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AUTOMATIC RATA PROCESSING FOR PHOTOGRAPHIC 

PHOTOMETRY I N  SPECTROGRAPHIC ANALYSIS 

by W i l l i a m  A. Gordon and Anne K. Gallagher 

Calculations required t o  convert photographic dens i t ies  of s p e c t r a l  l i n e s  ; 
t o  the  concentration-related i n t e n s i t y  parameter i n  spectrographic analysis  
have been programmed f o r  d i g i t a l  computer processing. 

The program produced an emulsion ca l ibra t ion  curve f o r  each data  s e t  and 
converted a l l  percent transmission values t o  r e l a t i v e  i n t e n s i t i e s .  Further ,  
the  l i n e  i n t e n s i t y  r a t i o s  of the  a n a l y t i c a l  l i n e s  t o  the i n t e r n a l  standard 
l i n e s  were pr in ted  out for each s t e p  and exposure. 
made f o r  a m a x i m u m  of 50 elements, four  i n t e r n a l  standard l i n e s ,  and 11 expo- 
sures  made with a seven-step sec tor .  

These calculat ions were 

The program i s  wr i t ten  i n  Fortran I V  (version 13) and i s  operat ional  on 
the  IBM 7094-2/7044 direct-coupled system of the  Lewis Research Center. 

INTRODUCTION 

I n  emission spectrographic analysis  the concentrations of the  various e l e -  
ments i n  a sample a r e  determined from t h e  photographic densi ty  of se lec ted  
s p e c t r a l  l i n e s  t h a t  are recorded on a photographic p la te .  
t h e  data  from photographic densi ty  t o  concentration requires lengthy calcula-  
t i o n s  and graphical  procedures t h a t  a r e  adaptable t o  automatic processing. The 
descr ip t ion  of t h e  graphical  construction of  t h e  emulsion c a l i b r a t i o n  curve from 
step-sectored spec t ra  follows a standard pract ice  as described i n  reference 1. 
The processing of t h e  most laborious s teps  i n  the  calculat ions by an e lec t ronic  
computer i s  t h e  subject  of this report .  

The conversion of 

The program, described i n  appendix B determines t h e  emulsion c a l i b r a t i o n  
curve f o r  each photographic p l a t e  and converts a l l  percent transmissions t o  t h e  
i n t e n s i t y  parameters from which element concentrations a r e  derived. Calcula- 
t i o n s  were made for a m a x i m u m  of 50 elements, i n  a m a x i m u m  of 11 samples. I n  
s p e c t r d  ana lys i s  using photographic photometry it i s  customary t o  stepwise 
attentuate t h e  i n t e n s i t y  of the  s p e c t r a i  l i n e s  along t h e i r  length t o  c a l i b r a t e  
t h e  emulsion and a l s o  t o  extend t h e  concentration range f o r  each exposure. 
This program allows t h e  recording of data i n  a maximum of seven s teps  of a t ten-  



uation f o r  each s p e c t r a l  l i n e .  Conventionally, the  element l i n e  i n t e n s i t i e s  
are rat ioed t o  an i n t e r n a l  standard l i n e  i n t e n s i t y  t o  compensate f o r  some ex- 
perimental e r r o r s  i n  the  procedure. I n  t h i s  program provisions were made f o r  
calculat ing these r a t i o s  using a maximum of four  i n t e r n a l  standard l i n e  inten-  
s i t i e s .  This was done t o  f a c i l i t a t e  se lec t ion  of i n t e r n a l  standard l i n e s  i n  
t h e  development of a n a l y t i c a l  methods. A t y p i c a l  set of calculations,  requir-  
ing  about 40 hours when performed manually, may be completed i n  about l m i n u t e  
of computer t i m e .  I n  addition, t h e  automatic calculat ions are less subject  t o  
e r r o r  than those performed manually. 

PHOTOGRAPHIC DATA REDUCTION 

The conversion of photographic densi ty  t o  element concentration can be ar- 
b i t r a r i l y  divided i n t o  four  basic  operations. Two of the  operations a r e  per- 
formed manually and two by computer as indicated:  

(1) The conversion of photographic densi ty  i n t o  percent transmission using 
a densitometer (Manual) 

( 2 )  Graphical determination of the  r e l a t i o n  between percent transmission 
and the spec t ra l  l i n e  i n t e n s i t y  t h a t  produced the  photographic den- 
s i t y ,  re fe r red  t o  as  the emulsion ca l ibra t ion  curve (ECC) (Computer) 

(3 )  Calculation of the  r a t i o s  of the a n a l y t i c a l  l i n e  i n t e n s i t i e s  and the 
i n t e r n a l  standard in tens i ty ,  with appropriate background corrections 
( C omput e r ) 

( 4 )  Graphical conversion of the  l i n e  i n t e n s i t y  r a t i o s  t o  elemental concen- 
t r a t i o n s  by means of ca l ibra t ion  curves prepared from standards f o r  
each element sought (Manual) 

The automation of the  second operation, which involves the  p l o t t i n g  of 
experimental data followed by two separate curve- f i t t ing  procedures, provides 
the emulsion ca l ibra t ion  curve ECC. 
emulsion ca l ibra t ion  curve can be approximated i n  general  by a mathematical 
function, a more precise procedure i s  t o  determine experimentally t h e  ECC f o r  
each photographic plate. It should a l s o  be noted t h a t  the  ECC i s  a function 
of t h e  wavelength of the  exc i t ing  l i g h t  and f o r  highest  precis ion should there-  
fore  be determined f o r  selected wavelength i n t e r v a l s .  
however, a s ing le  ECC i s  determined represent ing an  average over t h e  experi-  
mental wavelength region. Additions can be made t o  t h i s  program t o  take i n t o  
account t h i s  wavelength dependency should t h i s  be desired.  

Although t h e  mathematical r e l a t i o n  f o r  an 

I n  t h e  present work, 

I n  the f i r s t  curve- f i t t ing  procedure i n  operation (2> ,  the  percent t r a n s -  
mission readings of adjacent s teps  of each s p e c t r a l  l i n e  recorded on card 3 
(appendix A, f i g .  l ( b ) ) ,  a re  input on l i n e a r  X-Y coordinates. These ordered 
pa i rs  ( X , Y )  have a def in i te  i n t e n s i t y  r e l a t i o n ,  known as t h e  " s t e p  fac tor , "  
which i s  determined by the  physical  configuration of t h e  s t e p  sec tor  used i n  
the  procedure t o  stepwise a t tenuate  t h e  l i g h t .  I n  t h i s  work the  s t e p  f a c t o r  
i s  2 .0  ( i . e . ,  any two adjacent s teps  of a given l i n e  have an i n t e n s i t y  rela- 
t i o n  of 2.0) .  Similarly,  a l t e r n a t e  s teps  f o r  a given l i n e  have an i n t e n s i t y  
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r a t i o  of 22, and f o r  s t eps  separated by 
of the  darker s t e p  t o  t h e  l i g h t e r  s t e p  i s  2n. 
each ordered pair (X,Y) i s  derived from transmission readings f o r  
adjacent s teps  i n  the  same l i n e ) .  
(X,Y) a r e  derived from l i n e ,  not background readings. 

n s tep  pos i t ions  t h e  i n t e n s i t y  r a t i o  
Thus, f o r  t he  preliminary curve 

n = 1 (i .e . ,  
It should be noted t h a t  these ordered p a i r s  1 

The program, as designed, orders a maximum of 250 p a i r s  (X,Y> from t h e  i n -  
1 put data including two pairs f ixed  a t  ( 0 , O )  and ( l O O , l O O ) ,  which a r e  weighted 

t o  force  the  f i t .  
may be necessary t o  rev ise  card 1 (appendix A, f i g .  l ( a ) ) ,  so that the  ordering 
of t he  elements w i l l  provide representat ive data with respect  t o  wavelength r e -  
gion and t o  the  range of dens i t i e s  i n  t h e  f i r s t  250 ordered pa i r s .  Af te r  c a l i -  
b ra t ion  a l l  of t h e  input  data  a r e  used i n  t h e  r a t i o  ca lcu la t ions .  

Should the  maximum number of ordered p a i r s  exceed 250, it 

The t o t a l  number of points  reg is te red  a re  curve f i t t e d  t o  a polynomial of 
t h e  form 

Y = A 1  + A2X + A3X2 + A4X3 

by a general  least-squares  method using the  Crout reduction and a method devel- 
oped a t  the  Lewis  Research Center by B e r t  Henry t o  inve r t  t h e  matrix. 
s u l t i n g  coe f f i c i en t s  describe a curve known as a "preliminary emulsion ca l ib ra -  
t i o n  curve." This curve- f i t t ing  operation serves t o  e f f e c t i v e l y  smooth a l l  t h e  
p lo t t ed  data. 

The r e -  

The second cu rve - f i t t i ng  operation results i n  the  f i n a l  emulsion ca l ib ra -  
t i o n  curve ECC, which r e l a t e s  percent transmission (ord ina te)  t o  the  i n t e n s i t y  
parameter ( absc i s sa ) .  Values f o r  p l o t t i n g  t h i s  curve a r e  derived from t h e  pre- 
l iminary curve as follows: X = 0.02 ( 2  percent transmission) on t h e  
preliminary curve, and compute Y l ;  now l e t  Y 1  = X2, and f i n d  Y2 correspond- 
ing  t o  this X 2  f r o m t h e  preliminary curve function. Then set Y2 = Xg, and 
compute Y3, , e tc .  I n  t h i s  way a s e r i e s  of X ' s  ( m a x i m u m  of 10)  i s  gen- 
erated,  which represent  t h e  smoothed percent-transmission readings whose in ten-  
s i t y  r e l a t i o n  a r e  known from the  s t e p  f ac to r  as explained previously. I n  t h e  
experiments presented here in  t h i s  r e l a t i o n  may be expressed as t h e  percent 
transmission T = ZnZ, where n i s  the  difference i n  s t e p  number and Z i s  
t h e  i n t e n s i t y  parameter t h a t  i s  r e l a t e d  t o  element concentration i n  a n a l y t i c a l  
work. The conversion of a l l  percent-transmission data t o  t h i s  i n t e n s i t y  param- 
e t e r  i s  done by a Lagrange four-point in te rpola t ion  technique. The in te rpola-  
t i o n  was easily performed on a large-scale  computer and yielded g rea t e r  accura- 
cy than t h e  method of l e a s t  squares. 

s tart  a t  

The programming of operation (3)  requires t h e  s t ra ightforward ca lcu la t ions  
of s p e c t r a l  l i n e  i n t e n s i t y  r a t i o s  using t h e  i n t e n s i t y  parameters derived from 
t h e  percent transmissions and the  ECC, a s  described i n  operation ( 2 ) .  
t e n s i t y  r a t i o s  were tabula ted  i n  both the  background-corrected and the  non- 
corrected forms; however, when background readings were not entered on card 3 
(appendix A, f i g .  l ( b ) ) ,  f o r  e i t h e r  t he  in t e rna l  standard or the  ana ly t i ca l  
l i ne ,  a zero w a s  p r in t ed  i n  t h e  column reserved f o r  the backgro'uxd=czrrected 
r a t i o ,  as shown i n  t h e  sample output f o r  nickel  (appendix C ) .  
t i o n  of l i n e  i n t e n s i t y  r a t i o s  in s t ruc t ions  are programmed s o  t h a t  maximum use 

A l l  i n -  

I n  the  calcula-  
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i s  made of t h e  ava i lab le  data.  
given exposure may not be recorded i n  t h e  same s t e p  f o r  t h e  i n t e r n a l  standard 
and the ana ly t i ca l  l i n e s .  When t h i s  occurs, a ca lcu la t ion  i s  made t h a t  auto- 
mat ical ly  corrects  f o r  any s t e p  difference between t h e  i n t e r n a l  standard and 
t h e  ana ly t i ca l  l i n e s .  This ca lcu la t ion  i s  performed by using 2n as a m u l t i -  
p l i e r ,  where 2 i s  the  known s t e p  f a c t o r  and n i s  t h e  s t e p  difference.  The 
in t ens i ty  r a t i o s  obtained by t h i s  procedure may be subjec t  t o  ex t rapola t ive  er- 
rors; therefore ,  it i s  des i rab le  t o  iden t i fy  such values t o  warn of possible  
e r r o r  by p r in t ing  an a s t e r i s k  t o  t he  r i g h t  of t he  i n t e n s i t y  r a t i o s  obtained by 
extrapolat ion.  It should a l s o  be noted on the  sample output (appendix C >  t h a t  
an average value i s  pr in ted  f o r  esch element and exposure. I n  the  ca lcu la t ion  
of t h i s  average t h e  extrapolated i n t e n s i t y  r a t i o s  a r e  given t h e  same weight as 
t h e  other i n t e n s i t y  r a t i o s .  Although t h i s  may not be a s t a t i s t i c a l l y  va l id  
procedure, t he  e r r o r  due t o  t h i s  s impl i f ica t ion  i s  not s ign i f i can t  f o r  most 
work a t  t h e  Lewis  Research Center. 

For example, percent-transmission readings i n  a 

Since a considerable amount of manual e f f o r t  i s  s t i l l  necessary t o  record 
t h e  input data, e r r o r s  i n  input can be expected t o  a r i s e  with about t h e  same 
frequency as when calculat ions a r e  made manually. 
dure i s  performed manually and i s  similar t o  t h e  general  procedure used by t h e  
spectrographer when making manual calculat ions.  The preliminary curve i s  
pr in ted  out,  and wide deviat ions from the  average a r e  of ten  recognized a s  e r ro-  
neous data. The dubious value can then be t raced  back through t h e  input,  
reread on the  densitometer, and corrected i f  necessary. I n  addi t ion ,  t h e  per- 
centage deviat ion of each of t he  data points  from t h e  preliminary curve f i t  i s  
pr in ted  out i n  tabular form and serves as a usefu l  means f o r  reveal ing ques- 
t ionable  data. 

The error-searching proce- 

The l i n e  i n t e n s i t y  r a t i o s  ca lcu la ted  by t h e  program a r e  then converted 
manually t o  element concentrations by means of ca l ib ra t ion  curves prepared from 
standards f o r  each element sought. These ca l ib ra t ions  cannot be conveniently 
programmed because t h e  parameters under study a t  t h e  L e w i s  Research Center a f -  
f e c t  the pos i t ions  of the  concentration curves. Once these  ca l ib ra t ions  a r e  
permanently establ ished,  t he  l a s t  operation, conversion of l i n e  i n t e n s i t y  ra- 
t i o s  t o  concentrations,  can be included i n  t h e  computer program by using curve 
f i t t i n g  techniques similar t o  those described previously.  

This program f o r  spectrographic ca lcu la t ions  forms a b a s i s  t o  which addi-  
t i o n a l  modifications can be made t o  make it more comprehensive. I n  i t s  present 
s t a t e ,  the program serves the  needs of a spectrographic labora tory  engaged i n  
both research and service analyses.  

Lewis Research Center, 
National Aeronautics and Space Administration, 

Cleveland, Ohio, November 23 ,  1965. 
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APPENDIX A 

:01Umns 

1 t o  5 

7 t o  1 2  
L9 t o  24 

2 t o 5  

LO t o  15 
L6and17 

18 and19 

1 t o  72 

INPUT 

Description of variables 

NEL number of elements present 

EL 6 l e t t e r  code for element 
ELB 6 l e t t e r  code for element 

(maximum, 50) 

background 

NMAX number per cent transmissions 

F'LATE plate number 
KSTOP number standards t o  be used 

(maximum, 4) 
NEXP number exposures (maximum, 11) 

(DATE (I) , 

recorded (maximum, 3850) 

any statement about the data 
I = l , l Z )  

This data  reduction program i s  wr i t t en  i n  For t ran  I V  and i s  operat ional  on 
the  IP&l 7094-2/7044 d i r e c t  coupled system of t h e  L e w i s  Research Center. 
main program and i t s  e ight  subroutines require 8OOO)8 s t o r e  i n  common data ,  
30000)8 s to re  for t h e  program, and 25000)8 addi t iona l  s t o r e  for Lewis  monitor 
systems rout ines .  For a smaller computer i n s t a l l a t i o n ,  overlay o r  some other  
s tore-shar ing technique would be necessary. 

The 

Figure 1 contains a l i s t  of t he  input  with samples of the  forms used a t  
The input i n  ca.rd type 3 i s  sor ted  i n  columns 11 t o  7 t o  provide f o r  Lewis. 

the  proper pa i r ing  of data  i n  the  preliminary.curve f i t .  

The sample data ( f i g .  1) and the  sample output (appendix C) a r e  abbrevi- 
a t e d  t o  show only t h e  f irst  two i n t e r n a l  standards and the  element nickel .  

In s t ruc t ions  for preparing t h e  input  are given i n  t ab le  I. 

TABLE I. - INSTRUCTIONS FOR PREPARING INPUT 

[See l i s t i n g  f o r  specif ic  formats.] 

I Card type 

1 

(Element 
data)  

I 2 

(Constants for 
one case) 

+-- 
( k t a  for 

one case) 

[umber 

1 

NEL 

1 

1 

7 and 8 

9 and 10 
11 

13 t o  18 
19 t o  24 

I 

J exposure number 
K step number (maximum, 7)  
CLU percent transmission 
BAK percent transmission of 

element number ( m u s t  match order 
of type 1, 1 t o  4 standards) 

background 

Card types 1 and 3 may be repeated for a number of cases, but card 
type 2 must be the  same for a l l  cases i n  a given run. 
f o r  card types 1 and 3 a re  shown i n  f igure 1. 

Forms used a t  Lewis 
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APPENDIX B 

FORTRAN I V  PROGRAM 

A synopsis of t he  subroutines and t h e i r  content l i s t e d  i n  order of ca l l i ng  
sequence i s  as follows: 

BEGIN 

GLSQl 

PLOTXY I 

FUNC 

EFUNC 

DINVER 

DMVMUL 

CALC 

LGRNGE 

RATIO 

MAIN PROGRAM 
(1) Inputs data  
( 2 )  Sets  up 
( 3 )  Outputs r e l a t i v e  i n t e n s i t i e s  

Performs a least-squares  polynomial f i t  on X,Y-pairs 

Plots preliminary curve; PLOTXY i s  Lewis Monitor Subroutine ( see  

X , Y - p a i r s  f o r  PC curve f i t  

r e f .  2) 

Function Subprogram t o  generate independent var iab le  funct ion 

Function Subprogram t o  backtransform independent var iab le  funct ion 

Subroutine using Crout reduction and a rout ine t o  inve r t  matrix 

Subroutine t o  obtain so lu t ion  vector from the  inverse 

Subroutine t o  determine 

Subroutine t o  perform four-point Lagrange interpolat ion;  converts per- 

X , Y - p a i r s  f o r  t h e  ECC from t h e  f i t t e d  PC 

cent transmission t o  r e l a t i v e  in t ens i ty  

Subroutine which r a t i o s  r e l a t i v e  i n t e n s i t y  of an element t o  t h a t  of a 
standard and cor rec ts  for background i f  necessary (maximum number of 
standards,  4 )  

Flow char t s  of BEGIN, CALC, and R A T I O  a r e  shown i n  f igu re  2. These three  
rout ines  a r e  per t inent  t o  t h e  spectrographic data analysis .  
rou t ines  a re  i n  general  use a t  t h e  Lewis  Research Center. 
subroutines used f o r  data reduction a r e  presented a f t e r  f i gu re  2. 

The remaining sub- 
The main program and 

7 



Start 0 
Least squares 

Set 
VAL (I, J,K) = CLU 
BAKVAL (I, J,K) = BAK % T  = 0, R. I. 0 

U - L L t 6  
L = L + 6  

Call RATIO 

4 
Initialize for next case 
VAL(%, 11, 7) -0 - 
BAK VAL(%, 11, 7) 

(a) Ma in  program BEGIN. 

Figure 2 - Flw charts. 
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Start  0 
I 

xx = 2 
XSTOP - 9 5  
X(1) = xx 

Y's  =Ordinates f o r  
emu ls ion  calibra- 

I = I + 1  

el 

20 

+- I > N ?  

Yes 

N = N + 1  
X(N) = 100 
Y(N) = 0 

(b) Subrou t ine  CALC. 

F igu re  2. - Continued. 

9 
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c 
I = KSTOP + 1 

40 

Initialize M = I 
XNN - XN = 
XAVG(J, KKI = 
AVG(J, KK) . 
SUM - SUMl - 0 

i 
K - 1  

10 

N - K  
L - K  
- 

Initialize 
RAT(J, KK, K) - 
XRAT(J, KK, K) = 
0, MIS(J, KK, 
K) - REIN 

Z(1, J, K) - O? 0 

Compute un-  
corrected ratio 
XNN - XNN t 1 

RAT (J, KK, K) 
S U M l  = SUMl t 

M I S  (J, KK, K) = 
*(ETOILE) Indicates 
possible error 

No 

ZB (KK, J, K) - 
ZB (KK, J, L)* 2--N 4 Yes . 

K > 7 ?  

I Yes 

I Z(KK. J. K) = 0 I 

MIS(J, KK, KI = 

ET0 ILE? 

1 

Z (KK, J, K) = 
Z (KK, J, L)/2"N 
ZB (KK, J, K) = 
ZB (KK, J, K)/Z**N 

M I S  (J, KK, K) = * 
Indicates possible 

I error i n  extrap- I olation 

4 

1 

AVG (J, KK) = 

SUMlXN 

Yes Q XAVG(J, KK) - 
SUMllXNN 

J = J + I  

XAVG (J, KK) = q SUMMNN I 

(c) Subroutine RATIO. 

Figure 2. - Concluded. 

step no. = JJ 
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S I B F T C  BEGIN L I $ T I O € C K  
C 

1 c AUTOMATIC DATA PROCESbING FOR SPECTROGRAPHIC C A L C U L A T I O N S  

1 
1000 

COMMON IWIKSTOPINEXP 
COMMON Z ( 5 O ~ l l r 7 1 r Z B ( S O ~ l l r 7 )  
COMMON E L ( 5 0 ) * E L B L 5 0 )  
D I M E N S I O N  
U I M E N S I O N  Z X ( 2 0 0 ) r Z Y ( 2 0 0 )  

V A L (  509 1 1 9  7 )  9 d A K V A L f 5 0 . l l r 7 )  r X ( 2 5 O J  r Y ( 5 0 0 ) 9 P f 3 5 )  

D I M E N S I O N  DATE(  1 2 )  
E Q U I V A L E N C E  ( Z I V A L )  9 ( Z B e B A K V A L )  
R E A D ( 5 . 9 8 )  NEL 
00 1 I=L ,NEL 
READ( 5 1  102) E L (  I 1 9 t L B (  I I 
W R I T E (  6.106) 
K E A D ( S e 1 0 0 )  N M A X ~ P L A T E ~ K S T O P I N E X P  
R E A D ( 5 r 9 9 )  ( D A T E [  I 1 9  l = l r 1 2 1  

C 
C 
C NMAX= NUMBER R E A D I N G S  ON T H l S  P L A T E  
C 

C 
C E L t M E N T S  I N P U T  F l R S T  ( M A X = 4 1  ARE TO BE USE0 AS I N T E R N A L  STANDARDS. 

1 C N E L =  NUMBER OF E L E M t N T S  PRESENT I Y  T H I S  SAMPLE 

c 
L 
C AG AND AGX = S I L V E R ,  A=ARGUN. H = TUNGSTEN. 
C 
c 
L 

C E L  AND E L B  A L L O H  A MAXIMUM 6 CHARACTER D E S I G N A T I O N  FUR EACH 

B € G 0 0 0 0 G  
tlEGOOOLO 
B E G 0 0 0 2 0  
BE GO00 30 
B E G 0 0 3 6 0  
R E G 0 0 0 5 0  
BEG00060 
B E G 0 0 0  7 0  
8 E G 0 0 3 8 0  
B t S 0 0 3 9 0  
B E G 0 0 1  00 
B E G 0 0 1  LO 
B E G 0 0 1  20 
B E G 0 0 1 3 0  
B E G 0 0 1 4 0  
B E G 0 0 1  50 
B E G 0 0 1 6 0  
B E G 0 0 1  70 
B E G 0 0 1 8 0  
B E G 0 0 1  90 
B E G 0 0 2 0 0  
B E G 0 0 2 1 0  
BEG 2 2 0  
BEG 2 3 0  
BEG 2 4 0  
B k G 0 0 2 5 0  
B E G 0 0 2 6 0  
B E G 0 0 2 7 0  

C t L E M E N T  AND I T S  BACKGROUND TO BE USED AS COLUMN HEADIVGS.  R t A U I N  B E G 3 0 2 8 0  
C VALUE FOR - I - MdST MATCH I T S  CODES I N  E L ( 1 ) r  E T C )  B E G 0 0 2 9 0  
C B E G 0 0 3 0 0  

IF I NMAX-250139 3 9 2  BE G 3 0 3  10 
2 NSTOP = 2 5 0  B t G 0 0 3 2 0  

GO TO 4 B E G 0 0 3 3 0  
3 NSTOP = NMAX B E G 0 0 3 4 0  
4 JJ=O BEG003 5 0  

111 = 0 B E G 0 0 3 6 0  
KK = 0 B E G 0 0 3 7 0  
NOM = 1 B E G 0 0 3 8 0  

c B E C I N  D E T E R M I N A T I O N  OF P O I N T S  TO BE USED I N  F I N U I N G  THE PC B E G 0 0 3 9 0  
DO 5 L K = l r N S T O P  BEG004DO 
00 10 I I = N O M * N M A X  t l E G O O 4 1 0  

C HE GO042 0 
C I =  ELEMENT NUMdERV X X  . INTEGER VALUE FROM 1 TO 5 0  B E G 0 0 4 3 0  
C J=EXPOSURE N U M & t R *  XX. INTEGER VALUE F R O M  1 TO 11 B E G 0 0 4 4 0  
C K= STEP NUMBER, XI I N T E G t R  VALUE FROM 1 TO 7 B t G 3 0 4 5 0  
C B E G 0 0 4 6 0  
C C L U  = PERCENT T B E G 0 0 4 7 0  
C BAK = PERCENT T DUE TU BACKGROUND. BEG00480 
C B E G 3 0 4 9 0  

READ ( 5 r 1 0 1 b  1 1  J I K I C L U ~ B A K  B E G 0 0 5 0 0  
V A L ( I v J 9 K )  = C L U  B E G 0 0 5  10 
B A K V A L I I I J ~ K I  = BAK B E G 0 0 5 2 0  
I F  (JJ -J )  8 . 6 9 8  B E G 0 0 5 3 3  

6 I F  ( K K - K )  8 9 7 9 8  R E G 0 0 5 4 0  
7 Y ( L K )  = V A L ( I 9 J t K )  B E G 0 0 5 5 0  

X ( L K ) =  V A L (  1 . J 1 K - 1 1  B E G 0 0 5 6 0  
DEBUG L K . X ( L K l r Y ( L K 1  B E G 3 0 5 7 0  
NOM = i i + l  B € 6 0 0 5 8 0  
JJ = J BEGDO590 
KK = K + 1  B E G 0 0 6 0 0  
1 1 1  = I B E G 0 0 6  10 
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GO TO 9 

JJ = J 
KK = K + l  
N O M = I I + l  

10 CONTINUE: 

8 1 I I = I  

IF(NOM-NMAX) 10*10*9  

9 NO=LK 

5 C O N T I N U t  
11 CONTINUE 

I W = l  
CALL C L S Q l ( X r Y r N 0 , P )  

W R I T E 1 6 r  106) 
W R I T E ( 6 r l O 4 )  P L A T E  
MJR I TE ( 6 r 1 0 5  1 
W R I T E ( 6 r 1 0 7 )  ( D A T t ( I ) r I = l r l 2 )  

I F  (NOM-NMAX) 5 r l l r l l  

C P O I N T S  ARE A V A I L A B L E .  C A L L  G L S O l  T O  O E T t R M I N t  PC 

C PC HAS BEEN DETERMINED. ECC HAS BEEN D E F I N t 0 .  

KOOE= 1 
L 
C KOOE = 1 I N D I C A T E S  D t K I V A T I V E  IS NOT TO BE CALCUALTED I N  SUB. LGKNGE 
C RkNAME R E S U L T S  OF SUB. CALC 

UO 15 J = l r N U  
Z X (  J 1 = X (  J 1 

15 Z Y ( J ) = Y I J )  
C TRANSFORM PERCENT TS TO R E L A T I V E  I N T € N S I T I E S  t )Y MEANS OF LAGRANGE 
C I N T E K P O L A T  ION. 

00 30 J Z l t N t X P  
DO 25 K = l r 7  
DO 20 I = l r N t L  
I F  ( V A L (  I r J r K ) - l . ) 1 6 r l 6 r l ?  

16 L( 1 1  JrK)=O. 
Z B (  I ,  J r K  1x0. 
GO T O  20 

1 7  CALL L G R N G € ( Z X ~ Z Y , N O I V A L ( I ~ J * K ) ~ ~ ( I ~ J ~ K ) ~ U E ~ * K O ~ E )  

18 Z B ( I p J r K ) = O .  
I F  (BAKVAL(IrJ,K)-1.)18,18r19 

GO TO 20 

20 CONTINUE 
25 CONTINUE: 
30 CONTINUE 

L= 1 
LL =6 

19 CALL L G R N G E ( L X r Z Y r N O r B A K V A L ( I ~ J ~ K ) ~ Z B ( I ~ J ~ K ) r D E R ~ K O ~ t )  

L 
C P R I N T  R E L A T I V E  I N T E N S  I T  I E S  

31 H R I T E ( 6 * 1 0 8 )  ( E L (  I I r E L B 1  1 ) .  I x L r L L  1 
DO 5 0  JflrNEXP 
W R I T E ( 6 r 1 0 3 )  J 
00 40 K z l . 7  
W R I T E 1 6 r 1 0 9 )  K I ( Z ( I I J ~ K ) , Z B ( I ~ J ~ K ) ~ I ~ L I L L I  

40 CONTINUE 
50 CONTINUE 

L L = L L + 6  
L=L+6 

5 1  GO TO 3 1  
I F  ( LL-NEL ) 5 1  51r 52 

C B E G I N  F I N D I N G  R A T I O S  UF R E L A T I V E  L N T E N S I T I E S .  
52 C A L L  R A T I O  ( N t L r L r Z B )  

WR I T E (  6 r  106) 

BEt iOO620  
B t G 0 0 6 3 0  
M E G 0 0 6 4 0  
B € G 0 0 6 5 0  
t 3 t  GO0660 
B E G 0 0 6 7 0  
B E G 3 0 6 8 0  
BCrGOO590 
R E G 3 0 7 0 0  
D t G O O 7 1 0  
8 t G 0 0 7 2 0  
B E G 0 0 7 3 0  
B E G 0 0 7 4 0  
R € G O O 7 5 0  
H E G 0 0 7 6 0  
B E G 0 0 7 7 0  
B E G 0 0 7 8 0  
B E G 3 0 7 9 0  
B E G 0 0 8 0 0  
t l E G 0 0 8 1 0  
B E G 0 0 8 2 0  
B E G 0 0 8 3 0  
B E G 0 0 6 4 0  
t l E G 0 0 8 5 0  
REG0 08 6 3 
B t L 0 0 8 7 0  
BEG00800 
U E G 0 0 8 9 0  
B E G 0 0 9 0 0  
f E G 0 0 9  1 0  
B t G 0 0 9 2 0  
B € G 0 0 9 3 0  
B E G 0 0 9 4 0  
B E G 0 0 9 5 0  
B E G 3 0 9 6 0  
R E G 0 0 9 7 0  
BEG00980 
B E G 0 0 9 9 0  
B E G 0 1 0 0 0  
BEGO 1 3 1 0  
B1rG01020  
B t  GO 1 0 3 0  
BEGO 1 0 4 0  
BEGO 1350  
BEG9 1060 
B t G O 1 0 7 0  
8 E G O 1 0 8 0  
B E G 0 1 0 9 0  
BEGO 11 00 
BEGO 11 10 
BEG31120 
B E G 0 1  130 
BEG01 140 
t lEGO115O 
B E G 0 1  160 
B E G 0 1 1 7 0  
B E G 0 1  180 
B E G 0 1 1 9 0  
B t G O l 2 0 0  
B E G 0 1 2 1 0  
BEG01220 
B E G 0 1 2 3 0  
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00 70 1x197 B E G 0 1 2 4 3  
DO 65 J = l r l l  BEG9 1 2 5 0  

BEGO 1 2 6 0  
V A L ( K e J e I ) = O .  B E G 0 1 2 7 0  

BEGO 1 2 8 0  
60 CONTINUE B E G 0 1 2 9 0  
65 CONTINUE B E G 0 1  300 
70 CONTINUE B t  GO 1 3  10 

B E G 0 1 3 2 0  
C B E G 0 1 3 3 0  
C FORMAT STATEMENTS B E G 0 1 3 4 0  
C B E G 0 1 3 5 0  

98 FORMAT ( 15) BEGO 1360 
99 FORMAT ( 1 2 A 6 J  B E G 0 1  370 

LOO F O R M A T ( X e I 4 , 4 X * A 6 e 2 1 2 )  B t G 0 1 3 8 0  
101 FORMAT ( 6 X * 2 1 2 * I l e X e 2 F 6 . 2 )  B E G 0 1  390 
102 FORMAT ( 6 X e A 6 e 6 X e A 6 )  B t G 3 1 4 0 0  
103 F O R M A T ( 4 H  E X P e I 2 )  B E G 0 1 4 1 0  

X A 6  1 81: G O  1430 

XEL I N T E N S I T Y  I B E G 0 1 4 5 0  
106 FORMAT( 1H1) BE GO 1460 
107 F O R M A T ( l H O , 2 9 X e 1 2 A 6 )  B E G 9 1 4 7 0  

B E G 0 1 4 8 0  
109 FORMAT( 1H 129 ( 12G10 .3 )  I 8 E G O L 4 9 0  

STOP B E G 0 1 5 0 0  
END B€GO 15 10  

00 60 K = l r 5 0  

B A K V A L ( K 9  Je I ) = O m  

GO TO 1000 

I 

104 F O R M A T ( l H 2 e 3 5 X e 4 5 H  SPECTROGRAPHIC C A L C U L A T I O N S  FOR P L A T E  NO. rBkG01620 

105 F O R M A T ( l H 0 ~ 3 0 X ~ 6 2 H  PER CENT T R A N S M I S S I O N  R E A D I N G S  CONVERTED T U  i t B E G 0 1 4 4 0  

108 FORMAT( l H l e 6 ( A 6 r 5 X e A 6 r 4 X )  I 
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S I O F T C  CLSWR L I S T s D t C K v O E B U G  G L S 3 0 3 0 0  
S U B K O U T I N t  G L S Q l [ X * Y * N S M A L L * P )  G L S O O D l @  

C G L S O O 3 2 0  
COMMON I W  GLSOOO30 
D I M E N S I O N  X(250)rY(500)rU(35)*A(35*35)*ASAVE(35*35) G L  S O O O 4 0  

l ~ P ~ ~ 5 ~ ~ P 1 ~ 3 5 J ~ Y C A L C ~ 2 5 O ) ~ O E L Y ( ~ 5 3 ) r X P ~ 2 5 O ~ ~ Y P ~ 5 O O ~ ~ E R ~ A T A ~ 2 5 ~ ~  GL SO OD50 
2 r E L M ~ 2 ) r T I T L E ( 1 2 J ~ F M T ~ l 2 ) ~ F M T O ( l 2 ) ~ W ( 2 5 O ~  GLSOOD60 

D I M E N S I O N  A I N ( 3 5 9 3 5 1  G L S 0 0 0 7 0  
D I M E N S I U N  FMTW(7)rKMTW(7)*PK(l)*KPL(15)*CC(35) G L S 0 0 3 8 0  
t Q U I V A L E N L E  ( F M T N ( S l r K M T a ( 5 ) )  GLS00090 
DATA ( F M T W I I ) , I = 1 , 7 1 / 6 H ( 2 2 H O  96HTHE P A r 6 H K A M t T E s 6 H R S  (AOvSH-A  [ 2 r * G L S 0 0 1 0 0  

1 6 H 5 H )  AR93HE ) / * K M T S l * K M T 5 2 / 6 H - A  I l r i 6 H - A  1 2 9 1  G L S O O l 1 0  
O A T A ( T I T L E (  I ) *  1 = 1 , 1 2 ) / 6 H A U T O M A ~ 6 H T I C  DAp6HTA P R O V ~ H C E S S I N I ~ H G  FOR G L S O O l 2 O  

X * ~ H S P E C T R I ~ H O G R A P H * ~ H I C  C A L * 6 H C U L A T I * 6 H O N S  1 6 H  9 6 H  
C 
C M A I N  PROGRAM FUR L E A b T  SQUARES A N A L Y S I S  H A S  t lEEN A L r E R E O  F O R  T H I S  
C SPECIFIC PROBLkMo 
C 
C A L L  THE O P T I O N S  I N  T H t  O R I G I N A L  PROGRAM H A V t  BEEN RtMOVFD. 

DOUBLE P R E C I S I O N  A * O * C C t L J X M A X * A I N  
PK 1) = 1.0 
K P L = 6 4  
K P L (  2 )  =2 
POOL I=O. 
POOL 2=0. 
NFHTO=NBIG*3  - 2 
Fitl I G = 4  
I P L = 1  
IY=O 
N B I G S V = N B I G  

C 
C NSMALL=NO- OF OATA P O I N T S  --- NBIG=NO. OF C O E F F I C I E N T S  DESIRED 
C THE O R I G I N A L  DATA IS P L O T T t i U  
c I F  I T  BECOMES O E S I R A B L E  TO O M I T  THE P L O T  CHANGE I P L  TO 3 

NNN=NU I G 
MAX =35 

32 W (  1)=1. 
DO 3 2  I = l v N S M A L L  

NSMALL=NSMALL+Z 
NN=NSMALL 
X(  NN-1 =O 
Y(NN- l )=O.  
X ( N N I = 1 0 0 .  
Y ( NN J = 100. 
W(NN)=SO. 

K K K = 1  
SN=NSMALL 

X P (  I J = X (  I )  
6010 Y P (  I ) = Y I  I )  

W t  NN-1 ) = S O .  

6000 00 6010 1 - l r N S M A L L  

C 
N B I G = N B I G S V  
NSAHE=NSAMSV 
SUMYP=O. 
XMAXX=O. 
DO 501 I x l r N S M A L L  
I F  I X M A X X - A B S ( X I  1 ) ) )  3 3 r 5 0 1 r 5 0 1  

3 3  XMAXX=ABS( X (  I )  1 
DXMAX= X M AXX 

501  CONTINUE 

14 

/ G L S 3 0 1 3 0  
G L S 0 0 1 4 0  
G L S 0 0 1 5 0  
G L S 0 0 1 5 5  
GL SO0 160 
GL S O 0  170 
GL so0 180 
G L S 0 0 1 9 0  
G L S 0 0 2 0 0  
GLSOO2 10 
G L S 3 0 2 2 0  
GLSOOZ 30 
GLSOO240  
G L S 0 0 2 5 0  
GL SO0 2 60 
G L S 0 0 2 7 0  
GLSOOLBO 
GL S 3 0 2 Y  0 
G L  SO 0300 
GLSOO310  
G L S 0 0 3 2 0  
G L S 0 0 3 3 0  
GL S 3 0 3 4 0  
G L S 0 0 3 5 0  
G L S 0 0 3 6 0  
G L S O O 3 7 0  
G L S 0 0 3 8 0  
G L  S O 0 3  90 
GLSOO400  
G L S O O 4 1 0  
GLSOO423  
G L S O O 4 3 0  
G L S O O 4 4 0  
G L S 0 0 4 5 0  
G L  SO 0 4  60 
GLSOO4 70 
GLSOOQBO 
G L S O O 4 9 0  
G L S 0 0 5 0 0  
GLSOO5 10 
GLSOO520  
G L S O O 5 3 0  
G L S O O 5 4 0  
G L S O O 5 5 0  
G L S 0 0 5 6 0  
G L S 0 0 5 7 0  
G L S 0 0 5 8 0  
G L S 0 0 5 9 0  



DO 20 I Z l e N S M A L L  
X( I l = X (  I l / X M A X X  
XP(  I I = X I  I )  
YP( Il=Y( I 1  

20 SUMYP=SUMYP+YP( I )  
1903 SUMY=O. 

CN=Nt3 I G  
KN-NB I G -  1 
DETNUM=O. 
DE TOEN=O. 
YPMEAN=SUMYP/SN 
YHEAN=YPMEAN 

C 
r 
L 

DO 2 3  I = l r N S M A L L  
I F 1 I Y )  22,23922 

22 Y( I ) = F U N C (  I Y * Y (  1 ) )  
2 3  S U H Y = S U M Y + Y ( I l  

YMEAN=SUMY/SN 
C 
C S E T  UP T H k  M A T R I X  O F  C O E F F I C I E N T S  
r 
L 

DO 2 I = l * N d I G  
00 2 J = l r N B I G  
A (  I t  J).=O- 
DO 2 K X l r N S M A L L  
F I = F U N C (  I I X I K )  I 
F J = F U N C ( J * X ( K ) )  
IF ( I W l  35936935 

35 A (  I ~ J l ~ = A ( I ~ J l + F I * F J * W ( K l  
GO TO 2 

2 C O N T I N U E  
36 A ( I ~ J ) = A ( I I J I + F I * F J  

C 
DO 14 I = l t N t i I G  

DO 14 K Z L I N S M A L L  
F I = F U N C (  I * X ( K )  1 
I F  ( I W )  37.38937 

37 D(  I I = D (  I l + Y ( K l * F I * W ( K l  
GO T O  14 

38 D( I I = D I  I l + Y ( K ) * F I  
1 4  C O N T I N U E  

D( I )  = O .  

C 
W R I T E  ( 6 9 3 9 7 1  T I T L E  
FORMAT ( 1 H l  9 10x1 1 2 A 6 )  397 

C 
300 C A L L  O I N V E K  ( A I N N N I A I N I M A X I D E T I E R R I D )  

C A L L  DMVMUL(AININNNIDICCIMAXI 
XXAXX=l. /XMAXX 
DO 301 J = l r N B I G  
P (  J l = C C I J l  

301 P i  J l = P (  J l * F U N C (  J IXXAXX) 
L 

C COMPUTE Y-CALC*DELTA-Y,AND STANDARD D E V I A T I O N  
C 

130 C O N T I N U E  
OEBUG ( P (  J 1 9 J = l  N d I G )  
EK S=G . 
DEV=O. 

X (  I ) = X I  I )+XMAXX 
IJU 8 I = l r N L M A L L  

GLSOO6OO 
GLSOO6 10 
G L S 0 0 6 2 0  
GL  SO0630 
GLSOO64O 
G L S 0 0 6 5 0  
G L S O O 6 6 0  
G L S 0 0 6 7 0  
G L S 0 0 6 8 0  
G L S 0 0 6 9 0  
G L S 0 0 7 0 0  
G L S 0 0 7 2 0  
C L S O O 7 2 0  
GL  SO 07 30 
G L S 0 0 7 4 0  
GLSOO 750 
G L S 0 0 7 6 0  
G L S 0 0 7 7 0  
GL  SO0 780 
G L S 0 0 7 9 0  
GL SO08 00 
G L S O 0 8 1 0  
GL  SO08 2 0 
G L  SO0 8 30 
G L S 3 0 8 4 0  
GL SO0 85 0 
G L S 0 0 8 6 0  
G L S 3 0 8 7 0  

G L S 3 0 8 9 0  
G L S O O 9 0 0  
G L S 0 0 9 1 0  
G L S 0 0 9 2 0  
G L S 0 0 9 3 0  
G L S O O 9 4 0  
G L S 0 0 9 5 0  
G L S 0 0 9 6 0  
G L S 0 0 9 7 0  
G L S O O 9 8 0  
G L S 0 0 9 9 0  
G L S 3  1000 
GLSO 1010 
G L S O l O 2 O  
G L S O 1 0 3 0  
G L S 3  1340  
G L S O 1 0 5 0  
G L S O l 0 6 0  
GLSO 1370 
G L S O l D B O  
GLSO 1090 
G L S O l l O O  

G L S O l l 2 O  
G L S O l 1 3 O  
GL SO 1140 
G L S O l 1 5 0  
G L S O l 1 6 0  
G L S O l l 7 0  
GL so 11 8 0  
G L S O l 1 9 0  
G L S 0 1 2 0 0  
GL 30 1 2  10 

GL so0 a a o 

GLSO 11 10 
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K=NSMALL + I 
Y ( K l = O .  
DO 9 J = l r N B I G  
F J = F U N C ( J * X ( I l l  
DEBUG F J  

9 Y (  K )  = Y  ( K I +D l J1 +FJ 
TEM=Y( I I - Y M t A N  
UETDEN=OETDEN+TEM+TEM 
TEM=Y(KJ-YMtAN 
DETNUM=DETNUM+TEM+TEM 
D E L Y ( I ) = Y ( I ) - Y ( K l  

ERS=ERS+ERKATA( 11.12 
8 DEV=DEV+DELY ( I I +I) tLY [ I I 

POOL l = P O O L  l + D E V  

TVRDEN=TVKUEN+ENUIV 
TVRNUM=POUL 1 

100 DE V= DE V /  END I V 
UVTN=SQRT( D t V l  
E R S = t R S / S N  
ERA=SURT(ERSl  
TOTVAK=TVRNUM/TVRUEN 
TOTO€V=SQRT(TOTVAR) 
DETRM=DETNUM/DETDEN 
CDRRL=SQRT(DETRMl  

t K R A T A (  I l = O E L Y  ( I I / Y  ( K I + l O O o  

EN0 I V=SN-CN- 1. 

WRITE(  6 ~ 4 0 1 )  
DO 10 I = l r N S M A L L  
K=NSMALL+I  

10 W R I T E ( 6 r 4 0 2 1  X I I ) * Y i I l r Y  
W R I T E I 6 r 4 0 6 )  

I K ) r D E L Y ( I ) r E R R A T A l  I) 

GLSO 1220 
GL S O 1 2 3 0  
GLSO 1240 
G L S 0 1 2 5 0  
GLSO 1260 
GLSO 12 70 
G L  S O 1  2 80 
GL S O 1 2 9 0  
GLSO 1300 
GLSO 13  IO 
GLSO 1320  
G L S O 1 3 3 0  
GLSO 1340 
G L  SO 13 50 
G L S O l 3 6 0  
GLSO 1370 
G L S 0 1 3 8 0  
G L S O l 3 9 0  
GL S O 1 4 0 0  
GLSO 1 4  IO 
G L S O l 4 2 0  
G L S 3 1 4 3 0  
GLSO 1440 
GLSO 1450 
G L  SO 1460 
G L S 0 1 4 7 0  
G L S O 1 4 8 0  
G L S O 1 4 9 0  
G L S O l S O O  
G L S O 1 5 1 0  
G L S O 1 5 2 0  

406 FORMATI41HOTHE REGRESSION E Q U A T I O N  FOR THE ABOVE IS / 1 H 0 9 3 5 H  Y = A G L S 0 1 5 3 0  
XO + A l + X  + A 2 * X + + 2  + A 3 + X * + 3  I G L  SO 15 40 

409 I F  (KN-101 407,4059405 G L  SO 15 50 
405 KMTW( 5 J =KMT52  G L S O 1 5 6 0  

GO TO 408 G L  SO 1 5  70 
407 K M T W ( S I = K H T 5 1  G L  SO 15 80 
408 WRITE ( 6 r F M T W )  K N  G L S 0 1 5 9 0  

WRITE ( 6 9 4 0 3 1  (P( I ) *  I = l , N B I G I  G L S O l 6 O O  
WRITE (6.404) D E V ~ D V T N ~ O E T R M ~ C O R R L ~ l O T V A R ~ l D l ~ E V ~ E R S ~ E R A  GLSO 16 10 
WRITE (6,91) U E T  G L S 0 1 6 2 0  

91  FORMAT(13HODETERMINANT= 614.6//) G L S O 1 6 3 0  
I F (  I n 1  4 2 2 r 4 1 9 9 4 2 . 2  GLSO 1640 

422 W R I T E ( 6 r 4 3 0 )  G L S O l 6 S O  
DO 4 2 0  I= l ,NSMALL G L  SO 1660 
I F  (W(11-1.) 421r420r421  G L S O l 6 7 0  

421 W R I T E ( 6 r 4 3 1 ) X ( I l ~ Y ( I I ~ ~ ~ l l  GLSO 1680 
420 CONTINUE G L S 0 1 6 9 0  
419 CONTINUE G L S O l 7 O O  
431 F O R M A T t l H  r2X~2HX=G15.6r2X12HY=G15~6~2X~12H~ITH WEIGHT= F7.01  GLSO 17 IO 
430 FORHAT(44HOTHE ABOVE D A T A  HAS BEEN WEIGHTED A S  FOLLDMS J G L S 0 1 7 2 0  

X * 6 X * l O H  D E V I A T I O N I B X I L ~ H  PER CENT ERROR I G L S O l 7 4 0  
402 FORMAT(1H * ( 5 ( f 1 2 . 4 * 6 X ) l J  G L S O l 7 5 0  
403 F O R M A T 1 7 G 1 8 o 8 1  G L S O l 7 6 O  

401 F O R M A T ( l H O * Z X , l O H  I N D o  VARo 9 8 X p l O H  DEPoVAR. , 8 X * 1 2 H C A L C .  FUNCo G L S 0 1 7 3 0  

404 F O R M A T ( ~ H O I ~ X I L ~ H  THE VARIANCE=G15.7v2OH STANDARD O€VIATION=G15o7/GLSOl770 
l 3 X ~ 1 4 H O E T E K M I N A T I O N ~ G l 5 o 7 ~ 8 X , 1 2 H C O R R E L A T I O N ~ G l 5 ~ 7 / l 7 H  POOLED V A R I A G L S O l 7 8 0  
2NCE=G15 79 3x1  l 7 H P O O L E O  D t V  I A T I ON=G15o  I/ G L  SO 1 790 

GO TO ( 1 0 l r l O 2 l r K K K  GLSO 18 10 
101 DO 24 I = l , N S M A L L  G L S 0 1 8 2 0  

K=NSMALL+I  G L S O l 8  30 

3 l H O ~ Z X v 1 4 H  P C T  V A K I A N C E = G l S o 7 , 2 0 H  STO. P C T  DFVIATIDN=G15o7lGLSOl8OO 
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IF I I Y I  2 5 f 2 6 . 2 5  G L S 0 1 8 4 0  
GL SO 1850  
G L S 0 1 8 6 0  GO TO 24 
GL SO 1 8  70 26 Y P ( K l = Y ( K )  

24 CONTINUE GLSO 1880  
I F  ( I P L - 1 )  2 9 ~ 8 0 3 r 8 0 1  GLSO 1 8 9 0  

803 KKK=Z GL S O  1900 
801 CONTINUE G L S O l 9  10 

K P L I  3) =NSMALL G L S D l 9 2 0  
KZN=NSMALL+hSMALL GL SO 1930 

102 W R I T E (  6 , 7 7 1  T I  1 L E  G L  SO 1 9 4 0  

25 Y P ( K ) = B F U N C (  I Y e Y ( K 1 )  

77 F O R M A T ( 2 H P T ~ ~ Z A 6 / 2 H P T / 2 H P T ~ 5 9 X ~ 7 H N O T E - - - / 2 H P T / 2 t ~ P T , 5 ~ X ~ 2 8 H ~ R I G I N A L G L S 3 l ~ S ~  
1 DATA P L O T T E D  U I T H  / Z H P T T ~ ~ X * ~ O H C A L C U L A T E O  OATA PLLJTTEO WITH + / G L S D 1 3 6 0  

GL SO 1970 X2HPT/2HPT,59X,14HPLOT OF PC 1 
C A L L  S C A L E ( N S M A L L , X T K K L U I  
C A L L  S C A L E I K ~ N I Y  T K K L Y )  
C A L L  P L O T M Y ( X  r Y  r K P L , P K )  
WR I TE( 6 . 7 8  1 

78 FORMAT(2HPL159X,23HLIGHT STEP VS DARK STEP 
802 CONTINUE 

103 C O N T I N U E  
GO TO ( 1 0 3 . 2 9 ) r K K K  

27 DEV=O. 
OETNUM=Oo 
DE TOEN=O 
DO 28 I = l , N S M A L L  
K=NSMALL + I  
x i  I ) = X P (  I )  
Y I  I I = Y P (  I )  
Y I  K ) = Y P I  K )  
TEM=Y ( I I -Y PMEAN 
DETDEN=DETDEN+TEM+TEM 
TEM=Y(K) -YPMEAN 
DETNUM=DETNUM+TtM+TEM 
D E L Y (  I ) = Y (  I ) - Y ( K I  
CrRRATA( I ) = D E L Y (  I ) / Y P I K )  

28  DEV=DEV+DELY(  I ) + D E L Y ( I )  
POOLZ=POOLZ+DEV 
TVRNUM=POOLZ 
K K K = 2  
GO TO 100 

29 C A L L  C A L C  ( X P , Y P t N S M A L L , N B I C r P I  
DO 6 I = l , N S M A L L  

Y ( I l = Y P ( I )  
X I  I I = X P (  I 1  

6 C O N T I N U E  
RETURN 
END 

I 

GLSO 1380 
GLSO 1990 
G L S O 2 0 0 0  
G L S 0 2 3 1 0  
G L S 0 2 0 2 0  
G L S O 2 0 3 0  
G L S 0 2 0 4 0  
c i L S 3 2 0 5 0  
GL S 0 20 60 
G L S 0 2 0 7 0  
G L S O 2 9 8 0  
G L S O 2 0 9 0  
GLSOZ L O O  
G L S 3 2 1 1 0  
G L S 0 2 1 2 0  
G L S 0 2 1 3 0  
GL S O 2 1  40 
G L S 0 2 1 5 0  
G L S 0 2 1 6 0  
GLSOZ 170 
G L S O Z l S O  
GLSOZL 90 
G L S 0 2 2 0 0  
GL SO22 10 
G L S O 2 2 2 0  
G L S 0 2 2 3 0  
G L S 0 2 2 4 O  
G L S 0 2 2 5 D  
G L S 0 2 2 6 0  
G L S 0 2 2 7 0  
GL SO 2 2 8 0  
G L S 0 2 2 9 0  
G L S O 2 3 0 0  
G L S 9 2 3  10 
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JIBFTC FLINFN L IbTrOECK FL  I O O O O ( 4  
C FUNCTION SUBROUTINE TU GENERATE INDEPENDENT VARIABLE FUNGTIOVS FL I00010 

FUNCTION FUNC { I r X J  F L I 0 0 3 2 0  
f = x  FL 100330  
K =  I FL IOOO40 

C F L I 0 0 0 5 0  
C THE NUMBtR OF THE STATEMENT I S  IDENTICAL T O  THE NUMBER 3F THE T E R M  F L I 0 0 3 6 0  
C I N  THE POLYNUMIAL T O  DE FITTED. FL I00070 
C FL I DO080 

I F  (K-61 1 0 0 r 6 r 7  F L  100O90 
7 WRITE (6910) K F L I  00100 

l A I L A 6 L E  YOU CANNOT GkT I31 F L I 0 0 1 2 0  
STOP FLIOOL30 

6 ANS=ALOG101 L )  FL  I001 40 
60 T O  99 FL I00150 

100 I F  (K-4) 1 0 1 r 4 9 5  FL I O 0 1 6 0  
5 ANS=Z*Z FL I00170 

ANS=ANS*ANS F L I  001 8 0  
GO T O  99 FL I00190 

4 ANS=Z*Z*Z FL I 0 0 2 0 0  
GO TU 99 I -LIOO210 

101 I F  ( K - 2 )  l r 2 r 3  F L I 0 0 2 2 0  
3 ANS=Z*Z FL100230  

GO TO 99 F L I 0 0 2 4 0  
2 ANS=Z FL I002 50  

GO TO 99 FL I00260 
1 ANS=1. FL  I 0 0 2  70 

99 FUNC=ANS FL  100280 
RETURN FLI00290 
END FLIOO300 

10 FORMAT(lHOrSX~72HTOO MANY COEFFICIENTS A S K E D  FOR - ONLY 6 A Y E  AVFL IOOl lO  
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I 
t l L100303  
R L l  O O O l O  

FUNCTION BFUNL ( I * X )  RL I 3 0 3 2 0  
Z= X B L I 0 0 0 3 0  
K= I BL I00040  

C BL ID0050 
C THE NUMBER OF THE STATEMENT IS THE NUMBER T O  BE USED I N  S P t C I F Y I N G  B L I 0 0 0 6 0  

I BL 190370  

C I T  MUST AGREE W I r H  THE CONVERSION USED I N  SU6KUUTIYt  FUNLO RL 100980 
C BL I 0 0 0 9 0  

I F  ( K - 6 )  100*6 .7  BL IO01 00 

SIBFTC BL INFN L I S T I O E G K  
C SUBROUTINE TO 6ACK-TRANSFORM Y ( I )  A R R A Y  

C THE TYPE OF CONVfiRSION. 

7 WRITE (6.10) K l 3 L I 0 0 1 1 0  
10 FORMAT(lHO*5X*44HdRONG BACK-TRANSFORMATION OF Y REQUESTED* K =  I 3 ) B L I O O 1 2 0  

STOP CIL IO01 3 0  
6 ANS=lO.+*Z BL IO0 140 

GO TO 9 9  B L  I302 50 
100 I F  ( K - 4 )  l O l r 4 r 5  RL I001 6 0  

5 ANS=SURT(Z) BL100170  
ANS=SQRT(ANS) B L  I00180 
GO T O  99 BL I 0 0 1 9 0  

BLIOO200 
GO TO 99 t 3 L I 0 0 2 1 0  

BL 100220 
3 ANS=SURT(Z) B L I  00230 

GO TO 9 9  B L I  0 0 2 4 0  
2 ANS=Z BL I00250 

GO TO 9 9  B L I 3 0 2 6 0  
1 ANS=l. BL I 0 0 2 7 0  

99 bFUNC=ANS t 3 L I O O 2 8 0  
K€TURN B L I 0 0 2 9 0  

B L I 0 0 3 0 0  t N D  

4 ANS=Z++.333333333 

101 I F  (K -2 )  1 ~ 2 r 3  

19 



SIBFTC DINV LISTIDECKIOEHUG 
C SUBR USING CROUT REDUCTION AND HENRY INVERSE ROUTINE 

SUBROUTINE U I N V E K ( B t N N N t A t M A X , D E T , E R ~ , D )  
OIMENSION A ( M A X 9 M A X I  * B ( M A X t M A X ) , D ( M A X ) t A N ( 6 0 )  
DOUBLE PRtCISION Atl3tDtAN 

MMl=KMl- 1 

DO 25 I=ltKMl 
A( I,HPl)=D( 1 )  
DO 25 J = l r K M A  

25 A(I,J)=ti(I,JI 
DO 15 N=ZeMPl 

15 A(lrNI=A(1tN)/A(l,ll 
DO 7 J=2rMPl 

KMl=NNN 

MPl=KMl+l 

M=O 
L= J- 1 

M=M+ 1 
DO 7 I=2rKMl 

1FtM-L) 10t10t9 
9 M=L 
10 DO 6 N=l*M 
6 A( I,J)=A(ItJ)-A(NtJ)*A( I r N )  

IF(1-J) 1 2 ~ 7 ~ 7  
12 A ( I ~ J ) = A ( I t J l / A ( I ~ I ~  
7 CONTINUE 

DO11 I I = l r K M l  
DEBUG( A( I 1 9  J J  I t  J J = l *  MPl 1 

11 CONTINUE 
DET=l.O 
DO 2 I = l t K M A  
l3( I ~ M P L ) = A ( I ~ I ) * A ( I T M P ~ I * * ~  
DET=DET*A( I t  1 )  

2 A( I~I)=l./A(IrII 
DO 3J=lrMMA 
N=J+l 

KJ=J 
DO 4I=NtKMA 

MJ=I-N 
A( I t  J )=A( I t J 1 *A ( J t J I 
IF(MJ) 4,495 

5 DO 16 K=lrMJ 
KJ=KJ+l 

16 A ( I ~ J ) = A ( I I J ) + A ( I , K J ) * A ( K J , J ~  
4 A( I*Jl=-(A( I t J l * A (  I t  I 1  1 
3 CONTINUE 

DO 17 J=ltMMA 
KJ=KMl-J 
DO 8 I = l t K J  
DO 8 K=l,J 
KK=MPA-K 

17 CONTINUE 

KK=KMl-J 
KJ=MPl- J 
DO 110 I = K J t K M l  

00 1 1 1  K = K J t K M l  
A( KK t K  j =O.  
DO 1 1 1  L=KJ,KMl 

8 A ( K J t I ) = A ( K J t I l - A ( K J t K K ~ * A ( K K I I )  

DO 19 J=ltMMl 

110 A(MPlvIl=A(KKtI) 

D I Y O O O O O  
DIN009 13 
DIN00320 
L)1 NO0330 
DI NO0340 
DIN00050 
DIN00060 
DI NO0370 
D I V O O O B O  
DIN00090 
o i  Y O 0 1  00 
DI NO01 L O  
DINOOAZO 
DIN00130 
D1 NO0140 
01 NO0 150 
DIN00160 
DIN00170 
0 1 N O O l B O  
DIN00190 
DIN00200 
DIN00210 
DIN00220 
DIN00230 
DIY00240 
DIN00250 
DIN00260 
DIN00270 
DIN00280 
DIN00290 
DIN00300 
DIN00310 
DIN00320 
DI YO0330 
DIN00340 
DIN00350 
01 NO0360 
D I NO03 70 
DIN00380 
01 NO0390 
DIN00400  
DIN0041 0 
DIN00420 
DIV00430 
DIN00440 
UI NOD450 
DIN00460 
DIN00470 
UIN00480 
D I N 0 0 4 9 0  
DIN00500 
DI NO05 LO 
DIN00520 
D I NO05 30 
DIN00540 
DIN00550 
D I NO 0 5 60 
DIN00570 
DIN00580 
DIN00590 
DIN00600 
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111 A ( K K V K ) = A ( K K * K ) - A ( M P l * L ) * A ( L I K )  
~ A9 CONTINUE 

DO 88 II=lrKMl 
DEBUG(A( II,JJ)rJJ=lrMPl) 

88 CONTINUE 
REWIND 7 
WRITE (7) ( ( ~ ( I r J ) r I = l r K M l ) , J = l r K M l )  
DO 114 I=l*KMl 
00 112 J-lrKMl 

00 112 KzlrKM1 

DO 114 II=lrKMl 
B I  I *  I I )=(-AN( I I 1 1 
IF ( 1 1 - 1 )  114r113r114 

AN( J)=O, 

112 A N ( J ) = A N ( J ) + B ( I , K ) * A ( K I J )  

113 tl( I ~ I I J = B ( I ~ I I ) + l .  
114 CONTINUE 

DO 117 I=lrKM1 
DO 115 JnlrKMl 
AN( J ) = O o  
UO 115 K=lrKMl 

DO 116 II=lrKMl 
A( I ,  I I  ) = A I  1 1  I I )+ANI I I )  

DO 1 8  II=lrKMl 
DEBUG( A( I I * JJ 1 .  JJ=l* MP 1) 
DEBUG( B (  I I s  JJ 1 r JJ=lr MPL 1 

115 A N ( J ) = A N ( J ) + A ( I r K ) r B ( K I J )  

116 
117 CONTINUE 

1 8  CONTINUE 
REWINO 7 
READ (7) ( D I  1 1  J)r I=l.KMl)r J=lvKMl) 
ERRSO. 
DO 20 I=lrKMl 
DO 20 K=lrKMl 
ERRl=O 
DO 21 J=lrKMl 

I F  (1-K) 23,22923 
21 ERRl=B( IvJ)*AIJqK)+ERRl 

22 kRRl=l*-EKKl 
23 ERRl=ABS(ERRl) 

24 ERR=EKRl 
20 CONTINUE 

IF (ERR-ERR11 24r20.20 

RETURN 
END 

DIN00610 
DIN00520 
DIN00630 
DI NO0640 
DIN00650 
DIN00660 
DIN00670 
DIN00680 
D I NO0690 
DIN00700 
DI NO07 LO 
DIN00720 
D I NO 0 7 30 
0 I NO 0 74 0 
OIN00750 
DIN00760 
D1 NO0770 
DI NO0780 
DI NO0790 
DIN00800 
DIN00810 
DIN00823 
DI NO0830 
DI NO0840 
DIN00850 
DIN00860 
DIN00870 
D1 NO0880 
DIN30890 
D I NO0900 
0 I N00910 
DI NO0920 
D f  h(00930 
D I NO0940 
DIN00950 
D I h(00960 
DIN00970 
DI NO0983 
DIN00990 
DI NO 1000 
DIN01010  
DIV01320 
DIN01330 
01 NO1040 
DIN31350 
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S I B F J C  DSLV L I b T r D E C K r D E B U G  DSLOO300 

C D S L 0 0 0 2 0  

C WHICH IS THE AUGMENTEO MATRIX INVERTEL) OSLO0340 
C D S L 3 0 3 5 0  

SUBROUTINE UMVMUL(BrNNNrU,AN*MAXI OSLO0060 
DIMfrNSION 8 ( M A X r M A X l r D ( H A X l r A N ( M A X l  OSLO0070 
DOUBLE P R € C I S I O N  t3,DvAN DSL 30980 
M=NNN D S L 3 0 3 3 0  
NP 1 =NNN+ 1 o s L o o l o o  
00 100 I = l r M  D S L O O l l O  
AN( I )=O. OSLO0120 
DO 100 J = l r M  USLOO130 

100 AN( I ) = B (  I ,  J ) * U (  J l + A N (  I )  DSLOO140 
OSLO0150 DO11  I l = l r M  

DEBUG( 8 (  I I ,  J J)  r J J = l r  M 1 OSLO01 60 
11 CONTINUE OSLO0170 

D E B U G ( A N ( I I ) r I I = l r M )  DLLOO180 
DO 4 I=lrNNN DSLOO 190 

4 B (  I , N P l I = A N (  I )  DSLOO200 
WRITE (6.15) D S L O 0 2 1 0  
DO 14 J = l r M  D S L 0 0 2 2 0  
OD 13 I = l r M  OSLO0230 

13 E (  M P l r  I I = B ( , I r  J ) / S U R T (  8 (  I P I I * B (  JI J )  1 OSLO0240 
14 WRITE I 6 r  16)  ( O (  MP1rK 1 9  K = l r  M )  D S L 0 0 2 5 0  
15  FORMAT(20HOCORRELATION MATRIX= 1 OSLO0260 
16 FORMAT(lHO8616.81 OSLO0270 

RETURN D S L 0 0 2 8 0  
END OSLO0290 

C SUBROUTINE T O  OBTAIN SOLUTION VECTOR FROM l V V E R S t  8 OSCOO310 

C SOLUTION VECTUK IS RErURNED I N  T H t  AN ARRAY AND 1'4 ( ( B ( I r Y P l ) r I = l r N N N J O S L 0 0 ~ 3 0  
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J I B F T C  C A L  L I S T p O k C K  CALOOOOO 
C A L O O O 1 0  
C A L 0 0 0 2 0  C 

C D E T E R M I N E  AN I i M l J L S I U N  C A L I B R A T I O N  CURVE F O R  I N P U T  T O  L A G R A N G E  C A L 0 0 0 3 0  
C I N T E R P O L A T I O N  R O U T I N E .  C A L 0 0 0 4 0  

C A L 3 0 D 5 0  COMMON I W  
D I M E N S I O N  X ( 2 5 0 ) * Y ( 5 0 0 ) r P ( 3 5 )  C A L O O 0 6 O  

1 xx=2. C A L 0 0 0 7 0  
C A L 0 0 0 8 0  X S T O P 1 9 5 .  

X (  l ) = X X  C A L 0 0 0 9 0  
DO 10 I=1*10 C A L O O l  0 0  
N= I C A L D O l 1 0  
Y Y = P ( 1 ) + P ( 2 ) * x x + P ( 3 ) + x x + + z + P ~ 4 ~ * x x * * 3  + P ( 5 ) + X X * * 4  C ALOO 120 
XX=YY C A L 0 0 1 3 0  
X(  I + l ) = Y Y  CALOO 140 
I F  ( XX-XSTOP 1 101 109 20 C A L 0 0 1 5 0  

10 C O N T I N U E  C A L O O l 6 O  
20 K=N-1 C A L 0 0 1 7 0  

NN=N C A L 0 0 1 8 0  
4 DO 30 I = l r N  C A L 0 0 1 9 0  

Y (  I ) = Z . * + N N  C A L 0 0 2 0 0  
NN=NN- 1 C A L 0 0 2 1 0  

30 CONTINUE C A L 0 0 2 2 0  
C A L 0 0 2 3 0  N=N+ 1 

X(  N )  = L O O .  C A L 0 0 2 4 0  
Y ( N ) = O .  C A L 0 0 2 5 0  
W R I T E ( 6 p 9 9 )  G A L 0 0 2 6 0  
W R I T E (  6.103) ( X (  I ) * Y  ( I ) 9 I = l r N )  C A L 0 0 2 7 0  

99 F O R M A T (  l H 0 ,  AOOH X vs Y ( D E F I N E S  E M U L S I O N  C A L I B R A T I O N  C A L 0 0 2 8 0  
XCURVE)  FOR I N P U T  T O  LAGRANGE R U U T I N t .  1 C A L 0 0 2 9 0  

103 F O R M A T ( l H O p Z F 1 0 . 4 )  C A L 0 0 3 0 0  
I w=o C A L 3 0 3 1 0  

101 R E T U R N  C A L O O 3 2 0  
E N D  C A L 0 0 3 3 0  

S U B H O U T I N t  C A L C ( X v Y * N * K , P )  
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S I B F T C  L G R N  L I S T I U E C K I D E B U G  LGROOOOO 
SUBROUTINI ;  lGKNGE(XtYtNtARG,ANS,OER~KDOE) L G R 3 0 3 1 0  
D I M E N S I O N  XI2OOJ,Y(200)rA(101,C(4) L G R 0 0 0 2 0  
E Q U I V A L E N C E  ( X X s A ( 1 )  ) ~ ( X O I A ( ~ J ) , ( X ~ , A ( ~ ~ ) ~ ( X Z , A ( ~ ) J , ( X ~ ~ A ( ~ ) J ~  L t i R 3 U J 4 3  

L 6 R 0 0 3 6 0 
I F (  ARG-X( 2 J 110, 10, 11 L G R 0 0 0 7 0  

10 M X = 1  L G R 3 0 3 8 0  
GO TU 5 1  L G R 0 0 3 9 0  

11 I F ( A R G - X I N - 1 ) )  12912113  L b K 0 0 1 0 0  
13 MX=N-3 L G R 3 0 1 1 0  

GO T O  5 1  L G K 0 0 1 2 3  
12 K = N - 1  L G R 0 0 1 3 0  

00 14 J A = 2 r K  L S R 0 0 1 4 0  
I F ( A R G - X ( J A ) ) 1 5 , 1 5 , 1 4  L b R O O 1 5 0  

15  M X = J A - 2  L G R 0 0 1 6 3  
GO TU 51 L G R O O l 1 0  

14  C O N T I N U E  L G R O O l 8 0  
5 1 I F  ( K O O E - 1 1 1  2, 1 L G R O O 1 9 0  
1 CON=O.O L G R 0 0 2 0 0  

60 TO 50 L C K 3 0 2 1 3  
2 C O N = l .  L C R O O Z Z O  

50 X X = A L O G (  ARG+CON 1 L G R O O L 3 0  
DO 3 I = l t 4  L G K 0 0 2 4 0  
MX I = H X +  I - 1 L b R 0 0 2 5 0  
A (  I +  1 ) = A L U G (  X (  MX I 1 +CON 1 L G K 0 0 2 6 0  

3 A (  I + S J  = A L O G (  Y ( H X  I 1  + C O N )  L G R 3 0 2 7 0  
DEBUG X X , X O v X L , X 2 r X 3  L G R 0 0 2 8 0  
A N S ~ ~ ~ X X - X l ~ * ~ X X - X 2 ~ * ~ X X - X 3 l / ~ ( X O - X l l * ~ X O - X Z ) * ( X O - X 3 ~ ~ ~ * Y 3  + ( X X - X 3 L G R 0 0 2 9 0  

1 J + ( X X - X 2 ) * (  X X - X 3 )  L G R 0 0 3 0 0  
2 ( X X - X 3 ) * Y 2 / I ( X 2 - X O ) . o , ( X 2 - X 3 ) ) + 1 X X - X O J * ( X X - X l J * ( X X - X 2 ~ + Y 3 /  L G R 0 0 3 L G  

1 ~ Y O ~ A ~ 6 J ~ r ~ Y l r A ~ 7 l ~ ~ ~ Y Z ~ A ~ 8 ~ ~ ~ ~ Y 3 ~ A ~ 9 ~ ~ ~ ~ C l ~ C ~ l ~ ~ ~ ~ C 2 ~ C ~ 2 ~ ~ ~ ~ C 3 ~ C ~ L G ~ ~ O ~ ~ ~  
2 3 )  1 9  ( C 4 r C t 4 )  1 

* Y  1 / (  I X l - X O ) * (  X l - X Z )  * (  X l - X 3 J  1 + (  X X - X O )  * (  X X - X l )  

3 ( ( X3-XO I ( X3-X 1 1 ( X 3 - X Z  1 J L G R 0 0 3 2 O  
A N S = E X P ( A N S J - C O N  L G K 0 0 3 3 0  
D E W G  A N S  L G R 0 0 3 4 0  
GO TO ( 5 , 4 1 r K O D E  L G K 0 0 3 5 0  

4 DO 7 I=2 ,5  L G K 3 0 3 6 0  
7 C( I - l ) = X X - A ( I )  L G K 0 0 3 7 0  

C C O ~ Y O / ( X O - X 1 ) / ~ X O - X 2 ~ / ~ X O - X 3 J  L b K 3 0 3 8 3  
CCl=Yl/(Xl-XO)/(Xl-XZJ/(Xl-X3) L G K 0 0 3 9 0  
C C 2 = Y 2 /  ( X Z - X O ) /  ( X 2 - X l )  / (  x2 -x3 )  LGROOGOO 
C C 3 = Y 3 /  ( X3-XO / ( X3-X 1) / ( X 3 - X 2  J LGRO 04 LO 
DER=ANS/AKG+(CCO+(C2*C3+C2*C4+C3*C4l+CCl*(Cl*C3+Cl~C4tC3*C4J+CC2*~LGROO42O 

L ( i R 0 0 4 3 G  
5 R E T U R N  L G R 0 0 4 4 0  

E N D  L G R 0 0 4 5 0  
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S I U F T C  K A T  L 1 S T  , D E C K  R A T O C O C O  
SUBdULITIYE F A T I U  ( ? 1 E L , Z r Z t 3 )  R A T 0 0 0  10 

C R A T 0 0 0 2 0  
C C U M P U T t J  R A T 1 0  UF k c C A T l V E  I N T t N S I T Y  UF A N  L L E M E N T  T O  R E L A I I V E  R A T 0 7 0 3 0  
C I N T t N S I T Y  OF A STANL!ARD, M A X I M U M  NUMHER O F  S T A N D A R D S  I S  FOUK,  R A T 0 0 0 4 0  
C M A X I M U M  ILL IMHIR O F  E L E M F N T S  IS F I F T Y .  R A T 0 0 0 5 0  
c R A T O C 0 6 0  

R k A L  M I S  R A T O C 0 7 0  
COMMON I w 9 K S  ’I OP 9 N E X P  R A T 0 3 0 8 0  
COMMON 2 ( 5 0  9 1 1 , 7 1 , 2 b ( 50  9 1 1 , 7 1 R A T 0 0 0 9 0  
COMMUN kL(  50 R A T O O  100 
D I M E N S I O N  & A T  (111,4,7) , X R A T (  1194.7) r A V C (  11.4) ( X A V G I  1 1 9 4 )  R A T 0 3 1  10 
D A T A  R I EN, €TL I L  E /  6H ,3H* / R A T C  1200 
D I M t \ b I O N  M I S ( l l r 4 * 7 )  R A T O O  130 
W R I T t  ( 6 , 9 8 1  R A T 0 0 1 4 0  
~ R I T € i 6 , 9 9 ) ( r L (  I ) , I = l , K S T O P  1 R A T 0 0 1 5 0  
k R I T t ( 6 , l O l )  R A T O O  160 
W R I T t  ( 6 ,  1 0 5 )  R A T 0 0 1 7 0  
b d R I T t ( 6 r l 0 6 )  R A T 0 0 1 8 0  
K 5 T =K b TOP + 1 R A T 0 0 1 9 0  
UU 40 l = K S T , K E L  R A T 0 0 2 0 0  
DO 30 K K = l r K S T O P  R A T 0 0 2 1 0  
DU 2 G  J = l , N € X ?  R A T 0 0 2 2 0  
M= I R A T 0 0 2 3 0  
X & = C .  R A T 0 0 2 4 0  
X i \ rN= i .  R A T 0 0  250 
X A V G (  J , K K ) = G .  R A T 0 0 2 6 0  

K A T 0 0 2 7 0  
SUM=CJ. R A T 0 0 2 8 0  
S U M l = O .  R A T 0 0 2 9 0  
DO LO K = 1 9 7  R A T 0 0 3 0 0  
N=K R A T 0 0 3 1 0  
L=K R A T 0 0 3 2 0  
K A T  ( J  r K K ,  K )=D R A T 0 0 3 3 0  
X t l A T ( J , K K p K ) = 3 *  K A T  00 340 

A V G (  J , K K  1 =C 

I F (  I - K b T )  1 9 4 9  1 
4 M I S ( J , K K , K I = K I E N  

C K A T 0 0 3 6 0  
C A R R A Y  M I S  SHOWS PROCIRAM E X T R A P O L A T E D  A R E L  I N T E N S I T Y  I F  T H t K t  W A S R A T 0 0 3 7 0  
C NO U R I G I T U A L  G A T A  FUK T H A T  E X P O S U R E  AND S T E P .  R A  T O 6 3 8 0  
C R A T 0 0 3 9 0  

1 I F  I Z (  1,J.K) 1 2 ~ 6 9 2  
6 I F  ( M I S ( J , K K , ~ L - E T O I L E ) 1 3 r 7 r 1 3  
7 L ( K K , J , K ) = @ .  

M I S ( J I K K ~ K ) = K I E N  
GO T U  10 

2 IF ( Z ( K K , J , K ) )  3 r l l r 3  R A T 0 0 4 1 0  
C T E S T  FOH t 3ACKGKOCYD R A T 0 0 4 2 0  

3 I F  ( L O ( 1 , J . K ) )  3295 .32  R A T 0 0 4 3 0  
5 IF ( L ~ ( K K , J . K ) ~  3 2 , 3 1 9 3 2  P A T 0 0 4 4 0  

C I F  IN S T k P  7 GU T O  2 1  AIJO S r A R T  SEARCHING L O H E K  S T E P S -  R A T 0 3 4 5 0  
C I F  h O T  IN S T E P  7 S T A R T  > E A K C H I N G  HIGHER S T E P h .  R A T 0 0 4 6 0  

11 I F  ( L - 7 )  12,21,21 R A T 0 0 4 7 0  
12 L = L + 1  R A T  00 480 

N=L-K R A T 0 0 4 9 0  
I F ( Z ( K K , J , L ) )  13,11913 R A T 0 3 5 0 0  

C C O R R E C T  FUR S T t P  I I O V E M E I ~ T S  K A T 0 0 5 1 0  
? 3  Z ( K K , J , K )  = L ( K K * J , L )  * L.**N R A T 0 0 5 2 0  

MIS(J,KK,KI=TIOIL~ R A T 0 9 5 3 0  
14 I F  ( L d ( K K , J , L ) )  1 5 9 3 ~ 1 5  R A T 0 2 5 4 0  
15 L H ( K K t J , K )  = 7 d ( K K , J , L )  2.+*Y R A T 0 3 5 5 0  

G O  TO 32 R A T 0 0 5 6 0  
C S T A R T  SEARCH dF L I l d k R  S T L - P S  R A T 0 0 5 7 0  

25 



R A T 0 3 5 8 0  2 1  IF ( L - 7 )  1 1 1 2 2 9 2 2  
22  L = L - 1  K A T 0 0 5 9 0  

I F ( L ( K K , J 9 L ) )  2 3 , 2 7 1 2 3  RATOCf iOO 
23  N = K-L K A T 0 0 6 1 0  

K A T 0 0 6 2 0  
L ( K K , J , ~ ) = L ( K K , J . L ) / ~ . * * ~  R A T 0 0 6 3 0  
M I S ( J , K K , K ) = t I O I L t  K A T 0 0 6 4 0  
L k j l  KK, J v K )  = Z b (  K K 9  J 9 L / 2  * + Y  R A T 0 0 6 5 0  
I F 1  Z 6 ( K K , J , L ) )  3 2 , 3 9 3 2  R A T 0 0 6 6 0  

27 I F  ( L - 1 )  1 3 9 1 ? 9 2 2  R A T 9 0 6 7 0  
C O E T t d M I Y t  R A T I O  R A T 0 3 6 8 0  

32 R A l ( J 9 K K p K )  = ( Z ( I v J , K )  - Z C ( I , J , K ) ) / ( Z ( K K I J , K )  - L d ( K K t J 9 K ) )  R A T 0 0 6 9 0  
xiU=xtu+ 1. R A T 0 0 7 0 0  

3 1  X R A l ( J 9 K K g K )  = L ( 1 i J r K )  / Z ( K K 9 J . K )  R A T 0 0 7 1 0  
XNN = xivrv + 1. R A T 0 0 7 2 0  

3 3  SUM = bUM + R A T ( J p K K , K )  R A T 0 0 7 3 0  
S U M l = S U M l + X K A l (  J 9 K K  9 K )  R A T 0 0 7 4 0  

10 C U N T I N t J t  R A T 0 0 7 5 0  
Ik l bUM 35 9 34 9 3 5  R A T 0 0 7 6 0  

35 A V G (  J i h K )  = SL IM/XN R A T 0 0 7 7 0  
3 4  I F (  S U M 1  1 369 2 C 9  36 R A T 0 0 7 8 0  
36  X A V G ( J 9 K K )  = S U M l / X N N  R A T 0 0 7 9 0  
20  C U N l I N U E  R A T 0 0 8 0 0  
3 C  C U h T I i \ l u t  R A T O J 8 1 0  

W R I T t ( 6 9 1 0 2 )  ( E L ( I ) , E L ( K K ) , K K = I , K S T O P )  R A T O O 8 2 0  
IFt KSTUP-2 ) 4 7  4 7 9 4 6  R A  T O O  8 30 

4 7  K L J = Z  R A T 0 0 8 4 0  
R A T 0 0 8 5 0  N N = O  

GO TU 45 R A T 0 0 8 6 0  
4 6  K L J = l  R A T 0 0 8 7 0  

Nh= 1 R A T 0 0  8 6 0 
4 5  DO 50 J = l , N k X \ ’ , K L J  R A T 0 0 8 9 0  

LJ=J+1 R A T 0 0 9 0 0  
r J K I T t ( 6 9 1 0 4 )  R A T 0 0 9 1 0  
00 5 1  J J = l r 7  R A T 0 0 9 2 0  

R A T 0 0 9 4 C  
R A T 0 0 9 5 0  

X = l ,  K S T U P )  R A T 0 0 9 7 0  
5 1  CUFuT l iUUt  R A T 0 0 9 0 0  

R A T 0 0 9 9 0  
R A T 0 1 0 0 0  

48  UKITt(69108) (AVG(LJpKK),XAVGILJ,KK)tKK=l,K$TUP) R A T  01010 
50 CCINTlh\ tc lE R A T 0 1 0 2 0  
4C! C O N T I N U E  R A T 0 1 0 3 0  

R A T 0 1 0 4 0  C 
R A T 0 1 0 5 0  C FORMAT S T A T k M E V T S  

c R A T 0 1 0 6 0  
K A T 0  1070 

R A T 0 9 3 5 0  
103 k O K k U T (  1 t i  9 2 1 4  9 4 x 9  I 4 1  2 b 1 1 . 4 1 A 3 )  1 )  K A T 0 9 3 8 0  

XOS. C O L b .  2 9 5 9 8 9 1 1  A R €  T H E  U k C C l R H E C T € 3  R A T I O S .  1 R A T 0 1 1 2 0  
K A T 0 9 5 0 0  

1 0 3  F O R W A T ( 1 t l  , 5 X t 3 t 1 A V ~ r 4 X t ( 4 ( 2 G 1 1 . 4 t 3 X ) )  1 * A T 0 1 1 4 0  
104 FORMAT ( 1 H i i )  R A T O l  150 
105 F U R M A I ( l H 0 , 3 5 X , 6 0 H  * 1N L O L .  3 9 6 9 9 9 1 2  M E A Q S  V A L U E  OF STU. I b  E X T R A R A T 0 1 1 6 0  

) R A T 0 1  170 
106 F O R M A T (  1 H 0 9 3 2 X 9 6 4 H  A t3LANK IN THESE C O L U M N b  M E A N S  R A T I O  d A b  C A L C U R A T O l l B O  

J R A T O l  190 
1 0 7  F O R M A T ( l ~ t h O X , Z I 4 , ( i ( 2 G l l . 4 , A 3 ) )  1 R A T 0 1 2 0 0  

HETUA\I R A T 0 1 2 2 0  
END R A u) 1 23n 

C CCIRRECT FUK b T t P  r W V E M t u F  

W K I l t ( 6 ~ 1 0 U )  J ~ J J ~ I K A T ( J , K K , J J J I X R A T ( J ~ K K ~ J J ) , M I S ( J ~ K K , J J ) ~ K K = ~ ,  R A T O S 9 3 0  

l F ( N k ) 5 1 9 5 3 r 5 1  
X K S T O P  

5 3  W K I T € ( 6 9 1 C 7 )  L J , J J , ( K A T ( L J , K K I J J ) , X ~ A T ( L J , K K , J J ) , M I S ( L J , K K , J J ) ~ K K  R A T 0 3 9 6 0  

d R  11 t ( 69 103) ( 4 V G 1  J 9 K K )  9 X A V G (  J 9 K K )  , K K = 1  r K S T O P )  
I F I  kN 1 5 C  4 8  9 S C  

98 F O K P A  J ( 1 H l )  
99 FORMAT ( 1ti2 9 5 7 X  9 1 6 H I  hTENS I T Y  R A  TI O S  / / t 37 X 9 591-1 7 HE F 3 L L D  W I Nb - E L  E M E R A T O 9  300 

X N T S  A K E  L O N S I D E R E D  I Y T  i K N A L  S T A N D A R D S -  r / / , 4 6 X t  ( 4 ( A 6 , 4 X )  1 )  

101 F O K M A T ( l H O ~ 1 5 X ~ l O S H  COLUMNS l r 4 9 7 9 1 C  A2E B A C K G R O U Y D  C O Y K E C T E I )  R A T I R A T O l l l O  

1 0 2  F U R M A T ( l H L 9 1 2 t I  E X P  S T t P  , X , 4 ( A 6 i Z H  / , A 6 , 1 1 X ) )  

X P O L A T t U .  

X L A T € U  DIKELTLY. 

1 0 8  F O R ~ A T ( l H + 6 4 X , j H A V G , 2 X , ( 2 ( 2 G l l . 4 , 3 X ) I  I 



APPENDIX C 

SAMPLE OUTPUT FROM SUBROUTINE FAT10 

The following output i s  a t y p i c a l  example from t h e  subrout ine R A T I O :  

I NTENS I T Y  R A T  10s 

THE FOLLOYING ELEMENTS ARE CONSIDERED INTERNAL STANOAROS- 

A 4044 W 4008 AG2929 AG3501 

COLUMNS 1 .4~7 .10  ARE BACKGROUND CORRECTED RATIOS. COLS. 21518111 ARE THE UNCORRECTED RATIOS. 

* I N  COL. 3 ~ 6 r 9 . 1 2  MEANS VALUE OF STO. IS EXTRAPOLATED. 

A L3LANK I N  THESE COLUMNS UEANS RATIO WAS CALCULATED DIRECTLY. 

EXP STEP N13566 / A  4044  

1 1  C.1459 0.1143 
1 2  C 0 
1 3  0 0 
1 4  0 0 
1 5  C 0 
1 6  C 0 
1 7  C 0 

A V G  0.1455 0.1743 

2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 1  

A V G  

3 1  
3 2  
3 3  
3 4  
3 5  
3 6  
3 7  

A V G  

4 1  
4 2  
4 3  
4 4  
4 5  
4 6  
4 1  

A V G  

0 
0.8380 

0.9295 
0 
0 
0 
0.8724 

c, e498 

C 0 
0 0 
C 0 
0 2 I 9445 
0 3.1737 
0 0 
G 0 
0 3.0553 

C.2297 0.2774 
0.2630 0.2818 
C 0 
c 0 
0 0 
0 0 
C C 
0.2463 0.2796 

N13566 / Y  4 0 0 8  N I 3 5 6 6  11162929 N I 3 5 6 6  /AG3501 

* 3 2 . 6 5 5  5.0638 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
32.655 5.0638 

0 
* o  

0 
0 
0 
0 
0 
0 

0 
0 
0 

* o  
* o  

0 
0 
0 

0.3581 0.4271 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0.3581 0.4277 

0.1020 
0 
0 
0 
0 
0 
0 
0.1020 

0.1218 * 
0 
0 
0 
0 
0 
0 
0.1218 

0 0 0 0 0 
0.8663€-01* 0 0.2285 * 0 0.1537 * 
0.8785E-01* 0 0.2317 * 0 0.1558 * 
0.8646E-01* 0 0.2281 * 0 0.1534 * 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0.8698E-01 0 0.2294 0 0.1543 

0 
0 
0 
0.1648 
0.1776 
0 
0 
0.1712 

0 
0 
0 

* o  
* o  

0 
0 
0 

* 0.3154E-01 0.3810E-01* 
0.3611E-01 0.3870t-Oi* 
0 0 
0 0 
0 0 
0 0 
0 0 
0.3383E-01 0.3840E-01 

0.6918E-01 
0.79 ZOE-0 1 
0 
0 
0 
0 
0 
0.74 19E-0 1 

0 
0 
0 
0.8834 
0.9145 
0 
0 
0.8990 

0.8356E-01* 
0.8488E-01: 
0 
0 
0 
0 
0 
0.8422E-01 

0.5 8 9 4E- 0 1 
0.6 748E-0 1 
0 
0 
0 
0 
0 
0.632 1E-01 

0 
0 
0 
0.6593 
0.771 9 
0 
0 
0.7156 

0.7119E-01* 
0.7231E-G1* 
0 
0 
0 
0 
0 
0.7175E-01 
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. 
5 1  
5 2  
5 3  
5 4  
5 5  
5 6  
5 7  

A V G  

6 1  
6 2  
6 3  
6 4  
6 5  
6 6  
6 7  

A V G  

7 1  
7 2  
7 3  
7 4  
7 5  
7 6  
7 7  

A V G  

8 1  
8 2  
0 3  
8 4  
8 5  
8 6  
8 7  

A V G  

C.S671t-L;1 0.1359 
0.1244 0.1379 
C 0 
0 C 
0 C 
0 0 
0 C 
C.1106 0.1369 

C C 
C 0 
0 0 
0 4.9703 
0 5.0539 
C 0 
0 0 
C 5.0321 

0 0 
0 0.0036 
C 1.0517 
C 0 
C 0 
C 0 
0 0 
0 C.5276 

C c .4cec  
0 0.4189 
C 0 
C 0 
C C 
C 0 
0 C 
0 0.4135 

* 0.7482E-02 0.1052E-01* 
0.9628E-02 0.1067E-01* 
0 0 
0 0 
0 0 
0 0 
0 0 
O.8555E-02 0.1059E-01 

0 
0 
0 

* o  
* o  

0 
0 
0 

* O  
* o  

0 
0 
0 
0 
0 
0 

0 0 
0 0 
0 0 
0.7166 0 
0.7344 0 
0 0 
0 0 
0.7255 0 

0.4045E-01 0.5685E-01* 
0.5206E-01 0.5769E-013 
0 0 
0 0 
0 0 
0 0 
0 0 
0-4625E-01 0.5727k-01 

0 
0.1225 
0.1363 
0 
0 
0 
0 
0.1294 

0 
* o  
* o  

0 
0 
0 
0 
0 

0.9922€-01* 
0.1019 * 
0 
0 
0 
0 
0 
0.1005 

0 
0 
0 
0.9195 
0.8736 
0 
0 
0.0965 

0 
0.2686 
0.2988 
0 
0 
0 
0 
0.2037 

0.3 139E-01 0.441 2E-01* 
0.4040E-01 0 -4477E-01* 
C 0 
0 0 
0 0 
0 0 
0 0 
0.359OE-01 0.4445E-01 

0 0 
0 0 
0 0 
0 0.6623 
0 0.7682 
0 0 
0 0 
0 0.71 5 3  

i) 
* o  
* o  

0 
0 
0 
0 
0 

0.1167 * 0 
0.1199 * 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0.1183 0 

0 
0.2009 * 
0.2235 * 
0 
0 
0 
0 
0.2122 

C.9206E-01* 
0.9452€-01* 
0 
0 
0 
0 
0 
0.932 9E-01 
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