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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 t ime

• 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 max i hA ji, j = l ,2 ,...,n ,
where the Xi ’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
b~? tMe no~;:4”~l analyst.

In order to make the nature of the problem cleare~ , ~~ftsicie~ ~ “r4fic linear
time invariant system -

[:1= [~‘ ~:] [:1with the analytic solution t 
. S. . • - -

7 x(t) = x(O)exp[X
1
t) -..• -- -.. - .•

B’ .~ ~~~~~~~~~ 
—

y(t) = C,explA ,t] + ~~exp[A,t] -~~~
- -

where 
-

• 

S 

c. - , C
2 

= y(0) — C1

Now pick A 1 << < 0 and C1 = C2 = 1. In this case the contribution to the
solution of A 1 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 
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S bound on max
~

hA
~~
. This domain would ordinarily be determined by

min lx . I
i i.

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-
noting the stiffness ratio (S.R.) by

I
max(A .)l

Stiffness Radio = S.R. = 
_______

min (A.)
i i.

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

S.R. < io2 Non-Stiff Systems

10
2 

S.R. < 1010 Moderate-Stiff Systems

SR. > 1010 Strongly-Stiff Systems

In the case S. R. < 102 there are many feasible and optimal numerical algorithms
in the literature (see, Byrne and Hindmarsh, 1975; Shampine, Watts and Davenport,
1976; and Enright and Hull, 1976]; therefore, we shall not consider these fur—
ther. When S.R. > 1010 the present work has developed a singular perturbation
technique which seems quite feasible. When io2 < S.R. < lO~ the present work
has developed, in a preliminary way, new semi-implicit Runge-I(utta methods which

-
, are extremely useful and competitive with any other algorithm we have encoun-

~ I 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.

dx
~j= f(x,y,c) , x(O) =

(1)

= g(x,y,c) , y(O) =

where

- 
f(0,0,c) = g(O,0,c) = 0

If (1) is linearized along its trajectory, it may be expressed as F 
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{dx

~~~~

[f 

~~ 
[:] [ ::J =[:] (2)

Examination of the Jacobian eigenvalues indicates that their spread
increases the smaller c 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)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 c, hence
is quite applicable to the general stiff system.

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

x* = x 0
+Cy

1 (3)
y* = y

O
+ty

l
S 

Substitute (x*,y*) into (1) for (x,y) and expand about (x0 (t), y0(t)). Match-
ing terms with like powers of C results in

dx
-~~~~~~~-~~~ f (x ~ ,y~ ,C) , x0 (O) = (4a)

and 

0 = g(x
0

,y
0
,c) , (4b)

dx

~~ ~~0’y0~~1 + f y (x 0 ty 0)y 1 , x1( O)  = 0 (5a)

• dy0
- . 

—
~~~

- =  

~‘~~‘~ 0~~~1 
+ g ( x 0 ,y0)y 1 , y0

(O) = n (5b)

dy1 y1( 0 ) = O

An inconsistency can arise when (4b) is not satisfied by (1 ,n ) . To alleviate
this, additional (inner) variables are introduced which are particularly its—
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 

— —  ._ :_ .:~~. 
.— - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - _ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ - __________
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x*(t )  = x
0
(t) + Cx

1
(t) + X

0
(t/c ) + cX

1
(t/c )

(6)
y*(t) = y

0
(t )  + Cy

1
(t) + Y

0
(t/c ) + CY

1
(t/ C )

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

1imX
0

X
1

Y
0

Y
1

0 (7)

t/C -*

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

dxa~ cf (x ,y,c) , x(0) = :1
(8)

dr = g(x,y,t) , y(0) = 
-

Now substitute (x*,y*) in (8) and expand about (x0(cr) + X0(T), y0(ct) + Y0 (T)).
Matching terms with like powers in E results in

(9)

~~~~~~~ = g(x~~(ct~ + X0(r), y0(ct) + Y
0
(T))

and

~~~~~~~ = f(x 0
(ct) + X

0
(T) ,  y

0
(ET) + Y

0
(T)) - f(x 0

(c t) ,  y0 ( CT ))

dY (10)

= + g
y
y
1
(ct) + g Y

1
(T) — g(x

0
,y
0
)x
1
(cr)

- g ( x 0
,y

0
)y

1
( cT)

Equations (4) and (9) share the initial conditions

0 0 (11)

I y0
(0) + Y

0
(0) —

while (5) and (10) share

x1
(0) + x  (0) = 01 (12)

y (O )+Y (0 )— 01 1

~ 

_ -. -_ 5 - ______ S~~S ~S~SS ~ - - - Sd
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Note that as a result of (7) and (9)

X
0
(t) = 0

The conditions under which (6) may be expected to be a valid solution
- - 

S 
• representation over the domain of interest may be found in Hoppensteadt

• 1 [19711 .

Based upon these concepts a numerical procedure has been developed [Aiken
and Lapidus, 1974, and Miranker, 19731, 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 (X0,Y0) and
outer (xo, yo) and first—order inner and outer (X1,Y1,xj,y1) terms (see (w)).

x~~~X1
+CX

1
+ x

0
+Cx

1

— : (13)

y Y
0 
+ CY

1 
+ + cy

1

where c is an artificial bookkeeping indication of the degree of stiffness
defined by

= g(x ,y,~~) (14)

where g cu. 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

- systems stiff enough to require special integration techniques , the zeroth—
-
~ order outer approximation often is sufficiently accurate

— f (x  ,y ) , x (0) — x(0) (15a)
S

I - 0 0 0  0

0 = g(x 0,y0
) — w(x 09y 0

) (15b)
,, •54

The last equality in (15b) is made since € is not zero. This is properly what
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) = r ,y(O) = t~ be
within the region of asymptotic stability of

g (c*,y) (16)
dt

‘ where r t/c, 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 arid thus can be

___________ 55
~~~~~~~~~~~~~~ 
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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].

Y
0
(t) = Y

0
(0)exp[aw/ay(x

0
,y
0
)t] (17)

where Y0(0) = y(0) — y~~(O) . 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-

S dary layer length given by t1
- 

I t h [ Y 0 (t )/Y 0 ( 0 ) ] l
‘S t =  (18)

I II~~(x0 (o) ,y 0 (o) )H

where is a suitable matrix norm. Since for any matrix A

h A i l >

where p (A) is the spectral radius of A

p (A) ntaxiA . h

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 f i rst 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]

Cx Ct ) = (Cx (0) + ~)exp(at) —

1 1 a a ( 19)• W Cx Ct )
- i  b x l

-~ . 
£y
1
(t) = - 

w 
f = ~~

.— , etc.
y y

where
w f

a = f  - 
X~~~~

x Wy

w ff
X 

~/2
wy

° Y
0 (0)

cx
1
(0) 

2w((x(0),y(0)J f(x(0),y (0)) 
— f(x(0),y

0(0)) 
(20)

‘ I all derivatives are evaluated at (xo,yo), and dimensional notation has been sus—
pended. Note that WY may not be singular. Since (19) may easily be evaluated

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • .5— __________ ___________________________



• 1  

-

— 7 —

periodically at any time during the solution , a convenient upper bound on the
error of using the pssa for many common systems is 5x1 (t)/x0(t) or Cy1 (t)/y0 (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 Lapi~us, l975a1 .

-
- 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 corn-
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

S 
kinetics, a decomposition may be effected to decrease the dimensionality.

- Aiken and Lapidus [l975b] have also shown how the initial conditions of
the specific system may be chosen to eliminate the stiff variables or those with
large eigenva].ues. 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. > 106

-
, 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—

S 5 
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. < 1010 this approach seems to be the most efficient that we have en-
countered.

-. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
S 
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As pointed out by Lapidus and Seinfeld (1971], Runge—Kutta integration
techniques may be classified as explicit or semi-implicit  or implicit; the
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 require 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 Miche].sen [1976] which we show below

= + R k
1 

+ R
2
k
2 

+ R
3
k
3 

(21)

with

k
1 
= h(I — ha

1
J(y )]~~ f(y ) J(y ) = Jacobian matrix

-l 
aty

= h[I — ha
1
J(y )] y~ + b2

k
1
) (22)

k
3 
= h(I — ha

1
J(y ) )  1

(b 31k1 + b32k2)

Given the solution y~ at x~ the solution is advanced over the increment h
to x~~1 

to yield 
~~~~ 

via (21). Equation (21) can be used once k1, k2, and
S k3 are calculated serially assuming all the parameters Rj, R2, R3, a1, b2,

b31 and b32 are determined. This latter feature can be handled by matching
to Taylor Series expansions and using exponential fitting. Thus Michelsen
determined

11 16a
1 
= 0.4358... ; R

1 
= 

~~~~~
- — b

31 
; R~ = ~~~~~

- — b
32

R
3

l ; b
2
=~~ ; b

32
=~~~— (6a

1
2
—6a 1

+l)

b = -~~~~~(8a
2
-2a +1) (23)

31 6a
1 

1 1

These parameters make (21) and (22) A—stable and even further, strongly A-stable.

— 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
adjustment can the algorithm become truly efficient. This is usually done by
the one—step/two—step extrapolation in the form

One-step

S S

two—steps

~ (h/2)
______________  

..n+l S

—55 55 
-

~~ 55- t. ~~~~~~ —--~~ 
— 
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such that

(h/2) 1 (h/2) (h’~
~n+l ~n+1 

+ 

2~ - 1 ~n+l 
— 

~n+l 
(24)

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

(h/2) 1

~n+l 
= 
~n+l 

+ 
7 ~n+l 

(25)

where

(h/2) (h)
T +l 

= 
~n+1 

— 

~n+1 
= truncation error (26)

Using (26) as an example, the step-size can be adjusted such that IL-1÷i i I ~some error bound. However, the amount of computation required to go from
x~ to 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

~n+l 
= 

~ 
+ R

1
k
1 

+ R
2
k
2 

(27)

where kj and k2 are identical to those in (22). However, we-relax the order of
the method by 1 (p = 2) by specifying b2 = 1 - 2a1 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 (2l)-(22) have been evaluated over
the step h. This second-order method is also A-stable. Thus we calculate (21)—

- - (22) to generate Yn+1’ use (27) at almost no cost to generate another ~n+i 
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.

To illustrate the results obtained, we select the fluidized bed system de—
tailed by Luss and Amundson [19681

dy
1 4-

~j~
--= l.3(y~ 

— y
1
) + 1.04 x 10 ky

2 ; y1
(0) 759.167

H . dy
2 31.88 x ~~ (y4 

— y
2
(l + k)) ; y

2
(0) = 0 (28)

dy
3

-

~~~~~

-= 1752 — 269y
3 
+ 267y

1 ; y
3
(O) = 600

dy
0.1 + 320y

2 
— 32ly

4 
; y

4
(O) = 0.1

where k = 0.0006 exp(20.7 - lS000/yi]. This system has a S.R. 106, and we
wish to integrate from t = 0 to tf = 500. The computing time required by the

55

~

r - A

~ 
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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 pr~-:- :nt method is

considerably more efficient than the one-step/two-step approach. We have also
tested the current iinbedded 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 < S.R. < 1016 and in

S 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
I,

The Air Force Weapons Laboratory (AFWL) Is investigating the 3 X ~ implo—• slon of thin cylindrical foils In short z-plnch devices . These devices are driven
by low inductanc, capacitor banks which ai’e electrically connected to the z-pinch
by flat plate transmission 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 sy .trtc load Is desired because asyninetries may cause irregular foil
implosions. Second, a measure of the capacitor bank~s effective inductance is use-
ful since this inductance must be kept to a minim~im so that the system can dis-
charge quickly. PLATE calculates azimuthal current syninetry in the transmission
lines, and It estimates the effective transmission line inductance. To do this,

I 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 line. Important results are displayed in calcomp plots.

I The major approximation in these calculations is that the transmission plate sep-
aration It 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 appl ica-
tion are discussed. Sample Input is -provided In all Instances where an example Is
being discussed. A listing and sample output are provided in the Appendixes.

3
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SECTION II

EXPERIMENTAL SETUP

The transmission lines used at the AFWL consist of two parallel aluminian
plates which are separated by i yiar . General ly, the top transmission plate is
used to carry current to the load, and the bottom plate .is at “gro~

dM and acts
as a return current carrier.

A typical experImental apparatus consists of a rectangular transmission
line with two capacitor bank modules attached to opposing sides. A circular hole
of approxImately 10 cm radius (Ri in fIgure 1) Is located In the center of the

2 METERS 
_ _ _ _ _  —

~~~~~

TRANSMISSION PLATE

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 ar, separated by 0.15 cm of mylar (fig-
ure 2). The circular electrod es have a radius Ri and separation of 1 cm. Between
the Ri and R2 radi i, the plate separatio n varies with radius depending on the
actual chamber design. In PLATE calculations this region is assumed to have a

- . 1  - 
~~~~~~~~~~~~~~~ - •
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1 1  I 
~~~~~~__________J Z~~~ ~~

— ‘ —

_ _ _ _ _  2 2 ~~~~~

R
2

&

Figure 2. Cross Section of Transmission Plate.

constant plate separation. This value of separation is determined by inductively
matching th& actual chamber.

NTypicalls values for the variables annotated in figures 1 and 2 are : 
-

az1 a normal plate separation a 0.15 cm
• increased plate separation • 1.5 cm
a a 2.8e0 (for mylar)

R1 — radius of the load — 0.10 m
R2 a outside radius of increased plate separation 0.14 in

NOTE: For computational purposes, R1 - 0.25 m and R2 - 0.40 m. The increased
radii 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 probl em is set up as a calcu—
lational problem and how the solution is calculated as a function of time.

1. Probl em Set-up

A syimietric one—fourth of the experimental apparatus discussed in section
Il ls computed by PLATE. Figure 3 shows this syninetrical quarter of the system.

- ~~~~~~~~~~~~I 
— I

I I

i i
LOAD

- 

- 

TRANSMISSION PLATE ‘-CAPACITOR BANK

Figure 3. Transmission Plate Syimnetry.

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

H • I ~~~~
Ax

- 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~Az

- - - Figure 4. One Square Element.

6

0’



AFWL-TR—76-205

‘ 
The capacitance of a parallel plate capacitor is given in Lorrain and

Corson (reference 1) as:

C a e rco~~ ( 1)

where S is the plate area, s Is the plate separation, 
~r 

is the relative per-
- 

mittivity of mylar, and is the permittivity of free space. Since C CrCo
and the plate area is ~XAY ,

- aX~YC c  (2)

This is the form of capacitance used in PLATE.

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

1/2 LI2 - magnetic field energy J~— dV
V ° (3)

With the assumption that displacement currents are zero , the integral form of
Mpe res law is:

U 
~~~ 

(4)

Figure 4 shows the parallel plate situation. The first Integration is accomplished
along the dotted line. The second is done over the area enclosed by the dotted
line. The integrations yield: 

-

B ” ~~ — (5)

1. LorraIn, P. and Corson, 0. R., Electromagnetic Fields and Waves, San Francisco:
W. H. Freeman and Company , 1970.

7
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Substituting for 8 in equation (3) gIves

1 1 f/~~I\2
ru2a E_ J ( ~xr)  dY

~~I2 c
U ~~ I dV

2aY2 -~

u 12
U 0 

~XAY~Z2aY2 (6)

so that

L —  AY (7) 
-

This is the form of self Inductance used in PLATE.

In PLATE, square cells are used. Thus, the Inductance is the same in the X
and the V directions, and only one inductance array is needed. Because the cells

are constrained to be square, the cell capacitance and inductance are:

C2 a c(aX )2/~Z (8)

- 
- - AL2 t0aZ - (9)

where C2 and AU are the PLATE variables for capacitance and inductance.

Furthermore, since mutual inductances are smaller than sel f Inductances ,
they are ignored (see Appendix C), and the sel f 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

.8
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Skin depth Is given by Slater and Frank (reference 2) as

1 28 (10)

where a — conductivity and w • frequency. The resistance of a cel l is given by

R p ~~ (11)

— where p — i/a is 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 6 (the skin depth Is much less than the plate thickness), the resistance is

(12)

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

R i  (13)

Substituting for 6 and using p • 1/a

- 

(14)

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

The Handbook of Chemistry and Physics (reference 3) gIves the resistivity of
conuiercial aluminum as 2.828 x 1O~ ohm—rn at 20°C. The frequency of the current
wave is on the order of 0.25 x 106 Hz. Thus , w ~ 2irF • 1.57 x 106 Hz and the re-
sistance of one cell is 1.67 E—04 ohms. This value is used in PLATE.

2. Slater, J. C. and Frank, N. H., Electrom agnetism, New York; McGraw-HIll BookCompany, Inc.. 1947.
3. Hodgnan, C. 0., Weast, R. C., and S lby, S. N., Handbook of chemistry and

~~~~ Cleveland : Chemical Rubber Publishing Company , 1960.

9
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2. The Mesh

A circuit schematic for a single cell is shown in fIgure 5. Current is
allowed to flow In both the X and V 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.

r M ~~kkk~kk
~ k~kk1?

AL2 R

Figure 6. TransmissIon Plate Circuit Mesh.

10
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J 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 is Inversely proportional and In—
ductance is directly proportional to plate separation, ~Z. Consequently, the
elements of capacitance and Inductance that are in the annular ring where ~Z2
1.5 cm have a decreased capacitance and increased inductance by the multiplica—
tive factor 

~~~~
2/

~~~~ 1

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 syninet- -

nc  as will be seen in section IV.

Inside the radius R1 0.25 cm, the load is simulated as a short circuit.
This Is done by making the capacitance arbitrarily large inside the radius R1.

The capacitor bank portion of figure 1 Is 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.

>?~
‘ ~<‘~AL1 ~C1

• 
~~~~
L

~~~HII

_ _ _  •

Figure 7. Capacitor Bank Circuitry.

11 
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The number of simulated capacitors, NBK, in one-half of one module is equal

0 to the number of mesh points inside the length of that half module. If CT and ALT
are the capaci tance and Inductance of one—half of a module, then the capacitance
and induc tance of each simulated capacitor Is determined by

Cl • CT/NBK (15)

and

ALl — ALT * NBK (16)

where, again NBK is the number of simulated capacitors . -

The problem is 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, is determined by the formula

DELI • • AL2~C2 (17)

where C2 and AL2 are the capacitance and inductance in the main portion of the
transmission line. 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.

~~~~~• L (18)

a I/C 
- 

(19) -

• 12
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where V U vol tage • f(xj,t)

I • current — f(x ,y,t)

L • inductance • f(x ,y)

R - resistance - f(x,y)
C - capaci tance - f(x ,y)

time

Letting Ifl,.l and In be the new and old curren ts , respectively, the difference
form of equaiton (18) is:

1n+1 — 1n (I,~l + 1n \ 
*L 

~t 
— - \ 2 / R (20)

The new current is solved for explicitly:

‘L R
~~~~~~ ~

T - !
‘n+l (1 ~ R\

~~ (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

• - and 
~H 

are the vertical and hori zontal currents .

— 

• 

V(I-1~J) 
~~~I.J)

Figure 8. Spatial Relationships of Currents and Voltages.

• 
- 

- 
EquatIon (19) is used for the derivation of the second difference equation.

Letti ng 
~n” 1 and ~ be the new and old voltages , respectively , the difference form

of this equation is -

- 

- 
13 
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a 

~n 
+ ~t

• (22)

The spatial relationships of the four currents to a node and the voltage at that

node Is shown in figure 9. -

~~~~~~ 
~~~~~I,J) 

-

Figure 9. 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 .
App.ndI~ £ contains a listin g of PLATE.

Initially, at t • 0, the charge is present in the capacitor bank; as time
progr esses , it is moved throughout the mesh and eventually absorbed in the short
ci rcuit load . The problem so lution proceeds in four parts during each step :

1. EquatIon (21) is used to determ ine the new cur rents throu gh the induc-
tons connectin g the capacitor bank to the transmission line .

2. EquatIon (22) Is used to determine the vol tage left on the capacitor

I bank after part 1. 
- 

-

3. EquatIon (21) Is used to determine the new currents between all nodes
In the mesh.

4. EquatI on (22) is used to determine the nw voltages on all capacitors
after pert 3.

The above sol ution acheme appears to be unstable, but it Is not. The two

differential equations are coupled and are solved alter nately in time. They, thus, 

- 

• 
14

• 

- 

• 
- -
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provide feedback to each other, and the solution Is a variation of the leap frog
scheme.

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

I
’ 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 asyninetry at a cylindrical load which Is at-
tached In the center of a parallel plate transmission line. PLATE can be used to
compare different transmission plate designs. The obvious comparison is current
syninetry. Another important comparison that can be made Is system inductance.

Greater transmission plate inductance smooths the current and produces
better current synmietry. 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 is to compute the current synunetry of a 1 .2 meter square
transmission plate with a load radius of 0.14 meter as shown in figure 10. There 

--
~

t I
I

LOAD ~ .tf
28M — 1.2r.i

CAPACITOR
BANK

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 sy strlc one—fourth of this system was comput d using the following input
(see Appendix A for an explanation of the input).

- 16
.1

0

I 
-- - - - -_ _ _ _ _ _ _ _  -
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DYDIM INPUT
$ N30 61,M30 a 61,NP . 1  $

NORMAL INPUT (SF10.2)
014 0.14 018 0.0 2.8 3.0
0.6 0.6 100000. 5.55E-06 24.OE-09 0.16
O.6E-06 0.55
BLANK

- BLANK
The azimuthal current symetry around the cylindrical load, after the cur-

rent flow stabilizes, is computed to be 29.3%. The current flow pattern and
azimuthal current synmletry plots for this run are s hown in figure 11. The current
synmietry plot indicates a current asynmietry of about 30% which agrees closely with
the computed value. Unfortunately, 30% asynlnetry may not produce a viabl e experi-
ment so an attempt must be made to Improve the current syilunetry.

By increasing the inductance In specific regions of the transmission plate,

t the current synmietry 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 mill ing 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

DYDIM INPUT -

$ N30 — 61,M30 — 61,N P s 1  $
NORMAL INPUT (SF10.2)

0.14 0.14 0.18 0.0 2.8 3.0
0.6 0.6 100000. 5.55E-06 24.OE-09 0.16 .10 .10
O.6E-06 0.55 -

BLANK CARD
01213636
01203737
01193838
01183939 -

01174040

• 17
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0< O/>0
HI INDUCTANCE

WEDGE

Figure 12. Plate Schematic (With Wedges).

01164141
01154242 -

01144343
01134444
01124545
01114646
01104747 • —

01094848
01084949
01075050
01065151
01055252

t 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 symeetry plots are shown In figure 13. (See Appendix F
where this problem was used for sample output.) The current asynmietry was calcu-
latsd to be -6.4% at 0.18 m radius. This current syumetry should be adequate for a
viabl e experiment.

19
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In the preceding discussion , two geometries were compared for current
symetry. The second system was Identical to the first except for the incl usion
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 Is 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
possibility Involves decreasing the size of the plate but leaving the wedge. One
such design will provide the optimtan compromise for tse experiment considered here.

I
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SECTION V

THE CROSSED-PLATE DESIGN

During the development of a fast one megajoule capacitor bank, the crossed-
plate transmission line 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 synunetry of such a system was in question; consequently, the
capability for computing such a design was Incorporated Into PLATE. This option
is called by setting NSETUP a 5 and-IntroducIng various input parameters for
capacitor module placement. Typical input for the problem discussed in this sec-

• 4 tion ls:

DYDIM INPUT
$ N30 • 780 , M30 • 109 , NP 1 $

NORMAL INPUT Format (8Fl0.2)

0.10 0.14 0.20 0.0 2.8 5.0 1.0
7.18 1.07 100000. 5 55E-06 24.OE-09 %.O 13.33
O.1E-06 10000. 1.75 - 2.542 4.542 5.152 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 asynmietry 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
1 cm square). The second plot is smoothed over a 10 degree azimuthal angle, and
it agrees well wi th the calculated asyninetry. This current syninetry Is definitely
sufficient for a successful experiment.

The load Is 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 consider ed to have a stati c rather than

_ _ _ _ _ _ _ _ _  _ _ _ _ _  
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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 capacita nce.

The above considerations indicate that one should get a realistic time de-
pendent current trace and -alculated one-ei ghth system inductance. Figure 17

• 0.14

f t  I
• 

~~I.O7

O.OC I I I I

00
TIME lp c )

Figure 17. Computed Current Trace.

shows a 2.32 ~sec smoothed current trace calculated with a coarser mesh than was
previously considered. The current peak is 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—eighth sys tem is 42.7 nH. This value is
• dIvided by eight to yield the total system inductance of 5.34 nH. The speci fica-

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 formu la

L • u0az sn (R2/R1) (23)

26
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may be used to compute the difference in inductance between 20 cm and 100 cm radii.
(R2 + 100 cm, R1 • 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 nIl. The calculated
Inductance, again, is 5.34 nIl.

- The two Inductances agree very well , considering the approximations made.
• (The inherent inaccuracy in the inductance calculation is disucssed in Appendix D.)

1 Further error arises from the coarse mesh needed to run the crossed transmission
plate problem for 2 i~sec of real time. The coarse mesh grossly approximates the
load.

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

27
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SECTION VI

CONCLUSIOiIS

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

2. PLATE Is l imi ted to five transmission plate designs . One of these In-
volves a one-dimensional transmission line. The other four are two-dimensional
problems with either four or eight fold s)wstry.

3. When proper zoning is used (usually as fine as 1 centImeter square
zones), the asured asy etry around the ci rciaference of a cylindrical load is
about 1% accurate at a radius of 30 centimeters.

4. PLATE Is a usefu~ tool for designing transmission plates where current
s,y etry to a cylindrical load is a valid consideration .

5. Current symestry around a cylindrical loa4 may be improved by current
N shaping N techniques. On. such technique Is the inclusion of high inductance
areas In the transmission plates. -

6. The one megajoule crossed plate transmission line will yield current
• asynuetries less than 2%. The system induct snce characteristics are verified by

PLATE within the errors imposed on this calculation.

28 . 
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APPENDIX A
- DEFINITIONS OF INPU T VARIAB LES

CARD 1: FORMAT (8fl0.2)
Rl: Radius of load

- 
- R2: Radius of increased plate separation (milling)

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

R3: Radius of capacitor bank for syninetry test problem
ER: Relative permittivity of Insulator between- transmission

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

2 Transmission Line Problem with matching side
boundary

3 Rectangular Transmission Plate with two capacitor
& - modules
1 4 Square Transmission Plate with four capaci tor

modules
5 Crossed plate transmission line

SETUP2: If SETUP2 ~ 9, the program is set to -run for a long time and
to pick off I vs time plots at positions halfway between

- DIST1 and DISTZ and halfway between DIST3 and DIST4. This
also makes a current trace. Use only when SETUP • 5.

SETUP3: 0, nothing, $ 0, the value of cel l inductance in the simu-
lated load.

CARD 2: FORMAT (8FlO.2)
X: X dimension of transmission plate

Y dimension of transmission pltt.
Vo: Voltage on capacitor
CT: Capacitance of 1/2 module
ALT: Inductance of 1/2 module
Ct.ENGTH: Physical length of 1/2 capacitor bank module
FACTOR: Ratio of annular plate separation to normal plate separation

• FP~T0R2: Not used unti l read in on Card 5

I —•——•-•---- - --- —S.- 
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CARD 3: FORMAT (8F10.2)
TSTOP: Time In sec when program terminates
DELZZ : Plate separation (Default • .0015m)
DISTO: X posi tion in plate where current is suuuied (X c 01510

c DELX , or error mode 1. results )
DISI1 : Firs t of four variables used to position capacitor banks
01512: All four are the boundaries of the modules on the side
DIST3 : Of the crossed plate geometry. In the case of the trans-

mission
DIST4: Line 01ST 1 and DIST 2 position the capac ito r bank
CARD 4: FORMAT (8F10.2) -

TEDIT or A: Initial edit time In sec, If zero defaul t is TWIT • 40 nsec
DELED or B: Increment for additional edits , if zero default is DELED

20 nsec
TEDIT2 or 0: Secondary edit time and increment in 5cc , if zero defaul t is

TEDIT2 • 10 nsec

INPUT TO PLATE

All real input is in the format 8F10.2
All Integer input is in the form 512

Rl R2 RAD R3 ER SETUP SETUP 2 SETUP 3
X Y V CT ALT CLENGTH FACTOR FACTOR 2
TSTOP DELZZ DISTO DISh DIST2 DIST3 01514
TWIT DELED TEDIT2

N N K L NQ
- FACTOR 2 (Only If NQ ~ 0)

M N K L N Q

M N K L N Q
FACTOR 2 (On1y if NQ~~O)
BLANK (To terminate input)
BLANK-

Input terminates when K - O  
-

NOTE: FACTOR 2 is reed in after N N K I. NQ only when NQ ~I o~ Otherwise, the
prev ious value of FACTOR 2 is used for inducta nce/capacitance changes .

30
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NOTE 2: N, N, K, and L are limits on the I and J subscrip ts 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 limits on I,

• respectively, and they thus defin e X boundaries. M and N are the lower
and upper limits on 3, respectiv ely, and they thus define Y boundaries.

The only addittonal tnput involves the variable dimensioning feature included by
DYDIM. This input is of the form:

$ N3O~~ l45, N3O •22 ,N P • l  $
This card is usually included or changed using update. P130 and M30 are the

X and V dimensioning of the arrays . NP is the array size for time dependent cur-
rent plots selected when SETUPZ p’ 0. If SETUP2 • 0 select NP • 1.

CAUTION: P430 and M3O 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 determin ed from:

DELX X/(N30—2) and DELY • Y/ (M30-2)

where X and V are the plate dimensions.

I 
•
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APPENDIX B
LIST OF VARIABLES

A list 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 • TWIT

AI NCX
Nunter of increments in the X direction

AINC Y
Number of incr ements in the V direction

MN
Horizontal current array

MHQ
ECS array of AJH

MV -

Vertical current.arra y
AJVQ

• ECS array of MV
AK —

No longer used
AL

Inductance array
ALN

No longer used
ALQ

No longer used

ECS array of AL
ALT 

Total inductance of 1/2 module
-  ALl

- - 
Inductance of each sImulated capacitor In the bank

-Au
Inducta nce of a norma l cell

Permeability of free space
“Ii

No longer used
AT

Ties array for plottleg

32
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B
Time increment for addition edits • DELED

C
Capacitance array

CLENGTH
Length of 1/2 module of capacitor bank

CQ
ECS array of C

CT
Total capacitance for 1/2 module

CIRAC
Array for plotting time dependent curre~it 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)

Cl
Capacitance of one simulated capacitor In bank

C2
Capacitance of a normal cel l

C3
No longer used

C4
Capacitance of a load cell

0
Secondary edit time • TEDIT2

DELED
Edit interval

DELI
Time Increment

DELX
X dimension of cells

DELY
V dimensIon of cel ls

DELZ
Normal plate separation

XLU
Input variab le for DELZ

0 1510• X position In plate where current Is summed
DISh - DIST4

The four boundaries of the two capaci tor modules on the sides of the one
gajoule transmissIon l ine arms .

EPSI
e, permlttlvity of the dielectric

33
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EPSIO
t~~, permittivlty of free space

ER
Relative permittivlty of the dielectric

FACTOR
Ratio of annular plate separation to normal plate separation

FACTOR2
Ratio of special regions to norma l plate separation

I
Do loop index in X dIrection

III
No longer used

INCX
S 

Same as AINCX
INCXO

INCX — 1
INCX 1

INCX + 1
INCY

Same as AINCY
INCYI

INCY+l
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
Meter- of capacitors In one-half module

NDIST 1 - NDIST4
Corresponds to DiSh - 01S14 except these are cel l designations of the
boundaries of the two capacitor modules

PIN
NDIST1 or NDIST3

NNN
NDI.ST2 or NDIST4

NECS
Decimal ECS needed

NPOSX1 •
Position of one I trace - •

7IPOSX2 •

Position of second I trace

34
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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 p$ 0 read in as the value of cel l inductance in the simulated load

NT
Nunter of time increments

NZAP
An Integer variable used for filling plotting arrays

P4100
Subscript of plotting arrays while they are being filled.

Radius where current assynuletry informati on Is tabulated
RESIS

Resistance of one cell
Rl

Radius of load
R2

Outside radius of annular region of increased plate Separation
R3

Radius of inner edge of capacitor bank when syninetry test problem is run

No longer used
I

Problem time
— 

TEDIT
Initial edit time

TEDIT2
Secondary edit time and Increment

ISTOP
Stop time of problem

V
Voltage array

Initial capacitor bank voltage
VQ

ECS array of V
Vl• Scratch array
WA

Scratch array
WB

Scratch array

35
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X
X dimension of plate

V
V dimension of plate

36
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- APPENDIX C

MUTUAL INDUCTANCE EFFECTS

The program PLATE ignores mutual Inductance. This appendix j ustifies that
assumption and gives a feeling for the magnitude of error introduced. The mutual
inductance between adjacent cells is calculated, assuming the cells are l ike
small inductors in parallel , with the accompanying fringing which leads to this
mutual ind -ictance. It is concluded that mutual Inductance has only a small effect
on total plate inductance as long as the cel l size is large compared to the plate
separation.

Figure C-i 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.

S 

_

Figure C-i . Adjacent Cells.

If each cell is 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 cancel led by adjacent current loops and

can thus be Ignored. The flux created by wire A which passes through current loop
B is given by

••  J~
. ~ da

s (C-i)

37
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and p = w + (aZ2+AZ1)2

Figure C-2. Adjacent Current Loops.

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

- U I
B •~~~ (C-2)

So that

UIa f -
~~ab 1T~~J r a

-

, 

u~ a J dl r 
(C-3)

The limits p and q are given In fig ure C-2 and are substi tut ed for expii c it~ly so the
Integration yields : 
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~ lat (aza+azi\211
~

2 I (eZz_aZ i\21 ”
ab 2i 5bi~1l+ ~- r ~JJ L~\ w JJ (C-4)

For the bottom half of current loop A, Ia is negative and the limits on r
are reversed; hence, there are two equal contributions to the flux. Since Nab
ab/ Ia ’

~o3 
~ 1a2+azz\2 I I / o.z2_azi\2 JMab

_
~•T~

•Z4 Ll+ k 2W )J L~k 
(C-5)

In general the self-Inductance is given by

AZL
• 

U~~ (C—6)

and the coefficient of coupling is given by
— 

k - ~~ (C-i)

Substituting for M and L the coefficient of coupling becomes

w ~ / OZz~AZl\21
h/2 I /azz_azl\21_h1~

2
k_

~~jZn~~l+~ zw~/ J 2W (C4)

For the specifi c case where b2~ 
• ll aZ1, and W - 1OAZ1, 

-

k • !Q.S~t,5/ -~~~ — 1~ (0.04217) • 0.134
‘ Tl+(l/2)2 1 (C—9)

Thus the mutua l Inductance Is 13.4% of the smaller inductor and about 1.2% of the
larger inductor. 

5

For cases where aZ 1 • aZ2, the coefficient of coupling reduces to

k - 
~~ 

bi~ l+ (ii. 2) - (C-b )

• 39
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when AZ c W , the Lit term may be expanded so that

or 

k — 
~~~~~~~

. (1/2) - (1/2) (
~ .)k + (1/3) 

(

~~~~
)6 — j

k ~~~~r 
[i 

- (1/2) 
(

~~~~
)2 + (1/3) (~Y ‘ ‘ 1 (C-l i)

why AZ << W only the first term is needed so that

k~~~~tj 
- (C.~i2)

This coefficient of coupling between cells with plate separation AZ — 0.1

~X is 0.016. Clearly, all mutual inductance effects can be kept insignificant by
keeping the ratio of AZ to ~X smaller than 0.1. This limit Is approximately main-
ta m ed in 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 limi t, where high inductance wedges are included,
is discussed In section IV. For that calculation , the plate separation is 1.5
times the cel l 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
maximi zed near this discontinui ty. The coefficient of coupling of a cel l at the
discontinuity is calculated (using equation (C—b )) to be 0.587 when compared to
a normal cel l and 0.0587 when compared to a wedge cell. Fortunately, the wedge
interface Into the plate is over a limi ted 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~~ O.1aX is met everywhere except in the load and the hi gh induc-
tance wedges. If this cri terion Is met everywhere, the transmission plate induc-
tance Is 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 transmls—
• sion plate with imposed azimuthal synvnetry. The calculations show that current

is propagated with azimuthal symetry through the square mesh and that current
synmetry at the simulated load is excel lent. The second problem is a parallel
plate transmission line with a capacitor bank on one side and a load on the
other. The system inductance is calculated two ways: in 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. Cel l size is shown to
have only a small effect on system inductance.

I. Syisetry Test Problem
This problem is a specific option in PLATE. It is called with SETUP — 1.

The Input cards for this problem with 25 x 25 zones are 
-

DYD IM Input
5 $ N30 27,M3 0— 27 ,N P — l  $ 

-

Normal Input

0.259 0.408 0.3 0.8 2.8 1.0
1.0 1.0 100000. 5.55E—O6 24.OE—09 1.0 10.0
O.6E-07 1.0
BLANK

- • BLANK -

The current flow pattern and current synunetry plots are shown in figure D—i.
The minimum calculated current asymetry was 5.6% (the current asynmetry is calcu-
lated at many radii outside the load). The cells had a size of 4 cm square. Thi s
coarse mesh contr ibutes to the curren t asynlnetry.

A second problem was run wIth 100 x 100 zones. The cell si ze was 1 cm
square. The mInimum calculated current asy~ ietry was 1%. This 1% current asyin-
metry is 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 preferential ly in the horizontal, vertical, or
diagonal direction relative to the square grid.

41
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The current flow pattern and current syimnetry plots for this run are s hown
in figure 0—2.

These two plots agree In substance , but the first shows the effect (graIni-
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 tes t problem invo lves a parallel plate transmission line wi th

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

bIn..

A transm iss ion line of this sort may be represented as an inductor con-
nected between two capacitors. One of the capacitors is the capacitor bank, and
it Is charged to a predetermi ned voltag e. The second capaci tor Is a short cir-
cuit load.

The current in the inductor is given by

dl Varr (0-1)

or

L ~ ~ 4t aV
ri+l — ‘n (0—2)

where V Is the average voltage across the inductor , t is the time interval,
— I~) Is the increase in the current during this time interval , and L is the

effective inductance of the system. This equation is used to determine the induc-
tance of the system.

The accuracy of this method is limited. There is a wave superimposed on the
plotted current trace. This wavy nature is caused by waves sloshing around the
simulated plate because the capacitor bank and load are not exactly matched. B-
cause of these waves , relative ly long Interval s of time must be considered to make
the I nductance Calculations meenlngful.
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The transmission line problem Is 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.OE—09 1.0
1.5E-07 0.0015 0.05
BLANK
BLAN K

DYDIM input is 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 yielded system inductances
6.15 nH and 6.05 nH, respectively, between 50 nsec and 100 nsec problem time
after ini tiation .

-
S The bank has an inductance of 4 nH. There is , thus, approximately 2.1 nH

in the transmission line.

Using equation (9) from section III, the Inductance of a parallel plate
transmission line with dielectric thickness 0.0015 m, length x — 1.0 m, and width- 

y— b .O m is given by -

L - ~~ AZ — 4 i  x 10’ 0.0015 a 1.88 nH

This value is about 10% bess 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 directly 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 calculati ons. Thus , the inductance calcu-
lations and current trace do not approximate the real experiments after 0.3 usec
( that is after the foil begIns to implode).

I .
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PROGRAM PLATEUNPUT,OUTPUT,MF3SPU PLATE I
C PLATE 2
C ••*•••sa•~ •a•~**•aa••e*aa•••••*•*•.•..e.e........~~~~~~~~~ ,..•.•..pLA TE 3
C PLAI E 4
C Pt.AT E IS A CODE WHICH DETERMINES THE PATHS ALONG WHI CH PLATE 5
C CURRENTS FLOW ThROUGH TRANSMZSSION PLAT ES. A PLAT E iS DIVIDED PLATE 6
C INTO A SQUARE MESH. EACH CORNER PLATE 7
C IN THE MESH HAS A CAPACITOR CONNECTED TO GROUNQ. TH( VOLTA GE FDR PLATE 8
C THE NEAT TIME STEP ON THIS CAPAC ITOR IS DETERMINE D BY THE PLATE 9
C CURRENTS ZN THE FOUR LINES COMING TO THAT CAPACITOR BY PLATE 10
C PLATE 11
C V2 a V I — OELT~~(J * .J 2.J3.J4)/C PLATE 12
C PLATE 13
C WHERE V2 IS T r’E NEW VOLTAG E PLATE 14
C V I IS THE OLD VOLTAGE PLATE 15
C OELT IS THE TIME STEP PLATE ~b
C J I, .I2~ J3, J4 AR~ THE FOUR CURRENTS 1141CM CONTAI N PLAT E 11
C INTERNAL SIGNS ANO WHERE THE SIGN CONVENTION IS IMPORTANT PLATE 1$
C C IS T HE CAPACITANCE PLATE 19
C PLAT E 20
C TP4~ LINKS IN THE MESH WHICH CONNECT THE CA PACITO RS C~NTA IN PLATE 21
C INOUCTOPS AND RESISTORS IN SERIES. THE CURRENTS WHICH PROPAGATE PLAT E 22
C THROUG~i THESE LINK S ARE CHANGED IN TIME BY PLAt E 23
C PLATE 24
c .i2 a VA — ye • Jl e(L/O CLT— R/2 ))/ (L/OELT .R/2) PLATE 25
C PLATE 26
C WHERE J2 IS THE NEW CURRCNT Pt.ATE 27
C .J1 IS TiC OLD CURRENT PLATE 25
C VA ,V B ARE THE VOLTAGES ON THE CAPACITOR S A l EITHER END PLATE 29
C OF THE INDUCTOR AND RESISTOR PA IRS. AGAI N THE SIGN PLATE 30
C CONVENTION IS IMPORTANT, W IT H SIGNS CONTAINED INTERNALLY PLAtE 31
C I~I VA AND VS. PLATE 32
C L IS 7145 INDUCTANCE IN A CONNECTING LIMA PLATE 33
C P IS THE RESISTANCE j~ A CONN(CTI?46 LINK PLATE 34
C - PLATE 35
C THE MAIN ROUTINE PLATE IS THE CONTROLLING ROUTINE WHICH PLATE 36
C CALLS T j.45 VAR IOUS SUBROUTINES. SUBROUTINES CBAN’( AND CFLOw PLATE 31
C CONTROL CURRENT PLOw OUT OF THE CAPACITO R BANKS AND T P,ROJGM THE PLAT E 33
C PLATE, REQ.5CTZVLL.Y . DURING EACH TIME STEP TH( CURRENT IS MOVED PLATE 39
C THROUGH THE ENTIRE MESH USING OLD VOLTAG ES. THEM TME VOLTAGES PLATE 40 -
C ARE CHANGED USING THE NEW CURRENTS. Pt.ATE Al
C THE PROGRAM BEGINS AT Tao WIT H THE CAPACITOR BANK BEING PLATE 42
C SW ITCHED ON. ONE MUST NOTE HERE THAT USUALLY A SYMMETRIC ONE PLATE 43
C QUARTER OR ONE—EIGHTH OF THE PROBLEM IS CO14SIOEREI) DURING A RUN. PLATE 4’
C THIS ALLOWS A FINER NESS AND A MORE ACcURATE SOLUTE~ M. PLATE 45
C T -.5 PROGRAM PLATE CALLS THE FOU.OWING SU3ROUTINES PLATE ~6
C THESE ROUTINES ARC LISTED IN THE ORDER THEY APPEAR IN THE PLATE 47
C LISTING. . PLATE ~ 8
C PLATE 4~C CBANK — PROPAGATES CURRENT OUT OF 7H5 CA PACITOR 3ANi S ANO PLATE SO
C NTO THE PLATE. PLATE Si
C PLATE 52
C CFI.Oi — PROPAGATES CURRENT THROUGH THE MESH OF THE PLATE. PLATE 53
C - 

PLAT E 54

___________ 
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C M ISCELL — THIS SUBROUTINE READS THE I NPUT AND PRINTS IT OUT. PLATE 55
C IT US (S THIS INPUT TO SET UP THE PROBLEM. IT DETERMINES THE TIME PLATE Sb
C STEP AND OTHER VARIABLES NEEDED TO HUM THE PROBLEM. THEN IT PLATE 57
C CALLS THE FOLLOWING THREE SUBROUTINES WHICH ACT UALLY PLATE 58
C INITIATE THE ARRAYS NEEU~D TO RUN THE PRO~~EMS . PL ATE 59
C ~LA TE 6G
C MESH — THIS SUBROUTINE IN ITIALLIZES THE INDUCTANCE, PLATE 6!
C CAPACITANCE , VOLTAGE , AND CURRENT ARRAYS TO GENERAL PLATE VALUES. PLATE 62
C PL ATE 63
C LOAD — THIS SUBROUTINE RESETS ARRAY VALUES TO SET UP A PLATE 64
C Si MULATED LOAD. PLATE 65
C PLATE 66
C WEDGE — THIS SU3ROUTIN€ RESETS AR RAY VAL ’JES IN IMPUTED PLATE 67
C REGIO NS OF THE PLATE TO r~ LP IN OWTA INISG 8ETTER CURREN T PLATE 68
C SYMMETRY. PLATE 69
C PL ATE 70
C SETUPA — PLOTS ON MICROFILM TsE PROBLEM SETUP BY 3RA I ING PLATE 71
C LI NES WHICH SEPARATE DIFFERENT REGIONS IN THE PLATE. PLATE 72
C PL ATE 73
C PRIN TIINEQ IT ) — PRINTS EDITED VERSIONS OF THE VOLTAGE. PLATE 14
C CAPACITANCE , INDUCTANCE , VER TICAL CURRENT OR HORIZONTAL CURRENT PLATE 75
C ARR AYS. WHICH ARRAY IS PRINTE3 DEPENDS ON THE CALLING VA RIAÔL E PLATE 76
C NEDIT. PLATE 77
C PLATE 7$ -

C PQI’4T2 — PRINTS SMALLER EDITED ARRAYS OF VOLTAGE , PLATE 79
C HORIZONTAL , AND VER TICAL CURRENT. PLATE 80
C PLATE 81
C I1IOUCT — THIS SUBROUTINE COMPUTES AND PRINTS THE CURRENT PLATE 82
C FLOW ING IN THE PLATE EACH NANO SECOND. IT PRINTS CFIARGE PLATE 83
C CONSERVATION. IT ALSO SAVES THE CURRENT AT E3UAL TIME INTERVALS PLA TE B’.
C SO THAT A TIME DEPENDENT CURRENT TRACE CAN BE MADE ÔY SUBROUTINE PLATE 85
C CTRAC. PLATE 86
C - -  PLATE $7
C ZMOUCT2 — THIS SUBROUTINE COMPUTES AND PR IN TS SMOOTHED PLATE 83
C SYSTEM INDUCT ANCE FOR SPECIFIC TIME IN TERVALS . PLATE 89
C PLATE 90
C CTR ACE — THIS SUBROUTINE PLOTS A TIME QEPENOENT CURRENT PLATE 91 

-

C TR AC (. T~ I5 SUBROUT INE AND THE NEXT ARE NOT CALLED EXCEPT arlEM PLATE 92
C SCTUP 2 IS NOT EQUAL TO 0 IN WHICH CASE THE PROBLEM IS SET UP TO PLATE 93
C RUN W ITH A GROSS MESH AND FOR A LONG TI ME. PLATE 94
C PLATE 95
C CTP AC2 — THIS SUbROUT INE COMPUTES AND PLOTS DI/OT TE M S FOR PLATE 96
C THE CAPACITOR MODULES. PLATE 97
C PLA TE 98
C CURRENT — COMPUTES AND PLOTS SEVERAL CURRENT PATHS FROM THE PLATE 99
C CAPACITOR BANK TO THE LOAD . PLATEIOO
C PLATE 1OI
C UNWI N D — COMPUTES AND PLOTS THE THETA CURRENT SYMM ETRY Of PLATEIOZ
C THE CURRENT GOING TO THE LOAD. PLATEIO3
C - PLAT(104
C LIMPLOT — PLOTS THE DATA ON MICROFILM. PLATEIOS
C PLATEIO6
C LIST OF VARIABLES IN UIFFERCNCE EQUATIONS PLATEIO7 C



C V — VOLTAGE PLATEIO9
C AJV — VERTICAL CURRENT PLA TE1IO
C AUN — HORIZONTAL CURRENT PLAT ELL1
C C — CAPACITANCE PLATEII2
C AL — INDUCTANCE PLA TE1L 3
C ALl — BANK INDUCTANCE PLATE11’
C RESIS — RESISTANCE PLATE115
C DELT — TIME STEP PLATE1I6
C V I - SCRATCH ARRAY USED FOR VOLTAGE OR CURR ENT PLA TE1L 7
C PLA TE I1B
C SIMILAR VARIABLES ENDING IN 0 ARC TWO DIMENSIONA L ECS ARRAYS AND PLA TEI19
C THEY REPRESENT THE SAME QUANTITIES. PLA TEZ2C
C PL A TE 12I
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 122
C PLATE1Z3

PLATE124
COMMON X e Ri , VO • IIiCX , MOIST !. DISTO , ~ESIS , A .JVC26 ) , PLA TE125

1 Y e  P2. CT, INCY . NOI ST2 e INCX0. KSENSW, AJH (26). PLATEIZ6
2 K , R3, ALT. A INCX ’ NOIST3 , TSTOP , NbETUP , V (Z6). Pt.ATEIZ7
3 7, P4. NT , AINCY . NOIST4, TEDIT , NSCTUPZ, C (Z6~~,
4 AK . PAD, A L Ne IMCX1 , DISTI , OCLED. NSETLjP3, V 1( 2 61e PLATE129
S DELT , All . ALO . INCYI. OIST2 , TEOIT2. N$ETUP4,
6 KS(N, AL2 , ANIJ, UCLA . 01S73, NPOSX1, NSETIJPS, WA (26,26), PLA TE131
7 MCAP , 14100, NZAP. DELY , DISTA , 14POSA2 , 111 (101 , aB (2b.26). PLATE132
8 X~~flQO), Y lCiQ O ) . AT(*). CTRAC (1). CTRI(1). CTR2U ) PLATE I33

PLATE 134
DI MENSION AJVQ(26 ,26). AJPIQ(26,2b), VQ(26.26). CO(26.26). PLATE13S

1 AL QQ~~ 6.26J PLATE136
PL ATE 137

LEVEL 3. AJVQ , AJMQ . VU. CO’ ALQQ PLATEI3B
PLA YE 139

COMMON /CCSL/ AJVO PLATEI4O
COMMON /ECS2/ AJ.IO PLATE I4I
COMMON /ECS3/ VQ -- PLATE142
COMMON /ECS4/ CO PLATEIA 3
COMMON /ECSS/ ALQO PLATE144

- PLATEI4S -
C PLATE1’ .6
C - FI X ECS FIELD LENGTH 

- 
- PLATEZA 7

C - - - 
PL ATEL AB

CALL INITPL T PLATEI.9
CALL MISCELL PLATEISO

PLA TC151
PLATE 152

KSEP4SWUO Pt.ATE1S3
C PLATEIS4
C IF DCLX OCES NOT EQUAL OILY THE CALCULAT ION TERM INATES. PLATE1SS
C PLATEISB

IF ((OCLA—OCL Y)/OELX.LT.1,o/AMAXL (AINCX ,AINCY)) GO TO 1 PLATE1ST
PRINT 7 PLATEISS
PRINT 8 - PLATELS9
STOP Pt ATE1SO

1 CONTINUE PLATE1 61
C P1ATC162

149
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C THESE LOOPS PERFOR M THE ITERATIONS OVER A TIME STEP DELT. PLATE163
C PLATEI64

DO 6 K.1.P4T PLATE16S
TST.oaT PLATC1 66
CALL CBANK PLATE167
CALL CFLO W PLATEI6Ô

C PLATE Ioq
C THE REST OF THIS PROGRAM CALLS VA R IOUS CHECKING. PRINTING , PLATE I7O
C AND PLOTTING SUBROUTINES. PLATEIT1
C PL ATEI7Z

1? (NS(TUPZ,EQ,0) GO TO 2 PI.ATE173
IF (NZAP ,EQ.0) GO 10 3 PtATE 17A
GO TO A PLATEI7S

2 CONTINUE PLATEI76
IF (T.LT.TEDITZ) GO TO 4 PLATE17T
T(QITZSTEDITZ.t.OC—09 PLATEI78

3 CONTINUE PLATEI79
4 CONTTMU( PLATE1SO

IF (T.LT,TCDIT) GO TO S PLATE1BI
TEOIT.TEOIT .O(LED PLATE 1BZ
KS(N$w.O PLATE ZB3
CALL PQIN T2 

- Pt.ATE18A
CAL!. CURRENT PLATE1SS
CALl. UNWIND PLATEIB 6

S CONTINUE PLATEI87
CALl. A TIME (CP,PP ,IOeTIMTGO ) PLATE1SB
IF (TZMT GO.GT.30.G.AND.T.LE.TSTOP) GO TO 6 PLATEI89
CALL CTRACE PLATE 190
IF (NSETUPZ.GT .0i CALL CTRAC2 Pt.ATE19I
STOP PLATE192

6 CONTI NUE PLATEI93
C PLATEL9 ’
7 FOR MAT (5X,72$THIS PROGRAM TERMiNAT ED 8ECAUSE DCLX DID NOT EQUAL OPLATEI9S

1ELY IAPPROXIMATELY).) — PLATCL9b
B FOR MAT tSX,S4p$CORR(CT OYD IM INPUT N30 OR M30 TO AOJUST DILA OR OELPLATE197

IV.) PL ATE R9S
END — PLATE 1R9
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SUBROUTI NE CBANK PLATEZOO
PLATE 2OI

COM MON X e RI. VO , IMCX , MOIST !. 01510. RESIS , AJV(2 6). PLATEZO2
1 V. P2. CT. INCY. NOIST2 , INCXO. KSENSN. AUH(26) i PLA TE2D3
2 K, P3. ALT , A I MCX . NDIST3, TSTOP. NSETUP, V (2b). PLATE2O4
3 1, P4, NT. AINCY. NOIST4. TEDIT, NSETUP2, C (26~. PLATEZO S
4 AK, PAD. ALN e INCX1 , DISh . DELED , NSETUP3. V1(26 , PLATE2O6
5 DELT, ALl . AL Oe INCY I . DIST2. TEDIT2. NSETUP4, AL (26). PLATE2O7
6 KSEN , ALZ. ANU. UELX ’ DIST3 , NPOSXI. NSETLjPS, WA (26,26). PLATE2Oa
7 NCAP , Nb C. MZAP. OILY. DIST4. NPOSXZ. 111(10), W 8(2b .2b) , PLATE2O9
8 *1 (100). Y1 (100). AT (&), CTRAC (1), CTRI(1) . CTR2 (1) PLATE2 1O

PLATE2 1I
DIMENSION AJVO (26,26). AJ$4Q(26,26), VQ (26.28). CQ (26.26). PLATE212

1 ALQQ(26~26) PLATE Z13
PLATEZ1 4

LEVEL 3, AJVO. AJMQ , VU. CO. ALQQ PLATEZ1S
PLATE216

COMMON /ECSI/ AUV O PLATEZ17
COM MON /ECS2/ AJMQ PLATEZIB
COMMON /ECS3/ VQ PLATE2I9
COMMON /ECS4/ CO - PLAT!220
COMMON /ECSS/ ALQQ PLATEZ21

PLATE22Z
C PLATE223
C IF NSETUP DOES NOT EQUAL 1 THE LOOPS TO STATEMENT 5 SEND CURRENT PLATE224
C INTO THE PLATE FROM THE CAPACITO R BANKS. ?LATE22S
C PLATEZIS

IF (NS(TUP.EQ.j) GO TO S PLATEZ27
IsIMCX1 PLATEZZ8
00 1 J~ t.MCAP PLATE229
CALL PEADEC (AJV (I),AJVQ(I ,J),1) PLATEZ3O
CALL REAOEC (V (1).VQ (I—1.J),2) PLATE23I
CALL READEC (C(I).CQ (I.4).1) PLATEZ3Z
AJV( I).AJV (1).OELT .(V (2)—V (1))/AL1 PLATC233
V(2)aV( 2)—A JV (I)~~D(LT/C (I) PLATE23A
CALL WRITEC (V (21,VQ(I,J).1) PLATE23S
CALL WR ITEC (AJV (I).A .J VQC I ,J),1) PtATEZ3S
CONTINUE PLATU37

C 
- — PLATEZ3I

C IF NS (TUP~3 CURRENT IS FED FROM THE CAPACITOR BANKS ON THE SIDE PLATE239
C OF THE CROSSED TRANSMISSION PLATE. THE TWO SIDE CAPACITOR PLATE2AG
C MODULES HAVE LIMITS OF M~ISTl. ND IST2. NOIST3 , AND NOIST4. PLATE24 I
C PLATEZAZ

IF (PiS~TUP.P4E.5) GO TO ~ PLATEZ43
NNUNOISTI PLATEZ44
NNN.NOISTZ PLA TE2 AS
Ju !NCY L PLATU46
CALl . READEC (AJ 14(R),AJ HQ (i,J).INCX ) PI.ATEZA7
CALL READEC (VU),V0 (1.J).IMCX) PLATEZ4I
CALL READEC (V1U).VQ($ ,J—l).I P4CA ) PLATU’.9
CALl. READEC (C (1),CUIZ.J),IMCA) PLATE~5O
NZAP MMOO (k,IOo) PLATUS I
IF (NZAP .NE.G.OR.NSETUP2.L0.0) GO TO 2 PLATEZS2

PtATE2S3
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CTRI (Nl00).4V(NPOSXl)—V&~NPOS*1) )~ OELT/AL 1 PLATEZSA
CTR2 NIOG,.(V NPOSX2 )—V1 (MPOSAZ) )•DELT/AL1 PLATCZS5

2 CONTINUE PLATE2S6
00 3 I.NN.NNN PLATEZS7
AJHII)SAJH(I) .(V (I)—V 1 (I) )•OCLT/AL I PLATEZSB
V ( I ) u V ( I ) — O E I . T ’A J I $ ( g ) / C ( I )  PLATCZS9

3 CONTINUE PLATEZSO
NN NOIST3 PLATE261
NNPASNOIST4 PLATEZo2
00 4 IaNNeNNN PLATC2o3
AJH(I).AJP (lI).(V (I)—VIII ) )•OELT/ALI PLATEZ64
Vfl )svl I)—OEL T~AJs4I)/C (I) PLATE2BS

4 CONTINUE PLATEZS6
CAL!. WRIT EC (V (1),VQ(l ,.fl,INCA ) PLATEZ67

• I CALl. WR ITEC AJM(1) ,AJsQ (1,J).INCX) PLATE2BS
S CONTINUE PtATEZS9

• ~
- RETUR N PLATU7O

END PLATEZ7I

52

_ _ _ _  
- -~~ -- 

/ 

—•—.—



SUBROUTINE CFLOW PLATE272
PLATE273

COMMON A , ~~~ VO . INCA . MOIST !, OISTO. RESIS , AJV (26), PLATE274
1 Y. P2. CT. INCY. NDIST2. INC*0. KSENSW , AJH (26). PLATEZ7S
2 K, P3. ALT. A INCA. NOIST3. TSTOP. NSETUP. V (26). PLATEZ7S
3 1. PA . MT. AINCY. NDIST4, TEDIT, NSETUP2. C (26), PLATE277
A AK. PAD , AIM. INC*1. 01ST!, OILED. MSETUP3 , VI(26). PLATE2TB
S OEL.T. £1.1. AID, INCY1 . OIST2, TIDIT2. NSETOP’., ALIZo), PLATEZ79
6 (SEN. *1.2. • AND. DCLX. OIST3. PIPOSXI, NSET%JP5, IA (26.Z6). PLATEZBO
7 NCAP. NIOG . t4ZAP. OILY. DIST4. NPOSA2, IIIUO ) . W~~t26.26). PLATEZBI
8 X~ (100). YI(l00), AT (L). CTRAC (1). CTRI (1). CT~2U PLATCZ8Z

PLATE2S3
DIMENSION AJV Q(26,26). AJHU (26 ,Zb). VQ(Zb.Z6). C0125.26). PLATE2S4

1 AtOC(26.26) PLATE2BS
PLA TC2BA

LEVEL 3, AJVQ , AJHO, VO. CO. ALQQ - PLATEZB7
PLATE2BB

COMMON /ECS1/ AJVO PLATCZ$9
COMMON IECS2I A )MQ PLATEZ9O
COMMON /ECS3/ VO - PLATU91
COMMON /ECS4/ CO PLATE292
COMMON /ECSS/ £1.00 PLATC2R3

PLATE294
C PLATEZ9S
C THE LOOPS OVER STATEMENT B CHANGE THE VERTICAL CURRENT AJV FOR P1AT1296
C ALL THE MESH POINTS IN THE TRANSMISSION PLATE. PLATE297
C PLATEZ9B

P1512 .R~SIS/2, P1.ATEZQ9
DCLTI.1./OEI T PLATE300
00 2 JaI ,INCY P1.ATE3OZ
CALL READEC (AJV (l),AJVQII,J) .INCA ) PtATE3OZ
CAL L. READEC (V(3) ,vO l1,J),INCX ) Pt.AT1303
CALL READEC (AL (1).ALQQ(b ,J)-,IMCX ) PLATE3O4
DO I 1.2.L’4~.X PLATE3OS
AJV(1 )s (V (1).V (I—1).AJV (I).(ALU)’OCLTI—RCSIZ)l/IAL II)*DELTI.RESI2PLATE3O6

II — PLATE3O7
CONTINUE PL ATE3 OB
AJV l)) .—AJV I2L~~ - PLATEJO 9
CALL WRI TEC (AJVl1) .AJVQ(I,J),INCX ) PLA TE3 IO

2 CONTINUE PLATE3II
C PLATE3L2
C THE LOOPS OV (R STATEMENT 10 CHANGE THE HORIZONTAL CURRENT AJH FOR PLATE3I3
C ALL THE MESH POINTS IN THE TRANSMISS ION PLATE. PLATE3L 4
C PLATE3IS

00 A J.Z,!NCY Pl.A11316
CAL!. READEC (AJM(b),AJHO(I,J),INC*) PLATE3 1?
CM.!. REACEC (V(lI.V Q(I.J),ZNCXI PLATE31I
CALL. P1*0CC ~W 1(1),VQU,J—I),INC*) PLAT (319
CALL READEC (AL(1),ALGgIl.J).INC*1 PLATE3ZQ
00 3 1.l.INCX - P!.A1C321
AJH(I).IV(I)—Vl(I) .AJe4(I)•(AL(I)’U(LTI—*CSg2)),(AL (I)~ 0C(TI.RE$IZ1 PLA?E3fl

3 CONTINUE PLAT(323
CALL WAZI EC (AJPi (1),AJ$O().J).INCA ) - PLATE3ZA

A CONTINUE - - - - PLATC3~S

- 
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CALL READEC IAJ H (t),A .IHQ(1.2).INCX) PLATE326 -

C PLATE327
C THE LOOP OVER STATEMENT ii IS A REFLECTED BOUNDARY CONDITION PtATE32B
C CAUSED BY SYMMETRY . PLATE3Z9
C 

- Pt.ATE330
DO S I.1,INCX P1*11331

S AJM(I).— A JP*(I) P1A1C332
CALL wRITEC IAJH (L).A .IMQ(1.1).INCX ) PLATE333

C PLATC33A
C THE LOOPS OVER STATEMENT 13 CHANGE THE VOLTAGE V FOR ALL THE MESH PL.AT1335
C POINTS IN THE TRANSMISSION PLATE. P1AT1336
C PL*T1337

DO 7 Jsl ,IP4CY PLATE33I
CAL!. READEC (V (1).VQ(1.J) .INCX ) PL.ATC33R
CALL READEC IAJ$U),AJ$0(1,J),INCX1) PLATC3AO
CALL READCC IAJV (1),AJVQ(1 ,J) ,INCXI ) PLATE3A I
CALL RCAO (C (CII) .CQU ,J),INCX) PLATE342
CALL READEC IV ) (l).AJNU( 1 ,J01),INCXI) PLATE3A 3

• 00 6 Is1.INC* PLATE344
V (I)SV II).OELT* (AJVII.I) AJV (I)4V 1 (I) A JH (Ll )/C (I) PLATE3AS

6 CONTINUE PLATE3AA
CALL WRI TEC (V(l) ,VO (1,J).IMCA ) PLATC3A 7

7 CONTINUE PLATE3Ae
C PLATE3A9
C WHEN NSETUP EQUALS 4 OR WHEN NSETUP EQUALS S PLATE3SO
C THE LOOPS OVER STATEMENTS j(. AND 16. 17 AND 19 00 A REFLECTION PLATE3SI
C ACROSS A 45 DEGREE ANGLE IN THE CENTER OF THE C”OSSED P1*11352
C TRANSMISSION PLATE TO iMPOSE 5 FOLD SYMMETRY . PLATE3S3
C PLATE3S4

IF ft4CTUP .NE.S.ANO.NSETUP.NE.4) GO TO 14 PLATE3SS
IF (NSCTUP.Nt.5.ANO.NSLTUP.MC.4) GO TO 14 PLATE3S6
00 5 Ju$,INCY R PLATE3S7

a CALL. P1*0CC (w5(1.J),VOU .J),INCY1) PLATE3SB
00 10 UI’I,LNCY P!.ATE3S9
J.INCYI—I..M .1 PLATE36O
00 P I.1.J -_ PLATC36 1

9 IS(1,J).WS$J,1) P1*11362
CALL uRIT(C—4.$(1.J1.VU(1.J),Jl - PLAT1363

10 CONT I~pj( PLATC3o6
00 11 JuI.INCYI PLATE36S
CALL P1*0CC (.S(1,J).AJP(Q(1,J) ,LNCY1) PLATC36o

11 CALL P1*0CC IaAU.J).AJVQII.J),I’dCYI) PLAT1367
00 13 LMaI ,INCY PLATE36S
,JSINCY1—LM.1 PLATE369
00 12 Ial.J PLATE3TO
W1(I.J).WA(J,I) PLATE37!

12 WA (I.j).WB (J,I) PLATE372
CALL WRI TEC (WB (1,J),AJ$Q(1.J).J) PLATE373
CALL WRITCC (WA (1,4) .AJVO(1 .J).J) PLATE3?4

13 CONTINUE PLATE3TS
- 

• 
14 CONTINUE - 

- Pt.ATE37S  
IF INSVUP.Nt.2) GO TO 16 PI.AT1377

— 
- - - - - CALL P1*0CC (,( l ) ,VO( l .1) ,INCX) PLATE37S

- - CALL P1*0CC (V 11*) .V QII.INCY I) .INCX) PLAIE3T9

— ___________
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- DO 15 I.1.INCX PL*TE3BO
V (1)aWlIl)a(V (I)’V l(I))/ZsO 

PLATC3BI

15 CONTINUE 
PLATE3$2

CALL wRITEC (V41),VQ(1.1),IMC* ) PLATE3B3

CAL!. WRI TEC 4V t (1l , VO1 1 .INCY1) .I~~~~ 
PLATE3SA

16 CONTINUE 
PLATE3BS

RETURN 
PLATE3Bb

END 
PL*TE381
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SUBROUTINE MISCCL.L PLATE3SS
PLATE389

COMMON A . Rb . VO. INCA . NOISTI. 01510. RESIS. AJV(26). PLATE39O
1 Ye P2. CT. INCY . MOIST?. INCAD, KS (NSw, AJH(ZA). PLATE39I
2 K. P3. ALT. AINCA . NOIST3. TSTOP , riS(TUP. V(26), PLATE392
3 1. P4. NT . AINCY . NOIST4, TEDIT, I1SETUPZ, C126). PLA11393
4 AK . RAO . ALN. INCA!. 01ST!. OILED. NSETUP3. Vi 126). PLA1E394
S DCL!’ AL!. *1.0. INCYI. OIST2. TCDIT2 . ISLTUP4. ALIZo). PLATE3PS
6 KSEN~ AL2. ANU. 011*. DIST3. NPOSAI, N$ETUPS, iA (26.26). P1*11396
7 NCAP. N100. NZAP. OILY. OIST4. NPOSA2, 111 (10), .6(26.26). PLA1C3P7

5 *1(150). Y1 (100). *1(1). CTRAC(1). CTRI (1). CTPZ(1) PLATE393
p1*11399

DIMENSION AJVQ (26,26), AjsOlZb.26). VQ126 .26). CQ(26.26), PLATE400
1 AL.QO(Z5.26) PLATE4OL

PLATE4O2
LEVEL 3. A JV Q . A lsO. VU . CO. ALQQ PLATEAOJ

PLATE AO4
COMMON /ECSL# AJYQ PLATE’~0S
COMMON /ECS2/ AJNO P1*1(406
COMMON /CCS3/ VO - P1*11407
COMMON /ECSA/ co P1*TEAOB
COMMON /ECSS# AL~Q PLAT(409

PLATEALO

C PLAT EAU
C THIS SUBROUTINE SETS UP TM( PLATE PROBLEM. PLATEAU
C PL*TE413
C PLATEAI4
C P1*0 STATEMENTS AND SHUFFLING OF REAL TO iNTEGER VARIABLES. Pt.ATE415
C PLATE4Io

PRINT 5 Pt.A114I7
0(12.0.0015 PLATE4IB
*NT.b000 ,. PLATEA 19
INCA .26 — 1 - PLATE A2O
INCY .2~ - — I PLATE4Z1
REA D 7. R1,R2,RAO.R3,EP,SETUP.SETUPZ,SETUP3 PLATE42Z
READ 7. *.Y,VO.CT,ALT.C1.IMGZM.FACTOR.r&CTOR2 PL*TE423
READ 7. TSTOP.OCLZZ.OISTO.DIST1.O!ST2,OIST3.015T4 PLATEA24
IF IOCLZZ.NC.0.O) DELZ.O(LZZ PLATE42S
AINCZ.ENC* 

- - Pt.AT1426 -

A INCY.INCY PLATE A27
A2.AINCI/Y PLA11428
NSETUe.$CTUP Pt.A1E429
N$ETUP2.SEIUP2 PLATE’30
NS(TUP3.SETIJP3 PLAT E431
IF (‘4$CTUD.EO.1) PRINT 22 PLATEA32
IF INSETUP.E0.2) PRINT 23 P1*11433
IF (N$ETUP.EQ,3) PRINT 24 - 

PLA11434
IF IN$CTUP.12.A) PRINT SS PLATCA3S

IF IN$CTUR.tQ.S) PRINT 25 P1*114-36
PRINT 21. R1,U.R*0.R3.tR ,SC7UP.SE7U~2.SETUP3 PL A11437
PRINT 2*. *.Y,WO.CT.ALT,CLCNOTH.FACTOR ,FACTOR2 PLATE43$
PRINT 2$. TSTO,,OCLZZ.OIST,.OISTI.DISTZ,OIST3.015T4 PLAIEA3P
II$IS.$.671’ IA PLATCAA3

PLATE~~ 1
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0(1(0.0.021—06 PIA 11442
TEDZTZaQ.OIE—06 P1*7(443
READ I. A.B.C P1ATEA A4
IF (A.NE.0.0) TEOII.A PLATE4A S
IF (B.NE.O.O) OELLONG PLATEA ~6IF (O.N(,0.0) 710112.0 PLATEA4 7
PRINT 2. A.B.C PLATC444
PRINT 3. TEDIT ,DELEO ,TEOIT2 PLATE4A 9
PRINT 14. Rb .R2 .RAa) .R3 PL*TE4SO
PRINT 15. NS(TUP.NSETIJP2,NSETUP3 PLATE4 SZ
PRINT 16. *,Y,F*CTOR.FACTORZ .ER PLATEA5Z
PRINT 17. VO.CT.Al.T.CLEP4GT i PLA1E453
PRINT 18. ISTOP.ANT ,AINC* .AIN CY PLATEAS4
PRI NT 19. DLSTI,OIST2.OIST3 .OIST4 ,OISTO PLAT (455

C PLATEAS6
C NSETUP a 1 PRoDUCES A SQUARE TEST PROBLEM . PLA11457
C NSITUP a 2 PRODUCES * PARALLIL PLATE TRANSM ISSION LINE PROBL EM. 91*1(455
C P4SETUP • 3 PRODUCES A RECTANGULAR PROBLEM WIT.. C*?ACITON BANKS PLATE4S9
C ON TWO SIDES. P1ATE4~~
C NSETUP a 4. PRODUCES A RECTANGULAR PROBLEM W ITs CAPACITOR BANK S PLAT(461
C ON ALL FOUR SIDES. P1*7(462
C NSETUP • S PRODUCES THE CROSSED PLATE GEOMETRY . P1*1(463
C PLAT(464
C P1ATEA 6S

• C INCA AND IMCY ARE THE NUMBER OF A AND Y INCREMENTS RESPECTIVELY. PLATE..~6
-; C P1A7E467

INCXIS!NC*.I 91*11665
INCYI aINCY .I 91*7(469
INCXO .INCX—1 Pt.*T E470

C PLATE47L
C NT IS THE NUM~ER OF TIME INCREMENTS. 91*11472
C PLAT (473

NTa*NT P1*1(474
P1.3.1415926535 - 

PLATE47S

C -~ PLAT E4TG
C AIIUO IS THE PERMCABIL ITY OF FREE SPACE. PLATE477
C EPSI IS THE PERM ITTIVITY OF M71*R. P1*1(478
C PLATE*79

AHUO.4.O*PII-*,0(—07 PLATE4B3
(PSIO.1.0/(AstJs).(2.99?gt.oe) ‘•2) PLATE4B I
(PSI.1P•EPSIO P1*1(682
PRINT 20. A’4U0 ,(PSIO.EPSI P1*1(483

C PLATE A$4
C 0(1* AND DCLV ARE TNt DIMENSIONS Of ONE CELL. DCLX AND QELY
C SHOULD BE APPROX IMATELY EQUAL. DCL? IS THE PLATE SEPAMATI ON. P1*7(456
C P1*1(457

CEL*aX/ (AIN CX—1.0 ) PIATE4B8
OCLY .Y/ (AZNCY—1 .0l PLAT(~e5S
NPOS*I.( (0ISt $.0ISTV /2.5)~ D(LA PLATE 4PO
NPOS*l.d (01373.OJSTA)/a.0)/OCL*PRINT 4. P 0%X1,NPO$U - PLATE492 

-

C Pl.AT1493
C NOISTI AND NOISTZ APE THE A COORDINATE SOUNOARIES OF ONE PLATEAP ’
C CAPACITOR SAP~ MODULE ON TwC $101 OF THE CROSSED TRANSMISSION P1*T1495
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C PLATE. PLATE49G
C NOIST3 AND NOIST4 ARE THE A COORDINATE BOUNDARIES OF THE SECOND P1*11497
C MODULE ON THE SIDE OF THE TRANSMISSION PLATE, P1ATEA9S
C P1ATE 499

NDISTIa OISTl/O(L~).1 PLATESOO
NOISTZ.(OIST2/O(L*).1 PIA1ESOL
N01513a (OIST3/DELA) .1 PLAT (SOZ
NOIST4.IOIST4/DELA) .1 PLAT(503

C P1ATESO4
C AL? AND C? ARC THE IP4OUCT*MCE AND CAPACITANCE IN THE NORMAL. PART PIATE5OS
C OF A TRANSMISSION PLATE . P1*1(506
C PLATESO7

AL2$ANUO~OCLY~ O1LZ/DCL* #1*1(508
C2.CPSI’D1LX~OELY/Q1LZ 91*1(509

C 91*11510
C AL ! AND Ci ARC THE INDUCTANCE AND CAPACITANCE OF EACH CAPACITOR PLATESI!
C AND SWITCH ASSEMBL Y ASSUMING THE NUMB(R OF CAPACITORS EQUALS THE PLA TES1 2
C NUMBER Of A MESH POINTS W ITHIN TIlE BOUNDARIES OF A CAPAC ITO R BANK PLATES13
C MODULE. PLATESI4
C - PLA IES15

NCAP CLCNGTN/0(1Y PLATES16
IF INCAP.EG.01 NCAPaINCY P!.*TES1T
IF (P4CAP.GT.IPICY) NCAP.IP4CY 91*1(518
CRNCTRNCAP—1.) PIATESI9
AL1 u*!.T’(NC*P—i.O) PLAT ES23

C PLATES2I
C ALA AND CA ARE THE INUUCTANCE AND CAPACITANCE IN THE LOAD WHERE PLAT(522
C C4 IS SET ARBITRARILY LARGE . P1*1(523
C PLATES24

CA.C2’ 1000600. PLAT(525
C4.C2 100000110. PLATES2S
AL4aAL2 PLATES27

C Pt.ATES28
C 0(17 IS T~’1 TIME STEP PI.ATES2S
C P!.AT(530

OELTMPI/20.’IORT(C2’AL2) P1AT ES3Z
PCLT.DCLT•Z.O PL*T(532
PRINT ô PIA TES33
PRINT S. AINC*.AINCY.AtPT.*.Y 

- -  
PLAT (534 -

PRINT 9, VO.CT.AL1 PLAT (535
C P1AT(536
C * A1IO V APE THE DIMENSIONS OF 1.41 TRANSMISS ION PLATE (METERS . P1*1(537
C 0(1.2 5 TN( THICKNESS Of THE MYLAR . PLATES3$
C PLATCS39

PRINT 1$. CZ.*LZ Pt.*TC54 0
PRINT 12. C1.AL 1 P1ATCS* b
PRINT 13. C4,AL 4 Pt.ATES42
PRINT IS. OCLT.OCL~ ,DCL!.O(LZ.RL Pi.*TE543
PRINT 6 PLATE5~~
CALL. MESH (C1.C2.C3.C4.AL 3.AL4 .FACTOR.FACTOR1,FACTOR2I P*.AT134S
CALL LO*O (SVUP3) -

CALL WEDGE (CI ,C2,C3.C4.AL3,AL.4,FACTOR.FACT OR ! .FACTOR2) Pt.ATES4 7
CALL FRANC Pt.ATES4I

- CALL. PRINTI (I) PLATESAP

sa
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CALL PRIP4T1 (2) PLATE55O
CALL PRINT ! (3) PLATE5SI
PRINT 6 PLATES52

30 FORMAT I1OX .’DIAGONAL CAPACITIVE ELEMENTS ARE•./) PLATESS3
PRINT 30 91*1(554

31 FONMAT I1OE1O ,2) P1ATESSS
INCYO.INCY—I PLAT ESSG
DO 50 t.t,LNCY0 91*1(557
CALL READECI X III) .CQU.I) .1) PL*TE558
CALL P(A0(C (Y* (I) .ALQO(I.I) .1) PLATESS9

50 CONTINUE PLATES6O
PRINT 31. (X1 (I).Ial ,INCYO) PLATES6 L

32 FORMAT IIGX. .DIAGONAL ZNUUCTIV ( ELEMENTS ARE~ ,/) PLATES62
PRINT 32 #1*11563
PRINT 31,(Y1(I).I.1.IMCYO) PLATE5G..
RETUR N PLATES6S

C PIATES6A
C PLATES6T
1 FORM AT (SF 10.2) P1ATES6S
2 FORMAT U3*.2#BE1Z.1,/./) PIATES69
3 FORMAT (bGZ.$MTEOIT a .29(12.1.10W OILED • .2P112.1,I1H TEDIT? •P1aT(570

1 .29(12.1./s/) - P1AT(571
A FORMAT l1’)Z.9$NPO$A1 • .15.1GM NPOS*2 a .15,1) P1ATES72
S FORMAT (I’ .l) PLAT ES73
B FORMAT (IWO) PLATES74
7 FORM AT iar*G.2) 91A T1575
• FORMAT (1*.7HINCX a .)P(14.6.8H IPdCY • .114.6.1011 6 INCR a .(14.6.PLAT (576

1255 A ,Y PLATE DI~4CNSIOMS a .E1’.b.3s A .114.6./) PLAT (577
9 FOR MaT (2X.eSr.CMARACT (RISTICS OF ONE—HALF OF A MODULE ARE .IPELA .PLATC578

16.0$ VOI.TS .114.6.13H FARADS *140 .114.6.8W .ENRIES,/) 91*11579
10 FORMAT (3A .T HQ(LT a .19(14.6.5W QELA a .114.6.311 DELY • .Ei A.6.8H PLAT (S80

10112 a .114.6.245 FRACTIONAL HOLE SIZE a .E14.6./) P1*71531
11 FORMAT (3X .SSMCHARACTERISTIC$ Of THE TRANSMISSION PLATE ELEMENTS APLATESS?

IRE .19(14.6.9.4 FA.~AOS .114.6.911 14(NRIZS,./) PLATESB3
12 FORMAT (4A,72$CHARACT (PISTZCS OF EACH MESH POINT THAT SERVES AS A PLATE5Bi.

18PCAXDOWN~POINT ARE .1P114.b.csi FARADS .E14.6.911 l4ENRZ (5../) PLATE5SS
13 FORMAT (5*.BftsCi,AR*CTERISTZC5 OF (ACM MESH POINT THAT SERVES AS A #1*1(586

ISINK ARC .1P(1~ .6.9l4 FARAOS .114.6.9 ., HENRIES../) PIATESI7
14 FORMAT (10*.S$R 1 a •IP(14.6.6H 92 a ,1 PEI4.6.711 PAD • .19114.6.6W #1*1(588

1R3 a .1P114i-e,/ - 91*7(559
15 FORMAT (1$X.OMNSLTUP • ,I3,1*s NSETUP2 • .13 ,11W r4SETUP3 a .13.1) PLATES9O
16 FORMAT 104.4.4* a .19(14.6,55 V $ ,1911’.6.10$l FACTOR • ,1PE1 4.6.lPt.ATES9I

ibM FACTOR? a .1P(1*,6.65 ER • .191*4.6,/) 91*1(592
17 FORMAT l5Z.5l41.~O a .19(14.6,6s CT • .I9(14.6.lli ALT a •1P(14.6.1OHCPLATE5O3

1L(N6TM • .19(14.6./I P1*rES9A
18 FORMAT (SZ.$sTSTOP • ‘*9(14.6.7W ANT a .1PE14.6.9H A IN CX a .1PE14.P1AT1595

1B.Os AINCY a .1P114.6.l) PLATES96
1, FORMAT l3*.9.,OISII • .lPt1~ .6.9s 01572 • .19114.6.9.4 01S13 a .19(191*11597

14.6.9w OIST4 • .IPCI ..e.9w DISTO • .1~ CL 4.o./ PLATES9B
20 FORMAT 5X,7HAMUO • .19(14.6.9.1 (9S10 a .1P(14.6.SH (PSI • .1PEI4.~1ATE59414,/) - P1ATE600
2* FORMAT U0*.1PIE1Z.2./) PLATEGOI
22 FORMAT ($~* .37WS$$S1 SYMM ETRY TEST PROBLEM 55555./) P1ATE6OZ
23 FORMAT IIOK.3$ssSSSsS 9.9 , TRANSMISSION LINE SSS5$./) P1ATE603
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24 FORMAT lJ*I*.44N55555 TWO SIDED TRANSMISSION PLATE SS$S$./) PLATC6O4
25 FORMA T (IOX.4555511S FOUR SIDED TRANSMISSION PLATE $SSS$./) 91*1(605
26 FORMAT (1~ *,33MS$S~ $ CROSSED PLATE . I NJ $5555./) PLATE6OB

END 91*1(607
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SUBROUTINE MESH (C1.C2 .C3.C6,AL3.ALA.FACTOR .FACTORI.FACTOR2) PLATE6Oe
• PLATE6O 9

COMMON A. #1, VO. iNCA. NDIST1. DISTO. AESIS. A J V (26 ) ,  PLATE6 1O
1 V . 92. CT. IP4CY, MOIST?. INCAS. KSE 4.. AJM(2b) , P1AT1611

— 2 K. 93. ALT. AINCX. $OIST3. 15109. riSITUP. V (26), PLAT€612
£ 3 1. R4. NT. A INCY. 1401514. TEDIT. P4$ETUPZ, CI2b) . PLAT (613

4 A K. 9*0. ALN. INCA) . DIST1. 011(0. NSETUP3. V1 (26). P1ATE6I4
5 DELT. ALl. AID. INCY1, 01ST?. TEDIT2. 4SCTuP4. At.(26). 91*1(615
6 KS1N , AL?. ANU , 011K. DIST3. NPOSX1. NSETUPS. •A (26.26). PLATE6 IB
7 NCAP. NIOS . NZAP. DELI. 01514. NPOSX2. 111 (10). iB(26.Z6). P1ATEB17
5 *1(100). YI (100). AT (1). CTRACI1) . CTR1(1 ). CTR2 I1) P1ATE6IB

P1ATE61R
DIMENSION AJVQ (Z4,26). AJMQ(26.2b). V$lI2b.26 ) . C0126.26) . 71AT1620
1 *100(26.26) P1AT (621

P1* 1(6 22
LEVEl 3. AJV Q. AJNQ . VQ~ CO. ALQ O 91*TE623

P1*11621.
COMMON /(CS*/ A,JVO P1ATE62S
COMMON /!CSZ/ *JM~) 

- 91AT1626
COMMON /CCS3/ VO P1AT (627
COMMON /(CS4/ CO - P1ATE62S

COMMON /ECSS/ ALIJO P1*1(629
P1*1(630

C P1*1(63 1
C THIS LOOP INITIA1LIZES CAP ACITANCE AND VOLTAGE THROUGHOUT THE PLATE63Z
C M(SH. PLATE633
C PLATEB3A

ZERO—S.D 91*1(635
00 1 J•1.INCY1 P1ATE636
00 1 I.1.INC*1 PL*T1637
CALL WRITEC (C2.C0dI.J ) .1) P1ATE638
CALL WRIT(C (ZE RO.VO(I.J ) .i )  PLAT(639
CALL WRI TEC (ZERO ,AJVG (I.J).1) 91*1(640
CALL WRITEC (ZLRO,AJW~..lI.J).1) P1*1164!
CALL WRI-TEC (AL2.ALOO (1.J).$) PLATES42
CONT INUE PLAT (643
IF (NS(TUP,LG,2) GO TO 7 PLATC644

C PLAT E6A5
C THIS SECTION SETS UP A . TEST PROBLEM TO O(T(RMIN( AZIMUTHAl PLAT E64A
C ASST*4(T*Y N(N NS1TUP • 1. THIS IS THE ASSYMMETMY WMICII IS 91*1(647
C CAUSED BY Is! SQUARE MESH, PLATEBAW
C P1*1161.9 -

CZYAC.CL9FACTO’ Pt.ATE6SO
ALFAC AL2’FACTDR 91*11651
IF (P4SCTUP.N(,1) 30 10 3 91*11652
00 2 J 1.IPICY I P1ATES53
00 2 I.I,INC*i P1ATC6Si.

91*11655
AYWJ O(LY PLAT(656
R*O ISRT (A*’*A.AY•*Y ) 91*1(657
IF €R*0.RT.R3) CaLl. ‘RITIC (CI.C0(1.J).1) 91*11656
IF (I*0,GT,R3I CALL WRITIC IVO.VQI1.J).1) Pl.ATE6S9
*LMMNSAL I’S. PLATE660
CTI9wCT•I6. PLATESG !
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IF (RAD.GT.R3—3 .’OELV) CAlL WR1TEC (*LMMM.ALOQU .J) • 1) PLATE662
IF (RAD,IT.R2) CALL WR ITEC (A1FAC .ALQQ (I.J).i) P1AT1663
IF tRAO.LT.R2) CALL INIT(C IC2FAC.CU(I.J),1) P1ATEB64
IF (RAD,LT ,R1) CALL WRI TEC (CT1O .CO (I.J).i) PLATE66S
IF (RAO.LT.R1) CALL IRITEC (AL2.ALOO (I.J).1) PL ATC666

2 CONT INUE PLATE667
GO TO 10 PLATE668

3 CONTINUE 91*1(669
LN INCY/2.b P1AT E67O

C PIATE67I
C THE LOOPS OVER INOCA 4 SET UP A REGION OF GREATER PLATE SEPARATIONPLATE672
C JUST OUTSIDE THE HOLE IN TwI CENTER WHICH REPRESENTS THE LOAD. PLATEB73
C TH( VAR IABLE FACTOR IS THE RAT IO ‘~F THE NEW SEPARATION TO TalL PL*T167i,
C OLD SEPARATION. PLATE67S
C

00 4 )a1,LM PLAT E677
00 4 Ja1,~..N P1*11578
AXa I~ O~~X 91*11679
AVaJ ~DCLY P1*TE6BO
RA• SQRT(* K’AX.*Y *Y ) - P1ATE 6e&
CT1OaCT’bO . P1ATE682
IF (RA .LT. R2) CALL W RIT EC (CZFAC.C O( I.J ) .1) 91*1(653
IF (RA. LT.R2) CALL w RIT EC (ALFAC .AL QO(I,J ) .1) ~1ATE65.I
IF (RA.1T .R1) CALL WRITEC (C4,C~J ( 1.J),I) PIATE68S
IF (RA.IT.R1) CALL WRITEC (ALFAC.ALQO(L.J),1) PI.ATE6B6

4 CONTINuE P1ATE6B7
L INCA1 PLATEBS8

C PLAT E689
C THE LOOP OVER 5 CHARGES Ts~ CAPACITORS AT THE (MO OF TsE PLATEBOO 

-

C TRANSMISSION PLATE. P1AT1691
C P1*11692

DO S Jaj .NCAP P1A1E693
CALL WRIT EC (C1.CO( I.J), l1 PIATE694
CALL WRITEC (YO .VOlI.J).1) PIATE69S
CALL WRI TEC (A11.ALQQII .J).1) 91*11696

S CONTINUE — PLATE697
IF (NSETUP.NE.5) GO TO 10 

- PLATE6R•
C - —~ - - PLATE699
C THC LOOP OVER 7 CHARGES THE TWO CAPACITOR BANK MODUlES ON THE PIAT E700
C SIDE OF THE TRANSMISSION PtAT(, #1*1170!
C 91*1(702

J INCrI 91*1(703
DC 6 Iai.IMC * PLATE7O4
QDIST.I’OClZ 91*1(705
IF IOOIST.GE .DI$Ti.*NO .OOIST.lE.013T2) CALL WR ITEC ICI,CQ(I ,J).1) 91*11706
IF IOOIST.G(4flST1.ANO,001ST.Lf,DIST2 CALL WRI TEC (VO ,VO(I .J).1) PLATE7O7
IF (QOIST.G(.OIS1I.ANO.OOIST.LC.DIST2) CALL WR ITEC (ALL.A100U..i) .PLAT(708

11) PLATETOS
IF QOIST.GC.01S13.ANO.QOIST.LE.OZST4) CALL wRITEC (C1,C011.J),1) P1ATE71O
IF (QOIST.OC.OI$T3.ANO.OOIST.L (.DZST4) CALL WR ITEC lVO .VQ(I.J ).i) P1AT(7i1
IF IOOIST,GC.DIST3.*NO.$JOIST.LE.DIST4) CALL WRIT (C (AL1 .ALOC (I.J),P1AT (712

II) P1*1(713
6 CONtINUE PLATE714- 

GO TO 10 PLATE7RS
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C PLA TE7I6
C WHEN N$ETIJPa2 THIS SETS UP A P*RALLEL PLATE TRANSM ISSION LINE P1*T1717
C PROBLEM FOR COMPAR ISON TO AN ANA LVT ICAL SOLUTION . 91*1(718
C P1ATE719
7 CONTINUE P1ATE72O

1.1 91*1(721
00 8 J.1.INCY L P1ATE722
CALL W*IT1C (C4.C311,J ),1) 91*1(723

S CONTINUE #1*1(724
I.INCX) #1*11725
INOMOISTI/OCLY.1 PLATE72B
INOONO*ST2/D(LY.1 P1*1(727NUMMINQQ—INQ.1 P1ATE7ZS• C1.CT/NUM PLATu 29
*LI ALT.NUM 91*1(730
00 9 JuiP4D,IN4JQ P1*1(731
CALL WR ITEC ICI.COlI .J).1 P1ATE7OZ
CALl,. WR ITEC 4VO.VOlI.J).)) 91*117339 CONTI’,U( #1*1(734

10 CONTINUE #1*1(735
RETURN - P1*1(736(NO 91*1(737

I

$ 

— 
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SUBROUTINE LOAD (SETUP3) 
- 

P1AT (738
#1* 11 7 39

COMMON K. #1. 10. INCA . NOISTL , DISTO. 9(5)5, A J V ( 2 6 ) ,  PLAT E74O
I V. 92, CT. INCY. ND1ST2. INCAD . XSENSW . AJ$(26). PLATE7 41
2 K , 93. ALT. AINCX i NOIST3. TSTOP. NSETUP, V (26). PLATE742
3 T. 94. NT. *INCY, NDIST4. TEDIT. NSETUP2. C(26). PLATE743
4 AK , 9*0. *114, INCA). 01ST!. OILED. 14511093. V 1 (26). PLATE74..
S DELT. ALl. AID. INCYR . 01ST?, 110112, NSETU#4. AL (26) . PLATE745
6 KSEN~ *12. ANtI. 011K. OIST3. NPOSX1. 14511095. .A (26.Z6). PLATE74b
7 NCAPI 14100. MZAP . OILY. OIST4. NPOSA2. 111(10),  WSlZb .2 b ) . PLATE747
8 *1 (1~ Q), Y1 (lOO) . *1 11) , CTRAC (1) . CTM1(1). CTR241) P1ATE748

PLATE749
OIM(MSION AJ VQ(26.26) . *J IlQ(26.26), 10 ( 26.26). CJ (26 .26) . PLAT(750

I *LQQ (26,261 91AT175 1
PLATE 752

LEVEL 3. AJ VO. AJHQ. V$J , CD. ALQQ P1ATE7S3
PLATE7S4

COMMON /ECSI/ AJVQ #1*11755
COMMON /ECS2/ AJHQ #1*1(756
COMMON /ECS3/ VQ P1ATE7S7
COMMON /ECS4/ ca - 

PLATE 758
COMMON /(CS5/ £100 PLATE7S9

P1ATE76O
C Pt.ATE761
C THIS SECTION INCREASES T)4( INDUCTANCE )14 THE LOAD TO SIMULATE A P1*1(762
C SI4IVA LOAD INSTEAD OF A SsoRT CIRCUIT, (WHEN SETUP3.ME.O .O. P1ATET63
C A4. ( 1.J)aSETUP3.) 91*11764
C 91*11765

IF S(TuP3.EO.~ .Q) GO TO 2 #1*1(766
NNN •AM INR (AIP4C*.AINCY.55.) P1*11767
00 1 IaL.MNN PLATE76B
00 1 Ja1,NNN PI*T1769
*XaI’OCLX #1*11770
AY aJ~OELY - #1*71771
RA•SORT AA ’AX .AY•AY) P1ATE772
IF (RA.LT,R1.3,O’OCLA) CALL WRITEC (SETUP3.AL QQ(1.J),1) PLAT (773
CONTINUE P1ATE774

2 CONTINUE P1ATE77S
RETURN - - PLATE776
E’40 P1*11777
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SUBROUTI NE WEDGE (C*.C2,C3 ,C4.AL3.AL4,FACTOR.FACTORI.FACTOR2) P1*1(778
#LATE779

COMMON A . RI. VO. INCA . P101ST!, DISTO . RESIS. AJV (26). #1*1(780
I V. 92, CT. ZP4CY . ND1ST2 . INCAG , KSEMSW. AJH(Zb). ?LATE7B!
2 ç~ 93. ALT. A INCX , 1401513. TSTOP. NSETUP. V(26). PLATE7B2
3 1, 94. NT~ A INCY, iDIST4. TEDIT . NSETUPZ, C(26) . PLAT(783
4 A K. R*O , ALN . INCAZ , 01ST), OILED, NSETUP3. VltZG). Pt.ATE7B’.
5 DELT. All. *10. INCYI. 01ST?, 1(0112. 14S(TUP4. *1(26). #1*11765
6 KSEN, *12. ANtI . 011*. 01513. 14905*1. MSCTUPS, 1*126.26). PLAT (78b
7 NCAP , 14100. NZAP. DCIV. DIST4. 490SA2. 111(10). 15(26.26). PlAT (757
5 *14i 00), Y1 (100). AT (1). CTRAC (1). CTR1(i). CTi 2 (l) P1ATE7BB

PLATE7B9
DI MENSION *JVQ (26.26), *JMQ (26.Zb). VQ(26,26). CJ(26.26). 91*1(790

1 *100426.24) 91*1(791
91*1(792

• LEVEL 3. AJ VO. *JHQ. VO . CO . *100 P1*1(793
PLATE7S4

COMMON /ECS1/ A JVQ P1*TE7SS
COMMON ~ECS2/ A.H40 

#1*1(796
COMMON /ECS3/ Va PLAT (797
COMMON i(CS4/ CU - PLATE79B
COMMON /ECSS/ £100 91*1E799

#1*1(800
KK.i PLATESDI
CALL SEIUP* (1) Pt.AT(8o2
CONTINUE 91*11603
READ 6. M .N,K.L.NO P1A’ESO..
IF (K.EO.0) GO 10 3 91*1(505
IF(NO.GT,0) FACTOR2aP4G P1*11806

C P1*1(807
C WHEN Til lS SECTION IS USED CARE IS NECESSARY TO IMSUR( THAT KI( 91*11808
C NEVER EACCEDS TIlE DIMENSIONED SIZE OF *1 AND V) ANRAYS. PLATESO9
C IF lIlA? DOES HAPPEN, SOME OF T u E COMMON BLOCK WILL BE WI PED OUT. P1*11810
C -- P1ATESL1

PRINT S,-M ,N.K .L .MQ P1ATEB12
IF 4L.EQ,0) ISINCA PL*T (SI3
C2F 2.C2IFACTOR2 PLATES)’
AL 2FZ *LZ.F*CTOR2 91*11815
00 2 Ia’ .I — - 

• - Pt.AT(816
00 2 J uH~~Pd 91*1(517
CALl WRI TEC (C2F2,C0(I.J).1) PLATE5I$
CAll WR ITEC (A12r2,Al.o1 (I.J),1) 91*71819

2 CONTINUE 91AT1820
*I (KKIsK’OELA
YI(KK).M’DEIY PLATES22
*)IlClC.1)K0(L* PLATES23
Yi (KIC.l) N•OELY 91*1(624
A1( KIC.2).L’OCL* P1*1(525
Yi(KK.2)SN’OCLY 91*1(826
*1 (KK . 3) .L 011A #1AT1827
Vi (1(11.3) .M OCLX PLATEB2&

* i(KK.4).*1(IC*) Pt.*TES29
Yi (KK.4)a~ 1l KK) P1*11830
K’S P1ATE$31

- 
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CALL SETUPX (2) #1*11532
GO TO 1 #1*11833

3 CONTINUE 91*1(834
RETURN #1*11835

C PLATEB3b

C 91*11837
4 FORMAT (SF10.2) #1*1(838

S FORMAT (2X,515) #1*11539
6 FOMMAT (612) #1*1(540

(MO PLATES’!
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SUBROUTINE SETUP* (KIM) PLATE842
P1ATE843

COMMON K. Ri. VO. INCA . MOIST). D!ST0. RESIS , AJV (?6). PLAT (544
* V. R2. CT. INCY. MOIST?. INCXO. KSEN$.. AJN(26). PLATEB4S
2 K. R3. All . AINCA . NOIST3. TSTOP, NSETUP. 1(26) , P1*1(846
3 1. R4. NT, A INCY. NOIST4. TEDIT. NSETu.IP2. C(26 ) . #1*11847
* AK. 9*0. £114. INCA). DISh . DEl_ED. NSETUP3, V 1 (25). #1*1(848
S DELT. Al l .  AID. INCYI. 01512. TEDIT2, NSETUP4, *1(26) . 91*1(849
6 KSEM , Al,?. ANU. 0(1*, 01$13. 14905*1, NSETUPS, 1A126,26), #1*11850
7 NCAP, 14100. 142*9. OILY. OIST4. 14905*2. 111110) , .6(26.26). P1ATEBS L
8 *1(104) . Y 1UDO) .  *1(1). CT RAC (1) . CTRI( I) .  CTR2( l ) PLATEBS2

PLATESS3
DIMENSION AJ V1 (26.26). AJHQ12b .26). VQ (26.26). CQ (26.26). P1*11854
ALQO(26.24)

PL ATEBSÔ
LEVEL 3. AJ YD . AJsQ. Vul. CD~ *100 PLATEBS7

#1*1(858
COMMON /ECS1/ A.JVQ P1*11859
COMMON /1CSZ/ AJsQ 91*1(360
COMMON /ECS3/ VO #1*1(86 1
COMMON /ECS4/ CO - #1*7(862
COMMON /(CS5/ *100 P1ATEB63

PL*TEB4’.
COMMON RADIUS 14) P1ATES6S
#1.3.14159265 PLATES6o
*MNSYt4P4sQ.O P1*11867

PLAT(36d
IF(KLN.EQ.1) GO 10 3 PLAT(869
CALl. LINPLOT (*1.YL.1(.*$*.AMN.YMA.YMN) Pt.ATE87O
RETURN P1*1(871

3 CONTINUE PLATES??
CALL 09100 (XM*,XNN ,YM*.YMN ,*MA ,XMN ,YM*,YMN ,1G.10,1,0,1M*,1,IP (r ,1)P1ATES73
RAQjlJ5,1)’RI PL*TE874
RADIVS 2)’R2 -. P1ATE87S
RADIUS 3).93 91*11876
RAOIUS A)’RAO Pt.ATE8?7
14.50 — P1ATE67B
00 2 1.1.4 #1*1(879
TM(TA.O.0 P1AT E8SO
IF (RA DIUS(Z).ED,0.) GO tO 2 PLAT (681
00 1 J.I.N PIATE$52
*1 (J) .*—R*D1VS (I)~ SIM (THE TA) P1AT1683
Y) (J) .Y—a*OIUS(1) ‘COSCIPIETA) PLAT (8$4
TMETA .TWC TA .PI/ (2 .’N) P1ATES$5
CONTINUE P1*11886
CALL 11149101 (*1,Yi.N,AMX.XMN.YP4X.VMNJ P1*1(887

2 CONTINUE #1*11186
RETURN P1*TESS9
(NO P1ATES9O
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SUWROUT!P1( PRINT) (14(011) P1ATES91 -

P1* TI 592
COMMON K. 91. VO. INCA. NOISTI. DISTO. RESIS. AJv (26). #1*1(593
* V . 92. CT. INCY. 1401512. INCXO. 1(511450, AJH (26). PLATES94
2 K. 93. *11, AINCA. NO1ST3. TSTOP. NSETUP. V (2 6 ) . PIATE89S
3 1. R4. NT. *IP4CY. P401ST’. 1(01?, NSITUP2 . C (26). PLATE896
4 AK . MAO , *114. INCA), 01511. 0(110. NS(TUP3. V 1126 ). PLAT (897
S 0(11. ALl. *10. INCY). 01572, T(01T2. NSETUP4. *1(26) . PL*TE898
6 (SEN. Al2~ ANU, UCLA. 01513. P4PQS*i. NSETUPS. W*(26.26). PL*T1899
7 NCAP. 14100, NZAP. DCLV . DISTA . 14905*2. I1IUO ). .8(26.26). PI*T1900
8 *1()eO)p Yl (100), A T4*) , CTR*C (1). CTR1(!). CTR2 (1) #1*1(901

#1*1(902
DI MENSION AJVO(26.26). £.JMQ(26,26), 10(26.26), CO (26~26). PLATE9O3

1 *100(26,26) P1ATE5O’
• PLATE9 OS

LEVEL 3. AJ VQ. *JPIQ. VO. CD. *100 PLATE9O6
PLATE 9O7

COMMON /ECSI/ *JVO PLATI9OS
COMMON /ECS2/ AJHO 91*11909
COMMON /ECS3/ VO PLATE 91O
COMMON /ECS4/ CD - P1AT1911
COMMON /(CSS/ ALOC PLATE9I2

PLATE9I 3
C PLATE914
C THIS SUB9OUTINE PRINTS VAR IOUS (011(0 ARRAYS DEPEND ING ON THE #1*1(915
C CALLED VARIA BLE MCDII. P1*1(916
C THIS SUBROUTINE MUST 61 CALLED wITH 141011 SET TO *14 INTEGER I PIA11917
C THROUGH 3, PLATE 918
C 111(14 N(DIT •1 TH( VOLTAGE ARRA Y IS PRINTED. 91ATE919
C WHEN 141011 •~ THE CAP&CITANC1 A RRAY IS PRINTED. PIATE92O
C •H(N MCDII .3 TilE INOUCTANCE ARRAY IS PRINTED. #1*1(921
C WHEN NED IT ‘4 THE VERTICAL CURRENT A RRAY IS PRINTED. PIATE922
C WHCN 141011 •5 THE HORIZONTAL CURRENT ARRAY IS PRINTED. PI_ AT1923
C - PLATE924

PRINT 6 P1*1(925
NY.(INCY.14)/lS PLATE926
IF (PCDIT .EO.1) PRINT 13. INCX.INCY .INC*1,INCYI PIATE927
IF (NEDIT .C0.1) PRINT - P1ATE92I
IF (N(DIT .10 2) PRINT 9 • 

- P1*1(929 -

IF (NCOIT.E Q.3) PRINT 10 #1*1(930
IF (14(011.10.4) PRINT ii PLATE93I
IF (P41011.10.5) PRINT 12 P1*1(932
00 2 I.1.XNCXI .S #1*1(933
00 1 J.*.114CY 1 PL*1E934
IF (NEDZT .(D.L) CALL RE*OZC (V1(J).VO (I.J).1) #1*11935
IF (N(OIT.CO.2) CALL PEADEC (V1 (J).CO(I.J).i) P1ATE936
IF (NEDIT.L0.3 CALL READEC (V1(JI .ALOO(I ,J).& #1*11937
IF (14(011.10.4) CALL . R(*Q(C (Vi (J).AJVO (I.J).I) P1ATE93S
IF (N(OIT.t0.S) CALl. P1*0CC (v1 (J),AJ$0(I.J).1) 91*1(939

I CONTINUE PLATE94O
PRINT ii v )1J .J.1.INCY .Nys.vlUNcYi P( ATE941

2 CONTINUE #1*11942
ISINCA I 91*11943
DO 3 Ju 1.INCY 1 91*11944
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II (14(011.10.11 CALL P1*0CC (V I I J ) .VQ( I . J) .) )  P1*T(945
IF (NEDIT.EO.2) CALL R (ADEC (V 1 (J) .CO (I,J).)) PL*T19i.6
IF (N (DIT.EQ.3) CALL READEC (VIIJ),*t 0Q(1,J).1) PLATE94T
IF (NEQI1.(Q.4) CALL RIADEC (V IIJ) .AJVQ (I ,J),l) P1*1(948
IF (NEDIT.CD.S) CALL READEC (V1 (J).AJs Q(I,J).i) #1*1(949

3 CONT INUE 91*11950
PRINT 7. (V1 J),J.i .INCY ,NY),V1U NCVI ) P1*1(951
PRINT S 91*11952
NNINX.M1N0 (16. INCY 1~ INCA 1) #1*11953
00 4 J.hNMIN* PLATE954
IF (NEDIT.(Q.1) CALL PEADEC (VLW.VO(1,J).NMIN*) 91*11955
IF (14(011.10.2) CALL #1*0CC (V IU).C0(1.J ) .NM1NK) P1*11956
IF (14(011.10.3) CAll. #1*0CC (V 1( 1) .A IQQ( l ,J ) ,NMZNA ) #1*1(957
IF (14(011.10.4) CALL REAOCC (V lu) .AJVa (1 .J),NHINA) P1ATESSB
IF (14(011.10.5) CAlL READEC CV I( 1 ) .A J I40 ( 1 .J ) , N i4 L MX )  91*11959
PRINT 7, (V1(I),i*1,1414114A) #1*1(960

4 CONTINUE #1*1(961
RETURN 91*1(962

C #1*1(963
C - 

P1ATE9b4
5 FORMAT UK./.l0*.!SIILO*O AREA *RRAY./) Pt*TE965
6 FORMAT UN!) 91*1(966
7 FORMAT (i*.16(S.l) - Pt.ATE%7
5 FORMAT (l0*,13MV01T*G( AR RAY. / )  91*1(908
S FORM AT (iO*,17P,CAPACITANCC ARRAY./) 91*1(969
10 FORMAT (1GX,16$INOUCTANCL *RR*Y./) P1*1(970
11 FORMAT (10*,2214V (RTICAL cURRENT AiIRAY,/) #1*1(97)
12 FORMAT I I0A,24M$ORIZONTAL CU,MENT * RRAY ,/ )  91*1(972
13 FORMAT (?*.415) P1ATES73

END P1*1(974
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SUBROUTINE PQIPIT2 #1*11975
• Pt.AT (976

COMMON x. R~~, VO, INCA. NOISTI. 01510. RESIS. AJV (26) . #1*11977
1 V. P2. CT. INCY . 14015T2. INCAD . 1(SENSW . AJH(26). 91ATE978
2 K. P3. ALT. A INCX. 1i0IST3. TSTOP. NSETU”. V(26). 9LAT1979
3 1. P4, NT. AINCY . 1401514. TEDU . PIS(TtJP2, C (26). ?1ATE980
4 AK, PAD, *1.14. INCA). 01511. 0(110. NSETUP3. V 1 26). P1*7198)
3. 0(11. *1.1. *1.0. INCV1. 015T2. T101T2. NSETUP4. A1(26 . #1*1(982

- - 6 (SEN. *12. ANUs *1*, 31ST3. NPOS*1. NSCTUPS . 0*126,26), #1*1(983
7 NCAP. 14100. r4ZAP, OILY. UIST4, 14905*2. 111 (10) , 08(26,26), #1*1(954
8 *1(100). Y1 (100). All)). CTRAC(1). d Rill ). CTR2 (1) P1*11985

P1AT1986
DI MENSION AJVQ(26 ,26), AJ HQ(26.26) , V0(26.26) . CO(26.26) . P1*1(957

1 *100(26,26) 91*7(988
#1*1(959

lEVEL 3. AJVO. AJHQ. VO . CD. *100 91*1(990
?LAT (99)

COMMON /ECS1I AJV O Pt.ATE992
COMMON /(CS2/ AJIID #1*7(993
COMMON /ECS3/ vo - PLAT1994
COMMON /(CS4/ CD P1*11993
COMMON /ECS5I *100 P1AT1996

PLATE997
C PLATE998
C THIS SUBROUTINE PRINTS SEVERLY EDITED VOLTAGE. HORIZONTAl CUPRENT,PIATE99
C AND VERTICAL CURRENT ARRAYS. #1*11000
C #1*1100)
C FORMAT STATEMENTS P1*11002
C #1*11003

NZ.(INCY.3)/9 #1*11004
INNZ.INCYI NZ—2 P1ATL0OS
NZaNAXO(NZ,2) 91*11006
PRINT 7 #1*1)007
PRINT 8.-~T PLAT IOO8
PRINT 9 91*11009
P14a1 91*110)0
00 1 I.1.INNZ.NZ 

- 
P1*11011

NN NN.1 91*11012
*1(1414) .! #1*11013
CONTINUE #1*110)’.
NN NN.1 #1*11015
X1(MN).INC*& #1*110)6
PRINT 5. (A1 (1).L .1,NN ) #1*11017
PRINT 6 P1*1)0)8
00 2 3.1.10 #1*11019
JJ.(J—1IW4Z’l 91*11020
IF (J.(0,I0) JJu INCY) 91*1102!
CALL RCAOEC 4AJY l$ ,~ *JV Q(l,3J).1NC*i) #1*11022
PQI~4T 5. (AJV(I) ,I .1.I1,NZ.NZ).AJV(INCA1) P1*11023

2 CONTINUE • P1AT IO2’
PRINT 6 91*11025
PRINT 10 P1*11026
00 3 3.1.10 PLA TIO2T
JJ’(J—l)’MZ•l 91*11026
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• IF (J.EQ.10) JJ*IMCY1 P1*11029

• CALL READEC (AJHU ).AJ MG(1,JJ ) .114C*t ) #1*11330
PRINT 5. (AJpUI),I s1,INNZ,NZ).A3$(INC*1) #1*71031

3 CONT INUE P1*11032
PRINT 6 PLATZO33
PRINT 1) #1*11034
DO 4 3.1.10 P1*11035
JJ .(J— I)” 4Z.1 P1AT LO3D
iF (J.C0.10) 3JaINCY1 PLAT LO 37
CALL READEC IV (1) .V0(1.J J ) . INCXI) #1*11036
PRINT 5, IV (I),I.I,INNZ.NZ).V(INC*1) 91*1)039

6 CONTINUE #1*11040
PRINT 6 #1*11041
R(TURN PLAT 1042

C #1*11043
C #1*11044
5 FORM*T ~~Z,1Pfl()Z.2) 

#1*11045
6 FORMAT ( 1,401 #1*11040
7 FORMAT (INtl #1*11047
5 FORM*7 (I0A .24M TIME AFTER INITIATION • .1PEZG.8./) P1AT1048
S FORMA T ~~0*,3OI PARTIA). VERTICAL CURRENT ARRAY s/I P1*T1049
IS FOR MAT (10*.32PIPARTIAL HORIZONTAL CURRENT ARRAY./) #1*11050
II FORMAT UO*.21P#*RTI*t. VOLTAGE *RRAV ./) 91*1205)

END PLAT1OS2

-- 

--

I
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SUBROUTINE INDUCT #1*11053 -

91*1) 054
COMMON A . P1, VO. INCA . MOIST). GISTO. R(5)S. AJV (26). 91*11055

1 1. P2, CT. INCY. NDIST2, INC*O , KS1l~SW , AJH (26). 91*11056
2 K. R3. *11. *INC*.- NOIST3. TSTOP. NSETUP. V(26). #1*71037
3 1. Re, NT. A INCY. NOIST4. 11011. NS(TUPZ, C(26) . P1AT IO5B
4 Ms RAD• AIM. INCA) . 01ST), D (LED~ P4SETUP3. Vt (26). #1*11059
5 0(11. Al.). *1.0. INCYI, DIST2, TEOITZ , NSCTUP4. AL (26 ) .  PLAT 1G6O
6 i(S(N, *1.2, *141. )CLA. 01ST3. 14P0SA1. NSETUPS, IA(26.26) . PLA T IO61
7 PICAP, 1100. P4ZAP. tIL L!. 01514, P4905*2, 111(101 . 08(26,26) . #1*11062
$ *1(100).  Y 1(100) .  *T(1). CTRAC(11. CT RI( 1) .  CT R2I 1) PLAT 1O63

PLAT 1064
DIMENSION AJ VO (2b.26). *3)40(26,26). V0(26.26). CD (26.26). P1*11065

1 *1.00(28.26) PL*T1066
PLAT 1067

lEVEL 3. *JVQ . AJHQ, VO. CD. *1.00 #1*11066
• PIAT1O69

COMMON /(CSI/ AJVQ 91*71070
COMMON /ECS2/ A.a$Q #1*1107)
COMMON /(CS3/ VO - Pt*T1072
COMMON /ECS’/ CO 91*1)073
COMMON /CCSS/ *1.00 91*11074

- P1*11075
C #1*1)074
C THIS Sue’OUTIP4E SUMS THE V (RTIC*1 CURRENT IN THE PLATE AT A #1*71077
C POSITION x.OISTO. 91*11078
C ~1AT1079

IFIT .LE.0.SE—19) 1(5114’S P1AT 1080
KS(N.1(5(14.1 #1*11031
I(S(MSW.KSLNSW.1 91*11082
IF (KSENSW.(0.1) PRINT S #1*11053
IF (KSCNSl.(0.1P PRINT 9 #1*1108’.
1.01510/0(1* 91*7 1085
CURI.S.t - #1*11056
00 1 JsI.INCV 1 P1*11087
CALL. READEC (A J V IZ) .A J VQ (X .J ) , 1 l  #1*11088
IF (3.10.1) 490(I) .AJV ( I)/Z .I PLAT)089
CU*1.CU*1.A.LV(I) PLATIO9O
CONtINUE - 91*1109)
IF (CURI.L.L.1.0(—SS) GO TO 2 #1*11092
*U..VO.T/CUR 1 PLAT1O93

2 CONTINUC PLATZO94
C P1ATIO9S
C THIS SUSROU?IP4( SUMS AND PRINTS TM( CURRENT CI.’IIMO i- uT or THE PL*’lOSb
C CAPAC ITOR 3*141(5. P1*1109/
C 21*11098

cuR.CUaA.cuRs.cuRc.•.• #1*7 1099
IF NSLTUP.NE.$) GO TO S P1*Ttl0O
I’I

~
C
~
I - P1A~ 11O1

00 3 JsI.INCY 91*11102
CALL, R(AOEC IAJVU).AJYQ(I.J).1) 91*11103
IF (3.10.1) AJV (t).AJVW ,l.I PLATHOC

~USA.CURA.AJV(I) P1AT)105
3 cONTINUE 91*11106
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• NPIUNOISTI Pl*T1107
NNN .ND !ST2 #1*11108
Ja)P(CYI #1*1)109
CALL R(*D(C (AJII (1),*JHO(1.J).INCX) PLAT11 IO
00 4 I.14N.NNN - #1*11111
CURSaCURS.AJHII) PLAT111Z

4 CONTINUE P1*11113
NN.NOIST3 P1AT III4
NNNMMUISTA P1ATIIIS
00 S I.NN.NNN PL.*TlZlb
CURCaCURC .AJH(1) P1*1)117

S CONTINUE #1*1)1)5
6 CONTINUE P1*11119

CUR .CURA .CURS .CURC #1*71120
C #1*11121
C THIS SUBROUTINE SUMS THE CHARGE ACROSS EACH CAPACITOR *140 PRINTS 91*11122

• C OUT TIi( RESULT AS TOTAL CHARGE. THIS ALLOWS CON SERVAT ION OF PLAT 1)23
C C$ARGC TO SE CHECKED. PLAT112’.
C #1*11125

-; CPIuO.0 P1AT 112O
00 7 Js).)NCY) #1*11127
CALL READEC IVW,VO (1 .J).INC*1) #1*11125
CALL REAOEC (CU),C0 (1,J).INCZI) 91*11)29
00 7 Isl.I PICX 1 P1*11130
IF (J.GT.I) GO TO 7 P1AT1)3)
IF (J.EO.I) V(I).Vdi)/2.0 P1*1)132
CMaCH.V(I)’CU) #1*11)33

7 CONTINUE - PLAT)134
PRINT 10. T,Ct ,R1 .CtJR ,CM .A1L .CtJRA ,CURB ,CURC #1*11135

C #1*11134
C THIS SECTION SAVES CURRENTS AND TIMES FOP A TIME C)EPENOCN T 91Ar113r
C CINRENT TRACE TO SE PLOTTED BY 5U8#OUTIP4( CTRACE . P1*11138
C - #1*71139

*T(KS(N sT Pt.*T1140
C1R*CIKSEN) ‘CURl P1*71161
CAL). INOUCTZ (CUR)) — PLAT 114Z
RETURN 

- 
P1*11143

C — P1*11)4..
C - 

91*11145
• FORMAT (IN)) PLA TL )40
9 FORMAT (10*,6$TIM( ,8A,4PlCUR1,3*,4$CUR2,7X ,6r~CH*RGE .6*.6$INDUCT ,7*,PLAT1L47

I4NCUQA,S*,4MCURS ,8A.4MCURC./) #1*11)48
II FORMAT (S*.IP$(12.4) P1*11149

(MD P1*111S)
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SUBROUTINE INOUCT? CURI) PLAT II5L
#1*1 1152

COMMON A. RI. VO , iNCA. P401ST), DISTO. RESIS, AJ V (26 ) . #1*7)153
1 7. #2. CT. IPICY. P401ST?, INCXO. 1(S(P41, *JN(26). #1*1)154
2 K. #3. ALT. AINCA . P401ST). TSTOP. ‘(SETUP. V(26) . 91*71155
3 1. #4, MT. AINCY . NOISTA. 1(01?. PISETUP?, C(Z6 ) . PLAT I1So
C AK, PAD. AU4. iNCA), 01511. OILED. P4$ETUP3. ‘(1(26). P1*11157
S 0(11. ALl . *1.0. INCY), 01512. TLDIT2, NSETUP4, *1(25). PLAT 11SO
• ‘(SEN. *1.2. ANtI . 0(1*. 01573. 1490541. PISETUPS. dA (26.28). P1*11159
7 NCAR. MiSS. P42*9. lILLY. 01514, NPOSZZ. 111(10). oB(Zb.26). #1*11160
8 *11100 1. Y llIDO ) . *1(1). CTRAC (1). CTR1U). CTR2I)) #1*11161

P1*1 1162
DIMENSION AJVQIZ6.Zb), AJsQ(26.ZSI. ‘(0(24.26). C~ (26.26). P1AT)163
1 *100(25.26) #1*1116’.

91*11165
LEVEl 3. *JVO . AJsO. VO . CD. *100 PIATI16o

#1*7 1167
COMMON /ECS1/ AJV O PLAT 1166
COMMON /E CSV *3)40 #1*11169
COMMON /ECS3/ VtI • P1*11)73
COMMON /(CS’./ C~I #1*1117)
COMMON /ECS5/ *100 #1*11172

PLAT 1173
Mj 0.M)O. 1 #1*11)74
M10.MOQ(M10,10) PLATI17S
IF (M10.N(.0) ,~ETURN #1*11176
VOLT1UVOIT? P1*71177
TIMI.TIM2 #1*11178
dUI.CU2 91AT1179
CALL READEC (VOLT2.VQ (INCX).4),1) #1*11150
TIMZaT 91*11151
CU2.CURI 91*11182
IF (CU2.E0.CUL) RETURN - #1*11183
AL.N(w.( (VOLTI.VO1.T2)/2)’(TIMZ—TIMI)/ (CU2.CUI) 91*11184
PRINT 1. *114(0 #1*71135

— #1*11)86
C - P1*71)57 -

$ FORMAT (1O*,*2$TNE AVEQAGE INDUCTANCE SINCE TIlE LAST STATEMENT IIKP1*T1188
IE THIS IS .El2.4.10H P’CNRIES.,/) #1*11180
(NO PLAT1190
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SUBROUTINE CTRACE 91*7119)

91*11192
• COMMON A. #1. VO, INCA . NOIST1 , 01510. P1515, A9V (26), P1*11193

1 1. #2, CT. jN CY~ tJ DISTZ, INCZO. 1(SENSW, *311(26) , #1*11194
K. #3. AlT. *INCX . P101513, 75109, NSETUP. ‘((25). P1*11195

3 T, #4. NT . A INCY . P401514. TEDIT, NSETUP2. C (26). #1*11196
4 A k, PAD. *1.14. INCA). 01ST). 0(110 . IISET0P3, V 1 (26). #1*11)91
S DELT. AL). AID. ENCYZ. 01512. 710172, ;ISCTUP4, *1(26). PLA T1Z98
6 KSEI1. *1.2. ANtI. 0(1*. 01573. PIPOSA) , NSET JPS. w *(24.26) . #1*1)199
7 NCAP . N100. NZAP . OILY. 01574, NPOSZ2. 111(10), 08(26.26). PLAT)200
8 * I()~ 0), V1U00). *7(1). CTRAC (1). CIRLU) . C1R2 (1) P1*7)201

#1*11202
DIMENSION AJV O(26,26) . *3140(26.26). ‘ (0(24 ,26). CQIZ6.26) . #1*11203

1 *100(26.26) P1*71204
P1*71205

LEVEL 3, *JVQ. AJPsQ. ‘(0. CD’ *100 P1*11206
P1*71207

COMMON /ECSI/ AJVQ P1*11208
COMMON /ECS2/ *3.10 PLAT 1209
COMMON /ECS3/ vo 91*11210
COMMON /ECS~/ CU 91*11211
COMMON /ECSS/ *1.30 P1*7)212

#1*1 1213
*MNU*MXaY MNaYMXa O.O PlAn ?)’.
IF(1(SEN.LT.3) R(TJRN P1*11215

• 00 1 1(a),KS~ N PLAT12 Io
*MN’AM IN1)AMN .AT ( 1( ) )  PLAT 1? 17
YMN.A$1N)(’VMN,CTRAC (*)) P1*112)8
*MX.*4A*)(AMX,AT(K)) #1*11219
Y MX. A MAX) (Y MA. CTR*Cl1 ( 1) 91*11222
CONT INU( P1*T 1221
CAL). GRI3O (AM*,*MN.YMX,YMN,*MA.XMN,YMX,YMN.)0.10,1,0,4IIT IME.*.714CP1AT1222
1URRENT.7) #1*11223
CALL LINP1OT (*T.CTR*C.KSCN ,AM*.AMN ,YMX.YMN ) P1*1122’.
CALL LINPLOT(*T,CTRAC.1(SIN,4Mz.AMN.VMZ.YMrn #1*11223
CALL FRAME Pt.*T1?26
RETURN — - 91*71227
(ND P1*71225
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SUBROUTINE CT RAC2 P1*71229 -

#1*71230
COMMON X . RI, ‘(0. INCA. NOZST I, 01510, RESTS. A.JV (261 . P1AT1231
I V. P2. CT. IP4CY. NOIST2, INC*O, KSENSW . *314(26) .  #1*71232
2 K. P3. A lT. AINCI. MOIST), ISTOP, NSEIUP, ‘((26) , P1*11233
3 T. PC. NT, *INCY, 1401576, TEDIT. ~4SETUP2. C(2b ) , P1*1123’.
4 AK. R*0. *111, INCA) . 01511, 0(1(0. N$ET~JP3. V 1(26) . P1*T1235
S 0(1.7. *11, *10. INCY1. 01512, TEOIT2, NSETUPC. *1(26). Pl*T123o
6 (SEN . *1.2. ANU , 011*. 01573, NPOSA1. NSETUP5. .A126.26). 91*7)237
7 NC*P. NiDO. NZ*P. lILLY. 01516, NPOS*2. 111 (10), l~~(26.26).
8 4)1 )00). 71(100). ATU). CTRAC (1), CTRI(I1. CTR2 (11 #1*71239

P1AT 1240
• DIME NSION *JVQ(24.26). *3140(26.26). VQ (26.28), C~ (26.26). PLATI24 L

1 *100(26,26) P1*1)242
P1*1 1243

LEVEL 3. AJVO , AJMQ , ‘(0. CD. *100 #1*7124’.
PLAT 1245

COMMON /ECSII *JVQ P1*7 1246
COMMON /ECS2/ *JI4Q P1*1 1247
COMMON /ECS3/ VIe - #1*11248
COMMON /ECS”/ CD #1 *7 1249
COMMON /ECSS/ 4100 PLAT 1250

#1*1)251
*M***NN.YMNaYMA.0.0 PLATI2S2 - 

-

IF(N100.LT.3) RETURN P1*11253
00 1 ‘(.t,NLOQ P1*1125’.
*MN *AMIN)(AN*4 .AT(kI) P1*1)255
V MNsAM IN 1 (YMPI,CTR I (k)) PLAT I2S6
*M*eAMAX) (*(4A.*T(1()) 91*7) 25?

— YMX1AMAXIIYM*,CTRII1()) P1*71258
CONTINUE 91*11259
YMA.$ .5’YNX P1*11260
CAL). GRIOC (*M*,*NN,YN*,TMN,*M*,*MN.VM*.YHN,lO,1O.1.0.4P$TIME,4,7PICPI*T1261

11JRM001,7) — P1*1)262
CALL 1114910? IAT,CTR1 ,N)00 ,AM*,AMN ,YMX ,YMN ) PLATI263
CAL L LINPL 0T (AT.C7R1 ,N100 .AMA.At414,YM*,YMN) #1*71264
CAL). FR AME Pl.*11265
CAL.). GRIDO (1.M*.*MN,YM& .YMN ,*MX .AMN.YMA ,VMN.10,10.1,0.4HTIME .4,74CP1A11266
LURMOO2,7) 91*71267
CAL L 11149107 IAT,CTR2,NZ00,*MA.A$N,YMX,YNN) #1*11268
CALL L1N91O1(AT,CTR2.N100 ,AMX,AMN. rMX ,Y MN ) P1AT 1269
CAll FRA ME PLATI27O
RETURN P1*1127)
1140 #1*1 1272
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SUBROUTINE CURRENT P1*11273
DIHENSION 1*8(1(2) , *TRA1B 2) P1AT)274

• - 91*1 1275
COMMON A . P1, ‘(0, INCA. NOIST). 0ISTO , ~(SIS, AJV (26). 91AT1276

1 7. #2, CT, IPICY . NOIST2 , INCXO. KS( S1, *314(26). P1AT 1277
2 K. #3. A1T~ A L NCX . PIOIST3, ISTOP, “(SETUP, ‘((26). P1*1)278
3 1, RA. NT, *INCY. NOIST4. TEDIT, NSETUP2, C(26). Pt.AT1279
4 AK. RAO• AIN. INCA), 01511, 0(1(0. ‘(5(11103, ‘(1(26). #1*11290
S DELI. AL ), AID. INCY) , 015T2 , 1(0112, NSETUP4. *1(26). #1*7128)
6 KSEN. *12. ANU. DELX. 31ST3. ~4POSX1. NSETUPS. WA(26.26), P1*T1282
7 NCAP , 141*0. NZAP, 1)117. DIST4. NPOSA2, 111(10) . 14(26.26). P1*71283
$ *1(100), Y1 (100), *1(1), CTR*C (1), CTRIUI.  CTR2 ( 1 )  P1*1125’.

P1*1 1255
DI MENSION AJVO (26,26). A3s0126.26), ‘(3(26,26). C0 26.24). P1*11256

1 *100(26.26) P1*T1257
P1*1)288

LEVEL 3. A JV D, *JHO, ‘(0. CD. £100 PL*T1289
P1*7 1290

COMMON /ECS)/ *JVO #1*1129)
COMMON /CCS2/ *3)40 PLATI292
COMMON /ECS3/ VO PLA T 1293
COMMON /ECS4/ CU - PL*T1294j COMMON /ECSS/ *100 PLAT 1295

- #1*71296
COMMON AZ ( 1000 ) ,A Y ( 10 00 )  91*11297

• C 91*11298
C THIS SUBROUTINE FOLLOWS SEVERAL CURRENT PATHS IN Tl”E IPAN5MISSION 91*71299
C FOR * SPECIFIC TIME THEN P).OTS 1.1(51 PATHS ON 4ICROFILM. #1*11300
C P1*1130)

XMP4 YMN O.0 PIAT 1302• VH* ANX AMA* 1 ( X , Y J  P1*1)303
IF (NStT(JP.EQ.51 rM* 4N4 1.5*y #1*11304
L*8(L(fla5I4TIH(a PLAT 13O5
LAB(L(2).’H SEC 91*11306
ENCODE (20,7,ATR*L6) 1A8€L(1),T,L*8(l(2) #1*11307
P4k!.? -- PL*T1308
PI2.3.)435926535/2.Q — - P1*71309
IF (NSETUP.tlE.5) N~ T.1 P1*71310
00 6 MMM .1,NKT P1*1)311
IF (MMM.ED.2)-*HXuYMA X P1*11312
*INCR (X MA .YM*)/1000, P1*11313
CALL GR ID’J (XM*.XMN.Y$X.YMN.ZMA.ZMN,YM4,YMN,1Q,1O.).),)~ix,1,1pjy,1,P).*713141*TPALB ,20 PL*11315
MNK.21 P1*11316
IF (NSETUP.tQ.1) MNK INCV 1 #1*11317
00 5 1.1.414)1 P1*11318
FI*.MNM—I . 91*11319
A* (1) XM * 91*71320
AY(1)s (l—1)~ y/F1* #1*11321
IF INS(TUP.141.S) GO TO 1 91*11322
Ll.(L.1)/2 - #1*11323
L0uL/2 P1*11324
IF (MMM.EQ.I,30.LQ,LT.l1.) GO TO 1 P1*1)325
* 7 ( 1 )— V P1*71326
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Pl*T1327
1 CONTINUE PL*T132d

IF INSETUP.NE .1) GO TO 2 PL*T1329
• Th(T.(L—1)’.P12,FIX P).*T1330

- P1*T133)
*Y ( 1).0.3SeY SI N(Tls (T )  91 *71332

2 CONTINUE 91*7)333
00 3 ka),999 91*1)33’.
I—(A* (k),*)~~(*I NCx—).) .2. P1*71335
Ja(AY (K)/Y)• (A INC7—1 .) .2. #1411336
*3.1 I—2)•0(L* #1*1)337

PLAT 1338
73.lJ—2) ‘OIlY PLAT 1339
72.13—)) •OLLY P1*71340
CALL PEADEC (AJps (I—)) ,AJMO (1—1 .J),2) PLA1134)
CALL P1*0CC (AJV (2),AJVQ (I .J).)) #1*71342
CALl. PEADEC (* J V ( 1 ) ,A J V O ( ! , 3 1) ,1)  PLAT 1343
CURH.AJ$(!)•(A2—Ax ))/OELA.AJH(1—1)’.AZ(K)—X3)/0(l* 91*7134’.
CURV.*JV(2)’IYZ AY (K))/Lltl.Y * J V (1 ) (AYI)1 ) Y3)/CLY PL*T1345
CUR SORT (CUR)4’CURH .CURv*C~JR ’() PLAT I3CO
IF (CUR .LE.1.u) GO 10 ~ 

- PLA T 13A7
A*~ (.7) -AX (K)—AINCH.CURV#’CUR PIAT 1348
AY (K .) ) .*Y (l() * IIICR’CURM/CUR #1*71349
p4•Jç PLAT I35O
IF (AX~~(.)).1T.O.0.QR.AX (K.1).GT.*MA .OR.AY (K.1).1T.0.O .OR.AY~~(.1).PlA T 1351

)GT.YMX GO TO 4 P1*71352
3 CONT INUE Pl*T13S3
4 CONTIHUE PIATI3S.

CAL). IINP1OT (A*,*Y .N,*MX,XMN.YMA ,YMN ) PIAT L3S5
CALL LINP1OT( ,*Y,M,AM ,X)4N,YM*,’(’414) P1.*T)356

S CONTINUE P1AT )357
CALL FR AM E #1*71358

6 CONTI NUE PLAT)359
RETURN #1*11360

C - _ P1*1)361
C • #1*1)362
7 FORMAT (*5,1P111.2.*4) — • #1*11363

(‘ID #1*11364
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SUBROUTINE UN.IIND #1*11365
P1*1 1366

COMMON A. RI. vO. INCA. NOISTI, DISTO. RESt S. *JV (26) . #1*11367
1 7. R2s CT . INC ?, NOIST2. INCXO . KSENSO . *314(26). #1*11368
2 )1~ #3. AL T. AINCX. NOIST3 . TSTOP , NSETUP, ‘((26). #1*11369
3 1, Pa. IT, *INCY . 1401514. TEOIT. NSETUP2, C (26). PL*T1370
4 AK. PAD, *114. INCA) , 01ST). 0(1(0. NS~TUP3. V 1 126). 91*7137)
5 DELl’ *1.1. ALO . INC’VI. 01ST?, T(01T2, NSETUP4. *).(26), 91AT1372
6 KSEN. 412. A~4U. DCIX. 01513. NPOSA1. NSETUPS. IA(25.2b). P1*71373
7 NCAP. 14)00. NZAP. UCLY. OjST4, NPOSX2 , IIXUO ) . 18(26.26). P1*11374
8 X)flQO ) , 71 (100). *1(1). CTRAC(1), CTRI (1). CTR2U ) #1*7)375

P1*T 1376
DIMENSION *JVO (26.26)~ *3)40(26.26). V0(26,26), C3 (26.28). #1*71377

1 *100(26.26) #1411378
P1*7 1 379

lEVEL 3, AJV Q. *3140, vo. CQ~ ALQQ P1*11350
#1*1 1381

COMMON /ECS)/ *.U0 P1AT1382
COMMON /ECS2~ *3140 #1*1)38 3
COMMON /ECS3/ ‘(0 P1*7 1384
COMMON /ECS4/ CU - P1*1)385
COMMON /ECS5/ *100 PLAT 1386

#1*11 387
COMMON OELPM1ISOG) , CUR (500). 114(1*1501), CURAV I500) P1*1)358
DIMENSION OELPMIA (500) P1*71389

C P1*71390
C THIS SUBROUTINE COMPUTES T’iE RELATIVE CURRENT DEN SITY CROSSING P1*71391
C AN ARC OUTSIDE TiE LOAD AND IT PLOTS CURRENT VERSUS T.’ET* P1*11392
C (I N RAO1AN S ) . IT THEN PLOTS 9.1! VERSUS Th ETA , WH ERE PHI IS Ts( PLA T1393

• C ANGLE SETWEEN THE C.jRPENT VECTOR *NO THE ~sEG AT IVE RADIUS vECTOR. P1*1139..
- - - - - C - - - - -  - - - - - - PL*T)395- • -

EQUIVALENCE (CURAV (1),OEIP$lI*U)) #1*71396
P12.3.1415926535/2.0 #1*11397
T $CT * ( 1 )—0 .0  P1AT 1398

• N.5u0 #1*11399
ANSN #1*71400
XMA.PI2 - P1AT1C0 1

#1*7)402
ZN*..50 - PIA11403
ZMN——ZMX - 91*1 1404
00 10 IM .1.20 PLATI4OS
R*Z—R1.O.O2~IM •Y P1*11406
00 3 K.1,N PLAT)407
AY-R A Z•5)14 T1.tT* K ) )  #1411408
A*.RAZ ’CO$ ( T M ETA ( K ) )  #1*7 1409
IF INS(TUP.cI(.2) GO TO 1 P1*11410
AY.TMITA(K) P1*11’.))
** RAZ #1*1)412
CONTINUE P1*7)413
Isl**/*)•(AINCX—1.).2. P1AT141.
J.IAVFY)•(AIPICY L.).2. P1*7)415

P1*1)416
Al.lI.$1 0(L* P LA T 1A1 7

PLA T 1418
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Y2 (J—1)’DELY PLAT )419
CAL). READEC l*J H( I— 1) .AJMOlI— 1.J ) ,2 ) 91*71420
CALL READEC (*JV (2) ,*J VQ ( I,J ) , 1)  #1*71421
CALL R(*OEC (A.JVU ),AJVU (J ,J—1) ,1) P1*11422
CURH.AJ M(I1• (*2—AX)/0E1*.*J ,UI—1) ‘(*X—*O)/DEIX PLATL423
CURV.AJV 12)~~1’VZ—*T )/DEl’V.*JVl1)’)*T—7Q)/DE1Y PLAT1424
CUR (k)—SGRT ICUR)s•CUR .I’CURV .CURV) 91*1 1425
IF (CUR( K).LE,0.) #141.0. PLAT142O
IF Cuc(x).1(.o.) GO 10 2 PLATI427
PHIS*COS (CLJRV/CUR),c)) #1*11428

2 CONTINUE PL*T1429
OEIPHI*’().PMI—THETAK) #1*11430
IF (‘(.10.1) YMN .YM* CUR(K) PLAT 143)
YMN.AMIN)(YMPI,CUR (Ic)) PLATI432

PLA T 1433
YMX.A$*X )( YM* ,CUR() 1)) P1*1 [434
T HET*tk .1)ST M€TA ( Ic ) .P12/AN P1*11435
IF (NSETUP.(Q.2I T$ET*4K.1).,c.Y/AN 91*11436

3 CONTI NUE P1*T)431
IF (Li4 .N(,Z) Go TO ‘ - P1*11438
CALL GRIDO (XMX.AMN,YMA,YMN,A14x .XHN,YMX,YMN,10,10.1,O.514T)4(1*.5,7i,pLAt)439
)CURR(NT ,7) 91*114-40
CALL LIPIPI.OT (TPIET* ,CUR ,N.XMA ,ZMN ,YMX .VM N ) P1*7144)
CALL IINP1OT (TH(TA.CUR .N ,XMA, *414,YHX .YMN) PLATI44S 2
CALL FR AM E P1*11443

4 CONTINUE P1*TL’4’.
CUR ( 1)SCUR(2) P1ATI4aS

PL AT 1446
DO 6 K.).?) P141)44 7
LLSK—I—NN/2 PLAT 141. 8

IF (-11.1.7.4)- CURAVIK).CUR (—IL) 91*1)449
IF (LL.EQ.3) CURAV ~ (1.CUR (1) P1*11450
ir (11.01.0) CURAV I().CUR (LI) PLAT)451
00 5 1.2.NPI #1*71452

Pt.aT 1453
KKI(.—Kk — 91*T1i.S-4
IF (KK .LT .G) CURSE—CUR kKK) 91AT1455
IF (KK.E0.OLCURSE .CUR(1) - #1*11456
IF 1~)1.G7.5OO) CUWSE .CUR(2*N— ’(k) P1*11457
IF (XK .GE.I.*NO.Kk .LE.590) CURSE .CUP (’(k) #t*T1458

S CIJPAV~~ ).CURAV1I) ‘CURSE PL*T1659
6 CUR*V(1 .CURAV ( K)/ NN P1*1)660

CURMX.CUR.4N.CURAVL1) P1*11461
CURA.CURN.CUR 1)0) PL*T 1462
00 7 K 2.N #1*1 1463
CURN*.AM*XIICUR*V (K ) .CURM* P1*1 1464
CURMN.AMIP,1 (CUPAV 1)1) .CURMN ) P1AT )465
CUR Xa*M&g1 (CUR K),CUR*) 91*11466
CUPIIS*$1141 (CUR (IC) ,CURN) #1*11447

7 CONTIMJ( #1*1)468
DEVIATE. CUPMX—CURMN ‘200./(CUR$4*.CURMN ) PLAT I4o 9
0EV2. (CURX—CURN) ‘200./ (CURA.CURN) Pl.AT 1470
PRINT 1). R1.R2.R*Z #1*7147)
PRINT 12, OEV I*TC.OC VZ #1*71472
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IF (1)4.141.2) GO TO 10 P1*11473

• CALL 00100 (X MX,AMN .YM*,YMN .AMA .* MN.YMX.YNN, 10.)0 ,),0,SHTHET* ,5 .5h P1AT 1474
ICURAV ,S) P1*7)475
CALL LINPIOT (THETA.CURAV ,~I,M 4*.*MN ,YM*,YMN) #1*71476
CALL LINPLOT (TIIETA ,CURAV ,N .*MX,XMN ,YMX .YMN ) PL*T)4?7
CALL FRAME PL*T 1478
NN.50 P1*7 1479
MaN—NN #1*71480
00 9 (.1,14 #1*71481
DELPHIAIIC) OE1PHI IK) P1*71452
DO $ 1.2,1414 91*1)453

8 DELPP4IA K).OClPHI* (IC).DELPI4I (ic.I—1) 91*1)484
9 O(LPMI* K).OELPI414 )/NN

CALL 00100 l*MX ,AMN ,ZMA,ZMN,*MX,AMN,ZMX .2MP4,)G.)0,1,0.SMTHETA ,5.7HP1*T1486
ZDCLPHI*,7) #1*11487

• - CALL LINPIOT (THET*,DELPHIA ,M,ANA .*MN ,ZMX.ZMN ) PL*T1’.U
CALL IINP1OT(THCTA .OELPPIIA ,M, *MA ,AMN ,ZMA ,ZMN ) #1*11459
CALL FRAME P1..AT 1490
CALL 60100 (X MA,*MN,ZMX .ZMN,*HA,*4N,ZMX,ZMN.)0.10.1.0,5MT)4ET*.5,61491*T14 1

IUEL#M1,6) P1*71492
CALL 11140107 (TMETA ,OCLPHI ,N .XMA .X$N.ZM*,ZMN ) #1*11493
CALl L1~IP1OT(T$ETA .0ELPHI ,M .XMX ,AMN.ZMX,ZM PI) #1*11494
CALL FRAME #1*71695

10 CONTINUE #1*71496
• RETURN #1*71497

C #1*1 1498
C
11 FORMA T U~ 1,5p,R 1 • .110.3.7’s #2 • .110.3,814 R*U • .110.3) PLAT1 SOO
12 FORMA T (j**,37.4PE~(CU4T THETA VARIATIO N OF CURRENT • .F10.2,9M OCVPLAT )501

- - 12-- • ,FIOb2 ,i/ ) • -  • • - 01*11.502
END 91*11503
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.4

SUBROUTINE IINPLOT (A .d ,N,*$*X ,A MIN,BMAA, BMIN) P1*7)504
DI MENSION Afi). 8(1) PL*T)505

C #1*7)506
C THIS SUBROUT I NE PLOTS 0*7* ON MICROFILM. PL*T1507
C - #1*1)508

CALL SMA PA IA HIN,A M*X,0.079.O.979) 91*71509
CALL SM*PY (BNIN,3MAX,0.079,0.979) 91AT 1510
CALL SVT RS (A.8.N) PL*T1SI1
RETURN #147 1512
(NO #1*11513
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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 list of variables in Appendix A. 

_ - _ • - _ • • - _ • “ _ • • - • “ • • - • • - -. _ • •  
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