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PREFACE 

This ARES user 's  manual provides detailed instructions 
fo r  a general understanding of the Automated Response Function 
Code and gives s tep by s tep instructions for using the complete 
code package on a HP-1000 system. 

This code i s  designed to  calculate response functions 

of NaI gamma-ray detectors,  w i t h  cylindrical or rectangular 
geometries . 



THIS PACE 
WAS INTENTIONALLY 

LEFT BLANK 

ascott
Blank Stamp



1. DESCRIPTION OF SOFnJARE 

1.1 General Description 

The Automated Response Function (ARES) software i s ,  wri t ten  in 

modularized form t o  f i . t  the  a rch i tec tu re  of the  HP-1000 minicomputer. 

The major components of the ARES package a re :  

I .  HPGAM. A f a s t  running Monte Carlo code t o  compute 
the energy depositions by gamma-rays in  sodium iodide (NaI) 
c rys ta l s  w i t h  e i t h e r  aluminum o r  s t a i n l e s s  s t e e l  
cladding. This program can handle e i  the r  a cyl i ndri cal 
or  a rectangular detector  geometry. The program was 
or ig ina l ly  coded by Evans, e t  all., a t  Los Alamos and 
was named GAMRES. We have modified the  program extensively 
and the new HP version i s  ca l l ed  HPGAM. 

11. LSQVM. A general i zed mu1 t i  parameter Least Square 
Minimizing program based on Variable. M t r i c  Method 
or ig ina l ly  suggested by W. C. Davi dsonq of the  Argonne 
National Laboratory. The present version of the  program 
has been extensively modified t o  s u i t  the  spec i f i c  purpose 
of producing ana ly t ic  f i t s  t o  the  computed energy depo- 
s i t i o n s  as functions of gamma-ray energy and pulse height 
i n  t he  detector.  

111. U t i l i t y  codes f o r  manipulating input/output and 
producing graphi c p lots .  

Hardware . .~ Requirement 
-- 

The software package i s  configured f o r  a HP-1000 computer system 

with a 7920-M Disc Driver and an on-1 ine  2608-A l i n e  p r in te r .  The code 

package i s  delivered on a 9 track 1600 BPI magnetic tape.  A tape uni t  

comparable t o  HP mode1 7970-E i s  therefore  required f o r  loading the  program. 

1. NDA Technology f o r  Uranium Resource Evaluation, LA-6996-PR, October, 1977. 

2. Variable Metric Method f o r  Minimization, ANL-5990, 1959. 



1.3 Computational Sequence 

The computat ional sequence o f  ARES from i n i t i a l  i n p u t s  t o  

t o  producing ou tpu t  response f i l e s  o r  p l o t s  i s  shown i n  the  f l o w  diagram 

i n  F igure  1. The general f l o w  sequence w i  11 be descr ibed here. The 

d e t a i l e d  i npu t /ou tpu t ,  f i l e  contents, and t h e i r  s t r u c t u r e s  w i l l  be pre-  

sented i n  Sect ion  2. 

Three i n p u t  f i l e s  INPTfZJl, INPTB2, and INPTfZJ3 a re  requ i red  t o  run 

t h e  complete software package and w i l l  be expected t o  be present  on t h e  d iqk .  

HPGAM uses t h e  + i n i t i a l  cond i t i ons  from INPTBl and w i l l  p r o d l ~ c ~  an ou tpu t  f i l c  
OUT01 ot' energy depos i t i on  values d l  t he  same t ime p r i n t i n ?  out t h c  r e s u l t s  ov, 

t h e  l i n e  p r i n t e r .  The f i r s t  u t i l i t y  program UTLTY combines the  i n p u t  f i l e  INPTfl2 
aod t h e  ou tpu t  f i l e  OUTg1 t o  c rea te  an i n p u t  f i l e  LSQIN f o r  t he  LSQVM rou t i ne .  

Running t h e  LSQVM r o u t i n e  w i l l  produce an output  f i l e  OUTfZJ2, con ta in ing  t h e  

b e s t  parameters f o r  t h e  responses, a t  t he  same t ime p r i n t i n g  t h e  chi-squared 

values f o r  t h e  fit. Update f i l e  INPTg2 w i t h  t h e  r e s u l t s  o f  OUTB2 by running 

t h e  u t i l i t y  program REPIT, which w i l l  repeat  execut ion  o f  UTLTY and LSQVM. 

A f t e r  examinat ion o f  t h e  p r i n t e d  ou tputs  f rom LSQVM and comparing t h e  c h i -  

squared values i n  t h e  successive runs e i t h e r  repeat  t h e  above l oop  o r  proceed 

t o  t h e  r ~ e x t  program. If the  consecut ive chi-squared values are  n o t  d i f f e r e n t ,  

proceed t o  t h e  nex t  program RESPN, otherwise repeat  t h e  above loop. I t  may 

be nccessdr-y tn repeat  t h e  l oop  up t o  f i v e  Li~nes i n  some extreme cases when 

tlsc ~ t a t l s t ' l ' c s  0 1 '  l t ~ e  HPGAM produced r e s u l t s  a re  poor. 

Next, execute RESPN t o  produce de tec to r  responses f o r  photon 

energ ies  present  i n  i n p u t  f i l e  INPT03. The RESPN r o u t i n e  w i l l  c r e a t e  an 

o u t p u t  f i l e  OUTPT a t  t h e  same t ime p r i n t i n g  a  l i s t  ~f t h e  cnrnp~rterl response 

func t i ons .  The responses f rom the  output  f i l e  OUTPT can be p l o t t e d  on t h e  

g raph ic  l i n e  p r i n t e r  by execut ing  t h e  PLTTR rou t i ne .  PLTTR w i l l  smear t h e  

pu lse  h e i g h t  d i s l r i b u t i o ~ ~  w i t h  de tec to r  r e s o l u t i o n  be fore  producing t h e  

p l o t s .  

Step by s tep  execut ion o f  the  program and 1/0 f i l e  s t ruc tu res  and 

i npu t /ou tpu t  parameters a re  descr ibed i n  d e t a i l  i n  s e c t i o n  2. 
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2. DETAILED DESCRIPTION O F  PROGRAM INPUTS AND OUTPUTS 

2.1 HPGAM 

The Monte Carlo transport code HPGAM uses two f i l e s ,  one for  

input and one fo r  output. The i n p u t  i s  called INPTg1 and the output i s  

OUTg1. The s t ructures  of the various f i l e s  a re  described below. 

2.1.1 Input File INPT01 

This f i l e  i s  an ASCII f i l e  expected t o  ex i s t  on the disk 

containing the following informati on: 

Line 1-3 Comment cards describing the computational 
setup and the detector and source geometry. 
Information t o  help the user fo r  bookkeeping 
purposes only. 

Line 4 XB, YB,  ZB1, ZB2, XBB,  YBB, ZBB2, IGEO with 
format (7F10.4, 110) IGEO = 1 for  rectangular 
detector IGEO = 2 f o r  cylindrical detector. 
Other quantit ies are  defined in Figure 2. 

Line 5 Position of the source along Z axis (negative) 
and the maximum openins angle (degrees) for  
the source. Format (2F10.4). 

Line 6 Two detector resolution values (absolute) t o  
be folded in f o r  printed outputs. Format 
(2F10.4). 

Line 7 ESTART = photon energy, ANEV = number of events 
to  transport ,  MDUMP = number of events f o r  
which parameters will be printed on the l ine  
printer.  Format (2E12.5, 110). 

Line 8-On Repeat LINE 7 for  d i f fe rent  energy photons. 

Last Line Set ANEV = 0. t o  terminate program. 

A sample input f i l e  INPTg1 i s  shown in Table 1. 



Figure  2. Coordinates and Geometries f o r  Detectors.  
12 



T H I S  I S  k SET OF 16x16 INPUT DATA 
POINT SOURCE I S  AT 2 7 , s  INCHES FROM THE FRONT FkCE 
FRONT FkCE 0.2 CM, AND BACK SOATTERIidG' R E C I O t 4  0,50 CM 
20.32 20.32 0.2 10,36 20.52 20.52 1ir,8G 1 
- 6 9 .  e5 1 4 , O  . 
.03 .lo 
0,100 90000 0 
0.2 90000 0 
0,3 40000 0 
0 , 4  90000 0 
0.5 90000 0 
0,6 40000 0 
O , ?  90000 0 
0.8 90000 0 
i r ,4  40000 0 
1 , O  90000 0 
1 . 1  90000 0 
1 , 2  90000 0 
1.21 90000 0 
1.4 90000 . . 0 
1 . 6  90000 0 
1 . 8  90000 0 
2.0 90000 0 
2.2 40000 ir 
2.4 90000 0 
2.6 90000 0 
2.8 90000 0 
3.0 . 90000 0 
2,614 0 0 

T a b l e  1. Sample  I n p u t  F i l e  INPTdl. 



2.1.2 O u t p u t  Fi le  OUTfl1. 

This i s  a binary f i l e  with - two records for  each gamma-ray energy. 

Record - one has three words consisting of photon energy, number of photons 

transported, and number of photons interacted in the detector. Record - two 
i s  an array with 100 elements giving the pulse height dis t r ibut ion.  

2.2 UTLTY 

t h i s  u t i l i t y  program combines two input f i l e s  INPTfll and INPl'g2 

t o  create  an output f i l e  LSQIN. 

2.2.1 INPTO1. Structure of t h i s  f i l e  i s  described in section 2.1.2. 

This input f i l e  contains the i n i t i a l  vlaues fo r  the coefficients 

of the analytic functions used by the general f i t t i n g  routine LSQVM. The 

f i l e  i s  created by running the f i le-creat ing program MKFL2. There are  eight 

functions w i t h  - 25 coeff icients  in each, and four functions with - f ive  coef- 

f i c i e n t s  in each, requiring a to ta l  of - 220 i n i t i a l  values. A safe and 

convenient s e t  of s t a r t ing  i n i t i a l  values can be created by repeatedly typing 

i n  a value o f  1.3 far- a l l  c u e f f i c i e r ~ l s .  

2.2.3 Output Fi le  LSQIN. 

This i s  a binary f i l e  created by combining the pulse height 
dis t r ibut ions as a function of photon energy from OUT9I  and the i n i t i a l  

values fo r  the f i t t i n g  parameters from INPT02, to  be used as i n p u t  t o  the 

f i t t i n g  pragram LXQVM. 

LSQVM. 

This program uses the f i l e  LSQIN as input and creates an output 

f i l e  OUT02 w i t h  the best f i t  parameters. I t  also pr in ts  out the chi-squared 

values f o r  the best f i t .  



2.4 REPIT 

This i s  j u s t  a command f i l e  used t o  repeat the  f i t t i n g  process. 
' 

It updates the i n i t i a l  values i n  INPT02 w i t h  the values from OUT02 and 

creates a new LSQIN inpu t  f i l e .  It then runs the LSQVM f i t t i n g  r ou t i ne  t o  

generate the most up-to-date f i t t i n g  parameters. 

2.5 RESPN 

This program uses two f i l e s  as input ;  namely, OUT02 and INPT03, 

and creates an output f i l e  OUTPT contain ing t he  responses. 

INPT$3 i s  a b inary  i npu t  f i l e  cons is t ing  o f  ENERGY, SLOPE, and 

EZERO f o r  each detector  response desired. This f i l e  i s  created by running 

f i  l e - c r e a t i  ng program MKFL3. 

OUT02 i s  described i n  sect ion 2.3 

2.5.3 OUTPT. 

This b inary  output  f i l e  contains the unsmeared pulse he ight  

d i s t r i b u t i o n s  ca lcu la ted using the  best  f it parameters from OUT$2. I t  has 

two records f o r  each energy. F i r s t  record has three words ENERGY, SLOPE, 

. and EZERO. The second record has the pulse he igh t  d i s t r i b u t i o n ,  the number 

of elements depending on photon EMERGY, SLOPE, and EZERO, w i t h  a maximum o f  

256 elements. 

The l a s t  record has en t r y  ENERGY equal t o  0.0. 

2.6 PLTTR 

This program uses d isk  f i l e  OUTPT as the i npu t  and p l o t s  the 

response curves on the HP p r i n t e r .  No output  f i  l e  i s  created. 
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3. PROGRAM LOADING AND OPERATION 

3.1 , LOADING ARES PROGRAM INTO HP-1000 

As described i n  Sect ion 1, t h e  ARES code package i s  prov ided on 

a 1600 BPI 9 - t rack  tape. The l oad ing  o f  t he  program i s  described here by 

ass ign ing  d i s k  c a r t r i d g e  number 26 t o  t h e  user.  

3.1.1 Mount tape on the  tape d r i v e r  making sure t h a t  t h e  dens i t y  i s  s e t  

a t  1600 BPI. Load tape and s e t  i t  on l i n e .  

3.1.2 Trans fer  t h e  c o n t r o l  f i l e  *TAPE f rom tape t o  d i s k  by t y p i n g  t h e  

f o l l o w i n g  f i l e  manager command: 

ST, 8, *TAPE::26 

3.1.3 Transfer  c o n t r o l  t o  t h e  c o n t r o l  f i l e  *TAPE by  t y p i n g  t h e  conanand: 

TR, *TAPE 

The computer w i l l  now l o a d  the  e n t i r e  ARES source program package 

f rom the  tape t o  d i sk  c a r t r i d g e  26. 

3.2 TEST RUNS 

To checkout t h e  ARES program package f o l l o w  the  step-by-step runn ing  

i n s t r u c t i o n s  l i s t e d  below. 

3.2.1 Create an i n p u t  f i l e  INPTfl1 us ing t h e  system EDITOR. Before c r e a t i n g  

t h i s  f i l e  rename and save t h e  o r i g i n a l  INPTg1 f i l e  copied f rom the  program tape. 

3.2.2 Compile t h e  HPGAM program, c rea te  compile f i l e s ,  l o a d  and run  t h e  

program by us ing  t h e  f o l l o w i n g  commands: 

TR, *XFGAM 

TR, *XGAM 



Note t h a t  HPGAM w i l l  c reate output  f i l e  OUT01. 

3.2.3 The ARES detec tor  response generat ion package i s  se t  up t o  operate 

on a se t  o f  22 separate i npu t  photon energies. HPGAM can be run w i t h  a few 

i n p u t  energies a t  a time, recombining and renaming the output  f i l e  OUT01 using 

t h e ' u t i l i t y  program MERGE u n t i l  t he  se t  o f  22 inpu t  energies, given i n  Table 1, 

has been run. 

3.2.4 Compile and run the program UTL,TY t o  create the i npu t  f i l e  LSQIN f o r  

the  f i t t i n g  r o u t i n g  LSQVM. 

3.2.5 Compile and run  the f i t t i n g  program LSQVM by using the  f o l l ow ing  

comnands : 

TR, *XFCRV 

TR, *XCRV 

This program w i l l  create the output  f i l e  OUT02. 

3.2.6 Mote the  pr inted chi-squared values produced by LSQVM. Repeat the 

f i t t i n g  process by using the command : 

TR, *REPIT 

  his command w i l l  cause the  co'mputer t o  

Update INPT02 w i t h  OUT02 
Purge OUT02 
Run UTLTY t o  create a new LSQIN 
Run LSQVM t o  pr-uduce thc  ncxt s e t  s f  f i  t t i n y  pa r -d~~~e le rs .  

Compare the  new chi-squared values w i t h  the previous set ,  repeat ing 

the  f i t t i n g  process if necessary, o r  proceed t o  step 3.2.7. 

3.2.7 The output  f i l e  OUT02 contains the best  f i t  c o e f f i c i e n t s  f o r  -generat ing 

the  detector  response. Next, run the  RESPN rou t i ne  t o  generate unsmeared 

detector  responses a t  gamna energies entered i n  INPT03. 



The calculated detector responses will  be written out in f i  l e  
OUTPT and also printed out on the l ine  pr inter .  

3 . 3  PLOT OPTIONS 

The unsmeared energy depositions from output f i l e  OUTPT can be 
plotted a f t e r  folding i n  the detector resolution. This i s  accomplished using 
the routine PLTTR. 

3 . 3 . 1  Create a compile f i l e  fo r  PLTTR using the command: 

R U ,  FTN4, &PLTTR, 0, %PLTTR 

3 . 3 . 2  Load and execute the PLTTR routing using the command: 

TR, *PLTTR 

The program will ask fo r  the number of response curves t o  be plotted 
from the f i l e  'OUTPT. The resolution of the detector and the energy dependence 
df the resolution (POWER) have t o  be typed in as i n p u t  t o  the program. 

The response curves are  plotted on one graph by superimposing a l l  
the desired distributions.  
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BHPCAt4 T=00004 I S  ON CROOOP6 USING 00045 BLKS k = O O O O  

FTN4, L 
PROGRAM HPCAR 

C NONTECfikLO CODE FOR SODIUM IODIDE, REVISE0 HAY 1 ,1980.  
C N A I N  ROUTINE. 
c PROCRAN IS HOW SET UP TO RUM UITW HA1 ~ E T E C T O R S  MHICH HAS 
C ALUHIHUtl CLADDING. 
C HAKE SURE TO USE PROPER ALUHINUM OR IRON DENSITIES AND 
C CROSS SECTIOHS BY MAKING APPROPRIATE CHANCES I N  THE 
C FOLLOUIHG SUBROUTINES. 
C . . . . . 1 .  BLOCK DATA 
C . .  , . .P. S ICTT 
C 

DIHENSION L T ~ 2 0 0 , 6 ~ , L C ~ W ~ 9 i , i W P ~ 9 ~ l R E S S I i ; ~ 3 5  
D!HENS!OH !SIZE( 2 )  
DIMENSION IOUT<1445lINPUT<144),NIN~3~,NOUT~3),IBUF~l285,ITIME~5~ 
DIFlENSION ERCY< 33 ), S< 8 ), BUF< 128  ) 
COMM0~ /00RDR~ tPC  
COMNON/ANIHL/XANN,VANN,ZANNlCXANN,CYANN,C2ANN,IHATAN 
COHNON/VARPR/A,PIB2~PIB4~U 
CO#NON/RNDM/Xl,XP 
CO#NOH/SCIN/ATDENS< 2 ),RHO( 2 ), IMAT @ 
COMNON/CONST/PI,TUOPI 
CO##ON/CHECK/ESTART,ELOM 
COMMON/BNDS/XB,YB,ZB1,ZB21XBB,YBB,ZBB2 
CORMON/SQUAR/XBSQIXBBSQ I 

CO#NON/CORD/X,Y,ZICXICY,CZ 
CO~NON/CEOtl/ICEO, NCT< 5 0  1, NEG 
COtlNON/DUMP/HDUNP, MDUNP, EL( 9 ) 
COMNON/VAR/B,B2,B3,AXX,A2,C,C2,C3,UX @ 
DINENS ION COHMNT< 36 ) 
INTEGER COHMNT 
REAL LT,LCON 
DOUBLE PRECISION Xl ,X2 
DATA ERCY/.OOl, .OOI3,.002, ,003 ,  . 004 !  .OOS, ,006 ,  .000 ,  .Oil . O l S ,  $02, 

r .03, . 04 ,  . 0 5 , .  06,. 09, .  1 ,  .15, , a l  - 3 )  . 4 #  - 5 ,  - 6 ,  , 8 )  1 a 1 , S 1 2 ,  ) 3 ,  , 4 ,  , 5 . ,  
6. ,8 . ,10 . /  

DATA I S I Z E / 1 6 , 0 /  
,a 

DATA NfN/2HIN,  2HPTl 2H01/ 
DATA HOUT/2HOU, 2HT 0,2H 1 / 
I SEC- 0 
ITYPEmI  
ICATRn26 
I I lCBZ- I28  
IOPTmO 
H6=0 
CALL CREAT<IOUT,IERR,NOUT,ISIZE,ITYPE,ISEC,ICATR,IDCBZ~ 
IFC 1ERR.GE. 0)CO TO 7 0 3  
WRITE< 1,901 SIERR 

9 0 1  FORMaT< ' CREAT ERRORS' 8 16) 
GO TO 9 9 0 0  

7 0 3  CALL OPEH~INPUT,IERR,NIN,IOPT,ISEC,ICATR,IDCBZ~~ 
IF< IERR.CE,  0)GO TO 7 0 5  
@RITE< 1,704 j IERR 

7 0 4  FORPIAT< ' OPEN ERROR= ' , I 6  1 
GO TO 9 9 0 0  

C I N I T I A T E  RkNDOH NUMBER GENERATOR 
7 0 5  CALL I N I T  

C 



C 
C***** SECTION A ** DkTA INPUT ***a* 
C <FOR MORE DETAIL SEE DESCRIPTION OF DATA DECK) 
C 

URITE( 6,54 > 
DO 972 KR=1,3 
CALL READF(INPUT,IERR,IBUF,36,LEN) 
DO 971 I-1,LEN 
COnPlNTC I )= IBUF< I ) 

971 CONTINUE 
URITE(6,56><CO#MNT( I >, 111 ,LEN) 

54 FORHAT< 1 OH1 DBTA DECK ) 
56 FORMAT< 1 HO/ 1 X,  36A2 ) 

972 CONTINUE 
C 
C*****READ SCINTILLATOR AND ChN BOUNDARIES, AND RESOLUTION VALUES 
C 
C SCINTILLATOR IS ZB CNS DEEP AND HAS TRANSVERSE DIHENSIONS 
C OF 2*XB AND 2*YB 
C IF SCINTILLATOR IS A CYLINDER, ITS RADIUS IS XB C=YBi 
C THE PARAMETER ICE0 IDENTIFIES THE SCINTILLATOR GEOMETRY 
C ICEO=l FOR BOX, ICEO=2 FOR CYLINDER<PHOTONS ENTER FLAT FACES 
C 

URITE (6,101 ) 
101 FORMAT<//,SX,'SYSTER BOUNDARIES',//,llX,'KB',13X,'YB',12X, '201 ', 

A 12X, 'ZB2') 
CALL READF< INPUT, IERR, IBUF, 40, LEN ) 
CALL CODE< 8 0 ) 
READ<IBUF,5)XB,YB,ZBl,ZB2,XBB,YBB,ZB82,IGEO 

5 FORMATC7F10.4,IlO) 
URITE<6,6)XB,YB,ZBl,ZB2 

6 FORMAT<4<5X,F10.4)> 
URITEC6r701 ) 

701 FORMAT<lH0,9X, 'XBB',lPX, 'VBB',12X, 'ZBB2',9X, 'ICEO') 
URITEC6,702>XBB,YBB,ZBB2, ICE0 

702 FORMAT<3<5X,F10.4>,110) 
XBSQ=XB*XB 
XBBSQ=XBB*XBB 

C READ SOURCE 2 POSITION AND MAXINUH ANGLE FOR PHOTONS, IN DECREES 
CALL READFC INPUT, IERR, IBUF, 1 O,LEN> 
CALL CODE( 20 ) 
READ(IBUF,S)ZSORCE,ANCLMX 
URITEC 6,7701 )ZSORCE, ANCLMX 

7701 FOKMAT<23HbkHOTON SOURCE 1S AS Zm,F7.2,4H CMS/ 
124HOHAXINUM SOURCE ANCLE IS,F7.f,6W DECREES) 
COSMAX=l.O-COS~kNGLMX*PI/18000) 
COSMAX=-COSMAX 
ZSORCE=ABS< ZSORCE > 

C****NOTE THIS ANCLE MAX IS USED FOR THE COLLIMATOR IN OUR SET-UP 
C 
C READ THE TYO DESIRED (NONZERO) VALUES OF DETECTOR RESOLUTION < A S  A 
C FRACTION. 

CALL READF< INPUT, I ERR, IBUF, 1 0, LEN > 
CRLL CODEC 2 0 ) 
REUOCIBIIF,915j(kESSIG( X>,1=2,35 

915 FORMATC2F10.4) 
C DO 34 I=l,2 
C KSICpI 
C IFCI.EQ.1) MRITE<6,102) 
C 102 FORMAT<///r5X,'CROSS SECTIONS FOR SODIUM IODIDE IN BARNS/ATOM',/) 



C I F <  I .EQ.2> WRITE<6,103) 
CC 1 03 FORMAT< ///, SX, 'CROSS SECT IONS FOR AL I N  BARNS/ATOM ' , / ) 
C 103 FORMAT< ///, SX,  'CROSS SECTIONS FOR IRON I N  BARNSI'ATOM ' , / j 
C WRITE&: 6 , 1 0 4 )  
C 104 FORMAT< 8X. 'ENERGY <REV )', 6X, 'COMPTON', 6 X ,  'PHOTOELECTRIC ' ,4X,  
C A 'PAIRPRODUCTION')  
C DO 36 J= 1,33 
C ERG=ERCY< J )  
C CALL SICTT<ERG,S,KSIG) 
C MRITE<6,105)ERG,SC 1 ),SC2),S<3) 
C 105 FOkMAT<l1X,F6.3,6X,E11.4,5X,E11.4,7X,Ell.4~ 
C 36 CONTINUE 
C 34 CONTINUE 
L 
C 
C ***ID* SLCTIOH B +o SET UP f3R EACH GROUP OF HISTORIES ***so 
C 
1: IN ITXRL IZE  UIBTOCRAW ARRnYS AND COUNTERS 
C 

1000  DO 1 0  I=1,6 
DO 9 J= l , lQO 

9 LT<  J,I ) - 0 .  
LCON< I )mO. 

10  L H I <  I >mO 
DO 8 I-1,SO 

8 NCT( I >=O 
ANDET- 0.  
NDUNP= 0 
RESSIC< 1 )=0. 

C 
C FOR EACH SET OF HISTORIES DESIRED,REAP ONE CARD CONTAINING 
C THE I N I T I A L  PHOTON ENERGY ESTART 
C THE NUMBER OF HISTORIES TO BE RUN, ANEV 
C THE DESIRED B I H  UIDTH <REV ELECTRON EQUIVALENT) FOR THE OUTPUT 
C PULSE HEIGHT HISTOGRAMS, BIHU, I S  ESTART/100. 
C 
C 

CALL RE&DF< I tIPblT, IERR; TRIIF . I  S , LEN ? 
CALL  CODE< 3 0  > 
REAO<IBUF,15)ESTART,ANEV,rSDUMP 

15 FORMAT<F10.3,FlO.O, 1 1 0 )  
BINU=ESTART/100. 
URITE< 1,791 )ESTART, ANEV, NDUNP 

791 FORHAT~2E12.S.110) 
ELOUsESTART-.Oi 
IF<ANEV.EQ.O. )GO TO 4000 

C 
C 
C 
C ***** SECTION C ** CHOOSE I N I T I A L  POSITION M I > ,  DIRECTION 
C COSINES C < I > ,  ANb ENERGY E OF EACH PHOTON ***** 
c NOTE THAT COORDINATE ORIGIN IS AT  CENTER OF FRONT FACE OF can 
C 
C 
C*+**+*START EVENT TRACKING 
C 

CALL  EXEC( 11, I T I M E )  
VRITE(6,4001 ) IT IME<4) ,  IT IME(3 ) ,  I T l l l E C 2 >  

4001 FOR#AT<///,SX, 'START EVENT TRACKING AT TIME ',2<12,1H: ) .12 , / / / )  
2002 CIIN-0. 



ISCUP= 0 
2 0 0 0  A IN-AIN+1.  

ISCUP=ISCUP+l 
COSTH=COSflAX*RAN< DMtlY )+l . 
SINTH=SWT< 1 .-COSTH*COSTH i 
PHI-TMOP I*RAN< DUMMY ) 
CX=SINTH*COS< P H I  ) 
CY=SINTH*SIN<PHI ) 
CZ-COSTH 
RVEC=tSORCE/COSTH 
X=RVEC*CX 
Y=RVEC*CY 
z=o, 001 
E-ESTART 
DO 4 0  I=1 ,6  

4 0  EL< I )=O .  
C 
C***CALL SUBROUTINE FOLGM, YHICH FOLLOWS THE CAMMA RAY UNT IL  I T  EITHER 
C ESCAPES FROPI THE SYSTEH OR DROPS I N  ENERGY BELOW 1 0  KEV 
C 
C FOLGM RETURNS THE ARRAY E L < I )  MITH ELEMENTS 111 TO 6 CONTAINING THE 
C LIGHT OUTPUT < I N  REV ELECTRON EQUIVALENT) I N  EACH OF THE REACTION 
C CHANNELS 1 TO 6 L ISTED ABOVE, AND THE TOTkL LIGHT OUTPUT I N  E L i 7 i .  
c IT a L s o  RETURNS THE NUMBER OF INTERACTIONS ns DURING THE HISTORY. 
C 

CALL FOLCM<E,0.01O8NS) 
I F < E L < 4 ) . L E . O . )  GO TO 46 

C 
e 

**I#** SECTION D ** SIMULATE F I N I T E  PULSE HEIGHT RESOLUTION AND 
UPDATE PULSE HEIGHT HISTOGRAMS ***** 

THE ARRAY ELEMENT E L < 8 )  AND ELC9)  CONTAIN THE TOTAL LIGHT OUTPUT 
E L < ? )  FOR THE EVENT, SHIFTED RESPECTIVELY BY TWO GAUSSIAN-DISTRIBUTED 
RANDOM NUMBERS WITH STANDARD ERRORS S I C  UHICH DEPEND ON THE ( INPUT 
DATA ) DETECTOR RESOLUTION VALUES ELOPE< 2 ) AND ELOPE< 3 ) 

DO 4 4  J=2,3 
K= J+3 

MAKE SURE TO PUT I N  CORRECT SLOPE FOR THE RESOLUTION, I T  I S  NOW 0 . 3 3  
SIC=< RESSICC J i * E i <  4 i /223540Z >*< 0 662/EL< 4 > )**u. 30 

4 4  EL< K )-EL< 4 )+SIC*SQRT< -2. *ALOC< RANI: DRnY ) i )*COS< TUOPI*RAN( DMMY ) ) 

THE ARRRY L T < I ,  J ) , I = l  TO 200, J = l  TO 9 CONTAINS 9 200-BIN HISTO- 
GRAMS,EACH HAVING B I N  ldIDTH BINW (COMPUTED), ACCUMULATED FROM THE 9 
ELEMENTS OF EL< J )  RETURNED FOR EACH DETECTED PH0TOt.I. THUS LT< I, J )  
J = l  TO 6, CONTAINS A DIFFERENTIAL PULSE HEIGHT SPECTRUM <DPHS> FOR 
REACTION CHANNEL J, ASSUNINC PERFECT RESOLUTION. LT< I, J ), J=7 TO 9 ,  
CONTAINS A DPHS FOR THE TOTAL LIGHT OUTPUT, ASSUMING 1 PE LEVELS OF 
ZERO, ELOPE< I ), AND ELOPE< 3 ) RESPECT1 VELY . 
THE 6tRRAY LCONCJ), J= l  TO 9, I S  INCREMENTED EACH TIME ANY EiEMEI.('T 1 
OF L T < I , J )  I S  INCRENENTED. I T  THUS CONTAINS THE TOTAL I N  EACH 
HISTOGRAN. 
THE ARRAY L H I (  J), J=l TO 9, CONTAINS THE B I N  NUMBER I OF THE HIGHEST 
NONZERO B I N  OF LT< I , J ) 



4 6  DO 5 0  I - 1 , 6  
L = I F I X < E L <  I )/BINU+O.5) 
I F < L . L T . l ) C O  TO 5 0  
IF<L.GT.200)L=200 
LT<L, I )-LT<L, I )+1. 
LCON< I )=LCON< I )+ 1 . 
L H I <  I )-NAXO<LHI< I ),L) 

5 0  CONTINUE 
I F  < EL< 4 ) . CT . 0 . )ANDET-ANDET+ 1 . 
I F <  ISCUP, L T .  1000 )GO TO 795  
URITE< 1,902)AIN 

9 0 2  FORMAT<' FINISHED TRACKIHG',F7 
I SCUP- 0 

795 CONTINUE 
lFCAI#.CE;ANEV>CO TO 3000 
60 TO PO00 

PHOTONS ' ) 

L 
C 
C ****ID SECTION E **OUTPUT a**** 
C 

3000  COHTIHUE 
C 
C*+***EVENT TRACKINC I S  COMPLETE 
C 

CALL E K E C < i l , f T I t l E >  
URITE<6,4002) IT INE<4 ), IT IME(3>,  I T I M E ( 2 )  

4002 FORHATO//,SX,'EVENT TRACKINC COMPLETED AT TIME = ', 
1 2<12,1H: ), 12, / / / )  
URITE<6,300> ANEV,ESTART 

3 0 0  FORHAT<lHl/FlO.O,20H PHOTONS OF ENERGY ,F6.3, '  NEV'/ )  
URITE< 6 ,3007)  

3007  FORHAT<36H DIFFERENTIAL PULSE HEIGHT SPECTRA / )  
YRITE<6,3008) 

3008  FORHAT(40H LIGHT OUTPUT I N  #EV ELECTRON EQUIVALENT) 
DO 3 5 0  I -1 ,3  
HC=LHI( I ) 
URITEC6,302>I,BIt4U,LCOM( I) 
IF<LCOH<I>.EQ.O)GO TO 350 

3 0 2  FORHRT<~HOCHANN~L ,13,5H ONLY,SX,11H B I N  V I D l H  ,F6.3,6X,FB.O, 
1 8H EVENTS ) 

3 5 6  UkITE<6 ,304)<LT<L, I ) ,L=1 ,NC)  
3 0 4  FORHAT< 1 OF?. 0 )  

DO 3 6 0  1-1,3 
K= I + 3  
URITE<6,306>REGSIC< I ),BIhW,LCON<K> 
NC=LHI< K )  
IFC I .NE .  I )  00 TO 360 
BUF< 1 )-ESTART 
BUF( 2 )=ANEV 
BUF( 3 )=ANbET 
CALL YRITF< IOUT, I E R R ,  BUF, 6 ) 
DO 975  L-l,NC 
BUF< L )=LT< L,  K ) 

975  CONTINUE 
CALL MRITF< IOUT, IERR, BUF, 2*NC ) 
IF ( IERR,LT .O)  MRITEC1,904) IERR 

9 0 4  FORMAT< ' UR I T E  ERROR ' , I 6  ) 
C 

3 0 6  FORWAT<33HOLIGHT OUTPUT FROM ALL CHANNELS ,SX, 
1 2BH DETECTOR RESOLUTION VALUE -,F7.3,/, 



2 11H B I N  UIDTH ,F6,3,5H REV ,6X,F7;0,8H EVENTS ) 
360 uRITEt6,304)<LT<L,K),L-1 ,NC) 

co TO 1000 
4 0 0 0  CALL LoCF<IOUT,IERR,IREC,IRB,IOFF,JSEC) 

ITRUN= JSEC/2-IRB- 1 
CALL CLOSE<IOUT,IERR,ITRUN> 
CALL CLOSE< INPUT ) 

9 9 0 0  STOP 
END 

C 
C 
C 

'BLOCK D&TA 
'CONMON/BORDR/EPS 
COHMON/SCIN/ATDENS< 2 ), RHO( 2,). IHAT' 
COH~DN/CONST/PI,TUOPI 
COHNON/CNECK/ESTART, ELOW 
COMNON/BHDSCXB,YblZBI,Zb2,XBB,YBB,2BB2 
CO#NON/SQUAR/XBSO,XBBSO 
COMMON/CORD/X, V ,  2, CX , C Y ,  CZ 
COfWON/CEOM/ICEO, NCTC 5O),NEC 
COtlMON/DU#P/HDUNP, HDUl"lP,EL( 9 ) 
CO#~ON/ANIHL/XANN,YANN,Z~NN,CXANN,CYANN,CZ~NN,IMATAN 
COnRON/VAR/B,B2,83,&,fl2,C,C2,CJ,U 
COMMON/VARPR/ANEU,PIB2,PIB4~UNEW . I  . - .  
CO#NON/RHDM/Xl, X2 
DOUBLE PRECISION X l ,X2  

C NEXT CARD I S  FOR RUNNIHG MITH IRON CLeDDINC. 
C DATA RH0/3 .667 ,7 .86 /  
C NEXT CARD I S  FOR RUNNIHG MITH ALUMINUM CLADDING 

DATA RH0/3,667,2.70/ 
C****&TONIC DENSI.TIES ARE I N  10**24 ATOMS/BARN-CU 
,C -"FOR. N A I  , jTDENSl  1 )=0,60.2252*RHO( 1 )/C 22 .9098+126 .9044  ) 

DATA ATDEN$< 1 )/I , 4 7 3 3 4 ~ - 2 ~  . .,x.. .'a. . 
C FOR ALUHINUM, ATDENS< 2 )=0 : 6 0 2 2 5 2 * ~ ~ 0 t ' 2  ) / 2 6 . 9 8  .3?: :.1' 

;-...a,-.,. . , . ; . . ; - .,. . . 
C FOR IRON ATDENS< 2 ) = O m  602252*RH0( 2 ) ' /55.84? . ' - r .  v .. 

DATA ATDENS< 2 ) /6 .02698E-28 
DATA PI,TUOPI/3.14159,6.28318/ 
D6TA PIB2,PIB4/1.57079,0.785398/ 
DATA EPS/0 .0001/  
DATk NCT/SO*O/ 
DATA NEC/O/ 
DATA HDUWP/O/ 
END 
ENDS 



T=00004 I S  ON CR00026 USING 00004 BLKS R=OOOO 

FTN4, L 
FUNCTION RAN< U ) 

C GENERATE A NON-ZERO RAHDOW NUMBER BETMEEN 0 .  AND 1 . 0  
COHNON/RNDM/Xt,X2 
DOUBLE PRECISION E,X,Xl,XP 
INTEGER I X <  4 ) 
EQUIVALENCE < X, I X )  
DATA E/2.?182818284590452D+OO/ 

C TRANSLATE FORWARD 
100  X t - X l + l .  OD+00 

XZ-XP+E 
C S IRE  SUPERPOSITION 

X-DS IN< X l  )+DS I N <  XZ > 
C CONVERT TO R A N ~ O ~  NUMBER 

U= IX<3 ) / 65536 .+ .5  
IF<U.EQ.O. )GO TO 1 0 0  
RCIH-U 

C RETURN TO CALLING ROUTINE 
RETURN 
€NO 
SUBROUTINE I N I T  

C I N I T I h L I Z E  RANDOB NUMBER GENERATOR 
CONNON/RND#/Xl,X2 
DOUBLE PRECISION X1,X2 
DIMENSION I T I N E < 5 )  
DATA 1CODE/11/ 

C P ICK UP TIME OF DAY I N  THOUSAND SECONDS 
CALL EXEC< ICODE , I T  IME ) 
X1-3600.+1TIME(4)+60.*ITIME<3~+ITI~E<2~+ . O l * I T I N E <  1 ) 
X I - .  OOl+Xl 
x2-X 1 

C RETURN TO CALLING ROUTINE 
RETURN 
END 



LSICTT 7-00004 IS ON CR00026 USING 00013 BLKS R=OOO0 

FTN4, L 
SUBROUTINE SICTT< EWEV, S, IUAT ) 

C J-1 INCOHERENT COUPTON SCATTERING 
C J-2 PHOTOELECTRIC EFFECT 
C J-3 PAIR PRODUCTION 
C 

DIHENSION S(8 ) ,R lBAR<0) , f i 2BAR<8) ,A3bARC8) ,C I4BAR<8)  
DIWENSION CPPC2),APP< 14),BATON<2) 
DATA BATOU/248.9115,44.8049/ 

C DATA BATOH/248.9115,92.7383/ 
C***** 1971 BICCS AND LICHTHILL PARANETERIZATION 
C NEXT 8 CARDS ARE FOR IRON 
C DATA A1BAR/-2.16%Et,-3.065EO,II804E0,9.303E-1,2~l5lE-l,2~l51E-l~ 
C * 3.SllE-1,1.107E-1/ 
C DATA A2BAR/2.201E3,1.572E3,1.555E2,1.487E3,-2.68OE2,-2.68(rEZ, 
C *-1.633€2,1.252E2/ 
C DATA fi3BAR/1.373E5,1.458E6,1.593E6,9.772E5,2.34lE5,2.341E5, 
C *2.090E5,1.008E5/ 
C DATA &4BAR/-2.150E5,-1,393E7,-1 .821E7,7f620E7,-6.063E5,-6.063E5, 
C *7.131E5,1.273E7/ 
C NEXT 8 CARDS ARE FOR ALUMINUM 

DATA A1BAR/-2.168E1,-3.065E0,1.884E0,9.303E-1,4,15SE-1,4.15~E-l, 
* 1 ,125E-2,9.245E-3/ 
DATA A2BAR/2.201E3,1.572E3,1.555E2,1.4~7E3~-1~35lE2,-1.35lE2, 

+ 2.747E0, l .l8BE1/ 
DATA A3BAR/1.373E5,1.458E6,1.593E6,9.772E5,2.716E4,2.716E4, 

8 1.174E4,4.104E3/ 
DATA &4BAR/-2.1S0E5,-1.393E7,-1.821E7,77620E7,3~723E2,3~?23E2, 
5.695E5,2.352E6) 

DATA BIND/1022.012/ 
DATA CPP/3,072E-9,7.336E- 1 0/ 

C DATA CPP/3.072E-9,l .SOBE-9/ 
DATA APP/-7,960E-5,4.42lE-6,SS721E-8,-1.356E-9,8.S3lE-l2, . . 

C***NEKT TUO CARDS.ARE FOR RUNNING WITH ALUMINUM 
+ -1.174E-14,3.800E-17,SS930E-6,-1 .598E-6,1.059E-?,-1.520E-9, 
+ 9,374E-12,-2.460E-14,3.460E-17/ 

C NEXT TYO CARDS ARE FOR RUNNING UITH lRON CLADDING 
C * -1.714E-14,3.800E-17,-6,9OOE-6,-1.309E-6,1,5OOE-?,-~~2~~~-~, 
C * 1.358E-11,-3.410E-14,5.0JOE-17~ 

CALL. CUPST< 0, EMEV, SxST ,DUM, DUN, DUN, DUN > 
IF<ItlAT .CT. 1 )  GO TO 5 
BDCORR~1.-.492123*EXP~-ENEV/,OO879656)-.449453*EXP<-EHEV/.O3~9331 j 

+ - ,00893 03*EXPC -EMEV/. 21 2995 j 
S< I )-S ICT+64. *BDCORk 
GO TO 6 

C***NEXT THREE CARDS ARE FOR RUNNING UITH ALUMINUM CLADDING 
5 BDCORR=1.-.456609*EXP<-EMEV/.OO572223)-.479465*EXP~-EMEV/.Oli7749~ 
* - ,0849 173*EXP< -€REV/. 031 8035 > 

S( 1 )-S ICT* 13, *BUCORR 
C NEXT THREE CARDS ARE FOR RUNNING MltH IRON CLGDDING 
C 5 BDCOkR=l.-.611797*EXP<-EMEV/,OO894353j-.349226*EXP<-EMEV/.O352814~ 
C * - .0664580*EXP<-EMKV/ .197318)  
C SC 1 >US IGT*26. *BDCORR 

6 CONTINUE 
E=EMEV*1000. 
J- 1 
1F<E .CT. 33,170) J-2 
IF<E .CT. 100.) J-3 



I F < E  .CT. 5 0 0 . )  5-4 
J- J+ I MAT*4-4 
E l - 1  . /E 
€2-E 1 /E 
€3-E2/E 
€4-E3/E 
S( 2 )=A 1 BAR< J )*E 1 +A2BAR( J )*E2+A3BARC J )*EJ+A4BARC J )*E4 
S< 2 )-S< 2 )*BATOM< IMAT ) 

C THIS  TEST PUT I N  JUST TO ENSURE POSI'TIVE S ( 2 )  AT LOU ENERGIES 
I F < S < 2 ) . L T  .O.O)8<2)=ABS<S<2)> 
I F < €  . C T *  BIMD) GO TO 10 
S< 3 )-0. 
RETURN 

1 0  I F ( E  .CT. 1 5 0 0 . )  GO TO 2 0  
St 3 )=BATON< lRn5 i+CPP< IHkT Ir*C E-BIND 1402 
RETURN 

2 0  V -SQRT~ E-BIND ) 
V2=V*V 
v3-v2*v 
V4=V3*V 
VS=V4*V 
V6=VS*V 
V?=V6*V 
K-IMAT*7-6 
S< 3 )-APP< K )*V+APP< K + 1  >*'J2+APP( K+2 )*V3+APP< K+3  )*V4+APP( K+4 h V 5 +  

* APP< K+S )*V6+APP< K+6 W 7  
S< 3 )-BATOM< IMAT )+S< 3 )/< 1 . +1 .7E- 13*V6 > 
RETURN 
END 



&CMPST T=00004 I S  ON CR00026 USING 00008 BLKS R=OOOO 

FTN4, L 
SUBROUTINE CHPST<HTRY,EGAM,SIGT,ELT,EGAtlP,COSGAM,PHI) 
COHNON/CONST/PI,TUOPI 
COH#OH/CHECK/ESTART,ELOU 
COWMON/CORD/X, Y ,  2 ,  CX, CY,CZ 

C 
C SIMULATES THE COHPTON SCATTERING OF A CANMA OF ENERGY EGAM BY AN 
C ELECTRON. FOR NTRY=O,C#PSCT RETURNS ONLY THE TOTkL CONPTON CROGS- 
C SECTION SICT <BARNS) PER ELECTRON AT ENERGY ECAM. I F  NTRY I S  NONZERO 
C CHPSCT ALSO CHOOSES BY MONTE CARL0 THE RECOIL ELECTRON ENERGY EEL, 
C THE NEU CAMHA ENERGY ECAHP,AND THE COSINE COSCAM OF THE LAB SCAT- 
C TERING ANGLE OF THE CAMHA. SEE THE PROGRAM DESCRIPTIOH FOR MORE DETAI 
C 
C COMPUTE TOTAL CROSS SECTION 
C 

EPS=. 001 
C-ECAM/. 511  0 
C4=< C*C )**2 
A=1.+2.*C 
TH=2.*G*G/A 
B-< l . +C )/C**2 
S-B*< 2 .  *< 1 . +G >/A -ALOGC A >/C ) +ALOG< A )* . S/G -< 1 . +3.  *G )/A**2 
SlCT=0,4989*S 
I F  <NTRY .EQ. 0 )  RETURN 

C 
C CHOOSE THE RECOIL ELECTRON ENERGY BY MONTE CARLO. 
C P I S  THE INTEGRAL DISTRIBUTION OF THE ELECTRON ENERGY E < I N  UNITS 
C OF THE ELECTRON REST HASS), THE EQUATION P<E)-U=O I S  SOLVED BY 
C ITERATION,YHERE U I S  A UNIFORMLY-DISTRIBUTED RANDOM VARIABLE. 
C 

U=RAN< DMHY ) . . 

C-0, 
D-TPl 

6 D= .S*D 
E-C+D 
FIG/< G-E ) 
FL=ALOC< F >/C 
P=< B+< B* .5*E-FL ) + .5*FL + .5*E*< F-E*C* . 5  )/C4 )/S 
I F  < ABS< U-P >-EPS) 20,20,10 

1 0  I F  <U-P> 6,20,12 
1 2  €=E 

CO TO 6 
2 0  EEL-0.51 1O*E 

ECAMP=ECAM-EEL 
COSCAM= 1 . -< EGANiEGAMP- 1 . )/G 
I F <  COSCAH . GE . 1 . 0  ) COSCAH=0.999999 
PHI=TMOP I*RAN( DPlMY ) 
COSEL= 1 . /SQRT< 1 . +< 2. /< 1 . -COSGAM ) - I  . )/< t , +G >**2 > 
IF<COSEL .CT. 1 . 0 )  COSEL=l.O 

C*****CALL SUBROUTINE ELECT THAT TRACES THE ELECTRON PATH TO DETERMINE 
C*****HOV MUCH OF THE ELECTRON ENERGY I S  DEPOSITED I N  THE CRYSTkL 

PFLAC=-1.0 
CALL ELECTCCOSEL,PHI,EEi,ELT,PFLACj 
CALL SCATRC COSCQM, PHI  ) 
RETURN 
END 



&PHOTO T-00004 I S  ON CR00026 USING 00006 BLKS R=OOOO 

FTN4, L 
SUBROUTINE PHOTO<E,ELT,ECAM) 
C O t l t l O H / V A R / B , B 2 , B 3 , A , A 2 , C , C 2 , W  
COtlNON/CON9T/PI,TWOPI 
CONNON/CHECKiEST~RT, ELOM 
T=E/0 .5110 
B=SQRT< T+( T+P . ) )/< T + l  . ) 
B2=B*B 
83=82*B 
A w l .  -8 
A2=A*A 
C2- 1 : -B2 
G-SQRTC C2 > 
C3=G2+G 
U-RANC DHHY ) 
DO 10 1-1.20 
X L - 1 . 4  1-1 )*O, 1 
XU-XL-0 . t 
FL-PEfiNCC XL ) 
FU=PE&NC( XU > 
SI CN=FL*FU 
I F < S I C N )  1,2, 1 0  

1 0  CONTIHUE 
1 XMID-<XL+XU)+0.5 

FRID=PE&HC<XNID) 
I F < F L * F # I D >  3,4,5 

3 XU-XNID 
GO TO 6 

4 COSEL-KHIO 
GO TO 7 

S XL-XNID . 
6 IF<<XL -XU)  .CT. 0 . 0 0 1 )  GO TO 1 

COsEL-t XL+XU )+O . 5  
7 P H I  =TYOP I+RAH< DHNY 

ECAII=O. 
PFLACm-1.0 
CALL ELECT<COSEL,PNI,E,ELT,PFLAC) 
RE1  URN 

2 COSEL-XL 
I F < F U  . €0 .  0 .  ) COSEL-XU 
GO TO 7 
END 
FUNCTION PEAHG<COSTH) 
C0WN8HtaVARt'8, 8P183,  4 ,  A P ,  0 ,  O Q i  03, U 
DEL-1,-B*COSTH 
DEL2=DEL+DEL 
DEL~-DELZ*DEL 
QSL4=DEL3+OEL 
TOP=G*< < 3.  + ~ ~ * C O S T H * C O S T H - ~ ~  *B*COSfk+C2 )/i 3 ,  *B%OEL3 >-( I . -2 .  *B 

+ < 3. +83+A2> > 
FACT=< C2-2. *C+1. ) /C  2 & ) 
TOP-TOP+FACT+< < 82 -4 .  *B+3, )/< 2. *B3*A2 )-< B2+3.  - 4 .  *B*COSTH >/ 

+ < 2. +B3+DEL2 )-&LOG< DEL/A)/83 ) 
B0Tm4. /< 3 .  *C3 )+FACT+< 2 .  /< BZsC2 )-ALOCt < 1 . +8  )/& )/B3 > 
PEANC=TOP/~~T-U 
RETURN 
END 



&PAIR T-00004 I S  ON CRO0026 USING 00012 BLKS R=OOOO 

0001 FTN4,L 
0002 SUBROUTINE PAIR<K,ELT,ECAN,CFLAC,COSTHl,PHIl,COSTH2,PH12) 
0003 COMt4ON/CHECK/ESTART,ELOM 
0004 CONNON/VARPR/A,P182,PIB4,U 
00 05 COPlPlON/CONST/PI,TUOPI 
00 06 CORNON/CORD/X,Y,Z,CX,CY,CZ 
0007 CO~MON/ANIHL/KANN,YANN,CXANN,CXANN,CYQNN,CZANN,IMAT&N 
0008 COUNON/SCIN/ATDEHS< 2 ), RHO< 2 >, INAT 
0009 LOGICAL CFLAC 
001 0 REAL K,MU,MU2,L 
001 1 DATA NU,MU2/0.511006,0.261127/  
0012 C*****FIND THE POSITRON AND ELECTRON KINETIC ENERGIES 
0013 E-0.5+K 
001 4 EKK2-K*K 
0015 E2=E*E 
00 16 P2=E2-MU2 
001 7 P-SQRT< P 2  ) 
0016 EPS-2. *ALOC< < E+P )/MU ) 

0019 L-2.  *&LOG< 2 .  *E2/< NU*K) ) 

0020 P3=P2*P 
0021 P4-P3*P 
0022 A--1.33333+P2-4.*E2+NU2*<2,*EPs*E/P-EPS*EPS) 
0 023 FACT L=EKK2*< E2*E2+P4 WP4-2.66667*E2-< NU2*K*O. 5 >* 
0024 C2.*MU2*EPS/P3+2.*K*E2/P4) 
0025 A=< A+L*FACTL )/< K*K*K ) 

0026 U-RAN< DMMY ) . 
0027 DO 1 0  I-1,20 
0028 XL=<I -1>*0 .05  
0 029 XU-KL+O. 05 
0030 FL=PAIRN< XL ) 
0031 FU-PA1 RN< XU > 
0032 SICN=FL*FU 
0033 IF<SICN)1,2,10 
0034 1 0  COHTINUE 
0035 1 XMlD=<XL+XU>+O.S 
0036 FNID-PAIRN< XMID ) 
0037 IF<FL*FUID)  3,4,5 
0038 3 XU-XMID 
0039 CO TO 6 
0046 4 ERCPOS-XUID 
0041 GO TO 7 
0042 5 XL-KMID 
0043 6 IF<<XU-XL) .CT. 0 .0005 )  CO TO 1 
0044 ERCPOS=t XL+XU N O .  5 
0045 GO TO 7 
0046 2 ERCPOS-XL 
0047 I F (  FU . EQ , 0 .  ) ERCPOS=XU 
0'048 7 CONTINUE 
0049 TYONU=2. *NU 
0050 TPOS=( K-TUORU )*ERCPOS 
0051 TNECsK-TUOMU-TPOS 
0052 C*****FIND THE POSITRON AND ELECTRON SCATTERING ANGLES 
0053 EPOSPTPOS*MU 
6054 PPUS=SQRTCEPOS*EPOS-NU2) 
0055 COSTHP=< EPOS+< PPOS-EPOS )/t 1 . -2 .  *PPOS+RANC t)MMi'  )/< EPOS+PPOS > j j/PPOS 
0056 ENEG=TNEC+MU 
0057 PNECnSQkT<ENEC*ENEC-nU2) 
0058 COSTHN=< ENEC+< PNEG-ENEC)/(1. -2 .*PNEG+RAN( DPIHLt'>/C ENEC+PNEC ) ) )/PNEG 



PHIPOS=TVOPI*RAN( DRHY ) 
PHINEG=TUOPI*RAN< DHW ) 

C*****TRACK THE ELECTRON AND THEN THE POSITRON 
PFLAC=-1 . 0  
CALL ELECT<COSTHN,PHINEC,TNEG,ELTNECJPFLAC) 
ECT-ELT+ELTNEG 
PFLAC=l. 0 
CALL ELECT<COSTHP,PHIPOS~TPOS,ELTPOS,PF~AC) 
ELT=ELT+ELTPOS 
IF<PFLAC . CT. 1 . ) GO TO 9 

C***+*START THE TUO ANNIHILATION PHOTONS ( INS IDE THE SYSTEN) 
C****+CHOOSE THE SCATTERING ANGLES OF THE TUO PHOTONS 

XAHH=W 
YCINNoY 
ZAWN-Z 
CHnHbl=CY 
CYCINNnCY 
CZaNN=CZ 
IRBTAN-lHAT 
COST H l -2.  *RAN( DnHY )- t . 
COSTH2=-COSTHI 
P H I  1 =PI+RAN< ONMY) 
PHIO=PHI l+P I  

C*****TRACK EACH PHOTON INDEPENDENTLY 
EGAM=NU 
CALL SCAT R( COSTH1, P H I  1 
CFLaG=.TRUE. 
RE1  URN 

9 ECAN-0. 
CFLAG=.CALSE. 
RETURN 
END 
FUNCTION PA1RN( X) 
COMNON/VARPR/A,PIB2,PIB4,U 
X2=X*X 
x3=xz+x 
X4=X3*K 
XS=X4*X 
ARC=2.*X-I. 
TOP= 0,  5*flRC*SQRT< X-X2 > + O m  25*< SIN< FIRC )+P1B2 > 
T OPmTOP+O. 540*< A-0.52 >*C O05*X2-1 .66667*XS+2. *X4-0.8*%5 j 
BOT=PIB4+0.540*<A-0.52 )/30. 
PkIRH=TOP/DOT-U 
RETURN 
END 



&ELECT T=00004 I S  ON CR00026 USING 00013 BLKS R-0000 

FTN4, L 
SUBROUTINE ELECT< COSEL ,PHI, E, ELT, PFLAC ) 
COMMON/CORD/X,Y,Z,CX,CY,CZ 
CO#NON/SCIN/ATDEHS( 2 ), RHO< 2 ), IMAT 
COWNON/GEOM/ICEO, NCT< 5 0  ), NEG 
COflNOH/DUNP/UDUPlP, UDUNP, EL< 9 ) 
CONNON/BORDR/EPS 

C*****SAVE COORDINATES AND DIRECTION COSINES FOR LATER CANMA TRACING 
XOLD-X 
YOLD-Y 
ZOLD-Z 
CXOLD-CX 
CYOLD-CY 
CZOLD=CZ 
IMTOL=IMAT 
CALL SCATRC COSEL, P H I  ) 

C+****CALCULATE THE RANGE OF AN ELECTRON OF ENERGY E I N  THE MEDIUN 
1 RAXGE=( 0 . 4  12+E**< 1 ,265-0,0354*ALOCC E ) )/RHO( IMAT > 

CALL CEOMT(INOUT,RINT,RANCE) 
IF<NDUNP .CT. HDUMP) GO TO 10  
URITE( 6 ,100 )  E,EL< 4 ),RS,ELT,X, Y,Z,CX, CY, CZ,COSEL, PHI ,  RINT,RANGE, 

* INOUT,IMAT 
100  FORMAT CF6.3,1X,F6.2,13,F6.2,1X,3F8.4,1X, 3F8.4,1%,2F7.4,2F9.5,  

* 215,4X, lHE)  
1 0 CONTINUE 

IF<RINT  .LT.  0 .  ) NEC-NEC+1 
IF< IMAT .CT. 1 )  CO TO 2 

C*****ELECTRON ORIGINATED I N  THE CRYSTAL 
IF<INOUT .CT. 1 )  CO TO 3 

C*****ELLCTRON LOST ALL I T S  ENERGY I N  THE CRYSTAL 
ELT=E 
IF(PFLAC .CT. 0 . )  GO 10 5 
GO TO t o o 0  

C*****ELECTRON LOST PART OF I T S  ENERGY I N  THE CRYSTAL AND THEN 
C*****ENTERED THE CAN 

3 RANGEP-< RANCE-R INT  )+RHO< IFAT ) 
I F <  RAHCEP . L T  . EPS )RANGEP=EPS 
POHER=< 1 ,265-SQRT( 1 ,600'22+ 0 .38  160*< -0 886732-ALOCC RANGEP > ) ) )/ 

* 0.19080 
EP-EXP< POUER ) 
IF ( IN0UT .CT. 2) CO TO 7 
ELTrE-EP 
IF<ELT.LT.  O.O)ELT=O. 0 
IF(PFLAC .LT.  0 . )  CO TO 1000 

7 RIUTP-RINT+EPS 
X=X+CX*RINTP 
Y=Y+CY+RINTP 
Z=Z+CZ*RINTP 
E=EP 
I MAT-2 
GO TO 1 

C*****ELECTRON ORIGINATED I N  THE CAN 
2 IF<INOUT .EQ. 2 )  CO TO 4 

ELT-0. 
I F (  PFLAC .LT. 0 ,  ) CO TO 1000 
IF<INOUT . L T .  1 )  CO TO 6 
IF<INOUT .LT. 2 )  GO TO 5 
GO TO 3 



C*+***ELECTROH LOST PART OF I T S  ENERGY I N  THE CAN AND THEN ENTERED THE C 
4 RANGEPI( RANGE-RINT )*RHO< I HAT ) 

IF<  RANGEP . L T  .EPS )RANCEP=EPS 
POUERm< 1 ,265-SQRTC 1 ,60022+0 38 160*< - 0 0e6732-&LOG< R&NCEP j j j j/ 

0 . 1 9 0 0 0  
E=E%P< POUER ) 
X=X+CX*< RINT+EPS ) 
Y-Y+CY*< RINT+EPS ) 
2-Z+CZ*< RIHT+EPS) 
IHAT=1 
GO TO I 

1 0 0 0  CONTINUE 
C---*-RESTORE Ck#Mk COORbIHATCS AND bIREeTI6H CBSIHES 

X=XOCD 
Y-YOLD 
Z=ZOLD 
cn-CXOLD 
CY-CYOLD 
02-CZOLD 
I m T - I H A T O L  
RETURN 

5 X=X+CX*RfiNCE 
Y=Y+CY*RANCE 
Z=Z+CZ*RANCE 
RETURN 

6 PFLAG=Z. 
R E 1  URN 
END 



LSCATR T=00004 I S  ON CR00026 USING 00007 BLKS R=OOOO 

FTN4, L 
SUBROUTINE SCATR(COSTH,PHI) 

C 
C GIVEN A PARTICLE MOVING I N  A DIRECTION SPECIFIED BY DIRECTION COSINES 
C C(1),1=1 TO 3 ,UHICH SCATTERS BY ANGLES ARCCOSiCOSTH)=TH AND PHI  MITH 
C RESPECT TO THE I N I T I A L  DIRECTION. SCATTR FINDS THE NEW DIRECTION 
C COSZNES CNEUt I ) AS FOLLOUS -- 
C 
C THE OLD DIRECTION OF THE PARTICLE MAY BE DESCRIBED BY THE ANCLES 
C T AND P ,NEASURED FROU THE POSITIVE 2-  AND X-AXES RESPECTIVELY. 
C THEM CT=COS< T >=C< 3 >, SP-SIN< P >*C( 2 >/SIN< ? >, CP=COS! P >=C( 1 >/SIN? T ) . 
C NOU CONSIDER A COORDINATE SYSTEH VHICH HAS I T S  POSITIVE Z-AXIS ALONG 
C THE ORIGINAL DIRECTION OF THE PARTICLE AND I T S  X-AXIS ALONG THE 
C X-AXIS OF THE MAIN COORDINATE SYSTEN. I N  THIS FRAME THE NEW DIRECTION 
C COSINES AFTER THE SCATTER ARE CXP=S IN(  TH )*COS( PHI  ), 
C CYP=SIN<fH>*SIN(PHI ) , CZP=COSCTH>. ROTATING BY THE ANGLES T AND P 
C U I L L  PUT THE NEU DIRECTION COSINES BACK INTO THE NAIN COORDINATE 
C SYSTEM. 
C 

COMNON/CORD/X,Y,Z,CX,CY,CZ 
C PROTECT THE ANCLES 

CT-CZ 
I F  (CT-1. >6,4,2 

2 CT-1. 
4 ST-0. 

SP-0. 
CP= l . 
GO TO 3 0  

6 I F  <-CT-1. )20,4,8 
8 CT--1 . 

CO TO 4 
20 ST=SQRT( 1 . -CTuCT i 

CP=CX/ST 
I F  <CP .CT. 1 . )  CP=1, 
I F  (CP .LT. -1,) CP--1. 
SP=CY/ST 
I F  (SP .CT. 1 . )  SP-1. 
I F  <SP .LT.  - 1 . )  Spa-1. 

3 0  I F  <COSTH .CT. 1 . )  COSTHSI. 
I F  iCOSfH .LT.  - 1 , )  COSTHI-1, 
S-SQRTC1.-COSTH*COSTH> 
CXP= S*COS( PHI  > 
CYP= S*SIN(PHI ) 
CZP=COSTH 
CX=CXP*CT*CP-CYP*SP+CZP*ST*CP 
CY=CXP+CT+SP+CYP*CP+CZP*SP*SP 
CZ=-CXP+ST+CZP*CT 
RETURN 
END 



FTN4, L 
SUBROUTINE FOLGNC E, ENIN, NS > 

C 
C MONTE CARL0 PHOTON TRACER 
C 
C GIVEN R PHOTON OF ENERCY EO AT POSITION X ( I ) , I =1 ,3 ,  
C AND MOVING ALONG DIRECTION COSINE C < I ) ,  1-1 TO 3, 
C FOLGN FOLLOWS THE PHOTON THROUGH SUCCESSIVE INTERACTIONS 
C U N T I L  I T  EITHER ESCAPES THE INTERACTION VOLUME, OR I S  ABSORBED, 
C OR I N T I L  I T S  EHCRGY DROPS DELOY EHIN, OR MORE THAN 1 0  SCATTERS OCCUR. 
C 
C 
C F O L C ~  RETURNS EL(L),L=l,7, AN ARRAY CONTAIHINC THE L IGHT OUTPUT 
C I N  EACH OF THE S I X  RERCTION CHANNELS (SEE BELOM), fiND THE TOTAL 
C L I C H T  OUTPUT < L = 7 ) .  L ICHT  OUTPUT I S  EXPRESSED I N  MEV ELECTRON EQUIVAL< 
C F l l 1cH  elSn RETllRNS hS, THE NUFIBER OF INTERACTIONS DURING THE HISTORY, 
C 
C 

DIN€HSION S ( 8 )  
COHNON/SCI N/ATDENS< 2 ), RHO( 2 ), InAf 
COflNON/CONST/PI,TVOPI 
COW~ON/BNDS/XB,YB,ZBl,ZB2,XBB,Y~~,2~~~ 
COnNON/CEOfl/ I CEO NCT< 5 0 ), NEG 
COHNON/CORD/X,Y,Z,CX,CV,CZ 
COH~OH/DUMP/NDUMP, MDUNP, EL< 9 ) 
COllNON/BORDR/EPS 
CORRON/ANIHL/XANN,YANN,ZANN,CXANN,CYANN,CZRNN,IMATAN 
LOGICAL CFLAG 
REAL RtJ 
CFLAC=.FALSE. 
DATA HU/0.511006/  

C 
C I N I T I A L I Z E  

HSa0 
NS-0 
E L I - 0 .  
DO 4 I - t , 4  

4 E L ( ]  )=O. 
C 
C PREPARE TO PRINT INDIVIDUAL HISTORIES, I F  DESIRED. 

IF<NDU#P.GT.NDUtiP)GO TO 2 0 0 1  
NDUllP=NDUPlP+l 
I F (  NDUHP . EQ . 0 )GO TO 2001  
IF<NDUblP,LT,2)  MRiTEt6,3)  

9 FORHAT~lHO,PX,'DUMP OF THE F IRST  NDUHP EVENT HISTORIES',/ / ,4X, 
A 'E',3X, 'ELC4)' ,1X, 'NS0,3X, ' E L ? ' , 6 X , ' X ' , 7  'Y' ,?X, 'Z' ,?X, 
D ' CX ' jGH j  'CY' ,bHj  'CZ ' j6Xp ' 608 ' ,5X ,  'PHI  ' , 4 X ,  'R I I IT ' ,6X,  'D's3S. 
C 'INOUT',2X, ' IMAT',2X, 'TYPEE ) 

IFCNDUHP .GT .#DUMP >GO TO 2 0 0 1  
U R I T E ( 6 , l l  >NDUMP,E 

1 1  FORHAT<?HOEVENT ,15 ,5X,14HINIT IAL ENERGY ,F8.3,4H HEV) 
C 
C F I N D  TOTAL CROSS SECTIONS. 
C 
C 
C THE ARRAY S < I )  RETURNED BY SIGTOT CONTAINS THE TOTAL CORSS-SECTIONS 
C AT ENERCY E FOR EACH'REACTION CHANNEL. 
C 



C 
2001  INAT-2 

2 6  CALL S I C T T i E , S , I n A T j  
PATH-1 . /( ATDENS( INAT >*( S< 1 )+S( 2 j+S< 3 ) ) j 
Dm-PATH*ALOC< RAN< D N W  ) 
I F (  D .  LT  . EPS )DEEPS 
CALL CEONT< INOUT,RINT,Dj 
IFC NDUNP CT . NDUNP )GO TO 1 0 1 
MRITE~6,l>E,EL<4),NS,ELT,X,Y,2,CX8CY,CZ,COSGA~,PHI,RINT,D,INOUT, 

I R A 1  
1 FOR#AT<F6.3,1X,F6,2,13,F6.2,1X,3F8.4,1X,3F8.4,lX,2F7.4,2F9.5, 
* 215,4X, 1HC) 

1 0 1 COHT INUE 
I F <  RINT . L T  . 0 . ) NEG=NEC+1 
I F < I N O U T . L T . l >  GO TO 1 0 0 2  
IF< INOUT.LT .P>  GO TO 2 1  
I F <  INOUT .CT.2)  GO TO 2 4  
CO TO <22,232  IMAT 

2 2  IMAT=2 
GO TO 2 4  

2 3  IMAT=l  
2 4  X=X+CX*< RIHT+EPS ) 

Y=Y+CY*< RINT+EPS ) 
Z=Z+CZ*< RINT+EPS ) 
GO TO 2 6  

2 1  NS=NS+1 
X=X+CX*D 
Y=Y+CY*D 
Z=Z+CZ*D 

C. . . . .SET ELT-0 .0  BEFORE COINC TO SUBROUTINES 
ELT=O. 0 

C 
C*+***DECIDE YHICH INTERACTION OCURRED 
C 

SCTRHD=RAN< DHMY Z 
PROBCP=PATH*ATDENS< IHAT  )*S< 1 j 
IF<SCTRND.CT.PROBCP~ GO TO 2 0 0  
MS= 1 
CALL CNPST<~,E,SICT,ELT,ECAM,COSCAM,PHI) 
CO TO 1000  

2 0 0  PRObPE=PATH*ATDENS( IHAT )*S< 2 j+PRObCP 
IF<SCTRHD. CT .PROBPE I GO TO 3 0 0  
MS=2 
CALL PHOTOC E, ELT, ECAfl j 
GO 1 0  1000  

3 0 0  HS-3 
IFCE.LT.  1 . 555 jCO TO 2 6  
CALL PAIR<E,ELT,ECAN,CFLAC,COSTHl,PHI1,COSTH2,PHI2) 
COSCANsCOSTHl 
PHI=PHI  1 

C 
C INCREMENT THE ELEMENT # S o l  TO 6 OF THE LIGHT OUTPUT ARRAY ELT 
C CORRESPOHDINC TO THE CHANNEi OF INTERACTION, AND ELTCTj,THE TOTAi  
C LIGHT OUTPUT. 
C 

1000  EL( NS>=EL( NS i+ELT 
EL< 4 )=EL( 4 j+ELT 
EoEGAN 

2 0 0 0  CONTINUE 
IF<E .CT .EU IN )  GO TO 2 6  



I F < E . L T .  0 .0001  ) CO TO 1001 
PH=E 
EL< 2 )=EL< 2 )+pH 
EL< 4 )=EL( 4 )+pH 

1001 IF<NDUNP.CE.tiDUNP) CO TO 1002 
URITE<6 ,1  )E,EL(4),NSlELT,X,Y,Z,CX,CY,CZIC~SG~~,PHI,RINT,D, INOLIT, 

* IMAT 
1 002 I F <  CFLAC )GO TO 1 003  

RETURN 
t 0 03  CFLfiGm. FW SE . 

E-MU 
x-XANN 
Y-YAHH 
2-ZANN 
c)c=Ck~~h 
CY -CYANN 
CZ-CZACtN 
IMAT-IIIATAN 
i:81 1 SCnTBt 1:llS'I W P ,  PH 12 ) 
COSGANICOSTHP 
PHI -PHI2  
CO TO 26 
END 
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XUYA-=XUUA< '0 ' l l ' A 3  )JI LCOO 
08A-XUWA POL 9E00 

SOL 0 1  09 SCOO 
lNIA* lNIA+8S88X3=OS%8X tEO0 

~ O L  01 O ~ < ~ ~ A ' ~ ~ ' ( L N I A > S ~ W ~ ~ I  CEO0 
I H d l * <  X-XUYX )+A= lHIA ZEOO 

XQWX-=XUUX< ' 0 ' l l ' X 3  MI lEOO 
eax-xuux EOL OEOO 

lNIX+LNIX+0A*BA=BSSX 6800 
IHdL /<  A-XVMA >+X-lN1X 8200 

XWUA-=XUUA< ' 0 ' 11 'A3  )jI LZOO 
8A-XUUA ZOL 9100 

EOL 01 0 3  SZO 0 
lNIA* lNIA+OS8X3=0S8X bZ00 

ZOL 01 0 3 < 8 A ' 1 3 ' < l N I A > S 8 U ) A I  CZOO 
IHd l *C  X-XWYX >+A= lNIA 220 0 

XUWX-=XUUX< ' 0 ' 1 7 '  X3 )A1 . It00 
BX=XYYX 0200 

X 3 / A 3 = I H d l  1OL 6100 
SOL 01 03 8100 

BS80X3-OS88X LlOO 
BS0X3=Od8X 9100 

1OL 01 0 3  < 2 ' 3 N ' 0 3 3 1 > J I  S I00 
A3*A+X3*Xm3 PlOO 

A3+A3+X3*X3=9 El00 
100 '0-A3< '0 ' 8 3 ' A 3 > j I  b 100 
100'0=X3< ' 0 ' 0 3 ' X 3 > 3 I  1100 

/IOOOO'O/Sd3 U1W0 3 0100 
Sd3/#08OB/NOUU03 60 00 

< 6 )l3'dUflOU'dY~~N/dU~O/NOU~O3 80 00 
LUUI  '< t )OH#'< Z >SN3QlV/NI3S/HOUWO3 LO 00 

33N'<OS >13N'033I/Y033/NOUU03 9000 
Z3'A3'X3'Z 'A'X/a&03/HONWO3 SO00 

DS8aX3'8S8X3/8Un8S/NOUUO3 PO 00 
2 0 8 Z ' 8 8 A ' 8 8 X ' 2 8 2 ' 1 0 2 ' 0 A ' a X ~ S ~ N 0 ~ N O U U 0 3  COO0 

c a ' l N r a ' l n o N 1  > I Y O ~  3 ~ 1 l n o ~ n s  zo 00 
7 ' f N L A  1000 

0000=2l S318 LZOOO 3HISf l  9200083 NO SI tOOOO=l LW0338 



GO TO 1 
4 I F < Z  .CT. ZB1 )  GO TO 5 

C 
C*****EVENT ORIGINATED' IN REGION 1 
C 

I F C F  .CT. 0 . )  GO TO 6 
I F < C Z  .GT. 0 . )  GO TO 7 

1 1 RINT=-2/CZ 
I F < D  . L T .  R I N T )  GO TO 8 

C*****EVENT ESCAPED THROUCH SURFACE 1 
NCT< 11  )=NCT< 11  )+1 
co TO 1 0 0 0  

C*****EVEHT REMAINED I N  RECION 1 
8 NCT< 10)-WCTC 10>+1 

CO TO 1001 
7 RIHT-< 201 -2 >/CZ 

I F < D  .LT. RINTT  GO TO 8 
C*****EVENT ESCAPED THROUCH SURFACE 2 OR 3 

RADSQ-X*X+Y*Y 
IFCRADSQ .CT. XBSQ) CO TO 9 

C*+***EVENT ESCAPED THROUCH SURFACE 2 
1 4  NCT(12)-NCT<12)+1 

GO TO 1 0 0 2  
C*****EVENT ESCAPED THROUCH SURFACE 3 

9 NCT( 1 3  )-NCT< 1 3  )+ 1 
CO TO 1 0 0 3  

6 I F < C Z  .CT. 0. ) GO TO 1 0  
RINT=-Z/CZ 
XINT-X+CX*RINT 
YINT-Y+CY*RINT 
RADSQ=XINT*XINT+YINT+YINT 
I C i R k t S Q  . L T .  XBBSQ) 0 0  TO 11 

1 3  RINT-< -C+SQRT< DELXBB ) )/F 
I F < D  . LT .  R INTT  GO TO 8 

C*****EVENT ESCAPED THROUGH SURFkCE 6 
NCTi  I6  S-HCTi 16 2 7  1 
GO TO 1 0 0 0  

1 b RXHT-C 981 -2 JI'CZ 
XINT=X+CX*RINT 
YINT=Y+CY*RINT 
RADSQ=XINT*XINT+YINT+YIHT 
IFCRADSQ .LT .  XBBSQ) GO TO 1 2  
GO TO 1 3  

1 2  IF<D .LT. R I N T )  GO TO 8 
IF<RADSQ .CT. XBSQ) GO TO 9 
GO TO 14 

S I F < Z  .'LT. 282) GO TO 15 
C 
C**"*EVENT ORIGINATED I N  PEClnN 2 
C 

IF<F .OT. 0 . )  0 0  TO 16 
I F < C Z  . LT .  0 . )  GO TO 1 7  

2 1 R I N T 4  ZBB2-Z )/CZ 
1F<D .LT .  R INTT GO TO 18  

C*****EVENT ESCAPED THROUCH SURFACE 10  
NCT( 5 0  )=NCT( 5 0  )+ 1 
GO TO 1000  

C***+*EVENT REMAINED I N  RECION 2 
1 8  NCT( 2 0  )-NCT< 2 0  )+ 1 

GO TO 1001  



1 7 RINT-< ZB2-Z )/CZ 
I F < D  . LT .  R I N T )  CO TO 1 8  

C*****EVEHT ESCAPED THROUGH SURFkCE 8 OR 9 
RADSQ=X*X+Y*Y 
fF<RADSQ .GT. XBSQ) CO TO 1 9  

C***+*EVENT ESCAPED THROUCH SURFACE 8 
24 NCT< 2 8  )=NCT< 28 )+1 

GO TO 1 0 0 2  
C*****EVEHT ESCAPE0 THROUCH SURFACE 9 

1 9  NCTC 2 9  >=NCT< 2 9  )+ 1 
GO TO 1003  

1 6  I F < C Z  . LT .  0 .  > GO TO 2 0  
RINTm< 2662-2  >/CZ 
XINT=X+CX*RINT 
YINT=Y+CY*RINT 
RADSQ=XINT*XIHT+YINT*YINT 
IF<RADSQ .LT .  XBBSQ) GO TO ' 2 1  

23 R I  NT=< -G+SQRT< D E L X B W F  
I F ( 0  .LT.  R I N T )  GO TO 18 

C****rEVENT ESCAPED THROUCH SURFACE 7 
NCT< 2 7  >=NCT< 27 >+ 1 
GO TO 1000  

2 0  RINT =< ZB2-Z )/CZ 
XINT=X+CX*RINT 
YIHT=Y+CY*RINT 
RADSQ=XINT*XINT+YINT*YINT 
IF<RADSQ .LT .  XBBSQ) GO TO ' 22  
GO TO 23 

22 I F < D  . LT .  R INT )  GO TO 18  
IF<RADSO . CT . XBSQ ) CO T 0 19 
GO TO 24 

15 RADSQ=X*X+Y*Y 
IFCRADSQ .CT. XBSQ) CO TO 25 

C-  .,. '. 
C****+EVENT ' ORIeINeFED I N  REGION 3 , - 
C .  

I F < F  .CT. 0 . )  CO TO 26 
I F < C Z  .,CT. 0 .  ) GO TO 2 7  
RIHT-C ZB 1-2 ) /CZ  
I F < D  .LT.  R I N T )  CO TO 2 8  

C*****EVEHT ESCAPED THROUCH SURFACE 2 
30 NCT< 32 )=HCT< 3 2  )+ 1 

CO TO 1802' 
C*****EVENT RERAINED I N  RECIUN 3 

28 NCT( 30 )-NCT( 3 0  )+1 
CO TO 1001  

2 7  R I N T 4  ZBZ-Z )/CZ 
I F ( 0  ,LT .  R INT )  GO TO 2 8  

C*****EVENT ESCAPED THROUCH SURFACE 8 
32 NCT C 38 >=NCT< 38 >+ 1 

CO TO 1 0 0 2  
2 6  RINT=< -C+SQRT< DELXB ) )/F 

ZIHT=Z+CZ*RINT 
I F < Z I N T  .CT. Z B l )  CO TO 2 9  
R I HT-( PB 1 -2 > / C Z  
I F < D  . LT ,  R I N T )  GO TO 2 8  
CO TO 3 0  

2 9  I F < Z I N T  . LT .  2 8 2 )  GO TO 31 
R l  NT=< 282-2 )/CZ 
I F < D  .LT.  R I N T >  GO TO 2 0  



60 TO 32 
31 I F < O  .LT .  R I N T >  GO TO 26 

C*****EVENT ESCAPED THROUGH SURFACE 4 
NCT< 3 4  )=HCT< 34 )+ 1 
CO TO 1 0 0 2  

C 
C*****EVENT ORICIN6tTED I N  REGION 4 
C 

25 I F < C  .LT .  0 . )  GO TO 33 
38 RINT-< -C+SQRT< DELXBB ) >/F 

ZII4T=Z+CZ*RIHT 
I F < Z I N T  .CT. ZB1 )  GO TO 34 
RINT=< Zbl-2 T)CZ 
I B < D  . LT .  R I H T )  GO TO 35 

C*****EVENT ESChPED THUUuCH SURFLlCE 3 
40 NCT< 43 >-NCT< 4 3  )+1 

co TO t a m  
C*****EVENT REMAINED I N  RECIBH 4 

35 HCT( 4 0  >=NCT< 4 0  )+1 
CO TO 1001  

34 I F < Z I N T  .LT .  2 8 2 )  GO TO 36 
R I  HT=< ZB2-Z >/CZ 
I F < O  .LT. R I N T )  GO TO 3 5  

C*****EVENT ESCAPED THROUGH SURFACE 9 
4 2  NCT< 49 >=NCT< 49 )+ 1 

CO TO 1003 
36 I F < D  .LT .  R I N T >  GO TO 3 5  

C*****EVENT ESCAPED THROUGH SURFACE 5 
NCT< 4 5  )=NCT( 45 T+ 1 
GO TO 1 0 0 0  

33 IF<DELXB .CT. 0 .  ) CO TO 37 
GO TO 38 

3 7  RINT=< -C-SQRT< DELXB ))/F 
ZINT-Z+CZ*RINT 
t F t 2 I N T  ,GT, 2 B 1 )  GO TO 39 
R INT- i  2 0 1  -2 )/CZ 
I F < D  .LT. RIHT) GO TO as 
CO TO 40 

39 I F < Z I N T  . L T ,  2 8 2 )  CO TO 4 1  
RINT=< ZBZ-2 >/CZ 
1F<D . LT .  R INT )  GO TO 3 5  
a0 r e  43 

01 1F<D ,LT .  R I N f )  GO TO 35 
C*****EVENT ESCAPED THROUGH SURFACE 4 

HCTC 44 )=NCT< 44 )+1 
GO TO 1 0 0 2  

1 0 0 0  INOUT=O 
RETURN 

1001  INOUT-1 
RETURN 

1 0 0 2  IHOUT=2 
RETURN 

1 0 0 3  INOUT=3 
RETURN 
END 





&CRVAA T-00004 I S  ON CR00026 USING 00031 BLKS R=OOOO 

FTN4, L 
PROGRAM LSQVU 

C 
C JTB - 01 /14 /77  - F I X  DECLhRATIVE STATEWENT ORDER FOR FTN4 
C 

COMON /VARUT/ F , FP , F B  , SCALEF , FO , 
1 S<SO), X<40) ,  XP<40), T<40 ) ,  SCALEX(40), IFCALL,  
2 CS, G<40), CP<40), CB<40), CSP, CSB, 
3 H<40,40), C<40,40) ,  DELTFI, CSS, E, IMOVE, 
4 E L  , DOUBLE, Z 0 Q A , ABAR 
5 N , IT , I T 1  , MS , K , ICNVRG , 
d IERR , LOOPF . figlu , ISHOT . lnOvEL , IblO'?ER , 
7 IREnD , LVRITE , 1CLOCU , IDENT ISTEP , ISCALE 

CMUON /TAPEO/ IOUTQP 
COMRON /BEST/ FBEST0FERR,XBEST<40),XERR<40),IBEST,ISA#E 
COWON /108LK/PHPUTC 144>,HrH<J) , IDUF<f2Q) 
COMWON /FLBLK/ IOOT< 1 4 4  ), N O U W  ) 

C 
LOGlCAL I F I N  
CALL CREAT<IOUT~fERR~NOUT~20~3~0~26,128) 
I F <  IERR. L T .  0 )GO TO 9 0 1  
CALL OPEN< INPUT, ZERR, NIN, 0,0,26,128) 
IF<IERR.LT.O)CO TO 9 0 2  

C 
C I N I T l F I L I Z E  

1 11-1 
I f f - 0  
ns- 0 
LOOPFPO 
I HOVEL = 0 
I M V E R - 0  
XFIY=.FfiLSE. 
DOUBLE-1 . 0  
FEEST=- 1 . E 3 7  
FFIRST-FBEST 
FSECHD-FBEST 
FTHIRD-FBEST 
FOYfBEST 
CALL READN 

C STQRT CALCULATE S AND GS 
1 0 0 0  CALL MATPY<N,N,H,G,S) 

DU iota I - t , ~  
s< I )--s< I ) 

1010  COHllNUE 
L= 1 
CALL MATPV <L,N,S,G,CS) 
I F  < GS) 11  0 0 , 5 4 0 0 , l O ~ ~  

C H HOT POSIT IVE  DEFINITK 
1 0 3 0  L=1 

CALL ERROR< L ) 
GO TO 1000  

1 1 0 0  CONTINUE 
C ESTIMATE LOCATION OF MINIMU# I N  DIRECTION OF S 

EL-AMINl t2 .0 , -2 .O*F/CS)  
1 1 1 0  DO 1 1 2 0  I -1 ,N  

XP< I )=X< I )+EL*S< I ) 
1 1 2 0 CON1 INUE 

M l - 2  



CALL CALCF <CP,FP,%P,Hl) 
I F  <Ill .CT. 0 )  CO TO 1 2 0 0  
H l  e.2 

C READY OVERFLOU 
L - 2  
CALL ERROR< L ) 
GO TO < # 100,?000) ,L  

1 2 0 0  IERR=O 
L- 1 
CALL MfiTPY <L,N,S,CP,CSP) 
I F  <<CSP .CE. 0 . 0 )  ,OR. < F P  .CE. F ) >  CO TO 2 0 0 0  

C UNDERSHOOT 
La3 
CALL ERROR< L ) 
GO TO < 1 0 0 0 , 1 1 1 0 , 4 0 0 0 , 5 0 0 0 ) , L  

ZSHOT-0 
TO=Z*Z-CS*CSP 
I F  (TO .CT. 0 . )  CO TO 2 0 1 0  
U R I T E  <IOUTAP,2OOS> TO 

2 0 0 5  FORMATCSH TO -,E13.5) 
TO=O . 

2 0 1  0 CONTINUE 
B=SQRT< TO > 
A=< GSP+Q-2 >/< CSP-CS+Q+Q ) 
FO=FP-EL*< CSP+Z+Q+Q )*A*A/3.0  
I F  <OK<FO> .EQ. 0 . )  GO TO 2 1 0 0  

C A I M  OVERFLOU 
L o 4  
CALL ERROR< L ) 

2 1 0 0  I F  < ( A  ,CT. 0 . 0 )  .AND. < A  . L T .  1 . 0 ) )  GO TO 2 2 0 0  
C M I N I W U N L I E S A T A N E N D P O I N T  

L=5 
CALL ERR OR< L ) 
GO TO <1000,50OO),L 

2 2 0 0  ABAR-1 .0-A 
DO 2 2 1 0  1-1 ,N 
f ( I )=&ex< I )+ABAR*XP< I ) 

2 2 1  0 CONTINUE 
C F l R E  

3 0 0 0  I l l - 2  
CALL CRLCF <CB,FB,T,Wl ) 

IF < n 1  . c ~ .  o >  GO TO 3 1 0 0  
W1 -2  

C F I R E  OVERFLOU 
L -6  
CALL ERROR< L ) 

C MOVES 
L-7 
CALL ERROR< L T 
GO TO < #200,5OOO),L 

3 2 0 0  LOOPF-0 
F-FB 
DO 3 2 1 0  1-1 ,H 
X< I >=T < I ) 
f( I )=C< f ) 
C< I >=CB< I ) 



321  0 CONTINUE 
L- 1 
CALL MATPY <L,N,S,CB,CSB) 
TPl-A/ABAR 
TP2-ABAR/A 
TO=GSB*< TY 1 -TP2 ) 
CSS=TO+Q+Q 
I F  <CSS .CT. 0 . 0 )  CO TO 3 3 0 0  

C 2 N D D E R I V I T I V E N E C A T I V E  
L- 6 
CALL ERROR( L ) 
I;O To s o 0 0  

3 3 0 0  DO 341 0 1-1 ,N 
CO< I )-I CDC I >-TC I Z WTP1 CPC I 1-GRf f ImTP3 

33 i 0 C M T  INUE 
C DRESS 

4000  CALL MATPY CN,N,H,CB,T) 
C CALCULhTE LENGTH OF THE 2ND DERIVATIVE I H  THE DIRECTION OF THE STEP 

L- 1 
CALL NATPY <L,N,CB,T,TO) 
DO 4 0 2 0  I - l , N  
DO 4 0 1 0  J=l,N 
bK I, J )-H< I, J )-T< I )+I< J )/TO+EL+S< I )+S< J )/CSS 

4 0 1 0  CONTINUE 
4 0 2 0  CONTINUE 

DELTA=DELTA*< EL*CSS/TO ) 
I F  <OK<DELTA) .EQ.. 0 . )  GO TO 5 0 0 0  
1-9 
CdLL ERROR< L > 
L-2 
ZFIN-.TRUE. 

C COWVERCEHCE CRITERION 
5 0 0 0  I F  CF .EQ. FTHIRD) GO TO 5400  

FTHIRD-FSECND 
FSECHO-FFIRST 
FFIRGT-F 

C COMPUTE DIRECt IOH OF HEX1 SEARCH 
5 1  00 CALL NATPY<N,N,H,C,S) 

DO S I I O  I -1 ,N 
S( I )=-S< I ) 

5 1 1 0 COHT INUE 
L- 1 
CALL MATPYCL .N.G.S.CGS) 
IF (CGS)  s 2 n a , s 4 0 0 8 s 1 2 0  

5 1 2 0  L-1 
CALL ERRORCL) 
CO TO 51 00 

52.00 I F  ( I F X N  ..AND. (ICNVRC . L T .  4 ) )  GO TO 5400 
L-ROD< ICNVRG . 4  )+ 1 
GO TO ( 5 2 1  0,5230,5240,521 0 ) ,L  

8 2 1 4  DO saao 1-1 ,N 
I F  <ABSCS<I ) )  .CE. E )  GO TO 5300  . 

522 0 CONT I HUE 
I F  tN .EQ. 1 )  GO TO 5400  

5230 I F  <ABS<CCS) .LT.  Ej Cb TO 5400  
6 0  TO 5300  

5240  I F  CABSCFFIRST-FSECND, . L T .  EZ GO TO 5400  
5 3 0 0  L a 1  

CALL RITEO< L ) 
I T - I T + l  



CS-CCS 
6 0  TO <t100,5400,6000>,L 

5400 R+-3 
CALL CALCF(C,F,X,Nl) 
L-2 
CALL RITEOC L )  

C NININUH SURVAY 
6000  I F  <eBS( SCALEFeF-FBEST )/SCALEF , CT.  .1 ) GO TO 6050 

ISANE- 1 
DO 6010 1-1 ,N 
E R R <  1 )-&MAX 1 ( XERRt I >, ABSt XBEST { I >-X< I )+SChLEX( I ) ) > 

601 0 CON1 INUE 
FERR=A#AXl< FERR, ABS< FBEST-SCALEFeF ) > 
CO TO 6100  

6050 W 6060 I-1,N 
XERRCI ) *O .  0 

6060  CONTINUE 
FERR-0 . 0 
I SANE= 0 

6100 I F  <SCALEF+F .CT. ABS<FBEST)) GO TO 7000 
FBEST-SCALEF*F 
IBEST-flS 
00 6119 I - l , N  
XBEST < I >-X< I )*SCALEX< I ) 

6 1  10 CONTINUE 
C STUFF 
,7000 I F  <HS .LT. K >  GO TO 7100 

L-3 
CALL R I T  EO< L ) 
GO TO 1 

7 1 00 MS=#S+ 1 
C I F  ( IURITE .CT. 1 )  URITE<IOUTAP.7110) NS 
C7110 FORMAT (19HlRANDOH STEP NUWBER,14) 

.M=< n s +  i ~2 
DO 7120 I = l , N  
U-ROD( I, UP! >+NOD< US, 2 ) 
T( I )-2*NOD< M, 2 >- 1 
T< 1 >IT< I )*SIGN< 1 , , SCCILEKC I )) 

7120 CONTrHUE 
CALL NATPV <N,N,H,T,S> 
L- 1 
CALL MATPV <L,N,S,T,TO) 
EL=< 1 0 . O*+< ISTEP-1 ) )/SQRTt TO j 

7130 DO 7140 I = l , N  
X( I >=X( I )+EL+S< I > 

7140 CONTINUE 
n t  =z 
CALL CALCF <C,F,X,Nl> 
IT=O 
L- 1 
CALL RITEOC L ) 
I T = l  
CO TO 1000 

901 URITEC 1,911 )IERR 
91 1 FORMAT< ' CREATE ERROR= ', I 4  ) 

CO TO 951  
902 YRITE< 1 , ~ I ~ > I E R R  
91 2 FORNATC OPEN ERROR- ,14 j 
951 STOP 

END 



C 
SUBROUTINE TABLE<FIT,C,X,T,Ml,INVhR) 
DIMEUSION C<40 ) ,X (40 )  
DIMENSION T< 1 ) 
I F < N l . N E . l )  CO TO 5 0  
RETURN 

5 0  CONTINUE 
C< 1 )=1 . o  
I F <  I N V M  .ME. 2 >GO T 0 65 
SQ-T< 2 )*T < 2 ) 
CU-SQ*T( 2 ) 
W-CU*T< 2 ) 
C< 2 )=T< 2 ) 
GC3)-0,6*<3.0*SO-1.0) 
a~4~-O.S+(S.O+CU-J,OoT<C)) 
CC3)-0. I P S + < 3 5 . O + Q U - 3 0 0 0 * S Q ~ 3 ~  0 )  
DO 52 I-6,25 
c i  I 1-5 >*T( 1 

52 CONTINUE 
F I T - 0 . 0  
00 60 2-l,25 
F IT=F IT+X<  I )+C< I ) 

60 C W T I H U E  
RETURN 

65 C< 2 )IT< 1 ) 
C< 3 )-C( 2 )*T< 1 ) 
C< 4 )-C< 3 )*T< 1 ) 
G< 5 )=C< 4 )*T< 1 ) 
F I T - 0 . 0  
DO 70 1-1,s 
FXT-F I  T+X( I )+C( I ) 

7 0  COHT JHUE 
RE1  URN 
END 

C 
BLOCK DATA 
C ~ M O N / V R R H T / F , F P , F t r , S C A L E F , F O , S t 4 O ~ , X ~ 4 O ~ , X P < 4 O ~ , T ~ 4 O ~ , S ~ A L E X ~ 4 Q ~  

1 , I F C A L L , C S , C C 4 0 ~ , C P C 4 0 1 i C B C 4 O ~ ~ ~ ~ S P , C S R , H ~ 4 ~ , 4 ~ ~ ~ C < 4 0 ~ 4 O ) ~ D E L T ~ ~ G S S  
2 ~ E ~ I M O V E ~ E L ~ D O U B L E ~ Z ~ Q ~ A A A B A R ~ N ~ I T ~ I T T ~ N S , K ~ I C N V R G ~ 1 E R R ~ L O O P F ~ I F I N  
3,ISHOT,IROVEL,I#OVER,IREAD,IURITE,ICLOCU,IDENT,ISTEP,ISChLE 

COMNON /BEST/FBEST,FERR,XBEST<4O),XERR<40),1BEST,IS&ME 
COMNON /IOBLK/INPUT< 144 ),NINc 3 ), IBUF< 1 2 8 )  
COWNON /FLBLK/ I OUT ( 1 44 ), N O U W  ) 
COHMON /TAPEO/ IOUTSP 
DATR NIN/2HLS,2H61,2HN / 
DATA HOUT/2HOU,2HTQ,2H2 / 
DATA IOUTAP/6/ 
DATA IREAD,IURITE,K,ICLOCK,ISTEP/5*0/ 
DATA Jt IOVE, ICNVRC,IDENT, ISCALE/4*0/  
END 



LCRVbb T=00004 I S  OH CkO0026 USING, 00019 BLKS R=0600 

0001 
00 02 
00 03 
00 04 
00 05 
00 06 
00 07 
00 08 
00 09 
oo t  0 
001 1 
0012 
0013 
0014 
oois 
0016 
0017 
0016 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
0035 
0036 
0037 
0038 
0033 
0040 
004 1 
0042 
0043 
0044 
0045 
0046 
0047 
0048 
0049 
0050 
0051 
0052 
0053 
0054 
0055 
0056 
0057 
0058 

FTN4, L 
SUBROUTINE ERROR( L ) 
COHNOH /VARHT/ F , FP , FB , SikiEF , F ~ I  , 

1 S<40) ,  X<40) ,  XP<40), T<40 ) ,  SCALEX140), IFCALL, 
2 GS, C(40),  GP<40),  CB<40), GSP, CSB, 
3 H<40,40), C(40,40), DELTA, CSS, E, INOVE, 
4 EL , DOUBLE , Z , Q , A , FIBAR , 
s N , IT , ITT , ns , K , ICNVRG , 
6 IERR , COOPF , I F l N  , ISHOT , IMOVEL , INOVER , 
7 IREAD , I Y R I T E  , ICLOCK , IDEN? , ISTEP , ISCALE 
connm /TIPEO/ IOUTAP 
L o c l c n L  IFIN 
GO TO < 1 0 0 4 2 0 0 , 3 0 0 , 4 0 0 , 5 0 0 ~ 6 0 0 ~ 7 0 0 ~ 0 0 0 ~ 9 0 0 ~  1000  ) a  L 

100 CONTINUE 
C 100  I F  ( I U R I T E  .HE. 0 )  URITE <IOU?AP,110) CS 
C 110  FOR#AT<41H H I S  NO LONGER POSITIVE DEFINITE FOR CS=,El3.5,70H SO D 
C +IACONAL ELTS. OF H ARE SET POSITIVE AND OFF DIAGONAL ELTS. ZEROED) 

DELTAm1 . 0  
DO 130  I-1,N 
MI ,  I >-fiBS<H< 1,1 ) )  
DO 120  J-1,N 
I F  <I .HE. J )  HCI ,J ) -0 .0  

120  CONTINUE 
I F  < H < I , I >  .NE. 0 . 0 )  DELTA=DELTA+H<I,I) 

130  CONTINUE 
L- 1 
I F  < IREAD .LE . -1 ) CALL CSTRNC L ) 
RE T URN 

2 0 0  CONTINUE 
C 200  I F  ( I U R I T E  .ME. 0 )  URITE <IOUTAP,201) 
C 201  FORM6T (58H RERDY OVERFLOW LENGTH OF STEP I S  HALVED FOR ANOTHER 
C *TRY) 

I F  <<<NS .HE. 0 )  .AND. < I T  .EQ. 1 ) )  .OR. ( IERR .CE. 5 ) )  GO TO 210  
IERR-IERR+1 
L- 1 
RE TURN 

2 1  0 CONTINUE 
URITE <IOUTAP,215) 

215 FORRAT ~ 4 t w n ~ 0 0  MANY READY OVERFLOWS CGSE TERMIN~TED) 
HS-K 
L-2 
RETURN 

3 0 0  F-FP 
DO 3 1 0  I - l , N  
C< l >=CP( I > 
X( I >=%PC I ) 

310  CONTINUE 
I F  < l l S  .EQ. O j  GO TO 320 
EL=2. *EL 
L a 2  
RETilRH 

3 2 0  IF (EL .CEO 1 . 0 )  CO TO 3 5 0  
L- 1 
RE T URN 

3 5 0  DELTA=< DOUBLE+( . 0 )*DELTA 
DO 3 7 0  I - l , N  
DO 360  J=l ,N 
H( I, J )-H< I J )-DOUBLE*S< I )*S< J )/CS 



360 CONTINUE 
3 7 0  COUTINUE 

DOUBLE-DOUBLE+1.0 
ISHOT-2 
L-4 
RETURN 

400  CONTINUE 
C 400  I F  < IURITE  .NE. 0 )  YRITE < IOUTAP,401 ) 
C 401 FORHAT < 1 3 H  AIM OVERFLOW) 

RETURN 
5 0 0  I F  <A  .LE. 0 . 0 )  CO TO 550  

C I F  < I U R I T E  .HE. 0 )  URITE <IOUTAP,510) 
C 9 1 0  FORMAT < 6 4 H  MINIMUM I N  READY INTERVAL APPEARS TO L I E  AT THE LEFT 
C *END POINT)  

I F  < IDCNT 8 LE  0 )  68 TO 5 9 0  
DEL fA= l .O  
00 5 3 0  I = I , N  
H< I , I )=ABS<H< 1 , I ) )  
DO 5 2 0  J - l , N  
I F  <I .ME. J )  H ( 1 ,  J ) = O . O  

5 2 0  CONTINUE 
I F  < H < I , I )  ,HE. 0.0)  DELTA=DELTA+H<I,I) 

5 3 0  COHTINUE 
C I F  CIURITE .NE. 0 )  WRITE <IOUTAP,53S) 
C 535 FORNAT <6?HODIAGONAL ELTS. OF H ARE SET POSITIVE AND OFF DIAGONAL 
C *ELTS. ZEROED) 

L- 1 
I F  < IREAD .LT .  0 )  CALL CSTRN< L )  
L= 1 
RETURN 

5 5 0  COUTINUE 
C 5 5 0  I F  ( I U R I T E  .HE. 0 )  URITE <IOUTAP,560) 
C S C O  TORMAT C64H MIHIHUH I #  REGDY INTERvaS BPPEARS TO L I E  AT THE RIGHT 
C *END POINT)  

F-FP 
DO 5 7 0  I - l , N  
C( I )=CP< I > 
X( I )=XP< I ) 

5 7 0  CONTINUE 
5 8 0  I F  ( IDENT ,LE. 1 )  IFIH=.TRUE. 

L-2 
RE TURN 

6 0 0  CONTINUE 
C 6 0 0  I F  < IURITE .NE. 0 )  URITE < IOUTQP,601) 
C 6 0 1  FDRNCIT (83HOFIRE OVEQFbOhl TRY POIHT HRLFYAY BETWEEN INTERPOLATEG 
C * NINIRUR RND LUUtK END POINTS 

I F  <FP  .CT. F )  AmA-1.0 
A=( 1 . O+A L J 2 . O  
RETURN 

7 0 0  CONTINUE 
M- IMOVE+3 
I F  SLOOPF .LT .  R >  GO TO 710 

C I F  CIURITE .HE. 0 )  MRITE <10UTAP,7055 N 
C 7 0 5  FORNAT ( 2 4 H  TRIED TO MOVE BORE THAN,I2,6H TINES) 

I F I N - .  TRUE. 
LOOPFm 0 
L-2  
RETURN 

71 0 LOOPF=LOOPF+ 1 
I F  < F  .CE. F P )  GO TO 7 5 0  



IMOVEL-INOVEL+1 
EL=ABAR*EL 
FP-FB 
00 7 2 0  I -1 ,N  
XP< I )=T( I ) 
CP< I )=CB< I ) 

7 2 0  CONTINUE 
C GOES TO AlN 

L- 1 
RETURN 

7 5 0  IMOVER=IMOVER+ 1 
EL-EL*A 
F=FB 
LL- 1 
CALL NATPY<LL,N,S,CB,CS) 
DO 7 6 0  I = l , N  
x< 1 ) - T < l )  
C( I )-CB< I ) 

7 6 0  CONTINUE 
L- 1 
RE TURN 

8 0 0  COHTINUE 
C 0 0 0  I F  < I U R I T E  .NE. 0 )  URlTE < IOUTAP,010) 
C 8 1 0  FORMAT <S?H APPROXIMATE 2ND DERIV&TIVE NEGeTIVE DOH1 MODIFY H MATR 
C * 1 X )  

RETURN 
9 0 0  CONTINUE 

C 9 0 0  I F  < I U R I T E  .NE. 0 )  URITE <IOUTAP,901)  
C 9 0 1  FORMAT ( 1 SHODRESS OVERFLOV > 

DELTh= 1 . 
1 0 0 0  RETURN 

END 



fkCkVCC T-00004 I S  OH CR00026 USING 00019 BLKS R-0000 

ooo t  
0002 
0003 
00 04 
000s 
00 06 
0007 
0008 
00 09 
oo t  0 
001 1 
0012 
0013 
0014 
0015 
00 16 
0017 
lllll 0 
0019 
0020 
0021 
0022 
0023 
0024 
0 025 
0026 
0027 
0028 
0 029 
0030 
0031 
0032 
0033 
0034 
0035 
0036 
0037 
0038 
0034 
0040 
0041 
0042 
0043 
0044 
0045 
0046 
0047 
0048 
0049 
0056 
8651 
0052 
0053 
0054 
0055 
0056 
0057 
0058 

FTN4, L 
SUBROUTINE READN 
connoti /VARHT/ F , FP , FB , S C ~ L E F  , FO , 

1 S<40>, K (40 ) )  XP<40), T ( 4 0 ) r  SCALEX<40), IFCCILL, 
2 CS, C<40) ,  CP<40), C8<40>, CSP, CSB, 
3 H<40,40), C<40,40), DELTA, CSS, E, INOVE, 
4 EL r DOUBLE, 2 , 0 , A , ABRR , 
5 N , IT , ITT , ns , K , ICNVRC , 
6 IERR LOOPF , I F I H  , ISHOT IHOVEL IMOYER , 
7 IREAD IURITE ICLOCK , IDENT , ISTEP , ISCALE 

COHNON NTAPEO; IOUTAP 
CORNON /IOBLK/IHPUT< 1 4 4 j D N I N ( 3 ) ,  IBUF< 12e )  
DATA ICON / b / 

c URITC < I O U ~ ~ P , S )  
C 5 PORtvlAT <3111NEW CASK ) 

IF ( ICON ,EQ 1 ) GO TO aa 
1 CON- 1 
I S I Z E - 1 0  
Km 5 
ICK-0 

C CALL READF< INPUT, IERR, IBUF, 3 0  , LEH > 
C CALL CODE< 6 0 ) 
C READ LIBUF,10)  IREAD,IURITE,K.ISIZE,ISTEP,ICK,IMOVE,ICLOCK,ICON 
C I, ICUVRC IDENT, ISCALE 
C 1 0  FORMAT ( 1 6 1 5 )  
C URITE <IOUTAP,tO> I R E A D , I Y R I T E , K , I S I Z E , I S T E P , I C K , I C L O C U , I C O t ~  
C 1,ICHVRC,IDENT,ISCALE 

E-2. **< I S I Z E - 3 0 )  
K-K+ 1 

2 0  n t - i  
CALL FCH<M,G,F,X,Nl) 
IFCnLL-  1 
W=IABS<N> 
I F  < N  .LE.  0 )  CO TO 3 0  
NF=P*H 
CALL REAPFC f NPUT', IERP, X ,  UP > 
nt =a 
N-N 
CALL FCN<N,C,F,X,Ml) 

3 0  URITE (IOUTAP,35) < C < I ) , I = l , H )  
3 5  FORMAT<ZIHOAT THE I N I T I A L  GUESS /1H0,20X, lHC/< 10E13 .5 ) )  

URITE <IOUTAP,40) F ,<X< I  ) , I -1 ,N) 
40  FORMAT <4HOF =,E13.3/1H0,2OX, lHX/C 1 O E 1 J J J > )  

I F  C ICK .EQ. 1 ) CALL DIFCK 
I F  ( ISCALE .HE. t >  GO TO 6 0  
SCALEF=l.O 
DO 5 0  I = t , H  
SCALEX< I )= 1 . 0  

5 0  CONTINUE 
CO TO 8 0  

6 0  CCkLEF-1 . O  
I F  < F  .HE. 0 .0 )  SCALEF-F 
F=F/SCALEF 
DO 70  I = l , N  
SCALEX< I )e 1 . 0 
I F  < X < I )  .HE. 0 . )  SCALEX(I)=X!I> 
X( I >=X( I )/SCALE%< I ) 
C/. I )=C< I )*SCALEX< t )/SCflLEF 



7 0  CONTINUE 
8 0  I F  ( IREAD .LE. -1 ) GO TO 1 0 0  

H=IREAD+ 1 
CO TO <200,300,400,300),Pl 

C IREAD L T  0 H MATRIX I S  CONSTRAINED 
1 0 0  DO $ 2 0  I = l , N  

DO 1 1 0  J - l ,N  
C< I, J ) = O . O  
H C I ,  J)=O.O 

1 1  0 ,CONTINUE 
W I , I ) = t .  

1 2 0  CONTINUE 
DELTA= 1 . 0  

C URJTE <IOUTAP, 1 2 5 )  
C 1 2 5  FORMAT <SOHOTHE H MATRIX I S  LINEARLY CONSTRAINED BY ) 

H=- I R E  AD 
DO 1 4 0  I = l , M  
CALL READF< INPUT, IERR, IBUF, 40, LEN ) 
LENP=Z+LEN 
CALL CODE< LENP ) \ 

READ < IBUF ,25 )  <C<I ,J ) ,J= l ,N)  
2 5  FORtlAT<BFlO.O) 

C URITE <IOUTAP,130)  < C ( I ,  J ) ,  J= l ,N)  
C 1 3 0  FORMAT <1OE13.5)  

140.  CONTINUE 
M= 0 
ChLL CSTRNC ti ) 

C URITE (IOUTAP, 1 4 5 )  
C 1 4 5  FORMAT (PBHOTNE COHSTRAINED H MATRIX I S  ) 
C DO 1 5 0  I = l , N  
C URITE < IOUTAP, 1 3 0 )  CH< I, J), J=l ,N) 
C 1 5 0  CONTINUE 

RETURN 
C H MATRIX STARTED AS IDENTITY 

2 0 0  DO 2 2 0  I - l , N  
DO 2 1 0  J-l,N 
W I ,  J ) = O , O  

2 1 0 CONTINUE 
H i I , I > = l  . o  

2 2 0  CONTINUE 
DELT A= l  . 0 

C URITE < IOUTAP,225) 
C 228 FORMAT C38#0# SET IN!TIALLY TO THE IDENTITY MATRIX ) 

RETURN 
C DIACONAL ELEMENTS OF H MATRIX READ I N  

3 0 0  DO 3 2 0  I -1 ,N  
DO 3 1 0  3-1,N 
H< I, J ) = O . O  

3 1  0 CONTINUE 
3 2 0  CONTINUE 

CBLL READF< INPUT, IERR, IBUF,40, LEN) . 
LENP=2*LEN 
CALL CODE( LEHP ) 
READ<IBUF,25) < N < I , J ) , I = l j N )  

C URITE < IOUfAP ,325>  <H< Ill ), I e l  ,H )  
C 3 2 5  FORBAT (42HOTHE DIAGONAL ELEMENTS OF THE H MATRIX ARE / < 1 0 E 1 3 . 5 ) )  

I F  < M  .HE. . 4 )  CO TO 3 4 0  
DO 3 3 0  I - l , N  
H< I ,  I )=H< I, I )*SCALEF/SCALEX< I )*a2 

3 3 0  COHTINUE 



340 DELTA- 1 . 0 
DO 350 I = l , N  
I F  < H < I , I )  .HE. 0 .0 )  DELTA-DELTA+H<I,I) 

350 CONTINUE 
RE TURN 

C UHOLE H MATRIX READ I N  
400 TO=l. 0 

C URITE <IOUTAP,405> 
C 405 FORMAT <17HOINITIAL H RATRIX ) 

DO 420 I-1,N 
CALL READF< IHPUT,IERR, IBUF,4O,LEN) 
LEHP=2*LEH 
CILL  CODE< LEHP ) 
READ < IBUF,25> < H < I ,  J ) ,  J = l , N )  

C W I T E  < IOUIwP,23> i # C  I ,  J) ,  J-t ,N) 
GSS-SCALEF/SCALEX( I > 
TO=TO*CSS/SCALEX< I ) 
W 410 J-1,N 
I44 I, J )=Hl l , J >rCSS/SCFILEX( J > 

410 CONTINUE 
420 COHTINUE 

CALL READFC INPUT, IERR, IBUF , 2  ) 
DELTA=IBUF< 1 ) 
DELTA-DELTA+TO 
RETURN 
END 



&CkVOD T-00004 I S  OH CR00026 USING 00020 BLKS R=OOOO 

FTN4, L 
SUBROUTINE RITEOC L ) 
connou/v~r in~/  F , FP , FB ,SCALEF , FCI 

1 S<40),  X<40), XP<40), T<40 ) ,  SCALEX(40), IFCALL,. 
2 CS, C<40),  CP(40), CB(40), CSP,CSB, 
3 H<40,40), C<40,40),  DELTCI, CSS, E, IMOVE, 
4 EL , DOUBLE , Z , Q , A , M A R  , 
5 N , I T  , I T T  , HS , K , ICNVRG , 
6 IERR a LOOPF , I F I N  , ISHOT , IMOVEL , IMOVER , 
7 IREAD , IURITE  , ICLOCK , IDENT , ISTEP , ISCkLE 

COMRON /TAPEO/ IOUTAP 
COWRON /BEST/ FBEST,FERR,XBEST<40),XERR!40),IBEST,ISANE 
LOGICAL IFIH,FIRST,SETUP 
DhTA FIRST,SETUP,SflFE /.FALSE.,.FALSE., .3/  
I T T = I T T + l  
CO TO < 1 O0,300,30OO),L 

100 CONTINUE 
2 0 0  I F  (SETUP) GO TO 2 5 0  

I F  <F IRST)  GO TO 2 1 0  
111- ITT 
FIRST-.TRUE. 
CO TO 1000  

2 1 0  I F  ( 1 1 1 - I T 1  .LT.  1 0 )  GO TO 1000  
. SETUP=. TRUE. 
2 5 0  CO TO 1000 
3 0 0  IFIN=.FALSE. 

I F  < IUR ITE  .LE. 0 )  RETURN 
W I T €  <IOUTAP,310) HS 

3 1 0  FORMAT <25H1/-/-/-/-/-/-/-/-/-/-/-/-/21HOFINAL VALUES OF STEP ,IS> 
CO TO 1200 

1000  I F  < I Y R l T E  .EQ. 0 )  GO TO 1600  
C I F  CIYRITE .ME. 1 )  YRlTE <10UTAP,1010) 
C IO lO  F O R M 1  <130H - - - - - - - - - - - - - - - - - - - - - - - - - - - 
c * - - - - - - - - - - " ~ " " " ~ " " - - - - - - - - -  
c * - - - - -  ) 

1020 GO TO < 1600,1500,1400,1300,1200,1 l o o ) ,  IUR ITE  *:; 
1100 CONTINUE 

f O=FO*SCALEF 
YRITE (IOUTAP, 11 1 0 )  EL,A,Q,FO,Z 

1110 FORMAT <4HOEL-,E13,5,3H A=,E13.5,3H Q=,E13.5,4H FO=,E13.9,3H 21, 
*E13.5)  

1200 URlTE < IOUTAP, 1205 )  
1205 FORHAt < lHO,ZUX, lWH> 

TO=l . O  
DO 1220 I - l , N  
CSS=SCALEX< I WSCALEF 
TO=TO*SCALEX< I ) 
DO I 2 1 0  J - l ,N  
T ( J )=CSS*SCALEX< J )*H< I, J ) 

1210 COHTINUE 
YRITE < IOUTAP, 1 2 1 5 )  <T<  J) ,  J-1 ,N) 

1215 FORMAT < l O E 1 3 . 5 j  
1220 CONTINUE 

CSS=DELTfi*TO*TO/<SCALEF**N) 
URITE <IOUTAP,1230) CSS 

1230  FORnAT < 7HODELTA=, E 1 3 . 5 )  
1300 I F  (ISHOT .NE. 0 )  URITE <IOUTAP,1310) 
131 0 FORNAT < 1 OHOUNDERSHOT ) 



0059  
0 0 6 0  
0061 
0 062  
0063  
0064  
0065  
0066  
0067  
0 0 6 8  
0 0 6 9  
0 0 7 0  
0071 
0 0 7 2  
0073 
0074  
0075  
fin76 
0077  
0078  
0079  
0 0 8 0  
0081 
0082  
0 063  
0004  
0085  
0086  
0087  
0 0 8 8  
0 0 8 9  
0090  
0091 
0092  
0 0 9 3  
0094  
0 0 9 5  
0036 
0037  
0098  
0099  
01 00  
01 01 
01 0 2  
01 0 3  
01 04 
01  06 
01 06  
81 07  
01 08 
01 09  
U l  l U  
ill 1 1 
01 1 2  
01 1 3  
01 14  
01 1 5  
01 16  
01 1 7  
01 18 

I SHOT-0 
URITE < IOUTAP, 1 3 2 0 )  CS 

1 3 2 0  FORMAT <59HOTHE COHPONENT OF THE GRADIENT I N  THE DIRECTION OF THE 
lSTEP,E13.5>  

YRITE < IOUTAP, 1 3 3 0 )  IFCALL 
1 3 3 0  FORMAT < lH0 ,16 ,15H  FUNCTION CALLS) 

I F  (IMOVEL .HE. 0 )  YRITE<IOUTAP,1340) IMOVEL 
1340  FORMAT <11HOHOVED LEFT,I6,6H T INES>  

IHOVEL-0 
I F  <IHOVER .HE. 0 )  URITE <IOUTAP,1350) IMOVER 

1 3 5 0  FORMAT <lZHOROVED RICHT,16,6H TIMES) 
IHOVER- 0 

1400  URITE < IOUTAP, 1 4 1 0 )  
1410  FORHAT <lHO,ZOX, lHC) 

00 1420 I - t , N  
T( I )-SCALEF*C< I )/SCALEXC I ) 

1420  CONTINUE 
YRITE < IOUTAP,1116)  < T < I ) , I - l r t l )  

1 5 0 0  FP=SCALEF*F 
YR ITE  < IOUTbP, 1st 0 )  FP  

l s i o  P O R H ~ T  < S H O F = , E I ~ . ~ / ~ H U , Z U X , ~ H X ~  
DO 1 5 2 0  1-1 ,N 
T( I )=SCALEX< I )+X< I ) 

1520  CONTINUE 
M I T E  < lOUTAP,1215)  < T < I ) , I = l , N )  
URSTE < IOUTAP, 1530  > IT,US 

1 5 3 0  FORNQT <17HOITERATION NUMBER,I4,16H OF STEP NUMBER,I4/130HO- - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
+ - - - - - - - - - - - - - - - - - - - - - - - - - - - -  ) 

1600  RETURN 
3 0 0 0  URITE < IOUTAP,3010) 
3 0 1 0  FORMAT <29H1/-/-/-/-/-/-/-/-/-/-/-1-/24HOSUMMAR OF F I N A L  VALUES) 

YRITE < IOUTAP,3020)  IBEST 
3 0 2 0  FORMQT (36HOTHE BEST VALUE OF F nCCUBED ON STEP.142 

I F  << ISAME .EQ.  0 )  .AND. <NS .HE. IBEST) )  GO TO 3 1 0 0  
YRITE <10UTAP,3030) 

3 0 3 0  FORMAT (36HOAN H MATRIX FOR THE BEST MINIMUM I S )  
00 3 0 5 0  1-1 .N 
OSS~SCALEX< I >/SCALEF 
DO 3 0 4 0  J - l ,N  
T< J )-H< I, J )*GSS*SCALEX< J ) 

3 0 4 0  CONTINUE 
YRITE <IOUTAP,1215) <T<  J) ,  J= l ,N)  

3 0 5 0  COUTINUE 
3 1 0 0  HI-4 

CALL FCN <N,C,FBEST,XBEST,Ml) 
I F  (ISAt4E .EQ.  O >  GO TO 3 2 0 0  
URITE <IOUTAP,3110) FBEST,FERR 

3 1 1 0  FORH4T <7HOPBCST=,LIS.S,4#~OR~,Ei3.5//~ 
DO 3 1 3 0  I - l , N  
URITE <IOUTAP,3120) I,XBEST< I ) ,XERR< I )  

A l Z U  FORRRT < 7 H  XBEST(,I2,2k)=,Et5.%4H+OR-,E13.5, 
3 1 3 0  COUTIMUK 

CALL FLURT< N, XBEST ) 
CO TO 3 3 0 0  

3 2 0 0  URITE CIOUTkP,3210) FBEST , (XBEST( I j , I = l ,N j  
32 1 0 FORMAT < 7HOFBEST=, E 13.5.13H AHD XBEST I S / <  1 0E 1 3 . 5  ) > 

CALL FLVRT< N , XBEST ) 
3 3 0 0  URITE < IOUTAP,3310> 
3 3 1 0  FORMAT < 1H0,20X,2HC=) 



URITE <10UTAP, 1215) < C < I  ), 1st  , N )  
I F  < I F I H )  CALL FLCLS 
RETURN 
END 

C 
SUBROUTINE FLURT< N, XBEST ) 
COPINON /FLBLK/ I OUT< 1 44 ), NOUTC 3 ) 
D 1 HENS 1 ON XBESTC 1 > 
NU-2*N 
CALL YRI  TF< IOUT, IERR, XBEST, NM> 
RETURN 
END 

C 
SUBROUT I HE FLCLS 
COHHON /FLBLK/IOUT< 144 1, NOUT< 3 > 
CALL LOCF<IOUT,IERR,IREC,IRBIIOFFIJSEC) 
ITRUN-JSEC/2-IRB-1 
CALL CLOSE( IOUT, IERR, ITRUN ) 
STOP 
END 



LCRVEE T-00004 I S  ON CROOO26 USIHC 00009 BLKS R=OOOO 

FTH4, L 
SUBROUTINE CALCF < CC,FF, XX, N l  ) 
DIMENSION XX<40),VY<40),CC<40) 
COClWON /VARFlT/ F , FP , FB , SCALEF , FO , 

1 S<40),  X<40) ,  XP<40>, T<40) ,  SCALEX<40), IFCALL, 
2 CS, C<40),  CP<40), CB<40), CSP, CSB, 
3 H<40,40), C<40,4O), DELTA, CSS, E, IMOVE, 
4 EL , DOUBLE, 2 , Q , A , ABAR , 
5 N , I T  , I T T  , MS , K , ICNVRC , 
6 IERR , LOOPF , I F I N  , ISHOT , 1,HOVEL , IMOVER , 
7 IREAD , IURITE , ICLOCK , IDENT , ISTEP , ISCALE 

C M O N  /TAPEO/ IOUTCIP 
C UNSCALE X 

2 0 0  00 2 1 0  I = l , N  
XXt  X )I%%< I >+SCALEX( 1 ) 

21 0 CONTINUE 
C CALL FCH AND CHECK F 

ChLL rCtl(H,Gc,Ff,%Z(,nl) 
IFCOLL=IFCALL+1 
I F  <OK(FF))  310,330,320 

31  0 YRITE < IOUTAP,315) 
3 1 5  FORMT <40HOAN INDEFINITE RESULT UAS RETURNED FOR F ) 

STOP 
3 2 0  Ut - -N l  
3 3 0  I F  <FF  .CE. 0 . )  CO TO 335 

C I F  < I U R I T E  .NE. 0 )  URITE <IOUTAP,331) 
C 3 3 1  FORMAT <25HOF MAS NECATIVE F-ABS<F) ) 

FF=-FF 
DO 3 3 2  I - l , N  
CC< I )=-CC( 1 ) 

3 3 2  CONTINUE 
3 3 5  I F  CISCALE .EQ. 1 )  GO TO 6 0 0  

I F  < IABS<Wl > .HE. 3 )  GO TO 5 0 0  
C UNSCALE H MATRIX 

70-1 . 
DO 350 1-1 ,N 
CSS=SCALEX< I )/SCRL€F 
TO=TOvCSS 
DO 3 4 0  J-1,N 
H< I, J )=N< 1, J )*CSS+SCALEX< J)  

3 4 0  CONTINUE 
3 5 0  CMTIHUE 

PELTA=DELTA*TO*TO*SCALEF**N 
C RESCtjLE F ,X ,  kHb SCALE H 

4 0 0  SCALEF=l . 
I F  < FF .HE. 0 .  ) GCA!,.FFmFF 
DO 4 1 0  I = t , N  
SCALEXC I )=la 
I F  < X X < I T  .NE. 0 . )  SCPILEX<I)=XXCIT 

4 1 0 CON1 INUE 
TO=1 . 
DO 4 3 0  I = l , N  
CSS=SCALEF/SCALEX( 1 )  
TO=TO+SCALEX< I ) 
DO 4 2 0  J= l ,N  
H( I, J )=H< I, J )*CSS/SCALEX< J ) 

4 2 0  CONTINUE 
4 3 0  CONTINUE 



DELTA=DELTA*SCALEF+*H/TO**~ 
C SCALE F,X,C 

5 0  0 FF=FF/SCALEF 
DO 51  0 I = l  ,N 
XX< I )=XX< I )/SCALEX< 1 ) 
CC< I )EGG< I )*SCALER< I VSCALEF 

5 1 0 CONT INUE 
6 0 0  RETURN 

END 



hCRVFF T=00004 I S  OH CEO0026 USING 00010 BLKS R=O000 

FTH4, L 
SUBROUTINE DIFCK 
CONMON /VARHT/ F , FP , FB , SCALEF , FO , 

1 S<40) ,  X<40) ,  XP(40>, T<40> ,  SCALEX<40), IFCALL, 
2 CS, c < 4 0 ) ,  G P ( ~ o ) ,  C B < ~ O > ,  CSP, cse, 
3 H<40,40>, C<40,40), DELTA, CSS, E, IflOVE, 
4 EL , DOUBLE , 2 , Q ,  A , ABRR a 

5 N , I T  , I T T  , HS , K , ICNVRC , 
6 IERR , LOOPF , I F I N  , ISHOT , IHOVEL , IMOYEH , 
7 IREAD , IMRITE , ICLOCK , IDENT , ISTEP , ISCALE 

CONNON /TAPEO/ IOUTAP 
I F f i t L - 0  
DO 1 0  I - l , N  
T( I >-KC I ) 

1 0 CBNT INUE 
DO 1 0 0  I - l , N  
DO SO ITRY-1,3 
TRY%RRCIHI < 1 i Or'AHAW f (  ARB< O-! I ) ), f . 0 ), ABS< K< 1 )  )* l . OC-4 >/'\: I 0 . O m - r :  ITRY- 

+ 1 ) )  
T( I 1-X( I )-TRY 
TB=T< I > 
N1-2 
CALL FCN <N,CB,FB,T,Nl 1 
T( I >-X< I >+TRY 
TP=T< I ) 
N l n 2  
CALL FCN <N,CP,FP,T,Hl) 
T( I )-x< I ) 
FN-TRY*< CB< I )+4.0*C< I )+CP< I j V 3 . 0  
FD-FP-FB 
CN-FDA 2.O+TRY Z 
CE=ABS( Ch-C< I > ) 
CT-ABS< CN+C( I > )+ 0.5E-3 
FE-ABS< FD-FN ) 
PT=ABS< FD+FN TuO, 5E-4 
I F  CCFE .LEa F T )  ,OR* <CE I L E .  CT) )  GO TO 98 

5 0  CONTINUE 
URITE <IOUTAP,55> I 

5 5  FORMAT <IH0/4HOTHE,I4,03H-TH COMPONENT OF THE ANALYTICAL DERIVkTIV 
1E DOES NOT AGREE TO UITHIN .1  OF 1 PERCENT ) 

URITE <IOUTAP,56) I,TRY,TB,FB,GB< I ),X( I >,F,G< I >,TP,FP,GP( I )  
S, CN, C< 1 >, CE, GT,FH, FD, FE, FT 

56 FORMAT(8H WHEN XC,I2,18H> I S  CHANCED BY H=,E13.5 
$ / ' O X -  X-H - ' ,E13,S, '  F 1 5  G ( X - )  - ' , E t 3 . 5  
L/ '  X - ' ,E13.5 , '  F<X ) = ' ,E13.5, '  G<X ) = ' , E 1 3 . 5  */ '  X+ - X+H - ' ,E I~ ,s ,  ' r 5 ,  G ( x + )  C',EIJ.S 
S/32H 0 <F<X+)-FCX->>/<2.0*H>e ,E13.5,  ' G=' ,E13.5 
S '  ERR=' ,El3.5,  ' TOL=',E13.5 
$ / 3 2 # 0 C H / 3 . 0 > * r . C C X - I + 4 . U Y G C X ) + C C X + ) > ~  ,E13.5 , '  F (X+ ) -FCX->= ' .E l3  5 
S ERR=',E13.5,' TQL=' ,E13,5 * > 

I F A I L = l  
GO TO t o o  

4 6  WRITE <IOUTnP,49> 1,ITRY 
99 FORMAT (16HOSUCCESS FOR THE,I4,20H-TH COMPONENT ON THE,I4,44 T F t )  

1 0 0 COl4T I NUE 
I F  < IFCIIL .EO. 1 ) STOP 
RETURN 
END 



kCRVCC T-00004 I S  ON CR00026 USING 00012  BLKS R-0000 

FTN4, L 
SUBROUTINE CSTRN < ITEST ) 
COMMON /VARMT/ F , FP , Fb , SCkLEF , FO , 

1 S<40) ,  X<40) ,  XP<40), T<40 ) ,  SCALEX<40), IFCALL,  
2 CS, C<40) ,  CP(40) ,  CB<40),  CSP, CSB, 
3 H<40,40) ,  C<40,40) ,  DELTA, CSS, E, INOVE, 
4 EL  , DOUBLE , Z , Q , A , ABAR , 
5 N , I T  , 1TT , MS , K , I C N V R G  , 
6 IERR , LOOPF , I F I N  , ISHOT , I H O V E L ,  INOVER,  
7 IREAD , I U R I T E  , ICLOCK , IDENT , ISTEP , ISCALE 

COHNON /TAPEO/ IOUTAP 
LOCI CAL ZERO< 1 ) 
EQUIVALENCE < ZERO, 1 ) 
I F  ( ITEST  .HE. 0 )  GO TO 7 0  
0 0  1 0  I = I , N  
ZERO< I )- .FALSE. 

1 0  COUTIUUE 
DO 6 0  J= l ,N  

C F IND  THE PIVOT FOR THE J-TH COL. 
PIVOT-0. 
DO 2 0  I - l , N  
I F  <ZERO<I>>  CO TO 2 0  
SAVE-ABS< C< I, J ) ) 
I F  <SAVE .LE.  P IVOT)  CO TO 2 0  
P I  VOT-SAVE 
I B I C m I  

2 0  COHTINUE 
I F  (P IVOT .EQ. 0 . )  CO TO 6 0  

C NON ZERO PIVOT SET FLAG RND SVITCH ROUS J AND I B I G  
ZERO( J )- .TRUE. 
PIVOT-C< I B I C ,  J )  
DO 3 0  I - J ,N  
SAVE=C< J, I ) 
C< J, I >-C< I B I C ,  I >/PIVOT 
C< I B I G ,  I )=SAVE 

3 0  CONTINUE 
C ELIRINRTE OFF DIflGONRL ELEMENTS 

DO 5 0  1-1,N 
I F  <I .EQ. J) GO TO 5 0  
DO 4 0  I I = J , N  
C < I , I I ) = C < I , I I ) - C t  I , J ) * C t J , l l >  

40CONTINUE , 

5 0  CONTINUE 
6 0  CONTINUE 
7 0  I F  ( ISCALE .EQ, 1 )  0 0  TO 1 0 0  

DO 90 I - l , N  
CSS=SCALEF/SCALEX( I ) 
DO 8 0  J=1,N 
H< I, J )=H< I, J )*SCALEX< J WCSS 

80 CONTIHUE 
9 0  CONTINUE 

100  DELTAPI.  
DO 150  1 ~ 1 , N  
11-N-1+1 
I F  < C < I I , I I )  .HE. 0 . )  CO TO 1 1 0  
DELTA=DELTA*H< I I, I I ) 
GO TO 1 5 0  

110  00 130 J - I I , N  



JJ-N-J+I I 
DO 120 K-11,N 
H< I I , JJ )=H< 11, JJ)-C<II,K)*H(K,JJ) 

120 CONTINUE 
H< J J , I I ) = H < I I ,  J J )  

130 CMlTIHUE 
150 CONTINUE 

I F  < ISCALE .HE. 0 )  RETURN 
DO 220  I = l , N  
CSS=SCALEF/SCALEX< I ) 
OELTA=DELTR*CSS/SC&LEX<I) 
DO 210  J-1.N 
H< I, J >=H< I, J )*CSS/SCRLEX( J > 

21 0 COHT INUE 
220 CWTINUE 

RETURN 
END 
CUBRI~UTINE HfiTPY(H,N,H,C,S) 
DIMENSION H(40,40),C(40>,S<46) 
I F  < M - 1 )  705,705,702 

702 DO 7 0 3  Iml,M 
S< 1 )-0 . 0 
DO 703  J-1,N 

703  S< I )=H< I, J)*C< J>+SC I) 
RETURN 

705 S < l  ) = O . O  
DO 706  1-1 ,N 

706  St 1 )IN< I, 1 )*C< I )+S< 1 ) 
RETURN 
END 
FUNCTION OK< X ) 
OK-6IBS-t X > 
IF<OK.CE.l .OEPO)CO TO 12 
OK-0.0 
RETURH 

12 9 K - 1 . 6  
RETURH 
END 



FTH4, L 
SUBROUTINE FCN <N,DER,CHISQ,X,M11) 
DIHENSION D E R ( 4 0 ) , C R A D T < 4 0 2 , X D A T A ~ 2 , 2 0 0 > , Y D A T A C  SOO),UEIGHT(:SUO).. 

* YCALC< 500),%<40),BUF< 1 2 8 )  
COnNON /TAPEO/ IOUTAP 
COMMON /IOBLK/ INPUT<144S,NIN<3>,IBUF~t28j 
ni =ni i 
IF <ni .HE. 1 )  co TO 400 

3 3 3  CALL READF<INPUT,IERR,IBUF,30,LEN) 
N=IBUF< 1 ) 
INVAR= IBUF< 2 ) 
NUllDTk=lBUFC 3 )  
IUCT=IBUF< 4 ) 
IDIFER-IBUFC 5 )  
IGRAPH=IBUF< 6 ) 
I F <  N . LE  . 0 >CALL FLCLS 

C I F (  I GRAPH. NE . 2  )GO TO 777  
C I GRAPH= 0 

URlTE < IOUTAP,? ) N, INVAR, NUMDTA 
7 FORMAT (35HlTHE NUUBER OF F I T T I N G  PARANETERS =,14/38H THE NUMBER 0 
*F INDEPENDENT VARIABLES =,14/28H THE NUMBER OF DATA POINTS =,I4> 

I F  <MOD<IUCT,2) .EQ.  1 )  CO TO 1 0 0  
DO 1 0  1-1 ,NUMDTA 
CALL READF<INPUT,IERR,BUF,40,LEN> 
YDATA< I )=BUF< 1 ) 
00 9 J-f ,INVAR 
%DATA< J, I )=BUFC J+ 1 ) 

9 CONTINUE 
IF<YDATA<I) .CT.O. )GO TO 8 
UEIGHTC I )=I. 0 
CO TO 10  

8 YEICHT< I >=l , O/YDATAC I ) 
1 0 CONTINUE 

GO T 0 . 2 0 0  
100  00 1 1 0  I=l.NUNDTA 

CALL READF< INPUT, IERR, BUF, 40, LEN ) 
YDnTA< I )=BUF< 1 ) 
DO 105  J=l,INVAR 
XDATA< J, I )=BUF< J + l  ) 

1 05 COHT INUE 
UEIC#T< I )-BUF( INVAR+2 ) 

11 0 CONTINUE 
2 0 0  I F  (ILdGT .CE.  2 )  CO TO 3 0 0  

C URITE < lOUTAP,201 ) 
C 201 FORMAT ( 12HODATA POINTS) 
C DO 2 1 0  1-1,NUMDTA 
C URITE <IOUTAP,205) Y D A T A < I ) , < X D A T A C J , I T , J s l , I N V A R i , h I E I G H T < I  > 
C 205 FORMAT < l X , l O E 1 3 . 5 2  
C 2 1 0 COHT INUE 

3 0 0  CALL TbRCE (FUNCT,CRADT,X,XDATA,nl,INVAk) 
RE1 URN 

C 777  MRITE<1,901 j< IBUF<LL>,LL=1,6)  
C 901  FORMA7<6110) 
C: DO 7 6 0  I=l,NUMDTA 
C CALL READF<IHPUT,IERR,BUF,40,LEN:) 
C 7 8 0  CONTINUE 
C CALL kEADF(INPUT,IEkR,X,S0,LENj 
C CO TO 3 3 3  



JJ-N-J+I I 
DO 120 K-11,N 
H< 11, J J ) = H < I I ,  JJ)-C< II,K)*HCK, J J )  

120 CONTINUE 
H< J J , I I > - H < I I ,  J J )  

130 CONTINUE 
150 CONTINUE 

I F  < ISCALE. . NE. 0 )  RETURN 
DO 220 I - l , N  
CSS-SCALEF/SCALEX( I ) 
DELTA-DELTA*CSS/SCALEX<I) 
DO 210  J- l ,N 
HC I, J )=H< I, J >-GSS/QCALEH( J ) 

2 1 0 CONTINUE 
220  c ~ t ! w u E  

RETURN 
END 
SUBROUTINE HATPY<H,N,H,C,S) 
DINEHSIOtI H ~ ( I O , 4 0 1 r . C ~ 4 f l > , S < 4 0 ~  
IF tn-I > 7os,i+os,7oa 

702 DO 703  I-1,U 
S< J >=o. 0 
DO 703  J-1 ,H  

703 S i  l )44 (1 ,  J)*C< J ) + S < I )  
RE1 URN 

705 S<1Z=O.B 
DO 706 1-1 ,N  

706 St 1 )-H< I, 1 )+C< I )+S< 1 ) 
RETURN 
END 
FUNCTION OK( X ) 
OK-ABS< X ) 
I F ( O K . C E . 1  .6E2O>CO T'U 12 
OK-0.0 
RE TURN 

12 OK-1.0 
RETURN 
END 





LUTLTY T=00004 I S  ON CR00026 USING 00040 BLKS R-0000 

FTN4, L 
PROCRAn UTLTV 

C PROGRAM TO CONVERT A SET OF 2 2  CALCULATED EHERCY DISTRIBUTION 
C RESPOWSES TO AN INPUT F I L E  FOR THE 3-DIMENSIONAL SMOOTHING 
C ROUTINE LSQVW. 

DIMENSION CONT1<3,15,5),CONT2<3, 10,5),CONT3<3, 15,7),CONT4i3,10,7j,  
' A  C 0 N T 5 < 3 . 1 5 . 1 0 ) . C 0 N T 6 ~ 3 , 1 0 . 1 0 ~ , C 0 N T 7 < 3 , 5 , 1 0 ~ , C 0 N T 8 < 3 , 5 , 1 0 ~ ,  

DIMENSIOH x < ~ ~ , D ~ T ~ x ~ ~ o o ) , D ~ T A < ~ ~ ) , T I T L ( ~ ) , I N D K ~ ~ ) , x x I < ~ ~ ~  
COMMOH/IOBLK/INPUT<l44),IOUT< 144) ,NIN(3>,NOUT<3) ,1TL< 144) ,N12<3)  
DATh EN/6.511/ 
WLE- 0 
HL2- 0 
WE- 0 
CALL OPEN< INPUT, IERR,WIN, 0,0,26,128) 
IF< IERR. LT .  0 )GO TO 701 
GO TO 51 

701  MRITE< 1,721 ) 
7 2 1  FORMAT<' CANNOT OPEN F I L E  . . . .  OUTO1') 

GO TO 5 0 0  
5 1  DO 400  KT-1,22 

1 2 0  CALL RE@DF<INPUT,IERR,TITL,b) 
IF< 1ERR.LT. O X 0  TO 500  
CALL REfiDF< INPUT, IERR, DATAX, 2 0 0 )  
U R I T E < l , l O l  )KT,<TITL(K),K-1,3) 

101 FORMAT< IS ,3E15 .5 )  
E = T I T L < 1 )  
IF<E.LT.O.P)CO TO 120  
X( 2 )-E 
SLPX=E/100. 
€2UX=-SLPX/2.0 
ECPT-E/< 1 . O+EH/< 2.0- ) 

IF(E.CT.1.2)GO TO 2 0 0  
HLE=NLE+ 1 
SbPsECPT/lS. 0 
EZO=-SLP/2.O 
CR-ECPT 
SUB- 0. 
NR=15 
HW-3 
N t - 5  
IF<E .CT .  0.6)CO TO 150  
CALL ~AU~P<#R,NX,#2 ,~LE,D~Tf4X,3LPX,EZOX,bC1TCI ,SLP,EZO,X,CR,  

A SUB, CONTI ) 
155 SL.Ps( E-ECPT > / I  1 , 0  

EZOaECPT-SLP/2.0 
CR=E-ECPT 
CUD-ECCT 
WR=l 0 
IF(E.QT.8 .6>CU TO 160 
CALL MANIP<NR,NX,NZ,NLE,DATAX,SLPX,EZOX,DATA,SLP,EZO,X,CR, 

A SUB,CONT2) 
165 PEAK 1 < 1 NLE )mDATAX< 1 00 ) 

PEAK 1 < 2,  NLE >=E 
GO TO 4 0 0  

150 HZ-? 
HL2=NL2+1 
CALL flANIP<NR,NX,NZ,NL2,DATfiX,SLPX,EZOh',DATA,SLP,EZO,X,CR, 



A SUB,CONT3) 
GO TO 155 

160 CALL RANIP<NR,NX,NZ,NL2,DATAXlSLPXIEZOX,DATA,SLP,EZO,X~CR, 
e SUB, COHT4 ) 

GO TO 165  
2 0 0 NHE-NHE+ 1 

SLP=< E-2.O*EM ) / I S .  5 
EZOm-SLP/2.O 
C R 4 - 2 .  OlEN 
SUB= 0. 
NZ-10 
NR=15 
CALL RANIP<NR,NX,NZ,NHE,DATAX,SLPX,EZOX,DATA,SLP,EZO,X,CR, 

A SUB,CONTS) 
SLP=EN/l l .S 
EZO-E-2.O*E# 
CR-Efl 
SUB-EZO 
MR-10 
CALL RANIP<NR,NX,NZ,NHE,,DATAX,SLPX,EZO%,DATk,SLP,EZO,X,CR, 

A SUB,CONT6) 
S L P 4  ECPT-E+EN )/S. 5 
EZO=( E-EN ) 
CRmECPT-E+EH 
SUB-EZO - - -  - -  

nR=5 
CALL HANIP<NR,NX,NZ,NHE,DATkX,SLPX,EZOX,DATA,SLP,EZO,X,CR, 

SUB-ECPT 
CALL NANIP<NR,NX,NZ,NHE,DATAXlSLPXlEZOXlDATA,SLP,EZO,X,CR, 

HZ-1 00.O*< E-EM )/E-2.0 
DNfiX=DATAX< N 1 ) 
DO 250 I = N l + l 1 N 1 + 4  
I F <  DRAX . LT . DAT AX< I > >ONAX-DATAXC I > 

250 CONTINUE 
PEkK2< 1 , NHE S=D#AX 
PEAK2< 2, NHE )=E 
ONAX=DATAX< N2 ) 
DO 252 I-N2+ 1 , N2+4 
I F <  bMAX. LT . DATRXC I > )DNAX=DC)T AX( I ) 

252 CONTINUE 
PEAK3< 1, WHE )=ON&X 
PEAK3< 2, NHE )=E 
PEAK4< 1, M E  )=DATAX< 100 ) 
PEAK4< 2, NHE )-E 

400 COHTINUE 
CALL CREAT<IOUT,IERR,NOUTl100,3,01261128) 
I F  ( IERR.LT.0) GO TO 702  
GO TO 421 

702  YRITE<lI lO6)IERR 
106 FOR#BT< ' CREAT ERROR CODE- ' 16  ) 

GO TO 5 0 0  
421 CALL OPEN< I T L ,  IERR,N12,0, 0,26, 128 )  

I F  (1ERR.LT.O) GO TO 703 
GO TO 425 



703 URITEC 1 , 7 2 2 )  
722 FORRQTC ' CQNNOT OPEN F I L E . . . . I N P T O 2 ' )  

GO TO 5 0 0  
425 INDXC 1 )a25 

INDXC 2 >=2 
I N D M  4 >= 0 
INDXC 5 )= 1 
INDXC 6 )= 0 
N I = 5  
MJ=15  
INDXC 3 )=NI+N J 
URITEC 1 , 1 0 2 > <  I N D M  I >,I=! # 3 3  

1 0 2  FORMAT< 3 1 5  ) 
CALL  U R I T F t  IOUT,  IERR, I H D W  ) 
CALL  RTOUTC H I ,  N J, CONT1 ) 
CALL  READFt ITL,IERR,XX1..5O,NW) 
CALL  URITF<IOUT,IERR,XXI,NW) 
N J I l O  
INDXC 3 )-NI*N J 
YRITE<1,102)<1NDX(I>,I=l,3) 
CALL URITFC IOUT,  IERR, INDX,6 )  
CALL  RTOUTC N I  , N J, COHT2 ) 
CALL  READFC ITL,IERR,XXI,SO,NW) 
CALL URITF< IOUT, IERR,XXI ,NW)  
N I = 7  
N J = t S  
INDXC 3 )=NI+N J 
URITEC l , l O 2 > <  INDX( I ) , 1 = 1 , 3 >  
CALL  U R I T F < I O U T , I E R R , I N D X , 6 )  
CALL RTOUT<NI,NJ,CONT3) 
CALL  READFC I T L ,  IERR,XXI,  J0,NW) 
CALL  U R I T F <  IOUT,  IERR,XXI ,NM)  
N J - 1 0  
INDX< 3 )-NI-N J 
URITEC1,102jCIUDXCI~.I=1,35 
CSCL Y R I T F (  IOUT, IERR, INDX,6)  
CALL  RTOUTC H I ,  N J, CONT4 ) 
CALL  READFCITL,IERR,XXI,SO,NW) 
CALL URITF<IOUT, IERR,XXI ,NW) 
N I S I  0 
N J = l S  
INDXC 3 )=NI*N J 
URITE(  1 , 1 0 2 X  I N D X C I  >,I-! , 3 >  
CQLC URITFCIQUT, ICRR, INDX,b r  
CALL RTOUTC H I ,  N J, CONTS > 
CALL REARF( ITL ,  I E R R , x x I , s o W  
C h L L  YRITF<IOUT, IERR,XXI ,NW) 
N J m l O  
IHDXC 3 > e N I * N J  
U R I T E i  1 , 1 0 2 ~ < I N D X ( I ~ , I = t  , 3 j  
CALL CIRITFCIOUT,IERR,IHDHiG) 
CALL RTOUTC N I  , N J, CONT6 ) 
CALL READFC I T L , I E R R , X X I , S O , H W )  
CALL URIT fC lOUT, IERR,XXI ,NW)  
N J=5 
IHDX< 3 )=NI *NJ  
URITE(  1 ,  1 0 2 j < l H D X C  I i , I = 1 , 3 j  
CALL URITF( IOUT, IERR, IND%,6)  
CALL RTOUTC N I  , N J, CONTt ) 
CALL READFCITL,IERR,XXI,50,N(J) 



CALL YRITFC IOUT, IERR, %XI,  NU) 
URITE<1,102)<1NDX<I),I=1,3) 
CALL URITF<IOUT,IERR,INDX,6) 
CALL RTOUT<NI,NJ,CONTB) 
CALL READF<ITL,IERR,XX1,5O,NbJ) 
CALL URITF<IOUT,IERR,XXI,NW> 
M I 1 1 2  
INDX< 1 )-5 
INDX< 2 )= 1 
IHDK< 3 )=NI 
URITE<1,102)<INDX<I>,I=I,3) 
CALL URITF<IOUT,IERR,INDX,6) 
CALL RTTUO< N I  , PEAK1 ) 
CALL READF<ITL,IERR.XXI,lO,NLd) 
CALL URITF<IOUT,IERR,XXI,NU> 
N I - 1 0  
INDX< 3 )=NI 
URITE< t , 1 0 2 ) < I N D X < I ) , I = t  , 3 )  
CALL URITF<IOUT,IERR,INDX,6)  
CALL RTTUO< N I  , PEAK2 ) 
CALL READF<ITL, IERR,XXI , lO ,NU)  
CALL URITF<IOUT,IERR,XXI,NM) 
URITE< 1,102)< 1NDX< I ),I-) 
CALL URITF< IOUT, IERR, INDX,6) 
CALL RTTUO< N I  , PEAK3 ) 
CALL READF<ITL,IERR,XXI,lO,NM> 
CALL YR1 I F <  IOUT, IERR,XXI, NU) 
URITE<1,102)<1NDX<I),I~1,3~ 
CALL URITF< IOUT, IERR,INDX,6) 
CALL RTT UO< H I ,  PEQK4 ) 
CALL READF< I T L ,  IERR,XXI, 10,NU) 
CALL URITF<IOUT,IERR,XXI,NW) 
INDX< 1 >-0 
YRITE<l,lOZ)<INDK<I),1=~,3) 
CALL URITF<IOUT,IERR,INDX,6) 
CALL LOCF<1OUT,IERR,IREC,IRB,IOFf, JSEC) 
ITRUN- JSECt2- IRB- 1 
M I T E <  1,102 )ITRUN 
CALL CLOSE< IOUT, IERR, I TRUN ) 
URJTEC 1 ,103)  

103  FORMAT< ' F I N I S ' )  
5 0  0 CALL CLOSE< INPUT > 

CALL CLOSE< I TL ) 
STOP 
END 

C 
SUBROUTINE RTOUT< N I  , NJ,ARRY ) 

CO~HON/IOBLK/INPUT< 144), IOUT< 144  ),NIN< 3>,NOUT<3>, I T L <  144 > ,N12 (3>  
DIMENSION ARRY<3,NJ,NI ),BUF(S) 
Do 1 0  I = l , N I  
DO 1 0  J - l ,NJ  
DO 5 K=1,3 
BUFC K >-ARRV( K t  J, I ) 

5 COHTINUE 
CALL URITFC IOUT, IERR, BUF, 6 ) 

1 0  CONTINUE 
RE TURN 
END 

L 

SUBROUTINE RTTUOC H I ,  ARRY ) 



COHMON/IOBLK/INPUT< 144 ), 10UT( 144 ),NIHC 3 >,NOUT<3 ), ITLC 144 >,NI2< 3 )  
DIMENSIOH ARRY(2,l ),BUF(5> 
DO 10  I-7,NI 
DO 5 J=!,2 

5 BUF< J )6RRY< J, I ) 
CALL URITF<IOUT,IERR,BUF,4) 

1 0 CONTINUE 
RE TURN 
END 

C 
BLOCK DATA 
CORRLjN/IOBLK/IHPUTC I44>,IOUT< 144)~t4111(3)rHOUT~3)r I T L t  144 ;l,NI2l:3Z 
DeTA HIN/2HOU,2HTO,2Hl / 
DATA NI2/OHTH,2HPT,PH02/ 
OAT6 Hnl lTRPHLS,  2HQI .2HN / 
END 

C 
SUBROUTINE RANIP(NR,NX,NZ,NDX,DATAX4SLPX,EZOX,DATA,SLP,EZ0, 

1 X,CR,SUB,OUT) 
DIWEHSIOH DATA%< 1 ),DAT<l ),X( 1 ),EDAT<PO),OUT<NX,NR,NZ> 
CALL BINDT<NR,EDAT,SLP,EZO) 
DO 1 0  I= l ,NR 
EDFIT< I )-< EDAT< I )-SUB >/CR 

i o CONTINUE 
CALL REBIN< NR, DATAX, SLPX, EZOX, DATA, SLP , EZO ) 

, CALL SAVIT<NR,NX,NZ,NDX,X,DATA,EDAT,OUTZ 
RETURN 
END 

C 
SUBROUTINE SAVIT<NR,HX,NZ,NDX,X,DATA,EDAT,OUT> 
DIMENSIOH X<1 ),DATA<l ),EDAT< 1 ),OUTCNX,HR,NZ> 
DO 10  I- l ,NR 
X< 1 >=DATA< I ) 
X( 3 )-EDAT< I ) 
DO 5 3-1,3 
OUT< d ,  I I NDX )I%< J ) 

9 CONTINUE 
1 0 CONTINUE 

RETURN 
END 

C 
SUBROUTINE REBINCNR,DATAX,SLPX,EZOX,DATA,SLP,EZO) 

C TRANSFORN 100-DIMENSIONAL DATAX<SLPX,EZOX) 
C INTO HH-DldENCIONAL DATAi 3LP. F70)  

DIMENS ION OATAX< 1 ),DATA< 1 ) 
RT 10=SLPHPJBLP 
CHHL-1 .5  
CALL ERG< ELO, CHNL-1.0, SLP, EZO > 
CALL ERG< EH I ,  CHNL , SLP, E Z O )  
00 $ 0 0  Ic l ,NR 

100 DATA< I >=O. 0 
CHHLX= 1 . 5 
DO 101 IX=1,100 
CALL ERG< EXHI, CHNLX, SLPX, EZOX 
I F <  EXHI. CT . EL0 )GO TO 1 02 
CHNLX=CHNLX+1.0 

1 01 COHT INUE 
GO TO 500 

C 
102 CALL ERC(EXL0,CHNLX-l.O,SLPX,EZOX) 



DO 103 1-1 ,NR 
I H l N = I  
I F <  €HI  . CT . EXLO )GO TO 1 04 
€LO-EHI 
CHML=CHNL+l.O 

I 03 CALL ERG< EHI  , CHNL , SLP, €20 ) 
W TO 500 

C 
104 00 400 I- lHIN,NR 
105 IF<EXLO.CT.ELO) GO TO 201 
200 IF<EXHI .CT.EHI)  GO TO 210 

YI< EXHI-EL0 )/< EXHI-EXLO) 
DATA< I )-DeTAt I )+U*DATAX< I X )  
GO TO 300 

201 IF<EXHI.CT.ENI)CO TO 211 
DATII< I )-DATA< 1 )+DATAX< I X )  
60 TO 300 

2 1 0 U=< EH I -EL0 )/< EKH I -EXLO ) 
DATA< I >-D)ITA< I )+Y*DATCIX< 1%) 
CO TO 301 

21 1 U-< EHI-EXLO )/< EXHI-EXLO> 
DATCIC I )-DAT&< I )+U*DATAX< I X )  
60 TO 301 

300 I K - f X + l  
I F < l X . C T .  100)CO TO 500 
EXLO=EKHI 
CHHLX-CHNLX* 1 .0 
CALL ERG( EXHI, CHHLK, SLPX, EZOX ) 
SO TO 185 

301 €LO-EHI 
CHNL-CHHL+l . 0 
CALL ERG<EHI,CHHL,SLP,EZO) 

400 CONTINUE 
500 00 550 1-1jNR 
550 DATA< I >-DATA< I >*RT 10  

RE TURN 
END 

C 
SUBROUTINE ERC<E,CHNL,SLOPE,EZERO) 

C CONPUTE CmHNEL CENTER ENERGY 
E-SLOPE*CHNL*EZERO 
RETURN 
END 

C 
SUBROUTINE BINDT<NR,EDAT,SLOPE,EZERO) 

C CONSTRUCT CHANNEL CENTER ENERGY VECTOR EDAT 
DIMEHS IOH EDAT< 1 ) 
DO 2 1-1 ,NR 
CHNLm I 
CALL ERG< EDATC I ), CHNL, SLOPE, EZERO ) 

2 CONTINUE 
RETURN 
END 







BRESPN T=00004 I S  ON CR00026 USINC 00014 BLKS R=OOOO 

0001 
00 02 
0003 
0004 
0005 
0806 
0007 
0008 
0009 
001 0 
on t  t 
0012 
0013 
no 14 
001s  
00 16 
00 17 
0018 
00 19 
0020 
0021 
0022 
0023 
0024 
0025 
0 026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
003s 
0036 
0037 
0038 
0 039 
0040 
004 1 
0042 
on43 
0044 
0045 
0046 
0047 
004A 
0 049 
Q 0 5 U  
0 05 1 
0052 
0053 
0054 
0055 
0 056 
0057 
0 058 

FTN4, L 
PROCRM RESPN 

C THIS  PROCRAH U I L L  YRITE AN OUTPUT F I L E  CONTAININC THE RESPONSE. 
C I T  EXPECTS TUO INPUT F I L E S  . . . .  <1)OUTO2, <2 ) INPT03 .  
C F I L E  OUT02 MUST CONTAIN THE BEST F I T  PQRAMETERS. 
C F I L E  INPTO3 RUST CONTAIN PHOTON ENERCY, SLOPE AND EZERO. 
C CHOOSE SLOPE AND EZERO SUCH THAT THE RESPONSE OUTPUT HAS 
C LESS THAN 256  CHANNELS. 
C THE LRST ENTRY I N  INPT03 INPUT F I L E  HAS TO HAVE ENERCY = 0 . 0  

DIMENSION X1<25) ,X2<2S) ,X3<25) ,X4<25) ,X6<25) ,X6C25) ,X7<25) ,X8~25)  
DIWE#SION Pl<S),PP<S),P325>,P4<5> 
DIHENSION IOUTC 144),NOUT<3),1HPl< 144>,HP1<3)a  INP2 i  144>.NP2<3> 
OIHENS lUH BUF< 6 ), RESP< 256 ) 
DATA N&JT/SHOU,SHTP,Z#T / 

W P ~ / ~ H O U , ~ H T O , ~ H ~  / 
DATA HP2/2HIN,2HPT,2HOW 
OaTA EM/O.Sl l /  
CALL CREA'T<IOUT,IERR,NOUT,30,3,0,26,128) 
CALL OPEN<1NP1,1ERR,NP1,0,0,26,128~ 
CALL OPEN<INP2,1ERR,HP2,0,0,26,12~) 
CALL READF<INP1,IERR,Xl,SO,LEN) 
CALL READF< INPl,IERR,X2,SO,LEN) 
CALL READFC INP1, IERR,X3,5O,LEN) 
CALL READF< INP 1 , IERR, X4, SO, LEN ) 
CALL READF<INPl,IERR,XS,SO,LEN) 
CALL READF< I N P l ,  IERR,X6,5O,LEN ) 
CALL READF< I N P l  , IERR, X7, SO, LEN) 
CALL READF<INPl,IERR,X8,5O,LEN) 
CALL READF< INP 1, IERR, P1, W E N  ) 
CALL READF<INP1,1ERR,P2,101LEN) 
CALL READF<ItdPl,IERR,P3,10,LEN) 
CALL READF< INP1, IERR, P4.10,LEN > 

1 00 1 CALL READF< IHP2, IERR, BUF, 6, LEN ) 
6-BUFC 1 ) 
IF<E.LE.  0 .  >GO TO 2001 
DE=BUF< 2 ) 
UO=BUF< 3 ) 
Mf?=< € 4 2 0  )/DE+ 0. S 
I F <  NR .CT ,256 )GO TO 701  
ECHPT =E/< 1 . O+EH/< 2.0- ) 

DO 1 0  I=1,256 
1 0  RESP<I)=O.O 

IF (E ,CT*  1 -2)GO TO 9 0  
DO 4 0  I=l ,NR-1 
C I m I  
ECH=< C I - 0. S )*DE+EZO 
IF(ECH.LE.0.  )GO TO 4 0  
I F <  ECH . CE , EOHPT )OO TO 33 
ECH=ECH/ECHPT 
IF<E.Cf. O.6jCO TO 36 
CALL EDEP< E, ECH, RESPC I ), X 1 ) 
CO TO 4 0  

3 6  CALL EDEP< E, ECH, RESP< I ), X 3  j 
CO TO 4 0  

3 5  ECH=< ECH-ECMPT j/< E - E C W  ) 
IFCE.CT.0.6)CO TO 3 8  
CALL EDEP< E, ECU, RESP< I ), X 2  ) 
CO TO 4 0  



38 CALL EDEP< E, ECH, RESP< I ), X4 5 
4 0  CONTINUE 

CALL PEAKE< E, RESP< NR ), P1 ) 
CO TO 1101 

5 0  El-E-P.O*EW 
E2-E-EN 
DO 100 1-1,NR-1 
C I - I  
ECH=<CI-0.5 )*DE+EZO 
IF(ECH.LE.0. )GO TO 1 0 0  
IF<ECH.CT.El )GO TO 60 
ECH=ECH/El 
CALL EDEP< E,ECH,RESP< I ), X 5  5 
CO TO 100  

6 0  IF<ECH .CT.E2)CO TO 1 0  
ECH=< ECH-E 1 )/EM 
CALL EDEP< E , ECH, RESPC I ), X6 > 
6 0  TO 100  

7 0  I F <  ECH. CT .ECNPT )GO T 0 8 0  
ECH=< ECH-E2 )/< ECNPT -E2 > 
CALL EDEP< E , ECH, RESP< I ), X 7  ) 
GO TO 100  

8 0 ECH-< ECH-ECNPT )/< E-ECHPT ) 
CALL EDEP< E, ECH, RESPC I ), X 8  ) 

1 00 CONTINUE 
HP1=El/DE+O.S 
HP2-E2/DE+0.5 
CALL PERKE(E,RESP<NPl ),P2> 
CALL PEAKEC E, RESP< UP2 ), P3 ) 
CALL PEAKE<'E , RESP< NR ), P4 ) 

1 1 01 CALL URITF< IOUT, IERR,BUF,6 ) 

YRITE<6,201 )<BUF< I), 1=1,3) 
201 FORHAT<3E12.5) 

NURD=Z*NR 
CALL ORITF<IOUT,IERR,RESP,NURD) 
YRITE<6,202)<RESP< I >,I=l ,NR) 

2 02 FORRAT< 1 OF?. 0 ) 
CO TO t o o t  

701 YRITE<1,721) 
721  FORMAT<' OUTPUT RESPONSE HAS MORE THAN 256 CHANNELS'/ 

A '  CHECK SLOPE AND EZERO 1 N . F I L E  INPT03 ' )  
2001 CALL LOCC<IOUT,IERR,lRECB~RB,IOFFBJSEC) 

ITRUN= JSEC/2-IRB- 1 
CALL CLOSE< IOUT, IERR, ITRUH ) 
CALL CLOSE< IHP 1 ) 
CALL CLOSE< INP2 5 
STOP 
END 

L 
C 

SUBROUTIHE EDEP<E,ECH,RESP,X) 
DINENSION C<255,X< I ) 
f CHS-ECH*ECH 
ECHCaECHS*ECH 
ECHQ=ECHC*ECH 
c< 1)-1 . o  
C( 2 )-ECH 
CC 3 550, 5 * t  3.O*ECHS-1 . 0  ) 
C( 4 )SO.  5*< 5,0*ECHC-3.O+ECH ) 
Cl: 5 )=On 125+< 35.0+ECHQ-30U0*ECH5:+33 0 5 



DO 10  I-6,25 
C< I >=G< 1-5 >*E 

1 0 COHT INUE 
RESP-0.0 
DO 2 0  I=1,25 
RESP=RESP+X< I >+C< I > 

2 0  COHT INUE 
RETURN . 
END 

C 
C 

SUBROUTIHE PEAKEC E ,  RESP, P > 
DI~E#SION PC i 
ES-E*E 
EC=ES+E 
EQ-EC*f 
RESP=P( t >+P< 2 >+E+P< 3 )*Es+P( 4 )*EC+PO*EQ 
RE T UPN 
mu 





&PLTTR T=00003 I S  ON CR00026 USING 0021 ELKS R=0000 

FTN4, L 
tENA< DATT, 0 ) 

PROGRAM PLTTR 
CORNON/DAT T/DATA( 1 0,20 0 
connoN SLOPE,EZERO,RESO POMER 

C T H I S  PROGRAM U I L L  PLOT RES ONSE FUNCTIONS CALCULkTED BY ARES, 
C AFTER FOLDING I N  THE DETEC OR RESOLUTION. 
C PROCRAH U I L L  ASK FOR DETEC OR RESOLUTION AND POWER. 
C I T  EXPECTS AN OUTPUT F I L E  REATED BY ARES NODULE RESPN NAMED 'OUTPT'. 

DIRENSION ICCB(192),ATA 280) ,NIN<3) , INPT<144>,BUF<128) ,NCHC10> 
W T A  NIN/2HOU,2HTP,2HT 
LU-60 
I D 9 4  
CALL OPEN< INPT,. IFRR,NTN n, n,76,- 17A) 
I F C I E R R . L T . n > C f l  Tn 951 

'CALL PLOTRC ICCB, ID,  I ,LU 
URITE< 1 ,900 )  

9 0 0  FORRAT<' ENTER NUMBER 0 RESPONSES TO PLOT' )  
READ< 1 , )NPL 
DO 1 0  KK=l,NPL 
CALL READFC INPT, IERR, BU , 6  ) 
I F <  IERR . L T  . 0 )GO TO 2 0  
URITE< 1,901 ) < B U F < I ) , I = l  3 )  

901  FORPlAT<3E12.5) 
CALL READF<INPT,IERR,AT ,512,LEN) 
NN=LEN/2 
NCH< KK >=NN 
DO 5 J=l,NN 
DATA< KK, J )=AT&< J ) 
CONTINUE 

1 0 CONTINUE 
2 0  URITE( 1 ,902)  

9 0 2  FORMAT< ' ENTER SLOPE,AN EZERO') 
READ< 1 , * )SLOPE, EZERO 
URITE< 1,903 ) 

Q o i  FORMAT<' ENTER PERCENT ESOLUTIOH, AND POWER') 
READ< 1 , * )RESO, POYER 
DO 3 0  IS= l ,NPL 
NR=NCH< I S  ) 
DO 25 I = l , N R  
ATA< I )=DATA< I S  , I ) 

25 COtlTINUE 
CALL SHEAR< AT&, NR ) 
NCH< I f  )-NR 
DO 2 8  I= l ,NR 
onTn< 16, I ) - R T ~ <  I ) 

28 CONTINUE 
3 0  CONTINUE 

KHIN= l2 .4  
XRAX= 1 6 5 . 2  
CALL LI#IT(1CCB,X#lN,Xbi X ,6 .0 ,254.0)  
CALL SETAR< I CCB, 0.68 ) 
CALL UINDU<ICCB,0.,100. ,0 . ,147.0)  
CALL MOVE( ICCB,Ja 0,O. 0 )  
CALL DRAU(ICCB,100.,0.0 
CALL DRAY<ICCB,100.,147 0 )  
CALL UURUC I C C B ,  5 .0 ,147 .  ) 

CALL DRAW ICC8,S. 0,O. 0 )  



0059 
0060  
0061 
0062 
0 063  
0 064 
0065 
0066 
0067 
0068 
0069 
0070  
007  1 
007  2 
0 073  
0074 
0075 
0076  
0077 
0078  
0079 
ooao 
0081 
0062 
0003 
0 084 
0085 
0086  
0067  
0068  
0089  
0090 
0091 
0092 
0 093  
0094 
0095 
0 096  
0 097 
0098 
0049 
01 00 
01 01 
01 02 
01 03  
01 04 
0 t  0s 
01 06 
01 07 
01 08 
01 09 
U l l 0  
01 11 
01 12  
01 1 3  
01 1 4  
01 I S  

, 01  16  
01 1 7  
01 16  

D # I N = l  .OE+? 
WIkX=O. 0 
DO 170  I= l ,NPL  
DO 1 7 0  J=1 ,NCHt I) 
IF(DATA< I , J> .LE .O .  )D&TA!I,J)=l , O  
I F  < DMIN. CT. OAT&< I, J > )DllIN=DhTA< I, J ) 
IF < DMAX . L T  , DATA( I, J > )DMAX=DAT&< 1, J > 

1 7 0  CONTINUE 
MIH=O 

101 IF< lO.D*+MIN.LT.DMIN)CO TO 182  
UIN-HlN-1 
CO TO 101  

182  H IH=NIN+ l  
IF<10,0**MIN,CT.D#IN)GO TO 183  
CO TO 182  

1 8 3  M I N 4 l I N - 1  
D#IN=MIN 
MAX=N I N 

105  IFilO.O+*WAX.CT.DHAX)GO TO l % 6  
MAX-MAX+ 1 
CO TO 1 0 5  

186  DNkX=HAX 
187  NXPMAX-#IN 

NR=HCH< NPL ) 
MY=HR/PO+t 
DO 190  I= t ,NPL  
DO 190  J-1,NCHCI) 
DATA( I, J )=ALOCT< D A T M  I, J ) > 

190  CONTINUE 
CALL YTICS<ICCB,20 .0 ,5 .0 ,  t37 .0 ,NY)  
CALL XTICS<ICCB,20.0,90.0,137.O,NX> 
CALL V1EUP<ICCB,20,0D90.0,5~0,13?. 0 )  
RR=NY*20 
CALL UINDU( ICCB,DMIN,D#AX, 0 .  ,AR> 
CALL CSIZE( ICCB,2 .0 ,0 .7 ,0 . )  
CALL L D I R t  ICCB,-1.57)  
DO 2 0 0  I s 1  DNPL 
CALL HOVEC ICCB, (DATA< I, 1 ) ), AR> 
DO 2 0 0  J-P,NCH<I) 
CH= J-1 
BR=Ak-C'H 

2 0 0  C&LL DRAU<ICCB,(DATk<l,J)>,BR) 
YRfTE< 1,917)  

9 1 7  FORMAT< 'PLOT F I N I S  ' ) 
9 5 9  CALL PLOTR< ICCB, ID ,  0 ) 

CALL CLOSE< INPT j 
STOP 

951  YRITEC 1,911 j IERR 
911  FORNUT<' OPEN ERROR ~ ' ~ 1 4 )  
, CO TO 9 5 9  

END 
C 

SUBROUTINE XTICSC IGCB,XMIN,XMAX,YMAX,NX) 
DIMENSION XCCBC 1 ) 
DX=r XP1AX-XNIN j/NX 
XTIC=YNAX-1.0 
X=XHIN 
DO 1 0  I s l D N X  
X=X+DX 
CALL DRAM( ICCB, X, Y#AX> 



.CALL DRAY<IGCB,X,XTIC) 
CaLL MOVE< I GCB , X, YUAX ) 

1 0  CONTINUE 
RE TURN 
END 

C 
SUBROUTINE YTICS(ICCB,XMIN4YWIH,YNAX,NY) 
DINENSION ICCBC1) 
DY=< YHAX-YNIN )/NY 
YTIC-XNIN+l . 0  
Y-YHIN 
DO 10  1-1,NY 
CALL ROVE< ICCB,PTIC,Y) 
CALL DRAM< ICCB,X#IN,Y) 
Y = Y + ~ Y  
Ct9LL PRAY( ICCB,XHIH,Y> 

1 0  COHTINUE 
RETURN 
e#o 

L 
C 

SUBROUT I NE SNEfiRC PUT IN, NR ) 
DINEHSION PUTIN<260) ,OUT<280) ,E(280)  
CWHON SLOPE.EZERO,RESO,POUER 
DO 1 0  I -1 ,280 

1 0  OUT< 1 )mO. 
TOTIN-0.0 
DO 2 5  I-1,HR 
TOT lH=TOTIN+PUTIH< I ) 

25 CONTINUE 
CALL EOAT(E) 
DO 5 0  K=l,NR 
SIC-SI  CNat E( K ) ) 
V-1 .O/SIC 
NO-S.O*SIC/SLOPE 
HI =K-ND 
I F < N I . L T , l  )HI=1 
UFsK+NP 
IF( NF . CT , 280  )NFm20 0 
DO 3 0  I=NI,NF 
X=< E< K )-E< I ) )*Y 
GAUSS-Y*EXP< -0. 5*X*X > 
OUT< I >-OUT< I )aCAUSS*PUTIN( K ) 

3 0  COHTINUE 
5 0  COWTIHUk 

TOTOT=O. 0 
60 6 0  I c l , H F  
TOTOT-T OTOT +OUT< I ) 

6 0  COHT IHUE 
RTIO-YOTIN/TBTOT 
00 70 I= l ,NF 
PUTIN< 1 )-OUT< I >+RTI0 

7 0  CONTINUE 
Hit-NF 
RETURN 
END 

L; 

C 
FUNCTION S I CHA( E ) 
COWNON SLOPE,EZERO,RESO,POMER 



0 179 SXG#A=O. 424661 E-02*RESO*E*( OO6616/E )**POUER 
01Ec6 RETURN 
0181 END 
0182 C 
0183 C 
01 84 SUBROUTINE EDAT( E ) 
0185 COHMON SLOPE,EZERO,RESO,POWER 
01 86 DINEHSION E< t > 
0167 DO 16 1-1,280 
01 88 CX=I 
0189 E< I )-< CI-0.5 )*SLOPE+EtERO 
0190 1 0 COHTINUE 
0191 RE TURN 
0142 END 



ascott
Blank Stamp



4.6 Fi l e  M a n i p u l a t i n g  R o u t i n e s  

4.6.1 MERGE LISTING 



&MERGE T=00004 IS'W CR00026 USING 00006 BLKS R=OOOO 

FTN4, L 
PROCRAn HERCE 

C PROCRAH FOR MERCIHC OUTPUT FILES OBTAINED FROM GAMRES. 
C THIS PROGRAM SHOULD BE USED TO CREGTE THE COMBINED ENERGY 
C DEPOSITION F I L E  FOR THE 22 PHOTON ENERGIES. 

DIMENSION INPUT< 144 ),NIN<3), IBUF< 120 ), 10UT< 144 ),NOUT< 3 )  
DATA YES/lHY/ 
YRITE<1,101) 

1 0 1 FORHAT< 'ENTER OUTPUT F I L E  HAHE ' ) 
READ< 1 , t 02 WOUT 

1 02 FORNATC 3fi2 > 
CALL CREAT<IOUT,IERR,MOUT,40,3,0,26,128) 
I F <  IERR.LT - 0 )  GO TO 901 

1 0  URITE< 1,103) 
! 03 FORMAT< 'EHIEW INPUT F I L E  UkNE ' > 

READ< I ,102 )N I N 
CaLL O P L H ~ I H P U T , ~ E R R , M I N ~ O I O I ~ ~ ~ ~ ~ ~ ~  
IF(IERR.LT.O)CO TO 902 

15 CILL  READF<INPUT,IERR,IBUF,6,LEN) 
I F <  LEN, L T  a 0 )GO TO 2 0  
CALL YRITF<IOUT,IERR,IBUF,6) 
CALL READF< INPUT, IERR, IBUF, 236, LEN ) 
CALL URITF<IOUT,1ERR,18UF,LEN) 
GO TO 1s 

2 0  CONTINUE 
URITE< 1,104) 

104  FORnAT<'ANY MORE FILES TO MERGE?') 
RECID< 1, t 05 )YEP 

1 05 FORHAT< A1 ) 
I F <  YEP .EQ. YES) GO TO 1 0 
GO TO 985 

901 MITE< 1,106>IERR 
1 06 FORMTC 'CREAT ERROR - ' , I 3  ) 

CO TO 905 
902  M I T E <  l , lO?)IERR,NIN 
1 07 FORMT< 'OPEN ERROR - 13, FILE N ~ H E .  . . - ,3nz J 
903 CALL LOCFC I O U T ,  ICRR,  XREC, IRO, IOFF, J9EC) 

ITRUH=JSEC/P-IRB-1 
CALL CLOSE< IOUT, IERR, ITRUN ) 
CALL CLOSE< INPUT ) 
STOP 
EHD 





gMKFL2 1=00004 I S  ON CR00026 USING 00010 BLKS R-0000 

FTN4, L 
PROGRAM HKFL2 

C THIS  PROCRAR I S  USED TO MAKE OR CHANCE THE BINARY INPUT F I L E  
C ' INPTOZ' FOR I N I T I A L  VALUES OF X'S 
C 
C 
C I T  Y I L L  ALLOU TO CREATE A HEU F I L E  OR CHANCE VALUES I N  AN 
C EXISTING F I L E .  

OIREHSION CONT<8,25),PEAK<4,S),INPT(144),NIN(3),BUF< 1 2 8 )  
DATA YS/lHY/ 

, DATA NIN/2HIN, ZHPV, 2HO2,' 
caLL OPEN< I N P T , I E R R . N I N , O , O , ~ ~ , I ~ ~ ~  
XF< IERR . CT . n )GO TO 5 
CnhL cREAT~  ~ N P T . I E R R , N I N , ) ~ , ~ , O , ~ ~ , ~ Z ~ ~  
DO 1 0  I - 1 ,e  
DO 10 + l a 2 5  
COWT(I,J)UO.O 

1 0 CONT INUE 
M) 15 I=1,4 
DO I S  J=t ,5 
PEAKCI, J)=O.O 

15 CONTINUE 
GO TO 55 

5 00 20 I = l , B  
CALL READF< INPT,IERR,BUF,50) 
DO PO J=1,2S 
COHT< I, J )-BUF< J ) 

2 0  CONTINUE 
DO 25 I - 1 , 4  
CALL READF< INPT, IERR, BUF, 1 0 ) 
DO 2s 5-1,s 
PEAK< I ,  J )=BUF< J ) 

25 CONTINUE 
CALL RUNOF< INPT, IERR > 

35 00 60 I -1 ,e  
W I T E <  1,101 >I 

1 01 FORMAT< ' 6NY INPUT VALUE FOR CONTINUUM ' ,13, ' ? ' ) 
GO TO 66 

6 5  M I T E <  1 , 1 0 4 ) I  
104  FORM&TCO ANYNORE INPUT VALUE FOR CONTINUUM',I3,' ? ' )  
66 READ< 1,102 )YSNO 

162 F O R f l ~ r c ~ l  j 
IF(YSNO,HE.YSSCO TO 6 0  
VRITEC 1 ,103 )  

103  FORHfiTC ' ENTER COHPOHEHT NO. AND VALUE') 
READ< 1 ,*)J,CON't( I, J) 
GO TO 6 5  

6 0  CONTINUE 
DO 7 0  1=1,4 
URITE( 1,106 )I 

106  F O R M T < '  ANY INPUT VALUE FOR PEAKS',13,' ? ' )  
CO TO 7 6  

75 WRITE( 1 , 1 0 7 ) I  
107  FORMAT( ' ANYMORE INPUT VALUE FOR PEAKS ', 13, ' ? ' > 
76 READ< 1 ,102 )YSNO 

IF<YSNO. NE. YSjCO TO PO 
@RITE( 1 ,103)  
READ( 1 ,*)J,PEAK< I ,  J) 



CO TO 75 
70 COHTIHUE 

DO 00 1=1,6 
DO 05 J=1,25 
BUF< J )-CONT< I, J ) 

85 CWTINUE 
CALL URITF<INPT,IERR,BUF,50) 
YRITE(6,l OB)<BUF<K),K-1,25) 

108 FORNAT<SElS.S) 
60 CONTINUE 

00 90 I-1,4 
DO 95 J-1.5 
BUF( J )-PEAK< I, J ) 

95 CONTINUE 
CALL YRITF(IHPTIIERR,BUF,lO) 
URITE<6,108)<BUF<K),K-1,s)  

90 CONTINUE 
CRLL COCF<INPT,IERR,IREC,IRB,IOFF,JSEC) 
ITRo JSEC/2-IRB- 1 
ChLL CLOSE<IHPT,IERR,lfR) 
STOP 
END 
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LNKFL~ 1-00004 I S  ON CR00026 USINC 00005 BLKS'R-0000 

FTN4, L 
PROGRAM RKFL3 

C PROCRAN FOR RAKING INPUT F I L E  1NPT03 
C THIS  PROCRAH U I L L  ALLOY TO TYPE I N  THE ENERGY, SLOPE, AND 
C EZERO VALUES. I T  U I L L  CREATE THE BINARY INPUT F I L E .  

DIMENSION EDT< 3),NOUT< 144>,NT(3) 
W T A  NT/PHIN,PHPT,2H03/ 
CALL CREAT<NOUT,IERR,NT,20,3,0,26,128> 
I f < I E R R . L T . O X O  TO 701  
U R I T ~ ~ l . t O 1 ~  

101 FORMAT< ' ENTER NUMBER OF'PHOTON ENERGIES FOR'/ 
A ' CMPUTIHC RESPONSE') 

READ( 1, - >IHP 
M I T E <  1 , lUZ)  

102 FORHAT<' ENTER..ENERGY, SLOPE, AND EZERO FOR EACH RESPONSE') 
YRITE< 1,103) 

103  FORMTC' ENTER ONCE FOR EACH PHOTON ENERGY') 
00 1 0  1-1, INP  
READ<l ,*XEDT< J), J=1,3) 
CALL URITF<HOUT,IERR,EDT,6) 

1 0  COHT INUE 
EPT< 1 >=O. 0 
CALL YRITF<NOUT,IERR,EDT,6) 
CeLL LOCF<HOUT,IERR,IREC,IRB,IOFF,JSEC) 
IT+JSEC/Z-IRB-1 
CALL CLOSE< NOUT, IERR, I T  > 

7 0 0  STOP 
701 URITE< 1,711 )IERR 
7 1 1 f ORRAT< CREATE ERROR- ' ,14 

69 TO TOO 
E M  




