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ABSTRACT

A computer method and program are presented for the 
calculation of neutron interaction between cylindrical 
storage containers holding fissionable material. The 
method is applicable to container arrays of either square 
or rectangular pitch, up to and including a maximum array 
size of 20 x 20 units. The program uses the Fortran II 
language,, and was compiled on the IBM 1620 computer. Any 
digital computer capable of compiling Fortran II programs 
can be used.

A description of the computer analysis of this inter 
action problem and an example of its application to the 
nuclear safety review of proposed uranium storage systems 
are presented. The neutron interaction combined with 
the criticality characteristics of the individual con 
tainers determines the safety of the array.
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I. INTRODUCTION

In designing facilities for the storage of fissionable 
materials, the possibility of inadvertent criticality due 
to neutron interaction must be considered. Neutron inter 
action is the mutual exchange of neutrons between two or 
more containers. In a group of several containers, each 
subcritical when isolated, the likelihood of their becoming 
critical as a group due to this neutron exchange must be 
known. The procedure currently used to calculate interac 
tion, though reliable, quickly becomes tedious when a large 
number of containers are involved. It was therefore found 
desirable to devise a more expedient method, yet one which 
would retain the accuracy of the original. This paper pre 
sents a computer program requiring only the container dimen 
sions and the size of the array to completely determine the 
total neutron interaction for the system.

II. BASIC INTERACTION THEORY

The most common container shape used in reactor fuel 
fabrication and processing plants is the cylinder. The in 
teraction between any two cylinders is simply a function 
of the distance between them and the surface area which 
they present to each other. For two cylinders of the same 
size, interaction is given by1

0 = 4 sin-1 __ , (1) 
V(a/2) 2 + he V(V2) + he

where a and b are cylinder diameter and height respectively, 
h is the center-to-edge distance between them, and fi is 
the subtended solid angle (interaction) measured in stera- 
dians.

To compute Q for two cylinders as in Figure 1, shown 
on the next page, only the dimensions a, b, and h are 
needed.
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Fig. 1 

Two Cylinder System

In a three cylinder system as in Figure 2, fl must be 
calculated between cylinders 1 and 3 as well as 1 and 2, 
and the resulting fl's added to give the total interaction, 
or the cumulative effect of all neutrons transferred to 
cylinder 1. Attention is directed to the central container, 
cylinder 1, which is the target of more neutrons than any 
other container in the system, and is therefore, the "focal 
point" of any possible nuclear reaction.

Fig. 2 

Three Cylinder System

The presence of additional cylinders in this linear 
array should not appreciably increase the total number of 
neutrons interacting with cylinder 1. If a fourth con 
tainer were placed to the right of cylinder 2 in Figure 2, 
the neutron contribution of the new cylinder to cylinder 1 
would be assumed to be unimportant.

Although this reasoning is consistent with the principles
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of interaction, as discussed above, it is not entirely cor 
rect in the physical sense. Some neutrons will actually pass 
through cylinder 2; in fact, the neutrons from cylinder 4 
will cause more fissions in cylinder 2 itself, so that still 
more neutrons will be transferred to cylinder 1. The pres 
ence of additional containers in the array compounds this 
effect, which is not accounted for by the interaction theory. 
It is accounted for empirically, however, in the procedure 
used to determine the safety of a given interaction value.

Critical experiments and other measurements have pro 
vided a relationship between the effective multiplication 
factor (Keff) 3 and the amount of interaction that can be 
considered safe. Usually presented in graphical form, 3 
this relationship may be expressed algebraically by

< 9 10 (2)

Equation (2) includes a safety factor for the effect of 
neutrons from containers that are not within the "line of 
sight" of the central cylinder. A system therefore can 
not inadvertently go critical when interaction calculations 
have shown that it is safe.

® o o ® o o ®
o ® o ® o ® o
o o o o o o o
® ® o • o ® ®
o o o o o o o
o ® o ® o ® o
<x> o o ® o o ®

Fig. 3

Two Dimensional Array 

Moving to a two-dimensional array as in Figure 3, the
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problem of calculating total interaction becomes more in 
volved, even though many cylinders (designated by © ) are 
not in the line of sight of the central container, and, ac 
cording to interaction theory, contribute no neutrons to 
it.

Nevertheless, the current method of computing total 
interaction requires three operations:

1. The determination (by visual inspection) of
which cylinders interact with the central con 
tainer.

2. The calculation of the distances from the 
edge of each interacting cylinder to the 
center of the array.

3. The computation of interaction by repeated 
applications of Equation (1). It was speci 
fically to overcome the tedium of steps 2 and 
3 that the computer method was devised.

Figure 3 is representative of storage arrays in plants 
where floor space is not at a premium and large areas may 
be given over to storage purposes. Some such arrays are 
as large as 50 x 50 storage units.

When an array is formed of an equal number of rows and 
columns, as in Figure 3, it is called a square array. If 
the number of rows and columns is not equal, as is often 
the case when containers are stored on shelves, the array 
is called rectangular. A rectangular array is illustrated 
in Figure 4.
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o 
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Fig. 4

Rectangular Array With 
Square Pitch
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In both Figures 3 and 4, the distances between rows 
and columns are equal; the resulting lattice of containers 
is a square pitch. When these distances are not equal, as 
in Figure 5, the pitch is called rectangular.

o
o
0

o
o
o

o
o
o

Fig. 5

Square Array With 
Rectangular Pitch

This distinction between square and rectangular pitch is 
of major importance in the final form of the computer pro 
gram.

III. COMPUTATIONAL METHOD 

1. GENERAL APPROACH

The interaction problem was programmed for the IBM 
1620 computer using the Fortran II system exclusively. The 
program was designed for arrays ranging from 3X2 through 
20 x 20 units y although small arrays, such as the 3X2, 
can more expediently be worked out by hand.

There are two major problems to be solved by the ma 
chine in an analysis of square or rectangular arrangements. 
The first and relatively simpler problem is the solution 
of Equation (1). This is accomplished by ordinary algebra, 
the use of a power series to approximate the arcsine 
function, and the use of the Fortran II Compiler system. 
The second problem is more complex and involves instruct 
ing the computer as to how many cylinders to consider at 
each distance. This problem was solved by means of the 
symbol manipulation techniques used within the Fortran II 
system.
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The input to the computer consists of eight variables, 
split into two groups. The first group contains informa 
tion pertaining to the size of the array and the location 
of the central cylinder. These variables allow the machine 
to construct a model of the system and perform the appro 
priate calculations. The second input group pertains to 
the physical characteristics of the cylinders. Specifi 
cally, these are the diameter, height, horizontal distance 
from the center of one cylinder to the edge of an adjacent 
one, H, and the vertical center-to-edge distance, V.

The computer program makes some demands on the user 
concerning the notation to specify a given array. The un 
derstanding of this notation is highly important. Figure 6 
illustrates this (similar to matrix notation) in a 5 x 3 
square array, with the central cylinder at coordinate posi 
tion 3,2. These central coordinates are called IX and IY, 
and the dimensions of the array IXMAX and IYMAX. For this 
array then, IX=3, IY=2, IXMAX^S, and, IYMAX=3.

'0

ro
V

•0
K--

©

0

0
H _ 1

0

0

9

0

0

0

0

0

©

Fig, 6

5X3 Square Pitch Array 

2. GRAPHIC REPRESENTATION

As an aid in designing the computer program, a graphic 
representation of the problem was used to differentiate 
between cylinders that interact and those that do not inter 
act with the central container. Since all cylinders at 
a given distance from the center interact equally
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on the center, it was decided to group cylinders on the 
basis of distance.

This grouping is shown by the concentric circles in 
Figure 7. The central cylinder in this 5x5 array is at 
position 3, 3. The first circle is one unit from the 
central point and intersects four interacting cylinders. 
The second circle is one unit vertically and horizontally 
away from the central container, with its radius VHS + V2 . 
Again, the circle intersects four cylinders. Finally, the 
third circle is 2H and 1R units from the central container, 
or a distance of V(2H) 3 + (1V) S .

Fig. 7

Graphic Representation 
5x5 Square Array

This pattern is even more noticeable in Figure 8 (page 8), 
where a 9 x 6 square pitch array has location 5, 4 as the 
central point. The circle drawn through (2H, IV) 
reaches the upper boundary of the array. Some circles 
may intersect less than eight cylinders. In Figure 8 
the circles are drawn to cross only the interacting points,
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Fig. 8 

9x6 Square Pitch Array

In examining large arrays, the following character 
istics become apparent:

A. Outside the second ring exactly eight cylinders 
fall on each circle.

1. Ina20x20 square pitch array, there are 
two circles that each intersect 16 cylinders. 
An example of this is the circle through 
points 2, 9 and 7, 6. Although these points 
have different coordinates they yield the i___ 
same distance from the center (V2 2 + 92 = V?2 + 62 ),

2. The rectangular pitch case raises a special 
problem concerning the number of cylinders on 
each circle. Figure 9 (page 9) shows the 
9x6 array distorted, (1 unit horizontally, 
2 units vertically).

- 8 -



/ 2k-y—i

Fig. 9

9x6 Rectangular Pitch Array

B. The non-interacting points, denoted by X's 
(Figure 10), fall on one of several straight 
lines radiating from the center.

11 x 11 Square Pitch Array
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C. Because the interacting cylinders are always in 
the same position relative to the center point, 
a convenient notation can be given to them. 
To instruct the machine to determine which 
cylinders interact, a model of the array is 
constructed within the computer.

3. INSTRUCTING MACHINE TO DETERMINE 
INTERACTING CYLINDERS

It was previously stated that the non-interacting 
points are always in the same position relative to the 
center of the array (See Figures 7, 8 and 10). By regis 
tering these points permanently in the program, a major as 
pect of the computation problem is simplified. Since the 
notation of these points has to be completely general in 
order to be recognized in any system of cylinders, a dif 
ferent notation from the previous notation given for any 
cylinder was used. A logical choice, as before, was the 
Cartesian coordinate system, but now using the central 
point (coordinates 0,0) as the origin. Thus, in Figure 7, 
the cylinders on the second circle have the coordinates 
± 1, ± 1, while the non-interacting cylinders in the upper 
left quadrant are noted as 2,0; 2,2; 0,2. It will be 
shown later that only the positive coordinates are neces 
sary.

These coordinates were placed in the computer by sim 
ply combining them into one number, e.g., 2,0 became 
0200* and 2,2 became 0202, By using this notation for 
non-interaction cylinders, any position in an array can be 
identified and serve for any cylinder configuration. The 
fourteen points found to be non-interacting in one octant 
of a 20 x 20 array are noted and recorded in a Non-Interact 
Table (Appendix I),

4. COMPUTER MODEL OF CYLINDER ARRAY

By constructing an octant within the machine represent 
ing the system under examination, the program can determine 
the interacting cylinders. Figure 11 shows the octant con 
structed from the array of Figure 8. When the machine 
has to determine whether or not a cylinder at a certain
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distance interacts with the center, it compares the new 
notation for a particular position against the Non-Interact 
Table (Appendix I). If the position in question is not in 
the Table, the machine will compute the distance and inter 
action. If it is in the Table 9 the program will move to 
the next reference point.

Fig. 11

Octant Representation for 9x6 
Square Array (Fig. 8)

A. Square Pitch

A typical square pitch problem is a 9 x 6 array (Fig 
ure 8) with its central point located at 5,4. The input 
to the program, as stated previously, is expressed by IX, 
IY, IXMAX and IYMAX (points 5,4,9 and 6 respectively). 
The machine also calls for the physical dimensions of the 
container. With this information, the computer constructs 
an octant composed of the size of the largest boundaries 
of the array. Figure 11 shows this octant. The first 
notation is identified as the standard and the second as 
the octant notation. Point 3 in Figure 11 would be given 
the octant notation of 2,1. In standard notation it 
would correspond to any point of circle 3 of Figure 8. 
The computer takes the octant notation and checks the Non- 
Interact Table (Appendix I). If the reference point is 
not in the Table, the machine converts the position 2,1 
to the actual position in Figure 8, which is 3,5 (standard) 
It now checks that this position is in the array.
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In order to check the next cylinder on the circle, 
the computer rotates point 3,5 by 90°, giving point 4,6 
(standard). The same check is then made as to whether 
this point is in the array. The rotating and checking 
continues until all seven possible rotations have been 
exhausted. During the process, the number of interacting 
cylinders within the array is counted. The machine now 
computes the distance using octant notation and the for 
mula

D = [(Nh XH) + R]2 + Nv XV)+R] 2 - R (3)

where
D '= distance from center of the array to 

the edge of a given cylinder,
\ 

R = cylinder radius,

N-^ = X portion of octant reference point 
(X = 2),

NV = Y portion of octant reference point 
(Y - 1), and

H and V as defined on page 6.

All variables can be substituted at this distance (2,1), 

Summarizing the program steps thus far: 

1) Obtain a reference point (2,1).

2 ) Check this point in the Non-Interact 
Table (App. I).

3) Check how many interacting cylinders are 
within the array (7 rotations).

4) Compute the distance from center to the 
reference point (Eq. 3).

5) Compute Q (Eq. 1) .

6) Print results.
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The computer continues along the axis (Figure 11 ) 
to the next reference point, (point 4), and uses the same 
technique for this and each reference point until it 
reaches a vertical boundary. At a vertical boundary it 
simply adds 1,1 to the position of the first point in 
that line., i.e., 2 , 1 becomes 3,2 (point 5, Figure 11). 
The operation is then repeated. This is continued until 
the last point is reached, at which time the sum of all 
the interactions is printed. It should be noted that the 
points at 1 and 2 in Figure 11 cannot be treated in this 
manner because there are only four possibilities for in 
teraction at each point. Since the distances can be com 
puted easily and the number of cylinders determined just 
as simply, it is treated as a special case.

B. Rectangular Pitch

The program outlined above works well for square pitch 
cases (Figures 1, 8, and 10). For a rectangular pitch 
array (H^V, Figure 9), some minor modifications must be 
made. For this the Fortran II system is particularly 
useful. Figures 9 and 12 illustrate this problem. In 
the determination of the number of cylinders on each circle, 
the graphic representation is invaluable. One obvious 
aspect of the rectangular pitch problem is that there are 
only four cylinders at a given distance. A single signif 
icant feature of the figure presents itself here. In the 
square pitch case the radius was computed by Equation 3. 
The x and y coordinates were multiplied by Hand V respec 
tively to give the distance. By following the same 
technique for the rectangular pitch case, only four cyl 
inders will be accounted for. However, by reversing the 
x and y coordinates and multiplying x-V and y-H,four more 
cylinders will appear at a new distance.
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to 11

11 x 11 Rectangular Pitch Array

Summarizing the program steps for the rectangular 
pitch problem:

1) Obtain a reference point (2,1).

2) Check this point in the Non-Interact 
Table (App. I),

3) Test whether the four cylinders are within 
the array (3 rotations),

4) Compute the distance from the center to 
the reference point (Eq. 3).

5) Compute n (Eq. 1).

6) Reverse the x and y reference points 
(x ? V, y-H).

7) Test whether the new four Cylinders are 
within the array (3 rotations).

8) Compute the new distance from the center 
to the reference point (Eq. 3).

9) Compute Q (Eq. 1). 

10) Print results.
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In this approach all cylinders in the system are 
treated in two operations. The first operation rotates 
each point by 180° to test the first four cylinders 
(step 3, above). The second operation rotates the ref 
erence point by 90° (step 6, above) to test the four new 
cylinders.

IV. APPLICATION 

1. TYPICAL INTERACTION PROBLEM

It is proposed to store 10 Kg of 93% enriched uranium 
in the form of uranyl fluoride solution in 54 cylindrical, 
stainless steel containers. These containers, 5 inches 
in diameter and 18 inches in height, will be placed in a 
square pitch, 9X6 rectangular array with 12 inch center- 
to-center spacing, as illustrated in Figure 13.

6 ~o o o

.
:p o o o

o o o o

0 0 0 O

o o o o

o o o o

o o o o o

O 0 O 0 0

0 O O O O

o o o o o

o o o o o

o o o o o

Fig. 13 

9X6 Square Pitch Array
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2, THREE MAIN OPERATIONS FOR SOLVING PROBLEM

A) Find the effective multiplication factor (Keff) 
for these unreflected4 containers.

B) Compute the neutron interaction for the pro 
posed array.

C) Determine whether this combination of 
and interaction is safe.

3 t COMPUTATIONAL METHOD

10

A. Finding Keff

uranium x 93% encirchment
54 containers

_ ___ „ „ -~ e / . . = 0.172 KQ U-235/container^

Volume of Each Container =-irr3 h = 3.1416 x 2.52 x 18 = 353.43 cm3

1.172
0-235 Concentration . . 0.4867

From K-1380, 5 Figure 4, which is reproduced here as
Figure 14, when the concentration = 0.4867 gm U-235/ 
the H/U-235 ratio is50.

cm

\

M/U-2J3 ATOMIC RATIO

Fig. 14
U335 Concentration vs. H/U235 Ratio
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Prom H^SL-124, Figure 2, which is reproduced here as 
Figure 15, when cylinder height = 18", diameter = 5" and 
H/U-235 ratio = 50, the Keff for the bare cylinder is 0.52,

I I I I I I I I I i M I i I M I I i M I I I M i i I i M |
JO X *> 35

Fig. 15

Cylinder Dimensions vs t 

Computation of Interaction 

Input data for the IBM-1620:

1) Cylinder height and diameter (18" and 5", 
respectively) .
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2) Center-to-edge distance between cylinders (9.5").

3) Size of the array (9 X 6).

4) XY coordinate of central cylinder (5,4).

The computer then analyzes the problem and calculates the 
interaction, as discussed previously. The printout reads 
as follows:

INTERACTION OF CYLINDERS

SIZE OF ARRAY =9x6

CENTRAL CYLINDER LOCATED AT 5,4

DIAMETER = 5.00

HEIGHT = 18.00

HORIZONTAL DISTANCE =9.5

VERTICAL DISTANCE =9.5

NO. OF CYLINDERS RADIUS INTERACTION TOTAL INTERACTION

2

2

4

8

6

4

6

2

9.500

9.500

14.470

24.332

35.447

46.977

40.766

57.500

1.407468

1.407468

1.440541

1.134821

0.415556

0.160005

0.316723

0.053745

1.407468

2.814936

4.255478

5.390299

5.805855

5.965861

6.282585

6.336330
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TOTAL NUMBER OF INTERACTING CYLINDERS = 34

TOTAL INTERACTION - 6.336E-00

(The notation 6.336E-00 is equivalent to 6.336 x 10 ) 

C. Safety of the System 

Now Known:

Keff of the containers = 0.52 
Total interaction for the array = 6.336

From Figure 6 of K-10197 , reproduced here as Figure 16, 
when I^ff = 0.52 and interaction = 6.336 steradians, the 
system cannot be regarded as safe. It has therefore been 
found that the proposed arrangement of containers may 
be unsafe according to this method, and hence cannot be 
used.

When a proposed array has been found unacceptable, 
it is a simple matter to change one or more of the para 
meters (e.g., increase the spacing between containers), 
recalculate the problem, and thereby arrive at a safe system.

I "

C *I

Kffft iuAt cowm/vcw

Fig. 16 

Keff vs. Safe Interaction
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V. ADVANTAGES OF MACHINE SOLUTION

From the printout, it can be seen that the computer 
has performed three operations that formerly had to be 
done by hand. It has

1) Determined which cylinders (and how many 
at a given distance) interact with the 
center.

2) Calculated the center to edge distances 
(RADIUS) between these cylinders and the 
center.

3) Computed the interaction,, which in this
particular problem involved seven applica 
tions of Equation 1.

VI. ACCURACY OF MACHINE METHOD

The most likely source of error in this program is in 
the powet series used as an approximation to the arcsine 
function. This error was found to be almost negligible, 
however, when several values of the functions as calculated 
by the computer were compared to a standard mathematical 
table of arcsines. The table and the computer were in 
agreement to the sixth decimal place*

The accuracy of the entire computer calculation was 
verified by computing the interaction for several arrays 
and comparing these findings to those obtained from hand 
calculations. The sample problems included both square 
and rectangular arrays , in combination with square and 
rectangular pitch. In each case the machine solution was 
found to agree with the hand calculation to at least the 
fourth decimal place. Since interaction need be known 
only to about two places , this slight error is unimportant.

VII. SUMMARY

This paper has presented a machine method for the 
calculation of neutron interaction between cylindrical
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storage containers in square or rectangular arrays with 
either square or rectangular pitch. The only input data 
required by the computer are the physical dimensions of 
the array and of the containers.

In applying this computational approach, the program 
will handle any array up to and including 20 x 20 units. 
With certain assumptions and modifications (depending on 
the particular problem), it may also be used to partially 
analyze a three dimensional system, such as the one in 
Figure 17.

^
r^-, .

i
^_

/
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r=. r
_
c^^-™

=»

1
1 "

-I

F

r

j..1

i

i

i

r

-_ii
.

«=:

J

-

1

"^

/

Fig. 17 

Three Dimensional Array

In the use of the Fortran II system language for the 
program, it 'should be pointed out that, because of the 
complexity in dealing with matrix notation, no other pro 
gramming language was suitable for the IBM-1620,

Use of the subroutine features of the Fortran II system 
overcame several difficulties in setting up the program. 
The complete program requires one mainline program and 
four sub-programs. The Fortran II system is also avail 
able for many other digital computers used in scientific work. 8'9*10
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The IBM-1620 that was used had the minimum hardware 
for compiling Fortran II programs. As the program now stands, 
it may be compiled on any machine that is able to use the 
Fortran II system. On large machines , it may be necessary 
to ftodify the input and output statements of the program.

This machine method provides a simple, fast, and 
accurate solution to a criticality problem that has be 
come overly time consuming.
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APPENDIX I

NON-INTERACT TABLE

Position 4,2
6,2 
8,2 

10,2 
6,3 
9,3 
6,4 
8,4

10.4
10.5 
8,6 
9,6

10.6
10,8
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*1105 APPENDIX II

PROGAM LISTING

C INTERACTION 

C

DIMENSION 11(14)

COMMON IXP. IYP» IX, IY» LX. LY. CYNO» IXMAX, IYMAX

COMMON VERT, HORIZ, ADIUS, AD1AM, DIST, BHEIG, SUMOM, TOP, ALL

IKJ) = 402

11(2) = 602

11(3) = 802

11(4) = 1002

11(5) * 603

11(6) = 903

11(7) = 604

11(8) = 804

II(9)s 1004

11(10) = 1005 

II(11) « 806 

II(12) = 906 

11(13) - 1006 

11(14) = 1008 

PRINT 101 

99 READ 37, IX, IY, IXMAX, IYMAX

READ 38, ADIAM, BHEIG, HCTOED, VCTOED 

PRINT 170, IXMAX,IYMAX 

PRINT 171, IX, IY

PRINT 102, ADIAM, BHEIG
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PRINT 151, HCTOED, VCTOED

IFISENSE SWITCH 1)149,150 

150 PRINT 103 

149 SUMOM=0.0

ADIUS * 0.5 # ADIAM

ALL = 0.0

HORIZ = ADIUS + HCTOED

VERT « ADIUS + VCTOED

TOP= ADIAM * BHEIGMoO

X=TOP/SQRTF{ (ADIAM*»2/4.+HCTOED**2)*(BHEIG**2/4.+HCTOED**2)

COUNT= 2.0

SUM = ARS(X) * COUNT * 4.0

SUMOM » SUMOM + SUM

IF(SENSE SWITCH 1)160>161 

161 PRINT 3?» COUNT* HCTOED.SUM,SUMOM 

160 ALL«=ALL+COUNT

IFUYMAX-2) 95,94,95 

95 COUNT = 2.0

GO TO 93

94 COUNT « !• 

93 X=TOP/SQRTF((ADIAM**2/4.+VCTOED**2)*<BHEIG**2/4.+VCTOED**2)

SUM » ARS(X) * COUNT * 4.0

SUMOM* SUMOM + SUM

ALL = ALL + COUNT

IFtSENSE SWITCH 1)162,163 

163 PRINT 39,COUNT»VCTOED,SUM,SUMOM

162 DIST=SQRTF(VERT**2+HORIZ**2)-ADIUS
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X=TOP/SQRTF( (ADIAM**2/4.+DIST**2)*<BHEIG**2/4.+DIST**2)

IF( IYMAX-2) 92»91»92 

92 COUNT* 4.0

GO TO 90 

91 COUNT* 2. 

90 SUM = ARS(X) * COUNT * 4.0

SUMOM * SUM + SUMOM

ALL = ALL + COUNT

IFtSENSE SWITCH 1)164*165 

165 PRINT 39» COUNT* OlSTt SUM* SUMOM 

164 LXX=2

LYY = 1

LX=LXX

LY=LYY

IF«IX-1)-(IXMAX-IX))1»2»2 

2 LXMAX=IX-1

GO TO 3

1 LXMAX=IXMAX-IX 

3 IF( IYMAX-IY -IY+1 )4»5*5 

5 LYMAX=IYMAX-IY

GO TO 6 

4 LYMAX=IY-1

6 CONTINUE

7 IF(LX-LXMAX)9»9»10 

9 ICOMP= (LX * 100) + LY 

DO 13 1= 1.14
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11 CONTINUE 

13 CONTINUE

CYNO = 0,0

CALL SQUARE

IF(HORIZ-VERT) 98»97»98 

98 CALL PRINT1 <LX. LY)

CALL RECT

IF(CYNO) 96» 12» 96

96 CALL PRINT1 (LY»LX) 

GO TO 12

97 CALL RECT

CALL PRINT1 (LX» LY) 

12 LX= LX+1

GO TO 7 

10 LXX = LXX + 1

LYY = LYY+1

LX=LXX

LY * LYY

IF( LY-LYMAX) 9»9»36

36 PRINT 40, ALL.SUMOM 

PRINT 104 

PAUSE 

GO TO 99

37 FORMAT U5»I5»I5,I5>

38 FORMATl 4F10.4)

39 FORMAT (18.11XF9.3»6XF9.6.11XF9.6)

40 FORMAT(/19HTOTAL NO OF CYLY. =F5«0»2X19HTOTAL INTERACTION =E10»3)
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170 FORMATC14HSIZE OF ARRAY*13*2HBY,IX13)

171 FORMAT(28HCENTRAL CYLINDER LOCATED AT I3» 1H»I3)

100 FORMATU5)

101 FORMAT<25H INTERACTION OF CYLINDERS/)

102 FORMAT(/lOHDIAMETER =F6«2/10HHEIGHT *F6*2/»

103 FORMAT(17H NO. OF CYLINDERS* 5X6HRADIUS»7X11HINTERACTION* 5X16HTOT 

1. INTERACTION)

104 FORMAT(//31HTO PROCESS NEW CASE PRESS START)

151 FORMAT!13HHORIZ. DIST.=F6.2/13HVERT. DIST. «F6.2/)

END 

*1105

SUBROUTINE SQUARE

COMMON IXP* IYP» IX» IY» LX* LY. CYNO» IXMAX* IYMAX

IXP= IX-LX

IYP« IY + LY

IF(IXP-I) 201.202*202

202 IFUYP-IYMAX) 203*203.201

203 CYNO = CYNO + 1.0 

201 IXP= IX + LX

IYP * IY + LY

IFCIXP-IXMAX) 204*204*205 

204 IFUYP - IYMAX) 206,206*205 

206 CYNO = CYNO + 1.0 

205 IXP = IX + LX

IYP = IY- LY

IF(IXP-IXMAX) 207,207*208 

207 IFUYP-1) 208* 209* 209
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209 CYNO = CYNO +1.0 

208 IXP= IX-LX

IYP=IY-LY

IF (IXP-1) 210»211»211

211 IFUYP-1) 210,212*212

212 CYNO = CYNO +1.0 

210 CONTINUE

RETURN

END 

*1105

SUBROUTINE RECT

COMMON IXP» IYP» IX, IY, LX» LY» CYNO» IXMAX» IYMAX

IXPMX-LY

IYP=IY+LX

IFUXP-l)18il9tl9

19 IF(IYP-IYMAX)20,20,18

20 CYNO=CYNO+1. 

18 IXP=IX+LY 

IYP=IY+LX

IF(IXP-IXMAX)21»21,22 

21 IF<IYP-IYMAXJ23,23,22 

23 CYNO=CYNO+1. 

22 IXPMX + LY

IYP=IY-LX

IF(IXP-IXMAX)30,30,31 

30 IF(IYP-I) 31,32,32 

32 CYNO=CYNO+1.
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31 IXP=IX-LY 

IYP=IY-LX 

IF« 1XP-1J33,34.34

34 IF(IYP-1)33»35»35

35 CYNO=CYNO+1. 

33 CONTINUE

RETURN

END

*110«5

FUNCTION ARS(Z) 

DIMENSION A(8) 

A(l) = 1*5707953050 

A(2)= -0.2145988016 

A(3)= 0*0889789874 

A.(4) * -0.0501745046 

A(5)= 0.0308918810 

A(6) = -0.0170881256 

A(7) = 0.0066700901 

A(8)= -0.0012624911 

PIOV2 = 3.1415926536/ 2.0 

SUM = A(l) 

DO 100 I» 1,7

100 SUM * SUM * A(I+1) » Z**I

ARS * PIOV2-SQRTF(1.-Z)*SUM

RETURN

END

*1105
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SUBROUTINE PRINT1 (MX. MY )

COMMON IXP» IYP. IXv IY. |_X» I_Y. CYNOs IXMAX* IYMAX

COMMON VERT» HORIZ. ADIUS. ADIAM» OIST» BHEIG* SUMOM. TOP* ALL

ALX» MX

ALY« MY

OIST- SQRTFC(ALY*VERT)**2-MALX*HORIZ)**2) - AOIUS

X = TOP/SORTF( <ADIAM**2/A.-»-OIST**2)*(BHEIG**2/4.-»-DIST#*2) )

SUM « CYNO * 4»0*ARSW

SUMOM * SUMOM + SUM

IF(SENSE SWITCH1)167»166

166 PRINT 39. CYNO.DIST.SUM.SUMOM

167 ALL=CYNO+ALL

CYNO *0.0 

39 FORMAT (18.11XF9.3.6XF9.6»11XF9«6)

RETURN

END

- 32 -










