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This paper describes the development of a high-speed computer program

for the solution of the Linear Poisson Equation

V- (kv8) +p =0,

where ¢ and p are scalar functions of two independent variables, and Kk is

a second rank tensor whose components
variables. The mathematical model is

the application of the program to the

statics demonstrates its speed and accuracy.

are functions of two independent
given in detail. Examples showing

solution of problems in electro-

Outstanding characteristics of JASON, in addition to speed, are the

following:

(1)

(2)
(3)
(1)

dimensional Cartesian systems,

generalized quadrilateral mesh,

mesh lines,

usage for both cylindrically symmetric systems and for two-
eompletely general boundary conditions (Neumanﬁ, Dirichlet),

utilization of algorithms which ensure continuity of ¢_acrosé



(5)
(6)
(7)

. =Vi- ‘ UCRL-18721

use of block iterative methods for solution of the equations,
ease and simplicity of -input,
consideration of nbnhomogeneous, anisotropic media through use

N

of the tensor K.
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' MATHEMATTICAL MODEL

In this section, a mathematical model for numerical solution of

the linear Poisson equation

vk Ve) +p =0 B (1)
is»construcfed; ¢ and p are scalar functions of-two independént variabies
andlﬁ.is.aksécond-rankvtensor whose components are functions of two in-
dependent variables._ The development is limifed to systems poSsessing»
cylindrical symmetry.' In addition, it is assumed that the tensor,’f, is
diagonal in the coordinate systém chbsén; |

-k (r,z) 0

6 =d(r,2) 5 o= olr,z) K = | . (1a)
: 0 k,(r,z)

eSU fem?

We will also show how the equations derived here for the cylindrical
case can be applied to two-dimensional Cartesién systems. The develOpF
ment given here follows the work of Zienkiewicz [1].

For systems with cylindrical symmetry, equation (1) can be written

as
22 e RS (0, ) a(rye) =05 (2)
this is the Fuler-lagrange equation assoclated with the functional
T 2 2 ’
I(9) = [ —;3 [Kr @i) + Ky (gﬁ;) -2p¢] drdz
R
. E : . (3)>
+ [ aqrp ds,
c

where R is open region of two-dimensional space, C is one or more

differentiable curves bounding R, and ¢ is assumed to be of class Clon R UC.
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Applying the variatioﬁél principle,lwe find that any fﬁﬁction, ¢, which
renders (3)»stationary‘ineR, satisfies (2) in'R éubjéct to the natural
boundary éonditioﬁ" H | |
(kve), +a=0 | (%)

on C,’where n denotes the. outward normal component on the contour C [2].
Note that the second integral in (3) is identically,zero whénever‘r is
zero (since ¢ is Cl);. This ensures that (KV¢), = O whenever r is zero,
a necessary condition for cylindriéai'symmetry. | |

To.ébnstruct a‘set of differénce eqﬁatiohs approximating (2) in R;
we use the ”finite element method"‘[lj.- We first diﬁide the region, R,

" into a finite number of subregions, or elements, R®, e = 1,:++,N ., such

that
)
U Re_R;
e=1 -
,Rean=¢ ;,e,f?‘_l,"',N , e¥f, (5)

and such that. the contour C is.approximated by an exclusive union of
sides of the RS, e = 1,...,N. For our purposes, we take the elements

to be polygons of four ‘nodes. ( corners):
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It is clear that_a construction of such elements.éan be easlily made to
satisfy conditions_(5).

Assuming that within each element the variation of ¢ is prescribed
by the values of ¢ assééiated with the nodes of the element, we have

#°(r,2) = [N]® (6)® = WSpy + NP, + NSy + Wiy, (6)

in which the matrix [N]€ involves suitable functions of coordinates.

The condition for ¢ to render I(¢) stationary is that

31(9) _ o,
a(b .

N ‘
For a given set of values of (¢} = Zl (¢)€, therefore, (3) can be

e=

rendered approximately stationary by satisfyingithé set of equations

élﬁé) =0 ; s =1,"*,m, . (7)

P
where m is the total number of distinct elements in the set {¢p} , 1i.e.,
_ N
the number of distinct nodes in the region R = 'elee.

Let I(¢)® be the contribution of an element, e, to the total integral

I(¢). Then we have

W) - 3 T8, (8)

M=

e=1

prbvided noﬁe of the I(¢)€ are infinite.. Since I(¢), and conseduently
I(¢)€, depends only on the first derivative of ¢, this condition will
be satisfied.if ¢ is of class ¢l on R and C. This was one of our
assumptiohs in applying the variational principle. A condition on the
1° e

matrix [N is, therefore, that it be constructed of functions ﬁhich
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are of class C:L on R¢ and-Ce, c® denoting the boundary of the element
RE. | |

Using equations (5), (6), and (8),we have the .following relatiOn:

e e .e e ' :
L) - 1e1%91° + m°, ()
o{e} :

where the elements of the matrix [S]€ arebgiven by

. e e
s = kpr O ONF grap
o e or Oor

v e Nn€ _
J Kzrgyh.gyﬁ.drdz 5 on,m o= 1,0,k
z Z -

Re
and the elements of the vector (F}€ are given by
¥ = f qrmz ds - [ pxN® drds 3ono= 1,eee,k, (11)

Equations. giving the approximate set of potentials can now be obtained

from equations (7) and (8) together with (9):

- 0I(¢) _ & JL(¢)€ _
5___%6@r_ = 0 (12)
=> [5] ) + () = o, (13)
Snm'=;%'sim’
(1k)
F, =3 Fe.

the,fhat the sums in (12) and (14) need to be taken only over those

€lements which share the node n, since
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if I(¢)€ does not contain ¢n_(and hence node n).

We have byet to construct the matrix [N]. To do this, we need
.to find a function of the coordiﬁates, r and zZ, ﬁhich suitably describes
the variation of ¢ over an element, and ensures convergence of the
approximate minimiiation process given above. As was shown earlier,
the function must also be of class CL on RS and C® to be admissible.
This restricfion can be shown to be sufficient to ensure convergence.
provided the function can take on é.constant value in an infinitesi—
mal element [1].

Considering the above restrictions an appfopriate function is the
bilinear form

¢ =0y + Ot + Qm + Qe | (15)

where § and n are local skewed coordinates defined as shown:

The values of ¢ at the four nodes of an element will then uniquely

determine the four coefficients in (15) for that element, and hence



-6-'» . UCRL-18721

the components of [N]e. Solving for_the.afs in terms of the»nodal

values of ¢, we have the following expressions for [N]€:

Ni v= %(l_g)(l-n )9
Ng = %(l+€)(1‘”);'
e | (16)
W = +(1+£)(14), |

W = H(1-£)(14m),

where the local coordinated £ and n are related to the global coordi-

nates r and z by the formulas

NSzE + N z Neze + Nﬁzﬁ,

e _

2% 05 3%3

: (17)
re = Nr + N re + Ner

e_e e, n&C
T R~ 33 Iy

Equations (10) and (11) may now be used to obtain the elements of
the matrix [S]€ and the vector {F}F, respectively, from (16) and (17):

e
Spm = KrIl(Re) + KZIE(Re) ; n,m

H

1,00,k o (18)

) ,
Fy pIB(Re) + 2 aTy (c®) 5 n
j=1 J

where it has been assumed that the tensor}ﬁ and the function.p(%,z)l
are constant over.a given element, and that the functipn q(s)visﬁcdn-
stent over a given boundary seetion between nodes.. .The quantitiesvin
(18) and (19) denoted by I, (D) are easily evaluated by the application

of Gaussian quadrature to the expressions listed below.

1,00,k (19).
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- 141 ¢ parfn® |
T (RS) = [+ [T L_(x N - or ON )/ o Um)daedn, (20.1)
e f—-l -1 ]J|e<5n Ot Ot on /'on o 3t o ) i

areame>(§£?§g;__'areaNe

R B I YL ML
1.(R%) = L (S22 22 ) (22 - 22 ) aedn, (20.2
27 f_]_ -1 IJ!e(Bg on dn ot )(5& n dn ot ) g ( )
1,(5%) = - [ f+i r°w| 7] “agan, N (20.5)
1 ' ' ,
Il(c»e) = f+ rNs dE 5 on=-1, . | -~ (20.4)
L e +1 e e : '
I(C%) = rW_ dn ; ¢e=1, : | - (20.5)
-1
+1 : ' '
Is(Ce) =/ rN a8 ; =l S (20.6)
-1 n . .
e +1 e e
n(c) =/ r Nodoo t=-1, (20.7)

e
where IJI is the Jacobian determinant

(21)

The total matrix [S] and the total vector {F} are now obtained

through the use of (1k4).
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Modification of the Algorithm for 2-D Cartesian Systems

The mathematlcal model we have Just glven for cyllndrlcally sym—
metric systems caﬁ, with only mlnor modlflcatlon, be applled to two-
dlmenslonal Cartesian systems. _ : ;

In Cartesian coordinates,vequations (1) ana (3) are, respectively,

B Y Y D o R =
and | | . .
o p) _
vI(qb) =£ %[KX<%Z> + Ky <—2—(5> - 2p<é]dxdy |
| (23)
+ aq¢ ds.
.C .

Carrying the transformation through, we find the following eXpres-

"sions for the coupling matrix [S] and the boundary vector {F}:

e . anS on®

s = K, —m —n dxdy
om rlfqe X 3% ox
+ [ Ky__l\Im_l\Tn dxdy ; n,m = 1,»+,k4, (o)
RE dy Oy .

e e : e ’
F-=[ qN ds-[ pN dxdy ; n=1,:0,k - (25)
m e n . ]

c RE :

Since we have used the same type of element in both cases, all
the ;statements made regarding regions and boundaries in the cylindrical
development are valid here.’ In addition, the expressions given for

the matrix [N]e in the cylindrical case are identical to those for

the Cartesian case.
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It is now apparent that all of the difference between the two

systems is contained in the quantities

I (R%) 5 1=1,2,3
and

. e .

I, (€7) 5 1i=1,2,3,h

Making the transformation z — x and ¥ — y in (17), we find for the

Cartesian case

+1 41 e, e e, e e e e e
Il(Re) = _;Lg.éi on - oy §§n><§l §E@1_ Sy égm) dedn, (26.1)
-1 -1 4] 3 Ot Ok Oy /\dp o0& Ot On
ey L 1 % ox%n® 0o | oxan®
I.(R") = [ (S L X)Xy - XD )
2= -1|Jle(aean“ st )G oy o) ey (262)
i .+l +1 e :
L(E) = o[ [ wm |3l aa, | (26.3)
-1 -1 . _ o
e, L1 _e
n,(c7) = J (e o=l | (26.4)
41 '
L) =) Moa s o=l B (26.5)
I5(07) = [ My de 5 on=l, (26.6)

+1 -
I)_F(Ce.) - f_l Nfl an. ;- e=-1, . | | (26.7)
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where N . . ' . . . i

10}
Q/
>
Q/
e
o/
M
Q/
=

(27)

&
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SOLUTION OF THE DIFFERENCE EQUATIONS -

From (10) it is obvious that the matrix [S] is symmetric. Since
a given node is coupled only with the nodes of the elements which
share it, [S] is block tridiagonal. In addition, if we assume that

K,>03 K >0 (28)

[so that (1) is elliptic], it can be shown that [S] is positive def-
inite. We may therefore apply the method of "normalized successive
block overrelaxation" [3] to the solution of the system (13).

Partitioning [S] by rows into block tridiagonal form yields:
By G

[8] = \\\\\
- 0

(29)

where the submatrices Bi and C; are of order Ny, 0y being the number
of mesh points on the ith row, and are all tridiagonal. Also, since
[S] is symmetric and positive définite, it follows that all of the

submatrices B; , 1 = 1,-*+,L are symmetric and positive definite:
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(30)

e

'Sincé’Bi is a real symmetric and positive definite tridiagonal

matrix, it_has'the unique factorization

, 31 =D;TiT.D; 5 1= 1,...L, ' B (31)
where . ‘
— -~
1dy .
_ a 0 A _'[ - "”2]%'v
D, = e 4 =D2 54y = b, (cj_l/dj_l)
0
J =2,...,04,
dnil _
and '
(— )
1 e
1 82 0
Tl = N ‘ ; e, = Cj/(deJ+l)’
Y \\\\\\ J=1,...,n,-1.
1le
. *n, -1
L ’ o

With the vector of ¢ values and the vector of F values for the

ith row denoted by ®; and G; respectively, and with -

Hl

-

-1 | |
D%y , My = -D; Gy 5 1 =1,...,L, - - (33.1)
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-1 -1

P,=-D_CD ;i - 2,000 ,L, ' (33.2)

normalized successive block overrelaxation is defined by

(ry Ty) 9)E(iml) E'Pixgﬁl); Pi+1X:('LTZ>L + M, o (3k4.1)
X(im+l)'= © (§§m¢l) _ Xgm))'+ Xgm)" o - (3k4.2)

‘where m is the iteration number and w is the overrelaxation factor.
The system of eQuatiomsdefined by (34.1) can.be solved directly
by the: following algorithm:

Bi= 8 s By T Ega- el 5o J=Lernsl, (35.1)
X, =hy o, oxg=hy-ex, 5 §=10m-1, (35.2)

where we have denoted the jth component of the right-hand side of
(34.1) vy g3 - After the iteration given by (5&.2) has converged, &;
can be obtained from.the/solutipn Xi by application of ﬁheirelation‘

I -1

®, =D % - (36)

Note that the entire procéss defined by (34.1) and (34.2) takes
at most nine mﬁltiplications and ten additions pervcdmponent per
iteration, which is the‘same number as the point overrelaxation‘
method reéuires. If the number of itérations is large, the time

required to set up the matrices Di s T Mi,and Pi' , and to

i 2
obtain @i from Xi’ will be small compared'with the total execution'
time. Since the rate of convergence of block iteration is theoreti-~

cally faster than point iteration, its use in JASON will result in’

more efficient computation.
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The optimum overreilaxation factor can be calculated from the largest
eigenvalue of the iteration matrix just as in point overrelaxation [3]:

wopy = 2/(LNTR). (37.1)

For o < Wept, N can be estimated from w and the convergence rate, § [ﬁ];
| A = (0+5+1) /(wNB), _ (37.2)
where B is'defined as )
B = [ LS, (573
m being ﬁhe iteration number. We may therefore update 6ur estimate for

Wopt at any stagevof the iteration.

R -
. o ‘
U S
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COMMENTS REGARDING THE PROGRAM

The use of quadrilatefals in the deri?ation of tﬁe JASON algorithm
enables us to approximate any arbitrary boundary curve by a union of B
element sides. In-this manﬁer, boundary curves will alwa&s lie along
mesh lines. VAS fiher meéh spacing will bé required in some regions to
fit boundaries than in oéhers, a‘nonuniform_mesh is requireﬁ. Con-
struction ofvsuch'a mesh by hand can be a forﬁidable task, particularly
.since, for reasons of stability and accuracy, mesh variations shouldv
be smooth{ To alle&iate éuch problems, JASON has been provided with a
mesh gene?ator; o | | |

The ﬁethod of generation used is thét of "Equipotenﬁial Zoning"

[5]. In this method, the mesh lines are regarded as two intersecting
sets of equipotentials & éﬁd ¥, which éatisfy Laplace's equation in the
intefior of the region and taﬁe_on éuccessive integrai values along the
boundary. .Performing a hodograph transfofmation on the equations

v 245 =0 ana ﬁgw = 0 produces two new;v equations Whicﬁ will. yield the
coordinates of the mesh points (intersections of ® lines and ¥ lines)
directly. These equations are réplaced by their representation in
finite differences and solved by successive point overrelaxation.

Since it may be difficult to estimate the execution time required
for. some préblems, é restart brocedure is provided. ‘The mesh coordinates
and the iteration matrices are stored on magnetic tape as soon as they |
are generated. If it appears that the time limit will be exceeded before
the iteration has converged, the current values for the elements ofvthe

solution vector are dumped on the tape. Exeéution may then be initiated



16- UCRL-18721

at thié ﬁoint, in a succeeding run, by reading in the dump tape. The
control cards,'input at the start of_the programn, will‘ensure that the
tabe is read and that‘ekecution resumes at the proper point.

During the iteration phase, the parameters €, &, and w, are printed
every few cycles to monitor the convergence. Two of these, w and &,
have been defined previously in (37.1) and (37.3), reséectively. The
parameter €, which is just the Euclidean norm of the relative efror, is
defined by. ‘ _

P S 5 o (38)
where n deﬁotés theviteration nﬁﬁber and x denotes én élement of the
solution vectér X; defiﬁed by (33.1). For convergence, it‘is normally

required that € be less than 10~7. Once this criterion is satisfied,  the

iteration is terminated and the solution vector is calculated from (36).

In most cases, it is not the potential that is of interest,vbutkthe ’

negative‘of its gradient. A set of subroutines for calculating the
negative gradient of ¢ is therefore writtén into JASON. The edit
‘routine fits a harmonic polynomizl, in thevleast-squared éense, to a
specified set of mesh points surrbunding the point of evaluation. The
derivatives of the polynomial are then taken as approximations to the
derivatives of the potential. To produce better averaging of error,
the centroids of the mesh elements, rather than the nodes, afe taken
as the points of evaluation. If the problem has B@/Bn:O on the»loﬁer
universe boundary, as in the cése of éylindrical symmetry, an edit is

also taken at the centers of the element sides composing this boundary.
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INPUT TO JASCN
The several tasks performed by JASON are under the control of five
"execution" conmtrol cards. Thése cards and their.functions, briefly
- stated, are'aé follows:

(1) GENERATE *¥ based on the inpuf data, JASON will generaté a
nonuniform quadrilatefal mesh and calculate all values needed
for solution;

.(2) SdLVE ¥¥ gsolve for the potential (¢) in the above mesh (ho
input -data required); o -
.(5) EDIT ** calculate the negati&e gradiént of thé poténtial at
” quadrilateral éentroids (no iﬁputrdafa fequired);
(4)‘ MPLOT *¥* plot the generated mesh showing all regions and
_ boundaries (no input data required);
(5) VPLOT ** plot N equipotential lines, where N is an input
quantity (infeger) less than 101.

Any or all of the five éptions may be_used inva‘run;uhowever, ordering

of events must be dbserved, l.e., GENERATE precedeé alli, SOLVE pfededes

EDIT, MPLOT, and VPLOT, etc. In addition, if either GEWEBATE or SOLVE

is ﬁissing, the program assumes that the dump tape (TAPE35) is to be read

in; Each option is pﬁnched on a single card startihg"iﬁ column one. A

blank card must follow the last control card to signal the end of control

information.

| The complete problem description, including mesh size, material
regions, and boundaries (Neumann, Dirichlet), is input in the GENERATE
phase. If the problem has cylindrical symmetry (LIN = 0), the lower

universe boundary is automatically set to d¢/dn = O by JASON. The other
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universe boﬁndaries are specified by the. code as Dirichlet with ¢ = 0,

but may be set otherwise if proper input cards are entered (see D and

E below).  If the problem'is given in two—dimensioﬁal\Cartesian coor-".- -

dinates (LIN=1), JASON sets all the universe boundaries to Dirichlet with

¢ = 0. As in the cylindrical case, these specifications may be éhahged

by appropriate input. The following list describeé the GENERATE phase

input in detail. The order of the list is the same as that which must
appear in the data deck. vAll input is format-free, the only requirement
being that entries be éeparated by one or more blanks.

A. Name Card *¥‘This card may contain any information punched(in
columns 1-80. It will be'used as an identifief on‘the printed
output and the plots. | |

B. Mesh Info. ** The next card must definefthe maximum K and L coor-
dinatés (KMAX,LMAX), the number of material regions (NR), inclqding
the universe, and the sentinel LIN, as described above: |

KMAX IMAX NR LIN
All vaiues-are type integer. LMAX*KMAX must not exceed the dimension
of the program arrays. | |

C. Material Regions ** NR sets of region cards are required, one for

each closed material region. The first card of each set must contain

the number of points used to define the region, the material constanﬁs,

KR and KZ, and the source density, RHO:

NP KR KZ RHO/
NP is an integer, while KR, KZ, and RHO are floating-point. The
first set of region cards must define the universe. The remaining

NR-1 subregions will override the values of KR, KZ, and RHO set by
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the universe. For each of the NP points, a card must be input to
give the mesh coordinates (K;L) and the point coordinates (X,Y):

| K L X Y | ' ,
where X aﬁd L are integers, and X and Y are floafing poinﬁ. Since
'regions are defined along lines of cdnstant K or constant L, for any
two consecutive points it is required.thét Ky =Kj4q or Ly =1L; .4, but
not both. Aléo, since the regions are closed, (K,L,X,Y)lz(K,L,X,Y)NP,
i.e., the first and last points must coinéide.

Neumann Boundaries ** Neumann boundary conditions may be specified

only on the edges of the previously defined material regions. Input
consists of the mesh coordinates of the first point (K1,L1), the
mesh'coordinates of the 1ast'point (K2,L2), an integef designating
the direction of the normel (IQ), and the value of the normal deriv-
£i§é (Q):

| KI L1 K2 12 I Q s
where all the entrieé are integers except Q, which is floating-point.
As before, K1 = K2 or L1 = 12, but not both. The normal directions

are specified as follows:

IQ =1
lisre0g4 00000 77 rrrgrr— s fOr Ll = L2,
IQ =3
and '
Q =2 , - 1Q = 4, for K1 = K2.
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The normél direction must be faken as outward from the universe or

or region of interest. If the boundary condiﬁibn is to be impééed

on a universe-boundary ér section theréof, it:is>restricted to contain
at- least three points, i.e.; ILl—LQIZE or [Kl—K2|22. For én intér~
Tace between twovregions, caras.must be input for both regions, i.e.,

for each Neumann interface card with IQ=J,Jd =1, 2, and Q = qi,

_ there_is a second card which is identical exéept for having IQ = J+1

B . : t
and Q = g,. This results in an interface condition of the form

(5]_ Y¢)n+ - (£QY¢)H_ + g F dn =_O: (59)
where n denotes the normal direction outward from the region with
matériél tensor'gi; and n+ denotes evaluation of the fuhction on the’

side of the interface containing material 1 (with n- conversely).

Observe that when the region on one side of the interface has (KR,KZ)=0

(or undefined, as in the case of the universe boundary), equation (39)

reduces to equation (4). In this case only one card is needed with
the normal spécified és outward from the region having (KR;KZ) %O.v
If g3 = =q@ or q = 0, no boundary cards need be input. The intér—
face'or Neumanﬁ condition will be automatically satisfied.
FolloWing £he Neumann boundary cards, there must be a card

punched, |

0 S | ' .
This card must be present even if no Neumann boundaries are Specified.

Dirichlet Boundaries ** A set of céfds is needed for each Dirichlet -

boundary. The first card will give the number of points (NP) used

to describe the boundary, and the potential (¢) at each of the in-
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clusive points. As in the material regions, NP cards must follow
giving (X,L,X,Y) for each point. Again we'have the festriction
that‘for any two consecutive cards K; = Ki+i of-Li = Li41,.but not
both. - The last card must be punched

o . o. . | ,
Thisvcard must be present, even if no Dirichlet boundaries are
specified, as it terminates the'reading of data input for the
GENERATE - phase. ‘

In all cases tﬂe dump'tape (TAPE35) is required for execution. -
In addition, JASON requires a TAPE1l for the GENERATE and MPLOT
bphaSes.' This tape is used to store the region information input in
the GENERATE phase. MPLOT then uses this information in producing

the mesh plot.
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POSSIBLE EXTENSIONS OF JASON

" General Anisotropy

In deriving the syétem of‘equations (13) from (1), it was assumed
that the tensor x was diagonal iﬁ the global.coordinatevsystem. Ob-
viously, this restricts us to consideration of pfoﬁlems in which the
principal axes of all materials are parallel to the globalycoofdinate
axés. This'festriction can be removed by aésuming‘g td be diagonal in

some local coordinate system for each element in the mesh. The axes of

this local coordinate System are then parallel to the principal axes of

the material in that element. Equation (1) is now the governing differen-

tial equatidn'in the locél coordinate system for each element, and
expression (19) may be éValuated for each element using local coor-
dinates. Thesé results ére then transformed to the global systém
before aésémbly, as specified by (14), into the tdtal [s] matrix and
[F}vvector. Therefore, if we know the'trénsformation from local tq
global coérdinates for each element, proble@s with general anisotropy
may be considered.

Nonlinear Problems

Ir we.aliow,the tensor k to be a function of ¢ or its derivatives,
equation (1) becomes hoﬁlinéar. If we use a restricted variation [L],
however,.this in no way effects;our derivation of the system of equatioﬁs
(l3).lj0nly our method of sblution needs to be changed. A mefhod such
,as'ﬁﬁinearized‘sﬁcceSSive Overrelaxation"'[H] could be applied to solve
the héﬁlinear'system (13). As Kk will change in value as the iteration

progresses, it is obvious from (18) that more storage will be required

»
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than for linear problems.’
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APPENDIX A
Expressions for the Partial Derivatives in (20.1) - (21)

O () (xex) + (20 )(x5r) (a1.2)

o T ) e G, )
. e ’ !
gnz - %[(;-g)(ri-ri) . (;+g)(r§-r;)] (A1.2)
g_: = HO)(z5-25) + (1)(25-2p)] (A2.1)
02 17(1:6)(28-0) + (148)(28-2%)] (22.2)
S s 3772 |
aNe I ?_N_ - _l-,. N A .

| 5-é-l_ =H1-n) aT]l (1-£) ( 3).‘
My _ 1(1. My _ 1y, 4
-ggg = (1) ’ 57]2 u(l+§) (Ak)

- ane 1 NS 1 '
= = (1 3 —_— = (1 A
'af i (14n) 8nB 1 (1+¢) ( .5)

e ' e

My o (i), Mo H(1w) (46)
R n -
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APPENDIX B

Harmonic polynomials for Cylindrical Edit

2 2
v - - 2
(I‘,Z) = a + a_z .+ a (Z r / )

+ a3(23-3r2z/2) + au(zu-3r222+3ru/8).

Harmonic polynomials for Cartesian Edit

Vix,y) = B, 83X + ayy + axxy % ah(xz—yz)
+ a5(x3-3xy2) + a6(y3-3xgy)-

V(x,y) = ay + aix +'au(x2—y2).+ a5(x3-3xy2),

for the case of symmetry about the x-axis.

UCRL-18721

(B.1)

(B.2)

(B.3)
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APPENDIX C

Sample Input toIJASON

Figurevl shéws a préblem‘in electrostatics which may be run.on
JASON. Tt is a contrived problem which serves only to exemplify the.
inpuf.setup. The pfoblem, ﬁhich.has cyiindriéai symmefry,‘consists
of a perfectly condﬁcting paraboloid (A), a»perfectly conducting
disc (B), a small disc of cﬁarge (c), and a dielectric disc (D).
The ﬁﬁniverse” in which this construction is enclosed conéists-of two
.grounded, perfectly conducting discs 40 cm apart, and a perfectly
insulating cylinder 30 cm in radius; - B

The fifst step is to decide on a me;h size and overlay the
problem gédﬁetry.v Figure 2 shosta ldéicai diagram for the prob1em
in mesh with KMAX = 41 and IMAX = 31. Observe that grid A has been
represénted by a straight line 1in mesh céordinates; Pigure 3 shows
grid A zoned to more nearly épproximate the parabola. For the sample
run, the zoning shown in Figure 2 was chosen as it will demonstrate
the mesh distortions that can result from poor zoning.

There are 3 material regicns to input, i:e., the universe, region -
C, and region D. The problem has cylindrical symmetry, thus our first
two cards are: |

1. SAMPLE CASE USING VARIOUS FEATURES OF JASON

2. L1 31 3 0 - . 5
and the universe region card is

10 1. 1. 0.

K, L. 7, R. } 10 cards
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.(see Appendix D for a listing of the 10 points); .The 10 points include
the four corners, and the 5 points whicﬁ touch the lowef boundary at
grid‘A, grid B, region C, and region D. Since regions C and D are
rectangular and straight (in r-z coordinates), ohly 5 points are needed
td'describe each of them:

5 1. 1. 100.

Ki. L Z; R; } 5 caras,
for region 2, and

5 7. 7. 0.

Ki L, Zy v' Ry } 5 cards,
for region 3 (see Appendix D for a listing of K, L, Z, R for the .
above). - |

The upper boundary is refleéfive, S0 a Neuﬁann condition must be ‘
imposed:

1 31 4w 31 3 o.

A card punched

0 S
must follgw this to terminate readiﬂg of these“boundaries;

The two grids, A and B, are Dirichlet boundariés. vaid Bkis
the simpiest to describe since it is straight,idé;,z_is constant.
The input cards required are: |

2 1000,

27 1 25.  o.

27 i6 25.  15.

Grid A is neither constant iﬁ z noi constant in r, so all 17 points

must be input:
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17 | -1000.
Ki L, 2, R} 17 cards | |
(see Aﬁpendix D for.a listing of the points). Finally, a card punched
o o
is requiredvto terminate the GENERATE iata set.
Figure 4 shéws the plot of the gencrated mesh (MPLOT option).
This mesh could have been made more uniform by using the logical
diagram for grid A shown in figure 3 rather than that of figure 2.

Pigure 5 shows an equipotential plct for this sample case. The last

card in the data deck contains
2 5 . /’/’/,.”' s
. ) /
to indicate _to the VPLOT option that 25 contour lines are to be

plotted.
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PROBLEM EXT. .
Ceag=FOR
COMMENT INPUT Ed&R. JASAN

C
0
STt 1 SAME CAC FORTRAN STATEMENT
t12(3fa|s5]|6|7{8|9[t0|11112]13|14[15[16}17]18[19 ZQ 21)22|23{24(25|26{27]28129 5‘(’)3!32“\1“’4536 37(38]39|40|41(42]43{4445/46|47|48|49]50[51]52(53|54[55|56i57|58 59606 1|6 2/6 3| 46566!6768 69{70|71|7
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EDITT
P
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4] NG CEMMENTS| IARE| IPERMITTED. [REED THE! INAME| (CARDL 'S
41 31 3 Q $ [KMA AX] TN S
1o . . 0. | $| REGQEN| REGTION $
1 i Q. Q.
14 1 al. Q.
24 23l Ol
P A 2RI | 9.
2N 1] s, .
R 1 3Qi. G.
41 ) AlQ. Q.
44| | 134 | |lalolL] | |30l
ALl o.l | |3a.
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24 i 213, oL
25 23005 | ol
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FORTRAN
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D

3| NEUMAN

3
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$ REGITIN
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Q.
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©
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1S,
118,

Cla

Ol
180

o

133
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EXT.
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$
Q.42

Ol (21814

'y
Y

Alol. OIRA2IS)

1.

203/
203,
2ls
3oL,
30
$| mirls| [ARD! [REQLITRED $
ASH
SR

414 134

QA .
-1 OIGG,

s

A6
AG

c
T
2N

10
ALY
i
14
Al

24
21
31
2|n

COMMENT {0
STATEMENT |N
NUMBER

112(3fa|5(6|7(8]9[10|11|12)13|14/15|16[17 18|19 20|21]22{23|24(25(26[27|28129(30(31|3 2{33|34/35(36(37|38/|39| 40 |4 1|42 |43|44(4 5|46 47| 48|49|50|5 1 [52{53[54|55| 56|57 |58 | 5960 61626354656616768697071 72

PROGRAMMER
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PROBLEM EXT.
Cif=FOR .
COMMENT

STATEMENT
NUMBER

-ZoOn

FORTRAN STATEMENT

112(3[a]s|6|7[819|t0[11]12

w
2
rY

1a|1s(16/17 (18|19 20|21}22(23(2 4{25[26127|28|29|30|31132(33(34{35(36(37(38(39 40| 4 1|42|43/44145(46|47| 48(49/50(51|52(53/54(55|56/57(5859/60{6 16 2|6 3)6 4|65 GGE7 68|69[70|71

_Zg_

A 8 44 =242 .
1A > 121, al.
14 ') 2015121 bls ol.
104) | 404 A3 4128 el
14 i ARL.18412S A4 .
i 12 14/..8 A2,
Al 14 S| . [2i814 A4S 2
14014 AR 1/4.
440 |4 1nl. oz 1ls]
Al | A7 Q. 1el. 3 END blBL $
Q Qs 3| TRTS| [CARD QLILRED| $| 1$ END IGENERATIE [DANIA $
$_ Phlerl INz[2)s] Eolurieidmentioial] [LiriNelsl [§
$ ND | DIATA $
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STATEMENT

PROBLEM ) EXT.
Ciif=FOR
comvent o | SAMPLE DECK SETUP £4R
TEM

—“—ZOon

NUMBE R FORTRAN STATEMENT

KY CHIPPEINA 2 RAT I ST

t{2]|3[a{s]6|7[8|9|10(11[12)13[14]15!16]17|18[19 20|21/22(23{24{25|26[27/28|2930|31{32{33(34/35(36{37/38(39| 40(4 1|42 |43/44(45 /46 |47(48)49{50|5 1(52|53[54|55|56/57|58| 59|60|6 1|6 2/6 3 46566&768697071

,—€€—

EAS&M, J2lool i .42 (412004], SIACIKIETT
REQUlERF [Halblelas).| laasienl Dume! [Tap
RIELIINDI(TARERISD
REQLEIK| MmAPEMAL| ITJASKIN Me) dn] TAIR
CleTINDI(TAPE[4])
QUEST-TARED OL L CIALIC A MPL- DL 4. [TAIPE
WENDICTARIEDS-).
LN
cheyiREOMh L L rARPERED
ONLIDA D! (TIAPEIRIS])
MNLIGIAD|(TIAPEAD
lgn Chnhon Ik g N VY Suladalv (4D
SAS 4N Prc,o" AR 9
Nle Chaadad X A LA A 4]
SIAR & D Dalo
ef1eD (. X vl el SobAnd a4




APPENDIX F.
OUTPUT FROM SAMPLE CASE

-34 -

SAMPLE CASE USING VARIDUS FEATURE OF JASON

CYLINDRICAL SYMMETRY

KMAX= 41
LMAX= 31

3 MATERIAL REGIONS =~----

RESION 1 10 POINTS KR/<Y= 1.00D00DE+ID KZ/KX=
K L 1/x R/Y
1 1 2. 2
11 1 10.000000 0.
26 1 23.000000 de
25 1 23.500000 0.
27 1 25.000200 3.
31 1 30.000000  O.
41 1 42.000000 0.
41 31  40.000000  30.000000
1 3 3. 33.000000
1 1 0. 0.
REGION 2 5 POINTS K3/KY= 1.0000DE¢0D KZ /K X=
K L /% R/Y
24 1 23.000000  O.
25 1. 23.500000  J.
25 2 23.50000¢  1.000000
24 2 23.000000  1.000000
24 1 23.000000 0.
RESION 3 5 POINTS KR/4Y= T.000006+3) KZ/KX=
K L /% R/Y
27 1 25.000000 0.
27 16 25.200000  15.002000
31 16  30.000000  15.000000
31 1 32.200000  OD.
27 1 25.000000  d.
NEUMANN BOUNDARIES —-—--
Kt Ll K2 L2 SICE VALLE
1 1. 31 &1 31 3 0.

OIRICHLET BOUNDARIES —-==-

2 PDINTS WITH POTENTIAL 1000.0000

K L . /X

27 1 25.000000
27 16  25.000000

RZY

0.
. 15.000000

17 POINTS WITH POTENTIAL -1000.2000

K L z/x
11 1 12.000000
11 2 13.231250
11 3 10.125000
11 4 10.281250
11 5 13.520200
11 6 10.78125¢
11 7 11.125000
11 8 11.531250
11 9  -12.220220
11 10 12.53125¢
11 11 13.125000
11 12 13.781250
i1 13 14.500000
11 14 15.281250
11 15 16.125000
11 16 17.031250
11 17 18.200020

R/Y

0.
1.000300
2.000000
3.000000
4.000000
5.000000
60000000
7.000000
8.000000
9.0C0000
10.000000 "
11.000000
12.000000
13.002000
14. 020000
15.000000
16.000000

1.90803)E4)):

1.2000)E+d)

T.300D)E+D):

RHD= ).

RHO= 1.00000E+D2

RHO= ).
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CYCLE CONX coNy RHOX RAOY
2 .038753190 .002920000 1.600000° 1.600000
3  «0D9442887 000000000 1.600000 1.600920
& 034631389 ,0DJ030000 1.603000 1.600000
5 «024287316 .00DDIDIDD 1.60000D0 1.6004000
53  .0222))3533 .0J33050000 1.754197 1.933059
54 000022420 0003020000 1.754197 1,933959
55 000033332 .000000000 1.752118 1.933959
56 033003256 .05ID30ODO 1.752118 1.933259
8.860 SECONCS *%% bk ke

MESH CONVERGED IN

& k%

TOTAL GENERATION TIME (INPUT, MESH, COUPLINGS) IS = 22.630 SECONDS

- SAMPLE CASE USING VARIOUS FEATURE OF JASON

C IN

CYCLE RESIDUAL/LENGTH ETA OMEGA

5 9.573082E-02 7.339291€~-01 1.543825
10 24545261E-D2 Te927697E~01 l.598281
15 8.651603E-03 8.036985E-01 1639139
20 3.486743E-03 8.555828E~01 1.690728
25 1.996238E-03 8.756749E-01 1. 733917
30 1.214129E-03 8.881173E-G1 1o 767805
35 T.821747E-D4 8.983839E-01 l. 794622
49 4.944T792€E-04 8.889433tE-01 1. 808608
45 2.T0356TE-04 8.657303E-01 l.811752
50 1.218492E-04 Be369T45E-01 1. 889383
55 4.474595E-05 8.078318E-01 1.8D5638
60 1.349362E-05 7.810448E-01 1.803245
65 3.349595E-06 T.614643E-01 1. 863507
70 6e733424E-07 7.818117E-91 1.800798
15 1.508363E~07 9.573081€E-01 1.853679
80 1.188036E~D7 9.015228E-01 1.856178
85 5.979263E-08 8.4883G68E-C1 1. 852582
90 1.847556€E-08 T«75859TE~D1 1.868906
97 1.203478E-D9 9.264783€E-01 1.426285

PROBLEM CCNVERGE 8.522 SECONDS wEx xk wh%
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J.

1.20)
2.20)
3,002

4.30)

5.00)
5.30)
7.J0)
8.00)

9.30)

10.00)
11.002
12.30)
13.00)
14.00)
15.000
16.00)
17.00)
18.230)
19.000
2).00)
21.90)
22.00)
23.00)
23.53)
24425)
25.090
264250
27.50)
28.75)
32.00)

31,000

32.00)
33.20)
34.000
35,900
36.002
37.00)
38.00)
39,002
43.20)

z

de
1.034
24067
3.10)
4.131
5.16)
bel86
7.193
8.201
J.181
10.125
11.235

0.
1.189
2.382
3.581
44789
64,011
7.25)
8.510
9.792
11.100
12.439
13.752
14.967
16.051
17.017
17.892
18,705
17.472
23.231
20.973
21.714
22.462
23.222
23.999
244,758
25.624
26.480
27.3¢7
284282
29.219
30.174
31.139
32.113
33.092
34.074
35.058
36.045
37,933
38.921
39.011
40.000

2200
2.000
2,000
2.000
2.000
2.00)
2.00)

24000 °

2.000
2.30)
2000
2.300

20,000
20.000
20. 009
20.000
20, 009
20.000
20.06G0
20.000
20,9000
20.000
20.000
20.000
20.000
20.000
23.000
20.000
22.300
2.3

- 23.000

20. 000
20.040
20.00Q0
20.000
20.000
20.000
20.0C¢
29.000
20.000
29.000
23.999
20.000
20.000
29.000
20.0920
20. 000
20.000
20.000
20.090
20.0090
20.000
20.000

Do
-8.164)2E+D1
~1.64220E402
-2.48710E+D2
~3.36142E+)2
~4.2T646E+22
~5.24506E+02
-6.2B8218E+4)2
~T.40583E+)2
-8.63888E+4D2
~1.0000CE+03
-9424T16E 402
-8.41337E4)2
~T.48686E+402
-6.46558E402
-54348T1E+02
-4413712E+02
-2.83332E+02
~1.44152E+02

3,26299E +00

1.58237€+02
3.20158E+D2
4.88T19E+02
6071284E+02
T57147E4D2
8.74TJI3E+D2
1.C0COCE +02
9,78741E+02
9.57689E+)2
9.38384E+02
8.89922E+02

8. 1949TE+D2

T.24758E+402

6.3D899E4+)2

5.37719E+02
4445T702E4)2
3.54865E+02
2.65104E+02
1.7621BE +32
8. 73520E+)1
Je

O .
~8.33377E+01
-1le6T654E 402
-2+53943E+402
=3.43237E+)2
-4.366)5€+02
-5435155E+4)2
-6.39985€E+02
-7.520T6E¥02
~8.72086E+02
~1D0D00JE+D3
~9.16136E¢)2

L
L]

Ce
~3,54425€+01
~Te:37971E401
~1.05962E+02
~1+40B0T7E+02
~1e T514TE+Q2
-2.UBT18E+D2
~2.41134€E+402
-24718T5E+02
=3.00234E402
-3.25137E+02
~3.43371E4)2
~3.50757€E+02
=3.44042E402

=3.22263E+02 -

-2.86BBTE+D2
~2.41451E4)2
~1.893T7JE+D2
~1.33383E+D2
=7.55689E+01
~1.75514E+01
3.92608E+D1
G.34901E+01
1.43704E402
1.88401€+02
2.26146E+02
2.55666E+402
2.76059E+402
2.86908BE+02
2.88418E+02
2.81369E+02
2.66988E+02

2.46T730E+02

2.22042E+92
1.94184E+452
1.64147€E402
1.32645E+02
1. 301 T6E+D2

6.T70866E+401 -

3436292E+Q1
0.
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5.089
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8.2393
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11.399
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13.161
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15.17)
16.161
17. 144
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20.269
21.008
21.975

23.33) .

23.5))
24,2649
254000
264250
27.53)
28.75)
33.09)
31.00)
32.09)
33.000
34.000
35.0090
354322
37.000
38,09
39.009)
400

z

2. .
1.052
2,104
3.154
4.204
54249
60289
7.32)
8.334
3.325
‘1Je281
11.6416

.
Y.
1.172
2.345
3.524
4.719
5.906
7.112
84332
9.565
13.808
12.057
13,285
14,455
15.544
16.548
17.479
18,3564
19.188
19.996
20.789
21.576
22.365
23.162
23.970
24.796
25.642
26.511
27.403
28.317
29.259
30.199
31.159
32,127
33,102
34.081
35,064
36,049
37.335
38,023
39,911
49.009

1.9
1.9
1.39)
1.009
1.3
1.2
1.22)
1.2300
1.0
1.3
"1.000
1.000
1.2
1.22)
1.000
1.000
1.002
1.003
1.2))
1.000
1.0
1.3
1.930
1,290
1.1
1.3
1.200
1.000
1.0
1.330
1.0
1.333
1.0
1.3230
1.000
1.000
1.2
1.300
1.0
1.002
1.)2)

3.0
3.000
3,00
3.0
3.00)
3.2
3.000
3.2
3.0
3.2
3.000
3.0

L]
21.000
21.000
21.000
21.000
21.000
21.000
21.000
214330
21.000
21.000

© 21.000

21.020
21.000
21.000
21.000

- 214000

21.722
21.39)
21.32)
21.000
21.000
21.000
21.009
21.000
21.000
21.000
21.000
21.000
21.000
21.009
21.000
21.000
21.000

21.000

21.000
21,000
21.000
21.000
21.000
21.000
21.000

3.

-8.26750E¢01

-1.66313E+02
~2.513)0E4)2
=3.426471E+D2
~4.33132€+02
~5031)75€E+02
~6.35579E+02
~7.47958E+02
-8.693)2E+02
-1.00000E+03
~9.19926E¢)2
-8.32167E+)2
~T.36046E+)2
-6+31307E+J2
~5.17984E+02
-3.96311E+62
-2.66692E+02
-1.295TBE+D2

1.40655E+01

1.63873E+02

3.19422E+02

4.82282E+02

6.61630€+02

7.47536E4)2

 8.T2729E+02

1.000Q0E+G3
9.78653E+02
9.57673E+D2
9.37137E+J2
9.14T64E+D2
84.18890E+02
T.24825E+32
6.30540E+02
5.37303E+02
4.45282E+402
3.5448T7€+02

2.64T96E+02 -

1.76222E+02
8.78384E+01
D.

De
-8.35932E+01
~1.68176E4)2
-2.54751E+02
~3.443456E+02
~4.38)I9E+D2
~5436732E+]2
~6.4169TE+)2
~7.53572€4+02
-B.T2966E+Q2
~1.00000E+J3
-9.13137E+)2

L]
e
L4
0.
-3.21186E+01
-6.,40795E+01

. =9.57101E+01

-1.26807€+C2
~1.57113E+02
~1.86297E+02
-2.13919E+402
-2.39390€E+02
-2.61901E+02
~2.80275€E+02
-2492619E+02
-2.96171E+02
-2.91025E+02
~2.T4685E+02
~2.48298E+02
~2.13440E+02
~1.72265E+22
-1.26892E+J2
- Te91841E+(C1
~3.07326E+01
1.70593€+C1
6.28896E+01
1.05501E+402
1. 43679E+02
1. 76294E+02
2.02385E+02
2.21247E+0Q2
2.32535€+02
2,36312E+G2
2.33039€+02
2.23501E+02
2.08672E+02
1.89581E+02
1. 6719CE+Q2
1. 42328E+02
1.15667E+92

B.T7302E+01°

5.89289+01
2.95923E+01
J.



29
29
29
23

WO~V WN P~

37.015
38.01)
39,005
%).00)

Z
Je

1.018
24035

© 34053

4071
5.088
6.105
T.124
8.141
3.153
Del74
11.1838

12.202

13.21)
142217
15.22)
16.22)
17.215
18,209
19.193
23.186
21.171
22.154
23.138
26.121
25.105
26,090
27.278
28.26%
29.053
33.243
31.035
32.329
33.023
34,018
35,016
36.011
37.003
38.005
39,302
49.00)

28.0203
28.209

284000

28,203
R

293.00

29.000,

23.000
29.000
29.300
29.000
29.000
29.330
29.003
23.200
29,000
23430
29.200
23.200
29.000
23.00)
23.200
29.200

" 294090

29.00)
29.200
23.0)9
29.920
23.03)
29.0%00
29.220
29.000
23.200)
29,302
29.000
29.000
29.09)
29,202
299300
29.000
29.30)
22.20)

. 29,000

29.000
29.200

29.2300

4.06T21E+01
2.7T154E+D1
1.40383E +21
e

Je
~1.77879E+01
-3.53337E4)1
-5.23936E+01
-6.87213E+)1
-8.40651E+01
~9.81T12E+01
=1+ L07BLlE+D2
-1.21637E+D2
-1.30483E402
~1e37Q076E+02
-1.41133E4+)2
-1l.4264TE+D2
-1.41298E+02
~1437374E402
-1.,29983E+)32
-1.22133E402
~1.0T7T18E+D2
~943N558E 401
~T.65442E401
-5.86661E+01
~3.99637E+01
-2.10138E+01
-2.4D088E+D2D

1.53298E+01

3.15972E+01

446CG058E 401

5.81624E4)1

6. TTBTIE+DL

T.46986E+01

T.88141E4)1

8.1435E+01

7.87801E+401
7.48BB8T7E+D1
6486924E401
6.24538E+D1
5.04929E+D1
3.91175€+01

_37-

2066T52E401 7

1.35172E+D1
J.

30
30
30
3)

38
39
40
4l

37.308
38.005
39,302
3.0

23.030
29,000
29.000
23.3))

.

’

o
3.91175E+)1
2.66752E+01

1.35172E+01
3.



SAMPLE CASE USING VARIDUS FEATURE OF JASON

H4ARMONIC POLYNDMIAL EDIT #*#%% CYLINDRICAL SYMMETRY

DERI VAT IVES ARE FROM THE NEGAT IVE GRADIENT JF THE PITENTIAL
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b4

«504
la512
2.52)
3.528
4¢535
5.542
6.545
T.547
Ba543
9.527

10.533 .

11.56)
12.575
13.583
14.585
15.583
16576
17.566
18.552
13.534%
204514
21.496
22,496
23.250
23.875
24.625
25.625
25.875
28.125
29.375
30.500
31.50)
32.5Q00
33.50)
34.500
35.50)
364500
37.50)
38.50)
39.500

4

«504
1.512
2.52)
3.528
44535
54542
6.546

4.323

5.594

6.896

8.241

9.648
11.148
13.051
15.050
164455
17.371
18.072
18,682
19.257
19.827
20.405
20.996
21.60¢
22.230
22.875
234542
24.233
24.973
25.767
26,635
27.571
28.551
29.553
30.559
31.559
32.556
33.550
34,543
35.535
36.527
37.519
384512

. 39.504

«500
« 500
500
«500
«500
«500
<500

17.500
17 . 500
17.500
17.500
17.500
17.500
17.500
17.500
17.500
17.500
17.500
17.500
17.500
17.500
17.500
17.500
17.520
17.500
17.500
17.500
17.500
17.500
17.500
17.500
17.520
17.500
17.500
17.500
17.500
17.500
17.500
17.500
17.500
17.500
17.500
17.500
17.500

v

- 4410660E +01
-142366TE+D2
~2.0TT10E+D2
-2.94198E+02
-3.84205€ +02
-4.78910E+02
~5.79627E+02
-6.87830E+02
-B.0517DE+D2
~9.33276E+02
-9.61363E+02
-8.79856E+02
-Te8989DE+D2
~6.90954E4)2
-5.829626+402
—4,659T77E+02
-3,40242E+02
-2.06165€E+02
-6.42%61E+D1
.8.47181E+401
2.40317E+02
4.0232)E4)2
5.T4D84E+D2
T.04986E 402
8.11545€E+402
9.37118E+D2
S.89344E402
9.68151E402
9.48117E402
9.195)5E+)2
8459584 +02
TeT2T1226402

6.7765TE402

5+840B3E+D2
4.91461E+02
4,000 48E +02
3.99782E+D2
2.205)6E+)2
1.31987E4)2
4439430E+401

f

v

-4410327€ 401
~1.23575E+02
-2.07553E+402
—~2+939T1E4D02
-3,83900E+02
~4.78516E+402
-5.79127€+D2

.

~1+58936E+02
-2.05515E+402
-2.53024€+02
~3.01675E4+02
-3.51716E+02
~4.02169E+02
~4,71806E+02
~5061163E+02
-5.95005€+02
~5.87631E+402
-5.28071E+02
-4.45085E+02
-3.55378E+402
-2.65261E402
~1.75938E+02
-8.T4268E4D1
3.163B0E-01
B8.71327€E+01
1.72449E+02
2.54852E+4)2
3.31342E+02
3.98705€6+02
4.47851E+02
44.8)436E4)2
4.96715E+D2
4.91399E+402
4eT1414E402
4.3775TE+D2
3.94982E+402
3,48199E+02
3.00439E+)2
2.52T788E+)2
2.357126+402
1.59264E+02
14133538402
6.78385E+01
2.2927T0E+01

124

8. 151 COE+CL
8424956E+)1
B.44308E+01
8. T4113E+ 0L
9.1537SE+C1
9.69595E+01
1.03888E+02
1.12621E+02
1.23473E+02
1.373T76E+02
-7.46373E+01
-8.39528E+01
-9.33499E+01
-1.02923E+02
-1.12512E+ 02
~1+21559E+Q2
-1.311C5€+02
~1.39794E+92
-1.47889E+D2
-1+55302E+02
~1.62083E+02
-1.68978E+0D2
-1.75918E¢+02
~1e 7221 6E+ C2
-1.65179E+02
~1.68289E+02
l. 7C246E+0C1
1. €1463E+ Cl
1.75479E+01
2.8695T7E+)1
8.15ECCE+CL
9, 26ST7E+ QL

9.4025EE+01

9.31T707E+01
9.2Q147E+01
9. 082]1 TE+ Q1
8.97392E+01
8.8B56TE+D1
8. 82357E+ 0L
8. 79C¢6E+ (L

vz

Bs14515E+01
8.242S2E+01
8.43602E+01
8.73338E+401
9.145Q2E+01
9.€E572E+0C1
1.03765€+02
.

3.64199E+01
3. €2352E+C1
3.59039E+01

3.52358E+401 -

3.37830E+01
3.47323e+ 01
3.87113E+01
2.95€13E+C1
-T.11409€+00
~T7.52133E+Cl
-1.19748E+02
-1.39880E+ 02
-1.4T7568E+02
-1.4G6255E+02
-1.48012E+02
-1.44935E+02
~1.40918E+02
~1.35G€1E+ Q2
-1429260E+02
-1.18947E+02
~1.02175E+C2
-7.9524QE+01
-5:14961E+01
-2.78903E401
-6.25120E4+00
1.143ClE+C]1
2 65376E+01
3.78011€+01
4.47445E+Q1
4.74538E+401
4,80620E+01
4. T76642E+01
4. TO49TE+M
4e 64621E+01
44 59GC9E+ 01
4.56€E1E+QL
4.44860E+01

-38-

VR

VR

-1+31594E-01
-3.67816€E-01
=6.25977TE-01
-9.04830E-01
~1.21545E+00
-1.57241E+90
-1.99575€+00

L

L]

.

-1.34309€+01
~1l.79656E+D1
~2430994E+01
—2.90583E+01
~3.63653E+)1
~%4.%3594 E+)1
~6033635E+401
=1.07781E+02
-1.37958E+02
-1.63807E+02
~1.43175€+02
-1.)8232E+)2
-7.50552€+01
~4.6803TE+01
~2427274E4D1
~1.4T235E+4))
1.83)00E+21
3.7757T1€E4)1
5.78543E+)1
7.90813E4D1
1.30653E+4)2
1.21013E+02
1.285)7E+D2
1.23807€E+)2
1.15287E+)2
1.06398E+02
9450484E+01
8.09513E+J1
6.55107E+01
5.14138E+01
4e34T735E4D1
3.16714E+)1
2.43961E+)1
1.81346E+)1
1.25482E+)1
7.39318E+00
3.34122E+00

viz

5.40320E-01

1.47862E+0)
2.51641E+00

3.63736E+00

4.88607E+00
6.32123E+00
8432315E40)
+1a01078E+01

1.25980E+01

1.62645E+01
-9.27300E+400
-9.34821E+02
~9.76217E+00
~9.89462E+0D
-9 .8 6678E+00
~9.67233E+00
-9.31069E+00
~8.78924E+00
-B.13378E+0)
~T.41836E+0)
~6.83710E+00
-8.21081E+00
-9.83548E+0)
~4e82624E-01
-8.61172E+00
-8.52292E+0)
-9.74437€-02
~2.3)168€-01
~1.54140E-01

1.41525E+01

1.T1601E+01
3.T6731E+0)
-6.99833E-01
-1.12117E+0D
~1.26397E+00
~1.20446E+D)
-1.03566E+00
~7.308D2€-01
-4.9457LE-D1
-1.82410E-01

VIt

5.12429E-01
1.46391E+400
2.49141E+00
3.60128E+00
4.83755E+00
6.25808E+C0
7.94289E+00

-2.00504E-01
-2.98277E-01
~4456032E~01
-7.70012E-01
~1.63793E+0D
2.)6644E40D
3,22583E+00
~6.77850E+00
~2.50431E+01
-5.12059E+01
~5.01401E+01
-2+.91341E4D1
~B.77152€+00
2.63091E+400
T7e32742E+400
8.84632E+400
9.45335E+))
1.05863E+01
1.35082E+D1
1.97495E+01
2.9828 TE+01
3.93500E+401
3.19709€+01
2.54412E+01
1.35994E+01
1.65241E+01
1.32354E+01
8.75687E+00
3.65494E+00
4,72835E-01
-6440646E-01
~B.45877€-01
-7.9538)E-01
-6.57549E-01
~4492913E-D1
~3.22628€-01
~3.15171E+00

VIR

VIR

~2.34074E-01
-2.65458E-01
-2.82458E-01
-3e309930E-01
~3.,50681E-01
-4,09329E-01
~4,.92478E-01

L]

L

L]
-3.71146E+00
~4,11772E400
-4466324E+00
~5.36162E 400
~5.73253E+00
-6.91720E+00

~1.90008E401

-2.50467E+01
-1.64878€+01
3.21452E+01
T.65T10E+01
8.99336E+01
7.87747E+01
6.22012E+01
4+s90196E+01
4.04998E4+01
3.57827E+01
3.39101E+01
3.40136E+01
3.445634E+D1
3.02363E+01
1.92622E+01
-2492030E+00
~5.37346E+00
~9,266491E+)0
-9.76492E+00
~1429234E+01
-1.51238E+01
-1.55735E+401
~1.25648E+01
~1.00669E+01
-8.14219€+00
~6.87)05E+00
~6.01869E+00
-5.46146E +00
-5.12353E+Q0
-1.61914E+00

VRR

—2. 701 €0E- QL
~7.39309E-I1
-1.2582J)E+30
-1, 81868E+0D0
—24 44304E+Q0
-3.16J)61E+J0
~4.0115TE+20
-5.05391E+00
-6.29901E+D0
~8.12225E+ 30
4.63650E+00
44 67410E+)0
4. 88108E+00
4.94T731E+DD
4.9333%€+ 90
448361 6E+D0
4. §65535E+00
4439462E+00
4.06689E+))
3.70918E+00
3. 41855E+ 30
4.00540E+)0
4.91824E+20
2.41312E-01
4.30586E+30
4,26146E+)0
4. £721 SE-02
1.15084c-31
T.T9698E-)2
~7.0762TE+30
-8.58005E+0¢Q
~-1le. 863655+ 00
3.45917€-21
5.60585E-01
60 31986E-01
6.02228&-01
5.17830E-)1
3.,95400E-)1
20 47286E-01
9.12052E-02

VRR

- 2. 49242E-01
-7.28275€-91
-1.23946E+00
-1, 791626470
-2+ 40664E+ 20
~3,11325€6+30
-3.95138E+00

L]

.

L]
9.67986E-01
1. 22486E+00
1. T7600E+00
2. 43049E420
3.698T9E+00
4. €838TE- 01
3.94934E-01
1.29374E4+01
3.29265€+01
6.05663E+01
5. 832156401
3.531 88E+01
1. 30604E+01
4.358156-02

-6.02871E+00
-8.76230E+00
-1.05351E¢01
~1.27438+01
-1.68141E#01
-2.42685E+)1
- 3,55803E+01
-4.62651E+01
~3,93141E+01
~3,25159E4)1
~2.62444E+)1
~ 24260406401
-1.8666TE+01
-1.338276+91
~7.39840E+00
-3, 41076E+00
~1,67213E400
-9.6391 TE-D1
~5.98683E-01
-3,78713E-01
-2.241286-01

- ~9.98392€-2

2.960TBE+D0



LLL XKLL z

3 1 «50 4
30 2 1.513
30 3 2.522
30 4 3.531
30 5 4,540
30 6 54549
30 T 6.558
30 8 7.566
3 9 8.575
30 10 9.583

30 11 10.590
30 12 11.597
30 13 12.603
30 14 13.607
30 15 14,609
30 16 15.610
30 17 16.609
30 18 17.606
30 19 18.602
39 2 19.596
30 21 20.589
30 22 214581
30 23 22573
3) 24 23,565

3) 25 26,556

30 26 254549
30 27 264541
30 28 27.535
30 29 284529
30 30 29.524
30 31 30.520
30 32 31.515%
30 33 32.513
30 34 33,510
30 35 34,508
35 3% 35.505
30 37 364505
30 38 37,503
30 39 38.502
30 40 39.51

TOTAL ECIT TIME IS

29.500
294500
29.500
29.500
29.500
29.500
29.500
29.500
29.500
29.500
29.500

- 29.500

29.500
29,500
29.500
29.500
29.50Q0
29.500
29.500
29.500
29.500
29.500
29.50D
29.500
29.500
29.500

29.500

29.500
29.500
29.500
29.500
29.500
29.500
29.500
29.500

2 500

294500
29.500
29.500
29.500

84 684 SECONDS 5% LE 24

-8.77877E+0C
-2462569E+401
~4433666E+01

-5.58817E+Q1

~7.55601E401
~9,01561E401
~1.03421E+02
-1.15105E+22
~1.24958E 402
~1.32739E402
~1.38218E+402
~1.41190E+02
-1.41488E+02
~1.38995E+02
~1.33663E+D2
-1.2552€6+02
~1.14713E+02

" =1.01457E+402

-8.60935€+401

“=6.90522£&+01
~5.08420E+01 .

-3,20273E+01
-1.32002E+01
5.04920E +00
2,21614E+401
3.76337€E+01
5.10406E+01
€.20481€+01
7.04225€401
7.60311E401
T.88388E+01
T.88992E+D1
Te63438E401
T+13685E+01
6.422D06E+01
5.51860E+01
4045797E401
3.27354E+401
1.99996E+401
6.T0654E+00

SAMPLE CASE USING VARIDUS FEATURE OF JASON

VPLOT

PLOTTING 25 LINES

~1.00200£+03
-9.1666TE+02
-8.33333E+02
~7450000E+02
-6.6666TE+D2
-5.83333E402
-5.00300E+02
-4 1666TE 402
-3.33333E402
~2.50000€+02
~1.6666TE+D2
~8433333E+401
~3.63798E~-12
8.33333E401
1.6666TE+02
2.50)00E+02
3.33333E+02
4. 16667E+D2
5.00000E+02
5.83333£+02
6.6666TE+D2
7.50200€+02
8.33333E402
9.1666TE+D2
1.D0)00E+03

-39-.

vz

1. 744 73E+ Q1
le 71240E+0Q1
1.66515€+01
1.56359E+01
1.498¢4E+4Q1
L.37€EQE+0]
1.23426E+01
1.06503E+01
8. N1 4 E8E+ 00
6.545€2E+4Q0
4.16092E+00
1.58880E+00
~1.12851E+00
=3.93362E+00
~6.75308E+00 -
~ 9, 49864E+00
-1.207C8E+0L
-1.43649E+01

-1.62790E+D1

-1. 77226 E+01
-1.86251E+01
-1.89423E+01
-1.86601€+01
~1. T7952E+01
-1, 63927E¢ 0L
~1.45221E+01
-1.22704E+01
~9. 135756400
- 7. 0202 9E+ 00
-4.22431£+00
~1.44118E+0D
1.2461 6E+00
3.76728F+0D
6.06453E+00
8.09456£+00
9. 8231 CE+ 00
1s12272E401
1.22910E+01
1.30049E+01
1.34545E+ 01

L2 2]

VR

1.25974E~)2
-1.6T078E~-O1
~2.79417E-01
-3.93)032E-01
-5.08102E-01
-6.24438E-01
-7.41333E-01
~8457375E~01
~9470251E-) 1

-1.07654E+00 -,

-1.17160E+00
-1.24951E+00
~1+30330E+00
=1+32540E+00

-1.33848E+00:

“1.24648E+)D
-1« 13575E+00
-9.76099E-01
-7.71373E-01
~5429434E-01

.=2461544E-01

1.87844E-02
2.97173E-01
5.59 772E-D1
T29%446E=D)
9.91629€-01
1.14481E+00
1.25067E+00

1.3388TE+)0:

1.32165E+00
1.29323E+00

1.22929E+)) -
1.13534E+400 .

1.01814E+00
8.83178E~01
7.35620 E-31
5.78902E-01
4.16736E-01
2.51198E-01
-1.84850 €-2

vzz

~2457226€E-02
-3.67TTT0E~-OL
~6415092E-D01
-8.653D 1E~01
~1ls11887E+00
-1.37552E+00
-1.63386€+00
~1.89104E+00
-214228E+00
~2+38039E+00
-2.59540E+00
=2.TT441E+00
~2490186E+00
~2+96049E+00

=2.93330E400"

~2.80455£+00
-2456555E+00
~2421427E+00
~1.75844E+00
~1.21548E+00
~6411084E-01L
2,34646E-02
6.54574€E-01
1.25024E+00
~1a7B1ITE+D]
2.22781E+00
2.57300E+00
2.81029E+00

2093942E+0D -

2.96593E+00
2.8997BE+00
2.7537DE+00
2541 70E+00
2.27771E+00
1.97456E+00

1454335E0)°

1.29306E+00
9.30541€-01
5.60787E-01
3.90272€-01

VIR

~1094305E-01
~1.80928€-01
-1.83211E-01
~1.86289€-01
-1.89705€-01
-1.92773E-01
=1.94525€E-01
~1.93650E-01
-1.88450E-01
-1.76856E-01
~1.56537€-01
-1.25155€-01
-8.08000E-02
~2.25B70€-02

4.87078E~-02

1.30166E-01

2416645E-01

3.01248E~01
3.76315E-01
4.34697E~01
44 T0934E-01
4.82037E-01
5.67728E~01
4.30183E-01
3.73463E~01
3.02799€-01
2,238T76E-01
1.42210€-01
6426528E-02
-1.09401€-02
-7.58818E-02
=1430872€-01
-1.74890E-01
~2.09001E-01
-2.34105€E-01
~2451676E- Q1
-2.63312E-01
~2.70526E-01
-2+ T4581E-01
-2498457€-01

VRR

2e 5ET96E -01
34 73434E-01
6.24563E-01
8. 78624E~-01
1.13610E+00
1.39668E+00
1. 65899E+00
1.92)11E+J0
2. 1751 7€+ QC
2.41688E+00
2. 63511£+00
2.81676E+00
24 94604E+Q0
3.00542E+00
2.97735E+00
2. £4680E+00
2. £0405E+00
2.24T36E+00
1. 78459E+00
1.23343E+00
601994 9E~01
-2.41013€-22
-6+ 64T4TE-D1
~1.26922E+00
~1.80890E+00
=24 26142E+00
~2. 611 BOE+00
~2. 8526SE+Q0
-2, 98379E+00
~3.01073E+00
-2+ 94362E+00
~2479537E+400
-2, 5801 9E+00
=2.31222E+00
-2.00450E+20
~1l. £682 8E+ Q0
-1.31268E+00
=9, 44667E~J1
~5.69302E-01
- 3. 85646£-01
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APPENDIX G )
COMPARISON OF COMPUTED SOLUTION WITH ANALYTIC SOLUTION

10 CM. RADIUS SPHERICAL CHARGE DISTRIBUTION (RHO/EPSO = 100.)

L K 7z - R v ’ . L K z
ERROR {%} ’
1 1 0. v Qe EeE666TE+D2 o 2 1 Ve
5.4569TE-13 :
1 2 1.429 O. 6.86268E+02 2 2. 1.426
: . 9.88009E-24 )
1 3 2.857 Oe Te169T4E+D2 2. 3 2.853
1.37286E-D2 .
1 & 4.286 Je T7.28975€+02 2 4 4.279
2.63049E-)2 ’
1 S SeTl4 Qe T.52396E+02 2 5 5.706
3.87784E-3U2
1 [ T.143 D. 1.77382E+402 2 6 7.133
R 5.08625€-02
1 7 84571 [+ 18 8.04095E402 2 7 8.560
6.25277E-D2
1 8 10.002 0. 8.32718E+02 2 8 9.987
' “ T.37842€E-)2 ’
1 S 11,429 0. B.63466E+02 2 9 11.415
B.46663E-02
1 19 12.857 0. 8.96581E+02 2 19 12.842
9.52198€-02
1 11 14,286 Q. 9432349E+43572 2 11 " 14.270
. 1.{15498€-91
1 12 15.714 Q. S.71099E492 2 12 15.699
. 1415565E-01 :
1 13 17.143 Do 1.01322€+403 2 - 13 17.127
. 1.25497€E-71 :
1 14 18.571 U. 1.G5917E+Q2 t 2 14 18.556
- 1435391E-01
1 15 20.4300 0. 1+1095CE+D3 2 15 19.986
’ 1.45372€-01
1 16 21.429 0. 1.16485E+03 2 16 21.416
' 1455606E-01
1 17 22.857 0. 1.22603E+03 2 17 1224846
1.6629TE-01
1 18 24.286 0. 1.29399E+D3 2 18 26.276
. 1.77€77E-01
1 19 25.714 0. 1.36994E+D3 : - 2 19 25.707
! 1.89936E-01
1 20 2T7.143 0. 1.45537E+)3 2 29 27.138
242309CE-01
1 21 28.571 0. 1.55218€+02 -2 21 28.569
2+16T16E-01
1 22 30.002 Q. 1.662B4E+)3 2 22 33.000
’ 2+29505€-01
1 23 31.250 Q. Le77368E+403 2 23 31.251
2.30275€E-01 .
1 24 32.50) De 1.90045E+03 2 2% 32.503
2426551E-91 .
1 25 33.750 0. 2.04684E+403 2 25 33.757
2.16562E-01
1 26 35.202 D. 2.21784E4D3 2 26 35.013
' 1496992E-01
1 27 36,250 D 2.42024E+02 2 2T 36.273
‘1.65G03E-01
1 28 37.500 2. 2+.66335E+03 2 28 | 37.537
- 1424363E-01
1 29 38.750 D. 2.96000E+03. 2 29 38.799
5.59685E-02 . .
1 30 43.00) d. 3.33004E4)3 y 2 39 4Je 331
: 9.87726E-D2
1 31 . 41.000 Je 3.646TIE+D3 2 31 41.049
: S.C5C3CE-02
1 32 42.00) 0. ’ 3.93019E+03 2 32 42.038
T7+99743E-02 L
1 33 43.000 9+ 4.180T74E+D3 : 2 33 43,221
. 6.19654E-02
1 34 44.00) 0. 4e39809E+D3 2 3% 444008
4.34765€E-02 ’
1 35 45.000 0. 4.58203E+4)3 2 3s 4540501
2.84847E-02 :
1 36 46.302 Je - 4473248E+403 2 36 45,998
- 1.80023E-02 ,
1 37 6T.20)° J. 4.84945E+)3 2 37 46.997
1.13896E-02 ’
1 38 4B8.00) Jde 4093296E +U3 2 38 47.998
7.57939E-03
1 39 590303\ J. 4+983)5E+03 2 39 4B.999
5.68527€-03 ’
1 49 5900) Je 46999T74E+03 2 49 52.2300
5.11675E~-02
. . . . *
.
. . . L] -
* M : . Py . .
3 1 0. 2.564 € 657926402 4 1 Je
2.18566E-12
3 2 1.424 2.550 6.851TDE+D2 4 2 1.422
1e45444E-02
3 3 2.849 24536 7.05T721E+02 ’ 4 3 2.844

2.85652E-02

1.282
1.275
1.268
1.261
1.254
1.246
1.238
1.23)
1.221
1.211

1.2920

‘1.188

1.176
1.162
1.146
1.129
1.111
1.099
1.069
i.oab
1.023
1.000
«997
.993
.984
«969
«943
«995
.851
»786
.828
.856
.920
«953
.976
0990
.997
1.23)
1.931
1.32)

3.846
3.826

3.825

\
ERROR {%)

6.66448E402
5.45876E-13
6.85923E+22
1+ 23904E-02
T.06573E+02
2.52823E~y2
7.28508E+02
3.8665TE-12 "
7.51859E+02
5.18975E-U2
T.T6TEBE+C2
64 460T9E-02
8.03397€E+02
T.73421E-02
8.31931E+402
8491341E-02
B.€2581E+02
1.05927E-01
8.95594E+02
1. 12473E-31
9.31251€+02
1.23835E-01
9.69885E+92
1. 35084E-01
1.C1l189E+33
1.46304E-01
1.C5771E+C2
1.57651E-21
L. 13791E+43
1.69110E-D1
1.16313E+03
1.81015E~01
1.22417E+33
1.93526E-01
1.29199E403
24069 23E-G1
1.36779E+43
2.21458E-01
1.45395E+03
2.37247€-01
1.54967E+23
2+ 54046E-01
1. 66008E+03
2.70814£-41
1. TT046E+03
2.77155E-D1
1.89670E+33
2.89518E-01
2.734264E443
2.79396E-01
2.21351E+9Q3
2.70632E-01
2.41656E+(3
2.4988T7E-01
2.66179E+03

" 2.18115E-01

2.9618UE+Y3
1.91566E~G1
3.,32691E+)3
1.93237E-01
3.646)5E403
2.007S7€E~-21
3.92299E+33
1.92730€E-01
4.166T73E+D3
1.76121E-41
4037953E+03
1.58255E-41
4.56105€E+03
1.43326E-01
4eTLIGTEHD3
1.32382E-01
4.82711E4)3
1.24870E-01
4.91)61E403
1.22030E-D1
4.96DTBE+D3
1.17267E-91

- 4.9 TT54E+03

1.16264E-31

6.64TI3E+)2
5.47359E-13
6. 83960E+)2
1.53699E-02
TD43TTE+D2
2.995T7E-02



19

19 °

19
19
19
19
19
19
19
19
19

19

19

19
19
19

19

21
21
21
21
21
21
21
21
21
21
21

39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
a9
39
39
39
39

39

39.

24
25
26
21
28
29
30
31
32

- 33

34
35
36
37
38
39

40

18

20
21
22
23
24
25
26
21
28
29
g
31
32
33
34
35
36
37
38
39
40

324500
33.750
35.000
36.250

37,500

38.752
40.000
41.009
42.000
43.000
44,000
45.900
46,000
47.500
48,000
49.000

50.000

0.
1.365
2.720
44065
S.4¢€2
64830
8.198
9.5€68

10.940
12.214

13.6€9

21.8%6
23,140
24,424
25.707

26.991

284273

29.555
30.827
32.118
33.399
34,679
35.958
37.227
384515
39.753

- 41,070

42.347

‘43,623

44.899
464174
47.450
48.725

50.030

20000
20.C%0
204000
20.07d
20,000
20.0C0
20.000
20.000
20.00C
20.0CQ
20.000
20.0C0
20.000
;0-000
20.000
20.000

20.900

25.641
25,576
25.511
25.444
25.376
254306
25.233
25.157
25.078

244994

1 24.9C6

48,645
48, €40
48.635
48. 631
48.627
48, 622
48.618
48 €14

48,613

48. 606

48.603

484599

48.596
48. 593
48.59C
48,588
48.585
48, 583
48.580
48,578
48,576
48,574

48,571

\
ERROR (%}

1+25196E+03
1.86390E-01
1.29105€+02
1.91139E-01
1.33C71E+03
1.96637E-01
1.37062E403
2.02719E-01
1441837€402
2.99378E-01
1.44948E+03
2.16752E-01
1.48727E402
2.31216E-01
1.51616E+02
2.43897€-01
1454357€4G2
2.51667E-01
1.56502€+02
2.59039E-01
1.59213E+02
2.66019E-31
1.6125CE+02
2.72348E-01
1.62976E+03
2.7T774E-01
1.64358E+03
2.82109E-D1
1.65366E403
2.85247€-91
1.65581E402
2487157E-01
1.66187€+03
2.878356-01

5.532126+402
3.06634E-12
6.06553E+02
8.96231E-02
€.20452E+402
1.76010€-02
€e34943€ 402
2.593756-02
€.50061E+02
3.399356~02
646584 TE+02
4.17907€-02
€.82344E+02
4.93502E~02
6.99599E +02
5.66923E-02
T.17€63E402
6.38363E-02

7365926402 |

7.08009E-92
7.56448E402
7.76039E-02

.

’
5.930B4E+02
6.57887E-03
5.99873€4D2
7.02239E-03
6.065626402
7.475642E-23
6.13138E402
7.93704E-02
6.19576E+02
€.405T9E~02
6.25855E+402
8.87967€-03
6.31951E402
9.35619E-03
643784DE+D 2
9.82240E-02
6443499E+02
1.03049E-02
644890 3E+402
1.9T701E-037
6.54028E+02
1.122426-02
6+58850E+02
1.16630E-02
6.63345E402
1. 2082 6E-02
6067492E4)2
1.24791E-02
6.TL269E+02
1.2848BE~02
64 74655E422
1.31881E-02
6.TT634E+32

- 1.34939E-02

6+801BBE+)2
1.37636E-02
6. 82303E+02
1.39950€E~02
6e83967E+D2
1.41868E-02
6.851T2E+02
1.43391€-02
6485909E4D 2
1.44546E~02
6.86175E+02
1.45484E-02

41

20
23

.29

20
20
20
20
20
20
20

29

20

29
23
29
29

29

22
22
22
22
22

22

22
22
22
22
22

40
49
40

49

49

40
40
40
40
40
40
40

24
25
26
27

3
34
35
36
37
38

39

25
21
22
23

24 .

25

26

21

28
29
32
31
32
33
34
35
36
37
18
39

40

32.146
33.427
34,688
35.936
37.17
38.387
39,574
60;685
41.754

42.803

43,842

44.874
45,903
46.929
47.953
48.977

59,029
.
.

0.
1.360
2.729
4,082
5443
6.806
8.17Q
94535
10.901
12.269

13.638
.
.
.

21.795
23.077
24,359
254 641

26.923

28.205

29.487
3D.769
32.051
33.333
34.615
35,897
37.179

38.462

39.744
4l.026
42.308
434590
44,872
464154
4T.436
4B.T18

50.000

R

" 21.578

21.537
21,511
21.493
21.48)
21.470
21.463
21.457
21.452
21.448
21.445
21.441
21,439
21.436
21.433
21.431
21.429
[

ZQ.?Z]
26.860
26.796
26.732
26.66¢
264598
26.528
264454
26.378
26,4298

26.214

*

L]

.
57,009
50,005
59.00)
594300
50,908
50,008
50,003
50,000
52,000
50,900
50,009
504000
50.000
50,002
50,000
50,003
50.000
50,000
50.000
S0 4000
50.000
50.000
50,006

v
ERROR (%}

1.18810E+53
1.74135€E-51
1.22438E+C3
1.81030E-01
1.26008E+4353
1.87926E-J1
1.29523E+33
1.95263E-01
1.32958€+403
2.03381E-01
1.36267E+03
2.127)4E-31
1.39388E+02
2.21112E-41
1.42180E+03
2024420E-01
1.44699E+Q3
2.33358E-C1
1.46984E4C3
2.41445E-01
1.49029€+03
2.486U9E-01
1.50816E+443
2.54861E-01
1.52322E+03
2.60132E-01
1.53524E£403
22 64325E-D1
1.54403E+03
2.67350€E-01
1.54943E+C2
20638122€~C1
1.55136E+03
2.69512E-01

5.86981E+02
6.19778€-112
5.99863E+72
8.38015€E-43
6.13261E+02
1. 64721E-C2
642T207E4G2
2.42930E-32
6.417T30E+C2
3.18606€E-C2
6.56864E+02
3.91928E-42
6.72647TE+492
4.63076€E-02
6.89116E+02
5.32224E-32
7.06314E4)2
5.99543E-32
T.24285E402
6.65199E-02
T.43078E+G2
Te29354E-G2

5.8U652E4L2
6.26533E-13
5. 86981E+ (2
3.09889€-12
5.93212E+02
1.83980DE-12
5. 3932 TE+ (2
1.82103E-12
6.05306E+(2
2.40406E~12
6. 11131E+72
1.19057€-12
6. 167TT9E+G2
1.17967€~-12
64 2223CE+C2
3.508G00€E-12
&.27463E+(2
2.89896E-12
6.32456E+C2
5.75215€-13
6.37186E+02
1.71283E-12
6.41633E4¢02
3,43192E-12
6.45776E+G2
1.12670€-12
64 49594E+02
2.24215E-12
6.53068E+02
2.78530E-12
6. 561 B1E+02
5.54417€-13
6.58914E+Q2
2. 76059€-12
6a E1254E+ G2
2.25565E-12
6.,63188E+02
2.19424E-12
6. €4TIIEHL2
2.73654E-12
6.65792E+02
1.639264E-12
6. 66448E+02
5.45876E-13
6. E666TE+C2
5.45697€-13
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FIGURE LEGEND

Fig. 1  Sample problem geometry.

Fig, 2 Logical diagram'for'sample problem.
Fig. 3 Alternate zoning for grid A of sample problem.

Fig. 4 Mesh plot for sample problem.

Fig. 5 Equipotential plot for sample problem.

Fig. 6 "Equipotential plot for a SPherical‘charge distribution.

Fig. 7 Equipotential plot for a dielectric sphere in a uniform field.

Fig. 8 Mesh plot for eletrostatic quadrupole.

Fig. 9 Equipotential plot for electrostratic gquadrupole.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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