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9 Preface

Under the impression that the transmission of x-rays

through the atmosphere had been exhaustively studied, I was

suprised to find that there is very little written in the

literature which deals with the subject. This paper deals

with the fluence and transmission of x-rays and the fluence

or dose of prompt radiation (neutroms and secondary gamma

rays) and compares the results of the former with those re-

sults predicted by use of the Horizons Technology, Inc. (HT1)

x-ray fluence and transmission program.

This thesis topic was one presented by Dr. Charles

9 Bridgman of the faculty of the School of Engineering, Air

Force Institute of Technology with the expressed intent of

validating the results obtained using the HTI program by ob-

taining similar results using mass integral scaling and the

build-up factor method.

I wish to thank Dr. Bridgman for his patience and heip

in getting me through the rough spots in this research. I

also wish to express my thanks to my wife, Linda, and my

children for the patience they showed me even when I had

none for them.

Donald E. Jones

ii
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AFIT/GNE/PH/81M-5

Abstract

This report is to validate and evaluate a Horizons

Technology, Inc. (11TI) TI-59 program written to calculate

the free field x-ray fluence from a nuclear burst. In

addition to this validation of an existing program, pro-

grams were written to compute mass integral and prompt

radiation effects. X-ray transmission is calculated using

a build-up factor method and is compaied to results from

the HTI program. Results are compared for black-body temp-

eratures of 0.1, 1.0, and 10.0 kcV and mass integrals from

10-6 to 50.0 gm/cm2 . The results compare well with a max-

imum error of approximateLy 21,0. HTI's program has a minor

problem as the transmission factor approaches zero so a

TI-59 program is provided for use in that regime. A quick

FORTRAN program is provided to calculate the flucnce reach-

ing a receiver. TI-59 and FORTRAN programs are given to

calculate the mass penetrated and prompt radiation fluence

or dose.

vii



X-RAY FLUENCE AND TRANSMISSION AND

PROMPT RADIATION FLUENCE OR DOSE

I. Introduction

Background

The work reported here was motivated by a program

written by Horizons Technology, Inc. (HTI) under contract

to the Defense Nuclear Agency (contract number DNA 001-78-

C-0247). This program, x-ray fluence and transmission

(Ref.1), is one of a number oi auclear weapons effects pro-

grams developed by 11TI. All of these programs use the

Texas Instruoents TI1-59 hand-held programable calculator

(Ref.2). The TI-59 stores and retrieves these p-ograms

on/from small magnetic cards.

The original purpose of the project was to evaluate

the HTI x-ray fluence and transmission program. The eval-

uation was to be acc.implished by comparing the 11TI results

to x-ray transmission factors computed using a build-up

factor method. The build-up factors were calculated for in-

finite, homogeneous air using coefficients provided by

G. Kalansky (Ref.3). As will be sho'%n, the use of build-up

factors amounts to applying the mass integral scaling approx-

imation first described by Zerby (Ref.4) and recently studied

by Shulstad (110f.5). The mass integral scaling approximation

has also been used by Murphy (Ref.6) and Eamon (Ref.7) to



calculate free field neutron and secondary gamma fluences

and/or doses from a nuclear burst. So, an extension of the

project and the mass integral scaling technique 'Led to a

new program, not published by 11TI, to calculate prompt rad-

iation effects. Since both the existing 1ITI program and the

build-up x-ray and prompt radiation programs require the

mass integral as an input, a second new program was written

to calculate the mass integral.

Purpose

The purpose of this work became threefold. Theý first

part was to validate the 1IT1 TI-59 x-ray flux and trans-

mission program (Ref.1:9-1,13).

The second part of the purpose was to write a newk pro-

gram to calculate prompt radiation effects. Finally, a sec-

ond new program was to be written to calculate the mass in-

tegral.

Method

The use of build-up factors to compute x-ray fluence and

the transmission factor is developed in Chapter II. The build-

up factor method (BU) is contrasted to HTI's method of cal-

culatioii. The programs written for this project are describ-

ed in Chapter III. Results of both methods are comrpared in

Chapter IV. Chapter V discusses the work of Murphy and E-amon,

with respect to neutrons and secondary gammas, and the new

program which is provided. Chapter VI states the conclusions

2



and recommendations of this work.

Assumpt ions

Two explicit assumptions are made in this work. They

are

1, Kalansky's build-up factor coefficients are applic-
able (Ref.3).

2. The concept of mass integral scaling applies to
x-rays and prompt radiation.

The assumptions are discussed later in the text.

3



TII. Basic Principles

Theory

In this work, the HTI program is evaluated by compar-

ing its predictions to results from an alternate prediction,

the build-up factor (BU) method. Both methods use the same

equation for fluence:

SfT
F (1)

where

F - fluence in calories per square centimeter

S = source yield in calories

T = transmispion factor

r = distance from source to receiver in centimeters

f = x-ray fraction of tne source yield

The only real difference between the BU method and the HTI

model is in .he calculation of the transmission , T.

For this reason, a large portion of this work is devoted to

the calculation of the transmission ceofficient by each

model,

Transmission Factor for the BU Method

The BU method for calculation of the transmission fac-

tor, T , Js based on mass integral scaling of x-ray trans-

mission in a homogeneous atmosphere. Mass integi-ax scaling,

first suggested by Zerby (Ref.4) in 1956, is curicit!• used

4



fioe neutron and gamma ray transport in the Air Force Wea-

pons Laborptory computer code SMAUG (Ref.6) and has re-

cently been described by Shulstad (Ref.5). An explanation

of mass integral scaling is given in Appendix A.

This work made use of build-up factor coefficients de-

termined by Kalansky (Ref.3) to account for the increased

number of x-rays reaching a receiver due to scattering.

Kalansky did his x-ray transmission calculations using a

moments method solution of the Boltzmann transport equation

in an infinite, homogeneous atmosphere. His results are re-

ported in the form of BUF as a function of mean-free-path

with x-ray energy as a parameter.

If the build-up factors are known for all energies,

they can be used to compute the transmission factor for a

spectrum of x-ray energies by

T rf P(hv)BUF(hv)exp{-L /p]air(hv)M.I. )d(hv) (2)
0

where

P(hv) = probability of an x-ray with energy between

hv and hv + d(hv)

[R]air(lhV) = total mass attenuation ceofficient for air for

an x-ray with energy between hv and hv + d(hv)

Al.I. = mass integral =1I(r) dr which is the mass con-

tained in a unit area tunnel of length, r, from

source to receiver

5



BUF(hv) = build-up factor for an x-ray with energy be-

tween hv and liv + d(hv)

Since the integration of Eq.(2) would be difficult, if not

impossible, to do analytically, it is usually solved by

numerical integration. Eq.(2) can be rewritten in discrete

energy space as

G

T = Pg BUF exp[-( airg i.I. (3)
SggS~g=l

where

G =total number of energy groups

P = probability of an x-ray energy within the limitsg

of the group, g

(P/P)ar total mass attenuation coefficient for air for
air

an x-ray energy within the limits of the group,

g

BUF = BUF for an x-ray of energy within the limits of
g

the group, g

If the groups are sufficiently narrow, one does not have to

worry about what value of li/p and BUF are appropriate for

each group. Eq.(3) is used by the BU method.

Group Probability. The BU metl~od assumes the source

to be a perfect black-body radiator and that the source

x-rays can be represented by a single normali.zed Planckian

black-body spectrum. These normalized Planckian functions

6



I
are (Ref.8)

P(hv;T) 15 ) e(hN/k ] (4)

where P(hv;T) is the probability of an x-ray of energy hv

with a black-body temperature of kT keV , Determination

of P in Eq.(3) can be made by integrating Eq.(4) over the:• g

energy range of each group (Ref.8)

hv

p f t15 (hv)3Pg9= j 1 kT) e h /- d(hv) (5)

This integration allows the computation of a probability

for each energy group being used. Equation (5) can be put

in normalized form by first defining the dimensionless quan-

tity, u , to be u=hv/kT . Then Eq.(5) can be rewritten as

u

Pg =(1 du (6)
U g-I

Evaluation of Eq.(6) can be accomplished by integration, read-

ing values from a graph such as Figure 1 (Ref.8), or reading

tables of the Planck function and its integral (Rli.9), In

this work, the probability for each group is found by numeri-

cal integration over u using a box approximation to numer-

ically calculate the integral. Note that due to the nature

7
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of the Planckian function and u , one computation of the

probability for each group is all that is required since

the probability of energy group ui is the same regardless

of the temperature of the radiating body.

The computation of the probabilities for each group

for the baseline program is accomplished in Subroutine

PLANCK (Appendix C) using equal Au .

Mass Attenuation Coefficient. The mass attenuation co-

efficients for air can be obtained from several sources

(Refsg;10;11). The primary source used in this work is

UCRL 50174, Compilation of X-ray Cross Sections (Ref.1O).

The data points which were used to generate the polynomial

fit to the mass attenuation ceofficients are plotted as

circles on Figure 2. The line in Figure 9, was generated

using the fit coefficients given in Table I.

The mass attenuation coefficients were fit using a

Laurent series polynomial fit in powers of l/E , where

E is the x-ray energy. Fit coefficients, root-mean-square

errors and plots of the fits were generated for powers of

1/E from two through six. The best fit is of fifth degree.

The coefficients for the fifth degree fit are shown in Table

I. This polynomial fit is plotted in Figure 2 alon• with

the data points used to generate the fit.

The results of the mass attenuation coefficient fit are

written into Subroutine MUR1IO for the baseline program (Appen-

dix C).

9
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Degrt CoefficientsfrPlnma

constant 
-.001354

1/E 19.7541

,/F2  -461.7632

I/ E3  6680.0229

l/E , 43497.3643

l/E, 907.3575

Mass-integral. The mass integral, is th- mass of air

contained in a unit area tunnel between the source a~nd the

receiver. Mathematically, this is stated as

r

M.I. =fp(r-) dr' (7)

0

where r is the slant range as defined in Figure 3. 
If the

air is assumed to be exponentially 
varying in density accord-

ing to the local pressure scale 
height, then

MJ. 1. -- QI p()(3xpV ~ (IZ)

0



TZT

Figure 3. Definition of Mass Integral Variables Z is
the source height. ZT is the receiver height,
o is the inclination of the receiver with re-
spect to the source, and r is the slant range.

where

M.Io = mass integral

S= as defined in Figure 4

Z zB - ZT

p(zB) = density of air at the source height

H B = scale height of atmosphere

"zB = source height

"zT = receiver height

The density and scale height can be obtained from I.S. Stan-

dard Atmosphere 1976 (Ref.12). Since zB , z1 , and IIB

are all in units of kilometers and p is usually in units of

12
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I_

Figure 4. Angle Definition.

gm/m 3 , a conversion factor must be used to get the mass in-

tegral in units of gm/cm2.

Eq.(8) is directly integrable,

""B [(z)[exp( -z/H )-I1 (9)

Examination of Eq.(9) shows that the mass integral will al-

ways be positive since z' is negative whenever sinO is

negative and positive when sine is positive.

There is one area where Eqs.(8) and (0) cannot, be applied.

That is when the source and receiver are co-altitude which im-

plies that sinO is zero and 1/sinO is infinite. For the

13



co-altitude case, another form of the mass integral must be

used (Ref.8).

M.I. = p(ZB)r (10)

where r is the range from the source to the receiver.

Equations (9) and (10), with conversion factors to ob-

tain the correct units for the mass integral, are written in-

to Subroutine MASSI for the baseline program (Appendix C).

Build-up Factors. As previously stated, the BUF used

in this paper are obtained from Kalansky (Ref.3). As

Kalansky points out, Taylor (Ref.13) suggested the following

equation for describing build-up factors:

B - A, exp(Cly) + A2 exp(C 2 y) (11)

where

B = build-up factor to account for the arrival of scat-

tered x-rays at the receiver

y = number of mean-free-paths of source energy

A2 = 1 - A,

A1 ,C 1 ,C 2 = constants determined from calculated BUF

Kalansky determined the constants A2, C1 , and C2 by fitting

his moments calculated results (Ref.3). The coefficients

Kalansky derived are tabulated in Appendix B which is a

table extracted from Kalansky's work. When using thiuii data

14



to calculate BUF, interpolation of BUF, Pot Kalansky's co-

efficients, should be made when coefficients are not given

for the exact energy of interest.

Final Form. With the previous factors in mind, Eq.(3)

can be written in the final form used in the baseline pro-

gram

150

T = Pg BUFg exp[-(, /P)g M.I.] (12)

g=1

Baseline Program. All of the pieces described to this

point are consolidated into the baseline program described

and listed in Appendix C. Additionally, the baseline program

is set-up to calculate the 4TI12 fluence° The program can be

modified to calculate the fluence at a particulaý' spatial

position.

Limitations of BU Method. There are two factors which

must be considered before applying the BU method to a par-

ticular problem. They are:

1. Kalansky's BUF consider mearn-free-paths of up to

15. His fitted results did not converge to his cal-

culated moments results beyond 15 mfp.

2. The BUF are based on infinite homogenous air and

are then assumed valid in exponentially varying air

by use of mass integral scaling. This assumption is

only valid as long as the assumption of mass integral

15



scaling is valid. A literature search did not re-

veal that any research has been done to determine

the applicability of mass integral scaling to the

x-ray transmission problem. Therefore, at this

point, little can be said about the applicability

of the BU method.

Transmission Factor for the IITI Model

The IITI model used in its TI-59 program is an empirical

fit to data extracted from another source (Ref.1). The HTI

transmission factor equation is

T = f(x) B(x,O) (13)

and

f(x) [I + 81.4 exp(l.86x)]J'l (14)

B(xO) = [A(xo-x)-1)exp-(x,_-x)2 1+1 (15)

M

x log1 0 .-T (16)

where

M = mass integral

I = black-body temperature

A,xo,a = constants determined from the empirical fit (Ref.l:

9-5)
16



The exact origin of the above equations is not clear. The

functions f and B are not defined other than by Eqs.(14)

through (16). it appears that f(x) is the result of a fit

applied to a family of curves in Ref.1 which were the trans-

mission factor excluding build-up. Then B(x,O) is the fit

to the difference between f(x) and another family of curves

in Ref.1 which do include build-up. Ref.1 is not completely

clear on this either. If this surmise is correct, H1TI is

also using a form of build-up factor from an undefined origin-

al source. Thus, we may be merely comparing build-up factors

in this validation, but there is no way of knowing that.

HTI's method allows a complicated program to be put in-

to 479 program steps for the TI-59. That was no small feat

as can be seen by comparing their program with the TI-59 pro-

gram written for this report and covered later. However.

there is a problem with the HTI program as the transmission

coefficient approaches zero, say less than (0.01). The prob-

lem is that the empirical fit generated does not smoothly ap-

proach zero as would be expected but, instead, reaches zero

earlier than predicted by the BU method and then returns to

significant values which are higher than the values predicted

by the BU method. This problem area will be discu-c.ed further

in Chapter IV.

17



III. Solution by BU Method

Baseline Program

The baseline program developed in this work uses 150

normalized energy groups based on .1 increments of u

j As previously pointed out, the Planckian probability need

only be calculated once in the program since u does not

change with changing black-body tem-erature. However, the

average energy per group does change. For the baseline

program, the average energy for each group is taken as the

endpoint energy of each .1 increment of u . This us-

age would not be appropriate for a coarser grouping, but is

suitable for the fine grouping.

The baseline program is written in the FORTRAN 5 com-

puter programming language (Ref.14). The algorithms of Ap-

pendix D can be used to program into another computer lang-

uage if desired.

The baseline program was written in a modular style to

facilitate changing subroutines (Ref.15). For instance, if

it is decided that the assumption of a Planckian spectrum

for the source is inaccurate and another function DuLter de-

scribes what is happening, then a subroutire employing the

new function can be written to replace the subroutine, PLPNCK,

currently in use (Appendix C).

18



r
Program QUICK

In addition to the 150 group baseline program a pro-

gram using ten energy groups rather than 150 groups was al-

so written. This program was written to provide a fast,

easy-to-use program for future users and to determine if

the 150 group fine structure of the baseline program was

really necessary. Each group is constructed to be of equal

number density. A program listing for program QUICK is pro-

vided in Appendix E. The average energy for each group is

taken as the energy at the mid-point probability for each

group rather than the mid-point energy of each group. In

reality, this is of importance only in the first and last

energy groups. In those cases, using the mid-point of the

probability group te.nds to weight the group towards those

events of higher probability.

The program is set up so that both the mass integral

and the black-body temperature are read in as data. The

program can be modified to make use of the mass integral

subroutine (MASSI) used in the baseline program (App3ndlx C).

Appendix E describes how the data is to be input.

The results of program QUICK are compared to tho',e of

the baseline program and the IITI program in Chapter IV.

TI-59 Program

The TI-59 program written to calculate the x-ray fluence

and transmission is similar to the FORTRAN QUICK program.

19



It is considerably longer and more difficult to use than the

HTI TI-59 program. A program listing is given in Appendix F

as well as instructions for its use. The program is actually

two subprograms. The first is to calculate the mass integral.

The second sub-program takes the output of the first and

1. computes the transmission coefficient for -arious

groups excluding build-up,

2. then includes build-up in each group,

3. then computes the total transmission coefficient,

4. then calculates the 41Tr 2  fluence,

5. and, finally, calculates the fluence at a partic-

ular spatial distance.

Steps four and five are optional depending on what results

the user desires.

One problem with the sub-programs is their length. To

execute through step three requires 826 program steps. With

a required partitioning of 639.39 (Ref.2), the length neces-

sitates reading in four card sides and executing through

step two, then reading in another card side and executing

step three. To execute the entire program, excluding the

mass integral calculation, requires 978 program steps and six

sides of magnetic cards to be read in. This makes the pro-

gram somewhat unwieldy, but the results compare \A1. See

Chapter IV for the comparison.

20



IV. Results

Comparison of Results

The results to be compared are those obtained from

1. HTI TI-59 program

2. Baseline FORTRAN program

3. FORTRAN program QUICK

4. TI-59 QUICK program.

The results are best described by referring to the

graphs in Figures 5, 6, and 7. The plots were generated us-

ing DISSPLA (Ref.16), which is a computer graphics package.

For each plot, nine points were used for the 0.1 and 1.0

keV curves ar.d 16 points were used for the 10.0 keV curve.I Subroutine SPLINE (Ref.16) was used to smooth the curve.

The curves all were generated with the mass integral on the

x-axis, the transmission coefficient on the y-axis, and three

black-body teinperotures: 0.1, 1.0, and 10.0 keV. Other

black-body temperatures were examined but not included to

avoid cluttering the plots. The other temperatures examined

followed the pattern shown in Figure 5.

The data used for comparison can be found in Table II.

Baseline with 11TI. Figure 5 compares the results ob-

tained using the BU method with those obtained from the 1tTI

model. As can be seen, the results are comparable. The

largest difference between the two is approximately 21c%

which occurs at a mass integral value of 10.Ogm/cm 2 and a

black-body temperature of 10.0 keV.

21
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TABLE II

Comparison of Results for Various Mass Integral
Values and Black-body Temperatures

Mass Black-body Transmission Factor
Integral Temperature ......

_(gm/cm2 ) (keV) Baseline HTI QUICK TI-59

1E-6 a .1 .7127 .7824 .7110 .7110
IE-5 .1 .4101 .3585 .4096 .4096

IIE-4 .1 .0825 .0483 .0807 .0807
1E-3 .1 9E-4 0. 7E-5 7E-5
1E-2 .1 9E-1O .0006 0. 0.

.1 .1 0. .0003 0. 0.i. .1 0. 5E-5i0. 0 .
1U. .1 0. 7E-6 0. 0.
50 .1 0. 2E-7 0. 0.

1F-6 7. .9984 .9988 .7996 :9996
1E-5 I. .9918 .9926 .9956 .9956
IE-4 1. .9522 .9552 .9598 .95981E-3 1. .7809 .7796 .7760 .7760
1E-2 1. .3921 .3573 .3920 .3920

.1 1. .0633 .0436 .0606 .0606
1. 1. 1E-4 0. 2E-5 2E-5
10. 1. 1E-9 .0006 0. 0.
50. 1. 0. .0004 0. 0.

1E-6 10. .9998 1. 1. 1.
IE-5 10. .9998 1. 1. 1.
1E-4 10. .9997 .9998 1. 1.
IE-3 10. .9988 .9988 .9998 .9998
1E-2 10. .9937 .9926 .9981 .9981

.1 10. .9750 .9600 .9833 .9833
.2 10. .9662 .9431 .9712 .9712
.3 10. .9610 .9348 .9621 .9621
.4 10. .9572 .9308 .9556 .9556
.5 10. .9541 .9288 .9505 .9505

1. 10. .9390 .9245 .933Q1 .9334
10. 10. .3346 .4220 .333GI .3293
20. 10. .0774 .1572 .0748 .0727
30. 10. .0188 .0484 .0168 .0160
40. 10. .0049 0. .0038 .0036
50. 10. .0014 0. .0009w .0008

a 1E-6 1 x 10-6
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QUICK and the TI-59 Program with Baseline. Figures 6

and 7 compare the results of program QUICK FORTRAN and the

TI-59 program written for this work, respectively, with the

baseline FORTRAN program. The results are very close with

a maximum error of less than 1%. The comparison shows that

little is gained by using 150 energy groups rather than 10

energy groups as long as the groups are carefully chosen.

This agreement was the reason QUICK was programmed for the

TI-59 to see if it would be a better method than the exist-

ing algorithm.

Area of Concern

As mentioned in Chapter II, there is one potential prob-

lem with the original HTI program. The problem occurs as the

transmission coefficient approaches zero and cannot be seen

by reference to Figure 5. The data given in Table II shows

the problem, namely that lHTI's transmission factor reaches

zero prematurely and then jumps back up to a value believed

to be a little too high. The result of this is that the HTI

program can show the fluence at a point to be zero when it

actually may be a significart value. Also, just beyond this

mass integral value, the program may give too high a value

for the fluence. Table III shows ono such sequence compared

with the TI-59 results of this work.

Considering a x-ray source strength of 1012 calories

(1 Kiloton) and a black-body temperature of .1 keV, the ITri
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TABLE III

HTI Problem Area
(kT : .1)

Mass Transmission Factor
Integral HTI TI-59

1E-4 a .0483 .0807

1E-3 0. 7E-5

1E-2 .0006 0.

.1 .0003 0.

a 1E-4 = 1 x 10-4

program would predict a 4ir2  fluence of zero for a mass in-

tegral of 10gr/cm2 (receiver rougbly 0.01 kilometers from

the source at 50.0 kilometers altitude) while the BU method

would predict a 4ffr 2 fluence of 6.9 x I07 calories. Rough-

ly the opposite is true for a mass integral of 10-2gm/cm2 .

This example was for illustrative purposes only since, in

this case, the receiver would be inside the fireball; however,

it does demonstrate the problem area.

The problem is almost certainly the result of the empir-

ical fit used by 1ITI to fit its curves. Again, there is no

problem as long as the transmission coefficient is not close

to zero, say not less than (0.01).
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V. Prompt Effects

Background

Because of the greater number of interactions between

source and receiver when neutrons and secondary gamma rays

are considered, the method of build-up factors cannot be used

for these radiations. However, the method of mass integral

scaling has been used for prompt radiation using a one dimen-

sional numerical solution of the Boltzmann transport equation

in a homogeneous atmosphere as a starting point. That is,

equation (2) is replaced by this solution. The method used

was an anisotropic S-N calculation of the transport of a sin-

gle source neutron with the energy distribution of a fission

or fusion source. The calculation was done by Straker and

Gritzner and first reported in ORNL 4464 (Ref.17). The re-

sults are presented as 4Cir 2 fluence or 4nrr2 dose as a

lunction of mass integral. A graphical example of these re-

sults is shown as Figure 8. This figure was extracted from

Eamon's work (Ref.7).

Thus, in parallel with the x-ray treatment we have

41Tr'F = ST (17)

except tha-L the 41'r 2 fluence is given by a result like Fig-

ure 8 instead of by equation (1) through use of equation (2).

Murphy has provided a fit of the ANISN results of the

form (Ref.6):
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F(x) exp(CI+C2 X+C3Xl+C 4 X3/2+C5 Xi'/2+C6X1/3) (18)

where

F(x) = 4rr 2 dose or fluence

X = mass integral

Ci = empiric constants obtained through least

squares fitting techniques

Eamon added one further coefficient of the form C7 In X

inside the brackets (Ref.7) and provided the coefficients of

fit to the neutron and secondary gamma transp-rt ANISN code

results (Ref.7). The coefficients of fit for aiffering

doses and sources are ir, Table IV.

This method was programmed in both TI-59 logic and in

FORTRAN 5. The TI-59 program and the FORTRAN 5 program ap-

pear in Appendix G.

Mass Integral Scaling

The applicability of mass integral scaling to the prompt

radiation problem has been investigated by Shulstad (Ref.5).

It was found that mass integral scaling was good for source

altitudes between 1 and 10 kilometers (Ref.5); however, at

higher altitudes, the results obtained could be as much as

twice what is obtained using Shulstad's two-dimensional cal-

culation. In a later study for the Air Force Weapons Labor-

atory, Kaman Sciences calculated the errors generated from

5 to 80 kilometers (Ref.7).
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TABLE IV

ANISN HOMOGENEOUS AIR DATA

NEUTRONS

DOSE SOURCE A B C

Silicon Thermonuclear -. 20795E+02 -. 97296E-01 -. 17913E-04

Tissue Thermonuclear -. 19711E+02 -. 98348E-01 -. 22342E-04

Fluence Thermonuclear -. 67751E+01 .52690E-02 -. 54364E-05

D E F G

.15771E-02 .17924E+01 -. 32101E+01 .23746F+00

.18226E-02 .13159E+01 -. 15135E+01 -. 84022E-02

-. 21468E-03 -. 39214E+01 .10875E+02 -. 13975E+01

SECONDARY GAMMAS

DOSE SOURCE A B C

Silicon Thermonuclear -. 25281E+02 -. 90163E-01 -. 27961E-04

Tissue Thermonuclear -. 25566E+02 -. 79950E-01 -. 24566E-04

Fluence Thermonuclear -. 48600E+01 -. 11511E+00 -. 372675-04

D E F G
.23939E-02 .95659E400 -. 11394E+01 .98116E+00

.21001E-02 .65711E+00 -. 57599E+00 .93271E+00

.31732E-02 .13350E+01 -. 13011E+01 .95495E+OO
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TABLE IV Continued

ANISN HOMOGENEOUS AIR DATA

NEUTRONS

DOSE SOURCE A B C

Silicon Fission -. 21780E+02 -. 16126E+00 -. 46917E-04

Tissue Fission -. 18463E+02 -. 17636E+00 -. 53973E-04

Fluence Fis'ion .79627E+00 -. 22572E+00 -. 73701E-04

D E F G

.38861E-02 .27024E+01 -. 41190E+01 .21249E+00

.44464E-02 .28502E+01 -. 40883E+01 .17644E+00

.61127E-02 .33426E+01 -. 37018E+01 -. 30794E-01

SECONDARY GAMMAS

DOSE A B C

Silicon Fission -. 26416E+02 -. 16697F00 -. 56993E-04

Tissue Fission -. 26313E+02 -. 16462E+00 -. 55756E-04

Fluence Fission -. 57438E+01 -. 16896E+00 -. 55243E-04

D E F G

.48224E-02 .26366E+OI -. 35154E+01 .10916E+01

.47309E-02 .26300E+01 -. 36007E+01 .11093E+01

.47643E-02 .25725E+01 -. 33967Ei01 .11089EO1
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Results

Results of the TI-59 program written for this project

are compared with results from Kaman Sciences (Ref.7) in Fig,

9. Plotted on Figure 9 is the 41R 2 fluence per source

iI• neutron as a function of mass integral. The circles are the

points obtained from Kaman Sciences work (Ref.7) and, in this

case, can also be read from the TN curve of Figure 8. The

line is the fit to the points calculated using the TI-59 pro-

gram. The differences are negligible.
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VI. Conclusions and Recommendations

Conclusions

The HTI program compares well with the BU method as

shown by Figure 5 with the exception of the problem area

mentioned in Chapter IV.

Additional contributions of this project were pro-

grams to calculate prompt radiation and the mass integral.

Such programs are not included by HTI (Ref.1); instead, the

mass integral is left as an input variable with no direction

as to how it is to be determined and prompt radiation is not

examined,

Recommendations

There are two recommendations to be made. The first

applies to future work. It is suggested that a study be

undertaken to determine the validity of using mass integral

scaling in the x-ray problem.

The second recommendation applies to the use of the HTI

TI-59 program versus the use of the program written for this

work. Due to the UITI program's ease of use, combined with re-

sults which are comparable, it is recommended that the 1ITI

program be used to calculate the transmission co(,ff icient and

fluence as long as the transmission coefficient is,, hot less

than approximately (0.01). If the transmission coefficient is

less than 0.01, then it is felt that the TI-59 program written

for this work should be used to avoid the curve fitting prob-

lem.
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Appendix A: Mass Integral Scaling

The mass scaling law can be stated in the following

manner (Ref.5): In an infinite homogeneous medium with an

isotropic point source, the 47rr 2 fluence is a function

only of the density and range from source to receiver:

MI = pR . An assumption must be made to allow the appli-

cation of the mass scaling law to the actual case. The as-

sumption made is that if the mass range between a source and

a receiver in infinite homogeneous air is equal to the mass

range in variable density air, then the 4ffr 2 fluences will

be equal. That is, points from the infinite homogeneous air

case will map directly to points in the variable density air

case at identical mass integral values. For a derivation of

the mass scaling law, see Shulstad (Ref.5:86-89).

While Shulstad (Ref.5) has examined mass integral scal-

ing as it applies to neutrons and gamma rays, no references

were found in the literature to the same type work being ac-

complished for x-rays.
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Appendix B: Kalansky's Coefficients (Ref.3)

Eneigy in heV Al Ac2 ¢ c2

12 -0.227 1.227 -0.400 0.000

14 -0.3/0 i.370 -0.400 0.000

16 -o0323 1.323 -0. 660 0.020

18 -0.6314 1.6Y, -o.46o 0.020

20 . -1.072 2.072 -0.360 0.020

22 -1.048 2.o04 -0.480 0.0o40

24 -1.•740 2.743 -0.3)4 o.o4o

26 -2.673 3.673 -0.260 0,040

28 -2.664 3.664 -0.300 O.060

>0 -6.038 7.038 -o.140 0.C40

32 -8.805 9.805 -0.100 o.o40

S-8.504 9.50'4 -0.100 0.060

36 -75.83 76.83 0.000 0.020

38 -20.003 21.03 -0.020 o.C60

410 -16.94 V7.94 -0.020 0.080

45 t4.59 -13.59 0.120 -0.020

50 11.31 -1O.31 0.160 -0.0440

55 109.2 -10B.2 0.120 M.o0o

60 -11.05 12.05 0.000 0.200

70 -1114.1 11.5.1 0.1140 0,160

80 -113.11 j14.i o..16c O.1I0

100 -10.93 11,93 0.060 0.260

120 -8.153 9.053 0.020 0.280

150 13.114 -12.14 0,260 O.100

200 -88.92 89.92 0.s80 0.200

230 -6.308 7.308 o.oo0 o.260

IoO 19.89 -18.89 0.200 0.120

330 72,37 -71.37 M.160 0.1110

4100, -6.063 7.063 0.000 0.220

500 16.29 -15.29 o,1,0 0.080
600 -57-53 57.58 0.100 0.120

75r -17.20 1.2o o.CCO 0.1-20
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Appendix C: Baseline Program Listing aid Use

The baseline program, with all its subroutines, is list-

ed on the next few pages. The program was written with future

users in mind; that is, comments are provided as documentation

to make the program easier to use. Additionally, Table V pro-

vides a list of the input variables and their units.

TABLE V

Variable Representing Units

K, A,, A2 ,C1 ,C 2 Read in of Kalansky's data K in keV
(Appendix B)

N, NN, L Dummy variables (see comments
in program)

YLD Yield of source Kilotons

XF X-ray fraction of source --

XKT Black-body Temperature keV

RHO Density of air at source
altitude gm/m

R Distance fror, source to kilometers
receiver

ZB Source height kilometers

ZT Receiver height kilometers

IIB Scale height of atmosphere kiiometers

ANGLE As defined in, Figure 4 deyrees

SCM Slant range from source to cont imeters
receiver
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PrOý0G R AM 751AN S

DIMENSION HNU( 150) ,Z(0: 150) ,Y( 150) , X(150) , >,,tMU(150)
D IME NSI 1ON T C,( : 115(i) , - --E IO)

DIMENSION VY( ()15C, ) , A (0 I f0) , A AA(I ' (
DIMENSION K(32),A1(3")YA2(32),CI(32),C2T(32)

C READ IN BUILD-UP FACTOIRS FOR LATER USE.
C SOURCE USED IN THIS) ýiR UNPUBLISHED
C MASTERS THESIS, '(-,RAY EUILD-UP FACTORS',
C KALANS?(YI G.M. AFITY SCHOOL OF ENGr
C DEC 1878.
C

DO 2 1=1,32
READ(*,*,END=999) K( I) 1A1(I) 1A2( I),'C1 (I) ,CZ( I)

2 CONTINUE
CA;.L PLANCK(PGPC)
KK =0

10 CONTINUE
KK aKK + 1

C
C N IS USED TO TELL THIE PROCIR A' HOW T HE
C MASS INTEGiRA.. TIE 1- BE HANDLED. 1
C IMPLIE3) THA T THE TARCET AND E~U~TARE'
C CO-ALTITUDE*. N=2 IMPLIES' Tr-7 ý,ASS lNT-
C EGRAL VALU'ES A7%-= TO BE READ :N'. ANY
C OTHER VAILLE FOR tv IrPL":7S 7.'hE 1~: S TC
C SE COMPUTED AlNtD TihE_ TARGET A'ND £URS7 ARE
C NOT CO-HALTITUDE.
C

Z NN IS USED 70 TELL THE PROGRAM WHE-HER
C OR NOT TO CALCULATE 7HE 4 P! R**T2 FLUE7NCrE
C CNN=l IMPLIES CALCUU-ATE).
C
C IF 1=0, THEN THE PROCRAN WILL N'QT IN-
C CLUDE BUILD-'%J.P IN T--E TRANSrMISSICN CD-

C EFFICIENT CALrULATION.j

READ(*,*,END=E8c)N
READ(*,*.,END=SrEc_' N1,
READ(*,*,EN>EES-.) U
CALL S ~ )

READt~* * , E:N3Dl_,) YLD. )X.7
EIND IF

C
C: THIS PORTT ION CCy1PJTE*S A :ýSS A7-_:N,'UAT:CN' Cv '

C EVERY ENE?_V"v;ux.UG)uKT
C THIS PRO E. cz:: SE UP TC !,'EE
C SEVERAL YA*I-73 FCR E.L.A :L" TZ-1P.
C THE PROG.F(A'l~ CrIN E.E ~iCDIF:ED TO RS7ýJ
C IN SLAOF BUDY TEŽ',PS OF N~
c

41



XKT I1
ELSE IF(LL.GTl. I.AND.LL.LE. 10) THEN

XKT =XKT -r.1
ELSE Ir-(LL.Gl*.lO) THEN

XKT =LL - S.
ENDIFF
PRINT*, 'BLACK 801))' TEM1P= '.,XKT,.
PýRiNT*r,
U=.*
DO 3 1:;1,150

HNU( I) =U*XKT
U:U+. 1

3 CONTINUE
CALL IIURHO(HlU,(XMU)
CALL MFP(%XMI,XMIU,X)
IF(L.NE.0) THEN
CALL BUF(HNUB, 7EOFX,>,A 4A2,C1,C"",KKB8,8B8,PG)
IFj(-EOF.EG4.(') GO TO EJES
ENDIF
CALL T~ST 1~Yr~, 1 (YPiaYYL
IF(NN.EGi.1) THEN

CALL FLUENkC-E(T7i(150) ,YLD.XF)
ENDIF
PRlNT*,'
PRINT*,'

300) CONTINUE
GO TO 10

988 PRINT*,'EtRROtR; END OF DATA AT IMPROPER~ TIME'

959 STOP

END

SUBROUT INE PLH'NCK (PG, PC)
DIMENSION PG(0:150), Pc(0:150)

A:15./((ACOS(-l. ))**4)
PC(c.k0.

DO 1 =1,150)

PC( I)= ((G +fj -))2 *
UmU+. 1

I CONTINUE
RETURN
END
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c i N=I, READ :N THE DEXS3TY OF A`R AT
C BURST HEIGHT IN GM/M*43 AND ThE D:STANCE
C FROM BURST TO TARGET IN KIL-51ETERS.
C
C IF N=2, READ IN THE MASS INTEGRAL VALUES
C IN GM/CM**2.
C

C IF N NOT EGUAL TO 1 OR 2, THEN VALUES
C MUST BE READ IN (IN ORDER) FOR:

C ZB=HGT OF BURST (KM)
C ZT=HGT OF TARGET (KM)
C RHO=DENSITY AT Z3 (GM/M**3)
C HB=SCALE HGT OF ATMOSPHERE (KM)
C (SOURCE:U.S. STANDARD ATMOSPHERE)
C ANGLE=ANGLE 2,T24EEN HCRIZONTAL AND
C STRAIGHT LINE FROM BURET TO TGT
C (DEGREES). ANGLE IS MINUS IF
C THE TOT IS LOER :N AL7:TUDE-.
C THAN THE BURST.
C

IF(N.EG.2) THEN
READ(*,*,END=CS8) XMI!
XMI = XMI1
PRINT*,'THE MASS INTEGRAL WAS AN INPUT VALUE'
GO TO 50

ENDIF
IF(N.EQ.I) GC.TO 40
READ(*,*,END=g99) 3 ,ZT ,RHO ,HB ,ANGLE
PRINT*,'BURST ALT= ',ZB,' TOT ALT= '1,T,

*' DENSITY= ',RrhO,' SCALE HOT AT BURST= ',HB
PRINT*,'ANGLE OF TGT FROM BURST= ',ANGLE
ANGLE = ANGLE * .01745
O0 TO 41

40 READ(*,*,END=9S8) RHO,R
XMI=RHO*R/10.
GO TO 50

41 CONTINUE
zigo.
Z2=ZT-8B
XMI=(-HB)*(RHO)*(1OOO,)*(1.E-4)*(EXP(-Z2/HE,-1.,)/

*SIN(ANGLE)
50 PRINT*,'THE MASS INTEGRAL .IS ', 1 MI,' GM/C*,'

GO TO 51
988 STOP 'END OF DATA IN MASSI AT WRONG TIME'
51 RETURN

END

43



D:MENSION B( 150) ,HNU(150) ,(O: 150) ,BBP( 150)
D DIMENS:ON *(32),t-)1(32)IA2( 22)C (32) CZ(Z)

D:MENSION e5iIO),PG(0:I0)
IF(HNU(150).LT.12) THEN

DO 31 I=1,150
31 B(I) = 1.

GO TO 35
ENDIF12
N = 12

DO 1 I=1,150
IF(HNU(r).LT.12) GO TO 12

IF(HNU(1).GT.750) GO TO 48
DO 5 J=1,32

IF(K(J),GE.HNU(I)) GD TO 3
IF(K(J).LT.N) GO TO 5
All r At(J)
A22 = A2(J)
Cl - CZ(J)
C22 = CZ(J)
N =' K(J)

5 CONTINUE
3 A = K(J) - N

DD = HNU() - N
D =D / A

BH a (AI(J)*EXP(I)*CI(J)))+ (A2(J)*
* EXP(OX(I)*C2(J)))

BL v (AIIl*EXP(OU(1)*Ci1)) + (A22*EXP(X(I)*C22))
B(1) = t8h - BL)*D + BL

GO TO 10
12 B(I) = 1.
10 CONTINUE
I CONTINUE
35 CONTINUE

BUFF - 0.
-- 8 (o) -0.
DO 600 I=I,150
BB(I) B(I) * PG(I)
SBBB(1) =((8.(1)+•BP(I-1))/2.)*.1

BUFF = BBB(1) + BUFF
BOO CONTINUE

PRINT*,'TOTiL SUF ',BUFF
0O TO 50

49 IEOF = 0
PRINT*,'ERROR: END OF DATA AT IMPROPER

*TIME IN BUF
GO TO 50

48 PRINT*,'HNU IS TOO LARGE FiR KALANSKYS
BUILD-UP > 750'

50 RETURN
END
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I, PG (0: 'A50) 1 a ( 1.50) '(YY( 150)
TY(O) = 0.
YY(0) = 0.
TG (0) -0.
Z(O)=O.
V(O) =0.
DO 5 1=1,150

Y(l)zEXP(-X(I))
IF( BI) .LT.l1.E-20') Y( I )=.

YY(I) pc0(I) * Y(I)
YYY(I) =((YY(I) +YYI1)2).
TY(I) YYY(I) + TY(I-1)
IF(L.EG.0) THEN

Z(I)- Y(I) * PG(I)
ELSE
Z(I)
ENDIF

5 CONTINUE
IF(L.EN.0) THEN

PRINT..*! 'D1RECT TRANSM1ISSION COEFFICIENT=
* Tti(150)

ELSE
PRINI*, 'TRANStMISSION COEFFICIENT= ',TG(150)

ENDIF
PRINT*, 'NTEGRATED "EX(P ATTEN= '.TY(15O)
RETURN
END

SUBROUTINE MURHO(HNUs'/%'MU)
DIMENSION HNU(150),d",MU(150)
DO 1 =1,150
E 1. /HNU(I)
XMU(I) -. 04(.74*-(6732E2)

* +(907.3575*E*-*5)
CONTINUE
RETURN
END
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C

C COMPUTES MEAN' FREE PATH FOR VARYING
C X-RAY ENERGIES.
C
C IF X IS > 100, THE NEGATIVE EX'PONENTIAL
C OF X RESULTS IN' AN UNDERFLCO. T -EFREFCRE,
C X IS JUST SET TO 100 IF IT EXCEEDS 100.
C

DO ( 1=1,150
X(I )=XMU( I )*\XMI
IF(X( I).GT. 100) X(I)=100.

6 CONTINUE
RETURN
END

I
SUBROUTINE FLUENC= (TRANS, YLD,XF)
XYLD - YLD * ,X7
PRINT*,'X-RAY YIELD IN KILOTONS= ',XYLD
YLDD XYLD * 1,E!2
FL - YLPD * TRANS
PRINT*,'4 PI R**2 FLUENCE= ',FL
RETURN
END
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I
Appendix D: Algorithm

The intent of this appendix is to provide the user with

an algorithm which can be programmed into any suitable com-

puter language. The algorithm is based on the numerical in-

tegration of Eq.(12) with the involved factors properly cal-

culated. Proceed as follows:

1. Decide whether mass integral values are to be input

V or calculated. If input, proceed to step two. If

calculated, use either Eq.(9) or (10) as the case

dictates. Density and scale height can be found in

Ref.12 and source height, receiver height, and theta

or range should be provided by the problem definition.

2. Determine the probability of each group using

Pg = (15/0TU)--i) (19)

Store the results. For the baseline program, u was

between 0 and 15, inclusive, and was incremented by

0.1 for each group.

3. Input the Planckian black-body temperature. Deter-

mine the energy of each group by

(hv) = ug * kT (20)

Store for future use.

4. Calculate the mass attenuation coefficik.i V')r each
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group using

Eg = i/(hv) (21)

(0/p)g = -. O014+(19.7541*E )-(461.7632*E 2)

+(6680.0229*E 3 )-(3497.3643'E 4)
g g

+(907.3575*E 5) (22)t g

Store each as it is calculated.

5. Calculate the mean-free-path for each group.

(MFP)g (v/p) *M.I. (23)

Store tho results.

6. Input Kalansky's build-up coefficients. Calculate

the build-up factor for each group.

a. If (hv) is less than 12 keV, then setg

(BUF) equal to 1.0 .g

b. If (liv) is greater than 750 keV, stop.g

Kalansky's coefficients are not valid above

750 keV.

c. If (h1v) is greater than 12 keV and lessg

than 750 keV, interpolate for (BUF) be-g

tween given energies for which Kalansky pro-

vides coefficients. Note'. Interpolate be-

tween BUF not coefficients. A- used below,

h = high and 1 = low
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(BUF)h (A,)h exp[(CI)h(MFP)g]+(A2)h exPL(Cz )h(FP)g]

(24)
and

(BUF) 1 = (A,), exp[(C1)1(MFP)g]+(A?), exp((C2)2(5FP)• g(25)

(hv))T = (hv)h - (hv))z (26)

(hv)p = (I1V)g- (hv)z (27)

(BUF)g =[(BUF)h-(BUF) 2]*[(hv)p/(Lv)T1+(BUF)Z (28)

Store the results.

7. Calculate the transmission factor, first for each

group, then sum. This step makes use of the pre-

vious six steps.

Yg = exp[-MFP (29)
9 gJ

(Trans)g P 9 Y * (BUF) (30)g g gg

Finally, integrate and sum. The baseline program
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uses a box approximation to evaluate the integral.

G

Trans = fi Trans+(Trans ]/ (31)
Eg= 19

8. "The 4urr2  fluence is found by multiplying Eq.(31)

by the x-ray fource strength in calories, XS.

47r 2 fluence = XS*Trans (32)

9. Finally, the fluence is found by

Fluence - XS*Trans (33)

where r is the distance from tile source to the

receiver of interest in centimeters.
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Appendix E: Program QUICK Listing

As previously explained, program QUICK is a FORTRAN

program which uses 10 equi-probability groups rather than

150 equal energy spacing groups. Program QUICK is designed

to be quick running and simple. A program listing is pro-

vided on the next two pages. For convenience, Kalansky's co-

efficients are read in as the first piece of data in the pro-

gram since an interactive computer system was used to facili-

tate program modification. The coefficients could be put in

DATA (Ref.14) statements if so desired.

All factors should be easily identifiable with the pos-

sible exceptions of A, XMI, XKT, YLD, XF, and CM. They are

A - the mid-probability value of u for each group

XMI - the mass integral

XKT - the Planckian black-body temperature

YLD - yield in kilotons

XF - x-ray fraction of YLD

CM - range from source to receiver in centimeters

Program QUICK is written with the mass integral as an

input; however, it could be modified to compute the mas,< in-

tegral using subroutine MASSI (Appendix C).
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2 D ýEIINS 1.\i A(1 )~3 Z A (3 Z 2 :3 2 CM(
3 D1 iME NSIO0N CE.( 32) 1HN( I0) .1 U( ~0 X) 10)3 ~ 10)
4 D'AMZ N S 10N Y ( 0: I vT) (o 10)
5 DO 1 I=1,--2
6 REAtD(*, *,EcND=9SS)K (I ~A1 () 1 A.Z( 1 ) C1 (I),C()

7 1 CONTINUE
a DATA /.1. 7 3 1 .3.537435 .97/
8 READ(* END=99Sc)rii1 , XKT rYLD r)'" rCM

10 DO 2 I=1,10
11 HNU(I) A(I) * XKT
12 E =1. /HNU(I)
13 XMU(I) -.0014 + (19.7541*E) -(461.7632*

14 *E*E) + (6680.02.2@*E-**3) -(3497.3643

15s *E**4) + (S07.357/5*E**5)
16 X(I) =XtIU(I) * XMI
17 IM((I.0T.100) X(I) 100.
18 Y(I) =EXP(-X(iL))
Is 2 CONTINUE
20 IF(HNU(10).LT.12) THEN
21 DO 3 1=1,10
22 3 B(I) =1.
23 00OTO 10
24 ENDIF
25 N a12
26 DO 4 1=1,10
27 IF(HNU(I).LT.1":) GO TO 11
26 IF(HNU(I).GT,.750) GO TO SS

K2S DO 5 J=1,32
30 IF(K(J).GE.HNU(1) 00 TO G
31 IF(K(J).LT.N) GO TO 5
32 All = AI(J)
33 A22 = A(J)
34 Cli = C1(j)
35 C22 cC2(J)
36 N =K(J)
37 5 CONTINUE
38 6 AA =K(J) - N
39 DD = HNU(1M N
40 D =DD /AA
41 BH = (A1(J)*EXP(XU(7)*Cl(J))) + (ti2(J)
42 *. *EXP()1%(I)*CZ(j)))
43 SL (A11*Eo"P(X(I)--C11)) + (A224E>XP(XI)
44 * *C22)) -

45 B(I) = (BH - L)*D + SL
46 GO TO 9
47 11 8(I) = 1.
48 9 CONTINUE
49 4 CONTINUE
50 10 CONTINUE
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51 Y(0) = 0.
52 TG (0) 0 .
53 DO 7 I=1,1.0
54 IF(Y(1),LTI.l.E-20) Y(I) 0 .

5:5 Y(I) Y(U) * .. * 8(1)
se TC,(!.* = (I) + TG(I-1)

57 7 CONTINUE

58 XYLD = YLD * XF
59 YYLD = XYLD * I.E12
so FL = YYLD * TG(10) /(4.*ACOS(-1.)*(CM*CM))
St PRINT*,'FOR A BLACK BODY TEMPERATURE OF 'XKT,' KEV,
62 * A MASS PENETRATED OF ',XM11 ' GM/CM**2, A WEAPON
63 * YIELD OF ',YLD,' KILOTONS, A X-RAY FRACTION OF
64 *,XF,' AND A DISTANCE ý30M BURST TO TARGET OF ',
615 *CM,' CM, THE TRANSMISSION COEFFICIENT IS ',TG(10)
eG * ,' AND THE FLUENCE TS ',FL
67 GO TO I
68 99 PRINT*,'HNU IS TOO LARGE FOR KALANSKYS BUF- > 750'
69 99' STOP
70 END
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"Appendix F: TI-59 Programs

Comments

The program listings provided on the next nine pages are

those written during this research to calculate the trans-

mission factor, 4rr 2 fluence, and fluence at a particular

point using the TI-59. For a recommendation on when to use

this group of programs, see Chapter VI.

The program listed on page 55 is to calculate the mass

integral. Such a program is not provided in 11TI's work. The

program on pages 56 through 60 is to calculate the transmission

factor for each group. The program is not complete by itself.

It needs at least a portion of the program (the first 186

steps) on pages 61 through 63 to determine the transmission

factor for the situation being investigated. The other por-

tions of the program listed on pages 61 through 63 are to com-

pute the 4nr 2 fluence and the fluence at a particular point.

Because the use of the TI-59 programs provided in this

work is somewhat cumbersome, instructions for their use are

provided.

Instructions for Use

Note: Partitioning is 639.39 for all TI-59 programs writ-

ten for this work (Ref.2).

1. If mass integrals are already known, skip to step

two. If not, read in the one card side

54



"Mass Integral Program

070 54" "

000 76 LEL 035 4-2 STU 071 4U.-,..,07 42 :.' 1El7t 4Z '...
001 1 A 036 04 04 072 02001 91 FIS 07 9.. "e 07"5

003 42 " "0,3$ 42 STO 07 -4 5 -:

004 01. 01 0:39 05 05 075 5:3 .:
005 91 R/F 040 91 R""S 0 ,76 RC:'
006 42 STO 041 00 0 " il. Ct:

007 02 02 042 42 STU 074 9 4
004 1 5:3 0 ":43.,.. 06 06 079 55 .
009 53 044 53 , .. 0 4':, F7...
010 43 RC.:i. 045 43 RCL 0 O.1 04O"
Ol 014 Q 041 0::. '2 0T2 C 54
0 1 65 : 047 75 -U 2 -
0 1 403 RM C, L.".4v 413 RfCL. "". D

*014 0:2 02 049 OL 01i 0. 5 541
015 54 :' 050 54 " 067

016 55 O N 42 S ,:, z n7 , I
01701 1 1 052 01 '01 ,..,:, 54
01S., 0' :'L 053 5:3'-. 0 ". 42
019 1.74 054 43 pRL 0,0 ,':,..•
02': C42 '.O 05 05 "15 0$, 5.i
021 01 01 05:.3-S" 092 5:"
022 92 RT, 0.57 65 09 43 F'
023 76 LBL L 5C :*'4:, 0c1 0 9 al 0 -

""024 12 V 059 0c 095 65
025 91. R /"3 060: 54 :' 19 3 c:
026 42 STO 061 42 TO 097 01 ,.
027 Oi 0 : 0. 0. 5 0' 5 09 5. i

02 I 9 1 R -"E 03 53 09 r-5

029 .4 STO 064 43 RCL 100': 43 F,
030 0.2, 02 06 04 04 101 C= 5

~,4 +"-

*032 42 STO 0'67 6$ x 103 42
033 0 3 03. 4c1 43 RCL 0 0 c 1: -
034 91 :S 069 O0 0 105 ".2 :2
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Transmission Factor: First Part

000. ,.,., ,.-.069 54 1 104 04 4
7E1 . ON 33,.-05 93001 12 7. 0.. 42 S10 07 71 S5.. ' :R:.

0012 403 , .. L U., '- 1:3 £ ":,71 .-*,.- v0
Q " ( C 1 *1' ST0 10 7 54004:7 43 ""L 72 42

•O., i:3 1:173 0-06 R"'0-." 075 4"R CLtL
004 6'? UP, 042 "j, 074 ,5
00906 0'4 . '140 V.5 :0": 07 , RCL :.0 4 1 4"

j f .; R"0.-. " 2 , 1 09 CO "

.. : 6, n,' 0' 941 3 1' 070 1'"0.. 00, .. 1, 077" 65 £2 5
Li• 0, L. ,9 LI :1 . C

008 "' 1 04 3 n. 1 3C:
009 06 0E" 0:: 9$ 1 4 02
013 38 ' U47 42 S044 54)4 > 117 . 4 "
010 £" . 080 02 2 "5 6504

Fl :~ , .- 046 "... .- " ,:, 05.
O1i 3? 5 CI2 M1 081 C' 05 7 .1.16 i iOu

01': 48 '"' :'' """q,9' .5 >.17 54 •

Q L , • ,-,,,7 42 ST[ 083--'is
013 31 O8 .. 71 SR

S,: 1: i534., 04 0'4 ,.,..L2 ,,.-,
014 6' OF' ,.P 0 4 f.F3 4 . "'-';.,- 119. .:,

02 'so LS 0 300 5 a.: 01256022 9 ...- ,-., rl:-*.j .• . 42~ r1 -T

015 02 092 08 42 S'Fr N: 4.
016 42'1' RC. 050 ,3 G1. 0"'O6 1,7 07 4 1 *0" 10

024 02 1: -12 02 C12$; ~L? 2

017 -. 039 : - 09 ,7 5 ( "' 53
,2l 052 65 X. - -. .3 w

ob'02 ':a'06 ' ""0 . ... 71 'E"F :3 ' : 3

018 69 F' 0.52 ' : ,,, 4., R .. 42 PO

029 riZ 6 3RL I~4 O 14r 1 021

03.4 £ £- 089 02 "'' ', U':'0 -1- 6 .P 9 3 - 090 65 "' 25 95.

033 71 !3 Er 067 50
022 9,9-. R.07: 7.5 05s 09 r9103"

(.0- 75 56 9 05 5 '.2 5 4S02.306 42 S.,E 0057 54".0 .. ,7 .-
,.,-,. 40-..-,T 09:-6 D: 71 •I ",-1 n3 x

07C1 0, oi 05 05 097 33 X', ;02: 542 "
028 E. ,,- 09842 055.O..

n_-.•u 5: (5" 4 ",`3 ,RL-
C1 43 R... 06 .099 ,0. 8,

9l6 06 5E 5 106 C 1 '.-3 E % , A . ": 5,.. C L-

032 5 604 02 L 02 '-37 659 4."
033 71 1B 06.7 93 RL- 0_3,: .- ;X" i.,,138 :, 07 7

-.., r.08 "' "
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I1.9 93 i1 174 43 RCL 209 53 "244 54
140 07 . 175 06 0'6 '21 43 RCL 245 42 STO
141 54 7 76 -. 5 : " I.-11 i0 10 :2ý.4•6 14 14•4:'71 8E 17 43. RC n".,2 7 ., ,.' •: F:.C.L 212 65 x 247 5:3
143 33 X, " ,, 01 01, 1:3 4:3 R,.:L. ;'." " 4.843 R L.144 4 2' '11 179 54 :, 214 01 01 249 04 04

~45 12 12 1-80 42 STO 215 54 25: 94
1 46 5:3 1:0 1 81 06 06 t21 J. '4 2 'T '2'51' 22 T NV
!47 43 RCL :82 53 217 10 10 252 23 LN

: 318? 4:: RL 21. 1.., 94 +5
i-49 5 18 4 0i; 1:7 19 4,-- RCL ,.., 4 ',, ,T'150 43 FC:L "8 ':'.'5 ,, 5 220 1 11 5 5 15 15.
'48 01 01.. " ' ",_

152 1 846 43 R .L 221 615 25 2:1
15 4!701 0i1 22 4:3 RL Cl .57 4:3 RO:L153' 4$ 54 -22 -1 01 258: 05.5 .'1054 " "'13 .'8 4 2'"TO 224 54 > 5 -,5 . 190 07 07 225 42 STU 260 22 INV

156 4:3 RC:L 191 53 2 :'6 11 11 2 61 2~3 LN(57 04 0'14 192 43 RCL 227 53 2 4""

.- _'13 9 F'CL: " II5::: .__, _o ,

5865 x: 19:3 0 0 2 @ 43 RC:L. 26? 42 STE!15'.-43 L 19 6 229 12 12 26 16
.60 01 1 195 43 RFL 230 65 x 265 53 (
16t 54 " 19 7 01 01 "'- 43 R:L 266 4$ RCL
1632 " 42 STO 46197 54 ' 232 01 01 267 0: 06
163 04 04 98 42 STO 2:33 554 26:8 94 .
164 5 .3 19 08 -8 2 42 ST- 269 22 1 NV
1. 65 :43 " 9200 0 7 '235 12 .'21T 270 2".'166 43 R05 201 43 RL 236 69 op 271 54*)%. 20 09 09 &3 072 42 STO

i68 3 R C L '20 3 65 x.~ 2:38 53 ( 2`73 17 17169 01 01 204 3 RC:L '239 43 RC;L,. 52 7
170 54 :.205 .:,1 01 240 03 0 .. 4..1781 4 - STO 206 54 "- 1 C, L'
172 C5 05 2.0? 42 S rT24 2 22 lNV 277 ?, I-
173 53 ( ,0:3 09 09 243 23 L4X 26 •'%:2 1 NV
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279 ~ ~ ~ - 23..38,0

.... :'_314 22 iNV 4 5 - 384. 04 4

28"! 4 1S 2 t4: 350 53 - 385 f.5,2 17. 315 2° *.' 3" t'! I•,t ,% TIf. "• %

28i 14 5 0 35 1 0 483 53

"a . .317 42 $TO 352
2, . 318 22. 2 353 01 1 ":3 13 1"

"28 4:31 C:L 19 5 54 9 - *," 1, " -

285 0~ ?,CE0 .' 43 RC:L :3 55, 08 8 390 04 4

286 94 t/- 321 12 12 ... 56 65 X 39 1 54.,
28 * 323 ,..-, T 358*- 43 R

IU,:,~ "" ' * T3 F u. ":'*''- ,: , * R ." "9.:' 0:. +
,2-8. *'..' ' •3

"28'9 54. 324 21" LNX 359 1:3 39,4. 5

290 42 S'DO 325 54 360 S " " 9 0

291 19 19 326 42 STO 361 54 ",- 396 U0 c
2 -9. $.. .3 62. . 54 397 07 7

293 43 R1.L .3- 9- A .- 363 85 + ,9. 93

294 09 09 32 •' 69 OF' O364 53-:399 04 4
.. U. •'.'= 06 6' 00 6

295 94 +."- 33-0 00 0 6 06 401 •

296 22 1..? 331 92 RTH ,6 , 0. "-";'

297 23 ZL'- L. *"'"'32 76 L.E,L 367 08 402 4$ FC:L

298 54 ) 333 33 , 368 00 0 40v3 13 13

299 42 ETO 3$4 '" 99PRr 369 65 :' 404 45 W

3 20 Z,:c 335 35 1 /"l 370 53 ., ,05 05 5

301 53 ( .336 95 = 371 43 RCL 406 54 )

302 43 .CL - 372 U, 13 407 54 )

303 10 10 38 13 13 3.3 4.5 • 40$ 5*4

304 94 035 3.9 .3 ( 374 03 3 409 $2 Rill

305 22 INV 340 53 375 54 " 410 76 LL.

306 '23 LI- 34 01 1 376 54 ) 411 13 C

307 ,54 " 342 09 9 3'7 7 412 43 R'L

.M 42 ,'.',D -43 - 78 53 4 10 03 0,,

"309 21 1 344 H 8 379 0. . 414 71 S""'

.310 53 345 65 >" 380 014 4 4 1 45 N

311 43 RCL 346 4.3 RCL 381 09 9 416 42 sT 1.. , .-, ..- 0. ? 0 7 -"41 03 0.

312 11 11 347 13 13 7 417 03 . 13.

13 94 348 54 38.;.3 9.3,, 418 4
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4 19- 04 04 454 43 RCL 489 24 24 5.24 65 x

420 71 SBR 455 10 10 490 91 R..S 525 43 RCL
421 45 Y:.: 456 71 SER 491 42 SO ".Z422 42 Sl'D 45," 45 yx 492 25 2..5 527,'' 54

42$ 04 04 45,8 42 STO 493 91 R/S 528 85 +
424 43 RCL 459 I0 10 494. 42 STO 529 53 (
425 05 05 460 43 RP.L 495 26 2.6 53 53 3
426 f1 SF : I 461 11 11 496 '91 R/8 * 531 53 (
427 45 yx 462 71 5 E:R 497 42 ST0 532 43 RCL
428 42 STU 463 45 Y: 498 27 27 533: 13 13
429 05 C15 464 42' STO 499 91 R:/S 534 65..
430 43 ̀C:L 465 11 11 500 42 STO 5:35 43 FR: L
431 06 n6 466 43 RCL 501 28 28 536 2? 27
432 71 SBR 467 12 12 502 91 R/$ 537 54
433 45 W 46Ea 71 SE:R 503 42 STO 5$:8 22 I *V

434 42 MTr 469 45 YX 50,4 29 29 5 ý39 2: Lt.X
435 06 06 470 42 STO 505 91 R/S 540 54 l:
436 43 RCL 471 12 12 506 42 STU 5,1 65 x
437 07 C17 472 92 RTN 507 3 0 30 542 43 RCL
438 71 SBR 473 76 LPL 508 91 . 543 25 25
439 45 yx 474 45 yx 509 42 MTh 544 54 )
440 42 r 475 42 STO ,510 31 31 545 54 )
441 07 C17 476 1:3 13 511 53 . 54 42' ST
442 4.R:L 477 0I 1 5j12 53 5 447 3, 2 •
443 0n 08 47.3 02 2 513 53 ( 548 5'3'
444 711 SER 479 :32 XT" 514 53 ( 549 53 t
445 45 YX 480 91 R.'s 515 43 Ri:L 550 53 (
446 42 MTD 481 42 STO0 516 13 13 551 53 (
447 09 4:: 8'2 $.4 24 517 65 X ".. 5 .2 43 PCL
448 *3 RCL 48$ 22 !NV 51$C 43 RCL 553 13 1!.-1
449 09 0"• ,$84 77 GE 519 26 26 554 65
450 71 SBR 485 06 06 520 54 ) 555 43 RCL
451 45 Yx 486 38 38 521 22 T NY 556 :30 30
452 42 ST" 487" 9", R..::S 522 ,-.: 557 5-4.
453 09 09 488 42 STO 523 54 ' 558 22 INV
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559~ 2'3- LIIX 594 75 - 2~9 *.. ?-

560 54 ) 595 43 .. L b.-,0 54 ,

"561 65 x 596 3 35 63 -,.1 5 "

26. 43 Fl' :CL 59.7 .54 " .. 2 43 ,.,

56:3 28 2: 590 , 4, S' ,- 32 :,.

564 54 ) 599 3 :36 634 54 )

565 85 + 600 53 ( 635 6 GTO

566 53 601 43 RCL '" 06 C6

567 53 6. 60 34 4 637 39 39
5,68 53 6013 75 •63 01
569 43 ROL 604 43 RCL 639 9 "TN

570 13 13 605 35 3..f

571 6 5 X 606 54

S....," 5 -.':":

57$ 31 31 608 34 34
57'4 54 60 09 53 .
575 ,2,," 610 43 RCI.L

570~ ~ 13 NY• '•

5176E 2$' L:: t- i'' 61 34 :4
577 54 612 55 .
578 65 x 613 43 RCL
579 43 RC.L 614 $6 ?I

"580 " , 615 54
8, 1 54 6 1 42" " .

583 42 M 618 53 (
584 $3 3 619 5 -
585 91 R/S 620 53 .
586 42~ STO E.2 1 43 Ri:!.

587 $5 '35 622 333
$:I F 917, 623 75 -

58 2STO 624 43 RC:L
590 36 ?6 625 '32 32

" * .. :, * 5

591 53 E,2OF5
592 43 RCL 627 65

-'7 '":4 '.' ':• 615 5 ' •-

593 36 . 628 4 .", RCL
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Transmission Factor: Second Part Plus

4irr2 Fluence and Fluence

001 15 E 036 14 14 071 43 ROL •06 65

""U:0 65 X 072 17 17 107 4 ROCL
f003 07 . 0:3 o s. 0 .,. C,

004 7 f)0 - 1 1 074 93 l09 65
o 02 . 040 04 "*' 075 1.
005 0.:, :1 041 42 :.;TO 076 54 ' 111 01

-04 -, 0:440 077 2-STO 12 54007 0 7 7 0I4,3 53: ""1-, 1. 3, 42

008 o 1 1 04 5$ '. 078. 06 06 113 42 09T09
9 03:'"1 044 43 ROL 079 53 L 114 09 09

009,: 03 '. "'1 5
n"' 045 04 04 0"" 43 R CL

oi1 07 70 46 65 ." .01 07 0 117 40 L

012 69 Ori 047 . 4:3 RCL "'82 651 10 .

013 0 1 02 048 15 15 083 4:3 FCL i18 65
014 03 :"3 049 65 0:1119 43 RCL

01 03.: ,,x 120 1 21

015 07 050 3 085 65 " 1221 65

016 0.3 3 051 Ol 1 086 -'-' 1
"0 5 02 54 " 087 1 1 -2 9017 0. 5 1, .""1

01: .,: 053 42 StO 088 54 ) 123 01 1
019 c'5 ':'0, n4 0:89 42 STO 124 . "419 C1 1 05 . ,

020 0:. : 055 53 ( 090 07 07 !25 4 $TO
021 06 13 , 056 43 RO:L 091 5$ 126 10 10'

0.22 6.? OP 057 05 05" 092' 43R"L !27 53 ,

02$ 03 0:o 9 0 0. J28 4., R,:L

024 69 Oil 059 43 ROL 094 6 .:: ,29 11 X1
025 1'5 5 . 16 i 0 095 43 RCL :30 6- 5:
026 O5 0 061 ,5 :::: 091:15 1 1? 4. 'i F" ,'|.°L

027 69 OF' 062 93 097 65 X 1
028 02 02 063 Ol 098 93 1 ,33
029 69 OF" 064 54 , 099 01 1 124 931a

030 3 0.:, , 065 42 STO 100 54 N 135 01

031 0. f5 0C'.5 0 01 42 STl 136 54 .

032 53 067 53 102 08 08 1.37 42 .T,032 0 RO'L• 4175::• 0

033 03 03 060 43 ROL L0$ 53 :-1,38 11 "1

034 65 ". 069 06 06 104 43 RL"

035 43 ROL 070 65 x 1A5 nl n 140 43 "
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141 . " 1 176 4.3 RL 211 02 2 246 02 2
142 65 X 177 11 11 212 07 7 247 65

143 43 RCL 147:- - 21:0 04 4 24. 43 0CL

144 21 2 79 4 2 RCL 214 01! 1 249 21 2.1

145 65 " 18:0 12',2 1 215 01 1 50 65":. 8 1 *62'16 07 7 251 43 RC.L

146 93 ,, 54
14.7 0 1 .,2 9 9 PRT 217 0 3 252 13 1:3:
148 '54 ,,83 42 M 2 . 01 1 253 54
149 42 STO 184 1:3 13 219 01 1 254 42 .'T0

1.0 12 12 185 9., A', 220 05 5 255 1: .:,

14.S1 53 186 92 RTN- 221 69 OF' 256 99 PFRT

452 43 R.L 817 76 LE:L 222 0:3 0C: 2 5. 98 AD-
153 03 0:3 IN 10 E' •23 01 1 258 $2 RTh

154 85 + 189 91 R/" 2"24 07.-259 76 LBEL

155 43 RCL 19':' 42 STU 225 00 0 260 19 Do

!'56 C'4 r04 191 20 0' 226 0c0 0 "261 22 IHY

157 85 + 192 91 R'"S 227 oc 0 262 52 EE
158 *43 R.L 193 42 STO 228 00 0 263 91 R/-

459 05 c05 194 21 2'1 229 00 0 264 42 STO

160 85. + 195 00 .. 230 00 ,. 265 20 20

i61 43 RC:L 196 05 5 231 "-:" 0 266 02 2
162 06 06 1 '.., -. 9, UP 22 0 0 267 01 1

163 E:5 1. 198 c 0M O1 2:33 6, O ?P8 02 *'
164 43 RCI.L 1 9. 0 7 2:34 04 04. 269 07 7
165 07 07 20no 06 6 2 69 OP ',27 0 4

166 $5 + 201 03 *.', 05 05 271 01 1

167 4:3 R.L .-0'&"-' 05 5 .. , 69 OF P 2:72 01 1
16 0: 0 203 0,7 7 2 "0 or0 273 07 7
"169 85 + 204 00 0 ?39 53 ( 274 69 OP
1'70 4"? R"1: L '2"0 c 00 240 4$ R:L 0ci 01
171 09 09 206 00 0 241 20 2" 276 0'.

'172 85 + 207 02 2 242 6~5 x 2?7 01i 1
173 43 RCL 20. c%0 1 243 01 1 278 01 41

174 10 10, 209 69 OF. 244 52HE 279 05 5
175 85 + 210 02 c2 245 C1 1 280 01 1
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281 00 7 317 43 F.1 L

..,o .- O0 0 317 ... "

,, 02 " 3 19 .,3$ ,

285 "04 4 320 65

2361~ 69. a p 321 89 11
2, U 02 65
288 03 3 '3 .04 4
2o9 01 1 3,,2 4  54 )
290 00 0 32'5 35 1/•/

29! 00 0 326 5- 4 :.
292 OIL 1 327 65 x
29 0,5. 5 328 43 RCL'-,4 05 r. .,•

294 01 1 329 13 13

295 0N:': 330 54 )

296 02 :331 42 $TO

297 07 7 332 13 13

298 69 OP :33:'.- 99 PFT

299 03 03 3$4 00 '
300 06 6 335 69 OP'

301 0 3 336 0-.0 0

302 01 1 '3 q ilD'V
303 05!:n 33, ?s, ADV

304 03 $:3 " TH"
305 00 0
306 07 7
307 00 0
.or,,; 00l 0
309 00 0

310 69 OF'
311 04 04
312 69 OF'
313 05 05
314 53
315 53 (
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for the mass integral program (page 55). Then

a. If the source and receiver are co-altitude:

Press A

Enter density in gm/m 3  Press R/S

Enter range in km Press R/S

Read mass integral

b. If the source and receiver are not co-alti-

tude:

Press B

Enter source in km Press R/S

Enter receiver height

in km Press R/S

Enter density in gm/m 3  Press R/S

Enter scale height of
atmosphere in km Press R/S

Enter angle as defined
in Fig.4 in degrees Press R/S

Read mass integral

2. "Sead in four card sides of program on pages 56

through 60. Then

a. Store mass integral in data register 01

(Ref.2).

b. Press B

Enter black-body temp-
erature in keV Press R/S

Read energy of each group

c. Press C
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Do, for j=1 to 10

(i) Enter energy of group

J, from above (b). Press R/S

Note: If the energ- of group j is less than

12 keV, then repeat this step for the

next energy group. If the energy is

"is 12 keV or higher, then continue

with (ii).

(ii) Enter Kalansky's coefficients (Appen-

dix B) for the nearest energy BELOW the

energy of the group (A 1 ,A 2 ,C 1 ,C 2 ),

pressing R/S after each coefficient.

Repeat the process for the nearest

energy ABOVE the energy group.

(iii) Enter energy corresponding to the co-

efficients BELOW the group energy,

press R/S. Do the same for the energy

corresponding to the HIGHER energy.

(iv) Return to step(i) unless this was

group 10 in which case go to three.

Note: Table VI identifies the data registers used for each

coefficient in (ii) above. As long as an error in entering

a coefficient is detected prior to entering C2 high, then the

correct values can replace the incorrect values by storing

the correct value in the applicable storage register.
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TABLE VI

Data Registers

Coefficient Data Register

A, low 24

A2 low 25

C, low 26

C2 low 27

A1 high 28

A2 high 29

C1 high 30

C2 high 31

However, once C2 high is entered for each group, the pro-

gram is irrecoverable. If an error has been made, the pro-

gram must be re-executed from 2.b. above.

3. Enter card side five. Card side six should also be

read in if either the 4nrr2 fluence or fluence cal-

culations are desired. Card sides five and six are

composed of the program on pages 61 through 63.

After card read-in

Press E

Read Transmission Coefficient
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TABLE VII

Data Register Entries

Quantity Data Register

30402440 37

13422200 38

17310000 39

Optional

Press E'

Enter source yield in kilotons Press R/S

Enter x-ray fraction of source yield Press R/S

Read 41r 2 fluence in calories

Press Do

Enter range to receiver in centimeters Press R/S

Read fluence at range r in calories/cm

These instructions, while certainly complicated, are hope-

fully clear enough to enable the reader to use the program.

Programming and Data Registers

Prior to entering the program to be executed, the parti-

tioning of the TI-59 must be adjusted to 639.39. Addition-

ally, the quantities shown in Table VII should be stored in

their respective data registers prior to executing the pro-

gram or recording it on magnetic cards. The other 26 data

registers are used as working registers.
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Appendix G: Program PROMPT

Program PROMPT is used to calculate the prompt radi-

ation fluences or doses. The applicable coefficients from

Table IV must be input. The FORTRAN PROMPT listing is

,shown on page 71. A TI-59 program listing is shown on

pages 72 and 73i The HTI group of programs does not con-

tain a similar program.

FORTRAN PROMPT

The input variables for the FORTRAN version are

I - 1 implies a thermonuclear calculation

2 implies a fission calculation

K = 1 implies a neutron calculation

2 implies a secondary ganuma ray calculation

A,B,C,D,E,F,G are taken from Table IV

XMI is the mass integral. The program can be mod-

ified to calculate the mass integral.

Note that the output statement says '4WR2 FLUENCE'

however, the result may be 4frR 2 Dose depending on the

particular problem being worked,

TI-59 PROMPT

To use the TI-59 program listed on pages 72 and 73, 15

quantities must be stored prior to execution. The quanti-

ties and their storage locations are shown in Table VIII.
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TABLE VIII

Prompt Data Registers

Quantity Data Register

M.I. 1

A 2

B 3

C 4

D 5

E 6

F 7

G 8

Slant Range (cm) 9

576357000 .1

2127411731 12

1517003235 13

16323617 14

212741 15

1731151700 16

3235001632 17

3617000000 18

Once these quantities are input, pressing B will cause

the program to execute. As in the FORTRAN prompt program,

the output will always be titled 4NR 2 FLUENCE; however,

the answer may be 4nR2 DOSE depending on the input
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coefficients.

Output

The output from both PROMPT programs is in the form of

4urr2 fluence or dose per source neutron. Therefore, to

find the fluence or dose at some point, the number of source

neutrons must be known.
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PR0GRAM PROMPT
10 CONTINUE

READ(*,*,END=S599) IKABCDEF,,
PRINTW '
PRINT*F'TH-E MASS INTEGRAL IS: 'rXMI
XF(I.E0.1)THEN

Pr%!NTi~t 'THERMONUCLEAR'
ELSE IF(I.EQ.Z) THEN

PRINT*, 'FISSION'ii ENDIF
IF(K.EcG.1) THENii ~PRINT*, NEUTRON CALCULATION'

H ELSE IF(K.EO.2) THEN
H ~PRINT*I 'ECONDARY GAMMA CALCULATION'

H ENDIF
H aA +(B*XMI) +9 (C*XMI*XMI) + (D)*0(MI4**I.)) +

*(E*SGiRT(\,MI)) +(F*(X\MI**(1../3.))) (G*ALOG(X'MI))
RHaEXP(H)

PRINT*'THE 4 P1 R**2 FLUENCE IS: 'rHH
0O TO 10

899 STOP
END

OHIS FAGS 6i- 6I QUALITY ?RAuCTICr&
DQ1 q~ y tWNMSILED TO DDC
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