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ABSTRACT 

UCRL-18721 

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

for the solution of the Linear Poisson Equation 

'2:. (![,'£¢) + p = o, 

where cp and p are scalar functions of two independent variables, and! is 

a second rank tensor whose components are functions of two independent 

variables. The mathematical model is given in detail. Examples showing 

the application of the program to the solution of problems in electro-

statics demonstrates its speed ~nd accuracy. 

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

following: 

(l) usage for both cylindrically symmetric systems and for two-

'''• dimensional Cartesian systems, 

-.. (2) completely general boundary conditions (Neumann, Dirichlet), 

(3) generalized quadrilateral mesh, 

(4) utilization of algorithms which ensure continuity of cp across 

mesh lines, 
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(5) use of block iterative methods for solution of the equations, 

(6) ease and simplicity of input, 

(7) consideration of nonhomogeneous, anisotropic media through use 

of the tensor K. ,....., 
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MATHEMATICAL MODEL 

In this section, a mathematical model for numerical solution of 

the linear Poisson equation 

V•(K'\lcp) + p = 0 - -- (1) 

is constructed; ¢ and p are scalar functions of two independent variables 

and~ is a second·rank tensor whose components are functions of two in-

dependent variables. The development is limited to systems possessing 

cylindrical symmetry. In addition, it is assumed that the tensor, K, is 
"" 

diagonal in the coordinate system chosen: 

¢ = ¢(r,z) p = p(r,z) 

J --------
K = [Kr(r,z) 0 ·] 

0 K (r, z) z 

(la) 

We will also show how the equations derived here for the cylindrical 

case can be applied to two-dimensional Cartesian systems. The develop-

ment given here follows the work of Zienkiewicz [1]. 

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

as 

this is the 

d dcp) K dcp d dcp) dr (Kr dr + -yr dr + dz (Kz dz + p(r,z) = Oj 

Euler-Lagrange 

I(¢) = f r 

R 
2 

equation associated with the 

[ d¢ 2 
Kr ( dr) 

. d¢ )2 
+ Kz ( dZ 

+ J qnp ds, 
c 

- 2p¢] 

functional 

drdz 

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

(2) 

(3) 

1 
differentiable curves bounding R, and ¢ is assumed to be of class C on R UC. 
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Applying the variational principle, we find that any function, ¢, which 

renders (3} station~ry in R, satisfies (2) in R subject to the natural 

boundary condition 

(K Vcf:>) + Cl = 0 ......,_ n ( 4) 

on CJ where n denotes the outward normal component on the contour C [2]. 

Note that the second integral in (3) is identically zero whenever r is 

zero (since¢ is c1
). This ens1rres that (!~¢)n = 0 whenever r is zero, 

a necessary condition for cylindrical symmetry. 

" To construct a set of difference eq_uations approximating (2) in R, 

we use the ''finite element method" [1]. We first divide the region, R, 

into a finite number of subregions, or elements, Re, e = 1, · · · ,N , such 

that 

N 
U Re R, 

e=l 

. e,f ,;, 1, • · • ,N e=l=:f, ( 5) 

an'd such that the contolir C is approximated by an .exclusive union of 

sides of theRe, e = l, •.• ,N. For our purposes, we take the elements 

to be polygons of four· nodes. (corners): 

2 

4 

1 
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It is clear that a construction of such elements can be easily made to 

satisfy conditions ( 5). 
t~ 

Assuming that within each element the variation of¢ is prescribed 

by the values of¢ associated with the nodes of the element, we have 

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

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

en(¢) -- = o. 
2xp 

For a given set of values of [¢} = 
N 
:6 [¢}e, therefore, ('3) can be 

e=l 

rendered approximately stationary by satisfying .the set of equations 

= 0 s = 1, · · · ,m, 

where m is the total number of distinct elements in the set {¢} 
N 

the number of distinct nodes in the region R = U R . 
e=l e 

( 7) 

i.e.' 

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

I(¢) . Then we have 

I(¢) ( 8) 

provided none of the I(¢)e are infinite. Since I(¢), and consequently 

I(¢)e, depends only on the first derivative of ¢, this condition will 

be satisfied if ¢ is of class c1 on R and C. This was one of our 

assumptions in applying the variational principle. A condition on the 

matrix [N]e is, therefore, that it be constructed of functions which 
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are of class c1 on Re and Ce, Ce denoting the boundary of the element 

Using equations (3), (6), and (8)
1

we have the following relation: 

where the elements of the matrix· [S]e are given by 

J 

and the elements of the vector {F}e are given by 

prNe drdz 
n 

n,m = 1,···,4, 

n=l,···,4. 

(9) 

(11) 

Equations giving the approximate set of potentials can now be obtained 

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

( 12) 

=> [S] {¢} + {F} = O, (13) 

(14) 

Note that the sums in (12) and (14) need to be taken only over those 

elements which share the node n, since 

" I 

- I 
- l 

r i 

l'-

.. ·_ 

i 

-I 
I 
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_o 

if I(¢)e does not contain¢ (and hence node n). n 

We have yet to construct the matrix [N]e. To do this, we need 

to find a function of the coordinates, r and z, which suitably describes 

the variation of ¢ over an element, and ensures convergence of the 

approximate minimization process given above. As was shown earlier, 

the function must also be of class c1 on Re and Ce to be admissible. 

This restriction can be shown to be sufficient to ensure convergence. 

provided the function can take on a constant value in an infinitesi-

mal element [ l]. 

Considering the above restrictions an appropriate function is the 

bilinear form 

( 15) 

where ; and ~ are local skewed coordinates defined as shown: 

2 

The values of ¢ at the four nodes of an element will then uni~uely 

determine the four coefficients in (15) for that element, and hence 
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e 
the components of [N] • Solving for thea's in terms of the nodal 

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

N~ = i-(1- s )(1-Tl), 

e 1 . 
N3 = 4(l+s)(l+11 ), 

(16) 

N4 = tc 1-s ) c 1 +11 ) , 

where the local coordinated £ and 11 are related to the global coordi-

nates r and z by the formulas 

(17) 

Equations (10) and (11) may now be used to obtain the elements of 

the matrix [S]e and the vector [F}e, respectively, from (16) and (17).: 

(18) 

n=l,···,4, (19) 

where it has been assumed that the tensor K and the function p(r,z) 
(' 

are constant over a given element, and that the function q(s) is con-

stant over a given boundary section between nodes. The quantities in 

(18) and (19) denoted by Ii (D) are easily evaluated by the application 

of Gaussian quadrature to the expressions listed below: 

, I 

j 



-7-

+1 +1 eel le - J J r N J d~dTJ, 
-1 -1 . n 

+1 e e 
r
3
(ce)=f rN ds 

-1 n 

e +1 e e 
r 4 ( C ) = f r N dTJ 

-1 n 

T] =-1, 

s=l, 

T] =1, 

s=-1, 

where !Jie is the Jacobian determinant 

UCRL-18721 

(20.1) 

(20.3) 

(20.4) 

(20.6) 

(21) 

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

through the use of (14). 
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Modification of the Algorithm for 2-D Cartesian Systems 

The mathematical model we have just given for cylindrically sym-

metric systems can, with only minor modification, be applied to two-

dimensional Cartesian systems. 

In. cartesian coordinates, equations (l) and (3) are, respectively, 

and 

1 (d¢)2 2xp )2 . I(¢) = f 2[K ·-- + K (-- . - 2p¢)dxdy 
R X dX y Cly 

+ J q ¢ ds. 
c 

(22) 

(23) 

Carrying the transformation through, we find the following expres-

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

e s 
nm 

n,m=l,···,4, 

n = .1, · · •. ,4. 

Since we have used the same type of element in both cases, all 

(24) 

(25) 

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 

and 

i = 1,2,3 

I. (ce) , . i = 1,2,3,4. 
l 

Making the transformation z ~ x and r -~ y in (17), we find for the 

Cartesian case 

I3(Re) 
+1 +1 

N~ 
e 

-f J I Jl dsdrj, 
-1 -1 

Il(ce) 
+1 e 

= J Nn dt; TJ=-1, 
-1 

I2(ce) 
+1 e 

=f N drj 1;=1, 
-1 n 

I3(ce) 
+1 

= f N~ dt; TJ =1, 
-1 

+1 
I4 ( ce) = J Ne drj s=-1, 

-1 n 

(26.1) 

(26.2) 

(26.3) 

(26.4) 

(26.5) 

(26.6) 

(26.7) 
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where 

(27) 

- i .. -: 
c! 

.. ': ' . ' 
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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 >O;K >O r z 
(28) 

[so that (l) is elliptic], it can be shown that [S] is positive def-

ini te. We may therefore apply the method of "normalized successive 

block overrelaxation11 [3] to the solution of the system (13). 

Partitioning [S) by rows into block tridiagonal form yields: 

[ S] = (29) 

where the submatrices Bi and Ci are of order ni' ni being the number 

of mesh points on the _ith row, and are all tridiagonal. Also, since 

[S] is symmetric and positive definite, it follows that all of the 

submatrices Bi , i = 1, · · · ,L are symmetric and positive definite: 



-12- UCRL-i8721 

Ll Cl 
0 

cl b2 c2 

I 

~ B. =i l 

l 0 en. -1 
l 

en. -1 bn. 
l l 

Since Bi is a real symmetric and positive definite tridiagonal 

matrix, it has the unique factorization 

where 

dl 

D. = 
l 

0 

and 

1 

Ti -

d2 0 
dl 

~· 
~-l 

el 
0 

:~~ 
1 en. -1 

l 

1 
= bl2 

. 2 _1_ 
2 

dJ. = [ b . - ( c . 1/ d . 1) J 
J J- J- ' 

j = 2, ..• ,ni, 

j = 1, ... ,n. -1. 
l 

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

jth row denoted by ~i and Gi respectively, and with 

(30) 

(31) 

-1 
Y. = D·~· , M. = -D· G· "J.. - l l '"1. - l l i = 1, ... ,L, (33.1) 

... 
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-1 -1 
P

1
. = -D. 

1
c. D. 

l- l l 
i=2,· .. ,L, 

normalized successive block overrelaxation is defined by 

*(m+l) (m+l) (m) 
( T.' 'r.) X. P.X. l + P X M 

l l l l l- i+l i+l + i' . 

x~m+lr = w ci~m+l) 
l l 

im)) + x(m) 
l i ' 

(33.2) 

(34.1) 

(34.2) 

where m is the iteration number and w is the overrelaxation factor. 

The system of equations defined by (34.1) can be solved directly 

by the following algori-:j;;hm: 

h. = gl ' hj+l l 

X h 
' 

X. n. n J 
l i 

= gj+l - e.h. 
J J 

= h. e.x. 1 J . J J+ 

\ 

j = l,•s·,n.-1, 
l 

j = l,·•·,n.-1, 
l 

(35.1) 

( 35.2) 

where we have denoted the jth component of the right-hand side of 

(34.1) by gj. ·After the iteration given by (34.2) has converged, ~i 

can be obtained from the{ solution Xi by application of the relation 
I .· -i 
: ~. _ D. X. · ( 36) 

l l l 

Note that the entire process define<;! by (34.1) and (34.2) takes 

at most nine multiplications and ten additions per component per 

iteration, which is the same number as the point overrelaxation 

method requires. If the number of iterations is large, the time 

required to set up the matrices D. 
l ' ' Mi' and Pi , and to 

obtain~. from X., will be small compared with the total execution 
l l 

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 overrelaxation factor can be calculated from the largest 

eigenvalue of the iteration matrix just as in point overrelaxation [3]: 

ruopt = 2/( l+ .JH._). (37.1) 

For ru < ruopt, A can be estimated fromru and the convergence rate, 5 [4]: 

A = ( ru+5 +-1) / ( ru '\lo) , (37-2) 

where 5 is defined as 

(37-3) 

m being the iteration number. We may therefore update our estimate for 

ru0 pt at any stage of the iteration. 

,. 

I 
I 

. ' 
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COMMENTS REGARDING THE PROGRAM 

•' The use of quadrilaterals in the derivation of the JASON algorithm 

enables us to approximate any arbitrary boundary curve by a union of 

element sides. In this manner, boundary curves will always lie along 

mesh lines. As finer mesh spacing will be required in some regions to 

fit boundaries than in others, a nonuniform mesh is required. Con-

struction of such a mesh by hand can be a formidable task, particularly 

since, for reasons of stability and accuracy, mesh variations should 

be smooth. To alleviate such problems, JASON has been provided with a 

mesh generator. 

The method of generation used is that of "Equipotential Zoning" 

[5]. In this method, the mesh lines are regarded as two intersecting 

sets of equipotentials q; and 'I', which satisfy Laplace's equation in the 

interior of the region and take on successive integral values along the 

boundary. Performing a hodograph transformation on the equations 

2 2 
V' q; == 0 and \7 'I' = 0 produces two new equations which will yield the 

coordinates of the mesh points (intersections of q; lines and 'I' lines) 

directly. These equations are replaced 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 problems, a restart procedure 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 of the 

solution vector are dumped on the tape. Execution may then be initiated 
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at this point, in a succeeding run, by reading in the dump tape. The 

control cards, input at the start of the program, will ensure that the 

tape is read and that execution resumes at the proper point. 

During the iteration phase, the parameters E, 6, and m, are printed 

every few cycles to monitor the convergence. Two of these, m and 6, 

have been defined previously in (37.1) and (37.3), respectively. The 

parameter E, which is just the Euclidean norm of the relative error, is 

defined by 

(38) 

where n denotes the iteration number and x denotes an element of the 

solution vector X, defined by (33.1). For convergence, it is normally 

required that E be less than lo-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, ·but the 

negative of its gradient. A set of subroutines for calculating the 

negative gradient of ¢ is therefore written into JASON. The edit 

routine fits a harmonic polynomial, in the least-squared sense, to a 

specified set of mesh points surrounding 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, are taken 

as the·poirits of evaluation. If the problem has ?xpj"'On=O on the lower 

universe boundary, as in the case of cylindrical symmetry, an edit is 

also taken at the centers of the element sides composing this boundary. 

.. 
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INPUT TO JASON 

The several tasks performed by JASON are under the control of five 

"execution" control cards. These cards and their functions, briefly 

stated, are as follows: 

(l) GENERATE "** based on the input data, JASON will generate a 

nonuniform quadrilateral mesh and calculate all values needed 

for solution; 

(2) SOLVE"** solve for the potential (¢) in the above mesh (no 

input data required); 

(3) EDIT "** calculate the negative gradient of the potential at 

quadrilateral centroids (no input data required); 

(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 (integer) less than 101. 

Any or all of the five options may be used in a run; however, ordering 

of events must be observed, i.e., GENERATE precedes all,_ SOLVE precedes 

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

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

in. Each option is punched on a single card starting in 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 = 0 by JASON. The other 
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universe boundaries are specified by the. code as Dirichlet with ¢ =· O, 

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

),i 

E below). If the problem.is given in two-dimensional Cartesian coor

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

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

by appropriate input. The following list describes the GENERATE phase 

input in detail. The order of the list is the same as that which must 

appear in the data deck. All input is format-free, the only requirement 

being that entries be separated 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 identifier on the printed 

output and the plots. 

B. Mesh Info. ** The next card must define the maximum K and L coor

dinates (KMAX,LMAX), the number of material regions· (NR), including 

the universe, and the sentinel LIN, as described above: 

KMAX LMAX NR LIN 

All values 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 constants, 

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 remaini~g 

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 K and L are integers, and X andY are floating point. Since 

regions are defined along lines of constant K or constant L, for any 

two consecutive points it is required that Ki = Ki+l or Li = Li+l' but 

not both. Also, since the regions are closed, (K,L,X,Y) 1=(K,L,X,Y)NP' 

i.e., the first and last points must coincide. 

D. 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 (Kl,Ll), the 

mesh coordinates of the last point (K2,L2), an integer designating 

the direction of the normal (IQ), and the value of the normal deriv

tive (Q): 

Kl Ll K2 L2 IQ Q 

where all the entries are integers except Q, which is floating-point. 

As before, Kl = K2 or Ll = L2, but not both. The normal directions 

are specified as follows: 

IQ = l 
I I 1//fL /JI/1/l/11 I t 

' for Ll ::;; L2, 

IQ = 3 

and 

IQ = 2~ --i IQ = 4, for Kl = K2. 
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The normal direction must be taken as outward from the universe or 

or region of interest. If the boundary condition is to be imposed 

on a universe boundary or section thereof, it is restricted to contain 

at least three points, i.e., ILl-121?2 or IKl-K21~2. For an int~r~ 

face between two regions, cards must be i~put for both regions, i.e., 

for each Neumann interface card with IQ J, J = l, 2, and Q = q1 , 

there is a second card which is identical except for having IQ = J+l 

and Q = q2 . This results in an interface condition of the form 

(39) 

where n denotes the normal direction outward from the region with 

J material tensor -'Sl' and n+ denotes evaluation of the function on the 

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

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

(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 specified as outward from the region having (KR,KZ) fO. 
If q1 = -q2 or q = 0, no boundary cards need be input. The inter-

face or Neumann condition will be automatically satisfied. 

Following the 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 cards 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-

i 
I . ! 

.. ,. 
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elusive points. As in the material regions, NP cards must follow 

giving (K,L,X,Y) for each point. Again we have the restriction 

that for any two consecutive cards Ki = Ki+l or Li = Li+l' but not 

both. The last card must be punched 

0 0. 

This card 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 the dump tape (TAPE35) is required for execution. 

In addition, JASON requires a TAFEl for the GENERATE and MPLOT 

phases. 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 system of equations (13) from (1), it was assumed 

that the tensor~ was diagonal in the global coordinate· system. Ob-

viously, this restricts us to consideration of problems in which the 

principal axes of all materials are parallel to the global coordinate 

axes. This restriction can be removed by assuming~ to 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 (l) is now the governing differen-

tial equation in the local coordinate system for each element, and 

expression (19) may be evaluated for each element using local coor-

dinates. These results are then transformed to the global system 

before assembly, as specified by (14), into the total [s] matrix and 

[F} vector. Therefore, if we know the transformation from local to 

global coordinates for each element, problems with general anisotropy 

may be considered. 

Nonlinear Problems 

If we allow. the tensor K to be a function of cp or its derivatives, -
equation (l) becomes nonlinear. Ifwe use a restricted variation [4], 

however, this in no way effects our derivation of the system of equations 

(13). :Only our method of solution needs to be changed. A method such 

as ''Linearized Successive Overrelaxation" [4] could be applied to solve 

the nonlinear system (13). As! will change in value as the iteration 

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

.... ~ 

''I:,;;. 

! 
I 

·I 

\ ... ' . i 
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than for linear problems.· 
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APPENDIX A 

Expressions fo~ the Partial Derivatives in (20.1) - (21) 

(ALl) 

(Al.2) 

dze 1 [( )( e e) ( )( e e)] ~ == 4 1-T) z -z + l+T) z
3

-z4 _ 
0~ 2 l 

(A2.l) 

(A2.2) 

e 
c:JNl = --t:-(1-s) dNl == -tc 1-T) ) 

c:Js dTj 
(A3) 

dNe 
tc l-T)) 

dNe 1 
-2= ' -2 == ""4(l+s) 
c:Js dTj 

(A4) 

dNe 
i-(l+T)) 

dN~ 
t(l+s) -. 3 == ' -3= 

c:Js dTj 
(A5) 

dNe 1 dNe 
tc 1-s) ~ == ""4(l+T)) ' 

-4 == 
c:Js dTj 

(A6) 
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APPENDIX B 

Harmonic polynomials fo.r Cylindrical Edit 

V(r,z) = a + a z +a (z2-r2/2) 
0 1 2 

3 2 4 22 4 + a
3

(z -3r z/2) + a4(z -3r z +3r /8). 
(B.l) 

Harmonic polynomials for Cartesian Edit 

. 2 2 
V(x,y) = a

0 
+ a

1
x + a2y + a

3
xy + a4(x -y ) 

(B.2) 

(B.3) 

for the case of symmetry about the x-axis. 

i-



. . . 

-27- UCRL-18721 

APPENDIX C 

Sample Input to JASON 

Figure 1 shows a problem in electrostatics which may be run on 

JASON. It is a contrived problem which serves only to exemplify the 

input setup. The problem, which has cylindrical symmetry, consists 

of a perfectly conducting paraboloid (A), a perfectly conducting 

disc (B), a small disc of charge (c), and a dielectric disc (D). 

The "universe" in which this construction is enclosed consists of two 

grounded, perfectly conducting discs 40 cin apart, and a perfectly 

insulating cylinder 30 em in radius. 

The first step is to decide on a mesh size and overlay the 

problem geometry. Figure 2 shows a logical diagram for the problem 

in mesh with KMAX = 41 and LMAX = 31. Observe that grid A has been 

represented by a straight line in mesh coordinates. Figure 3 shows 

grid A zoned to more nearly approximate 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 regions to input, i.e., the universe, region 

C, and region D. The problem has cylindrical symmetry, thus our first 

two cards are: 

l. SAMPLE CASE USING VARIOUS FEATURES OF JASON 

2. 41 31 3 0 

and the universe region card is 

10 

K. 
l 

l. 

1. 
l 

l. 

z. 
l 

0. 

R. 
l 

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 which touch the lower boundary at 

grid A, grid B, region c, and region D. Since regions C and D are 

rectangular and straight (in r-z coordinates), only 5 points are needed 

to describe each of them: 

5 

K. 
l 

l. l. 

for region 2, and 

5. 

K. 
l 

7. 

L. 
l 

7. 

z. 
l 

100. 

R. 
l 

0. 

5 cards, 

Ri ~ 5 cards, 

for region 3 (see Appendix D for a listing of K, L, z, R for the 

above). 

The upper boundary is reflective, so a Neumann condition must be 

imposed: 

l 31 41 31 3 0. 

A card punched 

0 s 

must follow this to terminate reading of these boundaries. 

The two grids, A and B, are Dirichlet boundaries. Grid B is 

the simplest to describe since it is straight, i.e., z is constant. 

The input cards required are: 

2 1000. 

27 l 25. 0. 

27 16 25. 15. 

Grid A is neither constant in z nor constant in r, so all 17 points 

must be input: 

i 
~) 



17 -1000. 

K. 
l 

L. 
l 

z. 
l 

R. 
l 

-29-

17 cards 

UCRL-18721-

(see Appendix D for a listing of the points). Finally, a card punched 

0 o. 

is required to terminate the GENERATE i.'-tta set. 

Figure 4 shows the plot of the gen~rated 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. 

Figure 5 shows an equipotential plot for this sample case. The last 

card in the data deck contains 

2 5 _.....-------
~ 

to indicate /to ~the VPLOT option that 25 contour lines are to be 

plotted. 
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APPENDIX F. 

OUTPUT FROM SAMPLE CASE 

SAMPLE CASE USI~G VARIO~S FEATU~E OF J~SO'I 

CY ll ~0~ IOL StM~fT.RY 

~~AX= 41 
LMU= 31 

3 MATERIAL REGIONS -----

RE:;JON 10 POLHS KV<Y• l.OOOOJE+)J KZ/KX• 1.)))))E•ll• RHO= ). 

K l Z/X R/Y 

1 1 ). J. 
11 1 10.000000 o. 
24 1 23.000000 o. 
25 1 23.500000 o. 
27 1 25.000000 ). 
31 1 30.000000 o. 
~ 1 1 4J .OOOIJOO o. 
41 31 40.000000 30.000000 

1 31 ). 3). 000~00 
1 1 o. o. 

REGION 2 5 POHH.i K~/KY= l.OOOOOE+OO KZ/KX• 1.J000)E+J) RHO= 1.00000E+02 

K l ZIK ~/Y 

24 1 23.000000 o. 
25 1 23.500000 o. 
25 2 23.50000C 1.000000 
24 2 23.000000 1.000000 
24 1 23.000000 o. 

RE:;ION 5 POl ~TS nJ<Y= 7.00000E+)J KZ/KX• 7.))J0)E+J)• RHO• ). 

K l Z/X R/Y 

27 1 25.000000 o. 
27 lb 25.000000 15 .oooooo 
31 16 30.0000[)0 15.[)00000 
31 1 3).)00000 o. 
27 1 25.000000 o. 

NEUMANN BWNOARI ES 

ll K2 l2 SitE VALUE 

31 41 31 3 o. 

OJ RICH LET BOUNDARIES --'---

POINTS WITH PO.JEHJAL 1000.0000 

K l Z/X R/Y 

27 1 25.000000 o. 
27 16 25.[)00000 15.000000 

n POINTS WITH POTE~JJAL -1000.3{)00 

K l Z/X R /Y 

11 1 IJ. 00:>000 o. 
11 2 1).)31250 1.000)[)0 
11 3 1[).1250[)0 2.000000 
11 4 10.281250 3.000000 
11 5 1).500000 4.~00000 
11 6 10.781250 5.000000 
11 7 11.125000 6.000000 
11 8 11.531250 7.000000 
11 9 12.JODJ30 e.oooooo 
11 10 12.53125C 9.0COOOQ 
11 11 13.125000 10.000000 
11 12 13.781250 11.000000 
11 13 H.5ooooo 12.000000 
11 1ft 15.281250 13 .00)000 
11 15 16.125000 14.000000 
11 16 17.031250 15.000000 
11 17 18.)000)0 1&.00)000 
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CYCLE CONX C0'4Y RHOX RHOY 

' 

2 .0387!»)190 .oJ.:)0)0030 1.600000 1.600000 
3 .009442887 .ooooooooo 1.600000 1.600000 
4 • :>) 46 3 l) 8 9 .0:>00)0)0) 1.60()000 1.600000 
5 .())4287:H6 .0000)000::1 1.600000 1.600000 

53 .())))))533 • 0) >JlOlOO 1.754197 1. 933059 
54 .0000))420 .ooooooooo 1.754197 1. 933059 
55 .0)))))333 .oooooo:>oD 1.752118 1.933!)59 
56 .()000))256 • OiJ lO)~OtHi 1. 752118 1.933J59 

MESH CONVERGED If\ 8.860 SECONDS *** *** *** 
TOTAL GENERATION TIME (INPUT, MESH, COUPLINGS} IS 22.630 SECONDS. *** 

SAfiPLE CASE USING VARIOUS FEATURE OF JASON 

CYCLE RESIDUAL/LENGTH ETA OMEGA 

5 9. 573082E-02 7 .339291E-O 1 1. 543825 
10 2.545261E-02 7. 927697E-CH 1. 598281 
15 8.651603E-03 8.036985E-01 1.639139 
20 3.486743E-03 8.555828E-Ol 1.690728 
25 1.996238E-03 8. 756749E-O 1 1. 733 917 
30 1.214129E-03 8.881173E-O 1 1. 767805 
35 7.821747E-04 8.980839E-!H 1. 794622 
43 4.944792E-04 a .a89433E- oi 1. 808608 
45 2.703567E-04 8 .657303E-O 1 1. 811752 
50 1.218492E-04 \ a. 369745E-O 1 1. 809383 
55 4.474595E-05 8.07831BE-01 1. 8056.38 
60 1.349362E-05 7.810448E-01 1.803245 
65 3.349595E-06 7.6l4643E-Ol 1. ec3 s 01 
70 6.733424E-07 7 .818117E-O 1 1. 800798 
75 1.5()8:}63E-:H 9.573081E-01 1. 853679 
80 1.1aa036E-cn 9.()15228E-Ol 1.856178 
85 5.979263E-08 8.488398E-O 1 1. e5zsaz 
90 1.847556E-08 1. 758597E-!H 1.868906 

'"\ 97 1.)():}47BE-09 9.264783E-01 1.426285 

PROBLE ~ CCNV ERG EO IN 8.522 SECONDS ••• *** *** 
-· 
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L K z R 

1 1 ). ). o. 2 1 !). 1.))) ). 

1 2 1.()~) ). -8.16432E+01 2 2 1.017 1. ))() -8.26750E+()1 
1 3 2.()0) ). -1.64220E+02 2 3 2. )33 1.))) -1.66H3E+l2 
1 4 3.00) ). -2.48710E+02 2 4 3.~49 1.00) -2.5Bl)E+J2 
1 5 4. ))) ) . -3. 36142E +)2 2 5 4.)&4 1.))) -3.4H11E+J2 
1 6 5.00) (). -4. 27646E+'>2 2 b 5.HB 1. )JJ -4. 33132E+()2 
1 7 &.)()) ) . -5.24506E+02 2 1 &.)89 1.))) -5.31l75E+02 
1 8 7. )[)) ). -6.28218E+)2 2 8 7.~95 1.00) -b. 35579E+02 
1 9 8.~:>) ). -7.40583E+:>2 2 9 8.)93 1.))) -7.47958E+02 
1 1) 9.)0) ). -8.63888E+02 2 10 9.J77 1.))) -8.693J2E+02 
1 11 1().00) o. -1.0~00~E+l3 2 11 10.:>31 1.:>oa -1.00000E+03 
1 12 11.00) a. -9.24716E +02 2 12 11. )99 1.)0() -9.19926E+02 
1 13 12.)()) ). -8.41337E+:l2 2 13 12.139 1. ))) -B.321&7E+J2 
1 14 13. Ji)) ). -7.48686E+()2 2 14 13.161 1.))0 -7.36i)46E+02 
1 15 14.00) ). -6.46558E+02 2 15 14. 171 1.000 -&.313l7E+il2 
1 16 15.000 o. -5.34871E+02 2 1& 15.17l 1.000 -5.17984E+02 
1 17 16.:>0) :>. -4.13712E+02 2 17 1&.161 1.JOO -3.96311E+G2 
1 18 17.0:)) ). -2. 83332E+()2 2 18 17.144 1.00() -2.66692E+02 
1 19 18.)0) ). -1.44152E+il2 2 19 18.119 1.))3 -1.29&78E+()2 
1 20 19.000 o. 3.26299E+OO 2 20 19.087 1.000 1.'t0655E+O 1 
1 21 2l.J0) ) . 1.5B237E+02 2 21 2).)49 1.))) 1.6387JE+02 
1 22 21.)(1) ). 3.2n5BE+02 2 22 21. ()08 1.)3() 3.19422E+:l2 
1 23 22.:>0) ). 4.88719E+OZ 2 23 21.975 1.00!) 4.82282E+02 
1 24 23.0iJ) o. &.71284E+()2 .2 24 23. ))) 1.330 6.61630E+:l2 
1 25 23.5)) ). 7.57l't7E+l2 2 25 23. 5)) 1.))) 7.4753&E+J2 
1 26 24.25) ). 8.747HE+n 2 2& 24.249 1.))() 8.72729E+Q2 
1 27 25.000 o. 1.COOOCE +03 2 27 25.0()) 1.000 1.00000E+03 
1 28 26.25) o. 9.78741E +02 2 28 26.25!) 1.001) 9.78653E+32 
1 29 27.5)) ). 9. 57689E+l2 2 29 n. 5ll 1.) )J 9. 57&13E+i>2 
1 3() 28.75) ). 9 • 38384E +JZ 2 ·, 30 28.750 1.))0 9. 31l31E+:>2 
1 31 3).)0) ). 8.89922E+02 2 H 3). JJ) 1.));) 9.14764E+02 
1 32 31.)1)() o. 8.19497E+l2 2 32 31.:>0) 1.000 8.18890E+02 
1 33 32. )~) ). 7.24758E+02 2 33 H. ji)) 1.))) 1. 24825E+J 2 
1 34 33. JO) ). 6. 3~899E+l2 2 34 33.000 1. ))I) &.3054lE+02 
1 35 34.000 o. 5.37719E+02 2 35 34.000 1.000 5. 37303E+02 
1 36 35.000 J. 4.45702E+J2 2 36 35.000 1.001) 4.45282E+Q2 
1 37 36.)0) :>. 3. 54865E+D2 2 H 3 ~- l)) 1.))) ,3. 54'>87E+02 
1 38 31.00) J. 2.65104E+02 2 38 31. 00() 1. JOO 2.64796E+02 
1 39 36.)0) ). 1.7621BE +:>2 2 39 38.)0) 1.) )•) 1.76)J2E+:>2 
1 40 39.00) o. 8.H5nE+H 2 4~ 39. J()') 1.0:>0 8.78364E+01 
1 41 4).):)) ). J. 2 41 ,. ). )0) 1.))) a. 

l K z R v L I( z R 'I 

3 1 ). 2.))1) i). 4 1 ). 3.))) :>. 
3 2 1.034 2.000 -8. 33377E+01 4 2 1. 052 3.000 -8.35932E+01 
3 3 2 ,;)67 2.000 -1.67654E +02 4 3 2.1)4 3o )\)I) -1.68l16E+I) 2 
3 4 3.10) 2.001) -2.53943E+02 4 4 3.154 3.));) -2.54751E+02 
3 5 4. 131 z.ooo -3.43231E+:12 4 5 4.204 3.0()) -3.44346E+02 
3 6 5.16) 2.)1)J -4.366)5E+02 4 b 5.249 3.))) -4.38lJ9E+02 
3 7 6o184 2.:>:>:> -5.35155E+)2 4 1 &. 289 3.:>1)1) -5.36792E+J2 
3 8 7.19~ 2.JDO -6.39985E+J2 4 8 7. 323 3.))) -6.41697E+J2 
3 9 8.201 2.00() -7.52076E+'02 4 9 a. 334 3.JOJ -7.53572E+32 
3 10 ~.181 2.)JJ -a. 720B6E+02 4 10 9. 325 3. ))() -8. 72966E+O 2 
3 11 10.125 2.JOO -1.0000:>E+03 4 11 1). 281 3.000 -1.00JOOE+J3 
3 12 11.235 2.JJJ -9.1613bE+)2 4 12 11.416 3.))) -9.13131E+32 

21 1 o. 20.000 c. 22 1 ). 21.000 o. 
21 2 1.189 20.000 -3.54425E+01 22 2 1.172 21.01)() -3.2ll66E+01 
21 3 2·. 3e2 20.000 -7.,J7971E+01 22 3 2.345 '21.000 -6.40795E+01 
21 4 3.581 20.000 -1 •. :)5962E+02 22 4 3.524 21.(100 -9.57101E+01 
21 5 4.789 20.000 -1.40807E+02 22 5 4.711) 21.000 -1. 26607E+02 
21 6 6.011 20.000 -1. 75147E+02 22 6 5.906 21.000 -1.51113E+D2 
21 7 7.25::1 20.000 -2.J8718E+02 22 1 7.112 21.000 -1.86297E+02 
21 8 8.510 20.000 -2. 41134E +02 22 8 8.3 32 21.)) 0 -2.13919E+02 
21 9 9.792 2o·.ooo -2. 71875E+02 22 9 9.565 21.000 -2.39390E+02 
21 10 11. 100 20.000 -3. 00234E+02 22 1~ D.aoa 21.000 -2.61901E+02 
21 11 12.439 20.001) -3.251HE+n 22 11 12.057 21.000 -2. 80275E+02 
21 12 13.752 20.000 -3.43371E+l2 22 12 13.265 21.0)0 -2.92619E+02 
21 13 14.967 20.000 -3.50757E+D2 22 13 14.455 21.000 -2~96771E+02 

21 14 16.051 20.000 -3. 44042E+:>2 22 14 15.544 21.00() -2.911)25E+il2 
21 15 17.011 2:>.000 -3.222&3E+02 22 15 16.548 21.000 -2.74685E+02 
21 16 17.892 20.000 -2.86867E+02 22 1& 17.479 21.01)0 -2.46296E+02 
Z1 17 18.705 20.001) -2.4i451E+)2 22 11 18.354 21.))) -2.131t40E+02 
21 18 B.47~ 2).)0) -1. 8931)E+)2 22 18 19.188 21.))) -1.72265E+il2 
21 19 2).231 2).1)01) -1. 33383E+:>2 22 19 19.996 21.))) -1,;26B92E+Q2 
21 20 20.973 20.000 -7.55689E+H 22 20 20.769 21.000 -1. 91841E+01 
21 21 21.714 20.000 -1. 755l'tE +0 1 22 21 21.576 21.000 -3.07326E+01 
21 22 22.462 20.000 3. 92608E+CH 22 22 22.365 21.000 1.70593E+01 
21 23 23.222 20.000 <l.34901E+Ol 22 23 23.162 21.000 6. 28896E+O 1 
21 2't 23.999 20.000 1.43704E+02 22 24 23.970 21.000 1.05501E+02 
21 25 24.7<;8 2o.noo 1.881t01E+02 22 25 24.796 21.000 1.43679E+02 
21 26 25.624 20.0CO 2.26l46E+02 22 26 25.642 2 1.!!00 1. 7629'tE+02 
21 27 26.480 20.000 2.55666E+02 22 21 26.511 21.000 2.02385E+02 
21 26· 27. 3t7 20.000 2. 76059E +0 2 22 28 27.403 21~000 2. 21247E+02 
21 29 2a.2e2 2\1.000 2.B690BE+D2 22 29 28.317 21.000 2. 32535E+02 
2 1 30 29.219 20.!)00 2. 88418E+02 22 3:) 29.251} 21.00;) 2. 36312E+02 
21 31 30.174 20.000 2. 81369E+D2 22 31 30.199 21.000 2. 33039E+02 
21 32 31. 139 20.000 2.66968E+02 22 32 31. 159 21.000 2.23501E+02 
21 33 32.113 zo.ooo 2.46730E+02 22 33 32.127 21.000 2.08672E+02 
21 34 33.092 20.~00 2.22042E+02 22 34 3 3. 10 2 21.000 1.89581E+02 
21 35 34.074 20.000 1. 94184E+Q2 22 35 34.081 21.000 1. 6719CE+02 
21 36 35.058 20.000 1ofo4147E+02 22 36 35.1)64 21.000 1. 't2328E+02 
21 37 36.045 20.000 1. 326't5E +02 22 37 36.049 21.000 1o15667E+02 
21 38 37.\)33 20.MO 1. ';(ll76E+02 22 38 37 •. )35 21.000 8 .77302E+Ol. 
21 39 38 .I) 21 20.000 6. 70866 E +0 1 22 39 38.023 21.000 5. 89289E+01 
21 40 39.011 20.000 3o36292E+01 22 40 39.•)11 21.000 2.95923E+01 
21 41 40.000 20.000 o. 22 41 40.000 21.000 :>. 
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• 
• 

• 
z~ 38 37.Jl5 28.~~) 4 •• ·6721E+01 30 3R 37.)J8 z~. no 3.91175E+ll 
Z9 39 Js.n> 28.)0) 2.77154E+H 30 39 38.:>05 29.0i)0 2obb752E+J1 
29 40 39.0() 5 28.001) 1.41_l383E +!)l 30 ~ 1) 3~.) 02 29.00:> 1.35172E+01 
z.~ 41 4).)~) 28.)0) ). 3) H ~ :J. :.o> n.>n > .• 
L K R v 

31 1 ). 2~ • .)0.) J. 
31 2 1. 018 29.000 -1.77879E+01 
31 3 2.B5 H.OO.) -3.53H7E+Jl 
31 4 3.053 29.00() -5.23936E+01 
31 5 4. J11 29.)0) -6.8721~E+)1 

31 b 5.088 29.000 -8. 4::J651E+01 
31 1 6.1:1b 29 .ooo -9. 8 1112E +0 1 
H 8 7.124 2~.))) -1.10781E+:>2 
31 9 8.141 29.0~) -1.21637E+02 
31 10 ~.15~ B.)DO - 1 • 3 J48 3E +0 2 
H 11 1).174 29 .ooo - 1. 37076E +02 
H 12 ll.18S n.:>oo -1.411BF+)2 
31 13 12.20) 29.)00 -1.42647E+02 
31 H 13.21) H.)OJ -1.41298E+02 
31 15 14.217 29.000 - 1.37074E +02 
31 lb 15.22) n.on -1.29983~+02 

H 17 11>.22) H.JJJ -1.2n3::E+l2 
H 18 17.21b 2~.000 -1. H1l8E +02 
31 19 18.209 29.000 -9. 31)558E +0 1 
31 2) B.19~ B.)JJ -1. b 5442E +()[ 
H 21 2).18& 29.)0() -5.86b61E+01 
31 22 21.171 n .:>:>o -3.99631E+01 
31 23 22.154 29.')')0 -2.1013BE +0 1 
31 24 23.1H n.oJ> -2.40:l8RE+O() 
H 25 24.121 29.~00 1.53H8E+01 
H 2b 25.105 29.))0 3.15912E+01 
31 27 26.090 29.1)00 4o60058E +01 
H 28 27.H6 29.000 5.81624E+Ol 
H 29 28.)64 29.)0) 6.77870E+01 
31 30 29.053 29.000 7. 46986E +0 1 
31 31 3).)43 29.000 7.88141E+ll 
31 32 31.)35 29.01)0 B.Ol435E+01 
31 33 32.)29 29. )0 J 1. 8780 1E+O 1 
31 3tt 33.023 29.JOO 7.48R87E+01 
31 35 34.018 29.!)1)0 6. 86924E +0 1 
31 3b 35.)14 n.:>n 6. :l4598E+Ol 
31 37 36.011 n.:>o~ 5.J4929E+H 
31 38 37.~B 29.)()J 3.91175E+Ol 
31 39 38.0c)5 29.000 2.66752E+01 
H 4l H.)J2 H.Jl)J 1. 3~172E+Ol 
H 41 ~J.~l)) n.JDJ J • 

... 
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SAMi>LE CASE USI"'G VARIOUS FEATURE OF JASON 

~A~MONIC POLYNOMIAL EDIT ••• CHJijQ~ICIIL SY"'"'EUY 

DERI VAT IV ES ARE FROM THE 'I EGAT I\1 E GUO IE'I T )F THE PJTEI'lTIAL 

Lll KLL z R v vz VR vzz IIZR VRR 

1 1 • 504 o • - 4ol0660E +0 1 e.151CQE+C1 ). 5.40320E-01 o. -2. 701 ~OE-01 
1 2 1.512 Jo -1.23667E+02 e.24956E+n ). 1.47862E+Ol a. -7. 393a9E- )1 

1 3 2.52) ). -2.:•7710E+02 8.4430eE+01 ). 2.51&1t1E+OO o. -1.2582JE+l0 
1 It 3.528 o. -2.9419eE+02 e. 74113E+01 ). 3o63736E+00 o. -1. e1e68E+\l0 
1 5 4.535 o. -3. e4205E +02 9.153 HE+Q1 J 0 4.ee607E+OO o. -2. ~~304E+·JO 
1 6 5.542 o. -4. 7e910E+02 9. 69595E+:H ). 6.32123E+OG o. -3.16l61E+JO 
1 7 b. 54~ ) . -5. 79627E +02 1. 03 eeeE+ 02 J. 8. 32315 E+JJ a. -4. Oll57E+ 10 
1 e 7.547 o. -6.e7e30E+02 1ol262lE+02 o. .;1. 0 l078E+01 o. -5.05391E+()0 
1 9 e.543 o. -e.0517aE+02 1o23473E+02 ). 1o2598JE+a1 o. -6. 2990lE+:JO 
1 u ~.527 ). -9.33276E+02 lo 3 73 76E+ 02 ). l.621t45 E+01 o. - e.1222 5E+ ·lO 
1 11 10.533 o. -9.61363E+02 -7.46373E+01 '). -9.2 7300 E+OO o. 4.63650E+OO 
1 12 11.56) ). -e.79e56E+02 -e.3952eE+01 o. -9.34821E+0() o. 4o 6 741 OE + )0 
1 13 12.575 o. -7.e9e90E+02 -9. 33499E+01 Jo -9.76217E+00 o. 4. ee10eE+OO 
1 14 13.5e3 Oo -6.90954E+l2 -1.D2923E+n ). -9.89462E+OO o. 4.94731E+JO 
1 15 14.5es o. - s.e2962E+02 -1.12512E+02 ). -'1.8 667eE+OO c. ~- 9333~+ 00 
1 16 l5.5e3 o. -4.65977E+02 -l.21<;59E+02 o. -9o67233E+OO o. 4. 83616E+OO 
1 17 16.576 o. -3.40242E+02 -l.31l05E+02 Jo -9.31069E+OO o. 4. 65535E+JO 
1 1e 17.566 o. -2.i)6165E+D2 -1.39794E+02 o. -e.7e924E+00 o. 4.39462E+vo 
1 19 1e.552 )o -6.429.61E+a1 -1.47ee9E+02 ). -8.1337eE+Ol o. 4. Obbe9E+ll 
1 20 1'1. 534 ). e.47181E+)l -1o55302E+02 J. -7.4183bE+OJ a. 3. 7091eE+OG 
1 21 20.514 o. 2o40317E+I)2 -1.62083E+02 ). -6.8371GE+OG o. 3. 41855E+ )0 
1 22 21.496 a. 4.()232JE+)2 -1. be978E+02 ). -8. lU81E+0() (). 4. ()()54aE+JG 
1 23 22.49lt ). 5.74084E+02 -1. 7591eE+02 ). -9.83~48E+Ol o. 4. 91824h JO 
1 24 23.250 o. 7 .049e6E +02 -1. 72216E+02 J. -4.e2624E-01 > o. 2. 41312E-01 
1 25 23.e75 Oo e.11545E+02 -1.65179E+02 (). -8.61172E+00 o.- 4. 305e6E+JO 
1 26 24.625 ~- 9.3711eE+32 -1.6e2e9E+02 ). -e.52292E+Gl o. 4.26146E+JO 
1 27 25.625 o. 9. 89344E +02 1. 7C246E+01 ). -9.74437E-02 o. 4. e7219E-02 

. 1 28 2!>.e75 )o 9.6e151E+02 1. t7463E+ C1 )o -2o3ll68E -Q1 o. 1o 15) e4E- :J1 
I 1 29 ze.125 o. 9.4ell7E+02 1.75479E+01 o. -1.54140E-01 o. 1. 7069eE-')2 

1 30 B.375 ). 9.195)5E+J2 2.e6957E+01 lo 1. H 525E+G1 (). -7.07b27E+JO 
1 3l 30.500 o. e. 595e4E +02 e.15 ECCE+C1 o. 1. 71601E+01 o. -8. 58005E+OO 
1 32 31. 5()) )o 7 • 7 27 2 2E +) 2 9o 2 6<;71E+ 01 ). 3. 76731E+)) o. - lo 88365E+ 00 
1 33 32.500 o. 6 o 77657E +02 9. 4025 SE+Ol o. -6.99833E-01 o. 3. 4991 1e-n 
1 34 33 .so) )o 5oe4i>83E+02 9.3l707E+01 J. -1.12117E+GJ o. 5.60585E-Ol 
1 35 34. 50G a. 4.9l461E+02 9.20147E+01 o. -1.26397E+OO o. 6. 319e6E-01 
1 36 35.5()) ). 4.000 4eE +02 9. 0821 7E+ Cl Jo -1.2H46E+GJ o. 6o02228E-Ol 
1 37 36.500 o. 3 .097e2E +02 e. 97392E+01 o. -1.03566E+DO o. 5.17e30E-Jl 
1 3e 37.50) )o 2. 2J5l6E+i)2 8.8e567E+D1 ). -7.~081)JE-Gl o. 3. 95fti)OE-)l 
1 H 38.50) )o 1.319e7E+i)2 e. S2357E+Ol o. -ft.~ft57lE-01 a. 2.472e6E-Ol 
1 40 39.500 o. 4o 39430E +0 l e. 7<;Ct6E+Ol o. -1.82410E-D1 o. 9. 12052E-02 

LLL KLL z R v vz VR vzz vz~ \lltR 

1 1 .504 .500 - 4o 10327E +0 1 eo14515E+ 01 -1. 3159'tE-O 1 5o12429E-01 -2.34071tE-01 -2. 49242E-Ol 
1 2 1.512 .500 -l.23575E+02 e.Z42<;2E+01 -3.67 e16E-(ll 1.46391£+00 -2.65458E-01 -1. 28275E-<ll 
1 3 2.52) .500 -2 .:1755 3E +t> 2 e. 43602E+01 -6.25977E-Ol 2.49141E+OO -2 .e2't58E-O 1 -1. 23946E+OO 
1 4 3.52e .500 -2.93971E+02 e. 7333eE+01 -9.04830£-01 3o60l2eE+00 -3.J993GE-01 -l.79162E+?O 
1 5 4.535 o500 - 3o 83900E+02 9o14502 E+01 -1.21545E+OO 4oe3755E+OO -3.50681E-01 -2.lt0664E+OO 
1 6 5.542 .500 -4.7e516E+02 9.tE572E+01 -1.57241E+OO 6.25eOeE+OO -4.1l9329E-01 -3.1132 5E+.JO 
1 7 6.546 .500 -5.79127E+02 1.03765E+02 -1.99575E+OO 7.942e9E+OO -4. 92ft 78E-Ol -3.95l3eE+OO 

1e It 4.323 17.500 -1. 5e936E+02 3.64199E+01 -1. 34309E+!H -2.00504E-01 -3. 71l46E+01) 9. 6 79e6E-I)l 
18 5 5.594 17.500 -2.05515E+02 3. t2352E+ 01 -1. 79656E+IH -2. 9e277 E-D 1 -4.11772E+OO 1. ~2488E+OO 
1e 6 6.896 17.500 -2.53024E+02 3.59039E+Ol -2. 30994E+01 -4.56032E-Ol -4.66324£+00 1o77600E+OQ 
18 7 e.241 17.500 -3.01675E+02 3o 5235eE+Ol -2.9G5e3E+I)1 -7.70012E-01 -5.36162E+OO 2. 43049E+ lO 
18 8 ~.64e 17.500 -3. 51716E+02 3.37e3GE+Ol -3. 6)65')E+H -1.b379lE+G3 -5.73253E+OO 3.69e79E+OO 
18 9 1 1. 148 11.500 -4.02169E+02 3. 4 7323E+ 01 -ft. 43594 E+H 2 .)66 44E+o0 -6.91720E+OO 4. t83e7E-01 
1e 10 13 .o 51 17 0 500 -4. 71806E+02 3.87113E+01 -6.33635E+Ol 3o225e3E+00 -1.9000eE+01 3o94934E-v1 
1e 11 15.050 17.500 -5o61163E+02 2o95EHE+01 -1.07781E+02 -6.17e50E+00 -2.50467E+01 l.29374E+Ol 
1e 12 16.455 17-500 -5.95005E+02 -7.11409E+OO -l.3795eE+02 -2.50431E+01 -1.64e7eE+01 3.29265E+Ol 
1e 13 17.371 17.500 -5.e7631E+02 -7.52133E+Ol -1.63e07E+02 -5.12059£+01 3. 21452 E+O 1 6.0566 3E+01 
18 14 1e.072 11.500 -5.2e071E+02 -l.1'l74eE+OZ -1.43175E+G2 -5.01401£+01 7. 657-lOE+O 1 5. 83215E+01 
1e 15 1e.6e2 17.500 -4.4St>e5E+02 -1.39e80E+02 -1. l8232E+lZ -2.H341E+01 8. 99336E +0 1 3. 53188EHJ1 
18 16 19.257 17.500 -3.5531eE+02 -1.4756eE+02 -7.50552E+G1 -e.77l52E+OG 7.e7747E+01 1. 30604E+Q1 
18 17 l9.e27 17.500 -2.65261E+02 -1.4'l395E+02 -4. 6e031 E+O 1 2.63091E+OO 6o22012E+01 lt.35el5E-02 
1e 18 20.405 17.500 -1. 7593eE+02 -1. 48012E+ 02 -2.27274E+01 7o32742E+01) 4o90l96E+01 -6.02871E+OO 
18 19 20~99b 17.500 -e.7426eE+G1 -1.44935E+02 -1.47:>35E+JJ e.84632E+OO 4oG't~9eE+I)1 -8.7623QE+OG 
18 zo 21.6)4 11. 5)0 3.16380E- G1 -1. 4091eE+ 02 1. 83 J())E+)l 9.45H5E+0) 3.57e27E+01 -1.05J51E+IH 
18 21 22.23() 17.500 e. 71327E+O 1 -1. 3~<;HE+ 02 3. 775 71 E+ll 1.05e63E+01 3.39101E+01 -1.27438E+01 
1e 22 22.e75 17o 500 l.72449E+02 -lo29Z60E+02 5. 78543E+)l lo350e2E+Oi 3o40136E+01 -1. 68l41E+01 
1e 23 23.542 17o500 2o54e52E+)2 -1.le947E+OZ 7o90e13E+31 1.97495E+01 3o4463ftE+:ll -2. 42b85E+ )1 

1e 24 24.233 17.500 3. 31342E+02 - l· 02175E + C2 1. :JOb53 E+)Z 2.~8 28 7E+01 3.02363E+Ol - 3. 55803E+ 01 
1e 25 24.973 17 0 500 3 .9e705E+02 -7.99240E+01 1o21013E+02 3.93500E+01 1o92622E+01 -4.62651E+01 
1e 26 25.767 17.500 4.47e51E+02 -5.14961E+01 lo285[)7E+02 3o197G9E+Ol -2.92G3GE+OO -3.931't1E+01 
1e 27 26.635 17o500 4oe:l434E+)2 -z. 7e903E+t>1 l.23e:HE+)2 2.54412£+01 -5. 3134bE+OO -3. Z5l59E+ H 
18 28 27.571 17.5)() 4o94715E+[)Z -6.251ZOE+I)i) lol!>287E+)2 1.~5~94E+Gl -9.26491E+OG -2. 62444E+Jl 
1e 29 ze.;55l 17.500 4o91399E+02 1.1H01E+C,l lo0639eE+02 1.65241E+01 -9.76492£+00 -2. 26040E+01 
1e 30 29.553 11.500 4.71414E+02 2o65376E+01 9o5G4e4E+01 1.32354E+Ol -1.2923ltE+01 -1. e6667E+01 
1e 31 30.559 17.500 4. 37757E+02 3o78011E+01 e.G9513E+01 e.75687E+OG -1. 5123eE +0 1 -1. 33e2 7E+':!l 
18 32 31.559 17.500 3o949e2E+02 4.47445E+01 6.55107E+O l 3.65494£+00 -1.55735E+01 -1. ~9e40E+OO 
1e 33 32.556 17.500 3o4e199E+02 4. 7493 eE+01 5.14138E+01 4.72e35E-01 -1.25648E+01 -3.ltl076E+OO 
1e 34 33.550 11.500 3o00439E+)2 4o 80620E+Ol 4o)ft135E+Ol -6.4G646E-01 -1.00669E+01 -1.67213E+JO 
18 35 34.543 l7 0 500 2o527eeE+J2 4.76642E+01 3o1b714E+)l -8. 45877E-IH -e.1't219E+GO -9.63917E-.ll 
18 36 35.535 17 .51)() 2.;)5712E+Q2 4o70497E+01 2.4396lE+)l -7. 953eJE-Gl -6.e7)G5E+GO -5. 9e6e3E-01 
18 37 36.527 17.500 l. 5926'tE +02 4. 64621E+01 1. 81346E+H -6.57549E-G1 -6.01869E+OO - 3o 7e113E-01 
le 38 37.519 17o500 lol3353E+02 4o 59909E+Ol lo254e2E+)l -4o 92913 E-D1 -5.46146E+OO -2.2412 BE-01 
18 39 3eo512 17.500 6. 783e5E+O 1 4.5HetE+Ol 7. 39318E+OO -3.22628E-01 -5.12353E+OO · -9.98392E--J2 
1e 40 39.504 17.500 2.29270E+01 4.44e60E+01 3.34l22E+OO -3.15171E+OO -1.61914E +00 2. 9607eE+OO 

;...ollllllll 



LLL KLL R v 

)) 1 .50 4 29.500 -e.77877E+OO 
30 2 1.513 29.500 -2.62569E+Ol 
3D 3 2.522 29.500 -4.33666E+Dl 
n 4 3.531 29.50D - 5.~E811E+01. 

30 5 4.540 29.500 -7.55601E+01 
30 6 5.549 29.500 -9,0156 iE+Ol 
3D 7 6.558 29.500 -1.03421E+02 
30 8 7,566 29.500 -1.151D5E+J2 
33 9 8.575 29.500 -1.24958E+02 
30 10 9.583 29.500 -1,32739E+02 
30 11 10.59D 29.500 -1.38218E+02 
30 12 11.597 29.500 -1.41190E+02 
30 13 12.603 29.500 -1.41488E+02 
30 14 13.607 29.50D -1,38995E+D2 
3D 15 14.609 29.5DD -1.33663E+02 
30 16 15.610 29.500 -1.25526E+02 
30 17 16.609 29.500 -1.14713E+02 
30 18 17.606 29.500 -1.01457E+02 
3D 19 18.602 29.50D -8.6D935E+Ol 
30 20 19.596 29.500 · -6 .90522E+Ol 
30 21 20.589 29.500 -5.08420E+01 
30 22 21.581 29.500 -3.20273E+Ol 
30 23 .22.573 29.500 -1.320)2E+U 
30 24 23.565 29.500 5 .04920E +00 
3) 25 24.556 29.500 2.21614E+D I 
30 26 25.549 29.500 3, 76337E+OI 
30 27 26.541 29.500 5, 10406E +0 I 
30 28 27.535 29.500 E. 20481E +01 
30 29 28.529 29.500 7.04225E+01 
30 30 29.524 29.500 7.60311E+01 
30 31 3D.520 29.500 7.88388E+01 
3D 32 31.51~ 29.500 7.88992E+JI 
30 33 32.513 29.500 7.63438E+OI 
30 34 33.510 29.500 7.13685E+01 
30 35 34.508 29.500 6.42204E+D1 
n 36 3 5 .50~ 29.500 5. 51860E +0 I 
30 37 36.505 29.500 4,45797E+OI 
30 38 37.503 29.500 3 • 27354E +0 I 
3D 39 38.502 29.500 l.99996E+U 
3) 40 39.531 29.500 ~. 70654E +00 

TOTAL ECIT TIME IS 8o684 SECONDS ••• ... 
SAMPLE CASE USI~G VARIOUS FEATURE OF JASO~ 

VPLOT 

PLOTTING 25.LINES . 
-I.ODOOOE+Ol 
-9.16667E+02 
-B.33333E+OZ 
-1 • 50000E+02 
-6.6666 7E+02 
-5.83333E+02 
-5.00300E+02 
-4.16667E+02 
-3. 33333E+DZ 
-2.50000E+02 
-1.66667E+OZ 
-8. 33333E+OI 
-3.63798E-1Z 

8.33333E+Ol 
1.66667E+02 
2.50)0DE+DZ 
3.33333E+DZ 
4.16667E+OZ 
5.00000E+02 
5, 83 33 3E+OZ 
6.66667E+DZ 
7.50)00E+DZ 
8.33333E+OZ 
9,16667E+DZ 
1 .• DO 3DDE+03 

-39-. 

vz VR vzz VZR VRR 

1. 744 73E+ 01 1.2~974 E-)2 -2,57226E-Ol -1.94305E- 01 2. 5f796E -01 
1. 71240E+Ol -1.67078E-Ol -3.61770E-Gl -1.80928E-Ol 3, H434E-01 
1.66515E+Dl -2. 79417E-31 -6.15D92E-Dl -1.83211E-Dl 6, 24563E-I)l 
1. 5~3~9E+Ol -3.93J32E-31 -8.653D lE-G 1 -1.86289E-Ol 8 •. 18624E- Oi 
1.49H4E+Ol -5~08102E-Ol -1.11887E+OO -1.89705E-01 lol3610E+00 
1.3HECE+Ol -6.24438E-Ol -1.37552E+OO -1.92173E-Ol 1. 39668E+OO 
1.23426E+Ol -7.41333E-Dl -1. 63386E+OO -1,94525E.,-Ol 1. 65899E+JO 
1o06503E+D1 -8.57375E-01 -1.89104E+DO -1,9365DE-01 1.92JllE+JD 
8.114E8E+OO -9.70 251E-H -2.14228E+OO -1.88450E- 01 2.1751 7E+ 00 
6.545E2E+OO -l.07654E+OO -2.38039E+OO -1.76856E-01 2o41688E+OO 
4.16092E+OO -1.17160E+DO -2.59540E+OO -1.56537E-Ol 2.63511E+OO 
1.58880E+OO -1.24951E+OO -2~ 771t41E+OO -1.25155E-01 2. 81676E+OO 

-1.12851E+OO -1.3D33DE+DO -2,90186E+OD -8.08000E-02 2.94604E+OO 
-3,93362E+OO -1.3254DE+DD -2.96049E+OD -2.2587DE-D2 3.DD542E+OO 
-6. 75308E+DO -1.3)848E+DD• -2.9333DE+DO 4.87378E-D2 2. 9773 5E+ 00 
-9.498ME+OO -1.24648 E+DD -2.80455E+OO 1.30.166E- 01 2. E4680E+OO 
-1.207C8E+Ol -1.13575E+OO -2.56555E+OO 2ol6645E-01 2, E0405E+OO 
-1.43649E+01 -9,76099E-Dl -2. 2llt27E+OO 3o01248E-Ol 2. 24 73 6E+OO 
-1.62790E+Dl -.7. 71373E-01 -1.75844E+OO 3.76315E-01 1. 78459E+DD 
-1. 77l26E+Ol -5.29 434E-D 1 -1.21548E+OO 4.31t697E- 0 I 1. 23343E+OO 
-I, 86251E+Ol -2.61544E-Ol -6.11084E-Ol 4.70934E-Ol 6ol9949E-Ol 
-1, 89423E+Ot 1.87844E-D2 2 •. 31t646E-G2 4o82D37E-Dl -2. 41013E-n 
-1.86601E+01 2.97173E-Dl 6.54674E-D1 4.6772BE-01 -6. 64 74 7E-)l 
-1. 77952E+01 5.59772E-Dl 1.25024E+OO 4.30183E-Ol -1.26922E+OO 
-1. 63 92 7E> 01 1, 94446E-)l . 1. 78197.E+OD 3,73463E-D1 -1.80890E+OO 
-1.45221E+Ol 9.91629E-01 2.22781E+OO 3 .o 2799E-O 1 -2. 26142E+OO 
-1.22704E+01 1.14481E+OO 2.57300E+OO 2.23876E-OI -2. 61180E+OO 
-9. 73575E+OO 1.25067E+OO 2.81029E+OO 1.422IOE-O 1 -2. 85269E+OO 
-7,02029E+OO 1,3)887E+3D 2.93942E+DD 6o26528E-D2 - 2. 983 7'1E. 00 
-4.22431E+OO 1.32165E+OO 2.96593E+OO -1.09401E-02 -3.01073E+OO 
-1.44118E+OO 1.29323E+OO 2.89978E+OD -7.588l8E-02 -2, 94362E+OO 

1. 24616E+OO 1.Z2909E+))- 2. 75370E+OO -1.3D672E-01 -2. 79537E+OD 
3. 76 72 8F.+OO 1.13534E+OO · 2.54170E+OO -1. 74890E-O 1 -2, 58019E+OO 
6.0~4~3E+OO 1.01814E+OO 2.27771E+OO -Z.09001E-Ol -2. 31222E+OO 
8.09456E+OD 8. B3178E-01 1.97456E+OD -2.34105E-01 -2. 0045DE+JD 
9.E2310E+OO 7.35420E-)l 1.~43 35 E+)) -2,51676E- 01 - 1. H82 BE+ 00 
1o'I2272E+01 5.78902E-Ol 1. 29306E+OO -2.63312E-O 1 -1. 31268E+OO 
1.22910E+01 4.16736E-Dl 9.3D541E-Gl -2. 70526E-O I -9, 44667E-01 
1.30049E+01 2.51198E-OI 5.6D787E-Ol -2. 74581E-Ol -5.69302E-H 
1. 34~45E+ 01 -1.84850 E-32 3.9D 272E-O 1 -2.98457E-01 -3. 89646E- 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 

2 

3 

1 4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

lit 

15 

16 

1 17 

18 

19 

20 

21 

22 

23 

1 24 

3 

3 

3 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

4i) 

2 

3 

l 

o. 
1.429 

2.857 

4.286 

5. 714 

7.14 3 

8.571 

10.00:> 

11.429 

12.857 

14.2€6 

!"5.714 

17.1-43 

18.571 

20.1)0() 

21.429 

22.857 

24.286 

25.714 

27.143 

28.571 

30.00;) 

31.250 

32.50) 

33.750 

35.:>0:> 

36.250 

37.500 

38.750 

4).00) 

41.00) 

42.00:> 

43.000 

44.00;) 

45.003 

47.:HI). 

48.00) 

49. :>t)), 

5 :>.OJ) 

o. 
1.424 

2.849 

R 

o. 
o. 

o. 
J. 

o. 
o. 
o. 
i). 

o. 
o. 
o. 
o. 

o. 

o. 
o. 
o. 

o. 
o. 
o. 

o. 
;). 

o. 
o. 
o. 

o. 
o. 
). 

o. 
). 

o. 

o. 
(). 

). 

). 

) . 

2.564 

2.55;) 

2.536 

v 
ERROR(%) 

~.~6667E+02 
5.45697E-13 
6.86268E+02 
9.88:l09E-:>4 
7o06974E+I)2 
1...37286E-D2 
7.28975E+02 
2.63:>49E-n 
lo52396E+02 
3o87784E-::J2 
1.17382E+02 
5.08625E-02 
8o04095E+Q2 
6.25277E-02 
8. 32718E+02 
7.37842E-J2 
e.63466E+02 
8o46663E-(12 
8o96581E+02 
9.52198E-02 
9o32349E+02 
1.,·.: 5498E-!H 
'i. 710 99E +0 2 
1.1556 5E-O 1 
1o01322E+03 
1o 2 5497E-;) 1 
t.t;5911E+O~ 

1o35391E-O 1 
1o109SC.E+03 
1o45372E-tJ1 
1.16485E+03 
1o55606E-Ol 
1o22603E+03 
1.66297E-01 
1o29399E+03 
1o17~77E-Ol 

t. 36994E +0 3 
t.89936E-Dl 
1. 45537E+H 
z.J3'J9<JE-Ol 
t.55218E +03 
2··16716E-01 
1.66284E+H 
2o29505E-01 
1o 71368E+03 
2.3C•275E-!H 
1.9;)045E+03 
2o26551E- 01 
2.•J46B4E+03 
2.16562E-01 
2. 2ll84E+H 
1o96992E-Ol 
2o42024E+03 
1.65003E-01 
z. 66335E+H 
1. 24363E-O 1 
2.96000E+03 
'i .'i9685E-02 
3. 330 :l4E +:13 
9.87726E-02 
3.646l)E+H 
c; .C5C30E-02 
3o93019E+03 
7.99743E-02 
4o180'74E+i)3 
6ol9654E-02 
4o39809E+:)3 
4 .34765E- 02 
4o58203E+03 
2.84847E-02 
4o 73248E +03 
lo80023E-02 
4.84945E+)3 
1. 13896E-02 
4o93296E +1)3 
7.57939E-03 
4.98335E+H 
5.68527E-03 
4o99974E +03 
5 ol1675E-03 

6 .65792E+02 
2.18566E-12 
6.85170E+J2 
lo45444E-02 
7.05721E+02 
2.85652E-02 

L K 

2 

2 2 

2 3 

2 4 

2 5 

2 6 

2 7 

2 8 

2 9 

2 l!) 

2 11 

2 12 

2 13 

2 14 

2 15 

2 16 

2 17 

'2 18 

2 19 

2 2'-1 

2 21 

2 22 

2 23 

2 24 

2 25 

2 26 

2 27 

2 28 

2 29 

2 3? 

2 31 

2 32 

2 33 

2 34 

2 35 

2 36 

' 2 37 

38 

2 39 

4 

4 

4 

2 

3 

l 

o. 

1.426 

2.853 

4.279 

5.706 

7.133 

8. 56•1 

9.987 

11.415 

12.842 

14.270 

15.699 

17.127 

18.556 

19.986 

21.416 

22.846 

24.276 

25.707 

27.138 

28.569 

3:>.000 

31.251 

32.503 

33.757 

35.013 

36.273 

37.537 

38.799 

4). :n1 

lt1oJ49 

42.038 

43.oJ21 

44.0:>8 

45.001 

45.998 

46.997 

48.999 

5). )()J 

1.422 

2.844 

R 

1.282 

1.275 

1.268 

1.261 

1.254 

1.246 

1.238 

1.23~ 

1.221 

1.211 

1.200 

1.188 

1.176 

1.162 

1.146 

1.129 

loll1 

1.069 

1.046 

1.()23 

1.000 

.997 

.993 

.984 

.969 

.943 

.9!)5 

.851 

o1Bb 

.828 

.876 

.920 

.953 

.976 

.997 

1. ))) 

1. )Jl 

1 .))) 

3.846 

3.826 

3.805 

v 
ERROR(%) 

6o66448E+02 
5.45876E-13 
6.85923E+'l2 
1o239iJ4E-02 
7.06573E+02 
2.52823E-u2 
7.28508E+02 
3.86657E-iJ2' 
7o51859E+02 
5.18:J75E-t;2 
1. 76768E+02 
6.46079E-02 
a. OH97E+02 
1. 7·)421E-02 
8.31931E+02 
8. 91341E-'J2 
8o62581E+\l2 
1.00927E-01 
8.95594E+02 
1.12473E-;J1 
9. 31251E'+02 
1. 23835E-O 1 
9.6<JBB5E+n 
1. 35084E-01 
1oCll89E+'l3 
1.463J4E-01 
1.C5771E+C3 
1. 576)1 E-') 1 
1.D791E+,J3 
1.69lluE-01 
1.16313E+03 
1 • 8 10 10 E-0 1 
1.22417E+:J3 
1.93526E-01 
1. 29199E+03 
2.0 69 23E-O 1 
1o36779E+iJ3 
2.21458E-01 
1.453J5E+iJ3 
2. 3724 lE-O 1 
1.54967E+·~3 

2.54046E-01 
1o66008E+Q3 
2. 70814E-01 
1· 77:J46E+·'J3 
2. 77155E-,J1 
1o89670E+J3 
2.81J518E-Ol 
2.'l4264E+U3 
2.79396E-01 
2o21351E+)3 
2. 70632E-O 1 
2o41656E+03 
2.49887E-U1 
2o66179E+i)3 
2.18115E-O 1 
2.96181iE+U3 
1o91566E-(ll 
3o32691E+J3 
1.93237E-01 
3.64b)SE+l3 
2.1J07'l1E-C 1 
3o92299E+\)3 
1o9273H-:J1 
4.16673E+03 
1.76121E-01 
4o37953E+03 
1. 58255E-O 1 
4.5610SE+03 
1.4H26E-::H 
4o71)47E+)3 
1.32382E-01 
4.82711E+J3 
1.24870E-Ol 
4 .9ll61E+O 3 
1.20BOE-'Jl 
4.96378E+03 
1.17267E-n 
4 •. 9 77.54E+03 
1o 16264 E-0 1 

6.64703E+>J2 
5. 4 73J9E-13 
b. 839b)E+:>2 
1.53699E-02 
7.04377E+iJ2 
2.99577E-02 

... 



" 

l 

1'1 24 

19 26 

19 27 

19 2e 

19 29 

19 30 

19 31 

19 32 

19 33 

19 ~4 

19 35 

19 36 

19 37 

19 3e 

19 39 

19 40 

21 

21 

21 

21 

21 

21. 

21 

21 

21 

21 

21 

10 

11 

39 1e 

39 20 

39 21 

39 22 

39 23 

39 2.4 

39 25 

39 26 

39 27 

39 2e 

39 29 

39 3~ 

39 31 

39 32 

39 33 

39 34 

39 35 

39 36 

39 37 

39 3e 

39 39 

39 40 

32,500 

33. 'iso 

35.000 

36.250 

37.500 

3e.75) 

40.000 

41.00~ 

42.000 

43.000 

44,000 

45.000 

46.00(1 

47.000 

4e.ooo 

49.000 

so.ooo 

o. 
1.365 

4.095 

5.4~ 2 

6.e30 

e.19e 

9.5~e 

10.940 

12.314 

13.6€9 

23.140 

24.424 

25.70 7 

26.991 

2e.273 

29.555 

30. e~7 

32.1 1e 

33.399 

35.95e 

3e.515 

39.793 

41.070 

42.3H 

43.623 

44.e99 

46.174 

47.450 

4e.725 

50.0DO 

20.000 

20.COJ 

2~.000 

2C.O~Il 

20.000 

20 .coo 

N.OOO 

20 .ooo 

20.000 

20 .OCJ 

20.000 

20 .ceo 

20.000 

20 .ooo 

20 .coo 

20.000 

25.641 

25.576 

25.511 

25.444 

25.376 

25.306 

25.233 

25.157 

25.07e 

24.906 

4e.645 

4e. 640 

4e.635 

4e. 631 

4e.627 

4 e. 622 

4e.61e 

4e. 614 

4e.610 

4 e. 606 

4e.603 

4e. 599 

4e. 596 

4e. 593 

4e. 590 

4 e. see 

4e.5e5 

4e.5€3 

4e. 5eO 

48.578 

4e.576 

4e.574 

4e. 5 71 

v 
ERROR(%) 

le25196E+03 
1. 86390E-Q I 
1.29105E+03 
1.91139E-OI 
lo33C71E+03 
lo96637E-OI 
lo37062E+OJ 
2.G271JE-OI 
1.4 H~37E•O:! 
2.•J937eE-OI 
1o44948E+03 
2.161s2e-n 
le48727E+I.B 
2, 31216E-0 1 
t.51616E+03 
2.43e97E-01 
le54357E+C~ 
2o51667E-Q1 
lo56902E+OJ 
2o59039E-OI 
t.59213E+O:! 
2.66~19E-J1 
1.tl25CE+03 
2, 7 234eE-O I 
1o62976E+03 
2. 77774E-01 
1o 6435eE +03 
2.82109E-O I 
1.65366E+03 
2.e5247E-n 
lo659eiE+OJ 
2o81157E-OI 
1;661e7E+03 
2.e7e3se-o1 

5o93Z12E+J2 
3.C6634E-12 
6e06553E+02 
e,96231E-OJ 
6 .2~452E+02 
1o7601~E-02 
E:.34c;l43E+02 
2. 59375E-02 
6.50(161E+02 
3o39935E-02 
6.65847E+02 
4.17907E-02 
E:.82344E+02 
4.93502E-02 
6.99599!'+02 
5 .66Q23E-02 
.7.17H3E+02 
6o38363E-Q2 
7 .36592E +02 
7.CB009E-02 
7. 5644BE+02 
7. 76039E-02 

.s.•noa4E+U2 
6.57ee7E-03 
5· 99e7JE+J2 
7o!J2239E-03 
6o06562E+D2 
7.47542E-J3 
6.13138E+02 
7.93704E-03 
6.19576E+02 
e·.40579E-OJ 
6o25855E+02 
e.e7967E-03 
6o31951E+02 
9.35619E-03 
6o37e40E+02 
9.e3240E-O~ 

6. 43499E+02 
1.0049E~o2 
6e48903E+02 
t.07701E-Oi 
6, 540 2 eE+O 2 
1.12242E-02 
6o5BB50E+32 
1.166 30E-O 2 
6.63345E+tj2 
1. 20e26E-02 
6.6.7492E+)2 
1.24791E-O< 
6o 71269E+Q2 
1.2B4eBE-02 
bo 74655E+J2 
1oHBe1E-02 
6o 71634E+J2 
1.34939E-02 
6oe018BE+J2 
1o37636E-02 
6o e2303E+02 
1.3995JE-J2 
6. 8396 7E +)2 
lo4186BE-02 
6.85172E+02 
1o43391E-02 
6o85909E+02 
1· 44546E-J2 
6.86175E+02 
1.45484E-02 

K 

20 2~ 

2J 25 

20 26 

20 27 

20 28 

20 29 

20 30 

20 31 

20 32 

20 33 

2•) 34 

20 35 

2~ 36 

2) 37 

20 38 

2.J 39 

20 40 

22 

22 

22 

22 

22 

'22 

22 

22 

22 

22 

22 

4 

9 

11 

40 ui 

40 19 

40 z.~ 

40 21 

40 22 

40 23 

40 24 

40 25 

4!."1 26 

4~ 27 

4·J 28 

40 29 

~0 31 

4.0 32 

~0 33 

"' .40 34 

40 36 

~0 37 

40 3e 

40 39 

40 40 

32.146 

34.6Be 

35.936 

37.171 

38. 3e7 

39.574 

40.6e5 

41.754 

42.e03 

43.e42 

44.874 

45.903 

46.929 

48.971 

50,\JOO 

o. 

t. 360 

2. 720 

4. 082 

5.443 

6.806 

a. 110 

9. 535 

10.901 

12.269 

13.63e 

21.795 

23,071 

24.359 

25.641 

26.923 

2e. 20 5 

29.487 

30.769 

32.c'51 

33. 333 

34.615 

35,897 

37.179 

39.744 

~1.026 

42.30e 

43.590 

44. e72 

46.154 

47.436 

48.7le 

50.000 

21.578 

21.537 

21.511 

21.493 

21.48·) 

21.470 

21.463 

21.457 

21.452 

21.448 

21.445 

21.441 

21.4 39 

21.436 

21.433 

21.431 

21.429 

26.923 

26.860 

26.796 

26 .7 32 

26.666 

26.598 

26.52e 

26.298 

26.214 

5J.OOJ 

5·),000 

50.:lOU 

so.oo~ 

50.0/lC. 

50.000 

5•) .ooo 

so.ooo 

50.000 

so. 000 

50.000 

so.ooo 

50.000 

50.00) 

5o.ooo 

50 .ooo 

50.000 

50.000 

so.ooo 

50 .ooo 

50 .ooc 

v 
ERROR(%) 

l.l8810E+03 
1. 74135E-·H 
1.22438E+C3 
I.BIHOE-u1 
1.260·JBE+.03 
1.87926E-;I 
1.29523E+J3 
1,95263E-J1 
1.3295eE+03 
2.Q33eiE-(11 
1o36267E+03 
2.127J4E-)I 
1.393BBE+03 
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Fig. 2 

Fig. 3 

Fig. 4 
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FIGURE LEGEND 

Sample problem geometry. 

Logical diagram for sample problem. 

Alternate zoning for grid A of sample problem. 

Mesh plot for sample problem. 

Fig. 5 Equipotential plot for sampl~ problem. 
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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 quadrupole. 
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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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