
ENDF/B PROCESSING CODES 
FOR THE RESONANCE REGION 

M.R. BHAT 

NATIONAL NEUTRON CROSS SECTION CENTER 
Brookhaven National Laboratory 

Upton, New York 11973 

NATIONAL NEUTRON CROSS SECTION CENTER 

B r o o k h a v e n  Nat iona l  Laboratory 

Upton ,  N e w  York 11973 



BNL 50296 
(Reactor Technology - TID-4500) 

ENDF 148 

ENDF/B PROCESSING CODES 
FOR THE RESONANCE R E G I O N  

M.R. BHAT 

NATIONAL NEUTRON CROSS SECTION CENTER 
Brookhaven National Laboratory 

Upton, New York 11973 

June 1971 

N A T I O N A L  N E U T R O N  C R O S S  S E C T I O N  C E N T E R  

B R O O K H A V E N  N A T I O N A L  L A B O R A T O R Y  

A S S O C I A T E D  U N I V E R S I T I E S ,  I N C .  
under contract with the 

UNITED STATES ATOMIC ENERGY COMMISSION 



N O T I C E  

This report was prepared as an account of work sponsored by the United States 
Government. Neither the United States nor the United States Atomic Energy Com- 
mission, nor any of their employees, nor any of their contractors, subcontractors, or 
their employees, makes any warranty, express or implied, or assumes any legal liability 
or responsibility for the accuracy, completeness or usefulness of any information, 
apparatus, product or process disclosed, or represents that its use would not infringe 
privately owned rights. 

Printed in  the United States of America 
Available from 

National Technical Information Service 
U.S. Department of Commerce 

5285 Port Royal Road 
Springfield, Virginia 22 15 1 

Price: Printed Copy $3.00; Microfiche $0.95 

October 197 1 1240 copies 



Table of Contents 

Page 

..................... 1. Availability of Computer Programs 1 

2. Introduction.......................................... 2 

3. Description of the Programs ........................... 4 

(i) SIGPLa - Single and multi-level Breit-Wigner 
formulae (ENDFIB Version I Data Format) 5 

(ii) SIGMA2 - Single and multi-level Breit-Wigner 
formulae (ENDFIB Version I1 Data 
Format) 15 

(iii) RAMP1 - Reich-Moore formalism 16 

(iv) ADLER - Adler-Adler formalism 23 

(v) AVRAGE3 - Unresolved resonance region calcu- 
lations energy independent param- 
eters (ENDF/B Version I1 Data 
Format) 29 

(vi) AVRAGE4 - Unresolved resonance region calcu- 
lations energy dependent param- 
eters (ENDFIB Version I1 Data 
Format) 34 

4. References.......................................... 39 

5. Program Listings with Sample Input Data and Results 





Availability of Computer Programs 

The computer programs described in this report have been sent to the 

Argonne Code Center for distribution. For further information write 

or call 

Argonne Code Center, Building 203 Room C-230 
Argonne National Laboratory 
9700 South Cass Avenue 
Argonne, Illinois 60439 

Phone: Area 312 739-7711 Extension 4366 



Introduction 

In this report we describe some six programs written for calculating 

point-wise cross-sections in the resolved and unresolved resonance region. 

These programs have been written specifically to read in the resonance 

parameters in the ENDF/B files. However, the smooth cross-sections from 

File 3 have to be added to the output of these programs to obtain the final 

cross-section. 

Out of the six codes described in this report, the first four calculate 

the cross-sections in the resolved resonance region and the last two in the 

unresolved resonance region. The first program SIGPLOT calculates cross- 

sections for scattering, capture and fission using t k  single level Breit- 

Wigner parameters of ENDF/B Version I data. It also calculates multilevel 

scattering cross-sections. The cross-sections may be Doppler broadened 

if necessary. The second program SIGMA2 is essentially a modified version 

of SIGPLOT written for ENDF/B Version I1 data. The third program RAMP1 

calculates scattering, capture and fission cross-sections using the Reich- 

Moore approximation, with or without Doppler broadening. The next program 

ADLER calculates cross-sections from the Adler-Adler parameters. Doppler 

broadening is done using the i!~ and x functions. AVRAGE3 and AVRAGE4 calcu- 

late cross-sections in the unresolved region using energy independent para- 

meters and energy dependent parameters of ENDFIB Version I1 respectively. 

Width-fluctuation corrections are applied by numerical integration. Also, 

there is no provision made for allowing any inelastic effects in AVRAGE3 

whereas they are taken into account in the latter program. After describing 

the programs, we have given the program listings with sample input data and 



r e s u l t s  of t he  t e s t  problems. 

The main purpose of w r i t i n g  these  codes has  been t o  have a  s e t  of codes 

which ( i )  would serve  a s  a  s tandard re ference  s e t  a g a i n s t  which the  r e s u l t s  

of o the r  codes could  be compared and ( i i )  could be used i n  neutron c ros s -  

s ec t ions  eva lua t ion  and ( i i i )  from which automated p l o t s  of c ros s - sec t ions  

could be obtained f o r  au thor  proofs .  As such, every e f f o r t  has  been made 

t o  ob ta in  accu ra t e  r e s u l t s  from the codes avoiding t h e  usua l  computer time- 

saving approximations such a s  tak ing  only a  small  number of resonances i n  a  

p a r t i c u l a r  energy reg ion .  Also, t hese  codes have been checked a g a i n s t  

e x i s t i n g  codes t o  t r a c e  down any e r r o r s  of programming. However, t he  au thor  

would apprec i a t e  i t  i f  t h e  u s e r s  could communicate any e r r o r s  they might 

f i n d  i n  using these  codes. 

My g r a t e f u l  thanks a r e  due t o  D. E .  Cul len f o r  wr i t i ng  the  subrout ines  

used i n  c a l c u l a t i n g  the  Doppler broadened c r o s s  s ec t ions  by the  t r a p e z o i d a l r u l e  

I have a l s o  bene f i t ed  from u s e f u l  d i scuss ions  wi th  M. S. Moore. 

Copies of these  programs have been s e n t  t o  the  Argonne Code Center.  (See 

A v a i l a b i l i t y  of Computer Codes) 

Any f u r t h e r  d e t a i l s  regard ing  these  programs may be obtained from the  

au thor  a t  the National  Neutron Cross Sec t ion  Center .  





Description of the Programs 





PROGRAM SIGPLOT 

This is a program to calculate scattering, capture, fission, and total 

cross sections from resonance parameters of Version I data from File 2 of 

ENDFIB. Provision is also made to allow for level-level interference effects 

in the scattering cross section. The formulae used are essentially the same 

as given in the report of Gregson, et al.,(') but are modified to include 

fission. Modified versions of the three subroutines, ORDER, FACTS, and 

SIGMA, described in this report are used in the current program. Further 

(2) details of thes formulae are given in the Data Formats and Procedures Manual . 

Formulae : 

1. Elastic Scattering 

4n si$% crA (m) = (2R+1) - 
km2 

N ( 1 , ~  
r e s  

J r = l  (E-E + 

2(E-E I )  r sin 2% 
+ r n r 

(E-E '12 + (:r 



2. Capture 

3 .  Fis s ion  

r I" 
n r Ifr 

I "  
( E - E  ) + (y 

N (P, J ) 
r e s  r T 

n r  f r  
u' (m) = C g, C n f km " 

J r =  1 (I3 E r  I). + (:r 
4 .  E l a s t i c  S c a t t e r i n g  wi th  Level-Level I n t e r f e r e n c e  

I n  a d d i t i o n  t o  the  express ion  given i n  Eq. ( I ) ,  we have the  

fol lowing l e v e l - l e v e l  i n t e r f e r e n c e  term: 



where m i s  t h e  mt i so tope ,  

N,,,(R,J) a r e  t h e  number of resonances f o r  a g iven  R and J, 

AWR = mass of t h e  element i n  u n i t s  of t he  neut ron  mass, 

E = neut ron  energy i n  e V  i n  t he  Laboratory System, 

S, = s h i f t  f a c t o r ,  

PQ = p e n e t r a t i o n  f a c t o r ,  

= phase s h i f t ,  

p = ka, 

a = channel r a d i u s .  

Storage Capaci ty  of t h e  Program 

1. Maximum number of i so topes :  10. 

2. Maximum number of 1 values  per  i so tope  pe r  energy range: 5.  

3 .  Maximum number of resonances over a l l  i so tope  energy 
ranges and R va lues  : 500. 

4. To ta l  memory f o r  t he  program: 3 7 K  o c t a l .  



5. Time: approximately 14 secs C.P. time/ 25 res/ isotope 
on the CDC-6600. 

6. This program assumes that the resolved resonance parameters 
are given for one energy range which is the same for all isotopes. 

Procedure: 

1. After all the data for one element are read in, the resonance 

energies over all isotopes are arranged in increasing order. 

2. For each pair of levels which lie within the limits of the energy 

range in the input data, a variable number (8 = 4 MM as it stands now) of energy 

points which lie between these two levels are generated, and the scattering, 

capture, fission, and total cross section are calculated and printed out for 

all the resonances of a given isotope as well as for all the isotopes of a 

given element. A finer mesh may be obtained by setting MM (card SIGP246) 

to a higher value. 

3. To avoid having huge core storage, the cross sections are not 

stored in memory but are printed out as they are generated. 

4. The resonances in each isotope are arranged in increasing order 

of R and for a given increasing order of J before the cross sections are 

calculated. 

5. For a given isotope, the measured resonance spins are, for 

example, 3 and 4. In File 2 the spins of some low energy resonances 

where they have been experimentally measured will have one of these two 

values. For the rest of the resonances where this data is lacking, the 



sp ins  would be given a s  3.5. I n  such a case,  i n  c a l c u l a t i n g  the  c r o s s  

s ec t ion  with l e v e l - l e v e l  i n t e r f e r e n c e ,  we l e t  sp in-3  resonances i n t e r f e r e  

w i t h  one another .  S imi la r ly ,  spin-4 resonances t h a t  i n t e r f e r e  with each 

o the r  a r e  t r e a t e d  a s  a group. The r e s t  of the  resonances ( s p i n  3.5)  do 

no t  i n t e r f e r e  among themselves unless  t h i s  i s  i nd ica t ed  on the  t i t l e  

card  i n  Col. 65 ( see  p. 8 ) .  

6 .  To Doppler-broaden c r o s s  s ec t ions ,  we w r i t e  the  Doppler- 

broadened c r o s s  s ec t ion  a s  

where 

~2~~ = e f f e c t i v e  tempera- 
t u r e  i n  degrees 
Kelvin . 

AWR = nuclear  mass 

The above express ion  i s  obtained as  a good approximation f o r  the  more 

accura te  expression f o r  Doppler-broadened c r o s s  s e c t i o n  ( see  So lb r ig  (3 ))  

when E/A>> 1. It i s  known t h a t  t h i s  approximation i s  good except a t  

very low ene rg ie s  where the  more accu ra t e  express ion  has t o  be used. 

Therefore , in  t h i s  program Doppler-broadening of the  c r o s s  s e c t i o n  i s  

by-passed f o r  neutron ene rg i e s  l e s s  than 0.025 eV. The above express ion  



can be w r i t t e n  a s  

where s ince  E ' /A i s  l a r g e ,  the  i n t e g r a l  i s  w r i t t e n  a s  

A .  Gauss-Hermite Ouadrature 

This  i n t e g r a l  can be eva lua ted  us ing  a  9-point  Gauss-Hermite quadra- 

t u r e  formula, provided the s t r u c t u r e  i n  t he  c ros s  s e c t i o n  i s  n o t  small  

compared wi th  t h e  Doppler width 1\ . Comparison of a  t e s t  case  which i s  

Doppler broadened us ing  t /~  and X func t ions ,  the  t r apezo ida l  r u l e ,  and 

Gauss-Hermite quadra ture  formula g ives  accu ra t e  r e s u l t s ,  provided the  

width of t he  resonances r 2 5 A .  I f  t h i s  cond i t i on  i s  no t  s a t i s f i e d ,  we 

have recourse t o  us ing  the  t r apezo ida l  r u l e  f o r  eva lua t ing  the  i n t e g r a l  

a s  descr ibed  below. In  most of t h e  ca ses  we use the  quadra ture  formula 

f o r  c a l c u l a t i n g  the  in t eg ra1 , a s  i t  has  been found t h a t  t he  t r a p e z o i d a l  

r u l e  method r e q u i r e s  a  l a rge  amount of computer time. Wowever, t he  t r a p e z o i d a l  

method should be used i f  the  resonances a r e  very narrow and/or  a r e  very c l o s e l y  

spaced. This  may be done by s e t t i n g  a l l  FLAG(1) = 1 i n  the  subrout ine  SIEVE. 

B. Trapezoidal  Method 

The above i n t e g r a l s  can a l s o  be eva lua ted  numerical ly  by using the  



t r apezo ida l  r u l e .  To s t a r t  with,  a  c e r t a i n  number of p ivo t  p o i n t s  (NTAB 

which i s  an odd i n t e g e r )  equal  t o ,  say, 11 a r e  s p e c i f i e d  a t  each energy 

E'  where we wish t o  eva lua t e  t he  Doppler-broadened c r o s s  s ec t ion .  P ivo t  

p o i n t s  a r e  then s p e c i f i e d  a t  e leven  energy va lues  given by E"  = E '  and 

E" = E ' + A . . . . E ' ?1 5A . The c ros s  s e c t i o n  t o  be Doppler-broadened i s  

e x p l i c i t l y  eva lua ted  a t  each p ivo t  po in t  a t  every i t e r a t i o n .  The i n t e -  

g r a l  w i l l  g ive  n e g l i g i b l e  con t r ibu t ion  beyond t h i s  energy i n t e r v a l  due 

t o  t he  e-(E' - E" 1 2 ' ~ '  f a c t o r .  I f ,  however, E  ' i s  very  small so t h a t  the  

energy a t  one of the  above p ivo t  po in t s  i s  l e s s  than o r  equal  t o  zero,  

we s e t  E' = eV a s  t h e  lowest energy and s e t  t he  energy of t he  p ivo t  

p o i n t s  a t  E' = + A .. .., + 10A . I n  add i t i on ,  we have t o  spec i fy  

an ERROR (say  of t he  order  of The above i n t e g r a l  i s  then eva lua ted  

a t  these  po in t s ,  and i f  t h e  r e l a t i v e  value i n  each sub in t e rva l  i s  l e s s  

than ERR@R/(NTAB-I), t he  program assumes t h a t  the  i n t e g r a l  has  converged 

i n  t h a t  i n t e r v a l ;  i f  no t ,  a t  every i t e r a t i o n  the  number of s t e p s  i s  

doubled u n t i l  the  i n t e g r a l  converges. This  method has been checked 

aga ins t  r e s u l t s  obtained by us ing  0 and x func t ions  i n  t e s t  ca ses  and 

found t o  converge r ap id ly .  

Use of these two numerical methods to evaluate the Doppler-broadened 

c r o s s  s e c t i o n s  enables  us  t o  t r e a t  resonances due t o  higher  1-values where 

express ions  f o r  t he  Doppler-broadened c r o s s  s ec t ions  i n  terms of t he  $ 

and x func t ions  become very  involved.  



Input  Data -- - 

The f i r s t  card  of t h e  input  i s  a TITLE card  with t h e  format 

(7A4 ,2~ ,  15, F5.1, 215, E10.4, 15 ) .  One can punch a n  appropr i a t e  t i t l e  

i n  Cols.  1-28. I f  Doppler-broadened c r o s s  s e c t i o n s  a r e  des i r ed ,  punch 

1 i n  Col.  35, o r  e l s e  punch 0.  I n  Cols.  36-40 g ive  the  e f f e c t i v e  tempera- 

t u r e  Teff i n  degrees Kelvin, and i n  Cols.  41-45 punch NTAB, which i s  

e u a l  t o  t he  odd number of p i v o t  p o i n t s  f o r  t h e  i n t e g r a t i o n  f o r  Doppler- 

broadening; NTAB > 13 seems h igh ly  un l ike ly .  I n  Cols. 46-50 punch an 

i n t e g e r  between 1 and 6  which s p e c i f i e s  t he  p a r t i c u l a r  c r o s s  s ec t ion  t o  

be Doppler-broadened. The fol lowing l i s t  i n d i c a t e s  these :  

1 - s c a t t e r i n g  c r o s s  s e c t i o n  with no l e v e l - l e v e l  
i n t e r f e r e n c e  

2 - cap tu re  c r o s s  s e c t i o n  wi th  no l e v e l - l e v e l  
i n t e r f e r e n c e  

3  - f i s s i o n  c r o s s  s e c t i o n  wi th  no l e v e l - l e v e l  
i n t e r f e r e n c e  

4 - sum of the above th ree  

5 - s c a t t e r i n g  c r o s s  s e c t i o n  with l e v e l - l e v e l  
i n t e r f e r e n c e  

6  - sumof  5,  2, and 3 .  

I n  Cols .  51-60 punch ERROR, which has been descr ibed  above. I f  

l e v e l - l e v e l  i n t e r f e r e n c e  i n  t he  s c a t t e r i n g  c r o s s  s e c t i o n s  among those 

resonances which a r e  assigned an average s p i n  i s  des i r ed ,  punch 1 i n  

Col. 65, o r  e l s e  punch 0. The r e s t  of the  da t a  ca rds  a r e  from ENDF/B 

F i l e  2  beginning wi th  t h e  HEAD Card and these  g ive  t h e  resonance 

parameters.  These a r e  descr ibed  i n  t h e  Data Formats and Procedures ~ a n u a l ( ~ ) .  



REACTOR CODE ABSTRACT 

1. Name of Code: SIGPLfbT. 

2. Computer for which Code is designed: CDC-6600. 

3. Nature of problem solved: This code calculates the scattering, 

capture, fission, and total cross sections from resolved resonance 

parameter data. Scattering cross sections may be calculated with or 

without level-level interference. Provision is also made to numeri- 

cally Doppler-broaden any of the cross sections. 

4. Method of solution: Multi-level Breit-Wigner formula. Details of - .- .--- 

formulae to be found in Gregson, et al. (1) 

5. Restrictions on the complexity of the problem: This program can - --------- .--- - - 
handle resonance data up to a maximum of 10 different isotopes with 

a total number of 500 resonances and an R value not exceeding 5. 

It further assumes that the resolved resonance parameters are given 

for one energy range which is the same for all the isotopes of an 

element. The mesh points at which the cross sections are calculated 

can be varied. Since the calculated data are not stored, an in- 

crease in the number of mesh points does not conflict with any 

storage requirements. 

6. p i c a  running time: Calculations of the cross sections of mono- 

isotopic manganese from its resonance data with 27 resonances, with 

20 mesh points between the positive energy resonance, takes 14 secs 

of central processor time on the CDC-6600. 

7. Unusual features of the program: 

a) In calculating scattering cross sections with level-level 

interference, resonances are grouped according to their spins 

for the same R value. Thus for s-wave resonances, for example, 

the spins are 3 and 4. It is possible that there are a number 

of resonances whose spins have not been measured, and these are 



given an average spin of 3.5. The program normally calculates 

scattering cross sections with level-level interference among 

the spin-3 group and the spin-4 group. Contributions of the 

spin-3.5 resonances are calculated as a sum of single-level 

Breit-Wigner terms. If, however, it is desired to include the 

level-level interference terms among these resonances, this may 

be indicated on the control card. 

b) The method of numerical integration used to Doppler-broaden 

cross sections is very general and is designed to take care of 

situations where the fine structure of the cross section is 

rapidly varying. 

Related auxiliary programs: This program has been patterned after --- - -- 
the MLBW program(') with certain corrections and changes in the sub- 

routines ORDER, FACTS, and SIGMA. 

References: K. Gregson, M. F. James, and D. S. Norton, "MLBW - A -- - - 
Multi-level Breit-Wigner Computer Program," U.K. Atomic Energy 

Establishment Report AEEW-M517 (1965). 

Machine requirements: This needs a 37k octal memory. -- 
Programming language: FORTRAN IV. 

Operating system or monitor: Brookhaven National Laboratory version 

of CDC Scope 2.0 operating system. 

Other programmingr operating informatis: None. -- - 
Name and establishment: M. R. Bhat and D. Cullen, National Neutron 

Cross Section Center, Brookhaven National Laboratory, Upton, N.Y. 

Material available: Fortran deck with sample output. -- 



PROGRAM S IGMA2 

Th i s  program i s  a  modified ve r s ion  of SIGPLOT descr ibed  i n  t h e  preceding 

pages.  The modi f ica t ions  enable  i t  t o  handle  ENDFIB Version I1 da ta .  These 

inodi f ica t ions  a r e  descr ibed  i n  t he  Data Formats and Procedures i n  

g r e a t  d e t a i l  and a r e  b r i e f l y  the  fol lowing:  

(1) prov i s ion  i s  made t o  g ive  t he  i n d i v i d u a l  i s o t o p i c  masses AWRI 

(2) channel r a d i u s  "a" ( i n  u n i t s  of 10'12 as ) and def ined  by 

i s  used t o  c a l c u l a t e  t h e  p e n e t r a b i l i t i e s  PQ (ka) and t h e  s h i f t  f a c t o r s  

SC(ka) whereas t he  e f f e c t i v e  s c a t t e r i n g  r a d i u s  a i s  used t o  c a l c u l a t e  ~ ( k ; ) ,  

t h e  phase s h i f t .  

For d e t a i l s  regard ing  t h e  i npu t  da t a ,  Doppler broadening and o t h e r  

d e t a i l s  of t he  program p l ea se  see t h e  wri te-up on SIGPLOT (p. 12) a s  they 

a r e  common t o  t h e  two programs. 





PROGRAM RAMP1 

Program RAMP1 (Reich And Moore Program Version 1)  c a l c u l a t e s  

s c a t t e r i n g ,  cap tu re ,  f i s s i o n  and t o t a l  c r o s s  s e c t i o n s  i n  t he  reso lved  

(4) resonance reg ion  us ing  the  Reich-Moore formalism . The resonance 

parameters a r e  assumed t o  be i n  t he  ENDFIB Vers ion- I1  d a t a  format (2)  

The c ros s  s e c t i o n s  may a l s o  be Doppler broadened i f  s o  des i r ed .  

Formulae : 

The c ros s  s e c t i o n  f o r  a  neutron r e a c t i o n  wi th  the  e x i t  channel c  i s :  

where 31. i s  the  reduced neutron wave l eng th ;  g  i s  the  s t a t i s t i c a l  weight n  J 

f a c t o r  f o r  resonances of s p i n  J and uJ i s  t he  c o l l i s i o n  matr ix.  
n  c  

I n  the  Reich-Moore approximation, the  c o l l i s i o n  mat r ix  i s  expressed 

i n  terms of a  mat r ix  (I-K),  wi th  dimensions (m+l)x(m+l) where m i s  the  

number of f i s s i o n  channels ,used  i n  t he  c ros s  s e c t i o n  a n a l y s i s ;  (m=2 i n  t h e  ENDFIB 

format) and i t  i s  assumed t h a t  t h e r e  i s  only one neutron channel (though 

t h e r e  may be two channel sp ins  f o r  p-wave neut rons) .  Thus we def ine ,  

where E i s  the  resonance energy and r the  corresponding cap tu re  width 
4 A ?  

of t he  A-th resonance and rhc and I' 1 a r e  the p a r t i a l  widths corresonding Xc 

t o  t he  channels c  and c l .  Here i t  i s  a l s o  f u r t h e r  assumed t h a t  the  s h i f t  

f a c t o r  b i s  zero. The c o l l i s i o n  mat r ix  can be expressed i n  terms 



of the matrix defined in equation (2) as 

where (Ch and pc are the hard-sphere phase-shifts. The different cross 

sections can now be written as 

2 +  u 
i s s i o n  = = % C Bu:il I 1 .f, i2) 

J J 

'scattering 
J J 

where a,b = 1, 2, 3, and 1 = neutron channel and 2, 3 are 

fission channels. 

The total, fission and capture cross-sections are obtained 

by direct calculation and the scattering cross-section is 

obtained by subtraction form these. 



I n  the  above express ions  the mat r ix  p i s  def ined a s  
nc 

- 
Pnc - 'nc - ( I  - K)---. 

I n  a d d i t i o n  we de f ine  the  fol lowing:  

where AWRI i s  t he  i s o t o p i c  mass of t he  I - t h  i so tope  i n  u n i t s  of the 

neutron mass. 

E = t he  neutron energy i n  eV i n  the l abo ra to ry  system. 

P = pene t r a t ion  f a c t o r  f o r  angular  momentum 4. R 
= phase s h i f t  f a c t o r  I' 

q1 
1 1  1 1  . 

where, 
h 

qo = ka 

p, = kg-tan-' (kg) 

9 .= *;-tan- ( 3k4 ) e t c .  
3 - P  a2 

= e f f e c t i v e  s c a t t e r i n g  r ad ius .  

We use a  channel r a d i u s  a  = (1.23(AWRI * 1.008665$'~ + 0.8) x 16' i n  

u n i t s  of 1 0 - ~ ~ c r n  t o  c a l c u l a t e  t he  pene t r a t ion  f a c t o r  and the  e f f e c t i v e  s c a t t e r i n g  

r ad ius  "2" a s  determined from a  f i t  of experimental  d a t a  t o  c a l c u l a t e  the  s c a t t e r i n g  

c ros s  sec t ion .  



Storage Capacity of t he  Program 

1. Maximum number of i so topes :  10. 

2. Maximum number of R va lues  per  i so tope  per  energy range: 5. 

3 .  Maximum number of resonances over a l l  i so tope  energy ranges 
and R values:  500. 

4. To ta l  memory f o r  the  program: 40 K o c t a l .  

5. Time: approximately 11 secs/100 energy p o i n t s  f o r  a  nucleus 
wi th  4 i so topes  and 294 s -  and p-wave resonances.  

6.  This  program assumes t h a t  t h e  reso lved  resonance parameters 
a r e  g iven  f o r  one energy range which i s  the  same f o r  a l l  
i so topes .  

Procedure: 

1. Af te r  a l l  t he  d a t a  f o r  one element a r e  read  i n ,  t he  resonance 

ene rg i e s  over a l l  i so topes  a r e  arranged i n  i nc reas ing  order .  

2. For each p a i r  of l e v e l s  which l i e  w i th in  the  l i m i t s  of t h e  energy 

range i n  t he  input  d a t a ,  a  v a r i a b l e  number of energy p o i n t s  ( 4  MM = 8 a s  i t  

s tands  now) which l i e  between these  two l e v e l s  a r e  generated,  and t h e  s c a t t e r i n g ,  

cap ture ,  f i s s i o n ,  and t o t a l  c ros s  s e c t i o n  a r e  c a l c u l a t e d  and p r in t ed  out  f o r  a l l  

the  resonances of a  g iven  i so tope  a s  we l l  a s  f o r  a l l  t he  i so topes  of a  given 

element. One can g e t  a  f i n e r  mesh by s e t t i n g  MM (card RMP1228) t o  a  h ighe r  va lue .  

3. To avoid having huge co re  s to rage ,  t he  c r o s s  s e c t i o n s  a r e  n o t  s t o r e d  i n  

memory b u t  a r e  p r i n t e d  out a s  they a r e  generated.  

4. The resonances i n  each i so tope  a r e  arranged i n  i nc reas ing  o rde r  of R 

and f o r  a  given inc reas ing  o rde r  of J before  t he  c ros s  s e c t i o n s  a r e  c a l c u l a t e d .  

5. To Doppler-broaden c r o s s  s ec t ions ,  the  same procedure using Grauss- 

Hermite Quadrature o r  t he  Trapezoidal  Method a s  descr ibed  i n  SIGPLOT (p.10) 

i s  used. 



Input  Data 

The f i r s t  c a rd  of t h e  input  i s  a  TITLE ca rd  w i t h  t h e  format 

(7A4,2X,I5,F.lY 215, E10.4, 15) .  One can punch an app rop r i a t e  t i t l e  

i n  Cols.  1-28. I f  Doppler-broadened c r o s s  s e c t i o n s  a r e  d e s i r e d ,  punch 

1 i n  Col. 35, o r  e l s e  punch 0 .  I n  Cols.  36-40 g ive  t h e  e f f e c t i v e  tempera- 

t u r e  T i n  degrees  Kelvin,  and i n  Cols.  41-45 punch NTAB, which i s  equa l  
e f f  

t o  t h e  odd number of p ivo t  po in t s  f o r  t h e  i n t e g r a t i o n  f o r  Doppler- broaden- 

i ng ;  NTAB > 13 seems h i g h l y  un l ike ly .  I n  Cols.  46-50 punch an i n t e g e r  

between 1 and 4 which s p e c i f i e s  t h e  p a r t i c u l a r  c r o s s  s e c t i o n  t o  be Doppler- 

broadened. The fo l lowing  l i s t  i n d i c a t e s  t he se :  

1 - s c a t t e r i n g  c r o s s  s e c t i o n  

2 - cap tu re  c r o s s  s e c t i o n  

3 - f i s s i o n  c r o s s  s e c t i o n  

4 - t o t a l  c r o s s  s e c t i o n .  

I n  Cols.  51-60 punch ERROR, which has  been descr ibed  above. The 

r e s t  of t he  d a t a  ca rds  a r e  from ENDF/B F i l e  2  beginning wi th  t h e  HEAD 

Card and t h e s e  g ive  t h e  resonance parameters(2). 



REACTOR CODE ABSTRACT 

Name of Code: RAMP1 

Computer f o r  which code i s  designed:  CDC-6600 

Nature of problem so lved:  This  code c a l c u l a t e s  s c a t t e r i n g ,  cap tu re ,  

f i s s i o n  and t o t a l  c r o s s  s e c t i o n s  from Reich-Moore reso lved  resonance 

parameters .  Cross s e c t i o n s  may be Doppler broadened i f  s o  d e s i r e d .  

Method of s o l u t i o n :  Reich-Moore approximation. D e t a i l s  may be 

found i n  t he  r e f e r ence  given.  

R e s t r i c t i o n s  on the  complexity of t h e  problem: This  program can 

handle  resonance d a t a  up t o  a maximum of 10 d i f f e r e n t  i so topes  w i th  

a t o t a l  number of 500 resonances and an ,i?, va lue  not  exceeding 5.  

The mesh p o i n t s  a t  which the  c r o s s  s e c t i o n s  a r e  c a l c u l a t e d  can be 

v a r i e d .  F u r t h e r ,  s i n c e  t he  c a l c u l a t e d  d a t a  a r e  no t  s t o r e d ,  an 

i nc rease  i n  t h e  number.of mesh p o i n t s  does no t  c o n f l i c t  wi th  any 

s to rage  requirements .  

Typica l  running t i m e _ :  Ca l cu l a t i ons  of 4 i so topes  involv ing  a t o t a l  

of 294 s and p-wave resonances took 11 sec .  of c e n t r a l  p rocessor  time 

per  100 energy p o i n t s  on t h e  CDC-6600. 

Unusual f e a t u r e s  of t he  program: The Doppler broadening i s  done 

us ing  numerical  methods and can handle p-wave and resonances 

corresponding t o  h igher  p a r t i a l  waves. 

Re la ted  a u x i l i a r y  programs: None 

References:  C. W. Reich and M. S. Moore, Phys. Rev. 111, 929, 1958. - 
Machine Requirements: This  program needs 40K o c t a l  memory. 

Programming language: FORTRAN I V  



13. Operating System or monitor: Brookhaven National Laboratory 

version of CDC Scope 3.0 operating system. 

14. Name and establishment: M. R. Bhat, National Neutron Cross Section 

Center, Brookhaven National Laboratory, Upton, N. Y. 11973. 

15. Material available. FORTRAN deck with sample output. 

16. Category: 





PROGRAM ADLE R 

This i s  a program t o  c a l c u l a t e  t o t a l ,  c ap tu re  o r  f i s s i o n  c r o s s -  

s e c t i o n s  according t o  t h e  Adler-Adler formalism us ing  t h e  corresponding 

parameters  from F i l e  2  of  ENDF/B Version I1 da ta .  

Formulae 

The Adler-Adler formulae have been d iscussed  i n  t h e  r e p o r t s  given 

i n  t h e  r e f e r ences  ( 5 y 6 ) .  The formulae a r e :  

2C O ( ~ ) ( E )  = - (1 - cos Lu) 
E 

v ( ~ ( ~ ) c o s  b + c ) s i n  W ) + ( ~ - Q ( A ? ) C O S  w - ~ F ) s i n  W )  c C k k  + - 
z k  (&-El2+ vk 

2 

c + B ! ~ ) E +  B $ ~ ) $ ) ;  and B.G = - 
5 E 

C  2 1 where - = 7 X ; where - = k = 2.196771 x x 
E X 

where k i s  the  wave number o f  t h e  i n c i d e n t  neu t ron  i n  t h e  center-of-mass 

system and AWRI i s  t h e  i s o t o p i c  mass i n  u n i t s  of t h e  neut ron  mass. 

(1-cos u) = p o t e n t i a l  s c a t t e r i n g  c ross  s e c t i o n ;  t h i s  term is non- 
E 

zero on ly  f o r  s c a t t e r i n g  and t o t a l  c ross  s e c t i o n s .  



Procedure (con ' t 

( 3 )  Cross -sec t ions  a r e  no t  s t o r e d  i n  memory so  t h a t  an i n c r e a s e  i n  

mesh p o i n t s  does no t  c o n f l i c t  wi th  any memory requirements.  

( 4 )  Only s-wave resonances a r e  handled by the  program. 

( 5 )  The Doppler broadened c r o s s - s e c t i o n  i s  w r i t t e n  as: 

( f f  
where &eV) = 0.3177 - 

293.0 AWRI 

where TO = e f f e c t i v e  temperature  i n  degrees  Kelv in  
e f f  

AWRI = mass of t he  i s o t o p e .  This  express ion  i s  q u i t e  good 

except  f o r  resonances o f  very small  e n e r g i e s r 7 )  We use  t h e  

r e a l  and imaginary p a r t s  o f  t h e  complex p r o b a b i l i t y  i n t e g r a l  

which a r e  p ropor t i ona l  t o  t h e  *and func t ions  t o  o b t a i n  

exp re s s ions  f o r  Doppler broadened c r o s s - s e c t i o n s .  

We d e f i n e  
+ a  -t2 + a  -t2 

e ; v = R e ( + &  - z-t e c ~ t )  ( 3 )  

where z = 6 + i v ,  < and 1] r e a l .  Fu r the r ,  

1 
a n d  (s ,B)  = i f l ~ ( 6 , q )  = 1 r d r  

(476 )B 

1 
where r) = - and 5 = sq. I f  we f u r t h e r  s e t  5 = .u-E v 

A and 17 = - 
zJs A' 



Where corresponds t o  t he  e f f e c t i v e  s c a t t e r i n g  r a d i u s  i n  

u n i t s  of 10-l2 cm; 

( -) x 1F3 x g, and WN = 2.196771 
AWRI + 

and B1 a r e  background parameters which g ive  con t r ibu t ions  

due t o  " t a i l s t '  of resonances ly ing  outs ide  of t he  

energy range under cons ide ra t ion .  They a r e  a s soc i a t ed  

wi th  the  type of r e a c t i o n  "x". 

Are Adler-Adler parameters,  c h a r a c t e r i s t i c  of t he  k - t h  

resonance and the  type of r e a c t i o n  ind ica t ed  by "x". 

Procedure 

(1) Af te r  a l l  t he  d a t a  f o r  one element a r e  read  in ,  t he  resonance 

ene rg i e s  of a l l  the  i so topes  a r e  arranged i n  i nc reas ing  order .  

(2) For each p a i r  of resonances which l i e  w i th in  the  l i m i t s  of the  

energy range i n  t he  input  da ta ,  a v a r i a b l e  number of energy p o i n t s  (20 = 4 MM 

a s  i t  s t ands  now) which l i e  between these  two resonances a r e  generated,  and 

t h e  t o t a l ,  cap ture  and f i s s i o n  c r o s s  s e c t i o n s  a r e  c a l c u l a t e d  and p r i n t e d  ou t .  

This i s  done f o r  a l l  t he  resonances i n  an element.  A f i n e r  mesh may be obtained 

by s e t t i n g  MM (card ADLR278) t o  a h igher  value.  



we o b t a i n  the  Doppler broadened c r o s s  s e c t i o n  a s  

,(x) 
(x) + qC++ ($) cos u - G~ s i n  u.) 

k E2 

The p o t e n t i a l  s c a t t e r i n g  term (non-zero only f o r  s c a t t e r i n g  and t o t a l  

c ros s - sec t ions )  and the  background terms a r e  not  Doppler broadened, a s  they 

a r e  slowly varying and not  a f f e c t e d  by Doppler broadening. The func t ions  

u;) and a r e  c h a r a c t e r i s t i c  of t he  k - th  resonance of the  type of c ros s -  
k  

(8)  s e c t i o n  "x" , and i t s  parameters a r e  eva lua ted  us ing  a  subroutine-PFCN . 

Input  Data 

F i r s t  Data Card: Format ( 7 ~ 4 , 2 ~ ,  15, ~ 5 . 1 )  

Reads i n  TITLE(l), .. . . . . . , TITLE(7), IDPL, TEFF 

TITLE(l), .......,, TITLE(7), = any s u i t a b l e  t i t l e  f o r  t he  program. 

IDPL = 1 i f  Doppler broadened c ros s - sec t ions  a r e  d e s i r e d  o r  e l s e  = 0 

lEFF = E f f e c t i v e  temperature of t he  sample i n  degrees ke lv in .  

Rest of the  Data Cards: Follow the  ENDF/B F i l e  2  format f o r  Adler- 

Adler parameters.  This i s  descr ibed  i n  d e t a i l  i n  Reference 2 .  



REACTOR CODE ABSTRACT 

Name of Code: ADLER 

Computer for which code is designs: CDC-6600 

Nature of problem solved: This code calculates total, capture and 

fission cross-sections from the corresponding Adler-Adler parameters 

in the ENDF/B File 2 and also Doppler broadens cross-sections. 

Method of solution: Adler-Adler formalism. Details of formulae are 

to be found in the report given in references. 

Restrictions on the complexity of the problem: This program can 

handle resonance data up to a maximum of 10 isotopes with a total 

number of 500 resonances. It further assumes that the resolved 

resonance parameters are given for one energy range which is the same 

for all the isotopes of an element. The mesh points at which the 

cross-sections are calculated can be varied. Since the calculated 

data are not stored, an increase in the number of mesh points does 

not conflict with any storage requirement. 

Typical running time: Calculations of cross-sections of one isotope 

with 3 7  resonances and 20 mesh points between resonances takes: 

(a) without Doppler broadening, 21 secs 

( b )  with Doppler broadening, 209 secs. 

Unusual features of the program: None 

Related auxiliary program: None 

References: D. B. Adler and F. T. Adler, Analysis of Neutron 

Resonances in Fissile Elements: Programs CODILL1 , CURVEPLOT and 
SIGMA, Report COO-1546-3 (Sept. 19661, Dept. of Physics, University of 

Illinois, Urbana, Illinois. 

Machine requirements: This needs a 37K octal memory. 

Programming language : FORTRAN IV 

Operating system or monitor: Brookhaven National Laboratory version 

of CDC Scope 3 operating system. 



13. Other programming or operating information: None 

14. Name and establishment: M. R. Bhat, National Neutron Cross-Section 

Center, Brookhaven National Laboratory, Upton, New York. 

15. Material available: FORTRAN Deck with sample output. 

16. Category: 



PROGRAM AVRAGE 3 

This  i s  a  program t o  c a l c u l a t e  s c a t t e r i n g ,  cap ture ,  and f i s s i o n  c r o s s  

s e c t i o n s  i n  the  unresolved resonance reg ion  from the  energy independent 

parameters given i n  ENDFIB, F i l e  2. 

Met hod 

The method fol lows the  paper of Lane and Lynn(') and we w r i t e  the  

average s c a t t e r i n g ,  f i s s i o n ,  and capture  c ros s  s e c t i o n  r e s p e c t i v e l y  a s  

\ - K  g~ - E X -  J 

and 

1 
where K = (2# /ka )E ( ev ) ,  where k = - X = 2.  196771x10-3* 

AWRI i s  t he  i s o t o p i c  mass, 

E = neutron energy i n  eV, 

- - where 1 i s  t h e  t a r g e t  nucleus s p i n  and J i s  the . g ~  2(21+1) 
compound nucleus s p i n ,  

(DJ) = mean l e v e l  spacing i n  eV f o r  s p i n  J resonances,  

up = ppA = p o t e n t i a l  s c a t t e r i n g  c r o s s  s ec t ion ,  

s  ina v4 
0 = 4=(2R+1) 

P A  
where J?, i s  t he  angular  momentum and 

lc2 

go = kk; where 2 i s  t he  s c a t t e r i n g  r ad ius  (A) 

,a = kg-tan-' (ki) and e t c .  



and the rest of the quantities are different partial widths in eV. The 

quantities in equation (1) refer to one particular R-value. The brackets 

indicate averaging over the neutron and fission width fluctuations assumed 

to follow a ya distribution of different degrees of freedom as given in the 

ENDFIB data. We would like to point here that the fluctuation correction 

factors %~,j, %a,jY Or R £R,J are not calculated separately as the fluctuation 

corrections are applied by direct averaging as indicated in equations 1-3. The sum- 

mation is over the different spin states. The averaging is done by the method of 

Greebler and ~utchins(lO) and corresponds to evaluating the double integrals 

on a 10x10 grid, and u can vary from 1 to 4. The gama width ry is assumed 
to follow a 6-function type of distribution corresponding to a large number 

degrees of freedom in the f distribution. 

Incidentally, we note here that this program (1) takes into account 

only s- and p-wave contributions to the cross sections and (2) does not take 

into account inelastic scattering. This program uses the channel radius 

113 
a = (1.23 x (AWRI x 1.008668) + 0.8) x 10-I in units of 10-12cm to calculate 

nuclear penetrabilities. 

This program needs 21K octal memory for execution. 

The data input is explained in great detail in the FORTRAN listing of 

the program and follows the ENDFIB format except for the first data card which 

is the title card. 

Title Card Format (110, .7~4,2X, 3~ 10.4) 

This reads in IRUN, RUN(l), . -, RUN(7), EO, EN, ESTEP. 



IRUN = Any run number. If this is zero the program exists, otherwise this 

card indicates the beginning of a new calculation and one can stack 

any number of these one behind another. 

RUN(l), ......, RUN(7) = Any alphanumeric information. 

EO = Beginning energy for calculations in eV. 

EN = Ending energy for calculations in eV. 

ESTEP = Step interval in eV for calculations in eV. 

This information is needed only for non-fissile nuclei. 



REACTOR CODE ABSTRACT 

Name of Code: AVRAGB3 

Computer for which Code is designed: CDC-6600 

Nature of problem solved: This Code calculates average scattering, 

capture, and fission cross sections from s- and p-wave data of the 

unresolved parameters of File 2 of ENDF/B. 

Method of calculation: Theory of average cross section due to Lane 
(9) and Lynn. 

Restrictions on the complexity of the problcm: This program cal- 

culates average cross sections up to 100 energy values in the un- 

resolved region. It does not allow for inelastic scattering and 

calculates only s- and p-wave contributions. Maximum I, = 4. 

Typical running time: Test run calculating s- and p-wave contribu- 

tions to average scattering, capture, and fission cross sections of 

Pu-239 at 16 energy points and s- and p-wave contributions to average 

scattering at capture cross section of U-238 at 100 energy points 

took 5 secs of central processor time on the CDC-6600. 

Unusual feature of the program: This program can allow for different 

degrees of freedom for fission width distribution of resonances of 

different spins. 

Related auxiliary programs: None. 

References: A. M. Lane and J. E. Lynn, Proc. Phys. SOC. e, 557 (1957). 

Machine requirements: Needs 21K octal memory. 

Programming language: FORTRAN IV. 

Operating system or mdnitor: Brookhaven National Laboratory version 

of CDC Scope 3.0 operating system, 

Other programming or operating information: None. 



14. Name and establishment: M. R .  Bhat, National Neutron Cross Section 

Center, Brookhaven National Laboratory, Upton, New York. 

15. Material avai lable:  Fortran deck with sample output. 

16. Category: 





PROGRAM AVRAGE4 

This  i s  a program t o  c a l c u l a t e  s c a t t e r i n g  capture ,  and f i s s i o n  c r o s s  

s ec t ions  i n  t he  unresolved resonance region,  wi th  the  ENDFIB Version I1 

d a t a  f o r  t he  unresolved parameters of F i l e  2 which g ives  t h e  average neutron,  

gamma and f i s s i o n  widths and widths f o r  any competing i n e l a s t i c  processes  

a s  a func t ion  of energy. 

Method 

The method follows tk paper of Lane and lynn(' ) and we w r i t e  t he  

average s c a t t e r i n g ,  f i s s i o n ,  and capture  corss  s e c t i o n  r e s p e c t i v e l y  a s  

and 

where K = ( 2  $ /k2)E(eV) where k i s  def ined below, 

E = neutron energy i n  eV, 

- - where I i s  the  t a r g e t  nucleus s p i n  and J is the  
g~ 2(2M1) compound nucleus s p i n ,  

(DJ)= mean l e v e l  spacing i n  eV sp in  J resonances,  

o = x u p a  = p o t e n t i a l  s c a t t e r i n g  c r o s s  s ec t ion .  
P 



2 
s i n  4) 

0 = 4v (2Jh-1) Where R i s  t h e  angular  momentum and 
P 

p, = k$ where 2 i s  the  s c a t t e r i n g  r ad ius  (A) 

q1 = k2- tan-' (kz) 

g, = k8-tan-' 

k = 2.196771 x loe3 
AWRI+l.O 

and AWRI i s  t h e  i s o t o p i c  mass i n  u n i t s  of  
neutron mass. 

rx = i s  a width i n  eV t o  al low f o r  any competing i n e l a s t i c  p roces ses ,  

and t h e  r e s t  o f  t h e  q u a n t i t i e s  a r e  d i f f e r e n t  p a r t i a l  widths i n  eV. 

r = p f i  VRpR where rno i s  the  reduced neutron width 
n n Y 

(GNo(I)), PA, J is  t h e  number of  degrees of  freedom i n  t h e  neutron 

width d i s t r i b u t i o n  (AMUN), E t h e  neutron energy and VR i s  t h e  pene t r a t ion  

f a c t o r  def ined a s  : 
V = l f o r R = O  R 

= p2/(l+p2) f o r  R = 1 

= p4 / (9+3p2+04 ) f o r  R = 2 

where p = ka where k i s  the  wave-number of t h e  neurtron i n  t h e  center -of -  

mass system (see  above) and a = (1.23(AWRI x 1 . 0 0 8 6 6 5 ) ~ ~ ~  + 0.8) x 0.1 i s  the  channel 

r ad ius  i n  u n i t s  of  10-12cm. The bracke ts  i n d i c a t e  averaging over t he  

neut ron ,  f i s s i o n  , and any i n e l a s t i c  width f l u c t u a t i o n s  assumed t o  fol low 

a x d i s t r i b u t i o n  o f  d i f f e r e n t  degrees of freedom as  given i n  t he  ENDF/B 

data .  The summation i s  over t h e  d i f f e r e n t  s p i n  s t a t e s  J. Hence, allowance 

i s  made f o r  p o s s i b l e  d i f f e r e n t  degrees of  freedom of t h e  f i s s i o n  width 

d i s t r i b u t i o n  corresponding t o  d i f f e r e n t  s p i n  s t a t e s .  The averaging i s  done 
(10) 

by a method s i m i l a r  t o  t h a t  of  Greebler  and Hutchins,  and corresponds t o  

eva lua t ing  t h e  double i n t e g r a l s  on a 10 X 10  g r i d ,  and y can vary  from 1 

t o  4. The gamma width r i s  assumed t o  follow a 6- func t ion  type of d i s t r i -  
Y 

but ion  corresponding t o  a l a r g e  number of  degrees of freedom i n  t h e  y a 

d i s t r i b u t i o n .  

I n c i d e n t a l l y ,  we n o t e  h e r e  t h a t  t h i s  program (1) takes  i n t o  account  

only s- ,  p-,  and d-wave con t r ibu t ions  t o  t h e  c ross  s e c t i o n s  and (2)  does 

t ake  i n t o  account  i n e l a s t i c  s c a t t e r i n g .  The s c a t t e r i n g  r ad ius  A i n  t h e  



unresolved resonance reg ion  of ENDFIB F i l e  2 is  used t o  c a l c u l a t e  p o t e n t i a l  

s c a t t e r i n g  whi le  t h e  nuc lea r  r ad ius  a def ined  above is  used t o  c a l c u l a t e  

nuc lear  p e n e t r a b i l i t i e s  a s  suggested i n  t h e  new procedural  modi f ica t ions  

a t  t h e  A p r i l  1970 CSEWG Meeting. 

This program needs 58K ( o c t a l )  memory f o r  execution. 

The da ta  i npu t  i s  explained i n  g r e a t  d e t a i l  i n  t h e  FORTRAN l i s t i n g  

o f  t h e  program and fol lows the  ENDFIB format except f o r  t h e  f i r s t  da t a  

card  which i s  t he  t i t l e  card.  

T i t l e  Card Format (110, 7A4) 

Read i n  IRUN, RUN (I),  . . . . . . , RUN(7 ) 

I R U N  = Any run number. I f  it  i s  zero  the  program e x i t s  i f  non-zero it 

i n d i c a t e s  t he  beginning of a new c a l c u l a t i o n .  One can s t a c k  any 

number of t hese  cases  one behind the  o the r .  

RUN(l), ......, RUN(7) = Any alphanumeric i n  formation. 



REACTOR CODE ABSTRACT 

Name of Code: AVRAGE% 

Computer f o r  which Code is  designed: CDC-6600 

Nature o f  problem solved: This Code c a l c u l a t e s  average s c a t t e r i n g ,  

cap tu re ,  and f i s s i o n  c ross  s e c t i o n s  from s - ,  p - ,  and d-wave data  o f  

t h e  unresolved parameters of  F i l e  2  o f  ENDFIB. The parameter cor-  

responds t o  ENDFIB Version I1 da ta  wi th  energy dependent neutron,  

gamme, f i s s i o n ,  and i n e l a s t i c  widths.  

Method of  c a l c u l a t i o n :  Theory of average c ross  s e c t i o n  due t o  Lane 

and Lynn. (9) 

R e s t r i c t i o n s  on the  complexity of t he  problem: This program- ca l -  

c u l a t e s  average c ross  s e c t i o n s  up t o  100 energy values i n  t h e  un- 

reso lved  r eg ion .  It al lows f o r  i n e l a s t i c  s c a t t e r i n g  and i t s  width 

f l u c t u a t i o n  and c a l c u l a t e s  only s- ,  p - ,  and d-wave con t r ibu t ions .  

Maximum y = 4.  

Typical running time: Test  run c a l c u l a t i n g  s-  and p-wave cont r ibu-  

t i o n s  t o  average s c a t t e r i n g ,  cap tu re ,  and f i s s i o n  c ross  s e c t i o n s  of  

Pu-239 a t  16 energy p o i n t s  and s- and p-wave con t r ibu t ions  t o  average 

s c a t t e r i n g  and cap tu re  c ross  s e c t i o n  of U-238 a t  19 energy p o i n t s  took 

3.5 secs  of c e n t r a l  p rocessor  time on t h e  CDC-6600. 

Unusual f e a t u r e  of the program: This program can a l low f o r  d i f f e r e n t  

degrees of freedom f o r  f i s s i o n  width d i s t r i b u t i o n  o f  resonances of 

d i f f e r e n t  s p i n s .  

Rela ted  a u x i l i a r y  programs : None. 

References: A. M. Lane and J .  E. Lynn, Proc Phys. Soc. - A70, 557 (1957). 

Machine requirements:  Needs 58K o c t a l  memory. 

Programming l a n g u a ~ , e :  FORTRAN I V .  

Operating system o r  monitor :  Brookhaven National  Laboratory ve r s ion  

of  CDC Scope 3.0 ope ra t ing  system. 

Other programming o r  ope ra t ing  information:  None. 



14.  Name and establ ishment:  M. R. Bhat, Nat ional  Neutron Cross Sec t ion  

Center ,  Brookhaven National  Laboratory,  Upton, New York 11973. 

15.  Ma te r i a l  a v a i l a b l e :  FORTRAN deck wi th  sample output .  

16.  Category: 
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C  PROGRAM S I G P L O T ( I N P U T I O U T P U T )  S  I G P 0 0 l  
C O M M O N / D / E R A N ( 2 , 5 0 1 )  S  I GP0U2 
COMMON/C/EX(l0l),JFLAG(l01) S  I GP0U J 
C O M M O N / E / X M I N ( ~ ~ , X M A X ( ~ ) , X R E F ( ~ )  S I G P 0 0 4  
COMMON A R A Y , I R ~ Y , E R A Y l ~ ~ O T l Z A I , A B N t ~ E R , L P r l l E L , E H , L R U L R F A N G ~ L S ~  S I G P 0 E 5  

~ N R E S ~ L Y ~ J N t P E N F A R ~ S H l F A R ~ S P I ~ A P ~ L I S ~ C ~ A M D R E F A R E F 1 R A N E l N I S l  S I G P 0 U e  
~ ~ N c R O S S I I V S P I N , E L O I T E F F , D E L T A , E , A W R  S  I G P 0 U 7  

EXTERNAL MOV,K"M S I G P 0 p u  
EXTERNAL MOVEIYOME S  I GP0UY 
EXTERNAL DOPPLCR S  1  GPDl! 
D I M E N S I O N  A R A Y ( ~ ~ ~ ~ ~ ) , I R A Y ( ~ , ~ ~ ~ ) , E H A Y ( ~ ~ ~ ~ ~ ) ~ N O T ( ~ ~ Z A ~ I  S I G P 0 1 1  

~ A B N ( ~ ~ ) ~ N E R ( ~ ~ ~ , L F W ~ ~ ~ ~ C E L ( ~ ~ ~ ~ P : ) ~ E H ~ ~ ~ ~ ~ ~ ~ ~ ~ R U ( ~ ~ I ~ ~ ~ ~ L R F ~ ~ ~ I ~ ~ ~ I S ~ G P ~ ~ ~  
~ L A N G ( ~ ~ ~ ~ I ~ ~ I N C S ( ~ ~ I ~ ~ ) I N R E S ( ~ ~ ) ~ L N ( ~ ~ ) ~ J N ( ~ ~ ~ ) ~ P E N F A R ( ~ ~ ~ ) I  S I G P e l J  
~ S H I F A R ( ~ ~ ~ ) I S P T ( ~ ~ ) I A P ( ~ ~ ) ~ L I S ( ~ ~ ) I C ( ~ ~ A M ( ~ ) D R E F ( ~ A R E F ~ )  S I G P U 1 4  

D I M E N S I O N  T I T L F ( 7 ) I X T A Q ( 3 3 )  S  I G P 0 1 3  
D A T A  M A X P T S , ~ A Y R E S ~ E T H E R M / ~ ~ ~ ~ , ~ D ~ , ~ , ~ ~ J ~ - O ~ /  S  I G P 0 1 $  

C w - - = - T H I S  A  PROGRAM TO CALCULATE S C A T T E R I N G , C A P T U R E , F I S S I O ~  AND TOTAL S I G P Q 1 7  
C- - - - -CROSS-SECTIONS E I T H E R  AS A  SUM OF H R E I T - W I G N E R  TERMS OR W I T H  A  S I G P 0 l U  
C - 0 - - - M U L T I - L E V E L  FORMULA T A K I N G  I N T C  ACCOUNT L E V E L - L E V E L  I N T L R F E R E N C E ,  S I G P 0 l Y  
Co-- - -RUNS ON BOTH C D C - 5 6 0 0  AND POP-1B S I G P 0 l v l  
C  111111111111111111111111l1111111111111111111111111111111~111~11111S1GP0~~ 

H E A D ~ , ( T ~ T L E ( ~ ) , ~ = ~ , ~ ) , ~ D P L , T E F F I N T A B , I N ~ R ~ S S E R ~ R , ~ V S P ~  S I G P D Z l  
C - * - - - I D P L : l  [ F  DOPPLER BROADENED CROSS-SECTIONS ARE D E S I R E D t t L S E  IDPL:k3SIGPDLL 
C - - - = - T E F F E E F F E C T I V E  TEMPERATURE OF THE TARGET I N  DEGREES K E L V I N ,  SI G P 0 2 ?  
C- - -= -NTABGNUHBER OF P I V O T  P O I b T S  TO B E  USED I N  E V A L U A T I N G  THE DOPPLER S I G P m Z 4  
C-- - - -BROADENED C R Q S ? - S E C T ~ O N ,  TC GET THE DOPPLER BROADENED C H O S S m S E C T I O S I G P U 2 2  
c b - - - -  N  AT EVERY ENERGY E  WE TAKE THE I N T E R V A L  E = N 2 * D E L T A  TO t * N 2 * 0 E L T A  S I G P 0 2 b  
C-- -=-FOR THE I N T E G R A L  WHERE N 2 + N T A @ / 2  AND D E L T A  I S  THE D O P P L t R  C O N S T A N T S I G P 0 2 7  
C e r -  a-NTAB.11 OR SO SHOULD S U F F I C E  FOR A L L  CASES, N T A B o  ODD I N T E G E R ,  S I G P 0 2 8  
c - - - - -  ERROR. I F  THE R E L A T I V E  ERROR BETNEEN TWO S U C C E S S I V E  I T L R A T I O ~ S  S I G P 0 L Y  
c - - - = -  OF THE DOPPLER I N T E G R A L  I S  L E S S  T H A N  ERROR THE I N T E G R A T I O N  R O U T I N E S I G P 0 J D  
C-- - - -ASSUMES THAT TME I N T E G R A L  HAS CONVERGED AND I T  E X I T S ,  T Y P I C A L  s I G P D ~ ~  
C- - - -=VALUES COUL.,O B F ~ l , B E - 0 4 ,  HOWEVER I T  I S  RECOMMENDED THAT THE USER S I G P B Q 2  
C - - - - - E X E R C I S E  H I S  J IJDCEMENT I N  F E E D I N G  T H I S  VALUE COMMENSURAIE W I T H  T H E S I G P B J J  
C-- - - -ACCURACY OF THF F I k A L  RESULT D E S I R E D  AND COMPUTER T I M E  A V A I L A B L E ,  SIGPB?!  
c - - - - -  I N  P R A C T f C E  I T  I S  FOUND THAT THE S P I N S  OF ONLY A  FEW RESONANCES A H S I G P 0 J 2  
C---=-KNOWN AS A  R E S l l L T  OF D I R E C T  MEASUREMENT W H I L E  REST OF THE R E S O N A N C S I G P B J ~  
C c - - 9 - E S  ARE A S S I G N E D  AN AVERAGE S P I N  WHICH I S  EQUAL TO THE AVERAGE OF S I G P B J 7  
C - - - = - A L L  P O S S l B L E  S O I N S  FOR THE P A R T I C U L A R  P A R T I A L  WAVE, T H I S  AVERAGE S I G P D J U  
C - - - = - S P I N  I S  CALCULATED FOR A  G I V E N  TARGET NUCLEUS S P I N  AND A  G I V E h L - V A S I G P B J Y  
C - - - = - I N  T H I S  PROGRAM I N  C A L C U L A T I N G  THE S C A T T E R I N G  C R O S S - S E C l l O N  W I T H  S I G P D ~ ~  
c - - - - -  L E V E L - L E V E L  INTERFERENCE,  RESONANCES OF A  P A R T I C U L A R  S P I N  VALUE S I G P 0 4 1  
c---;- I N T E R F E R E  AMONCST THEMSELVES, HOWEVER,IF A  GROUP OF RESONANCES H A S S I G P 0 4 2  
C-- - - -SPIN E Q U A L  T O  T H E  A V E R A G E  SPIN ,THEIR MUTUAL I N T E R F E R E R C E  T E R M  IS SIGP~SJ 
C---;*SET E Q U A L  TO Z F R O , I F  I T  I S  D E S I R E D  TO I N C L U D E  T H I S  M U T U A L  I N T E R F E ~ ? S I G P ~ ~ ~  
C r - - = - T E R M  PUNCH A  1 I N  COLUMN 6 5  E L S E  PUNCH A  0 ,  S  I GP0_43 

PRINT24,(TITLE(I)rI'1,7) S I G P 0 4 6  
PR I N T 2 5  S  I GPD')7 

1 F o R M A T ( ~ A ~ , ~ X I ~ ~ I F ~ I ~ I ~ I ~ I E ~ B ~ ~ I I ~ )  S  I G P 0 4 8  
I F ( I D P L . E Q , l ) G n  TO 1 0 1 1  S I G P 0 4 Y  
GO TO 1 8 1 2  S  I G P 0 4 Y 1  

1 0 1 1  P R I N T 2 5  S  I G P 0 2 y  
P R I N T ~ ~ , T E F F ~ N T A B I E R R O R I I N C R O S S  S  I G P 0 2 1  
PR I N T 2 5  S  I GPO52 
GO TO 1 8 1 3  S I G P 0 2 J  

1 0 1 2  CONTINUE s I ~ ~ 0 2 4  
C  222222222222227222222222222222?22222222222222222222222222222222222SIGP0~~ 

1 0 1 3  R ~ A D ~ ~ Z A , A W R I N ~ T ( ~ ) I V O T ( ~ ) I N I S I N O T ( ~ )  S  I GPO26 
C---;-ZA=(ZtA)DESIGNATION OF M A T E R I A L , A W R = A T , W T / V E U T R O N  MASSsN1S:NO OF ~ 1 ~ ~ 0 5 7  
C - - - = - I S O T O P E S  S 1 GP02: 
C z - - - - I N  THE CURRENT E N D F / 8  FORMAT I N D I V I D U A L  I S O T O P E  MASSES ARE NOT S I G P 0 2 Y  



C - 0 - G - G I V E N  HENCE WE USE AWR WHICH I S  MASS OF THE ELEMEVT,  S  I G P 0 6 0  
P R I N T 1 7 , Z A , A W R 8 N I S  s I ~ p 0 b l  

PR I N T 2 5  S I G P 0 9 2  
J l o l  SIGP~$J 
J F I D . 1  S I G P 0 6 4  
DO l a 1  l = l r N I S  s 1 G P D ~  
N R A N G E = I  S I G P 0 g $  

C  333333333333333333333333333333333333333333333333333333333333333333SIGP067 
PR I N T 2 5  s I G P 0 6 6  

P Q l N T I B ,  I S \ G P D $ ~  
P R I  N T 2 5  S I G P 0 7 y  

R ~ A O ~ , ~ A ~ ( I ) ~ A B N ( I ) , N O T ( ~ ~ I ~ F W ( I ) , N E R ( I ) , N O T ( ~ )  S  I G P 0 7 L  
C r - - - - t A I ( I ) = ( t , A )  D E S I G N A T I O N  OF I T H  I S O T O P E  A B N ( 1 ) e W T  F R A C T I O N  OF I T H  S I G P 0 7 2  
C - - - = - I S O T O P E  L F W = ~  F I S S I O N  WIDTHS ARE GIVENI 'D F l S S l O N  WIDTHS VOT G I V E N S I G P 0 7 3  
C w - - = - N E R ( ! ) = N O  OF EK'ERGY RANGES USED S l G P 0 7 /  

PQINT19,ZAI(I)rABN(l),NER(I) S l G P 0 7 9  
NERI=NER(I) S I G P P ~ ~  
J 2 = 1  S I G P 0 7 7  

C  4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 ! 4 4 4 4 4 4 4 4 4 4 4 4 4 4 ! 4 4 4 4 4 4 4 4 4 4 S I G P 0 7 !  
1 0 6  ~ E A D ~ I E L ( I , J ~ ) ~ E H ( I ~ J ~ ~ ~ L R U ~ I ~ J ~ ) , L R F ( I , J ~ ~ ~ N D T ~ ~ ~ ~ N O S ~ G P ~ ~ ~  

1 T t 7 )  s ( ~ ~ 0 8 0  
C---G-EL'LOWER ENERGY ~ 1 ~ 1 1  O F  A RANGE# EH=UPPER L I M I T  O F  A  RANGE 
C- - -= -  

S I G P 0 t j i  
L R U = I  RESOLVED RESONANCE P A R A M E T E R S I L R U ~ ~  UNRESOLVED PARAMTRS S I G P f l g 2  

c---.- L R F  INDICATES P A R T I C U L A R  TYPE OF RESONANCE FORMULA 1 0  B E  USED S  I G P 0 8 3  
P Q ~ N T ~ ~ , E L ( I , J ~ ) ~ E H ( I , J ~ ) ~ L R U ( I I J ~ ) ~ L R F ~ I , J ~ )  s I C P B ~ ~  

L R U I J = L R U ( I r J Z ,  S  I G P 0 6 5  
I F ( L R U I J - 1 ) 1 2 7 1 1 2 8 , 1 0 1 0  s I ~ ~ 0 8 s  

1 2 7  P R I N T 1 0  S  I GP0U7 
GO TO 130 S  I G P 0 t j g  

1 2 8  NMOM=1 S  I GPO89 
C  55555555555555~5555555555555555555555555555555555555555>5555555555~1~~0ge 

R F A D 3 , S P I ( I ) , A P ( l ) r L I S ( l ) , N O T ( B ) , N L S ~ l ~ J 2 N 0  S I G P B Y I  
C - - - a - S P I ( I ) = S P I N  OF THE I - T H  I S O T O P E , A P ( I ) : A *  S P I N  DEPENDENT S C A T T E R I N G S I C P 0 Y E  
c - - - - -  LENGTH I N  U N I T S  OF 1 , 0 E - 1 2 C M I A M ( I ) = A - r  FOP S P I N  INDEPENDENCEAM(J)=SIGP0Y3 
c * - - - - 0  , L I S ( I ) = O  I M P L I E S  C A L C U L A T E  S C A T T E R I N G  X-SECN FROM RESONANCE P A R A S I G P 0 9 4  
c - - - - -  METERS P L U S  F I L E ~ I L  I S (  I ) 11 I M P L I E S  C A L C U L A T E  CROSS-SECN FROM F I L E ~ S I G P ~ Y ~  
C- - - - -ONLY,  NLS=NUMBER OF L - V A L U E S  S f  GPQYb 

P R ~ ~ T ~ ~ , S P I ( I ) I A P ( I ) , N L S ( I ~ ~ ) I L I S ( I )  S  I G P 0 Y 7  
J L = 1  S I G P ~ ~ F ~  

C  66666660666666666666666666666666666666666~66666666666666~6666666666SlGP0~9 
1 0 4  R E A D ~ ~ C ( I ) ~ A M ~ I ~ ~ L A N G ( I , J ~ , J L ) , N O T ( ~ . ~ ) , N R S ~ X I N R S  S I  G P ~ V F  

C- - -P -CrCONST USED T q  CALCULATE RHO=C*SQRT(E) ,AM=SEE ABOVE,LANG=L-VALUE SIGPI?!,  
c---=- OF THE ANGULAR VOMtNTUM NRS=NUMRER OF RESONANCES S  I G P 1 0 2  

P R I N T ~ ~ , C ( I ~ ~ A M ( I ) ~ L A N G ( I ~ J ~ I J L ) I N R S  S I G P l U J  
NMGM=NYOM+l  S I O P l y !  
J 3 = J l + ( N R S - I )  S I G P l D 3  

C 777777777777777777777777777777777777777777777777777777777777777777SIGPlUg 
H F A 0 4 , ( ( A R A Y ( K t J ) , K - 1 , 6 ) , J + J i , J 3 )  S I G P 1 8 7  

C  T H I S  I S  dHERE THE RESONANCE PARAMETERS ARE READ I N ,  A R A Y ( l , J ) = E R E S S I G P l q g  
C  I N  EV,  A R A Y ( 2 , J ) r J  V A L U E , A R A Y ( 3 , J ) = T O T A L  GAMMA, A R A Y ( ~ I J ) . N E U T R O N  S I G P 1 U Y  
C  W I D T H , A R A Y ( 5 j J ) a G A M M A  GAPMA# A R A Y ( 6 t J ) = F I S S I O N  WIDTH,  A L L  WIDTHS I S I C P 1 1 0  
C  N E V ,  S I G P l l l  

PR I N T 2 5  S  I G P 1 1 Z  
P P l N T 2 3  S I G P l l . 3  
P Q I N T ~ ~ , ( ( A R A Y ( K I J ) ~ K = ~ , ~ ) , J ~ J ~ ~ J ~ )  S I G P ~ ~ ~  

PR I N T 2 5  S  I CP13.5 
DO 1 0 2  J s J l r J 3  S  I C P l l 5  
I R A Y ( ~ I J ) = L A N G ( I , J ~ ~ J L )  S l G P 1 1 7  
I R A Y ( 2 , J ) = N R A N C E  S I G P l l 0  
I R A Y ( 3 , J ) = I  S I G P l l ?  
E R A Y ( l r J ) = S P I ( T )  S I G P l Z B  



E R A Y ( 2 t J ) ' A P ( I )  
1 0 2  CONTINUE 

J1= J l + N R S  

4  F O R M A T ( ~ E I ~ , ~ )  S  l G P 1  J$ 
5  F O R M A T ( B E ~ ~ ~ ~ I ~ I I @ )  S  I G P I ? ?  
6  F o R M A T ( ~ X , ~ E ~ ~ . ~ )  S  I G P 1 J e  
7  F O P M A T ( 1 0 7 W  NEIJTRON ENERGY( E V )  S I G N N  S I G C A P  SS I G P l J Y  

l I G F  S  l GT S  I GhlNMULT S I G T M U L T  ) s I GPI?@ 
8 F O R M A T ( 2 X , 7 E 1 5 . 6 )  S  I G P l 4 l  
9 F O R M A T ( l B X , 2 E 2 t g 1 6 )  S  I G P l 4 2  

1 0  F O R M A T ( ~ ~ H  ERRnR I h  I N P U T  D A T A )  S  I GP14.I 
11 F O R M A T  ( l a x  , 2  111.1) S I G P I ~ ~  
1 2  F O R M A T ( 1 0 X 1 6 1 1 " )  S  I G P 1 f 3  
1 6  F O R M A T ( 1 5 H  NEUTRON E N E R G Y E 1 5 1 6 )  S  I G P l j ) $  
1 4  F O R M A T t 5 3 H  CROSS-SECTIONS CALCULATED WITHOUT DOPPLER B R O A D E N I N G )  S I G P 1 4 7  
1 5  F O R M A T ( 5 0 H  CROSS-SECTIONS CALCULATED W I T H  DOPPLER BROADENING)  S  1  G P l f e  
1 7  F O R M A T ( 3 3 H  ( $ t i )  D E S I G N A T I O N  OF THE E L E M E N T E ~ ~ , ~ ~ ~ ~ H  AT,WT/MASS O F S I G P 1 4 y  

1 NEUTROfVE11 ,4p15H NO OF I S O T O P E S I 5 )  S  I G P 1 2 e  
1 8  F O R M A T ( ~ ~ H  DATA FOR !SOTOPE NUMBER151  S l  G P 1 5 1  
1 9  F O R M A T ( 3 3 H  t Z , A r  D E S I G N A T I O N  OF THE I S O T o P E E 1 1 , 4 1 2 1 H  F R A C T I O N A L  A B S I G P I ~ ~  

~ U N D A N C E E ~ ~ , ~ I ~ ~ ~ H  NO OF ENERGY R A N G E S I S )  S  I G P 1 5 3  
2 0  F O R M A T ( 3 6 H  LOWER L I M I T  OF THE ENERGY R A N G E ( E V ) E ~ ~ , ~ ~ / ~ H  UPPER L I S I G P 1 5 f  

1 M 1 T ( E V ) E 1 1 1 4 1 6 H  L R U a 1 5 , 6 H  L R F a I S )  s I ~ ~ 1 3 3  
2 1  F O R M A T ( 1 3 H  NUCLEAR S P I N E 1 1 , 4 , 1 8 H  S C A T T E R I N G  L E N G T H E 1 1 , 4 r 1 5 H  NO OF S I G P 1 3 6  

I L - v A L U E S ! ~ ~ ~ ' ~  L l S " 1 5 )  S I G P 1 2 7  
2 2  F O R M A T ( 4 1 H  CONsTANT USED TO CALCULATE P E N E T R A B I L I T Y E l l r ~ , 2 2 H  S C A T T S I G P l 3 V  

l E R I N G  L E N G T H ( A - ) E 1 I 1 4 1 1 7 U  ANGULAR MOMENTUM15117H NO OF H E S O N A N C E S I S I G P 1 3 Y  
2 5 )  s I G P I ~ @  

2 3  F O R M A T ( d 5 H  ERES S P I N  GTOT GN S I G P l G L  
1 GGAMM4 GF 1 S I  G P 1 $ 2  

2 4  F O R M A T ( l l H 1 T l T L E  7 A 4  1 S l  G P l G J  
2 5  F O R M A T ( / / )  S  I G P 1 6 )  
2 6  F O R M A T ( ~ ~ ~ X ~ E ~ ~ ~ ~ I ~ X ) )  S I G P 1 6 5  
2 7  F O R M A T ( Y 3 H  CROSS=SECTIONS AT THERMAL ENERGY) S  I G P 1 $ 6  
2 8  F 0 R M A T ( 2 X 1 2 E 2 0 , 6 1 1 1 8 )  S I G P 1 $ 7  
2 9  F O R M A T ( ~ X , ~ E ~ ~ . ~ )  S  I G P 1 6 L ]  
3 0  F O R M A T ( 2 2 H  E F F c C T l V E  T E M P E R A T U R E F 5 , l I 4 1 H  I N  DEGREES K E L V I N ,  NO S l G P l 6 9  

I O F  P I V O T  P O I N T S I 5 , l B U  CONVERGENCE E R R O R E 1 0 1 ~ l 1 3 H  AND I N C R O S S ~ I S )  S I G P I 7 B  
3 1  F O R M A T ( ~ ~ H  THE I N T E G R A L  FOR DOPPLER BROADENING D I D  NOT CONVERGE) S I G P 1 7 1  

C w - - c - T H I S  I S  WHERE PESONANCES OF EACH I S O T O P E  ARE ARRANGED I N  I N C R E A S I N S I G P 1 7 2  
c - - - = ~ G  O R D E R  I N  L  AND FOR EACH L IN I N C R E A S I N G  ORDER I N  JI 

DO 1 3 3  I = l , N l S  
N R E S ! = N R E S ( I )  
C A L L  O R D E R ( 1 , N P E S I )  

1 3 3  C O N T I N U E  
1 3  F O R M A T ( ~ O ( I X I I I ~ ) )  

DO 1 3 5 1 = 1 , N T O T A L  
A R A Y t 1 , Z ) = A R A Y ~ l , I ) * S C A L E  
A R A Y ( ~ ~ I ) = A R A Y ( ~ , I ) ~ S C A L E  



A R A Y ( ~ I I ) = A R A Y ( ~ , I ) ~ S C A L E  
A R A Y ( S I I ) = A R A Y ( ~ I I ) , S C A L E  
A R A Y ( ~ I I ) = A R A Y ( ~ , I ) , S C A L E  

1 3 5  C O N T I N U E  
N C O U N T C l  
DO 1 3 3 0  l = l r N I ?  
A P X = A P (  I) 
N R E S I = N R E S ( I )  
N L M T = N C O U N T * N R ~ S ~ - ~  
DO 1 3 3 1  J=NCOUVI ,NLMT 
C A L L  F A C T S ( A R A Y ( ~ I J ) ~ I R A Y ( ~ , J ) ~ P E N F A R ( J ~ ~ S H I F A R ( J ) I P S ~ C U N S T ~ A W R ~  

I A P X t l r O )  
1 3 3 1  CONT [NUE 

NCOUNT=NCOUNT+YRESI 
CONT 1 NUE 

- 7  - 
0 0  1 0 8  I = ~ I N T O T A L  S I G P ~ Y ?  
E R A N ( l r I ) = A R A Y t l , I )  S I G P 1 9 g  
E R A N ( 2 , 1 ) = A R A Y t 3 1 1 )  S  I G P l Y P  

1 0 8  C O N T l N U E  S  I GP2160 
C A L L  Q I K S ( ~ , N T ~ T A L , M O V , K O M )  

c c - - - -  S I G P 2 B 1  
HERE RESONANCE I N  A N  ELEMENT 4RE ARRANGED I N  I N C R E A S I N G  ORDER I N  S I G P z F Z  

C---=-ENERGY ALONG k I T H  T H E I R  TOTAL GAMMAS TO C A L C U L A T E  THE ENERGY MESH S I G P 2 U J  
C- - -= -AT  WUICH THE CROSS-SECTIONS ARE C A L C U L A T ~ D ,  s I GPPIO? 

1 4 6  P R I N T 2 7  S  I G P 2 B 9  
PR 1  N T 2 5  S  1 G P 2 q 6  
PR I N T 7  S I GP2!7 
E -ETHERM S  I G P 2 q U  
C A L L  S I G M A ( E T H r R M , A W R , l )  S  I GP2?', 
PR I N P 2 5  S  I G P 2 1 8  
E L O ' E L ( l , l ) * S C A L E  S  I G P 2 l l  
J F L A G ( 1 ) - 1  S  I G P 2 1 2  
l R A N G E = l  

c - - - 5. S  I GP21;I 
WE HAVE A R B i T R A R I L Y  SET E L O = I , O E - 1 1  MEV HERE T O  B E  ABLE TO D O P P L E R S I G P 2 1 4  

C-- - - -BROADEN THERMAL CROSS-SECT1 ONS , L A T E R  ON I N  T 4 E  PROGRAM E L 0  I S  R E A D S I G P ~ ~ ~  c---..- I N  FROM THE DATA AN0 COULD VARY FROM I ,@t- l l  TO 1 , B E a D 9 M E V I  S I G P 2 1 6  
P R I N T ~ , E T H E R M I ~ A R E F ( L L ) , L L . ~ ~ ~ )  S  I G P 2 1 7  
I F ( I O P L . E Q , l ) G O  TO 1 4 7  S  I G P 2 1 8  

C  C O N f  ! NUE 
C A L L  G R I D ( E T H E 9 V 1 0 E L 7 A , N T A B , X T A B )  
C A L L  G R E A T 2 ( D O P P L E R ~ F 1 & T 1 X ~ A B , N T A B , E R R O R ~ I E R R )  
P R I N T ~ ~ P E T Y E R P I F I Y T ~ J F L A G ( ~ )  
I F ( I E R R  E Q , 1 ) P P I N T 3 1  

1 4 8  P R I N T 2 5  
PR I N T 7  
P R I N T 2 5  
DO 1 2 4  J J ' l t N I ?  
N E R J J = N E R ( J J )  
DO 1 2 5  K K z l t N E P J J  
I R A N G E z K K  
L R U J K = L R U ( J J , K U )  

~ 1 ~ ~ 2 2 1  
S  I G P 2 2 2  
S I G P 2 2 J  
S I G P 2 2 4  
S  I G P 2 2 3  
S I G P 2 2 6  
S I G P 2 2 7  
S  I GP2L! 
S I G P 2 2 Y  
S I G P 2 J y  
S I G P 2 J 1  
S I G P P  J L  
S  I GP2 JJ 
S I G P 2 J I )  
S  I G P 2 J 5  
S  I G P 2 J 6  
S  I G P 2 5 7  
S l G P 2 J 7 1  
SIGP2JL1 
S  I GP2JY 
S I G P 2 4 Y I  



1 1 1 4  IF(EI,Ea,E2)GO T O  1 1 2 0  
GO TO 1118 

1118 CONTINUE 
CALL S I E V E ( E ~ , ~ ~ , E ~ I G ~ ~ M M , N ~ ! I N X ~ T E F F , A W R )  
CALL Q I K S ( ~ I N X ~ M O V E , K O M E )  
GO T o  116 

1120 IF(IEND.EQlZ)G9 TO 125 
J4:J4+1 
GO T O  117 

116 DO 109 IslrNX 
E=EX( 1 )  



J F L A G I = J F L A G ( I )  S I G P Z Y f !  
C A L L  S IGMA(E,AWR,KK)  S  I G P 2 9 9  
P R I N T ~ I E , ( A R E F ( L L ) , L L ~ ~ , ~ )  S I G P 2 Y 6  
I F ( I O P L . E Q , l ) G b  TO 1 4 1  S  I G P 2 9 7  
GO TO 1 @ 9  S  I G P 2 9 7 1  

1 4 1  I F ( E , L T . E T H E R M ) G O  TO 1 0 9  S I G P Z Y U  
GO 10 1 4 1 0  S I G P 2 Y 8 1  

C - - - = - l F  THE NEUTRON ENERGY I S  L E S S  THAN 0,025:  EV DOPPLER BRUADENING I S S 1 G P 2 6 9  
C- - -= -PASSED AS A  D I F F E R E N T  KERNEL SHOULD BE USED T o  C A L C U L A T t  DOPPLER S I G P 3 8 0  
C-- - - *BROADENED C R O S S - S E C T l D h S ,  s I G P ~ U ~  

1 4 1 0  T E F a T E F F / 2 9 3 , 0  s I G P ~ @ L  
D E L T A = 0 . 3 1 7 7 * 5 0 R T  ( t T E F * E ) / A W R )  S I G P ~ ~ J  

C  CONT 1  NUE SIGP361f  
GO TO ( 1 1 2 1 r 1 1 2 2 ) , J F L A G I  S I  GP3103 

1 1 2 1  C A L L  G R I D ( E , D E L T A , N T A B ~ X T A B )  S  I GP3l96 
3 2  F O R M A T ( 2 X , l l E l 1 , 4 )  S I  G P 3 8 7  

CALL G R E A T ~ ( D O P P L E R I F I N T , X T A B , N T A B , E R R O R I I E R R )  S  I GP3L3U 
P R I N T 2 8 , E t F I N T , J F L A C ( I )  S  I GP3UY 
I F ( I E R R . E Q , ~ ) P Q I N T ~ ~  S  I G P 3 1 0  
GO TO 1 0 9  S  I G P 3 1 1  

1 1 2 2  C A L L  GAUSS ( E  1 D E L T A  , D O P E )  S  I G P 3 1 2  
P R I N T 2 8 , E 1 D O P E , J F L A G ( I )  S I GP31.I 

1 0 9  C O N T l N U E  S  I G P 3 1 4  
I F ( I F L A G ) 1 1 1 7 1 1 2 5 , 1 1 1 7  S  I G P 3 1 9  

1 1 1 7  J 4 = J 4 + 1  S  I G P 3 1 6  
IF(NTOTA~=J4)12~,1250,117 S  I G P 3 1 7  

1 2 5 0  E l = E R A N ( l , J 4 )  S  I GP31L, 
G l n E R A N ( Z t J 4 )  S  I G P 3 1 Y  
GO 7 0  1 1 1 6  S  I GP3210 

125 CONTlNUC s I ~ ~ 3 2 i  
1 2 4  C O N T l N U E  S  I G P 3 2 2  
1 2 0  C O N T l N U E  S  I GPJ2.I 
I S 0  C A L L  E X I T  S  I G P 3 2 4  

EN @ S I G P 3 L ?  
S U B R O U T I N E  O R D E R ( K , N 1 )  ORDRBlPl 
COMMON A R A Y ~ I R A Y , E R A Y I N O T , Z A I , A B N , N E R , L F W I E L , E H U R F A N G N  ORDHa102 

~ N R E S I L N I J N I P E N F A R I S H I F A R , S P I , A P , L I S , C , A M D R E F A R E F ~ I R A N G E N I  0 H O R 0 b J  
~ I N C R O S S , ! V S P I N , E L O , T E F F , D E L T A ~ E ~ A W R  0 4 D R 0 l P ~  

D I M E N S I O N  A R A Y ( ~ ~ ~ ~ ~ ) ~ I R A Y ( ~ I ~ B ~ ~ ) ~ E R A Y ( ~ I ~ ~ ~ ~ , N O T ( ~ ~ ~ , Z A I ( ~ ~ ~ ,  ORDR0ip5 
~ A B Y ( ~ ~ ) I N E R ~ ~ ~ ~ ~ L F W ( I B ) , E L ( ~ ~ , ~ ~ ) ~ E H ~ ~ L ~ , ~ ~ ) ~ L R U ( ~ ~ I ~ ~ ) ~ L R F ( ~ R , ~ ~ ) , O R D R ~ L ~ ~  
~ L A ~ G ( ~ ~ ~ ~ I ~ ) I N ~ S ~ ~ ~ ~ ~ ~ ) ~ N R E S ( ~ ~ ) I L N ( ~ ~ ) ~ J N ( ~ ~ ~ ) I P E N F A U ( ~ ~ ~ ) ~ S H I F A R O R D R ~ ~ ~  
~ ( ~ ~ ~ ) ~ S P ~ ( ~ ~ ~ I A P ( ~ E . ) ~ L I S ( ~ ~ ) , C ( ~ ~ ) ~ A M ( ~ ~ ) , D R E F ( ~ ) , A R E F ( ~ )  ORDR0L4L) 

I F ( K - 1 ) 2 , 2 1 3  ORDRBIO9 
2  N T R = 0  O R D R a l p  

N U M L a 0  O R O H 0 1 1  
N U Y J n 0  ORDHB12 
N N z 0  OR13901p 
MMa0 O R D H 0 l f !  
JJ=0 OHDH019  
N C - 0  ORDR016  
MCzO ORDR017  

3 N T = N T R + l  ORDRCIlg 
N T R = N T R + h I l  OROR019  
O L = - 0 . 9  ORDR02F 

8  O L = O L + 1 . 0  ORORDL1 
DO 1 0 1  N:NTINTR ORDR0L2  
TERMcFLOAT ( I R A Y ( 1 , N ) )  OHDH82J  
I F ( O L = T E R P ) l k 3 1 ~ 1 f l 1 1 9  O R O R ~ L ~  

9  N N - N N + l  OHOH025  
DO 1 0 0 J = 1 , 6  OROH029  
A = A R A Y ( J , N )  OHOH02 7 



A R A Y ( J o N ) = A R A Y t  J , N N )  OROR02U 
A R A Y ( J , h N ) = A  O R D R 0 Z 9  

1 0 0  C O N T I N U E  O H D U B 3 0  
DO l 0 B i  J'l.13 O R D H 0 j l  
I A z I R A Y ( J , Y )  0  R  D  R  0  j 2  
l R A Y [ J , l v ) = I R A Y t J , N N )  O R O R 0 3 9  
I R A Y ( J I N N ) = I A  O R D R 0 3 j  

1 0 0 1  CON? 1 NUE O H O R 0 9 5  
0 0  1 0 0 2  J = 1 , 2  O R D U B 9 2  
E A + E R A Y ( J , N )  ORDUB37  
E R A Y ( J , N ) = E R A Y ~ J , N ~ )  ORDR03! 
E R A Y ( J , ~ N ) = E A  0  R  D  H  0  4 

1 0 m 2  C O N T I N U E  OHORa4ld  
1 0 1  C O W T I N U t  O H D H D ? ~  

IF(NN=MC)B,B,~I 0 ~ 0 ~ 0 4 2  
11 N U M L = N U M L + l  ORDRplf?3 

L N ( N U M L ) = N Y - N C  ououalrj  
N C - N N  0  R  D  H  0  t) 2 
N U = N T + L N ( N U ~ L ) - 1  0 ~ 0 ~ 0 4 5  
OM= 0 . 2 5  O R O R 0 4 7  

1 4  OM=OM+@ 5 o R O R 0 4 g  
DO 2 f l 5  M=NT,NU O R O R 0 4 9  
T E R Y J = A U A Y ( Z , M )  ORDR05C 
I F ( O M - T t R M J ) 2 0 5 1 2 0 5 r 1 5  ORDR053.  

1 5  MM=MM+I  0 R  D R  0  5 2 
DO 2 0 4  J z l r 6  0  R  0  H  0  5  3 
A = n R A Y ( J , M )  ORDUB?! 
A R A Y ( J , M ) = A R A Y ( J , M M )  O R D R 0 5 5  
A R A Y ( J , M M ) = A  O R D R 0 5 6  

2 0 4  C O N T I N U E  O R D R 0 5 9  
DO 2 0 4 1  J ' 1 1 3  O R O R 0 5 5  
I A = I R A Y ( J l ' 4 )  O R D R 0 5 Y  
I R A Y ( J , M ) = I R A Y ( J l M P )  O R O R 0 6 q  
I R A Y ( J , M M ) = I A  OKOR06X 

2 0 4 1  C O N T I N U E  0  R  D R m $ 2  
DO 2 0 4 2  J = 1 ~ 2  ORDR0??  
E A D E R A Y ( J , M )  o R D R 0  $ a 
ERAY(J ,M) 'EqAY(J ,Mk ! )  O R O H 0 6 9  
E R A Y t J r M M ) = E A  O R D R 0 6 6  

2 0 4 2  C O N T I N U E  O H O R 0 2 7  
2 0 5  C O N T I N U E  O R D R 0 9 U  

I F ( M M - M C ) 1 4 , 1 4 , 1 6  OHOR06'3  
1 6  N U M J r N U M J t l  O H D R 0 7 @  

J N ( N U M J ) = M Y - Y C  O R O R 0 7 1  
MC-MM O R D H 0 / Z  
N T = N T + J N ( h U Y J )  O R D U 0 7 J  
I F ( N N - M h ) 1 7 r 1 7 , 1 4  O H O R 0 7 4  

1 7  1 F ( N T R - 1 i N ) 1 8 ~ 1 5 , 8  O R O H 0 7 5  
1 8  RETURN O H D R 0 9 b  

E h D O A D H 0 7 7  
SUBROUTINE S I G V A ( O , B ~ R , K K )  S  I GM0lD l  
C O M M O N / t / X M I N ( 6 ) l X ~ A % ~ 6 ) , X R E F ( 6 )  S I GM0BZ 
COYMON A R A Y I I R A Y ~ E R A Y , ? ~ O T , ~ A I ~ A B N , N E R , ~ F ~ , E L , E H R U R F I A N G N S  S I G M 0 U 3  

~ N R E S ~ L N , J N ~ P E N F A R , S H I F A R , S P I , A P , L I S I C ~ A I D R E F ~ R E F ~ R A N G E N S  S I G M 0 p 4  
~ I N C R O S S , ! V S P I N , E ~ O , T E F F , C E L T A , E , A N R  S 1  GM0Vb  

D I M E N S I O N  A R A Y ( 6 1 5 0 0 ) , 1 R A Y ( 3 , 5 0 0 ~ , € R A Y ( 2 , 5 0 0 ) , N O T ( 2 0 A l  S l G M 0 ! 4 6  
1 A B ~ ( 1 0 ) , N E R ( l O ) t L F W ( 1 0 ~ , E L ( 1 9 1 , 1 0 ) ~ E H ( 1 0 ~ ~ 0 ) , L R U ~ l 0 ~ 1 0 ) ~ L R F ~ l 0 , 1 0 ~ 1 S 1 G M 0 ~ 7  
~ L A N G ( ~ ~ ~ ~ , ~ ) I N ~ S ( ~ ~ I ~ ~ ) ~ ~ R E S ~ ~ ~ ) , L N ( ~ ~ ) I ~ N ( ~ ~ ~ ) , P E N F A R ( ~ ~ ~ ) ~ S H I F A R S ~ G M ~ ~ ~  
3(50P),SP1(10),4P(la),LIS~10)rC(le),AM(l@),DREF(6),AR€F(6~ S I G M 0 U 9  

P I = 3 , 1 4 1 5 9 2 6 5 3 5 9  S 1 E M 0 l U  
DO 4 J = 1 , 6  S I G M 0 l l  



A R E F ( J ) = B , E  
4  C O N T I N a E  

T E R R O R = l , f l E - 0 3  
~ 2 = a  
N  2  = 0 
L A = 4  
J A = 0  
NTR'0 
0 0  1 1 2  I = l , N I S  
N R E S I a N R E S ( 1 )  
A P I = A P (  I )  

3 NTR=NTR+NRESf  
~ F ( N R E S I ) 1 1 B ~ 1 1 Q , 1 0 0  

1 0 0  L A = L A + l  
1 0 2  L 2 = L 2 + L N ( L A )  

C A L L  F A C T S ( Q I I R A Y ( 1 , L 2 ) ~ P F l S F , P S ~ C O N S T E ~ B W R ~ A P I ~ 3 ~ ~ ~  
SNGLNzO 0  
SNGLG'O. 0  
SNGLF=O.  8  
S N N L 2 z O .  0 

1 0 3  J A = J A + 1  
1 0 4  N 1 = N 2 + 1  

N 2 = N 2 + J N ( J A )  
G J n 2 , 0 * ( 2 , 0 * S P I ( I ) + 1 , 0 )  
G J = ( ~ , ~ * A R A Y [ ~ , N ~ ) * ~ , O ) / G J  
x = 1 . 0  
S P I N + A R A Y ( 2 t N l )  

S P I l = S P I ( I )  
C A L L  SPINOR(SPII,1RAY(l,L2)tXSPIN) 
A B D I F = A B S  ( X S P I N m S P I N )  

S  I GM012  
S  1 G M 0 l  J 
S  I GVDl' ,  
S  I G f l 0 1 2  
S I G M 0 l b  
S I G M 0 1 7  
S  I G M 0 l U  
S  I G M 0 l Y  
s I ~ ~ 0 2  rir 
S  I G M 0 d l  
S  I G M 0 l Z  
S  I G.l02? 
S I GM0La 
S  I GM0L5  
S I G Y 0 L g  
S I GM027 
S  I G M 0 d v  
S  I GM02Y 
S  1 GMPJF 
S  I G M 0 < 1  
S I G M B J Z  
S I G M 0 J J  
SIGMDJ', 
s I c n a j b  
S  I GME36 
S I GM0J7 
S  I GMZJ! 
S  I GM0JY 
S IGM05 ld  
S  I G M 0 4 1  
S  I GME',? 
S I G M 0 4 2 1  
SIGYB!J 
S  I GM0!51 
S  I GMC144 
S  I G M 0 i 5  
S I G M @ ? c  
S  1  GM047  
S I G M 0 r M  
S l G M 0 j 9  
S  I GM09e  
S I G M 0 3 1  
S I G M 0 5 2  
S I G M B 5 5  
S  I GMO5! 
s I GMas?  
S I  G M 0 9 6  
S 1 G M 0 5 7  
S  I GMD5t) 
S  I GM05Y 
S  I GM0eF 
S I G M 0 6 1  
S  I GM062  
S  I GM0ep 
S  I GM0gc) 
S I G Y d 6 2  



S N N M ~ = S I ~ N M ~ * ~ , ~ * G N ~ * G N K / ~ O Y * D K ~  S  I G M 0 7 1  
SNNK3=S ldNK3+SNk lM3  S  1 G M 0 7 2  

1 0 6  C O N T I N U E  S I G M 0 7 5  
1 0 7  C O N T l N U E  S I G M 0 7 !  

S N Y K ~ ~ = S N N Y ~ ~ + S N N K ~ * S N ~ J K ~ * X  S I G H 0 7 3  
i 0 8  C O N T I N U E  S  1  G M 0 7 6  

S N N L 2 = S N N L 2 + S N b 1 K 2 3 # G J  S I G M 0 7 7  
I F ( L 2 - N Z ) l d 9 , 1 5 ? 9 , 1 0 3  S l  G M 0 7 8  

1 0 9  BETA=PI*ABN(I)/(CONSTE*CONSTE) S I G M 0 7 9  
A R E F ( ~ ) = A Q E F ( ~ ) * S N G L V * B E T A  S  I G M 0 8 0  

A R E F ( Z ) : A R E F ( Z ) + S N G L C r B E T A  S I G M 0 t ) l  
A R E F ( 3 ) = A R E F ( 3 ) + S N G L F * E E T A  S I G M 0 t ) Z  
A R E F ~ ~ ) = A R E F ( ~ ) * B E T A * ( S N G L N + ~ N G L G + S N C L F ~  S I G M 0 8 3  
A R E F ( 5 ) = A R E F ( 5 ) * S N h L 2 o B E T A  SIGM@!! 
A R E F ( ~ ) C A R E F ( ~ ) * B E T A * ( S N G L G * S N G L F * S N N L ~ )  SICM0!ij3 
I F ( L 2 - N T R ) l E 0 1 l l @ ~ l l f l  S l  GM0i3b 

11 '2  S I G P = 0 , 0  S  I G M 0 8 7  
L R U J K = L H U ( I p K K )  S I G M 0 8 8  
IF(LRUJK-l)125U,125a,125 S I G M 0 8 9  

1 2 5 D  N L S K K = N L S ( I I K K )  S  I G M 0 9 0  
0 0  1 2 6  L L c l r N L S K K  S I G M ~ P ~  
LURE=LA;dG(  I I K K ~ L L )  S  I G M 0 9 2  
S S = F L O A T  ( L U R E )  S I G M 0 o J  
C A L L  F A C T S ( C ~ L U R E , P F ~ S F , P S , C O N S T A , B W R , A P ~ ~ ~ ~ ~ )  S  1 G M 0 9 4  
T R M = ( ~ , U * S S * ~ , ~ ) * ~ , ~ . P ~  S I G M ~ V ~  
T R M = T R M * S I N ( P S ~ * S I N ( P S ) / ( C O N S T A * C O N S T A )  s I G M 0 9 5  
S I G P = S I G P + T R M  S  I G M 0 9 7  

1 2 6  C O N T l Y U E  S l  G M 0 9 6  
1 2 5  A R E F t l ) = A R E F t l ) * S I G P * A B N ( I )  S  1 G M 0 y 9  

A R E F ( 4 ) = A R E F ( 4 ) + S I G P * A B N t I )  S  I GM1FV 
A R E F ( 5 ) = A R E F t 5 ) + S I G P * A B N t l )  Sl G M l U l  
A R E F ( ~ ) = A R E F ~ ~ ) * S I G P O A R N ( I )  S  I G M 1 0 2  

1 1 2  C O N T I N U E  S I G M l q j  
RETURN S  I GMl!! 
END S  I GM1!5 
S U B R O U T I N E  F A C T S ( Q , L , P F r S F I P S I C O N S T E , B W ~ ~ B P ~ P L O O ~  F A C T 0 0 I  

C  F A C T 0 0 2  
C S U B R O U T I N E  TO C A L C U L A T E  P E N E T R A T I O N  AND FACT0B.5  
C S H I F T  F A C T O R S  FACTOld! 
C  Q I S  THE ENERGY I., I S  T H E  ANGULAR tqOMENTUM P F  P E N E T R A T I O N  FACTOR F A C T 0 F 2  
C  S F  THE S H I F T  F A C T O R  AND P S  THE P H A S E  S H I F T  AP I S  R  CONSTE I S  KM F A C T 0 V 6  
C  FOR D E T A I L S  OF F Q R H U L A E  S E E  GREGSON E T  A L  A E E W - M 5 1 7 ( M L B U ) 1 9 6 5  ~ ~ ~ 1 0 0 7  
C  F A C T g U e  

DATA W N E U T / l 1 0 ' 2 8 6 6 5 /  F A C T 0 0 9  
E A B a A B S ( 0 )  F A C T 0 l g  
C O N H L D = ~ , ~ ~ ~ ~ ~ ~ E ~ ~ ~ * B H R * S O R T ( E A B )  F A C T 0 1 1  
C O N S T E = C O N H L D / t B W R + 1 , 0 )  F A C T 0 l Z  

C C - - = -  S I N C E  A h R  I S  G I V E N  N!TH THE N E U T R O h  MASS AS U N I T Y  WE ADD ONE A B O V E F A C T 0 l J  
c - - - = -  TO CONVERT TO THE CENTER-OF-MASS SYSTEM F A C T 0 1 !  

R O E = B P a C O N S T E  F A C T 0 I 5  
S = F L O A T  ( L )  F A C Y 0 l e  
I F ( L I L E . B ) G O  T n  18B F A C T 0 1 7  
GO 1 0 ( 1 1 8 1 1 2 @ 1 1 3 0 1 1 4 0 1 1 5 B ) , L  F A C T 0 l g  

1BVl P F - R O E  F A C T 0 1 9  
SF=P; ,0  F A C T 0 2 0  
IF(PI .00 L T , 2 , @ )  GO TQ 1 6 0  F A C T 0 2 3 .  
P S - R D E  F A C T 0 2 2  
GO TO 1 7 0  F A C T 0 2 3  

1 1 0  ROEZ=ROE*ROE F A C T 0 2 !  
DENOMS1 D + R O E 2  F A C T 0 2 3  
P F = R Q E 2 * R O E / O E Y O H  F A C T 0 2 9  



1*ROE2*RQE4) )  
I F ( P S / R O E ~ D r 0 0 f l 0 0 1 ) 1 6 0 ~ 1 7 0 , 1 7 0  

1 5 0  ROE2aROE*ROE 
ROE4aROEZ*ROE2 
ROE6=ROE4*ROE2 
RoEBaRoEl*ROE4 
ROE10=ROE6*ROE4 
D E N O M = 8 9 3 0 2 5 , 0 + 9 9 2 2 5 l 0 ~ R O E 2 * 6 3 0 0 , 0 * R O E 4 * 3 1 ~ i 0 * R O E 6  

1*15,0*ROE8*ROE10 
PF=RoE10aROE/DENOM 
SF=44651251B*396900 ,0 *ROE2+P8900 i0 *ROE4 

1 *630 ,0aROE6*15 ,0 *ROE8  
SF=-SF/DENOM 
I F ( P L O D . L T , Z i 0 )  GO TO 1 6 0  
PSzROE-ATAN ((945,D*ROE-RO~*11D5~0*ROE2~ROE4))/(945,0-420,0*ROE2* 

1 1 5 , 0 * R O E 4 ) )  
I F ( P S / R Q E , G E , @ . ~ ~ ~ ~ ~ ~ I )  G O  TO 1 7 0  

1 6 0  P S = 0 , 0  
1 7 0  RETURN 

EN0 
SUBROUTINE MOVI1 , J )  
COMMON/D/ERAN(2r5011 
1 1 - 1  
d l = J  
I F ( 1 1 , E Q , 0 ) 1 1 = 5 0 1  
I F ( J l . E O , @ ) J 1 = 5 0 1  
E R A N ( l 1 J l ) = E R A N ( 1 , I 1 )  
E R A N t 2 , J l ) = E R A ' J ( 2 , 1 1 )  
RETURN 
END 
SUBROUTINE MOVF( I , J )  

FACT027 
FACT028 
FACT029 
FACT030 
F A C T 0 J l  
FACT052 
 FACT^^;! 
FACT044 
FACT055 
FACT0 J e  
FACT0?7 
FACT036 
FACT059  
FACT04 f  
F A C T 0 4 1  
FACT042 
FACT00 J 
F A C T 0 j j  
FACT045  
FACT0sb  
FACT047  
FAC l04 !  
FACT849  
FACT05g  
FACTPI21 
FACT052  
FACT053  
FACT054 
FACT055  
FACT0>$ 
FACT057 
FACT058 
FACT059  
F A c T a c ~  
F A C T 0 6 1  
FACT0C2 
FACT06J 
F A C T 0 g j  
FACT065  
FACT066  
FACT067  
FACT0cH 
FACT069  
FACT07id 
F A C T 0 7 1  
FACT07d  
FACT07J 
FACT074  
FACT075  
FACT01$  
MDV 0161 
MOV 0k72 
MOV 0 0 3  
M O V  0'44 
M O V  alP9 
MOV 0(0$ 
MOV 0107 
MOV 0'48 
MOV B U Y  
MOV 01'4 
MOVE0'41 



C O M M O N / C / E X ( 1 0 l ) r J F L A G ( 1 0 1 )  
1 1 s  I 
J1:J 
I F ( I l , E ' d , 0 )  1 1 = 3 0 1  
I F ( J l r E O , O ) J 1 = l O 1  
E X ( J l ) = t X ( I l )  
J F L A G ( J L ) = J F L A C ( I I )  
RETURN 
END 
FUNCTION K O M ( I : J )  
COMMON/D/E4AN(?,501) 
Il=I 
J I - J  
I F ( 1 1 , E 0 , 0 ) 1 1 = 5 0 1  
I F ( J l , E Q , B ) J l = S @ P  
E o M = E R A N ( I ~ I ~ ) - E R A N ( ~ ~ J ~ ~  
l F ( E O M ) 1 0 0 , 1 E l : l Q 2  

1 @ D  KOMa-1 
GO TO 1 0 3  

1 0 1  KOM-0 
GO TO 1 6 3  

1 0 2  KOMZ1 
1 0 3  RETURN 

END 
FUNCTION K O M E ( I 1 J )  
C O M V O N / C / E Y ( 1 0 1 ) , J F L A G ( 1 0 1 )  
1 1 3 1  
J1=J 
Z F ( I l , E O , B ) I l = l Q 1  
I F ( J l , E O , 0 ) J l = l 0 l  
E O X ~ E X ( I l ) - E X ( J l )  
l F ( E O X ) 1 0 ~ ~ 1 8 1 , 1 0 2  

1 0 0  K O Y E = s l  
GO TO 1Pi3 

1 0 1  KOMEn0 
GO PO 1 0 3  

1 0 2  KOYE=1 
1 0 3  RETURN 

END 
SUBROUT~NE QIKS ( M M , N N , M O V E ~ C O M P A R )  

CQ l KS ALLwIhl-MEMORY SORT PROGRAM 
C  MM = F I R S T  SUBSCRIPT 
C  NN r LAST SUBSCRIPT (ARRAY I S  I N  COKMONI 
C MOVE AND COMPAR ARE USER SUPPLIED PROGRAMS 

DIMENSION M S A V c ( 2 0 ) , N S A V E ( 2 8 )  
K E Y L O C ( M , N ) r ( N + M ) / 2  
I = B  
J = 0  
LEVEL = 0  
M n M M  
N=NN 

3 5  CONTlNUE 
C TEST FOR ONE OR TWO ITEMS 

l F ( N - M - 1 )  3 1 , 5 1 1 3 2  
C  3 2  CONTINUE 
C  P A R T l T l O N  AND SPREADER GO HERE, SEE BELOW, RETURN I S  TO 8 
C  PUSH DOWN 

8 L E v E L = L E V E L + I  
C  WORK ON SMALLEQT PORTION 

I F  ((JIM) = ( N - 1 ) )  1 3 4 1  1 3 4 ,  3 4  
1 3 4  MSAVE(LEVEL)  = 1  

MOVE0oZ 
MOVE0FJ 
MOVE00r) 
MOVE0US 
MOVE0g$ 
MOVEED7 
MOVE000 
MOVE0119 
MOVE0141 
KOM 
KOM 0 0 2  
KOM 0 0 3  
K O M  0 0 4  
KOM 0qY 
KOM 0 0 6  
KOM 0 0 7  
K O M  0418 
KOM BUY 
K O M  0 1 e  
KOM 0 1 1  
KOM 0 $ 2  
KOM 0 1 3  
KOM 0 1 j  
KOM 0 1 5  



m a m m m ~ ~ m m m ~ m s m m m ~ m ~ a m a m ~ m m m m m ~ ~ m m ~ m ( ~ ~ a m m s s a ~ ~ a m m ~ ~ h ) m m ~ a  d 
v,*In st+ a m  ar dcu v w ~ n  str.atpcs rlu 91utn at- m<ob8s4rc  N muia 6 t h  m . s ~ s . + w  -**in s ~ h  D I ~  a d x  -(*in 9th d z u  7lu101n 
N N 34 N N N N ~  ~ ~ ~ . ) ~ ) ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ , P ~ O I ~ I ~ I U I V ~ U  - 1 - 1 -  n  n n s\ n n n n n n . o f . o i a t . o ~ s ~ a i ~ ~ ~ t ~ ~ ~ ~ r .  hhh hr.> r-3,ss s sqs 
m m m h ) ~ ~ a ~ ~ m m m m ~ ~ m m ~ m ~ h ) m m m m ~ m m m m m m m 6 ! m m h ) m m 6 ! m m ~ m m m m m ~ m w m m m a h ) ~ m ~ m m  
m m m m m ' a m m m m m m m m m m m m m m m m m m m m m m m m m m a m m m m m m m m m m m m m m m m m m m m m m U U ~ U K K  
Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y ~ Y x x x Y ~ x ~ Y Y Y ~ z z z z z z  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M - - & n a a m Q  
Q Q ~ Q 5 ~ Q a O Q Q Q a ~ Q Q O Q Q Q O O ~ Q Q f f Q O Q ~ Q Q Q a Q o ~ ~ Q Q ~ ~ ~ o a Q Q o Q Q Q o Q Q Q m m m m m m  

m  
D 
w  
W 
Z 

LJ 
Z 
0 

w  
L> 
z 
L.1 
IT 

Z 
3 
0 
Z 
Y 

A  
-1 
u 

IL W 
w n 
(3 6 
U 
0 V) 

Z 
LL - 
o a 

6, m  
b- r5l 
3 rl cn 
0 W 

0 U  
W - Z 
K 4 

.+u rl 3 O Z  
P) In 61 6) X - 0  
d m  .4 b rl d W  x - - m  
-r rl r t - ( O u _ t  6 I W  

r i W  - N r. Nr l  - u. - - W 
mb- hl - * - - 4  C ) m  Q -- Ln .+ N . 4  In u3 W a - - . - I O U  w w  
d 4 - - U - m a  - > 
190 6 ) - -  m - ~n - w .i w a o  J U  - 3 - J - W >  - -l - 0 I Z - - -  - - - 7 - 1 

Z 3 - -  w -  Z - d W  TI- 0 - Q - I D - Z -  L 3 t  
n  u II z ~ E Z M  >>.-I -2- Y O -  -3 -- cn- -4 -a - - a z V) - > - - W W U  W -  B- - . 4 -  - u3 - WN- -rl -.4 - U UY U 
-I A J  X J Z Z C J  J>-I - Y > Z  t - m  - ah) o - m  m m x  

u - w . 4  0 -  -- 0-  --  C ) b -  u -  u -  - - 0 
W W W  - z - - - -  - w w  Z W - Z 
> >>  U O W W W J  W A >  - Z  O W Y W  m a  IW u 3 w  n w z + a z c r i n  o z m m . + u  
w ~ W W  m u  w > > d  Z - W ~ Q O  J W  w w  a w  w a > w a e n w  a a w +  - m .  .a 
-I 1 m n l r a o o >  U W J M E -  t o  c 0 2 e n  r o m ~ w a  r o ~ ~ w a w o  I + Q  a r n ~  + - a m , + -  - -- r - r n x w z a m w n  e w x  x z u x  a z z o  o x  r zz ~ s n w  n 
td O W W  00 J t K 3 r U J O  - Y Z - O d -  0- 04- 0-< 4 - - 0 3 7 O - C K  O I X  - 0 0 7  
> *>> b - U I I A A A - 3  U J W e  B- I l A - J S - W U + - A w k W U D - A S - S - W  W A -  U- OW-3 t K X O U 3 e  
u 1  4 6 -  - U A J A  b - n u z z -  o n x z > ~  J -  A z -  J z n o n ~  u -  I I - z t - o m n z -  a 
m e  o m m  u O L L X ~ U ~ L L W O  U W O Z U Y  U W U L L U O O L L  U L U O O O L L  n l r a o o a z n - x ~ ~  LLL L O W Z ~ W W L O O  
~ Z O ~ Z ~ O - ~ U U O - U ~ ~ Z J O W ~ - - ~ Y V - ~ D I - - - U O U I - ~ - U ~ V ~ ~ ~ V - - - - ~ - U U W ~ ~ ~ - ~ L  

t 
0 .-I .4 4-  ri N . - I  N M  Ln r\ -? W N E l  - 4 )  W 0 
PY M C, MLn Ln l9 Ln .-I d.4 4 1 9  I 

d .+ .-I 4 .-I I * 
u  U U U  U 0 U U U V  V U  U  



C- - -a -LEVELPLEVEL  1 N T E R ~ E R E N C E  , SPNR0Db 
1 0 1  I F ( S , E Q  i? , )GQ TO 1 E 2  S P N R 0 0 7  

GO TO 1 0 3  S P N R 0 y 7 l  
1 0 2  X J Z F L O A T  ( L )  S P N R 0 0 8  

GO T O  1 1 0  S P N R 0 g 9  
1 0 3  X J I = S * 0 - 5  S P N R 0 1 0  

X J Z = S s 0 . 5  S P N R 0 l l  
111 X L ~ F L O A T  ( L )  S P N H 0 l Z  

I F ( X J l , G T , X L I G I  TO 1 0 4  S P N R 0 1 5  
G O  '10 1 0 5  S P N R 0 l j l  

1 8 4  T E R M = T E R M + X J ~ * ( ~ I ~ , X L + ~ , ~ )  SPlr(R014 
D E N 0 M = D E N O M + ( 2 . 0 * X L * l t g )  S P N R 0 1 3  
GO TO 1 8 6  S P N R 0 L e  

1 0 5  T E R M ~ T E S M + X L * ( ? ~ ~ ~ * X J ~ . + ~ I @ )  S P N R 0 1 7  
D E N O M ~ D E N O M * ( 2 , 0 * X J 1 * 1 1 8 )  S  P  N  R  0  1 !j 

1 0 6  I F ( X J 2 , G T , X L ) G n  TO 1 0 7  S P N R 0 1 9  
GO TO 1 0 8  S P N R 0 1 9 1  

1 0 7  T E R M = T E R M + X J 2 * t 2 1 0 * ~ , 0 )  S P N R 0 2 0  
D E N O M = D € N O Y + ( 2 , 0 * X L * l n 0 )  S P N R 0 2 1  
GO TO 1 0 9  S P N R 0 2 2  

1 0 8  T E R M ~ T E R M + X L * [ 3 e 0 * X J 2 * l I 0 )  S P N R ~ ~ $  
D E Y O M = ~ E N O H * ( ~ , ~ * X J ~ * ~ , ~ )  S P N R 0 2 9  

1449 X J ~ T E R M / D E Y O M  S P N R 0 2 5  
GO T O  1 1 8  S P N R 0 2 9  

1 0 0  X J = 0 , 0  S P N R 0 2 7  
1 1 0  RETURN S P N R ~ ~ ~  

END S P N R 0 2 9  
SUBROUTINE GAUSS(Q,BELTA,DOPE)  G A U S 0 O i  
COMMON ARAY, I RAY IERAY , N O T , Z A I  , A B N , N E R , L F W , E L , E H , R U L R F A N G S I  GAUS0U2 

1 N R E S l L N , J N I P E N F A R , S H ! F A R t S P I , A P L S C A M D R E A R E F R A N N S  GAUS0BJ  
~ ~ N c R O S S , I V S P ! N , E L O , T E F F , D E L P A , E , A W R  GAUS0Oa 

D I M E N S I O N  A R A Y t 6 1 5 ~ 0 ) , I R A Y ( 3 , 5 ~ 0 1 , E R A Y ( 2 , 5 0 0 ~ , N O T ~ 2 0 A 1 1 0 ,  GAUS0W2 
~ A B ~ ~ ( ~ ~ ) , N E Q ( ~ B ) ~ L F W ( ~ ~ ) , E L ( ~ ~ , ~ ~ ) , E H ( ~ ~ , I ~ ~ , L R U ( ~ ~ , ~ ~ ~ ~ L R F ( ~ ~ , ~ ~ ~ ~ G A U S ~ ~ ~  
~ L A N G ( ~ ~ , ~ , ~ ) , N L S ( ~ ~ I ~ ~ ) , N R E S ( ~ ~ ) I L N ~ ~ ~ ) I J N ( ~ ~ ~ ) ~ P E N F A R ( > ~ ~ I ,  G A U S 0 0 7  
~ S H I F A R ( ~ ~ @ ) ~ S P ~ ( ~ ~ ) I A P ( ~ E ~ ) , L I S ( ~ ~ ) , C ( ~ ~ A M ( ~ ) D R E F ( ~ A R E F ~  GAUSBOU 

D I M E N S I O N  A R C ( o ) a W E T ( 9 )  G  A  U  S  0  Q 
DATA A B C / - 3 , 1 9 ~ 9 9 3 2 0 ~ 7 8 1 5 3 , - ~ , 2 6 6 5 A 0 5 8 4 5 1 8 4 , ~ 1 , 4 6 8 ~ 5 3 2 ~ 9 2 1 6 6 7 , - 0 , G A U S 0 1 @  

1 7 2 3 5 5 1 5 1 8 7 5 2 8 4 * 0 , 0 , 0 , 7 2 3 5 5 1 0 1 8 7 g 2 8 4 , 1 , 4 6 8 5 5 3 2 8 9 2 ~ 6 6 7 , 2 a 2 6 6 5 8 0 5 8 4 5 3 G A U S 0 1 1  
2 1 8 4 , 3 , 1 Y f l 9 9 3 2 0 1 7 8 1 5 3 /  GAUSB12  

DATA W E T / D , 3 9 6 C l 6 9 7 7 2 6 3 2 6 E - P 4 t 0 , 4 9 4 3 6 2 4 2 7 2 5 3 7 E - 0 2 l 0 , 8 8 4 7 ~ 5 2 7 3 9 4 3 8 E - G A U S 0 L ~  
1 0 1 , 0 , 4 3 2 6 5 1 5 5 7 f l 0 2 6 ~ + 0 ~ 7 2 0 2 3 5 2 1 5 6 0 6 1 E * ~ 0 , 0 , 4 3 2 6 5 1 5 5 7 0 ~ 2 6 E + 0 0 , 0 , 8 G A U S 0 1 ~  
28474527J9438E-fllt0,4943624275537E-ffi2,D,3Y60697726326E~@~/ G A U S 0 1 5  

DATA P H I R T / 1 , 7 7 2 4 5 4 /  GAUSBlC,  
TERMz0,O G A U S 0 1 7  
X = B E L T A Q A B C ( ~ )  G A U S 0 l t )  
I F ( E - X ) 1 0 0 r 1 0 0 , 1 0 1  G A U S 0 1 9  

1 0 1  DO 1 0 2  1 - 1 8 9  GAUS0PB 
A B C I = A B C ( I )  G A U S 0 2 1  
W E T I z W E T ( 1 )  G A U S 0 2 2  
Z=E*ABCI*BELTA G A u s 0 2 3 
C A L L  S I G M A ( Z , A W R I I R A N G E )  G A U S 0 2 f  
T E R M : T E H Y + A R E F ( I N C R O S S ) a k E T I  G A U S 0 L 9  

l a 2  CONTINUE G A u s 0 z g  
D O P E = T E H M / P H I R T  G A U S 0 2 7  
GO TO 1 1 5  GAUS02 t )  

l a d  D O P E - O , b  G  A U S  0  2 9 
L I P  RETUR'U G A U S 0 5 0  

END GAUS0 Jl  
SUBROUTINE G R E A ~ I ( F , F I N T , N T A B , J M A X I X T A B ~ P A R T S ~ G O O F , N T E ~ E R R O R  G R T 1 0 U l  

1 I E R R )  G R T l 0 U Z  
C----.CARRY ObT CONV'RGEACE INTEGRATION SCHEME U S I N G  T R A P A Z O I Q A L  RULE GUT10445 



C - - - = -  A N 0  D O U B L I N G  T q E  N U M B E R  O F  R E G I O N S  P E R  S U B I N T E R V A L  F O R  E A C H  G R T 1 0 1 6 4  
C - - - = - I T E R A T I O N ,  O N L Y  D O b B L E  U P  I N  T H O S E  I N T E R V A L S  T H A T  H A V E  N O T  A L R E A D Y G H T 1 0 U 5  
C - - - - - C O N V E R G E D ,  G R T 1 0 g c  
C - - - - v F  = S I N G L E  D R E C I S I O N  F U N C T I O N  TO B E  I N T E G R A T E D  G R T 1 0 g 7  
C * - - - - F I N 1  :THE R E S l l L T I N G  I N T E G R A L  G  R  7  1 0  la U 
C - - - a - N T A B  :NUMBER n F  O R D l N A T E S  S U P P L I E D  ( T H E H E  A R E  N - 1  I N T E R V A L S )  G H T 1 0 D Y  
C - - - - - J M A X  : M A X I M U M  A L L O W A B L E  NUMBER OF I T E R A T I O N S  ~ R ~ l 0 1 @  
C - - - - w X T A B  = T A B L E  O F  THE ORDINATE V A L U E S ,  R A N G E  O F  I N T E G R A T I O N  I S  G R T 1 0 1 1  
C F - - - -  F R O M  X T A B l I )  T O  X T A B ( N T A B 1  G R T l 0 l L  
C - - - - - P A R T S  = A R R A Y  O F  D I M E k ' S I O N  K T A B I  E Q U A L  7 0  T H E  P A R T I A L  I N T E G R A L S  G R T l 0 l J  
c - - -. , O V E R  E A C H  OF THE NTAB-1 I N T E R V A L S  GRTIOL! 
C - e - 2 - G O O F  = A R R A Y  O F  D I M E N S I O N  N T A B ,  E Q U A L  T O  T H E  N O R M 4 1  E R R O R  I N  E A C H  G R T l g 1 2  
C F - - = -  O F  T H E  Y T A B - 1  I N T E R V A L ,  G H T  1016 
C - - - - - I N T E R  = A R R A Y  O F  D I M E N S I O N  N T A B l  S E P E C I F Y I N G  T H E  N U M B E R  OF' G R T 1 0 1 7  
C---=-.  S U B I Y T E R V A L S  ! N  E A C H  I N T E R V A L  G R T 1 0  1 
C w - - - - E R R O R  z A C C E P T A 9 L E  N O R M A L  E R R O R  G R T 1 0 l Y  
C - - - - - ! E R R  = E R R O R  I N D I C A T O R ,  S E T  T O  Z E R O  I F  M E T H O D  C O N V E R G E S ,  S E T  T O  G R T 1 0 L g  
C - - - p q  O N E  I F  V E T H O D  D O E S  h 0 T  C O N V E R G E  G H T l P 1 2 1  

D I M E N S I O N  X T A B t  N T A B )  , P A R T S ( N T A B 1  I I N T E R ( N T A B 1  , G O O F ( b J T A B )  G R T 1 0 2 2  
C - - - - = I N I T I A L I Z E  VALI !E  O F  T H E  I N T E G R A L  G R T l B L  J 

F I h l T : 0 , 0  G U T 1 0 2 4  
C r - - - - C A L C U L A T E  T H E  h lUMAER O F  I N T E R V A L S  ~ ~ T l . 0 2 5  

N M I ' N T A S - 1  G R T 1 0 L c  
C Q - - - - C A L C U L A T E  A L L O 1 d A B L E  E R R O R  P E R  I N T E R V A L  G Q T 1 0 L 7  

E R R N : E R H O R / F L O A T ( N M I )  G R T l Q L U  
C * - - 8 - I N I T I A L I Z E  A P P R O X I t J A T I G N  T O  I N T E G R A L  G H T I ~ L Y  

TOTAL:@ 0  G R T l 0 J U  
C - - - - - C A L C U L A T E  I N I T l A L  A P P R O X I M A T I O N  G R T l 0  Jl 

0 0  1ffi I = l t N M I  G R T l @ < %  
I N T E R ( 1 ) : l  G H T l B  JJ 
PARTS(1):0,5*(YTAB(~*1~-XTAB(I)I'(F(XTAa(I+l))tFtXTAB(I~)) G R T l 0  Jf! 

1 0  T O T A L : T O T A L + P A ~ T S ( I )  G H T 1 0 J 5  
C - - - - - C A L C U L A T E  I N I T I A L  E R R O R S  G R T l B J g  

D O  1 5  I q l t k M 1  G P T 1 0  J 7  
1 5  G O O F ( I ) = P A R T S ( I I  G R T l 0 J a  

C - - - - s S E T  U P  L O O P  O V E R  I T E R A T I O N S  G s T l 0  JY 
00 1 0 0  J = ~ , J M A X  G M T ~ B C ~ E I  

C - - - - - S A V E  L A S T  A P P R ? X 1 M A T I O N  G H T 1 0 4 l  
T O T A L l = T O T A L  G R T l 0 4 Z  

C P - - - =  S E T  U P  L O O P  O V S R  I ~ v T E R J A L S  G R T 1 0 C f J  
DO 2 0  I = I t N M l  GHT104_4_ 

C - - - - - C H E C K  F U R  C O N V F R G E N C E  I N  T H I S  I N T E R V A L  G H T 1 0 4 3  
I F ( A ~ S ( G O O F ~ ! ) / T O T A L ~ L T , E R R ~ J )  GO TO 2 0  G R T l l d / ) $  

C - - - - - C A L C U L A T E  D O U B L E  I N T E R V A L  G H T 1 0 4 7  
D X = ( X T A B t l * l ) - Y T A B ( I ) ) / F L O A T ( I N T E R ( I ) )  G R T 1 0 4 8  

C - - - - o 0 0 u B ~ E  N U M B E R  QF S T E P S  G R T 1 0 2 Y  
I N T E R ( I ) = Z * I N T F R ( I )  G K T l 0 2 4 1  

c - - - - -  I N I T I A L I Z E  C O N T R l B U T l O h  T O  I N T E G R A L  G H T 1 0 5 1  
R E S T s 0 , 0  G H T 1 0 5 2  
I I = I N T E R ( I )  G R T 1 8 2 J  

C - - - - - I N I T I A L I Z E  O R D I N A T E  ~ ~ ~ 1 0 9 4  
X N O W = X T A B ( I ) * 0 , 5 * D X  G R T 1 0 2 2  

C - - - - - S E T  UP L O O P  O V S R  O R O l N A T E S  G h T l 0 5 6  
D O  30 K = l , I 1 , 2  G R T 1 0 5 7  
R E S T = R E S T + F ( X N O W )  G H T l C l 5 :  

3 0  XNOW=XNOW+DX G R T 1 0 5 Y  
c - - - - -  C A L C U L A T E  N E X T  P A R T I A L  I N T E G R A L  G R T 1 0 6 F  

R E S T m 0 , 5 * ( P A R T S ( I l + D X * R E S T )  G H T 1 8 6 1  
c - - - - -  - - A D D  NEW P A R T I A L  I W T E G R A L  A N D  S U B T R A C T  O L D  P A R T I A L  I N T E G H A L  G R T l 0 6 2  

T O T A L ~ T O T A L + R E S T - P A R f S ( 1 )  G H T 1 0 6 <  
C - - - = - C A L C U L A T E  NEW F R R O R  A V O  S E T  P A R T I A L  ~ Y T E : G R A L  T O  NEW V A L U E  G U T 1 8 6 4  



G O O F ( I ) = R E S f - P A R T S ( ! )  G R T 1 0 6 3  
P A R T S ( I ) = R E S T  G R T l 0 b e  

2 0  C O V T I N U E  G U T 1 0 6 7  
C F - -  P s C H E C K  F O R  C O Y V C R G E R C E  G R T 1 0 6 8  

1 0 0  I F ( A B S ( ~ , P T O T A L ~ / T ~ T A L ) ~ ~ E , E F ! ~ O R )  GO T O  2 0 0  G R T 1 0 $ Y  
C - - - = - T H E  M E T H O D  H A S  N O T  C O Y V E R G E D  G R T 1 0 7 y  

F I P J T = T O T A L  G R T 1 0 7 1  
l E R R = l  G R T l 0 7 2  
R E T U R N  G R T 1 0 7 J  

C - - - - = T H E  M E T H O D  H A S  C O N V E R G E D  GRT1107! 
2 E 0  F I N T n T O T A L  G R T 1 0 7 3  

I E R R = G  G R T 1 8 7 6  
R E T U R N  G R T l 0 7 7  
E N D  G R T l D l t ,  
S U B R O U T I N E  G R E ~ T 2 ( F l ~ I ~ T l X ~ ~ B , N T A B , E R R O R I I E R R )  G H T 2 0 d l  

C - - - = - C A R R Y  OUT C O Y V E R G E h C E  I V T E G R A T I O N  S C H E M E  U S I N G  UP T O  2 0 U  I N T E R V A L S G R T 2 0 0 2  
c - - -= -  WHICH ARE T H E N  F U R T H E R  SUBPIVIDEO UNTIL COMVERGEFICE OCCURS OR T H E  ~ H 7 2 0 0 J  
C---- .MAXIMUM A L L O W A Q L E  F U M B E S  OF I T E R A T I O N S  1 5  E X C E E D E D ,  T H E  S U B R O U T I N E G R T 2 0 0 q  
C- - - - IARGUME~'TS A 9 E  n E F I h E D  P S  F O L L O W S l r , * l . ,  G H T Z 0 y I ,  
c - - - - - F  = F U N C T I O N  P O  B E  I N T E G R A T E D *  G H T Z D f 6  
C - - - - P F I N T  mTLcE R E S I J L T I F J G  I h T E G R A L  G A T 2 0 0 7  
C = - - G - X T A B  = T A B L E  OF O R D I N A T E S  ( I N T E G R A T I O N  l N T E R V A L  I S  F R O M  X T A B ( ~ )  T O G R T 2 0 g g  
C C - - - ~  X T A B ( Y T 4 0 ) )  G  R T  2  0  B Y  
C - - - = - N T A B  = T H E  L E N G T H  OF T H E  X T A E  T A B L E  ( N U M B E R  OF O R D I N A T E S ) ,  G R T 2 0 l g  
c - - - - -  ERROR = A L L O d A B L E  N O R M A L  E R R O R ,  G Q T 2 8 l l  
C - - - - - I E R S  = E R R O R  I V D I C A T O R  S E T  TO Z E R O  I F  M E T H O D  C O N V E R G E S ,  S E T  T O  G R T 2 0 1 2  
C I - - ~ -  U N E  1 F  M E T H O D  D O E S  b O T  C O N V E R G E ,  ~ ~ 7 2 0 1  J 
c - - - - -  ONE I F  M E T H O D  D O E S  NOT C O N V E R G E  OH T A B L E  ( X T A B )  I S  TOO L O N G G R T 2 0 1 4  

D I M E N S I O N  X T A B ( ~ ~ ) , P A R T S ( ~ ~ ) , G O ~ F ~ ~ J ) , I N T E R ( ~ ~ )  G R T 2 0 1 3  
c - - - - -  D E F I N E  T H E  Y A X I M U M  A L L O W A B L E  N U M a E R  OF I ~ E R A T I O N S  AND T H E  M A X I M U M  G R T 2 0 1 6  
C - - - c - T A B L E  L E V G T H ,  G R T 2 8 1 7  

D A T A  J M A X , U T A B M X / 2 P i l 0 0 @ /  G R T 2 0 1 t )  
C - - - = - D E T E R M I N E  I F  T b B L E  I S  TOO L O h G  G H T 2 0 l P  

l F ( N T A B  G T , k l T A R M X )  GO T O  1 0 0  G H T 2 0 2 0  
C - - - - - C A L L  G E N E R A L  I U T E G R A T I O V  S U B R O U T I N E ,  G R T 2 D L 1  

t t t = ~ ( 5  a )  G R T Z 0 Z l l  
C A L L  G R E A T ~ ( F ~ ~ I N T ~ N T A B ~ J H A X ~ X T A B ~ P A R T S ~ G C O F , I N T E R E R R O U E Q R  ~ R T 2 0 2 2  
R E T U R N  G R T 2 0 2  J 

C - - - o r T A B L E  I S  TOO L n N G l  G R T 2 0 2 ' j  
1 0 0  l E R R = l  G E T 2 0 2 3  

F I ' d T = 0 1 U  G R T 2 0 2 g  
R E T U R N  G R T 2 0 2 7  
E N D  G R T 2 0 2 g  
F U N C T I O N  D G P P L r R t X )  D O P L 0 u l  
COMMON A R A Y ~ I R A Y ~ E R A Y , ~ O T ~ ~ A I , A B N ~ N E R ~ L F ~ ~ E L , E H ~ R U R F I A N G I N S  0 0 P L 0 8 2  

~ N R E S , L N , J N ~ P E N F A R I S H ~ F A R ~ S P ~ I A P ~ L I S , C , A M I D R E F A R E F I I A N G N I  D O P L @ B J  
~ ) N c R o S S I ~ V S P I N I E L O , T E F F I D E L T A I E I A W R  D O P L ~ ~ ~ !  

D I M E N S I O N A R A Y ~ ~ ~ ~ ~ ~ ) , I R A Y ( S ~ ~ ~ ~ ) , E R A Y ( ~ , ~ ~ U ~ , N O T ( ~ ~ , A ~ ~ ~  D O P L 0 u 5  
1 ~ ~ N ( 1 ~ ) , Y E ~ ( l 0 ) r ~ F W ( 1 0 ) ~ ~ ~ t l @ , 1 0 ) ~ E H ( 1 0 1 l 0 ) 1 ~ R U ~ 1 0 1 l 0 ~ ~ L R F ~ 1 0 p 1 0 ~ ~ D O P L 0 8 ~  
~ L A N G ( ~ ~ , ~ I ~ ) ~ N L S ( ~ ~ I ~ ~ ) , N R E S ( ~ ~ ) I L N ( ~ ~ ) I ~ N ( ~ ~ ~ ) ~ P E N F A ~ ( ~ @ ~ ~ ) I ~ ~ ~ F ~ ~ ~ ~ ~ L ~ ~ ~  
3(50@),SP1(10],AP(lE),LIS(le)rC(l0),AM(1flltDREF(6l,AREF(b) OOPL.088 

i ! = ( E - X ) / O E L T A  D O P L ~ ~ Y  
z z = t * t  o o ~ c a i e  
C A L L  SIGMA(X,AWR,IRANGE) O ~ P L C J ~ ~  
D O P P L E R  S A R E F ( I N C R O S S ) * E X P ( ~ Z ~ ) / ( O E L T A ~ ~ , ~ ~ Z ~ ~ ~ )  D O P L 0 Z P  
R E T U R N  O O P L 0 & j  
E N D  0 0 ~ ~ 0 1 4  
S U B R O U T I N E  G R I ~ ( Q I E E L T A ~ N T A B I X T A B )  G R 1 0 0 0 l .  
COMMON A R A Y ~ I R A Y ~ E R A Y ~ N ~ T , Z A I , A B N ~ N E R , ~ E ~ ~ E H R U R F I A N G I N  G R 1 0 0 0 2  

~ N R E S l L N ~ J M r P E Y F A R I S H ~ F A 9 l S P I ~ A P I L I S ~ C ~ A D R E F ~ R F I R A N E N I ~  G R 1 0 0 0 J  
~ I N c R o S S I I V S P I N , E L O , T E F F I D E L T A , E , A W R  G H I 0 0 U a  



OIMENSION ARAYt61500),IRAY(3,500),ERAY(2t50@)tYOT(20lAI(10lp GRID0U5 
l A B ~ ( ~ ~ ~ 1 N E R ~ 1 0 ) ~ ~ F I . r ~ 1 0 ~ o E L ( l ~ ~ 1 0 ~ p E ~ ~ l 0 ~ l 0 l ~ L R U ~ l ~ t l ~ ~ o L R F ~ l ~ ~ l 0 l 1 G ~ I D @ U ~  
~ ~ A N G ( ~ ~ , ~ , ~ ) I N L S ( ~ ~ , ~ ~ ) , N R E S ( ~ E ) ~ L N ( ~ ~ ) ~ J N ( ~ ~ ~ ~ ) , P E N F A R ( ~ B ~ ) ~  GR I U0U7 
~ S H I F A R ( ~ ~ P ) ~ S P I ~ ~ ~ ) I A ~ ( ~ ~ ) , L I S ~ ~ ~ ) ~ C ~ ~ ~ A ~ ~ ) ~ D R E ~ A R E F ~  GH100f i8 

DIMENSION X T A B t 3 3 )  GR 1 0 0 b Y  
IGNORE= l  GR 1  D 0 l B  
N2=NTAB/2  GR I D 0 1 1  
N 2 1 = N 2 + 1  GK I D 0 1 2  
N 2 2 = N 2 + 2  GR I 0 0 l J  
N3=NTAB-1  GR I D 0 1 f  
X T A B ( N 2 1 ) = Q  G R I D 0 1 2  
DO 1 4 1 0  I=N22, tdTAB GR I D D l ?  
X T A B ( I ) = X T A B ( I - ~ ) + G E L T A  GR 1 0 8 1 7  
I I = N T A B + l - I  GR 1 0 0 l U  
X T A B ( I I ) = X T A B ( I I + ~ ) ~ B E L T A  GH I D 0 1 9  

1 4 1 8  CONTINUE G H  lU0Z ld  
0 0  1 4 1 1  I = 1 , N T 4 B  GH I U 0 2 1  
X T A B l = X T A B ( I )  GH l D 0 L L  
I F ( X T A B I ) 1 4 1 2 , 1 4 1 2 1 1 4 1 1  GR 1 D02?  

1 4 1 2  IGNOREsU GR I ODzf 
1 4 1 1  CONTINUE GH I DP25 

IF ( IGNOHE,EQ,D)GO TO 1 4 1 3  GR 1 0 0 2 6  
G O  T O  1 4 1 4  G R  I o e z b l  

1 4 1 3  X l A B ( 1 ) = 1 , 9 E ~ 0 3  GR lOk327 
D O  1 4 1 5  I - I , N ~  G R  1 0 0 2 ~  
I i=l*l G H  1 O02Y 
X T A B ( I I ) = X T A 9 ( 1 ) * F L O A T  ( I ) * B E L T A  GH I O0JU 

1 4 1 5  CONTINUE G H I D 0 J l  
1 4 1 4  RETURN GR l D 0 J 2  

END 
SUBROUTINE S ! E V E ( E l r G l , E 2 r G 2 t M , N , N X ~ B E F F t R W R )  
C O M M O N / C / E X ( l O I I t J F C A G ( l P 1 )  
I F ( E 2 * L T , E l ) G O  TO 1 0 1  
GO TO 3 0 0  

3 0 0  N2=2*N  
DO l a001 .1 ,100  
J F L A G ( I ) = ~  

1 0 0 0  CONTINUE 
TEF=BEFF /293 ,0  
P P = ( 1 , 5 8 8 5 E * 0 0 ) 6 S O R T  (TEF IBWR)  

C  WHEN M U L T I P L l E n  BY SORT(E )  DP GIVES 5 TIMES CORRESPONDING OECTA 
O P l = D P * s Q R T ( E I ~  
DP2=DP*SQRT ( E 3 )  
D G l = G l / F L O A T  ( ' 4 )  
DG2=G2/FLOAT ( H )  
E X ( I ) = E 1  
I F I G l , L T , D P l ) G n  TO 1 0 0 1  
GO T O  1 u 0 2  

1 0 0 1  J F L A G ( 1 ) a I  
10m2  E N O I F I A B S  ( E 2 - F l )  

N X a l  
DO 1 0 0  I J l t N  
XX=E1+DGl*FLOAT ( I )  
I F ( X X e L T , E 2 ) G O  TO 1 0 7  
G O  T O  1 0 a  

1 0 7  NX=NX+1 
E X ( N X ) s X X  
l F ( G I I L T I D P 1 ) G O  TO 1 8 0 3  
GO T O  1 8 8  

1 0 0 3  J F L A G ( N X l = l  
1 0 0  CONTINUE 



0 0  2 0 0  I = i p h ]  
XX=E2=DG2*FLOAT ( 1 )  
I F ( X X . G T , E l ) G O  TO 1 0 8  
GO TO 2 a 0  

1 0 8  N X = N X + l  
E X ( N X ) = X X  
I F ( G 2 , L T , C P 2 ) G n  TO 1 E 0 5  
GO TO 2 8 0  

1 0 0 5  J F L A G ( U X l = I  
2 0 0  CONTINUE 
l l a  O I F F = ( E 2 s E l ) / F L D A T  ( N 2 )  

I F ( D l F F ) l @ l , l @ ~ , I 0 2  
i e l  PRINT I~S  

P R I N T 2 5 0 ! 3 , E l l E 7 , D I F F  
GO TO 1 8 4  

1 0 3  F O H M A T ~ ~ ~ H  CALL ING SEQUENCE OF S I E V E  WRONG) 
2 0 0 @  F O P M A T ( ~ H  E l = E ? 3 , 6 , 4 H  E 2 = E i 3 , 6 1 6 H  D I F F = E 1 3 , 6 )  

1 0 2  N21=NX+1  
NN=NX 
N 2 2 = N 2 l + N 2 - 2  
NX=N22 
E 2 1 ' ( E 1 + E 2 ) / 2 , 9  
OP12eDP*SQRT ( C 2 1 )  
E 4 3 c E 2 - E i - ( ( G l + C 2 ) / 2 , 0 )  
1 F ( E 4 3 , L T . O P l 2 ) G O  TO 1 B 0 6  
GO TO 1 0 0 7  

1 8 0 6  0 0  ill I = N 2 1 1 N 7 2  
1 2 - I - N N  
E X ( I ) = E 1 * D I F F * F L O A T  ( 1 2 )  
J F L A C ( I ) s I  

111 COYTINUE 
GO T O  11048 

1 0 8 7  DO 1 1 2  1 ~ N 2 1 1 N 2 2  
I Z = I = N N  
E X ( I ) = E L * D I F F * F L O A T  ( 1 2 )  
DPTEST=bP*SQRT ( E X ( I ) )  
J F ( E x ( I ) , L E , E ~ ~ ~ G O  TO 1 0 0 8  
GO TO 1 8 0 9  

~ D O B  I F ( G ~ . L T , D P T E S T ) G O  T O  l a l a  
GO T O  lli 

1 0 1 0  J F L A G ( ~ ) = ~  

1 1 4  J F L A G ( I ) = ~  
1 1 3  COYTINUE 
l a 4  RETURN 

END 



SICPLOT T E S T ,  I R O N  D A T A ,  0 3 5 a .  11 2 1 . 0 ~ ~ 4  
2 6 a 5 6 , E * 8 5 5 . 3 6 7 2 4 E * 0  !a 0  4 0 

2 6 0 5 4 ,  0  0 . 0 5 8 4  0  0 1 0 
4 7 5 0 .  1 0 0  , E+3  1 2 Cli 0 
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C  PROGRAM SIGMA2(1NPUT,OU 'PUT)  S I G 2 0 1 0 1  
C O M M O N / U / E R A N ( 2 r 5 0 1 )  S  I GC0UL 
C O M M b N / C / E Y ( 1 0 1 ) ~ J F L A G ( 1 0 1 )  S I G 2 E B J  
C O M M O N / E / X ~ I N ( ~ ) , X M A X ( ~ ) ~ % R E F ( ~ )  S I G20164 
COMMON A R A Y I I R A Y , E R A Y I N O T , ~ A I ~ A B N ~ N E R , L F ~ , E ~ , E H R U R F A N G N S  S I G L 0 0 3  

1 N R E S , L N r J N , P E N F A R r S H I F A R , S P I , A P ~ A ~ 4 R I , A M t U 9 E F l A R E F ~ B ~ E F ~ l R A N G E ~ V I S ~ S I G L ~ U ~  
~ ~ N C R O S S I I V S P I Y ~ E L O , T E F F ~ D E L ~ P , E I A W R  S  I G20167 

EXTERNAL MOVgKnM S I G 2 0 g U  
EXTERNAL MOVEIKOME S I G Z B B Y  
EXTERNAL DOPPLFR S I G 2 0 1 B  
D I M E N S I O N  A R A Y t 6 , 5 0 0 ) 1 1 R A Y ( 3 ~ 5 0 0 ) , E R A Y ( 2 ~ 5 0 0 ) 1 N O T ( 2 £ A 1 0  S I G 2 0 1 1  

~ A B N ( ~ ~ ) I N E ~ ~ ~ O ~ I L F ~ ~ ~ ~ ~ I E L ( ~ ~ ~ ~ ~ ) ~ E ~ ~ ~ D I ~ ~ ~ ~ ~ R U ~ ~ ~ I ~ ~ ~ I L R F ~ ~ ~ I ~ ~ ~ ~ S I G ~ ~ ~ ~  
~ L A N G ( ~ ~ ~ ~ , ~ ) , N L S ( ~ ~ I ~ ~ ) I N R E S ( ~ ~ ) ~ L ~ ( S ~ ) ~ J N ( ~ ~ ~ ) , P E ~ F A R ( ~ ~ ~ ) I  S  I G 2 0 1 5  
3 S H I F A R ( 5 @ 0 )  , S P 1 ( 1 0 )  t A P ( 1 0 )  I A W R I  ( 1 0 )  t A M ( 1 B )  I O R E F ( 6 )  I A R E F [ ~ ) ~ B R E F ( ~ I S I G ~ ~ A !  
4121) S I  G 2 0 1 3  

D I P E N S I O N  T I T L ~ t 7 ) , X T A B ( 3 3 )  S I G 2 8 1 6  
DATA M A X P T S , M A Y R E S , E T H E R M / ~ ~ B ~ I ~ ~ ~ I ~ ~ ~ ~ J L - ~ ~ /  S I G Z B l ?  

C-----THIS A  PROGRAM TO CALCULATE S C A T T E R I N G , C A P T U R E , F ~ S S I O N  AND TOTAL S I G 2 0 1 8  
C e - - - * C R O S S ~ S E C T I O N S  E l T H E R  AS A  SUid OF 3 R E I T e W I G N E R  TERMS OR W I T H  A  SIGL0I .Y 
C - 9 - - - M U L T I - L E V E L  FORMULA T A K I N G  I N T O  ACCOUNT L E V E L - L E V E L  INTERFERENCE,  S I G L 0 L U  
C - = - - - T H I S  PROGRAM M f i D I F I E D  ON 3 0 , 7 , 1 9 7 0  TO I N C L U D E  NEW FORMAT CHANGES S I C 2 0 2 1  
C - - - - - G I V I N G  l N D I V ! D l l A L  I S O T O P E  MASSES AND TWO D I F F E R E N T  N U C L t A R  R A D I I ,  S I G 2 0 L L  
Ce- - - -THESE FORMAT CU9NGES CORRESPOND TO E N D F I B  V E R S I O N  I 1  DATA,  S  1 G 2 0 Z ?  
C- - - - -RUNS ON C D C - 6 6 0 0  AhD P O P - 1 0  S I G 2 0 Z J 1  
C l11111111111111111111111111111111111111111~11111111111111111111111S1G20~~ 

R E A D l l ( ~ l T L E ~ I ) l 1 = l r 7 ) l I D P L l T E F F ~ N T ~ B l I N c R O S S , E R H O R l I V S P I N  S I G L 0 L 3  
c r - - 3 - I D P L m l  I F  00PPI.ER eROADENED CROSS*SECTIONS ARE D E S I R E D I ~ L S E  I r l P L = a S I G L 0 2 6  
C - - - - - T E F F s E F F E C T I V E  TEMPERATURE OF THE TARGET I N  DEGREES K E L V I N ,  S I G L E L 7  
C----;NTAB=NUMBER OF P I V O T  P O I N T S  TO E E  USED I N  E V A L U A T I N G  T H t  DOPPLER S I t 2 0 L M  
C-- - -=BROADENED CROSS-SECTlON,  TO GET THE DOPPLER BROAOENEO C H O S S - S E C T I O S I G L 0 2 Y  
C - - - - - N  AT EVERY ENEQGY E WE TAKE THE I N T E R V A L  E - N 2 * 0 E L T A  TO E + N 2 * D E L T A  SIGZBJI 
C--- - *FOR THE I Y T E G H A L  WHERE N 2 = N T A B / 2  AND D E L T A  I S  THE DOPPLER C O N S T A N T S I G Z P J l  
C - - - - - N T A B n l l  OR SO SHOULD S U F F I C E  FOR A L L  CASES, N T A B =  ODD I N T E G E R ,  S I G 2 B J L  
C-----ERROR= I F  THE R E L A T l V E  ERROR BETWEEN TWO S U C C E S S I V E  I T E R A T I O N S  S I G 2 0 J J  
C- - -= -OF THE DOPPLER I N T E G R A L  I S  L E S S  T H A N  ERROR THE I N T E G R A T I O N  R O U T I N E S I G 2 0 5 4  
C - - - Z ~ A S S U M E S  T H A T  T W E  I ~ T E G R A L  H A S  C O N V E R G E D  A N D  I T  E X I T S ,  T Y P I C A L  s ~ ~ r a j g  
c - - -p -  VALUES COULD B r 0 1 , 0 E * 0 4 ,  HOWEVER I T  I S  RECOMMENDED THAT THE dSER S I G 2 0 J 6  
C . - - -= -EXERCISE H I S  JI'DGEMENT I N  F E E 9 I N G  T F l I S  VALUE COMHEYSURATE W I T H  T H E S I G 2 0 J 7  
C-- -s=ACCURACY OF THF F I N A L  RESULT D E S I R E D  AND COMPUTER T I M E  A V A I L A B L E *  S I G Z 0 J g  
c - - - - -  I N  P R A C T I C E  I T  I S  FOUND THAT THE S P I N S  OL ONLY A  FEW RE?ONANCES A R S I G 2 B ? V  
C----sKNOW"J AS A  RESI!LT OF D I R E C T  MEASUREMENT W H I L E  REST OF THE RESONANCSIG20' )U 
C - - - - - E S  ARE A S S I G N E D  AN AVERAGE S P I N  WHICH I S  EQUAL TO THE AVERAGE OF S I G L 0 4 1  
c r - -= -  A L L  P O S S I B L E  S p I Y S  FOR THE P A R T I C U L A R  P A R T I A L  WAVE, T H I S  AVERAGE S I G L 0 4 L  
C----;SPIN I S  C A L C U L A T E D  FOR A  G I V E N  TARGET NUCLEUS S P l N  AND A  GIVENL;VASIG204J  
c - - - = -  I N  T H I S  PROGRAq I N  C A L C U L A T I N G  THE S C A T T E R I N G  C R O S S - S E C I I O N  W I T H  S 1 ~ 2 0 i i  
c - - - ~ -  L E V E L m L E V E L  I h T E R F E R E N C E I  RESORANCES OF A P A R T I C U L A R  S P I N  VALUE S IG20 !5  
c - - - - -  I N T E R F E R E  AYONSST THEMSELVES,  HOWEVER,IF A  GROUP OF RESUNANCES Y A S S I G 2 0 a g  
C * - - = - S P I N  EQUAL TO THE A V E R A G E  S P I N  , T H E I R  M U T U A L  INTERFERENCE TERM I S  S1620!7 
C- - -= -SET EQUAL TO £ F R O , I f  1T  I S  D E S I R E D  TO I N C L U D E  T H I S  MUTUAL INTERFERSIGZB!d  
c----;- TERM PUNCH A 1 I N  COLUMN 6 5  E L S E  PUNCH A 0 ,  S  I G Z 0 4 Y  

PQ I N T 3 3  S  l G L 0 2 g  
P R I N T 2 5  5 I GZ03A 
P Q I N T 2 4 , ( T I T L E ( I ) a l  1 1 7 )  s l GZ@>;! 

 PRINT^^ SIG2LII3J 
1 F o R M A T ( ~ A ~ I ~ % I ~ ~ , F ~ I ~ I ~ I ~ , E ~ ~ , ~ I I ~ )  ~ 1 ~ 2 ~ 3 4  

I F t I D P L  E Q , l ) G O  TO 1 0 1 1  S  I G Z 0 3 3  
GO 7 0  1 @ 1 2  S  I G Z 0 3 3 1  

1 0 1 1  P R I N T 2 5  S I G 2 0 5 9  
P R I N T ~ ~ ~ T E F F I N T A B I E R R O R , ! N C R O S S  S I G Z 0 3 7  
PR I N P 2 5  S  I G 2 0 3 B  
G O  T O  1013  s I G ~ D ~ Y  



1 0 1 2  C O N T I N U E  S I C 2 0 9 U  
C  222222222222222222222222222222222222222222222222222222222222222222SlG20~% 

1 0 1 3  R E A D ~ , Z A I A W R , V O T ( ~ ) I N O T ~ ~ ) I N I S , N O T ~ ~ )  S l C 2 0 6 2  
C - - - = ~ t A = ( Z , A ) D E S I G N h T I O N  OF M A T E R I A L , A W R = A T , W T / N E U T R O N  MASS,NIS.NO OF S I G 2 0 6 J  
C - - - - - I S O T O P E S  s l ~ 2 0 6 4  

P R I N T 1 7 , 2 A , A W R , N I S  S  I G 2 0 9 3  
P R I N T 2 5  S I G 2 0 6 b  
J l = i  ~ I G 2 0 6 7  
JF 1 D = 1  s I G Z ~ @  
DO 1 0 1  I = l r N T S  S I G Z 0 g y  
N R A N G E = l  S I G 2 0 1 !  

C  3333333333333373333333333333333333333333d3333333333333343333333333SlG2071 
PR I N T 2 5  S I G 2 0 ' / 2  

P P I N T 1 8 , l  S  I G 2 0 7 J  
PR 1 N T 2 5  S I C 2 0 7 1  

R F A 0 3 , Z A I ( I ) , A B N ( l ) ~ N C T ( 4 ) ~ L F W ~ ! ) ~ N E R ( I ) , N O T ( 5 )  S I G 2 0 7 5  
C - - - - I Z . ? A I ( I ) = ( Z , A )  D E S I G N A T I O N  OF I T H  I S O T O P E  A @ N ( I ) = W T  F R A C T I O N  OF I T H  S I C 2 0 7 6  
C - - - - ~ ~ S O T O P E  L F W C I  F I S S I O N  WIDTHS ARE G I V E N v a 0  F l S S I O N  W!BTHS NOT G I V E N S I G Z ~ ~ ~  
c - - - - -  N E R ( I ) = N O  OF EYERGY RANGES USED S I G 2 0 7 8  

PP1NTl9,ZAI(I),ABN(I),NER(I) S I G 2 0 7 9  
N E R l e N E R t I )  S1G20?[0 
J 2 = 1  S I G 2 0 8 1  

C  4444444444444444444444444444444444444444444444444444444j4444444444sIG20gZ 
a 0 6  READ3,EL(I,J2),EH(l,J2),LRU(IIJ2),LRF(I,J2~,NOT(6),NOSIG20~~ 

L T ( 7 )  S IG20ClA  
C- - - - -ELzLOWER ENERGY L I M I T  OF A  RANGE, EHmUPPER L I M I T  OF A  RANGE S I C 2 0 8 3  
C-----i,,RU=l RESOLVED RESONANCE P A R A M E T E R S I L R U ~ ~  UNRESOLVED PARAMTRS S I C 2 0 8 6  
C - - - - - L R F  I N D I C A T E S  P A R T I C U L A R  TYPE OF RESONANCE FORMULA 1 0  BE U S E 0  S  l G 2 0 U 7  

P ~ ~ N T ~ ~ , E L ( I I J ~ ) , E H ( I ~ J ~ ) , L H U ( I , J ~ ~ L R F I I , J ~ )  S I G 2 0 U g  
L R U I J = L H U ( I ~ J ~ )  S X G 2 0 U u  
I F ( ~ R U 1 J a l ) 1 2 7 , 1 2 8 , 1 0 1 0  S j G 2 0 Y 0  

1 2 7  P R I N T 1 0  S I G 2 0 y I  
GO TO iJ0 S  1 G 2 0 V 2  

1 2 8  NMOM=l  S  1 G209: 
C 5555555555555555555555555555555555555555555555555555555>5555555555SlGZDV! 

R ~ A D ~ ~ S P I ( I ) ~ A P ( I ) , N O T ( ~ ) ~ N O T ( ~ ) , N L S ( I ~ J ~ I N O T  S I C 2 0 9 9  
c - - - = ~ s P I ( ! ) ~ s P I Y  OF T Y E  I -TH  ISOTOPE,AP(I)EA+ SPIN DEPENDENT S C A T T E R I N G S I G Z D P ~  
c - - - - -  LENGTH IN U N I T S  OF 1 , 0 E - 1 2 C M a A M ( I ) = A ~ ,  FOR S P I N  I N D E P E N D E N C E A M ( I ) = S ~ G ~ ~ Y ~  
C W - - - -  - YLS-NUMBER OF L - V A L U E S  S  1  G 2 0 9 0  

P R I N T ~ ~ ~ S P I ( I ) , A P ( I ~ I ~ L S ( I I J ~ )  S 1 G 2 0 Y V  
JL.1 S I G 2 1 0 g  

C 666666666666666066666666666666666666666666666666666666696666666666SIGZl@l 
1 0 4  R E A D ~ , ~ W R I ( I ) ~ A M ( I ) , L A N G ( I , J ~ , J L ) , N O T ( ~ ~ ~ , N R S ~ X I N R S  S I G Z 1 0 2  

C p - - = - A W R I ( I ) = M A S S  OF THE 1 - T H  1SOTOPf IN U N I T S  OF NEUTROM M A ~ S ~ A M ~ S E E  A S I G Z l ' d S  
C - - - q = L A N G = L - V A L U E  O r  THE ANGULAR MOMENTbM,NRS=NUMBER OF RESONANCES. s I G Z ~ ~ ~  

P R I N T ~ ~ I A W R I ( I ) I A M ( I ) , L A N G ( I , J ~ I J L ) , N R S  S  1 G Z l U 5  
NMOM=NMUM+I s r GZI?~  
J 3 = J l + ( N R S - 1 )  S IG21107  

C  7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 S I G Z l y a  
H E A D ~ I ( ( A R A Y ( K , J ) I K = ~ , ~ ) , J ~ J ~ I J ~ )  s I ~ 2 1 0 9  

C  T H I S  I S  WHERE THE RESONANCE PARAMETERS ARE READ I N ,  A R A Y ( l , J ) = E R E S S I G Z l l P  
C  I N  EV,  A R A Y ( 2 , J ) ' J  V A L U E t A R A Y ( 3 , J ) = 7 0 T A L  GAMMA, A R A Y ( 4 n J ) = N E U T R O N  S I G Z i l l  
C  W I D T H , A H A Y ( ~ , J ) = G A M ~ A  GAMMA, A R A Y ( ~ , J ) = F ~ S S I O N  W I D T H ,  A L L  WIDTHS I S I G 2 1 L 2  
c N E V ,  s r ~ 2 1 1 3  

PR I N T 2 5  S  1 G Z i l !  
P a l N T 2 3  S  I G 2 1 1 3  
PmINT26,t(ARAY(K,J),K=1,6),J=Jl~J3) S I G 2 1 1 9  

PR 1 N T 2 5  S IG21 l .7  
DO 1 8 2  J x J 1 o J 3  S l G Z l t e  
I R A Y ( ~ I J ) = L A N G ( I , J ~ ~ J L )  S I G 2 1 1 V  
I R A Y ( Z , J ) = N R A N t E  S  1 G Z l L l o  



I R A Y ( S , J ) = I  
E R A Y t l , J ) = S P I ( I )  
E R A Y ( 2 , J ) z A P t I )  

1 0 2  C O N T I N U E  
JI= J 1 + N H S  

J 2 =  J 2 * 1  ~ 1 ~ 2 1 2 9  
IF(NRANGE-NERI?106t106,101C? S l  G 2 l 5 F  

1 0 1 0  N R E S ( I ) = J l - J F I 9  S  1  G Z l $ l  
J F I D a J I  S I G 2 1 J 2  

I 0 1  CONTINUE S  I GZIJ.! 
N T O T A L e J l o l  ~ 1 ~ 2 1 3 4  
S C A L f ' 1 . 0 E + 0 0  S I G L I J 5  
P H I = 3 , 1 4 1 5 9 2 6 5  S I G P 1 ? $  

3 F 0 R Y A T ( 2 E l l r 4 1 4 I 1 1 )  S I G 2 1 J 7  
4  F O R M A T ( ~ E ~ ~ ~ ~ )  S I G z l J B  
5 F O R M A T ( ~ E I ~ I ~ I S I P ~ )  S l  G 2 1 J 9  
6  F O R M A T ( 2 X , Z E l 1 , 4 )  s I ~ 2 1 4 1 0  
7 F O R M A T ( 1 0 7 H  NE1!TRON ENERGY( E V )  S l G N N  S  I GCAP S S I G 2 1 Q 1  

~ I G F  s I G T  s I GNNMULT SIGTMULT ~ 1 ~ 2 1 . 4 2  
8  F O R M A T ( Z X , ~ E I ~ . ~ )  s I ~ 2 1 4 ~  
9  F O R M A T ( 1 0 X , Z E Z @ r 6 )  S I  G Z 1 4 4  

1 0  F O R M A T t 2 0 H  ERRqR I N  I N P U T  D A T A )  S I G Z 1 4 5  
11 F O R M A T t l O X o 2 1 1 f l )  S I G 2 1 4 5  
1 2  F O R M A T ( 1 0 X , 6 1 1 B )  S I C 2 1 4 7  
1 4  F O R M A T ( ~ ~ H  CROSS-SECTIONS CALCULATED WITHOUT DOPPLER BROADENING)  S I G 2 l a 9  
1 5  F O R M A T ( 4 9 H  CROqS-SECTIONS CALCULTED W I T H  DOPPLER BROADENING)  S I C 2 1 3 4 1  
1 6  F O R M A T t 1 5 H  YEUTRON E N E R G Y E 1 5 8 6 )  S I G 2 1 4 B  
1 7  F o R M A T ( 3 3 H  ( Z t A )  D E S I G N A T I O N  OF THE E L E M E N T E I ~ ~ ~ ~ ~ ~ H  ATtWT/MASS O F S I G 2 1 ~ 1  

1 N E U T R O N E I ~ , ~ I ~ ~ H  NO OF I S O T O P E S I S )  S  I G212k' 
1 8  F O R M A T ( 2 4 H  DATA FOR I S O T O P E  NUMBER151  S  I G a l 5 2  
1 9  F O R M A T ( ~ ~ H  ( 2 , ~ )  D E S I G N A T I O N  OF THE I S O T O P E E 1 1 , 4 , 2 I H  F R A e T I O N A L  A B S I G 2 1 5 4  

~ U N D A N C E E ~ ~ ~ ~ ~ ~ @ H  NO O F  EbERGY R A N G E S 1 5 1  S I G Z l 5 5  
2 0  F O R M A T ( 3 6 H  LOWCR L I M I T  OF THE ENERGY R A N G E ( E V ) E 1 1 1 4 p 1 8 H  UPPER L I S I G Z l ? ?  

l M I T t E V ) E 1 1 , 4 , 6 L J  L R U . 1 5 t 6 H  L R F z I 5 )  S  I G 2 1 9 7  
2 1  F O R M A T ( 1 3 H  NUCLEAR S P I N E I 1 , 4 , 1 8 h  S C A T T E R I N G  L E N G T H E ~ ~ , ~ ~ ~ ~ H  NO OF S I G 2 1 9 6  

l b - V A L U E S 1 5 )  SIGZI~Y 
2 2  F O R M A T ( 4 5 H  MASS OF THE I S O T O P E  I N  U N I T S  OF NEUTRON MASSE.1114p22H SSIG21g IO 

l C A T T E R I I \ I G  L E N G T H ( A - ) E 1 1 , 4 , 1 7 H  ANGULAR MOMENTUMI5 ,17H NO OF RESONANSIG 'Z161  
2 C E S I 5 )  s I ~ 2 1 6 2  

2 3  F O R M A T t B S H  ERES S P  I iu GTOT GN S I G 2 1 $ J  
1 GGAMMA GF ) ~ 1 ~ 2 1 ~ ~  

2 4  F O R M A T ( l 1 H  T l T L E  7 A 4  S I G 2 1 b 9  
2 5  F O Q M A T ( / / )  S I G 2 1 6 6  
2 6  F O R M A T ( 6 ( 2 X , E 1 1 1 4 , 2 X ) )  ~ 1 ~ 2 1 5 7  
2 7  F O R M A T ( J 3 H  CROqS-SECTIONS AT THERMAL ENEHGY) S I G 2 1 5 t (  
2 8  F O R M A T ( Z X p Z E 2 0 , 6 t I 1 0 )  S I G 2 1 $ 9  
2 9  F O R M A T ( ~ X , ~ E ~ ~ . ~ )  ~ 1 ~ 2 1 7 i  
3 0  F O R M A T ( 2 2 H  E F F F C T I V E  T E Y P E R A T U R E F 7 r l p 4 1 H  I N  DEGREES K E L V I N ,  NO S I G Z 1 7 1  

1QF P I V O T  P O I Y T S I 5 r l B H  CONVERGENCE E R R O R E l Q , 4 , 1 3 H  AND I N C R O S S ' I T )  S I G Z l l Z  
3 1  F O R M A T ~ ~ ~ H  THE I N T E G R A L  FOR DOPPLER BROADENING D I D  NOT CONVERGE) S I G 2 1 7 J  
33 F O R M A T ( ~ I ~ H I  P90GRAM S I G M A 2 ,  PROGRAM TO CALCULATE S I N G L E  OR M d L T I L S I G 2 1 7 4  

~ E V E L  B R E I T - W I G \ l E R  C R O S S - S E C T I O N S l  USES E N D F / 9  V E R S I O N  11  D A T A )  S I G 2 1 7 5  
C - - - - - T H I S  I S  WHERE RESONANCES OF E A C H  I S O T O P E  ARE ARRANGED I N  I N C R E A S I Y S I G Z 1 7 ~  
C---a;G ORDER I N  L  Ak'D FOR EACH L I N  I N C R E A S I N G  ORDER I N  J, S I G 2 1 7 7  

DO 1 3 3  I = l , N I S  S I G Z ~ ~ ~  
N R E S I = N R E S ( I )  S  I G 2 1 7 y  
C A L L  O R D E R ( I I N Q E S I )  S  IG21811  

1 3 3  CONT 1 NUE S I G 2 l d l  



1 3  F O R M A T ( 1 0 ( 1 X , I I k ' ) )  S  I G21MZ 
0 0  1 3 5 1 = 1 1 N T O T 4 L  s I ~ 2 1 8 ~  
A R A Y ( l , I ) = A R A Y ( l * I ) ' S C A L E  S l GZlt]! 
A R A Y ( 3 1 1 1 = A R A Y ( 3 ~ I ) " S C A L E  S  I G21u2  
A R A Y ( ~ I I ) = A R A Y ( ~ ~ I ) ~ S C A L E  S  1  G2186  
A R A Y ( ~ , I ) = A R A Y ( ~ , I ) W A L E  S I G 2 1 g 7  
A R ~ Y ( ~ , I I = A R A Y ~ ~ ~ I ) ~ S C A L E  ~ 1 ~ 2 1 ~ ~  

1 3 5  COVTlNUE S I G 2 l U Y  
NCOUNT=l  s 1 e 2 i B @  
DO 1 3 3 0  1 '11N1S SIG21YJ.  
X W R = A W R I ( I )  S I G 2 1 Y 2  
YWR=XWR+i,G08665 S  I G21Y3 
Y W R = Y W R * * ( ~ ~ ~ / ? , ~ ~ )  s I G 2 1 9 i  
APX=0,1L3aYWR+f l108 S  I G Z l Y 5  
N R E S I = N R E S ( I )  S IG21Vr ,  
N L M T = N c O U ~ J T * N R E S ! - ~  S I G Z l V 7  
D O  1 3 3 1  J = ~ C O U U T , Y L M T  ~ 1 ~ 2 1 9 8  
CALL F A C T S ( A R A ~ ( ~ I J ) ~ I R A Y ( ~ ~ J ) , P E N F A R ( J I , S H I F A R ( J P S C N S T X W R  SIG21DY 

1 A P X t I . A )  SIG2211! 
1 3 3 1  CONTINUE SIG22101. 

NCOUNT=NCOUYT+YRESI S I G 2 2 8 2  
1 3 5 8  CONTINUE S  1 G22v  J 

DO 1 0 8  I z l t W T O T A L  S IGZZq f !  
E R A N ( ~ I I ) = A R A Y ( ~ I I )  S1G22113 
E R A N ( 2 , 1 ) = A R A Y t 3 1 1 )  S  I G22id6 

1 0 8  CONTINUE S  I G2207  
CALL Q I K S ( ~ ~ N T O T A L I M B V , K O M )  S  1  G22q8  

C---=-HERE RESONANCE I N  AN ELEMENT ARE ARRANGED I N  INCREASING ORDER I N  SIG22!Y 
C---=-ENERGY ALOYG WITH THEIR TOTAL GAMMAS TO CALCULATE THE ENERGY MESH 51G221! 
C-=-=-AT WHICH THE C90SS-SECTICNS ARE CALCULATED, S I C 2 2 1 1  

1 4 6  P R I N T 2 7  S  1  G2212  
PR I NT25 S I C 2 2 1 J  
PR I NT7 S I F 2 2 1 !  
E-ETHERM S  I G2215  
CALL S I G M A ( E T H E R M I ~ )  8 1 6 2 2 1 6  
PR I NT25 S  1 6 2 2 1 7  
E L O = E L ( ~ I ~ ) * S C A L E  SIG221k! 
J F L A G ( 1 ) = 1  S  I C221Y 
1RANGE:l S  I G 2 2 2 t  

C----gwE HAVE ARBITRARILY  SET E L O m 1 , B E - I l  MEV HERE TO BE ABLE TO DOPPLERSIG2221  
C---=-BROADEN THERMAL CROSS-SECTIONS,LATER ON 1N THE PROGRAM E L 0  I S  READS162222  
c---=. I N  FROM THE DATA AND COULD VARY FROM l , @ E - l I ,  TO 1 ,0Es09MEV,  S l G 2 2 2  J 

P R I N T 8 r E T H E R M t ( A R E F ( L L ) t L L s l , 6 )  S  1  G2225  
I F ( l D P L  E O , l ) G O  TO 1 4 7  S I C 2 2 2 9  
GO TO 1 4 8  S I C 2 2 2 5 1  

1 4 7  TEF=TEFF /293 ,D  S I G 2 2 L b  
DELTA'D 3 1 7 7 * ~ n ~ ~  ( ( T E F * E T H E R M ) / A W R )  S I G 2 2 2 7  

C  COYT!NUE S  1 0 2 2 2 8  
CALL G S I O ( E T H E R M I D E L T A , N T A B I X T A B )  S  I G222Y 
CALL G R E A T 2 ( 0 0 ~ P L E R , F I N T , X T A B p N T A B ~ E R R O R t I E R R )  S  IG22JD  
P R I N T 2 8 t E T H E R M , F I N T ( J F L A t ( l )  S I G 2 2 J 1  
I F ( 1 E R R  E Q I 1 ) P P 1 N T 3 1  S  I G 2 2 4 2  

1 4 8  P R I N T 2 5  S I G2233  
P R I Y T ~  S I C 2 2 3 4  
P R I N T 2 5  S I C 2 2 2 5  
0 0  1 2 4  J J ' l t N I 9  S  I C 2 2 9 2  
N E R J J = N E R ( J J )  S 1 G22.17 
D O  1 2 5  KK=I,NERJJ s 1  c z z ~ e  
I SANGEcKK S  I G2259  
LRUJK'LHU(JJ ,KY)  S  I ~ 2 2 f 1 0  
I F ( L R U J K - 1 ) 1 3 1 , 1 3 2 1 , 1 2 5  S  1  G 2 2 4 1  



1118 C O N T l N U E  
C A L L  S I E V E ( E ~ , C ~ , E ~ I G ~ , M M I N N I N X ~ T E F F I A W R ~  



C A L L  Q I K S ( ~ , N X , M O V E I K O M E )  S l C229! 
GO TO 1 1 6  S I G 2 2 9 ?  

1 1 2 0  I F ( I E N D . E Q I O ) G f l  TO 1 2 5  S I G 2 2 V g  
J 4 = J 4 * 1  S I C 2 2 9 7  
GO TO 1 1 7  S I C 2 2 Y !  

1 1 6  DO 1 0 9  I = l , N X  S I G 2 2 Y 9  
E = E X (  I )  S l t 2 3 1 0  
J F L A t l = J F L A G ( I )  s I G 2 3 0 1  
CALL SIGMA(E,KY) S I C 2 3 1 2  
PRINT8,E,(AREFtLL),LL31,6) SI G2310J 
I F t I D P L  EQ, I , )GP TO 1 4 1  SI ~ 2 3 @ !  
G O  T o  1109 s I ~ 2 3 ! r l l  

1 4 1  IF(E,LT.ETHERM)GO T O  1 e 9  ~ 1 ~ 2 3 0 3  
GO TO 1 4 1 0  S T C 2 3 0 S 1  

c - - - - -  I F  THE NEUTRON ENERGY I S  L E S S  THAN 0 , 0 2 5 5  EV DOPPLER BROADENING I S S I G ~ ~ ( I $  
C- - - - -PASSED AS A  O I F F E R E N T  KERNEL SHOULD B E  USED TO CALCULATE DOPPLER S 1 G 2 3 F 7  
C-----BROADENED C R O S S - S E C T I O k S ,  S I G 2 3 l 9 g  

1 4 1 8  T E F = T E F F / 2 9 3 , ! 3  S I  G 2 3 8 9  
D E L T A ~ @ . ~ ~ ~ ~ * S ~ J R T  ( ( T E F * E ) / A W R )  S  I C23l.0 

C  CONT 1 NUE S  I G 2 3 1 1  
GO TO ( 1 1 2 1 , 1 1 2 2 ) ~ J F L A G I  S I C 2 3 1 2  

1 1 2 1  C A L L  G R I O ( E , D E l . T A , k T A B I X T A B )  S  I G 2 3 1 3  
3 2  F 0 R M ~ T ( 2 X , l l E 1 1 , 4 )  

C A L L  G R E A T ~ ( D O D P L E R I F I N T , X T A B , N T A B , E R R O R , I E R R )  
P R I N T ~ ~ , E , F I N T , J F L A G ( I )  
I F ( I E R R  E Q , l ) P P I N T 3 1  
GO TO 1 0 9  

1 1 2 2  CALL G A U S S ( E , D F L T A , D O P E )  
P R I N T 2 A t E , D O P E o J F L A G ( I )  

1 0 9  C O N T I N U E  
I F ( I F L A C ) l i 1 7 , 1 2 5 , 1 1 ~ 7  

1 1 1 7  J 4 = J 4 * 1  
I F ( ~ T O T A ~ s J 4 ) 1 9 5 , 1 2 5 0 , 1 1 7  

1 2 5 0  E l = E R A N ( l , J 4 )  
G l = E R A N ( Z , J 4 )  
GO TO 1 1 1 6  

1 2 5  C O N T I N U E  
1 2 4  C O N T I N U E  
1 2 E  COh!T I N U E  
13f l  C A L L  E X I T  

END 
S U B R O U T I N E  Q I K C  (MM,NN,MOVE,COWPAR) 

C Q I K S  ALL- IN-MEMORY SORT PRCGRAM 
C  MM = FIRST S U B F C R I P T  
C  NN = L A S T  S U B S P R I P T  (ARRAY I S  I N  COMMON) 
C MOVE ANU C O Y P A P  A R E  U S E R  S U P P L I E D  P R O G R A M S  

D I M E N S I O N  M S A V E ( Z f l ) , N S A V E ( 2 0 )  
K E Y L O C ( M , N ) = ( N + M ) / 2  
1 x 0  
J = 5 
L E V E L  = a 
M-MM 
N=NN 

3 5  C O Y T I N U E  
C  T E S T  FOR ONE OD TWC I T E M S  

I F ( N - M - I )  3 1 1 5 1 t 3 2  
C  3 2  C O Y T I N U E  
C  P A R T l T l U Y  AND SPREADER GO HERE, SEE BECOW, RETURN I S  T O  8 
C  PUSH DOlJN 

8 L E V E L = L E V E L + l  
C  WORK OV SMALLEST P G R T I G N  



m m m n  
c z m o  
W O + L  
a  C +  
0 a- 
C Z Z  

C 

C)TZ~va-C)  
o m n  O ~ I P  

C 7 1 1 - l - 4  r - .  . 
-amm r-r 

m m -  -- 
r c r  FI 
a m m  r -  
Pa--< VIZ 

- m  v -  

n C ) V ) - O I Z ~ o  
P P l E I O U  fflfflo 
r r w -  - P D  
r r m r l - 4  <<+ 

0 0  m m o  
x x - x  o o ' l v u  r r G l  -- 
<< D W  m m w  
m m o a  c <  
--Z- m m  
Z X C Z  8-4- 

2 2 3  
U f f l f f l  
C D D  

<< 
m m  ..- 
I--I-- 
m m  
<< 
mm 
r-3- - - 
*I 
z n - 

I I I X O Q Q O O Q O O Q O O Q O O Q Q O O Q O O Q Q O Q Q Q Q O Q Q D Q D O O Q O O Q Q O Q O O Q ~ Q Q Q Q O Q O D Q O  
oo0D-------------------------------------------------M------u 
< C < < X x X X X X x x X x x x X x x x X x x x X X X x x x X X x X X X X X X x x x X X x x X x x x x X x x X x x x x x x  

w w w w m m ~ m w m w w w w w m w m w w m w m w w w m m w m w w w w f f l w m w ~ m w w w w ~ ~ w f f l w f f l m m w w ~ w m m  
6 l 6 l 6 l 6 l ~ 6 l ~ 6 l Q 6 l ~ 9 6 l 6 l ~ W 6 l 6 l 6 l 6 l ~ Q h l 6 l 6 l 6 l 6 l 6 l h ) 6 l 6 l ~ h ) 6 l Q ~ ~ 6 l 6 l ~ 6 l 6 l ~ 6 l ~ 6 l 6 l ~ 6 l ~ ~ ~ ~ 6 l 6 l ~ ~ Q ~ 6 l 6 l  
5 5 6 1 6 :  U U 4 V V u v VlO1010L101OIOl~IO.I0L 0, V V V V VI V V V V VIP P I D I P ' P I P I P I P I D ~ P  GIGIG~L. GbG GtGlG G h: N r\: h N IC r\; IL h: 
P CA Nt .  UIO UI&lW L'P Ea.(I:a VIO VlDi6 N W  61SlU - 1 0  V l 9 t h  W r  6,s U -1- V IPIG h:P 61CIO: -101 VlDlG r\;P 6 QlU.SlQ VID*W NC. 

~ 6 ~ ~ 6 l ~ ~ ~ ~ 5 B S 6 l B 6 5 B 6 l 6 l ~ 6 l 6 ~ 6 1 6 1 ~ ~ 6 ~ W 6 1 6 l ~ 6 6 l 5 6 ] 6 l 6 l 6 1 ~ ~ ~ 6 l ~ 6 l W 6 l 6 l 5 6 ~ 6 l ~ ~ ~ 6 ]  



I F ( I 1 . E 0 , 0 ) ! 1 = 5 0 1  
I F ( J I , E U : a ) J 1 ' 5 @ 1  
E R A N I ~ , J ~ ) = E R A ~ I ( I ~ I ~ )  
E R A N ( ~ , J ~ ) = E R A ~ J ( ~ , I ~ I  
RETURN 
END 
SUBROUTINE MOVF(1 , J I  
C O M M O N / C / E X ( I ~ ? ) , J F L A G ( ~ ~ ~ )  
ll=I 
J I - J  
I F ( I ~ ~ E Q : ! 3 ) 1 1 = 1 0 1  
I F ( J l . E Q l 0 ) J I = Z 0 1  
E X ( j I ) = E x ( I l )  
J F L A C ( J l ) = J F L A q ( I l )  
RETURN 
EN3 
FUNCTION K O M ( I , J )  
COt4MON/D/ERAN(7,501) 
ll=I 
J l e J  
I F ~ l I , E ~ ~ 0 ) l l = ~ ~ l  
I F ( J l , E S , i I ) J 1 = 5 0 1  
E o M = E R A I J ( ~ , I I ) - E R A N ( ~ ~ J ~ )  
I F ( E O M ) l @ 0 , 1 B 1 : 1 0 2  

1 0 0  KOM=-1 
GO TO 1 0 3  

1 0 1  KOMSO 
GO TO l i t 3  

1 0 2  KOM'I 
1 0 3  RETURN 

EUO 
FUNCTION KOME(1,J)  
C O M M O N / C / E X ( I ~ ~ ) ~ J F L A G ( ~ @ ~ )  
Il=I 
J1.J 
l F ( I ~ . E Q , 0 ) 1 1 = I E l  
l F ( J 1 : E d : P ) J l = l @ l  
E o x = E X (  I 1 l - E X ( j 1 )  
! F ( E O X ) 1 0 0 , l a 1 , 1 0 2  

j 0 E  KOME==1 
GO TO 1 0 3  

1 B i  KOME-0 
GO 70 1 8 3  

1 0 2  KOME=1 
1 0 3  RETURN 

END 
SUBROUTINE S P I N O R ( S , L t X J )  
 TERM=^, U 
OENOM'E. 0  
I F ( S : E Q . @ , l A N D . L , E Q ~ O ) G O  TO 1 0 0  
GO TO 1 0 1  

C - - - - - F O R  s 3 0  A N D  S - W A V E  RESONANCES SPINS A R E  ALL K N O W N  HENCE 
c - - -=-  LEVEL-LEVEL INTERFERENCE, 

1 u 1  I F ( S , E O . P , ) G O  TO 1 0 2  

MOV 0 0 ?  
M O V  0m6 
MOV 0!7 
MOV 0(d! 
MOV 0 0 9  
MOV 0 1 8  

MOVE0C3 
MOVE084 
MOVEBL13 
MOVE00d 
M O V E E ~ ~  
MOVE0S0 
MOVE0y9 
MOVE018 
KOM 0 C 1  
KOM 0LO2 
KOM 0UJ 
K O M  0 0 4  
KOM B e 9  
KOM 0 c b  
KOM 0 0 7  
KOM 0108 
KOM Old(! 
KOM 0 1 0  
KOM 0 1 1  
KOM 0 1 2  
KOM 0 I J  
KOM 01! 
KOM 0 1 5  
KOME0eL 
KOME012 
KOME00J 
KOME0g j  
KOME0D7 
KOME006 
KOME007 
KOME0qe 
KOME0sV 
K O M E ~ ~ B  
KOME01& 
KOME0 la  
K O M E 0 l j  
KOMEBL! 
KOMEPIl3 
SPNR0@1 
SPNR002 
SPNR0k'J 
SPNRBUf! 
SPNR0041  

ONE NEEDS SPNR0C3 
SPNR08c 
SPNRBg7 
SPNR8071  
SPNR008 
SPNH0ldV 
S P N R 0 l q  
S P N R 0 l a  
SPNRBlZ 
SPNR013 



GO T O  1 0 5  S P N R 0 l J l  
1 0 4  T E R M = T E R M + X J l * ( 2 , 0 * X L + l t 0 )  S P N 9 0 1 4  

O E ~ O M ~ D E N O Y + ( 2 ~ ~ * X L ' l q ~ ~  S P N H 0 1 3  
GO TO 1 0 6  S P N H 0 1 6  

1 0 5  T E R M = T E R M + X L * ( 7 , 0 * X J I + l f i 0 )  S P N R 0 1 7  
D E N O M = O E N O M + ( ~ . ~ ~ * X J I * ~ , ~ )  S P N H 0 l e  

1 0 6  I F ( X J 2 , G T I X L ) G ~  TO 1 E 7  S P N H D l Y  
GO TO 1 0 8  S P N H 0 l ' J l  

' l a7  T E R M = T E R M + X J 2 * ( 2 , 0 * X L + 1 8 0 )  SPNRDL!  
D E N O M = O E N O Y * ( 2 . 0 * X L * l , 0 ~  S P N R 0 L l  
GO 7 0  1 0 9  S P N H 0 Z Z  

1 0 8  T E R M ~ T E R M + X L Q ( ~ , ~ * X J ~ + ~ , ~ )  S P N H 0 2 J  
DENOM=DENOP*(2.0*XJ2*lq0) S P N R 0 2 ' )  

1 0 9  X J = T E R M / D E N O M  S P N R B Z 3  
GO TO 1 / 8  S P N K D L t ,  

1 0 0  X J - 0 , 0  S P N R 0 2 7  
l l a  R E T U R N  S P N R 0 Z g  

E N D  S P N R 0 L Y  
S U B R O U T I N E  G H E ~ T ~ ~ F , F I N T , X T A B ~ N T A ~ , E R R O X I I E R R )  G N T Z 0 g 1  

c - - - - -  - C A R R Y  OUT C O U V E R G E N C E  I N T E G R A T l d N  S C H E M E  U S I N G  U P  TO 2 0 8  I ~ T E U V A L S G H T Z U U Z  
C---*-WHICH ARE T H E N  F U R T H E R  S L J B D I V I D E D  U N T I L  C O U V E R G E N C E  OCCURS OR T H E  G R T 2 0 8 J  
C - * - - - M A X I M U M  A L L O W A 9 L E  N U M B E R  O F  I T E R A T I O N S  15 E X C E E D E D ,  T H E  S U B R O U T I N E G R T 2 0 1 0 4  
C - - - - - A R G U M E N T S  ARE n E F I N E O  AS F O L L O k ~ S , ,  , D r .  , G H T 2 0 0 5  
C - - - - - F  = F U N C T I O k J  TO B E  I N T E C R A T E G ,  G R T 2 0 Y e  
c - - - -  - v F I N T  = T H E  4 E S 1 1 L T I N G  I N T E G R A L  G R T 2 0 1 0 7  
C - - - * 7 X T A B  = T A B L E  O r  O R D I N A T E S  ( I b 4 T E G R A T I O N  I N T E R V A L  I S  F R O M  X T A B ( 1 )  T O G H T 2 P b g  
C----w X T A B ( N T 4 B ) )  G R T 2 0 8 9  
c - - -=-  N T A B  :THE L E N C T H  O F  T H E  X T A R  T A B L E  ( N U M B E R  O F  O R D I N A T E b ) ,  G R T 2 0 1 U  
C - - - s a E R R O R  = A L L O W A B L E  N O R M A L  E R R O R ,  G H P Z 0 1 1  
C - - - P - I E R R  = E R R O R  I N D I C A T O R  S E T  TO Z E R O  I F  M E T H O D  C O N V E R G E S ,  S E T  T O  G R T 2 0 1 2  
c----. O N E  I F  M E T H O D  D O E S  N O T  C O N V E R G E ,  G R T 2 0 1 J  
c---... O N E  I F  M E T H O D  D O E S  N O T  C O N V E R G E  OH T A B L E  ( X T A B )  I S  T O 0  L O N G G 4 7 2 0 1 4  

D I M E N S I O N  X T A B ( ~ ~ ) D P A R T S ( ~ ~ ) , G O O F ( ~ J ) , I N T E R ( ~ ~ )  G H T 2 0 J . 3  
C - - - S T D E F I N E  T H E  Y A X l M U M  A L L O W A B L E  YIJMSER O F  I T E R A T I O N S  A N D  T H E  M A X I M U M  G H T 2 0 1 9  
C - - - S T T A B L E  L E L I G T H ,  G R T 2 0 1 7  

D A T A  J M A X , N T A B q X / 2 D t l 0 B 0 /  G R T  2 0 1 8  
C - - - = - D E T E R M I N E  I F  T 4 R L E  I S  TOO L O N G  G A T 2 0 1 9  

I F ( N T A B . G T , N T A R M X )  GO TO 1 0 0  G R T 2 0 2 1 0  
C---- ;CALL G E N E R A L  I ' I T E G R A T I O N  S U B R O U T I N E ,  G R T 2 0 2 1  

Z Z Z ~ F ( 5 . 0 )  G R T 2 0 2 1 1  
C A L L  G R E A T 1 ~ F ~ ~ I N T ~ N T A B l ~ M ~ X ~ ~ T ~ H D P A R T S ~ ~ O O F l I ~ T E R E R R O l R R  G R T 2 0 2 Z  
R E T U R N  G R T 2 0 2 J  

c - - -= -  T A B L E  I S  T O 0  L n N G ,  G U T 2 0 2 4  
1 0 0  i E R R = l  G R T 2 0 L 5  

F I N T = 0 , b  G R T Z 0 2 6  
R E T U R N  G Q T 2 0 2 7  
END G R T 2 0 2 8  
S U B R O U T I N E  G R E 4 T 1 ( F , T I N T , N T A B , J M A X I X T ~ B , P A R T S , G O O F ~ I N T E l E R U  G R T 1 0 g l  

1 I E R R )  G R T 1 0 0 2  
c - - -= -  C A R R Y  O U T  C O N V C R G E ~ J C E  I N T E G R A T I O N  SCHEME. U S I N G  T R A P A Z O I U A L  R U L E  ~ R 7 1 0 U 3  
C - - - = - A N D  D O U B L I N G  T M E  N U M B E R  O F  R E G I O N S  P E R  S U B I N T E R V A L  F O R  E A C d  GRT10!U! 
C - - - ; - I T E R A T I O N ,  O N L Y  D O U B L E  U P  I N  T H O S E  I N T E R V A L S  T H A T  H A V E  N O T  A L R E A D Y G R T J . 0 8 2  
C - - - ~ ~ C O N V E R G E D D  G 4 7 1 0 1 0 5  
C - - - a - F  = S  1  N G L E  P R E C I S l O N  F U N C T I O N  TO B E  I N T E G R A T E D  G R T 1 0 1 d 7  
C - - - s - F I N 7  = T H E  R E S l l L T l N G  I N T E G R A L  G R T l 0 c U  
C - - - a - N T A B  s N U M 9 E R  O F  O R D I N A Y E S  S U P P L I E D  ( T H E H E  A R E  N - 1  I N T E H V A L S )  G R T 1 0 8 9  
C - - - - - J M A X  . M A X I M U M  A L L O W A B L E  NUJBER O F  I T E R A T I O N S  G  R  T 1 0  
C---s;XTAB = T A B L E  OF T H E  O R D I N A T E  V A L U E S ,  R A N G E  O F  I N T E G R A T I O N  I S  G R T l 0 l l  
C - - - - a  F R O M  X T A B ( 1 )  TO X T A B I N T A B )  G R T 1 0 1 2  
C - - - s - P A R T S  = A R R A Y  O F  D I M E v S I O N  N T A a D  E Q U A L  TO T H E  P A R T I A L  I N T E G R A L S  G R T 1 0 1 J  
c----. O V E R  E A C H  OF T H E  N T A B - 1  I N T E R V A L S  G R T 1 0 1 4  



C- - -csGOOF =ARRAY OF B I H E N S I O N  NTABI  E Q U A L  TO THE NORMAL ERROR I N  EACH 
c----. OF THE U T A B - 1  I N T E R V A L ,  
C - - - c r l N T E R  =ARRAY OF D I M E N S I O N  NTABI  S E P E C I F Y I N G  THE NUMBER OF 
c c = - = -  S U B I Y Y E R V A L S  1 Y  EACH I N T E R V A L  
C---=-ERROR =ACCEPYASLE NORMAL ERROR 
C - - - E G I E R R  =ERROR I ~ O I C A T O R ,  SET 7 9  ZERO I F  METHOD CONVERGES, S E T  TO 
C.--=- ONE I F  METHOD DOES NOT CONVERGE 

D I M E Y S I O N  X T A B ( N T A B ) , P A R T S ( N T A B ) , I N T E R ( N T A B ) , G O O F ~ N T A B )  
C - - - = z I N I T ! A L I Z E  V A L l l E  OF THE I N T E G R A L  

F I ~ 7 = 0 , 0  
C- - -= -CALCULATE THE %'UMBER OF I N T E R V A L S  

NM1'NTAB;L 
C-- -P-CALCULATE ALLOWABLE ERROR PER I N T E R V A L  

E R R N = E R R O R / F L O 4 T ( N M i )  
C - - - s r I N I T I A L I i ? E  4 P P Q O X I M A T I O N  TO I U T E G R A L  

T O T A L = @  0  
C - - - s n C A L C U L A T E  I N I T I A L  A P P R O X I M A T I O N  

DO 1 0  I = I , N M 1  
I N T E R ( I ) c I  
P A R T S ( ~ ) ~ ~ , ~ * ( X T ~ B ( I * ~ ) ~ X T A B ( I ) ) * ( F ~ X T A B ( I ~ ~ ~ ) + F ( X T A B ( ~ ~ ~ )  

1 0  T o T A L = T O T A L * P A Q T S ( I )  
C - - - c - C A L C U L A T E  I N I T I A L  ERRORS 

DO 1 5  1 = 1 0 N M 1  
1 5  G O O F ( I ) = P A R T S ( T )  

C- - -==SET UP LOOP OVER I T E R A T l O N S  
0 0  1 0 0  J = I , J Y A X  

C- - - - -SAVE L A S T  A P P R n X I M A T I O N  
T O T A L I - T O T A L  

C - - - = - S E T  UP LOOP OVFR I N T E R V A L S  
0 0  2 0  I Z 1 , N M I  

C-- -=-CHECK FOR CONVERGENCE I N  T H I S  I N T E R V A L  
I F ( A B S ( G O O F ( I ) / T O T A L ) I L T ~ E R R N )  GO TO 2 0  

C- - -= -CALCULATE DOUBLE I N T E R V A L  
D X = ( X T A B ( I + ~ ) - Y T A B ( I ) ) / F L O ~ T ( I N T E R ( I ) )  

C---=-DOUBLE NUMBER '7F STEPS 
I N T E R ( I ) = Z * I N T F R t I )  

C C - - = ~  I N I T l A L I Z E  C O N T R I B U T I O N  TO I N T E G R A L  
R E S T = 0 ,  lO 
1 1 - I N T E H t I )  c---..- I N I T I A L I Z E  O R D i N A T E  
X N O W = X T A B ( I ) * B . S * D X  

C - - - = z S E T  UP LOOP OVFR O P D I N A T E S  
DO 3 0  K = I , I I , Z  
R E S T = R E S T * F ( X N n W )  

3 0  XNOW=XYOW+DX 
C - - - = - C A L C U L A T E  YEXT P A R T I A L  I N T E G R A L  

REST=0,5*(PARTS(I)+DX*REST) 
C---==ADD NEW P A R T I A L  I N T E G R A L  AND SUBTRACT OLD P A R T I A L  I N T E G U A L  

T O T A L = T O T A L * R E S T - P A R T S ( 1 )  
C - - - - -CALCULATE NEW FRROR AND SET P A R T I A L  I N T E G R A L  TO NEW VALUE 

G O O F ( I ) = R E S T - P A R T S ( 1 )  
P A R T S ( I ) = R E S T  

20 C O Y Y I N U E  
C-- -=-CHECK FOR CONVERGENCE 

1 0 0  I F ( A B S ( 1 , - T ~ T A L I / T G T A L ) , L E , E R R O R )  GO TO 2 0 B  
C---=;THE METHOD HAS NOT CONVERGED 

F I N T x T O T A L  
I E R R a I  
RETURN 

C- - -= -THE METHOD HAS CONVERGED 
2 0 0  F I N T = T O T A L  



l E R R s 0  G R T 1 0 7 2  
RETURN G R T 1 0 7 7  
END G H T 1 0 7 U  
SUBROUTINE G R I ~ ( Q I B E L T A , N T A B I X T A B )  GR l D B I b 1  
COMMON A R A Y ~ l R A Y l E R A Y ~ N O T ~ Z A I l A B N ~ N E R , L ~ ~ , E L l E H R U R F t A N G t N L S  G H I D 0 g z  

~ N R E S , L N ~ J N I P E N F A R I S H ~ F A R ~ S P I , A P , A W R I ~ A M ~ U R E F I A R E F ~ B R E F I ~ R A N G E I ~ I S I G U ~ D ~ ~ ~  
3 1 N C R O S S t 1 V S P 1 N , E L 0 , T E F F ~ D E ~ T A , t , A W R  G R I D 0 q 4  

D I M E N S I O N  A R A Y t 6 1 5 0 0 ) p I R A Y ( 3 , 5 0 0 ) , E R A Y ( 2 r 5 0 0 ) r N O T ( 2 0 A 1 0  G R I D 0 U 3  
I A B N ~ ~ ~ ) , N E R ( ~ ~ ) ~ L F ~ ( ~ ~ ) , E L ~ ~ ~ ~ ~ ~ ) ~ E H ~ ~ ~ ~ ~ ~ ) , L R U ( ~ ~ I ~ ~ ) I L R F ~ ~ ~ ~ ~ ~ ) ~ G ~ I D ~ I ~ ~  
~ L A N G ( ~ ~ I ~ I ~ ) I N L S ( ~ ~ , ~ ~ ) I N R E S ( ~ ~ ) I L ~ ( ~ ~ ) I J N ( ~ ~ ~ ) , P E N F A R ( ~ ~ ~ ) I  G A 1 0 0 0 7  
~ S H ~ F A R ( ~ B ~ ) ~ S P ~ ( ~ @ ) I A P ( ~ ~ ) , A W P I ( ~ ~ ) ~ A H ( ~ U ) , D R E F ( ~ ) I A R E F ~ ~ ) ~ B R E F ( ~ , G U ~ D ~ W ~  
4 1 0 )  GR 1  D 0 g Y  

D I M E N S I O N  X T A B ( 3 3 )  GR I D 0 1 0  
I G N O R E u l  G R I D 0 1 1  
N 2 = N T A B / 2  G R I D 0 1 Z  
N 2 1 = N 2 * 1  Gu 1  U0l,! 
N 2 2 = N 2 + 2  GR I D 0 1 4  
N 3 " N T A B - 1  GR 1 0 0 1 2  
X T A B t N 2 1 ) = Q  G R l O 0 l b  
DO 1 4 1 0  I t N 2 2 r Y T A B  GR 1 0 0 1 7  
X T A B ~ ~ ) Z X T A B ( I - ~ ) + B E ~ A  G M I D 0 1 8  
I I = N T A B + l = I  G R I D B A Y  
X T A B ( I I ) = X T A B ( I I * ~ ) " B E L T A  GR I D02Ib 

1 4 1 0  C O Y T i N U E  GR 1 0 0 2 1  
DO 1 4 1 1  l = i t N T A B  G R I D 0 2 2  
X T A B I e X T A B ( 1 )  GR1002,! 
I F ( X ~ A B 1 ) 1 4 1 2 , 1 4 1 2 , 1 4 1 1  GU 1 0 0 2 4  

1 4 1 2  1  GNORE=D GH I D 0 2 3  
1 4 1 1  C O V T I N U E  G R I D 0 2 9  

I F ( I G N O U E I E Q l O ) G O  TO 1 4 1 3  G n J D 0 z 7  
GO T O  1 4 1 4  GR 1  D O 2 7 1  

1 4 1 3  X T A B t l ) = l , B E - 0 3  GR l DDZ! 
DO 1 4 1 5  !=1,N3 G R ) D 0 2 Y  
l i z l a l  G R I D 0  JB 
X T A B ( I ~ ) = X T A B ( ~ ) * F L O A T  [ I ) * B E L T A  G a l  0 0 J l  

1 4 1 5  CONTINUE G R I D 0 9 2  
1 4 1 4  RETURN GR l D 0 J j  

END GR 1  O D  J a  
SUBROUTINE G A U S S I Q I B E L T A ~ D O P E )  GAUSBYA 
COMMON A R A Y , I R A ~ I E R A Y , N 0 7 p i A I , A B N p N E R p ~ F N , E L , E H R U R F t A N G S  G A U S 0 q 2  

~ N R E S ~ L N I J N ~ P E N F A R , S H I F A R , S P I ~ A P ~ A W F ~ I I A M ~ ~ R E F ~ A R E F , B R E F , ~ R A N G E ~ N ~ S , G A U S D U ~  
3 1 N C R O S S ~ ! V S P 1 N ~ E ~ 0 , T E F F , D E ~ T A l E I A W R  GAUS0(OI) 

D I M E N S ~ O N A ~ A Y ( ~ ~ ~ E ~ ~ I ~ R A Y ( ~ , ~ ~ ~ ) ~ E R A Y ( ~ , ~ ~ ~ ~ I N O T ( ~ I A ~ ~  GAUSBU3 
~ A B ~ ( ~ ~ ) , N E R ( ~ ~ ~ ~ L F W ( ~ @ ) ~ E L ( ~ B ~ ~ ~ ) , E H ( I B I ~ ~ ) ~ ~ R U ( ~ ~ ~ ~ ~ ) I L R F ( ~ ~ ~ ~ ~ ) , G A U S @ @ ~  
~ L A N G ( ~ ~ ~ ~ ~ ~ ) ~ N L S ( ~ ~ I ~ ~ ) , N R E S ( ~ ~ ) ~ L N ( ~ ~ ) ~ J N ~ ~ ~ D ) , P E N F A R ( > ~ ~ ) ~  G  A  U  S  @ 8 7  
~ S H I F A R ( ~ @ B ) ~ S P ~ ( ~ ~ ) I A P ( ~ ~ ) I A W R ~ ( ~ ~ ) I A M ( ~ ~ ) I D R E F ( ~ ) I A R E F ~ ~ ) I B ~ E F ( ~ I G A U S ~ W ~  
4 1 0  GAUS0WY 

D I M E N S I O N  A B C ( Q ) , W E T ( 9 )  G A U S ~ ~ ~  
DATA ABC/;31190993201781531~2~26658@5345~L84~-~,4685532~921667~;0,GAUS011 

172355i01875284,0,010~72355i@i875284,1,46~5532892f667~2~26658058453GAUS012 
2 1 8 4 1 3 , 1 9 0 9 9 3 2 0 1 7 8 1 5 3 /  G A U S 0 l  J 

DATA W E T / 0 , 3 9 6 0 6 9 7 7 2 6 3 2 6 ~ 1 1 E 4 ~ 0 , 4 9 4 3 6 2 4 2 7 3 5 3 7 E - 0 2 ~ 0 ~ 8 8 4 7 ~ 5 2 7 3 9 4 3 8 E - G A U S 0 1 ~  
101~0~432651557~~26E*08,0l720235215h061E+~fl~0~4326515570~26E+0~,088GAUS015 
2 8 4 7 4 5 2 7 4 9 4 3 8 E - D l 1 C 1 4 9 4 3 6 2 4 2 7 5 5 3 7 E - O 2 1 0 ~ 3 9 6 0 6 9 7 7 2 6 3 2 6 E - @ 4 /  G A U S 0 l b  

DATA P H I R T / 1 1 7 7 2 4 5 4 /  G A U S 0 1 7  
T E F = T E F F / 2 9 3 , 0  G A U S 0 l e  
TERM=B,O G A U S B l Y  
DO 2 0 0  K ~ l I Y I S  GAUS0Pp 
T i c k 7 , 0  G A U S B L l  
X W R = A W H I t K )  GAUSBLZ 
B E L t A = ( D r 3 1 7 7 E + 0 E ) * S Q R T ( ~ Q ~ T E F ) / X W R )  GAUSQPJ 



X=BELTA*ABC(9 )  
I F ( E - X ) 1 @ 0 , 1 0 D n l 2 1  

1 9 1  DO 1 0 2  I + l , 9  
A B C I r A B C ( 1 )  
w E T I = W E r ( I )  
Z=E*ABCI *BELTA  
CALL S !GYA(Z , IQANGE)  
T1=T1+BHEF(INC90SStK)*WETI 

1 0 2  COVTINUE 
GO TO 1 1 0  

1 0 E  T l = @ , 0  
1 1 0  TERM=TEHY+Tl  
2 0 0  CONI lNUE 

DOPExTERM/PHIRT 
RETURN 
END 
SUBROUTINE F A C T S ( O , L I P F ~ S F , P S I C 0 h ~ T E , ~ ~ R , ~ ~ , p ~  

C  F A C T ~ W Z  
C  SUEROUTINE TO FALCULATE PENETRATION AND FACT003  
C  S H I F T  FACTORS FACT00 f  
C  Q 1 s  TdE ENERGY L I S  THE ANGULAR MOMENTUM PF PENETRATION FACTOR FACT002  
C  SF THE SHIFT FACTOR AN0 PS THE PHASE S H I F T  AP I S  R  cONSIE I S  K M  FACT0vb  
C  FOR D E T A I L S  OF FORMULAE SEE GRECSON ET AL ~ E E W - M 5 1 7 ( M L B w ) l 9 6 5  F A C T B Y ?  
b 

DATA W ~ E ~ T / 1 , 8 8 8 6 6 5 /  
E A B = A B S ( Q )  
C O N H L D = ~ , ~ ~ ~ ~ ~ ~ E - ~ ~ * B W R * S Q R T ( E A B )  
CONSTE=CONHLD/tBWR+1,0) 

C---s;SINCE AhR I S  GIVEN WITH TdE bEbTRON MASS AS UNITY  WE 
C---- -TO CONVERT TO THE CENTER-OFmMASS SYSTEM 

ROE=BP*CONSTE 
S-FLOAT ( L )  
I F ( L , L E . O ) G O  To 1 0 0  
GO T 0 ( l l 0 ~ 1 2 B ~ i 3 0 ~ 1 4 0 r l 5 0 ) , ~  

100 PF=ROE 
SF=0 ,0  
I F ( P L 0 0 . L T , Z I 0 )  GO TO 1 6 0  
PSzROE 
GO TO 1 7 0  

1 1 0  ROE2=ROE*ROE 
DENOMx1-0+ROE2 
PFnROE2*ROE/DENOM 
SF=-1,0/DENOM 
I F ( P L O O . L T , Z t 0 ~  GO T O  1 6 0  
PS=ROE-ATAN ( R q E )  
IF(PS/ROE-a~00V@01)160,170,170 

1 2 0  ROE2=ROE*ROE 
ROE4=ROE2*HOE2 
OENOM=S 0*ROE2*R0E4*Ptf f i  
PF:ROE4*ROE/DEVOM 
S F = - ( 1 8  O + ~ , ~ * R O E ~ ) / D E N O M  
I F ( P L O O ~ ~ T , 2 , 0 )  GO 7 0  1 6 0  
PS+ROE-ATAN ( 3 , 0 * R O E / ( 3 ~ 0 s R O E Z ) )  
I F ( P S / R Q € - 0 , 0 0 P ~ @ 1 ) 1 6 ~ 7 @ , 1 7 0  

1 3 0  RoEZ=ROE*ROE 
ROE4=RoE2*ROE2 
ROE6rROE4*ROE2 
D E N O M = ~ ~ ~ , ~ * ~ ~ , ~ * R O E ~ + ~ ~ ~ ~ R O E ~ * R O E ~  
PF=ROE6*ROE/DE~OH 
S F = - ( 6 7 5 , 0 * 9 U t @ * R O E 2 * 6 , a a R O E 4 ) / D E N O M  
I F ( P L O D . L T l 2 , 0 )  GO T O  1 6 0  

F A C T ~ ~ U  
FACT00! 
FACT010  
FACT011, 
FACT012  

ADD ONE ABOVEFACT0lJ 
FACTDl!  FACT013  

F A C T 0 l c  
FACT017 
F A C T 0 l U  
F A C T 0 l Y  
FACT028  
F A C T 0 2 1  
FACT022 
FACT023  
FACT024  
FACT029  
FACT0Zc 
FACT027  
FACT020  
FACT029  
FACT03e  
FACT0J4 
FACT0 $ 2  
FACT0:J 
FACT094  
FACT0J3 
FACT0 JE, 
FACT097  
FACT0JU 
FACT0JV 
FACT04v  
FACT0 ' ) I  
FACT0'IL 
FACT043  
FACT004  
~ ~ ~ 1 0 4 3  



I F ( P L 0 D  L T 1 2 , 0 )  G O  TO 1 6 1  F ~ ~ ~ 0 9 4  
S F : - ( 4 4 1 0 0 , B * 4 7 2 5 o ~ * R O E 2 + 2 7 0 I 0 ~ H O E 4 + 1 0 l i d * R O E 6 ) / D E N O P   FACT^^^ 
PS=RoE-ATAN ( ( I ~ ~ ~ Q * R O E ~ ~ D ~ ~ * R O E ~ * R O E ) / ( ~ I I ; ~ ~ ~ ~ ~ ~ , ~  FACT096  

l * R O E 2 + R U E 4 ) )  FACT097 
I F ( P S / R O E ~ 8 r 0 0 P 0 B 1 ) 1 6 C : 1 1 7 0 1 1 7 0  FACT092  

1 5 0  ROE~=RO€*ROE FACT099  
R O E ~ E R C E ~ * R O E Z  FACT06ld 
ROE6=ROE4+ROE2 F A C T 0 6 1  
ROEB=ROt4*ROE4 FACT062  
ROE10=ROE6*ROE4 FACT063  
D E ~ 0 ~ = 8 9 3 0 2 5 ~ 0 * 9 9 2 2 5 , O u R ~ E 2 * 6 3 0 0 ~ 0 * R O E 4 + ~ 1 5 ~ 0 * R O E 6  FAC1 B 6 f !  

1'15 e0*RQE8+ROE1 8 FACT055  
PF=ROEID*R9E/DENOM F 4 C T a 6 2  
SF=44651250D*39690@10*~OE2*189~01D*ROE4 FACT067  

1 * 6 3 0 , 0 a R 0 E h + 1 5 , 0 * R o E 8  F ACT068 
SF=-SF/bENOM FACT0bY 
I F t P L O D . L T O 2 , D )  GO TO 1 6 0  FACTBI ld 
PSzROE-ATAU ( ( 9 ~ 5 0 ~ * R O E ~ R O ~ ~ ( l ~ 5 1 0 Q H O E 2 - ~ 4 ) ) / ( 9 4 5 1 E +  F A C T 0 1 1  

1 1 5 , 0 * R O E 4 ) )  FACT072  
IF(PS/ROEoGE,@.OQOOO1)  GO TO 1 7 0  F A C T 0 l J  

1 6 0  PSnf l .0  FACT0/ ( I  
1 7 8  RETURN F A C T 0 / >  

END FACT076  
SUBROUTINE ORDcS(K ,N l )  OHDHDldl 
COMMON A R A Y , I R A Y l E R A Y l N O T l t A I l A B N , N E R , L F W l E L l E H I R U , R F ~ A G N S ,  OHDHEUd 

I N R E S I ~ N , J N ~ P E N F A ~ ~ S H ~ F ~ R ~ S ~ ~ , ~ P , A ~ ~ D R E F ~ ~ ~ E F ~ B R E F ~ I ~ ~ ~ ~ E ~ ~ ~ S ~ ~ H D R 0 0 4  
~ ~ N c R O S S , ! V S P I N ~ E L O , T F F F , D E L T A , E , A W R  OHDROld4 

D I M E N S I O N  A R A Y ( 6 1 5 0 8 ) , ~ R A Y ( 3 ~ 5 E 0 ) , E R A Y ( 2 ~ 0 0 ) , N O T ( 2 0 ) ~ ~ A ! ( 1 0 ) ~  ORDH0ld2 
~ A B V ( ~ ~ ~ ~ N E R ( ~ ~ ~ ~ ~ F U ~ ~ ~ ) ~ E L ~ ~ ~ ~ ~ P ) , E H ( ~ ~ ~ ~ ~ ~ ~ ~ R ~ ~ ~ ~ ~ ~ ~ ~ ~ L R F ~ ~ ~ ~ ~ ~ ~ ~ O H O R ~ O ~  
~ L A N G ( ~ ~ , ~ I ~ ) , N ~ S ( ~ D I ~ ~ ) , N R E S ( ~ ~ ) , L ~ ( S B ) ~ J N ( ~ ~ ~ ) ~ P E N F A R ( ~ ~ E ) I  ORDH087 
~ S H I F A R ( ~ B E ) , S P ~ ~ ~ ~ ) ~ ~ P ( ~ ~ ) ~ A W ~ I ( ~ ~ ) , A M ( ~ ~ ~ ) , D R E F ( ~ ) ~ A R E F ( ~ ) ~ B R E F ( ~ I O R D R D ~ ~  
4 1 0 )  ORDR0UY 

I F ( K - 1 ) 2 , 2 1 3  0 4 0 R d l U  
2  NTRa0 O H D H 0 l l  

NUMLca CHDH012 
NUMJ=0 OROR013 
NN=B ORDR01f 
MM=0 OHDR019 
J J = O  o R D R 0 l t  
NC=O 04DRb117 
MC=0 O H O R 0 1 ~  

3 NT=NTR*L ORDR0lY 
NTR=NTR*Nl  ORORBZ0 
QLs -0  o 9 ORDR0Ll  

8 O L = O L * l  0  OROH022 
DO 1 0 1  NzNTINTQ 04DHBL: 
TERM*FLOAT t I R h Y ( l a N ) )  ORDREiia 
I F ( O L - T E R M ) 1 8 1 ~ 1 0 1 , 9  OHDH0Z5 

9  N N = N N * l  ORDH026 
DO 1 0 0 J = 1 , 6  OHDH027 
A=ARAY(J ,Y)  OHDRDL! 
ARAY(J ,N )=ASAY(J ,NN)  ORDR02Y 
ARAYIJ INN)=A ORORBJU 



1 0 0  C O N T I N U E  O R D R 0 J l  
DO I 0 0 1  J ' l r 3  ORDR0J2  
I A : I R A Y ( J , N )  OROR0 $ 3  
I R A Y ( J , N ) = I R A Y ( J ~ N N )  ORDR0JC( 
I R A Y ( J o N N ) = ! A  O R O R 0 3 5  

1 0 0 1  C O N T I N U E  ORDR0J9  
DO 1 0 0 2  J = 1 , 2  O R O R 0 8 7  
E A = E R A Y ( J , N )  o R D R 0 3 8  
E R A Y ( J , N ) = E R A Y ~ J , N N )  ORORBJ!, 
E R A Y t J t N N ) = E A  OROH0241 

1 0 0 2  C O N T I N U E  O R D R 0 4 1  
1 0 1  C O N T l N U E  ORDR0!2 

l F ( N N ~ N C ) B r 8 , 1 1  ORORB!$ 
11 N U M L m N U M L + l  ORDR03! 

L N ( N U M L ) = N N W N C  ORDR0!5 
NC=NN 0 ~ 0 1 3 0 4 4  
N U = N T * L N ( N U M L ) - 1  ORDRBf7  
OM= 0 1 2 5 ,  O R D R 0 l e  

1 4  O M = O M " ~ . S  0  R  R R  0  4 9 
DO 2 0 5  M=NT,NU OR OR0916 
T E R M J " A R A Y ( 2 r M )  O R D A B 2 1  
1 F [ O ~ - T E R M J ) 2 0 5 , 2 0 5 , 1 5  ORDR0SZ 

1 5  MM=MM+1 O R O R 0 2 3  
DO 2 0 4  J ' l r 6  O H O R 0 5 4  
A.ARAY(JIM) 0 ~ ~ ~ 0 9 5  
A R A Y ( J , M ) = A R A Y ( J , M M )  O H O R 0 5 6  
ARAY(J ,MM) 'A  O R D R 0 9 7  

2 0 4  C O N T I N U E  O R O H 0 2 6  
DO 2 0 4 1  J ' 1 1 3  OHDR02Y 
I A = I R A Y ( J , Y )  OR OR^$@ 
I R A Y ( J o M ) = I R A Y ( J , M M )  O H D R ~ ~ L  
I R A Y  ( J , l 4 M ) = I A  O R O R 0 6 2  

2 0 4 1  C O N T I N U L  O R O R 0 6 3  
0 0  2 0 4 2  J = l r 2  ORORB?! 
E A = E R A Y ( J , M )  O R D R 0 $ 5  
E R A Y ( J , M ) = E R A Y ( J ~ M H I  ORDRBbb  
E R A Y ( J , M M ) = E A  OHDR0_67 

2 0 4 2  C O V T I N U E  O R D R 0 C 9  
2 0 5  COk fT INUE O R D R 0 9 9  

I F ( M M v M C ) 1 4 t 1 4 1 1 6  ORDR074? 
1 6  N U M J = N U M J + l  O R D R 0 7 1  

J N ( N U M J ) ~ M M - M C  O R O R 0 7 2  
MC=MM ORDR07: 
N T = N T + J N ( N U M J )  O R O R 0 7 4  
I F ( N N * M M ) 1 7 e I 7 , 1 4  O R O R 0 7 5  

1 7  I F ( N T R - N N ) 1 8 , 1 q r B  O R O R 0 7 _ O  
1 8  R E T U R N  O R D R 0 7 7  

END O R O R 0 7 g  
F U N C T I O N  D O P P L r R ( X )  D O P L 0 k ' l  
COMMON A R A Y , I R A Y ~ E R A Y ~ N O T , Z A I , P B N ~ N E R , L F W , E L , E H R U R A G N S  D O P L 0 q Z  

~ N R E S , L N , J N , P E N F A R , S H I F A R , S P I , A P , A W R I I A M ~ ~ R E F , A R E F ~ B R E F I I R A N G € , N I ~ , D O P L ~ ~ ~  
3 l N C R O S S , I V S P I N , E L O , T E F F ~ D E L T A , E , A W R  D O P L ~ ~ ~  

D I M E N S I O N  A R A Y ( ~ I ~ ~ ~ ) I I R A Y ( ~ O ~ ~ ~ ) , E R A Y ( ~ , ~ ~ ~ ) , N O T ( ~ ~ A ! ~  D O P L 0 q 2  
~ A B N ( ~ ~ ) ~ N E R ( ~ B ) I ~ F W ( I B ) ~ E L ( ~ ~ ~ ~ ~ ) , E ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ R U ~ ~ ~ ~ ~ ~ ~ ~ L R F ~ ~ ~ ~ ~ ~ ~ ~ D O ~ L ~ ~ ~  
~ ~ A N G ( ~ ~ I ~ ~ ~ ) I N ~ S ~ ~ B I ~ ~ ) , N R E S ( ~ ~ ) I L N ( S B ) ~ J N ( ~ ~ B ) , P E N F A R ( ~ ~ ~ ) ~  D O P L 0 0 7  
~ S H I F A R ( ~ ~ E ~ ~ S P I ~ ~ ~ ) I A P ( ~ ~ ) ~ A ~ R I ( ~ ~ ) I A M ( ~ ~ ) , D R E F ~ ~ ) , A R E F ~ ~ ~ I B R E F ( ~ , D O P L ~ ~ ~  
4 1 8  OOPL0rP9 

T E F = T E F F / 2 9 3 , 0  D O P L ~ ~ ~  
T E R M = 0 ,  0  D O P L 0 1 1  
C A L L  S I G M A ( X I 1 4 A k G E )  D O P L 0 1 2  
0 0  1 0 @  I = l p N I S  D O P L 0 l J  



X W R = A W R I ( I )  0 0 ~ ~ 0 1 4  
C E L T A = ( ~ , ~ ~ ~ ~ E + ~ ~ ) * S Q R T C ( T E F * E ) / X W R )  D O P L 0 1 9  
Z = ( E - X ) / C E L T A  D O P L 0 1 9  
Z 2 = t * t  DOPL0l.7 
T ~ ~ B R E F ( I N C R O S S I I ) * E X P ( ~ ~ ~ ) / ( C E ~ T A * ~ ~ ~ ~ ~ ~ ~ ~ )  O O P L S l ?  
T E ~ ? M = T E H M + T ~  D O P L f l 1 9  

1 0 0  C O N T I N U E  0 0 ~ ~ 0 Z 0  
DOPPLER=TERM D O P L 0 2 1  
RETURN D O P L 0 2 2  
END 0 O P L 0 2  J 
SURROUTIWE S I G M A ( Q , K K )  S  I G M 0 0 l  
C O M Y O N / E / X M I N ( 6 ) l X ~ A X ( 6 ) , X R E F ( 6 )  S  1  GM0D2 
COMMON A R A Y I I R A Y ~ E A A Y I N ~ T ~ ~ A I ~ A B N ~ N E R , L F W , E L , E W R U I R F I A N G I N S I  S I G M B b ?  

~ N R E S , L N l J N ~ P E N F A R 1 S H I F A R , S P I , ~ P l A W R I , A M l D R E F l A R E F l 0 R E F l I R A t ~ G E l N I S , S I G M 0 U 4  
~ I N C R O S S , I V S P I N ~ E L O ~ T E F F , D E L T A ~ E ~ A W R  s I G M B U ~  

D I M E N S I O N  A R A Y ( 6 8 5 0 0 ) ~ I R ~ ~ ( 3 ~ 5 0 0 ) , E R A Y ( 2 r 5 0 0 ) , N O T ( 2 0 Z A 1 1 0  S I G M 0 U g  
~ A B N ( ~ ~ ) ~ N E R ~ ~ ~ ) ~ L F W ( ~ B ) , E L ( ~ ~ ~ ~ ~ ~ ~ E H ( ~ ~ I ~ ~ ) I ~ R U ( ~ ~ I ~ ~ ) , L R F ( ~ ~ I ~ ~ ) I S I G M ~ ~ ~  
~ L A N G ( ~ O ~ ~ I ~ ) I & L S ( ~ @ I ~ ~ ) ~ N R E S ( ~ D ) I L N C ~ ~ ) ~ J N ( ~ ~ ~ I , P E N F A R ( ~ P ~ ) I  S I  GM0@! 
3 S Y l F ~ R ( 5 0 0 )  l S P 1 ( 1 0 )  l A P ( 1 D )  t A W R I ( 1 0 )  , A M ( l U )  l D R E F ( 6 )  l A R E F [ 6 ) ~ B R E F ( 6 t S I G M 0 U Y  
4 1 0 )  s I ~ ~ s l r i r  

P I n 3 , 1 4 1 5 9 2 6 5 3 5 9  S I G M 0 l l  
DO 4 J = 1 , 6  S I G M 0 l Z  
A R E F ( J ) = 0 J  S l G M 0 l J  
DO 5  K x l , l d  S IGM01_4  
B R E F ( J o K ) = G , a  S  I GM013  

5  C O N T I N U E  S  I GM016 
4  C O N T I N U E  S I G M 0 1 7  

T E R R O R = l , O E - d 3  S I G M 0 1 U  
L 2 - 8  S  I G M 0 l y  
N 2 = 0  S I G M 0 Z B  
L A = @  SIGM029 ,  
J A - 0  S l G M 0 L Z  
NTR.0 S I G M 0 L J  
DO 1 1 2  I s l , N l S  S I G M 0 Z f  
N R E S I = N H E S ( I )  S I G M 0 L 9  
A P I = A P ( I  I S  1  GM0Zg 
X W R = A W R I ( I )  S  1 GM027 
YWR=XWR*1,WB8665 S  I GM0Lu  
Y W R = Y W R Q * ( l l a / 3 , 0 )  S I GM029 
A P X = 0 . 1 2 3 4 Y W R + b 1 0 8  S I G M 0 J I I  

3  NTRxWTR+NRESI  S I G M 0  Jl 
1 F ( N R E S I ) l 1 0 1 1 1 0 1 1 D 0  S  I GM0JZ 

1 0 0  L A = L A * I  S  I GM03J 
1 0 2  L 2 = L 2 + L I J I L A )  s I GM0J_4 

C A L L  F A C T S ( Q I I R A Y ( ~ I L ~ ) I P F I S F ~ P X I C O N S T E ~ X W R I A ? X ~ ~ * ~ )  S  1 GM0?3 
C A L L  F A C I S ( ~ ~ I Q A Y ( 1 t L 2 ) ~ P X l S X l P S ~ C O N S T E ~ X W R ~ A P I ~ 3 ~ 0 ~  S  I GMB36 
S N G L N r a .  O S I G M 0 J 7  
SNGLGZD 0  S l G M 0 j s  
SNGLF'D. 0  S I G M 0 J y  
S N N L 2 = 8 . 8  S  I GM0')LO 

1 0 3  J A = J A + l  S  I GM0!l 
1 0 4  N I = N 2 * 1  S I G M 0 f L  

N 2 = N 2 + J & (  J A )  S I  GMB')J 
G J = 2 , 0 * ( 2 , D * S P 1 ( 1 ) + 1 , 0 )  S I G M 0 4 f  
G J = ( ~ + D * A R A Y ( ~ I N & ) + ~ ~ ~ ) / G J  S I G M 0 4 2  
X = l , D  S I G M 0 ' ) c  
S P I N = A R A Y ( 2 r N l )  S I G M 0 Q 7  

S P I I = S P I ( I )  S  1 GM048  
CALL S P ~ N O R ( S P T I I I P A Y ( ~ I L ~ ) , X S P I N )  S I G M 0 Q v  
A B D I F Z A B S  ( X S P I N - S P I b )  S  I GM0s l l  
I F ( I V S P I N , E Q l l ) G O  TO 1 1 5  S  I G M 0 2 1  



G K S G N K + A R A Y ( ~ , Y I * A R A Y ( ~ , K )  
E R D K ~ A R A Y ( ~ , K ) + ( ( S H I F A R ( K ) - S F ) * A R A Y ( ~ , K ) ) / ( ~ , @ * P E ~ F A R ( K ~ ~  
E D - Q - E R U K  
DK=ED*ED+!Z ,25*CK*GK 
SNNK2=GIJK*GNK*?OS ( 2 , 0 * P S )  
S N Y K ~ = S N N K ~ - ~ , O * G N K O ( A R A Y ( S I K ) + A R A Y ( ~ , K ) ) * S I N ( P S ) * S I N ( P ~ )  
S N N K 2 = S N N K 2 * 2 , U * G N K * E O * S ! N  ( 2 , E e P S )  
S N N K 2 = S N N K Z / D K  
S N G K n G N K * A R A Y ( S , K I / D K  
S N F K = G Y K * A R A Y ( ~ , K ) / D K  
S N t L N = S l V G L h * S N \ l K 2 * G J  
SNGLG=SNGLG+SNGK*GJ  
S N G L F = S N G L F + S N F K * G J  
S N N K 3 ' Z .  @ 
I F ( K - N 1 ) 1 0 7 1 1 0 7 , 1 0 5  

1 0 5  M l = K - 1  
DO 1 0 6  M ' N l r M 1  
G N M = P F * A R A Y ( 4 p M I / P E N F A R ( M )  
G M = G N M + A R A Y ( ~ I Y ) + A R A Y ( ~ , M )  
E R D M = A R A Y ( ~ , M ) + ( ( S ~ I F A R ( M ) I S F ) " A R A Y [ ~ , M ) ) / ( ~ , ~ * P E N F A R ( M ~ )  
EDOaQ-EHDM 
DM=EDD*CDD+0 ,25*GM*GH 
S N N M 3 = E O * E D D * 0 , 2 5 * G K . G M  
S N N M ~ = S N N M ~ * ~ , ~ * G N K * G N M / ( D M ~ D K )  
S N N K 3 = S N N K 3 + S N N M S  

1 0 6  C O N T I N U E  
107 C O N T I N U E  

S N N K 2 3 = S N N K 2 3 + S N N K 2 * S N N K 3 r X  
1 0 8  C O N T I N U E  

S N N L ~ ~ S N N L ~ * S N Y K ~ ~ * G J  
I F ( L 2 ~ Y 2 ) 1 8 9 p 1 0 9 1 1 E 3  

109 B E T A = P I * A B I ~ ( I ~ / ~ C O N S T E * C O N S T E )  
A R E F ( l ) = A R E F ( l ) * S N G L N a e E T A  

A R E F ( 2 ) = A R E F ( 2 ) + S N G L G * B E T A  
A R E F ( 3 ) = A R E F ( 3 ) * S N G L F a B E T A  
A R E F ~ ~ ) = A R E F ( ~ ) + B E T A * ( S N G L N * S N G L G + S N G L F )  
A R E F ( 5 ) = A R E F ( 5 ) * S N h L 2 * B E V A  
A R E F ( ~ ) = A R E F ( ~ ) * B E T A O ( S N G L G * S N G L F + S N N L ~ )  
B R E F ( l , $ 1 = S N G L N * B E T A  * B R E F ( ~ I I )  
B R E F ( ~ ~ I ) ~ S N G L S * B E T A * B R E F ( ~ , ! )  
B R E F ( 3 , 2 ) = S N G L F * B E T A * B R E F ( 3 , 1 )  
B R E F ( ~ , ~ ) = B E T A * ( S N G L N + S N G L G ~ L F ) + B R E F ( ~ ~ I )  
BREF(~,I)'SWNL?*BETA,BREF(~II) 
B R E F ( ~ I ~ ) ' B E T A * ( S N G L G * S N ~ L F * S N N L ~ ) + ~ E F ( ~ I I ~  
I F ( L 2 s N T R ) l 8 0 ~ 1 1 @ 1 1 1 0  

1 1 8  s I G P = @ , u  
L R U J K ' L R U ( I I K K )  
IFtLRUJKs1)125P,1250,125 

1 2 5 0  N L S K u = N L S ( I t K K )  
0 0  1 2 6  L L z l r N L S K K  
L U R E ~ L A N G ( ! I K K I L L )  
S S = F L O A T  ( L U R E )  
CALL  F A C T S ( Q , L ' I R E I P F , S F I P S I C O N S T A , X W R I A P I I ~ I ~ )  
T R M = ( 2 , 0 * S S * l , 0 ) * 4 , 0 W  



T R M = T R M ~ S I N ( P S ) * S I N ( P S ) / ~ C O N S T A @ C O F ~ S T A )  
S IGP=SIGP+TRM 

1 2 6  CON7 1NUE 
1 2 5  A R E F ( ~ ~ = A R E F ( ~ ) + S I G P * A E N { I )  

A R E F ( 4 ) = A R E F ( 4 ) * S I G P a A B N ( I )  
A R E F ( ~ ) = A R E F ( ~ ) + S I G P O A B N L I )  
A R E F ( 6 ) = A R E F t 6 ) + S I G P * A B N t I )  
B R E F ( l , I ) = R R E F ( l l I ) * S I G P a A B N ( I )  
B R E F ( ~ ~ I ) : B R E F ~ ~ ~ I ) * S I G P ~ A Q N ( I )  
B R E F ( ~ , ~ ) = B R E F ( ~ ~ I ) + S I G P * A B N ~ I )  
B R E F ( ~ , I ) = B R E F ( ~ ~ I ) * S I G P W A B N ( I )  

1 1 2  CONTlNUE 
RETURN 
END 
SUBROUTINE S I E V E ~ E ~ ~ G ~ , E ~ I G ~ ~ M ~ N ~ N X I B E F F ~ B W R ~  
C O W M O N / C / E X ( l O 1 ) I J F L A G ( l O l )  
j F ( E 2 e L T g E l ) G O  TO 1 0 1  
GO TO 3 d 0  

3 0 0  N 2 = 2 a N  
DO 10001=1,10L '  
J F L A G ( 1 ) = 2  

1 0 0 0  CONTINUE 
T E F = B E F 6 / 2 9 3 , 0  
D P = ( 1 , 5 8 8 5 E + 0 0 ) * S Q R T  (TEF IBWR)  

C  WHEN M U L T l P L l E n  B Y  S Q R T ( E )  DP GIVES 5  TTMES CORRESPONDING DELTA 
D P ~ = B P * S Q R T ( E I )  
OP2=DPeSQRT ( E 2 )  
D G l = G l / F L O A T  ( u )  
DG2=GZ/FLOAT ( M )  

E X ( 1 ) e E l  
I F ( G I g L T 9 D P 1 ) G n  TO 1 0 0 1  
eo  T O  1 0 0 2  

1 0 0 1  J F L A G ( 1 ) a l  
1 0 0 2  END lF=ABS ( E 2 - E l )  

N X = l  
DO 1 0 0  I = 1 , N  
XX=E1+DGl+FLOAT ( I )  
I F ( X X , L T , E 2 ) G O  TO 1 0 9  
GO TO l a 0  

1 0 7  N X ~ N X * ~  
E X ( N X ) = X X  
I F ( G I I L T , D P 1 ) G o  TO 1 0 0 3  
GO TO 1 P 0  

1 0 0 3  J F L A C ( N X ) = ~  
1 0 0  CONTINUE 

DO 2 0 0  I s l r N  
XX=E2-DG2*FLOAT ( I )  
I F ( X X , G T , E ~ ) G O  T O  l e e  
GO TO 20111 

108 NX=NX*1 
EX(NX)=XX  
I F t G 2 . L T . D P 2 ) G n  TO 1 0 0 5  
GO TO 2 0 0  

1 0 0 5  J F L A G ( N X ) = l  
2 0 0  CONTINUE 
1 1 0  D I F F = ( E Z s E l ) / F L O A T  ( N 2 )  

I F ( D I F F ) 1 0 1 1 1 0 7 , 1 @ 2  
1 0 1  P R I N T 1 0 3  

P R I N T ~ ~ ~ ~ I E ~ ~ E ~ I D I F F  
GO TO 1 0 4  

1 0 3  FORMAT(32H CALL ING SEQUENCE OF S I E V E  WRONG) 



2 0 0 0  FORMAT(4H E l = E i 3 o 6 , 4 H  E2sE l386 ,6H D IFF=E13 ,6 )  
1 0 2  N21=NX+ l  

NNSNX 
N22=N21+N2-2 
NX=N22 
E 2 1 = ( E l + E 2 ) / 2 , 0  
OP12mDPQSQRT ( '21) 
E 4 3 = E Z - E l - ( ( G l + G 2 ) / 2 0 0 )  
IF (E43 ,LT ,DP12 lGO TO 1 0 0 6  
GO TO 1 0 0 7  

1 0 0 6  DO 111 I = N 2 1 r N 2 2  
I 2 =  1  -NN 
E X ( I ) = E l * D I F F * F L O A T  ( 1 2 )  
J F L A G ( I ) = 1  

111 CONTINUE 
GO TO 1 0 4 0  

1 0 0 7  DO 1 1 2  I rN21 ,N22  
1 2 = I - N N  
E X ( I ) + E 1 * D I F F * F L O A T  ( 1 2 )  
DPTEST=UP*SQRT ( E X ( I ) )  
I F ( E X ( I ) , L E 8 E 2 1 ) G O  TO 1 0 0 8  
GO TO l l d 0 9  

1 0 0 8  IF (G1 ,LT ,DPTES7)60  T O  1 0 1 0  
GO TO 1 1 2  

1 0 1 0  JFLAC( 1 ) 2 1  
G O  TO 1 1 2  

1 0 0 9  IF(G2,LT,DPTESTlCO TO 1 0 1 1  
GO TO 1 1 2  

1 0 1 1  JFLAG( 1  ) "1 
1 1 2  CONTlNUE 

1 0 4 0  DO 1 1 3  I ~ I I W X  
DPF=DP*SQRT ( E X ( ! ) )  
IF(DPF,EQ,O,O)CO 1 0  1 1 3  
TERM=EX(I ) /DPF 
IF(TERM.L.T,25,)GO TO 1 1 4  
G O  TO 1 1 3  

1 1 4  J F L A G ( I l n 1  
1 1 3  CONTINUE 
1 8 4  RETURN 

END 
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C  PROGRAM R A P P l ( I N P U T a 0 U T P U T )  R M P l 0 I d l  
C O M M O N / U / E R A N ( 7 , 5 0 1 )  RMP101dL 
C O M M O N / C / E X ( ~ ~ ~ ) ~ J F L A G ( ~ ~ ~ )  R Y P l 0 d J  
C O M M O N / E / X M I N ( ~ ) , X M A X ( ~ ) , X R E F ( ~ )  R r l P l 0 $ !  
COMMON A R A Y , ~ R A Y ~ E R A Y ~ ~ O T , £ A I , A B N , N E R , L F W ~ E L ~ E Y , L R U , L R F , A N G , N L S ,  R M P 1 0 0 3  

1 N R E S l L Y , J N ~ P E N F A R , S ~ A R I S P I , A P , A d R I A M ~ U R E F , A R E F ~ B R E F ~ I R A N G E ~ ~ I S t R Y P l 0 ~ ~  
~ ! N c R O S S , I V S P I N ~ E ~ O ~ T E F F I D E L T A ~ E , A W R  RMP101(17 

EXTERNAL M O V l K n Y  R M P l 0 q e  
EXTERNAL MOVEtKOME RMP101(1(! 
EXTERNAL DOPPLFR RMP101U 
D I M E N S I O N  A R A Y ( 6 1 5 8 0 ) ~ I R A Y ( 3 ~ 5 E B ) , E R A Y ( 2 , 5 0 0 ) , N 0 7 ( 2 0 A I 1 0 ~  R M P 1 0 1 1  

~ A B N ~ ~ ~ ) ~ N E R ( ~ ~ ) , L F ~ ~ ~ ~ ~ ~ E L ~ ~ ~ , ~ ~ ~ ~ E W ~ ~ ~ I ~ ~ ) ~ ~ R U ~ ~ ~ I ~ ~ ~ I L R F ~ ~ ~ I ~ ~ ~ ~ R P P ~ D ~ ~  
~ L A N G ( ~ ~ ~ ~ , ~ ) ~ N L S ( ~ @ , ~ ~ ) I ~ R E S ( ~ @ ) ~ L N ( ~ E ) ~ J ~ ~ ( ~ ~ ~ ) , P E N F A R ( ~ ~ E ) I  R M P l 0 l J  
~ S H ~ F A R ( ~ ~ ~ ) I S P ~ ( $ ~ ) ~ A P ( ~ ~ ) I A W R I ( ~ ~ ) ~ A M ( ~ U ) ~ D R E F ( ~ ) , A R E F ( ~ ) ~ B R E F ( ~ I R M P ~ ~ ~ ~  
4 1 0 )  R Y P 1 0 1 3  

D I M E N S I O N  T I T L r ( 7 ) l X T A B ( 3 3 )  G K P l 0 1 6  
DATA M A X P T S ~ M A X R E S l E T H E Q M / 2 0 E 0 ~ i 0 0 p 0 1 0 2 5 J /  R M P 1 0 1 7  

C- - - s -REICH=YOORE FORVALISM USED TO CALCULATE S C A T T E R I N G I C A P T U R E I F I S S I O N R M P ~ ~ ~ ~  
Cc- - - -AND TOTAL C R O S c - S E C T l O b S ,  RUNS ON C D C - 6 6 d @  AND P O P - 1 0 ,  R M P l 0 l Y  
C c - - - z T H I S  PROGRAM M O D I F I E D  ON 3 0 , 7 , 1 9 7 0  TO Ih 'CLUUE YEW FORMAT CHANGES RMP10ZU 
C - - - - * G I V I N G  I N D I v ! D l l A L  I S O T O P E  MASSES AKD TWO O I F F E R E N T  NUCLEAR R A D I I ,  R M P l 0 L f  
C - - - - - T H E S E  FORMAT CWANGES CORRESPOND TO E N D F / B  V E R S I O N  I 1  DATA,  R M P l 0 Z Z  
c 1111111111111111111~~111111111111111111111111111111111111111~11111RMP10~~ 

H E A D ~ I ( ~ I T L E ( ! ) ~ I ~ ~ , ~ ) , I D P L , T E F F , N T A B ~ I N C R O S S , E R H D R  R M P l 0 2 4  
c - - - - -  l O P L r l  I F  DOPPLER EROADENED CROSS-SECTIONS ARE D E S I R E D l E L S E  I D P L = ~ R M P ~ ~ L ~  
C e - - - - T E F F = E F F E C T I V E  TEMPERATURE OF THE TARGET I N  DEGREES K E L V I N l  RMP1024,  
C-- -=*NTABMNUMBER OF P l V O T  P O I N T S  TO BE USED I N  E V A L U A T I N G  THE DOPPLER R M P 1 0 2 7  
C---;-BROADENED CROSS-SECTION,  TO GET THE DOPPLER BROADEhED C U O S S - b E C T I O R M P 1 0 L B  
C - - - e v N  A T  EVERY ENE9GY E WE TAKE THE I N T E R V A L  E - N Z a D E L T A  TO E * N 2 a D E L T A  R M P l O Z 9  
C-- -=-FOR THE I V r E G R b L  WhERE N 2 + N T A B / 2  AVD D E L T A  I S  THE D O P P L t R  CONSTANTRMPlDJU 
C W - - - -  . N T A B = l l  OR SO SHOULD S U F F I r E  FOR A L L  CASES, N T A B *  ODD I N T E G E R ,  R M P 1 0 ? 1  
C - - - r s E S R O R =  I F  THE R E L A T I V E  ERROR BETWEEN TWO S U C C E S S I V E  I T E R A T I O N S  R M P l B ? Z  
C-- - - -OF THE DOPPLER I N T E G R A L  I S  L E S S  T H A N  ERROR THE I Y T E G R A T I O N  R O U T I N E R M P l B J J  
C-- - - -ASSUMES THAT THE I h T E G R A L  HAS COhVERGED AND I T  E X I T S ,  T Y P I C A L  R M P ~ D ~ ~  
C- - - - -VALUES COULD B r = l l E E - 0 4 q  HOWEVER I T  I S  RECOMMENDED THAT THE USSR R M P 1 0 J 3  
c - - - -=  E X E R C I S E  H I S  JUDGEMEUT I N  FEEDI tuG T H I S  VALUE COMMENSURATE W I T H  THERMP10Jb  
C-- -=-ACCURACY OF THT F I N A L  RESULT D E S I R E 3  AND COMPUTER T I M E  A V A I L A B L E ,  RMP10J7  

PR 1  N T 3 3  RMPlffiJ! 
P P l N T 2 5  RMP10./Y 
P R 1 N T 2 4 1 ( T I T L E ( I ) r I = 1 ~ 7 )  RMPl0!d 

P R I N T 2 5  RMP1B ' ) l  
1 ~ O R M A T ( ~ A ~ ~ ~ X , T ~ , F ~ , ~ , ~ I ~ I E ~ B ~ ~ )  R M P l 0 4 2  

I F ( 1 D P L  E O , l ) G n  TO 1 0 1 1  RMP10'+? 
GO TO I D 1 2  R M P l C f ?  

1 0 l i  P R I N T 2 5  R M P l f l f 2  
P R I N T ~ P , T E F F I N T A B , E R R O R , I N C R O S S  RFIPPB')C 
P R l N T 2 5  R M P 1 0 4 7  
G O  T O  1013 R M P L ~ ~ ~  

1 8 1 2  C O Y T l N U E  RMP10!Y 
C  2 2 2 2 2 2 2 2 2 2 2 2 2 2 ? 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 R M P l B ~ U  

1 0 1 3  R E A O ~ , Z A I A W R I N O T ( ~ ) , N O T ( ~ ) , N I S I N O T ~ ~ )  R Y P 1 0 3 1  



P R I N T 1 8 ,  I RMPl0e i :  
P R I  N T 2 5  R M P l 0 G J  

R E A D ~ , ~ A I ( I ) I A B N ( I ) I N O T ~ ~ ) ~ L F W ( I ) ~ N E R ( I ) , N O T ~ ~ ~  R M P l 0 g j  
C - - - s - Z A I ( I ) * ( Z , A )  D E S I G N A T I O N  OF I T H  I S O T O P E  ABN(1):WT F R A C T I O N  OF I T H  R M P I B b 5  
C v - - c c I S O ~ O P E  ~ F w m l  F I S S I O N  k I D T H S  ARE G I V E N t O U  F I S S I O N  WIDTHS NOT G I V E N R Y P l 0 9 6  
C - - - s - N E R ( 1 ) s N O  OF ENERGY RANGES USED R M P 1 0 5 7  

PRINT19,ZAI(I)tABN(I),NER(I) RMPl0$ !  
N f R I = N E R ( I )  R M P 1 0 6 0  
J 2 = 1  R M P 1 0 7 0  

C  4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 ! 4 4 4 4 4 4 4 4 4 4 4 4 4 4 ! 4 4 4 4 4 4 4 4 4 4 R M P 1 0 7 %  
1 0 6  ~ F A D ~ , E L ( I , J ~ ) ~ E H ( I ~ J ~ ) I L R U ( I ~ J ~ ) , L R F ( I , J ~ ~ I N O T ( ~ ) , N O R M P ~ ~ ~ ~  

l T ( 7 )  R M P l 0 7 3  
C - - - r - E L z L O W E R  ENERGY LIBIT OF A  RANGE, EHnUPPER L I M I T  OF A  RANGE R M P ~ ~ ? ?  
C - - - = - L R U = I  RESOLVED RESONANCE PARAMETERS,LRU5E UNRESOLVEJ  PARAMTRS R M P 1 0 7 5  
C - - - - - L R F  I N D I C A T E S  O A R T I C U L A R  TYPE OF RESONANCE FORMULA TO BE USED R M P 1 0 7 6  

P R I N T 2 D 1 E L (  I t J 2 ) , E F ( I , J 2 )  , L R U (  I , J 2 ) l L R P t  I , J 2 )  R M P 1 8 7 7  
L R U I J ' L R U ( I , J 2 )  R M P 1 0 7 u  
I F ( L R U I J s 1 ) 1 2 7 1 1 2 8 , 1 0 1 0  R M P l 0 7 9  

1 2 7  P R I N T l i 3  R  M  P  1 0  0 
GO 7 0  1 6 0  R M P l 0 U l  

1 2 8  NMOM=1 R Y P l 0 6 2  
C 5555555555555555555555555555555555555555>5555555555555555555555555~~~10!$ 

R E A D ~ , S P I ( I I ~ A P ( I ) , N O T ~ ~ ) ~ N ~ T ( ~ ) , N ~ S ( I , J ~ I N O T  RMP10?! 
C - - - G - S P I ( I ) = S P I N  OF THE I - T H  I S O T O P E , A P ( I ) = A +  S P I N  DEPENDENT S C A T T E R I N G R M P 1 0 9 5  
c - - - - -  LENGTH I N  U N I T S  OF l , O E o l 2 C M  ,ALSO = S C A T T E R I N G  LENGTH FON S P I N  I N D E R M P 1 0 8 5 1  
c---&,- PENDENT CASE,Nks=NUMBER OF L VALUES,  R M P ~ ~ U ~  

P Q I N T ~ ~ ~ S P I ~ I ) I A P ( I ) , N L S ( I I J ~ )  R M P 1 0 8 7  
J L - 1  R M P 1 0  y? 

C  6666666666666666666666666666666666666666$6666666666666666666666666RMPl069 
1 0 4  R E A D ~ I A Y R I ( I ) ~ A M ( I ) ~ L A ~ G ~ I ~ J ~ , J L ) , N O T ~ ~ ~ ~ , N R S ~ X , N R S  R M P 1 0 9 0  

C - - - - - A W R I ( I ) = M A S S  OF THE 1 - T H  ISOTOPE I N  U N I T S  OF NEUTRON MASS,AMcA-, R M P l 0 9 1  
C - - - - - T H I S  I S  S E T E 0 , B  FOP S P I N  INDEPENDENT CASE, ~ ~ ~ 1 0 3 2  
ce--- -  L A N G z L - V A L U E  OF THE ANGULAR MOMENTUM,NRSaNUMBER OF RESONANCES, R M P 1 0 9 3  

P R I N T ~ ~ , A W R I ( I ) , A M ( I ) , L A N G ( I ~ J ~ , J L I , N R S  RMPlaY!  
NMOM=NMOM+I R Y P 1 0 V 2  
J 3 = J 1 +  ( i 4 R S - 1 )  R M P l 0 9 e  

c 777777777777777777777777777777777777777777777777777777777777777777RMPlgV7 
R E A D ~ , ( ~ A R A Y ( K , J ) ~ K = ~ L ~ ) ~ J ~ J ~ I J ~ )  R M P l 0 9 8  

C  T H I S  I S  WHERE THE RESONANCE PARAMETERS ARE READ I N ,  A R A Y f l l J ) ~ E R E S R Y P 1 O Y Y  
C  I N  E V t  A R A Y ( 2 , J ! = J  V A L U E I A R A Y ( ~ , J ) = N E U T W N  WIDTHlARAY(4,J)=GAMMA R M P 1 1 v t  
C  WIDTH, A R A Y ( 5 1 J ! = F I S S I O N  WIDTH OF F I R S T  F I S S I O N  CHANNEL, A R A Y ( 6 , J ) R M P l l ~ t  
C  = F I S S I O N  WIDTH OF SECOND F I S S I O N  CHANNEL,  A L L  WIDTHS ARE I N  E V ,  RMP11112 

PR 1 N T 2 5  R M P l l q  J 
P Q I N T 2 3  RMP11I04 
P ? I N T ~ ~ I ( ( A R A Y ( K , J ) I K = ~ ~ ~ ) I J = J ~ ~ J ~ )  R M P I ~ ~ J  

PR I N T 2 5  R M P l l U b  
DO 1 8 2  Ja  ~ 1 t  J 3  R M P l l ? ?  
I R A Y ( ~ I J ) = L A N G ~ I I J ~ ~ J L )  R M P l l ? !  
I R A Y t 2 t J ) = N R A N C E  R Y P l l F P  
l R A Y ( 3 , J ) = I  R M P l l l l l  
E R A Y ( l , J ) = S P I ( I I  R M P l l l l  
E R A Y ( Z , J ) = A P ( I )  R M P l i l Z  

l a 2  CONTINUE RMPIILJ 
J l = J 1 + N U S  R M P 1 1 1 4  
J L = J L + 1  R M P 1 1 l S  
IF(NMOM-NLS(IoJ2))1~4,104,103 R  M  P  11 1 2  

l @ 3  NRANGE=NRANGE+I  R M P l l l 7  
J 2 = J 2 + 1  R M P l l l s  
IF(NRANCErNERI~106t106t1010 R M P l l l Y  

1 0 1 0  N R E S ( I ) = J l - J F I P  R M P l l L l l  
J F l D r J i  R  M P  1 1 2  1 



101 C O N T l N U E  RF(P1122  
N T O T A L = J l m l  R M P l l Z ?  
P H 1 ' 3 , j . 4 1 5 9 2 6 5 3 5 9  RMP112l )  

3 F O R H A T ~ 2 E l l m 4 r 4 1 1 1 ~  R M P 1 1 2 3  
4  F O R M A T ( 6 E ' l l , 4 )  R M P l l Z ?  
5  F 0 ~ M A T ( 8 E l l m 4 1 3 I l f l )  R M P l I P ?  
6  F O R M A T ( ~ X , ~ E ~ ~ . ~ )  RMP11Z: 
7  F O R M 4 T t 7 6 H  NEUTRON E N E R G Y ( E V )  S I G N N  S  1  GCAP S I G R M P l l 2 9  
1 P S  I I I T O T A L  I ~ ~ ~ 1 1 < 0  

8 F o R M A T ( ~ x , ~ E ~ ~ , ~ )  RMP11.IA 
9 F 0 R M A T ( 1 0 X ~ 2 € 2 0 m 6 )  R M P l l ? Z  

1 0  F O R M A T ( 2 0 H  ERROR I N  I N P U T  D A T A )  R Y P l l 4 . 5  
11 F O R M A T ( ~ ~ X ~ Z I ~ ~ )  ~ ~ ~ 1 1 3 5  
1 2  F O R M A T ( ~ B X , ~ I I B )  R  M  P  11 $ 5  
1 6  F O R M A T ( 1 5 H  NEUTRON E N E R G Y E 1 5 8 6 )  R M P l l J b  
1 4  F O R M A T ( 5 3 H  CROsS-SECTIONS CALCULATED WITHOUT DOPPLER BROADENING)  R M P 1 1 J 7  
1 5  F O R M A T ( 5 0 H  CROSS-SECTIONS CALCULATED W I T H  DOPPLER BROADENING)  R M P l l \ I :  
1 7  F O R H A T ( 3 3 H  ( Z I A )  D E S l G N A T I O N  OF THE E L E M E N T E ~ ~ , ~ , ~ ~ H  AT,WT/MASS O F R M P l l ? Y  

1 N E U T R O N E ~ ~ ~ ~ ~ ? ~ H  NO OF l S O T O P E S 1 5 )  R M P 1 1 3 0  
1 8  F O R M A T ( 2 4 H  D A T A  FOR I S O T O P E  N U M B E R I 5 )  RMP11!1 
1 9  FORMAT ( 3 3 H  ( Z r  A )  D E S I G N A T  I O N  OF THE ! S O T O P E E 1 1 , 4 , 2 1 H  F R A C T I O N A L  ~ B R Y p 1 1 4 2  

~ U N D A N C E E ~ I , ~ , ~ ~ H  NO OF ENERGY R A N G E S I S )  RMP11!J 
2 0  F O R M A T ( 3 6 H  LOWFR L I M I T  OF THE ENERGY R A N G E ( E V ) E 1 1 , 4 t 1 8 H  UPPER bIRMP11!! 

l M I T ( E V ) E $ 1 , 4 , 6 M  L R U s I 5 , 6 H  b R F r I 5 )  R M P 1 1 4 3  
2 1  F O R M A T ( 1 3 H  NUCLEAR S P I N E l l , 4 r l 8 H  S C A T T E R I N G  L E N G T H E ~ ~ ~ ~ B ~ ~ H  a 0  OF R M P 1 1 4 $  

~ L - V A L U E S ! ~ )  R M P 1 1 4 7  
2 2  F O R M q T ( 4 5 H  MASS OF THE I S O T O P E  I N  U N I T S  OF NEUTRON M A S S E 1 1 1 4 , 2 2 H  SRMPII!! 

1 C A T T E R l N G  L E N G T H ( A m ) E 1 1 , 4 , 1 7 H  ANGULAR MOMENTUMI5 ,17H NO OF RESOYANRMP114Y 
2 C E S I 5 )  R Y P 1 1 S 0  

2 3  F O R M A T  ( 8 4 ~  E RES S P I N  G  N  GGAMMARMP11>1 
1 GFA GFB)  RMP11'ZL 

2 4  F O R M A T ( 1 1 H  T l T L E  7 A 4 )  R M P 1 1 9  J 
2 5  F O R M A T ( / / )  R M P l l b f !  
2 6  F o R M A T ~ ~ ( ~ X , E ~ ~ , ~ I ~ X ) )  R M P 1 1 3 S  
2 7  F O R M A T ( 3 3 H  CROSS-SECTIONS A T  THERMAL ENERGY) R M P l I S C  
2 8  F O R M A T ( 2 X 1 2 E 2 0 , 6 l l i 0 )  R M P 1 1 3 7  
2 9  F O R M A T ( ~ X I ~ E ~ ~ , ~ ~  R M P l l r F  
3 0  F O R M A T ( 2 2 H  E F F E C T I V E  TEMPERATUREF5,1 ,41H I N  DEGREES K E L V I N ,  NO R V P l l 3 9  

1 0 F  P I V O T  P O I N T S 1 5 r l 8 H  CONVERGENCE E R R O R E 1 8 , 4 , 1 3 H  AND I N C R O S S = I 5 )  R M P 1 1 $ ?  
3 1  F O R M A T ~ ~ ~ H  THE I N T E G R A L  FOR DOPPLER BROADENING DOES NOT CONVERGE)  R M P l l b l  
3 3  F o R M ~ T ( 1 2 6 4 1  PROGRAM RAMP1,  PROGRAM TO C A L C U L A T E  C R O S S - S E C T I R M P 1 1 $ 2  

l O N S  ACCORDING TO THE R E I C H W M O O R E  F O R M A L I S M ,  USES E N D F / B  V E R S I O N  I I R M P 1 1 6 J  
2  D A T A )  R M P l l b !  

C - - - - - T H I S  I S  WHERE RESONANCES OF EACH I S O T O P E  ARE ARRANGED I N  I N C R E A S I N R V P ~ ~ ~ Z  
C-- - - -G ORDER I N  L At10 FOR EACH L  I N  I N C R E A S I N G  ORDER I N  J m  R M P l l b d  

DO 1 3 3  I = l r N I S  R M P l I ( 1 7  
N R E S I = N H E S ( I )  R M P 1 1 6 g  
C A L L  O R U E R ( 1 r N R E S I )  R M P l l b Y  

1 3 3  C O N T l N U i  R M P 1 1 7 0  
1 3  F O R M A T ( l a I l @ )  R M P l i l l  

N C O U N T z l  R M P 1 1 7 Z  
DO $ 3 3 0  i S l r N 1 '  R Y P 1 1 7 5  
X W R a A W R I ( 1 )  R Y P l l ! ?  
Y ~ ~ = ~ W R * l , d 0 8 6 6 5  R M P 1 1 7 2  
Y W R = Y W R Q * ( I , ! J / 3 t 8 )  R M P 1 1 7 6  
A P ~ s 0 e 1 2 3 * Y W R + P # 8 8  R M P 1 1 1 7  
N R E S I ' Y R E S ( 1 )  R M P 1 1 7 B  
N L M T = N C O U N T * N R F S I ~ ~  R M P 1 1 1 9  
DO 1 3 3 1  J=I \ ICOU~ITINLMT R M P l l t l O  
C A L L  F A C T S ( A R A Y ( ~ , J I , I R A Y ( ~ , J ) ~ ~ N F A R ( J ) , S H I F A R ( J P S C N S T R  R M P 1 1 U 1  

l A P X t 1 1 0 )  R M P l l U 2  



1 5 3 1  CONTINUE R M P l l t  J 
N C O U N T = I J C O ~ J & T + ~ ~ R E S I  RMPl l ! ?  

1 3 5 a  CONTINUL RMPLL~: ,  
D O  1 0 8  I q 1 , N T O T A L  RMP11U$ 
E R A N ( l r l ) ' A R A Y ( l ~ I )  RMP11BY 
A B G F A ' A B S ( A R A Y t 5 8 1 ) )  R M P l l 6 a  
A B G F B = A B S ( A R A Y ( 6 r I ) )  R M P l l 0 P  
E R A N ( ~ , I ) = A R A Y ~ ~ I I ) + A R A Y ( ~ , I ) + A B G F A + A B G F ~  R M P l l V r P  

1 0 8  C O N T I N U E  R M P l l 9 1  
C A L L  Q I K S ( I , N T C T A L ~ M O V ~ K O Y )  R M P l l Y Z  

C- - - - -HERE R E S O Y A Y C E  I N  AN ELEMENT ARE ARRANGED I N  I N C R E A S I N G  ORDER I N  R M P 1 1 9 3  
CE--=-ENERGY ALONG W I T H  T H E I R  T O T A L  G A M M A S  TO CALCULATE T r E  ENERGY MESH R ~ P 1 1 9 9  
C - - - = - A T  WHICH THE CROSSmSECTIOhS ARE CALCULATED,  R M P 1 1 Y 9  

1 4 6  P R I N T 2 7  RMPII,V$ 
P R I N T 2 5  R Y P 1 1 9 7  
P R I N T 7  R Y P l l v t j  
E=ETHERM R M P l l Y V  
C A L L  A M S I G M ( E T N E R Y , l )  R M P 1 2 g 0  
PR I N T 2 5  R M P 1 2 U i  
E L O ' E L ( ~ I ~ )  R M P 1 2 @ 2  
J F L A G ( I J . 1  R M P 1 2 g j  
I R A N G E = &  RMP12g! 
P R I N T ~ , E T H E R M , ~ A R E F ( L L ) , L L ' ~ ~ ~ )  R M P 1 2 c 5  

1 4 8  P R I N T 2 5  R Y P 1 2 U e  
PR I N T 7  R M P 1 2 0 7  
PR I N T 2 5  R M P 1 2 q U  
DO 1 2 4  J J z l t N I S  R  M  P  1 2  9 
N E R J J = Y E R ( J J )  R M P 1 2 1 1  
DO 1 2 5  K K z l r N E R J J  R M P 1 2 1 1  
I R A N G E - K K  R M P 1 2 1 2  
L R U J K = L R U ( J J , K Y )  RMP121;I 
I F ( L R U J K s l ) / 3 1 , 1 3 2 1 ~ 2 5  R M P 1 2 l f !  

1 3 1  P R I N T 1 8  R M P 1 2 1 ?  
GO TO 1 3 0  R M P 1 2 1 6  

1 3 2 1  I F ( J J . E O , l ) G O  TO 1 3 2 0  R M P 1 2 1 7  
GO 7 0  1 3 2  R M P 1 2 1 8  

1 3 2 b  E L O R E F ' E L ( J J I K K )  R M P l 2 1 Y  
E H I R E F ' E H ( J J I K K )  R  M P  1 2  Z 0  
E L O z E L O R E F  R M P l 2 2 1  
E H I ' E H I R E F  R M P 1 2 L 2  
GO T O  1 2 4 0  RCP122;I 

1 3 2  E L O = E L ( J J , K K )  R  M  P  1 2  2  
E H I = E H ( J J o K K )  R M P 1 2 2 5  
I F ( E L O ~ E Q ~ E L O R ~ F , A N D , E H I , E Q ~ E H I R E F ) G O  TO 1 2 4  R M P 1 2 2 6  
GO TO 1 2 4 0  R M P 1 2 2 7  

124E' MM=MAXPTS/ (B*MAXRES)  R M P 1 2 L a  
hiNrMM R M P 1 2 2 9  
I F L A G - 1  R M P l Z  50 
N L S K K ' k L S ( J J 8 K K )  R M P 1 2 2 1  
$ 4 ~ 1  R M P 1 2 2 L  
I S T A R T 8 1  RMP12 J j  
I E N O c 1  R Y P 1 2 j !  

1 1 7  I F ( I E N O . E Q , @ ) G n  TO 1 2 5  R M P 1 2 J 3  
J 5 e J 4 + 1  RMP12$$  
E l = E R A h l ( 1 , ~ 4 1  R M P 1 2 3 7  
G l = E R A N ( 2 , J 4 )  RMP12;Ie 
E 2 = E R A t d ( 1 , J 5 )  RYP12 . /9  
G 2 = E R A M ( 2 , J 5 )  R M P ~ ~ ! @  
I F ( E ~ , L T , E L O ~ A ~ J D ~ E Z I L T ~ E L O ) G O  TO 1 1 2 0  R M P 1 2 q l  

1 1 8 5  I F ( E 1 , L E , E L O t A ~ ' D , E 2 I t T , E L O ) G O  TO i l l 0  R M P 1 2 j 2  
GO T O  i l l 1  R M P 1 2 4 J  



1 1 1 0  E l = E L O  RMP1244 
G I a G 2  R M P 1 2 r 2  
I S T A R T = B  RMP1246 
GO TO 1 1 1 4  RMP1247 

1111 I F ( E 1 , C T , E L O I A ~ I D l E 2 1 L E I E H I ) G 0  TO 1 1 1 2  RMP1248 
GO 7 0  1 1 1 3  RMP124Y 

1:1P I F ( J 4 ~ E Q ~ I 1 A Y D ~ I S T A R T 8 E Q l 1 ) G O  T@ 1 1 0 6  RMP122U 
GO TO 1 1 1 4  R M P 1 2 3 1  

1 1 0 6  E 2 = E 1  RMP122L 
G 2 = G 1  R M P l 2 3  J 
E ~ = E L O  RMP1224 
J 4 z J 4 - 1  RMP1292 
I S T A R T = @  RMP122b 
GO TO 1 1 1 4  RMP1227 

1 1 1 6  E 2 = E H I + G l / F L O A T  (MM) RMP122F 
G 2 z G 1  RMP122Y 
l F L A G n 0  RMP126U 
GO TO 1 1 1 4  R M P 1 2 5 1  

1 1 1 3  I F ( E 1 , L T . E H I , A N D , E 2 , G E I E H I ) G 0  TO 1 1 2 3  RMP1292 
GO TO 1 1 2 4  RMP12gJ 

1 1 2 3  E 2 = E H I  R M P l Z b ?  
G2mG1 RMP1262 
!ENDED RMP1266 
G O  T O  1 1 1 4  R M P I Z ? ~  

1 1 2 4  ! F ( E 1 ~ G E ~ E H I I A V D , E 2 ~ C T ~ E H I ) G O  TO 1 2 5  RMP126! 
GO T O  1 1 2 5  RMP126Y 

1 1 2 5  I F ( I F L A L ) i 1 2 0 t 1 2 5 , 1 1 2 0  RMP1270 
1 1 1 4  I F t E l o E O t E 2 ) C O  TO 1 1 2 0  R M P 1 2 7 1  

GO TO 1 1 1 8  RMP127L 
1 1 1 8  CONTlNLIE R M P l Z ?  J 

CALL S I E V E ( E 1 , G 1 1 E 2 t G 2 1 M M t N N o N X l T E F F ~ A W H ~  RMP127f  
CALL Q I K S ( l t N X I M O V E ~ K O M E )  RMP1275 
GO TO 1 1 6  RMP1276 

1 1 2 0  I F ( I E N D . E Q , O ) C @  TO 1 2 5  R Y P 1 2 7 7  
J 4 = J 4 + 1  R r P 1 2 7 8  
GO TO 1 1 7  RMP127Y 

1 1 6  DO 1 0 9  I = l r N X  RYP12ML4 
E = E X (  I) RMP12U1 
J F L A G I m J F L A G ( 1 )  AMP1282 
CALL R M S I G M ( E I ~ K I  RMP12d J 
P R I N T B ~ E I ( A R E F ~ L L ) I L L ' ~ O ~ )  RMPlZI) ')  
I F ( 1 D P L  E Q , l ) G n  TO 1 4 1  RMP1282 
GO TO l l d 9  FiMP1286 

1 4 1  I F ( E I L T . E T H E R M ) G O  TO 1Q9 RMP1287 
GO TO 1 4 1 0  RMP12gg c----. I F  THE NEUTRON ENERGY I S  LESS THAN 0 , 9 2 5 2  EV DOPPLER BROADENING ISRMP12gY 

C---P-PASSED AS A D IFFERENT KERNEL SHOULD BE USED TO C A L C U L A T L  DCIPPLER RMP12YL4 
C - - - ~ Q B R O A B E Y E D  CROSS-SECTIONS, ~ M P 1 2 9 1  

1 4 1 8  TEFwTEFF/293, i3  RMP12Y2 
DELTAZO 3 1 7 7 " S n R T  ( ( T E F * E ) / A W R )  RMP12Y J 
GO 7 0  ( 1 1 2 1 1 1 1 2 2 ) , J F L A G I  RMPlZYf !  

1 1 2 1  CALL G R I D ( E , D E C T A t b T A B , X T A B )  RMP12Y3 
3 2  F O R M A T ( 2 X , I l E 1 1 1 4 )  RMP12VC 

CALL G R E A T ~ ( D O P P L E R ~ F I N T I X T A B , ~ T A B ~ E R R O R , I E R R )  RMP12Y7 
P R I N P ~ ~ , E I F I N T , J F L A C ( I )  RNP12Y8 
I F ( I E R R . E Q 1 1 ) P Q I N T 3 1  RMP12YY 
GO T O  1109 RMP131110 

1 1 2 2  CALL GAUSS(EIDFLTA8DOPE) R M P 1 3 0 1  
PR!NT2B,E,DOPElJFLAG(I, RllP13102 

1 0 9  CONTINUE AMP1310 J 
I F ( I F L A G 1 1 1 1 7 1 1 2 5 , 1 ~ 7  RMP13104 



1 1 1 7  J 4 = J 4 + 1  
I ~ ( N ~ O T A ~ c ~ 4 ) 1 2 5 , 1 2 5 0 1 1 1 7  

1 2 5 0  E ~ = E R A N ( ~ ~ J ~ )  
G I - E R A N i 2 t J 4 )  
GO TO 1 1 1 6  

1 2 5  C O N T I N U E  
1 2 4  C O N T I N U E  
1 2 0  C O Y T l N U E  
1 3 0  C A L L  E X I T  

END 
SUBROUTINE QIKS ( M C , N N , M O V E , C O M P A R )  

C Q l K S  A L L - l Y - M E P O R Y  SORT PROGRAM 
C MM = F I R S T  S U B S C R ~ F T  
C NN = L A S T  S U B S C R I P T  (ARRAY I S  I N  CCYMON) 
C  MOVE AND COMPAP ARE USER S U P P L I E D  PROGRAMS 

D I M E N S I O N  Y S A V c ( 2 0 ) t N S A V E ( 2 0 )  
K E Y L O C ( M , N ) n ( N + V ) / 2  
1 3 0  
J=a 
L E V E L  = 0 
M-MM 
N:NN 

35 CONTINUE. 
C T E S T  FOR ONE OR TWO I T E M S  

I F ( N - M - 1 )  3 1 , 5 1 1 3 2  
C 3 2  C O V T I N U E  
C P A R T I T I O N  AND SPREADER G O  HERE1 SEE BELOW, RETURN I S  7 9  8 
C  PUSH DOWN 

@ L E V E L = L E V E L + I  
C  WORK ON SMALLEST P O R T I O N  

I F  ((JIM) ( N - I ) )  1 3 4 ,  1 3 4 ,  3 4  
1 3 4  M S A V E ( L E V E L )  = 1  

N S A V E ( L E V E L 1 n N  
N = J  
GO TO 3'2 

3 4  M S A V E ( L E V E L ) ~ M  
N S A V E ( L E V E L 1 " J  
M= 1 
GO TO 35 

5 1  IF(COMPAR(M,N))31,31,131 
C SWAP I F  ONLY TWO I T E M S  ARE OUT OF ORDER 

1 3 1  C A L L  M O V E ( M t e )  
C A L L  M O V E ( N e M )  
C A L L  M O V E ( B , N )  

3 1  I F  ( L E V E L )  1 5 1 ,  1 5 E r  1 5 1  
150 R E T U R N  

C  POP UP 
1 5 1  M  = M S A V E ( L E V E ? )  

N J N S A V E ( L E V E L )  

C  E N D  M A I N  
C  P A R T I T I O N  

3 2  I = M  
J = N 
K E Y = K E Y L O C ( Y r N )  
C A L L  MOVE(KEY8 0) 

5 4  I F  ( N  - K E Y )  1 7 ,  1, 1 7  
1 7  C A L L  M O V E ( N # K E Y )  
1 C O N T I N U E  

C  HOLE AT BOTTOM 



!F (COMPAR( t3 t1 ) )312 t2  
2 I = 1 + 1  

!F ( 1  J )  $ 1  4 1  1 
3 CALL MOVE(1pJ) 

GO TO 5 
6 CONTthUE 

C HOLE AT TOP 
I F ( C O M P A R ( 0 r J ) ) 5 1 5 , 7  

5 J=J-1 
I F  ( I  * J )  6 1  4 1  6 

7  CALL M O V E ~ J I I )  
GO TO 2  

C 4  CONTINUE 
C SPREADER GOES MERE 
C END PART I T  I ON 
C SPREADER 

4 CALL M O V E ( ~ I I )  
1 2  IF ( 1  - N )  1 1 0 ~  1 0 ,  l i e  

1 1 0  I = ! * 1  
I F ( C b M P A R ( 0 , 1 ) ) 1 0 1 1 2 , 1 0  

1 0  I F  ( J  - M) 108 ,  8, 1 0 8  
1 0 8 J m J - 1  

~ F ( C O M P A R ( O ~ J ) ) ~ ~ ~ B ~ ~  
C  8 CONTlNUE 
C RETURN TO MAIN PROGRAM 

END 
SUBROUTINE MOV(I,J) 
COMMON/Q/ERAN(2t501) 
I l r I  
J I - J  
I F ( I I t E Q p 0 ) 1 1 ~ ~ @ 1  
I F ( J 1 , E Q I B ) J 1 = ~ @ l  
E R A N ( I l J 1 ) = E R A ~ t l 1 I l ~  
E R A N ( 2 l J l ) = E R A ~ l ( 2 t I I )  
RETURN 
END 
SUBROUTINE MOVF(I,J) 
C O M M B N / C / E X ( ~ ~ I ) , J F L A G ( ~ ~ ~ )  
Il=l 
J1= J  
I F ( I I * E O , B ) I 1 ~ 1 0 1  
I F ( J 1 . E Q , B ) J I = I 0 1  
E X t J l ) = E X ( I l )  
J F L A G ( J l ) = J F L A C ( I l )  
RETURN 
END 
PUNCTION KOMtI ,J )  
COMMBN/D/ERAN(?r501) 
1 1 - 1  
J l = J  
I F ( I l r E 0 , 0 ) 1 1 = 5 0 2  
I F ( J l , E O , 0 ) J I = 5 9 1  
E O M = E R A N ~ ~ ~ I ~ ) - E R A ~ ( ~ I J ~ )  
l F ( E O M ) 1 0 0 , 1 6 1 1 l E 2  

1 0 0  KOMZ-1 
GO TO 1 0 3  

1 0 1  KOM=0 
G O  TO 1 8 3  

1 9 2  KOM'l 
1 0 3  RETURN 

END 

Q I KS09Z0 
Q I KS09J0 
Q I K S 0 3 f 8  
Q I KS0350 
Q I KS0960 
Q IKS0970  
Q 1  KSB9U0 
QIKSBsuD 
a I ~ ~ 0 6 ~ 0  
Q I K S 0 s l 0  
Q I  KS0$2@ 
Q IKS0630  
QIKS05!0 
Q I KS0b50 
Q I K S 0 $ 2 0  
Q I K S 0 6 7 0  
QIKS0$!@ 
Q I KSBbYB 
Q I ~ ~ 0 7 g 0  
QIKS0710 
QIKS872la 
Q I  KS07?0 
QIKS07?0  
QIKS8750 
Q I K S 0 7 6 0  
Q I K S 0 7 7 0  
M O V  OyJ, 
MOV Old2 
M O V  0'dJ 
M O V  0@! 
M O V  0'dY 
M O V  On6 
M O V  0 @ 7  
HOV 0BE 
MO'/ 0 0 9  
M O V  01! 
MGVE0gl 
MOVEClW2 
MOVE011J 
MOVEPIla! 
MOVE@!> 
MOVE086 
MOVE0@7 
MOVE0U: 
MOVEBUY 
MOVEDIV 
KQM 0111 
KOM 0102 
KOM 0'dJ 
KOM O B ?  
KOM 0113 
K Q M  0 ~ 6  
KOM 087  
KOM Old? 
K O M  aqv  
KOM 0 l l l  
KGM 0 1 1  
KGM 01L  
K O M  019  
K O M  014  
KOM 012 



F U Y C T I O N  K O M E ( T , J )  K O M E 0 0 l  
C O M M O N / C / E X ( l O I ) I J F L A G ( l e l )  K O M E 0 g Z  
l1:I KOMEBLd? 
J l = J  KOMEEU? 
1 F ( 1 1 . E d e @ ) 1 1 = l 0 1  K  0  ME 0  g 5 
I F ( J l , E U , P ) J 1 = 1 0 1  KOMEB!? 
E O X = E X ( I l ) - E X ( J 1 )  K O M E 0 g 7  
I F ( E 0 X ) 1 6 0 , 1 0 1 , 1 P 2  KOME0LdU 

1 0 0  K O M E = = l  KOME0CY 
GO TO 1 0 3  K O M E 0 l l b  

1 0 1  KOME=0  K O M E 0 l l  
GO TO i d 3  K O M E 0 l Z  

1 @ 2  K O r E - 1  K O M E 0 l J  
1 0 3  R E T U R N  KOMEBl !  

END K O M E 0 1 2  
S U g R O U T I N E  G R E A T ~ ( F , F I N T ~ X T A B , N T A B ~ E R R O R I I E R R )  G R I 2 0 g l  

C - - -= -CARRY OUT C O N V r R G E h C f  I N T E G R A T I O N  SCHEME U S I N G  UP TO 2 0 U  I N T E R V A L S G R T Z ~ V X  
c - - - = -  .WHICH ARE T H E N  FURTHER SUSDIVIDED U N T I L  CONVERGENCE OCCURS OR THE G R T Z B D ?  
c- - -= -  M A X I M U M  A L L O W A Q L E   UMBER OF I T E R A T I O N S  IS EXCEEDED,  THE S U B R O U T I N E G R T 2 0 g 4  
C - - C D - A R ~ U M E N T S  ARE F E F I N E O  AS F O L L O W S l l l l l t l  G R T 2 0 y 5  
c-I-=-F = F U N C l I O Y  TO 9E I N T E G R A T E D ,  GHT20106 
C - - - - - F  1141 = T H E  R E S l J L T  I NG I N T E G P A L  GRT20167 
C - - - P - X T A B  = T A B L E  O r  O R D I v A T E S  ( I N T E G R A T I O N  I N T E R V A L  I S  FROM X T A B ( 1 )  T O G R T 2 0 g g  
c---=. X T A B ( N T 4 B ) )  GRT20LdY 
C - - - a - k T A B  = T H E  L E N G T H  OF THE X T A B  T A B L E  ( N U M B E R  OF O R O I h A T E S I e  G R T 2 0 1 0  
C- - -= -ERROR = A L L O W A B L E  NCPMAL ERROR, G U T 2 0 1 1  
C - - - e s I E R R  =ERROR I A ' D I C A T o R  S E T  TG ZERO I F  METHOD CONVERGES,  S E T  TO G R T Z 0 1 Z  
c - - - - -  ONE I F  METHOD DOES NOT CQhVERGE,  G R T Z B ~ J  
c.---- OWE I F  METHCD DOES NOT CONVERGE OH T A B L E  ( X T A B )  I S  TOO L O N G G R T 2 0 1 4  

D I P E N S I O N  X T A B ( ~ ~ ) , P A R T S ( ~ ~ ) , G O O F ( ~ J ) , I N T E R ( ~ ~ )  G A T 2 0 1 5  
C - - - = @ D E F I N E  THE M A X l H l l M  ALLOWABLE NUPEER OF I T E R A T I O N S  AND THE M A X I M U M  G U T 2 0 1 6  
C - - - - - T A G L E  L E N G T H ,  G U T 2 0 1 7  

DATA J M k X , Y T A B y X / 2 0 , 1 0 0 0 /  G H T Z 0 l g  
C - - - - s D E T E R M I N E  I F  T A B L E  I S  TOO LONG G R T 2 0 l Y  

I F ( N T A B . G T I N T A q M X )  GO TO 1 0 0  G R T Z 0 Z 0  
C----.CALL GENERAL  I L I T E G R A T I O N  S U B R O U T I h E ,  G R T 2 0 Z l  

Z Z Z ' F ( 5 . 0 )  G  R 1 2  0 2 11 
C A L L  G R L A T ~ ( F I F I N T ~ N ~ A B , J M A X , ~ A B , P A R T S , G O O F , I N T E R E R R O H I E R R  G R 7 2 0 2 2  
RETURN G R T 2 0 2 J  

C - - - r s T A B L E  I S  TSO L n N G ,  G R T Z ~ ~ ~ ?  
1 0 0  l E R R = l  G R T ~ ~ L : ,  

F I & T = 0 , l d  G R T 2 0 Z e  
R E T U R N  G R T 2 0 2 7  
EN D  GRT202 !  
S U O R O U T I N E  G R E A T 1 ( F , F I N T , N T A B , J Y A X l X T ~ B ~ P 4 ~ T S , G O O F ~ I N T E E R R O R  G R T 1 0 G 1  

1. I E R R )  G R T l B l d Z  
C- - - - -CARRY CUT CONVERGENCE I N T E G R A T I O N  SCHEME U S I N G  T R A P A t O I D A L  R U L E  GRT10Ld3 
C - - - o - A V O  O O U B L I Y G  TUE NUMRER OF R E G I O N S  PER S U B I N T E R V A L  FOR L A C H  GRTZ0Lda 
C - - - - - I T E R A T I O N ,  ONLY D O U B L E  UP I N  THOSE I N T E R V A L S  T H A T  H A V E  NOT A L R E A D Y C R T l B F >  
C-- -a-COblVERGED, G R T l 0 q b  
C D - - 0 - F  = S I N G L E  P R E C I S I O N  F U V C T I O N  TO B E  I N T E G R A T E D  G R T 1 0 U 7  
C - - - P - F I Y T  = T H E  S E S I I L T I N G  I N T E G R A L  G R T l O g ?  
C - - - = s N T A B  =hUMQER OF O R D I N A T E S  S U P P L I E D  ( T H E H E  ARE N - 1  I N T E R V A L S )  G R T l 0 q Y  
C - - - s - J M A X  = M A X I M U P  ALLOWABLE NUMBER OF I T E R A T I O N S  G R T l D l 0  
C - - - ~ - X T A B  = T A B L E  OF THE O R D I N A T E  V A L U E S ,  R A N G E  OF I N T E G R A T I O N  IS G R T l B l l  
C - - - E S  FROM X T A B ( 1 )  TO X T A B ( N T A 0 )  G R T l 0 l Z  
C - - - - s P A R T S  .ARRAY O r  D I Y E N S I O N  k T A B ,  E Q U A L  T O  T H E  P A R T I A L  INTEG8Al.S G R T l 0 1 3  
c---=. OVER E A r h  OF THE N T A B - 1  I h T E R V A L S  t R T 1 0 1 4  
C-- - -EGOOF =ARRAY OF O I P E Y S I O N  N T A B ,  E Q U A L  7 0  THE NORMAL ERROR I N  E A C H  ~ R T 1 0 1 5  
c -. - SG OF THE r 1 T A B - 1  I I U T E R V A L ,  G R T l 0 l b  
C - - - s s I N T E R  =ARRAY OF D I M E N S I O N  CTAB,  S E P E C I F Y I N C  THE NUMBER OF G R T 1 0 1 7  



C---s; S U B I N T E R V A L S  ) N  E A C H  I N T E R V A L  
C - - - - - E R R O R  + A C C E P T A R L E  N O R M A L  ERROR 
c,.---- ,,IERR r E R R 3 R  I W D I C A T Q R ,  S E T  TO Z E R O  I F  M E T Y O D  C O N V E R G E S ,  S E T  TO 
c - - - - w  ONE I F  M E T H O D  D O E S  NOT C O N V E R G E  

O I M E N S I O N  X T A B ~ N T A B ) , P ~ R T S ( N T A B ) , I N T E R ( N T A B ~ ~ G O O F ( N T A B )  
C - - - - ; I N I T I A L I Z E  V A L l ' E  OF T H E  I N T E G R A L  

F I N T = 0 , B  
C- - -a ;CALCULATE THE ' [UMBER O F  I N T E R V A L S  

N M l a N T P B s l  
C - - - - - C A L C U L A T E  A L L O M A B L E  ERROR P E A  I h T E R V A L  

E R R N . E R R O R / F L O A T ( Y P I ~ )  
C - - - = - I N I T I A L I Z E  A P P R O X I M A T I O N  TO I N T E G R A L  

T O T A L = @ .  0 
C w - - - - C A L C U L A T E  I N I T I A L  A P P R O X I M A T I O N  

0 0  1 0  I = I t N M 1  
I N T E R ( I ) = l  
P A R T S ( I ) = 0 8 5 ~ t ~ ? ~ B ( I + 1 ~ - ~ T ~ B ( I ) ) ' ( F ( X ~ ~ B ~ I + l ~ ~ + F [ X T A B ( I ~ ) )  

1 8  T O T A L = T O T A C * P A D T S ( I )  
C - - - = -  C A L C U L A T E  I N I T I A L  E R R O R S  

DO 1 5  1 - 1 1 N M 1  
1 5  G O O F ( I ) = F A R T S ( T )  

C - - - - - S E T  U P  L n O P  O V c R  I T E R A T I O N S  
DO 1 0 0  J ~ ~ , J M A X  

c---.- S A V E  L A S T  A P P R P X I M A T I O N  
T O T A L ~ = T O T A L  

C - - - = - S E T  U P  L O O P  O V F R  I N T E R V A L S  
DO 2 0  I = l ~ q M i  

C - - - - - C H E C K  F O R  C 3 N V F R G E k C E  I N  T 9 I S  I N T E R V A L  
I F ( A B S ( G O O F ( I ) / T O T A L ) , L T , E R R N )  GO TO 2 0  

c - - -= -  C A L C U L A T E  D O U B L E  I h T E P V A L  
D X = ( X T A B ( I + I ) - Y T A B ( I ) ) / F L O A T ( I F ~ T E R ( I ) )  

C - - - - - D O U B L E  NUMBER C F  S T E P S  
I N T E R ( 1 ) = 2 " I Y T F R ( I )  

c - - - - -  - I N I T 1 A L I Z E  C O N T R I B U T I O N  TO l N T E G R A L  
R E S T o 0 , l d  
I l = I N T E R ( I )  

c - - - = -  I N I T I A L I Z E  O R D T Y A T E  
X N O W r X T A B ( l ) * 0 , 5 * D X  

C - - - - - S E T  U P  L O O P  O V F R  O P D I Y A T E S  
0 0  30 ~ 3 1 1 1 1 1 2  
R E S T c R E 5 T + F ( X N C W )  

3a XNOW=XNOW+DX 
C - - - - - C A L C U L A T E  N E X T  P A R T I A L  I N T E G R A L  

R E S T m 0 , 5 * ( P A R T S ( I ) + D X * R E S T )  
C - - - = - A D D  NEW P A R T I A L  I N T E G R A L  AND S U B T R A C T  O L U  PARTIAL I N T E G H A L  

T O T A L = T O T A L + R E S T ~ P A R T S ( I )  
C - - - = - C A L C U L A T E  YEW F R R O R  AND S E T  P A R T I A L  I N T E G R A L  TO NEW V A L U E  

G O O F t I ) = R E S T 3 P b R T S ( I )  
P A R T S ( I ) = R E S T  

2 0  C O N T I N U E  
CI--=-CHECK F O R  C O N V F R G E h C E  

1 0 0  I F ( A B S ( 1 , - T O T A L i / T C r n L , , L E , e R R O R )  GO T O  2 8 0  
C - - - - - T H E  M E T H O D  H A S  NOT C O Y V E R G E D  

F I N T = T O T A L  
l E R R = l  
R E T U R N  

C - - - = - T H E  M E T H O D  H A S  C O N V E R G E D  
2 0 E  F I Y T s T O T A L  

I E R R = O  
R E T U R N  
E N D  



S U B R O U T I N E  G R I O ( Q I ~ L T A ~ N T A B , X T A B ~  G U  ! 00411 
COMMON A R A Y * I R A Y ~ E R A Y , N O T I ~ A I , A B N , N E R , L F W I E L ~ E H R U I R I A N G I N S  G R I D 0 1 2  

I N R E S l L N ,  J N I P E N F A R I S H I F A R ~ S P I  , A P I A ~ A M ~ D R E F , A R E F , B R E F ,  I R A N G E I N I S I G R ! ~ ~ ~ ~  
~ I N C R O S S I ~ V S P I N ~ E L O , T E F F , D E L T A ~ E ~ A W R  GRI00!5 

D I M E N S I O N  A R A Y ( ~ ~ ~ ~ ~ ~ I I R A Y ( ~ , ~ ~ ~ ) ~ E R A Y ( ~ ~ S ~ ~ I I N O T ~ ~ ~ Z A ! ~ I  G R l D B q S  
~ A B N t 1 0 ) r N E R ( ~ 0 ) 1 L f W ~ 1 0 ~ , E . L ( 1 0 1 l 0 ) , E ~ ( 1 0 1 1 0 ) ~ L R U ~ 1 0 1 l 0 ) t L R F ( 1 0 , 1 0 ) , G R I O 0 1 ~  
~ L A N G ( ~ ~ ~ ~ I ~ ) ~ N L S ( I @ I ~ ~ ) ~ N R E S ( ~ ~ ) , L N ( ~ ~ ) I J N ( ~ ~ ~ ) I P E N ~ A R ( S ~ ~ ) I  G q I D 0 b 7  
~ S H I F A R ( ~ ~ ~ ) I S P ~ ( I ~ ) I A P ( ~ ~ ) I A W R I ( ~ B ) ~ A M ( ~ @ ) ~ D R E F ( ~ ) I A R E F ( ~ ) , B R E F ( ~ , G R ~ D ~ ~ ~  
4 1 0 )  G R  ! 0 0 p  

D I M E N S I O N  X T A B ( 3 3 )  GR 100141 
1  GNOREml  G R I D 0 1 1  
N Z = N T A B / 2  GR 1 0 0 1 2  
N 2 1 = N 2 + 1  GR l 0 0 % d  
N 2 2 ' N 2 + 2  ~ R l D 0 l a  
N 3 m N T A B - 1  G R l  D 0 1 ?  
X T A B t N 2 l ) = Q  G R l D 0 l P  
0 0  1 4 1 0  I = N 2 2 , V T A B  GR I D 0 1 7  
XTAB(I)=XTAB(I-I)+BELTA G R l O 0 l @  
I I m N T A B + 1 - I  GR I D 0 1 9  
X T A B t l I ) = X T A B ( I I * 1 ) w B E L T A  GRID0241 

1 4 1 0  C O N T I N U E  GR10021.  
0 0  1 4 1 1  ! = I # N T A B  G R I D 0 2 2  
X T A B l = X T A B ( I )  G R l D D Z J  
I F ( X T A B 1 ) 1 4 1 2 1 1 4 1 2 , 1 4 1 1  GR I O0Z! 

1 4 1 2  IGVORE=D GR 1 0 0 2 5  
1 4 1 1  C O N T I N U E  GR 1 0 0 2 6  

I F ( I G N O H E e E Q ~ 0 ) G O  TO 1 4 4 3  G R I D 0 2 7  
GO TO 1 4 1 4  GR 1 0 0 Z 7 1  

1 4 1 3  X T A B ( 1 ) = I e B E ; 0 3  G R I O 0 Z g  
DO 1 4 1 5  1 = 1 t N 3  G R I D 8 2 9  
1 1 = 1 * 1  GR 1 0 0 4 0  
X T A B t l l ) n X T A B ( l I * F L O A T  ( l ) * B E L T A  GR I D 0 9 I  

1 4 1 5  CONTlNUE. GR 1  D 0 J 2  
1 4 1 4  RETURN GR 1 ~ 0 3 3  

END GR I D 0 9 5  
S U B R O U T I N E  G A U S S ( Q t B E L T A I D O P E )  GALJS0:l 
COMMON ARAYI I R b Y  1ERAY 1 N o T t t A 1  1 ABN, N E R I  L F W t  E L # E H R U R F A N G S  GAUS0m2 

I N R E S I L N I J N I P E N F A R ~ S H I F A R ~ S P ~ I A P ~ A W R I ~ A M ~ D R E F ~ A R E F I B R E F , ~ R A N G E I ~ ~ S I G A U S ~ B ~  
~ I N C R O S S , I V S P I N ~ E L O , T E F F , D E L T A ~ E , A W P  G  A U S  0  () 

D I M E N S I O N A ~ A Y ( ~ ~ ~ ~ ~ ~ ~ ~ R A Y ~ ~ ~ ~ ~ ~ ) , E R A Y ( ~ I ~ ~ ~ I ~ N O T ~ ~ ~ ~ A ~ ~ ~ I  G A U S 0 g 5  
~ A B N ( ~ ~ ) I ~ E R ( ~ ~ ) I L F W ( ~ ~ ) ~ E L ( ~ ~ I ~ ~ ) , E H ~ ~ ~ ~ % ~ ) ~ L R U ( ~ ~ I ~ ~ ) I L R F ( ~ ~ I ~ ~ ~ I G A U S ~ ~ ~  
~ L A N G ( ~ ~ ~ ~ I ~ ) I N L S ~ / ~ I ~ ~ ) I N R E S ( ~ ~ ) I L N ( ~ ~ ) I J N ( ~ ~ ~ ) ~ P E N F A R ( ~ ~ ~ ~ I  GAUS0ld7 
~ S H I F A R ( ~ ~ P ) ~ ~ P ~ ~ ~ ~ ) I A P ( ~ ~ ) , A W R I ( ~ ~ ) I A M ( ~ ~ ) ~ D R E F ( ~ ) ~ A R E F ( ~ ) ~ B ~ E F ( ~ ~ G A U S ~ ~ ~  
4 1 0 )  GAUSBVY 

D I M E N S I O N  A B C ( 9 ) I W E T ( 9 )  G A U S D l l l  
D A T A  4 9 C / - 3 1 1 9 ~ 9 9 3 2 @ 1 7 8 1 5 3 ~ - 2 , 2 6 6 5 8 0 5 8 4 ~ ~ 1 , 8 4 ~ - ~ ~ 4 6 8 5 5 3 2 ~ 9 2 1 6 6 7 ~ ~ 0 , ~ 4 U ~ 0 ~ ~  

1 7 2 3 5 J 1 0 1 8 7 5 2 8 4 , 0 s 0 , 0 . 7 2 3 5 5 1 0 1 8 7 5 2 8 4 ~ 1 , 4 6 ~ 5 5 3 2 8 9 2 i 6 6 7 ~ 2 ~ Z 6 6 5 8 0 5 8 4 5 3 G A U S 0 A Z  

284745273943@E-91r0,4943624275537E-B210,3~60697726326~~0~/ 
DATA P H 1 R T / 1 1 7 7 2 4 5 4 /  
T E F = P E F F / 2 9 3 , 0  
TERM=@ , a  
0 0  200 K = i r N I S  
T l = P I , B  
X W P = A W R I ( K )  
B E L T A = ( U e 3 1 7 7 E + @ 0 ) * S O R T ( ( O " T E ~ ) / X ~ R )  
X = B E L T A * A B C ( ~ )  
I F ( E - X ) 1 0 0 , 1 @ 0 1 1 0 1  

1 0 1  D O  1 0 2  I - i 1 9  



4 B C I v A B C t I )  
WETI .WETt1)  
Z a E + A B C I * B E L T A  
C A L L  RMSIGM(Z,IRANGE) 
T I a T 1 + B R E F ( I N C R O S S , K ) * k ' E T I  

1 0 2  C O N T l N U E  
GO TO 1 1 0  

1 0 0  T i a 0 , O  
1 1 0  TERM8TERM*T1  
2 0 0  C O N T I N U E  

O O P E n T E R M / P H l R T  
RETURN 
END 
SUBROUTINE FACTStQtL IPF,SF,PS,COluSTE,BWR,BP~PLOD~ 

C 
C  SUBROUTINE TO CALCULATE P E N E T R A T I O N  AND 
C S H I F T  FACTORS 
C Q I S  THE ENERGY L  I S  THE ANGULAR MOMENTUM P F  P E N E T R A T I O N  FACTOR 
C SF  THE S H I F T  FACTOR AND P S  THE PHASE S H I f T  AP 1 s  R  CONSTE I S  K M  
C  FOR D E T A l L S  OF FORMULAE SEE GREGSON E T  AL A E E W * M 5 1 7 r M L B W ) 1 9 6 5  
C  

DOUBLE P R E C I S I O N  P S , C C N S T E ~ R O E ,  ROE2,ROE'j 
E A B m A B S ( Q 1  
C O N H L O E ~ , ~ ~ ~ ~ ~ ~ E - ~ ~ * B W R * S Q R T ~ E A B I   FACT^^^ 
C O N S ? E ~ C O N H L D / ~ B W R + ~ , ~ )  F A C T 0 1 2  

C - - - - - S I N C E  AWR I S  G I V E N  W l T k  THE NEUTRON MASS AS U N I T Y  WE ADD ONE A B O V E F A C T 0 1 j  
c .. - - a - 7 0  CONVERT TO THE CENTER-OF-MASS SYSTEM F A C T 0 1 4  

ROE=BP*CONSTE F A C T 0 8 3  
S = F L O A T  ( L )  F A C T 0 l b  
I F t L e L E - 0 ) G O  T d  $,Dm F A C T 0 8 7  
GO T0(110,120,130,140,150),L F A C T E l l U  

I D 0  P F e R a E  F A C T 0 1 9  
SFSO,  0  F A C T D Z ?  
l F ( P L O D . L T , 2 , 0 )  GO 7 0  1 6 0  F A C T 0 2 1  
PSSROE F A C T 0 2 2  
GO TO 1 7 0  F A C T 0 2  J 

1 1 0  R O E 2 n R O t a R O E  F A C T 0 L a  
D E N O M ~ l . O + R O E 2  F A C T 0 2 3  
P F ~ R O E 2 @ R O E / D E Y O M  F A C T 0 L q  
SF=- I , k I /DENOM F A C T 0 2 7  
I F ( P L O D . L T ~ ~ I ~ )  GO TO 1 6 0  F A C T 0 L B  
PSIROE-DATAY(RnE) F A C T 0 2 Y  
IF(PS/ROE-0~008001)i60,1751~70 FACTDJU 

1 2 D  ROE2aROE*ROE F A C T 0  Jl 
ROE4=ROE2*ROE2 F A C T 0 2 2  
D E N O M = 3 . 0 * R 3 E 2 + R O E 4 * 9 , 0  F A C T @ <  J 
PF=ROE4*ROE/OEYOM FACTDJf !  
SF:-(lR.0+3,0*aOEZ)/OENOM F A C T 0 5 5  
I F ( P L O @ . L T , 2 , 0 )  GO TO 1 6 0  F A C T B ? ?  
P S S R O E - D A T A N ( ~ , ~ * R O E / ( ~ , ~ - R O E ~ ) )  F A C T 0 J 7  
IFtPS/ROE~B~503001)1601170,170 F A C T 0  J U  

1 3 0  ROE2.RO&*ROE F A C T 0 5 9  
ROE4nROE2*ROE2 F A C T 0 4 8  
ROE6=ROE4*ROE2 F A C T 0 4 1  
OENOM=225,3+45,0*ROE2+6,0*ROE4+ROE6 F A C T 0 4 2  
PF:ROE6*ROE/DEVOM F A C T 0 4 9  
S F = - ( ~ ~ ~ , ~ + ~ ~ , @ * R O E ~ + I ~ , ~ * ~ ~ O E ~ ) / D E N O M  FACT0'4' I  
I F t P L 0 D . L T , Z t 0 ~  GO TO 1 6 0  F A C T 0 4 5  
P S = R O E ~ ~ A T A Y ~ ( 1 5 l 0 * R O E - R O E 2 * R O E ~ / ( 1 5 ~ ~ ~ b ~ 0 * R O E 2 ~ ~  F A C T 0 4 6  
IF(PS/ROE-d,00B@01116@,170,178 F A C T 0 4 7  

1 4 0  R O E 2 = R O t * R O E  F A C T B q H  



ROE4=ROE2*ROE2 FACT04Y 
ROF6=ROE4*ROE2 FACT03D 
R O E B = R O E ~ * R ~ E ~  F A C T 0 3 1  
O ~ ~ 0 ~ ~ 1 1 8 2 5 , 0 + 1 5 7 5 , ~ * R 0 E 2 + 1 3 5 . ~ o R O E 4 + 1 0 0 @ * R O E 6 + R ~ E 8  FACT032  
PF=ROE8*ROE/OEA10M FACT099  
I F ( P L 0 D  L T , 2 , a )  GO TO 1 6 0  FACT05! 
S ~ z - ( 4 4 1 a 0 , ~ * 4 ~ 2 5 , E * R O E 2 + 2 7 0 o 0 * R O E 4 * 1 0 o ~ * R O E 6 ~ l D E ~ O M  FACT035 
P S = R O E - D A T ~ N ( ( ~ ~ ~ , ~ * R O E - ~ ~ , ~ ~ R O E I / ( ~ ~ ~ O ~ - ~ ~ ~ @  FACT039  

1 * R @ E 2 + 4 0 E 4 ) )  FACT057 
IF (PS /ROE=MoB0 f l 001 )160 ,170 ,170  FACT03cJ 

15U ROf2=ROt*ROE FACT099 
ROE4=ROE2*ROE2 FACT05B 
R O E 6 = R @ t 4 * 9 0 € 2  F A C T 0 6 1  
ROEB=ROE4QROE4 FACT092 
R O E ~ @ = R O E ~ * R O E ~  FACT024  
0 E ~ 0 ~ ~ 8 9 3 0 2 5 , ~ + 9 9 2 2 5 ~ ~ * ~ 0 E 2 * 6 3 ~ 0 1 ~ * R 0 E 4 * ~ 1 5 1 ~ * R 0 E 6  FACT064 

1 *15 ,0 *POEB+ROEI0  FACT025  
PF-ROElU*ROE/OENOM FACT06g  
S F = 4 4 6 5 1 2 5 , 8 + 3 9 6 9 ~ 8 0 0 * Q ~ ~ 2 + 1 8 9 0 0 , 0 * R O ~ 4  FACT067 

1 + 6 3 0 , 0 * R 0 E 6 * 1 5 . ~ ~ R 0 E B  FACT061) 
SF=-SF/DENOM FACT02Y 
IF(PLO! l .LT ,2 ,E)  G O  TO 1 6 8  FACT07g  
PSzROE-UATAY ( ( 945 ,0 *ROE.R0~* (  1 0 5  l @ * R O E 2 m 0  / 4 5 1 - , * R O E 2   FACT^?^ 

1 1 5 , 0 * R O E 4 ) )  FACT072  
I F ( P S / R O E , C E , D , @ f l @ B @ l )  GO TO 1 7 0  FACT07Y 

166: PS=3 ,0  FACT074  
1 7 U  RETUSN FACT075  

ENO FACT076  
SURROUT IdE ORDFR t K  I N 1 )  OROR0Vll 
COMMON A R A Y ~ ~ ~ ~ Y , E R A Y ~ N O T , ~ A I , A B N , N E R , L F W ~ E L ~ E H U R F A N N S  ORDR0aP 

~ N R E S ~ L N ~ J N I P E N F A R I S H I F A R , S P I I A P ~ A W R I , A M I U R E F ~ A R E F , B R € F I ~ R A N G E I N ~ S I O R D U ~ @ ~  
~ I N c R o S S I I V S P I Y ~ E L O ~ T E F F , D E L T ~ ~ E ~ A W R  0 R  D  R  0  IO 

D IMENSION A R A Y ( ~ ~ ~ ~ ~ ) ~ I R ~ Y ( ~ I ~ ~ ~ ) ~ E R A Y ( ~ I ~ ~ @ ) I N Q T ( ~ ~ A ~ ~ I  ORDR0D9 
~ A B N ( ~ ~ ) I N E H ( I ~ ) ~ ~ F ~ ( ~ ~ ~ ) I E L ( ~ ~ ~ ~ ~ ) ~ E H ( ~ B I ~ ~ ) I ~ R U ( ~ ~ ~ ~ ~ ) I L R F ( ~ ~ ~ ~ ~ ) ~ O R D R ~ D ~  
~ L A N G ( ~ O I ~ I ~ ) I N L S ( ~ ~ I ~ ~ ) O N R E S ( ~ ~ ) I L S ~ ~ ~ ) ~ J N ( ~ ~ ~ ) , P E N ~ A R ( ~ ~ ~ ) I  ORDHldld7 
~ S H ~ F A R ( ~ ~ ~ ) ~ S P ! ( ~ ~ ) I A P ( ~ ~ ) ~ A W R I ( ~ ~ ) , A M ( ~ ~ ) ~ D R E F ~ ~ ) I ~ R E F ~ ~ ) I B R ~ F ( ~ ~ O R ~ R ~ ~ U  
4 1 0 )  oRDR0WY 

I F ( K - 1 ) 2 , 2 , 3  ORDR0le  
2 NTR'ld OROR011 

NUML=0 ORDR0lZ  
NUMJ=0 OROR0lJ  
NN-0  ORORB14 
MMmP OROR013 
J J = B  ORDR016 
NC=0 ORDRB17 
MC=FI O R O H 0 1 5  

3 NT=NTR+1 ORDR0l.Y 
NTPaNTR+N l  ORDR02v 
OL= -0 .9  ORDRBZl 

9 O L = O L * l . i d  0  R  0  R  0 Z Z 
0 0  1 0 1  N=NTpNTR ORDH0ZJ 
TERM=FLUAT ( I S ~ Y ( I I N ) )  ORDR0Za 
I F ( O L - T E . R M ) ~ ~ ~ , ~ B ~ I ~  OHDR0Z5 

9 NN=NN* l  ORDR026 
DO 1 8 0 J = 1 1 5  OROR027 
A = A R A Y ( J r N )  ORDRe28 
A R A Y ~ J ~ N ) = A S A Y ~ J , N ~ )  ORORBZY 
ARAY(J INN)=A oRDR05Gl 

l a a  C O V T ! N U E  O R D R ~  Ji 
DO 1 0 0 1  J z 1 8 3  ORDR0 J Z  
I A = I R A Y ( J p Y )  ORDR0?J 



I R A Y t J , I J ) ~ I R A Y f J I N h r )  Of4DREJf 
I R A Y ( J I ~ 4 N ) = I A  OHDHEJ5 

i e 0 1  CONTINUE O H O H E J ~  
0 0  1 0 0 2  J - 1 1 2  OROH0 J 7 
E A = E R A Y [  J I N I  ORDReJ8  
E R A Y ( J , W ) = E R A Y ~ J , N N )  ORDH@aY 
E R A Y  ( JIIJN)=EA 0t iDHE4ld 

1 8 0 2  C O N T l N U E  O R D H a f l  
1 0 1  C O N T I N U E  ORDH@_42 

I F ( N N - N C ) 8 , 8 r l l  O U U A @ ? J  
11 N U P L = N U M L + l  oRDt309f  

L N  ( NUML 1 =NiI-hlC i j R D h 8 4 5  
NC=NN ORDRQ4e 
N U = N T + L N ( N U M L ) - l  OROR847 
OM= 0 . 2 9  GRDRD48 

1 4  O M = O M + @ . ~  OHDH0')Y 
DO 2 0 5  I ~ ~ N T I N U  0  H 0  R  Z 9  M 
T E R M J ' A R A Y ( 2 r M )  OHDR;121 
I F ( O ~ s T E R M J ) 2 5 5 , 2 0 5 , 1 5  0 9 D R E 3 2  

1 5  MM=MM+I OHDHB9J 
DO 2 0 4  J = 1 1 6  ORDH0>4 
A = A R A Y ( J I M )  OROHPI39 
A R A Y ( J I M ) = A R A Y ( J ~ M M )  OROR836 
ARAY(JtMM):A OHOH037 

2 0 4  C D Y T l N U E  ORDR09I] 
DO 2 0 4 1  J e l l 3  ORDIIB9Y 
l A = I R A Y ( J t M )  OHDRd$ld 
I R A Y ( J , M ) = I R A Y ( J , P V )  O H O R 2 6 1  
I R A Y ( J , M M ) = ! A  OROH06L 

2 0 4 1  CONTINUL  o ~ o ~ a g ?  
0 0  2 0 4 2  J r l r 2  0 Q D R a 6 4  
E A = E R A Y ( J , M )  GROHdb5 
E R A Y ( J I M ) = E R A Y ( J t M Y )  CHDHE6b 
E R A Y ( J , M M ) = E A  OROHG67 

2 0 4 2  C O N T I N U E  CHORD68 
225 C O Y T I N U E  OHJR06Y 

l F ( M M - M C ) 1 4 1 1 4 1 1 6  O R G H 0 7 ~  
1 6  NUMJnNUMJ+ l  OHOR8 /1 

JN(NuMJ)=MY-MC OYDH072  
MC-MM ORDRa? J 
NT=NT+J iV (NUYJ)  ORDHd7f  
I F ( N N - M M ) 1 7 r i 7 1 1 4  OHDAB75 

1 7  I F ( N ' f R * ~ ~ ) 1 8 r 1 4 t 8  ORUH076  
1 8  RETURN ORDR077  

E N 0  OKDRB7U 
F U N C T I O N  D O ? ? L r R ( X )  DOPL0 ld1  
COMMO'i A R A Y l I R b Y ~ E R A Y l ~ 0 T , t A I , A B N ~ b l E R , L F W ~ E L , E H R U R F A G N S  OOPL0G2 

~ N R E S ~ L N ~ J N ~ ? E N F A R I S H ~ F A R ~ S P ~ ~ A P I A W R ~ ~ A M ~ U R E F ~ A ~ E F I B R E F I I R A ~ G E I ~ ~ I S I D O P L ~ ~ ~  
~ I N C R O S S I I V S P J N , E L O , T E F F I D E L T A , E , A W R  DOPLDC'j  

D I M E N S I O N  A R A Y ~ ~ ~ ~ ~ ~ ) I I R A Y ( ~ ~ ~ ~ ~ ) I E R A Y ( ~ , ~ ~ ~ ) , N O T ( ~ B ) I ~ A I ( ~ O ) I  DOPLOd3 
~ A B N ~ ~ ~ ) ~ ~ E Q ( ~ ~ ~ I L F C ~ ~ ~ ~ ~ I E L ( ~ ~ ~ ~ ~ ~ ~ E H ( ~ ~ I ~ ~ ~ ~ L R ~ ( ~ ~ I ~ ~ ~ I L R F ~ ~ ~ ~ ~ ~ ~ I O O ? L E U ~  
~ L A N G ( ~ ~ , ~ I ~ ) , N ~ S ( ~ D I ~ ~ ) I N R E S ( ~ ~ ) I L F J ( ~ ~ ) I J N ( ~ ~ ~ ) I P E N F A R ( ~ ~ ~ ) I  D O P L ~ V ~  
~ S H I F A R ( ~ ~ ~ ) ~ S P ~ ( ~ ~ ) I A P ( ~ ~ ) ~ A W R I ( ~ ~ ~ I A M ( ~ ~ ~ I O R E F ( ~ ~ ~ A R E F ~ ~ ~ I B ~ E F ~ ~ I D G P L ~ ~ ~  
4 1 0 )  DOPL0DY 

T E F = T E F F 1 2 9 3 , 0  D O P L 0 1 U  
TERMa0 I ?J D O P L ~ ~ I  
C A L L  R Y S I G M ( X , I R A N G E )  D O P L 0 1 2  
DO 1 0 6  I = l r Y I S  D O P L ~ L ?  
X W R = A W R I ( I )  D O P L D l f !  
C E L T A = ( 0 , 3 1 7 7 E * 0 0 ) * S C R T ( ( T E F * E ) / X W R )  R O P L 0 l 5  
t = ( E s X ) / C E L f A  DOPLP116 



t 2 a t a . Z  
Tl:BREF(INCROSS,I)~EXP(rt2)/(CELTA*l~772454) 
T E R M = T E H M + T l  

1 0 0  C O N T I N U E  
DOPPLERZTERM 
RETURN 
END 
S U B R O U T I N E  A B C M A T ( A t B , C )  
DOUBLE P R E C I S I O N  A,B,C 
DIMENSION A ( 3 , 3 )  1 B ( 3 , 3 )  , C ( 3 , 3 )  
0 0  l 0 e  1.113 
0 0  1 0 1  J.113 
C ( l , J ) 3 0 , 0  
0 0  1 0 2  K c 1 0 3  
C(I,J)=C(IlJ)+A(I,K)*8(K,J) 

1 0 2  C O N T I N U E  
1 0 1  C O N T l N U E  
l a 0  C O N T I N U E  

RETURN 
END 
S U B R O U T I N E  F R O B N S I A t B , C , D )  
DOUBLE P R E C I S I ' I N  A,B,C,D,Q 
DIMENSION A ( 3 , 3 ) r B ( 3 1 3 ) , C ( 3 , 3 ) 1 0 ( 3 , 3 1 1 C ( J , 3 )  

C-----THIS S U B R O U T I N E  I N V E R T S  A COMPLEX M A T R I X  W I T H  R E A L  AND 
C - - - c - P A R T S  A AUD A AND G I V E S  C A N D  D  THE R E A L  AND I M A G l N A R Y  
C - - - c s E  I N V E R S E ,  FRORENIUS-SCHUR METHOD OF I N V E R S I O N ,  

DO 2 0 0  I = 1 , 3  
DO 2 0 1  4 3 1 0 3  
C ( I , J ) = A ( I , J )  

2 0 1  C O N T 1 N U i  
2 0 0  C O N T I N U E  

C A L L  T H R I N V ( A I S I I N G )  
I F ( I N D , E Q , l )  G O  TO 5 0 0  
C A L L  A B C M A T ( A , ~ I Q )  
CALL A R C M I T ( B I O I D )  
DO 2 0 2  I x l r 3  
DO 2 0 3  J = 1 1 3  
C ( I , J ) B C ( I , J ) + ~ ( I J J )  

2 0 3  C D N T l N U E  
202  C O N T I N U E  

C A L L  T M R I N V ( C I ~ I I N G )  
I F ( I N D , E O , ~ )  Gn  T O  5 0 0  
C A L L  ABCMAT(Q,C,D)  
DO 2 0 4  I + 1 , 3  
DO 2 0 5  J = l t 3  
D ( I t J ) = - Q ( I t J )  

205  C O N T I N U E  
2i44 C O N T I N U E  

GO TO 5W2 
5 0 0  P R I N T 5 0 1  

G O - T O  5102 
5 0 1  F O R M A T ( 5 2 H  TROtJBLE I h  I N V E R T I N G  THE COMPLEX M A T R I X ,  JOB 
5 0 2  RETURN 

EYD 
S U R R O U T I Y E  T H R I & V ( D , K , K I M E R R )  

C  I N V E R T S  SYMMETRIC M A T R I X  ( D ( I l j ) ~ J = l , N , l = l t J )  
DOUBLE P R E C I S I P N  O,S,FOOEY 
O I M E N S I O N  D ( 3 1 3 ) t S ( 3 )  

K I M E R R = @  
55  C O N T I N U E  
2 6  D O l J = l , i J  

I M A G I N A R Y  
P A R T S  OF I 

ABORT, 1 

D O P L 0 2 Z  
D O P L 0 Z J  
A B D M 0 0 1  
ABCM00Z 
A B C M ~ N J  
ABCM00o  
ABCM0Fs  
ABCM0!$ 
ABCM0p7  
A B e M 0 0 f j  
ABCM0F9 
ABCM010  
ABCM011. 
ABCM01Z 
A B C M 0 1  J 
F R O B 0 P l  
F R O B 0 v 2  
F R O B 0 0 3  
F R O B 0 0 $  

H F R O B 0 @ 9  
FROBDmC, 
F R O B 0 q 7  
FRQBDFl, 
F R O B 0 0 9  
F R O B 0 1 0  
F R O B 0 l l  
F R O B 0 1 2  
FROB0&,! 
F R O B 0 1 4  
F R O B 0 1 3  
F R O B 0 t s  
F R O B 0 1 7  
F R O B 0 1 0  
F R O B 0 1 9  
F R O B 0 2 0  
F R O B 0 2 l  
F R O B 0 2 D  
F R O B 0 Z s  
FROBaZ! 
F R O B 0 2 5  
F R O B 0 Z g  
F R O B 0 2 7  
F R O B 0 2 U  
F R O B 0 2 9  
F R O B 0 J 0  
F R O B 0 l J l  
F H O B 0 J 2  
F R O B D 3 3  
F R O B 0 5 4  
THRI0 lOL  
T H R I 0 p Z  
THR 1 0 U j  
THR I 0 f d 4  
T H R I 0 ~ 9  
T H R I 0 l d C  
THR I0107 



F O O E Y ~ I  , - D ( L R ~ L R )  
I F ( F O 0 E Y  ,EQ, 0 , 0 )  GO TO 3 3 3  
D(LRILRI  = 1,/FOOEY 

3 1  CONTINUE 
GO TO 2 7  

3 3 3  K I M E R R e l  
GOTOi0 ld l  

2 7  0 0 4 1 J = i t N  
S ( J ) = D ( L R D  J )  

3 2  I F ( J - L 9 ) 2 8 , 4 1 t 7 8  
2 8  D ( J D L R ) = D ( J ~ L R ) * D ( L R , L R )  

D ( L R I J ) = O ( J t L R I  
4 1  CONTINUE 
3 3  0 0  7 J ' l r N  
3 4  I F ( J - L R )  6 , 7 1 6  

6 DO 5 0 3  I = i r J  
35 Z F ( I = L R )  8 1 5 0 3 8 8  

8  D ( I I J ) = D ~ I I J ) + P ( I ~ L R ) ' S ( J )  
D ( J , I ) = D ( I t J )  

5 0 3  CONTINUE 
7 CONTlNUE 

1 0 0 1  RETURN 
END 
SUBROUTINE S I E V E ~ E ~ ~ G ~ I E ~ P G ~ ~ M ~ N I N X I B E F F ~ B W R I  
C O M M O N / C / E X ( l 0 1 ) ~ J F L A G ( 1 0 1 )  
I F ( E 2 , L T , E l ) G O  TO 1 0 1  
GO TO 3 0 0  

3 0 0  N 2 = 2 a N  
DO 1 0 0 0 1 = 1 , 1 0 0  
J F L A G ( l ) a 2  

1 0 0 0  CONY 1  NUE 
TEF=BEFF /293 ,0  
DP=(1 ,5B85E+O0)*SORT (TEF/ f iWR)  

C WHEN M U L T I P L I E O  BY S Q R T ( E )  DP GIVES 5 T IMES CORRESPONDING DELTA 
D P l = D P * S Q R T ( E l )  
D P ~ ~ D P * S Q R T  ( E 2 )  
D G l * G l / F L O A T  ( M )  
DG2=G2/FLOAT ( Y )  
E X ( I I Z E 1  
I F ( G l r L T , D P 1 ) G n  TO 1 0 0 1  
GO TO 11602 

1 0 0 1  J F L A G ( l ) = l  
1 8 0 2  ENOIQoABS ( E 2 - E l )  

N X s 1  
0 0  1 0 0  I = 1 , Y  
XX=E l+DC l *FLGAT  ( 1 )  
I F ( X X s L T v E 2 ) G O  TO 1 0 7  
GO TO I D 0  

1 0 7  NX=NX+1 
E X ( N X ) = X X  
I F ( G 1 , L T I D P 1 ) G 6  7 0  1 0 0 3  
GO TO 1 B 0  

3 8 0 3  J F L A G ( N X ) = 1  
1 0 0  CONTINUE 

D O  2 0 0  I = l , N  
XX=E2aDG2*FLOAT ( I )  

THR IDPC) 
THR I 0P9  
THR I 0 1 @  
THR I 0 1 1  
THR I 0 1 E  
THR I 0 1  J 
T H R I 0 1 4  
T H R I 0 1 3  
T H R I 0 1 6  
THRIOL? 
T H R I 0 l U  
THRIBLY 
THRI  02! 
T H R I 0 L I  
T H R I 0 2 2  
THR I 0 2  J 
THR I 0 2 4  
THR I 0 L 5  
THRIDZC, 
THR I 0 2 7  
THRI02!  
T H R I 0 2 9  
THRIBJP 
T H R I 0 J 1  
THR1032 
THRI0JJ  
THRI0Ja  
THRIB??  
S I E V 0 P l  
S  I EV0P2 
s I E v a a j  
S  I E V 0 F 3 1  
SIEVB!! 
S  1 EVBD5 
SIEV0rPg 
SIEVEld7 
SIEV0ioU 
S  1  EV0BY 
S I E V 0 l l d  
S l E V 0 1 1  
S  I E V 5 1 2  
S I E V 0 1 3  
S I E V 0 l q  
S  I EV015  
S l E V 0 l b  
S I E V 0 1 6 1  
S I E V 0 1 7  
S I E V 0 1 8  
S  I EV01Y 
SIEV0211 
S I E V 0 L l  
S I E V d L Z  
S  I E V 0 L 2 1  
S I E V B 2 J  
S I E V 0 L 9  
S  I EV ia l 5  
S  I E V E 2 5 1  
S I E V 0 2 e  
S I E V 0 L I  
S l E V 0 L u  
S l E V 0 Z Y  



I F ( X X , G T , E l ) G O  TO 1 0 8  S I E V 0 J @  
GO TO 2 8 0  S I E V 0 J F l  l a a  NX=NX+I  s I E V D ~ I  
E X ( N X ) = X X  SIEV0J;L 
I F ( G 2 , L T , D P 2 ) G n  TO 1 0 0 5  S IEVBJJ  
GO TO 2WB S  I E V 0 J J l  

1 B a 5  J F L A G ( V X ) = ~  
2 0 0  COKTINUE 

s I Eva?! 
S I E V 0 J b  

1 1 0  D I F F = ( F 2 - E 1 ) / F ? O A T  ( Y 2 )  S  I E v 0 j b  
I F ( D l F F ) l m l , l 8 2 , I a 2  S  I E V 0 J 7  

l a 1  P R I N T l B J  S I E V 0 J U  
P R I N T ~ ~ J ~ I E ~ , E ? , R ~ F F  S  I EV039  
GO TO 1W4 S ~ E V D ~ ~  

1 0 3  F O R M A T C ~ ~ H  CALL ING SEQUEYCE OF S I E V E  WRONG) S I E V ~ ! $ ~  
2 0 0 0  FORMAT(4H E l ' E 1 3 , 6 1 4 H  E Z = E 1 3 , 6 # 6 H  D I F F = E 1 3 , 6 )  S I E V 0 4 2  

I n 2  N ~ I = N X * L  S  I EV0!3 
NN-NX SlEVB!! 
N22=N21+N2-2  S I E V 8 4 9  
NX-N22 S I E V ~ ~ $  
E 2 i ' t E i + E 2 ) / 2 , @  SIEV0!7 
DP12=DP*SQRT (FZ1) S  I EV0r)g 
E 4 3 n E 2 - E l - ( ( G 1 + G 2 ) / Z I 0 )  S I E V 0 4 0  
I F ( E 4 3 , L T , D P 1 2 ) G O  7 0  l B 0 6  S  I EV09I I  
GO TO l a 0 7  S  I EV05 ra l  

1 0 0 6  DO 111 I ~ N 2 1 , N 2 2  S I E V 0 9 1  
1 2 = I = N N  S  1  EV03Z 
E X ( I ) = E 1 + D I F F * c L O A T  ( 1 2 )  S I E V 0 9 g  
JFLAG(I)=I s I ~ ~ 0 5 4  

111 CONTINUE S I E V 0 5 5  
GO TO 1 8 4 0  S I E V 0 5 b  

1 g 0 7  DO 1 1 2  l = N 2 l 1 N 7 2  S I E V 0 3 7  
1 2 - I - N N  S I EV09U 
E X ( I ) = E 1 + D I F F * F L 3 A T  ( 1 2 )  S I E V 0 9 9  
DPTEST=Dp*SQRT ( E X ( 1 ) )  S I E V 0 $ B  
I F ( E X ( I ) , L E , E 2 l ) G O  TO 1 0 0 8  S I E V 0 6 I  
GO T O  l o 0 9  S  I E V B $ I I  

l a 0 8  IF(G~,IT,DPTEST)GO T O  l @ l a  S I E V 0 6 2  
GO TO 1 1 2  S  I E V 0 6 2 1  

l 0 l B  J F L A G ( I ) = l  S I E V D b J  
GO TO 1 1 2  SIEV0$!  

1 0 B 9  IF (G2 ,LT ,DPTEST)GO TO I 0 1 1  S I E V 0 $ 5  
GCJ TO 1 1 2  S I E V 0 $ 9 1  

l a 1 1  JFLAG( I) =1 S I E V 0 S g  
1 1 2  CONTlNUE S  1  E v a 7  

1 0 4 0  D O  1 1 3  I + 1 e Y X  S IEV0gM 
D P F = D P * S Q R T  ( E X ( I ) )  s 1  E v a g ~ )  
I F ( D P F , E O , E l O ) t O  T O  1 1 3  S I E V 0 $ 9 1  
T E R M = E X ( I ) / D P F  S I E V 0 7 @  
I F ( T E R M  L T I 2 5 , ) G O  TO 1 1 4  S  I E V 0 7 1  
GO 7 0  1 1 3  S  I E V 0 7 1 1  

1 1 4  JFLAG(  I =1 S  I E V 0 7 2  
1 1 3  CONTINUE 
1 0 4  RETURN 

S I E V 0 7 5  
s I E V 0 7 5  

END S I E V 0 7 9  
SURROUTIVE RMSIGM(OIKK) R  M S G 0  @ l 
C O M M O N / E / X M I N ( O ) , X M A X ( 6 ) , X R E F ( 6 )  RMSG00Z 
COMMON A R A Y ~ I R A Y , E R A Y , N ~ T , ~ A I , A B N , N E R ~ L F W ~ E L ~ E H ~ R U , R F A N G N ~ ,  RMSGBOJ 

1NRESaLNt  JNIPENFAR,SHICAR,SPI , A P , A W R  A M ~ D R E F , A R E F ~ B R E F ,  IRANGEINISIRMSGOO~ 
~ I ~ c R o S S ~ I V S P I N , E L O , T E F F I D E L T A , E , A W R  R  M  S G  0! 'J 

D I M E N S ~ O N  A R A Y ~ ~ I ~ ~ ~ ) , I Q A Y ( ~ I ~ ~ ~ ~ , E R A Y ( ~ ~ ~ ~ ~ ) ~ N o T ( ~ ~ A ~ ~ ~  RMSG0gc 
1 4 6 ~ ( l a ) r ~ ~ R ( 1 0 )  ,!.FW(IB) t E L ( 1 0 p 1 0 )  t E H ( 1 0 t 1 0 )  , L R U ( l O t l O ) ~ L R F ( l O p ~ O ~  1RWsG007 



~ L A N G ( ~ D , ~ I ~ ) ~ N L S ( ~ V ~ ~ ~ ) I N R E S ( ~ ~ ~ ~ ) I L N ( ~ ~ ) I J N ( ~ ~ ~ ) ~ P E ~ ~ F A R ( ~ ~ ~ ) I  RMSGBB! 
~ S H ~ F A R ( ~ ~ ~ ) I S P ~ ~ I ~ ) I A P ( ~ ~ ) ~ A W R I ( ~ ~ ) ~ A M ( ~ ~ ) ~ D R E F ( ~ ) I A R E F ~ ~ ) I B H E F ( ~ , R M S G ~ ~ ~  
4 1 0 )  R M S G 0 l i d  
D 0 U B L E P H E C I S I O ~ I P , S l R ~ ~ S I l B l ~ E ~ ~ ~ l ~ ~ ~ P i ~ R ~ ~ R H O 1 l R H O 2 ~ G J ~ ~ ~ ~ T 2 ~ T 3 ~ T 4 R Y ~ G ~ 1 l  

~ , T E R M T ~ T E R Y N , T F R M F ~ T E R M A ~ T E R M G , ~ ~ G N N I , S ~ G ~ ~ G I ~ S I G N F ~ , S I G N A I ~ S ~ G N T I , R M S G ~ ~ ~  
2 B E T A , T R M l S I G P ~ C O N S T E , C O N S T A l P I I P S  R M S G B l j  

D I M E N S I O N  R ( 3 r 3 ) 1 S ( 3 ~ 3 ) 1 R I ( 3 1 3 ) f i I ( J 1 3 ) , 8 ( 3 1 3 )  R M S G B l a  
C - - - a - T H I S  S U B R O U T I N F  U S E S  T H E  F R O B E N l U S c S C H U H  Y E T H O D  F O R  I N V L R T I N G  T H E  R M S G 0 1 9  
C ~ - - - - C O M P L E X  M A T R I X ,  HMSCG?16 

P 1 = 3 , 1 4 1 5 9 2 6 5 3 5 9 0 * 0 0  R Y S G B 1 7  
Q Z = S Q R T ( Q )  R M S G 0 l L j  
DO 4  J = l 1 6 ~  R M S G o 1 9  
A Q E F ( J ) = O , o  R M S G D ~ ~ I  
0 0  5 K a l r l G  R M S G 0 L 1  
B R E F ( J , K ) = t a O  H M S G 0 L 2  

5 C O N 7  1 N U E  R Y S G D L j  
4  C O Y T l N U E  R M S G 0 Z f  

L 2 = 0  R M S G @ L 5  
N 2 = 0  R M S G 0 L 6  
L A = @  R M S G B L 7  
J A = @  R M S G 0 L U  
N T R z 0  R M S G 0 L Y  
DO 1 1 2  I E ~ I N I S  R M S G 0 j M  
N R ; S f = W H E S ( ! )  RMSG0;l  
A P I = A P (  1 )  R Y  S G E  4 2  
X W R = A W R I ( I )  RIVISGII J? 
Y W R = X W R * l 1 0 @ 8 6 h 5  R M S G 0 9 4  
Y W i ? = Y W R * * ( l ~ @ / 3 , 0 )  R M S G 0 J 5  
A P x = 0 , 1 2 3 * Y W R + P , 0 8  R M S G 0 J c  

3  N T R s N T R + N R E S I  H Y S G B J 7  
l F ( N R E S I ) l l f l t l l O 1 l E O  R Y S G 0 9 g  

1 0 0  C A = L A + l  R M S G B J Y  
1 0 2  L Z ' L Z + L N ( L A )  

C A L L  F A C T S ( O , I Q A Y ( ~ I L ~ ) I P F I S F I P X I C O N S T E ~ X W R , A P X I ~ ~ ~ ~  
C A L L  F A C T S ( Q , I R A Y ( ~ I L ~ ) ~ P X ~ S X ~ P S , C O N S T E I ~ W R I A P I ~ ~ ~ ~ ~ )  



I F ( A 2 1 2 U 0 , 2 0 1 , ' 0 2  
2 0 a  A 2 = - S Q R T ( u P 2 )  

GO T O  3 0 0  
2 0 1  A 2 = 0 , 0  

GO TO 3U0 
2 0 2  A 2 = S O R T ( A 2 )  
3 0 0  A 3 a A R A Y ( 6 , K )  

I F ( A 3 ) 3 0 1 , 3 P 2 1 3 0 3  
3 0 1  A 3 = - S Q S T ( - 4 3 )  

GO 70 4 '30 
3 0 2  A 3 = 0 , 0  

GO 7 0  4 0 0  
3 0 3  A 3 = S Q R T ( A 3 )  
4 0 0  D E N E D I F F * * ~ * ~ , ~ ~ * A R A Y ( ~ , K ) * A R A Y ( ~ , K )  

R ( ~ I ~ ) = H ( ~ ~ ~ ) + ( ( ~ , ~ ~ ~ A R A Y ( ~ I K ) * A ~ * A ~ ) / D E N )  
S ( ~ I ~ ) Z S ( ~ , ~ ) - ( ( ~ , ~ ~ D I F F * A ~ * A ~ ) / D E N )  
R ( ~ I ~ ) = H ( ~ , ~ ) + ~ ( ~ , Z ~ * A R A Y ( ~ , K ) * A $ * A ~ ) / D E N )  
S(1,2)=Stl,Z)-t(0,5rDIFF.A1*A2)/DEN) 
R ( ~ , ~ ) = R ~ ~ , ~ ) + ( ( ~ , ~ ~ ~ A R A Y ( ~ , K ) * A ~ * A J ) / D E N )  
S ( ~ , ~ ) = S ~ ~ I ~ ) - ( ( ~ , ~ * D I F F * A ~ * A ~ ) / ~ E N )  
R ( ~ , ~ ) = H ( ~ , Z ) + ( ( ~ , ~ ~ ~ A R A Y ( ~ I K ) " ~ ~ , A ~ ) / D E N )  
S ( ~ I ~ ) = ~ ( ~ , Z ) - ( ( ~ , ~ * D I F F * A ~ * A ~ ) / D E N ~  
R ( ~ , ~ ) s R ( ~ , ~ ~ + ( ( ~ , ~ ~ ~ A R A Y ( ~ ~ K ) * A ~ ) / D E N )  
S ( ~ ~ ~ I = S ( ~ , ~ ) - ( ( ~ , ~ ~ O I F F ~ A ~ Q A ~ * A ~ ) / D E N ~  
R ( ~ I ~ ) I R ~ ~ ~ ~ ) + ( ( ~ , ~ ~ ~ A R A Y ( ~ , K ) ~ A ~ ~ A J ) / D E N )  
S ( 2 , 3 ) = S ( 2 , 3 ) - ( ( 0 * 5 , D I F F W A 3 ) / O E N )  

1 0 8  C O N T I N U E  
R ( 2 1 l ) = R t 1 , 2 )  
S ( 2 , l ) o S ( 1 , 2 )  
R ( 3 r l ) = R ( l , 3 1  
S ( 3 1 i ) = S ( 1 , 3 )  
R ( 3 , 2 ) = R ( 2 1 3 )  
S ( 3 , 2 ) = S ( 2 1 3 )  
DO 11 J J J Z ~ I ~  
DO 1 2  K K K = l , 3  
B( J J J , K K K ) ~ R (  J.JJIKKY) 

1 2  C O N T I N U E  
11 C O N T l N U E  

C A L L  F R O B N S ( R , S , R I , S I )  
R H O l n R I ( 1 , l )  
R H O Z n S I ( 1 , l )  
P l = D C O S ( 2 , 2 * P S )  
P 2 = - 0 S 1 l . 1 ( 2 , 0 * P S 1  
~ E R M T = ( l , ~ ~ P 1 * ( 2 ~ 0 + R H O l ~ l ~ @ l * 2 ~ 0 * P 2 * R H O 2 ~ * 2 ~ 0  
TERMT:GJ*TERMT-~,~*GJ*DSIN~PS)*DSIN(PS) 
T I = R I ( l , P )  
T 2 = S 1 ( 1 1 2 )  
T 3 : R 1 ( 1 1 3 )  
T 4 = S I ( 1 , 3 )  
T E ~ ~ F = G J a ( T l * * ? * T 2 * * 2 + 7 3 * * 2 * T 4 * * 2 ) * 4 , 0  
T ~ 9 M ~ = ( k H 0 1 * * 2 * R H 0 2 * ~ 2 ) * ( B ( l 1 1 ) . 1 ~ , ~ ) * ( T 1 * * 2 ~ T 2 * * 2 ) * ~ ~ ~ 2 1 2 ~ - ~ , ~ ~ *  

l ( T 3 * * 2 + T 4 * * 2 ) * t e ( 3 1 3 ) * 1 * @ )  
T E ~ M G ~ T E R M G + ~ , ~ * ( R H O ~ * T ~ * R H ~ ~ * T ~ ~ * B ( ~ , ~ ) + ~ , ~ * ( R H O ~ * ~ ~ + ~ H O ~ * ~ ~ ) *  

lB(i13)+2,0*(71*T3+T2*T4l*B(213) 
T : R M G = ~ . O * G J * T E R M G  
TERMY'TERMT-TERMF-TERMG 
S I G N N l = S I G i x N ! + T E R M N  
S I G N G I = S I G N G I + T E R M G  
S I G N F I = S I G N F I + T E R M F  
S I G N T I = S I G N T I + T E R M T  
I F ( L 2 - N 2 ) 1 3 9 1 1 @ 9 , 1 E 3  



109 B E T A * P I * A B N ( ~ ) / ( C O N S T E * C O N S T E )  
A R E F ( ~ ) = A R E F ( ~ ) * S I G N N I * B E T A  
A R E F ( ~ ) = A R E F ( ~ ) * S I G N G I ~ B E T A  
A R E F ( ~ ) * A R E F [ ~ ) + S I G N F I * B E T A  
A R E F ( ~ ) ~ A R E F ( ~ ) * S I G N T I * B E T A  
B R E F ( I , I ) F B R E F ( ~ ~ I ) ~ S I G N N I ~ B E T A  
B R E F ( ~ , I ) = ~ R E F ( ~ , ~ ) ~ G N E I * B E T A  
B R E ~ ( ~ ~ I ) = B R E F ( ~ , I ) * S I G N F I * B E ~ A  
B R E F ( ~ , I ) = B R E F ( ~ ~ I ) ~ S I C N T I , B E T A  
[ F ( L ~ - N T R ) I @ ~ # L I B , I ~ @  

1 1 0  S I G P ~ O I B  
L R U J K + L R U ( I t K K )  
T ~ ( L ~ U ~ K c 1 ) 1 2 ~ 0 1 1 2 5 0 , 1 2 5  

1250 N L S K K * N L S ( I , K K )  
DO 126 L L = l r N L S K K  
L U R E m L A N G ( I t K K , L L )  
S S = F L O A T ( L U R E )  
C A L L  F A C T S ( Q , L U R E , P Z ~ S ~ , P S ~ C O N S T A # X W R , A P I I ~ ~ ~ )  
TR~=(2,0*SS*1,fl)*4,0*~1 
T R M = T R M * O S I N ( P S ) ~ D S I N ( P S ) / ( C O N S T A ~ C O N S ~ A ~  
S I G P = S I G P + T R M  

126 C O N T I N U E  
125 AREF(I)=AREF(~)*SIGP*ABN(I) 

A R E F ( ~ ) ~ A R E F ( ~ ) + S I G P * A B N ( I )  
B R E F t l l ~ ) = B R E F ( l r I ) * S I G P ~ A B N ( I )  
B R E F ( 4 ~ I ) = R R E F ( 4 1 1 ) + S I G P * A R h ( I )  

112 C O N T I N U E  
RETURN 
END 



M O C K  PU-241 RAMP1 TEqT DATA, 8550,0 11 4 1 ,0E1@4 
940241e0 238 ,9859  0  0 1 0  



PROGRAM R A M P l l  PROGRAM TO CALCULATE CROSS-SECTIONS ACCORDING TO THE REICH-MOORE FORMALISM, USES ENDF/B VERSION I 1  DATA 

T I T L E  MOCK P U - 2 4 1  RAMPP TEST DATAl 

( t , A )  D E S I G N A T I O N  OF THE ELEMENT 9 1 4 0 2 4 E + 0 5  ATIWT/MASS OF NEUTRON 2 , 3 8 9 9 E 1 0 2  NO OF ISOTOPES 1 

DATA FOR lSOTOPE NUM4ER 1 

( Z , A )  OESlGNAT lON OF THE ISOTOPE 9 , 4 0 2 4 E + 0 5  FRACTIOWAL ABUNDANCE 1 1 0 0 0 0 E + 0 0  NO OF ENERGY RANGES 1 
LOWER L I M I T  OF THE EhlERGY RANGE(EV) 1 , 0 0 0 0 E + 0 0  UPPER L I M I T ( E V 1  2 , 0 0 0 0 E * 0 1  LRU. 1 LRF* - 3 
NUCLEAR S P I N  2 , 5 0 0 0 E + 0 0  SCATTERING LENGTH 9 , 7 7 2 0 E - 0 1  NO OF L-VALUES 1 
MASS OF THE ISOTOPE 1 N  UNITS OF NEUTRON MASS 2 1 3 8 9 9 E i - 0 2  SCATTERING LENGTH(A9)  0 , 0 0 0 0 E + 0 0  ANGULAR MOMENTUM NO OF RESONANCES 15 

ERES GGAMMA 
4 , 0 0 0 0 E - 0 2  
4 , 0 0 0 0 E - 0 2  
4 , 0 0 0 0 E - 0 2  
4 , 0 0 0 0 E - 0 2  
4 , 0 0 0 0 ~ 0 0 2  
4 1 0 0 0 0 E - 0 2  
4 , 0 0 0 0 E - 0 2  
4 , 0 0 0 0 E - 0 2  
4,0000Em02 
4 , 0 0 0 0 E - 0 2  
4 , 0 0 0 0 E - 0 2  
4 , 0 0 0 0 E - 0 2  
4 , 0 0 0 0 E - 0 2  
4 , 0 0 0 0 E * 0 2  
4 , 0 0 0 0 E - 0 2  

CROSS-SECTIONS AT THERMAL ENERGY 

NEUTRON ENERCYfEVI  SIGNN S I GCAP S l G F  S  IGTOTAL 

NEUTRON ENERGY ( E V  S  lGNN S 1  GCAP S I G F  SICTOTAL 





C  PRGGRAM ADCER( INPUTIOUTPUT)  A D L R 0 0 I  
C O Y M O N / P / E R A N ( 2 , 5 0 1 )  A D L H ~ ~ ~ P  
C O M M O N / C / E X ~ l 0 l ) ~ J F L A G t 1 0 1 )  AOLR0U3 
COMMON A R A Y ~ ( ~ , ~ ~ ~ ) ~ A R A Y ~ ( ~ I ~ ~ ~ ~ I N O ~ ( ~ ~ ~ ~ Z A I ~ ~ ~ I ~ A B N ~ ~ ~ ~ I  ADLR0fd4 

1 N E R ( 1 0 ) 1 L F ~ ( l 0 ) 1 E L ( 1 0 ~ 1 0 ~ , E H ( l 0 1 1 0 ) r L R U t ~ 0 , 1 0 ) ~ L R F ( l 0 1 1 ~ ~ ~  A D L R 0 0 ?  
~ L A ~ G ~ ~ O I ~ ~ ~ ~ ~ N ~ ~ ~ ~ B , ~ ~ ) ~ N R E S ( ~ ~ ~ I S P ~ ~ ~ ~ I A P ~ I S ~ A M ~  A U L R 0 # 9  
3 A W ~ J t l 0 ) r l . I  (10) , N X X ( 1 0 )  , A B G ( l # r 6 1 3 )  , N J S f 1 0 1 5 , 5 )  1AJ(lk?i15,5) 1 A D L R 0 B 7  
~ A R E F ( ~ ) I T E F F I D E ~ T A I E  A D L R ~ ~ ~  

D I K E N S I D N  T l T L F ( 7 )  A D L R 0 0 9  
EXTERNAL MOVIKOM ADLR0;L! 
EXTERNAL MOVEtKOME A D L R 0 l l  
DATA M A % P T S ~ M A X R E S l E T H E R M / 2 0 0 0 , 1 0 0 4 0 1 2 5 ~ E ~ 0 1 /  A D L R ~ L Z  

C- - -= -TH I S  I S  A PROGRAM TO C A L C U L A T E  T O T A L  1CAPTURE AND F I S S I O N  CROSSm A D L R 0 I g  
C - - - C - S E C T I O N S  FROM THE CORRESPONDING ADLER-ADLER PARAMETERS*  THERE I S  A O L R 0 1 4  
C - * - - - O P T I O N  FOR DOPPLER BROADENING U S I N G  THE CONVENTIONAL P S I  AND C H I  A O b R 0 1 5  
C - - - s - F U N C T I O N S , N O T E  THAT THE CONSTANT C = E ( E V ) * P I @ ( L A M B D A ~ B A R l * * 2  I S  N O T A D L R B l ?  
C - - - c c I N C L U D E D  I N  THE ADLER PARAMETERS G  AND H AS I T  IS DONE I N  SOME A D L R 0 1 9  
C m - - 6 - E V A L U A T I O N S ,  RUNS ON BOTH C D C - 6 6 0 0  AND P O P - 1 0 ,  A D L R 0 1 6  
C - - - 9 - E N D F / B  V E R S l O N  1 1  DATA A D L R 0 l U  
c i 1 1 1 1 1 1 i ~ 1 1 1 i i i i i 1 1 i i 1 1 1 1 i 1 i i 1 1 1 1 i i i i i 1 1 x i 1 i ~ i ~ ~ ~ ~ ~ i a 1 i i i 1 i 1 1 i ~ ~ ~ 1 ~ o ~ ~ ~ z @  

R E A D 1 1  ( T I T L E ( I )  I I m l , P ) ,  IDPLITEFF A D L R 0 2 I  
C- - -0 - IDPL .1  i F  DOPPLER BROADENED CROSS-SECTIONS ARE D E S I R E D l E L S E  I D P L ~ o A O L R B ~ Z  
C - - - - s T E F F n E F F E C T I V E  TEMPERATURE OF THE TARGET I N  DEGREES K E L V l N *  A D L R 0 2 p  

PR I N 1 4 2  ADLR02! 
PR I N T 2 5  A D L R 0 2 3  
PP I N T 4 3  A D L R 0 2 9  
PR I N T 2 5  A D L A 0 2 7  
P41NT241(T1TLE(I)~ls1,7) A D L R 0 Z f  

PA I N T 2 5  A O L R 0 Z 9  
P S I N T 2 , I D P L r T E F F  A D L R 0 9 0  

PR I N 7 2 5  A O L R 0 9 1  
1 F O R M A T ~ ~ A ~ I ~ X I I S I F ~ I ~ )  A D L R 0 ? 2  

C  2222222222222222222222222222222222222222Z22222222222222Z2222222222AD~R03S 
1 0 1 3  R E A ~ ~ , Z A I A W R , N O T ( ~ ) ~ N O T ( ~ ) I N I S I N O T ( ~ )  ADLRB?! 

C - - r - - t A = ( Z  I A ) D E S I C N A T I O N  OF M A T E R I A L I A W R * A T , W T / N E U T R O N  M A S S 8 N l S " N O  OF A D L R 0 5 5  
C - - - s s l S O T O P E S  ADLRBJg  

P Q I N T 1 7 1 Z A ~ A W R l N I S  A D L R 0 j 7  
PR I N T 2 5  ADLR0 J C )  
J1.l AOLR0 $ 9  
JF 19.1 A D L R 0 4 0  
0 0  1 0 1  I a l t N I S  A U L R 0 I ) l  
NUANCE=& A O L R 0 4 2  

C  3333333$33333333333333333333333333333333333333333333333~3333333333~~~R0!$  
P R I N T 2 5  ADLRD?? 

P R I N T 1 8 ,  I ADLRB!? 
P R I N T 2 5  ADLR0_49 

R E A D ~ , Z A I ( I I , A B N ( ~ ) ~ N O T ( ~ ) ~ L F W ~ I ) I N E R ( I ) I N U T ( ~ )  ADLRB4_7 
C * - - E E Z A I ( ~ ) = ( ~ I A )  DESIGFIAT ION OF I T H  I S O T O P E  ABN(I ) .WT F R A C T l O N  OF I T H  A O L R 0 f g  
C--==,ISOTOPE L F W = l  F I S S I O N  WIDTHS ARE G I V E N t ' O  F I S S I O N  WIDTHS NOT G I V E N A D L R 0 4 9  
C - 0 - s s N E R ( l ) = N O  OF E'JERGY RANGES USED A D L R 0 3 0  

P Q ! N T ~ ~ I Z A I ( I ) I A B N ( I ) , N E R ( I )  A O L R 0 3 %  
N E R I - N E R C I )  A Q L R 0 2 Z  
J 2 = 1  A D L R 0 9 J  

C  4444444444444444444444444444444444444444444444444444444!4444444444AOLR05! 
1 0 6  R F A D ~ I E L ~ I , J ~ ) I E H ( I , J ~ ) , L R U ( I ~ J ~ ) , L R F ( I I J ~ ~ , N O T ( ~ ) I N O A D L ~ ~ ? ~  

l T ( 7 )  A O L R 0 9 6  
c - - - = -  _,ELzLOWEH ENERGY LIMIT OF A RANGE, EHwUPPER L I M I T  OF A  RANGE A D L R 0 9 7  
C--=-;LRU=1 RESOLVED RESGNANCE P A R A M E T E R S I L R U ~ Z  UNRESOLVED PARAMTRS ADLR0?C) 
C--=-;LRF=4 I N D I C A T E S  THAT THE ADLER-ADLER FORMULAE SHOULD B E  USED TO A O L R 0 ? 9  
C- - -= -CALCULATE CROSS-SECTIONS,  ADLR0$! 

P ~ I N T Z ~ ~ E L ( I , J ~ ) , E H ( I I J ~ ~ ~ L ~ U ~ I I J ~ ~ ~ L R F ~ I ~ ~ ~ ~  A D L R 0 6 1  



1 2 8  NMOM.1 A D L R ~ ~ ~  
C  5555555555555555555555555555555555555555955555555555555>5555555555~0&~@$? 

R ~ A D ~ ~ S P I ( I ~ , A P ( I ) ~ N O T ~ ~ ) , N O T ( ~ ~ I N ~ S ~ I I J ~ I N O  ADLRB?! 
C r - - - = S P l ( I ) s S P l N  OF THE I - T H  l S D T O P E I A P ( I ) t A *  S P I N  DEPENDENT S C A T T E R I N G A U L R ~ $ ~  
C - - - - - ~ E N G T H  IN U N I T 5  OF I e 0 E - 1 2 C ~ ~ A M ( I ) = A * ~  FOR S P I N  I N D E P E N D E N C E A M ( I ) = A D ~ R 0 7 I O  
C- - - - -NLSaNUMBER OF L - V A L U E S ,  ADLAP171 

PqlNT2lpSPI(I)IAP(I),NLS(I,J2) ADLRk372 
JL.1 A U L K 0 7 ?  

C  666666666666666666666666666666666666666666666666666666666666666666AD~~074 
1 0  4  R F A D ~ ~ A W R J ( I ) , ~ O T ( ~ ~ ) , L I ( I ) I N O T ( ~ ~ ) ~ N X ~ X ~ N X X ( I )  A U L H 0 7 2  

P R I N T 3 7 , A d R J ( I )  ADbRa!? 
P R I N T 4 1 , L I ( I )  A D L R 6 7 7  
P R I 4 T 3 8 1 N X X ( I )  AOLR07! 

P R I W T 2 5  A O L R 0 7 y  
C r - - - m A W R J ( I ) = R A T I O  q F  THE MASS OF THE I - T H  NUCLEUS TO THE NEUTRON MASS,ADCRBBV 
c----. L I ( I ) = 5  I F  T O T A L  AND CAPTURE , L I ( 1 ) ' 6  I F  F I S S I O N  AND CAPTURE AND A D b R 0 B l  
C ~ - - s n L I t 1 ) = 7  I F  T O T A L l C A P T U R E  AND F I S S I O N  CROSS-SECTIONS ARE G I V E N ,  AOLR0BZ 
C - - - I - N X X ( I ) = Z  I F  THE BACKGROUND PARAMETERS ARE G I V E N  FOR THE ADbH01] J 
C - - - = - T O T A L  AND CAPTI IRE CROSS-SECTIONS,  N X X ( I ) : 3  I F  THE BACKGROUND P A R A - A D b K 0 8 4  
C-- -=-METERS ARE G I V E N  FOR TOTAL,CAPTURE AND F I S S l O N  CROSSmSECTIONS, ADCR0U5 

NMOM=NMQM+l A D L R 0 g d  
N X X I c N X X ( 1 )  A D L H 0 6 7  

C  7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 A D L R 0 8 0  
DO l B 0 l  J ' l o Y X Y I  A D b H 0 u v  

R E A D ~ , ( A B G ( I ~ K ~ J ) I K = ~ I ~ )  ADCRBYl l  
GO TO ( 1 0 @ 2 , 1 a 8 3 , 1 0 0 4 ) , J  A Q L R B Y l  

1 0 0 2  P R I N T 3 3  A D L R 0 9 2  
GO TO 1 0 0 5  ADLHDY? 

1 0 0 3  P R I N T 3 4  AUL,R0u4_ 
GO T O  1 0 0 5  AO&R0Y> 

1 8 0 4  P R I N T 3 5  ADL,RBYe 
I D 0 5  P R I N T 3 6 r ( A B G ( I o K t J ) ~ K = 1 ~ 6 )  A D L R 0 9 7  

PR I N T 2 5  AULH0Y'J  
I n 0 1  CONT 1 NUE AUL,RBYY 

CC--=-  A B G ( 1 , K p J )  ARE THE BACKGROUND PARAMETERS WHICH ARE SUPPOSED TO ACCARCHlVIO 
C-- - - -OUNT FOR THE T I I L S  OF RESONANCES WHICH AKE O U T S I D E  THE ENERGY RANGAUCRIVX 
C - - - r - E  UNDER C O N S I D E R A T I O N ,  AULH1I02 
C  8 8 3 8 8 8 8 8 8 9 5 9 8 8 5 8 8 8 8 8 8 8 8 8 8 8 R 8 8 B B 8 8 0 8 8 8 8 8 8 ~ 8 8 8 8 8 8 8 B 8 8 8 8 8 8 8 8 8 8 8 8 8 8 5 6 8 A U ~ R 1 ~ ~  

R F A D 3 ~ N O T ( 1 3 ) ~ N O T ( 1 4 ) , L A N G ( I t b J 2 ~ J ~ ) ~ N O T ( 1 ~ ~ ~ N J S ( I t J 2 ~ A U L R 1 ~ ~  
l J L ) , N O T ( 1 6 )  A U L H ~ ~ ~ S  

C - - - U ~ L A N G ( I ~ J ~ ~ J L )  G I V E S  THE ANGULAR MGYENTUM OF THE RESONANCES, YJS I S A D b R 1 @ 6  
C - - - a - T H F  NUMBER OF J - V A L U E S ,  A D b l i l v 7  

P Q I N T ~ ~ , L A N G ( I ~ J ~ ~ J L ) I N J S C I I J ~ , J L )  A D L H l @ r  
N J S I J ~ N J S ( I t J 2 t J L )  A D L H l O Y  
J 4  = 1 A D L R 1 1 l l  

C  999999999999999999999999999999999999999999999999999999999999999999AULRlll 
2 ~ 2  R F A ~ ~ , A J ( I ~ J ~ ~ J L ) ~ A M ( I ) , N O T ( ~ ~ ) ~ ~ T ( ~ B ) ( N L J ~ ~ N L J  ~ D & R 1 1 2  

PR I N T Z 5  ADL,U11? 
P R I N T ~ ~ I A J ( I ~ J ~ ~ J L ) ~ N L J  ~ 0 ~ ~ 1 1 4  

C - - - s - A J  G I V E S  THE S P I N  OF THE RESONANCES I N  T H I S  GROUP, T H I S  SHOULD B E  A D C R 1 1 2  
C-- - - -A FOUR D I M E N S I ' 7 N A L  ARRAY, S I N C E  A  FOUR D I M E N S I O N A L  ARRAY CANNOT B E A U b R 1 1 6  
C-- - - -  HANDLEU B Y  THF C D C - 6 6 p 0  AND S I N C E  WE DO NOT USE T H I S  I N F O R M A T I O N  A U L H ~ ~ ~  
Cen-3 -ANYWAYt  WE HAVE L E F T  T H I S  gERE A S  A  THREE D I M E N S I O N A L  AHRAY, A D L R l l t ]  
C - - - - - A M ( I ) = A -  S P I N  REPENDENT S C A T T E R I N G  LEYGTH I N  U N I T S  OF l , O E - 1 2 C Y ,  A D L R l l V  
C - - - - r A M ( I I = L l . a  AT PRESEbP I N  E N D F / B ,  NLJD NUMBER OF RESONANCtS  M I T H  A  A D b R 1 2 u  
C---PIGIVEN L  AND J 'JALUE, A U b R l L l  

J 3 = J l + ( N L J - l )  A U L H l L L  



c A A A A A A A A A A A A A A A A A A A A A A A A A ~ A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A D L R I ~ :  
DO 1 0 0 0  J z J l r J 3  ADLR1Lr)  

R F A O ~ ! ( A R A Y ~ ( K , J ) ~ K = ~ I ~ )  A D L H l L s  
R ~ A D ~ I ( A R A Y ~ ( K I J ) I K ~ ~ I ~ I  A O b R l Z 6  

I P ~ O  C O N T I N U E  ADLHIZ~ 
c---.- THESE ARE T H E  A D L E E - A D L E P  R E S O N A ~ C E  PARAMETERS, A D L H 1 Z 6  
c - - -= -  A R A Y ~ ( ~ ~ J ) = ~ U ~ ~ A R A Y ~ ( ~ ~ J ) = ~ ~ U T I A R A Y ~ ~ ~ I J ~ ~ G T I A R A Y ~ ~ ~ ~ J ) = H T ~  A D L R 1 L Y  
C - - - - - A R A Y ~ ( ~ ~ J ) = M U F ~ A R A Y ~ ( ~ ~ J ) ~ F , A ~ ~ A Y Z ( ~ I J ) ~ G F I A R A Y Z ( Z ~ J ) = H F ~  A O L R l a O  
C ~ - - - - A R A Y ~ ( ~ , J ) = Y U C , A R A Y ~ ( ~ I J ~ = N U ~ I A ~ A Y ~ ( ~ I J ~ ~ G C ~ A R A Y ~ ( ~ ~ J ~ = H C ,  ADLR131,  

PR I N P 2 5  A D L R 1  JP 
P R I N T  9 A D L R l  J J 
P R l N T  25 AOLH1J') 
P R I N T 3 B  A D L R l J S  
P R ~ N T ~ ~ ~ ( A H A Y ~ ! ~ , J ) ~ A R A Y ~ ( ~ I J ) I A R A Y ~ ( ~ ~ J ) ~ A R A Y ~ ( ~ ~ J ) I J = J ~ I J ~ ~  A D L K l J g  
PR 1  N T 2 5  A  D  L R  1 5  7 
P R  1 ~ 7 3 1  A o L R 1 98 
P R I N T ~ ~ I ( A R A Y ~ ( ~ ~ J ) , A R A Y ~ ( ~ , J ) ~ A R A Y ~ ( ~ ~ J ) I A R A Y ~ { ~ I J ) ~ J ~ J ~ I J ~ )  A D L R l  J Y  
PR I N T 2 5  ADLRL!? 
PR I N T 3 2  A 0  L R 1 4  2 
P R ~ N T ~ ~ , ( A R A Y ~ ~ ~ , J ) ~ A R A Y ~ ( ~ ~ J ) ~ A R A Y ~ ( ~ I J ) I A R A Y ~ ( ~ ~ J ~ ~ J ~ J ~ I J ~ ~  ADLRl!;! 
J1= J l + N C J  ADbRl!? 
J 4 = J 4 + 1  AOLRl!! 
I F ( J 4 - V J S I J ) 2 0 7 , 2 0 2 , 2 0 3  AO&R1' )9 

2 0 3  J L = J L + I  ADCR149  
P q  I N T 2 5  A D L R 1 4 7  
I F ( N M O M - N L S ( I I J ~ ) ) ~ ~ ~ I ~ ~ ~ , ~ ~ ~  A O L R 1 j g  

1 0 3  N R A N G E = k R A V G E + l  AOLH1')V 
J 2 = J 2 + 1  A O L R I s 0  
I F ( N R A K G E - ~ J E R I ) ~ P ~ ~ ~ ~ ~ I ~ B ~ ~  A D L R l 6 0  

1 0 1 0  NRES(I)=JI-JFI~ A D L R ~ ~ I  
J F l D e J 1  A D L R 1 9 2  

1 0 1  C O N T I N U E  A D L R 1 6 4  
N T O T A L = J l o l  A O L R l C f !  
P H I = 3 , 1 4 1 5 9 2 6 5  A D b R 1 6 2  

2  F O R M A T ( 2 6 H  O P T 1 0 N  TO DOPPLER B R O A D E N I 5 j Z b H  E F F E C T I V E  T E M B E R A T U R E ( * A O L R ~ ~ ~  
1 K ) F 1 B l 3 )  AOLRl.67 

3  f 0 ~ ~ A T ( 2 E 1 1 1 4 , 4 1 1 1 )  A i3LR16g  
4  F O R M A T t 6 E 1 1 8 4 )  ADLRICW 
8 F O R M A T ( Z X I ~ ( ~ X , E ~ ~ ~ ~ I ~ X ) )  ADCR17F 
9 F O R M A T I ~ R H  ADLFR-ADLEU P A R A M E T E R S  FOR T H l S  I S O T O P E )  A D b u 1 7 1  

l a  F O R M A T ( 2 0 H  ERRqR I N  I N P U T  D A T A )  A D L R 1 7 2  
11 F O R M A T ( 4 4 H  ADLER-ADLES CROSS-SECTIONS FOR T H I S  ELEMENT)  A D L R 1 7 J  
1 2  F O R M A T ( d 7 H  CROSSISECTIONS Pi07 DOPPLER BROADENED) A O L R 1 7 4  
1 3  F O R M A T ( 3 3 H  CROqS-SECTIONS DOPPLER BROADENED)  A 0 ~ R 1 7 5  
1 4  F O R M A T ( 9 0 H  NEUTRON E h E R G Y ( E V )  TOTAL X - S E C T I O N  A O L R 1 7 9  

1 F I S S l O N  X - S E C T I O Y  CAPTURE X - S E C T J O N )  A D L R 1 7 7  
1 7  F O R M A T ( 3 3 H  ( Z p A )  D E S I G N A T I O N  OF THE E L E M E N T E ~ ~ , ~ ~ ~ Z H  A T I N T I M A S S  O F A D L R 1 7 6  

1 N E U T R O N E l l r 4 t 1 5 H  NO OF I S O T O P E S I 5 )  ADLR17W 
1 8  F O R M A T ( 2 4 H  OAT4 FOR ISOTOPE N U M B E R I S )  AOLRl!? 
1 9  F O R M h T ( J 3 H  ( £ , A )  D E S I G N A T I O N  OF THE ) S O T O P E E 1 1 , 4 , 2 1 H  F R A C T I O N A L  A B A D L R 1 U 1  

1 U N D A N C E E 1 1 , 4 r 2 @ H  NO OF ENERGY RANGES151  A D L R 1 g Z  
2 0  F O R M A T ( 3 6 H  LOWcR L I M I T  OF THE ENERGY R A N G E ( E V ) E I I t 4 , 1 8 H  UPPER L I A D L R l e g  

1 M I T ( E V ) E 1 1 1 4 r 6 U  L R U s I 5 , b H  L R F s I 5 )  A D L R l t ) ?  
2 1  FORMAT ( 1 3 H  NUCLEAR S P I N E 1 1 , 4 r  1 8 ~  S C A T T E R I N G  L E N G T H E l I s 4 r  1 5 H  NO OF A O L R l g s  

1 L - V A L U E S I S )  A D L R l g ?  
2 2  F O R M A T ( 4 1 H  CONSTANT USED TO C A L C U L A T E  P E N E T R A B I L I T Y E l I t ~ , 2 2 H  S C A T T A D L R 1 u 7  

l E R I N G  L , E N G T H ( A - ) E ~ ~ I ~ I ~ ~ M  ANGULAR M O M E N T U M I S , / ~ H  NO OF H E S O N A N C E S I A D L R l U U  
2 5  ADLR11)9 

2 3  F O R M A T ( ~ X I ~ ( E ~ B Q ~ ) )  A D L R l V 0  
2 4  F O R M A T ( 1 1 H  T I T L E  7 A 4 )  A D L R L 9 1  
2 5  F O Q M A T ( / / )  A D L R l V 2  



2 6  F O R M A T ( ~ ~ ( ~ X I F ~ I ~ , ~ X ) )  
2 7  F O R M A T ( ~ ~ H  C R O S S * S E C T I O N S  AT  THERMAL ENEHGY)  
2 8  F O R M A T ( 4 ( E i 3 q 6 , l X , I l ) )  
2 9  FORMAT(J i3H  THE BACKGROUND P A R A P E T E R S  A R E )  
3 0  F O S M A T ( 7 4 H  MUT NUT 

1 H T )  A O L R ~ Y ~ ,  
3 1  F O R M A T ( ~ ~ H  VUF NUF GF A D L R l Y Y  

1 H F )  A D L H Z U U  
5 2  F O R M A T ( 7 4 H  MUC NUC GC A O L H Z ' d l  

1 H C )  A O L 4 2 q 2  
3 3  F O R M A T ( ~ ~ H  BACKGROUND P A R A P E T E R S  FOR T H E  T O T A L  C R O S S a S E C T I O N )  AObR2ld  J 
3 4  F o R M A T ( ~ ~ H  BACYGROUNO P A R A P E T E R S  FOR THE FISSION CROSS-$ECTION) ADLRZ 'd?  
3 5  F O R M A T ( 5 2 H  SACKGROUNO PARAMETERS FOR THE CAPTURE C R O S S - S E C T I O N )  AJLR2!9 
3 6  f O R M A T ( 4 H  A i = E i 8 , 6 , 4 H  A 2 = E 1 8 0 6 , 4 H  A J = E 1 8 , 6 , 4 H  A 4 = E 1 8 , 6 1 4 H  B 1 = E 1 8 8 6 A D ~ R 2 ~ ~  

1 1 4 H  ~ 2 = E 1 8 , 6 )  AJbR2G37 
3 7  F o R M A T ( 4 8 H  MASS OF T H I S  I S O T O P E  IN U N I T S  OF NEUTRON MASS E 1 1 , 4 )  A D L H 2 U 8  
3 8  F O R M A T ( 4 H  V X s I 5 , 1 0 2 H  I F  NX.2 T O T A L  AND CAPTURE BCKGRND P A R A M E T E R S  A D L R Z U Y  

1 G I V E N . I F  NX.3 T O T A L t C A P T U R E  AND F I S S I O N  PARAMETERS G I V E N )  ADLH2 l r f r  
3 9  F O R M A T ( ~ ~ H  ANGULAR VOMENTUM OF THE R E S O N A N C E S I l @ , 1 9 H  NUMBER OF J - S A D L H 2 1 1  

1 T A T E S I l U )  A D L H 2 1 2  
4 0  F O R M A T C ~ ~ H  J a V A L U E  FOR T H E S E  R E S O N A N C E S F > , 2 , 5 7 H  NUMBER OF R E S O N A N C A D L K ~ ~ ?  

1 E S  FOR THE ABOVE L - V A L U E  AND T H I S  J I S I l ! )  ADLH21 !  
4 1  F O P M A T ( ~ H  L I = I 5 , 1 0 9 H  I F  L I = 5  T O T A L  A N 9  CAPTURE,  L I z 6  F I S S I O N  AhD C A O & H 2 1 9  

l A P T U R E ,  AND LI=7 T O T A L  CAPTURE AYD F I S S I O N  C R O S S - S E C T I O N S  GIVEpd)  A D L H 2 1 9  
4 2  F O f f M ~ T ( 1 0 6 H l  PROGRAM PDLER,  C A L C U L A T E S  C R O S S - S E C T I O N S  FHOM A D L E R - A A D C H 2 1 7  

l D L E R  P A R A M E T E R S  W I T H  O P T l O Y  FCR DOPPLER B R O A D E N I N G , )  A D L R 2 l e  
4 3  F O R M A T ( E ~ H  E N O F / B  V E R S I O N  1 1  D A T A , )  A i l L R 2 1 3  

DO 1 0 8  I = l , N T O T A L  A D L R 2 L U  
T E R M l = A R A Y 1 ( 1 , 1 1  A O b H 2 L 1  
T E R M 2 = A R A Y 1 ( 2 , 1 )  A D C H P L Z  
I F ( T E R M 1 , E Q ~ 0 ~ 0 t O R , T E R M 2 , E Q ~ O ~ D ) G O  TO 1 0 8 0  AD & H  2  P J 
GO T O  1 0 8 1  A D L H 2 L J 1  

1 0 8 0  T E R M 1 = A R A Y 1 ( 5 , 1 )  A D L R 2 L 4  
T E R M 2 = A R A Y 1 ( 6 , 1 )  A O ~ R ~ L ~  
I F ( T E R M ~ , E Q I ~ , O I O R . T E R M ~ , E ~ , ~ , ~ ) G O  TO 1 0 8 2  A O C R 2 2 b  
GO TO 1 0 8 3  A D L R 2 2 $ 1  

1 0 8 1  E R A N ( l , I ) = T E R M t  A D L R 2 L 7  
E R A N ( 2 , J ) = T E R M ?  A O L R 2 2 8  
GO TO 1 0 8  A O L R 2 2 Y  

1 0 8 2  T E S M I D A R A Y Z ( 3 , T )  A U b H 2  J F  
T E R M 2 = A R A Y 2 ( 4 , 1 )  A O L R 2 ? 1  
I F ( T E R M ~ , E Q , ~ , O I O R , T E R M ~ , E O , @ , ~ ) G O  TO 1 0 u 4  A D L H 2  5 2  
GO TO 1 6 8 5  A D L H 2  J Z 1  

1 0 8 3  E R 4 N ( l r J ) = T E R M I  AOLHZJJ  
E R A N t 2 , l ) g T E R M Z  AUCH2 J'j 
G O  T O  1 B B  AULR2.1> 

1 0 8 4  P R I N T 1 0  A U L H 2 J b  
GO TO 1 3 0  

1 0 8 5  E R A N ( l , J I = T E R M l  
E R A N t 2 , J ) : T E R M P  

1 0 8  C O N T I N U E  
C A L L  Q I ~ S ( ~ I N T O T A L , M O V , K O M )  
P R I N T 1 1  
PR I N T 2 5  
P R I  N T 2 7  
PR 1 N T 2 5  
P R I N T 1 4  
P R I N T 2 5  
E = E T Y E R M  
C A L L  A D S I G M A ( E , N I S , 1 , 0 )  
P R 1 N T 8 , E 8 ( A R E F ( L L ) , L L = l , 3 )  



P R  I N T 2 5  
I F ( I D P L ~ E Q a I ~ G O T O 1 5 0 0  
P R l  N T 1 2  
P R I  N T 2 5  
G O  T O  1 5 0 1  

1 5 a 0  P R I N T 1 3  
P R I N T 2 5  

1 5 0 1  P R I N T 1 4  
P R I N T 2 5  

1 2 0  C O N T I N U E  
D O  1 2 4  J J a l r N I S  
N E R J J z V E R ( J J 1  
D O  1 2 5  K K - I t N E R J J  
l R A N E E ~ K K  
L R U J K a L R U ( J J , K K )  
IF(LRUJK-1)131,1321r125 

1 3 1  P R l N T l g  
G O  70 1 3 0  

1 3 2 1  I F ( J J a E Q q l ) G O  T O  1 3 2 0  
G O  T O  1 3 2  

1 3 2 0  E L O R E F z E L (  JJ, K K )  
E H I R E F = E Y ( J J , K K )  
E L O D E L O R E F  
E H I = E H I R E F  
G O  T O  1 2 4 0  

1 3 2  E L O = E L ( J J , K K )  
E H I = E H ( J J , K K )  
I F ( E L O , E Q , E ~ O R E F , A N D , E H I ~ E Q , E H I R E F ) ~ O  T O  1 2 4  
G O  T O  1 2 4 8  

1 2 4 0  M M = M A X P T S / ( ~ * Y A X R E S )  
N N n M M  
I FLAG'1 
N L S K K = N L S ( J J r K K )  
J 4 = 1  
1  S T A R T = l  
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5 0 4  1 F ( L ! I - 7 ) 5 d 0 r 5 0 5 1 5 0 0  
5 0 5  C O N T I N U E  

T A I L F = T A I L F * C C / E ~ ~  
GO T O  l Y l 1 0  

1 8 0 3  P R I N 1 1 0 ! d 4  
1 0 8 4  F O R M A T ( 2 4 H  ERRTR I N P U T  DATA N X X ( 1 ) )  
1 0 1 0  N 1 = N 2 * 1  

N 2 = N 2 + Y H E S I  
D O  1 0 8  Y = N l r N 2  
I F ( L T , E Q , O ) G O  TO 3 0 0  
X M U T s A R A Y l ( 1 r K )  
X N U T . A R A Y ~ ( ~ ~ K )  
X G T ' A R A Y I ( 3 , K )  
X H T = A R A Y 1 ( 4 , K )  
S l = X C T * C O S ( X O M E G A ) + X H T ~ N ( X O M E G A )  
S ~ = X H T * C O S ( X O M E G A ) ~ X G T * S ! N ( X O M E G A )  
I F t I D P L . E Q , O ) G ?  T O  2 0 1  

AOSG0Z5 
A D S G 0 2 6  
AUSG0P7 
ADSG025  
ADSGBLV 
ADSGBJD 
A D S G 0 5 l  
A D S G ~ ~ P  
ADsG0 J j  
ADSG0{! 
A Q S G 0 5 5  
A O S G 0 j g  
A U S G 0 5 7  
A O s G 0 J g  
n o s c a j v  
ADSG0')g 
A D S G B I g I  
A D s G 0 4 1  
A D S G B i L  
ADSG04J  
ADSGO!! 
ADS G  0! 5  
ADSG0!? 
A U S G 0 4 7  
A D S G B j 7 1  
ADSGafU 
ADSG04Y 
A D S G 0 5 s  
A D S G 0 3 1  
ADSG09E 
A D s G 0 s g  
ADSG09') 
A D S C 0 3 5  
ADSG055, 
ADSGi3361  
A D S G ~ ~ ~  
ADSG058  
ADSG059  
A D S G 0 6 e  
A D S G 0 6 1  
ADSG062  
ADSG06,! 
ADSG0gf  
ADSG065  
ADSGBe! 
ADSG067  
A D s G 0 6 8  
A D S G 0 6 9  
A O S G 0 7 ~  
A O S G 0 7 l  
AOSG072  
ADSG07J  
ADSG074  
A D S G 0 7 2  
AOSG076  
ADSG077  
AOSG078  
ADSG07Y 
A D s G 0 7 Y l  
ADSG0Ue 
A D S G B U I  



S I G T a S I G T + ( T E R M * C C * T l )  
GO TO 3 0 0  

2 0 2  S X I a ( X M U T - Q ) / B F L T A  
E T A = X N U T / B E L T A  
C A L L  P F C N ( S X 1 , E T A t U t V )  
T E R M a T l * ( S I * U + S i ? * V )  
S I G T = S I G T * T E R M a B E T C  

3 0 0  I F ( L F , E O , O ) G O  TO 4 V 0  
X M U F = A R A Y 1 ( 5 1 K )  
X N U F * A R A Y 1 ( 6 r K )  
X G F = A R A Y 2 ( 1 t K )  
X H F . A R A Y 2 ( 2 t K )  
I F ( I O P L . E Q , B ) G n  TO 3 0 1  
GO TO 3 0 2  

3 0 1  D E N = ( X M U F - Q ) * * ? * ( X N u F * * Z ]  
~~~~~~~~~~~~~~~~~~~~~Q)*XHF)/DEN 
S I G F s S I G F + T E R M * C C e T l  
GO T O  4 0 0  

3 0 2  S X I : ( X M U F a Q ) / B E L T A  
E T A = X N U F / B E C T A  
C A L L  P F C Y t S X I , F T A , U t V )  
T E R M = T ~ * ( U * X G F + V $ X H F )  
S I G F = S I G F * T E R M * B E T A  

4 0 0  I F ( L C , E Q , O ) G O  TO i f l B  
X M U C S A R A Y ~ ( ~ ~ K I  
X M U C = A R A Y 2 ( 3 , K )  
X N U C s A R A Y Z ( 4 p K )  
X G C * A R A Y 2 ( 5 t H )  
X H C = A R A Y 2 ( 6 p K )  
I F ( I D P L . E Q , @ ) G f l  TO 4 0 1  
GO TO 4 0 2  

4 0 1  O E N = ~ X M U C - Q ) * * ~ * ( X N U C * * ~ )  
T E R M . ( X N U C * X G C * ( X M U C - Q ) * X H C ) / D E l d  
S I G C = S I G C * T E R M * C C * T l  
GO TO 1 0 8  

4 Q 2  S X I ~ ( X M U C * E ) / B E L T A  
E T A = X N U C / B E L T A  
C A L L  P F C N t S X 1 , E T A t U t V )  
T E R H = T l * ( U * X G C + V * X H C )  
S I G C s S I C C + T E R M * B E T A  

1 0 8  C O N T l N U E  
SIGP=(2.0/0)*(1,0*COS(XOMEGA)),CC 
S I G T = S I G T + S I G P  
S I G T n S I G T + T A I L ~  
S I G F = S I G F + T A I L F  
S I G C a S I G C * T A I L C  
I F ( L T , E Q . 0 ) S I G T = O , E  
A R E F ( ~ ) = A R E F ~ ~ ) * A B ~ ( I ~ * S I G T  
AREF(2)=AREF(2)+ABN(!),SIGF 
A R E F ( ~ ) F A R E F ( ~ ) * A B N ( I ) * S ~ G C  

1 1 2  C O N T I N U E  
RETURN 
END 
S U B R O U T I N E  S I E V E t E l r G l r E 2 , G Z r M , N , N X t S E F F t B W R )  
COMHON/C/EX(lOII,JFLAG(101) 
I F ( E Z , L T , E l ) G G  TO 1 0 1  
GO T O  3100 

3 0 0  N 2 = 2 * N  
D O  1 0 0 0 1 ~ 1 , 1 U 0  



TEF=SEFF/293,D 
Dp=(1,5885E*00)*SQRT (TEFIBWR) 

C WHEN MULTIPLIEn B Y  SQRT(E) gP GIVES 5 TlflES CORRESPONDING 
OPl=DP*SQRT(El) 
DP2=DP*SBRT tE2) 
OGl=Gl/FLOAT ( M I  

OG2mG2/FLOAT ( '4 )  
Ex(l)=El 
IF(G1,LT,DPl)Gn TO 1001 
GO TO 1802 

1001 JFLAG(l)=l 
1 0 0 2  E N D I F = A B S  (E2-El) 

N X = 1 
0 0  100 Ia1eN 
XX=EI+OGl*FLOAT ( I )  
IFtXX,LT,EZ)GO TO 1 0 7  
GO TO lW0 

107 NX=NX+1 
EX(NX)=XX 
IF(G1,LT,OPI)GO TO 1003 
GO TO 1D0 

1003 JFLAG(NX)=1 
100 CONTINUE 

9 0  2 0 0  I=ltY 
XX-E2-DG2QFLOAT ( I )  
IF(XX,GT,EI)GO TO 1 0 8  
GO TO 2u0 

1 0 8  NX=NX+1 
EXtNX)=r(X 
iF(GZ,LT,DPZ)GO TO 10G5 
GO T O  2E10 

lam5 JFLAC(NX)=I 
2 0 0  CONTINUE 
110 DIFF-(E2=El)/FLOAT ( N 2 )  

IF(DIFF)101,i01,102 
101 PRINTlBJ 

GO TO la4 
1U3 FORMAT(d2H CALLING SEQUENCE OF SIEVE WRONG) 
182 N2l=NX+1 

NN=NX 
N22zN21+Y2-2 
NXsN22 
Ezi=(El+E2)/2,u 
Dp12sDP*SQRT (c21) 
E43=f2-Elo(tGl+G2)/2,0) 
IF(E43,LT,DP12)GO TO 1006 
GO TO l W B 7  

1006 3 0  111 IaN21,N22 
12.loNN 
EX(I)zEl*DIFF*FLQAT (12) 
JFLAG(I)=l 

All CONTlNUE 
GO T O  1040 

1007 DO 112 I=N21rN22 
12.1-NN 
EX(I)=El+DIFF*FLOAT (1.2) 
DPTESTaUP*SQRT (EX(1)) 
IF(EX(I),LEIE21)G0 T O  1008 



1010 JFLAG(I)=l 
GO TO li2 

1009 IF(GZaLT,DPTEST)GO TO 1011 
GO 'TO 112 

1011 JFLAG(1)=1 
112 CONTlNUE 

1040 00 113 I=1,NX 
DPF=DP*SQRT (EX(!)) 
IF(DPF,EB,8*0)CO TC 113 
TERM=EX(I)/DPF 
IF(TERM LT,S*B)GO TO 114 
GO T O  113 

114 JFLAG( ! 1 =1 
113 CONTlNUE 
104 RETURN 

END 
SUBROUTlNE PFCN(SX~IETAIUIV) 

CPFC2 SUBROUTINE TO E V A L U A T E  THE COMPLEX PROBABILITY INTEGRAL 
C AS A CONTOUR I W T E G R A L  

UREF(Z)=(H/PMI)*(Y~*EXP ( v ( Z * * 2 ) ) / ( ( X l - t ) * * 2 * Y 1 * ~ 2 ) )  
VIMF(Z)=(H/PHI)*( (Xi-Z)*EXP (-(t**2) )/((Xl-i!1**2*Y1**2)) 
TANF(Z):SIN(~)/COS(Z~ 
V A ~ F ( Z ) ' t 0 ~ 5 6 4 1 9 1 3 9 3 9 2 6 1 9 + t * ( 2 9 ~ 3 3 7 8 1 9 4 6 4 * ~ * ( 5 6 3 e 2 2 6 2 1 7 0 8 0  

114+ta(5826,5043121835+t*(21563,20242866~+i*(41~70,7~682~233+ 
2t*(27662,791034654+to(2810,0614940eBS))))))l)/(le@*Z*(52,5 
3+tr(1B23,75*t*(9384t375*ta(4222916875+t*t88682*34375 
4+~st73901~953125*to[15836,1328125))1))))) 
TERRDR=1,0Em07 
PHI=3,1415926536 
XlrABS(SX1) 
Yl=ABS(ETA) 
IF (XI) lir22111 

11 IF (Y1) 77,99,77 
99 IF (XI-2,C) 9911991,992 

992 IF (X1*519) 997119922,9922 
9922 I = 0  

DWSN=0,0 
DW=leO 

993 I=1+1 
GIG=! 
DW = D ~ * ( ( 2 * 2 * G I G ~ l * E l / t 2 ~ 0 * ( X 1 * * 2 ) ) )  
IF (OW-TERROR) 99419948995 

995 DWSN=DWSY+DW 
GO TO 993 

994 DWSNaDWSN+l,fi 
DWSN=(DWSN)/t2,0*Xl) 
IF (SXI) 9941,994119942 

9941 U=EXP (-(Xl**2)) 
V=((2,@)/SQRT (PYI))*DWSN 
v = - v 
GO TO 88 

9942 U=EXP (-(X1**2)) 
Ve((2,0)/SQRT (PHI))*DWSN 

- GO TO e8  
9921 1=e 

DWSN=0 W 
AXE=(O,l)/(XI**Z) 

9923 I=I+1 
CIG=I 
GIG=2*0*GIGclrB 
GIG'GIG*GIG 



I F  (ABSDW-TERRqR) 997,997,998 
998  DWSN=DWSN+DW 

G O  TO 9 9 6  
997  DWSN=DkSN/(2,0*%4) 

I F  ( S X I )  9971,9971,9972 
9 9 7 1  U=EXP ( - ( X 1 * * 2 ) )  

V = ( ( 2 , 0 ) / S Q R T  (PH l ) ) *DWSN 
v = - v  
G O  T O  8 8  

9972  U=EXP ( - ( X 1 * * 2 ) )  
V = ( ( 2 , f l ) / S 3 R T  (PHI ) ) *DWSN 
G O  TO 88 

2 2  I F  (ETA)  4 4 1 5 5 8 6 6  
44 I F ( Y i l 1 - 5 ) 4 4 4 , 4 4 5 , 4 4 5  

444 U=EXP (Yl**2)*(1,0+ERRORF(Yl)) 
v=0,0 
G O  T O  8a  

445 X 2 = 1 , 0 / ( Y I * Y l )  
U=2,0*EXP ( Y ~ * * ~ ) w ( V A L F ( X ~ ) / Y ~ )  
v = e . 0  
G O  T O  8 8  

5 5  U=1.0 
V=0,0 





0 = 1 , 0  
GO TO 6 0 0  

4 0 0  A -0 .5  
B=i3,5 
GO TO 6U0 

505r A = @ , @  
B = 0 , 0  

6 0 8  U~=UI*A*POLR 
V l n V l * B * P O L I  
Go TO 3 3  

3 3  I F  ( S X I )  3 3 3 1 8 8 1 3 3 3  
3 3 1  I F  ( E T A )  4 4 1 1 8 8 1 4 4 3  
3 3 3  I F  ( E T A )  6 6 1 1 8 8 1 6 6 3  
4 4 1  U=2,0*EXP ( Y l * * 2 - X 1 * * 2 ) * C O S  ( 2 , 0 * X L * Y l ) = U I  

V = - 2 # 0 * E X P  ( Y i * * Z * X l * * 2 ) * S I N  ( 2 9 0 * X l * Y 1 ) - V 1  
GO TO 88  

4 4 3  U = U I  
V = - v 1  
GO TO 88 

6 6 1  U=2,0*EXP (Y1* *2 -X1* *2 ) *COS ( 2 , 0 * X 1 * Y 1 ) u U I  
V=2,0*EXP ( Y ~ * * ~ - X ~ * * ~ ) * S I N  ( 2 # 0 * X i * Y i ) * V 1  
GO TO 8 8  

6 6 3  U = G l  
v = v i  

a a  R E T U R N  
END 
FUNCTIGtv ERSORFt X )  
DATA P I A 1 p ~ 2 l A 3 ~ A 4 i A 5 / ~ q 3 2 7 5 9 1 1 1 0 ~ 2 5 4 8 2 9 ~ 9 2 ~ ~ 0 9 2 8 4 ~ 9 6 7 ~ 6 ~  

1 1,42141374l1-io453152027,1,061405429/ 
T = 1 , 0 / ( 1 , 0 + P * X )  
E R R 0 4 F = ~ , 0 ~ ( ( ( ( A 5 * T + A 4 ) * T * A 3 ) a T * A 2 ) * T + A l ~ * T * E X P ~ - % * * 2 )  
RETURN 
END 
SUBROUTINE M O V ( 1 1 J )  
COMMON/D/ERAN(?r501) 
11. I 

E R A N ( ~ ~ J ~ ) = E R A U ~ I I I ~ )  
E R ~ N ( ~ , J ~ ) = E R A ' I ( ~ , I ~ )  
RETURN 
END 
SUBROUTINE MOVE(1,J)  
C O M M O N / C / E X ( 1 0 l ) , J F L A 2 ( 1 0 1 )  

I F t J l r E O , O ) J 1 = 1 0 1  
E X t J l ) = E X ( I l )  
J F L A G ( J l ) = J F L A C ( % l )  
RETURN 
END 
FUNCTION K O M ( I , J )  
Cob IMdN/U /ERAN(? r501 )  
I1=I 
J l = J  
I F ( I l , E U r @ ) 1 1 = 5 0 1  
I F ( J l . E L t , O ) J l = S 0 l  
E O Y = E R A N ~ ~ I I ~ ) - E R A N ( ~ P J ~ )  
I F ( E O M ) 1 ' 3 0 p 1 0 1 1 1 0 2  



1 0 1  K O M ~ B  
GO TO l E j 3  

1162 KOM'1 
1 0 3  R E T U R N  

END 
F U N C T I O N  K O M E ( ! t J )  
C O f ? M O N / C / E X t l O l ) r J F L A G ( l O 1 )  
1 1 x 1  

E o x ~ E X ( I ~ ) ~ E X ( J ~ )  
I F ( E O X ) / 0 0 1 1 0 1 ~ 1 0 2  

l a 0  K O M E e - 1  
GO TO l a 3  

1 0 1  K O M E = 0  
GO TO 1 8 3  

3 8 2  K O M E a 1  
1 0 3  R E T U R N  

END 
S U B R O U T I N E  Q I K S  tMMtNN,MOVEICOMPAR) 

C Q I K S  A L L S I N - M E M O R Y  SORT PROGRAM 
C  MM = F I R S T  S U B C C R I P T  
C NN = L A S T  S U B S C R I P T  ( A R R A Y  I S  I N  COMMON) 
C MOVE AND COMPAR ARE USER S U P P L I E D  PROGRAMS 

D I M E N S I O N  M S A V r ( 2 0 ) r N S A V E t 2 0 )  
K E Y L O C ( M , N ) = ( N + M ) / 2  
I n 0  
J = a 
L E V E L  = 0  
MaMM 
N = N N  

3 5  C O N T I N U E  
C  T E S T  FOR ONE 05 TWO I T E M S  

1 F t N - M - 1 )  3 1 , 5 1 # 3 2  
C 32  C O N T I N U E  
C  P A R T I T I O N  AND SPREADER GO HERE,  S E E  BELOW, 
C P U S H  DOWN 

8 L E V E L = L E V E L * l  
C  WORK ON S M A L L E S T  P O R T I O N  

I F  ((JIM) - t N - 1 ) )  1 3 4 1  1 3 4 1  3 4  
1 3 4  M S A V E ( L E V E L )  = I 

N S A V E ( L E V E L ) = N  
N = J  

Ma  I 
GO T O  35 

51 lF(COMPAR(MtN))3$,311131 
C SWAP I F  ONLY TWO I T E M S  ARE OUT OF ORDER 

1 3 1  C A L L  M O V E ( M t a 1  
C A L L  M O V E ( Y 1 M )  
C A L L  M O V E t B r N )  

3 1  I F  ( L E V E L )  1 5 1 ,  1 5 0 ,  1 5 1  
158 R E T U R N  

C POP UP 
1 5 1  M  = M S A V E ( L E V E L 1  

N : N S A V E ( L E V E L )  

K O M 0 0 9  
K O M 0 1 g  
KOMIb11 
K O M 0 l L  
K O M 0 1 5  
~ 0 ~ 0 1 4  
K O M U l >  
K O M E 0 U 1  
K O M E 0 0 2  
KQME0UJ 
KOME0I09 
K O M E 0 @ 5  
KOME0ld6 
KOME0167 
K O M E 0 U t  
KOME0UY 
K O M E 0 l g  
K O M E 0 l l  
K O M E 0 1 Z  
K O M E B I J  
K O M E 0 1 f  
K O M E 0 1 2  
Q I K S 0 U l 0  
Q I K S e l U 2 0  
Q I  K S 0 d J 0  
Q I  K S 0 l P 3 0  
Q  I K S B U 5 0  
Q  1  K S 0 l P 9 0  
Q l K S 0 U 7 0  
Q l K S B U 8 0  
Q I K S 0 U 9 0  
Q I  K S 0 l F 0  
Q I K S 0 l l 0  
Q  I K S 0 A Z 0  
Q  I K S 0 l s 1 6  
Q l K S 0 1 4 0  
Q I K S 0 1 5 0  
Q I  K S 0 1 6 0  

R E T U R N  I S  70 8 Q I K S 0 1 7 0  
Q I K S 0 L ! 0  
Q I K S 0 l Y 0  
Q  I K s a z F a  
Q I K S 0 L f  0  
Q  1 K S 0 Z Z 0  
0 1  K b 0 2 3 0  
Q I K b 0 2 2 0  
Q  1  K S 0 2 5 0  
Q  1  K S 0 Z b 0  
Q I K S 0 2 7 0  
Q I K S 0 2 8 0  
Q l K b 0 2 Y 0  
Q  1 K S 0 9 g 0  
Q I K S 0 5 1 0  
Q I  K S 0 3 2 0  
G I  K S 0 J 9 0  
Q I K S E J 4 U  
Q  I K S 0 J 5 0  
Q I K S 0 J 9 0  
Q  1  K S 0 J 7 0  
Q l K S 0 J ~ B  
Q I K S 0 J Y B  



L E V E L ' L E V E L - 1  
GO TO 35 

C  END M A I N  
C  P A R T l T I U N  

3 2  I = M  
J = A! 
K E Y = K E Y L O C ( Y , N )  
C A L L  M O V E ( 4 E Y o  0 )  

5 4  I F  ( N  - K E Y )  1 7 1  1, 1 7  
1 7  C A L L  M O V E ( Y 1 K E Y )  
1 C O N T I N U E  

C HOLE AT BOTTOM 
I F ( C O M P A R ( Z , 1 ) ) 3 ~ 2 , 2  

2 I = I + 1  
I F  ( 1  J )  11 4 ,  1 

3 C A L L  M O V E ( I I J )  
GO T O  5 

6 C O N T I N U E  
C HOLE AT TOP 

~ F ( C O M P A R ( @ I J ) ) ~ ~ ~ ~ ~  
5 J=J-1 

I F  ( 1  - J) 6 1  4 ,  6 
7  C A L L  M O V E ( J t 1 )  

GO TO 2 
C 4 C O Y T l N U E  
C SPREADER GOES MERE 
C END P A R T I T I O Y  
C  SPREADER 

4 C A L L  MOVE(L3t 1 )  
1 2  I F  ( 1  w N )  1 1 0 ,  1 0 t  1 1 0  

1 1 0 1 = 1 + 1  
I F ( C O M P A R ( 3 r l ) ) l 0 , 1 2 , 1 E  

1 0  IF ( J  M) 1 @ 8 ,  8 ,  1 0 8  
1 0 8  J =  Jw l  

I F ( C O M P A R ( O r J ) ) B l l O , B  
C  8 C O N T l N U E  
C RETURN TO M A l N  PROGRAM 

END 



ADLER TEST. U-233 D A T A ,  0 2 9 3  9 0  
92233 .  231 ,0375  0 0  2. 0 
92233 .  1 . 0  0  1 1 0 

0 , 7 9 0  60.0 1 4 0 0 
2 .5  1 , 0 0 9 2 5  0 0  1 0 

231 ,0375  0 .8  6  0  18 3 
0 .0  0 .0  0  0 0 0 1 0  0 1 0  0 0 0 
0q8  0.0  0 9 0  0 0 0  0 1 0  Be8 
0.0 0 .0  0 1 0  0 0 0  0 I 0 0 18 
0 .0  0 .0  0 0  1 0 
2 9 5  0.0 0  0  8 7 6  7 3  

0. 0  0. 0 .  m297900E*08 3 0 7 0 0 g E - 0 1  
-2 .5726E-33-8 .2336E-04-2 ,7900E*00  3.7000Ew01 196119E-04-608072E-06  
0. 0 0 9 a ,  l t 8 0 0 0 E - 0 1  7 , 0 0 0 ~ E - 0 2  

-3 .1983E- f l7-1  2945E-06 1 9 8 0 0 0 E - 0 1  7.0000E-02 402644E-07-690920E-08  
0. 0 0  9 0.  1 9 4 2 0 0 E * 0 0  3 , 5 0 0 @ € ~ 0 1  
9 . 8 4 0 i E - 9 5 - 5 - 1 9 6 5 E - 0 5  1 .4200E*00  3 .5000E-01  3 ~ 5 4 8 6 E - 0 6 ~ 1 , 1 1 0 J E ~ 0 5  















4 D L E R - A O L E R  C R O S S - S E P T I O t v S  F O R  T H I S  E L E M E N T  

: R O S S - S E C T I O N 5  AT T H F R M A L  E N E R G Y  

N E U T R O N  E N E R G Y t E V )  T O T A L  XISECTION F I S S I O N  X s S E C T I O N  C A P T U R E  X - S E C T I U K  



: R O S S r S ~ c T 1 O ~ S  NOT OdPPLER BROADENED 

NEUTRON E N E R G Y t E V )  T O T A L  X - S E C T I O N  F I S S I O N  X - S E C T I O N  



C PROGRAM A V R A G E ~ ~ ~ N P U T I O U T P U T )  A V G 3 0 0 1  
C - - - - - T H I S  PROGRAY C A L C U L A T E S  AVERAGE CAPTURE AND F I S S I O N  CROSS-SECNS A V G 3 0 0 2  
C-- - - -FROM ENOF/B  DATA LIMITATIoNSZ~,  CALCULATES S  AND P-WAVE Y-SECNS A V G 3 0 0 3  
C - - - - - O N L Y : ~ , I N E L A S T I C  E F F E C T S  YOT ALLOVED FOR, 3 , d I D T H  F L U C T U A T I O N S  OF ~ V 6 3 0 0 4  
C-- - -=UPTO 4  DEGREES OF FRFEDOM CAh E E  AVERAGED OVER, A V G 3 0 0 5  
C - - - - - T H I S  PROGRAM M h O l F I E O  DN 2 1 , 9 , 7 E  TP TAKE I W T 0  ACCOUNT THE NEW A V G 3 0 0 6  
C- - - - -FORMAT M O D I F I C d T l O h S  WHICH G I V E  THE I S O T O P E  MASS A N R I  AN0 THE NEW A V G 3 0 0 7  
CP-- - -  RECOMMENDATION TO USE THE R A D I U S  ~~(1.23*A~RI**(1/3)*0,8)*0,1 A V G 3 0 0 8  
C-- - - -TO C A L C U L A T E  P r h ' E T R A a I L I T I E S  Ab'D USE A  D I F F E R E N T  R A D I U S  TO O B T A I N  ~ V C 3 0 0 9  
C - - - - - P O T E N T I A L  S C A T T E R I N G ,  RUh'S ON C D C - 6 0 E 0  AND P D P - l E .  A V G 3 0 1 0  

D I M E Y S I O N  R U N ( 7 )  , B L A ( 2 0 )  , E S [ l 0 I )  I Y u F A ( ~ O ) , X J A ~ ~ ~ ~  n X % J A ( l 0 ) 1 A V G 3 0 1 1  
~ G N O ( ~ ~ ) ~ G G ( I O ) , G F E ( ~ O ~ , ~ ~ ) ~ M I ; F ~ ( ~ ' ~ ) ~ D A B ~ ~ ~ ) ~ % J B ( ~ ~ ) ~ X X J ~ ~ ~ ~ ) I  ~ V G 3 0 1 2  
~ G N ~ B ( ~ ~ ) ~ G G B ( ~ ~ ~ ~ G F E R ~ ~ ~ ~ I ~ ~ ~ I ) . ~ ~ F F ~ ~ ~ ~ O M X J A ~ ~ ~ ~ I  A V G 3 0 1 3  
~ G ~ G G S ( ~ ~ ~ ) I G ! G ~ P ( ~ ~ ~ ) , G ~ G F S ( ~ ~ ~ ) I G I G F P ( ~ ) G I S ( I G S P I ~  A V G 3 0 1 4  

C O Y M O N / X B A R / X X ( 4 1 1 B )  A V G 3 0 1 5  
DATA X X / @ , ~ ~ ~ 2 ~ 2 , 8 , ~ 5 1 ~ ~ ~ , ~ o l l 2 9 2 ~ l ~ I ~ 6 ~ 1 5 ~ , ~ , 3 1 1 , , l 6 3 l  ~ ~ ~ 3 0 1 6  

~ E , 2 6 5 6 ~ 0 , O , 3 4 C 7 B @ l ~ , ~ 0 3 ~ 2 6 l 0 I ~ 8 R 4 2 ~ ~ 0 , 4 4 3 8 0 , 4 2 8 3 6  A ~ C 3 0 1 7  
2 ~ . 4 3 ~ 7 6 6 1 0 1 5 4 7 7 2 4 ~ 0 t 6 ~ 7 8 2 5 ~ 0 ~ 3 5 9 ~ 5 ~ ~ P 1 , 5 9 9 0 0 , 7 4 4 8 ~ 9 6 3  ~ V G 3 0 1 8  
3 ~ . 5 7 4 2 8 ~ , 0 0 8 @ ~ ~ 6 ~ 1 0 , 8 8 2 4 4 ~ 1 0 0 9 2 2 8 9 P 1 0 . 8 4 5 3 4 1 1 6 3 5 1  A V G 3 0 1 9  
~ 1 ~ 1 1 ~ 3 8 ~ 1 1 ~ 3 3 ~ ~ 1 ~ ~ 1 ~ 3 ~ 3 ~ 1 ~ ~ 1 ~ 3 ~ 4 3 7 ~ ~ 1 ~ 3 2 8 5 2 5 2 2 ~ 1 ~ l 6 2 ~  A V G 3 0 2 0  
5 1 . 7 8 6 3 5 7 r 1 , 6 9 7 ~ 1 l ~ 4 ~ 3 9 r d 8 0 0 ~ 3 ~ 3 f i i 6 4 3 ~ 2 ~ 8 Z 4 5 8 3 n 2 o 5 4 6 6 D 2 /  A V G 3 0 2 1  

em..--- 1l111111111111i111111111111111111111111111111111111111111111111111~~G~0~~ 
8  8 1 R ~ A D I I I ~ U N , ( R ~ N ( I ) I I = ~ ~ ~ ) ~ E O I E Y L E S T E P  A V G 3 0 2 3  

I F ( I R U Y . E Q , f l ) G n  TO 8808 A V G 3 0 2 4  
G O  TO 862 A V G 3 0 2 4 1  

8 8 2  p n  I ~ T 3 9  A V G 3 0 2 5  
P 7 I h l T 3 5  A V G 3 0 2 6  
P 2 I h T 4 1 !  A V G 3 0 2 7  
PP I h T 3 5  n V G 3 0 2 8  
P ~ I u T ~ ~ ~ I F U N I ( R U N ( I ) I I = ~ I ~ ) I E O I E N I E S T E P  A V G 3 0 2 9  

C - - - - - I F  I R U N  EQUALS ZERO THE PROGRAM E X I T S ,  Q U Y ( l 1  TO R U N ( 7 )  ANY T I T L E  A V G 3 0 3 0  
C-----1.4 COLUMVS I 1  T 2  3 8 ,  E ~ I E N ~ E S T E P  A L L  I N  EV YEEO BE G I V E N  OYLY FOR A V 6 3 0 3 1  
C-=-- -A \ l O N s F I S S I L E  VUCLEUS, THE PROGRAM THEN C A L C U L A T E S  THE AVERAGE A V G 3 0 3 2  
C- - - - -CRQSS-SECTIONS FROM E 0  TO EN I b i  STEPS OF E S T E P .  FOR A  F I S S I L F  N U C L A V G 3 0 3 3  
C- - - - -THE c R ~ S S - S E C T T O t d S  ARE C A L C U L A T E 0  FOR THOSE E N E R G I E S  ESCI) FOR N H I A V G 3 0 3 4  
$ - - - - - T H E  F I S S I O ' ~ 1  W I l T h S  AqE S I V F Y , E X C F P T  FOR THE T I T L E  CARD A L L  THE ~ V G 3 0 3 5  
C- - - - -REST OF THE SATA CAROS ARE I t ,  E x n F / S  FORMAT FOR UNRESOLVED PARAS A V G 3 0 3 6  
c - - - - -  METERS I N  F I L E  2 ,  A V G 3 0 3 7  

1 F O G M A T ( I ~ Z J ~ A ~ I ~ X ~ ~ E ~ ~ , ~ )  A V G 3 0 3 8  
N c L A G l 2 I  ~ V ~ 3 0 3 9  

r-,.-.- 2 2 ? 2 2 2 2 2 2 2 2 2 2 2 7 ~ 2 2 2 2 2 2 2 2 2 2 2 2 2 % 5 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ~ ~ G 3 0 4 ~  
R r A D  i , E Y 1 , E N 2 , L A U l L R F ~ L F I  A V G 3 0 4 1  

P R T ~ ~ T ~ ~ I F N I I E N ? , L R U , L R F , L F I  A V G 3 0 4 2  
C-----EN:=LOWER ENERqY L I M I T  OF A HARGEIEY~:UPPES L I M I T ,  L R U a l  I M P L I E S  A V G 3 0 4 3  
c - - - - -RESOLVEU P A R A P ~ " T E R S , L R U = ~  UNRESOLVED PAJAYETERS,  L F I = O  N O Y - F I S S I L E A V G ~ ~ ~ ~  
C - - - - - I S Q T O P E p L F I = L  r I S S I L E  I S O T O P E ,  A V G 3 0 4 5  

2  F O Q M A T ( 2 E 1 1 s 4 1 ~ 1 1 1 )  A V G 3 0 4 6  
c - - - - -  3 3 3 3 3 3 3 3 3 3 3 3 3 3 ~ 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 j 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5 3 3 3 3 3 : 3 3 3 3 3 3 3 3 3 3 ~ V G 3 0 4 7  

R ~ A ~ ? ~ S P I P J , A I @ L A ! ~ ) , B L A ( ~ ) I N E O ~ L S  A V G 3 0 4 8  
P ~ I N T ~ ~ , S P I N , A I Y E  A V G 3 0 4 9  

C - - - - - S P  I N s N l I C L E A R  S ' * Ih ( r  AoSCATTER I iJG ?F,?GTH I N  U N I T S  OF Il J * E n 1 2  CM, A V G 3 0 5 8  
c - - - - -  Nc=NUMaER OF EF'ERGY V A L U E S  A T  WHICk' F I S S I O t d  4 I D T H S  ARE T A B U L A T E D ,  ~ V G 3 0 5 1  
C-- - - -ULS'VUHaER 3 F  I. S T A T E S .  A V G 3 0 5 2  
C I F  NLS I S  ZERO I T  I S  A  N C W F I S S I L F  ~ U C L E U S .  T y I S  I S  DONE TO GET ~ V G 3 0 5 3  
C- - - - -ARnUND T q E  F A C T  THAT L F I  I S  G I V E I I  OYLY I N  F I L E 1  F I R S T  S E C T I O h  A V G 3 0 5 4  
c - - - - -  AVn FJOJHERE I N  F l L F  2  A V G 3 0 5 5  

I F ( N L S ) 0 4 J , 5 4 G 1 6 4 1  A V O 3 0 5 6  
6 4 1  P R l N T 2 3  ~ V G 3 0 5 7  

P R I N T 3 5  A V G 3 0 5 8  
PR I N T 2 4  A V G 3 0 5 9  
PR 1 N T 3 5  A V G 3 0 6 0  



C - - - - - 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 A V G 3 0 6 1  
S ~ A D ~ I ( E S ( I ) I I = I I N E )  A V G 3 0 6 2  

PR I N T 2 9  A V G 3 0 6 3  
P R T N T ~ I ( E S ( ~ ) I I ~ ~ , ~ ' E )  A V G 3 0 6 4  

C - - - - - E S ( I ) = E N E R G Y  V 4 L U E S  A T  WHICH F I S S I O N  M I D T H S  ARE T A B U L A T E D ,  ~ V G 3 0 6 5  
3 F O R M A T ( ~ E I ~ I ~ I  A V G 3 0 6 6  

C- - - - -555555555555555555555555555555555555555$5555555555555555555555555555~VG3067  
R E ~ O ? I A W R I , B L A ~ ~ ) I L A I B L A [ ~ ) I N J ~ I J A  A V G 3 0 6 8  
P R I N T 3 4 , A W R I , L A , N J S  A V G 3 0 6 9  

C- - - - -THESE ARE S=WAVE PASAMETERS, A V G 3 0 7 0  
C n r - - - A W R I = I S O T O P I C  MASS I N  U N I T S  OF THE NEUTRON Y A S S I L A = 4 N t U L P R  M o M E N ' f M ~ v C 3 0 7 1  
C- - - - -NJSzNO OF S P I Y  S T A T E S  FOR T H I S  L -VALUE,JA=NJS FOR N O N - F I S S I L E  N U C , ~ v G 3 0 7 2  

JA=NJS A V G 3 0 7 3  
N R n N L S  ~ V G 3 0 7 4  

~ - - - - - 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 4 6 6 6 6 6 6 6 6 6 6 6 6 6 4 6 6 6 6 6 6 6 6 6 6 6 6 6 5 6 6 ~ V G 3 0 7 5  
0 0  6 4 4  I z l t J A  ~ V G 3 0 7 6  

R ~ A ~ ~ I B L A ( ~ ) I B L A ( G ) I L A I V U F A ( I ) I B L A ( ~ ) , H L A ( ~ D )  A V G 3 0 7 7  
R F A D ~ I ~ A ( I ) , X J A ~ I ) ~ X X J A ( I ) I ~ N ~ ( I ) ~ G G ( I ) ~ O ~ A T  A V G 3 0 7 d  

PR I N T 3 5  A V G 3 0 7 9  
P ~ I ? ! T 3 0 1 D A ( 1 ) l X J 4 ( I  ~ D S ~ ' ! O ( I ) # G G ( I )  A! /G30B0 
I C L I A U = I Y T ( X X J A ( I ) )  ~ V G 3 0 8 1  
P ~ I N T ~ ~ , I L L I A D  ~ V C 3 0 8 2  
P Q I k T 3 2 r Y U F A ( I )  A V G 3 0 8 3  

PR I N T 3 3  A V G 3 0 8 4  
R ' A ~ ~ , ( ~ F E ( I I , I ) I I I = ~ , N E )  A V G 3 0 8 5  

P R T N T 3 , ( S F E ( I I , I ) , I I = l ~ N E )  ~ V G 3 0 8 6  
6 4 4  C O Y T ~ N U E  A V G 3 0 8 7  

c - - - - -  THESE ARE S-WAI'E PAYAVETERS FOR A  F I S S I L E  NUCLEUS,  A V G 3 0 8 8  
C- - - - -LA=ANGULAR M 3 Y F N T U N , Y U F A ( I ) z N U K B E R  OF DEGREES OF FREEOOM FOR F I S s g ~ V G 3 0 8 9  
C - - - - - W I D T H  IIISTRIBU'ION FOR THE 1-Tb S P I h  S T A T E ,  AVG30913 
C - - ~ - - D A ( I ) = H E A Y  L E V f L  SFACING 1 - T H  S P I Y  STATEIXJA(II=FL!JAT~NG PT VALUE A V G 3 0 9 1  
C-- - - -OF J, X X J A ( 1 ) z U U M B E R  OF D E G R E r S  OF FREEDOM FO2 NEUTRON W I D T H  D s T R v ~ V G 3 0 9 2  
c----- G N O ( 1 ) n A V E R A G E  REDOCED NEUTRON w I O T ~ ( E V ) ~ G G ( I ) = A V E Q A G E  GAMMA WDTH,AVG3093  
C - - - - - G F E ( I I I I ) z A V E 4 b G F  F I S S I O N  W I D T H  FOR I - T H  S P I N  S T A T E  AYD [ I - T H  Fh !EPAVG3094  
C-- - - -GY WHERE 1 1  RUVS FROM 1 TO NE.  A V G 3 0 9 5  

I F ( N R - 2 ) 2 @ 8 5 , 9 9 1 R 8  A V G 3 0 9 6  
6 4 0  N F t . A G l = d  A V G 3 0 9 7  

P R 1  N T 2 2  ~ V G 3 0 9 @  
PR 1 N T 3 5  A J G 3 0 9 9  
P R I N T 2 4  A V G 3 1 0 B  
PR 1 N T 3 5  A V G 3 1 0 1  

C  FROM NOW ON N F L A G l  ZERO I N D I C A T E S  A k O h F I S S I L E  MUCLEUS A V G 3 1 0 2  
N l S = N E  A V G 3 1 0 J  
N R r N L S  A V G 3 l l d 4  c - - - - -  7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 A V G 3 1 0 5  

S E A D 7 , A W R I l R L A ( 5 ) l L A , B L A ( 6 ) , V J S , J A  A  V  G 3  1 0  6 
P R I ~ T ~ ~ I A W R I ~ L A I J A  ~ V G 3 1 0 7  

qO 64WD I = l , J A  A V G 3 1 8 8  
R F A ~ ~ I D A ( I ) ~ x J A ( I ) , ~ x J P ( ~ ) I G N ~ ~ ( I ) ~ G G ( I ~ ~ ~ R A T  A V G 3 1 0 9  
P ? I N T ~ ~ , ~ A ( I ) ~ x J A ( I ~ I G ~ O ( I ) I G G ( I )  A V G 3 1 1 B  
I C L I A D E I V T ( X X J A ( I ) )  A V G 3 1 1 1  
P n ! r ' T 3 1 1  I L L I A Q  ~ V G 3 1 1 2  

6 4 0 D  C O N T I Y U E  A V G 3 1 1 3  
c - - - ~ ~ T H F S E  A R E  S-WAVE PARAMFTERS FOF A \ ; n h - F I S S I L E  FUCLEUS.  A V G 3 1 1 4  
C- - - - -THFSE ARE THC c A M E  AS THDSE R E A P  I N  AFTER READ CARDS 5 A N C  6  A V G 3 1 1 5  

1 F ( h l R - 2 ) 2 @ 8 5 , 9 C ~ ? 3  A V G 3 1 1 6  
95 I F ( N F L A C i ) 6 4 6 , 4 4 6 , 6 4 7  A V G 3 1 1 7  

C - - - - - R 8 ~ 8 6 8 8 ~ 8 8 5 A ~ 8 9 A F \ 8 8 A ~ 8 ~ 0 6 3 ~ @ 8 P d ~ 4 ~ ~ ~ 8 8 ~ U 8 6 8 8 8 $ 6 8 8 8 @ 8 8 ~ 8 8 8 8 ~ 8 8 ~ 8 6 8 8 A V G ~ l ~ 8  
6 4 7  R E A G ~ ~ A w ~ ~ ~ B L A ( S ) ~ C B , R L A ( ~ ) ~ ? ~ J S I J B  A V G 3 1 1 9  

PR 1 N T 3 5  A V G 3 1 2 E  
PR I N T 2 5  A V G 3 1 2 1  



PR 1  N T 3 5  A V G 3 1 2 2  
P R I N T ~ ~ I P ~ R I I L R I ~ J S  A  V  G 3  1 2  3  

JB-NJS ~ V G 3 1 2 4  
C-----999999999999999g999Q99999999959959999999999999999999V99999599999999AVG3125 

3 0  6 4 8  I = l , J B  A V G 3 1 2 6  
R F A D ~ , B L A ( ~ ) I F L A ( B ) , I - ~ ? I M ~ F ~ ~ ~ I ) , B L A ( ~ ) I ~ L A ( ~ @ )  A V G 3 1 2 7  
R C A ~ ~ , D A ~ ( I ) , X J F ( I ) ~ X X J B ( I ~ I G N O R ( I ) ~ G G ~ ~ I ~ ~ D R A T  ~ V G 3 1 2 8  

PFi I V T 3 5  A V G 3 1 2 9  
P " I N T ~ ~ , ~ A E ( I )  ~ X J ~ ( I ) , G ~ O R ( I )  , G G Q ( I )  A V G 3 1 3 0  
I L L I A D = I ~ T ( X X J B ( ! ) )  A V G 3 1 3 1  
P I I h T B 1 , I L L I A D  ~ V G 3 1 3 2  
P Q I N T 3 2 , M U F 6 ( ! )  A V G 3 1 3 3  
S ' P P ~ I ( G F E B ( I I , I ) I I I : ~ ~ N E )  A V G 3 1 3 4  
P Q I V T 3 3  A V G 3 1 3 5  

P R ! ~ J T ~ , ( G F E B ( I I J I ) I I I = ~ P K E )  A V G 3 1 3 6  
6 4 8  C O V T I N U E  ~ V G 3 1 3 7  

C- - - - -THESE AH€ p - d A v E  PARAMETERS F G F  A  F i s s I L E  NUCLEUS,  A V G 3 1 3 8  
C- - - - -LB=ANGULAR MOYrIqTUM,YJS=NUPBER OF S P I N  S T A T E S ~ J B ~ N J S  FOR A  N O N - F I S A V G 3 1 3 9  
C F - - - - S I L E  N U C L E U S , D A R ( I ) = M E A Y  L E V F L  S P A C I N G  FOR THE I - T H  S P I N  S T A T E ,  ~ V G 3 1 4 0  
C - - - - ~ X J @ ( I ) ~ F L O A T I N C  F T .  VALUE OF J FOR THE I * T H  S P I N  S T , ~ T E , X X J S ( I ) =  ~ V G 3 1 4 1  
C----;NUMBER OF DEGRFES C F  F R E E D O M  FOR NEt jTXON N19Ti.l D I S T R I B U T I D Y  F O R  A V G 3 1 4 2  
C-- -=-THE 1 s T H  S T A T E e M U F B ( l ) = S A M E  FOR F I S S I O N  W I D T H  D I S T S I B U T I O V ,  A V G 3 1 4 3  
c - - - s -  , G N O B t I ) e R E D U C E n  hEUTRON K I n T H  I - T P  S P I V  ST4TE=NEUTRON W I D T H ( E V ) /  A V G 3 1 4 4  
C - - - ~ - ( X X J B ( I ) * S ~ Q T ( ~ ) * P E Y E T P A T I O N  F A C T O R ) ,  I Y  C A L C U L A T I N G  THE P E N E T R A T N A V G ~ I ~ ~  
C- - -w-FACToR ,THE L IUrLEAR R A D I U S  USED I S  G I V E V  BY  :t1,23*AW~I**(1/3)*0,B~VG3146 
c---,- )*?,I  WPERE A W R I = A W R I a 1 . 0 0 8 6 6 5 8  G G B ( 1 ) r A V E R A C E  GAMMA MOTH A V G 3 1 4 7  
C------WIDTY,GFEB(II,I).AVERAGE F I S S I O W  W l D T H  FOR I - T H  S P I N  S T A T E  AN9 A V G 3 1 4 8  
C - - - - - 1 1 - T H  EIJERGY V h L U E  NHEPE I 1  V A P I E S  FROIV; 1 TO NE,  A V G 3 1 4 9  

G0 TO 210135 A V G 3 1 5 0  
C - - - - - A A A A A A A A A A A A A A A A A A A A A A A ~ A A A A A A A A ~ A A A A A A A A A A A A A A A ~ A A A A A A A A A A A A A A A A A A ~ G ~ ~ ~ ~  

6  4  6  Q E A D ~ I A W P I , B L A ( ~ ) , L ~ , B L A ( ~ ~ ) , ~ L A ( L ~ ) ~ J B  A V G 3 1 5 2  
P R I N T 2 5  A V G 3 1 5 3  

P R I Y T ~ ~ I A W R I I L ~ I J ~ ~  A V G 3 1 5 4  
DO 6 4 6 0  I = 1 , J 3  A V G 3 1 5 5  

Q E A D ~ , ~ A E ( I ) ~ X J B ( I ) , X X J B ( I ) I G \ ~ ~ ~ B ~ I ~ I G G B ( I ~ ~ E R A T  A V G 3 1 5 6  
~ ~ I N T ~ ~ , ! I A R ( I ) , X J F ( I ) , ~ N O B ( I ) , G G B ( I )  A V G 3 1 5 7  
I L L I A G = ! N T ( X X J B ( I ) )  A V G 3 1 5 8  
P P I Y T 3 l r I L L I A n  A V G 3 1 5 9  

6 4 6 8  COQTINUE A V G 3 1 6 0  
C- - - - -THESE ARE P-WAVE PARAMETRS FOR A  ~ONIF ISSILE  NUCLEUS, SOME OF A V G 3 1 6 1  
C-- -=-THEM ARE THE SbME AS THE PARAMETRS D E F I N E D  FOR A  F I S S I L E  NUCLEUS A V G 3 1 6 2  
C-- - -=ABOVE AFTER 9EAC CARG 9 A V G 3 1 6 3  

2 6 8 5  7=2.196771E~03*(hWRI/(eWRI+1,0)) A V G 3 1 6 4  
C O V S T = I ~ ,  7 3 9 2 a a 8 / (  T ' T )  ~ V G 3 1 6 4 l  
PHIFOR. 1 2 , 5 6 6 7 7 1  ~ V G 3 1 6 5  
A S S = ~ W R I a 1 ~ 0 8 8 6 6 5  A V G 3 1 6 6  
C R T = A S S * * ( ~ , ~ / ~ , ~ )  ~ V G 3 1 6 7  
A P E N = ( B . I ~ ~ * C R T + B , ~ ~ )  A V G 3 1 6 8  
P R I N T 3 B t A P E N  A V G 3 1 6 9  
C = 2 , 1 9 6 7 7 1 E - 0 3 * ( A N R I / ( A W R I + 1 . Z i ) ) * A  A V G 3 1 7 0  
C P E Y = ~ , ~ ~ ~ ~ ~ ~ E - ~ ~ ~ * ( A C R I / ( P , L . ~ R I + ~ , ~ ~ ) ) * A P E N  ~ V G 3 1 7 1  
I F ( N F L A G I ) ~ @ B , ~ ~ @ I ~ ~ B  A V G 3 1 7 2  

C  THIS TAKES CAR* OF THE N O N F I S S I L E  N U C L E I  A V G 3 1 7 3  
2DB E=EO A V G 3 1 7 4  

1 - 1  A J G 3 1 7 5  
2 8 4  G I C = l a e 0  A V G 3 1 7 6  

GIS=geC1 A V G 3 1 7 7  
E S ( I ) = E  A V G 3 1 7 8  
E 2 = S Q R T ( E )  ~ V G 3 1 7 9  
RHO:C*EZ A V G 3 1 8 0  
RHOPEN=CPEN*E2 A V G 3 1 8 1  



R H 3 2 = R Y O * * 2  
RHOPN2=RHOPEW**2 
W A V E = ~ , ~ ~ ~ ~ ~ ~ E - ~ ~ * € ~ * ( P J ~ I / ( A N R I + ~ , E ) )  
PSSsRHO 
PSP=RHO-ATAN (pH01  
S IGPTS.  ( S I N  ( = S S ) / W A V E ) * * ~  
S I C P P S ~ S I G P T S * D H I F C R  
S I G P T P = ( S I ~ ( P S ~ ) / W P V C ) ~ ~ ~  
S I t P T P . S I G P T P * P H I F O R  
S I G P T P = 3 , 0 * S I G D T P  
0 0  2 0 1  J.1, J A  
GJ=(2,0+~JA(J)*1,0)/(2,0*SpIN+l,a) 
G J = G J / 2 . 9  
X X J A J = X X J A t J )  
t N = G N O ( J ) * E 2 * X Y J 4 J  
M U = I N T  ( X X J A J )  
GAYMAaGG(J1  
GALPHA=GN 
GBET4 '0 .0  
G F - 0 . 0  
TEQM=(COYST*GJ*GY*GG(J))/(EoDA(J)) 
T E Q S a ( C O N S T * G J * G N + G N ) / ( E C D I ( J ) )  
C A L L  G C A P ( G A L P U A , G ~ E T A ~ C A M M A ~ C F , M U ~ ~ C )  
C A L L  G S C A T ( G A L p Y A , G B E T A l G A P Y A , G F , M U t G S )  
GC=GC*TERM 
GS=GS*TERS 
C ~ ~ R ~ ( C O Y S T ~ G J * ~ , ~ * G Y * S I N ( P S S ) * S I N ( ~ S S ) ) ~ ( E * D A ( J ) )  
GS=GS-CORR 
G I G = G I G * G C  
G I S a t I S * G S  

2 0 1  C O Y T I N U E  
G I G G S ( I ) = G I G  
G I S S ( I ) m G I S * S I C P T S  
I F ( N R a 2 ) 2 0 5 1 2 0 * ~ 8 8  

266 G I G - a e 0  
G I S a B e Q  
DO 2 0 7  J ' 1 a J B  
G J = ( 2 . f l * X J B ( J ) + 1 , 0 ) / ( 2 , 0 * S P 1 N + l e d )  
GJ=GJ/2.L? 
V L ~ R H O P N ~ / ( R W O E N ~ + ~ ~ @ )  
X X J B J = X X J B ( J )  
M U a I N T  ( X X J B J )  
GNaGNOB( J )  * E 2 * \ l L * X X J B J  
G A M M I = G C B ( J )  
G F = 0 , 0  
GALPHA=GN 
G B E T A X O .  o 
TERY=(CSNST*CJ*GN*GG3tJ))/(E.34R(J)) 
T E R S = ( C O N S T * G J * G N * C N ) / ( E ~ D A B ( J ) )  
C A L L  G C A P ( G A L P H A , G B E T A , G A M M A a G F I M U 1 G C )  
C A L L  G S C A T ( G A L P H A , G B E T A , G A M M A ~ C F I M ! J I ~ S ~  
GC=GC*TERM 
GS=GS*TERS 
CORRa(CONST*GJ*2,0*GC!*SIN(PSP)*SICI(pSP))~(E*DAB(J)) 
GS=GS-CORR 
G I G = G I G * G C  
G I S = G I S * G S  

2 0 7  C O N T I N U E  
G I G G P ( I ) = G I G  
G I S P ( I ) a G I S + S I C P T P  

2 0 5  E = E + E S T E P  



I F ( E , G T . E N ) G O  TO 2 P 2  
GO TO 2 d 3  

2 0 3  I = I + I  
GO TO 204 

2 8 2  N C = I  
GO TO 4 0 0  

305 DO 2 1 0  I = I , N E  
E = E S (  1 )  
E 2 = S Q R T ( E )  
R H o = C * F 2  
RHOPEN=CPEY*E2 
W A V E ~ ~ , ~ ~ ~ ~ ~ ~ E - ~ ~ * E ~ * ( A W R I / ( A W R I + ~ , ~ > )  
PSSSRYO 
PSPzRHOaATAN ( O H 9 1  
S I G P T S = ( S I N ( P S ~ ) / W A V E ) * * ~  
S I G P T S = S I G P T S * ~ ~ ~ ~ F O R  
SIGPTP=(SIN(PSO)/WAVE)'Q~ 
S I c P T P a S ! G P T P o o H ~ F O R  
S I G P T P = 3 , e * S l C O T P  
R H 0 2 a R H 0 * * 2  
R H ~ P N ~ = R H O P E N * * ~  
V L S R H O P N ~ / ( R H O ~ N ~ + ~ ~ ~ )  
G I G = 0 e D  
G I F = O , E  
G I S " 0 . 0  
0 0  2 1 1 J m 1 1 J A  
C J = ( ~ , ~ * X J A ( J ) + ~ , ~ ) / ( ~ , ~ * S P ~ W + ~ , @ )  
G J = G J / 2 . @  
X X J A J = X X J A ( J )  
M U c l N T  ( X X J A J )  
N U = M U F A ( J )  
G N : G N O ( J ) * E ~ * X Y J A J  
G A Y M A = G G ( J )  
GALPHAsGN 
G S E T A = G F € ( I t J )  
TEQM=(cONST*GJ*GN+GFE(I,J))/(E"CA(J)) 
T E R G = ( C S N S T * C J ~ G G ( J ) ~ G ~ ) / ( E I C A ( J ) )  
TERSc(CSNST*GJrCN*Gb)/(EaDA(J)) 
C A L L  G F I S ( G A L P Y A , G F E T A , G A M C A , H I J , N U ~ G S )  
C A L L  G S P E ( G A L P ~ A , G E E T A , G A Y Y A , Y U ~ ~ U , G C )  
CALL S C A F [ G A L P Y A , G P E T A ~ G A M M A I V C ~ , N U ~ S F )  
GSaGS*TERM 
GC:GC*TERG 
S F = S F * T E R S  
C ~ R R = ( C O ~ S T * G J * ~ , ~ * G ' \ ~ * S I N ( P S S ) * S I N ( P S ~ ) ) / ( E * D A ( J ~ )  
SF=SF-CORR 
G I G = G I G + G C  
G I F = G I F + G S  
GIS:GIS+SF 

211 CO' IT INUE 
G I C G S ( I ) = G I G  
G I S F S ( I ) = G I F  
G I S S L  I ) a G I S + S I ^ P T S  
I F ( N R ~ 2 ) 2 1 6 1 2 1 9 1 @ 8  

2 1 2  G I P 0 , b  
G I F = 8 , D  
G I S = @ e E  
DO 2 1 3  J = l , J B  
G J : ( ~ , ~ * X J B ( J ) + ~ , ~ ) / ~ ~ , @ * S P I ? ~ + ~ . ~ )  
C;J*GJ/iS.%I 
X X J S J = X X J B ( J )  



M U C ~ N T  ~ x X J B J )  A V G 3 2 9 7  
N U a M U F B ( J 1  A V G 3 2 9 8  
G N = G N O B ( J ) * E ~ * Y X J B J V L  A V G 3 2 9 9  
GAMMAsGGB(J1 A V G 3 3 3 0  
GALpYAmGN A V G 3 3 0 1  
G B E T A ~ G F E B ( I , J )  A V G 3 3 3 2  
T E R M E ( C O N S T * G J * G F E E ( I ~ J ) * G ~ ' ) / ( E * D A B ( J ) )  A V G 3 3 8 3  
TERG=(COYST*tJ*GN*GGB(J))/(E*2AB(j)) A V G 3 3 8 4  
T E R S = ( C O N S T ~ C J * G N * G N ) / ( E ~ D A B ( J ) )  A V G 3 3 0 5  
C A L L  G F I S ( G A L P Y A , G B E T A I G A M P A , H U ~ ~ U , G S )  ~ V G 3 3 0 6  
C A L L  G S P E ( G A L P ~ A , G B E T A , G A M I ~ A , Y U ~ N U ~ G C )  A V C 3 3 8 7  
C A L L  S C A F ( G A L P I ' A I G B E T A , G A M M A , M U ~ F J U , S F )  A V G 3 3 0 8  
GSsGS*TERM A V G 3 3 D 9  
GC=GC*TERG A V G 3 3 1 E  
S F S S F Q T E R S  A V G 3 3 1 1  
C O R R = ( C S Y S T * G J * ~ , ~ * G I . J * S I ~ ( P S P ) * S I I J ( ~ S P ) ) ~ ( E * D A @ ( J ~ )  A V G 3 3 1 1 1  
SF=SFeCORR A V G 3 3 1 1 2  
G I G = G I G * G C  A V G 3 3 1 2  
G I F = G I F * G S  A V G 3 3 1 3  
G I S = C l S + S F  A V G 3 3 1 4  

2 1 3  C O k T I N U E  A V G 3 3 1 5  
G I G G P ( I ) = G I G  A V G 3 3 1 6  
G I G F P ( 1 ) s G I F  ~ V G 3 3 1 7  
G I S P ! I ) ' G I S * S I C P T P  A V G 3 3 1 8  

2 1 0  C O N T I N U E  A V G 3 3 1 9  
GO TO 4 1 8  A V G 3 3 2 B  

4 9 @  P R I N T 1 0  A V G 3 3 2 1  
lL3 F O R M A T ( 7 2 H  AVERAGE S C A T T E R I N G  AND CAPTURE CROSS-SECTIONS FOR A  N O N A V G 3 3 2 2  

I - F I  S S I L E  N U C L E l l S I  A V G 3 3 2 3  
P S I N T ~ I ~ ( R U V ( J ' , J = ~ , I )  A V G 3 3 2 4  

11 F O R M A T ( 9 H  T I T L F  7 ,441  A V G 3 3 2 5  
P R 1 N T I 2 t E O t E h 1  A V G 3 3 2 6  

1 2  F O R M A T ( 2 4 H  ENERGY L I M I T S  LOCER E 1 8 . 4 1 1 0 H  UPPER E I B , 4 )  A V G 3 3 2 7  

PR I N T 3 6  
P R I N T l 4 ~ ( E S ( I I , G I S S ( I ) , I = 1 , Y C )  
PR I N T 3 5  
PR I N T 1 3  

1 3  FORMAT ( 5 3 H  NE' ITROb ENERGY ( E b  ) S - W A V E  C4"TURE R O S S - S E C T I O Y )  
3 6  F O R M A T (  5 3 Y  t4E11TROh ENFRGY ( E V )  S-WAVE SCATRVG C R O S S - S F C T I O X )  
1 4  F O R M A T ( 2 E 2 Z 1 6 )  

P R I N T ~ ~ B ( E S ( I ) , G ! G G S ( I ) I I = ~ I ~ ~ C )  
G O  T O  e e a  

4 4 2  P R I N T 2 1  
PR 1 N T 3 7  
DO 7 0 0 1  1 - I I N C  
T O T A L = G I S S ( I ) + c I S P ( I )  
P R I N T I ~ ~ E S ( I ) ~ ~ I S S ( I ~ B C I S P ( I ) , T O ~ A L  

7 0 8 1  C O Y T I  NVE 
P R I N T 3 5  
P R I N T 1 5  

1 5  F O R M A T ( ~ ~ P I H  VEI'TROF EYERGY ( E V )  S -CAVE CAPTU9E C R O S S - S E C T I U N  
1 P-WAVE CAPTURE C P O S S - S E C T I D h  TOTAL 

3 7  F O R M A T ( I ~ B H  EjE"TQOb EkERGY ( E b )  S - * k V E  SCATRi4G C R O S S - S E C T I O N  
1 P-WAVE SC4TRhJG CROSS-SEC'T IOh  TOTAL 

1 6  F O R M A T ( ~ X , F ~ ~ ~ ' ~ I ~ X I E ~ ~ ~ ~ I ~ I X ~ C ~ ~ ~ S I ~ ~ X ~ E ~ ~ ~ ~ )  
DO 7 0 0 5  I = l , N C  
T O T A L = G I C G S ( I ) + G ! G G P ( I )  
P R I N T ~ ~ ~ E S ( I ) I ~ I ~ G S ( ! ) , G I G G P ( I ) , T O T A L  

7 8 8 0  COhlT NUE 



GO TO 8 8 0  A V G 3 3 5 6  
4 1 J  P R I N T 1 7  A V G 3 3 5 7  

1 7  F O R M h T ( 7 6 H  AVEqAGE S C A T T E R I h C  C A P T ~ R E  A N D  F I S S I O N  CROSS-SECTIONS F A V G 3 3 5 8  
1OR A  F I S S I L E  IU ' ICLEU3) A V G 3 3 5 9  

P R I N T ~ I I ( R U Y ( J ~ I J = I I ~ )  A V G 3 3 6 0  
GO TO ( 4 1 1 , 4 1 2 ) t M R  A V O 3 3 6 1  

4 1 1  P R I N T P I  A V G  3  3  6  2  
PR I N T 3 6  A V G 3 3 6 3  
P R l N T I 4 , ( E S ~ I ) , G I S S ( l ) , I = l ~ ~ E )  A V G 3 3 6 4  
PR I N T 3 5  A V G 3 3 6 5  
PR I N T 1 3  A V G 3 3 6 6  
P R I N T / ~ I ~ E S ( I ~ ~ G I G ~ S ( I ) ~ I = ~ ~ ~ E )  A V G 3 3 6 7  
P R I Y T 1 8  A V G 3 3 6 8  

1 8  F O R M A T ( 5 7 H  NEt lTROh E h E R G Y ( E V )  S - ' ~ A V E  F I S S I O b  C 9 0 S S m S E C T I O N l  ~ V G 3 3 6 9  
PRINT14,(ES(I)lG1GFStI),I=1,h!E) ~ v G 3 3 7 0  
GO T@ 8 8 8  A V e 3 3 7 1  

4 1 2  P R I N T 2 1  A V G 3 3 7 2  
PR I N T 3 7  A V G 3 3 7 3  
DO 7 M 0 p  I = l r Y E  A V G 3 3 7 4  
T 3 T A L = G I S S ( I ) + C I S P ( I )  A V G 3 3 7 5  
P R I N T 1 6 , E S ( I ~ l ~ I S S ( I ~ ~ G I S P ( I ) l T ~ T A L  ~ V G 3 3 7 6  

7 0 3 2  C O N T I N U E  A V G 3 3 7 7  
PR I N T 3 5  A V G 3 3 7 8  
PR I N T 1 5  A V G 3 3 7 9  
DO 7 0 0 3  I = ~ I ~ ! E  A V G 3 3 8 0  
T O T A L = C I G G S ( I ) + G I G G P t I )  A V G 3 3 8 1  
P R I N T ~ ~ , E S ( I ~ I ~ I G G S ( I ) ~ G I G G P ( I ) , ~ O T A L  A V G 3 3 8 2  

7 p 0 3  CCt iT lN IJE  A V G 3 3 8 3  
PR t N T l 9  A V G 3 3 8 4  

1 9  FORMAT( 1 I B H  NEllTROFl ENEPGY ( E V )  S-NAVE F I S S I O Y  CROSS-SECTION A V G 3 3 8 5  
1 PmWAVE NCUTRDN CROSS-SECTIOV T C T A L )  A V G 3 3 8 6  - - 
DO 7 0 0 4  I = l , N E  
T O T A L = G I G F S ( I ) + G I G F P ( I )  
P R I N T ~ ~ ~ E S ( I ) , ~ I G F S ( I ) , G I G F P ( I ) ~ T C T A L  

7 0 0 4  CONTINUE 
GO TO R B C  

8 8  P R l N T 2 f i  
2 0  F O R M A T ( 4 7 H  1 6 P t ' T  EFRCR NUVPER CF L  VALUES LARGER THAN TWC) 
2 1  F O R M A T ( 6 2 H  AVERAGE CROSS-SFCTIONS C A L C U L T E O  U S I Y G  GREEELER 

I t I A T I O N )  
2 2  F O R M A T ( 3 1 H  D A T A F O K  A  N O N - F I S S I L E  K U C L E U S )  
2 3  F O R M A T ( 2 7 H  DAT?. FOR A F I S S I L E  FIUcLEUS) 
2 4  FORMAT(12i - l  S -FAVF D A T A )  

C C0h.T 1 NUE 
25 F O R M A T ( 1 2 H  P - d A V E  D A T A )  A V G 3 4 0 0  
2 6  F O Q M A T ( 2 E H  ENEQGY L I M I T S  L O V E R E 2 f i , 6 , 7 H  u p P E R E 2 0 , 6 1 7 H  L R U = I 5 , 7 H  A V G 3 4 0 1  

1 L R F = I 5 , 7 ' 4  ' . F I = I S )  A V G 3 4 0 2  
2 7  F O Q M A T ( 7 H  RUN " C 1 5 1 9 ~  T I T L E  7 A 4 0 4 H  E O E 1 3 e 6 , 4 H  E N E 1 3 e 6 t 7 H  E S T E A V G 3 4 0 3  

1 P E 1 3  , '6)  A V G 3 4 0 3 1  
28 F O R M A T ( l 2 H  TARCET S p I t J E 1 1 . 4 , l e b  S C A T T E ~ I N G  L E Y G T M E 1 l 0 4 , 5 4 H  VO OF E A V G 3 4 0 4  

l N E Q G Y  V A L U E S  AT U H I C H  F l S S l C h  W I C T L S  A P E  G I V E V I 5 )  ~ V G 3 4 i 3 S  
2 9  F O R M A T ( S I H  F f S C I @ N  W l O T H S  ARE C I V E M  AT THE FOLLOUING E R E R G I E S )  A V G 3 4 0 6  
3 0  F O R M A T ( ~ ~ H  MEA" L E V E L  S P A C I N G E 1 1 e 4 , l l H  L E V E L  S P I N E l I e 4 r Z 2 H  REDUCEDAVG34U7 

1 NEUTRON W I D T H ~ 1 1 * 4 , 1 2 P  GAMMA G A M Y A E 1 1 . 4 )  A V G 3 4 0 8  
31 F D Q M A T ( ~ ~ H  N n  h F  DEGREES OF FREEDOM FOR NEUTROh W I D T H  O I S T R I B U T I O N A V G 3 4 0 9  

1 1 7 )  A V G 3 4 1 0  
3 2  F O R M A T ( ~ ~ H  NO n F  @ € C R E E S  OF FHEEDOP FOR F I S S I O N  W I P T H  D I S T R I B U T I O N A V G ~ ~ ~ I  

1 1 7 )  A V G 3 4 1 2  
3 3  F O K M A T ( 2 3 H  THE F I S S I O N  WIDTHS ARE)  ~ V G 3 4 1 3  
3 4  F O R M A T ( 1 4 H  I S O T O P I C  M A S S E I I ~ ~ I ~ ~ ~  ANGULAR M O M E ~ T U K I ~ , ~ ~ ~  NO OF S P I A V G 3 4 1 4  

1 N  S T A T E S I S )  A V G 3 4 1 5  



3 5  F O R M A T ( / / )  A V G 3 4 1 6  
3 8  F O R M A T t 4 6 H  NUCLEAR R A D I U S  ~ : ( 1 , 2 3 * t : A S S * ~ 1 / 3 + 0 . 8 ) * ~ ~ 1  ' E 1 i 1 4 )  A V G 3 4 1 7  
3 9  F O R M A T C ~ ~ H I  P R r G R A P  bVRAGE3.  C A L C U L A T E S  C R O S S - S E C T I O k S  I N  THE i J N R E ~ v G 3 4 1 8  

 SOLVED RESClNANrE R E G I D % , )  
4 0  F O P M A T ( 5 9 H  E N D r / @  V E R S I O Y  I 1  DATA N I T H  ENERGY INOEPENSENT P A R A  

l R S ,  
8 8 @  GO TO 6 8 1  

8881 RETURN 
EN@ 
SUQROUTINE G C A D ( G A L P ~ A I G ~ E T ~ , G A M P A I G G F , ~ ~ U I S C )  
C O Y M O N / X B A R / X X ( ~ , ~ G )  
SC.8 ,'0 
DO 1 0 0  J = l , l B  
XJ=XX(MUIJ )  
V A L U E = X J / ( G A L P L t A * X J + G B E T A * C G F + G A " Y A )  
SC=SC+VALUE 

1 0 0  COA!T!NUE 
S C = S C / l l d , 0  
RETURN 

DO 1 0 0  J = l , l U  
Y J = X X ( N U , J )  
C A L L  G C A P ( G A L P ' J A t G R E T A a G A f 4 V A ~ Y J , C U , S C )  
S x S + Y  J*SC 

1 0 0  C O V T l N U E  
s = s / 1 0 , 0  
RETURN 
E N 3  
S U R R O U T I Y E  G S P E ( G A L P H A , G R E T A ~ G A M ~ J ~ A , Y U ~ P ~ ~ J I S )  
C O Y M O N / X B A R / X X t 4 1 1 k ? )  
S=c!,0 
DO 1 0 0  J * l , i @  
Y J = X X ( Y U a J )  
C A L L  G C A P ( G A L P Q A , G B E T A l G A M ~ A I Y J , M U , 5 C )  
s = s + s c  

l e a  C O N T I N U E  
s = s / 1 0 ,  B 
RETURN 

s c = a I ' O  
D O  1 0 0  J z 1 1 1 E  
X J = X X ( M U , J )  
V A L U E = ( X J * X J ) / ( G A L P V A * X J + G ~ E T ~ * G S F + C A Y M A ~  
S C = S C + V A L U E  

1UQ C O Y T I N U E  
S C = S C / 1 0 , B  
RETURN 
END 
S U R R O U T l Y E  S C A F ( G A L P W A I G ~ € T A , G P M M A I ~ . ~ U , N ? ~ I S )  
C O M M O N / X B A Q / X X ( 4 , 1 8 )  
s = 7 # 0  
DO 1 0 0  J = l t l D  
Y J = X X ( Y U , J )  
C A L L  G S C A T ( G A L P H A I G E E T A , G A M M A , Y J , ~ ~ ~ ~ ~ I S C )  
s = s + s c  

l a 0  C O N T l N U E  

A V G 3 4 1 9  
, H E T E A V G 3 4 2 0  

A V G 3 4 2 1  
A V G 3 4 2 2  
A V G 3 4 2 3  
A V G 3 4 2 4  
G C A P 0 0 1  
G C A P 0 8 2  
G C A P 0 0 3  
G C A P 0 0 4  
G C A P 0 0 5  
G C A P 0 0 6  
G C A P 0 0 7  
GCAP0B8 
G C A P 0 0 9  
G C A P 0 1 0  
G C A P 0 l l  
G F I  S 0 B 1  
GF 1 S 0 0 2  
GF I S 0 0 3  
GF 1 S b 0 4  
GF 1 S0id5 
t F  I S 0 0 6  
GF 1 S 0 0 7  
G r  I S 0 0 8  
GF I S O 0 9  
GF 1 S 0 1 0  
G F I S I I I 1 1  
G S P E 0 0 l  
G S P E 0 0 2  
G S P E 0 0 3  
G S P E 0 0 4  
G S P E 0 d 5  
GSPE0rd6 
G S P E 0 0 7  
G S P E 0 0 a  
G S P E 0 0 9  G S P E 0 1 0  

G S P E 0 1 1  
G S C T 0 l i l l  
G S C T 0 8 2  
GSCT0ld3 
G S C T 0 0 4  
G S C T 0 0 5  
G S C T 0 0 6  
G S C T 0 0 7  
G S C T 0 0 8  
G S C T 0 0 Y  
G S C T 0 1 0  



s=s/1ael l r  
RETURN 
E V D  



1 AVERAGE3 TEST,PU=239 DATA 
3*EE0E0+ 2  1 - 0 0 P @ 0 *  5 2  1 0  0 1 0 5 1  2 1 5 1  
5.@f l000-  1 9 . 0 5 @ 8 8 -  1 P 0  1 6  2 1 8 5 1  2 1 5 1  
3 * 0 0 0 @ 0 +  2  6 .0000@+ 2  i . F 0 m 0 0 +  3 1.50E08' 3  2 0 5 0 0 0 0 +  3 3o50009+  3 1 0 5 1  2 1 5 1  
5 * 0 0 0 8 0 *  3  A.P0000+ 3  1 .3008 f l+  4  2,E0Pfl@+ 4  3 0 2 0 5 0 0 *  4  4000000+  41P51  2 1 5 1  
~ . P D O ~ P +  4  6 .00eaa+  4  e;ea0es+ 4  I . , E D E ~ P +  5  1 ~ 5 1  2 1 5 1  
236 ,9985  @. + 0  Pi 0  2  0 1 0 5 1  2 1 5 1  
0. + 0  m .  + 0  e 2  2  2  0 1 0 5 1  2151 
8 .78@00+ 0  0 .  + B 1.0B000+ P 9 ,40000-  4  3 ,87002-  1 a ,  + 0 1 0 5 1  2 1 5 1  
2.80000+ 0  2.8@00tJ+ 0 2.86000+ P  2.8E80e+ 0  2 r 8 0 0 0 B +  0 2,80@00+ 0 1 0 5 1  2 1 5 1  
2.8000m+ 0  2 . 8 0 0 0 0 +  0 2,80000+ E ? ,80800+  0  2980B03+ 0 2 * 8 0 0 P 0 *  0 1 0 5 1  2 1 5 1  
2 * 8 0 0 0 0 +  0  2.8000tJ+ !J 2 .80000*  fl ?.8000P+ 0  

.04000  - 0 4 0 0 D  .0400F  , D400C o 0 4 0 0 a  , 0 4 0 0 g  

.04aercl . 0 4 8 0 0  . 0 4 0 ~ 0  , p . 4 0 ~ ~  o e 4 e o o  .040pla 
0 . 0 a a ~ o + 0 0  o . 0 0 0 0 a + n a  1 2  2  2  B 
3 . 1 2 0 0 ~ + 0 0  ~ . ~ a f i ~ a + n @  2 . 0 0 0 ~ ~ + 0 0  7 . 8 0 ~ 0 e - 0 4  3 .87000-ez  0 ,0000e+00  

.@48063 . 0 4 0 @ @  ,040D0 , Pi400E; o P4000 8400P 

.0400a( .a . reae . O ~ P I C B  . e a e 0 ~ :  . P ) ~ ~ B O  , 84000  
,04800  . 0 4 3 0 ~  ,04@00 ,0491plP r E400f i  , 8400E 

0 . 0 0 0 0 e t 0 0  0 .0000a+aa  i 2 2  2 0  
2 . 1 2 0 0 0 t 0 0  2.0eac30+n0 1..00080+0~ 5 . 3 0 ~ 0 e - e a  3 , 8 7 0 a ~ - 0 2  0 , 0 0 ~ 0 ~ + ~ 0  

.04000  .04B@k? a04000 ,04Q0C' 1 C1400PI 0 4 0 0 1  

. 0 4 8 0 0  .04@Pf l  .0600f l  . P408P 0 @4P0? o 0 4 0 0 0  
,04000  .04oo!z , O B D ~ C ?  , E ~ U V O  o e 4 a o o  , e~4a0e  

2AVEHAGE3 TESTaUm236DATA F o 1 0 0 ~ E + 0 4 0 , 1 0 P B E + 0 6 0 ~ 1 0 0 0 E + 0 4  
3 .92E0Et03  5.00E@E+n4 2  1 0 

0 .0  CC,BIAI) 1 a 2  01047  2 1 5 1  
2 3 6  , 8058  0 .8  P 0  6 1 1 0 4 7  2 1 5 1  

1 8 0 5  0.5  1 .e  1 9 7 3 g m 3  2 4 . 6 ~ 3  0 ,01847  2 1 5 1  
236 ,0058  ~ , m  1 0  1 2  21047  2 1 5 1  

1 8 0 5  0 , 5  1.0 2 ,92393 24 .6 -3  @ , 0 1 0 4 7  2 1 5 1  
9 , 2 5  1 0 5  1 0 0  1 , 4 6 1 5 - 3  2 4  a 6-3 0 ,81047  2 1 5 1  

3  AVERAGE3 TEST, U-235 D A T A  
6 . 4 5 0 4 E t n i  5,DE*F4 2  1 0  0 1 0 4 4  2 1 5 1  

3 ,5  8 . 3 6 6 8 ~ - ~ 1  a o 2  5  21044 2 1 5 1  
6 . 4 5 0 4 € + 0 1  8 s 2 E + m 1  1 ,25E+02  1 .75E*22  2.25E+02 2,75E+a21044 2 1 5 1  

3 ,58E+02  4  , 50E+a2 6,0EE+02 8,50E*F2 1 ,25E*03  1 ,75E+031044  2 1 5 1  
2 . 5 0 € + 0 3  3,50E+n3 4;50E+273 5,50E+P3 7,00E+03 9 ,@0E+031044 2 1 5 1  
l r 2 5 E + 0 4  1 ,75E+14  2,25E*06 2,75E+44 3,50E+04 4 ,50E+041044  2 1 5 1  





PROGRAM AVRAGE3, CALCVLATES CROSS.SECTICNS I b  THE UNRESOLVED RESONANCE REGION* 

ENDF/B VERSION 1 1  DATA K I T H  EWERGY IYOEPELDEYT PARACETERS. 

RUN hJO I T I T L E  AVERAGE3 TEST,PU-239 DATA E9 0 , f l 0 g @ ~ n E * 0 0  EN 0 . 0 0 0 0 0 0 E + @ 0  ESTEP OeOOOOOOE+O@ 
ENERGY LIMITS LOWER 3 , 0 0 @ 0 0 0 E + 0 2  UPPER 1 . 0 0 8 0 0 0 E + 0 5  LRU: 2 LRF: 1 L F l :  0  
TARGET S P I N  5 . 0 0 8 2 E - F I  SCATTERINC LENGTH 9 ,05QOE-01  NO 9F  EhERGY VALUES AT WHICH F I S S I O N  WIDTHS ARE GIVEN 1 6  
DATA FOR A F ~ S S I L E  N'ICLEUS 

S-WAVE D A T A  

F I S S I O N  WIDTHS ARE GlVEN AT THE FOLLOWING ENERGIES 
3 * @ 0 0 0 E + V 2  6 , 0 0 0 0 E * a ?  l , @ 0 0 0 E + 0 3  1 1 5 0 0 @ E + 0 3  2 1 5 0 0 0 E + 0 3  3 , 5 0 0 @ € + 0 3  
5 # 0 0 f l 0 E + P 3  8,8D08E*PT 1 s3000E+04  2 1 0 0 0 9 E + a 4  3,00ElPE+84 4 , 0 n 0 0 € + 0 4  
5 ~ 0 0 @ 0 E + 8 4  6 ,U000E*04  880EjE0E+04 1100ElME+V5 
I S O T O P I C  MASS 2 , 3 7 0 0 E + t 2  ANGULAR MOMENTUM 0  NO OF S P I N  S T A T E S  2 

MEAN LEVEL SPACING 8 , 7 8 0 0 € * 0 0  LEVEL S P I N  E ,O@0eE+00  REDUCE0 NEUTRON N I O T H  9 , 4 0 0 0 E - 0 4  GAMMA GAMMA 3 , 8 7 0 0 E - 0 2  
NO OF DEGREES OF F9ECDDi-l FOR NEUTRON W I D T H  D I S T R I B U T I O N  1 
NO OF DEGREES OF FREFOOV FOR F I S S I O N  w I D T Y  D I S T R I B U T I O N  2 
THE F I S S I O W  WIDTHS ARE 
2 ~ 8 0 0 0 E + 0 @  2 ,800 f lE*En  2,R008E+00 2eSEOPE*0@ 216B00E+C0 2 , 8 0 0 0 E + 0 e  
2 1 6 0 8 0 E + i 3 @  2 , 8 0 0 0 E * 0 f l  ? a 8 0 0 8 E + 0 9  2 * 8 D 0 0 E + 0 a  218!380E+R0 2 , 8 0 0 8 E * @ 0  
2,80D0E+mf l  2.8i30PE+Ea 2,80EDE+00 2 , 8 0 0 B E * E ~  

MEAN LEVEL SPACING 3,120EE*0D LEVEL S P I N  1 1 0 0 0 0 E + 0 0  REDUCED ~ E c T s O N  WIDTH 3 , 3 4 0 0 ~ " 0 4  GAMMA GAMMA 3 , 8 7 0 0 E - 8 2  
NO OF DEGREES OF FRErDCM FCR NEUTROy WIDTH 9 I S T R I B U T I O N  1 
NO OF DEGREES OF FREFDoM FcR F I S S I O Y  W I D T H  D I S T R I B U T I O N  1 
THE FISSION WIDTHS A R E  
5 e 5 2 8 0 E - 0 2  5 , 5 9 0 0 E - 0 7  5r68E0E.02 5 0 7 8 0 P E - 8 2  5 e 9 3 2 0 E - 0 2  6 1 2 3 0 0 E - 0 2  
6 e 5 7 P 0 E w n 2  7 , 3 3 0 0 E - 0 2  8 1 7 2 0 0 E - 0 2  l l l E 2 K E - 0 1  1 , 5 0 2 0 E - 0 1  1 , 9 7 5 0 E - 0 1  

P-WAVE DATA 

I S O T O P l C  MASS 2 . 3 7 0 0 c + 0 2  ANGULAR MOYENTUP 1 NO OF S P I Y  ST4TES 3  

MEAN LEVEL SPACING 8 , 7 8 0 0 € + 0 0  LEVEL S P I N  0 , 0 0 0 0 E + 0 0  REDUCED NEUTRON WIDTH 2 , 1 9 5 0 E - 0 3  GAMMA GAMMA 3 , 8 7 0 0 E * 0 2  
NO OF DEGREES OF FREFDOM FOR NEUTROY WIDTK D I S T R I B U T I O N  1 
NO OF DEGREES OF FREEDOM FDS F I S S I O N  W I D T H  D I S T R I B U T I O N  2 
THE F I S S I O N  WIDTHS ARE 
4 * 8 0 f l E l E - n 2  4 ,0008E-P9  4 , 0 0 9 0 E ~ 0 2  4 , 0 0 0 0 E - 0 2  4 , 0 0 0 0 E - 0 2  4 , 0 0 0 0 E - 0 2  
4r0000E-?l2 4 , 0 0 0 e E - 0 2  4 .0000Es02  4 1 0 0 0 0 E - 0 2  4 ,0E00E*02  4 , 0 0 0 0 E - 0 2  



MEAN LEVEL SPACIklG 3 , 1 2 0 e E * 0 0  LEVEL S P I N  lldOOOE+OO REDUCED YELTRON WIOTh 7 1 8 0 0 0 E - 0 4  GAMMA GAMMA 3 1 8 7 0 0 E - 0 2  
NO OF DEGREES OF FRErDOM FOR YEUTRGv WIDTH D I S T R I B U T I O Y  2 
NO OF DEGREES OF FRErDnM FOR F ~ S S I G N  W I D T H  ~ I S T R I B U T I O Y  2 
THE F I S S I O N  WIDTHS APE 
4 .0000E-P2  4mU000E-09 4,PQPDEw02 A 1 0 0 0 0 E - 8 2  4 1 0 0 0 B E - 0 2  4 , a 0 0 0 E - 5 2  
4 ~ 0 0 0 0 E o P 2  4 ,0E0BE-03  4.E0POEmP2 4,QC05E-E2 4 , 0 @ 0 0 E - 0 2  4 ,0m09E-02  
4 1 0 0 P 0 E - 4 2  4 .0PaEE-nq  4 , 0 0 @ 0 E - E 2  4 1 8 @ 0 0 E - 0 2  

MEAN LEVEL SPACIYG 2.$,700E*0fl LEVEL SPIN 2 , @ 0 0 0 E + 0 0  REDUCED N E U T R O ~  WIDTH 5 , 3 0 0 0 E - 0 4  GAMMA GAMMA 3 , 8 7 0 0 E - 0 2  
NO OF DEGREES OF FREEDOM FOR VEUTRON WIqTH D I S T R I B U T I O N  1 
NO OF DEGREES O F  FREcDoM F o Q  F I S S I G y  WIDTH OISTRIBUTIO~~ 2 
THE F I S S I O Y  WIDTHS ARE 
4 8 0 B 0 0 E - 8 2  4,0003E-0,  4 1 0 0 0 0 E - 0 2  4 1 0 @ @ 0 E * 0 2  4 1 0 0 0 0 E - 0 2  4 , 0 0 a 0 E - 0 2  
4 r m a 0 0 ~ - b 2  4 , 0 0 0 9 E - 0 3  4,00k70Es82 4 1 0 8 2 0 E - 8 2  4 1 8 0 D 0 E - n Z  4 ,003PE-02  
4 , 0 0 @ @ E - 0 2  4 .000BE-09  4 .P000EsE2  410Pf lEE-02  
NUCLEAR RADlLlS A = 1 1 , 7 3 r " l S S * * 1 / 3 * 0 1 8 ) , 0 , i  = 8 . 4 3 3 7 E - E l  
AVERAGE SCATTERING CAPTUEE AVO F I S S I O N  cROSSmSECTIOhS FOR A F I S S I L E  NUCLEUS 
T I T L E  AVERAGE3 TEQT,PU-239 DATA 
AVERAGE c R O S S ~ S E C T I O ~ S  CALCULTED USING GREEBLER A P P R O X I M A T I O N  
NEUTRON ENERG'f fEV)  S-WAVE ScATRhG cROSSISECTIOY P-WAVE SCATRNG CROSS-SECTION 

3 , 0 0 0 0 0 0 E + 0 2  1 . 3 8 3 4 1 6 E + E 1  1 . 2 9 6 9 3 5 E - 0 4  
6 * 0 0 0 0 0 0 E + 0 2  1 . 3 4 7 0 V 5 E + P l  5 , 1 6 5 5 0 3 E - 0 4  
l 1 0 @ f l f 1 0 0 E * 3 3  1 , 3 1 6 9 3 0 E + 5 1  1 . 4 2 5 2 7 4 ~ ~ a 3  
1 1 5 P 0 0 0 d E + 0 3  1 . 2 9 1 3 7 2 € + 0 1  3 , 1 7 6 3 7 0 ~ - g 3  
2150C000E+M3 1 . 2 5 7 4 7 0 E t g l  8 , 6 3 1 6 9 2 E - 0 3  
3 ' 5 0 0 P 0 d E t 2 3  1 , 2 3 2 9 6 5 E + 0 l  l e 6 5 D 6 1 1 E ' 0 2  
5 , ' 2P@f l00E*03  l , 2 0 6 4 5 8 E + P :  3 , 2 3 5 4 4 7 ~ ~ 0 2  
810Pm000E*03  1 . 1 6 9 1 9 8 E + P l  7 1 5 9 1 4 6 1 E n 0 2  
1 1 3 9 @ 0 0 0 E + 0 4  1 , 1 2 7 3 3 5 € + 8 1  1 , 7 2 4 8 5 5 E 1 0 1  
2 q 3 0 E 0 0 0 E * 0 4  i , 0 8 5 9 3 9 E + 0 1  3 1 3 3 2 5 1 2 E - 0 1  
3,PZ0000E*G'4 ?. , P 4 1 8 4 8 E t 0 1  5 , 7 6 7 4 3 8 E - 0 1  
4 1 0 0 0 0 0 0 E * d 4  3 , C 0 6 6 8 9 E + @ 1  8 1 1 3 9 0 8 6 E w 0 1  
51000ak30E*04  7,769172E+kIG l q 0 3 6 5 0 0 E + 0 0  
6 0 0 0 f l 0 0 0 E * @ 4  9 , 5 0 6 8 1 6 E t O d  ? , 2 4 2 9 6 4 E + U 0  
8 1 0 0 E @ d 0 E + Q 4  9 , 0 5 7 6 1 8 E t 0 1  1 , 6 1 1 a 0 6 E + d 0  
l 1 0 G f @ 0 a 0 E + 0 5  8 , 6 6 a 1 3 3 E + P 3  I 0 9 2 8 7 4 1 E + 0 0  

P-WAVE CAPTURE CROSS-SECTION 
1 , 0 7 0 7 2 7 E - 0 1  
1,5113540E-01 
1 . 9 4 2 5 5 1 E - 0 1  
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PROGRAM AVRAGE3,  CAI-CULATES C R O S S ~ - S E C T I C N S  I f 1  THC UNRESCLVEO HESONANCE R E G I O N 1  

f N O F / B  V E R S I O N  I 1  DATA W I T W  ENERGY I N D E P E N D E N ?  P A R A M E T E R S ,  

RUN hiO 2 T I T L E   AVERAGE^ T E S T l b - 2 3 R O A T A  EO 1 , 8 0 0 0 0 0 E * 0 3  EN t r E 0 0 0 0 0 E + 0 5  ESTEP 1 , 0 0 0 0 0 0 E t 0 3  
ENERGY LIMITS LOwEP 3 , 9 2 0 0 E E ~ + 0 3  UPPER 5 , 8 0 f l 0 0 0 ~ + 0 4  LRU= 2  L R F a  1 L F I =  0  
T A R G E T  S P I N  0 . 0 0 0 5 E + p E  S C A T T E R I N G  LENGTH 9 , 1 8 4 0 E - 0 1  NO OF ENERGY VALUES A T  WHICH F I S S I O N  W I D T H S  A R E  G I V E N  2 
D A T A  FOR A  N O I I - F I S S I L E  h L C L E L S  

S-WAVE DATA 

ISOTOPIC'MASS 2,36P1:+02 A ~ ~ G U L A R  M C M E N T U W  0  N O  O F  S P I ~  S T A T E S  1 
MEAN L E V E L  S D A C I N G  l a B 5 @ @ E c 0 1  L E V E L  S P I N  5 , ~ 0 0 0 E - ~ l  REDUCED NEUTRON k I D T H  1 , 7 3 9 0 ~ ~ 0 3  GAMMA GAMMA 2 , 4 6 0 0 E - 0 2  
KO OF DEGREES OF FRErOOM FOR NEUTROb W I D T H  DISTRIBUTIO~ 1 
PIWAVE DATA 
ISOTOPIC M A S S  2 , 3 6 0 1 r + F 2  ANGULAR MCMEYTUH 1 N O  O F  SPIN S T A T E S  2  
MEAN L E V E L  S P A C I d G  1 , 8 5 0 V E s a i  L E V E L  S P I N  5 , 0 0 0 0 E - 0 1  REDUCED NEUTROh W I D T H  2 1 9 2 3 0 E - 0 3  GAMMA GAMMA 2 ~ 4 6 0 0 E - 0 2  
NO OF D E G R E E S  OF FRSFOOK F O R  WEUTRCN W I D T H  DISTRIBUTION 1 
MEAN L E V E L  S P A C I Y G  9 . 2 5 0 E E 1 0 0  L E V E L  S P I N  1 , 5 E 0 @ E + 5 0  Q E ~ U C E D  NEUTROQ W I D T H  l r 4 6 1 5 E 1 0 3  GAMMA GAMMA 2 1 4 6 0 0 E - 0 2  
NO' OF DEGREES OF FREFDCM FcR YEUTRON WIDTCl DISTRIBUTION 1 
NUCLEAR Q A O I U S  A=(l,P3rMASS*al/3+0,6)~@,1 = 8 . 4 2 3 0 E - 9 1  
A V E R A G E  s C A T T E R I Y G  A"D CAPTURE CROSS-SECTIONS FOR A  Y O Y - F I S S I L E  NUCLEUS 
T I T L E  AVERAGE3 T E S T l U w 2 3 8 O A T A  
ENERGY L I P I T S  L G & ? P  l , E 2 0 6 E + 0 3  uPPES I , @ E 0 0 E + D 5  
AVERAGE CROSS-SECTIOMS CALCULTED U S I N G  GREERLER P P P R O X I M A T I O N  
NEUTRON ENERGYCEV)  S - k A V E  SCATRNG CROSS-SECTION P-WAVE SCATRNG C R O S S ~ S E C T I O N  
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PROGRAM AVRAGE3, CAI-CUiATES CROSS=-SECTIONS I N  THE UNRESOLVED pESONANCE REGION, 

ENDFIB  VFRSICN I 1  DATA WITM ENERGY INDEPENDENT PARAMETERS, 

RUN NO 3  T I T L E  AVERAGE3 TEST, U-235  DATA EO 0 , f l 0G000E*00  El4 0 , 0 0 0 0 0 0 E + ~ B  €STEP 0 8 0 0 0 0 0 0 E + 0 0  
ENERGY L I M I T S  LOUER 6 , 4 5 0 4 0 0 ~ + 0 1  UQPEQ 5 , 0 0 0 0 0 0 E t i 7 4  LRU= 2  LRF. 1 L F I =  0  
TAKGET S P I N  3.5888E+l f i0  SCATTERIYG LERIGTH 8 , 3 6 6 8 E - 0 1  NO OF EPlERGY VALUES AT.WHICH F I S S l O N  WIDTHS ARE GIVEN 25 
DATA FOR A  F I S S I L E  NllCCEUS 

F I S S I O h  ~ I D T ~ S  ARE GIVEN AT THE FOLLOWING ENERGIES 
6 , 4 5 ~ 4 ~ + n 1  a , 2 0 0 2 ~ + a 1  1 . 2 5 ~ 0 ~ t a 2  1 , 7 5 0 ~ ~ + 0 2  2 , 2 5 0 ~ ~ + 0 2  2 , 7 5 0 0 ~ + 0 2  
3,50k?DE+72 4,5mDhE*Z? 6 ,F0aOE+02  8 , 5 @ 0 P E + 0 2  1 , 2 5 0 @ E + E 3  1 , 7 5 0 0 E * 0 3  
Z 1 5 B P 0 E + 7 3  3,5ak7ZE*k?7 4 ,50@f3€+53  5 ,5EZkE+F3  7 , @ 0 5 0 E + 0 3  9 ,0E0EE*03  
1 , 2 5 0 0 E + " 4  1 , 7 5 E c E * B 4  2 . 2 5 0 0 E t D 4  2,75CDE+04 3 , 5 0 0 e E t 0 4  4,5EL30€*04 
5 ,00 f iEE+V4 
ISOTOPIC MASS 2 , 3 3 f l 2 C + c 2  ANGULAR MOpEklTUM 0  NO OF S P I N  STATES 2 

MEAN LEVEL SPACING 1 , 0 0 0 E E + Q 0  LEVEL S P I N  3 , a 0 8 0 E + 0 0  REoUCED NEUTRON WIDTH 1 , 0 f l 0 0 ~ . 0 4  G A M M A  G A M M A  3 , 5 0 0 0 ~ ~ 0 2  
NO OF DEGREES OF FRErDOM FOR NEUTRON NIGTK DISTRIBUTION 1 
NO OF DEGREES OF FRESDOM FOR F I S S I O N  V I 9 T P  DISTQISUTIOY 2  
THE F I S S I O N  WIOTt4S AqE 
2 , 9 4 7 4 E - 2 1  2,9264E.af 2 1 4 6 2 3 E c 5 1  2 1 4 2 5 8 E - E I  2 , 6 4 1 3 E - F I  4 , 9 7 0 5 E - a l  
2 . 7 3 1 a E - 7 1  4.5109E.0' 4 .4FE4EsE1  2 , 3 3 2 7 E - C l  3 , 8 2 2 0 E - P l  3 , 5 3 0 0 E m 0 1  

MEAV L E V E L  SPACIbdG 1,4P0f iE+@C L E V E L  S P I N  4 * 0 0 0 9 E + 0 0  REDUCE0 YEIJTRO~ WIDTH 1 1 0 f l 0 0 E m 0 4  GAMMA GAMMA 3 , 5 0 $ 0 E - 0 2  
NO OF 3ESREES 4F FQEFD3M FOR NEUTRCy W I D T H  D I S T R I B U T I O Y  1 
PvO OF DECREES OF FPErDOM FOR F I S S I O N  WIDTh C ISTRIBUT lO id  1 
THE F I S S I O N  WIDTHS A ~ E  

P-WAVE DATA 

ISOTOPIC MASS 2,33'J2'+(32 AkGULAR MOMENTUY 1 YO OF S P I N  STATES 4  





P-WAVE CAPTURE CROSS-SECTION 





C  PROGRAY A V R A G E ~ ( ~ Y P U T I C U T P U T )  A V G 4 0 2 l  
C - - - = - T H I S  PROGRAY C I L C U L A T E S  AVERAGE C A P T U R E I F I S S I O ~ '  AYD S C A T T i R I Z C  A L G 4 0 2 2  
C - - - - - C R n S S - S E C T I O h S  FROE THE ENDF/D DATA.  Y E N  FO8MAT FOR I h P U T ,  T d I S  A V G 4 0 0 3  
c - - - - -  FORMAT G I V E S  TUE YEUTROY,CAPTURE AWD r I S S I O V  WIDTHS AS A  F U N C T I O N  A V G 4 0 0 4  
c - - - - -  OF E N E R C Y I T H I S  I S  FORMAT M @ D I F I C A T I C h '  1 9 1 6 9 - 6  :F SEPT,  1 ' 3 6 9 ,  AVG4!8@5 
C-- - - -EWDF/R V E R S I O N  1 1  DATA,RUNS ON CEC-66PE AND P D P - I t ? ,  A V G 4 0 0 6  
t - - - - - L I W I T A T I O N S - z - - -  1 . C 4 L C U L A T E S  S I P  AhD D-WAVE C 3 N T R I U U T I O k S  O h L Y ,  A V G 4 0 0 7  
c 3 - - = -   INELASTIC EFCECTS ALLOWED FOR13,WIDTc l  F L ! J c T U A T I O ~ ~ S  OF UPTO ~ V G 4 0 0 8  
C c - - 4 - 4  qEGHEES OF FREEDOM ARE ALLOWED FCR ~ IEUTROY,F ISSION AND I N E L A S T I C A V G ~ ~ D ~  
C- - - - -WIDTHS,  A V G 4 0 1 0  

D I P E N S I D Y  R U W ( 7 ) , B L A ( 2 0 ) , E ( 3 , 6 ,  7 5 ) , C ( 3 1 6 ,  7 5 ) 1 G ~ ( 3 1 6 ,  7 5 1 1  A V G 4 0 1 1  
i G N 0 1 3 1 6 ,  7 5 ) , G ? ( 3 , 6 t  7 5 ) , G F ( 3 , 6 ,  ~ ~ ) , A M U X ( ~ I ~ ) , A M U N ( ~ , ~ ) ~ A M U G ( ~ ~ ~ ~ A V G ~ ~ ~ ~  
~ I A M U F ( ~ ~ ~ ) I A J ( ~ P ~ ) I ~ ! E ( ~ I ~ ) ~ N J S ( ~ ) , L ( ~ ) ~ I N T S ~ ~ S I G C ~ I ~ I  7 5 1 1  A V G 4 0 1 3  
3 S I G S ( 3 , 6 ,  7 5 1 1 Q I O F ( 3 , 6 ,  7 5 ) I S I G C T ( 3 t  7 5 ) , S I C S T ( 3 ,  7 5 1 , S I G F T ( 3 ,  7 5 1 A V G 4 0 1 4  
4 , S I G P T ( 3 ,  7 5 ) , E T C ( 3 , 6 1  7 5 )  A V G 4 B 1 5  

C O M H O N / X B A R / X X ~ ~ ~ ~ P )  A V G 4 0 1 6  
D A T A  ~ ~ / d , ~ 0 5 2 ~ 2 t 0 , ~ 5 1 7 5 5 , V , 1 ~ 2 9 2 5 1 ~ ~ 1 6 9 1 5 C 1 ~ P 3 7 1 7 1 1 6 3 9 5 1  AVG4G17 

1 9 o 2 6 5 6 P 8 ~ 0 , 3 4 0 ' 8 0 1 0 ~ ~ 0 3 1 2 6 ~ E ~ 2 8 8 4 2 j r a . 4 3 8 5 5 4 8 5 7 1 ; 1 7 8 3  A V G 4 0 1 8  
2 ~ . 4 3 ~ 7 6 6 1 ~ ~ 5 4 7 7 2 4 1 f f i 1 6 1 7 8 2 5 ~ ~ ~ 3 5 9 8 5 2 ~ 0 , 5 2 1 , 7 0 4 8 7 6 2 3 8 1  A V G 4 0 1 9  
3 0 , 5 7 4 2 R 3 1 D ~ 8 0 0 ~ 6 0 , v , B B 2 4 4 8 , 0 , 9 2 2 6 9 r j , G ~ 8 7 9 3 3 4 5 3 2 2 4 1 9 6 8 3 5 ;  A V G 4 0 2 0  
4 1 , 1 1 ~ 3 8 7 ~ 1 ~ 3 3 4 ~ 1 @ ~ 1 1 3 9 3 0 1 m , 1 ~ 3 7 4 3 7 ? : 1 I ~ 3 2 8 5 2 5 2 2 7 1 1 1 6 2 3  A V G 4 0 2 1  
5 1 . 7 8 6 3 5 7 , 1 1 6 9 7 ~ 1 ~ , 4 , 3 9 B 9 P : @ , 3 I 3 e 1 6 4 3 , 2 . 8 2 4 5 8 3 I 2 , 5 4 6 6 O 2 /  A V G 4 0 2 2  

C-~--=11111111111111111111~1l111111111111111111111111111111111~111111111~VG~@~~ 
8 8 1  R E ~ D I , I R u N I ( R U \ [ I ) , I ~ ~ I ~ >  A V G 4 0 2 4  

I F ( I R U V . E Q , B ) G O  TO 8 8 0 @  A V G 4 0 2 5  
GO TO 8 8 2  A V G 4 8 2 5 1  

8  8 2  P R I Y T 4 3  A V G 4 0 2 b  
P 9 1 N T 2 5  A V G 4 0 2 7  
P Q I N T 4 4  A V G 4 0 2 8  
PR I N T 2 5  A V C 4 0 2 9  
P R I N T ~ ~ ~ I R U ~ , ( R U Y ( I ~ I I = ~ I ~ )  A  V  G 4  0  3 d 
P D I Y T 2 5  A V G 4 @ 3 1  

17----- I F  I R U N  EQUALS ZERC THE PQrCRAM E X I T S ,  W I T H  I R b N  NON-?ERE ONE CAN A V G 4 0 3 2  
C - - - = - S T A C K  ANY hlUPSIFR OF D I F F E R E N T  k U C L E 1  9 h E  S E H I Y ?  4NOTHERa R U N ( 1 )  T O A l l G 4 0 3 3  
C - - - - - R U Y I 7 )  ANY T I T L E  I h  COLUYNS 11 TO 3 8 1  A V G 4 0 3 4  
C - - - = - 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 A V G 4 0 3 5  

RFAD ~ I E N ~ I E N ~ I L Q U I L R F  A V G 4 0 3 6  
P R T N T 2 6 r E N l t E N 2 , L R U I L R f  A  V G 4  0  3 7 

P Q  1 N T 2 5  AVG4i338 
C - - - - - E N l f L O W E R  E Y E R r Y  L I M I T  CC A  RA~GEtEN2-UPf 'ER L I Y I T ,  L R U = 1  I Y P L I E S  A V G 4 D 3 9  
c - - - - -  RESOLVEU P A R A M F T E R S I L R U = ~  UNRESOLVED P A R A M E T E R S ,  A V G 4 0 4 a  
C-*-=-3333333333333373333333333333333333333333333333333333333333333333333AVG4041 

R r A D 2 r S P I t ! ~ A ~ R L A ( 2 ) , R L 4 ( 3 ) ~ ' V L S ~ i 3 L A ( 4 )  A V G 4 0 4 2  
P Q I N T ~ ~ ; S P I N I A I N ~ S  A V G 4 P 4 3  

CC--=. S P I N n N U C L E 4 Q  S P ~ W .  AISCATTERING L E q G T d  I N  U N I T S  OF I l a f b 1 2 C M I  A V G 4 0 4 4  
C - 0 s - - N L S a N U M a E R  OF L - S T A T E S ,  A V G 4 0 4 5  

DO 2 0 0  I ' l r W L S  AVG4D46  
C - - - - - 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 A V G 4 0 4 7  

R ~ A D ~ I A w R I , B L A ( ~ ) , L ( I ) , R L A ( ~ ) ~ N J S ( I ~  A V G 4 0 4 8  
A S S = ~ W R l a l , o B 8 4 6 9  A V G 4 0 4 9  
C R T z A S S * e ( l o 3 / T ~ 2 7 )  A V G 4 0 5 0  
T E R M a ( 0 . l 2 3 * C R T + O 1 & 8 )  A V G 4 0 5 1  
4PENzTEFiM A V G 4 0 5 2  

P R I N T 2 5  A V G 4 0 5 3  
P31NT23,APEW A V G 4 0 5 4  
P Q I Y T 2 5  A V G 4 E 5 5  
P R I N T ~ ~ , A U R ! , L ( I ) I N J S ( I )  A V C 4 0 5 6  

C- - - s -AWRI=NUCLEAR MASS I N  U h I T S  OF hEdlaOk Y A S S , L ( I ) = L - V A L U E  CF T h E  I- AVG4G57 
C - - - - s T H  P A R T I A L  U A V F e N J S ( I ) = N U M P E R  CF J -VALUES OF THE C O R R E S P 3 Y D I h i  S T A A V G 4 0 5 8  
C - - - - - T E ,  A V G 4 8 5 Y  

N J S I a N J S ( 1 )  A V G 4 0 6 0  



DO 2 8 1  J = l r N J S I  A V O 4 0 6 1  
C-- -s-S5555555559555s55555555555555555555555555555555555555555555555555555AVG4062 

R ~ A ~ ~ I A J ( I I J ) ~ B L A ( ~ ) D I N T S ( I I J ) , B L A ( B ) , N E X ! E I J  A V G 4 0 6 J  
P R I N T 2 5  A i l 6 4 0 6 4  
P Q I U T ~ ~ D A J ( I I J ) ~ I N T S ( I I J ) , N E ( I I J )  A V G 4 0 6 5  

C ~ - - - - A J ( I ~ J ) ~ J ~ V A L U F ~ I N T S ~ I ~ J ) X I N T E R P O L A T I O N  CODE, N E ( 1 , J ) z N U M B E R  OF A V S 4 0 6 6  
C-----ENERGY P O l v T S  A T  W H I C H  THE WIDTHS ARE G l V E Y *  A V G 4 0 6 7  
~ - - - - - 6 6 6 6 6 6 6 6 6 6 5 5 6 6 6 t 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 A V G 4 0 6 8  

R ~ A D ~ , B L A ( ~ ) , F L A ( ~ ~ ) , A M U X ( I ~ J ) D A M U N ~ I L J ~ A G I I J I  A V G 4 0 6 9  
1 A r U F (  I ,J) A V G 4 0 7 0  

P ~ I N T ~ ~ I A M U X ( I I ~ ) I A W ( I D J ) I A M U C ( I , J ) , A H U F ( ! I J )  A V G 4 0 7 1  
C - - - - - A M U X ( I I J ) s N U M B C R  OF DEGREES OF FREEDOM FOR ANY COMPETING I Y E L A S T I C A V G 4 E 7 2  
C-- - - -PROCESSES, A V G 4 0 7 3  
c - - - - -  AYUN(1,J):NLJMBFR OF DEGREES OF FREEDOM FOR NEUTRON W I D T H  D I S T R e N ,  A V G 4 0 7 4  
CF-- - -AMUG( I, J )  r N U Y B r R  O F  DEGREES rJF FREEDDH FOR GAMMA W l D T H  O!STRBN, ~ V G 4 0 7 5  
c - - - - -  A M u F ( I , J ) = N U ~ B ~ R  O F  DEGREE8 C F  F s E E D o y  F O R  F I S S I O N  W I D T H  D I S T R R N ,  A V G 4 E 7 6  

h E I J = N E ( I , J )  A V G 4 0 7 7  
DO 2 0 2  K s l r N E I J  A V G 4 0 7 8  

CC---- 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 A V G 4 0 7 9  
R ~ A ~ ~ I E ( I , J I K ) I C ( I I J I K ~ I G X ~ ~ I J I K ) ~ G N D ( I I J I K ) I  A V G 4 0 8 0  

1 G C ( I I J I K ) ~ G F ( I , J ~ K )  ~ V G 4 8 8 1  
2 0 2  CO%T!NUE A V G 4 0 8 2  

C - - - - - E ( 1 , J t K ) c E Y E R G v  I N  EV . D ( I , J , K ) n S P A C I N G ,  G X ( I I J I K ) ~ W I D T H  FOR ANY A V G 4 0 8 3  
C-- - - -COtf iPETING I N E L A S T I C  PROCESSES, A V G 4 0 8 4  
C - - - - - G N D ( I 1 J , K ) = R E D 1 ' C F D  NEUTRON W I D T H ,  G G ( I e J , K ) r G A M M A  WIDTH,  A V G 4 E 8 5  
C - - - - - G F ( I ~ J I K ) s F I S S I O N  k I O T P ,  A V G 4 0 8 6  

P p I N T 3 2  A V G 4 0 8 7  
P w I N T 3 3 ~ ( E ( I ~ J ~ K K ) ~ D ( I , J , K K ) , G X ( 1 , J I K K ) r G I J K K  A V G 4 0 8 8  

1 G ~ ( I , J I U K ) I G F ( I I J I K K ) ~ ~ K ~ ~ I N E I J I  A V G 4 8 8 9  
2 0 1  C O k T I N U E  A V G 4 0 9 0  
20@ C O N T l N U E  A V G 4 0 9 1  

1 F O R Y A T ( 1 1 B , 7 A 4 )  A V G 4 0 9 2  
2 F 0 9 M A T ( 2 E 1 1 ~ 4 1 ~ I l l )  A V G 4 0 9 3  
3  F O R M A T ( 6 E 1 l I 4 )  A V G 4 0 9 4  

2 2  F O q M A T ( l a 6 H  Eh lERGY(EV)  S P A C I N G  GAMMA I N E L I S  G A M M A A V G ~ ~ ~ ~  
1 T O T A L  GAMMb N  b07 GAMYA GAMMA GAMMA F I S S )  A V G 4 0 9 6  

23  F O ~ M A T ( ~ ~ H  NUCLEAR R A O I U S ' A '  AS C A L C U L A T E D  FROM A*(le23*(MASs**(l/AVG4097 
1 3 ) + E ' , 8 ) * 0 . 1  E E 1 1 , 4 )  A V C 4 0 9 8  

2 4  F o ? M A T ( 2 X , 5 E 2 5 . 6 )  A V G 4 0 Y 9  
2 5  F O R M A T ( / / / )  A V G 4 1 8 0  
2 6  F09! IAT(2gH E Y E Q S Y  L I M I T S  LOWEi tE28 ,6 ,7H U P P E R E 2 0 e 6 ~ 7 H  L R U n I 5 , 7 H  A V G 4 1 0 1  

1 L R F z I 5 )  A V G 4 1 0 2  
2 7  F O R M A T ( 7 Y  RUN V O I 5 , Y H  T I T L E  7 A 4 )  A V G 4 1 0 3  
2 8  F O R M A T ( ~ ~ H  T A R c E T  S P 1 N E 1 1 1 4 1 1 A b  S C A T T E R I N G  L E N G T H E 1 1 1 4 ~ 1 9 H  NUMBER A V G 4 1 8 4  

1 0 F  L - S T A T E S I l a )  A V G 4 1 8 5  
29 F ~ R M A T ( ~ ~ H  NUCCEAR MASS/NEVTRON M A S S E ~ . ~ , ~ D I ~ H  ANGULAR MOMENTUM I 5 1 A V F 4 1 0 6  

13614 NUYSER OF I - S T A T E S  FOR T H I S  L - V A L U E I S )  A V G 4 1 8 7  
3 U  F O R M A T ( 5 Y  S P I N " 1 . 4 , 1 9 H  I N T E ~ P O L A T ~ O N  C O D E I ~ ~ ~ ~ H  NUMBER OF ENERGY A V G 4 1 0 8  

I P D I N T S I T )  A V G 4 1 8 9  
3 1  F O R Y A T ( d 7 H  DEGTEES OF F4EEOOM. NU I N E L A S T I C E I I , ~ I I ~ ~  LUU N A V G 4 l i E  

1 E U T R 0 Y E l l e 4 1 1 4 "  NU G A M M A E l l e 4 1 1 6 H  NU F I S S I O N E 1 1 , 4 )  A V G 4 1 1 1  
3 2  F O R M A T ( ~ Z B H  E N E R G Y ( E V 1  S P 4 C I N G  GAMMAAVG4112  

1 I Y E L A S  GAMVA N  NOT GAHMA GAMYC t ~ M Y A F I s s ) A v G 4 1 1 3  
3 3  F o R M A T ( E x I ~ E ~ ~ . ~ )  A V G 4 1 1 4  
3 4  F O R M A T ( 1 2 4 d  ~ J E U T R O ~ I  ENERGY ( E V )  S - d A V E  S I G H A N N  A V C 4 1 1 5  

1 P=WAVE S l G H A h N  0-WAVE S I G M A N N  T O T A L  S I G M A V G 4 1 1 6  
2A;uL1) A V G 4 1 1 7  

35 F o R M ~ T ( 1 2 7 ' d  FdEUTHON EVERGY ( E V )  S-WAVE SIGMANGAMMA ~ V G 4 1 1 8  
1 P - N n V E  SIGMANGAMMA D-WAVE S I G M A N G A M Y A  T O T A L  S I G Y A A V G 4 1 1 9  
2NGAMMA) A V G 4 1 2 E  

36  F O R M 4 T c 1 2 5 H  NEUTROP, ENERGY ( E V )  S*WAVE S I G M A F I S S  A V G 4 1 2 1  



1 P - W A V E  S I C M A F I S S  D-WAVE S I G M A F I S S  T C T A L  S I G M A A V G 4 1 2 2  
2 F I S S )  ~ V G 4 1 2 3  

37 F O Q M A T ~ ~ ~ H  AVERAGE S C A T T E R I N G  CROSS-SECTION)  ~ V G 4 1 2 4  
3 8  F O R M A T ( 3 0 H  AVEDAGE C A P T U R E  C R O S S - S E C T I O N )  A V G 4 1 2 5  
39 F O R M A T ( ~ G H  AVEPAGE F I S S I O N  CkOSS-SECTIOpv)  A V G 4 1 2 6  
4 g  F O R M A T ( ~ X I ~ E ~ S , ~ )  A V G 4 1 2 7  
4 1  F o R f l ~ T ( 4 5 H  I N P f l T  P A R A M E T E ~ S  W I T H  C A L C U L A T E D  TOTAL d 1 D T H )  ~ V G 4 1 2 b  
4 2  F O P M A T ( l 2 H  L - V A L U E ' I S I ~ ~ ~ H  J - S T A T E = F 5 , 2 )  A V G 4 1 2 9  
4 3  F O Q Y A T t 7 9 H l  PR"GRAP AVRAGE4,  CALCULATES CROSS-SECTIONS 1'4 THE UNREAVG41JB 

1 S O L V E D  H E S O N A N r E  R E G I O N )  A V G 4 1 3 1  
4 4  F O R M A T ( ~ ~ H  E N D F / B  VERSION 1 1  DATA W I T H  ENERGY C E P E \ D E h T  P A R ~ ~ ~ E T E R S A V G ~ ~ ~ ~  

1 1 A V G 4 1 J a  
3 a 8  T = 2 , 1 9 6 7 7 1 E - 8 3 * ( A W P I / ( A W R I * I , @ ) )  

C ~ v S ~ - i 9 , 7 3 9 2 0 ~ P / ( T V )  
~ ~ 1 F o u ~ a 1 2 , 5 6 6 ' 7 1  
C P E N m 2 , 1 9 6 7 7 l E - B 3 * ( A W S I / t A k ' R I + 1 , 8 ) ~ * A P E ~ d  
C=2,19677lE-83*(AWR1/(AWRI+i10))*A 
DO 4 0 3  I = l r 3  
DO 4 8 5  k a l ,  75 
DO  4 f l 4  J - 1 1 6  
S I C C ( I p J t K ) = ' ? , f l  
S I G S ( l r J t K ) = f l , q  
S I G F ( I O J ~ K ) = ~ I '  
G T t ( l r J , K ) : 9 , U  

4 6 4  C O Y T I h U E  
S l G C T ( l r K ) = B , 0  
S I G S T t I , K ) : R o G  
S IGFT( I ,K )=~~ ,O 
S I G P T ( l r Y ) = ~ t ~  

4 a 5  CON1 l N U E  
4'73 COrJTINUE 

DO 4 8 0  I + l r N L S  
N J S I = N J S ( I )  
L I = L (  I )  
F I L = F L n A T  ( L I )  
L I I = L I + l  
DO 4631 J = l , V J S T  
A J I J a A J ( I 1 J )  
Y E I J = N E ( I p J )  
G J = ( ~ , ~ * A J I J + ~ , ~ ~ / ~ ~ , ~ ~ * S P I ' \ ] * ~ , ~ )  
AMUNI JnAMUh4( 11 .1 )  
A M U F I J = A ' d U F ( l , J )  
AMUX I J = A M U Y (  I 1  I )  
M U = I N T ( A M U N I J )  
N U s l N T ( A Y U F 1 J )  
L A ~ I B D A C I N T ( A M J Y I  J )  
DO 4 0 2  K g 1 , N E I J  



5W3 S I G P O T = ( S I P ~ ( P S ) / W A V E ) " ~ ~  
S I S P O T = S I G P O T * D ~ I F O U R * ( ~ , B ~ F I L + ? I B )  
G N = G N O ( l , J , K ) * \ r L  
G ~ M M A = G C ~ I I J I K )  
GALPHA-CN 
G B E T A = G F t I , J , Y )  
D I F F = G X ( I t J t K )  
G T P ( I , J , K ) = G Q * C A M M P + C B E T A + O I F F  

7 5 2  T E P G ~ ( c O ~ S T * G J * G N * G A R V A ) / ( E I J K " O ( I , J ~ K ) )  
T EPS=(CONST*GJ*GM*GM)/(EIJK*D(I,J~K~) 
T E R F = ( C O N S T * G J * G Y * G B U A ) / ( E I J K * U ~ I ~ J I K ) )  
C A L L  C N H L ( C 4 L P U C , C 6 E T 4 , G ~ Y V ~ t f l U I  N U , L A K B D A , G S , D I F F ,  I )  
C A L L  G ~ ~ L ( G A L P ~ A l G B E T A , G A M ~ ~ , ) I ' U , N U , L A Y B ~ A t G C l D I F F , 2 )  
CALL G Y H L ( G A L P ~ A , G E E T A , G A M P A ~ F ~ U , N L I , L A ~ P D A ~ G F F , D I F F , ~ )  
GS-GSsTERS 
GC=GC*TERG 
GFF=GFF*TERF 
C ~ R R = ( C ~ ~ S T * G J * ~ , ~ * ~ ~ I * S I F ~ ( P S ) * S I ~ ( ~ S ) ) / ( ~ I J ~ * D ( I I J ~ K ~ )  
GS=GS-CURR 
S I G C t I , J , K ) = G C  
S I C S ( I , J , K ) = G S  
S I G F ( I I J ~ K I = G F F  
S I t P T ( I , K ) = S I G P C T  

4 0 2  COVT 1 IvOE 
4 a 1  C O h i T l N l l E  
earn C O N T I N U E  

P R  I N T 2 5  
P R I  N T 4 1  
Pr i  1  N T 2 5  
0 0  8 D Z 0  I ' 1 , N L q  
L I I ' L ( 1 )  
N J S I = Y J S ( $ )  
DC 8 g 0 1  J ' l r N J T I  
A J I J = A J ( I t J )  
N E I J = b J E ( I , J )  
P R I N T ~ Z I L I I , ~ J ~ J  
PR 1 N T 2 5  
P R  1 h i 1 2 2  
P ~ ~ ~ N T ~ ~ I ( E ( I ~ J , K K ) , ~ ~ I I J ~ K K ) , G ~ ( I , J , ~ K ) ~ C ~ C ( ~ ~ J ~ K K ) I G N O ~ I , J I K K ) ,  

1 E G ~ I l J , k K ) , G F ( l t J , ) c K ~ ~ K 6 = 1 , N E I J )  
8fin? COblTI  EJI:E 
8 0 @ 8  C O V T I N U E  

D O  8kld K - 1 ,  7 5  
DO 8 U 1  I ' 1 1 3  
DO 8P12 ~ 2 1 1 6  
S I G C T ( I , K ) ~ S I G ~ T ( I , K ~ + S I G C ( I I J I K ~  
S I G S T ( I I K ) = S I G S T ~ I , K ~ + S I G S ( I , J , K )  
S I G F T ( I , K ) = S I G F T t I , K ~ + S I G F ( I , J , K )  

8 0 2  COk8T I V U E  
S I G S T ( ~ ~ K ) = S I G ~ T ~ I P K ) + S I G P T ~ I ~ K )  

8 f i 1  C O N T I N U E  
8uC COVT I NLJE 

N N = N E ( 1 , 1 )  
P R I N T 2 5  
PR I N T 3 7  
PR 1 N T 2 5  
PR I N T 3 4  
0 0  9 0 0  h = l , N N  
TERM=B,U 
DO 9 B i  1 ~ 1 1 3  
T E R M s T E R M + S I G S T ( ! , K )  



9 F l l  COF'T 1 Y I I E  
P R I N T  ~ ~ , E ( ~ ~ ~ ~ K ) ~ S I S S T ( I , K ) , S I G S T ( ~ , K ) I S I G S T ( ~ , U ) J T E R M  

9 0 E  COA'T I NUE 
P R I N T 2 5  
P R I N T 3 L )  
PR I N T 2 5  
P R ! N T 3 5  
D O  9 U 2  h = l , N N  
T E ~ t 4 a e . i l i  
D O  91E3 I s 1 8 3  
T E R M = T E H Y + S ! G C T t I , h )  

9 m 3  CONT I ' JUE  
P R I N T  ~ ~ I E ( ~ , ~ , K ) , S I C C T ( ~ , U ) ~ S I G C T ( ~ ~ < ) , S I G C T ( ~ , K ) , T E R M  

9 0 2  C O ~ J T I N I J ~  
P R t Y T 2 5  
PR 1 N T 3 9  
P R I N T 2 5  
PR I l \ l T S h  
3 0  9 6 4  & = l , V N  
T E F M = @ ,  O 
0 3  9 4 5  1 a 1 1 3  
T f R M z T E R M + 5 I G F T ( I n K )  

9 0 5  COh<T 1 YUE 
P R I N T  ~ ~ ~ E ( X , ~ ~ ~ ~ ~ S I G F T ~ ~ , Y ) , S I G F ~ ( ~ , ~ O J S I G F T ( ~ ~ K ) ~ ~ € R ~  

9 0 4  C O N T I Y U E  
G O  T O  n b l  

a a e p  C A L L  E X I T  





l p O  AVERAGE4 TEST. U-235  C A T A  
64 ,524  24788  t 0  2 2  0  0 1 1 0 2  2151. 
3.5 8 .926  pi a 2  0 1 1 a 2  2 1 4 1  
233 ,025  0 . 0  L? a 2  e l 1 0 2  2 1 5 1  
3.0000E+00 0 .  5 0  1 5 6  2511E2 2151. 
a .  0 .  0. 1,0000E+OQ 8 1  2 , 0 @ 0 0 € + @ 0 1 1 3 2  2 1 5 1  
6 . 4 5 B 4 E t 0 1  j,-UZ0@E+g0 0. 7.18E7E-05 3,5000E-02 2 * 9 3 4 7 E - @ i  
8.29'JZE+@1 1 .00@0E+g0  0, 8 ,1753F-@5 3,5000E-02 2 ,9133E-51  
1 .1569E+02  1 .0000E+f l0  0. 9 .0472E-05 315000E-t72 2 ,4665E*@1 
1 . 4 8 5 5 E t 0 2  1.00P@E+f l0  0 .  1 .0496E-P4 5 ,5000E-02  2 ~ 1 7 6 6 E m @ 1  
1.9074E+02 i .00O@E+Oa 0 ,  1,0389E-G4 3,5f l80E-E2 2 ,6593E-21  
2.4491E+02 1.0080E+"f l  0 ,  1 ,3175E-04  -3v5m30E-02 3 , 8 0 2 9 E - g l  
3 .1447E+02 1 .4000E+nZ 0 .  9 . 6 0 6 0 E ~ E 5  3 0 5 0 B 0 E - @ 2  315141E-31  
4.8379E+02 1.00B0Et170 0, 3.8629E105 3 ,5000E-02  3 ,7344E-31  
5.1848E+@2 1.0000E+f l@ 0 .  1 ,1455E-84 3,5000E-02 5,1390E-01 
6.6574E+@2 1 .00e0E+p0  0 .  1 ,1126E-04  3,5000E-02 3 ,4713E-01  
P.5492E+02 1.0QEflE+'70 0, 1.0479E-f i4 3,500DE-02 2 ,5096E-01  
1.0976E+03 l .O@GUE~mR 0, 1.1267E-P4 3 ~ 5 0 0 0 E m 8 2  ? , 5 3 7 3 E - @ l  
1 . 4 0 9 3 E t 0 3  l .DnEl?E+fl f l  0 .  9.9890EwE5 3,503BE-02 3 v 4 8 1 3 E * @ i  
1 .8E96Et03  1.00gUE+*O 0 .  1 .@16@E-04  3 ~ 5 a f l 0 E - 0 2  3,7083E-aL 
2.3236E+03 1 -0000E+f lO  0. 9.8627E-05 3 ~ 5 0 0 f l E - 0 2  4 ,3610E-D l  
2 .98365+03 1 * 0 0 0 0 E + f l @  0 .  9.9029Ew85 3 ~ 5 0 0 0 E ~ 0 2  d v 3 3 4 8 E - E l  
3 . 8 3 1 0 ~ + 0 3  1 . 0 a 0 0 ~ + m 0  0 .  1 .0729E-E4 3,5000E-02 4 ,2475E-01  
4.9191E+03 1.00DOE+P0 0. 9.9606EwP5 3 ~ 5 0 f l 0 E - 0 2  4 ~ 3 0 5 5 E - 8 1  
6.3163E+03 1.0000E+pm 0. 9 ,6419E-05 3 0 5 0 0 0 E - 0 2  4 ,35@6E-g1  
B . l l P 3 E t 0 3  l . 0 e 0 0 E + B 0  0 .  9 , 4 4 1 7 E l f l 5  3e50af lE-02 4 ,4334E-01  
1 . 0 4 1 4 E t 0 4  1.0O@@E+f l@ 0, 9.7638E-IT5 3e5000E-02  4 ,4325E-01  
1 .3372E+04  i .@0@0E+f l f l  0.  9.9719E-E5 3 ,5@40E-02  4 0 4 5 3 0 E - 0 1  
1 .7169E+@4 j..00B0E+a@ 0 .  9 ,8693KeB5 3 ,5000E-02  4 ,5646E-81  
2.2846E+P4 1.00I?DE+"O 0. 9.5268EwE5 3 ,5@00E-02  4,7366Em01 
2.4788E+04 1.0BB0E+qD 0 .  ? . 0 0 7 5 € - ? 4  3,5009E-02 4 , 6 2 1 9 E - e l  
4 . a ~ g ~ ~ t 0 0  0 .  5  B 1 5 6  2 5 1 1 0 2  2 1 5 1  
0  0. 0. l . i?000E+EB 8 ,  1 ,0000E+001102  2 1 5 1  
6 . 4 5 0 4 E t 8 1  1.00!2flE+gC4 0. 7,18P7E*E5 3,503f lE-82 1 , 4 6 7 3 f - 0 1  
8.29a2E+Q1 1.000PE+m0 0 .  8,1753EmC5 3 ~ 5 0 @ 0 E - 0 2  1 , 4 5 6 7 F - 0 1  
1 .1569E+02  1.00dQE+n!2 0. Q v @ 4 7 2 E - P 5  3e5000E-02 1 1 2 3 3 3 F - Z l  
1 .4855E+02 1.0@BOE+QB 0 .  1 ,0486E=@4 3,50EUE-02 1 0 0 8 8 3 E - 0 1  
1 . 9 8 7 4 € + @ 2  1 .0000E+n0  0. ? .0339€*04  3 ,50a0E-@2 1 ,3297E-01  
2 . 4 4 9 1 E t 0 2  I .0Zi3BE+fl0 0 .  1 ,3175E-04  3e5000E-02  1 e 9 0 1 5 E - 0 1  
3, /447E+02 1.0D00E+fl0 0, 9,606!3Ew05 3v5f l80E-E2 1 , 7 5 7 1 € * 0 1  
4 .0379€+02  1.000OE+F0 0 1  8 ,8629E005  315000E-02  1 ,86725-01  
5 . 1 8 4 8 E t 0 2  1.00i?BE+fla 0 ,  111455E*E4  3 ,5090E-02  2 ,5695E181  
6 .6574EtP2  1 . 0 0 0 0 E t 0 0  0. 1 ,1126E164  3v5n00E-e2  1,7357E-01 
8 .5482€+02  1.0EB0E+Pg t7, 1 , 0 4 7 9 F ~ E 4  3v5000E-02  1 ,2548E-01  
1 . 0 9 7 6 E t 0 3  l . f l 0 0 0 E + f l 0  fl. 1 , 1 2 6 7 E l 6 4  3 r 5 0 0 0 E - 0 2  1 ,2687E-01  
1 . 4 0 9 3 E t 0 3  1 .0000EtBQ 0, 9 ,9890E-05 3e5000E-32  1 ,7406E-01  
1.81?96€+@3 1.0B00E+P0 0 ,  1 ,0160E-04 315000E-02  1 ,8542E-01  
2 .3236E+03  1.Oa00E+FE' W. 9,8627E-P5 3,50@0E-@2 2 ~ 1 8 0 5 E - 0 1  
2 . 9 8 3 6 ~ + ~ 3  i . a a e a ~ + m e  0 .  9 , 9 0 2 9 ~ ~ ~ 5  3 ~ 5 0 0 0 ~ ~ 0 2  2 , 1 6 7 4 ~ ~ 0 1  
3 .8310€+03  1.000EE+qO 0 .  1 .0729E-84  3.50f l0E-02 2 . 1 2 3 8 E r 0 1  
4 . 9 1 9 1 E t 0 3  1.00Zf lEt"E O. 9 , 9 6 6 4 F r E 5  315E00E-02 2 ,1528F-01  
6.3163E+03 I .@DBOE+P@ 0. 9 ,6419F-05 315000E-02  2 ,1753€*01  
8 .1103E+03  1.001?!0E+17F CJ, 9 ,4417F-05  3,5000E-02 2 v 2 1 6 7 E - 0 1  
1 . 0 4 1 4 E t 0 4  1.000@E+m0 0 .  9 ,7638E105  3 ~ 5 0 0 0 E - 0 2  2 , 2 1 6 3 f - 8 1  
1 .3372E+04  1.0000E+VZ 0. 9.9719E-05 3e5000E-02  2 ,2265E-01  
1.7169E+04 1.0000E+f l8  0 .  9 .8693E-85 3 ,5000E-02  2 ,2823E-01  
2 .2@46E+94  1.0000E+PQ 0 .  9,5268EmO5 3,5000Ew02 2,3683E-01 
2.4788E+04 1.80@8E+P0 0 .  1 .8075E104  3,5000E-@2 2 r 3 1 1 0 E - 0 1  
2.3302E+m2 0 .  1 0  4  l l B 2  2 1 5 2  
2.@000E+00 i?. 5 0  1 5 6  25116?2 2 1 5 1  
0 .  e . a. ~ , ~ ~ B B E * E B  m a  2 ,P000E+001102 2 1 5 1  
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1 , 8 2 3 m 6 7 ~ ~ 0 1  
1 , 8 1 4 1 4 4 E - 0 1  
1 , 5 9 3 m 3 1 ~ - 0 1  
1 . 4 5 1 0 8 0 E - D l  
1 , 6 9 4 0 4 8 E - 0 1  
2 , 2 7 2 1 1 8 E - 0 1  
2 , 1 2 4 1 3 5 E - 0 1  
2 , 2 3 5 n l d E - 0 1  
2 , 9 4 5 5 8 3 E a 0 1  
2 , 1 1 4 4 P 7 E - 0 1  
1 , 6 3 5 4 3 8 E - E l  
1 . 6 5 6 0 2 A E - 0 1  

GAMMA N NOT 
7 , 1 8 0 7 0 0 E * 0 5  
8 , 1 7 5 3 0 0 E - 0 5  
9 , 0 4 7 2 0 0 E - 0 5  
1 1 0 4 8 6 0 0 E * 0 4  
1 , 0 3 8 9 0 0 E - 0 4  
I 1 3 1 7 5 0 0 E - 0 4  
9 , 6 0 6 0 0 0 E - 0 5  
8 , 8 6 2 9 0 0 E - 0 5  
1 . 1 4 5 5 0 0 E - 0 4  
1 e 1 1 2 6 0 0 E * 0 4  
l 1 @ 4 7 9 0 0 E - 0 4  
I 1 1 2 6 7 0 0 E * 0 4  
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1 . 8 1 6 0 0 a ~ - 0 4  
9 . 8 6 2 7 0 E E - 0 5  
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~ , 7 6 3 8 a 0 ~ - 0 5  
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1 . 0 0 7 5 0 0 E - 0 4  

GAMMA GAMMA 
3 . 5 0 0 0 0 0 E - 0 2  
5 . 5 0 0 0 0 0 E - 0 2  
3 . 5 0 0 0 0 0 E - 0 2  
3 . 5 0 0 0 0 0 E - 0 2  
3 . 5 0 0 0 0 0 E - 0 2  



ddd 
= a m  
I l l  

W W W  
a m 6 1  
a m a  
Elaa 
8-6) 
--I. 
NNN . - -  
ddd 

r 4 d d d d d d d d d  
8 m m B a a a a m a  
6 l f l l t I l l l  

w U ( W W w W W u W W  
B a B a E J 1 9 E 6 ) 8 8  
m m m a a a a a a a  
6%B6IIp6l86iE8B 
86)88886)86?RQ 
r.f.r.c.c.hc.bbr. 
NNNNNNNNNN . - . - - . - - . -  
drI.-Iddr(drldd 

1 1 6  
W W W  
aaa 
m(P19 
a a m  
m a  a 
C-hh 

W W W  
aaa  
886) 
aea 
aaa 

W W W W W W  
w r 3 a m a a  
m a a a a m  
aaaaaa  
aBa8aE 
I.r.I.rcbr. 
NNNNNN 

6r.b 
NNN - - -  

' .-Id d 

O *  
K-mm 
o a t  
Z W W  

m a  
zasl 

61m 
U U W  

II (Y 9 
4 . -  
O N N  

=&OW 
a m -  
1 1 1  
W W W  
m m m  
-61.3 
m a m  
-ah) 
w m m  
a m u  - - -  
NNN 

D U O  
m m m  
t 1 r  
W W W  
a 5 6 1  
m m m  
w19m 
rn 23 a 
a-N 
N s-3 a . - -  
N N N 

D O T  
h) m  m  
t I &  
W  W  W  
56)a 
w m m  
m w m  
rnmm 
N O w  
N W -  ... 
NNN 

0 0 O 
m m a  
I t l  
W W W  
= a m  
w o a  
m a w  
m C3 Ei 
m  m  h! 
mF9m 
* - .  
N N N 

O D -  
a 6 ) m  
I l t  
W W W  
6)88 
rs61Kl 
8 1 9 8  
aeC3 
m & € 3  
N a m  - - .  
NNN 

O D 9  
m a a  
I t l  
W W W  
6 m w  
W a c 3  
m61a  
6a-m 
m m w  
h) '5) €3 - - - 
N N N 

F)mm 
1 1 1  

W W W  
w a r s  
a m -  
m m m  
? 3 E 2 6  

N N N  NNNNNNNNNNNNNNNNNNN 
n n n n n n n n n n n n m n n n n m n  . - - . - - . - * . . - - . . - - - .  
N N N N N N N N N N N N N N N N N N N  

- - . -  
NNNN 

dddd  
cSIS&hl 
I . . I 

W L W W  
. o \ t ~ r n  
m NIO N 
l n w m . 0  
m m d *  
l.l.xJm 
IOIOUIO 

dd 
m m  
,. I  
Wlr l  
O F3 
dln 
rD .A 

ddddddd  
_J61wEammTJm 
Q U r t m I I e D  P 
b- W W W W l . I W W  
Or.8l .DInNln 
F adrtNnlnl. 

mmtsarnc rcs  
U ~ I Q 6 ~ 6 l Q C S E A  
X N N N N N N N  
I .oIOIOIOIOIOIO 
* - I - - - - -  

C 3 d d d d d d . 4  

dddd  
a m  -5  
U I,. . 

W  kl lrl W  
m m 4.0 
6111\nn 
d d N W  
196cSh) 
NNNN 
IOIOIO.0 -. I - 
dddd 

W W W W  
d W N d  
antno 
NmIOfD 
d d N l 9  
l.trI.I. 
IOIOIOIO 

n m  
me. 
IOIO 

, - - - .  
nnnn 

61ma61mrsmm 
c 3 o m m m m h ) 5  + + + + + + + +  
W W W W W W W W  
b C j K W 8 6 6 F A  
b S E A W i 5 % 5 ) f = 6  
6 ) m m m m a m E l  
a w ~ w N Q S l 9  
Q & a E J W a c 3 a  
c i & m m E 3 a B a  . . . . . . . .  
& w N r n m 5 w a  

b, a 
m  + + 

O W W  
I m 5 
- m a  
Urn N 

- - - - - - - 
W W W W W W W  
m c 3 a Q 6 j ~ 8  
h l m ~ ~ E l a 6 l  

W W W W  
tslwmm 
B B B m  
mCst30 
5meaFSI 
Q a 1 C 1 0  

4 - 6) 

> + 
W W  - m  
> 5 
O D  
n m  
Wln 7 * 

NNNN 
WNGlQ * * + +  
W W W W  
hlh)F.N 
mmF)m 
Ic0.m.P 
O h U l .  
O n m m  
d m  4.n 

Nnn 
61mw + + + 
W W W  
a m m  
m w m  
N.0 n 
mr.m 
0 0 . m  
l n 5 O  

D O  
a m  + + 
W W  
m m  
mm 
D N  
dl. 
D m  
mm 

O D D  
F3 5 2 3  + t +  
W  W W  
m m a  
8 m m  
m lorn 
- o m  
dml.  
l. N O  

W W W W W W W  
a m c s i m m a a  
19hlWhlBtSW 
I O I O I O m d n n  
m n n d m * N  
m N m n d d d  
m n o m m n d  



ddd 
aaIP 
I I I 

W W W  
aaa  
- a m  
m a 8  
a m 0  
nnn 
0 0 P  - - -  

I d d d  

ddddddd 
h l m 5 w w ~ 6 1  
l l l l 1 l I  

W W W W W W W  
p36LtS6)6185 
5 m 5 a a e e  
CS61C9a8m6l 
e 4 t 3 6 l B a B a  
nnnnnnn 
P O U O D P *  
. * - - * . .  
rldddrldd 

ddd 
a w a  
I l l  

W W W  
6-6161 
a m  5 
a m 5  
- a 6 1  
r ) M R  
0 0 O - - .  
'rl dd 

dddd 
a a a w  
1 1 1 1  

W W W W  
m a a m  
8 5 5 8  
5 a a a  
a m a m  
nnnn 
* P 0 0  

6)-6im 
- m a t 3  
a m m w  
6 ) m a m  
101010.0 
m m m m  - - - -  
NNNN 

ah)= 
aaa  
a a a  
aaIP 
1010.0 
m m m  - - -  
NNN 

a m =  
w 5 w  
aaa  
a e a  
10.0.0 
m m m  - - -  
NNN 

G a G  
5 m a  
a m 6 1  
a a a  
101010 
m m m  - - - 
NNN 

- - 

55a  
5 5 -  
a a a  
w 5  a 
Q 10 10 
m m m  
* - *  
NNN 

m m m m  - . - .  
NNNN 

m m m m  
- * * .  
NNNN 

NNN 
(Pa5 

I L L  
W W W  
a 5 6 1  
-aa 
5 6 1 5  
m m a  
5 m m  
lnlnln . . .  
nnn 

NNNN 
a m 5 a  

1 1 1 1  
W W W W  
8 a 6 1 8  
aaaa 
55EJa 
m a a m  
6 t m m a  
lnlnlnln - . . .  
nnnn 

NNN 
6 l a m  
. I  r I 
W W W  
w a a  
6 1 a a  
61561 
aaa  
-6) e3 
Inlnln 

. . a  

nnn 

NNN 
61615 

1 1 1  
W  W W  
5 5 1 P  
a-6) 
6 - 8  
a m 6 2  
e 3 - c 3  
l n l n m  - . .  
nnn 

NNN 
6I(9a 

I L F  
W W W  
a a a  
aaa  
a e e  
aaa  
6 4 8 -  

l n l n m  . . .  
nnn 

NNNN 
m a r 3 8  

1 1 1 1  
W W W W  
5 C Q 5 5  
6 lam1P 
s m a 6 1  
5aaCsJ 
m m m s  
lnlnln ~n 

W W W W  
- 6 1 8 8  
m a a a  
me6161 
m a a a  
8616)8 
lnlnlnln 
I . ... 
nnnn 

W W W W W W  
a a a m a 6 1  
6)aCS8198 
t 3 a 5 a 5 1 9  
a m m a a 1 9  
m a w m 6 ) 5  
m m m m m m  . . . . -_. 
nnnnnn 

w w w w  
BBE361 
m - m a  
61ab.rs 
a a m m  

w w w  
a m 5  
a m m  
Baa  
-61- 
a 5 C P  
rnlnln . ._ - 

w w w w w w w  
a w a 5 a a a  
6 l m a a L Q a I s l  

. . . .  
nnnn 

0 0 
c a m  
O f  K 
Z W W  

a a 
z6ie 

a a 
4 a e  
Z b l 6  
x m a  
4 - - 
O N N  

000  
aaa  
I 1 1  
W W W  
6r-m 
m6Lm 
a m 6 1  
m - 6  
= a m  
a m -  - - -  
NNN 

0 0 0  
aaa  
L I I  
W W W  
m61lY 
Ei m c.3 
e m a  
m m m  
-RE3 - - - 
NNN 

w w w w w w  
661IS1p616) 
= m a m m a  
m m m a e h ,  
m e m m m e  
mmm(Steh)  
mmmm1919 
- - - . a -  

NNNNNN 
- - - . . - -  

NNNNNNN 

d d d d d d d d d d d d d d d d d d d d d d d d d  
~ ~ m m w e a a a m a ~ a a a a m ~ e ~ : ~ ~ ~ m ' ~ ~ . )  
4 '1  D 1 B U ~ B I I I R  8 W L 8 8 1 R 1 m  n1.1.: mi.  rn I m 
C W W W W W w W W W W W W W W W W W W W W W W W W W  
o h ~ h * m ~ m a m d ~ m e d w t ~ m w ~ ~ ~ ~ ~ n ~ ~ ~ u ~ e  
k- a d d N n l n b 5 m n n m d n u . r . l n r .  N m n n m l n r J  

w m ~ m e a m d d ~ n t ~ m t d d m a m m m ( 0 ~ 1 t ~  
~ s m m m m ~ m 1 s l m m ~ ~ m d d ~ n w ~ a n o 1 m d m  
Z r l d d d d d d d d d d d d d r l d d d d d N N r J m i n  
INNNNNNNNNNNNNNNNNNNNNNNNN 
4 - l . - r - - - - - - l - - - - - - - . - - - - -  
~nnnnnnnnnnnnnnnnnnnnnnnnm 

W - 6  
< m e  
J +  + 
W W W  
z a e  
- m u  

(Pa 
4 h . E  
r a 5 
xeE. 

66?= 
= a m  
+ + +  
W W W  
mEEm 
G l o w  
=RE4 
es N >> 
-me3 
f i m b  

EL-& 
WL9W + + + 
W W W  
-618  
LQ C S  m 
m = m  
a e s  
s6)a 
e m m  

m :s 
6, m Fd 
+ + +  
W W W  
m a r s  
i3 CA h 
E2-G 
V% t3 3 
a m -  
a (9 @A 

UBQO B N ~ ~ W ~ ~ ~ ~ ~ N & S & C A ~ F ~ N N Y O ~ Y  
u e m 0 m m m e m m m m m 5 ~ ~ m m r n ~ c 1 r 3 0 ~ ~  
. . . . . . . . . . . . . . . . . . . . . . . . .  
W W W W W W W W W W W W W W W W W W W W W W W W W  
Z B - U b a B m B B U W B W B & 5 W & W h l O 6 ) N W  - bl c. tIP C3 &. 5.4 r. @a h, C\I <* r i  P r.' :> hi S Ed b FI El 5r E; C. 

m 8 m b m ~ & ~ ~ m a m e & ~ ~ ~ ~ ~ m r n ( 9 6 : ~  
Q ~ ~ ~ & b & C A < 9 N 9 ~ ~ U b S ~ & h h W & b r R S X  
x m m ~ m ~ m m ~ e e a ~ 6 m m ~ ~ ~ w m m m ~ a e  
X W N W E 8 a 6 & a W e N N ~ 5 d ~ a 6 ~ & p s 1 W x  

O W U t & a ~ s L Q O ~ K & , ~ W h N b u N & N 6 : &  

B m a E > B m m B m a e B m B 6 1 f ; t e m m m b l a & T m 6 )  
m m m ~ m ~ e m m ~ s ~ ~ m m 6 m 6 m 6 1 ~ : m m m r n m m  
+ + + + + + + + + t + + t + + + * t + + t + + + + &  

O W W W W W W W W W W W W W W W W W W W W W W W W W b  
Z O N ~ 6 m O m ~ m ~ 0 0 ~ 8 e & 8 ~ N 6 h 1 ' C 3 N F r ( 9  - 
- ~ a m ~ a m l ~ a a m ~ a ~ a m ~ a e ( r : m a m ~ m & l n  
O e m & W W ~ b ~ a m ~ ~ m b a ~ E i 9 ~ ~ ~ m C ) a Y  
u a 8 a w m m ~ a ~ a ~ ~ w m m a m w a a a e m m e u  
C 8 8 e 8 6 8 B 5 8 8 8 5 8 6 E a ~ 8 6 m b r 5 6 - 6 1 b 6 , L l  
W 8 6 ) 6 r 0 e m m & 8 m 8 5 6 1 U a W m a e 6 h r ( 5 r 6 i h l W k  

4 

ddddddddddddddddddd4dddddC 
V) 
I8 - 

d - 9 
> + 
W W  
-a 
> 19 
O 0 
u 6: 
Wln 
z* 
W -  

Q 

dNNN 
e a m m  
+ + t f  
W W W W  
a e m a  
meuCsJ 
(U0Im-l. 
lsQInr. 
m m m e  
m d 0 m  - - - -  
m d d d  

NNN 
m m m  
+ * t  
W W W  
tsaa 
m e e 
d b m  
m-rr. 
0 O I 7  
P d e  - - - 
Nn0 

NNN 
m e e  + + +  
W W W  
6.190 
m e 6  
m 0  N 
0 C I m  
m m  o 
d Q  m - - - 
LnQtm 

W W W W  
al9a5 
e m e m  
rorn10.n 
hO.0.n 
m e E N  
m u m n  

d d d N  

W W W W  
a m o m  
m m m s  
nnuN 
Qhldl. 



ddddddddddddddddddddddd 
m m m m m m m m m m m m m m m m m m m m m 6 1 m  
. . . . . . . . . . . . . . . . . . . . . . .  

Z W W W W W W W W W W W W W W W W W W W W W W W  
~ m ~ m ~ t ~ m m m m r n m m ~ n ~ . o ~ t ~ . m n ~ e  
4 h a ~ w ~ 0 m m m ~ 1 . a l n ~ ~ w m ~ m a m m ~  
~ I n N I n h I . I n N I m h m r . m  d d m m . o m a I . . o m  
w m n ~ ~ n ~ m ~ m n ~ d d t  d m  0rnr-~m=rm'9a 
- N O O C n m d l n O e ~ ~ m O  W N N N d 6 L m m W . o  
m d d d d d ~ d d d d d d d d d d d d d m m a m  

4ddd.i 
x m m m 6 )  
x i + + +  
Q W W W W  
o m . + m . o  
z r n m ~ ~  

mmm€36)6 )m 
m6,mmmmm 

Z + + f + + + t  
Z W W W W W  W W  
4 1 9 m m 6 ) a m m  
~ m ( P m 6 ) m m m  
0 1 9 F J O 8 C 3 8 8  
-I38 5 - m  a m  
cnmmm6)mmt3 

m 6 ) 6 l m m m I 3  
w e - - - -  - -  
w m m m m s l m m  
4 
3 
I 
0 

5m&l 
6)-6) + +  + 
W W W  
h i C 3 h i  
Elm61 
m616) 
I36 )m 
€3mm 
Beam 

, - - -  
8 6 3 6 3  

9 F.! 6) hi 
m m h i m  + + + +  wwwwwww 

6)616)m6)€319 

. . .  
W W W  
shim 
6 ) i S C Q  

W W W W  
C36)him 
m m m m  
m-Earn 
6,mmm 

a a a a a M n M M t O 0 O P m m M M M N N N N N d  
~ m ~ 2 ~ m m ~ m m m m ~ h i - m m 8 m ~ 6 1 h i m ~ m ~  

Z I I I I I I I ~ I I I ~ ~ I I ~ I I ~ ~ ) ~ ~ I I ~ I I I  
Z W W W W W W W W W W W W W W W W W W W W W W W W W  
~ r . r .  w u l m ~ ~ n ~ w w ~ ) ~ r . m w ~ ~ n ' i ~ d ~ ~ ~ ~  
L O m  W d  dbCWOW3lnhNa d l A d a u l P ) d N 0 1 N M U  
O ~ m m ~ r . n w a ~ m r . ~ ~ w d m u l u l ~ ~ . ~ r ( a r n ~ )  
- r . ( ? ~ n b d r ) r n ~ c ~ - m ~ m m m  r l i n ~ r r w r . ? . m ~ r - , m  
CnM d m m G 0 1 . D I n h C X d b m  PNQP P - ' O d M W - 0 0  

~ ~ . ~ ) u m r n ~ v a ~ a m m i o ~ r l ~ n , n r - ~ , w r n  r o t n d  
w - * - - - - * -  - - - -  - - - . - -  - - . - - - -  
> d d m ~ n @ d ~ w a d + ~ w w  d ~ ~ ) t n m - ~ ~ r ) \ o m r l  
< 
1 
t 
a 

UNNN 
z m s s 
x 1 1 1  
U W W W  
u m m r .  
z6ir.I. 
U m N M  

NNN 
m3E2 
I I I  

NNN 
hi =hi 
1 1 1  
W W W  
m m u  

NNN 
m m a  
1 1 1  
W W W  
r0t.r. 
W N M  
d m  d 
* * P C  
m w d  
ri d ,a - .  . 
I.mm 

W W W  
N Q d  
mr.10 
N l u W  
a e d  
QInr. 
f a3P) 

W W W  
m w w  
a m m  
d W r .  
N W 4  
wr.m 
r -  iln M  - - .  
d d d  

.+&A 
m earn + + +  
W W W  
0 3.4 
a o m  
Null- - N L C I  
w  -501 
.-i dd 

drl4 
m m m  
+ + +  
W W W  
u C. '43 
LDVN 
d*P) 
m a d  

( F O O D O *  
I. In N W  
N W  * r J .  
w .inn 
7 4 -  rld - - - -  
dddr' 

- x m r . m d m r .  
r P ) 9 I n m u 3 0  
C )  .id= m Nr. 



AVEX4GE F I S S I O N  C R O S Q - S E C T I O N  

0-WAVE SIGMAFISS 
01000000E+00 
01000000E+DB 
01000000E+00 
0 ,000000E*00 
01000000E+00 
0,000000E+00 
0e000000E*00 
01000000E+00 






