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Foreword 
The totll cress section probability (TCP) system is designed to process 

evaluated neutron cross section data into a continuous energy cr multigroup 
form. In the following figure, we have described the function of each of the 
computer codes ir the TCP system by contrasting the form of the data before 
and afLer code processing. 

LINEAR 

Evaluated lata in the ENDF/B format 
Includes resonance parameters 
Tabulated cress sections may obey any interpolation law 

Evaluated data in ire ENDF/B format 
Including resonance parameters 
Tabulated cross sections obey the linear-linear interpolation law 

RECENT 

SIGMA! 

uROUPY 

[Evaluated data in the ENUF/B format 
[Unresolved resonance parameters — resilved region in tabulated form 
'Tabulated cross sections obey the 1inear-1inear interpolation lew 

[Dopplsr broadened evaluated data in the ENDF/B format 
Unreso'ved resonance parameters - resolved region in tabulated form 
[Tabulated cross sections obey the linear-linear interpolation law 

( r,\ I Infinitely dilute group-averaged 
IENDF/B,' i in the ENDF/B format 

cross sections 

j \ I Bonderenko - aQ self-shielded grocp-averagec1 

' ' cross sections 

~© Multiband parameters 
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PROGH.AM SJGMAl (VERSION 77-l):DOPPLER BROADEN 
EVALUATED CROSS SECTIONS IN THE EVALUATED 

NUCLEAR DATA FILE/VERSION B (ENDF/B) FORMAT 

Abstract 
'•.V :\.\\: d o s i.mu J i ,-,'!.!..•, MCMA], t o I )oppN-r J M W U ! . : ) i- ' , . ii ' i i t n i , r o - - . - , . -

t i o n s l:\ >,])<. i'N:)K. tf l > i : . U . ] ho .-."U- ,'.ni >TI!V bo . i ; ' > ! i . d (•• t j - n l . t i d ,:.•>.., 

IV.. a v '. r-. ' iin-.sr ) v . :i ^ . i i ' i vv .tnd i T i s . s ^ t - i ' t i . - n b o t ' . o o i i t ibu I...: t d : » o i : : : - . f l -

: v p o r t >!•, s r r i i u ' s ti-.i- r u i ^ - u K iwod in tiu- >.uV .wid s e r v i - s .!-. i u - o r ' - . .-':id<. ?. • 

L :K . od^ . 

Method 
!>i)I">I.i:K ISKOADKNlNl, 

^ I ' ^ l i ' i b : o . iuon i n.; ro " o r s Lo .1 idi.-m^o in i T o s s s o i ' t i MI r o ^ u l L i : V ! i\ir; 

t hoi -;.i ! ':o L i o n , ro t .11 i.»:-., ,11 d v i l i r . i t i n n of niii 11- i in .1 t . i r : r t M l r r i 1 ! . i ':< 

SIC.'!.--.! :".<.•: h . ' J - M Y in' u-;-d t 1 D o p p U r b r o . i d o n . T o s s . - .opt ion- . :i>r i;r. p . i r t i ' - i o 

(K-.I\., n o i . t r . - n , p r o t o n , d o t i t o r o n , o t . . ) i n . i d o i u .it n o n r o I .i t iv i •-. i i. o i u - i . : h - , 

upon .: t.iiVL-t in v h i i ' i i t in- I ' r ^ ' - . i t o n . a p p r o x i m a t i o n i-; \ 11 i d -

1 r,o .S 11-MAI rr.K- t i iod i,-i o:-:: u n s ivi-1 y dt'Si' r i bod in K*.-1". 1 - '.-.'*.• h.r. ' t b r i o ; ] •. 

d v s v r i bod r.':u- lyothod no h>v., s . a r ' . i n n ! ron. t iu ivv! ! k n o v n l r . - t - , i t .••• i 'opp ! . '• 

b r o a d e n in >; o ! ] u ; i t i o n s in wl.i i-'n o n o r ^ y I £<] • ' 1 J I -i'ld s rood f Kc. . ( J 1 [ , - 1 \ t bo 

i nuv-pt_-!iclont v . i r i ab l o s 

1 . > ' - / • . - - . - -> 
i - - ( K , T ) = - 7 ( _ - ; > / I. 1: .-U-: . , 0 ) |dic • i - v p ! - , ( , - ; : - ^ i-: ) ~ | - c - ; . i - - ( . i : t o . _>"l 

V I V O ; = y (~) J 0 | V r : ( V r , 0 } | V r d V r -L-xpl-.-CV - V ) " | - L - , : S > | - . - . V + V ^ " ! 

( J ) 

w h o r e 

* = kT : " = 2kT : A " m 

m = project 1 le mass (e.g., neutron, proton, alpha, etc.) 

V = projectile velocity 
V = ]v] = projectile speed 

http://vilir.it


I 1 
F. = -rmV = project i U' energy 
M - target nuelei mass 
V = target velocity 

A = M/m - atonic weight ritto (target mass/projectile mass) 

V = V - \', - relative velocity r 1 
V = Y__ = relative speed 

E = "-mV" ~ relative enc-rgv of the neutron as "seen" bv the target 
r 2 r - -

-(V,0) = cold (0 K) cross section 
o(V,T) = Dopp1er broadened cross sectiun 

• changing variables in Eq. (..') so that 

\~ = it: - JV" 

x~ = it" = iV~ 
the Doppler broadening equation becomes 

I /2 
:(y,T.,) = —,-(~) f"Q x ^ x , ^ ) {exp[-(x - y) 2] - exp[-(x + y)');dx. 

The ensuing development can be simplified by defining 

1/2 
0*(y,T_) T (n> /"ox 2a(x, T ) exp[-(x - y) ! dy 

and noting that the Doppler broadened cross section is 

'J(v,T9) = o*(y,T ) - 0*(-y,T ). ( 
Next, we wili assume that the cross section to be Doppler broadened is 

given as a taDle of cross sections and their corresponding energies. Values 
between the tabulated points will be assumed to vary linearly in erergy and 
cross section: 

E - E, k k+1 
"k+1 k 

Ec(E k,E k + 1) ( 



1 . v l . . r - p ' - . T I d / 

di ' i :K a i :•:.). ! LV in t an - • 

I . ! I - !• ' a > 

n.̂  . a i ^ . i s i l v ha >:.avn t o s l i i s i ' v i \ i v r i a i r ^ i i - n 

I ) , . i i - ; 
a S p l - . l I + 1 _ ) 

• i ' l i ( ' i l ! v a v a h u L i n ^ Kq . ( 1 J ) f a r n = (1 and I , a s t v 1 1 an 

r s i a n l a i a [ i a a s h i p , u a >-in d a r i w t ' na t ~ t . ; u i r a d l u n a t i a n s 

l ' " l j ) = K R I ' l a l 

F (a> = ( J (1 - a : q v , - a - ) l 

- 3 -



RKi'RKSKXTATh'NS OF BROAD :.KYM CKOSS SKC H n.WS 

If t h f p r o ^ r a n s Hi a t prndiii ' i . ' :ra 1 L i ;_;."«> tip a nd cont i mi. HIS M.ir.f L- C a r l o d a t a 

f n>n: 1 i Tif . t r- J i n u n r i n t o r p n i a t a b U- ova ] uat. t d i m s s - s t - . - 1 i ^n I i b r a r u-^ a r t - t J bt-

a p p l i i a b i f Lo DiippK-r b r o . i d i i k L 1 I T O K S Si-i't i . m s , LIIC l a t t e r c r . i s s s e c t i o n s nniBL 

http://Tif.tr-


.') b ir ii r i .u ir v irl i 

, '.• i r - 1 : :u : r .: 

0 
' I I I 

Li nea 1 -1 inear 

" x i n te rpo la t i on >y " 

\ \ s \ 
\ 1 / V ( l i near i zed} \ 

X 1 
\ 1 

1 \ 
r \ \ \ \ V 

\ s N 

\ 7 L I 1 1 

10 

- 10 

10" 
10~ 2 I0"1 10° 1C1 1C2 

Energy - eV 
Fig. 1. Linearized 1/V cross section. 



a l t h o u g h t h e re.i>. l i o n r a t e i^ lu-.-o-:iiiii; MV.OOI he i ' , I r.i . . i " \ ::i.i\ ne t ':«, t r u e ••: 

t h e i'r>.>ri s r c i i o n i nchu^u - 1111- lw. ' J i i W ' V bv i ' . . u t . ' t o \ \ . V \ i . e . , t . \ ' , l i = 

Kl V , T ) / V J . I'o e i i s m e [ ' l i t l i t i s l e w - e i n n . Y ] . V ! a i I d^f^ no t pri-vi--.it t h e * i v s -

s e e t i o n f row In-i lis.; I ; n e a r - 1 i n e a r i n[ t : pe I .it ah i e , a ! I v e Ii.ivi- t-> J o i-. e h o o s e 

a n tMU'|-;.;v >;rid '••<' Hie h ro, : i i , :I. ••! d . c . i tii .it i-. t h e .-..i::,i- .is t h e e n e i y , \ g r i d l o r 

*;he u n b r o a d e n e d d a t a , e x c e p t t h a t t h e l a t t e r i s s u p p l e m e n t ; d by a n a d d i t i o n a l 

s e t of e n e r g y pu i n t s . T h e s e a d d i t i o u a t p o i r t s s h o u l d be a d d e d i n s ' i c h a way 

t h a t b e t w e e n any two e n e r g y p o i n t s o f t h e f i n a l e n e r g y s r f d , t h e d i f f e r e n c e 

b e t w e e n 1 i n e a r - ] i n e a r a n d 1/V v a r i a t i o n s in t h e c r o s s s e c t i o n i s a l w a y s l e s s 

t h a n siime a l l o w a b l e e r r o r • . 

(.'ens ikh i' '.:<•• j-os.-. ib l .• r i ' p r i ' s c n i . i l i i ' i H of tit.. sa::ie « r i ' s - s«-i . i o n : a 1,V 

v:n* i.ii ion .ni.! a ' i :v.iv-1 i nea i v a r i i r ; o n in e n e r g \ . bv i n s i s t i n g t h a t t i n two 

r e p ' V ^ . m ,ii ; , t [w .,.• i e e o:-..i. 

V, = S V , . v , , , , 

(\ ) i I v \a>- • it ion) 

1 % I i Y^ - V " ) / I i : u a r - i i n o a r i n 'i 
" V '" \ ' s ( S " + II ' l ' ' ' " S S ^ v O o n - c n . - r ^ - ; 

(VI 

• . I V ! - • , ' , V > 

and I ho v . i r 

-_w- v 

. • . ' s ^ * n " v i 

in t i u ' ! r .u- l i o l . i! u i I i i n - n r t ' i ^ 

i I h l ' r ! o l \ , t 11 

t i i.. t p o i n t . i r 

ill .>t :;I:IN i r.m:", L! ] ! t r r i ' m - u .nul t !u- v.. I lk ' ot L ;u' u i ! I I ' l v i i i i - .11 

(1 + S t S ) 

(v i - i - c ; i ; . 
(I + S + S"l 
s i s + "iV 

( 1 9 ) 

http://pri-vi--.it
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."•.'.'to iV ) i s i IK) . . penden t o : V, .lilt! " l l l v d e p e n d s Ml s , t in- s l ' . i . i :U", h . : « . - n 
u. . 1 - : -

l . ihu Lit r.l p o i n i s . T h i s nu . i n s th . i t .i i / \ ' v . i r i . n i o n i .in In- I e p r , se :H i d bv i 

l i iH' . i r- I i n e . i r v.i r i.i t i nn in t i u r ^ v t o w i t h i n a n v . i l l o v . h l t e r r o r , s i : " ; 1\ h: 

e n s u r i n g li i . l t t h, e n e r g i e s l o r s n r . ' e s s i vo t .il)tl 1 .it 1.1! e.l I tlos .It,- v i t i i i r S~l . ! 

I'M., . i n o ' h e r ( i n d e p e n d e n t e l ! i ) . 

I . ih l i - 1 i l l u s t r a t e s t l u i v p ' e . H l . i e t o r (S I r e - jn i r e d l o r .i nni-.ber o t 

;i I l o v a b l e t o l e m n e e s ( ) , when • i s i n t l u ' r a n g e ( ) . ! t o 2 . 0 ' . n , e t a h l e a l s o 

shows t h e milliner ot p o i n t s ' i i . i t vn - : !d he re< ( ni r e d t o s p . i e e [ J o i n t s S"K apa- - ' 

h o l v o e i i 10 ' o\ . inJ 20 NoV. I'oi e x n . n p l o , .in a l l o w a b l e t o ! , - r a n . . . o ! 0 . S •..•on I. 

r e q u i r e 1 24 p c i i i l s o r r . m e , h l \ 10 p o r eno r i : v i i . . . i d o . 

T a b l e 1. 1. i IH .ir~ l.i in-.ir ippro>; i mat i nn of a 1/V o r o s s s e e t i o n . 

II . 0 0 1 

0.002 

n.i);) ) 

('.tit).'. 

l).l)() r> 

il.OUl-. 

0 . 0 0 7 

1I.00K 

0 . 0 0 9 

0 . 0 il) 

0 . 0 1 i 

(1.0 U 

0 . 0 1 1 

0 . 0 14 

0 . tl 1 S 

0 . 0 1 h 

II. 0 1 7 

0 . 0 ' 8 

0 . 0 i 9 

0 . 0 2 0 

. i r o n ' 

.IK) ill 

. 0 7 > 7 

.<.>•> i'> 

. I OH 7 

. 1 2 2 ) 

. I 14 7 

. 1 4 6 ! 

. i 57 I 

. 1674 

. I S h i 

. 1 9 5 6 

. 204 i 

. 2 1 28 

.2210 

.2290 

.2367 

i .2=.18 
1.2r)9 1 

12, 

:in 10 i'V to 20 NeY. 
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TIu'Tfi iMV, to L'IISIU'L' t ha I the Dopy it v broadt :ied i r̂ .ss n. •! ii-ns art- I i m a i -

l h.ear interpo1 atab!o, we must start t'rou the sanu- ciu-r^v n» . i;s as tin- 0 K 

daLa. and supp 1 onii'iii this i;rie. in any interval wlu-ri' tin' pui it- are more widelv 

spaeed t ban S~K (whore S~ depends- on the a 1 I owab ! e error - ) . 

TKi'NCAriNc THI: ix ITXRArION RANO". 

A! [ iioui;li the a 1 i;or i thr.i as previous ly desc r i bed I'.HI e.\:=<-t ly eva lu^tc the 

DnjipItT broadened cross see t ion, i t ran bo a cos t l y procedure s inee the o^lcu-

I at i on.i 1 t i:ne ean vary as the square of the nnrr.be r o f po inr s used to represent 

a ^ i vt'D react i t" - . U reduee the eos t , we -.an use the si rvHij.;! \ conver^en t 

I'Uuss ian ^ . a r . h ' U r of ; he Doppl er broaden inc. kerna 1 to t ru.ieate tile Dopplor 

broadt n i :i^ i at CL' ra I . Lit cause of the exponent ia i t e rn cxp | - (x - y )~ } [SOL Kq . 

I' ~-y) ] , 111L- ma jor eent r ibi'.t ion to the I ntei;ra I x£ (0,°°) i^ I tMm an i nt erva I cen­

tered about y; the in t e rva l is defined by xt (y - N, y + X>. Therefore , i t i-. 

only necessary to i n t e g r a t e ovi r t h i s 1 n e r v a l . The t r u r c a t i o n p roccduio 

-^ho1:1 ci reeoL;n i ;;e that a] though *'Xj) f- (>' - y ) " ] • - rapid 1 v d^o roas i i v , the term 

x"V (x, ' •,.,- . be rap id J v inc reas ing , part i c j l a r o(:i,*l) in the resonance region. 

Therefore , trie t runca t ion procedure should be : 

.''(] x 2 ; M s , ' l ) e x p h u - y ) 2 ] d x = / ^ x ~ : ( > , T l e x p [ - ( x - y r ] d x + K ( y ) , (20) 

K(y) = :-{~:* x V ( x , T ) t - x p l - l x - y ) * j dx + _ " ^ x 2 - ( v , T > ^ [ - I K - y ) 2 j dx 

( 2 1 ) 

R ( y ) • 2 •: • /[. (Z + y ) ~ exp( -Z""} dZ ill) 

r* f wo assume that (lie en JUS acre ion will v-try no morf th^n icur orders of '"n-ŷ-
nitiide (10"} and that the error will be no more than 0. P , tbL-n we ran safely 
t runcate the i n t e^ra ! when X = 4 . Thus , the t runrated i ntej;ra 1 shou1d on I y be 
* x tended uver th'^.e intervals in which at least one i-".id is within four units 
o\~ v. In particular, the second term r*t-y,T ) [ i!q. (h) ] need not be calcu-
1 ated an Less y •__ 4 . 

Limitations and Assumptions 

The pray; ram no use 1 ec t ivel y Doppl er broadens al 1 sections of file 3 data 
on the original KXDF/B format tape (i.e., all sections between the tape label 

-3-
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rard .-did tin lapt- end • ard) , except for the parameters uf

 : . , and Y (MT - 251-
2 r , J) . 

The program unly uses the ENDE/B BCD tomat (as opposed t • bmaryJ ana 
i-iiiiiis .11 1 iiTL iuns e\i upt file 3 as holler i th. As sueii, the program may be 
used on J.iia in tin- ENDF/b - 1, II, M I , IV or V format, since all sections nl 
file i d.it i .re identical in all ENDF/B versions. 

11 if program reads and Doppier broadens the data a page at a t inu.', so 
l lu-re is m. ii.mil t<i tin- number oi" points in any sect ion (i.e., ea. h see t ion 
may hi- described by any number of points) . 

The program is written entirely in FORTRAN- IV and can be easily modified 
to run on any ned iiim-s i. ed computer. 

We recommend the LINEAR program as the Dest way to '. inearize data in the 
ENDF/K format- If the data do net vary linearly in energy and cr^s-> s'xtum 
between tabu 1 a ted poi nts , tlie program will check the i nierpo1 at ion ' aw and 
abort . 

!)ur i ng Doppler broadening, three pages of data are core resident: the 
pa^e be ins.; broadened, the page below j( in energy, and the page above it in 
energy . ! i ai any t ime the integral extends beyond the1 1 ini c s oi these pages, 
tlu- cross sect i on is extended as a constant and an "EXTENSION"' warning \essage 
is printed out, advising the user of t.fie maximum temperature step allowable to 
avo id ''EXTENS ION." In t'a Is case we recommend rerunning the program by boot-
,str.i|iping tlie cross section up to the final tev.pera lure, in temperature steps 
sPialle*" than or equal to that recommended in the "EXTENSION" message. 

The program wi11 automat ica1ly select the energy gr id cons i si eat wi t h tin 
inpu L-.I I lowab le error to avoid problems it-suiting from the onset of t he i ow 
energy 1 /V cross sec tion. If an al lowable error cf 1 ess than 0.1" is sp* c 11 i ed , 
it will be used for output thinning, but maximum energy point spacing wii be 
based on 0.1Z. 

1 f th'"> original ENDF/B data are g iven at a temper--< ture thaL is h igher. 
ilian I lie f inal temperature, the sec tion wi 11 not be Dopp ler broaden., d and the 
original temperature will be left in the section. If the original ENDF/B data 
are giver at a temperature betveen 0 K and the f ina 1 ttiaperat ure, the program 
wi 1 1 broaden the d^ta by the temperature difference (see. Bootstrapping) . 

In tin.1 unresolved resonance region, starting from energy-averaged crosi-
sect ions the SIGMAl algorith a will conserve the averages and return the same 
va 1 ues . Th is program does not use unresolved parameters d i r>*c 11 v . 

-9--
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Requirements 

The I/O units are defined as follows: 
A 

Filename Unit Desc_r_i_p_jt [}2P 

INPL'T b input card 
0LT1TT b Output report 
F.NDF1X 21 Hvaluated datr. to be Doppler broadened 

in the KXDF/B format 
LXDFOl' 1' 22 Doppler broadened evaluated data in the 

FNDF/B format 
SCRATCH 23 Scratch file 

All read and wr i te si atements use variable 1/0 uni t numbers. To ronvt-rt to anv 
ether >'.'C of un i'. numbers, it is nece.-.s iry to redet ine t he uni t numbers as 
described m the program 1 is ting. 

The program, when run on the Livermot e CDC-760C, requ ires 21 000 words 
o\ srnal i core memory and 6 000 words ai large core memory (1/0 buffers). It 
takes 0.9 min to Doppler broadeu KNDL-76 tape 6 'rom 0 to 300 K and to thin 
the output to 0.1." accuracy [It takes 9.44 min to Doppler broaden the entire 
LND1.-76 library (88 complete evaluations) from 0 to 300 K and thin the output 
to 0.1/i accuracy]. 

Input Cards 
The program requires a single input card to define the allowable frac-

t iona1 error. 

C_a rd Columns Format 0 -script ion 

1 1 - 1 1 Ell.4 Fractional output thini"'ig criteria 
12 - 22 r.11.4 Output Kelvin temperature 

To Doppler broaden to 300 K and thin the output to 0.5"< the fallowing input 
rare is required: 

5.00O0E-O3 3.0000E+02 

The filenames apply to the program run at Livermore- Disk files that have 
those- names will he used by the program. 



A 0.0 thinning criteria means tr-̂ t there will not be .my output thinning but 
Liu-re will he maximum output spacing in order tu kee;.- the result within 0.3" 
of ]/V. 

Example Output 

Table 2 presents the output that results from Doppler broadening LN'DL-76 
tape- b I o 'J00 K and tiii nning the output ro 0. i •'. Figures 2 through 5 i 11 us-
trate the wide range of applications of the SICMA1 cede. Notv that it r^n hi 
applied to Doppler broadening at 

• Reactor core-like temperatures (300 - 2000 K) (Fig. 2) 
• Controlled thermonuclear reactor core and stellar temperatures (1 eV-

10 keV)* (Fig. 3) 
• Initially constant cross sections from 0.01 eV to 10 MeV (Fig. 4) 
• Initially 1/V cross section from 0.01 eV to 10 MeV (Fig. 5) 

For those who are unfamiliar with the convention of expressing temperature 
in eV, note the unit of KT is energy and can be used to describe temperature 
(e.g., 1 eV ̂  12000 K; 10 keV ^ 1.2 * 10 8 K)-



liiblt.' 2. Examp K- output listing. 

DOPPLER BROADEN ENOF/B CROSS SECTIONS ISIGMAI 77-1) 
THINNING CRITERIA-- 1.00000- 3 
TEMPERATURE 3.00000* 2 KELVIN 
.APE LABEL 
LAWRENCE LIVERMORE EVALUATEO LIBRARY (ENDL) 5/10/76 

ZA MAT MT KELVIN Q-VALUF POINTS POINTS 
IN EV IN OUT 

S023! 7163 1 0 . * 0 0. - 0 246 220 
90231 7163 2 0. - 0 0. ' 0 4. 15 
90231 7163 1 0 . * 0 0. - 0 22 22 
90531 7IS3 16 0. • C -S.12000* 6 19 19 
90231 7163 17 0. • 0 -1.19100* 7 II 1! 
90231 7163 IB 0. • 0 1.80000* 8 152 195 
90231 7163 37 0. • 0 -1.71500* 7 5 * 
90231 7163 91 0. * 0 0. * 0 55 55 
90231 ">163 102 0. ' 0 6.43000* 6 138 183 
90231 7163 251 0. * 0 0. * 0 20 £0 
90231 7163 252 0. • 0 0. • 0 20 IS 
90231 7163 253 0. • 0 0. * 0 20 19 

MAT TOTALS 718 B06 

90232 716i 
90232 7:61 
90232 7164 
90232 7161 
90232 7164 
90232 7164 
90232 7164 
90232 7164 
90232 7164 
90232 7164 
90232 7164 
90232 7161 

16 
17 
IS 
37 
91 
102 
251 
252 
253 

0 r * 0 6248 53i6 
0 0 * 0 2983 2898 
0 0 * 0 62 51 
0 -6 34000* 6 i ~ 16 
0 -1 15600* 7 B 8 
0 I 70000* 8 36 34 
n -i 83500* 7 2 2 
0 0 • 0 62 5! 
0 4 79000* 5 5535 5451 
D 0 » 0 14 13 
0 0 + 0 14 14 
0 0 * 0 14 14 

MAT TOTALS 

90233 7165 
90233 7165 
90233 7165 
90233 7165 
90233 7 165 
30233 7165 
90233 7165 
90233 7165 
90233 7165 
90233 7 165 
90233 7165 
90233 7165 

1 
2 
4 
16 
17 
18 
37 
91 
102 
25 1 
252 
253 

0 0 * p 296 220 
0 0 * 0 43 72 
0 0 * 0 2! 2! 
1 -4 78000* 6 19 IS 

• 1 12200* 7 14 14 
I 80000* 8 130 1 74 

- • 63400* -} 5 4 
0 0 * 0 2: 21 
0 6 18000* 6 : pi 157 
0 n •r 0 16 15 
0 0 * n 16 15 
0 n * 0 !6 16 

MAT TOTALS 

92233 7166 I 0. * 0 0. • C 2B8i 2353 
92233 7166 2 0. * 0 0. * 0 34 3 352 
92233 7166 4 0. • 0 0. • 0 32 30 
92233 7I5S 16 0. 0 -5.90DC0* 6 12 I 1 



Table 2. (Cont inued) . 

92243 7166 17 0. • 0 -1 .31800* 7 6 5 
92233 7166 IB 0. + 0 1.80000* 8 1613 1608 
92233 7166 91 0. + 0 0. 0 32 30 
92233 7166 10? 0. + 0 6.84000* 6 1954 1949 
92233 7166 251 0. + 0 0. 0 21 21 
92233 7166 252 0. + 0 0. 0 21 21 
92233 7166 2 5 3 0. + 0 0. • 0 21 20 

MAT TOTALS 6939 6400 

92231 7167 1 0. , a 0. 0 188 190 
92234 7167 2 P. * 0 0. 0 37 5 7 
92234 7167 4 0. * 0 0. 0 19 17 
92234 7167 16 n. + 0 -6.84000* 6 13 13 
92234 7:67 17 0. + 0 -1.25900* 7 7 7 
92234 7167 18 0. + 0 1.80000- 3 4t) 40 
92234 7167 91 0. * 0 0. 3 19 17 
92234 7167 102 0. * 0 5.31000* 6 128 166 
92234 7167 251 0. + 0 0. 0 29 2 8 
92234 7167 2 5 2 0. + 0 0. • 0 29 2 9 
92234 7167 253 0. • 0 0. 0 29 2 7 

MAT TOTA -S 53B 591 

92235 7168 1 0. » 0 0. 0 2293 2293 
92235 7168 2 0. + 0 0. 0 235 264 
92235 7168 4 0. + 0 p. 0 28 2 7 
92235 7168 16 0. + 0 -5 23000* 6 15 15 
92235 7168 17 0. + 0 -1 . '0000* 7 7 7 
92235 7168 18 0. * 0 1-U0000* 8 151 1 1585 
92235 7168 37 0. + 0 -1.78900* 7 3 3 
92235 7 168 91 D. + n 0. 0 28 r"'~ 
92235 716B 102 0. + 0 6.55000* 6 767 837 
92235 7168 251 0. + 0 0. 0 29 2 " 
92235 71GB 25c 0. + 0 0. 0 29 29 
92235 7 168 253 n. * 0 0. 0 29 28 

MAT TOTALS 4974 5142 

92236 7169 1 0. . 0 0. 0 179 77 
9 2 2 3 6 7 1 6 9 2 0. * 0 O. 0 35 51: 
92236 7169 4 0. + r 0. 0 21 19 
92236 7169 16 0. + 0 -6.55000* 6 14 ; 4 
92236 7169 17 0. + 0 -1.1B509* -} e 8 
92236 7169 18 0. • 0 1.80000* 8 ^0 " ; 92236 7169 91 0. + 0 0. C 21 19 
92236 7169 102 0. • 0 5.I20C3* 6 127 183 
92236 7169 251 0. + 0 0. r ? ' 28 
92236 7169 252 0. • c 0. 0 cd 29 
92236 7169 253 0. * 0 0. 0 29 S3 

M A T T C T A L S 532 634 

9,'?37 7170 1 0. * 0 0. 0 285 206 
92237 7170 2 0. * 0 0 . 0 4 8 ^ 1 
92237 7170 4 0. * 0 0 * c 22 2: 
92237 7170 16 0. + 0 -5 12000* 6 ! j 
92237 7170 17 0. * 0 - 1 :?70o* - ^ -92237 7170 18 0. + 0 1 30.100* B 81 i; ? 
92237 7170 91 0. • 0 0 * C 22 2: 
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( l o i n i m u d ) . 

92237 717D 102 0 . 
9 2 2 3 7 7171) 25 1 0 . 
9 2 2 3 7 7170 2 5 2 0 . 
92237 7 170 2 5 3 0 . 

0 6 . 1 4 0 0 0 ' 6 174 2 1 6 
0 0 . - 0 21 20 
0 0 . ' 0 2 ! 21 
0 0 . - 0 21 21 

MAT TOTALS 713 730 

928 3B 7171 I 0. * 0 0. 0 1 74i* 1565 
922 38 7i71 2 0. • c 0 0 453 464 
92238 7171 4 0. • 0 -4.5M00' •+ 72 61 
9223S 7171 16 0. * 0 -6.04 000' 6 15 15 
92238 7171 17 0. • 0 -i.14500' 7 9 9 
92238 7171 18 0. • 0 I.80000- 8 41 40 
92238 7171 3". 0. • 0 • 1.78800- 7 3 3 
92238 7171 51 0. • 0 -".50000- 4 21 81 
92238 7171 52 0. • 0 -1.48000' 5 13 13 
92238 7171 53 0. • u -3.03C00' 5 8 8 
92238 7171 54 0. • 0 -ti. 80000' 5 17 17 
92238 7171 55 n. - 0 -7.32000- 5 !6 16 
92238 7171 56 u. • 0 8.27000' 5 13 13 
92238 7171 57 0. • 0 9.30000- 5 14 14 
92233 7171 58 0. * 0 -9.67000- 5 12 12 
92238 7171 59 0. • 0 - 1.00000- 6 12 12 
92238 7171 60 0. • 0 - 1.04100' 6 12 12 
92238 7171 6! 0. • 0 - 1 .06000-6 12 12 
92238 7171 62 0. • 0 - 1. 120C0' 6 12 12 
92238 7171 63 0. • 0 - I. I60G0- 6 10 ' 0 
92238 7171 64 0. . c - 1.22000- 6 1 1 1 1 
9223B 7171 65 0. • 0 - 1 .27000- 6 10 10 
9223B 7171 66 0. • 0 -1.30000' 5 9 9 
92238 7171 67 L. - 0 -1.36000' 6 9 9 
9223B 7171 68 0. • 0 -1.41000* 6 8 8 
92238 7171 69 0. - 0 -1.4 3700' 6 9 9 
92238 7171 70 0. * 0 • 1 .47000' 6 1 1 1 1 
92238 7171 71 0. • 0 - 1 .68500' 6 1 3 1 3 
92238 7171 72 0. • 0 - 1 .87500' 6 1 1 1 1 
92238 7171 91 0. • 0 n. 0 5c as 92238 7171 102 0. - G 4.sc:oo0' 6 1473 1519 
92238 7171 251 0. • 0 1. 0 88 27 
92838 7171 252 0. • 0 -:. O 89 26 
92238 7171 2b 3 0. • 0 0. 0 28 25 

MAT TOTAL s 4 179 4039 

"L 1 0 U L S 3 - 3 0 6 
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Fig. 3. Doppler broadening of the cross section in Fig. 2 to stell;; 
core temperatures (KT = 0 to 10 keV). 
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Energy 
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Energy - "V 

ip. 5. Dopp]er broadening of an initially 1/V cross section. Although the 
cross section should be temperature independent, it does not deviate until 
well above 100 keV — and then only at extremely low energies. 
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Error Messages 

In t i,.- I v l l n w i ; ] . : i - r r . r : ; i - ^ . i f ; c s tilt- ;ir*de r l i n e d i t e n * a r c v a r i a b l e s . 

EXIENSION 

CKUSS si.ci ID:; EXTENSION CAN BE AVOIDED BY THINNING DATA OR :)O:>?LER 
BROADENING IN STEPS OF LESS THAN 2.7M9+* KELVIN 

"J lit- Di'pp I I T Integra Is h a w extended t. yi>rd the three pa^-s •.•>: core 
resident d.it.i. F h h normally occurs inly tor large t tripe rat are cnances. 
i)>ippU-r i>r.M.i,:i ti» the l" i :i.i I temperature in steps (in the above example each 
step is ii.ii [.• exceed abnut 1 7 - 10 KJ. 

INIi RI'O.-ATION LAW IS NOT L I N E A R - U S E ^ 

***EXECI'TI0N TERMINATE!)*** 

'I hi- «i.u , in the ENDF/B format must be linear-linear inte rpoJatabie tor 
valid D'.'ppK r broadening by SIGMA1. Convert the d""ta to 1 inear-1 inear form 
u.i nig pvo>- r.im I-1 NEAR . 

Operation at LLL 

At l.iwrmore a eoir.piled, loaded, ready-to-execute Version of the progr.-.r. 
is available froir. the photostore as file 

. 193025:PROCRAMS:SAVSIG 

The program is small enough (21 000 words of SCM, 6 000 words of L C O to 

run at standby during, the daytime as file 

SAVSIG / 1 S 

The program will automatically use disk files (see Requirements). 
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Program Listing 

NFMT . 0 I I P ^ T . 1 l O t l - - INP 'J* . TAPE6--0UTPO 
1 A^E . r J 

P R O G R A M s i G M A i 
. I PS I ON 7 1 - I INARCH 1973 J 
• . • • " • - : ; • , " 6 - : 'FEBRUARY !97&> 
V ' S ' F ' J I O ' . 7 6 - c i OCTOBER ! 9 7 6 > 
\ E P S i o * j ^ 7 - 1 IJATJUARY ! g7 / " I 
P f i O R T „CPl . - t C i Q ' ; . JOL . 1 7 . o t f l B 

, P : ' ' E N BT" r j t P M O ' 1 ? . C J L L E N 
L - " I 
l .N .VERSIT I OF C--L I F O R M A 
L A H R E N C F L 1 , ' E W ' i ' E LABORATORY 
P C . B?x 9CB 
L ! .'! RMCRF , CAL i F O R M A 

' : i ! ' - H O N E -* 1 N - 4 - . " ' - . iETO X - 3 1 3 4 

M I S PROGRAM i s DESIGNED T 0 READ SECTIONS OF F I L E 3 END-' '•? 
E A ' A ' M A I HA.'F A iRLADY BEES; CONVERTED TO . I N E A P - L INEAR 
INTERPOLATION IN ENERGY AND CROSS S E C T I O N . THE OAT., ' a T H E N 
OS'PPLER BROADENED. THiNNED AND OUTPUT IN THE END j FOR»"A ' . 

; . , ; p; ;H„.CA' ' L t .v . JSES THE E N D F ' D BCD FORMAT AND COPIES ALL 
sh-'iir.? EACH-- F ILL .? AS H O L L E R ! T-H AS S U C H :r MAV BE J S E O ON 
ISA'-'. " . I H E EN'.TF a ; . • ; , l i i . ; v OR V FORMAT |S !NCE A SF C ' I ON 
.3 •'..• i DATA IS I S E N I I C A L IN ALL ENDF . B VERS IONSI . 

•'•' PP.; '-AM OPERATE. NON SSIEC1 IVELY OH AN ENTIRE ENTJF / B 'A=E 
IAL -JAM; IMAGES BE I r iEEN THE ' A = £ L A B E L AND THE ! A " t ENS C API . . 
•••. : S L ' I I O N S '•;< F I I E 3 . E ' < C E P T M U - S A R . y : s n G A M M A >"•' HE. - . " J ? 
A--. HI- )AL ,Er ; t l . . . • , ; „ S r C ' ! 0 N 5 APE THINN3D ' I N C L U D I N G M T - F^-:-.?'•, 3 . 

•, . : ;>a -.(.-;« ftP-IAEENS A » S C [ f.E DATA A ' A T IME • ' -AGE = : : : t " P C I ' 
_=.!'.;> -•'• ' A G E S O c HATA A ' 'HE OPlC-iNAL TEM== N A ' ORE . Hi; PAGE 
-:: : • ; : , p » ; : A D E N E 0 . 'HE PAGE B E . CW IT IN ENEPG'" AND THE. RACE 
•••3'. .E I ' IN ENER.y. G P E P A I I N G I N l n ! S MANNER ^ H L P E 1 ^ NT l I " I ' 

' • • I ' . MBEP l.l P M N ' S I N A S E C T I O N . 

' H i E N E P G T GRID FOP THE DDPP_ER BRCAE'ENED CROSS SECTIONS IS 
^ E I F C T E D 1 0 I N S - R E M A T T H E B R O A D E N E D D A T A I S L I N E AR - . . I N E A " 
I N ' L P ' - ' '. A I A B I I . A S S . - ' S H :N£ E . - ' E P O V G R I D F O R " H E B R C A D F N E G 
. A R A " A - N O ' BE 7 ' ; E S A V E AS ' H F E N E P C - V G R I D ' O P T H E O P . - I N A L 

I ' ' • • ? L . ' I S I N A , D A T A I S N O ' AT 2 1 P O K E L V I N T H E P R O G R A M 
. : . . ^ • • • O A O F N ; H E : A - A B 1- T H E E F F E C T I / E " E M P E P A T J R E D I H L ' . ' L " : 
' - : • I .••!. TEMPER* '•--'. . IE TH.E DATA I S A L R E A D Y AT A 1E M PE " A T :K7 

' • i . ' . ' I - , HIGHER ' i -AN 'HE r I N A L TEMPERA'UPE D C P P L E D BROADENING 
.. N A I , . . - A L i Y ' . I I I ' I P - ' C - I L D AND l u F T l V P E P A i d R E I N THE S S E ' I S N 

••'• P P i N r N ' v r p ' . I T N Dr.. r rCPPE ER BROADENS T C OriE F I N A L ' r - - i ? r t ; -
I t IHE'H' I S S O E ' I C I E N T INTEREST EY.PPESSED BY USERS F ; j ' _ p r 

.•t ;- ; , ' .ON MA i BROAD'N TJ M u L T ' P S E TEMPERATURES. PLEASE 
' " i ; . i . , C THE A'JI- 'OR IF ••'!'.' ARE INTERESTED IN A ^ i H F . E 

SIGOJC.3 
SIG000P3 
SIC00E130 
SIGOOQtr 
SIG00J50 
SIGQC060 
SIG00070 
SI G O O D B O 
S.'SGOOBD 
S•GOG\00 
SIG001 IC 
S1G0QIB0 
Si 00.3:30 
SIG00I40 
SiCOOlSE) 
SIG00I60 
SI 000170 
SIO001S0 
sioooiEia 
SiOOOPOC 
SIG30?10 
SIGOOBPO 
blGO0?3Q 
SIGuOB-O 
SlGOO^bO 
SIGOOBi.O 
SIGOOP70 
SIGOOBBO 
SIG00P90 
5IO003C0 
s:r,co3io 
siooosec 
sio.TOT'in 

;'S;S;GOGS-<O 
S:GOC3F,O 
SIGD0360 
SiG0D?7C 
s'ooo?eo 
S1G00390 
SIGOCmOO 
S1&03410 
SIGCQ4BG 
SIGG04 30 
5IG00H4|-
•"•IG'jQiibO 
SIGC3-.60 
SIG0047C 
SIG00480 
SIG00T9H) 
SlGOObFlC 
SiGDD^>lC 
SIG0G5P0 

IPESIG00530 
SIGQ0540 
SIGD0550 
SIG00560 
SIGC0570 
SIG005B0 
51000590 
S1G0D60C 
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C UNIT DESCRIPTION SIG006IO 
C SIG006PG 
C 5 INPUT CARDS SIG3063C 
C EM SOURCE TILE (DATA AT ORIGINAL -TEMPERATURE) SIGD06^0 
C 23 SCRATCH FILE FOR BROADEN DATA SIG0O65O 
C ^1000660 
C OUTPU' FILES S'G0067C 
C SIG0D680 
C UNIT DESCRIPTION S!Ou069G 
C SIG03730 
C 6 OUTPUT REPORT SIG007I3 
C SB RESULT FILE (DATA AT FINAL TEMPERATURE! S1G0C7B0 
C S3 SCRATCH FILE FOR BROADENED DATA 5IG0G-33 
C SIGOCTu'j 
C INPUT CARDS S I G 0 0 7 5 J 
C SIOH0760 
C CARD COLS. FORMAT DESCRIPTION SIG00773 
C S!C-00~BC 
C 1 l-i: £11.4 FRACTIONAL THINNING CRI'ERIA SIG00793 
C (I.E. 0.5 rE_F?-CENT = 0.0051 V;G0a8C3 
C 1 \lJ 22 Ell.M FINAL KELVIN TEMFERATUPt 513039.E 
C SIGCCBr; 
C EXAMPLE INPUT S:GC0B3t 
C SIGCOP-.? 
C TO DOPPLER BROADEN TO 293 KELVIN (ROOM TEMPERATURE i A'.D - M I \ SIGCOB'.C 
C THE BROADENED DATA TO 0.5 PER-CENT (0.C05 'S A FRACTION'. 7nE SIGCCBE-L 
C FOLLOWING INPUT CARD SHOULD BE USED. SIGGGb"". 
c = : G L ' C R 6 : 
c n . r i o u c c - 0 3 2 . 9 3 0 0 L ' 0 2 S ; G ; O R V : 
C bIGCLT'; 
C THE PROGRAM MA> BE USED TO THIN DATA. WITHOUT DOPPLE" =;C."J9:: 
C BROADENING 3r SPECIFYING A TEMFERATURE OF 7ES0. A3 fCLLCr.r. :GCLJC :" 
c ; ; G O : 9 - - : 
c b . o a o u t - 0 3 o . o o & o t o o : i . " " r - - : 
c s: 
C LINEARIZING AND'OP THINNING DATA CAN BE DONE MORE £F F ; r • r -./ t . S:C.3:/','. 
C USING ThE PROGRAM LINEAR ( uCRL - 5 0 U C 0 . .,OL . 17 . =:s - - B 3- : ~ ' . •: •. S:G^.L'"••" 
C S.G'-:-.;P" 

INTEGER OTAPE.OUTP.SCR S I G G V - V 
COMMON HEADER- c ; H. can. L i H. L 2H. N IH.IIBH, MA-H.Mr-.r.-f. •.;;-: z •-:::•: 
COMMON- F (LLER'D'JMMT (W.MATD.MFD.MTD - I 0 L. : ' : 
COMMON UNI TS'OUTP, !NP. I TAPE .OTAPE .SCR ,:',•".:.. 
COMMON/HOTS/ALPHA. TEMPK, TEMPEF , ERTH I N . N2TC'T I .N,?"C"C G I GO ] : . 
COMMON/MA770T MAT IN.MATOJT ••'.'.-'.:'• 
COMMON ' NORM 1 T ' XNORM I E i . KS I GN I 6 ' . KE XP ' e ".:'/'.' 
COMMON'CONTAC-OVPI ,3VP;2.AT0P -:'/'.'. ' 
COMMON'EXTEND'MESS.ME A ! ,D TMAX L ::•' . . 

C --- DEFINE ZERO TO F|!L M'.MT AND NOSEQ FIE'CS J- .Ant. -I --. .' -L.I >.-. 
DATA 1 ZERO'0' -'.-•-•.: 

r n r c I N E P O R T I O N S J F P I T O OFF ; N E P I " . C L J P A T E L - ' :;•: ; ; = . . . ' _ - : u . : : - ' 
;- - c o M P u T i . i - s . - : • - " . : : 

DA i A P : i 3 . l -f 15 • 
D A - / ' P i f ' 9 . 2 M 3 E 5 : : : . : - ' 
DA I A P i .E ' « 3 . 8 9 " 9 E - 13 ' : -
D A I A P i 1 - 3 . f 384E - i s \ : _ • : : ' 

t : : • -

: D E I : N l A L . i n J N i r r , . - c C H A N G E J N ; I A S ^ : G N > ' E " . : S ' "~ -•'•• 
C i-iT"!"'- l ' .STA_: AT I O'i M tRFLY CHANGE THE F'JL L .".•( I NG ~E : '•.:". ' \ ! . -
L : 0 S.J i - • I JR -ELF . WHfPE . . . . • 
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c I N P INPUT CARD 
C OUIP = OUTPu! L I S T I N G F I L E 
C ITAFE = DATA IN E N D F . B FORMAT AT 
C OTAPF . D A l r t I1J E N O F ' B FORMAT AT 

SCR = SCRATCH F1LE 

J R I G I N A L . TEMPERATURE 
INAL TEMPERATURE 

IF YOU WISH TO ALLOW FOR VARIABLE J N I T ASSIGNMENTS MERE_Y 
ACTIVATE "HE SECOND INPUT FOPM ALREADY L I S T E D AS A COMMENT 
CAPO BELOrJ r ' H E FORMAT IS ALREAOf C O M F I T i B L E ' 

1NP=5 
0IJTP--6 
I T A F E = d ! 

OTAPE=?P 
SCR=P3 
READ RUN PARAMETER; I d E I I . m 
READ: INF 1 , 50GOI ERTHIN.TEMPK 
VARIABLE UNIT NUMBER INPUT STATEMENT IBE 1 1 . 1 . 3 I I ! . 
READ I I N P . 5 0 0 0 1 E R T H I N . T E M P * ' . ' T A P E . 0 1 APE ,SCR 

• - - D E F I N E REQUIRED CONSTANTS. 
A I OP - 4 . C 
° i = r '" : • . - : P » P ; 3 - F i t 
OVF! - i 0 SORT ! P I i 
O / P I P t - . L ' O - p ; 
I N I T I A L I Z E MAXiMuM A . L O M A B L E ' L 1 D E R A T L ' P E STEr' ' . A. " I D 

- - - CROSS SEC 7 ION E X T E N S I O N ' . . 
J I M A X - ' : 0 
!Ni r'!•_:.""!. o - " " J " SEQUENCE LUMBER. 
N.S£0= j 

- • - I N I T I A I i ,-•• - c i i N U M B E R o 7 ' F : L E 3 R C ; N T S R E A D A N D „ R : T ' ; M 
N c T O T I - : 
Nd T 0 ' 0 0 
L I S T -.UN PARAMETERS. 
CAL L N O P M A L i E R T H I N . XNOPM' I i . K S I G \ : ' . , K E X P I I : 
CALi NORMAL I IEHFK . XNOPMI d J . ( - 'S IGN '? J , K r X P . d l ' 
WR1 TE I OUT P . 60 0 0 : I WORM I L 1 , K S : GN I L I .KEXP I L 1 ,L = I . ? ' 
DEFINE MAXIMUM ALLOWABLE ENE = G V SPACING 
CALL MAXDE 

- - - C O P Y TARE LAUEu TO FROM INPUT TO O u ' P . j ' T I L 7 . . 
READ! IT-'.PL , 3 0 3 0 1 DUMMY.MA'0 
WR! 7 E ICTAPE , 5 0 3 0 . DOMMf .MA ID , ! I J £ a O . * » ! . 3 . 

- L I S T TAPE LABEL . 
WRI TE f O U T P . 6 0 I 0 I DUMM/.MATD 

-READ NEX.T CONTROL RECORD. 
ID PE AD' TTAFL , 5 0 0 0 1 C I H . C d ' I . L I H , L dH , ' : I ri , N=H , MA TH . " 7 n . " " I-

CHECK FOR SEND. FEND. MEMO OP 7 END CARDS. 
I F . ' M T H . P 0 . d 0 . 4 0 

•-- -OU 'PUT SEND. F E N D . MEND 0 = 7 END :"A = '-
?Cl N0SEa = \ , . T S E C l N 0 5 E G : 

SET SEQUENCE N.'TTBEP TO JEPG F'J° TE7.D C'.P'C. 
IF (MATFi.LT . 01 NOSEC'G 
i-ip] TE ' 0 1 APE . 5 0 SO 1 MATH.MEH.MTH.NUSE C 
' L P ^ I N A T E AFTER TEND CARD. RESET SEQUENCE NUMBER A T ' C R ME'. 
I F ' M A T H , i c 30 . iC 

30 NOSEO--0 
G:. TO IO 
I N C R F H E N 7 SECJENCE N J " B E U AND . - . - I T E CORROOL CARD. 

R 0 NOL.E ; - NX T SE 0 ' NOSE 0 i 
CALL NORMAL C I H . X N O R M ' 1 • . K S i G I . - '. . ^ F . - ' R : ! . ' 
CALL NU.MA. I L E H . X N C P M d I .KSIGN ? . r • XP . S ' i 

S 30 les: 
s GO I P-C s GO 1 25'j E- CO IPSO 
s OC '.e 'o 
s GC • 560 s GO .P90 3 GC 3CG 
S GO i 3: c 
SIGO 1 3P0 
s GO • 330 s GO I 3-.C s GO 1 35 0 s 00 1 360 
s CO 1370 s GDI3B0 5 GO .390 
SIGG .'«00 
S1GC :R :o 
SIOriiFG 
SI G O T 30 
c GO ', •* R ' ) 

s GO 1450 s GO 116 0 5 GC : -i7: 

s GC 1 -90 S GO i'-'lC 
s GC .500 s GO 510 
s GO 5P0 
u GO 530 
s GL 5R'J 
s GO 55 0 
s GO 5 b C 
s CO s GO- 560 
s GO 5:r, 
s GC b 7 . J 
s GO- L I ".' 
s GO GPL 
s GC t r . 
s GO s-; 
s GO l r -̂  

s GO ( I / 

s GC b~ r 



WR;TEIOTAPE.50101 IXNORMILI,KSIGNIL J, K E X P I L I . L = I ,S< . 
1 L 1 H . L S H . N 1 H . N D H . H A T H . M E H . M T H . N O S E Q 
-CHECK FOR S E C T I O N OF FILE 3 DATA. 

I F [ M F H - 3 1 6 0 . 5 0 . B O 
• F I L E 3 LOCATED. PROCESS SECTION 
CALL F!LE3 
-SKIP TO END OF SECT ION. 
READ I 1 TAPE.50 30' DUMMY.MA7D.MFD.fTC 
NOSEQ = N>TSEQiNOSE 01 
IF CM TOI 8 0 . 8 C . 7 0 
HRI TL I0TAPE . 5 0 3 : 1 DUMMC . MATC . MFD . M TD . ' IOSEQ 
GO TJ CO 
Wf)| TE ' 0 > APE ,5Cd0l MA7D MFD.MTD .NOSEQ 
GO TO !0 
-TtNt; CARD READ AND WRITTEN. 
WRIIt TOTALS FOR LAST MATERIAL. 
URI IF iOUT P.5043) MAT IN.MA70U1 
-LIS! TOTAL NUMBER OF FILE3 POINTS READ AND WRITTEN. 
WRITLIOUTP.50501 N2707I.N27070 
WHITE WARNING MESSAGE IF CROSS SECTION EXTENSION USEE 
ITIDIMAX.LE.0.0' GO TO 100 
CALL NOPMAl IDTMAX.XNORMI 1 I . K S I G N I I 1 , K E X P I I I 1 
WW I ![ 1 CUT P.6020) XNORMI I j .KSIGN! ' i , K E X B : I ) 

501 . J 
• i t ' l l ) 
5 0 2 0 
5 0 3 0 
bO'-O 
5 0 5 0 
fcllOrj 

L'.LUSi F ILE AND 
END < H E OTAPf 
R E M ' I D 17 APE 
REWIND CTA°E 
CALL E ' I T 

P 0 1 - " ' . ' i 2 ! ! ' .4 , 4 
THRMA " IS i F 8 . 5 . A 
c p N M A l I E ' " " , I " , I 
F ORMA! I i 6 A 4 . A ? . 

E R U I N A T E . 

: I : . I 4 . I 2 . I ; 
. I 2 ) . m 1 1 . i 

>. 1 3 , 151 
4 , 1 2 . 1 3 . 1 5 

4 , i e . i 3 . 1 5 1 

TOPt1. i l l c X . 5 4 ( ! H - •• ' 3 5 X . 1 OHMAT 707 ALS . d 1 7.' f x . 5 i I I r i -
r,;'-'tV- ' l ? < . 5 H M H - , .• Z 1 X , 1 l H ' A P E 7 07ALS . 2 I 7 . 2X , 5 H : 1H 
I 0 « » C I 3 9 4 I D U n P l ER BROADEN ENDF/r f CROSS SECTIONS 
I'm •SIGMA! 77 I) P X . 5 4 1 1 H - ) / 
2X.I9H7HINNING CR I "l ER I A - - ,F 8 Al.lt 

A'. , 12.""H KELVIN. 2X .51-
?X , ! 6A4 ,Ad, 14. 2 X , 5 H I 1H- •• 

M" ,6X . S H K E L ' / I N . 5 / . " H O - - . ALU-

- - . r g . 5 . i 2X . 1 ilHTEMPERATURE 
FOF'MAT , 2 X . lO ' -^APE LABE! 

! px ,BH Z A . 5 H MA' . 5i 
,' 7 t i P f . l M S , 7H J O I N T S ' 
, ' ; H < . 2 H ! \ , 1 0< ,2HE . ' . 7H i N . ^ H 0 0 ' : 

I ( ) ' ' ' « ' I . • M i . H EXTENSION. ' d X , g i e - a • 
1 ! H H CROSS SECTION EXTENSION CAN BE Av: 
•: 4hH THINNING C A T * Oh DOPPLLR BROADEN! 1 

i ' .4- i . ,F LESS 1 H A N . F 3 . 5 . A ! , 1 2 . 7 H K E L V I N 

:D f S 
i : s 

SIG018I0 
siGoieao S!GO 1830 
SIG01840 
SIG0I850 
SIG018B0 
SiG0187C 
SIG01880 
SIG0I890 
SIG0I9CC 
SIG01910 
SI GO 1920 
5IG0I93C 
SIG01940 
SIG01S53 
SIGCI9G0 
S100 1971! 
SIG019OG 
SIG0!990 
S1G321. 00 
SIGQ2010 
SIG0202C 
SiC020 30 
SIGOSO-C 
SIGC20E-0 
SIGOdOBC 
SIG02&7C 
S:G0d:8" 
siGCE-os-: 
si 002:00 
SIGC2!IS 
5ICG212G 
SIC0E.3C 
Si sod: 4-; 

siGOdie; 
si G O ? : 7 : 
si&Odiec 
si G O ? : Q : 
510022c: 

SJG322E: 
S1G0223I 
51G022--~ 
SIGG225: 
S I G 3 2 d 6 0 

' i n 
lE'-'O :. c •; 

• - . . ! i \ F : s : 
ii U . - A FACE 

LSiONEO " 0 LOAD DATA i ' . ' C >•• CO 
A! A ' IMS I ! PAOE = I O l d P J ! ' . - - ' . 

T I M S THE E N T I R E O P E R A - : : - . : : PE 
OVER IOC? POINTS ;T I S ...tlT'EN 

IE- BE READ Bi IABF ,T.. 

. ' 00': 1 
* . JH : OH , r u OH , KH i GH , t-L OK ."'-'! C 
•7 . N2LF. F I .NPAOE . ̂  .'LOW. !:_•:"•. 
-j.:,INT.200: 
• . '•' '-IFF , TEMPCi . ER!H.\.\2!C~ : 
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i v M ' - C N HEAOEP .">'•.A.-.K ,'. : r i . L ? H . ' , ; • . . • . A M . • • ' A ' H . ' • • : •. 
r o ^ - ' O N L E A C E P . : i . c p . ; i , : ; J . N I . N P . M A : . M F , M -
, : O M " 0 ' - I ' U N ! ; s c n / ' P . ! » : P . I T A P I , o ' A ° r . S C P 
COMMON MATTO' M A T | M . " A T 0 J T 
COMMON • NOPM. ' XNGPM' 6 ' , PS I Or.: P- . * E •'P ' 6 
COMMON E1LLEP ! T I I L . NF : I L . NE L F ' . " 0 •''. 
COMMON-CX'ENO MFE5S.MEXT .QTMAX 
C O M M O N c : ' i T A . - O V P : . C . P I . ? . A T O P 
COMMON x : 3 DOB I ,S: 30 06) . XCUT i ?5r; i.O 3?"6. . 'Ou' 

: f ; ' i i s o s i . s : '•• • =55 i 
C I MEN', ION x B i g D I w I . S B : ?0C-i i . ME SSAO- ' £• . P ' 
CONI'vALENCE ' C ^ i O P t L ! '• . S B : . ; S i PP6C i . XB ' 

-|.;E> N't" BOi TJNANN CONSTANT IN E •- DEGREE I - E L V I N 
• ASSUMI'-.o ENEPGr' H | L L BE E'PSESSEO I ' , i : AND ' 
-I-.E .'OEi" P A ' I O » , ' ! : : Bi E x o R E S ' f C ; ' . ' i E j T U J M MACE 

AC OPPOSEE 'J A ' u M l c MASS C 'N I 'S ; A " J 
D A T A B O L i . rM '8 .5 , .>s -< t • os 

- L F ' I N E C"CSS S E C T I J ! EXTENSION MESSAC-E . 
[JATA MESSAG EE.H , i ~ .EhEXTEN.ECHSION 

- I N I ' I AL I Ci EA*, I MAT F'JIND 
CJA TA LASNAT .' - 1 fJOOillO 

- I N ! r I A L l ' E LAST TEMPERA TEC'F REAC F.;p [ D T A L C D C 
L , A : A i f O P : c . c -
:.-E • :::\. • ! > [ ; . P \ I N ' .-.-.. 

S I b C r - " 
SIOEV'-P. 

s : o •.:-"-.:•• 
S 1 C V C ' : C 
C-1 V . I L ' J ; 3-*' 

'- I : .-'JE-U > 
S IGCP t ; J i . . 
c I G C P ' - U C 
' • I U J A ; 
SIOCPO; '. 

1 I *-. j o s s SE •: 

' c CiCP^E E P BPAEC EOT n r . . 

•<J"<. 0-FF FE..'..:, ; : SECTION IS M U - 3 A P . ... | ; u r. .;:,:•; 
:•• ' l - 'Tn.GE . P S i . AND .MTH._EE . ? 5 3 l T O O - : - I 

; • : I N ! PACE SIZE Ei'' CPANOINO D I "-Z NO I ON. "OMMON E " 
ANN I H I C N J M 3 E D T H F SI.-'E CE 'HE CD"E T A 0 . ES " A , EVE 
NE-OOE - I 30N-
P< •'.!: ' A'rfl LEAD CAPE! . 
PE AC. I T APE .EC3CG 1 C ! . C P . L I .1 P , N I , N P . " A ' . T , r - -
! E : ! N ! CP jO IE .A i 'EMPE -•'• " ~T '.' O E C ' I C N . 
If IE ? . : i - a 1 GO TO IE 
' E M a l \ TEMPI 
-•ypt' - Tf MFK ' E M P I N 
CO 'C PC 
:E M P I N - C : 
I F I MT . : C . I . T E M P I ; TF MP I N 
' i .M rET 'EMP-. I L M P I N 

E,-' l j„ l 0 f •'-'A 
( • - r <-M i • 

-Ik-



REAOI I T A P E . 5 0 10 ' I N B T I K ) . I N T I K J . K = I . N l I 
•INSURE DATA IS L I N E A R - L I N E A R INTERPOLABLE. 
DO 6 0 K M . 1-1 I 
IF i INT n I TIE .£•! 0 0 TO 7 0 

bO LONT I rjlJL 
GO TO 8 0 
HOT L I N E A R - L I N E A R . TERMINATE EXECUTION. 

70 l-JRI IE ' O ' J T P . 5 0 5 0 l I Z A . K A T H . M T H 
CALL EX IT 
•jE I BROADENING INDICES TO MiDDLE FAOE . 

F30 NLOW NFACE • I 
NHIOM S'NPAGE 

- i,E ' INDEX ' 0 LOADED POINTS AT BEGINNING OE " 
s-'L &l. r.i rM 
S'- I T n l N N I N G CON.'f P&ED INDEX TO F IRST POINT 
i J: Ots NL GW 

S i " I N L I C r ' j TO LOAD MIDDLE AND LAST PAGE 
ML J h NL ON 

DLE PAGE 

CORE. 

I N ! • 1/ 
III 1 . . 

j ' N P A G E 
I : i Si C 

n. [ i " 
r..-'M.\; 

! ,) 

ION F LAOS. 

?l LATA A 1 ORIGINAL 

OALFD P O I N ' S ' C L A S ' 

SIGOJOIO 
5 1 0 0 3 : 2 0 
SIG03C3C 
SIG030-.0 
SIG0305C 
SIG0306C 
SIG03C70 
SIG0308C 
SIG03G90 
SIG03ICC 

GG3I : ', 
IG03:?C 

^03130 

""315", 
i G c i i e -

3 C 3 i " : 
iOi lBO 
j C 3 ! 9 : 

. i . . - . . ' ' ' I ' . " , H . N H I G F " M H I G H 
DATA BL D O P P L E P B R O A D E N E D . . . . 

: M ! .. • 0 . 0 0 10 ISO 
. ' .Hi-OADF'= " ' DATA TO BROADENED LOCATIONS 

. l ! * B l . i 'AS N 0 T BEEN CONVERTED T C S C E L 
. N'.T in Rf. C C N ' . F R T t D DuPINO " M I S S*EF 

• N. 'M . ' ;- . I Gi­

l l - - 1 •••;.: -. I ' J I M 
' A. : HNVAD'.' 
Il< IN He .ADi M 

N...MBLF C' i \ M \ T s ; i i ' I N ~.'.C-t AF - i 
] L." ,.'L ~ h - 1 
! . INA: DATA !'-. ONL FAL-r . > ' : t SS 3...T1-
I. - I R.'M C j R t . 

. . ' • I r .L ' i - . .T •-„• t i O i ' l . . - . 
I ' J WF, [ - ; - H i N H . <H -• ' .SB . - • . r 

- i l 1UI.I L I - L : \ ' L ' C 0' . "PL ' . 

<r . A - " i ! \ Bt FN B"_--.-,L,i N ; ; . . . 

••.! , . . - . . ~ l \ . i K •< D " M I N N I N C " C . j N ' S • .' 

" t - f . ) - - ' ^ - . - C T h f ••• R r i - IA IN INO ' : : • . - • . 

- 2 5 -



r> i I ^ J r :. . . . - . 
XB.'i -> ;<•» 
S 3 i f • --:••) >• 
KK - I -> * : 
S h i r r K; •-•; : • , : • . . 

• = ! '. : • : " £ ' ' ; ' ! : : • p / ' . ' " . ' : 
'L0- , : 
i l ' I ' .Ut < ' ' -<F > : :•. A : , i b . r . 
•1 . i , « »•• - • : 
4P£ ! „ ; » [ ! • , / y,,.ot ; • ; ; : • ; ' , . ' . . . 
!f iNSUf ' 07 D : CO ' ! - i j 
\ e . ' ,; : !'.r.f « ;r i a..' . ;A;J; : • 

»• MR!; 
- u H M 4 ' • . ' ! :; •u. f ' IR ' - 'A l f" : ; ; . i : : I-:MA ' ; . • . . • . • ' 

i ;PMA r i , ' • . ' . - < : I r w • • r' > . T - • : 
P.» . ' ' M r t : 1 ; :•:'̂  -' . ' . "5 C ' 1 • • r -

. j A H V X ! PAG' ' 'P PAOi 5 r_̂  CROSt. b 
V l •:. f (-A . Jpi I I , : . C ' . Q r i-JSJF-'l THA 

r l A f ; V - ~ ^ ' « • ; , . . f .„>K . ;NLAP~! IfjE-". 
:<» ..••"•'.-. • r.-. •.-. -.'••.'- i . c ; i r i r.. 

; \ ' E P P ' ' . Ai.'.f-.. •: :,.v : 
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5 : & : - ? : : 
S IG3-eP" 
c '.GC-dSG 
5 IGO-P-G 
c : G G - ? S G 
S : & C - ? 6 G 

- I O C - P ' " ' : 
S I G S - S B G 
5 :&0'.?9c 
S :GO-30c 
s: I G O ^ I G 
SI ; G C - 3 ? G 
SI GG-33G 
S 1 G G I - 3 - : 
s : G : - 3 ^ ; 
SI &C-26C 
s : o c - 3 ~ : 
s : OG-36G 
C ' GGH39G 
s i & G - ^ C : 

' u M ' r j I i h ' j l ' v Al. PH.'. . !F_ MPK . • EMPEF , i 'RTH I fj . Nc T 0 r I . N p v G T 0 
r .OMKON/JNI T V O ' J T P . 1NP. | TAPE . 0 1 APE .SCR 
I OMMON' INOE / ' A CW . JHIGH.KLOW ,K H I OH , K L Q H . I*"- I 0>- . NLO« ,NH I G - . 

! IIP I N , N,"-IADE ,NdOUT .NSLEf" T .NPAGE . J J L O k . ! L 0 « 
UMMOn I N L I P . IF T L .UE I L L .NLEF ! . TOOH! 

GOMr-IOf. / ' < 0 0 6 i .'-,1 3 C 0 6 I . / O U T r ? 5 5 . . ' " • ' i 3CC1F-. . . 0 . , " ' ? ? 5 ; . -BRf A. ICG 
: i i r r , " A i , G I N I "">5> 
! ; ! Ml 11G I Or. / IN 1 ?H 0 I . ' 1 M Pn fj i 
',[ T IJP l OOP QvER POINTS TO I OAD INTO ORIGINAL T E M F - ; R A - I J P E APBA 
GO 71, k MI UW.MHIGM 
!F NO MOPf POINTS IN COPL PEAD NE/T PAGE ' I 1 ' A f > r . 
IF r j * :LL i l ur ELL > or T o ;?G 
I I ' r-JL E I T . o r .NF I I . I '..J TO 1 G 
I I HJl I i I I E 0 1 GO TO 8 0 

NF I I 1 Nl I F I 
HI N: I I ' N, I I i Nl I I ' 

P I A : i ' i ' A p i . s r . f . i , i / ! M ; ; . • : p i ; ; i . i I . J F I . I 
I ' : I I i 
Gt I I I'M INI 11 OA1A M i l St DOPPLER BROACENED IF N C T " A / : « " „ « • 
I N I h G / ' P A C I N G IS NOT P E O U I P E D l . 

PI ! I I i T.'.il;i". ' . O . K R . b O S : O G - - ' . C 
NO UOI'P: I P UPOAOi ' . INO I I T H R E S H O I D O . ' E P I . CO" , 000 -,- T A. S I S C - - P G 

•in ' u O ' i l i| S I C O - 1 - 3 . 
I I i A: p . ' A - . : • . . I ; Gi ' C00C.CG . 0 ' ' O O P ! I S I G C - - - . . 
••I !•' ' i i i S I & C - P G G 

: Ml v 1 " p M A / I M u M AL , OWAfJLt ENEFGV C P A J I N ' . S I O C - - F G 
- i . i i . / i f , ' : i ; . i I . L I / N E X T , G O TO °D3 - I G G - - - ; 

I N I I t i l ' " . A l t ' 0 I N C F P ' POINT « ' " A » I " L " A . . C ~ A B L E E N ' P G * - ' A ~ . : V C I 0 G - - 6 : 
.< ' f ' f . i • ' s : O C - H G : 
' . • • - ' K M i -1 X N I > • . ' f f i i ' ' ' I N : i f i ^ . : S F M ; ; > ; v : v ' . ^ •>•'*•". S : G G - V 
Ml TO till S I C C - G I . 
iNi •.•!•» S P A C I N G o . f . S : O O - 5 P C 

G.i < 'F ' > l<N- U I I i I S I & C S Z G 
: " i y I ' n I F : i : i S IGC-C i -C 

"' 11 L I ' II , • I S I & 0 - 5 G C 
I'.l >f'HI v ' F i S I G O - b b C 

' .KM! 0 • r S I G C S ' y " 
" l ! XM \ l ! ! [ M A > * X K M ; S IGG- r iPG 

ii .MI s i i .i i . 0 . ANr I F i i i . c - i . N F : L . ' N ? L E F • • ; S : G G - 5 9 C 
OG ' 0 •-:' S IGu-GGC 
F. Nl"i 01 DATA TAB' L S I 0 C 4 6 I G 

811 MHlOil k I S I G 0 - 6 P C 
N . ' U •' I 0 S I G O ' - B S G 

on N.>MA;II VMADI I .MHIGH M L O W : S:GO-6'IO 
W 'OWN 5 1 0 0 * 6 5 0 
INTPV MAXDf S I G 0 4 6 6 0 

SIGJHSTO 
•NH--> PClNT TO Of F INE MAXIMUM ALLOWABLE ENERGY SPACING. S I G 0 4 6 8 0 

S I G 0 - 6 9 C 
L O N L M T ' I U H I I 1 .0 j . S i o . C S I G 0 - - 0 G 
I I .<> S I G H S - 1 0 
r i : :. i siGOweo 
I RUSf L P 1 H I N S I G 0 m 3 0 
IF I L R ' H I N . L i . 0 . 0 0 ! I E R U S E = 0 . 0 0 l S I G 0 H 7 4 0 

100 T T DT S I G C H 7 5 0 
KOI TOM-- I • ! • T SIGOSTBO 
TOP FJ'Jl !OM< ! . 0 S I G 0 4 7 7 0 
ERG AP.Sl 1 . 0 - C O N - T O P - S O R T I T O P I ' B O T T O M ! S I G 0 H 7 B 0 
I I i L R G - l P u S E I 1 1 0 , 1 ^ 0 . 1 0 0 S I G 0 M 7 9 0 

MG IF i L , : .1 T . I . 0E- 061 GO TO I eO S ! G 0 i i 8 0 0 
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T = T.DT 
OT=0. I TJT 
GO TO 100 

i?0 DEMAX=T-T 
RETURN 

5000 FORMATi6E1!.1< 
END 
SUBROUTINE BPOADN 

GIVEN A CROSS SECTION THAT IS DESCRIBED Bv A TAB^E OF 
X'S vS. X AND LINEAR-LINEAR INTERPOLATION BETWEEN POINTS 
IHiS ROUTINE WILL EXACTLY D O P P L E R BROADENING THE CROSS 
SECTION AT A PORTION OF THE ENERGIES CORRESPONDING TO 'HE 
OPIGINAL CROSS SECTION IAPPROXIMA'EL> THE MIDDlE. 'HIRD . 

INPUT PARAMETERS 
KLOW =INDEX TO F I R S T POINT LOADED I N COPE. 
KH1GH =INDEX TO L A S ' POINT LOADED I N CORE. 
NLOW * INDEX TO r i R S i POINT TO BROADEN. 
NHICH - I N D E X ' 0 LAST POINT TO BROADEN. 
MLOU " I N D E X TO F IRST POINT OUST LOADED. 
MHIGH - INDEX TO LAST POINT UUST LOADED. 
X ^ T A B I E OF ENERGIES CORRESPONDING TO S . 
5 - I A B L E OF CROSS SECTIONS AT I N I T I / . L T!'.MFt-P4 T jRE . 
CK -SCRATCH ARRAV TO USE FOR SLO D E BETWEEN R C I N ' S ; ; j , x , 5 
t 'B TABLE OF ENRGIES CORRESPOND INC. TO S B . 
SB =TABLE OF CROSS SECTIONS BROADENED TO TE.MPK. 
ALPHA =DOPPLFR WIDTH U 1 5 G 5 . 3 - A W F TEMPEFI 

THE P.J1NIS „ U S t lOADED i M I . O W . M H l & H ! APE C O N - F P ' S ? "'. SPEED 
L I K E TERMS AND SLOPES BETWEEN P O I N T S COMPUTE::-. '—L "ABLE OF 
POINTS I K L C W . K H I O h l IS USED TO BROADEN THE P E S ^ . " "ABLE 
INLOW,NHIGH J . 

THE CORE T A B L r S MAY BE CONSIDERED TO BE COMPOSED 0- r PAGES V 
lOUP POINTS EACH THREE PAGES APE USED FOP THE DATA A: THE 
ORIGINAL TEMPERATURE" L X . S . C K , 1 9 0 I B WORDS' AND ONE PAGE 
," . oSC'P r-JG THE BROADENED CROSS SECTION' ' S B / . 

DURING ONE PASS UF THIS ROUTINE A PAGE OF DOPPtLP BROADENED 
CROSS S E C * I O N S WILL BE CPEA 'EO A ' THE ENERGIES CORRESPONDING 
TO IHObE IN THE MIDDLE p AOE C r THE DATA A ' THE C ^ I O I ' . A : 
TEMPERATURE. 

ONCE THE BROADENED DAIA APE CREA 'ED T H E DATA A ' I H F 
ORIGINAL TEMPERATURE IN THE F IRST PAGE I S NO LDNSEP NEE K ;• 
AND THE ENERGIES CORRESPONDING 10 THE BROADENED CROSS 
SECTIONS APE STORED IN IHE F I R S ' PAGE 0- 1CK i FOP L A ' - P 
T H I N N I N G IN ROUTINE T H I N G . 

IN ORDER ' 0 ALL Ok THE SAME I N D I C E S TG BC USED . " - > H O ' H 
THE ORIG IN- - ! AND BROADENED DATA I * DUMMY A»PA . S ' E B . S B : 
ARE n F F I I . E D OrjE PAGE ]••• EPGNT OF IHE LOCATIONS Tt-.AT ,, | . . 
BE USED ~o STOPS THE BROADENED D A I A . 

COMMON' INDE -,.'._/. C'rt. . .,H I GH . KL Oi-J . KH I GH . ML J.J , MH I r.H . N. I.-. . N M | C-H . 
I N P I N . N P M A D L . N i G „ r , N 2 i _ E r T .NPAGE . J J L O k . I L Ol-J 
COMMON 'HE ADEP. • C I K . W P . I 1 H . L2H , N I h . NPH . MA TH . MFH , '•' I r-i. NOSE 0 
COMMON . ' L E ADER'." 1 , C i ' . L 1 . L c.J . N I , N? . MA T ,ME , M T 
COMMON. HOTS' ALr-HA . ' E M P K . TEMPI F . ER : H I N , • :d T 0 T I . N f " " I 0 
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COMMON'EPFE/P/EXi'ER." 
COMMON/CONTAC/OVPI .OVPIP. ATOP 
COMMON/INDICE/KNOW.LNOW.KLPl.KHM1 
COMMON/EX I END'MESS,ME XI .DTMAX 
COMMON xi30 061 .SI3006i.£OUT I 555i.OKI 3006i .SOJTI 555i.SBPEA, 101 
I E I N ' ? 5 5 : . S I N ( S 5 5 1 
DIMENSION L B i ? 0 0 m .SBiPOO 1. I 
EQUIVALENCE ISIPP60).EBl.ICKIP260I.SBl 

C 
C CON/ERT FROM ENERG/ 10 SPEED AND DEFINE SLOPES BETWEEN POirrS. 
C 
C CONVERT ENERGIES TO SPEED LIKE TERMS. 

DO IQ N^Ml GW.MHIGH 
10 X ( N . ' - S Q R T ; A L P H A " X I N I i 

C DEFINE THE NUMBEP OF INTERVALS AND COMPUTE SLOPE IN 
(.-•••-EACH INTERVAL . 

KL P I -KL OW' I 
K H M ! ^ K H I G H - ! 
ML = ML ON 
I F t ML OW . 6 T . K l OW I ML ^ ML - I 
MHMI-MH1GH-1 
XXLAST-X I ML ) • «? 
DO 30 KNOW'ML,MHMI 
X X T J O N - XI KNOW- 1 1 "c! 
OX-XXNOW-XXL AST 
I F I O X . L F . 0 . C i GO TO S3 
CK I KNOW 1 - I M K N C W ' 1 i - S I K N O W I > • DX 
GO TO 30 

? 0 CK I KNOW ' 0 . 0 
30 XXLA51-XXNOW 

T E 5 ' FOP CROSS SECTION EXTENSION 

- I f S T LOWER 1 IM i T FOR ALL PAGES BEVOT.'D SECONE. 
MFXT MEXTM 
I f IMF XT .1 E . 31 GO TO 'tO 
D X - X I 10C3 l X I I I 
I F ( D X . I E . A T O P i GO TO 5 0 
TES1 UPPER L I M I T FOR AL I. PAGES 3 U T L A S T ONE 

HO IL I Ni?L FF T .LE ,Q 1 GO TO 6 0 
DX=X 3 0 0 6 ' - X l ? 0 0 H 1 
I f I D X . G T . A T O P I 00 TO 6 0 
DEFINE MAXIMUM ALLOWABLE TEMPERATURE CHANGE TC 
CR05S SECTION E X T E N S I O N . 

50 l : x - D v / A " O P 
DTMAX? 'TEMPLE-DX-OX 
i F ' D T M A X . L E . 0 . O . O R DTMA >.C . L T . DT MAX 1 DTMAX-DT""A 
SET SLAG TO PRINT OUT MESSAGE K I ' H SECTION 
M E S S ' ? 

BROADEN DATA. SPECIAL TREATMENT FOR LOW tNERG> 

60 KNOW NLOW 
[FixlNLOW: GT.ATOPI CO TO 70 
CALL BSOALn. 
IFIKNOW.GT.NHIGH1 RETURN 

70 CALL BROADH 
RE TUP*.' 
END 
SUB' ""III NT BROAD'.. 

5H?0 
SI 005-30 
S1GC5I--0 
S1G0545C 
S'. 005^6' 
SIG05-70 
SI j3548C 
S1GG5-.90 
S1G055C0 
S1G05510 
S1G055?: 
S100553: 
SIG055-C 
SI 50555 0 
s 

s 
s 
s 
s 
= 
s 

s 
s 

b 
s 
s 
s 

5055CO 
G05570 
G065B0 
GQ5590 
&05600 
GB5610 
G056?' 
00563: 
OO S E - : 
00565". 
G056F.: 
0056'". 
00566: 
G0659: 

c-05":: 
s o05"r: 

s 

s 
s 
s 
s 

O O D " 3 : 
r - r 5 " - 0 
005"=?: 
0 D 5 _ t . 
006" ': 
005 "6' 

s 
s 
c 

s 
s 

s 

•0056:: 
5056'. 0 
00 5 3/'. 
G C 5 6 - : 
G056- . 
c:5S'-: 
oo5=t;: 
_• : • : : ? " : 
:.:566' 

s 

•1 

s 

O05-30: 

;-c55i: 

:• c 5 : 7 . :• 

0 .'59n." 
•.•059--..' 
0059L.. 
cos- '"c s . :::9s: 
;:s? 
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• - - D E F I N E r.OI.STANTS f O P T H I S P O I N T . 
BMY-B r 
B P f = B> ' 
P B M ' ^ P A * [ON I S M ' j 
R B P ' -PA I I O N I B P ' I 
F X B M ' -£ / P i - B M ' » B M ' i 
L" x BP ' '{ ' P ' - BP ' • BP ' J 
S0 = EP< c i " B M r , f y s n r i - E P F C I R B P * . E X F P T . 
i M = t . y u i ' - i / B 1 " 
F P [ . . y r i " F / i : P f 
a r m o r F B- f »•/•[? 
FPB- ' ' A ' V J ' O . ' P ! -BEM/EP 
DUMP!' : Lil jMM, l . a . i ' i S I L h i w l i ' S I L N O U I I • I • i 
I f IBM i . 0 1 A TOP J GO ' 0 3 0 

iO f.ONt 1 rj JL 
C O N ' I N U L '.POSS SECTION AS CONSTAT.' TO / - - I 

? u D U M P " i - : J L M - I M . s i K M i f j M i -rsB 
Pi I N I T I A L I Z E I N T E G P A L S ' 0 ' f O DISTANCE 

io P P A : Ior.1 I 'i-1 
I /P , l-i 1 / i " r i " fi 
I c'A ' " • • ! - O - E P i ' . ' P . E / P E P F ] • O v ' P i a - ' 
'If, l i i l i i ' . ' l i S Bli'JW ' o l f f i l FIRST P O i h ' . 
!i ••- ' . ' * I .. HOI . ) 00 TO 50 
'.• ' >•' > ' [ ' 0.-L P I M t P . AL S 3 f . Ow C J D a E N ' 

s : o066 : c 
S15066SC 
SIG0663C 
s;&066-.; 

G2665C 
G0566: 
G066T0 
&06B8: 
ij6G9; 
G;Ê ::. 
o;6-i; 

* ̂5"&l_ 

i f i •-•••: 
At " •: '• . 

I'.; G- s j i \ > " 
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' , i'i f-'E'ot 
' . t>'. •.-.:"E-
: r... - po:' 

•».£ ,;u==( 1,1 Ki>t iHt L « S ' ' . C - . . L P ; E D ~r.r.\; ~ 
;MS B.'.: BE. . F- - I ' : THE C C = L ' 0 Bf H : V . ; . ; 
' • J ^ C - ^ '•••: l \ L , Or TH£ T ( . B L I ; S Pr.-VvHf/J ; r . 

i :>...•. . •:•-•= f , If"-'—: F , L P . l ' - I ' J . t . C ' C 
.: T • . r . . - • - ' . • " - . - h ' '."''A. . • • - • = " ' . 

jOb ' , ' 

: o : i 8 f 



oo ro 7u 
C THREE OR MORE POINTS ALL WiTH THE SAME ENEPGY. KEEP N E / ' 
C -POINT IF NOT T H E SAME CROSS SECTION AS LAST POINT. 

SO IFISBTJH1GHJ.EO.SBII LOW) i GO TO 70 
C AT LEAST ONE POINT IN INTERVAL FAILS "EST. SAVE LAST PC! 
C WITHIN THE INTERVAL. 

60 JHIGH^JHIGH+1 
XBI JHIGH)=XBiNMl ) 
SBIJHIGH)-SBINH:I 

C RE5ET LOWER LIMIT OF INTERVAL THAI CAN BE THINNED. 
!LOW=N 

7D CONTINUE 
C IS THIS THE END OF THE ENTIRE TABLE U a P C I N T S 6P0ADENE 

IFINHIGH.LT.KHIGH) GO TO 80 
C YES. MOVE LAST POINT IN TABLE 10 THINNED TABLE. 

JHIGH=JHIGH*] 
XB(JHIGHI=XBINHIGHl 
SB IJHI&HI=SBINHIGH] 
RETURN 

C NO. DETERMINE NUMBER CF UNCONVERGEO POINTS L C " T 0«E° F P C 
C THINNING. 

BO KLEFT=NHIGH-ILOW'I 
C WILL REMAINING POINTS FIT INTO IXGUT.YQ'JT. 

IF IKLFF1 .LE .S55) GO TO 90 
C NO. THIN INTERMEDIATE POINTS BETWEEN IL Of. AND N"I3H S- S 
C RESET'ING LOWER THINNING INDEX. 

ILOW=hHlGH 
PL TURN 

C -YES. b-'vr. L A S ' CONVERGED POINT IN COPE 'G SIP .1 AS »'..'_-
I.' THINNING OF NEXT PAGE OF DATA. 

au Row--1 LOW- i 
JH IGH - JH I GH- I 
RETURN 
END 
SUBROUTINE TABFIN 

C 
C THIS ROUTINE IS DESIGNED TO COPY THE SETT 10'. CF B^Ct-Z- •.: '. 
C TH T 'NEC DATA FROM THE CORE OP SCRA CH F i a * I '-• PEE.. -

C THE ENDF B FORMAT. 
C 

INTEGER OTAPE.OUTP.SCF 
COMMON.'UN ITS'O'JTP. INF. I TAPE .OTAPE . [.CR 
COMMON,TERP/NBT(dOOI.INT,SCO' 
COMMON'HEADEP'C IH.CPH.L I H . LCH.N I H . N L ' H . N A T H . '*- " .'••"'-.'.OE- . 
COMMON .'LF ADER'Cl , CE>.L I . L5.NI .NE.MA" . MF . P11 
COMMON. INDEX/ JLOW. JH IGH, <LOw . KHIGH . ILCH .MH', ii- .'.. ;,..' 
I NE> I N , N5MADE . NPOU T , N£>L E F ! , N»AGE . JJl OK . I L CW 
COMMON X17006) ,S( 3DC6I .XOLi'[J55 i .Ch ;33D6 ' . • : „ " :••: 
I L INi?55•.SIN I 555: 
COMMON NORM! T XN0PMI6) . K.S I ON • 6 I .•E>Plfa! 
DIMENSION XP- 1857 I . YPi 1257, , KB : = E'-jv .SB E'Sbd 
E Q U W A . E N C E I St FE-50 I . X6 . . I C M SP6C > . SB : . I >K '. .~ • ••• 

C DEFINE NUMBER OF -">OIN'S *C OUTPUT. 
N?=N?GUT 

C SET INTERPOL*' I UN .A,-: 10 LINEAR L I \ • AC L , E-' I •.";_: 
NE- T ' ) I -Nc.TuT 

Ni - 1 
C I N C & L M j N - bECJENCF N L - . ' T J L P AND « P : ' ; L E A " :.•: ;•.••=.. 

NCCr ' I T . - "St" '. N05EC ' 
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C M L NORMAL i » 6 H . ,/NGRM'LL • . XSiGN.LL I . XEXP ' -'. 
L L -- L L • I 

IPO CA, L NORMAL I SB . t .' ,/MOPMILl . . KS I ON: L ,_ j . \>Z XP . _ , . 
GO TO I i 3 0 , 140 J .1 _EF T 

i 30 WRI T[ 1QT APE ,50 301 I XNOPM I L I , KS I GN! L 1 . >• E x r _ ,. = :,? . 
I MAT , MF . MT ,NOSEQ 
GO TO 150 

!•••! WP| IE I 01 APE . bC"<0 ' 'XNORM' L I . "SIC-ML . . •>" 'P i. . .. - . ." . 
; MAT,MF,M7.NGFCG 

r... .... r SCRATCH FILE WAS USED RE - POS i 71 ON r :.p \r , - -Afj_L 
150 IFIN5MADE.GT N P A G E i PEKING SCR 

RE I UPN 
5000 * GPMAT i A-irg 5 , A i . I E j , 4 1 I I . I 4 , I e , i 3 , I 5 i 
50 10 f ORMAT :R!l!,44X,!4.iB.I3.!b. 
50S0 FORMATi&'FS b. A! . IP; , l-< , IS. 1 3. 15) 
bFJiO FOPMAT r5(F9.5.AI , If I .44X, 14, IS, 13, .'5. 
504C fOPt1»T|4;F8.5.AI,„ .??> . 14 . ! ? . I 3, 15. 

END 
CUBPC'JT I NE NORMAL I X , /NORM , KS I ON , KEX» J 

r, 
L O N V E P ' ' "LOATING POINT NUMBER 7 0 N O P M A L c O P " TCP j t ' - . 

C O U l P O i WILL BE IN THE FORM X . XXXXX» / - NN. K W ! C - 0 I . E S 
.: AN ADDIT IONAL D I G I T OF ACCURACY WMF N COMPARED J E I ' -
C FORTRAN OUTPUT. I N A D D I T I O N THE OJTPO" W I t - 3E : ' / r . - i 
r INOFi'F NDFNT I I . E . SAME ON I B M . CD. O N ! . A C r ' C 

I N ' E G F R PLUS 
0 • [ / [ ' IN i TWO POSSIBLE SIGNES FOP EXPGNCN". 

PA TA P L C ' . / I H - -• 
[TATA MIN IS/ 1H- ' 

•L :,OMPLTE SIGNED EXPONENT FROM ABSOLo 'E , ( , . : . 
X A B S - A 3 S l > I 

C - | f NUMBER i S 0 . 0 DC F INE 0 . 0 0 0 0 0 - C 
P" iXABS) b O . 5 0 . 10 

: DEFINE EXPONENT TO NORMALIZE M A V 1 S S A . 
IC K L X P - A i O G ! 0 i X A B S ; 

SHIFT-- 1 0 . 0 - -KEXP 
X f . n p M - x A B S . S H I E T 
I I I X N O R M . G E . 0 . 9 9 9 9 9 5 i GO "C ?0 

K:E X P - K E X P - I 
;>H|r T -SHIF i , ! G . O 
0 0 TO 30 

:-G IF ! XNOPM .L T . 9 . 9 ^ 9 9 ' 5 00 T : 3 L 
k: X-' KEXP* i 
yHIF T = : o . 0 - S H 1 F ! 

: - LGMF-UTE SIGNED MANTISSA. 
iV XNOPM X ' S H I F T 

'. - - - r ,EF ,NE S I G N OF FXPCN'NF AND I'.S-.RE E X = C N E ' . ' '. - - '. ' . . 
IF ( K F X P I 4 0 . b G . 6 : 

•. -j y. '-> I ON - M I NOS 
K XF>- K F X P 
RE TURN 

;: - x i s c . o . D E F I N E AS C . O O O O C - C 
50 .-.NORM 0 . ~ 

K l X P : J 
[ " r S I G N ' P . . UC 

RL KIRN 
L'«. 
F •'. T !,••„ M U f y i . ^ Q , 
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