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I. In t roduct ion  

During t h e  pas t  two o r  t h r e e  yea r s ,  t h e  users of the Joyce-Loebl digi ta l .  

microphotometer a t  t h e  University o f  Maryland have w r i t t e n  a number of 

programs t o  reduce t h e  d a t a  obtained from t h i s  instrument. Whilst t h e  a i m s  

of the Astronomy group and t h e  F lu id  Dynamics group are similar i n  many 

r e spec t s  t h e  programs which each group has developed are q u i t e  d i f f e r e n t .  

Only t h e  first program, which reads t h e  t ape  w r i t t e n  by t h e  microphotometer, 

i s  common t o  both groups. Before discussing t h e  programs it i s  desirable t o  

d iscuss  t h e  d e t a i l s  of t h e  microphotometer and magnetic t ape  'recorder s ince  

they  have played an important r o l e  i n  t h e  development o f  t h e  programs. 

The microphotometer i s  a Joyce-Loebl Mark I11 CS instrument which has 

been modified by National Instrument Laboratories so t h a t  the information on 

t h e  transmission of l i g h t  through a specimen may be w r i t t e n  on magnetic tape.  

The magnetic t a p e  recorder  w a s  suppl ied  by t h e  Digi-Data Corporation. During 

t h e  time which t h e  microphotometer has been at t h e  Univers i ty  of Maryland 

a number o f  attachments have been added and t h e  cur ren t  system i s  a very 

ve r sa t  i1.e one 

The microphotometer is  of the  double beam type ,  A change i n  t h e  

t ransmission of l i g h t  through t h e  specimen is balanced by a compensating 

movement of an o p t i c a l  wedge. I n  t h e  conventional instrument a pen is  a t t ached  

t o  the wedge and draws a record  of t h e  wedge pos i t i on  on t h e  graph paper 

placed on t h e  recording table,  The motion of t h e  wedge is accompanied by 

a r o t a t i o n  of a shaft. I n  t h e  d i g i t a l  version an encoder i s  mounted on t h i s  



shaft and t h e  wedge movement i s  determined from t h e  r o t a t i o n  of t h e  encoder. 

F u l l  s c a l e  de f l ec t ion  of the wedge corresponds t o  a r o t a t i o n  of 1.74 t u rns  

of t h e  encoder and thus ,  s ince  t h e  encoder has a re so lu t ion  of  a hundredth 

of  a t u r n ,  t h e  encoder reading, and consequently t h e  number w r i t t e n  on 

magnetic t ape ,  w i l l  l i e  between 1 and 174. 

The main d i f fe rence  between the  conventional and d i g i t a l  forms of  

t h e  microphotometer concerns t h e  dr iv ing  of t he  specimen t ab le .  I n  t h e  

conventional form of the instrument the  specimen table i s  l inked  t o  t h e  

recording t a b l e  by means of a r a t i o  arm and it i s  the  recording table which 

i s  motor driven. 

f o r  d i f f e r e n t  magnifications on t h e  t r ac ings .  

example, a r a t i o  of 50/1 w a s  used whereby t h e  movement of t he  recording t a b l e  

over i t s  f u l l  t r a v e l  of  10 inches moved t h e  specimen a d is tance  of 0.2 inches. 

Af te r  t h e  recording t a b l e  has moved through i t s  f u l l  t r a v e l ,  t h e  l inkage 

between the  two t a b l e s  is  unclamped and t h e  recording t a b l e  reversed t o  i t s  

s t a r t i n g  point .  The l inkage is then clamped and the  whole process repeated. 

Tracing a long one dimensional specimen i s  thus  somewhat tedious s ince  it is  

necessary t o  perform t h e  clamping/unclamping cycle  approximately every 

n ine ty  seconds. 

The use of d i f f e r e n t  p ivot  po in t s  f o r  t h e  r a t i o  arm allows 

I n  some e a r l y  work, f o r  

The r a t i o  arm system is  used i n  t he  d i g i t a l  vers ion o f  t h e  microphoto- 

meter t o  t r a c e  two dimensional specimens. The recording and specimen 

t a b l e s  a r e  clamped toge ther  permanently. 

t a b l e  it i s  reversed back t o  its s t a r t i n g  poin t  thereby br inging the specimen 

A f t e r  one sweep of t h e  recording 
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t a b l e  Lzc:; t o  i t s  s t u t i c g  point.  Wfiilst t h e  t v o  t i a l e s  are revers ing ,  

t h e  s;?eclrr.es table i s  being s%esi1e6 i n  t h e  d i r e c t i o n  rAoAmcS t o  t h e  d l r e c t i o n  

of t r s c i n z .  

E? 

rl i he  area of specisr,en which i s  t r a c e d  iz; zqry E;iven cycle is 

thus  sli&;%>j o f f s e t  from t h a t  t r c c e d  i n  t h e  previous cycle. The zc tun l  

Gz:a sm$ing i s  con t ro l l ed  by a com,utazor which i s  lirJieC t o  the back 

tGble Sy two t i x h g  b e i t s ,  and b is possialie t o  vary %he Lm3er of data 

are izost c o n v e z i a t l y  t2aci.d with t h e  s c r m  d r ive  attach?.ent, Ynis a t tach-  

Kent dr ives  t h e  spec lmn  t a b l e  d i r e c t l y  a a  no l inkage  i s  needed between t h e  

recording aad spczixen tables , 5ke cornx&ator c o n t r o l l i n g  t h e  data 

saxqlinf:  i n  t h i s  code i s  dr'v-. - La by t 'ns screw d r ive  Eotor a d  t h e  sampling 

distame between s'ucce:sive data s m p l e s  is  v a r i a b l e  between h a l f  a micron 

and t e n  clicrons. A screw d r i v e  such as t h i s  i s  stmdard p r a c t i c e  i n  micro- 

photometer design. iiowevcr one c c r j i i c a t i o n  mcy be d e s i r a b l e  when t h e  

instrument i s  used i n  d i g i t a l  ~o:-A* T x c i z i ;  L. loc,rr specinen me,y,result i n  

the  outpa t  record  being t o o   lo^; :~i- coz,trenlent input  to t h e  computer. ?or 

exasrrple, t h e  IOCS r o u t i c e s  f o r  tk=e 13X 709: a r e  r e s t r i c t e d  t o  records o f  5999 

words or less,  %ne c a r r e n t  2c;rce-Loebl systerr. d l o w s  a choice between 

wr i t i ng  records of u s p c e i f i e d  length  a i d  w r i t k g  r e c o r k  of 400 words. I n  

the latter zoZc or' o p r z t i o n  when a counter i c d i c a t e s  th t  b o  words hzve been 

w r i t t e n  on t a p  <he screti i s  declutched r'ron: i t s  drfvz rcotor, t h e  co&mutator 

is clamped and en in te r - record  gzp i s  writ-Lzi; on t h e  output; tape,  The screw 

i s  thzn  re-engaged with i t s  dr ive notor ,  t h e  cormutator is  u m l m p e d  and 

cmother record  of 400 words w r i t t e n  on tup, 
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The t ransmission d a t a  of a p a r t i c u l a r  specimen form a number of 

records on tape.  The d a t a  i s  w r i t t e n  i n  BCD a t  a dens i tv  of 200 BPI. 

Each t ransmission value i s  a t h r e e  d i g i t  number wi th  each d i g i t  forming one 

column on seven t r a c k  tape.  Since s i x  columns make up one computer word, 

one t ransmission va lue  forms only h a l f  a word. Fur ther  da t a ,  such as t h e  

number of a p a r t i c u l a r  specimen, may a l s o  b e  w r i t t e n  on tape.  This da t a ,  

known as f ixed  da ta ,  c o n s i s t s  of twelve decimal d i g i t s  which are manipulated 

by r o t a t i n g  wheels on t h e  tape  recorder .  

simply by pushing a but ton.  

i n t e r r eco rd  gaps and end of f i l e  marks. It is  impossible t o  read the  

microphotometer t ape  by using t h e  normal For t ran  READ statement.  It is 

however q u i t e  simple t o  read the  t ape  and convert  t h e  BCD da t a  i n t o  the 

normal b inary  computer form by w r i t i n g  a small program which uses  assembly 

language as w e l l  as Fortran.  

IBM 7094, a l s o  uses  many IOCS rout ines .  It would b e  q u i t e  poss ib l e  t o  

rewrite t h e  program f o r  a Univac 1108, using t h e  ITEM HANDLER t o  read t h e  

tape  and converting from BCD t o  b inary  by using t h e  For t ran  F ie ld  Function 

o r  using assembly language. 

These d a t a  are w r i t t e n  on tape 

Further  bu t tons  allow t h e  i n s e r t i o n  of 

This program, which has  been w r i t t e n  f o r  an 
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The following pages g i v e  d e t a i l s  of f i v e  computer programs w r i t t e n  

t o  analyse d i g i t a l  microphotometer da ta .  These programs are: 

i) Program number 1. 

microphotometer, convert  t he  d a t a  from BCD t o  b inary  format, supply a 

l i s t i n g  of t h e  d a t a  and w r i t e  a high dens i ty  copy of t h e  converted da ta .  

The l i s t i n g  of t h i s  program forms Appendix A. 

ii) Program number 2. 

an i n t e n s i t y  scale using labora tory  c a l i b r a t i o n  da ta .  The l i s t i n g  of t h i s  

program forms Appendix B. 

iii) Program number 3.  

2. This program is  l i s t e d  as Appendix C. 

i v )  Program number 4 .  

i n t e n s i t y  scale using c a l i b r a t i o n  techniques employed i n  stellar spectroscopy. 

This program is l i s t e d  as Appendix D. 

v) Program number 5. A program t o  i d e n t i f y  l i n e s  i n  stellar spec t ra .  The 

input  da t a  is an estimate of t h e  s t a r t i n g  wavelength and d i spe r s ion  and a 

d a t a  tape  containing a l i s t  of l i n e s  which are expected t o  occur i n  t h e  

s te l lar  spectrum. 

A genera l  program t o  read the  tape  produced by t h e  

A program t o  convert  t he  microphotometer d a t a  t o  

A program t o  check t h e  c a l i b r a t i o n  used i n  program 

A program t o  convert  t he  microphotometer da t a  t o  an 

This  program froms Appendix E.  
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Program 1 

PROGRAM TO READ MICROPHOTOMETER TAPE 

AND PERFORM DATA FORMAT CONVERISION. 

The s o l e  purpose of t h i s  program is  t o  read the  tape  which has  been 

w r i t t e n  by t h e  microphotometer, t o  convert  t h e  d a t a  from t h e  BCD coding 

of t h e  microphotometer t o  t h e  b inary  coding of t he  IBM 7094 computer 

and t o  w r i t e  out  t h e  information on t ape  f o r  f u r t h e r  processing by subsequent 

programs. The program is  a mixture  of For t ran  I V  and assembly language 

and uses some of t he  IBM IOCS rout ines .  It i s  a p leasure  t o  record t h a t  

the  o r i g i n a l  vers ion  of  t h i s  program w a s  w r i t t e n  by M r .  H. Wendlandt. 

The program begins  wi th  t h e  reques t  t o  t h e  computer opera tor  t o  mount 

t he  appropr ia te  tapes  on the  t ape  dr ives .  I n  t h e  p a r t i c u l a r  case of t he  

l i s t i n g  given i n  appendix A h e  i s  asked t o  mount tape  B e l l  1 on A5 and a 

sc ra t ch  t ape  on B6. W e  a l s o  ask him t o  put  t he  A channel dens i ty  switch on 

800/200. Since each microphotometer t ransmission va lue  occupies only ha l f  

a word on tape ,  i t  i s  poss ib l e  f o r  an input  record t o  contain a h a l f  i n t e g r a l  

number of words. This i s  very unl ike ly  t o  happen with tapes  which have been 

w r i t t e n  by the  7094 and the  operator  is consequently warned (when such a 

record i s  read) by t h e  TWI l i g h t  f l a sh ing  on the  machine console. 

terminat ion of t he  job because of t h i s  w e  warn t h e  opera tor  t h a t  t he  TWI 

l i g h t  may f l a s h .  W e  then ATTACH d r ives  A5 and B6, i t  being necessary t o  

To avoid 

ATTACH A5 only because w e  are going t o  use low dens i ty .  The con t ro l  and I D  

cards  then follow. The program begins  wi th  t h e  COMMON s ta tement  def in ing  t h e  

va r i ab le s  used i n  both  t h e  For t ran  and assembly language programs. 

va r i ab le s  are : 

I N  The a r r ay  where t h e  microphotometer d a t a  is s tored .  

These 
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IEOF 

I E R R  

IREEL 

NER 

NF 

NR 

LC 

D 

OUT 

N 

IND 

LI 

The end of f i l e  i n d i c a t o r ,  normally zero,  but  set equal  t o  one 

after reading an end of  f i l e .  

The e r r o r  i n d i c a t o r ,  normally zero,  bu t  set equal  t o  one when an 

e r r o r  occurs on reading tape.  

The number of input  files. These may be on e i t h e r  one input  t ape  

o r  s e v e r a l  tapes .  

input  and the FILE card i s  altered t o :  

I n  the lat ter case d r ives  A5 and A6 are used f o r  

1 8 16 

A5 FILE A5A6, C K l ,  UT5, BCD, BLK = 9999, INPUT, REELS 

and A6 must be a t t ached  as SYSUT5. The A5 t ape  i s  processed first 

and when an end of f i l e  is encountered on t h i s  t ape  the processing 

of the  A 6  t ape  begins immediately. 

This a r r ay  i s  used t o  i n d i c a t e  if the  microphotometer data is  erroneous. 

Normally it contains  zeroes but it is set t o  un i ty  i f  the data does 

not  l i e  i n  t h e  range 1 t o  174. 

The f i l e  number on the output tape.  

The record number on the output tape.  

The number of s i g n i f i c a n t  data numbers i n  the  output t ape  record.  

This  a r r ay  contains  t h e  fixed data. 

The converted microphotometer data. 

This  a r r ay  i s  used f o r  temporary s torage  i n  the conversion rout ine.  

This i s  set t o  un i ty  if the first word i n  the input  record i s  f ixed  

data information. 

This is the length  i n  words of the input  record. 
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The next  s ta tement ,  CALL FIXIT, is  i n s e r t e d  t o  s t o p  t h e  7094 tape  

d r ives  from making 100 retries i f  e r r o r s  occur on reading tapes .  The FIXIT 

rou t ine  changes t h e  100 tries t o  3. After  s e t t i n g  some ind ica to r s  w e  read 

the  number of f i l e s  which are t o  b e  processed (IREEL) and OPEN the  input  

and output  f i l e s  by t h e  CALL OP statement.  W e  then read E! record by the  

CALL RA5 statement. W e  update t h e  inpu t  record number, NR, and check t o  

see i f  t h e  record is, i n  f ac t ,  an end of  f i l e .  W e  then check t o  see i f  t h e  

length  of t h e  record,  L I ,  is g r e a t e r  than 9999. I f  i t  is ,  then w e  must 

terminate  the  job. Unfortunately,  i n  view of the  very l a r g e  records which 

the  microphotometer can w r i t e ,  i t  is q u i t e  poss ib l e  t h a t  a huge record w i l l  

be  read by t h e  7094 and t h i s  w i l l  overwrite the  program. I n  such a case,  

t he  ITEM HANDLER rou t ine  of t h e  1108 must b e  used t o  shor ten  t h e  records.  

We then load the  l as t  word of the  inpu t  record i n t o  N and ca l l  t h e  conversion 

rou t ine  t o  see i f  t h e  l as t  h a l f  word of t h e  input  record i s  a genuine p i ece  

of data .  I f  i t  i s  genuine, then the  t o t a l  length of t h e  output  da t a  is 

2*LI w h i l s t  i f  it is  not  genuine then the  length is  2*LI-1. However, an 

input  record of 9999 words w i l l  generate  19998 words t o  b e  output ,  s i n c e  

each inpu t  word forms two output  words. This  is  f a r  too much d a t a  t o  be  

output  as one record and s o  w e  choose t o  process  t h e  input  da t a  500 words 

a t  a t i m e .  I f  an inpu t  record contains  less than 500 words then w e  process  

the complete record.  The processing i s  done i n  t h e  DO loop beginning 

a t  card number 48 and continuing t o  card number 70. Anv da ta  which 

does not s a t i s f y  t h e  requirement t h a t  i t  should b e  between 1 and 174 

is  de tec ted  and i t s  loca t ion ,  i n  terms of f i l e ,  record and word, is  

punched out  on cards.  

information i n  t h e  f ixed  d a t a  area D ,  i f  necessary,  and w e  w r i t e  t he  

converted da t a  out  on tape ,  with t h e  CALL WB6 statement ,  and a l s o  p r i n t  

Af te r  conversion of t h e  input  d a t a  w e  s t o r e  
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each record. Any d a t a  e r r o r s  are a l s o  l i s t e d  on the  p r in t ed  record. It  

w i l l  be  noted t h a t  w e  again use I O C S  rou t ines  t o  w r i t e  out t h e  d a t a  

although t h e r e  would b e  no objec t ion ,  a p a r t  from t h e  e f f i c i e n c y  l o s s ,  t o  

using normal For t ran  WRITE statements.  Af t e r  having processed 500 words 

of t h e  inpu t  record w e  check t o  see i f  w e  have completed processing t h e  

inpu t  data .  

i f  processing is  complete w e  r e t u r n  t o  card 23  and read another i npu t  record. 

The reading of input  records  i s  terminated by reading an end of f i l e  which 

causes IREEL t o  b e  diminished by 1 and then checked t o  see i f  i t  has  

become zero. I f  IREEL is  s t i l l  nonzero an end of f i l e  i s  w r i t t e n  on t h e  

output tape  by t h e  CALL W I N  statement a f t e r  which t h e  whole process is  

repeated. 

and terminate t h e  job. 

I f  n o t ,  w e  r e t u r n  t o  card 48 and r epea t  t h e  procedure w h i l s t  

I f  IREEL is  now zero w e  c l o s e  both t h e  input  and output f i l e s  

A l i s t i n g  of t h i s  program i s  found i n  appendix A. 
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Program number 2 - Fluid  Dynamics 

Program t o  reduce microphotometer d a t a  t o  an i n t e n s i t y  scale using 

a wavelength dependent c a l i b r a t i o n  curve. 

One of t he  problems of photographic recording of t h e  l i g h t  from 

labora tory  plasmas is t h e  reduct ion  of t h i s  d a t a  t o  meaningful q u a n t i t i e s .  

Most labora tory  sources  using photographic da t a  recording genera te  much 

more da t a  than can b e  reduced by usua l  hand reduct ion  techniques.  To 

p a r t i a l l y  a l leviate  t h i s  problem, a -computer code has  been w r i t t e n  t o  

reduce the  microphotometer da t a  t o  an i n t e n s i t y  scale using an ex te rna l  

wavelength dependent f i l m  c a l i b  rat  ion. 

This program w a s  o r i g i n a l l y  w r i t t e n  as an a i d  i n  the  reduct ion of 

da t a  from a gas dr iven  shock tube i n  the  I n s t i t u t e  f o r  Fluid Dynamics and 

Applied Mathematics although t h e  rou t ine  is  of s u f f i c i e n t  gene ra l i t y  t h a t  

i t  can b e  used f o r  o ther  purposes. The major i ty  of t h e  research using t h e  

shock tube is  concerned wi th  the  measurement of atomic t r a n s i t i o n  p r o b a b i l i t i e s  

of t h e  l i g h t  elements. Although ex tens ive  pho toe lec t r i c  recording is  

used i n  t h i s  experiment, a l a r g e  p a r t  of the  da t a  is  recorded using a t i m e  

resolved drum camera spectrograph combination. The f i lms  from t h e  high speed 

drum camera are developed using a s tandardized procedure and reduced using 

c a l i b r a t i o n  f i lms  developed under i d e n t i c a l  condi t ions.  

The advantages of computer reduct ion  of t h e  t i m e  resolved f i lms  are 

many. 

An o p t i c a l  depth co r rec t ion  f o r  bulk absorpt ion is included i n  the  code. 

One of t h e  b igges t  advantages i n  the  use  of t h e  rou t ine  i s  t h a t  a l l  of 

t he  s p e c t r a l  f e a t u r e s  are reduced and t h e  add i t iona l  e f f o r t  requi red  t o  look a t  

add i t iona l  d e t a i l s  i n  t h e  same s p e c t r a  is much reduced over a similar hand 

reduct ion  program. 

p r o b a b i l i t i e s  of 180 l i n e s  were measured i n  about 1 / 3  t h e  t i m e  required f o r  

a similar earlier inves t iga t ion .  

The growth of a p a r t i c u l a r  s p e c t r a l  f e a t u r e  i n  t i m e  can b e  followed. 

A s  an example of the  value of t h i s  program the  t r a n s i t i o n  
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The purpose of t h i s  program i s  t o  reduce dens i ty  d a t a  from the  Joyce- 

Loebl microphotometer t o  an i n t e n s i t y  record using a wavelength dependent 

f i l m  c a l i b r a t i o n  curve. The input  dens i ty  d a t a  i s  t h e  output  from 

Program number 1. 

those i n  Program number 1. 

The t a p e  read and w r i t i n g  procedures are s imilar  t o  

The following descr ibes  only the  For t ran  I V  

po r t ion  of t h e  program as t h e  IOCS code is  similar t o  Program 1. The 

tape  read and w r i t e  s ta tements  are a l s o  similar t o  those used i n  Program 

number 1. 

The c a l i b r a t i o n  da ta  f o r  t h i s  program is generated using t h e  carbon 

arc as an i n t e n s i t y  source  of u n i t  s t r eng th .  The l i g h t  from the  carbon arc  

i s  a t tenuated  by a known amount using e i t h e r  a c a l i b r a t e d  s t e p  f i l t e r  o r  

a n e u t r a l  dens i ty  wedge of known transmit tance.  The wavelength dependence 

of the  a t t enua t ing  material  must be  known s o  t h a t  t he  f i n a l  c h a r a c t e r i s t i c  

curves [dens i ty  vs. Rn I] can b e  normalized t o  the  unattenuated carbon 

arc i n t e n s i t y .  

Usually a c h a r a c t e r i s t i c  curve is  generated from t h e  c a l i b r a t i o n  f i lms  

a t  wavelength i n t e r v a l  of about 100 8. 
b e  used, b u t  100 w a s  chosen because of v a r i a t i o n s  i n  f i lm s e n s i t i v i t y  

with wavelength. 

Other wavelength i n t e r v a l s  could 

It is no t  necessary t o  p ick  wavelengths i n  equal  increments. 

The f i l m  c a l i b r a t i o n  d a t a  f o r  t h e  programs c o n s i s t s  of values  of dens i ty  

read a t  equal ly  spaced increments of I n  I. 

procedure used i n  t h e  program i t  i s  necessary t h a t  a l l  of t h e  values  of 

Because of t h e  Rterat ion 
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[ I n  11 have t h e  same increment. 

from the c h a r a c t e r i s t i c  curve at a given wavelength, The first en t ry  on 

a data card is  t h e  wavelength, then t h e  number of po in t s  o f  c a l i b r a t i o n  

data on t he  card,  and f i n a l l y  the densi ty  values on the given po in t s  of 

In I. 

values ,  

Each data ca rd  contains  numerical data 

The values  of In I are read i n  as a vec tor  (RAD) after the dens i ty  

See the  l i s t i n g  i n  appendix B f o r  sample data and format i n s t r u c t i o n s ,  

It should be pointed out at t h i s  po in t  t h a t  it is necessary t o  have 

two c a l i b r a t i o n  cards  at lower wavelengths than t h e  lowest wavelength from a 

shock tube spec t ra .  This is necessary because of the i t e r a t i o n  method used. 

W e  o f t en  experienced considerable  d i f f i c u l t y  i n  f i t t i n g  toge the r  

s eve ra l  c a l i b r a t i o n  f i lms t o  cover a wide wavelength region. 

reason a computer code has been w r i t t e n  t o  assist i n  p l o t t i n g  parameters 

a s soc ia t ed  with t h e  c a l i b r a t i o n  data and i s  l i s ted  as Program number 3. 

For t h i s  

Figure 1 o u t l i n e s  t h e  basic procedure used i n  t h e  computations, A s  

the  program i s  now organized, it is set up t o  reduce 70 mm film from a JACO 

f/6.3 spectrograph and drum camera combination. 

from a spectrograph w i t h  a d i f f e r e n t  d i spers ion  o r  d i f f e r e n t  f i lm  length  

can be c a r r i e d  out  by changing a f e w  constants .  

The reduct ion of  f i l m s  

The basic method of  operat ion of  the program i s  (1) average c l e a r  f i lm  

dens i ty  data, (2)  sub t r ac t  averaged clear film value from reading, ( 3 )  con- 

vert t o  real dens i ty ,  ( 4 )  convert dens i ty  t o  i n t e n s i t y  using c a l i b r a t i o n  

curve, ( 5 )  o p t i c a l  aepth co r rec t ion ,  (6)  p l o t  and p r i n t  results as a funct ion 

of  wavelength. 

paragraphs and are shown i n  Figure 1. 

These procedures are discussed i n  o rde r  i n  the following 
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Start 

/Spectra \ 4N0 I No 
4 

t o  get correct 

DATA I: 
DATA 11: 
DATA 111: 

Calibration curves as a function o f  wavelength 
Temperature. beginning wavelength. normalizatlon factor 
Identification plus 1000 words o f  density measurenients 

F L O W  C H A R T  r c ~  C O M P U T L H I L ~ D  F I L M  R L D U C T I O N  

Figures .  Flow Char t  for  Computer Reductio!! o f  Data 
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A p a r t i c u l a r  f i l m  record i s  marked by the twelve d i g i t  i d e n t i f i c a t i o n  

numbers C(x) which cons i s t  of  four  th ree  d i g i t  numbers. Only the  first two 

are important f o r  the operat ion of  t he  program. The first d i g i t  (JJ) of 

C ( 1 )  def ines  which dens i ty  wedge was  used t o  t r a c e  t h e  f i l m ,  The densi ty  

wedges a r e  numbered as follows. 

JJ nominal dens i tyrange  of wedge 

. 4d 
8d 

1.2d 

2. I d  
2.4d 

1.6d 

3, I d  

The second d i g i t  ( JF )  of C(1) is  used t o  def ine t h e  region of  film 

which has been t raced.  The de f in i t i ons  of JF  are shown below. 

JF region scanned 

1 c l e a r  film background 
2 first t r a c e  across  f i lm  
3 second t r a c e  across  f i l m  
4 t h i r d  t r a c e  across  f i l m  

C(2) i s  usua l ly  used t o  record the pos i t i on  i n  mn o f  the  t r a c e  from some 

reference po in t ,  usua l ly  taken at the  po in t  where the s p e c t r a  begins. C(3) 

and C ( 4 )  are used t o  l a b e l  the f i lm,  All of t h e  numbers C ( 1 )  - C ( 4 )  a r e  

p r i n t e d  out on each record and on each C a l  Comp p l o t ,  

"he procedure f o r  averaging the  background c l e a r  f i l m  readings is t o  

Af te r  all average twenty po in t s  and s t o r e  as a vec tor  i n  memory [VB(xxx)]. 

t h e  c l e a r  film data has been read, and s t o r e d  i n  memory, a "numerical f i l t e r "  

i s  used t o  remove any l a rge  sudden jumps i n  t h e  s t o r e d  background data. 



The data from the scan of t h e  s p e c t r a l  region i s  t r e a t e d  i n  groups 

of twenty po in t s ,  

l ength  (DAM). 

i s  generated with a 3-point f i t  using 

A l l  twenty poin ts  are t r e a t e d  as having t h e  same wave- 

The co r rec t  c a l i b r a t i o n  curve at a p a r t i c u l a r  wavelength 

where 

Y 

% 

x-” AI h a  A3 

Once the cor rec t  i n t e rpo la t ed  c a l i b r a t i o n  curve at  a given wavelength 

is generated,  t h e  [ln 11 value (RA) corresponding t o  a given dens i ty  is 

found using Eq,  (2-J) .  The i n t e n s i t y  i s  found from 

-2 -1 1-11 I n t e n s i t y  = CON * ECA * exp(RA) [e rg  cm sec  

CON is  a constant used t o  put  a r e l a t i v e  i n t e n s i t y  s c a l e  on an absolute  

CON i s  l e v e l  and ECA i s  the carbon a r c  i n t e n s i t y  (Blackbody at T = 3792OK). 
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usua l ly  found by f i t t i n g  t h e  t r ac ing  t o  p h o t o e l e c t r i c  data.  

depth co r rec t ion  is put  i n  using 

An o p t i c a l  

I n t e n s i t y  = TAU * EBBD 

where 

TAU = -LOG (1. -Y (LLO) /EBBD] 

and EBBD is  t h e  blackbody i n t e n s i t y  a t  T"K. 

1 
hc  

2 2h c EBBD = - 
A 5  e -hkT-l 

(2-4) 

The i n t e n s i t y  va lues  are p r i n t e d  ou t  and p l o t t e d  using Cal Comp p l o t t e r ,  

Cgs u n i t s  are used throughout. The output d a t a  has  u n i t s  of erg an -2 sec -18-1 
A reduced p l o t  is  made using only 1 / 2  of t h e  t o t a l  da t a  po in t s .  A sample 

output of t h e  reduced p l o t  is shown i n  Figure 2. 

INPUT DATA -- See  appendix B '  

1. Data tape  
2. Ca l ib ra t ion  curve (SEI 
3. I n t e n s i t y  s c a l e  f o r  c a l i b r a t i o n  curve (RAD) 
4. Temperature (T) 
5. Beginning wavelength i n  x (Program goes from low wavelength t o  h igh  

wavelength. P ick  beginning number where trace begjns (BEGIN) 
6 .  CON - constant necessary t o  put r e l a t i v e  i n t e n s i t y  s c a l e  on 

abso lu te  b a s i s .  
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DEFINITION OF TERMS 

I n  order  of  appearance 

Input film c a l i b r a t i o n  matrix 

Number of po in ts  of c a l i b r a t i o n  data on one card 

Wavelength of c a l i b r a t i o n  data 

Values of [ln I] needed f o r  c a l i b r a t i o n  curve 

Tape number 

Record number 

Number of words i n  each record 

I d e n t i f i c a t i o n  numbers 

Data from microdensitometer 

Sane as NF but  f o r  wr i t i ng  on tape  mounted on B6 
I1 11 NR 11 81 11 11 11 I 1  11 I 1  

11 11 LC t1 11 I1 11 11 11 I1 11 

11 I1 I 1  I1 I1 11 c ( x )  11 11 

11 11 X ( - ) ' l  11 tl 11 11 11 11 

Number of  f i l m  c a l i b r a t i o n  data cards 

Number of records per piece  of film. For 70 mm fi lm, NRD f 9 

Constant needed t o  convert 1 u n i t  t o  a densi ty .  This constant 
depends upon which wedge is used 

Div i s ims / inch  on p l o t  ( l o w  s c a l e  ) 

Divisions/inch on p l o t  (high s c a l e )  

Averaged background level i n  microphotometer u n i t s  

Temperature OK 
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BEGIN Wavelength where scan  begins 

CON 

NILE 

DAM 

ECA 

EBBD 

COR (x) 

xx 
RA 

Y (XXX) 

TAU 

vw (xxx) 

Constant t o  convert relative i n t e n s i t y  t o  absolu te  i n t e n s i t y  

Running index t o  f i n d  which d a t a  group is under cons idera t ion  

Wavelength on f i l m  

Carbon arc i n t e n s i t y .  

Blackbody i n t e n s i t y  a t  TOK 

In t e rpo la t ed  c a l i b r a t i o n  curve a t  wavelength DAM 

Density 

In t e rpo la t ed  [ I n  I3 value from c a l i b r a t i o n  curve 

I n t e n s i t y  

Op t i ca l  depth 

I n t e n s i t y  f o r  reduced p l o t  

(Blackbody a t  T = 3792OK) 

A l i s t i n g  of t h i s  program is found i n  appendix B. 
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Program number 3 - F l u i d  Dynamics 

Program t o  check t h e  ca l ib ra t ion  data used i n  Proaram nun ber 2, 

As mentioned i n  t h e  previous sec t ion ,  t h e r e  a re  seve ra l  problems 

connected w i t h  generat ing a f i l m  c a l i b r a t i o n  data over a l a r g e  wavelength in t e rva l .  

The purpose of t h i s  program is  t o  a id  i n  f ind ing  flaws i n  the  c a l i b r a t i o n  

data. 

The three-dimensional p l o t  i s  used t o  check the  i n t e r n a l  consistency 

of t h e  f i l m  c a l i b r a t i o n ,  

densi ty  a re  p l o t t e d  aga ins t  each o the r  on the  x and y axes f o r  parametric 

values of wavelength on the  z-axis,  producing a p l o t  as shown i n  f igure  3 , 

The values of  log ( I )  along t h e  x-axis have been made descending r a t h e r  

than ascending f o r  purposes of ease i n  comparison. Any incons is tenc ies  

i n  t h e  ca l ib ra t ion  w i l l  show up as "humps" o r  "valleys" i n  the p lo t .  

The n a t u r a l  logarithm of t h e  i n t e n s i t y  and the  

To form t h e  graph, the  values of  dens i ty  are f i t t e d  t o  those of t he  

logarithm of  the i n t e n s i t y  f o r  a given wavelength, using the same method as 

program 2. 

100 Angstroms u n t i l  the r ed  end of  t h e  c a l i b r a t i o n  is reached. 

(See equation 2-1.) The dens i ty  -- In (I) curve i s  p l o t t e d  every 

The gamma at  a given densi ty  should be a smooth f'unction of wavelength 

approximately equal  t o  a constant.  For a given wavelength, it is  defined as 

dD y = I In(l0) dI 

where I = i n t e n s i t y  and D = dens i ty  . Rearranging the  var iab les :  



\ 



2 2  - 

The gamma is propor t iona l  t o  t h e  s lope  of t h e  dens i ty  -- log(1) curve 

j u s t  p lo t t ed .  

t h e  n a t u r a l  logari thm of 10, t h e  gamma of t h e  f i l m  may be obtained v i a  a 

Thus, by t ak ing  t h e  de r iva t ive  of (2-1) and mult iplying by 

t h r e e  p o i n t  f i t  ; 

c 1 

a = I n  (10) - y2-35 + (2A - A1 - A,) C 

A2-A1 

where 

A t y p i c a l  t r a c e  i s  shown i n  f i g u r e  4 .  



\ 
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The f i n a l  p l o t  is used t o  check t h e  f i lm  c a l i b r a t i o n ' s  i n t e r n a l  

consistency. Any humps t h a t  appear should be  inves t iga t ed  t o  check i f  they 

r e a l l y  belong i n  t h e  ca l ib ra t ion .  

p l o t  1, the  values  of dens i ty  corresponding t o  t h e  In (I) f o r  a given 

wavelength are taken. Then, f o r  s i x  va lues  of dens i ty  chosen by t h e  use r ,  

t h e  assoc ia ted  log (I) i s  found by use of (2-1). The i sodens i ty  po in t s  are 

p l o t t e d  every 20 angstroms from the  f i r s t  c a l i b r a t i o n  wavelength t o  the  

The r e s u l t  is  shown i n  f i g u r e  5. From 

red  end. 

The con t ro l  cards  are shown i n  Appendix C. These cards  and t h e  tape  

mounting i n s t r u c t i o n s  apply only t o  the  I B M  7094. For o t h e r  computers, 

consul t  t h e  manual of t h e  computer involved. 

INPUT DATA -- see appendix C f o r  sample 

1. Ca l ib ra t ion  da ta  - Appendix B & C f o r  samples 

3 Appendix C 2. isodens i ties 
3. gamma dens i ty  
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Program number 4 - Astronomy 

Program t o  convert  microphotometer d a t a  t o  an i n t e n s i t y  scale. 

It w a s  q u i t e  clear several years  ago t h a t  d i g i t a l  microphotometers 

would be  of g r e a t  va lue  i n  astronomy and o the r  sc iences  by v i r t u e  of 

t h e  g r e a t  speed and convenience wi th  which d i g i t a l  da t a  can b e  processed 

i n  computers. However i t  w a s  a l s o  equal ly  clear t h a t  t he  complexity of 

astronomical s p e c t r a  requi red  t h e  development of very f l e x i b l e  programs 

t o  take  f u l l  advantage of t h e  new instrumentat ion.  I n  p a r t i c u l a r ,  i t  

w a s  c l e a r l y  necessary t o  w r i t e  a program which, given the  approximate 

d i spe r s ion  and s t a r t i n g  wavelength of a s p e c t r a l  t r a c i n g ,  could automatical ly  

i d e n t i f y  the  s p e c t r a l  l i n e s  present  i n  t h e  spectrum. 

This  problem has  been a t tacked  i n  two d i f f e r e n t  ways b u t  Eras requi red ,  

as a necessary condi t ion f o r  i t s  s o l u t i o n ,  wr i t i ng  a magnetic tape  containing 

da ta  on t h e  wavelength, i d e n t i f i c a t i o n ,  o s c i l l a t o r  s t r eng th  and e x c i t a t i o n  

p o t e n t i a l  of a l l  t he  l i n e s  which might b e  expected t o  be  present  i n  t h e  

spectrum of t h e  stars being s tudied .  

t o  conta in  d a t a  on molecular l i n e s ,  i n  p a r t i c u l a r  t he  molecules CH, CN, OH, 

It has  been necessary f o r  t h i s  tape  

NH, C2 and MgH, as w e l l  as atomic l i n e s .  

has  l e d  t o  t h e  s tudy of such problems as t h e  i n t e r p r e t a t i o n  of narrow band 

photometry of stars. However i t  is now q u i t e  clear t h a t  the  major ga in  i n  

knowledge which t h e  d i g i t a l  microphotometer w i l l  provide w i l l  come i n  t h e  

s tudy of problems where a conventional microphotometer can no t  b e  used. A s  

example of such a problem, one may mention the  determinat ion of t h e  stellar 

content  of a galaxy, 

a d i g i t a l  microphotometer and then add these  s p e c t r a  toge ther  in ; - the  computer. 

Each spectrum can b e  g iven  a d i f f e r e n t  weight i n  t h e  add i t ion  and r a d i a l  

ve lo6 i ty  d i spe r s ion  can be  allowed fo r .  

can then b e  compared wi th  t h e  a c t u a l  spectrum of the  galaxy. 

of t h e  var ious  s p e c t r a l  types t o  t h e  f i n a l  sum may b e  va r i ed  t o  optimize the  

The a v a i l a b i l i t y  of such a tape  

One may trace s p e c t r a  of stars of d i f f e r e n t  types using 

The r e s u l t i n g  sum of a l l  t h e  s p e c t r a  

The cont r ibu t ion  
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agreement between t h e  snythes ised  galaxy spectrum and t h e  a c t u a l  galaxy 

spectrum. 

It is necessary t o  begin t h e  d a t a  reduct ion process  by using a 

program which reduces t h e  microphotometer d a t a  s o  t h a t  i t  is  on a l i g h t  

i n t e n s i t y  scale and known wavelength scale. Subsequent programs can then 

use t h i s  processed d a t a  t o  measure var ious  q u a n t i t i e s ,  such as t h e  equiva len t  

width of s p e c t r a l  l i n e s .  

The purpose of t h i s  program is the  conversion of t h e  s te l la r  spectrum 

The da ta  from a photographic blackening scale t o  a l i g h t  i n t e n s i t y  scale. 

da t a  which are requi red  f o r  t h i s  are the  c h a r a c t e r i s t i c  curve of t h e  

photographic emulsion and t ransmission readings f o r  t h e  clear p l a t e  and t h e  

spectrum. These d a t a  must b e  w r i t t e n  on the  tape  i n  the  above order .  A t  the  

p re sen t  t i m e ,  t r ac ings  have been made of s p e c t r a  from t h e  Mount Stromlo Observatory 

and t h e  Mount Wilson Observatory. These p l a t e s  are c a l i b r a t e d  i n  a s l i g h t l y  

d i f f e r e n t  manner. 

on e i t h e r  s i d e  of t h e  main spectrograph s l i t  and t h e  spectrum of a continuous 

l i g h t  source is  photographed through these  s l i t s .  I f  t h i s  spectrum i s  t r aced  

normal t o  t h e  d ispers ion ,  a record of t h e  photographic blackening versus  l i g h t  

i n t e n s i t y  i s  obtained. The Mount Wilson spectrograph uses  a series of s l i ts  of 

d i f f e r e n t  widths  in s t ead  of t h e  wedge shaped s l i ts  s o  t h a t  i n  t h l s  case, a series 

of po in t s  de f ine  the  c h a r a c t e r i s t i c  curve. The computer reduct ion program 

d i f f e r s  i n  t h e  sense t h a t  t h e  Mount Stromlo program der ives  t h e  curve from 

scratch, needing t o  know only which records conta in  t h e  r e q u i s i t e  data .  The 

Mount Wilson program requ i r e s  t h a t  t h e  t ransmission va lues  f o r  each s t r i p  

b e  en tered  on a d a t a  card.  This la t ter  vers ion  is  t h e  one which i s  l i s t e d  i n  

t h e  Appendix, as Program number 4. 

The Mount Stromlo coude spectrograph has  a wedge shaped s l i t  

Whilst t h e  major purpose of t h i s  program i s  t h e  reduct ion of t he  microphotometer 

d a t a  t o  ob ta in  t h e  stellar spectrum on a l i g h t  i n t e n s i t y  scale,  t h e  program a l s o  

performs a few subs id i a ry  ca lcu la t ions .  These are t h e  determinat ion of t h e  
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l oca t ion  of a few s p e c t r a l  l i n e s  and the tentative loca t ion  of t h e  continuum 

level. This information is  used i n  subsequent programs. The s te l lar  spectrum 

da ta  i s  output  on tape,  using t h e  IOCS rou t ines ,  and t h e  continuum and l i n e  

loca t ion  d a t a  are output  on cards .  

The program begins wi th  t h e  t ape  mounting i n s t r u c t i o n s  and the  ATTACH 

ins t ruc t ions .  Af te r  t he  con t ro l  cards ,  which ask f o r  t h e  BASIC level of IOCS ’ 

on the S I B J O B  card,  w e  have t h e  DIMENSION and COMMON cards.  The va r i ab le s  

i n  DIMENSION and COMMON are: 

TITLE 

ZZHT The i n t e n s i t y  d a t a  f o r  t he  Mount Wilson c a l i b r a t i o n  s p e c t r a ,  on 

Used t o  s t o r e  t h e  information on t h e  d a t a  desc r ip t ion  cards.  

a logari thmic scale 

XBIG The continuum l e v e l  va lues  

DEX Used as temporary working area i n  t h e  determinat ion of t h e  average va lue  

of XBIG 

I 7  This a r r ay  designates  t h e  input  records t o  be  ignored. NF,NR,LC,DDD and X 

form t h e  inpu t  da t a ,  NF being the  f i l e  number, NR t h e  record number, LC being the  

number of s i g n i f i c a n t  d a t a  values  i n  the  a r r ay  X and DDD being t h e  f ixed  data .  

NNF,NNR,NLC,AD and Y are the  corresponding output  data .  

IEOF is  the  end of f i l e  i n d i c a t o r  

IERR i s  t h e  e r r o r  i n d i c a t o r  

LOLA is a synonym f o r  LC 

CALIB i s  t h e  a r r ay  which s t o r e s  t h e  c h a r a c t e r i s t i c  curve 

TEMP is used as a temporary working area. 

NZERO is  t h e  number of averaged zero level po in t s .  

ZERO is  used t o  s t o r e  t h e  zero level da ta .  

KLOLA is used t o  sum t h e  LOLA values  f o r  a l l  i npu t  records 

BUN is  used as a temporary working area 

XXHT is used t o  s t o r e  t h e  c a l i b r a t i o n  da ta .  

The program begins by converting t h e  c a l i b r a t i o n  d a t a  from a logari thmic scale 

and opening t h e  input  and output  f i l e s .  

i s  included i n  t h e  da t a  deck as a means of giving running in s t ruc t ions .  

W e  then read the  f i r s t  TITLE card which 
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x ~ E L  define@ the number of ;SAl.e@ t o  b e  processed, t h e  d a t a  from one p l a t e  

comprising one f i l e .  

determine t h e  c a l i b r a t i o n  curve. 

c a l i b r a t i o n  curve,  s t o r e d  i n  the  a r r ay  CALIB, i s  der ived by l i n e a r  

We then  call  f o r  subrout ine  BLACK i n  order  t o  
1 .  

As mav b e  seen f r o n  t h e  l i s t i n g  t h e  

i n t e r p o l a t i o n  amongst t h e  observed da ta  poin ts .  The technique used is  

t o  compute t h e  l i g h t  i n t e n s i t y  corresponding t o  t ransmission values  ranging 

from 1 t o  174 i n  s t e p s  of un i ty .  

re turn ing  t o  t h e  main program, we read i n  f u r t h e r  TITLE cards  followed by 

The r e s u l t i n g  da ta  is  p r in t ed  and, a f t e r  

t h e  va r i ab le s  11,12,13 and 14. The f i r s t  11-1 records arc skipped. In t h e  

Mount Stromlo program records I1 t o  12-1 conta in  the  c .  '%bra t ion  d a t a  b u t  

t hey  are skipped i n  t h i s  vers ion  of the program. Records I 2  t o  13-1 conta in  

t h e  zero d a t a  and records I3 t o  14-1 are t h e  s te l lar  data.  

denoting records which must be  

The I7 a r ray ,  

isnoreds is  read a f t e r  which w e  set  the  

i n i t i a l  values  of several ind ices  and read the  f i r s t  co r rec t ion  card. Ve 

t h e n r e a d  a record from t ape ,  check f o r  an e r r o r  i n  read-ing and f o r  an end of 

f i l e ,  check t o  see i f  any co r rec t ion  i s  needed-to t h e  numbers i n  t h e  a r r ay  

and check t o  see i f  t he  record should be omitted. Af t e r  t h i s  w e  check t o  see 

i f  t h e  t ransmission a t  any po in t  is g r e a t l y  d i f f e r e n t  from t h a t  a t  neighbouring 

poin ts .  Such a v a r i a t i o n  could b e  caused by d i r t  o r  a sc ra t ch  Qn the  p l a t e  and, 

provided i t  is  r e s t r i c t e d  t o  a s i n g l e  va lue ,  i t  w i l l  b e  f i l t e r e d  out .  Following 

this  p a r t  we w i l l  e i z h e r  c a l l  t h e  SZERO subrout ine o r  w i l l  convert  some stellar 

data .  

The SZERO subrout ine  must average and s t o r e  t h e  information on t h e  

t ransmission of l i g h t  through t h e  clear p l a t e .  The f i rs t  p a r t  of t h i s  

subrout ine  determines t h e  average value of t h e  zero  level f o r  t he  record as 

a whole i n  order  t o  see i f  any values  are anomalously la rge .  

the presence of d i r t  o r  flaws i n  t h e  emulsion, provided t h a t  they do no t  

occupy a s i g n i f i c a n t  f r a c t i o n  of a record.  

level  readings toge ther  and s t o r e  t h e  r e s u l t  i n  t h e  ZERO ar ray .  

of t h i s  a r r ay  i s  s t o r e d  i n  NZERO. This rou t ine  is  complicated by t h e  f a c t  

This w i l l  d e t e c t  

Af t e r  t h i s  we average twenty zero 

The length  



t h a t  an  input  record may n o t  conta in  a mul t ip l e  of twenty numbers and 

i t  may be necessary t o  s t o r e  t h e  va lues  a t  t h e  end of one record t o  

u s e  i n  conjunct ion wi th  d a t a  a t  t h e  start  of t h e  subsequent record.  

P r i o r  t o  converting t h e  s te l lar  da ta  from a blackening scale 

t o  a l i g h t  i n t e n s i t y  scale, w e  aga in  check t h e  zero da t a  f o r  smoothness, 

t h i s  t i m e  over a l a r g e  scale. The technique is t h e  same as before ,  

nainely w e  check t o  see i f  any p a r t i c u l a r  zero level i s  much l a r g e r  than 

t h e  average va lue  of a l l  t h e  zero levels. 

index f o r  i n t e rpo la t ing  i n  t h e  ZERO a r ray  t o  f ind  the  zero level f o r  

each s te l lar  reading. We s u b t r a c t  t h e  zero l e v e l  from t h e  stellar 

W e  then de r ive  the  appropr ia te  

reading,  convert  t o  a f ixed  po in t  number and use  t h i s  t o  i n t e r p o l a t e  

i n  t h e  CALTE a r r ay  t o  f i n d  t h e  stellar reading i n  an i n t e n s i t y  scale, 

s t o r i n g  the  r e s u l t  i n  t he  a r r a y  Y. 

determine which member of t he  a r r a y  has t h e  g r e a t e s t  value.  This  value,  

t h e  t e n t a t i v e  continuum loca t ion ,  i s  s to red  i n  X B I G  and i t s  l o c a t i o n  

i s  s tored  i n  DEX. After  p r i n t i n g  out  t h e  record,  we f i l l  up t h e  a r r a y  

Y from LOLA+lto 1000 wi th  zeros  and c a l l  t h e  WB6 r o u t i n e  t o  w r i t e  t h e  

record out  on tape.  We then c a l l  t he  M I N I M  subrout ine t o  determine 

We then search  t h e  a r r a y  Y t o  

) 

t he  loca t ions  of minima, i .e.  spectral  l i n e s ,  i n  the  a r r a y  Y. 

In  subrout ine  M I N I X  t h e  record length  is  f i r s t  examined s i n c e  i t  

is  p o i n t l e s s  t o  search f o r  liiles i n ' a  s h o r t  record.  The smallest number 

i n  t h e  a r r a y  Y(J) ,  where 20<J~T40LA-20 -- i s  found and i t s  value and 

p o s i t i o n  s to red .  Supposing t h i s  minimum t o  be  Y ( J l ) ,  t he  elements of 

t he  a r r a y  wi th  index between 51-10 and J1+10 are then set equal  t o  the  

huge va lue  of 5000 a f t e r  which the  program f i n d s  another  minimum i n  . 

t h e  Y ar ray .  

s o r t e d  i n t o  increas ing  order  of i n t e n s i t y ,  t h e  s t ronges t  l i n e  being 

t h e  f i r . s t .  These d a t a  are then p r in t ed ,  a f t e r  which w e  r e t u r n  t o  the  

main program. 

A t o t a l  of seven minima are found and these  are then 
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The record number is checked t o  determine i f  t h i s  is t h e  last  

stellar record. 

another record. 

continuum d a t a  is output a f t e r  which i t  is smoothed and output again. 

Fur ther  records are read u n t i l  an end of f i l e  is encountered a f t e r  

which w e  write a f i l e  mark on the  output f i l e  and e i t h e r  terminate 

t h e  job o r  r e t u r n  t o  statement 550 t o  compute a f u r t h e r  c a l i b r a t i o n  curve. 

The l i s t i n g  of t h i s  program forms Appendix D. 

I f  no t ,  w e  r e t u r n  t o  statement 10000 and process 

When a l l  records have been processed t h e  r a w  
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Program number 5. - Astronomy 

Program t o  i d e n t i f y  l i n e s  i n  stellar spec t r a .  

The purpose of t h e  following program is t h e  i d e n t i f i c a t i o n  of 

l i n e s  p re sen t  i n  a stellar spectrum. 

with a l i s t  of wavelengths of s p e c t r a l  l i n e s  which are expected t o  be 

present  i n  t h e  spectrum of t h e  star.  

s p e c t r a  of F and G stars and appears t o  work s a t i s f a c t o r i l y .  However, 

i t  i s  not known i f  i t  would work f o r  A type stars. 

t h e  l i n e  l i s t  cu r ren t ly  used should b e  replaced. 

I n  order  t o  do t h i s  i t  is provided 

The program has  been t e s t e d  using 

For B o r  M type s t a r s  

The program is  w r i t t e n  t o  process stellar s p e c t r a l  records of 1605 words. 

The f i r s t  1600 o r  less words are t h e  spectrum i t s e l f  and f u r t h e r  information is  

contained i n  words 1601-1605. These records are produced by vers ions  of 

programs 1 and 4 which are s l i g h t l y  d i f f e r e n t  t o  those  described i n  t h i s  

paper. 

Since t h e  program i s  q u i t e  lengthy, a b r i e f  d e s c r i p t i o n  is i n i t i a l l y  given, 

toge ther  wi th  a l i s t  of t h e  input  da t a  cards. This is followed by a 

more d e t a i l e d  desc r ip t ion  and l is t  of va r i ab le s .  

i n  appendix E. 

The program i s  l i s t e d  



The complete program c o n s i s t s  of t h e  main program, POPE, 3 For t ran  

subrout ines  and a MAP rout ine .  The MAP rou t ine  has  seven e n t r y  poin ts .  

OP and CLO prepare  needed tapes f o r  mounting and dismounting; WIN and 

W A N  p o s i t i o n  one of t h e  tapes;  RA5 and RA6 read the  tapes;  WB6 w r i t e s  an 

output tape. 

The f i r s t  s e c t i o n  of t h e  main r o u t i n e  dea l s  wi th  handling t h e  tapes  and 

reading i n  a list of lines which w e  might expect t o  f i n d  i n  t h e  observed 

spectrum. This l i n e  list is  generated previous ly  using a model stellar 

atmosphere and is recorded on the  tape  which is mounted on u n i t  A5. The t ape  

contains t h e  wavelength and predic ted  s t r e n g t h  of t h e  l i n e  and a code number 

i n d i c a t i n g  which i o n  is respons ib le  f o r  i t .  

The program begins by reading t h e  quan t i ty  IFN03 and t h e  d a t a  cards 

descr ib ing  which f i l e s  i n  t h e  observed spectrum t ape ,  on A6, are t o  be  

processed. 

of t hese  f i l e s .  

of t h e  f i r s t  record,  is read i n  toge ther  w i t h ' a  co r rec t ion  f a c t o r .  

The tape on A6 is then pos i t ioned  t o  t he  beginning of t h e  f i r s t  

The quan t i ty  X BEG, t h e  estimated beginning wavelength 

A t i t l e  is read i n  from cards - t h i s  is s t r i c t l y  f o r  output purposes, 

and is not  used per se i n  t h e  ca l cu la t ions .  

l i n e s ,  as described above, i s  then read from u n i t  A5, and s t o r e d  i n  core. 

The complete list of pred ic ted  

The f i n a l  prel iminary s t e p  is t o  read a group of continuum cards ,  which 

spec i fy  t h e  level of t h e  continuum at  a number of po in t s  i n  the  observed 

spectrum. 

For a complete desc r ip t ion  of the  na tu re  of t h i s  input ,  see t h e  following 

sec t ion ,  e n t i t l e d  INPUT-OUTPUT (p.40). 

A t  t h i s  p o i n t  w e  are ready t o  begin t h e  real opera t ions  of POPE. We 

read i n  a s i n g l e  record from A6; t h i s  is the  d i g i t i z e d  output of t he  

microphotometer, converted t o  an i n t e n s i t y  scale by t h e  use of program 4 .  

This record contains approximately 1600 d a t a  po in t s ;  t h e  number of 
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d a t a  po in t s  i s  b a s i c a l l y  l imi t ed  by two e f f e c t s .  F i r s t l y ,  a t  least 8 

t o  10 d i s c e r n i b l e  l i n e s  should b e  included i n  a block of data;  secondly, 

no more than 1600 d a t a  p o i n t s  are d luwab le .  The f i r s t  r e s t r i c t i o n  is  

caused by t h e  method of i d e n t i f i c a t i o n  of l i n e s ;  t h e  second by core  

s to rage  l i m i t a t i o n s  and by t h e  assumption t h a t  t h e  d i spe r s ion  is cons tan t  

w i th in  a block. 

The number of s i g n i f i c a n t  da t a  numbers i n  t h e  record is then  

determined a f t e r  which t h e  continuum levels which have been previously 

read are used t o  normalize t h e  relative depths from t h e  tape A6. 

p o l a t i o n  o r  ex t r apo la t ion  i s  used t o  determine t h e  continuum l e v e l  

a given po in t .  

I n t e r -  

a t  

The beginning wavelength of t h e  record and t h e  d i spe r s ion  have been 

set up previously.  For t h e  f i r s t  record t h e  beginning wavelength, X BEG, 

is read from a card,  and t h e  d i spe r s ion  is assigned by a s i n g l e  statement 

e a r l y  i n  the  main rout ine .  

i s  incremented as described below (using t h e  d i spe r s ion  and t h e  number 

of po in t s  i n  t h e  record ,  p lus  a co r rec t ion  f a c t o r ) ,  and t h e  d i spe r s ion  is 

determined from t h e  observed and ca l cu la t ed  wavelengths of t h e  s p e c t r a l  

lines i n  t h e  observed spectrum. 

For subsequent records t h e  beginning wavelength 

POPE now takes  t h e  block of spectrum and determines the  c e n t r a l  

Since t h e  d a t a  wavelengths of any s p e c t r a l  l i n e s  contained the re in .  

coming i n t o  t h e  subrout ine  is somewhat too noisy f o r  our  purposes, and 

contains many spurious " l ines"  caused only by noise ,  t h e  f i r s t  s t e p  is  

t o  r ep lace  each po in t  by t h e  average of t h e  n ine  p o i n t s  centered on it. 

This has  t h e  e f f e c t  of smoothing ou t  t h e  noise.  

t h e  e f f e c t  of t h i s  averaging. 

f o r  t h e  star Delta Canis Majoris. 

Figure 6 demonstrates 

Here we  p re sen t  a s i n g l e  block of d a t a  

The s o l i d  l i n e  i s  t h e  unsmoothed data;  

t h e  dashed l i n e  i s  t h e  r e s u l t  of smoothing. 

i n t e n s i t y  and t h e  abc i s sa  is t h e  po in t  number. 

Here t h e  o rd ina te  is r e s i d u a l  
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N e x t ,  t h e  maximum and m i n i m u m  va lues  of t h e  smoothed da ta  are 

determined. A parameter, XSTOP, is defined as 15% of t h e  d i f f e rence  between 

maximum and minimum i n t e n s i t y  values.  

W e  are now ready t o  go on t o  f ind ing  l i n e  centers .  The c r i t e r i o n  

employed f o r  t h i s  purpose is t h a t  a rise of at  least 3% must occur i n  

t h e  r e s i d u a l  i n t e n s i t y  on each s i d e  of t h e  proposed l i n e  center.  

w e  p ick  out  

F i r s t  

t he  minima i n  r e s i d u a l  i n t e n s i t y  i n  t h e  smoothed data.  

Such a procedure y i e l d s  a number of poss ib l e  s p e c t r a l  l i n e  centers.  

These are ind ica t ed  by arrows i n  Figure 6. A t o t a l  of 18 such were 

found i n  t h i s  p a r t i c u l a r  block of data.  These l i n e  cen te r s ,  i n  wavelength 

u n i t s ,  are s t o r e d  i n  SLINE (*,2), and t h e i r  t o t a l  number i n  SLINE (200,2). 

The d a t a  poin t  numbers of t h e  l i n e  cen te r s  are s t o r e d  temporarily i n  §LINE (*,3). 

Two criteria are used t o  e l imina te  spur ious  minima. FiKst, t h e  

3% c r i t e r i o n  mentioned above is  applied.  

are not  a t  least as deep as XSTOP are removed, To suppress t h i s  last  

Second, a l l  those minima which 

c r i t e r i o n ,  t he  inpu t  v a r i a b l e  IFNO3 is set = 1; otherwise i t  is 0. The 

r e s u l t ,  f o r  t h e  block of d a t a  i n  Figure 6 ,  is 16 l ines ,  ind ica ted  by stars. 

Next we s t o r e  those s p e c t r a l  l ines  which f a l l  w i th in  f i v e  da t a  

po in t s  of t h e  expected wavelength range of t h e  record ,  i n t o  another a r r ay ,  

SLINE (*, l ) .  The t o t a l  number of such l i n e s  is  s t o r e d  i n  SLINE (2130,l). 

I f  t h e r e  are no l i n e s  w i t h i n  t h e  expected wavelength range, t h e  record 

number and s t a r t i n g  wavelength are simply incremented, and t h e  next record 

read. We then r e t u r n  t o  t h e  s t e p  where w e  o r i g i n a l l y  read a record from A6. 

We now use t h e  unsmoothed da ta  t o  determine t h e  depth of t h e  l i n e ,  

which is defined as t h e  minimum value  of t h e  r e s i d u a l  i n t e n s i t y  wi th in  

t h e  range of t h e  l i n e .  

ad jacent  l i n e s .  

-The range is defined as 1 /4  of t h e  way t o  

This i n t e n s i t y  is  s t o r e d  i n  SLINE (*,3). 
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The average i n t e n s i t y  and its mean dev ia t ion  are now ca lcu la t ed  and 

p r in t ed .  

POPE now must c o r r e c t  f o r  changes i n  t h e  d i spe r s ion  across  t h e  

spectrum. 

d i spe r s ion  p e r  10 8, , t h e  subrout ine  w i l l  malfunction. 

e r r o r s  of t h i s  s i z e  are not  m e t  w i th in  t h e  work done t o  date.  

Should t h i s  b e  too  severe  (more than about a 1% change i n  

For tuna te ly ,  

The f i r s t  thing POPE does is  c a l c u l a t e  Q ,  t h e  co r rec t ion  needed 

t o  t h e  zero po in t  t o  make t h e  observed and ca l cu la t ed  wavelengths agree 

as w e l l  as poss ib le .  To do t h i s ,  a double sum is  ca lcu la ted :  

c c 1 

This 

h A observed c a l c ,  
I 

E +  I Aobs -?l c a l c  Q I  
quan t i ty  is  a maximum when the  wavelength coincidence is  as good as poss ib le .  

Figure 7 p re sen t s  t h i s  sum f o r  t h r e e  values of E as a func t ion  

of assumed Q. The secondary peaks are due t o  chance coincidences 

of a s i n g l e  l i n e .  

f o r  t he  program. There seems l i t t l e  chance of an e r r o r ,  provided t h a t  

t h e  co r rec t  value of t h e  zero po in t  lies wi th in  t h e  range of wavelengths inves t iga t ed  

On t h e  b a s i s  of t h i s  f i g u r e  E equal t o  0.15 w a s  chosen 

(1.5 

b locks) .  

of t h e  suggested wavelength f o r  t h e  1st b lock ,  and 0.15 2 f o r  subsequent 

POPE now does a prel iminary l i n e  i d e n t i f i c a t i o n .  The r e s i d u a l s  

-- observed less ca l cu la t ed  wavelengths f o r  t he  i d e n t i f i e d  l i n e s  -- are 

then minimized by a least squares f i t ,  wi th  co r rec t ions  t o  t h e  zero po in t  

and d i spe r s ion  as t h e  f r e e  parameters. Two-thirds of t hese  co r rec t ions  are 

applied.  

co r rec t ion  terms, which are r a t h e r  l a r g e ,  and which might cause untoward 

e r r o r s  i n  t h e  d i spe r s ion  and zero po in t  i f  they were t o t a l l y  c red i t ed .  

The c r i t e r i o n  f o r  i d e n t i f i c a t i o n  i n  t h i s  s e c t i o n  of t h e  program is 

coincidence i n  wavelength wi th in  0.125A. 

The f u l l  co r rec t ion  i s  not  appl ied ,  because of e r r o r s  i n  the  

0 
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We now r e t u r n  

l i n e s  i n t o  SLIXE. 

ava i l ab le ,  s o  t h a t  
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t o  t h e  s e c t i o n  of ?OPE where w e  s t o r e  pred ic ted  

This  is done because a new s t a r t i n g  wavelength is  

t h e  L i s t  of l i n e s  t o  b e  searched f o r  may b e  s l i g h t l y  

rev ised .  We select only a number of s t r o n g e s t  l i n e s  on t h e  l ist ,  equal  

t o  3 / 4  of t h e  number of l i n e s  present  i n  t h e  spectrum. 

The a r r ay  SLIXE now contains  pred ic ted  wavelengths (Col. 11, 

observed wavelengths (Col. 2 ) ,  and corresponding i n t e n s i t i e s  (Col.3) . 
Another v a r i a b l e ,  IDLINE, contains  the  ions  responsi31e f o r  t h e  pred ic ted  

wavelengths. Actual l ize  i d e n t i f i c a t i o n  can now proceed. 

Por each predic ted  wavelength, we search f o r  coincidence i n  wave- 

length  among t h e  l i s t  of observed l i n e s .  

i f  no coincidence is found, t h e  l i n e  is l i s t e d  as NOT FOUND. I n  p r a c t i c e ,  

coincidences are found about 75% of t h e  t i m e ;  random wavelengths g ive  

coincidences about 10% of t h e  tine. 

The to l e rance  is  set  a t  0.05 8; 

A l l  t h a t  remains is  t o  p r i n t  ou t  t h e  r e s u l t s  of t h e  i d e n t i f i c a t i o n  

search.  Should less than 60% of t h e  l i n e s  have been i d e n t i f i e d ,  w e  

p r i n t  ou t  t h e  message POSSIBLE EFSOR, toge ther  w i th  t h e  average i n t e n s i t y  

minimum of t h e  i d e n t i f i e d  l i n e s .  
$ 

An output  t a p e  i s  now w r i t t e n  on BG. This t ape  conta ins  e s s e n t i a l l y  

t h e  same information as t h e  input  tape  A6,  except t h a t  t h e  d a t a  i s  now 

an  i n t e n s i t y  scale of 0 t o  1. 

F ina l ly ,  t h e  s t a r t i n g  wavelength is incrernented, and w e  r e t u r n  t o  

read i n  another  block of d a t a  from A6 

u n t i l  w e  run  out  of d a t a  i n  t h e  f i l e  w e  are reading;  w e  then  go on t o  

t h e  next  f i l e ,  o r  GtoP, i f  no more f i l e s  are spec i f i ed .  

Thls completes t h e  genera l  desc r ip t ion  of program POPE. 

This procedure cogCinues 

With a 

few modif ica t ions ,  i t  i s  hoped t h a t  t h i s  procedure w i l l  supply nea r ly  

foolproof i d e n t i f i c a t i o n s .  However, i t  is t o  b e  emphasized t h a t  t h e  

inpu t  t o  t h e  progrsm must b e  as spec i f i ed .  

input-output f o r  POPE. 

1 .  

The following s e c t i o n  is devoted t o  



A l l  i npu t  i s  accomplished through POPE wi th  i ts  MAP subrout ines .  

Punched card inpu t  is  as follows: 

1. A s i n g l e  card spec i fy ing  IFX03 (Format: 11). 

2. 

read from A 6 ,  toge ther  wi th  t h e  numbers of t hese  f i l e s .  Format is 

13/1013. Note t h a t  t h e  number of f i l es  is  on the  f i r s t  card. The 

f i l e  numbers are on the  second and subsequent cards.  

than 10 f i l e s  are normally used; only two cards  are needed. 

3. A s i n g l e  card spec i fy ing  t h e  beginning wavelength ( in  Angstroms) of 

t h e  f i l e  and a co r rec t ion  t o  t h e  zero po in t  of i n t e n s i t y ,  usua l  0.00. 

Format i s  (F10.2 IX, F6.3). 

4 .  

only. Format is  1286. 

5. 

A sec of cards spec i fy ing  fhe number of fi3;es of s p e o f r m  fe be 

I n  p rac t i ce ,  less 

A s i n g l e  card spec i fy ing  t h e  t i t l e ,  which is used f o r  ou tput  purposes 

A s i n g l e  card  spec i fy ing  the number of continuum cards  t o  b e  input .  

Format is 16. 

6. 

These cards  cons i s t  of a relative contin;lum level, and t h e  d a t a  po in t  i n  

Continuum cards ,  equal ing i n  number t h e  information inpu t  ili #f above. 

t h e  f i l e  t o  which i t  r e f e r s .  Format $s 2F10.2. 

Items 3 t o  6 are repeated f o r  each f i l e  t o  b e  worked. 

I n  addi t ion ,  two inpu t  tapes are needed. The f i r s t ,  mounted on A5, 

conta ins  a list of pred ic ted  l i n e s ,  the  ions 'caus ing  them, and t h e i r  pre- 

d i c t e d  s t r eng ths .  

Three hundred l i n e s  are blocked t o  form one record and each l i n e  has  t h r e e  

The t ape  is w r i t t e n  i n  order  of increas ing  wavelength. 

parameters: wavelength, ion ,  s t r eng th  (on a logar i thmic  scale). 

wavelength range covered is normally 3000 A t o  6600 A, b u t  can e a s i l y  b e  

extended. 

The 
0 0 

The second inpu t  tape ,  on u n i t  A6, conta ins  the  observed spectrum. 



It is  w r i t t e n  i n  records of 1605 words. I f  less than1600 spectrum words are 

contained i n  a record t h e  record is f i l l e d  w i t h  zeros  by t h e  previous 

2rogran. Both tapes  must b e  high dens i ty  (800 BPI) .  

The output  c o n s i s t s  of t h e  t i t l e ,  block number, zero po in t  (wave- 

l eng th ) ,  and dispers ion.  Follo;  g this i s  t h e  p red ic t ed  wavelength, 

observed wavelength ( o r  N/F i f  no l i n e  could b e  found a t  t h e  pred ic ted  

wavelength),  i on  code, and mininu,  r e s i d u a l  i n t e n s i t y ,  f o r  each predic ted  
- .  

wavelecgth. 

t h e  prel iminary zero po in t  cor rec t ion ,  and the  two sets of least squares  

The average incens i ty  of t h e  l i n e s  and t h e i r  mean d i spe r s ion ,  

transform c o e f f i c i e s t s  are then p r in t ed .  

The format i s  repeated f o r  each block of data .  

Tine s ta tement  POSSISLE ERXOR, toge ther  w i th  the  average i n t e n s i t y  

of t h e  i d e n t i f i e d  i i n e s  i s  p r in t ed  out i f  less than 60% of t h e  p red ic t ed  

l i n e s  could b e  i d e n t i f i e d .  

Approximately l c ~ i n u t e  of 7094 t i m e  i s  needed f o r  compilation and 

set-up. 

d a t a  po in t s .  

An add i t iona l  1 2  seconds i s  needed f o r  a t y p i c a l  block of 1600 

The output  tape  now contains  spectrum, blocked as an inpu t ,  b u t  

reduced t o  an i n t e n s i t y  scale of 0.0 t o  1.0. 

1605 words t o  a block. 

The t ape  i s  high dens i ty ,  

Words 1-1600 are t h e  spectrum. 

1601 i s  t h e  nuniber of po in t s  i n  t h e  block;  

1602 = block number; 

1603 beginning wavelength; 

1604 = average continuum level 

1605 = d i spe r s ion  
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DETAILED PROGUY DESCRIPTION 

The prograin, as l i s t e d  inAppendix E, , has been s p l i t  t n t o  26 

'sections,  most of which are discussed i n  d e t a i l  below. The comment 

cards  with a s t e r i s k s  t o  t h e  l e f t  are used t o  d e l i n e a t e  the  sec t ions ;  

each of t hese  cards  is numbered, w i t h  numbers running between 10 and 

270. These are the  "card numbers" r e f e r r e d  t o  below. The flow 

cha r t  (Sigure 8) presents  t h e  l o g i c a l  flow of POPE; each s e c t i o n  

ind ica t ed  by enclosure i n  a r ec t ang le  is discussed below. 

1. Set-Up (Card # lo)  

a. IFH03 is read of f  a dara  card. 

b.  KKK, the  number of f i l e s  t o  b e  read,  and ImEL (*), t h e  f i l e  

numbers, are read of f  a d a t a  card. 

C. The OP rou t ine  opens t h e  f i l e s .  

d. Various q u a n t i t i e s  are i n i t i a l i z e d .  

e. The beginning wavelength of t he  spectrum, and FCRCT are read 

off a d a t a  card. 

f .  Various o ther  q u a n t i t i e s  are i n i t i a l i z e d .  

NOTE: Statement 20002 i s  t h e  " f i l e  t r a n s f e r  point".  

2. Spectrum Tape Pos i t ion ing  (Cards 1130, 50) 

a. P o s i t i o n  spectrum ta?e t o  beginning of des i r ed  f i l e  

(IREEL (JREEL)) . 
b. P o s i t i o n  search  l i n e  tape.  

-----Here comes the  card input  section----- 

c. Read STRTER, IBLSKP, DISP, LENDL from a d a t a  card. 

d. Skip IBLSKP blocks of spectrum. 
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3. Normalisation t o  contipuum level 

a. Increment ILINE by the number of po in t s  i n  t h e  previous block. 

For each spectrum poin t :  

b. Calcu la te  ZOO = t h e  po in t  number. 

c. I f  ZOO is less than t h e  po in t  number of t h e  f i r s t  continuum 

value,  o r  g r e a t e r  than t h a t  of t h e  last continuum va lue ,  then ex t r apo la t e  

t o  g e t  ALAS, and go t o  statement 696. 

d. Otherwise, i n t e r p o l a t e  f o r  ALAS, and go t o  696. 

e. Determine i f  PT (wavelength of t he  d a t a  po in t )  is  wi th in  0.06 A 

of an even m u l t i p l e  of 20 A. I f  i t  is ,  set  ALASHD = ALAS. 

f .  Make s u r e  Y(J) is  less than o r  equal t o  the  continuum and 

g r e a t e r  than o r  equal t o  zero. 

g. Divide t h e  spectrum value by t h e  l o c a l  continuum level (ALAS) 

t o  g e t  t he  normalized i n t e n s i t y  ( X ( J ) )  e 

4 .  Data Smoothing (Card #loo) 
a. I n i t i a l i z e  MINS(*) and NMINS. 

b. 

c. 

d. Calcu la te  minimum and maximum va lues  i n  XA(*). 

e. Calcu la te  XSTOP f o r  ensuing p a r t s  of program. 

Average t h e  n ine  po in t s  surrounding each d a t a  po in t ,  X(*). 

Assign t h i s  average t o  t h e  same p o s i t i o n  i n  t h e  XA(*) array.  

5 .  Line Center Finding (Card f l l 0 )  

a. P ick  out  a l l  p o i n t s ,  I, between t h e  6 t h  and 1595th of a 

block such t h a t :  XA(1) less than XA(1-1) and, =( I )  less than o r  

equal t o  xA(I+l). 

b. 

number 

S to re  these  p o i n t s  i n  MINS(*), and set NMINS = t h e i r  t o t a l  
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c. Between each p a i r  of t hese  suggested minina, f i n d  t h e  maximum 

i n t e n s i t y .  CoTnpare t h i s  vLth 3% of t h e  intensity a t  each of t h e  suggested 

m i n i m a .  If t h e  m a x i m u m  i s  i n  e i t h e r  case the lesser, determine which 

of t h e  minima is t h e  lesser. Rezlove zhe po in t  number of t he  o the r  

minima from MISS (k) , and decrease X4IXS by 1. 

c i .  I f  less than 20 seconds of t he  t i m e  es t i inate  is l e f t ,  STOP. 

e. If IFX03 = I, ski? if). 
,. 

f. i.h;ltpare the  i n t e n s i t y  a t  each suggested minima with SSTO?. I f  

i t  i s  g r e a t e r  than XSTOP, rexove i t  f rom MIS(*), and decrease b?iINS 

by 1. 

6. Cent ra l  Depth DeterininatLon (Card $130) 

a. S to re  po in t  nunbcr of minima i n  SLINE(*,3). 

b.  Compute the wavelen;=t:-, o f  t he  8 t h  minima and s t o r e  i n  

SLINE ( A ,  2) . 
c. S t o r e  NNISS in SLINE(~~O,~), and i n  NT. 

d. Calcu la te  ILWQIIN and IvIG&Y. 

e. Find minixm value of qnsmoothed normalized d a t a  between 
) 

f .  

g.  

S to re  t h i s  va lue  i n  SLIKE(fc+100,3). 

When t h i s  has  been done f o r  each minimum, s t o r e  SLIL?E(*+100,3) 

i n  SLINE (*, 3). 

7. Tape Input  of Search Lines (Card 11140) 

a. Calcula te  t h e  wavelength of the  end of t h e  block,  and s t o r e  i t  

i n  XEND. 

b. 

c: 

I f  t h i s  is  no t  t h e  first block processed, s k i p  (c) ,  ( d ) ,  and (e). 

P o s i t i o n  fine inpu t  tape  t o  s t a r t i n g  wavelength of block. 
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d. i f  there  are no l i n e s  on the tape  b e f o r e  XEXD, go t o  

11 
2 block t e r n i n a t i o n  loop", below. 

e, S t a r e  300 l i n e  wavelengths i n  WCALC(*,l), predic ted  s t r e n g t h s  

i n  WCid,C(*,2), and i o n  i d e n t i f i c a t i o n s  i n  ICALC(*).  

( n j .  

Then s k i p  ( f ) ,  (g), and 

2. Delete l i n e s  of vavelengihs s h o r t e r  than XBEG from the  t ~ 3 Z e s .  

(I1 = the f i r s t  l i n e  t o  b e  left). 

2. Advance a i i  remaiiling lines 11-1 spaces i n  the  t a b l e s  lJCALC 

and IChLC. 

h. F i l l  i n  the l a s t  I1 - 1 spaces i n  these  t a b l e s  w i t h  l i n e s  read  

f r o 3  the  tape.  

i. Check TIPiZ; i f  less Chzn 20 secorids remain, STOP. 

-. 8. Search Line S o r t  (Card #15C) 

a. XZ and AT are ca lcu la ted ,  bu t  no t  used u n t i l  t he  next  s ec t ion .  

b.  NN i s  set  equal  t o  3 / 4  t he  n m b e r  of l i n e s  found i n  the  i -  data .  

e. The WXLC a r r ay  is s t o r e d  i n  Id. W(fc(,2) contains  the  number 
\ 

of the  ICALC a r ray  pe r t a in ing  to t h e  gcth number i n  t h e  W a r ray .  

d. The DO 210 loops  s o r t  t h e  W a r r ay  according t o  pred ic ted  

s t r e n g t h  -- s t ronges t  l i n e s  f i r s t .  ' 

9.  F ina l  Se lec t ion  of Search Lines (Card #160) 

a. I f  less than 5 seccsds remain on the  i n t e r n a l  clock, STOP. 

b.  W e  are going t o  s t o r e  t h e  f i r s t  NN l i n e s  of t he  W array i n  

SLINE(*,l) sub jec t  to t h e  condi t ions t h a t :  

i )  The i r  wavelength is wi th in  t h e  range of XBEDt-1 A to 

XEND - i A. 

ii) No s e l e c t e d  l i n e  i s  w i t h i n  0.2 A of a s t ronge r  selected 
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l i n e .  

c. The t o t a l  n m b e r  of search l i nes  is  s t o r e d  i n  SLINE (200, l ) .  

10. P r e l i a i n a r y  Zero Po in t  Correct ion (Card #190) 

a, S e t  E = 0,15. 

b.  I f  t h i s  ' 3  t h e  f i r s t  b lock  of data, t he  f i r s t  t r y  a t  Q is 1.5; 

i f  no t ,  i t  i s  0.15. 

c. Calciilace the  double sux, discussed above f o r  each Q.  

d. P ick  t h a t  Q which g ives  t h e  m a x i m u m  sum. 

e. Save tZ;is value i n  QXSAVE. 

11. Lczst Squnrzs Correczfciis (Card #ZOO) 

a. I d e n t i f y  as many observed l i n e s  wi th  search l i n e s  as poss ib l e ,  w i th  

an error i n  wavelength of 0.125 A. 

b. S to re  the  pred ic ted  wavelengths in 'D( l , * ) ,  and the  e r r o r  i n  

wavelength i n  D (2 ,  ;?) . 
c. Correct  wavelength of found l i n e s  (SLINE(*,2)) by the prel iminary 

zero  p o i n t  cor rec t ion .  

d. Convert D(1,f:) wavelengths t o  un i r s  relative t o  XBEG. 

e. 

squares  technique t o  minimize t h e  e r r o r s  (D(2,fC)). 

f .  

Change d i spe r s ion  and zerd poin t  of wavelength by t h e  least 

Correct  t he  observed wavelengths by 213 of t h e  least squares  

co r rec t ions ;  c o r r e c t  XBEG and DISP l ikewise.  

12. Matching of Line wi th  Ion (Card #220) 

This  s e c t i o n  goes through some " t rac ing  back" i?f each search  l i n e  
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t o  f i n d  what p o s i t i o n  (ICALCX) i n  the ICALC a r r ay  i t s  ion  is  s t o r e d  in .  

The code number of t h i s  i on  is  then s t o r e d  i n  ICALCX. 

13. Line I d e n t i f i c a t i o n  -- F i r s t  P a s s  (Card #230) 

a. Set DCRIT = 0.075 a 
b. For each search l i n e ,  see i f  an observed l i n e  l ies  wi th in  

DCRIT of i t  i n  wavelength. 

c. I f  i t  does, w r i t e  out the two wavelengths, t h e  ion  code, and 

the  observed s t r eng th .  Then see i f  t h e  next observed l i n e  is  a l s o  

wi th in  DCRIT of t h e  pred ic ted  wavelength. I f  i t  i s ,  w r i t e  out t he  

same information f o r  it. Add one t o  LCFD ( ion  code). 

d. I f  t h e r e  is no i d e n t i f i c a t i o n ,  w r i t e  ou t  t h e  pred ic ted  

wavelength and t h e  ion. Add 1 t o  XNMISS and t o  LCMS ( ion  code). 

14. Line I d e n t i f i c a t i o n  -- Second P a s s  (Card 11250) 

For each found l i n e  not previously i d e n t i f i e d  i n  t h e  f i r s t  pass: 

a. I n  the  KSTAND a r r ay  s t o r e  t h e  pos i t i ons  of all search 

l i n e s  from WCALC f a l l i n g  wi th in  0.05 8 of the  found l i n e ' s  wavelength. 

b. I f  none are found, write the  found wavelength and i n t e n s i t y ;  

then go t o  card #260. 

c. Determine which of t h e  l i n e s  represented i n  KSTAND i s  predic ted  

t o  be  t h e  s t ronges t .  Write t h e  pred ic ted  wavelength of t h i s  l i n e ,  t he  

found wavelength, i on ,  and observed s t r eng th .  

d. For each o the r  l i n e  i n  KSTAND, w r i t e  ou t  t he  pred ic ted  and 

found wavelength, t h e  ion ,  and the d i f f e rence  i n  p red ic t ed  
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s t r eng ths .  Then go on t o  card  8260. 

15. Output Phase (Card 8260) 

a. Assign va lues  t o  t h e  1601 through 1605th po in t s  i n  the  output  

a r r ay ,  X. 

b.  Write X on tape.  

c. Write headings f o r  the  printer!  output.  

d. Write out  t h e  d a t a  poin ts  (normalized t o  i n t e n s i t y ) .  



-50- 

PROGRAM VARIGLES 

'ALAS = continuum l e v e l  a t  a given poin t .  

ALASHD = continuum level a t  the  most r ecen t  mul t ip l e  of 20 8. 

' 

AOKE = wavelength of t h e  f i r s t  d a t a  po in t  i n  a l i n e  of output .  

ATWO = wavelength of t he  l as t  da t a  po in t  i n  a l i n e  of output.  

AVEKA = average s t r eng th  of found l i n e s  i n  a block of data .  

C(*) = t h e  t o t a l  r e s i d u a l  i n  the  double sum far 
t h e  *th t r i e d  value of Q. 

CLO = map .subroutine t o  c lose  f i l e s .  

CRACK(Yc) = ainount t o  b e  added t o  AONE t o  g e t  t he  wavelength of e n t r y  
column JX ( f o r  p r i n t  ou t  only) .  

D(1,*)  = wavelengt:? 0 2  pre3.in;inary i d e n t i f i e d  l i n e ,  cor rec ted  by 
t h e  prel iminary zero po in t  cor rec t ion .  

. 

(2,JX) = predic ted  minus observed wavelength of t h i s  l i n e .  

DCRIT = to le rance  between predic ted  and observed wavelength f o r  
i d e n t i f i c a t i o n  t o  b e  made. 

DEX(*) = d a t a  po in t  number f o r  k th  continuum'value. 

DIFF = a c t u a l  d i f f e rence  between predic ted  and observed wavelengths 
of a l i n e .  

DISP = d i spe r s ion  of spectrum. 

E= A parameter used i n  t h e  double sum. 

ERNEAN = mean devia t ion  of s t r eng th  of found l i n e s  i n  a block. 

FCRCT = congtant t o  be  sub t r ac t ed  from a l l  i n t e n s i t i e s  be fo re  they are 
normalized ( a l s o  subs t r ac t ed  from continuum value) .  

FNF = least squares  co r rec t ion  t o  t h e  dispers ion.  

FMS = least squares  co r rec t ion  t o  t h e  zero po in t  of wavelength. 

H ~ L P ( ~ c , * * , * * ~ < , ~ ~ * ~ ~ * )  = s u b r o k i n e  t o  check t h a t  t he  v a r i a b l e  * is  g r e a t e r  
than o r  equal  t o  2~ and less than o r  equal  t o  k**. 
p r i n t s  ou t  the number ****, and s tops  t h e  program. 

I f  no t ,  then it 

IBLOCK = block number i n  t h e  spectrum. 
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I2LSK1 = number of d a t a  blocks a t  beginning of f i l e  t o  be skipped. 

ICI;LC(*) = ion  causing sea rch  l i n e .  

IEOF = end of f i l e  i n d i c a t o r  f o r  spectrum tape  (# 0 i f  f i l e  is  a t  an 
end) . 
IERIZ = read e r r o r  i n d i c a t o r  f o r  spectrum t a p e  (f0 i f  e r r o r  occurred). 

IWO3 = input  p a r a m t e r .  If "1, t h e  XSTOP l i n e  d iscr imina t ion  c r i t e r i o n  
i s  de le ted ;  i f  = 0 ,  i t  is  no t ,  

ILIZE = running t o t a l  of p o i n t  number a t  beginning of block - 1. 

ILINL(*) = nuiiber i n  ICALC a r r ay  pe r t a in ing  t o  t h e  *th en t ry  i n  W array.  

IREEL(Jc.) = f i l e s  t o  be  worked. 

I W I I N  = 1 / 4  way from found l i n e  t o  previous one ( i n  p o i n t  numbers), 

IvwiviAx = 1 / 4  way from fouad l i n e  t o  next one ( i n  p o i n t  numbers). 

J B G  = M I N S  ( J c - 1 )  

JED = KINS(*) 

JEOF = end of f i l e  i n d i c a t o r  f o r  search  l i n e  tape  (# 0 i f  EOF occurred).  

JKEP = po in t  number of t h e  deeper minima betyeen those a t  J B G  and JED. 

JWK = number of po in ts  i n  block. 

KIF(Jc) = 1 i f  t he  found l i n e  * is i d e n t i f i e d ;  =O i f  not. 

KREEL = f i l e  number t h e  t a p e  is cu r ren t ly  at .  > 

KSTAND(*)= pos i t i ons  i n  t h e  lJCALC a r r ay  of l i n e s  i d e n t i f i e d  wi th  found 
l i n e s  i n  t h e  2nd pass  of l i n e  i d e n t i f i c a t i o n .  

KTOTAL = number of s i g n i f i c a n t  entri 'es i n  KSTAND array. 

LCFD(JC) = number of search  lines of i o n  * i d e n t i f i e d .  

LWS(*) = number of search  l i n e s  of i o n  * not  i d e n t i f i e d .  

LCOUT = subrout ine  t o  p r i n t  what percentage of l i n e s  (of each ion) 
searched f o r  were found i n  the  spectrum. 

LENDL = last  block of f i l e  t o  be  worked. 

LSIN = number of continuum cards.  

MINS(*) = p o i n t  number of t h e  *th minimum i n  the  block. 
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K4INS = number of minima found i n  t h e  block. 

OP = map subrout ine  t o  open tapes .  

Q = 

QN = t h e  Q which maximized t h e  double sum 
prel iminary zero po in t  correct ion.  

co r rec t ion  t o  wavelength zero po in t  

QNSAVE = QX. 

TtA5 = nap subrourine t o  read one l i n e ' s  data from the search  l i n e  tape.  

RA6 = map subrout ine  t o  read one block of da t a  from the  spectrum tape.  

SLIXE(k,l) = wavelength o f  search l i n e s  
(*,2) = waveiength of lines found i n  spectruin 
(* ,3)  = po in t  nuinber om' l i n e  found i n  spectrum (during most of card  

#I20 assernbly), and the  i n t e n s i t y  of t h e  found l i n e  
f o r  t h e  rest of t h e  program. 

STRTER = pre-no-malLzed i n t e c s i t y  f o r  zero inpu t t ed  i n t e n s i t y  (usua l ly  = 
FCRCT) . 

TI(*) = alphaiieric t i t l e  used :or output.  

TIX(1) = t i m e  l e f t ,  i n  seconds, on i n t e r n a l  clock. 

TIHE = map subrout ine which r e tu rns  t i m e  l e f t  according t o  the  i n t e r n a l  
clock . 
VAL = m i n i m u m  value i n  unsnoothed no-malized da ta  between IVWMIN and 
IWNAX. 

W(fc,l) = predic ted  s t rengch  of search l i n e .  

(* ,3)  = wavelength of search l i n e  
(*,2) = * 

WAN = map subrout ine  which backspaces two f i l e s  on search l i n e  tape.  

WB6 = map subrout ine  f o r  d a t a  output on tape.  

W I N  = map subrout ine  which backspaces one f i l e  on search  l i n e  tape.  

WCALC(*,l) = wavelength of  search  l i n e  
(*,2) = predic ted  s t r e n g t h  of search l i n e  

X(*) = *th norna i ized  spec t run  poin t .  X(1601) = nuinber of da ta  po in t s  
i n  block;  X(1602) = block  number; X(1603) = beginning wavelength; 
X(1604) = continuum level a t  center  of block;  X(1605) = dispersion.  

a(*) = smoothed normalized spectrum. 
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XSEG = beginning wavelength of block. 

XBEGKP = beginning wavelength of first d a t a  block. 

' B I G ( * )  = continuum l e v e l  a t  input  po in t s .  

XCA = An i n t e n s i t y  va lue  3% above t h e  value at J B G ,  a suggested minimum. 

XCB = same as XCA, b u t  f o r  JED. 

XLN = wavelength of l i n e  read from tape.  

XM = maximum i n t e n s i t y  value'between two suggested minima, a t  J B G  and JED. 

XC?= minimum value  of XA. 

KW = m a x i m u i i  va lue  of XA. 

XIWISS = number of  search  l i n e s  i n  a block not  found. 

XSTOP = 15% of @MX - XMN).  

Y (*) = unnormalized spectruii .  

YF = maximum value  i n  e($<). 

ZOO = po in t  number of block cu r ren t ly  being worked on + ILINE.  



APPFNOIX A *********** A-1 

PR0GRA"JI NOMRFP l o  

READS MICROPHOTOMETER T A P E  AND PERFORMS DATA FORMAT CONVERSION, 

' F T R q Y q  
S* MOUNT R E L L  1 ON A 5 R I N G  OUT 200 B P I  REPEAT 200 B P I  
$* PUT A SCRATCH ON 116 SAVF AT END 
$* PUT THE A CHANNEL D E N S I T Y  SWITCH ON 800 /200  
BATTACH A 5  
B A S  S Y S C K l  ,LOW 
CATTACH R 6  
$AS 
'%,TRCYC 

SF XFCIJTF I n.Jr)R 
S I P  R A R E L L * 2 0 5 / 0 4 / 0 2 6 * 3 M * Z 0 0 P * 7 ~ 0 C * ~ ~ T A P F S  
SIRJOR GO9MAP ,SOURCE,RASIC 
B I R F T C  TEST LIST+NODFCK,M94,Xg7 

SY '?I !T6 9 Hf GH 

CDMMON IN(9999f,IEOF,IERRrIREEL,NER(2),NF,NR,LCrf)(4),OIJT( 1 0 0 0 ) r  
l N ( 2 )  q I N O , L I  

C 4 C L  F I X I T  
NF=1 
NO=0 
M R = O  
rVFRIl )=C!  
N F Q (  7 ) =c! 
RFAD(5tl)lRFFL 

1 c n R M A T ( f 7 )  
CALL OP 

T H I S  GIVFS [JS A RFCORD 
NR=MR+I 
NO I S  THE I N P U T  RECORD NUMBER AND NR THE OUTPUT RECORD NUMRFR 

I O  C A L L  R A S  

T F ( I F O F o E O e 1 ) G O  T o  70  
T F ( L I o G T . 9 9 9 9 ) C O T 0 6 0  
N ( l ) = I N ( L I )  
C A L L  CONV 
L0=2*LT 
IF IN(2 ) ,FOoO.AND.MFR(7 ) .FQ.1 )LO=LO-1  
L I  IS  TPF I N P U T  RFCORD LENGTH AND LO THF OUTPUT RFCORD LFNGTY 
N F R f  1 )=f? 
hJFR f 7 ) =C 
LY=LO 

9 WRITE(6 ,11)NF,NR,Lf ,LYIrND 
11 F O R M A T ( t O H 1 F I L E  NO.=,I5,13H RECORD NO0=,15,15H TNPtJT LFNGTH=,IS, 

116H OUTPlJT LENGTH= 9 I S , 7 0 X 5 H I M D . ~ ,  12 1 
I F ( I E R R e E Q ~ 1 ) W R I T F ( S ~ l 2 ) ( I N ( I ) , I z l , L I )  

IE:Rf?=O 
IFRR=O 
Y K I A  
L L = 5 1 \ 0  

121 LFND=LL+KK 
I F ( L E N D . G T o L I ) L L ~ L I - K K  

1 2  FORMAT(17H HAD P A R I T Y  E R R O t i t / ( l O ( l X O l ? )  1 )  



APPENDIX A A-2 



A P P F M ~ T X  a A-3 
71  F O R M A T ( l O H 1 F I L E  NO.=gIS,13H RECORD NOo=,I5,RH W A S  E O T )  

I R F E L Z I R F E L - 1  

T Fr?F=n 
TcRR=r) 

n i R = n  

CALL Wjlh' 

IF(IREEL0FQoO)GO TO 7 5  

h l F  =hl P + 1 

w = n  
G n  TQ IC, 

75  WRI TF: ( 6 9 7 6  1 
76 F O R M A T ( 2 9 H O T H f S  WAS TH& L A S T  I N P U T  T A P E )  

9; I 'RMP P 
A5 
Rh 

F T X l f  

OP 

CLO 

W R h 

o n 5  
A A  

RR 

cc 

GO TO 65. 
CYn 

MAPRO 
FILF 
F I L E  
ENTRY 
FNTQY 
SAVF 
CLA 
S T D  
RETIJRN 
SAVE 
f SX 
P Z E  
TSX 
P t F  
S f 7  
S T 7  
Q F f t  JRhf  
SAVF 
TSX 
PZF 
TSX 
PZF 
R FTIJR N 
S AVF 
TSX 
PZF 
I O C T  
RFTIJRN 

A \ / C  
TSX 
P7F 
OZF 
I O R T  
CAL 
ANA 
ARS 
S T n  
S T 7  
CAL 
A N A  
T Z F  
C L 4  
q T n  
RFTIJRN R A 5  



APPFNDIX A A-4 
F O F  

FRP 

CONV 

A 3 A  

A 4 4  

A5A 

h h h  

R 

C 

CONT 

RL 

HP 

W T M  

CLA 
STO 
T R 9  
CL 4 
STr) 
TQA 
SAVF 
C d L  
4 M A  
L O S  
STO 
LQS 
AXT 
AXT 
CLA 
TNZ 
T T X  
S T 7  
AXT 

L t S  
;Tn 
T Z F  
S l l R  
T Z F  
TM T 
CCA 
STO 
CLA 
A of7 
STO 
TRA 
A f V ?  
T I X  
XCA 
Y P Y  
XCA 
TRA 
LDQ 
T T X  
? f X  
LDQ 
T T X  
PFTI  IQN 
CLA 
T Z F  
CLA 
STO 
TRA 
<t  1R 
TM7 
Ann 
TRA 
qPvF 
TSX 
P7.F 
PFTtJRN 

c1.a 

= I  
I €OF 
cc 
= l  
TFRR 
A l l  
4 9 5 9 6 9 7  
w 
= O 1 7 ?  71 717'171 7 
18  
N+1 
1 8  
7 9 6  

2 9 5  
f No 
*+? 
* + 1 * 5 , 1  
N i 7 9 6  
9 9 7  
=n 
6 
7W T 
Rt. 
=10 
CONT 
P 
= I  
NFR+2 r h  
C900+3 9 7 
N+?,h 
N + 3 9 b  
CONT 
110 
HP,591 

c70c)+397 

A 6 A  
Z W i  
* + 1 9 5 9 1  
A4P.9791 
M+I 
A S A 9 6 9 1  
r n w  
TND 
CON T 
= 1  
N F R + 7 r 6  
CON T 
= 1  
P 5 A  
= I  
c 
4 
e WFF 9 4 
Ph 
W T hl 

RTTCNT ROOL 3 '302 



APPFNOIX A A-5 
7 W I  
c900 
ClOO 

TN 
f F A F  
1 FRD 
1 PFFI. 
hl F R 
N F  
01 I T  
N 
1 run 
LT 

1 
900,90,9 
100 9 IO 9 1 
/ /  
/ /  
9999 
1 
1 
1 
3 
7 
1 noo 
7 
1 
1 
P R F V  T NJS 

TFST 



APPFNDIX  B **+**++*~+* 
PROGRAM NUMRER 20 FLUID DYNAMICS. 
REDUCES MIFROPYOTOMl3TER DATA TQ INTENSITY SFALE USING A WAVELENGTH DEPENDENT 
CALIBRATION CURVE. 

B-1 

c 

C 
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C 
5n 

3n 

9 1  

3 7  

7 3  

34 

1 5  

C 
?on 

305  

301 

302 

307  

304 

I F  (JJaFOe?) GO To 3 1  
TF (JJaFrJ.3) GO T n  33 
TF (JJaFr304) GO Tn 33 
TF(J.J.FOa5) GO Tr) 34  
TF(JJoFQ.6) GO TO 3 5  

SHOT R F G I O N  IS IDFNTIFIED BY JF 
TF ( J F . F f 3 a l )  GO Tn 3cIC 
I F  (JF  oFO.7) GO Tr) 490  
TF (JFaFrSe’3) GO Tn 400 
TF (JF e G F *  4 )  GO T O  400 
nsw = .rn74 
SCALF = o O O R  
RSCAL = e 0 3  
GO TO 5 0  
nsw = , r n v  
<CALF=ePIS 
RSCAL = e 0 4  
GO TO s r  
DSW = an073 
RSCAI.  = a 1 5  

SCALF- e 0 5  
GO TO 5r 
DSW = a C 0 9 R  
SCALF = e 1  

RSCAL = e 2  
GO TO 50 
r)SW = a P 1 2 3  
;CALF = e l 5  

R S C A L =  .4 
GO TO 5 0  
nShr = , P ? 5 1  
$CALF = e 7  
R q C A L  = b 5  
GO TO 5n 

AVERAGE CLEAR FILM LEVEL AND STORF 
JF A = .J J 
LLA=O 
LL=O 
LLO=O 
‘iF=OoT) 
nn 3n7 3=1,70 
$F=SF+X(J) 
LL=LL+I 
TF(LLoEOa L C I  
CONTT NlJE 
LLOSL L0+1 
13R=SE/2Qa 
S F t 0 . 0  
DO 3 0 4  3=1,21) 
LLJnLL=3+1 

0 TO 0 

IF(ABStX(LLJ)-QR)eCTo3.) X(LLJ) rQB 
:E=SF+X~LLJ) 
CON1 I NUF 
LCOL=LLP+LCA 
VR(LLOL)=SE/20.0 
I F ( A B S ( O R - V B ( L L O L ) ) . L T . I . O )  GO TO 301 
GO TO 3Q3 
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B-5 
APPFNOIX B 



?TOP 
FND 

BIBMAP SPEC2 
A 6  
R 6  

f7iP 

r e o  

Q 4 6  
Ah66 

A 6 A 6  
WB6 

FoFh 

FRR6 

NF 
NNF 
Y 
1 FOF 
I FRR 

F I L E  
F I L E  
FNTRY 
ENTRY 
FNTRY 
FNTRY 
(;/i!.fr 
T S X  
P Z F  
TSX 
P7F 
RETURN 
SAVF 
TSX 
P t F  
T 5 X  
P Z F  
RFTURN 
SAVF 
T SX 
P 7 F  
P Z F  
I OCT 
R F TUR N 
SAVE 
TSX 
PZF 
TOCT 
RETlJRN 
CLA 
STO 
TRA 
CLA 
STO 
TRA 
CONTRL 
IJSC 
BSS 
RSS 
RSS 
R S S  
R<S 
I JSF 
END 

L I S T  ,NODECK 9 M 9 4 9 X R 7  
U N A 6 , U T 5 , R I N ~ B t K = l 0 0 7 , 1 N P U f  
U N B 6 ~ U T 6 , R 1 N ~ R L K = l O O 7 r O U f P U T  
OP 
CLO 
PA6 
WRti 
4 
mOPFNe4 
4 6  
eOPFNt4 
RC, 
OP 
4 

A 6  
a CLOSF 9 4 
R 6  
CLO 
4 
&'FAD94 
Ah 9 SYqnMP 
FOF6,,FRR(i  
N F  9 m 0 7  
RA6 
4 
~ W R I T E I ~  
R 6  
NNF,  9 1607 
WR6 
=? 
TFOF 
AhAh 
= ?  
TFRR 
A666 
/ /  
/ /  
1007 
7 
1 no0 
1 
1 
PRFVf01JS 

.CLOSE94 
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PROGRAM NlJfdRFP 3, FLlJIn DYNAMICS. 
CHEbKS CALIBRATION DATA USED I N  PROGRAM NUMBER 2. 



c-2 



c-3 



1 or, 
1 0 1  
430 

C 

C 

17 

7 

h 

4 

3 

7 

1 

12 

c-4 



c- 5 



APPFHDIX D *********** 
D-1 

PRT)GRAM NUMRFR 4. ASTRnWOMY, 
CONIERTS MICROPHOTOMETER DATA TO I N T E N S I T Y  SCALE. 

S T R S Y S  
I* MOUNT CSC 452 ON A h  R I N G  OUT SAVE 
$* MOUNT BELL 17 ON R6 R I N G  I N  
BATTACH A h  
$AS SY SCIT5 ,H t GH 
SATTACH R h  
C A S  SY 'Y Jf6 ,HfGH 
B 1 P c Y q  
BFXFCl fTF TRJOR 
$ID RoAeBELL*205~04/026*5M*25OP*4OOC*TAPES 
B T f 3 3 0 P ~  GO,MAP,SC)IJRCF,RASIC 
B I R F T C  SPEC1 L I S T , R E F I N O D E C K , M ~ ~ ~ X R ?  
C B R I T I S H  GALAXY MAKERS OF NORTY AMERICA I N C  
C THE F I R S T  11-1 RECORDS ARE IGNORED, RECORDS 11 TO 12-1 CONTAIN 
C CALTRRATION DATA, RECORDS I2 TO 13-1 CONTAIN ZERO LEVEL DATA, 
C 4ND RECORDS I3 TO 14-1 ARF THF STELLAR DATA. 
C THE PROGRAMME E L I M I N A T E S  UP TO TEN RECORDS WHICH ARE SPURIOUS FOR 
C SOMF REPSON OR OTHFR. THFSF RFCORDS ARF DFNOTFD SY 170 
C REMFMRFR TO ATTFNO TO THE F O L L O W I N G ~ ~ O O O O O  
C ( A )  MOUNT APPROPRTATF IOCS TAPE ON A 6 0  
C ( R )  PPFPAPF nATCI C A R 0  FOk 11 TO I F T L F .  
C (C) PPEPARE ANOTHER FOR THE R O f T F N  RECORDS, 
C (DI PREPARF THE CORRECTION CARDS. 

D I M E N S I C N  T T L E ~ 8 ~ ~ ~ Z Z H T ~ 2 0 ~ ~ X B I G ~ l O ~ ~ ~ D E X ~ l O ~ ~ ~ A L A S ~ l ~ 0 ~ ~ 1 7 ~ 1 ~ ~  
COMMON N F ~ N R ~ L C ~ D D D ~ 4 ~ ~ X ~ 1 0 O O ~ ~ N N F , N N R , N L C ~ A D ~ 4 ~ ~ Y ~ l O 0 O ~ ~ I F O F ~ ~ ~ R R  
1 ~ L O L A ~ f D I F F ~ C A ~ 1 B ~ 2 O O ~ ~ T E M P ~ 2 O O O ~ ~ N Z E R O ~ Z E R O ~ 5 O O O ~ ~ K ~ O L A ~ 8 U N ~ l O O O ~  
7 ,XXHT(7P)  

C S P F C r A L  MOUNT WILSON CALIS!$ATION PRF A P R I L  10 1956 
C E I G H T  S T R I P  C A L I B R A T I O N  SPECTRUM 

D A T A ~ Z Z ~ T ~ I ~ ~ I ~ l ~ 8 ~ ~ O e ~ o ~ ~ l ~ ~ ~ 9 ~ ~ o ~ ~ 2 ~ o 7 7 7 ~ o 9 7 4 ~ t o ~ 7 ~ ~ 1 o ~ ~ /  
DnQn4 f = ' 1 , P  

CALL OP 
TECIF=O 
IERR=O 
READ(5,250O)(TITLF(I),I=~,~~) 
R E A D ( 5 ~ 1 ~ 0 7 ~ 1 R F E t  

R E A D ( 5 ~ 2 5 0 0 ) ( T I T L F l f ) ~ 1 ~ 1 ~ 8 0 ~  
W R I T E ~ 6 ~ 2 5 0 1 ) I T I T L ~ ( I ~ ~ I = l ~ ~ ~ )  
S E A 0 ( 5 , 2 5 0 0 ) ( T T T L F ( l ) , f = 1 , 8 0 )  
W R I T E ( h ~ 2 5 0 1 ) f T I T t F ( f ) , l = T , R O )  
R E A n ( 5 , 2 5 0 0 ) ! T I T L F ( I ) , I = 1 , R O )  
W R I T E ( 6 r 2 5 0 1 ) ( T I T L ~ ( f ) , l = 1 , 8 0 )  
RFA0~5r1029)fl,f7,f3rT4 
WRT TE (6,1029 1 I1 9 I ? ,  I3 9 I4 
W R I T F / 6 , 1 0 5 6 )  
R E A D ( 5 ~ t S O O ~ ( T I T L E ( I ) ~ 1 = 1 ~ 8 0 )  
R E A D ( 5 ~ 2 5 0 0 ) ~ T I T L E ( I l , f = 1 , 8 0 )  

934 X X H T ( T ) = 1 C e * * Z 7 H T ( t )  

5 5 C  fALL RLPCK 



D-2 



D-3 





D-5 
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I. qT 

CLO 

Q A 6  
Ab66 

AhAh 
WRh 

FnFh 

FRRh 

YF 
WNF 
Y 
f FOF 
1 FRR 

TSX 
P f F  
T S X  
p7F 
R f f f f R N  
S b V F  
TSX 
PZE 
R E TOR N 
SAVE 
TSX 
PtF 
TSX 
P 7 f  
R F T t  tRN 
? A V F  
TSX 
P7F 
P t F  
I OCT 
R F T I  JRN 
SAVE 
TSX 
n7F 
1 nCT 
RFTLJRN 
r L A  
S T n  
TRA 
C L h  
STO 
T R A  
CONTRL 
IJSF 
RSS 
R S S  
R S S  
RSS 
R S q  
lJ5F 
c Nn 

%DATA 
THE NEXT CARD IS THE NUMRER OF F I L E S  TO BE PROCESSED 
000002 
TRANSMISSION VALUES OF THE C A L I R @ A T I O N  S T R I P S  
0 0 2 . ~ 0 8 . 0 1 4 * 0 2 6 . 0 4 A . 0 ~ ~ . t ? 7 . ~ 4 7 e  
THE NEXT CARD IS 11,12r13,14,WHE)FE THE F I R S T  11-1 RECORDS ARE IGNORED, 
RECORDS 1 1  TO 12-1 ARE C A L I B R A T I O N  DATA tRECORDS 12 TO 93 1 ARF ZFRO DATA 
AND RECORDS I 3  TO 14-1 ARE STELLAR DATA 0 F O R M A T ( l X 1 4 1 9 )  
n n ? O n a ~ l h n 7 h  
n o 7 0 0 4 n i ~ n 7 ~ 7 r f l 7 0 n 3 n ~  
THE NEXT CARD TS N , ( I 7 ( K ) , K t l , N )  WHFRE THF N RECORDS FORMING THE A R R A Y  17 
OMTTTFn F W M A T ( I ? / ( l n f ? ) )  
A n  1 
300 
THE NFXT CARDS CORRECT D I G I T I S E R  ERRORS DO NOT CORRECT RECORDS WTTH RFCOR 
NUMBER aLT.12 RECORD NUMBER+WORD NO, CORRECT VALUE FORMAT(2139F4 .0  
0176767 17. 



D-9 A P P F N ~ T X  n 
7nn7nnnn1, 
T R A N S M I S S I O N  VALUES OF THE C A L I B R A T I O N  S T R I P S  
nn?.nn4.0n500tb003~007?*?n~0147o 
THE N F X T  CARD IS I l , I 2 , 7 3 , 1 4  WHEQF T H F  F I R S T  11-1 RFCORnS FRF TGM'7QFD, 
RFCORDS 1 1  T O  12-1  ARE C A L T R R A T l C N  DATP 9RFCORDS 17 TO 1'3-1 A R F  7FRo O A T A  

0020030551f l2  
THE NEXT CARD I S  N , ( I 7 ( K ) , K = l g N )  WHERE THE N RECORDS F O R M I N G  THE A R R A Y  17 ARE 
O M I T T F D  F O R M A T ( I 3 / ( 1 0 1 3 ) )  
004 
On702 705 4093 
THE NEXT CARDS CORRECT D T G I T I S E R  ERRORS DO NOT CORRECT RFCORDS W I T H  RFCOPD 

7 ~ 0 7 n n n n l  a 

AND RECORDS 1 3  TO 1 4 - 1  ARE STFLLAR D 4 T A  FORMAT(lX,41?) 

NlJMRFR oLTo I2 RECORD NI.JMBFR~WORf? NO, CORRECT VAL\lF F 0 9 ~ A T ( 2 1 3 9 F 4 . 0  



A P P F N D I X  F *********** E-1 

PROGRAM N U M R F D  5 0  AqTRnNOMYe 
IDENTIFIES LIF\!ES IN STELLAR SPECTRA. 

, 

C RECTN SFT-UP ***+** 010 ****** 



C JOR TERMINATORS 

APPFNOIX F 

IF(XREC*LT.OoO) GO TO 100 
20012 IFIJREELoGT.KKK)GOT0100 

, 
C BEGIN FIRST SPECTRUM TAPE POSITIONING 

CALL HELP( JREEC,l9109200) 

GO T n  I177 

T F ( T F W , F ~ , O )  cn T n  l i n t  
f F O F = O  
KRFFL=KPEEL+l 
Gr) TO 2 0 0 1 2  

CALL WIN 
GO TO 8 5 1  

8 5 0  CALL W A W  
1351 JFOF=O 

IFOF=O 
IFRR=0 
J R F r t = J R F F [  +1 

1 F 4 1 RF F 1- ( JRFFL 1 0 KP FFL 1 GO TO 1 1 0 1 

1101 Cat-L Q A ~  

1112 IF(JEOFeNFe0) GO TO 8 5 0  

C REGIM CONTINUUM CARD TNPUT 

C RECIR SECOND SPECTRUM TAPE POSITIONING 

E-2 

****** 07n ****** 

****** 040 **++** 

****** 0 5 0  ****** 
READ(5r2100) STRTER,IBLSKPrDISP,LENDt 
~ T S P H Q - P ~ S P  
IFIIRLSKPoFO.0) GO TO 2102 
DO 2101  1 1  I s 1  9 TRLSKP 
CALL R A 6  

21 01 CONTINUE 
2102 CONTINUE 

1OOOD CONTINUE 
r 
c STATEMENT NUMBER 104 IS THE 'BLOCK TRANSFER POINT' **++-E* 060 *+++Y+ 

IF(IRL0CKeCTeLENDL) IEOFs3 
IF(IEOFoNE.0) GO TO 103 

BEGIN NORMALIZATION TO CONTINUUM LEVEL 

IF(IRLOCKeNE.1) fLINF=ILINE+JWK 
JWK=Y ( 1601 1 



APPFYOTX F E-3 

C EOF ROOKKEEPING -- NOT PART OF M A I N  PROGRAM FLOW 

C 

103 CONTTNUF 
TEOF=0 
KREFL=KREFL+I 
CALL LCOUT 
rm ~n 7nn17 

I O A  CALL CLn 
STOP 

101 CONTINUF 

D A T A  SMOOTHING ****** 100 * * * * * I F  



APPFNDIX F 

c BFGlR LINF CFNTFR F I N D I N G  

E-4 

****** 110 *+**** 



APPFNDIX E 

C RFCIN CFNTRAL QEPTH DFTERMJNATTON 

C BEGIN SEARCH LINE SUB-ASSEMBLY 

C SECIN TAPF INPOT OF SEAPCH LINFS 
IF(IBLOCK.NE.3) GO TO 200 

NPTS=JWK 
XEND=XBEC+FLOAT(NPTS)*DISP 
CALL RA5 
ILN=XLN 

CALL R A Y  
Cr) TO 7P7 

202 IF(XLN*CEoXBEC) GO TO 2 0 1  

E-5 



C B E G I N  SEARCH L I N E  SORT (BY STRENGTH) 

E-6 

****** 1 5 0  *** 



APPENDIX E 

C B E G I N  F I N A L  SELECTION OF SEARCH L I N E S  

J= l  
L = O  
C A L L  TTMF 
1 F ( f ? M ( l ) e L T 1 5 e O )  STOP 

71 7 COMTTNUF 
C A L L  H F I - P (  J 9 1  , 3 0 0 , l h )  
I F ( W I J , 3 ) o L T o X Y o O R ~ W ( J , S ) . G T . X Z )  GO TO 2 1 3  
I F ( L e N E . 0 1  GO TO 3 1 4  
S L T N E ( l 9 I  ) = W ( J 9 3 )  
I L I N L ( l ) = W ( J , 2 )  
L = l  
GO TO 2115 

C A L L  H E L P ( L , I  

C A L L  H F L P ( J , 1 + 3 0 n , f 7 )  

214 CONTINUE 

nn 317 MN,L 

I F ( A R S ( W ( J , 3 ) - S L I N F ( M , 1 )  ) e L T a O e 2 )  GO TO 2 1 8  
217 CONTINUE 

213 CONTINUF 
718 J=J+l 

G n  ~n 7 1 9  

I F ( J o G T a 3 0 0 )  GO TO 2 2 0  
GO TO 212  

219 CONTINUE 
C A L L  H E L P  (J 9 1,300 9 1  9 1 
C A L L  H E t P ( L 9 1 9 2 0 0 , 2 0 )  
?CTNF(L+I 9 I ) = h f ( J 9 ? )  
I L I N L ( L + l ) = W ( J * 2 )  
L=L+1 
,I= J+ 1 
I F I J e C T e S O O )  GO TO 270 

2 1 5  CONTINUF 
I F ( L e G E e N N )  GO T O  220  
GO TO 2 9 7  

S L I N E ( 2 0 0 9 1 ) = N N  
2 2 0  CONTTNIJF 

559 CONTINUE 

C RLOCK TFRMINATTON I F  NO L I N E S  I N  DATA 

I F ( ~ L I ~ F S a N E e 0 )  GO TO 704 
I R L O C K = ? R L O C K + l  
XREG=XREG+DISP*FLOATIJWK) 
I L I N € =  11-1 NE+JWK 
GO TO 1P4 

704 CONTINUF 

E -7 

****** 140 ** 

+***** 170 **. 

C DETERMINATION OF AVERAGE STRENGTH O f  FOUND L I N F S  ****** 1 8 0  *** 



APPFNDIX F E-8 

C BEGIN PRELIMINARY ZERO P@INT CORRECTION 

C REGTN LEAST SQUARFS CORRECTIONS **+*+* 201) ** 



APPENDIX E E-9 

C ADDITIONAL SET-IJP 

*C REGIN MATCHING OF L I N E  WITH ION 

C A L L  HELP(NR91t200,27)  
nn 177  ti , F J R  

nr, IS? t-=?,?nn 

184 LHOLD=K 
186  ICALCX=IL INL(LHOLD)  

T F t K o N F o t )  GO TO 1R7 

183 I F ~ A B S ~ S L I N E ~ K ~ l ~ ~ W C A L C ~ L ~ l ~ ~ o L T a O o 0 ~ 0 5 ~  GO TO 184 

CALL HELP(LHOL0,1r200,28) 
I C A L C X = I C A L C ( I C A L C X )  
GO TO 1 P 5  

137 LHOLn=LPoLn+l 

****** ***** 

****** 220 ***i?* 



Cr)  TO 196  
185 CONTINUE 

APPFNnIX F 

C BEGIN LINE IDENTIFICATION (FIRST PASS) 

DCRIT=O.075 
CALL HFLP(NRQ,19199,29) 

CALL H E L P (  ICALCX, 2 95009129 1 
DIFF= A B S ( S L I N E ( K , l ) - S L I N E ( L , 2 ) )  

3R5 nO 378 L=l,NRR 

IF(DIFFoLEol3CRIT) GO TO 179 
178 CONT f NUF 
311 GO To 1 P A  
179 rnNTTNUF 

WRITE(696) SLINE(K,l),SLINF(L,2),ICALCX,SLINF(L,7~ 
L C F D ( I C A L C X ) = L C F D l f C A L C X ) c l  
KIF(L)=l 

1223 C9NTINUF 
fF(D1FF.GTe01031) GO TO 1 2 2 2  

DIFFA=A~S(SLINE(K,l)-SLINE(L+1,2)) 

WRITE(6,318) S L I N F ( K ~ l ) ~ S L T N E ( L + 1 ~ 2 ) ~ I C A L C X , S L I N F ( C + 1 ~ ~ )  

SUML=SUML+SLTNF(L,?) 
GO TO 1.Pt 

WRITE(697) SLINE(K,1)9ICALCX 
L C M S ( I C P L C X ) = L C ~ S ( I C A L C X ) + I  

IF(DIFF6.GT.OCRIT) GO TO 322 

3 2 3  CONTINUF 

1 R O  CONTTNIJE 

323 XNMISS=XNMISS+l.@ 
191 CONTINUF 
1 1 7  CONTTNUF 

C REGIN MISFIT CHECK 

XMRR=NR 
XNRR=XNRR*0,4 
I~(XNM~~SoLT,XNRR) GO TO 315 
WR r TE ( 6 9316 1 
IF(FLOAT(NR)-XNMISS) 3 4 0 , 3 1 5 , 3 4 0  

340 ERCX=SU~L/(FLOAT(NR)-XNMTSS) 

'3'15 CONTINlJE 
WRITE(6,411) F R C X  

WRITF(6970) 

CALL HECP(NRR91,200,30) 
002500 T=l,Mf-?R 

K = l  
J= l  

TF(KlF(TlrFQ.1) GO TO 5 0 1  

5 0 5  WMAY-WCPLC(J91) 
CALL HELP(J+1,300971) 
I F I A 6 S 1 W M A Y ~ S L I N E ( I ~ Z ~ ~ ~ L T . 0 ~ 0 5 )  GO TO 5 0 3  
IF(WMAYeGT.SLfNE(1,2)) GO TO 504 
.J= J+? 

GO TO 5 0 5  
IF(JoE0.300) GO TO 504 

503 KSTAND(K1-J 

****** 240 ***$ 



APPFNnTX F E-ll 
C A L L  H F L P ( K , 1 9 ? 0 0 , 7 2 )  
Y = K + ?  
. J =  J+ 1 
GO TO 5P5 

504 YTOTAL-K-7 
I F ( K T O f P L o E Q . 0 )  GO TO 5 0 6  

IF(KTOTPL.EQ.1) GO TO 407 
K R I G G = l  

C A L L  H E L P ~ K R Y G G ~ 1 ~ 7 0 0 ~ 3 3 ~  
DO 5013 K lnN=2 9KTOTAL 
C A L L  H E L P (  KYDN, 1 9 3 0 0 9 3 4  1 
KSTONE=KSTAND(KRICG)  
Y ? TT\nrO=K 
C A L L  H E L P ( K S T O N E 9 1 9 3 0 0 r 3 5 )  
C A L L  H F L P ( Y S f T W n , t , 3 ~ 0 , 3 h )  

KP, T CG=K 1 RN 

TAN9 ( K ION 1 

T F ( W C A L C ( K S T O N F I ~ ) ~ G T ~ W C A L C ( K S T T W O ~ ~ ~ )  GO TO '508 

5 0 8  CONTINUE 
5 0 7  CONTTNUF 

KTHREE=KSTAND(KRIGC)  
W R I T E ( 6 9 6 )  W C A L C ( K T H R E E , 1 ) , S L I N E ( I ~ 2 ) ~ I C A L C ( K f H R F E ) ~ S L I N F ( I ~ 3 )  
C A L L  HELP(KTOTAL+1 ,200 ,37 )  
DO 5 A 9  ? A = l r K T O T A L  
?F(TAoFO,KR?GC) Cr) TO 5 1 0  
KCn(JQ=KSTbNO( l b )  
C 4 L L  HFLP(KFnUR,?  r 9 0 0 ~ ' 3 8 )  
FACTnW=h'CALC( KTHRFF 92 ) -WCAtC(KFOUR,2)  
W R I T E ( 6 9 3 1 R )  WCALC(KFOURrl),SLINE(I,2),ICALC(KFO~IR),FACTDW 

5 1 0 CONT 1 NtJF 
509 CONTINUE 

GO TO 5 0 1  
506 W R I T E ( 6 9 2 1 )  S L I N E ( I , 2 ) , S L I N E ( I , 3 )  
5 0 1  CONTINUF 

1500 CONTINUF 

C RFCIhl OUTPUT PHASE it***** 260  ***it4 



A P P f N q f X  F 
671 r O h l T I N U F  

C SET-UP FOR N E X T  BLOCK AND TRANSFER 

E-12 

****** 270 ++Y 

30 511 T=lt21)0 

W R I T E ( 7 r 8 0 )  I B L O C K t X B E G  
W R I  T E  ( 6 t 2 2  ) 
I R L O C K = I B L O C K + l  
XRFG=XRFC+f7TSP+FLOAT ( JWK 1 
GO TO IC4 

5 1 1  KTF(T)=C 

5 FORMAT(1H1*12A6/14HORLOCK NUMRER , I? /14H ZERO POTNT = t F 7 0 2 / 1 4 H  DT 
+ S P E R S I O N  = tF8.6/ / /35H S E A q C H  FOUND ION I I J T E K S I T Y / )  

6 F O R M A T ( 1 H  ,F102t2XtlX,F702t3XtI3t2Xtf503~ 
7 FORMAT IH tf 70 2 9 '3x9  3 H N / F  t 7 X  t I 3  9 3 X  1 

LO F O R ' 4 4 T ~ l H ~ / f / / 1 3 H  SFCONQ B A S S / / )  

2 7  F O ? M A T ( l H O / / I / )  
80 
81 F O R M A T ( 7 H l B L O C K  ,13/18H NUMBER OF P O I N T S  t I 4 / 2 2 H  B E G I N N I N G  WAVELEN 

21 F O R Y A f ( l X t 7 H Y / T t 7 X ~ F 7 . 2 , 3 X , 3 H N / A t 2 X t F 5 o 3 )  

FORMAT ( 1 t 9 1 X 9 F7 e 2 t 6 OX t 1 H4 1 

*GTH t F ? o 2 / 1 1 H  CONTINUUM t F 9 * 3 / / / )  
8 2  F O R M A T ( I W O t 1 5 X , 5 H + 8 0 O  t 9 ( 1 H + , F 3 . 2 t l X ) t l X t l 0 ( 1 H + t ~ 3 * ~ t l X ) / )  
83 F O R M A f ( 1 H  1 
8 4  F O R M A ~ ~ ~ X t F 7 e 2 t 2 X t I 4 t Z X t l O ~ F 4 o Z t l X ~ t l X t l O ~ F 4 o 2 ~ l X ) t l X ~ I 4 t 2 X t F 7 o 2 ~  

?c1? F ~ R M A T ( F 1 ~ , 7 t l X t F ~ , 3 )  
314 FORMAT(?OHOAVERAGF I N T E N S I T Y  O F  L I N E S  = tF402973FI AND MFAN D I S P F R S  

316 F O R M A T 4 t S H O P O S S I B L F  FRROR) 
* I O N  = t fCi.3) 

318 F O R M A T ( 4 H  OR tF7.392X1F802t3XtISt2XtF5.3) 
402 F O R M A T ( 1 H  ~ f 7 e 2 , 2 X ~ l X t F 7 0 2 t ~ X t I 3 t 2 X t F 5 0 3 t 4 6 X t l H l ~  
403 F O R M A T ( 4 H  OR tF7.292XtF8r2t3XtI3,2XtF503,45XtlH2) 
404 F O R M A T ( 1 H  tF7.2t3X13HN/F,?XtI?tZXt53XtlH3) 
4 1 1  F O R Y A T ( 4 1 H O A V E R A G F  T r \ l T E N S I T Y  OF I D E N T I F I E D  L I N E S  = 9F504)  
500 F O R M A T ( l 0 H  QFTURN A 1 

1001 F O R M A T ( I X t 1 h H  MEAN D T S P F R S T O N )  
1003 F O R M A f ( l X t F 2 0 * 8 )  

F O l ? M A f ( l 7 A h )  
1011 FnRhqAT( l ? / (  I n T ? )  1 
1090 F O R M A T ( 1 H  ,2F15r5} 
1202 F O R M A T ( 3 6 t i O P R E L f M T N A R Y  Z F R O  P O I N T  C O R R E C T I O N  ntf7.2) 
1209 FORMAT(ZOHOTRANSF0RM COFFFS. t F 7 * 4 9 2 X t F 7 * 4 )  
2006 F O R M 4 T ( l 6 )  
2008 F O R M A T ( Z F 1 0 . 3 )  
2100 FORMAT(F704tlX,f3~1XtF1Oe6tlXtI3) 

* 2110 F O R M A ~ ~ 1 X ~ I 4 ~ 2 X t 1 O ~ F 4 o Z t ~ X ~ t l X t l O ~ F 4 o 2 t l X ~ ~ 2 X ~ I 4 ~  
6679 F W ? M A T ( T t )  

FNf7 

SUBROUT1 NE HELP( I N D E X  I A t  I B t N  1 
B I R F T C  CRUTCH L I S T t M 9 4 t X R 7  

I F I I N D E ~ o G E o I P o A N D . I N ~ ~ X o L F o 1 ~ )  RETURN 
I( W R T T F ( 6 9 1  f M 

1 F O Q M A T I I t - t l t f ? )  
C4LL L C O U T  
STOP 
Fq1D 

B I R F T C  F I N I S  L I S T t M 9 4 t X R 7  
SURROUT IN€ LCOUT 
COMMON/LC/LCFD(5OOltLCMS(5OO) 



A5 
A 6  
56 

OP 

CLO 

R A 5  
A55 

A 5 P 5  
E O F 5  

F R R 5  

W A N  

WAN% 

WIN 

F T L E  
F I L E  
F I L E  
F N T R Y  
€ N T R Y  
E N T R Y  
SAVE 
T S X  
P Z F  
TSX 
PZE 
T sx 
DZF 
RFTIJRrV] 
SAVF 
T S X  
DZF 
TSX 
PZE 
TSX 
P 7 F  
R F T U R N  
S A V F  
T S X  
PZF 
P t F  
I O C T  
R F T U R N  
C L A  
S T O  
TRA 
CLA 
S T O  
TRA 
S A V F  
T S X  
P Z E  
R F T l l R N  

avF 
T f X  
DZF 
RETURN 
S4VE 
T q X  
P Z F  

C TST,RFF+nFCK,M94,XR7 
tJNA5~CKl,RIN~BLK=40O~INPUT 
U Y A 6 ~ ~ J T 5 , R I N , R L K = l h 0 5 r T N P U T  
UNB6~lJT6~RIN~RLK=1hOS,OUfPUTPUT 
OP 
CLO 
R A h  
4 
4OPFNv4 
A 6  
a O P F N q 4  
A5  
eOPFN94 
R h  
np 
4 
e C L O S F 9 4  
A 5  
e C L O S F r 4  
A 6  
e CLOSE 9 4 
R h  
C L O  
4 
o R F a L n ~ 4  
A59,SYSDMP 
F O F 5 9 9 E R Q S  
W t T N F , 9 4  
R A 5  
= 1  
J E O F  
a545 
= I  
I F R R  
A55 
4 
a R S F 9 4  
A 5 9 9 2  
W A N  
4 
o P S F 9 4  
4 6 9 9 2  
WAhJX 
4 
O R S F 9 4  

A 5 v r l  



APPENDIX F 

TTMF 

RA6 
A666 

A 6 A 6  
F O F 6  

F R R 6  

WRA 

Y 
TFCIF 
I F R ? ?  
tnlL t f4 
JFO," 
ZLINF 
SFC 
x 

%DATA 
0 
001 
004 

RFTt tRN 
SAVF 
CLA 
COW 
L R S  
OR A 
STO 
CLA 
LL s 
FAD 
FnP 
CLA 
CTO 
F q R  
S TO 
RETURN 
SAVE 
TSX 
*7F 
PZE 
I O C T  
R F T I  JRN 
CLA 
STO 
TRA 
CLA 
STO 
T R A  
SAVT 
TSX 
PZF 
I OCT 
RFTlJRN 
CONTRL 
USF 
P S S  
R 5 S  
RSS 
n q S  
nSS 
R S S  
RSS 
R S S  
USE 
FND 

W I h f  
4 
5 

8 
CC.2 
SFC+l 
CC.3 
R 
5fc+1 

SFC 
SFC 
S F C  
SFC+l 
TIMF 
4 
BREAD94 
P 6 9 9 S Y q r ) M P  
E O F 6 9 r E R R h  
Y 9 9 1 6 0 5  
FA6 
=2  
fFnF 
A6Ah 
=2  
l F R R  
Ah66 
4 
e WR I T F 9 4  
96 

WR6 
/ /  
/ /  
1605 
1 
1 
4 
1 
5 
2 
1605 
PREV I OCJS 

260.0  

~ , ~ i h n 5  

000375c).50 n0.706 
ALPHA BOOTES-1  AUGUST 7 9  1968 
On0003 
0000003~22 O C 8 0 0 . 0 0  
0000005.00 10800.00 
0000009.83 22400.00 
00.7060 000 000e014280 099 
-999999.99 
0 

E-14 

F I L E  1 CONDENSED F I L E  4 


