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ABSTRACT

A digital computer program has been written for the 'solution of
Laplace's Equation and the plotting of the equipotentials., The program
simulates both axially symmetric and rectangular configurations, in-
cluding dielectric interfaces, on a large matrix of up to 201 x 201
points, It is written in the CDC 3600-6600 Fortran IV programming
language and employs the Stromberg-Carlson 4020 computer recorder for
plotting. Solutions with errors of less than 1 percent are easily ob-
tained in less than 10 minutes on the CDC 3600 and less than 2 minutes
on the CDC 6600. A detailed description of the input data is presented.
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DIGITAL COMPUTER SIMULATION OF LAPLACE'S EQUATION
INCLUDING DIELECTRIC SURFACES

Introduction

This report presents a brief description and detailed operating

instructions for a digital computer program which will solve Laplace's
Equation,

vV = 0, (1)

including dielectric interfaces, and plot the equipotentials. Either
axially symmetric or rectangular, two-~dimensional configurations may be
solved. The program is written in the Fortran IV programming language
for either the CDC 3600 or CDC 6600 digital computers, and the
Stromberg-Carlson 4020 computer recorder., The 3600 computer requires

1 to 10 minutes of execution time and the 6600 less than 2 minutes.
Errors of less than 1 percent are generally easily attainable,

The Simulation Method

The method used is basic relaxation of a rectangular array of
points, laid out in squares. The simulation is carried out on a large
matrix, typically 201 x 101 points (or 201 x 201 on the 6600 computer),
all or any portion of which may be employed for a particular problem.
Potentials on all electrodes and boundary points must be specified in
the input data. All electrode (or dielectric) surfaces must lie on
matrix points; i.e., no partial matrix increments may be employed.
Laplace's Equation, expressed in difference form, is solved iteratively
at all points within the electrode configuration.

A flow chart for the program is shown in Fig. 1. Initializing the
matrix consists of putting linear voltage distributions between elec~-
trodes. The "coarse" matrix consists of all the odd-numbered points
within the simulation region. Relaxation on the coarse matrix is much
faster in terms of both the number of passes required through the matrix



and the time required per pass. The loop between the coarse and fine

matrices is necessary, since the dielectric interface calculations are

performed only on the fine matrix relaxation. The plots produced by the

program are the most immediately useful output, while the printed output
permits more accurate determination of voltages and fields. The program
listing and input and output data are described in the appendices.

Read Input
Data

y

Initialize

Matrix

Coarse Fine
Relaxation | Pl Relaxation
of Voltages of Voltages

A_;_4_|

Print and
Save Output

v

Compute
Plots

Fig. 1 Flow chart for program.

The difference equations are derived from Laplace's Equation
expressed in axisymmetric coordinates:

LoV
+ i =0. | (2)
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Rectangular coordinates are obtained by letting r become large. The
difference equations for a uniform dielectric region are well known:

Vipr, 3 P Vs a1 P Va1 3 P Y5
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for the general point, and
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for points on the axis, where an array of squares (Az = Ar) is employed
and i,j,rj, and r are described in Fig. 2.
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Fig. 2 Definitions of voltage matrix quantities.

Dielectric interfaces which are parallel, perpendicular, and at
t45 degrees to the axis are handled in the following manner. Equation 2
could probably be solved -exactly for a dielectric interface passing
though a matrix point, but the expression would be unwieldly at best.




Solutions for dielectric interfaces parallel, perpendicular, and 45

degrees to the axis of symmetry are obtained fairly easily (see below)
and are employed in the program.

For the case of a dielectric surface parallel to the axis of sym-
metry, Eq. 2 becomes in difference form

S I W RALC R 203541 " V5,50 7 810305 7 V5 ,409)
12 (Az)? . (Ar)?
ey (V5 V. .) e, (V, - )
+ 2 2 1,4+ A—.l, PR A % Ai i-17}) - ¢ , (5)
Ar(rj + 35 Ly Ar(r 5 Ly

where ¢, is the dielectric constant above (away from the axis) the
point 1,3, e is the dielectric constant below (nearer the axis) the

point i,j, and ¢;, is undefined. This can be solved for Vi,j’ assuming
a square matrix, e.g., Az = Ar,

€V, . e,V
Vi g1 . f1V1.4-1
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For a dielectric surface at 45 degrees to the axis, Eq. 4 becomes

Wi g~ Vi) = a0y " Vi ¢
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Again solving for Vi,j’ one obtains
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For surfaces perpendicular to the axis of symmetry, the differ-
ence equation becomes
ooV st Vs 1 Vi - Vi
21 (Ar)z er Ar
(10)
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where ¢; is the dielectric on the left and €, i1s to the right. Solving

this equation for vy IE one obtains
H]

Ar
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In comparing Eqs. 6, 8, and 9 it can be shown that if ¢y, = 1/2(e + 92),
the denominators are the same. Also, if (Ar/2r, ) << 1, then €, = 1/2
(el + 62) makes the denominator of Eq. 11 approximately equivalent to
the others. These results have been verified on the computer. It can
also be shown that if ) and (Ar/er)2 << 1, these equations reduce
to Eq. 3.




Equations 6, 8, 9, and 11 are employed in the solution of all
points along dielectric interfaces. Since only surfaces which lie

exactly on matrix points are employed in the simulation, no further
cases will be solved.

Accuracy of the Program

The difference equations required for the discrete simulation on

the digital computer are derived from Taylor's series expansion about
zero,

) |
ﬂm=ﬂ®+ﬁ%®+%f“@+.”+§fmwm

o< ax< 1., (12)

Assuming a matrix increment h, Eq. 12 can be solved for the first and
second derivatives as follows:

fl-f 2

£'(0) = ==t - B £ (0) + o0 (13)
and
£, - 2f + £ 2 .
£''(0) = —= hg LB s@0) + 0wty (14)

where fl = f£(h), fo = f£(o), and £, = f(-h). 1If only the first term on
the right-hand side of either equation is employed, the error is seen
to be the order of h2. '

Results from the computer have indicated that the error in one-
dimensional cases is indeed the order of h2. In two dimensions (as we
have here), the error seems to be proportional to h, generally one~
half to one~third of h. This gives an error of less than 1 percent for
most interesting cases. Results for cases where the exact solutions
are known have generally been within 1/2 percent when a 50 x 50 matrix
is employed.
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The Computer Program

The iterative procedure consists of applying the difference equa-
tions at appropriate points within the area to be analyzed. The pro-
cedure for relaxing the potentials on the V matrix is quite straight-
forward, The first subscript (usually I) begins at the left edge of
the matrix and increases axially in the +Z direction. The second sub-
script (usually J). begins at the axis and increases radially. The
relaxation operations are carried out starting at the left end of the
matrix and passing up each column in sequence across the matrix.

This method of computing the potentials requires a knowledge of
the locations of electrodes relative to the radial columns. This is
accomplished by supplying as input data integer matrices which specify
J coordinates of electrodes and dielectric surfaces. Computations are
carried out €from the first matrix [JA(I)] to the second matrix [JB(I)],
then from the third [JC(I)] to the fourth [JD(I)], and similarly from
JE(I) to JF(I) and JG(I) to JI(I), a total of eight matrices. The axis
may be included in the computations by specifying appropriate values of
JA(I) as zero. Any finite or infinite offset from the axis may also be
specified. Dielectric surfaces parallel and at *45 degrees are speci-
fied by setting the upper limit of one of these matrix pairs equal to
the lower limit of the next pair; e.g., JB(I) = JC(I), or JD(I) = JE(I),
or JF(I) = JG(I). Surfaces perpendicular to the axis are specified
separately in the input data.

A complete plot of the configuration analyzed with up to 24 equi-
potential surfaces can be plotted. In addition, up to 10 additional
plots of small areas of the matrix may be produced on a magnified scale
so that details may be examined more closely. '
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A second program has been written to permit the analyzing of a
small area of a plot in greater detail. This program takes the data
from a previous run and blows up the scale of a section of the matrix;
e.g., a small area is taken out of the initial result and is subdivided
to provide a larger number of points, This blown-up section may then
be rerun to obtain greater accuracy.

Input Data

Input data to the program consists of five groups of data. These
control the flow, set dielectric constants, define the configuration,
set voltages, and determine the plotting in the program.

Flow is controlled by integers on the first card. These integers
are:

MM The number of passes through the matrix in the
relaxation process, generally 20 to 50,

NVEM The number of points which may still be in erxror at
convergence, generally 2.

NZ The axial length of the matrix to be employed in the
analysis, 201 or less for a 20l x 101 matrix.

NR The radial extent of the matrix to be employed, 101
or less for a 201 x 101 matrix.

NRO The radial offset of the matrix in matrix squares,
zero if the axis corresponds to the bottom edge of
the matrix, 9999 for rectangular configurations.

MU Controls the saving of data at the end of the com-
putations and restoring of data from earlier runs
on magnetic tape:

(1) Neither saves nor restores data.
(2) saves data.

(3) Restores and saves data.

(4) Restores data but does not save.

12



JJA,JJB,* "

JJG,IV,
10G Controls potential setting (see below).
IRN The number of the data set on tape to be restored.

The second card contains the error criterion and the relative
dielectric constants. EPSV is the maximum fractional change that may
occur at a given matrix point from one iteration to the next. If the
change is less than EPSV, a point is considered converged and no longer
in error. A typical value for EPSV is 0.0005 (0.05 percent).

EPl, EP2, EP3, and EP4 are the relative dielectric constants in
the regions between the matrices JA-JB, JC-JD, JE-JF, and JG-JI, re-
spectively, If the entire area has the same dielectric constant, all
of these can be set equal to 1.0.

Radial dielectric interfaces are specified on the next two cards.,
IDI specifies the number of such interfaces up to a maximum of four,
The relative dielectric constants on each side of the four surfaces are
specified by EPV1l, EPV2, ..., EPV5. EPV1 is to the left and EPV2 is to
the right of the first surface, EPV2 is to the left, and EPV3 is to the
right of the second surface, etc. The locations of the interfaces are
specified on the next card on the ID matrix. The first term of this
matrix gives the column number (I) of the first interface; the second
and third terms give respectively the lower and upper 'J" coordinates.
This sequence is repeated for the remaining three interfaces.

The electrode configuration is specified by the integer matrices
described above., Some restrictions and requirements will be listed
here. As described above, dielectric surfaces are specified by making
the upper limit matrix values, e.g., JB(I), the same as the next lower
limit matrix, e.g., JC(I). The dielectric interface must be a straight
line, parallel to or at *45 degrees to the axis of symmetry-bottom edge
of the matrix. As a direct result of this, any electrode parallel to
or at =45 degrees to the axis must be at least one matrix square thick,

13




e.g., JC(I) =2 JB(I) + 1, or it will be treated as a dielectric inter-
face. If the axis is to be included, as the bottom edge of the plot,

JA(I) should be zero in the region where the potential is to be com-
puted on the axis.

The normal procedure in relaxing the potentials is to compute
the matrix points starting at JA(I), proceeding up the column to JB(I),
then from JC(I) to JD(I), from JE(I) to JF(I) and JG(I) to JI(I). The
computation from JA(I) to JB(I) always occurs, but if JC(I) is zero,
the computation stops there; if JC(I) = 0 and JE(I) = 0, the computation
stops at JD(I); and similarly, if JE(I) > 0 and JG(I) = O, the compu-
tation stops at JF(I). The computations stop at the point where JC(I)
or JE(I) or JG(I) = 0.

The potentials on the electrodes and boundary points are set by
the next section of the data. Nonzero potentials must be set along the
lower and upper surfaces of electrodes within the configuration. For
each potential along each section of the electrode, the potential can
be set by specifying the integer matrix to be used to store the po-
tentials, the lower and upper I limits, and the potential to be stored.
The number of potentials to be set are specified by JJA, JJB, JJC, etc.,
on the first card (see above). The lower and upper.”I” limits and the
potentials to be set are specified on individual cards, in sequence,
such that the potentials are set along JA, JB, JC, etc., in that order.
There may be surfaces on which no potentials need be set, e.g., those
at zero potential and dielectric interfaces; in this case some of the
JJA, JJB, etc., may be zero. The potentials within electrodes and on
vertical (radial) surfaces will be set automatically, provided the
potentials on the top and bottom surfaces are set correctly.

One exception to the above potential setting routines occurs in
columns containing dielectric interfaces. In these columns potentials
on or within electrodes must be set by the routines described below.

It may be that all the integer matrices are not needed to describe
the configuration. If this is the case, the JJC, JJE, or JJG should be
set equal to -1; e.g., if only JA and JB matrices are needed, JJC = -1
will both eliminate the need for reading in the remaining matrices and
eliminate the use of these matrices in any further computations.
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Linearly and logarithmically varying voltages may be set alung
vertical (radial) lines and linearly varying voltages may be set alcng
horizontal (axial) lines. The number of vertical and horizontal linear
potentials are specified by IV and the number of logarithmically vary-
ing potentials by 10G on the first data card. The number of horizontal
linear distributions is given by the first two digits of IV and the
vertical distributions by the last two digits of IV; e.g., IV = 102
would indicate 1 horizontal and 2 vertical potential lines to be set,

The first of these data cards shows the vertical linear distri-
butions. On each card are given I, the column number; JL, the lower
J limit; JH, the upper J limit; VSL, the voltage at (I,JL); and VSH,
the voltage at (I,JH). The second group is identical in form to the
first but sets logarithmic potentials. The last group sets horizontal
lines and has IL, the left "I" coordinate; IH, the right "I" coordi-
nate; J, the row number; VSL, the voltage at (IL,J); and VSH, the volt-
age at (IH,J). Note that the potentials of all boundary points (with
the possible exception of the axis) must be set by the input data.

The next group of cards gives the information needed for plotting.
If no plot is desired, these three cards should be blank. If a plot is
desired, up to 24 equipotentials may be specified., Any equipotential
may be plotted except for zero., If the zero equipotential is desired,
a value such as 0.0001 can be used. The values must be set consecu-
tively; e.g., if ten equipotentials are desired, the first ten numbers
must be set with the remaining 14 zero.

If it is desired to blow up any square areas of the plot, it is
necessary to specify these areas on up to 10 cards giving the left and
right and bottom and top limits on consecutive cards.

The data set is terminated with one blank card. The program may
be terminated by 2 additional blank cards, or any number of additional
data sets may be added. The last data set must be terminated with a
total of 3 blank cards.

15




Sample Plot

Figures 3, 4, and 5 show a configuration with three dielectrics
and two electrodes. The dielectrics range from €. = 1.0 at the bottom

to ¢ = 8l at the top. Figure 3 shows the complete configuration.

Figures 4 and 5 are enlargements of the area about the €. = 2.5
dielectric.

Input data for this run are shown in Table 1 and are described in
detail in Appendix A.

the CDC 6600 computer.

Total execution time was less than 2 minutes on

‘5.0 Vv - 1.0

. e e
e e e e e = e g

3.0 7T B + o
SISO - ),
;\\\L\\Q[ L

0 1.0 0

Fig. 3 Plot of multiple dielectric configuration.
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TABLE 1. Sample Data Set

f1 60 72 51 1 343 1 © 1 2 2 1 T -1 0 L " ) R
€2 0.0C05 1.0 2.5 8l.0 81.0

03 Z 810U 2.3 100

Cl k1 28 51 u6 28 51

¢ 1717 17T 1 1TTTrrrIrrrr i ry101r I T
¢¢ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

i} I7"1"171 171 1T1T71T1TO1 T -

Cé 24 24 24 24 24 2L 2L 2L 2L 2L 2L 26 26 26 26 26 26 26 26 26

TY 76 2626 2t 20 2676 26 26 26 22 I I7 I5 It I3 IZ IT I 39

ic_ 9 & 8 /7 /7 / 6 6 6 6_6 i _

1T 728 '28 28 28 28 28 28 28 28 28 28 26 26 26 26 26 26 26 26 26 T
12 26 26 26 26 26 26 26 26 26 26 26 26 26 26 28 28 28 28 28 28

13 76 28 28 28 28 "6 28 T§ 28 2872 T T T TTTTTT T e o
1L 51 51 51 51 51 51 51 51 51 51 51 28 28 28 28 28 28 28 28 28

15 TI8 YR 28 28 28 I8 2 28 28 28 28 28 28 28 5T 5T 5T ST 5T 51

16 ¢ 51 51 51 51 € 51 51 51 51 51

1/ ) ’ T T 28 9878 Y¥O28 28 7§ 2878 0 T

18 28 28 28 2% 28 28 28 28 28 2% 28 28 28 28 o

19

20 ¢ 51 51 51 51 51 51 51 51 51

1 3T 3175151 51753175751 5151751 5175151

22 0

23 1 51 6.5 T i
2L 1 11 0.5

25 31 51 0.5 -
26 1 11 1,0

277 31 51 1.0 i il w T T
28 12 34 C.5

29 2 3L 1.¢

30 Ll /[ ul 0.5 0.5

31 ug 6 ul C.5 C.5

32 bl 42 51 1.0 1.0 _

33 ug 42 51 1.0” 1.6 - T T T T ;
3L 1 1 2. c.C 0.5
35 51 1 € C.C C.5

36 1 28 51 €.5 1.¢

3/ 51 28 51 0.5 1.0

38 ¢.c001 0.05 c.1 0.2 C.3 0,bL e, L5 0.5
39 t.50C1 .55 0.6 ° “e,7 r.8 77T 0,95 7T, 99997
Le

Ll 6 36 11 41

0?2 6 16 21 31

L3

uh

L5 - R et -
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APPENDIX A

Sample Data Set

The data set shown in Table 1 is explained in detail in this

The original configuration is shown in Fig. A-1, where two
cylindrical electrodes at a normalized potential of 0.5 are connected
by a dielectric with a relative dielectric constant of 2.5. These
cylinders are enclosed in two other cylinders held at potentials of

0 and 1.0, with €. = 1.0 and €. = 81.0, respectively, between them and
the intermediate electrodes. The axis of symmetry is at -50 on the
scale shown.

appendix.

The data on the first card are:

MM = 60
NVEM = 2
NZ = 51
NR = 51
NRO = 50
MU =1

JJA =0
JJB =1
JJCc = 2

JJD = 2

The maximum number of passes through the voltage
matrix during each of the three relaxation cycles,

The maximum number of errors to be left in the po-
tential relaxation at convergence.

The number of axial matrix points employed,
The number of radial matrix points employed.

The number of matrix increments between the lower edge
of the drawing and the axis of symmetry.

No data are to be saved.

No potentials are to be set along JA.
One potential is to be set along JB.
Two potentials are set along JC.

Two potentials are set along JD.
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Fig.

11 21 31 41

Z (matrix squares)

A-1 Configuration for sample data set..
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JJE =1 One potential is set along JE.
JJF =1 One potential is set along JF.

JJG = =1 No potentials are set along JG, and the JG and JI
matrices are not employed and will not be read as
input data.

JJI =0 Ignored, since JJG is negative.

IV = 004  Four linearly varying potentials are set vertically
but none are set horizontally.

LOG = & Four logarithmically varying potential distributions
are set.

IRN = 0 Ignored, since data are not restored.

The second card gives the error limit as 0.05 percent and speci-
fies the relative dielectric constants as EPl = 1.0; EP2 = 2.5, and
EP3 as 81.0. EP4 has been set equal to 81.0 (equal to EP3) but is not
employed in the relaxation process.

The next two cards specify the two vertical dielectric interfaces,
IDI = 2 indicates there are two surfaces; the relative dielectric con-
stants from the left to the right are 81.0, 2.5, and 1.0; the last two
relative dielectric constants are not employed and are left blank. The
second card specifies the column numbers 41 and 46 and the lower and
upper limits, 28 to 51 in both cases.

The next 3 cards (numbers 5, 6, and 7) make up the JA matrix which
in this case is simply the bottom edge of the matrix.

The JB matrix is specified by the cards 8 through 10. This

matrix follows the lower edge of the left intermediate electrode from
I =1 to 11 and then the lower surface of the €. = 2.5 dielectric over

25




to the right electrode. It then follows the lower edge of the right
intermediate electrode from I = 31 to 51. On this curved portion the
matrix points which lie nearest the surface are employed,

The matrix JC is specified by cards 11, 12, and 13. These values
follow the top of the left electrode through I = 11, and then follow
the bottom of the dielectric from I = 12 to 30, corresponding exactly
to JB in this region. The top of the right electrode is specified from
I = 31 to 51 on this matrix except at I = 41 and 46, the location of the
vertical dielectric interfaces, at which points JC(I) is zero.

The matrix JD specified the outer (top) electrode for I < 1l and
> 35; from I = 12 to 34 the upper surface of the €p = 2.5 dielectric is
specified. Again JD(I) is zero at I = 41 and 46, the radial dielectric
surfaces.

The top surface of the dielectric is specified by the values of
JE between I = 12 and 34, The remaining portions of JE are zero since
they are not needed.

The remaining portion of the outer cylinder is given by the matrix
JF from I = 12 to 34. Again, the remainder of this matrix is zero since
it is not needed.

The next seven cards set potentials along surfaces defined by the
matrices above. It is not necessary to set the potential along the
bottom edge of the matrix since the potential matrix is initially all
zero.

Card number 23 sets the potentials along the bottom edges of the
intermediate electrodes and sets an initial potential along the bottom
edge of the €y = 2.5 dielectric. Potentials along dielectric surfaces
do not have to be set but a good initial guess will speed convergence.

Cards 24 and 25 set the potentials along the top edge of the
intermediate electrodes as specified by the matrix JC. Cards 26 and 27
set potentials along the two portions of the outer electrode specified
by the matrix JD.

26



The initial potential of the upper edge of the €. = 2.5 di-
electric, as specified by JE, is set by card number 28, The potentizl
of the section of the outer electrode given by the JF matrix is set by
card number 29,

All points within electrodes will be set to the potentials on
their surfaces, and all points between electrodes will be set initially
by making linear distributions between them. Since all points on the
boundaries of the matrix must be specified, with the possible exception
of axis values if the bottom edge of the matrix is the axis, the po-
tentials along the right and left edges must also be set,

The exception to the above potential setting routines occurs in
the columns containing radial dielectric interfaces, I = 41 and
46 in this case., Potentials within the intermediate electrode and at
the top electrode must be set, In this case it is also convenient to
set the initial potentials on the dielectric surfaces. The four cards
specified by IV are employed here as cards 30 through 33.

Since Fig. A-l represents a portion of an axially symmetric system,
it would be preferable to set the potentials along the radial edges log-
arithmically. This is accomplished by the 34D through 37" cards.

These specify potentials in column 1 from 1 to 24 and 28 to 51, and in
column 51 from 1 to 6 and 28 to 51, respectively. The number of these
cards was specified above on card number 1 by LOG.

The next three cards give the values of the equipotentials to be
plotted. Note that the zero potential cannot be plotted. If no plot
is desired, three blank cards should be used here,

Since a plot is desired, up to ten areas may be plotted on a
larger scale. In this case two areas are to be expanded. These are
shown in Figs. 4 and 5 in the main body of the report. A blank card
(number 43) terminates the data set.

At this point a second data set may be employed or two blank
cards (numbers 44 and 45) may be inserted to terminate the program.

27=-28



APPENDIX B

Data Sheets for Plotting Program
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JI




IL 4 IH g

VS

17

214,E9.2

I 4 JL 8l

JH

12

VSL

21

VSH

314,2E9.2




9¢-6¢

18

27

36

45

54

72

VCON
8E9.2

IL 4

IR

(o]

JB12,9T16

414
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APPENDIX C

Listing of the Program and Subroutines

The program consists of a main program called LEARS, which per-
forms the relaxation of the potentials, and several subroutines which
do the plotting, the saving of data, and the restoring of data.

Plotting is carried out by the subroutines EQPLOT, CDPLOT, SCAN,
TRACE, CALC, and PILINE. EQPLOT is in overall charge of the plotting
while SCAN, TRACE, and CALC do the equipotential computations. CDPLOT
sorts the data for the various sections of the plotted output, e.g.,
the enlarged sections. PILINE transmits the equipotential points to
the plotting subroutines.

The North American Aviation Subroutines for the Stromberg-Carlson
4020 as modified for the CDC 6600 computer at Sandia Laboratories,
Albuquerque, are employed. Tape number 10 is employed as the plot out-
put tape.

RDTAPE and WITAPE are employed in the restoring and saving of
data, respectively. The tape employed must initially have the binary
number 999 written on it before these routines are used. These routines
use tape number IST.

Tapes 51 through 60 are system scratch tapes and neet not be user
tapes.
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PROGRAM LEARS (INPUT,OUTPUT,TAPE10,TAPEL,TAPES1,TAPES2,TAPES3,
1 TAPES4L, TAPESS,TAPESH,TAPES7,TAPES8,TAPES9, TAPERD)

LAPLACES EQUATION AXISYMMETRIC AND RECTANGULAR SIMULATION
INCLUDING DIFFERENT DIELECTRICS
BY J. E. BOERS QRG 5245

DIMENSION Vv(201,201), JA(201), JB(2Q1), JC(201), JD(201), JE(201),
.1 JF(201),RI(201), JG(201), JI(201)

DIMENSION RIE1(201), RIE2(201), RI1(201), RI2P(231), RIZM(201),

1 RI3(201), RIE3(201), RI3IM(201), RI&(201)

NDIMENSION VCON(24), REC(1200), Z(2300), R(2000), IPT(3,3), INX(8),
1 INY(3)

DIMENSION Sv(100), XYM(40Q), IRIT(1L0), I7Z(2000), IR(2000)
DIMENSION IDC(12)
COMMON NZ,NR,IX, IY IOX s INYISSyITyNPyNyPY,RECyCV,4RyZHyIPTH,INX,yINY,

1 VsXLoYLySyUgNTyMTyIZXyDX,yDY4XMAXySCALE,,YMAXyVCONyJSYMyLSYM,JT
2 ySV,y XYM, IRIT, NPLOT, I1Z,IR, MLNTH, IR3, IRT, IZL, IZR

IZx = 1
ISTP = 1399
IST = &
NVR = 41401

5 PEAD 1000yMMyNVEM,NZ yNRyNRD yiUyJJA9JI3yJJCy U0y JJEYJIFyJJGyJJUI,1IV,
1 LOG,IRN,ISN,
1 EPSV,EP1,EP2,EP3,EPL

TF (NZ) 249243
2 CALL EXTFLM(J)
CALL EXIT
3 CONTINUF

RPEAD 1930,I0I,5PVL,EPV2,EPVIZEPVL,ERPVS, (ID(T),,I=1,12)

RPZAD 1005, (JACI)yI=1,NZ)

°E£4) 1005, (JB(I),I=1,N2)

IF (JJN) 512,615,615
512 DO K13 I=1,NZ

Jo(Iy =10
613 JO(IY = 0
Go T2 5340

A15 READ 1935, (JC(I),I=1,yN2)
PEAN 1005, (JD(T),I=1,N2)
IF (JJF) 617,620,520
517 DO 613 I=1,NZ

JE(I)Y =0
613 JF(IY = 10
GO TO 530

521 RIAN 1305, (JE(T)yI=1,NI)
READ 1005, (JF(I),I=1,N2Z)
IF (JJG) 622,625,625
622 DO 823 I=1,NZ
JG(I) = 90
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623
625
630

11

10

12
13

15
17

20

22
23

2s

27
28

30

3l
32

35

33
21

JI(I) = 0

80 TO 630

READ 10089 (JG(I)9Im]yN2)
READ 1008 (JI(I)eImlyn2)
CONTINUE

DO 7 I=1yNVR
V(I’ = 0.‘3

IF (MU=2) 94998

CALL RDTAPE (ISToISTPyIRNsVyNVR)
CONTINUE

IF (JJUA) 12912911
DO 10 K=s19JJA

READ 10100ILsIHyVS
DO 10 1sILyIH

J = JA(D)

V(leJd) = VS

IF (JJB) 17017,13
00 15 K=a1eJJB

READ 101001LyIHyVS
DO 15 I=ILyIM

J = JB(I

V(leJd) = VS

IF (JJC) J4922,18
DO 20 K=19JJC

READ 10100ILyIHsVS
DO 20 I=IL,yIM

Jd = JC(I)

V(led) = VS

IF (JJD) 344927423
DO 25 K=19JJD

READ 101002ILyIHeVS
DO 25 Is=ILyIN

J = JD(I)

V(leJ) = VS

IF (JJE) 34,431,28
DO 30 K=1¢JJE

READ 10100ILsIHeVS
DO 30 I=tL,IH

J s JE(D)

V(IsJ) = VS

IF (JJFy) 34,33,32
DO 35 K=19JJF

READ 1010¢ILoIHeVS
DO 35 Iall,IHW

J = JF(])

V(IeJd) = VS

IF (JJB) 34924421
D0 36 K=1+JJG
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o000

o000

OO0

42

36

26
19

31

34

38
39

40

READ 10109¢ILsIHoVS
00 36 IsilL,yIH

J = JG(I)

ViIsJ) = VS

IF (JJ]) 34934419
DO 37 k=10 JJl

READ 10l09eILolHeVS
DO 37 IsILyIM

J = JI(D)

V(led) = VS
CONTINUE

DIELECTRIC SURFACE CONSTANTS

DO 40 Jm2sNR

RI(J) = 040

IF (NRO=9999) 38,39,39

RI(J) & 0¢125/FLOAT(NRO®J=])

RIEL(J) = 240%(EP1+EP2)+RI(J)®(EP2/(0,25¢RI(J))=EP1/(0425«R] (J)
RIE2(J) = 240%(EP2+EP) *RI(J)*(EP3/ (0425+R1(J))=EP2/(0s25=R](J)
RIEI(J) = 2+0®(EP34EPG)*RI(J)*(EPS/(0,25+R1(J))=EP3/(0.25«RT ()

RI1(J) = =RI(J)®EP1/(0,25=RI(J))+EP1
RI2P(J) = EP2¢RI(J)®EP2/(0.25¢RI(J))
RI2M(J) = EP2=RI(JI®EP2/(0,25=RI(J))
RI3M(J) = EP3=RI(J)®EPI/ (0,25=RI(J))
RI4(J) = EP4+RI(J)IPEP4/(0,25¢RI(J))

RI3(J) = RI(J)®EPI/(0,25+RI(J))+EP3

El12 = (EPl+EP2)%0,5

E23 = (EP2+EP3)#0,5

E34 = (EP3+EP4)/2,0

EPV12 = 0eS®(EPV1eERV2)

EPV23 = 0eS®(EPV2¢EPV3)

EPV34 n 0¢S*(EPVI+EPVS)

- ERPV4S 3 0+5% (EPVAERPYS)

43

45

7
48

NZ1 = NZ=l
NZ2 = NZ=2
MN = MM/2

LINEAR VOLTAGES

LINI = IVv/100

LINJ = Ty=100%LINI

IF (LINJ) 67947943

DO 45 K=)lsLINJ

READ 1015919JLsJHyVSL,VSH
V(IsJL) = VSL

V(IsJH) = VSH

JL = JLel

JH = JHe}

DV = (VSH=VSL)/FLOAT (JUH=JL*2)
DO 45 JsJLyJH

V(IeJ) m V(IleJde=el)eDV

LOG VOLTAGES

IF (LOG) S1s51y48
D0 50 K=1+L06




o000

o000

S0

51
53

52
54

55

115

116
117

118
120

READ 1015 sI1yJLoJHoVSLyVSH
VIIsJL) = VSL
V(IsJH) = VSH

JL
JH
RO
RT
ov
00

s JLe)

s JHel

® JL=2*NRO

= JHeNRD )
(VSH=¥5L) 7ALOG(RT/RO)
50 JsJlyJM

V(IsJ) m VSLeDV#ALOG(FLOAT (J=l+NRO)/RO)

IF
Do

MORIZONTAL LINEAR

(LINI) 84,5453
52 KmleLINI

READ 1015¢ILoIMoJoVSLyVSH
V(ILeJ) = VSL
V(IHeJ) = VSH

IL
IN
ov
Do

s [Le)

| IH.‘

® (VSH=VSL)/FLOAT (IH=IL*2)
52 IsllelIM

VIiIsd) = V(I=lyJ)eDV
CONTINUE

IF
Do
JL
JH
vD
oo

INITIAL POTENTIALS

(MU=2) 55:55979%

120 I=24NZ1

s MAX0(20JA(I)e))

= JB(l)=l

 (V(ItJHe 1) =V (ToJLel))/FLOAT (JHeJL+2)
72 JaJlyJH

V(Ied) = V{lgJel)evD

IF
IF
JL
JH
oy
0o

(JJC) 120475975

(JC(1)) 1209120480

B JC(1)el

s JD(1l)el ‘

% (V(IvJHal)wV (ToJLel))/FLOAT (JHwJL+2)
100 JsJL o JH

V(Ied) = V(leJel)eDV

IF
IF
Ji
JH
ov
0o

(JJE) 12041059105

(JE(I)) 120491200110

= JE(1)s]

s JF(l)e]

B (V(IoJHel) eV (TIoJL=1))/FLOAT (JHwJL+2)
115 JaJlLyJH

VilsJ) = V(IeJ=]l)eDV

IF
IF
JL
JH
oV
Do

(JJG) 12091164116
(JG (1)) 1204120,117

s JG(1)+l

s JI(])e=l

B (V(IsJHel)eV(IsJL=l))/FLOAT (JHaJL #2)
118 J ®JLoJH

Vilsd) = V(IyJdel)eDV
CONTINUE

ELECTRODE POTENTIALS
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44

965
970
975
980
985

680

685
690
695

700

708
710

714
715

720
725

730
735

739
740

745
750

755
760

764
765

770

774
775
780

00 780 I=lyNZ

IF (ID]) 985,9859965

IF (IeID(1)) 9704780,970
IF (I=ID(%)) 975+780,97%
IF (I«ID(7)) 980,780,980
IF (1«1D(10)) 985,780,988
CONTINUE

IF (JA(I)w]) 695,695,680
Ju o= )

JH = JA(])el

VS 3 V(1,JHe})

DO 690 JswJLoJW

IF (V(1I+J)) 69006854650
V(Ied) = VS

CONTINUE

CONTINUE

IF (JC(I1)) T00s7000705
JH = NR

GOTO T1o0

JH JCI(I)e]

JL = JB(1)el

VS = V(I,JL"])

DO 715 JsJLJH ‘
IF (V(IeJ)) 71547149715
V(iIied) = VS

CONTINUE

IF (JC(1)) T780,780+720
IF (JE(1)) T25,7254730
JH = NR

GO TO 73s

JH = JE(1)el

JL 8 JD(1) el

VS = V(I,JdLe=])

DO 760 JmJisJH

IF (V(IsJ)) T40+7399740
VileJ) = VS

CONTINUE
IF (JE(I
IF (J6 (1!
JH = NR
GO TO 760

JH = JG(1)el

JL = JF(1)»l

VS = V(I,sJdL=1)

DO 765 JmJLoJH

IF (V(XIed)) T6597649765
V(IsJ) = VS

CONTINUE

IF (JB(I1)) 780,780,770
JH = NR

JU 3 JI(I)el

VS = V(l,dLe])

DO 775 JsJLeJH

IF (VIIed)) TT5eTT4e775
ViIeJ) = VS

CONTINUE

CONTINUE

) 780,780,745
) 75097504755

-



O OO0

795
122
125
130

135
140

142
145
150
183

155
160

165
166

167
170

172

173
174
178
180
185

187

190

192

FIELD RELAXATION
CONTINUE

L=

CONTINUE

L o= Lel

K=o

NE = 0

DO 166 l=wdyNZ22y2 ‘

IF (JA(1)) 16641304135

Ju = 1]

GO TO 140

JL = 3e(JA(I)/72)®2

JH ® UB(])e2

IF (JHeJL) 1669142,142

00 165 JsJdlLoJHs2

IF (Jel) 16541459150

VNU 3 (V(1620J) ¢V (1229J) 4,00V (I9Je2))/6,0
GO TO 15%

VNU 8 (V(Ie29J) oV (I®25J) eV (IoJe2) oV (19Jm2))®0,25¢RI(JI*(V{IoJa2)w
1 Viledmw2))e2,0

IF (VNy) 1559153,15%

VNU = 0,0001 )

IF (ABS(V(I9J)/VNUel,0)=EPSV) 1651165+160
NE = NEe1l

Viled) = VNU

CONTINUE

D0 185 I=3,4NZ2,y2

IF (JJC) 20991679167

IF (JC(1)) 185,188,170

JL = 3e(UC(IN/2) %2

JH = Jp(1)e2

IF (JHeJL) 185,172,172

DO 180 JmJLoJHy2

VNU = (V(Ie20J)oV(Iw29J)eV(I9Je2) eV (I9Jw2))®0,25+RI(JI®(V(IvJe2)>
1 V(ledw2))e2,0 ‘

IF (VNU) 17441735176

VNU = 0,0001

IF (ABS(V(l9J)/VNU=l,0)=EPSY) 18021809178
NE = NEe)

V(ileJd ) = VNU

CONTINUE

IF (JJE) 20991879187

DO 205 I=3yNZ2s2 )

IF (JE(l)) 205,205,190

JL = 3e(JE(I)/2)®2

JH = JF(])e2

IF (JHeJL) 20591929192

DO 200 JmJLsJHe2

VNU 8 (V(Ie2,J)eV(Iw2,J)eV(]yJe2)¢V(I,J=2))8025*RI(JIN(V(IgJe2)®
1 V(lsJe2))®2,0

IF (ABS(V(IsJ)/VNUal,0)=EPSY) 200+200¢195

195 NE = NE+]

200

VI(IvJ) = VNU
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205 CONTINUE

IF (JJG) 20992079207
207 DO 206 Im3IyNZ2y2

IF (JG(1)) 2064206919)
191 JL = 3+(J6(1)/2)%2

JH = JI(l)=2

IF (JLeJH) 2069193193
193 D0 201 JmJLsJHy2

VNU & (V(Ie20J) oV (1@29J)eVIIeJe2) oV (19Jm=2))®0,25¢RI(JIP(V(IoJe2)=

1 V(1yJ=2))

IF (ABS(V(IsJ)/VNUel,0)=EPSV) 2019201+196
196 NE = NEe]
201 V(IsJ) = VNU
206 CONTINUE

209 K = Ke])
IF (NE-NVEM}ZISQZISOEIO
210 IF (KeMM) 1259215218
215 PRINT 1020,NE
DO 3285 I=3,N22,2
JL = 2a(JA(I)/2) %2
JUu 3 JB(])el
DO 300 JmJLorJUy2
300 V(IeJ) = (V(Isdel)eV(TeJmwl)) 0,5
IF (JC(I)) 325,325,305
305 JL = 2+4(JC(I)/2)%2
JU = JD(1)=l
DO 310 JmJdLoJUy2
310 V(Ied) = (V(IeJel)eV(IoJwl))®0,5
IF (JE(1)) 3259325,315
315 JL = 24 (JE(I)/2)%2
JU 3 JF(l)el
DO 320 JsJLiJUs2
320 V(IeJ) = (V(IeJel)eV(19Jel))®0,5

IF (JG(I)) 32513259316
316 JL = 2¢(JG(I)/72)%2
JUu = JF(I)=l]
00 321 JmJlLeJUs2
321 VI(TeJd) ® (V(IsJel)eV(TIgJml)) 0,5

325 CONTINUE
DO 355 I32yN22+2
JL = 1e0A(])
JUu = JB(])el
D0 330 JsJLJU
330 V(IeJd) & (V(IeloJ)eV{ImlyJ))#0,5
IF (JC(1)) 35593559335
335 JL = JC(1)el
JU = JD(1)el
D0 340 JsmJLrJU
360 V(I9J) = (V(IeloJ)eV(I=19J))*0,5
IF (JE(l)) 35593554345
345 JL = JE(I)el
JU 3 JF(1)el
D0 350 JmJLsJU
35S0 V(leJ) = (V(IslpJ)eV(lmlyJ))®0,5




IF (JG(I)) 355,355,34¢
346 JL = JG(1)e]

JU = JI(l)e]

DO 351 J =JL,JUy
351 V(IeJ) m (V(I®1eJ)eV(IwleJ))®0,5
355 CONTINUE

K=o
370 NE = 0

DO 460 I=29NZ1
JL ® JA(1)el
S JU = JB(1)el
DO 420 JmJlLJU
IF (J=1) 40094009405
400 VNU = (V(IoloJ)OV(I-loJ)ob.OOV(IoJOI))/6.0
GO TO 4l0 ~
405 VNU ® (V(IelaJ)oV(IwlgJ)eV(IoJel)oV(IgJ=1))®0,25¢RI(J)®(V(IoJel)e
1 V(leJdel))
410 IF (ABS(V(IoJ)/VNU-l.o)-EPSV) 42004209415
415 NE = NE#]
420 V(IsJ) = VNU

IF (JJC) 46094259425
425 IF (JC(1)) 460,4609430
430 JL = JC(I)el
Ju s Jp(l)lel
DO 440 JaJLoJU
VNU & (V(TeloU) eV (I®)gd)eV(IgJeol)oV(IoJm]))®0,254RI(JI®(V(IsJe])=
1 V(ledel))
IF (ABS(V(I4J)/VNU=1l,0)=EPSV) 4401440,435
435 NE = NEe1l
440 V(IeJ) = VNU

IF (JJE) 46004430443
443 IF (JE(I)) 66044604445
445 JL 3 JE(1) el
JU s UF(1)el
DO 455 JaJLyJU
VNU 3 (V(Iolod) oV (Iwlod) oV (IoJel) oV (ToJel))®0,254RI(JI*(V(IsJel) =
1 V(lsdel))
IF (ABS(V(I+J)/VNU=1,0)=EPSV) 45514559450
450 NE = NEo}
455 V(IsJ) = VNU

IF (JJG) 46004420442
442 IF (JG(I)) 460,460,446
446 JL = JG(1})e]

JU = JI(])el

DO 456 JsJlL,yJU

VNU 3 (V(Ielod)oV(I=1sd)eVI(IoJel)*V(IeJ=1))®0,25¢RT(JI*(V(IsJel)w

1 V(lydal))

IF (ABS(V(IeJ)/VNU=]1,0)=EPSV) 45696569451
451 NE = NE+o}
456 V(1¢J) = VNU

460 CONTINUE
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DO 586 I=2yNZ1
IF (JJC) S8914959495
495 IF (UB(1)=JC(I)) 535,500,535
500 J = JUB(I)
IF (1ABS(JeJB(l=l))=l) 52095104505
305 IF (1ABS(JmJB(I¢l))=1) 52005154535
510 IF (JU=uB(l=1l)) 530,520+525
S15 IF (JeJB(lel)) 525,520¢530 ,
S20 V(IosJ) 3 (RIL(JIMY (1o ml)eRIZP(JI®V(I9Jel)eEL2®(V(TelrJ)eV(Iwlod))
1) /RIEY (J)
. 60 TO 535
525 V(IeJd) & (RIZP(J)BV(IoJe1)eRI1I(JVI®V(IpJml)eERP1I#Y (Te]ly9J)+EP24Y (Im],
1 J))/RIEL ()
GO TO S35
530 V(Ied) 3 (RIZP(J)®V(TeJe1)*RIL(JIPV(ToJ=1)+EPLI®V(I=1yJ)+EP2OV(I*]),
1 J))/RIEL (V)
535 CONTINUE

IF (JJE) 586195409540

540 IF (JE(1l)) 586,586,545

545 IF (JD(I)=JE(I)) 585,550,585

550 J = JD(I)
IF (IABS(J=JD(I~1))=]1) S709560,555

555 IF (I1ABS(J=JD(I¢1))=1)570+565+585

560 IF (J=JD(l=l)) 58045709575

565 IF (JeJD(lel)) 575,570+580

ST0 VI(Ied) = (RIZ(JI®YV(I,)Uel) sRIZM(JI®V (T9Jm]) +E23#(V(IeloJ)eV(I=10J))
1 )/RIE2(Y)
GO TO 588

575 V(Isd) = (RI3(IIBY(LyJel)sRIZM(JI*V (I eJm]) ¢EP2#YV (I1419J)+EP3I#YV (I=]y
1 J))/RIE2(J)
GO TO s85

580 V(IsJd) 3 (RIS(UISV(I9Jel)sRIZM(JI®V (T 9Jm]1) +EPROV (T=]lyJ) sEP3®V (],
1 J))/RIE2(J)

585 CONTINUE

IF (JJG) 58695419541

541 IF (JG(I1)) 586¢586,546

546 IF (JF(I)=JE(I)) 586,551,586

551 J = JF(I)
IF (IABS(J=JF(I=1))=1) 571+561,556

556 IF (IABS(JeJF(I+l))=]1) S71+566,586

561 IF (J=JF(l=1)) 581,5714576

866 IF (J=JF(lel)) 57645719581

ST1 V(Isd) 3 (RIG(IISV(I,Jel)RIZM(NI#V(T9J=1)+EI43(V(IslrJ)eV(Ialrd))
1 ) /RIE3(J)
GO TO 586

576 V(Isd) = (RIG(IIHV(I,Uel)eRIIMIII®V(TIoJ=1)+EPI®V(Ts19J) +EPG®V (=1
1 J))/RIE3 ()
G0 TO 586

581 V(Isd) = (RIG(JII®V(I,Je1)eRIIM(JII®V(IoJ=1)+EP3WV(I=lyd)+EPG®V (Iely
1 U /RIE3(J)

586 CONTINUE
589 K = Ke]

RADIAL DIELECTRICS
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O

o}

O)

O

IF (INI)960,963,915

915 =1

= IDMM

L = ID(M+L) +1
JH = ID(M+2) -1

00 920 J=Jusuh

M
I
J

920 VI(IyJ) = {(EPVL2¥((1.0+RI(JIIFV(IyJ41) +(140-RI(IIIFV (I, \J=1))+EPV2*

1 VII+1,J)+EPVLI*V(I=1,J)) /(4. 0%EPVL2)
: IF (IDI-1) 960,300,925
925 M L

I ID(M)

JL = ID(M+1)+1

JH = IN(M+2) -1

NO 930 J=JL,yJH

330 V(IyJ) = (EPV23*((L0+RI(JI)I*VIIJ+1)+(1,0=-RI(J))I*V(I,J=1))+EPVYI*

1 V(I+1,J)+FEPV2*V(I=-1,J))/(4.0%EPV23)
IF (IDI-2) 960,960,935

925 M = 7
I = I0MM)
JL = I2(M+1)+1
Ja = IN{M+2) -1

N3 340 J=JdL,JH

94d VIIyJ) = (EPV3I4*((L0+RICIIFVII, J+1)+(1.0=-RI(JIII*V(I,yJ=1))+EPVL*

1 VII+LyJ)+EPVI*V(I=-1,J)) /(0. 0%EPVIL)
IF (INDI-3) 960,960,945

45 M = 190
I = ID(M)
J

L = IO(M+1)+1
JH = ID(M+2) -1
D0 950 J=JL,yJH

350 VII,J) = (EPV4S¥((L0+4RI(JI)IFVIIZJ+L1)+(1.0-RI(J))*V(I,J-1))+EPVS*

1 VII+1,JY+EPVL*V(I+1,U)) /7 (4, 0%EPVLS)
A67 CONTINUE

IF (K-MN) 590,595,595
5971 IF (NE-NVEM) 535,595,370

595 PRINT 10223,NE
IF (L-3) 122,600,600
507 CONTINUE

IF (qU=4) 90049104910
9397 IF (MU=-2) 910,305,905

905 CALL WTTARPZ (IST,ISTP,IRN,V,yNVR)
313 CONTINUE

DO 515 J=1,yNR
505 PRAINT tDBJ,J, ('/(I,J, ’I=L’NZ)

PEAD 1025, VCON

PRINT L025,V00N

IF (VCONC(1)) 610,5,4611)
511 CALL EGPLOT
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1000
1005
1010
1015
1020
102S
1030
1050

50

& 0 TO

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
END

FORMATS

(1814/8E9,2)
(2013)
(2;"5902)
(31442€9,2)
(r7110)

(8E£9,2)
(1445E9,.271214)
(15/(10E12,5))




SUBROUTINE EQPLOT

COMMON NZoNRoIXoIY o IDXoIDY o ISSeIToINPINYPYIRECICYIR9ZsIPToINX9INY,
1 VoXLoYLgSoUgNTyMToIZXsOX DYy XMAX9SCALE g YMAXgVCON g JUSYMy SYMJT

2 +SVy XYMe IRITe NPLOTs I1ZoIRe MLNTHy IRBe IRT» 12Uy IZR

DIMENSION V{(201,201), REC(1200)s Z(2000), R{2000)yIPT(3¢43)9INX(B8),
1 INY(8)y VCON{2Z24)

DIMENSION 3V(100)s XYM(40)9 IRIT(10)s 1Z(2000)s IR(2000)
DIMENSION ISYMT(1l2)

IF (IZX) 54645

5 ISYMT(1) = 42
ISYMT (2) = 44
ISYMT (3) = 16
ISYMT(4) = 63
ISYMT(5) = 55
ISyYMT(6) = 58
ISYMT(7) = 38
ISyMT(8) = 42
ISYMT (9) = 44

ISYMT(10) = 16
ISYMT(11) = 63
ISYMT(12) = S5
CALL ENTFLM(10)

6 CONTINUE

RNR = 041*"FLOAT(NRe])
K = 0

CALL SMXYV(0,0) .
CALL GRIDIV (190¢09sRNR90,0O9RNR114091,09=09=0910192+2)

IRB = NYV(0e0)
IRT = NYV(RNR)
IZL & NXV (0,0)
IZR = NXV (RNR)
IF (NZ<NR) 25425910

10 XYM(1) = RNR
XYM(2) = RNReRNR
XYM(3) = 0,0
XYM(4) = RNR
K = Ke} A
IF (NZ=NR=NR) 25925920

20 XYM(5) = RNReRNR
XYM({6) = 3,0®RNR
XYM(7) = 0,0
XYM(8) s RNR
K = K¢}

25 READ 10009ILoIWIUBIJT

1000 FORMAT (4l4)

IF (IL) 35935930

30 XYM(40Ksl) = FLOAT (IL=1)#0,1
XYM{4®Ke2) = FLOAT (1we])®0,]
XYM(4#Ke3) = FLOAT (JUR=i)®0,1
XYM(4#Ked4) = FLOAT (JT=1)%0,1
K = K¢}
G0 TO 25
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36

100
105

110

115

40

50
S5

60

52

l

CONTINUE

NPLOT = K

DO 36 I=1sNPLOT
ITP = 501
REWIND ITP
IRIT(I) = 0

I1 = )

DO 115 L=ly24

IF (VCON(L)) 120¢120,100
Cv = VCON(L)

GO TO (1054110)011
JSYM = 0

LSYM = 0

IT = 2

GO T0 115

JSYM=s 2%

LL = L/2

LSYM = ISYMT(LL)
I1 = 1

CALL SCAN

CONTINUE

K = 0

IF (NPLOT) 60+60+40
DO S5 I=]1sNPLOT
CALL HOLDIVI(1)

CALL GRIDIV (loXYM(48Kel) g XYM(4WK®2) g XYM(48Ke3)y XYM{4¥Ke4)91,091,

s=09w091919292)
K = Ke)

IMAX = IRIT(I)
ITP = ]+50
REWIND ITP
DO 50 KK=l,IMAX

READ TAPE ITPyKIgJSYM,LSYMy(IZ(J)9IR(J)eJm1sK]I)
CALL PILINE (IZoIRyKI,JSYMesLSYM)

CONTINUE

RETURN
END
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45

50
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SUBROUTINE COPLOT

COMMON NZINRIIL I 0N s I0Y s I8SelT NP NP Y JRECICY s R Z3ZPToIN s I NYy
1 Vo AL oL eSoUasNToMTyIZX70Xs0Y o AMAX s SCALE 9 YMAX s WCONoJSTYMILSYMsJTY

2 25V, AYM» IRITH, NPLOTs IZ3:IRy MLNTHW, IRB, IRT» 12L, IZR

DIMENSION ViE01920i1, REC(1200) 2 220007, R(2000)oIPT(3+43)INX{B},
1 INY (81 VYCuUNIJLH)

DIMENSION SVI1G0),y XYM(60)y IRIT(10)s $Z{2000::; IR{2000)
K= 9

00 20 I=1aN

K = Kol

1Z(K) =& NAV{Z(I))

IF (12:¢)) 10910915

KIK-1

GO0 To 20

IR(K) = NYV(RI(I))

CONTINUE

IF {K) 27927423
CALL PILINE (IZsIRaKyJSYMeLSYM)

IF (NPLOT) 55,55,28

DO 50 KxX=alyNPLOT

CALL XSCALV{XTYM(4%KKe3) o XYM{G*KK=2) y1ZL¢1023=12R)
Car YSCALVIAYM{49KXKa]) s XYM &#KK) 1 IRBe1023 [RT?
K=o

DO 40 I=i»N

K a Kel

IZ(K) =& NXV(Z(]))

IF (1Z(X)) 30¢30s35

K 2 Kel

GO TO 40

IR(K)Y = NYVIR(I))

IF {IR(KY) 37437540

KIK-I

CONTINUE

IF (K) 509501945

IRITI(KK) 3 IRIT({KK)e®)

ITP = KKe+50

WRITE TAPE ITPaKeJSYMyLSYMy (IZ{I)oIR(I)e1I=1K)
CONTINUE

RNR s 0,1®FLOAT(NR=]l)

CALL KSCALV (0409RNRsIZL+1023=12R}

CALL YSCALY (0.09RNRyIR8,1023=IRT)

RETURN

END

wi
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SUSRQUTINE SCAN

COMMON NZINRoIXoIYoIDHsIDY 9 ISSeIToNPoNsPYIRECICYIRZoIPTIINXoINY
1 Vo XL oYL aSoUaNTIMToIZXsDX DY s XMAXSCALE s YMAX o VCON2JSYMaLSYMJT
2 +SVy XYMe IRIT» NPLOTe IZ3IRe MLNTH, IR8, IRT, IZ! 1ZR

DIMENSION V(2014201), REC(1200)s Z(2000)y» R{2000}+IPT(3:3)sINX(8)

O

54

10
15

20

25
30
a5

1 INY(8)sy VCON(24)

DIMENSION SV(100)» XYM(40)s IRIT{(10)

MUNTH = 20}
NREC = 1200
NP = ¢

NT = NR

MT s N2

IF (1Zx) 1o
IPT(1 1)
IPT(1+2)
IPT(143)
IPT(261))
IPT(203)
IPT(3,1)
IPT(3+2)
IPT(3,3)
INX{1) =
INX(2)
INX(3)
INX{4)
INX(8)
INXIB)
INXIT)
INX{8)
INYLLD)
INY {2}
INY(3)
INY {4)
INY (5)
INY (6)
INY(T)
INY {8)
IZX = ¢
CONTINUE

Do 15 JUmls NREC
REC(J) = 0,0
Iss a3 ¢

1045

FUVOCWNN~OD-

MTl - MTul

DO 40 1=1»MT1

IF (v(Ie1)=CV) 25440440

IF (VI{Ie¢191)=CV) 40930930

IF (V(I*1el)=V(Isl)m1,0) 35+40,35
IX = le1

Iy =

IDX = =]

Iy = 0

CALL TRACE

12(2000)

IR{2000)




40

45
55

60
65
70

75
80

85

90
95
100

105

110
115
120

125

130
135

CONTINUE

NT]1 = NTel

DO 60 1Ism1:NT}

IF (V(MTyl)eCV) 4%,60,60
IF (v (MTelel)=CY) 50,50950
IF (ViMTeIeii«/(MTol)wle0) 55060958
IX = MY

Iy = 1o}

IDX = o

DY = =}

CALL TRACE

CONTINUE

00 85 Im}sMT]

MT2 3 MTelel

IF (V(MT29NT)=CV) 70,8585

IF (V{MT2=19NT)eCV) B85475¢75

IF (V(MT2=1sNT)=V{MT2)NT)=1l,0) 80s85,80
Ix = MTZ-I

Iy = NT

IDx = 1

Iy = ¢

CALL TRACE

CONTINUE

DO 105 I=slyNT1

NT2 = NTelel :

IF (V(1yNT2)=CV) 9091054105

IF (VI1aNT2=1)=CV) 1059959195

IF (V(1eNT2=1)=V{1yNT2)=1,0) 100+1059100C
IX = |

Iy = NT2a1

IDX = ¢

IDY = )

CALL -TRACE

CONTINUE

ISS = )

NTI k] NT-I

MT] = MTel

DO 140 J=29NT1

DO 140 Izl MT]

IF (V(IsJd)=CV) 11091609140
IF (V(Ie¢19J)=CV) 140,115,4115
IF (V(Ielod)=V(lydrm1,0) 120,1404120
COM = MLNTH®(I¢1)ey

IF (NP) 125,135,125

DO 130 ID = 1oNP

IF (REC(ID)=COM) 130,140,130
CONTINUE

IX = o1

iy = )

IDX = =1

IDY = ¢

()
w
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(9T}

CALL TRACE
140 CONTINUE

RETURN
END

o
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SUBROUTINE TRACE

COMMON NZsNRoIXoIYoIDXoIDY9ISSeITINPoNoPYIRECICVIRsZoIPToINXeINY
1 VoXLoYLoSoUINTIMToIZX9DXoDY o XMAXoSCALE 9 YMAX9VCON 9 JSYMoLSYM9JT
2 +SVe XYMs IRITe NPLOTy IZ9IRe MLNTHe IRBs IRTe IZLe IZR

DIMENSION Vi2031+201)y REC(1200)9 Z(2000)s R(2000)sIPT(I03) s INX(Z: >
1 INY(8)¢ VCON(264)

DIMENSION SV(100), xYM(40)y IRIT(10), 12(2000)s IR(2000)

PY = 0,0
S JT = ¢
N=20
IXo = IX
IY0 = 1Y
ISX = IDXe2
ISY = IDYe2
IS = IPT(ISXsISY)
JTB = 0
IS0 = IS
IF (1S0e8) 15+15910
10 IS0 = IS0=8
15 It = ¢

20 CALL CALC
N =a N

IF (ITeJT=1) 30430,25
25 XS = Z(Nel)
YS = R(Nel)
Z(Nel) s Z(N)
R(Ne1) = R(N)
Z(N) = XS
R(N) = YS
30 IS = 1S
JT = T
35 IF (1Se9) 45940940
40 IS = IS=8
4% IDX = INX(IS)
IDY = INY(IS)
IX2 = IXeIDX
Iv2 = IvelDY
JTB s JTB*l
IF (JTB=2000) 60960050

S0 PRINT 10004CVeZ(N)sR(N)

€000 FORMAT (1H0+23HA CONTOUR LINE AT LEVEL+F6.3+21H WAS TERMINATED AT Z

18E12.593H R®9yF7e394THRECAUSE IT CONTAINED MORE THAN 2000 PLOT POIN
2Ts)

DO 55 K=1oN
R(K) = (R(K)=le0)%0,]
55 Z(K) = (Z(K)=140)80,1

CALL COPLOT

57
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60
65
T0
75

80
as
90
95
100
105

110
115

120
125

130

138
140

145

150
155
160

165

RETURN

IF (1SS) 85985965

IF (IX=IX0) 10S+704105
IF (IY=lYO0) 105,75,10%
IF (IS-1s0) 108,480,108

CALL CALC

GO TO 160

IF (IX2) 909150990

IF (IX2eMT) 95995,150

IF (Iv2) 10041504100

IF (IY2«NT) 10591059150

IF (CVeV(IX291Y2)) 1104110420

IF (IDx®e2+IDY®®2a1) 115,135,115
DCP = (V(IX9IY)eV(IX2IY)oV(IXoIY2) oV(IX20IY2))®0,25
IF (DCP=CV) 2041204120

IF (INX(ISel)) 12591300125

Ix = IXelIDX

IDX = «IDX

PY = 2,0

CALL CaLc

IX = IXelDX
GO TO 135
Iy = 1Ye1DY
IDY = «IDY
PY s 2,0

CALL CaALC

Iy = Ive1DY

IF (V(IX=lolY)aCV) 140014591645
NP = NP+l

RECI(NP) = MLNTH®IXely

IS = 1S+5

IX = IXx2

Iy = 1Y2

G0 TO 3%

XT = MT

IF (VIIXwlelY)eCV) 18591609160
NP = NPel

REC(NP) = MLNTH®IXely

CONTINUE

D0 165 KslyN

Z(K) 3 (Z(K)wlqe0)®0,]

R(K) = (RI(K)=lya0)%0,]

CaLL CDPLOT

RETURN
END
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20

25
30

3s

45
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55

60
65

SUBROUTINE CALC

COMMON NZNRoIXoIYoIDXoIDYoISSoITINPoNsPYIRECICVIRIZoIPToINX9INYy
1 VoXLoYLoSoUsNToMToIZXoOX9DY o XMAX9SCALE I YMAX s VCON9JSYMoLSYM9JT
2 ¢SVy XYMy IRITy NPLOTy IZyIRy MLNTH, IRB, IRTy IZL, IZR

DIMENSION Y:2039201)y REC(1200)9s Z(2000)y R(2000) ¢IPT(393) o INX(8)
1 INY(8)s VCON(24) ‘ )
DIMENSION SV(100)y XyM(40)y IRIT(10)s 12(2000)s IR(2000)

IT = 0

N = Nel

IF (IDX®#2+]DY®®24]1) 30+8,30

IF (IDX) 20910420

Z(N) = IX

WeslYy

Iv2 = 1v+IDY

DYy = IDY

R(N) s ((V(IXoIY)aCV)/Z(V(IXelY)aV(IX9IY2)))*DYeW
RETURN
R(N) = 1Y
Was IX

Dx = IDX
IX2 = IX+1DX
ZIN) s ((V(IXoIY)=CV)/Z(V(IXoIY)@V(IX201Y)))®DXeW
RETURN

IX2 = IXeIDX

Iv2 = 1ve+l0Y

W s IX

U=y

Ox = IDX

DY = IDY .

DCP = (V(IXelY)e V(IX20IY)e VIIXoIY2)eV(IX201Y2))®0,25
IF (PY-Z.O) 35,940,235

IF (DCP=CV) 40940,5%

AL = V(IXeIY)eDCP

S s 0,5%(AL+DCP=Cv) /AL

Z(N) = S#DXeW

R(N) = SaDyeu

PY ®» 0,0

RETURN

IT =}

AL ®= V(IX201Y2)=DCP

S = 0,59 (AL+DCPeCV) /AL

Z(N) = =S*DXeWeDX

R(N) = «S*DYsUeDY

RETURN

END

59



10
20

60

SUBROUTINE PILINE (IZ;IR.N.JSYNOL@YN)
ODIMENSION IZ(1)s IRI(])

K = 0

00 20 I=2»N

K s Ke)

IF (KeJySyM) 20,10,20

CALL PLOTY (IZ(I)oIR(T)oLSYM)

K= 0

CALL LINEV (IZ(lel)sIR(I=1)o1Z(I)oIR(I))
RETURN .

END
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SUBROUTINE ROTAPE (IST.ISTPsISNsVINVR)
DIMENSION V(1)

NVR = NVR

REWIND IST

READ TAPE ISTsK

IF (K=ISTP) 7¢20¢7

IF (K=ISN) l0¢15910

READ TAPE IST

GO TO0 S8 i

READ TAPE ISTe (V(I)y1mlyNVR)

PRINT 1005+ISN

REWIND 1IST

RETURN

PRINT 1000+ ISN

REWIND IST

CALL EXIT .

FORMAT (16922H IS NOT A SAVED NUMBER)
FORMAT (16494 RESTORED)

END
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SUBRQUTINE WTTAPE (IST,ISTPoISNsVINVR)
DIMENSION V(1)

NVR = NVR

REWIND IST

READ TAPE ISTeK

IF (K«ISTP) 10425410

IF (KeISN) 20915420

ISN = ISNe)

READ TAPE IST

60 TO §

BACKSPACE 1IST

WRITE TAPE IST.ISN _

WRITE TAPE ISTy (V(I), ImlyNVR)

PRINT 10004 ISN

FORMAT (23H DATA SAVED UNDER ISN =414)
WRITE TAPE IST,ISTP

REWIND IST

RETURN

END




APPENDIX D

Data Output
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APPENDIX D

Data Output

The output from the program falls into four categories: plots,
matrix printout, convergence‘information; and data saving informatibn;Hf
The most immediately useful information can be obtained from the plOts,l
typical examples of which were shown in Figs. 3, 4, and 5. -

The matrix is printed out by rows. Each row is printed in sequence,
starting at the bottom edge of the matrix. The number of each row is
also printed to facilitate finding any particular section of the matrix.

Convergence information is printed as the first six integers be-
fore the matrix printout. A typlcal printout sequence might be

1894
683
530

33
106
36

where the first, third, and fifth numbers are the "errors" left on the
matrix after the coarse matrix relaxation, and the second, fourth, and
sixth numbers are the errors after the fine matrix relaxation. The
trend of both sequences of numbers should be to become smaller and,
ideally, the last number would be zero, indicating no "errors" left on
the matrix. Experience has shown, however, that whenever order-of-
magnitude reductions in the size of these numbers have been obtained
the program is rapidly reaching convergence, and there is very little
to be gained by increasing (MM) the number of passes through the matrix.
If these numbers are not indicating convergence, MM should be increased.

Data saving and restoring information is accomplished by the sub-

routines RDTAPE and WITAPE which will respectively read and write infor-
mation onto and from a magnetic tape. If data are to be restored, the
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saved number from the previous run must be specified as the restore num- ~<:)
ber (IRN). If data are restored, the comment (IRN) RESTORED is printed

in the output. The comment (IRN) IS NOT A SAVED NUMBER is printed and

the program is terminated if the record number requested cannot be found

on the tape.

If data are saved, the comment DATA SAVED UNDER IRN = _ _ _ _ is
printed. It is not necessary to specify IRN, since the subroutine
(WITAPE) will automatically choose an unused number. Before the tape
is used by this subroutine for the first time, the number 999 (ISTP)

must be written as the first record by a separate program.
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