUFACE OF SPACECRAFT
PROUNE I8 OUTER BOUNDARY FOR POTENTIAL
SPOUND IS OUTER LIMIT FOR RADIAL DISTANCE

xg l! l‘lﬂﬂ. DISTANCE IN I DIRECTION INCLUDING POUNDARY POINTS

xS8 Y USED IN FUNCTION RUNGE
vs IB ’O'IMHM. MATRIX CHANGED TO INCLUDE DOUNDARY POINTS

EXTERNAL S NONK

INTEGER PERSEC),BECIND»PERPAN, PANIND

INPLICITY REALS® (A-H,0-1)

COMMON PSAVE ( 144+ 10) CSAVE(144,10)»PSECTR(144)+CBECTR(144),
10ELEEL 201 s DELMARC144) +EMARCLAAI sETAI20) v DBCATI 144D,
208CAT2¢144)»DECATI(144) PHOL20+40)»

1ANG( 40) yCPHONX (1 44) « SUNANG » ANGD » POUNDL ( 20+ 40) + DOUNDI (20+40) +

20M6L €20+ 40) »VI1(20+40) v ICNECK (205 40) s RATIO(13) 2 TROOT(244)
ALCL1A4) s ICONC144)

»
20014843 :3¢144):CU148)oPRII4G) o DU(144) 5 THCL1A4) +DUIL48)
3EMU144),THOCOS(700)»

LIFLOINPOINT +, {OEON: [SYN EPOIS e NSECT o NPEROD » MPEROD» IDINY
20AMNADVDX( 70+ 48) s DVRY{ 70+48) 5 Y(144) s DELTARDELTAY

3786 X8(44) s X8BCT0) 0

TVARBLE (43, T, DELT e SBOUND o NDINsPOT o Hs JL e RP I RP T2+ RP INAF - SOTPL,

28AY, TENPES + TEMPE2/DENEL +DENE2DENTL ¢ DENT2, TENPLL, TEMPT 2,
STENPRLUNILUNAS LUNS s LUNGSLUNT »LUNG s LUNP, LUNTO»
LIDTLIR44) e UDTLE44) sPERSEC(144),SECIND(144) - IPANEL (184)
A PANIND( 144,
ELEC(144),CBECI104)CSEC1(144),CPHOTOC144)

4) o CPSCAT(Y sCPSCAL(144)sSECPRN() SECPRI(144),
IPHE(144).COUNCS
1RASE » SOML s DO + MANG + RAD» PROUND « ONEDA » AL PHA+ 80+ JP o IS ECS
20XPVI20200,EFTVI(20) + TERROR, TETAIN TETHAX s DETAL +DE TAZ» RESS,
L2:CARRIVICPHeXTCBECEL 1CSECEL+CSoCR.CS1.CPE

L gLk}
P2=Re2
»ienel
NeNPOTNT

lll”ﬂ-'lﬂ\m
10 I=2.00)
vn-v? 1

(LIBT3}
WS IF R axGi[F A
10 LUNTINUE
X010 Su
XS6C1) 50
XSG aN040, WL TAX
LRI R AT T3

XSSO axuHe ) 134Dk LTAK
20 TONTINUE
2SH O 3) IS ROUND

DO 40 Ja1eN
YSUMPDe J) =FHOUND
U0 10 s onFt
iPasmFl-|
IPB=1FA+L
YSCIPRe 11eYSC1PAL D)
30 CONTINUE
¥YStledrmbHIC Y
40 CONTINUE

CONFUTATIUN OF THE DERIVATIVES M RADIM. DISTANCES
BY FINITE DIFFERENCES
DD %0 SN
BUOX (1o Jrm(-¥S(3rJ)4a.08YS(20 51-3.08YS110J1)/12. 08MLTIAN)

DUDXCMPIr 0)m(3.08YS(AP2,))-4.08TH(ME Lo J)OYSCAL D))/ L0 UBIELTAK)

50 CONTINUE

00 40 J=1.M

PO 40 T=2emP2

DUDXC e J1mcYSITe ) -TSC1-10d) 1/DELTAR
40 LONTINUE

CALCULATION OF DVDY(IN J DIKECTION OR ANGLES)
0o 70 1 "2

D3 70 Je=1N

JP1=J41

IF (J.EQ.M) JFI=)

BUDY T+ ) o (YSCLe JF 1) -YS(140) ) /DELTAY
70 CONTINUE

RETURN

END

SUBROUT INE 10N

CURRENT COLLECTION OF PRIMARY PARTICLES.COMPUTE EMERGING SEC CURRENTS.

PN NN R N AN DN AN AR R AN AN A NN AOANANANOO NN AR ARRRDRORRAN

PURPOSE

TO COMPUTE 1ON CURRENT AT A GIVEM GRID POINT. THE DISTRIDUTION FUNCTIO
1S APPROXIMATED BY A DISCRETE NUMBER OF LEVELS. FOR EACH OF THESE

LEVELS» THE PHASE SPACE DOUNDARIES ARE DETERMINED BY FOLLOWING
10N TRAJECTORIES DACKWARDS.

I=SUM FROM J=1 TO J=JMAX OF INTEGRAL FROM UCI) TO UCL+1) OF
DUSF (U SUAUS(COS(ANG] (U) ) -COS(ANB2(U))

DESCRIPTION OF THE VARIABLES

BETAL»VISS2 IS NONDINENSIONAL ENERGY OF IONS AT INFINITY
BETA2=BETAL-PHI(J) IS ION KINETIC ENERSY AT SURFACE.
CION 18 ION CURRENT

DELP COEFFICIENT FOR SECONDARY EMISSION DUE TO PROTONS
EXMP COEFFICIENT FOR SECONDARY ENISBION DUE TO PROTONS
N IS NUMBER OF GRID POINY AT SURFACE

MLEV IS TOTAL NUMBER OF NOMOENEROETIC LEVELS

ILEV SELECTS THE NUMBER OF NONOENERGETIC LEVELS USED (ILEVe2
IVER NUNBER OF ITERATIONS

JORL IS FLAG

1IF JOML40.ORBIVS ARE FOLLOVED NUMERICALLY.
1F JONL=1,0M. CONDITIONS ARE ASSUMED,

SECPRN CURRENMT DUE TO SECONDARY ELECTRONS INDUCED BY PROTONS

SECPR1 CURRENT DUE TO SECONDARY ELECTRONS INDUCED BY PROTONS

LEAVING THE SURFACE

TETNIN NMAXTNUN QCCEC"ANC( ANOLE

TETMIN RININUMN ACCEPTANCE ANGLE

VACC 18 ACCURACY DESIRED O VELOCTY SPACE NININUN

VIERG 18 MININUM KINETIC VELOCITY AT SPACECRAFT BURFACE.

EXTERNALS

INTEGER PERSEC SECINDPERPAN PANIND

INPLICIT REAL (A-H:0-2)

COMNON PSAVE(144,10),CBAVE(144:10) +PSECTRI144),COECTRI144),

IDELEE(20) + DELNAX(144) vENAX( 1447 ,ETAC20) vBSCATI(144),

20BCAT2(144)DSCATI(144) . PHOC20:40)

LANG (40} s CPHONX {1 44) » SUNANG » ANOD » POUNDL { 201 40 } « POUND] ( 20+ 40) +
[ A0} +RATIOUI ) IROOT (344D«

1IVI(20),EVC
2A0144),D¢144),CH1
3EWC144)» THOCOB(700) »

LIFLO/NPOINT Ny (GEOR. 1STH, IPOLS . NBECT + NPEROS: IPEROD IDINY »
20AMRA VDX ¢ 70
JVE (480 40) XS (
TVARBLE C4) s Ty DEL T+ SROUNDNDIN POTY 1o J1 1 RP T RP 1 2. AP LHAF «SBTP o
29AY TENPEL s TENPE2 DENE ) s DENE 2» DENTL . BENT 2, TEMPTY . TENP L2,
JTEAPRILUNSILUNSLUNT - LUNG s LUNT o LUNS o LUNS LUNT O
TEDTL(R 48, JDTL (144D sPERBEC(144) . BECTIND(1 A IPANEL «

+ILEVTINING20) » TIRAK(20) » VINUNIZ0) ¢
T140) e BUN(140),TH( L4 sDNC1644)

CLC148),CPHOTOCI04)
2CPHOTEI 144 :COSCATILA4),COBCALL P BECPRINL 1441 ,BECPRI (1440,
IPHLCE80)CLUNCI44) o
TRASE ¢ JORL ¢ DFHT s NANG » RAD» PBOUND » ONE OA + ALFMA 80+ I 18, 8CH ¢
26XPVEI2020) e EFTVT( 200 ¢ 1ERROP e TETATN, TE TRAXN s DE T,
SJeCARRIV P X1 CBECEL +CSECE1+L8+CRC!
DATA VACC/1.0E-3/

B PO R R S T e




[
e L

LR RN s
boento
Lhe wmt e u ‘ta

Come T Lus CURAENT LULLELTLON ASSURING USL LNt T IO,
LR 0,0

CSECELTOLY
EEESI
[ RTTIIPN
Aleb Ml 1
IR Lbau (o9
S USRNG D =USH
SECFRLsgvaCsEUE L
Faoxbnl.o.0 w0 TO0 "13
PFATEMPLILLNE.C.0) CI1at . 085aY8(SAKT( X1 /KATIOWH) )+
1 VOEFT(SORT - X1 KATIOWE )1V IBKAT IO 7
FEATERETO NE. D) L1270 00SATESORTE XL KATIO(1 Y 3¢
1 COEFT.SURT X1 RATIOC1Y 1) 1 SKATIO IV SLENI D DENT L
CLONG s s pa e 1D
G0ty Ty

TUY IF TRAETELNEL0.02 CILSEXP(-XI KATIO(B) YawAEIOL 2
AFCTEMFTIC . NE. D) CIZ=EXP(-XI/RATID(L I IORATIOCI2VSDENID/IENTL
CTONCI aCTReLTD
EO IR

T1e CONTINUE

Tasennens stsscassONe

CaLL SECEL

N
'

COLUOIF IF KIMASWELLIAN DISTRINUTION

LLLIL]
[ R SVARSWEY Fd
¥ vliuee.1) GO T 711

GARRA KATIO(H?
TEMFI=TERFLL
DENsT O

KATE sRATIO7)
60 10 712

711 CONTINUE
GARNMA *RATIO(1)
TERPLI«TERFID
DEN=DENI2/ DENLL
KATE-RATIO(ID)
Y12 CONTINUE

~em

NUn= L
IF(DEN.EQ.C.0} GO TO 710
NTOURS)
IF (FHICJ).GT.0.0) Nuns=}
C C COMPUTE miNIMUM RINETIC VELUCITY AT COLLECTOR SUKFACE.
VZERD=0.0
1F FMLL ) . NELO.O)
IVZERO=AMATL (0. 0r -FHI( L) GAMMASSOR T LABS (PHI(J)/GARRA)Y )/
2 AMSIPHIC( ) /GAARA) )

€ COWFUTE FOR WHICH ENERGY LEVELS.PARTICLES ARE ESCAPING.
DO 700 I=1eNLEV.ILEV
PETAL=vIc[)a82
RETAZDETAL-FHI(J)/GANNA
IF(RETA2.LE.0.G0 TD 700

C IF ENERGY AT SURFACE(BETA2) IS LESS THAN ZERD. GO ON TO NEXT ENERGY

TETAIN=0.0
TETRAX =RP L
COMPUTE ACCEPTANCE ANGLLS FOR A DIVEN ENERGY LEVEL
IF ORBITS CORRESPONDING TO LOW ENERGY LEVELS ARE OML/DO MOT
COmrUTE QRPITS FOR MIGHER ENRGY LEVELS.
1F (NTOUR.EG.1}
I CALL NORD
IFt AESS.E0.2160 10 700
IF(TETAIN.LE.O.O.AND. TETHAX . GE.RPI) MTOUR=O
NUNSNURS
TIATNEMURI=TETHIN
TTMAR(NUM & TE THAX
VINUR(NUN) =SORT(DETAZ)
C COMPUTE COEFFICIENT FOR SECONDARY ELECTRONS INDUCED BY PROTONS
TFCIFALT(?, . E0.1)
T DELEE(MUNI«DELP (1) SBARTIO0.0010BETASTENPL /(1. 0+DETAZSTEN]/
L ExmPos)
700 COMTINUE

m~an

1F (oM. LE. 1160 Ta 703

” COMPUTE ACCEPTANCE AMBLES FOR Tl LOMEST ENERGY LEVEL
TZERQw ( TIRIN(2)I4TIRAN(2)) /2.
VR LNV TN D)
810 VAEDwUNINEVIERT) /2.
VARRE (| )=S0
VARGLE ( 2)«UNEDORIN TZERD)
VARBLE 1 3reY L))
VARPLE ) -UNEDSCOS (TIERD)
Te0,
DELTen
PETALoYNS JEVWEDIPNT . 1) /GARRA
caL onplt
TF(VARBLE (1.0 . ( SPOUND-DEL TAX) ) UNIN=VNED
16 VARBLEC 1) . LT . SO VIERD=URED
[F1APSURIN-VIERD! .GT . VACC1IG0 TO 810
ViNm L) eunin
PETAZeUNINGS2
DETAL=BETAZIPNII J) /QARNA
TETHINeTIRING D)
TETRAL TImAL(2)
TIRING§)1=T2E RO
TINAR (| )oTZERD
CALL GENORD
17t A ES8.60.2) 80 TO @00
TIRINCI =t TALN
TINAX (1) alETHAR
800 HURR | oNUN - |
IFCIFMAT (9. 80.1)
1 DELEE(1)oDELPEJIOSORT(O.001ONETAZITENPL) /1§ . 0K TARTIENP]
(2 L &F1E)
WRITE(LUNG 81053y JJot TERTNL 50U
S10 FORPAT (1X08090+13:8)508:13.00CCEPTANCE ANGLES FOR [ONSS/
I 110€tXsIPRIO. 30
WRITE C(LUNG-41L) (TIMARIR) L) N
811 FOFXST (1OCIXs1PE10.37)
WRETE (LUNS 81D
AL FORART (/710 0VELOCITY LEVELS FOR 10ME9/)
WRITE (LUMG&IS) (VINUNIKD oR=) o NUNS

START IWTEGRATTON

L

cuRten,
Cueso0.0

FURFI-E b« FHLCI - GARRA)Y  SATHL
ANIX00,
bAtco -,
AbEL UL U
Hi L oenL g
(g B1A T Lenunsl
LENDRTVIMINGEE) ) -VENURCDY
ARTN=CLUSCTTRINULEI) ) LOS TIAINGEY Y b [ENDA
BRINSLUSCTIAINGT ) -anINSVINGNL D)
ARAX - LS TMAXCT1 ) -LOB T INAX CL 10 0 - bk NOR
FRAX(USCTIAAX L 11 ANAXIVINUAL L)
ARLxL:anIN anAY
BALXLsKAIN - kAAX
CUNLSCURIIFXEC-VINUMC L) 8828 ARTXL-AMIXO B L1, SVINUNCT IO )
LORMIXL - EMIXOI0CVINUNCID 4CORF LIVINUACL) 1)
L CFAULTIR1.EG.0.01 GO 10 B3
ABEL 15 0USCTIMINCI#1 IV OBELEECT+1)-COSCTININCI I ) SNELEECT) 1/ Lk NUN
BOEL T=lEt LEC) SLOSCTIMINGLY ) -ADEL [RUINURCT)
ADELA= CCDSVTIRAKLE1 )2 8DELEL (1411 -COSCTINAXCII YV SDELEECT ) ) 7Dk NON
BUELA=PELEECTIOCOSTINAKCT ) ~ADELMBVINUMCG )
AL LsADEL T -altLa
BDEL L -RUEL L BDELA
CURD2CURDHEXPC-VINUMCTI B2 8 ( (CAVEL Y ~ADELO) 8¢ 1. O¢VINUNLT 8214
T OC(HDEL L-HDELOIBCVINUMIIILOEF Y CVINURCT ) 21}
ABELQ=ADEL 1
HOEL OBt L |
H23 AMIXO=AM[x1
LIEDRLT IS Y
816 CONTINUE

C CORPFUTATION OF 1ON CUKKLNT
[4

CLON(J)=CIONC I} +COFISCURLBRATESDEN
CURDDeCUKD
IF (PHIC . LT.0.) CUR2a
1 (2. 08SAVS(SORT(-FHI(J)/RATIOC13) ) 4COEFT(SORTI-PHI I}/
2 RATIOU13) ) ) ISEXP(PHI(JI/RATIOCL3) ) QCURD
SECFKN( J)=SECPKN( J) $LOFF 1SCURDSRATERDEN
SECPRI¢ 1) =SECPRI( I ¢CUFF L BCURIDERATE SDEN
GO 10 710

705 COMTINUE

710 CONTINUE

715 CONTINUE
RETURN
END
SUBROQUTINE ELEC

PURFOSE

TO COMPUTE ELECTRON CURRENT AT EACH GRID POINT AND
CURRENT DUE TO EMTTTED SECOMDARIES AND BACKSCATTERS
I=SUR FROM J=1 TO JeJnAX OF INTEGRAL FROM UCl) TO U(I+1)
OF DUSF (U SUSUS(COS(ALPHA2{U)-COS(ALPHAL (U} )

DESCRIPTION OF THE VARIABLES
BETA1=VISA2 IS NONDIMENSIONAL ELECTRON ENEF
BETA2=BETAL-PHI(J)/0ARRA IS ELECTRON IINEVIL ENERGV AT SURFACE
CSEC 15 SECONDARY CURRENT
CSECL IS SECONDARY CURREMT LEAVING THE SURFACE
CPSCAT IS PSCATTER CURRENT
CBSCAY (S PSCATTER CURRENT LEAVING THE SURFACE
ETA IS COEFF ICIENT USED IN THE CONPUTATION OF SSCATTERS.
DELEE IS COEFFICIENT USED IN THE COMPUTATION OF SECONDARIES
+THE COEFFICIENTS IN TME FORMALUE CORRESPOND 1O STERNGLASS
EQUATION.THEY ARE TAREN FROM ANOTY®S PAPER
ILEV SELECTS THE NUMBER OF MONOENERGETIC LEVELB PEFORE
ITER IS NEMBER OF ITERATIONS
IFAULT IS A FLAG FOR SECONDARIES AND DASCATTERS.
JOML 1S A FLAG
JONL =0+ ACCEPTANCE ANGLES ARE COMPUTED NURMERICALLY.
JOML=1 ACCEPTANCE AMOLES ARE ASSUMED TO BE OmM
TETRAX 15 MAXIMN ACCEPTANCE ANGLE.
TETHIN IS MINIMN ACCECPTANCE ANOLE .
VACC 1S ACCURACY DESIRED ON VELDCITY SPACE MINI
VZERO TS MININUM KINETIC VELOCITY AT COLLECTOR SURFACE

AaARANDAAONANONNOANANNDOANANNANNARNNGNNA

INPLICIY REALES (A-H.0-2)

IMTEQER PERSEC SECIND+ PERPAN PANIND

COMMON PSAVE(144/,10) +CEAVE( v10) ' PBECTR(144)/,CSECTR(144),

IDELEE(20) DELMAX{144) vEMAX(144),ETA(20)+BECATI(144),

2DSCAT2¢144) +DSCATI( ) o PHO( 200400 »

LANG 401 o CPHORX L 144} o BUNANG « ANOD + DOUNBL { 20+ 40 ) + BOUNDT ( 20+ 403+

2A00L {20+ 40) > V11205 40) « 1CHECK (20 *RATIOIIZ) 0 IROOT(144),

SIFMAT(14)s NLOCAL(144)91CONC144),

IVI€20) 2 EV(B) s NLEVINTINES ILEVs TIRINC20) » TIMAXC20) ¢ VINUNG20) o

2A0144),D(148),CU188)+BRILAAI/DU(144), THI144) o DU LA4)

3EN(1484),THOCOS(700) +

LIFLONPOINT s os [GEOR: IBYR, IPOLIS s NSECT s NPERDD » NPEROD » IDINY o

20ARNA DVDX( 70, 48) ' DUDY (70485271144 ;DELTAX +DELYAY

3YB(44048)+K5(68) ¢ XSB(70),

IVARBLE(4) ¢ FoDEL T SPOUND MDIMsPOT oM+ JI +RP L+ RP I 2+ RP IMNAF » SOTPL ,

?MV'YIWII-V!l’(?tuﬂlnﬁ‘?-ﬂ.llv““l?v'!"lIn't"ll'

STEMPROLUNSILUMALUNS LUNG s LUNT o LUNS ,LUNP s LLNLO

Ill"t(lll)-.lﬂ".(I‘O’-’llut(l.lh“Clm(l.l)-IP*L(IQII-

2PERPANI144:4) PANIND(184)
ELEC(148),CBEC(144):LBEC1(344)CPNOTDC144),

1eCOBCAL(144) ,BECPRNC144) ,8ECPRI(144),

LR
1MASE » JORL » DPHT M-aw.rm..nﬂ(u.um-u-'-u:(c-.
2EAPVIC20) +EF TVI(20) s IERROR s TETRIN: TEYRAX s DETAL /DETA2» A ESS .
SL2:CARREIVICPM X1+ CSECEL +CSECEL,CHrCPCHE+CRL
UATA VACC/).0€-3/

Jop

[

C INITIALIZE CURRENTS TO ZERO
NOIN=Q
CELEC( N1 =0, 0
CSEC(J)=0.0
CPSCAT( 120,00
CHCI(L)=0.0
CP9CALLI)0.0
IF(J0M .§0.0) OO 10O 71¢

c

C CORPUTE SLECTROR CURRENT USING ONL CONDITIONS
NTePul(IP
€5=0.0
C#=0.0

CE270.0

TFCIFAMAT(3) . ME.0.OR. TFAMRL T14) . ME.,0) CALL CPS
CSECL ) =CS

FREC1 L 1reray




-

)

o

ann

n

no

nan

o

AR ANSA

CRSCREL v
UBSUALL 1 (R
[CXIY AT APR TR I YRR R |
1O RATTO P N 00 s LELsRATIUS e SEab @ LT7KATIUL YY)
TRARATIOGLL . NE .0 00 tES-naTLUCEI SR U XL/RATIUCI0) )
CETELCO et b 10D NE T ALE 2OUENE ). DENT L
U T

13 PFARATIUL vu N, 0,00 CFLRATIONEI I USSATEISORT L x1/RALLUC e
1 CORF TRt -l RALTIDCY I
LECRATTO UL N 000 CEZ=RATINUIL) 8y
1+ CURFTONORT n ] KATIOGI0 )
CELEE G 10 v L Lol NE LPLE CBLRNE ) LENTY
oo TN

14 ONTINUE

COSHATSLLUN T (-1 /KATEDCIYY

FREPARE DATA FOR FIMAXWELLIA® DISTR

DO PH0 Jseral

TFCJDNE . L) GO TU /18

GANMA=RAT[0(2)

TENFE=TERFEL

KATE=RATIN(s)

CENSDENE L /DENTL

RGN
"I GARMA=KATIVC 1Y)

TENFE=TEMPED

KATEsRATIDOI L)

DENTDENED/DENTL
71> CowFINuE

1F (DEN.EG.0.0) GO TO 710
LDNFUTE ENERGY LEVELS AND ACCEFTANCE ANGLES

NTOUR =1

NuRs L
COMFUTE RIMIMAL RINETIC VELOCITY

VZERD=0.0

15 (PHI( ) . NE.0.0)

IVZEROAMAX] (O, + -FHT{ J) /GANRASSQRT (ABSIFHT (1) /GARRA)Y ) /

1 ABS«PHILJ)/GAMNA))

B0 705 1=1eNLEV.ILEV
BETAL=VICI) 082
HETAD=RETA)-PHI(J)/GARNA
IF(RETA2.LE.O.)GO FO 705
IF ENERGY AT SURFACE(BETAD) IS LESS THAN ZERG, GO ON 1O NEXT ENERGY
TETAIN=0.0
TETHAX=RPT
COMPUTE ACCEPTANCE ANGLES
1f ORBITS CORRESPOMDING TO LOW ENERGY LEVELS ARE OMLs 0O NOT COMPUFE
ORBITS NUMERICALLY FOR HIGHER ENERGY LEVELS.
IF (NTOUR.EQ.1)
1 CALL GENORB
1F CJLESS.£0.2)G0 TO 703
NUR=NU#+L
IF (TETMIN.LE.O.O.AND.TETHAX.GE .RPT) NTOUR=O
TININ(NUR) = TETAIN
TIMAX (NUM) = TE THAX
VINUM(NUM)> =SORT (RETA2)
COMWPUTE COEFFICIENTS FOR SECOMNDARY ELECTRONS
IFCIFAULT(3).EQ. 1) DELEECNUM) =7, ARDELMAKCJ) SRE TAZS TENPESEXP(
1-2.8S0RT (BETA2STENFE/ERAX (1) )) /ENAX (D)
1FCEFAULT(4).E0.0)G0 TO 703
COMPUTE COEFFICIENTS FOR BACRSCATTER ELECTRONS
NOTE :FOR BSCAT3,THE CORRESPONDING ENERGY 1S IN AV
BSC=BSCATI(J)SBETA20GANNA
ETAINUMISRSCATE(J)
1f (BSC.LE.100.)
1 ETA(NUM)=RSCATL(J)-DSCATZ( I SEXP(-B5C)
708 CONTINUE
1F (NUM.EG.1,GC TO 709

COMPUTE ACCEPTANCE ANGLES FOR LOWESTE NERGY LEVEL

TZERO=CTIMIN(2)4TIMAX(2)) /2,
UMINSVINUNC2)
817 UNED=(UMINSUZERD) /2.
VARBLE (12250
VARBLE ( 2)=UMEDSSIN(TZERD)
VARPLE(3)=v <))
VARBLE ( 4)«-UNEDBCOS( TZERD)
Te0.
DEL Fam
BETA1~VREDRUNEDHPHI (1) /CARNA
CALL ORDPIT
IF (VARBLE (1), GE » (SROUND-DEL TAX ) JUNIN=UNED
IF(VARBLE (1) .LT,50)VIERO=UNED
IF(APS(UNIN-UZERQ) .0T.VACC)G0 TO 817
VINUACL ) oURIN
BETA2=UNINGS2
SETAI=BETAZIPHI (J)/GANNA
TETHINSTININGD)
TETRAXSTINAX(D)
TIMINCGL ) TZERD
TIMAX () =TZERD
CALL GENORD
1F(LESS.€Q.2) GO TO BO1
TIMINCL) = TETNIN
TIRAN (L) =TETHAX
801 COMTINUE
TFCIFAT(3) . ED. 1) DELEE (1007 . 4SDELMAX( ) SBETAZSTENPESEXP (-2,
1030RT(BETAZATENPE/ERAX( 1) 1) /ERAX( J)
IFCIFAULTCAY . (a o)Gn 1@ 110
l!CllSCA'JlJ 280AMRA
(vA(l)-DICAVItJ)
IF (9SC.LE.100.0)
1 ETAC1)I=BSCATL () -BSCAT2( LI SEXP(-BSC)
310 CONTINUE
VZERO.TZERD ARE VELOCITY+ANGLE CO-ORDINATE MININA
NUMH S =NUN - §

WRITE (LUMEL@1S) JSrdJs CRIMINCTS o LuloMUN)
815 FORBAT (1%,9 00 15s8 JI=0: I3, 0ACCEPTANCE ANGLES FOR ELECTRONSS
1/ (1001N4PELO, 32 ))
WRITE (LUNG+4id) (TIMANIL)oL
416 FORMAT (10¢1X,1PEL0.3))
WRITE (LUNA817)
817 FORMAT (/0 VELOCITY LEVELS FOR ELECTROWSE/)
WRITE (LUNG:818) (VIMURIR) (hel e NUN)

M)

STARY INTEGRATION

Cimele0.0

Cume2e0,
COFF1afXP(-FHI( 1) /OAMMA) /SATP T
0.

miz0o=0.

APELOwO

(LG

Lhk S0,
ASCAY .
HSCAY g,

0 Gla L=1sNUMMIL
DENORsVINUMC LS VINUACL)
ARINYCCUSCTIAINCET) b -C0S TIRINGT ) 1 2 7 BENUS
HATN=COS(TIRING L) -ARINIVINUAS |
AMGX T (COSTIAAL 141D +- CUSETINAXCT) Y b/ Ok NOR
EAARECOSCTIMACC] ) ) -ARAXSVINURCL)
ARTAL=ARIN-ARAY
KALat = IN-BRAX
CURI=CURT $EXF (-VINUMCI ) SE2) 8 CANIXL-ANIXO0)I 8 (1, tUINUNIT 8871+
LOPAIXL-BAIX0) 8 e VINUMCT) $COEF T(VINURCES)))
TFCIFAUL T3 £V 0G0 10 B3
ADELS (COSCTIMINCI1) POUELEE (141D -COSCTIRINGLI »ot LER (1)) 7Bk NOR
BUEL [ =0FLEECT SCOSUTIMINGT ) ) -ADEL 18VINUAC ]
ADFLA= (LOLt FTAAXCEH1) JADELEE «191) -COSITIMAXCT) IO DLLEE (1) )/ IENOR
FDELM=DELEE (1) oCUSTIRAXCE 1) -AUELNBVINUNC D)
ALEL1:ADELL-ALELM
KOG LY -KUELT -RDELM
LUR2«CURZFEXF (~VINUMCT 18821 8¢ (ADEL 1-ABELO) 8¢ 2. $UINUNCTI 0820 ¢
LOHUEL 1-BUELO) $ (VINUNMCI) ¢COEF 1CUINUNGCED ) D)
63 lr(lrnuLI<a>.£n.0roD 10 824
ASCAT=1COSCTIMENCLEL) ) BETACTHTI-COSCTIMINGTIISETACTY)/DENON
RSCAI*ETAC1)3COS < TININCI V) -ASCATRVINUACT)
ASCAN=(COS(TIMAXCT+1)I8ETACT+1)-COSCTINAX(T) »SETALI)) /DENOR
HSCAMZETACT) SCOSCTINAX (1)) -ASCANSVINUNLT)
ASCAL=ASCAL-ASCAN
ESCAL=BSCAI-BSCAN
CUR3SCURSHEXF(-VINUM(1) 38238 ( (ASCAL-ASCAD)I S (T, +VINUM(T
128872 (BSCAL-BSCAQ) (VINUNCI ) 4COEF TCVINURCII D))
974 CONTINUE
gl4 ANIXO=ANIX]
BMIXO=hMIX1
tFCIFAULT(3).€0.0560 TO 813
ALELO=ARELL
BDELO=RDEL1
813 IF(IFAULT(4).EQ.0)GO TO 816
ASCAO=ASCAl
RSCAQ=RSCAL
814 CONTINUE

c
C CDMPUTE ELECTRON CURRENT
[+

CUR22=CUR2
CUK3I3=CUR3
CELEC($)=RATESCOFF 18CUR1SDENFCELEC )
IF (FHI(JY.G1.0.0) CUR2e
1 (2. ONSAYR(SORT (~PHI(J)/RATIO(3) ) +COEFT(SORT (-PRI(JI}/
2 RATIO(3)2) ) ISEXP(PHI(J) /RATION3) ) SCUR2Z
[F(PHICJ).GT.0.) CUR3
1 (2, 08SAYR(SORT (~PHI(J)/RATIOC4) ) +COEFT(SORT(-PHI(J)/
2 RATIO(41})1)ISEXP(PHI(I) /RATIO(4))ISCURY
CSFC( N =RATESCOFF 1 SCURZISDEN4CBEC())
CSEC1(J)=CSEC1(J)+RATESCOFF LSCUR22EDEN
CRSCAT( 1) =RATESCOFF 1 SCURIIDENFCBSCAT (J)
CASCAL{J)=CBSCAL{J)+RATESCOFF 1 SCURIINDEN
G0 10 710
709 CONTINUE
710 CONTINUE
715 CONTINUE
RETURN
END
FUMCTION COEFTLEXY
IAPLICIT REALZO (A-H,0Z)

[ COEFT(EX) = 0.5 & ROOT OF PI & EXP(EXSEX) & (1,0-EFY(EX))
¢ EFT(EX) = 2,0/R00T OF P1 & INTEGRAL FROW O TO EX OF EXP(-T$TiSDT
[ SELF -SUFFICIENT« MORE ACCURATE VERSION USING TAYLOR AND ASYRPTOTIC
IF(EX.LE.3.2) GO 1O 10
VIN=0.5/EX
VeVIN/EX

CENT=945.-V8 (10395, ~V8(135135. -VI(2027025, -Ve (34459425,

1 -V8127364537,51) 1)

COEFT = (CCtO-CENTSV4105.0)8V-15.0)8V43.0)8V-1.0)8V41.0)8VIN

RETURN
10 WSELREX

FNC=0.0

IFCEX.GT.2.81FNC
g 0306909 7454913E-47-Us( 6.205657919437400E-49
I ~UA( 1.513107949541218E-50-we( 3,601579309610128£-52
L ~WE( B.373419683072207E-54-u8( 1.902541227209081£-99
noowe 267097541935SSE-57-UE( 9. 186429502390493E -5
o

.

1.954102582324173E-60-N8( 4,070135277833260£-62
~N8( B.304614505929117E-44-W8( 1.560580713451091£-63

P 1)) 20 33y )

FNB=0.0

IFCEX.OT.2.2)FND=
-HE( 4.6784833515318404E-29-WE( 1.649761793417372E~30
~W{ 3,7341916439082173E-32-WF( 1.9149420621097636-33
~W$( 4.18030738B8222798E-313-Wh( l 930357200013108€-34
-MB( 5.044753007468038E - 30 7188546042001 704E
~WEt 4,900923964523425E-41-08¢ l-3‘304126|77'l00¢ 2
~NE( 3.8024933154461147€-44-w8( 7.6872002388707465 46

HFNC 133 130 333 1))

SUMe0.004226925432758080-EX8(1.0E£0-W8(3,333333333333333£-01
~WE( 9.999999999999999E -02-Us( 2.300952300952301E-02
~HEC 4.6294296420420429€ 034k 7,3737573787575766-04
~WB( 1,068376068376048E-04-w8( 1,3227513227933236-03
“M8( 1.458914900093371E-06-W8¢ 1.430385222313047E€~07
~M3 1,317233294300201£-08 + 08922210371 483 7€ - 09
~¥et 9.330702795147239E-11-We( S5.947794013437435F
W00 3. 95S4293164S0524E-13-N8( 2.466027010244A57€~ Il
-We e 0327350124157 746-17
-Ne e 7008£-168-M8¢ 2.107855191442136E-17
-WSC 1,0023184934907726-20-W0( 4.331848758920200€-22
-MB( 1.977064753877903E-23-W8( 6,230149299214223C-23%
-WB( 3.289260349173752€-26-Wh( 1.264107990898°14£-27

B OSFNR VEIID D)3 33300 3000 31 )

COEF T=EXF (W) OSUN

RETURN

END

FUNCTION EFT(EX)

SRPI=1.772453830905314

EFTel.-EXPC-EXUR2)0COEFTIEX)IV2, /SRP)

RE TURN

CmIO MmO

L AT R

Enp
SUBPROUTINE FLOW

c

C PURPOSE: EFFECT OF A FLOWING PLASHA ON 10N COLLECTION
[4 ]

[

RETURN
(4.1 ]
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SUBROUTTNE FHOTOCNNANG» L 1ER s 1DEUMURE GA» S0 v 1)

VACAAGE e

CURRENT COLLECTION DUE TO SECONDARY PARTICLES ( PHOTDELEC TRUNS.
SECONDARIES+ BALRSLATTERSELEC TRONS INDUCED BY FROTQNS)

noAnNANNANNOAONANN

INTEGER PERSEC+SECINDsPERPANPANIND
COMMON PSAVE( 144,107 sCSAVE(144#10) s PSECTR(144)2CSECTR( 1440,
1DELEE (205 »DELMAX(144) ' ENAX(144) sETA(20) +BSCATI 1441,
ZPSCATI(144) o BSCATIC144) 1PHOC20+40) ¢
LANG (40 s CPHONX (144) » SUNANG « ANGO + BOUNDL ¢ 20+ 40 ) » BOUNDI ( 20+ 40) ¢+
2ANGL (200407 «VIT1(20+40) ¢ ICHECR(20+40) +RATI0(13) 4 IROOT( 144},
IEFAULT (14 A OCAL (14410 ICONCT44 1y
IVIC20)sEV(O) o NLEVNTIMES ILEVe TIMINCZ0) o TIMAX (202, VINUNCZ0)
2A(144)+0(144),C(148),BB() 44 (144):TH(184)DWC1 4435
IEW(144), TWOCOS¢700) »
1IFLGyNPOINT +M: IGEOM, ISYN. 1POIS I NSECT + NPEROD» NPEROD 1DINY ¢
2GANAA L DYDX (20, 48) 1 DUDY (20,48 Y (144) »DELTAX»DELTAY >
3YS(86,48) 9 XS(46) 1XSS(70),
IVARSLE (450 ToDEL T+ SROUND e NDIMsPOT oM+ J1sRP1+RP 12, RP [HAF ¢ SATPT»
2SAY s TEMPEL « TENPE2 + DENEL »DENE2 »DENTS o+ DENI2,TENPI1» TENPL2s
TENPReLUN3» LUNG S LUNSLUNGsLUNZ « LUNH ¢+ LUND o LUN1 Oy
1IDTL 244>, JDTL{244) ,PERSECI144) »SECIND(184) » IPANEL (144) 0
DPERPAN(144+4) sPANIND(144) ¢
ICION(144) »CELEC(144)sCSEC(144)sCSEC1(144),CPHOTD(144)
JCPHOTI(144)sCHSCAT(144) «COSCALI(144),SECPRN(144),56° PR1(144),
3PHI(144),COUN(L44)
IKASE » JOML » DPH1 » NANG » RAD » PBOUND » OMEGA « ALPHA ¢ 50+ JP» IS rECS ¢
2EXPVI2(2019EFTVL(20) ¢ IERROR, TETMIN TETHAX»BETAL S BETA2 WLESS,
3L2+CARRIVCPHI X2 CSECEL +CSECELsCS+CHoLSLoCO
THIS SUBROUTIME CALCULATES YTHE PHOTOELECTRON CURRENT CPHOTO
CPHOTD CONSISTS OF TWO PARTSICPHOIO HAIN PHOYDELECTRON CURRENT
LEAVING A LOCATION DUE TO DIRECT SUN+AND CARRIVs PHOTOELECTHON
CURRENT ARRIVING AT A LOCATION FROM OTHER PORTIONS OF THE CRAFT
PHI 1S POTENTIAL ON SPACECRAFT SURFACE
N IS NUMDER OF GRID POINTS ON SPACECRAFT SURFACE
NANG IS NUMBER OF INTERVALS THAT NALF-ANGLE (RPI/2) GRID FOR
PHOTOELECTRONS IS DIUIDED INTO. NANG SHOULD BDE ODD SO THAT THERE IS
A GRID POINT FOR RPI/
NLEV IS NUMBER OF UELDCI'V LEVELS USED
CPHOMX IS mAXIMIM CURRENT DUE TO PHOTOELECTRONS
PHO IS ACTUAL CONTRIBUTION AT EACH POINT DUE TO SUN ANGLE
ANG 1S LOCATION OF EACM GRID POINT. NOTE THAT ANG AND PHO ARE
NLEV X NANG MATRICES.
KL IS5 A FLAG
RL=0sBOUNDARIES DETERMINED BY GRID POINTS IN VELOCITY SPACE
KLw1sDOUNDARIES DETERMINED BY BISSECTION

oannonan

anmn

DATA KL/Q/

DATA DANG/0.017,

DATA FAC/) .OI;WI/0.0II
CAMNAYRATIO(SY

DELANG® . 3SRPI/FLOAT ( NANG-1)
Lim2INAND -1

L2WL1-1

NDIN=4

VAR3®Y { J) ~SUNANG

CPHOTO(J) 20,0
CPHOTL1.4)=0,0
IF(COStVARI) . NE.ADSL{COS(VAR3))) RETURM

GENERATE COEFFICIENTE PHOCI«L) AND ANG(L) FOR USE IN CALCULATING
PHOTOELECTRON CURRENT DUE TO PHOTOELECTRONS ARRIVING FROM OTHER
PORTIONS OF THE SPACECRAFT

10ML =18

DO 3OO [etsMLEV

DO 190 L=isL1

EF(KL.EQ.0) TCNECK(IsL)mt

IF(KL.EQ.1) [CHECK(I+L)m0

PHO(E+L)=0.0

IF(10M..£0.0) GO TO 190

ANG (L) DELANGEFLOAT(L-L )

PETALSVIL{I)ISN24PM] ( J)/BANNA

1F(PETAL.LT.0.0) GO YO 180

VARBLE (1) =80

VARBLE ( 2)»VE (T )88 1MCANGI(L) )

VARKECSI=Y(])

VARMLE(4)=-VI(1)ECOS(ANDIL) )

COSA=COS(ANG(L) »

DOETA=-COSASDVIX(2,02/12, MV!ll).l?’M)OCm

IF(L.EQ.1.AND.DDEYA.LT.O0.0)

LFIL.EQ.LI.AND.DDETA.GY.0.0) W lﬂ l”
1+ CONTINUE

=0,

CALL ORDIT(SO,DETALYJ)

1F (VARBLE (1) . OE . (SDOUND-DEL TAX))GO TO 190

VAR I<VARDLE ( 3) ~SUNANG

IF CABRSC(POT-PHIC ) I/RATIO(S)) LT, 100)

IPHOCT L ) oCPHOMX( J1) S{COSIVARY) +ADS(COSIVARY) ) )
18EXP((POT-PHIC ) I/RATIOS) ) /SATPL

5F (PHO(T.L).€0.0.0) ICHECK(I.L)=)

00 70 190
180 VARSSY () - SUNANG

PHOCT LYo CPHONX(J)S(CABIVARI) +HADS(COBIVARS) ) ) /RaTPL
190 CONTINUE

j0mL =0

20 300 La3sLY

IF(PHO(ToL) . ME.0.0) 10N =TOML 41
300 CONTINUE

00 197 L=tebl

VO 197 T=1.MEV
BOUNDL (Lol t=PHO 4L )
POUNDE( ToL ) oPNO(T,L)
ViLcloLrovicl?

AN 110 reawnn )

an

c
c
c
c
c

19 CowtinuE

LFarL . bUL. 01 GO TO 100
1o 200 Tetiemtiv
DG 200 Le1eLl
I8 CICHECNCE oL 2 £0.1.0K. ICHNECACLoL 413, kU3 LU TU 200
IF (PHDCICL) U, 0.0 AND.FHOUL (415 .M .0.00 6O TO LOI
IF (PRULCLAL ) NE O Q. ARD FHUCT L ¢1) . EU.0.0) GO TU O
Gy 10 oo
SOL LCulat
ANGAANG (L )
ANGH=ANG (L 41}
6o 10 208
202 LCuT=L #1
Wﬂimﬁlle
ANG (L
203 m(-o SBCANGA+ANLD
106 AL D=ANGLE
VaRBLE + 11250
VAKBLE { 2 =ANGLE
VAKBLE (v v )
VAKI=VARBLE L 1) SUNANG
BETALVIC)OVI(TI4PHLC 1)/ GARRA
IF(BETAL.LT.0.0) ROUNBLSE+LCUT ) =CPRONXE JIB(COB(VARS) ¢
1 AKS(COSIVAK3I)I)/SATFI
1F¢PETAL.LT.0.0) OO 1O 207
1=0.0
CALL ORBII(SOvBETIAL Y
IF C(VAKBLE (1).GE. (SPOUND-DELTAX)) GO TO 204
VARI=VARBLE ( 3) -SUNANG
1SURF =)
IF(ABSC(FHE( Y ~POT ) /GARMRA) .LT.100.0}
1 POUNDL ¢ 1,LCUT)=CPHOMX(J] 18{CDS(VAR3 I $ADS(LOS(VARY) 1)
2 SEXPC(FOT-PHICJ) }/GARNA) /SOTP]

204 ANGA=ANGLE
205 ANGLE=0 .38 (ANGA+ANGS)
IF (ADSCANGLE -AOLD) .GT.DANG.OR, [SURF.EQ.0) GO TO 06
207 ANGL(I+LCUT ) =ANGLE
200 CONTINUE

THEN DO A REFINENENT AS FUNCTION OF VELOCITY LEVELS.
ISURF =0

NLEVI=NLEV-1

DO 210 Le1sL2

DD 210 1=l NLEVL

IF CICHECACIHL) .€D.1.0R.ICHECK(I41,L).E0.1) GO TO 210
IF (PHOCI,L).EQ.O0.0.AND.PHOCT+1+L).NE.Q.0} GO TGO 21t
IF (PHO(S/L).NE.O.O.AND.PHO(L#1+L).EQ.0.0) GO TO 212

G0 10 210

Go 10 213
ICUTeI¢L
VIAsvIC(I41)

2t

~

VID=VI(I)
213 ViNw0 . 38IVIA+VID)
2146 VIOLD=VIN
DETAL= VINES24PNI(J)/CANNA
VARBLE(1)=50
VARBLE (2) »ANG (L)
VARBLE(I>=Y (D)
TF(BETAL.LE.Q.O) BOUNDICICUT L) =CPMONX(JIB(COBIVARS) ¢
1 ADGICOS(VAR3)))/SGTPL
IF(PETAL.LE.O) GO TO 217
¥#0.0
CALL DRBPIT(SO>BETAL>J)
IF (VARBLE(1). o:.(nounn DELTAX)) 00 TD214
VARI=VARBLE (3)
ISURF=]
IFCABS ({PHILJ}-POT)/0ANAS .LT.100.0
1 .MDI([CI"!L)ICWK(.")l(l:ol(ml)‘.ll(co’(v“l)))
1 SEXPC(POT-PHI(1))/GANMNA) /8ATPL

214 \HA-VIN
50 T0 218
213 VINe0, 38 (VIAIVID)
IFCABS(VIN-VIOLD) ,OT.DVIS(VI(I+1)-V1¢1)).OR, ISURF.EQ.0) GO TO 216

217 VITCICUTL)aVIN

210 CONTINUE

2100 CONTINUE

CAL.CULATE CPHOTO
CURRIN=O .
CURBAX=0,
CARRIV=0,

VARASY () -BUNANG
CPHOTO(J )=  SECPHONX ¢ J) $(COB (VARS) +ABS (COB(VARA) ) )
CPHOT1( ) »CPHOTO )
u'urauuu) €0.0)00 TO 4000
CPH=0,0
80 350 L=irsL1
IF(PHOCI/L) .NE.O.0.OR.PHI(J),GT.0.0) CPHe2,0SCPHOTOCJ)/80TPL
350 CONTINUE
WRITE (LUNG4000) J
6000 FORMAT (/1X:8 SANPLING IN VELOVITY SPACE FOR PNOTO ELEC AT Jws, 13/
1

)
WURITE (LUNG+400) ((PHOCToL)sIvtoMLEVIoL=1sLE)
00 FORMAT (B(1X-1PE?.2))

WRITE (LUNG+400) ((DOUMDLCTsL)oIm1MLEVIsL=lsll)
WRITE (LUN&,401)
WRITE (LUNG»4O0O0) ((DOUNDI(TsldsImloMLEVIeLol, Ll
WRITE (LUNG,&601)
WRITE (LUNG»S0O0) ((VITC(Rsl)olotosMEVIeLolsll)
URITE (LUN&: 601}
WRITE (LUNG+400} ((ANGLC(IsL) 5=t +MLEV) Lot L)
WRITE (LUNG+401)
WRITE (LUNG400) (VILI)slatosNLEV)
WRITE (LUNS,402) (CICHECKC(TeL)
602 FORMAT (818)
359 CONYINUE
CALL FIT(L2,CARRIYV:CURNIN: CURNAX s J o CPHPHE » N» GANNA )
4000 1F(PHI(.1).61.0.0)
1 CPHOTO( ) «CPHOTO( J102,008AYS(SORT( ~-PNT(JI/RATID(D) )4
2 COEFTISORT(-PHIC 1) /RATIO(SI) )
3 SEXP(PHE(J)/RATIOCS))
401 FORMAT(//)
380 CPMOTOCJ)=CPHOTOL I -CARRIY
381 FORMAT(2¢IN+IPEL10.3))
400 COMTIME
RETURN

ToMLEV)I elmisll)

END
SUBROUT INE SECON (M. NANG: PHE«CEEC ETER 1GF 0N+ OREDH + 80+ J»
Y reFray
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INTEGER FERSECsSECINDSFERPAN.FANING
CONRCON FSAVE 1442201 sCSAVE (144010 sFSECTRIL44)1 4 USECTR 1440,
TOELAE O v LELPAR 144 sEAAL L 1447 ETAL I e BECATL 1440
JBICAT I 144 e BSCATI 144 S FNQL20 30
LANGUA0 s UFNUAN L 1341 e SUNANG ¢+ SNGO « BOUNTIL 1+ 20+ 401 BOUNKT (204 400 o
SANGL D030 b 1L SV A0 e [CHECR c 0030 s RATIO L3 - {RODT L1330
FIEa Told o i OCAL L3 [UON LAl
ICAI0 BV R o NLEL cNTIMES - TLEV  TIAING IO e TIMAX I 20 s VINUACIU ) »
JAVIAI e Rl e L I A BRI HN 1440 THO R4S T 148,
JEW. 1331, TWOCOS "Q0 e
LIFLG«NFOINT Mo IGEOM ISYA: [POLISNSECT+NPERDQAFERUD S IDINY »
SOARMA IVIXCTO A8 s DVDT L P04 4T 148 s DELTAX I DELTAY .
3300481515000 XSSO,
INARPLE - 4 s T-DEL T e SBOUND e ND TAPOT e He J1RFPI+RP [« RFINAF »SOTHT »
2SAY S TEMFEL - TEMFED o DENEL +DENED s DENILDENIQTEMF IS TERNFID,
JTEAFRGLUNSeLUND LUNS P LUNG s LUN7 « LUNE » LUNY «LUNLO
TIDTL 14410 UDTLC144) »PERSECL 1441 +SECIND(144) ¢ IPANEL (144},
JPERFANCI 44+ @) S FANIND 1440,
ICIONY 13341 CELECH 144 -CSEC(1441+CSECIC1441,CPHOTO144),
CCFROTIV 1441 CRSCAT L 144) - COSCAL(144) «SECPRN(144).SECFR1 1440,
3FMICLA4) sCGUNL LA,
LAASE + JONL « DFHT « NANG » RAD » FBOUNQ » OREGA + ALFHA SO JP ¢ ISV ECS»
TEAFVIZ(20) EFTVI L J0)» JERROR TETHING TETRAX BETAL +PETA20 JLESSy
JL2sCARRIVeCFHo X1+ CSECEL»CSECELCSCBICS1oCRY
THI3 SURRQUTINE CALCULATES TME SECONDARY LURKENT CSEC
CSEC CONSISTS OF TWwO FARTSICSEL +MAIN SECONDARY CURRENT
LEAVING & LOCATIONIAND CARRIV,SECONDARY
CURRENT ARRIVING AT A LOCATION FROM OTMER PORTIONS OF THE CRAFT
PHL IS FOTENTIAL ON SPACECRAFT SURFACE
N IS NURBER OF GRID FOINTS ON SPACLIRAFT SURFACE
NANG IS NUMBER OF INTERVALS TMAT Wil F-ANGLE (RPI/2) GRID FOR
SECONDARYS 1S DIVIDED INTO. NANG . #OULD BE ODD SG THAT THERE IS
A GRID FOINT FOR RPI/Q
NLEV IS NURBER OF VELOCITY LEVELS USED
FMO IS aCTuaL CONTRIBUTION AT EACH POINT
ANG 1S LOCATION OF EACH GRID POINT. NOTE THAT ANG AND PHO ARE
NLEV X NANG MATRICES.
DATA DANG/0.017/
PATA FAC/1.0/+DVI/V.01/
DATA NL/0/
GARMASRATIOLS)
NDINe3
MLANG-.S‘!P[IFLM’(M 1)
L1a2ONANG~
LleL1-1
GENERATE COEFFICIENTS PHOCIIL) AND ANG(L) FOR USE IN CALCULATING
SECONDARY CURRENT DUE TO SECONDARYS ARRIVING FROM QTNERN
PORTIONS OF THE SPACECRAFT
[OML =)
DO 300 I=t,MLEV
DO t91 Leleb
IF(RL.EQ.O) ICHMECK(I(L)m}
IF(RL.EQ.1) ICHECK(IeL)a0
PHO(IeL)20.0
IF(IOM .EQ.0) GO TO 191
ANG (L )eDELANGSFLOAT(L-})
PETALSVI(IISS24PHI(J) /GANNA
IF«DETAL.LT.0.0) GO TO 180
VARSLE(1)n050
VARDLE (2)=ANG (L)
VARDLE(3)eY ()
COSA=COS (ANG(L) )
oltvn--cosacnvnx(:.J»/( -0SVI(I)8928GARNA) $COSA
TFCL.EQ.1.AND. LT.0.) GOTO 1680
IF (L.EO.LL. QND DIET! 6T1.0.) GO TO 180
T=0 - - -
CALI. ORBIT(SO-DETALY )
IFC(VARBLE( 1) .GE. (SPOUND-DELTAX))GO TD 190
IF (ABS((PHI(J)-POT}I/RATIO0(33).LT.100,)
1 PHO(IsL)=2.08CSECLIILINEXPC(POT-PHI(JI))I/RATIO(I))/
2 sorel

IF (PHO(1¢L).£Q.0.0) JCHECK(IsL)=1
67 10 190
180 PHO(].L)=2.08CSEC1(J)/SATPL
190 CONTINUE
191 COMTINUE
10M.=0
PO 300 L=teL1
IF(PHO(T L) .NE.0.0) TOM ~IONL+1
300 CORTINUE

DO 197 LetsLd
DO 197 I=1,MEV
BOUNDL ([ +L)oPHO(I L)
POUNDICI L )=PHO(I L)}
VIT(L.L)eVE(])
ANGL (T ol doANG(L)

197 CONTINUE

IF(KL.€Q.0) GO 10 2100
DO 200 Ie1sMEV
DO 200 L=1eL2
IF (ICHECK(I,L).EQ.1.0R.iICHECK(I,L412.€0.1) 00 TO 200
IF (PMOC(1,L).E0.0 AND,PHOCT i 41).NE.0.0) OO TO 2031
IF (PHO(L+L) . NE.O.0.AND.PHO( I, #1).£0.0.0) GO TO 202
GO TO 200

201 LCUTeL
ANGA=ANG (L )
ANGBSANG (L 1)

G0 10 203
202 LCUTeL ¢t
ANGASANG (L 41)
ANGS=AND (L)
203 ANOLE=0.S8(ANGAIANGD )
204 AOLD=ANGLE .
VARRLE(1)280
VARBLE (2) »ANGLE
VARDLE (33aY< )
1=0.0
SETAL=VI(IISVI(1)PHILJ) /0ANRA
IFCPETAL.LT. 0 0) DOUNDL(1+,LCUT?I=2.08CSECE () /3QTPS
IFCRET L1.0.0) GO T0 207
CALL ORI '(!Ovll'llo.}l
IF (VARBDLE(1) .0E. (SPOUND-| NLYAID' oo 10 204
(FCARSL(PHICII-POT) DAMIA) LT 10O
TPOUNDL L I,LCUTIm2, OOC"CIIJIl”l't('ﬂ'-’”l(.ﬂ‘/m'lu"l
207 ANGEeANGLE

204 ANGACANGLE

205 ANGLE=0.30(ANGAIANDD )
12 (ADSIANGLE-AOLD) .GT.0ANG) GO TO 206
ANOL CT/LCUT Y oANOLE

200 CONYINUE

MLEVITMLEV-1

DO 210 L=iskl

00 210 lei.mEV]

TE FIPWECRIT L. EO. ) R ICHEPR . TAT L B Ty R TR S

UF CPHOEL L EQ. V.0 AND. FrOCTL L . WE.C. D0 w0 T Ly
IF (FMO Ll E.O. O ANDLFRO e g sl ) €0 0.0 53 "0 U1l
60 10 210
2l ocuTel
viaavi 1
Vikavicley
GO TO 213
212 tuTele
vlasvivlen
VIkavi]y
S13 VINsO.SecvIasvLl
216 vIOLDevIn
BETALs VINEB2ePHIL I GARRA
IFCRETAL.LT.O.00 BOUNDE TCUT LoD,
iF (BETAL.LE.Q.0» GO TD Q1%
VARBLE (11250
VARBLE 2) =ANG L »
VARBLE(S a1 )
T0.0
CALL ORBIT(S0.FETALs )
IF (VARBLE(1'.GE. SBOUND-DELTAT} ua Tol14
IFCABSL(FHECJ)-POT) /GARNA) L T.100.
llOuNqulCU'-LI-:.o‘tSGCIAJI)IE|6l-FG’-Cuan'v GARRA L, SATPY
217 viesvin
GO TO 213
Tle viaavtn
GO0 T0 215
215 vIna0.SeviAsVIB)
IFCABS(VIA-VIOLD) .GT.DVIS(VItI+1-vI(1r)) GO TO Tis
VITCICUT L =vIn
210 CONTINUE

CSECL 2 SATE]

c
C
c
2100 CONTINUL
[
[ C‘kCULA'E CSEC
N0,
Cuﬁhhlio.
CARRIV=O,
IFCIFAULT(7).EG.0)60 TO 4000
CPM=0.0
DO 350 Lelell
IF(PHO(1+L) . NE.0.0.OR.PNI(J}.GT.0.0)
1 CPNe2.03CSEC1(J)/SOTPI
330 CONTINUE
WRETE (LUNS:6000) J
4000 FORMAT (/1X+3SAMFLING IN VELOCITY SPACE FOR SECONDARIES FOR Jed,
1 13/
WRITE (LUN61»600) ((PHOCI L)»InlsNLEV) sl mlsl )}
400 FORMAT (8(1X+1PE?.2))
359 CONTINUI
CALL FIT(L2sCARRIV.CURNINICURNAXY JsCPHIPHI o NI GANNA)
4000 CONTINUE
340 CSEC(J)=CSEC(J)-CARRIV
400 CONTINUE
RETURN

END
SURROUTINE BSCATR{NeNANGsPHICBSCATITER: IGEON,ONEGA»SO» JsCRSCAL)
INTEGER PERSEC+SECIND+PERPANIPANIND
CONMON PSAVE (144:10)+CSAVE(144910)/PSECTR(144) CSECTR(144),
1DELEE (200« DELMAX(144) +EMAX(144)+ETA(20) ¢BSCATI (144,
2BSCATI(144)+BSCATI(144),PHO(20.40)
1ANG (401, CPHOMX (144) ¢ SUNANG + ANGO+ BOUNDL (20+40) ¢ BOUNDI ¢ 204401+
2ANGL(20+40)»VIL1(20+40)+ ICHECK(20+40)+RATIO(13},IROOT( 1442,
3IFAULT(14) ¢ MOCAL (1447 ¢ ICONC244) 5
IVI(20)vEV(B) s HLEV/NTINES s ILEV» TININC20) » TINAXC20) » VINUN(20) o
TAC144)0B(144)¢C(144)sDP(144),3U(144),TH(144),D0(144),
3EN(144)9 TWOCOS(700) s
LIFLGoNPOINT s My IGEONs ISTYNs IPOTS NSECT ¢ NPEROD < HPERQD [DINY
2GANNA»DVDX(70+48) s DVDY (70,492 ¢ Y(144) e DELTAX, DELTAY,
3YS(46+48)¢XS(66) ¢ XSS(70) s
IVARBLE(4) s Te DEL T+ SPOUNDsRDINePOTsHe J1eRPL.RPI2,RPINAF »SGTPI»
2SAY» TENPEL » TEMPE2»DENEL + DENE2/DENTL »DENI2» TEMPLI1 . TENPL2,
TEMPRsLUNI/LUNALUNS +LUNS s LUN7 s LUNB +LUN® ¢ LUN1O
1IDTL(3144),JOTL(144) ,PERSEC(144)+SECIND(144),IPANEL (144},
2PERPAN(144+4) »PANIND(144) s
1CION(144) ) CELEC(144),CSEC(144)+CSECI(144),CPHOTOC144))
2CPHOTL(144).CPSCAT(144) ¢COSCAL(144) (SECPRN(144):SECPRL(144),
3PHI(144)5COUNCLAG),
1KASE » JONL + DPHI ¢ NANG ¢ RAD » PROUND r OMEGA ¢ ALPHA» S0+ P » IS+ ECS»
SEXPVIDC20) sEFTVIC20) » IERROR: TETHIN) TETHAX «BETAL »DETAT» LESS,
3L2¢CARRIVICPHe XTI+ CSECEL »CSECEL eCS+CD2CSE LD
THIS SUBROUTINE CALCULATES THE BSSCATTER CURRENT CPSCAY
CBSCAT CONSISTS OF TWO PARTSICESCATMAIN PSCATTER CURRENT
LEAVING A LOCATION:AND CARRIV.BSCATTER
CURRENT ARRIVING AT A LOCATION FRON OTMER PORTIONS OF THE CRAFT
PHI IS POTENTIAL ON SPACECRAFT SURFACE
N IS NUMBER OF GRID POINTS ON SPACECRAFT SURFACE
NANG IS NUMBER OF [NTERVALS THAT HALF-ANGLE (RP1/2) GRID FORM
BSCATTERS [S DIVIDED INTO. NANO SHOULD PE ODD SO THAT THERE IS
A ORID POINT FOR RP1/2
NLEV 18 NUMDER OF VELOCITY LEVELS USED
PHO IS ACTUAL CONTRIBUTION AT EACM POINT
ANG IS LOCATION OF EACH GRID POINT. NOTE THAT ANG AND PHO ARE
NLEV X NANG MIRICE’-
DATA DANG/0.017
DATA FaC/1. O/.nVI/o 01/
DATA KL/0/
GANRA=RATIO(4)
DELANG= . SORPL/FLOAT (NANG-1)
L1m8NANG-)
L2eLt-1
NDIM=3
C GENERATE COEFFICIENTS PHOCI,L) AND ANQ(L) FOR USE IN CALCULATING
c BSCATTER CURRENT DUE TO DSCATTERS ARRIVING FROA OTMER
[4 PORTIONS OF THE SPACECRAFT
10 «1
DG 300 [=1,M.EV
DO 190 Letol
IFC(KL.€Q.0 (CHECA(ToL)m)
IF(AL .EG.1) ICMECKR(T.1 )0
PHO(L+L)80.0
IFLI0M .£EQ.0) GO TO 190
ANG (L 1o DELAMGEFLOAT (L -1 Y
DEFALOVE(139824PHT(J) /GANNA
IF(PETAL.LT.0.0) GO TO 180
VARDLE (1)e80
VARBLE ¢ 2)eANg (L)
VARBLEtY)eYe
COSACOS(ANG(L ) )
DRETAC-COSASDVDT( 1+ 1) 712,08V 1108 20GANNAS +COSA
IF tL.6G.1.AND.DMETA.LY.0.0) GO TO 100
:' {L.EQ.L1.AND.DICTA.GT.0.0) GO TO 180
0.

LG LG LG LY

CALL ORDLIT(SOPETALS Y
IFIVARBLE 1), 5E. ( SPOUND-DEL TAX) 100 TO 19O

1F cARSC J1-POT)I/RATIOCA)) LT, 200}

L PHOCTSL )= . 00COICATCIIISERP((POT-PHICJI I RATIOA) Y,
S sotPt

IF (PWOCTL1.60.0.0) ICHECR(TsLe)

an o o1en




1IN0 FHOUT.L )2l . OBURSEAL I /SATPL
190 LONTINUE

LOM =0

DO 100 Lelatd

TF(FMOCLSL ) NELO.O) TOML=1UML ¢
300 CONTINUE

c
€
B0 197 L=t
DO 197 TaleMLEY
HOUNDL ¢ TsL 1 aFHOCT L)
BOUNDT (1 L) =PHO( Tl
VILU Tl =VIcD)
ANGL ¢ [oL12ANG (L)
197 CONTINGE
C
[
c
[
IF(XKL.E@.0) GO YO 2100
I"O 200 I=31:MLEV
200 LatsL2
IF C(ICHECR(IsL) . ED.1,.0R, ICHECK(T+L +1).£Q.1) GO TO 200
IF (PHOCT/L).EG.0.0.AND.PNO(L,L#1).N£.0.0) GO TO 201
IF (PHOCEI L) . NE.O.O.AND.PHO(L L#1) .EQ.0.0) GG YO 202
00
202 LCUTeL 41
ANGA=ANG (L. +1)
ANGPaANG (L )
203 ANGLE=O. S8 (ANGA+ANGE)
206 ADLDSANGLE
VARBLE ( 1)sS0
VARBLE (2)sANGLE
VARBLE (32 =Y ()
T=0.0
BETAL=VECI)SUI(I)4PHI(J)/GANNA
IF(BETAL.LT.0.0) BOUNDL (I LCUT)=2.08CPSCAL (1) /SATPT
IF(BETAL.LT.O.} GO TO 207
CALL ORPIT(SQ¢BETALJ)
IF (VARDLE(1).GE.(SPOUND-DELTAX)) GO TO 204
IFCABSC(PHI(L) -POY)/GANNA) LT .100.0)
LBOUNDL (1+LCUT) =2, 0BCHSCAL( J1)IBEXP ((POT-PHI(J) ) /GANNA) /SATPT
207 ANGR=ANGLE
60 TO 205
204 ANGA=ANGLE
205 ANGLE=0.SE(ANGA+ANGS)
IF (ADSCANGLE-AOLD) .GT.DANG) 00 TO 206
ANGL (T +LCUT)=ANGLE
200 CONTINUE
c

MLEVL=MLEV-1

DO 210 Leiell

DO 210 I=1sMLEVS

IF (ICHECK(IsL).EQ.51.0R.ICHECK(14.+L),EQ.1} GO YO 210

IF (PHOCI+L).EQ.0.0.AND,PHOCI+1sL).NE.0.0) GO TO 212

XF tPDIleI.)-'E.O-O.MD.PM(INIL).EG.O.O) 60 Y0 212
o 210

211 ICUT'I

VIA=vI(])

VIBaVI(1+1)

60 TO 213

212 ICUTeI48
VIAsUT(LI41)
Vis=vi(I)
213 VIN=0,.S8:VIA$VID)
214 VIOLD=VIN
BETAte VINSO24PNE (D) /0ANNA
IF(BETAL.LT.0.0) mnxucur-u-z 0SCPBCAL(J)/80TPY
IF (PETAL1.LY.0.0) 60 TO 2
VARBLE (1)=80
VARBLE ( 2) »ANO(L )
VARDLE (3)=Y(J)
¥20.0
CALL ORPITI(SO»DETAL»J)
1F (VARPLE(1).0E. (EDOUND~DELTAX)Y) 8D TO214
IFCARS((PHI(J)~POT)/GANNA) .LT.100.0)
1POUNDE ¢ ICUTsL )=2, OBCISCAL ¢ J1ISEXP( (POT-PHI(J) ) /0ANNA) /80TPT
27 VI.WIN
0 213
214 Vlh-‘llﬂ

@D Y0 23

213 VIN=O,SS(VIANWID)
IF(ABSCVIN-VIOLD) .OT. DVIS(VI{T#15-91(1))) GO TO 214
VII{ICUTsL)aVIR

210 CONTINUE

ann

2100 CONTINUE
c CMCIAQ'I COSCAT

URNIN=O .

le-o-

CARRIVSO,
IFULIFAULT(8).E0.0)00 TO 4000
CPW»0.0
DO 330 L=fsL1
IF(PNOCTIL) . NE.O0.0.0R.PHI(S).0T.0.0)
1 CPM=2,00CPSCALCJ)/8ATPT
330 COMNTINUE
WRITE (LUNG»6000) J
4000 FORMAT (/1XsSSANPLING IN VELOCITY SPACE FOR DRCATTERS AT J=8.
1137}
WRITE (LUNG»S00) ((PHD(T L) » 1ot MEV)Ielalel))
400 FORMAT (S(LIXs1PE?.2))
CALL FITIL2sCARRIVSCURNING CURNAX > 25 CPHoPHE » Mo BANNA )
4000 CONT INUE
801 FORRATL//)
360 CPSCAT( )
400 CONTINUE
RE TURN

ISCAT ()} -CARRIV

Fnp

SUBROUTINE ELPRI(M: NANG  PHE + SECPRN ) ITER TOE0N: ONESA s 30+ J» SECPR T )
INTEGER PERSEC »SECINDPERPAN PANIND

CONMON PSAVE (144,10) L 10)PSECTR(144) «CSECTR(144)
10FLEE(20) »DELMAN (| 44 TAC20),B8CATI(144),
2PSCAT2(144),9SCATI(S
1ANG( 40) « CPMONX 144 » SUNANG , ANOO » POUNDL ( 20+ 40) ¢ BOUNDT (20,4 40) ¢
ZN(N-WI'VIIlNv‘O)-lCﬁCI(erOlvlﬂ’lOlIJ)vle(lll)r
JIFAMAT(14)» ALOCAL(144)ICONIIS4)

ILEVS TININI20)» TINAKC 2O VIM(?ODr
C184) DU 1441, TH(144) s DV

36W(144).TUOCOR( 700) »
1IFLDNPOINT e TOEON» TSYA, [POLS  NSECT . MPERDD NWPERDD, IDINY,
70 JeDVDY(70,48) 1Y 144) DELTAX,DELTAY,

TVARBLE (415 T.DEL T SPOUND  NDIR+POT s Mo J1+RP L. RPI2:RP THAF  BQTP T
28AY s TEMPE Ly TEMPEZ . DENE I o RENEZ »DENTL DENIZ, TENPTL TFAPI2,
LI R L BN PR R POt RN PN IR LT

cl

2

LIDTLLEA4) 4 I0EL (1441 +FERSELC144)»SECINBCI 44 TFANL] (1440,
IPERPANC 144,40 (PANIND (1447,

1CIONC144) o LELEC(144)1CSEC(144) +CSECT(144)CHHUTD 1442,
2CPHOTL(144) LRSCAT(144)CBSCAL(144) s SECPRNT144) oSECHREL 1440,
IPHI(144),COUNCEA4)»

1RASE o JOML » DPHI ¢+ NANG s RAD ¢ FBOUND » ONEGA» ALPHAL SO+ W ¢ 1S+ C5»
2EAPULDCTONJEF TVTC0) + TERROR+ TETMIN VETHAXBRETAL o BE 1A2. AL SS)
3L eCARRIVeLPHI X1 +CSECEL ¢CSECEL 1 LS1COCSICRY

noAnNNanNaOANNAAD

THIS SUBROUTINE CALCULATES THE SECONDARY CURRENT SECFRW

SECPRN CONSISTS OF TWO PARTSISECPRN+NAIN SECONDARY CURRENT
LEAVING A LOCATION:AND CARRIV, SECONDARY
CURRENT ARRIVING AT A LOCATION FROM OTHER PORTIONS OF THE CTRAFY

PHL IS POTENTIAL ON SPACECRAFT SURFACE

N IS MUNBER OF GRID POINTS ON SPACECRAFT SURFACE

NANG IS NUMBER OF INTERVALS THAT HALF -ANGLE (RPI/2) GRID FOR
SECORDARYS 1S DIVIDED INTD., NANG SHOULD BE ODD S50 1WAT THERE IS
A GRID POINTY FOR RP1/2

NLEV IS NUMBER OF VELOCITY LEVELS USED

PHO IS ACTUAL CONTRIBUTION AT EACH POINT

ANG IS LOCATION OF EACH GRID POINT., NUTE THAT ANG AND FHO ARE
NLEV X NANG MATRICES.

LEY

o0

LLLY.)

DATA DANG/O.1/

DATA FAC/1.07+DV170,017/
DATA KL/0O/

GARMA=RATION1])
D‘LMG'-SUR'I/VLOA'(M 1
L 1= 28NANG-

L= t-1

HDIAad
GENERATE COEFFICIENTS PHOCI L) AND ANG(L) FOR USE IN CALCULATING
SECONDARY CURRENT DUE TO SECONDARYS ARRIVING FROMN OTHER
PORTIONS OF THE SPACECRAFT
10ML=1
00 300 I=1.MLEV
DO 190 L=yl
IF(KL.EQ,0) ICHECK(I,L)m2
IF(KL.EQ.1) ICHECKR(I,L)=0
PHNO(L+L)=0,0
IFCI0OML.EG.O0) GO TO 190
ANG(L )=DELANGEFLOAT(L~1)
BEYAL=UI (1 )824PHI (J) /GANMA
IF(BEYAL,LT,0.0) GO TO 100
VARBLE (1)=50
VARBLE (2)wANG(L)
VARBLE (3)=Y (D)
COSA=COS(ANO(L))
DIETAR-COSASDVDX (1,2 /12,0801 (1) 6328GANRA) FTOSA
IF(L.EQ.1.AMD.DDETA,LT.0.0) GO TO 180
IF(L.EQ.L1.AND.DPETA.GY.0.0) GO TO 180
Tul.
CALL ORBIT(S0,DETALJ)
IFCVARBLE (1) .GE. (SBOUND-DELTAX)>G0 10 190
1F (ADS{(POT-PRI(J)}/RATI0013)).LT.100
1 PHO(T L )=2,08SECPRY(JLIBEXP((POT - PMX(J)!/RA'[O(IJ))/
3 §oTP1
IF (m(l'Ll.EG 0.0) ICHECK(IsL}=1
60 TO 19
180 PM(I-L)-Z OBSECPR1(J)/8QTP]
190 CONTINUE
10ML=0
DO 300 L=1.L)
IF(PHO(I,L).NE.O.O) TOML=IOML 41
300 CONTINUE

DD 197 Leg,ld
20 197 l- P NLEV
POUNDL PHNOC T »
.Mlﬂ(le)-m(l L
VI ) mv D)
ANBL (T oL )mANG(L)
197 CONTINUE

IF(KL.EQ.0) 00 YO 2100
DD 200 Iei,MLEV

00 200 L=1,L2

IF (JCHECK(I+L).EQ. 1,0, ICHECK(IsL+1).E0.1) 0O TO 200

IF (PHO(I+L).EQ.0.0.AND.PHO(T L#1).NE.0.0) 80 TO 201

¥ (:m(l-u.u(.o.o.mn.mu.u:).:o.o.o) 00 YO 202
200

208 LCUT=L

203 ANOLESO. 5SS (ANGA+ANGD
204 AOLB=ANGLE
VARBLE (1) =80
VARDLE (2 ) mANSLE
VARBLE (3)eT(J)
To0.0
BETAL=VI(T)IOVE (1) HPNT(J)/0ANNA
IF(BETAL.LT.0.0) BOUNBL (15LCUTI=2. 08SECPRL () /80TP
IF(BETAL.LT.0.0) 80 TO 20
CALL ORDIT(80.DETALrJ)
IF (VARBLE (1) .0 , (BOOUND-BELTAX) ) 80 TO 204

! 3
POUNEL (1,LCUT ) =2, 08BECPRI(JI1IBEXP ((POT-PHICJ) ) /0ANNA) /8QTPL
60 10 203

204

205 ANSLE=0. 39 (ANDA+ANDD

IF (ABS(ANOLE-ACLS!.0T.DAND) 00 TO 204
ANBL (L2 LCUT ) =ANGLE

200 CONYINUE

§

WLEVE=MLEV-1
DO 210 Laisit
90 210 Ia|.EVE
IF (ICMECK(1s4).EQ.1.0R, ICHECK(I41,L}.E0.1) 80 TO 2t0
TF (PHOCT,L).E0.0.0.AND.PHO(L¢E,L).ME.0.0) 00 10 211
TF CPMOCIVL) . ME.0.0.ANB.PHO(T+L/L}.£0.0.0) 80 10 212
60 10 210
211 tcute1
viesvicI
vIBsVET#1)
@0 10 213
212 TCUl=1e1
vu-vnnn
vip=VI(l
213 ViM=0. snwnwnv
216 VIOLD=V
PETAYe vlnnwnluwom
IF(PETAL.LT.0.0) BOUNBL( LLUT L 192, 08BECPR1 () /8019
1F(PFTAI.LT.0.0) GO TO 217
vam F 7t rakn




g LT
I VARMLE (2) rANGLL ) 1 NE, 0.0, Anh FHOCTIL ) NE . 0. 0. AN ne
] URRMLE 2 s, PR TrL).NE.O.0.AND. [CNECK (1oL ¢1).£0.0)
. T=0.0 c
CALL ORBIT(SO.RETALY I} € CASF 2
IF (VARBLE(1),GE.(SBOUND-DELTAX)) GO TO214 FE (PHOCToL41).60.0.0. AND.FHOCE+L ) .EG.0.0. AND . PHOCI -1 ¢L ) .NE.0. 0.
ViBevin 1 AND.PHOCT-1oL+1) . NE,0.0.AND. ICHECA (I +L41).EQ.0.AND.
SFCP=(1.0-WEIGHT)8SECPR1(J1} +WE IGHFSSECPRY (I2) 2 ICHECAC(I,L).EQ.0,0) GO TO 410
b ROUNDTCICUT L) =2  O8SECPIEXP ((POT-PHICJ) ) /GANRA) /SQTPT c
¥ 60 T0 1% € CASE 3
§ 214 ViASVIN BF (PHOCT.L 411.E0.0.0.AND.PHOCL /L) . EQ.0.0. AND . PHOCI-1,1.41),£0.0.0
GO fo 213 L AND.FHOCE-150L ) . NE.O. O, AND. ICHECR ([sL+1) .EQ.0.AND.
21% VIn=0.38(VIASVIN) 2 ICHECK(TeL ) EQ.O.AND, ICHECKR(1-1:L$1).€0.0) GO TO 420
IF(ARSIVIN-VIOLD) . GT.DVIA(VICI41)-VI(I)}) GO TO 216 ¢
217 VITUICUT L) aVEn C CASE o

210 CONTINUE

c}xoo CONTINUE

C CALCULATE SECPRN
CURMIN=O,
CURNAX=O.
CARRIV=0.
TFLIFALT(8) .EQ.0)G0 TO 4000
€PH=0.0
BO 330 L=1,l1
LF(PHOCLeL ) . NE.O.0.OR.,PHI(J1}.GT.0.0)
1 CPH=2.08SECPR1(.J}/SOATPL
130 CONTINUE
WRITE (LUN&» 6000
4000 FORMAT (1X WLIN@ IN VELOCITY SPACE FOR ELEC INDUCED AT J=3,
1132
WRITE (LUNS»600) ((PHOCIsL)ri®1oMLEV)¢L"LrL1)
400 FORMAT (8(1X»1PEY.2))
CALL FIT(L2:CARRIVoCURMINGCURNAX o JoCPH+PHI » N1 GANNA )}
4000 CONTINUE
360 SECPRN(J)=BECPRN(L) -CARRIV
400 CONTINUE
RETURN

END
SUBROUTINE GUN

PURPOSE! TO COMPUTE THE CURREMT DUE TO THE ERISSION OF A GUN

amn

CORMON/COUR/CIONC144) »CELEC(144),CSEC(144)+CSECI(144),CHOTO(144)
1 +CPHOTLI(144) COSCAT(144),CRICAL(144),SECPRN(144)/SECPRI(144),
2 PHIC144).COUNCLAS)

END
SUBROUTINE FIT(L2,CARRIV.CURNIN, CURNAX ¢ Js PHOO ¢ PNI o N+ GANNA)

THIS SUDROUTIME CALCULATES SECONDARY CURRENT FROR OTHER POINTS.
IT 1S USED IN THE COMPUTATION OF PHOTOELECTRONS.SECONDARIES,AND
BACKSCATTERS ELECTRONS.

PURPOSE

TO COMPUTE THE CURRENT DENSITY~SUN OVER I(VELOCIVY) AND SUR OVER L
(amwBLE) OF «Mnmuncawmclvnumn.nwLot:lrnanr(-vtl.oc"vnzn
(VELOCTTYSS2)8SINCANGLE ) SDIANGLE ) SD¢VELOCT

TACKING INTO ACCOUNT THE FACT TNAT FOR c(l'ﬁll INCIDENT ENERQIES

AND CERTAIN BIRECTIONS: ELECTRON ORPITS DO COMMECT BACK TO THE AMBIENT
Pt A

SAA .
DESCRIPTION OF TME VARIANES
CARRIVITOTAL ARRIVING SECONDARY CURRENT AT A GIVEN ORID POINT
CURENTIARRIVING CURRENT FOR ONE ELEMENTARY CELL IN VENOCITY SPACE
PHOCTIIL)T WETONTING FACTORS IN CURRENT INTEGRATION
AsPeCoBI COKFFICIENTS 5M DILINEAR INTERPOLATION
l~l"=('! mlﬂ ANGLE IN VELOCITY SPACE.ANGLES ARE SANPLED FRON O T
VI! SANPLING [N KIMETIC VELOCITY
MEVI NUNDER OF ENEROY LEVELS USED IN THE CONPUTATION
L21 NUMBER OF AMBLES IN VELOCITY SPACE USED IN TNE CONPUTATION

TAnNAAANfAAANNGNNANAANNANa

[NTEGER PERSEC: SECIND, PERPANI PANIND
COMMON PEAVE (1440107 +CSAVE (1440101 /PSECTR(144) ,CSECTR(144)»
IDELEE (20) s BELNAX(148) (ENAX(144) s ETA(20) s DECATE (1440
2DUCATIC 1431 FRCATI(144) - PHOL 20,40}
1AM (401 ¢ CPIONX ( SUNANG  ANOD . BOUNBL ( 20+ 405 ¢ BOUMDT (200 40) ¢
24M0L (200 & ;.vnuo )+ ICMECK (204401 «RATIO( 131+ [ROOT (144)
IIFAULT (1415 M OCAL (1441 1CON{144) ¢
IVI(200 sEVAD) (NLEVSMNTINES ) ILEVs TENING20) » TINAK(20) e VINUN(20) o
2001643 .8(144),CL14810BBC1441BU(144), TH(144) 1DV 144%0
IEW(144) ¢ THOCOS( 700D ¢
LIFLO-NPOINT M IOEON, IBYN. [PO18:NBLCT « NPERCD, NPERDD, IDINY ¢
‘ 20AR  BUBX( 70+ 481 DUBY (70 48) » ¥ (144 + DEL TAX + DEL TAY»
3Y8068,48) XB(66) XBB(I0) s
. TUARBLE (4) ¢ T+ BEL T+ SBOUNS - NDIN:POT oo J1 RP L RPI2 . RPINAF 4 8QTPT
: 2947, TENPE L TENPE2, DENEL » DENET ¢ DENE L + DENIZ) TENPT1 o TENPIZs
' utm.unu.unu-Lua-l.uu.t.wr-l.wn.a.un'wuu-
: 11T <1 (1443 PERBEC(144) :SECIND(144) ¢ IPANEL (144) ¢
[ mmuu.n.mrnuun
1CTONC1441,CELEC(144)+CEEC{144),CBECS (1443 sCPHOTO(144) 0
2CPHOT1(1443.COBCAT(144) /CRECAS(104) s SECPRN(144) ,SECPR1(144) s
! wnun-cmnu)-

e 0 ONESA» ALPHA S 80+ P+
' ulwl?l“ .!"VI(?O)vl(m;’('ﬂll-""m-"‘lv
' SL2¢CARRIVCPHe X1+ CBECKL »COECF L »CB»CPsCS1CO1

c
PATA KBTFP/S/
c
MLEV
w2
1F¢1.87.1)00 TO 320
IF(PHICI) 78AMMA,LT.0.0) GO TO 340
IFCPMOCT /L) . EQ.0.0.AND.PHO(I:L+1).£0.0.0) 00 TO 340
DENON=VT (1) CANSIL ) -ANBILIL))
A=PHOG
20,0
CoPHOCLILELIRANGT  L)-PHDCIL)ICANSL LI IPHOOSIMIIC Lol)-
1 ANBC L)) )/0ENON
P=PHO( L 1L $1) ) /DENON
NPRINE=(A+DRANG (L)) SCOBIANG(L ) - CASDOAND(LEE )R
SINCANGILEL) ) -SINCANSIL)))
i <SEVIC1ISEXPVIZ(1) 40, 238SATPISEFT (1))
: UPRINE=D,S8(1.0-EXPVI2I118¢(].04V1(1)882))
CURENTCURENTIUPRINES(COICOB(ANG(L) ) ~COBCAND(LS1) ) ) DO (ANBIL S
% 1 COBIANBIL))I-ANG(LILISCOBCAND(LSL) IBTNIANDILS1))-SINCANGIL) ) )
CARNIVSCARRIVICURENT
+ o0 10 340
! 3.u CONTINUE
H BETASVE([-1)0824PHI( 1) /0ANRA
N IF(PETA.LT.0.0) GO TO 340
DENON={ANS (L) -ANBLL#1))B(VIcTI-vIcT-1))
LFePMDCL-1oL¢1),.ED.0.. PHOIIL61) . 80,0 . AND.PHOCE-1,L).ED.O.
L .ANB.PHO(T.L).E0.0.) 00 TO 340
¢
r CASE
TR PN S1Y FN AN LANA PHATT-1 .0 80) . NE AN AR PUNET-1 )y

IF (PHO(1/L43).E0,0.0.AND.PHOCIsL) .EQ.O.O.AND.PHO(I-1+L+1,.NE.0.0.
1 AND.PHO(T-1+L).EQ.0.0.AND, ICHECK(I+L¢3).EQ.O.AND,
2 ICHECKR(TeL ). EQ.O.AND. ICHECR(1-1,L).EG.0) GO TO 430

c
C CASE S
IF (PHOCT L#13.NE.O.0.AND.PHO(T /L) .ED.O.0.AND.PHOCI-1+L41).M€.0.0.
4 AND.PHO(T-1L).NE.O.0.AND. ICHECK(,L?.£0.0) GO TO
2 440
c
C CASE &
IF (PHOCTL41).EQ.0.0.AND.PHO(2-3+L41).EQ.0. 0. AND.PHO(L1+L) . HE.0.O.
1 AND.PHOC(T-1+L} . NE.O.O.AND. ICHECK (1,0 41).EQ.0.AND.
2 ICHECKR(I-1+L+1).EQ.0) GO TO 450
c
C CASE 7

IF (PHOCLIL#3).NE.O.O.AND . PHOCT-1+L+1)-NE.0.0.AND.PHO(I+1).£0.0.0,
1 AND.PHO(E-1vsL) . E0.0.AND, ICHECK(T+L1.EQ. 0. AND.
2 ICHECK(I-3,1).EQ.0) GO TO 440

TFCPHOCT-1+L).NE.0.0.AND.PHB(I-1,L+1). n: o 0.AND.PHOCI.L),
1 ME.O.0.AND.PHO(L+L#$1).ME.0.0) GO 1O ¥
GO Y0 340

C START COMPUTATION FOR THE REGULAR CASE

PIPP A=(PHOCIILISANG( L41)SVIC(I-1)-PHOCI-1:LISANGC L41IBVICI)-PNOCT,
ILSLISANGC LISUI(I-1)¢PHOCT-1,L¢1)18ANGL LISVECL))/DENON
‘,-(vunumn 1oL -PHOCT-1oL#1))-VECI-1)0(PHOCTIL)-PHO( T L¢3 1)
CoCANG(  LIB(PHOCISL41)~PHOCI-1sL01))~ANGC  LO1IBIPHOCT L) -PHOC
1I-1el ) ) )/DENGN
D= (PHOCTeL)-PHOCT-1sL)-PHOCLsLEL)$PHOCT=100L41) )/ DENDN
WPRINE=(A+BOANG(L ) ) SCOS(ANGIL) ) - monw(unu
1 COS(ANG(L#1) ) +BR(SINCANG(LE1))-SINCANG(L
CURENT=WPRINES (0. SS(VICI-1)SEXPVI2(1- n-vuxnuwlz(n)
1 $0.2588QTPIN(EFTVIC(I)I-EFT(1-12))
UPRINE=0 .38 (EXPVIZ(I=1)8(1.04VI(I-1)882)-EXPVI2(1)8(1.04
t VI(1)982))
CURENT=CURENT HUPRINE® (CR(COS (ANG (L) )~COB(ANG(L 417 ) ) $B8 (AN (L :SCOB¢
1 ANG(L))-ANG(L$ L) SCOSIANG(LE1) ) +SINCANG(L$1))-BIN(AND(L))) )
CARRIVSCARRIVHCURENT
60 TO 340

c
C STARY COMPUTATIONS FOR THE NONREGULAR CASE
c
c-

CABE WD Q-cmee

400 CONTINUE
PA=BOUNDI (L1sL+1)
PP=DOUNDL (I ,L+1)
PD=(PHOCI-1oL#1)-PHO(S-2+L) )}/ (ANG(L$J)-ANOG(L))S
1 (ANGLUILE#L)-ANGIL) I4PHO(I-2,L)

C REBION 1

[ ]
oz;(n-on-m«x-uwmu-ln.n/((muu:un—mtun(vun-
13 I=-1)
CLeCANOLCIsL41)B(PHOCT L)-PHO(T- I-L))-M(L)'('.-'l))l
1 (CANOGLCIL41)-AND(L)IS(VI(D)-VI(L-1
BL1e(PB-PHO(T L))/ (ANOL(T oL+ n-mun nnvun
ALSPD-PLEANGL (I rL41)-CIOVICI)-DIRANGL (ZeL+2)OVI(T?

t
g REQION 2

VASVLIC(IL43)

ANOB=ANGL (T eL+1)

020 ((PP-PD)S(VA-VI(I=1))~(PA-PRO(I-15L41 )8 (VICII-VI(I-1)))/

1 ((vA-VI(L- l))l(Vl(ll-Vl(l-lHl(M L$3)))

C2= L (PB-PDIBANG(L$1)B(VA-UI(T=1))-(PA-PNO(1-1/L41))SANBRS(VI(1)-

1 VICI-1) )/ C(VA-VI (T~ I)l'(Vl(l)-Vl(l-l)).(“(k‘l'-“l))
B2a(PD-PHO(I-1+0L41))/(ANGD-ANB(L$1))-D2BVI(I-1
AZ2=PHOCT~15L41)-D2BAND (L 41 )-C28VI(1-1)-D28VI (]~ l)mﬂ.‘l)

an

WPRINE=(AL14D1SANS(L) YSCOBCANS(L) 1= (AL $D1SANSD ) SCOB(ANSD) ¢
1 lllllll(“. SIN(ANGCL)))

CURENToUPRINES (-0.58(VI(] - I)ltmliu D-VICDHsEXPVI2)
1940.5880TPIR(EFTVICI)~EFT(I-1

UPRINE=D .38 (EXPVIR( I~ l)l(l.owl(l 1) -ENXPVI2( I8
Lt (1.04V1{1)082))

CURE (38 (3] I14DIS(ANS(LISCOS (AN
1 6L

2

»»
STEP=(ANG(L$1)-ANBS ) /FLOAT (KSTEP)

STEPA=ANGS
STEPCo(VIL(ToL 48D -VICIII/FLOATI(KS
STEPP=VIC(D)

00 401 K=1,KSTEP
STEPD=STEPAIRTEP

w [}
1 B20(SIN(BTEPS) -BINI(STEPA))
CURENToCURENTHPRINES (0. 38(VE(E- l).thl!(l-l)-llMl'(-l't
1982)) 40.25000TPIR(EFT(RTEPD) EFT(L-1)))

UPRINE=D, SO (EXPVE2¢ ]~ l).(lc“’llll -1 -EXP(-STEPDSI)S

1 (1.048TEPBNS2))

CURENYSCURENT HUPRINES (C28(COB(STEPA) -COS¢ T BE!

) IZ.('M(IY&N)-l'!'mtl'!").ll.lll!Pl)-llﬂ(l't?ﬁ)))

'$ISCOB(STEPD) &

CURENT
0L '”Hl CI.I.:!I.I-IF(IO 3
WRITECP,901) JoTo

a0 Y0 340

¢-~--cuu o 2-----

I’(lmlllvl‘l)-ﬂ‘(l =Ll I NIBIVEI (/L) -VECT-12)-(VIRIL LS~
v PIOCDOUMNBT (oL ) PHOCT-1s0 )11/ (ANDBCLIBIVICI-1)-VITtIL) O
B AVETCEol 03 -VIT- 1)) 4ANBILAIIO(VILC Dol 1)~ VECT-1) PO(VIT(ToL)-

1 V-1

CoiPOUNST (1oL -PHOCT-1 rL ) ¢DSANBILISIVICT-1b-VITCRLI D)/ (VELTToL)
1 -vidl-1n

(PHBCT-1oL) -PHOCT-1L 40 -DOVI(T-1 10 (AMOCL ) -ANSIL#1) ) )7 (ANBIL) -
1 ANGLYY
AsPWO (] LI -DOANGILEL) -COVICL-1)-DRANBIL4LIOVI(T-1)
CUREHT =

QYEPoiMMRIL S11-MMNII V) /T MATINRTED Y

B Gmvomid . e ke #ie bewe R




Cl4

STEPAsaNt(L ) )
STEFC=eVITClsL #12-VETv1at 1) ‘FLOAT(ASTEP)
SIEPDaviEcTaL

DO 411 A=LeASTEP

STFPReS1EPALSTEFR

WPRInt « (ABISTEPA) SCOSISTEFA) ~(A+NISTEFBINCUSISTEPE) ¢
1 FE(SINGSTEPR) -SINISTEPA) )

LURENT sCURENT ¢WPRINES(O.SE(VI LTI - 1)L XPVIDCI-1)-STLFDREXP
I (-STEPDSSI) 140, 298SOTPISLEF F(STERIO -EFT(L-111)
WPRIAE=O, B8 (EXPUL I (I-1)8(1. 00T~ 110821 -EXFL-STEFDIST)S
1 C1.0MSTEPDSED))

STEFR=STEFASTEP

WPKIME= (AP BSTEPAISTOS(STEFA) - (ADHBISTEPH)IOCOSISTEPE) ¢+
1 ROBISINI(SIERE)-SIN(STEFA))

CURENT=CURKENT 4WPRINES (O (VICT-10EXPUITCL- 1) -STEFUSE xXF
1 (~-STEPUSED) 1#0. PLISOTPLIO(EFT(STEFMI-EFTCL -1 1))

IRRINE 0. SOEXPVID(I-1)0{L.0#VICI-1)082)-EXP(-STEFLSNID)HS
1 (1.0¢SVEFDRED )

CURENT=CURFNTHUPRINE 8 (C28(LOS(STEPAY -CUS(STEFR) ) +LI8 S TEPAS
1 COS(STEPA)-STEFBICOS(STEPB:#SINISTEFB) -5'N(STEFA)))

STFPA=STEPR

STEFDsSTEPD+STERPC

441 CONTINUE

CURENT=CURENI $UPRINES(CE1COS(STEPA) -COS(STEFR) ) $DR(STEFASCOS(STEPA C

1> -STEPBSCOS(STEFR)+SIN(STEPB) ~SIN(STEPA) )
STEFPA=STEPS
STEPDeSTEPNISTEPC
411 CONTINUE
CARR [VaCARRIVICUREN)
CUR=CURENT
IF (J.EQ.1" NRITE(9:902) Jrlel,CURD
PO FORMAT(S CURIS:513,1PEL0.3)

GO YO 3140

CASE NP 3----

420 0= C(BOUNDICI L) -PHOCI-1oL )1 8(VITCleLI-VICI-102
1 (BOUNDICTIL)-ROUNDL(I-1+L41))8VTRTLecd 3/ IVITCI L )BANGIL)E
2 VITCEL) -VIOE-10 )4 (VILCL L) BANOCL ) -VI(T-1 ) 8ANGL (1-1+L+1) 18011
3 il

2 (BOUNDICT LI -PHOCI-1eL)-DOVITCILISANG(L Y I /VIT i)

0.0
AePNOCI-10L )

STEPw(ANGL (I -1+L41)-ANG(L} I /FLOATIRSTEP)
STEPA=ANG (L

CURENT 0.0
STEPCo(VIC1-1)-VIIC1eL))/FLOAT(RSTEP)
STEPDeVIL(I-L)

DO 421 Kol /ASTEP
STEPR=STEPAISTEP
WPRINE =AM TEPA) SCOS(STEPA) - (A+DISTEPD)SCOSISTEPS)
1 0B(SIN(STEPD) -SINCSTEPA))
CURENT =CURENTAIUPRINES (O.38(VI(I-1)8EXPVIZ(I-1)-STEPDS
1 EXP(-STEPDSS2))+0.238S0TPIS(EFT(STEPD)I-EFT(I~1)))
UPRINE=Q. JC(EXPVI2(L-1)8¢1.04VICI~1)282)-EXP(-STEPDES2)S
1 (1.0¢9TEP
CURENTmCURENTIUPRIMES(CH(COSISTEPA)-COS(STEPD) )4DS(STEFPAS
1 1 COS(STEPA)-STEPDSCOSISTEPR)#SIN(STEPD)-SIN(STEPA)) )
STEPA=STEPD
STEPD=STEPD4STEPC
421 COMTINUE
CARRIVCARRIVICURENT
CUR3I=CURENT
WRITE(®,903) Jol.lCUR
903 FORMAT(E CUR3E,313, lelO »n

60 10 340
c
C----CASE NP 4----

430 D=C(BOUNDE (1oL 412 -PHOCTI-1oL41ISVIT(TIL41I-VI(T-2))~
1 (BOUNDI(I+L+12-BOUNDLIT-1eL3)8VITCT-L42))/(VET(LoL+1)RANG(L$1)D
1T BVITUTo LA~V -1 2 IVITCT L1 0ANGILIL) -VICT-1)0ANGL(I-1,L))
3 SVIT(ToL#1))
Co(BOUNDICTsL 42 )-PHNOCTI-LeL+1)-DBVIICL /L 41I8ANGILALII/VETCT el $1,
0.0
RePNO(T 1rL41)
STEP=(ANGIL#L) -ANGL (T-1¢L))/FLOAT(KSTEP)
STEPA=ANOL (1-1.0L)
CURENT0.0
STEPCo(VIT(T L 41)-VICI-1))}/FLOAT(KSTEP)
STEPD=VI(I-1)

DO 431 Kel+RSTEP

STEPP=ATEPAISTEP

WPRINE=(AIBESTEPA)ISCOS(STEPA) - (AIDESTEPP)ISCOBI(STEPD) ¢

(SIN(BTEPB)-SIN(STEPA))

CURENTeCURENTUPRINES (0. 38 (VI(1-1)8EXPVI2( ]~ l)-l""‘tx'(

‘ 1 -STEPDSE2)) 40, 238BOTPIR(EFT(BTEPD)-EFT(1-1)

UPRINE=Q. SO (EXPVI2(I-1)8(1.04VI(]I~ l)“?)-:l'( .7""'2’

' 1 $(1,048TEPDIE) )
CURENT=CURENT tUPRINES (CO(COS(STEPA)-COBISTEPD) ) $DO(STEPAS
1 COS(STEPA)-STEPBICOS(STEPR) +8IN(STEPS IN(STEPA)))
ATEPACSTEPD
STEPD=STEPDISTERC

431 CONTINUE

CARR [ VeCARR IVACURENT

CURA=CURENT

1F1(0.E0.1) WRITE(9,904) JrlsLsCURS
P04 FORMAT ( & CUR49,313,1P€10.3)

00 TO 340

4
C----CASE WD 3----
440 CONTINGE

POR(PHO(T-1sL¢1)-PHOCT-1,L))/CANDILES) -ANBIL) )S(ANGL (L oL ) -00(L))
I PHOCE-1rL )
B1e{BOUNDL (S ol ) -PR-PHOCT L1 4PNOCT-15L41) )/ UAVIL D) -VI(TI-10)0
1 (ANOL (ToL)-AMBIL1I D)
CLe¢POUNBL (I L) -PB-DISANEL(L+L ) O(VI( T -VI(EI-DI DI /HIVI(D) -VICT-1 D)
BIS(PHOCILAL)-DOUNBL (1oL )-DISCANDILELIBVI(I ) -ANBL (T, LISVI(I) )/
1 CANGILFYI-ANOLITIL)Y)
CURENT0.0
ALePROCISLOI)-DISANBILAL)-CIOVI(L)-PISANSI(L1IIVI(E)

WPRINE=(A)+DISANGL (L) )ISCOBIANEL T oL ) 2 - (AL
1 COBIANG(LATI)DISISTN(ANGI(LIL) ) -SINIANBL (+L)))
CURENT=CURENTIUPRINES (O, SO(VILI-1)0EXPVI2¢I-1 ) -VIL)S
| EXPVI2(1)240,25080TPIRCEFTVICII-EFT(]-1)))
UPRINED . SSCEXPVI2(TI-1)8(1.04VI(1-1)802)-EXPVIZ(I)E
1 (1.04VIC11082))
CURENTSCURENTAUPRTIMES(CI0(COSIANOL (1+L))-CORCANGI(LAL) 14018
T (ANMOL (1,0 )8COSCANGL(ToL) }-ANOILS1)OCOBIANOILIL) )¢
P SINCANOL$1))-SINI(AMBLT L))

4400 CONTINUE

TP CANOL (1+L) . EQ.ANGIL)) OO TO 4401

D2e¢(POUNDL CToL)-PRISIVICT-13-VITCT+L))-PMOCE-1:0L)-POUNBI(T.LIS
1 VIO -VLCT=113)/ WIVICT-1) - vll( l)b!(vlll) vi(t-11)e
2 ANBLIT LISV -VIT-E1IBVECT~1)
C2u(PHOCL-1+L)-DOUNBE(ToL) - n:-anuntvnl n-vuu.unnvnl -1
1 -vittteL Y
B2e(PD-PHO(T-1+L 2 -D20(ANOL (L LISVILI-1)-ANBILIBVECT-12 1)/ CANBLC T,
1 L-ANGHL )
A2ePMOTT-1+L )1 -B20ANG(L ) -C2OV]TT-1)-D20ANBIL)IOVEC]-1)
STEP=cANGL (150 ) -ANB (L)) /ELOAT(KSTEP)
STFPA=ANG (L)
STEPCo (VI -VITE L) 1 /FLOAT(RSTEP)
STEPDeVITCl ol

SANBILEL) )N

MY a4) et wRTER

4401 CARRIVaCARRIVICURENT

CURSSCURKENT

IFCI.EQG. 1) WRITE(9:905) Jslet +LURS
905 FORMAT( 8 CURSS:313,1FE10.3)

G0 1O 340

C

450 CONTINUE
C--~--CASE NP &-
c

DeCPHOCI-1,L¢1)-BOUNDL (I-1sL))BCANG(L41)-ANGL (1 L))

1 - (PHOCTeL#1)-ROUNDL (T oL 1) CANG(L#1)-ANGL I T-1sL )17
2 (CANGIL41)-ANGL{I-11L) )8 (ANG(L#LI-ANGLT L)) 8

L I T T ST
Coa(PHOCT/L41)-FHOCI=1,L+1)-DIANGCLILIO(VILTI-VI(I-1)))2s

1 VICD) -VIcl-41)

e (PHOCT +L#1)-BOUNDL (1+L)-DOVICIISCANGILEY S -ANGLETL) )3/

1 CANGIL#1)-ANGLL ToL D)

A=PHO( 1oL +1)-BEANG(L+1) -CBVICT I -DBANGIL ) ) BVEC])

STEPA=O . SE(ANGL(I,L I ¢ANGL(I-1,L))
WPRINE=(A+BOSTEPAISCOS(STEPA) - CA+REANG(L41) ) SCOBIANGILS1) )+
1 PE(SIN(ANG(L#1)1~SIN(STEPA))

CURENTaWPRINES (0, SE(VI(T-1)SEXPVI(I~1)-VI(TINEXP(-VI([I882
15)40.258SQTPIECEFTVICI)-EFT(I-1)))

UPRINE=0. SE(EXPUI(I-1)0(1.0¢VI(I-1)032)-EXPYI2 ()8

1 (1.04VI(T1882))

CURENTeCURENT +UPRINES (CO(COSISTEPA) -COS(ANG(L+1)))+DB(STEPAS
1 COSCSTEPA)-ANG(L+1)SCOSCANG(LHL) ) +SINIANG(L$1))-BIN(STEPA)))
CARRIV=CARR[V+CURENT

CURS«CURENT

IFCJ.EQ. 1) WRITEC9,908) JeloL CURS

906 FORMAT (8 CURS3:313,1PELQ.3)
c

GO T0 340

460 CONTINUE

~CASE NB 7----

PO=BOUNDL (I-1eL41)
PR=BOUNDL (IeL+1)
D= (PHOCI-1vL)=PD)ISCANGIL)-ANGL (1sL41) )~ (PHO(SoL) ’
1 (ANGILI-ANGL{I-1sL #1037/ ¢C(VICI-1)-VI(I)IR(AMB(L)-ANGLILI-1:L$1))9
2 (ANG(L)-ANGL (12L#1)))
Ca(PHOCIsL)I-PHOCI-1sL) ~DBANGI(LIS(VI(II-VI(I-12) )}/ (VItID)-VI(I-1))
95 (PHOCIoL)-PB-DBVICI)R(ANG(L)-ANGL{I+L41)) )/ CANGBIL) -ANBL(IsL1))
ASPHO(1,L) MlL)-C.Vl(l)-DWI(lIIMﬂ(L)
STEPA=O . SS(ANGL(SrL+1)+ANBL(I-1sL41)
WPRINE= (A+BIANG(L ) ) SCOS(ANG(L) )~ (AO..STEPA)JCO!I.Y!PA)‘
1 PS(SIN(STEPA) -SIN(ANG(L)))
CURENT=WPRINES (0. S8(VI(I~- I)'EKNIZ(I 1)-VI{I)IBEXPVI2(]1))
IOQ ZSlSGTPl‘(EFYVl(l)—EF'(l 1)
0. SE(EXPVI2(k~ IVI(I.OQVI(I -8 -EXPVI2(TIN
1 (l 000!(])"2))
CURENT=CURENTUPRIMES(CO(COS(ANG(L) ) -COS(STEPA) ) DB(ANG(L)S
1 COS(ANGIL))I-STEFASCOB{STEPAIISIN(STEPA)-BIN(AMO(L)}))
CQRIIV-CWIUOCMNV
CUR7=CUREN
1FLJ.EQ.1) UIXTI(’:’O?) JeleloCURT
P07 FORMAT(S CUR7$,313,1PE10.3)
340 CONT INUE
390 CONTINUE

c

C CONPUTATION FRON THME CUTOFF BOUNDARY TO THE NEAREST LEVEL
IF{PRI(JI.LE.0.0) RETURN
T1=0
DO 300 I=1,MEV
BETA-VUI(T)SR24PHE (1) /6ANNA
IF(PETALLT.0.0) Bi=l

CONT INUE

IF ¢11.EQ.MLEV) RETURN
Inlli4y
VI=SORT (-PH]I (J) /0ANNA )
IF(VI(DY) . EQ. VL) RETURN
CURENT=D .0

00 501 L=1sL2
IF(PNOCTIIL) . EQ.0.0.AND.PHO(I+L+1).£0.0.0) 0O YO %01
DENON=(ANO (L) -ANS(L+1))8(VI(T1)-VL)
A= (PROCT+L)ISANG (L $1)SVE-PHOOSAND (L4 IBVI(L) -PHOCL s L 41 )SANG(L)
1 BVIFPHOOSANG (L Y EVI( 1)) /DENDN
Bo=VI8{PHO{ToL ) -PHOCT L 41) ) /DENDN
CotANBILIS(PHOCI L #1)~PHOO)-ANSLL 1)) B(PHOCT L ) ~-PHOO) ) / PENOM
Do (PHOCT L) -PHD(T L ¢1) ) /DENON
UPRINE=(ASDSANG L) ) SCOB(ANBIL) )~ (A+DSAND(L 41 ) )BCOB(ANO (L +1))
) 0”('!'(““.0!))-'!.(“".) 133
NYSCURENT$WPRINES (0, SO (VISEXP(-VIS82) ~VI(T1ISEXPVI2(I) ¥4
l 0. muwlutnvnn-:nwnn
mn(-o SEEXP(-V1 18901.04VIB2)-EXPVIII)IS(1.08VEICIIRN2))
ToCURENT $UPR IMES (CS(COB(ANG(L ) ) -COBIAND (L ¢1) 1) DB (ANG(L)S
1 COI(“(I.)'-““.OID.Cu(w‘l‘l))‘ll.i“ll.lDl-.lH(MIL))H
301 CONTINUE

CARR I VaCARRIVICURENT
RE TR
Enp
SENAIBLKLLO)
SUSROUTINE OENORD(TETHINS TETHAX ¢ BETALDETAZe ¢ Jo LESS,
1 10E0M.ONEGA,80)

PURPONF OF THE ROUTINE

10 CONPUTE ACCEP TANCE ANGLES

PESCRIPTION OF THME VARIABLES
ACCHATN TS COMEROENCE CRITERIA FOR ACCEPTYANCE ANGLE
PELATI 1S INCREMENT 1N ANBLE WMEN WE SUELP FORN O 10 PI

IAPLICTY DOUSLE PRECISION (A-N.0-1)
[NTEQER PERSECSECTNDPERPAN,PANIND
Frman m ey,

AnRARRANSNAANAAANOR




oo

fannA

co6an

t FRAVE L4410 CHAVE (1440100 FSECIRIL1A4) ,CSECTR (1445
IDELFES 01 s DFLMAN ([ 441 EMATI144) vETACD0) (BSCATL (14400

TRRCATD 1441 (RSCAT I 144) 0 FHUL20,400 0

TANGL A0 o CRHUNX L1 443 ¢ SURANG s ANGU + HUUINDIL 1 20+ 40) s BOUNUT (3040 ) s
FANGL (200 4020V 14t 200 401 s LOHECA (20401 sRATIO 1132 . [ROCT(144)
JIFAULTCL4) s JLUCAL (14410 ICONU144) »

IVIC20) vEVER) oNLEVRTTNES TLEV TIMINGD0) s TINAXCD0) s VINUMG 20 o
CACTA B 14410t (1441 NRC144) B (144), THI144) 01440
TEWE44) e TWULUS 7001«

TRt eNFOINT oM IGEON ISTRIFOIS/NSECT » WEROU»MFEROD, IDINY
JUARMA Y BVDX(TU. 481, IVDY ¢ 70+ 48) o Y ¢ 144 ) s DELTAX DELTAY,
3750060481 015(80710255¢ 703,

TVARHLE 4 o T DEL Ty SROUND e NDINsFUT o Ho J1oRPLIRPIZRPINAF + SOTPL,
SSAYTEMPEY r TEMFED ) DENE Lo DENED o DENT L) DENID o TEMF L1 TENFLD
STEMFRALUNSLUNASLUNS  LUNG s LUNT s LUNB Y LUNY ¢+ LUN10O»

LIbh (1 = HTL 144> FERSECH144) +SECIND(L144), IPANEL (144) )
ZPERPANI 144041 FANIND(144) ¢

1CIONCT144) s CELEC1144).CSECI144),CSECL1¢L144):CPHOTO(]144),
JTFMOT1(144) «CBSTCATS 144) sCBSCAL(144)sSECPRN(144) SECFRI(144),
3PH111441.COUNCL144) .

TRASE » JOML » BFNT s NANG s RAD + F BOUND r OREGA s ALPHA» SO+ JP» IS ECS
JEXPUI2(20)EFTVI(20) v IERROR  TETHING TETRAX»BETAL ¢ BETA25 JLESS»
32 CARRIVeCPReXEsCSECELICSECELICS+CBICSL21CHY

DATA DELMINCACCHIN/1B.s1.E~2/

180 JLESS=0

ENNNTS: )

AAAR=O

LiLL =0
TIOLD=TETMIN
T20LD=TETAAX
VEL »SGRT(BETA2)

CALCULATE THE ANGLES ZERQ AND PIE AND RPLIHAF
ANGLE 2ERO

50

TETHIN=O.
TETHAX=RP I
TETHED=RP I HAF

DBETA=-DUDX (15 13/ (2, 08DETA28GANMA} 41,0
IF(DPETA.LT.0.0) GO 10 1000

VARBLE (1)250

VARBLE (2)=0.0

VARBLE(31=Y(J)

VARDLE (8)=-VUEL

120.

DEL T=N

CALL ORDITI(SO.BETAL»JS)
FORMAT(1XoSF13,5,214,3F13,5)

IF (VARBLE (1) . GE. ( SBOUND-DELTAX ) YKKKK=1

ANGLE PIE

1000 VARBLE(1)=50

VARBLE(2)=O0.

VARBLE(3)=Y( )

VARBLE(4)=+VEL

T=0,

DEL Tmid
DBETA=DVDX(1,J)/(2,08BETA2S0ANNA)-1,0
IF(DBETA.GT,0.0) GO TD 2000

CALL ORBIT(SO,BETALsJ)
IF(VARMLE(1) ,GE, (SBOUND-DELTAX) ) JIJl)=)

C {F PARTICLE ESCAPES AT POTH ZERC AND PIEs, RETURN TO ION

C
c

IF(J23J.EQ. 1 . AND KKKK . EQ. 1 )RETURN

€ ANGLE RP1/2
c

c

2000 VARBLE(1)=80

Aanan

a

VARBLE (2)=VEL

VARBLE(3)=Y( D)

VARMLE(4)=0.0

T=0,

DEL Topt

CALL DRBIT(SO,PETAL D)

TH(VARBLE (1) ,GE. { SPOUND-DELTAX) JLLLL=1
IF(LLLL.ME.1) GO TD S

TETHOH=RP IHAF

TETLOWSRP [HAF

PARTICLE ESCAPES AT RPINAF
FIND NININUR ANGLE TETHIN DY DISSECTION

IF(KXKK.EQ.1) GO TO 4000

3000 TETHED={TETHORITETNING/2.0

VARSLE (1) S0

VARBLE ¢ 2)=VELSSINC(TETHED)

VARSLE(3)T(])

VARBLE (¢)»-VELSCON(TETMED)

T=0.0

DEL V=M

CALL ORBIT(SO,PETAL, )
IFCVARBLE (1) . 0K . (SDOUNB-BELTAX) ) TETHON=TETHED
IF(vARBLE(L) .LE.80) TETNINSTETRED
IFCTETHON-TETHIR .GE.ACCHIN) 0Q 1O 3000

c
C FIND WAX I ANBLE TETRAX BY DISSECTION

c

c

[4
c

IF €2J1J.60.1) RETURN

4000 CONTINUE
4%00 TETRED={ TETLOWSTETRAN) /2.0

VARBLE(1)e80
VARBLE(2)=VEL OB IN(TETAED)
VARBLE(32eY ()

VARBLE (4)=-VEL SCOS' TETRED)

CALL ORBITIS0.DETAL.J)
TFCUARPLE (1) . 0K, (SPOUND-DELTAX) ) TETLOW=TETRED
IF(vARDLE! L) . LX.80) TETRAX=TETMED
IFCTETRAN-TETLOW.OE . ACCHIN)Y GO TO 4300
TETHAX=TETLOW

RE TURM

[

3000 CONTINUE

C THIS SECTION ATTEMPTS TO FIND AT LEAST ONE ALLOWED ORDIT WEN
C ML RREKeJIIJsLLLL#O,

£ DO ANGLE SCANING FROM LEFT TO RIONT EVERY 10 DECREES

499¢ DO 3001 Lebei?

TETMEDRPIOELOATIL) /DELATN
A Y een

C15

VARBLE () =VEL 851N TETAED

VARKLE 3 =Y ()

VARELE (4)3-VELBLOBCTE THEL)

1=0.0

DELT=H

€ALL ORBIT(S0.bETALs )

IFIVARRLE (1) GE. tSHOUND-DELTAX) ) GO TO %002
%001 CONTINUE

HESGaD

RE TURN

500D TETHIN=TETHE -FP1/DELIIN
TETHOH=TE TRED
TETLOM=TETHED
GO TD 3000
C
END
SERACBLR]O)
SUBKQUTINE URBIT(SO,BETALl+ )
FOR MORE EFFICIENT SCHEME SEE BURDEN *

FURPOSE ¢
TO COMPUTE ORRITS NUMERICALLY USING RUNGE-RUTTA TECHNIGUES

noannonn

IWPLICIT DODUBLE FRECISION (A~N.D-T)
INTEGER FEKSEC» SECINDPERPANPANIND
COMMON/BLNL/

1 PSAVE(144:10)«CSAVE( 144,101 PSECTR(144),CSECTR(144),

LDELEE(20) s DELMAX (1445 s EMAX (1441 ,ETACZ0) 1 BSCATE(144)
2BSCAT2(144)+BSCATI(144):PHO(20.40)
1ANG(40) ¢+ CPHONX (144) »r SUNANG »

JIFAULT(14)+ JLOCAL (144),ICONC144)

1VI(20) sEV(B) +NLEVINTIMES s ILEV, TININC20) » TINAX (203 s VINUMC20) »
.

2A(184),B(144):CC144),BB( 1L
JEW(144),THOCOS(700) s

ToBU(L1A4) e TH(144) 1 DM(144)

1IFLGoNFOINT »Ms IGEOM» ISYNy IPOLS s NSECT » NPEROD » WPEROD» IDINY

2GARNA»DVDX(70,48) »DVDY(70,48) Y (144) »DELTAX+DELTAY»
3YS(46048)>2X8(86)+X55(70),

LVARBLECA) » TrDELT  SHOUMD o NDIM+PQT oMo JLeRP L RPL24RPIMAF + SATPI

2SAY TEMPEL, TENPE2,DENEL r DENEQ s DENT L DENI2 ) TENPI L, TENPI2Y
STEMPRsLUNIsLUNS LUNS s LUNG »LUNZ »LUNB 1 LUNY s LUN1O»
1IDTL(144)r JDTL(144)+PERSEC(344)+SECIND(144}, IPANEL(184)
2PERPAN(144+4)sPANIND(144)»
1CION(144)+CELEC(144),CSEC(144),CSECL(144),CPHATO(144),

2CPHOTL(144),CPSCAT(144)CBSCAL(144)»SECPRN(144),SECPRL(144),

IPHI(144):COUNC144)
1KASE s JOML » DPHI 1 NANG r RAD + PROUND s OMEGA » ALPHA 1 S0+ P+ IS+ ECS»
2EXPVUI2(20) 7EFTVI(20) + IERROR» TETHINe TETHAX
IL2¢CARRIVsCPHy X1+ CSECEL»CSECE +CSeCBeLS?ICHY
DATA TOL/1.0E-3/
BETA2=BETAL-YS(1+J)/GANNA

IF(DETA2.NE.0.0) CELTwH/SORT(BETA2)

C COMPUTE TIME TO TURNING POINT AND FIND BPETTER TINE STEP
TAU=2, OBVARBLE (2) SGAMMA/DVDX (14}
IFCTAU.GT.0.0.AND.TAU/20.0.LT,DELT) DELT=TAU

a6

PRMT(S)=0.0
KDECR=O

IRHO=0

COWMPUTE DERIVATIVES
CALL FCT(DERY,BETALrIRHOIDETAL)

SAVE VALUES OF PARAMETERS
11 D0 100 I=1,NDIN
SAVE (1 )=VARBLE(I)
SADYDX(1)=DERY(I)
100 CONTINUE

a0 0o o

12 DO &t L=1,NDIN
AKL(I)aDELTEDERY (L)

VARBLE (1 )1=0.SSAKL (1) +8AVECT)
CONTINUE

-

CALL OUTP(S0:,PRNT)
JF(PRMT(S) . NE.0.0) RETURN

CALL FCT(DERY BEYAL+»IRMO+IDETAL)
1FCIBETAL.EQ.1) GO TO 10

DO 2 I=1.MDIM
AK2(1)=DELTSDERY
I(l)-O.S'MZ(I)OM(I)
2 CONTINUE

CALL OUTP(S0,PRNT)
TFCPRNTIS) . NE.0.0) RETURN

CALL FCT(DERY BETALsIRNO»IDETAL)
IFC(IBETAL.£Q.1) 00 TO 10

DO 3 I=1,NDIN
AK3I(I)wDELTEDERY (1)
VARBLE( [)=AK3(T1 ) +8AVE(])

3 CONTINUE

CALL OUTP(S0+PRAT)
IF(PRMT(S) . NE.0.0) RETURN

CALL FCT(DERY »BETAL,IRNG, IDETAL?
IF(IBETAL .EC.1) OO YO 10

DO 4 I=1,N0IN
AXA(T)=DELTODERY (]}
o CONTINUE

C CONWPUTE THE MEW VALUES OF THE VARIAMLES
DO S I=1.MDIN
VARBLE( 1) (AKI(I)42.8¢CAK2CTI$AKI(III4AKACTN)/746.048AVE (1)
3 CONTINUE

CALL QUTP(SO,PRNT)
IF(PART(3) . NE.0.0) RETURN

CALL FCTCRERY»DETAL, IRMO. IDETALY
IFCIDETAY.EQ.L) 0O TO 10

<
C COMPUTE TRUNCATION ERWOR
00 & et NDIN
TECTI=CARTI(IIFAKE(1)-2.00MTI(1)})/6.0
6 CONTIWUE

[4
€ COWPUTE RELATIVE ERROR FOR EACH VARIADLE
(NL=0

1na=0

DO 7 t=1.MDIN

RTE(1}%0.0

(FIVARBLE (1) . ME.0.0) RTECTISTE LI /VARBLECT)
TEIARK(RTE ¢ 02} 1Y TN % IMTafmTay

ANGO » BOUNDL (20540 ) » BOUNDLE (20, 40) ¢
ZANGL (200407 »VII(20¢40) s ICHECK(20»40) »RATID(13)+IR0OT(144) 5

ETAL+BETA2s JLESYH,

)
i
)




Cle
(P CARSCRTE LTI 1L 001010 ) [MASINASL DFEKPAN( 144047 FANIND(144) s !
7 CONT L TLEOMLIAAY S LELEC 180> 0LSR0 11 44)sLSEL) L1 A (LINUTLI 1443,
' DLFHOTEC144) 0 CRSCATC144) 2 CBSCAT(144) s SLEPRNC144) SELCHRI (1 a4, ¢
C TEST THE COMVEKGENCE IPHIC184)  CGUNCIa4)
IF (IAl.eR.05 6O 10 9 LMASE ¢ JUML « DFHT + NANG s RAD » FBOUND s OMEGA « ALPHA S0 0 P+ 15065y
C THE STEF 1S REJECIED SEXPVID(20) sEFTULC20)» TERROR, TETHIN, TETAAX (DE TAD e BETAZ) M ESSS
10 DO 8 [=1.WDIN 312 CARRIVSCPMe X1+ CSECEL +CSECEL+CSsCHICSIHCRY
1 VARBLE (1) =5AVE 11 IKE1AL=0
] DERY([)aSADYOX« D) DO | Rel.NDIM
A 8 CONTINUE 1 VIR)aVARBLE (M)
DELT=0.3eDELT 10 IsIFIX(VARBLEC1)/DELTAN) ¥)
! ADECK+ADECR 41 ORP=VARBLE ¢ 3)
' 60 10 12 11 IF(ORB.LY.0,0) DRD=ORDIRPI2
: C 1F(ORD.GE.RPI2) ORD=ORD-RPI2
, c IF(ORB.LY.0.0.0R.ORS.GE.RP12) GO TO 11
‘ < DO 12 Jmlem
3 [ IFCORD.LT.Y(1)) GO 1O 13 .
C THE STEP IS ACCEPTED IF(ORD.GE.Y(N)) BO TO 14 :
9 IFCIMA.EQ.NDIM) DELT=2.08DELT IF(ORB.GE.Y(J),AND,ORB.LT.Y(J41)) GO 1T 13
IFCINALEG.NDIM) RDECR=0 12 COMTINUE
TeTeDELY 60 Y0 15
G0 T0 11 13 A=ORDARPIZ
RETURN st
END JPyet
SENAIBLAL.O) G0 TO 14
SUBROUTINE QUTP(SO.PRAT) 14 JoN
c iy
C PURFOSE: TO STOP COWPUTATIONS OF THE onus IF THE PARTICLE REACHES T AcORD
C OUTER BOUNDARY OR GOES BACK TO THE SURF 80 10 té
C EXTERNALS 3 NONE c
c 13 JP1=J41
IAPLICIT DOUBLE PRECISION (A-M+0-2) IF(J.EQ. W) SP1at
INTEGER PERSEC+SECIND:PERPAN,PANIND A=ORD
cumou/un/ 14 CONTINUE
FSAVE(144¢10) (CSAVE (144,101 sPSECTR(144)+CSECTR(144), BeUARBLE (1)
|MLE:(=0;.KLMX(uu-:ml(ua).cn(zonnscnuuu). 1P1atey
IBSCAT2(144) rBSCATI(144) ¢PHO(20+40) 5 € DO BILINEAR INTERPOLAIION ON POTENTIAL DERIVATIVES
TANG (40) s CPHOMX { 1 447 » SUNANG » ANGO » BOUNDL ( 20 ¢ 40) » BOLNBT ¢ 20+ 40) ¢ AA=(S-XS(1))/DELTAX
JANGL(20,40)eVIT(20+40) . ICHECK(20+40) sRATIC(13)+IRDOT(144) 0 BB=(A-Y(1))/DELTAY
SIFAULT(14) s JLOCAL (144) ¢+ ICON(144) nP2eme2
1VIC20)sEV(B) sNLEVSNTIMES ILEV, TIMINC20)+ TIMAX (20} s VINUN(20) » 00 31 Ilel.nP2
IAC144) 01447 ,CL144) BDI144),PUC144) 1 TH(144),DM(144), TF(VARBLE(1).0E. XSS(I1) . AND UARBLE(1).LT.XS8([1¢15) 0O TO 32
IEW(144) . THOCOS(700) s 31 CONTINUE
11FLGeNPOINT + Mo LGEONs I8YN, 1POLS ¢ NSECT - MPEROD « WPEROD» IDINY 5 32 Itel1y
2GANNAS DUDX (705 48) s DVDY (700481 + Y (1445 » DELTAX+ DELTAY » AARe(B-XBS(I1))/(XSSCTI41)-XSB(IL))
3TS(84¢48)¢X5(66) 0 X58(70) s DUXA=(1,0-AAM)IS(1.0-BRISDVDX(11¢J)¢BBRI1.0-AMISOVORCIT . PL)4
LUARBLE (435 7> DEL T SBOUMDsNDIN PO +te JL /RPT o RPI2 o RPIHAF ¢ SQTPL» | AAAS(1.0-BBISDVUDX(I110+J) +ANMASBRIDVDX(I1L, ML)
2SAY s TEMPEL » TENPE2, DENEL » DENE 2+ DENI 1o DENI2, TERPIL > TENPI 2, c
ITENPRoLUNS /LUNA+LUNS oLUMS »LUN7 ¢ LUNG r LUNY - LUNLO» DO 33 Jset.N
1IDTLC144)+JDTL{144) »PERSEC(144) +SECIND(144) ¢ IPANEL(144) ¢ IF (ORD.LT.(Y(1)40.58DELTAY)) 00 TO 34
PERPAN(14454) s PANIND( 1441, IF (ORD.GE.(Y(N)40.38DELYAY)) OC 10 33
1CION(144)CELEC(144),CSEC(144)sCSECI(144) ,CPHOTO(144) 5 FRIL VY
2CPHOTE(144) sCBSCAT(144),CBELALC144)sBECPRN144) «BECPRIL.44), 1F(00.60.00 Juae)
IPNI(144),COUN(144) s 1F (ORD.GE. (Y(JJ)40.38DELTAY ) ,AND.ORB.LT. ‘
1KASE » JORL » DPHI s HANG + RAD » POOUND » DNEGA » AL PHA» 30+ JP» 18+ ECB o 1 _YCJI1)40.38DELTAY) GO TO 34
2EXPVI2020) (EFTUI(20); TERROR, TE THIN TETHAX ¢ BETAL+ DETAZ: LESS) 33 CONTINUE
I CARRIV.CPH X T-CSECEL +CSECES +CSCHICBICM c
[ 34 JJun
c Ji=1
NUNORS=0 AO=ORD4RP L2
ORE=VARBLE (3) 80 10 37
40 1F(DRD.LT,0.0) ORB=ORBIRPLI2 c
IF (ORS.GE.RP12) ORD=ORD-RAPI2 35 Jaen
NURORB=NUMORD+ | Jaret
IF (ORI T.0..00.0RD.0E.8P12) 00 TO 60 AQ=ORD
IF(NUNORS .L.T.3) GO TO 130 o e 37
€ PARTICULE HAS NADE FIVE ORBITE,STOP CONPUTATIONS c
VARSLE (1) =5B0UND 34 AD=ORD .
150 IF(VARBLE(1).LY.SO.0R.VARBLE(1).0E, (BPOUND-DELTAX) )80 TO 300 .
¢ RETURM u.o—o:;.wnvu..uln |
300 CONTINGE C DO BILINEAR INTERPOLATION ON POTENYIAL
PRNT(S)=1.0 A CEXP(S)-EXPINS(T)I)/(EXPIXS{I41))-EXP(XS(L)))
IF CVARBLE (1) . 0F - {SPOUMD-DEL TAX) ) RETURN POTe(1,0-AMIS(1.0-80)8YB(1+J)¢BBS(1.0-AMISYR(IsIPL)¢
c » 1 ARBCL.2-BE)IEYECIPL. JI¢AAIBDRYR(TPL, UPL)
C INTERPOLATE ORDIT IN ORDER TO FIND POTENTIAL VALUE AT SURFACE [4
c EXPUEXP (-VARBLE (1))
VXSVARBLE (3) 30 PETAZ=BETAL-POT/BANNA
VARBLE (3) = (VARBLE (32 -V(3))/(VARBLEC 1>~V (1 N I{-VI(1) (D) JF(DETA2.LE.0.0) I‘YOI-I
ORP=VARBDLE (3) IF(DETA2.LE.O.) RETURN
70 IF(ORB.LT.0.0) ORD=ORBIRPI2 ‘l-o-!.("i-? OW(I)) i
ll’(ﬂ. GE.RPI2) ORD=ORD-RPID PERY (1) =VARDL| y
LT.0..OR.ORD.GE.RPLI2) GO TO 70 pnno»-vu-.tu)nz—wanunu-unmum
mu.n:n-oll PERY(3)=-2.OBVARBLE (2) SVARBLE ( 4) ~SEXSDVUYA/OANNA
00 80 Js1,N DERY (4)~VARBLE(4)
IF (ORB.LY.Y(1)} OO TO 90 RETURN
IF (ORB,.DE.Y(N}) GO TO ¥3 [
IF (ORB.OE.Y(J}.AND,ORD.LT.Y(J41)) GO TO 100 SUBROUTINE OUESS (PHI/PSECTR,CSECTR,Y)
80 CONTINUE < .
G0 10 100 c
90 Jisw c
ORDP=ORDIRP L2 [ '
G0 10 t10 c ! “
73 JieN [ .
a0 0 110 € '
100 Ji=) c
110 CONTINUE (4
1224141 [ SUESS FIELD CONPUTATION
51 EQN) J2w1 c
ORBB=ORD-Y (J1) c
1F (ORPD.LT.0.0) OROB=ORDIIRPID [
POTe(YS(1,32)-YS(11J1))/DELTAYE(ORDE) $YS( 108} c
[ c .
C FIND LOCATION Ji FOR SURFACE PROPERTIES ABOUT PHOTOELELCTRONS:..ETC [ . !
c < !
1F(ORSD,0E.0.38DELTAY) Jles2 [
RETURN
(1] C PURPOSE! TO CONPUTE A OUESS FIELD.
SERA(ILELL0)
SUBROUTINE FCT(DERY,BETAL, IRMO» IDETAL) c
INTEGER PERSEC SECIND: PERPAN: PANING
C PURPOSE | 70 COMPUTE DERIVATIVES AND POTEMTIAL FOR TRAJECTORY NODAAE. CONRON rsmn|u-u).l:la\!llu.whmnmNn-tﬁﬂlu«v.
c 1BELEE(20) s DELMAN(L 4 otmu«nluﬂonmnuu
INPLICIT DOUBLE PRECISION (A-M.0-2) 2BSCATZ2{144),P8CATI(144),PNDC20:40) ¢
ll'!lltl PERSEC » SECIND » PERPAN  PANIND 1ANG(40) s CPHONR (144} 1+ ANOD » POUNSL { 20+ 40) + DOUNBI (202 40) »
PSAVE(144010)sCEME(144010)PSECTR(144) ,CBECTR(144), 2MMBL (20,40 + VL1 (20,40} [CHECK (200401 sRAT10(13) ¢ IROOT( 1441,
cnuuou/uu/ IAFAMALT(14)s N OCAL (1443 ICON(144) |
1DELEE(20) , DELMAX(144) 1 ENAX (1447 9ETA(20) +BBCATI(144) ¢ SVT(20)  EV(O) o MLEVNTIHES s JLEV, TININC20) ¢ TINAX(20) ,VIMUN(20) o |
20SCAT2(144),08CATI{144)1PHO(20:40) 5 2AC144),B(144)sCT144) e BD144),PH(144):TUC148),BU(144), H

1ANG(40) s CPHONX (144) » SUNANG » ANGO » BOUNSL ( 20+ 40 ) » DOUNDT (204 400 ¢
TAMOL (200 40) VI (201640) 5 ICHECK( 20+ 403 »yRATIO(13) + IROOT (144>
JIFAULT(14) s AOCAL(144) 2 1CONIS44)
lVl‘?Oil(V(.)tﬁ!.ﬂh“'li‘!rll!\h’llll(”)-'l”l(”’-vl"(“l-
INCT44)-DI144),CC144) 08¢ ToTWT 44} DU 3
IEM{144) TUOLOB 1700

EIFLG NPOINT My 1GEONS ISYN, IPOLISNSECT : NPERDD (NWPERDD . EDINY ¢
2040MA . DUBXC 70, 48 e DUDY (700481 ¢ V¢ L 442 s BELTAX DELTAY
SYS(86:40) 1 XE(46)1X88(70)

IVARBLE (41 s ToDEL T+ SDOUND e ND I POT oMo S1oRP I AP 12+ RPTHAS + SOTPS .
2SAT s TENPE |, TENPE 2, DENEL»OEMEZ  OENT L s DENE2, TENP L, TENPLZ,
STERPRILUNSLUNGsLUNS LUNG» LUMT » LUNE , LUNY
VENTE (1443, INT) (144 PERSEN {184V . CEFTNRC L4, 1PAMEY 1)

IEW(144)4 IVOCOS(700) »

JEFLGMPOINT oMo TOEON, 15TNs IPDIS-HEECT 1 HPERDS « APEROS, 1BINY >
*DVDX( 70, 48) « BUBY ( 70, 481+ Y(144) 1 SELTAX,BEL TAY»

3Y8(646:48)9X8( 441 XSU( 70},

IVARBLE (&), T/ DEL T SOOUND . NETH, POT oK e J1 e RPT (RP 12, RO LHWAF ¢ QTP Lo

28AY . TENPE S+ TENPE2 1 DENE L DENE2+ BEN] 12 DENT 20 TENP T TENP T2, '

STEAPRILUNS s LUNA e LUNS - LUNG s LUNT e LUND o LUNT s LUNLO v "

1IPTL(144) rIDFLC144) PERSEC(144) s SECTNDIL44) 1 IPANEL (14400 :

2PERPANCI 44 4) PANIND(148) o

1CSONC144) sCELEC(104) ,COEC (1441 sCECE (1441 /CPNOTOC144) 0

2COPUATLCL441COSCATIT44) o THBCAT T 14411 BECPRII 1441, SECPRICT 4,

Pl 1NRY OUNT144),

TRAGE . VM0 . AP . MANI . KA. FRININA . NS RA . &) PUA. AN, P, 1A.Fra,

e e b s ey bl A Y

1
i
i




an

NEAPRLZ001 ok F TULEZ0) « 18 RRUK, TE TR INS | 1AL BE TAD ;
3Ly CARKTUCFML KT CSECEL 1 CELE 1oLEs Lhetat Cpt o ETATrHesss
INTEGER L+ feholoMaNs T

DATA Vi 'S .0 -3

DATA TSWITH O/

DO 1 T=LeNSECT
CURNCT}=0.0
CURPL 1 =0.0
PHIN(TI=.0
PHIPLI=.0

1 CONTINUE

NTOURS -
10 NTOUR=NTOUR+HL

1F (NTOUR.GE .BOC) WRITE (9.600)
400 FORAAT (1X.8NO CONVERGENCE IN GUESS FIELD AFTER 000 TTERSS)

1F (NTOUKR.GE . 800) STOP

Le0

DO 100 [=1.NSECT

EC5°0.0

CET(])=0.0

CH=0.0

RaPERSEC( 1)

LLINT3

Tel#d

DO 90 JaT.N
n=SECIND(J)
ECEB=ECSHCURENT (M PHI(N) 1 Y(M) e CE+CPHILBCP.CBECEL)
CET(1)aCET(II4CE
PSECTR(I)aPHI(N)
90 CONTINUE

=L R
CSECTR(I)=ECS
100 CONTINUE

PREPARE DATA FOR REGULAR FALST NETWOID
IF (NTOUR-1) 201,401,401

203 DO 280 1=1.MSECT
IF(CSECTR(I)>.067.0.0) 80 YO 111
CURN( J)=CSECTR(I)
PMINCI)»PSECTR()
PSECTR(T)oPSECTR(I}-3.0
60 70 210

111 CURP(I)= CSECTR(I)
PHIP(I)e PSELTR(I)
PSECTR(II=PSECTR{I)¢1.0

210 CONTINUE
c

aa

G0 TO 3500

PEGIN REGULA FALSI ITERATION
401 K=0

] 0 I=1.NSECT
IF{ADS(CSECTR(I)).LE.TOLBCET(])) GO YO 410
IF(CURNCI) .E@.0.0) PHMINCI)SPSECTR(I)

IF (CURN‘1).EQ.0.0) CURNCI)=CSECTR(L)

IF (CURP(1).E0.0.0" PHIP(I)=PRECTR(I)

IF (CURP(I).£Q.0.0) CURP(1)«CSECTR(S)

KoKl

IF (CURN(I)SCSECTR(I).0€.0.0) 00 YO 420
CURP(E)=CSECTR(I)

PHIP(1)=PSECTR(I)

G0 10430

420 CURN(1)=CSECTRI(I)
PHINCI)=PSECTRCL)

430 IF(CURN(I)SCURP{]).LE.O0.0) GO TO 440
IF{CURN(I).GE.0.0) PSECTR(I)oPRECTR(1)41.0
IF (CURP(I).LE.0.0) PBECTR(I)=PSECTR(I}-1.0
66 TO 410

440 PSECTR(I)«(PNINCIISCURF (1) -PHIP(1)SCURN(I )/ (CURP(I) ~CURNC]
"

1
410 CONTINUE
IF (K.NE.0) 60 TO 300
401>
T (1Xe8 OK PAST QUESS FIELDS)
WREITE (9,6001) (PHICJ) s Il NPOINT)
1 '“U'I‘V‘ (4L1X,1PEL2.8))
I8

300 L=0

DO 501 I=3,N88CT
PHINEWN=PBECTR(T)
K=PERSEC(I)

Wl 4K

Tolél

00 310 JeToN

NegECIND(J)

PHE () SPHTNEY
310 COMTINUE

Lel WX

501 CONTIMME
IF(ISNITH.EQ.1) RETURN
80 10 10

CEL
.”... 8589888080888

cl7

(S#0.0

[ ]

CS1#0.0

C31=0.0

IFCIFAULT(3) . NE.O.OR.IFAULT(4) . ME.O) CALL COBINL,JeCSCOILSLeCIY)
IFCIFMNT(T) . ED. 1) CALL SECEL(XI CSECELCSECEL)

VAR &= T Y -SUNANG

1IF (x3.G1.0.0) GO 10 1

IF(RATIDID) . NE.C.0) CEI=RATIO(SISEXP(-XI/RATSD2))
IF(RATIO(11) NE.O.0) CE2=RATIO(11)IPEXP(-XL/RATID(10))
CE~(CESODENE | $CEIDENE2) /DENTL
CILe2.08SAYS(SORT(-XI/RATIO(8))4COEFT(SANT(-XI/RATIO(E))))
CIt=CItaRATION)

IF (TEWPL2.NE.0.0)

1 CI2=(2.08SAYESORT(-XI/RATIO(1} ) ¢COEF T(SARY(-X1/RATI0CL 2220
2 RATIO(12)9DENTI2/DENLL

CleClleCI2

IFCIFAMNLTIS).EQ.1)

1CPH=0. SECPHORX ¢ ) 8 {COS(VARS) +ABS(COS (VARE) ) ) SFALARATIOL?)
CURENT =L I +CPH-CESCSECPHCSECEL

IFC1TRACE .EQ.0)

AMRITE (9¢400) JoX1+CELrCE2+CToCPHICECOrCRECEL »CUNENT

RE TURM

1 CI1=EXP(-X1/RATION))ISRATIOT)
IFCTEMPI2.NE.0.0) CI2eEXP(-XI/RATION1))ISRATIOC12)0DENI2/DENTT
ClIsCLiIeCI2
IF(RATIO(2) .NE.O.
ICEI-RAIlD(‘)l(Z-OlSﬁ"(W"( ~X1/RATIO(2) )¢COEFT(BORT ¢ -X1
1
IF(RATIO(10) . NE.O.O)
JICE2=RATIO(11)8¢2.85AYS(SORT(-XI/RATIO(10) »¢COEFT(SORT(-X1/
2 RATIO(10) 220D
CEw(CE18DENEL CE2SDENE2) /DENIL
IFCIFAULT(S).EQ. 1)
LCPHe0, SECPHOMX ( J) 8 (COS(VARA) $ABS(COB(VARE) ) )REXP(XI/RATIO(S) }
CPH=CPHS2.08SAYR (SORT (~XI/RATI0(3) ) $COEFT(SQRT (-x1/
5 RATIG(3)))I8FACBRATIO(9)
CURENT=C I $CPH-CE$CS+CR4CSECEL
IF (1 TRACE .EQ.0)
IMRITE (9,400} JoXIoCELsCE2,CIsCPHrCS+CP+CEECEL e CURENT

alIoc)

600 FORNAT (1X+16+9(1PEL10.3))

RETURM

END

SUBROUTINE SECTOR(NPOINT s NSECT +PERSECSECING+PH] PSECTR,

1 CSECTRsCION,CELEC:CSEC,CDSCATICPHOTO, SECPRN. ILOOP» I TER, PEGACC)

ouTPuUY

PSECTR,CBECTR

DESCRIPTION OF VARIADLER

WPOINY NUNDER OF POINTS

NSECTY NUNDER OF SECTORS

ml:(l) NUNPER OF POINTS IN SECTOR I.1<I<NOECT
VECTOR OF INDICES BINENBION NPOLINT

lﬂllc!l ARE A PERMUTATION OF INTESERS Jr3=<J=<iPOINT

FIRST PERSEC(1) ELEMENTS ARE INDICES OF POINTS IN SECTOR 1

MEXT PERSEC (2) ELENENTS INDICES OF POINY IN SECTOR 2.K7C

L L GLL LY LY. 1,

288!
PURPOSE) TO COMPUTE CURENT cou.:cnou AT ORID POINTS FOR OUESS FIELD.

INTEOER PERSEC » SECIND, PERPAN, PANIND

COMMON PSAVE (144,101 ,C8AVE(1 10) +PRECTR(144) COECTR(144) ¢
1DELEE(20) s DELNAXC 1441 e EMAR(144) oETA(20) s BBCATLI144) ¢
2DSCAT2(144) s PECATIC144)1PHO(20,40) 0

1ANG € 40) » CPHONX {144} + SLNANEG s ANOD s BOUNBL (20 ¢ 40) + BOUNDT {200 40) »
20“0&(?0-00)-‘/"(?0-:0);lCl(Cl(N'“)'MVNNIJHIMNIQO)-

PoTUC144) e DMLY
3EM(144).THOCOS(200)
LIFLG NPOINT oMo IOEON. T8YN IPOISNOECT o
20AMA DVDX ( 70+ 48) » DVDBY { 70

HPEROD» NPEROD» IDINY ¢
T(I44) s BELTAXDELTAY»

LoRPIsRPI2+RPIHAF »SATPI
Kll’.‘-"'ll-'l'l?v
STEAPRLUNS s LUNS L UNS - LUNG s LUNZ o LUNG + LUNT » LUN
15DTL (1442, IDTL(144) PERSEC(144)3,8ECINDC(144) l'“l.l 1441,
2PERPANCI44:4) PANIND(144)
ELEC(144),CBEC(144),CSECHC Y 9CPHOTO(144) ¢
2CPNOT1(144) sCBSCAT(144) e COBCAL(144) »SECPRN(144) ,SECPRI(144),
IPNTC144).COUNC144),
ERASE ¢ JOML » DPHT » NANG » RAD » PROUND + ONEGA » ALPHA ¢ 809 JP» 18 1 ECS v
2EXPVI2620) sEFTVIC20) o FERRORs TETHIN: TETHAK ¢ DETAL s DETAZ» AESS
JL2/CARRIVCPHeXToCSECEL +CSECELCYCHIESLCHI

DATA FAC/3.0/
CSECEL=0.0
Ci1=0.0

rErsn.n

INTEGER ¥

INTEOER PERSEC SECINDPERPAN, PANING

COMMON PEAVE(144+105sCBAVE (1440107 PEECTR(144) +COECTR(144) ¢
ADELEE(20) 1 DELMAXC144) 1EMAX(144)0ETA(20) s PECATL(144)
2BSCAT2(1443 9 DECATI (14843 :PHO(20+40) ¢

1ANG (40 ¢ CPHONX ( £ 44) » SUNAND + ANGO » BOUNDL ( 20+ 40} » BOUNDT (20¢ 401 »
2ANOL (20040) ¢ VIT(20+40) ¢ ICHECK (200 40) »RATIO(13) 1 JROOT (144) ¢
JEFALT(14)r JLOCALC144)» ICONCLA4) ¢

AVE(20) s EVIE) o MLEVINTINES ¢ ILEV) TININ(20) s TIMAX(20) » VINUN( 20) v
204144)sD(144)sCC140)oBD(144) DU(144)» TH(144) 0 BU( 1440
JEW(144) THOCOB(700) v

LIRL Wlll’olvlﬁ“ll'ﬂ-l"llvﬂt'vm HPEROS . 1DINY ¢
28ANKA mxno.«nm;‘(’n.unnunouuu BELTA'

) (70) e

AVARSLEC4) + T o DEL T+ SBOUNS » NBIN+POT 1Ms J1 o RP T o RPI 2o AP IHAF
2BAY s TENPE ) s TENPED s DENE L + DENEZ » DENT1 +DENT 20 TEWPI L, TERP 20
ITENPRILUNS s LUNS o LUNS ¢ LUNG 5 LUNT e LUNS» LUNS o LUN1 O
LIDTLC144) 1 JBTL(144) sPERSEC(144) 9 SECIND(144) » IPANEL(144) ¢
44041 s PANTND(144) ¢
»CELECC144) COECT

42 ¢COECE (144) 4 CPHOTO(L
2CPHOTS (144 :CPBCAT (144) 1 CRECAS (144) » SECPRINC l“".’.‘ll“"
L ll.)vml 144>,
LKASE » JOML » DPH. D ¢ ONE PHA+80. JP o 1B.ECE

xmlzuo».:rwuzo)-lm-vtmlu-tﬂmn-uvn.uvu-.l.n--
SL2:CARRIV,CPHI X1+ COECEL »CBECES +CS+CHoCE1oCRE
L=0

PO 100 Jel NSECT

ECHECSICETY (M)
PSECTR(I)=PHI (NN}

0 CONTIME

[ S0
COECTR(1)~ECH

100 CONTIMUE

WRITE (@400 (COECTRIL. ¢Sa) W0ECT)
»

401 FORMAT (SLIR1PE1I0. ¥

RE TURN
(1. ]
FUNCTION CETTLD

c
C ALL CURRENTS ARE DINENSIONALIZED MITH RESPECTY TO REF TENP
[4 cron N-D [ON CURRENT

r

reIFe Nef FLECTRNN CINRENT

e

A R




bt i e it

ekl

D blC CURREN'

lSl“l RACA -SCATTER ELECTRON CURRENT

LPHOTO N-D FHOTO ELECTRON CURRENT

CETY NET CURRENT

Stcfﬁﬂ N-D SEC ELECTRON CURRENT INDUCED BY PROTONS
N-D POTENTIAL

INTEGER FERSEC»SECIND « PERPANPANIND

COMRON PSAVE (144,107 1CSAVE1144510) »PSECTR(144)sCSECTR(144),
1DELEE20) + DELNAXC144) ¢ENAX(144)sETAC20) ,BSCATI(144)
2DSCATI(144) 2 0SCATI(144) 1PHO(20,40) 0

1ANG(40) s CPHOMX ( 144) » SUNANG » ANGO s BOUNDL (20 40) « POUNDL (201 401 »
JANGL < 2004050 WIT(20+40) 9 [CHECK(20+40) +RATIO(13)» IROOT(144),
SIFAULTC 14>+ JLOCAL (14470 ICON(144) )

IVI(20) +EVIR) s NLEV NTINES s ILEVo TININ(20) » TINAK( 203 » VINUM( 200 »
QAU1A4)sBI144)sCO1A4) e BB(3A4)  BU(144)»TH(144) ) DRI L144)
JEW(144), TUOCOS(700) »

TIFLGoNPOINT » M+ IGEOMs ISYNs IPOIS e NSECT s NPEROD ¢ WPEROD s IDINY ¢
2GANAAS DUDX( 70+ 48) s DVDY ( 20+ 48) o Y(144) + DELTAX» DELTAY »
3¥S(64:48)+XS(66)+XSS(70) v

LVARDLE (4) » T o DEL T o SBOUND o NDINsPOT 1Mo J1 e RPLI+RPI2) RP [HAF + SQTPI
2SAYTENPEL s TEMPED 1 DENEL + DENE2,DENI L 1 DENI2s TENPI1» TENPI2,
STEMPRILUNIeLUNAsLUNS»LUNSrLUNZ s LUNB »LUND » LUNLO

1IDTL(144) s JDTLC(144)+PERSEC(144) +SECIND(144) s IPANEL(144) ¢
2PERPANC144+4) sPANIND( 144)

1CTON(144) »CELEC(144),CSEC(144)+CSECI(144),CPHOTO(144) 0
2CFHOT1(144)¢CBSCAT(144)+CHSCAL(144) ¢SECPRN(144),SECPRI(144),
3FHIC144)0COUNCIA4) .

1KASE » JOML » DPHI » NANG ¢ RAD » PBOUND » ONEGA s ALPHA » 500 JP r IS+ ECS »
2EXPVI2(20)»EFTVI(20) ¢ JERROR, TETHING: TETMAX ¢ BETAL:BETA2» LESS,
3L2+CARRIVICPHe XTI sCSECEL »CSECE1CSvCBICS1CMY

IF (IFAULT(1).E£Q.0) CION(DH=0.0

IF CIFMALT(2).EQ.0) CELEC(J}=0,.0

IF (IFAMILT(3),.£Q.0) CSEC(JIv0.0

IF C(IFAULT(4).EQ.0) CBSCAT())1=0.0

IF (IFAULT(5).£Q.0) CPHOTO(J?=0.0

CPHOTO( J)=CPHOYO(J)SRATIO(Y)

CPHOT1¢ 1) =CPHOT1( I ERATIO(S)

IF¢ IFALT(9).EQ.0) SECPRN(JI=0.0
CETTaCION(JI-CELEC( J) +CIEC(JI4CHBCAT (J) +CPHOTO( JH4SECPRNCJ)

MRITE (LUN47400) JoPHI{J) sCETT+CIONCJ) »CELEC(J) sCPHOTO( ) s CPHOTE(J

1 I»CSEC()eCSEC1C¢J) rCOSCAT(S) sCBSCAL (D) » SECPRN(J) s SECPRI(J)

400 FORMAT(I3,12(1PE10.3))

¢

RETURN

END
SUBROUTINE COS(X1sJsC8rCHeCS1eCRE)

Ccl8

cul cua"u:xm SVINUM(IIS82) 0 (ADELL-ADELO) S (). O¢VINUNII O]
T+ ABD(LI BUELO)S (VIMUA T)$COEF TIVINUNCT) ) )
ASCALI=<ETA(LI+1)-ETALL) ) 7DENDN

BSCAISETA(L) -ASCATEVINUNCL)

ASCAL=2,08ASCAl

BSCAL=2,0808CAL

CUR3I=CURISEXF (-VINUN( I )1082)8( (ASCAL-ASCAO)IS(L.OFVINUN(LINEL ¢
1 (DSCAL-DSCAC)ISIVINUNIT)+COEFT(VINUN(LIY I ))

ADEL O=ADEL )

BSCA0=BSCAL

0146 CONTINUE
c

CUR22eCUR2

CUR33=CUR3

IF (X1.LE.0.0) 80 1O 817
CUR2=(2,08SAYS(SORT(-XI/RATID(3))ICOEFT(SORT(-X1/RATIO(I))) )8
1 CURZSEXP(XI/RATIO(I))
CUR3=(2,08BAYS(SORT(-XI/RATIO(4))$COEFT(SORT(-XI/RATIO(4} )18
1 CURISEXP(XI/RATIO(4))

c
017 CONTINUE

IFCIFAN.T(3).E£Q.0.0) CUR2=0,0
IF (IFAULT(4).EQ.0.0) CUR3I=0.0
CS=RATESCOEF 1 SCUR2SDENICS
CO=RATESCOEF 1 SCURISDENICH
CS1oCS14RATESCOEF 1 SCUR228DEN
CP3aCBI+RATESCOEF 1 SCURIISDEMN

710 CONTINUE

RETURM

END
SUBRDUTINE BECEL (X1+,CSECEL.CSECEY)

LG G T LY

PURPOSE

TO COMPUTE SECOMDARY ELECTROMS INDUCED BY PROTONS FOR THE
BUESS FIELD

EXTERNALS NONE

C PURPOSE 15 TO FIND THE COMTRIBUTION OF SEC AND BACKS ELECTRONS TO THE

€ GuE
[

SS FIELD,

711

712

703

INTEGER PERSEC:SECINDPERPAN: PANIND

COMMON PSAVE(144,10) )CHSAVE(144+10)+PSECTR(144),CSECTR(144),
IDELEE(20) s DELMAX(144) sEMAX(144)1ETAC20) +BECATLI(144)
29SCAT2(144) ¢ BSCATI(144)sPHO(20,40)
TANG(40) « CPHOMX { 144) » SUNANG s ANGO » BOUNDL {20740 ) ¢ POUNDL (20540) »
2ANGL(20¢40) s VIT(20+40) ¢ ICHECK(20940) ¢RATIO(13) s IROOT1484)»
SIFAULT(14)r K OCAL(144) ¢ ICON(144),
IVI(20) eEV(B) +NLEVINTINES e ILEV, TININ(20) » TINAXC20) »VINUN(20) »
2A0144)oD(144)oCU144):BB(144):BH(144),TW(144),DM(144)»
3EW(144),TWOCOS(700) s
1IFLGrNPOINT oMo IGEOM, 1SYH» IPOIS NSECY » NPEROD » WPEROD » IDINY »
20ANNA,DUDX(70+48) s DYDY (70, 48) ¢ Y(144) ¢ DELTAXsDELTAY ¢
3YS(64048) 1 XS(46) s XSS(70)r
LVARBLE(4) ¢+ TeDELT»SBOUND ¢ NDIN-POT rMs J1 1 RPToRPI24RPINAF +5QTPI
2SAY» TEMPEL » TENPE2+DENEL »DENE2)DENIL +DENI2» TENPIL, TENPI2,
JTENPR e LUNI»LUNS s LUNS /LUNG s LUNZ s LUNS s LUNP 1 LUNLO»
1IDTLC144):JDTLC144) v?ERSEC(ll‘) »SECIND(144) ¢ IPANEL (144)
2PERPAN(144,4) 1 PANIND(1
ACION(144) rCELEt(lCJ)-CS‘C( 144),CSECL(144) o LPHOTO(144) ¢
2CPHOT1(144)+CBSCAT(144)¢CBSCAL(144) ¢BECPRN(144) ¢+SECPRE (1440
3PHI(144) sCGUN(144)» .
1KASE » JONL ¢+ DPHI » NANG » RAD » PBOUND » ONEGA s ALPHA» SO+ JP ¢ 1S ECS»
2EXPVI2(20)+EFTVI(20) s SERRORs TETHIN TETNAX» BETAL ¢ DETA2+ LLESS,
3L2,CARRIVCPHsXTCSECEL »CSECEL»CS»CDCEICRS

DO 710 JJ=1.:2
IFCJIJ.NE.1) 60 TD 711
10423

BAMMA=RAY
TEWPETENPEL
RATE=RATIO(S)
DEN=DENE1/DENI1
60 10 712
GANNA=RATIO(10)
TENPE=TENPE2
RATE=RATIO(11)
DEN=DENE2/DENT L
CONTINUE
IF(DEN.EQ.0.0) 60 TO 710

N |

VZERO=0 .0

IF (X1.NE.0.0)
1 1¢0.9-X1 T(ADB (XI/GANNA) ) /ADS(XI/GANNA
10

DO 708 I=1,MEV,ILEV
PETA1=VI(1)882
BETA2=DETAL-XI/GANNA

1F (I!"GI-L( 0.0) 60 TO 703

NUNeNUN
VIM(M)-W"("QZ)

DELEE (NUM) =7 cul.mx(.nutvuavturnnr(-z OSSORT (BETA20TENPE/

1 EMAXCJ) ) ) /ERAXCS)
T3C(JIEDE
ETA(NUN) =DECATI( D)
IF (BSC.LE.100.0)
1 ETA(NUN) =BSCATI( 9) ~BSCAT2(J)SEXP(-BSC)
CONTINUE
IF (NMUM.EQ.1) GO TO 710
VINUNCL)=VZERD
BETA2eVZEROSS2
DELEE(3)27,48DELNAK( 1) SPETAZSTENPESEXP(-2.08SORT(DETAZSTENPE/
1 ERAXCJ) ) ) /ERAXL( D)
PEC=DSCATI( J)SBETA2SGANNA
ETAC1)=DSCATI())
IF ¢PSC.LE.100,0)
1 ETACL)=BSCATI () -BSCAT2(JISEXP(-BS8C)
NUMNE oMM~ 1
CUR2#0,0
CUR3I=0,0
COEF 1=EXP{-X1/0AMNA) /80TP1
ADELO=0.0
BOELO=0.0

DO 814 [=1.0UMN1
DENOMVEINUMN(T45)-VINUNCIL)
ADELI=(DELEE(T41)-DELEEL]))/DENON
DOELI=DELEE (1) -ADEL FSVINUNCL)

ADE|

L1 4}

. ASRNEY ¥

711

INTEGER PERSEC»SECIND ¢ PERPAN PANIND

CONMON PSAVE(144¢10) ¢CIAVE (1445100 sPSECTR(144) CSECTR(144) s
1DELEEC20) 1 DELMAX (1445 rENAX (1443 »ETA(20)»PECATI(144)
2DSCAT2(144) ¢BSCATI(144),PHO(20540) 0

1ANG (40 ¢ CPHONX ( 144) » SUNANG » ANGO » BOUNDL ( 20+ 40 ) r POUNDL (204 40) »
2ANGL (201 40) »VI1(20+40) ¢+ ICHECK(20+40) +RATIO(13)» IROOT(144),
SIFAULTC14) s JLOCAL (144)»ICON(144)»

1UT (20> +EV(B) v NLEVINTINES s ILEVs TININ(20) » TINAX(20) ¢+ VINUR(20) s
2AC144)99(144)sC(144),DB(144) yDUC144) s TH(144) DU 144),
JEW(144) ,THOCOS(700) ¢

LIFLGNPOINT s Me IGEOMs ISYHs IPOIS s NSECT + NPEROD s WPEROD» IDINY»
2GANNASDVDX (70 40) yDVDY(70:48) r YC144) » DELTAXs DELTAY,
3YB(86048)1XB8(66)+1XEB(70) ¢

TVARBLE(4) » T DELT o SBOUND ¢+ NDINPOT rMe J1»RP I+ RPI2oRPINAF 4 S0TPL,
2SﬁVvYEH'il-'E“?ruﬁl'ﬁﬁzrﬂillHKNerl‘("ler!"lZ;
STEMPRILUNSsLUNS»LUNS o LUNG 1 LUNZ s LUNB s LUND o L
lXDYL(IOQPvJDYL(lQQ)rPE.“C(144)-8(‘:!"0(1“)0]'“]_([0‘)'
2PERPAN(144+4) yPANIND(144)

1CION{144) yCELEC(144),CSEC(144)¢LBECI1(144)CPHOTO(144)»
2CPHOT1(144) sCOSCAT(144) +CBSCAL(144) o SECPRN(344) ,BECPRI(144),
JWl(l‘.)vallll)'

SE » JONL » DPH1 ¢« NANG » RAD » PBOUND » ONEGA « ALPHA s 80+ JP v IS/ ECBe
"EX?V!Z(?O)-EF“’I(?O)'lEmvYEYHXI.YEYMI;“YQI-‘YAI-.LE'..
3L2sCARRIV:CPHrXI rCSECEL »CSECEL,CSCHoCEL19LDS
CSECEL=0.0
CSECEL=0.0
DO 710 Jiwie2

IF(JJ.NE.1) GO TO 711
OANMASRATIO (S

TENPI=TENPIL
DEN=41,0
RATE=RATIO(?)
80 Y0 712

DEN=DENI2/DENI1
RATESRATIO(12)

712 CONTINUE

IF(TENPL.EQ.0.0) GO TO 710
NURe1

VIERO=0.0
ll’(ll «NELO,0)
1¢0.0+-X1/ T(ABS(X1/0ANNA) ¥/
2 ADS(X1/8AMNA)Y )

DO 700 I=1+NLEV)ILEV

BETAI=VI(I)882

BETA2=DETAL-X1/0AMNA

IF(BETA2.LE.0.0) 60 TO 700

WU

VINUN(NUN) =SORT (BETA2)

BELEE (NUN)=DELP (2)SBART(O.001SDETAZSTENP L)/ (1. 0+DETAZSTENPL/
1 EXNPCD))

700 COMTIMUE
c

710

1F(WUM.EB.1) 8O TO 730

VINUN( L) «VIERD

BETAZ.VINUNC] 1882

DELEE (1 )=DELP(J)SSART (0. 0010DETAZSTENP L)/ (1. 04 DETASTEN ]/
1 EXnPiD)

CURZ=0.0

COFF 4 EXP(~X1/0ANNA)/S0TPL
ADELO=.0

SDELOw0.0

NUNN L =NUR- |

PO B16 I=1,NUMNL

BENON=VINUNCI$2 ) -VINUNLT)
ABELI=(DELEE(J41)-DELEE (1) )/DENON
POEL I=DELEE (1) -ADELISVINUNCT)
ADEL L =2, 00ADEL

SPELIe2. sELT
CUR2eCURZHEXP (-VINUN( 1) 882) 0 ((ABEL1-ABELOI B« . HVINUN(])082)
1 ¢ (PDELI-PBELOIS(VINUNCT)I¢COEFTIVIMINI(IIII

ADEL O=ADEL {
SBMELO=PDEL S

IF (X1.07.0.0) CURZe(2.088AYS(BORT{-XI/RATIO(1D))¢

b COEFTISORT(~RT/RATIOCII) I IOEXP(AT/RATIO1I) IOCURD
CSECEL *CSECEL $COFF 1 SCURZBRATE SDEN
CSECE1=COECE 1 4COFF 1 SCUR2ZORATESDEN

CONT TNUE

II' une

unnn"nt POLTCIFLE I NPERDD NoNPEROD s NeAsD:Co IBINY 2 ¥y IERROR W)

Tl T e

o

|

-




Dl

Appendix D:

thrtrrrcurcuceccerecrecececucLrcceceenchcccceccececcccceeceerceccececec

FROGKAN | YPLOT

THIS FROURAR HOLVES FOISSUN S EINIATION OUTSIDE A CIRCLE (SPACECRAFT)
ON WHi{LK FOTENTIAL 1S GIVEN VS ANGLE. AND GENERATES A CUNTOUR mAP
Ok ITHE RESULT,

(ENFRAREF ERENCE TEMPERATURE (VOL T4),

RADSSPACECRAF T KADLUS (NETERS),

CGEUN=1  MEANS GFUNETRY 1S INFIMTTE-CYLINDRICAL.

IGEQR=Y MEANS GEOME TRY IS FROLATE SPHEKOLDAL .

RFLOT IS FLOTTED SFACECRAFT RABIUS INLMES?.

SIGNAZMA JUK -TO-NINOR-AX1S RATIO GF PROLATE SPHERCID.

SHOUND=NATURAL LDG OF (DUTER GRID ROUNDARY RADIUS/SPACECRAFT RADIUS).
tF [GEQaM=1.

FRQUNDSPOTENTIAL AT QUTER BOUNDARY(IN AV).

CNT IS THE SAME AS THE PARAMETER ‘SEP' USED BY SUBROUTINE “CNTOUR'.
ITS VALUE DETERMINES WHE [HER AND HOM CONTOURS AKE LADELLED.

UANGD 1S THE ANGLE (IN [EOGREES) BETWEEN THE ORIGIN OF ANGLES AND Je).

A IS NUMBEN OF UNANOWNS(INTERIOR GRID NODES) 1N I-DIRECTION(RADIAL
DUIRECTION)s I1.E.o [T IS THE NUNHER OF NODES NOT INCLUDING THE
SFACECRAF T SURFALE OR THE OUTER GRID BOUNDARY.

N[5 THE NUMBER OF UNRNOWNS(GRID FOINTS) IN J-DIRECTIOM(IN ANGLE).

KSFOTS*0 NEANS SURFACE POTENTIAL VALUES ARE READ IN.

NSFUTS=1 WEANS HALF OF THEM ARE READ IN aMD SYMMETRY IS USED
TO GENERATE THE OTHER HALF.
ASFOTS AT LEAST X MEANS THEY ARE GENERATED BY SUDROUTINE 'SPOTS’.

MODCHG=20 MEANS ZERO SPACE CHARGE IS ASSUMED.MODCHG=1 NEANS LINEAR
SFACE CHARGE 1S ASSUMED.

[SCALE=O MEANS RARIAL SCALE IS LOGARITHMIC IN REAL RADIUS.

ISCALE=1 MEAMS RADIAL SCALE IS PROPORTIONAL TO REAL RADIUS.

NCN 1S TME NUMBER OF POTENTIAL VALUES FOR WMICH EQUIPOTENTIAL
CONTOURS ARE TO BE PLOTTED.

CNC1¢20, ... oNCN) AKE POTEMTIAL VALUES (IN KV) FOR WHICH CONTOURS
TO BE PLOTTED.

TEMPEL+.... . DENI2 ARE TEMPERATURES (IN VOLTS) AND DENSITIES (IN
PARTICLES PER CUNIC METER) FOR ELECTROMS AND IONS IN ASSUMED
DOUBLE-MAXWELL AN VELQCITY DISTRIBDUTIONS,

PHI(1s2s....+N) ARE SURFACE POTENTIAL VALUES(IN KV).

AORAAARAAAGNNE O C - " m P OGO AN Sme s ST s = s

nona

anon

ccccceeceecece CC CCC ¢ CCC cCCe

COMMON /CTRACE/RATION10)» JROUTE(32) v ITRACE s IFAULTI10)» A OCAL (10>
COMMON/CPOIS/A(84) 1 B1866)9C186) 2 THOCOS(1300)»IFLG
CONMON/POISX/NPEROD r HPEROD » TDINY
COMMON/CPOISA/N 0, KSPOTS » NODCHG
COMMON/CDIV/YS(66+180)9X8¢70),8Y(5656¢161)
COMMON /CORB/VARBLE (4) » TrDEL T+ SBOUNDsFUNC(4) »OKUTAL4) oM
COMMON/PIE/ RPIRPI2:RPIHAF ,SGTPI,SAY
COMMON/POT/GANNA  DELTAX » DELTAY ¢ Y (180) sRAD,RPLOT
COMMON/BLK1/TEMPELs TEWPE2+ DENES + DENE2oDENIL e DENI2, TENPT1 0 TENPL2
1+ TERPR
CONMON/BLK2/PHI(180) +DELPHI(100) ¢CN(20) »NCH+ ISCALE

READ(S,40) TENPR.RAD
40 FORMAT(2F10.1)

READ(S,41) IGEDK,RPLOT,SICHA
43 FORMAT(I10+2F10.3)

READ(Sr40) SBOUND . PROUND

READ(3,42) CNT»DANGO+M+N-KSPOTS ), HODCHB» JSCALE
42 FORMAT(2F6.2:314)

WRITE(6530) TEMPR,RAD» IGEOMsRPLOT » SIONA, SDOUND » PBOUND »CNY » DANGO »
1MsNeKSPOTS» MODCHG s ISCALE

SO FORMAT(1Xs ‘CYPLOT o/ /78Xe "TENPR‘ o 7Xs 'RAD’ 53X+ * LAEGR’ ¢SX o *RPLOT
15Xs " SIGMA’ ¢ 4K+  SBOUND’ » AN s " PBOUND " « 7X» *CNT* ¢ SXo ' DANGO “ ¢
27X M 07X "N’ 32Xy ‘KSPOTS » 23 ¢ “HODCHG’ + 2X» * ISCALE* 7
31Xe1P2E10.3¢110,1P6E10.3.518//)
READ(S+400) NCN

400 FORMAT(12)
IF (MCN.NE.O) READ(3,401) (CM(K)eKa1lsNCN)

421 FORMAT(8F10.7)
IF (NCN.NE.O) MRITE(4s402) (CHIK) oKm1rNCN)

402 FORMAT(1X+ ‘POTENTIAL CONTOURS IN KV’/(1Xs10F10.5/))

NPEROD IS ALUAYS 2ERO« (HV!S PERIODIC POUNDARY CONDITION IN
ANGLE FOR POISSON-SOLVER

NPEROD=O
RFI=3.1415924535897
RPI2=2.08RP1

RP INAF=0.38RP1
SQTP1I=1,.772453831)
1P018=0

IFLG=0

SAY=1.0/50TP1
READ(S,500) TEMPEL. TENPE2¢DENEL s DENE2

S00 FORMAT(4E11.3)
WRITE(6+600) TENPEL TENPE2+»DENEL,»DENER

500 FORMAT (BX s SHTENPED + X+ 4HTENPE 2y 4X y SHOENEL ¢ 7X » SHDENE2/5XK» 1PAEL2.3/)
READ(S+300) TEMPI1eTENPI20DENTL,DENIZ
WRITE(S+,401) TEWPIL+TENPI2+DENILDENTZ

401 FORPAT(@XrAHTENPILs&XsSNTENPI2,6X o SHDENLS » 7X+ SHDEMT2/3Xs 1P4EL2.3/)
ANGQe=DANGOSRP1/180.0

#88 [F THE FIRST DINENSION OF THE ARRAY Y8 I8 CHANGED» IDINY MUSTY BE
CHANGED. 888

IDINT=ss
HP2eN42
[F(KSPOTS.E0,0) READ(S+200) (PHI(J)sJoleN)
200 FORMAT(4E12.5)
IF(RSPOTS.NE.1) GO TO 202
NHALF =M/2
READ(S1200) (PHECJ) o dat o NNALE )
DO 203 Je ) s NHALF
PHICN41-0) sPHICY)
203 CONYINVE
GO 10 204
202 IF(RSPOTS.0E.2) CALL SPOTS
208 WAITE(S,603)
303 FORNAT(//1X+° $SSURFACE POTENTIALS IN KUE8S‘)
WRETE (84201) (PHICI)eJmteN)
201 FORMAT(IX1P1OEL2.S)
IF (IGEOM.E0.1)
ICALL GENGRD( TEMPT o TENPE s DENSTE - SBOUND » PBOUND
10 HsNCONS » ANGO IPOTS)
1F (1GEOM.E0.2)
ICML FROLAT( TENP S, SPOUND, PROUND, Ho
> HCONS, ANGQ s [FOTS, S 1GMA  RIAX + DIEGA » ALPHA » SAAX 50
CALL PARIER(API N}
1F (NCN.EQ.0) STOP
CALL PLOFOT (SPOUND P POUND » M » M v SUNANG « CHT )
CALL SADM E
ST
P

ann

ono

Listing of plotting program used with CYLVIA

SUBKOUTINE GE NGRDOTEME ] o FEMFE 5 (1 NG TE « SBUUND o KOUND
1o M MLUNGS P ANGU» TFOLS)
CONRUN/LEULL ACSA) 1B(68) e CLO6 s THOLOSEISCUIeIFLT
LORRUNEULL X/ NPEROD Y W-ERDE , LD INY
COARINZCPOISA/ M HeRSHTS ¢ MIDLCHG
CURMON. LIV /YS (6611801, X5(701:5T(66:181)
COMMOM/PLIE/ KPLIKFI2 (KK IHAF ¢ SOTP L, SAY
CONAON /FOT/GAMNALBEL TAX - DELTAT, 71801 «hAD KL OT
COMMON/BLAT/TERFEL » TEMPED v DENE L DENE 2o DENT Lo DENTD o TENFTL, TERF L
1. TERFR
LOMNON/BLRD /PRI CEBO) s DELFHICIBO) ¢ CN(D0) «NEMs LSLALE
IFCIFLG.EG.1:G0 TO 300
KLADA=O.
IF {MONLHG.E0.0) GO TO 212
DEBYE=S9 . USART(TEMPRE] ,G02€- Y/ (OENT18].SO1E~230)
RLMDA= (KAD/DERYE ) 0820 (DENEL/TEMPEL $DENED/TEMPEQCDENTL/TENPT LY
1 DENID/TERPID)Y STENFR/DENTL
KATIO*1.0/S0RT (RLMDA)
MRITE(6.211) RALIO
11 FORMAT(/1X. ‘DEBYE LENGTH / SPACECRAFT RADIUS « ‘1PE10.3//)
12 DELTAX=SPOUND/ FLOAT(M41)
DELTAY=2 &RPL/ FLOAT(N}
SYX=(DELTA//DELTAX)ESD

2

GENERATE GRID POINTS: COEFFICIENTS AND RHS OF EQUATION (1.NE.1)

100 MM1sA-1
DO 200 J=1:M
Y(J)eFLOAT( -1 ) SDEL TAYSANGD
IFCYCII.GY.RPI2) Y()eY(L)-RPI2
YS(MeJ)=-SYXSPBOUND
DO 210 I=2,8M1
TS(IvJ)=0.
210 CONTINUE
200 CONTINUE
TLHDAZPLNDASDELTAYSS2
DO 220 1=1,i
XS(I)= FLOATC(I)SDELTAX
A(])=SYX
B(I)=-2.8SYX-TLMDAS EXP(2.8X5¢(1))
C(I)=S¥YX
220 CONTINUE
At1)=0,
C(m=0.

CALCULATION OF RHS OF EQUATION FOR 1wy

300 DO 230 J=1.N
YS(1s))==-SYXIPHI(J)
230 CONTINUE
CALL POISC(IFLO»NPERODN»MWPERODsMeAsB+Co IDINY,YSe IERROR TWOCOS )
WRITE(8,1001) IERROR
1001 FORMAT(1X» 'THE ERROR FLAO IS ‘oIX)
WRITE(4+1002)
1002 FORMAT(1Xs ' §SSPOTENTIAL PROFILESSS‘/)
PO 130 J=1sN
WRITE(60120) Je(YS(Lr J)elmisN)
120 FORMAT(1X22HJ=s13+/7(1Xs5P13E10.3))
130 CONTINUE
RETURN

END
SUBROUT INE PROLAT  (TEMP1+SBOUND « PBOUND »
1 HeHCONS ANGO+ IPOIS ¢ SIONA+ RNAX » ONEGA ¢ ALPHA + SNAX»80)

14

€ PURPOSE

< TO GENERATE ARRAY OF GRID POINTS AND TO COMPUTE THE COEFFICIENTS
c OF THE POISSOM EGUATION IN THE CASE OF A PROLATE SPHEROLID.

c

C DESCRIPTION OF THE VARIABLES

[ RMAX IS DUTER RADIUS AT WHICH POTENTIAL IS ASSUNED TO BE ZERO.
c SIGMA IS POLAR AXIS LENGTM TO EQUATORIAL AXIS LENOTH.

c

C EXTERMNALS

[ POI

c

c

COMMON/CPOIB/A(66)+8(66) C{566)+TNOCOS(1300) 9 [FLG

COMMON/CDIV/YB(484+100) o XB(70)+8Y(64,103)

COMMON/PIE/ RPIRPI2:RPIHAF +SATPL,BAY

COMNON/POT /GANNA s DELTAX » DELTAY s Y{ 180 ) » RAD ¢ RPLOT

CONMON/BLKL/TENPEL TENPE2 DENEL s DENE2» DENT L DENI2+ TENPTL, TENPT2
12 TENPR

EMIIKZ/"II(I“)vuL’“l (1009 »CN(20) + NCN» ISCALE

RLMDA=0.0

DELTAY=RPI2/FLOAT(N)

TAUP=0 . S8ALOOC(BIONA41.0)/(SIONA~1.0))
ALPHA=L . O/SINH{ TAUP)

DNEGA=COBH( T

PETA=EXP (TAUP)

BOCALOO( (DETA+1.,0)/(DETA-1.0))

80=-80

THE TA=RMAX /AL PHA

TAUMAX=AL DG (THETA+SORT ( THETASS241.0))
PETAEXP { TAUNAX)

SMAX=ALOGC (DETA$2.0)/(DETA-1.0))

DELTAXw (BMAX-80)/FLOAT(N41)
SYX=(DELTAY/DELTAX) 882
1

DO 200 J=lsN

YLD =FLOAT { -1 ) SBEL TAY $ANGD

IF (Y(J).DE.RPI2) YC(J)eY(J)-ANGD
IF (Y(I)LTV.0.0) Y(LaV(DIIRPIZ

¥8(l.J)%0.0
210 CONTINUE
200 CONTINUE
NP2eNe2
DO 220 I°1.8
AT eFLOAT (1) SDEL TAX SO
PETASEXP(-XS(L))
TAU=ALOGC (BETAIL. 0N/ (BETA- 1,00
PSI=1.0/(COSHITAUS IS8
AC1)=5YXOPS]
B1)=8TYXSPS]
CUI)=SYXIPS]
220 CONTINUE
AL(1100.0
C(N)*0.0
DO 230 J=1N
YS{)s NI w-SYXOFMEC(S)
230 CONTINUE
M POTRIIFI A NPERNA N W RNN. M, 4 A, TATAY, YR, 11 B0, TWW N




WKLTE 1oe AsUEL TAT 1 5AAX » 500 ORMEGA
FORMAT % LasiPEL0.3))
H-(DELTAKSOELTAY ) /¢ (DF1 TAXSLEL VAY ) WHCONS )
kt num

‘»UIRDU' INE PLOPOS CSHOUND #BUUND o M+ NFOINT » SUNANG « CNT)

«

¢ FOTENTIAL CONTOURS ARDJUND A SFACELRAFT UNDER MAGNE TOSPHERIC
L COMUITIONS.
L

DINENSION x(/0)

DINENSION YY (101
CONMON/CRIV/YS(867180)X8(20):SY(84181)
CORMMON/P TE/RF1RF 12 RP LHAF o 50 1P 1, SAY

COMRON/FOT /GARIA» DEL TAX+ VEL TAY« Y (1HO ) +RAD +RPLOT
COMADN/ BLAD /FHICIB0) +DELPHL(180) «CN(D0) s NCN+ ISCALE
DATA FAC/1000./

KP=RPLOT

NULsNPOINT ]

NP2

MF1snel

DEL TAX=SBOUND/FLOAT(NP2-1)

C
U RELOCATE ELEMENTS OF THE ARRAYS XS AND YS.
c

310

320

DO 300 J=1,NPOINT

YSIMP e ) =P BOUNDEFAC
DO 310 I=2,nP1
1PA=MP2-]

IPB=IPALL
YSCIPReJ)aYS(IPAL J)SFAC
CONT INUE
YS{1r2)uPHI L JISFAC
CONTINUE

DO 320 1=1.0P2
XS(I)=DELTAXSFLOAT(I-1)
IF (DELTAX/DELTAY.LT.1.6) GO TO 99

[
C GRID CELLS ARE TOO ELONGATED RADIALLY. FIX THIS USING INTERPOLATION.
4

°1

9

o

93
%0
c
C SET
c

b4l

1

WP1eRINOI(NP182,64)

nP=NPL L

n=npy -1

HAL =N

NH2ep-2

DELTAX=DELTAX/2.0

DO 91 I=1.mP2,2

IvenP241-1

KV=(IV$1) /2

0 91 J=1/NPDINT

YS{IVe JISYSIKV, )

DO 92 Je1+NPOINT
YS(202)8¢3,08YS(1rd)456.08Y8(3,J)-Y8(%5,0))/8.0

YS(MPLy J)e (3. 08YSINP2rJ)+8.08YS(NeI)~YS(MN2+J))/8.0
DO 92 I=8smN1,2

YS(LsJ)n (P, 08(YSII-1+sJ04YBLI43+J))-YS(I-30)~YB(143:51)/16.0
DO 93 I=1.mP2

ls(l)-uL'hl.FLOﬂf(l 1

WRITE(6>9!

FQRMV(IIIX-'RQIIM ORID INTERVAL HALVED. MNEW ¥ =°,13)

UP EXPANDED ARRAY OF POTENTIAL VALUES FOR USE BY PLOTTER.

DO 1 i=1.smp2
SY(1+N1)I=YS(Ls1)
DO § J=1:NPOINT
SY(I»J)mYS(Isd)
CONT INUE

c
g GENERATE GRID

(X

3

DO 2 J=i-NPOINT
YYD =vid)
CONTINUE
YY(NLI=RPLI24Y(1)

DO 3 1«1.mP2

TF(ISCALE.€Q.0) X{(I)aRPS(1,04FLOAT(I~1)SDELTAX)
IFCISCALE.EQ. 1) X(I)=RPSEXP(FLOAT(I-1)SDELTAX)
CONTINUE

c
C IMITIALIZE PLOTTER
c

annn

an

an

CaLL BTART

CALL SYNBOL(0.:0+10:5+0.13+'PLEASE MOUNT BLACK FINE POINT PEN IN 1’
12270.0:39)

CALL PLOT(1.0¢0.0 -J)
CALL PLOT(S.

IF THE FIRST DIMENSION OF THE ARRAY 8Y IS CHANGED. 1DX WUST B3E
CHANGED. s8¢

I10X=66

DO 100 Ie1,NCH

CN(T)=CNI(T)SFAC

CAMLL CNTOUR (X:MP2sYYsNL-BY o IDXeCNCI)»CNTCHCTD)
CONT INGE

AROHED=ANING (X (WP2) $DELTAR4.5)
$12E=1.0

CALL PLOT(AROMED:0.0¢3)

CALL PLOT(ARONED+0.37S9812E,0.30812E,2)
CALL PLOT(AROMEDSO. 373885180, 239812%, )
CALL PLOT (AROHEDHO. 738012E+0.2388126,2)
CALL PLOT(AROMED+Q. 7388128, 0 2988126, 2)
CALL PLOTCARDNED$O.3798812E 235881, 2)
CALL PLOT(ARONEDSO. lmnl(.-o SeSIN-)
CALL PLOT(AROMED0.0+2)

AL IVNM(MD-O.SCUIII-O ‘a.lllt-ﬂ n‘llll- muuv'.o.o.
CAlLL SYNPOL(-0.75 *  SPACK -
CALL SYNOOL (-0, nsunh-o.:nuut-o ”.’lnv".ﬂ" vO 0-5)

CAMLL CIRCL(RP»0.0:0.0:340.0:RP:#P+0.0)

DO 102 T=t.nP2

DG 102 o1 .NEOINT
rSeledIoY8CTe ) /FAC
CONTINIE

RETURM

END

SUPROUTINE TOURT (XR>YR: XS+ ¥S)
RADR YR

RADS~TS
TR=ERESTN(RADR )
AR=ARSCOS ( RADW )
TE=X30S (MIRADS )

1S XSECOS(RADS)

e TURN

NP

D2

SUBKOUTINE BAKLER(WP2oN)

ansmnfhonon

PUKPOSE
TU COMPUTE HEIGHT AND KADIAL DISTANCE OF POTENTIAL BAKRIE &S
BY FITTING A FARABOLA.

DESCRIPTION OF THE VARIAMES
EBAR AND YBAR AKE BARRIER LOCATION AMD HEIGHT

EXTERNALS= NONE

LY T

fnan

nn

COMMON/CDIV/YS(86+180)«XS5(70),5Y(660181)
COMMON/PIE/ RP1:RP12:RPINAF .SOTPL:SAY
COMMON/POT/GARNA Y DEL TAX s DELTAY» Y (1BO? +RADJRPLOT

DINENSION BRADP(180) +BRADN(180) v BDEGP (180) . IDEGN(180) vBPOTP(180) »

1BPDINCIB0) s IF (18012 INC180) s UP (1801 » IN(180)
MPLaNP2-1
NPBO
NNR=O
DD 400 J=1,M
IF (YS5(1+0).GT,YS(WP2,J))60 TO 40S
YUMIN=YS(1sJ)
IRNIN=1
YUNAX=YS (P25 J)
IRNAX=MPQ
GO TO 403
405 YUMAX=YS(1e¢J)
IRMAXS
TUMINSYS(MP2: )
IRHIN=HP2
403 DO 410 I=2,nP1
IFCYS(1ed).GT.YUNAX) IRMAXSI
IFCYC Lo ) GT.YUNAX) YUMAX=YS(TsJ)
IF(YSCLe ) LT . YURIN) IRMIN=I
IFCYS(Ird) LT, YURIN) YURINSYS ([0 J)
410 CONTINVE
IF(IRMAX.EQ.1.AND. IRMIN.EQ.#P2)00 TO 400
IFCIRMAX.EQ. NP2 . AND. IRMIN.EQ. 1100 TO 400

A BARRIER HAS BEEN FOUND AT ANGLE J.

DO 400 Kel.2
B0 TO(401,402).K
401 IF (JRMAX.ED.1.0R,IRNAX.EQ.nP2)60 TO 400
TaIRNAX
NPDaNPD4L
GO TO 440
IFCIRNIN.EQ.1.0R. IRNIN.EQ.#P2) GO TO 400
I=IRNIN
NNDeNND+1

40

N

CALCULATION OF HEIOMT AND RADIAL LOCATION OF POTENTIAL BARRIER BY
FITTING A PARABOLA 1O THREE POINTS

460 DIMI=(YS(I»J)-YB(I-1+J))/DELTAX
DIPE=(YS(I41:0)-YS(1sJ))/DELTAX
APAR=(DIPI-DIMI)/(2,8DELTAX)
PPAR=DIPI-APARB(XS(1)#X8(1+1))
CPAR=YS(I+J)-APAREXS(1)S82-BPARIXS (D)
XB=-DPAR/ (2.3APAR)
Vll”MlXIlCZOUPMl!IOCPM

TO (411+412)+K

aal lP(O’I =1
JP(NPB) =)
BRADP (NPB ) =EXP (XD)

PDEGP (MPD)=Y(J)2180.0/RP1
DPOTP(NPD) =Y
63 10 400

412 IN(WNB)I=T
JNCNNDB) o)
nnnmmn-nnx.)

BDEGN( MN| ¢J)8190.0/RP1
MYNKWI)IV'
400 CONTINUE

IF(NPD.EQ.0) 0D TO 421
WRITE(6+422)
422 FORBAT(//1Xs ‘POSITIVE SARRIERS’)
WRITEC(4+429) C(IP(L) s JP(L) ¢ BRADPIL) + BDEOP(L) o DPOTP (L} rLe] s NPD)
A29 FORRAT(/1Xe3CaXs*E 2 3X0 2 o 2Ny "RAD/RE’ 21X, ' DEGREES’ ¢ 1X o
FHEIOHT(KV) * )/ CiXv3(214,0P2F8.3+1PEL2.3)))
421 1IF(NND.EQ.0) 0O 1O 423

WRITE(8,424)
424 FORMAY (/71X ‘NEGATIVE BARRIERS )
WRITECG+42%) (INCLIo ML) » ’

23 RITI.N
END

JeLalo i)

SUBROUT INE BADDL.
PURPOSE I8 TO lﬁl"l" SADBLE POINTS

COMNON/CPOISA/N ¢ Mo KSPOTS » NODCHO
CONMON/CDIV/YS166,100)sX8(70),8Y (645181}
COMMON/PLIE/ RPLRPL2.RPINAF »SQTPIBAY
CONNON/POT 70ANNA » DEL TAX ¢ DELTAY , Y (100) »RAR  RPLOTY
CONNON/BLKY/PHI(100) ¢ DELPHI C180) +CN(20) + NCN» ISCALE
DINENSION SX(44+100)DVBR{180)/BVPY(100)

PO 100 J=1.N
DUBR(11o(-TH(3, 1344, 08Y8(203)-3, 04PHE (I )/ (7. OBEL TAXSRAD)
-
o
IF(P.GY.N) SPuy
1F (N, E0.0) el
DUBY (S o (PNILIP)~PHL(JN) ) 7 (2, 08DELTATERAD)
100 CONTINUE

URITE (4+400)
400 FORMAT(/7/85Xs "RABIAL (LEC'.IC FLELD AT THE SURFACT (KV/METER) )
URITE(6+700) (DVDR(JIoJnieM
700 FORBAT(10(IN, 1PEL12.9))
WURITE(4+800)
000 FORRAT(///1Xe " TANBENTIAL ELECTRIC FIELD AT THE SURFACE .
1 (RU/RETER) ‘)
WRITE(A» 7000 (PVDY(JIedmiot)
WRITEC6,030)

B30 FORMAYC///)
c

ae

wiene

it

DO 1 Jelen

0O 1 [a2.mP2

SX(1ed)a099,
1 CONTimE

DG 2 Jei.n
00 2 f1=2.0F)

6 PocYBCIL 0 - YRIL- 1, 0)/(2.00DEL TARY
4

oL en .M iy

P N X © T

-~

—n




D3

[LITEI
IFCUED. L) Meten
W=CYSULs P LY -YSET, M01) 07 (2. 000EL TAY)
FARCISIT#000-2.08YSEheddVSIL-10sJ0)/(DELTAXODELTAX)
OV (YSLIrIFL)-2.08YSCLe P H¥SC 1))/ (DELTAYOREL TAY) '
PYRCYSCIH1eIPII-YSIL-1 e 1)~ YS(LO1e JNIIYS(I-10JN8))/
I (DELTAXSDELTAYS4.0) f
? au=py

DEN=PXSQY-QXSPY

b IF (DEN.NE.0.0) SX(1+1)uiQSPY-PSOY)/DEN
1F (DEN.NE.0.0) SY( 1+ 31 =(PSOK-QSPX)/DEN
xnan«snl..n;.u.uuu AND.ABS(SY(Le ) ) .LT.DELTAY) |
1 60 T 1
Slll-J)-'”.

2 CONTINUE
C IF THERE IS NO SABBLE POINT.RETURM !
c

- ICH=0

DO 10 S=ien
DO 10 t=2,mrt
LF(aX(1s.0).EQ.999.0) ICH=ICHeL

10 CONTINUE
IF(ICH.NE.O) BO TO 11
WRITEC(4,900)

P00 FORRAT(1X:*NO SADBLE POINT FOUND’)
RETURN

4
s FIND ACCURATE LOCATION OF SABSLE POINTS

11 DO 20 JwioM
Falrl]
1F(J.EQ.4) SPle)
00 20 1I=1.0Pt

CHECK IF A SADBLE POINT MAB BEEN ODSERVED IN THE ORI CELL ABOVE
AND TO THE RIONT OF THE POINT(L.4).

e

o

annn

ANOYX=0.0
ANOYY=0 .0
AN=0 .0
Nl -y
IF(1.5@.3) 60 70 22
IFARXCT0J) . EQPPP.0.ORBX(L0 I LT 0.0.0R.OY(IeJ).LT,0.0)
31 00 10 2%
AN=ANS L . O
AROYX=ARDYX 48X (T J)
ANOYYSANOYY48Y {30 )
21 IF(BX(IsJP1) EQ, PPP.0.OR.BK(£ e P1) LT 0. 0. OR.BY(I+2P1).87.0.0)
1 00 70 22

AN=ANSY . O
ANOYXSANOYXISX LT JP)
ANOYYSANDYY#BY (15 0P8 ) $DELTAY

g TSy -

Py

o
P WP

22 IF(1.£0.MP1) 8O TO 24
l'(.x(l‘l-.lh('-m-o-u.ll(lOlaJ)-.Y-O...G.INl'l-J)-I.'.O-O)

sEAb

ml 0 |
I-WVIOIHIQI'J)O'I.VM t
ANOYYoANOYYISY (14
23 l'(ll(loh.’l)-lO-"’oO-ﬂ-ll(lQl-’l)o.'uO ORBY(I4L2IPL) .
A0.0) 00 YO 24
A=A+ .0

ANOYXoANOYXIDXLY 02+ SP3 ) VERL TAX i
ARDYYSAROYYSY (1415 JP1 ) 4BELTAY )

24 CONTINUE "
!l(mlDOO)ﬂ"N !
i
|
t

ﬁV'Mvvlﬁ
ARXXAXSIXSCT)
AAYY=AYSHY LS
XBS=AXS/BEL TAX
VMVII-I."'
8tIs )0C1.0-XDO

lO('l(lOlr.'l )ll.'"(lv-’l)l(l-ﬁl‘”. e

1.0-YD8) !

SABRAD=E XP ( AAXX )

SABRES=AAYYE180.0/WPL

WRITE(40401) l-J-mcM.mv

401 FORMAT(1X/ "SABBLE POINT BETECTED IN CELL’+213¢' RAB/WBs ‘o

AF7.30° DEGREES= *oF7.3v’ POTENTIALIKVI® “o3PE12.8s

B’ NUNBER OF BETECTIONS ‘+0PF4.1)

IFtaN.LT.4.0) 80 7O 20

IFCISCALE .£0.0) SPRAD=RPLOTS( ] . OPAANXD

IFLINCALE SPRAD-RPLOTSEXP (AAXX )

SADX=EPRAD!

SABY=SPRADSS.

IF (ABS(SABY).8T.3.23) 80 TO 3.

IF (ABS(SADX) . 8T 0 10

CALL SYRNBOL {SABX Ill'v'.”-o.l.-
20 CONTINUE

CALL FINISH

THIS SUSROUTINE BEVE THE SURFACE POTENTIAL VALUES PHI(1s20¢0cc0l)
IN A RANNER DEPENDING ON THE YALUE OF KSPOTS.

COMNDN/SLK2/PHE (1805 » BELPHEC 1801 s CH(20) » NN » I1SCALE
IF(KSPOTS.8T.2) 80 TO 900

IF(N.NE.100) 80 TO P00

0 11 Jelel

PHItL)e-0.07

(FCL.OE.1.A S LK. Q) PHILI)e-8.08

IFCS.00.42,000,J.LE.33) PHI(I)0-0.08

1F (0,06, 91 . ANG. J.LE.P8) PHE(J)=-0.05

IF(J.08.020.A08, J.LE.139) PuItJ))=-9.03
1t CONTINAE R

NETURN

P00 WRITE(S,903) N
1 P01 FORRATILX,  SPOTS t‘.lll INCEIRECTLY. ¥ » ‘o135
A° ASPOTS = ‘13)
wETURN 4
[ ’i
£Mbe

LLET.

CaA - M e




Appendix E:

FiING
SERAC A RALIOY
P RUOGRAR UBICE (52150
.
U OTHIS 1S THE AATM KOUTINE FOR YHE OBJECT DEF INITION SECTIOM
8 OF <l
v
CURRON AERAL/XG12360) 5 1G( 25800+ 1G( 2540, 41+ 1L (53:33),
LICH(S3:33) 2 ICA (D245
COMRON - CHE SH - TASNIN SASHLN I ISHAX » JRSHNL WO+ N0 DX + DY
CLIAON. CNSTL ANESTI10) - MNLC 10D »MNI(102 e NOUTERCI0) JASC 10D,
IREL10 -RARL IO shARAL 101 DU 10) cAbMAC 10)
COMNON/CNS T, NESRAX ELE ELOUT,
INEL INNODINS
CORRON/ COMNN/NCONML 30+ 804}
COMMON. CREF /L RN+ LARD(32) s LARX (32) s LWRY ¢ 32
omrcsuwsuu-usunuz:.-musz:.vmuzhamuu.
INSUNP (1 29) 0 ASUN
COMPON/ TODAT /LUNILU+ 1 TRACS
CONNON- OB IL/HOBICT 1 NSEGD(3) » ISPACE (64) ¢+ JEPACE164)  XSSEG(44) ¢
17S5EG144) s RESEG(84) 1 YESKEG(64) » [SLP(64) 9 IVEC(64) o BLPSEG(44) ¢
2CGOX(31.COOY LSy
CONNON. OB J2/ASP (126 YSPCI120) s XEP (1200 s YEP{128) s NSP(128)
LNEP (128> e P ( 321 s MPAT (3) s RAXPAT
tM/P!OLVIIIVD-I’DISS-IWV'I‘.VUC'UII
COMMON/RP I/ WP I PL.HP13:P 12,5001+ 80P
Cnm/uillll(IS-OP"lllS-‘);l!llS-‘)-'((I!v.’v"(l$v7)-
1YTHR(LSeS)eYYM2113e3)
ORMON/BLAZ/BUF 1 (15) s BUF2( 133, BUF3(15)  BUF4(13)
CONNON/BLAI/BUFS(15) s BUFA(13) + BUF7(13) s BUFS( 20) ¢ UF 9(30)
CORMON/DLAA/ IBUF 3 (2S5 o IBUF21T9) s IUF3(23) ¢ IDUF 44 23>
COMMON/BLAD/LRS, 4D oL TIS04) o RK(PIeRY(P) oKM(A) +NCB (400}
ILCLC19%)
CONRON/BLKA/ X0 YO+ HET 1 HE s DNY » D2 ¢ B3« D4 » DS
CONNON/BLR7/N0s 10+ JOeNBT +KO 2L O+ NC1 s MC20MC 30 | Mo SN0
COMRON/DLED/HB+NE » IDUNT » TDUNZ . IDURS . IDUMA . ] DUNS e T
COMMON/BLK?/TT2o 112+ 1135 0140115¢256¢817¢F10+119:12110
DIRENSION NANE (3}
DATA NANK/2MID2HATr2M) /

WRITE(LUMN999)
SV FORMAIC//7/710%0 " B88"XYCIC® SATELLITE SIMAATIONSSS )
CALL EXEC(BNARE)

sSTOP

EMND

PLOCK DATA
CORNON/CRESH/ THEMIN JNEMIN, [ NEHNX ¢ JNEGMNX o IHO » JHO » DX » BY
CORMON/CNET1/NNEBTC10) o NME (101 sMNI(10) yNOUTER(10) KB (1005

IKEC10) oKANCL10) e KANAC 100 s RBWC 10} » NBURC 10)
CONMON/C &

B oUT .

IRELIN.NODING
CONRON/CONN/NCONNI 10804}

CONNON/CREF /LIRN» LARD(I2) s LIRX(32) +LART(32)

CONRON/CSUN/BANBL » BUND ( 32) s XBUND( 322 » YEUND ( 32) » ABUNS{ 64 ) »
INSUNP(120) » NBUR
cmnmlauﬂ.m.nuzl
CONRON /0B JL /HODIC ), m(“i-ll‘.‘“l-
|V'“.(“l-IC‘O(“)oVI-I(“)vll'(“)vlﬁt(“hlm.(
2C00N<(3).COOVIS)

CONnON/08IZ2/RBP(128) + VP I“)vﬂ'(l”)v'ﬂ‘l“""(i?‘)o
1NEP128) WP ( 32) s NPAT (3) s RAXPA'
meuvmlnxu.unnuur-aou
CONNON/APL/NPLePLMPIZePL2,
CONNON/BLKL/RB(13:4) 0 YBC1S,
1YYNIC19:3)sYYN2(15e9)
CMII.IIII'IUSNI'N ISNI'J(I')-”“IS)

CONRON/BLK 3/ FeBUFZ(15) UFB(20)  BUFP(30)
CMIlKCIl"I(H)tlwﬂﬂlol”'(ﬁhlwolﬂ)
COMNON/BLES/LRI4r4) rLTISr4) sRXCPI 1KY (D) o KN(S) s NCDLAs8) e
ILCLC19+9)

CONRON/DLKAS/ XO0 YO+ HBT ¢+ DNE » D2 » B3 » BOI4 ¢ DI

‘)v"("l.bo"(l’i’)u

[
CSISLUS AND TRACKS WMERE 1/0 DATA STORASE STARTS.
BATA LUN/&/°LU/SLE/» LTRACS/0/
COSOCONSTANTS MITH REBPECT 10 ‘Pt-.
batTA l'lv'l-'llo’l!u”h”l!ll-!””‘n‘"“’h
A3, 141 179384+
”n.? 16 1.1:-:"- ¥

(1.3
SUBROUTINE SORT (M)
CONNON/BLEA/TACTS) o ID(T3) o DUFI(29) o IUF Q¢ TS)

(il ad}
Hel
nlenet

ll‘(l.(.).t(-l.(ﬂl)) 80 10 3
lieta

-

RLILINTTSY
18tntrel2
AleRtel

IF(RL.LE.M) OO0 1O 2
Nole )

IF(A.LE.N1) 80 YO ¢
*E TURN

FIna
SERAIAENAL»0)
PROGRAN 0D JOF (S, 130)

4
::2 THIS 8/P BEMERATES OBJECTS IN aN 1NEANOST GRID SPACK.

COMMON/AERA1 /X8 2340) Y8 (2300 ) »
11CM(33:33) e TCK(S2:32)
CONNON/CHE SN/ TNENT

2360+41 0 IL (336880,

O » NI BN OY
CONMON/CHET/MIESTC10) oMM E(10)s00S0 NOUTERC(103,88(10) ¢
IRECRO) sRARII1O) +RANALLO) v MBMI 1 AEMAC 19

CORNDN/CHST2/NE SRAX e »o» our.
INELEN.NORINS

COPMON/ TOBAT /LUNLU T TRACS

CONMON/ 081 /80D ICT 1 HSERD(S ) o [SPACT (441 s JUPALE (64) , XSE0(64) »
1TSSE0180) HERES 5645 - FEBEBLA4) s TP VAN ¢ IVEC 1641+ BLPOEQ( 447+
2C00%¢9)COOV ()

CONNON/RP L /WP LoP TP LSePTI2, 80P ) o B8P 12
COMMON/PLA@/WS « ME + TCOUNT o EBUN2+ [ NS+ TOMINA, 1DUNS ¢ | Bisng
OIRENSION DUF (3270 IDUF (401 . ANE (3

DATA NANE 7/ IHSH. 2HAP + K/

El
Listing of XYCIC

WKETF (LUNS 9993
CVY FORRMADC/ 007, eDXs  *OBIDF* STARTS eDX0 20" . )

IMSHAX + [NSHINGL

JASHAX 2 JINSHING )

INO=lusHIn/ ey

JHO= INSHIN/ 20

nl=0

"0

NND L) = IRSHIN

MHICL v ASHEN

IF(NESHAX.EQ. 1) GO 10 40

DO 50 [ =2+MESHAX

NoNNEST (1392

HRLCT aNNECT- 1) /7200

MLCT) e MNICT=1) /240

WL eI LI BNMICE) -NNL(T-1 8NN I(E-1) /4

MDOA20 (ML CED L IBUNII D410 - (NNTCT- 1D /7240 I8INNICE-1D/241)
SO CONTINUE
60 AELOUT=NL

AEL IMepL b))

NOLOUT =42

NODIN=A241

1COUNT=0

MRITECLUN, 750) KELOUT»REL INeNODOUT +HODIN
750 FORMAT (‘88 KELOUT® o J4s3x¢ ‘KELINS s1403X0 " NODOUT®" s [ 4o INe

1°NODIN=‘» 14

PO 200 1e1.NESMAX
IBUF (1)aNNiC(L)
IDUFCT#10)=NNI(1)
200 CONTINUE
CALL EXEC(2+LUrIBUF 84+ 1TRACS42:50)
TBUF (1)« INSHNX
TBUF ¢ 2) = IRSHAX
IDUF (322 1HO
TBUF (4) = M0
TDUF (S ) =HOBOUT
IDUF L 6)=NODIN
l”(?)-lﬂ.w'
IUF (8
CALL (l!c(}rl-u-l”r‘.vl'l“l""!)

DO 80 1=1,2340
X0(1)=0.0
¥8(1)«0.0

40 COMY LNUE
VO 90 e
B0 90 J=
10¢1sJ)=0

0 CONT UK
DO 100 =1 INGHNX
DO 100 Joi s JNBMNX
ICH(1, )20

100 COMTINUE
5O 110 I=LeINSMIN

T B0 110 JuleJnSHIN
ICK(L+Jrw0

110 CONTIMUE

DO 140 l-l:m.t'
URITE(LUN748)
748 Fm"!l:l.'('vll-‘nl‘t' ¢ e’el2)

NE-NSESO(I)
[t ]
IF(I.NE. 1) NE=NSEQO(I-1)4)

Nishey
TF(N.EQ.NE) Ni=NS
*IM(NI)-IMInD
NCoIRSPACE (M1 ) - JBPACE (M)
L1F(ND.£0.0) 80 TO 140
ISLP (i) =iC:
o0 70 170
160 1SLP(N)=3
70 ll'(ﬂl. 7.0) JVECIN
! FND. =1-0) l\lC(lD-l
n-ummvumunm
YSSEN(N)*FLOAT { JOPACE (N) ) 9DY
XESEQ (M) =FLOAT C TOPACE (N1) ) 8BX
YESER(N)SFLOAT ( JBPACE (N1 ) ) 8!
(3031 VL))
1IF(I1.E6.3) 80 YO 190
A=ATAN(FLOAT{1ADS(13))/2.0)
0 70 102
Lt
182 3F(IY.E0.0) 00 TO 104
ALeIRION(1.21)
0 T3 190

164 Alel.0
190 -.‘flﬂfll lmlln"lul“
FO, LY. SLofLiP
m.(l ﬂ.
CXeCX$XNBEO (M)
CYCYIYSRES (M)
130 CONTINUE
AsFLOAY (NE-NB41 )
COOX( 1 )=CX/A
CBOYL1)nCY/A
nlvuuu.mv (l"(ll-“v‘l
FORNAT ¢ NP’ 7(2018
WRTTE CLUN mr "WC(.)-M..)
1VEE°/12018))
736) COOX(1)yCOOVID)

CENTER OF GRAVIIY=’+2$10.3)
738) (xSes it » MK )
XB0ES‘ 7(1P12000,.2))

WRITE(LUNS 740 (YEOEG(N) o NettS MK )
740 FORNATSE TESBES /(1PIN10.2))
cAaLL uwey
140 CONT LmiE

CALL EXEC(2+LUsIBLP 440 RTRACE2e30 )
CALL EXECI2+LU.IVIC
CALL EXECI20LUeKBOE

0)

L TRACS42,72)
AL € l(t(?-lu-l"l-l}.d'l‘lo:.ub

"«
36 Contima
CALL ERKCIZoLUBUF ;40,1 1RACEI2,00)
CAMLL ENEC(O,NANL ¢
stor
(L]

rmarasnal Ny




SUBNOUT INE UMI T
CORNON, AEMAL/XG(2560) » TG 5801 ¢ LG 25800400 1LES3eD 80y
LICHS3093) 0 ICA(S252)
CORNON ./ CHESHZ TNSHIN: JISHIN  INSHRK . ISHINX » [HO» M0+ UX » BY
CORMON/O8.41/NOBICT «NSEGD1T ) o ISPALE (64) + ISPACE (64) e 1SBEGI44),
1YS5EL(84) KESFG(08) s VESLG (443, ISLP(d) . IVECI64? -SLPSEGI 047+
2CHIM D) CHAY (D)
VAN, BRSNS o NE o [DUNT o TDANEZ o 1 DURS » TOUNS » 1 BUNS » | DUNG

DO 100 N=NS.WE
1SeISLP (MY
IV IVECIN)
1114051511
NXOSISPACE (M) +IHO
NYO=ISPACE (N} #2040
1FL11.E@0.4) GO 70 110
WLENXO
LI
1F(N.EQ.NE)
N.‘.-l”“t(l"Ol"
G0 10 120

110 NieNYD
nengt
IF(0.€0.40) MaNg
nzummnm

120 hejy
l'(ll E@.2) N=2
AN TADS (ML -N2I/N
D=1

IF(11.€0.2) 1B=2

DO 130 A=1,mAN
IFtI1.20.4) 0O '0 140
10=4X04 IDSIVE(N-
JO-NVOO!.‘(I”I.)/Z
Go '0 l”
140 L0em
.DOHVDOIV.(I‘I’
130 ICH(10+s10)=-3
80 TO (160:1801220:240¢2%0)¢ 18

160 [1=104IV
Ji=20¢ [V
IFLICNII0sJ8).87,-2) ICHII0e 1)~
TFUICHITE¢08).87,-2) ICH(LLs 08 )e~g
o0 70 130

100 1IF(1I8.LT7.0) 00 TO 200
Ts=1003V
12=1telv
Jie041V
IFCICHI100J1) .07
IFCICMEIL 013,07

l'(lﬂ“ll-.ﬁ)-‘.-l) lcmu-.n)-—z
IFCIV.ES.-1? 00 TO &

ICK( 10+ SO0

ICK4(L1e JOYeS

a8 10 130

190 ICK(11,J1)=7
ICK(I20 48007
80 10 130

200 [1=10¢1v
121141V
JLeg0-1v
IFCICH(T1+300.0T.-2) 1CH(I1, 00w~}
1FCICH(12:200.87.-3) 10N 120205 l
IFCICHITLe L) . NE.~3) JCNELLe Y
17 CECH(10401) . 0K . -3) u:mu-.m--:
1FiIv.e8.-1> @0 0 210
1CK( 10+ 01 ) e
1CKL11, 1008
€0 10 130

210 ICK(12+50)0

ICK (T30 00)=8
0 Y0 130

220 IF(18.L7.0) 80 TO 230
111041V

pILE 104
14} Iﬂl(l.-.‘l » -".-:l 1CHI 200 I8 Yoy
)

1®el lﬁl(llv.ﬂ)--i
l'llv lﬁ
P IV B -ID lﬂ(ll-JI)Il

00 T0 130

3 ICNtLLea0)m-2

Ji1e2
et

230 IFLI8.LT.0) 00 10 270
11el0elv

[{s THYEN. LR
8 10 200

1CRCT00 43 )

90 10 130

260 IK(ILed1)ot)
ICRETL, S2001y
o 70 130

c
270 111041V

Nes0-1v
12eJ1-1v
IFIICHETLe 305 .0F,-2) ICEN(IEs 00~
FFLICHCILs 310 .00.-2) ICHELLo L
BFCICHIT00 1) .00 . -3) JENEI0oSNY0-2
IFOICHIT0s 027 . ME.-5) ICHIT0sI2)m-2
I EIV.60, -1 GO 1O 290
2NV
168100210210

o

0 (ERCE). J0)=12
ICRETMedl2ol2

130 LONT IRk

TAn (oMt

KE TuRN

EnDs

Fing
SERACAERAL O}
PROGRAR SHAFE (3.1%0)

[

C INLS S/P GEMERATES A MESH OF RECTANGULAR OR TRIANGUL AR

C FINITE ELERENTS 1M AN JMNERNOBT MEST AND DEF INE THE
WUNBERS OF THE NOBES OF EACH ELEMENT. SURFACE MODES 1S

t ALSO BETERNINED.

c
COMNON/AERAS /X1 lc*&“nvumnu«?&u.n-|us.|.s.n.
1ICMC33033) 0 3CK(32,5.
cmrmwtmm-mu.:mx-m 100+ IMO B o
CONMOM/CHET1/MERTC10) 1 MNLC30)rMNII10) o MOUTERCLO) -ll( I.)o
lullaitlm(IO)vM( 101+ MBUC10) +NDUAL10)
N2/ NE! ELE »NODENRELDUT »
Illtl.rmll
CORRON/CREF /LRRN»LARDL32) s LIRA(32) o LARY( 32}
CORNON/ TOBAT /1. UM+ LU» I TRACS
MIOIJIIM.Elv“”(!l-lmulnml‘"-ll‘l(..h
lvlﬁl(“l-ltl(l(“h'tlt.(“nl..' » IVE! *BLPIES 84,
xnousnc.o
l 9. lJ(ahl”N?’lol-’“”)

Dl“lﬁ l”(l‘l-“l
DATA NANE/ 20N WL« F I

c
URITE (LUK, 999>

PP FORMATL//20° . »3N s *BRAPE® BTARTE  ¢3X+20°,°)
B0 20 f=1slnGMnx
DO 30 JetrNEMHRX
JimJet
FFCICNCTo ) . ME.~1)
IFCICH(E2J1).€0.0) lDl(l-.ll)-~l
30 CONT I

c 20 CONT I
00 40 I=1;INSNIN
DO 30 Joto MENIN
IFCICK(1+J).08.1) OC TO S0

ﬂ.lﬂ“lﬂn.ﬂ-ttno OR ICHIT4 2 4 1) . K
o) 80 T

4
et |
I, E0.1) 80 TO 40
30 1300 J=1 . s
Je INGHNX L -
URTTE(LUNS 13300 (ICHIXs2J) s 2e)y TNEIAX)

1300 CONTIMUE

90 1340 J=iomeHIN

JIo IRHING L -J
MRITECLUN,1330) (ICK(IrJdJ)olmtr INONINY
1310 CONTIMUE

cnso FORRAT{4113)

40 Ni=o
LY e d
N1 =N0pOUTY
NINNAXSIMEST (1 )
¥ CLMRN,NE.O) N m-u MNAX~
}nnm l.?)' H b
WRITECLUNY943)
" :#"‘” ERROR IS BETECTRD IN B/P °“BMAPL®.’)

63 B0 70 NIN=1,MIMRAX
LFCNIN, 0. NTMNAK) NODINO=NS1 4}
1000=pIN

TNNE =390 NX-~NIN

JNNG=NIN

JNME = SO - 1 0

80 72 I=1NNS, LR

L il A

ILET 0 JNS) =001

"(ﬂllﬂﬂ'ﬂ-lﬂ)
NB1 ) =FLOAT ¢

ILCIME 43 J) e8]
l'(ﬂliﬂ“'ll“’l l”)l.l
YOCREE YoFLOAT ¢
7

>

20 74 1=T008. I0DEE
11e3MNES1 41008~
neionat
ll.llh.m.l
ﬂll"\.ﬂ"ll =301 88X
VOINE1 Y=FLOAT { IONL¢1 -0 ) 8BV

CONT I
00 78 =508, A0
ettt ot ]

Ne1ong1 4 s

LTINS« LI)wa Y

NG(NES Y =FLOAT ( LoNIS- M0 BN
YO(NBE )=FLOAT( 4~ 00) 8
CONT HE

78

3 ’. 3.0R,
3 lCl“loJ-lhtl.-.l-ﬂ-ltl“lolc.i-lI-I..-)I Ll T} EVITEY ]
80 CONY TN

0 10 '?
4 B0 93 1~10W8, I

-ll. 1.00. lCl“l fed-90.0 ‘
LE - 1O ICHELEE 0 )- Ii.l(.-ll LU TR ENITEY }

Lalii JAT 13




DU 90 LxINmS s [NWE eIt i
M) YO I3 INNS « SNt
Hebs ) (8. -4 GO 1) 90 “0 10 330
”‘l‘l'|).ll.'l.m-lc"ll.'l.‘.l)ol‘-‘l-“- 170 JGIAeL )

1 N IR IONT RN VR JCHED-te 2ot 2, Lk, 1. 0N, 164R D

< ICHUL 102 B -1 ORUCHIL S0 39,LE. -1.0R, 1GR3
3 ICHCTo -1 . -1 OR JUHUE e - 0D A E. -8) JCHCERJbsd L 32 i
“0 COMTINUE 1G(he eIl EN o) '

e

120
130

140

170
100

BO 95 U= MG, INNE

DO 95 Jm 0s o JNE

JJrICHET . )
(FEIILE. -1, 0R.JI.EG. 1) GO TO 93
nsiens1e)

ILilsS)=n8)
XGINS1)oFLOAT( I -11M0)8DX

m(usl :-uoavu-mnnv

cont

uonxus-nnl

DO 100 Ingmes, LNE

DO 110 J~ g ¢ JINE
JioICHC Y )
1F(JL.EQ.-1> 80 YO 120
1F(J1.60.0) 00 TO 110
LIl ]

IL(IvJreng)
XG(NBL)FLOAT(I-IHO) 8BX
YG(NE1 )oK LOAT (J-I40) SBY
oG 10 130

IW(ledraay
1FCI.E0.103.0R.1.£0.INME) GO 1O 110

1FCJ.EG, 2008, 0N, 3. €0 JE
e lEkeitagy o Yo E0 e 00 0 110

J2e3CK(1e
‘l‘:(ll-uas.ﬂl-ll-u.i) @0 10 re0

IFil2. u.s.m.lz.u:.n o0 70 130

X0(NS1)=FLOAT( 1~ IHO0)OBX
YO(MNS1 ) (FLOATY ( J=JH0) $0.5)89Y
Mi=NléL

l-(ﬂl 1183

(Ne1)eg

lll(MIIOJ

IDI(REI ) nnsy

CONTINUE

IF(1.C0.INE) 00 TO 100

DO 160 JeuinE. ) NE

J1eICK{T o 31>

J2eICK(Te g
IF(J1.06,9.A8D.J1.LE:12) @O TO 170
00 1O 160

IF(J2.06.9.AN0. J2.0K.3

FiAF: 3+ 5} J2AK.32) 80 TO 100

ne1=NE4L
XO(NBL)IS(FLOAT (I~ lﬂ)“.!)l.!
YOINOL)oFLOAT( J-JN0 )0
LY il ]
He(NS-1)8]3
18It )]
I8JtNIDIey
10J(N¢3)ongy

140 CONYINUE

100

123

220

23

240

260

270

280

290
300

110

CONY It

AAXNODNY §
KS¢1)oNOBOUT +1
KE¢L)and1
KANEIDoKE(1)-KB(1)48

URITE(LUNG123) AARNDD
FORNAT(’39  RAXNOD=’+14)

KakELOUT
DO 200 1e1,INSHIN
n 210 J=gs JNENIN
e ICK(T, )
l'(l?!-(..-l) 0 T 210

IFCNN.OT.0) €0 TO 220

18K )L )
18(Ke2)nILE2400.D)
ll(IOl)-lLCIOI-J’I)
TG (K 20k (30

00 10 270

IF (.08, 3. AN . . LE.8) 80 TO 200
TP (. 0K . 9. AND. M, LE.12) 00 TO 340

00 TO (2309240+230+:240) v N

I8tKe D)=L (o)

I0IKe2I0IL{T41e )

I0(KeI)oTL (410 A1)
10 279

[
10(KedsoTLiTe D)
IL6390»0)
L YIL] (SETN. T3]
@0 10 270

L CXRLE (N TF ]
10(Ke2)0 L (100000
FCICTR I (N PN ) ]
90 10 270
IO(K-H'IL(IM-J'

elLisio o)
I r¥ 23]

l.t i3 104
ICKET o dde.
GO 18 210

80 290 R=1,n7

eif-1)93

IFCIRLCANGL) . NE.T41) SO 1O 290
IFcin (“02) .4 00 1L 290

GG 70(310+ 3200310+ 340,01

10tke Dol el e )
1GCRe2V=ILERR1e D)
16N S)ols

LL X3}

350

349

>y

3%

ale

430

210

t301

IGIRs ) aILIT#Rs)
AT SR L3

(LT3
16(he)raTltitiel)
1040 slLtle2ed)
16¢he3)nlS

cO 10 350
10(Ket )l ise )
16¢hy2)=19

16K Ir=lL (2o 300
L 3 2%
16tRes =Lt ket
10(K 2218
lO(l-ll-lLll.l-JOl)
Kontl
l‘(lvl)-ll.(l’lu.”ll
16(K,2)e18

16(R e 3IoILEL420040)

oo 70 3%
18(Ke1)=IL(2 e 0 L)
10K, 2)=18
10(Ke 310 IL (I s M 1)
Kehtl

I.(Iol)-ll.(lOIvJOll
16¢Ks2)m.
ll(K-l)'lLll‘?r.hU
L 32
18(Ke1)olL (1420 300)
10Ks2.=18

18¢h e 3)=ILLL42e )
ICK(Rodde-1
ICKCE48 0P8
90 70 210

90 370 R=ienJ)

=(n-1703

IFCIBN(MNeS) M. 1) 80 TO 370
IFCIBIANI2) . NE. J4)) 80 YO 370
IS=IBI(M D)

80 Y0 380

conT I

§ =HNN-0
00 TO (390:4800:4100:020) 01

18¢KssdegltTo )
10(Ke22=IL LTS )
(8K 3110

[ {11

18(Ke3)=18
18(Ks2)ulLiR0Ted)
10(Ke3)alL (2400 040)
KoRel

[{ IT %1
184(K.2 116le 81
10K D)elL (1430342
ad ¥
18(Ked Il eRo )
18(Ke2)=3L 1080 D)
10(Ke2)=18

Konss

I8(Ke 1)L (Eo D)
I0(Ke2)eIS

I0(Ks D3Il (2o 00D

L i
10(Ks1)=IL{TrI00)
18(Ks2)e18
18(K+J)oBL (T e 2¢2)

i
18(Ko1)miLiTe D)
o )il

l.(lcl)-lI-(loJQl)
l.(lol)-ll-(lu."l)

=18
l.(lvl)-ll.llo.”’).

ll(‘-l)-ll.(lv."l)

18(Ke 2048

l.(Kll)Ill(l'lu.”I)
10

ll.ll.lo.ll
[RILITN 23]
{]

I8(Ke22aBL (3400 000
TR(KsImIL (S8 2. 42)
K2

ICKtIs 201 )o~1

CaNTIME
CONT I
KRAX =R -KELOUT
RAXELE =

ey
17 ¢mn.Ce.1) 60 TO 1302
30 1301 J=1+JN0MRX

S IREHRX Y - S

WRITE(LAUNY 13300 CICN(SeJa) e lols INOMNX )
CONT M

ICASE=1

e IMI..' 39 _1cast=2

"0 460 1+ 1CASE

ll‘lll-l. ?' G0 10 4%
1

biad
‘o

aa

3
12 tvminx
URITECLUNC®79)

4
2) (IL(RedEbelnltsl2)

rous smw




440 CUNT INUL
1R T UNT IR
WRLIELLUNIY7 3D ARAN +NOD NG P NODINS
SO RURMATL 88§ OF CELLS IN AN INNERNDST NEST=’ ¢33/
1 88 NODINUT {5/ 88 NODINSs'«[%)
VO SO0 1=i»InSwnx
00 SO0 J-1vInsSHmx
14 1CH Lo )
TF1JJ. B0 1. OR.JHEQ. -4} ICHiL» )20
200 CONTINUE

CALL EXECITsLU»IBUF v84: ITRACS#273%)
TRUF 1 26) aNODIND

10UF (272 xNODINS

LBUF (28) =NODINS -NODIND

EALL EXEC(ZoLUs 1BUF 64, I TRACS$2,53)
CALL EXEC(B:NARNE)

c
STOP
END
ENps
FThne
SERA(AENAL Q)
PROGRAN ASSIN(S:130)
c

C THIS S/P [OES RENUMBERING OF NODE® AT THE SURFACE OF OB JECT
C SO "HAT LAST "HSURF' NODES ARE ALMAYS CORRESPONDING TO THE
C  SURFACE NODES. WHERE "NSURF' 1S A TOTAL @ OF SURFACE NODE.
c

CONNDN/AENAL 7 XG(2560) 1 YB(2340)» 151 2540,4)r 1L (33,53) s
11CH153,5332ICR (52,32
Cﬂmltl‘sﬂ/lmlﬂ-mlﬂolml'ml-l”vMle-l'
COMNON/CNST/NESHAX out,
1REL122-NODINS
COMRON/ TODAT /LUMILU: I TRACS
COMNON/OBIL/NORICT e NSEGO(S) o ISPACE (44) s JSPACE(44) . XBSEB(44) »
1YSSEQ(44) » XESED(A4) s YESED(44) r ISLP(44) s JVEC(64) 1 SLPEED(S4)
2C6OX(5)LGOY(S)
COMNON/OBI2/XSPCI28)  YSP(128) 2 XEP(128) - YEP(120) 4 NSP(5i20),
INEP(120) NNP (32) s NPAT(S) o FAXPAT
CONMON/BLRL/XS(15+4) ¢ ¥S(1308)rXECIS+6) e YE(1T04)eTY(1307) 0

1YYML(1593)0YYN2(15:3)
CORNON/BLRA/TBUF1(25) o IDUF2(23) »NODE(25) ¢ IDUF4(23)
DINENSION NSURF{128), IDUF (4465 s NARE(3)» 1AUX(128)
EDUIVALENCE . ICKs 1AUX)

c DATA NANE/2HSH: 2WAD, 2NE /
DATA NARE/2HOL 1 2T 22N) /7

IFLG=O
WRLITE(LUN.999)

999 FORMAT(//720°,"+5Xs° "ASSIN® STARTS’ ¢3Xe20°. )
NASA=O
IF(NABA.EQ.0) 00 TG 470
1CASE=1
IF(INSHNX.BT.25) ICASE=2
DO 400 11=1,1CASE
IF(11.EQ.2) GO TO 410
13=3
12=RINO INSHAX,25)
00 70 420

410 11=2%
12=IRSHNX
WRETE(LUN P29
979 FORMATL(///)
420 DQ 430 J-l-ml
J1EIREHAN S -
nlvtn.umnzo [R(SSFNIRTTCISNY F4)
282 FORMAT(231%)
430 CONTINUE
400 CONTINUE

WRITECLUNIS70) ((1G(To ) sdulrd) e ToRKELIN/MAXELE)
“IYE(LW!M) CTeXGCI)»YB(3) c I=NODINGHAXNOD )
470 FORNAY (2
480 rmnl(u.zu.zn
%0 IPAT=0
LASNOBINS
LBenAXNO0D
NAASEG=NSEDO (NOBICT )
DO 1000 N=1,MAXSED
n=0
I1SsgSLPF (M)
1 VEC (M)
NIL=xEBED (N>
MI2exSPEG (M)
WO e YESEGN)
HJ2evasEo (M)
1F11..60.0) 80 TO 40
1Ft15.£0.3) 00 TO0 &40
O=PLOAT(18)/72.0
1F1Iv.£0.1) 60 7O 20
1FtI8.L7.0) GO TO 10
D0 100 LebAnLD
IFeXBIL) 0K . NT1. AND.XB(L)LE.NIZ) OO 7O 130

80 10 100

150 IFCvOCL ) OE. HI1.AND. YBIL) LE.HJ2) BO TD 120
G0 10 100

120 1P CADSIBSINBL ) -HI1INIL-YB(L) ) .LE.0.0100Y). BO TO 123
60 10 100

123 mwehey
HODE (M) =L

100 CONT INUE
niey
00 10 400

10 DO 130 LoLALD
IF(XQIL).0E . MIT . AND. XG(L) .LE.HI2) 80 TQ 140
00 10 130

140 TF(YGL ) .GE.MI2.A08,Y0(L).LE.NJL) GO TO 143
00 1o 130

149 [F(APBIOSINGIL)-HI1)INII-T01i)).LE.0.0080Y) GO TD 147
50 19 130

147 R=néy
NODE (M) =L

130 CONTINUE
wie2

00 10 400

20 1IFLI8.GY.0) GO 10 30
PO 1350 LeLAnlD
l'llotl;én(.Nl?-m.l01l).tl.lﬂll G0 10 180

160 [P CYGIL).GE.HJI.AND. YO(L).LE.NIZ} GO 10 170

o0 10 4

170 [FCARS(BSINGIL ) -HITIPHII-YB(L) ) .LE.0.0188Y) OO TO 1/
nOo 19 1%0

173 Remsg
wODE M) L

fRA CONE TS

E4

-
3

183

19

©

195

180

°

26

13

270
230

31

)

300

2

°

340
370
350

420
410

a30

440

440
430

1000 C

470

490

N2s3
U 10 400
[0 160 L:LALB
IFXGEL).GE.HIZ,AND XGIL) LE.HEL) GO TO 185
GO 10 180
IFCYGIL) (GE M2 AND.YGIL) .LE . NJ1) GO 10 190
G0 10 180
IF (ARS(GE(XGL)-HI1) #HIL-YEIL)I.LE.0.018DY) GO TU 193
60 10 180
nandy
NODE () =L
CONT INUE
NZI=4
GO 1O 400
lF(IV €a.1) GD T0 50
DO 200 LeLAsL
lflVB(L) EQG. “Jll G0 10 210
G0 10 200
lF(lB(LD-Gﬁ..“ll.MD-lGlL).LE.NI'.‘) GO FO 22
G0 10 200

nené)
NODE (1) =L
CONT INUE
NZ=3
G0 TD 400
DO 250 LsLAsLD
IFCYG(L) .EG.HJ1) GO TO 240
G¢ Tp 250
IF(XGIL).GE.MI2.AND . XG(L) .LE.HIL) GO TO 270
80 YO 230
neie)
NODE (M) =L
CONT INUE
NZ=s
00 TQ 400
lnlv EQ.1) W |‘0 70
300 L=LAe
lf(!ﬂll)-ln.“ll) G0 T0 310

0 300
IFIYQIL) .GE . HJE . AND. YD(L).LE.HJ2) GO TO 320
GO0 YO 300

]

NODE (M=

CONT I NUE

NI=?

00 TD 400

DO 350 LoLAWwD
IF(XG(L).EQ. M3} GO TO 340

60 0o
IF(YO(L).GE.HJI2.AND.YG(L).LE.HJ1} GO TO 370
00 10 130

n=Ney

NODE (P oL

CONT JME

NZ=®

NRAX =

DO 410 N=l.MNAX

IDUF2(N)eN

IDUF 4RI *NODE (N>

IF(NZ2.06.7) GO Y0 420

TIPS () =XO(IDUF4(N))801000.0
60 10 410

IDUFLINIeYB(IPUF&(M))>81000.0
COMT F UK

CALL SORT(NmaAX)

Le(NNAXS1)8()-IV) /2
»o uo l'l P HRAK

LL=Lé
ﬂull)-l”llluhtl))

IPATIPATHE

HEP (IPAT I oNOBE (W)
NEP(IPAT ) aNODE (H41)
CONT SN

IF(IFLE. o) 80 TO 1600
"(ﬂ)-l'.f

DO 430 Me3.N0DICY
TF(N.NE.HBEQD(N) ) ﬂ) 10 4%
IFtn.EG.1) 80 TO 4
m'(ﬂ).l"'m'lﬂ-ll

60 70 430

NPAT (MI=IPATY

CONTINUE

ONT I NUE

IF(IFLE.EQ.1) 00 TO 40
1AUX (1) TPAT

DO 470 I=1,1PAY
TAURETI42)=N8P(1)
CONTIME

IFLesl

CALL

00 10 490

NAXPAT=IPAT

NEURF sMAXPAT

B0 490 N=1 s NAXPAT
LoNgp(n)

LLoNEP (W)

NOURF LRI =L

I"II)HIO(L)

TSP
XEP(N)® .(lL’
YEP(NI®YBILL)
CONYSMUE

NOBF SoRARNOD-NEURF

CALL EXECCUoLUs IDUFo4s I TRACSS2.33)

T1OUF ¢

TPUF ¢ 1 3) *NSURF

CML EXECIToLUTBUF v 64, [TRACSSD» 335
CAML EXEC(2sLUNSP+254, 1 TPACSS3.0)
CMLL EXEC(2¢LULYIP 256, 1TRACSEI B)
CAL EXECE2oLUREP o230, ITRACSIS0EAY

CALL EXECIJ.LUsYEP T34, 1TRACSI 40
CALL EXECCO.LUNSP 120, ITRACS 30300
oML EXECI2 LU NEP. | 20, [TRACSS S, a0
CALL EXEC(2:LUNSURF « 128+ L TRACSHY, 40
00 310 I-I-.“

IDUF (T raNmP ()
CONT IME

P 320 1-1.3

[E LXR R RART. 23 X3 i}
CONT $UE
My £x£Ce
cay Exgce

«TTRACSE S 6y

LUGTOLN 8
v

-

e el o s mdidliiBii

L B B e riae




ST
eNh

LYY T ST
SUBKINEEINE RSURF
VINUING AERMAL TXG L IB800 » YE (134005 1G(IS80+ 40 o TL(53:330 0
[LICTEX PSR {TVE S8 A
CORINON /U RESH. TRSHING INSHIN» THSHNX + JASHAX » THO ¢+ 40 » BX s DY
CURNRON, CNS T NESRAX s RAXNOD - RAXELE « NOROUT s NOUINSRELOUT ¢
IKEL INJNODINS
PINENSION HSUKF (12879 RUFXC200) o BUF Y (200) s NARE (33
EGUIVALEMLE CICAC1 e eMSURF D e CICA 70 1) o NSURF )

N1=MSURF - 1
LA2]

LITLTH

TECNSURF (M) . LE .NSURF(N1)) GO 10 3
T1=NSURF (A1)

NSURF (M) s NSUKF tN])

NSURF um1) 11

LIELIEN]

IFunt . LE.ASUKF) GO TO 2

nams

TFIN.LE.NY) GO TO 1

-

DO 100 M=1,HSURF
MASNSURF (M)
RUF X (#) e XG (MM}
RUEY (M) aYG UMD
DO 120 I=1r INASHRX
0O 120 J=1oJMSHMX
LL=Itelsd)
IF(LL.ED. W) GO TO 140
120 CONTINUE
GO VO 160
140 [L(1. ppo-pL
180 DO 180 I=KEL IN¢NAXELE
DO 180 J=1.4
LLa1Gc T+ )
IF(LL.EQ. M) I0(LeJ)m-LL
180 COMTINUE
100 CONTINUE

DO 200 M=1¢MSURF
MI=NSURF (M) ¢)
IF (M, NE.NSURF ) R2eNSURF (N$1)-1
I1F (M.EQ.MSURF) N2=mAXNOD
MSHIFTen
1F(N1,GT.12) GO TD 200
PO 220 Mn=Mi. N2
NEWSMM-NSHIFT
XGUNEW) =XG (NN
YOINEW) =YG (MR
DO 240 I=1,INSHMX
DO 240 J=1 s NSHNX
LL=IL(Ted)
IF(LL.EG.MN) GO TO 260
240 COMTINUE
GO TO 280
260 IL(Ted)aNEW
280 DO 300 IsKELIN/MAXELE
DO 300 J=i,4
LLeIB(Te )
TFC(LL.EQ. M) IG(1eJ)=NEW
300 CONTINUE
220 CONTINUE
200 CONTINUE

HO=NAXNOD-HSURF
DO 320 M=1,MNSURF
HO+M

DO 340 I=1.InSHAX
DO 340 JeirJnSHAX
Lieftcle )
IF(LL.GE.-1) GO TO 340
IFCIABE(LL).EQ.NM) GO TO 340
340 CONTINUE
60 10 380
360 fL(LsD)mNEN
380 DO 400 I=KELIN/MAXELE
DO 400 J=il,4
tL=18(Te )
IF(LL.CE.O0) OO TO
IFCIAPSILL) .EQ. ) lﬂ(ch)-KU
400 CONTINUE
320 CONTINUE
RETURN

FTNa
SEMAIAENALIO)
PROGAAN NESTR(S,150)

THIS S/P GENERATES A NESH OF RECTANGULAR FINITE ELEMENTS
OUTSIOE INMEMORY ONE AND DEFINE THE NUNDERS OF THE FOUR NODES
OF EACH ELY NENT.

Annan

COMMON/AERAL /XG( 2540) rYOI2340) 5 10(2360:4) 5 IL(S3»33)»

1 ICMIS!-SS) o 1CK(32+32)
CONNDN/CHESH/ THBHING JNSHIN : THSMNE s JNSHNX » THO ¢+ JHO ¢ DX+ DY

COMNON/CNSTL/NNEST{10) +MNT (103 +MNIC10) s NOUTER(10) +KB(10))
KE(10) nIM‘l 10) 1 RABACLO) s MDU(10) 1 NBWA(10)
CONNDN/CNST2/MESRAX + RAXNOD » RAXELE » NOBOUT » NOD TN KELOUT o

COMMON/PSOLY/ISTR, XPOISS [DPOT,RDEDYCPOIS
CORRON/PLAA/IDUFS(IS) v TRUF2¢(23) s TDUF 3(25) « IDUF A 2%
DIRENSION PNSTX(E0+2) e PHSTY (10021 DUF 164 ¢ IDUF (464) 1 MANE( D)
DINENSION JRUF (2541 NCONA( A AB) s NINNER(200)
!Nlm(ml(.l” DUF ¢ IDUF 39 ( TCR 2 NIENNER )

DATA NARE/ 290K » 2HPA JHE /

URITECLUN, 999)
VPO FORMAT( /700", oSN, “HESTR® STARTS oe3Xe20°,7)
nS=0
INES=HESHAY - |
ART S URLILEIMSHNY o IMSHINX ) )
YRIRYOLIL ¢ [MHAX o HISHAT ) )
PRSTECE ol 0e KR
mGTXC ) «
st dALE]
PSTYLL 2070
e

PEAN UM Te 4y ew b

E5

aon

00 40 L=4sINES
J1=NESHARIL- |
XB=xRE

Yh=YRL
DO 50 =21

J-1IOMNEST () )
€1 IIIMNESTS 4

YRaYRIDYSFLOAT
CONT INUE
BNSTXCI ap)a-XR

L
BNSTY(Jt.D)avm
HI=NNT (41D
LB NINIE)

TF(J1.LT.NESHAX) GO 1O 75
IFc1SYn.€0.1) GO fO 72
NOUTER(1)e1

NOUTER(D)=NI
NOUTER(3)sNT4NI-1
NOUTER(4)=NIS2#NS-2
NOUTER(S)=(NI+NJ)82-4

DO 45 Je1,5

NOUTER(J$5) =NOUTER(JI) $J-1
CONY INUE

GO 10 73

NOUTER(2) =1

NOUTER (3 raN)
NOUTER(4)sNI#NI-)
NOUTER(S)=NOUTEK(4)

J2eNNEST ()1 )

HX=DXSFLOAT (283(J1-1))
V-DYIFLMY(Z"(JI 1

RSCJl)Iongé

DO S0 J-hJZ

MXSFLOAT (J-1)

HYSFLOAT (J-1)

IF(ISYN.EQ.1) WN=)
NieNI-NNS(J-1)
N2aNI-NNR(J-1)
IFCISYN.EQ.1) Ni1=N1¢l
IFC(ISYN.EG.1) GO TO 03
DO 80 N=1,N1

NBuNSHE
XG(NB)=-X1 +HXSFLOAT (N-1)
YO(NE)=-YL
90 CONTINUE
85 DO 90 Ne1.N2
ns-nsn
X0(NS) =
vamn--vnnmnllvn/::mnn.oann-l)
90 CONTINUE
DO 100 Ne1,N3
nE=NE+1
XB(NB)=X1-HXOFLOAT(N-13
YO(MS)aY]
100 CONTINUE
IF(18YN.EQ.1) G0 TO SO
DO 110 Ne=ieN2
nEengl
X0(HBI=-X1
YO(HB)=Y1-HYSFLOAT(N-1)
110 CONTINUE
S0 CONTINUE
KE(J1)=NS
KAN(I1 ) aKE(JS)-KS(J2) 41
40 COMYINUE
WRITE (LUN»123) m-xomnvomnu-nmxnom
125 FORMAT(7(I5,2F6.2)
WRITE (LUN¢127) u.xun-xnn.xuu»-l-l.u(m
127 FORMAT('S8'018Xs’ KB KE KAN’/(4Xs ‘NEST § =- -xz'sx.usn
WRITE(LUN, 128) (NOUTER(I)¢Tm1,S)
128 FORMAT( /28  NOUTER’:5X+S1S)
#=0
DO 400 1=1¢10
DO 400 Jm=1s2
it 1
BUF (M) =BNBTX (T o)
BUF (ME32)=BNBTY (1, )
00 CONTINUE
CALL EXEC(2,LUsBUF+ 1280 ITRACE$4464)
CALL EXEC(1sLUs IBUF 1 64¢ ITRACS#2,55)
DD 410 I=1,10
IDUF ¢ 1 430)=NOUTERC D)
10 CONTINUE
cu.l. :xtcrz'uhnu'-u'lrncuz-ss»
420 T=1,NESMA!
Tourihixain
IDUFC1#10)=KECT)
TBUF(1420) =KAN(T)
620 CONTINUE
CALL EXEC(20LU» IBUF 0640 ITRACS$ 41641
0
nieo
IF(ISYN.EQ.1) 00 TO 142
DO 140 I=1sNSHAX,2
enel
NINWER(N)=ILCTs1)
TF(1,EQ, INSHNX) QO TO 140
Nlentts
NCONACT o N1 ) ILCToT1)
140 CONTINUE
00 10 145
142 Nemel
NINNER (M) = TL ( TNSHNX . 1)
143 Hiw0
D0 130 Jed) NBHAX 2
nenel
LICITT
NINRER (W)« TL { LASHIX » J)
NCONA (o088 3~ TL ¢ THSHAX s J-1)
130 CONTINUE
ni=0
PO 160 T3 INSHAN,2
LEL2]]
LILCIE
11 ERSHAXSY - T
NTNNER(NIYTL (11 NISHAX Y
NCOMAL S MV ELCET 410 INSHRXY
160 CONTINUE

IFLISYN.60.1) o0 TO 172

[l LT T T B




240

300 C

303

306

10

318

E6

NINNER RY B Le s

LR IR O TR TR P AT S )

CONT INUE

AL-ALet

NCUNALAa T = TL e )

ALNN2BALOL DALMY 1/ CIRSHR | D)
MAETTECLUNS YRS Y (HINNER(D e Tat oM

FORMALC 88 NINNER 17015

WATTE AN VEAD L NCONRCT s e 1N ENINND o T804
FOKMATC 88 NUONRT - 11015))

=0
Asey
IFVISYR.EQ. 1) MS=0 <
DO 200 1=1»1INES
11=NESHAXIL-
NI=NMIUIL)
NtaNNCll)
IF(ISYN.EQ.1) GO TO 240
[PTNE
IG(N+1)=MS
IG(Re2) =MS41 c
IG(R+ 3+ aNS+H(NI+NIIED
1G(N+4)=IGiNe30-1
JUSANESTCT1Y
DO 2350 Js=1.J1
=2
IFCISYM.EQ.1) NN=y
MInNI-NNSJ
N2=NI-NNE S
TF(1.EQ. INES. QNB‘J.EG.JI) GO TO 340
1F(J.EQ. 11> GO TO 27
Junp ey
GO TD 280
JUNPe2
IF(J.EQ.1) 30 TO 290

ek ]

IF(ISYN.EQ.1) GO TO 292
16R+1)010(R-121241
IG(Ks2I=1G(Re1I 41
IGIKsII=IBIN-103) 41
1G(As4)nIB(Rs3)~1

G0 r0 290

IG(R I 1I=IG(K-2s1)41 c
IG(Re2I=I0(K-1+4)41
IG(K+31=IG(Re 2241
1G(K,4)=1G(Ko 1) ¢ NP
1F¢J.NE.J1> GO TO 307
NCONN(T1e2ed)nK
NCOMN(E102, 3)=T18(Ko 1) 42
60 TO 307

TFCISYN.EQ.1) GO TO 304
IF(J.NE.J1) GO TO 293
NCONNC(I1s101)oK41
NCOMNCTLe153)=10(Ks3)41

DD 300 MmisNl

ReRét
IG(Rs1I1=IG(K-1s1)41
IG(R+2)eIG(K-1,2)41
IG(Ke3)@IG(R-153) P JU
1G(R» IS IG(Ks3) - JUNP

ONT TNUE

IF{J,NE,J1) GO 10 30

NCONNITEr]r2)eK

NCOMN(TI1+104)"[G(Ks4)4]

K=K$1

IG(Re1)=IG(R~1,1)41

10(K+2)21G(Ks1)41

16(K+3)=16(Ke2) 41 <

IG(K 8)=l@(K~1,3)

IF(J.NE. J1) GO TO 300

NCONNC(I1e2,120n41

NCOWN(ELs2¢3)mIG(Ked)¢E

G0 10 308

KaKéi

IO(K-I)-NSOZ"OI”‘J

18K

lﬂ(l-l)lﬂ!O?

I6(Ks 810K 1) . JNP

IF(J.NE. J1) GO TO 307
MCONNIELs290) 0K

NCONN(I102+3)210(Ke1)41

N2=n2-}

PO 310 N=i.n2

KeK$l

IG(Re1)elB(R~1,4)

16(Ke2)=JG(K- Iv2)0| [

10(K+3)alBER=-1,3) ¥

lB(Ipl)-lﬂ(l I-Q)O.l"

CONT INUE

II(J NE.J2) 00 TO 313
(139202}

"CW(II-Z.Q)'IO(K.I)OI

Reké)

10¢Ks 1)=1GLK~1+4)
16(Ke2)=10(K-1+2) 41

164 B(Rs2141

16K a1 18R, T2 41
IFiJ.NE. 8> GO TO ne
NCONNCTLs 3ot don
ucnnmu-.‘-)v-lou(-nu

DO 320 Melens
LX. 32}
1IG(R+1)0I0(R=-1,1) 0 0UNP C
1G¢R 21w 10(Rs 13- JUnP ¢
161k 3>=1G(R-1,3) 41
10(R 4)=IGIR 3D $)
CONTIMIE

1F(3.9.21) GO TO 323
NCONNCTEe302)0m
NEOMR( 1o 30 814 1GIR 2101
15 (1SYN.EQ.4) GO TO 230
[T X1

LT

Gin-1,4242
BIR-1:224 UM
IGIR s JISLBR-Lo ST 0L
T1G(R eI IB(NIIIE
1Fc2.0E.01) GO 1O 328
el LYY
NEOMMETEeds 3V 1GIRIDVEE

n2em2 -1

00 330 Ael N2

LELX]) [
tGin,

(X

350

Is2

370

a2
s
”?

TONT ENtE

[N
LN RES IOV SR R R Y Y Y
TR LIV SN EY ¥ )
16(R 2 32 TGN L0 )
IG(A»4)=FGIN-1s4)}1
IFct.NE,01) GO TO Q%0
NCOMMTLs 4> 2020
NCONNCTLr4+4)=IG(N- 31 4]
CONT INUE

MSEIGIA D)
IFCISYN.EN. 1) NS<TG(A»4)
CONT INUE

[ d

DO 630 T=1,4

PO 630 J=1,48
n=nt)

JRUF (M) =NCONACT»J)
CONT INUE

CALL EXEC(2sLUs JBUF + 236 ITRACS A S4)

IFCISYN.EQ.1) GO TO 332
NS=10(R+2)

R=Rk4t

IGIRv1)=NS

16+ 2)enSHL

1GR3V =NINNER(L)
IG(N )= ]IGINs 32~
NCONM(T1v2r1)whel

IG(Rv1)aJGCR-142
lﬂ(l-zl-la(k-l)ol
SNINNER (ML)
lu(n.a;-lntn 1.3
CONT INUE
NCONN(E1elr D)oK
R=kdy
18(Ke1)810(R-1+2)
B¢ yelB(Rs 141
IG(Ke31alB(Rs2I 41
1G(K+4)aI0(K-1¢3)
NCONN(TI1s201)0K41

LILLISSY
IFCISYN.EQ.4) GG TO 333
L 32)

10(Ke3 I=NINNER (1)
I0(Ks2)21G(R-3040¢)
1G(Ks3)@IG(K 2V ¢1
IG(Rs ) aNINNER(2)
NCONNCI1r2e1)=R
nan2

M2eM2-1

DO 360 M=1+N2

LU L34

Hiekasn
16(K»1)=JB(K-1s4)
10(Ke2)81G(R-1+3)

10(K»3)=10(Ks2) 41
IG(XK:4)=MINNER(NS) .
CONT INUE

NCONN{(L1+292)aK

KoKl

16(Ke1)oI0(K~1+4)
1G(Ks2)»16¢(K-1+3)
T10(Ks3)u]0(Ks 241
I0(Ks4)=JO() - 3248
NCONN(ILs3eltuhl

MA=HL4N241
1F ¢ IIVN-ED- l ) MA=N242
DO 370 M

Ke3
lG(!vl)Ilﬂ(KvJ)'l
CONT INUE
NCONN(TS
"‘(!l"l.to l) M 10 382
[ 532
18(Ke1)al0(K=-1+4>42
18(Ke2)®16¢K-1+1)
10(Ke3)al0(K-1+4)
=10(K+3)41

18(K»1)10(K-100)4] !
10(Ke2)oNINNER (K3)

16(Ke3)e10¢K-1+2)

I0(Ks @)=I0(K=-1s1)

CONT INUE

KoKl

10(Ko 130 IG(K=-101)¢¢

10(Ke2)=NINNER(] )

16(K+3)=10(A-152)

10(K+4) e 10(K-2s1)

NCONNCT1 9802050

XELOUT =K

utlvt«Luu-:ls» CCIB(RINIsNe T, 4] ok ] AELOUT)

FORNAT (2013

l'Hunl-'I” CCTedo CNCOMMIT s JoR) ehal e @1 ool 8)r 1o NESRAK) .
FORNAT( 09  NCONN'/2Xs* 1 4 mel  Re2  Ae3  Red's

AC213.414))

K1eAFLOUTHL

WRITE(LUM IPS) (C(IGI(KeMIsMulo®)ohnk ) e MARELE)
FORMAT (2013

RE TURN

n=0

DO 440 13,10

DO 640 Jei.4

DO 440 Ael.4

LIl 1]

JOUF (M3 » NCONN ] oK )

CONTIMN

CAMLL EXEC( LU JPUF - 58+ [ TRACS 4,500
CML EYECB-NANE

STOP
(1]
Fupe
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'

E7
Fina
SERATAE A0
LRL L] FROGRAN 14 #A Tt 40 150)
A AERAL a0 L
FAOUGRAM MERAL(D. 10 C IHIS IS THE MALN AOUTINE FOR THE GLUBAL maTRIe (01 TON
. C 0F xrCic
THIS S F Wk {TES EMY FARAME TERS DN DISCS, [
COMMON/AEMAT ARCA0TA 1+ 184 4096 1+ LALTIT 1 a1t 2SA0D 4T/ %80 o
UUARON ERAT NG PS5a0 101G 258010861 2300, 4 10 1L 53:5300 LG 580, 4> rYRC IS0 JRCSIZ e JRC (SIS 1 amMrUNLL L
LICHAS L300 [CRLS 082 TNCONVC 128 sNCUNM L 128) s NCONT L 2B )
COmman CRESH [HSM] _w-nln. [RSHIX e SASHAY . THO » JHO+ DX o DY CONMON/TRST 1 ROUTERT 10>
CORAON - TOPAT LUNSLU. ITRAC COMMON/CHST 2 HE SAAT s RAXHOD »MATELE + NODF S s NOTIEies
BINENS TUN lnu‘ll:s.”lx'w:‘.‘50"'“"!‘:8"”'-“:8’ COMNON/CONN ./ HCONU +NCONAT 45 88 ) e NLUNNC 117040 @)
EOUIVALENCE (TRUF L BUF L) » LLBUF 2 BUF2) COMMON/ELER/SXAT10)STACLO »5AAI L0 1sSERIIOTaNTRIL0 0,
' ISHRPCI0)»SKCECIIIeSYCLEIDoSACT D1 SL 0 10 eSYLTY »
WRITE(LUN.999) 2SACI(10)eSAC3 155 eSYCII1S1,SM 3113 SN ICHe abrgare
VY FORMAT( 20" . +%Xs *WEAAL® STARTS »3X.20°.°) 3SADCIOY e SXELC1S) o STEN(13)oSMEL 115 SxE s l81asTE > DRI
NSTOF=3072-128 ASMEZ(D20) 1SXF 346)1SYF (387 . SAF L 30
1STARY =0 COMMON/ LODAT /LUNSLUY ) TRACS
ISECTe0 CONNON/PSOLY/ ISTA [POLISS: IRFOT+RPERY.LFULS
DO 10U M1 NSTOP COMMON/BLRA L /ELAAT (9,9)
DO 410 tete1l8 COMNON/RLNG/ TBUF L (281 o TRUF <05 ¢ 1GA 2130 166423 )
LIsISTART#1 COMMON/RLAS/AL+AZvAS s DENORAAL - RA Y
BUFL (T arGtIDY COMMON/BLA 7/ NORB s NVAR » JPFRANsNBC oA eR LA eh o000 JuMESIR
MF I et COMION/BLAE/NHD «NZeNZ]LsNZ2eNZSINCT YR
110 CONTY DIRENSION NARE(3)
CALL EXEC(2vLULBUF 1,236 LTRACS#8.ISECT? DATA NARE/DHID 2HAT»2ND 7
CAML EXEC v LU BUF 2+ 2849 ITRALS P ISECT) <
ISECTeISECT ¢4 URTITE(LUNS999)
ISTART«ISTART4128 999 FORMAT(//20 . «SKs *GLMAT® STARTS +3x220°. )
100 CONTINUE CALL EXEC(8sNARE)
€ STOP
HSTOP=2%40/256 END
ISECT=0 BLOCK DATA
DO 00 =32 CONNOM/CNSTL/NQUTER(10)
LLIE LN CORMON/CNST2/NESHAK s RAXNOD s PAXELE + NODF S » NODIENS
ISTART=O CONMON/CONN/MCONU - NCONA (8, 48) +NCONNC 10444
0O 210 NaL.NSTOP CORMON/ELER/SXACL10) »SYAC10))SAAL10) 1SRR(102,5¥D (10},
B0 220 1=1,234 1SHB(20)+SXCEI(21)s8YCIL212+SHCLIDL)+8ACTC10IoSYLT(100 0
11=1START+I 2SNC2¢10)¢SXCI(ES)»SYCI(1SIoSMCICES5) s SXD101¢SYD(IO)
IMUF LIy =IGCIT, ) ISMDi10),SXEL(15)»SYEJ(IS)»SHELCIS)sSXE2(28)»SYE2(JO),
18UF2(1101G(TTen) ASME2(28)+SAF (34> +SYF (341 .8NF(J6)
220 CONTIMUE COMMON/ TODAT/LUNLU+ ITRAC
CALL EXECE+LUs EBUF1, 2546+ ITRACSHEOVISECT) COMPON/PSOLY/ ISTH, IPOISS s [DPOTROERY.CPOLS
CALL EXEC(2+LUsIBUF2, 236+ ITRACSHEL ISECT) COMRON/BLAL/ELMAT(9:9)
ISECT=ISECT4+4 CONRON/BLKS/TBUFL1(23) s IBUF2(2S) 4 I6A(29)+108¢25)>
1START=]STARY 234 COMMON/BLRE/AL +A2+A3: DENONAAL 1 AA2
210 CONTIMUE CORRON/BLA 7 /NORB s NVAR s JPRAX s NBC o R s R 1 1R R SRR+ JoMES M
00 CONTINUE COMNON/BLRB/MWND s NZ s NIL e NI2 o NZZoNCTYP
4 DATA LUN/4/+LU/S1/¢ LTRACS/0/
DO 250 I=i.INSHRX DATA NVAR.Q/ » JPNAX/0/ s NBC/O/
IRUFECTrIL(Lod) END
IDUF L (14840 LL ¢ Ty INSHNX) SUBRQUTINE SORT(N)
250 CONTINUE COMMON/BLAA/ FARC23} o 1BD(23) s IDLF J{ 231+ IDUF 4 (23)
DO 240 Je1, . HSHNX c
IBUF1(Je1282=1L (10 ) NieN-1
IBUFL e mILCENSHNX»J) ney
280 CONTINUE 1 niené)
CALL EXEC(2¢LUs IBUF 15256, ITRACS+2,81) 2 IF(IAM(M) .LE.IAA(N1)) GO TO 3
IPRQ= INSHMXBINSHNX Ii=1aach)
1t=0 12=198(M)
neQ 1AM = IAA(HL)
ISECT=0 H (LI
00 300 I=).INSHMX
DO 310 J=1,JMSNAX
11st1¢) 3
LI IF(NI.LE.N) GO TO 2
IBUFLcmmILCTe ) Heney
IBUF(MISICR(T ) IF(M.LE.N1) GO YO 1
IF(11.€0.1PRO) GO TO 320 RETURN
IF(N.LT.2%94) GO TO 3t0 END
320 CALL EXEC(2sLU»IDUF1+,256+ [TRACSH12+ISECT) ENDS
CALL EXEC(25LUs IDUF2+236 ITRACS#13, [SECT)
ISECT=]ISECT+4
neo
310 CONTINUE Frne
oNT
c 300 & e SEMA(AENAZ.O)
WRITE(LLUN,?8E) PROGRAN OLNT2(3,130)
701 FORRAT(///) c
sSTOP C THIS S/P FORNS GLOPAL MATRIX FOR POTENTIAL SOLVER AND
END € APPLIES BOUNDARY CONDITIONS.
ENDs c

COMMON/AERAZ/AN{A094) s JACA0%4) + IA(S12) X0 2540) . YO( 23400 »
116(2360,4) 2, YBC(S12) e JBCISI2I o IDCIS12) o NCONUC12SY
2NCONV 1289 s NCONM L1208 y NCONX (234 )

COMNON/CNSTL/NOUTER(10)

COMNON/CHETY/NESRAX » HAXNOD s BAXELE » MODF S+ NOD I NS

CONNON/CONN/NCONU » NCONA( & PoMCONN(10r404)

CONNON/TODAT/LUN/LU+ I TRACS

COMION/PEOLY/1STN. IPOISS IDPOT ' RDEDY CPOLS

CONNON/PLAS /ELBAT(9+9)

CORMON/BLKS/EDUF1 (23, IDUF2(237,10A(25)¢100: 25

COMMON/DLES/ALsA2:AT+DENON e AAL » AAD

COMNON/BLK 7/ NONS « VAR « JPRAX N.C-lnlu-l WRIRR o JoWES

CONRON/BLAB/NND s NZ o NI sNZ2eNIToNCT

DINENSION AVO(H‘)'”'(.-IZ)-IDIA( 232) sNANEC3)

EOUIVALENCE (XOrAYO)

DATA NANE/ JHUE « JHRA M2 /

WRITE (LM, P9e
FORMAT(//720° . +SXv " "GLAT2® STARTS ,3X+20°,°)

NANCe3

IF(nANC.£0.0) 0O TO 333

HESS oAANO(NESHAX-101)

DO 160 NESSNES]«NESRAY

un-utmln -NES )

(30

"'(lﬂ NE . NESPHAX) RISNCOMMCRR v 402001

AemATELE

TFORR.NE. 1) AIONCONN(ARSLrL) -]

MRITECLUN 9710 NESsARRTRD

FORRAT ¢ MESe o 120SKe AR® 12.300 ‘RS« 1As3Ks Re oTa
PO 170 AeRi.ND

1GI=1Gin 1y

162G R Dy

163161 VY

Wel6ine4).£0.0) GO 1O 220

P4

HRexG G -G lLL )
HYeYGHI0) - YR IGD)
ALenr. N

aten
AleMronreriofs

TFAR.ME .1 G YO D10
IF«nCOMs. 0.0 GO 1O 30
PO 190 -1 O

"t

RPN

~ N Bal

- ——




e ety
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oy e

e e e AT ke AT - S

c
C‘l.l‘l:’ﬂ' THE

AmfAARANA

AAn

FORLUNIC L b0 L0 Ta 00
[ERTIRY ]

I
TN N THE e N D)

Y YY.T)

[EUNITEN N

S0 M YRR O
talt rELAT
weora e

200 Wb

thacyy 151

LA =160

IGACY) - 163
MASLEGLTL 1 8YGOIU3) ¢XGIIGLINYGLIGD
TAGCIGI BYBUIGE) ) - (XGEIGT  9YGUIGIXG(IGI e
JYGCIGD ) HASCIL118YG(IG3))

KIYGUIGE) 1601563)
BITGUIG Y -vG[61)
H3=YGUIGLY - YGOIBD)

AL=XGUIRS -G (162

A2aXGCIGT) -4GC163)
A3=xG(162)-xGLIGL)
C1=HASED/ 13 08CFOIS

Cl=HA82.0

DENORSCD
ELMATU1,1)=cD1082+A2882-2.08C1)
ELNAT(102)w(P28P1 +ACSAL-C1)
ELnal(l-Jv-(lJtlloallal €1

FLAAT (2221 (B2 2-2.08C1)
ELNAT(2.3)wD3sP24A3 c1
ELMAT(3,3)=p32a24A3882-2.08C)

230 CALL FILE
170 CONTINUE

235 CONTINUE
WRITE(LUNID73) KK

973 FORMAT( ARm‘ e 12)
IFInK.EG.1) GO TO 160
DO 240 Js=1,4
R1aNCONN(RR, Jo 1}
KI=NCONNIAK: Jy2)
NZeJ+2-1/304
IF(RK.NE.2) K3aNCONNCKKsJ»3)
n=0
DO 2350 KeK}1.,K2
Ll i}
TF(RR.NE.2) TGO(SIeKI4+(N-1)82
IF(AK.EQ.2) IGO(S)=NCONA(JIeM)
NCTYPe-1
CALL FELNT

250 CONTINUE
IF(1.EQ.4) GO TO 240
KeR241
NCTYP=O
CALL FELNT

240 CONTINUE

160 CONTINUE

[ACNVARS 1 ) e IPRAKSL

DO 270 N=1.NVAR

TIsIA(N)

12=imtNetr-y

NOSNODINS ¢N-1

DO 280 I=11,12

It=1

IFtJIALT)LEQ.NO) GO TO 290
CONTINUE

WRITE(LUN.980)
980 FORMAT(ERROR 1S DETECTED')
STOP

290 IF(I11.€EQ.I1) GO TO 270
NN=JACLE)
AmAMCLT)
13=1141
00 300 I=13,11
[Om13¢413-1
JACIO)=JACTO-1)
ACTO)aAN(IO-1)

300 CONTINUE
FLIRRSL. )
MCIL) A

270 CONTINUE

OUNDARY CONDITIONS
757 THE FLAG THDICATING THE TYFE OF BOUMDARY CONDITIOWS
1APOSED ON THE OUTERMOST COOES.
19POT=1: PHIe0.0
19P0T2t PHIek/R
IBPOT=31 PHIKSEXP(-R/RDEDY)
1POT=4t PHICKBEXP(-R/RDEDYI/R

WRITE(LUM»S48) Ko (ARITACT))oInlebd)
333 IF(IOPOT.EQ.3) GO TO 310
NONG=O

DEBA=RDENYR2.0

DO 330 M=1,2
K1»NOUTER(M)
K2MOUTER (A4S )
IF(R.NE.4) R2=h2-1
URITECLUNS347) MoR1oK2
A7 FORMATC Mo 3 E3:8Xr ‘Kim o [3sSNe"K2= 213>

L=0
DO 340 KeKi.K2
Let 01
NIen
PO 3350 l=1,4
IGACI I IGIREY
PO 330 J=1
ELmaAtil, =0.0

150 CONTINUE
161 =106ALL)
167+ 16N D)
(63 (GAL O
1GA~10A4)
HX=¥HCIGT) - NG IGY )
HYSTOUIGS) rGLIGD)

NFLG=0

IFen FO.0T, 0..& ER.AD) MFIGe)

IFen b1
140 60 10 ¢ llfl.j.o. 390+400) .02
170 wisxGotGIY

:|'hl'-l 15' 161y

E8

con

LG LLLTY)

LELEETIET T YR
By

LR RCT AR VAYE { ]
LD TU 410

WO HITxGilLas

oy Ill

410 F3 P2

a0

a3

0

430

500

30?7
309

568
340

330 C

732
733
7727

1002
1000

sto

410
400

660

4%

100

AT

K ARSI YIG LG
ca 1D e
TTHCIGLY

WY

O-t AN LEGO1GT )

LECLBENT.40. 30 GU TO 420
UIATAN B 8K/ (RISS 1RSSO IFISRD) )
DAL OG 1 UIRIE (D OBRIER) “(FIBB HRES
[4ETRNTIRY P43 LI IUTRY Ry S EY Y TIRSY ] 3 1)
FOmcatRI4R2/2.0)802-B21853¢ H3IOB -HI®D, KIBW] 211
LR LIRY 37 £ i -Bllll.‘i'ill

I (IMO!.EO0.2) GO {0
IF(1wPOT.EQ.4) GO TO 4!0
F1=0.0

F2e0.0

Fi=0.0

PACSORT (1.4 CLBI4B2I/DIIE82)
RSrSQKRT(1, 04 (BL/R31002)
beaB2/ (BABIINCIBDH2.
LELI P47 REL 2]
U3=ALOGI1.0¢tD24B6)/ (PI4B5883))
FLlaPlecD7-1(3.080144.0002)8P6412.08(D]-
1/ DEDA
PruP2e¢(3.000142.0802)806-074(2.088380(R1-B2) RISEDIADT)
1/DEBA

PIeP 14 (R7-3.08818844(2.0081882-DID02)0D3)/DEDA
PL=P1/€1

#2=P2/EL

PI=P3 £

12703

1882-B3882:80Y)

LITTH

HNZaMZeL-NZ/ 484

IF(NZ.LE.2) GO TO 450

Alen2

n2unz

ELMAT (ML oM I =ELRAT (N1 e N1 4P
ELMAT(RI NI =ELMATINLIN2) $P2
ELRAT (M2, M2)ELNAT (M2 M2) ¢F3
IF(NZ.EQ.3) ELNAT(Ir4)wELNAT(4:3)
WRETECLUN,888) L'PL.P2.P3
FORMAT( L=’ v I3¢SXs ‘Ple s IPELI2.SeSXe P22’ ¢ 1PE12.S
13X 'P3Im’ o 1PEL2.5)

IF(WFLG.EQ.0) GO TO %00

NFLO=O

IFORL.ED.KL) NZ=(NZ-1)$(5-NZ)/484
IF(K.EG.K2) NZw(NZ41)-NZ/4%4

GO YO 360

CONTINUE
TF(K.ME.K1) BOTA(NIL)=BDIA(MsL)4ELHAT(HIN)
IF(K.EQ.K2) POIACMIL)=ELMAT (Nt}

IF (K NE.K2) BDIACHsL41)aBDIACHIL#1) +ELMAT (H410M$1)
IF(K.EQ.K2) BDIACMILHI)=ELMATINILoRI1)

BOFF (MeL )mELNAT (HeM41)

WRITECLUNS07) Ko (IGACI)sTv1,4)
FORMAT(SXs K=’ s 13+5Xs ' IGAn’ +416)

WRITE(LUNYSOP) ((ELMAT(IsJ)sJe1ra)dslmloda)

FORMAT (1P4EL3.5)

CALL FILE

WRITE(LUN»SS68) Ki (AM(IA(TI)) 1 ]=1044)

FORMAT(‘8K=’  13/(1P10€13.5))

CONTINUE

ONT INUE
WRITE(LUNS732)
FORRAT( ' B! MIA’)
WRITE(LUNC?33) ((BDIA(MsL)sL=1:20)+Mmts2)
FORNAT(1PIOEL3.S)

WRITE(LUNG277)

FORNAT (‘S8 DOFF

URITECLUNS734) ((”F(ﬂoLhL-lv2°)-ﬂ-l-2)
FORNAT(1P10€13.3)

DO 1000 I=1.NVAR

It=la(l)

I2=IA(I¢1)-1

WRITE(LUNI1001) T+ C(JACD pieIs 1)
FORMAT (I3, 3Xe1219)

WRITE(LUN, 10029 (ANCSSeJ=11,12)
FORNAT(46Xe 12F9. 4)

CONT INUE

CALL EXEC(2+:LU+DPDIAS 128+ ITRACS A
CALL EXEC(2+LU+DOFFr120:1TRACS+4

sToP
60 10 Mo

NORD=NOUTER(S )
NOND4 L

IP2elA(NIL) -

DO 810 I=IP1s1P2

E o 188

IF(IP.OT.NOND) B0 TO 610
JACTIma]

LASTeN

COMY TNUE

CONT SHUE

NC=}

[ LIS RL1Y

W0

DO 630 WeMALAST
WPIslAtN)
IP2eIAtHEL)-1
DO 640 121P1,1
P IACT)
IF(IP.€Q.-1) 0O TO 660
NURSNURS §

AU - IP

ANCNUN) =ARCT)

CONT a0

NCENCO L

TACHC ) «NUNS L

CONT § NUF

NDeIPOeL

NBLASTH)
WSUB=TANE) - TACNC)

L oL 3]

DO 700 NNB.NODTS
WCenCet

IA(NC =AM -NSUS
CONT IR

WA

00 "10 MENU. PRAX
1=0-moUn

AMRC]IeARINY

LU AT VN A}

P2
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Y CONT ENOE

LR TR O U T RPHTCR Y]
AEDUND i

MO CONT TN
PO b CHaNARE )
S
ND

SFRALAERAY O

SUMKDUTINE FELAT

COMRUNAEMAS/ ANLAO98) » JACA0YA) e TA(S12) e XGE 25400+ VG 2360) ¢

TIGUI98004) cYRC(TI20e JHCCILDV o TBC (ST ) s NCUNIC L 28Y o
JNCONVCIB Y s NCONML L 28) e NCONX L2560

COMPON /CONN/ RCONU s NCONAT 4+ 48) «NCONN( 10+ 4:4)

COMRON/ELEM/SXAC103sSTALL0 1SMACIO) +SXBL10I,SYRII0),
ESAB L0 e SXCE4 210 0SYC1E21) o SHCLID1) v SXCI( 10 HSYC2 (10D
ISACD110) sSXCIISIeSTCI(15) eSHCS(1%) o SXDC10)+SYDI10)
3ISADC10) s SXELC13)+SYEL(15) eSAEL (15, o SXED(DH 9 SYER(2B) o
ASAED(OB) s SAF (361 SYF (36D 1 SHF (36)

COMNON/ LODAT /LUN+LU» L TRACS

COMMON/BLRL/ELMATI9:9)

rnmon/auulnunx'\s’-uur“("m.lﬁhi“5)-!60(25)
COMNON/BLAG/ALsAZ¢A3»DENONAAL r AA

COMMON/BLK 7/ NONS » NUAR » JPRAX » NBET 'ltll\0v11'7-lllevl‘l)'nll710l

1t t02
COMMOM/BLRB/MND s N2y NZ1+NZ2sNZIsNCTYP

DO 100 1s=i.a
1661 =1GINI 1)

100 CONTINUE
IF(NCTYP,.EQ.0) GO TO 470
IF(NCTYP.GE.1) GO TO 130
HnYYP=]
GO TO 130

110 IF(NCTYP.LE.4) MTYP=1
IF(NCTYP,GE.S.AND.NCTYP,LE.10) NTYP=2
IF(NCTYP.GE.11 . AND.NCTYP.LE.14) MTYP=3
IF(NCTYP.EQ. 15} MTYPw4
AR=NCONUIN)

IGG( I+ 4)=NCONX(11)

170 COMTINUE
IF{NCTYP.EQ.9.0R.NCTYP.EQ.10) GO TO 300
TF(MTYP.EQ.4) GO TO 410
NISNCTYP-(ATYPH2I8(ATYP-1)

130 NZ1=M241-N2/484
NZIQ=NI#2-NZ/ 3804
NZ3SNZ-14(S-NZ)/484
IF(NZ.EQ.2.0R.NZ.EQ.4} GO TO 140
AAL=AL
AAZ=AD
GO TO 150

140 AAleA2
AQ2=AL

130 GO TO (1604190, 350, 300:410:470) yNTYP

180 NHDae
DENON=144.0
DO 170 W=ts2
Ned

DO 180 I=1,4
DO 180 Jel,4
N=N$1
ELMAT (1, J)=AALESXB(NIS24.04AAZSSYD(N) £6.0-AJSSHB (M)
180 TONTINUE
TFIM.EQ.1) NZaeNZ
IF(N.E0.2) NZ24=MZ1
IGA(3)=1GG(NZS)
IGA(2)=16GG(S)
1GA(NI2) 2 IGB(N22)
1GA(S-M)=1GGIN2Y
CALL FILE
170 CONTINUVE
RETURN

190 DENOM=526.0

NZA=3
IF(NZ.ED.2,0R.NZ.ED.3) NZ4mg
00 200 n=1.4

NeoO
GO TO (2105230-250+280) M

210 DO 220 l=1.,4

DO 220 J=l.6

N

ELMATCT+ ) =(AALESXCI(N) +AA2ESYCI(N) I 812.0-ATEBACE(N)
220 CONTINUE

NND=4

1GAC1)=1GBINZ)

10At2)=IBG(NZ1)

10A(3)=160(NZ2)

IGACA)=]GO(NZ3)

1GA(3)=180(S)

IGA (6 =1GG( &)

GO TO 290
230 DO 240 [=1,4

DO 240 JU=led

N=NeL

ELMATCT+ ) ={AALSSXC2(N) $AADSSYC2(N) ) #12.0-A3SSHC2(N)
240 CONTINUE

NMD=A
IGAC1)=160(M2)
IGAC2)=]0G(S)
I0AC3 = 1GG(NLD)
IGA(41=1GG( &)
60 T0 290

250 AAl=Al

2t
270 PO 80 -t
»O 280
LEL L]
CLMATIE, $)a(AATESXCI (NI FAAZSSYCI(NI1812.0-ASESHCI(N)
JHO (DT INUE
NN =T,
(GAC L) IGG )
IGALS) 116INISY
CFOMEN. 1N NN N22
(FOM.E0.0) N5 N7
AT 2 LGGINIY
ILALION 21-1GGUI] NZ4)
[HAE14 18M) 2 JLGINZAY
0 (MEFINE
e 1 et

100

RETURn

CXTT Y]

Nl e

NZeNU G 8

0O 110 Mo

N=Q

FEONZLED. D) GO B0 e
LY IRYY]

AADea>
1GA11) GG asn- )
1GAC) = J0lieB- 38R0
IGACI)H s GG - 18M
IGAC4) s IGG 2omb
60 10 330

AAT=AD

YR
16AC1 1 =1GG(SIN~-4)
(GA(231e1GG(B-28n)
1GA(3) =166 7- 28N}
1GAC4) =[G 38n-1)

330 DO 340 1=1,4

DO 340 uslsa

NeN¢l

ELMAT(I, J1=(ARIOSXDIN)SA.04AATESTYDINI 184, 0-ASBSADIN)
CONT INUE

CAILL FHLE

CONTINUE

RETURN

3350 DENOM=376.0

3v0

400
340

410

430

440

430 C

480

DO 360 Mst.4

N=Q

1F{n.GE.33 GO 10 380

PO 370 lel.%

DO 370 J=1.3

N=Ney

ELNAT(T+» J)mCAASESXEL (NI $AA2SSTYEL(N) 1812, 0-AJSSNEL (N}
CONT INUE

NNDeS
10AtH) = IGG (NI
TGA(3I-M)=[GG(NZT)
IGAC3)=IGG(S)
10A(H¢3)=166(4&)
1GA(6-K)2106(7)
GO 10 400

DD 390 I=1,7

DO 390 J=i,7?
NeNel

ELMAY (12 1o (AAISSXED (N) SAAZBSYE2(N) IB12.0-A3JSENEQ(N)
CONTTNUE

NWDe?
1GA(N-2)=10G(NZ)
I10A(S-N)=TGO(NZI)
IGA(M)ISIGB(NZ2)
I0A(7-H)=1GA(NZI)
1GA(S3)=168(5)
10A(N+3)=1008(6)
TBA(10-M)=1080¢7)
CALL FILE

CONT INUE

RETURN

DENONS
#npen
DO 420 Mxl,4
)

0

IF(N/202.E0.%) GO TO 430
AMisAL
AA2=A2
80 TD 440
ANl mA2
AAZ2en]

DO 430 1=
DO 430 J=1.8
Nonel
ELM'(l.J)-(MI‘SXF(")OM!'SVF(N))'lz O-AJSSNF (N}

ONT TNUE
lM(l)-N
10A(S) =N e
DO 4460 1e2,4
IteIGA(I-1)
TGACEI=1141~-11/484
10ACT44)IBACT) ¥4
CONT TNUE

420 CONTIMIE
RE

480 Ci

N=O

DO 480 I=1,4

DO 480 =14

NeNsy

ELMAT(I» J2ulALISXAINI $A2BBYAIN) ) 04.0-AJOSAA(N)
ONT TNUE

DO 490 I=1,4
1GA(1)=100¢1?
NUE

490 CONTT,

50

CALL FILE

~ETURN
(1]

SEPAIAENAZ,O)

SUMRQUTINE FILE

COMNON/AENA2 /AN 40941 s JALA0TAY + TAIS12) s XB( 234012 YO(2340) ¢
1I6(2340+4) e YBC(SI v JRCISIDI e IDCISID) o NCOMIC 1B 0
NCOMNI (1283 + NCONUL 1 28) sNCONK{ 363
CONNON/CNST2/MESHAX s RAXNOD » BAXELE » MODF 8 NOD I NS
COMMON/ TODAT /L UNs LU ] TRACS
COPNON/BLAL 7ELBAT (9. 9)
CMIILRQIIDI’Il"‘.lhlllﬁ"(“!i-loﬂi"ﬂhloﬂ(‘&‘
COMNON/ M ne/A) 3+ DENDN ¢+ AA
fmlukfleWM-’NAl-ﬂlelerM-lﬁ’-II'CO 109 11110,
1IDIL DD
CORBON/BLRR/NND NT s NZ1 s NI oN23INCTYP
DINENSTON AUKCIO) cAAUXCI0) + IAUXELO) + JMIXTTO)

DO S0 N=4.epD

PO 30 MeMoNpD

ELPAT LN NI L AAT N M) 7 NENOM
IF (M. EQ.Ar GO 10 S0

FERAT (MM (L MAT N
coNTIme

NO 100 Mol WD

M IRAINY

TEENC.LT . NMOIPENS. fH . %0, GT.NODFS) {0 10 100
DL YR, DTS




[

118
114

120

130
140

190
180

200

220

90t

LLIRCTTIYRY
N0

L LI n: e NND
LYY

(EAMO, L T.N0Y Ll 10 11O
LI N L

AUVININY FILRAT NGRS
[BULRE T T T
CONT EME

neo

(LU Py T

1i-FAun Ly

var cAuR LY

TP FLLE.NODFS)Y GU TD Lle
IF (NBC.FU.0) 1O TO ))e
M) 113 NalaNBC

EYRIN

FFAOINCIN ) EQ.NO.AND, JBC(R ) .EQ.11) GO 1O 113
CONTINUE

NBCaNBCH1

[RCINBC)=NO

JBCNNC =] )

vncm.c)-val

GO TO 11
'IC(RI)-'!C!AIIOVM.

GO 10 112

LI

JAUN(RIelY

AAUN (M5 =val

CONT INUE

IFIN.EQ.0) GO TO 100

DO 119 1s1.m
IAUX(TYmaAUXLT)

AUXCT) wAAUXCT)

COMT1NUE

Nunm.

IPLE LA LNNO)

NSHIF Tupun
IF(NVAR.GT.NN0) GO TO 120
SP 22 PRAX

SPIe w20y

IF(MVAR.LT.MNOG) GO TO 300
GO 10 1%0

DO 130 Kol HAR
RislAK)

IF(K1.NE.0) GO TO 140
CONT INuE

JPQeK]-1

W 3=Ky

1F¢{P1.ER.0) OO TO 173
DO 180 K=1,MUN
KisJAUX(K)

DO 190 L=0r1, P2
JPeIACL)

IF(IP . EQO. K1Y NSHIFT«MBNIFT-1
IFiP . GE.A1) GO TO 180

IF(NSHIFT.EQ.O0) 80 TO 220
DO 200 KeP3, MPBAX

AT IPRAK S IPI-K
R2oK 1 $NSHIFT
AN(KZIaAM(KT

ARV JACKY )

CONT INuE

DO 210 K=NN1 VAR
K1=1ACK)

IF(K].NE.O) TA(K)=K]+NSHIFT
CONT TNUE

KAK= IPHAXINSNIFT
IF{Jr1.£80.0) GO0 10 300
DO 240 Ko MUR
KieTAUX(K)

DO 230 Lesrt. 2

L=t

JPEIAL)

IFtP.EQ.K1) GO TD 290
1IF¢(®P.07.K1) GO TO 260
CONT IE

LLetiet

GO TD 290

bo 270 L-\.I.-.'?

L1=JP,

LA -
hﬂ‘ll’l)-“(l_l)
JALLIDIe0ALL)

COMT INUE
ARCLL ) sAUX(K)
JALL)eKY

2= P23

60 YO 240

ARCLL ) =ARCLL ) $AUX (X )

CONT ENUE

00 10 340

DO 310 kel
l”llk}-lw!ll)
IPUF2¢R) =K

CONT INUE
IF(NUN.GE.2) CALL SORT(MUN)

DO 320 Kel,NUN

K2=IBUF2(K)

[SEF £10341

AN wAUXIRZ)

JAIKE)=TAUK(K2)

CONT INUE

TAINNG) » 3

IF (HNO . GT . NVAR) NVAR=MNO

IPRAX S JPRAXENSHIEF T

CONY INUE

FIF(NVAR.GE.O) RETURM
VRETE(LUNIBBY) IDS+(10ACTY» [nloNND)
FORMAT ¢ *CELLO=" o 13, 5X+81S)
WRITE(LUNIBBE) (TACI)s]el NVAR)
FORMAT (' STA’/7L2515))

WRETE (LUN, P (IACEI o T=)r IFRAX)
FORMAT( SR" /7 (2%I5))
WRITECLUNGPOL) (AMCEd e Loy JPNAX)
FORRAT( #AR  /¢1P10ENS.3))

SEMACAENA O

R R Y AR DL

nooon

THIS SP WRITES EAA Uik TAM LS ON ISt S,

CURMRON/ AERAZ /AR CA0FA ) s IRLA0PAY « JALS] V0ot a0
BIGCL3600 40 s TRECOII 0o IBU CRIT o SH0ELT Vot DML TS

1 a0 . [

INCONVCI 281 o NCONULLTH) s NCONT (258 ) B

COMMON/ LODAT /L UNSL Ur T TRALS

COMNON FSDLV/ ISTRIFOISS EMFOT -kDESYLPOLYS
COPRDN/RLR T/ NORD s WUAR s JERAR e MIC o IDSs 1Bae 107 TLl IDY. 1030
1Mol 2

DIRENSION RUFROIE o IMUF 1C10) s JUUFDCIE) o JNUF 0.8 ) oNamE € §)
DINENSION AYO(134)

'UIIV“[HCE!I”'.‘-JM Ia'lﬁrAVOI

DATA NARE /2HDC « 2HUR. 2 i

WRITE(LUN, PP
P9 FORMAT(//720 . o5Xe "WEMA2® STARTS ¢3%¢20° . ")
CALL EXEC(H oL UeJPUF 9645 1TRACE$2+3%)
JRUF € 22) =NVAR
SBUF(23) e PAAR
JBUF (24) eNBC
JBUF (2%) 2 NORD .
CALL EXECC2eLUcJDUF cd4s ETRALSH2,55) '
WRITECLUNSP71) NUAR, JFRAX » NDC » NOND
7 fﬁl"(' B8 NUAR®» J4+S5)e " JPRAZE + [505Ks "RRACE "+ L4+ 3Xy
‘NOMBa- ,14)

18€CT=0
ISTART»0
STRACK~[TRAC' 30
HSTOP= PHAX/ 12041
DO 150 N=1,NSTODP
DO 140 Ivis128
IBUF1CE) oA ISTART4T)
160 CONTINUE
CALL EXEC(2sLUr EDUF1 0128 ITRACK s ISECT)
ISECTaISECT+2
ISTARTeISTART+128
IF (NOD(W+48) .NE.O) GO TO 130
TTRACK» JTRACK+1
1SECT20
150 CONTINUE

18£CT=0
ISTART=0
TTRACK=ITRACS+14
DO 170 Ml NSTOP
DO 180 I=1,120
BUFR(T)I=ANCISTART4])
180 CONT INUE
CALL EXEC(2s
1SECT=ISECT44
ISTART=ISTART+128
IF(NOD(N,24).N€.0) GO TO 170
TTRACK=TTRACK+1
18ECT=0
170 CONTINIXE

NSTOP=(NVARS$L) /12843 -
18TARTwO
I“C'I
200 N=1 NETOP
no 210 J=1.128
INFICLInlACISTARTII)
210 CONTINUE
CALL EXEC(2/LU+IDUFL»128s ITRACS+34,IBECT)
ISECT=18ECT42
ISTARTeISTART+128
200 CONTINUE

NETOP=MBC/ 12041

1BECT=D

IBTART=0

1TRACK=ITRACS ¢3S

DO 250 N=1,N8TOP

D0 240 I=is128

IBUFL(I)I=IBCCISTART])

IBUF2(T)m BCIETARTSI) !

SUFR(L)=YDC{ISTARY4I) }
240 CONTINUE
CALL EXEC(2¢LUIDUF1+128¢ I TRACK, ISECT)
CALL EXEC(2/LUrIDUF2,128, ITRACK ISECTH2
CALL EXEC(2/LUsDUFRs 254+ I TRACK: ISECTS2440)
1SECT=18ECT42
ISTART=ISTART 4128 :
CONY IMSE

s DUFR» 2340 ITRACK . ISECT)

230

URITE(LUNG#72) CIBC(T)olmloNDC)
972 FORMAT( " IBC /¢ 231%))
HRITECLUNSP74) (UBC(I)eIwl o lRC)
P74 FORMAT(’ JBC‘ /¢ 2313))

NETOP=NVAR /12841

ISTARTeO

{SECT=0

DO 330 Net NSTOP

BO 360 1w1s128

BUFR( I 1eAYO( ISTART 1)
340 CONTINUE .

CALL EXEC(2:LUsBUFR» 254+ ITRACS 34 IBECT) l

IBECT=IRECT 44 I,

ISTARTISTART 128 t

350 CONTINUE
1F(1PO18S.0T.,0) STOP 000 1
IF<TPO1ISS.LT.O) CaLL lltt(l NANE )
ST0P 0002

({3
EnDe

P PR
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FRUGKAA %0t T Be gt

DS 1% Ieb RATN RIMETENE POR 1HE CURRENT CILLECTION SECTION

e .

DHIME FRECISTON COHB

LUARON AERRT 101530040 TMORR 1 %48 e FOTC2H60) BV 25800 ¢
TET 08800 e AR SBA0 1 s RWORR 4 256 ) s CTUNC 178 CELEC 128 (CPRO(IDE ) o
CEFRUMCI AN sUSECCEBY o LSECRI 28 o CRST (I8 S UHSCHIITBY
WPNOCL8) e CPHUA L8 oFSECTILI 8 W CSECT 1B PERITLL8)
ANSF LG e YSPO1 8 o XEPCII8) s YEP(L120) 1 XSSEG( 641 YSSEGI44) e
SEESEGIO4) < YESEG 642 »SLPSEG(84) o IROOTCLIB) + IONCE2B)
ANIBERT CET81 e NCOMI UL DE) e NCONV (1282 - NCONUC 1 78) » NCONX ¢ I‘O' .
“NERTSL128) oNEMTE L £28) »NSECT(176) s NCONDL28) « NPPAN( 64020
ANSINP 11287+ [SLP (841 IVECI64) s MPAT(44) o NCFC128) 1NCNACLZE) o
VNCNBCIGA 1 CNCNC UL 2B s NSFCLIBY A NEP L1 D8) W NSURF (120
COMRON/CACAG THeTILs T I s TX TALNCTHAX ITNs ET1o IT2eETX 01Ty
LEge T s

COMMONCACFT /IR 1, 1DAL S TON2, IDA3» 1DN4 DAL

CONMON ‘CACPL/TTe T2 T30 T4rTSeTarsTSoLAILENAINS  NNALNND»
ST

CONMON COUES/ TR MR D TFL » JGS » JGE ¢ NF ¢ JSF + JEF s VAL »PHIF o PHINEM .
1CURDOML . IS

CONMON - CHED/CCHR(31) ¢ IORDER

CONNOM/CHEL X7 L2 3551031 32, MADoCOEF tRATE »DEN. 1D JD» ICUT » JCUT
COMMON/CLFLX/ IN3e IMIv INeFFOrFF1.FF2eFF3,FF
COMMON, CLITG/FLoF2eF3oFaeFSrTLEsTL2eTLITLAIVI VD IVI Ve VS,
LINTYP, ICASE.ITYPE

COMON/CRESH, DX+ DY
COMMON/CNST1/MNEST(10) s BNSTX (10423 /BNSTY(10+2)

CONNON, CNS T2/ NESHAX s BAXNOD + BAXELE + MODOUY » NODIN» RELOUT +REL IN
COMMOM/CONM/ISCOMU» NCONA (4. 48) 1NCONN( 100404
COMMON/CORB/NERTP s AGERT s SETA VA INPOTS BETAP « GANA WP TCL «
FLPTCL o NCHR« (ORP JORD: JORL s PINF (10 +PINFI(1S) e TRAP( 2. 7)
CINMON/CRATO/RATIO(»8) +RTPRRTSC/RTBCRTPHIFLIREF
LOMRON CROOT /ACURCY » DPH

COMMON/CSETG/ANINCLA) sARAN (14D sUL(14) sVArVDe THIS T2 1ITYPE.
1ICEV. ISOL» END WLEV

COMNON/CSUN/SANGL « NSUNB( 32)  XSUNB{ I2) « YSUNB(32) »ASUNS{64) o
1ASUN

COMRON/CURT /CSUN+ CARIV, CURE s TCUR + TCURN » SUM o CURRC 3)
COMNON/CUTAG/AACUT (S 41 s NERT o BCFLG » MNCUT «CUTHINS CUTHAX
COMMON/CVEL /VLEV(18) yNLEVS MLEVEZVLEVI(14) »WEVE(16}
SNLEVE «RANGEE (10! «COEFTE(10) +POMERE (10} » IDISTF (2}
INPARTE . NDON 14)
COMMON/ECONN/NCFLG(4) e NFIX(E) +UF IXCE) e NFLOT (04D 0
INDIAS(2.8) ,WRIAS(8) ) MRES(D,0) »RESTA(E) + ICOND(64)
COMMON/ENTTR/NCSEC (32 sNPANC (S8 ) » HPANL s RENTT o NENS s NENE ¢
LNINTP , ASECT , RSURF

CONMON,/GENRL /LUNIASPOT» ICNTRLSNTOUN ITER,
TACTINE» TLINIT LOBPIF, ITENECS)

COMNON/ TODAT /LUNE » LUND. -Lu.uncs-nvncn:znnnu
CONMON/NPORI/NTRL(64) s NRAT ¢

COMNON/ WPROP. /vnm:-:o)-vucu +307-YPACII+ 3075 YPHOLIOY .
1ADBAC(30)

COMNON/08.51/N0BICT +NSEQO(S) COOX () COOYIS)
CONMON/OBIZ/NNP (32) s NPAT (3) « RAXPAT
COMRON/PCURT/ IPTCLES) r TADEP(3) « CLOMNDS 327

COMMON/PHASE / iR +» RANGL + JANG s VT (253 o ANG (40 ) s NANG ( 25 )
COMNON/PSOLY/ ISYN IPOTSS» IDPOT,RDEDY CPOTS» NVAR » JPNAX s NBC »
LNOND « NODF S « HOD 180 « ORI NS » NOD T NN

CORMON/RP /WP TP Lo MP L3 P12,80P1.30P12
CORMON/SERCH/TAI TR TCs Ve DRAL » DRA2, DIAS ) TD» TE » JP+ NA » LCONY
CORMON/DLAL/DERS 3)

COMRON/BLR I /BUFL(1S) e BUF2(13) . DUF3(13) s DUF4(1S)
CONMON/BLEI/BUFI(LIS e BUFG(13) s BUF 71T QL2201 «BUFPC30)
COMMON/PLKA/TRUF 1 (25} 1 IDUF2(23) » IPUF 3 (23} » IBUF 4(23)

CONMON/BLRE/ X0 YO DH» 20s DD 1 » DNE2 s DB » DAB4A - DNBS
COMMON/BPLE? /NO o N1+ M2 oN3» 18+ IVs IAD: JADY 109 JO» N
CORRMON/DLAB/ LFLANOD» [P N HSEGS  NSEGE - NPATS : MPATE
COMMON/BLR T 1 /CTNF(22) s DINCOS) o DF (3) s ADF (3) 0 AUX(203) 9 AUX14)
1AUXT 7)o RTECIIeFR(3e7)
COMMON/BLR12/AAA (201 + AAB(20) +AN(20) « [AS(20)
DINENSION NAME(3)
DATA NANE/IHCN» 2HTR.2ML /
CALL EXEC(BsNANE?
STOP
(L]
PLOCR DATA
POUBLE PRECISION CCHP
COMMON/CACAD/ TN T I e TI2e TR TRIN, TRAX TN STLeIT2o1TNe 1y
[ENEEN] SN}
COPRON/CACPT/IKE o TDNE ¢+ 1002+ TDRI ¢ LDM4 o DM
CWICKPIIVI-V T3 YS-“.YS-I.‘-L.-“-".W-”-
11U e
COMNON/COUES/ IK2sNR 20 EFL ¢ JOB o JOE s NF + JBF ¢ JEF sUAL o PHIF o PHINEW,
1CUROM, » 181
CONMON/LHED/CCHBC 31 ) » IORDER
CORRON/CHELX /T e deddr L .JZ-M!D-C“FtI.V!:KI- 1D+ JD ICUT+ JCUT
CONMON/CLFLX/IRZs M3 JM2FFOsFFL1oFF2:FF3.FF.
cmznnwn-fz-n.n.us-vu.n.z.vn.vu-\n WW2:V39VA,V3,
11MTYP . ICASES TTYPE
CONNON,CHESH/DX»DY
CONMON/CNSTY /MNEST(10) »DNBTR(10+2) sBNBTY(10¢2)
CONMON,CNS T/ HESHAN » PAXNOD s RAXEL E » NODOUT -mm-:uow RELIN
CONRON/ CONK/REONU + NCONA L4+ 48)  NCONN( 10
CMIC“I/nHIP-mnY-"VQ-WIN.N'I-I(VM:MO"CL-
JLPTCL o NCHR » TORD+» JORD ¢+ JONL «PINF C 10) »PINFI L1531 e TRAP(2+7)
CONNON/CRATO/RATIO( 20 +RTPRIRTSCARTOC +RTPHFLRREF
COnRON/CROOT /ACURCY » PPHI
COMMON/CSITE/ANENCLS) tARAN(14Y s VL (16)2VAVE» TR, TAZ, ITTYPE,
1ICEVLTSOL » IND.MLEV
CORRMON/CSUN/SANGL + NSUND (321 ¢ XSUNB( 321 ¢ YSUNBLIZ) + ASUNS (440

Lsitnd

'cm/cwncsw-culv-cm-vcm' TCURN» SUMCURR (3 )}

CONMON/CUTAG/AMCUT (3¢ 4) e NENTsNCFLE «NNCUT «CUTATNCCUTHAX

CORMON CVEL ZVLEVC10) s MLEV - NLEVI WL EVEI( La) s LEVE (14D

IMFUR s RANGEE (101 +COEFTEC10) o POVERE (2102 IDISIF (D),

IPARTE NDONC 1A
COMNON/ECINN, NCELO QY sNFIX(B) sV SN (@) NELDT IS4,

AR TAGE BN YUBIAGS @) sNRES L 208) RESTADI» COND! 0a)
CORPON FMLTR/MCSECT 321 MPANC 1441 . HPANL oNENTT o NLAS e HEPE +

1HTHTE cRAECT s MSUSS

CORRON. GENAL/LUNIASFOT LCHTRL (W TOUR. [ TERS

1M TIRF S PLENIT IOP M o LT INELS)

o IODAT LUNE o LUNS LU TTRAC S HTRACAC I ) MITER

1 OMRON A ORS/MIRL (881 e WRATISS

COMMNS /PP YFRO1 29 100 s TSECTo 801 s TRACI S+ 3010 YFHO1 1010

IRORAL 1 108

£

1t NOR K TeNSEGD % OGS (GOTEDY

LORRON/OP 1D NNl 1 120 cmPATCS s cMATHAT

FIMNR B CiM T EFTCL (S 1o TADER (%0 of CONDI B

COMPIRMEF PSS P AN o HAMG sV L1 0% c AN A0 Y < AN 00

OS5 Y IS TR DTS TREOl oA PY oI FOTS NV . 1 NS NN o
TARIAR . NOE 5 o ML THO » NOD TNS . 40D | N8
O kE | ME el LN NeE

e GBI TALTELTE L tmar e

R N I Tt

Ell

c

CImMIN, BN/t R L
CURADN MUABUE D]
TIARIN B Y RS L
LU R4 THUF |
LSRN LRS- 0 T B 2R link
TOAMINBLA 7 NOSNT sNoNTo IS0 IV LALIe DAL 106 4ue imn

LOARONZRERB - TFLA MO T8N NSE G e ASEGE M AL AEATE
CORAONBLATLZCTNG CI2 o BENGIT 0o [F CS00alb ¢ 5o oline oy o ev ey
LAUET4 S oK TE 32 ob K 300y

CUMMON DA LD ARAL PoAARI IO AN D0 e TAS 1 0

UATA 1151+ | TRACS 0/ o 1L INIT/B5400.0 +ICHIRL/O.

LATA Lunl/b/m(nslv-"tn(/l/

DATA HFELP I WP I3 F 290K sS0P12 1 .57079656/94089 10
Al 14159‘45358970]. »712388980304670,6. 031033071 79504,
R1,772453850905%16¢1.120379169095313/

MATA LORDER/31/

EnD

SUBROUT INE SORT(N)
COMMON/BLAA/ TA(2S) s IBIDD) o IBUF 3¢5 ) o [PUF4(2S)

(03 7 TR L TRE TN IR R L X T8 A
[RIT PR TR RY TN R I L TS TN VIR
AR LIUS TR RN L 1T T

NEan-1

ney

LT

IFCIA M) LE.[A(NL)) GO YO 3
ItelACM)

12=18¢m)

Tacnr=TAN)

Ip(MI=IBinL)

IAdnL)=])

1L JUIRED B

nileniel

IF(N1.LE.N) GO 1O 2
nansd

IF{M.LE.N1) GO TO 1
RE TURN

-

-

END
DOUBLE PRECISION FUNCTION ERFC(X)

CoyooePURPOSE. . . 0onvvnes
[

[
<

THIS F/P COMPUTES TME CONPLENENTARY ERROR FUNCTION USING
CIORDER®TH CHEDTSHEV EXPANSION.

c
C.co-DESCRIPTION OF THE VARIABDLES...c-covse

c
c
c
c

COHBCT) ICHEBYSHEY COEFFICIENTS.
CHB{T ) ICHEBYSHEY POLYNONIALS .

DOUBLE PRECISION CCHBCHBeXo T 5UM
COMMON/CHED/CCHR(31) « LORDER
DINENSION CHB(31)

To(X~3.7300)/(X+3.750Q)
CHB(1)=1,0D0

CHB(2)aT

DO 100 I+=3.I0RDER
CHB(1)=2,0D0OSTSCHP(1~1)-CHP(1-2)

DO 150 I=1,I0RDER
SUN=SUNCHB (T ) SCCHB(T

150 CONTINUE
ERFCoSUN/(1,00042.0D08X ) BDEXP (~X8X)
RETURN

END
FUNCTION ATTR(XO:N)

C
CoorsPURPOSE..vosccsas

4
[
[
c
c
4

THIS F/P CONPUTES THE FOLLOWING
ATIR(Xp1)eF (X} FOR Ne)
ATTR(Xe2)=F (X282)980RT(PL) /2.0 FOR a2
SHHERE F(X)n2,0/S0RT(PIISSART(X)ISEXP(-X I +ERFC(SORT(X) ),

DOUBLE PRECISION ERFCX+7oBUN,SOPI2, NS0P]
DATA SUPI2,MSOPL/1.120379169095313D0 B42269254527380~1/

G0 TO (10:20)N

10 IF(X0.£0.0.0) GO ‘D
IF(X0.087.34.0) GO TO 40
I-BII(IO)
YeDEORT
mwl?l'lul'( —XIEERFC(Y)
a0 v

20 xruo !0 ©.0) GO YO So
1F(X0.0G7.6.0) GO 10 40
VeDBLEIXO)

Xnyoy¥
SUN=YODEXP ( ~X ) ¢HSOPTSERFC(Y)
30 ATTR=SNOL (SUN)
RETURN
40 ATTR#1.0
RE TURN
30 ATTReSNGL (HBOPI)
RE TURN
40 ATTR=0.0
RE TURN

[ )
Enpe

Fine

c
4
c

r
[4

PROGRAN CNTRL(S3.:150)
THIS CONTROLS “XYCIC® RUNSTREAN.

CONNON/GENRL /LUNSASPOT + ICHTRL . NTOURS ETERACTINE
ATLINRITSIODF + ITENE(S)
CORRON/ LODAT /L UNT s LUM2 oL U+ I TRACS +NTRACR(32) o N1 TER
DINENSTON HAREY 1 3) sMANED CITsMANE 33D o NAREL (I o NARES (31 o
INANES (D) o MANE 7¢3) +HARES( 30 0 DT ENE <3) v AT ERE (S o DUF (321
DATA NAREL/INDAS 2HTAL 2ME 7o MANE D/ 2HOUs IESOHS /4
MJ/““II-m.?’I' /o MARES /NG INUE 2 NS /0
S/2MS0s 2LV W /3NARE S/ IHF 1o DHEL 4 2N /0
M7l.""'0“lh2“l 7o NARES/ DMRDs HOT o 2/
DAtA LINtY/0/

- rar-

IF¢ICNTRL .€A.0% GO 1O 10O
LF(IERROR.E0.1) GO 'O 700

60 10 (100:110+130+1%0 0220

00240 ICHTR

NFAD ALL NECESSARY DATA,
10 MRETELLUNICEDY
1 FORRATC///770 8 230 "PSYCMIC® STARTS. +30.00 8 /.
[ 114 Y]
CML ERECEB NANE 1)
100 WRTTETLUNIL 100
101 FORRATISE. FINISMED MEARTNG ML DATA.

URTIE ) I At

vaw eita ke

[PTRe

Py

B T




108 FimaT LSS
REalcte@) ROE 4T
BT V105 10 140 LA0 ) RSFIT

PORELIIE NS P TELD.

o LNtk
UM R AR s heNAME D)

[RTON N A TRTYV IR NP )

1LY FORAAT SN GOESS FIFLD MAS BEEN DHTAINED. '
Bl 10 1A

Kt AN SUKEACE FUTENTIALS.

170 1UNIRL =3
Call PRECVHeNANE )

140 WKETECLUNT T 31

131 PORRAL(YR. § INISHED READING SURFACE POTENTIALS. )
i 10 160

SET UP INITIAL OUESS FIELD,

140 ICNTRL=4
UALL EXEC1B2NANEA)

150 MRITE(LUNL,1S))

St FORMATC(SXs FINISHED READING INITIAL GUESS. )
G0 Yo 170

3

RANNe [TERATION STARTS.

1A0 JTFRe0

ACTInE=0.0
WRITE(LUNI»L71)
171 FORRATL//720°8 »5X0 'BAJOR ITERATION STARTYS. ,5Xe20°8°//)

GO TO (200+200+203¢220),KSPOT
J00 CALL EXEC(LL,ITINE)
NTOURNTOURSL

ITERSITERS)

€M L POISSON SOLVER,
705 ICHTMm =S
CaLl EXEC(BNANES)

CONPUTE POTENTIAL DERIVATIVES.
210 ITHTRL =g
CALL EXEC(O.NANES)

ks

220 ITNTRLe?
Cali EXEC(BsNANE7.0)

ann

NEXT [TERATION,
230 ICHTRL=0
CaLL EXEC(O,NANED)

240 CaLL F.ECIIL,JTINE)
90 w0 le}eS
ATIRE() e TINE(L)-ITINECT)

500 CONT ImuE

CPUTSATINE (21 /40 .0+ATINE(3) 80 . OBATINEC(4)$1440.08ATINE(S)

ACTIRE=ACT INE 4CPUT
T IRACMTRACK ( 21)
ISECT=CITER-1)/32
{teITER-{SECTRE2
CaLL EXEC(1 LUsBUF 64 ITRAC, ISECT+32)
SUS (1) =CPUY
CALL EXEC(2/LUBUF+&4+1TRAC, ISECTH32)
CalL EXECCIsLUBUF+ 84+ ITRAC, IBECT464)
PUFCLIIeaCTINE
CalLl EXECI2,LUrDUF 184, ITRAC,ISECTH64)
WRITE(LUMI»1010) JTERVACTINE.CPUT

1010 FORMRAT(SX: ‘9 OF ITERAVIONS=’sI3¢5Xy‘ACCUNULATED TINEw",
1F10.1s° MIN‘+SNe'CPU TINE='3F10.25° NIN')
1F(100¢.80.1) G0 1O 310

COMPUTE CURRENT AT *PEP® AND ORGANIZE TOTAL CURRENT FOR SECTOR,

CONPUTE ORJECTIVE FUNCTION AND RESET NECESSARY PARAMETERS FOR

CHECKR CPU TINE PER ITERATION AND CCUMULATED TINEC(IN SECONDS).

T IF ACCUMILATED VINE HAS EXCEEDED THE TIME LIMNIT, STOP PROGRAM.
JFOLENET.EQ. 5. AMD . ACTIRE.GT.TLINIT) GO TO 400
Go 10 200

c

C WAJOR [TERATION ENDS.

c

T

S10 WRITE(LUNE»3020)

1020 FORNAT(SX . 98F INAL COMVERGENCE MAS DEEN OBTAINED.88”)
STOP 0003

800 unnuusnu-noun

1030 FORRAT( UNULATED TINE HAS EXCEEDED THE TIME'

STOP 0002
700 NRITECLUNE»1040)
OW 'm'(!l-'l““ 18 DETECTED....STOP RUNNING TNIS’

AN SOLVUR(S,150)

C THIS B/F SETS UP VARIAPLES MNICH ARE NEEDED TO CALCULATE
C POTENTIM .

CORRON/AERAS/ 16 ( 2360

+ IUORR (296 »POT(2340) 2 AV (25401 s

TEYC2560) s AM{SB40) + RUORR ( 254 ) »CIONC 128) + CELE 1 28) v CPROC128) ¢

FCPRONCL 281 s CSECCI28) v CSECRCEEI o COSC (128 e COBLNC 120} ¢
IEPHOC L8 s CPHONC 1280 «PSECT( 1202 e CSECTCI8) ,PENIT(12B) .
AUSPCI20) TSP I20) o KEP(128) s YEP 18I o NSBEG(4A) 2 YSSEGL
'yll"(lll.‘ uuoun umﬂ(lll-lm'(l?’)vlﬂ(l".)v
ANODE R MCONGE L 20) »NCONV( 1 20) s NCONI(128) » NCONX(120) »
l"ﬂ'l(l".)ol‘ll!ll’.)o.’(('(I"')oﬂl”(l?.)-"'“(t‘-?’-

BNUMP 1285 1SALPI64) 1 IVEC IS4 e APAT LS4 0P 1308 »NENAC 1283 0

'H’N.l 3841 HENCCI28) 1 NSP( I?.).ﬂ" 120) JHBURF (1 20
LONRON/CNS T 2 7ME SRAX NODOUT
CONMOR/ TODAT 7LD S LUND -LU-I’IKI NIRACA LI oI TER

COMMN/FSOLY/ 1STR TFOISS. TDPOT o RDEDY s CPOIR s NUAR s SPRAX s NBC »

1NORD s RODF 5« NOID 1900 « MDD [ NS » NOD T W08

BIMENSTING [P ¢2340¢ IPTIISA) +YRCIDS4)

DIM NS MIS120) 1A PeNC(SHIT el ol MK Ca4)
BENENGION BARE §(3) NANE D¢ 1) oMBRII%AD .
FONTVALENEE CIPHFEN L PUS 1o ¢ INTNIT s T
FORIIVAM E D ¢ PR o T ) o C THie SR JBU) o ¢ THET e DM Do tETo Y}
BATA NANE L/ WD XNESe M1 . o HARED/DRICI IHEG W -

L ALLEUEL IRT 22 2]

Y VINNART D, R VRS L PARES

.

FLOUY +AEL I

P KEDIS6D TN K1 2040

E12

50

4

3

C
C 753

7¢

-3

&

©

vo

738

73e

annomon

240

a

120

200

LGLEEGE]

300

320

340 C

%0

anaana

[ 2o

o A MRS . .o ...

IFSS )
NS =NVAR/ "Sa t ]
IS£CT=0
1514k 20
D) 40 NsL.NSTOF
CALL EXECCLolUcRUFR S ToNIRAINCH), ISECT)
B0 90 1:1.2%6
AYCISTAKTHI) sRURR(T)
CONT INUE
ISECTI=1SFCT48
ISTART=ISTART $ 256
CONT INUE
MRITE(LUNL1+753) tAYC(Tel=]eNVAR)
FORBRAT( 8°/(1F10E13.5))
NSTOP=NBC/25641
ISECT+0
(StaRf=0
DO 40 N=1,NSTOP
CALL EXEC(1oLU»JBUFR, 258 NTKACR(9) 1 ISECT )
CaLL E‘(C(lvLUiJWﬁlZSAtN"\’hCl(VHISll T+2ay
DO 70 1=1.2
T1=1START4
BECII=LPUFRIT)
Jnculn-nuﬂun
CONT INUE
ISTART=ISTART+256
ISECT=1SECT44

1START=0
DO 8O N=1,NSTOP
CALL EXEC(1rLU+PUFR/SI2oNTRACR(9) s ISECT)
DO 90 11,254
YBCCISTART#1)=BUFR(1)
CONTINUE
ISTARTS ISTART4236
ISECT=ISECT 48
CONY INUE
WRITE(LUNS,738) NBC
FORMAYC ‘NBC= " » 15)
WRITE(LUNLS739) (IBCCI)s1w1sNBC)
FORMATC LBC* 7 (251%))
WRITEC(LUNL»740) (JBC(L}sI=t,NBC)
FORMAT (- JBC" 7 (2515))
0O 100 I=1,MBC
NeIBC(1)41-NODINS
NeIBC(I)
NODE=JIBC (1)
AY(N) @AY () -YBC( 1) 8POT (NODE )
CONTINUE
URITE(LUNI»7S3) (AYCE) s 1ol 0NVAR)
NSTOPSMAXNOD/23441

=0

0 ,
BUFR(1)=POT(I+ISTARY)
CONT
CALL EXECC2+LU+BDUFRS12/NTRACK(11)+1SECT)?
ISTART=ISTART $234
1SECT=ISECT¢8
CONT INUE

G0 T0¢200+300)1POISS
HOD

FOR SOR-MET

CALL EXEC(B.NANEL)

FOR ICCG-METHOD.

NSTOP=(NVAR$1) /25641

DO 310 Ne1.NSTOP

CALL EXEC(1oLU» IDUFR 236 NTRACK(4) ¢ ISECT)
DO 320 1=1,236

IACISTARTAT )= IBUFR(])

CONTINUE

DO 340 1+1:236

BUFR(I)mAY(ISTARTHI)

ONT INUE
CALL EXEC(2:LUsBUFR 312, MTRACK(?) ¢ ISECTS2)
ISECT=IGECT44
1STARTSISTART $2546
CONT IMUE

NETOP=PRAX/ 23441
TTRACKSMTRACK(S)
1SECT=0

18TART=0

DO 330 N=i,NSTOP

CALL EXEC(1+LUrIBUFR. 2340 TTRACK . IBECT)
80 340 I=1+254

JACISTART 1) =IDUFR(])

COMTINUE

ISECTeISECTI4

ISTARTISTARY 4254

TF(M0D( 4).ME.0) GO TO 350
TTRACK = TRACK S

MRITE(LLING + 7333 (POT(T)sIol ,NVAR)
WRITE(LUNL:7S3) (APLTYIsT=L NUAR)Y
URTTE(LUNLB88) (JACT) o T=1 0 PNAX)
rmv('u /(2813

WRITESL » CTALT) o Iol rbovAR)
u""'l.lﬂ'l‘/(”ls
IFCIPOISS.EQ.2) CALL EXEC(S.MANEZ)
TTRACK=NTRACK (3)

1SECT=0

ISTART=0

B0 400 N=1.NSTOP

CALL EXEC(1eLUDUFRsS12s ITRACK» 1SECT)Y
DD 410 1e1.234

ANCISTARTIS ) BUFR T

CONT INUE

STAR RTS8
l'(lﬂl(l-l?l.‘ 0) GO TO 400
1IRACKR= 1 TRACK$ L

NSTOP-HONTNN/08 1
156cre0
ISTART=0

PO 470 M=l .NSTOM
CAML EXFCUTLULOUF r 84 [ TRACSIN, [SECTY
n-o

PO 430 (1.0
TI-IRTAKTYI

M 490 J<1.8
AR

M!ll- n-| .LXT ]}

o

R




USECN akd Ty
TSIART L TaR T
LRGNV AR T L

annso
IFampR.e0.00 GO TO 4%0
PO L0V N LONVAK
WhITECLUNLSHR ™Y N
AN FURMAIL N e
I tawwm
Toviacner
WRTTELLUNL -BBKD LR o TaTL, I0Y
WREFECLUNT e BHYY (AM I oD I
RO8 FONMATL L IT10
BHY FURMATLF)E10.20
100 CUNTIMIE
WRITE (LUNTL 2 vE4Y
VRS FORMAT. 38 NPOLS' o 7%+ € L] L s NE LU
1 S¥ SE b
10 440 [=1.NODINN
N*NODINO#L -3
NHITE(LUNE9R7) N-(NCUT» I} sJm],8)
987 FORMATL Ne' o 1423XeB10)
440 CONTINUE
450 CALL EXECIB.NANEL)
'
SToP
END
ENDS

FTue
SERACAENAS.O)
FROGRAM F01S1(5:150)

e PURPOSE.coouvnvnnnes

THIS S/P SOLVES POISSON'S EDUATION
diviarad(PHI) Y 4CS(PHLY=0
WHERE “C* [S CONSTANT, AND *PHI* [S POTENTIAL.

X2 s R ¥a)

CONMON/AERAT/ LG 23600 4) 5 INORK (254) +POT (254601 +AY(2560) »
1EY (2540 e ANISB40) «RWORR (234) s LION(328) »CELEC(128) +CPRO(128)
2CPROMC 1201 »CSEC(128),CSECH(120) +CRSC(120)+CRSCACL128) v
3CPHOC120) rCPHONT128) oPSECT(129) o CSECT128) s PENTT(128)
AUSP (128D 2 YIP (1201 XEP(128) YEP(128) ¢ XSSEG(44) » YISEG(64)
SXESEGtA4) . YESEG(64) +SLPSEG(64)+ IRDOT(128) 9 JOK(128) 0
ANODENT( 120 e NCONUT128) 1 NCONV(128) o NCOMM( 128)  NCONK (1280
7MENTS 120).n(n":nzn.mcvtl"l)-ucnumlz-)-u»m(u-:).
BNSUNP () lunu)-lv:cuu.nnnu).ucr(|2n.ucnuzt).
vncnuuu.ncncuzn-muzm-ntrnzﬂmm 128
COMMON/CNSTL/MNEST (101 +BNSTX(10+2) 1 BNSTY(10+2)
CONMON/CNS T2/ NESHAX « RAXNOD s BAXELE » NOLOUT yNOD 1N+ KELOUT o KEL IN
COMMON/ENLTR/NCSEC(32) s NPANC(48) s NPANL s RENIT s NENS » NENE ¢
1NINTP s HSECT s NSURF
mllnuilllﬂl-LW?-LU.I'IACI!NTIQCK(]?)vl!l'(l

OMRON/PSOLY/ ISYNs IPOISS « IDPQT « RDEBY « CPOIS o NUAR» JPHAX + NBC »
1ma-~ows-nonluo-nnu|~smomm

DINENSION JA(S120)¢1A(S12)sNC(T12:0) o NANE(Y)

DIRENSION L1DUF(44)sMNTI(10).NMJ(10)
DINENSION AC24)B0FF (2,321 :DDIA(2:32) ¢ IKNAXLA)
EQUIVALENCE (1GeJAI o (IG(Le3)eNCHs( [ROGT,IAS
DATA EPSAAX/1.0E-3/s1THAX/ 2000/
DATA HARE / 200E » JHIVL 2H4 /

WRITE(LUME «999)

9P FORMAT(20° . »SXs“"POISE® STARTS »SX020°.°)
41=3.1413924315/30RT (FLOAT(NAKNOD ) )

ONEOA=2.0811.0-SINCAL)I/COSCAL)

CALL EXEC($:LUsBDIAL 1200 ITRACSS
CALL EXEC(1oLU-BOFF 4128, 1TAACS+4:83)
CALL EXEC(1oLUsIDUF a4, ITRACSS2+30)
00 30 1=1,NESHAX
MNECTIelPUR (L)
WM =IO CTH10)

30 CONTINVE
PRAX0.0
DO SO N=1.NSURF
NODE *MSURF (1)
PPOT=ADS (POT (NOI
P POT ar PnaT s PRAX=PPOT

30 CONTINUE
REPS=EPSAAX
IF(PRAX.GT. 1 .0E-3) REPSEPSAAXSPHAX
INES=NESAAX-1
1TER=O

2000 [TER=ITERS)
EPS=0.0
NeO

LYY

DO 100 I=1,NESHAX
I1=NESAAX$L-T
NiompgcIt)
Ny=NICET)
INAXNNESTCIT)
JCOUNT=L
D0 3110 Reil,y2
SAMAN(KS2-])=NI-1
TRMAX (K82) N1

1320 CONTIME
C'CNISI(DIOFLMT(lli)l.?/l o
Cle(3.0-C2872.0
CI203.0-4.00C1924.0

AT12)2c5.0426.08C)/CL
A1312¢3.042.00C2/CH
Ac8)=(3.042.00C)94.0/C1
#13)21(4.04C)82.0/Ct
A141201.042.00C186.0/C2

ALB1e(].04r100,0/C2
AEPrI®i6.09C)>02.0/C2
ATI0)=15.042.08C)/C2
0030,00C92.0/C2

ATI2re12.04%.00C)/C8
1 111.07.M5mAK) GO 10 )70

v
COFOR IME OUTERNNST POMMDAREIFS . [4
L4

toe?

I N
ACIBIO 1.0 1/8.0
AUEIPICET.0NC) S0
LR TR LYY SR B

B A Y BT W)
et
11s4

ARALS [ApMAR L 1)

LTy

LRSI € UL VT [T I

» L0 O 130

SURSCLACLES -ROFE (Lo LI aPOT (N1 4 (ALLE) -POFFiD, 008
(FOT(NIEACIQIOFOTCMEL 12 7 CACDD I HRDIACT et 2
GO 70 140

130 ASTART»3
L3ed-t }
Lany
JFE.6Q.2.00. J.60.3) LA=IAnAXCI-114]
SUM=((ACLE)-BOFF(LIsLDIIEPOTINGIISCACIB) -BOFF (LI LA IS
IPOTIN-1)PACD0IIPOT (M ZCAIIIIPITACLL L2V TU)
RES*SUM-POT(N)
POT(MICPOTIN) tONEGASRES
EPS=EPSIAPS(RES)
LILIAY
L2=L2¢t0
SUMS((AC1D-BOFFILLPL2-TUIISFOT(N-1)(AC18)-BOFF (LT L))
l'ﬂ'('l’l)0‘(I’)I'ﬂ'll).hl"0).(?0'("0])070'1"-"7il/
At AL "

140 RES=SUN-FOT ()
POT(NI=FOT(M) tOMEGASRES
EPSsEPSIAPS(RES)
DO 130 K=ASTART,KnRAX

L2241y
NSeMé)
IFCJ.EQ.4.AND . K. EQ.RMAX) NSoN$2
SUMS((ACISI-BOFF(L1:L2-TU)I0FOTIN-114(ALLIBI-BOFF(L1sLD)8
1POTIN$ L) SACIPISPOT (M) $AL20)B(POT (NS IPOT A5 )/
2(AC2DI4PDIAL 2¢IM)
RES=SUN-POT (W)
POT(MIePOTIN) HONEDAIRES
EPS=EP3+ADS(RES)
130 CONTINUE
N=Né1
Heopel
L2sL2¢1U
IF(J.ED.4) GO TO 133
SUMS ((ACI8)-BOFF(L1:L2-TUNISPOT(N-1)$(ACIE)-BOFF(L1.L2))8
IPOTINFLICACIDIBPOT NI FA(20)8(POT(NI2)4POT(N-1)11)/
2¢AC21)$BDIAILE L 2¢IWY)
GO TO 160

153 SUNSC(ACIEI-BOFF(L1sL2-TUHISPOTIN-L)4(ACIB)-BOFF(L14L21)8
1POTILO-1 ) ¢ACIP)IBPOTINI1 I $A(20)B(POTLILOI $POTIN-1)1)/
2CAC21) ¢DDIAILLL2¢41IW))
140 RES=SUN-POT(N)
POV(K)IePOT(N) +ONEGASRES
EPS=EPS+ADS(RES)

120 CONTINGE
G0 10 230

FOR THE DUTER EDOGE OF GRID.

170 CONTINUE
MoNE (NI INIIE2
L=lo
LO"N$2
00 100 Juisd
KMAX=EIKRAX(J) -1
Lalid]
IF(J.ME.3) 00 TO 190
SURSACLIIPOT(L-1)4AC2)S(POTIN-1)+POY (I.)) llll('ﬂ'('*?l
IO’QNLOI))0&(‘)'(”'(.0')0"'“‘ 14A(S)IBPOT(NEL)

SUNSAL 1) SPOTIL-1 ) $AC2IB(POTIL-2)4POTIL I 1 $ACTIS(POT(L-1)
14POT(LEL) )0.10)‘('0'('0! IHPOTIN-11)4ACSIOPOT (M)

RES=SUN-PO!

mnm-nnunatuoul

EPS~EPSIABS(RES)

Nel4L
SUNPACS) S (POTIL I IPOTILILIIEA(ZISIPOTINGLI $POT(N-1))0
uunrcnnumnunnun»wonu-zn
200 RESsSUN-POY
mnm-ronunontulﬂtl
EPS=EPSIARS (RES)
DO 210 Re2oRMAX,2
IF(J.0C.2.AND.X,.€Q.2) 00 TO 205
]
Loniad !
SUN=A(S)IBIPOTILIIPOT(LALIIOAITIOCPOT(NILI4POTIN-1) )0
TALEISPOT (M) FACHIO(POT(MILIIPOTIN-21)
RES=SUN-POT (N}
POTINI «POT(N) tONECASRES
EPS=EPSIAPS(RED)
205 NeNby
nem g
LeLal

nEenel

1FUI.E0.8.AND.A . EQ.ANAK) NS=N¢2
SURSACIOISIPOTLILIIPOTIL- L1 4RI 1ISPOTIL I 4AC 08
LEPOTINIIAPOTIN-1 1) $ALBISPOT(RIIA(TISIPOT (NS IIPOT(N-1 )
RES=SUN-POT (MY

POTINYFOT (NI IONERASRES
EPS=EPEIAPS(RES)

210 CONTinuE

LI 2) )

LILI2]

Il'(.l.l’ll ar GO 0 5

1A' BLPOTILIEPOTILNLI I 4AC IO IFOTINILIIIFOTIN - S 10

l&l,lv"ol’;muwulmnn wotn 1

1S SURCACHIPOTCLIIPOTILINI A ZIOLTOTCLEDINPOTIN 1404
1AEISPOT NI IV IATOIRIFOTELISIIPOL M- 1))

220 RESSUR-POT?
POTENI2FOT (N $OMEGASRES
PIEPS AR IRTS)

190 CONTIMR

210 COnflme
Nient -2
LRl -2
Aemeanent
Leto
TR

[

LG ok >

e Domeuine- it 2

=




ann

LR

[CUE U .
IARGURSS 1 ND-
TRRAVCRE T Mg
A N N
PR R
[T B ST ¥ SR F RN

FOR THE INTERLGK SRALE UF GRIM.

W ooho s
AmARIARAN 1Y

AP G0 TO Da0

SUMA T OCFOT LAt o6 0T /L - LV AFUTCMPLIEPOTAN-2) 08
EACII O FUTAUL O RFOT M $FOT AN I #FOT (N1
LT A )

Jad RSTaRT=3

Lete3

SURIACIDIBFUTIL 2 FDT UL -1 4P0T (M SPDT L =332 4
LRI IFOT L 1 #FOTL -2V eFUT NILI#FOTIN-T )
RES=SUN-POT (N>

FOT(NY=FOT (N $OMEGASRES

EFSYEFSHARS(RES

NaNoL

LeLey
SUR=ALLIS(FOT(L#1) $FOTIL -1 #POTCMILIEPOT(N-2" 24
LTRACI3ILPOTCL I 4PDT LN 4FDT (N41)$POTIN-1D)

270 RES=SUM-FOT(M)

FOT(#)=FOT\N) +OREGAIRES

EFSeEPS+ARS(RES

00 280 KA*ASTART ANAR

NNy

namgy

Letet

AS=nsy

IFCJ.EQ. 4. AND.R.EQ.ABAX) NS=ND

SUMCAUIZIS(FOT(LETI4FOT(L-1) +POTCHS ) $PATCR-£17 4

1ACI3IS(POT(L I 4POT I NI 4POT(NGLIEPOTIN-1))

RES=SUR-POT(N?

FOT(NIYSPOT (N) $ONEGAIRES

EPS=EPSPARS (RES)

CONT [NUE

N=Ns |

LLLIT

Laley

IFLJ.EG.4) GO TO lE%

SUMEA(I2)IS(POT(LAL  $POTIL-124POTINGD) +POTIN=-1))¢

113 8(POTIL) $POT NI EPOTINILI $POT(N-1))

G0 10 290

283 SUMSACLIZIC(PATLILIIPOTIL-124POTI(LEI)IPOT(M-1))4
LALE3I8(POT(LI+POTINILI+POTILI2I4POTIN-1))

290 RESsSUN-FOT(N}
POT (M) =POT (M) +ONEGASRES
EPS=EPS+ADS(RES)

250 CONTINUE
G0 10 230

°

FOR TWE INNER EDGE OF GRID.

300 CONTINUE
IFCII.EQ. 1) GO TO 343
00 310 J=1.4
AMAX = IKRAXL S
LU
(F(s.ME.1) GO TO 320
SUM=A(12) 8(POTI(LH1) $POTCL- |nronnnnronu-znu(uu
1CPOT(LISPAT(MISPOTINGLI) FPOT (N~
RESeSUN-POT(N)
POT(N)aPOT (N)+OREGASRES
EPS+EPSIARS (RES)
NeNs
n=Ne
Lol
SUNSACI2IR(POTILAL $POTIL -1 4POTI(N-1))2AL1 00
LCPOTILI4POT(N1IIPOT (N-1) ) A1 4IIPOTLMI +ALLS)OPOTINIL) ¢
2AC18)9P0T (NI2)
GO 10 330

120 Lete3

SUREA(I2)N(POTIL 1) $POTIL-1)4POT(HIIPOTLL-3D) AL

1EPOT(L) $PQATIL-2)Y $POT (N1 ) #POTIN-1))
RES=SUN-POT (N)
POT (NI =POT(N) +ONEGASRES
EPSEPSADS(RES)

L] 1
Lol el
SUNEACIIS(POTILEDI SPOTIL-1)4POT(N-23I14AC13) 8
LPOTCL) #POT (NS L) $POTIN-1) 4RI 14)SPOT (M) PACIS)EPOT(NILI G
2A11628P0T(NI2)
330 RES=SUN-POTI(N)
POT(N>aPOT (N +ONEGASRES
EPSeEPS+ARS(RES)
00 340 K=l hBAX

Lottt ]
nans

JAND . K. EO.RNAR S NBaNe2
SURSAL I RPOTILE1)IIPOTIL-11 ) PALLT) S
LCPOTILVOPOTINGEIAPAT (N=1) ) $ACLTIBPOTEMI PACISIS(POTIAGEIG
2POTEN-1110AC1418IPOT(NS)POT(A-2))
RESSUR-POT (M)
POT(NI oPOT M) $ONEGASRES
EPS-EFSIAPSIRES)
340 CONTINUE
Lalid]
LA
[ {84}
1F1).€0.4) GO 10 342
SUNEALI 1 EIPOTIL ALY SPOTIL -1 1 sPOTINID ))&
1IPOL(L I 4POTINIL)SPOTIN-13)20AC1A38FOT (M) 4
IRLL61BPOTA-D)
60 (0 344
342 SUMAI L IEPOTILILI#POTEL-LISFOT(LISII0A
FFOT L ISFUT L IFOT I N-21) 1 0A L IPOTINGE) ¢
JACIBI0FOT (A L2 ¢ACIAIEPOTR-
546 RESOSUM-POTIN)
FOT (a1 =F 071N POMEGAIKES
P eEFSIADS(RES?
WUo ConTImiE
10 CONT INUE

318
1%3)10P0F(R-11 ¢

e

SON Trf [emE R, T kD,

149 FONT I
Adcomapin. t
(340
B0 150 M wOD I RAs
tepel
" TN
Con .

SUML SN PEOT e Lo 1
SUR S SUREPOT el Ts 430
Yau LONTINUE
CIMTAL T eSUML AL BN
AESPSUN-FOT N,
FOTUN <8 0T M) t0Ak GABKE S
S EFSeARS hES
%0 CONTINUE

DO 370 Nal-NVaR
10 1AatMr
T1sloey
JrlatNer -y
NO*MODINS -1 4N
SuUn=0.0
DO X3¢ fef1ef2
SUESUREANLIIOFOT IR 1y
IR0 CONT INUE
SUMSCAYINT-SUMY FARI 1O
KES=SUN-FQT(NO)
$OTLHO) sSUM
EFS2EPS+ARS (KES)
170 CONT INUE

c
T WRITECLUNL.988) 1TEREPS
€ 980 FORMATC ITER= 13r5Xs EFSe +1FPELS.5)
IF(ITER.GE.1TRAX) GO TO S10
IF(EPS. L' l\(PSI GO T0 310
60 10 2
500 CaLl Exicte.unni-lo-lltm

310 CONTINUE
CALL EXEC'HeNARE + 20+ LTER)

FTNe
SEMAIAENASO)

PROGRAM WEMA4(S.130)
COMNMON/AENAS/1G12360+4)  IWORA (IS4) :POT (2540 vAP (29800,
TEY(Q2560) rANCSB40) +RUORK (236 e CIONC 120 ¢ CELEC L8 +CPROCITE
2CPRONT128)»CSEC(328) 1 CSECALL28) »CPSCCI28 ) «CHSCACIDRY s
3CPHOCT CPMON(I28) PSECTCIZE) +CSECT(LI28) oPERIT LD
AXSP{128),YSP(128) XEP(120) ¢ TEP(128) » xSSEG (641 YSSFOL
SXESEG(64)+ YESEGL44) vSLPSEC(44)» IROQT(IZB) o IORC128) 0
SNODERT(128) ¢ NCOMUC120) s NCONV( 1261 + NCONW (1 78) s NCONT (1 JH) o
TNERTS(128) +NENTE (3201 vNSECTC128) (NCONDUIZB) o NPFAN(64, )0
BNSUNP(128) ¢ ISLP (840 IVEC (4641 . MPAT(44) sNCPC 128 sNCHAC 108 o
ONCNB(3B4) 1 NCNC(128) s NSP(L20) sNEPI120) ) NSURF (178
COMMON/CNSTY/NESHAX » RAXHOD e BAXELE + NODOUT « NOD TN RELOUT +REL TN
COMMON/TODAT/LUNL +LUN2sLUs ETRACS s HTRACR (320) o AL TER
COMNON/PSOLY/ISYMy IPOISSe [PPOTRDEDY +CPOLS VAR » JPMAR s HBC o
1NOND » NODF § ¢ NOD INO + NOD INS » NOD 1N

DINENSION XG(2540)+YG(2340)

DIMENSION BDUFR(256) 5 IDUFR(128)

DINENSION NAME(3)sL1ST(S)

EQUIVALENCE (AMC1)oXG) s (AN(2S41) YD)

DATA NAME 72HDA» 2HTA» 2HI /

CALL RMPARI(LIST)
WRITE(LUMNL 999
999 FORRAT(20’ .  »SXo ' "WENA4® STARTS  +SXs20°.7)
ICODE=LIET(1)
CALL EXECC1+LUs IDUFR, 128 NTRACK(19),14)
IBFRNITER) =L JST (2}
CALL EXEC(2+LUIBUFR,1
NSTOP=MAXNOD/ 25641
1START=Q
1SECT=0
NTR=NTRACK ( ICODE )
DO 100 N=1,NSTOP
DO 110 1«1+234
DUFR(1)=POT(I+ISTART)
110 CONTINUE
CALL EXEC(2sLU
ISTART=ISTART 4.

NTRACR(219),18)

DUFR+S12NTR. ISECT)

ISECT=1SECT 40
100 CONTINVE
1FCICODE.EO.10) GO TO 300
WRITECLUNLISE) (POTCD) s Io1vRAXNGD)
131 FORMAT(1PL10E13.3)
NSTOP=nAXNOD /25401
ISTART=0
1SECT=0
DO 160 w=1,NSTOP :
D0 170 [=1:2%
BUFR(1)=POTI1HISTART )
170 CONTINUE
CALL EXECI2+/LUBUFRIS12NTRACK ¢ 1114 ISECT)
CALL EXEC(TsLUBUFR:S12 NTRACR(14) ¢ ISECT)
00 180 [=1.238
XO¢ 1413 vnnv»-nuv.tl»
180 CONTIM,
AL Uu:cl-lu-lun:n SNTRACKLI3) s ISECT
DO 190 fel.23s
a'lolsralvr-au'n(ln
190 COnYInuE
ISTART=ISTART 354
lstcv-ls(cvon
160 CONT
-svo'-ualtl(rnzuol

an

cAlL €x€CtL \u-lMl-l".-nnmcuu-.ls(cn
0O 220 Ivied
lfnlolilul'
S0 LONT LME
CTelSECTe S
ISTART-ISTANT 4109
10 Cons I
RCONNWILIR (Y 3
A N ITS PY)

"lFl!‘l(lb

Lstant.o
psect-a
104 160,80 ISEC Y00
W0 Wt tor
AL BN T TN R INACR  La HL eI T
%0 teietg

LIGE RSN Y Fi]
S LT
Pobet F T}
INTALT (STARTII R
il I f
UREIRL 13

(LI




TN

™

WRITE N v pE e
Do URAAT s N RGENE M N BEEN R AUMER AR TER o1 8.
Lotrehal o

[T

AN AVEREINY BT, )

i

enn

tale

[OLEYRYE.Y Y IO

FRUGRAN FLUT 5150

Lo F GENERATES FOTENTIAL LUNTUUK PLOTS. THME SATELLITE

FEAIAETER IS ALSO FLOTTED WIIN THE CUNTOURS.

COMAON  ALAAA/POTLIOS60 e XL LSAC) s THID5601 4 1G( 2560+ 4) 0
EIF (50301 e XP(D0)#YF IS s LBUP P 300 4 [L (50,50

CUAMM/ BLA T NNT 10 - NNJLLO0 ) P ELOUT e ANAX L BX o DY

CONNON- BLAS, NOUTER (101 s ANEST 1101 ¢S4, 4) /NCONN( 10,404
INCUNRL L1300 o [GAL 4D

LOMNON. BLALS . BUF 2C Lo 112 TBUF LI2S) e IBUF2(2S)

COMNON FILED IMAX AP+ 11 NESHAY « MAXNOD « MAXELE « NODOUT
UUMMON FLOTI/TPLOT (1) oMAN. [MAYL s JNAXD s NS NA+ ISYN IFLAG
LINLNSION XFP(4) VPP I4)sCNI(30)

thlmx=3>
TEND:NESNAR-3

Mmad
LT

n <OE+28

SEFs-0.1

1IF CISYALED,L1Y BD 1D 30
NAxss. 9

PSR

SCe1.6

60 10 20

10 AAX=T.0

AAY=E.0
SC=0.%

20 Sx=SCaDX

SY=SCe0Y
SCZ=1.0

CALL PAPLT(NCH.CNP)

LF(nt.EQ. 1) GO 1O &7

CALL START

CALL SYMBOL(0.0+0.0¢0,14, PLEASE MOUNT BLACK LIG-INK PENS‘
IPROAD IN POSITION 1 AND EXTRA FINE IN POSITION 27,90.0,80)

CALL FLOT(0.0+0.0v-3)
CALL NEWPENC(L)
CALL FLOT(AAXN»AAY+-3)

DO 40 I=1,IFLAG
NiegeCI-1)8NS
NISNSHITI-1)UNA
AI=FLOAT (TBUF 1{N2))8SX
T1eFLOATCIBUF 2(N2) ) 08Y
CALL PLOT(X1,¥1.3)

DO 40 N=N1.N2
X1=FLOATCIDUF1(N))0SX
Y1=FLOATS IDUF2(N) }OSY
CALL PLOT(X1.:Y1,2)

40 CONTINUE

CALL FLOT(0.0+0.0:3)
IF(ISYM.NE. 1) GO TO 43
CALL PLOT(10.000.0¢2)
CALL PLOT(0.0+0.023)
CALL PLOT(0.0+10.0:2)
ALt PLOT(0.0¢0.0+3)

C
43 CALL NEWPEN(2)

.

? DO 50 l=le.lEND
11=1ENDIL-T
NIsNNLCID)
NIwNICIT)
1F(11.EQ.3) GO TO 70
NN

IF(ISYN.EQ.1) NNw]
ny=nin2

JNLepIe2
Imax=ing $2
JnAR=INL4L

G0 1o 80

70 InAX=NI+L

AN NI

80 DO YO L=ls1lal

DO 90 M=l.imAX
IP(LoMInIN

90 CONTINUE

IFea

IFLISYH.EQ. 1) IP=3
1F(11.€0.1) GO 1O 200
IFc11.E0.MESRAX) GO 10 100
ANI=NCONNTITI¢ Lo IPs224)

G0 10 110

100 A=)

O RINCOMNITL,IPeD)
TR TL N KR Y]
1201G(REe2)
1ae10(R1 )
wWengtlly
Y0evg( 1)

POR NG -0/ 2.0
POVe(YO(I4)-Y0)/2.0
fFoISYA. M . 1) GO FO 11
10+0.0

¥0#0.0

4 00 120 beRian?
triISTR.EQ. 1) GO O 120
"o

FRRL]
o0 10 128

128 e

(AR
[N TR I LN T A

(Y]
TP R0 MOMSITEs Jo k. ARG A F .M ONNIE].}ets) 0O 1D 140

EA0 ol fen

s
i)-e
RT3 B A
e

E1l5

an

150 DU Lae ta yety
Halacti s sty g '
LRI P Y]
LUt 1y
[ T ¥ VY DOy FT RN TV
N o
AN
(LK TR U TR BY ]
[ R AR TT R R
MAaNENLUNNCTT e Je7 MUNNCLT, 1ol )
12 CONTENUE
174 JINCONNCETe S0 1)
3 aNCONNGCIT o0 20,
00 176 s=ate )
NeWt)
IFan.t0.Jr GO 1O 178
176 CONTINUE
178 NTHCONA(N)
60 10 130
179 N UR-NCOMNGES » D301 3 10T ¢NCONMNILTT 0D, 3)
180 LeIFIXC(XGIN)-20)/NOX$0. 4241
MEIFIXCCYGUND VD /DDY 0. 1) 4]
2P (LM =t QT LN
160 CONTIMUL
1FiJJ.60.5% GO TO 170
GO TO (190+.200+2105220)0 )
190 Li=0
Hia-2
GO 10 230
200 Li=2
ni=0
GO 0 230
210 L1=0
My
GO 10 230
220 Ly=-2
M=o
230 N1=JJ
H284201-J)7484
N1=IG(RsN1)>
N2=[GINeN2)
LasLeLy
n2=rem
ZP(L2sN2) = (POTINSIPOTINDY)I/2.0
L3=LeL 12
H3eMent/2
IP(L3sN3Iu(ZP L2/ N2)4POTI(N))I/2.0
120 CONTINUE
DO 240 L=1,18AX»2
DO 240 Ne2,UMls2
Z1eZP(L M)
223ZP(L e N1 )
23=2P(Lsn-1)
IF<21.NE.2N) GO TO 240
1F122.60.ZK,.0R.23,EQ.ZM) GO YO 240
ZP(LIMIB(22423)/2,0
240 CONTINUE
DO 250 M=1s INAX
DO 250 L=2yIM1,2
Z1=ZP(L M)
Z2eZP(Ldtem)
Z3=ZPtL-1sM)
IF(Z1.NE.2ZN) GO TO 250
IF(22.£0,.2M4,0R,23.E0.20) GO TO 230
IP(LeM)aC22423)/2.0
230 CONTINUE

DO 240 Lm1s [MAX

AP(L)I=xXO+DOXOFLOAT(L-8)
260 CONTINUE

DO 270 L=y tNAX

YP(L)eYODDYSFLOAT(L-1)
270 CONTINUE

00 10 320

280 DO 390 L=d,INAX
NeIL(L¢JnAN)
XP(L)aXO(N)

290 CONTINUE
DO 300 L=1,umAX
HeJLCINAX L)
YPIL)=YG(N)

300 CONTINUE
DO 310 Lei,IMAX
DO 310 fei. AR
MeJL(Lem)

IF(N.EQ.-1) GO 1O 310
IF(PDAX.£0.0) GO TO 0o

PO 305 Lisi,haX
LisiLl-1)8241
IF(N.EQ.IPLOT(LL)Y) GO TO 310

303 CONTINUE

306 IP(LeNI=POT(N)

310 CONTIMUE

320 IF(SC.£0.1.0) GO 10 343
DO 130 L=1yinaAX
APCL)=XP(LISSC
330 CONTINUE
DO 340 L=1.0hAX
TPLL)=YP(LIOSC
340 CONTIMUE
34% $F19C2.80.1.07 GO TO 333
B0 330 L), IRAK
PO 330 Matyomax
IPILeMI=IPIL NIOSCT
350 CONTIMSE
358 IF(AN.E0.1) 60 7O 370
DO 360 L=1.0CH
CNaCNpiL)
CALL CHNTOURIXPIRAR YP r JNAR o 2P+ IDINNCNISEF CN)
340 CONT L
370 ¥ (WN.C0.1) GO TO 473
URITEC(6:300) (XP(L)otots INAND
VRETE(6:306) (YP(L),Lot. JNAN)
390 FORMAT((3F 0.3

WKETLCO+3001 (2P(LIRASAI LS
390 CONTIMN

13 w10
MEeARLOUTHE
DO 400 A -honAAY
e Nl . .00 GO TO 400
LIRJEY]
(R, LA XTI Y
g LONF M
1+:m1.1@.01 00 10 428

Y AYS mevomY




4o

)

)

450
ae

450

440
410
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490
480

30

(RIS
[T AR
[T A VI
Cuim g

BUany gy
U {TETYY
[N T
THAL T e ey
SEULAUY sk tensy s
CUNT ENUE

(U 480 ¢ famN

VNCUNE LY

(Y

b st Nl

NLzN#L N te)y

CLUN IFcLany

LIUN PNy

TP C1800.61.0.0) GO 10 450
[ ST S W
TFu VL E0.0.0% GO 10 480
CarLy Y

GO g ¢’0

ce-0.0

[RIN Y

XPF A ACARL AP (NEI-AP (NI I EXP (W)
YFF(RTCAB(YPING I -TF (NI I EYP (N
CONT INUE

1F(R.LE. 1) GO 7O 440

CALL FLOTUOXFFIL1.7PPC1Y .3
CALL FLOT(XFP(2)YFP(2) e
CONT I NUE

LONT INUE

it 1mA%.E0.0) GO TO 30O
DO 480 Malonax
mEIFLOTC
N2e1GiM .
IPCLL 1 aPOT (N IESCL

LR CILTRY 3

ZP{te212PDYT(N2r0SCE

N2=1GiR1,2)

ZPi2. 1) =POT (N2rBSC2

NOe1G(AL,3}

IPIT.2)ePOT(N2I8SCZ

AP L 1wXGCIGINLLE)IISC
XP12)eNG(IG{ML»2) »8SC
YPO1)=YOUIG(MEr1))ESC
YP(2)*YGIGIML+4))9SC

DO 490 Lel,NCN

CN=CNPL )Y

CALL CNTOURCAP 2, TP o2+ 2P+ IDIAX,CHeSEPCN)

CONT INUE

IF(wn.E0.1) GO 1O 500
CALL FINISN

sSTor

€np

SUBRGUT INE PAPLT(NCN-CNP)
DINENSION CNP(10)
DATA NCN/2/

DATA CNP/50.0:45.0/
RETURN

END

ENDS

Elé6







