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INTRODUCTION

The cylinder is a shape quite frequently encountered In engineering

work, and the nuclear field is no exception. ' >ny reactors, many fuel

elements, and many other sources of radiation have shapes approximating

cylinders

.

It is not uncommon to need to know the flux from the end of such a

cylinder, whether the flux is composed of neutrons or gamma rays or both.

This information is required for such reasons as the design of adequate

shielding and for calculation of dose rates. To the author's knowledge,

there is no method of calculation available at this time which can be

performed without a computer in reasonable time periods and give answers

with predictable accuracy.

An approximate solution has been developed by Rockwell (6) for

determining upper and lower limits on the flux from the end of a cylinder.

This technique, while bracketing the flux, in many cases provides such a

large bracket that the actual flux is still very much in doubt.

An IEM 704. Computer code has been developed by Gillis et al. (3)

,

which calculates the uncollided flux at any point outside a cylinder.

It is the purpose of this paper to develop empirical techniques

enabling one to determine the centerline uncollided flux from the end of

a finite cylinder without the aid of a computer.



NOMENCLATURE

—P 1

9 Scalar flux (cm
-

sec" )

— P 1
S. Source strength of plane source (cm sec" )

Sy Source strength of volume source (cm sec
-

)

kj^ Macroscopic cross section of ith shield material (cm )

U Macroscopic cross section of source material (cm
-

)

t. Thickness of ith shield material (cm)

t
Q Thickness of source disk (cm)

a Distance from end of cylinder to observation point (cm)

_ n
\i 2 p.t./a (cm" 1 )

i

b
i J Vi1

z Effective self-attenuation distance (cm)

b
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bl
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^s 2

h Cylinder height (cm)

b
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b
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+ Ush

h' Cone height having same volume as cylinder (cm)

y *i
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R Cylinder radius (cm)

9
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tan-1 R
Q
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tan"1 R
Q
/(a + h)

NMAX+1 Number of disks in cylinder

6 Depression of equivalent circular plane source (cm)
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Q
+6)

6
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tan"1 R /(a+ z)

E (b) b"'
1

| £l_ dt n > , E (b) = 1—



THEORETICAL DEVELOPMENT

Problem

The equations for calculation of uncollided flux from some geo-

metrically simple sources are developed in Rockwell and those used in

this work are listed here. From a circular plane source (Fig. l) of

radius R emitting S. particles per square centimeter - second,

(a) =fA_JE1
(b

1
) - E

1
(b

1
sec 9)} . (l)

From a truncated cone (Fig. 2) of height h emitting S
v

particles per

cubic centimeter- second the flux at P, the imaginary apex Of the

cone is,
S
V

r M b
i

sec© ) E (bo sec 6)
, ,

* <*>
=- {Vb

l>
" J 9 - Vb

3>
+ 2 3

fl
}
W

«ip_ sec o
s

The flux from the end of a cylinder (Fig. 3) is not so easily ob-

tained and must be calculated by approximation techniques. There are

several approximate solutions available and these are listed and dis-

cussed. In all following discussion the orientation of the cylinder will

be assumed to be such that the centerline is vertical and the detection

point P is above the cylinder. All the solutions require that the point

P be on the centerline of the cylinder. All solutions also require that

the source S^ be of constant strength throughout the cylinder.

There are six parameters which must be considered in this problem

area. Those associated with the cylinder are Mg, R , and h. The

parameters associated with the shield are b-,, a, and _U . The shield is

assumed to be composed of slabs perpendicular to the cylinder centerline.



Fig. I. Circular plane source. Fig. 2. Truncated right-

circular cone source.
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Fig. 3. Right -circular cylindrical source viewed endwise



Solutions

Stacked Disk Solution . In order to determine empirical relation-

ships for the flux, it was necessary to determine the flux accurately

and this solution served that purpose. A cylinder is assumed to be made

up of a series of thin stacked disks. The flux at P from each disk will

be calculated by assuming each disk to be an equivalent circular plane

source with S = Syt . The shielding of all disks above the one under

consideration must be considered so each disk will "see" a different

amount of shielding.

The self-shielding of each disk is considered by locating the plane

source some distance 6 beneath the upper surface of the disk as shown

in Fig. 3. Since the location of the plane source within the disk is

actually a weighting function applied to the source distributed within

the disk, 6 is expected to be less than t/2 because the upper portion

of the disk is more important due to the fact that it "sees" less

shielding.

A second reason exists for choosing 6 < \>J2\ that being the desire

to always make conservative calculations where possible exposure to

nuclear radiation may be involved. As the plane source is moved closer to

the upper surface of the disk, it "sees" less of the shielding in the disk

than is actually the case so the resultant flux calculation will be too

high. As the disks are made thinner, the neglected shielding in the source

will decrease and the solution becomes more accurate.

The mathematical expression for the flux is

NMAX

* (a)=

2 N
=

' {
El(t>1 +Imst

°
+ Ms6) " ^l+^o+^s)^ ^}* 0)



where NMAX, tQ , and 6 will be chosen to assure the calculated flux is

within 1% higher than the true flux. Equation 3 is identical to Eq. A-l

in Appendix A which explains the computer code used to solve the equation.

Large Cone Approximation . This solution assumes the cylinder to

be a truncated cone the same height as the cylinder with P at the

apex. The angle subtended by the cone is 9 on Fig. 3, and the cone is

obviously larger than the cylinder it represents. The flux from this

approximation is calculated by

2U L 2 sec
i

2
sec e

-.

(4)

This solution provides an upper limit on the flux from the cylinder.

Equation A is identical to Eq. A-3 in Appendix A which explains the

computer code used to solve the equation.

Small Cone Approximation . This solution also assumes the cylinder

to be a truncated cone which is the same height as the cylinder with P at

the apex. The angle subtended by the cone is 0p on Fig. 3, and the cone

is obviously smaller than the cylinder it represents. The flux from

this approximation is calculated by

c. f E (b-r secOp) Eo(bo sec 9J -,

*(a)=!L {MbO -S3 31 -E(b
3
)+2ll L 1 . (5)

2M - sec 9„ z
sec O

J
s < <c

This Solution provides a lower limit on the flux from the cylinder and

when coupled with the large cone approximation provides a bracket on the

expected flux. Equation 5 is identical to Eq. A-5 in Appendix A which

explains the computer code used to solve the equation.

Equivalent Volume Cone Approximation . This solution also assumes the

cylinder to be a truncated cone with P at the apex. The angle subtended



by the cone is G on Fig. 3, and the height of the truncated cone is such

that the volume is equal to that of the cylinder it represents. The flux

from this approximation is calculated by

a (
E_(b. secO) E„(b' sec 8.) 1

ft (a)= 3L JE (bj - -i-i L. - E (tf )
* 2J i- } . (6)

2H sec 8 sec 9,si 1

Equation 6 is identical to Eq. A-4- in Appendix A which explains the

computer code used to solve the equation.

Equivalent Circular Plane Source Approximation . This solution

assumes that the cylinder can be represented by a single circular plane

source the same radius as the cylinder. The equivalent source is

assumed to be located somewhere within the space occupied by the cylinder

it represents so that the shielding it "sees" is that of the cylinder

within the confines of the cylinder. To allow for self-shielding within

the source, the strength of the equivalent source must be considered in

two parts. For cylinders with small mean free path height (|igh) the

equivalent source strength will be assumed to be S. = Syh. For cylinders

with a mean free path height greater than some value Kj, which is chosen

empirically, the source strength will be assumed to be S. = KSy . The flux

from this approximation is calculated by
"5

V r i

ft (a) = JL | E
1
(b

2
) - jSj(b

2
sec 9J |, if Mi <K. (7)

or
KS.

ft (a) = —? { E
1
(b

2) - E
1
(b

2
sec 0J [, if Ji

g
h>K. (8)

2
^s

Equations 7 and 8 are identical to Eqs. A-6 and A-7 respectively in

Appendix A which explains the computer code used to solve the equations.



NUMERICAL ANALYSIS

Method of Solution

This problem has six parameters which may vary; R , U , h, U, b, , and

a. In order to consider all possible combinations of parameters adequately,

a large number of problems had to be solved. To do this an IBM 650

Computer code was written which solved the problems by each of the five

previously listed solutions. This code is described in Appendix A.

By proper choice of disk thickness the stacked disk solution could

be used to solve the problem with any desired degree of accuracy. This

solution was used to provide an answer accurate to within 1%. The choice

of disk thickness to assure this accuracy will be discussed later.

The three conical approximate solutions were compared with the

stacked disk solutions and the relative error of each solution was cal-

culated. The results were examined in an effort to determine some

simple method of empirically presenting the data to enable one to calculate

the correct flux within some set limits of accuracy without the use of

a computer.

The plane source approximation was used as a trial and error cal-

culation to determine the self-absorption distance which forced the solution

to approximate the stacked disk solution within specified limits. The results

were examined in an effort to determine a simple empirical relationship

between the self-absorption distance and the flux.

Preliminary Investigations

Accuracy Analysis of Stacked Disk Solution . Using the computer code,

it was first necessary to determine the disk thickness which gave sufficient



accuracy. As the disks became thinner the solution became more accurate,

so very thin disks were preferred. On the other hand, computer running

time increased as disk thickness decreased since more disks were then

required for any given problem. A compromise was made such that the flux

was always calculated to within 1% of the asymptotic value, the result

being always higher than the true value. The required disk thickness

could then be determined for different combinations of parameters.

In order to better understand the problems associated with the work

undertaken, it was necessary to approach the problems of disk thickness

and location of the equivalent plane source within each disk in an

oblique fashion. It was first assumed that the plane source was on the

upper surface of each disk, i.e. 6=0, and disk thicknesses were deter-

mined. Problems solved with this choice of 6 were quite lengthy, due to

the necessity of using extremely thin disks since no self-absorption in

each disk was considered. This extreme location of 6 was used initially

since the results would satisfy the original requirement that the flux

always approach the correct flux from some higher value.

With the information provided from the initial set of problems, it

was possible to compare the results with those obtained when 6 was varied.

Three facts were immediately apparent when these comparisons were made.

First, the optimum location for 6 was quite near t /2. Second, the

optimum location for 6 varied as the parameters of the cylinder and

shield varied. Third, the major portion of the advantage of the depression

of the plane source was observed as 6 varied from to 0.4.t . The choice

was made for 6= 0.4-5tn and proved to be satisfactory. The advantage of

this depression of the plane source was a decrease in the number of disks
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required for any given cylinder, the decrease being at least a factor of

ten which saved considerable computer time.

In the search to determine the proper disk thickness for each problem,

three parameters were shown to have an appreciable effect on the thickness

necessary to provide the 1% accuracy required. The results of this search

are shown in Table 1 with the variation of a single parameter from some

intermediate value shown as the cause with the change of disk thickness

while still maintaining 1% accuracy of the calculated flux shown as the

effect

.

Table 1. Effect on disk thickness required to determine flux
within 1% of the asymptotic value as parameters are
varied from intermediate values.

Cause : Effect

Increase b-i Thicker
Increase RQ Thicker
Increase M-s Thicker

The disk thickness was determined in terms of mean free paths,.

Mst . Use of mean free paths makes it easier to explain the dependence

on JJg while not affecting the other results.

By the choice of 6, the location of the circular plane source within

each disk representing the disk, some small amount of the shielding within

each disk has not been considered. This was done, as previously explained,

to force the flux calculation to always approach the asymptotic value from

some higher value. Certainly one expects this neglected shielding to

become less important as the total amount of shielding is increased. This

expectation is borne out by the observed effect that increasing b-, has on

disk thickness.
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In considering the dependence on R
Q> it is only logical to assume that

to represent a disk by a plane the disk must "look like" a plane, that is,

R
Q
» tQ . This being the case, one expects that disks with larger radii

could be thicker and still "look like" a plane. This expectation is boruu

out by the observed effect that increasing R has on disk thickness.

The effect of Hs on disk thickness is again one of geometry. As p.

increases, the disk thickness in terms of mean free paths is expected to

increase because this tends to hold the shape of the disk constant. If the

thickness did not increase, the disk would approximate a plane even more

closely than necessary. The expected results were observed and disk

thickness did increase as Pg increased.

Parameter Analysis . Having chosen 6 it was possible to calculate the

flux from cylinders whose parameters were chosen at random, as were the

parameters of the shields. These problems were solved in an effort to

determine which approximate method of solution or combination of methods

showed the greatest promise as a tool to be eventually used in the simple

empirical presentation of data which was desired.

The three conical solutions were shown to have little promise. As

^s^o decreased no single solution or average combination of the approximate

conical solutions could provide accurate results. Errors were greater

than a factor of 10 in some cases. The errors varied in such inconsistent

fashion that no pattern which might make the application of correction

factors to the approximate solution (s) feasible could be observed. In

most cases the large cone approximation and the equivalent volume cone

approximation were more nearly correct and the large cone approximation was

the more reliable of these two because it always gave a conservative result.
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The equivalent plane source approximation was chosen as the only

approach which showed some promise of lending itself to the empirical fit

of large amounts of data. It was observed that for large |i
sR , the self-

absorption distance in terms of mean free paths, UgZ, depended only on

bn for a given cylinder height and it was decided to present the results

as a family of curves for different u
g
h with u

g
z plotted versus b^.

It was possible at this point to choose a value for K, the mean free

path cylinder height that fixed the constant source strength, for cylinders

whose height exceeded K mean free paths. The artificial circular plane

source having S.= Sy h kept increasing as h increased, although the flux

from the cylinder did not. The self-absorption distance z necessarily

increased as the plane source increased and these compensating effects

were undesirable since the flux did not continue to increases. The value

of K was fixed at 1.5 so that all cylinders more than 1.5 mean free paths

tall were assumed to have an equivalent circular plane source strength such

that S. = 1.5 Sy/|i . The plane source strength then fell into one of two

categories: if (I h < 1.5, S^ = S
v
h; if p. h > 1.5, S

A
= 1.5 Sy/us.

The figure of u h =1.5 was chosen as the minimum value which could be

used to fix a constant source strength without a risk of developing a

negative z, which is not anticipated in the computer program. The minimum

value was desired since the accuracy of the empirical relationships improved

as the cylinder height used to fix a constant source strength decreased.

Data Analysis

Typical values for RQ and Ug were chosen and problems with varying

±f> .§» bl> a-11^ h were solved and the resultant curves in Figs. 4a and 4b were
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determined. The self-absorption distance U
g
z, expressed in terms of mean

free paths, refers to the equivalent circular plane source which is

assumed to replace the cylinder. Presentation of the data in this manner

requires that U
g
z be dependent only on the shield mean free paths, b^,

for a given cylinder height. This requirement is satisfied for large

For the cases of small U R , marked deviation of U
R z from that sug-

gested by Figs. 4-a and 4-b was observed. In general, U
g
z increased as

UgR first dropped below some critical value dependent on b-^, and

eventually decreased rapidly as U R continued to decrease. Figure 5

indicates the area where fluxes may be calculated to within 10$ of the

actual value without the use of correction factors. As (J.

g
R exceeds the

critical value shown for any b^, correction factors are not required.

The maximum deviation of U
g
z from the values predicted by Figs. 4-a

and 4b is observed for large jU. For a given value of U
g
R the deviation

was greater for smaller U
g as _U was held constant. The relative deviation

was slightly dependent on U h and quite dependent on b^. It was necessary

to develop correction factors for Jjls
z which depend on b-,, JJ-, and Ug. This

has been done in Figs. 6 through 12. These correction factors were deter-

mined by assuming cylinders having U h = 2. and the results are most accurate

for this case. For values of U h not equal to two the error in the cal-

culated flux for small UgR increases. Largest errors are noted when U
g

is small, R is small, and u is large. Errors are greatest for the smallest

U
s
h. Errors are positive, i.e. the empirically determined flux is greater

than the flux determined by the stacked disk solution, for most cases,

and the estimated maximum negative error is <25$. The estimated maximum
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positive error is < 115% and these extreme errors apply only in isolated

cases. Table 2 lists the estimated maximum errors anticipated for

varying |ig and varying Hsh at values of Hsh other than 2. The comparable

errors resulting from the use of the large cone approximation are included

in Table 2. Appendix B explains the computer program used to calculate

the error in flux determination by the empirical method.
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DESIGN CONSIDERATIONS

Use of Design Curves

The following curves are to be used to determine the location or

self-absorption distance of a circular plane source assumed to represent

a cylinder for purposes of calculating the centerline uncollided flux at

some point P, at distance a beyond an end of the cylinder. The self-

absorption distance is measured from the end of the cylinder closest to

P. Necessary input data are ji, a, ps , R,-,, h, and b
1

. The following

step-by-step procedure enables one to determine the self-absorption distance

and the resultant flux. The following limits on the values of the

parameters must be observed:

R > 1 cm-

O.lSb-,^ < A.0

0.02cm"1 < |J.

3

0.02cm S U

To determine the self-absorption distance proceed as follows:

Step 1. Calculate Ugh.

Determine p. z from Fig. 4a or 4-b.

Step 2. Calculate p. R .r so

From Fig. 5 determine necessity of correction factor

application. If correction factor is necessary go

to step 3; if not, go to step 6.

. Step 3. Using Figs. 6b, 7b, 8b, 9b, 10b, lib, or 12b

select the Figures at the b, values immediately larger

and smaller than the given b, . From these two Figures

determine a relation to the appropriate F^, G^, %, J^,
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K., L. , or M- curves. For example, at b-, - U, on

Fig. 8b at H = 0.3 and u - 0.1 a location between

H? and H_ is observed approximately one-third of the

distance from H„ towards H^.

Step U' With the relations determined in Step 3, use Figs 6a,

7a, 8a, 9a, 10a, 11a, or 12a as appropriate, and by-

interpolation determine correction factors at the two

values for b-^ used in Step 3.

Step 5. Interpolating between b-^ values, determine correction

factor, CF, to be used at the given b-^, and multiply

CF by U z which is then the M-S z to be used in succeeding

steps.

Step 6. Calculate sec 9
Z
and z from u

g
z ,

where sec 6 -Mo _
2

(a+z)

Step 7. Calculate b = b-, + Hs z.

Calculate \E
1
(b
2 ) - E

]
_(b2 sec 8JJ ,

Y2 3
where E^x) = -0.5772 - In x +x - j- + |-

if x <1, Refs. (1,2,6).

(x) = e^ j 0.251+ 2.335X* x^
j ?

x 1.082+"3.331x + x'
i

if x_>l, Ref.(3).

Step 8. If Hsh<1.5, SA = Syh

If Msh>1.5, SA = Sv(i^)
^s

Step 9. « (a) = -i { E1 (b2 ) - E1 (b2 sec
z)j

2

If the flux is desired at some point P not on the centerline of the

cylinder a conservative estimate can be obtained by assuming the point P

is on the centerline of the cylinder at the same vertical distance above
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the source, and solving the problem in the manner outlined above.

Sample Problem

The following problem will serve to illustrate the use of the

design curves. The parameter values have been assumed to be as follows:

\i
s

= 0.07, ji = 0.3, hi = 6, RQ = 10 cm, h = 4.0 cm, a = 20 cm.

Step 1. Hs
h =2.8

From Fig. 4-b, UgZ= 0.497

Step 2. HgR =0.7 From Fig. 5, correction factor is necessary.

Step 3. From Fig. 8b, observe a location between

H_ and Ho close to H.,.

From Fig 9b, observe a location between

J* and Jp close to Jp»

Step 4-. From fig. 8a, by interpolation, the correction factor

is estimated as 0.97. From Fig. 9a, by interpolation,

the correction factor is estimated as 1.01.

Step 5. Correction factor is 0.983 for b^^ = 6.

Corrected kz is 0.4-89.

Step 6. z = 6.96 cm.

sec 0„ = 1.0665.

Step 7. b
2

= 6.4-89.

b
2
sec Q

z
= 6.920.

E
1
(6.4-89) = 2.078 x 10"4".

E
1
(6.92l) = 1.273 x 10"^.

Step 8. SA
= 21.4.28 cm-2 sec

Step 9. $(a) = 8.625 x 10
-^ cm"2 sec"

1
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1-2 -1
The stacked disk solution to this problem is 7.8 x 10"^ cm sec ,

The error in the empirical solution is 10. 656. The error in the large

cone approximate solution is 64»7$.
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DATA PRESENTATION
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/X8 SOURCE CROSS SECTION (cm.-')

Fig. 6b. Source and shield cross sections correlation for b,= 0.1.
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Fig. 7b. Source and shield cross sections correlation for b,= I.O.
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Fig. 8b. Source and shield cross sections correlation for b,» 4.0.
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Fig. 9b. Source and shield cross sections correlation for b,= 10.
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Fig. |0b. Source and shield cross sections correlation for b,= 20
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Fig. Mb. Source and shield cross sections correlation for b,= 30.
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Fig. 12b. Source and shield cross sections correlation for b,= 40.
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CONCLUSIONS

The largest errors in determination of fluxes by use of the curves

presented in this paper will occur in the region where correction factors

are necessary, due to the interpolation required to determine correction

factors. Even so, this is the region where the greatest benefit is

derived from this work, for it is here that currently used conical approxi-

mations are most in error.

For any given cylinder height, h, the cylinder ceases to look like

a disk and becomes a slender rod as R decreases. Similarly, for a fixed

mean free path height, ^sh, as Jig decreases the cylinder becomes longer

and for a fixed radius the cylinder again appears rod-like. Certainly

the artificial nature of the plane source approximation would be expected

to have adverse effects in this region, if at all, and the correction

factors necessary for small HgR were no surprise although their shape

could not be anticipated.

An empirical solution similar to the one presented herein is presented

in Rockwell (6) which enables one to determine the flux from the side of a

cylinder by approximating the cylinder by a line source located within the

cylinder. This empirical solution provides a method amenable to hand calcu-

lation to reproduce the results shown by Taylor and Obenshain (7) . This

original work is applicable only for cylinders having h» R and h> VVS »

These limitations are not mentioned by Rockwell and therefore his empirical

solution may be frequently applied in instances which exceed the restrictions

placed on the original data.

It is recommended that work be done in the area of accurate flux solutions

from the side of a cylinder for cases excluded by Taylor and Obenshain (7),

and that an effort be made to combine the results. Further effort should be
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made to present these results in some empirical form which lends itself to

hand calculation. In particular, it is recommended that an effort be

made to present the results in a manner analogous to that used in this

paper.
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APPENDIX A

Description and Explanation of the IBM 650 Computer Program

Used to Calculate the Centerline Uncollided Flux

from the End of a Finite Right-circular Cylinder

This program was written to calculate the centerline uncollided flux

from the end of a finite cylinder, both accurately and by existing

approximation methods, and to calculate the self-absorption distance of

an equivalent source. This program was written in Soap II computer

language using floating point operations. The logic diagram and the object

program are given in this appendix.

The accurate solution is designated FLUX and the solution programmed

was

UMAX

(a) s !_2 I {E
1
(b

1
+(NtO.«) tyg - £^(^+(^0.45)^) sec 6

N ]}

2 f"°
\ U-i)

where eee 9
n

= J*_____ 2 ^
Equation A-l is derived as Eq. 3, the stacked disk solution on page 5, with

6 set at 0.45.

The solution to the large cone approximation was designated FLUXB

and the solution programmed was

S f Bl(K sec 8.) E(b sec9}".

• «._.{ v*i> "

21
9

" EW +

Lee '
•

C 3)

2^. ^ sec o, sec u
i

Equation A-3 appears as Eq. 4- on page 6.
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The solution to the equivalent volume cone approximation was designated

FLUXM and the solution programmed was

S„ r E (b sec 9,) E (bi sec Q_),

* (a) = 2- { E
? (bl) - J-4 L - E

2
(b') + ±1 11} (A-4.)

2U
S

2
sec 9

1

2 J
sec G

;L

J

Equation A-4. appears on page 7 as Eq. 6.

The solution to the small cone approximation was designated FLUXS

and the solution programmed was

S r E (b sec G ) E (b. sec 6J
1

<b (a) = JL { E (bj - J-l L - B.0O+ _2_2 2_ } . (A-5)
2U

S
2 X

sec G
2

2 J
sec G

2
J

Equation A-5 appears on page 6 as Eq. 5.

The solution to the equivalent circular plane source approximation

was designated FLUXZ and the solutions programmed were

<£ (a) = f3- JE1 (b2 ) - Ej (b
2

sec 9
Z ) } , if Hsh

< 1.5 (A-6)

and
SV(1.5) f

,

<*> (a) = -I \\(h
2 ) - EiCbg sec 6 a)J

if u
g
h> 1.5. (A-7)

2^s

This was a trial and error solution where z was altered as necessary to

cause FLUXZ to approximate FLUX within a specified accuracy. Equations A-6 and

A-7 appear on page 7 as Eqs. 7 and 8 with K set at 1.5.

The program subrouting for E, (x) used different solutions for values

of x <1 and for x_> 1 .

For x<l

E,(x) = -0.57721566 - In x + x - x2. +x£ _ ... . (A_g)
A 18

For x > 1

Mx) = £f {
a
° 1

a
i
x * a

2 1. 1
*
3

x3
- t. }

(A-9)
x b

Q
+ bi x + b2 x2 + b

3
x^ + x4-
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where

a
o

= 0.26777373 b
Q

- 3.958^969

a
l

= 8.6347609 \ = 21.099653

a
2

= 18.059017 b
2

= 25.632956

a
3

= 8.5733287 b
3

= 9.5733223

Equatior1 A-8 is an infinite series and the choice of number of terms used

was set by requiring that the ratio of the absolute value of the last

term to the complete series be less than some specified value. Equation A-9

is an approximate solution developed by Hastings (5), accurate to Within

the limitations of the computer.

Input and output data associated with this program are listed in

Tables A-l and A-2 respectively.

Table A-l. Input data required for use of the IBM 650
Computer program which calculates the centerline
uncollided flux from the end of a finite right-
circular cylinder.

Symbol Explanation Drum Storage
Location

NMAX One less than the number of disks in the cylinder 0100
TZRO Disk thickness (cm) 0101
MUS Cylinder cross section (cm-1) 0102
BONE Shield mean free paths 0103

Shield thickness C cm) 0104A
R Cylinder radius (cm) 0105

Source strength (cm- -
' sec" ) 0106S

CHK Check to calculate or pass by a given cylinder 0107
ZZRO Initial self-absorption values (cm) 0108
CRIT Required precision of equivalent source flux 0500

calculation
CRIT1 Cylinder height (mean free paths) for constant 0550

equivalent source strength
PT45 Ratio of 6 to disk thickness 0350
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Table A-2. Identification table for print outs for centerline
uncollided flux calculation from the end of a

finite cylinder.

Card Word Symbol and/or Explanation

1 1 FLUX
2 FLUXB

3 FLUXM

U FLUXS

5 FLUXZ
6 z Self-absorption distance (cm)

7 (FLUX - FLUXZ) / FLUX
8 M'gZ Self-absorption distance mean free paths

2 1 FLUXB - FLUX
2 (FLUXB - FLUX) /FLUX

3 FLUXM - FLUX

U (FLUXM - FLUX) /FLUX
5 FLUX - FLUXS
6 (FLUX - FLUXS)/FLUS

3 1 HITE Cylinder height (cm)

2 NMAX

3 TZRD

U MUS
5 BONE
6 A
7 R
8 S

4 1 HITE+ A
2 (HITE) (MUS) Cylinder height mean free paths

3 (TZRD) (MUS) Disk thickness mean free paths

4. (R) (MUS) Radial mean free paths

5 MU Shield cross section (cm-1)

6 A+R
7 A/R
8 A/HITE

Approximate running time for the program is 5 minutes for NMAX equal to

100. The program is faster when b-. > 1 due to the difference in the series

calculations to be made.
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OBJECT PROGRAM FOR CALCULATION OF FLUX AND
EQUIVALENT CIRCULAR PLANE SOURCE SELF-ABSORPTION
DISTANCE
BLR 1951 I960 1 0000 00 0000 OOOO
BLR 1977 19B4 3 0000 00 000 OOOO
BL R 1700 1749 3 0000 00 000 OOOO
3 Y N mi 0100 0I8K8LE881 4 0000 00 0000 OOOO
8 V N T Z RO 0101 1 8K TH KNE B 5 0000 00 0000 OOOO
8 Y N MU 8 0103 SOURC E A e

9

6 0000 00 0000 oooo
8 Y N BONE 0103 SHIELD WFR 7 0000 00 0000 oooo
8 Y N A 0104 SHIELD THK B 0000 00 0000 000
S Y N R 0105 CYL RADIUS 9 0000 00 000 oooo
8Y N 8 0106 8 II R C E 10 0000 00 oooo oooo
8 Y N CH K 0107 P08 OR NEG 11 0000 00 0000 oooo
8YN ZZRO 0108 13 0000 00 oooo oooo
SYN START 1000 START LOC « 13 0000 00 oooo oooo

ZK 00 0000 0000 ZER 14 0000 00 oooo oooo
ONE 10 0000 0051 ONE 15 0050 10 oooo 0051
T* 30 0000 0051 TWO 16 0150 30 oooo 0051
THREE 30 0000 0051 THR EE 17 0200 30 oooo 0051
FOUR 40 oooo 0051 FOUR IB 0250 40 oooo 0051
TEN 10 0000 0053 TEN 19 0300 10 oooo 0052
RT45 45 0000 00 50 POINT 45 30 0350 45 oooo 0050
FP 100 10 0000 0053 HUNOR E D 31 400 10 oooo OOS 3

FPBO S 0000 0053 EIGHTY 22 04 50 80 oooo 0053
CR 1 T 5 0000 0047 Z CRITERIA 33 0500 50 000 0047
CR 1 Tl IS 0000 0051 24 0550 15 oooo 0051
P 1 31 4 159 3751 PI 35 0600 31 4159 2751
ST ART R*U CH K 26 1000 60 010 7 0011

BM 1 BOOO 27 0011 46 6000 0015
R A U BONE 38 0015 60 010 3 0007
FSB 1700 39 0007 33 1700 0037
N!E L0P1 30 0037 45 0030 0031
LDD EOOCL 31 0030 69 003 3 0036
PCH 1977 33 003 3 71 197 7 0077
PCH 1977 33 0077 71 197 7 0137
PCH 1977 L0P1 34 0127 71 197 7 0031

I OP 1 « 11 R 35 0031 60 0105 0009
FMP 8003 36 0009 39 800 3 0013
STU RSOD 37 0013 31 0018 0031
R A U NM A X 3B 0021 60 0100 0005
F A ONE 39 0005 33 0050 0177
8TU DISKS 40 0177 31 003 3 0035
FIIP T Z RO 4 1 0035 39 010 1 0001
STU H 1 IE CYL HEIGHT 42 OOO 1 21 0006 0059
FMP MU8 4 3 0059 39 0102 0003
STU CY MFP C'V L MFP 4 4 0002 31 0056 0109
FAD BONE 45 0109 33 010 3 0039
8TU BTHRE 4 6 0029 31 00 3 4 0037
LflO ZR 47 0037 69 00 0003
STO N 4 8 0003 24 0156 015 9
STO AN8 LOPS 4 9 0159 34 no l 2 0065

LOPS R AU N 50 00 65 60 016 6 0061
F AO PT 4 5 51 0061 33 0350 0237
FMP TZRO 53 0227 39 ni 1 0051
STU 1 8 T S3 0051 21 020 6 0209
FMP MUS 54 0209 39 010 3 0052
F AO BONE 55 0052 32 010 3 0O79
STU ARC 56 0079 31 00 8 4 008 7
FSB FP 100 57 0087 33 04 0377
BM 1 BO 00 58 027 7 46 008 6000
R AU AR G 59 0080 60 008 4 0039
LOO EOHE 60 0039 69 004 3 0045
STU EONEX 61 0042 31 004 6 004 9
R AU D 1 8T 63 0049 60 020 6 0111
FAD A 63 0111 33 010 4 0081
STU H 64 0081 31 0086 0089
FMP 8003 65 0069 39 800 3 0043
STU HSOO 66 004 3 31 004 8 0151
R AU R 800 67 0151 60 0018 0033
FOV H S OD 68 0023 34 004 8 0098
F AO ONE 69 0098 33 OOSO 0337
LDD SOROT 70 0337 69 0130 0083
STU 8E CI 71 0130 31 013 4 0137
FMP ARC 7 2 0137 39 0084 0184
STU AROSE 73 0184 31 003 8 0041
FSB FP 100 7 4 00 4 1 33 04 0377
BM 1 LOP 3 75 0377 46 0180 0131
R A U A R G 8E 76 0180 60 00 3 8 0093
LOO EONE 77 0093 69 009 6 0045
STU EONET L0P4 78 0096 31 065 0053

L0P3 LOO ZR 79 0131 69 OOOO 0153
STO EO NEY L0P4 80 0153 24 065 0053

L0P4 R A II EONEX 81 0053 60 004 6 0301
F 8R EONEY 83 0201 33 06S0 0437
FAD A N S 83 0427 33 0013 0139
STU A N S 84 0139 31 001 3 0115
R AU NM A X 85 0115 60 0100 0055
FSB N 86 0055 33 0156 0133
NZE LOPS 87 0133 45 0136 0187
R III N 88 0136 60 0156 0161
F AO ONE 89 0161 33 0050 0477
STU N L0P2 90 0477 31 0156 0065

LOPS RAU AN 8 91 0187 60 0012 0017
FMP S 93 0017 39 0106 0356
FOV TWO 93 0256 34 0150 0700
FMP TZRO 94 0700 39 0101 0251
STU FLUX 95 0251 31 0306 0259
STU 1977 96 0259 31 197 7 0230
RAU H 1 TE 97 0230 60 000 6 0211
FMP P 1 98 0311 39 060 0750
FMP R 300 99 0750 39 0016 0068
STU VO L CYL VOLUME 100 0068 21 002 2 0025
FMP THREE 101 00 25 39 0300 0800
FOV P 1 103 800 34 060 0850
FOV RSOD 103 0650 34 0018 0118
FAD A 104 0118 33 010 4 0181
FMP A 105 0181 39 0104 0004
FMP A 106 0004 39 010 4 0054
LDO CBR OT 107 0054 69 005 7 0010
FSB A 108 0057 33 0104 0231
STU H P R EOU 1 V H 1 TE 109 0231 31 018 6 0189
FMP MUS 110 189 39 010 3 0153
STU MF PPR 111 0153 31 0356 0309
F AO BONE 113 0309 33 010 3 0139
STU | 3PR M 113 0139 31 023 4 0337
RAU RSOD 114 02 37 60 00 1 8 0073
FOV A 115 0073 34 010 4 0154

-0 000 00 0000 00
-000000000-000000
-00 00 00 00-00 00
-OOOO 00 0- OOOO
-000000000-000000
-000000000-000000
-ooooooooo-oooooo
-000000000-000000
-ooooooooo-oooooo
-ooooooooo-oooooo
-000000000-000000
-ooooooooo-oooooo
-ooooooooo-oooooo
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FO V A

FID o« e
LOO SOR T

S IU 8E CM 1

R * U M 1 TE
f no A
6711 H P R 2
FM P 60 03
8TU HP R 28
P. « II R SO
FDV HP R2S
F AO ONE
LOO SOR OT
S TU SE CL0
R A U BOHE
LOO ET«0
STU PARI
R AU BONE
FHP SE CLO
STU A BC1
F SB FP 100
AM 1 L0P6
Rill A B C 1
LOO ET»0
FO V SE CLO
S TU P A R 3 L0P7

L0P6 LOO ZR
STD P A R 2 L0P7

L0P7 R A U BTHRE
LOO ET»0
STU P A R 3
R AU BTHRE
FMP SE CL
STU A BC 2
F 8B FP 100
BU 1 LOPS
R AU A BC 2
LOO ET»0
FO V 8ECL0
STU P A R4 L0P9

LOPS LOO Z R

STU P A R 4 L0P9
L0P9 R A U BONE

FMP SE C H 1

STU A BC 3
FSB FP 100
BM 1 L0P10
R A II A BC 3
LOO ETIO
F V SE CH t

STU PARS L0P11
L OPIO LOO ZR

STO P A R 5 L0P11
t OP11 R AU BTHRE

FMP SE CH 1

STU A BC4
FSB FP 100
SM 1 L0P12
inn A BC4
LOO ET»0
FO V 8E CH 1

STU P A R6 L0P13
L0P12 LOO ZR

STO PA R6 L0P13
LOP 13 R A U B 3PRM

LDO ETUO
STU PAR?
R A U B 3PRM
FMP SE C H 1

STU A BC5
f 8B FP 100
BM 1 L0P14
R A U A BC5
LOO ET WO
FD V 8E CH 1

STU PARS LOP 15
L0P14 LOO ZR

STO PARS L0P15
t 0P15 R AU PARI

FSB P A R 2
FAD P A R4
FSB P A R 3
STU A BC6
R A U S
FO V MU 8
FO) TWO
STU A BC7
FMP A BC6
8TU FLIKS
R A U PARI
FSB PARS
STU PAR?
F AO P A R6
FSB P A R 3
FMP A BC7
STU FLUXB
R A U P A R9
FSB PART
F AO PA R6
FMP A BC7
STU FLUXM
LOO Z ZRO
STO Z
LOO ONE
STO IF! CRE
R A II CT MFP
FSB CR 1 Tl
BM 1 L0P50
R A U S
FMP H 1 TE
FDV TIO
STU A BC8 L0P31

L0P30 R AU CR 1 Tl
FDV MU8
FMP 8
FO V TtO
STU A BCB L0P51

LOPS1 R A U Z
LOO cue
BM 1 L0P17 lop ao

I OP17 RAU Z
FSB 1 NCRE
STU Z
LDO cut
BM 1 L 0P17 L0P19

L 0P19 RAU 1 N CRE
FOV TEN
8TU 1 NCRE L0P20

L0P30 RAU Z

FAO INCRE

SMALL CONE

B I C CONE

MCO CONE

116 0154 34 010 4 030 4
117 0204 32 00 50 5 27
118 527 69 0280 008 3
119 0880 31 028 4 0287
1 20 38 7 6 000 6 U26 1

121 026 1 33 010 4 0261
122 028 1 31 02 3 6 0239
123 0239 39 800 3 014 3
124 014 3 21 014 8 0301
125 0301 60 0016 0123
126 012 3 34 014 6 0196
137 0198 33 00 5 0577
138 0577 69 033 0083
1 39 0330 ai 033 4 0337
130 0337 60 010 3 0157
13 1 0157 69 00 6 0063
132 0060 31 0014 0067
13 3 0067 60 010 3 0207
134 0207 39 033 4 0384
135 038 4 31 008 8 0091
136 00 9 1 33 04 0627
137 0627 46 0380 033 1

138 380 60 00 8 6 0193
139 0193 69 014 6 0063
140 14 6 34 033 4 04 34
141 0434 31 0)3 8 014 1
14 2 331 69 0000 0203
14 3 020 3 34 013 6 014 1
14 4 0141 60 0034 0289
145 0289 69 009 3 0063
146 0093 31 0196 0099
147 0099 60 003 4 0339
148 0339 39 033 4 04 64
14 9 0484 31 016 8 0191
1 50 0191 33 040 0677
151 0677 46 0430 036 1
152 0430 60 0188 0243
153 024 3 69 024 6 0063
1 54 0246 34 033 4 0534
155 0534 31 0238 024 1
156 0381 69 0000 0353
157 0253 31 023 8 0341
158 0341 60 010 3 0357
159 0357 39 0264 0584
160 0584 31 02 6 8 0291
161 0291 33 0400 072?
163 0737 46 0480 0431
163 0480 60 02 8 8 0393
164 0293 69 0296 0063
165 0296 34 0284 0634
166 0634 31 0338 034 1
167 0431 69 0000 0303
168 0303 34 033 8 0341
169 0341 60 0034 0389
170 0389 39 0264 0684
171 066 4 21 038 8 0391
172 0391 33 04 0777
173 0777 46 053 046 1
174 0530 60 0388 034 3
175 034 3 69 034 6 0063
176 0346 34 038 4 07 34
177 0734 31 04 3 8 0441
178 048 1 69 0000 0353
179 0353 34 043 8 0441
180 0441 60 033 4 0439
181 0439 69 014 3 0063
182 0142 21 0396 0149
183 0149 60 023 4 04 6 9
184 0489 39 0284 0764
185 0784 21 04 88 0491
186 0491 33 0400 0837
187 0637 46 0580 0531
IBS 0580 60 0488 0393
189 0393 69 044 6 0063
1 90 0446 34 0384 08 34
191 0634 ai 053 8 0S41
192 0531 69 0000 0403
193 0403 34 053 8 0541
1 94 054 1 60 001 4 0019
1 95 00 19 33 013 8 0165
1 96 0165 32 033 8 0315
1 97 0215 33 0196 0173
198 0173 21 003 8 0581
199 0581 60 0106 0311
200 0311 34 0103 020 2
201 0202 34 0150 0900
202 0900 21 0354 0307
203 0307 39 003 8 0078
204 0076 at 008 3 0085
205 0085 60 0014 0069
306 0069 33 033 8 0365
207 0265 31 0030 0333
208 0223 33 043 8 0315
209 0315 33 0196 0373
310 0373 39 0354 0304
211 0304 31 0008 0361
312 0361 60 00 2 007S
313 0075 33 0396 0333
214 0333 32 053 8 0365
215 0365 39 0354 0354
216 0354 31 00 5 6 0411
217 0411 69 0108 0461
218 0461 34 0064 0117
219 0117 69 0050 0453
220 0453 34 0406 0359
221 0359 60 00 56 0511
222 0511 33 0550 0677
223 0877 46 0630 0631
224 0630 60 0106 0561
335 0561 39 0006 0456
226 0456 34 0150 0950
227 0950 ai 040 4 0357
228 0631 60 0550 015S
229 0155 34 010 3 0353
230 0253 39 0106 506
331 0506 34 0150 1050
232 1050 31 0404 0357
233 0357 60 006 4 0119
334 0119 69 007 a 0135
335 0072 46 017S 0036
336 0175 60 006 4 0169
237 0169 33 0406 0183
238 0163 31 0064 0167
239 0167 69 0070 0135
240 0070 46 017S 0034
241 0034 60 0406 0611
242 0611 34 0300 1100
24 3 1100 31 040 6 0036
34 4 0036 60 006 4 0319
245 0319 33 0406 0333



LOO C A I C

HU 1 L"P21 '_ P 2

L np ?l 9 « U i«eiE
r o v TE«
S I i|

1 N CRF L OP 17
ions RID A B C 9

8 Tl) F L U X Z

STU 1981
LOO Z

3 TO Z ZRO
STO 198 2
LOO FLUXB
STO 1978
LOO FL U XM
S TO 1979
LOO FL UXS
STO 1980
LOO PC T
S TO 1983
B » U Z
FUP MU S

STU 1984
PCH 1977
LOO EOOCL
RAO FLUXB
FSB FLUX
STU 1977
FO V FLUX
STU 1978
R »U FL U XM
FSB FLUX
STU 1979
FO V FLUX
STU 1980
R 1 U FLUX
FSB FLUX8
STU 1981
FO V FLUX
STU 1988
PCH 1977
LDD H 1 TE
S TD 1977
LOO N M A X
S TD 1978
LDD T ZRO
S TO 1979
LOO MU S
STO 1980
LOO BORE
STO 1981
LOO A

STO 1988
LDO R
STO 1983
LDO S
STD 1984
PCH 1977
LDO HP R2
STO 1977
RAU C V MFP
STU 1978
FO V DISKS
STU 1979
RAU R
FMP MUS
STU 1980
RAU BONE
FDV A
STU 1981
RAU R
FAD A

STU 1988
RAU A

FO V R
STU 19B3
RAU •

FOV H 1 TE
STU 1984
PCH 1977
LDO BONE
3 TO 1700
LDD EOO CL
PCH 1977 8000

cue STO C AL 1
FMP MUS
FAO BONE
STU A R GU
LDO EONE
STU EO NE1
RAU A
FAD Z
FMP 8003
STU HT 800
RAU RSOO
FOV HT 3 00
FAO ONE
LOO 80R OT
FMP A R CU
STU A BC 15
FSB FP 100
BM 1 L0P53
RAU A BC IS
LOD EONE
STU EONEO L0P53

L OP 5 2 LOO ZRO
S TO E0NE8 L0P53

LOP53 RAU E0NE1
FSB E0NE8
FMP A BC8
STU A BC9
FSB FLUX
STU ERROR
RAU ZRO
F AM ERROR
FOV FLUX
STU PC T
F8B CR 1 T
BM 1 LO P16
RAU ERROR CAll

ONE 10 0000 0051
ZR 00 0000 0000
CBR OT STD T E MPA

DISK MFP

A PLUS R

A OVER R

A OVER H T

ONE
ZERO

NZE
BM I

STU
LOD
STO
R SU
STU

MINUS
A R GUM
FP ONE
T E MPB
FP ON E
T EMPB

i 4 6
847
349
249
2 50
251
353
253
254
855
256
257
258
259
260
261
868
863
86 4
865
366
867
868
869
870
371
378
373
374
375
376
877
378
379
880
881
883
383
384
385
386
387
388
889
290
391
393
393
8 94
895
396
397
398
299
300
301
302
30 3
304
305
306
307
308
309
310
311

MFP 312
313
314
315
316
317
318
319
330
331
388
383
334
385
386
387
338
339
330
331
338
333
334
335
336
337
338
339
340
34 1
34 8
343
344
345
346
347
348
349
350
351
358
353
354
355
356
357
358
359
360
361
363
363
364
365
366
367
368

0O1 369
003 370
003 371
004 372
005 373

023 3
0217
0120
037 3

0661
1150
1200
0407
0415
0884
0367
0711
0135
0761
681

0811
0133
0185
0383
0539
0336
0369
0308
0387
0937
6 80

0113
0333
0730
0556
0731
0163
0383
0183
0606
0433
0861
409

0934
0656
0335
0977
0459
0780
0553
0781
0454
0333
0305
0483
0706
0984
04 57
0385
0158
0386
0509
0437
1087
0589
0830
0911
0831
0383
0333
0559
0352
0533
0507
0504
1034
0609
0881
0335
0659
0855
0436
0709
0756
0487
1077
806

0603
0856
0135
0931
0403
0179
0537
0040
0047
0759
0591
0095
0653
0483
1300
1187
88

1134
064 1
1177
0930
044 3
0496
981

0753
0703
0199
1337
0554
0906
0583
0691
0305
0465
0956
0639
1377
1031
0050
0000
0010
0016
0170
0074
1081
0587
0473
0689

54

21 006 4 0317
l» 012 018 5
16 037 3 0036
6 0406 066 1
I < 030 1150
21 040 6 0175
60 050 3 0407
81 006 2 04 15
21 196 1 0884
69 006 4 0367
24 010 8 0711
24 198 8 0135
69 00 8 0761
24 197 8 06 8 1
69 00 58 0811
24 197 9 0138
69 008 3 0185
24 1980 0883
6 9 0886 0539
24 198 3 0336
60 006 4 0369
39 010 3 0303
21 19B4 0387
71 197 7 0937
69 0680 0036
60 0008 0113
33 030 6 0333
21 197 7 0730
3 4 0306 0556
2 1 197 8 0731
60 00 58 0163
33 030 6 0383
21 197 9 0183
34 0306 0606
21 1980 0433
60 030 6 0861
33 008 2 0409
21 198 1 0934
34 030 6 0656
21 198 2 0335
71 197 7 0977
69 000 6 0459
24 197 7 0780
69 0100 0553
24 197 8 0781
69 010 1 0454
34 197 9 0332
69 0101 0305
24 1980 0483
69 0103 0706
2 4 198 1 0984
69 010 4 0457
2 4 198 2 0385
69 010 5 0158
24 198 3 0386
69 0106 0509
24 198 4 04 37
71 197 7 1087
69 023 6 0589
24 197 7 08 30
60 0056 0911
21 197 8 0831
34 00 3 2 0383
21 197 9 0332
60 0105 0559
39 010 3 0358
21 1980 0533
60 0103 0507
34 010 4 0504
21 198 1 1034
60 0105 0609
32 0104 0881
21 198 3 0335
60 010 4 0659
34 010 5 0355
21 198 3 0436
60 010 4 0709
34 000 6 0756
21 1984 0487
71 197 7 1077
69 010 3 0806
24 1700 0603
69 085 6 0036
71 197 7 8000
24 018 8 0931
39 010 3 0408
32 010 3 0179
21 1084 0537
69 004 0045
21 004 4 0047
60 010 4 0759
32 006 4 0591
39 800 3 0095
21 1850 0653
60 001 8 0423
34 1850 1300
32 00 50 1187
69 088 0083
39 1084 1134
21 0588 0641
33 0400 1177
46 0930 0981
60 0588 0443
69 049 6 0045
21 1350 0703
69 0000 0753
24 1350 0703
60 00 4 4 0199
33 1350 1837
39 0404 0554
31 050 3 0906
33 0306 0583
21 063 8 0691
60 0000 0305
37 063 8 0465
34 0306 0956
21 0886 0639
33 0500 1877
46 1300 1031
60 063 8 0138
10 0000 0051
00 0000 0000
24 0313 0016
4 5 0170 0313
46 047 3 0074
21 017 8 1081
69 1184 0587
24 00 9 0493
61 1184 0689
21 00 9 05 4 3
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FUP A R GlIU 006 376 054 3 39 017 8 0328
STU A R GUM pro ce 009 377 338 31 017 6 0493

PROOF LOD F P ONE 010 378 493 69 118 4 0637
STO U CON T4 Oil 379 0637 34 014 0593

C N T 4 n » li A R SUM 013 380 0593 60 017 6 06 33
FD V U 013 381 0633 34 014 0190
F D V U 014 383 190 34 014 0240
FSB u 15 383 0240 33 014 0317
F V THREE 016 384 0317 34 020 1400
STU CHECK 017 385 1400 31 0604 05 57
F V u 018 386 0557 34 014 029
RAM 03 019 367 0390 67 800 3 0097
R1U 6 03 030 388 0097 60 800 3 035S
FSB P R E C7 031 389 0355 33 030 8 0385
DM t T E UPC C0NT3 033 3 90 0385 46 068 8 0739

C ONT 3 R A U CHECK 033 391 0739 60 0604 0809
F A u 034 393 0809 33 014 0367
STU u CONT 4 035 393 0367 31 014 0593

T E MPC R A U CHECK 036 394 06B8 60 0604 0859
F A u 037 395 0659 33 014 0417
FM P T E MPH 038 396 0417 39 0090 0340
LOO fl 3 TE HP A 039 397 340 69 800 3 0213

F P HE 10 0000 0051 30 398 1164 10 0000 0051
THREE 30 00 00 0051 031 399 0200 30 0000 0051
PR E C 7 10 0000 0044 033 400 0308 10 000 0044
L N X 51 STD L H xoa EXIT 1 N8 TR 401 1450 34 080 3 1006

N2 E LNX14 403 1006 45 0110 0961
BM 1 L N X 14 403 0110 46 096 1 0114
STU L N X 9 404 0114 31 016 6 0071
RSL F P ONE 405 0071 66 1184 0789
STO L N X 10 406 0789 24 019 3 0145
8 TL L N X 03 407 0145 30 024 9 0452
R A U L N X09 406 0453 60 016 8 0533
STL L H X05 409 0533 30 132 7 0980
STL L N X 1 1 410 0980 20 043 5 0736
SL T 0006 411 0738 35 0008 0607
SUP FIFTY 413 0607 11 0160 0515
N2 E LNX 04 413 0515 45 0318 0319
BM 1 LNX 03 414 0318 46 013 1 0132
R SU 8003 415 0131 61 800 3 0229
LOD FP ONE 416 0339 69 1184 0687
STO L N X03 LNX 03 417 06B7 34 034 9 0133

L N X 03 SRT 0006 418 0133 30 0006 074 1

SC T 0000 419 0741 36 0000 0363
A UP SIXTY 4 30 0363 10 006 6 0171
SUP 8 003 431 0171 11 800 3 0379
R A U 8003 433 0379 60 600 3 0737
FMP L N X03 42 3 0737 39 034 9 0399
FMP LN TEN 434 0299 39 050 3 0553
STU L N X05 LNX 04 435 0552 31 133 7 0319

L NX04 R AL L N X09 4 36 0319 65 016 6 0573
SRT 0003 437 0573 30 000 3 0339
R A U 6003 438 0339 60 800 2 0787
ALO FIFTY 4 39 0787 IS 016 0565
SLT 0003 430 0565 35 0003 033 1

FAD FP ONE 431 0331 33 1184 1011
STU LN X09 433 1011 31 0168 0371
FSB FP T«0 433 0371 33 013 4 0351
FOV L N X09 434 0351 34 016 8 0368
STU LN X13 435 0368 31 017 3 02 2 5

STO L N X13 4 36 0335 34 037 8 1131
STO LN Xll 437 1131 34 043 5 0786
FMP 8001 438 0788 39 800 1 0791
STU F ACTR LNX 06 439 0791 31 054 6 0349

LNX06 R AU LN X10 440 0349 60 019 2 0147
F AO FP TRO 441 0147 32 013 4 0401
STU L N X10 44 3 0401 31 0193 019S
R AU LN X13 443 0195 60 017 3 1377
FUP F A CTR 444 1377 39 054 6 0596
FOV LN X10 445 0596 34 019 3 0343
S TU IN X13 446 0243 21 017 2 0275
F AO LN X13 447 0375 32 027 8 0405
STU LN X13 448 0405 31 0278 1181
FSB LN Xll 449 1161 33 043 5 1061
FOV L N Xll 450 1061 34 043 5 0485
RAM 8003 451 0485 67 600 3 0643
R AU 8003 4 53 064 3 60 800 3 0451
FSB S 1 ZE7 453 0451 33 065 4 1331
BM 1 LN X07 454 1331 46 133 4 0535
LOO 1X112 455 0S35 69 0378 1381
STO LNX11 456 1281 34 043 5 0838
R AU LNX13 4 57 0836 60 017 3 1437
FUP LN X10 458 1437 39 019 2 0392
STU L N X13 LNX 06 4 59 0293 31 017 2 0349

LHX07 R AU LN X13 460 1334 60 0278 0683
FMP FP TWO 461 0663 39 0124 0174
FSB L N X05 LNX 08 463 0174 33 132 7 0803

FP ONE 10 0000 00S1 463 1164 10 0000 0051
FP TWO 30 0000 0051 464 0134 30 0000 0051
8 1 ZE7 10 0000 0044 CRITERIA 4 65 0654 10 0000 0044
L NTEN 33 2 58 S1S1 466 0503 23 0358 S1S1
FIFTY SO 0000 00 00 467 0160 SO 0000 0000
» 1 XT V 00 0000 0060 468 0066 00 0000 0060
L NX14 01 334 5 6789 HALT 469 0961 01 234 5 6789
ETOX STO A A A 1 EXIT 1 NS TR 470 1500 34 085 3 1056

STU A A A 14 S TORE ARG 471 1056 21 0310 0313
R AU A A A 16 ZERO 473 0313 60 0116 0331
F AM A A A 14 473 0331 37 0310 0837
STU A A A 3 474 0837 21 034 3 0345
LOO A A A 3 ONE 475 0345 69 024 8 0501
STO A A A 4 A A IB COEFF 476 0501 34 0704 0657

«» «0 R AU A A A 3 477 0657 60 034 2 0197
FSB A A A S FIVE 478 0197 33 1550 1477
BM 1 ins 479 1477 46 1030 1331
STU A A A 2 480 1331 31 034 2 0395
R AU A A A 4 481 0395 60 0704 0909
FUP A A A7 E T 5 483 0909 39 0113 0163
STU A A A 4 A A A6 483 0162 21 0704 0657

1116 R AU A A A 3 484 1030 60 034 3 0247
FSB A A A 3 ONE 485 0347 33 034 8 0335
BM 1 A A A 36 466 0335 46 033 8 0379
STU A A A3 487 0379 31 034 3 0345
RAU A A A 4 488 034S 60 070 4 0959
FUP A A A 9 E TO 1 489 0959 39 031 2 0363
STU A A A4 A AA6 4 90 0263 31 070 4 1030

AA A28 RAU A A A 3 4 91 0338 60 034 2 0397
FSB A A A 10 POI NT TWO 4 93 0397 33 1600 1527
BU 1 A A A 11 493 1537 46 1080 1381
STU A A A3 4 94 1381 31 034 2 0395
RAU A A A4 495 0395 60 0704 1009
FMP A A A 13 E TO P T 3 496 1009 39 031 2 0362
STU A A A4 A A A 38 497 0363 31 0704 0328

Hill RAU A A A3 4 98 1080 60 034 3 0347
LOO A A A17 4 99 0347 69 16S0 0903
FMP A A A4 500 1650 39 0704 0754
STU A A A13 501 07S4 31 0358 1111
RAU A A A14 503 1111 60 0310 0615
BM 1 A A A IS 503 0615 46 0316 0369
RAU A A A 13 A A Al 504 0369 60 0358 0853

11I1S RAU A A A3 505 0318 60 034 8 09S3
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FD V A A A 13 A A Al 506 953 34 025 8 08 53
A A A17 S TO A A A IS EXIT 1 NS TR 507 0903 24 1106 1059

mu A A A 3 ONE 508 1059 60 024 8 100 3
FAD A A A 2 509 1003 32 034 3 0419
STU A A A 19 510 04 19 21 023 4 1577
LOO A A A 27 TWO 511 1577 69 113 07 33
S TO A A A 20 N 512 0733 24 04 8 6 08 39
S TO A A A31 D E NOM 513 0639 34 03 9 3 0445
III A A A 3 514 04 45 60 034 2 0397

SUP A A A 2 515 0397 39 034 2 04 42
STU A A A 33 A A A 23 NUMERATO 516 0442 21 064 6 0399

A A 132 FO V A A A 31 517 0399 34 039 2 049 2

STU A A A 24 NTH TERM 518 04 93 31 069 6 04 4 9
FAD A A A 19 519 0449 32 022 4 055 1

STU A A A 19 TOTAL 530 55 1 21 032 4 1627
R A U A A A 24 531 1637 60 069 6 060 1

FO V A A A 19 533 0601 34 033 4 0374
F SR A A A 25 CRITERIA 523 0374 33 167 7 1053
eii i A A A 26 524 1053 46 115 6 0707
R A U A A A 19 A A A 18 525 1156 60 033 4 1106

A A A36 R A U A A A 20 536 0707 60 04 8 6 0641
FAD A A A 3 537 0841 32 024 8 0375
STU A A A 20 NEW N 538 0375 21 0486 0889
FUR A A A 21 539 0689 39 039 2 0542
STU A A A 31 NEW OENO 530 0543 21 039 2 0495
R AU A A A 33 531 0495 60 064 6 06S1
FM P A A A 2 533 0651 39 034 2 0593
STU A A A 23 A A A 33 53 3 0593 31 064 6 0399

A A A3 10 00 00 0051 ONE 534 0248 10 0000 O0S1
A A A5 SO 0000 0051 FIVE 535 1550 50 0000 0051
A A A7 u 8 413 1653 E T 5 536 0113 14 8413 1653
A A A9 27 102B 18 51 E 537 0313 37 182 6 1851
A A 110 20 00 00 0050 POINT TWO 538 1600 SO 0000 0050
A A A 1 a 12 2 140 36 51 E T P T 2 539 0313 13 214 38 51
A A A16 00 0000 0000 ZERO 5 40 0116 00 0000 0000
A A A25 10 0000 0044 CR

1

TER 1 A 541 1677 10 0000 0044
I A 127 20 0000 00 51 Two 543 1130 20 0000 0051
SOB 01 STO S0RT1 543 0083 34 053 6 0939

NZE SOR T 1 03 544 0939 45 064 3 0536
BM I SORTS 003 54 5 06 4 3 46 054 5 074 6
STU SO RT3 004 546 0746 31 1750 1103
STO S RT4 SQR T 5 005 547 1103 34 1306 1109

SORTS FO V S R T4 006 548 1109 34 1206 1356
F A S0RT4 007 549 13 56 33 120 6 0783
FO » FP TWO 008 550 0783 34 013 4 0324
STU S0RT6 009 551 0324 21 037 8 14 31
FSB S0RT4 010 552 1431 33 120 6 0833
FO V SO RT4 Oil 5S3 0833 34 130 6 1306
RAM 8003 013 554 1306 67 800 3 0363
R A U 8003 013 5 55 0363 60 800 3 0371
FSB S 1 ZE8 014 556 0371 33 0374 070 1
BM 1 SO RT7 015 557 0701 46 080 4 045S
LDD SORTS 016 558 0455 69 037 6 148 1
STO S R T4 017 559 1481 24 1306 1159
R A U 80RT3 SOR T5 018 5 60 1159 60 1750 1109

SQR T 7 R A U SO R T6 SOR Tl 019 561 080 4 60 037 8 0536
SORTS HLT 88 86 68R8 020 562 054 5 01 6688 8886
FP T»0 20 00 00 0051 021 563 0134 SO 000 005 1
SIZES 10 00 n 00 4 4 033 564 0374 10 0000 0044
£110 S TO E31 565 0063 24 016 6 0469

STU ESS 566 469 31 04 2 4 1777
LO EONE S67 1777 69 118 0045
FUP E33 568 1180 39 043 4 0474
STU E23 569 47 4 31 043 6 1531
RSU E3S 570 1531 61 042 4 0429
LDD ETOX 571 04S9 69 038 3 1500
FSR ES3 E21 573 0383 33 043 8 0166

rnotl S TD Z ZZ 1 EXIT 1 N S TR 573 0036 34 098 9 0693
LDD Z Z Z 10 574 0692 69 059 5 0396
STO 1977 575 0398 24 197 7 1330
STO 1978 576 1330 34 197 8 1561
STO 1979 577 1561 34 1979 043S
STD 1980 578 0433 34 I960 0663
STO 1961 579 0683 24 198 1 1264
STO 1983 580 1284 24 198 3 0565
STO 1983 581 0585 34 196 3 0586
STO 1984 ZZZ 1 563 05 86 24 198 4 0989

zz no 00 0000 0000 583 0595 00 000 0000
EOKE STO EE El EXIT 1 NS TR 584 004 5 S4 034 8 0751

STU EEE3 ARGUMENT 585 0751 21 135 6 1209
FSB ONE 586 1209 33 005 1627
BM 1 E N ES EONEL 587 1627 46 1380 1631

STONES R AU EE E3 SMALL ARG 586 1280 60 135 6 1161
LOO LNX51 LN ARC 589 1161 69 016 4 1450
STU EEE 5 LN EE E 2 590 0164 31 036 8 0431
R 8U EE E13 GAMMA 591 0421 61 0534 0479
FSR EEE5 592 0479 33 036 8 06 45
F AO EE E3 593 0645 33 1356 0933
STU EE E13 PARTIAL* 594 0933 21 088 8 0691
R AU TWO 595 0891 60 0150 0505
STO EE E9 N 596 0505 24 030 8 1311FMP 8003 597 1211 39 800 3 066S
STU E E E10 DE NOM 598 066 5 21 0230 0623
LOO EE E3 599 0633 69 1356 1259
STO EE E8 EEE7 NUU 600 1359 34 0412 0715

EEE7 RSU EE E3 601 0715 61 135 6 1361
FMP EE E8 603 1361 39 0412 0463
STU E EE8 NUMERATO 603 0463 31 0412 0765
FO V E E E10 6 04 0765 34 022 0370
STU EE Ell NTH TERN 605 0270 SI 057 4 1877
FAO E E E13 606 1877 33 0888 081 5
STU EE E12 TOT AL SUM 607 0815 31 0888 0941
R AU ZR 6 08 0941 60 0000 0555
F A M E E Ell 6 09 0555 37 057 4 0801
FD V E E E12 610 0801 34 086 8 0936
FSB EE E15 611 0938 33 099 1 0467
BM 1 EEE 14 6 1 3 0467 46 032 0471
R AU EE E12 EEE 1 613 0330 60 088 8 0348EEE14 R A U E E E10 614 0471 60 023 0435
FO V EE E 9 615 0425 34 030 8 0356
STU E E E10 616 0358 31 023 0673
R A U EE E9 6 17 0673 60 0308 0413FAO ONE 618 0413 33 0050 1937STU E E E 9 NEW N 619 1937 31 030 6 1311FMP 6 003 6 30 1311 39 800 3 0865FMP E E E10 631 0865 39 023 0370STU E E E10 EEE7 622 0370 SI 0330 0715EEE13 57 7815 6650 GAMMA 623 0534 57 7315 6650

E E E IS 10 0000 0044 CR

1

TER 1 A 62 4 0991 10 0000 0044
ZR 00 0000 00 00 ZERO 6 25 0000 00 0000 0000ONE 10 0000 0051 ONE 636 0050 10 0000 0051TWO 20 00 00 0051 TWO 637 0150 20 0000 0051EONEL R AU EE E2 LARGE AR G 638 1631 60 135 6 1361FAO D OD 3 629 1361 32 031 4 1041FMP EE E2 6 30 1041 39 1356 1406FAO 00 2 631 1406 32 1309 0635FMP E E E2 633 0635 39 1356 1456FAD D 1 633 1456 33 1359 0665FMP E E E 2 634 0685 39 1356 1506FAO 000 635 1506 33 140 9 0735
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STU CEF.3 OE NOUN > T OR 636 0735 31 0390 0693
R » II EEE2 637 0693 60 135 6 1411
FIO C CC 3 638 1411 33 036 4 1091
FU p sis; 6 39 1091 39 1356 1556
fad C CC 3 640 1556 33 1459 0785
FU P EEE3 64 1 0785 39 1356 1606
FAD C CC1 643 1606 33 1509 0835
FIIP E E E 3 643 0835 39 1356 1656
FAD CCOO 644 1656 33 1559 0885
FO V EEE3 PATIO 645 0885 34 0390 04 40
FOV EEE3 64 6 4 40 34 1356 1756
STU EEE4 AILBUTETOX 647 1756 31 0360 0463
R 3U EE E2 648 046 3 61 1356 1461
LOO ETOX 649 146 1 69 0314 1500
FUP FECI EEE1 E0NE0FEEE3 650 0314 39 036 0348

c ceo 36 7773 7350 651 1559 36 7773 7350
C C C 1 86 3476 0951 653 1509 86 3476 0951
C CC2 IB 0590 1753 653 1459 18 0590 1753
CCC3 05 7 333 8751 6S4 0364 85 733 3 8751
ODDO 39 5049 69 51 6S5 1 409 39 584 9 6951
0001 31 0996 S3S3 656 1359 31 0996 5353
0003 35 6329 5653 6S7 1309 35 6339 5653
0003 95 7 333 3351 658 0314 95 733 3 3351
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APPENDIX B

Description of IBM 650 Computer Program

Used to Calculate the Error in Centerline Uncollided Flux

Determination from the End of a Finite Right-circular Cylinder

by the Use of an Equivalent Circular Plane Source

This program was written to calculate the error of a flux determi-

nation by the empirical method developed in this thesis. The program was

written in Soap II computer language using floating point operations. The

logic diagram and the object program are given in this appendix.

The solution to the equivalent circular plane source approximation

was designated ABC9 and the solutions programmed were

*(a) = h- { Ejft);,)-^ (b
2

sec z)j , if ^h < 1.5; (B-l)

<p(a) = I { El (b2
) - E

1
(b

2
sec 6

Z)} , if ^h>1.5. (B-2)

2M-a

Equations (B-l) and (B-2) appear as Eqs. A-6 and A-7 in Appendix A. The

program subroutine for E.. (x) is identical to that described in Appendix A.

Input data and output data associated with this program are listed in

Tables B-l and B-2 respectively.

Table B-l. Input data required for use of the IBM 650 Computer
program which calculates the error in the empirical
solution of the centerline uncollided flux from the
end of a finite right-circular cylinder.

Symbol Explanation Drum Storage
.. Location

HITE Cylinder height (cm) 0000
BONE Shield mean free paths 0001
FLUX Actual flux (cm"2 sec-1) 0003
S Source strength (cm~3 sec

-1
) 0004
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Table B-l. (concl)

Symbol Explanation Drum Storage
Location

R
A
MUS
MUSZ

Cylinder radius (cm) 0005
Shield thickness (cm) 0006
Source cross section (cm

-
-*-) 0008

Empirically determined self-absorption 0009
distance (mean free paths)

Table B-2. Identification table for print outs for error
calculation.

Card Word Symbol and/or Explanation

1

2

3

4
5

6

7
8

1

2

3

U
5

6

7
8

FLUX accurate flux solution
ABC9 approximate flux solution
ERROR ABC9 - FLUX
PCT (ABC9 - FLUX)/FLUX
z self-absorption distance
A
R
BONE
HITE
MUS
M^h Cylinder height (mean free paths)

p. Shield cross section
MUSZ
MUSZ + BONE
A + R
A/R



60

> N
u

> CO

+ _j
_i

1- " xT <
UJ < n
CO to

O o
In

*"^

d tr O 3
s < Z CO

r> uj

o. tr

£ i

>
CO

1

1

II

u <

1

(/) CO

Al

CT

= -FLUX

Xtr

N
+
oCO

UJ
>-

o *-*
Q. .

3
z + N

o x
-1
u.

>w.>> _J 3

ALC
SEC

= < H* > i •

m
O '

<

i

— o
VI

CO

CO =L n

tr
o

X
_l,_

o tr u.
111 tr 1

CO Ul N
Z3 X

_lCO -• tr

o
_j
<
o> z < < u.

INAR ATIO

h,

Z O w

2 ^ eo

Zi o ^L
UJ _l -
tr < « ^%
Q. o t

O
tr o

H < Ul
—i ^i to<
O UJ 3

o
tr
<

5< CO —

•

II

UJ
I

o <
tr

*~ o N 3
ct w UJ X oz (O 3 trz o— o 3o

_)
U.

<

£3 *
tr

o < o v.

_i

3

u7

1

(

_ D

n
: •* <

ur tfN

CD

X
Q
Z
UJ
0.
Ql
<

tr
o

©
O
-J



61

OBJECT PROGRAM FOR CALCULATION OF ERROR IN EQUIV-
ALENT CIRCULAR PLANE SOURCE FLUX DETERMINATION

BLR 1951 1960 1 0000 00 00 OOOO
HLH 197 7 1984 2 00 00 00 00 OOOO
BL H 1700 1749 3 0000 00 OOOO
S V N H 1 T E 00 00 4 0000 00 oooo OOOO
8Y N BONE 0001 5 00 00 00 00 OOOO
S Y N FL X 0003 6 00 00 U
S V N 8 0004 7 U oo 00 UOOO
S Y N H 0005 B oyOu "00
S Y N A 00 0b 9 00 00 00 UOOO
a y n uus 00 OH 10 000 UO oooo UOOO
8 Y N MU S I 00 09 1 1 0000 00 000 u UOOO
S Y N START 10 00 1 2 000 00 oooo UOOO

FK 100 JO 0000 0053 HUNDREU o i g n 10 oooo C053
ONE 10 oono OOil ONE 1 4 0100 1 DUO u <- M
T II 2 o 00 00 00 51 1 5 1160 a i .10 u O0 5 1
C H 1 T 1 15 on oo 005 1 1 6 H U U 1 5 oooo 0051
8 T AhT RAO HONK 17 100 60 000 1 U0S5

FSB 170 18 00 55 33 170 U 2 7
NZ E LOP 1 19 00 27 4 5 OU 3 00 31
LOO EOOCL 20 OO 30 69 003 3 00 36
PCH 1977 2 i. 00 3 3 71 197 7 007 7
PCH 1977 2 3 00 7 7 7 1 19 7 7 1 «' 7
HCH 1977 LOP 1 '4 5 12 7 7 1 197 7 003 1

L OP 1 R A U H 8 t 00 Jl 60 000 5 0059
FMP H 003 25 00 59 39 80 3 0013
STU R S 2 6 13 21 00 18 2 1

RAO MOS Z 2 7 0021 fcO 000 9 0063
F V UUS 2 8 00 6 3 34 000 tt 00 58
STU z 29 00 5 21 0012 0015
RAO H 1 T E 30 0015 60 OOOO 0105
FM P MOS 31 0105 39 00 B 010 8
FSB cflin 32 0100 33 020 0177
BM t LUP2 33 0177 46 00 8 0081
RAO s 34 0080 60 0004 010 9
FM P H 1 TE 35 0109 39 OOOO 0250
FO V TWO 36 0250 34 0150 30
s r A 6 C B L OP J 37 300 21 005 4 000 7

L 0P2 R A U CR 1 T 1 38 008 1 60 020 Ul 55
F 1) V M U S 39 01 55 34 00 015P
FM P S 40 0158 39 00 4 0104
FO V T*0 4 1 10 4 34 01 SO 03 50
3 TO »HCH LOP 3 4 2 0350 31 00 5 4 0007

LOM RAO Z 4 3 000 7 60 00 12 00 17
LOU C ALC 4 4 4 0017 69 002 002 3
LUU FLUX 4 5 0020 69 000 3 0056
STO 1977 4 6 00 5 6 24 197 7 0130
LOO A B C 9 4 7 0130 69 008 3 00 8 6
8 TO 1978 4 8 0086 24 1 97 B 0131
LOO t H » H 4 9 0131 69 00 3 4 0037
BTfl 1979 5 00 3 7 24 197 9 0032
LOO P C T 51 00 32 69 003 5 00 38
8 TO I960 52 0036 24 1 9 8 013 3
LOO Z 5 3 013 3 69 00 12 0065
STO 19B1 5 4 0065 24 198 1 008 4
LOO A 55 00 8 4 69 00 6 0159
STO 1982 56 0159 24 198 2 0085
LOO R 57 00 8 5 69 00 5 0308
8 TO 19B 3 58 208 24 198 3 0136
LOi) BONE 59 136 69 000 1 0154
STO 19B4 60 0154 24 198 4 087
STO 17O0 61 0087 24 170 0053
PCH 1977 62 0053 71 197 7 0237
RAO H 1 T E 63 02 2 7 6 OOOO 0205
STO 1977 64 0205 21 19 7 7 0180
F M P M U S 65 0180 39 000 8 0358
STO 1978 66 0258 24 197 8 0181
STO 1979 67 018 1 31 197 9 00B2
RAO BONE. 68 00 8 2 60 000 1 0255
F V A 6 9 0255 34 000b 10 6
STO 1980 70 0106 21 198 0183
LD MU SZ 71 018 3 69 00 9 00 6 2
STO 1 9B 1 72 006 2 24 19 8 1 Ul 34
LOO A R GU 7 3 013 4 69 013 7 0040
STO 198 2 7 4 00 4 24 19 B 2 0135
RAO A 75 135 60 000 6 001 1
F AO R 7 6 00 11 32 00 5 0231
STU 19B3 7 7 02 31 21 198 3 Ul 86
RAO K 7 B 0186 60 0005 20 9
FMP M U S 79 0209 39 00 8 0308
STU 1984 80 JOB 21 1 9 8 4 0187
PCH 1977 6 1 01H7 71 197 7 0277
LOO EOO CL 8 2 2 7 7 69 02 3 0036
PCH 1977 BOOO 83 02 30 71 197 7 8000cues STO C AL 1 84 00 2 3 34 00 2 6 003 9
FMP MU S 85 0029 39 000 8 0358
F A HONE 86 0358 32 000 1 0337
Ji TO A R G U 87 0327 21 0)3 7 009
LOO EONE 88 9 69 004 3 004 6
STU FO NE1 89 00 4 3 21 004 8 005 1
R A U A yo 00 5 1 60 00 6 0061
FAD Z 91 0061 32 0012 00 39
F M P B 3 92 00 39 39 80 3 009 3
STU H T S 93 009 3 21 00 9 8 0101
R A U R 890 9 4 0101 60 00 18 007 3
F V HlSOU 95 7 3 34 0098 01 4 BFAD ONE 9b 01 48 32 010 0377
LOI) 8 OR T yv 37 7 6 9 2 B 0233FUf A R G U 98 02 8 39 013 7 0237
a.T ii A B C 1 5 99 02 3 7 21 00 4 2 004 5
F S 11 F P 100 1 uo 00 4 5 33 019 00 2 5
HM 1 LUPi^ 101 00 25 46 00 2 8 007 9
R A U A H C 1 5 102 00 2R 60 00 4 2 004 7
L EONE 103 004 7 69 04 0046
S T II E N E 3 LOP S 1 104 4 21 02 4 0057

L P 5 a LOO I H n 105 007 9 69 00 50 U10 3STO FONEi! L0P53 106 010 3 34 020 4 0057
(.OC5 ( H A E N t 1 107 00 5 7 60 00 4 8 0153

F S H t N E2 10 0153 33 020 4 u 2 li 1
FM P A B C H 109 0281 39 005 4 0254
:; T A BC9 I FLUX 025 4 21 00 8 3 0236FSB F LOX 111 2 36 33 000 3 0129STU t R HOH 112 0129 21 00 3 4 0287
F II V FLUX 113 267 34 0(103 020 3bTO V C T C AL1 114 0203 .'I 00 3 5 00 2 6ONE lu 00 00 5 1 ONE 115 100 10 OOOO 0051

-0000000 0000000
-000000000-00000
-oooooooou-oouoo
-ooooooooo- 0000
-ooooooooo-uouoo
-ooooo oooo-uoooo
-0 00 000-00000
-0 00000000-0 u no

u

-000000000-00000
-uoooooooo-oooou
-UOOO 00000-00000
-OOOOOOOOU-OUOOO
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2H
Si R T

00 00 0000 ZERO 116 5 OO 0000 0000
STU SflHTl 117 S3 .> 3 24 028 6 V 08 9

KZE SQR T 1 003 118 (1069 45 00 9 2 U266
K M 1 SORT? 0(13 1 1 9 009 2 46 00 9 b 0096
STU SORU ()4 120 0096 21 04 5 U25 3

STU S Q H T 4 SORTS 00 5 121 025 3 24 015 6 OX 5 9

SOR T 5 F V S0HT4 006 12 2 259 34 015 6 0206
F A U SQRT4 7 123 2 6 32 0156 2 8 3

F||V FP HO 08 1 24 020 3 34 033 6 0386
STU S Q W T6 00 9 125 3 H 6 21 014 014 3

F S H S R T 4 10 1 26 014 3 33 015 6 U333
F 1) V 8 g R T4 Oil 127 03 3 3 34 015 6 U256
RAH 8 003 013 128 0^56 6 7 8 3 0113
R A U 8 3 13 129 0113 6 8 2 007 1

FSB SIZES 014 1 30 7 1 33 00 2 4 ol 51
HM | SORT? 015 131 0151 46 3 4 3 5

I 1) S R T fi 016 1 32 3 5 69 14 019 3

STU S II H T 4 017 133 019 3 24 015 6 50 9

R A U RURT3 SOR T 5 18 1 34 309 60 04 5 0259
fi OR T 7 R A U S R T fi SOR Tl 0) 9 135 030 4 60 014 0286
8 R I 2 HL T H 8 B 8 88 8* 020 136 009 5 01 8 8 8 8 88 8 6

F P T W 2 00 00 0051 021 1 37 0336 30 0000 00 5 1

S 1 2 L H 1 004 4 022 138 2 4 10 000 00 4 4

ETOX S Ttl A A A 1 EXIT 1 N H J R 139 0500 34 030 3 306
STU A A A 14 s r OR F ART, 140 0306 21 00 1 016 3

R A U A A A 16 ZtRO 14 1 16 3 60 00 16 013 1

F A M A A A 14 14 2 0121 37 001 03 37
STU A A a a 14 3 3 37 21 14 2 014 5

L U I) A A A 3 ONE 14 4 014 5 69 024 8 020 1

STU A A A 4 A A A 8 COEFF 14 5 20 1 2 4 03 5 4 U 1 7

A A A H H A U A A A a 14 6 10 7 6 014 2 0097
FSH A A A 5 F 1 V F 14 7 00 9 7 33 05 5 04 2 7

H M 1 A A A 6 14 8 4 27 46 0330 0331
STU A A A 2 14 9 33 1 21 14 2 019 5

R A I! A A A 4 1 50 195 60 035 4 0359
FM P A A A7 E T 5 151 3 59 39 0112 0162
STU A A A 4 A A A 8 152 lb2 21 03 5 4 0107

A A A 6 ft A II A A A 2 153 330 60 14 2 14 7

FSH A A A 3 ONE 154 014 7 33 2 4 8 0075
H M 1 A A A 2 8 155 007 5 46 00 7 8 Ol 7 9

STU a a a a 156 179 21 14 3 024 5

R A U A A A 4 157 024 5 6 0354 04 9

FMP A A A 9 E T 1 158 4 09 ^9 0212 036 3

STU A A A 4 A A A6 159 26 3 31 03 5 4 03 30
A A ASH R A U A A A 2 160 0078 60 014 3 0197

FSB A A A 1 POINT TWO 161 1 <J 7 33 0600 04 7 7

HM 1 A A A 1 1 162 4 7 7 46 0380 038 1

STU A A A 2 163 30 1 21 014 2 0295
R A U A A A 4 164 02 9 5 6 035 4 04 59
FM P A A A 12 E T P T 2 165 4 59 39 0312 362
STU A A A 4 A A A 3H 166 3 6 2 21 035 4 00 7 8

A A A 1 1 R A U A A A 2 167 380 6 14 2 024 7

LOO A A A 1 7 168 02 4 7 69 06 5 3 5 3

F M P A A A 4 169 0650 39 035 4 0404
STU A A A 13 170 0404 31 04 8 0111
R A U A A A 14 171 0111 60 0010 0115
B M 1 A A A IS 172 0115 4 6 00 6 8 0019
3 A I

J

A A A 13 A A A 1 17 3 00 19 6 04 8 30 3

A A A 1 5 R A U A A A 3 174 6 60 024 8 040 3

F 1) V A A A 13 A A A 1 175 4 1 34 04 8 030 3

A A A 1 7 8 TO A A A 18 EXIT 1 N S TR 176 35 3 34 035 6 0509
R A U A A A 3 ONE 177 509 60 024 8 04 5 3

F A U A A A 2 178 04 5 3 32 014 2 0069
STU A A A 19 17 9 00 6 9 31 00 7 4 0537
LOU A A A 27 TWO 1 BO 0527 69 04 3 0383
S TO A A A 20 N 181 038 3 24 04 3 6 0139
STU A A A 21 06 NO" 182 139 24 019 2 034 5

R A U A A A 2 183 034 5 60 014 2 0397
FM P A A A 2 1 B4 029 7 39 014 2 0343
STU A A A 23 A A A 22 NIIMFRATO 185 2 4 2 21 014 6 004 9

A A A 3 V. F U V A A A 2 1 186 0049 34 019 2 0293
STU A A A 24 NTH TERM 187 292 31 0196 009 9

F A U A A A 1 y IBB 0099 33 007 4 0251
STU A A A 19 TOTAL 1 B 9 0251 31 007 4 OS77
R A U A A A 24 1 90 0577 60 0196 030 1

F V A A A 19 1 91 0301 34 007 4 012 4
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An IEM 650 Computer code was written to solve for the flux from the

end of a finite circular cylinder. This code was then used to solve

for the flux from cylinders of varying size and absorption coefficient as

well as for varying shield thickness and absorption coefficients.

From the information obtained, a method was developed to determine

fluxes from cylinders by considering them to be replaced by a circular

plane source. This circular plane source is located within the confines

of the cylinder and has the same radius as the cylinder. This method makes

it possible to determine the uncollided flux from the end of a cylinder

more accurately than has previously been possible with only a desk

calculator.

Curves and supporting information as necessary are presented to enable

users to determine the source strength of the circular plane source and

its location within the cylinder.


