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INTRODUCTION

Many commonly occurring physical and chemical dynamic systems have widely
separated time constants. These systems are often represented by sets of
initial-value ODE which possess variables that rapidly change during time
intervals much smaller than the duration of the phenomenon of interest.
This presents the numerical integration difficulties associated with such
"stiff" systems. Thus even integration routines stable for any step size
(so-called A-stable methods) have accuracy problems in following the eigen-
values large in absolute value which damp out early in the solution. These
errors can easily propagate to destroy the remainder of the transient.

The stability limitations involved with most standard numerical techniques
for an n-dimensional system is that they require maxlhkil, i=1,2,...:0
where the Aj's are the local eigenvalues, to be bounded by a single small
number, typically in the 1 to 10 range. Thus if a single eigenvalue is large
in absolute value, severe restrictions are placed on the integration step
size. Depending upon the length of the solution interval of interest, this
can demand a great deal of computation time. Further, there are limits on
how small h can be before roundoff errors accumulate and render the calcula-
tion meaningless [Lapidus and Seinfeld, 1971].

The practitioner is usually unaware of the nature of stiff systems and the
associated numerical integration difficulties. Even arbitrary application

of stiff methods is deemed significant enough in many areas of application to
be suitable for publication. On the other hand, typical solution character-
istics and the requirement on their elucidation may not be fully appreciated

by tHe ramszi~a1 analyst.
In order to make the nature of the problem clearer, &8Hisider = ~perific linear
time invariant cystem
x A1 0 x x (0) ._...-»-*""‘"‘"'*"_t:— '
% = ’ .ﬂ.._,’-——“;\m ;/‘
y K 12 Yy y (0) x: ol Sese0 r‘x
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: . : LA \ i
with the analytic solution e |
x(t) = x(O)exp[llt] - eimn—— : ;
y(t) = C_exp[A. t] + c.expli, t] | oWTITRE T g
1 1 2 2 = e Tt PN
S L A :
where i‘ ‘r" \ :
-
c, - Bk ’ T Ao S ﬁ \
v T —_—

Now pick A} €< X3 < 0 and C; = C2 = 1. 1In this case the contribution to the
solution of A} is negligible after a very short time period; yet its presence
will fix the maximum allowable step size through the domain of interest by the




’ bound on maxlhkil. This domain would ordinarily be determined by

min|2, |
i T
until a steady-state has essentially been reached; for nonlinear problems this
domain may not be obvious.

In the present work we have used two completely different approaches for de-
veloping feasible algorithms for solving stiff differential equations. De- i
noting the stiffness ratio (S.R.) by 14

. lmax(k.)‘
Stiffness Radio = S.R. = | i *

ImJ:.ln()\i) | ;

as the ratio of the maximum to minimum eigenvalues, we can define, in an ap-
proximate way,

S.R. < 102 Non~Stiff Systems
] 2 10 ;
10 < S.R. <10 Moderate-Stiff Systems
S.R. > 10lo Strongly-Stiff Systems

1 l In the case S.R. < 102 there are many feasible and optimal numerical algorithms
i in the literature [see, Byrne and Hindmarsh, 1975; Shampine, Watts and Davenport,
1 1976; and Enright and Hull, 1976]; therefore, we shall not consider these fur-
ther. When S.R. > 10!0 the present work has developed a singular perturbation
technique which seems quite feasible. When 102 < s.R. < 100 the present work
has developed, in a preliminary way, new semi-implicit Runge-Kutta methods which _
are extremely useful and competitive with any other algorithm we have encoun- 1
tered.

I. A Singular Perturbation Approach

Consider a two-variable set of first-order ordinary differential equations
with a small parameter € multiplying the derivative of one of the variables, the
type of system for which singular perturbation methods have been developed.

¢ | 5
- gx_t= f(x,y,€) " x(0) = ¢
(1)
e - g(x,y,€) (0) =
at ik ' Y n

where

£(0,0,e) = g(0,0,e) = 0

If (1) is linearized along its trajectory, it may be expressed as
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at fx fy X x(0) 4

= ’ - (2)
dy
at 9,/¢ gy/e Y y(0) n

Examination of the Jacobian eigenvalues indicates that their spread
increases the smaller € becomes, one approaches zero while the other grows
larger in absolute value. The occurrence of an eigenvalue large in absolute
value defines the stiff problem; thus (2) can be regarded as the linearized
representation of a stiff system with widely separated eigenvalues. It then
follows that such a stiff system and the singular perturbation form of (1)
are at least locally equivalent.

This equivalence allows recent developments in singular perturbation
theory to be used in obtaining an effective procedure for the numerical in-
tegration of either equation type. It can be shown that the resulting al-
gorithm does not require identification of the perturbing parameter €, hence
is quite applicable to the general stiff system.

Consider initial value problems of the form of (1) with the perturbing
parameter € very small. First assume the solution may be approximated by the
simple first-order expansion in the (outer) variables

x* x. F ey
v e (3)

* =
y Yo + eyl

Substitute (x*,y*) into (1) for (x,y) and expand about (xo(t), yo(t)). Match-
ing terms with like powers of ¢ results in
dxo
'EE' - f(xoryore) ’ xo(o) =Nl (4a) ;
0= g(xolyore) v (4b)
and
dx %
1 F—3 9
at fx(xopyo)x1 + fy(xo,yo)y1 7 xl(O) =0 (5a)
dyo 0 5b ;
=" gx(xo-Yo)x1 + gy(xo.yo)y1 ’ yo( ) =n (5b) i
dyl
& - O ST AT

An inconsistency can arise when (4b) is not satisfied by (Z,n). To alleviate
this, additional (inner) variables are introduced which are particularly im-
portant to the very early stages of the transient. Expanding these variables .
to first-order in € and adding them to (3) gives the new solution approximation

(x*,y*):
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x*(t) = xo(t) + exl(t) + Xo(t/t:) o exl(t/s)
, (6)

]

i ! y* (t) yo(t) + eyl(t) + Yo(t/a) + E:Yl(t/e)

A boundary-layer type characteristic is imposed on the inner variables:

k| Lim X, = X, = ¥ =Y =0 (7)

i t/e > o«

Let T = t/e and make this variable change in (1)

g
g‘_,:‘ = ef(x,y,€) ’ x(0) = ¢ i’
(8) !
dy _ i
at g(x,y,€) ’ y(0) =n )

Now substitute (x*,y*) in (8) and expand about (xo(sr) + Xg (1), yplet) + Yo(T)). %
Matching terms with like powers in € results in

(9) w
dYo :
‘ R g(xo(er) + xo(r), yo(er) + YO(T)) # ‘

and |

- ax
F 75} = f(xo(et) + X (1), y (eT) + YO(T)) ® f(xo(ET)' YO(ET)) i

- et (10)

1
at gxxl(r) + qyylter) + ngl(T) gx(xo.yo)xl(er)

. TR

S S FA e g
i A e
7 ey

- gy(xo.yo)yl(m)
Equations (4) and (9) share the initial conditions
x (0) + X (0) =¢
P 0 0 (11)
vo(O) + YO(O) =1

while (5) an2 (10) share

xl(O) + xl(O) =0

yl(o) + ¥1(0) =0

e ————————




F Note that as a result of (7) and (9)

E T) =0
xo( )
The conditions under which (6) may be expected to be a valid solution
" representation over the domain of interest may be found in Hoppensteadt
[1971}.

Based upon these concepts a numerical procedure has been developed [Aiken
and Lapidus, 1974, and Miranker, 1973], which solves the stiff set of equations.
Since the details are in the literature, we present here only a summary of the
most important results.

The solution is given in terms of the zeroth-order inner (Xg,Yg) and
outer (xg, yo) and first-order inner and outer (X;,Y;.,X;,Y)) terms (see (w)).

SRR

+ +
Xl exl xo + exl

E
»

(13)

1]

+ + +
Yy Yo sYl YO eyl

! where € is an artificial bookkeeping indication of the degree of stiffness
E defined by

69 = g(x,y,€) (14)

( where g = ew. This parameter need not actually exist or be identified. The
outer terms are of more interest than the inner terms, which are important

: only within a relatively small boundary layer region of the transient. For

E . systems stiff enough to require special integration techniques, the zeroth-

3 order outer approximation often is sufficiently accurate

- ) .. =
E P xq = £(x5,v4) ' x,(0) = x(0) (15a)
';'. ! ‘ = =
&'; 0 9(xo.y°) w(xo.yo) (15b)
|~ SET
E The last equality in (15b) is made since € is not zero. This is properly what
r ? has been referred to as the pseudo steady state approximation (pssa). The
conditions for the validity of (15), or for regular degeneracy to the low-order
[ solution, briefly, require that the initial conditions x(0) = Z,y(0) = n be
' within the region of asymptotic stability of

MR diatii e e wai TR O

%1} = g(a,y) (16)

where T = t/e, and x is replaced by some constant vector a at each instant.

Consideration of the pssa as the zeroth-order approximation (5) reveals
that the region of applicability corresponds to the region where the outer
variables are much more dominant than the inner ones. The inner variables are
then important only within a narrow initial boundary layer and thus can be
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used to define this region. The zeroth-order inner term for the stiff variable
is by far the most dominant [Aiken and Lapidus, 1974].

Yo(t) = Yo(O)exp[Bw/ay(xO,yo)t] (17)

where Y (0) = y(0) - yp(0). Experience by the authors has indicated that (17)
is capable of providing an a priori estimate of the boundary layer for linear
and nonlinear applications. In this way the boundary layer is defined as a
fractional decay of the zeroth-order stiff inner variable, the effective boun-
dary layer length given by tI

: IJ;:[YO(t)/YO(O)l | (18)
l |5;(x0(0) IyO(O)) l I

t
I
where ||-|| is a suitable matrix norm. Since for any matrix A

all > e @)
where p(A) is the spectral radius of A

p(p) = maxIAi|
Vi
a conservative estimate of the boundary layer is thus provided by the use of the

spectral radius for the matrix norm, that is, if the first step can be taken
greater than this boundary layer estimate, the pssa is applicable.

The accuracy of using only the zeroth-order approximation is indicated by
the magnitude of the first-order outer terms [Aiken and Lapidus, 1974]

ex, (6) = (ex,(0) + Dexplat) - 2
a a
(19)
gy NS N f
Eyl(t) = q - —Ty—--—- v fy = 'é-; ’ etc.
where
w f
X w
y
w ff
o
2
w
y
Y_(0)
ex. (0) = 9 £(x(0),y(0) - £(x(0),y.(0)) (20)
1 2w( (x(0),y(0)) : / "o

all derivatives are evaluated at (xg,yp), and dimensional notation has been sus-

pended. Note that wy may not be singular. Since (19) may easily be evaluated
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periodically at any time during the solution, a convenient upper bound on the
error of using the pssa for many common systems is exj (t)/xp(t) or ey; (t)/yp(t).
If these ratios are less than say 0.001, the accuracy of the pssa is indicated
to be better than 0.1%.

The preceding analysis is useful only for systems which have w, < 0, an
initial monotonically decreasing boundary layer [see Aiken and Lapidus, 1975a].
Fortunately, this seems to be true for the great majority of applications in
stiff chemical kinetics. It also appears that within this practical context,
the dependent variables divide into the stiff and nonstiff groups, and these
are often identifiable from a priori considerations. If not, a few small inte-
gration steps within the boundary layer may reveal those variables with com-
paratively rapid transients.

A special characteristic of kinetic systems is that rarely does the model
represent the chemical phenomena closely enough to require better than moderate
accuracy in the numerical integration. This suggests the permissibility of a
model approximation like the pssa. Thus for systems too stiff to be integrated
by conventional means, the pssa is likely to yield quite adequate solution ac-
curacy.

The pssa may prove invaluable for the integration of large systems, as ex-
plicit routines may be used to eliminate the need to invert a large Jacobian,
necessary in all implicit methods. When w is linear in y, often the case in
kinetics, a decomposition may be effected to decrease the dimensionality.

Aiken and Lapidus [1975b] have also shown how the initial conditions of
the specific system may be chosen to eliminate the stiff variables or those with
large eigenvalues. When numerically examined on a set of nonlinear problems,
the strength of the present algorithm was confirmed.

It must be pointed out however that the crucial point in the use of this
singular perturbation approach lies in the ability to decompose an initial set
of ODE into the stiff and nonstiff form of (1). When the original system has
a large dimension (n > 10), such a discrimination may not be obvious. Further,
the eigenvalues of the original system must cluster in groups rather than be
spread out over roughly equal intervals. When this happens and the S.R. > 108 -
1010, the algorithm is an extremely efficient procedure for solving stiff ODE
(see comments in later discussions).

II. Semi-Implicit Runge-Kutta Methods

At the same time it must be recognized that the above singular perturbation
approach has certain system restrictions; thus there is a question as to whether
it can serve as the format for a general purpose algorithm for solving stiff
ODE. As a consequence, our work has proceeded along what might be called more
conventional directions but with a special emphasis. Here we present some pre-
liminary results on the development and use of imbedded semi-implicit Runge-
Kutta methods with special error monitoring characteristics. For problems with
102 < s.R. < 10!0 this approach seems to be the most efficient that we have en-
countered.




As pointed out by Lapidus and Seinfeld [1971], Runge-Kutta integration .
techniques may be classified as explicit or semi-implicit or implicit; the
I explicit and implicit forms may be discarded as viable techniques for solving
stiff equations either because of extreme stability (and thus step size)
bounds or the high level of iteration required. By contrast, semi-implicit
methods are A-stable and regquire no iteration. Thus this class of methods
remains as possible candidates for a general purpose algorithm.

Perhaps the best semi-implicit Runge-Kutta algorithm developed to date is
| due to Michelsen [1976] which we show below

= + + +
| Yoey = In ' Bl T RIS P RE, G
‘ with
51 = h[I - halg(y )1 f(gn) g(yn) = Jacobian matrix
at ¥
]fz = h[I - halg(g )1 f(§~(n + bzlfl) (22)

¥y o M Bl 1"”31}51 + byoky)
Given the solution Yn at x, the solution is advanced over the increment h :
to Xne1 to yield Yn+1 via (21). Egquation (21) can be used once ki, k2, and

k3 are calculated serlally assuming all the parameters Rj, Ry, R3, aj, bj,
{ b3; and b3y are determined. This latter feature can be handled by matching
l to Taylor Series expansions and using exponential fitting. Thus Michelsen

determined
£
o 2k = 16 _ ;
a1 = 0.4358... ; R1 =37 b31 7 R2 =57 b32 5
o 3 L2F
. = H = — - + .
: : R3 1 7 bz 2 i 32 93 (6a Gal 1) H
A 4
v : - 1 2
E | > = - — - +
v;; 31 6a1 (8a1 2a1 1) (23)
.i These parameters make (21) and (22) A-stable and even further, strongly A-stable.
- 1
- ’ However, it is necessary to add a step-size adjustment feature so that
! when Y is changing rapidly h can be decreased and vice versa. Only with this i
g\ adjustment can the algorithm become truly efficient. This is usually done by 1
g the one-step/two-step extrapolation in the form
one-step
; (h)
" ! & .
2 } xn xn+1
1
] h/2 h/2
two-steps

4,
. 3

(h/2)
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1
3 -9 -
such that
_ ..(h/2) 1 ‘(h/2) g
¥n+l i ¥n+l + 2P -1 ~n+l ¥n+l (24}

where p is the order of the basic method. 1In the present case p = 3 and

LtZ) s
5 Yorl " Yper T T TN 25
! where
3 _ . (h72) (h) _ :
: i ?n+l =X ey s truncation error (26)
2 '
' Using (26) as an example, the step-size can be adjusted such that ||Tn+1‘| <

some error bound. However, the amount of computation required to go from
X, to x4y has been increased by 200% over the non-error monitoring case.

In the present work we have developed a completely different approach to
the error-monitoring procedure. Thus we define a new algorithm

]f + R21~<2 (27)

~n+l = 13k

| Y =yn+R

where kj and kp are identical to those in (22). However, we relax the order of
the method by 1 (p = 2) by specifying bp = 1 - 2a; and then applying the Taylor
Series expansions and exponential fitting. The end result is a second-order
method, (27), imbedded in a third-order method (21), for which (27) can be cal-
culated at essentially no computer cost once (21)-(22) have been evaluated over
the step h. This second-order method is also A-stable. Thus we calculate (21)-
(22) to generate yp4+1, use (27) at almost no cost to generate another Yn+1 and
compare the two. The number of digit agreement can be used to estimate the
truncation error and thus provide a complete error monitoring procedure.

SURRS—

R T W AT JRPr N N rera oo AW T TETTITTTP M Par| W CVT W W ChgSprgy pore iy

;'» f To illustrate the results obtained, we select the fluidized bed system de- ﬁ
. 4 tailed by Luss and Amundson [1968] }
e | }
1§'J dyl 4 %
& | ——= 0, = . H = . ]
B | Tt 1 3(y3 yl) + 1.04 x 10 ky2 yl(O) 759.167 ‘
g :
{ dy i
E A, 3 2 . = 3
t 3o = 1.88 x 10°(y, - y,(1 + k) i y,(0 =0 (28) j
\ 1
| dy3 |
— - + . = :
at 1752 269y3 267y1 ; Y3(0) 600
dy4
Ty = 0.1 + 320y2 - 321y4 ; 94(0) = 0.1

where k = 0.0006 exp[20.7 - 15000/y;]. This system has a S.R. = 106, and we
wish to integrate from t = 0 to tg = 500. The computing time required by the

i
g |
E |
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one-step/two-step procedure is 1.76 CPU units, while that for the present
imbedded algorithm is 0.42 CPU units. Obviously the present method is
considerably more efficient than the one-step/two-step approach. We have also
tested the current imbedded algorithm vs. essentially every other algorithm

in the literature; this for small/large dimensional systems (n = 2 to 50),
linear/nonlinear systems, stiffness ratios of 102 < SLR. 5_1016 and in
single/double precision arithmetic. The preliminary results indicate that

the current algorithm is more efficient than any competitive procedure.

As problems are considered where the S.R. approaches 1010—1012, the cur-
rent semi-implicit method may have difficulties unless sufficient computer
precision is allowed. However, it is in just this region that the singular
perturbation approach of Part I of the report becomes quite efficient. Thus
one could suggest that the two algorithms developed in the present work will
handle any set of stiff ODE.
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SECTION I
INTRODUCTION

The Air Force Weapons Laboratory (AFWL) 1s investigating the T X B implo-
sion of thin cylindrical foils in short z-pinch devices. These devices are driven
by low inductance capacitor banks which are electrically connected to the z-pinch
by flat plate transmissfon lines.

A computational code (PLATE) was written to evaluate two areas of concern
in the design of these capacitor banks. First, uniform current flow into the
azimuthally symmetric load is desired because asymmetries may cause irregular foil
implosions. Second, a measure of the capacitor bank's effective inductance 1s use-
ful since this nductance must be kept to a minimum so that the system can dis-
charge quickly. PLATE calculates azimuthal current symmetry in the transmission
1ines, and 1t estimates the effective transmission 1ine inductance. To do this,
current is constrained to flow from simulated capacitors through a square mesh of
inductors, capacitors, and resistors that simulate the electrical characteristics
of an actual transmission 1{ne. Important results are displayed in calcomp plots.
The major approximation in these calculations is that the transmission plate sep-
aration 1§ considered to be small compared to the mesh size; otherwise, mutual in-
ductance effects, which are ignored, can become important.

The two objectives of this report are to document the code PLATE and to
provide a users manual. To accomplish these objectives, both theory and applica-
tion are discussed. Sample input is provided in all “instances where an example is
being discussed. A 1isting and sample output are provided in the Appendixes.
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SECTION II
EXPERIMENTAL SETUP

The transmission 1ines used at the AFWL consist of two parallel aluminum
plates which are separated by mylar. Generally, the top transmission plate is
used to carry current to the load, and the bottom plate .is at "ground" and acts
as a return current carrier.

A typical experimental apparatus consists of a rectangular transmission
1ine with two capacitor bank modules attached to opposing sides. A circular hole
of approximately 10 cm radius (R1 in figure 1) 1s located in the center of the

~——— 2 METERS ——
TRANSMISSION PLATE ;
2 2 |2
S LOAD S &
= =
3 3 o
R l :
-—— 7 K]

Figure 1. Typical Square Transmission Plate Problem.

plate. The load is bolted to the periphery of this hole. Figure 1 is a schematic
of this apparatus.

Outside a Radius R2, the two plates are separated by 0.15 cm of mylar (fig-
ure 2). The circular electrodes have a radfus R1 and separation of 1 cm. Between
the R1 and R2 radii, the plate separation varies with radius depending on the
actual chamber design. In PLATE calculatfons this region is assumed to have a
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Figure 2. Cross Section of Transmission Plate.
constant plate separation. This value of separation is determined by {nductively
matching the actual chamber.
“Typical" values for the variables annotated in figures 1 and 2 are:
Az; = normal plate separation = 0.15 cm
4z, = increased plate separation = 1.5 cm
€1 = €2 = 2.8¢, (for mylar)
Ry = radfus of the load = 0.10 m
Rz = outside radius of increased plate separation = 0.14 m
NOTE: For computational purposes, R, = 0.25 m and R, = 0.40 m. The increased
radi{ allow the respective arcs to approximate circles when they are superimposed
on a square mesh.
!
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SECTION III
THEORETICAL ARRANGEMENT

This section explains how the experimental problem is set up as a calcu-
lational problem and how the solution is calculated as a function of time.

1. Problem Set-up

A symmetric one-fourth of the experimental apparatus discussed in section
I1 is computed by PLATE. Figure 3 shows this symmetrical quarter of the system.

ot
; 5 "%
| :
| |
& '
..... o |
LOAD
- TRANSMISSION PLATE =—CAPACITOR BANK

Figure 3. Transmission Plate Symmetry.

The quarter plate is divided into a mesh of square elements. A schematic
of a single element is shown in figure 4.

Figure 4. One Square Element.
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The capacitance of a parallel plate capacitor is given in Lorrain and
Corson (reference 1) as:

¢
1" C = epey g‘ (1)
where S is the plate area, s is the plate separation, €p {s the relative per-
mittivity of mylar, and € is the permittivity of free space. Since ¢ = €y
and the plate area 1s aXaY,
'« o AXaY
This is the form of capacitance used 1n PLATE.

The inductance in an infinite parallel plate system (no fringing) can be
computed by comparing two mathematical expressions for the enclosed magnetic field
energy:

- - 2
1/2 LI2 = magnetic field energy = f S av
: Yo
(3)
With the assumption that displacement currents are zero, the integral form of
Amperes law 1s:
f BdT =y, f 1@
s (4)
Figure 4 shows the parallel plate situation. The first integration is accomplished
along the dotted 1ine. The second is done over the area enclosed by the dotted
1ine. The integrations yield:
!
1 TR |
3 8« 33' (5)
1. Lorrain, P. and Corson, D. R., Electromagnetic Fields and Waves, San Francisco:
W. H. Freeman and Company, 1970
‘ 7
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Substituting for B in equation (3) gives

2
uol
. —— dv
2aY2
u 12
= 2 axaYaZ
2aY2 (6)
so that
quXAZ
e . g 7)

This is the form of self inductance used in PLATE.

In PLATE, square cells are used. Thus, the inductance i{s the same in the X
and the Y directions, and only one inductance array is needed. Because the cells
are constrained to be square, the cell capacitance and inductance are:

€2 = ¢(aX)?/a2 (8)

AL2 = UOAZ . (9)

where C2 ahd AL2 are the PLATE variables for capacitance and inductance.

Furthermore, since mutual inductances are smaller than self inductances,
they are ignored (see Appendix C), and the self inductance becomes the total in-
ductance in each cell.

The resistance for one cell is calculated next. Resistance depends upon
skin depth, resistivity, and material geometry.
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Skin depth is given by Slater and Frank (reference 2) as

ouw (10)

where o = conductivity and w = frequency. The resistance of a cell is given by

e
Rr8 % (1)
where p = 1/c 1s the resistivity, L is the length of the resistor, and A is the

cross-sectional area of the resistor. For a cell of width W, length L, and skin
depth & (the skin depth is much less than the plate thickness), the resistance is

L
R=eo 3w (12)

In PLATE, the cells are constrained to be square; hence

YRR 2

Rek (13)

TN

Substituting for & and using p = 1/¢

i S - (14)

Thus, the resistance, R, is independent of all geometry factors wheh square
cells are used.

The Handbook of Chemistry and Physics (reference 3) gives the resistivity of
commercial aluminum as 2.828 x 10~ ohm-m at 20°C. The frequency of the current
wave 1s on the order of 0.25 x 106 Hz, Thus, w = 2rF = 1.57 x 106 Hz and the re-
sistance of one cell is 1.67 E-04 ohms. This value {s used in PLATE.

2. Slater, J. C. and Frank, N. H., __ggg;gg!gggglgg. New York; McGraw-Hi11 Book
Company, Inc., 1947.

3. Hodgman, C. D., Weast, R. C., and Selby, S. M., Handbook of ﬁg!gistrz and
Physics, Cleveland: Chemical Rubber Publishing ompany,
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2. The Mesh

A circuit schematic for a single cell 1s shown in figure 5. Current is
allowed to flow 1n both the X and Y directions.

Figure 5. Circuit for One Mesh Element.

Many of these circuits elements can be fitted together to form a represen-

tation of an entire transmission plate. Figure 6 shows a portion of such an array.

Xy K2 LY (il

A2 R

Figure 6. Transmission Plate Circuit Mesh.

10
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In figure 6, each node is connected to a capacitor which is connected to
ground and to four inductor and resistor pairs.

The theoretical transmission plate has a load connected at a 25 cm radius
circle and an annular ring at 40 cm radius in which the plate separation has been
increased to 1.5 cm from 0.15 cm. Capacitance 1s inversely proportional and in-
ductance 1s directly proportional to plate separation, AZ. Consequently, the
elements of capacitance and inductance that are in the annular ring where aZ, =
1.5 cm have a decreased capacitance and increased inductance by the multiplica-
tive factor aZ,/aZ,.

Other changes in the plate separation may be simulated by changing the ca-
pacitance and inductance in suitable regions of the transmission plate mesh.
Modeling of this kind can be used to make the simulated current flow more symmet--
ric as will be seen in section IV.

Inside the radius R; = 0.25 cm, the load is simulated as a short circuit.
This is done by making the capacitance arbitrarily large inside the radius R;.

The capacitor bank portion of figure 1 1s simulated by an array of capaci-
tors and associated inductors connected to the side of the transmission plate
mesh. A schematic of the capacitor bank connection is shown in figure 7.

&

/Cl

Figure 7. Capacitor Bank Circuitry.
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The number of simulated capacitors, NBK, in one-half of one module is equal
to the number of mesh points inside the length of that half module. If CT and ALT
are the capacitance and inductance of one-half of a module, then the capacitance
and inductance of each simulated capacitor is determined by

C1 = CT/NBK (15)
and
ALl = ALT * NBK (16)

where, again NBK 1s the number of simulated capacitors.

The problem 1s set up by initializing all of the capacitances and induc-
tances as discussed above. The voltage everywhere is set to zero except in the
capacitor banks where it is set to VO, an input variable. The currents are every-
where set to zero.

The timestep, DELT, 1s determined by the formula

DELT = 55 . J AL2*C2 a7)

where C2 and AL2 are the capacitance and inductance in the main portion of the
transmission 1ine. The problem is now initialized.

3. Difference Equations

The two differential equations shown below are used to derive the difference
equations used in PLATE. After this derivation, an overview of problem solution is
presented.

V-IR

/3t = 1/C | (19)

12
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where V = voltage = f(x,y,t)
I = current = f(x,y,t)
L = inductance = f(x,y)
R = resistance = f(x,y)
C = capacitance = f(x,y)
t=time

Letting In#l and I be the new and old currents, respectively, the difference
form of equaiton (18) 1s:

(20)

(21)
This equation is used in both the vertical and horizontal directions of the mesh.

The spatial relationships of the variables are shown in figure 8. In this figure,
Jv and JH are the vertical and horizontal currents.

i U R A

JH(I.J) J (1.J)

(1.9

! Figure 8. Spatfal Relationships of Currents and Voltages.

: Equatfon (19) is used for the derivation of the second difference equation.
Letting Vn,, and Vn be the new and old voltages, respectively, the difference form
of this equation is )

13
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Vnﬂ =V, t+at tl«C
=1 (22)

The spatial relationships of the four currents to a node and the voltage at that
node is shown in figure 9.

J (I+1.J
v(l)

N
\ZQ(I,J)

J (1.J+1)
r 1
J (I1.J
v )

Figure . Spatial Relationships of Currents and Voltage.

The variables used in the FORTRAN coding are somewhat different from those used
here. Appendix B should be consulted for a definition of all important variables.

Appendiy E contains a 1isting of PLATE.

Inftially, at t = 0, the charge is present in the capacitor bank; as time
progresses, it is moved throughout the mesh and eventually absorbed in the short
circuit load. The problem solution proceeds in four parts during each step:

1. Equation (21) is used to determine the new currents through the induc-
tors connecting the capacitor bank to the transmission line.

2. Equation (22) 1s used to determine the voltage left on the capacitor
bank after part 1. } ‘ '

3. Equation (21) 1s used to determine the new currents between all nodes
in the mesh.

4. Equation (22) is used to determine the new voltages on all capacitors
after part 3.

The above solution scheme appears to be unstable, but it is not. The two
differential equations are coupled and are solved alternately in time. They, thus,

14
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provide feedback to each other, and the solutfon is a varfiation of the leap frog
scheme.

. At various intervals the solution 1is interrupted to allow printing and/or
microfilm plotting of the data.

e Appendix D contains the results of two sample problems which validate equa-
tions (21) and (22) and the solution scheme in which they are used.

.

15
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SECTION IV
TRANSMISSION PLATE DESIGN

PLATE determines the current asymmetry at a cylindrical load which is at-
tached in the center of a parallel plate transmission 1ine. PLATE can be used to
compare different transmission plate designs. The obvious comparison is current
symmetry. Another important comparison that can be made is system inductance.

Greater transmission plate inductance smooths the current and produces
better current symmetry. If a very low inductance, high energy system is desired,
transmission plate design may involve a trade-off between raising the inductance
and improving the current symmetry. The example explained in this section in-
volves exactly this situation.

The objective 1s to compute the current symmetry of a 1.2 meter square
transmission plate with a 1oad radius of 0.14 meter as shown in figure 10. There

!'""'""l
|

&
é}_—_fzsn —-R]-' 1|.2M
CAPACITOR
BAIK

- - - —

LOAD

_Lu
. 32M
T‘

Figure 10. Plate Schematic I.

are two capacitor modules of half-width 0.16 meter, half capacitance 5.55 uF, and
half inductance of 24.0 nH (12.0 nH each module because the halves are in parallel)
centered on opposing sides of the plate. '

A symmetric one-fourth of this system was computed using the following input
(see Appendix A for an explanation of the input).

16
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DYDIM INPUT
$ N30 = 61, M30 = 61, NP = 1 $

4 NORMAL INPUT (8F10.2)
0.14 0.14 0.18 0.0 2.8 3.0
0.6 0.6 100000. 5.55E-06 24.0E-09 0.16
0.6E-06 0.55
BLANK
- BLANK

The azimuthal current symmetry around the cylindrical load, after the cur-
rent flow stabilizes, is computed to be 29.3%. The current flow pattern and
azimuthal current symmetry plots for this run are shown in figure 11. The current
symmetry plot indicates a current asymmetry of about 30% which agrees closely with
the computed value. Unfortunately, 30% asymmetry may not produce a viable experi-
ment so an attempt must be made to improve the current symmetry.

By increasing the inductance in specific regions of the transmission plate,
the current symmetry may be improved. One such example is shown in figure 12. This
transmission plate is exactly the same as the first one except a wedge on each side
of the plate has higher inductance by a factor of 10.

This higher inductance may be obtained by mill1ing the transmission plates
and inserting additional dielectric material. Thus, the capacitance is also de-
creased by a factor of 10.

The input data for this case and
OYDIM INPUT

$ N30 =61, M30=61,NP=1 §
NORMAL INPUT (8F10.2)

0.14 0.14 0.18 0.0 2.8 3.0
0.6 0.6 100000.  5.556-06 24.0E-09 0.16 .10 .10
0.6€-06 0.55 '
BLANK CARD
! 01213636
01203737
01193838
01183939
01174040
17
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1] o [

HI INDUCTANCE
WEDGE

Figure 12. Plate Schematic (With Wedges).

01164141

01154242

01144343

01134444

01124545

01114646 :
01104747 : a
01094848

01084949

01075050

01065151

010585252

01045353

01035454

01025556

01015760

BLANK CARD

BLANK CARD

6/7/8/9

The effect of the wedges is to divert the current so that it flows in from
the four corners of the transmission plate rather than from two opposing sides. The
current flow and current symmetry plots are shown in figure 13. (See Appendix F
where this problem was used for sample output.) The current asymmetry was calcu-
lated to be 6.4% at 0.18 m radfus. This current symmetry should be adequate for 2
viable experiment.

19
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In the preceding discussion, two geometries were compared for current
symmetry. The second system was identical to the first except for the inclusion

of a high inductance wedge. How much does the wedge cost in terms of an increase
in system inductance?

PLATE computes partial system inductance at specified intervals of time.
This inductance {s reasonably stable as a function of time after about 10 nsec.
These calculations indicate an increase in total system inductance of 0.27 nH due
to the presence of the wedges. In this particular example, the inductance in-
crease is intolerable and other designs must be tried. One possibility involves
changing the inductance of the wedge by a factor of 5 instead of 10. A second
possibi1ity involves decreasing the size of the plate but leaving the wedge. One
such design will provide the optimum compromise for tiie experiment considered here.

21
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SECTION V
THE CROSSED-PLATE DESIGN

During the development of a fast one megajoule capacitor bank, the crossed-
plate transmission 1ine was proposed. A schematic of this design is shown in fig-
ure 14. Twenty capacitor modules are connected to the four "arms" of the trans-
mission plate.

The current symmetry of such a system was in question; consequently, the
capability for computing such a design was incorporated into PLATE. This option
s called by setting NSETUP = 5 and-introducing various input parameters for
capacitor module placement. Typical input for the problem discussed in this sec-
tion is:

DYDIM INPUT
$ N30 = 780 , M30 = 109 , NP = 1 $
NORMAL INPUT Format (8F10.2)

0.10 0.14 0.20 0.0 2.8 5.0 1.0
7.78 1.07 100000. 5.856-06 24.0E-09 1.0 13.33
0.1€E-06 10000. 1.78 . 2.542 4.542 §.152 7.152
BLANK

BLANK

This calculation yielded the current path plots shown in figure 15.

The second plot is a magnified view of the first, looking only in the vi-
cinity of the load. (There is no relative current density associated with the
current flow lines.)

The current asymmetry was computed to be 1.5%. Figure 16 shows the current
as a function of azimuthal angle around the load. The first plot is unsmoothed
and shows the effect of graniness dur to the cell size (in this case the cells are
T cm square). The second plot {s smoothed over a 10 degree azimuthal angle, and
it agrees well with the calculated asymmetry. This current symmetry is definitely
sufficient for a successful experiment.

The load 1s approximated inductively; however, instead of resistive losses,
the current is deposited in large capacitors after passing through the simulated
load. One drawback is that the load is considered to have a static rather than

22
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1.1
2
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“
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Figure 15. Current Flow.
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variable inductance. The capacitor banks and transmission plate are all given
realistic values of inductance and capacitance.

'l The above considerations indicate that one should get a realistic time de-
pendent current trace and salculated one-eighth system inductance. Figure 17

Ll

CURRENT (Megomps)
5
A ] 1 | L

L 1 L !

—
TIME (usec)

%JL

Figure 17. Computed Current Trace.

shows a 2.32 usec smoothed current trace calculated with a coarser mesh than was
previously considered. The current peak 1s at 1.16 usec as called for in the
specifications. The maximum bank current is just eight times the current in the
graph, or 17.12 MA. The specifications call for a maximum current of about 20 MA.

‘ : The calculated inductance per one-efghth system is 42.7 nH. This value is
) * divided by eight to yield the total system inductance of 5.34 nH. The specifica-
‘ tions call for a system inductance of 2 nH outside a meter radius. The above
| PLATE calculation was done with a load at a radius of 20 cm. The formula

L = uyaz n (Ry/Ry) (23)
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may be used to compute the difference in inductance between 20 cm and 100 cm radifi.
(R + 100 cm, R; = 20 cm, and Az = 0.0015 m.) The difference inductance is 3.03
nH. The proposed system inductance for this load is thus 5.03 nH. The calculated
inductance, again, is 5.34 nH.

The two inductances agree very well, considering the approximations made.
(The inherent inaccuracy in the inductance calculation 1s disucssed in Appendix D.)
Further error arises from the coarse mesh needed to run the crossed transmission
plate problem for 2 usec of real time. The coarse mesh grossly approximates the
load.

The system inductance, current profile, and maximum current are close to
the system specifications. The design of this 1 megajoule system is thus vali-
dated by PLATE.

27
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SECTION VI
CONCLUSIONS

1. PLATE uses a simple numerical scheme in two dimensions to simulate the
current flow in parallel plate transmission lines.

2. PLATE fs limited to five transmission plate designs. One of these in-
volves a one-dimensional transmission 1ine. The other four are two-dimensional
problems with either four or eight fold symmetry.

3. When proper zoning 1s used (usually as fine as 1 centimeter square
zones), the measured asymmetry around the circumference of a cylindrical load is
about 1% accurate at a radius of 30 centimeters.

4. PLATE 1s a usefui tool for designing transmission plates where current
symmetry to a cylindrical load is a valid consideration.

5. Current symmetry around a cylindrical load may be improved by current
“shaping” techniques. One such technique is the inclusion of high inductance
areas in the transmission plates. :

6. The one megajoule crossed plate transmission 1ine will yield current
asymmetries less than 2%. The system inductance characteristics are verified by
PLATE within the errors imposed on this calculation.

28
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APPENDIX A
DEFINITIONS OF INPUT VARIABLES

CARD 1:  FORMAT (8F10.2)

R1: Radius of load

R2: Radius of increased plate separation (milling)

RAD: Radius or position of current assymmetry calculation for
plotting and first of 15 radii for calculating current
assymmetry

R3: Radius of capacitor bank for symmetry test problem

ER: R$lat1ve permittivity of insulator between- transmission
plates

SETUP: (1-5) Determine which type of problem will be run.

1 Symmetry test problem

2 Transmission Line Problem with matching side
boundary

3 Rectangular Transmission Plate with two capacitor
modules

4 Square Transmission Plate with four capacitor
modules :

5 Crossed plate transmission 1ine

SETUP2: If SETUP2 # ?, the program is set to run for a long time and
to gick off I vs time plots at positions halfway between
DIST1 and DIST2 and halfway between DIST3 and DIST4. This -
also makes a current trace. Use only when SETUP = 5. .

SETUP3: = 0, nothing, # 0, the value of cell inductance in the simu-
lated load.

CARD 2: FORMAT (8F10.2)

X: X dimension of transmission plate

¥: Y dimension of transmission plite

Vo: Voltage on capacitor

CT: Capacitance of 1/2 module

ALT: Inductance of 1/2 module

CLENGTH: Physical length of 1/2 capacitor bank module

FACTOR: Ratio of annular plate separation to normal plate separation

FACTOR2: Not used until read in on Card §

W T
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CARD 3: FORMAT (8F10.2)

TSTOP: Time in sec when program terminates
DELZZ: Plate separation (Default = ,0015m)
DISTO: X position in plate where current {s summed (X < DISTP
< DELX, or error mode 1. results)
DISTI: First of four variables used to position capacitor banks
DIST2: A1l four are the boundaries of the modules on the side
DIST3: Of the crossed plate geometry. In the case of the trans-
mission
DISTS: Line DIST 1 and DIST 2 position the capacitor bank
CARD 4: FORMAT (8F10.2) ~
TEDIT or A: Initial edit time in sec, 1f zero default is TEDIT = 40 nsec
DELED or B: ;gcmnt for additional edits, if zero default is DELED =
nsec
TEDIT2 or D: Secondary edit time and increment in sec, 1f zero default is

TEDIT2 = 10 nsec
INPUT TO PLATE

A1l real input 1s in the format 8F10.2
A1l integer input is in the form 5I2

R1 R2 RAD R3 ER SETUP SETUP 2 SETUP 3
X Y v cT ALT CLENGTH FACTOR FACTOR 2
TSTOP  DELZZ  DISTO DIST1 DIST2  DIST3 DIST4
TEOIT  DELED  TEDIT2
MNKLNQ
. FACTOR 2 (Only 1f NQ # 0)
MNKL N :
MNKL N

FACTOR 2 (Only 1f NQ # 0)
BLANK (To terminate input)
BLANK -

Input terminates when K = 0

NOTE: FACTOR 2 1s read in after M N K L NQ only when NQ # 0. Otherwise, the
previous value of FACTOR 2 is used for inductance/capacitance changes.

30
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NOTE 2: M, N, K, and L are 1imits on the I and J subscripts which define the X
and Y boundaries within which the inductance and capacitance are changed
by the factor = FACTOR2, K and L are the lower and upper 1imits on I,
respectively, and they thus define X boundaries. M and N are the lower
and upper 1imits on J, respectively, and they thus define Y boundaries.

The only additional tnput involves the variable dimensioning feature included by

DYDIM. This input is of the form:
$ N30 = 145, M30 = 22, NP = 1 $

This card 1s usually included or changed using update. N30 and M30 are the
X and Y dimensioning of the arrays. NP 1s the array size for time dependent cur-
rent plots selected when SETUP2 # 0. If SETUP2 = 0 select NP = 1.

CAUTION: N30 and M30 should be selected so that DELX and DELY are equal; other-
wise, current will not flow properly in the simulated transmission plate.
DELX and DELY are determined from:
DELX = X/(N30-2) and DELY = Y/(M30-2)

where X and Y are the plate dimensions.

N
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APPENDIX B
LIST OF VARIABLES

A 11st of important variables is found below. In some cases the variables
have a real and integer representation because they are read in as real variables
and used as integers.

A
Initial edit time = TEDIT

AINCX
Number of increments in the X direction

AINCY
Number of increments in the Y direction

AJH

Horizontal current array
AJHQ
ECS array of AJH

AV
Vertical current.array

AJVQ
ECS array of AJV

AK o
No Tonger used
AL
Inductance array
ALN
No longer used
ALQ
No longer used
ALQQ
ECS array of AL
ALT
Total inductance of 1/2 module
ALl :
Inductance of each simulated capacitor in the bank
Inductance of a normal cell
Permeability of free space
No Tonger used
AT
Time array for plotting
32
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Time increment for addition edits = DELED

Capacitance array

CLENGTH
Length of 1/2 module of capacitor bank

cQ
ECS array of C

cT
Total capacitance for 1/2 module

CTRAC
Array for plotting time dependent curreat trace

CTR1 .
Array for plotting I trace of one side module (one megajoule bank)

CTR2 .
Array for plotting I trace for other side module (one megajoule bank)
c1

Capacitance of one simulated capacitor in bank

c2
Capacitance of a normal cell

c3
No longer used

c4
Capacitance of a load cell

D
Secondary edit time = TEDIT2

DELED
Edit interval

DELT
Time increment

DELX
X dimension of cells

DELY
Y dimension of cells

DELZ
Normal plate separation

Input variable for DELZ

DISTO
X position in plate where current is summed

DIST1 - DIST4
The four boundaries of the two capacitor modules on the sides of the one
megajoule transmission 1ine arms.

EPSI
¢, permittivity of the dielectric
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EPSIO
€g? permittivity of free space

ER
Relative permittivity of the dielectric

FACTOR :
Ratio of annular plate separation to normal plate separation

FACTOR2
Ratio of special regions to normal plate separation

I
Do loop index in X direction

III
No longer used

INCX
Same as AINCX

INCX0
INCX - 1

INCX1
INCX + 1

INCY
Same as AINCY

INCY1
INCY + 1

K

Index for the major loop over time also passed from WEDGE to SETUPX as a
plotting array size

KSEN
No longer used

KSENSW
No longer used

NCAP
Number.of capacitors in one-half module

NDIST1 - NDIST4
Corresponds to DIST1 - DIST4 except these are cell designations of the
boundaries of the two capacitor modules

NDIST1 or NDIST3

NDIST2 or NDIST4

NECS
Decimal ECS needed

NPOSX1 .
Position of one I trace

X2 .
Position of second I trace




ARG R A

AFWL-TR-76-205

NSETUP
Type of problem being run

NSETUP2 .
Cross plate only - picks off I traces as well as I vs t and plots them

NSETUP3
If # 0 read 1n as the value of cell inductance in the simulated load

Number of time increments

NZAP
An integer variable used for f111ing plotting arrays

N100
Subscript of plotting arrays while they are being filled.

Radius where current assymmetry information is tabulated

RESIS
Resistance of one cell

R1
Radius of load
R2
Outside radius of annular region of increased plate separation
R3
Radius of inner edge of capacitor bank when symmetry test problem is run
R4
No longer used
T
Problem time
TEDIT
Initial edit time
TEDIT2
Secondary edit time and increment
TSTOP
Stop time of problem
v
Voltage array
Vo
Initial capacitor bank voltage
vQ
ECS array of V
Vi
Scratch array
WA
Scratch array
WB
Scratch array

35
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X dimension of plate

Y dimension of plate

36
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APPENDIX C
MUTUAL INDUCTANCE EFFECTS

The program PLATE ignores mutual inductance. This appendix justifies that
assumption and gives a feeling for the magnitude of error introduced. The mutual
inductance between adjacent cells 1s calculated, assuming the cells are 1ike
small inductors in parallel, with the accompanying fringing which leads to this
mutual inductance. It 1s concluded that mutual inductance has only a small effect

on total plate inductance as long as the cell size 1s large compared to the plate
separation.

Figure C-1 shows two adjacent cells where a discontinuity in plate separa-
tion exists at the interface. Such discontinuities can be used for selectively
controlling cell inductance.

e e
o Y.
e A, 1
IB A
VAV
P i

Figure C-1. Adjacent Cells.

If each cell 1s considered to be a current loop, the mutual inductance of a :
half-loop acting on a whole current loop as shown in figure C-2 can be determined.

The currents in the Z direction are cancelled by adjacent current loops and
can thus be ignored. The flux created by wire A which passes through current loop
B 1s given by

¢ = —/(if « nda
s

37
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I
A
L. yoo *
IB 'Q/ ;//7
' ‘ ,y" /
/
P
oz oz o
2 1 J //
B /
84Zy-02; 2
where q = W \[1 + (—5—)
AZ2+42Z)] 2
and = W./l i S
p \/ + ( o )

Figure C-2. Adjacent Current Loops.

For a long straight wire, the magnitude of the magnetic field is given by

B = 2w (c-2)

So that

u,la B4
b * gw J/. yda
s
1
u,la J/P &
b
0 ‘q (C-3)

The 1imits p and q are given in figure C-2 and are substituted for explicitly so the
integration yields:

b
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Wolat AZy+aZy\? Wt aZy~82y\? St
W E s di g (c-4)

For the bottom half of current loop A, Ia is negative and the 1imits on r
are reversed; hence, there are two equal contributions to the flux. Since "ab =

®ab/Ia’
Mot (Azz'«az1 P2 aZ,-aZ,\2 oy
"ap e o |\ "\ (c-5)

In general the self-inductance is given by

aZs

Lew F (c-6)

and the coefficient of coupling 1s given by

M
sl o (c-7)

Substituting for M and L the coefficient of coupling becomes

W AZ,+4Z,\2 - AZ,-A2,\2 i
k"—Az"bl 1+ — 1+ e (c-e)

For the specific case where aZ, = 11aZ,, and W = 10aZ,,

ke l‘-’-u‘/—iﬂ” « 10 (0.04217) = 0.134
5 1+(1/2)2 (c-9)

Thus the mutual inductance is 13.4% of the smaller inductor and about 1.2% of the
larger inductor. o :

For cases where aZ, = aZ,, the coefficient of coupling reduces to

ko udniﬂi !5 (c-10)
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when AZ < W, the £n term may be expanded so that

=2 a2 (&) - o) (& + am () - -]

or

k=g [1 - (1/2) (éﬁ-)2 + (1/3) (%)“ tae ] (c-11)

when aZ << W only the first term is needed so that

aZ :
W (C-12)

k =
This coefficient of coupling between cells with plate separation aZ = 0.1
AX 1s 0.016. Clearly, all mutual inductance effects can be kept insignificant by
keeping the ratio of aZ to aX smaller than 0.1. This 1imit is approximately main-
tatned 1n PLATE calculations except in the simulated load and the high inductance
wedges, where the plate separation and cell size are approximately equal.

A violation of the above 1imit, where high inductance wedges are included,
is discussed in section IV. For that calculation, the plate separation is 1.5
times the cell size in a wedge shaped area. The total increase in system induc-
tance is only 0.27 nH. The mutual inductance effect on the system inductance is
maximized near this discontinuity. The coefficient of coupling of a cell at the
discontfnutty ts calculated [using equatfon (C-10)] to be 0.587 when compared to
a normal cell and 0.0587 when compared to a wedge cell. Fortunately, the wedge
interface into the plate 1s over a 1imited region. The effective mutual induc-
tance of the wedge is expected to add less than 1.0 nH to the system.

Thus the typical transmission plate inductance is accurate to within 5% if
the criterion AZ =< 0.1aX 1s met everywhere except in the load and the high induc-
tance wedges. If this criterion is met everywhere, the transmission plate induc-
tance 1s accurate to within 1.6%.
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APPENDIX D
VALIDATION OF PLATE

Two test problems are solved in this Appendix. The first is a transmis-
sfion plate with imposed azimuthal symmetry. The calculations show that current
is propagated with azimuthal symmetry through the square mesh and that current
symmetry at the simulated load is excellent. The second problem is a parallel
plate transmission 1ine with a capacitor bank on one side and a 1oad on the
other. The system inductance is calculated two ways: 1in PLATE and analytically
using equation (7) in section IV. The two results agree nicely. The PLATE calcu-
lation was accomplished with two different cell sizes. Cell size is shown to
have only a small effect on system inductance.

1. Symmetry Test Problem

This problem is a specific option tn PLATE. It is called with SETUP = 1.
The 1nput cards for this problem with 25 x 25 zones are

DYDIM Input
$ N30 = 27, M30 = 27, NP = | $ >
Normal Input
0.259 0.408 0.3 0.8 2.8 1.0
1.0 1.0 100000. 5.55e-06 24.0E-09 1.0 10.0
0.6€-07 1.0
BLANK
BLANK

The current flow pattern and current symmetry plots are shown in figure D-1.
The minimum calculated current asymmetry was 5.6% (the current asymmetry is calcu-
lated at many radii outside the load). The cells had a size of 4 cm square. This
coarse mesh contributes to the current asymmetry.

A second problem was run with 100 x 100 zones. The cell size was 1 cm
square. The minimum calculated current asymmetry was 1%. This 1% current asym-
metry 1s excellent, considering it was calculated around a quarter circle that was
superimposed on square cells. The current flow equations are shown to be spatially
valid, since current does not flow preferentially in the horizontal, vertical, or
diagonal direction relative to the square grid.

4
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The current flow pattern and current symmetry plots for this run are shown
in figure D-2.

These two plots agree in substance, but the first shows the effect (graint-
ness) of the relatively large 4 cm square cells. Current flow varies drastically

with angle at the plotted radius. The second plot shows an almost constant cur-
rent flow for different angles.

2. Parallel Plate Transmission Line

The second test problem involves a parallel plate transmission 1ine with

matching side boundaries. This approximates a cylindrical co-axial transmission
1ine.

A transmission 11ne of this sort may be represented as an inductor con-
nected between two capacitors. One of the capacitors 1s the capacitor bank, and

1t 1s charged to a predetermined voltage. The second capacitor is a short cir-
cuit load.

The current in the inductor 1s given by

ol
. (D-1)
or
L ¥ At av
Tt - T, (0-2)

where V 1s the average voltage across the inductor, t is the time interval,

(Inﬂ - In) s the increase in the current during this time interval, and L is the
effective inductance of the system. This equation 1s used to determine the induc-
tance of the system.

The accuracy of this method is Timited. There is a wave superimposed on the '
plotted current trace. This wavy nature {s caused by waves sloshing around the
simulated plate because the capacitor bank and load are not exactly matched. Be-

cause of these waves, relatively long intervals of time must be considered to make
the inductance calculations meaningful.
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The transmission 1ine problem {s specified with the following input:

0.0 0.0 0.0 0.0 2.8 - 2.0
1.0 1.0 100000. 5.55E-06 4.0E-09 1.0
1.56-07  0.0015 0.05

BLANK

BLANK

OYDIM input 1s also used to specify 25 x 25 zones or 50 x 50 zones. The impor-
tant part of the above input is the capacitor bank inductance L = 4 nH.

The 25 x 25 zones and 50 x 50 zones problems yfelded system inductances

6.15 nH and 6.05 nH, respectively, between 50 nsec and 100 nsec problem time
after initiation.

The bank has an inductance of 4 nH. There 1s, thus, approximately 2.1 nH
in the transmission 1ine.

Using equation (9) from section III, the inductance of a parallel plate
transmission 1ine with dielectric thickness 0.0015 m, length x = 1.0 m, and width
y=1.0m{s given by

L=y, ﬁ aZ = 4x x 10~7 0.0015 = 1.88 nH

This value 1s about 10% less than the value of inductance calculated by PLATE, even
so this comparison helps to validate the numerical method used.

The plotted current trace is an approximation, since the inductance calcu-
lations are tied dfrectly to the current values. In Z-pinch type problems, the
inductance of the load increases as the foil implodes. No attempt has been made to
simulate the rising inductance in these calculations. Thus, the inductance calcu-
lations and current trace do not approximate the real experiments after 0.3 usec
(that 1s after the foil begins to implode).
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APPENDIX E
LISTING OF PLATE
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PROGRAM PLATE (INPUT sOUTPUT ¢ MFISPL) PLATE
c PLATE
C 00000000020V NVVVONCRRVRCVRRNS .'.'.'.....'.."'.'.."’."..'...'PtATE
c PLATE
C PLATE IS A CODE wWwHICH DETERMINES THE PATHS ALONG WHICH PLATE
¢ CURRENTS FLOW THROUGH TRANSMISSION PLATES. A PLATE IS OIVIDED PLATE
c INTO A SQUARE MESHe EACH CORNER PLATE
c IN THE MESH MAS A CAPACITOR CONNECTED TO GROUND. THE VOLTAGE FOR PLATE
c THE NEXT TIME STEP ON THIS CAPACITOR IS DETERMINED BY THE PLATE
c CURRENTS IN THE FOUR LINES COMING TO THAT CAPACITOR BY PLATE
c PLATE
c V2 = V] = DELT®(J14J2+J30Jk)/C PLATE
¢ PLATE
c WHERE V2 IS THE NEW VOLTAGE PLATE
c vl IS THE OLD VOLTAGE PLATE
c DELT 1S THE TIME STEP PLATE
c Jls J2» J3y Jé ARE THE FOUR CURRENTS WHICH CONTAIN PLATE
C INTERNAL SIGNS AND WHERE THE SIGN CONVENTION S IMPORTANT PLATE
€ C 1S THE CAPACITANCE PLATE
[ PLATE
¢ THE LINKS [N THE MESH WHICH CONNECT THE CAPACITORS CONTAIN  PLATE
£ INDUCTORS AND RESISTORS IN SERIES. THE CURRENTS wHICH PROPAGATE PLATE
c THROUGH THESE LINKS ARE CHANGED IN TIME Ay PLATE
c PLATE
c J2 8 (VA = V8 ¢ J1*(L/DELT=R/2))/(L/DELT+R/2) PLATE
c PLATE
c WHERE J2 IS THE NEW CURRENT PLATE
c J1 1S THE OLD CURRENT PLATE
c VA+sVB ARE THE VOLTAGES ON THE CAPACITORS AT E£ITHER END PLATE
c OF THE INOUCTOR AND RESISTCR PAIRS. AGAIN THE SIGN SLATE
c CONVENTION [S IMPORTANTs #iTH SIGNS CONTAINED INTERNALLY  PLATE
c IN VA AND VB, PLATE
c L IS THE INOUCTANCE IN A CONNECTING LINK PLATE
c R IS THE RESISTANCZ IN A CONNECTING LINK PLATE
c ot PLATE
c THE MAIN ROUTINE PLATE IS THE CONTROLLING ROUTINE WHICH PLATE
Cc CALLS THE VARIOUS SUBROUTINES. SUBROUTINES CBANK AND CFLCW PLATE
c CONTROL CURRENT FLOW OUT OF THE CAPACITOR BANKS AND TRROUGR THE  PLATE
c PLATEy RESPECTIVELY. OURING EACH TIME STEP THE CURRENT (S MOVED PLATE
C THROUGH TME ENTIRE MESH USING OLO VOLTAGES. THEN TWE VOLTAGES PLATE
ARE CHANGED USING THE NEW CURRENTS, PLATE
c THE PROGRAM BEGINS AT Ts0 WITH THE CAPACITOR BANK BEING PLATE
c SWITCHED ONe ONE MUST NOTE HERE THWAT USUALLY A SYMMETRIC ONE=~ PLATE
< QUARTER OR ONE=EIGATH OF THE PRCBLEM [S CONSIOERELD OURING A RUN, PLATE
c THIS ALLOWS A FINER MESH AND A MORE ACCURATE SOLUTION. PLATE
(4 TRE PROGRAM PLATE CALLS THE FOLLOWING SU3ROUTINES PLATE &
Cc THESE ROUTINES ARE LISTED IN THE ORDER THEY APPEAR IN TwE PLATE
[ LISTING, 5 PLATE
c PLATE
c CBANK = PROPAGATES CURRENT OUT OF THE CAPACITOR 3ANKS AND PLATE
c INTO THE PLATE. : PLATE
< PLATE
Cc CFLOw = PROPAGATES CURRENT THROUGH THE MESH OF THE PLATE. PLATE
c PLATE

4
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MISCELL = THIS SUBROUTINE READS THE INPUT AND PRINTS IT OUT,

PLATE

IT USES THIS INPUT TO SET UP THE PROBLEM. IT OETERMINES THE TIME PLATE

STEP AND OTHER VARIABLES NEEDED TO RUN THE PROBLEM. THEN IT
CALLS THE FOLLOWING THREE SUBROUTINES #HICH ACTUALLY
INITIATE ThE ARRAYS NEEUED TO RUN THE PROBLEMS.

MESH = THIS SUBROUTINE INITIALLIZES THE INOUCTANCE»
CAPACITANCEs VOLTAGEs AND CURRENT ARRAYS TO GENERAL PLATE VALUES.

LOAD = THIS SUBROUTINE RESETS ARRAY VALUES TO SET WP A
SIMULATED LOAD.

WEDGE = TAIS SUSROUTINE RESETS ARRAY VALUES IN INPUTED
REGIONS OF THE PLATE TU nELP IN QdTAIVING BETTER CURRENT
SYMMETRY,

SETUPX = PLOTS ON MICROFILM THE PROBLEM SETUP BY DRAWING
LINES WHICH SEPARATE DIFFERENT REGIONS IN THE PLATE,

PRINTI(NEDIT) = PRINTS EDITED VERSIONS OF THE VOLTAGE»
CAPACITANCEs» INDUCTANCEs VERTICAL CURRENT OR MORIZONTAL CURRENT
ARRAYS, WHICH ARRAY IS PRINTED DEPENDS ON THE CALLING VARIASLE
NEDIT.

PRINT2 = PRINTS SMALLER EDITED ARRAYS OF VOLTAGEs
HORIZONTALs AND VERTICAL CURRENT,

INOUCT = THIS SUBROUTINE COMPUTES ANO PRINTS THE CURRENT
FLOWING IM THE PLATE EACH NAND=SECOND, 17 PRINTS CHARGE
CONSERVATION, IT ALSO SAVES THE CURRENT AT EQUAL TIME INTERVALS
SO THAT A TIME DEPENDENT CURRENT TRACE CAN BE MAOE a8Y SUBROUTINE
CTRAC,

INOUCT2 = THIS SUBROUTINE COMPUTES AND PRINTS SMOOTHED
SYSTEM INDUCTANCE FOR SPECIFIC TIME INTERVALS.

CTRACE = THIS SUBROUTINE PLOTS A TIME OEPENDENT CURRENT
TRACE. THIS SUBROUTINE AND THE NEXT ARE NOT CALLED EXCEPT anEN
SETUP2 1S NOT EQUAL TO 0 [N wnICH CASE THE PROBLEM IS SET UP TO
RUN wITH A GROSS MESH AND FOR A LUNG TIME,

CTRAC2 = THIS SUBROUTINE COMPUTES AND PLOTS DI/DT TERMS FOR
THE CAPACITOR MODULES.

CURRENT = COMPUTES AND PLOTS SEVERAL CURRENT PATHS FROM THE
CAPACITOR BANK TO THE LOAD,

UNWIND =« COMPUTES AND PLOTS THE THETA CURRENT SYMMETRY Of
THE CURRENT GOING TO THE LOAD.

LINPLOT = PLOTS THE OATA ON MICROFILM.
LIST OF VARIABLES IN LDIFFERENCE EGUATIONS
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PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
FLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE

S5

PLATELQQ
PLATELO!
PLATELOR
PLATEL0]
PLATEL O
PLATELOS
PLATEL DS
PLATELD?
PLATEL 08
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o000

o000

V = VOLTAGE

AJV = VERTICAL CURRENT

AJH = HORIZONTAL CURRENT

C = CAPACITANCE

AL = INOUCTANCE

AL]l = BANK INOUCTANCE

RESIS = RESISTANCE

OELT - TIME STEP

V1 = SCRATCn ARRAY USED FOR VOLTAGE OR CURRENT

SIMILAR VARIABLES ENDING [N Q ARE TwO DIMENSIONAL ECS ARRAYS AND

THEY REPRESENT THE SAME QUANTITIES,

PLATEL0S
PLATELLO
PLATELLL
PLATELYZ
PLATEL13
PLATEL 1S
PLATEL1S
PLATELLG
PLATELL1?
PLATEL18
PLATEL1S
PLATEL2C
PLATEL21

....QQ.".0.0..........0....0..'.0.....'..00...'.OOQOQOQOOQQOOOQ.OQLAfE122

COMMON Xy Rls VOs INCXs NOISTls OISTO» RESIS,
Yo R2» CTe INCYs NOIST2y» INCXOe¢ XSENSW,

Koy R3s ALTe AINCXs NOIST3s TSTOPe NSETUP

Ty Rée NTe AINCYe NOIST4e TEDITy NSETUP2s

AKy RADs ALN» INCX1e OJIST1ls OELEDy NSETUP3,

AJV (26)
AJH(26)
V(26) s
CL26)
V1(28)
AL (26}

KSENy AL2y ANUs DELXes DOISTIs NPOSX1s NSETUPS, WA(26+26)
NCAPy N10O» NZAPo DELY» OIST4y NPOSX2y I11(10)e wB(26925)

1
2
3
%
S CELTy ALly ALQe INCYly OIST2y TEOIT2s NSETUPG
6
7
8

X1(100)¢ Y1(100)s AT(1)s CTRAC(1)s CTRI(1)s CTR2(})

OIMENSION AJVQ(26925)9 AJHQ(26926) ¢ VQ(26428)y CQ(26026)

1 ALQG(26+26)
LEVEL 3, AJVQy AJHQs VQy» CAs ALQQ

COMMON /ECSL/ AJVO
COMMON /ECS2/ AJHQ
COMMON /ECS3/ VQ
COMMON /ECS4/ CQ
COMMON /ECSS/ ALQQ

FIX ECS FIELD LENGTH

CALL INITPLT
CALL MISCELL
10,0
N109=0
KSENSW=0

IF DELX DCES NOT EQUAL DELY THE CALCULATION TERMINATES.

IF ((DELX=OELY)/DELXeLTol,0/AMAXL (AINCXsAINCY)) GO TO 1
PRINT 7

PRINT 8

SsToP

CONT INVE
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PLATEL23
PLATE12¢4
PLATEL2S
PLATE126
PLATEL27
PLATEL23
PLATEL29
PLATE120
PLATEL3]
PLATEL32
PLATEL23
PLATEL1Jé
PLATEL]S
PLATEL 36
PLATEL137
PLATEL38
PLATE1JS
PLATEL4O
PLATElS]L
PLATELG2
PLATE143
PLATE )44
PLATEL4S
PLATEL4S
PLATELl47
PLATEl4S8
PLATELWS
PLATEL1SO
PLATEILSI
PLATELS2
PLATELSI
PLATE 1S4
PLATELSS
PLATELSS
PLATELS?
PLATELSS
PLATELSS
PLATEL &0
PLATELS1
PLATEL 62
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THESE LOOPS PERFORM THE ITERATIONS OVER A TIME STEP DELT.

00 6 K=m]loNT
TaTeOELT
CALL CBANK
CALL CFLOW

THE REST OF THIS PROGRAM CALLS VARIQUS CHECKINGs PRINTINGe
AND PLOTTING SUBROUTINES.

IF (NSETUP2,EQ.0) GO TO 2

IF (NZAP,EG.0) GO TO 3

GO TQ «

CONT INUE

IF (T,LTL.TEDIT2) GO TO 4
TEOIT2aTEDIT2¢1.0€E-09

CONT INVE

CONTINUE

IF (T.LT,TEDIT) GO TO S
TEDIT=TEDIT+DELED

KSENSw=0

CALL PRINT2

CALL CURRENT

CALL UNWIND

CONTINUVE

CALL XTIME (CPsPP10+TIMTGO)
IF (TIMTGO(GTe30.04ANDTLE.TSTOP) GO TO 6
CALL CTRACE

IF (NSETUP2,GT.0) CALL CTRAC2
STOP

CONTINUE

PLATEL163
PLATEL 64
PLATEL16S
PLATE166
PLATEL67
PLATE168
PLATEL169
PLATELT0
PLATEL71
PLATEL172
PLATEL73
PLATEL74
PLATEL17S
PLATEL176
PLATEL77
PLATEL78
PLATEL79
PLATE1S0
PLATELBI
PLATEL182
PLATEL183
PLATEl84
PLATELSS
PLATEL86
PLATEL87
PLATE188
PLATE18S
PLATELS0
PLATE]S!
PLATELS92
PLATELS3
PLATELSGS

FORMAT (SXe72HTHIS PROGRAM TERMINATED BECAUSE DELA OID NOT EQUAL CPLATELSS

1ELY (APPROXIMATELY),)

PLATELS96

FORMAT (SX9¢S4HCORRECT OYOIM INPUT N30 OR M30 TO ADJUST DELA OR CELPLATELS?

1Ye)
END -

PLATELSS
PLATEL99
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SUBROUTINE CBANK

COMMON X Rl VOs INCXs NOIST1s OISTO» RESIS» AUV (26)

Y R2s CTe INCYe NDIST2s INCXO0» KSENSH, AJH(26) »

Ky R3s  ALTe AINCXs NDIST3e TSTOPe NSETUP, V(26) s

Te Réy NTe AINCYs» NDIST4s TEDITy NSETUPZ, C(26:
AKy RADs ALNs INCX1le OIST1s OELEDe NSETUP3, V1(26)
DELTy ALls ALQs INCYls DOIST2s TEDIT2s NSETUPG, AL (26)

KSENe AL2s ANUs DELXs ODIST3» NPOSX1e NSETUPSy WA(26926)9
NCAPy» N10Co NZAPs OELYs DISThs NPOSX2s II1(10)y WB(26926)
X1(100)¢ Y1(100)s AT(1)s CTRAC(1)e CTRI(1)» CTR2(1)

DIMENSION AJVQ(26+26)9 AJHQ(26926)9 VQ(26+26)y CQ(26926)
ALQQ (29+26)

LEVEL 39 AJVQe AJUMQy VQs CQ» ALQQ

COMMON /ECS1/ AJVQ
COMMON /ECS2/ AJmQ
COMMON /ECSJI/ VQ
COMMON /ECS4/ CQ
COMMON /ECSS/ ALGQ

IF NSETUP DOES NOT EQUAL | THE LOOPS TQ STATEMENT 6 SEND CURRENT
INTO THE PLATE FROM TrE CAPACITOR BANKS,

IF (NSETUP,EQ.1) GO TO S

I1=1NCX]

00 1 J=1yNCAP

CALL PEADEC (AJV(I)sAJVQ(Tsd)o1)
CALL REACEC (V(1)sVQ(I=3+J)+2)
CALL READEC (C(I)CO(IsJ)sl)
AJV(T)=AJV (1) +DELTE®(V(2)=V (1)) /ALl
V(2) 2V (2) =&V (1) SDELT/C(D)

CALL WRITEC (V(2)sVQ(IsJ)el) _
CALL WRITEC (AJV(I)¢AJV@(IJIv])
CONT INVE

IF NSETUP=3 CURRENT IS FéD FROM THE CAPACITOR BANKS ON THE SIDE
OF THE CROSSED TRANSMISSION PLATE. THE TWwQ SIDE CAPACITOR
MODULES HAVE LIMITS OF NDIST1» NDIST2s NOISTIs AND NOISTw,

IF (NSETUPJNE.S) GO TO S

NN=NOIST]

NNNsSNDIST2

JuINCYL

CALL READEC (AJH(])9sAJHQ(1eJ) ¢ INCX)
CALL READEC (V(1)9VQ(19eJ)eINCX)

CALL REAQCEC (V1(1)ovQ(loJ=1)eINCX)
CALL READEC (C(1)sCU(19J) 9 INCK)
NZAP=MOO (K»100)

IF (INZAP NEo0,ORNSETUP2,EQ49) GO TO 2

© N190=N100+] 3
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PLATE200
PLATE201
PLATE202
PLATE203
PLATE204
PLATE20S
PLATE206
PLATEZ207
PLATE208
PLATE209
PLATE210
PLATE211
PLATE212
PLATE213
PLATE214
PLATE21S
PLATE216
PLATE217
PLATE218
PLATE219
PLATE220
PLATE221
PLATE222
PLATE223
PLATE224
PLATE22S
PLATE22%
PLATE227
PLATE228
PLATE229
PLATE230
PLATE23]
PLATE232
PLATE233
PLATE234
PLATE23S
PLATE23¢
PLATER2]7
PLATE228
PLATE239
PLATE240
PLATE24]
PLATE242
PLATER243
PLATE4e
PLATE24S
PLATE246
PLATE247
PLATE248
PLATE249
PLATE2SO
PLATER2S]
PLATE2S2
PLATE2S3
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CTRI(N100) =(V(NPOSX]1)=V](NPOSX]1))*DELT/AL]
CTR2(N100) = (V (NPOSX2) =V 1 (NPOSA2) ) *DELT/AL]

CONTINUVE

00 3 I=aNNsNNN

AJH(T) =AJHLTI) ¢ (V(1)=VL(I))®DELT/AL]
V(I)av(])=0ELT®AJH(])/C(])

CONT INVE

NN=NOIST3

NNNaNOIST4

00 4 IsNNoNNN

AJHLT) SAJH(TI) ¢ (V(I)=V1(]))®DELT/AL]
VII)ev(])=0ELT*AIM(I)/C(])

CONT INUE

CALL WRITEC (V(1)sVQ(19J)sINCX)
CALL WRITEC (AJn(1)eAJrA(19J) ¢ INCX)
CONT INUE

RETURN

ENO
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PLATE2S4
PLATE2SS
PLATE2S6
PLATE2S7T
PLATE2S8
PLATE2SS
PLATE260
PLATE261
PLATE262
PLATE263
PLATEZ264
PLATE265
PLATE266
PLATE267
PLATE268
PLATE269
PLATE270
PLATE27]
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SUBROUTINE CFLOW

COMMON X+o Rly
1 Yo R2»
2 Ky R
3 Ty Pby
o AKs RADe
S DELTy AL)»
6
7
8

KSENe AL2y

NCAPs N100O»

VO
CTy
ALT»
NT o
ALNYe
ALOy
ANUe
NZAP ¢

INCXe NOIST1
INCYs NDIST2s
AINCXe NOIST3»
AINCYs NDIST4o

INCX1o
INCY)s
OELX»
DELY»

DIST1y

OISTO.
INCX0o
TSTOP»
TEDIT
DELED»

01ST2y TEDIT2,
DISTIe NPOSX1»
DIST4e NPOSX2s
X1(100)s Y1(100)» AT())s CTRAC(1)s CTRLI(1)» CTR2(1)

RESIS» AJV(26) s
KSENSHy AJH(26) ¢
NSETUP, V(26)

NSETUP2, C(26)
NSETUP3, Vi(26)
NSETUP«y AL (26)

NSETUPSs WwA(26026)
I11(10)y WB(26926)

OIMENSION AJVQ(26926)9 AJHQ (2602609 VQ(26926)y CU(26926)

1 ALCC(26+26)
LEVEL 39 AJVQy A

COMMON /ECS1/ AJ
COMMON /ECS2/ AV
COMMON /ECSJ/ VO
COMMON /ECS4/ CQ
COMMON /ECSS/ AL

JHQe

vo
L

QQ

VQs CO+ ALQQ

THE LOOPS OVER STATEMENT 8 CHANGE THE VERTICAL CURRENT aAuv FOR
ALL TmE MESH POINTS IN THE TRANSMISSION PLATE.

RES12 sRESIS/2,
CELTI=1,/0ELT
D0 2 Js)s INCY

CALL READEC (AJV(1)9AJVQA(19J) ¢ INCX)
CALL READEC (V(1)evQ{139J)sINCX)
CALL READEC (AL(1)9ALOQ(10J) 9 INCX)

00 1 I=2sINCX

PLATE272
PLATE273
PLATE274
PLATE27S
PLATE2T7S
PLATE2TY
PLATE278
PLATE279
PLATE280
PLATE281
PLATEZ282
PLATE283
PLATE284
PLATE28S
PLATE286
PLATE287
PLATE288
PLATE289
PLATE290Q
PLATE291
PLATE292
PLATE293
PLATE294
PLATE29S
PLATE2G6
PLATE297
PLATE293
PLATE299
PLATE300
PLATE30L
PLATEJO02
PLATEJ303
PLATEJO0G
PLATEDJOS

AJVID)I s(V (1) =V (I=1) ¢AJV(I) *(AL(T)®DELTI=RESI2)) /(AL (1) *DELTI*RESI2PLATEINS

3]
CONT INVE
AJV (1) s=AJV(2)

CALL WRITEC (AJV(1)9AJVA(T9J) 9 INCX)

CONT INUE

THE LOOPS OVER STATEMENT 10 CHANGE TWE WORIZONTAL CURRENT AJW FOR
ALL ThE MESHM POINTS IN TmZ TRANSMISSION PLATE,

00 4 Js2¢INCY

CALL READEC (AJH(1) 9AIMA(10J) ¢ INCX)
CALL REACEC (Vi) ovAlleJd) e INCX)

CALL READEC (V1(1)eVQUloJ=1)sINCR)
CALL READEC (AL (1) oALGA(1eJ) 0 INCX)

00 3 tsleINCX

PLATEJO7
PLATEJ0S
PLATEJ0S
PLATEJLO
PLATE3IL
PLATEJ)2
PLATEJL]
PLATEJL S
PLATEJLS
PLATE]] S
PLATEILY?
PLATEJ)S
PLATEJLS
PLATE320
PLATEJ2]

AJMCI (VIT)=Vi(T) eAJN(T) @ (AL (1) SUELTI=REST2) ) /7 (AL (1) ®DELTI+RES12) PLATED22

CONT]

NE
CALL WRITEC (AJn(1)eAJHQ(14J) 9 INCR)
CONT INVE

PLATEJR2)
PLATEJR2e
PLATEJ2S
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11

12

13
14

CALL REACEC (AJM(1) 9AJHQ(1+2) ¢ INCX)

THE LOOP OVER STATEMENT 11 IS A REFLECTED BOUNDARY CONOITION

CAUSED BY SYMMETRY,

00 S I=1sINCX
AJH(I) m=AJH(])
CALL WRITEC (AJH(1) 9AJNQ(1e1) s INCX)

THE LOOPS OVER STATEMENT 13 CHANGE THE VOLTAGE v FOR ALL THE MESH

POINTS IN THE TRANSMISS1ON PLATE,

00 7 Js).«INCY

CALL READEC (V(1)sVQ(19J) s INCX)

CALL READEC (AJH(1)9AJNQ(19J) 9 INCAL)

CALL READEC (AUV (1) 3AJVQ(1sJ) e INCX])

CALL READEC (C(1)+CQ(19J) e INCX)

CALL READEC (V1(])sAJHG(LsJ*])pINCR])
00 6 I=1sINCX

VII)aVIT)+OELT®(AJV (1)) =AJV(]) eVi(])=AJH(I}))/C(])

CONT INUE
CALL WRITEC (V(1)eVG(19J) s INCX)
CONT INUE

WHEN NSETUP EQUALS & OR WHEN NSETUP EQUALS S

THE LOOPS OVER STATEMENTS 14 AND 169 17 AND 19 00 A REFLECTION

ACROSS A 45 DEGREE ANGLE IN THE CENTER OF THE CROSSED

TRANSMISSION PLATE 70 IMPOSE 8 FOLD SYMMETRY.

IF (NSETUP NE.SoANDNSETUPNE.&) GO TO 146
IF (NSETUP (NESoANDJNSETUP NE.4) GO TO 16
00 8 JsisINCYL

CALL READEC (wB(1sJ)9sVGiLe D)o INCYD)
00 10 LMs]yINCY

JEINCY ] =LMel

00 9 Is1vJ ? i
WB(1eJ)aWB(Je1)

CALL #RITEC—wB8(1eJ)oVa(1eJ)eJ)
CONTINUE

00 11 Js=lyINCYL

CALL READEC (wB(19J)2AJHQ(19J) s INCY])
CALL READEC (2A(10J)0AJVA(19J) o INCY])
00 13 M=)y INCY

JEINCY 1= Me]

00 12 I=1lyJ

WB(1eJ)sWAlJe])

WA(TeJ)aWB(Je])

CALL WRITEC (WB(19J)eAUMQ(10J)eJd)
CALL WRITEC (WA(19J)9AJVQA(1sJ)ed)
CONTINVE

CONTINVE i

IF (NSETUP.NE,2) GO TO 16

CALL READEC (v(1)9VQ(1s1),INCX)

CALL READEC (V1(1)9VGULLsINCYL) s INCX)

e ———— -

PLATEJ26
PLATEJ27
PLATE323
PLATEJ2S
PLATE330
PLATEJI]
PLATE332
PLATEJI]
PLATE334
PLATEJDS
PLATE33e
PLATEII?
PLATEJ3S
PLATEJIS
PLATEJWO
PLATEJG]
PLATEJ&W2
PLATEJ4]
PLATE G4
PLATEJGS
PLATE 4G
PLATEJG7
PLATEJ4WS
PLATEJGS
PLATEJSO
PLATEJS1
PLATEIS?2
PLATE3S2
PLATEJSS
PLATEJSS
PLATEJSS
PLATEJ3S?
PLATEJSE
PLATE3SS
PLATEJSD
PLATEJSI]
PLATEJS62
PLATEJ63
PLATEJ64
PLATE36S
PLATEJ&S
PLATEJS?
PLATEJ6R
PLATEJSS
PLATEJ70
PLATEIT!
PLATED?2
PLATE3?3
PLATEJ TS
PLATE3TS
PLATEJTS
PLATE3TY
PLATEJ78
PLATEJTS
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16

00 1S 1=1sINCX

VI sVt s(V(I)eVi(IN /2.0
CONTINVE

CALL WRITEC (V(1)sVQilel) v INCX)

CALL WRITEC (V1(1)sVQ(1soINCY1)sINCX)
CONT INVE

RETURN

END

PLATEJ80
PLATEJSI
PLATEDS2
PLATEJS]
PLATEJS
PLATEJ8S
PLATEJ8®
PLATEJS7
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SUBROQUTINE MISCELL

COMMON X+ Rl vOe INCXs NOISTls DISTO» RESIS, AJV (26)
Yo R2¢ CTs INCYs NDIST2s INCXOs» KSENSW, AJH(26)
Ke R3s ALTe AINCRs NOISTIe TSTOPy NSETUP, V(2e)s
Te Rée NTe AINCYs NOISTas TEDIT» NSETUPZ, Cl2e)«
AKs RADs ALNs INCXle OISTle OELEDy NSETUPJ, v1i26)»
DELTs ALLls ALOs INCY)s DOIST2s TEDIT2s NSETUPG, AL(26)
KSENe AL2s ANUs DELXs OISTIe NPOSRls NSETUPSs #A(26426)9
NCAPs N100s NZAPs ODELYs DOISTae NPOSX2e II1(10)s wB(26426)0
X10100)s Y1(100)s AT(1)e CTRAC(1)s CTRI(1)s CTR2(D)
OIMENSION AJVQ(269268)9 AUNQ(26026)0 VQ(26926) s CU(26026)
ALQQ(2¢+26)
LEVEL 3¢ AJVQe AJMQs VQy» CQ» ALQQ
COMMON /ECS1/ AJVQ
COMMON /ECS2/ AUNG
COMMON /ECSJ/ VQ
COMMON /ECS4/ CQ
COMMON /ECSS/ ALLQ
THIS SUBROUTINE SETS UP THE PLATE PROBLEM,.
READ STATEMENTS ANO SHUFFLING OF REAL TO INTEGER VARIABLES.
PRINT §
DEL2=20,0915
ANT210009.
INCX 226 = 1
INCY =26 .= |}
READ 7+ R1sR2+RADIRIIER»SETUP+SETUP2,SETUP)
READ 79 XsYoVOsCToALToCLENGTHIFACTORIFACTOR2
READ T+ TSTOPIOELZZ+0ISTODISTIe0IST2901ISTISOISTS
IF (DELZZ.NE.9.0) CELZ=0ELZZ
AINCAs INCX
AINCY=INCY
AZSAINCY/Y
NSETUPsSETUP
NSETUP2sSETUP2
NSETUPISSETUP]
IF (NSETUP.EQ.1) PRINT 22
IF (NSETUP.EQ.2) PRINT 23
IF (NSETUP,EQ.J) PRINT 24
IF (NSETUPEQ.4) PRINT 2S5
IF INSETUP.EQ,S) PRINT 26
PRINT 219 RIsR2/RADIRIIERySETUP»SETUP2»SETUPI
PRINT 21¢ XeVovVOeCToALTsCLENGTHsFACTOR¢FACTOR2
PRINTY 235 TSTOPOEL22+01ST0eDIST1+01IST2+DISTIOISTS
RESISe],6TE-00
TEDITe0,06E~06
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PLATE388
PLATE38S
PLATE290
PLATE391
PLATE392
PLATE3SD
PLATEJ39«
PLATEJSS
PLATEJ9é
PLATE3S?
PLATEJSS
PLATEI9S
PLATE«0QQ
PLATE4OL
PLATE&LO2
PLATE4S03
PLATEGOG
PLATE®DS
PLATE®OQS
PLATE4O7
PLATE®0S
PLATE®0S
PLATE410
PLATEG]L
PLATES]2
PLATESL3
PLATEG]4
PLATE®1S
PLATEGLG
PLATE®L7
PLATE®LS
PLATE4LS
PLATES20
PLATE®21
PLATE®22
PLATE®2]
PLATE424
PLATE®2S
PLATEG2S
PLATE®27
PLATE428
PLATE42S
PLATES2D
PLATEGD]
PLATE®]2
PLATE®I3
PLATESIG
PLATES]IS
PLATES36
PLATE®]?
PLATE®IS
PLATES]S
PLATESSGD
PLATEGS)
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DELED=0,025-06

- TEOIT220,01E~06
READ 1o AeB90
IF (AJNE.0.0) TEDITsA
IF (BuNEo0o0) CELED=B
IF (DeNEo0.0) TEDIT2=D
PRINT 2y A9890
PRINT 3¢ TEDITIODELEDSTEDIT2
PRINT 149 R19R2+RADRI
PRINT 1S¢ NSETUPINSETUP2sNSETUPI
PRINT 169 XoYsFACTORsFACTOR2+ER
PRINT 17y VOeCToALTsCLENGTH
PRINT 18¢ TSTOPsANTsAINCXsAINCY
PRINT 199 OIST1s0IST2+0ISTIeDISTL90ISTO

NSETUP = | PRODUCES A SQUARE TEST PROBLEM.

NSETUP = 2 PROOUCES A PARALLEL PLATE TRANSMISSION LINE PROBLEM,.
NSETUP = 3 PROOQUCES A RECTANGULAR PROBLEM WwITm CAPACITOR BANKS
ON TwO SIDES.

NSETUP = 4y PRODUCES A RECTANGULAR PROSBLEM WITW CAPACITOR BANKS
ON ALL FOUR SIDES.

NSETUP = 5 PRODUCES THE CROSSED PLATE GEOMETRY,

INCX AND INCY ARE THE NUMBER OF X AND Y INCREMENTS RESPECTIVELY.

OOOOOOOOOHOOO

INCX1=INCXel
INCY1=INCY e+l
INCX0sSINCX=1

NT IS THE NUMSER OF TIME INCREMENTS.

(e XXz}

NT=ANT
P123,1415926S35

AMUO 1S TWE PERMEABILITY OF FREE SPACE.
EPSI IS THE PERMITTIVITY OF MYLAR.

AMUO=4 , 0P 1 2) ,0E=07
EPSI0=],0/ (AMUO® (2,9979E+08) *22)
EPSI=ERERPS]IO

PRINT 200 AMUO+EPSIOVEPSI

CELX AND DELY ARE THE OIMENSIONS OF ONE CELL, CELX AND DELY
SHOULD BE APPROXIMATELY EQUAL. OELZ IS THE PLATE SEPARATION,

CELAaX/ (AINCX=1,0)
DELYSY/(AINCY=],9)
NPOSX1s((DIST1e0IST2) 72,01 7DELA
NPOSX28((01ST3+01ST4)/2,0) /DELX
PRINT 49 NPOSX1oNPOSR2

NOISTL ANDO NOIST2 ARE THE X COORDINATE BOUNOARIES OF ONE
CAPACITOR BANK MODULE ON TWE SI0E OF THE CROSSEU TRANSMISSION

0000

OO0O0O

0oO0O
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PLATE
NOXSYS AND NDIST4 ARE THE X COORDINATE BOUNDARIES OF THE SECOND
MODULE ON THE SIDE OF TME TRANSMISSION PLATE,

ND1IST1=(OIST1/DELX) )
NO1ST2=(D1ST2/0ELX) 1
NOISTI2(DISTI/DELA) )
NOIST4=(DIST4/DELX) ¢

AL2 AND C2 ARE THE INOUCTANCE ANDO CAPACITANCE IN THE NORMAL PART

OF A TRANSMISSION PLATE,

AL2=AMUO®DELY*®DELZ/DELX
C23€EPSI®DELX®QELY/DELZ

ALl ANO Cl1 ARE THE INOUCTANCE AND CAPACITANCE OF EACH CAPACITOR

AND SwWITCH ASSEMBLY ASSUMING THE NUMBER OF CAPACITORS EQUALS THE
NUMBER OF X MESH POINTS WITHIN THE BOUNOARIES OF A CAPACITOR BANK

MOCULE.

NCAP=CLENGTH/DELY

IF (NCAP,EQ,0) NCAPsINCY

IF (NCAPGT.INCY) NCAPsINCY
C13CT/ (NCAP=1,)

AL1sSALT® (NCAP=1,0)

ALé AND C4 ARE THE INUUCTANCE AND CAPACITANCE IN THE LOAD WHERE
C4 IS SET ARBITRARILY LARGE.

C4aC2¢1000000,
C43C2¢100000000,
AL6sAL2

DELT 1S TnE TIME STE?

DELT=P]/20,°SQRT (C2°AL2) a
DELT=DELT*2,.0

PRINT 6. i

PRINT 8¢ AINCRIAINCYoANToX, Y
PRINT 99 VOeCToALT

X AND Y APE THE DIMENSIONS OF THE TRANSMISSION PLATE (METERS).
OELZ IS THE ThICKNESS OF THE MYLAR,

PRINT 110 C20AL2
PRINT 12+ CleALl
PRINT 1J» CérALS
::%N; 100 OELToOELAVOELYI0ELZIR]
NT &
CALL MESH (Cl0C20C30C§0!L39Ava’ACTOﬁo’ACTO‘IQPACTORID
CALL LOAD(SETURI)
CALL WEDGE (C)sC2+CIoChoALIYALGFACTORIFACTOR]SFACTOR2)
CALL FRAME
CALL PRINT] ())

PLATE496
PLATE®S7
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12
13
16

15
16

17
18
19
20

21
22

CALL PRINT1 (2) PLATESSO

CALL PRINTL (J) PLATESS]

PRINT 6 PLATESS?2

FORMAT (10X 9+ ®*DIAGONAL CAPACITIVE ELEMENTS ARE®y/) PLATESS3

PRINT 30 PLATESSS

FORMAT (10E10,.2) PLATESSS

INCYO=[NCY=] PLATESSS

CO SO0 (=1sINCYO PLATESS?

CALL READECI(X1(I)sCQ(IsD)o) PLATESSS

CALL PEADEC(YI(I)+ALQU(InI)e)) PLATESSS

CONT INUE PLATESS0

PRINT 3le (X1(I)eIslysINCYQ) PLATES6SI]

FORMAT (10X 9 *OIAGONAL INOUCTIVE ELEMENTS ARE®¢/) PLATESé62

PRINT 32 PLATESS63

PRINT 31o(Y1(1)eIsleINCYOQ) PLATES6e

RETURN PLATESéES

PLATES&6

PLATES67

FORMAT (8F10.2) PLATESé8

FORMAT (13X92PEEL24197¢/) PLATES69

FORMAT (10X98HTEDIT = »2PE12,10104 DELED = +2PE12.1911H TEDIT2 =PLATES70

1 22PE12.19/0/) . PLATES?7]
FORMAT (12Xes9HNPOSAL = »1Se10M NPOSX2 = +1S¢/) PLATEST2

FORMAT (1Inl) PLATES73

FORMAT (1%0) PLATES74

FORMAT (8F10,2) PLATESTS

FORMAT (1Xo7HINCX 3 ¢IPE1G4,698M INCY = sE14,6910H4 & INCR = 9E14,6+PLATESTS

12SH  XoY PLATE ODIMENSIONS = ¢E16e693H X 1E14e64/) PLATES?7
FORMAT (2X94SHCHARACTERISTICS OF ONE=HALF OF A MOOULE ARE +1PE14.PLATES?S

16934 VOLTS +E14.6913% FARADS AND +E1%9¢608H MENRIES./) PLATES79
FORMAT (JA97THOELT = o1PE14,698H DELX = +E14,693H VELY = sEi14.698H4 PLATESSEO

10ELZ = 4£1446024H FRACTIONAL HOLE SIZE = +E144697) PLATESAL
FORMAT (3X¢SSHCHARACTERISTICS OF THE TRANSMISSION PLATE ELEMENTS APLATESa2

1RE +1PE14.6999 FARACS ¢€140699H HENRIES«s/) PLATESS]
FORMAT (49 72nCHARACTERISTICS OF EACH MESH POINT THAT SERVES AS A PLATESA«
1BREAKDOWN- POINT ARE 91PE16,699H FARADS +E144699H MENRIES.s/) PLATESaS
FORMAT (SX961HCHARACTERISTICS OF EACH MESH POINT THAT SEIVES AS A PLATESEs

I1SINK ARE ¢1PEJe 6094 FARADS +E14.6994 HENRIES.9/) PLATESa7?
FORMAT (10X9SHRL = oIPEL&.616M R2 = y1PEL4.697H RAD = 91PE14.646M PLATESSS

1IR3 = +IPEL14s8y/) ; PLATESS9
FORMAT (10XeOMNSETUP = +13911H NSETUP2 = 513¢11n NSETUP3 = »13¢/) PLATESSO

FORMAT (10Aserk = ¢ IPELSe6eSH ¥ = 91PELG,6910H FACTOR = 4 1PEl4.601PLATESS]
114 FACTOR2 8 ¢1PE1@e6e6r ER s o 1PEL4.64/) PLATESS2
FORMAT (SXoSHVO = ¢1PEL4ebobM CT = 9 1PELG,697H ALT = 4 IPE14.6010HCPLATESS]
ILENGTH = +1PE)beé0/) PLATESS«
FORMAT (SXs8WTSTOP = 9 IPEL&e697H ANT = »1PEL4e699M AINCX = 9 1PEL14,PLATESSS

169 AINCY 3 4 IPEL1&,60/) PLATES96
FORMAT (SXo8mDIST] = o1PE1L,6994 DIST2 = 4 1PE1G5¢9H DISTI = IPEIPLATESS?

16,609 DISTL 3 9 IPEL@eboOM DISTO = »1PELG60/) PLATES98
FORMAT (SX9THAMUO = 2 1PE14.6991 EPSIO = +1PELG,6+3H EPSI = ¢ 1PELG.PLATESSS
16+7) . PLATES00
FORMAT (10X91PBEL2,2+/) PLATEG0]

FORMAT (19X937H3888S SYMMETRY TEST PROBLEM  $5$33,/) PLATES02

FORMAT (10Ke368MSS39S PP, TRANSMISSION LINE $35385+/) PLATES03

.
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FORMAT (10X+44HS$33S
FORMAT (10X+4SHSSSSS
:ORNAY (19X ISHSSSSS
NO

TWo SIDED TRANSMISSION PLATE  $5355+/)
FOUR SIDED TRANSMISSION PLATE  3$55835+/)

CROSSED PLATE» 1 MJ

&0

$538%5+/)

PLATE604
PLATE60S
PLATE606
PLATE607




A e 3 S A e i+ P BT ST T

[aXaXals)

ODOOOO  »-

SUBROUTINE MESH(C19C29CI9C4rALI9AL4LsFACTORVFACTOR]+FACTOR2) PLATE608
PLATES09
COMMON X Rly VOs INCXs NDIST1e OISTO» RESIS, AJV(26) 9 PLATESILO

1 Yo R2y CTs INCYs NOIST2s INCKOs KSENS#s  AJR(26)s PLATES1L
2 Ks  R3s ALTs AINCXs NDIST3e TSTOPs NSETUP. V(26) s PLATES12
3 Te  Res  NTs AINCYs NOIST4s TEDITs NSETUP2, C(26)s PLATES]3
“ AKs RADs ALNs INCXly OISTls OELEDs NSETUP3s V1(26)s PLATEGL4
S  DELTs ALls ALOs INCYls UIST2s TEDIT2s WSETUPGs AL(26) s PLATES]S
&  KSENs AL2s ANUs OELXs DIST3s NPOSX1s NSETUPSs wA(26926)s PLATE6LG
7 NCAPs N100s NZAP» OELYs OIST4s NPOSX2s I11(10)+ wB(26926) PLATESL?
8  X10100)s Y1(100)s AT(1)s CTRAC(1)» CTRL(1)s CTR2(1) PLATES18
PLATESLS
DIMENSION AJVQ(26+26) s AJMQ(26:26)» VQ(26026) s CQ(26026) PLATES20
1 AL0G(26+26) PLATES21
PLATES22
LEVEL 3s AJVQe AJUMQe VQe CQs ALQOC PLATES23
PLATE624
COMMON /ECS1/ AJVQ PLATES2S
COMMON /£CS2/ AJMQ : PLATES26
COMMON /ECSI/ VA PLATES27
COMMON /ECS4s €O : PLATES28
COMMON /ECSS/ ALJQ PLATES29
PLATES30
PLATESIL
THIS LOOP INTTIALLIZES CAPACITANCE AND VOLTAGE THROUGHOUT THE PLATESI2
MESH., 2 PLATES33
: PLATES 4
2€R0%0.0 PLATESIS
00 1 JaleINCY] PLATESI6
00 1 IsleINCXL PLATES3?
CALL WRITEC (C29CQ(Isd)sl) PLATESIS
CALL WRITEC (ZEROsVQ(IeJ)el) PLATES39
CALL WRITEC (ZERO+AJVA(T+J) 1) PLATES40
CALL WRITEC (ZEROsAJMG(1sJ)sl) PLATESG]
CALL WRITEC (AL29ALQO(Isd)sl) PLATES42
CONTINUE PLATE®4]
IF (NSETUP.EQ.2) GO TO 7 PLATESGLG
PLATES4S
THIS SECTION SETS UP A TEST PROBLEM TO DETERMINE AZIMUTHAL PLATES46
ASSTMMETRY WHEN NSETUP = 1, TWIS IS THE ASSYMMETRY wrlCA IS PLATES4T
CAUSED BY THE SGUARE MESH, PLATES48
PLATESGY -
C2FACSC2/FACTOR PLATESSO
ALFACSAL29FACTOR PLATESS]
IF (NSETUP.NE,1) 30 T0 3 PLATESS2
00 2 JaleINCY] PLATESS)
00 2 Is=]yINCX]) PLATEGSe
AxaleDELX PLATESSS
AYSJOOELY PLATESSS
RAQSSORT ( AX®AXSAYSAY) PLATESS?
IF (RADJOT.RI) CALL WRITEC 1C1+CQ(Ivddol) PLATESSS
IF (RAO.GT.R3) CALL WRITEC (VOsV@(TIeddel) PLATESSS
ALMMMBAL L /S, PLATESGO
CT10eCT* 10, PLATEG6] 1
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IF(RADLGToRI=JL®OELY) CALL WRITEC(ALMMMyALQQ(IsJ) 9 ]) PLATE662
IF (RAD.LT.R2) CALL WRITEC (ALFAC+ALQQ(I¢J)91)

IF (RADJLT.R2) CALL WRITEC (C2FACsCU(IeJd)v 1)

IF (RADJLT.R1) CALL WRITEC (CT10+CQ(IeJ)s 1)

IF (RAD.LT.R1) CALL WRITEC (AL2+ALQA(IvJ)01)

CONT INUE
GO TO 10
CONT INUE
LN=INCY/2+1]

PLATE663
PLATES64
PLATE665
PLATE&66
PLATEG67
PLATE666
PLATE669
PLATE670
PLATEST]

THE LOOPS OVER INOEX & SET UP A REGION OF GREATER PLATE SEPARATIONPLATE672
JUST OUTSIOE THE MOLE IN THE CENTER wHICH REPRESENTS THE LOAD. PLATEG73

THE VARIABLE FACTOR IS THE RATIO UF THE NEW SEPARATION TO TAt PLATEG T«
OLD SEPARATION. PLATES7S
PLATEG7S

00 4 IslsLN PLATEGT7
00 4 JslyLN PLATES78
AX=[*0ELX PLATES79
AYSJ®DELY PLATES680
RA=SQRT (AX®AX*AY®AY) PLATE681
CT10=CT®10, PLATE682
IF (RALT,R2) CALL WRITEC (C2FACCR(1sJ)0]) PLATEG683
IF (RA,LT.,R2) CALL WRITEC (ALFAC+ALGQ(I+J) 0 1) PLATEG684
IF (RALLT.RI) CALL WRITEC (CayCUtIvJd)0l) PLATESSS
IF (RALLT.RL) CALL WRITEC (ALFACSALQQA(I9J)91) PLATE686
CONTINUE PLATES87
IsINCX] PLATEG88
PLATES89

THE LOOP OVER 5 CHARGES THE CAPACITORS AT THE END OF THE PLATEGS0Q
TRANSMISSION PLATE. PLATE691
PLATE692

00 S JslsNCAP PLATESS3
CALL WRITEC (CloCl(lsJ)sl) PLATE694
CALL WRITEC (VOeVG(IeJ)sl) PLATES9S
CALL WRITEC (AL1+ALQG(LI+J)»1) PLATES%6
CONT INUE — PLATES97
IF (NSETUP.NE,S) GO TO 10 PLATESSS
. — s PLATEG99

THE LOOP OVER 7 CHARGES THE TwO CAPACITOR BANK MODULES ON THE PLATET700
SIOE OF THE TRANSMISSION PLATE, PLATET01
PLATET02

JSINCY] PLATE?03
00 6 [=1sINCX PLATE704
QD1STsI*0ELX PLATE70S

IF (QOIST.GELOIST1.AND<QOISTLE.DIST2)
IF (QOIST GE.DIST1.ANDCOISTLLE.OIST)
IF (QDIST.GE.OIST1.AND.QD1IST.LELDIST2)

IF (QOIST.GE.OISTI<AND.QOIST.LE.OISTH)
IF (QD1IST.GELOISTI.ANDLQDISTLE.DIST4)
‘}: {QDIST(GE.DISTISAND+UDIST(LELDIST4)
CONTINUVE
GO To 1o

62

caLL
CALL
CALL

CALL
CALL
caLL

WRITEC
WRITEC
WRITEC

WRITEC
WRITEC
WRITEC

(CleCQULaJ) e l) PLATETQE
(VOsVQI(IeJ)el) PLATET07?7
(AL1+ALQQ(I+J) oPLATET08
PLATET03
(C1eCQUIvJ) v 1) PLATETIO
(VOeVQ(IeJ)el) PLATETLIL
(ALL12ALQGC(I0J) sPLATET12
PLATET713
PLATET7]%
PLATE71S

R - -
U
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WHEN NSETUP=2 THIS SETS UP A PARALLEL PLATE TRANSMISSION LINE
PROBLEM FOR COMPARISON TO AN ANALYTICAL SOLUTION,

CONT INUE

I=)

00 8 Jsl1sINCY])

CALL WRITEC (CesCal(IsJ)ol)
CONT INVE

IsINCX]

INQ®OIST1/0€ELY 1
INQQ=DIST2/DELY L

NUM= [40Q=INQe )

ClsCT/NnUM

AL 1 =AL TONUM

00 9 J=INGs INGQ

CALL WRITEC (CleCQtIeddol)
CALL WRITEC (V0evQ(lsJ)el)
CONT INVE

10 CONT INUVE

RETURN
ENO

63

PLATE?716
PLATE?717
PLATE718
PLATE719
PLATE?20
PLATET721
PLATET722
PLATET723
PLATE724
PLATE?72S
PLATET726
PLATET727
PLATET728
PLATE729
PLATE730
PLATE731
PLATE722
PLATE?3]
PLATE723«
PLATE?73S
PLATET?36
PLATE7237
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SUBROUTINE LOAD (SETUPJ)

COMMON X Rl VO
Yo R2» CT»

Ky R3s ALT»

Te Rée NTs

AKs RADs ALN»

DELTs ALls ALQy
KSEN» AL2s ANV
NCAPs N100s NZAP»

NN LWN-

X1(100)s Y1(100)s ATI(1)»

INCXe NDIST1,
INCY» NDIST2»
AINCXs NOIST3,
AINCYs» NOIST4s
INCX1le DIST)
INCYls OIST2s
OELXs DISTI
DELYs OIST4e

DISTO»
INCXO0s
TSTOP
TEDIT,
OELED»
TEDIT2y
NPOSX1»
NPOSX29e

RESIS, AJV (26)
KSENSH, AJH (26}
NSETUP, V(26)

NSETURP2, C(26)
NSETUPI, V1(26)
NSETUPRG4, AL (26)
NSETUPSs wA(26926)

I11(10)e WB(20026)

CTRAC(1)e CTRI(1)s CTR2(1)

OIMENSION AJVQ(26926) 9 AJHQA(26926) 9 VQ(26926)9 CL(26926)

1 ALQG(26+26)
LEVEL 39 AJVQy AUHQy

COMMON /ECSLl/ AJVQ
COMMON /ECS2/ AJMQ
COMMON /ECSI/ vQ
COMMON /ECS4/ CQ
COMMON /ECSS/ ALWQ

Vde CQs ALQQ

THIS SECTION INCREASES THE INOUCTANCE IN THE LOAD TO SIMULATE A

SHIVA LOAD INSTEAD OF A SHORT CIRCUIT,

AL (1+J)2SETUP],)

IF (SETUPJ.EQ.0.0) GO TO 2
NNNSAMIN] (AINCX o AINCYSS.)

00 1 I=1eNNN

00 1 J=leNNN
AX=[®0ELX

AY=JSDELY

RASSQRT (AX®AXeAY®AY)

(WHEN SETUPJINE«0.0»

IF (RALT.RI*3,0%0ELX) CALL_WRITEC (SETUP3+ALQQ(IsJ) 1)

CONT INVE
CONT INVE
RETURN
ENO

PLATET738
PLATE739
PLATET740
PLATE741
PLATET742
PLATE743
PLATE74«
PLATE74S
PLATE746
PLATE747
PLATE748
PLATET4S
PLATE750
PLATET7S1
PLATE?S2
PLATE7S3
PLATE7S4
PLATET7SS
PLATE7SS
PLATETS7
PLATE7S8
PLATET7SYS
PLATE760
PLATE761
PLATET762
PLATE763
PLATE764
PLATET6S
PLATE766
PLATET67
PLATE7638
PLATET769
PLATE770
PLATE?71
PLATE772
PLATETT73
PLATE774
PLATE?7S
PLATE778
PLATETT?
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SUBROUT INE WEDGE (C19C29C39ClrAL39ALLIFACTORIFACTOR14FACTOR2)

COMMON X Rl VOs INCXs MDISTls OISTO» RESISe AJV (26)

KSENy AL2» ANUs DELXe DOISTIs NPOSX1se NSETUPSe WA(26026)
NCAPs N100s NZAPs DELYy DIST4e NPOSA2s [I1(10)s wWB(26026)
X1(100)s Y1(106)s AT(1)y CTRAC(1)s CTR1(1)s CTR2(])

1 Yo R2» CTs INCYs NDIST2y INCXOe KSENSH, AJH(26)
2 Ko R3s ALTe AINCXs NOIST3s TSTOPs NSETUP, VI28)
3 Te Rae NTe AINCYs MNDIST4e TEDITe NSETURP2s Cl26)
s AKs RADs ALNs INCX1y OIST)e ODELED» NSETUP3, v1(26)»
S DELTs ALle ALQe INCYlsy DIST2y TEDIT2y NSETUPG, AL (28) ¢
6
7
8

DIMENSION AJVQ(26926) s AJHQ(26026)9 VQA(26926)9 CU(26026)
1 ALQQ(26+26)

LEVEL 3¢ AJYQs AJUHQs VQs CQO» ALQQ

COMMON /ECS1/ AJVQ
COMMON /ECS2/ AUMQ
COMMON /ECSJ/ vQ
COMMON /ECS%/ CQ
COMMON /ECSS/ ALGQ

KK=1

CALL SETUPX (1)
CONTINUE

READ 69 MoNIKsL9NQ

IF (K.EQ,0) GO VO 3
IF(NQ.GT,0) FACTOR2aNQ

WHEN THIS SECTION IS USED CARE 1S NECESSARY TO INSURE THAT KX
NEVER EXCEEDS THE OIMENSIONED SIZE OF X1 AND Y1 ARRAYS»
IF THAT DOES HAPPEN, SOME OF TME COMMON BLOCK WILL BE wIPED OUT,

PRINT Sy-MoNeKsLINQ

IF (L.EQ.0) LsINCA
C2F2=C2/FACTOR2 -
AL2F2=AL2°FACTOR2

D0 2 Isxsl —

00 2 JsiyN

CALL WRITEC (C2F2+CQ(1sJ) o))
CALL WRITEC (AL2F2+ALGA(I9 )0 1)
CONT INUE

X1 (KK) =k *DELX

Y1(KK) sMeDELY
X1{KKe])sK®DELX
Y1(KKe]l)sN®DELY
X1(KKe2) s *OELR
Y1(KKe2)sN®QELY

X1(KKeJ) sL*DELX

Y1(KKe3) sHeOELX

X1 (KKeb)uX] (KK)
Y1(KKeb) Y] (KK)

Ks$
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PLATET78
PLATE779
PLATET80
PLATET8]
PLATE782
PLATE783
PLATET 8«
PLATET8S
PLATET86
PLATET787
PLATET788
PLATET@%
PLATETS0
PLATE791
PLATE?792
PLATET93]
PLATE794%
PLATET9S
PLATE796
PLATET97
PLATE798
PLATET9S
PLATESQO
PLATES01
PLATES02
PLATES03
PLATESO«
PLATES0S
PLATES06
PLATE307
PLATES80S
PLATESQS
PLATES10
PLATES]]
PLATEd)2
PLATES13
PLATE3)é
PLATEB1S
PLATES16
PLATER17
PLATES18
PLATESL9
PLATES20
PLATES2]
PLATES22
PLATES23
PLATEB2¢
PLATEB2S
PLATES26
PLATES27
PLATEB28
PLATEB29
PLATES30
PLATES]I




CALL SETUPX(2) PLATEBI2
GO T0 1 PLATESI)
3 CONT INUE PLATES3S
RETURN PLATEA2S
c PLATES36
Cc PLATEBJ?
& FORMAT (8F10,2) PLATESJS
s FORMAT (2X»51%) PLATESJ9
6 FORMAT (612) PLATES4O
ENO PLATESG]
{
; 66
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SUBROUTINE SETUPX (KLM) PLATEB42
PLATEB43

COMMON X Rl VOs INCXe NOIST1s OISTO» RESIS, AJVI(26) 9 PLATEB4S
Yo R2s CTe INCYes NOIST2s INCXOs KSENSW, AJH(26) 9+ PLATES6S

Ko R3s ALTy» AINCXs NDISTIe TSTOPs NSETUP, V(26) s PLATEBGLS

Te Réy NTe AINCYs NDIST4e TEDITe NSETUP2s C(26) ¢ PLATESG?

AKy RAD» ALNe INCX1le OIST1ls» OELEDs NSETUPI, V1(26) s PLATESGS

DELTe ALLs ALQe INCYle OIST2s TEDIT2s NSETUPG, AL (26) 9 PLATESGS
KSENe AL2e ANUs DELXe DISTIs NPOSX1ls NSETUPS, wWA(26926)s PLATEBSO
NCAPs N100s NZAPes DELYs DIST4s NPOSX2s I[I1(i0)s wB(26026)9 PLATESSI
X1(100)» Y1(100)» AT(1)e CTRAC(1)» CTRI(1)s CTR2(1) PLATESS2
PLATESS3

DIMENSION AJVQA(26026)9 AJMQ(26926) 9 VQ(26926) 9 CQ(26026)0 PLATESSS
ALQQ(26+26) PLATESSS
PLATESSS

LEVEL 3¢ AJVYQe AJHQs VQ» CQe ALQQ PLATEAS?
PLATESSS

COMMON /ECS1/ AJVQ PLATESSY
COMMON /ECS2/ AJnQ PLATE360
COMMON /ECSJ/ VQ PLATES61
COMMON /ECS%/ CJ PLATE362
COMMON /ECSS/ ALQQ PLATEB63
PLATE864

COMMON RADIUS (&) PLATES6S
P123,14159265 PLATEBé6
XMN=YMN=0,0 PLATEB&7
AMXSYMXSAMAX] (X9 Y) PLATE364
IF (KLM,EQ.1) GO TO 3 PLATEB&9
CALL LINPLOT(X1oY1loKoXMX0AMN9 YMX s YMN) PLATES?0
RETURN PLATEa71
CONT INUE PLATES72
CALL GRIDQ (XMX9XMN9YMX 9 YMNe XMX 9 XMN9 YMX 9 YMN9 1091001909 1HXs 1o lHY, 1)PLATES?]
RADIUS (1) sR] PLATE&74
RADIUS (2) sR2 PLATE87S
RADIUS (J) 3R PLATES?76
RADIUS (4) sRAD PLATEA?77
N=S0 = PLATES?8
00 2 Is)se PLATES?79
THETA=0,0 ekl PLATES80
IF (RADIUS(I)4EQ40,) GO TN 2 PLATESS]
00 1 JsleN PLATESAZ
X1 (J)sX=RADIUS (1) *SIN(THETA) PLATE283
Y1(J)2Y=RADIUS (1) *COS(THETA) PLATEBS4
THETASTHETA*PL/ (2,*N) PLATESSS
CONT INUE PLATESS6
CALL LINPLOT (X19Y]oNoXMX9XMN9YMX 9 YMN) PLATESST
CONTINUE PLATES8S
RETURN PLATES289
ENO PLATES90

67
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SUBROUTINE PRINT1 (NEDIT) PLATEB9]
PLATES92

COMMON X» Rle VOe INCXe NOIST1ls DOISTOe RESIS, AJV (26) 9 PLATESS]
1 Yo R2¢ CTy INCYs NOIST2s INCXOs KSENSW, AJH(26) s PLATEB94
2 Ke RJs ALT» AINCXs NOISTIs TSTOPs NSETUP, VI(26) s PLATES9S
3 Te Ré&e NTe AINCYs NOISTes TEDITe NSETUP2, C(26) s PLATES96
o AKe RADs ALNs INCX1e OISTls OELEDs NSETUPI, V1(26)s PLATEB97
s DELTs ALle ALQs INCYle OIST2e TEDIT2s NSETUPG, AL (26) s PLATES9S
6 KSENy AL2» ANUs UELXe DOISTIe NPOSX1s NSETUPS, WA(26926)s PLATER99
7 NCAPe N100s» NZAPs DELYe DIST4s NPOSX2s I11(10)y wB(26+26)s PLATEIOO
8 X1(100)s Y1(100)s AT(1)y CTRAC(1)s CTR1(1)s CTR2(1) PLATES01
PLATES02

DIMENSION AJVQ(26026)¢ AJHQ(26926)9 VQ(26926) 9 CA(26026) PLATES03
1 ALQQ(26+26) PLATESO4
PLATES0S

LEVEL 3¢ AJVQs AJHQs VQs CQs ALQG PLATES06
PLATESO7

COMMON /ECS1/ AUVQ PLATESOS
COMMON /ECS2/ AJUWG PLATES0S
COMMON /ECSI/ vQ PLATES10
COMMON /ECS4/ CQ PLATES11
COMMON /ECSS/ ALJ0 PLATES12
PLATE913

PLATEd ]«

THIS SUBROUTINE PRINTS VARIOUS EDITED ARRAYS DEPENDING ON THE PLATES1S
CALLED VARIABLE NEOIT. PLATE916
THIS SUBROUTINE MUST BE CALLED wlTW NEDIT SET TO AN INTEGER 1 PLATES17
THROUGH S, PLATES1S
WHEN NEDIT =1 THE VOLTAGE ARRAY 1S PRINTED, PLATESLS
4HEN NEDIT 22 THE CAPACITANCE ARRAY 1S5 PRINTED, PLATE920
WHEN NEDIT =3 THE INOUCTANCE ARRAY IS PRINTED. PLATES21
4nEN NEDIT =4 THE VERTICAL CURRENT ARRAY [S PRINTED. PLATES22
WHEN NEDIT =S THE HORIZONTAL CURRENT ARRAY IS PRINTED. PLATES23
- PLATE92%

PRINT 6 PLATES2S
NY=(INCY*16) /15 PLATE926
IF (NEDIT.ESe1) PRINT 13¢ INCTX9sINCYsINCX1sINCY] PLATE927
IF (NEDIT.EQ.1) PRINT 8 PLATES22
IF (NEDIT.EQ.2) PRINT 9 - PLATES2%
IF (NEDIT.EQ.3) PRINT 10 PLATE930
IF (NEDIT.EQ.4) PRINT 1 PLATE931
IF (NEDIT.EQ,S) PRINT 12 PLATES32
DO 2 I=1+INCX]sS PLATE933
00 1 J=)eINCY] PLATES34
IF (NEDIT.EQ.1) CALL READZC (V1(J)9VQ(1+J)sl) PLATES3S
IF (NEDIT.EQ,2) CALL READEC (V1(J)sCAlLled)ol) PLATE923s
IF (NEDIT.EQ.3) CALL READEC (V1I(JI+ALQQ(Ied) s l) PLATES37
IF (NEDIT.EQ.6) CALL READEC (VI(J)9AIVR(Ied) o)) PLATES33
IF (NEDIT.EQ,5) CALL READEC (V1(J)9AJHI(Ied)v]) PLATES39
CONT INVE PLATE4G
PRINT 7o (V1(J)eJmlsINCYsNY)sVI(INCYL) PLATE941
CONTINUE PLATE942
I=INCX] PLATES4)]
- DO J JslyINCYL PLATES44

O —— o e e
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(NEDIT.EQ. 1)
(NEDIT.EQ.2)
(NEDIT.EQ.J)
(NEDIT.EQ.4)
(NEDIT.EQ.S)

CONT INUE
PRINT 7o (V1(J) 9 JulaINCYINY) 9¥1(INCYD)
PRINT S
NMINX=MINO (169 INCY1s INCX))
00 & J=]loNMINX

IF
1F
1F
IF
IF

PRINT 7.

(NFOIT.EQ,.L)
(NEDIT.EQ.2)
(NEDIT.EQ.J)
(NEDIT.EQ.4)
(NEDIT.EQ.S)

CONT INVE
RETURN

FORMATY

FORMAT (1W1)

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

END

CALL READEC
CALL READEC
CALL READEC
CALL READEC
CALL READEC

CALL READEC
CALL READEC
CALL READEC
CALL REAOEC
CALL READEC

(VICD) o Im]19NMINX)

(1X916€8.1)
(1029 1 SHVOLTAGE ARRAYe/)

(10X 1 TRCAPACITANCE ARRAY /)

(10X9s L6HINOUCTANCE ARRAY/)
(10X922nVERTICAL CURRENT ARRAY,/)
(10X ¢26AHORIZONTAL CURRENT ARRAY»s/)
(2X9415)

(V1(D)oVQ(I0J) 0 ])
(V1(J)eCQULIsJd) o))
(VI(J)oALQQ(TeJ) e l)
(VI(J) oAIVQ(IeJ) e ))
(VI(J)eAJHQ(TIeJ) o 1)

(VIC1)oVQ(19J) oNMINK)
(V1(1)eCQ(LeJ) oNMINX)
(V1()) 9ALQQ(19J) sNMINR)
(VI(1) sAUVA(10Jd) oNMINR)
(V1(1) 9 AUHQ (39 J) o NMINX)

(1X9/910X9 1SHLOAD AREA ARRAY/)
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PLATES94S
PLATES46
PLATES47
PLATE943
PLATES4S
PLATESSO
PLATESS]
PLATESS2
PLATESS3
PLATESS4
PLATESSS
PLATESSé
PLATESS7
PLATESSS
PLATESSS
PLATE960
PLATESS]
PLATES62
PLATES6)
PLATESG4
PLATE96S
PLATES66
PLATESG?
PLATES63
PLATE969
PLATES70
PLATEST]
PLATEST2
PLATEST]
PLATES T4
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BN AE N~

1

SUBROUTINE PRINT2

COMMON X Rly VOs INCXe NDIST1»

Yy R2s CTs INCY» NDIST2y
Ky R3s ALTe AINCXs NDISTI
Te Rao NTe AINCYs NOIST4s
AKy RAD» ALNe INCX1ls DIST1s
OELTs ALle ALQe INCYle DIST2y TEDIT2s
KSENe AL2» ANUs UDELX» OIST3s NPOSX1s
NCAPs N100» NZAPs» DELYe DIST4y
X1(100)s Y1(100)s AT(1)s CTRAC(1)s CTRI(1)s CTR2(])

DISTO»
INCX0»
TSTOP,
TEDITy
OELED»

NPOSX2+

RESIS, AJV(26)
KSENSH o AJH(26) ¢

NSETUP, V(26)»
NSETUP2, C(26)
NSETUP3, V1(26)
NSETUPG, AL(26)

NSETUPS, WA(26926)
111(10)s WB(26926)

DIMENSION AJVG(26026)9 AJHQ(26926)9 VQA(26026) 9 CA(26026),

ALQQ(26+26)
LEVEL 3¢ AJVQy AJUHQe VQe CQs ALQQ

COMMON /ECS1/ AJUVQ
COMMON /ECS2/ AJHQ
COMMON /ECS3/ VQ
COMMON /ECS4/ CO
COMMON /ECSS/ ALQQ

PLATES7S
PLATEST76
PLATES77
PLATES78
PLATES79
PLATES80
PLATESS8I1
PLATESS82
PLATES®83
PLATE9S4
PLATES8S
PLATES86
PLATES87
PLATESES
PLATESSS
PLATES90
PLATES9]
PLATES992
PLATES93
PLATE994
PLATE99S
PLATES96
PLATES97
PLATESSS

THIS SUSROUTINE PRINTS SEVERLY EDITED VOLTAGEs HORIZONTAL CURRENT.PLATE99Y

AND VERTICAL CURRENT ARRAYS.
FORMAT STATEMENTS

NZ=(INCY*3)/9
INNZ=2INCY 1 =NZ=2

NZ=MAXO (NZ92)

PRINT 7 &
PRINT 8,..T

PRINT o

NN=29o s
00 1 IsisINNZINZ

NNsNNe ) s

X1 (NN) a1

CONT INUE

NNsNN+ )

X1(NN)sINCX]

PRINT S (X1(L)9el31eNN)
PRINT &

00 2 Jsisl0

JJIE(J=]) NI}

IF (JeEQe10) JJsINCY]

CALL READEC (AJV(1)oAJVQ(19JJ) e INCX])

PRINT So¢ (AJV(I)9lsloINNZNZ) 9AJV (INCX])

CONT INUE
PRINT &
PRINT 10

00 3 J=ivl0
JIm(J=1)ONZe)

b, o S e
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PLAT1000
PLAT1O01
PLATI1002
PLATL003
PLAT1004
PLAT1005
PLAT1006
PLAT1007
PLAT1008
PLAT1009
PLAT1010
PLAT1011
PLAT1012
PLAT1013
PLAT10]e
PLATI101S
PLAT1016
PLATIO017
PLATIO18
PLAT101S
PLAT1020
PLAT1021
PLAT1022
PLAT1023
PLAT1024
PLAT102S
PLAT1028
PLAT1027
PLAT1028
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-0

IF (J.EQ.10) JJsINCY]

CALL READEC (AJM(1) 9sAJNQ(19JJ) 9 INCX])
PRINT Ss (AJH(I) o In]1 9 INNZ9NZ) s AJH(INCX])
CONT INVE

PRINT 6

PRINT 11

00 & Js=ie10

JislJ=1)oNZe]

IF (JeEQ.10) JJsINCY]

CALL READEC (V(1)eVQUlloJJ)eINCX])
PRINT Sy (V(])eIsleINNZINZ) oV IINCX])
CONT INVE

PRINT &

RETURN

FORMAT (1Xx+1P11E12,2)
FORMAT (1M0)
FORMAT (1nMl)

FORMAT (10X,24HTIME AFTER INITIATION = +1PE20481/)
FORMAT (10X 30nPARTIAL VERTICAL CURRENT ARRAYs/)
FORMAT (10X932NPARTIAL HORIZONTAL CURRENT ARRAYe/)

FORMAT (10X¢21MPARTIAL VOLTAGE ARRAYs/)
END
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PLAT1330
PLATIO031
PLAT1032
PLATI1032
PLAT103¢
PLAT103S
PLAT1030
PLAT1037
PLAT1038
PLAT103S
PLATI040
PLATI041
PLAT1062
PLAT1043
PLAT1044
PLAT1045
PLAT1046
PLAT1047
PLAT1048
PLAT104S
PLAT10S)
PLAT]0S!
PLAT10S2




0000

s XaXaYa 1"

SUBROUTINE INDUCT

COMMON X+ Rls VOs» INCXe NDIST1le OISTO» RESIS, AJV(26)

1 Yo R2» CTe INCYs NDIST29 INCXOs KSENSW, AJH(26) »
2 Ko R3s ALTs AINCXe NOISTIs TSTOPy NSETUP, VI(26)
3 Te Réo NTe AINCYs NOIST4s TEDITs NSETUP2, C(26)
o AKs RADe ALNe INCX)e DIST)s OELEDs NSETUP3, v1(26)
S OELTs AL)s ALQe INCYle ODIST2y TEDIT2y NSETUPG, AL (26) ¢
[}
7
8

X1(109)9 Y1(100)s AT(1)e CTRAC(1)s CTRLI(1)s CTR2(])

DIMENSION AJVG(26926) 9 AJHQ(26926)9 VQ(26026) ¢ CC(26926)0
1 ALQQ(26+26)

LEVEL 39 AJVGe AJHQs VQe CQe ALQQ

COMMON /ECS1/ AJVQ
COMMON /ECS2/ AJrQ
COMMON /ECSI/ VO
COMMON /ECSe/ CQ
COMMON /ECSS/ ALQQ

THIS SUBROUTINE SUMS THE VERTICAL CURRENT IN TWE PLATE AT A
POSITION x=DISTO.

IF(T,LE,9,5E=09) KSEN=0
KSENsKSENe]
KSENSWsKSENSWe )

IF (KSENSW.EQ.1) PRINT 8
IF (KSENSW.EQ.1) PRINT 9
I=DISTO/DELA

CUR1=0,.0._

00 1 Jsl,yINCY]

CALL READEC (AJVII)sAUVQ(1eJ) o))
IF (J.EQel) AUVILI®AJVII) /2.0
CURLsCURL«AJV(])

CONTINUE <

IF (CURLLE.1,0€E=99) GO TO 2
ALL®=VOeT/CUR])

CONT INUVE

THIS SUBROUTINE SUMS AND PRINTS THE CURRENT COMING 'UT OF THE
CAPACITOR 3ANKS.

CURaCURASCURBSCURC=049

IF (NSETUP.ME,S) GO TO 6
IsINCX])

00 3 J=1,INCY

CALL READEC (AJV(I)oAJVA(IsJ) o))
IF (JoEQel) AJVILISAJV(II/2.0
CURASCURA*AJV(])

CONT INVE

KSENe AL2y ANUs VELXs DIST3e nNPOSKALle NSETUPS, wA(26026)
NCAPs 41000 NZAPe UELYs OIST4e NPOSX2y 111(10)s WB(26¢26)

PLAT10S3
PLAT10S4
PLAT10SS
PLAT10S6
PLATIOS7
PLAT10S8
PLAT10SS
PLAT1060
PLATI061
PLAT1062
PLAT1063
PLAT1064
PLAT1065
PLAT1066
PLAT1067
PLAT1068
PLAT1065
PLATL107Q
PLAT1071
PLAT1072
PLAT1073
PLAT1074
PLAT107S
PLAT1076
PLAT1077
PLAT1078
PLAT107%
PLAT1080
PLAT108)
PLAT1082
PLAT1083
PLAT1084
PLAT1085
PLATLI086
PLAT1087
PLAT]O88
PLAT1089%
PLAT1099
PLAT1091
PLAT10682
PLAT1093
PLAT1J%4
PLAT100S
PLATI098
PLAT109/
PLAT1098
PLAT10S9
PLAT1100
PLAT1101
PLAT1102
PLAT1102
SLATI104
PLAT1105
PLAT1106
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P, o

NN=NDIST1 PLAT1107
NNN=NOIST2 PLAT1108
J=INCY] PLAT1109
CALL READEC (AJH(1)9AJHQ(]1eJ) s INCX) PLAT1110
DO & T=NNeNNN ; PLATI111
CURB=aCURB*AJN(]) PLAT11]2
] CONT INUE PLAT1113
NN=NOISTI PLAT1114
NNNsNDISTS PLAT111S
00 S IsaNNsNNN PLAT1116
CURC=CURC+AJH(]) PLAT1117
S CONT INVE PLAT1118
6 CONT INVE PLAT1119
CUR=SCURA +CURB*CURC PLAT1120
c PLAT1121
C THIS SUBROUTINE SUMS THE CHARGE ACROSS EACH CAPACITOR AND PRINTS PLAT1122
C OUT THE RESULT AS TOTAL CHARGE, THIS ALLOWS CONSERVATION OF PLAT1123
C CHARGE TO BE CHECKED. PLAT1126
c PLATL112S
CH=0,0 : PLAT1126
D0 7 J=)yINCY]) PLAT1127
CALL READEC (V(1)9sVQ(1eJ)sINCX]) PLAT1128
CALL READEC (C(1)9CR(1eJ)oINCX]) PLAT1129
00 7 IslsINCX1 PLAT1130
IF (JeGT.1) GO TO 7 PLAT113])
IF (JeEQel) V(I)av(I)/2.,0 PLAT11J2
CHaCHev (I)®C(]) PLAT1133
7 CONT INUE . PLAT1134
PRINT 109 TsCURLoCURsCHoALL +CURA9CURSCURC PLAT1135
c PLAT1136
C TH1IS SECTION SAVES CURRENTS AND TIMES FOR A TIME OEPENDENT PLATILII?
c CURRENT TRACE TO 3E PLOTTED 8Y SUSROUTINE CTRACE. PLAT1138
c . PLAT1139
AT(KSEN) =T PLAT1140
CTRAC (KSEN) sCUR] PLAT1 141
CALL INDUCT2 (CUR1) - : PLAT1162
RETURN PLAT1143
C - - Ll PLAT114e
(+ : PLAT114S
8 FORMAT (1INL) PLAT1140
9 FORMAT (10X 94HTIMEsBAs4HCURL 918Xy &rCUR2y 7X96nCHARGE » 6X 0 6HINOUCT 9 TRoPLAT1 107
16HCURA ¢ 8X ¢ &HCURB ¢ 8X ¢ 4MCURCo /) PLAT1148
10 FORMAT (SX91P8EL2.6) PLAT1149
ENO PLAT11S)
73
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SUBROUT INE INOUCT2 (CURL)

COMMON X Rl VOs INCXs NOIST1»

®NOCWVNF WN -

Yo R2» CTe INCYs NOIST2¢

Ke R3s ALTe AINCXs NOIST3e

Te Réo NTe AINCYs NOIST4o

AKe RADs ALNe INCX1e OIST1y

DELTe ALle ALQe INCYle OIST2¢

KSENe AL2e ANU» OELXs OISTIe NPOSALs NSETUPSe wA(26926)

NCAP» N10Ge NZAP» UELYe OISTéy NPOSX2y III(10)e wB(26026)
X1(100)¢ Y3(190)s AT(1)s CTRAC(1)s CTRI(1)e CTR2())

0ISTO,
INCX Qo
TSTOP,
TEDIT,
OELEDs
TEDIT2y

RES1S, AJV (26)»
KSENSw, AJH(26) s
NSETUP, V(26)

NSETUP2, Cl2s)
NSETUPJ, V1126)»
NSETUPG, AL(26)

DIMENSION AJVQI26926) 9 AUNQ(26026) 9 VQA(26426) 9 Cu(26026)

1 ALQGC(26426)
LEVEL 3¢ AJVQe AJMQy VQ» CO¢ ALQQ

COMMON /ECS1/ AJVQ
COMMON /ECS2/ AJMO
COMMON /ECSI/ VG
COMMON /ECS4/ CQ
COMMON /ECS3/ ALQQ

MlQ=M]0e}

M10=MOD(M10+10)

IF (M10,NE.0) RETURN

VOLT1sVOLT2

TIM)=T M2

CulsCu2

CALL READEC (VOLT2sVQ(INCX394)9l)
TIM2sT

CU2sCUR1

IF (CU2.,EQ.CU1) RETURN

ALNEWs ( (VOLT]eVOLT2) /72) ® (TIM2=TIM1)/ (CU2=CU1)

PRINT 1o ALNEW
RETURN o

PLAT11SI
PLATL11S2
PLAT11S83
PLAT11S54
PLAT11SS
PLAT11S6
PLAT11S7?
PLAT11S8
PLAT11S9
PLAT1160
PLAT1161
PLAT1162
PLATI163
PLAT1164
PLAT116S
PLAT1166
PLAT1167
PLAT1166
PLAT1169
PLAT117D
PLAT1171
PLAT1172
PLATI173
PLAT1174
PLATL17S
PLATL1176
PLAT1177
PLATI1178
PLAT1179
PLAT1180
PLATL18]
PLAT1182
PLAT1183
PLATLISG
PLAT118S
PLAT1186
PLAT1187

FORMAT (10Xv62HTHE AVERAGE INOUCTANCE SINCE THE LAST STATEMENT LIKPLAT1188

1€ THIS IS +E12.4910H HENRIES.9/)
END
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SUBROUTINE CTRACE

COMMON X Rl
b Ye R2¢
2 Ke Rl
3 Te Rée
e AKs RAD»
i S DELTs ALl»
¢ 6 KSENs AL2»
¢ 7 NCAPs N10Js
F
; 8

00 ! K=} yKSE

1 CONTINUE
JURRENT» 7)
CALL FRAME

RETURN
END

N

VO
CT»
ALTy
NTe
ALNe
ALQe
ANU»
NZAP»

COMMON /ECS1/ AJVQ
COMMON /ECS2/ AJHQ
COMMON /ECSJI/ VQ
COMMON /ECS4/ Cu
COMMON /ECSS/ ALQQ

XMNSXMXsYMNSYMX 20,0
IF (XKSEN.LT+3) RETURN

XMN=AMIN] (AMN+AT (X))
YMNSAMIN] (YMNeCTRAC (X))
AMXZAMAX ] (AMX s AT (K) )
YMXSAMAX] (YMXsCTRAC (X))

INCX
INCY»
AINCX s
AINCY
INCX]»
INCY1y
OELX»
DELY»

NOIST1»
NDIST2»
NDISTI
NOIST4e
DIST1,
0IST2,
DiST3
0ISTés

LEVEL 3¢ AJVQs AJRQe VQy CQy ALGQ

75

DISTO»
INCX0s
TSTOPy
TEDIT»
DELEDy
TEOIT2y
NPOSX1»
NPOSX2+

CALL LINPLOT (AToCTRACOIKSEN I XMX o XAMN9 YMX o YMN)
CALL LINPLOT(AToCTRACIKSEN ¢ AMA o AMNo YMX ¢ YMN)

RESISy AUV (26)

KSENSW, AJH(26) ¢
NSETUP, Vi26)
NSETUP2, C(26)
NSETUP, V1(26)
NSETUP4 AL (26)

NSETUPSe wA(26026)
I11¢10)s wB(26026)

X1(100)s Y1(100)s AT(1)e CTRAC(1)s CTRLI(1)s CTR2(1)

OIMENSION AJVQ(26926)9 AJMQ(26026) 9 VQ(26426) 9 CU(26926)
1 ALQQ(26+25)

gy ey

PLAT1191
PLAT1192
PLAT1193
PLAT1194
PLAT119S
PLAT1196
PLAT1197
PLAT1L98
PLAT1199
PLAT1200
PLAT1201
PLAT1202
PLAT1203
PLAT1204
PLAT1205
PLAT1206
PLAT1207
PLAT1208
PLAT1209
PLAT1210
PLATI12]11
PLAT1212
PLAT1213
PLAT1214
PLAT121S
PLAT1216
PLAT1217
PLAT1218
PLAT1219
PLAT1222
PLAT1221

] CALL GRIDQ (XMX9XMNoYMX o YMNy XMX 9 XMN9 YMX s YMN9 1091001900 oHTIME 49 THCPLATL222

PLAT1223
PLAT1224
PLATIZ22S
PLAT1226
PLAT1227
PLAT1228




1
2
3
4
]
(]
7
8

1

1

SUBROUTINE CTRAC2

COMMON X+ Riy vO»
Ye R2s CTe

Ke R3s ALTH»

Te Réy NT»

AKs RADe ALN»y

DELT» ALls ALQY
KSENe AL2s ANUe
NCAPs N1009 NZAP»

INCXs NDISTLie OISTOs
INCYs NDIST2s INCXO»
AINCXes NDIST3s TSTOPs
AINCYs» NOIST&y TEDIT
INCX1e DIST1ls DELED
INCYls DIST2y TEDIT2s
OELXs DIST3Is NPOSX]e
DELYs DISTas NPOSX2s

RESIS, AJV(26)
KSENSW AJH(26) ¢

MSETUP, V(26) s
NSETUP2, C(26)
NSETUP3e vV1(26)»
NSETUPG AL (26)

NSETUPSs wA(26926)
I11¢10)e WB(26926)

X1(100)s Y1(190)¢ AT(1)y CTRAC(1)y CTRLI(1)» CTR2(1)
DIMENSION AJVQ(26026)s AJHQ(26926)9 VG (26+26) s CU(26926)

ALQQ (26926)

LEVEL 3¢ AJVQe AJHQy VAs CO» ALGQ

COMMON /ECS1/ AJVQ
COMMON /ECS2/ AJHQ
COMMON /ECSI/ VG
COMMON /ECS4/ CQ
COMMON /ECSS/ ALQQ

XMX3XMNaYMNaYMX20,)
IF(N100,LT.3) RETURN
00 1 K=]lyN100
XMNSAMINT (XMNoAT(K) )

YMNSAMINL (YMMoCTR1 (K))

XMASAMAX ] (XMX AT (K))

YMXZAMAX ] (YMXsCTR] (X))

CONT INUE
YMA=] ,S®YMX

PLAT1229
PLAT1230
PLAT123]
PLAT1232
PLAT1233
PLAT1234
PLAT123S
PLAT1236
PLAT1237
PLAT12238
PLATI1239
PLAT1240
PLAT1Z261
PLAT1242
PLAT1243
PLAT 1244
PLAT1245
PLAT1246
PLAT1247
PLAT1248
PLAT1249
PLAT12S0
PLAT12S1
PLAT12S2
PLATI12S3
PLAT12S5«
PLAT12SS
PLATI2S6
PLAT12S5?
PLAT12S8
PLAT12S9
PLAT1260

CALL GRIDO (XMX9XMNeYMXoYMN 9 XMX s AMN s YMX 9 YMN9 10010019 094HTIME 9 o9 7HCPLATL261

URMOD1+7) -

CALL LINPLOT (AToCTRIINIOQsAMX ¢ XMN9YMX 9 YMN)
CALL LINPLOT(AT)CTRISNIOO o XMX 9 XMMy YMX s YMN)

CALL FRAME

PLAT1262
PLAT1263
PLAT1264
PLAT126S

CALL GRIDQ (XAMXoXMN9YMR g YMN®XMX o KMN s YMX 9 YMN9 1001001009 eHTIME 149 THCPLAT1266

URMOD2 7)

CALL LINPLOT (AToCTR2sN100 s XMX o XMNg YMX 9 YMN)
CALL LINPLOT(ATH)CTR29N10O 9AMX 9 AMN YMX s YMN)

CALL FRAME
RETURN
END
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o000

SUBROUT INE CURRENT
DIMENSION LABEL(2)s XTRALB(2)

COMMON X+ Rls VOs INCXs NOIST1e OISTO»
\ R2» CTs INCYs NDIST2s INCXO»

Ky R3s ALTs AINCXs NDIST3s TSTOPs

Te Réo NTe AINCYs NOIST4s TEDIT»

AKXy RADs ALNs INCX1s OISTls OELEDs

DELTs ALle ALQ» INCYl» OIST2s TEDIT2s
KSENs AL2» ANUs DELXe OIST3s NPOSX1s
NCAPs N10CGe NZAP» UVELYs» ODIST4e NPOSX2»

ONONSWUN -

RESIS» AJV (26)
KSENSHW, AJH(26)

NSETUP, V(26)
NSETUP2, C(26)»
NSETUPI, vi(26)»
NSETUP4, AL (26)

NSETUPSe WA(26+26)
II1(10)y WB(R26926)

X1(100%s YL(100)s AT(1)s CTRAC(1)y CTRI(1)s CTR2(1)

ODIMENSION AJVG(25+26) 9 AJHU(26926) 9 VQ(26926)s CLI26926)

1 ALQQ(26+26)
LEVEL 3+ AJVQe AJMQe VQs CQ» ALQOQ

COMMON /ECSL/ AJUVQ
COMMON /ECS2/ aJnd
COMMON /ECSY/ VO
COMMON /ECS4/ Cu
COMMON /ECSS/ ALQQ

COMMON AX (1000) 9AY (1000)

THIS SUBROUTINE FOLLOWS SEVERAL CURRENT PATHS IN THE TRANSMISSION

FOR A SPECIFIC TIME THEN PLOTS THESE PATHS ON MICROFILM.

XMN=YMN=0 , 0
YMXZXMXZAMAX] (X9 Y)

IF (NSETUP.EQ.S) TMAsAMXs], Sy
LABEL (1) =SHT IME=

LABEL (2)=4H SEC -
ENCODE (209 79ATRALB) LABEL (1) sToLABEL (2)
NKT=2 -
PI223,1415926535/2,0 .
IF (NSETUP  NE+3) NKT=]

00 6 MMM=] oNKT

IF (MMM, EQq 27 AMXSYMXSX .
AINCR= (XMX+YMX) /71000,

PLAT1273
PLAT1274
PLAT127S
PLAT1276
PLAT1277
PLAT1278
PLAT1279
PLAT1280
PLAT128]
PLATI1282
PLAT1283
PLAT1284
PLAT128S
PLAT1286
PLAT1287
PLAT1288
PLAT1289
PLAT1290
PLAT1291
PLAT1292
PLAT1293
PLAT129¢
PLAT129S
PLAT1296
PLAT1297
PLAT1298
PLAT129%
PLAT1300
PLAT1301
PLAT1302
PLAT1303
PLAT1304
PLAT130S
PLAT1306
PLAT1307
PLAT1308
PLAT1309
PLAT1310
PLAT1311
PLAT1312
PLAT1313

CALL GRIDW (XMX9XMMoYMXoYMNOXMA 9 XMN9 YMX s YMN» 10921051010 1MXs1olHY s 1sPLATI3]G

1XTRALB»20)

MNKs2]

IF (NSETUP,EQ,1) MNKsINCY]
D0 S L=]lyMNK

F !l'm" .

AX (1) =2XMX
AY(1)s(L=1)®Y/FIX

IF (NSETUP.NE,S) GO TO 1
LLe=(Lel)/2

LQ= /2

IF (MMM .EQe) OReLOGLTWLL) GO TO )
AY (1) sy
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PLATI31S
PLAT1316
PLAT1I17
PLAT1318
PLAT1319
PLAT1320
PLAT1321
PLAT1322
PLAT1323
PLAT1324
PLAT132S
PLAT1326
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AX(l)=((L=1)/FIX) X

CONT INUE

IF (NSETUP,NE.1) GO TO 2
THET=(L=1) *PI2/FIX
AX(1)=0,8S*XeCOS(THET)
AY(1)=0,35*Y®SIN(THET)
CONT INUE

00 J x=14999
Is(AX(K)/X)®(AINCX=]1,) 2,
JR(AY(K)/ZY)®(AINCY=1,)+2,
A3s(1=2) *0ELX

X2=(1=1) *DELX

Y3=(J=2) *DELY
Y2=(J=1)*0ELY

CALL READEC (AJH(I=1)9AJHQ(I=19J)+2)

CALL READEC (AJV(2)9AUVQ(IsJ)el)

CALL READEC (AUV(1)sAUVQ(IeJd=1)s 1)

CURMSAJH () ® (R2=AX (K) ) ZUELX*AJn(I=1) ¢ (AX (K)=X3)/DELX
CURV=AJV (2) ® (Y2=AY (K) ) /DELY*AJV(L) ®(AY(K)=YI)/CELY
CUR=SQRT (CURH®CURH*CURV*CURY)

IF (CURJLE.1.0) GO TO «

AX (Ko T) 2AX (K) =AINCR®*CURV/CUR
AY(Ke 1) =AY (K) =AINCR®CURM/CUR

N=x

PLAT1327
PLAT1328
PLAT1329
PLAT1330
PLAT1331
PLAT1332
PLAT1333
PLAT1334
PLAT133S
PLAT1336
PLAT1337
PLAT1338
PLAT133%
PLAT1340
PLAT1341
PLAT1362
PLAT1343
PLAT1 44
PLAT134S
PLAT1340
PLAT1347
PLAT1348
PLAT1345
PLAT 13S0

IF (AX(K*1) oLTe0e0s0ReAX(KOL) oGT oXAMX(ORGAY (K1) eLT,0,0,0R,AY(Kel) PLATIIS]

16T.YMX) GO TO 4
CONT INUE
CONT IMUE

CALL LINPLOT (AX9AYONIXMX o XMNYMX s YMN)
CALL LINPLOTULARSAY sNsKMR s XMN TMA S YMN)

CONT INUE
CALL FRAME
CONT INUE
RETURN

FORMAT (ASs1PE11.20A4)
END
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PLAT13683
PLAT1264
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SUBROUT INE UNWIND

COMMON X Rly vOse INCXe NDIST1»
Yo R2» CTe» INCYs» NOIST2y
Ko R3e ALTe AINCXs NOIST3»
Ty Rée NTs AINCYs NOIST4y
AKy RADs ALNe INCX1s OIST1y

DISTO»
INCX0s
TSTOP
TEOIT,
DELED»
TEDIT2y

KSENe AL2» ANUs DOELXs DIST3s NPOSX1s
NCAPs N100» NZAP» UELYs OIST4s NPOSX2»
X1(100)s Y1(100)s AT(1)y CTRAC(1)y CTRI(1)e CTR2(})

1
2
3
&
S ODCLT» ALls ALQs INCYle O0IST2s
6
7
8

RES1Se AJV(26)
KSENSH, AJH(26) o
NSETUP, V(26)

NSETUP2, Ct26)
NSETUPY, V1(26)»
NSETUPG, AL (26)»

NSETUPS, WA(26926)
I11C10)s WB(26026)

DIMENSION AJVQ(26926) 9 AJHU(26926) 9 VQA(26026)9 CQ(26026)

I ALCQ(2%+26)

LEVEL 3¢ AJVGe AJMQs VQo CQ» ALQQ

COMMON /ECS1/ AJVYQ
COMMON /ECS2/ AJMU
COMMON /ECS3/ VO
COMMON /ECS4/ CQ
COMMON /ECSS/ ALQQ

COMMON DELP™I(500) s CUR(S00)e THETA(SOl)9s CURAV(S00)

OIMENSION DELP+IA(S00)

THIS SUBROUTINE COMPUTES THE RELATIVE CURRENT DENSITY CROSSING
AN ARC QUTSIDE THE LOAD AND IT PLOTS CURRENT VERSUS THETA

(IN RADIANS) e IT THMEN PLOTS PHl VERSUS THETAe WRERE PHI IS THE
ANGLE SETWEEN THE CURRENT VECTOR AND THE NEGATIVE RADIUS VECTOR,

EQUIVALENCE (CURAV (1) +DELPHIAC(L))
P1233,1415926535/2.0

THETA(1) =040

NsS¢0

AN=N

XMX=P12 o
AMN=Q,
IMX=,50
ZMN==ZMX
00 10 LM=1+20
RAZ=R]+0,02% MoY

00 3 K=1N
AYSRAZ®SINI(THETA(K))
AX=RAZ*COS(THETA(K))

IF (NSETUP.NE,2) GO TO |
AYsTHETA (K)

AXsRAZ

CONT INUE
Is(AR/R)®(AINCR=1,) 2,
JRIAY/Y) *(AINCY=1,) 2,
AQs([=2)*°CELX

A2eil=1) Q€L

You i =) oCELY

PLAT12365
PLAT1366
PLAT1367
PLAT1368
PLAT1369
PLAT1370
PLAT1371
PLAT1372
PLAT1373
PLAT1374
PLAT1375
PLAT1376
PLAT1377
PLAT1378
PLAT1379
PLAT1380
PLAT1381
PLAT1382
PLAT1383
PLAT1384
PLAT138S
PLAT1386
PLAT187
PLAT13Ja88
PLAT1389
PLAT12390
PLAT1391
PLAT1362
PLAT1393
PLAT139«

PLAT1295- - -

PLAT1396
PLAT1397
PLAT1398
PLAT1395
PLAT1400
PLAT1401
PLAT1402
PLAT1403
PLAT 1404
PLAT1405
PLAT1406
PLAT1407
PLAT1408
PLAT1405
PLAT1410
PLAT1ae1]
PLAT14)2
PLAT1@1]
PLAT141S
PLATI141S5
PLAT1415
PLAT1417
PLAT14138




Y2=(J=1) *DELY

CALL READEC (AJN(I=1)9AJNQ(I=10J)+2)

CALL READEC (AJUV(2)9AUVQ(IeJ)e))

CALL READEC (AUVI(1)9AJVO(IeJd=1)91)

CURH=AJH (1) ® (A2=AX) /DELXeAJHEI~1) * (AX=X0) /DELX
CURV=AJV(2) * (Y2=AY) /DELY*AJV (1) *(AY=Y§) /DELY
CUR (X) =SQRT (CURN®*CURA*CURVECURY)

IF (CUR(K) JLE-0.) PHI=0.

IF (CUR(X).LEs0s) GO TO 2

PHI=ACOS (CURV/CUR(K))

CONT INUE

OELPHI(K) 2PHI=-THETA(K)

IF (K.EQ,1) YMNaYMX=CUR (K)

YMN=AMIN] (YMN9CUR (K))

YMN=0,0

YMX=AMAX ] ( YMX o CUR (X))
THETA(Ke 1) sTHETA(K) +PI2/7AN

IF (NSETUP.EQ.2) THETA(Ke])=KeY/AN

CONT INUE

IF (LMJNE,2) GO TO &

PLAT1419
PLAT1420
PLAT1421
PLAT1422
PLAT1423
PLAT 1424
PLAT1425
PLAT1420
PLAT 1427
PLAT1428
PLAT 1429
PLAT1430
PLAT1431
PLAT1432
PLAT1433
PLAT1434
PLAT1435
PLAT1436
PLAT1437
PLAT1438

CALL GRIDQ (XHX.XNN.YNXQVNNOXMXQkHNOVHXoYNNo10'IOOIOOOSHTHETA0597NPLAT1639

1CURRENT» 7)

CALL LINPLOT (THETAsCUR9NgXMX 9 XMN9 YMX o YMN)
CALL LINPLOT(THETA9CUR N9 XMX 9 X:4N 9 YMX o YMN)
CALL FRAME

CONT INUE

CUR(])=CUR(2)

NNsS)|

DO 6 Ks]oN

LL=K=]eNN/2

AE LLL LT .0) CURAVIK) 2CUR-(=LL)

IF (LL.EQ.J) CURAV(X)=CUR(])

IF (LLoGT,0) CURAVIK)=CUR(LL)

00 S 122NN

KK=]oK=2=NN/2

KKK3eKK =

IF (XK LT,9) CURSE=CUR (KKK)

IF (KK,EQ.0)_CURSE=CUR(])

IF (KKoGT,500) CURSE=CUR (2eN=KK)

IF (KKoGEoleANDoKKLE.S00) CURSE=CUR (KK)
CURAV (X ) =CURAV (R) *+CURSE

CURAV (K) =CURAYV (K) /NN

CURMX =CURMNECURAV(])

CURX=CURN=CUR (10)

DO 7 x=2,N

CURMX3AMAX | (CURAV (K) 9 CURMX)
CURMN=AMIN] (CURAV (K) o CURMN)
CURX=AMAX ] (CUR (K) y CURX)
CUPNsAMIN] (CUR (K) 9 CURN)

CONT INUE

DEVIATE = (CURMX=CURMN) #200,/ (CURMX ¢ CURMN)
DEV2= (CURX=CURN) #2004/ (CURX *CURN)

PRINT 11s R1sR2+RAZ

PRINT 12y DEVIATE,DEV2
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PLAT1440
PLAT144])
PLAT 1442
PLAT 1443
PLATlb44e
PLAT 1445
PLAT 1446
PLAT1447
PLAT1442
PLAT1G%WS
PLAT16S0
PLAT4S]
PLAT14S52
PLAT14S53
PLAT 1S4
PLAT 14535
PLAT1456
PLAT14S7
PLAT1458
PLAT1459
PLAT1460
PLAT146]
PLAT1462
PLAT1463
PLAT 1664
PLAT166S
PLAT 1466
PLATGET
PLAT 1468
PLAT1463
PLAT1470
PLAT167]
PLATI4T2




B e T S ]

o 4, G

Lm0

10

IF (LMJNE.2) GO TO 10 PLAT1473
CALL GRIDQ (XMXoXMNgYMX 9 YMNoXMX o XMNo YMX 9 YMN910901001909SHTHETA+SeSHPLAT1GTS
1CURAVsS) PLAT147S
CALL LINPLOY (THETAsCURAV N9 AMX 9 AMN9 YMX 9 YMN) PLAT1476
CALL LINPLOT(THETA'CURAVINgAMX ¢ XMNy YMX o YMN) PLAT1477
CALL FRAME PLAT1473
NN=S9 PLAT1479
MaN=NN PLAT1480
D0 9 K=]¢M PLAT148]
DELPHIA (K) =2DELPHI (K) PLAT1482
00 8 [=24NN PLAT 1483
DELPHIA(K) 20ELPHIA (K) *DELPH] (Kel=1]) PLAT1484
DELPHIA (K) =0ELPHIA (K) /NN PLAT148S5
CALL GRIDQ (XMX9pXAMNoZMX 9 ZMN 9 XMX 9 AMN9 ZMX 9 ZMN9 100109 1909SHTHETA9Se THPLAT 1686
1DELPHIA,7) PLAT 1487
CALL LINPLOT (THETA+DELPHIA My AMA 9 XMNoZMX 9 ZMN) PLAT1438
CALL LINPLOT(TNETA2OELPHIA My XMA 9 AMN o ZMX s ZMN) PLAT148%
CALL FRAME PLAT1490
CALL GRIDQ (XMX9XMN9ZMX9ZMNgXMX 9 XAN9 ZMX 9 ZMNs 1091001909 SHTHETA»Se6nPLAT1S3]
10ELPHI6) PLAT16S92
CALL LINPLOT (THETAGOELPHI ¢NoXMX o XMN9ZMX ¢ ZMN) PLAT1493
CALL LINPLOT(THETASDELPHI oMo XMX o AMN 9 ZMX 9 ZMN) PLAT 1456
CALL FRAME PLAT149S
CONT INUE PLAT1496
RETURN  PLATL&97
PLAT1498
PLAT14S5
FORMAT (10XeSnR]1 3 4sE10e3974 R2 = 4E10.,3+8H RAD = 4E10,d) PLAT1SO00
FORMAT (IOK-J7HPERC£N7 THETA VARXATION OF CURRENT = 4F10,2+5% OEVPLATISOX
3-8 GBLOLRVILY - oo vr s o Gk XA A -PLATIS02 ..
END PLAT1S03

8l
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SUBROUTINE LINPLOT (AsBeNeAMAX9AMINGBMAX+BMIN)
DIMENSION A(1)y 8(1)

THIS SUBROUTINE PLOTS DATA ON MICROFILM.
CALL SMAPX (AMIN¢AMAX90,079+0,979)

CALL SMAPY (BMIN+B8MAX904079904979)

CALL SVTRS (As8eN)

RETURN
END

a2

e e . e ———

PLAT1S04
PLAT150S
PLAT1506
PLATISO7
PLAT1508
PLAT1S09
PLATIS10
PLAT1S11
PLAT1S12
PLAT1S13




SRR AN (B ST

AFWL-TR-76-205

APPENDIX F
SAMPLE OUTPUT

The input for the second example in Section IV produced the printed out-
put that is listed on the following pages. When variable names are used, they
correspond to the same variables in the code. The definitions of most of these
variables can be found in the 1ist of variables in Appendix A.
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