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INTRODUCTION

The use of composite materials and structures to provide
characteristics unattainable directly from the constituent
materials is well known. Perhaps the most widespread example is
steel-reinforced concrete for structural applications wherein the
high tensile strength of the steel in conjunction with the high
compressive strength of the concrete ylelds a composite material
with structural properties far superior to those of either
component. More recently, work has been undertaken to apply this
principle to the development of dielectric materials for energy
storage applications. It is ant1c1pated that this technology will
provide materials for use in capacitors with greater energy
density, lower loss, and higher breakdown resistance. This
report describes the results of an effort to analytically model
the net or resultant dielectric behavior of such composite
dielectric materials.

The net dielectric behavior of a randomly interspersed
composite is dependent on the spatial dimensionality (1-D vs. 2-
D vs. 3-D), domain geometries (domain size, domain shape,
stratification, etc.), and interconnection effects (percolation).
This collective dependence is only partly understood. One
averaging law which is useful to the experimentalist because of
its relative ease in dealing with multiple components is (1]

€® = T v ef (1)

where € is the net dielectric permittivity of the composite while
€x is the dielectric permittivity component occupying volume
fraction v,. The exponential factor a depends on the geometry of
the constituent components and has been rigorously derived for
only the special cases of layers oriented perpendicular to the
applied electric field and layers oriented along the direction of
the electric field [2]. For the case cf layers oriented
perpendicular to the applied electric field, a = -1 and equation
1 may be interpreted as harmonic averaging. For the case of
layers oriented along the direction of the applied electric
field, @ = +1 and equation 1 may be interpreted as arithmetic
averaging. Although no obvious physical significance may be
immediately attached to the case of a = 0, it may be interpreted
as geometric averaglng. No generalized analytlc expression for a
exists, and a primary goal of this work is to develop a numerical
technique to obtain this factor for different composites.

DIELECTRIC PERMITTIVITY

The dielectric permittivity € relates an applied electric
field to the induced displacement field arising as a result of
the applied electric field. This relationship is usually written

Di = 61.] Ej (2)

where both the displacement Dj and electric fiecld Ej are vector




quantities and the dielectric permittivity €;; is a tensor of
rank two over the spatial indices i,j. The sufflation convention
applies to the repeated index j. 1In the case of isotropic media,
equation 2 takes the vector form

D=¢E (3)

with € now written as a scalar quantity. 1In all practical cases,
the dielectric permittivity is a complex quantity and may be
denoted

€ = €'+ j e" (4)

wherein j=/-1. The Kramers-Kronig relationship, based on time-
causality considerations, specifies that the real and imaginary
parts of € are not independent. 1In engineering applications, the
complex nature of € is more commonly referred to by the use of
the loss tangent, defined as

- material #1

. - material #2

Figure 1. Parallel plate capacitor with composite dielectric.




tan 6§ = €" / € (5)

For many common insulators, the loss tangent is on the order of
1074, ana consequently tan § is often approximated by 6. Tor
the purposes of this report, €" will be taken as zero; the more
general case will be treated in a subsequent reporu.

COMPOSITE DIELECTRIC STRUCTURE

The composite dielectric structure can be modeled as a
collection of interconnected domains, with the material
properties of each domain being distinct. Figure 1 illustrates a
cross-sectional view of a parallel plate capacitor employing a
dielectric composed of two distinct materials.

In order to analyze the structure, we superimpose a pixel
grid on the specimen. The pixel grid is chosen such that the
material within any pixel is homogeneous. This is illustrated in

- material #1

. - material #2

..... - pixel grid

Figure 2. Parallel plate capacitor with composite dielectric
showing superimposed pixel grid.




Figure 3. Four-terminal network pixel element model.

Figure 2. The pixel ~rid forms a Cartesian coordinate system with
one axis parallel and one axis perpendicular to the applied
electric field. The dielectric properties of the material within
any pixel are assigned by means of the pixel grid coordinate
system.

We can consider each pixel site as a four-terminal network
and can model all nearest-neighbor interactions of any pixel by
considering the array of nodes formed at the pixel intersections.
This is sufficient to assign a vector displacement to each pixel.
The four-terminal network within each pixel is comprised of a set
of four capacit-rs, each connected between a common node at the
center of the pixel and one of the corners as illustrated in
Figure 3. The value associated with each capacitor is simply the
size-normalized capacitance between the pixel center and any
corner.

We can redraw the composite dielectric pixel grid of Figure
2 with the four-terminal equivalent network substituted for each
pixel element, and obtain the electrical network shown in Figure
4. This network may be analyzed by means of Kirchoff's Laws as
applied to the displacement field D in the static case or
displacement current dD/dt in the dynamic case.

NETWORK ANALYSIS

In the application of Kirchoff's Laws to the analysis of the
equivalent electrical network, we are confronted with the choice
of using either mesh analysis or nodal analysis. We choose to
employ nodal analysis for the following reasons:

1) The numerical solution is more stable using nodal
analysis than using mesh analysis. Essentially, as one traverses
the composite neiwork, the nodal sclution transitions smoothly
from pixel to pixel and the relative differences in currents are
small, whereas with mesh analysis we may see alternations in the
sense of the Joop currents which greatly increases the relative
differences in currents. From a numerical standpoint, this
choice is impevt-iit in aveiding truncation errors.




Figure 4. Composite dielectric equivalent electrical circuit
where the circuit components have been numbered with subscripts 1
and 2 to correspond with the material components of Figure 2.




2) The boundary conditions are more readily implemented
using nodal analysis. This includes both the excitation and
lateral boundaries.

Implementation of the nodal analysis results in a succinct
description of the network. The currents Iij between the ith
node and its nearest neighbors are described by

z Iij =0 (5)

for all nodes except along the excitation plane. A normalized
current is applied to nodes along the excitation plane, tor which
we may write

z Iij = j w (6)
where jw is the complex radian frequency of the excitation. The
summation is taken over the nearest neighbor nodes. The size

normalized admittance of the capacitor elements between nodes i
and j may be written

Yij = j w Gij (7)

Equation 7 may be substituted into equations 5 and 6 using Ohm's
Law and the potentials at nodes i and j, resulting in

Z €55 (Vj -Vy) =0 (8)
for most nodes and
z eij (Vi - Vj) =1 (9)

for nodes on the excitation plane. The solution of the nodal
equations varies with frequency since the €;: of the constituent
materials are in reality frequency &gpendent with the
different materials having different frequency dependencies.

BOUNDARY CONDITIONS

In the formulation of the network to be solved, we encounter
two common types of boundary conditions concerning the
displacement field at the lateral boundaries. The first
condition is that of 'insulating' sides, wherein we consider the
dielectric specimen to be electrically isolated along the lateral
boundaries. In this case, the normal component of the
displacement field D is considered to be zero at the lateral
boundaries. For simplicity, we also assume that fringing
electric fields are nonexistent. This boundary condition is
applicable to the analysis of isolated samples or lattice cells
with mirror-symmetry-plane boundaries. The second condition is
that of 'periodic!' boundaries, wherein we consider the dielectric
specimen to be a repeated cell in a cyclic lattice structure. 1In
this case, the normal component of displacement field is non-zero
and the same at both boundaries, as is the tangential component




D”(a) ! Composite i D”(b)

Di(a) =~ Dielectric - Di(b)
X = a X =Db
'Insulating' 'Periodic’
D(a) # Dy(b) # O Dj(a) = D(b) # O
Di(a) = DL(b) = 0 Di{(a) = DL(b) # O
Figure 5. Lateral boundary conditions on the composite
dielectric.
of D. The two types of boundary conditions are illustrated in

Figure 5.
COMPUTER IMPLEMENTATION OF THE NETWORK

The equivalent electrical network representing the composite
dielectric may be conveniently solved using computer methods. An
important prerequisite to obtaining a solution is the development
of an appropriate scheme for identifying both pixel grid nodes
and the internodal capacitances. In the scheme adopted here, the
pixel grid nodes are numbered sequentially starting from the
ground electrode and terminating with the excitation electrode.
The 1internodal capacitances are identified as elements in a two-
dimensional array. The numbering scheme is illustrated in
Figure 6.

The node numbering scheme is not arbitrary, but is chosen in
such a fashion as to maximize the stability of the numerical
solution. By beginning at the ground electrode and moving along
planes of increasing potential, we can minimize truncation
errors. The number of nodes in the pixel grid depends on the
lateral boundary conditions. The node numbering schemes for both
'insulating' and 'periodic' boundary conditions are illustrated
in Figure 7.
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Figure 6. Pixel grid nodes (round brackets) and internodal

capacitance (sqaure brackets) numbering scheme for the case of
*insulating' boundary conditions.
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Figure 7. Node numbering scheme in the case of a) ‘'insulating®
and b) 'periodic' boundary conditions. In the case of

boundary conditions, the internodal capacitances
along the starred (*) paths are obtained from series connection
of the constituent internodal capacitances. In the case of
'periodic' boundary conditions, the nodes at one boundary
effectively 'wrap around' to the other boundary.

'insulating'

INTERACTION MATRIX

Expansion of equations 8 and 9 over the entire pixel grid
will yield a set of simultaneous equations which must be solved
to obtain the unknown nodal potentials. Once the nodal
potentials are known, the net dielectric permittivity is
calculated as the quotient of the excitation displacement current
and the excitation potential. The full set of equations takes

the form

(I )y=+(¢€}) (V) (10)
where {I}) is a column vector of the generalized displacement
currents, (V) is a column vector of the nodal potentials, and {e¢)

is the interaction matrix describing the composite dielectric.
The interaction matrix is in general a sparse symmetric matrix,
with the sparseness arising from the fact that only nearest-
neighbor interaction terms are non~zero. Except for the extrema,
there are only five non-zero terms in any row, hence the degree
of sparseness increases approximately as the square of the matrix
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= summation of internodal capacitances

€ = internodal capacitance term

Figure 8. Interaction matrix showing the location of non-zero
terms using the chosen node numbering scheme.

size. The location of the non-zero elements in the matrix
depends upon the node numbering scheme employed, and we have
chosen a node numbering scheme such that the interaction matrix
is 'banded' with the non-zero terms clustered about the main
diagonal. The form of this matrix is illustrated in Figure 8.

Using the 'banded' interaction matrix as shown provides a
distinct computational speed and memory size advantage over the
use of a 'non-banded' matrix with arbitrary non-zero element
locations. The execution speed in the 'banded' case 1is
proportional to the square of the matrix size, whereas in the
'non-banded' case execution speed is proportional to the cube of
the matrix size. Memory size is conserved using the 'banded'
form since only a small segment of the matrix is operated upon at
any time. 1In this case, the size of the interaction matrix which
may be evaluated is limited only by the range of computer
addresses available and the time required to perform the
calculations.
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VERIFICATION OF NUMERICAL SOLUTION

The accuracy of the numerical solution obtained here has
been tested in several ways. The first test involved calculation
of the exponential averaging factor a for the known cases of
stratified layers parallel to the excitation and perpendicular to
the excitation. In both cases, for permittivities €; and €, such
that = < 10° (limited by the computer 1mp1eme:kat10n), the
results og the numerical solution were as expected. The second
test involved examining the stability of the numerical solution
as the grid size was changed for a fixed distribution of
constituent materials. No variations in the numerical output
were detected as the grid size was varied from 4x4 pixels (26
nodes) to 40x40 pixels (3161 nodes).

The third test involved comparing numerical solutions
employing different implementations of node numbering and matrix

inversion routines. Essentially, the final version of the
numerical analysis code grew out of three earlier, less efficient
but computationally accurate implementations. The first code

employed a node numbering scheme which started at the center of
the dielectric and spiraled outward to the boundaries. This code
also employed the matrix inversion routine resident in the
programming language. The second version employed the same node
numberlng scheme but substituted L-U decomposition for matrix
inversion. The third version also used the same node numbering
schene, put employed Gaussian elimination in evaluating the
1nteractlon matrix. All three versions employed back
substitution to verify the numerical solutions. No differences
were found between the test case solutions obtained by these
versions and the final version.

The fourth and final case involved comparing the current
numerical results to those obtained in an earlier work [3].
Again, the ~urrent numerical results were in good agreement with
the earlier work.

PRELIMINARY RESULTS

The computer code has been used to examine the variation in
exponential averaging factor a with the ratio of constituent
permittivities in a two-component composite aielectric. Figures
9 through 12 show the results obtained for e ratios of 1.1,
10, 100, and 1000 respectively. Each figure s ows the value of a
as a function of constituent volume ratio. Each data point
represents the calculated behavior of a capacitor with the
indicated volume fractions of constituent dielectrics. For each
calculation, the spatial distribution of the constituent
dielectrics is determined by a random number generator, the
interaction matrix is evaluated to determine the net dielectric
permittivity, and Equation (1) is solved iteratively for a. One
can see from these figures that the behavior of the exponential
averaging factor depends on the constituent permittivity ratio
and that the behavior falls into three general categories:

11
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a) €,/€5, = 1 - the exponential averaging factor a is
essentially constant and of value =0.25.

b) 2 < €;/€, < 100 - a is approximately linearly dependent
on the constituent volume ratio.

c) €,/€, >100 - o exhibits a nonlinear constituent volume
ratio dependence arising from percolation effects.

Several more cases will need to be examined to determine more
accurately the limits of these behavioral categories.

FUTURE WORK

The identification of the exponential averaging factor a as
falling into behavioral categories dependent upon the constituent
permittivity ratio is of considerable engineering signiticance.
Once the behavioral boundaries are established, it will be
possible to develop simple expressions approximating a for the
various behavioral categories. Future work in this area should
thus include:

a) Evaluation of a sufficient number of test cases to
determine the limits of the behavioral categories.

b) Development of engineering tables and approximations for
practical determination of a in engineering applications.

c) Extension to the case of complex permittivity, including
artificial dielectrics such as dielectric-metal composites.

d) Extension to 3-dimensional sample geometries.

e) Analysis of the nature of percolation effects observed
for large constituent permittivity ratios, in particular,
analysis of the effects of constituent grain size.

f) Analysis of composites with three or more components.
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Appendix I

Two-Dimensional Numeric Analysis Program

< < < < < < < "“DIEL_LRG62D" > > > > > > > >

;Q-!—Q—.—'—i-—l—i—'—i—f—i—l—.—!—#—l—*
I A main program to eavaluate a 2 dimensional composite dielectric

| response for a pixel network of capacitors.

| S. R. Wallin, 6/5/90

I % = % = % ~ # — 4 — % = & — # = # — # — & -~ # ~ & = & ~ # ~- # ~ 2 ~ &
PRINT " MEMORY IS";VAL(SYSTEM$("AVAILABLE MEMORY"))/8;"(reals)”

OPTION BASE 1

DATA 1,2,4,7,11,16,22,29,37 ! Dielectric data for option
COM /Pass/ Relay ! for sharing to subs

COM /Pixel/ Chdr${80],Dhdr$l801,6INTEGER Lxtnt ,Pix1(1:180,1:180)

DIM Hpiv(1:202) ,Hpr(1:20302) | dim to reasonable size

DIM Hdr$(B80] | available string for headers
DIM Admt(0:3) ,Admaav(0:3) ! neighbor admittance values
INTEGER Xt(@:3),Yt(@:3) | neighbor addresses

COM /Memr/ Graf(I 256,1:4) Ahdre(80),Bhdr$(80],INTEGER Rep ,Kwd itrials mem
t#ee> COM areas can be reaccessed with next RUN if identical name & sizes
Yere)> nb., max Lside >= .5 + sqrt(.25 + 24(max dim - 1) )

LET Start=TIMEDATE

INTEGER Lside ,Kond,Nodesz

INTEGER Ptrn Nd ,Nd1 ,Nd2 ,Xkin,Ykin,Xcnt,Ycnt Xaddr K Yaddr ,Boxes,Slant ,Sprss
INTEGER Qdrnt ,Rptr ,Trans ,Pose ,6rpt,Tls Sctr,ltmp,Occp

INTEGER Hzmax ,Hxymax ,Hpremax ,Hopped,Hsteps Hnd ,Hcnt Zcnt ,Ind

INTEGER Cnmb ,Qmat ,Hnd) ,Hnd2 ,Hleft ,Hright

DIM Diel(1:9) Frpx(@:3) Msd8{60]

DIM FIn${EQ)
10IM Hpiv(1:128) Hpr(1:8192) | set to max physical storage

LET Grpt=1 I Initialize the data storage counter
I % -~ 8 ~ % = 3 = 8 = # = # = % = % — % = # = % — # — 3 — 4 - 4 - 4 - »
| for which the integer variables roles are:

] Relay = an available common pass variable

! Lside = the # of pixel capacitor elements encounter along an edge

! of the square of pixels

] Tls = Lside or Lside/2 i1f 2x2 tiling

! Qdrnt = quadrant pixel array expanding switch, 0=off & l=on

! Px_tot = total % of pixels in square = LsidesLside

] Kond = the boundary condition on the sides of the overall composite
! capacitor, 1) insulating sides or 2) periodic or sides which
! wrap around

! Nodesz = the maximum number of 1nteraction nodes in forming

| network, with @ as the ground or base plate, ! as center

] node, and the final node number for the top plate.

i Its value is: LeL/2~-L+2 + (IF Pertodic=1)e(L/2-1),

'
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450
460
470
480
490
500
Si0e
520
530
S40
550
560
570
580
590
500
510
620
630
640
650
660
670
580
630
700
710
720
730
740
750
760
770
780
790
200
810
820
830
840
850
860
870
880
890
300
910
929
330
940
950
360
7@
389

I
i
|
|
|}
|
I
|
!
{
|
)
|
|
i
1
i
|
1
|
|
|
)
]
|
I
)
]
I
|
|
|
!
)
!
i
I
i
i
I
|
|
)
[}

I & =
PRINT
PRINT
PRINT
PRINT
PRINT
U 4

I The
'
'

OVERALL CAPACITOR FROM NODES
{
sanmssessssssassssss= ton node or plate
XX XXX XXX X X
XXX XXX XXX
XX XX X XX X XX
X X X X X X X X X
XX XXX XXX X X center node at midpoint
XXX X XXX XX
XX XX XXX X X X
X X X X X X X X X
XX XX X XXX XX
aszsssszssnzsssxs=za= hase node or plate

_ X's represent nodes
Pixl{) = the overlaying matrix representing the capacitor pixels
Daplc() = displacement current of pixel per normalized volt/meter
Potnt() = pixel voltage relative to one volt across entire sample
Diel() = dielectric value or admittance value of a capacitor pixel

attached to addressas represented in the pixel grid
Frpx() = volume fractions associated with pixel types
Xt() ,Yt() = neighbor addresseas
FIng = string refering to a filename, Hdr$ = 80 chars
Ahdr$ ,Bhdr$ = headers of 8@ chrs for Data Title & ID for COM /Memr/
Chdr$ ,0hdr$ = headers of 80 chrs for Pixel Title & ID for COM /Pixel/
Ptrn = choice of pixel grid filling pattern
Nd = a single number label for a node
Nd! Nd2 = refers to a Ist node & a 2nd node @ specified by single
node numbers
Xkin ,Ykin = kinship 20 address of a node number i.e. (x,y)
Xecnt ,Yecnt = step counters to pixels neighbouring a node 1n 20
Xaddr ,Yaddr = addresses of neighbouring pixels in 2D
Boxes = total concentric boxes fitting within pixel grid or
number of 2x2 cell blocks along an edge on pixel grid
Slant = @ if foward slash or | if backslash slanting capacitor
Rep ,Rptr = overall number of reapeats, Kud=% of data storage types
6rpt = overall plus transpose repeats for use of data storage
Sprss = Suppression of printout details
Trans ,Pose = Pixel transpose selection
Resp = Overall dielectric response of pixel sample along E

Tmp ,Tmpt ,Tmp2 ,Vt1 ,Ut2 = reals avajlable for various uses
® = B = & - B ~ B = B = # = B = F =~ B =~ % = % =~ B - & = # - % -

uooN

> > » Happy capacitor composite adventures in 2 dimensions < < ("

* preformed on “;DATES(TIMEDATE);

" at “;TIMES(TIMEDATE)

| 4 4 4 | ¥ 4 3 $ | % 4 4 g
hopper reduction subarray: S. Wallin, July 1990

N,

e« « « v <« « « v v large symmetric sparse matrix

EIRY
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980 o SN

1000 | b2, 2,21

1818 I R2_0 83 0

1020 ! V3,10 3,20 3,38

1030 ! | #4_) 85 ! _#6_!

1040 | The hopper subarray moves

1950 ! . down as pivoting progresses

1060 ! \/ lg sym sparse matrix

1070 ! s e e e e e e e e e e e e e e
1080 ! The "H" prefix is mainly used to denote variable use 1in hopper program
1290 ! Hx.. = row address of array element

1100 t Hy.. = column address of array element

11 1.e. (Hx..,Hy..,) specifies a coordinate position

1120 ) Hz.. = the storage number associated with (Hx.. Hy..)

1133 | Hxymax = altitude cor base or diag # elements of reduction hopper
1140 | Hzmax = the total # of elements contained within reduction hopper
1150 | Hpremax = same as Hzmax but less Hxymax (1e less largest row)
1160 | Hsteps = extent of larger interaction matrix upon hopper reduces
1170 ' Hleft Hright = node #s of insulated sides Pixel grid

1188 ' Hpiv() = Pivoting vector of node reduction

1180 ! Hpr() = working hopper array of matrix reduction

1200 V% ¢ 4 b 4 4 % 4 % t 4 b 4 b 4 p 4 4 ¢ S #

1219 PRINT ">Try hopping along to a solution of sparse matr.ces at 3
1220 DISP “I0 to be: Q)default t)lab 3.5"" 2)lab hardisc 3,4)A,B office ";
1230 INPUT "S)luser defined" Nd

124@ IF Nd<@ THEN STOP
1250 IF Nd=@ THEN Msd$="'
126@ IF Nd=! THEN Msd$=":C580,700,1"

1270 IF Nd=2 THEN Msd$=":C580,700"

1280 IF Ng=3 THEN Msd$=":CS580,703,0°

1292 IF Nd=4 THEN Msd$=":C580,703,1"°

130@ IF Nd=5 THEN INPUT "Name (completely) storage?” Msd$

1310 IF Msd$<>"" THEN PRINT RPTS(" " ,5@);"storage"” iMsd$

1320 PRINT ® The pattern choices are:"

1330 PRINT * @) internal, v:ia COM /Memr/”

1340 PRINT * 1) from file storage”

135@ PRINT " 2) every pixel filled by user”

1360 PRINT " 3) random (i.e. well mixed)"”

1370 PRINT " 4) by slanted fill lavel"

1380 PRINT " 5) with an circle or ellipse of which can be tilted”
1390 PRINT * 6) with strata“

1400 PRINT " 7) concentric boxes”

1410 PRINT “ 8) an ellipse with host & i1nclusion (2 components only,";
1420 PRINT " but symm wrt 1/2 vol)"

1430 INPUT "Select design of pixel grid? (see above)" ,Ptrn

1440 IF Ptrn<@ THEN STOP

14590 DISP " & boundary conditions? 1) Insulative “;

1460 INPUT "2) Wrap around or periodic” ,Kond

1470 IF Kond<@ THEN STOP

1480 IF Kond=@ THEN Kond=!

1490 IF Kond»2 THEN Kond=1+BIT(Kond+! ,0)

1500 INPUT “Use 2x2 tiles on pixel grid? @) No 1) Yes" Tls

1510 IF Tis<@ THEN STOP

1520 LET Tla=i+4(Tls=}))
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1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
18680
1890
1900
1910
1920
1930
15940
1950
1960
1970
1980
1999
2000
2010
2020
2030
2040
2050

INPUT "Quad fold symmetry expansion of pixel grid? @) No 1) Yes" ,Qdrnt
IF Qdrnt<® THEN STOP
LET Qdrnt=1+(Qdrnt=1)
SELECT Ptrn
CASE =@
IF Lxtnt<2 THEN
PRINT " Are Pixels there in memory? ..idled ..start again®
STOP
END IF
IF Lxtnt>181 THEN PRINT " .. there may be too many Pixels"®
REDIM Pixl(l:Lxtnt 1:Lxtnt)
LET Lside=Lxtnt*«Qdrnt+Tls
PRINT " From internal memory via COM, Pixels"ilxtnt:i"x"iLxtnts", title,”
IF Chdr$<>"" THEN PRINT Chdr%
IF Dhdr$<>""* THEN PRINT Dhdr$
CASE =) | Get pixels from file
INPUT " Enclose (in """“"s) file name to contain pixel pattern?” Fin$
IF Fln$="" THEN STOP
IF POS(FIng ":")=0 THEN Fin$=Fln$&Msd$
DISP " File named """iFln®:“"" ([";LEN(FIn$);"] characters)";
DISP " is being read from storage”
ASSIGN BPixsrc TO FIn®;FORMAT OFF
ENTER @Pixsrc;Chdr® ,Dhdr$;Lxtnt I NB header assigned length of 8@
PRINT " Pixels contained in file """;FIn$:;""", entitled with”
PRINT Chdr$
PRINT Dhdr$
REDIM Pixl(1:Lxtnt tilxtnt) | read tnitial Pixl(+) array
ENTER @PixsrciPixl(*} ! retreirve pixels from file
ASSIGN @Pixsrc TO + I close file
LET Lside=Lxtnt*Qdrnt*Tls I actual Pixel side anticipated
PRINT
CASE ELSE | Generate pixels
DISP "How big a capacitor pixel grid 1n elements/side? “;
INPUT "(even $, max “18@ int addr Imt)" Lside
IF Lside<@ THEN STOP
IF Lside<>SHIFT(SHIFT(Lside,!1),-1) THEN
PRINT * Odd";Lside;"Pixel length changed to even”;
LET Lside=SHIFT(SHIFT(Lside, 1), ~1)
PRINT Lside

END IF
IF Lside=@ THEN Lside=2
LET Lxtnt=Lside I tnitial Pixel side length
LET Lside=Lside*Qdrnt=Tls | Pixel side length anticipated
IF Lside>182 THEN PRINT " ... near integer addressing limit"
END SELECT | end Ptrn test
PRINT

IF Tls=2 OR Qdrnt=2 THEN PRINT " Pixels now measures”;ilLsidei“x"ilLside
PRINT * Pattern="iPtrni")“;Ls1de; "x";Lside;

IF Tls=1 THEN PRINT “pixels,”;

IF Tls=2 THEN PRINT “tiled pixels,”;

IF Kond=1 THEN PRINT " i1nsulated or “"D"" field parallel to edge."

IF Kond=2 THEN PRINT " periodic or voltage wrapping around at edges.”
LET Nodesz=SHIFT(Lsi1de+Lside,!)-Lside+2+(Kond=2)#(SHIFT(Lside 1)~1)

2060 'ALLOCATE REAL Dsplc(Lside,lLside) Potnt{(Lsi1de ,Lside) | to be programmed

18




2070 tw#we)y Initializing

2080 MAT Diel= (0)

2090 DISP "Dielectric sources? “;

2180 DISP “1) data 1nput(programmed) 2) keyboard "1
2110 INPUT "3) by progression” , Nd

2120 IF Nd=@ THEN Nd=2

2130 SELECT Nd

2140 CASE =1
2150 FOR Ndi=1 TO 9
2160 READ Diel(Nd1)

2170 NEXT Nd1
218@ CASE =2
2190 FOR Ndi=1 TO 9

2200 DISP "Give dielectric value at”;iNdl;

2210 INPUT 7 (or enter negative if to cease)” , Diel(Nd!)
2220 IF Diel(Nd1)<@ THEN

2230 LET Diel(Nd!)=0@

2240 LET Nd!1=9

2250 ELSE

2260 PRINT "diell(";Ndl;"1=";PROUND(Diel(Ndt), ~4);" "
2270 END IF

2280 NEXT Ndi

2290 CASE =3

2300 INPUT "Dielectric value of pixel type ““[11""7" Tmp

2310 DISP “Multiplier of progression for each succeeding value "
2320 INPUT "to fa1ll (23,031,..,(8] 72" Tmpl

2330 FOR Ndt!=t TO 9

2349 Diel(Nd!)=Tmp
2350 Tmp=Tmp*Tmp!
2360 PRINT “diel{"iNdti”"1=";PROUND(Diel(Ndl),-4);" "3

2370 NEXT Nd!

2380 CASE ELSE

2390 STOP

240Q@ END SELECT

2410 PRINT

2420 LET Spras=)

24308 IF Nodesz<32 THEN

2440 INPUT “Surpress screen listing details, @) No 1) Yes?" Sprss
2450 IF Sprss<@® THEN STOP
2460 END I[F

2470 INPUT “Any overall repeats?” Rep

2480 IF Rep<® THEN STOP

2490 IF Rep=0 THEN LET Rep=|

2500 INPUT "Desire transpose of pixel grid? @) No |) Yes" Pose

2518 IF Pose<@ THEN STOP

2520 LET Pose=1+BIT(Pose @)

2530 REM * Solution acheived by a sparse matrix reduced pivoting technique”
2540 Is#+>> Overall repetition, may require additional editing

2550 LET Kwd=4 | user has selected to program for 4 data columns
2560 REDIM Graf(1:Rep,!:Kwd)

2570 FOR Rptr=! TO Rep

2580 LET Relay=Rptr 17/27/90

2590 MAT Frpx= (@)

2600 leed> 1 f Ptrn=Q internal or Ptrn=1 then Pixels read from file
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2610 IF Ptrn=2 THEN CALL Pix12d_fill

2620 IF Ptrn=3 THEN CALL Pixl2d_rand

2630 IF Ptrn=4 THEN CALL Pix12d_tilt

2640 IF Ptrn=5 THEN CALL Pixl2d_ellpa
2650 IF Ptrn=6 THEN CALL Pix12d_strat
2660 IF Ptrn=7 THEN CALL Pixl2d_cbox

2670 IF Ptrn=8 THEN CALL Pix12d_ellp2
2680 IF Tls=2 THEN

269¢ LET Xkin=SIZE(Pixl, 1) I redimensioning
2700 LET Ykin=SIZE(Pixl,2)

271@ LET Ndt=Xkin+Ykin

2720 LET Nd2=SHIFT{(Xkin#*#Ykin,6-2) I 4eXkinsYkin
2730 REDIM Pixl{1:1 ,1:Nd2)

2740 FOR Xcnt=(Xkin-1) TG @ STEP -i

2750 FOR Ycnt=Ykin TO 1 STEP -1

2760 LET Pixl(1! Xcnt#2¢Ykin+Ycnt )=Pixl(1 XcnteYkin+Yecnt)
2770 NEXT Ycnt

2789 NEXT Xcnt

2790 REDIM Pix1(1:Ndt , 1:Ndl) | set new array dimen
2800 FOR Xcnt=Xkin TO | STEP -1 I tiling 2x2

2810 FOR Ycnt=Ykin TO 1 STEP -t

2820 LET Itmp=Pixl{Xcnt , Ycnt)

2830 LET Xaddr=SHIFT{(Xcnt -1 | effective 2* op
2840 LET Yaddr=SHIFT(Ycnt ,-1)

2850 LET Pixl(Xaddr Yaddr)=]tmp

2860 LET Pixl(Xaddr-1,6Yaddr)=Itmp

2870 LET Pixi{Xaddr h Yaddr-1)=Itmp

2880 LET Pixl{(Xaddr-) ,Yaddr-1)=]ltmp

2830 NEXT Ycnt

2900 NEXT Xcnt

2910 END IF
2920 IF Qdrnt=2 THEN

2930 LET Nd2+SIZE(P1x], 1)+SIZE(Pix],2)

2940 LET Nd1=SHIFT(Nd2,!1)

2950 REDIM P1xl(1:Nd2,1:Nd2) { redim to dble quad duplic
2960 FOR Xcnt=Ndl TO 1 STEP -i

2970 LET Xaddr=Nd2+1-Xcnt | quad complement X counter
2980 LET Xkin=SHIFT(Xcnt+1 6 1) ' effectively DIV 2 op

2990 LET Ykin=BIT(Xcnt+1,0) | affectively odd{(=>even op
3000 FOR Ycnt=1 TO Nd!

3012 LLET Yaddr=Nd2+!-Ycnt I quad complement Y counter
3020 LET Itmp=Pixl(Xkin,Ycnt+NdI#Ykin)

3030 LET Pixli{Xcnt ,Yent)=Itmp I Itmp takes care of redim elements
3040 LET Pixl(Xaddr Ycnt)=ltmp

3850 LET Pixl(Xcnt Yaddr)=Itmp

3060 LET Pixl(Xaddr Yaddr)=Itmp

3070 NEXT Yent

3080 NEXT Xecnt

3ese END IF

3100 LET Lside=STZE(P1x1,1) ! update Pix]l extent along edge

3110 LET Px_tot=LsiderLs1de

3120 LET Boxes=aSHIFT(Lside, k1)

3139 IF Boxes<1 THEN PRINT “WARNING! may be too small of a pixel grid”
2140 LET Nodesz=SHIFT(Lside*Lside,! )-Larde+t2+(Kond=2)*(SHIFT(Lside,1)-1)
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3159
31690
3170
3180
3199
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360@
3370
3380
3330
3400
3410
3422
3430
3440
3450
3460
3470
34580
7490
3500
3510
3520
3520
3540
3550
3560
3570
3580
3530
3600
3610
3620
363e
3640
3650
3660
3870
3680

l+s#)> lranpose ot Fixel grid
LET Trans=Pose ! 1f loop then use next line
'FOR Trans=1 70 Pose
IF Trans=2 THEN ! Tranpose
PRINT " TRANSPOSING"
FOR Xcnt=1 TO Lside
FOR Ycnt=(Xcnt+1) TO Lside
LET ItmpaPixl{Ycnt Xcnt) | swap Xcoordinatel->Ycoordinate
LET Pixl(Ycnt Xcnt)=Pixl{Xcnt K Ycnt)
LET Pixl(Xent ,Yent)=Itmp
NEXT Ycnt
NEXT Xcnt
END IF
leee> Evaluation of pixel type volume fractions
IF NOT (Sprss) OR Lside<81 THEN PRINT " Pixels"ijlLside;"x";Lside
FOR Xcnt=Lside TO 1 STEP -}
FOR Ycnt=t TO Lside
Frox(Pixl(Xcnt ,Yent ))=Frpx(Pix]l(Xcnt ,Yent ) )+

IF NOT (Sprss) OR Lside<4@ THEN PRINT " ";VALS(Pixl(Xcnt , Ycnt))g
NEXT Yent
IF NOT (Sprss) OR Lsi1de<4@ THEN PRINT
NEXT Xent

MAT Frpx= Frpx/(Px_tot)
PRINT “ Volume %s: "
FOR Nd=1 TO 9
IF Frpx(Nd)<»@ THEN PRINT PRQUND(1Q@+*Frpx(Nd) -1);"%=>0"¢Nd;"),";
NEXT Nd

PRINT

IF Frpx(@)<>0 THEN PRINT "WARNING! check pixels"”

DISP * .. wairt":Rptri“of“iRepi”.. solving node 1nteract matrix,k*;
OI5SP Nodes. ;"by"iNodesz;“from time ";TIMES(TIMEDATE)

LET Tmp=TItEDATE I Benchmarker

ieeer HOP technique of sparse matrix reduction

PFINT " Solving INTERACTION matrix"iNodesz;"«"iNodesz;"via hopper”

LET Hrymax=__side t s1ze of Hopper for matrix reduction
LET Hzma«=().0+Hxymax )¢Hxymax DIV 2 I memory reduction capabilities
LET Heteps=Nodeasz

LET Hpremax=Hzmax-Hxymax

REDIM Hpiv(1:iHxymax ) Hpr(l:Hzmax)

LET Hieft=t I markers of node #s on left insl]l BC
LET Hright=Boras | markers of node #%s on right insl BC
MAT Hpiv= (@)
MAT Hpr= (@)
LET Ind=0 I to previous row tri-dieag accum
FCR Hnd=1 TO Hxymax I Filling hopper work array
IF NOT (Sprss) THEN PRINT " node's “;VAL$(HNnd):i" neighbors are”:
FOR Sctr=0 T0 3 ! Diagonal or self interact terms

IF Vond=! THEN CALL Cvndi(Hnd,Lside ,Sctr Xt(Sctr) vt(Sctr))
IF Kond=2 THEN CALL Cvndp(Hnd,Ls:ide , Sctr Xt(Sctr) YtiSctr))
LET Admti(Sctr /=D1el(Pix1{Xt(Sctr) Yt(Sctr)))

IF Kond=1 THEN ! ady for insl BC on Pixe]l grid
IF Hnd=kleft THEN ! test 1f left si1de node
IF NOT (BIT(¢Sctr ,0)) THEN
IF BIT{(Sctr,1) THEN | make series admit combo
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3690 IF Xt(2)<Lside THEN

3700 LET Admsav(@)=Diel(Pix1(Xt(2)+1 1))

3710 LET Admt(2)=Admt(2)*Admsav(0Q)/(Admt(2)+Admsav(@})
3720 LET Admsav(2)=Admt(2) | save for later use

373e END IF

3740 ELSE ! reuse former upper admit combo
3750 IF Hnd>»! THEN LET Admt(Q)=Admsav(2) ! pass by on !st nocde
3760 END IF | end of Sctr=0,2 test

3770 END IF I end of ins] BC Pixel test

3760 END IF I end of Hnd=Hleft test

3790 IF Hnd=Hri1ght THEN i test 1f right side node

3800 IF BIT(Sctr ,@) THEN

3810 IF BIT(Sctr,1)=1 THEN | make series admit combo

3820 IF Xt(3)<Lside THEN

3830 LET Admsav(1)=Diel(Pix]1(Xt{(3)+1 Lside)) | cmbn above ngbr
3gaQ LET Admt(3)=Admt(3)sAdmsav( !}/ (Admt(3)+Admsav( 1))
3850 LET Admsav(3)=Admt(3) ! save for later use

2860 END IF

3870 ELSE ! reuse former admit combo

3sge IF Hnd>Boxeas THEN LET Admt(1 )=Admsav(3) { Skip Ist pass
3890 END IF I end of Sctr=0 test

3900 END IF | end of insl BC Pixel test

3910 END IF | end of Hnd=Hright test

3920 END IF I end if for Kond=1 test

3332 LET Hpr(Znd+Hnd )=Hpr(Znd+Hnd)+Admt(Sctr)

3940 IF NOT (Sprss) THEN PRINT “ (“sVALS(Xt(Sctr))s" " iVALS(YE(Sctr ;" )"
3950 NEXT Sctr

3960 SELECT Kond

3974 CASE =i

3980 LET Hndi=FNNi(Xt(@),Yt(Q) ,Lside, t)

24990 LET Hnd2=FNNi(Xt(1),Yt(1) Lside, 1)

4000 CASE =2

4010 LET Hndl=FNNp(Xt(Q) Yt(Q) Lside, 1)

4020 LET Hnd2=FNNp(Xt(1),Yt(1) Lside,6!)

4030 CASE ELSE

4040 PRINT * out of bounds, boundary condition, 1n HOPper”

4050 END SELECT

4060 IF NOT (Sprss) THEN PRINT * w/ lower nodes”ijHnd!;"“&"iHnd2

4070 IF Hnd1<@ OR Hnd2<@ THEN PRINT " Warning node <= addresses?”
4080 IF Hnd!<Hnd AND Hnd!>@ THEN

4030 LET Hpr(Znd+Hnd! )=Hpr{Znd+Hnd! )-Admt (@)

4100 END IF

4110 IF Hnd2<Hnd AND Hrd2>@ THEN

4120 LET Hpr(Znd+Hnd2)=Hpr(Znd+Hnd2)-Admt(1)

4130 END IF

4140 IF Kond=! THEN i i1ncrement insl BC left & right node &
4159 IF Hnd=Hleft THEN LET Hleft=Hleft+Lside-|

4160 IF Hnd=Hright THEN LET Hright=Hright+Ls:ide-!

41790 END IF

4180 LET Znd=Ind+Hnd i loop count accumulator

4190 NEXT Hnd | and of set up of work matrix

4200 LET Zcnt=0
4219 IF NOT (Sprss) THEN
4770 FOR Xcnt=! TO Hxymax I printout HOPper
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4230
4240
4250
4260
4279
4280
4299
4200
4310
4320
4330
4340
4350
4360
4370
4330
4330
4400
4410
4420
4430
4440
4450
4450
4479
4480
4430
4500
4510
4520
4530
4540
4550
4560
4570
4580
4590
4600
4610
4620
46530
46540
4650
4660
4670
4680
4690
4700
4710
4720
4730
4749
4750
4760

FOR Ycnt=1 T0Q Xcnt
PRINT PROUND(Hpr(2cnt+Yent) ,-3),
NEXT Ycnt
PRINT
LET Zcnt=Zcnt-Xent
NEXT Xcnt
END IF
FOR Hopped=!l TQ Hsteps-1 ' Let the pivoting begin, & drip dry
LET Hnd=Hxymax+Hopped ' count of oncoming node number
LET Hpiv(1)= I normalize to 1st elment pivot vectr
LET Hnrm=!/Hpr(1) I normalizing multiplier
LET Zcnt=2 I convert array storage for ist colmn
FOR Hcnt=2 7D Hrymasx I set pivot vector
LET Hpiv(Hecnt )=Hpr(Zcnt )*Hnrm
LET Zcnt=Zcnt+Hent
NEXT Hcnt
less)> one can output pivot here for backsub later
iF NOT (Sprss) THEN
PRINT " At reduction";Hopped;“"the pivots are:"
FOR Hecnt=Hxymax TO 1 STEP -1
PRINT PROUND(HpiviHcnt) ,-4)y

NEXT Hcnt
PRINT
END IF
LET Zcnt=] I 1ni1ti1alize fi1lling counter
FOR Xcnt=2 TO Hxymax I heart of pivoting
IF Hpiv(Xcnt )1<>@ THEN | sparseness =fficiency =0, no-op
FOR Ycnt=2 T0 Xcnt ! ad) each array row with pivot vectr
IF Hpiv(Yecnt)<>@ THEN | sparseness efficiency =@, no-op
LET Hpr(Zcnt+Yent )=Hpr(Zcnt+Ycnt)-Hpr{(Zcnt+!)eHpiv(Yecnt)
END IF
NEXT Yent
END IF
LET Zcnt=Zcnt+Xent
NEXT Xcnt
LET Zcnt=0 I 1niti1alize f1)ling counter lower
FOR Xent=1 TO Hxymax-1
FOR Yent=1 TO Xcnt | hopping along for shake up
LET Hpr(Zcnt+Ycnt)=Hpr(Zcnt+Ycnt+l+Xcnt)
NEXT Ycnt
LET Zent=Zcnt+Xent
NEXT Xecnt
FOR Ycnte=! TO Hyymax ! feed hopper, clear last row
LET Hpr(Hpremax+Ycnt )=0
NEXT Yent
SELECT Hnd
CASE <Hsteps | feed unless over lg array extent
IF NOT (Sprss) THEN PRINT “ node's “:iVAL$(Hnd);" neighbors are";
FOR Sctr=0 70 3 | with diagonal or self i1nteract terms

IF Kond=1 THEN CALL Cvndi(Hnd,Lside,Sctr Xt(Sctr) 6 Yt(Sctr))

IF Kond=2 THEN CALL Cvndp(Hnd,Lside Sctr 4t{(Sctr) Yt(Sctr))

LET Admt(Sctr)=Diel(Pixl(Xt(Sctr) Yt(Sctr)))

IF Kond=t THEN \ ad) for 1i1nsl BC on Pixel grid
IF HndeHleft THEN I test 1f left side node
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4770
4780
4790
4800
4819
4820
4830
4840
4850
4860
4870
4880
4830
4300
4510
4920
4330
4840
4350
4369
4979
4380
4390
5000
5010
5020
5030
5040
5050
5060
5070
5080
5090
51900
5110
5120
5130
5140
5150
5160
5170
Si180
5190
5200
5210
5220
5230
5240
5250
5260
5270
5280
5290
5300

IF NOT (BIT(Sctr ,@)) THEN
IF BIT(Sctr,1) THEN ! make series admit combo
IF Xt(2)<Lsi1age THEN
LET Admsav(Q)=Diel(Pix1(Xt(2)+1,1))
LET Admt(2)=Admt(2)*Admsav(@)/(Admt(2)+Admsav(@))
LET Admsav(2)=Admt(2)! save for later use

END IF
ELSE | reuse former upper admit combo
IF Hnd>! THEN LET Admt(Q)=Admsav(2)! pass by on Ist node
END IF | end of Sctr=0,2 test
END IF I end of ins] BC Pixel test
END 1IF | end of Hnd=Hleft test
}

IF Hnd=Hright THEN
IF BIT(Sctr ,@) THEN
IF BIT(Sctr,1)=1 THEN ! make series admit combo
IF Xt(3)<Lside THEN
LET Admsav(1)=Diel(Pix1(Xt(3)+1 Lside))! cmbn above ngbr
LET Admt(3)=Admt(3)eAdmeav( 1)/ (Admt(3)+Admsav( 1))
LET Admsav(3)=Admt(3)i save for later use

test if right side node

END IF
ELSE ! reuse former admit combo
IFf Hnd>Boxes THEN LET Admt(! )=Admsav(3)! Skip ist pass
END IF I end of Sctr=0 test
END IF ! eand of ins] BC Pixel test
END IF ! and of Hnd=Hright test
END IF i end if for Kond=! test

LET Hpr(Hzmax )=Hpr(Hzmax )+Admt(Sctr)
IF NOT (Sprss) THEN PRINT " ("j;UALS(Xt{(Sctr));", "tUALB(Yt(Sctr )"
NEXT Sctr
SELECT Kond ' with off diagonal terms
CASE =1
LET Hndt=FNN1(Xt(0Q) Yt(Q), Lside, 1)
LET Hnd2=FNNi(Xt(1),Yt(1) Lside, l)
CASE =2
LET Hndl=FNNp(Xt(@) Yt(@),Lside, 6 1)
LET Hnd2=FNNp(Xt(1) Yt{(1) Lside, 1)
END SELECT ! to SELECT Kond
IF NOT (Sprss) THEN PRINT " w/ lower nodes";iHndl;"8";Hnd2
IF Hnd1<@ OR Hnd2<@ THEN PRINT " Warning node ¢(=> addresses?”
IF Hndl<Hnd AND Hnd1>@ THEN
LET Hndl=Hnd!+Hzmax~Hnd
LET Hpr(Hnd! )=Hpr(Hnd!)-Admt(Q)
END IF
IF Hnd2<{Hnd AND Hnd2>@ THEN
LET Hnd2=Hnd2+Hzmax~Hnd
LET Hpr{Hnd2)=Hpr{(Hnd2 )-Admt (1)

END IF
CASE =Hsteps | top node 1s contact node
FOR Ycnt=1 TO Lside | diagonal
Mpor(Hzmax )»Hpr(Hzmax)+D1el(Pixl(Lside Ycnt))
LET Hndi=Hzmax-Boxes+SHIFT(Ycnt-1 1) | off diagonal node %
LET Hpr(Hnd! ‘«Hpr(Hnd! )-Diel(Pixl(Lside,Ycnt))
NEXT Yecnt
END SELECT 1 to SELECT Hnd
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5310
5320
5330
5340
5350
5360
5370
5380
5390
5400
5410
5420
5430
5440
5450
5460
5479
5489
5430
5500
5510
5520
5530
5540
5550
5560
5570
5580
5590
5600
5610
5620
5630
5640
5650
5660
5670
5680
5690
5700
5710
5720
5730
5740
5750
5760
577@
57680
5790
56800
5810
5820
5830
5840

IF NOT (Sprss OR Hnd>Hsteps) THEN

FOR Ycnt=! TO Hxymax I cont printout of HOPper
PRINT PROUND(Hpr(Hpremax+Ycnt ), =-3),
NEXT Yecnt
PRINT
END IF
IF Kond=1 THEN I 1ncrement i1ns]l BC left & right node #

IF Hnd=Hleft THEN LET Hleft=H]left+Lside-1
IF Hnd=Hright THEN LET Hright=Hright+Lside~1
END IF
NEXT Hopped
IF NOT (Sprss) THEN PRINT " Hopper funnels down to"iHpr(1)
l#ee> Hpr(1l) contains the end of the i1nteraction reduction
| LET Hpiv{(Hsteps)=1/Hpr(1) ! backsubstitute for solution vector
| FOR Hent=(Hsteps-1) TO t STEP -1
! LET Hpiv(Hcnt =0
| FOR Zecnt=Hcnt TO Hsteps
! LET Hpivi(Hcnt )=Hpiv(Hcnt)-Pivotstorg(Hent ,t+Zcnt-Hent )#Hpiv(Zcnt)
i

NEXT Zcnt
] NEXT Hcnt
PRINT " ... at ";TIMES(TIMEDATE);" 1inversion excution "j
PRINT "time took”;PROUND(TIMEDATE-Tmp , -1t );"seconds”
DISP
LET Resp=Hpr(1) | principal diel resp

tees)> Pix] displacement field/current & potentials

|
|
}
|
!
!
|
f
|
|
I
f
§
}
|
|
|
|
'
|
i
|
|
|
i
!
|
i

FOR Ycnt=1 T0O Lside
FOR Xcnt=! TO Lside
Slant={Xcnt+Ycnt) MOD 2
Xaddr=Xcnt-Boxes-Slant I (x,y) of node upper to pixel
Yaddr=Ycnt-Boxes
CALL Xy_to_node(Nd! Xaddr ,KYaddr ,(Lside ,Kond)
Xaddr=Xcnt-Boxes+Slant-) b (x,y) of node lower to pixel
Yaddr=Ycnt-Boxes-1
CALL Xy_to_node(Nd2 Xaddr K Yaddr ,hLside Kond)
IF Nd1<>Nd2 AND Nd1>@ AND Nd2>@ THEN
Deplc(Xcnt ,Yont )=Diel(Pixl(Xcnt ,Yent ) ) (Hpav(Nd! )-Hp1v(Nd2))
Potnt(Xecnt ,Yent )=(Hpiv(Nd! )+Hpiv(Nd2))/2
END IF
IF Nd2=0 AND Nd1>Q THEN
Dsplc(Xcnt ,Yent )=Diel(Pixl(Xcnt ,Yent ) )YeHpiv(Nd!)
Potnt(Xcnt ,Yent )=Hpiv(Ndl }/2
END IF
NEXT Xcnt
NEXT Yent
ses, additional modification of Potential & Displacement array fields
IF Kond=| THEN
FOR Ycnt=2 TO (Lside-2) STEP 2
FOR Nd=-1 T0 | STEP 2
LET Xcnt={(Nd+!)*Boxas+(Nd=-1) | (Xent Yent) refer to pixel
LET Xaddr=Nd+*(Boxes-1) | (Xaddr ,Yaddr) refer to node
LET Yaddr=Ycnt-Boxes
CALL Xy_to_node(Nd! Xaddr ,Yaddr+! ,Lside Kond)! node % upper
CALL Xy_to_node(Nd2 ,Xaddr ,Yaddr~t ,Lside Kond)! node % lower
IF Nd1<>Nd2 AND Nd1>Q AND Nd2->® THEN ' Evaluate along side nodes
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5850
5862
5870
5880
56890
5900
5910
5920
5930
5940
5959
5960
5970
5989
5990
5200
5010
5020
6039
5040
5050
5060
6070
5080
65090
6100
6110
6120
6130
6140
65150
E160
6170
6180
5190
65200
6210
65220
5230
5240
6250
5260
65270
6280
6290
6300
5310
6320
6330
5340
6350
6360
6370
5360

{
]
)
1
1
]
]
1
1
i
'
)
)
1
]
i
!
]
]
]
)
]

!

LET Tmpi=Diel(Pix1{Xcnt Ycnt+1})! Upper dielectric pixel
LET Tmp2=Di1el(Pixl(Xcnt ,¥Yent))! Lower dieleciric pixel
LET Vti1=Hpiv(Nd!)
LET VUt2=Hpiv(Nd2)
IF Tmp1<>Q AND Tmp2<>0@ THEN Tmp=(Vi1«Tmpti+Vt2¢Tmp2)/(Tmpl+Tmp2
LET Potnt(Xcnt Yent+1)={(Ut1+Tmp)/2! Pixl volts
LET Potnt(Xcnt ,Yent)=(VUt2+Tmp)/2
IF Tmpi<>@ AND Tmp2<>0 THEN
LET DOsplc(Xent ,Yent+1)=(Ut1=Ut2)1/7¢1/Tmpi+1/Tmp2)

END IF
LET Dsplc(Xcnt Yent )=Dsplci{Xent ,Ycnt+1)) Displacement mag.
END IF
NEXT Nd
NEXT Ycnt
END IF
MAT Potnt= Potnt#(Resp) I Normalizing to 1 volt across sample
MAT Dsplc= Daplc*(Resp) I & sum of displacements along rowrdiel
LET Ndi=1 I sign provider for follcwing leoop

FOR Xecnt=1 T0O Lside
LET Resp2=Resp2+Nd}#(Dsplc(Xcnt ,Boxes)-Dsplc(Xcnt ,Boxes+t )
LET Ndil=-Ngd1

NEXT Xcnt

LET Resp2«Resp2/2 ! dielectric response perp to €

tseny Should be end of calculations, printouts follow
lewe; Printout of the dielectric pixel array

IF NOT (Sprss) AND Lside<13 THEN
PRINT "DIELECTRIC PIXEL ARRAY, 2-dimensional  “i;lLside;i"by";Lside
FOR Xent=Lside TO t STEP -}
FOR Ycnt=} TO Lsida .
PRINT USING “DDDD.D,#";PROUND(Diel(Pixl{xXcnt , Yent)) -1)
NEXT Ycnt
PRINT
NEXT Xcnt
END IF

tevs, Printout of the hopper array

issve)> Find the series<{->parallel factor
LET Tmpi=FNWnr(Diel{(#) Frpx(+) Resp,Tmp,9)
PRINT
PRINT “Composite Dielectric Response Tensor Components:”
PRINT “ principal=";Resp
PRINT “ & series{~ parallel factor =";
PRINT PROUND(Tmpt ,-3)3"(+/-"{PROUND(Tmp ,-4);"“% 1teration error)”
PRINT
IF Sprss=0 THEN
PRINT "PIXEL VOLTAGES 2-dimensional,“;Lsidei"by"iLside
Tmp=FNMatprnt{Potnt(*) -Lside)
PRINT "PIXEL DISPLACEMENT FIELD MAGNITIUDES,"iLsidei“by“iLside
Tmp=FNMatprnt(Dsplc{+*),-Lside)
END IF
1ss2> NOTE: Tranpose used them 1t 1s an additional cycle to Rptr
Graf(Grpt .,V )=Rptr+Tmp/100@
Graf(Grpt ,2)eFrpx(1)
Graf(Grpt ,7)=Resp
Graf(Grpt ,4)=Tmpt
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LET Grpt=Grpt+t I Increment storage counter
INEXT Trans
NEXT Rptr
less) output repeat calculations
LET Bhdr$="( “BUALS(Lside )& "x"BVALS(Lside)&")"
IF Tls=1 THEN LET Bhdr$=Bhdr$&" elmnts”
IF Tis=2 THEN LET Bhdr$=Bhdr$d"/(2x2s)"
IF Kond=t THEN LET Brdr$=Bhdr$t" InslBC"
IF Kond=2 THEN LET Bhdr$=8Bhdr$8* PrdcBC"
LET Bhdr$=Bhdr$&“ Sparse” ! solution by sparse methods
IF Qdrnt=2 THEN LET Bhdr$=Bhdr$&“ 4fold"
IF Ptrn=0 THEN Bhdr$=Bhdr$d“ intrnl k"
IF Ptrn=1 THEN Bhdr$=Bhdr$d" “&Fln$
IF Ptrn=2 THEN Bhdr$=Bhdr$d" USER, "
IF Ptrn=3 THEN Bhdr$=Bhdr$&" RANDOM,k "
IF Ptrn=4 THEN Bhdr$=Bhdr$&" SLANT,*“
IF Ptrn=S THEN Bhdr$=Bhdr$&“ ELLIPSE,k"
IF Ptrn=6 THEN Bhdr$=Bhdr$&" STRAT,k "
IF Ptrn=7 THEN Bhdr$=Bhdr$&" BOXES,"
LET Occp=LEN(Bhdr$)
LET Bhdr${1+0ccp)=RPTS(* “ 80-0Occp) + pad with blanks
LET Bhdr${601=" "&DATES(TIMEDATE)&" ,“&TIMES(TIMEDATE)
LET Dhdr$=8Bhdr$
IF Rep=1 THEN PRINT " for the case abbreviated .."
IF Rep=! THEN PRINT Bhdr$
IF Rep>t THEN
PRINT “ Summary of"“;Rep;“"repeat variations: (as programmed)”
FOR Rptr=1 TO Rep
PRINT “ Case";{(Rptr-1) DIV Pose)+1;")" PROUND(Graf(Rptr,1),-3),
PRINT PROUND(Graf(Rptr,2),-3) ,PROUND(Graf(Rptr , 3),-3),
PRINT PROUND(Graf(Rptr ,4),-3)
NEXT Rptr
DISP “ Save repeat info (array form, “;SIZE(Graf 1)i"x"¢SIZE(Graf k2
INPUT “)? @) No 1) Definitely" Ndi
IF Ndi=1 THEN
DISP “ Enclose (in """"s) new file name to send 1nfo vectors to?";
INPUT " (null=use old file)" Fln$
IF POS(FIn%$,":")=0 THEN Fln$=Fln$&Msd$
INPUT * Title, (up to 80 characters)” Ahdr$
LET Andr3{1+LEN(ARdDr$)1=RPTS(" " ,8B-LEN(Ahdr$))! pad with blanks
DISF * Fiie namegd “““;Fln®;*"" ([ ";LEN(FIn$);"] characters)”)
DISP * to contain repeat tnfo"
PRINT " File “"“;Fln%;“““'s user and description headers are “g
FRINT "(Z2 lines):”
FRINT Ahdr$
FRINT Bhdrs
IF Flns="* THEN
INPUT © Enter the filename to bhe created? null=stop” ,Fin®
IF Fing="" THEN STOP
DISP " Enter file"""iFIng;"""'s storage si1ze limit 1n bytes (™*;
DISP VALS(Z56+6*RepsPosesKud)i1" )"
INFUT “7" Ndi
IF NdI<1348 THEN Ndi=1048 1 k1loBYTE min
CREATE Fln$ Ndi
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5930 ELSE

5340 IF POStFLIng “:“)=0 THEN Fln$=Fin$&Mads

5359 END IF

B360@ ASSIGN @Infostr TO FIn$i1FORMAT OFF

6970 OUTPUT @Infostrifndrs Bndrs ,Rep ,Kwd,oraf(+) END
p582d ASSIEN BNodstr TO »

6939 END IF

7808 END IF

7019 (»#s) Fixel file output choice

7828 LET Ndi=9

7030 IF Ptrn<>i THEN INPUT “ Save last pixel grid? @)No 1)Yes" Ndi

7048 1F Ndi=i THEN

7958 DISP " Enclose (1n ""**s) new file name to send pixel pattern to7°;
7600 INPUT * (rull=use old fi1ie)” ,Fin$

7079 IF POS(FIn®,":" =@ THEN Fln®=Fin3&Msd$

7080 INPUT ° Title (up to 8@ characters) i1f null then default jabel” , Lhdrd
70990 LET Dhdr$=8hdrs

7100 DISP “ File named ""“;Fln®;""" (["jLEN(FIn$)3"] characters)”y

YARL') DISF " contains the pixel grad”

7128 PRINT * Firie “**;Fin$;**"“‘'s header 1s *

7139 PRINT Hdr®

7149 IF Fin®<>"" THEN

7159 DISF " Give f1le""";FIng;"""'s max capacity limit in bytes™;
7160 DISP #7 (" ;UALSC 1 ZB+SHIFT(Px_tot ,~1 133" )";

7170 INPUT * * Ndt

7iBé IF Nd1<256 THEN Ndi=256

7190 CREATE Fln$ Ndi

72090 ELSE

721@ INFUT * Enter the existing filename?® Fln$

7229 IF POS(FIn®,“:“)=0 THEN Fln$=Fln$iMsds

7230 END IF

7249 ASSIGN 8Pixstr TO FIn$FORMAT QFF

7250 OUTPUT ®FixstriHdr$ Lside Pixic#) END

7258 ASSIGN @Pi1xstr TO +#

727% END IF

7288 Iwe») Interaction file output choice

7290 PRINT RPTS(" *,25)5;"...alapsed” tPROUND( TIMEDATE-Start ,- i i3

7308 FPRINT “sec for completion at “;TIMES(TIMEDATE)

7318 PRINT " MEMORY IS";VAL(SYSTEMS{"AVAILABLE MEMORY"))/8i"treals)"

7328 LET Lxtnt=_side t upgate COM /Pixel/ 1e Pixli(#) s1ze
7330 END

2T 1" 2 T T S S G N A S N 1 AN 1 AN N 1A S G N GO N S AN X A A G | G 1 G | S G S | A T ¢
7358 DEF FNNi1{INTEGER Xn,Y¥n,Lszn,Lup)

736@ ! Returns the node number for a square Pixel grid network
7370  of capacitors for case of insulated sides.

7380 i (Xn,Yn) ZD coordinates of Pixel leading to the nearest node
73986 1 If Up=1 then FPixl above node, else Pixl below node

74990 INTEGER Xhf ,¥sw Ndb,Lyr
7470 LET Lup=B1T(Lup,@)

7429 LET Lyr=SHIFT(Lszn, 1) ! in essence divides by 2

7430 IF Xn>@ AND xn<=Lszn AND Yn,® AND Yn<{=Lszn THEN

7449 LET Ndb=i

7459 IF Xn=1 AND Lup THEN LET Ndb=d

7460 IF An=iLszn AND NOT (Lup) THEN LET Ndb=SHIFT(Lszne¢lLszn,K!|)-Lszn+2
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IF Ndb=1 THEN ! executes 1f node not yet assigned
LET xht=SHIFT{(Xn-1~-Lup,k1) | effectively DIV 2
LET Xsw=(BIT(Xn,d) EXOR Lup)! O=even i=odd in Xn
LET Ndb=Xnf#{Lszn~1 +SHIFT(Yn+Xsw,l)i basic node count
IF NOT (Xsw) THEN LET Ndb=Ndb+Lyr
IF (vn=t) AND NOT (Xsw) THEN LET Ndb=Ndb+Lyr-Lup#*(Lszn-1)
IF Yn=Lszn AND NOT (Asw) THEN LET Ndb=Ndb+Lyr-i-Lup*(Lszn-i)

END IF
ELSE
LET Ndb=-1
END IF
RETUKRN Ndb
FNEND

O ¥ O T Y S T G T G T 1 S G G 1 I S 1 1 A S A G £ D ¥ A 1 S I D G 14
DEF FNNptINTEBER xn,Yn,Lszn,Lup)
i Returns the node number for a square Pixel grid network
i of capacitors for case of periodic or wrap around sides
i (Xn,¥n) 20 coordinates of Pixel leading to the nearest node
I If up=! then Pixl above node, else Fixl! below node
INTEGER Ynn,Ysw ,Ndb,Lyr
LET Lup=BIT(Lup,®)
LET Lyr=SHIFT{Lszn, 1) ! in essence divides by 2
LET Ynn=j+{({Yn~-1) MOD Lszn) | wrap around i1n Y coordinate
If Yan<l THEN Ynn=Ynn+Lszn
IF Xn>® AND Xn<=Lszn THEN
LET Nab=t
IFf Xn={ AND Lup THEN LET Ndb=@
IF Xn=Lszn AND NOT i(Lup) THEN LET Ndb=SHIFTiLszn#Lszn,l)-Lyr*i
I Ndb=1 THEN | executes if node not yet assigned
LET Xsw=(BIT(Xn,8) EXOR Lup)i O=even I=odd 1n Xn
LET Ndb={Xn—{-Lup )*Lyr+5HIFT(Ynn+Xsw,!}! basic node count
IF fnn=t AND NOT (Xsw? THEN LET Ndob=Ndb+Lyr
END IF
ELSE
LET Nab=-1
END IF
RETURN Ndb
FNEND
AN S A T S 7 G SO 7 A ¥ 1 S S G I G S S 1 S A G T G N SR G I G N ¢
SUB Cvndi( INTEGER Nodi ,Lszi ,5ctri ,Xout:i Youti)
t Converts a node number of layering scheme into the (x,y)
' coordinates of neighboring nodes
1IN Nodi = node number
iOIN Lsz1 = Pix]l extent along either X or Y
t IN Sctr1 = selection adjacent Pix]l neighbor to node
i (0= X iower,Y ioweri 1= X lower,Y highery
i 2= X higher, Y lower; 3= X higher, Y higher)
f QuT xouti1 = X coordinate address outcome
t OuT Youti = Y coordinate address outcome
' tnternal variables:
! Lyri1 = a counter for number of layers
' Swi = an even odd switch
' Ovri = overfill counter
! Nodmaxi = maximum node for given Pixel grid size, Lsz:
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!} Hfszi = haif of Pixel grid size, Lsz1 (then Lsz1 must be aven)
INTESER Lyri,Swi ,0vri ,Nodmax) Hfsz:y
IF B8IT(Lsz1,0) THEN PRINT * warning, odd Fixel grid extent®
LET Nodmax1=SHIFT (L szis*isz1,l1-Lsz142
LET Hfsz1=SHIFT(Ls21,1) | effectively DIV 2 operation
SELECT nNodi
CASE <1
LET RXout:1=0
LET Yout1=9
CASE »>=hNodmax.
LET Xouti=iLszi+li
LET Youti=Xout:

CASE ELSE
LET Lyri=i+((Nodi-t} OIV (Lszi-t1}) t for Bilayer
LET Ovra=t+((Nod1-1) MOD (Lszi-1)) { for # Nodes 1n Bilayer
LET Swi={{0vri Hfszy) t @=jower !=upper in Bilayer
IF Swyi THEN LET Ovri=0vri-Hfszi i adjust for ¥ Nodes in upper

LET Xouti1=SHIFT(Lyri1,-1)-1+Swi+BIT(Sctr1,1)
LET Yout1=SHIFT{Ovri,-1)-1+5u1+BIT(Sctr1,0)

END SELECT
SUBEND
LA GO TR AN S SO I A SN X G A S A G A F G A A 1 O G S GO £ A T A
SUB Cvndp(INTEGER Nodp,Lszp,Sctrp,Xoutp,Youtp)
! Converts a node number of layering scheme 1into the (x,y)
! coordinates of neighboring nodes
I IN Nodp = node number
t IN Lszp = F1xi extent along either X or Y
i IN Sctrpg = selection adjacent Pixl neighbor to node
j (0= x jower,Y lowerj i= X lower,Y higher;
j 2= X nigher, Y jower; 3= X higher, Y higher}
I QUT Xoutp = X coordinate address gutcome
I DUT Youtp = Y coordinate address outcome
i i1nternal variables:
i Ovrp = overrili counter
| Nodmaxp = maximum node for given Fixei gric si1ze, Lszp
I Hfszp = half of Pixel grid size, Lszp (then iLszp must be even)
INTEGER Ovrp ,Nodmaxp ,Hfszp
IF BIT(Lszp,8) THEN PRINT * warning, odd Pixel grid extent*
LET Hfszp=SHIFT(Lszp, 1} i effectively UIvV 2 operation
LET Nodmaxp=SHIFT(LszpeLszp,!| )-Hfszp+!
SELECT Nodp
CASE <I

LET Xoutp=@

LET Youtp=@
CASE »=Nodmaxp

LET Xoutp=Lszp+i

LET Youtp=xoutp

CASE ELSE
LET Xoutp=i+{(Nodp-1) OIV Hfszp} i for slab of X
LET Ovrp=1+((Nodp-1) MOD Hfszp) i for % Noges within slab

LET Youtp=SHIFT(Ovrp,~1)4B1T(Sctrp ,0)-BIT(Xoutp ,d)
LET Xoutp=Xoutp+BIT(Sctrp,!)
IF Youtp)Lszp THEN Youtp=Youtp-Lszp

END SELECT
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SUBEND
IS T GO G G T 1 G G 1 G T S G 1 G G S 1 A 1 GO 1 A 1 GO 1 A 1 G A S § G 1§
OEF FNMatprnt(Matrx<(+) INTEGER Ordr)
tese> Printout of an array sized Ordr x Ordr & @ alement Spcs wide
COM /Pass/ Relay
INTEGER Sbcx ,5bey,Sbcyy,5bc,Typ
LET Sbc=56N(Qrdr) ! Reverse printout of rows 1indicator
LET Fslct=0 | Pslct 1s the biggest element magnitude
FUR Sbcy=! TQ ABS(Ordr)
FOR Sbex=! TO ABS(Jrdr)
IF FPslict<ABS(Matrx(Shcx ,Sbcx)) THEN LET Pslct=ABS{Matrx(Sbcx , Sbex))
NEXT Sbex
NEXT Sbey
IF Pslct>® THEN LET Typ=Z-INT(LGT(Pslct))
IF Typ=4 OR Typ=5 THEN Typ=3
IF Typ=-! THEN Typ=@
FOR Sbcy=t TU ABSC(Ordr)
LET Sbcyy=Sbc*Sbcy+(ABS(Ordr)+! )#(1-Shc)/2
FOR Sbex=1 TO ABS(Urdr)
SELECT Typ
CASE =@
FRINT USING ~0DODDD,®" ;PROUND(Matrx(Sbcx ,Sbcyy’,0)
CASE =!I
FRINT USING "0DD.D,%" ;PROUND(Matrx(Sbcx ,5heyy ! ,— 1)
CASE =2
PRINT USING “0DD.00,#" iPROUND(Matrx(Sbcx ,Sbcyy),=2)
CASE =3
FRINT USING *0.000,.#";PROUND(Matrx(Sbcx ,Sbecyy?,~3)
CASE ELSE
LET Typ=56N(Typ1#49
END SELECT
NEXT Sbex
IF ABS(Typ 1<>99 THEN FRINT
NEXT Sbcy
IF Typ=99 THEN PRINT * . . . array too small to format”
IF Typ=-99 THEN PRINT * . . . array too big to format”
RETURN |
FNEND
A G S G I G I 1 I 1 G ¥ A ¥ A ¥ A S 1 G G G A GO 1 G ¥ GRS 1 AN GO ¥ QD QR £ ¢
DEF FNWnriDiel(#*) Frpx(+j ,Din Fcterr INTEGER Nth)
rees;: Object of function to find alf satisfying 1=5UM of(volediel™alf)
tess> yhere voi=fractional volumes
fann) diel=(species permittivity)/(composite permittivity)}
IRXZ alf= constant exponential between -! & +| (series<-’parallel)
CUM /Pass/ Relay
INTEGER Spk ,Arnd
IF Oin=@ OR MAX(Frpx(#))>={ THEN
LET AlfI=0
LET Pcterr=1,E£-89
PRINT * .. series <=)> paralie] factor at or beyond Iimits”
ELSE
LET Ssum=9
LET Sdev=@
FOR Sok=1 TD Ntn
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3990
3109
9119
3120
9130
3140
3150
3160
3i 70
3150
3130
5200
5212
3220
3230
5249
5259
3260
3279
3780
3750
3300
93190
5320
3330
3340
3359
5360
3370
3380
5339
5400
5410
5420
3430
9440
3450
3460
5470
5460
9490
5500
3519
9529
3530
3549
3559
3569
5570
3580
5530
350
3618
5620

LET bratio=u¢
IF Diel(Spk 2,0 AND Frpx(Spk )78 THEN
LET Gratio=L06(01e1(5px 1/01n)
LET Osum=Bsum+Frpx{Spk i*5ratio
LET bGdev=bdev+Frprx(Spk ) )*Gratio*dratio
END IF
NEXT Spk
LET ALfl=-2+Gsum/Gdev
LET Gsum=bsum+odev i Imtial guess of
LET Try=i I Optimize sign 1n
LET Aifd=0
LET Arnd={
WHILE ABS(Alfl-Al1f0))>.0000000001
LET Gdev=¢
LET bsum=0
FOR Spk=t TO Nth
LET Gratio=0i1el{Spk1/0in
LET Guwk=@
IF Grati10<>@ AND Frpx(Spk)>@ THEN
LET Gwk=Frpx(S5pk 1#6ratio”Alf1
LET Gsum=Gsum+Bwk r.
LET Gdev=0dev+L06(Gratio }*buwk !
ENO IF
NEXT Spk
LET Pcterr=Gsum
LET Gsum=Alfle(Gsum-1|}/Bdev
LET Gdev=Alfl*Alf1-Try*Gsum
IF 6dev<®d THEN Gdev=6Gdev+Z*Try+Gsum
LET ALf2=SBN(ALf1)*SQR(E6dev)

sum
tterations

| relative permittivity to composite
! a term @ species to sum

sum function (as described!’
Ist derivative

IF Arnd MOD 2=0 AND ABS(Alf2-Alf1)>ABS(AlfI-ALFfB) THEN Try=-Try

LET ALf@=A1f1
LET ALfl=plf2

LET Arnd=frnd+! { incrementor
END WHILE
IF Abs(AIf1<.,000000!1) THEN
LET Pcterr=100¢(Pcterr-1)
ELSE
LET Pcterr=i00*(Fctarr"(I1/ALF1 )=1)
END IF
END IF
RETURN Alft
FNEND

LI T | G 1 N T S GO N 1 030 310 T S I TN TS 1}

SUB PixiZd_tiit

it It

! bumping 1terations

I # % 8 2 % # 8% & 8 % 8 6 8 & 4 8 % 4 5 4 &8 & &8 % & 8 % 2 % 8 0 @

type) with a binary mixture.
at a ti1ited sngle., {(Say like a tilted giass of water)

pommmmm e +
iI.. 1
1 .. i
i .ol
$pmmmmmm - +

1
i
i
1
i
i
[]
i
i
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This program 13 for patterning a dielectric bond grid (rectangular
The interface 1s approximately flat
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5639 DEG

564¢ COM /FPass/ Reiay

8659 CO® /Pixel/ Chdr$(801,0hdr$(80@1,INTEGER Lbonds ,P1x1(1:180,1:180)
5660 INTEBGER Accum,0pt , Ip,ip

5670 REDIM FPixli(t:tLbonds,!:Lbonds)

9690 FRINT

9630 FRINT * Makes an bond grid pattern with a binary mixture whose *;

9700 FRINT "1interface ievel sits at a seiected voiume fraction & tilt.”
3719 INPUT “Request the desired volume percentage of the 1st component” ,Cmp
3729 INPUT “& request the desired tiit anglie (in degrees)” egtlt

9730 PRINT “The requested volume 18 iCmps~% & ti1it angie 1s°;0egtit;-geg”
749 PRINT “for a square grid of bonds of si1ze“;jLbondsti“%x“;iLbonds: .-
3759 OISP “Decide fate of straddlers ";

3760 INFUT "i) pixel pop/volume demang 2) i1ndividual volume sway” ,Optn
3779 LET Cmp=Cmp/100@

J75@ LET Pmc=1-Cmp

37399 % % % & 2 % % % % % % 3 2 » & & B B B B 8 5 £ B OB R 2NN

9899 i From the 1nformation of the two components & the angle of tiit

8818 | then interfacial level can be drawn across the grid window.

gyza T # % % % # % % & &8 % % # % # % % 2 3 % 3 8 & % # % % * 8 8 8 & 8

3530 LET Sn=ABS(SIN(Degtlt)) { Sine

5840 LET Cs=ABS(CUS(Jegtlit ) t Cosine

3559 LET Cr1t=MIN(Sn,Cs)/MAX(Sn,Cs1/2! Crictical volume transition

9860 Ogmin=MINC(5n ,Cs)/(5n+Cs } t A transition on the diagonal

3579 LET Dgsn=3n/(5n+(Cs) i Diagonal threshold at Crit vol
5560 LET Ugcs=I-Ugsn I & 1ts compiement

agg90 SELECT Cmp | y=intercept for different cases
3900 CASE <=Crit

991¢ LET Cpt=SQR(Z#Cmp+*0gan+*Dgcs}

9920 CASE ,=c1-Crit)

9338 LET Cpt=1-SQR(2#Pmc+*DgansDgcs)

9949 CASE ELSE

3959 LET Cpt=tCmp-.5)/701+2#Cr1t)+.5

3959 END SELECT ! Done computing diagonal intarcept

3379 'PRINT “The level has slope* ;PROUND(Sn/Cs,~2):"% a diag-intercept of";
39580 'PRINT PROUND(Cpt -39;"."

3339 (R R 2R B ZE R R N IR N I T Y I I 2 I T Y Y I SR A T T R R
1900 The array wiil be fillied according to whether the element
19019 happens to be on one or the othar side of the ti1it iine.

100z0 If an eiement 1s crossed through by tne tilt iine then

'
|
i
'
19930 ' the element will be assigned to the componet possessing
]
i

19040 the greatest volume deficet as the pixels are filled.

19050 LN R B T 2R IR I T IR I R K I S NI N NEE K K TR T T TR Y S S S S N
19060 LET vbias=0 I Tniti1ali1ze keep tabs of excess
10070 LET Accum=9 I Initialize totals counter
19080 FOR Ip=! TU Lbonds

10090 FOR Jp=t TO Lbonds

12100 Diag=Jp*0gsn+Ip+*lgcs-.5 i Drag 1ntercept @pixel
19110 Di1f=D1ag-Cpt*Lbonds ¢ Distance offset on diag
ia120 REM PRINT PROUND(Otag,-2)3;PROUND(D1f ,-2); ' Matrix calc out
10130 SELECT D1t

10140 CASE <=-.§5

12159 Pix1(Ip,ip =t ! Assign 1st component

19160 CASE »=.5

33




1917 Pixi(Ip, Jpi=2 t Assign 2nd component

12159 CASE ELSE ' Borderline pixel case
19199 Upf=.5-0.1¢f ! Diagonal within pixel

18289 SELECT Upf

18219 CASE <(Dgmin

18228 Vpx1=0Opf*Opf/Dgsn/Dgcs/2

19232 CASE »{1-Dgmin)

10249 Upxl=i-((t-Dpf)~2)/0gsn/Ogcs/2

19250 CASE ELSE

19260 Upxl={DOpf-.5)e(1+Z2#Cr1t)+.5

taz7a END SELECT I Vol frac within a pixel}
19289 REM PRINT PROUND{(VUpx1 ,-2; i For matrix varibles printout
19230 LET Vbias=aUbias+VUpxl i Accum of excess component |
19300 IF Optn=2 THEN VUb:ias=VUpxl | Option of straightfoward bias
12319 IF VUbias>.S THEN

19320 Fixl{Ip,dp =t

10330 Ubiras=Ubiras-|

19340 ELSE

19359 Pix1l(lp,ip =2

19560 EnND IF

10379 END SELECT

123890 Accum=Accum+Z-P1x1(Ip,ip) 1 Accumuiation of 1st component
193939 NERT Jp

19400 NEXT Ip

10419 SUBEND

L7924 R T T A § D 1 U | A 1 A § S ] A N R A S 1 D T D | G I G T [ G TS T A R TS I U LD | S I G |
10438 SUB PixiZo_rand .

18440 tw»s) Subprogram to create a 20 pixel array of random distribution
10450 i @%%°%«"8%)! RANDOM 2D PIXEL BRID 3 "8I8%)(% Se
10468 COM /Fass/ Relay

igd47@d COM /Pixel/ Chdr$(801,Dhdrel8@71,INTEGER Lpix ,P1x1l(1:180,1:180)
10480 INTEGER Xp,Yp.,Xq,¥Yq,F1ll ,Frdm Sqrs ,Pxs,Pixtmp, When

10430 REDIM Pixl{1:Lpix,l:ibpix?

i 0592 PRINT * Enjoy creating a randomized ZU pixel grio whose pixel siements-
19519 PRINT * are iapeiled i..9°

19529 INPUT “Random seed? (integer or neg 1f to be via timer)" VUchk

10530 LET Vchk=Relay

19540 IF Uchk=0 THEN RANDOMIZE INT(TIMEDATE MOD 32767

10550 IF VUchk>@ THEN RANDOMIZE INT(Vchk)

18560 LET F1ii=@

{@57¢@ LET Sqrs=iLpixs*Lpix

12589 LET Frdm=2

19590 LET When=2@

12680 LET Pxs=2

12610  LET Yp=I

19628 LET VUchk=0

{0630 'let Rq=100*Relay/64 I 1f to program using the COM Relay

|1964® FOR Fill=l TO Sqrs

1559 IF Pxs<t THEN

13660 LET when=When+!

{@67d ODISP *Filling with component [“i;VALS(When);i"1, give volume ";
| 0680 INPUT “percent” Rq

10699 IF Rq<@ THEN

10700 LET FPxs=Sqrs-Fi1ll]l+!
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10710
(€7za
19730
18740
18750
19760
19779
197590
10799
10509
10810
10829
10830
10840
19859
14860
16870
| agB82
13890
t@300
18510
(@920
10930
10540
195850
13960
18970
193892
10930
11000
11a1@
113z@
'1930
11940
1 195d
11068
11270
119590
11998
11190
e
tt1zeo
(Y]
1114y
11158
11160
11179
11180
11199
11200
iizid
11229
11230
11240

ELSE

]

LET Pxs=INT(RqeSqrse*.81+.5)
If Pxs>S5qrs-Fi1ll+t THEN LET Pxs=Sqrs-Fill+!
END IF
PRINT * Component [*;VALS(When)1*] 1s assigned iPxs;‘pixels”
END IF
LET Xp=Fi1li-Frdm
If Xp>Lpix THEN
LET xp=Xp-Lpix
LEY Yp=Yp+i
LET Frdm=Frdm+Lp1x
END IF
IF Pxs,@ THEN LET Pixl(Xp,Yp i=When
Pxs=Fxs-}
NEXT Fall
PRINT
ises, jotto-1ng or random mixing
FOR F1li=i TO Sqrs
LET Frdm=INT(1+RND#*Sqrs)
IF F1ll<)Frdm AND Frdm<=Sqrs THEN
LET Xp=t+((F1ll~1) MOD Lpix)
LET Yp=1+4¢(F111-1) DIV Lp1ix)
LET Xq=i+((Frdm-t) MOD Lpix)
LET vYq=1+({Frdm=-1) DIV Lpix)
LET Pixtmp=F1x1{Yp Xp!
LET Pixl{¥Yp XpI=P1xl(Y¥q,Xq)
LET Pixl(Yqg ,Xg)=Pixtmp
END IF
NEXT Fill
SUBEND
LJN £ G G 1 S R G 1 A GO 1 G A Y G 1 AR T G 1 G G T G Y G { GO E QD 1 ¢
SUB FPixlZd_f1ll

(#se, Sybprogram to output a pixel array hand filled by user
CUMt s/Fass/ Relay
COM /Pixel/ Chdr${887] ,0hdr${8@7,INTEGER Lpix ,P1xlc¢l:18@,1:18@)
INTEGER Xpix,¥paix ,Fill ,Xp,Yp
FEDIM Pixl¢t:itpix,liblpix)
MAT Fixl= (@)
FOR Xpix=1 TO Lpix
FOR vYpix=t TU Lp1ix

CLEAR SCREEN

FRINT

FOR Xp=Lpix TO | STEP -1

FOR Yp=! T0 Lpix
FRINT USING “0DD,%";Ptxl(xp,¥Yp)

NEXT vp

PRINT
NEXT Xp
PRINT
DISP “Filiing at (“ixpixy~ , “1Yplai®)*;
INPUT " specify species type witnh integer 1..3" Newpix

LET Newpix=Newpix MOD 10
LET Pixl{Xpix,Ypixi=Newpix
NEXT Ypix
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11258
1126@
11270
11280
11290
11300
11310
11320
11330
11342
11350
11360
11370
11380
11390
11400
11410
11420
11430
11440
11450
11460
11470
11480
11490
11500
11510
11520
11530
11540
11559
11560
11570
11580
11599
11600
t1el1@
11620
11630
11640
11650
11660
11670
11660
11690
11700
11719
11720
11730
11740
11750
11760
11770
11780

NEXT Xpix
CLEAR SCREEN
FOR Xp=Lpix TO | STEP -1
FOR Yp=1 TO Lpix
PRINT USING 0D ,#"iPix1(Xp,¥Yp)
NEXT ¥Yp
PRINT
NEXT Xp

SUBEND

f GO S 1 A T A G G A 1 A G A A G S 1 G G 1 G S G £ SO 1 S GO A S N O ¥

SUB Pixl2d_elips

> > > Subprogram to fill a pixel window with an ellipse <« < <
COM /Pass/ Relay
COM /Pixel/ Chdr${ 801 ,Dhdr$(80],INTEGER Lwndw ,P1x1(1:182,1:180)
INTEGER Opt ,Xp,Yp
REDIM Pixl(i:lwndw,!:Lwndw)
PRINT "Choice of filling pixel grid with an ellipse”
DISP "Volume percentage of [1]ls to be filled by ellipse”;
INPUT " (1f>.5 then host)" ,Vlm
LET Vim=Ulm/ 100
DISP "Type ! or 2 to opt for ";
INPUT "1 eccentricty or 2) axis ratio” ,Opt
DEG
IF Opt=1 THEN
INFUT " Eccentricity?” ,Ecn
IF ABS(Ecn)>! THEN PRINT " Too eccentric”
LET Mnjr=SQR(!-Ecn#*Ecn)
ELSE
INPUT * Ratio (minor axis)/(major axis)?7" Mmyr
IF ABS(Mnir)>1 THEN Mnjr=!/Mn)r
LET Ecn=SQR(!{~Mnjr+Mn)r)
END IF
INPUT " Angle of major axis w.r.t, horizontal in degrees?” Mang
PRINT "The ellipse characteristics are:”
PRINT " eccentricity=";PROUND(Ecn K -4);
PRINT ", axis ratio=";PROUND(Mnyr -4);", &°
IF Ulm,.5 THEN LET Vlm= 5-Ulm
LET Major=SQR(ABS(VIm}/Mnyr/P1)
LET Minor=MnjreMajor
PRINT " measures a sexy”1PROUND(Z2#Minor ,-4);
PRINT "by" :iPROUND(2#Major ,-4);i"w.r.t fraction of pixel window.”
FOR Xp=! T0 Lwndw
LET Xpos=((Xp-Lwndw DIV 2)~.5)/Lwndw
I[F ABS(Xpos)>.5 THEN PRINT " Warning.. touches window edge”
LET Xcs=xpos+*CQOS(Mang)
LET Xsn=Xpos+SIN(Mang)
FOR Yp=! T0 Lwndw
LET Ypos=((Yp-Lwndw DIV Z)-.5)/Lwndw
1F ABS(Ypos) .5 THEN PRINT " Warning.. touches window edge”
LET Xpos=Xxcs-Ypose¢SIN(Mang)
LET YposeYpos+(C(OS(Mangi+tXsn
LET Gfct=¢(Ypos/Major) Z+(Xpos/Minor)” 2
IF Gfct t THEN Fixl(Xp,vpI=2-(1=SGN{Ulm) /2
IF 6fcte=t THEN Pixl(Xp,Yp)=14(1=SGN(V1i-1)1/2
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11790
11600
11810

11830
11840
11650
116860
11870
11880
11890
11900
11910
11920
11930
11340
11950
11960
11970
119680
11990
12000
12019
12020
12030
12040
12059
12060
12070
12080
12050
12100
12110
12120
12130
12140
1Z215@
12160
12170
12180
12190
12200
12210
12220
12230
12240
12258
12260
12270

144D

[NUN )
O L1 LI N
- & U
[ - <

NN

NEXT Yp
NEXT Xp

SUBEND
1182Q
SUB Pixl2d_strat

I Pixel gridding of stratified layers

S GO 1 G | G Y S G D 1 S S A G G 1 O G G 1A G (D GO D 1 G 1 G | G 1 6

COM /Pass/ Relay i for sharing to subs
COM /Pixel/ Chdr$(801]1,0hdr$(80]1,INTEGER Lxtnt ,P1x1¢(1:180,1:180)
INTEGER Strat ,Stack ,Fix,Lcnt,ls ,Na, Suap
REDIM Pixl(l:iLxtnt , l:Lxtnt)
INPUT "Layer sequencing? random=! by user=2" Strat
I[F Strat<@ THEN STOP
LET Strat=(Strat>!) | reassigned @ or |
IF NOT (Strat) THEN
INPUT “"Random seea? (give O via timer or give 1integer)” , Seed
IF Seed\® THEN STOP
LET Swap=INT(Seed+.5)
IF Swap=@ THEN
RANODQOMIZE INT(TIMEDATE MOD 32767)
ELSE
RANDOMIZE Swap
END IF
END IF i Strat test RANTGMIZE
DISP “Orientation of layers? flatwise=—| spanned=+! (or series<=>";
INPUT “"parallel)” ,Stack
LET Stack=(Stack>=0) | reassigned @ or |
IF Strat THEN
LET Is=|
FOR Lent=t TO Lxtnt
LET Ns=0
DISP “Assign to layer’iLcnti;"a component type [1..91";
INPUT * or null to default to last” Ns
IF Ns<@ THEN STOP
IF Ns=0 THEN { defaults
LET Ns=Is
ELSE
LET Is=Ns
END IF
FRINT " Layer"i;Lcnt;"assigned to component type [";VALS(Ns);"1"
LET Paxl(t ,Lent )=Ns
NEXT Lent
ELSE
LET Is=Lxtnt
FOR Lent=1 TO 9
ODISP Is:i"layers remain, how many? or what fraction?"j
DISP " belong with type [“;VALS(Lcnt )" 1"}
INPUT " ,How
IF How<®@ THEN LET Lcnt=10
IF How,@ THEN
IF How<1 THEN
LET Ns=INT(HOw®*LxtNnt+.5)
ELSE
LET Ns=INT(Howt.S)
enD IF
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1 Zb58
iZ26b6@
12679
12680
12690
12700
12710
i2720

=t =t X = C A ui...-an’l

M M2 m 2 C'C'

Fix)=ient

F i How,@ test
<

Lent<>Ns AND Ns<=Lxtnt THEN
LET Swap=Fi1xiti,Lcnt)

LET Pixitr,Lent)=P1xi{i ,Ns)

LET Pixitt ,Ns)=Swap
nND

-~
-
O

r t Strat test
ack THEN i rest parailei stacking

U Lxtnt
(Fix,Lent)=Pixi(i,Lent)
Fix -

=

E i rest by series stacking
OR Lent=txtnt TO i ST i
T S wap=Fixl(i,Lcnt)
R Fix=Lxtnt T0 i S
LET PixitLent ,Fix)
NEXT Fax

iF i Stack test
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ubroutine to make concentric boxes
M /Pass/ Relay

M /Pixel/ Charsi5®],0horsiBe],
NTEOER Cntr ,Sheil ,Fix,Lcnt Fer:
oinr Vxxlkl-thnt itLxtnt)
NPUT “Start where? corner=d center=;" Cntr
Cntr<d THEN STOP

Cntr=BIT(Cntr,0)

ntr THEN

T Cntrk=SHIFT(Lxtnt i}

! for sharing to Ssubs
N TEGER Lxtnt ,Pixit1:180,1:1180)
Cntrk Fast

m
b

Srur
mmmc

Cntrk=Lxtnt

st=) i gefault assignment

T rrom
cem 2z

Fix=0
T Peri1=SHIFT(Shell ,~1)-] i i/4 perimeter=ZsSheii-i
‘At concentric box sheii';Snell;”contaxnxng“
SHIFT(Per1,-SHIFT(Cntr,-1 )y 'pi1xels, assign’y
T ' component type 11,..9) ,Fix
x<@ THEN STOP
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IF Fix=@® THEN
LET Fix=Past
ELSE
LET Past=F1x
END IF
FRINT Shell*i1Sheil; containing $SHIFT(Fear1 ,~-SHIFT(Cntr =113
PRINT pixels 1s assigneo component type, [ “;VALY(Fi1x);" 174" from’;
IF Cntr THEN PRINT centar.’
iF NOT (Cntr) THEN PRINT corner.*
FOR Lent=) TO SAIFT(Sneil ,-Cntr)
if Cntr THEN
LET Pixi(Cntrk-Sneil+) ,Cntrx-Sneili+icnt )=Fix
LET Pixi(Cntrk+5Sneii ,Cnirk+Sneli-Lecnt+ii=Fix
LET PixltCntrk=-Sneii+tent ,.Cntrk+Shelil i=F1x
LET Pixi(Cntrk+Shell-Lent+ ,Cntrk~Sheii+i)=Fix
ELSE
LET Pixl(dneli Lcnti=F1x
EET_FLXl\LCnt,Sheil)'FIX
ENU 1F
NEXT Lent
AT Shell
ND
D S T S S T U T G T G KV ¥ G 1 S G GO 1 A G 1 U A | G YO T S} S TG TR N ¥

fA subroutine to make & Fixei grid with an eliipse incsusion

imbedded i1n a host. 1he eliipse component 1s aiways tne smajier
of the two componnents and thus 18 symmetric with respect to the
fractional volume fiiling factor. Since this 1s iimited to _oniy

two components then the volume of the Znd 15 used as the variabie.

TEGER Aparm ,Abaf ,bde Faf ,Ftst , Prq,5qrs,Swup,Swpxs Xp,Yp
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Appendix II

Plot Program for Numerical Solutions

19 ! & & & & & & & & & & & & & & & & &
20 ¢ “PLOT_NWK" is a program designed to input dielectric data from
30 t network simulations and plot it. July 1990

40 COM /Memr/ VUctrs(1:505,1:5) ,Hdras{80] ,Hdrb$(80]) ,S5fil$(64) ,INTEGER Dmx ,Dmy
G0 INTEGER Kif ,Xpt,Ypt ,Plt Xlmn,Ylmn Rpt Subj Mach,Eff Cpy

60 DIM Cib$[ 1] ,HIbS[40] ,X1b$[40],Y1bs(40]

70 LET Kifep

80 CLEAR SCREEN

S50 PRINT RPTS(" " ,24)1"A 6GRAPH 158 WORTH"

100 PRINT RPTS(" " ,24);"M AN Y DATA POINTS"

110 PRINT RPTS$(" “ ,27)iDATES(TIMEDATE 1" at ";TIMES(TIMEDATE)
120 PRINT

130 lese> Data preparation

140 INPUT " Indicate data source: O=internal via COM /Memr/ I=file " Kif
150 IF Kif<@ THEN STOP
160 IF Kif=1 THEN

170 INPUT " Name the data source""file""" Sfil®
180 PRINT “ Data comas from""";Sfil&;""":"

190 ASSIGN @Sourc TO SPil$;FORMAT OFF

200 ENTER @SourciHdra$ ,Hdrb$ ,Dmx ,Omy

210 REDIM Vctrs(1:Dmx,1:0my)

220 ENTER @SourciVctrs(#)

230 ASSIGN @Sourc TO +

240 ELSE

250 PRINT " Data interpal:"

260 IF Dmx>@ AND Omy>@ THEN REDIM VUctrs(1:Dmx,1:Dmy)
270 END IF

280 PRINT Hdra$

290 PRINT Hdrb$

300 PRINT " Data stored as array( 1 :"iD0mxs”, 1 :"iDmys” )"y
310 IF Dmx<1 OR Dmy<1 THEN PRINT * 777" '

320 IF Omx>@ AND Omy @ THEN PRINT

330 LET Kif=0

J40 INPUT “ Type: @) to skip listing 1) to list array’ Kif
350 IF Kif<® THEN STOP

360 IF Kif=1 THEN

370 FOR Xpt=1 TO Dmx

380 FOR Ypt=! T0 Dmy

390 PRINT Vctrsi(Xpt ,h¥pt),
400 NEXT Ypt

410 PRINT

420 NEXT Xpt

430 WAIT .5

440 END IF
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450 LET Subj=@

460 INPUT “Plot manner? defined later=0 ser<-)>prll=!,6 diel=2 L0GS=3" ,Subj
470 IF Subj<® THEN STOP

480 IF Subj=0 THEN LET Subj=! | Defaults to Series<{(=~>Parallel plot

490 LET X1lmn=0

500 DISP “"Enter column vector 1.." WALS(Dmy);" for X axis ";

510 INPUT “data?" Xlmn

520 IF (Subj=1 OR Subj=2) AND Xlmn=@ THEN LET Xlmn=2 | Default in ser{=)>prll
G30 LET Aaa=MAXREAL

G40 LET Zzz=MINREAL

S50 FOR Xpt=1 TO Dmx

560 LET Tst=Uctrsi(xpt Xlmn)
g7e IF Tst<{Aaa THEN LET Aaa=Tst
580 IF Tst>Zzz THEN LET Zzz=Tst

590  NEXT Xpt
600 IF Subj=1 THEN

610 LET Xlow=0

620 LET Xhigh=1

630 ELSE

640 DISP "Minimum of X axis data is "jfaa;", what shall be minimum for";
652 INPUT * plot?" Xlow

660 DISP "Maximum of X axis data is “1Zzz:", what shall be maximum for";
670 INPUT * plot?" ,Xhigh

680 END IF

690 IF Subj=3 THEN

700 LET Xlow=LGT(ABS(Xlow))

710 LET Xhigh=LGT(ABS(Xhigh))

720 END IF

730 LET Xspan=Xhigh-Xlow

740 LET Xavg=(Xhigh+Xlow)#*.5

750 IF Subj=3 THEN PRINT * LOG *y

760 PRINT * X axis of plot to range from “iXlows“to "iXhigh;"."

770  LET Yimn=0

780 DISP "Enter column vector 1.."sVALS(Dmy);" for Y axis ";

790 INPUT “data?",Ylmn

800 IF Subj=1 AND Yimn=Q THEN LET Ylmn=4 | Default in ser<=>prll case
801 IF Subj=2 AND Ylmn=@ THEN LET Ylmn=3 | Default to permittivity case
81@ LET Aaa=MAXREAL

820 LET Zzz=MINREAL

83@ FOR Xpte=t TO Omx

840 LET Tste=Uctrs(Xpt,Ylmn)
850 IF Tst<{Aaa THEN LET Aaa=Tst
860 IF Tst>Zzz THEN LET Zzz=Tst

870  NEXT Xpt
880 IF Subj=1 THEN

890 LET Ylow=-1

900 LET Yhighs|

910 ELSE

920 DISP "Minimum of Y axis data is "t(Aaa;", what shall be minimum for"y
930 INPUT * plot?" ,Ylow

940 DISP "Maximum of Y axis data is "1Zzz:", what shall be maximum for™y
950 INPUT * plot?" ,Yhigh

96@ END IF

976 IF Subi=3 THEN
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980

990

1200
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510

LET Ylow=LG6T(ABS(Ylow))
LET Yhigh=L6T(ABS(Yhigh))
END IF
LET Yspan=Yhigh-Ylow
LET Yavg=(Yhigh+Ylow)*.5
LET Eff=0
IF Subj=1 THEN
INPUT “Overlay an effective medium [EM] curve for 207 no=0 yes=t" Eff
IF Eff<@ THEN STOP
LET Eff=BIT(EFff ,0)
IF Eff THEN INPUT "Enter permittivity ratio for EM curve" ,Rem
IF Rem<@ THEN STOP
IF Rem=@ THEN LET Eff=0Q
END IF
IF Subj=3 THEN PRINT " LO6 "%
PRINT " Y axis of plot to range from “iYlowi"to “sYhighi".
SELECT Subj
CASE =0
INPUT “Title?" Hlb$
IF Hlb$="" THEN Hib$=Hdra$(!,64@]
INPUT “X axis label?” X1b$
INPUT "Y axis label?" ,Y1b$
CASE =1
LET Hl1b$="RANDOM 2D NETWORKS*®
LET X1b$="Volume fraction of the larger”
LET Yib$="Averaging Parameter”
CASE =2
LET HMlb$="RANDOM 2D NETWORKS"
LET X1b$="Volume fraction of the larger”
LET Yib$="Permittivity"
CASE =3
INPUT “LOG Title?" Hlb$
IF Hib%="" THEN Hlb$=Hdra$[! 48]
INPUT “LO6 X axis label?” X1b$
INPUT “LOG Y axis label?",Ylb$
END SELECT
INPUT “ Plot data @) by points 1) by lines™ Plt
IF P1t<@® THEN STOP
IF Plt=0 THEN .
INPUT " Type a single letter character for the plot points” ,Clb$

"

INPUT " Character size in % of %s of the graph width? 1e 1,2,..",Cs2
IF Csz=@ THEN LET Csz=l | Defaualt
END IF

IF Mach=0 THEN
INPUT “Hardcopy of plot? @=none i=to printer 2=to plotter" Mach
IF Mach<@ THEN STOP

END IF

IF Mach=2 THEN
INPUT “Max speed of plotter pen? (71-20, in cm/s )" ,Speed
IF Speed<@ THEN Stop
IF Speed=@® THEN LET Speed=10

END IF

WAIT 1

CLEAR SCREEN
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1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1730
1809
1810
1820
1830
1840
1850
1860@
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
199@
2000
2010
2020
2030
2040
2050

KEY LABELS OFF
ls+«> Begin plotting
GINIT
PLOTTER IS CRT,"INTERNAL®
SRAPHICS ON
FOR Cpy=0 TO (Mach>@)
IVIEWPORT 20,120,15,85
IF Subj=3 THEN
VIEWPORT 4@,95,35,90
ELSE
UIEWPORT 30,110,35,90
END IF
WINDOW Xlow,Xhigh,Ylow,Yhigh
IF Pit=0 THEN
FOR Xpt=t TO Dmx
LET Xx=Uctrs(Xpt Xlmn)
FIF Subj=1 THEN Xx=1-Xx
LET Yy=Uctrs(Xpt,Ylmn)
IF Subj=3 THEN
LET Xx=LGT(ABS(Xx})
LET Yy=LGT(ABS(Yy))
END IF
MOVE Xx,Yy
CSI1ZE Csz,.5
LORG S
IF Clb%="" THEN
LET Clbg="+"

! NEAR FULL SIZE SCREEN

| IF COMPLEMENTING NEEDED

IF Subj¢>! AND Omx<10@ THEN LET Clb$=VAL$(Xpt)

END IF
LABEL Clb%
NEXT Xpt
ELSE

i#ee) curve higher by a std deviation

FOR Xpt=2 TO Omx-1i
LET Xx=Uctrs(Xpt 1)
LET Yy=Uctrs(Xpt,h3)+Vctrs(Xpt ,6)
LINE TYPE 3
PLOT Xx,Yy
NEXT Xpt
PENUP
tese) central curve
FOR Xpt=1 TO Dmx
LET Xx=VUctrs(Xpt Xlmn)
1IF Subj=! THEN Xx=1-Xx
LET Yy=Uctrs(Xpt,Ylmn)
IF Subj=3 THEN
LET Xx=LGT(ABS(Xx))
LET Yy=L6T(ABS(Yy))
END IF
LINE TYPE 1|
PLOT Xx,Yy
NEXT Xpt
PENUP
END IF
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2060 IF Eff THEN ! overlay effective medium curve
2070 FOR Xpt=1 TO 200

2080 LET Xx=Xpt/201

2090 Aaa={Ram-1)#(2#Xx~1)

2100 LET Dyf-.S'(Aaa*SQR(ﬁaa-ﬂaa+4¢Rem))

2110 LET Yy-Fanr(Ren,Xx,Dyf,Zzz)

2120 IF ABS(Zzz)».00000t THEN PRINT * Warning! Ser<=>Prll difficulties”
2130 LINE TYPE 1

2140 PLOT Xx,Yy

2150 NEXT Xpt

2160 END IF
2170 IF Subj=1 THEN

2180 AXES .05,.1,0,-1,2,1
2190 AXES .05,.1,1,1,2,1
2200 ELSE

2210 FRAME

2220 END IF

2230 lees> set labels

2240 CLIP OFF

2250 LORG 4

2260 MOVE Xavg,Yhigh+.08#Yspan
2270 CSIZE 4.,.6

2280 LABEL Hlb$

2290 LORG 4

2300 MOVE Xavg,Ylow-.!E#Yspan
2310 CSIZE 4,.6

2320 LABEL X1b$

233@ MOVE Xlow=(.l1+(Subj=1)».04)*Xspan, Yavg
2340 DEG

2350 LDIR 90

2360 LORG 4

2370 LABEL Y1b$

2380 IF Subj=1 THEN

2390 CSIZE 2.4,.6

2400 LORG 1

2410 MOVE Xlow-.292#Xspan,Ylow
2420 LABEL "Series-like”

2430 LORG 7

2440 MOVE Xlow-.092+¢Xspan,Yhigh
2450 LABEL “Parallel-like”

2460 LDIR O

2470 LORG S

2480 CSIZE 2.2,.6

2490 LET Zzz=Ylow-.04#Yspan
2500 FOR XgfeXlow TO Xhigh STEP .1
2510 MOVE Xgf-.01,7zz

2520 LABEL USING "D.D"iXgf
2530 NEXT Xgf

2540 LET Aaa=Xlow-.05#Xspan
25850 FOR Ygf=Ylow TO Yhigh STEP .2
2560 MOVE Aaa,Ygf+.01

2570 ILDOIR 90

26580 LABEL USING "DD.D“:iYgf
2590 NEXT Ygf
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2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2729
2730
2740
2750
2760
2770
2780
2799
2809
2810
2820
2830
2840
2850
2860
2870
2880
2890
290@
2910
2920
2930
2940
2950
29690
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
313@

END IF
LORG !
LDIR ©
MOVE Xlow-.19¢Xspan,kYlow~-.30*Yspan
CSIZE 2,.6
LABEL Hdra$
MOVE Xlow-.!19#Xspan , Ylow-.35*Yspan
LABEL Hdrb$
SELECT Mach
CASE =1
DUMP GRAPHICS CRT
WAIT 2
LET Cpy=2
CASE =2
GINIT
PLOTTER IS 705,"HPGL"
GSEND “VUS"&VALS(Speed)
END SELECT
NEXT Cpy
KEY LABELS ON
PEN @
END
DEF FNWnr(Dratio,Frpx ,Din,Pcterr)
lees> Object of function to find alf satisfying 1=5UM of(vol*diel alf)
l+#+2> where vol=fractional volumes
lesa) diel=(species permittivity)/(composite permittivity)
tesa alf= constant exponential between -1 & +| (series<{->parallel)
INTEGER Spk ,Arnd
IF Din=® OR Frpx>=1 THEN

LET Alf1=9

LET Pcterr=1,£-99

PRINT * .. series <=} parallel factor at or beyond limits"
ELSE

IF Drati10>® AND Frpx>@ AND Frpx<1 THEN
LET Gratio=L06(1/D1in)
LET Gsum=(1-Frpx)*Gratio
LET Gdev=(1-Frpx)+*6ratio*bratio
LET Gratio=L0G(Dratio/Din)
LET Gsum=6sum+Frpx#*Gratio
LET Gdev=Gdev+Frpx*Gratio*Gratio
END IF
LET Alf1=-2#Gsum/Gdev
LET 6Gsum=Gsum+Gdev ! Initial guess of sum
LET Try=\ I Optimize sign in iterations
LET AlfO=0
LET Arnd=i
WHILE ABS(Alf1-Alf0)>.0000000001
LET Gsum=@
LET Gdev=0
LET Gratio=1/Din | relative permittivity to composite
LET Guwk=0 | a term @ spacies to sum
IF 6ratia(>@ AND Frpx>® AND Frpx<i THEN
LET Guwk=(1-Frpx)*6ratio*Alf!
LET Gsun-ng I sum function (as described)
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3140 LET bdeve=LUb(Gratio)*buwk t 1st derivative

3150 END IF

3160 LET Gratio=Dratio/Din i relative permittivity to composite
3170 LET Guwk=0 | a term @ species to sum
3180 IF Gratio<>® AND Frpx>@ AND Frpx<(1 THEN

3190 LET Guk=Frpx+*Gratio"Alf1

3200 LET Gsum=Gsum+Guk ! sum function (as described)
3210 LET Gdev=Gdev+L0G(6ratio)*Gwk ! 1st derivative

3220 END IF

3230 LET Pcterr=Gsum

3240 LET Gsum=Alfi#(Gsum—1)/Gdev

3250 LET Gdev=Alfi1#Alf1-Try*Gsum

3260 IF Gdev<@ THEN Gdev=Gdev+2#Try+Gsum

3270 LET ALf2=SGN(AL1Ff1)#SQR(Gdev)

3280 IF Arnd MOD 2=@ AND ABS(A1f2-Alf1)>ABS(ALf1-ALfO) THEN Try=-Try
3299 LET AlLfO=Alfi | bumping iterations

3300 LET AlLf1=A1f2

3310 LET Arnd=Arnd+1 | incrementor

3320 END WHILE

3330 IF ALf1<>@ AND Pcterr<>@ THEN

3340 LET Pcterr=10@+(ABS(Pcterr) " (1/ALf1)-1)

3350 END IF

3369 END IF

3370 RETURN Alf1

3380 FNEND

3390 0 30 30 310 30 10 30 30 30 30 30 10 OMO3C 10 30 3L 30 30 10 1 0 1 1
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