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Abstract

A digital computer program has been written for the general solution
of Lapléce's Equétion and the plotting of equipotential and equifield lines.
The program will simulate any rectangular or axisymmetric configuration of
dielectrics and small floatiné electrodes. The potentials are simulated
on a large matrix of up to 201 x 201 points. Solutions with errors of less
than five percent are easily obteined in less than ten minutes on the
CDC 6600, and solutions can generally be obtained to any resolution desired
-through the blowup subroutine. It is written in the CDC 6600 Fortran IV pro-
gramming language, but should easily be translated into any other Fortran
dielect. A description of the different techniques employed on the discrete
matrix and some typical problems which have been solved during the design of
high voltage devices are presented. o '
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FFEARS

A DIGITAL COMPUTER PROGRAM FOR THE SIMULATION OF LAPLACE'S EQUATION
INCLUDING DIELECTRIC INTERFACES AND SMALL UNGROUNDED ELECTRODES

Introduction

This report describes an expanded and improved version of the
program for the solution of Laplace's equation in axisymmetric or rectangular
coordinates which was descrioed in an earlier report "Digital Computer Simla-

! 1 C 5/"7*”?
tion of Laplace's Equation Including Dielectric Surfaces" (SC-RR-69-L446). /4”fftwglf3
) sle.

- R

The improved program will handle virtually any configuration of dielectrics
and floating electrodes, producing both equipotential and equifield plots if
desired. A olowup routine has been added, permitting the expansion and
recomputation of sections of the plot to permit greater resolution and the
inclusion of more details. A more powerful interface technique has been
added to the basic relaxation techniques to produce greater flexibility

in electrode configurations. The program currently employs a matrix

201 x 201 on which the potentials are computed.

The program, FFEARS (Fast Floating Electrode Axisymmetric and Rectangular
Simulation), is written in the Fortran IV programming language for the CDC 6600
digital computer, and the Stromberg-Carlson 4020 computer recorder. Execution
time is generally less than ten minutes and will vary depending oa the size
and complexity of the problem, i.e., a large simulation with many floating
electrodes will generally require more time than a simulation using only @

small portion of the available matrix.




The Simulation Method

The method employed is basic, iterative relaxation of a rectangular
array of points, laid out in squares. The simulation is carried out on a
matrix of up to 201 x 201 points, all or any portion of which may be employed
for a particular problem. All electrode and dielectric surfaces must lie on
matrix points; i.e., no partial‘matrix increments may be employed. Laplace's
equation, for isotropic dielectrics, expressed in difference form, is solved
iteratively at all points within the electrode configuration, except on the
interfaces between materials of different dielectric constant. The difference
equations employed will be derived below.

A flov chart for the prograr is shown in Fig. 1. Initializing the
matrix consists of putting linear voltage distributions between electrodes. ’
The relaxation procedure between the coarse matrix (all the odd-numbered
<:> matrix points) and the fine matrix (consisting of all matrix points) was :L
' improved from that described earlier by Richard Kouzes® of the Naval
Research Laboratories. Beta is the over-relaxation constant which is

initially set in the input data, generally at 1.8, and is reduced as the

program approaches convergence. Initially the program alternately feques
the coarse and fine matrices, and then as it approaches convergence, only

the fine matrix relaxation is carried out.

Equifield and equipotential plots are then availadble as output from the
program. Overall and expanded plots of any areas of interest may be obtained
from the program. In addition, it is possible to save sufficient data to
produce blowups, with greater resolution, by re-solving a section of the plot
on a finer mesh. Print out of the above data furnishes immediate, quantitative
values of potentials or fields.

— ;

- (r




@F

DATA

READ INPUT

l

MATRIX

INITIALIZE

r

COARSE RELAXATION|—
OF VOLTAGES —

FINE RELAXATION
OF VOLTAGES

a

l——— SET BETA

:

OUTPUT

PLOT AND PRINT

Figure 1.

General Flow Chart for Laplace Solution Program




: i
(:, The program listing and input and output data are described in the E
appendices. !

The difference equations employed are derived from Laplace's equation

expressed in axisymmetric coordinates

2

Fv PV 1w '
—?,Z' +——->r2+-£-§;;—0. (2)

Rectangular coordinates are obtained by letting r become large. The difference

equations for a uniform dielectric region are well known:

) LtV o+ VY, 4V, v, . -V, . Ar
v S 5.2 i, J+1 i-l,J i,j-1 + { i,j+l 1,3-1) (3)
i:j L 81'
J .
(:) for the general point, and ~:L
v =2 (b v +V +V ) (W)
1,5 6 1,341 7 Ti-1,5 0 Ti41,37 2

for points on the axis, where an array of squares (Az = Ar) is employed and

i, J, rj, and Ar are described in Fig. 2.

Dielectric interfaces are solved by a powerful technique developed by

C. N. Dorny,® who employs Gauss' flux theorem

-‘/; € VndS=Q (5) ,
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Q»’}for a closed surface S, where Vn is the gradient of V in the direction of the -
outward normal to S, € is the dielectric constant, and Q the total charge
enclosed in S. Integrating this over the surface S in Fig. 2; with €19 the
dielectric below the interface, €5 the dielectric constant above the interface,

&r = Az, and Q, the space charge, equal to zero the following can be obtained

[ €
1 Ar 2 Ar Ar
[’5’ ry =) vz Gy T)] Ui,y = Ve,g) * ol + 30

.. =V
sJd+l i,.j)
¥ eyr (V -V, ) +e(r, - & -V, )=0 (6).
1 J i+l,,j i:j 1 J 2 i,j-l i)J
Solving Eq. 13 for Vi j yields
F
-e-:—]-:(l Ar)+f_2_(l+i\,r)]v + e (1 + v
2 - IB: 2 11'1? i-1,J 2 2rj i,j+1
vV, , =
(/,/ i,J
Ar
eV, e - '2‘}})"1,3-1 -
T
3 _ Sar 5, SAr ’
‘:1(2 - 8?;) * €2(2 * B?;)

and similar solutions for other dielectric shapes can be easily derived by

inspection, as Doruy® asserts.
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‘Accuracy of the Program.

The difference equations required for the discrete simulation of a second
order differential equation on the digital computer are derived from Taylor's

series expansion about zero.
2 n
£(x) = £0) + x'(0) + 55 £11(0) + vov + X5 £07 (@)
O<o <1l. (8)

Assuming a matrix increment h, Eq. 8 can be solved for the first and second

derivatives as follows;

. -7
£1(0) = L=k - B £111(0) + o(n*) | (9)
and
£ -2f +f 2 -
pri(o) = L0t sl M ) 4oy (10)
h

vhere f, = f(n), £ = f(o), and £q,= f(-h). If only the first term on the
righthand side of either equation is employed, the error is seen to be the

order of h®.

Results from the computer have indicated that the error in one-dimensional
cases is indeed the order of h®. In two dimensions (as we have here), the
error seems to be proportional to h, generally one-half to one-third of h.
This zives an error of less than one percent for most interesting cases. Results
for cases where the exact solutions are known have generally oeen within 1/2

percent when a 50 x 50 matrix is employed.
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The Computer Program

The iterative procedurc consists of applying the difference equations at
appropriate points within the area to be analyzed. The matrix consists of a
two-dimensional array as shown in Fig. 2. The first subseript (usually I)
begins at the left edge of the matrix and increases axially in the +Z direction.
The second subscript (usually J) begins at the axis and increases radially.

The relaxation operations are generally carried out starting at the left
side of the matrix and passing up each column in sequence across the matrix,

and then in the reverse direction across the matrix.

This method of computing the potentials requires a knowledge of the
locations of electrodes and dielectric interfaces relative to the radial
columns. This is accomplished oy supplying as input data intezer matrices
which specify the J coordinates of electrodes and dielectric iaterfaces.
Computations are carried out in each ccluma I from the first matrix J(I,1) to
J(1,2), then from J(I,3) to J(I,4), up to seven pairs of matrices. The axis
may be included in the computations oy specifying appropriate values of J(1,1)

as zero. Any finite or infinite offset from the axis may also be specified.

Dieléctric surfaces at 45 degrees or less to the axie are specified by
setting the upper limit of one of these matrix pairs equal to the lower limit
of the next peir; e.g., J(I,2) = J(I,3). Surfaces perpendicular or at steep
angles to the axis are treated separately and will be described in detail
below .

Floating electrodes are treated as special dielectrics and are specified

by separate pairs of matrices in the input data. These are given an initial

relative dielectric constant of 101.0 in the input data. This value is auto-

matically increased by the program up to a final value of 100,000 in three

steps. The initial relatively low dielectric constant permits the electrode

to "float" to the local potential value, then as the dielectric constant is

increased the ecquipotentials inside the electrode are pushed out until the )
<:)dielectric becomes a unipotential body.

1k




The relaxation procedure is a combination of two over-relaxation methods.
The original method alternately relaxed the potentialé on & coarse matrix
(all the odd-numbered matrix points) and then on a fine matrix consisting of
all the points within the configuration. R. Kouzes at NRL combined this with
an over-relaxation technique, and substantially improved the speed of

convergence of the program.

The method Kouzes developed consists of three cycles each consisting of
several hundred iterations. In the first cycle, the potentials are alternately
relaxed on the coarse and fine matrices with an over-relaxation factor
(8 - typically 1.8), e.g.,

vhere Vn is the value on the nth iteration. In the second cycle, 2 is reduced
helfwey to 1.0, e.g., 3 = (gold + 1)/2, and the relaxation is carried out
only over the fine matrix. In the third cycle, 3 is reduced to 1.0. If
floating electrodes are present, three additional cycles are carried out with
the relative dielectric constant of the metal increased to 1000, 10,000, and
finally 100,000.

If equipotential plots are desired, up to 24 equipotentials to be plotted
are specified in the input data. In addition to an overall plot, expanded
plots of sections of the matrix can be obtained bj specifying the desired
sections in the input data.

The equifield plots are obtained in a similar manner, but the field values
plotted are determined automatically by the program since il is generally
impossible to know the values desired ahead of time. The values and plots
mst be interpreted fairly carefully, since there will be discontinuities in
the field at dielectric and electrode boundaries.

15

{r




<i) - Data may be saved by the blowup subroutine to permit analysis of small

sections of a larger plot.

This routine saves the boundary deta for the

section to be expanded and interpolates for the intermediate values. The

data so saved can be used by the main program to resolve the problem and

obtain greater resolution.

Input Data

Input data to the program consists of five groups of data. These control

the flow of the program, set dielectric constants, define the configuration,

set voltages, and deternine the plotting by the program.

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

MM

O NVEM

NRO

MU

16

The number of passes through the matrix in the
relaxation process, generally 200 or more.

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

The axial length of the matrix to be employed
in the analysis, 201 or less (as the program
is listed in Appendix C).

The radial extent of the matrix to be employed,
201 or less (as listed in Appendix C). It is
desirable (but not necessary) that NR end in

1 for plotting purposes.

The radial offset of the matrix in matrix
square lengths (4r), zero if the axis corre-
sponds to the bottom edge of the matrix, 9999
for rectangular configurations.

Controls the saving and restoring of data on
magnetic tape:

1. Neither saves nor restores data.
2. Saves data.

3. Restores and saves data.

Lk, Restores data but does not save.

If electric fieldsvand/or expanded accuracy
computations are desired, this must be 2 or 3.




JIV(1), ..., JIV(T), )

IVER, THOR , 10G Control potential setting (see below).

IRN The number of the data set on tape to be
restored.

IPD If equal to zero, normal printout is obtained;

if one, the voltage matrix is not printed.

On the next two cards convergence criterion and dielectric constants are
set. EPSV is the maximum fractional change that may occur at a converged
matrix point. If the change in potential from one pass to the next is greater

than EPSV, the point is considered to be in error. A typical value for EPSV
is 0.0001 or less.

- The second number on this card is BETA, the over-relaxation constant.
1.8 seems to be an acceptable value for this number, but is not necessarily
an optimum. Optimized values for Beta can be determined using methods

developed by Sheldon.®

The last six numbers plus the first number on the next card are the rela-
tive dielectric constants between the seven possible pairs of matrices avail-
able. All seven values must be read, but constants corresponding to unused
pairs of matrices may be left zero (or blank). If there are no dielectric

interfaces, all these values may be left zero or blank.

The number of radial interfaces is specified on the next cérd by IDI.

The maximum nunmber of interfaces is U7 as the program is listed in Appendix C.

The second number on this card is METAL. This is the numoer of pairs of

matrices for describing floating electrodes to ve read (see below).

The relative dielectric constants (EPV) across the vertical interfaces
are then listed. The first two values are to the left and right of the first
interface. The second and third values are to the left and right of the second
interface. The third and fourth values are to the left and<right of the

third interface, etc. Note that there will be one more éonétanp listed than




) ,
(:/ there are actual interfaces. It may also be necessary to have "dummy" inter-

faces (see below) to make the dielectric constants come out right.

The interfaces are specified in detail on the ID matrix, each interface
being described by a sequence of four numbers, The first number in the }
sequence specifies the type of boundary at the lower and upper ends of the :
column. The possible boundary conditions are shown in Fig. 3. The six num-
bered lines at the bottom and top of the interface are the only possible
directions a dielectric boundary can take. Numbers (from O to 6) are used to
tell the program the type of boundary to compute. The boundary conditions
are given by a 4k-digit number, the first two digits specify conditions at the
lower limit and the last two digits specify conditions at the upper limit.

A metallic boundary is given by the value zero, and the six possible dielectric
configurations are shown in FPig. 3. Examples will be given in the sample

ploct discussion.

(:i\ The next three numbers give the location of the interface. The first ”:L
" of these numbers is the column I, and the last two are the lower and upper J

coordinates, respectively.
This sequence of 4 numbers is repeated for all such interfaces.

The electrode (and dielectric) configuration is specified by the integer
matrices described above. Some restrictions and requirements will be listed
here. As descriobed above, dielectric interfaces sloping at 45 degrees or
less to the axis or lower edge of the matrix are specified by making the
upper limit matrix velues, e.g., J(I,2), the same as the next lower lirmit
matrix, e.g., J(I,3). Steeper interfaces must employ the radial interface
technique describel above. Also any eleéprode sloping at 45 degrees or less

to the axis uss oe a¢ Lowct sne natrix square thick.

The normal procedure in relaxing the potentials is to compute the matrix
starting at J(I,1), proceeding up the column to J(I,2), then from J(I,3) to ‘ )

[4
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Figure. 3.

Types of Possible Boundary Conditions at the Top
and Bottom of a Vertical Dielectric Interface;
a, metallic boundaries; b, dielectric boundaries
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J(1,4), etc. If any of these pairs is zero, it will be skipped. The reason
for skipping a pair would be to obtain the proper dielectric constants at a

dielectric interface.

Floating electrodes are described by the JM matrices. The matrix
JM(I,1) describes the lower edge of a floating electrode and JM(I,2) the
upper edge. These numbers are selected from inside the electrode, i.e.,
JM(I,1) is selected by looking down the column I at the first metallic edge
seen. Points on fixed potential electrodes are selected by the same procedure
looking from outside the metal. This will be further discussed in the sample
plot. More than one floating electrode may be simulated on a pair of matrices
but they ﬁust not overlap radially, overlapping electrodes must be put on
separate pairs of JM matrices. The number of pairs of JM matrices read is
given by METAL (see above). ‘

The potentials on the electrodes and bouncary points are set by the next
section of the data. Nonzero potentials are set along the lower and upper
surfaces of fixed potential 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 potentials, the lower
and upper I limits, and the potential to be stored. The number of potentials
to be set are specified by the JJV matrix on the first card. Two numbers are
again combined into each L4-digit JJV value, the first two digits refer to
J(I,1), and the last two J(I,2), similarly JJV(2) refers to J(I,3) and J(I,4),
etc. If no potentials need to be set on a particular matrix, the number should
be zero. If n pairs of the J matrices are employed, the n+l'th value of JJV

must be -1.

Potentials within electrodes and on vertical (radial) surfaces will be
set automaticelly, provided the potentials on the top and bottom surfaces are

set correctly.

et
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Linearly and logarithmically varying voltages may be set along vertical
(radial) lines and linearly varying voltages may be set along horizontal
(axial) lines. The number of vertical linear potentials is given by IVER, the
number of logarithmical voltages by LOG, and the number of axial linear
potentials by IHOR all on the first data card (see above).

The first group of these data cards set the vertical linear distribution.
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 read sets horizontal linear distributions and has
1L, the left "I" coordinate; IH, the right "I" coordinate; J, the row number;
VSL, the voltage at (IL,J); and VSH, the voltage at (IH,J). Note that the
ﬁbtentials of all boundary points (with the possible exception of the axis)
must be set by the input data. Under some circumstances potentials at the
bottom edge of the matrix on an electrode must be set.

if MU (see above) is 2 or 3, the numbers IBU and IEF which control the
blowup routine for improved resolution and the electric field plotting routine
will be read. IBU is the number of arcsas to be recomputed for greater
resolution. In the context of this report, blowup will always refer to this
re-solving of the configuration on a finer mesh. If IBU is zero, no blowups
will be made. If IEF is one, the electric field will be plotted and, if it
is 2, the square of the field will be plotted.

If IBU is one (or larger) the next card (or cards) must contain the
blowup factor (IEX), and the limits of the area to be blown up (IL, IH, JL,
JH; the left and right, bottom and top coordinate respectively). There must
be as many cards as IBU calls for. The actual blowup recomputation is carried
out later.

21
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If IEF is one or two, the next cards must specify the sections of the
electric field matrix to be plotted on an expanded scale. These sections
must be square and are specified by giving IL, IH, JL, JH the left and right,
bottom and top coordinates, respective. Up to ten expanded plots may be made,
the last of these cards should be blank.

~ The next group of cards gives the information needed for plotting equi-
potentials and are read regardless of the value of MU. If an equipotential

plot is desired, the potentials desired are listed on the next three cards.

Up to 24 values may be plotted, if fewer are desired they must be listed

consecutively. If the zero equipotential is desired, a value such as 0.0001
can be used.

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

and top coordinates on consecutive cards.

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

Sample Plots

Figure 4 shows a proposed design of the insulators for a high voltage
diode. To the upper left is a coaxial transmission line with transformer oil
insulation having a relative dielectric constant of 2.14. The vacuum inter-
face insulators are lucite with a relative dielectric constant of 3.0. Between
insulators are metallic rings to help in grading the structure. The area to
the right of the insulators is vacuum with a relative dielectric constant of

1.0. The axis of symmetry corresponds to the lower edge of the figure.

Figure S5 is the complete equipotential plot for this design. Equipoten-
tials are plotted at 5 percent intervals. Note that the 25, 50 and TS5 percent

2
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Equipotentials for Each Five Percent of the Voltage Across the Insulators

Figure 5.
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lines 1lie on or very near the metallic rings indicating nearly perfect grading
across the insulators. It should also be noted that the equipotentials drop
ocut of the bottom of the insulators near the pointed edge so that the holdoff
capability would most likely be poor.

Figures 6 and T are slightly expanded plots of the insulator section.

Figure 8 and 9 are plots of the equifield lines. Figure 8 is the raw
plot from the computer and Fig. 9 is the interpretation of the lines accounting
for discontinuities at dielectric and metallic surfaces. Note the high field
region in the oil where the inner cylinder bends sharply.

A detailed description of the input data for the above plots is given in
Appendix A. A sample plot including the use of the blowup routine is also
presented there. ' '

An improved version of the insulator section is shbwn in Fig. 10 vhere a

'fifth‘insulator has been added and the gfading rings extended past the tip of

the insulators. Note that the peak field in the oil has also been reduced by
smoothing(the bend in the cylinder.

25

ir




i7

16

15

14

13

12

10

©

10
9

ction

Figure 6. Blowup of the Insulator Se

of the Zquipotential Plot

26

{




H

\\
L/
\\\
L1
S\\\\\\

16

15

14

i3

12

10

\\\\§W

© ~ - o

Figure T. Fﬁrther Blow




ge

10 i T T "
i ! H
: : i i
. ; | i
“t - - i IR e s s ~— e

| - -
(0]
0 | 2 3 4 5 6 7 8 9 10 it 12 13 14 15 16 17 i8 9
2
Figure 8. Equifield Plot for the Insulators of Fig. 4

20




>

0¢-62

10

R,J

Interpretation of Equifield Lines Shown in Fig. 8, accounting for discontinuities

Figure 9.

in electric fields at dielectric boundaries and electrodes




@

References

Richard Kouzes; private communication.

C. N. Dorny, Proc. IEEE (Letters), Vol. ST, May 1969, pp. 856-858.

J. W, Sheldon, Iterative Methods for the Solution of Elliptic Partial
Differential Equations, Mathematical Method for Dig. Computer E4.,
by A. Ralston and H, S. Wilf Wiley, 1962.




APPENDICES

33-34




Appendix A

Sample Data Sets

Two data sets will be presented in this appendix, one will be described in
detail:. The data set shown 4in Table I describes the configuration of Fig. k4

to the program. Each card (or group of cards) will be described in some detail.

The data on the first card are:

MM=300

NVEM=2

NZ=201
=101

NRO=0

MJ=2 ‘
JIv(1)=1

JIv(2)=1
Jav(3)=0
JIV(L)=3

Jav(5)=1
JIV(6)=1
JIV(T)=-1
IVER=1}4

THOR=8
10G=2

The maximum number of passes through the voltage
matrix during each of the six relaxation cycles.
(Three cycles if there are no floating electrodes.)

The meximum number of errors. to be left in the poten- .

‘tial relaxation at convergence.

The number of axial matrix points employed.

The number of radial matrix points employed. The
actusl maximum could be 81, but 101 produces a more
manageable plot.

The structure is axisymmetric about the lower edge
of the matrix.

Data are to be saved for an equifield plot (see below).

One potential is to be set along J(2), none are set
along J(1).

One potential set along J(4), none along J(3).
No potentials are set along J(5) or J(6).

Three sections of potentials are set along J(8), none
along J(T7).

One potential is set along J(lO), none along J(9).
One potential is set along J(12), none along J(1).
Matrices J(13) and J(14) are not needed.

Fourteen linearly varying potentiels are set in radial
columns.

Eight 1inearly varying potentials are set in axial rows.

Tvwo logarithmically varying potentials are set in
radial columns.
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n
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36

71
71
59

16
18

21
25

81
81
81
81

22
32
49
46

0

16
24
32
40

22
30
38

71
71
57

16
18

21
25

al
81
B
B1

24
32
40
46

16
24
32

22
30
38

1.0
29
40
22

a0
71
71
71
55

16
18

22
25

a8l
g1
81
a1

24
3>
4q
45

16
24
32
40

22
3n
37

101
1

.8

0

2 0019

3,0 1010

1014

o0

10

30 503 100

a5
24

41
71
71
71
53

16
18

22
25

g8l
81
81
81

24
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40
45

16
24
32
a0

22
29
36

203 129

71
71
71
51

16
19

22
25

al
a1
81
81

24
32
40
a8
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24
32
40

21
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71
71
71
49

16
19

22
25

R1
81
81

24
32
40
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16
24
32

71
71
71
47

16
10

22
26

gt
A1
a1
81

24
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C

IRN=0 The data to be saved will be under the restore number
zero. .
IPD=0 The .voltage matrix is to be printed.

The second data card gives the error limit on the voltage computation
as 0.004 percent, the limit is smaller than usual because of the floating
electrodes. The over-relaxation factor BETA is given as 1.8. The dielectric
constants between consecutive pairs of matrices are 1.0, 3.0, 1.0, 3.0, 2.1k,
and 2.1L4; the constant for the seventh pair of matrices is not needed since

only six pairs of matrices are employed.

The fourth card specifies 23 vertical dielectric interfaces. The makeup
of theée interfaces will be discussed below. The constant METAL is also on
this card and is 2, calling for two pairs of matrices for the description of
floating electrodes.

The next two groups of data to be read describe the vertical dielectric
interfaces. The first group gives the relative dielectric constants to the
left and right of each interface and second group describes the type and
location of each interface.

The EPV matrix is used to store the relative dielectric constants;
EPV(1) and EPV(2) will be to the left and right, respectively, of the first
interface, EPV(2) and EPV(3) will be to the left end right, respectively,
of the second interface, ete. Floating electrodeé in the simulation are
treated as dielectrics with (initial) relative dielectric constants of
101.0. Some of these will be discussed here.

The first interface is described by the dielectric constants 2.1k and
101.0 and the four numbers 404, 96, 29, 30. This interface is in column 96
and extends from J=29 to J=30, which is seen to be the left-most edge of the
metal grading ring. The first part of 4O4k is 4 so that the lower end of this
interface slopes down to the right at 45 degrees and the second part (also &
in this case) means the interface slopes upward to the right at the top end.

These numbers correspond to those given in Fig. 3. The relative dielectric
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constant of 2.14 corresponds to that of the oil on the left of the interface,
and the constant 101.0 is the initial value which is always given to floating
electrodes. )

The second interface is specified by the constants 101.0 and 3.0 and the
integers 503, 100, 24, 29. This is in column 100 between J=24 and J=29.
This is seen to be the inner surface of the metallic grading ring. At the
bottom of this column, the interface goes to the right giving the value § ‘
(from Fig. 3) in the 503. At the top of the column there are three dielectrics
(the grading ring is being considered as a dielectric in this case) but the

program can handle only two dielectrics. In this case the 2.14 of the oil

and 3.0 of the lucite are fairly close in value while the grading ring is being'

treated as having the value 101.0, so the best approximation that can be made
is to follow the metallic interface which gives the number 3 {from Fig. 3)

for the top end of this interface.

The third interface is in column 117 from J=31 to J=35. Here again there

) 1s a point, this time on the interface, where three surfaces come together,

Again the two constants, 2.1hk and 3.0, are close in value, while the metal
with the initial value of 101.0 is quite different. The value of 3.0 is
employed since most of the dielectric to the left has that value. The bottom
and top values are 4t and 3, respectively, representing a slope down to the
right from the bottom and up to the left from the top.

The fourth, fifth, and sixth columns are similar to cne of the above,
but the seventh interface calls for the relative dielectric constant 3.0
to be on the left. In this case it was desired to complete the left most tips
of the grading rings where the oil dielectric is present. To obtain the
proper relative dielectric constant, one interface is left blank, and the next
constant is set to 2.14. The eighth interface can now be the oil-to-metal
values. Note that a total of eight "dummy" interfaces are left blank.

The remaining interfaces are determined in a similar manner using Fig. b.
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The next data to be read are the integer matrices which describe the
configuration to be simmlated. The procedure to be used depends on the
type of simulation to be carried out. If there is only one dielectric in:
the region to be analyzed, considerable less care need be taken in selection

of matrices than is required for an analysis with several dielectries.

For an anlysis with several dielectrics (and floating electrodes) as
we have here, great care must be taken in the selection of matrices to be
sure the correct dielectric boundaries are formed. First, the number of
pairs of matrices needed to describe the dielectric regions (without consider-
ing any floating electrodes) must be determined. In this case consider the
column at I=126; starting at the inner metallic surface the dielectrics are
seen to be vacuum, lucite, vacuum, lucite (ignore metals), and oil. If we
look at column 135 two oil regions, inside and outside, the tip of the
gradinz rings are needed. A total requirement of 6 pairs of matrices can be

seen (vacuum, lucite, vacuum, lucite, oil and oil).

The center metallic grading ring can be seen to overlap (radially) the
other two grading rings but that the outer grading rings do not overlap
each other. Thus it is possible to simulate the inner and outer rings on one
pair of matrices, and the center ring on a second pair of matrices, so that
two pairs of floating electrode matrices are needed. This determines the

input constant METAL discussed above.

The rules for deciding which matrix corresponds to which surface are very
strict. For a dielectric interface at 45 degrees or less to the axis, the
dielectric constant of the pair of matrices below the interface must be that
of the dielectric there and the dielectric constant above the interface must
correspond to that between the next pair of metrices. If floating electrodes
are present, the dielectric constants of adjoining dielectric areas must be

correct or the result could ve inaccurate.
It should be remembered that the dielectric constants are important only

03 the interfaces., If an area is made up of only one dielectric, e.g., &

vacuan, its dielectric constant is irrelevant.
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In the example described here, the dielectric constant betweea I=1 and
81 and between I=168 and 201 is irrelevant; vetween 82 and 167 the dielectric
constants are critical. As was described above, the relative dielectric
constant between the first pair of matrices is 1.0 {vacuum). The first pair
of matrices starts at I=1 and extends to I=81, a single dielectric region.
The next section starts at I=119 and extends through I=129, the first region
that requires a vacuum dielectric and has two lucite sections above it. A

similar sort of region occurs between I=138 and 148. A section with one or

no lucite sections starts at I=155 and extends to 201.

Note that in all of the above, if one looks out radially from the lover
J value (J1), the first surface seen (be it metal, lucite, or floating
electrode) is J2.

The second pair of matrices (J3 and J4) covers all regions of the lucite
where there is either a second lucite rezion (radially beyond this region)
or there is no other dielectric beyond or only a vacuum dielectric rezion exists
beyond this lucite. The first such region extends from I=100 to 109 where
the inner and outer coordinates of the first lucite insulator are given. The
remaining sections of J3 and Jh cover the correspcading regions of the other

lucite insulators.

The fifth and sixth matrices cover the vacuum dielectric area between
the two lucite dielectrics and the regions where there is only a vacuum

within the lucite insulator section.

The J7 and J8 matrices cover all the lucite re;zions that are adjacent
to the oil dielectric.  This is necessary since the next pair of matrices,
J9 and J10, cover an oil dielectric and dielectric interfaces rust be’

consecutive, e.g., J8(I) must equal J9(I) on the interfaces.

J11 and J12 cover the small oil regions outside the metallic grading
rings near I=97, 116, and 135.
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T™wo floating electrode matrices are employed for simulation of the grading
rings. More than one floating electrode may be simulated on one pair of

matrices, but they must not overlap. In this case the center ring overlaps

both of the other rings but the two outer rings do not overlap each other.
Therefore the outer rings can be put on one pair of matrices and the center

ring on a second pair of matrices.

Note that the J coordinates must be selected properiy. They are the
coordinates of the ring as seen from inside the metal. Note that at I=98,
JM(98)=2T7 the top (inside end) of the straight rear edge of the ring.
Similarly, in column 100 JM2(100)=24, the lower end of the vertical ring
surface. There are no restrictions on the shape of these electrodes but
it must be remembered that the vertical (radial) surfaces must be handled
as special dielectric interfaces with dielectric constants of 101.0 within
the metal.

Potential setting along surfaces defined by the matrices above are
carried out by the next group of cards.. The numver of cards to be read and
along which matrices the potentials are to be stored is determined from the
values along JJV read on the first card. Rememberinz that each JJV value
contains two numbers, i.e., the first two digits refer to one matrix and the
last two to the next matrix, the seven JJV values can specify potential
setting on all 14 matrices. In this case only the first 12 matrices are
employed and JJIV(T)=-1 signifies this. |

JJV(1)=001 means no potentials are set along Jl, and 1 potential is set
along J2. This is the first card and it sets the normalized potential 1.0
along the outer electrode from the tip of the insulator to the edge of the
matrix. JJV(2)=001 calls for one card setting potentials along J4 and includes
some more of the outer electrode and some of the dielectric interface between
I=155 and 166.

JIV(L4)=3 calls for three sections of J8 to have potentials set. This

is primarily the dielectric interface between the lucite and the oil. The

reason for setting these values is to give the program something better
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(:ﬁ_than zero to start with. The potentials set are 0.25, 0.5, and 0.75, increas-

ing as the surfaces get closer to the outer, hizh voltage electrode.

JIV(5)=1 sets potentials on the ramp portion of the outer electrode.
Note that two points on the outer gradiag ring at I=134 and 135 are set by
this card and that the next card (specified by JJV(6)) sets the two points

on this ramp that are missed.

The next group of cards sets linear distributions of potentiels in
radial (vertical) columns. The number of such distributions is specified
by IVERT on the first data card and is 14 in this case. In this example
all of the distrivutions to be set are in columns where vertical dielectric
interfaces occur, agaia the aim is to provide reasonanle poteatials for
the program to start with. In this case linear potentials vetween 0.0 and
1.0 are set detween the inner and outer cylinders. Specified on each card
are the column number I, the lower and upper J limits, and the potentials

at the lower and upper ends.

The next two cards are very similar but set logarithmic potentials petween
the upper and lower limits. These are needed on the left and rizht edge of
the matrix in this case siace the axially symmetric confisuration will cause

this type of potential distribution at the bouadaries.

The last of these potential setting cards set potentials along horizontal
lines., OSpecified on each card are the left and right I coordinates, the
J row and the left and right end potential values.  The {irst of these cards
sets the potential 1.0 in row 81 (the outer cylinder wall). This method was
employed because this section of cylinder is covered by several different
matrices and by this nethod all of these potentials are set by a sinsle card.
Similarly, a small section of the outer cylinder is set between 163 and 167

in row 46. The remainidg'cérds set initial values over the bu;k of the

floating electrodes.

'Since MU was 2 on the first card, data will be saved and the next card

| to be read has IBU and IEF on it. In this case IBU=0 so no olowups are called




for, but IEF=1 which calls for the equifield computation and plot. The next
cards call for an expanded plot of a portion of the equifield plot. This is
a square area between I=Tl and 171 and J between 1 and 101. A blank card is
employed to terminate this portion of the program.

The next three cards specify the equipotentials to be plotted. In this
case the potentials are plotted every 5 percent from the lowest to the highest.
Two expanded plots are called for, and one blank card terﬁinates this routine.

Three more blank cards terminate the program.

Output from the program is shown in Table II. Most of the input data is
printed out on the first four pages. On the fourth page results of the compu-
tations first appear. The first six numbers that appear after the input data
are the number of errors that exist on the matrix after each of the major
cycles through the program. If there had not been any floating electrodes,
there would only be three numbers. In any case the third and last of these num-
bers should be equal to or less than NVEM given on the first card. If conver=-
gence is not obtained, there may be errors in the input data or MM (from the
first card) should be made larger.

The comment DATA SAVED UNDER ISN=0O means that data were saved on tape
(or disk) with a save number equal to zero. The O and 1 printed below this
are IBU and IEF.

EMAX is the peak value of electric field computed by the EFIELD routine,
and the values printed out below that are the values plotted. The entire
electric field matrix is then printed out. At the conclusion of this, the
original data are restored in the memory for printing or plotting of the

voltages.

At the end of the voltage printout, the equipotential values are printed
and the expanded plot areas are listed.
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A second data set is shown in Table 3. This set includes a blowup of a
section of the plot shown in Fig. 10. The blowup in this case is expanded by
a factor of four. Experience has shown that the accuracy will be improved
also by at least a factor of four. The advantage of the blowup comes from the
ability to obtain boundary conditions from the larger plot aad veing avle to
delfine electrode shapes on a finer matrix. In this case it was desired to

investigate the effects of changes in the gap geometry.

Note that the last card ia the potential setting routines sets the poteatial

along the bottom edge of the matrix ia the region of the nonzero electrode.

This is necessitated by the dielectric shapes above it, and is required in order

that the potentials on the electrode be set properly.

Here, as in the first case, data are saved (MU=2 on the first data card)
this time for use by the dblowup subroutine. IBU is 1 indicating that one
blowup area is desired. The expansion factor, IEX, is 4 and the area to be

expanded exteads from I=T1l to 121 and J=1 to 36.

Note thatl there is only one blank card after the last expanxied plot of
the equipotential surfaces. The second data set is placed directly after the
first. MU is equal to 3 to restore the data saved by the first prograrn and
IRN is equal to 1, the number of the expanded plot data saved by the first
lata set. Also aote that the dielectric constaants are irrelevant in the blowup
case since there are no dielectric interfaces. MU=3 saves the blowup data, in
“his case to permit an electric field plot. A olowup of the olowup could

:1so be obtained if it were desired at this peint.

The plots obtained from these deta are shown ia Figs. 11 through 15.
"ipure 11 is the plo:i for the original data set and Fig. 12 is an expanded
‘Lot of the rezion LDeilween the gap. Figure 13 is the blown-up plot of the
ap with one side modified and Figz. 14 the expanded plot of the point on the
ritch.  The equifield plot is shown in Fiz. 15.

Significant parts of the output from the program are shown in Table &4.

e first two pazes of the first data section and the first paze of the second

-
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Fizure 10. Equipotential Plot of Improved 'Insul_ator Désigd o
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Figure 12. Blowup of Gap Region of Fig. 11l
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TABLE III

' ding an
Input Data for a Simulation Inclu
puExpanded Plot and Equifield Plots
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56
56

a1
56
56
214
56
56

41
41
41
11
41
41
41
41

56
56
56
56
856
56
5A
56

A1
56
56
86
56
SR

a1
a9
41
41
41
41
41
41
41

)
56
Sh
56
56
5/
LY5)
56
56
56

n
8t
81
54
5A
56
56
56

32
27
23

22
2%
3n
35

a1
11
41
41
41
41
41
41

a1
41
41
41
11
41
41
11
41

56
56
56
8h
56
56
56
86
6

81
81
56
56
56
56
56

32
27
23

{
22
26
39
36

41
141
41
1t
11
11
a4
a1

11
41
a1
41
at
a
41
a1
A1

56
56
56
56
56
56
56
56
H6

R
R1
56
a6
&8k
56
56

32
27
23

0
23
26
31
RT3

11
a1
41
41
41
a1
41
41

41
41
41
41
41
41
41
a1
41

56
56
8h
56
56
86
56
56
56

R1
81
56
56
56
56
56

32
27
23

23
26
3t
16

41
a1
41
a1
at
41
11
411

41
41
41
41
41
41
41
a1
41

56
56
56
S6
86
56
56
56
56

Ri
R
56
56
56
RK
56

36
31
26

23

23
76
31
36

41
a1
41
41
41
41
41
41
41

41
11
49
41
41
41
41
41
41

56
56
5A
56
56
56
56
56
56

R
ai
Y3
56
56
56A
56

36
31
26
23

23
27
32

41
41
41
a1
a1
41
a1
41

41
41
a1
a1
41
41
41
41
a1

H6
56
Bé
56
56
56
56
5R
56

A1
81
86
56
56
56
56

36
31
26
23

0
23
27
3>

41
41
41
41
at
a1
41
41

41
41
41

41
41
41
41
41

56
A
56
56
56
5A
o]
56
56

81
56
56A
56
56
56
b6

36
3
26
22

23
27
32

a1
19
a1
a1
41
41
41
41

a1
41
41
41
a1
41
41
a1
a1

56
56
56
56
56
56
5A
$6
56

at
56
56
56
56
56
56

35
30
25
22
23
27

11
1
a1
a1
41
41
41
41

R
41
41
41
a1
41
41
41

141

56
56
56
56
56
656
56
56
56

a1t
56
56
56
56
56
56

29




anle ITI continued

C

56 56 56 5A H6 K6 R6 B8 6 &R HR 5K K6 H5A A1 Rt R1 R{ Ry R
R1 A1 81 B1 X1 A1 A1 KRy H1 8y Ry RY 81 81 R1 At Kt H{ Rt 8&i
R1 n

n._o 2012012042012012012n1201201201
901?01901?01201901201901?01?019”1?01?0!?012”1701901 57 K8 K’Q
60 61 62 A3 66201201201201201201201201201201201201201201201
?n1901?01?n17ﬂ1?n1901?01?n1701901?01901901201901901?01901701
?_0!?01?01?01?"1901901?“1?01?01?ﬂ!?(H?ﬂI?nl?01701?”19019111701
201?01201?012“1201?01?ﬂ1?DIQHI?HI?”1201?”1?”1?01?”1901901901
201?01?01?“1?01?01?”1?01?”1901?01?01901?01?01901?nl?ﬁi?ﬂl?ﬂt
201204204201201201 AH 63 A2 KA1 AN KO ER R720120120120120120m1
201201?01201?”1?01901?01?01701?“1?ﬂ1?ﬂ!901?ﬂl?ﬂ!9ni?01?”1901

2nt 0
n o n
0 81 79 78
77 76 75 74 71 0
Q : : - : n
n 0
0 )
n 0
0 71 74 75 76 77 78 70 &n n
0 n
0 N
' 0o 0 n
— n 201201201
201201201201209 . 0
0 n
0 0
] 0
0 n
0 201201201201201201201201 n
0 ]
0 n
1nn 194 1,0
176 181 1.0
155 181 1.0
155 14y 1.0
147 154 1,0
tA7 154
11 42 &8 LO0Nny Nony
13 42 &5 L0001 Lanng
1t 71 20y 0,0 .08
191 71 20 1,n o758
1 191 201 -l e 75
15 177 41 n,n 1,0
37 185 56 n,n 1,0
92 100 1 n,n 1,0
100 194 ? 1.0 1,0
1
4 71 129 t 36
L,0001 ol 2 o3 .4 W5
B .9 -7 .98 .9Q0q9

C 0,0

71 121 1 51

60

S o e e




Taple I11 ventinued

200 2 201 141 0 3 201 100 =i
L0004 1.8 1.0
0,0

RO RO B9 B9 BQ RQ RY BQ K9 R9Y KA KU RQ RQ RO K9 RY RQ 8O A9
RO RBQ B9 B9 RO 89 89 B9 RO HR RH 88 RKR RBR7 R/ RB7 86 RA KA RH
85 B5 84 B4 K4 B3 AJ K2 K2 Ry RY BN ”’0 79 78 77 77 76 7% 74
74 73 72 71 70 69 6B A7 66 65 A3 K2 A1 H9 SR KA K4 52 5N 48
45 42 38 33 26 0 0N o0 O 0o 0N p o0 o0 N A O N 0 D0

n 0o N o o 0 0 N O N H 0 OO0 0 N D 0 o0 0

n 1]

n 80 An A1 RBY1 R2 B2 B3 B3 R4 84 B4 A5
BR5 BS5 BRHh RA Bh R7 87 A7 RA RAR BR BR RU KRG KO RO RO HO K9 RO
RO 89 K9 8Q HG RO KQ 89 RTY K9 RO K9 KUY BO RO /0 KUY KO KO KO
a9
141141141141149141141141141141141141141141141141143141141141%
14114114114114114114114114114114114114114114413141141141341141
14114114114114114114114114114191411411410141141141141141134114
1411411411411411411411411411411411411411411491141141141141141
141141141141141141141341141141141141141141141141141141141141
141141141141141141141141141311141141141141141 25 DR 2% 2R 2%
25 25 24 24 24 24 23 23 23 23 22 22 22 22 21 21 21 21 20 20
20 20 19 19 19 19 1R 18141141141141141141141141141141141141
14114114114114114114114114114114114114331411411411411419141141
141141141141141141141141141141141141141141141141141141141141
141

0 0 0
0 0
0 n
n 0
0 n
0 26 26 33 38 42
45 48 50 52 64 56 58 59 A} A2 63 65 66 67 FB 69 70 71 72 73
74 74 75 76 77 77 78 79 n
0 : 0
n 0
0
0 0 0
0 0
0 0
0 n
0 0
n 141141141141141

141141141141141141141141141141141141141141141141141141141141

14114114114114114114114 0
0 : . 0
0 0
] .
1 #5 0,0
149 201 1.0
116 {48 1,0
116 148 1.0
o 1

TY 61
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C

L0001 ot
IR .
0,0

91 144 1 51

FND

62

Pl ANK
I? .3 .4 . lﬁ Oh .7
.96 L OR .9900q
RE AMK .
RILANK
By AMK
Ri AMK
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SR o :

» . TABLE IV. '
Output from the Program for the Data of Taole III

FEARS
FLOATING ELECTRODE AXISYMMETRIC OR RECTANGULAR SIMULATION

Mnz 200,VE= 2yN2= 191,NR= 201,R0= 0yHU= 2s;3JV= 100, 101, 101, 100, -1, 0y 0yVV= byHV= SoLGx 0sRN= 0,P0=
€EPSY = «00010, BEYA = 1.80

Jt 1
71 74 75 76 77 T8 79 80 81 81 1 1 1 1 1 3 36 36 36 35 35 35 35 3% 3% 3% 3% 33 33 33
33 32 32 32 32 31 31 31 31 30 30 30 30 29 29 29 29 28 28 28 28 27 27 27 27 26 26 26 6 25
25 25 25 2% 24 24 26 23 23 23 23 23 23 23 23 23 23 2?3 22 22 22 21 21 20 20 19 18 17 16 15
12 < 0 0 0 ¢ 0 ] a9 9 12 15 16 17 "8 19 20 20 21 21 22 22 22 23 23 23 23 23 23 23
23 23 23 23 26 24 26 24 25 25 25 25 26 26 26 26 27 27 2r 27 28 28 28 28 29 29 29 29 30 30
30 30 31 31 31 31 32 32 32 32 33 33 33 33 3% 3% 36 36 35 35 35 35 36 36 36 36 8 1 1 1

1 81 81 8pg 79 78 77 76 75 7Th 71

Jt 2), EPS REL = 1.000
201 201 201 201 201 201 201 201 2C1 201 2 2 2 2 2 W1 b1 K1 W1 61 61 41 &1 L1 61 Ll K1 41 &1 61
el 41 &1 41 b1 41 41 W1 W1 WL G1 41 61 61 61 b1 L1l Ll b1 Gt 41 61 L1 41 k1 W1 L1 L1 41 A1
W1 &1 41 41 K1 &1 L1 L1 41 L1 W1 L1 Gl 61 61 k1 k1 61 41 &1 M1 LI 41 L1 41 41 L1 61 i1 W1
81 1 &1 L1 L1 41 61 L1 41 61 41 41 41 41 41 L1 b1 &1 61 41 L1 W41 61 Gi Wl Gl L1 bl bl &1
81 &1 W1 61 61 &1 L1 Gf 641 G2 41 41 1 L1 kL 41 L1 41 k1l Gt 41 41 L1 W1 41 el L1 61 Wl W2
81 &1 &1 Wi i Ai w1 A1 41 S% &1 61 5% L1 L1 L1 L1 L1 L1 &% L1 L1 L1 41 41 41 2 2 2 2
2 201 2031 201 201 201 201 201 201 201 ~ 20%

JU D

- -5 =5 -5 -8 -2 -3 =0 -0 =0 Wl &1 41 61 Gl Ll H1 kY bl Wi 41 L1 L1 41 L1 61 K1 4L L1 W)
[ %9 ,bf 61 1 k1 41 k1 WL W1 &1 PEREEE’S GRS S TS G P A S SHE S B S B 3 3 1 1 LY W41 L1 L1 &1 W1 &1 41
W1 41 GL &1 61 L1 W1 L1 &1 61 Wl b1 41 k1 61 61 41 41 b1 &1 61 L1 &1 61 41 &1 41 641 &1 &1
81 &1 &1 41 &1 &1 61 641 41 4% Bl WL W1 41 A1 41 L1 &1 Al 41 Gl 61 Gf 41 41 41 &1 6f &L b1
W1 41 61 &1 &1 41 &1 &1 W1 &1 6l &1 61 &1 b1 61 &1 Wi 41 61 41 61 41 &1 41 L1 A1 k1 &l 41
‘ . M1 Li 81 41 61 1 61 &1 A1 b1 61 61 61 41 61 61 41 &1 b1 &1 1 &1 61 &1 &1 41 1 &1 61 &1
B 41 =0 =0 0 =0 =~0 =0 «0 ~0 <0 -0 '

JU 4y, EPS REL = 3.000

-¢ -0 -p -¢ -¢ -0 -0 -0 =0 -0 56 56 %6 56 56 %56 56 56 56 56 56 56 56 56 56 56 56 56 56 56
56 56 56 S6& 56 %6 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56
66 S6 56 56 56 56 56 56 56 66 56 56 56 56 56 56 56 56 56 56 56 58 56 56 56 %6 56 56 S&6 56
56 56 56 56 56 56 56 56 56 56 6 56 56 56 56 56 56 56 56 56 56 56 56 S6 56 656 56 56 56 S6
56 G€¢ S6 56 56 56 56 56 56 56 56 S6 56 56 56 56 56 S6 56 56 56 56 56 %6 56 56 56 56 56 56
56 56 56 56 56 956 56 56 56 56 56 56 56 56 56 56 56 56 5b 56 66 56 S6 56 56 56 S6 56 56 56
s¢ -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 .

J¢ 5 ;

-9 -0 -0 -0 -0 -8 -0 -0 -0 -0 81 61 81 61 81 81 81 &1 81 81 8t 831 61 81 681 81 b81i 081 81 81
81 81 81 81 81 81 81 56 56 56 6 S6 56 56 56 56 56 56 56 56 56 56 56 56 56 656 56 56 56 56
56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 S6 56 56 656 56 56 56 56 56 56 56 56 56 56 56
56 56 56 66 56 56 56 S6 56 56 - 56 56 56 56 56 56 56 56 56 S6 56 56 56 %6 S6 S6 56 56 56 56
56 S€¢ 56 56 56 %6 56 56 56 56 56 56 56 56 56 56. 56 56 56 56 56 56 56 56 56 56 S6 56 56 .56
56 S6 S6 56 81 81 81 381 81 81 81- 81 61 81 81 8% 81 81 83 81 - 81 81 81 81 81 81 81 81 81 81
8t -0 -0 -0 -0 -0 -0 -0 -0 -0 -0

J{ 6), EPS REL = 1.000
-0 -6 -0 -0 -0 -0 -0 <0 -0 -0 201 201 201 201 201 201 201 203 201 201 201 201 201 201 201 201 201 201 201 20¢%




-

19

-

201 201 201 201 201 201 201 S7 S8
201 201 201 291 201 201 201 2n1 201
261 201 203 201 281 201 201 201 201
201 201 201 201 291 201 204% 201 201
68 59 58 S7 201 201 201 2031 201
20t -0 -6 -0 -0 -0 -0 -0 =0
Ju n
8 -0 -0 -3 -0 -0 <0 <~0 =0
-0 -0 -0 -0 -0 -0 -0 80 79
g -8 -9 -6 -8 - -0 =0 -0
-6 -0 -0 -0 -0 -0 -0 -0 -0
-¢ -0 -b -0 -0 -0 -0 -0 =~0
77 78 79 80 -0 -0 -8 -G -0
-9 -6 -0 -0 -0 -0 ~0 -0 <0
J¢ 8), EPS REL = 1.000
- -0 -0 -0 -0 -0 =0 -0 -0
-¢ -0 -8 -0 -0 -0 -0 201 20%1
-9 -0 -0 -8 -0 =0 -0 -0 =0
-y -9 -0 -0 -0 -0 ~0 =0 -0
-0 <0 -0 -0 -0 -0 -0 -0 =0
201 201 201 20t -0 -0 -0 -0 =0
-0 -0 -0 =0 -0 =0 -0 -0 -0
100 191 1.00E+00
176 181 1.00£+00
155 181 1.00E+00
155 181 1.00E+00
167 1S4 1.00E¢00
1647 154 1.00E¢0D
11 &2 55 1,00E-0% 1.00E-0%
13 42 55 1.00E-04 1.00E-04
1 71 201 ©. 2.50€-01
191 71 201 1.00E+00 7,.50€E-0N1%
1 191 201 2.50E-0t 7.S50E-01
15 177 1 0. 1.00E+D0
37 155 56 0. 1.,00E+00
92 100 1 0. 1.00E+00
166 191 2 1.00E+400 1.00E+00
5808
2
[
DATA SAVED UNDER ISN = 0
DATA SAVED UNDER ISH = 1
0 RESTORED
1
Q. 0. 0.
S. 0. 0.
0. 0. I'D)
0. g. 0.
0. 8. 0.
9. g, 0.
0. 0. 8.
O. 0. 0.
0. 0. C.
0. a. 1.25219€-01
1.00000E+00 1.00000€E+00 1.00000€E+00
1.00000E¢00 1.00000E+00 1.00000E+00
1.00000E+00 1,00000E+00 1.00000E+00
1.00000€#00 1.00000E+20 1.00000E+00
1,00000E+00 1.000006¢00 1.00000E+00

59 60
nt 201 2
201 201 2
201 2012
201 201 2
-8 -0
-9 -0
78 r
-1 -0
-0 =0
-0 -0
-0 -t
-0 -0
-3 -0
201 20t 2
-0 ° -0
-0 -0
-0 -0
-0 -0
-0 -0
o.
0,
0.
9,
°.
n.
o.
a.
o'
2.50309€-01
1.00000E+00
1.00000E+00
1,00000E+00
1.00000€+00
1.00000E+00

61 62 63
01 20y 201 2
01 201 201 2
0f 201 201 2
0t 20t 201 2
-8 -0 -0
6 75 Tu
-8 -0 -0
-0 ~0 -0
-0 -0 -0
-8 «0 -0
-0 -0 =0
01 201 201 2
-0 -0 -0
-0 -0 -0
-0 -0 =0
-0 =0 =0

1 t N

H

. ‘

1 i

it :

. :

' .

[ %

o‘

0.

o.

nl

g.

n.

ol

0.
3.75221€E-014
1.00000E+00
1.00000E+00C
1.00000E+00
1.00000€E+00
1.00000€+00

66 201 201 201 20t 201
01 201 201 201 201 20t
01 201 201 201 201 201
01 20t 201 201 2a% 201
01 201 201 20t 201 201
- -0 -0 -0 -0 ~0
71 -0 -8 -0 -0 -0
“0 <0 =0 -0 =0 =0
-0 -0 -0 -0 -0 =0
-0 -0 =0 =0 =~0 =@
-8 =0 =0 =0 =0 -0
-3 <0 -0 -0 -0 -0
0L -0 =@ <0 -0 =D
-0 =0 <0 -0 =0 -0
-0 -0 -0 -0 -0 -0
g =) =0 =0 =0 =0
-0 =0 =0 -0 -0 =0

§ 1

f 1 :

B . ‘ + H

i L
. v
¥

n. n'

0. 0.

0. e

0. n.

0. "D

n. o.

0. .

0. .

0. . 0.
5.00007€-01 6.26793E-01
1.00000E400 1.00000E+00
1.00000E+00 1.00000E+90
1.00000E+00 1.00000E+00
1.00000E+00 1.00000CE+C0
1.00000E+00 1.00000E+00

\

e .

201 201 20%
201 201 201
201 201 201
201 201 201
2081 201 201
-0 -0 -0
-0 -0 -~0
-0 -0 -0
-0 -0 -0
-0 -0 -0
-0 -0 -0
-¢ -0 -0
-0 -0 -0
-¢ -0 -0
-0 -0 -0
-0 -0 -0
-6 -0 -0

O

0.

0.

00

o.

0.

0.

0.

0.
7.4S701E-01
1.00000€E+00

1.00000E+00

1.00000€E+00

1.00000€+00

1.00000€E+00

201 201%
201 201
201 201
201 20t
201 204

201
201
201
208
201

-6 -0 =0
- -0 -0
-0 =0 <~0
-0 -0 -8
-0 -0 -0
-0 -0 -0

-0 -0 -0
-0 -0 -0
-8 -0 =0
~«0 =0 -0
-3 =0 -0
- =0 -0

0.

8.7LT87E~01L
1.00000€E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00

201 201 201
231 201 2r1
201 201 201
66 63 62
201 201 201
-0 -0 -8
-0 -0 -0
-8 -0 =0
-0 -0 -0
Ty 74 7%
-0 -0 -0
-0 -0 -0
-0 -0 =0
-0 -0 -8
-2 -0 -0
201 201 204
-0 -0 -0

n.

0.

0.

0.

°.

n‘

0.

0.

0.

1.00000E+00

1.00000E+00

1.03000E+00

1.0000CE+00

1.00000E+00

1.00000E+00

204
201
201

61
201

-0
-0
-0
-0
76
-0

-0
-0
-0
-0
201
-0

(i:)

panuIqLoD AT o9TCel
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FEARS
FLOATING ELECTRODE AXISYMMETRIC OR RECTANGULAR SIMULATION

MM=: 200,VE= 2,NZ= 201,NR= 141,R0= 0 yHU= 4yJJV=z 201, 100, <=1, =0, <=0, =0y «0,VV= =0,HV=s  «0,LG= ~0,RN= 1,P0=x =0
EPSY = +00040, BETA = 1.30

J¢ 3
83 8¢ 89 89 89 89 893 83 83 89 89 89 B89 89 89 83 89 89 89 89 89 89 89 89 83 89 89 83 85 88
88 88 88 87 87 37 86 86 86 85 85 85 84 B84 84 83 83 82 82 81 81 &80 80 79 78 77 TT Te IS5 T4
76 73 72 TL 70 69 68 67 66 65 63 62 61 59 58 56 54 52 S0 48 45 42 38 33 26 4 o 0 ¢ 0
¢ |3} 0 0 0 0 ] 0 0 ] ] 0 8 0 9 Q ] 0 Y 0 4 0 4 g e} 0 ] 0 0 4
-0 -0 -0 =0 -0 =0 -0 -0 =0 -0 -0 -8 -0 =0 =0 -0 -8 <=0 -0 ~0 «-§ -0 ~0 =8¢ -0 -0 -0 -0 80 80
81 81 82 82 83 83 84 8u B84 85 a5 85 B6 86 86 87 87 87 88 3838 83 88 89 89 83 89 83 83 83 89
89 89 89 89 89 83 89 89 83 839 83 89 89 89 89 89 89 89 89 89 89

Jt 2y, EPS REL = 3$.000
161 161 141 141 141 161 141 161 1061 161 161 161 1%1 161 261 341 1641 183 141 161 161 161 161 161 161 1631 161 141 141 1468
181 181 161 161 161 161 161 261 161 141 161 f41 161 141 161 161 161 11 141 141 161 f41 161 151 161 163 161 141 141 161
Jibf thl 161 161 141 161 1&1 141 143 161 141 161 141 f41 161 2141 263 143 161 161 161 141 63 141 161 141 161 141 1hl 2161
16t 161 141 141 161 161 361 161 131 161 ° 141 1l 161 fhl 161 161 1631 161 161 34l 141 1631 161 161 241 25 25 2% 25 25
25 25 24 24 24 24 23 23 23 23 22 22 22 22 21 21 21 21 20 20 20 20 19 19 19 19 18 18 141 14l
L1 163 161 161 161 161 141 161 141 161 14l fhl 161 161 161 161 161 161 161 141 161 1461 161 241 341 2161 161 141 161 141
1ot 161 161 161 161 161 161 1kl 141 161 161 161 161 161 f41 jei f6i f41 181 14 141

JOn .

c0 <0 -0 -0 -0 =0 -0 -0 <0 <0 =0 -0 <0 -0 -0 -0 -0 -0 -9 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0
-0 -0 -0 -0 =0 -0 =0 <0 =& =0 - =8 -8 =3 <f =¢ -8 =8 =g -0 =0 -0 -0 -0 -0 -0 -0 -0 -0 -0
g =0 -0 ~0 -0 -0 -0 -0 -0 -0 - -0 <0 -0 <0 =0 -0 -8 -0 =0 -0 =g =0 =0 -0 -0 -0 <0 =0 -0
20 -0 -0 -0 -0 -0 -0 =0 <0 =0 =0 <0 <0 =0 -0 -0 =0 =0 =0 -0 -0 -0 -0 -0 -0 26 26 33 38 w2
45 &8 S50 52 St 56 58 59 61 62 63 65 66 6F 68 69 70 7L 72 73 76 & 75 7?6 77 77T 78 79 -0 -0
<0 -0 -0 -0 -0 -0 =0 =0 -0 =0 -0 -0 -0 -0 =0 -0 <0 <0 -0 -§ -0 -0 -0 -0 -0 -0 -0 -0 -0 -0
-9 -0 -0 -0 ~¢ -0 -0 =0 -0 -0 -0 =0 =0 -0 =0 -0 -0 -0 -0 =0 -0

JI 4}, EPS REL = ~0.000 -
-p -¢ -0 -0 -0 -0 -0 -0 -0 -0 -0 =0 -9 -0 -0 -0 ~0 ~0 -0 -0 g -0 <8 =0 =0 -0 -0 -0 -0 <0
-g -8 =0 -0 -0 -0 -0 -0 =~0 -0 -0 -0 -0 -0 ~0 -0 -0 -0 -0 -0 -§ =0 -0 -0 =0 -0 -0 -0 -0 -0
-p =0 -¢ -0 -0 -3 -0 -0 -0 -0 3 =0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0
«g -0 -0 -0 =0 -0 -0 =0 -0 <O - =0 -0 -0 -0 -0 -0 -0 -0 -0 “0 =0 =0 <=0 ~0 %&1 1&1 141 141 141
161 168 161 161 161 148 161 141 141 161 Th1 161 161 141 141 1841 1561 161 141 141 261 1061 161 141 161 16l 141 el -0 -0
-0 -0 -0 -0 -0 =6 =0 =0 -0 -8 -0 =0 -0 -0 -0 -0 -0 <~0 -0 -0 -0 -0 <0 -0 -0 =0 -0 -0 <=0 -0
-9 =8 =0 -0 -8 -0 -0 =0 =0 -0 -0 =0 -8 =0 -0 -0 -0 -0 -0 -0 -0
1 RESTORED :
. 1 85 0. . . e e
169 201 1.00E+00
116 148 1.00E400
116 168 1.00E¢00

2202
1
0
OATA SAVED UNDER ISH = 2

1
0. Q. 0. L 1 0. 9. [ 0. . Ge

r
(X%)

AL 2Tqe

panr11Lod
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part of the data are reproduced here.
DATA SAVE UNDER ISN=0,1 printed.

The second page has the two comments
The data set O is the one which was just
solved, data set 1 is the boundary conditions for the blowup. ISN=2 on the
second data set is saving the blowup data for the equifield plot. If a

second blowup were called for, the boundary data would be saved under ISN=3.

[ 3




Appendix B

Data Sheets for FFEARS

The following sheets have been laid out in the formats needed for the
input to the FFEARS program.

67-63




NZ | NR |NRO

MU [JdVI

JUVZ 1JJV3

JJUV4 | JVE

JIVGIJJIV7

IRN

0

BETA

EP-|

EP-Z

EP

EP-4

EP-G

T4

EPV
1ZFG

Ju | JH

JH

JH

Ju | JH
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FFEARS DATA SHEETS

20T &




41

Ut

woe Z0E3
120
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Appendix C

FFEARS and Subroutine Listings

The program consists of a main program called FFEARS, which performs the
relaxation of the potentials, and several subroutines which do the blowups,

field computations, plotting, saving of data and restoring of data.

The subroutine BLOWUP saves the data needed to produce expanded,
solutions for afeas of an original solution. BLOWUP saves the
boundary data of a specified rectangular region and lays this data out on a
finer matrix, interpolating for values between those of the original solu-

tion.

Subroutine EFIELD computes either the electric field (E), or its square
(E®). Second order differences are employed to compute the electric field at
every point on the matrix.

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 (or equifield) computations. CDPLOT sorts the
data for the various sections of the plotted output, e.g., the enlarged

sections. PILINE transmits 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, Albugquerque,
are employed. Tape No. 10 is specified as the plot output tape.

Should the program be employed on another system, the plotting routines
may have to be modified. The contour information is transmitted from the
subroutine TRACE to CDPLOT via the R and Z matrices. CDPLOT would need to
bé revritten for the plot routines available on the particular machine

employed.
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80

Saving and restoring of data are accomplished by WITAPE and RDTAPE,
respectively. As the program is listed here the disk files are employed to
simlate a tape (IST=M) for storing deta. If a physical tape is to be used,
the binary number 999 must be written on it before the program employs it

and the WRITI TAPE IST, ISTP statement should be removed from the program.

Tapes 51 through 60 are scratch tapes and are simulated on the disk files.




OOOOOO0

o O O O

PROGRAM FF g

S TAPES2,TAPES3,
1 TAPESHL,T 5 )

ARS (
ES5,T
FLOATING ELECTRODE AXISYMMETRIC AND RECTANGULAR SIMULATION

INCLUDING DIFFERENT DIELECTRICS
BY J E BOERS

DIMENSION V(201,201), JAC201), JB(201), RI(201) .
DIMENSION VCON(24), REC(1200), Z(2000), R(2000), IPT(3,3), INX(8),
10§:;;g;on SV(100), XYM(40), IRIT(10), IZ(2000), IR(2000)
DIMENSION ID(188), EPV(48)

DIMENSION JJV(7), JX(201,14), EP(7), JM(201,6)

EQUIVALENCE (JX(1,1),J8), (JX(1,2),JB)

COMMON NZyNRyIXyIY,I0XyIDY,ISS,ITyNPyNyPY,REC,CVyRyZ,IOT,INX,INY,

1 VyKXLyYLySyUyNT MT,IZX,0XsDYyXMAX,SCALE, YMAXyVCONy JSYM,LSYM,JT
2 4SV, XYM, IRIT, NPLOT, IZ,IR, MLNTH, IRB, IRT, IZL, IZR

IZX = 1
IBU = 0.
ISTP = 399
IST = &
NVR = L0401
REWIND IST

WRITE TAPE IST,ISTP

5 READ 1000,MM,NVEM,NZ,NR, NRO,MUyJJVy IVER, IHOR,LOGyIRN,IPD,
1 EPSV,BETA,EP

IF (NZ) 8,8,11
8 CALL EXTFLM(0)
CALL EXIT

11 PRINT 1045

PRINT 1065,MM NVEM,NZ,NQ,NRO,MU,JJV,IVER,IHOR LOGy IRN, IPD,EPSV
1 4BETA

READ 1030 ,IDI,METAL

IF (IDI) 17,147,144

14 IRD = IDI+}

READ 1035, (EPV(K),K=1,IRD)

IRD = 4*IDI

READ 1040, (ID(K) ,K=1,IRD)

PRINT 1105, (EPV(K/4+1),ID(K) ID(K+1) yID(K+2) ,ID(K+3) ,K=1,IRD,4)
1 EPV(IDI+1)

IDIC = IRD~-2
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OO0

OO0

QOO0 (] (2]

17

20

23

26

29
32

35
38

41

43

47

S0

53

56

59
62

CONTINUE

D0 20 K=1,7

IF (Juv(x)) 23,20,20
CONTINUE

K =7

GO TO 26

K = K=t

READ GEOMETRY MATRICES

DO 29 L=1,K

M = 2% -4

READ 1005)(JX(I’M)'I=1,NZ)

PRINT 10609My (UX(TI4M),I=1,N2Z)

READ 1005, (UX(IsM+1),I=1,N2)

N = M+q

PRINT 10554NsEP(L) 5 (UX(IyM41),I=1,N2)
CONTINUE

IF (K=7) 32,38,38

D0 35 I=1,NZ

JX(T42%K+1) = 0
JX(I,2%K42) =
IF (METAL) Ll bb,41

FLOATING ELECTRODES

00 43 M=1,METAL

N = 2¥M=-%

READ 1005, (UMITIZN) ,I=1,N2)

N = N+1

READ 1005, (UM(TI,N),I=1,N2)
PRINT 11004Ny (UM(I,N),I=1,N2)
CONTINUE

DO 47 I=1,NVR
V(I) = 0.0
IF (MU~2) 53,53,50

CALL RDTAPE (IST,ISTP,IRN,V,NVR)
CONTINUE
ELECTROOE POTENTIALS

DO 68 L=1,K

LL = JJvLys400

LK = JJV(L)=-100*LL
IF (LL) 60,60,56
DO 58 M=1,LL

READ 1010,IL,IH,VS
PRINT 1010,IL,IH,VS
DO 59 I=IL,IH

J = IX(I,2%L-1)
vi(I,J) = VS

IF (LK) 68,68,62
DO 65 M=1,LK

READ 1010,IL,IH,VS

2




OO0

OO0

(e X2 N

(s Xy Ne]

65
68

Tt
(44

83

84

87
90

93

96
99

PRINT 1010,IL,IH,VS
DO 65 I=IL,INH

J o= JIX(I,2%L)
V(I,J) = VS
CONTINUE

LMM = K

DIELECTRIC SURFACE CONSTANTS

EPM = 101.0

DO 77 J=2,NR

RI(Y) = 0.0

IF (NRO=9389) 71,77,77

RI(J) = 0.125/FLOAT(NRO+J=1)

CONTINUE
NZ1 = NZ-1
NZ2 = NZ-2

LINEAR VOLTAGES

IF (IVER) 87,87,83

PRINT 1070

00 84 K=1,IVER

READ 1015,I,yJL,JH, VSL,VSH
PRINT. 1015,T,JLyJH,VSL,VSH
V(I,JL) = VSL

V(I,JH) = VSH

JL = JL+1
JH = JH~-1 .
DV = (VSH=VSL)/FLOAT(JUH=JL+2)

DO 84 J=JlL,JH
VIIyJ) = VII4J=1)4DV

LOG VOLTAGES

IF ¢LOG) 96,96,90

PRINT 1075

00 93 K=1,L06

READ 1015 ,I,JLsJH,VSL,VSH
PRINT 1015,I,JL4JH,VSL,VSH
VII,JL) = VSL

V(I,JH) = VSH

JL+1

JH=1

JL=2+NRO

JH+NRQ

(VSH=VSL) FALOG(RT/RO)
DO 93 J=JL,JH

V(I,J) = VSL+DV*ALOG(FLOAT(J=1+NRO)/RO)

o200
< o
oy

HORIZONTAL LINEAR

IF (IHOR) 102,102,99

PRINT 1080

DO 100 K=1,IHOR

READ 1015,IL,IH,J,VSL,yVSH
PRINT 1015,IL,IH,J,VSL,VSH
V(It,J) = VsL




84

OO0

100
102

104

OO0

106

110
112

114
116

700

705
710

715

720

725

730
735
740

745

750
755
760

V(IHyJ) = VSH
IL = IL+
IH = IH-1

DV = (VSH=VSL)/FLOAT(IH=IL+2)
0O 100 I=IL,IH

VII,J) = V(I=1,J)4DV
CONTINUE

INITIAL POTENTIALS

IF (MU~2) 106,106,104

IF (IBU) 106,795,106

DO 116 I=2,N24

DO 114 L=1,LMM

JL = MAXQ(JUX(I,2%L=1)+1,2)
JH = UX(I,2%L) =2

IF (JH=JL) 114,110,110

DV = (V(I,JH+1)=V{I,JL=1))/FLOAT (JH=JL+2)
DO 112 J=JL,JH

VIIyJd) = V(I,J=1)+DV
CONTINUE

CONTINUE

ELECTROOE POTENTIALS

00 760 I=1,NZ

IF (JUX(I,1)-1) 715,715,700
Ju = 1

JH = UX(I,1)~-1

00 710 J=JL,JH

IF (V(I,J)) 710,705,710
VIIyJ) = VI, JH+1)
CONTINUE

JLL = MAXO(UX(I,2),1)
DO 740 K=2,LMM

L = K¢K~1

IF (UX(ILL)) 740,740,720
JH = UX(I,L)

JL JLL

JLL = UX(I,L+1)

IF (JH‘JL) 7‘0097‘#0'725
VS = VI(I,JL)

DO 735 J=JL,JH

IF (V(I,J)) 735,730,735
VII,J) = vS§

CONTINUE

CONTINUE

JH = NR

JL = JLL

IF (JUH=JL) 760,760,745
DO 755 J=JlL,JH

IF (VI(I,J)) 755,750,755
V(I’J) = V(I,JL)
CONTINUE

CONTINUE

1]

FIELD RELAXATION
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c
c
c
c

795 CONTINUE
=1
=0
125 166 I=3,NZ22,2
IF (JA(I)) 166,130,135
130 UL = ¢
60 10 140
135 JL = 3+ (JA(I)/2) %2
140 JH = JB(I) -2
IF (JUH=JL) 166,142,142
142 00 165 J:JL’JH,2
IF (J=1) 165,145,150
145 UNU = (V(I+2,J)4V(I=2,J) +4,0%*Y(I,0+2))/6.0
60 Y0 165

150 VNU = (VII+2,0) 4V(I=2,U) +VII,J42)4V(I,0=2))*0e25+RI(JI*(V(I,J42)~

1 Vi, u-2))1%2,0

165 VII,J) = AMAX1((VNU=V(I,J))I*BETA+V(IyJ)y1e0E=6)
166 CONTINUE

IF (LMM~-1) 195,195,167
167 DO 190 L=2,LMM

LL = L+L-3

LK = LL+1

DO 185 I=3,N22,2

IF (JUX(I,LL)) 185,185,170
170 JL = I+(IX(I4LL)/Z2)%2

JH = UX(I,LK)=2

IF (UH=JL) 185,172,172
172 DO 180 J=JLyJH,s2

VNU = (V(I+2,J)+V(I-2,J)*V(I,J+2)+V(I,J-2))'0.25+RI(J)‘(V(I,J+2)-

1 V(I,J=2))*2,0
180- V(I,J) = AMAX1C(VNU=V(I,J))*BETA4V(I,J),1.0E~6)
185 CONTINUE
190 CONTINUE

195 CONTINUE
INTERMEDIATE FILL IN

DO 309 I=3,NZ2,2
00 306 KK=1,LMM

L = KK4KK=1
JL = 2+(UX(I,L)72)%2
JU = UX(I,L+1)~1

IF (JUu=JL) 306,300,300
300 DO 203 J=JL,JU,2
303 VIIyJ) = (VI I, J+1)+VII,J=1))*0.5
306 CONTINUE
309 CONTINUE

D0 321 I:ZyNZZ,Z

D0 318 KK=1,LMM

L = KK+KK=3

JL = JX(I,L)+1

JU = UX(I,L+1)=1

IF (JU=~JL) 318,312,312

g
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86

Lo aoo

N O (NN
[AV I S
» o VI

3790

405

410
415
4290
460

1398

1400
1405

1410
1415
1420
1460

Y4

430

432

435
440
442

DO 315 J=JL,Ju
VII,J) = (V(I+1,J)4V(I=1,J))%0.5
CONTINUE
CONTINUE
FINE MATRIX
NE = 0

DO 460 I=2,NZ21%

JU = JA(I) +1

JU = UB(I)=-1

IF (JU-JL} 4604398,398

DO 420 J=Jdl,Ju

IF (J=1) 400,400,405

VNU = (VII414J)4V(I=1yJ) 44e0%V(I,J+1))/640
GO YO 410

VNU = (VIT41,00#V(T=1,J) +V(I,J+1)+V(I,J=1))* 0. 254+RTI(J)*(V(I,J+1) =
1 V(TI,d=-1)) '
IF (ABS(V(I,J)/VNU=1,0)=-EPSV) 420,420,415

NE = NE+1

VII,J) = (VNU=V(I,J))*BETA+V(I,J)

CONTINUE

DO 1460 I=2,NZ1

II = NZ1-Q+2

JL = JA(TII) +1

JU = JB(II) =1

IF (JU=-JL) 1460,1398,1398

DO 1420 J=JL,JU

JJ = JU-J+JL

IF (JJ=1) 140051400,1405

VNU = (V(IT+1,0)+V(II=1,JJ)+44,0*V(II,JJ+1)) /6.0
GO0 TO 1410

VRU = (V(II+1,J0)+VITI=1,J4V(II,JJ+0)+V(LITI,JJ=1))*0.254RI(JJI*
1 VI, 00+ ~VI(II,JJ-1))

IF (ABS(V(II,JJ)/VNU=140)-EPSV) 1420,1420,1415
NE = NE+1

VIIT,JJ) = (VNU=VIII,J)I*BETAAV(II,JN

CONTINUE

IF (LMM=1) 450,450,422

DO 445 L=2,LMM

LtL = L+L-1

LK = Lt+1

DO 442 I=2,N71

IF (UX(I, LL)) LbL2,L42,430

JL = UX(I, L) +1

JU = IX(I,LK)=1

IF (JU=JL) 442,432,432

DO 440 J=JL,JU

VNU = (V(I+1, D +VII=1,0) +VII,J+ 1)+ VI, J=1))*04254RI(I)*(V(I,J+1)~
1 V(IyJ=1))

IF (ABS(V(I,J)/UNU=1.0)-EPSV) LLO,L4LO,435
NE = NE+1

VIIsJ) = (VNU=V(I,J))*BETA+V(I,J)
CONTINUE




¢ 445 CONTINUE

OO0 ©

DO 1445 L=2,LMM
LL = L+L+#+1
LK = LL+1
DO 1442 I=2,NZ4
IT = NZ1-I+2
IF (UXC(IT,LLY) 1442,1442,1430
1430 JL = IX(II,LL)+2
CJU = IX(IINLKY -1
IF (JU=JL) 1442,1432,1432
1432 DO 1440 J=JL,JU
JJd T JU=J+IL
VNU = (V(IT+1,JN)+V(II=1,J 0 +VIIT JJ+1)+VIII,JJ=1)) *0.254¢RI(JN*
1 (V(IX,JJ+1)+VIIT,Jd~-1)) :
IF (ABS(V(II,JJ)/VNU=1,0)=EPSV) 1440,10640,1435
1435 NE = NE+1
1640 VIII,JJ) = (VUNU=V(II,JJ))*BETA+VIII,JJ)
1442 CONTINUE ' . '
1445 CONTINUE

450 CONTINUE

" DIELECTRIC INTERFACES

LMML = LMM={

DO 589 L=1,LMML

LL = L+L

LK = LL+1

D0 588 I=2,NZ1

IF (UX(IsLK)) 588,588,505 ,
505 IF (JUX{I,LLY-UX(I,LK)) 588,510,588
510 J = JX(I,LL)

CIF (UX(I=14LL) =UX(I=1,LK)) 530,515,530
515 IF (UX(I+4,LL)=JX(I+14LK)) 535,520,535
6§20 IF (J=JX(I-1,LL)) 540,525,545
5§25 IF (J=JX{I+14LL)) 565,550,570
530 IF (J=JX(I+1i,LL)) 560,550,555
535 IF (J=JX(I=1,LL)) 555,550,560
sS40 IF (J=JX(I+1,LL)) 585,575,555
545 IF  (J=JX(I+1i,LL)) 560,580,586

HORIZONTAL
550 VNU = ((V(I=1,J)+V(I+1,J))*(EP(L)I*(0+5-RI(JIII+EP(L+1)*(0S5+RI(J)))
1 HEP(L41)*V(I,U41) ¥ (140+4 0*RICUIIHEP(L) * (1o 0=4e 0*RI(NI*(IHJI=1))
2/LEP(LY *(240=60 0*RICJIIIFEP(L¥1LI* (2,046, 0%RI(JID})
VII,J) = (UNU=VI(I,J))*BETA+V(I,J)
GO T0 588
DOWN 45

~ 555 VNU = (VII=1, ) *EP(L)4VII+1, ) *EF(L+1)+V(I,J+1) *EP(L+1)*

1 (1.0+4e0*RICII+VII,JI=L1)*EP(L)*(1.0=4.0%RI(JI))}/
2 (EP(L)*(240-4s0*RI(JII+EP(L+1)*(240+4.0%RI(N))

V(IyJd) = (VNU=V(I, ) )I*BETA+VII,J)

GO TO 588

' UP 45 ' ’ ‘ ,
560 VNU = (V(I=1,J)%EP(L+1)+VII+1,J) *EP (L) +V(I,J+1) *EP(L+1)*(1.0+L.0"

1 RI(HI+VII, I=1)*EP(L)I* (14 0=4e 0*RI(J)I) )/

2 (EP(L)*(2.0-4o0%RICIII+EP(L+1) *(2.0+4.0%RI(JI))

V(Isd) = (UNU=V(I,J))*BETA+V(IyJ}

87

r




OO0

GO 7o 588
OVER AND uP
565 VNU = VATaq, ) S (EP(L) *(045=RI(J)I+EP (L+1) *(0.S+RI(J)))+
1 EP(L+1)‘V(I,J+1\*(1.0+Q.U'RI(J))+EP(L)*V(I+1,J)+EP(L)‘V(I,J-1)‘
2 (1°0‘“-0'RI(J)))/(E‘(L)‘(Z.S-S.O‘RI(J))+EP(L+1)'(1.5+5.0’RI(J>a)
V(I,J) = (VNU-V(I,J))'BETL+V(I,J)
GO TO 588
OVER AND DOWN
570 VNU = LVIT 041 YEP(L+1)* (10 0440 0*RI(I)) +V (T, J=1) *EP(L)* {(1e 0Ly
1 *RI(J))#V(I-l,d)‘(EP(L)‘(D.S-RI(J))+EP(L+x)‘(0.5+RI(J)))+EP(L#1)‘
2 VII41,J))/(EP(L) * (145-540*RI(J)I+EP (L+1)*(24545,0*RI(J)))
VIIyJ) = (UNU=V(I,J))*BETA+V(I,J)
GO T0 588
DOWN AND OVER
575 VNU = (VII41,0) * (EPCL)*(0e5=RI(JI) V+EP (L+1) % (0o54RICJ))I+EP (L +1)
1 ¥VII,J+1) % (140440 0%RICIIIV4EP (L) ¥V (I=1yJ)+V(I,J=1) *EP (L) * (1. 0mire 0%
2 RICIII)/Z(EPIL) *(245-5,0%RI(J)I+EP(L+1)* (145454 0%RI(J) )}
VIIyJ) = (UNU=V(I,J))*BETA+V(I,J) o
GO TO 588
UP AND OVER
580 VNU = AVITaJ+1) *EP(L+1)* (140440 0*RI(J)) +EP (L) *V (I ,d=1)%* (100400
1 ¥RICUIIHEPIL41) *V(I=1y ) 4V(I+1,J) *(EP(L)*(05=RI(JII+CP(L41)* (G5
2 #RICJIIIII/(EP (L) * (1455, 0*RI(JIII+EP (L41)*(2.5+5,0%RI(J)))
VIIyJ) = (VNU=V(I,J))*BETA+V(I,J)
GO TO 588
DOWN AND UP
585 VNU = (EP(L) *(140-4o0*RI(III*V(I,J=1)4EP (L+1) ¥ (1,044 0¥RI(I))*
1 VUL, J+1)+EP(L)*V(I=1,J) 4+EP(L) *V(I+1,J) ) /7 (EP (L) *(3e0~bs 0*RI(J)) ¢
2 EP(L41)* (1,044 0*RI(U)))
VIIyJ) = (VNU=V(I,J))*BETA+V(I,J)
GO TO 588
UP AND NOWN
586 VNU = (EPL)® (14 0-0o0%RICIII®V(T U=1)+EP(L+1)*(1,0+4q0*RIC(J))*
VAT J+1) +EP(L41) *V(I=1,J) 4EP(L+1)*V(I+1,U)) /7 (EP (L) *(1e0=be 0*RI(J))
2 +EP(L+1)%(3,0+4,0%RI(J)))
VIIyJ) = (UNU=V(I,J))*BETA4V(I,J)
588 CONTINUE
589 CONTINUE

VERTICAL INTERFACES

IF (IDI) 868,868,803
803 DO 854 M=1,IDIC,4

I = ID(M+1)

JU = ID(M+2) +1
JH = ID(M+2) -1
L = M/4+y

IF (JH=-JL) 807,805,805
805 DO 806 J=JL,JH
VNU = (V(I,in)'(EPV(L)*EPV(L*i))‘(M-S*Z.O”RI(J))*V(I-l,J)‘EPV(L)+
1 VII+1, D *EPV(L+Y) VI, J=1) *(EPVIL)+EPV(L+1))* (0.5-2,0%RI(J)))/
2 (2. 0%EPVIL)+2.0%EPV(L+1))
806 VI(I,J) = (VNU=VII,J))*BETA+V(I,J)
807 IB = ID(M)/100
IT = ID(MM)=-100*IB
IF(IB) 830,830,809
809 J = JUL~2
GO TO (812,815,818,621,824,827),18

o




. DOWN AND STRAIGHT UP
812 VNU = ((V(I=1,J)+V(I+1,J))*EPV(L+1)+V(I,J=1)*EPV(L+1)* (1.0~

1 GaO0*RICNI4V(IZJ+1) *(EPVIL)+EPVIL+1))*(0e5¢2.0%RI(J)I}/

2 (EPVIL)*(04542.0%RI(U)) +EPVIL+1)*(345=2.0%RI(J)))

V(I,J) = (VNU=V(I,J))*BETA+V(I,J)

G0 70 830

OVER AND STRAIGHT UP
815 VNU = ((EPVIL) *(0+S4RI(JI)IHEPVIL+1) *(0e5-RILNII*V(I~-1,J)+

1 EPVIL41)*V(T+1,J) +EPVIL+1)* (14 0=4 o D*RICIII* V(I J=1) +{EPVIL) +EPV(
2 L41)) % (045424 0%RICIII*VIIHJ+1)) /(EPVIL) ¥ (14043, 0*RI(JII+EPVIL+)*
3 (340-3.0%RI(JI))

VIIyJ) = (VNU=V(I,J))*BETA+V(I,J)

60 TO 830

UP AND STRAIGHT UP
818 VNU = (EPVI(L)*V(I=1,J)+EPVIL+1)*V(I+1,J)+EPV(L+1)*(1.0~4s0%RI{J
1 DI¥VIIyJ=1)4VII,J+) ¥ (EPVLIHEPVI(L+1))* (0542, 0%RI(JIINV/
2 (EPVIL) *(1.5+42.0%RI(U)) +EPVIL+1)*(245=2,0*RI(JI))
VII,J) = (VNU=V(I,J))*BETA+V(I,J)
GO0 TO 830
STRAIGHT DOWN AND DOWN
821 VNU = (EPVIL)I*VI(I=1,J) +EPVIL+1) *V(I+1,J)+EPVIL) *(1e0-4.0%RI(J))
1 RVTI,J=1) #V(TI, J+1) F(EPV (L) +EPV(L+1))* (04542, 0%RI( N )/
2 (EPVIL) *(245=2.0*RI(J))+EPVIL+1)*(1.542.0%RI(J)))
V(I,J) = (VNU=V(I,J))*BETA+V(I,J)
60 TO- 830
: STRAIGHT DOWN AND OVER
824 VNU = (EPV(L)*V(I=1,J)+EPVIL) *V(I,4J=1)*(1.0-4,0%*RI(N))
1 $(EPVIL)*(0.5-RICINIFEPVIL+4L) ¥ (0, S5+RI(JII)I*VII+1,J)+V(I,J¢1)*
2 (EPV(L) +EPV(L+1)) *(0.5+2.,0*RI(J)) I/ LEPVIL)* (30 -3-0'RI(J))#
3 EPV(L+1)*(1.0+3.0%RI(J)))
VEiIoJ) = (UNU=V(I,J))*BETA+V(I,J)
GO TO 830
. STRAIGHT DOWN AND UP
827 VNU = (EPVL) ¥ (VII+1, ) +V (I~ 1,J))+EPV(L)‘(1.0-“.0‘RI(J))‘V(I,J-
1 1)4VIT U+ 1) *LEPVIL) +EPVIL+1)) * (04542 0%RI(J)) ) /7 (EPVIL)*(345~2. 0"
2 RICJIIHEPV(L+1)*(0.5+2,0%RI(JII})
V(I,J) = (VNU=V(I,J))*BETA+V(I,J)
830 IF (IT) 854,854,833
833 J = JH+1
GO TO (836.839,8h2,8ﬁ5,8“8,851),IT
UP AND STRAIGHT DOWN
836 VNU = (EPVIL+1)*(V(I=1,J) 4V (I41,J)) +EPVIL+1) * (1, 044, 0%RI(J)I)®
1 V(T J+1)4V (I, J=1)¥(EPVIL)+EPV(L+1)) ¥(045~2.0*RI(JI D))/
2 (EPVIL) *(0e5-2.0%RI(JII+EPVIL+1)*(3.542.0%*RI(N)))
VIIysJ) = (UNU=V(I,J))*BETA+V(I,J)
GO YO 854

OVER AND STRAIGHT DOWN .

839 VNU = (EPVIL#1) ¥V (I+1,0)+V(I=1,J) *(EPVIL) *(0,5-RI(J))+EPV(L+1)
1 *(0e5+RI(JIII+EPVILH1I ¥ (1.04440*RI(JII*V(I,J+1)+V (I, J=1)*(EPVIL)+
2EPVIL41))* (0e5=240%RICJII)/(EPVIL) *(140-3,0*RICJII+EPVIL+1) * (3, 0+
3 3.0%RI(J)))

VCI,J) = (VNU=V(I,J))*BETA+V(I,J)
GO TO 854
DOWN AND STRAIGHT DOWN

842 VNU = (EPVIL)*V(I=1,J) +EPV(L+1) *V(I+1,J)4EPV(L+1)*(1,0+4,0%RI(J
1 ))*V(I,J+ 1) +V(I,J=1)*(EPVIL)+EPV(L+1))* (0,52, 0*RI(J)))/

1 (EPV(L) *(145=2,0%RI(J))+EPVIL+1)* (2:5+42.0%RI(J)))
VEI, ) = (UNU=V(I,J))*BETA+VII,J)




OO0

845

848

851

854

200
202

204
206
208
210
212
214
216
218

220

222

224

GO TO 854
STRAIGHT UP AND UP
VNU = (EPVIL)*V(I=1,U)4EPVIL+1)*V(I41,J04+EPVIL) * (1. 0+4,0%RI(J))
1 VI, J+ 1) +V(T,J=1) *(EPV(L)Y+EPVIL+1) )% (0.5=2.0*RI(JY)) 7/
2 (EPV(L)*(2454240%RI(J))4EPVIL+1)%(1e5~2,0%RI(J)))
VEILJ) = (UNU=V(I, D) *BETA+V(I,J)
GO TO 854
STRAIGHT UP AND OVER
VNU = (EPVIL)*V(T~1,J)+EPVIL) * (1044 0*RI(J) ) *V (I, U+1)+V(I+1, )
1 *(EPVIL)*(DeS5+RICUIIIFEPVIL#L) *(0a5=-RI(INII+V(I,JU=1) *(EPVIL) +
2 EPVIL+4)) ¥ (0e5-2,0%RI(JIII/Z(EPVILI®*(340430*RICJII+EPVIL41)* (1.0
3-3.0*RI(N)) o
V(IysJ) = (UNU=V(I,J))*BETA+V(I,J)
GO TO 854
STRAIGHT UP AND NOHWN
VNU = (EPVIL) *(V{I=1, ) +V(I41,J) ) +EPVIL) * (1o 044, 0%*RI{III*V (I, =
1 1PV (T, d=1) *{EPVIL) +EPVIL+1)) ¥ (0.5-2.0%RI(JIII/(EPVILI®* (3,5+2.0"
2 RICHIFEPVIL+1)*(045=2,0%RI(J)))
VI, d) = (UNU=VII,J))*BETA+V(I,J)
CONTINUE

FLOATING ELECTRODES

IF (LMM) 299,299,200
IF (METAL) 299,299,202 :
DO 297 NN =41,METAL 4
M = 2¥NN-1
DO 296 I=2,N71 » . ) , :k
IF (UM(I,M)) 296,296,204 : ,
IF (JM(I+1,M)) 296,296,206
IF (JUM(I-1,M)) 296,236,208
D0 210 L=1,LMM
LL = L+L .
IF (UM(I,M)=UX(I,LL)) 210,212,210 ~ g .
CONTINUE .-
GO TO 238
J = JM(I,M)
IF (J=JM(I=-1,M)) 216,214,218
IF (U-JUM(I+1,M)) 226,220,228
IF (J=JM(I+1,M)) 234,230,222
IF (J=JUM(I+1,M)) 224,232,236
HORIZONTAL
UNU = ((VII=1,J)4+V(I+1,J)) % (EP(L)*(0.5=-RI(J)I+EPM *(0.5+RI(J)))
1 +EPM  *V(I,J4%1) % (1,044, 0*RICJIIHEP (L) * (1. 0-4o0¥RICID)I*V(I,U=1))7/
2 (EP(L)I*(2.0-6.0%RI(J))+EPM *{2.0+6.0%RI(J)))
VEI,J) = (VNU=V(I,J))*BETA+V(I,J)
GO TO 238
DOWN 45
VNU = (VII=1,J)*EP(L)+V(I+1,J) *EPM +V(I,J+1) *EPM .
1 (Le0+Le D RICIIIHV (I, J=L)*EP (L) *(1al=4a0*RI(U)I))/ '
2 (EP(L)*(2.0-4os0%RI(J))+EPM *(2.0+4e0*RI(JI))
VII,J) = (VNU=V(I,J))*BETA+V(I,J) ‘
GO TO 238
UP 45
VNU = (V(I=1,J)*EPM +V(I+L, D PEP(LY+V (I,J41) *EPM *(1.044,0*
1 RICIHI+V(I,J=1)*EP(L)*(1e0~4e0*RI(J)I))/
2 (EP(L)*(2.0-4.0*RI(J))+EPM *(2.044,0*RI(J))) o , )
V(I,Jd) = (VNU=V(I,J))*BETA+V(I,J)

" A




GO TO 238

OVER AND ye .
226 VNU = (V(I=-1,J) *(EP(LI*(0.5=-RI(J))+EPM *(0.S54RI(N) )+
1 EPM V(T J+1)* (14046 0¥RICIIIH+EPILIZVII+L,J) 4EP(L)*V(I,J-1)*

2 (1e0=4e0*RI(IIII/Z(EPIL)*(2:5=5,0%RI(J)) +EPM *(145+540*RICIII)
VIIoJ) = (VNU=V(I,J))*BETA+V(I,J)

GO T0 238
OVER AND DOWN
228 VNU = (V(I,J+1) *EPM ¥(1e0+4e 0*RI(INIFVIIZJ=L)*EP(L)I* (1404
1 *RI(IIIVII=1,J)* (EP(L) *(045=-RI(J) ) +EPM ®(0s5+RI(J)))+EPM *

2 VII+1,J))/(EP(L)*(1.5=5.,0%RI(J))I+EPM ¥(2545.0%RICJLIY .
VII,J) = (VUNU=V(I,J))*¥BETA+V(I,J)
GO TO 238
DOWN AND OVER
230 VNU = (VIT41, ) *(EP(L)*(0,5-RI(JI)I+EPM *(0.5+RI(J)))+EPH
1 *V(I,J41) ¥ (14044 0¥RICIII4EP (L) *V(I-1,J)+V (I, =11 *EP(L) *(1.0-4, 0"
2 RICIII/Z(EP(LI*(2.5-5.0*RI(J)) +EPM ¥ (14545, 0%RI(I)))
VEIy,Jd) = (VNU=V(I,J))*BETA+V(I,J)
GO YO 238
UP AND OVER
232 VNU = (V(I,J+1) *EPM ¥(1e0+4s 0*RI(UIIFEP(LI*V (I J=1)%(140=4s)D
1 *RI(J))+EPNM ¥V T=1,J)+V(I+1,J)* (EP(LI* (0.5-RI(J))I+EPM ¥(0.5
2 4RIMIIINI/Z(EP(LI*(1.5-5.0%RI(J))I+EPM ¥(2.545.0%RI(J)))
VII,J) = (VNU=V(I,J))*¥BETA+V(I,N)
GO TO 238
DOWN AND UP
234 VNU = (EP{L)*(1.0=4s 0*RITNI*V(I, JU=1) +EPM (1., 0¢+4.0%RI(J) ) *
1 VAT 3J+1)+EPIL) *VII=1,0) ¢EP(L) *V(I+1,J)) /(EP(L) ¥ (34 0=4s0%RI(J)) +
2 EPM (1,044, 0*RI(N)))
V(I,Jd) = (UNU-V(I,J))*BETA+V(I,J)
GO T0 238
UP AND DOWN
236 VNU = (EP(L)Y*(140=4e0%RI(J))I*VII,J=1)+EPM ¥(1.0+4.0%RI(J))*
1V(IyJ+1) +EPM *V(I~-1,J4)+EPM FU(I+1,J) )/ (EP (L) *(1.0-4. 0¥RI(J))
2 +EPM *(3.0+L.0*RICY)))
VI, J) = (VNU=V(I,J))*BETA+V(I,J)
238 DO 240 L=1,LMM
LL = L+L+1
IF (UMIM+1)=UX(T,LL)) 240,242,240
240 CONTINUE
GO TO 268
242 J = JMU{I,M+1) :
IF (J=JM(I=1,M+1)) 24E,2LL,248
244 IF (J=JM(I+1,M+1)) 25692505258
246 IF (J=JUM(I+1,M+1)) 264,260,252
248 IF (J=JM(I+1,M+1)) 254,262,266
HORIZONTAL

250 VNU = ((V(I=1,J)+V(I+1,J))*(EPM ‘(0.5-RI(J))+EP(L+1)‘(0;5+RI(J)))’

4 +EPU(L+1)*V (I ,J+0) *(1.0+4o0¥RI(JIIH+EPH¥(1.0=4o0*RI(I)I*VI4U=-1))/
2 (EPM  *(2.0-6.0*RI(III+EP(L+1)*(2.0+6.,0%RI(I))

VI(IyJd) = (VNU=V(I,J))*BETA+V(I,J)

GO TO 268

DOWN 45
262 VNU = (V(I=1,J)*EPM +V(I+1,J)*EP(L+1)+V(I,J+1)*EP(L+1)*

1 (1044 0*RIINIIVIIU=1)*EPM  * (1. 0~La0*RICNDID/
2 (EPM  %(2,0-L 0*RI(JIII+EPI(L+1)*(2.0+4.0*RILIN))

V(IyJd) = (VNU=V(I,J))*BETA+V(I,J)

GO TO0 268




c

c

C

c

c
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UP 45
254 VNU = (VIT=1,J) *EP(L+1) +VII+1,U) %EPM 4V (1,J41) %EP (L+1)% (10460 0"
1 RICII4VII,J=1) *EPM ¥ (1,0-4o 0*RI(J)) )/
2 (EPM % (2,0=440*RI(JII+EP(L41) * (2,044 0*RI(J)))
VII,d) = (UNU=V(I,J))*BETA4V(I,J)
60 Y0 268
OVER AND UP
256 VNU T (VAT=1,J) ¥ (EPM % (0.5=RI(I)I+EP(L+1)*(0.5+RI(J)))+
1 EPLA1)¥VIT 4 J+1) * (140440 0*RICIII4EPM  *V(I+1,U) 4EPM  *Y(I,g=1) *
€ (100=L.0*RILIIII/LEPM  *(2,5-5,0%RI(J))+EP(L+1) * (14545, Q*RI(J)))
VEIsJ) = (UNU=V(I,J))*BETA+V(I,J)
GO TO 268
OVER AND DOWN
258 VNU = (VI J+1) ¥EP(L+1) ¥ (1, 0440 0%RI(UD) 4V (I, J=1) *EPM % (140-4e0
1 ¥RITIII4V(I=1,J)% (EPM % (0,5=RI(J))+EP(L+1) * (0. S+RI{J)) J+EP(L+1) %
2 VII+1,J))7(EPM % (1,5=5,0%RI(JII+EP(L+1)*(2.54¢5,0%RI(J)))
VIIyJ) = (UNU=V(I,J))*BETA+V(I,J)
GO T0 268
DOWN AND OVER
260 VNU = (VII44,J) ¥ (EPM  *(0.5=RI(J)I+EP(L+1)*(054+RI(J)))+EP(L 41}
1 YV, J+1) (100440 0*RICIII4EPM  *V(I=1,0)+V(I,J=1) *EPM *(1.0~4, 0%
2 RICJII)/(EPM  *(2,5=5,0%RI(J)I+EP(L+1)* (1,5+54 0*RI(J)))
VI, J) = (UNU=V(I,J))*BETA+V(I,J) '

GO 70 268
UP ANO OVER
262 VNU = VI, J+ ) YEP(L+1)* (1. 0+44 0*RI(J)) +3PM WAIIyJ=1)%(1a0=~he)
1 *RYICIIDI+FEP(L+1)*VII=1,J)+V(I+1,J) *(EPM F(O0S=RICUII+EP(L+1)*( 0,5
2 +RIGJI)))/ (EPM ¥(1e5=5,0%RICJ)I+EP(L+1)* (2,545, 0*RI(J)))
VIIyJ) = (UNU=V(I,J))*BETA+V(I,J)
GO YO 268
DOWN AND UP '
264 VNU = (EPM FlleB-bo O¥RI(II*VI(I,U=1) +EP(L+1) * (1. 04+4o Q*RI(J)) *
1 VI, J+1)+EPM  *V(I~-1,J) +EPM  *V(I+1,J)) /(EPM F340-4.0%RICIII+
2 EP(L+1)*(1404440%RI(U))) "
VII,J) = (VNU=V(I,J))*BETA+V(I,J)
GO0 TO 268
UP AND DOWN

266 VNU = (EPM FULa0-Le B*RI(D I *VIT, =10 +EP(L+1) * (1, 0¢44 0*RI(J) ) *
IVAI O+ 1) +EP (L4 *V(I=1,J)+EP(L+1)*V(I+1,J))/ (EPM *(1.0-4.0*RI(J))
2 +EP(L+1) ¥ (3.0+4.0%RI(IH )
VIIyJ) = (VNU=V(I,J))*BETA+VI(I,J)
268 JL = JUM(I,\M)+14
JU = JM(I,\M41) -1
IF (JUU-JL) 296,270,270
270 DB 272 J=JL,JU ‘
VNU = (V(I,J*i)+V(I,J-1)+V(I+1,J)+V(I-1,J))'U.ZS*RI(J)’(V(I,J+1
1 )Y=V(I,u=-1))
272 V(I4Jd) = (UNU=V(I,D)I*BETA+V(I, )
296 CONTINUE
297 CONTINUE
293 CONTINUE

868 K = K+1
869 IF (K-MM) 872,875,875
872 IF (NE-NVEM) 875,875,873
873 IF (N=2) 125,370,370
875 PRINTY 1020,NE

N = N+t

]




QOO (2]

876
878

879
881

882

883

884

885
886

899
900

90%
910

915

920
925
930

950
955
960
965

970

1000
1005

K =10

IF (N-3) 876,876,878
BETA = 1.04(1.0=BETA)*0.5*(FLOAT(N)~3,8)
G0 TO 370

IF (METAL) 899,899,879
IF (N-5) 881,882,883
EPM = 1000.0

EPO = 101.0

GO TC 884

EPM = 1000040

EPO = 1000.0

GO YO 884

EPM = 100000.0

EPO = 10000.0

IF (N-6) 884,884,899
ICK = IDI+t

D0 886 K=1,ICK

IF (EPV(K)~-EPO) 886,885,886
EPV(K) = EPM

CONTINUE

K=20

GO TO 370 ,
IF (18U) 905,305,900
IRN = IRN+1

Iy IBU-1

IR0 = IRN

IF (MU=4) ©10,950,950
IF (MU-2) ©50,915,915

CALL WTTAPE (IST,ISTP,IRN,V4NVR)
IR0 = IRN

READ 1040, I8U,IEF
PRINT 1040,IBU,IEF

IF (IBU) 925,925,920
CALL BLOWUP (IBU,IRN;IST,ISTPyNVR,IR0)
IF (IEF) 950,950,930
CALL EFIELD (IEF,IST,ISTP,.IRNyNVR,IRD)

IF (IPD~1) 955,965,955

D0 960 J=1,NR

PRINT 1050,J,5(VI{I,J),I=1,N2)
CONTINUE

READ 1025,VCON
PRINT 1025,VCON :
IF (VCON(1)) 970,5,970
CALL EQPLOT
G0 TOS

FORMATS

FORMAT (18T4/(8E942))
FORMAT (20I3) .
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Ir‘




1010
1015

1020
1025
1030

- 1035

1040
1045

1050
1055
1060
1065

1070
1075
1080
1095
1100
1105

FORMAT (2I4,E9,2)

FORMAT (314,2E9,2)

FORMAT (/1I10)

FORMAT (8£9,2)

FORMAT (21I4)

FORMAT (12F6.0)

FORMAT (2014)

FORMAT (1H1/ /58X SHFEARS //32X,S7HFLOATING ELECTRODE AXISYMMETRIC )
1R RECTANGULAR SIMULATION///)

FORMAT (15/(10E12.5))

FORMAT (/6H J(yI2,12H), EPS REL T9F 1043701070 42Xy 10I4,2X,1014))
FORMAT (///6H JOyI2,1H) 7€10T4,2X,1014,2X,101I4))

FORMAT (/4H M‘M-’:yI‘O,‘OH,'V'E:’I\“"OH,HN‘Z:’I‘“’“H’NRzyI‘Q,‘OH,RU:y IQQQH,NU",
i I‘O'SH,JJ\I='I‘0,6(1H,I‘0), ‘OH’VV:’I“,“H)HV:’I‘Oy“H,LG:)I‘Q’“H,RN:
2 'I‘Q’QH,pD:,I‘Q/.I'H EPSV =,F905’8H, BETA =,F702)

FORMAT (25H=-VERTICAL LINEAR VOLTAGES)

FORMAT (22H~-VERTICAL LOG VOLTAGES)

FORMAT (27H=-HORIZONTAL LINEAR VOLTAGES)

FORMAT (//7H JM(,T12,8H), METAL FC10T442X51014,2X,30I40)

FORMAT (/7H JMU,I241H) /(40164 ,2X,10T442X,10I4))

FORMAT (L(F10.3,41I5))

END

L




SUBROUTINE BLOWUP (IBU,IRN,IST,ISTP,NVR,IRD)

COMMON NZyNRyIXsIVyIDXsIDY4ISS,ITyNP4N,PY,REC,CV,R4Z,IPT,INX,INY,
1 VyXLsYLySyUyNTyMT,IZXyDXyDYyXMAX,SCALE, YMAX,VCONy JSYMyLSYH,JIT
2 4SVs XYM, IRIT, NPLOT, IZ,IR, MLNTH, IRBs IRT, IZLs IZR

DIMENSION V(201,201), REC(3,400), Z(2,1000), R(2,1000)y IPT(3,3),
1 INX(8), INY(8), VCON(24)

DIMENSION SV(100), XYM(40), IRIT(1Q), IZ(2000), IR(2000)

10

12
13

15

20

25

30

35

40

IR = IRN

DO 50 N=1,IBU

READ 1000,IEXyILsIH,JLyJH

PRINT 1000,IEXeIL,IHyJLyJH
IF (IEX) 12,12,13

IRN = IR0D+1

RETURN

K =20

DO 15 I=IL,IM

K = K+1

2(1,K) = V(I,JL)

2(21'() = V(I,JH)

K =10

D0 20 J=JL,JH

K = K&t

R{1,K) = V(IL,J) S
R(2yK) = V(IH,J)

DO 25 K=1,NVR

VIK) = D0e0

JUP = (TH-IL)*IEX+1

JUP = (JH=JL)*1EX+] e e e i ine
K=20

DO 30 I=1,IUP’IEX -
K = K+1i

VIIy1) = Z(1,K)

VII,JUPY = Z(2,4K)

K=0 o
B0 35 J=1,JUP, IEX

K = K+l

V(i,J) = R(1,K)

VI{IUP,J) = R(2,K)

IJB = 1+IEX

IE = IEX-1

DO 40 I=1uB,TUP,IEX

DVL = (V(I,1)=V(I=-IEX,1))/FLOAT(IEX)

DV2 = (V(I,JUP)=V(I=-1EX,JUP))/FLOAT(IEX)
DO 40 K=1,IE

IK = I-IEX+K

V(IKy1) = V(IK=-1,1)+0V1

VIIK,JUP) = VUIK=-1,JUP)+DV2

DO 45 J=1J8,JUP,IEX _

DVL = (V(19J)=V{1,J=1EX))/FLOAT(IEX)

DV2 = (V(IUP,J)=V(IUP,J=IEX))/FLOAT(IEX)
D0 45 K=1,IE

" 95




94

45

50

1000

IK = J=TEX+K
V(1,IK) = V(1,IK=1)+0V1
VIIUP, IK) = V(IUP,IK=1)+DV?2

CALL WTTAPE (IST,ISTP,IRN,V,NVR)
CALL RDTAPE (IST,ISTP,IR0,V,NVR)

CONTINUE
RETURN
FORMAT (S5Iw)
END

]

L gl




T35 V(I,J) = SART(V(I,N)

SUBROUTINE EFIELD(IEF,IST,ISTP, IRN,NVR,IR0)

COMMON NZ,NR,IX,IY,IDX,IDY,ISS,IT,NP,N,PY,REC,CV,R,Z,IPT,INX,INY,
p | V,XL,YL,S,U,NT,NT,IZX,DX,DY,XM&X,SCALE.YMAX,VCON,JSYM,LSYH,JT
2 »SVy XYM, IRIT, NPLOT, IZ,IR, MLNTH, IRE, IRT, IZL, IZR

DIMENSION V(201,201), REC(3,400), Z(2000), R(2000)yIPT(3,3),INX(8)
1,INY(8), VCON(24)

DIMENSION SV(100), XYM(40), IRIT(10), 12(2000), IR(2000)

REWIND 51
NZ1 = NZ-1
DO 10 K=2,NZ1
L = K=t
LL = K+i

10 WRITE TAPE 51 ,((V(I,J)yJ=1,NR),I=L,LL)

REWIND 51 : .

READ TAPE 51, ( (REC(I,J) yJ=13NR) 3I=1,3)

V(i,1) = (REC(1s1)=REC(1,2))**2+(REC(1,1)=REC(2,1))*%*2

NR1 = NR-1

V(1,NR) = (REC(1,NR)=REC(1,NR=-1))**2+(REC(1,NR)=REC(2,NR))**2
V(2,1) = (REC(2,1)-REC(2,2))**2+ ((REC(1,1) =RECI3,1))*0.5)%%2
V(Z,NR) = (REC(2,NR)=REC (2,NR=1))**2+((REC(1,NR) =REC(3,NR))*0.5)**
12

D0 15 J=2,NR1 . o

V(1,J) = (REC(1,J)=REC(2,J))**2+ ((REC(1,J+1) =REC (1,J-1))*0s5)**2

15 V(2,J) = ((REC(1,J)=REC(3,J))**2+(REC(2,J+1) -REC(2,J=1))**2)*0+25
D0 20 K=3,NZ1
READ TAPE 51, ((REC(IyJ)gJ=1,NR),I=1,3) . .. . ..
V(Ks1) = (REC(2,1)=REC(2,2))**24 ((REC(1,1) =REC(3,1))*0,5)%%2
VI(KyNR) = (REC(2yNR)=REC(2,NR=1))*¥24( (REC (1 4NR) =REC(3,)NR))*0.5)%*

12
. DO 20 J=2,NR1 ,

20 V(KyJ) = ((REC(2,J+1)=REC(2,J=1))**2+(REC(1,J)~REC(3,J))**2)*0.25
VINZ,1) = (REC(2,1)=-REC(3,1))**2+(REC(3,1)=REC(3,2))%%2 .
VINZ,NR) = (REC(2,NR)=REC(3,NR))**2+(REC(3,NR)~-REC(3yNR=1))**2
DO 25 J=2,NRi _ 4 S

25 VINZ,J) = (REC(2,J)=REC(3,J))**2¢ ((REC(3,J+1)-REC(3,J=1))%0s5)*%%2
GO TO (30,40),IEF

30 D0 35 J=1,NR
DO 35 I=1,NZ

L0 EMAX = 0.0
00 45 J=1,NR
DO 45 I=1,NZ
45 EMAX = AMAX1{(EMAX,V(I,J))
DE = EMAX/10.0
VCON(1) = 0.00001
D0 S0 K=2,11
50 VCON(K) = DE*FLOAT(K~-1)
VCON(12) = G.0
CALL EQPLOT

PRINT 1000,EMAX, (VCON(I) yT=1,11)

D0 55 J=1,NR
55 PRINT 1005,J)(V(I,J) )I=1’NZ)

"




CALL RDTAPE (IST,ISTP,IR0,V,NVR)

RETURN
1000 FORMAT (//8H EMAX =yE15.6//(10E1244))
1005 FORMAT (I5/(10E12.5))

END




éf; SUBROUTINE EQPLOT

o COMMON NZ,NR,IX,IY,IDX,IDY,ISS,IT,NP,N,PY,REC,CV,R,Z,IPT, INX,INY,
1 VyXLsYLsSyUyNT 4 MT IZX,OX,DYgXMAX,SCALE,YMAX,VCON:JSYH;LSYH,JT
2 sSV, XYM, IRIT, NPLOT, I1ZyIR, MLNTH, IRB, IRT, IZL, IZR
DIMENSION V(201,201), REC(1200), Z2(2000), R(2000),IPT(3,3),INX(8),
1 INY(8), VCON(24)

DIMENSION SV(100), XYM(40), IRIT(10), I1Z(20000, IR(2000)
DIMENSION ISYMT(12)

c
IF (IZX) 546,45
5 ISYMT(1) = 42
ISYMT(2) = 44
ISYMT(3) = 16
ISYMT(L) = 63
ISYMT(5) = 55
ISYMT(6) = 58
ISYMT(7) = 38 . . -
ISYMT(8) = 42
ISYMT(9) = &4 -
ISYMT(10) = 16
ISYMT(11) = 63
ISYMT(12) = 55
CALL HOCOPY(10) ~
c
6 CONTINUE
v c
RNR 0¢1*FLOAT(NR=1)

K =20
// , c

CALL SMXYV(0,0)
CALL GRID1V (1,0.09RNRy0+0yRNRy100s1e0y=0s=0332142,2)

IRB
-IRT

NYV(0,0)
NYV(RNR)
IZL = NXV (0.0)
IZR = NXV (RNR)
IF (NZ=-NR) 25,25,10
10 XYM(1) = RNR
XYM(2) = RNR4RNR
L XYM(3) = 0.0
’ XYM(4) = RNR
K = K¢1
IF (NZ=-NR=NR) 25,25,20
20 XYM(5) = RNR+RNR
XYM(6) = 3.0*RNR
XYM(7) = 0.0
XYM(8) = RNR
K = K+1
25 READ 1000,ILyINyJB,JT
1000 FORMAT (4I4)
IF (IL) 35,35,30 4
30 XYM(4*K+1) = FLOAT (IL-1)%0.1

"ouwuu
1]

wonn

XYMCL*K+2) = FLOAT (IW=1)*0.1
XYM(4*K+3) = FLOAT (JB=1)*0.1
XYM(4*K+4) = FLOAT (JT-1)%0.1
PRINT 1000,IL,IW,JB,yJT

K = K+1

GO0 70 25




C
J/

100

35

36

CONTINUE

NPLOT = K

DO 36 I=1,NPLOT
ITP = 50+1
REWIND ITP
IRIT(I) =0

II = ¢

DO 115 L=1,24

100
105

110

115
120

40

50
-1

60

i

IF (VCON(L)) 120,120,100
CV = VCON(L)

GO ¥0 (105,110%,I1
JSYM 0

LSYM 0

IT = 2

G0 70 115

JSYM= 25

LtL = L/2

LSYV = ISYMTILL)
I1 = 1

CALL SCAN

CONTINUE

K =120

IF (NPLOT) 60,60,40

DO 55 I=1,NPLOT

CALL HOLDIV(1)

CALL GRID1V (1o XYMUL¥K41) ) XYMIL¥Ke2) , XYM (4 ¥K+3) , XYM(L*K+4) 140,10
,'09‘0,19112)2)

K = K+1

IMAX = IRIT(I)

ITP = I+450

REWIND ITP

D0 50 KK=1,IMAX

READ TAPE ITP,KI,JUSYMaLSYMy(IZ¢U)4IRJ),,J=1,KI)

CALL PILINE (IZ,IR,KI,JSYM,LSYM)

CONTINUE

RETURN
END

[
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c
10
15
20
c
c
23
c
27
28

30
35

37
40
45

50

55

SUBROUTINE COPLOT

COMMON NZyNR,IX,IY,I0X,IDY,ISS,IT,NP4N,yPY, REC'CV,R,Z IPT,INX,yINY,
1 VyXLyYLySyUgNTyMT,IZX,DXs0Y 9 XMAXySCALE,) YMAXyVCON, JSYM,LSYM,UT

2 SV, XYM, IRIT, NPLOT, IZ,IR, MLNTH, IRB, IRT, IZL, IZR

DIMENSION V(201,201), REC(1200), 2(2000), R(2000),IPT(3,3),INX(8),
1 INY(8), VCON{24)
DIMENSION SV(100),
K =10

DO 20 I=1,N

K = K¢t
IZ(K) =

XYM(40), IRIT(10), IZ(2000), IR(2000)

NXV(Z(I))
IF (IZ(K)) 10,10,15
K = K=t
60 TO 20
IR(K) =
CONTINUE

NYV(R(I))

IF (K) 27427423

CALL PILINE (IZ,IRyKyJSYM,ILSYM)

IF (NPLOT) 55,55,28

DO 50 KK=1,NPLOT

CALL XSCALVIXYM(4*KK=3),y XYM(4*KK=2),IZL,1023-IZR)
CALL YSCALV(XYM(4*KK=1) yXY1(4*KK),IRB,1023-IRT)
K=1

DO 40 I=1,4N

K = K+1i

IZ(K) = NXV(Z(I))

IF (IZ(K)) 30,30,35

K = K=1

GO TO 40

IR(K) = NYV(R(I))

IF (IR(K)) 37,37,40

K = K=t

CONTINUE

IF (K) 50,550,545

IRIT(KK) = IRIT{(KK)+1

ITP = XK+50

WRITE TAPE ITP,KyJSYMyLSYM,(IZ(I),IR(I),I=1,K)
CONTINUE

RNR = Do1*FLOAT{(NR=-1)

CALL XSCALV (0¢0,RNR,IZL,1023~-1IZR)

CALL YSCALV (0+0,RNR,IRB,1023-IRT)

RETURN

END

101
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SUBROUTINE SCAN

COMMON NZ,NR,IX,IY,IDX,IDY,ISS,IT,NP,N,PY,QEC,CV,RyZ,IPT,INX,INY,
i V,XL,YL,S,U,NT,MTpIZX,DX,DY,XMAX,SCALE,YMAX,VCON,JSYH,LSYM,JT
2 sSV, XYM, IRIT, NPLOT, IZ,IR, MLNTH, IRS, IRT, IZL, IZR

DIMENSION V(201,201), REC(1200), 2(2000), RC2000),IPT(3,3),INX(8),
1 INY(8), VCON(24)

DIMENSION SV(100), XYM(40), IRIT(10), IZ(2000), IR(2000)

MUNTH = 201
NREC = 1200
NP 0
NT NR
MT NZ
IF (IZX) 10,10,5
5 IPT(1,1)
IPT(1,2)
IPT(1,3)
IPT(2,1)
IPT(2,3)
IPT(3,1)
IPT(3,2)
IPT¢3,3)
INX(1)
INX(2)
INX(3)
INX{W)
INX(S)
INX(8)
INX(7)
INX(8)
INY (1)
INY(2)
INY (3)
INY(4)
INY(S)
INY(6)
INY(T)
CINY({(8)
IZx = 0
10 CONTINUE
00 15 J=1, NREC
15 REC(JS) = 0.0
Iss =0

Honu
[
£ N0 W NN

S P RO o REO b NN nn
[9S

LU L L T L £ O [ SO (I (T T T TN T S 1

20 MT1 = MT-1
DO 40 I=1,MT1
25 IF (V{I+1,1)-CV) 40,30,30
30 If (VII+1,1)1=V(I,1)=1e0) 35,40,35

35 IX = I+t
Iv = 1
IDX = =1
- I0Y = 0
-CALL TRACE

PO

’




Lo

45
55

60
65

70

80

85

990
95
100

105

110
115
120

125

130
135

CONTINUE -

NT1 = NT=-1

DO &0 I=1,NT1

IF (V(MT,I)-CV) 45,60,60

IF (V(MT,T+41)=CV) 60,50,50 '

IF (VIMT,I+41)=V(MT,I)=1,0) 55,60,55
IX = MT

Iy = I+1

IDX 0

1Dy -1 O
CALL TRACE

CONTINUVE

DO 85 I=1,4MT1

MT2 = MT-I+1

IF (V(MT2,NT)=CV) 70,85,85 .

IF (V(MT2=14NT)=CV) B85,75,75

IF (VIMT2=1,NT)=V(MT2,NT)=1.0) 80,85,80°
IX = MT2-%1

Iy = N7

10X 1

10Y 0

CALL TRACE

CONTINUE o

DO 105 I=1,NT1

NT2 = NT+1-I

IF (V(1,NT2)-CV) 90,105,105

IF (V(4,NT2-1)=CV) 105,95,95

IF (V(1,NT2-1)=V(1,NT2)=1.0) 100,105,100
IX =1

-IY & NTZ2-1

IDX = 0
IoYy = 1
CALL TRACE

CONTINUE

1Ss = 1

NTL = NT=-1

MTL = MT-1

DO 140 J=2,NT1 ; ;
DO 140 I=1,MT1 ,
IF (V(I,J)=CV) 110,140,140 |
IF (V(I+1,J)-CV) 140,115,115 o
IF (V(I+1,0)=V(I,J)=1,0) 120,140,120
COM = MUNTH®(I+1)+J

IF (NP) 125,135,125

DO 130 ID = 1,NP

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

CONTINUE L
IX = I+t ST
v =J

IDX = =1

10Y = 0

CALL TRACE

103
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¢ 140 CONTINUE

RETURN
END




c
c

c
c

10
15

20

25

SUBROUTINE TRACE

COMMON NZyNRyIXsIY,I0XyIDYISSsITyNPyNsPY,REC,CVsRyZsIPTHINX,INY,
1 V,XL,YL,S,U,NT,HT,IZX,DX,DY;XHAX,SCﬂLE,YMAXgVCON,JSYM,LSYM,JT
2 4SV, XYM, IRIT, NPLOT, IZ,IR, MLNTH, IRB, IRT, IZL, IZR

DIMENSION V(201,201), REC(1200), Z(2000), R(2000),IPT(3,3),INX(8),
1 INY(8), VCON(24)

DIMENSION SV(100), XYM(40), IRIT(10), I2(¢2000), IR(2000)

PY = 0.0

JT = 0

N=20

IX0 = IX

1Yo = 1Y

ISX = IDX+2

ISY = IDY+2

IS = IPT(ISX,ISY)
JIB = 0

IS0 = IS

IF (IS0~8) 15,415,180
IS0 = IS0~-8

IT =0

CALL CALC

N =N

IF (IT+JT=-1) 20,30,425 -
XS = Z(N=1)

¥YS = R(N=-})

Z(N=1) = Z(N)
R{N=1) = R(N)

. ZENY = XS
RI{N) = ¥YS .
IS = IS+i
JT = IT
IF (IS=9) 45,40,40
IS = IS-8
IDX = INX(IS)
I0Y = INY(IS)
IX2 = IX+IDX
IY2 = 1IY+IDY
JTB = JTB#1

50

55

IF (JTB=2000) 60,60,50
PRINT 1000,CVyZIN),R(N)

1000 FORMAT(1HO0,23HA CONTOUR LINE AT LEVEL,F643,21H WAS TERMINATED AT 2

1=E12+553H R=,F7+3,47HBECAUSE IT CONTAINED MORE THAN 2000 PLOT POIN
27s8)

DO 55 K=1,N
R(K) = (R{K)=1.0)%0.1
Z(K) = (Z(K)~1.0)"0.1

CALL CDPLOT

105




105

60
65
70
75
80
85
90
100
105
110
115

120
125

130

135
140

145

150
155

160

165

RETURN
IF

IF
IF
IF

CAL

GO
IF
IF
IF
IF
IfF
IF
pce
IF
IF
IX
10X
PY

CAL

IX
G0
Iy
I0Y
PY

CAL

1Y
IF
NP
REC
IS
IX
1y
GO
XT
IF
NP
REC
CON
Do
Z(K
R{K
CAL

RET
END

(ISS) 85,85,65

(IX-IX0) 105,700,105
(IY=IY0) 105,475,105
(IS-IS0) 105,80,105

L CALC

T0 160

(IX2) 90,150,90

(IX2=-MT} 95,95,150

(Iy2) 100,150,100

(IY2-NT) 105,105,150
(CV=V{IX2,IY2)) 110,210,20
(IDX**2+IDY**2-1) 115,135,115

= (VIIX,IYIHVOIX2,IY)4V(IX,1Y2) +V(IX2,IY2))*0,.25

{DCP=CV) 20,120,120
(INX(IS-1)) 125,130,125
= IX+IDX

= =IDX

= 2.0

t CALC

= IX+I0X

T0 135

= IY+IDY
= -IDY

= 2.0

L CALC

= IY+I0Y

(V(IX=1,1IY)~-CV) 140,145,145
= NP+1

(NP) = MULNTH*IX+IY

= IS+5

= IX2

(V(IX=1,1IY)=CV) 155,160,160
= NP+3

(NP) = MLNTH*IX+IY

TINUE

165 K=1,N

) = (Z(K)~-1.0)*0.1

) = (R(K)"ioﬂ)‘ﬂol

L CDPLOT

URN

¢




<

15
20

25

30

35
40
45
50

55

60
65

SUBROUTINE CALC

COMHON NZyNRyIX,IY,IDX,IDY,ISS,IT,NP,N,PY,REC,CV,R,Z,IPT,INX,INY,
1 VyXLy YL ySyUyNTyMT,TZX,DXsDYyXMAX,SCALE y YMAX ,VCON, JSYM,LSYM,JT
2 9SV, XYM, IRIT, NPLOT, IZ,IR, MLNTH, IRB, IRT, IZL, IZR

DIMENSION SV(100), XYM(40), IRIT(10), IZ2(2000), IR(2000)
DIMENSION V(204,201), REC(1200), Z(2000), R(2000),IPT(3,3),INX(8),
1 INY(8), VCON(24) ,

IT=1

N = N+i

IF (IDX¥*2+4IDY*¥¥2-1) 30,5,30

IF (IDX) 20,10,20

Z(N) = IX

W = IV

Ivy2 = IY+IDY

DY = IDY '

RIN) = ((VIIXyIY)=CVI/Z(VIIX)IY)=VC(IX,IY2)))*DY+H
RETURN

R(N) = 1Y

W = IX

DX = I0X

IX2 = IX+IDX .

ZINY = ((VIIXyIY)=CVI/(VIIX)IY)=VIIX2yIY)))*OX+HW
RETURN -

IX2 = IX+IDX
IY2 = IY+IDY
W = IX

U = Iy

DX = 10X

DY = I0Y

DCP = (VIIXsIY)+ VIIX2,IY)+ V(IXaIY2)+V(IX2,IY2))*0,25
IF (pY’ZEO) 35"00,35
IF (DCP=CV) 40,40,55
AL = V{IX,IY)=-DCP

S = 0.5% (AL+DCP~-CV) /AL
Z(N) = S*DX+V

R(N) = S*DY+y

PY = 0.0

RETLRN

IT = 1

AL = V(IX2,1Y2)-0DCP

S = 0.5*(AL+DCP=-CV) /AL
Z(N) = «S*DX+W+DX

R(N) = ~S*0Y+U+DY
RETURN

END
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20

SUBROUTINE PILINE (IZ,IRyN,JSYM,LSYM)
DIMENSION IZ(1), IR(1)

K =20
DO 20 TI=2,N
K. = K+}

IF (K=JSYM) 20,10,20

CALL PLOTV (IZ(I),IR(I),LSYM)

K =20

CALL LINEV (IZ(I-1),IR(I=1),IZ(1),IR(I))
RETURN .

END

g




20

1000
1005

SUBROUTINE RDOTAPE (IST,ISTP,ISN,VsNVR)

DIMENSION V(1)

NVR = NVR

REWIND IST

READ TAPE IST,K

IF (K=ISTP) 7,20,7
IF (K=-ISN) 10,15,10
READ TAPE IST

GO T0 5

READ TAPE IST, (VI(I),I=1,NVR)
PRINT 1005,ISN
REWIND IST

RETURN

PRINT 1000,ISN
REWIND IST

CALL EXIT

FORMAT (I6,22H IS NOT A SAVED NUMBER)

FORMAT (16,9H RESTORED)
END

109
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110

s s e

10
1%
20

25

igo00

SUBROUTINE WTTAPE (IST,ISTP,ISN,V,NVR)
DIMENSION V(1)

NVR = NVR

REWIND IST

READ TAPE IST,K

IF (K=ISTP) 10,25,10

IF (K=ISN) 20415,20

ISN = ISN+1
READ TAPE IST
60 T0 5

BACKSPACE IST

WRITE TAPE IST,ISN

WRITE TAPE IST, (V(I)y, I=1,NVR)

PRINT 1000,1SN

FORMAT (23H DATA SAVED UNDER ISN =,I4)
WRITE TAPE IST,ISTP

REWIND IST

RETURN

END

.
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