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Abstract 

A system of six codes is described which permits the solution of a 

broad class of problems encountered in the study of neutron thermalization, 

average cross sections, and spectral models. These programs are all com

:patible vrUh use on MJNITOR for the IBM 7090. The folloTtling nomenclature 

has been adopted for the members of the code group: 

~~ GTP - Gas Transfer Probability. This code calculates the 
scattering transfer kernel according to the Wigner-Wilkins formulation 
in which the scattering medium is assumed to have the properties of a 
free gas. The transfer matrices generated by the GTP code are stored 
in binary form on a KERNEL LIBRARY TAPE. 

2. THR - Tape Handling Routine. This code is designed to make 
the KERNEL LIBP~RY T~E generated by the GTP program accessible to 
modification or inspection. 

3. 1MB - Infinite Medium Spectrum. This code obtains a numerical 
solution to the space independent Boltzmann equation by means of a 
normalized extrapolated Gauss iteration scheme. 

4. 'I'KS - Transfer Kernel Sources. '111is code evaluates the source 
terms appearing in the space independent Boltzmann equation which arise 
due to integration over a finite energy interval. 

5. ACS - Average Cross Sections. This code performs the numerical 
integrations encountered in the calculation of spectrum averaged cross 
sections. 

6. DC¢M - Fl~ Decomposition. This code decomposes the spectrum 
obtained from an 1MB calculation into a Maxwellian component and a 
residue component by least squares analysis. 
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N]fJTRON THERMALIZATION PROGRAMS FOR THE IBM 7090 

C. A. Preskitt, E. A. Nephew, and M. E. Tsagaris 

Introduction 

A group of programs for the IBM 7090 has been written to facilitate 

the calculation of neutron spectra in infinite homogeneous media. These 

programs are all compatible with use on MONITOR and are interlocking in 

the sense that they rr~y share common blocks of input data and that the 

output of one program may be used as input to another. Figure 1 shows 

the inter-relationship among the codes. The nomenclature of 

the following: 

• 1 is 

1. GTP - Gas Transfer Probability. This code calculates the 
scattering transfer kernel according to the Wigner-Wilkinsl ,2 formulation 
which treats the moderator as a monatomic gas with a Maxwellian distri
bution of nuclear velocities. The transfer matrices generated by the 
GTP code are stored in binary form on a KERNEL LIBRARY TAPE. 

2. THR - Tape Handling Routine. This code is designed to make the 
~mL LIBRARY TAPE accessible to modification or inspection. 

3. 1MB - Infinite Medium Spectrum. The 1MB code obtains a nuw~rical 
solution to the space independent Boltzmann equation by means of a nor
malized extrapolated Gauss iteration scheme. 

4. TKS - Transfer Kernel Sources. This code evaluates the residue 
or source terms in the Boltzmann equation arising from limiting the 
integration range to a finite energy interval. 

5. ACS - Average Cross Sections. The ACS code performs the numerical 
integrations encountered in the calculation of spectrum averaged cross 
sections. 

6. DC¢M - Flux Decomposition. This code decomposes the 1MB spectra 
into a Maxwellian component and a residue component by the method of least 
squares. 

It is noted that the above programs are constructed so that they may 

be used either separately or together in a chain-like sequence. As an 

example of the sequential operations depicted in Fig. 1, we consider the 

case where it is desired to obtain the neutron energy distribution for an 

infinite homogeneous region with a specific moderator temperature and mass 

number together with a given macroscopic absorption cross section ~a(E) 

for the region. Ji'irst, the kernel code GTP, or one based on an alternate 
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model, is used to generate a complete energy transfer matrix which 

together with its identification, energy mesh, and source data is 

stored on the KEfu~EL LIBRARY TAPE. The spectrum code 1MB then uses 

the energy transfer matrix as input data together with decks from the 

cross section library a(E) in obtaining a numerical solution to the 

space independent Boltzmann equation. The output of the 1MB code optionally 

may include a deck of cards specifying the converged flux values for 

each point of the energy mesh specified in the transfer kernel. This 

deck can then be used directly as input to either the ACS or nc¢M codes. 

The various options and provisions for stacking cases will be described 

fully in the latter sections of the report describing the individual 

codes. 
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I. Mathematical Formulation of the Neutron Thermalization Problem 

In an infinite homogeneous medium the neutron flux obeys the space 

indepe2dent Boltzmann equation which, in integral fo~) may be written 

as 

00 00 

E (E) ¢(E) + ¢(E) f E(E4E') dE' 
a 0 

= f ¢(E') 
o 

,,( E' 4 E'l dE' 
~\ I , (1) 

where E (E) and ¢(E) are the absorption cross section and flux per unit 
a 

energy at the energy EJ and E(E -. E') is an energy transfer kernel. This 

kernel is defined in such a way that the product ¢(E) E(E4E') gives the 

n1l."llber of neutrons (per cm3/ sec) per unit energy interval at e::1ergy E 

which are scattered into a unit energy interval at E' (per cm3/sec). 

In order to reduce the problem to a finite energy interval J Eq. (1) 
is written as 

where 

s' (E) 

and 

El 
= f ¢(E') E(E'-. E) 

o 

dE' + S'(E) , 

00 

dE' + f ¢(E') E(E'-. E) dE' 
E2 

Equation (2) can be solved numerically for ¢(E) if the two functions 

S'(E) and E'(E) are provided. It is noted that only the function S'(E) 

requires an assumption to be made concerning the flux and that only out

side the energy interval El ~ E ~ E
2

. At the slight penalty of having 

to extend the energy over which an assumption must be made concerning 

the flu..x, we may combine the functions S' (E) and E' (E) into a single 

function SeE), thus reducing the required amount of input data. The 

space independent Boltzrr.ann equation becomes 
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E2 
~ (E) ¢(E) + ¢(E) J ~(E~E') 

a E 
= J ¢(E') ~(E'~ E) dE' + SeE) , 

El 

where 

SeE) = 

1 

00 

) ~(E'~ E) dE' - ¢(E) J ~(E~E') dE' 
E2 

El 
) ~(E'~E) dE' - ¢(E) J ~(E~E') dE' . 

o 
(4) 

It is seen that the first two terms of Eq, (4) represent the net number 

of neutro::1s (per cm3 I sec) entering the finite energy inter-v-al atE, 

El ~ E < E
2

, from above E2 and the second tvro terms represent the cor

responding net number entering the interval from below El' SeE) is, 

furthermore, a function of the flux wi thin the e!lergy interval. However 

if is chosen sufficiently large so as to be in the asymptotic fllLX 

region, the source term SeE) is relatively insensitive to the minor de

parture of the flux shape from liE. 

The neutron thermalization programs described in this report obtain 

solutions to the space independent Boltz,mann equation as represented by 

Eqs. (3) and (4). Program GTP provides the mat,rix E(E~ ) appea;ing in 

both Eqs. (3) and (4), program TKS computes the source te~s SeE) rep

resented by Eq. (4), and program IMS obtains a numerical solution to 

Eq. (3) by an extrapolated normalized Gauss iteration method. 

.. 

• 

• 
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II. GTP - An IBM 7090 Program for the Calculation of 
Free-Gas Energy Transfer Kernels 

Description of the Problem 

Program G'.!P calculates the quanti ties L:( E -+ E;) appearing in Eqs. 

(3) and (4) for the case of scattering from free-gas atoms in thermal 

eqlli.librill.'1l and having no internal degrees of freedo:T!.o The further 

approximation is made that the free atom scattering cross section w~y 

be written in the following form: 

(J' (E) 
s 

where the Sll.'Yi over i includes as many terms as necessary to adequately 

represent the cross up to a maximum of five terms, 

When the above conditions are satisfied, then we maY,write 

.6 (J'. P. (E-+E;) , 
. 1 1 
1 

where the pro ba bili ty p, (E -+ E;) is defined below" Note that the thermal 
1 

motion of the scattering atoms results in a normalization of the cross 

section such that 

where 

v is n 
large 

00 J (J'(E-+E') dE; 
o 

(J' (E) 
s' 

v 
I' 

v 
n 

, 

v is the average relative velocity between the 
I' 

the neutron velocity in the laboratory system. 

mass for the scattering atom or incident 

ratio approaches unity. 

The expression for Pi(El -+ ) may be writtenl as 

two particles and 

In the limits of 

neutron energy this 
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3 2 
1'. { [ r· 1', 2J [ 
A: exp - 2~2J. Xl _erf(1)iXi 

(5b) 

where 

xi 
El 

X2 E2 
f3 

1 
== } ::: , = J k'll 2 kT 2kT 

Ti == 2113
2 

Ai ::: 1 + M(l 2, 
9 

, - Ti ) 
2~.f3'- + r. J. 

M+l 
1'. [M 1)i := J Pi = - 1)i , 

21'. fM J. 
J. 

aY.i/l M is the ratio of t.he mass of the scatterer to the neutron mass. 

The upper signs applY,in EqQ (5) when El > E2 and the lower signs when 

El ~ E2 " 

At each point in a mesh of neutron energies, program GTP uses Egs. 

(5a) and (5b) to calculate the transfer probability to all low-er energies 

and uses the condition of detailed balance to calcdate the trans:fer 

probability to all higher energies. It is easy to see that the kernel 

must satisfy detailed bala.Ylce by exa:rr,.ining Eq. (1) for the Ca!3e of zero 

absorption cross section. For this case the neutrons w~ll come into 

thermal equilibrium with the moderator atoms and will assume a Maxwellian 

distribution. Equation (1) then becomes 

where 

00 

M(E) J 2::(E~E') dE' 
o 

00 

= JM(E') 2::(E'~ E) dE' , 
o 

E E 
eY.:p(- kT)' 

(6) 

• 

• 

• 
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The condition on ~(E~~E) which is required in order that M(E) be 

the solution to Eq. (6) is obviously 

M(E) ~(E~E') = M(E") ~( ~ E) , 

which is the condition of detailed balance between energies E and E'. 

Due to the fact that the error function approaches unity for large 

values of its argument, difficulty is encountered in obtaining accurate 

kernels for large initial or final energies. Even though the function 

itself may be known to one part in 106, the availability of only eight 

significant digits in a 7090 floating point number may result in com;plete 

loss of significance when the subtractions in Eq. (5) are made. To 

circumvent this difficulty the quantity 1 - erf(x) is calculated to high 

accuracy by rational approximation,) and the relationship 

erf(y) - erf(x) = 1 - erf(x) - [1 - erf(y)] 

is used whenever a subtraction occurs. 

Preparation of Input Data 

The input data required to do a calculation consist of values for 

the moderator temperature and mass ratio, expansion constants for the 

free atom scattering cross section, and a specification of the energy 

at each point in the energy mesh. In addition, values of the function 

S(E) as defined by Eq. (4) are for each point of the energy 

mesh. These source values, which are obtained either from the TKS code 

or approximated by hand calculation, are not used in calculating the 

kernel but must be available for transmission to the kernel library tape 

at execution time. It may be noted that a dummy set of sources can be 

used at the time of the kernel calculation since the tape handling 

routine, THR, provides a means of subsequently writing in the correct 

sources. All data are supplied on the Ten Digit Data Form and must be 

assembled in the following order. 

1. Card 1. Column 1 must contain a l-punch. Columns 2-66 may 

contain any alphabetic or numeric information which identifies the calc

luation. Columns 71-72 must contain the kernel number assigned to the 

calculated kernel. If no decimal point is specified in the kernel number 
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it is assumed to be to the immediate right of column 72. The contents 

of this card will appear at the top of each page of printed output. 

2. Card 2. 

Field 1. Moderator temperature in degrees: Kelvin. 

Field 2. Ratio of the moderator mass to the neutron mass. 

Field 3. Nlli~ber of points in the energy mesh~ This must be 
an odd number less than or equal to 161 in order to be con
sistent with the requirements of the 1MB code described later. 

Field 4. Number of terms in the e:x;pansion of the free atom 
scattering cross section. This must be less than or equal t.:) 
5. 

3. Cards 3. These cards contain up to three pairs of numbers per 

card giving values of u. and Y. for the exPansion of the free ato~ scat-
1 J. -

tering cross section. The number of pairs is specified in field 4 of 

card 2. If this control number is set equal to zero, then the free ato:n 

cross section is assumed to be independent of energy and equal to uni t;y. 

4. Caroo4. These cards contain the energy, in electron volts j at 

each point of the mesh. The values are given in order with the low"est 

energy given first. The number zero may not be specified as the lowest 

energy. Seven numbers per card are punched, or less if required on the 

last card. The number of energ:::'es listed must equal the nu.'llber plL.'1ched 

in field 3 of card 2. 

5. Cards 5.. These cards contain the values of the sources for 

each point of the energy mesh. The values are given in exact 

ence to the energy v-alues stipulated in ca!"ds 3 and are likewise written 

seven numbers to the card, or less if required on the last card. 

6. Card 6. If a final data card containing a 00 in colurrms 71-72 

is added for either a single kernel calculation or a series of calcu c
, 

lations, an end of file mark will be put on logical tapes 2 and 3 fol.

lowing the last recorded kernel. Although not strictly rlecesBary, such 

an end of file mark may be convenient in certain cases. 

Considerable freedom is allowed in the format of the input nu."nbers. 

All numbers must contain a decimal point even if they are integers. ~e 

most convenient form is that of a decimal fraction with 10 or less digits 

including the decimal point (1.34, 21.9, etc.), but an e:x;ponential. nota

tion may be used.. If this is done, the exponent must be separated fruIT. 

.. 

• 
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the characteristic by a plus or minus sign and must be written in the 

appropriate exponent field beginning in column 9, 19, etc. Both columns 

of the exponent field must be filled, with zero for the first column if 

necessary. The same liberty permitted in the format of the GTP program 

input n~~bers is applicable to each of the other codes of the system. 

~~tput 

Each transfer matrix calculated by the GTP code for a given moderator 

temperature and mass n~~ber is stored on three different tapes. Logical 

tapes 2 and 3 are permanent and constitute the KERNEL LIBRARY TAPE, with 

spare. Each kernel on the library tape consists of five records. The 

first record contains the kernel title and number in BCD form. Infor

mation on the remaining four records is stored in binary form. The 

second and third records contain, respectively, the size of the energy 

mesh and the points comprising the energy mesh in electron volts. The 

fourth record contains the source terms defined by Eq. (4), whereas the 

fifth record contains the energy transfer matrix calculated by the arP 

code according to Eq. (5). It is emphasized that the KERNEL LIBRARY TAPE 

constitutes a more or less permanent compilation of all the kernels which 

have been calculated, each identifiable by a different kernel number. 

Newly calculated kernels are automatically added at the end of the tape. 

exception to this is in storing the first kernel, in which case 

logical tapes 2 and 3 must first be initialized by option 1 of the THR 

code. This option writes the number -100 on logical tapes 2 and 3 at a 

position corresponding to the kernel number field of the title card and 

enables the GTP program to begin writing kernels at the beginning of the 

tapes. 

In addition to the kernel library tapes (2 and 3) the results of a 

particular kernel calculation are stored in BCD form on logical tape 9. 
This tape may be listed to obtain a printed record of the calculated 

kernel. 

The Fortran listing of the GTP code, input data form,and a sample 

problem data sheet are given in the following pages. Due to the large 

size of the sample problem kernel, only a few pages of output are 

included. 
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El ( r) E2 E'l E4 ~'5 I 

Ea " .. " ...... .. . " ..................... . . . " ...... " ....... *j" ... .. .................... . . -·l:---:lJJ_ 
..... 

Sl, I S2 I S3 S4 S"i 

sp, I 
SN .. .. .. .. .. " .. . . . .. .......... It .. " .... . . . .. .. .. .. . .. " " ....... .. . ..................... . .. 

..-I------
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.1----
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4 . .... =R= 
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..... _-
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TEN DIGIT DATA FORM 

~EM 

GTP 
1 ,,':QUEST 

3325 
COOER 'OATE 

10-26-62 
PAGE 

MET , 1 of 1 
I 9 11 19 21 29 31 39 41 49 51 59 61 69 71_ e23 80 

~~-

1 <E- FG-600K A-l -MSH(¢OOOl( 61) 5,0)-S(APPR x. ) (GTP-3) 02 1 
600.0 12.0 161.0 0.0 2 
1.0 -4 1.8 -4 3·0 -4 5.0 -4 7.0 -4 1.0 1-3 1.42 -'5 "3 

2.1 1-3 2.82 -3 3.7 -3 4.7 -3 5.8 -3 7.0.2 1-) 8.4 -'J :2 
9.84 1-3 1.15 ,-2 1.31 -2 1.69 1-2 2,11 ',-2 2.,)8 ,-2 3~1 __ ~ -2 --I------l~_~ 1 ~-

3,67 -2 4.28 i-2 4.94 -2 5.64 : -2 6,4 1-2 7.20 -2 8.0'5 -2 .. - ~. :2 
8.94 1-2 9.89 : -2 1.09 -1 1.19 1_1 1.3 -1 1.41 -1 1. ') 'j -1 '\ 

1.65 : -1 1.78 1-1 1.91 -1 2.05 -1 2.19 -1 2.34 -1 2,49 -1 '\ .-

2.65 I -1 2.75 -1 2.81 -1 2·90 -1 2.97 -1 3.07 -1 ),14 -1 ---.3._ 
3.25 1-1 3.32 -1 3,40 -1 3.49 -1 3.6 -1 3.68 1-1 '\.87 -1 '\ 

4.06 '-1 4.26 1-1 4.46 -1 4.67 -1 4.88 -1 5.10 1-1 ') . '\2 -1 2 
5.55 -1 '5,78 :-1 6.02 -1 6.26 -1 6.'5 1-1 6.7'5 : -1 7.01 -1 

~~ "2 
7.27 1-1 7.53 i-l 7.80 -1 8.08 i-1 8.35 1-1 8.64 j -1 8.Q'\ -1 -- :3 
9.22 -1 9.52 -1 9.82 -1 1.01 I 1.04 'i 1.07 i loll ~~ 

1.14 1.17 , 1.21 1.24 i L28 1 1. '\1 : 1. '\"i ... ~ --~ 
1.38 1.42 

i 
1¢45 1.49 1,53 1."i7 

1 
1.61 :2 

1.65 1.69 1.73 1.77 L81 
I 

1.85 1.89 ) 

1.93 
I 

1.98 2,02 2.06 2.11 2.1'5 2.20 _2 .. -

2.24 1 
2.29 I 2.34 2.38 2.43 2.48 2.53 --~-

2.58 2.63 : 2.68 I 2.73 2.78 2.8, 2.88 3 
2.94 3.0 i '5,04 ,.10 +-- _-.3')'~_ 3.21 '\.26 1----3-..._~ ._-

'5.32 3.37 I, ').43 ').49 3.'54 .. f-- '3.60 'j,66 I f-- ') 

') .. 72 '5.78 : .84 ').90 : ').96 4.02 4.08 I .. - -.3---
4.15 4.21 I 4.34 I 4.4 4.47 4.'5') : 2 
4.60 4.66 4'~2 4.80 4.86 4.9'J '5.0 T '5 

UCN~32l13 

SAMPLE PROBLEM. INPUT 



TEN DIGIT DATA FORM 
~ I REQUEST 

CODER IOATE 

10-26-62 
PAGE 

2 1 MET of 
1 9 11 19 21 29 31 39 41 49 51 59 61 69 11 

-f--
73 80 

0.0 0,0 0.0 0.0 0.0 0.0 0.0 4 
I---~ 

--- -- -- ~---
4 --- - .. --

I--c-- 4 

4 --- ------ ---- -.-

I 4 --- ,--f---- -------- ---~--

.----- f--~ 4 
I 

\ 
4 

I 4 

--- i -- r---~ 
4 

! 4 

: 
- /------

I 
! 4 

I I 4 ---
I 4 

4 
i 

~f---
4 

I i , 
I 4 

i L. 4 

;/ ----~---- --- -,- 0.0 0.0 4 
~() o 0 Q Q.o 0.0 0 .• 0 .o24C12 .021620 --.- 4 

,":;P.110 
I 

.275200 

-.::~~~ 
~6f~~o 

I 
.42846] . 1.8AAq] .")471")0 4 ---I------

I .6P121'1 

.~~~~~~ 
. 7817q2 .8::;2002 888r~o ,7,(,9"r 1J: 

.oRoo()Q , 1-- - 1 • oS') ::;q I LPl466 : 1.17'176 ] 9991." 
l 

1 %'7A'I 4 -. 

i i : 
I 

UCN,.3283 

SAMPLE PROBLEM INPUT (contd.) 



FG 600K ,,=12 fi"m( .iJOOltI61l:;.O) ("PPROX. i (GTP-3l 2. 

SIZE, 161 

tNERGY "UURC" "Nt:""y SOURCE ENERGY SOURCE ENERGY SOURCe ENERGY SOlJRCE 

10.0000E-05 O. 1.4100E-01 O· 6.2600E-01 O. 1.6900E 00 O. 3. 00 O· 
1.8000E-04 O. 1.5300£;-01 O. 6.5000E-01 O. 1.7300E 00 O. 3.32 00 O. 
:3oOOOOE-04 O. 1.6500c-01 O. 6.7500E-Ol O. 1.7700E. 00 O· 303700E 00 O. 
5.0000E-04 O. 1.7800E-01 O. 7.0100E-Ol O. 1.8100E 00 O. 3.4300E 00 O. 
7.00COE-04 O. 1.9100E-01 O. 7.2700E-Ol O. 1.8500E 00 O· 3.4900E 00 O. 

10.00COe-04 O. 2.0S00e-Ol O. 7.5300':-01 O. 1.8900<: 00 O· 3.S400E 00 O. 
1.4200t-03 O. 2.1900c-01 O. 7.s000E-01 O. 1.9300<: 00 o. 3.6000E 00 2.4920E-02 
2.1000E-03 O. 2.3400t-01 O. 8.0800E-Ol O· 1.9800E 00 O· 3.6600E 00 9.7690E-02 
2.8200E-03 O. 2.4900t-01 O. 803500E-01 O. 2.0200E 00 O. 307200E 00 1.6811E-Ol 
3.7000E-03 o. 2.650010-01 O. 8. 6400E-0 1 O. 2.0600E 00 O. 3.7800E 00 2.3630E-Ol I-' 
4.7000E-03 O. 2.7500E-01 O. 8.9300E-Ol 0. 2. 1I00E 00 O. 3.8400E 00 3.0235E-Ol V1 
5.8000E-03 O. 2.8100E-01 O. 9.2200E-01 O. 2.1500E 00 O. 3.9000E 00 3.6638i:-Ol 
7.0300to-03 O. 2.9000£-01 O. 9.5200E-Ol 0. 2.2000E 00 O. 3.9600E 00 4.2846E-Ol 
8.4000E-03 O. 2.9700t-01 O. 9.8200E-01 O. 2.2400E 00 O· 4.0200E 00 4.8869E-01 
9.8400E-03 O. 3.~700E-Ol O. 1.0100E 00 Q. 2.2900E 00 O· 4.0800E 00 5.4715E-Ol 
101500E-02 O. 3.1400E-Ol 1.0400E 00 v. 2.3400E 00 O. 4ol500E 00 6.1321E-Ol 
1.3100E-02 O. 3.2500E-Ol O. 1.0700E 00 O· 2.3800E 00 O. 4.2100E 00 6.6809<::-01 
1.6900e-02 O. 3.3200,,-01 O. 1ol100E 00 O. 2.4300E 00 O· 4.2700E 00 7.2143E-Ol 
2.1100E-02 O. 3.4000c-Ol O· 1.1400E 00 O. 2.4800E 00 O· 403400E 00 7.8179E-01 
2.5800E-02 O. 3.4900E-01 O. lol700E 00 O. 2.5300E 00 O· 4.4000E 00 8.3200E-Ol 
3.1000E-02 O. 3.6000£:-01 O. 1.2l00E 00 O. 2.5800E 00 O. 4.4700E 00 8.8888E-01 
3.6700E-02 O. 3. 680C '::-01 O. 1.2400E 00 O. 2.6300E 00 O. 4.5300E 00 9.3623E-Ol 
4.2800E-02 O. 3.8700E-01 O. 1.280GE 00 O. 2.6800E 00 O. 4.6000E 00 9.8991E-01 
4.94COE-02 O. 4.0600E-Ol O. 1.3100E 00 O. 2. BOOE 00 O. 4.6600E 00 1.0346E 00 
5.6400':-02 O. 4.2600E-01 O. 103500E 00 O. 2.7800£ 00 O. 4.7300E 00 1.0854E 00 
6.4000E·02 O. 4.4600E-01 O. 103800E 00 O. 2.8300E 00 O· 4.8000E 00 1.1347E 00 
7.2000t·02 O. 4.6100E.-01 O. 1.4200E 00 O. 2.8800E 00 O. 4.8600E 00 lol758E 00 
8.0500E.-02 O. 4.8800E-Ol o. 1.4500E 00 o. 2.9400E 00 O. 4.9300E 00 1.2224E 00 
8.9400E-02 O. 50100 0 E-01 O. 1.4900E 00 O. 3.0000E 00 O. 5.0000E 00 1.2678E 00 
9.8900E-02 O. 5.3200t-01 O. 1.5300E 00 O. 3.0400E 00 O· O. O· 
1.0900E-Ol O. 5.550C:'-01 O. 1.5700E 00 O. 3.1000E 00 O. O. I). 
101900E-01 O. 5.7800E-01 O· 1.6l00E 00 O. 3.1500E 00 O. O. O. 
1.3000E-01 O. 6.0200E-Ol O. 1.6500E 00 O. 3.2100E 00 O. O. O. 



FG 600K A=12 MOJHI.OOOI(16115.0)SIAPPROX,J IGTP-31 2· 

INITlAL ~NER~Y.I0.00000~-05 

1"",L }"!,\A;Ij.:,;Ft:.K f I ,'.>jML T~"\MJ'4';':i:t::i~ r 11 .. ,...L T HMr~"'F F1C;AL T f~A:\S F ER F P\f'l.L TRANSFER 

t.i~LI~t;y p"uDkujLI1Y LNt:.!"\\,JY PkvDMDILi,Tr ~1\it...i"\vY PRJDI<l! Ll T Y d'.cc,,,,Y PRO;:)MoILI TY i:;\lt.R~Y PRObABI_IP 

lO.OOt-O:> 5.04.;);)t:: 02 1.41c-O 1 .~4101:.-02 6.26~-O1 1.7807L-16 1. 00 O. 3. 00 O. 
1.bO£.-04 .Olb~t. Ci 1. 3t:.-0 1 1.5681:.-02 a.SOL-Ol .4913:- 7 1.73E 00 O. 3.32E 00 O. 
3.GOt.-G4 4.9754" 1.65c-01 6.9441L-03 6.75,,-01 6·3958L-: 10 771: 00 O. d7E 00 O. 
5.00c-04 4.90b')~ 02 1.78e-Ol 2.8733L-03 7.01L-01 1.0947c-18 1.1:'1 00 O. 3.43:: 00 C· 
7.00i:-04 4.o4LLt 02 1.91,,--01 1.1 9~-03 7.27e-01 1. d73bc-19 1.850: 00 O. 3.490: 00 O. 

10-00E-04 4. 74Lt;;JE 02 .05c-01 4.5964E-04 7.53~-OJ 3.2073L-.-20 1.89E 00 O. 3.54E 00 O. 
1.42E-03 4.o11~ 02 L.19.::-0l .777CE-04 7.80e-01 O. 1. 3" 00 O. 3.60E 00 O. 

2.lOte-03 4.40.:iLt. ~.34;:.-Ol 6.4193t.-05 8·08c-01 O· 1.98::. 00 O. 3.66':: 00 O· 
2.82~-03 4.1 \I~L I:. 02 .2. t+9~-O 1 2.31c9E-C~ .35::-01 o. .D2E 00 O. 3.72E 00 :1 • 

:5.70t.-O~ J.';;i5v.!. :";2 .::::.65c-0 7.d20\l1o-06 .641:-0: O. .06t. 00 O. 3.78E 00 O. 
I-' 

4. 7 (It.-O 3 3.69(;';<[ 02 ~.7~t:-01 .969\1'::-06 .93c-Ol O. 2.11t::. DO O. 3.8 1,E 00 O. 0\ 
5.80<;;-03 .Lt2::~E 02 ".61"-01 2.64: "':-06 9.22t:.-Ol O. 2.I5E 00 O. 3.90E 00 O. 
7. t-03 •• 510" 02 2.901:.-01 1.4341[-06 9.521:.-01 O. 2.20';: 00 O. 3.96E 00 O. 

8.40t.-03 2.07:'£:.[ 02 ~.97::.-01 b. 16 h-07 .bZe-Ol O· .240: 00 O. 4.02E 00 O. 
.54t.-v 2.60..;;ot.. 02 .071:-0 Lc.5227t:-07 .01t. 00 O. 2.291:. 00 O. it.08E 00 O. 

1.15t:-02 2.32,).)[ 02 j.14::.-01 2.8121~-07 1.04c 00 O· 2.34iO. 00 O. 4.1SE 00 Q. 

1.:;)1,,-02 .080 '-iE 02 :0. 5t:.-0 1 1.33271::-07 1.07e. 00 0. 2.38~ 00 O. 4.21E 00 o· 
1.69" ... 02 1. 124iO. 02 :).32c..-Ol 8. 5t.-08 1.l1t 00 O. 2.43E 00 O. 4.27E 00 o. 
2.l11:-02 1. ,,5E 02 :;>.40L-0 1 4.8142c-OB 1.14t. 00 O. 2.4SE 00 O. 4034E 00 O. 

". %<::-02 8.015': 01 • ,,9"-01 L .6133t-08 • " 7t. 00 O • 2.53E 00 O. 4.40E 00 O • 

301ot:-02 • 192.:>E 01 ~.6CL-Ol 1 • 385[-05 .. Ie 00 O· 2.58[ 00 O. 4.47E 00 O. 

j.67t. .. 02 4.20:JvE ".60e-01 7 ol'!S2t-09 1.24e 00 O. 2.63E 00 O. t...53E 00 o. 
4.L5t.-Gi ~.7777L 01 j·87L-O: 1· 1·28"- 00 o· 2·68" 00 O· 4. 00 O· 
4. 1.77::'"E vI .06t.-0i 1.31e 00 O. 2. e 00 O. 4. 00 O. 
:>. 1.i04~l;. 0; 4.26"-01 1.35E 00 O. 2. E 00 O. 4. 00 O. 
6.,,0t:-02 .j'7''::LE 00 ".46e-Ol 3.60971-11 1.38e 00 O. 2.83t 00 O. 4.80E 00 O. 

7.20::'-02 .6300t. 00 4.611:.-01 8.6765t.-12 1.42" 00 O. 2. 00 O. 4.86E 00 o. 
.05::-02 2.15:0l 00 4.,,13"-01 2. 5E-:2 1.45[: 00 O. 2. 00 O. 4.93E 00 O. 
• <:jLf-t:-02 1.17:;.bt:. 00 5.10~-0 4.6b3\iE-13 .49t. 00 O. 3.00<: 00 O. 5.00E 00 O. 

9.89t:.-02 6 -1690,--01 • 32~-O 1 1.05lge-13 1.53e 00 O. 3.04c uO O. O. 1.7219E-40 

1.091:.-fn .1079(:.":'01 5.55=.-01 2.2074<:-14 1.57c: 00 O. 3.10E 00 O. O. 0.0574E-40 
1.,.L';I;;:,-O~ 1.:070'+';;-01 ?7tle-01 4.G321t:-15 l.61t: 00 O· 3.15';; 00 O. O. -1.2931E-26 

1.~OL-Dl 7.<+7i4l-02 0.02..:..-01 '1. 1:::-16 1.65L: 00 O. 3.21t: 00 o. O. 1.884SE-37 



.. 

Fu 6COK h=12 j"l.:.n{.OCC1(1611S.0) ';,~PPj'uX.i (0TP-3) 

F Ii\AL Tkfl.!"4..)F c.K r I,\Kl TRJ>,N.sFU F J,',Al T l~ANSFER FINAL TRANSFER FINAL TRANSFER 
I:NU,GY P""""" 1 l i TY 1:;11:1,0Y PROoADilITY E>ib,GY PRObAbiliTy ENERGY PROBABILITY ENERGY PROBiI,B I l n y 

10.00E-05 ",.7911E 02 1.41::-01 2.7186E-02 6.26E-01 1.47751:-16 1.69E 00 O. 3.21);: 00 O. 
1.80E-04 3.75;;OE O~ 1.S3i.-Ol 1.206310-02 .50c-01 2.9074L-17 1.731:: 00 O. .32E GO O. 

.vCto-v,+ 3.72obE:: v2 1',65.:-01 .352510-03 6.751:-01 5.34631:-18 1.77E 00 O. 3.37E 00 O. 
5.00E-04 .o704l:. 02 1.78::.-01 2.21971:.-03 7.011:-01 .18701:-19 1.21t: 00 C. 3.43E CC O· 
7. vCt,-04 3.62:;0" 02 1.91::-01 9.2045E-04 7.27i::-C1 1.5786::-19 1.85,- 00 O. 3.49;: 00 O. 

10.001:-04 j.55bOl:. 02 ".05::-01 3.5669E-04 7. 310-01 2071251:-20 1·89:: CO O. 3.54E 00 O. 
1.,+",,-03 .;..'+5:.;,.;>t. VL ,'01;;::.-01 l.:o822E-04 7'1501::-01 O. 1093t: 00 O • 3.60E 00 O. 

• 10::-,,3 3.3uuot. 2.34,,--01 5.0C56,,-OS 8.081:-01 O. 1.981:: 00 O. 3.66;: CC O. 
2.b';:I:-C3 :.>.1450t. 0,0 ",.49:::-0 1.8 IE-OS 8.351::-01 O. 2.C2E 00 O. 3.72E 00 O. 
3.701:-0 2.9620E 02 2-65c.-C 6.1345[-06 8.64<:-01 o. 2.06<:; 00 o. 3.78E 00 O. 

I-' 4.70t-03 2.76.:ilt:. 02 ",.75,,-01 .1166t::-06 8.93E-Ol O. 2.l1t:: CO O. 3.84E 00 C. -..'l 
.bOt,-C3 2.'6';1'+t 02 2.81t..-Gl 2.07601::-06 .221:-01 O. 2.151:: 00 O. 3.90E 00 O. 

7.u3E-03 2.36{~1t:. 02 L.90,,-01 1.1286E-06 .5210-01 O. 2.201: 00 C. 3.96E 00 O. 
8. 4 0t:-03 .1547L 02 ".97::-01 .02 3to-07 9.82':-01 O· 2.241:: 00 O. 4.02E 00 O. 
'd.04t:..-U 1.954:=;1::.. 02 3.07t.-01 3.56911:-07 1.OIt:. 00 O. 2.291:: 00 O. 4.0BE 00 O. 
1.151:.-02 1. t 02 3.141:.-01 2.2217<.-07 1.041: OC O. 20341:: 00 O. 4.1SE 00 O. 

02 .:i, e-O 1 1.0548E-07 .C7t. 00 O. 2038:: 00 C. 4.Z1E 00 O • 
• j2~-01 6.5660"-08 1 011 OC O. 2.43<: 00 o. 4.27E 00 O· 

1 .40L-01 3.8196<:-08 1.141:. 00 O. 2.48E 00 O. 4.34E OC O. 
2.58c-(;Z 01 .49k-O~ 2.07641::-08 1.17c 00 O. 2.53E CO O. 4.40E 00 O. 
3.10t.-02 4.66?.)[ 01 3.60L-01 .85801::-09 1.21t CO o. 2.58:: CO O. 4.47;: 00 O. 

.67t.-02 3ol717E 1 3. =-01 .7345E-09 1·24:0 00 O. 2.63i:: 00 O. 4.53E 00 O • 
4.281:.-02 • 0960c 01 3.87t-01 1.5 71::-09 l .28:: 00 O. 2.6SE 00 O. 4.60E 00 O. 
4.94<:-C2 1-342 01 4·06,,-01 4. 5"-10 1031 t: 00 O. 2.731:: 00 O. 4.661:: 00 O. 
5.64E-O,> 8.3561 00 4.26e-Ol 101287E-I0 1.35L 00 O. 2078(:. OC O. 4.73E 00 C. 
6.40::-02 40')9:00 00 4.46r:.-Ol • 9123=-11 1.381: 00 O • 2.83to 00 O. 4.80E 00 C. 
7.20L-02 2.JObl 00 4.67(:.-01 7.0246E-12 :l.42c. 00 O. 2. E CO O. 4.86E 00 O. 

.051:-02 1.6344 00 4.88c-O 1.69401:-1 1.45c. 00 O. 2.94t 00 O. 4.93E 00 O. 
6.'i4c.-02 • Sr'4bv -01 5.10i...-O 1 ~ . 177"-13 1.49,,- OC O. 3·001: 00 O. 5.00E 00 O. 
9.09:'-02 4.70.::4 -01 5032;;.-01 1.:;3c... 00 O. 3.04t: 00 O. O. o 01148E-40 
~.OYt-Ol 2.'::>75t:. -01 ~. "-01 1.S7e 00 O. 3.10i:: 00 O. O· 0.5166E-40 
1.19r:.-Ol 1.~O:;0 -01 5. c-01 .6lt: 00 O. 3.l5i:: 00 O· O. 1.8845E-37 
1'.:>'k-Ol ::'. ·72 j ';; -02 .02L-Ol 1.6SE 00 C. 3. 11:: 00 O. O. -0.COOIE-25 



FC, 600K ,,=12 (.0001 (161) S.O)S(APPROX.l (GTP-3) 

1~ITI~~ ~NLRuY. 3.00000~-04 

f I l~kL TKf,J'~,.)1- L.K r 1 i~,...,.L TRAr,-:;,~ !:..R flNkL 1 R"N.,i-t::R FINAL TRANSFER FINAL TRAN::'FER 

thlt.K.uY PkvLl"~ILITY i:..\t..l"\.UY PRUQhclLITY ~1~~KuY PKUoku!LITy tN~R"y PROLlAclLITY ENERGY PROBABILITY 

10.00::.-0:> 1.b647<: 02 1.41<:.-01 2.1996E-02 6.26<:.-01 1.333:'''--16 1.6910 00 O. 3.26E 00 O. 
1.bOc.-04 2.24,,4,:: 02 1.53~-01 9.7892E-03 6050t-01 2.6371L-17 1.73t 00 O. 3.32E 00 O. 
3.00E-04 2.\;1DE 02 1.65t-Ol 4.3565E-03 6.75E-Ol 4.8743E-18 1.77E 00 O. .37E 00 O. 
5.001:;-04 .b72::>E 02 1.7SL-01 1.8123E-03 7.01~-01 8.4202<:.-19 1.S1t 00 O. 3.43E 00 O· 
7.001:;-04 2.0340':: 0" 1.91<:-01 7.':>"65E-04 7.27E-01 1.4545<:-19 1.85E 00 O. 3.49E 00 O. 

10.00E-04 .777:'>E 02 .05<:'-01 2.9312E-04 7.53E-01 2.5122E-20 1.S9E 00 O. 3.54E 00 O. 
1.4<:<:'-03 2.b997E O~ 2.191:-01 101397E-04 7.80;;;-01 O. 1.93E 00 O. 3.60E 00 O. 
2.H)~-03 2.:;,7871:; 02 2.34<:-01 401419E-0 5 S.OSI:-01 O· 1.9S" 00 O. 3.66E 00 O. 
2.d2t:.-C3 2.4565i. 02 Z.49t-01 1.5053E-05 8 -35E-Ol O. 2.02E 00 O. 3.72:: 00 O. 
3.701:.-03 2 d149" 02 ~.65t-Ol 5.1133E-Ob 8.64t:-Ol O. 2.06E 00 O. 3.78E 00 O. f--' 
4.701:-03 2016400: 02 2.751:-01 2.6039t-06 8.93~-01 O· 2 alIt: 00 O. 3.84E 00 O. CP 
5.801:.-03 2.00':lit OZ 2.81~-01 1.7369E-06 9.22E-Ol o· 2.lSE 00 O. 3.90E 00 o· 
7.03<:-03 1.64\"'t:. 02 2090<:.-01 S .4623;:'-07 9.5Z~-01 O· 2.20E 00 O. 3.96E 00 O. 
5.40<:'-03 1.t>8blE. 02 L.'n~-01 5.8991t-07 9.821:.-01 O. 2.24E 00 O. 4.02E 00 O. 
9.84[-03 1.530:.Jt 02 3.07::.-01 3.0042E-07 1.01e. 00 O. 2.29E 00 O. 4.0aE 00 O. 
lol5E-02 10367'1E 02 3.14~-01 1.8731E-07 1.0410 00 O· 2.34£ 00 O. 4.15E 00 O. 
10311:-02 .220010 02 3.25<.;-01 8.9154E-08 1.07.0 00 O. 2038E 00 o· 4.21E 00 O. 
1.69E-02 9.50SbE 01 3032~-01 5.5586E-08 1·111: 00 o· 2.43E 00 O. 4.27E 00 O. 
2dli:.-02 7.15:141:: 01 3.4G~-01 3.2394E-Oa 1.14;;; 00 o. 2.4SE 00 O. 4.34E 00 O. 
2.55<:-02 5.d4::'i:. 01 3.49t.-01 1.7646L-OS 1.17<:. 00 O. 2.531:: 00 o. 4.40E 00 O. 

3.10~-02 3.67~OE 01 :;.60<:.-Ol 8.398810-09 1.21E 00 O. 2.5SE 00 O. 4.47E 00 O. 
3.b71:.-02 2dOOOl:: 01 ~.68c.-01 4.894;,e.-09 1.241: 00 O. 2.63E 00 O. 4.53C 00 O· 
4.2bc-02 1.0-,v-l'::... 01 ~ .137~-0 1 1.3575<:-09 1.28~ 00 O· 2.68<: 00 O. 4.bOE 00 O. 
4.94~-G~ 1.0614E 01 4.06<:.-01 3.7649E-I0 1.3Uo 00 O. 2.73E 00 o. 4.66E 00 O. 
5.64E-02 6.6197E 00 4.2610-01 9.7595E-11 1035E 00 o· 2.7SE 00 O. 4.73E 00 O. 
6.40t-02 3.9646E 00 4.461:-01 2.5298E-11 1.38t. 00 O. 2.83E 00 o. 4.80E 00 O. 
7.;eOE-02 2.3U3E 00 4.67c.-Ol 6.1290E-12 1.42E 00 O. 2.S8E 00 O. 4.86E 00 O. 
8.05E-02 1.30Z 7E 00 4.881:-01 1.4248E-IZ 1.45;;; 00 O· 2.941:: 00 O· 4.93E 00 O. 
8.94t-02 7.1469i:.-Ol 5·10<:-01 3.3622E-13 1.49C: 00 O· 3.00E 00 O· 5.00E 00 O. 
9.b9(:-Oi 5.7b~.:)E-Ol ~.3Lt:.-Ol 7.6127E-14 1.53t 00 O. 3.04E 00 O. O. 3.6160E-40 
1.09<:-01 1. Sh):;uE-Ol 5.55<:.-01 1.6110E-14 1.57E 00 O. 3.10E 00 O. O. 0.1722E-40 
1.1~:..-v 9.7u5'+i:-u2 :'.78~-Ol 3.4092t:-15 1.61t: 00 O. 3.15<:. 00 O. O. -0.0000E-27 

1.30<:-01 4.0200E-02 6.02t-Ol 6.7428t:.-16 1.6510 00 O· 3.2110 00 O. O. -0.0000E-21 

.. • 



FG 600K ;;=12 M;,14( .OOOl(161i5.0)S!APPROX. i IGTP-3i 2. 

INITIAL EN~RGY, 5.000001::-04 

r Ir,,,L TRMI"'Fc.R FINAL TRAI"SF "R FIN"L TRANSrtR FINAL TRANSFER FINAL TRANSFER 
d,,,RCY PRObAWIL TY tNCRl>Y P;;;ObAc;ILlTY tcNERuY PROc",,:>! Ll TY ENeRGY PROBABILITY ENERGY PROBABI Ll TY 

10.00E-05 9.b9LSr~ 01 .41::-01 1.82oot..-02 6.26t-01 1.3091E-16 1.69E 00 O. 3.26E 00 O. 
1.80[-04 1.53L~E 02 1.53;:.-0 8.1759::'-03 6.50E-Ol 2.6077C-17 1.73E 00 O. 3032E 00 O. 
3.00::.-04 • BOLE 1. t-O 1 3.6554E-03 6.75"-01 4.8561t-18 1.77E 00 O. 3.37E 00 O. 
5.UOt:.-Q4 L.,::~JDE 0::' 1. c.-O 1 1.52621::-03 7.01::.-01 8.4537t:-19 1.81E 00 O. 3.43E 00 O. 
7.00E-04 2.n;;'OE 02 1. Y n. -01 6.3884E-04 7.27E-01 1.4714E-19 I.S5E 00 O. 3.49E 00 O. 

18.00::.-04 2.1S07E 02 2.05c.-Ol ;:'.497 E-o't 7.531:.-01 2.5607c.-20 1.89" 00 O. 3.54E 00 O. 
1.42[-03 d2U"E 02 ".19,,-01 ';1.76001::-05 7.80E-Ol o. 1.93:: 00 O. 3.60E 00 O. 
2.10<:'-03 2.0257E 02 2.34t-Ol 3.5669::-05 8.081:;-01 O· 1.98E 00 O. 3.66E 00 O. 
2.821:.-03 1.930jE 02 2.49c:.-Ol 1.3034E-05 8.35::'-01 O. Z.02i:. 00 O. 3.72E 00 O. 
3.701:.-03 1.81':ibE 02 i.65.c-0' 4.45361:.-06 8.64::'-01 O· 2.06E 00 O· 3.7SE 00 O. I-' 4.70t.-03 1.7010E 02 2.75£-0 2.2762E-06 8.93E-01 O. 2dlE 00 O. 3.84E 00 O. \.0 
5.80::-03 .:080'1E 02 2.81~-01 .5216::-06 9.22t.-ol O· .15E 00 o· 3.90E 00 O. 
7.0jt.-U3 1.45;)bt.. 02 2. ~-o 1 .31611:.-07 9.52t.-Ol O. 2.20:: 00 O. 3.96E 00 O. 
&.40"-03 1.:'Z'HE 02 2.97t:-Ol 5.1981E-07 9.821::-01 o. 2.24E 00 O· 4.02E 00 O. 

.d4::.-03 1.2U;"!:: 02 ;>.07,,-01 2.6564E-07 1.01i:: 00 O. 2.29E 00 O. 4.08E 00 O. 
1015:::-02 1.07o'7L 02 .14t.-01 1.6603E-07 1.04t 00 O. 2.34i:: 00 O· 4.15E 00 O· 
1.31E-02 9.6920<:: 01 3.251:;-01 7.9333E-08 1.07t 00 O. 2.38t. 00 O. 4.21E 00 O· 
1.69::.-02 7.;'lL'1t. 01 3032::'-01 4.9584E-08 lollt 00 O. 2.43c. 00 O. 4.27E 00 O. 
2.11"-02 5.66':10(: 01 3.40t-Ol 2.8';!78t-08 1.14~ 00 O. 2.48E 00 O. 4034E 00 O. 
Z.SBE-02 4.13702: 01 • 49t:.-Ol 1.5835'::-08 1.17" 00 O· 2.53E 00 O • 4.40E 00 O. 
3.10::-02 2. nOOE 01 3.60t-Ol 7.5653i::-09 1·211:; 00 o· 2.58E 00 O. 4.47E 00 O. 
3.67"-02 1.9927 E 01 3.68t.-Ol 4.4209tc-09 1.24c. 00 O· 2.63:::. 00 O. 4.53E 00 O. 
4.LeE-02 . . 'it. 0 :;'87i::-01 • 2341E-09 1 • 00 O. 2.6SE 00 O. 4.60E 00 O • 
4.94::.-02 8.5056:;: 00 4.06"-Ol 3.4448t:-10 1.31i:. 00 O. 2.73E 00 O. 4.66E 00 O. 

• 641:.-02 ~.:31SoE 00 4.",61:.-0 8.9b99c.-l1 1.35C: 00 O. 2.78E 00 O. 4.73E 00 O • 
6.40L-0::' .1960E 00 4.461:.-0 2.345ot..-ll 1.3St:: 00 O· 2.831:. 00 O. 4.80E 00 O. 
7.LOt:-02 :.d69~E 00 4.67£-0: .7227::-12 .• 42l 00 O. 2.88E 00 O. 4.S6E 00 O. 
8.05l-02 1.Os7L':: 00 4.88"-Ol .3959t.- 1·45" 00 O. 2.94E 00 o· 4.93E 00 O. 

.Y4,,-02 5.d2LL-01 5010,,-0· ·I(133L-13 1·491: 00 O. 3.00t: 00 O. 5.00E 00 O. 
".d~1:.-02 3.070::>[-01 .32t..-Ol '>54[-14 1.53E 00 O. 3.04E 00 O. O. 5.5101E-40 
1.09,,-0~ 1.~650E-Ol ,.;'5c.-01 4721:.-14 1.57c 00 O. 3.1 01: 00 O. O. 0.5740E-40 
1.191:,-01 .lj971E-0L ~078,,-OI . 776t:-15 1.61t: 00 O. 3.15E 00 O. O. 1.8845E-37 
1.50::.-01 3.o241E-02 6.02:.-01 . 710c.- 6 1 • 00 O. 3.21E 00 O. O. 1.8845E-37 



FG 600K A=12 I>lSH(.0001(l61l5.0)SIAPPROX.1 Ic;TP-3J 

INITIAL ENeRGY, 7.00000t-04 

FIN"l T"A""Fc.K t-IN"L TRAN0Ft:R FINAL TRAN;:,fER FiNAL TRANSFER FINAL TRANSFER 

ENEM:GY PkUbMc,lL lTY ~I~EI-<GY PiW&Ab I l I TY ENEKGY PROElABIlITy ENERGY PROBABILITY ENERGY PROBABILITY 

10.00c.-05 o.99b1E 01 1.41c.-01 1.6547[-02 6.26l:.-01 103770::-16 1.69E 00 O. 3.26E 00 O. 
1.bCi:.-04 9.42'~E 01 1.53t:-01 7.4313E-03 6.S0E-01 207604t:.-17 1073E 00 O. 3032E 00 O. 

3.00E-04 1.2240E 02 1.65<:-01 3.3370E-03 6.75E-01 5.1741c.-18 1.77£ 00 O. 3037E 00 O. 
5.00t;:-04 1.!'>9''+E 02 1.78c.-Ol 1.4016E-03 7.011:-01 9.0677£-19 1.81E 00 O. 3.43E 00 O. 
7.00",-04 1.~O;;;bE 02 1.9!C.-01 5.8863E-04 7.2710-01 1.5887i:-19 1.8SE 00 O. 3.49E 00 O. 

10.001::-04 1.867"", 02 2.05c-01 2.3122£-04 7053,,-01 2.7830t:-20 1.89c. 00 O. 3.54E 00 O. 
1.42t:.-03 1. 164£ 02 2019(;.-01 9.0814;;;-05 7.80t:.-01 O. 1.93E 00 O. 3.60E 00 O. 
2.1010-03 1.7360E 02 2.34t:-01 3.3360£-05 8.08;;;-01 o. 1.98t:. 00 o. 3.66E 00 O. 

2.82t:-03 1·o54h 02 2.491::-01 1.2253E-05 8035E.-01 O· 2.02E 00 O. 3.72E 00 O. 

3.70t::-03 1.560:'E 02 2.65E-01 4.2092E.-06 8.64E-Ol O. 2.06E 00 O. 3.78E 00 O. 
4.70<:.-03 l.460QE. 02 2.75L-01 2.1584E.-06 8093£-01 O. 2.llE; 00 O· 3.84t:. 00 O. 

f\) 
5.8010-03 1.350oE 02 ,0.81<:.-01 1.4457t:.-06 9.22E-01 O. 2.15E 00 o. 3.90::: 00 O· 0 
7.03£-03 1.2501E 02 2.90c.-01 7.9249f-07 9.52E-Ol O. 2.20£ 00 O. 3.96E 00 O. 

8.40E-03 1.1411E 02 2.97c.-Ol 4.9649E-07 9.82t::-01 O. 2.24E 00 O. 4.02E 00 O. 

9.84E-03 100367£ 02 3.07,,-01 2.5455<::-07 1.01£ 00 O· 2.29E 00 O· 4.08E 00 o. 
1.1:'E-02 9.28VE 01 3-14,,-01 1.5946E-07 1.04E 00 O. 2.34E 00 O. 4.15E 00 O. 

1031E-02 • 343SiE 01 3.25E-01 7.6462E-08 1007£ 00 O. 20381: 00 O· 4.21E 00 O • 

1.69E-02 6.47<>0£ 01 3.32<:'-01 4.7897E-08 1.llE 00 O. 2.43E 00 O. 4.27E 00 O. 

2011£:-02 4.89711: 01 3.40E-01 2.8062E-08 1.14E 00 O· 2.48£ 00 O. 4034E 00 O. 

2.58£:-(;2 .5807E. 01 3.490.-01 1.5378E.-08 1.17t: 00 O. 2.531:; 00 O. 4.40E 00 O. 

".10i:.-02 £::. ::<:3L jE 01 .:>.601:;-01 7.3725E-09 1.21t 00 O. 2.58£: 00 O. 4.47E 00 O. 

3.67£:-02 1.7322E 01 3.6Si:.-01 403190E-09 1.241: 00 O· 2.63E 00 O· 4.53E 00 O· 
4.28t:.-02 1.1537E 01 3.87<:.-01 1.21281:-09 1.28t 00 O· 2.680. 00 O· 4.60E 00 O· 
4.941:.-02 7.4314E 00 4.06t-01 3.40481:-10 1.3lt 00 o. 2.73E. 00 O. 4.66E 00 O. 

5.641:-02 4.6609£ 00 4.26E-Ol 8.9390E-11 1.35E 00 O· 2.78E 00 O. 4.73E 00 O. 

6.40E-02 2.80<loE 00 4.46E-01 203464£-11 1.38E 00 O. 2.83E 00 O. 4.80E 00 O. 
7.20E-02 1.6479E 00 4.67E-01 5.7595E-12 1.421: 00 O. 2.88E. 00 O. 4.86E 00 O. 

8.05E-02 9 03509E-0 1 4.88t-01 1.4134t:.-12 1.45E 00 O· 2.94C. 00 O. 4.93E 00 O· 
8.94t-02 5.1663E-01 50101::-01 3.2436E-13 1·49E 00 O. 3.00E 00 O. 5.00E 00 O. 

9.891:-02 2.742iE-01 5.32E-01 7.4418E-14 1.53E 00 O. 3.04E 00 O. O. 7.4042E-40 

1.U9i:.-01 1.3984E-01 5.55<:'-01 1.5965E-14 1.57E 00 O. 3 dOE 00 O. O. 0.1148£-40 

1.19,,-01 7.17bO!::-02 5.78,,-01 3.4243E-15 1.61E 00 O. 3.15E 00 O. O. -0.0047E 18 

1.:;Ot.-01 3.44<>oE-02 6.021:-01 6.8677E-16 1.6:;t: 00 O. 3.21E 00 O. O. -O.OOOOE-27 

Note: The remaining 156 pages of kernel output for this case are omitted. 
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GTP FORTRAN LISTING 



• 
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C Grp. FREE GAS KERNEL. UPSCt>TTER CALC. BY DETAILED BALANCE. 
DIMENSION Z(4I,ERFlI4I,EI161I,SIGMAfI6I,161I,SEI161), 

IT lTL E I J 2 1 ,C A SE I 121 ,C ( :, I ,G Ar'15 1 
B5#1.0614054 
84#-1.4531520 
1:\3#1.4214137 
B21(-.28449674 
8111.25482959 
P#.32759110 
SQRPIE#I.7724539 
REWIND 2 
REWIND 3 

4 READ INPUT TAPE IO,206,ITlTLEIII.I#ltl2) 
IFITITLE11211301J.300,5 

5 READ INPUT TAP~ IC,207,TE~P,A.XJI.AN 

JII!XJl 
DO 306 J#I,JI 
DO 307 I#I,JI 

307 SlG~A(J,II#O.O 
3C6 CONT li~U[ 

NBIIAN 
IF(NB-I 13G2,301.301 

302 NBIII 
C(IlIlI.0 
GAMIIIIIO.fJ 
GO TO 6 

3CI READ INPUT TAPE IOd03,1C(JI.GA/<IIJ),JIII,NBI 
6 READ INPUT TAPE IO,20I,[EIJI,JIII,JIl 

READ INPUT TAPE 10,201,ISEIJI,JIII,JII 
98 READ TAPE 2,CASE 

READ TAPE 3 
!FICASEI 1211 95,96,96 

95 BACKSPACE 2 
BACKSPACE .~ 

GC TO B 
96 DO 97 1#1,4 

READ TAPE 2 
97 READ TAPE 3 

GO TO 98 
8 TEMPIITE~P/I.16047E+4 

BETAIII.C/12.0"TEMPI 
JNIII 
BP.1I2.[*A*IBETA**21 

3U4 TAUIiBB/[BR+GA'IJNII 
XLAMIII.O+A*I I.O-{ TAU"'" 2 1 1 
ET A II C • ':J" I A + 1 • G II I S QR TF [ A I ., TAU) 
RHOIITAU*SQRTFIAI-ETA 
JI/JI 

7 I #J 
CONTI\jU[ 
Ef-'IGHiIE I J I 

10 ELOWIH:II) 
II X2#EHIGH/TEMP 

XilSQRTFIX21 
Y2IIELCWITCMP 
YIiSQRTF(Y21 
IF(X2-Y2*XU\M-7':J.O) 89,90,90 

90 EPWR#C.G 

REV 

18490101 
14720106 
14720107 
14720108 
14720109 
147201 10 
14720111 
16500104 
16500105 
16500107 
16500109 

14720116 

16500115 
16500116 
16500118 
16500119 
16500121 
16500123 
16500124 
16500201 
16500420 
16500422 
16500423 
16500425 
16500203 

16500103 
16500105 
1472020 I 
147202U 
14720205 
14720201 
14720208 
14720210 
14720211 



GO TO 12 
89 EPWRIIEXPF(X2-Y2*XLA~' 
12 Z(I)IIETA*X-RHO*Y 

Z(2)#ETA*X+RHO*Y 
Z(3)#ETA*Y-RHO*X 
Z(4)#ETA*Y+RHO*X 

13 DO 31 Mil I. 4 
IFIZI~)) 14,26. 14 

14 V IIAB SF IZ (M) ) 
15 IFIV-8.66116,16,24 
16 IFIV-I.7117,17.20 
17 ETANIII.OIII.O+P*VI 

24 

GZIIII IIB5*ETAN+B4)*ETAN+B3)*ETAN+B2) 
1 *ETAN+B I I*ElAN 

18 GEXPIIGZ/EXPFIZI~)**21 
GO TO 30 

20 CFZIII.O/IV+I.O/12.0*V+2.0/IV+3.0/12.0*V+4.0/IV+ 
15.01 I 2. O.oV +6.0 I I V + 7 .01 (2.0* V+2. 51 I I ) I ) I I 
GEXPIICFZ/ISQRPIE*EXPFIZIMI**211 
GO TO 30 

24 GEXPlIo.o 
GO TO 30 

26 GEXP#I.O 
30 GO TO 13I,31,32,35),M 
32 IFIZIM») 33t34d4 
33 NNIIO 

GO TO 31 
34 NN II 1 

ERFZIMIIIGEXP-I.O 
GO TO 37 

35 IFINN) 31,31,36 
36 ERFZIMIIII.O-GEXP 

GO TO 37 
31 ERFZllwilll-GEXP 
37 CONTINUE 
38 F S I GHlll1 I A + I .0) ** 2118.0* A I ).o I f AU** 3 I Xl AM ) * I I -E RFl I 3) +ERFlI 4 I ) * 

IEXPFI-GAMIJNI*ITAU**2)*X2I12.0*IBETA**2)) I+EPWR*IERFZI I )-ERFZ(2111 
40 SIGMAIJ,IIIISIGMAIJ,II+CIJN).oFSIGHL/EIJ) 

IFISIGMAIJ,I)-I.oE-201501,501,43 
501 SIGMA{J,I)lIo.C 

43 IF( I-I IIorJ,57,44 
44 IFISIGMAIJ,[)) 101,55,48 
48 1111-1 

GO TO 10 
55 1#1-1 

SIGMA(J,IIIIO.O 
56 IF(I-1)99,57,55 
57 1 F ( J- 1 I 102,61 ,58 
58 J#J-I 
60 GO TO 7 
99 NSTOP#56 

GO TO 103 
lOG NSTOP#43 

GO TO 103 
101 SIGMA(J,IIIIO.O 

GO TO 55 
102 NSTOPII57 
103 WRITE OUTPUT TAPE 9.203,NSTCP 

14720213 
14720214 
14720215 
14720216 
14720218 
14720219 
14720221 
14720223 
14720301 
14720303 
14720305 
14720306 
14720308 
14720310 
14720312 
14720313 
14720315 
14720317 
14720319 
14720320 
14720322 
18490104 
18490105 
18490lC6 
18490107 
18490108 
18490109 
18490 II 0 
184901' 1 
18490112 
18490113 
184?0114 
18490115 

18490101 
18490103 
16500111 
16500205 
16500113 
14720425 
16500115 
16500117 
16500119 
16500121 
16500123 
14720511 
14720521 
14720522 
14720524 
14720525 

14720604 
16500201 
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GO TO 4 
61 IN#JN+ 1 

3C5 

50~ 
71 

IFIJN-N81 304,304,jCS 
DO 70 J # 1 I J I 
OOi"IIIIJ,JI 
SIGMA(J,ll#SIG~A(1 ,J)*EXPFI(EIJ)-E(I)I/TE~Pl*EII)/E(J) 

IF[SIGMA[J,I)-I.OE-20) 500,5::JC,71 
SIGMAIJ,I)#O.U 
CONTI~U[ 

70 CONT P.UE 
WRITE TAPE 2,TITLE 
WRITE TAPE 3.TITLE 
W~ITE TAPE 2,JI 
WRITE TAPE 3,JI 
vnITE TAPE 2,(EIJ),J#t,JIl 
riRlTE TAPE 3'(EIJ),J#I,JIl 
WRITE TAPE 2'(SE[J),J#I,JII 
WRITE TAPE 3'(SEIJI,JIJI,JI) 
WRITE TAPE 2'( ISIGMAIJ,I) ,!#I,JI) ,J#I ,JI l 
WRITE TAPE 3,1 [SIGMAIJ,Il ,I#I,JI),J#I,Jll 
WRITE OUTPUT TAPE 9,206,[TITlEII),I#1,12) 
WRITE OUTPUT TAPE 9,RC,JI 

BC FORr~ATl6HOSIZE,I6///2HO l 
WRITEOUTPUTTAPE9,81 

14720608 

16500203 
18490105 
18490107 
18490109 
184901 II 
16500207 
16500209 
165J0210 
16500212 
16500213 
16500215 
16500216 
16500218 
16500219 
16500323 
16500324 
18490101 
18490103 
18490101 
18490107 

131 FORf'lATII17HO ENERGY SOURCE ENERGY 
SOURCE 

SOURCE ENEI8490109 
IRGY SOURCE ENERGY 
2 ) 

J2I1JI/5+1 
00 82 !#I,J2 
KI!fI+J2 
K2#KI+J2 
K3#K2+J2 
Kl!ilK3+J2 

ENERGY 

H2 WRITE OUTPUT TAPE 9,83,EIIl,SEIll,E1KIl,SEIKI),EIK2l. 
1 S ElK 2 l ,E I K3) ,SE 1 K 3) ,E I K4) , SE 1 K4) 

83 FORMAT! 101 IPEI2.4)) 
DO 75 J#I,JI 
WRITE OUTPUT 
vlRITE OUTPUT 
WRITE OUTPUT 
DO 76 IIII,J2 
KIIII+J2 
K211K I +J2 
K311K2+J2 
K4!1K.hJ2 

TAPE 9,206,TITlE 
lAPE 9,2C9,EIJ) 
TAPE 9.210 

SOURCE/2HOl84901 II 
184901 13 
184901 19 
184901 17 
18490119 
18490120 
18490121 
18490122 
18490201 
18490203 
18490205 
16500303 
16500305 
16500306 
I 65W"' ~07 
16':iu (19 
16 5[j ~: I 
I 650r:.:; 12 
I 65[1, . .:\ ! 3 

76 WRITE OUTpUT TAPE 9,21',EtII,SIGMAIJ,II,EIKIl,SIGf'o'A[J,KII, 
IEIK2I,SIGMAIJ,K21,E(K3),SIGf"AIJ,K:S) ,E(K4),SIGMA(J,K4l 

16 :-;,l~ i 4 
165, ',! e 
16 SU :J3 20 
16500323 75 CONT I'JUE 

CASEI121#-100.0 
WRITE TAPE 2,CASE 
WRITE TAPE 3,CASE 
BACKSPACE 2 
BACKSPACE 3 
GO TO 4 

2CI FORMATl7El0.5) 
203 FORMATI17HOERROR STATEMENTlJl41 
2:";6 FORr-'ATIIIA6,F6.0) 
303 FORMAT(6EI0.4) 

18490101 
18490102 
18490103 

1650040 I 
14720610 
14720612 
16500 113 
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207 FCRMAT(4EIO.S) 
209 FaRMAT(16HOI~ITIAL ENERGY,IPEI2.51112HO ) 
210 FORMAT(109HO FINAL TRANSFER FINAL TRANSFER 

! TRANSFER FINAL TRANSFER FINAL TRANSFERI 
2111H ENERGY PROBABILITY ENERGY PROBABILITY ENERGY 
3lLITY ENERGY PROBABILITY ENERGY PROBABILITY/2HO) 

211 FORMAT(IPEI0.2.IPEI2.4,4(IPEI0.2.IPEI2.4" 
300 TITlEI 12)1/-100.0 

WRITE TAPE 2,TITLE 
WRITE TAPE 3,TITLE 
END FILE 2 
END FILE 3 
REWIND 2 
REWIND 3 
CAll EXIT 
END( 1.1,0,0,0,0,0,0,0,0,0,0,0,0,01 

16500316 
FINAL 16500415 

16500101 
PROBAB 16500417 

16500418 
18490116 

16500409 

165[10411 



III. IMB - An IBM 7090 Program for the Calculation of 
Neutron Spectra in Infinite Homogeneous Media 

Description of the Problem 

Prograr.: 1MB obtains a numerical solutio!! to the space independent 

Bol tzmann equation by r.1eans of a nonnalized extTapolated Gauss iteration 

scheme (NEG). From Eqs. (3) and (4) we have, 

E2 
J ¢(E') I:(E'~E) dE' + S(E) 
El 

¢(E) ;::; 

I: (E) a 

The (NEG) method requires that each iteration be normalized in the sense 

that the total absorptions are equal to the total source. Let the super

script m be an iteration index and ¢m(E) be a set of fluxes normalized in 

the above sense but not yet cO::lverged. We denote as ¢ (E) the set of c 
fluxes obtained by substituting ~(E) into the right side of Eq. (7). 
This new set is not nOTWRlized but ~ay be made so by multiplying by the 

m+l number ~ defined according to the neutron conservation condition, 

m+l 
E2 E2 

J ¢c(E) I: (E1 dE J S(E) dE , ( 8) 11 a J 
-

El El 

The set m+l ¢ (E) is normalized and would be the next approximation for ~ c 
the fluxes in a simple normalized Gauss iteration scheme. However, in 

the (NEG) method an extrapolation is made from the two sets ¢m(E) and 

Tlm+
l ¢ (E) to obtairc the next approximation, The (NEG) iteration method 

c 
can thus be stated, 

where a is a linear extr-apolation factor. Some experimentation is re

quired to find the optimum value for a, a value a -1.2 has been found 
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satisfactory for most IMS calculations, It is seen from Eq. (9) that 

fcr a ~ 1, the method reduces to a si~ple normalized Gauss iteration 

scheme, 

'l'he selection of the limits of integration in Eq. (7) is arbitrary 

(except that E2 > El )· However, they should be chosen in such a way that 

S(E) is easy tQ calculate. For example, in the calculation of theTI!lal 

I'e·~;.t:~on spectra, for which this program is most useful, El should be 

chosen low enough that L(E
l

-+ E), (E < E
l
), is negligible, and E2 should 

be ,:;hosen high enough that Z:(E-+E'), (E < E2 < E') is negligible and 

¢(E) in the region about E2 is reasonably well known. If these co:'1-

di t:l.ons are satisfied, S(E) is elementary to calcv.late, Program 'rKS, 

described in a latter section of this report,calculates the sourc:e te:rrrJ.3 

S(E) needed in Eq. (7). 

Integration Technique Used in the 1MS Program 

&'1 integration subroutine, SRl, has been written to evaluate the 

integrals required in Eq. (7). The choice of method is dete~ined 

largely by the nat:ure of the scattering l~ernel E~ E') which exhibits 

a sharp disconti!Eli ty at E ::: E'. FU.rthermore, for la:::'ge E values the 

kerclel decreases very rapidly when E' > E and has a rather second 

derivative. Because of these properties of the kernel, simple trapezoidal 

ir'.tegra tion was ect.ed as being teo inaccurate. Instead) a generalized 

! S rule int.eg:r'ation was developed and incorpGrated i'Gto the SRl 

iL':;egration subroutine. The SRl integration raethod does no":; :::,equ:'re 

e·:~ually spaced energy intervals, but does require an ODD rl1...1.m.ber of mesh 

Provision is made for avoiding the point. cf 

t.he kernel from falling wi thin a three point Si!l1psor. interval by defini:':"1.g 

twc sets of v.reighting fuc"ctio:J.s. The first set, to be u8ed when i c:f 

L,(E
i 

-+ E") is an ODD mesh point nurJ.ber, is obtained by simply applyil'.g 

Si:m;pson t s rule for unequal intervals. The second set., to be used when 

i is an even mesh point number, combines trapezoidal integration fo.;:" +;he 

two boundary intervals of the mesh with Sb:;pson I s rule integ:!:""atio!"'J. f:lr 

int.erior mesh intervals. These two sets of weighting functic"l!:'s are 

wher.. SRI is initially called and are stored in the core memory 

fo:c subsequent. repeated use. 



The mathematical formulation of the weighting functions is 

straightforward. We consider a parabola, y(x), which satisfies the 

three points (xl'Yl)' (x2 'Y2)' and (x
3

'Y3) of a Simpson interval. If 

we let 

and 

then 

and 

(10) 

(11) 

-A(a-l)3 A(a+2) (a-l) A(2a+l) (a-l) 
6a Yl + 6 Y2 + 6a Y3 . (12) 

Since the scattering kernel, ~ (E.~E ), k = 1,N, contains only one point s 1. OK 
of discontinuity, namely at k = i, it is always possible to arrange the 

repeated application of Eq. (10) so that the point of discontinuity falls 

on the boundary of a three point Simpson interval. If i is ODD, repeated 

applications of Eq. (10) will exactly cover the range of the variable EK 

since we require N to be ODD. If i is EVEN, however, there will be left 

over a two point interval at both the upper and lower boundaries of the 

mesh system. Integration over these intervals can be carried out either 

by means of Eqs. (11) and (12) or by the simpler trapezoidal method 

employed in the SRl routine. 

Macroscopic Absorption Cross Sections 

A subroutine (SIGMA) of the 1MB program is used to compute the 

required ~ (E) term of Eq. (7) for each point of the energy mesh. Two 
a 

different options are available. A. 2200 mls macroscopic cross secti8n 

may be supplied and a lifE energy dependence assumed or, alternatively, 

any arbitrary dependence of the absorption cross section may be used. 
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In t.he latter case, input data specifying the microscopic cross sections 

at an arbitrary set of energies is required. The energy mesh of the 

cross section data need not correspond to the energy mesh of the flux: 

calculation since a linear interpolation of the logarithm of the cross 

section against the logarithm of the energy is made by the SIGMA sub

rO''-1tine to obtain a' cross section value for a particular energy. This 

iYlterpolation is exact whenever the cross section can be expressed as 

some power ,.::f the energy. The sole requirement which the cross section 

energy mesh must fulfill is that its range must span the entire integra-

tion interval ~ E ~ E
2

, The SIGMA subroutine will compute the com-

posite macroscopic absorption cross section for each point of' the inte

gration int.erval by using up to seven different set,s of microscopic crc·ss 

5'8ct.:'ons and their corresponding number densities, This data must J of 

course, be supplied as input. We will compile, over a period. of time, 

a library of microscopic absorption cross section decks to be used as 

ir..put to either the IMS or ACS programs. (The ACS program is described 

i~ a latte~ section of this report.) 

Preparation of Input futa 

Ine input data required for an IMS calculation can be dtvided into 

t,-wo distinct parts, card input information, which is transferred to 

tape 10, and data obtained from the KERNEL LIBRARY ~APE, which 

is deSignated as logical tape 2. The card input data consists of the 

title of the calculation, parameters for the initial flux guess, iteraticn 

cont.rol numbers, cr,;)ss section data, and the KERNEL NUMBER of the kernel 

to be selected from the KERNEL LIBRARY TAPE. It is seen that the selec-

tio!'. of a kernel automatically specifies for the calculation an energy 

!llesh .• an b.tegration interval, a set of source values, S(E), and the 

~odel by which the transfer probabilities are calculated. The card 

data must be assembled in the following order: 

1, Card 1, Column I must contain a I-p~~cho Columns 2-72 may 

c,)l!tailL any alphabetic or numeric inforrnation which identifies the calcu

lation, These columns,together with the KERNEL title which is read in 

i'r:)1!1 logical 2J will be printed at the top of each page of output. 
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2. Card 2. Seven numbers are punched which give the following 

information. 

Fields 1 and 2. These contain a neutron temperature (oK) and 
a value of A for a modified Campbell-Freemantle initial guess 
for the spectrum. If T 0, then the initial guess for the 
flux is taken to be the converged flux from the previous case 
in the same run. 

Field 3. Each element in the table of transfer probabilities 
is multiplied by this number, Consequently this field should 
normally contain the macroscopic free atom scattering cross 
section or the atomic number density. An exception, however, 
is in the case where it is desired to run several calculatiGns 
using the same kernel without reading in the kernel anew each 
time. This re-reading of the kernel can be avoided by placing 
a zero in field 1 of card 3. If this is done, however, field 
3 of card 1 must then contain a 1.0 in order to retain the 
same normalization of the transfer probabilities as before. 

Field 4. Any no~-zero number in this field is used as the 
value at 0.0253 ev of a l/v cross section (in cm-l ). If this 
field is punched, then no cross section cards will be read and 
the problem will use the prescribed l/v cross section alone. 
Conversely, if this field is left bla~~, cross section data 
must be supplied. 

Field 5. This field is ignored unless field 4 contains zero 
or is blank. If field 4 contains zero or is blank, then this 
field must contain a number between 1.0 and 7.0 inclusive which 
states the number of sets of cross sections that are to be read 
in. 

Field 6. The convergence criterion is supplied in this field. 
Iteration will continue until the maximum fractional change in 
the flux at any point in the mesh is less than this number or 
until the maximum number of iterations specified in the next 
field has been reached. An acceptable convergence number, €, 
will depend on the particular problem to some extent, but a 
value from 10-3 to 10-4 should be satisfactory for most cases. 

Field 7. This field specifies the maximum number of flux 
iterations to be undertaken. If left blank the maximum number 
of iterations is automatically taken as 100. 

3. Card 3. Field 1 of card 3 contains the number of the kernel 

which is to be selected from the KERNEL LIBRARY TAPE and used in the 

calculation. A zero in this field will cause the same kernel used in the 

previous calculation to be re-used. In this case, however, field 3 of 

card 1 must contain a 1.0 to prevent a renor.nalizat1on of the transfer 

probabilities. (Unless, for some reason, a renormalization is desired.) 
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Field 2 contains the extrapolation factor, a, to be used in the normal

ized extrapolated Gauss iteration scheme employed in the flux iterations. 

An optimum choice of this factor can greatly reduce the running time of 

the program but is difficult to make without experience gained from 

several calculations. For initial runs, a factor a ~ 1.0 to 1.2 is a 

reasonable choice to make. 

4. Card 4. If field 4 of card 2 contains a zero or is blank, then 

this card must contain up to seven number densities (controlled by field 

5 of card 2) which are used to form a composite macroscopic cross section 

from t.he sets of microscopic cross sections which follow. Units are cm-ll 

barn. 

5. If the option of reading cross section cards has been 

select.ed in field 4 of card 2 and card 4 has been supplied, then cards 5 

must contain as many sets of microscopic absorption cross section decks 

as are specified in field 5 of card 2, and for which the normalizing 

factors have been supplied on card 4. A maximum of seven sets may be 

supplied and must be consistent in order with the number supplied on 

card 4. The format of these cards is as described for the cross section 

library for the ACS code. Fields 1 through 6 contain three pairs of 

numbers (less if required on the last card), giving values of the energy 

i~ electron volts and the cross section at that energy. Each card of a 

cross section deck must contain an identifying 4-punch in column 72,and 

the energy range specified by the deck must exceed the energy range over 

which a~ interpolation is to be made. A further requirement on the cross 

section decks is imposed by the method of reading in the data contained in 

the deck. The card records on logical tape 10 are read one by one and a 

running count is kept of the number of energy mesh point values. This is 

continued until a blank or zero number in an energy field (fields 1, 3 or 

5) is encountered. This blank signifies that the end of the cross section 

deck has been reached. Hence, to those cross section decks with a number 

of energy mesh points exactly divisible by three, a final card must be 

added with all blan~s for a 4-punch in colmnn 72. 
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Output 

To operate the program, an input tape is prepared on the card-to

tape converter using the input data described above. This tape is 

selected as logical tape 10 and, together with the kernel library tape 

selected as logical tape 2, constitutes all of the data input. Two ad

ditional tapes are required for the output. A pool tape is selected as 

tape 6 from which the deck of cards containing the energy mesh and com

puted fluxes are punched. A complete listing of the output is obtained 

from logical tape 9. This output consists of the following lines: 

l. Title of the flux calculation. 

2. Title of the kernel used in the calculation. 

3· Number of iterations, degree of convergence, extrapolation 
factor used. 

4. A list of the energy mesh points and the computed fluxes. 

If the calculation has failed to complete due to an error in the cross 

section deck, a test number 1M = 1 will be written on the output; for 

example, the error may be due to a missing 4-punch in column 72. If the 

failure is due to an insufficient energy range in the cross section deck, 

the number 1M = -1 appears in the output. 

A Fortran listing of the IMB program and associated subroutines, 

data forms, and the output for a sample case are given in the following 

pages. 



TEN DIGIT DATA FORM 
pROBLEM I REQUEST 

3325 
CODER DATE PAGE 

MET 10-29-62 1 
1 9 11 19 21 29 31 39 41 49 51 59 61 

~ IMS.-C~LUMl 

~ 
1 fs.-e '72...,;\ VA TT lART. Hi'¢R-I 

T( OK) I A .1:", XN I XNI 

XNK 

N1 etc. 

~ U(E::t,2 ~ U(~) E') U(E.,) 

etc. 
: 

........... 

Note: Car(s 4 and 5 are OI dttE d unless L:" ( =( .0. 

T( ".r\ n temperature~ The ini ~) = M(E) + 

L:s "" ... ~ - I tom macros( opi on. 

i L:c s value a th macroscopic ab orption crOf s s ction. 
I XN r of' micros( opi cross sect on ( ecks which. rill Ibe pro 

I € = r e of conveq'enc desired. 

XNI number a itc rattoo, ~ I 
XNK = e 1 umber of thE ke ne1 to be SE ec ed from the lib ary tape. 

r 
po1ation facitor ex = ]lxtr~ of the ite~ tio scheme. 

N, (etc.) = rAtOI p.c number dE nsi y of the cal jpone nt associatE dw th cross sec tiol deck 1 

- f----...... 

U I i 
UCN-.2U 

IMS INPUT DATA FORM 

of 1 
69 71 ... ~ . 1 

2 

F( ~). 

80 .......... ~ 

ss 

ck 

..........• 

on 
1 



PROBL.EM 

IMS 

CODER 

MET 
1 9 

1 E- IMS-SA "lPLE 

800.0 

2.0 

UCN 32153 
(3 1 t-e1) 

11 19 21 

PR¢BLEM.-S PEe 'I R1.lM-FR¢M--KER 

0.4 ·39752 
1.0 

TEN DIGIT DATA FORM 
REQUEST 

DATE 

10-29-62 
29 31 39 41 49 51 

~L- 2-.4 B/CA-FR =l.n 

.0331265 0.0 .0001 

SAMPLE PROBLEM INPUT 

3325 
PAGE 

1 of 

59 61 69 

0.0 

1 

71 73 

1 

2 

3 

80 

W 
\Jl 



IMS :;,AMPLE PROoLEM. SP~CTRUM FROM KERNEL 2 .4b/CA FR=1.0 

1 FG 600K A=12 MSH!.0001(161)5.0 S(APPROX. ) (GTP-31 2.00000 

NUI~oER OF ITERATI0NS= 48 MAXIMUM DIVERGENCE= 0.990E-04 EXTRAPOLATION FACTOR=l.OOO 

t.NERGY t-LUX ENERGY FLUX ENERGY FLUX ENERGY FLUX ENERGY FLUX 

10.0000E-05 7.2075<:-01 1.4100E-Ol 1.7394E 02 6.2600E-Ol 2.6129E 01 1.6900E 00 9.4099E 00 3.2600E 00 4.9180E 00 
1.8000E-04 1."973E 00 1.5300E-Ol 1.6222E 02 6.5000E-Ol 2.5068E 01 1.7300E 00 9.1947E 00 3.3200E 00 4.8201E 00 
3.0000E-04 2.1b20E 00 1.6500E-01 1.5085E 02 6.7500E-Ol 2.4057E 01 1. nOOE 00 8.9880E 00 303700E 00 4.7193E 00 
5.0000[-04 3.6028E 00 1.7800E-01 103917E 02 7.0100E-Ol 2.3096E 01 1.8l00E 00 8.7929E 00 3.4300E 00 4.6046E 00 
7.0000E-04 5.0426E 00 1.9100E-Ol 1.2827E 02 7.2700E-01 2.2212E 01 10 8500E 00 8.6023E 00 3.4900E 00 4.4831E 00 

10.0000E-04 7.2000E 00 2.0500E-01 101750£ 02 7.5300E-01 ".1399E 01 1.8900E 00 8.4280E 00 3.5400E 00 4.3699E 00 
1.4200E-03 1.0"14E 01 2.1900E-01 1.0772E 02 7.8000E-Ol 2.0616E 01 1.9300E 00 8.2461E 00 3.6000E 00 4.2994E 00 
2.1000E-03 1.5072E 01 2.3400E-01 9.8356E 01 8.0800E-01 1.9669E 01 1.9800E 00 8.0489E 00 3.6600E 00 4.3335E 00 
2.8200E-03 2.0179E 01 2.4900t.-01 9.0029E 01 803500E-Ol 1.9195E 01 2.0200E 00 7.8885E 00 3.7200E 00 4.3504E 00 
3.7000E-03 2.6558t. 01 2.6500L-01 8.2223E 01 8.6400E-01 1.8528E 01 2.0600E 00 7.7326E 00 3.7800E 00 403497E 00 
4.7000<.-03 3.j':81" 01 2.7500t.-01 7.7847::;. 01 8.9300E-01 1.790410 01 2ol100E 00 7.5626E 00 3.8400E 00 403318t: 00 W 
5.8000c-03 4.0763c 01 2.8100.0-01 7.5392c 01 9.22001::-01 1.7325E 01 2.1500E 00 7. 00 3.9000E 00 4.3024E 00 0\ 
7.0300t-03 4.094410 01 2.9000E-Ol 701939t. 01 9.5200E-Ol 1.6760E 01 2·2000E 00 7· 00 3.9600E 00 4.2600E 00 
,:304000,,-03 ~.7V17c 01 2.9700E-Ol 6.9424E 01 9.8200E-Ol 1.6243E 01 2.2400E 00 7ol184E 00 4.0200E 00 4.2141E 00 
9.84001:-03 0.60,3c 01 3.0700t.-Ol 6.608810 01 1.0100E 00 1.5774E 01 2.2900E 00 6.9687E 00 4.0800E 00 4.1534E 00 
1.1500E-02 7.609n 01 3. i400E-Ol 60390710 01 1.0400E 00 1.5323E 01 2.3400E 00 6.8246E 00 4.1500E 00 4.0906E 00 
1.3100E-02 8.6187E 01 3.2500t.-Ol 6.0737E 01 1.0700E 00 1.4869E 01 203800E 00 6.7043E 00 4.2100E 00 4.0257E 00 
1.6900t-02 1.06731'. 02 3.3200E-Ol 5.88571:: 01 1.1100E 00 1. 01 2.4300E 00 6.5734E 00 4.2700E 00 3.9617E 00 
2.1~00f:.-02 1.Lb97c 02 3.400010-01 5.6847E 01 1.1400E 00 1. 01 2.4800E 00 6.4393E 00 4.3400E 00 3.8943E 00 
2.5800E-02 1.4069c 02 3.4900(:-01 5.4723c:. 01 1.1700c:. 00 1.3585E 01 2.5300E 00 6.3158E 00 4.4000E 00 3.8255E 00 
3.1000E-02 1.6::>16E 02 3.6000E-01 5.2341E 01 1.2100E 00 1. 01 2.5800E 00 6. 00 4.4700E 00 3.7626E 00 
.;.6700':'-02 1.bl73t:. O:c 3.6tlOOE-01 5.0719E 01 1.2400E 00 1. 01 2.6300E 00 6.08 00 4.5300E 00 3.6966E 00 
4.2800E-02 1.9565E 02 3.8700E-01 4.7?65E 01 1.2800E 00 1.2428E 01 2.6800E 00 5.9694E 00 4.60001': 00 3.6369E 00 
4.9400t-02 "'.0684t. 0,0 4.06001:-01 4.4254E 01 1.3100E 00 .2119E 01 2.7300E 00 5.8665E 00 4.6600E 00 3.5765;: 00 
5.6400t.-02 2.149:;1'. 02 4.L600E-01 4ol500E 01 1.3500E 00 1.1782E 01 2.7800E 00 5.7639E 00 4.7300E 00 3.5165E 00 
6.4000E-02 2.2009E 02 4.4600E-Ol 3.9084E 01 1.3800E 00 1.1505E 01 2.8300E 00 5.6721E 00 4.8000E 00 3.4604E 00 
7.20001::-02 2.2212i: 02 4.6700tO-01 3.6863E 01 1.4200E 00 1ol200E 01 2.8800E 00 5.5745E 00 4.8600E 00 3.4129E 00 
tl.0500c-02 ".2127c 02 4.88001:-01 3.4898E 01 1.4500E 00 1.0953E 01 2.9400E 00 5.4676E 00 4.9300E 00 3.3719E 00 
8.94001::-02 2.178310 0" 5.1000E-Ol 3.3079E 01 1.4900E 00 1.0669E 01 3.0000E 00 5.3704E 00 S.OOOOE 00 3.4202E 00 
9.8900E-02 2.1Z01E 02 5.3Z00E-01 3.1455E 01 1.530010 00 1.0387E 01 3.0400E 00 5.2894E 00 5.2691E-Ol 7.2075E-01 
1.0900E-Ol 2.0415E 02 5.5500E-Ol 2.9940E 01 1.5700E 00 ).0125E 01 3.1000E 00 5.2020E 00 3.9273E-Ol 1.2973E 00 
1.1900t-Ol 1.9524i: 02 5.7800E-Ol 2.8575<:: 01 1.6100E 00 9. 00 3.1500E 00 5.1060E 00 3.0421E-01 2.1620E 00 
103000E-Ol 1.6474t. 02 6.0200E-Ol 2.7292E 01 1.6500E 00 9. 00 3.2100E 00 5.0152E 00 2.3564E-Ol 3.6028E 00 
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1MB FOR~RAN LISTING 
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C I~~. I~fINIT~ MtuIUM SP~CTR0M CODE. 18490103 
L! I pilt:N-:l I ON E ( 161 ) ,;, S ( J. 61 • 161 ) ,'J A ( 161 ) ,p HI' 161 ) ,C PHI ( 161 ) , 

1 SST ( 161 ) ,S , 161 ) ,AR G , 161 ) , D IF ( 161 ) ,XN S t 7 ) • T IT L E ( 12 ) , wo ( 161 ) ,\~ E , 161 ) 
100 READ INPUT TAPE 10,4 16500210 

WRIT~OUTP0TTAPE9'4 

4 FORfv',A T ( 72H 
1 

READ INPGT TAPE 10,I,T,XLAM,SSO,SAO,XN,EP,XNl 
1 FORMAT(7ElO.6)· 

READINpUTTAPEI0,43,XNK,FR 
43 FORMAT(2E10.41 

IF(XNK) 90,99,90 
90 REAJ TAPE 2,TITLE 

IF tM~SF(TITLE(12)-XNK)-0.01) 93,93,91 
91 DO 92 ! 1,4 
92 READ TAPE 2 

GO TO 90 
93 READ TAPE 2,N 

READ TAPE 2,(EIJ),J I,N) 
READ TAPE 2dS(J),J=1,N) 
R:'AD rAPe. 2,( (SStJ,I) d=l,N) ,J=l,N) 
DO 94 I=I,N 
WO ( I ) =0.0 

94 1'1 E ( i) 0.0 
99 NS=XN 

WRITE OUTPUT TAPE 9,95,ITITLEI!),I=I.12) 
95 FORMAT t1HOIIA6,F13.5) 

IF(XNI)2,2.3 
2 XNI 100.0 
3 Y;~=O.O 

50 D09J=1,N 
D010K l,N 

10 SS(J,K)=SS(J,K).SSO 
9 CONT I l~uE 

51 IFtSAO)52,53.52 
52 Cl=0.1590597*SAO 

D054J=I,N 
54 SAtJ)=Cl/SQRTF(EtJ) I 

GOT08 
53 READ INPUT TAPE 10,1,(XNS(J),J=I,7) 

D057J=I,N 
57 SA(J)=O.O 

D055K=l>NS 
LL=( 
CALL SIGMAIE,N,LL,LM,XNS,SA) 
IF ( LiVi) 36,55 d6 

55 CONTINUe: 
8 IFIT}llol2,1l 

11 ET=0.0253*T/293.6 
D013J= 1.N 
Pli I (J ) = ( E( J) I lET *E T ) ) *txp F (-E I J ) lET) 
IFIE(J)-2.0*ET) 13,13,14 

14 IF(EtJ)-5.0*ET) 15,15,16 
15 PHI(J) PHJ(J)+XLAM*(EIJI-2.0*ET)/(21.0*ET*ET) 

GOT013 
16 IF(E(J)-7.0*ET) 17,17,18 
17 PHI(J)=PHI(Jl+XLkiv1/(7.0*ETl 

GOT013 

16500118 

Hg88B~ 
16500121 
16500114 
IMS 0001 
IMS 0002 
16500108 
16500111 
16500103 
16500115 
16500117 
16500119 
16500123 
16500125 
16500201 
16500203 
16500205 
16500207 
16500208 
16500209 
16500101 
16500214 
16500115 
16500116 
16500117 
16500203 
16500205 
16500207 
16500209 
16500211 
16500213 
16500215 
16500217 
16500218 
16500201 
16500220 
16500221 
16500222 
IMS 0101 
1 ~1S 0101 
1"15 0005 
It·15 0102 
HAIN0223 
MAIN0225 
i'1AIN0301 
MAIN0303 
16500309 
16500311 
16500313 
HAIN0311 
16500315 
16500317 
MAIN0317 



18 PHI(J)"PHI(J)+XLAM/E(J) 
13 CONTI NUE 
12 DO 19J " 1 t N 

NJ=J 
D020K=1,N 

20 ARG(K)=SSIJ,K) 
CALL SRI (ARG,E,N,NJ,WO.WE,ANS) 

19 SST(J)=ANS 
D021J=!tN 
NJ=l 

21 ARG(J)=PHI(JI*SA(J) 
CALL SRI (ARG.E,N,NJ,WO~WE.TAI 
CALL SRI (S,E,N,NJ,WO.WE,TSI 
R=TS!T A 
D022J 1.N 

22 PHI(JI=PHI(J)*R 
40 D023J=I,N 

NJ=J 
D024L=1.N 

24 ARG(L)=~~(L.J)*Pr,I(L) 
CALL ~R1 (ARG.E,N.NJ,WO,WE,BS) 

23 CPHI(JI=(BS+S{JI)/(SAIJI+SST{J)) 
D025J=1 ;N 
NJ=l 

25 ARG(JI=CPHI(J)*S~(JI 
CALL SRI (ARG,E,N,NJ,WO,WE,TA) 
R=T5IT A 
D026J=1,N 

40 

26 CPHIIJ)=(1.0-FR)*PHI(J)+FR*R*CPHI(JJ 
D027J=1,N 
D I F ( J ) ,,2 .0* ( C PHI ( J J -P Hi (J ) ) I ( C PHi ( J ) + PHI ( J ) ) 

27 PHI(JI=CPHI(J) 
BIG=O·o 
5BIG=0.0 
D029J=ltN 
IFIAb~F(iJIF(J) )-8IGI29,29,30 

30 BIG=ADSF(DIF(J) 
SBiG=IJIF(J) 

29 CONTINUE 
YN=yN+1.0 
IF(XNI-YNJ 34,34,35 

34 FO=1.0 
36 NYN=YN 

CALLOUTM(PHI,E,SoIG,NYN,FR,LM.N) 
REWINLJ 2 
GOT0100 

35 IF(bl~-EPI36.36.40 
END(1'1.0.0.0.0.0,0.O,0.0.0.0,0,0) 

MAIN0319 
MAIN0321 
MAIN0401 
16500216 
MAIN0403 
MAIN0405 
16500218 
18490103 
MAl N0411 
16500220 
MAIN0413 
16500222 
16500224 
MAIN0419 
MAIN0421 
MAIN0423 
MAIN0425 
16500301 
MAIN0501 
i'1A 1 N0503 
16500303 
MAIN0507 
MAIN0509 
16500305 
~1AIN051l 

16500307 
MAIN0515 
~1AI N0517 
IMS 0008 
MAIN0521 
,"1AIN0523 
MAIN0525 
MAIN0601 
~IAIN0603 
MAINQ6Q5 
MAIN0607 
MAINOb09 
MAINObll 
f'-1AIN0613 
16500205 
16500207 
MAIN0623 
H1S 0010 
1"15 0011 

MAiNQ701 
f'-1AIN0703 
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( SRI. SIMPSONS RULE INTEGRATION WITH UNEQUAL INTERVALS. 
SUbROUTINE SRl(ARG.VAR.N.NJ,Wo,WE,ANSI 
DJiv'iEN::>!ON I~RG(161),VAR()611,WO(161),WE(161) 
ANS=O.O 
AJ=o·O 
I:lJ=O·O 
IFU',jJ-2 lHNJI2) )1,4t1 

1 D07J=l,3 
7 AJ=AJ+WOIJ) 

IF(AJ)3,2,3 
{' NNN (N-l)/2 

D08,~1=1 ,NNN 
J 1 =2l<1~-1 
J2=Jl+l 
J3=J2+1 
A=VARIJ2)-VAR(Jll 
AL (VAR(J3)-VAR(Jl))/A 
WO(JIJ=WOIJl)+A*AL*(3.0-AL)/6·0 
WOIJ2)=IAL**3)*A/(6.0*(AL-1.0)1 
\WIJ3) 12.0*AL-3.0)*AL*A/(6.0*(AL-l.011 

8 CONTINUe: 
3 i.1032J=1,N 

I (At<ll ( J ) ) 33 ,32133 
32 COfH I NUE 
33 JS",;=J 

D0351 1,N 
J=N-I"q 
IF(ARll(J) 134,35134 

35 CONTlI~UE 
34 JLA=J 

D014J=JSM,JLA 
14 ANS=ANS+ARG(JI*WO(J) 

GOT025 
4 D015J=l,3 

15 BJ=BJ+WE(JI 
!F(BJJ6,5,6 

5 WEI1l=IVAR(2)-VAR(1I1/2.0 
WEI21=Wl:(1) 
W IN)=IVARINI-VARIN-11)/2.0 
\-/E I N-l) =WE IN) 
NNN=IN-3)/2 
D019M=1,NNN 
Jl=2*iVl 
J2=JITl 
J3=J2+1 
A=VARIJ21-VARIJ1) 
AL=IVkRI~3)-VARI~1) I/A 
WEIJl)=~EIJl)+A*AL*(3.0-AL)/6.0 

WEIJ2)=(AL**31*A/16.0*(AL-l.0) ) 
WEIJ3)=WEIJ3)+(2.0*AL-3.0)*AL*A/(6.0*IAL-l.01) 

19 (ONT!i~UE 
6 D04z,J 1,N 

IFIAI'\vIJ) )43,42,43 
42 (ONT 1 ~~U 
43 JSf'~=J 

':>0451::: itN 
J=N-!+l 
!F(ARG(J))44,45,44 

18490106 
18490103 

18490106 
18490107 
18490108 
18490109 
18490111 
18490113 
18490115 
18490117 

18490302 
18490304 
18490306 
18490308 
18490310 
18490312 
18490316 
18490317 
18490318 
18490319 



45 CONTINUE 
44 JLA=J 

D024J =JS(vl, JLA 
24 ANS=ANS+ARG(J)*WE(J) 
25 RETURN 

END(l'l,O.O.Q,O.Q.O.O.O.Q.O.O.O,O) 
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18490515 
18490517 
18490519 

• 



C ~IG. MACROSCOPIC AbSORPTION CRO~S SECTIONS FOR IMS. 
SUbROuTINE SIGMA(E.N,LL.LM,XNS.SA) 
LJ 1 ~i E N ~ j ON E ( 16 1 ) , SA ( 161 ) ,5 E ( 1 61 ) .5 ( 161) • X N 5 ( 7 ) , D ( 7 ) 

1 NSEO=O 
2 READ INPUT TAPE1003.(D(J),J=1.7),JC 
3 FORMkT(7EI0.7.12) 
6·IC=I(+1 
5 IF(!(-5)31.6.31 
6 IF(NSc.O)9,7.9 
7 NSE=O 
8 NSEo"l 
9 uOI4J=1.5,2 

10 K=r>JSt: T (J+l1/2 
11 Sc.(K)=)(J) 
12 S(K)=U(J+l) 
13 IF(SE(K))14d7tl4 
14 CONTINUE 
15 NSE=NSE+3 
16 GO TO 2 
17 NSE=K-1 
18 LlO 20 J=l.NSi:. 
19 SE(JI=LOGF(Si:.IJ)) 
20 S(J)=LOGF(S(J») 
21 JfviI,,2 
22 D027K=1.N 
28 EN=LOllF(EIK)) 
2:" D026J"J;~I .NSE 
24 JI·,I=J 
25 IF(Sc.(J)-EN)26,27.27 
26 CONTI NUE 
3'\ L~,=-l 

27 ~~T~i~SA{K)+XNS(LL)*tXPF( «~EIJ)-EN).S(J-1)+IEN-
1 S E ( J-l ) ) ,<5 ( J ) ) I (5 E ( J ) -SU J-l ) ) ) 

29 LH=O 
30 GO TO 32 
31 L~'i=1 

32 RE TURI~ 
END(1'1.0,0.0.0.O.O.O.0.0.O.Q.0.0) 

18490104 
SIG 102 

SIG 104 
S IG 105 
SIG 106 
SIG 107 
S IG 108 
S 1 G 109 
SlG 110 
SlG III 
SIG 112 
SIG 113 
SlG 114 
S IG 115 
SIG 116 
SIG 117 
SIG 118 
SIG 119 
SIG 120 
SIG 121 
SIG 122 
SIG 123 
SIG 124 
SIG 125 
SIG 0108 
SIG 0109 
SIG 0110 
SIG 0111 
SIG 0112 
SIG 0001 
SIG 0002 
SIG 0113 
SIG 0114 
SIG 208 
SIG 209 
SIG 210 
SIG 211 
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OUTM. [M~ OU1PUT ~uBROUTINE. 
SUbROUTINE OUTM(PHI,E,SbIG.NYN,FR,LM,NI 
DIMENSION PHI1161l,E1161l 

1 IF(LMI2.5.2 
2 WRITE OUTPUT TAPE 9,3,LM 
3 FORMAT(18HOSIGMA FAILURE LM=!3) 
4 GO TO 24 
5 WRITE OUTPUT TAPE 6,6,(E{J).PHIIJ),J=1,N) 
6 FORMAT(1P6EI0.4,12H 5) 
7 ENDFILE6 
8 WRITEOUTPUTTAPE9,9,NYN,SbIG,FR 
9 FORMAT(22HONUMoER O~ ITERATIONS=I4.24H MAXIMUM 

1013,25n EXTRAPOLATION FACTOR=F5.3/2rlO 
11 WRIT~ OUTPUT TAPE9.12 
12 FORMAT(117HO ENcR~Y FLUX ENERGY 
131RGY FLuX ENERGY FLUX ENERGY 
142 ) 
15 NC=N/5+1 
16 D021J=1.NC 
17 K1=J+NC 
18 K2=K1+NC 
19 K3=K2+NC 
2('1 K4=K3+NC 
21 WRIT~OUTPUTTAPE9'23,(~(J).Prll(J).E(K1).PHI(K1). 

2? 1 E ( K2 ) • PH I ( K2 ) , E (K3 ) • Prl I (K 3) ,E ( K4 I • PH I ( K4) ) 
23 FORMAT(10(1PEI2.4)) 
24 RETURN 

END(1.1.0.0.0,O.O.0.O,0,O,0,O.Q,O) 

18490105 
OUTM0002 
OUTM0003 
OUTM0004 
OUTM0005 
OUTM0006 
OUTMo007 
OUTM0008 
18490101 
OUTMOolo 
OUH100 11 

DIVERGENCE=Ell.0UTM0012 
OUTM0013 
OUTM0014 

FLUX ENEOUTM0015 
FLUX 12 hOOUH·100 16 

OUTM0017 
OUTM0018 
OUTM0019 
OUH'10020 
OUTM0021 
OUTM0022 
OUTM0023 
OUTMQ024 
OUTM0025 
OUTM0001 
OUTM0002 



IV. TKS - An IBM 7090 Program for the Calculation of 
Source Terms for the 1MB Program 

Description of the Problem 

In Section I it is shown that reducing the range of integration in 

the space independent Boltzmann equation to a finite energy interval 

necessitates the introduction of a source function S(E) defined by Eq. 

(4) as 

00 00 

S(E) = J ¢(E') E(E' -+ E) dE' - ¢(E) J E(E-+ E~) dE~ + 
E2 E2 

El 
+ J ¢(E~) E(E'-+E) dE' - ¢(E) 

o 

El 
J E(E -+E') dE' . 
o 

It is noted in this expression for S(E) that the first two terms repre

sent the net number of neutrons (per cm3jsec) entering the finite energy 

interval El ~ E ~ E2 from energies greater than E2, whereas the second 

two terms represent the corresponding net number entering the interval 

from energies less than El • We select El close to zero so that the 

latter influx is negligible. The expression for the source function then 

becomes 

S(E) 
00 

J ¢(E") ~(E; -+ E) 
E2 

00 

dE~ - ¢(E) J ~(E-+ E~) dE~ . 

E2 

Program TKS evaluates Eq. (13) for each point of the energy mesh in the 

interval ~ ~ E ~ E2, using exact transfer kernels calculated by the 

GTP program. The resulting sources are then normalized to one net 

slowing down neutron (per cm3/sec). In order to do the calculation an 

energy transfer kernel must first be computed for an energy range spanning 

E2 .The lower limit of the kernel mesh must meet the requirement that 

downscatter from E2 is negligible and the upper limit must meet the 

requirement that downscatter to E2 is negligible. Three different options 

are provided for defining the function ¢(E) of Eq. (13); 
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1) ¢(E) may be read in directly as input data, 

2) ¢(E) = liE, 
3) ¢(E) p(E)/[~~s + 7~a(E)] E. 

Flux option 3 is based on the derivation of the resonance-escape prob

ability for slowly varying capture given in Ref. 4. The resonance

escape probability peE), where 

P(E) (14) 

as well as sand 7 are calculated automatically by the code if optiO:1 3 

is selected. If flux option 3 is selected there are three different 

options available for the :E (E) quantity appearing in Eq, (14), These a 
absorption cross section options are: 

~ (E) :::: 0, 
~a(E) :::: :E2200 m/s~E2200 

a a E' 

~ (E) 
a 

is read in directly. 

As in the IMS code, integration is done by the SFl subroutine which uses 

Simpson I s rule with unequal intervals. This imposes the requirel'itent that 

the total number of energy mesh points in the source kernel be odd and 

also that the value E2 is an odd numbered mesh poir..t. 

It is worth noting that if suitable simplifying assumptions are made, 

Eq. (13) may be solved analytically. Such an approach to the prcble:!l1 of 

calculating source terms for the IMS code may be as useful for many 

problems as the more complex procedure embodied in the TKS program. If 

E2 is in the energy region where the flux has a liE energy dependence 

and is sufficiently high that upscatter is negligible, then neutron co1-

1i5io!18 are essentially with ato!:1s at rest and obey the sim:ple mechaGics 

of elastic scattering. Under these conditions the energy transfer k,ernels 

of Eq. (13) have the simple form: 

1) P(E-+E') == ° when E < E", 

1 >,:! 

2) peE' -+ E) -- (l-a)E' when aE' ~ E ~ E', 

3) peE' -+ E) = 0 when E < aE;, 



where a (!~i)2 is the familiar parameter describing the maxi~um 
fractional energy loss in elastic collisions. Equation (13) then 

bec:o:r::es 

E/a 

S(E) f 1 dE' 1 1 a 
:::: E" . (l-a)E' "" - E] . 

E 2 

We i::nPOS2 a normalization of one net slowing down r::.eutron (per cm3/sec) 

t.:; 0btain 

S(E) = (16) 

IMS co::nputed fluxes based on sources computed from Eq. ( ) exhibit small 

perturbations in the region from a:E2 to E2 . However, if E2 is of the 

order of several electron volts, this perturbation is of minor signifi-

cance. 

Preparation of Input Data 

To operate the TKS program an input tape is prepared on the card.

to-tape converter using the data cards described below. This tape is 

selected as tape 10 and together with the KERNEL LIBRARY TAPE selected 

as logical tape 2 constitutes all of the data input. An additional tape 

selected as tape 9 is required for output. The card input data are 

on the Ten Jigit Data Form with the same freedom of format as 

is described in the section dealing with the G'rp program. The set of 

i~put cards which is tJ be transferred to tape 10 must be assembled in 

-:he followi:clg order: 

1. Card L C,;lurnn 1 must contain a I-p1L11.ch. Columns 2-72 may 

cccltain any alphabetic or c;.umeric information which identifies the calc

ulaticm. This info~.atio:cl, together with the KERNEL title read in from 

cal tape 2, is at the top of each page of output. 

2. Card 2. Seven. numbers are punched which give the following 

irfor::nation: 

Field 1. Er:ergy r::tesh number corresponding to 
be an ODD n~nber. 

lliis must 
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Field 2. Macroscopic free atom scattering cross section of 
the moderator. 

Field ). Macroscopic 2200 m/s absorption cross section. 

Field 4. Atomic mass of the scatterer. 

Field 5. Number of the kernel to be selected from the KERNEL 
LIBFARY TAPE and used in the calculation. 

Field 6. Flux option number as described on page 46. 
Field 7. Absorption cross section option as described on 
page 46. 
Card 2' If the absorption cross section option SAPPT 3·0 is 

selected~ cards 3 must contain the values of the macroscopic cross 

section for each energy point of the KERNEL mesh. Seven fields per card 

are required with as many cards as are necessary to read in all of the 

crOEs section v~lues. 

If flux option PPT = LO is chosen, cards 3 must contain the fluxes to 

be read in. Again, seven fields per card are required with as many cards 

allowed as are necessary to supply a flux value for each point of the 

KERNEL energy mesh. 

wtput 

~ne output is listed from tape 9 and contains the title of the calc

-ulation, the title of the kernel used, and a list of the energies, fluxes, 

and sources for each mesh point. In addition, the normalizing factor 

which ~~s applied to the calculated or read in fluxes to make the source 

Lormalization equal to one net slowing down neutron (per cm3/sec) is 

listed as ASYMPTOTIC FLUX. 

The Fortran listing of the TKS program and associated subroutines, 

data forms, and output for a sample problem are illustrated in the fol

Imving pages. 

.. 



TEN DIGIT DATA FORM 

TKS 
i 3325 

CODER DA'CE PAGE 

MET 10-29-62 1 of 1 

1 9 11 19 21 29 31 , 39 _41 ____ f----49'-4-5=-:1 ___ ----I_5:..:.9--t-=6c.:..1 ____ +-=-169'--1---'.7..:..1 -l-'-7~3 __ -=-=-80 

1 ... C¢LUMl'i&-2 72-AVAILABLJf-F¢ !-IDENTIFICAHPN ~F...JI'HFr-CALCl!LATrpN---+--+-----+-+-___ -+L--+-~ 1 
A SS I -_ r- SA - AM --XNK---+---+--¢-PT----+---f--·--S-A-rp-P-T---+------f----2-~-

SA(l) SA(2) etc. 3 1 

or) , 
~l~P_H_I(~1~)~--~~-~--P--~H-I(-2:--)+--+---e-t-c.-_+-4_---__ ~ __ 

! : 
3 

I I : 
I I i --+----------t---j~------t----f-------+---+--- ----+----.-- -----
I i 

A = ~er cr mesh numbE r « DD) of the } ern ~:orrespon$.::g to E? 

SS = 1-facr scopic scat eri g cross sec ion of the medi~. I 
------+-+-~-----r--~~---+--+-----~--t-------~--~·-------+~-+-----4---~-r--.---

SA = MacI'l scopic abso jPtic n cross sec ion at 2200 ml s of he medium. i : 

AM = tom: c mass of tl e me derator. - i --- : i 

XNK - ~r~~~~.~~~ed·~be--~-l-c-~-a-t-~+n-.4-----~~----~:~~--__ ~I~_~_--
rpPT = lux option = 1.( -+ Read ~(E)dj~f1Y I : I 

- 2.( -+ ¢(E) 1.01 --f-~-----+I---t------f~·---+------r--+--------+--t--+ 

------+--- - ~- -----
3.( -+ ¢(E) = peE) [~L + lL,,(E)] I 

SAljJPT = ~(E option = 1 ° -+ Set La(E) = Jo.'-----'0't'-------"'-'--'--'--+--t----+----J.--·------+--·-I--------+-
1
---+-

I 2,0 -+ LatE) = L;21°_-+--VE_ow.:./._E ___ -+---+ ______ II--___ +__------+--.+--------r~-__t--+__----
= 3'0 -+ Read La(E) 4ire :tly I i 

I I I i --f----------t--b------+--+-
I 

: 

I 

TKS INPUT DATA FORM 

I 
1 

I 

I 

I 



TEN DIGIT DATA FORM 
PRoeLEM I REQUEST 

3325 
CODER DATE 

10-29-62 
PAGE: 

MET 1 of 1 
1 9 11 19 21 29 31 39 41 49 51 59 61 69 71 73 80 .-.. . --C-.. 

:PR¢BLEM. - is¢Ul 1 ~ TKS.-B ,,,, ... CE&-FR¢M-m !1'fEL 3.-FLUX=ljE 1 
':~~ 

89.0 0.3974 ! 100.0 12.0 3·0 2.0 1.0 2 
.-.. ~~-. 

: ! 

I .. ! 

I ! 

.. _. 

.. - .. ~~ . .~-. 

I ! 

I i 
I ! 

.. ~-

: 
! 

.~--

! 

.~.--

I .• 

-.- _. 

i I 
uc N-32G3 

SAMPLE PROBLEM INPUT 
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TKS SA~PLE PFWi3LEI~. SOURCES FRQ;4 KERNEL 3. FLUX=l/E. 

1 ( FG 60C K A=12 MSH(1.49(161)13EV) TKS SOc;RCE KERNEL 3 3.00000 

E ,',ERGY FLUX SOURCe ENERGY FLUX SOURCE 

i.4900E 00 l.ll72E 01 o. 4.7700E 00 3.4898E 00 1.0849E 00 
1.5300= OC I.OS80E 01 O. 4.8000E 00 3.4680E 00 1.I027E 00 
1.5700E 00 1.0603E :)1 O. 4.8300E 00 3.4464E 00 1.1195E CO 
1.610DE 00 I.0339E 01 O. 4.8600E 00 3.4252E 00 101525E 00 
1.6S00E 00 1.OO89E 01 O. 4.9000E 00 303972E 00 lol726E 00 
1.6900E 00 9.8499E 00 O. 4.9300E 00 3.3765E 00 1.l842E 00 
1.7300E 00 9.6222E 00 O. 4.9700E 00 3.3494E 00 1.2006E 00 
1.7700E 00 9.4047E 00 O. 5.0000E 00 3.3Z93E 00 1.1962E 00 
1.BIODE 00 9ol969E 00 O. 5.0500E 00 3.2963E 00 O. 
1.CSOOE 8.9980E 00 O. 5.1000E 00 3.2640E 00 O. 
1.8900E 00 S.8076E 00 O. 5.1500E 00 3.2323E 00 O. 
1.9300E 00 8.6250E OJ O. 5.2000E 00 3.Z012E 00 O. 
1.9S00E 00 8.4072E CO O. 5.2500E 00 3.1707E 00 O. 
2.0200E 00 8.2408E 00 O. 5.3000E 00 3.1408E 00 O. 
2.0600E 00 8.0B07E 00 O. 5.3500E 00 3.1115::: 00 o. 
2ol100E 00 7.8893E 00 O. 5.4000E 00 3.0s27E 00 O. \.n 

ZolSOOE 00 7.7425E 00 O. 5.4500E 00 3.0544E 00 O. I-' 

2.2000E 00 7.5665E OC O. 5.5000E: 00 3.0266E 00 O. 
2.2400E 00 7.4314E 00 O. 5.5500E 00 2.9993E 00 O. 
2.2900E 00 7.2691E 00 O. 5.60aOE 00 2.9726E 00 O. 
2.3400E 00 7.1138E 00 O. 5.6500E 00 2.9463E 00 O. 
2.3800E 00 6.9943E 00 O. 5.7000E 00 2.9204E 00 O. 
2.4300E 00 6.8503E 00 C. 5.7500E 00 2.8950E 00 O. 
2.4800E 00 6.7122E 00 O. 5.eOOOE 00 2.8701E 00 O. 
2.530JE 00 6.5796E 00 O. 5.8500E 00 2.8455E 00 O. 
2.5800E 00 6.4521E QO O. 5.9000E 00 2.8214E CO O. 
2.6300E 00 6.3294E 00 O. 5.9500E 00 2.7977E 00 O. 
2.6800E 00 6.21l3E 00 C. 6.00CCE 00 2.7744E 00 O. 
2.7300E 00 6.0976E 00 O. 6.0500E 00 2.751SE 00 " v. 
2.7800E 00 5.9879E 00 O. 6.1000E 00 2.7289E 00 • 
2.8300E 00 5.8821E DC O. 6.1500E 00 2.7067E 00 O. 
2.8800E 00 5.78QOE 00 1.2826E-04 6.2000E 00 2.6849E CO O. 
2.9400E 00 5.6620E 00 8.6940E-04 6.2500E 00 2.6634E 00 O. 
3.0000E 00 5.5488E 00 2.4573E-03 6.3000E 00 2.6423E 00 O. 
3.040:)E 00 5.4758E 3.4108E-03 6,3500E 00 2.6215E 00 O. 
3.1COOE 00 5.3698E ')0 6.7076E-03 6.4000E 00 2.6010 E 00 O. 
3.1500E 00 5.28f+5E 00 1.0086E-02 6.4500E 00 2.5808E 00 O. 
3.2100E 08 • ISSSE 00 1.6210E-02 6.S000E OJ 2.5610E OC O • 
3.Z600E 00 5.1052E 00 2.2831E-02 6.5500E 00 2.5414E 00 O. 
i.3200E 00 5.0140E 3.4443E-02 6.S000E 00 2.5222E 00 O. 



TKS SM~PLE PROS LEr~. SOURCES FROM KERNEL 3. FLUX=I/E. 

1 IFG &00 K A=12 MSHll.4911&1113EVI TKS SOURCE KERNEL 3 3.00000 

ENERGY FLUX SOURCE ENERGY FLUX SOURCE 

3.3700E 00 4.939&E 00 4.6527E-02 &.&500E 00 2.5032E 00 O. 
3.4300E 00 4.8532E 00 &.378&E-02 &.7000E 00 2.4845E 00 O. 
3.4900E 00 4.7697E 00 8.5918E-02 &.7500E 00 2.4&&IE 00 O. 
3.5400E 00 4.7024E 00 1.0726E-01 &.8000E 00 2.4480E 00 O. 
3.&000E 00 4.6240E 00 1.38&8E-01 6.8500E 00 2.4301E 00 O. 
3.&300E 00 4.5858E 00 1.5474E-01 6.9000E 00 2.4125E 00 O. 
3.6&00E 00 4.5482E 00 1.7383E-Ol 6.9500E 00 2.3952E 00 O. 
3.6900E 00 4.5112E 00 1.9305E-Ol 7.0000E 00 2.3780E 00 O. 
3.7200E 00 4. l ,748E 00 2.1223E-01 7.1250E 00 203363E 00 O. 
3.7500E 00 4.4390E 00 2.3454E-Ol 7.2500E 00 2.2960E 00 O. 
3.7800E 00 4.4038E 00 2.5&70E-Ol 7.3750E 00 2.2571E 00 O. 
3.8100E 00 4.3691E 00 2.7851E-Ol 7.5000E 00 2.2195E 00 O. 
3.8400E 00 4.3350E 00 3.0348E-Ol 7.62,OE 00 2.1831E 00 o. 
3.8700E 00 4.3014E 00 3.2796E-Ol 7.7500E 00 2.1479E 00 O. 
3.9000E 00 4.2683E 00 3.5173E-01 7.8750E 00 2.1138E 00 O. 
3.9300E 00 4.2357E 00 3.7867E-Ol 8.0000E 00 2.080BE 00 o. 
3.9600E 00 4.2036E 00 4.0334E-Ol 8.1250E 00 2.0488E 00 O. 
3.9900E 00 4.1720E 00 4.2975E-01 8.2500E 00 2.0177E 00 O. 
':".0200E 00 4.1409E 00 4.5794E-Ol 8.3750E 00 1.9876E 00 O. VI 

4.0500E 00 4ol102E 00 4.8337E-Ol 8.5000E 00 1.9584E 00 o. I\) 

4.0800E 00 4.0800E 00 5.1045E-Ol 8.6250E 00 1.9300E 00 O. 
4.l100E 00 4.0S02E 00 5.392SE-01 8.7500E 00 1.9024E 00 O. 
4.1500E 00 4.0112E 00 5.7327E-Ol 8.8750E 00 1.8756E 00 O. 
4.1800E 00 3.9824E 00 6.0041E-Ol 9.0000E 00 1.8496E 00 O. 
4.2100E 00 3.9540E 00 6.2933E-01 9.1250E 00 1.8243E 00 O. 
4.2400E 00 3.9260E 00 &.5440E-01 9.2500E 00 1.7996E 00 O. 
4.2700E 00 3.8984E 00 6.8117E-01 9.3750E 00 1.7756E 00 O. 
4.3000E 00 3.8712E 00 7.0976E-Ol 9.5000E 00 1.7522E 00 O. 
403400E 00 3.835&E 00 7.4425E-01 9.&250E 00 1.7295E 00 O. 
4.3700E 00 3.8092E 00 7.6810E-01 9.7500E 00 1.7073E 00 o. 
4.4000E 00 3.7833E 00 7.9&12E-01 9.8750E 00 1.6857E 00 O. 
4.4300E 00 3.7576E 00 8.1933E-Ol 1.0000E 01 1.6646E 00 O. 
4.4700E 00 3.7240E 00 8.5199E-Ol 1.0400E 01 1.6006E 00 O. 
4.5000E 00 3.6992E 00 8.7928E-Ol 1.0800E 01 1.5413E 00 O. 
4.5300E 00 3.6747E 00 9.0380E-Ol 1.1200E 01 1.4863E 00 O. 
4.5600E 00 3.&505E 00 9.2539E-Ol 1.1600E 01 1.4350E 00 O. 
4.6000E 00 3.&188E 00 9.5895E-01 1.2000E 01 1.3872E 00 O. 
4.6300E 00 3.5953E 00 9.8242E-01 1.2400E 01 103424E 00 O. 
4.6&00E 00 3.5722E 00 1.0027E 00 1.2800E 01 1.3005E 00 O. 
4.6900E 00 3.5493E 00 1.0284E 00 1.3000E 01 1.2805E 00 o. 
4.7300E 00 3.5193E 00 1.0596E 00 O. 1.4082E-Ol 1.ll72E 01 

ASYMPTOTIC FLUXc 1.664~E 011E 
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TKS FORTRAN LISTING 

I-
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C TKS. TRANSF~R Kt.RNtL SOURCES (OUE. 
U I iVIl:.I~::' I ON E( 16 1 ) • S 1 ( 16 1 ) • S I G ( 1 6 1 • 16 1 1 , F ( 16 1 ) • A R G ( 16 1 J , 

1 WO ( 161 ) ,WE ( 161) • Tl T Ll:. ( 12 I • SI-IE ( 161 ) t VAR ( 161 ) • HEAD ( 12 ) 
100 READINPUTTAPE10.3,H~AU 

2 FORiv1 t-\T.(7ElO.2J 
3 FORtv1A T ( 12A6) 

READINpUTTAPl:.IO.4.A,::'S.5A.AM,XNK,OPT,SAOPT 
4 FORtvlAT (7::10.4) 

90 READTI-IP~2.TITLE 
IF(Ac~F(TITL~112)-XNKI-0.01)93,93,91 

91 D092I=lt4 
92 READThPE2 

GOT090 
93 READTAPE2.N 

READTl-lpc2,IEIJ).J=1,N) 
RtADTI-IP~2, (Sl(J) ,J=l.NJ 
REAUTAPt:.2. ((;;,IGIJ,K) .K=bNI .J=l.'~) 

99 D094I=1,N 
WOIII=O.O 

9 [, \'1 E ( I J = 0 • 0 
NSA=;;'I-IOPT 
IF(NSA-2J71.96,95 

71 D072J=1.N 
72 SAE(J)=O.O 

GOT098 
96 D0971=1.,\J 

C1=0.1590597*SA 
97 SAE(Il=ClISQRTFIEIIJ) 

GOT096 
95 R~AU1~P011APc10.2.I~Atll).I 1.NI 
98 NA=A 

I\J I =N-NA+ 1 
CALLfLU~lt.~~.~Ac.AM.N,OPT'HO,wE,FI 

14 DOlOJ=l.NA 
D09K=1,NI 
L=NA+K-l 
VAR(KI=EILI 

9 ARG(K)=SIGIJ.L) 
CALL~Kl(ARG.VAR,NI,NA,WO.WE,ANSJ 

10 SlIJ)=-ANS*F(J)*SS 
DOI2J=1.NA 
uOllK=l ,N I 
L=NA+K-1 
VAR I K) =E (LJ 

11 ARG(K)=SIG(L,J)*F(L) 
CAlLSK1IARG,VAR.NI,NA.WO.WE,ANS) 

12 Sll~)=SlIJl+ANS*SS 
D0200J=1.NA 

ZOO \.;QIJJ=O.O 
CALl~k11::'1,E,NA.NA,~O.WE.ANS) 

A\S=1·0/A% 
u013J=1,NA 
FIJ)=rIJP,ANS 

13 S1IJI=SlIJl*ANS 
.K.K=r~i-\+l 

iJ0300J=KK,N 
~1{jl=O.O 

30n F(JI=F(J)*ANS 

18490111 

TKS10002 
18490105 
TKS10003 
TKSI 0 110 
TKS10112 
TKSI0114 
TKSI0116 
TKS10118 
TKS10120 
TKS10122 
TKS10124 
TKS10201 
TKS10203 
TKSI0205 
TKSI0207 
TKSI0209 
TKSI0211 

ZA01 
2A02 
2A03 
ZA04 
zA05 

TKS102Z3 
TKS10224 
TKSI0225 
TKS10302 
TKSI0304 
TKS10306 
TKS10308 
TKS10004 
TKS1031Z 
TKS10314 
TKSI0316 
TKS10317 
TKS10318 
TKS10320 
TKS10322 
TKSI03Z4 
TKSI0402 
TKS10404 
TKSI0405 
TKS10406 
TKS10408 
TKSI0410 
T,<S10412 
TKSI0414 
TKSI0416 
T<S 0001 
TKS 0002 
TKS 0003 
TKS 0004 
TKS 0005 
TKS 0006 
TKS 0007 
TKS 0008 



CALLOUT(~.Sl.ANS.N.F.hEAD,TITLE) 

REWINu 2 
GOTOIOQ 
END(l'l·Q,Q,Q,Q,u.Q.Q.Q,Q,Q.Q,Q.Q) 

TKSIOQQ5 

TKSI0424 
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C FLUX. FLUXES FOR TRANSFER KERNEL SOURCES. 
~UjROUTINEFLUXIE.~~.~AE,AM,N,OPT'WO,WE,FI 
DliVIEN~I'JN E(161),S~t.1161),WO(161),viE(161),F(161), 

1 ARGU I 3) ,ED I 3 I ,DEi~OM I 161 ) , R 1 I 161 ) , PI 161 ) tAR G ( 161 ) 
NOPT=OPT 
IFINOPT-2)1.2,3 

1 READ INPUT TAPE 10.20.IFIJ),J=1.N) 
20 FORMMT(7E10.4) 

GOTOIOO 
2 D04J=1,N 
4 IJ)=1.01EIJ) 

GOT0100 
3 Zl (IAM+1.01/IAM-l.O»)**2 

Z2 1.0/(Zl-1.0) 
Z3=LO\.:>FIZl) 
XI=1.0-Z2"Z3 
Z4=Z2"<Z 3"Z3 
GAM=1.O-L4/12.0"XI) 
D05J=1,N 
DENOMIJ)=XI*SS+GAM*SAE(J) 

5 ARGIJ)=SAEIJ)/IEIJ)*DENOMIJ)) 
NTR::O 
RIIN)=O.O 
PIN) 1.0 
LL= I N-lll2 

10 D09K=1.LL 
I=N-2:( 
D08L 1.3 
KK=I+L-1 
ARGUIL)=ARGIi<.i<.) 

8 t:DILl EIKi<.) 
NT=3 
CALLSKIIARGU,ED.NT,NT.WO.WE,ANS) 
DOllJ:1t3 

11 1'10 I J) 0.0 
H=I+2 
Rl (l )=Rl U.,)+ANS 

Q P(I)=EXPFI-RIII)) 
IFINTI-Q12d3,12 

13 LL LL-l 
N N-1 
R 1 ( N) I I AR G I f~ ) +AI~G I IH 1 ) ) 12.0) * ( E (N+ 1 ) -E IN) ) 
P([,) t::XPF(-RI IN)) 
NTR=l 
GOTOI0 

12 N=N+l 
D014J 1.{\j 

14 FIJI=PIJ)/IEIJ)*DENOMIJI) 
100 R:'TU:~N 

ENDll·l,O,Q.O,O,Q,O,Q.Q,O,O,O.O,O) 

18490113 
FLUXOOOI 

FLUXOI09 
FLUXOlll 
18490101 
18490103 
FLUX0115 
FLUX01l7 
FLUX01l9 
FLUX0121 
FLUX0123 
FLuX0125 
FLUX0202 
FLuX0204 
FLUX0206 
FLUX 208 
FLUX0210 
FLUX0212 
FLUX0214 
FLUX0216 
FLUX0218 
FLUX0220 
FLUX0222 
FLUX0301 
FLUX0303 
FLUX0305 
FLUX0307 
FLUX0309 
FLUX0311 
FLUX0313 
FLUX0315 
FLUX0317 
FLUX0319 
FLUX0321 
FLUX0323 
FLUX0325 
FLUX0402 
FLUX0404 
FLUX0406 
FLliX0101 
FLUXOI02 
FLUXOI03 
FLUXOI04 
FLUXOI05 
FLUXOI06 
FLUX0418 
FLUX0420 



C OUT. TKS OUTPUT SUBROUTINE. 
SU6RouTIN~00T(E,~.ANS'N.F,HiAD.TITLE) 
i.lIHENSION E(161).S(161),F[161),HEADI12).T1TLEI12) 
NN=l 

32 WRIT~OUTPLTTAPE9.30'(H~AD(I).1=1'12) 
30 FOF<tJA T ( 12M) 

WRiT~OUTPUTTAPE9'31,(TITLEII),I=I,12) 
31 FORi',11-1 1 11H011A6,F13.5) 

WRITEuuTPUTTAPE9,14 
14 FORMAT(ZHO 11108H ENERGY FLUX 

1 ENERGy FLUX 
Z) 

IFINN-l)33,33.34 
33 J2=N/2+1 

DOI5J=1,J2 
I'lL=J+1 
K=J2+J 

SOURCE 
SOURCEI2HQ 

.,RITt. O:.J1PlJT TAP:::' 9'16.(~(J),F(J),S(J), (K),f(K),S(K)) 
iFINL-40115,15.18 

15 CONTINUE 
16 FORMAT{IH 1PEI9.4,IP~15.4,lPE15.4,lPE30.4.1PE15.4, 

llPE15.4) 
18 NN=2 

IF(N-80)Zl.21dZ 
34 D020J=NL,J2 

K=J2+J 
20 \,i R I T i:. Uu T PuTT AP E 9' 16 , ( E ( J ) ,f ( J ) , S ( J ) ,E ( K ) • F ( K) .5 ( K I ) 
21 WRITE OUTPUT TAPE9,17,ANS 
17 FOR~AT(2HO /117HOASYMPTOTIC FLUX IPE12.4,2H/E) 

RETURN 

18490112 
OUT 0001 

OUT 0003 
OUT 0004 
OUT 0005 
OUT 0006 
OUT 0007 
OUT 0108 
OUT 0110 
OUT 0112 
OUT 0114 
OUT 0008 
OUT 0009 
OUT 0118 
OUT 0120 
OUT 0122 
18490107 
OUT 0201 
OUT 0203 
18490101 
OUT 0011 
OUT 0012 
OUT 0013 
OUT 0014 
1849010Z 
OUT 0015 
18490104 
OUT 0217 
OUT 0016 
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V. ACS - An IBM 7090 Program for the Calculation of 
Flux Weighted Cross Sections 

Description of the Problem 

This section describes a program which has been written to perform 

the numerical integrations encountered in the calculation of spectrum 

averaged cross sections, In general, the two integrals which are done 

are: 

REACTION ::::: J aCE) ¢(E) dE, 

FLUX ::::: J ¢(E) dE . 

These integrals are done by fifth order Gaussian quadrature with either 

the Campbell-Freemantle analytic form for the neutron flux or with an 

arbitrary form for the flux which may be specified in the input by giving 

a table of flux versus energy. In all cases the cross section is speci

fied by giving a table of cross section versus energy. 

where 

and 

The analytic form for the flux as given by Campbell and Freemantle is 

¢(E) = M(E) + A F(E) , 

M(E) 

F(E) ;:;; 

;:;; 

::::: 

E 

1 
E 

E exp(- -) 
kT 

E ~ I-lkT 

< i3kT = E < I-lkT 

(E - akT) 

1-l(i3-a ) (kT)2 
akT ~ E < i3kT 

o E < akT 
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The spectrum is characterized by the five parameters T, a, ~, ~, 

and A which are all input numbers. 

By providing the appropriate input numbers, as described. later, the 

energy range is broken into 1 to 50 major intervals within which the 

following integrals are calculated: 

= 

TF 

= 

EF = 

fM(E) aCE) dE , 

f M(E) dE , 

f F(E) aCE) dE , 

f F(E) dE . 

The numerical mesh for the integration is determined by specifying in the 

input data the number of subintervals into which the 1 to 50 major inter

vals are to be divided. In each of these subintervals a fifth order 

Gaussian quadrature is done to obtain the required integrals. The cross 

section is computed at the necessary points by interpolating in the table 

of cross section versus energy which is supplied as input. A linear 

interpolation of the logarithm of the cross section against the logarithm 

of the energy done so that the interpolation gives the exact value if 

the cross section is expressible as a power of the energy (as, for 

example, with a l/v cross section). If the analytic form of the flux is 

not used, the same interpolation is done with the flux table. Care must 

be taken that no flux or cross section values are negative o~ zero. 

Preparation of Input Data 

The input data for a calculation consist of one or more cards as 

described below. Except for the title card, each data card must contain 

a number between 00 and 05 in columns 71-72. This serves as data identi

fication to the reading routine. 

1. Title Card. Column 1 must contain a l-ptillCh. Columns 2-72 may 

contain any alphabetic or numeric information which identifies the calcu

lation. 

2. Card 01. TN' a, ~, and ~ are punched in the first four fields 

and characterize the spectral shape. The Amax and ~ which follow specify 



the range of values of A for which the average cross section over the 

entire spectrum is calculated. The seventh field contains an upper 

bound to the energy range of the integrations. The integration is done 

up to this energy or to the maximum energy of the flux or cross section 

table, whichever is lowest. If zero is inserted for the neutron temper-

ature, then E is the only other data required on this card. In this max 
case the analytic flux calculation is bypassed and a table of fluxes must 

be supplied in the input. 

3. Cards 02. Seven numbers per card (less if required) are punched 

giving successive values of the energy which divide the range into the 

major intervals of the integration. Up to 50 values may be given, con

tinuing on successive cards if necessary. 

4. Cards 03. Seven numbers per card are.punched giving the number 

of equal sized subintervals in each of the major intervals described by 

cards 02. In each of these subintervals a fifth order Gaussian quadrature 

is done. 

5. Cards 04. Three pairs of numbers on each card specify the table 

of cross sections. A maximum of 500 pairs is allowed. 

6. Cards 05. Three pairs of numbers on each card specify the table 

of fluxes if the analytic form is not used (TN = 0), A maximum of 500 

pairs is allowed. 

7. The last card of each case must have 00 in columns 71-72 or else 

must be blar~. No data are punched on this card. 

Any number of cases may be run successively by stacking the input 

data. The last card in each case must be blank or punched with 00 in 

columns 71-72 as described above. If the cases are stacked in this 

manner it is permissible to omit blocks of cards when the data are the 

same as for the previous case. For example, the cross sections for a 

series of calculations on the same element may be read in with the first 

case and omitted from the cases which follow. If a change is made in a 

later case then the entire card or block of data cards must be read in. 



Output 

The output generated by this program is listed from tape 9, and 

consists of the following information: 

1. Title of the ACS calculation. 

2. Neutron temperature. 

3. Values of a, ~, and ~. 

4. Maximum energy in electron volts. 

5. Thermal and epithermal reaction and flux values for the 
specified energy ranges. 

6. Average cross section values over the entire spectrum for 
the specified A'S. 

The Fortran listing of the ACS program and associated subroutines, 

data form, listing of the data cards, and the output for the sample case 

are given in the following pages. The integrals encountered in this 

case are all analytic and the exact values of the integrals are shown in 

parentheses. 



TEN DIGIT DATA FORM 
PROBL-EM I REQUES' 

3325 ACS 
cO'OifR DATE PAGE:-

MET 10-30-62 1 of 1 

1 9 11 19 21 29 31 39 41 49 51 5~ ~1 69 71 73 80 

1 tEo- ACS -r<.iTJTMI ~c_J') ,~ .n, T~,I\ 'RT. 

,- f-- '-'--
~F0R-IDENTI ICA HJN. 

T(DEG.K) I 0; I i3 j.t 6max ,/:0. ,,-f---~ ,~ ,---
~( r) l E2 i 

E E4 E') E6 ~--t 
02 ,,-3 

Ni N2 i 
N" N4 N') Nt') , N7 ' 03 

EA( ~) a(EA) i ~ i a(~) En I a(E!") (BLANK) 04 
Eo;( 0 ¢(EoJ I Eg ¢(Eg) Er I ¢(E,,) 1BLANK) 

.--- .---_._--
05 

I 00 
--

,,- .--~. 

i 

.---_.- -~-. -~ --------

! 

-.----, 

I 
: ,,---.. -
! i 

I 
I : 
I 

I 
, 

I ! 

,---

I 

I : I 
I 

UCN.32l\,3 

ACS INPUT DATA FORM 



TEN DIGIT DATA FORM 
""OSt-EM I "EQuEST 

"-.. 
COO"R 10ATE 

10-30-62 
PAGE 

MET 1 of 1 

1 9 11 19 21 29 31 39 41 49 51 S9 61 69 71 73 80 

1 +- ACS.-S~ MPL.. PR¢BLEM.- -~ SQRTF(E) .-{;P !MPBl ~L-FREEMANTI ~Y UX. 
.. ..~ --

293.6 1.0 3·5 5·0 0.2 0·05 2.0 01 
"'-"--" 

0.0001 0.001 0.01 0.1 1.0 10.0 02 
.. - _ .. 

10.0 10.0 10.0 10.0 10.0 03 

0.0001 100.0 1.0 1.0 
i 

4.0 0·5 04 
I 

00 

.. - r---" 

c.. .. 
I 
I 

.. - ~ .. -.--.. ..- - . 

.. - c...... .. _ .. __ 

.. _ .... 
i 

~ .. 

"_.-

.-.. -~-~ .. i .. .... 
j 

I 
.-

I 
- .. - _ .. - ~ .. 

i 
.. - ~"-. 

.... --. ~ . 

.. - .. ..-. 
~ .. ----

1 

I 

~SCN:.203. SAMPLE PROBLEM INPtJr 
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ACS SAMPLE PROBLEM. E=I/SQRTFCtl. CAMPBELL FREEMANTLE FLUX. 

NEUTRON TEMPERATU~E= 2.9360E 02 

ALPHA= 1.0000E 00 BEllI= 3.5000E 00 

~AXIMUM ENERGY= 2.0000E 00 EV. 

ENERGY LHHTS THERMAL 
L0\1ER UPPER REACT ION 

10.0000E-05 10.0000E-04 3.1126E-02 
10.0000E-04 10.o000E-03 7.9391E-Ol 
10.0000E-03 10.0000E-02 4.4781F 00 
10.0000E-02 1.0000E 00 2.6752E-01 

1.0000E 00 2.0000E 00 2.7324E-16 

SPECTRUM AVERAGES 

LAMBDA 

o. 
5.0000E-02 

10.0000E-02 
1.5000E-01 
2.0000E-Ol 

AVERAGE 
SIGHA 

5.5707E 00 
5.0417E 00 
4.6443E 00 
4.3349E 00 
4.0870E 00 

;"lU= 5.0000E 00 

THERt-1Al EP I THERI'1AL 
FLUX REACT I ON 

7.5306E-04 O· 
5.9523 E-02 O' 
8.4460E-01 1.2793E 00 
9.5117E-02 4.2455E 00 
2.7670E-16 5.8579E-01 

EP lTHER~1AL 
FLUX 

O. 
O. 
3.4053E-01 
2.2765E 00 
6.9315E-Ol 





ACS FORTRAN LISTING 





C AtS. AV~RAGE CROSS SECTION CODE. 
COMMON N.t,S~.S,FE.F,T,ALP,clET,XMU.EMAX, 
1KMIF.KMI.cT,~ALP,tbcT,tMu,r~,NE,NN.NSE,NFE,I 

D I1'1ENS lONE ( 50) ,5 E ( 500) ,5 ( 500 ) • FE ( 500 ) , F ( 500) • 
1 N ( 50 ) ,AN 5 ( 2 ) , T R R ( 50 ) ,T F ( 50) • ERR ( 50 ) • E F ( 50 ) , D ( 7 ) 

503 READ INPUT TAPE 10,100 
lE=O 

100 FORMAT(72H 
1 ) 

WRITcOUTPUTTAPE9.100 
NEO=O 
NNO=O 
NSEO=O 
NFEO=O 
LS=O 
LF=O 

102 READ INPUT TAPE 10d01,(D(J),J=1,7),!C 
101 FORMAT(7E10.7,12) 
120 1(=1(+1 

GO TO (200,201,202,203,204,205),IC 
201 T=D(1) 

ALP=i)(2) 
eET=~(3) 

XMU=U(4) 
ULAM=i)(5) 
DLM~=i) ! 6) 
EMAX=U(7) 
GOT0102 

202 IF(NEO)361,360,361 
360 NE=O 

NEO;:l 
361 D0300J=1,7 

K=J+NE 
E(K)=U(J) 
IF(ECK))300,302,300 

300 CONTINUE 
NE=NE.+7 
GOT0102 

302 NE=K-1 
GOTOI02 

204 IF(NSEO)362,363,362 
363 NSE=O 

NsI::O=l 
362 D0304J 1,5.2 

LS=l 
K=NSt:+CJ+IJ/2 
SECK)=D{J) 
SCK)=()(J+ll 
IF(SE(K))304,303.304 

304 CONTINUE 
NSE=NSE+3 
GOT0102 

303 NSE=K-1 
GOT0102 

205 IFCN FcOl364,365,364 
365 NFE=O 

NFEO 1 
364 D0305J=l,5,2 

18490107 
i~AIN0103 

16500101 
MAINOI07 
16500203 
16500103 
16500105 
MAIN01l3 
I~AIN0114 
MAINOl15 
16500309 
16500311 
16500313 
16500315 
16500105 
16500107 
16500107 
,\1AIN0207 
16500207 
16500109 
IviAIN0213 
~1AIN0215 
MAIN0217 
MAIN0219 
MAl N0221 
i-'iAI N0223 
MAIN0224 
MAIN0225 
16500201 
16500203 
16500205 
16500207 
MAIN0303 
MAIN0305 
1'1AIN0307 
MAIN0309 
I~A 1 NO 311 
t~AIN0313 
MAIN0315 
MAIN0317 
16500209 
16500211 
16500213 
16500215 
16500109 
MAIN0321 
i~AIN0323 

MAII\<0325 
f-1AI N0401 
MAIN0403 
HAIN0405 
MAIN0407 
MAIN0409 
~1AIN041l 
16500217 
16500219 
16500221 
16500223 
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LF=1 16500111 
K=NFE+(J+1)/2 MAIN0415 
FE(K)=D{J) MAIN0417 
FIKl=LJ(J+ll MAIN0419 
IF(Fi::.(K) )305.306.305 MAIN0421 

305 CONTli~UE MAIN0423 
NFE=NFE+3 MAIN0425 
GOT0102 ~1AIN0501 

306 NFt:.=K-1 MAIN0503 
GOT0102 MAIN0505 

203 IFINNOI366.367.366 16500301 
367 NN=O 16500303 

NNO=! 16500305 
366 00310J=1.7 16500307 

K=J+NN MAIN0518 
NIK)=INTFIDIJ) ) r.'iAIN0520 
IF(NIK) 1310.3119310 MAIN0522 

310 CONTINUE MAIN0524 
NN=NN+7 MAIN0601 
GOT0102 16500209 

311 NN;K-l 16500211 
GOT0102 16500213 

200 ET=Tl1.16047E+4 MAIN0605 
EBE. T =oET*ET MAIN0606 
EALP=ALP*ET MAIN0607 
EMU=XlvlU*ET MAIN0608 
NEM1=NE-1 MAIN0609 
IFILS)350.352.350 16500113 

350 D0103J=1.NSE 16500115 
SE(Jl=LOGFISEIJll MAIN0614 

103 SIJJ=LOGF{S(JJ l MAIN0616 
352 IFlTl104.105tl04 16500117 
105 IF(LFl351.104.351 16500119 
351 D0100J 1.NFI:: 16500121 

FEIJl=LO~F(FE(Jl ) ~1AIN0622 

106 F (J l =LQGF (F ( J l l MAIN0624 
104 NNN=2 16500215 

D0500K=1.NEMl MAIN0701 
IFIEIK+Il-EMAXlI07.107.108 MAIN0702 

108 NNN=l 16500217 
EIK+1l=EMAX MAIN0704 

107 1 F ( E , K+ 1 l -EXPF I SI:: I NS E l ) ) 505.505.506 16500111 
506 NNN=l 16500113 

E(K+11::EXPFISEINSE)) 16500114 
505 IFITl510.507.510 16500116 
507 1 F ( E I K+ 1 ) -EXPF ( FE I NF E) ) ) 510.510.508 16500118 
508 NNN=l 16500120 

EIK+l1=EXPF(FEINFE1) 16500121 
510 KfvllF=1 16500123 

KMl=1 MAIN0706 
CALLu~S2(EIK1.E(K+l).ANS.OtNIKII MAIN0707 
NK=K MAIN0708 
TRR(K)=ANSll1 MAIN0709 
TFIKl=ANSIZl fvlAIN0710 
KfvllF=l MAIN0711 
KMI=l MAIN0712 
IFITI110.501.110 f'.1AIN0713 

110 CALLu~S21t:.(K).E(K+l).AN~.I.NIKI I MAIN0714 



IF(IE)503.601.503 
601 ERR(K)=ANS(l) 

EF(K)=ANS(2) 
501 GOTO(S02.500),NNN 
500 CONT li'lUt. 

71 

502 CALLOuTPITRR.TF.t.kR.tF.uLAM.DLAM.T,t.MAX. 
1E.ALP'BET,X~U,NK) 

GOT0503 
END(1'1,0.0,1,0.0,0.0.0,0.0.0.0.0) 

16500124 
16500125 
MAIN0716 
MAIN0717 
MAIN0718 
MAIN0719 
MAIN0721 
IVlAIN0723 



c GFX2. INTEGRAND FOR GSS2. 
~UbRO~TINEGFX2(EI.AN~,IDJ 

72 

COMMONN.~.~E'~'FE.F,T.ALP.BET,XMU.EMAX.KMIF. 
lKMr,~T.EALP.EbET.EMU,lu,NE.NN,N .NFE,IE 

vIf'I,EN:::,rONE(50),SE:.(500),S(5001.F (500),F(500),N(50). 
lANS(2) 
N~U=NSE+l 
NFEl=NFE+l 
IF(Tl1.2.l 

1 IF(I()J3,593 
5 ANS(2J=(EI/(ET**2JJ*EXPF(-EI/ETJ 

20 EIL:::LOGF(EIJ 
D04J:=KMI.NSE1 
KMI=J 
IF(S~(JJ-EILl4,6,6 

4 CONTI NUE 
6 F1:::EXPF« I~E(JJ-EILJ*S(J-1l+(EIL-SEIJ-1)J 
1*~(J)J/(:::'E(J)-SE(J-l)l} 

IF(KMI-NSEIJ7,8,8 
8 WRITE:. OUTPUT TAPE 9,9 

IE:::l 
GO TO 00 

9 FORMA (28HOENTIR~ SIGMA TABLE SEARCHEDI 
12Hl J 

7 ANS(1)=ANS(2J*F1 
GOT0100 

3 IF(EI-EMUJ10,11,11 
11 ANS(ZJ=1.0/EI 

GOT020 
10 IF(EI-EbETlI2,12,13 
13 ANS(2)=1.0/EMU 

GOT020 
12 IF(EI-EALPlI4,14,15 
15 ANS(21=(~I-EALPJ/(EMU*(EbET-EALP)) 

GOT020 
14 ANS(2l:0.0 

GOT020 
2 EIL=LOGF(El) 

D022J=r::MIF,NFE1 
KMIF=J 
IF(FEIJJ-EIL)22,23,23 

22 CONTlr~UE 
23 ANS(21=EXPF( «FE(J)-EIlI*F(J-1)+(Ell-FE(J-1)) 

I*F(Jll/(FE(Jl-FE(J-1)l) 
If(KM1F-NFEl)24.25,25 

25 WRIT~ OUTPUT TAPE 9.27 
27 FOKMAT(27HOENTIRC FLUX TAblE SEARLHEUI 

12H1 1 
IE=l 
GO TO 100 

24 GOT020 
100 RETURN 

END(1'I.Q,0,1,Q,0,O.Q.0,Q,0.Q,0,0) 

18490109 
GFX20102 
GFX20103 
16500201 
GFX20106 
GFX20108 
16500221 
16500223 
GFX20110 
GFX20112 
GFX20114 
GFX20115 
16500225 
GFX20201 
GFX20118 
GFX20120 
GFX20122 
GFX20124 
16500301 
16500206 
16500203 
16500204 
16500305 
16500306 
GFX20209 
GFX20211 
GFX20213 
GFX20215 
GFX20217 
GFX20219 
GFX20221 
GFX20223 
GFX20301 
16500308 
GFX20305 
GFX20307 
GFX20309 
GFX20311 
16500310 
GFX20323 
GFX20315 
GFX20317 
GFX20319 
GFX20321 
16500312 
16500211 
16500403 
16500315 
16500208 
16500209 
GFX20405 
GFX20407 
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( G~~2' INT~GRATION bY FIFTh ORDER GAU~~IAN QUADRATuRE. 

SUbROUTINE G5S2IEM,EMI,bNS,ID,NO) 
DIMEN~ION YOU(5),FUNI5).BNSI2),FUNGI5),ANSI2) ,DUM(2066) 
COMMON Dur", , I E 
YOU(1)=-.45308992 
YOU(Z)=-.26923466 
YOU(3)=0.0 
yOU(4) .26923466 
YOur 5) .45308992 
HNO=NO 
DELA=IEMI-EM)/HNO 
bNS(1) 0.0 
BNS(Z)=O.o 
EX2 iv, 
DO 200 K:K~1=1INO 

EX1=~x2 
EX2=CXl +DELp, 
DO 300 KKL;o1,5 
X=(EX2-EX1)*YOUIKKL)+0.5*(EX1+EX2) 
CALL GFXZtx,ANS,ID) 
IF(It:.) 201.301,201 

301 FUN(KKL)=ANSI11 
300 FUNGIKKL,=ANS(2) 

ADu= (tX2-EX1) * I (FUN ( 1) +FUN (5) ) * .11846344+ 
1IFUNI2J+FUN(4))*.23931433+FUN(3)*.2844444) 

BNS(1)=ADu+bNSI1) 
ADu=(tX2-tXll*((FUN0(I,+FUNGI5))*.11846344+ 

1 ( FUNG ( 2 ) +FUNG I 4) ) *.239 31433+FUNG ( 3 ) *.2844444 ) 
8NS(Z)=ADD+BNSI2) 

200 CONTINuE 
201 RETURN 

ENDIl'I,O.O,I,O.O.O.o,O,O,O,O,Q.Q) 

18490110 

16500102 
16500102 
16500104 
16500108 
16500109 
16500110 
16500111 
16500112 
16500114 
16500115 
16500117 
16500118 
16500120 
16500122 
16500124 
16500201 
16500203 
16500205 
16500207 
16500209 
16500210 
16500212 
16500214 
16500215 
16500217 
16500219 
16500220 
16500222 
16500223 
16500224 
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C OUTP. ACS OUTPUT SUBROUTINE. 
SUBROUTINEOUTPITRR,TF,ERR,EF,ULAM,DLAM, 

IT,cMAX,E,ALP,BET,XMU,NK) 
DIMEN~IONTRR(50l,TF(50),ERR(501,EF(501,E(501 
IF(T12,3,2 

2 WRITtOUTPUTTAPE9,I,T.ALP,BET,XMU 
1 FO~MAT(21HONcUTRON TEMPERATURE=IPEll.41 

17HOALPHA=lPEll.4,9H BETA=IPEll.4,7H MU=lPEl1.4) 
3 WRITtOUTPUTTAPE9,4,EMAX 
4 FORMATI16HOMAXIMUM ENERGY=IPEll.4,4H EV.) 

IF(Tl5,6,5 
5 WRITEOUTPUTTAPE9,7 
7 FORMAll2HO 1179HO ENERGY LIMITS THERMAL 

lL EPITHERMAL ~PITHERMALI 
276H LOWER UPPER REACTION FLUX 
30N FLUX/2H) 

GOT030 
6 WRITEOUTPUTTAPE9,8 
8 FORMAT(2HO 1150HO ENERGY LIMITS TOTAL 

1/50h LOWER UPPER REACTION FLUX/2H 
30IF(TlI0,lltlO 
10 0012 J=l,NK 

WRITtOUTPUTTAPE9,13,E{J),EIJ+l),TRR(JI,TF(J), 
lERRIJl,EF!J1 

13 FORMAT(lH IPEl1.4,IPE13.4,IPEI5.4,IP3EI3.41 
12 CONTINuE 

GOT031 
11 D014 J 1.NK 

WRITtUUTPUTTAPE9,15,tIJ),EIJ+l),TRRIJ),TFIJ) 
15 FORMAT(IH IPEll.4,lPEI3.4,IPEI5.4,IPEI3.4) 
14 CONTINUE 
31 IF(T)16,17tl6 
16 WRITEOUTPUTTAPE9,18 
18 FORMAT(2HO 1II18HOSPECTRUM AVERAGESII 

132HO AVERAGEI 
231H LAMBDA SIGMA/2H 

CLAM=O.O 
TTRR=O.O 
TTF=O·O 
TERR=O.O 
TEF=O·O 
D040J"'I,NK 
TTRR=TTRR+TRRIJ) 
TTF=TTF+TF(J) 
TERR=TERR+ERR(J) 

40 TEF=TEF+EFIJ) 
22 AVE=ITTRR+CLAM*TERR1/ITTF+CLAM*TEF) 

WRITEOUTPUTTAPE9,21,CLAM,AVE 
21 FORMAT(IH IPE11.4,IPE22.4) 

CLAM=LLAM+DlAM 
IFICLAM-ULAMl22,23.23 

23 GOTbl00 
17 SUMR=O.O 

SU~1F=0. 0 
D025K 1,NK 
5Ut--1R =,SUMR+T RR ( K) 

25 SUMF=SUMF+TFIK) 
AVE=SU 1"1RISUMF 

18490108 
OUTPOI03 
OUTPOI04 
OUTPOI06 
OUTPOI09 
OUTPOlll 
OUTP01l3 
OUTP01l5 
OUTP01l7 
OUTP01l9 
OUTP0121 
OUTP0123 

THERMAOUTP0201 
OUTP0203 

REACTIOUTP0205 
OUTP0207 
16500101 
OUTP0209 

TOT ALOUTPO 211 
16500103 
16500105 
OUTP0217 
OUTP0219 
OUTP0221 
16500107 
OUTP0225 
16500109 
OUTP0301 
OUTP0303 
16500111 
OUTP0307 
16500113 
OUTP0311 
OUTP0313 
16500115 
OUTP0317 
OUTP0319 
16500407 
16500409 
16500411 
16500413 
16500415 
16500417 
16500419 
16500421 
16500423 
16500101 
OUTP0323 
16500103 
OUTP0401 
16500213 
OUTP0405 
OUTP0407 
OUTP0409 
OUTP0411 
OUTP0413 
OUTP0415 
OUTP0417 
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WRIT~OUTPUTTAPE9.24.AVE 
24 FOkMhl (2HO 11/34HO ~PECTRuM AVERAGED CROSS SECTIO~=lPEll.4) 

100 RETURN 
END(l'l.O,Q,l,Q,Q.O.Q.Q.O.O.Q,C.O) 

OUTP0419 
OUTP0421 
OUTP0424 
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VI. THR - A Tape Handling Routine for the IBM 7090 
Thermal Thermalization Codes 

PUrpose 

The tape handling routine was written as an auxiliary to the KERNEL 

(GTP) program. This routine makes the library of kernels accessible to 

either inspection or modification. 

Available Options 

1. Option 1. This option is used to initialize logical tapes 2 

and 3 by writ.ing a negat.ive number on t.he first record. This record 

enables the GTP program to write a kernel at t.he beginning of the kernel 

tape, and need not be used for the calculation of subsequent. kernels. 

2. Option 2. The selection of this option allows inspection of 

the kernel tapes, and the program writes a complete listing of all the 

kernel titles currently existing on the KERNEL library tape. 

3. Option 3. If option 3 is selected, the program lists as printed 

output all five records of a particular kernel. Any number of desired 

kernels may be listed. 

4. Option 4. The selection of option 4 enables the programmer to 

reproduce a particular kernel with the title and sources altered. The 

new kernel will be written on logical tapes 2 and 3 immediately following 

the existing kernels, and, in addition, the kernel will be written on 

logical tape 9 for subsequent off-line listing. 

Preparation of Input Data 

Any number of cases may be run successively by stacking the input 

data cards. A 'lien Digit Data Form which illustrates the proper format 

for the selection of any of the above options is included at the end of 

this section. 

1. Option 1 Input Data 

a. Card 1, This card must contain a l-punch in column 1. 

Columns 2-72 may contain any alphanumeric information which identifies 

the case. 



b. Card 2. Field 1 must contain the number 1.0, and is the 

only input number required to initialize the kernel tapes, There will 

be no printed output from this option, 

2. Option 2 Input Data 

a, Card 1. Column 1 must contain a I-punch, and colunms 2-72 

may contain any information which identifies the case. This card wil.l 

be printed at the top of each page of output. 

b. Card 2. Field 1 must contain the number 2.0, and is the 

only input number necessary. A complete list of kernel titles will be 

listed as output. 

3. Option 3 Input Data 

a. Card 1. Column 1 must contain a I-PU!lCh, and columns 2-72 

may contain any title which identifies the case. 

b. Card 2. Field 1 must contain the number 3.0, and field 2 

must contain the kernel number the progrru~mer desires to be listed as 

output. 

4. Option 4 Input Data 

a. Card 1. Column I must contain a l-p~~ch, and colunms 2-72 

may contain any alphabetic or numeric information which identifies the 

case. 

b. Card 2. Field I must contair~ the integer 4.0 which desig

nates the selection of option 4. The kernel number the progra,'ll1ller desires 

to alter must be punched in field 2, and field 3 must contain the kerrlel 

size, that is, the number of points in the energy mesh. 

c. Card 3. This card contains the new title of the original 

kernel punched in field 2 of card 2. Col~~ I must contain a I-punch, 

columns 2-66 may contain any numeric or alphabetic information whi::::h 

identifies the kernel, and col~~s must contain the new kernel 

number. The decimal point is assumed to follow column 72. 

d. Cards 4. Seven numbers per card (less if required on the 

last card) are punched giving the values of the new sources for each point 

in the energy mesh. The values are listed in exact cOT'respondence to the 

energy values, and the number of sources listed must equal the number 

punched in field 3 of card 2. 

The THR Fortran listing and option 2 out.put are given on t.he 

following pages. 



TEN DIGIT DATA FORM 

THR 
I 

3325 
CODER IDATE 

10-30-62 
PAGE 

MET 1 of 1 

I 9 11 19 21 29 31 39 41 49 51 .~~ 61 69 ..2!-.. 73 80 
.~-------. 

1 pl:"!'.LP1~- t.L.-: INITIALIZE-Tf PES. 1 

1.0 2 r--- ~~~~----
. !----

1 ¢PTI¢N-~.-4 IRlTE--¢UT-KE~ hlner. fT1Tf11T.~. I I 1 

2.0 I i 2 
.~. 

i I 
1 - ¢PTI~ 3- rlST-:A8-PRIN'l ED--\! IUT.!:" 1 ..... ~~,.A~~ .~ ,,~ .~,~ I 1 ~' .. ...: 

,.0 KERNEL N¢. 
--f- I 2 

I 
1 - ~PTI¢N-14 .-> ~TER-KERNEI.rjT~ IE--AND-S¢URCI Is· I I 1 

4.0 ' KERNEL N¢. I . KERNEL SIZE~ ~)- i 2 . . r 1 NE:W .~.L= I~ITLE-IN--C 6D'uMN~ ~2-66 .~M'~ Ir::!l1 .LNIg~IN--C¢I~ t-]1--]2 NK j.--_3 __ 

8, ! 82 S') 84 I 8') 86 i 8 7 4 
88 8q etc etc. 

I 
etc. SN I : 4 

I I I : 
I 

I 
I 

I 
-~.---

i 
I 

.. ~ 
~.--

I I 
I 

i 

I .. - f-

-- ._-

: 
------. l-

i 
UCN~32fS3 

THR INPUT DATA FORM 



TEN DIGIT DATA FORM 

3325 I 
-~~.-

-CODER IDATE PAGE 

10-30-62 1 of 1 
1 9 11 19 21 29 31 39 41 49 51 59 61 69 71 73 80 -- . I-- .. 1---

1 THR:-SA.M LE. ~PTIm-'2. -( WItI k. '/'T~ ~I~ LEB. ) 

2.0 

._- I---~-

-+-->--~-
I 

. --. r----
I 

.. - -----._-

! 

I I 
I I 

I 
1---._ .. __ .. - .~-. 1--

._. 

I 
I 

! 
I 

I 

I ! 
------

._. 

: ._---- ~-- -------

I 
I 

---- .. _-

.. ~----

l'.c N-;' ~ ~,,,._ SAMPLE PROBLEM INPUT 



THR SAMPLE OUTPUT OF OPTION 2. (WRITE OUT KERNEL TITLES) 

{GTP-4) FG 600K A#12 MSH (.0001(161)5.0) S(APPROX.) I • 

I FG 6COK Af#12 MSH(.OOOI{J61)5.0)S(APPROX.) (GTP-3) 2. 

, FG 600 K A#J2 MSH( 1.49(161 )13EV) TKS saURCE KERNEL 3 3. 

I (FG 12COK Af#J2 MSH(I.49(161 )13EV) TKS SOURCE KERNEL 4 4. 

I (FG 300K A#J2 MSH{ J .49( 161) 13.0EV) TKS SOURCE KERNEL 5 5. 

I FG 600K A#J2 MSH(.OOOH 161 )5.0) SOURCES(TKS lIE KERNEl3) 6. 

FG f 200K A II 12M SH ( .0001 ( 16 f ) 5. Q) SDURCES{TKS tiE KERNEl4) 1. 

I FG 300K A#12 M S H ( • 000 I ( I 6 I ) 5. 0 ) SOURces (TKS lIE KERNEL 3) B. OJ 
I-' 

I FG 4COK AJ#12 MSHt.OOOI (161 )5.0) SOURCES (TKS I IE KERNEL 3) 9. 

FG 500K A#12 MSH( .000 I (16' ) 5.0) SOURCES(TKS .,E KERNEL 3) 10 .. 

FG 7COK A#12 MSH(.OOOI (161 )5.0) SOURCE(TKS lIE KERNEL 3) I I • 

FG aOOK A#12 M S H ( ,,0 00 f t I 6 1 ) 5. 0 ) SOURCEtTKS lIE KERNEL 3 ) 12. 

FG 900K All 12 MSH( .0001 (161) 5.0) SOURCE (TKS lIE KERNEL 4) r3. 

FG tCoOK A#12 M SH I .000 I ( 16 I ) 5.0) SOURCE (TKS IJE KERNEL 4) I ". • 

I FG f lOOK A#12 MSHl.OOOI (161 )5.0) SOURCE(TKS IJE KERNEL 4) IS. 

FG 569K A#12 MSH{ .0001 (161 )5.0) SOURC E S (TKS lIE KERNEL 3) 16. 





THR FORTRAN LISTING 





C 

• 

ThR. TAPE HANDLING ROUTINE. 
DIMEN;,roN TITLE(12).EI161).S(161l.HEADI12), 

1CASE(12),$IGI161,161).bASE(12),FIRST(12) 
100 REWIND 2 

18490102 
18490210 
18490211 
18490105 
18490101 
18490103 
18490104 
18490107 
18490109 
18490105 
18490214 
18490115 
18490117 
18490119 
18490120 
18490122 
18490216 
18490201 
18490108 

READ INPUT TAPE 10,90 
90 FORMAT (72rl 

1 
READ INPUT TAPE 10.2,XOPT,XNK,YN 

2 F0RMAT{3E10.S) 
IF(XOPT-3.0) 3,3,55 

3 IF(XOPT-2.0) 4.99,6 
4 00 1 J=1,12 

CASE(12)=-100.0 
WRIT~ TAPE 2,(CASE(J).J=1,12) 

1 WRITE TAPE 3.(CASE(J).J=1.12) 
GO TO 50 

99 WRITE OUTPUT TAPE 9.90 
5 READ TAPE 2,TITLE 

IF(TITLE(12) 100.100,8 
8 WRITI:.OUTpUTTAPE9.80dTITLl:.llhI 1.12) 

80 FORMAT(1H011A6.F6.0) 
9 FORMAT{11A6,F6.0) 18490207 

DO 11 J=I.4 18490209 
11 READ TAPE 2 18490211 

GOT05 18490213 
6 READ TAPE 2.TITLE 18490215 

IF(Ab;'FITITLEI12)-XNK)-.01l 12ol2d3 18490217 
13 DO 14 J=1.4 18490219 
14 READ TAPE 2 18490221 

GO TO 6 18490223 
12 ReAD TAPE 2,N 18490301 

READ TAPE 2,( (J).J=1.N) 18490303 
READ TAPE 2.(;'IJJ.J=1.NJ 18490305 
READ TAPE 2. I (SIll(J.K) .K=l.N) .J=1.N) 18490307 

70 WRITE OUTPUT TAPE 9.9.!TITLEII)tl=1d21 18490309 
NP 1 18490310 
WRITE. OUTPUT TAPE 9.41,NP 18490311 

41 FORMAT(116HO 18490105 
1 PAGE,I4) 18490106 

WRITE OUTPUT TApE 9.16.N 18490316 
16 FORMAT(6HOSIZE,161112HO I 18490318 

WRITE OUTPUT TAPE 9.29 18490320 
29 FORMAl (117HO ENt.RllY SOURCE ENERGY SOURCE ENE18490101 

lRGY SOURCE ~N~RGY SOURC~ EN~RGY SOURCE/2H018490113 
2 ) 18490115 

N2=N/5+1 18490101 
DO 17 1=1,N2 18490403 
Kl=I+N2 18490405 
K2=Kl+N2 18490406 
K3=K2+N2 18490407 
K4=K3+N2 18490408 

17 I'iRlTE OUTPUT TAPE 9.30.EII),S(lltEIKll,SIKll.E(K2), 18490410 
2S(K2J'EIK3) .S(K3J.EiK4),SiK4) 18490411 

30 FOR~1ATi10(IPt:12.4) 18490412 
00 40 J=1.N 18490413 
W~IT~ OUTPUT TAP~ 9.9.TITLE 18490415 
NP=NP+l 18490417 
WRITE OUTPUT TAPE 9.41,NP 18490419 
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WRITE OUTPUT TAPE 9,310,E(J) 
310 FORMAT(16HOINITIAL ENERGY,1PE12.5112HO 

WRITE OUTPUT TAPE 9,42 
42 FORMAT(109HO FINAL TRANSFER 

1 TRA~SFER FINAL TRANSFER 
2111H ENERGY PROoAblLITY ENERGY 
31LITY tNtRGY PROoAbIlIT\ ENERGY 

DO 60 I 1,N2 
K1=I+N2 
K2=K1+N2 
K3:::K2+N2 
K4=K3+N2 

FINAL TRANSFER 
FINAL TRANSFER/ 

PROBAbILITY ENERGY 
PRObAbILITY/2HO ) 

60 WRITE OUTPUT TAPE 9'21,E(I),SIG(J,I),E(K1),SIG(J,K1), 
2E(K2) 'SIGIJ.K2) ,E(K3) ,$IG(J.K3) ,E(K41 ,SIG( J.K41 

21 FORMAT(5(1PE10.2,1Pt12.4J) 
40 CONTINuE 

GO TO 100 
55 N=YN 

READ INPUT TAPE 10.9,(HEAD(I).I=1.12) 
READ INPuT TAPE 10.301.(S(JI.J=1,N) 

301 FORMAT(7E10.5) 
24 READ TAPE 2,(TITLE(I),I=1.12) 

If(ABSFITITLE(12)-XNKl-.011 91.91.22 
91 READ TAPE 3. (FIRST(Iltl=1.121 

IF(ABSF(FIRST(121-XNKJ-.01J 25.25,94 
22 DO 23 J=1.4 
23 READ TAPE 2 

GO TO 24 
94 DO 95 J=1.4 
95 READ TAPE 3 

GO TO 91 
25 READ TAPE 2,N 

READ TAPE 3.N 
READ TAPE 2,(E(JJ,J=1.NI 
READ TAPE 3.(E(JJ.J=1.N) 
READ TAPE 2 
READ TAPE 3 
READTApE2.((SIG(J,KJ.K=1.NI,J=1.N) 
READTAPE3,((SIGIJ.K),K=1,NJ.J=1.N) 

28 READ TAPE 2'(CASE(I).I=1tl21 
IF(CASE(12)l 300,300.26 

26 DO 27 J=1,4 
27 READ TAPE 2 

GO TO 28 
300 BACKSPACE 2 
304 READ TAPE 3.(bASE(II,I=1,1,1 

IF(BASE(12)) 305.305.302 
302 DO 303 J=1,4 
303 READ TAPE 3 

GO TO 304 
305 BACKSPACE 3 

WRITE TAPE 2dHEAD(II.I=1t12) 
WRITE TAPE 3.(HEAD(I).J:1tl2) 
WRITE TAPE 2.N 
WRITt:: TAPE 3.N 
WRITE TAPt:: 2,(E(J).J=1.N) 
WRITt TAPE 3,(E(J).J=1,N) 
WkITI:. TAPE 2.(S(JltJ=1.NJ 

18490103 
18490105 
18490421 

FINAL 18490422 
18490423 

PROt:)Ai:H8490424 
18490425 
18490501 
18490503 
18490504 
18490505 
18490506 
18490508 
18490509 
18490511 
18490513 
18490515 
18490517 
18490519 
18490101 
18490103 
18490101 
18490102 
18490104 
18490105 
18490108 
18490109 
18490110 
18490112 
18490113 
18490114 
18490612 
18490613 
18490615 
18490616 
18490618 
18490619 
18490104 
18490105 
18490116 
18490117 
18490119 
18490120 
18490121 
18490122 
18490123 
18490124 
18490201 
18490202 
18490203 
18490205 
18490711 
18490712 
18490714 
18490715 
18490717 
18490718 
18490720 

• 



• 

• 

87 

W R IT::' TAP E 3, ( S! J ) , J = 1 , N ) 
WRITE TAPE 2,( (SIG(J,K)'K=I,/'-l) ,J=bN) 
WkITi:. TAPE 3,( (SIG(.')'Kl ,K=I,N) ,J=loN) 
TITLE(lZl=-100.0 
WRITE TAPE 2,TITLE 
WRIT~ TAPE 3,TITLE 
ENu FlU:. 2 
EI.D FILE 3 
REWIND 2 
REWIND 3 
DO 71 I=ld2 

71 TITLEI!I=HEAD(II 
GO TO 70 

50 REWIND 2 
REWINU 3 
CALL ~XIT 
END(I'l,Q.Q,Q,Q.O,Q,O.O,O.Q.O.O,Ol 

18490 III 
18490723 
18490724 
18490801 
18490803 
18490804 
18490806 
18490807 
18490207 
18490208 
18490814 
18490816 
18490818 
18490820 
18490107 
18490822 



• 



• 

• 

VII. DC¢M - An IBM 7090 Program for Decomposing the 1MB Flux into 
a Maxwellian Component and an ~ithermal Component 

PUrpose and Method of Decemposi tion 

It has been n.oted that fer a wide range of moderator temperatures 

and absorption cross sections, the tctal energy dependent flux can be 

represented by the su."!'. of twc components, a Maxwellian distribution and 

an epitherm.al residue that ap:r;roaches l/E in the asymptotic region. If, 

in particular, the 2200 m/s absorption cross section of the infinite 

rrcedium lL~der consideration is not too great and is a fairly smooth 

function with respect to energy, then a Maxwellian spectrum is a very 

good fit to the total spectrum over the thermal energy range. 

If these conditions are satisfied, program DC¢M can be used to 

separate the total flux distribution into a thermal and an epithermal 

compcnent. These components can then be used by the ACS program to com

pute average thermal and epithermal cross sections. Letting ¢(E) repre

sent the undecomposed flux, we write 

¢(E) C 
E -E/kT 

---:-2 e n + R(E) 
(kT ) 

n 

where C is the amplitude of the Maxwellian component and T is the 
n 

effective neutron temperature. Once these parameters are determined 

by the DC¢M pregram, the residue component is obtained by subtracting 

the Maxwellian distribution from the total flux. 

The parameters C and T are determined by examining the energy range 
n 

over which a Maxwellian distribution is assumed to be a good fit to the 

total flux spectrum. In this region, (El ~ 0·5 E k' E2 - 1·5 E k' pea pea 
where E is peak the energy corresponding to the maximum value of the flux 

distribution), we can write: 

¢(E) '::t C 
E -E/kTn ---::- e (18) 

(kT ) 
n 

Dividing both sides of E~. (18) by E and taking the logarithm, we obtain 



B(E) == in ¢~E) == 

90 

1 
kT E, 

n 

where B(E) is seen to be a linear function of E whose Y-intercept and 

slope uniquely determine the parameters C and T . 
n 

Program DC¢M forms the function B(E) for the entire energy range of 

¢(E) and fits a straight line to it over a pre-selected energy range by 

the method of least squares. Since the values obtained for C and ~i 
n 

clearly depend upon the range of the attempted fit, some care must be 

used in selecting this range. As noted earlier, an energy range 0.5 E , peaK 
to 1.5 ~eak is generally appropriate for well ther'!nalized spectra 0 If 

B'E' . -1" 1 11 t t 11 th th d " 'J 18 1near over on y a sma energy range or no a a , J e :rr::e . 0 

of decomposition is no longer applicable. 

Preparation of Input Data 

The input data to DC¢M consists of a title card, a card specifying 

the energy range of the fit, and a flux deck produced by the UtiS progr~":l. 

The data must be assembled in the following order: 

1. Card 1. Column 1 must contain a I-punch. Columns 2-72 may 

contain any alphabetic or numeric information which identifies the calcu

lation. 

2. Card 2. The first two fields contain respect1 vely the numbe:r's 

PL and PH (0.5 and 1.5, for example) selecting the energy range c,:f the 

fit. 

3. Cards 3. These cards are t.he flux: deck as produced by the IMS 

output. As for the ACS code, the method err . .'ployed by OC(J'A in reading these 

cards requires a blank card or a zero energy to signify the e:'ld of the 

flux deck. 

OUt;put 

To operate the program, an input tape is prepared on the card-to

tape converter using the input described above. This tape is selected 

as logical tape 10. A complete listing of the output is obtained from 

logical tape 9. This output consists of the following lines: 

• 
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1. Title of the flux calculation. 

2. Effective neutron temperature multiplied by Boltzmann 
constant, kT . 

n 
3. Amplitude of fitted Maxwellian distribution, C. 

4. Tabular columns of results for E, E/kT, FLUX, MAXWELL, RESIDUE, 
and MAXWELL/FLUX. 

A Fortran listing of the DC¢M program and associated subroutines, 

data forms, and the input and output for a sample case are given on the 

following pages • 



TEN DIGIT DATA FORM 
PROaL.EM 

OO¢M 
I REQUEST 

3325 
... _.---.... 

DATE CODER PAGE 
MET 10-30-62 1 of 1 

1 9 11 19 21 29 31 39 41 49 51 59 61 69 171 73 80 

1 ~ C~LUMN~ ..... 2- 2-AR.E-:AVAIT. I "p.r.w. ~F¢R:'l'ITLE • 

PL PH 
.... f--- .... - f---- .... _-_ ... 

.... ---.~ .... . ... ---.~ .. 

FLUX DEXJK a¢E HERE 
.... _-_ ... 

.... f--- . .. - - ..... 

.... _-_. I---
i ! 

... - I-- I 
L~ 

f-----

I 
I 

..... _-_. f-

. .. f-

.... - i--- ... ~ t--
i 

i .... _-_ ... 
! 

... ---~ ..... 

I I I 
UCN·." •• 

oo¢M INPUT DATA FORM: 

t 
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TEN DIGIT DATA FORM 
PROBLEM 

OCPM 
I REQUES' 

3325 
............ ~ 

CODER DATE PAGe: 

MET 10-30-62 1 of 1 

1 9 111 19 21 29 31 39 41 49 51 59 61 69 71 73 80 

DFDPMPP FLUX ~. 1:) 

... r----- .... 
1 - SIT N F PL := ~. PH := 2.0 

... -

0.50 
FLUX D:&::K i 

i 

................ ---~ 

! 

--~ ...... 

I 

.... - _ ..... . ............... -

! 

I 
................ _-

--~ ... 

R I 
I I 

• 

, 
UCN ... 32C53 

SAMPLE PROBLEM INPUT 
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DECOMPOSIT[ON OF flUX NO. 10 PUI.5 PH#2.0 

KT # 3.38078E-02 

C # 6.31 189E 0 I 

E E/KT FLUX MAXWEll RESIDUE MAXWELL/flUX 

1.00100E-04 2.96086E-03 5.1235OE 00 5.51156E 00 -3.88062E-01 1.075741 
1.80[COE-04 5.32422E-03 9.20500E CO 9.88750E 00 -6.82506E-01 1.074145 
3.000[OE-04 8.87370E-03 1.532ooE C 1 I .64208E 01 -1.10079E 00 1.071853 
5.00000E-04 1.47895E-0.2 2.54690E ( 1 2.72065E 01 -1.73755E 00 1.068222 
7.o0000E-04 2.07053E-02 3.55580E 01 3.78645E 01 -2.3065IE 00 1.064866 
1.00 I [OE-03 2.96086E-02 5.0622oE CI 5.36663E 01 -3.0443IE 00 1.060138 
1.4200oE-03 4.20022E-02 7.132ooE 01 7.51923E 01 -3.87233E DO 1.054295 
2.IOeOOE-03 6.21159E-02 1.04180E 02 1.08986E 02 -4.80562E DO 1.046128 
2.82000E-03 8.34128E-02 1.3789OE 02 1.43268E 02 -5.37825E 00 1.0391:'04 
3.70000E-03 1.09442E-01 1.77510E 02 1.83146E 02 -5.63626E 00 1.031752 
4.7000oE-03 I .3902 I E-O.I 2.20320E 02 2.25865E 02 -5.54462E 00 1.025166 
5.800COE-03 I • 71558E-0 I 2.64700E 02 2.69804E 02 -5.lo.357E DO 1.019280 
7.o300oE-03 2.07940E-01 3.1095OE 02 3.15337E 02 -4.38667E 00 1.014107 
8.4oCCoE-03 2.48464E-01 3.58400E 02 3.61826E 02 -3.42569E 00 1.009558 
9.84000E-03 2.91057E-01 4.03790E 02 4.06178E 02 -2.38854E 00 1.005915 
1.15000E-02 3.4oI58E-01 4.5074oE 02 4.51955E 02 -1.21523E 00 1.002696 
1.31000E-02 3.87485E-01 4.90780E 02 4.91038E 02 -2.58134E-01 1.000526 
1.6900oE-02 4.99885E-01 5.67520E 02 5.66130E 02 1.39040£ 00 0.997550 
2.110[OE-02 6.24117E-01 6.26300E 02 6.24250E 02 2.05003E 00 0.996726 
2.58000E-02 7.63138E-01 6.65870E 02 6.64232E 02 1.63832E 00 0.997539 
3.lo.oOOE-02 9.16949E-01 6.84630E 02 6.84325E 02 3.05084E-01 0.999554 
3.67(;00E-02 1.08555E 00 6.83040E 02 6.84454E 02 -1.41450E 00 1.002071 
4.2800oE-02 1.26598E 00 6.63520E 02 6.66441E 02 -2.92108E 00 1.004402 
4.94000E-02 1.46120E 00 6.29270E 02 6.32792E 02 -3.52254E 00 1.005598 
5.64000E-02 1.66826E 00 5.84600E 02 5.87343E 02 -2.74264E 00 1.004691 
6.40[00E-02 1.89306E 00 5.32150E 02 5.32308E 02 -1.57784E-01 1.000296 
7.20000E-02 2.12969E 00 4.76890E 02 4.72658E 02 4.23154E 00 0.991127 
8.05000E-02 2.3811 IE 00 4.21310E 02 4.10979£ 02 1.03308E 0 I 0.975419 
8.94000E-02 2.64436E 00 3.68450E 02 3.50718E 02 1.16722E 01 0.952036 
9.890COE-02 2.92536E 00 3.18890E (;2 2.92991E 02 2.58992E 01 0.918783 
1.09000E-01 3.22411E DO 2.74030E 02 2.39519E 02 3.45112E 01 0.814060 
1.1geOOE-01 3.51990E 00 2.36830E 02 1.94536E 02 4.22939E 01 0.821416 
1.300[OE-01 3.84527E 00 2.03280E 02 1.53494E 02 4.91863E 0 I 0.755085 
1.4ICOOE-OI 4.1706~E 00 1.16070E 02 1.20243E 02 5.58268E 01 0.682928 
1.53[00E-01 4.52559E 00 1.52380E 02 9.14915E 01 6.o8885E 01 0.600417 
1.65000E-01 4.88053E DO 1.33510E 02 6.91865E 01 6.43235E 01 0.518212 • 
1.18000E-01 5.26506E 00 1.17380E 02 5.08112E 01 6.65688E 01 0.432878 
1.91000E-01 5.64959E 00 1.04510E 02 3.71172E 01 6.74528E 01 0.354951 
2.05000E-01 6.o6369E 00 9.36490E 01 2.63300E 01 6.73190E 01 0.281157 
2.190[oE-01 6.~7780E 00 8.~8480E 01 1.85908E 01 6.62572E 01 0.219107 
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DECO~POSITICN OF FLUX NO. 10 PL#.5 PH#2.0 

KT # 3.380781:-02 

C # 6.3IJ89[ 01 

E E/Kl FLUX MAXWEll RESIDUE MAXWELLlFl UX 

2.34[[0[-01 6.92148E 00 7.72840E 01 1.27462E 01 6.45378E 01 0.164926 
2.490[OE-01 7.36517E 00 7.1012oE 01 8.70309E DO 6.23089E 01 0.122558 
2.65[[OE-01 7.R3843E 00 6.5568oE 01 5.770 liE 00 5.97979E 01 0.088002 
2.750[0[-01 B.13422E 00 6.25640E [I 4.45462E 00 5.81094E 01 0.071201 
2.81[[OE-Ol 8.31170E 00 6.09520E 01 3.B1161E 00 5.71404E 01 0.062535 
2.9L[[CE-[1 8.5779IE GO 5.863501: 01 3.0143OE 00 5.56207E 01 0.0514C8 
2.97[[oE-01 8.78496E 00 5.70180E 01 2.50970E 00 5.4S083E 01 0.044016 
3.0['[[OE-01 8.87370E CO 5.63070E 01 2.31979E 00 5.39872E 01 0.041199 
3.14[[oE-01 9.2878oE 00 S.3394oE 01 1.60477E 00 5.17892E 01 0.030055 
3.2~[[OE-[1 9.61317E 00 5.13120E 01 1.19967E 00 5.01123E 01 0.023380 
3.32[[OE-01 9.R2023E 00 5.00740E 01 9.96310E-01 4.90777E 01 0.019897 
3.40[[OE-01 I.00569E [I 4.87550F 01 A.05318E-01 4.79497E 01 0.016518 
3.490[oE-01 1.032.3IE 01 4.7319OE 01 6.33432E-ol 4.66856E 01 0.013386 
3.6lJ[[OE-01 I.06484E 01 4.57520E 01 4.71923E-01 4.52801 E 01 0.010315 
3.68[[OE-OI I.D8851E 01 4.4598oE 01 3.80757E-01 4.42172E 01 0.008538 
3.8{[COE-CI 1.14471E 01 4.22260E 01 2.28264E-01 4.19977E 01 0.005406 
4.o60[OE-01 1.20091E 01 4.00530E 01 1.36515E-01 3.99165E 01 0.003408 
4.26[[OE-01 1.26007E 01 3.8043OE 01 7.92762E-02 3.79631E 01 0.002084 
4.460[OE-01 1.31922E 01 3.62020E [I 4.59354E-02 3.61561E 01 0.001269 
4.670[OE-CI 1.38134E 01 3.44850E 01 2.58443E-02 3.44592E 01 0.000749 
4.8tlOOOE-DI 1.44345E 01 3.2903OE 01 I .451 1 I E-02 3.28885E 01 0.000441 
5.100[OE-01 1.508S3E 01 3.14230E 01 7.91 1 15E-03 3.14151E 01 0.000252 
5.3;;:[[0[-01 1.57360E 01 3.0C50oE 01 4.30496E-03 3.o0~57E 01 0.000143 
5.5,)CCO[-01 1.64163E 01 2.8762oE 01 2.27454E-03 2.87597E 01 0.000079 
5.1eCCOE-01 1.70967E 01 2.75630E 01 1.19969E-03 2.15618E C I 0.000044 
6.o2[COE-01 1.78066E 01 2.64310E Cl 6.14376E-04 2.64304E 01 0.000023 
6.26[[OE-01 1.85165E 01 2.53850E [I 3.14129E-04 2.53841E 01 0.000012 
6.500[OE-01 1.92263E 01 2.44180E 01 1.60318E-04 2.44178E 01 0.000007 
6. 75000E-0 1 1.99658E 01 2.349ooE 01 7.95031E-05 2.34899E 01 0.000003 
7.oICCCE-Ct 2.07349E (;1 2.2591oE 01 3.8265IE-05 2.25970E 01 0.000002 
7.27[[OE-01 2.15039E 01 2.1773oE [ 1 1.83918E-05 2.1173OE 01 0.000001 
7.530[OE-01 2.22130E 01 2.1003OE 01 8.82852E-06 2.1003OE 01 0.000000 
7.800coe-ol 2.30716E 01 2.02610E 01 4.11471E-06 2.02610E 01 0.000000 
8.obC[OE-CI 2.38998E 01 1.95570E 01 1.86198E-06 1.95570E 01 O.OoOCOO 
8.35C[OE-01 2.46985E 01 1.89D2DE DI 8.6578IE-07 1.89020E 01 0.000000 .. 8.61.10COE-01 2.55563E 01 1.82670E [I 3.79928E-07 1.82670E 01 0.000000 
8.93[00E-01 2.64140E 01 1.76660E 01 1 .66 535E-0 7 1.76660E 01 0.000000 
9.22[00[-01 2.72718E 01 1.71010E 01 7.29201E-08 1.71oloE 01 0.000000 
9.52[[OE-CI 2.81592E 01 1.65540E C I 3.1001IE-08 1.65540E 01 O.COoOOO 
9.82[[0£-01 2.90466E lJl 1.60600E 01 1.31665E-08 1.60600E 01 0.000000 



DECOMPOSITION OF FLUX NO. 10 PU.5 PHN2.o 

KT # 3.38078E-02 

C N 6.3 1 I 89E 0 1 

E E/KT FLUX MAXWELL RESIDUE MAXWElllFl UX 

1.0IOeDE 00 2.98748E 01 1.5586o[ e I 5.91553E-09 1.55860£ 01 [.ooCDOO 
1.04CoOE 00 3.07622E OJ 1.51B80E 01 2.50799E-09 1.518(:WE 01 0.000000 
1.07GCeE 00 3.16495E 01 1.46700E 01 1.06242E-09 1.46700E 01 O.OOOCCO 
1.llceOE 00 3.28327E 01 1.42300E 01 3.37595E-10 1.42300E 01 o.ooooeo 
1.14COOE 00 3.37201E 01 1.38050E 01 1.42757E-10 1.38050E 01 o.oooeoo 
1.17COOE 00 3.46074E 01 1.343201: 01 6.03253E-11 1.3432oE 01 C.OOOOOO 
1.2ICCOE 00 3.57906E 01 1.3057oE 01 1.9Io99E-11 1.3lJ570E 01 o.oocoeo 
1.24000E 00 3.66780E 01 1.26480E 01 8.06335E-12 1.26480[ 01 O.CoOCOO 

.280COE 00 3.7801 IE 01 1.23440E [ I 2.54955E-12 1.23440E 01 0.000000 

.3100oE 00 3.87485E 01 1.19710E 01 1.07435E-12 1.19710E 01 0.000000 

.35COOE CO 3.99316E 01 1.17040E 01 3.39132E-13 1.1704oE 01 0.000000 

.38eOOE co 4.o8190E 01 1.1366oE 01 1.42736E-13 1.13660E 01 c.ooooeo 

.42CCoE 00 4.20022E 01 I. 1 1260E (] I 4.49887E-14 1.11260E 01 0.000000 

.450COE 00 4.28895E 01 1.08310E 01 1.89149E-14 1.0831oE 01 0.000000 

.49CCoE 00 4.40727E 01 1.0578oE 01 5.95363E-15 I.D57SoE 01 O.DoOCoO 

.5jCCoE 00 4.S2559E 01 1.02900( 01 1.8726IE-15 1.029ooE CI C.OOOoOO 

.57oDOE 00 4.64390E 01 1.00290E 01 5.88594E-16 I.OO29OE 01 0.000000 

.610CoE 00 4.76222E 01 9.781Io[ 00 1.84885E-16 9.7811oE 00 0.000000 

.6SCCOE CO 4.88053E 01 9.54530E 00 5.8039OE-17 9.54530E 00 D.ooOCOO 

.69CCOE 00 4.99885E 01 9.31980E 00 1.82089E-17 9.31980E 00 0.000000 

.730COE 00 5.11717E OJ 9.10650E CO 5.70956E-18 9.I065OE 00 0.000000 
I. HoeOE 00 5.23548E 01 8.90050E CO 1.78933E-18 8.9005OE 00 C.OOOOOO 
1.8ICCoE 00 5.35380E 01 8.7070oD 00 5.60474E-19 fl.7070oE 00 0.000000 
1.850COE 00 5.47211E 01 8.5167oE CO 1.75473E-19 8.51670E 00 o.ooooeo 
1.89CCOE 00 5.59043E 01 8.35440E 00 5.49110E-2o 8.35440E 00 0.000000 
1.93000E 00 5.70B75E 01 8.14480E 00 1 .7175 7E-2o 8.14480E 00 0.000000 
1.98CCOE 00 5.85664E 01 7.9831oE 00 4.01535E-21 7.9831oE CO o.oooceo 
2.o20COE 00 5.97496E 01 7.8C430E 00 1.25479E-21 7.80430E 00 O.OOOOCO 
2.06CCOE 00 6.09327E 01 7.63780E 00 3.91964E-22 7.637BOE 00 0.000000 
2.IICCoE 00 6.24117E 01 7.5025OE 00 9.14874E-23 7.5025OE 00 0.000000 
2.I~ceOE 00 6.35948E 01 7.30850E CO 2.85547E-23 7.30S5OE 00 O.OODCOo 
2.20COoE 00 6.So73BE 01 7.19760E 00 6.65828E-24 7.1976oE 00 C.OOoOOO 
2.24COoE 00 6.62569E 01 7.o254oE 00 2.o765BE-24 7.0254oE 00 o.oooreo 
2.29ceOE 00 6.77359E 01 6.89130E 00 4.83766E-25 6.89130E CO c.ooooeo 
2.34CCoE 00 6.92148E 01 6.76220E 00 1.12646E-25 6.7622oE 00 C.OOCCCO 
2.38CCoE 00 7.C398oE 01 6.6167oE CO 3.50944E-26 6.6167DE CO o.ooeeoo 
2.4jCCOE CO 7.1877oE 01 6.5U700E 00 8.1652IE-27 6.50700E 00 o.ooooeo 
2.48CDoE 00 7.33559E 01 6.36640E CO 1.89895E-27 6.36640E CO C.OODeoo 
2.53CCOE co 7.48349E 01 6.2469OE CO 4.4145IE-28 6.24690E CO c.cocceo 
2.58CCDE 00 7.63138E 01 6.1219OE CO 1.02585E-28 6.12190E 00 C.OOODeD 
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DECOMPOSITION OF FLUX NO. 10 PUI.5 PH #2.0 

KT N 3.38018[-02 

C#6.31189EOI 

E ElKT FLUX MAXWELL RESIDUE MAXWEll/FLUX 

2.6.:SCCO[ DO 7.71928E 01 6.0117oE CO 2.38297E-29 6.oll7oE 00 0.000000 
2.68CC[E 00 7.Q2717E 01 5.8944oE 00 5.53347E-30 5.8944oE 00 0.000000 
2. BOCOE CO B.07507E Dr 5.7923OE 00 1.28447E-3o 5.7923OE 00 0.000000 
2.78CCCE 00 8.22296E 01 5.68130£ 00 2.98063E-31 5.6813OE 00 0.000000 
2.8:SCCOE 00 8.37086E 01 5.59400£ CO 6.91433E-32 5.59400E 00 0.000000 
2.8flCCOE CO B.51875E 01 5.4743OE 00 1.60345E-32 5.47430E 00 0.000000 
2.94000E 00 8.69622E 01 5.37230E QO 2.71493E-33 5.37230E DO 0.000000 
3.oUCCOE 00 8.87370E 01 5.28880E 00 4.80027£-34 5.28880E DO O.OOoCOO 

Of 3.o4CCOE DO 8.99201£ 01 5.170ooE DO 1.48997E-34 5.17000E 00 0.000000 
3.IOCCoE 00 9.16949E 01 5.1199OE 00 2.57577E-35 5.1 J990E 00 0.000000 
3.I:'OCCE 00 9.31738E 01 4.9831oE 00 5.96426E-36 4.9831oE DO 0.000000 
3.2rCCOE CO 9.49486E 01 4.95280E CO 1.03036E-36 4.9528oE 00 0.000000 
3.26CCOE CD 9.64275E 01 4.84940£ 00 2.38454E-37 4.84940E 00 0.000000 
3.320CoE 00 9.A2023E 01 4.80400E DO 4.11684E-38 4.80400E 00 0.000000 
3.370[OE 00 9.96812E 01 4.71150E 00 O. 4.71150E 00 O. 
3.43[COE 00 1.01456E 02 4.64630E 00 O. 4.6463OE 00 O. 
3.49CCoE DO 1.03231E 02 4.5712oE 00 O. 4.57720E 00 O. 
3.54CCoE DO 1.0471oE 02 4.4925OE 00 O. 4.49250E 00 O. 
3.6LOC[E 00 I .06484E 02 4.42620E 00 O. 4.42620E 00 O. 
3.66CC[;E 00 1.08259E 02 4.34270E CO O. 4.34270E 00 O. 
3.72CCOE 00 1.10034E 02 4.2546o[ 00 O. 4.2546oE 00 O. 
3.7tlCCoE DO I • I I SD9E 02 4.1784oE 00 O. 4.1784oE DO o. 
3.84CCCE CO 1.13583E 02 4.o9510[ CO O. 4.09510E 00 O. 
3.9IJCCCE GO 1.1535SE 02 4.01900£ 00 O. 4.019ooE DO D. 
5.96CCOE DO 1.171 BE 02 3.94320E CO O. 3.94320E 00 O. 
4.02CCOE 00 I. I 89::JAE C2 3.88860E 00 O. 3.88860E DO O. 
4.08CCCE CO 1.206A2E 02 3.8055OE CO O. 3.80550E 00 O. 
4.I:JCCOE CO 1.22753E U2 3.75890E CD O. 3.7589OE 00 O. 
4.2ICCCE CO 1.24528E 02 3.6979DE 01] O. 3.6979OE DO O. 
4.2(CCOE 00 1.263!J2E 02 3.6415O[ 00 O. 3.6415OE DO O. 
4.34CCOE CO t .28373E 02 3.6053OE CO O. 3.6053OE 00 O. 
4.4JCCC[ 00 1.3C148E 02 .3.5435OE DO O. 3.5435OE CO O. 
4.47CCO[ 00 1.32218E C2 3.5C390E 00 O. 3.5039OE 00 O. 
4.5:iCCCE OJ 1.33993E 02 3.4S22O[ DO O. 3.45220E 00 O. 
4.6LCCCE 00 1.36D63E C2 3.42D50E CO O. 3.42050E 00 C • 

• 4.66CCCE GO 1.37A38E 02 3.3606oE [0 O. 3.36060E 00 O. 
4.7:SCCOE DO I .39909E 02 3.3304oE CO O. 3.3304oE 00 O. 
4.8CCCOE 00 1.41979E 02 3.18330E DO O. 3.1833OE 00 O. 
4.86CCoE GO 1.437,:)4E [;2 3.11290E CO O. 3.1129OE 00 O. 
4.93CCoE CO 1.45824E 1.;2 3.01710E CO O. 3.o171oE DO O. 



DECOMPOSITION OF FLUX NO. 10 

KT # 3.38078E-02 

C # 6.~1189E 01 

E E/KT 

5.00CCOE 00 I.IJ7895E 02 

PL#.5 

FLUX 

3.121IJOE CO 

PH#2.0 

MAXWELL RESIDUE MAXWELLIFL UX 

O. 3.121IJOE 00 o. 
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DC¢M FORTRAN LISTING 
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C DCOM. FLUX DECOMPOSITION PROGRAM. 
DIMENSION EI16SJ,XKTI1651,PHII1651,PHIM!16S),RI165I, 

IB(165),TITLEI 121,D(7),X( (65) ,Y{1651 
CCM~ON E,XKT,PHI,PHI~,R,TITLE,NSE,TK,CO 

100 READ INPUT TAPEIO,IOI,TITLE 
101 FORMAT! 12A6) 
102 FCR~AT(7EI0.7,I21 
103 FOR~ATI2EIO.7) 
104 READINPUTfAPEID,103,PL,PH 

I NSEO#C 
2 READ INPUT TAPEIO,102,(DIJ1,J#I,71,IC 
3 IC#IC+I 
4 I F ( I C - 6 I I 0 0 , 5, I 00 
5 IFINS[O)8,6,8 
6 NSE#O 
7 NSCO# I 
8 DO I 3J ~ I ,5,2 
9 KIINSE+(J+I)/2 

10 E (K ) lie I J I 
II PbIIKIIIDIJ+11 
12 IFIEIK)II.~t16,13 
13 CONTIf\.UE 
14 NSEIINSC+3 
15 GCT02 
16 NSEIIK-I 
178IGII'PHIII) 
113 DC221112,NSE 
19IFIBIG-PHIIl»2C,22,22 
20 I I II I 
21 BIGIiPhIlIIl 
22 CCNTli\U[ 
23 DC24JIII,NSE 
24 BIJ1IILOGFIPHIIJ1/E(JI) 
25 D027JIII,II 
26IFIPL"EIII1-EIJJJ28,25,27 
27 CONT U,Uf: 
28 JSMNJ-l 
29 D03IJt111,NSE 
30 IFIPH"EIIIJ-EIJ»32,32,31 
31 CONT I!\UE 
32 JLA#Jt 1 

33 D036K#JSM,JLA 
.~4 LiiK-JSM+1 
.is XIL)#EIK) 
36 YIL)#BIK) 
H NIIJLA-J SM+ 1 
3H CALLLSQ(X,Y,N,AA,BB) 
59 fKII-I.O!A/\ 
40 CCIIEXPFIBB)!IAA*AA) 
41 D044JIII,NSE 
42 XKTIJJ#-EIJ)*IAAJ 
43 PhI~IJ)NEIJJ"IEXPFIAA*EIJ)+BB») 
44 RIJ)NI1.O-EXPFIAA"EIJ)+BB-BIJ»)*PHIIJ) 
115 CALLOlJTDCfl 
46 GCTCllCU 

ENDII,I,O,O,O,O,O,O,O,o,o,o,n,O,O) 

DCOM 000 1 
DCOM0002 
OCOM0004 
OCOM 0 I 14 
DCOMOl15 
DCOMOl16 
DCOMO 117 
DCOMOIOI 
DCOM0202 
DCOM0203 
DCOM0204 
DCOM0205 
OCOM 0206 
OCOM0207 
DCOM0208 
DCOM0209 
DCOM0210 
DCOM0211 
CCOM0212 
DCOM0213 
DCOM0214 
DCOM021S 
DCOM0216 
OCOM0217 
DCOM0218 
DCOM0219 
OCOM0220 
DCOM0221 
DCOM 0222 
OCOM 0223 
DCOM0224 
OCOM0225 
DCOM0301 
DCOM0302 
DCO~0303 
eCOM 0304 
OCOM 030':) 
DCOM 0306 
eCOM0307 
DCOM0301:1 
DCOM 0309 
DCOM0310 
CCOM0311 
DCOM 0312 
DCOM0313 
OCOM0314 
£:(0"10315 
DCOM0316 
DCOM 0317 
eCOM031tl 
DCOM0319 
DCOM 0320 
DCOM 0321 
CCOM0322 



eLse LEASTSQUA~ESFIT 
SUBROUTINELSQIX,y,~,AA,BB) 

DIMENSION XII65J,Y{I65J 
Xf\#N 

I XI#O.L 
2 X2#D.C 
3 YllIo.!J 
4 XYIIo.C 
5D09JIIl,N 
6 XI#XI+X(JJ 
1 X2I1X2+XIJJ*X(J) 
8 YI#YI+Y!JI 
9 XYIIXY+X(J)*Y(JI 

10 DIIXN*X2-XI*XI 
II AA#(XN*XY-YI*XII/D 
12 BB#(YI*X2-XI*XYJ/D 
13 RETURN 

102 

ENO( 1,1,0,0,0,0,0,0,0,0,0,0,0,0,0) 

LSC 0/01 
LSQ 0103 
LSQ 0001 
LSQ 0106 
LSQ 0101 
LSQ 0108 
LSQ 0109 
LSQ 0110 
LSQ 0 III 
LSQ 0112 
LSQollj 
LSC 0114 
LSC OJ 15 
LSQ 0116 
lSQ 0117 
LSQ 0118 
LSQ 0119 

" 

• 
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OUTDCO. OUTPUT SUBROUTINE FOR OCO. 
SUBROUTINE OUTDCO 
DIM ENS ION E I I 65 I , X K T I I 65 I , PH I I I 65 I , PHI M I I 65 , ,R I I 6 5 I , 

ITITlEI121,ll1651 
COMMON E,XKT,PHI,PHIM,R,TITlE,NSE,TK,CO 
D06JIH ,NSE 

6 ZIJI#PHIM{JI/PHIIJI 
WR I TEOUT PUTT AP E9, I , I T III E I I I ,1#11 , 121 

I FORMATI12A61 
4 FORMATIIPEI3.5,IP4EI4.5,OPFI2.61 
2 FORMATI5HOKT #,IPEI2.5/4HOC #,IPEI2.51111 

184H E E/KT FLUX MAXWEll 
2ICUE MAXWEll/FlUXI12HO I 

WRITEOUTPUTTAPE9,2,TK,CO 
NUO 
003J#I,NSE 
WRITEOUTPUTTAPE9,4,EIJI,XKTIJ1,PHIIJ1,PHIMIJI,RIJ1,ZIJI 
Nl#NL+1 
IFINl-40U,5,5 

3 CONTINUE 
RETURN 

5 WR IT EO U T PUTT APE 9 , I , I TI TL E I I I , I # I , I 2 I 
WRITEOUTPUTTAPE9,2,TK,CO 
NL#D 
GOT03 
END ( I , 1 ,0,0,0,0,0,0,0,0,0,0,0,0,0 I 

OUTDC003 
OUTOCOOI 
18490001 
OUTDC004 
OUTDCOO 1 
OUTDC002 
CUTDCO II 
OUTDCO 12 

OUTDC004 
RESOUTDC005 

OUTDC006 
OUTOCO 14 
OUTDC020 
OUTDC021 
OUTDCOIO 
OUTOC024 
OUTDC025 
OUTDC002 
OUTDC004 
OUTDC006 
OUTOC008 
OUTOCO 11 
OUTOCOIO 
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