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Abstract 

The ECESS code ca lcu la tes  t ranspor t  equation. coe f f i c i en t s  

f o r  the  thermal energy monatomic gas model of a physical moderator. 

The parameters of t h e  model a r e  t h e  r a t i o  ( ~ / m )  of atomic mass t o  - . . . . . - . . . .. . - . - . . . . . . . . . . . . . . . 

neutron mass, and t he  temperature t'. Coefficients f o r  these  parameters 

a r e  obtained through t h e  P approximation, I n  addi t ion t h e  code 
3 

ca lcu la tes  i n f i n i t e  medium spectra  of t h e  s ca l a r  f lux.  The s ca l a r  

. f l ux  and neutron current  spec t ra  i n  l a r g e  geometry may a l so  be 

obtained, and based .on 'these, constants f o r  a one group treatment 

of thermal neutrons a r e  computed, 



. . 
ECESS--An IBM-704 .CODE COMPUTING TRANSPORT EQUATION 

COEFFICIENTS FOR A MONATOMIO . . GAS MOQERATOR I N  THE: THERMAL ENEIGY RFX;ION 

Wo We ' Olendenin and Go Re Culpeppen 

I0 FORMULAS FOR THE COEFFICIENTS . . 

. . , . 

The 'ECESS. code ob ta ins  t ranspor t  equation coe f f i c i en t s  through t h e  

P appmdmation f o r  the,  monatomic g l s  model of a physical '  moderator i n  t h e  . 3  
. . 

Chemal energy region. A des,cription.of t he  physical background of t h e  model 

i s  given i n  WAPD-T-1109. The present repor t  w i l l  be r e s t r i c t e d  t o  t h e  computa- 

t i o n a l  aspects  of the. code. 

The t i an spo r t  equation for. neutrons i n  a; monatomic gas medium may 

be expressed i n  t he  -form , '  

2 2 

Here, F(~ ,Q,E)  i s  t h e  number densi ty  'of '  neutrons i n .  t h e  d i r ec t i on  of t h e  u n i t  
4 

' 0  ' 

irector having energy E = (1/2) mv2, with ni t h e  neutron masg. The parameter 

. In/ i s  t h e  number dens i ty  o f  atoms of mass M, 



. .  . 

The ef f ec tf ve . croks.. sge.%&oars. are .: . . 

4 $newhiah vrel i s  the re lat ive  velocity or  a neutron moving with veloaity 0.v 
4 and an atom moviiig with. speed U at an anile with Q. The function p(U, $ ) 

i s .  the probability . . 

with f3' = ~ / 2 k ~ ,  that the atom hays this volccity. The cfoss section a($' - .Fa  4 ) 
> 

i e  L 

I n  . . . . this . . . eqpatioq i s  to b be measured relatiire t o  Sv; the differential . . c r g q ~  

soctiop (El E, 8 U ) i s  the cross saotion $07 ac~t ter ing  through 

angle 6 with energy change f m m  Ev t o  E.: 

Fgr scattering and 'absonption c ~ o s s  sections . . .  qf a$it?s$y analytic 
I' . . ., 

. . 

form it woul4 be necessary to  evaluate (2) qnd (3)  nuperic@l&r. For a 



honatonric gas having constant aS(vral) = as and a (v ) = arbrd the effective 
A re1 

t o t a l  cross sect ions  are 

Eiq. (6) i s  obtained by a atraightfomard.evaluation; Eq. (7) follovk from the  

f a c t  t h a t  p(U, $) i s  normqlised. 

I n  solving t h e  t ranspor t  equation, it i s  usua l ly  convenient t o  expand 

the  arose section a(E1 - 8, 8 )  i n  a se r ieq  of Legendre polynomials. 

The evaluation of t he  coef f ic ien t s  a (E1 -- E) is discussed ili WAPD-T-1109. 
, . k' . . 

. . 
These . . may be expressed i n  terms of t he  q u a n t i t i e s  2 and zl  where 

i It i s  convenient t o  def ine  t he  parameters 



.'For E I E', the cross sections u t h ~ o u e h  a are: 0 3 

where , . 

5 = (1/2) (1 + m/M) z z )  - 2  (1 - m/M) ( z )  - 1 J (131 



where 





I - .  

. . . . . .  

. . .  
..,-. . . .  . . ,~ . 

: i':: ...... ';. . .  . . . '  , where , %.. . - .  



How~ver, a1nc.e each of .t;he .cross s0,ctipn.s a obeys the det.ailed b,qlL,qa, c.0nd.i- % 

p '. 

.$$&no theae cross se.ctip.n.s are mopt  eas i l y  obtained . . -from tho& for &.:s ;f V eg 

W+.ng use ,@.f t h i s  -condJ&i~n.~ Thus 
1:' ; 

% '  . . : .. I .  .: 



whatever the ma@nitude M a t i o n  between 3 +nd E2* 
w 

Each of' the formulas (U), (12), (14), (16) f a r  U~(EI -- E) is made 
%' u p  of four tsrms, e4qh dne. of .which inva,lves on ly  one o f  the yk, k F l.. . 4 . . 

. .. . a ,  

. conput$otion . .  . p a y .  . fok 1 '5  y6;< 3. For values o f  yk ' outside thia ranga, the la~,gq 
I : .  ' 

. . . . ' canoenatieq. . bg . . teks . .  i:slonging . . .  tb a given yk prevents. a c ~ u r a ~ , ~ ~ O O q g ~ t a t i o n  . . with  
. . 

C h e f ~ ~ u l ~ s  . . i n  bhis  . . form. For J . ~  5 1.1. and k 5 1 or 2 the t q r q  in. yk ins ide  
. . 

the square bracket3 . .. .,of ; (12) are. replaced by t h e  series 



5 29 :"' 
' + (~~/25~281,704 x 1 0  + c2/87?178,291 x Ld) yk } .a' ' :':.',> :'(J.$) 

. .$ 
. . Y 

. . 

whspe the . .  a upper sign is used for yl and the lower ~ i g n  . .  . ,  for y2. . The papameter . . - . .  . 
. . > ' 

i1 

0 -  3 . .. . < .' . . . .  . . ' ;' . 
1 

. . .  . . 

For y and y e series of the  same form cis (19) is uaed but with the f a c t i r '  
3 ' 4 !, '. + 2 2 .  . . . . 

f 1 replaced by. - exp ( i s q :  - z ),,# the pqyy~gtef  ql by dls and the pa rke t e r  5 
. . 

The upper algn is to be useq for and t h e  lower sign for'y4i 3 'r 

~ h k  terns in yk in the sqpareSbraokata: of (I&) are . replaced . fo r  
. . 

yk 5 1.1 qnd for l? F 1 o r  2 by t h e  aqpioa 
e 

1 .  
. . 



'1 . ...' :-, 
where the -upper sign i s  used for yl and the lower sign for y2. The parameters 

. . . . % and E2 are . . 

. . . . . .  . . . .  . , . 



In :the case of' 7 and. y .  the terns in the square brackets of . (U) are': replaeed 3 .  4. 
+ 

by a series of the -a foiro as (22) but with the faStar- 1 repleeed bjr , 

. ., . . . . + 2 .  - exp ( z  - z ) , the parameter 9; by fl, the 'parameter $2 by f 2 ,  and the ' ; x ~  ($ 

quantities 4 and E respectively by F1 and F2 where ' 
2 

Thib upper sign i s  t o  be used for  y and the lower sign for y 3 k * 
For the croas section of (,16), the t e n s  in q with k 1 or  2 i n  * 

ths square brackets are replaced f o r y k  1.1 by 



where the upper sign i s  usadufor yl and the  lower sign for y2. The parameters 

; .. "$, G2' G3 are . . . . , . .. . 



... . , 

. . . . . . . . 

For and y4, a s e r i e s  o f  the same form a s  (24) raplaoes the terms :in yk 
3 + 

i q  the square brackets o f  (16) for  y k s  1.1, with the factor  - 1 replaced by 



+ - axp ( 2  l 2  iz2), t h e ,  parameters kl, g2, 
g39 g4 r e p 1 a ~ ~ : b y  I, h2, 5, h4 

re&ec<ivdy; and t h e  parameters G1, G2, G3 by A1, H2, 5 respectively. These 

0 q u a n t i t i e s  a r e  



The upper sign i s  uaed f o r  y and the  lower sign f o r  y . 3 1, 

For yk 2 3, t h e  e r ro r  function which appears i n  the  formulas must 

be replaced by its asymptotic expansion. Since the  f i r s t  ' term i n  this expan- 

sion i s  independent of yk9 accura*cy may be increased by t r e a t i n g  the  terms i n  

5 and y2 together,  and t h e  t e r n s  i n  y and y together. For  2 3, the  .3 . , 4 
e r r o r  functions i n  'y and  y a r e  each, replaced by- 1 2 

where 

FO; y 2 3 ,  the  e r ro r  functions i n  y and y a r e  replaced by '' 

3 3 4 



Since t h e  e m r  iunc t ions  i n  yl and y always occur with opposite signs, as 
L 2 .  

is a l s o  t r ue  o f  t h e  e r r o r  functions i n  y and y , t h e  f i r s t  term i n  each of ,  3 4 
t h e  asymptotic ser ies . .of  (27) and. (29) has been omitted. 

The d i rec t iona l  f l u x  of Eq. (1) may be expanded i n  a s e r i e s  of Legendre 

i& . polynomials of t h e  angles with a polar ax is .  For s lab  geometry t h i s  has 
n 
LJ 

form. 

where "p .and ul a r e  d i r e c t i o n  cosiries with . t he  polar axis, and x i s  t h e  posit io 'n 

coordinate a l o n g  the  a x i s .  The c r o ~ s  sec t ion  of ( 8 )  may b e  expressed i n  te'rms ' 

of pj U~ and t he  corresponding azimuths X and X ' by means of t h e  addi t ion 

, . theorem f o r  Legendre polynomials ; - -  
.A/ 

cos m . ( X  - X 1 )  

With t h e  use  of (30) and (31), t he  in tegra t ion  over 3' i n  Eq. (1) may be 

carried out. The usual  resolut ion of t he  t ranspor t  equation through expansion 

of t h e . f l u x  i n  Legendre polynomials reduces it t o  t h e  s e t  of equations, 



. . - - . . : .  . 
~ e r o  ' t h e  d i r e c t  aourccl berm S(r9R;E) hati been expanded as . - 

. . .  . . . . 
, . 

. . I n  order . . t o  solve t h e  equations (32) it i s  necessary t o  evaluate t he  

spat ter ing- in  i n t e g r a l  on t h e  r i g h t  s ide  of each equation, For appl icat ion t o  

the thermal energy range, t h i a  range may be speoif ied by an upper enerm limit 

Ege For energies above 3+,$ the f l u x  component p ( x , ~ )  i s  assumed t o  have (an I 
a ~ y m p t o t i a  form which spec i f tea  this pa r t  of t h e  ecattering-in i n t e g r a l ,  The 

thermal energy range 0 5 '  E < Eo i s  divided by means o f  t h e  N valuea En . . . .  
. . 

(E :'< E ~ )  i n t o  N + 1 energy i n t e rva l s .  I n .  each i n t e r v a l  t h e  integrand of 
p+l 

(32) i s  taken t o  vary  l i n e a r l y  with energy9.corresponding t o  a t rapezoid rule 

, fnte&ation.  The i n t e g r a l  corresponding t o  E = En i s t h e n  replaced by t h e  

.... . . . . 
< .  . , 

in which 



. . .  . .  . 

. .  . . . . , 

8qs. (32) for B = ED with the  i n t e g r a l  'evaluated by (3&) are a s e t  ' of fh, : 

. equations. i n  t he  va r i ab l e s  pn(x) whikh may be solved by i&rative methodsi ' . . . .. 
, . f . .  ' I  : 

ef f  It i s  a l so  necessary t o  compute as of Eq. (6). Since t h e  e s sen t i a l  
. . 

cha rac t e r i s t t e  of t h e  'croas sec t ion  i s  ;the fact  t h a t  it obey4 t h e  de t a i l ed  
. . . .  . . ! '  

balance  condition^ . . $t i s  useful  t o  r e t a i n  this i n  t h e  form of  t he  

equations uaed f o r  numerical solution. The p a r e s t e r  o:ff f g r  a p a r t i c u l a r  

energy ' E ~  and temperature i s  replaced . . by 
N 

k'. j -' " i s  replaced b y  G The s i m i l a r  sums p i n  which Go a r e  a l s o  computed, 

A s  a check on po t h e  parameter aeff i s  computed from Eq, ( 6 ) .  This servea . .  .<-  

pr imar i lg ' to  verify t h a t  the  'group s t ruc tu r e  values  En a r e  s u f f i c i e n u y  c losely  
. j  

spaced, . _ :: 

Y *  . . 

o f .  t h e  scattepingwin i n t eg ra l  i s  a sburce term. For t h e  thermal: problem this 

source, whiah repregents the  neutrons which have had co l l i s i ons  i n  t h e  moderator, 
- 1 .  

w i l l  i n  t he  usual  caae be the  p r inc ipa l  one. The d i r e c t  source S o ( x , ~ )  must' 
. . 

b e  added i f  it i s  not negligible.  For high energies %(x,EV) w i l l  have t h e  

asgmptctic f oqn $(x) { A/&') where h i s  a . constant, . The ehergy dependence 
.. . 

of t h z  sourpe t e r n  i s  given by t h e  source i n t e g r a l  



This i s  computed ,nuqe&ca&Ly by the  code fop each value o t ,  ens %no@ the 
c p  

, . - 4 5  2 2 t, 

now&&$aation of t h e  . souroe . 'is irmnaterfal,,.the constant h i s  ohoaen so t h a t  

1(11()) 1. .:. . .  ' . . , .  
c> 

. . . . ,  

. . .  The quwti t isg? naedsd f o r  bolution of (32) ape reoold?d on tape'. 

a s o n e  form of outpqt o f .  t h e  ECESS coda  (.S.e;ptiofi V.,) These quantitL as are 
. . 

p (a,) , n - 0  ... N 

A sgcond purpose of t he  oode, i n  addit ion t o  computing t h e  quant i t i ee  

gf me (39),  i s  t o  solve Eqs, (32) f o r  t he  cases of an i n f i n i t e  medium o r  a 
' i '  , 

I 

geometry large qompared with a mean f r e e  path. For an i n f i n i t e  medium, Eqe, (32) 

reduoe t o  the  neutron mode~at ion equations f o r  f = 0, 



. .  . . :_. ( . ::,!:i-7 :... - - . .  : . n . -  : .  

These equationb ' $re solved fbt-  t h e T h x e s  cp with t h e  FDSR submutine (Ref. 1 )  , 
. . . . , . '  ,... ! .  .,..;. .,.: .:., . 

0 

an i t e r a t i v e  techniguO. ~&.cdnVeri'ii&ce ;lff ( E ~ )  is expressed as 

where E i s  i n  electron-volts .  The parameter aO used a s  input i s  t ha  absorption n 

c r o s s  sec t ion  a t  2200 rn./s, 

. In  order .'to .accelera te  t h e :  convergence of t h e  i t e r a t i v e  process, .both 
. . 

r e n o d i z a t i o n  and extrapolat ion techniqu'es a r e  used. The s t a r t i n g  f l u x  hao a 

. .. -el% fohn, . . 

i n  which t he  constant A i s  determined by requiring equa l i ty  o f  t h e  number of 

neutrons kbsorbed t o  t h e  number introduced by t h e  source. Tile value o i  t h i s  
4/ . . 

constant . i s  . 

{ (2 /2 /4 )~  Erf (co) - (1/2) a. =p (-a:)) 
'.I 

where kT i s  i n  electron-volts .  This ndrmalieation i s  repeated a f t e r  e ach  
. . 

' : :  . .  . . . . . . . . .  
. i t e r a t i e n  'in' which t h e  l&est! f rac t ion& change i n  the' flw is grea te r  than 

- . I '  . . . .  . . .: 
r# a prs~et  parameter b ,  usua l ly  sat a t  .Ol.  he n o m a l i ~ a t $ o n ' f a c t o r  B d i f f e r s  

from A of (43) only i n  t h a t  t h e  . tern . i n  zO, i n  t h e  denominator i s  replaced by 

. . 
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. c: e!) 
app&$q@Q$e . . , , w h e ~  t h e d i . ~ e o t  source t g ~ s  . . S (x,E) are'negl igible .  ms. (46) and l , , *  

(47) . . are ?p&yed far the lgrge geome't'rr l$mit i n  which the first t e r y  i n  (46) 
. . . ' .  . 9 

\ 

$i neglgqted 'g that thi's qqugtion nedvcea! t o  E q .  (40). Eq. (47)  i a  . put . into 
.P ' . s 

18 wl;r*t+n as. 

eguati~pfi . .  I' qre , also I . . aolveC . . $ . ,  u # ~ g  . 'I the1 GDSR subrouFide, . ! .  and tjhk ipctrppolatio? , I '  . . , .  , 

teehnlqusl . , .  . witgut pnaliqation, . ,  , of Eq. (41). ! .  . ~ f t e r  , they have been ! . .  compute'd . . 

b i t h  . th?  #epqctra : . . :  .: $" 17 and ' . 9; aye renormaliq@d so that 
s .  

, : .  . . .  
/ "  

A one energy group d e s o r i ~ t i o n  of thermal neutrons i s  obtained by 

4 &ntpgrf+t$on of Eq, (q2) ovef enefgiep. Thia equi+tl?n then takefi the  f q q  
, . 



. & ' a @ .  . (x)- , v  

A ,. - '  , .G.7 . 
. . ,  

. . 2 'ax 

eff 
1 !  , o, . P ~ ( + ~ E )  ~ E / Q ~ ( x )  a 

IJfl~hg the ! .  . f$uxqs '  go(^) and g l ( ~ ) ,  qbtained Prpn Eqs. (40) apd (18) t h e  . . ,  

!nt@graa of' ( 9) through ( 55) are computed. The notation for these integrals  

!4 
N 



. . 

. ... , . . .  . . ,. 
Here t h e q u a n t i t i e s  a t  Eo a r e  taken t o  be 

. . 

The i n t e g r a l s  No, JO, 10, N1, J1, I1 a r e  computed. In  addi t ion t h e  i n t e g r a l s  

j'n and I ane obtaLned from C, and C 3 -n  
I20 30 . L, 3 approximating q2 and .$ 3 . .  . 3 --n w i t h  .'$oLo. The in tegra l s"~21  and 1~1 a r e  obtained from C2 

approximating 92 and $3 with 'kl. The parameters of Eqs. (52 )  through (54) 

aye given i n . t e rms  of . the i n t eg ra l s  by 



Two computational cheeks ' t h e  problem a r e  provided b y  t h e ,  r e l8 t i ons  implied.  ' 

. . 

by Eq, '(40). and 4. (J+8) . ." . . - ,'.: 

. - 
2.3 . 

- ,In t h i s  equation P i s  a n6rmalization eons tan t  f o r  S 1 ( ~ )  which i s  pr inted out. . ' ,  I . . ,  ;' '.! 
I I . . ,  ! 

The quant i ty  Q i s  an e f f ec t i ve  scabtering c r 0 . S ~  Y B C ~ ~ W I I  for t h e  l 
thermal group, R i s  an e f f e c t i v e  absorption c ross  section, and P /Q i s  t h e  l I I :  .. - 

average Legendre polynomial. , A l l  a r e  spec,tnun-dependent . The d i f fus ion  

coe f f i c i en t  of t h e  monatomic gas i s  

and t h e  d i f fus ion  leng th  i s  

. ._ . - .  , .  . t 3 .  . .  . 
. . 

. ,  . 
j and C Since t h e  coefficLents. C2 j -" :are  not  rele+ant t o  t h e  

3 . .. 
- 8  

. . 
. ... 

aolut ion g f  Eq. (40) and'Eq. . (be) ,  one form of the  code omits t h e i r  c a l cu l a t i on .  
. . . . . ,  . . I .  , '  . . 

This form has  been labe led  ECE33. The .form which includes calcula t ion of C j --'n 
: ' 2. . . 

. .. 
' j i n  

~d Cg has .  been labelgd I .. ECFS?, 
. . . . 

INPUT 
t.. - 

The f i e l d  format of t he  input cards f o r  ECESS includes quan t i t i e s  i n  

both f ixed  point  and f l o a t i n g  point  nota t ion,  The q u a n t i t i e s  i n  f ixed point  . 

. ,  , 
; l. .. 

- 26 - 



notat ion a r e  pos i t ive  in tegers  l i s t e d  as such, The quan t i t i e s  i n  f l o a t i n g  

.point nota t ion a r e  l i s t e d  i n  a  form containing t.en o r  fewer d ig i t s .  The 

f i r s t  two d i g i t s  a r e  the  sum of a power of t en  and t h e  number f i f t y ;  t he  

remaining e ight  o r  fewer d i g i t s  make up t h e  number specified with t h e  decimal 

point  understood a s  preceding t h e  f irst  of t he  e igh t  d i g i t s ,  The f i r s t  f i e l d  

on each card i s  t h e  t o t a l  number N of 'groups ( f ixed po in t ) .  The rem&ining 

f i e l d s  6f t he  f i v e  cards a r e  a s  follows: 

. . . . .  . 

Field - Information 

Centigrade temperature t > 0 t o  neares t  I 

degree ( f ixed point) , 

Total .number K of absorption cross  section6 
a 0 ( f P y ? d : : p ~ i p t ) + - : ; ~ . .  . '  

Atomic mass M ( f l oa t i ng  point) ,  

5 ' ~ e u t r o n  mass rn ( f l oa t i ng  point) .  

Asymptotic sca t te r ing  c ross  sect ion as 
( f l oa t i ng  point) ,  

Fards, Type 2 

Fie ld  - Information 

Energy l e v e l s  E i n ,  ev, ( f l oa t i ng  point)  , .. , 

There w i l l  be N% numbers i n  descending 
order Eo ? ? ?  Fh10 A maximum of six value's on 
a  card? 

> 
If the  number K on Card 1 i s  eero, t h e  r e s t  of the  cards a f t e r  Card 2 a r e  

omitted. 
. . . . 

. . 



Cards, !type 3 

� aid, .Type 4 
,.. I 

F i e ld  .- 

2 

' Information 

The K values of t h e  abao$pbia'n c ros s  s e c t i o n '  
' 

( f loa t ing  point) ,  .six o r  fewer t o  a card, ('0 ::. . , , ,  . . 
. . 

. . Information ,. . 

Normalization . c r i t e r i o n  b ( f l o a t i n g  point) ,  
. , 

Extrapolation fnoton 8 (float.ing point)  fnr 
i j qua t i~ne  i n  . ): qo. 

Card, !I'm . . .. 
e 5 

Fie ld  - Information 
. . 

. . 2 ~ t r a ' ~ ' 1 a t i o n '  f a c to r  6 ( f l o a t i n g  point)  f o r  
equations i n  $ . A ~t$aruta card must be used 

. . ., . f o r  each value if a . Solution of these  equations 
may be 0 m i t t e d . b ~  d i n g  a bljrnk card i n  place of 

, . 
Card . . 50 . , 

, The unused p a r t  of each card i s  f i l l e d  i n  w i t h  zeroes, 

It i s  possible t o  run consecutive problems with t he  same group 

s t r u c t u r e  and same temperature but  with a d i f f e r en t  ma.ss r a t i o ,  M/m, by using 

drily Cards 1, 3, 4, 5 .  Decks f o r  consecutive problems a r e   laced di.re.ctly 

a f t e r  gne another. For consecutive problems with the  same number of groups 

b u t  d i f f e r e n t  temperatuye,~,  Cards 1, 2, 3 , 4, 5 must be 'used,  No blank cards 
. . 

a r e  used except a t  the,, end o r  i n  place of Card 5 a s  descrabed above? Three 

blanks a r e  placed a t  t h e  end of  t he  inpu t  deck[s), 
. . 

A ,,sample input .deck i s  s h o h  below, This 1 s ' f a r  a 36-g~oup p,roblem 
. , 

a t  21°~., with one absorption c ross  sec t ion  aO. The atomic mass i s  N F 2.75, 



t he  neutron ~~~~~~~m = 1.00 (only the  r a t i o  ~ / m  i s  s ign i f i c an t ) ,  and t he  
7 ' 

sca t te r ing  c m s s  s e c t i o n i s  35.75 barns. The energy Eo'= .680 ev. ami t he  

1 energy EN = .0005 ev. The c m s s  sect ion uO .33 barns. The parameters 

involved i n  accelera t ion of t h e  i t e r a t i v e  process a r e  6 = .01, 8 .8 
I:. 

and e2 - '8' 

(Three blank cards) 

IV, OPERATING INSTRUCTIONS 

place t h e  ECESS program tape on l o g i c a l  t ape  1 and blanks o n  . . 
, . . . 

l og i ca l  . . t apes  3 and 5 :  
. . 

Place the  input deck(s) i n  card h6pp,era . . .  \ . . 
' . 

. . . . . .  . . 
. . .  

..J Push CLEAR, L ~ A D  TAPE. 

Ehd of run 'programmed stop i s  10425, . 



: . .  Save tape:  5 ,  f o r  p r i n t i ng  o f f ~ l i n e i  - Tape i s  not rewound., . , . . ... .. : . 

. '  . i '. Save tape  3. . i f  ind ica ted .  by requestor. An EOF i s  w r i t t e n .  on tape.:3:.:..: 

a f t e r  a l l  problems have been run and it i s  rewound, 1. 
. . . . , ., . 

Error  s tops  
. . \ '? 

. . .. . 
' . .  , . 

00603 GL@UT~. . .  .' . Mflchine e r ro r ,  

00662 GLJ~uT~ ' .  Machine e r ror ,  

0143 5 WHOO1. Machine e r r o r  

01470 WHO01 a Machine e r ro r ,  

. . 

U333.5 CDSR. 

Input e r ro ro  .Double punch, blank 
column 0 

Input error.  Range e+or. Float ing 
decimal number out-of-range. 

. . 

~ o i u t i o n '  t o  s e t  of equations not con- 
verged a f t e r  999 i t e r a t i ons ,  Push 
s t a r t  t o  continue f o r  another 999 
i t e r a t i o n s ,  Problem probably no good, 

Oh367 WHO01 return.  Bad count end-of-file, Machine e r ro r ,  

04737 , SUHT e r ro r  re turn .  Machine e r r o r  o r  negative mass 
.specifled,  

05024 WHO01 return.  Blank. card-. 

05025' WHO01 re turn.  

05050 , SORT e r ro r .  re turn ,  

05055 EXP e r r o r  r e tu rnO ' 

, 5 1 7 1  EXPG. error ra turn.  

05307 EXPC e r r o r  re turn .  

Count end-of-file, 

Machine e r r o r  o r  negative energy 
specif ied . 
Machine e r ror .  Negative arguments a d y .  

. . . . 
M~ck%ne, error sine e negative abrgw~~erit u 
only 3 ' L .  

Argument too large .  Machine o r  
specif ied energy e r ro ro  ' 



EXPC e r r o r  return. 
. I , .. . . Argument too large .  Machine o r  specified energy error .  . . 

3QRT e r r o r  return. Machine e r m r .  

: %XP e r ro r  return.  Same a s  5055. 

FWT5 e r r o r  return,  Impossible end-of-file re turn ,  
Writing. tape .3, 

. . 
writing tape 3. Machine error .  

. . 

PWT$ arroi. return., 

WHO01 re turn,  Same a s  50240 

Same as 5025 :WOO1 return;  

WHO01 return,  

WHO01 re turn,  

,07705 SQRT e r r o r  r e t y ~ n ,  ' Machine e r ror ,  
. . 

$Mu4 WHO01 re turn,  Same. as 4367, 

J.0040 Group number on Card Type 5 is inoorrect .  

1947 A C  overflow? While i n i t i a l i z i n g  matr ix  and vector 
f o r  GDSB t o  solve s e t  of equations, 

10450 MQ overflow. 

LO451 AC overflow, 

Same a s  10447. 

While solving second s e t  of equations, 

10452 MQ overflow, Same a s  104510 

10453 . . . AI: overfbowp 
. , .  

While solving first s e t  of equations6 

MQ overflow. 

AC overflow, 

MQ overflow, 

Same as 10453* 

While computing C matrices,  l. 
Same a s  104550 

j 
'-'' 

10457 AG overflow. Whi-le computing p and p0 (ana ly t ic )  
. - . l  

10460 MQ overflow, Same as 10457. 



-10461 . : . .. . AC overflow, . . 
. . .: . '  

While computing t h e :  -source term;. ~(g,) . 
. .  . 

10462 MQ overflow, Same a s  10461, 
, . 

10637 Group number on Card Type 1 doesnv t  agree with preceding 
J 

. . problem( s) . ' > * k t  
2 .  

a3 

10640 ,Group' number on Card Type 2 i s  incor rec t ,  . . 9 
l06W . Temperature number is l e s s  than t h a t  of p~eced ing  pPoblemo 

-, . . . . 

10642 . Energy l e v e l s  not i n ,  proper sequence, One energy i s  not 
.: . lesa t-han t h e  ppeocding oneo 

. . 

106 53 
' . Group number on Card Type 30 

10754 
. . 

EXPC e r r o r . r e t u r n ,  Argument too la rge ,  

10775 CL INT3 e r r o r  return.  Minus AC i nd i ca t e s  underflow o i  
overflowo Plus AC ind ica tes  n  = 0 o r  1, Machine error ,  

11013 EXPC e r r o r  re turn ,  Argument too la rge ,  
, .  8 

11020 Group number on Card Type 4 i s  ' incor rec t ,  
. . 

The BCR output i.s an l o g i c a  t ape  5. and the .b inary  uuLput 
. . ,. 

log ion l  tape 3, , . 

. . -  . . Tape . . 5 i s  pr inted off-l ine,  After  p r i n t i ng  out  t h e  information on . . 
Card 1 a s  an i d e n t i f i c a t i o n ,  t h e  syns p  ( z )  f o r  each group. a r e  p r i n t e d o u t .  I 
The ana ly t i c  check of 9, ' ( 6 )  f o r  o i f f  is 81.~0 printed togothat  wi+h the 

. . . . . . 

difference between t h i s  and , The spec t ra  %(E,) and 'S1(#) 0'0 p r in t ed '  
. . 

 UP VJ~UBB . . .  . . a ,B i n  the  order 5 . . . %. Fina l l y  t he  suns' No, JO, 10, N1, 
. .  n . : ,  

. . 
I a r e  p r in ted  out,  and i n  add i t ion  th'e normalization 

J19 '1. '20. '21' '30' 31 , 

f a c t o r  P1 of Eq. (61). 



I f  K = 0 on Card 1, no spec t ra  a r e  computed and only t h e  values  of 

PI and oeff a r e  pr in ted  out .  I f  Card 5 i s  blank, t h e  spectrum $ l ( ~ n )  and 
S 

t h e  sums a r e  omitted. The p r in tou t  of t h e  spec t ra  and sums i s  repeated f o r  

each value of a spec i f i ed ,  
0 

,:. Tape 3 contains the  matrices and a u x i l i a r y  terms t o  be used f o r  

space .and energy dependent problems. Af ter  t h e s e  have been computed c.orres- 

ponding t o  a given Card 1, a record i s  w r i t t e n  on Tape 3 with t h e  temperature t 

used a s  t h e  record number. Each record cons i s t s  of four  blocks of information: 

-~ This record i s  used by LTP 7 a s  inpu t  d a t a  f o r  t h e  library-program t a p e  of t h e  

SLOP-1 code (Ref. 2) ,  and may be s i m i l a r l y  used f o r  o t h e r  codes. 
I 
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