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FOREWORD 

T h i s  r e p o r t  i s  being prepared wi th  some t r e p i d a t i o n  because of t h e  i n -  
a b i l i t y  t o  d e s c r i b e  the  " p e r f e c t "  automated c h e m i s t r y  system. Everyone who 
o p e r a t e s  an automated chemical  a n a l y z e r  whether i t  is  a  Technicon AutoAnalyzer 
o r  some s i m i l a r  i n s t r u m e n t  does s o  w i t h  h i s  own i n d i v i d u a l  s t y l e .  O f t e n  d i f -  
f e r e n t  s t y l e s  o r i g i n a t e  from the  d i f f e r e n t  emphasis needed t o  s o l v e  t h e  ques- 
t i o n s  be ing  asked.  For example, some i n v e s t i g a t i o n s  w i l l  r e q u i r e  t h e  maximum 
s e n s i t i v i t y  wi th  a  r e l a t i v e l y  smal l  nunber of samples whi le  o t h e r s  might need .  
lower s e n s i t i v i t y  w i t h  a  l a r g e  number of samples.  T h e r e f o r e ,  we w i l l  not  be 
a b l e  t o  answer a l l  of your q u e s t i o n s  but  we hope t o  i n c l u d e  enough d i s c u s s i o n  
t h a t  you may be a b l e  t o  s o l v e  most of your problems. S p e c i f i c a l l y ,  t h i s  manual 
has  been assembled t o  use a s  a  gu ide  t o  a n a l y z e  the  n u t r i e n t  c o n t e n t  of s e a -  
wa te r  samples c o l l e c t e d  i n  t h e  marine c o a s t a l  zone of t h e  N o r t h e a s t  Uni ted  
S t a t e s  and t h e  Rer ing  Sea. Some m o d i f i c a t i o n s  (changes  i n  d i l u t i o n  o r  sample 
pump tube  s i z e s )  may be n e c e s s a r y  t o  a c h i e v e  optimum measurements i n  v e r y  pro- 
nounced o l i g o t r o p h i c ,  e u t r o p h i c  o r  b r a c k i s h  a r e a s .  
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1. THEORY AND MECHANICS OF AUTOMATED ANALYSIS 

.\ 

Automated chemical  a n a l y s e s  u s i n g  c o l o r i m e t r i c  t echn iques  f a l l  i n t o  two 
b a s i c  c a t e g o r i e s ,  b a t c h  and con t inuous  f low a n a l y s e s .  S e v e r a l  automated ba tch  
a n a l y z e r s  have been produced,  t h e  most r e c e n t  of which i s  t h e  Kem-O-Lab mar- 
k e t e d  by C o u l t e r  E l e c t r o n i c s ,  Inc .  T h i s  sys tem i n c o r p o r a t e s  a  sample t r a n s -  
p o r t  sys tem,  a u t o m a t i c  sampl ing,  r e a g e n t  a d d i t i o n  and mixing,  i n c u b a t i o n ,  
c o l o r i m e t e r  r e a d i n g  and p r i n t o u t  of r e s u l t s .  With 6 a n a l y s e s  about  40 samples  
can be ana lyzed  p e r  hour .  A s t a n d a r d  RS232C i n t e r f a c e  is  a v a i l a b l e  f o r  com- 
p u t e r  i n t e r f a c i n g .  C u r r e n t l y  i n c u b a t i o n  t e m p e r a t u r e s  a r e  not  h igh  enough t o  
complete  some chemical  r e a c t i o n s  and a s  a  r e s u l t  t h e  minimum c o n c e n t r a t i o n  
measured is  r e p o r t e d  t o  be about 1 .4  pg-at ammonium-N 1-l. 

Continuous f low a n a l y s i s  (CFA) t e c h n i q u e s  were developed t o  improve chem- 
i c a l  a n a l y s i s  procedures  by a l lowing  a  l a b o r a t o r y  a n a l y s t  t o  measure s e v e r a l  
pa ramete r s  on a  l a r g e  number of s m a l l  samples .  Improvements have occur red  i n  
t h e  a n a l y s i s  sys tem but t h e  b a s i c  o p e r a t i n g  p r i n c i p l e s  remain t h e  same. Sam- 
p l e  and r e a g e n t s  a r e  pumped i n t o  a  m a n i f o l d ,  mixed, and a r e  segmented by a i r  
bubbles  t h u s  producing t i n y  d i s c r e t e  p a r c e l s  of sample ( o f t e n  c a l l e d  s l u g s )  
t h a t  a r e  s e p a r a t e d  t o  reduce sample mixing and d r a g .  Between t h e  samples d i s -  
t i l l e d  wa te r  washes a r e  used t o  produce d i s t i n c t  . "absorbance peaks" when each 
of t h e  samples a r e  measured i n  t h e  c o l o r i m e t e r .  The t y p i c a l  shape of a  sample 
peak i s  a  s h a r p  r i s e  from t h e  i n i t i a l  d i s t i l l e d  wa te r  b a s e l i n e ,  then  nea r  t h e  
t o p  of t h e  peak t h e  absorbance a s y m p t o t i c a l l y  approaches  a  s t e a d y  s t a t e  v a l u e  
which produces  a  p l a t e a u  ( F i g u r e  1-1).  The peak d rops  s h a r p l y  a s  t h e  d i s -  
t i l l e d  wa te r  wash e n t e r s  t h e  f low c e l l  and t h e  absorbance a s y m p t o t i c a l l y  
approaches  t h e  i n i t i a l  b a s e l i n e  i f -  t h e  wash time. between sample peaks i s  s u f -  
f i c i e n t l y  long .  I n  some e a r l y  AutoAnalyzer v e r s i o n s  good sample peaks and 
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PEAK I 

F i g u r e  1-1. Raw AutoAnalyzer Data  Showing Peaks  



b a s e l i n e s  could be o b t a i n e d  but t h e  sample a n a l y s i s  r a t e  was very slow. A s  
sampl ing r a t e s  i n c r e a s e d  t h e  d e t e r m i n a t i o n  of peak h e i g h t s  became i n c r e a s i n g l y  
d i f f i c u l t  so  a t t e n t i o n  w a s  focused on unders tand ing  t h e  phys ics  involved i n  
c o n t i n u o u s  flow a n a l y s i s  sys tems.  

A t e c h n i q u e  known a s  curve  r e g e n e r a t i o n  evolved from t h e  e a r l y  e f f o r t s  t o  
r e l a t e  t h e  shape of peaks observed by t h e  d e t e c t o r  of a i r  segmented cont inuous  
f l o w  a n a l y z e r s  (AutoAnalyzers)  w i t h  e lement ry  p h y s i c a i  phenomena such a s  -mix- 
i n g  and d i f f u s i o n .  About t e n  y e a r s  a f t e r  Skeggs in t roduced  a i r  segmented 
c o n t i n u o u s  flow a n a l y s i s ,  T h i e r s  and coworkers showed t h a t  t h e  f a m i l i a r  r i s e  
and f a l l  c u r v e s  of CFA peaks were comprised of two p a r t s ,  t h e  l a g  phase and 
t h e  e x p o n e n t i a l  phase ( T h i e r s  and Olgeby, 1964; T h i e r s ,  Cole and Kinsch,  
1967) .  

The l a g  phase is c h a r a c t e r i z e d  by a  "damped e x p o n e n t i a l "  o r  Po i sson  d i s -  
t r i b u t i o n  which can be observed by c o n s t r u c t i n g  a  h i s togram of c o n c e n t r a t i o n s  
caused  by t h e  l eakage  of t h e  c o n t e n t s  of one segment i n t o  those  which fo l low 
v i a  t h e  t h i n  f i l m  of l i q u i d  t h a t  wets  t h e  i n s i d e  w a l l  of t h e  g l a s s  manifold  
t u b i n g .  T h i s  t h i n  f i l m  d e p o s i t e d  by one segment is  over taken  and mixed i n t o  
t h e  n e x t  segment and s o  on.  Suppose, f o r  example, t h a t  a  marker-dye ( o r  sam- 
p l e )  cou ld  be i n s t a n t a n e o u s l y  i n j e c t e d  i n t o  a  s i n g l e  segment of t h e  f lowing 
a n a l y t i c a l  s t r eam i n  a  CFA networks.  A f t e r  a  t i m e ,  by t h e  p rocess  d e s c r i b e d  
above,  t h e  dye would have become i n c o r p o r a t e d  i n t o  a  number of t h e  succeeding 
segments and t h e  maximum c o n c e n t r a t i o n  would not  be found i n  t h e  o r i g i n a l  dye 
c o n t a i n i n g  segment, but  i n  one of a  number of segments downstream ( F i g u r e  
1-2).  Next suppose t h a t  t h e  marker dye ( o r  sample) was c o n t i n u o u s l y  pumped 

SEGMENT NUMBER 

SEGMENT NUMBER 

Figurc  1-2 .  D i spe r s ion  E f f e c t  of a S i n g l e  Segment of Dye 



i n t o  the  manifold .  The c o n c e n t r a t i o n  of t h e  dye i n  t h e  l i q u i d  segments emerg- 
i n g  from t h e  manifold would approach a  c o n s t a n t  v a l u e  and when t h e  concen t ra -  
t i o n  from one segment t o  the  next no l o n g e r  v a r i e d  w i t h  t ime ,  t h e  system i s  
s a i d  t o  be a t  s t e a d y - s t a t e  ( s e e  F i g u r e  1-3). 

.The t ime r e q u i r e d  t o  a t t a i n  s t e a d y  s t a t e  i s  a  f u n c t i o n  of t h e  amount of 
d i s p e r s i o n  which occurs  i n  t h e  e n t i r e  (sampler  t o  d e t e c t o r )  f low network.  
T h i e r s '  group developed a  mathemat ica l  model based on t h e  above d e s c r i p t i o n  
and r e c e n t l y  T h e i r s 1  model has been expanded t o  a l l o w  t h e  p r e d i c t i o n  of d i s -  
p e r s i o n  i n  t h e  CFA network i n  terms of exper imenta l  c o n d i t i o n s .  The amount of 
d i s p e r s i o n  i n  t h e  CFA network can be r e l a t e d  t o  t h e  i n s i d e  d i a m e t e r  of t h e  
manifold  t u b i n g ,  l i q u i d  f low r a t e ,  bubble  segmenta t ion  r a t e ,  r e s i d e n c e  t ime i n  
t h e  f low network,  l i q u i d  v i s c o s i t y ,  s u r f a c e  t e n s i o n  and t h e  sample mass tkans-  
f e r  c o e f f i c i e n t .  Usua l ly  t h e  exper imente r  has  c o n t r o l  of o n l y  t h e  f i r s t  f o u r  
v a r i a b l e s  s i n c e  the  o t h e r s  a r e  l a r g e l y  f i x e d  by t h e  i n h e r e n t  p r o p e r t i e s  of t h e  
sample and r e a g e n t s .  I n  g e n e r a l ,  d i s p e r s i o n  d e c r e a s e s  a s  t h e  i n s i d e  t u b i n g  
d i a m e t e r  and dwel l  t ime d e c r e a s e .  By a s s i g n i n g  v a l u e s  t o  t u b i n g  d i a m e t e r  and 
dwel l  t ime and ho ld ing  a l l  o t h e r  v a r i a b l e s  c o n s t a n t ,  optimum v a l u e s  can be 
found f o r  segmentat ion r a t e  and l i q u i d  f low r a t e  (Snyder and A d l e r ,  1976) .  
These types  of c a l c u l a t i o n s  a r e  u s e f u l  i n  d e s i g n i n g  CFA networks w i t h  minimum 
d i s p e r s i o n .  

0 5 10 15 2 0 
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Figure  1-3. D i s p e r s i o n  E f f e c t  of a Continuous I n p u t  of Dye 

The f o r e g o i n g  d i s c u s s i o n  assumes t h a t  t h e  a n a l y t i c a l  s t r eam i s  un i fo rmly  
segmented a t  a l l  t imes wi th  g a s  ( a i r )  bubb les .  T h i s  i s  not  a  good assumpt ion 
s i n c e  i n  c o n v e n t i o n a l  CFA a n a l y z e r s ,  a i r  bubbles  must be removed from t h e  
a n a l y t i c a l  steam p r i o r  t o  i t s  passage i n t o  t h e  d e t e c t o r ' s  f low c e l l  i n  o r d e r  
t o  o b t a i n  a s t a h l ~  n ~ l t p l ~ t .  s i g n a l ,  Under t h e s e  c o n d i t i o n s ,  t h e  e x p o n e n t i a l  
phase becomes dominant. The T h i e r s  group noted t h a t  w i t h  s t a n d a r d z ( d e b u b -  
b l i n g )  f low r ~ l l s  a l o g a r i t h m i c  p l o t  of absorbance v e r s u s  t ime ( F i g u r e  1-4) 
y i e l d e d  a s t r a i g h t  l i n e ,  a f t e r  an i n i t i a l  l a g  p e r i o d  ( a ) .  Walker and co- 
workers  seem t o  have been the  f i r s t  t o  r ecogn ize  t h a t  s i n c e  t h e  m a j o r i t y  of 
p o i n t s  on t h e  r i s e  and f a l l  c u r v e s  were w e l l  behaved e x p o n e n t i a l  f u n c t i o n s  



o v e r  most of t h e i r  r a n g e ,  t h e  s t e a d y  s t a t e  d e t e c t o r  response can be es t imated  
from t h e  r a t e  of change of t h e  d e t e c t o r  u s i n g  t h e  e q u a t i o n :  

where Hss i s  t h e  s t e a d y  s t a t e  d e t e c t o r  o u t p u t ,  Ht  t h e  d e t e c t o r  ou tpu t  a t  any 
t i m e  t ,  and B t h e  e x p o n e n t i a l  f a c t o r  ( t h e  n e g a t i v e  i n v e r s e  s l o p e  of t h e  l i n e  
from a p l o t  of ln(HSs-Ht) v e r s u s  t )  which i s  c o n c e n t r a t i o n  independent  (Walker 
e t  a l ,  1970; Walker,  1971; Walker e t  a l ,  1971) .  T h i s  s t e a d y  s t a t e  d e t e c t o r  
r e s p o n s e  can  be g e n e r a t e d  t o  a v e r y  good approximat ion b e f o r e  it is  p h y s i c a l l y  
a c h i e v e d .  The s i g n a l  p r o c e s s i n g  r e q u i r e d  f o r  t h i s  t r a n s f o r m  can be performed 
i n  t h e  ana log  o r  d i g i t a l  domain. A t  Brookhaven we conver t  ana log  d e t e c t o r  
s i g n a l s  t o  d i g i t a l  and r e g e n e r a t e  t h e  d a t a  i n  s o f t w a r e  us ing  most of procedure 
d e s c r i b e d  by MacAulay e t  a l ,  (1976). A refinement \?as E U Q ~ Q E ~ O ~  fnr t h i n  
t e c h n i q u e  i n  which t h e  d i s p e r s i o n  c o r r e ~ r i n ~ i  i s  made p r o p o r t i o n a l  t o  t h c  powcr 
of t h e  g r a d i e n t  (Begg, 1974) r a t h e r  t h a n  t h e  nondimensional l e n g t h  of t h e  
mani fo ld .  Th is  change a l l o w s  t h e  d i s p e r s i o n  coef f  ici.ent: t o  he e m p i r i c a l l y  
de te rmined  over a l a r g e r  range t h a n  t h e  t e c h n i q u e  sugges ted  by Walker (1971).  

An a l t e r n a t e  method of r e g e n e r a t i o n  has  been d e s c r i b e d  by Font (1978) 
which h a s  been used on bo th  d i s c r e t e  samples and con t inuous  underway d a t a .  

T h i s  pos t -p rocess ing  method is based upon o b t a i n i n g  a t r a n s f e r  f u n c t i o n  f o r  
t h e  d i s p e r s i o n  i n  t h e  a n a l y s i s  sys tem which i s  t h e n  used t o  t r ans form t h e  
observed  absorbances  i n t o  r e g e n e r a t e d  d a t a .  We a r e  not convinced t h a t  t h i s  
method h a s  any advan tages  over  t h e  MacAulay e t  a l .  (1976) procedure ,  but  i t  
h a s  t h e  d i s a d v a n t a g e  of pos t -p rocess ing  t h e  d a t a  hence a slower ou tpu t  r a t e .  
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Figure 1-4. Exponential Lag Phases of Rise and Fall Curves of a Peak 



2.  CONTINUOUS FLOW SYSTEM DESCRIPTION 

The most s e r i o u s  problem i n  con t inuous  f low a n a l y s e s  is sample d i s p e r s i o n  
which can be d e f i n e d  a s  mixing of a  segmented sample s t r eam t h a t  o c c u r s  a long  
t h e  w a l l  of the  tub ing .  S e v e r a l  f a c t o r s  i n f l u e n c e  t h e  amount of d i s p e r s i o n  of 
a sample i n c l u d i n g :  1) tube i n s i d e  d i a m e t e r ,  2)  l i q u i d  f low r a t e ,  3) bubble  
segmenta t ion  r a t e ,  4 )  l i q u i d  v i s c o s i t y ,  5 )  s u r f a c e  t e n s i o n ,  6 )  t ime  i n  t h e  
f low network,  and 7 )  a  sample mass t r a n s f e r  c o e f f i c i e n t .  S e v e r a l  e x c e l l e n t  
papers  t h a t  g e n e r a l l y  d e s c r i b e  t h e s e  f a c t o r s  a r e  l i s t e d  i n  t h e  r e f e r e n c e  sec- 
t i o n  amnong which a r e  Snyder e t  a l .  (1976) ;  Snyder and Adler  (1976);  Snyder 
(1976) ;  Snyder (1980) and Van Den Berg e t  a l .  (1980) .  

For seawate r  a n a l y s e s  tube  i n s i d e  d i a m e t e r ,  l i q u i d  f low r a t e ,  bubble  seg- 
m e n t a t i o n  r a t e  and l e n g t h  of t h e  f low network a r e  t h e  o n l y  v a r i a b l e s  t h a t  can 
be manipula ted  t o  minimize d i s p e r s i v e  p r o c e s s e s .  The t r e n d  i n  Technicon 
i n s t r u m e n t s  and manifold components has  been t o  use  s m a l l e r  t u b e s ,  i n c r e a s e  
bubble  segmenta t ion  r a t e ,  space  bubb les  a t  r e g u l a r  i n t e r v a l s  and s h o r t e n  t h e  
l e n g t h  of t h e  f low system. Of c o u r s e  a s  t h e  d i s p e r s i o n  and t h e  l e n g t h  of t h e  
sys tems  dec reased  t h e  sample a n a l y s i s  r a t e  i n c r e a s e d  markedly.  The r e s u l t  i s  
t h a t  t h e  AutoAnalyzer I sys tem u s i n g  2 mm I . D .  t u b i n g  would produce s a t i s f a c -  
t o r y  r e s u l t s  f o r  n u t r i e n t s  i n  seawate r  a t  about  20 samples /hour .  The Auto- 
Analyzer  I1 system w i t h  1 . 5  mm I . D .  t u b i n g  and a  pump 111 w i t h  an a i r  ba r  can 
a n a l y z e  seawate r  samples a t  60-90 samples /hour ,  e s p e c i a l l y  i f  peak regenera -  
t i o n  p r o c e s s i n g  of t h e  raw d a t a  is used.  The Technicon SMAC system has  1 mm 
I . D .  t u b i n g ,  no debubbl ing i n  t h e  c o l o r i m e t e r  f low c e l l ,  and computer c o n t r o l  
i n c l u d i n g  peak r e g e n e r a t i o n  which can do 150 s a n p l e s l h o u r .  U l t i m a t e l y  i t  has 
been c a l c u l a t e d  t h a t  600 samples /hour  can be ana lyzed  i f  a l l  d i s p e r s i o n  pro- 
c e s s e s  a r e  minimized, however, t h a t  a n a l y s i s  r a t e  has  not  been approached by 
any o p e r a t i n g  system. 

Genera l  Comvonent D e s c r i v t i o n  

The automated chemical  a n a l y z e r  is  b a s i c a l l y  composed of modules con- 
n e c t e d  by t u b i n g  o r  e l e c t r i c a l  c o n n e c t i o n s .  The modules used i n  most sys tems 
i n  c h r o n o l o g i c a l  o r d e r  a r e :  sample r ,  pump, mani fo ld ,  c o l o r i m e t e r ,  r e c o r d e r  
and d a t a  logger  o r  computer. A b a s i c  d e s c r i p t i o n  of t h e s e  modules and t h e i r  
u t i l i t y  f o l l o w s .  

The s a ~ n p l e r  i s  b a s i c a l l y  a  t i m e r  and sample changer which s t a r t s  the  
sample th rough  t h e  a n a l y z e r  system and a l t e r n a t e s  wash s o l u t i o n  and samples to 
g i v e  s e p a r a t e  "peaks" f o r  each of t h e  samples .  The s t a n d a r d  AutoAnalyzer 
sampler  w i l l  hold  40 cups  i n  t h e  r o t a r y  t r a y .  The l e n g t h  of sample t ime and 
wash t ime  is  governed by a  mechanical  timer wi th  i n t e r c h a n g e a b l e  cams. The 
t o t a l  sample p l u s  wash t ime pe r iod  i s  s e t  by t h e  speed of r o t a t i o n  of t h e  
t i m e r  motor hence i t  i s  not changeable  but  t h e  r a t i o  of sample t o  wash t ime 
can  be changed w i t h i n  t h a t  pe r iod  of r o t a t i o n .  S e v e r a l  m o d i f i c a t i o n s  of t h e  
s t a n d a r d  AutoAnalyzer sampler a r e  d e s i r a b l e  t o  i n c r e a s e  o p e r a t o r  e f f i c i e n c y  
and reduce  sample con tamina t ion  (e .g .  a d a p t i n g  t h e  sample t r a y  t o  a c c e p t  2  
ounce p o l y t h y l e n e  b o t t l e s  i n s t e a d  of t h e  smal l  cups and a  s e l e c t a b l e  e l e c -  
t r o n i c  t i m e r  i n  which a  l a r g e  number of sample-wash combinat ions  can be pro- 
gramed).  The sampler can a l s o  be o p e r a t e d  remotely  w i t h  t h e  computer c o n t r o l -  
l i n g  bo th  t h e  sampling r a t e  and t h e  d a t a  logg ing .  See t h e  c h a p t e r  on Computer 
I n t e r f a c i n g  and Hardware E4odif ica t ions  f o r  f u t h e r  d e t a i l s .  



The pump (known as a  p e r i s t a l t i c  pump) i s  t h e  work horse  of t h e  AutoAna- 
l y z e r  sys tem.  A s e t  of r e v o l v i n g  r o l l e r s  squash p l a s t i c  tub ing  and p u l l  sam- 
p l e  r e a g e n t s  and a i r  s t r e a m s  i n t o  t h e  pump and push them i n t o  t h e  manifold 
s e c t i o n .  A s  i n  manual (hand) methods i t  i s  n e c e s s a r y  t o  add d i f f e r e n t  q u a n t i -  
t i es  of sample and v a r i o u s  r e a g e n t s  t o  ach ieve  t h e  proper  r e s u l t s .  The d i f -  
f e r e n t  q u a n t i t i e s  a r e  o b t a i n e d  by u s i n g  v a r i o u s  bore  s i z e s  f o r  t h e  pump 
t u b e s .  The w a l l  t h i c k n e s s  of a l l  t h e  v a r i o u s  pump tube s i z e s  a r e  i d e n t i c a l  so 
a l l  t h e  t u b e s  a r e  compressed e q u a l l y  and s e a l e d  by each of t h e  r o l l e r s .  A i r  
i s  a l s o  pumped t o  g e n e r a t e  t h e  bubbles  used t o  segment t h e  sample s t ream.  On 
most o f  t h e  l a t e r  pumps an a i r  ba r  i s  used t o  produce more p r e c i s e  bubble  
s p a c i n g s  i n  t h e  manifold .  The air  bar  i s  a  n e c e s s a r y  f i x t u r e  t o  o b t a i n  h igh  
q u a l i t y  a n a l y s e s  f o r  a l a r g e  number of samples.  No m o d i f i c a t i o n s  a r e  neces- 
s a r y  on t h e  AutoAnalyzer pump u n l e s s  a  microflow system i s  d e s i r e d .  

The chemical  r e a c t i o n s  occur  i n  t h e  manifold  where t h e  sample is  seg- 
mented w i t h  a i r ,  mixed w i t h  r e a g e n t s ,  hea ted  i f  n e c e s s a r y  and then s e n t  t o  t h e  
c o l o r i m e t e r .  A l l  t h e  pump t u b e s  a r e  connected t o  smal l  g l a s s  f i t t i n g s  o r  
p l a s t i c  b locks  which d i v i d e  t h e  sample and i n j e c t  t h e  r e a g e n t s  and air  i n t o  
t h e  sample stream. Smal l ,  c i r c u l a r  g l a s s  c o i l s  a r e  then  used t o  mix the  sam- 
p l e  thoroughly .  S e v e r a l  a d d i t i o n s  of o t h e r  r e a g e n t s  may be made through 
p l a t i n u m  o r  g l a s s  i n j e c t o r  c o n n e c t o r s  a f t e r  t h e  i n i t i a l  mixing.  The number of 
t u r n s  i n  t h e  mixing c o i l s  governs  t ime d e l a y  b e f o r e  a n o t h e r  reagen t  i s  added 
o r  t h e  sample goes  t o  t h e  c o l o r i m e t e r .  I f  a  chemical  r e a c t i o n  t ime i s  nor- 
m a l l y  t o o  long t o  come t o  complet ion at room tempera tu re ,  t h e  c o i l s  a r e  heated 
t o  i n c r e a s e  t h e  r e a c t i o n  r a t e .  B a s i c a l l y  It i s  b e s t  i f  a l l  p a r t s  of t h e  mani- 
f o l d  a r e  c o n s t r u c t e d  w i t h  g l a s s  which reduces  back p r e s s u r e  and chemical  reac- 
t i o n  w i t h  t h e  w a l l s  of t h e  c o i l s  and a l l o w s  you t o  s e e  t h e  sample s t ream.  
Another v a r i a b l e  t o  be opt imized i n  t h e  manifold  i s  t h e  i n t e r n a l  d iameter  of 
t h e  g lassware .  B a s i c a l l y  it is  b e s t  t o  use  t h e  s m a l l e s t  tub ing  p o s s i b l e  which 
minimizes  mixing and con tamina t ion  between samples and wash. Glass  tub ing  of 
1.5 and 1.0 mrn i n t e r n a l  d iamete r  a r e  being used on t h e  r e l a t i v e l y  r e c e n t  
s y s t e m s .  

The AutoAnalyzer I1 s i n g l e  channe l  i n d u s t r i a l  c o l o r i m e t e r  (SCIC) measures 
t h e  t r a n s m i t t a n c e  (which is e l e c t r o n i c a l l y  conver ted to absorbance) of the  
sample s t ream a f t e r  i t  has  been debubbled.  The l a t e s t  models have sample and 
r e f e r e n c e  c e l l s  even though they  a r e  c a l l e d  s i n g l e  channel  i n s t r u m e n t s .  The 
r e f e r e n c e  c e l l  i s  normal ly  f i l l e d  w i t h  a i r  and s e r v e s  t o  modulate v a r i a t i o n  i n  
l i g h t  f i l a m e n t  i n t e n s i t y .  Narrow pass  i n t e r f e r e n c e  f i l t e r s  a r e  used wi th  t h e  
sample and r e f e r e n c e  c e l l s  t o  produce t h e  d e s i r e d  wavelength of l i g h t  f o r  spe- 
c i f f c  a n a l y s i s .  The sample s t ream wi th  bubbles  i s  pushed i n t o  t h e  colorim- 
e t e r .  A t  t h e  debubble r  i n  t h e  c o l o r i m e t e r  t h e  nonsegmented sample i s  p u l l e d  
t h r o u g h  t h e  sample cuve t  and back through t h e  pump whi le  t h e  bubbles  and a  
s m a l l  f r a c t i o n  of t h e  sample s t ream a r e  vented t o  a  waste  l i n e .  S e v e r a l  f low 
c e l l  Lengths and d i a m e t e r s  a r e  a v a i l a b l e  t o  op t imize  s e n s i t i v i t y  and t o  a l t e r  
sample r e s i d e n c e  and wash o u t  t imes  i n  t h e  c u v e t .  Some problems a r e  produced 
w i t h  s m a l l e r  d iamete r  f low c e l l s  such a s  a  s i g n i f i c a n t  r e f r a c t i v e  index d i f -  
f e r e n c e  between d i s t i l l e d  wa te r  wash and seawate r  samples.  Th i s  r e f r a c t i v e  
i n d e x  e r r o r  is normal ly  c o r r e c t e d  e m p i r i c a l l y  a s  described i n  S e c t i o n  3 .  The 
o u t p u t  of t h e  c o l o r i m e t e r  i s  both  60 mv and 5 v o l t s  f u l l  s c a l e .  Older ver-  
s i o n s  of t h e  c o l o r i m e t e r  (AAI) u s e  l a r g e r  volumes and measure pe rcen t  t r a n s -  
m i t t a n c e  of t h e  samples.  The o u t p u t  of t h e  o l d e r  c o l o r i ~ a e t e r  ntusl: be ampli-  
f i e d  u s i n g  the  r e c o r d e r  a s  provided by Technicon. It is  a l s o  p o s s i b l e  t o  
b u i l d  o r  buy a  l o g - a m p l i f i e r  which w i l l  l i n e a r i z e  t h e  t r a n s m i t t a n c e  ou tpu t  o f  
t h e  AAI s o  i t  can be recorded  on a  s t a n d a r d  c h a r t  r e c o r d e r .  



The r e c o r d e r  r e c e i v e s  the  ana log  s i g n a l  from the  c o l o r i l n e t e r  so t h a t  t h e  
t r a c e  d i s p l a y s  t h e  absorbance of t h e  samples a s  "peaks" and t h e  d i s t i l l e d  
d e i o n i z e d  wash water  lowers the  t r a c e  t o  s e p a r a t e  t h e  peaks from one a n o t h e r .  
The b a s e l i n e  absorbance oh ta ined  w i t h  r e a g e n t s  and d i s t i l l e d  wash w a t e r  r ep re - .  
s e n t s  ze ro  c o n c e n t r a t i o n .  The d i f f e r e n c e  between the  peak h e i g h t s  i n  absor-  
bance u n i t s  and t h e  b a s e l i n e  absorbance  r e p r e s e n t s  t h e  absorbance of t h e  
sample.  

A d a t a  logger  a l s o  can connect  t o  t h e  o u t p u t  of t h e  c o l o r i m e t e r s  t o  d i g i -  
t i z e  the  ana log  ou tpu t  and p r i n t  t h i s  o u t p u t  on paper t a p e .  The d a t a  logger  
i s  a l s o  connected t o  t h e  sampler t o  c o o r d i n a t e  t h e  sample t imes  and i t  can be 
c a l i b r a t e d  t o  d i s p l a y  c o n c e n t r a t i o n s  by i n s e r t i n g  the  a p p r o p r i a t e  f a c t o r .  The 
d a t a  l o g g e r  i s  d e f i c i e n t  i n  t h a t  i t  w i l l  not  c o r r e c t  b a s e l i n e  changes and 
r e f r a c t i v e  index  c o r r e c t i o n s ,  and d i s p l a y s  o n l y  t o  paper t a p e .  

A computer is  an o p t i o n a l  d a t a  r e c o r d i n g  d e v i c e  ( a s  is t h e  d a t a  l o g g e r )  
which c o l l e c t s  t h e  absorbance v a l u e s  of b a s e l i n e s  and sample peaks.  The com- 
p u t e r  i s  i n t e r f a c e d  t o  t h e  ana log  o u t p u t  s i g n a l  of t h e  c o l o r i m e t e r  by an 
a n a l o g  to  d i g i t a l  c o n v e r t e r .  Absorbance v a l u e s  of t h e  sample peaks a r e  s t o r e d  
i n  t h e  computer.  The computer does t h e  t a s k s  of t h e  d a t a  logger  but  a l s o  can 
c o r r e c t  f o r  b a s e l i n e  changes and r e f r a c t i v e  i n d e x ,  s t o r e  d a t a  i n  fo rmat ted  
f i l e s ,  s t o r e  d a t a  on mass s t o r a g e  media (magnet ic  t a p e  o r  d i s k s ) ,  p r i n t  a  
f o r m a t t e d  r e p o r t ,  d i s p l a y  fo rmat ted  d a t a  i n  t a b u l a r  o r  g r a p h i c  form on a  CRT, 
and c a l c u l a t e  chemical  f a c t o r s  d i r e c t l y  from s t a n d a r d  s o l u t i o n s .  Given t h e  
combinat ion of c a p a b i l i t i e s  t h a t  a r e  c u r r e n t l y  a v a i l a b l e  i n  t h e  commercial 
marker i t  i s  p o s s i b l e  t o  purchase  a  computer t h a t  performs t h e s e  t a s k s  f o r  
l e s s  c o s t  than t h e  d a t a  logg ing  d e v i c e s  needed t o  o p e r a t e  f i v e  o r  s i x  
AutoAnalyzer channe l s .  Tlle s o f t w a r e  development of d a t a  logg ing  from a n  
a u t o m a t i c  a n a l y z e r  i s  not d i f f i c u l t  i f  t h e  computer has  a  h igh  l e v e l  language 
such  a s  BASIC. Technicon Corp. i s  c u r r e n t l y  market ing an AutoAnalyzer I I C  
Data Handler and C o n t r o l l e r  system which i s  b u i l t  around a  mic roprocessor .  
The sys tem d e s c r i p t i o n  i n d i c a t e s  t h a t  i t  produces  d a t a  l i s t i n g s  and can 
corn~nunicate wi th  o t h e r  computers but  t h e r e  a r e  c u r r e n t l y  no g r a p h i c s  a v a i l a b l e  
wi th  t h e  sys tem.  

S p e c i f i c  Component D e s c r i p t i o n  

The automated a n a l y s i s  system ( F i g u r e  2-1) has  t h e  c a p a b i l i t y  of process-  
i n g  8 c h a n n e l s  but i n  p r a c t i c e  on ly  6  a n a l y s e s  a r e  implemented at t h e  p r e s e n t  
t ime.  The s p e c i f i c  modules i n  t h e  a n a l y s i s  system a r e :  
1. AA 11 Samplcr I V  
2 .  AA I1 S i n g l e  Channel I n d u s t r i a l  Co lo r imete r  (SCIC) 
3. AA I1 Pump 111 with  s i n g l e  speed 
4 .  Honeywell d u a l  pen r e c o r d e r s  w i t h  m u l t i p l e  speeds  and i n p u t  s p a n s .  
5. Manifold nodules  c o n s t r u c t e d  from a  l a  c a r t e  components. 
6.  A t o  D i n t e r f a c e  w i t h  HP 98132A i n t e r f a c e  c a r d .  Th i s  d e v i c e  a l s o  has a  

DAC o u t p u t  por t  which c o n t r o l s  t h e  sampler .  
7 .  LIP 9845 S  desk top  computer w i t h  i n t e r n a l  p r i n t e r ,  CRT, r e a l - t i m e  c l o c k ,  

110 r e a d  o n l y  memory (Roll),  GRAPHICS ROM and Mass S t o r a g e  ROM. 

HP System D e s c r i p t i o n  

A .  tlP 9845s: wi th  62,650 b y t e s  of R/W memory ( o p t i o n  203)  
g r a p h i c s  package ( o p t i o n  370, o p t i o n  700) 
second t ape  d r i v e  ( o p t i o n  600)  
i n t e g r a l  thermal  l i n e  p r i n t e d  - 8-1/2 paper ( o p t i o n  500) 
s t a n d a r d  ASC 11 keyboard and p r i n t e r  ( op t i on  8 0 0 )  
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F i g u r e  2-1. S c h e n a t i c  Diazram of Computer--4utoAnalyzer System 



B. ROMs: mass storage 984318 
graphics 984378 
110 98432A 

C. Peripherals:  Flexible d i sk  d r ive  9885M, opt ion 045 
P l o t t e r  9872A, option 045 

D. Per iphera l  In ter face  Cards: 
P l o t t e r  in te r face  (HP-IB) 980348 
Flexible disk i n t e r f a c e  980328, opt ion 485 
16-bit p a r a l l e l  110 980328 
Real t i m e  clock 98035A 
RS-232-C i n t e r f a c e  98036A, option 001 

E. Other: Anderson Jacobson, model A242, 300 baud modum 
Analog multiplexer constructed by In tersc ience  Instrumentatbon 

Configuration 

The automated analys is  system is operated i n  both shore-side and ship- 
board laboratories.  The component modules have been configured t o  occupy a 
minimum of bench space but s t i l l  allow easy access f o r  troubleshooting (Figure 
2-2). The 6 AutoAnalyzer channels require  about 7 f e e t  of bench space tha t  is  
3 f e e t  wide and has 2-112 f e e t  of overhead clearance above the  bench top. The 
computer requires  another 3 f e e t  by 3 f e e t  area but it can be somewhat removed 
( a  few f e e t ) .  
The ana lys i s  system is transported a s  four separa te  modules tha t  a r e  at tached 
t o  plywood bases. A dual  channel recorder, 3 colorimeters and a pump a r e  
located on each end of the  layout while a dual channel recorder and sampler 
a r e  located i n  the  center .  The colorimeters a re  placed i n  aluminum frames 
t h a t  a r e  at tached securely to  the top of the  recorders (Figure 2-3). The 
colorimeters may be e a s i l y  l i f t e d  out of the frames f o r  repai rs .  The mani- 
f o l d s  a r e  at tached v e r t i c a l l y  along the s ides  of the recorders (Figure 2-4). 
The pumps a re  located close to  the sampler, reagents and colorimeters so tha t  
no long reagent l i n e s  a r e  required. Heating c o i l s  f o r  the  phosphate, ammonium 
and urea channels a re  located on the back s ide  of the manifold platens.  

The component pa r t s  used to  construct  each of the analys is  manifolds were 
purcllaued m i n l y  from Technicon. Some coots can be reduced by using p a r t s  
manufactured by other vendors, however, the  qua l i ty  of these  cheaper p a r t s  a r e  
o f t en  not good. Detailed l is ts  of a l l  component pa r t s  are located i n  
Appendix B. 

As  mentioned before all flow l i n e s  between the pump and colorimeters 
should be constructed from g lass  tubing t o  reduce back pressures. The g l a s s  
segments a r e  best joined using heavy walled 118 inch tygon tubing. The ends 
of t h e  g lass  segments should be butted agains t  each other  ins ide  the  jo in t s .  
A l l  reagent l i n e s  from the storage b o t t l e s  t o  the pump should be small bore 
t e f l o n  or  polyethylene tubing. This w i l l  reduce s t a r t  up or shut down t i m e .  
The small t e f lon  tubing can be joined t i g h t l y  t o  the pump tubes using small 
segments of old pump tubes. Small reagent l i n e s  from the pump t o  the manifold 
i n j e c t o r  f i t t i n g s  can of ten  be made using small t e f l o n  tubing. 



Figure 2-2. AutoAnalyzer on the Laboratory in a Sea-p ing  Configuration 
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Figure 2-3. Ammanium Manifold Showing Vertical Orientation of 
Flow Stream and Heating Bath 
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3 .  OPERATION OF AUTOANALYZER SYSTEM 

N u t r i e n t  Analyses  i n  t h e  F i e l d  

Running n u t r i e n t  samples onboard s h i p  i s  r e q u i r e d  by p r o j e c t s  which co l -  
l e c t  a  l a r g e  number of samples o r  d e s i r e  t h e  h i g h e s t  p r e c i s i o n  e s p e c i a l l y  w i t h  
a n  a n a l y s i s  l i k e  ammonium. Some problems may be encoun te red  w i t h  sh ipboard  
automated n u t r i e n t  a n a l y s e s  t h a t  a r e  no t  o f t e n  p r e s e n t  i n  t h e  s h o r e s i d e  labo-  
r a t o r y .  It i s  g e n e r a l l y  b e s t  i f  t h e  sh ipboard  n u t r i e n t  a n a l y z e r  i s  o r i e n t e d  
a l o n g  t h e  s t a r b o a r d - p o r t  a x i s ,  l o c a t e d  i n  an a r e a  w i t h  r e l a t i v e l y  c o n s t a n t  
t e m p e r a t u r e  ( f 5 O ~ )  and n e a r  t h e  c e n t e r l i n e  of t h e  s h i p .  The c o l o r i r n e t e r s  are 
t e m p e r a t u r e  s e n s i t i v e  so  c o l d  d r a f t s  i n  t h e  middle of a  r u n  can i n c r e a s e  
c o l o r i m e t e r  d r i f t .  The r o l l  of a  v e s s e l  produces  t h e  same a n g l e  of r o l l  a t  
t h e  c e n t e r  l i n e  and the  o u t s i d e  bulkheads  however t h e  v e r t i c a l  d i sp lacement  i s  
much s m a l l e r  nea r  t h e  c e n t e r  of t h e  v e s s e l  so  t h e  segmenta t ion  a i r  bubbles  a r e  
l e s s  l i k e l y  t o  e n t e r  t h e  c o l o r i m e t e r  f low c e l l .  The problems c r e a t e d  by t h e  
t i p s  of a i r  bubbles  which q u i c k l y  d i p  i n  and ou t  of f l o w c e l l s  d u r i n g  e x c e s s i v e  
s h i p  r o l l  a r e  most s e v e r e  w i t h  t h e  50 nun l e n g t h  f l o w c e l l s  used i n  ammonium and 
phosphate  a n a l y s e s .  

I n  terms of o p e r a t i n g  t h e  AutoAnalyzer a t  s e a  t h e r e  a r e  s e v e r a l  add i -  
t i o n a l  problems t h a t  o f t e n  a r i s e .  The q u a l i t y  of water t h a t  comes from s h i p  
e v a p o r a t o r s  can range from n e a r l y  p e r f e c t  w i t h  no n u t r i e n t s  t o  p r a c t i c a l l y  
s t r a i g h t  s e a w a t e r .  It i s  always b e s t  t o  p repare  f o r  l o u s y  sh ipboard  wa te r  and 
b r i n g  e x t r a  i o n  exchange columns and s e v e r a l  b i g  p o l y e t h y l e n e  s t o r a g e  jugs .  

To s u c c e s s f u l l y  a n a l y z e  f o r  micromolar q u a n t i t i e s  of n u t r i e n t s  i n  sea- 
w a t e r  i t  i s  i m p e r a t i v e  t h a t  ve ry  pure  water i s  used i n  r e a g e n t  and pr imary 
s t a n d a r d  p r e p a r a t i o n s .  D i s t i l l e d  wa te r  produced i n  v e r y  good s t i l l s  i s  usu- 
a l l y  contaminated w i t h  some n u t r i e n t s ,  e s p e c i a l l y  ammonium. Water produced by 
e v a p o r a t o r s  aboard s h i p  can o f t e n  be v e r y  pure  but  i t  i s  r a r e l y  pure  enough t o  
use  w i t h o u t  f u r t h e r  t r e a t m e n t .  

Mixed-bed i o n  exchange r e s i n s  are most o f t e n  used t o  f u r t h e r  r educe  t h e  
s m a l l  amounts of n u t r i e n t s  c o u t a i n e d  i n  d i s t i l l e d  o r  evapora ted  w a t e r .  The 
e f f i c i e n c y  of t h e  i o n  exchange columns i s  b e s t  when f low r a t e s  a r e  r e l a t i v e l y  
s low s o  i t  i s  b e s t  t o  f i l l  l a r g e  20 t o  40 l i t e r  p o l y e t h y l e n e  jugs  t h a t  have 
s p i g o t s  f o r  easy  use .  The i o n  exchange columns change c o l o r s  a s  t h e  c a p a c i t y  
of t h e  r e s i n  beads are reached.  A conven ien t  method t o  g e t  t h e  e n t i r e  use  of 
a  coiumn i s  t o  connect  two columns i n  s e r i e s  so t h a t  t h e  f i r s t  column pre- 
t r e a t s  t h e  wa te r  f o r  t h e  second column. A f low r a t e  o f  200 t o  400 m l  p e r  
minute can be e a s i l y  o b t a i n e d .  S e v e r a l  brands  of i o n  exchange columns a r e  
a v a i l a b l e  and mounting r a c k s  can a l s o  be purchased.  There seems t o  be no 
n o t i c e a b l e  d i f f e r e n c e  between the  s e v e r a l  b e s t  known brands  ( e  .g . IONXCHANGE 
c a r t r i d g e s  w i t h  dup lex  mounting f i x t u r e ,  I l l i n o i s  Water Treatment Company, 840 
Cedar S t  ., Rockford,  IL 61101). 

S e v e r a l  s p a r e  columns should  be t a k e n  t o  s e a  i f  good w a t e r  onboard s h i p  
i s  v i t a l .  It is  not uncommon f o r  seawate r  t o  be a c c i d e n t a l l y  admi t t ed  t o  t h e  
s h i p b o a r d  f r e s h w a t e r  sys tem.  I f  t h i s  happens ,  a  column can o f t e n  be exhaus ted  
i n  p r o c e s s i n g  5 t o  10  l i t e r s .  Shipboard con tamina t ion  and m o i s t u r e  condensa- 
t i o n  from overhead p i p e s  can a l s o  b r i n g  d i s a s t e r  i f  a  drop f a l l s  i n  the  wrong 
p l a c e .  

Another p o t e n t i a l  s o u r c e  of problems of n u t r i e n t  samples c o l l e c t e d  a t  s e a  
i s  m i s t a k e s  i n  drawing samples from t h e  water  b o t t l e s  e s p e c i a l l y  i f  i t  i s  
rough and people  are aoL f e e l i n g  too  w e l l .  We have found t h a t  i t  is  b e s t  t o  



have nalgene (2 oz.)  n u t r i e n t  sample b o t t l e s  t h a t  a r e  prev ious ly  numbered with 
waterproof  i nk  l oca t ed  i n  a  rack under t he  water sampling b o t t l e s  or  c a r r i e d  
i n  a  p l a s t i c  soda case  i f  a  r o s e t t e  is  used. The person who f i l l s  the  n u t r i -  
e n t  sample b o t t l e s  should be very a t t e n t i v e  because i t  i s  easy to  take water  
from t h e  wrong sampling b o t t l e .  Before drawing the  samples i t  i s  bes t  t o  
p l a c e  t h e  n u t r i e n t  sample b o t t l e s  i n  numerical o rde r  i n  t he  rack or sampling 
c a s e .  A s  each of t h e  n u t r i e n t  b o t t l e s  a r e  r insed  and f i l l e d  they should be 
checked f o r  proper  o rde r ,  and f i n a l l y  a f t e r  a l l  the  n u t r i e n t  b o t t l e s  a r e  
f i l l e d  t he  numerical o rder  should be checked again while you have the  chance 
t o  redraw the  samples. I f  an e r r o r  i s  made a t  t h i s  s t e p  i t  is  n e a r l y  
imposs ib l e  t o  c o r r e c t  i t  l a t e r  un l e s s  i t  is  a  simple e r r o r  such a s  f i l l i n g  the 
b o t t l e s  i n  r eve r se  o rde r .  Another no te  of c a u t i o n  - a r o s e t t e  sampler can 
c o l l e c t  up t o  12  samples on a  c a s t .  It i s  c r i t i c a l  t h a t  t he  ch ie f  r o s e t t e  
o p e r a t o r  check on t h e  number of sample b o t t l e s  t r i pped  and he should c l e a r l y  
mark t h e  f i r s t  sample b o t t l e  with a  tag .  

The AutoAnalyzer ope ra to r  should s t a r t  analyzing the  samples immediately 
f o r  bes t  r e s u l t s .  If- a short- term de lay  is necessary ,  Llw sauples  s l~uu ld  be 
r e f r i g e r a t e d  i n  t h e  dark t o  r e t a r d  changes i n  t h e  samples. He should p l ace  
t h e  n u t r i e n t  b o t t l e s  on the  sampler t r a y  i n  numerical o rder  tak ing  no t i ce  
whether they were s y s t e m a t i c a l l y  arranged i n  t h e  ca r ry ing  case .  It i s  impor- 
t a n t  t o  analyze t he  su r f ace  samples I irst  so t h a t  the  d a t a  logging and l a t e r  
computer t r a n s f e r s  can be c a r r i e d  ou t  smoothly. 

S to rage  of Nu t r i en t  S a m ~ l e s  

The bes t  po l i cy  is never s t o r e  n u t r i e n t  samples f o r  extended per iods  -- 
f r e s h  ones a r e  bes t  There a r e  times, however, when i t  i s  not convenient o r  
p o s s i b l e  t o  ana lyze  t h e  samples a t  sea .  There a r e  some d i f f e r e n c e s  of opin ion  
on the  bes t  s t o r a g e  procedure of n u t r i e n t  samples and the re  a r e  a  few papers 
t h a t  d i s c u s s  f r e e z i n g  and p i cke l ing  (May, 1960; P roc to r ,  1962; Marvin and 
P r o c t o r ,  1965; Gi lmar t in ,  1967; Thayer, 1970; Degobbis, 1973;) .  General ly  we 
have had good r e s u l t s  from f rozen  samples f o r  phosphare, s i l i c a t e ,  nlLraLe and 
n i t r i t e .  Kesul t s  a r c  sometimes poor on iunluo~~ium samples r h a t  i~zlvt! I)ee~l 
f rozen .  We have obtained che besr  resu lLs  by c u l l e c ~ l i ~ g  samples i n  nalgeat! ( 2  
oz )  b o t t l e s  t h a t  a r e  f i l l e d  t o  the  shoulder ,  t h e  caps t igh tened  and quick 
f r o z e n  i n  an up r igh t  p o s i t i o n  i n  a  s a l t - i c e  bath.  The samples f r eeze  i n  20-30 
minutes  and then a r e  placed i n  a  n u t r i e n t  case i n  a  f r e e z e r .  The tops should 
bc checked a t  t h i s  time t o  be c e r t a i n  t h a t  they a r e  t i g h t .  The samples a r e  
thawed ju s t  minutes before  analyzing by p lac ing  them upr igh t  i n  a s ink  with 
running cold water .  A comparison of n i t r a t e  concent ra t ion  i n  both f r e sh  a n d  
f r o z e n  samples c o l l e c t e d  on a  c r u i s e  i nd i ca t ed  t h a t  the wean concent ra t ions  
d i d  not  change s i g n i f i c a n t l y  and the  mean d i f f e r e n c e  between a l l  the  f r e s h  and 
f r o z e n  samples was -0.05 pgat k-l (Atwood et a l . ,  1979). 

Some s p e c i a l  samples c o l l e c t e d  i n  muddy e s t u a r i e s ,  from boerom water sam- 
pl.es,  o r  i n  very  dense plankton blooms should be f i l t e r e d  before running the 
samples on t h e  AutoAnalyzer. To f i l t e r  such samples pour t he  sea water from 
t h e  nalgene (2  02.)  sample b o t t l e  i n t o  a  d l l i p o r e  s t a i n l e s s  s t e e l  f i l t e r  fun- 
n e l  t h a t  uses a  prewashed 25 om o r  47 mm g l a s s  f i b e r  f i l t e r  (Reeve Angel, 
Gelman, o r  Whatman, e t c . ) .  The g r a v i t y  flow of the sample through the f i l t e r  
can be used t o  r i n s e  t h e  sample b o t t l e .  Af t e r  112 oz of sample i s  used f o r  
r i n s i n g ,  the f i l t e r  funne l  mounted on the  top of a  b e l l  j a r  i s  placed on a  
base p l a t e  (F i sche r  o r d e r  No. 9-788) and a  vacuum is  app l i ed  t o  f i l t e r  t he  
remaining sample i n t o  the sample b o t t l e .  ( A l t e r n a t i v e l y  the  F i l t e r  Funnel can 



be mounted on a  bored rubber  s t o p p e r  which f i t s  a  g l a s s  s i d e  armed cup espe- 
c i a l l y  c o n s t r u c t e d  t o  hold  t h e  sample b o t t l e . )  Th i s  p r o c e s s  p l a c e s  t h e  f i l -  
t e r e d  sample back i n t o  t h e  o r i g i n a l  sample b o t t l e  and removes any i n t e r f e r i n g  
p a r t i c u l a t e  m a t t e r .  For t h e  s m a l l e r  samples l i k e  pore  wa te r  from c o r e s  i t  i s  
o f t e n  b e t t e r  t o  withdraw t h e  sample i n t o  a  10  o r  20 c c  g l a s s  s y r i n g e  and f i l -  
t e r  through a  p r e v i o u s l y  r i n s e d  0 .45  m membrane f i l t e r  ( F i s c h e r  No. 9-730-219) 
t h a t  f i t s  d i r e c t l y  on t h e  s y r i n g e  t i p .  

S t a r t i n g  Up and S h u t t i n g  Down 

F i l l  out  AutoAnalyzer d a t a  s h e e t  f o r  t h e  s t a t i o n .  
P l a c e  samples i n  sampler t r a y  i n  o r d e r  l i s t e d  on d a t a  s h e e t .  
S t a r t  pumps w i t h  r e a g e n t s  i f  t h e y  have been p r e v i o u s l y  s h u t  down. 
Turn on c o l o r i m e t e r s  and r e c o r d e r s  and w a i t  u n t i l  s t a b l e  b a s e l i n e s  
a r e  e s t a b l i s h e d  (approx imate ly  20 m i n u t e s ) .  Turn on t h e  computer,  
t h e  A t o  D i n t e r f a c e  box and t h e  sampler  c o n t r o l  box. Load APILOT 
program i n t o  t h e  computer. 
The pump may be tu rned  on t o  r a p i d  pump t o  h e l p  f l u s h  t h e  r e a g e n t s  
t h r u .  Be s u r e  a l l  r e a g e n t  t u b e s  a r e  i n  t h e  p roper  b o t t l e s  and t h a t  
a l l  t u b e s  a r e  connected t o  t h e  c o l o r i m e t e r  e t c .  Turn on n i t r a t e  
column. 
Wri te  on t h e  r e c o r d e r  c h a r t  paper  t h e  i n k  c o l o r  f o r  each of t h e  
n u t r i e n t s  being run ,  t h e  s t a t i o n  number, t h e  d a t e  and t ime and t h e  
i n v e s t i g a t o r ' s  name i f  they  a r e  s p e c i a l  samples.  
Turn sampler main power swi tch  on. 
Check d i s t i l l e d '  wa te r  and r e a g e n t s  e v e r y  112 hour u n t i l  t h e  samples 
have a l l  been run.  
To s h u t  down t h e  A.A.  move r e a g e n t  s t r a w s  t o  d e i o n i z e d  w a t e r  and i f  
a n a l y z i n g  s i l i c a t e  l e a v e  t a r t a r i c  a c i d  straw i n  r e a g e n t  b o t t l e  f o r  
1-2 minutes  a f t e r  removing t h e  o t h e r  r e a g e n t s  b e f o r e  p u t t i n g  i n t o  
d i s t i l l e d  wa te r .  A b l u e  p r e c i p i t a t e  w i l l  form i f  molybdate and 
SnC12 a r e  mixed wi thou t  t a r t a r i c  a c i d .  The p r e c i p i t a t e  can be 
removed w i t h  a  s h o r t  f l u s h  of t h e  manifold  w i t h  0 .1  N sodium 
hydroxide .  
Turn o f f  n i t r a t e  column. 
A f t e r  thorough ly  f l u s h i n g  a l l  l i n e s  w i t h  w a t e r ,  t u r n  o f f  pump and 
r e l e a s e  pump tube end b locks .  
Turn o f f  power of computer,  A t o  D i n t e r f a c e ,  sample box, sample r ,  
r e c o r d e r s  and c o l o r i m e t e r s  i f  a n a l y s e s  a r e  completed f o r  t h e  day.  
While on sh ipboard  t h e  c o l o r i m e t e r s  a r e  u s u a l l y  no t  t u r n e d  o f f  i f  
more samples w i l l  be run w i t h i n  4  t o  8 hours .  

S t a n d a r d s  

I .  Pr imary S tandards  

Pr imary s t a n d a r d s  should  be p repared  from t h e  b e s t  g rade  r e a g e n t s  a v a i l -  
a b l e .  T r a n s f e r  a  smal l  q u a n t i t y  of t h e s e  r e a g e n t s  t o  weighing b o t t l e s  and d r y  
i n  an oven f o r  two hours  a t  100°C. S t o r e  t h e  d r i e d  r e a g e n t s  i n  a vacuum des- 
s i c a t o r .  Weightngs shou ld  he made t o  a  t e n t h  of a  m i l l i g r a m  on an a n a l y t i c a l  
b a l a n c e  which has been r e c e n t l y  c a l i b r a t e d .  B o t t l e s  used t o  s t o r e  s t a n d a r d  
s o l u t i o n s  (and a n a l y t i c a l  r e a g e n t s  f o r  t h a t  m a t t e r )  should  be i n i t i a l l y  a c i d  



r i n s e d  wi th  10% H C 1  and then r insed  t h r e e  t imes with t he  s o l u t i o n  they a r e  t o  
c o n t a i n .  Primary s t anda rds  preserved wi th  chloroform and s to red  i n  t h e  
r e f r i g e r a t o r  a r e  u s u a l l y  s t a b l e  f o r  a  month. 

Ammonium - 5 micromole primary s tandardlml 

Disso lve  0.2674 g (5 m mole) of NH4 C 1  i n  -800 m l  DDW i n  a  1 l i t e r  f l a s k  
and d i l u t e  t o  t h e  mark wi th  DDW. Transfer  t o  a  500 m l  poly b o t t l e ,  add 3 
drops  of chloroform,  and r e f r i g e r a t e .  

N i t r a t e  - 20 micromole primary s tandard lml .  

Disso lve  1.0111 g (10 m mole) of KNO3 i n  -400 m l  DDW contained i n  a  500 
m l  vo lumet r ic  f l a s k ,  d i l u t e  t o  t he  mark, add 3 drops of chloroform, and 
r e f r i g e r a t e .  

N i t r i t e  - 5 micromole primary s tandardlml.  

Disso lve  0.3450 g ( 5  m mole) of NaN02 i n  -800 m l  DDW contained i n  a 1 
l i t e r  vo lumet r ic  f l a s k  and d i l u t e  t o  t he  mark wi th  DDW. Transfer  t o  a  500 m l  
po ly  b o t t l e ,  add 3 drops of chloroform and r e f r i g e r a t e .  

Orthophosphate - 5 micromole primary s tandard/ml.  

Disso lve  0.6804 g (5 m mole) KH2P04 i n  -800 m l  DDW and d i l u t e  t o  1 l i t e r  
w i t h  DDW. Transfer  t o  a  500 m l  poly b o t t l e ,  add 3 drops of chloroform and 
r e f r i g e r a t e .  

O r t h o s i l i c i c  Acid - 20 micromole primary s tandard/ml.  
-.-. 

Add 0.9403 g (5 m mole) Na2SiF6 t o  a  500 m l  nalgene beaker conta in ing  
150 m l  DDW' and a  t e f l o n  coated magnetic s t i r r i n g  bar .  S t i r  magnet ica i iy  a t  
low speed f o r  s e v e r a l  hours t o  e f f e c t  complete s o l u t i o ~ .  q u a n r i r a r i v e l y  
t r a n s f e r  t h i s  s o l u t i o n  t o  a  250 m l  vo lumet r ic  f l a s k  and d i l u t e  t o  the mark 
w i t h  DDW. Transfer  t o  a  poly b o t t l e ,  add 3 drops of chloroform and 
r e k r i g e r a t e .  

Urea - 5 micromole primary s tandard .  

Disso lve  0.1502g (2.5 m mole) of NH2 CONH2 i n  -800 m l  DDW i n  a  1 l i t e r  
f l a s k  and d i l u t e  to  t he  mark with DDW. T rans fe r  t o  a  500 m l  po lybo t f l e ,  add 3 
drops  of chloroform and r e f r i g e r a t e .  

11. Secondary Standards 

Secondary s t anda rds  can be prepared i n d i v i d u a l l y  o r  a s  a  mixed s tandard  
con ta in ing  an a l i q u o t  of each of t he  f i v e  primary s tandards .  The mixed sec- 
ondary s tandard  approach i s  appea l ing  because a  s i n g l e  s e t  of working s tan-  
d a r d s  prepared from a mixed secondary s tandard  can be used t o  c a l i b r a t e  a l l  
s i x  c h e m i s t r i e s  s imultaneously.  I n  order  f o r  t h i s  approach t o  be v a l i d ,  how- 
e v e r ,  one must assume t h a t  each primary s tandard  i s  pure. I n  p r a c t i c e ,  t h i s  
proves t o  be a  r a t h e r  poor assumption s i n c e  t h e  s a l t s  used t o  prepare the  p r i -  
mary s t anda rds  u s u a l l y  con ta in  t r a c e  i m p u r i t i e s  which a r e  o f t e n  s i g n i f i c a n t  a t  
t h e  micromolar concen t r a t i on  range. 

- 16 - 



For example, assume t h a t  t h e  n i t r a t e  pr imary s t a n d a r d  con ta ined  a  smal l  
amount of phosphate  i m p u r i t y .  It f o l l o w s  t h a t  when an a l i q u o t  of t h i s  n i t r a t e  
s t a n d a r d  was combined w i t h  an a l i q u o t  of t h e  phosphate  pr imary s t a n d a r d ,  t h e  
a n a l y t i c a l  c o n c e n t r a t i o n  of phosphate  i n  t h e  r e s u l t i n g  mixed secondary s t a n -  
da rd  would be somewhat h i g h e r  than  i t s  nominal c o n c e n t r a t i o n .  T h i s  e r r o r  
o f t e n  goes  unde tec ted  because i t s  o n l y  m a n i f e s t a t i o n  i s  a  non-zero i n t e r c e p t  
f o r  the  Beer-Lambert c a l i b r a t i o n  p l o t  of absorbance  v e r s u s  nominal phosphate  
c o n c e n t r a t i o n .  

For t h i s  r e a s o n ,  i t  i s  p robab ly  b e s t  t o  p r e p a r e  an i n d i v i d u a l  secondary 
s t a n d a r d  and s e t  of working s t a n d a r d s  f o r  each a n a l y t e .  Once t h i s  i s  done,  
however, t h e  c o n c e n t r a t i o n s  of t h e  o t h e r  f o u r  a n a l y t e s  i n  each of t h e  f i v e  
working s t a n d a r d  s e t s  can be determined and a p p r o p r i a t e  c o r r e c t i o n  f a c t o r s  
c a l c u l a t e d  t o  a p p l y  when mixed s t a n d a r d s  a r e  used.  These f a c t o r s  should  
remain c o n s t a n t  a s  long a s  t h e  c o n c e n t r a t i o n  of t h e  pr imary s t a n d a r d s  and 
t h e i r  r a t i o s  t o  each o t h e r  i n  t h e  mixed secondary  s t a n d a r d s  remain c o n s t a n t .  
It shou ld  be s t r e s s e d  t h a t  t h e  e r r o r s  which r e s u l t  from t h e  use  of mixed s t a n -  
d a r d s  a r e  s m a l l  ( u s u a l l y  1-5%),  but  t h i s  e r r o r  s o u r c e  i s  one of which t h e  
a n a l y s t  shou ld  be aware.  

I n  our  l a b o r a t o r y ,  we p r e p a r e  two s e t s  mixed/working s t a n d a r d s  combining 
t h o s e  pr imary s t a n d a r d s  which e x p e r i e n c e  h a s  shown do n o t  c o n t a i n  t r a c e  impur- 
i t i e s  of one a n o t h e r .  To make f i v e  c o n c e n t r a t i o n s  of mixed s t a n d a r d  s e r i e s  
number 1 e q u i v a l e n t  t o  5 ,  1 5 ,  25,  35, and 45 p g - a t / l ,  p i p e t  25,  75,  125 ,  175,  
and 225 p 1  each of pr imary n i t r a t e  and s i l i c i c  a c i d  i n t o  100 m l  v o l u m e t r i c  
f l a s k s .  D i l u t e  t o  t h e  mark w i t h  DDW ( T a b l e  3-1). These s t a n d a r d s  c o n s t i t u t e  
t h e  "S-1" s e r i e s .  For work i n  t h e  Ber ing Sea  and o t h e r  w a t e r s  where h i g h e r  
c o n c e n t r a t i o n s  of s i l i c i c  a c i d  a r e  normal ly  encoun te red ,  double  t h e  amount of 
s i l i c a t e  pr imary s t a n d a r d  t o  50 ,  150 ,  250,  350, and 450 p 1  f o r  t h i s  s e r i e s  and 
c a l c u l a t e  t h e  s t a n d a r d  f a c t o r  ( s e e  STAND) based on t h e s e  g r e a t e r  v a l u e s .  I f  
u r e a  is  t o  be ana lyzed  i t  should  be i n c l u d e d  i n  t h e  "S-1" s t a n d a r d  by adding 
1 0 ,  30,  50,  70,  and 90 p l  of t h e  pr imary s o l u t i o n  t o  o b t a i n  0 .5 ,  1 . 5 ,  2.5, 
3 .5 ,  and 4.5 p g - a t / l  u r e a  s t a n d a r d s .  

C o n c e n t r a t i o n s  of 0 . 5 ,  1 . 5 ,  2 .5 ,  3.5, and 4.5 pg-at11 of NHq, N02, and 
PO4 a r e  o b t a i n e d  by p i p e t t i n g  20 p 1  i n  200 m l  and 30 ,  50,  70, and 90 p 1  of t h e  
p r imary  s o l u t i o n s  p e r  100 m l  DDW a s  i n d i c a t e d  above.  Th i s  group of mixed 
s t a n d a r d s  i s  d e s i g n a t e d  a s  t h e  "S-2" series ( T a h l e  3-1). 

With good q u a l i t y  chemica l s ,  t h e s e  two mixed/workihg s t a n d a r d s  e l i m i n a t e  
t h e  need t o  a p p l y  c o r r e c t i o n  f a c t o r s .  

A s y n c h r o n i z a t i o n  s t a n d a r d  d e s i g n a t e d  a s  DO, i s  prepared by p i p e t t i n g  225 
p l  of NO3 and Si(OH)4 p r imary  s t a n d a r d  and 90 u 1  of NO2,  PO4, NHq, and u r e a  
p r imary  s t a n d a r d  i n t o  100 m l  d i s t i l l e d  w a t e r .  

There  a r e  d e f i n i t e  s a l t  e f f e c t s  i n  some of t h e  a n a l y s e s ,  e .g.  ammonium. 
It i s  t h e r e f o r e  h i g h l y  recommended t h a t  i f  s t a n d a r d s  a r e  p repared  i n  d i s t i l l e d  
w a t e r ,  then  s p i k e  s t a n d a r d s  i n  seawate r  should  a l s o  be ana lyzed .  T h i s  i s  b e s t  
accomplished by making a  s t a n d a r d  a d d i t i o n  of p r imary  s t a n d a r d  t o  a  s u r f a c e  
sample on s e l e c t e d  low n u t r i e n t  s t a t i o n s .  With t h e  p r e s e n t  ammonium method 
and mani fo ld  ( s e e  Cookbook s e c t i o n ) ,  we have o b t a i n e d  c o n s i s t e n t l y  b e t t e r  
r e p r o d u c i b i l i t y  and l i n e a r i t y  wi th  working ammonium s t a n d a r d s  prepared i n  low 
n u t r i e n t  seawate r .  The ammonium s e r i e s  r u n  i n  d i s t i l l e d  w a t e r  y i e l d s  reduced 
absorbances  and d e v i a t i o n  from l i n e a r i t y .  We emphasize t h a t  t h e s e  ammonium 
s e a w a t e r  samples should  be u t i l i z e d  f o r  c a l c u l a t i n g  t h e  s t a n d a r d  f a c t o r .  

The m e r i t s  of p r e p a r i n g  s t a n d a r d s  i n  d i s t i l l e d  wa te r  can be deba ted  among 
a  group of  seawate r  chemis t s  f o r  hours .  There a r e  d i f f i c u l t i e s  w i t h  a lmos t  
a l l  t h e  c h o i c e s .  Here a r e  some of t h e  arguments.  



Table 3-1 
Mixed/Working Standardc for Nutrient Analysis 

Standard see NO. 1 Standard Set  No. 2 
(No3 + Si(OH)4) (NO2 + PO4 + NH4) 

ID Primary/100 mR DDW pg-at/l ID Primary/100 mR DDW pg-at/l 

If standards are prepared in sodium chloride or spiked seawater instead of 
DDW, "blanks" are designated as S-1-0 and S-2-0 respectively. 

*Microliters of s i l l c i s  acid in S-1 standard for Bering Sea work. Equivalent 
concenttations 10, 38 ,  50, 70, and 90 ug-at Si(~H)~ll. 



A. Deionized water  s t a n d a r d s :  

Advantages 

1. The q u a l i t y  of the  water  i s  u s u a l l y  w e l l  known. 
2.  The q u a l i t y  of t h e  wa te r  i s  not  h i g h l y  v a r i a b l e .  
3 .  The prepared s t a n d a r d s  a r e  r e l a t i v e l y .  s t a b l e  w i t h  t ime .  
4. Large volumes of wa te r  a r e  e a s i l y  a v a i l a b l e .  
Disadvantages  
1. The chemical  f a c t o r s  may be d i f f e r e n t  than  i n  s a l t  s o l u t i o n  

( s a l t  e f f e c t ) .  

B. Deionized water-sodium c h l o r i d e  s o l u t i o n s :  

Advantages 

1. S a l t  e f f e c t s  on chemical  f a c t o r s  a r e  minimized. 
2 .  Sodium c h l o r i d e  s o l u t i o n  i s  easy  t o  p r e p a r e  and i s  no t  

expensive .  

Disadvantages  

1. Ammonium impur i ty  i s  q u i t e  l a r g e  i n  sodium c h l o r i d e .  
2.  Large q u a n t i t i e s  of sodium c h l o r i d e  a r e  ,sometimes r e q u i r e d .  

C.  A r t i f i c a l  Seawater S o l u t i o n :  

Arguments a r e  s i m i l a r  t o  sodium c h l o r i d e  s o l u t i o n .  No known 
advan tages  over sodium c h l o r i d e .  

D .  Low N u t r i e n t  seawater :  

Advantages 

.1. S a l t  e f f e c t s  a r e  e l i m i n a t e d .  
2 .  I n  c e r t a i n  r e g i o n s  of t h e  ocean it i s  e a s i l y  o b t a i n e d .  
Disadvantages  
1. Ir always c o n t a i n s  suue n u t r i e n t s .  
2.  If not  used immediately i t  must be f i l t e r e d  t o  remove any 

p a r t i c u l a t e  m a t t e r .  
3 .  Often it is  d i f f i c u l t  t o  o b t a i n  when working i n  e u t r o p h i c  

wa te r s .  
4 .  S to rage  is d i f f i c u l t  so l a r g e  q u a n t i t i e s  are not  e a s i l y  

ob ta ined .  

The c h o i c e  of 1) low n u t r i e n t  seawate r  when a v a i l a b l e  o r  2 )  d e i o n i z e d  
w a t e r  s t a n d a r d s  f o r  seawate r  n u t r i e n t  samples was made because t h e  ammonium 
a n a l y s i s  i s  very  impor tan t  i n  our  s c i e n t i f i c  programs which a r e  o f t e n  s t u d y i n g  
h i g h l y  v a r i a b l e  e u t r o p h i c  environments .  Other  c h o i c e s  may be made i n  o l i g o -  
t r o p h i c  w a t e r s .  

The f requency of a n a l y z i n g  s t a n d a r d s  has  i n c r e a s e d  i n  r e c e n t  y e a r s  a s  t h e  
a n a l y s i s  r a t e  has  i n c r e a s e d .  When 10 samples per  hour was a  good a n a l y s i s  
r a t e ,  i t  was o f t c n  d i f f i c u l t  t o  run s t a n d a r d s  more t h a n  once a day. As t h e  



a n a l y s i s  r a t e  has gone t o  20, 40 o r  even 60 samples per hour i t  i s  poss ib l e  t o  
ana lyze  more s t anda rds .  When t h e  AutoAnalyzer is  not busy running n u t r i e n t  
samples between s t a t i o n s ,  while  a t  s ea ,  i t  has been a  r egu la r  procedure t o  run 
a  s e t  of s t anda rds  (S1 and S2 s tandards  of 5 concen t r a t i ons  each f o r  a  t o t a l  
of 11 samples i nc lud ing  the  sync sample). We t r y  t o  run a  complete s e t  of 
s t a n d a r d s  every s i x  hours  i f  t he  AutoAnalyzer is  running around the  c lock .  Of 
c o u r s e ,  one S1 and one S2 s tandard  is  placed a t  the  beginning of each s e t  of 
s t a t i o n  samples which a r e  used t o  check how we l l  t he  AutoAnalyzer i s  
o p e r a t i n g .  

Runnine S tandards  

The de te rmina t ion  of n u t r i e n t  concen t r a t i on  i n  seawater i s  a  s t r i c t l y  em- 
p i r i c a l  p rocess ,  i. e. f o r  each a n a l y s i s  chemical f a c t o r s  are cal.r111 ated i~ s i  ng 
prepared  s tandard  concen t r a t i ons .  There a r e  s e v e r a l  s t e p s  i n  preparing the  
s t a n d a r d s  which produces some u n c e r t a i n t y  i n  the concent ra t ions  prepared. T t  
i s  t h e r e f o r e  very  adv i sab l e  t h a t  an independent check of s tandards  be made i n  
some way. This  i s  o f t e n  accomplished by ob ta in ing  s tandard  s o l u t i o n s  from a  
commercial manufacturer ,  government agency, o r  another  marine l abo ra to ry .  

Seve ra l  approaches i n  producing s tandards  have been t r i e d .  A commercial 
f i r m  (Sagami Chemical Research Center ,  Japan)  has  manufactured s e v e r a l  concen- 
t r a t i o n s  of or thophosphate ,  n i t r a t e ,  n i t r i t e  and s i l i r t c  ac id  i n  s o l u t i o n s  of 
sodium c h l o r i d e  which s e l l  f o r  about $5 pe r  v i a l .  The or thophosphate ,  n i t r a t e  
and n i t r i t e  a r e  s ea l ed  i n  g l a s s  ampoules and s i l i c a t e  is placed i n  p l a s t i r  
v i a l s .  The s o l u t i o n s  a r e  normally only used immediately a f t e r  opening so a  
c a l i b r a t i o n  u s i n g  3 concen t r a t i ons  of t h e  3 n u t r i e n t s  would cos t  about 
$45.00. The c o s t  is  r a t h e r  high so t he se  a r e  used only occas iona l ly  a s  a  
check r a t h e r  than  t h e  r o u t i n e  d a i l y  s tandards .  There have h ~ ~ n  snmp n ~ g a t i v ~  
comments about t he se  s t anda rds  from s e v e r a l  l a b o r a t o r i e s  because of pos s ib l e  
i n a c c u r a c i e s .  

Another approach has  been t o  prepare and f r eeze  s tandards  which a r e  used 
t o  compare t o  f r e s h  s t anda rds  while  a t  s ea .  The i n s t i t u t i o n s  t h a t  use t h i s  
method have c a r e f u l l y  worked out t he  d e t a i l s  of producing, f r eez ing ,  and thaw- 
i n g  t h e  s t anda rds  i n  o rde r  t o  o b t a i n  h igh ly  p r e c i s e  r e s u l t s .  

Some d i s t i l l e d  water  s t anda rds  can be obtained from government agencies  
I n  l l m i t e d  q u a n t i t i e s  f o r  c a l i b r a t i o n  purposes.  The Environmental P ro t ec t i on  
Agency (EPA) h a s  produced phosphate s t anda rds  i n  t he  p a s t .  

R e f r a c t i v e  Index Cor rec t ions  

The Beer-Lambert law which d e f i n e s  t h e  l i n e a r  r e l a t i o n s h i p  between t h e  
absorbance of a s p e c i e s  i n  s o l u t i o n  and i t s  concen t r a t i on  i s  v a l i d  only when 
r e f r a c t i v e  index (and a  number of o the r  s o l u t i o n  v a r i a b l e s )  i s  cons t an t .  When 
seawater  samples a r e  determined r e l a t i v e  t o  a  d i s t i l l e d  water  ba se l ine ,  t h i s  
assumption is  not  s a t i s f i e d .  For t h i s  reason ,  some f r a c t i o n  of t he  t o t a l  ab- 
sorbance  measured f o r  seawater p lu s  reagents  w i l l  r e f l e c t  r e f r a c t i v e  i.ndex 
r a t h e r  than a n a l y t e  concen t r a t i on  d i f f e r e n c e s  r e l a t i v e  t o  the  d i s t i l l e d  water 
p l u s  r eagen t s  base l ine .  The magnitude of t he  r e f r a c t i v e  index co r r ec t i on  i s  a  
f u n c t i o n  of the  i n i t i a l  s a l i n i t y  of the sample and the  amount of d i l u t i o n  the  
sample exper iences  i n  t h e  manifold.  Once determined, t h e  r e f r a c t i v e  index 
c o r r e c t i o n s  remain r e l a t i v e l y  cons tan t  i f  the  s a l i n i t y  of the seawater samples 
remain cons tan t  t o  w i t h i n  - *2Z provided t h a t  t h e r e  i s  no change i n  e i t h e r  t h e  
manifold o r  t h e  c o l o r i m e t e r ' s  c e l l  pa th  l e n g t h  o r  s tandard  c a l i b r a t i o n  
c o n t r o l .  



To de te rmine  r e f r a c t i v e  index  c o r r e c t i o n s  seawate r  o r  a  sodium c h l o r i d e  
s o l u t i o n  which c l o s e l y  matches t h e  s a l i n i t y  of t h e  samples expec ted  t o  be 
encoun te red  i s  ana lyzed  a f t e r  one of t h e  r e a g e n t s  n e c e s s a r y  f o r  t h e  fo rmat ion  
of the  a b s o r b i n g  s p e c i e s  i n  each a n a l y s i s  is o m i t t e d .  The r e s u l t i n g  change i n  
absorbance  r e l a t i v e  t o  t h e  d i s t i l l e d  w a t e r  b a s e l i n e '  is t h e r e f o r e  due o n l y  t o  
r e f r a c t i v e  index changes .  Thus t h e  absorbance  due t o  d i f f e r e n c e s  i n  a n a l y t e  
c o n c e n t r a t i o n  (Ac) i s  e q u a l  t o  t h e  t o t a l  absorbance (At)  o f  a  sample .minus t h e  
absorbance  due t o  r e f r a c t i v e  index  changes  (A,). 

A, = A t  - A, 
The sugges ted  r e a g e n t  ommissions f o r  each a n a l y s i s  i s  p r e s e n t e d  below. Note 
t h a t  f o r  s t a n d a r d s ,  t h e  r e f r a c t i v e  i n d e x  c o r r e c t i o n  i s  i n c l u d e d  i n  t h e  "blank"  
absorbance  determined f o r  t h e  sqdium c h l o r i d e  s o l u t i o n  o r  s e a w a t e r  used i n  
t h e i r  p r e p a r a t i o n .  

De te rmina t ion  of  R e f r a c t i v e  Index  

Ammonium. S u b s t i t u t e  1 g  NAOH i n  200 m l  DDW f o r  r eagen t  B. A l l  o t h e r  
r e a g e n t s  unchanged. 

O r t h o s i l i c i c  a c i d .  S u b s t i t u t e  8 0  m l  DDW + 120 m l  10% v / v  HC f o r  the  
molybdate r e a g e n t .  A l l  o t h e r  r e a g e n t s  unchanged.  

N i t r a t e  + N i t r i t e ,  N i t r i t e .  S u b s t i t u t e  DDW c o n t a i n i n g  B r i j - 3 5  w e t t i n g  
a g e n t  f o r  t h e  NNED r e a g e n t .  A l l  o t h e r  r e a g e n t s  unchanged. 

Orthophosphate .  S u b s t i t u t e  10% v / v  H2S04 c o n t a i n i n g  sodium l a u r y l  s u l -  
f a t e  w e t t i n g  a g e n t  f o r  t h e  molybdate r e a g e n t .  A l l  o t h e r  r e a g e n t s .  unchanged. 

Urea. S u b s t i t u t e  1 .65 m l  DDW f o r  t h e  s e m i c a r b i z i d e  i n  t h e  c o l o r  
s o l u t i o n .  

Car rvover  C o r r e c t i o n s  

I f  d i s p e r s i o n  is  minimized i n  t h e  c o n t i n u o u s  f low a n a l y s i s  channe l s  by 
r e d u c i n g  t h e  s i z e  of t h e  manifold  and i n c r e a s i n g  segmenta t ion  by i n j e c t i n g  a  
l o t  of bubb les ,  then  t h e  peaks o b t a i n e d  w i l l  be s h a r p  and w i l l  look l i k e  
s q u a r e  waves. However, when s e v e r a l  samples a r e  run c l o s e  t o g e t h e r  p reced ing  
samples may a f f e c t  t h e  h e i g h t  of f o l l o w i n g  peaks .  Th i s  e f f e c t  i s  known a s  
" c a r r y o v e r "  (Walker e t  a l . ,  1970; Snyder e t  a l . ,  1976;  J a c k l y n  e t  a l . ,  1 9 7 8 )  
o r  "sample i n t e r a c t i o n "  ( T h i e r s  and Oglesby,  1964; T h i e r s  e t  a l . ,  1967) .  
Peaks a r e  composed of f a l l  cu rves  and r i s e  c u r v e s  s o  c a r r y o v e r  can be viewed 
a s  t h e  h e i g h t  of t h e  f a l l  cu rve  a t  t h e  t ime when t h e  next  peak i s  formed 
(Walker e t  a l . ,  1970) .  The e x t e n t  of c a r r y o v e r  can be c a l c u l a t e d  a s :  

c a r r y o v e r  (C.O.) = E ~ ~ ' P / ~  
where E l  i s  t h e  h e i g h t  of t h e  p r e v i o u s  peak,  p  is t h e  i n t e r v a l  between peaks 
(sample  p l u s  wash t i m e )  and b  is  t h e  s l o p e  of t h e  e x p o n e n t i a l  p o r t i o n  of t h e  
r i s e  o r  f a l l  curve .  

I n  p r a c t i c e  we do no t  c o r r e c t  f o r  c a r r y o v e r  i n  our  d e t e r m i n a t i o n  of sea -  
w a t e r  n u t r i e n t s .  Th i s  is mainly t h e  r e s u l t  of not  f i n d i n g  a  s i g n i f i c a n t  
i n t e r a c t i a o n  between peaks .  Th i s  was checked by a l t e r n a t e l y  running two low 
samples and then  two high samples, 

P r e c i s i o n  T e s t i n g  of  Peak Reading Program ('APILOT) 

The use of l a r g e  numbers of p e r i o d i c  s t a n d a r d s  has t h e  purpose of main- 
t a i n i n g  a  h igh  degree  of accuracy  of t h e  r e s u l t s  i n  t h e  n u t r i e n t  a n a l y s e s .  A 
f u r t h e r  check on t h e  p r e c i s i o n  of t h e  r e s u l t s  can be e s t i m a t e d  by running a  



number of r e p l i c a t e  de te rmina t ions  a t  h igh ,  medium, and low n u t r i e n t  concen- 
t r a t i o n s .  A s  a  r e s u l t ,  Table  3-2 was cons t ruc ted  from a d a t a  set obtained a t  
sea under normal working cond i t i ons .  Each sample was i n d i v i d u a l l y  co l l ec t ed  
i n  a s e p a r a t e  b o t t l e  so  t h e  va lues  should represen t  a  " t y p i c a l "  degree of 
p r e c i s i o n .  

Table 3-2 

F i e l d  R e p l i c a t i o n  Exper inents  using Natura l  Seawater.  
Uni t s  a r e :  pg-at l i t e r - I  

Low Conc. 

N o .  of r e p l i c a t e s  11 10 8 1 9 i 7 
Mean Concent ra t ion  0.17 1.36 0.09 0.05 0.09 
S td .  Dev. 0.02 0.06 0.01 0.01 0.01 
95% Confid.  I n t e r v a l  0.02 0.05 0.01 0.006 0.008 

Med. Conc. 

No. of r e p l i c a t e s  2  0  20 2 0 11 8 
Mean Concent ra t ion  1.09 11.96 19.78 0.26 0.68 
S td .  Dev. 0.03 0.12 0.10 0.009 0.03 
95% Confid.  I n t e r v a l  0.01 0.05 0.05 0.007 0.03 

IIigh Conc. 

No. of  r e p l i c a t e s  17 17 17 10 2 0 
Mean Concent ra t ion  3.21 178.23 42.97 1.28 6.38 
S td .  Dev. .0.02 0.35 0.24 0.006 0.16 
95% Conf i d .  I n t e r v a l  0.02 0.17 0.13 0.005 0.08 

Comparison of Automated and Manual Data Logging 

I n  a d d i t i o n  t o  t he  r e p l i c a t i o n  t e s t s  descr ibed i n  the  previous s e c t i o n  a  
comparison of automated peak reading using the  "APILOT" program was compared 
t o  t h e  manual method of reading the  analog s t r i p  c h a r t s .  The n a t u r a l  seawater 
samples were run a t  t h r e e  speeds (20, 40 and 60 per hour) and were recorded 
wi th  the  "APILOT" program. The s t r i p  c h a r t s  were read manually and the  peaks 
were en t e r ed  i n t o  f i l e s  using the  "MANDAT" program. A comparison of each of 
t h e  sampling r a t e s  was made using the "A v s  M" program. The output on pages 
24-33 were run a t  20 samples per hour f o r  both s e t s  of samples, HA016 and 
HM016. The f i r s t  page of output l is ts  the  absorbances read by the  computer 
(HA016) and t h e  d a t a  s e t  2 was read manually (HM016). A t a b l e  of d i f f e r e n c e s  
f o r  t he  n u t r i e n t  channel and a  p l o t  of those d i f f e r e n c e s  versus  sample number 
i n d i c a t e s  t h a t  on ly  one or  two po in t s  dev ia ted  by more than .03 absorbance 
u n i t s  f o r  s i l i c a t e  while t he  major i ty  of da t a  fo r  phosphate, s i l i c a t e ,  n i t r a t e  
and n i t r i t e  d i f f e r e d  by 0.01 absorbance u n i t s .  

Nut r ien t  ana lyses  a t  f a s t e r  sampling r a t e s  do show divergence between 
manual and computer determined absorbances i f  the  chemical a spec t s  of t he  



AutoAnalyzer methods a r e  not  optimum. I f  t h e  n u t r i e n t  c h a n n e l s  a r e  w e l l  
des igned  and main ta ined ,  then  a n a l y s i s  r a t e s  of 60 samples per  hour produce 
r e s u l t s  t h a t  a r e  n e a r l y  a s  p r e c i s e  and a c c u r a t e  a s  20 samples  per  hour.  

Comparison o f  Slow and F a s t  Sample A n a l y s i s  R a t e s  - 

A s e r i e s  of n a t u r a l  seawate r  samples was analyzed a t  20, 40 and 60 sam- 
p l e s  pe r  hour u s i n g  t h e  "APILOT" program. A comparison of each a n a l y s i s  was 
made f o r  d i f f e r e n c e s  t h a t  occur red  i n  going from 20 t o  40 a n a l y s e s  per hour 
and 40 t o  60 a n a l y s e s  per  hour us ing  t h e  "A vs M" program. The example d a t a  
s e t  (pages  34-39) shown is  a  comparison between 20 samples  per hour (HY2-20) 
and 40 samples per  hour (HY2-40). The a n a l y s i s  of t h e  d a t a  i n d i c a t e s  t h a t  t h e  
phosphate  c h a n n e l s  gave h i g h e r  r e s u l t s  a t  20 samples  per  hour than  40 p e r  hour 
which i s  p robab ly  r e l a t e d  t o  some " c a r r y o v e r  e f f e c t "  i n  t h a t  channe l .  
S i l i c a t e  e x h i b i t e d  no t r e n d  whi le  n i t r a t e  and n i t r i t e  were lower a t  t h e  slow 
speed.  F i n a l l y ,  ammonium was i n  need of some work because  t h e  d i f f e r e n c e s  
were q u i t e  l a r g e  and a l l  tended t o  be h i g h  a t  t h e  slow speed compared t o  t h e  
f a s t e r  r a t e .  



T H I S  I S  H L I S T  FOR 
L H B E L = H A 0 1 6  
DATE=29HUG78 
HR= 1 2 4 8  
LAT=td.H. 
LOt4=N.A. 
DEPTH= - 9 9  
COMMENT=N. H. 
NO. SAMPLES= 39  
OPERATOR=SCM 
CHHHNEL= PO4 
STHTUS= 1 
FACTORS= . 9 5 3  
R F ." s = 8 .  8 8 8  
BHSE 1 = . a 2 9  
BHSE2= . 1 2 3  



NU. I D  
I D  0 
2 s 23 
3 S 13 
4 H  0 
5 H 18 
6 H 28 
7 H 38 
8 H 40 
9 H 58 

1 8 H  75 
11 H 188 
12 H 288 
13 H 488 
14 H 0 
15 H 10 
16 H 28 
17 H 38 
18 H 40 
19 H 58 
28 H 68 
21 H 75 
22 H 188 
23 H 125 
24 H 8 
2 5  1-1 10 
26 H 28 
27 H 38 
28 H 48 
29 H 58 
38 H 60 
31 H 75 
:32 H 168 
3 3 H  8 
3 4 H  15 
35 H 25 
36 H 35 
37 H 45 
38 H 55 
39 H 65 



THIS I S  A TABLE OF MAHIJAL HNU COMPUTER READ AB!~l~lRBANCE FOR Pi34 
1  =HA8 1  6  
2=HMU 16 

PEAK NO. 1  PO4 2 pa4 1-2 
1  5.82 5.81 . 0 1  
2  3.24 3.24 .88  
3 .87  .87 .88  
4  .24  .24 -. 08 
5  .19  .28 -. 81 
6  .33  .32  . 81  
7  .36  .37 -. 01 
8  . 52  .52  .08 
9  .47  .49 -. 82 

1 U . 8 1  -81 . BW 
11 -96 . -36 -. 00 
12 1.36 1.37 -. 81 
13 1.74 1  . 73 . 8 1  
14 .39  .39 -. 88 
15 . 42  . 4 1  . 8 1  
16 .48  . 4 8  -,. 08 
17 .57  .58 -. 81 
1  8  .66  .66 -. 88 
19 .78 . < 0 -. 88 - r, 
2 8  q. 88 0 .88  8.88 
2 1 - 1.80  8.08 - 1.88 
2 2 - 1.88 8.88 - 1.88 
? .- d .d 6.88 B .  BQ 6 - 8 0  
2 4  -1.88 8.00 -1.88 
25 . 52  . 51  . 8 1  
2  6  .74  .72  . 82 
2 7 1.03 1 .02  - 0 1  
2  8  1.12 1.18 . 82  
2  9  1. 18 1.88 .82  
3  8  1.16 1.15 . 8 1  
3  1 1 22 1 . 2 1  . 8 1  
3 P 1 . ,913 1.38 =. 00 
3 3  . 5  :3 . 51  . 0s 
3  4  -63 - 6 2  - 8 1  
3  5  .83  .82  . 8 1  
3  6 . 9 5  .93 .82  
3  7  .98  .97 . 8 1  
3 8  1.82 1.82 -. 88 
3 '3 1.28 1.19 . 8 1  
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THIS I S  H THBLE OF MHt.IlJHL Ht,IIl COMPUTER REHD HBSORBHt.ICE FlIF: 5104 
1=HH016 
2=HM8 16 

PEAK b40. 1 S I04  2 5 1.04 1-2 
1 4.01 4.03 -. 02 
2 2.58 2.59 -. 81 
3 5.74 5.72 . 02  
4 1.38 1.97 .O1 
5 1 .X6 1 .88  -. 82 
6 1.87 1.87 -. 00 
7 1.88 1.88 .00  , 

8  1.63 1 .62  .O1 
9 1.67 1.67 -. 80 

18 2.16 2. 18 -. 02 
11 2.25 2.25 .08 
12 2.73 2.72 .O1 
13 4.06 4.07 -. 01 
14 1.65 1.67 -. 82 
15 1 . 6 2  "" 1 . 6 2  ' - .'OW 
16 1.44 1.43 .O1 
17 1.70 ., 1 .78 -, 00 
18 1.91 1.90 " - 0 1  
19 2.09 2.10 -. 81 
2 8 2.69 2.78 -. 01 
2 1 2. 2'3 2.30 -. 81 
2 3 21 6U 2mSU -608 

2 3 6.71  . 6.72 -, '31 
2 4 1.44 1.47 -. 03 
2 5 1.43 1.42 .O1 
2 b 1 .  ?4  1. (6 -, y z  
2 7 1.80 1.81 -. 01 
2 8 2.38 2.40 -. 02 
2 3 2.29 2.29 . wa 
.3W 2.47 2.47 -. 0 0  
3 1 2.33 2.411 - . u l  
3 2 2.75 2.71 .04 
3 3 1.50 1.45 .05  
3 4 1.45 1.43 .02  
3 5 1.59 1.57 .02  
3 6 1.84 1.83 .O1 
3 7 2.08 1.98 .02  
3 8 2.51 2.49 .02  
3 9 2 - 4 4  2 , 4 5  -, 01 





THIS IS A THBLE OF MAt.kl)HL At.ln CUMPI-ITER REHD HESORBHNCE FOR kllIl:? 
1  =HA8 16 
2=HP18 16 

PEAK NU. 1  1.1 0 :3 2 1.4 0 :3 1-2 
1  5.89 5 .91  -. 0 2  
2 . 7  :3 . (. .3 .on - .- 
3 4.72 4.73 -. 81 
4  . 2 1  - 2 1  -. 88 
5  .28  . 28  -. 88 
6  . 2 1  ,28 . 81 
7  - 2 8  - 2 8  . 88 
8  .24  . 22  . 82  
'3 .44 .43 . 81  

18 1.,3E: 1.99 -. 81 
11 2.26 2.27, -.@I 
12 3. 14 :3.15 - . 81  
13 4.29 4.30 . . O l  
14 - 2 2  . 2 1  .O1 
15 - 2 8  . I 9  :0 1  
16 .19 . 1 9 . B B  
17 .22  . 1  '3 . a 3  
18 .63  - 6 2  . 8 1  
1  -3 1.B8 1.88 . 8 6  
2 0  2. :38 2.31 -. 81 
2  1  1.75 1.77 - 82 
2  2  1.97 1.33 - 0 2  
2 3 1.78 1.78 8.08 
2 4 . 2 1  . 2 1  . MU 
2 !j . 2 1  .28  . 81  
26 . . 6 4  . 6  :> . 8 1  
2 7 .85  . a- 3 L- .-I . Mu 
2  8  1.58 1 .59  -. 81 
2  9 1.55 1.57 -. 82 
3 8  1.75 1.77 - . 02 
3 1  1  .7:3 1.75 -. 0 2  
:3 2  2.2 4  2.26 -. 82 
3 3 . 2 4  . 23  . 8 1  
:3 4  . 31  . 3 1  - . a8  
3 5 . 4 5  .45  .88  
3 6  . :34 . La .-* . 0 1  0 3 

3 7  1 .26  1 .21  -. 81 
3  8  1.55 1.56 -. 01 
3  9 1.55  1.56 -. 01  
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T H I S  I S  H THELE OF MHkilJHL HND COMPUTER REHD AESOHEHt4CE FOR NO2 
1  =HH0 16 
2=HM0 16 

PEHK No.  1  NU2 2 1.402 1  - .- '7 
1 4.99 5.02 -. 03 
2  3.04 :3.El6 -. 02 
3  .14 .14  .El@ 
4  .14 . 1  3 .-- . 0 1  
5  .14  . 13 .O1 
b 13 .13  .08 
7 - 1 4  . 1 :=: . A 1  
Q 6 2 1  . p !  ; l3B 
3 .35 .27 . 08 
16 . 2 1  . 21  -. 00 
! 1 - 2 1  8 21 .a0  
12 . 16 . 18 -. 02 
1  3  - 1 7  . 18 -. 01 
14 .17 . 18 -. 01 
15 - 1 5  . 18 -. 03 
16 - 1 6  . l 8  -. 0 2  
17 .19  . . 28  -. El1 
18 .38 . 2 9 -. 01 
19 . 136 . 38 -. 02 
2  0  .22  . 2 1  - 0 1  
2  1  .22  . 22  . O O  
2  2  - 2 1  . 2 1  . O O  
2  3  .27 .2C -. B i  
2 4 .13  . 20  .-. . 0  1  
2  5  .17 . 28  -. 83 
2 6  .39 . 3'9 . O O  
2 7 .47 .48  ,..  01 
2  8  .33 . 3  . 13 -. 8G1 
29 .29 .29  -. 80 
3  0  - 2 6  .27  -. 01 
R 1 .26 . 2 8  -. 02 
3 2  .28 .29  -. 01 
3  3  .20 .26  -. 00 
3 4  .29 .30  -. 01 
3 5  .32  . 32  -. 00 
36 : 60 . 6 1  -. 01 
3 7  .49 . 5 1  -. 02 
38 .44 . 46  -. 02 
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Underway Mapping 

Underway n u t r i e n t  mapping is  a method of c o l l e c t i n g  con t inuous  d a t a  as  
t h e  s h i p  steams a d e s i g n a t e d  t r a c k .  Two v a r i a t i o n s  have been used i n  ana lyz-  
i n g  t h e  sample s t ream t h a t  is pumped from a through-hul l  i n t a k e  a t  2-3 in depth  
t o  t h e  s h i p s '  l a b o r a t o r y .  One method u s e s  a con t inuous  sample wi th  no washes 
t o  produce an absorbance ana log  t h a t  can e a s i l y  be d i g i t i z e d  wi th  any scanning 
d a t a  l o g g e r  ( K e l l y ,  Whit ledge and Dugdale,  1974 and 1975) .  An a l t e r n a t e  
method pumps t h e  sample s t ream i n t o  t h e  wash cup of t h e  sampler and de ion ized  
w a t e r  i s  p laced  i n  t h e  sample cups  (Wiesenburg,  S e t s e r  and Bottom, 1978).  
T h i s  approach produces peaks t o  be read but is not as  a d a p t a b l e  t o  d a t a  log- 
g i n g  and smal l  s c a l e  v a r i a b i l i t y  i n  t h e  d a t a  may be more d i f f i c u l t  t o  observe.  

The con t inuous  sample method has been employed i n  most underway n u t r i e n t .  
mapping s t u d i e s  and is  comparable t o  t e c h n i q u e s  normal ly  used f o r  mapping s u r -  
face warer rempera tu re ,  s a l i n i t y  and c h l o r o p h y l l  i l u o r e s c e n c e  . A g e n e r a l  f low 
d iagram f o r  t h e  system i s  p r e s e n t e d  i n  F i g u r e  3-1. S u r f a c e  water  is sampled 
c o n t i n u o u s l y  a t  a th rough-hu l l  f i t t i n g  and mixing t ank  assembly. In s i tu  
s e n s o r s  can be i n s t a l l e d  i n  t h e  mixing tank.  Water is  then pumped from the 
mixing t ank  t o  t h e  wet l a b o r a t o r y  s e n s o r  a r r a y s  and d i s c r e t e  samples may be 
c o l l e c t e d  f o r  c a l i b r a t i o n  puposes.  The mixing t ank  is shown i n  F i g u r e  3-2. 

The th rough-hu l l  f i t t i n g  which f e e d s  t h e  mixing tank is  u s u a l l y  l o c a t e d  
a t  a dep th  of approx imate ly  3 m.  When a s h i p  is  underway, s u r f a c e  water  is 
e n t r a i n e d  i n  a s l i p s t r e a m  at  t h e  bow and f lows a long t h e  h u l l .  The s u r f a c e  
w a t e r  may f low s l i g h t l y  downward, e s p e c i a l l y  i n  c o n d i t i o n s  of a p p r e c i a b l e  
r o l l .  Thus, w a t e r  sampled a t  t h e  i n l e t  can o r i g i n a t e  from anywhere i n  t h e  
upper  3 m of watcr .  

A t  t h e  o u t l e t  from t h e  mixing t a n k ,  wa te r  i s  pumped th rough  PVC p i p i n g  t o  
t h e  s h i p ' s  wet l a b o r a t o r i e s .  Flow r a t e s  a r e  on t h e  o r d e r  of 60 l /min .  The  
t o t a l  f e s i d e n c e  t ime of w a t e r  i n  t h e  system has  been e s t i m a t e d  by i n j e c t i n g  
rhodamine-B a t  t h e  i n l e t  and t iming  t h e  f l u o r o m e t e r  response d e l a y  i n  the  lab-  
o r a t o r y .  Residence t ime is  e s t i m a t e d  a s  15 sec .  Water from t h i s  p i p i n g  sys-  
t e m  is  a v a i l a b l e  f o r  chemical ,  f luoror l l e t r i c  and b i o l o g i c a l  sampling i n  t h e  
s h i p ' s  l a b o r a t o r i e s .  

Wet L a b o r a t o r v  Svstem 

Water can be t a k e n  from t h e  p i p i n g  system by two methods. The f i r s t ,  and 
somewhat l e s s  s u c c e s s f u l  t e c h n i q u e ,  u t i l i z e s  a s t a n d p i p e  of p l a s t i c  tub ing  a t -  
t ached  t o  the  l a b o r a t o r y  o u t l e t .  The standpfpe.  is intended t o  prevent  a i r  
b u b b l e s  from p a s s i n g  th rough  t h e  AutoAnaLyzer o r  f luoromete r  a r r a y ,  but i t  
performs u n s a t i s f a c t o r i l y  due t o  c o n s i d e r a b l e  mixing d u r i n g  t h e  long chamber 
r e s i d e n c e  t ime of t h e  wa te r .  Exposure of t h e  wa te r  t o  l a b o r a t o r y  l i g h t i n g  a l -  
s o  a f f e c t s  f l u o r e s c e n c e  d e t e r m i n a t i o n s .  The second techn ique  employs a l a r g e  
l a t e x  t u b i n g  t e r m i n a t i o n  on t h e  o u t l e t ,  which is connected d i r e c t l y  t o  the  
cont inuous-f low f l u o r o m e t e r .  Water emerging from t h e  f l u o r o m e t e r  is d r a i n e d  
d i r e c t l y  t o  t h e  s i n k .  A smal l  l a t e x  tube f o r  the  AutoAnalyzer sample is 
a t t a c h e d  t o  a s m a l l  "'r" connec tor  i a  t\le f luoromete r  i n l e t  tube .  The f low 
t h r o u g h  t h e  f l u o r o m e t e r  is kep t  a s  r a p i d  a s  can be accommodated by d r a i n  
f a c i l i t i e s  ( 4 0  l / m i n )  t o  minimize r e s i d e n c e  t ime i n  t h e  p ip ing  system. The 
s m a l l  l a t e x  tube f e e d i n g  t h e  AutoAnalyzer is connected to  a CRC model 93501305 
c o n t i n u o u s  d i a l y s i s  b lock which con ta ined  a M i l l i p o r e  t y p e  HA 142 f i l t e r .  The 
s t r e a m  of wa te r  (-200 ml/min) f l o w s  a c r o s s  t h e  t o p  of t h e  f i l t e r  membrane 
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whi l e  t h e  AutoAnalyzer pumps a continuous sample s t ream through the f i l t e r  
membrane from a s i n g l e  n ipp l e  on the  bottom of t h e  d i a l y s i s  block. A s t ream 
d i v i d e r  is used t o  s p l i t  t h e  sample s t ream t o  the  var ious  n u t r i e n t  a n a l y s i s  
mani fo lds .  To prevent  a i r  contamination of the  copper-cadmium column i n  t he  
n i t r a t e  a n a l y s i s ,  a debubbler is  used t o  ca t ch  gas bubbles which form a s  the 
sample s t ream warms. A p lug  of g l a s s  wool i n  t he  n i t r a t e  sample s t ream 
h e l p s  speed t h e  degassing process .  F i l t r a t i o n  measurably improved the  q u a l i t y  
of d a t a  i n  t h e  phosphate and ammonium channels ,  but no change is not iced with 
f i l t e r e d  water i n  t h e  n i t r a t e  and s i l i c a t e  ana lyses .  Sample readings logged 
by a computer a r e  normally c o l l e c t e d  a t  one minute i n t e r v a l s .  

The cont inuous ope ra t i on  of an AutoAnalyzer a r r a y  over long per iods re- 
q u i r e s  s p e c i a l  cons ide ra t i ons  regard ing  ope ra t i ng  procedures and monitoring 
pe r sonne l .  For i n s t a n c e ,  t he  time should be marked on the  analog s t r i p  c h a r t s  
eve ry  15  minutes t o  a i d  i n  l a t e r  d a t a  c o r r e c t i o n s .  Depending somewhat on the  
s t a b i l i t y  of the  AutoAnalyzer system a t  t he  t i m e ,  a  blank should be determined 
e v e r y  2 t o  4 hours t o  e s t a b l i s h  b a s e l i n e  d r i f t .  Base l ine  d r i f t  may be l a r g e  
on long cont inuous runs because of reagent  and i-nstrument changes. A 
r e f r i g e r a t o r  has  been used with some success  t o  preserve  reagents  i n  our lah- 
o r a t o r y  when nlns  cover s e v e r a l  days or  weeks. The timing nf hlank v a l i i ~ q  
should be coord ina ted  with t he  ope ra t i on  of t he  s h i p  so  t h a t  the da ta  of l e a s t  
importance t o  t h e  survey a r e a  is missed during t h e  1-0-15 minute per iod re- 
q u i r e d  f o r  the  blank de te rmina t ion .  Mixed n u t r i e n t  s tandards  a r e  run e i t h e r  
b e f o r e  o r  a f t e r  the  survey commences. I f  the  survey i s  longer  than 8-12 
hour s ,  n u t r i e n t  s tandards  should be run both before  and a f t e r  the  survey. The 
b a s e l i n e  d r i f t  i s  assumed t o  be l i n e a r ,  un l e s s  c l u e s  t o  the  con t r a ry  become 
appa ren t  on t h e  analog output .  

The sequence of even t s  which makes up the  underway d a t a  processing system 
is  shown i n  F igure  3-3. Raw da t a  from t h e  underway scans a r e  s to red  a s  a 
m u l t i v a r i a t e  tfme s e r i e s .  The record is a two-dimensional a r r a y  i n  which rows 
r e p r  e s e n t  s e q u e n t i a l  scans and columns represen t  d i f f e r e n t  va r i ab l e s .  Raw 
d a t a  records  can be p r i n t e d  and ed i t ed .  E d i t i n g  is  e s p e c i a l l y  important fo r  
t h e  AutoAnalyzer channels  which a r e  sub jec t  t o  sp ikes  and o the r  spurious ef- 
f e c e s ,  aad is  normally done both on the  raw vo l t ages  from these  channels and 
on t h e  n u t r i e n t  concen t r a t i ons  c a l c u l a t e d  from them. A l l  n the r  raw da t a  are 
conver ted  t o  c o r r e c t  u n i t s  before  they a r e  en te red  i n t o  the  f i l e .  AutoAna- 
l y z e r  channels  must be co r r ec t ed  f o r  ba se l ine  d r i f t  and thus the  conversion of 
t h e s e  d a t a  1s delayed u n t i l  the  system encounters  a blank de te rmina t ion  from 
which i t  can update t he  record .  Blanks a r e  f lagged i n  the d i g i t a l  record by 
t h e  AutoAnalyzer personnel .  The raw da ta  f i l e  i s  a c c ~ s s e d  by the time index 
a s  t h e  primary index but i n f t i a l l y  t he  t ime index i n d i c a t e s  t he  time a t  which 
che data were acqui red  r a t h e r  than the  t i m e  the  s h i p  encountered the water 
p a r c e l .  Some v a r i a b l e s  such a s  temperature ,  s a l i n i t y ,  and the meteorological  
v a r i a b l e s  a r e  acqui red  i n  real- t ime;  but delays due t o  res idence time i n  t he  
pumping system and t h e  AutoAnalyzer ana lyses  callsP t h e  inpi l ts  from t h e  
AutoAnalyzer channels  and the  f luorometer ,  and from any o the r  instruments  In 
t h e  s h t p  l a b o r a t o r i e s ,  t o  be acquired a t  a l ag  of s e v e r a l  minutes from r e a l -  
t i m e .  This  asynchrony must be co r r ec t ed  by silif t i n g  c e r t a i n  columns In the  
a r r a y  a number of rows equiva len t  t o  t he  de l ay  i n  t he  a c q u i s i t i o n  f o r  the  
v a r i a b l e .  
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The m u l t i v a r i a t e  t ime s e r i e s  a l s o  can be un ique ly  mapped i n t o  t h e  x,  y, z  
space  from which t h e  samples a r e  t aken .  For t h e  s u r f a c e  sampling system 
d e p t h ,  z i s  assumed c o n s t a n t  and equa l  t o  3  m e t e r s ,  and x  and y  are t h e  geo- 
g r a p h i c  coordinates of t h e  s h i p  p o s i t i o n .  I n  t h e  sys tem d e s c r i b e d  h e r e ,  geo- 
g r a p h i c  p o s i t i o n s  a r e  u s u a l l y  determined by e n t e r i n g  f i x e s  and t h e i r  t i m e s  and 
by i n t e r p o l a t i n g  l i n e a r l y  between them. The s h i p  movement i s  assumed t o  be a  
s t r a i g h t  l i n e  between f i x e d  p o s i t i o n s  a t  a  c o n s t a n t  speed.  

Once t h e  f i l e  has  been e d i t e d ,  t h e  t i m e  s h i f t  e f f e c t e d ,  and n a v i g a t i o n a l  
i n f o r m a t i o n  i n c l u d e d ,  t h e  d a t a  can be p resen ted  i n  a  number of ways. F i r s t ,  
t h e  c o n t e n t s  of t h e  f i l e  can be p r i n t e d .  The d a t a  i n  any s i n g l e  column can be 
p l o t t e d  a s  a  t i m e  s e r i e s .  Our method of p r e s e n t a t i o n ,  which has  proven q u i t e  
u s e f u l ,  has  been t o  p l o t  t h e  d a t a  i n  a p p r o p r i a t e  h o r i z o n t a l  p o s i t i o n s  and con- 
t o u r  them t o  produce a  map of t h e  geographic  d i s t r i b u t i o n s  of t h e  measured 
v a r i a b l e s .  These s u r f a c e  maps r e p r e s e n t  an approximat ion of t h e  two-dimen- 
s i o n a l  f i e l d s  of t h e  v a r i a b l e s .  When t h e  d a t a  a c q u i s i t i o n  sys tem i s  employed 
i n  t h i s  mapplng a c t i v i t y  t h e  s h i p  is deployed a long  a  zig-zag course  t o  cover  
t h e  a r e a  of i n t e r e s t  a s  un i fo rmly  a s  p o s s i b l e  w i t h  a  minimum of course  
changes .  The s h i p  t y p i c a l l y  steams t h i s  p a t t e r n  over  a s t a n d a r d  g r i d  ( F i g u r e  
3-4) approx imate ly  20 x  50 n a u t i c a l  mi les  i n  s i z e  and w i t h  a g r i d  p o i n t  spac- 
i n g  of 5 n a u t l c a l  m i l e s .  With t h e  s h i p  underway a t  1 2  k n o t s ,  scann ing  d a t a  
c h a n n e l s  once per  minute y i e l d s  a d a t a  p o i n t  s p a c i n g  of 370 m i n  t h e  hor izon-  
t a l .  Th i s  p a r t i c u l a r e  sampling p a t t e r n  is  somewhat a r b i t r a r y ,  but  i t  ' .as 
evolved over  a  pe r iod  of y e a r s .  The c o n t o u r i n g  program u s e s  a  p l a n a r  l e a s t  
s q u a r e s  i n t e r p o l a t i o n  from t h e  randomly l o c a t e d  d a t a  p o i n t s  t o  a  square  g r i d  
and c o n t o u r s  t h e  g r i d  p o i n t s .  S e v e r a l  c o n t o u r i n g  methods have been i n v e s t i -  
g a t e d ,  bu t  t h e  g r i d  i n t e r p o l a t i o n  scheme has  been chosen because t h e  g o a l  of 
t h e  c o n t o u r i n g  procedure  was t o  d e f i n e  t h e  t o t a l  x,  y  f i e l d  of t h e  v a r i a b l e s .  
Most schemes overemphasize t h e  importance of i n d i v i d u a l  d a t a  p o i n t s  and honor 
them e x a c t l y  a t  c o n s i d e r a b l e  c o s t  t o  t h e  q u a l i t y  of i n t e r p o l a t i o n  t o  a r e a s  
betwen d a t a  p o i n t s .  For some a p p l i c a t i o n s  of a u t o m a t i c  c o n t o u r i n g  t e c h n i q u e s ,  
such  a s  topograph ic  mapping, d a t a  p o i n t s  a r e  o f t e n  s e l e c t e d  on t h e  b a s i s  of 
t h e i r  d i a g n o s t i c i t y  but i n  t h e  a p p l i c a t i o n  d e s c r i b e d  h e r e  t h e  l o c a t i o n s  of 
p a r t i c u l a r  d a t a  p o i n t s  a r e  t o t a l l y  f o r t u i t o u s  and t h e  i n c l u s i o n  of a  p a r t i c u -  
lar  d a t a  p o i n t  i n  t h e  f i l e  i m p l i e s  n o t h i n g  about i t s  r e l a t i v e  importance f o r  
f i e l d  d e f i n i t i o n .  A d d i t i o n a l  d i s c u s s i o n  concern ing  underway n u t r i e n t  mapping 
a r e  g i v e n  by Cruzado, 1971; Cruzado and K e l l e y ,  1973; Cruzado, 1974; and - i n  
s i t u  mapping by Bernhard and P i r o ,  1971. 
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4 .  COOKBOOK OF CURRENT NUTRIENT METHODS 

This  s e c t i o n  g i v e s  a d e t a i l e d  account  of t h e  r e a g e n t s ,  mani fo ld  conf igu-  
r a t i o n  and o p e r a t i n g  i n s t r u c t i o n s  f o r  t h e  AutoAnalyzer I1 system t h a t  is  cur -  
r e n t l y  being used f o r  t h e  a n a l y s i s  of o r thophospha te ,  d i s s o l v e d  s i l i c o n  ( s i l i -  
c a t e ) ,  n i t r a t e  p l u s  n i t r i t e , . n i t r i t e ,  ammonium and u r e a  n u t r i e n t s .  A n a l y t i c a l  
methods change wi th  t i m e  a s  more i s  l e a r n e d  about t h e  optimum c o n d i t i o n s  
needed f o r  t h e  chemical. r e a c t i o n s  t o  occur .  A s  a r e s u l t  t h i s  s e c t i o n  w i l l  
need t o  be updated c o n t i n u a l l y  and t h e  d e s c r i p t i o n  p r e s e n t e d  here  should be 
c o n s i d e r e d  o n l y  our  b e s t  e f f o r t  a t  t h e  t ime t h e  m a t e r i a l  was w r i t t e n .  

A l a r g e  number of r e f e r e n c e s  a r e  appended (Appendix A) t o  p rov ide  a con- 
v e n i e n t  s o u r c e  of t h e  p a s t  i n f o r m a t i o n  a v a i l a b l e  on manual and automated 
oceanographic  n u t r i e n t  a n a l y s e s .  Some of t h e  most a p p l i c a b l e  c l i n i c a l  and 
a n a l y t i c a l  chemis t ry  s o u r c e s  a r e  inc luded  f o r  completeness .  

The .chemicals  and manifold  components a r e  d e t a i l e d  f o r  each a n a l y s i s  i n  
Appendix B. Technicon p a r t  numbers a r e  l i s t e d  f o r  each manifold  component and 
t h e  manufac tu re r s  of chemicals  a r e  d e s c r i b e d .  I n  some i n s t a n c e s  t h e  p u r i t y  of 
a few chemicals  depends g r e a t l y  on t h e i r  source .  



Orthophospha te  

Phosphate  i s  determined a s  phosphomolybdic a c i d  which i n  i t s  reduced form 
i n  t h e  p r e s e n c e  of antimony has  an a b s o r p t i o n  maximum a t  880 nm. 'Jhe method 
r e p o r t e d  h e r e  i s  b a s i c a l l y  an automated v e r s i o n  of t h e  Murphy and R i l e y  (1962) 
p rocedure .  The phosphate manifold i s  i l l u s t r a t e d  i n  F i g u r e  4-1. 
Reagen ts  : 

Molybdate s o l u t i o n .  D i s s o l v e  17.0  g of ammonium molybdate i n  1 l i t e r  of 
DDW c o n t a i n e d  i n  a 2 l i t e r  v o l u m e t r i c  f l a s k .  Add 200 m l  conc. s u l f u r i c  a c i d  
s l o w l y  and a l l o w  t h e  s o l u t i o n  t o  coo l  under runn ing  t a p  wat,er. Next add 0.37 
g of potass ium antimony1 t a r t r a t e  (KAT) which has  been p r e v i o u s l y  d i s s o l v e d  i n  
20 m l  o f  DDW. D i l u t e  t o  t h e  mark w i t h  DDW, t r a n s f e r  t o  a na lgene  b o t t l e ,  and 
2 m l  of a 15% w/w s o l u t i o n  of sodium l a u r y l  s u l f a t e  (SLS). 

A s c o r b i c  Acid S o l u t i o n .  Stock s o l u t i o n .  Disso lved  6 g of a s c o r b i c  a c i d  
i n  200 m l  of a c e t o n e  and 200 m l  DDW. S t o r e  t h i s  s t o c k  s o l u t i o n  i n  t h e  
r e f r i g e r a t o r .  To make t h e  running s o l u t i o n ,  add 20 m l  s t o c k  a s c o r b i c  a c i d  t a  
100 m l  DDW. P r e p a r e  a f r e s h  d i l u t i o n  d a i l y  i f  t h e  a u t o a n a l y z e r  i s  not  run 
c o n t i n ~ ~ o l ~ s l  y. 

D i l u t i o n  Water. P i p e t  0.5 m l  SLE i n  1000 m l  DDW. Frcparc d a i l y .  

ORTHOPHOSPHATE - 
(RANGE: 0 -+ I O ) ~ g - a t  PO4'-P/ P ) 

5 Turns n BLK/BLK ( 0 . 3 2 )  AIR 

0 
w 
,-, RED/ RED (8 .88  DIL.WATER 

116-04119-Olw t(LK, ,,LK (U,Se SnMrLt 
V 

ORN/GRN ( 0 . 1 0 )  ACID 
ASCORBIC 

Waste n ORN/ WHT (0.23 MOLYBDATE 
w 

Waste < RED/ RED FROM F/C 

.To F/C 
Pump Tube 

COLORIMETER 
880 nm 

5 0  mm x 1.5mm 1.0. 

F l g u r e  4-1. Orchophasphare Manifold for Autohal j izer  11 



O r t h o s i l i c i c  Acid 

O r t h o s i l i c i c  a c i d  is determined by i t s  r e a c t i o n  w i t h  molybdate i n  aqueous 
a c i d i c  s o l u t i o n  t o  form s i l i c o m o l y b d i c  a c i d .  I n  t h i s  p rocedure ,  which i s  
b a s i c a l l y  t h a t  of Armstrong, S t e a r n s  and S t r i c k l a n d  (1967) ,  s t annous  c h l o r i d e  
i s  used t o  reduce s i l i c o m o l y b d i c  a c i d  t o  t h e  h e t e r o p o l y  a c i d  which has  an ab- 
s o r p t i o n  maximum a t  820 nm. The s i l i c a t e  f low diagram i s  shown i n  F i g u r e  4-2. 
Reagents  : 

Molybdate.  D i s s o l v e  10 g ammonium molybdate i n  800 m l  DDW and 2 . 8  m l  
conc H2S04 con ta ined  i n  a 1 l i t e r  v o l u m e t r i c  f l a s k  - d i l u t e  t o  the. mark w i t h  
DDW - t r a n s f e r  t o  a 1 l i t e r  po ly  b o t t l e  and add 1 m l  SLS. DO NOT REFRIGERATE. 

T a r t a r i c  Acid. Dissol 've 100 g of t a r t a r i c  a c i d  i n  950 m DDW c o n t a i n e d  
i n  a 1 l i t e r  nalgene b o t t l e  and d i l u t e  t o  t h e  mark. Add a few drops  of 
Chloroform and s t o r e  i n  t h e  r e f  r i g e r a t o r .  - 

Stannous  C h l o r i d e .  
a )  Stock s o l u t i o n .  D i s s o l v e  40.0 g of s t annous  c h l o r i d e  i n  50 m l  

conc.  HC1,  add 50 m l  DDW and s t o r e  i n  a small narrow-mouthed pyrex 
r e a g e n t  b o t t l e .  S e a l  w i t h  a rubber  s t o p p e r  and s t o r e  i n  t h e  
r e f r i g e r a t o r .  

b )  Running s o l u t i o n .  Add 0 .5  m l  s t o c k  s o l u t i o n  t o  100 ml of  DDW con- '  
t a i n e d  i n  a s m a l l  po ly  b o t t l e .  P r e p a r e  f r e s h  d a i l y .  

ORTHOSlLlClC ACID 

(RANGE: 0+5Opg - at Si (OH)4-Si / I  

10 TURNS 10 TURNS 2 0  TURNS 
QQ 00 

TARTARIC 
ORN /YEL (0.16) AC l D 

S f  ANNOUS 

WASTE 4 
RED/RED ( 0 . 8 0 )  FROM F/C 

TO F/C 
PUMP TUBE 

COLORIMETER 
8 2 0  nm 

15mm F/C x 1.5mm I.D. 

Figure 4-2. Orthosilicic Acid (Silicate) Manif old 
for AutoAnalyzer I1 



N i t r a t e  + N i t r i t e ,  Ni t r i te  

N i t r i t e  i s  determined by the  G r e i s s  r e a c t i o n  i n  which su l fan i lamide  and 
N-(1-Naphthy1)ethylenediamine dihydrochlor ide  (NNED) r e a c t s  with n i t r i t e  i n  
aqueous a c i d i c  s o l u t i o n  t o  form an i n t e n s e l y  pink d iazo  dye with an absorp t ion  
maximum a t  540 nm (Bendschneider and Robinson, 1952).  N i t r a t e ,  a f t e r  it i s  
reduced t o  n i t r i t e  by passage through a  column conta in ing  copperized cadmium 
f i l i n g s  (Wood, Armstrong and Richards,  1967),  i s  determined i n  an i d e n t i c a l  
manner. Thus the  sum of n i t r a t e  p lus  n i t r i t e  i s  determined i n  t he  n i t r a t e  
procedure (F igu re s  4-3 and 4-4). Note t h a t  t he  cadmium column i s  q u i t e  smal l  
s o  t h a t  r e t e n t i o n  time and d i s p e r s i v e  e f f e c t s  a r e  minimized and no l o s s  of 
e f f i c i e n c y  is  observed. 

Rcagcnt s : 

Ammonium Chlor ide .  Dissolve 10  g  of ammonium c h l o r i d e  i n  2 l i t e r  of DDW. 
Su l fan i lamide .  Dissolve 10 g  su l fan i lamide  i n  a  s o l u t i o n  of 600 n l  DDW 

and 100 m l  conc. HC1 contained i n  a  1 l i t e r  volumetr ic  f l a s k ,  Di lu t e  t o  t h e  
mark wi th  DDW, t r a n s f e r  t o  a  1 l i t e r  nalgene b o t t l e ,  add 0.5 m l  Brij-35 
w e t t i n g  agent  and s t o r e  i n  t he  r e f r i g e r a t o r .  

N i t r i t e  D i l u t i o n  Water. Add 0.5 m l  Bri j -35 t o  1 l i t e r  of DDW. 
N-(1-Naphthy1)ethylencdiamine dihydrochlor ide  (NNED). Dissolve 1.0 g  

NNED i n  800 m l  DDW conta ined  i n  a  1 l i t e r  volumetr ic  f l a s k .  D i lu t e  t o  t he  
mark w i t h  DDW, t r a n s f e r  t o  a  1 l i t e r  nalgene b o t t l e ,  add 0.5 m l  R r i  j-35 
w e t t i n g  agent and s t o r e  i n  t he  r e f r i g e r a t o r .  
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P r e p a r a t i o n  of N i t r a t e  Reduction Column: 
Copperized cadmium f i l i n g s .  

F i l i n g s  a r e  most e a s i l y  prepared by h o l d ~ n g  a  coarse  f i l e  a t  a  45O 
ang le  t o  a  cadmium rod which i s  turned a t  slow speed on a  l a t h e .  
Seive t h e  f i l i n g s  and r e t a i n  t h e  30-60 mesh f r a c t i o n .  
Remove any f e r r o u s  metal from the  seived f i l i n g s  with a  magnet. 
Next wash t h e  f i l i n g s  with s e v e r a l  po r t i ons  of carbon t e t r a c h l o r i d e  
and d ry  on f i l t e r  papers.  
P lace  t h e  d ry  f i l i n g s  i n  a smal l  g l a s s  beaker and cover with 75 m l  
DDW . 
Add conc. n i t r i c  ac id  drop-wise while  s t i r r i n g  u n t i l  redbrown n i t r o -  
gen d ioxide  is  evolved copiously.  This  p i t s  the  su r f ace  of the  f i l -  
ings  g rea t1  y i ncreas ing  t h e i r  cur f  acc area'. 
Af t e r  about a  minute, decant  t he  l i qu id .  and r i n s e  thoroughly (9-10 
t imes)  w i th  DDW. 
Rinse thoroughly with 10% v/v  HC1.  
Again r i n s e  thoroughly w i th  DDW. 
Mcxt t reat  the p ~ e p ~ t t d  f l f ixigs wlrh 23 m l  po r t i ons  of 2% w/v copper 
s u l f a t e  s o l u t i o n .  When the  blue co lo r  fades  from the  s o l u t i o n ,  de- 
c a n t .  i t  and add a f r e s h  por t ion .  Continue t h i s  procedure u n t i l  the  
blue c o l o r  does not fade  ( u s u a l l y  8-10 t imes) .  The f i l i n g s  will. ap- 
pear  charcoa l  g ray  and the superna tan t  l i q u i d  w i l l  be t u rb id  a t  t h i s  
s tage .  Rinse 8-10 ti.mes w i th  DDW. 
Rinse the  f i l i n g s  i n  a  1% w/v ammonium ch lo r ide  sol,uti.on u n t i l  they 
appear  b r i g h t  s i l ve r -g ray  and t h e  supernant l i q u i d  is  c l e a r .  The 
f i l i n g s  a r e  now ready t o  be packed i n  the  column. 
Excess copperized cadm1.1lm f i l i n g s  should ba otorcd under seawater 
con ta in ing  ammonium ch lo r ide  i n  a  t i g h t l y  sea led  g laaa  jar where 
they a r e  s t a b l e  f o r  a t  l e a s t  1 year .  

Packing t h e  column (F igu re  4-5B) 

a) W l L h  Lhc e o l u t ~ ~  ('G5 uuu A 4 l u a  OD pyrex .rube w i t h  a  c o n s t r i c t i o n  a t  
one end) i n  p lace  on the  manifold,  a t t a c h  a small g 1 a . s ~  funnel  t o  
t he  t o p  of t h e  column by means of a  tygon s l eeve .  

b )  With t h e  system pumping, open the  4-way va lve  t o  a l low ammonium 
c h l o r i d e  t o  f i l l  t h e  column and p a r t i a l l y  f i l l  the  funne l .  

c )  Using a  r i g i d  wire  push a  small  plug .of g l a s s  wool t o  the  bottom --of 
t h e  column. 

d )  Next add the copperized cadmium f i l i n g s ,  a  s p a t u l a  t i p  f u l l  a t  a  
time. Tap t h e  s i d e  of t he  column g e n t l y  with the  s p a t u l a  t o  ensure 
proper  packing. Continue t h i s  process  u n t i l  the  f i l i n g s  almost f i l l  
the  column. 

e )  I n s e r t  a  small  plug of g l a s s  wool, remove the funne l ,  and i n s e r t  an 
N-6 n i p p l e  (F igure  4-5A). 

f )  Connect the  top  of the column t o  the  4-way va lve  with a short ,  l ength  
of t e f l o n  tub ing  (0.5 mm I D ) .  

Note: I f  a  l a r g e  volume of a i r  passes  through t h e  column i t  w i l l  have t o  be 
repacked. The f i l i n g s ,  however, a r e  unharmed, s o  simply empty them i n t o  a  
s m a l l  beaker  con ta in ing  ammonium c h l o r i d e  s o l u t i o n  and use  them t o  repack t h e  
column. Add a d d i t i o n a l  f i l i n g s  i f  necessary .  
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Ammonium 

Ammonium i s  determined by the  Ber the lo t  r e a c t i o n  i n  which hypochlorous 
a c i d  and phenol r e a c t  with ammonium i n  aqueous a l k a l i n e  s o l u t i o n  to  form 
indophenol  b lue ,  an i n t e n s e l y  blue chromophore with an absorp t ion  maximum a t  
637 nm. The method presented below is a modi f ica t ion  of a  procedure reported 
by Slawyk and MacIsaac (1972). Addi t iona l  information on the  k i n e t i c s  of the 
r e a c t i o n  may be found i n  a  paper by Pa t ton  and Crouch (1977). F igure  4-6 
shows t h e  flow diagram f o r  t h i s  method. 
Reagents:  

Reagent A.  
Stock Solu t ion .  Dissolve 35.0 g of phenol and 0.40 g of sodium 

n i t r o p r u s s i d e  d ihyd ra t e  i n  -800 m l  of deioniqed d i s t i l l e d  water (DDW) 
conta ined  i n  a  1 l i t e r  volumetr ic  f l a s k .  D i lu t e  t o  t he  mark wi th  DDW, 
t r a n s f e r  t o  a  1 l i t e r  nalgene b o t t l e  and s t o r e  i n  t he  r e f r i g e r a t o r .  

Reagent B. Disso lve  5.0 g sodium hydroxide i n  800 m l  DDW contained i n  a  
1 l i t e r  volumetr ic  f l a s k .  Add 50 m l  Chlorox and d i l u t e  t o  the mark with DDW. 
S t o r e  i n  a  1 l i t e r  nalgene b o t t l e  i n  t h e  r e f r i g e r a t o r .  

~ i l u t i o n / C o m p l e x .  Dissolve 140.0 g sodium c i t r a t e  and 5.0 g sodium hy- 
droxide  i n  1 l i t e r  DDW and r e f r i g e r a t e .  

AMMONIUM SCRUBBER 
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F i g u r e  4-6. Ammonium Manifold f o r  AutoAnalyzer  I1 



Urea 

The urea a n a l y s i s  is based on the  method of DeManche, Cur l ,  and 
Coughenower (1973). The pink r e a c t i o n  product is  measured a t  520 nm a f t e r  
hea t ing  a t  95 '~.  
Reagents : - 

Sodium c h l o r i d e  s o l u t i o n .  Disso lve  175 'g of NaCl i n  500 m l  DDW: Add 1 
m l  B r i  j-35. 

Acid phosphate s o l u t i o n .  - 
a )  Stock s o l u t i o n .  Dissolve 42.50 g of sodium phosphate,  mono b a s i c  

(NaH2PO4*H20) i n  500 m l  conc. H2.SO4. 
b )  Working so lu t ion .  Add 147 m l  of s tock  ac id  phosphate t o  about 100 m l  

DDW i n  a 250 ml volumetr ic  f l a s k .  Cool under running t a p  water and make up t o  
t h e  mark with DDW. 

Semicarbizide HC1 s t ock .  Dissolve 1 .2  g semicarb iz ide  HC1 i n  100 m l  
DDW. R e f r i g e r a t e  t he  so lu t ion .  

~ a n g a n o u s  c h l o r i d e  and potassium n i t r a t e  s o l u t i o n .  Dissolve 15.7 g 
MnCL2*4H20 and 0.30 g KNO3 i n  100 m l  DDW. 

Color Reagent. Dissolve 1.65 g of diacetylmonoxime i n  65 m l  hot DDW 
(-80°C) and then cool  t o  room temperature .  Add 1.65 m l  of semicarb iz ide  s tock  
and 33.3 m l  of MNC12 + KNO3 s tock  s o l u t i o n .  Prepare a f r e s h  s o l u t i o n  d a i l y .  

UREA 
( RANGE: O+lOpg - a t  UREA - N/I1 

I ORN/ORN (0.42)  SAMPLE 
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COLOR1 M E T E R  
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Figure 4-7. Urea Manifold for AutoAnalyzer I1 



Chemicals - S t o r a g e  and Handling 

a .  C r y s t a l l i n e  s t a n n o u s  c h l o r i d e ,  a s c o r b i c  a c i d ,  and phenol may 
d e t e r i o r a t e  r a p i d l y  a t  room t e m p e r a t u r e ,  so  t h e s e  hulk  r e a g e n t s  
shou ld  be r e f r i g e r a t e d .  We have ob ta ined  t h e  b e s t  r e s u l t s  w i t h  t h e  
chemica l s  s u g g e s t e d  i n  t h e  appendix.  

b .  Keep p repared  reagen t  s o l u t i o n s  r e f r i g e r a t e d  a t  a l l  t imes .  T r a n s f e r  
on ly  t h e  amounts of r e a g e n t s  expec ted  t o  be used i n  one day of 
o p e r a t i o n  t o  s m a l l  pyrex of p l a s t i c  b o t t l e s  f o r  use  a t  t h e  AutoAn- 
a l y z e r  bench. T a b l e  4-1 below can be used t o  e s t i m a t e  r e a g e n t  
consumption.  

c .  Wipe r e a g e n t  s t r a w s  d r y  w i t h  a  t i s s u e  before  p l a c i n g  them i n  r e a g e n t  
b o t t l e s .  S e a l  t h e  top  of t h e  reagen t  b o t t l e s  w i t h  p a r a f i l m  a f t e r  
t h e  r e a g e n t  straw is  i n  p l a c e .  Never r e l e a s e  t h e  p l a t t e n  u n t i l  r e -  
a g e n t  s t r a w s  a r e  removed from reagen t  b o t t l e s .  These measures pre- 
ven t  c r o s s  con tamina t ion  of r e a g e n t s .  

d.  Wet t ing a g e n t s  a r e  e s s e n t i a l  f o r  p roper  f low i n  t h e  A A I I  system.  
Bri j -35 seldom c a u s e s  problems. Sodium l a u r y l  s u l f a t e  (SLS) on t h e  
o t h e r  hand w i l l  p r e c i p i t a t e  i f  s t o r e d  a t  t o o  low a  t empera tu re .  
Simply p l a c e  t h e  b o t t l e  c o n t a i n i n g  SLS i n  warm w a t e r  t o  r e d i s s o l v e .  

Tab le  4-1 
Approximate Reagent consumption 

Pump Tube Consumption (ml) 
Color-code Flow-rate (mllmin) p e r  8 h r s .  p e r  24 h r s .  

ORN/GRN 
ORN-YEL 
ORNIWHT 
B L K ~ B L K  
ORN/ORN 
WHT-WHT 
REDIRED 
GRN/GRN 

Glassware  
. . 

a .  Use o n l y  "Type A" p i p e t t e s  and v o l u m e t r i c  f l a s k s .  We use  cont inu-  
o u s l y  a d j u s t a b l e  m i c r o l i t e r  p i p e t t e s  w i t h  d i s p o s a b l e  p l a s t i c  t i p s  
i n s t e a d  of g l a s s  p i p e t t e s  f o r  mixed s t a n d a r d  p r e p a r a t i o n .  

b. Clean g lassware  p e r i o d i c a l l y  w i t h  a  mild  d e t e r g e n t  s o l u t i o n .  Always 
ridse g lassware  w i t h  d i l .  H C l  and UUW j u s t  p r i o r  t o  use .  

Plumbing 

a .  When t h e  f low s t ream i s  unsegmented, use  s m a l l  TU nonwet tab le  tub ing  
such a s  t e f l o n  o r  p o l y e t h y l e n e .  Keep t h e  l i n e s  a s  s h o r t  a s  p o s s i b l e  
and use low dead-volume connecrors  ( e . g . ,  s t r eam d i v i d e r s ) .  Use t h e  
same t y p e  of t u b i n g  t o  connect  r e a g e n t  s t r a w s  t o  pump tubes .  Re- 
agen t  pump t u b e s  a r e  connected t o  t h e  manifold  w i t h  e x t e n s i o n s  made 
from o l d  pump t u b e s  of matching I D .  



b. Air segmenta t ion  of t h e  f low s t ream and a d d i t i o n  of t h e  f i r s t  re- 
agen t  should  . be accomplished i n  an i n  j e c t o r  f i t t i n g  (Technicon 
116-0489-01). Subsequent reagen t  a d d i t i o n s  should be made e i t h e r  
through t h e  p la t inum s i d e  arms provided i n  some mixing c o i l s  o r  
through A-10 f i t t i n g s .  Once t h e  f low s t ream i s  segmented use  2 mm 
I D  x  3.6 mrn OD g l a s s  t u b i n g  f o r  t r a n s m i s s i o n  t o  mani fo lds  and 
calorimeters. 

Pump Tubes 

a .  Only f low-rated pump t u b e s  shou ld  he used.  
b. S i l i c o n  .rubber t u b i n g  should be used underneath  t h e  a i r  b a r .  
c .  New pump tubes  should be sprayed l i g h t l y  w i t h  a s i l i c o n e  l u b r i c a n t .  

This  w i l l  g r e a t l y  extend t h e i r  u s e f u l  l i f e  t ime.  Once a  week s p r a y  
t h e  p l a t t e n  w i t h  t h i s  same l u b r i c a n t .  Wipe o f f  t h e  excess  w i t h  a  
t i s s u e .  

d.  I n s t a l l  new pump tubes  a f t e r  300 h r s .  of o p e r a t i o n  o r  sooner  i f  
necessa ry .  
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5.  AUTOMATED ANALYZER AND DATA ANALYSIS SOFTWARE 

The t a s k s  of u s i n g  a  computer t o  c o l l e c t  s t o r e  and p rocess  AutoAnalyzer 
d a t a  r e q u i r e s  a  hardware i n t e r f a c e  from t h e  c o l o r i m e t e r s  and s o f t w a r e  packages 
t o  hand le  t h e  d a t a .  The i n t e r f a c e  hardware w i l l  need t o  be s e l e c t e d  f o r  
c o m p a t i b i l i t y  wi th  t h e  system s o f t w a r e  on t h e  p a r t i c u l a r  computer used.  I n  
o u r  c a s e  t h e  Hewlett-Packard 9845s has  an  i n t e r f a c e  ca rd  (HP98032A 16 b i t  par- 
a l l e l  I / O  c 'ard) which was connected t o  an  e i g h t  channe l  ana log  t o  d i g i t a l  con- 
v e r t e r  (ADC). A s i n g l e  d i g i t a l  t o  ana log  c o n v e r t e r  (DAC) i s  a l s o  u t i l i z e d  si- 
mul taneously  through t h e  i n t e r f a c e  c a r d  t o  c o n t r o l  t h e  sampler .  A s p e c i f i c  
d e s c r i p t i o n  of t h e  i n t e r f a c e  o p e r a t i o n  can be found i n  S e c t i o n  6 ,  Computer 
I n t e r f a c i n g  and Hardware M o d i f i c a t i o n s .  

The s o f t w a r e  w r i t t e n  i n  BASIC language  uses  n e a r l y  a l l  of t h e  t echn iques  
d e s c r i b e d  f o r  peak r e g e n e r a t i o n  by MacAulay e t  a l .  (1976) .  I n  g e n e r a l ,  peak 
r e g e n e r a t i o n  c a l c u l a t e s  t h e  mixing c h a r a c t e r i s t i c s  of an  AutoAnalyzer channel  
and e m p i r i c a l l y  d e r i v e s  c o e f f i c i e n t s  t o  c a l c u l a t e  what a  sample r e a d i n g  shou ld  
be i f  d i s p e r s i o n  d i d  not e x i s t  ( o r  a t  l e a s t  i d e a l l y  minimized) .  

The f o l l o w i n g  s h o r t  d e s c r i p t i o n  w i l l  a c q u a i n t  an  u n f a m i l a r  r e a d e r  w i t h  
t h e  purpose  and u t i l i t y  of t h e  s o f t w a r e  o p e r a t i n g  p rocedures .  

a .  STAND program. Th i s  program t a k e s  d a t a  read by t h e  computer wi th  
t h e  APILOT progrsln and c a l c u l a t e s  chemical  f a c t o r s  f o r  each of t h e  
a n a l y s i s  channe l s .  A f t e r  t h e  f a c t o r s  a r e  c a l c u l a t e d  t h e  absorbances  
and c o n c e n t r a t i o n s  of t h e  s t a n d a r d s  may be p l o t t e d .  The chemical  
f a c t o r s  must be manually e n t e r e d  i n  t h e  APILOT program. 

b. APILOT program. Th i s  program r e a d s  peaks w h i l e  samples a r e  be ing  
r u n  on t h e  AutoAnalyzer.  An i n i t i a l  i n p u t  of header  i n f o r m a t i o n ,  
the.  number of samples be ing  run  and a n  I .D. code f o r  each sample i s  
needed b e f o r e  t h e  run can beg in .  The program w i l l  c o n t r o l  the  
sample r ,  s e t  i n i t i a l  and f i n a l  b a s e l i n e s  and w i l l  l o g  t h e  peak 
h e i g h t s  us ing  a  s o f t w a r e  peak r e g e n e r a t i o n  r o u t i n e .  A d d i t i o n a l  fea-  
t u r e s  of t h i s  program a l l o w s  a  con t inuous  logg ing  of d a t a  p o i n t s  
which is  u s e d  i n  t h e  W I N D  program t o  c a l c u l a t e  f a c t o r s  f o r  peak 
r e g e n e r a t i o n .  A f t e r  a  sample run  is  completed t a b l e  l i s t s  of absor -  
b a n c e ~ ,  concent  r a t i o n s ,  t ime between samples and conf idence  i n t e r v a l  
of - a l l  samples ,  d a t a  e d i t  t o  c o r r e c t  e r r o r s ,  d a t a  save  on c a s s e t t e  
t a p e  and d a t a  f e t c h  from c a s s e t t e  t a p e  can be made. Regenerated 
peaks may a l s o  be observed on t h e  CRT whi le  t h e  d a t a  a r e  c o l l e c t e d .  

c .  MANDAT program. Th i s  program a l l o w s  manual d a t a  e n t r y  i n t o  a  f i l e  
s t r u c t u r e  i d e n t i c a l  t o  APILOT program. Th i s  program a l s o  f e a t u r e s  
t h e  t a b l e  l i s t s ,  d a t a  e d i t ,  d a t a  save  on c a s s e t t e  t ape  and d a t a  
f e t c h  from c a s s e t t e  t a p e .  

d .  BFIND program. T h i s  program r e a d s  a  con t inuous  d a t a  t a p e  of s t a n -  
d a r d s  logged w i t h  t h e  APILOT program and c a l c u l a t e s  "B" f a c t o r s  used 
i n  t h e  peak. r e g e n e r a t i o n  s u b r o u t i n g  i n  APILOT d u r i n g  samples ana l -  
y s e s .  The r o u t i n e  c o l l a p s e s  t h e  raw d a t a  and p l o t s  bo th  raw and r e -  
g e n e r a t e d  sarily.l.r. pcak.s. 

e. CLOCK program. Th i s  program s e t s  t h e  t ime on t h e  r e a l  t ime c l o c k  
t h a t  t r i g g e r s  the  i n t e r r u p t  commands t h a t  t h e  computer uses  t o  oper-  
a t e  t h e  sampler  and log  t h e  raw d a t a .  



f .  AvsM program. This  program compares manually read absorbance values  
i n  c h a r t  u n i t s  t o  automatic  computer read absorbance va lues .  The 
manually read raw peaks, b a s e l i n e s  and f a c t o r s  a r e  entered v i a  the 
MANDAT program and saved on c a s s e t t e  t ape .  The computer read absor-  
b a n c e ~  a r e  generated by the APILOT program and saved on c a s s e t t e  
tape.  The AvsM program c a l l s  both f i l e s ,  t a b u l a t e s  the d i f f e r e n c e s  
and p l o t s  t h e  r e s u l t s  of the  d i f f e r e n c e s  between the  two methods. 

g.  PLOT program. This? program p l o t s  t he  s t a t i o n  concent ra t ions  of 
n u t r i e n t s  i n  an X-Z p l o t .  The input  da t a  a r e  taken from the s tored  
s t a t i o n  va lues  on c a s s e t t e  t ape .  The n u t r i e n t  t o  he p l o t t e d ,  
concen t r a t i on  s c a l e s  and depth s c a l e s  of p l o t s  a r e  chosen in t e r ac -  
t i v e l y  by t h e  ope ra to r .  

h .  SECS program. This  program p l o t s  s e c t i o n s  o r  time s e r i e s  s t a t i o n s .  
The o p e r a t o r  r eques t s  t h e  s t a t i o n s  i n  the proper order  and the  
program w i l l  s t o r e  a l l  va lues  i n  memory. S t a t i o n  pos i t i ons  a r e  read 
i-rom t h e  n u t r i e n t  f i l e  header f o r  proper placement along tho t r a n a c t  
l i n e .  The va lues  f o r  each n u t r i e n t  c a t 1  k w r i L t e n  a t  t h e i r  proper 
d i s t a n c e  and depth along the  t r a n s e c t  f o r  l a t e r  hand contouring.  
Automatic machine contouring wi th  or  without numbers is another  
op t ion  a v a i l a b l e .  Contour i n t e r v a l s  a r e  s e l ec t ed  i n t e r a c t i v e l y  by 
t h e  o p e r a t o r .  Ra t io s  of n u t r i e n t s  m y  a l s o  be p lo t t ed .  In t eg ra t ed  
concen t r a t i ons  over  an ope ra to r - se l ec t ed  depth range can be p r i n t e d  
and p l o t t e d  along the t r a n s e c t .  



STEPS FOR 

STAND PROGRAM - OPERATING INSTRUCTIONS 

USING STAND - R e g r e s s i o n  of S t a n d a r d s  

I n s e r t  Autoprogram t a p e  i n t o  t a p e  d r i v e  15.  
Type Load "STAND" and then  p r e s s  Execute .  
The s t e p  l o a d s  t h e  program i n t o  t h e  compute r ' s  memory. When t h e  
s m a l l  s q u a r e  of l i g h t  a t  t h e  lower r i g h t  hand c o r n e r  of t h e  ca thode  
r a y  t u b e  (CRT) i s  e x t i n g u i s h e d ,  t h e  program i s  f u l l y  loaded and 
ready f o r  u s e .  Remove program t a p e  and pu t  d a t a  dape i n  d r i v e  15. 
P r e s s  R U N .  CRT d i s p l a y s  HELLO FROM REGRESSION OF STANDARDS, "VARI- 
ABLE NAMES ARE P04, SI04,  N+N, NH4, X30N. A t  t h e  bottom of t h e  
s c r e e n ,  CRT prompts you w i t h  FILE WANTED. 
Type i n  your s t a n d a r d  run f i l e  name and p r e s s  CONT. Computer f i n d s  
and r e a d s  your s t a n d a r d  f i l e .  CRT d i s p l a y s  f i l e  and prompts "DO YOU 
WANT A COPY OF -THE LIST? Y /EJ. " 
I f  you want copy of t h e  l i s t  type  "Y". Thermal p r i n t e r  g i v e s  you a  
ha rd  copy of t h e  l i s t  and CRT "DO YOU WANT A COPY OF THE LIST? 
Y / N " .  Again,  Type "N" and p r e s s  CONT. CRT d i s p l a y s  REGRESSION SEC- 
TION a t  t o p  of s c r e e n  and prompts w i t h  "VARIABLE NAME". 
Type one v a r i a b l e  name: P04, SI04,  N+N, NO?, NH4, o r  URE and p r e s s  
CONT. Typing an i n c o r r e c t  v a r i a b l e  y i e l d s  i n c o r r e c t  v a r i a b l e  HAD 
CHOICE TRY AGAIN.  
CRT d i s p l a y s  TABLE OF DATA FOR REGRESSION 
Label  = s t a t i o n  name 
NUTRIENT = n u t r i e n t  chosen 
N = number of sample,  I D  - i d e n t i f i c a t i o n ,  CONC = c o n c e n t r a t i o n  
ABS = absorbance and prompts DO YOU WANT TO DELETE? Y/N 
I f  you want t o  d e l e t e  a  bad p o i n t ,  type  Y and p r e s s  CONT. CRT 
prompts WHICH SAMPLE IS TO BE DELETED? NO. 
Type i n  sample number t o  be d e l e t e d  and p r e s s  CONT. I f  t h e r e  a r e  
s e v e r a l  numbers t o  be d e l e t e d ,  e l i m i n a t e  them i n  descend ing  o r d e r .  
CRT d i s p l a y s  s t a n d a r d  t a b l e  as i n  6 above minus d e l e t e d  sample ( s )  
and "DO YOU WANT DELETE? Y / N "  I f  you d e l e t e  u n t i l  t h e  number of 
sample i s  <2, an "ERROR I N  REGRESSION N = " a p p e a r s .  Regress ion  
a n a l y s i s  is i n v a l i d .  
I f  you do n o t  wish  t o  d e l e t e ,  type  "N" and p r e s s  CONT. Computer 
performs l e a s t  s q u a r e s  r e g r e s s i o n  on your d a t a .  CRT d i s p l a y s  TABLE 
OF DATA FOR REGRESSION a s  i n  6 i n c l u d i n g  c a l c u l a t e d  INTERCEPT, 
SLOPE, R*R, and FACTOR, and prompts DO YOU WANT A LIST OF THE TABLE? 
Y / N  
I f  you want a  l i s t ,  t y p e  Y and p r e s s  CONT. Thermal p r i n t e r  g i v e s  
h a r d  copy and CRT d i s p l a y s  "DO YOU WANT A PLOT? Y / N "  
I f  you do n o t  want a  l i s t  of t h e  t a b l e ,  p r e s s  N and t h e n  CONT. CRT 
d i s p l a y s  DO YOU WANT A PLOT? Y / N  (Go t o  12  o r  1 4 )  
Type "Y" and then  p r e s s  CONT i f  you d e s i r e  a  p l o t  of t h e  r e g r e s s i o n .  
CRT p l o t s  d a t a .  P r e s s  CONT. CRT prompts DO YOU WANT A HARD COPY OF 
THE PLOT? Y / N  
Type Y f o r  t h e  hard  copy and t h e n  CONT. Hard copy i s  o u t p u t  t o  
the rmal  p r i n t e r .  Computer program r e t u r n s  t o  s t e p  6. 
Type "N" and p r e s s  CONT. CRT and computer go back t o  STEP 6 and 
prompts f o r  new v a r i a b l e  name. 
I f  you d e s i r e  a n o t h e r  s t a n d a r d  d a t a  f i l e ,  p r e s s  CONTROL/RESET s imul-  
t a n e o u s l y  and t h e n  RUN t o  r e s t a r t  STAND. 



STAND PROGRAM - USER DEFINED PARAMETERS 

These a r e  program l i n e s  t h a t  may need t o  be changed occas iona l ly  by doing 
a  program e d i t  of t h e  des igna ted  l i n e s .  

L ines  

Var iab le  names: Order of v a r i a b l e  i s  cons t an t .  Channel 6, URE i s  
the  experimental  channel ,  however, t he  name may be changed i f  so 
d e s i r e d .  
Channel l a b e l s :  Same a s  111 above. 
Maximum sample concen t r a t i on  f o r  each channel :  For Bering Sea, s e t  
channel 2  which i s  s i l i c a t e  t o  100. 
concen t r a t i ons  of s tandards :  For Bering Sea work s e t  channel  2  
which is  s i l i c a t e  t o  10 i . e .  0 , 5 , 5 , 0 , 0 , 5  becomes 0 ,10 ,5 ,0 ,0 ,5  
Same a s  750. Set  channel  2 t o  30 i . e .  0 ,15,15,0,0,15~becomes 0,30, 
15,0,0,1.5 
Same a s  750. Set  channel  2 t o  50 i . e .  0 ,25 ,25 ,0 ,0 ,25  becomes 0,50, 
25,0,0,25 
Same a s  750. Set  channel  2  t o  70 i . e .  0 ,35 ,35 ,0 ,0 ,35  becomes 0,70,  
35,0,0,35.  
Same a s  750. Set  channel  2  t o  90 i . e .  0 ,45,45,0,0,45 becomes 0,90,  
45,0,0,45 



NO. ID 
1 D  8 
2 "  .-- 1 1 

:; 1 2 
4 s 13 
5 !; 14 
6 !S 15 
7 ,-. , ., 25 
8 !; 24 
9 :j 2 11: 

18 !; 22 
1 1  !3 21 



T H B L E  OF DHTH FOR R E G R E S S I I ~ I I ~ I  
LABEL=STAt ,15  
t 4UTRI  E k I T = S I 0 4  

1  1 D C 111 1.1 C . H  B S 
1 511 5.688 1.856 
2 15. 888 2.795 
, -2 1 ::' 3 C . ,  ., -, , .-B . 8 8 0 4  . 5 6 1 
4  s1.I :35.888 6."'-" .-, L ,' 
5 515 45.888 8.831 

I t . {TERC:EPT= . 1:3:2 
SLI:IPE= .I75 
R * R =  1.888 
FHl:TljR= 5.720 



TABLE OF DATA F O R  F:EGRESSIl:lN 
LRE:EL=!;TAt.lS 
bl I_I T FI: I E 1.4 T  = t.4 + 1.4 

1.4 ID conc. nss 
1  !:;I2 15.899 3.248 
2  25. 888 5. 394 
3 514 35.888 7 .528  
4  S l 5  45.L38t3 9 .611  
5 525 4. 580 . 865 
r; 524 :3.580 .607 
7  523 2.500 - 4 3 2  
,:, a-. .> .> - ,  a,, 1.588 .262  
9 !5;21 . 586 . 8-32 

INTERCEPT=-.872 
SLlIPE= .216 
R+FI:= 1 .886 
F  H I:: T  [I R = 4 .620  



THBLE I:IF nHTA FUR REGRE!;!31 ON 
LHBEL=STHt45 
N CI T R I E 1.4 T = 1.1 0 2 

N I n c: 111 1.4 c: . H s s 
1 523 2 . 5 8 8  2 . 6 9 4  
2 5 2 2  1 1 . 6 5 2  
3 521 .5MB .567 

It.4TERCEPT= .W43 
SLOPE= 1.8E.3 
H t R =  1.  QSS 
FHc:Tl:lH= . '348 



THBLE UF D A T H  FUR REGRESSION 
LHBEL=!?THt45 
t4UTR I Et4T=kIH4 

N I D  CONC. HBS 
1 !;25 4 .508  4.641 . 
.> 524 :>.588 3 .782  
L 

3 523  2 .508  2 . 5 1 1  
4 S22 1 1.84'3 
5 5 2 1  . 5 @ 8 .  . 7 4 0  

INTERCEPT= . 2 7  1 
SLOPE= . 9 7 4  
R,R= -9 '33 
FHCTOR= 1 . 0 2 7  



INSTRUCTIONS FOR THE AUTOMATIC PEAKING FINDING 
ROUTINE KNOWN AS "APILOT" 

Have AutoAnalyzer log  s h e e t  f i l l e d  o u t  w i t h  s t a t i o n  number, d a t e ,  
t i m e ,  l a t i t u d e ,  l o n g i t u d e ,  s o n i c  d e p t h ,  sync s t a n d a r d ,  c a l i b r a t i o n  
s t a n d a r d s ,  n u t r i e n t  sample numbers, and t h e  sample dep ths  from t h e  
hydrograph ic  o r  p r o d u c t i v i t y  l o g  s h e e t s .  See sample log s h e e t  a t  
t h e  end of t h i s  d e s c r i p t i o n  of APILOT 
I n s e r t  t h e  Auto program t a p e  i n t o  t a p e  d r i v e  15. 
Type LOAD "APILOT" and t h e n  p r e s s  Execute.  T h i s  s t e p  l o a d s  t h e  pro-  
gram i n t o  t h e  compute r ' s  memory. When t h e  smal l  square  of l i g h t  a t  
t h e  lower r i g h t  hand c o r n e r  of t h e  ca thode ray  tube  (CRT) is e x t i n -  
g u i s h e d ,  t h e  program is  f u l l y  loaded and ready f o r  use .  
P r e s s  K7 t o  rewind t h e  Autoprogram t a p e .  A f t e r  rewinding the t a p e ,  . 

re.mnve-'Tnd p l a c e  i n  p r o t e c t i v e  case .  P l a c e  an  i n i t i a l i z e d  d a t a  t a p e  
i n  t a p e  d r i v e  15.  
P r e s s  RUN. CRT d i s p l a y s  " H e 1  1.0 From Auto P i l o t " .  "I HAVE RUN OFF 
TO GET THE TIME BACK I N  20 SEC." A f t e r  pause ,  "CLOCK TIME I S  c o r -  
r e c t  t ime."  CRT t h e n  p r i ~ l t s  "IS  nATA FRnM 'L'APE? Y/M" 
P r e s s  "N';' and t h e n  CONT 
Disp lay  p r i n t s  "DO YOU WANT TO SAVE DATA FT1.E ON TAPE? Y/N"  
P r e s s  "N" and t h e n  CONT. Thermal p r i n t e r  w r i t e s  on 

KEY 0 INIT 
KEY 1 LIST 
KEY 2 PEAK 
KEY 3 EDIT 
KEY 4 SAVE 
KEY 5 FIN1 
KEY 6 YE'I'CH 

"When i n  doub t ,  p r e s s  CONTINUE, something w i l l  happen" CRT d i s p l a y s  
f l a s h i n g  "WAITING FOR COMMAND". A t  t h i s  p o i n t  you must s e t  up t a b l e  
f o r  receivlr lg  the peaks. 
P r e s s  KO. CRT d i s p l a y s  "HELLO FROM INITIALIZE" LABEL [ 6 ] ?  E n t e r  
s t a t i o n  number a s  001, 002, e t r .  Y n v  may w i ~ h  t o  idcnEl fy  s t a t i o ~ i  
t y p e  a s  Hy6ro, P r o d u c t i v i t y ,  I n t e r f a c e ,  Pump, B e n t h i c ,  Zooplankton,  
o r  M i s c e l l a n e o u s  sample r u n  as H ,  P , I ,  Q ,  Z o r  M r e s p e c t i v e l y .  For  
example H O O l  i n d i c a t e s  s t a t i o n  No. 1 i s  Hydro. S t a t i o n  l a b e l  cannot  
c o n t a i n  mo~t !  t h a n  6 c h a r a c t e r s  - hence [ 6 ]  a f t e r  LABEL. (See  
exalnples a t  f h e  end nf t h i s  s e c t i o n  t h a t  show t h e  several kind6 of 
t a b l e s .  ) 
P r e s s  CONT a f t e r  e n t e r i n g  t h e  l a b e l .  CRT d i s p l a y s  "DATE [ 7 ] ? "  
Type i n  d a t e  a s  day number ( 2  c h a r a c t e r s ) ,  month ( 3  c h a r a c t e r s ) ,  
y e a r  ( 2  c h a r a c t e r s ) .  

Examples: 01MAR79 21APR79 
P r e s s  CONT a f t e r  e n t e r i n g  d a t e .  CRT d i s p l a y s  "TIME [ 4 ] " .  Type i n  
t h e  t ime ( 4  c h a r a c t e r s  us ing  24 hour  c l o c k )  

Examples: 0014 2341 
Press CONT. CRT d i s p l a y s  "LAT? 12A o r  [CONT]" E n t e r  L a t i t u d e  
(Maximum 12  c h a r a c t e r s )  i f  n v a i  l a b l e .  

Examples: 40 20.1 56 01.1 
P r e s s  CONT. CRT d i s p l a y s  "LON? 12A o r  [CONT]" E n t e r  Longi tude 
(maximum 12  c h a r a c t e r s )  i f  a v a i l a b l e .  

Examples: 70 29.6 150 02.1 



P r e s s  CONT. CRT d i s p l a y s  "STATION DEPTH? FLOAT o r  [CONT]" E n t e r  
dep th  i f  a v a i l a b l e .  

Examples: 26 1046 
P r e s s  CONT. CRT d i s p l a y s  "COMMENT? 50A o r  [CONT]" E n t e r  your 
comment (maximum 50 c h a r a c t e r s ) .  

Example: TIME SERIES STATION 1 
P r e s s  CONT. CRT d i s p l a y s  "OPERATOR [ 6 ] ? "  
E n t e r  your i n i t i a l s  o r  name up t o  6 c h a r a c t e r s .  

Example: TEW 
P r e s s  CONT. CRT d i s p l a y s  "NO. SAMPLES?" 
Type i n  t h e  number of s a m p l e s . ( i n c l u d i n g  t h e  t h r e e  s t a n d a r d s )  f o r  
t h i s  run  and p r e s s  CONT. CRT d i s p l a y s  "DO YOU WANT TO CHANGE THE 
TABLE? Y / N "  
(NOTE: Each i n d i v i d u a l  hydro s t a t i o n  should be a s e p a r a t e  run ,  i . e .  
never  s e t  up a t r a y  wi th  2 o r  more hydro s t a t i o n s  o r  a hydro and 
prod s t a t i o n  i n  same run.  Th is  p r e v e n t s  a l o t  of e x t r a  work i n  d a t a  
p r o c e s s i n g  l a t e r . )  
P r e s s  I'Y" and t h e n  CONT. I f  you have a m i s t a k e  i n  t h e  completed 
t a b l e ,  type N which t a k e s  you back t o  S t e p  7 .  Type i n  c o r r e c t  
parameter  and p r e s s  CONT a g a i n  and a g a i n  u n t i l  computer and you 
r e t u r n  t o  s t e p  1 4  - "DO YOU WANT TO CHANGE THE TABLE? Y / N "  
P r e s s  "N" and t h e n  CONT. CRT d i s p l a y s  "ENTER SAMP -, XI7 OPTIONS = 
EXIT and LIST)". "NO; ID?" 
TYPE i n  sample sequence number, a comma, sample I D ,  and dep th  o r  
sample number i f  i t  i s  an e x p e r i m e n t a l  sample. 

Examples : 
4,H0 ( seq .  no. 4 - hydrography sample,  0 m e t e r s )  

15,H120 (seq.  no. 15 - hydrography sample ,  120 m e t e r s )  
19 ,P5 ( seq .  no. 19  - p r o d u c t i v i t y  sample, 5 m e t e r s )  
21,119 (seq.  no. 21 - i n t e r f a c e  sample,  19 m e t e r s )  
22,410 ( seq .  no. 22 - pump sample,  1 0  m e t e r s )  
23,2250 ( seq .  no. 23 - Zooplankton exper iment  sample, 

b o t t l e  no. 250)  
24,BlOl (seq.  no. 24 - Benth ic  sample, b o t t l e  no. 101)  
25 ,MI2 ( s e q .  no. 25 - Misce l laneous  sample,  b o t t l e  no. 1 2 ) .  

NOTE: The f i r s t  3 b o t t l e s  of any run a r e  s t a n d a r d s .  
B o t t l e  No. 1 i s  l , D O  
D o t t l e  No. 2 i s  2,El 
B o t t l e  No. 3 i s  3 , ~ 2 -  
DO is  a mixed s y n c h r G i z a t i o n  s t a n d a r d  f o r  a l l  c h a n n e l s .  
S1 - and S 2  a r e  c a l i b r a t i o n  s t a n d a r d s .  The i s  a number, 1 
t o  5, cor responding  t o  t h e  s t a n d a r d  c o n c e n t r a t i o n  ( d i s c u s s e d  
s e c t i o n  3 under  s t a n d a r d s ) .  

P r e s s  CONT and r e p e a t  S t e p  17  u n t i l  a l l  b o t t l e  sequences  and I D ' S  
have been e n t e r e d .  (Note it i s  v e r y  impor tan t  t o  run b o t t l e s  i n  
numer ica l  sequence t o  avo id  d a t a  p r o c e s s i n g  problems l a t e r ) .  
P r e s s  "T," and t h e n  CONT a f t e r  e n t e r i n g  l a s t  sample. CRT displays 
"HELLO FROM LIST" "l=ABS 2=UG-AT" 
P r e s s  "1" and t h e n  CONT t o  o b t a i n  a l is t  of your e n t e r e d  m a t e r i a l .  
CRT d i s p l a y s  "DO YOU WANT A,HAP,D COPY? Y/N" 
I f  t a b l e  is  c o r r e c t ,  p r e s s  "N" and CONT. CRT d i s p l a y s  "ENTER SAMP 
No., I D ,  OPTIONS = EXIT o r  LIST) 
P r e s s  "E" . CR.T d i  s p l a y s  "INITIALIZE FINISHED" 'WAITING FOR COMMAND" 
i n  f l a s h i n g  c h a r a c t e r s .  (Go t o  S t e p  24. )  
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I f  t a b l e  i s  i n c o r r e c t ,  p r e s s  "Y" and CONT. CRT d i s p l a y s  "ENTER SAMP 
No., I D  (OPTION = EXIT OR LIST)" "NO.,  ID?" Type i n  c o r r e c t  
sequence number and I D  and p r e s s  CONT. (Go t o  S t e p  1 9 . )  
P r e s s  K7 t o  e n t e r  check.  CRT d i s p l a y s  check , -  -' -9 -' -9 - - 
I n  c h e z ,  t h e  t ime and absorbances  f o r  a l l  s i x  channe l s  a r e  
d i s p l a y e d .  Examine CRT v a l u e  and s t r i p  c h a r t  v a l u e s  t o  s e e  i f  t h e y  
cor respond .  I f  t h e y  a r e  no t  t h e  same, a d j u s t  z e r o  knob on r e c o r d e r  
u n t i l  v a l u e  is i n  agreement w i t h  CRT v a l u e .  
NOTE: The above ad jus tment  assumes r e c o r d e r  has  been checked pre- 
v i o u s l y  a g a i n s t  c o l o r i m e t e r  t o  a s s u r e  f u l l  s c a l e  i s  being used.  
P r e s s  K7 t o  e x i t  "check".  CRT d i s p l a y s  "WAITING FOR A COMMAND" i n  
f l a s h i n g  type .  
P r e s s  K2 i f  a l l  t h e  channe l s  a r e  ready t o  run samples.  
The s a e l e r  i s  c o n t r o l l e d  by t h e  computer and t h e  channel  d e l a y  
t imes  a r e  e n t e r e d  i n t o  t h e  program so t h e  b a s e l i n e s  a r e  s e t  
a u t o m a t i c a l l y  f o r  each channe l  30  seconds  before  t h e  f i r s t  sample 
reaches  t h e  colorimeter. 
So s i t  back and r e l a x  a s  t h e  peaks a r e  read .  
A t  any time you can o b t a i n  a t a h l ~  l i p d a t e  of the pealcc on t h c  CIlT by 
p r e s s i n g  R11. 
When a l l  peaks have been read  and basel.3.nes have f l a t t e n e d ,  t h e  
b a s e l i n e s  w i l l  a u t o m a t i c a l l y  be s e t  about one sample t ime a f t e r  t h e  
las t  peak. CRT d i s p l a y s  "Waiting f o r  Command" i n  f l a s h i n g  
c h a r a c t e r s .  
P r e s s  Kl t o  o b t a i n  l i s t .  CRT p r i n t s  "HELLO FROM LIST" "l=ABS, 
2=TIMEy2=DELTA TIME, 4=AG-AT, 5=CONYLD" 
P r e s s  1 and t h e n  CONT t o  o b t a i n  l i s t  of absorbances  on CRT. CRT 
d i s p l a y s  a l s o  "DO YOU WANT A HARD COPY?" 
P r e s s  "Y" t o  o b t a i n  the rmal  p r i n t e r  hard  copy. CRT d i s p l a y s  
"WAL'I'LNG YUK COMMAND" 
P r e s s  K1 t o  o b t a i n  l i s t .  CRT p r i n t s  "HELLO FROM LIST" "l=ABS, 
2-TIME,3=DELTA TIME, 4=UG-AT, 5=CONFIDW 
PYESS 4 t n  n h t a i n  s l i s t  i n  UC-AT. CRT d i o p l a y s  a l s o  "DO YOU WANT A 
m CGPY, Y/N?#' 
P r e s s  "Y" t o  o b t a i n  a hard copy of l i s t  i n  UG-AT. CRT d i s p l a y s  
"WAITING FOR COMMAND" i n  f l a s h i n g  c h a r a c t e r s .  
P r e s s  K4 t o  save  t h e  f i l e .  CRT d i s p l a y s  "HELLO FROM SAVE" "DO YOU 
WANT WSAVE THE FILE, Y / N ? "  
P r e s s  "Y" and t h e n  CONT, CRT d i s p l a y  "TAPE DRIVE 14 o r  15" 
Type 15 and t h e n  CONT. When f i l e  has been save ,  CRT prints "FILE 
HA3 UEElJ SAVE ON T : 15" 
To s e t  up f o r  a n o t h e r  run, p r e s s  CONTROL and RESET s i m u l t a n e o u s l y  
and then  RUN. Go t o  S t e p  4. 
Regenerated peaks may be vfewed on t h e  CRT a f t e r  t h e  peak read ing  
r o u t i n e  has  been s t a r t e d .  The channe l  number of t h e  a n a l y s i s  you 
want t o  view must be e n t e r e d :  

Cplot=3 Execute  w i l l  d i s p l a y  N+N channe l  t h e n  p r e s s  Kg. 
The p l o t  w i l l  appear  on t h e  s c r e e n .  To e x i t ,  r e p r e s s  Kg .  



Emergency - I n s t r u c t i o n s  f o r  Use of Knorbelsdorf  Timer w i t h  "APILOT" 

I n  t h e  event  t h a t  t h e  sampler c o n t r o l  sys tem f a i l s ,  i t  is p o s s i b l e  t o  
e a s i l y  u t i l i z e  t h e  Knobelsdorf e l e c t r o n i c  t i m e r  u s i n g  t h e  f o l l o w i n g  s t e p s .  

1. Check l i n e  5300 i n  "APILOT" program f o r  sample: wash t ime 
inc rements .  Set  t h e  Knobelsdorf t i m e r  and "APILOT" program f o r  
i d e n t i c a l  sample and wash t imes .  

2.  S e t  up f i l e  s t r u c t u r e  in."APILOT" i n  t h e  u s u a l  manner and load  
samples i n  sample t r a y .  Load a d i s t i l l e d  wa te r  b o t t l e  a t  t h e  
beginning of samples i n  f r o n t  of t h e  sync sample but do no t  e n t e r  i n  
computer f i l e .  Put  turn-off  p i n  next  t o  t h e  l a s t  sample b o t t l e .  

3.  Push key 7 and go i n t o  "check" mode. 
4 .  Turn sampler " o f f "  and "on" t o  s t a r t  Knobelsdorf t i m e r .  
5.  When t i m e r  goes i n t o  t h e  f i r s t  b o t t l e  which is  d i o n i z e d  w a t e r ,  t u r n  

o f f  "check" and t u r n  on "check" a g a i n  u s i n g  key 7 .  
6 .  When u s i n g  a 120 second sample and  60 second wash, e x i t  "check" w i t h  

key 7 when t h e  c o u n t e r  on . t h e  CRT r e a c h e s  600. 
7 .  I n  about  10-15 seconds t h e  sampler  w i l l  go i n t o  a wash c y c l e .  When 

t h e  n e e d l e  l e a v e s  t h e  sample b o t t l e  of de ion ized  wate r  p r e s s  "PEAK 
FINDER," key 3 ,  t o  s t a r t  d a t a  logg ing .  

8. The complete s e t  of r e a d i n g s  w i l l  be a u t o m a t i c a l l y  t aken .  No 
f u r t h e r  i n s t r u c t i o n s  a r e  n e c e s s a r y  u n t i l  "WAITING FOR A COMMAND" 
a p p e a r s  on t h e  CRT a f t e r  which t h e  d a t a  i s  processed normally.  



APILOT PROGRAM - USER DEFINED PARAMETERS 

I n  most of t h e  programs a s s o c i a t e d  wi th  t h e  computer a s s i s t e d  AutoAna- 
l y z e r ,  t h e r e  a r e  l i n e s  which should o r  can  be e d i t e d  by t h e  u s e r .  These u s e r  
d e f i n e d  paramete rs  ( f a c t o r s  a r e  most f r e q u e n t l y  changed) a r e  e n t e r e d  immedi- 
a t e l y  a f t e r  a  program has  been loaded i n t o  t h e  computer ' s  memory. 

1. To change a  u s e r  de f ined  paramete r ,  p r e s s  EDIT LINE. Type i n  t h e  
l i n e  number and p r e s s  EXECUTE. The CRT w i l l  d i s p l a y  t h i s  l i n e  w i t h  
t h e  b l i n k i n g  c u r s o r  t o  t h e  r i g h t  of i t .  Move t h e  c u r s o r  t o  t h e  pa- 
ramete r  t o  be changed and e d i t  i t .  

2. P r e s s  STORE. The e d i t e d  l i n e  i s  now i n  t h e  computer ' s  memory. I f  
you d o n ' t  p r e s s  STOPS t h e  o r i g i n a l  l i n e  w i l l  no t  be r e t a i n e d .  

3.  P r e s s  CONTROL/RESET s i m u l t a n e o u s l y  and t h e n  RUN. Your e d i t e d  
program i s  now ready  f o r  use .  

The common u s e r  d e f i n e d  paramete rs  f o r  each AutoAnalyecs prneram a r e  
L i s t e d  below by i i n c  numbcrb 
5260 The d a t a  i n  t h i s  s t a t e m e n t  i n d i c a t e  whether a channel  i s  on o r  o f f .  An 

a c t i v e  c h a n n e l  i s  "1" w h i l e  "0" i s  i n a c t i v e .  If an  a n a l y s i s  i s  no t  be ing  
performed o r  i f  a  channe l  i s  s h u t  down f o r  some r e a s o n ,  change t h e  s t a t u s  
t o  "0". Opera t ing  a non-act ive  channe l  i n  t h e  on mode can resu l t :  i n  
c r o s s  t a l k  w i t h  an a c t i v e  channe l .  

5300 T h i s  l i n e  l i s t s  t h e  r e g r e s s i o n  f a c t o r s  a s  determined i n  STAND. The. 
f a c t o r s  shou ld  be updaCed and changed p e r i o d i c a l l y  a s  t h e  s t a n d a r d  runs  
d i c t a t e .  

5320 The r e f r a c t i v e  i n d e x  f o r  each channe l  i s  usua1,by determined a t  t h e  
beg inn ing  of each c r u i s e ,  s t o r e d  i n  t h e  program, and no t  a l t e r e d  
t h e r e a f t e r  u n l e s s  t h e  manifold  i s  modif ied.  

5340 T h i s  l i n e  l i s t s  t h e  B f a c t o r s  c a l c u l a t e d  i n  t h e  BFIND program. These 
numbers, used t o  de te rmine  t h e  r e g e n e r a t e d  peak h e i g h t s ,  a r e  a l s o  deter- 
mined a t  t h e  i n i t i a t i o n  of a  c r u i s e  and remain c o n s t a n t  i f  no changes a r e  
made i n  t h e  manifold  c o l o r i m e t e r  and t h e  sample and wash t imes .  

5360 These s i x  numbers a r e  t h e  t imes  a t  which t h e  i n i t i a l .  b a s e l i n e  i s  s e t  f o r  
each  channel .  These b a s e l i n e  numbers a r e  s e t  about 1 5  seconds  before  t h e  
sample s t redm e l l l e r s   he flaw c e l l .  'They r e p r e s e n t  t h e  number of seconds 
r e q u i r e d  f o r  a sample t o  be a s p i r a t e d ,  t r a v e r s e  t h e  mani fo ld ,  and j u s t  
r e a c h  t h e  c o l o r i m e t e r  w i t h  t h e  p r e s e n t  sys tem.  I f  t h e  d iamete r  of t h e  
sample pump tube  i s  changed by s r l b s t i t u t i o n  o r  t h e  sample l i n e  from t h e  
smple r  t o  t h e  mani fo ld  is  s i g n i f i c a n t l y  l eng thened  o r  s h o r t e n e d ,  t h e  
i n i t i a l  b a s e l i n e  t ime shouid be rede te rmined .  

5380 The second and t h i r d  n u m h e r ~  j,n t h i s  seqllenrp n r r  t h ~  sample and wooh 
t i m e s ,  r e s p e c t i v e l y .  S tandard  r a t e s  f o r  t h e  p r e s e n t  manifold  conf igura -  
t i o n s  a r e  120 seconds  of sample and 60 seconds  of di.st.;.l.led wa te r  wash -- 
approx imate ly  20 samples  pe r  hour.  I f  a  f a s t e r - ' r a t e  is  d e s i r e d ,  60 
seconds  sample and 30 seconds  of wash i s  s a t i s f a c t o r y .  When r e c o r d i n g  
d a t a  on t a p e  f o r  use  i n  RFIND, sample f o r  180 seconds  and wash f o r  60 
seconds .  
I n  a d d i t i o n .  some of t h e s e  u s e r  d e f i n e d  Darameters can be a l t e r e d  once a  

program i s  engaged. They a r e  R e f r a c t i v e  index ,  F a c t o r s ,  and Basel i .nes .  
1. R e f r a c t i v e  index  i s  d e f i n e d  by t h e  Mnemonic R f ( * ) .  To change t h e  

r e f r a c t i v e  i n d e x  of c h a n n e l  No. 3,  t y p e ,  Rf (3)=va lue  c a l c u l a t e d  f o r  
t h i s  channe l  and p r e s s  EXECUTE. Follow t h e  same procedure  f o r  t h e  
o t h e r  channe l s  i f  needed. Th is  s t a tement  w i l l  change t h e  va lue  of 



R f ( 3 )  f o r  t h e  f i l e  a t  hand and must be r e e n t e r e d  f o r  succeeding 
f i l e s .  Rf (3)  w i l l  not be changed on t h e  program t a p e  us ing  t h i s  
s t a t e m e n t .  

2. F a c t o r  is def ined  by t h e  Mnemonic F(*) .  To change t h e  f a c t o r  f o r  
channel  No. 2 ,  type  F ( 2 ) = v a l u e  c a l c u l a t e d  f o r  t h i s  channel  and p r e s s  
EXECUTE. Follow t h e  same procedure  f o r  t h e  o t h e r  channe l s  i f  
needed. 

3. B a s e l i n e s  
a .  I n i t i a l  o r  beginning b a s e l i n e  i s  d e f i n e d  by t h e  Mnemonic Bl (* ) .  ., 

To change t h e  i n i t i a l  b a s e l i n e  f o r  channe l  No. 4,  t y p e  
B1(4)=value determined from s t r i p  c h a r t  and p r e s s  EXECUTE. 
Repeat a s  needed f o r  t h e  o t h e r  channe l s .  

b. F i n a l  o r  end b a s e l i n e  is  d e f i n e d  by t h e  mnemonic B2(*). To 
change t h e  f i n a l  b a s e l i n e  f o r  channe l  No. 5, type B2(5)=value 
determined from s t r i p  c h a r t  and p r e s s  EXECUTE. Repeat as 
needed f o r  t h e  o t h e r  channe l s .  

4. Sample S p e c i f i c a t i o n  
a .  Sample i d e n t i f i c a t i o n  i s  d e f i n e d  by t h e  mnemonic Id$(*)  and i s  

used t o  c o r r e c t  minor l i s t i n g  e r r o r s .  
Example: Sample 10,H18 is  i n c o r r e c t l y  l i s t e d  a s  10,B18. Type 
Id$(10)  = "H". P r e s s  Execute .  

b. Sample code is  d e f i n e d  by t h e  mnemonic ICODE(*) and i s  a l s o  
used t o  c o r r e c t  l i s t i n g  e r r o r s .  
Example: Sample 13,H425 is i n c o r r e c t l y  l i s t e d  a s  13,H5425. 
Type ICODE(13) = 425. P r e s s  execu te .  

Using t h e s e  two mnemonics t h e  o p e r a t o r  does  no t  have t o  
r e - i n i t i a l i z e  a  f i l e  i n  o r d e r  t o  c o r r e c t  l i s t i n g  e r r o r s .  

5. Header In format ion  
The complete l is t  of header  mnemonics ( s e e  APILOT No. 8-13) f o r  
any f i l e  a r e :  

L$ = "Label" ( f i l e  name) 
Da$ = "Date" 
H r  $ = "Hour"  

L a t $  = " L a t i t u d e "  
Lon$ = "Longitude" 
Mess $ = "Comment " 
Depth = Depth 
Nsamp = No. samples 
O.p$ = "Operator"  

Mote t h a t  mnemonics fol lowed by " S "  r e q u i r e  quo tes  whi le  o t h e r s  
do n o t .  
To change any p a r t  of t h e  header  s imply type the  mnemonic L$ = 

" and p r e s s  Execute .  
Examples: L$ = "BIRD"  Execute .  

Mess$ = "MESA STATION 23" Execute .  
The d e p t h  and o p c r a t o r  changes do not r e q u i r e  t h e  use of 
p a r e n t h e s e s .  Hence i t  is c o r r e c t  t o  t y p e  Depth = 45. Execute.  

6 .  Colum~i Heading 
The column headings  f o r  t h e  s i x  a u t o a n a l y z e r  channe l s  a r e  
d e f i n e d  by the  mnemonic A$(*) and p resen ted  as  PO4, SiO4, NfN, 
N02, NH4, and URE. The s i x t h  channel  f o r  u r e a  i s  not  r o u t i n e l y  
run.  Thus i t  i.s a v a i l a b l e  f o r  o t h e r  d a t a .  For example, should  



you wish t o  use  t h i s  column f o r  c h l o r o p h y l l ,  t ype  A$(6) = 
"CHL". P r e s s  Execute .  Likewise  A$(6) = "SAL" i n d i c a t e s  t h a t  
t h e  column i s  r e s e r v e d  f o r  s a l i n i t y  v a l u e s .  The c h l o r o p h y l l  
d a t a  c a n  be e n t e r e d  manual ly  under t h e  E d i t  subprogram of 
APILOT o r  i n  MANDAT. 

A d d i t i o n a l  c a p a b i l i t i e s  such a s  e d i t ,  l i s t ,  t a p e  w r i t e  and t a p e  read may be 
performed i n  APILOT. For  d e t a i l e d  i n s t r u c t i o n s  of t h e s e  t a s k s  go t o  MANDAT 
program d e s c r i p t i o n .  
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SAMPLE TIHE <!SEC>= 120.88 
WASH TIME (!SEE>= 68 .08  
SHMPLIt4G HATE <!;EC>= 1 .88  
Y L I M I T =  . 8  1888 

B < * > = 9 . 8 8  8.00 13.58 9.58 1 1.50 7.58 

SAtlPLE TIME (!SEC)= 180.88 
WASH TIHE (!SEE)= 68. 08 
!SAMPL I t . lG  RATE (SECS = 1.80 
Y L IPl IT= .0 1 

B ( *>=9 .88  8.88 13.58 '3.50 11.58 7.58 

NU. 1 U  
1 D  0 
Z S 15 
3 S 14 
4 S 13 
5 S 12 
6 S 11 
7 !; 2  5 
8 S 2 4 

9 s 23 
1 I3 S 3 3 
11 S 21 

ABS 
8.808 
u. uuw 
0.800 
8.08W 
0.080 
0.008 
8.088 
0.888 
8 .080 
8. 888 
8. 000 

ARS 
'3. 173 
8 .  b 4 3  
6.874 
5 .351  
3 . :3 9 4 
1.7:30 

,565  
C -' . .-I 6 2 

.575 
- 5 7 7  
.577  

ABS 
4.848 

.479 

.354  

.43  1 
- 3 3 2  

.313  
4.. 865 
4. 298 
2.751 
1. I043 
1.141 



LABEL=EF I t4D 
DATE=0:3FEE8 1 
HF:= 1688 
LATITUDE= 14. A .  
LONG I TUDE= E l .  H. 
COMMEklT=t.l. A .  
DEPTH= - 9 3 
140. SAMPLES= 1 1 
OPERHTOH=TEW 
CHAt4t4EL= PO4 
STATUS= 1 
FACTORS= 1. 039 
RF"S=  . I 4 8  
EASE 1 = 8 .  688 
BHSE2= -9.998 

LHBEL=BFI NU 
DATE=8:3FEB81 
HR= 1 660  
LATITUDE= 14.13. 
LONG I TUDE= 14. A .  
COrlMEt4T=t.l. A .  
DEPTH = - 9 9 
NO. SAMPLES= 11 
OPERnTOR=TEW 
CHANNEL= PO4 
!STHTIJS= 1 
FAC:TOHS= 1 . 8 :3 -3 
RF'S= . 148 
BHSE 1 = 8. 888 
BR!:ES= -9. 9'38 

NO. I U  
I D  8 
2 S 15 
3 S 14 
4 S 13 
5 8 12 
6 S 11 
7 S 25  
8 S 24 
3 s 23 

18 S 22 
11 S 21  

TIEIE 
567.51:3 
:381. 813 

1044.81:3 
1707 , ,-a 0 . 5 1 :3 
1524.51:: 
1763. @1:3 
28138. 51:3 
2241.51:3 
2481. 51:3 
2730. 51::: 
2964. 813 

TIME 
8. 888 
8.888 
8 .808  
8. 088 
8.888 
8 .088  
8. 888 
8.880 
6 .888  
0.880 
8.880 

UHE 
8 

1.000 
8 .888  
8 .088  

.'3. 990 



LHBEL=BF I EID 
DHTE=@::FEB81 
HR= 1609 
LHTITUDE= 1.4. H. 
L.Ut4GITIJDE= 1.4. H. 
ICO M Pi E 1.4 T = 1.4 . H . 
DEPTH= - -2 d .. 
140. !SHMPLES= 1 1 
UPEF:HTOR=TEW 
C:HHt4NEL= P 0 4 
STHTUS= 1 
F R I: T 111 R !S = 1 .039 
RF '  !s= . 140 

1 = 0 .000  
BA:SEZ= -9. 9'30 

NU. ID UG-HT 
I n  0 -9. 9-90 
2 !3 15 -9. 9-30 
3 S 14 -9. 998 
4 !? 13 -9. 990 
5 S 12 -'3. 990  
6 S 11 -9.  9,313 
-3 C' '7 E 
( .J i .-I -9. 9'78 
8 !3 24 -9.  998 
9 S 23 -9. 990 

18 5 22 -9,998 
11  !3 21  - -3 . 9 9 8 

LHBEL=BF I t4D 
DATE=@:3FEB:3 1 
HR- 1600 
LHTITUDE= N.R. 
LUEIG I TUDE= N. H. 
~13 l~ l l~ lE t~4T=t4 .  bl.  
DEPTH= - '3 9 
NU. SHMPLES= 11 
OPERHTOR=TEW 
I-:HHIJNEL= P 11 .I 
STHTUS= 1 
FHC:Tl]R!?= 1 . 0 :3 9 
R F ,' :; = . 14b3 
BHSE 1 = 0.880 
BHSE2= -9. 9-30 

CONF 
- 0 8 2  
. 08 1 . 
.a80  
. 0 8  1 
.806 
,084  
.or32 
. a 0  1 
. 88  1 
, 078  

CUNF . @@:3 
. 0 8  1 . M B 2  
. 0 8  1 
. 8 8  1 . 082 
,885 

882 
. 
'3'33 

UG-AT 
-9.9917 
-9.990 
-9.998 
-9.996 
-9. 9-30 
- 9 . '3 '3 8 
- 9 . 9 9 0 
-9. 996 
- 0 3 .  9-30 
-9. '3'38 
-9. 998 

URE 
0 

1.1380 
8.880 
0.880 

-9.990 



INSTRUCTIONS FOR TIIE USE OF MANDAT 
(Manual Data E n t r y  and L i s t i n g )  

I n s e r t  Autoprogram t a p e  i n t o  t a p e  d r i v e  15. 
Type LOAD "MANDAT" and p r e s s  EXECUTE. 
Th i s  s t e p  l o a d s  t h e  program i n t o  t h e  computer 's 'memory.  When t h e  
s m a l l  s q u a r e  of l i g h t  a t  t h e  lower r i g h t  hand c o r n e r  of t h e  ca thode  
r a y  tube  (CRT) is  e x t i n g u i s h e d ,  t h e  program i s  f u l l y  loaded and 
ready  f o r  use .  
P r e s s  RUN. CRT d i s p l a y s  HELLO FROEl MANDAT and prompts w i t h  f l a s h i n g  
WAITING FOR A COMMAND i n  lower l e f t  hand c o r n e r  of t h e  s c r e e n .  K E Y  
s p e c i f i c a t i o n s  a r e  o u t p u t  t o  the rmal  p r i n t e r .  These a r e  t h e  s p e c i a l  
Func t ion  Keys a t  upper r i g h t  hand s i d e  of Keyboard. 

KEY 0 = INITIALIZE 
KEY 1 = LIST 
KEY 2 = INPUT DATA 

KEY 3 = EDIT 

WHEN I N  DOUBT PUSH CONTINUE, 
SOMETHING WILL HAPPEN 

KEY 4 = SAVE DATA 
KEY 5 = FINISHED 
KEY 6 '= FETCH 

I. INITIALIZE 

P r e s s  KO. CRT d i s p l a y s  HELLO FROM INITIALIZE and promps f o r  LABEL 
[ 6 ] ?  Type l a b e l  f o r  t h i s  d a t a  up t o  s i x  c h a r a c t e r s .  P r e s s  CONT. 
CRT prompts f o r  DATE [ 7 ]  ? Type d a t e  number a s  day,  month, and y e a r  
i . e .  06JAN80. P r e s s  CONT. 
CRT prompts f o r  TIME [ 4 ] ?  Type t ime f o r  24 day i . e .  1146,  2205. 
P r e s s  CONT. CRT prompts f o r  LAT, LON, DEPTH and COMMENT. E n t e r  a s  
d e s c r i b e d  i n  s t e p  1 0  of APILOT program. 
CRT prompts f o r  OPERATOR [ 6 ] ?  Type name o r  i n i t i a l s  of t h e  AutoAna- 
l y z e r  o p e r a t o r  up t o  s i x  c h a r , a c t e r s  i . e .  SCM, PATTON. P r e s s  CONT. 
CRT' prompts f o r  NO. SAMPZ,ES? Type number of samples t o  be e n t e r e d .  
P r e s s  CONT. 
CRT prompts BEGIN BASE LINE [ 6  NO. 51 .  Type i n  t h e  beg inn ing  base- 
l i n e s  f o r  a l l  s i x  channel .  

Example: 0.75,  1.1, 0.32,  0 .41,  0 .2 ,  1 . 3  P r e s s  CONT. 
CKT prompts FINAL BASE LINE? [6  NO.  51.  Type i .n,  t h e  f i n a l  b a s e l i n e  
f o r  a l l  s i x  n u t r i e n t s .  P r e s s  CONT. 
CRT d i s p l a y s  l i s t  of t h e  pa ramete r s  e n t e r e d  and prompts DO YOU WANT 
TO CHANGE FACTORS? Y / N  (Go t o  i f  you want t o  change F a c t o r s ,  type  
Y and p r e s s  CONT. 
CRT d i s p l a y s  LIST FINISI.ED and prompts f o r  FACTOR? [6  NO. 51.  Type 
i n  t h e  s i x  n u t r i e n t  f a c t o r s  p r e v i o u s l y ' d e t e r m i n e d  i n  STAND. P r e s s  
CONT . 
CRT prompts IS  THE TABLE CORRECT? Y / N .  Type Y and P r e s s  CONT. CRT 
d i s p l a y s  iNITIALIZE FINISHED and promptc WAITING FOR A COMMAND. 
I f  t h e  t a b l e  is  i n c o r r e c t ,  t y p e  N and p r e s s  CONT. Computer.program 
r e t u r n s  t o  s t e p  4 and prompts f o r  LABEL [ 6 ] ?  P r e s s  CONT u n t i l  you 
a r r i v e  a t  i n c o r r e c t  pa ramete r .  C o r r e c t  i t  and p r e s s  CONT t o  s t e p  t o  
t h r o u g h  INITIALIZE t n  s t e p  13.  



I I . INPUT DATA 

1 P r e s s  K2 t o  i n p u t  d a t a .  
CRT d i s p l a y s  HELLO FROM MAKE and prompts SAMPLE NO., LIST OR EXIT? 

1 6 .  Type 1 and p r e s s  CONT. CRT d i s p l a y s  SAMPLE NO. = 1.00 and prompts 
I D ,  NUT 1, NUT 2, NUT 3, NUT 4,  NUT 5 ,  NUT 6? 

17 .  Type i n  i d e n t i f i c a t i o n  of sample u s u a l l y  an  H o r  P fo l lowed  by a nu- 
mera l  t o  i n d i c a t e  a Hydro sample o r  P r o d u c t i v i t y  sample and i t s  
dep th .  Fol low t h e  i d e n t i f i c a t i o n  w i t h  t h e  absorbances  of t h e  s i x  
n u t r i e n t s  s e p a r a t e d  by commas a s  recorded  on t h e  s t r i p  c h a r t s .  
P r e s s  CONT. 

18. CRT a g a i n  prompts f o r  SAMPLE NO., LIST OR EXIT? Repeat t h e  s t e p s  
above f o r  each sample and p r e s s  CONT. 

19 .  Type L f o r  L i s t  and P r e s s  COEE t o  o b t a i n  a complete l i s t i n g  nf t h e  
inpur d a t a .  CRT prompts f o r  OUTPUT TYPE: l=ABS, 2=UG-AT/L. 

20. Type 1 and p r e s s  CONT. CRT d i s p l a y s  a t a b l e  of d a t a  and prompts DO 
YOU WANT A HARD COPY, Y/N? 

21. Type Y and p r e s s  CONT t o  o b t a i n  a hard  copy of d a t a  i n  absorbance 
u n i t s .  CRT a g a i n  prompts f o r  SAMPLE NO., LIST o r  EXIT. Repeat 
s t e p s  19-20 f o r  ha rd  copy i n  u g - a t / l .  

22. Type E f o r  e x i t  and p r e s s  CONT. CRT d i s p l a y s  BYE FROM MAKE and 
prompts i n  f l a s h i n g  l e t t e r s  WAITING FOR A COMJIANT). 

111. SAVE 

23. P r e s s  K4 t o  save  t h e  f i l e .  CRT d i s p l a y s  HELLO FROM SAVE and prompts 
DO YOU WANT TO SAVE THE FILE, Y/N? 

24. Type Y and p r e s s  CONT. CRT prompts TAPE DRIVE WAhTEB? 1 4  nr 1 5 ?  
25. Type 15 i f  d a t a  t a p e  i s  i n  t h a t  d r i v e  and p r e s s  CONT. Your d a t a  i s  

saved ull Lape 13 and CK'l' d i s p l a y s  FILE HAS BEEN SAVED ON T15. BYE 
FROM SAVE and prompts WAITING FOR A COMMAND. 

26. P r e s s  Kg. FINS FINISHED ANI)  PROGRAM IS ENDED-BYE i s  p r i n t e d  i n  
f l a s h i n g  l e t t e r s  o v e r  t h e  s c r e e n .  To e n t e r  a n o t h e r  run p r e s s  
CONTROL/RESET. 

I V .  FETCH 

27.  I f  d a t a  f i l e  has  been. saved p r e v i o u s l y ,  r e t r i e v e  i t  u s i n g  FETCH 
P r e s s  Kg. CRT prompts PILE WANTED* 

28.  Type f i l e  name and p r e s s  CONT. CRT prompts TAPE DRIVE WANTED? 14 
o r  15? 

29. Type 14 o r  1 5  wherever t a p e  i s ,  p r e s s  CONT. Your f i l e  i s  read and 
CRT d i s p l a y s  FINISHED READING FILE alld prompts WAl'I'lNG FOR A 
COMMAND. 

V I .  LIST 

30. I f  WAITING FOR A COMMAND i s  f l a s h i n g ,  t h e n  p r e s s  K1 and CRT prompts 
OUTPUT TYPE: 1=ABS, 2=UG-AT/L. Obta in  a hard copy as i n  s t e p s  
19-20. 



V I I .  EDIT DATA 

E d i t  F u n c t i o n s  . 

Should e r r o r s  be d i s c o v e r e d  i n  your  d a t a  a f t e r  i t  has been e n t e r e d  manu- 
a l l y ,  you can c o r r e c t  i t  u s i n g  t h e  e d i t  f u n c t i o n s .  

31. CRT prompts WAITING FOR A COMMAND. P r e s s  Kg. C R T . d i s p l a y s  HELLO 
FROM EDIT and prompts ENTER EDIT OPERATION LETTER Add, Rep lace ,  
D e l e t e ,  E x i t ,  L i s t .  

A. To Replace .  
32.  Type R and p r e s s  CONT t o  r e p l a c e  a v a l u e  i n  t h e  d a t a  m a t r i x .  CRT 

prompts ROW, COLUMN? 
33.  Type r e s p e c t i v e  row and column, p r e s s  CONT. CRT prompts VALUE 

REQUIRED. VALUE. 
34.  Type c o r r e c t e d  absorbance  v a l u e  and p r e s s  CONT. CRT d i s p l a y s  

COMMAND I S  l e t t e r ,  r u n ,  column, absorbance  and prompts DO YOU WANT 
TO EXECUTE, Y / N .  

35. P r e s s  Y and p r e s s  CONT. Computer r e t u r n s  t o  s t e p  32. Repeat  32-35 
a s  needed.  Go t o  s t e p  42. 

B. To D e l e t e .  
36. Type D .and p r e s s  CONT t o  d e l e t e  a v a l u e  i n  t h e  d a t a  m a t r i x  CRT 

prompts ROW, COLUMN. 
37.  Type r e s p e c t i v e  row and column, p r e s s  CONT. CRT pr'ompts ROLL 

REQUIRED. Y/D? 
38.  Type D and p r e s s  CONT. ( E n t i r e  d a t a  column above p o i n t  of d e l e t i o n  

w i l l  be moved down one p o s i t i o n . )  O r  t y p e  U and p r e s s  CONT. 
( E n t i r e  d a t a  column below p o i n t  of d e l e t i o n  w i l l  be moved up one 
s p a c e .  ) CRT prompts ENTER EDIT OPERATION LETTER, ADD, REPLACE, 
DELETE, EXIT, LIST. Repeat  36-38 a s  needed.  Go t o  s t e p  42. 

C .  To Add 
39. Type A and p r e s s  CONT t o  add a v a l u e  i n  t h e  d a t a  m a t r i x .  CRT 

prompts ROW, COLUMN? 
40. Type r e s p e c t i v e  row and column, p r e s s  CONT. CRT prompts ROLL 

REQUIRED. U/D? 
41. Type D and p r e s s  CONT. ( E n t i r e  d a t a  column w i l l .  be moved down one 

space  p l a c e  below p o i n t  of a d d i t i o n ) .  O r  t y p e  U and p r e s s  CONT. 
( E n t i r e  d a t a  column w i l l  be moved up one space  above t h e  p o i n t  of 
a d d i t i o n .  ) CRT prompts ENTER EDIT, OPERATION LETTER, ADD, REPLACE, 
DELETE, EXIT, LIST. Repeat  39-41 a s  needed. Go t o  s t e p  42. 

42. To o b t a i n  a d i s p l a y  of t h e  e d i t e d  d a t a ,  t y p e  L and p r e s s  CONT. CRT 
prompts OUTPLTT TYPE: I = ABS; 2 = LIG-AT/L,. 

43. Type 1 o r  2 p r e s s  CONT. CRT d i s p l a y s  d a t a  and prompts  DO YOU WANT A 
HARD COPY, Y/N?  

44. Type Y and p r e s s  CONT. Hard copy is o u t p u t  t o  the rmal  p r i n t e r .  O r  
t y p e  N and p r e s s  CONT. CRT prompts ENTER EDIT OPERATION LETTER, 
ADD, REPLACE, DELETE, EXIT, LIST. 

D. To e x i t  e d i t  mode 
45. Type E and p r e s s  CONT. CRT d i s p l a y e d  EDIT FINISHED and prompts w i t h  

WAITING FOR A COMMAND. 
46. To save  t h i s  e d i t e d  f i l e ,  t y p e  PURGE " f i l e  name" and p r e s s  EXECUTE. 

Fol low s t e p s  23-25 o f  SAVE. 



MANDAT PROGRAM - USER DEFINED PARAMETERS 

2030 Channel l a b e l s :  The o n l y  l a b e l  which should be changed is  "URE." For 
example, i f  c h l o r p h y l l  i s  being run  on c h a n n e l  6, change URE t o  CHL. 

2050 Channel s t a t u s .  
2090 F a c t o r s :  En te r  t h e  f a c t o r s  a s  determined i n  s t a n d  f o r  each channel .  
2110 R e f r a c t i v e  index :  E n t e r  t h e  r e f r a c t i v e  index  determined f o r  each , 

c h a n n e l .  



HELLCI FROM MANDHT 
GEY 8-  I t 4 I T I A L I Z E  
KEY 1-  L I S T  
KEY 2- I N P U T  DATA 
KEY 13- E D I T  
KEY 4-  :;A1.)E 1IHj-A 
K  E  7 5 - F  1 1.4 I !S H  E  11 
KEY 6- FETCH 



UG-HT 1-1 1; - H T 
4 .75  4 4 . 8 8  

.68 C -  .J t. . 8 5 
4 . 4 8  -. 03 

.9E: 1 8 . 1 8  
1.02 12. Z ' j  
1.17 1 6 . 4 0  
1. 28 1 8 . 2 1  
1 . 4 2  19 .03  
1 . 6 1  28 .  49  
1. 87 2 09 . '5 4 
2. 18 :>6.89 
2 - 9 2  58.83 

3 . 2 0  9 1 . 5 :3 
3. 1 8  177.43 

UG-HT 
4. 18 -. 8 1  
3 - 9 3  

22 
. 3 7  
. 4 6  

1 .11  
1 .56 
2 - 2 7  
.2@ 
. 1 4  
. 2 2  
. 1 4  
. 1 4  



INSTRUCT IONS FOR BFIND PROGRAM 

The BFIND program c a l c u l a t e s  "B" f a c t o r s  from s t a n d a r d s  t h a t  a r e  run on 
t h e  AutoAnalyzer channe l s  wi th  t h e  APILOT program. New "B" f a c t o r s  should  be 
de te rmined  when changes a r e  made which could  a f f e c t  t h e  amount of d i s p e r s i o n  
i n  any of t h e  c h a n n e l s  ( e .g .  a d d i t i o n  of an e x t r a  mixing c o i l  o r  d e b u b b l e r ) .  

1. I n  o r d e r  t o  save  t h e  d a t a  i n  t h e  APILOT program a  f i l e  must be c r e a t e d  
on t h e  t a p e  o r  d i s k .  The number of  r e c o r d s  needed f o r  t h e  f i l e  can be  
c a l c u l a t e d  as f o l l o w s :  
1. A 180 second sample and a  60 second wash = 240 sec l sample .  
2. One sync sample p l u s  f i v e  S1 s t a n d a r d s  and f i v e  S2 s t a n d a r d s  = 11 

samples.  
3. E igh t  v a l u e s  a r e  recorded pe r  second. 
4. There a r e  4  Bytes pe r  v a l u e  and 256 Bytes  pe r  t a p e  r e c o r d .  
The number of r e c o r d s  needed t o  record  11 peaks  p l u s  i n i t i a l  and f i n a l  
b a s e l i n e s  (2  peaks each)  g i v e s  a t o t a l  e q u i v a l e n t  t o  about  1 5  peaks.  
F i l e  Length = 15 samples  x  240 s e c l s a m p l e  x  8 v a l u e s / s e c  x  

4  B y t e s l v a l u e  x  1 record1256 Bytes  
F.L. = 450 r e c o r d s  

So a  f i l e  i s  c r e a t e d  on t a p e  1 5  by: C r e a t e  "TEST", 450 Execu te .  
2.  A f t e r  t h e  f i l e  has  been c r e a t e d  and t h e  d a t a  have been saved on t h e  

t a p e  us ing  t h e  APILOT program, i n s e r t  t h e  AUTO program t a p e  i n  t a p e  
15.  

3. Type LOAD "BFIND" and then  p r e s s  Execute  t o  l o a d  t h e  program. 
4. P r e s s  RUN. CRT d i s p l a y s  "ENTER CHANNEL No." Type i n  t h e  channe l  - 

number d e s i r e d  and push CONTINUE. Phospha te= l ,  S i l i c a t e = 2 ,  N i t r a t e  
p l u s  N i t r i t e = 3 ,  N i t r i t e = 4 ,  Ammonium=5 and Urea =6. 

5.  CRT d i s p l a y s  "MAX NO. OF POINTS." For a l l  e l e v e n  peaks e n t e r  2500 and 
Dress  CONTINUE. For 4  o r  5  Deaks use 1600 ~ o i n t s .  

6. ERT d i s p l a y s  "FILE NAME." G p e  TEST and pr'ess CONTINUE. 
7.  CRT d i s p l a y s  "FILE DEVICE." Type 2  and p r e s s  CONTINUE. 
8 .  CRT d i s p l a y s  "SAMPLE TIME." Type 180 and p r e s s  CONTINUE. 
9. CRT d i s p l a y s  "WASH TIME." Type 60 and p r e s s  CONTINUE. 

10.  Raw d a t a  w i l l  be p l o t t e d  on t h e  CRT and a  c u r s o r  d i s p l a y e d .  Move 
c u r s o r  between t h e  sync sample and t h e  f i r s t  peak, p r e s s  CONTINUE. 
Now move c u r s o r  between peaks 5 and 6 ,  p r e s s  CONTINUE. Th i s  produces  
a  c o l l a p s e d  d a t a  s e t  which w i l l  a u t o m a t i c a l l y  be p l o t t e d  on t h e  CRT. 

11. The rnllapsed d a t a  i s  p l o t t e d  on t h e  CRT w i t h  t h e  c u r s o r  nea r  t h e  
f i r s t  peak. P o s i t i o n  c u r s o r  t o  a  p o s i t i o n  about 5  seconds  a f t e r  t h e  
i n i t i a l  r i s e  of t h e  f i r s t  peak and p r e s s  CONTINUE. P o s i t i o n  c u r s o r  
f i ~ r t h e r  up t h e  r i s e  but s t i l l  i n  t h e  e x p o n e n t i a l  p o r t i o n  of t h e  peak. 
Th i s  p o s i t i o n  of t h e  c u r s o r  is  u s u a l l y  v e r y  c l o s e ,  t h e r e f o r e  l i t t l e  I f  
any  movement i s  n e c e s s a r y ,  p r e s s  CONTINUE. S e l e c t  r i s e  p o i n t s  f o r  a l l  
peaks  i n  t h e  same manner. A f t e r  t h e  l a s t  r i s e  is  s e l e c t e d ,  p r e s s  KO 
t o  ex i t .  

12.  The c u r s o r  w i l l  a g a i n  a p p e a r  b u t  a s  a h o r i z o n t a l  l i n e  t h i s  t ime .  
S e l e c t  t h e  peak h e i g h t s  fo r  each peak and p r e s s  CONTINUE. A f t e r  t h e  
l a s t  peak h e i g h t  has  been s e l e c t e d ,  p r e s s  KO t o  e x i t .  

13.  CRT d i s p l a y s  "DO YOU WANT A HARD COPY OF THE GRAPH? Y / N "  E n t e r  Y o r  
N and p r e s s  CONTINUE. 

14.  A segment t a b l e  is  d i s p l a y e d  on t h e  CRT a l o n g  w i t h  "DO YOU WANT TO 
CHANGE THE E'S?" E n t e r  "N" and p r e s s  CONTINUE. 

15.  CRT d i s p l a y s  "DO YOU WANT A HARD COPY? Y / N "  I f  t h e  t a b l e  i s  d e s i r e d  
e n t e r  "Y" and p r e s s  CONTINUE. 

- 85 - 



CRT d i s p l a y s  r eg re s s ion  p l o t  of ln(E-H) versus  time. The r eg re s s ion  
l i n e s  should be l i n e a r  f o r  each of the  segments chosen. I f  the  l i n e s  
a r e  curved then the  r i s e  po in t s  were chosen i n c o r r e c t l y .  
CRT d i s p l a y s  "DO YOU WANT A COPY OF REGRESSION PLOT? Y/N"  I f  a  hard 
copy is  d e s i r e d  e n t e r  "Y" and p r e s s  CONTINUE. 
CRT d i s p l a y s  r eg re s s ion  t a b l e  wi th  i n t e r c e p t ,  s l ope ,  B value and no. 
of po in t s  and a  mean "B" value i s  ca l cu l a t ed .  
CRT d i s p l a y s  "DO YOU WANT A HARD COPY? Y / N "  Enter  "Y" and press  
CONTINUE. 
Three no t e s  a r e  l i s t e d  on t h e  CRT desc r ib ing  the  e f f e c t s  of the  "B" 
va lue  on peak r egene ra t i on .  
CRT d i s p l a y s  "B VALUE FOR REGENERATION?" For a  f i r s t  approximation 
t a k e  the  mean "B" va lue  from reg re s s ion  and s u b t r a c t  one. Enter  t he  B 
va lue  minus 1 and p r e s s  CONTINUE. 
CRT w i l l  d i s p l a y  regenera ted  peaks  using the  "B" value en te red .  
a )  I f  t h e  regenera ted  peaks have a  sharp  sp ike  a t  t he  beginning, they 

a r e  probably over-regcncrated thus you should lower the "B" value.  
b) I f  t h e  peaks a r e  rounded l i k e  t he  raw d a t a ,  t he  peaks a r e  probably 

under-regenerated,  thus  you should r a i s e  t he  "B" value.  
c )  The tops  of the  peaks and the  v a l l e y s  should be f l a t .  
CRT d i s p l a y s  "DO YOU WANT TO DUMP PLOT? Y / N "  I f  a  hard copy i s  
d e s i r e d  e n t e r  "Y" and p r e s s  CONTINUE. 
CRT d i s p l a y s  "DO YOU WANT TO T R Y  REGEN AGAIN? Y / N "  I f  you want t o  
t r y  another  "B" va lue  e n t e r  "Y" and p r e s s  CONTINUE, 
En te r  t h e  bes t  ;'B" va lue  i n t o  APILOT program. 
To determine t h e  "R" value f o r  another  channel ,  p r e s s  STOP and then 
p r e s s  RUN which w i l l  r e t u r n  you back t o  s t e p  4 .  - 



REQUIREMENTS FOR BFIND PROGRAM 

1. Must. ach ieve  t r u e  s t e a d y  s t a t e  
a., r e q u i r e s  long sample and wash t imes 180 seconds and 60 

seconds ,  r e s p e c t i v e l y .  
2 .  3  s t d s  ( low,  medium, h igh  - i . e .  S-1, S-3, S-5) a r e  s u f f i c i e n t .  

I n f o r m a t i o n  

1. "B" - e x p o n e n t i a l  phase c o n s t a n t  
M R n  = - l l s l o p e  of a  p l o t  of I n  (E-h) v e r s u s  t ime  

"B" t e l l s  you how f a s t  t h e  sys tem approaches  s t e a d y  s t a t e .  The 
longer  t h e  system t a k e s  t o  reach  s t e a d y  s t a t e ,  t h e  l a r g e r  "B" w i l l  
be .  Likewise ,  B  r e f l e c t s  t h e  amount of segment t o  segment mixing 
( l o n g i t u d i n a l  d i s p e r s i o n )  which occurs  i n  t h e  manifold  and 
c o l o r i m e t e r  f low c e l l s .  A s  l o n g i t u d i n a l  d i s p e r s i o n  d e c r e a s e s ,  B 
d e c r e a s e s .  

2 .  "A" a l a g  phase c o n s t a n t  
"A" = y  i n t e r c e p t  of a  p l o t  of I n  (E-h) v e r s u s  t ime  

."A" i n d i c a t e s  ( i n  seconds)  t h e  pe r iod  of t ime b e f o r e  t h e  rise curve  
beg ins  t o  approach s t e a d y  s t a t e  e x p o n e n t i a l l y .  A is l a r g e l y  
i n f l u e n c e d  by t h e  dwel l  ' t ime  of t h e  CF systems.  Manifolds  w i t h  
d i a l y z e r s  and h e a t i n g  b a t h s  have l o n g e r  l a g  phase t h a n  t h o s e  with,6ut.  
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INSTRUCTIONS FOR USE OF CLOCK PROGRAM 

1. I n s e r t .  Autoprogram t a p e  i n t o  t ape .  d r i v e  15.  Type LOAD "CLOCK" and 
. then p r e s s  EXECIITE. 
T h i s  s t e p  l o a d s  t h e  program i n t o  t h e  computer ' s  memory. When the  
s m a l l  s q u a r e  of l i g h t  a t  t h e  lower. r ight-hand c o r n e r  of t h e  ca thode  
r a y  tube (CRT) i s  e x t i n g u i s h e d ,  t h e  program i s  f u l l y  loaded and ready 
f o r  use.  

2.  P r e s s  RUN, t h e  CRT w i l l  d i s p l a y  "HELLO FROM PROGRAM CLOCK. I AM 
LOOKING FOR THE TIME BACK I N  20 SEC"'. 

3 .  The CRT w i l l  d i s p l a y  "AT THE TIME OF THE TONE IT WAS" . DO YOU 
WANT TO CHANGE IT? Y/N" E n t e r  "Y" o r  "N" and push CONT. I f  "N" t h e n  
"CLOCK I S  FINISHED" w i l l  be d i s p l a y e d .  I f  "Y" t h e n  the  CRT w i l l  ask 
f o r  i n p u t  of month, day,  h o u r ,  minute ,  and second,  Eo. te r  each ' a e  2 
d i g i t s  and push CONT. 

Example: "MONTH?" 02 
"DAY" 0 3 
" IIOUR" 04 
"MINUTE" 0 5 
"SECOND" 06 

f o r  F e b r u a r y  3 ,  0405 hour ,  6 seconds  
4. The CRT w i l l  d i s p l a y  "THE TIME YOU SET IS" . "Dl YOU WANT 

TO SET I T ?  PIN".  E n t e r  "Y" o r  "N" and pjih CONT. I f  "Y" then  c lock  
w i l l  be s e t  a t  t h e  t ime you e n t e r e d  whi le  t h e  CRT d i s p l a y s  "WORKING AT 
SETTING CLOCK". A f t e r  s e t t i n g  t h e  c lock  is completed t h e  CRT w i l l  
d i s p l a y  THE TIME HAS BEEN SET IT I S  ". "CLOCK IS FINISHED". 



INSTRUCTIONS FOR USE OF AvsM PROGRAM 

I n s e r t  Autoprogram tape  i n t o  t a p e  d r i v e  15.  Type Load "AvsM" and then  
p r e s s  EXECUTE. 
T h i s  s t e p  loads  t h e  program i n t o  t h e  computer ' s  memory. When t h e  
s m a l l  square  of l i g h t  a t  t h e  lower r ight-hand c o r n e r  of t h e  ca thode  
r a y  tube (CRT) i s  e x t i n g u i s h e d ,  t h e  program i s  f u l l y  loaded and ready  
f o r  u s e .  Remove t h e  Autoprogram t a p e  and i n s e r t  your d a t a  t a p e  i n t o  
t a p e  d r i v e  15.  
P r e s s  RUN, CRT prompts "FILE WANTED?" f o r  f i r s t  d a t a  f i l e  t o  be r e a d .  
Type i n  t h e  name of t h e  f i l e  d e s i r e d  and p r e s s  CONT. Computer f i n d s  
and r e a d s  your d a t a  f i l e  from t a p e  and w r i t e s  t a b l e  on CRT. CRT 
d i s p l a y s  "DO YOU WANT HARD COPY, Y/N?" E n t e r  "Y" o r  "N" and p r e s s  
CONT. I f  "Y" t h e n  t h e  t a b l e  w i l l  be w r i t t e n  by p r i n t e r .  
CRT d i s p l a y s  "FILE WANTED?" f o r  second d a t a  f i l e  t o  be read .  
Type i n  name of t h e  second f i l e  d e s i r e d  and p r e s s  CONT. The t a b l e  
w i l l  be d i s p l a y e d  on CRT and you w i l l  be asked i f  you want a hard  copy 
a s  i n  s t e p  3. 
CRT d i s p l a y s  "CHANNEL WANTED I N  PLOT?" E n t e r  channe l  number and p r e s s  
COW. (Note: Usua l ly  t h e  channe l s  a r e :  1 = PO4, 2 = STO4, 3 = NO3 + 
N02, 4 = N O 2 ,  5 = NHq, 6 = UREA). 
A t a b l e  of absorbances  f o r  v a r i a b l e  and t h e  d i f f e r e n c e s  between 
absorbance v a l u e s  f o r  t h e  two d a t a  f i l e s  w i l l  be l i s t e d  on t h e  CRT. 
You w i l l  be prompted by "DO YOU WANT A HARD COPY OF THE TABLE? Y/N" .  
I f  a hard  copy i s  wanted e n t e r  "Y" and p r e s s  CONT. 

I f  "N" i s  e n t e r e d  t o  t h e  hard copy t h e n  a graph of t h e  d i f f e r e n c e s  
between t h e  absorbances  w i l l  be p l o t t e d  v e r s u s  peak number i n  t h e  
AutoAnalyzer run.  
The CRT w i l l  d i s p l a y  "DO YOU WANT A HARD COPY OF THE GRAPH? Y/N" .  I f  
"Y" ,  t h e  p r i n t e r  w i l l  produce a copy of t h e  graph and i f  "N" t h e n  t h e  
program w i l l  r e t u r n  t o  s t e p  6 and ask  f o r  channe l  number. I f  a new 
s e t  of f i l e s  a r e  d e s i r e d ,  t h e n  push STOP and RUN which w i l l  s t a r t  t h e  
programs wi th  s t e p  2. 





T H I S  I S  H L I S T .  FOR DHTH :SET= 
LHBEL=HMUBl  
DATE=28AUG78 
HR= 1 5 3 8  
LHT=N.  H. 
LOt.t=N. H. 
DEPTH= - 9 9  
COMHENT=kt. H. 
ktU. SAMPLES= 2 2  
OPERHTOR=CJP 
CHRt.INEL= PO4 :? I 11 4 
ST  AT U S = 1 1 
FHC:TORS= . 9 5 3  5 . 5 7 ' 3  
RF'S= . 1 8 8  . a 4 8  
B H S E l =  . I 1 8  . 1 1 8  
BHSE2= . a 9 0  . 1 8 7  

NO. I D  
1 I )  8 
2 H  8 
3 H 1 8  
4 H 2 8  
5 H 38 
6 H 4 8  
7 H  8 
8 H 1 0  
9 H 1 8  

1 0  H :38 
1 1  H 35 
1 2  H 8 
1 3  H 1 0  
1 4  H 2 8  
1 5  H 8 
1 6  H 1 8  
1 7  H 2 8  
1 8  H 3 0  
1 9  H 4 8  
2 0  H 4 5  
2 1  S 1 1  
2 2  S 2 1  

H Q F  
1 

5 . 8 1 9  
8 . 8 8 8  
. 1 2 0  
. 1 8 8  







THIS 15 H THBLE OF t q ~ t . 4 ~ ~ ~  ~ 1 4 ~  I:CI~IF'IJTEF: REHD HBSl:lRE:Ht4CE FOR SIC14 

l=HHWBl 
2=HM8@ 1 

FEHK 1.40. 1  S I 0 4  2 SIC14 1-2 

1 9.58 9. 62 -. 82 

2 2.02 2. 8:3 -. 81  
7, 
2 1.45 1.47 - 02 

4 1 .45  1.47 -. 82 
5 2. '32 2 - 9 4  -. 82 

6 :3.88 : 3 . l l  -. 8:3 
7 1.66 1.58 .Q8 
:3 2.83 2.83 . 08  
9 2 - 5 2  2 - 5 2  -. 88 

18 3 .58  3.18 .48  
11  2.38 2.98 -. 08 
12 1.86 1.89 -. 83 
1 :3 1.69 1.69 -. 80 
14 2.19 2 - 2 1  - 82 

1 -63 1.61  8 2 15 
16 1.41 1 .45  -. 64 
17 2.15 2.19 -. 84 
18 3 ,  .I& 3 .  4s  -. 81 
1 9 3 .55  :3.57 - 02 
7 - 
C! 3 .64  3.62 .62 
2 1 3 .58  3.55 -. 85 
2 2 2.37  2 - 3 8  -. 02 



T H I S  1::; H  TAXLE OF MHt./lJHL Hp/D ~I:IM~UTEF.: ,REHII HE:!;I:IRBH~./I::E FOR Ni1:3 
1  =HH88 1  

1  
P E  H I: El 111 . 1  pl1j3 2  1.1 111 :3 1-2 

1  7.92 7 .  94 - 02 
2  . 16 .17  -. 81 
:3 . 14  13 . 8 1  
4  . 15  .14  . 8 1  
5 . 38 . :39 -. 81 
6  . 49  . 5 0  -. 01  
7 .15  . 1 3  - 8 2  
8  .14  . 1  :3 . 8 1  
9  - 2 7  . L I  -. 00 78 7 

18 . 78  . 7 8  -. 88 
11 .39'  . 3  9 - . a0  
12 . 16 .15  . 01  
13 . 15  . 15  .88  
14 . 21  - 2 1  . 88 
15 .15  . 16 -. 81 
16 . 16 . 17  -. 81  
17 . '3 - ::m -8 . ~2 . 8 1  ? - 
18 . 64  .65  -. 81 
1  9 . 72  . 7 1  . 8 1  
2  8  . 81  . 8 1  . 88  
2  1 1 . 3 4  1  .:35 -. 81  
2 2 .27  . C b  -. 82 .  .- -, 







INSTRUCTIONS FOR USE OF PLOT PROGRAM 

1. I n s e r t  Autoprogram t a p e  i n t o  t a p e  d r i v e  1 5 .  Type T.OAD "PTJOT" and t h e n  
p r e s s  EXECUTE. 
T h i s  s t e p s  l o a d s  t h e  program i n t o  t h e  compu te r ' s  memory. When t h e  
s m a l l  s q u a r e  of l i g h t  a t  t h e  lower  r igh t -hand  c o r n e r  of t h e  ca thode  
r a y  t u b e  (CRT) i s  e x t i n g u i s h e d ,  t h e  program is  f u l l y  loaded and r eady  
f o r  u s e .  Remove t h e  Autoprogram t a p e  and i n s e r t  your  d a t a  t a p e  i n t o  
t a p e  d r i v e  15 .  

2 .  P r e s s  RUN. CRT d i s p l a y s  HELLO FROM PLOT USING STANDARD FILE. 
V a r i a b l e  names a r e  P04, SI04 ,  WN, N02, NH4, URE. CRT prompts FILE 
WANTED a t  lower l e f t - h a n d  c o r n e r  of t h e  s c r e e n .  

3 .  Type i n  t h e  name of t h e  f i l e  d e s i r e d  and p r e s s  CONT. Computer f i n d s  
and r e a d s  your  d a t a  f i l e  from t a p e .  CRT d i s p l a y s  "FINISHED READTNG 
FILE" and prompts  OUTPUT TYPE: l=ABS 

2-UG-AT /L 
11.  Typa 1 i f  you d e s i r e  a llstlng in ahf inrhanr~  t in i t s  or typo  2 i f  you 

d e s i r e  a  l i s t i n g  i n  p g - a t l l i t e r .  Because you w i l l  need t o  know t h e  
n u t r i e n t  c o n c e n t r a t i o n s  i n  p g - a t l l i t e r  f o r  t h e  p l o t t i n g  r o u t i n e ,  i t  i s  
w i s e  t o  select  2.  P r e s s  CONT. 
CRT d i s p l a y s  d a t a  f i l e  and prompts  DO YOU WANT HARD COPY, Y/N'! 

5 .  Type Y and p r e s s  CUNT. A h a r d  copy i s  o u t p u t  t o  t h e  t he rma l  p r i n t e r .  
CRT prompts  a g a i n ,  DO YOU WANT IIARD COPY, Y/N? 

6 .  Type N and p r e s s  CONT. CRT d i s p l a y s  LIST FINISHED and prompts  DO YOU 
WANT A PT,OT?, Y / N .  

7. Type Y and p r e s s  CONT. CRT prompts  f o r  VARIABLE NAME. 

8. Type t h e  v a r i a b l e  d e s i r e d ;  P04, SI04 ,  N+N, N02, NH4, o r  URE and p r e s s  
CONT. I f  v a r i a b l e  naule i s  i n r n r r ~ r t ,  CWT d i s p l a y c  incorrect v a r i a b l e  
name I S  A BAD CHOICE TRY AGAIN.. Type c o r r e c t  name and press CnNT. 

9 .  m p r o m p t s  XMIN, XMAX? Type r ange  of concen - t r a t i on  d e s i r e d  f o r  t h i s  
v a r i a b l e ,  p r e s s  CONT. 

10. CK'I' p rompts  DEPTH MTN, DEPTH PlAX. Type range  of d e p t h s  d e s i r e d  f o r  
t h i s  v a r i a b l e .  press C O W .  

11. CRT p l o t s  d a t a  f o r  t h i s  n u t r i e n t  v a r i a b l e  and prompts n0 YOU WANT A 
HARD COPY OF THE PLOT? Y / N .  

I .? ,  Type Y and t h e n  press COlrP t o  ubtalll a  copy uf the p l o t  on t h e  t he rma l  
p r i n t e r .  CRT prompts  a g a i n  DO YOU WANT A WJ) COPY OF THE PLOT? Y / N .  

13. Type N and p r e s s  CONT. CRT prompts  DO YOU WANT A NEW STATION? Y I N .  
1 4 .  Type N and p r e s s  CONT and program r e t u r n s  you s t e p  t o  9 f o r  new 

v a r i a b l e  o r  t y p e  Y and p r e s s  CONT. Program r e t u r n s  you t o  s t e p  4  f o r  
t h e  s e l e c t i o n  of a new s t a t i o n .  

PLOT PROGMI - USER DEFINED PARAMETERS 

120  V a r l a b l e  names: Order  of v a r i a b l e s  is  c o n s t a n t .  Channe l  6 ,  URE, is  f o r  
e x p e r i m e n t a l  work. Change URE t o  t h e  a n a l y s i s  a t  hand. For  example,  
change  URE t o  CHL i f  c h l o r o p h y l l  i s  being  de t e rmined .  

550 Type of sample:  For  hydro  s amp le s ,  t h i s  l i n e  s p e c i f i e s  t h a t  t h e s e  "H" 
s amp le s  w i l l  be p l o t t e d .  To p l o t  samples  i d e n t i f i e d  i n  t h e  d a t a  base  by 
any  o t h e r  l e t t e r ,  e n t e r  i t s  I . D .  l e t t e r  h e r e .  For  example,  t o  p l o t  
p r o d u c t i v i t y  i d e n t i f i e d  i n  t h e  d a t a  by t h e  l e t t e r  P, s u b s t i t u t e  "P" f o r  
"11". Only p r o d u c t i v i t y  samples  w i l l  t hen  be p l o t t e d  when PLOT i s  c a l l e d .  

The f o l l o w i n g  t h r e e  pages  a r e  o u t p u t  examples of "PLOT". 
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INSTRUCTIONS FOR SECS 

I t  I n s e r t  Autoprogram t a p e  i n t o  t ape  d r i v e  15.  Type LOAD "SECS" and t h e n  
p r e s s  EXECUTE. 
T h i s  s t e p  loads  t h e  program i n t o  t h e  computer ' s  memory. When t h e  
s m a l l  square  of l i g h t  a t  t h e  lower r ight-hand c o r n e r  of t h e  ca thode  
r a y  tube  (CRT) i s  e x t i n g u i s h e d ,  t h e  program i s  f u l l y  loaded and ready 
f o r  u s e .  Remove t h e  Autoprogram t a p e  and i n s e r t  your d a t a  t a p e  i n t o  
t a p e  d r i v e  15.  

2. P r e s s  RUN, CRT prompts "ENTER FILE NAME, STA NO.? TYPE EXIT TO 
QUIT". E n t e r  f i l e  names t h a t  a r e  s t o r e d  on d a t a  t a p e  and S t a t i o n  
numbers t o  be used f o r  each s t a t i o n  i n  t h e  s e c t i o n ,  push CONT. (Note:  
Be c e r t a i n  t h e  s t a t i o n s  a r e  e n t e r e d  i n  t h e i r  p roper  o r d e r  i n  t h e  
t r a n s e c t ) .  A maximum of 25 s t a t i o n s  w i t h  40 d e p t h s  on each s t a t i o n  
and 6 channe l s  a r e  t h e  upper l i m i t  of s t o r a g e  c a p a c i t y  i n  t h e  
computer. 

Example: HY2001, 1 f i l e  "HY2001" i s  c a l l e d  s t a t i o n  1 
HY2002, 3 f i l e  "HY2002" is  c a l l e d  s t a t i o n  3 .  

The f i l e  name i s  checked f o r  each r e q u e s t  on t a p e  15 and i f  no t  found 
"INPUT ERROR I N  ( f i l e  name) TRY AGAIN" w i l l  be d i s p l a y e d .  Type 
"EXIT" and push CONT t o  q u i t  r e q u e s t i n g  f i l e s .  

3 .  The CRT w i l l  d i s p l a y  "DO YOU WANT A HARD COPY?" Y / N "  En te r  "Y" o r  "N" 
and push CONT. 

4. The CRT w i l l  d i s p l a y  "DO YOU WANT TO RUN? Y / N "  E n t e r  "Y" o r  "N" and 
push CONT. 
I f  "Y" i s  answered t o  q u e s t i o n  t h e n  t h e  computer w i l l  s e q u e n t i a l l y  
r e t r i e v e  t h e  f i l e s  from t h e  t a p e  and s t o r e  them i n  a 3-dimensional 
m a t r i x  of s t a t i o n s ,  dep ths  and channe l  numbers. A s  t h e  f i l e s  a r e  
s t o r e d  i n  t h e  computer t h e  CRT d i s p l a y s  t h a t  t h e  f i l e  has been found. 

5. A f t e r  t h e  l a s t  f i l e  has  been s t o r e d ,  t h e  s e c t i o n  l e n g t h  i n  km w i l l  be 
w r i t t e n  on t h e  CRT. T h i s  i s  c a l c u l a t e d  from t h e  l a t i t u d e  and 
l o n g i t u d e  f i x e s  from each s t a t i o n  f i l e .  The d i s t a n c e  r e p r e s e n t s  t h e  
cumula t ive  d i s t a n c e  c a l c u l a t e d  a s  a g r e a t  c i r c l e  between each of t h e  
s t a t i o n s .  A s  a  r e s u l t ,  t h e  cumula t ive  d i s t a n c e  between s t a t i o n s  may 
be d i f f e r e n t  than  t h e  d i s t a n c e  between t h e  two t r a n s e c t  end s t a t i o n s .  

6 .  The CRT w i l l  t hen  a s k  f o r  "VARIABLE NAME?" E n t e r  t h e  t h r e e  o r  f o u r  
l e t t e r  name of t h e  n u t r i e n t  wanted, p r e s s  CONT. Other  o p t i o n s  a r e :  
i n t e g r a t i o n s ,  e n t e r  "I" and r a t i o s ,  e n t e r  "R" 

7 .  The CRT w i l l  r e q u e s t  "SECTION LENGTH?" E n t e r  d e s i r e d  l e n g t h  i n  km of 
t h e  s e c t i o n  whi le  t a k i n g  n o t e  of t h e  a c t u a l  l e n g t h  i n  s t e p  6 above,  
p r e s s  CONT. 

8. The CRT w i l l  r e q u e s t  "MAXIMUM DEPTH PLOT?" E n t e r  t h e  deepes t  d e p t h  
f o r  t h e  v e r t i c a l  s c a l e  d e s i r e d ,  p r e s s  CONT. Note t h a t  you do no t  have 
t o  p l o t  a l l  v a l u e s .  I f  100 m i s  r e q u e s t e d  t h e n  a l l  v a l u e s  deeper  t h a n  
100 rn w i l l  be d i s r e g a r d e d .  Bottom d e p t h s  w i l l  be drawn f o r  a l l  o r  
p a r t  of t h e  s t a t i o n s  i f  t h e  r e q u e s t e d  dep th  is chosen l a r g e  enough. 

9. The CRT w i l l  r e q u e s t  "Type of P l o t  1 = numbers, 2 = numbers + 
c o n t o u r s ,  3 = con tours . "  I f  you want on ly  number w i t h  no l i n e s  e n t e r  
1 and p r e s s  CONTINUE. However, you can o b t a i n  numbers and c o n t o u r s  o r  
j u s t  c o n t o u r s  by p r e s s i n g  2 o r  3 fo l lowed  by a  CONTINUE. I f  c o n t o u r s  
a r e  r e q u e s t e d  t h e  CRT w i l l  d i s p l a y  "Cuntour l e v e l  v a l u e  o r  E  t o  e x i t . "  
E n t e r  each con tour  c o n c e n t r a t i o n  fol lowed by a  CONTINUE. E n t e r  E  and - 
p r e s s  CONTINUE t o  s tart  p l o t .  



10.  The s e c t i o n  w i l l  be drawn from l e f t  t o  r i g h t .  The bottom con tour  w i l l  
be added t o  t h e  f i g u r e  a u t o m a t i c a l l y  i f  s o n i c  dep ths  have been e n t e r e d  
i n t o  t h e  f i l e s .  

11. The CRT w i l l  d i s p l a y  "DO YOU WANT A HARD COPY OF THE PLOT? Y / N "  E n t e r  
"Y" o r  "N" and p r e s s  CONT. 

12.  The CRT w i l l  d i s p l a y  "DO YOU WANT ANOTHER VARIABLE ON THIS SECTION? 
Y / N " .  E n t e r  "Y" o r  "N" and p r e s s  CONT. I f  "Y" t h e n  go t o  s t e p  7 .  I f  
"N" t h e n  t h e  program ends .  To do a n o t h e r  s e c t i o n  push STOP and RUN, 
t h e n  s t a r t  a t  s t e p  2. 

INTEGRATION 

To o b t a i n  i n t e g r a t e d  v a l u e s  i n  a t r a n s e c t  respond t o  CRT wi th  an "I" and 
p r e s s  CONTINUE when "VARIAR1.R NAME? [hA]" I s  d i s p l a y e d .  

1. CRT w i l l  r e q u e s t  "WHAT IS THE INTEGRATION M I N ? "  E n t e r  d e p t h  and p r e s s  
CONTINUE. -- 

2 .  CRT w i l l  r felueat  "WIlAT I 3  THE INTEGRATION MAX?" EnreP dep th  and p r e s s  
CONTINUE. 

3. CRT w i l l  r e q u e s t  ''DO YOU WANT A HARD COPY OF THE INTEGRATED VALUES? 
Y/N" E n t e r  "Y" and p r e s s  CONTINUE f o r  a p r i n t o u t  o f  al.1 i n t e g r a t e d  
v a l u e s  i n  t h e  t r a n s e c t .  

4. CRT w i l l  r e q u e s t  "SECTION LENGTH?" E n t e r  l e n g t h  of x-axis  i n  km and 
p r e s s  CONTINUE. 

5. CRT w i l l  r e q u e s t  "MAXIMUM INTEGRATED CONC?" E n t e r  maximum va lue  of 
y-axis  and p r e s s  CONTINUE. 

6 .  The p l o t  w i l l  commence bu t  t h e  CRT w i l l  r e q u e s t  "VARIABLE MASK? [ 6  
No. ' s ] "  E n t e r  6 numbers s e p a r a t e d  by commas f o r  t h e  n u t r i e n t  channe l s  
d e s i r e d  i n  the  p loe .  

Examples: 0 ,1 ,1 ,0 .0 .0  w i l l  p l o t  o n l y  r . h a n n ~ l  s 7 and ? (Si04 and 
N+N) . 

l , O , l , O , l , O  w i l l  p l o t  channe l s  1, 3 and 5 (PO4, N+N, 

MI4 > 
I f  you s imply p r e s s  CONTINUE wi thou t  e n t e r i n g  numbers, a l l  channe l s  
w i l l  Lc p l o t t e d  u n l e s s  y6cl ha3 p ~ ' e v l u u s l y  c l~anged che mask. 

RATIOS 

To o b t a i n  r a t i o s  of v a r i a b l e s  i n  a t r a n s e c t  respond t o  CRT w i t h  an "R" and 
p r e s s  CONTINUE when "VARIABLE NAME? [ 6 A ] " . i s  d i s p l a y e d .  

1. CRT w i l l  r e q u e s t  "SECTION LENGTH?" E n t e r  l e n g t h  i n  km and p r e s s  
CONTINUE. 

2. CRT w i l l  r e q u e s t  "MAXIMUM PLOT DEPTH?" E n t e r  dep th  i n  m and p r e s s  
. CONTINUE. 

3 .  CRT w i l l  i.cqucuL "WHAT I S  TIIF, LABEL ~ ' u K  'I'M PLU'I"! [ 1 8 ] "  Ente r  l a b e l  
from keyboard (maximum of 1 8  c h a r a c t e r s )  and p r e s s  CONTINUE. 
Example: N03/SI04. 

4. CK'I' w i l l  r e q u e s t  "TYPE OF PLOT 1 = NUMBERS, 2 = NUMBERS + CONTOURS, 3 
= CONTOURS." E n t e r  d e s i r e d  number and p r e s s  CONTINUE. I f  c o n t o u r s  -. . . -  ....-- 
a r e  r e q u e s t e d ,  e n t e r  con tour  l e v e l s  and p r e s s  CONTINUE. E n t e r  "E" and 
p r e s s  CONTINUE to s ta r t  the p l o t .  
(Note:  For r a t i o s  o t h e r  t h a n  N O ~ / S I O ~  t h e  coding must be a l t e r e d  i n  
SECS program l i n e s  3210 and 3220.) 
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6 .  COMPUTER INTERFACING AND IMDWARE MODIFICATIONS 

The t a s k  of i n t e r f a c i n g  a  desk top  computer t o  c o n t r o l  an AutoAntlyzer can 
be somewhat c o n f u s i n g  so some d e t a i l s  of t h e  hardware needed a r e  given i n  t h i s  
s e c t i o n .  Also t h e  hardware i n  o n l y  a  few automated n u t r i e n t  a n a l y s i s  sys tems 
c o m p l e t e l y  s a t i s f y  a l l  of t h e  r e a s o n a b l e  needs o r  d e s i r e s  of i t s  o p e r a t o r .  
P a r t  of t h e  d i s s a t i s f a c t i o n  i s  t h e  development time. r e q u i r e d  f o r  commercial 
companies t o  i n c o r p o r a t e  t h e  newest t e c h n o l o g i c a l  advances i n t o  t h e i r  i n s t r u -  
ments .  Sone i n s t r u m e n t  u s e r s  have spec i -a l  needs which do no t  have a  l a r g e  
enough market t o  encourage companies t o  a l t e r  t h e i r  d e s i g n s .  These mismatches 
between p r o d u c t s  and u s e r s  o f t e n  s t i m u l a t e  des ign  changes by some u s e r s  which 
make t h e i r  i n s t r u m e n t s  more u s e f u l .  

Computer I n t e r f a c i n g  

The t a s k  of c o l l e c t i n g  vo l tngc  o u t p u t s  from the. O t n  5 vn l t  t e l . ~ m ~ t r y  ouL- 
l e t  on t h e  A A I I  c o l o r i m e t e r  r e q u i r e s  an i n t e r f a c e  t o  t h e  comp1ite.r and an ana- 
l o g  t o  d i g i t a l  (A t o  D)  c o n v e r t e r .  A 1 6  b i t  p a r a l l e l  i n t e r f a c e  card (HP 
980328) can be purchased d i r e c t l y  from Hewett Packard.  The c a b l e  from t h e  
i n t e r f a c e  ca rd  c o n n e c t s  t o  t h e  8  c h a n n e l  A t o  D c o n v e r t e r .  The c o l o r i m e t e r  
f rom each n u t r i e n t  channe l  must be connected t o  one of t h e  8 A t o  D p o r t s .  
S i n c e  t h e  computer a l s o  commands t h e  sample r ,  t h e  o u t p u t  of t h e  d i g i t a l  t o  
a n a l o g  c o n v e r t e r  (DAC) i s  connected t o  t h e  sampler .  A d d i t i o n a l  d e t a i l s  about 
t h e  o p e r a t i o n  of t h e  i n t e r f a c e  box fo l low.  

D e s c r i p t i o n  of t h e  Analog M u l t i p l e x e r  I n t e r f a c e  t o  Computer 

T h i s  i n t e r f a c e  a c c e p t s  e i g h t  ana log  inp.uts w i t h i n  0 . . . 5  v o l t s .  A l l  i n -  
p u t s  a r e  d i f f e r e n t i a l  f o r  a  minimum of common mode n o i s e .  A HP programmable 
c a l c u l a t o r  model 9845 o r  9825 c o n t r o l l s  a l l  convers ion  f u n c t i o n s  v i a  a  16-b i t  
m u l t i p l e x e r  c a r d  98032A by e x e c u t i n g  t h e  p roper  commands and codes .  

I:n a d d i t i o n  t o  t h e  i n p u t  channe l s  one ana log  o u t p u t  i s  provided.  Th is  
o u t p u t  i s  d e r i v e d  from 8 b i t s ,  t h e  f u l l  s c a l e  being +10V f o r  a b i n a r y  equiva- 
l e n t  o f  255. Binary  z e r o  cor responds  t o  0  v o l t s  o u t p u t .  
F u n c t i o n  D e s c r i u t i ~ n .  

Any ana log  i n p u t  c h a n n e l  i s  addressed  ( s e l e c t e d )  s e q u e n t i a l l y  o r  randomly 
by s e t t i n g  t h e  b i n a r y  b i t  p a t t e r n  t o  t h e  Hewlet t  Packard ou tpu t  b i t s  D08, DO9 
and D010, DO8 be ing  t h e  l e a s t  s i g n i f i c a n t  b i t .  
Examples: BITS 15 14 13 12 11 IU 9 8  7 6 5  4 3 2 1 0  
S e l e c t  Ch. 5 X X X X X  1 0 1  X X X X X X X X  
S e l e c t  Ch. 7  X X X X X  1 1 1  X X X X X X X X  
Note: X Don't c a r e  

1 B i t  t r u e ,  0  B i t  f a l s e  
Address ing  is  performed by e x e c u t i n g  an o u t p u t  s t a t e m e n t ,  such a s  w r i t e ,  w r i t e  
b y t e  and e q u i v a l e n t ,  depending on t h e  p a r t i c u l a r  110 c o n f i g u r a t i o n  of t h e  ca l -  
c u l a t o r .  The l e a s t  s i g n i f i c a n t  8  b i t s  (0 . .7)  a r e  used f o r  t h e  ana log  o u t p u t .  
Thus ,  i f  t h e  ana log  ou tpu t  v o l t a g e  i s  t o  remain c o n s t a n t  dur ing  a  channel  ad- 
d r e s s  o p e r a t i o n ,  t h e s e  8  b ' i t s  must be t r e a t e d  i n  a s p e c i a l  manner: 

1. Before  ou tpu t  of t h e  a d d r e s s  b i t s :  
a )  "AND" t h e  7 l s b  wi th  "0" 
b )  "OR" t h e  d e s i r e d  b i t  p a t t e r n  f o r  t h e  o u t p u t  vo.l.tage i n t o  t h e  8  

l s b .  
c )  Now ou tpu t  t h e  word. 



2.  A l t e r n a t e  Mode: 
a )  S e t  t h e  b i t  p a t t e r n  f o r  t h e  d e s i r e d  o u t p u t  v o l t a g e  i n t o  t h e  out-  

put v a r i a b l e .  
b)  M u l t i p l y  t h e  i n p u t  a d d r e s s  channel  by 256, E.G. 3*256. 
c )  Add t h i s  q u a n t i t y  t o  t h e  v a r i a b l e  i n  s t e p  a ) .  
d )  Now ou tpu t  t h e  e n t i r e  word. 

E i t h e r  method w i l l  y i e l d  t h e  same r e s u l t s ,  i n  t h i s  manner t h e  o p e r a t o r  
m a i n t a i n s  f u l l  c o n t r o l 1  over  i n p u t  and o u t p u t  o p e r a t i o n s  w i t h  a  most e f f i c i e n t  
u s e  of t h e  e x i s t i n g  110 hardware.  It i s  recommended t h a t  t h e  above mentioned 
s t a t e m e n t s  he executed a s  s u b r o u t i n e s  t h a t  may be c a l l e d  when d e s i r e d .  

Hardware D e s c r i p t i o n  

The 8  i n p u t  s i g n a l s  pass  through s h i e l d e d  " D I N "  connec to rs  t o  an a n a l o g  
m u l t i p l e x e r / c o n v e r s i o n  module (ana log  d e v i c e s  mod. DAS1128). T h i s  module i s  
p r o g r a m e d  t o  a c c e p t  u n i p o l a r  s i g n a l s  from 0  t o  +5 v o l t s .  The convers ion  pro- 
t o c o l  i s  programmed t o  12 b i t s  s t r a i g h t  b i n a r y  y i e l d i n g ' a  r e s o l u t i o n  of 1 i n  
4096. The module i s  i n t e r n a l l y  t empera tu re  compensated and c o n t a i n s  i t s  own 
p r e c i s i o n  r e f e r e n c e  v o l t a g e .  A f t e r  s e t t i n g  t h e  t h r e e  a d d r e s s  i n p u t s ,  a  r ead  
s t a t e m e n t  t r i g g e r s  t h e  convers ion  s t a r t .  A f t e r  t h e  end of t h e  convers ion  cy- 
c l e  a  "FLAG" s i g n a l  i s  r e t u r n e d  t o  t h e  980328 c a r d ,  i n d i c a t i n g  a v a l i d  b y t e  on 
t h e  d a t a  l i n e .  The c a l c u l a t o r  now a c c e p t s  t h e  12 b i t s  and c o n t i n u e s  w i t h  pro- 
gram execu t ion .  S ince  f u l l  s c a l e  cor responds  t o  a l l  b i t s  "TRUE", t h e  i n p u t  
v o l t a g e  i s  o b t a i n e d  by d i v i d i n g  t h e  r e s u l t  i n t o  4095 and m u l t i p l y i n g  i t  by 5 .  
The v a l u e  is  now read i n  v o l t s .  

Example: Input  Binary E q u i v a l e n t :  2048 
2048*5/4095 y i e l d s  2 .5  v o l t s .  

The i n p u t  ca rd  i s  programmed such,  t h a t  t h e  i n p u t  a p p e a r s  a s  n e g a t i v e  
t r u e .  The HP9845 does  no t  r ecognize  t h i s  hardware programming. Thus, t h e  
complement of t h e  i n p u t  has  t o  be programmed manually.  F o r  9825 o p e r a t i o n s ,  
t h i s  s t e p  is  unnecessary  s i n c e  i t  a u t o m a t i c a l l y  makes t h e  convers ion .  

Output O p e r a t i o n s  

A motoro la  DAC MC1408L-8 c o n v e r t s  t h e  l e a s t  s i g n i f i c a n t  8  o u t p u t  b i t s  in-  
t o  a  c o n s t a n t  c u r r e n t ,  which i s  c a l i b r a t e d  such,  t h a t  i n  combinat ion w i t h  a n  
OP-APIP A 10 v o l t  f u l l  s c a l e  i s  ach ieved  f o r  a  b i n a r y  e q u i v a l e n t  of 255. C a l i -  
b r a t i o n  Is obLalned through a  IF; Lr iu rPu t .  A 741 OP-BMF converts the neg. 
o u t p u t  c u r r e n t  i n t o  a  p o s i t i v e  v o l t a g e  which .can be accessed  v i a  a  r e a r  p a n e l  
BNC connec tor .  Th i s  v o l t a g e  may be used f o r  o s c i l l o s c o p e  d i s p l a y s  o r  
p l o t  t e r a  . 

T h i s  i n t e r f a c e  i s  s e l f - c o n t a i n e d  and r e q u i r e s  115V/60HZ o n l y .  A f u s e  
(112 amp) p r o t e c t s  t h e  c i r c u i t r y .  A power s w i t c h  and a  l e d  power i n d i c a t o r  
a r e  t h e  o n l y  f r o n t  pane l  c o n t r o l s .  

The use of advanced modular e l e c t r o n i c  packages makes t h i s  i n t e r f a c e  ex- 
t r e m e l y  r e l i a b l e  and s t a b l e .  I f  r e q u i r e d ,  t h e  module can e a s i l y  be programmed 
t o  a c c e p t  orher inpuc v o l t a g e s  o r  two o u t y u ~  JiIIereat b i n a r y  codes. 

Sof tware  

The p a r t i c u l a r  s o f t w a r e  depends nn t h e  T./O ROMS i n s t a l l e d  i n t o  t h e  v a r i -  
ous  s l o t s  of t h e  c a l c u l a t o r .  "ROMS" may a l s o  be s u p p l i e d  i n  t h e  form of mag- 
n e t i c  t a p e s  from Hewlet t  Packard t h a t  m y  be updated from time t o  t ime.  Thus,  



no p a r t i c u l a r  program sequence can be s p e c i f i e d .  However, t he  opera t ion  of 
t h e  i n t e r f a c e  i s  s t r a i g h t  forward and it w i l l  t ake  only a  few programming 
l i n e s  once t he  1/0 o p e r a t i o n s  of t he  c a l c u l a t o r  a r e  e s t a b l i s h e d .  P lease  r e f e r  
t o  t h e  g e n e r a l  s t a t emen t s  w i th in  t h e  "Funct iona l  Descr ip t ion" .  



In ter face  C o n n e c t o r  W i r i n g  

1 WT/BK/GN GND 

18 WT GND 

19 WT/GR PCTL 

2 0 WT/BK/%N 110 

Interface  C o n n e c t o r  W i r i n g  ( c o n t )  

2 6  WT/BK/RD GND 

2 7  D I l 5  (GND)  

2  8 D I 1 4  (GND) 

2 9 D 1 1 3  (GND) 

30 D 1 1 2  (GND) 

3 1 WTIRNIGN ~111 ( 2 9 ~ )  

3 2  IJT/RD/VI D I l O  ( 2 9 B )  

D 1 9  

D I  8 

D 1 7  

D 1 6  

D I  5 

D 1 4  

D 1 3  

D I  2  

D I 1  

D I O  

P F L G  

GND 



C o m ~ u t e r  t o  AutoAnalvzer Sampler I n t e r f a c e  

The 9845 computer c o n t r o l s  the  AutoAnalyzer I V  sampler by a  d ig i t a l .  t o  
ana log  conve r t e r  channel  (DAC) t h a t  was b u i l t  i n t o  t h e  8 channel  A t o  D con- 
s t r u c t e d  by I n t e r s c i e n c e  In s t rumen ta t i on .  The computer generated s i g n a l  i s  
then  passed through a  s o l i d  s t a t e  r e l a y  which a c t i v a t e s  t h e  l l O V A C  r e l a y  i n  
t h e  AutoAnalyzer sampler (F igure  6-1). The real- t ime clock i n  t he  computer i s  
t h e r e f o r e  used both t o  c o n t r o l  t he  sampler and c o l l e c t  the  d i g i t a l  da t a  a t  t he  
a p p r o p r i a t e  t imes.  

The Knobelsdorff t imer  i s  used a s  an emergency back-up f o r  the computer 
c o n t r o l l e d  sampler.    his t imer  is  programmable so i t  can be i n t e r f a c e d  with 
t h e  APILOT program i f  necessary .  The emergency i n s t r u c t i o n s  a r e  d e t a i l e d  i n  
t h e  APILOT program d e s c r i p t i o n  i n  s e c t i o n  5 .  

Hardware Modi f ica t ions  ... . .... - .  . . * - - - -  - 
Most of t he  hardware changes a t  our l a b o r a t o r y  focus on the  sampler. For 

oceanographic  purposes t h e  c l i n i c a l  o r i en t ed  sampler has s e v e r a l  d e f i c i e n c i e s  
which can be improved .with small  changes. 

For AutoAnalyzer u s e r s  who do not  have a  compvter-controlled c a p a b i l i t y ,  
one of t h e  bes t  low c o s t  a d d i t i o n s  t o  a  system i s  a p r e c i s i o n  e l e c t r o n i c  
t i m e r .  This t imer  plugs d i r e c t l y  i n t o  e x i s t i n g  socke t s  on the  s tandard  Auto- 
Analyzer  sampler I V  and al lows sample wash r a t i o s  t o  be s e t  i n  a  l a r g e  number 
of combinations t h a t  a r e  not  d i c t a t e d  by the  speed of ro t a t Jon  of an e l e c t r i c  
motor. The e l e c t r o n i c  t i m e r  a l lows wash and sample time t o  be s e t  with thumb 
wheels i n  increments  of 5 o r  10 s e c s .  A s p e c i a l  r a t e  of 10 and 20 sec  i n t e r -  
v a l s  can be obta ined  by con tac t ing  the  manufacturer.  This  compact and easy t o  
use device  is  made by Knobelsdorff Tnstruments Inc . ,  P.O. Box 218, Wcst 
Ha r t fo rd ,  CT 06107 (phone 62031 236-1308) and can h~ piirrhesed f o r  around 
$300. Log a m p l i f i e r s  a r e  a l s o  so ld  by t h i s  vendor t o  l i n e a r i z e  ou tputs  from 
AAI c o l o r i m e t e r s .  

Figure 6-1. Schematic of AutoAnalyzer Sampler Controller that is Interfaced 
to Computer through DAC Output of the A to D Converter 
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Knobelsdorff  P r e c i s i o n  Sampler Timer I n s t r u c t i o n s  

Sampler I V  I n s t a l l a t i o n  

( 1 )  . Turn t h e  Sampler POWER "ON" and move t h e  probe t o  t h e  sampling 
p o s i t i o n .  Swi tch  POWER "OFF." 

( 2 )  Open t h e  cover  t o  expose t h e  TIMING MOTOR+CAM ASSEMBLY. 
( 3 )  Loosen t h e  s i n g l e  screw (nex t  t o  t h e  cam) and l i f t  t h e  e n t i r e  assembly 

UP and OUT of t h e  space it occupied.  
( 4 )  Note t h e  9-pin j a c  i n  t h e  r ight-hand c o r n e r .  Plug t h e  TIMER. 
( 5 )  P u l l  t h e  TIMER CABLE th rough  t h e  "U"-shaped c u t  i n  t h e  cam-well cover  

and d r e s s  it  between t h e  bottom of t h e  "U" and wash r e s e r v o i r  w i t h  t h e  
cover  c l o s e d  ( i n  such a way t h a t  i t  w i l l  no t  o b s t r u c t  t h e  probe 
e n t r y ) .  

( 6 )  Now p l a c e  t h e  TIMER on top  of t h e  cover .  Be s u r e  t h e  c a b l e  i s  s e c u r e  
and o u t  .of t h e  p a t h  of t h e  probe.  

( 7 )  Turn t h e  SAMPLER POWER and TIMER POWER "ON." S e t  d e s i r e d  t imes  and 
check f o r  p roper  t o p e r a t i o n .  NOTE: The f i r s t  c y c l e  whether  SAMPLE o r  
WASH i s  not  a c c u r a t e  - do no t  have a sample i n  t h e  f i r s t  cup. 

OPERATION 

1. S e t t i n g  SAMPLE and WASH c y c l e s  - s e l e c t  a d e s i r e d  sampling r a t e  and 
r a t i o  from Table  6-1 o r  6-2. S e t  t h e  INTERVAL s w i t c h  t o  e i t h e r  x10 o r  
x20 seconds and t h e  SAMPLE and WASH swi tches  t o  any d e s i r e d  d i g i t .  

Example: should  a 40 /hr  sampling r a t e  and a 2:7 
sample wash be d e s i r e d ,  use  t h e  s e t t i n g s  shown 
i n  T a b l e  6-1 a s  fo l lows :  

INTERVAL SWITCH t o  x10 seconds  
SAMPLE INCREMENT = 2 (x10 = 20 s e c s )  
WASH INCREMENT = 7 (x10 = 70 s e c s )  

2. START-UP - t u r n  t h e  SAMPLER POWER "ON" t h e n  t h e  TIMER "ON." 

NOTE: When f i r s t  s t a r t i n g  t h e  TIMER a f t e r  a p e r i o d  of i n a c t i v i t y ,  
. it may r e q u i r e  a s h o r t  p e r i o d  (1-60 seconds)  t o  r e s e t  i t s  

l o g i c  c i r c u i t s .  It may remain i n  i t s  INITIAL CYCLE 
(whichever it  goes i n t o )  f o r  t h i s  p e r i o d  before  i t  beg ins  
t o  c y c l e  normal ly .  It is  a good i d e a  t h e r e f o r e  not t o  t u r n  
t h e .  SAMPLER POWER "ON" u n t i l  t h e  TIMER has  gone i n t o  i t s  
SECOND WASH CYCLE. -- 



TABLE 6-1 
SAMPLING RATES AND RATIOS 

f o r  10  second i n t e r v a l s  

'The bold numbers r e p r e s e n t  sampling r a t e s  pe r  hour and t h e  numbers i n  
p a r e n t h e s e s  r e p r e s e n t  t h e  SAMPLE:WASH r a t i o s .  

Sample 
inc rement  
~ 0 t t i n g 6  

Wash Increment  S e t t i n g s  
1 1 1  I21 [31 141 [51 161 [71 [81 [g l  
10" 20" 30" 110" 50" 60" 70" 80" 90" 



TABLE 6-2 
SAMPLING RATES AND RATIOS 

f o r  20 second i n t e r v a l s  

Sample 
inc rement  
s e t t i n g s  

Wash Increment  S e t t i n g s  
111 [21 [ 3 1 .  [ 41  [51 [ 6 1  [71 181 [91  
20" 40" 60" 80" 100" 120" 140" 160" 180" 

The numbers above t h e  p a r e n t h e s e s  r e p r e s e n t  sampl ing r a t e s  per  hour and those  
i n  t h e  p a r e n t h e s e s  r e p r e s e n t  t h e  SAMPLE:WASH r a t i o s .  



CONTROLS 

ONIOFF (POWER) This  (red-capped) t ogg le  switch c o n t r o l s  t he  TIMER power. 
When i n  t h e  "OFF" p o s i t i o n ,  t h e  TIMER is  deac t iva t ed  and t h e  
SAMPLER PROBE w i l l  be allowed t o  be i n  t he  wash r e s e r v o i r .  

xlOs/x2Os Th i s  (white-capped) t ogg le  switch al lows the  s e l e c t i o n  of 
(INTERVALS) e i t h e r  10  o r  20 second i n t e r v a l s  f o r  t he  WASH and SAMPLE 

cyc l e s  s imultaneously.  
SAMPLE~WASH The two independent thumbwheel switches allow the  
(INCREMENTS) independent s e l e c t i o n  of the  d u r a t i o n  of t h e  SAMPLE and WASH 

c y c l e s .  
[Example: with t h e  INTERVAL switch a t  x10 and the  

SAMPLE and WASH switches a t  3 and 5 
respecLlvely,  L11e SAMPLING TIM would be 
(31~19) o r  30 acconda  nnd t h e  WAS11 TTW, 
(5x10) o r  50 seconds respectively.] 

REDIGREEN E i t h e r  one or t h e  o t h e r  must be l i t  when the  TIMER i s  i n  
(LEDs) ope ra t i on  "ON." The RED LED, when lit i n d i c a t e s  t h a t  t he  

TIMER i s  i n  i ts SAMPLE c y c l e ,  whereas the GREEN LED 
i n d i c a t e s  the WASH per iod .  

ELECTRICAL REQUIREMENTS: 0.5A a t  115 V ,  60 Hz 

FEATURES: TIMING ACCURACY b e t t e r  than 99.99% 
TIMING PRECISION b e t t e r  t han  99.99% 

SERIAL No. 97 (Model IV-10/20) 

Conversion of AutoAnalyzer Sampler I V  f o r  2  oz. Poly B o t t l e s  

Another s i g n i f i c a n t  c h a n g e ' i n  t h e  sampler i s  a b i l i t y  t o  analyze samples 
d i r e c t l y  from sample c o l l e c t i o n  b o t t l e s  r a t h e r  than t h e  small  sample cups. 
The volume d i f f e r e n c e  between sample b o t t l e s  and cups i s  not a 'big argument 
f o r  m i t c h i n g ,  but i f  ammonium i o  dctcrmincd many contamination problcmg a r c  
reduced.  The changes t h a t  we made t o  t h e  sampler w i l l  a l low the  smal l  sample 
cups eo still Be used, if so desired, v h i i e  2 02. naigene sampie bo f f i e s  are 
normally used t o  c o l l e c t ,  ana lyze ,  and f r e e z e  t he  samples. The sample b o t t l e s  
can  be c l e a r l y  numbered so fewer mixups concerning sample numbers occur .  The 
two i tems  changed i n  t h e  sampler is  t h e  cam which r o t a t e s  t he  sample t r a y  
(F igu re  6-2). The o r i g i n a l  p l a s t i c  cam was replaced by a  b ra s s  cam which was 
cons t ruc t ed  t o  r o t a t e  t h e  sample t r a y  e x a c t l y  twice  a s  f a r  a s  t h e  o r i g i n a l .  
The new sample t r a y  cons t ruc ted  from p l e x i g l a s s  (F igure  6-3) ho lds  20 of t he  
nalgene sample b o t t l e s  (F ischer  no. 2-923B, Nalgene no. 2002). I f  t h e  
o r i g i n a l  t r a y  and small  cups a r e  used, t h e  cups a r e  placed i n  every o the r  
ho l e .  

S c a l e  Expander 

Another p o s s i b l e  modi f ica t ion  involves  t h e  a d d i t i o n  of s c a l e  expanders 
which w i l l  c a t ch  peaks t h a t  would o therwise  go o f f s c a l e .  The d e s c r i p t i o n  and 
diagram t o  produce s c a l e  expanders,  s e n t  t o  me by co l leagues  a t  t h e  Sandy Hook 
Labora tory  of NMFS, a r e  included a s  I r ece ived  them. The s c a l e  expander c i r -  
c u i t  e f f e c t i v e l y  doubles t h e  range of t h e  c h a r t ,  a l lowing concen t r a t i ons  up t o  



-+ 0 . 6 6 5 ' '  to- 

Figu re  6-2. B r a s s  Cam f o r  AutoAnalyzer Sampler M o d i f i c a t i o n  f o r  
2 oz .  Po lye thy l ene  Sample B o t t l e s  

' TWENTY SAMPLE PLEXIGLASS TRAY TO HOLD 202. POLYETHELENE BOTTLES (NALGE 2 0 0 2 )  

TRAY DIAMETER = 11 .65"  

DOWEL STOP SUPPORT 

TRAY ADVANCE 

F igu re  6-3.  P l e x i g l a s s  Sample Tray f o r  AutoAnalyzer  Sampler M o d i f i c a t i o n  
f o r  2 oz .  Po lye thy l ene  'Sample B o t t l e s  



two t imes the s tandard  t o  be accommodated. I f  a  peak appears  t o  be going off 
c h a r t ,  t h i s  c i r c u i t  w i l l  decrease  t he  peak s i z e  i n  order  t o  ge t  t he  t o t a l  peak 
h e i g h t .  The c i r c u i t  is a c t i v a t e d  through a  manual switch (F igure  6-4). The 
s w i t c h e s  (one f o r  each channel)  a r e  s e t  up a s  fol lows:  

NH, PO, PE'PI OFF 

Figure 6-4. Control Boxes fur Scale Expanders 

The unmarked swi tch  can be f l i p p e d  up ac 'che beginning of Lhti rulr arrd w i l l  
"b leep"  when a  pen reaches  con tac t  i n s t a l l e d  near  t he  top of t he  c h a r t .  The 
"b l eepe r "  i s  f o r  ope ra to r  n o t i f i c a t i o n ,  and need not be used t o  opera te  the  
s c a l e  expander c o n t r o l .  

Opera t ion  i s  s t r a igh t fo rward :  
(1)  When t h e  "bleep" sounds, f l i p  t h e  app rop r i a t e  channel switch up. 

This  w i l l  cause the  pen t o  drop down t o  approximately 10% of t he  
peak he igh t  and al lows con t inua t ion  of t he  peak ( c a l i b r a t i o n  i s  
desc r ibed  below). 

(2)  When the  peak has  been recorded,  the  pen w i l l  move back down t h e  
c h a r t .  A t  t h i s  po in t  t h e  switch miy be f l i pped  back down. 

( 3 )  The a c t u a l  number of c h a r t  d i v i s i o n s  "cance l led"  i n  t h i s  ope ra t i on  
i s  obta ined  through c a l i b r a t i o n  ( s e e  below). This  number i s  added 
t o  the  obscrved peak he ight  t o  g e t  the total peak he ight .  The scale 
expander is  e f f e c t i v e ,  of course ,  on ly  i f  t h e  peak does not go off 
t h e  c h a r t .  

A w i r ing  diagram f o r  the  s c a l e  expander c i r c u i t  is  given i n  Figure 6-5. 

S c a l e  Expander C a l i b r a t i o n  

(1 )  Set: color imeter  an ' z e r o , '  ad j r l s t  pen t o  zero wi th  h e l i p o t  zero 
c o n t r o l .  

( 2 )  Se t  t h e .  r eco rde r  s e t t i n g  knob on the  co lor imeter  t o  f u l l  s c a l e  
( a d j u s t  pen t o  100 wi th  h e l i p o t ) .  

( 3 )  Turn the  c h a r t  d r i v e  on t o  e s r a b l i s h  a  small  re1eieuce l i n e .  
( 4 )  Turi~  01.1 the  s e a l c  c~rpandcr  owit-oh, t h e  pen will def l ec t  dnwn t h ~  

c h a r t  paper t o  around 10; i f  you wish t he  c a l i b r a t i o n  t o  be exac t ly  
90, you may a d j u s t  wi th  t h e  h e l i p o t  loca ted  on the  s c a l e  expander 
c o n t r o l  box. 

(5)  E s t a b l i s h  another  smal l  r e f e r ence  l i n e ,  and note  the  exac t  
d e f l e c t i o n  f o r  use i n  c a l c u l a t i o n s .  

( G )  Turn ga in  c o n t r o l  switch o f f ,  t u r n  c h a r t  d r i v e  of f  and r e s e t  
r eco rde r  t o  i t s  o p e r a t i o n a l  s e t t i n g .  

( 7 )  The d i s t a n c e  i n  c h a r t  u n i t s  from the  f u l l  s c a l e  po in t  t o  where t h e  
pen drops i s  t h e  c a l i b r a t i o n  number. Add t h i s  to t he  observed 
sample peak he igh t .  
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7.  TROUBLE SHOOTING 

Each continuous flow system has i t s  own unique s e t  of problems which a r e  
t h e  r e s u l t  of t he  manifold con f igu ra t i on ;  flow r a t e ,  f low c e l l  s i z e ,  g l a s s  and 
pump tube diameter ,  r e a c t i o n  chemicals,  and o the r  v a r i a b l e s .  A f t e r  s e v e r a l  
yea r s  of development and ope ra t i on ,  we have narrowed down the  number of per- 
s i s t e n t  problems t o  a few. With t he  p re sen t  system, only rou t ine  maintenance 
and adherence t o  t he  s t e p s  below w i l l  ensure optimum machine performance. 

Ammonium 

I n  our  exper ience ,  t he  ammonium channel i s  sub jec t  t o  pe r iod i c  f l u c t u a -  
t i o n s .  A good po r t i on  of t h i s  i n s t a b i l i t y  i s  the  r e s u l t  of flow problems i n  
t h e  hea t ing  bath assembly. I n  the' most troublesome cases ,  a p e r s i s t e n t  
i r r e g u l a r  bubble p a t t e r n  i s  observed a s  t h e  flow stream emerges from the  
bath.  We a r e  succes s fu l  i n  s t a b i l i z i n g  and smoothing the  flow by one o r  a 
combination of t he  fol lowing s t e p s .  

1. Add more B r i  j-35 t o  the  d i l u t i o n  complex. Up t o  2-3 m l / L  have been 
used without  adverse ly  a f f e c t i n g  t h e  s e n s i t i v i t y  or  co lo r  development. 

2. Make new reagents  e s p e c i a l l y  t he  d i l u t i o n  complex, reagent  A and 
reagent  B. 

3. Change the  pump tube f o r  the  d i l u t i o n  complex and reagents  A and B .  
The pH and the  r a t i o  of t h e  reagents  must be very p r e c i s e  o r  t he  method w i l l  
no t  work p.roperly. The reagents  used f o r  t h e  ammonium de te rmina t ion  cause a 
r ap id  d e c l i n e  i n  t he  pumping r a t e  of t h e  pump tubes ,  so change them of t e n  t o  
s t a y  ou t  of t r oub le .  

4. I nc rease  t he  r e a c t i o n  temperature  t o  75-80°C. No l o s s  of s e n s i t i v i t y  
has been observed a t  t h i s  temperature  range. 

5 .  F lush  the  c o i l .  Regular and d i r e c t  f l u s h i n g  of the  hea t ing  bath c o i l  
w i th  a 5 m l  sy r inge  f i l l e d  w i th  70% H C 1  i s  recommended f o r  every  4-6 hours of 
ope ra t i on .  This  t reatment  not  only improves t he  flow but c l eans  t h e  flow c e l l  
and makes f o r  c l eane r  peaks. 

6 .  Replace the  o ld  hea t ing  bath c o i l .  The ammonium reagents  a r e  appar- 
e n t l y  very  hard on the  bath c o i l  e i t h e r  by chemical a c t i o n  o r  d i r e c t  deposi- 
t i o n  of s tubborn p r e c i p i t a t e s .  The o ld  c o i l  should be replaced i f  t he  
ammonium channel has been used heav i ly  dur ing  i t s  l a s t  year of ope ra t i on  and 
i f  none of t he  previous s t e p s  ptovfdes remedy. 

Poor flow is  a l s o  experienced i n  t h e  flow c e l l .  Typica l ly ,  a i r  bubbles 
a r e  sucked i n t o  t he  flow c e l l  because of r e t a rded  movement of t he  s t ream 
a c r o s s  t h e  tygon br idge jo in ing  the  f low c e l l  proper and the  flow c e l l  exten-  
s i o n  (199-0084-01). This  p iece  of tygon should be replaced a s  t he  ammonium 
r e a c t i o n  products  coa t  t h e  tub ing  and make it "s t icky ."  Clean t h e  i n s i d e  
d iameter  of the  new bridge wi th  a "Q-tip" dipped i n  Brij-35. I n  a d d i t i o n ,  i f  
t h e  waste l i n e  i s  o ld  and coated,  t he  waste  a i r  sample s t ream w i l l  hack up and 
f o r c e  a i r  i n t o  t h e  flow c e l l .  Clean and r ep l ace  t h i s  l i n e  a s  descr ibed .  
Should t h e  flow c e l l '  cont inue t o  suck a i r  bubbles a f t e r  a l l  of the  above con- 
d i t i o n s  have been s a t i s f i e d ,  i t  w i l l  be necessary  t o  t r y  d i f f e r e n t  tube com- 
b i n a t i o n s  on t h e  waste and p u l l  through l i n e s .  



Phosphate  and S i l i c a t e  

Problems a s s o c i a t e d  with the  phosphate hea t ing  bath o r  flow c e l l  should 
be t ack l ed  us ing  t h e  procedures  o u t l i n e d  f o r  the  ammonium channel.  However, 
sodium l auny l  s u l f a t e  should be used f o r  l u b r i c a t i n g  new tubing.  A f t e r  con- 
t i nuous  o p e r a t i o n ,  a  p o s i t i v e  b a s e l i n e  d r i f t  and noisy  peaks a r e  i n d i c a t i v e  of 
f low c e l l  and/or  reagent  l i n e  coa t ing  wi th  ammonium molybdate. Flush t h e  
channel  w i th  0 .1  N KOH o r  NaOH. S i m i l a r l y ,  the.  s i l i c a t e  molybdate l i n e  should 
be washed i f  t h e  b a s e l i n e  i s  d r i f t i n g  upward o r  when a  white  p r e c i p i t a t e  i s  
observed i n  t h e  i n j e c t o r  f i t t i n g  (116-0489-01). 

N i t r a t e  p l u s  N i t r i t e ,  N i t r i t e  

A s  t h e  f i r s t  s t e p  i n  t h e  ope ra t i on  of the  n i t r a t e  p lu s  n i t r i t e  channel 
pu t  the  ammonium c h l o r i d e  reagent  on l i n e  f i r s t .  Af t e r  ammonium chlor ide  has 
flowed through t h e  manif old.  f o r  a  few minutes ,  open t h e  4-way Hamilton va lve  
t o  a l low i t s  passage through the Cu-Cd column. F a i l u r e  t o  run NH4C1 through 
t h e  system f i r s t  may r e s u l t  i n  t h e  a c c i d e n t a l  d e s t r u c t i o n  of t he  column wi th  
wash i iC1 .  

The apparent  l o s s  of s e n s i t i v i t y  of t h e  n i t r a t e  p lu s  n i t r i t e  may be 
caused by s e v e r a l  f a c t o r s .  

1. D e t e r i o r a t i o n  of t he  s tandards .  N i t r a t e  s t anda rds  a r e  sub jec t  t o  
r a p i d  b i o l o g i c a l  breakdown i f  not preserved wi th  chloroform and r e f r i g e r a t e d .  
I f  t h e  primary s tock  i s  suspec t ,  d i s c a r d  i t .  Secondary s tandards  should be 
prepared  f r e s h  d a i l y .  

2.  Drop i n  cadmium column e f f i c i e n c y .  Continuous ana lyses  on the  chan- 
n e l  w i l l  g r adua l ly  d imin ish  the  l e v e l  of cadmium i n  t he  column. Replenish the  
column a s  expla ined  i n  Repacking t h e  Column. I f  t he  cadmium i t s e l f  i s  
s u s p e c t ,  t r e a t  i t  aga in  wi th  2% copper  s u l f a t e .  

3 .  Pump tube  plugging.  Both n i t r a t e  p lu s  n i t r i t e  and n i t r i t e  channels  
a r e  s u b j e c t  t o  l i n e  c o n s t r i c t i o n  by reagent  blockage. The NNED reagent  w i l l  
c o a t  t h e  pump tube  t u r n i n g  i t  orange-brown and r e s t r i c t  t he  flow. Change t h i s  
t u b i n g  p e r i o d i c a l l y .  I n  a d d i t i o n ,  t h e  a c i d i c  su l f an i l amide  w i l l  corrode the  
me ta l  n i p p l e  of t h e  s t ream d i v i d e r  sending p a r t i c l e s  i n  t he  flow stream. 
Even tua l ly  t h i s  f i t t i n g  w i l l  be e a t e n  through. Check the  su l fan i lamide  s t ream 
d i v i d e r  f o r  l e aks  and weaknesses and r ep l ace  i f  necessary.  
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Appendix B - Manifold Components and Chemicals 

A l l  of t he  i nd iv idua l  components of mixing c o i l s ,  i n j e c t i o n  f i t t i n g s ,  
n i p p l e s ,  and hea t ing  baths  a r e  l i s t e d  f o r  each of t h e  s i x  ana lyses .  Also 
included a r e  co lor imeter  flow c e l l  s i z e s ,  phototubes,  and i n t e r f e r a n c e  f i l t e r s  
used i n  t he  AutoAnalyzer s i n g l e  channel i n d u s t r i a l  co lo r ime te r s .  The brand 
and grade of chemicals used i n  prepar ing  reagent  s o l u t i o n  i s  included f o r  
most ana lyses .  



Phosphate  Channel 

D e s c r i p t i o n  Technicon P a r t  Number 

I n j e c t o r  f i t t i n g  w i t h  N-6 n i p p l e  
5-Turn c o i l ,  r i g h t  hand 
F i t t i n g  c o n n e c t o r ,  A6 
20-Turn c o i l  
"G" c o i l  7 .7  m l  35.5 t u r n s  
Heat ing b a t h  assembly f o r  "G" c o i l  
Connector ,  w a t e r  j a c k e t  s t r a i g h t  
Flow c e l l  assembly 50  mm x 1 . 5  mm 1 . D  
F i l t e r  a ssembly ,  880 M ~ I  
A d j u s t a b l e  t e m p e r a t u r e  c o n t r o l l e r  f o r  
h e a t i n g  b a t h  

Reagen ts  

116-0489-01, 116-0004-01 
170-0'103-01 
116-B008-01. 
157-B089-01 
157-0225-01 
157-B273-32 
Made a t  BNL 
199-B007-01 
170-B070-48 
170-R070-28 

Manufacturer  

A s c o r b i c  a c i d  F i s h e r  
Ammonium molybdate Mal l inckrod t  
S u l f u r i c  a c i d  Mal l inckrod t  
Sodium l a u r y l  s u l f a t e  Sigma Chemi-cal 
Po tass ium phospha te  ( s t a n d a r d )  J .T .  Baker Chemical 

S i l i c a t e  Channel 

1. I n j e c t o r  f i t t i n g  w i t h  N-6 n i p p l e  
2 .  20-Turn c o i l  
3 .  P i t t i n g  connector, A6 
4 .  20-Turn c o i l  
5 .  Flow c e l l  assembly 1 5  nun x 1 . 5  mrn 
6 .  Fi 1 t ~ r  a s s ~ m h l y  820 M1.1 

Reagents  

Ammnni i im mnl yhda t~ 
Antimony potass ium t a r t r a t e  112 h y d r a t e  
Stannous c l l l o r i d e  
T a r t a r i c  a c i d  
Acetone 
S u l f u r i c  a c i d  
Sodium l a u r y l  s u l f a t e  
Sodium h e x a f l u o r o s i l i c a t e  ( s t a n d a r d )  

Technicon Part t umber 

Manufacturer  

Mnllinclcrndt , Tnr 
J .T .  Baker Chemical Company 
M a l l i n c k r o d t ,  Inc .  
Matheson, Cole~uall, arid B e l l  
J .T.  Baker Chemical Company 
M a l l i n c k r o d t  , Iac . 
Sigma Chemical Co. 
Al fa IVent ron  Corpora t ion  



N i t r a t e  + N i t r i t e  Channel 

Descr ip t ion  Technicon P a r t  Number 

~ n j e c t o r  f i t t i n g  wi th  N-6 n ipp le  
5-Turn c o i l ,  r i g h t  hand 
F i t t i n g  connector ,  A2 
I n j e c t o r  f i t t i n g  wi th  N-6 n i p p l e  
20-Turn c o i l  
10-Turn c o i l ,  r i g h t  hand 
4-Way va lve ,  no. 1 
Flow c e l l  assembly 50 mm x 1 .5  mm 
F i l t e r  assembly, 540 Mp 
Flow c e l l  assembly, 15 mm x 1.5 mm 

116-0489-01, 116-0004-01 
170-0103-01 
116-9200-02 
116-0489-01, 116-0004-01 
157-B089-01 
157-0251-01 
4MMMM4 (Hamilton) 
199-B007-01 . 
177-B070-40 

I . D .  199-B018-01 

Chemicals Manufacturer 

N-1-Naphthylethylene-diamine dihydrochlor ide  Eas tman Kodak 
Sul fan i lamide  Sigma Chemical Co. 
Ammonium Chloride J . T .  Baker Chemical Company 
Hydrochlor idic  ac id  J.T. Baker Chemical Company 
B r i  j-35 Technicon Instruments  Co. 
Potassium n i t r a t e  ( s t anda rd )  J .T.  Baker Chemical Company 

N i t r i t e  Channel 

Desc r ip t i on  Technicon P a r t  Number 

1. I n j e c t o r  f i t t i n g  w i th  N-6 n i p p l e  116-0489-01, 116-0004-01 
170-0103-01 2. 5-Turn c o i l ,  r i g h t  hand 

3. F i t t i n g  connector ,  A6 116-B008-01 
4. 20-Turn c o i l  157-B089-01 
5. 10 Turn c o i l ,  l e f t  hand 1.57-0226-01 
6.  Flow c e l l  assembly 15  mm x 1.5 mm 199-B018-01 
7. F i l t e r  assembly 540 Mp 177-B070-40 

Reagents Manufacturer 

N-l-Naph~~~yle~lzyl~nt~~-diaminc dj.hydrochloride Eastman Kodak 
Sul fan i lamide  Sigma Chemical Co. 
Hydiochlnr1.c a c i d  -1.T. Rakes Chemlcal Company 
B r i  j-35 Technicon Instruments  Co. 
Sodium n i t r i t e  J .T . Baker Chemical Company 



Ammonium Channel 

D e s c r i p t i o n  Technicon P a r t  Number 

I n j e c t o r  f i t t i n g  w i t h  N-6 n i p p l e  
5-Turn c o i l ,  r i g h t  hand 
F i t t i n g  c o n n e c t o r ,  A6 
20-Turn c o i l  
"G" c o i l  7.7 m l  35.5 t u r n s  
Hea t ing  ba th  assembly f o r  "G" c o i l  
A d j u s t a b l e  t empera tu re  c o n t r o l l e r  ' f o r  
h e a t i n g  b a t h  
Connector w a t e r  j a c k e t e d ,  s t r a i g h t  
F i l t e r  assembly,  640 Mu 
Flow c e l l  assembly 50 nun x 1 . 5  mm I . D .  

Made a t  BNL 
170-B173-02 
199-B007-01 

Keagerit s Manufacturer  

Phenol 
Sodium n i t r o p r u s s i d c  
Sodium c i t r a t e ,  d i h y d r a t e  
Sodium hydrox ide  
Sodium h y p o c h l o r i t e  
B r i  j-35 
Ammonium c h l o r i d e  ( s t a n d a r d )  

J . T. Baker Chemical Company 
J .T. Balcer Chemical Company 
J . T .  Baker Chemical Company 
J .T. Baker Chemical Company 
Chlorox Company 
Technicon Ins t ruments  Co. 
J . T .  Baker Chemical Company 



Urea Channel 

D e s c r i p t i o n  Technicon P a r t  Number 

I n j e c t o r  f i t t i n g  w i t h  N-6 n i p p l e  
10-Turn c o i l ,  r i g h t  hand 
F i t t i n g  c o n n e c t o r ,  A6 
20-Turn c o i l  
2-"SS" c o i l ,  10 .4  m l .  
A d j u s t a b l e  t e m p e r a t u r e  c o n t r o l l e r  f o r  
h e a t i n g  b a t h  
2-Heating ba th  assembly f o r  "SS"  coi.1 
Connector ,  w a t e r  j a c k e t e d  
Flow c e l l  assembly 5 0  mm x 1 .5  mm I . D .  

. F i l t e r  assembly,  520 Mu 

1.57-R273-41 
Made a t  BNL 
199-B007-01 
177-B070-28 

Reagents  Manufac tu re r  

l l i a c e t  y l  monoxime 
Semicarbaz ide  h y d r o c h l o r i d e  
Po tass ium phosphate  
Po tass ium n i t r a t e  
S u l f u r i c  a c i d  
Sodium c h l o r i d e  
B r i  j-35 
Urea ( s t a n d a r d )  

J . T .  Baker Chemical Company 
Sigma Chemical  Co. 
J .T. Baker Chemical Company 
J.T.  Baker Chemical Company 
M a l l i n c k r o d t  , Inc .  
J . T .  Baker Chemical  Company 
Technicon I n s t r u m e n t s  Co. 
Sigma Chemical Co. 

M i s c e l l a n e o u s  P a r t s  

P l a s t i c  Connectors  and Stream D i v i d e r s  Technicon P a r t  Number 

N-8 Nipple  ( p l a c e d  on both  ends of 116-0003-01 
nf r h e  s i  licnne a i r - h a r  t u b i n g )  

N-6 N ipp le  (mounts on i n j e c t o r  f i t t i n g  116-00'04-01 
c a r r y i n g  a i r  t o  manifold;  a l s o  c o n n e c t s  
t o  c o l o r i m e t e r  " t o  pump" o u t l e t )  

S t ream D i v i d e r ,  PT02 116-~000-01  
Stream D i v i d e r ,  PTl0 11 6-B042 
S t ream D i v i d e r ,  P T l l  116-B043 



Appendix C - Sof tware  L i s t i n g s  

T h i s  s e c t i o n  c o n t a i n s  t h e  l i s t i n g s  of t h e  BASIC programs used f o r  
n u t r i e n t  a n a l y s e s  on t h e  Bewle t t  Packard 9545 S. The on ly  a d d i t i o n a l  r o u t i n e s  
n o t  l i s t e d  here  t h a t  a r e  r e q u i r e d ,  110 b i n a r y  r o u t i n e s ,  can be ob ta ined  from 
Hewlett-Packard a t  no c o s t .  Most of t h e  l i s t i n g s  c o n t a i n  REP? s t a t e m e n t s  a t  
t h e  beginning and a t  c r i t i c a l  p o i n t s  i n  t h e  program t h a t  d e s c r i b e  t h e  t a s k  
b e i n g  done.  



1 8  REPl : STHND 
2 8  REP1 : V E R S I O t ~ I  CREHTED BY  C:. D. l a ~ l R 1 [ : K  8 4  H ~ R I L  1 ,378,  1 . 1 ~ 1 ~ ~  H T  SEH 
3 6 REM : M O D I F I E D  1 1  F E E  1 9 8 0  

4 8  REM : A L L  USER CHHNGE!; HRE DI]NE 11.4 SI)BPF:IIIGRHM n H T H  
5 0  REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +++I++++++++++++++ 
6 8  REM PlHCHI NE STHTIJS 
7 8  U P T I O N  BHSE 1 
8 8  E X I T  G R H P H I C S  
9 0  F I X E D  :3 
1 8 8  SHORT R f  ( 6 ) , F ( 6 ) ,  E: l i ;G),  E:2(6:1, p ( 4 8 , G )  
1 1 8  D I f l  H $ I 6 : ) [ 4 1 ,  Id$(40)Cl],L$[6l,DaB[7], Ht-.$[4, ] ,  111f:1$[6],DC6),C:s(i2,6>, L S . $ ( & > [ ~ ] ,  
D$C41,Xr i iax ( ;6 ) ,  I t j t . $ ( 4 8 ; 1  ,:,<(58) ,L ( (58 :>  , p 1 ~ ~ s $ [ ~ @ ] , ~ a t $ [ 1 ~ ] , ~ , ~ , ~ , $ [ 1 2 ]  
1 2 8  I N T E G E R  N s a m p , i : ( 6 : ~ ,  I ~ , : , I ~ ~ ( ~ E I > , N I : ,  II:(~?:>, 1 ~ . ( 1 2 , 6 ) ,  1 , : t (48 :>  
1 3 8  P R I I 4 T E R  I!; 1 6  
1 4 8  REM ..................... . . , *  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. .. .. .. .. .. .. .. ,. .. .. .. 
1 5 8  REM : V H R I  H E L E S  
1 6 8  REP1 : I S (  I, .I) = I N T E G E R  HRRHY FOR NUTS I N  !STHNDHF:U 5 I . J  
1 7 8  F:EPI I =  1 TO 2 ,  J = 1  TI11 6 FI]R THE  !;I):: CHHNNEL:; 
1 8 0  REP1 : C S I  I , . I >  = NUT  CUt~4i:ENTF:HTIOt~4 I N  STHN1lHF:D 51 .1  
1 9 8  HEM I = 1 Ti1 2 ,  J =  1 TO 6 FOR THE S I X  CHHNNEL.!:; 
2 8 8  : s + + + + ~ + + + + + + + + + + + * + + + + + + + + + + + + + + ~ + y ~ + + + + + + +  + + + + + + + + + + + + + + + + + +  

2 1 0  P R I  MT PHGE, S P H (  1 5 ) ,  " H E L L O  FRO11 REGRE!;SII]N OF ST~~ND~I~IIS " 
2 2 8  P R I N T  "'-:'At? I H B L E  bIHP1ES HRE p1114, S 1 0 4 ,  }.~+td, t.{1]2, 1 . 4 ~ 4 ,  I-IRE 
2 3 0  I 1 =:3 

2 4 0  REM LOOP FOR G E T T I t 4 G  DHTA F I L E S  
259 I t . IPUT " F I L E  WAI.ITEIl", L I  
2 6 8  F i  l e $ = L $  
278  I;I:I!:;~-IE 
2 8 8  GilSlJE L i s t  
2 9 8  I N P U T  "DO 14Ht.IT H ICOF'Y OF THE L I ! ; T ? , ~ , N " , ~ < I , . . ~ $  
3 0 8  I F  t <w$="NU THEN :2:38 
3 1 8  P R I N T E R  1:s 8 
3 ' ,-, - GOSUD L l  st 
3 3 8  P R I N T E R  I S  1 6  
3 4 8  GOSUB S t a n d  
3 5 8 G [I!; U E: F: p g 
3 6 8  GOTI j  : 358  
.-, 7 - ., ( U L i  S.t. : Pi? I N T  USII.41; 3-30; L$, D a B ,  Ht-.B, Lat, 8 ,  LB~!- :$,  I l e p t h ,  M e s s $  
3 8 0  P R I N T  U S I N G  4 8 8 ;  Ns.ati lp, 13p$, H $ ( + )  , C:(+ j , F ( +  j ! !slJEPRTJI; L I S T  
3 9 8  IPlHGE " L H E E L = " ,  l O H ,  ,', " D H T E = " ,  1 0 H ,  /, " H E = " ,  Ion,  /, " L H T =  ", 1 2 H ,  /, "LOt.(= " , 1' d H , / r  ' 

" D E P T H =  " , DDDDUUD, / ,  "C:OPIMENT= " ,  5817 
4 8 0  I PlHLE "NO.  S A M P L E S = "  , :3D, ,,', " IIIPERHTI]R=" , 1 OH, i., "I::HH~I~.IEL=" , 6( r ; X ,  4~ j, ,..,, "C ;THTCIS="  , 
l X ,  6 (  1 0 D > ,  /, uFRCT~ l~R !S= l l ,  6 I C D .  3D.3 
4 1 8  P R I N T  USINI; 4 2 8 ' R f  , r ' " '  . t j , E l ( + ) , B 2 ( + )  
4 2 8  INAI;E "F :F 'S= "  ,:3:,<,6(6D.:3Jjj 9 '  ..' I "Bfi!SE1=",2].<,61:6D.:3D:>,.,.,"B~:;E2=",2].<,6(:6D.:3D::, 
4 3 8  I F  I l = l  THEN 5 2 0  
4.10 P H I I 4 T  US I I 4G  458 
4 5 8  I M A G E  / , " N O .  I D u  
4 6 8  FOR I = l  TO Nsa r i i p  
4 7 8  I F  I 1 = 3  THEN 5 8 8  
4 8 0  P R I N T  U S I N G  " 2D, l X ,  l H ,  4 D " ;  I, I t j $ ( I  f ,  I r n , j e i ;  I) 
4 9 8  GOTO 5 1 8  
5 8 8  P R I N T  U S I N G  " ~ D , ~ X , ~ A , ~ D , ~ X , ~ ( ~ I I . : ~ ~ I , ~ > ~ : : ~ ~ ~ ~ ; I , I ~ $ ~ ; I : I , I ~ ~ , : ~ O ~ ~ ( I > , ~ ~ ; ~ , ~ ~ ~ , ~ ( ~ , ~ ) , ~ (  
1 , : 3 > , P I I , 4 ) , P ( I , S ) , P C 1 , 6 : 1  
5 1 8  t.(EXT 1 
5 2 0  RETURN 
C 'I - .-tab3 R e a d :  REM T H I S  SECTI i l t .4 REFID!; THE F I L E  L$ ! !;IUBPRl:lG REHD 
5 4 U  I I i l l e = W  
5 5 0  G ~ I S U E  D r i v e  
5 6 8  A S S I G N  # 2  TI] F i  l e $  
5 7 8  B U F F E R  # 2  
5 8 8  L.3t $=Lo:on$=Mess$=" N;A." 
5 9 0  D e p t h = - 9 ' 3  
6 0 8  REHD # 2 ;  L S ,  D a Z ,  Hr-S, Op$,  R g C * )  
6 1 0  K ~ . ! . I ~ ; T ~ P ( ~ : I  
6 2 8  I F  ( K ? . y p = 2 >  OR (K t .  y p > 7 >  THEN READ # 2 ;  P ~ E . c . ~ $ ,  L a t $ ,  L o l l $ ,  11ept..l-l 



638 READ #2; N=.amp, Nc 
640 REHI1 #2;C(*),F(+),F;f(+),B1Ci>,B2(S> 
6 5 8 F 111 R I = 1 T O 1.4 s ar i l  p 
668 REHD #2; I ,  I d B C I ) ,  I c o d e C I > , P i I ,  1 ~ , P I I , 2 ) , F ~ I , : 3 ~ ~ , P ~ I , 4 ~ , ~ ~ 1 , 5 : ~ , P ~ ~ I , ~ ~  
678 NEXT I 
688 PRINT "FINISHED REHDING FILE " 
698 RETURk4 
700 S t  and: REM THIS ROUT I NE SETS STAt4DHRD 'a)HLUE!5 ! !~IABPRI:IG STHt4D 
718 DHTH M ~ ~ : ~ 4 M , ~ ~ ; ~ ~ : ~ 4 t o , 1 1 ~ + ~ ~ 1 1 , 6 1 t . l i ~ ~ 1 1 , 1 1 t d ~ 4 H , u ~ - ~ ~ : ~ u  
728 REHU LsBC*) 
730 DHTH 5,58,58,5,18,58 
748 REHD X r i 1 . 3 ~  < * > 
758 DFITH '18,11,12,13,14,15,28,21,  22,23,24,25 
760 REHn I c  ( * )  

778 DHTH 8 ,1 ,1 ,0 ,8 ,1  
788 DHTH W,1, I,@,@, 1 
790 DHTH 8 ,1 ,1 ,8 ,8 ,1  
800 DATn O , l , l , U , U , l  
816 DHTH 8 , 3 ,  I F 8 , 8 !  1 
128 D A T A  6,1,1,6,8,1 
8'30 DHTH 1,8,1,1,1,1 
848 DHTH 1,8,1,1,1,1 
858 DHTA 1 ,8 ,1 ,1 ,1 ,1  
860 DRTH 1,8,1,1,1,1 
870 DATH 1,8,1,1,1,1 
880 DHTH 1,8,1,1,1,1 
898 FOR 1=1 TO 12 
988 REHn D ( * >  
918 FOR J=1 TO 6 
928 I s C I ,  .J>=D(J> 
938 NEXT J 
948  NEXT I 
950 DHTH 0 ,8 ,@,8 ,8 ,8  
960 DHTA 8 ,5 ,5 ,8 ,8 ,5  
478 UFi I H U, 1 5 ,  15, ki, kt, 13 
3 0 0  DHTH 0 , 2 5 9 2 5 , 0 , 0 y 2 5  
996 DHTH 8,35,:35,8,8, 35 
1808 DHTH 8,45,45,8,8,45 
1O1O DHTH B,Q,O,B,O,B 
1828 DHTH .5 ,0 , .5 , .5 , .5 , .5  
1830 DHTA 1.5,8,1.5,1.5,1.5,  1 .5  
1048 DHTH 2.5,0,2.5,2.5,2.5,2.5 
1850 DHTH 3 .51013 .5 ,3 .513 .53 :3 .5  
1868 DHTA 4.5,8,4.5,4.5,4.5,4.5 
1078 FOR 1=1 T0 12 
1880 REHD D ( r 3  
1898 FOR J=1 T O  6 
1180 CsCI,J!=DCJ> 
11 18 NEXT .J 
1120 NEXT I 
1130 RETURN 
1 140 Reg: F:EM THIS I S  REGRE!;!? I ON !SECT I Ul.4 
1158 PHI t4T PHGE, " REGRESSION SECTIUt.4 " 
1168 I F  1 f i l c $ 8  THEN 126@ 
1178 FOR 1=1 T O  Nsamp 
1188 FUR J =  1 T O  6 

3 - r. .. .J 3 + I ..> ( 1.4 s  ari l  p + 1 ) :I 1198 F ( I  .T>=,F'(I, .J>-<B1 (.J>+(B2(.J:l-E:1 ' 1% 
1280 I F  P( I, .J>.<-5 THEN 1228 
12161 GI~TI:I 12,341 
1228 p ( I, J > =-9 99 
1230 NEXT J 

1248 t4ElIT I 
1258 I f i l e = l  
1268 I b4Pl-lT " VHF: I ABLE NHPlE" , DB 
1270 KEM SEARCH STHNDflRD THBLE FUR NUT 
1280 FIIIR I = l  TI] 6  
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1298 IF POSI.:IIB, L=.$( I ;B ) C  THEN 1338 
1388 NEXT I 
13 18 PRINT DO; " BHD CHOICE TRY HGHIt.4" 
1328 G l j T a  1268 
1338 J s = I  
1348 HEM SEHRCH F I L E  FOR NUT REQUESTED 
1350 FOR I = l  TO 6 
1:1;68 J=P-C" - .  1-1.4 (.H$C I , , Us> 
1378 I F  . I > @  THE14 1418 
1388 NEXT I 
1390 PRINT "CHMNOT FIMn LHBEL I N  F I L E " ;  D 
1408 GOTO 1130 
1418 . J f = I  
1428 REM JS= STHND CDL!lMN, JF=FILE COLUMN 
1430 REM FIND 518, 520 
1448 51  8=S20=0 
1458 FOR 1=1 T O  Nsari~p 
1460 I F  I d $ < :  I).:)"!SH THEt.4 1538.  
1478 I F  I c u d e ( I ) = 1 8  THEN 1508 
1488 I F  I c o d e l I j = 2 8  THEt.4 1528 
1 4 '3 8 G 111 T 111 1 5 :I: 8 
1508 s 1 B=P ( I, .!f) 
1518 GIIITO 1538 
1528 !528=P( I, Jt') 
15:38 NEXT I 
1548 N=8 
1558 F O R  I =  1 TO Ns.ari11:o 
1568 I F  I J $ i : I ) < : > " ! ~ "  THEbj 1758 
1570 I F  ( I c o d e ( I j = 1 8 )  OR ( I c o J e ( I ) = 2 8 j  THEN 1758 
1588 REM CHECK FOR NIjT 114 !STHNDRRD 
15-30 FUR I i = l  Tlj 12 
1 E A R  , .. - I F  I cod rC  I ) = I c  ( 1  i j THE11 1648 
1618 NEXT Ii 
1628 PRIt4T "NU MHTCH F O R " ; I d ~ C I ) ; I c o d e C I ~  
1638 GOTI] 1168 
1640 I F  I s < :  I i , .Jsi=B THE14 1758 
1658 td=t.l+ 1 
1668 I F  I c o d e ( I ) < 2 8  THEN 1698 
1678 I F  IcodeCI !>ZO THEN 1718 
1680 PRINT "ERROR Ubl 518 OR S28" 
1698 Y{t.j>=P( I, Jf ) -S IB  
1708 GI:ITCI 1728 
1718 YCbl)=PI I, Jf )-S28 
1728 XCbl)=C=.( 1 i , Js) 
1738 - I d t B I N > = I d $ I I >  
1740 I c t . ( t , J : > ~ I r n d ~ (  T > 
1758 NEXT I 
1768 PRINT PHGE 
1770 I ?. .at1=8 
1788 GOSClB Tat,] e 
17'38 GOSUB E d i  t, 
1888 PRINT PHGE 
13113 CALL L i  r l e a r ( ) { ( + ) ,  ')'<+:I, El ,  Hreg,  Bt-.pg, Regs=., RE.BS=,, To t  a] 5 5 ,  Regms, Resms, F, D f r e g ,  D 
f r e s ,  D f t . u t ,  A b o r t )  
1820 I F  Hbot-.t,(. 1 THE14 1878 
1838 BEEF' 
1840 PR I t IT  "CRR1JT.I Ill I;!EIiF.!!ESS I lilt4 El=" ; bl 
1858 WHIT 588 
1868 PAUSE 
1878 I t a b = l  
1888 GilSUB Tab1 e 
1898 PRINTER I S  16 
1988 I t4PUT " DO YUU WHNT H L IST  OF THBLE?, Y,.'t.ll', K M $  
1918 I F  K w f = " N U  THE14 1968 
1928 PRINTER I S  8 
1938 PRIt4T L I b l I 2 )  
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1 9 4 8 I; i l  s U B T 1 e 
1'358 PRIt4TER I S  1 6  
1 9 6 8  INPUT "DO YOIJ WANT H PLOT'?, Y-'Id", K w $  
1,378 I F  t<w$="NU THEN 1 1 6 8  
19E:B PLOTTER I S  "I;RHPH 11:s" 
1 9 9 6  GRAPH 1 CS 
? - - dWbj8 Xrn=Xri~axi..l~.> 
2 8 1 6  CHLL Plt .a,. :(8,8,Xm, 1 8 , 8 , 8 , 5 , 5 , 2 , 2 , # , 8 ,  "I:I]~.~I;", "RBS", :>)  
? - -  d U 2 8  CHLL P l  t , sy r i l (X (+ ) ,  Y ( w ) ,  b4) 

2 8 3 0  X ( 1  ) = Q  
2 8 4 8  X ( 2 ) = X m  
2 8 5 8  Y (  1 ?=At-eg+Bt-.egwX( 1 ) 
2 8 6 8  Y(2)=Ht-.eq+E,-.eq+X ( 2 )  
2 8 7 8  CHLL P l t , l  i n ( X ( r ) , P ( i > ,  2 , 1 , 1 >  
2 8 8 8  SETGlJ 
2 8 4 8  LI:IRI; i 
2 1 8 8  PlUVE 9 8 ,  8.8 
2 1 1 8  LABEL LS 
2 1 2 8  MOVE 9 8 , 7 5  
2 1 3 6  LHBEL L s $ ( J s >  
2 1 4 8  PHUSE 
2 1 5 8  It4PlJT "DU YOU WHNT H HHRU COPY OF THE PLOT? Yit.4" ,lJS 
2 1 6 6  I F  D$="HH THEN 2 1 8 8  
2 1 7 0  DUllP GRHPH I CS 
2 1 8 8  GCLEHR 
2 1 9 0  PLUTTER 1 3  I S  OFF 
2 2 8 0  RETURN 
2 2 1 0  T a b 1  e :  P R I N T  "THBLE I:IF DATH FOR REGRE!;!;II:IN" ! !3ldEPRlIlG THBLE 
2228 P R I N T  "LHREL=";  L B ,  LIb4C 1 ), "t~4111TRIEt~4T=";Li ' .S~~.J~.~ 
2 2 3 Q  PRIt.4T IJ!;It.IG " I ] < ,  117, :3;<, 213, 21.1, 513, 2X,  5 H " ;  " ~ " ,  l o  I D 1 ' ,  "cot.41:. 'I , 
2 2 4 9  FOR I = l  TQ 1.4 
.- 2 2 5 8  - P R I N T  lJ!;ING "21l ,2X,  lH ,2D,2 i :ZD. :>D) " ;  1 ,  I d t . $ ( I 1 1 ,  I I : ~ . ( I : : B , ~ < I ; o , ' ~ ( ( I ~ ~  

2 2 6 8  NEXT 1 
2 2 7 8  I F  I t a b = 0  THEb4 2 2 9 8  . '.: 
22E:B .PRIt.IT " IL(TEF:C:EPT="; Rt-.eg, L I b I I  1  ) ,  ":;Ll:lPE="; !5PH(4) ;  Er.ptg, L I t . I (  1  1 ,  "R+F:="' , "' ,-,PH(;6); Re 
g5.5 ../ T o t a l  5.5, LIbI i ;  I), "FRI,TOF:="' , - CipHr:"~ Q , , 1 / B r e y  
? - . , rzm>@ RETIJRN ... 

2 3 8 8  E d i  t : REM T H I S  I S  E D I T  SECTION 
2 3 1 8 I 1.4 F' U T " D O 'i O Id CJ H 14 T  T 111 11 E L E T E ? , Y ....' 1.4 " , K I), $ 
2 3 2 8  I F  t<w$="N" THEt.4 2 4 4 8  
2 3 3 0  INPClT "WHICH SHII'F'LE I S  TO BE DELETED? t.Io. ", .J 
2 3 4 8  t.r=t.j- 1  
2356 FOR I =  J f 6  
2 3 6 8  X ( I ) = X ( I + i >  
237L.j y C I ) = y ( l + l j  
2 3 8 8  I c t ( I > = I c t  C I + 1 )  
2390 I L I L S ( I > - I J L ~ ( I + ~ )  
248GZr NEXT I 
2 4 1 8  P R I N T  PAGE 
24.7- ,-n LU -SUB T a b 1  e 
2 4 3 8  G O T O  2 3 1 8  
2 4 4 8  RETCIRt.4 
2 4 5 0  Et4D . . 
2 4 6 8  D r . i  v e :  REM T H I S  tlAt<E:3 LHBEL SPEl I IF ' f  H THPE IIRI!]E. 
2 4 7 8  REM THJS ROUTINE ADDS : T15,  : T I 4  OF: : F 8  TI2 F I L E  NHME F I L E S  
2 4 8 8  INPUT "THPE D R I V E  WHNTEU? 1 4  OR 1 5  OR F 8 " , T $  
24 '38  t4char=LEt . I (F i  1  e B j  
2 5 8 8  IF ~ ~ = " 1 4 "  THEN F i  l e$CtJct -1at - .+ l I=":T14" 
2 5 1 6  I F  T 1 = " 1 5 "  THEN F i l e B C N c h a t - . + l l = " : T 1 5 "  
2 5 2 8  I F  T $ = " F 8 "  THEt.4 F i  1 eS[ t4chat- .+ l  I = " :  F v  
2 5 3 8  RETURN 
2 5 4 8  END 
2 5 5 8  SIAB L i  n e a t - ( X ( + )  , Y ( + ) ,  14, R ,  E, R e q s s ,  R ~ s 5 . s ~  T o t . a l  55, Regriis, Resri15., F ,  I i f . r ~ . q ,  ~ l f r - ~ ~ . ~ ,  nf. 
t o t ,  A b o r t  > 
2 5 6 8  ! ++* MODEL: 'f=A+BwX r w w  
2 5 7 8  ON ERROR GOTO Bomb 





3 2 2 8  t.ll;l!;E Llx-1;,,,~, L  l y + . J +  ( L 2 y - L l  y >..'t.ldi uy-. :!:+C~-I 
3 2 3 0  L H B E L  US I t4G " K "  ; 'J'S 
3 2 4 0  NEXT .J 
3 2 5 0  L D I R  9 6  
3 2 6 8  LORIG 4  
3 2 7 0  MOVE Xwm-Ch, ( L  1  y + L 2 y  > .*"2 
3 2 8 0  L H B E L  11:: I HG " K "  ; Y 1 a b O  
3 2 9 0  L D I R  0  
3 3 0 0  SICHLE X r i ~ i  n, Xmax,  'r'mi n, Y m a x  . 
3318 LORG 1 
3 3 2 0  S U B E X I T  
3339 SIIBEt4D 
3 3 4 8  SUB P l t l  i n I X ( + ) ,  Y I * ) ,  1.4, I~,!).II:~C,L~> 
3 3 5 8  L I N E  TYPE , I t . ) )pe 
3 3 6 6  PLOT X( 1 ? , 7 1  1 >, -2 
3 3 7 0  FUR I = 2  TO N 
3 3 8 0  PLOT X ( I T , Y ( l : > , - l  
3340 t.IEXT I 
3 4 8 0  PEN U p  
3 4 1 0  S U B E X I T  
3 4 2 8  SUBEND 
3 4 3 0  SUB P l  t . s y m ( X ( + ? ,  Y < * > ,  1.4) 
3 4 4 8  D=. 5  
3458 F6R 1 = 1  T O  N 
3 4 6 0  PLOT X I I > , Y ( I > , - 2  
3 4 7 0  SETGlA 
3 4 3 0  WHERE X c , Y c , P s S  
3 4 9 0  PLOT Xc-D, Y c  , - 2  
3 5 8 0  PLOT Xc+D,  Yc , - 1  
3 5 1 8  PLOT X c , Y c - D , - 2  
3 5 2 0  PLOT X c , Y c + D , - 1  
3 5 3 0  SETUU 
3948 t4EKT 1 

- 3 5 5 8  PENUP 
3568 SIJBEXIT 
3576 SUEEblU 



1 8  F E N  .............................................. +++++++++++++ - - 
1 REM : H P I L U T  
3  8  F;EM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 8  REM : VERSI l j t .1  8 5  F E E  1 9 8 1  
5 0  F:EH : 
6 8  REM : CREHTED CDW 
7 - 
i 3 S: E ll : P I1 F.: P  ICI !S E  : I: 111 1.1 T  R I11 L T H E IJ T  I1i H  1.1 H L  Y  Z E E: Ht.1 D !s H M P L E R 
8 8  REM + + + + + + + + + - " Y + + + & + . C + V Y L ~ ~  *t.. .. . .. . .. .. . . *+++++ ++ + + Y Y & . C Y + Y " - "  .. .. .. .. .. . . . * * * + + + + + + + + + +  t f  +%+++  

'38 REPl " T H I S  I S  THE PEHK F I t . 4 D I N L  PRCiILRHPl 
1 8 0  REPl " I T  D R I V E S  THE SHMPLER 
1 1 8  REM !S8.i'STEPi t.101.~ :syt,1C:S O F F  T I M E  OF FIRST RISE TIME OF FIRST FHLL 
1 2 8  REPl TH IS ;  VERS1l:lt.l OF " H P I L O T M  P R O V I  I IES r,RHPHIi: D I S P L H ' ~  OF PEI;E~.~ERHTED 

HBSI:IRBHNCE VHLIJES 
1 3 8  REM 1:  D I S P L H P  S E C T I O N  H V R I H L H B L E  nNLY I N  PEHK F I N D E R  MODE 
1 4 8  REM 2 :  S E L E C T  C:HHNNEL D I !SFLHYED Ba.( Ta.<,'P 1 t.11; 11.1 I:~:I 1 I:I~ = ( c  h . a n r l e  1  # [ L  TI~I 5 1  :. 

THEN P R E S S  E X E C U T E  
1 5 8  REM 8 :  PRESS t<E'y' 15 TO OBTHIt.1 D I S P L H ' f  I]F REGEt.(ERHTED HB!i;ORBHt,1C:E FIIIF: 

S E L E C T E D  CHHNNEL 
8  REPI 4 :  THE D I S P L H ' I  F I L L S  UP FRilP1 L E F T  TI:I R1l;HT. L.JHE~1 F I L L E D  THE DI!:;PLR',i' b ] I  LL  

HCITUPIAT 1C:HLL'i CLEHR Ht4n THEN C:iiNT I NUE FROPI THE FRR L E F T .  
8  REM 5 :  T H E  I I ISPLH ' i '  C:HN B E  CLEHRED HN?J R E I t . 4 I T I H T E D  H T  THE FRR L E F T  P1Hb{IJHLLLi' 

AT  Ht4Y T I N E  BY P R E S S I N G  KEY 1 5  
1  s 8  F:EPl 6:.PRE!S!S SH 1  F T  KEY  1 5  TI11 RETURt.1 TI11 t.ll]RMHL t411It4GF:HF'H 11: F'EHt;: F  1  t.IDES: , 

D I SF'LFIY 
1 9 8  REM : +Ss+++++++++x~+++r+s++++ M H C H I N E  STHTU:s ++++*++++++++++++++t+++t+i+ 

2 8 8  I~I'V'ERLAP 
210  F I I I E I I  3  
2 2 8  OF' T  I 1 1  b1 E: H S E 1  

2:38 SHORT D=.(:3), P ( 4 8 ,  6 ) ,  R f ' (E .> ,  F ( 6 ) ,  B 1  0.:6), B 2 ( 6 ) ,  T o I - ~ ~ ,  D~, [ l t ,  (ij> 

2 4 8  I N T E G E R I , .J , K , L , PI , 1.1 , 1.1 8  , N 1  , b12 , 14 3 , 1.1 4  , t.15 , 1.4 c ril .ax , 1.1 c m a:< , L 13 , L 1 , L 2 , L :3 , I E. :,; i t. , I t~ 2 , I to 1 
, b l l  a g , C d ~ . c < 6 : ! , E 5 . t . a t .  ( 6 ) ,  I : ~ E . c = . ' : ~ ; ~ , C ~ E . C I ~ ! I : ~ : I  
2 5 0  D I M  T ( 0 : 4 8 , 1 :  611,T i  ( -1:  1 4 > , $ t ' ( 8 :  1 4 ,  1 : 6 ' ) , E ( - l :  1 4 ,  1 : 6 : 1 ! n ( - l :  1 4 ,  1:6),l:t-1n(4Kiq6::~ 
2 6 8  D I M  B ( 6 ) ,  T f  1 6 > ,  T r ( 6 ) ,  S F { & ) ,  D ' : 6 ) ,  S e e { &  j , T t t r ( 6 ) ,  RI.,]~: (6:1 , Fr , :  ( 6 )  T f v ( 6 : 1  , Ff,: 1. i7 :'.n ., 
2 7 9  I N T E G E R  I c u d e < 4 0 ) ,  Istat, ( 6 ) ,  Ci:C) ,  t.I1:11 at, (6:t , bI1:t(cj:> 
2 8 8  D I M  H $ C 6 > [ 4 1 ,  I d $ ( 4 9 > C  1  l , L $ C 6 1 1 D a $ [ 7 1 ,  Ht - .$ [41 ,  ~ ~ ~ : , $ [ ~ ] , ~ < ~ , j $ [ ~ ] , ~ : , ~ , l  1 1  H $ ( ~ : I  [ z ]  
, C l ' o c k 8 C  1 4 1 ,  M e s s 8 C 5 8 I , L a t t 8 [ 1 2 1  , L , 3 r 1 8 C 1 2 1  
? - 8  I N T E G E R  B l t - 1 ( 6 ) ,  B 2 t - l ( 6 )  
3 6 8  IIIUTPIJT 9 ;  " A M  ! REM H H L T  THE CLUCK U N I T S  
3 1 8  n H T H  8 , 0 , 3  
3 2 8  REHD I r-,e.ad, I wr- i t e ,  Ns.amp ! DEFAIJLT 
3 2 1  UIJTPIJT 2  WHS U S I N G  " # , W U ; B  ! WH!SH 
330 E N H E L E  
:3 4  8  R E M  : ++*+*.. .. ..+*.. "+&&. .  .. .. .. .. .. * * * . . * * *** . . . . . * * ****+ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

: 358  PRII.4T " H E L L O  FRlIlI.1 H P I L U T  " , L 1 1 ( ( 2 ) ,  :sF'H{ 1 8 ) ,  " 1 HA!, 
E  RUN U F F  TO GET THE T I M E  BHCK I t 4  2 8  S E E "  
3 6 13 C A L L E p-+ 1-3 o I-: I CHECKS FOR 1-:I ~ C K  FRRI-IRS 
- 7 -  3 j C A L L  lj t-, 5 e  t-. s.,~ ! CHECKS FOR UHSER!r'I CED I N T E R  
3 5 8  OUTPUT 9; " R "  ! REQUEST T I  ME 
3 9 8  ENTER 9 ;  C 1  ~c k 8 ! GET T I  ME 
4 8 8  P R I N T  L I N ( 2 > , S P H i 5 : > ,  " CLOCK T I M E  I S =  " , C l o c k $  
4 1 6  I N P U T  " I S  DHTH FR13t-l T H P E ?  Y / N H , K w $  
4 2 8  I F  I K w O C l ,  1 l = " t . 1 " )  OR { K w S C l ,  l ] = " n " >  THEN 5 1 9  
4 3 8  I N P U T  " I N P U T  F I L E  NHME? ", I n f i  1 e 8  
440  F i ! c $ = I n f i l e $  
4  5 0 I; 111 5; U I: Il r i 1,) E. 
4 6 0  RS!!; 1  Gt.1 F  i 1 e $  Ti11 #:3 
478 EIJFFER # 3  
4 8 8  UN END #:3 GOTO 4 7 3 8  
4 9 8  1  r-.eatj= 1  
c -  - ,tU&j GI1ITIj 5 9 M  
5 1 8  II,IF'l-11' "IIICI 'i'OIJ NHNT  TI^ :;AI,'E DHTH F I L E  Ot.1 THF'E? '.(..,.t.1'I,K1,,j$ 
5 2 8  I F  ( E M $ [  1 ,  1  l = " t . j H j  OR ( K w B [ l ,  1 ] = " t - , " )  THEt.4 5 - 3 0  
5 3 8  I N P U T  " OIJTF'IJT F  1  L E  t.IHPlE?", OIJ~. f i 1 e$ 
540 Iwt-i t . e=l  
556 F i 1 F.~:=I:II.~~. f'i 1 E.$ 

- 171 - 



5 6 8 I; 111 !< IJ B D I-. i IJ e 
5 7 8  H!<:<Il;H F i 1 e $  TI11 # 4  
5 8 8  BUFFER # 4  
5 5 0 G 111 !: IJ B C o t-I s t, 
6 8 8  P R I N T E R  I S  1 6  
6 1 0  D I S P  " l-IHITIt.{I; FIIIR H IzOPlPlHbID " 
6 2 8  lIlk4 KEY # 8 ,  1 Gl]!<llB I n  i t 
6 3 0  01.4 KEY # I ,  1 GI~ISIJB L i  st. 
6 4 8  ON KE'f # 2 , 2  Gl:lSI-IB P e a k  
6 5 0 0 1.4 k: E 'I' # :3 G 111 !2 IJ B E d i t. 
6 6 8  ON KE'? # 4  GI:I!<UB S.LVE. 
6 7 8 111 1.4 I:: E 'I' # 5 , 1 G 111 !< U F i 1-1 i 
6 8 8  01.4 KEY # 6 , 1  GOSIJB F e t , c h  

. 6 9 8  1]b4 KEY # 7 ,  1 GljSlJB D i s p  
7 - 0 0  on KEY #23 ,  1 GUSl-lB 1- lash 
j , 1 8  111t.4 EEY # 2 2 ,  1 GOSUB S a m p  
7 , .:, I - 13t.4 KEY  # 1 5 ,  1 GI]:SUB n i sp 

7 3 8  GOTO 6 1 8  
748  S r m p :  F:EM T!iI<EG H BnPlP 
-c - I P R I N T  " H E L L O  FROM SHMP SHMPLER I S  I N  " 
(bu BlJTPlJT 2 104H!; lj:;fi.41; " # , l . J " ; C : d e c z . ( l )  
778 W A I T  1088 
7 8 0  RETURt.4 
7 9 8  W.3z.t-l: REM DI:IES H WHSH 
5 '08  F'RIt.4T " HELLI1I FRrJPl L-IASH !SHHPLER 15; 11.4 CIHSH " 
8 1 0  OIJTPIJT 2 WHS US 1 t.lG " # ,  W "  ; C ~ j e c  w ( 1 > 
8 2 0  W A I T  l B U U  
8 3 8  RETURt.4 
8 4 8  I n i  t :  P R I t 4 T  LIt.4lCST, " HELLO FROM I t 4 I T I H L I Z E  " 
8 5 8  BEEP 
8 6 8  Lat .$=Lor-~$=M~.z.sB="t . l .  H. " 

8 7 8  Dep7.t- I=-99 
8c t3  I N P U T  " L A B E L  [ 6 1 ' ? " ,  L $  
890 It.4PlJT " D H T E  [ T I ' ? " ,  D a B  
9 8 8  I t . lPUT " T I M E   HI-.$ 
9 1 8  I HPUT " L A T ' ?  1 2 H  OF: C COt4T I " , L a b  2 
9 2 8  I NPUT " LIIlt.l.l'? 1217 [l:Ut,4T I " , Lon$ 
9 3 8  1t.IPUT "!sTHT 1 lI11.4 DEPTH ? F L I ~ I A T  I ~ R  [I:I~I~.~T] " , Del:~t, h 
9 4 8  I t.4PUT " C:OMMEt.IT '7' 5 0 H  OR C COb4T 1 " , 1.1essB 
958 TNPl lT  "I-IF'FR~TI:IR [ 61'7'' , IiIp+ 
9 6 8  1 t.IPlJT " t,lCl. !<HMPLE!:?" , N s a m p  
9 7 8  I l = l  
4 8 8  GOSI-IB L i  s t .  
9 9 8  I1=2 
lLlLd!=i lE lP l jT  "D I~ I  '.i'ClIJ C J f i i j f  TI11 C:HHt.IGE THE TABLE'?  Y/'EI",DB 
1 8 1 0  I F  I : : D $ [ ~ ,  ~ ' ] = " Y " : v  I:IR ( D $ [ l ,  1 ] = " ~ . ~ " )  THEt.4 :358 
1 0 2 0  P R I N T  U!;; I N G  1 0 3 0  
1 0 3 8  IMHI IC ..', /, 5 X ,  " Et.4TER !SFIMP#, I D  '; 11 P T 1 Q I.{!; =g::.: i 3, .nn d - l i .=, t. '1 " 

1640 BEEP' 
1 0 5 0  LI1.lPUT " t . IO . , IU .? " ,DB  
1 8 6 8  I=Pl3:;i;D$ " " '  

1 1 " 
1 0 7 8  I F  I = 0  THEN 1 1 4 8  
1t3:38 bj='a,?HL(U.$C 1 ,  1 - 1  3 )  
1 8 9 0  I J $ ( N ) = D $ C I + 1 ,  I + 1 1  
1 1 0 8  I ~ ~ I ~ ~ < N I = ~ ) R L ( D $ C  I + 2 ,  i 83 :1  
1 1 1 8  P R I N T  lJSIt4G 1 1 2 8 ;  1.4, I d $ l N ) ,  I c o d e ( t 4 j  
1 1  2 8  IPlHGE 2 5 X ,  :I;D , '7" LS.,, 11 I I I = " ,  l A 9  I< 
1 1 3 0  LOTI] 1 8 4 8  
1 1 4 8  I F  DBC 1 ,  1 I = " L u  1-HE14 l;OSIJB L i 5 . t  
1 1 5 8  I F  D B C l , l l = " E "  THEN 1 1 7 8  
1 1 6 8  Gl jTl ]  1 8 4 0  
1 1 7 8  P R I N T  " 1 N I T I H L . I Z E  F I N I S H E D  " 
1 1 8 0  I 1 = 3  
1 1 ' 3 8  GIIISIJB L i  s t  
1 2 8 8  RETURN 
1 2 1 8  L i  c . t  : P R I N T  PHGE, " H E L L O  FROM L I S T  " 

! T H I S  I S  THE F I  t . I ISHEI I  II:I]PlMHt,4D 

!SUEPROGRRM L I S T  



1 2 2 0  EIpr. i n t  = 1 6  
1 2 3 0  L=I 
1 2 4 0  I F  ( I l = l )  OR ( I 1 = 2 >  THE14 1 2 7 0  
1 2 5 0  Ik IP IJT "OUTPIJT T Y P E :  1 =FIBS, 2 = T  I N E ,  3 = D E L T H  TIFIE, 4=IJG-HT, ~ = C : I I I ~ . I F I  n", L 
1 2 6 0  I F .  (L.< 1 )  OR ( L ) 5 )  THE14 1 2 5 0  
1 2 7 0  P R I N T E R  I S  N p t - . i t i t  
12 :30  P R I N T  UC;I 141; 1 3 8 8 ;  L $ ,  D.38, H r $ ,  L . l t . 8 ,  L o n $ ,  Pie=.=.$, 13ept .h 
1 2 7 8  P R I N T  U S I N G  1:310;M=.ari lp,0p$,H$(+:~,C(r:3 
1 3 0 0  IMRGE " L H B E L = " ,  1 0 H ,  ./, " I )ATE=" ,  l O H ,  / ,  " H R = "  , l @ H ,  /, " L H T I T I J D E =  ", 1 2 H ,  /', "L I~~. ( I ; IT IJ I I  
E =  " 1 2 H ,  .>', " l : l :~t l t IEt~IT=~ ; 5 0 H ,  / " D E P T H =  " , I lDDQI IDDD 
1 :3 1 0  1 tdHI;E "t.1111. !jHtlPLE!;=" , :3D,  /, " UF'EF:HTl]R=" , 1 OH, .,', " l:HHt.INEL=" , 6 ( 6 X ,  4 H  ::, , ....., " !sTHTI j :3="  , 
1 X ,  6 (  1 8 D >  , ,.,<, "FHCTI~F;!;=II , ~ ( G I I .  3D:) 
1 3 2 0  PRINT USII.~G 1 3 : 2 0 ; ~ ~ ( + ) ,  B ~ ( + > , B ~ c + )  
1 3 3 0  IP1HI;E "RF . 'S= "  , :I;X, &,(&n.  ::D), ,...., "BH:;El=", ZX ,  6 ( 6 D m  :3D', ' 7 '  .,: 3 "EH:;E2=" , '-nu ~ ( . . , , 6 ( 6 U .  3D) 
1 3 4 0  I F  I l = l  THEN 1 6 6 0  
1 3 5 8  P R I N T  IJ!sING 1 : 3 6 0 ; H $ ( L )  , H Z < L ) ,  H$~:L;I ,H$.(L:J , H g C L >  
1 3 6 9  I M H G E  ./, "t.IU. I D " ,  & i :SX ,  5 H >  
1 3 7 0  FOR I = 1 TO MHX (Mp, t . I samp> 
1 3 8 8  FUR J = 1  TO N c m a x  
1 3 9 0  Di;J ) = - 9 .  99 
1 4 0 8  0t.4 L Gl:lTl:l 1 4 1 0 ,  1 4 3 0 ,  1 4 5 0 ,  1 4 7 0 ,  15EiEi 
1 4 1 0  D ( . J > = P ( I , . J >  
1 4 2 0  GOTO 1 5 1 0  
14 :30  D C . J j = T ( I  , .- 1'1 .. 
1 4 4 9  GI:ITI:I 1 5 1 0  
1 4 5 9  D ( . J > = T ( I , . J : ) - T ( I - 1 , . J )  
1 4 6 0  GOTI:I 1 5 1 0  
1 4 7 0  I F  P ( I , J > C  1 . 0 E - 1 2  THEN 1 5 1 9  
1 4 8 0  D(.J)=F(.J::~+CP(I,.J)-I:~~(.J;I+(E:~~.J)-B~~~.J))~I./(~.~~.~~~~~:I+~~~+F:~(.J;I)~~ 
1 4 ' 3 0  GUT11 1 5 1 0  
1 5 0 0  D ( . J ) = c ~ - I <  I,J> 
1 5 1 9 1.4 E >I T .J 
1 5 2 0  I F  I 1  = 2  THEN 1 5 5 0  
15 :30  P R I N T  U:SIt.IG " 2 D ,  1 X,  1 H, 4D,  6 6 D .  :3D ) " ; I, 1 d$ ( 1 ) , 1 c I:,~E. ( 1 ) , D( + ::n 

1 5 4 0  GOTI:I 1 5 6 0  
1 5 5 0  P R I N T  U S I N G  "211, 1 X ,  1 H , 4 D " ;  I, I d $ ( I  3 ,  I o : o , j e ( I  ;I 

1 5 6 0  H E X T  I 
1 5 7 9  I F  t.lpt-.i n t = 0  THEN 1 6 4 0  
1 5 8 0  I N P U T  "Dl:l '.{lIll-l WHNT HHRn  COPY, Y..,.'t.j?" , t<w$ 
1 5 ' 3 8  I F  i :K~. . j$=" ' f " )  l:lR ( / < w $ = " y " )  THEN 1 6 1 0  
1 6 0 9  GOTI:I 1 6 4 0  
1 6 1 0  t4p t - i  n t = W  
1 6 2 0  I;OT'lj 1 2 7 0  
1 6 :I: 0 1.1 E X T I 
1 6 4 0 1.4 p r i 1-1 t, = 1 6 
1 6 5 0  P R I N T E R  I S  N p r  i t i t .  

1 6 6 0  P R I N T  " L I S T  F I N I S H E D  " 
1 6 7 0  RET1JRt.I 
1 6 8 0  Pe?k :REM T H I S  I!: T H E  B E G I N  I:IF PERK 
1 6 9 0  P R I N T  " H E L L U  FROPI P E H E  " 
1 7 0 0  l1t.I KE'f #E:, 5  I;USUB S h o w 1  
1 7 1 0  l1N K E Y  # 9 , 5  GOSUB SI-IOW~ 
1 7 2 0  ON KEY # 1 8 , 5  GOSUB S h o w 3  
1 7 :I; 0 111 1.4 K E Y # 1 1 , 5 G i l  S IJ B S 1-1 01, w 4 
1 7 4 0  1jt.1 KEY # 1 4 ,  5 GO!:;lJD S e t  6 %  i t 
1 7 5 0  l:lN KEY  # 1 5 ,  5 GO!SlJB Gr .3pho t -1  
1, 760 l1Jt.l KEY #:3 1 , 5 GDSIJB G t - , a p h ~ f  f 
1 7 7 0  REM S E T  SOME I N T I  T I A L  CUNSTRNT!; 
1 7 8 0  P L O T T E R  I S  1 3 ,  " G R H P H I C S "  
1 7 9 9 C A L L IJ n 5. e I-. IJ 

1 8 8 0  OIJTPUT 9 I J ! j ING  " 3 H ,  5 H ,  313, D D n D l j n "  ; " I J l H "  , " l J l = o l " ,  " I J l P " ,  n t . m  
1 8 1 9  UUTPIJT 9; " U 2 H U ,  " U 2 C "  
1 8 2 9  ON IN'T # 9 ,  1 5  GOTO 2 1 4 8  
1 8 3 0  CONTROL MHSK 9; 1 2 8  
1 8 4 8  CHRU E N R B L E  9 
1850 I 1  =:3 
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-=. -  L . - I ~ U  - D I ! s P  "T I t - lE= " ;Tz~ . t - , o ;  " IREI;E~.I .IE:$;";E(t.IB, l I ~ ; E ( t ~ I ~ , 2 ! ; E C t . I ~ , : 3 : : ~ ; E C t ~ I 8 , 4 j ; E ~ ~ t ~ I 8 , 5 . l ~ ; E ( t . l  

0 , 6 )  
2 5 3 8  Gl:lTO 2 6 3 8  
2 5 4 0  DI!;P " T I H E = " ;  T z e r . 0 ;  " 1 H'dER HBSu;B(bI.I8, 1 ) ;H(bI8,2]8;Hi: t . I0, :~: ] t ;H(t . I0,  4 ) ;  H ( t . i 0 , 5 )  ;H(t.( 
0 , 6 )  
2 5 5 8  GI:ITI:I 2 6 3 0  
c, r.-obQ r= .- PR I t . I T  I 257~;t. I t .3t l , ,P(t. l t . .3t l ;  1 > , P ( t 4 t . a t 1 , 2 : j , P ( t . l t . a b , : 3 : ~ , P ~ ~ t ~ I t a b , 4 3 , P ( b I ? . . a t ~ , 5 > , P i : t ~ I  

t.atl, 6) 
2 5 7 0  I M A G E  2 X ,  4D ,  6 ( 4 X ,  2D. :::II) 
2 5 8 8  t.It ah=t.It, at#+ 1 
2 5 9 8  IF N ~ . ~ L c = M ~  THEII 2 6 : ~ ~  
2 6 8 8  P R I b I T  " F I t . I I S H E n ,  T I M E = " ;  T Z P P I ~  
2 6 1 0  t. l?.ab=8 
26213 IC=I 
C C 2 b :I: 0 R E PI !5 F' 8 1:: E  H 111 L I 1  E f? E 1.4 D 111 F D I S P L A '.,' !5 E 1:: T  I 111 bI 
2 6 4 0  Tzet-,a:n=T i l:: t.18 > 
2 6 5 0  REM EEGIt.4 I ~ F  PERK F I N D I t . I G  S E C T I I ] ~ ~  
2660 FIIIR J=1  TI:I N c ~ a x  
2 6 7 0  REM CHECK HNU SEE I F  H L L  EXPECTED P E A K S  HRE I N  
.-4 .- - rb:sO I F  B s t a t ( J ) < ) 1  THE14 3 2 1 8  
2 6 9 0  I s ? . . 3 t , j = I s t , . ~ t , ( . J )  
2780 N p , j = t 4 p ~ ~ J !  
2 7 1 8  I F  I = . ? . a t , j = l  THE14 2 : 3 1 8  
2 7 2 8  REPI LI:II:I~;:~~~I; F l j R  13 F(I!:;E 
2 7 3 0  I F  (1.lp.j > 8 1  Ht.ID (Tze t - . o -Rwc  (.J:l.<l.ja=.h?. ) THE14 :31:38 I .. .. .. .**+t.IE>::T F.:I!:;E DUE'?+++ 
2 7 4 0  I F  ( E ( ~ . { ~ , . J : I - E ( ~ . I ~ , , J ~ ) . Y ~ )  Ht.JD ( E ( t . I : 3 , . J ) - E ( b 1 2 , . J ) ) ' f l  :I Ht,III (E( t , I4 , . J j -E( t . I :3 , . J j : : . ' i l  :I T 
HEN I s t a t j = l  ! +++RI!::E T E S T E R + + +  
2 7 5 8  I F  (bll:,j )n:t H~. I I I  ( T r e t - . , ~ , - F ~ c  ( J )  >5) THEt.4 I=.?.at, j = l  ! +++FlIlR':En F : I S E  Cl:lt.IDI TIl1l l . I+++ 
2 7 6 0  I F  (H(t . I2,  . J : l<B l  ( . J > i -  1 :, Ht.ID ( t . Ip. j=13) THEbI I z . ? . . ~ ?  j = 8  I +*+FAL!;E EI:.;E SQIJELI::H 
ER+++  
2 7 7 0  I F  ( I = . t a ? , j =  1 )  Ht.411 ( b I p j = 8 )  THEt.4 f f 1-.(.I : :c=Tzer.o ! + + + I b I I T I H i  R I S E  T I F I E + + +  
2 7 8 8  I F  I s t , . 3 t . , j = l  THE1.I Tr.n:.J)=Tzet-n:~ ! +++!!;ElaUEt.IT I H L  R I E l E  T IP IE+++  
27'jQ I F  I = . i , . ~ . 1 , , ~ i 4  THEbI Ft-.c ( . J > = T f t - , ( . J : i + ( t , I t : ~ , j + l  :>+PIIJ I U++R 1 SE ::;I-:HEDIALER+++ 
2 8 0 8  G11lTlj 3 1 8 0  
2 8 1 8  REM L O n K I N G  FOR H P L H T E H U  Ht,lD THEN H F H L L  
2 8 2 8  I F  Tze r -o -T ro :  J).::D?.l:,l t. THEt.4 : > I 8 0  ! +++PLHTEHU HLL i l l dE I I ?+++  
2 :3 :I-: 0 I F 8: H :; ( E ( 1.4 8 , .J ]I - E < 1.1 1 , .J ::I j .< '.( 1 :I fi 1.4 11 ( HE: !; ( E ( 1.1 1 , J ) - E bI 2 , ,J j :I .:: ',,' 1  :I T H E 1.4 '5 :3 7 8 ! 

+ + + p L H T E H l j  T E S T E R S + +  
, ,  I F  (Tze t - .o -T t - ( .J )  ) P w m i  n]o Ht.ID ( T z c t - . o - T t - ( J  :~.::PI>J~II.~:x:~ HblI l  (t.lp 1 a t .  ( 5 ) < 4 1 1  THEbI 2 : 3 7 0  ! a "4C  

+++FI:IRC:ED PLHTEAIA ~1: l t . l~  I T IO~.I+++ 
2 5 5 8  REM PLAUEHIJ P O I t 4 T  I S  BHD 
2 8 6 0  GI:ITI~ 2 , 3 4 8  
2 8 7 9  REM PLHTEHU IS H GI:II:I~ I:I~.IE 
2 8 8 0  N p  1 a t  ( J  ) =t.I,p 1 at, l J)  + 1 
C, - ~ ~ 9 0  I F  t 4p l  at ( . J > = l  THEN T p l  ( J ) = T i  ( t . I l )  
2 9 1-3 8 E = i E c 1.1 a , .J j + E ( 1.1 1 , ..T ;, + E I 1.1 2 , .J ; r ..,. 3 
2518 5 e i . J  )=St, ( J  :I + E r  
2'3'38 SE.E.(. .~)=SE.~(.J?+EE.+EE. 
..% r 9 - f j . , ~  T p Z ( . J ) = T i  (1.41 > 
2 , 348  REP1 CHECE TO S E E  I F  F H L L  ALL1:lWED A T  T H I S  T I M E  
2 9 5 0  I F  T z ~ . r o - T t - ( . J 3 i P w r ( l a x  THEN 2 ' 3 8 8  
2 , 3 6 8  I F  (;E(t.j@, . J> -E i : t . I 1 , . J ) )Y ld2>  HNII  ( E ( b I 1  , . J>-E( t , I2 ,  J )  > Y 1  ) HI.ID (E(b I2 , .J ) -E<t .13  3 . I >  - :>.t'l t. 
2 )  THEN :3b3QQ - - - -  2.4 (. U I F  i:t.lp,j)8:, AbIU ( T  2: +t-.n:n-Ffc(J))5) THEN 3 8 8 8  ! +++FI:IF.:I~ED F H L L  l:l:lt.ID I T I  l:lt.I+++ 
2 9 8 0  REM HI] F H L L  FOIAND 
2 3 9 8  GUTI:I 3 1 8 0  
3 8 8 0  REM F H L L  FljlAt.IIl 
3 0  1 8  I F  t.I~:,,j S O  THEt.4 T f ' f  r: .J ) = 1 z e r o  
3 0 2 8  F f ' c l J ) = T f ' f  ( .J>+(k ip j+ l )+Pw 
3 8 3 0  k l p j = K = b l I t . I ( t 4 p . j + 1 ,  4 0 )  
3 0 4 0  M p = M H X ( E , M p )  
: 3 8 5 0  T I K ,  J>= .  5+ (Tp2 (J>+T1 : , 1  i:J:u :I 
3 8 6 0  b I~ .=b lp  1 at. ( J j 
3 8 7 0  I F  1 . i ~  > @  THEN K ,  .J :I =!;e ( ,J )I'~.(E. 
3mOlq .-# - &-I - I F  t . l c > l  THEt.4 Ct- l (K,  J ~ 1 ; 1 L ~ ~ 6 + ~ ~ ~ ~ ~ F : ( ~ R S ( ~ ~ ! ~ e e < , J ) - ~ { e + P ( K 1 , J ~ ~ ~ ~ ' ~ ~ ~ t ~ . . ~ ~ ~ ( ~ ~ ~ ~ - 1 ~ ~ . I ~ " ~ ~ I ~ ~ ~ ~ ~  . .. 
3 8 9 0  I s t . a t , j = B  
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3 1 0 0  T f  i; .J 5  =Tzet-.,:, 
3 1  1 0  Rwc ( .T )=T~ ' I : : . J> -~  
3  1  2  8  1 F 1.4 11, j ( ;:. 1.4 5. p T H E 14 :3 1  5  8  ! TRIJE DO NI jT  CHLCIJLHTE EHSE2 
3 1  3  8  B 2  1-1 ( J j '= 1 1.4 T ( S e  04 1-1 + T ( I< , .J 5 ...' D t, 
3 1 4 8  E=.?.at,(.J)=Z 
3 1 5 8  F'RIt.IT U S I N G  " 28H!:31;41l]1,:31:6D.:!:D) " ;  " [ C : H H t ~ ~ , # P , # ' ~ ) H L , H ~ ! ~ , ~ I ~ t ~ ~ F , T I M E l 1 ' , . J , t ~ l ~ : ~ j , t . I p 1  
at(.Jj,PCK,.J),CniK,.J5,T(K7.J:~ 
3 1 6 0  t . l p l . a t  CJ>=8  
3 1 7 8  !see C.J >=SF ( J  > = a  
3 1 8 0  REM GO DO HNOTHER CHAt.It.lEL 
3 1 9 0  I=.?..at, ( . J j = I c . t a t . , j  
:>ZOO N p  (-1 > =Np  j 
F ?  .d 2 1 0  1.4 E X T  J 
3 2 2 0  HEM T H I S  I S  H SPHIZE HOLnER 
3 2 3 0  GOTCI 2 0 7 8  
3 2 4 0  HEM CLOSING SHIIIP 
3 2 5 8  OIJTPIJT '5; " H "  
3 2 6 0  I F  I t-.ead=B THEN OlUTPlJT 2  LdHS IJSINI; " # ,  Cl" ; ~C~~I:I,,I( 1 
3 2 7 8  1 F 1 r .esJ=a THEM 'v'~-I=REHDE I N ( 2 )  
: 3280  W A I T  1888 
3 2 9 8  PRIF IT  " PEHK F I N I S H E D  " 
1-3 3 
.-o. RETIJRIj  
3 3  1 8  Set, e x  i t : HEM MHKES I EX I T =  1  
:3:736 I-IIITPIIT 9; " H "  
a oJYLj a .  l c x i  b = i  

3 3 4 0  P R I N T  " S E T T I N G  EX I T "  
.- ?, .d 5 W R E T CI R 1.4 
3 3 6 8  Cb .ase  1  : REt l  
3 3 7 8  FOR I = l  TO t.lcroax 
3 3 8 0  I F  N.< > B i n (  1) THE14 : I 4 3 0  
3 3 9 8  B l ( I j = H I L 2 , 1 )  
3 4 8 0  PR I NT " I N  I T  BHSE CHHN 'vlHL=" ; I, B 1  C I > 
3 4 1 8  B s t a t . C I ) = l  
3 4 2 0  S t ,  1  =St# 1 + 1  
3 4 3 0  NEXT I 
3 4 4 0 F: E T 1-1 F: ~4 
3450 1;b as s'-,. , . REM 
3 4 6 8  FOR 1 = 1  TO N c m a x  
3 4 7 8  I F  N< >B2r-1I I > THEN 3 5 2 8  
34!35, nai; 1 ) -H (L '  L ,  I 
3 4 9 8  P F  1 N T  "F 1 t,{AL BASE CHHt.4 'v'HL=" ; I ,  R7 i' T ) 

4Uk.i S b 2 = S b 2 + 1  3 = -  - 
3 5 1 0  B s t a t I I ) = 3  
: 3 5 2 8  NEXT I 
3 5 3 8  I F  Sb2=Nc  ma>: THEN I e:c i t = 1 ! TRUE H L L  E:HSEL I t4ES SET EX I T  FF:OPl PEAK 
3 5 4 0  RETIJRH 
3558 E d i t :  REM E D I T S  P M k T R I X  ! SIJBPROGRHM E D I T  
3 5 6 8  P R I N T  " HELLO FROM E D I T  " 
3 5 7 0  I N P U T  "EIlTEF: E D I T  OPERHTII1t.I LETTER,  H d d ,  R e p 1  a c e ,  D e l  e t a ,  E x i  t , L i  st. '", t:;w$ 
: >588  V = 0  
3 5 9 0  R o l  I $ = "  " 
3 6 8 8  I F  K w $ = " E U  THEN 4 8 6 8  
3 6 1 0  I F  I<w$m"LH TI.IEI.4 4 0 4 8  
3 6 2 8  I t.4PUT "ROW, I ~ l ~ L l J P l ~ { ? "  , Nt-,, .J 
3 6 3 8  I F  K I , J $ = " ~ ~ ~  THEN 3 6 6 8  
3 6 4 0  I N P U T  "ROLL  REQUIRED.  U / D ? " , R o l  I $  
3 6 5 0  I F  ~::I.,.I$="D" THEN 3 6 7 0  
3 6 6 8  I N P U T  "VHLIJE REBUIRED.  VHLUE?"  , 
3 6 7 0  PF:It.lT IJSIt4G 3 6 8 0 ;  t<w$, N r ,  J, 1701 1 9 , V  
3 6 8 6  IMHGE "COMtlHHD I ! < = " ,  1H, 1X,  2 1 : 3 n ) ,  l X ,  I H ,  4D.  311 
3 6 9 8  INPIJT "DO YOU WANT TO EXECIJTE, Y..,.t.l", D$ 
3786 I F  (D$[I, 1 ] = " N " )  I IR ( D $ [ 1 ,  l ] = " n " ~ l  THEN 3 5 7 8  
3 7 1 8  I F  Kw$="R"  THE14 4 0 2 9  
3 7 2 9  I F  t<:w$="DH THEN 3 8 6 0  
3 7 3 8  I F  R o l  1 $ = " D "  THEN 3 8 1 0  
3 7 4 0  REM HDD-UP 



3 7 5 8  FOF; I = l  TI] t.It-.-l 
3 7 6 8  P (  I, J ) = P (  I + 1 ,  .J> 
: 3770  t.4E)I-r 1  
: 3780  P ( t . l r ,  .J)='s) 
3 7 9 8  GlIlTlIl 3 5 7 8  
:3 8  8  8  R  E I.1 A 11 n - D O1.J t,j 
:3E:18 FOR I=Nsm.a::.:: TI:I t.jt-.+l ::;TEP - 1  
3 8 2 0  P I  I , J ) = P ( I - 1 , J >  
3 8 3 8  t.IE!(T 1  

8  4  8  P  ( 1.4 1.. , .J j = V 
3 8 5 0  GI:ITO 3 5 7 8  
3 8 6 8  I F  R o l  1  $="Jj" THEN 3 9 4 8  
13878 REP1 DELETE-UP 
3  8 :3 8 F  111 R  1  = 1.4 T  111 1.4 5. .a :.:- 1  
3 8 - 3 8  P ( I , . J ) = P (  I + 1 ,  .J) 

3 9 8 8  TI: I, . J ) = T ( I + l ,  J j  

3 9 1 8  NEXT I 
3 4 2 8  3578 
3 9 3 8  REM DEL-DOWN 
3,348 I= t . l r .  T o  2  :STEP - 1  
3 9 5 8  P i  I ,  .I)=/=( 1 - 1 ,  J) 
3 9 6 8  T ( I  , . J ) = T ( I - 1 , . J : ~  
3 9 7 8  t.tE::.::T 1  

3 9 8 0  Pi: 1 ,  J > = 8  
3 9 9 8  T ( l , . J > = B  
4 8 8 8  GI:ITI:I 3 5 7 0  
4 8 1 8  REM REPLHCE 
4 8 2 8  P ( N ~ , . J > = ' s ~  
4 8 3 8  GOTO 3 5 7 0  
4 0 4 8  GOSIJB List,  
4 8 5 8  GOTO 3 5 7 8  
4 8 6 8  P R I N T  " E n I T  F I N I S H E D  " 
4 8 7 8  RETlLlRt.4 
4 8 8 0  !z;t lowl : I c = l  ! !s I) E  P F.: 111 1; F.: H  M !; H  111 1.4 1  
4 6 9 8  RETURN 
4 1 8 8  !;huw2: I c = 2  ! !:;l)BPRljLRHM !;HI:I~~ 
4  1 1 8  RETURH 
4 1 2 0  f t - low3: I c = : 3  ! SUBPRl:lGRAPI SHlIlCJ3 
4  1 3 8  RETURt.4 
4 1 4 8  S h o w 4 :  I c = 4  ! !:; 1-1 j3 P R  O G R H PI !2 H  111 1.4 4  
4 1 5 0  P R I N T  U S I N G  4 1 6 8 ;  H $ ( ~ : : I  
4 1  6 8  IMHGE @ ,  "PEHK LI:;TI~.~I;", ..>, 2::.:, " P E H K "  , 6(6): ,  413) 
4 1 7 8  I . I tab=Nt ,ab+ l  
4 1 8 8  RETURN 
4 1 9 0  S.aue:REM T H I S  !SECTII:IN !;Hor!ES F:E!;IjLTS III~.~ THPE ! !; I) B  P  R  I] I; F; H  M !:; H  'r! E  
4 2 8 8  ON ERROR GIIITI:I 43130 
4 I ' HELLI:~ FI;:0ID1 SAVE " 
4  2  2 8  I 1.4 P  U T  " D 111 'f 111 U - CJ A  t.4 T  T  11 !s H  5 )  E T  H  E  F  1  L  E , '.( ,..' b4 ? " , K t.,! $ 

4 2 3 8  I F  (Kw$=". ' , ' "  j OR i;Kl>!$="yu ) THE1.j 4 2 5 8  
4 2 4 0  GI:ITI:I 4 4 6 8  
4 2 5  8  1.4 = 4  + 1.4 5. .art1 p ,> 8  ! CHLCULATE 1.4111. REC FOR CHEHTE 
4 2 6 8  F i l e $ = L $  
4 2 7 8  GOSI-IE Jjt-.io.,ae ! P I C K  D E V I C E  FUR I N P U T  
4 2 8 8  H!:E;II;t.( F i 1  e $  TI:I #:3 ! C:HECt::: TIII SEE I F  F  1  L E  HLREHDn.( ILl!;ED 
4 2 - 3 0  GUT0 4 4 5 8  
4 3 8 8  CRERTE F  i 1  e B ,  N ! CREATE THE OUTPUT F I L E  
4 3 1 8  H S S I G N  F i l e $  T o  # 2  
4 3 2 8  BUFFER # 2  
4 3 3 0  P R I N T  # 2 ;  L S ,  Da$, HI-.$, O~:I$, R B I * >  
4 3 4 8  P R I N T  # 2 ;  M e s s $ ,  La? .$ ,  L o n $ ,  I I ~ ~ : I ? . ~ - I  ! t . 4 ~ 1 ~ ~  PF: I 1.4~ HDDEU 1  1 FEE 
4 3 5 8  P R I N T  # 2 ;  N s a m p ,  Nc 
4 3 6 8  PRIEIT # 2 ;  C ( + > ,  F i i r . ) ,  Ri" :+>, (+I, B 2 ( + >  
4  3  7  8  FOR 1=1 TO t4.lsarnf:, 

4 X 8 8  P R I N T  # 2 ;  I, I d S l I j ,  I ~ ~ : ~ I L I ~ C I ~ , P ( I ,  ~ ) , P ( I , ~ ~ I , F ( I , ~ > I , P ( I , ~ ~ ~ , P ( I , ~ ~ ~ ~  
4:11130 ) IEXT 1  
4 4 8 0  P R I N T  #2;Et4D 
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4 4  1 0  H S S I G N  F  i 1 e $  TO # 2  
4 4 2 8  PRI t , IT  " F I L E  HH!: BEEt.4 SH' lEn ON T: 1 5  " 
4 4 3 0  1 s a v e =  1  
4 4 4 8  GOTO 4 4 6 0  
4 4 5 0  P R I N T  " JHRNIN I ;  YOU HHVE T R I E D  TO SHVE Ht.4 EX IST IH I ;  F I L E  , I REFUSE TO DO I 
T ! -TUREEY " 
4 4 6 8  P R I N T  " BYE-FROH SH'dE " 
4 4 7 8  RETURN 
4 4 5 0  F e t c h :  REM T H I S  SECTIIIIt.4 REHD!; THE F I L E  L B  ! !;ljBPF:lIlGHHM FETCH 
4 4 9 8  P R I N T  " H E L L O  FROM F E T C H  " 
4 5 8 8  I N P U T  " F I L E  ClHt4TED? C 6 1  ", L B  
4 5 1 8  F i l e B = L B  
4 5 2 8  Gl)!;lJB D r i  u e  
4 5 3 0  HSS1Gt.I F i 1 e $  TO # 2  
4 5 4 8  BUFFER 4t2 
4 5 5 0  La t  $ = L o n B = P l e s s $ = "  1.4. H. " 

4 5 5 0  Dep?.t-1=-%'3 
4 5 7 0  REHU # 2 ;  L B ,  DaB ,  H r B ,  IIIpB, HB I f 
4 5 8 8  K t y p = P Y P 1 2 >  
4 5 - 3 0  I F  (K t .  y p = 2 >  IIIR #:I<?. yp>7::8 THEH REHD # 2 ;  PlessB ,  La? .$ ,  Lor-18, Dep7.h  
4 6 8 8  REHD # 2 ;  N s a m p ,  N c  
4 6 1 6  REHU #2 ;C I *> ,Fc : *z9 ,R f  ~ : ~ ) , B ~ I Q : : I ~ B ~ I ~ )  
4 6 2 0  FOR I = l  TO b lsamp 
4 6 3 0  RERD # 2 ;  1 ,  l t j B C I ) ,  I c u ~ ~ ~ < I ) ~  F'<If P I I r 2 1 , P i T  J ; 7 ' ~ 7 P ( T 3 4 ' > 7 P ( T 5 5 ~ ~ ~ P ~ 1 7 6 ?  
4 6 4 8  NEXT I 
4 6 5 8  P R I N T  " F I N I S H E D  R E H D I N G  F I L E  " 
4 6 6 0  RETURN 
4 6 7 0  D a t a :  R F M  T H I S  I S  THE DHTH G E T T I N G  SECTIOb4 ! !;UE:F'RI:IGRH~I DHTI? 
4 6 8 0  1F I r e a d = @  THEt.4 4 7 7 8  
46 '38  REHD #3; T o u t ,  Dout, I * >  
4 7 8 8  MfiT D = D o u t  
4 7 1 8  T i  m e = T o u t .  
4 7 2 8  GUT[! 4 '330 
47138 F'RIt.IT " E U F  Et.IC:IIIIJt.ITER ON #3 11.4 DRTH" 
4 7 4 8  1e)::i ? . = I  
4 7 5 0  HEM 
4 7 b U  L U  l U 4'38M 
4 7 7 8  REM SPHCE HOLDER FOR EUX REHDING 
4 7 8 0  OUTPUT 9 ;  "U2'v1" 
4 7 ' 3 6  Et4TER 9 ;  T i  me  
4 8 0 8  CHRD ENHBLE 9  
4 R 1  Fi T i  rieo=Ti ms,, '1000 
4 8 2 0  FOR I = l  TO Ncma>< 
4 8 3 0  I G W  LOTO 18.163 ,1860 
4 8 4 8  12lJTpl jT 2 IaJHS IJSING " # ,  W " ;  C d e c w C  I ) 
4850 LOTI11 4 8 7 0  
4 8 6 8  I ~ U T P I J T  2 WHS U S I N G  " # ,  W "  ; C d e c  s I I :> 
4 8 7 8  Vn=C(  I > / 4 8 9 .  5+REnDE! I t~ l i ;2 :~  
4 8 8 0  REM CHECK FOR TOO LHRGE H  CHANGE I N  $ iHLUE 
4 8 9 0  I F  t4<2 THEN 4 9 1 8  
4 9 0 0  1  F HE!; ( ( D  I: I > - ' * i n  1 /D?. > > 1  THEN 4 9 2 8  
4 9 1 8  D ( I > = V n  
4 3 2 0  NEXT I 
4930 I F  I u r i t p - F t  T I I r t 4  43n0 
4 9 4 8  I F  S b l = 8  THEN 4 9 3 8  
4 9 5 0  MHT D o u t = D  
4 9 6 8  T o u t . = T  i fine 
4 9 7 0  I F  t4< 4 8 8 8  THEN P R I N T  # 4 ;  T o u t ,  Dout, ( +  j 
49:38 RETURN 
4 9 9 0  D i s p : R E M  T H I S  S E C T I O N  MHKES WORKING D I S P L H Y  
5 0 8 0  K=O 

. S O 1 8  P R I N T -  " H E L L O  FROM CHECK E X I T  USINIG K - 7 "  
5 8 2 0  ON KEY # 7 , 9  G l j T l j  5 1  1 8  
5 8 3 0  I F  I r e a d = l  THEN 5 1 3 8  
5 8 4 0  FOR 1 = 1  TU H c m a x  ' 

5 8 5 8  IjIJTPIJT 2  WHS US 1  NG " # ,  W "  ; C d e c  w I I > 
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5 8 6 8  D I  I I=[:( I >/4L39 .5+REHDEI t . ( I 2  j 

5 8 7 8  NEXT  I 
5 0 8 8  DISP " C H E C K U  ; K ;  n ( INP IJT  R B S " ; D ~ ~ ~ ) ; D ( ~ ~ ; ~ ( ~ ) ; D C ~ ~ I ; I I ~ : ~ ) ; I I ( ~ ~ : ~  
5 8 - 3 0  K = t < + l  
5 1 8 0  GOTI:! 5 8 4 8  
5 1  1 8  PRIk4T " EYE-FROM CHECK " 
5 1 2 8  GOTO 5 1 4 8  
5 1 3 8  P R I N T  " BYE-FROM CHECK YOIU RRE R E H D I N G  FF:I:IM THPE 
5 1 4 8  RETURN 
5 1 5 8  F i n i : R E M  T H I S  I S  THE END . 
5 1 6 8  I F  I s a u e = l  THEN 5 1 9 0  
5 1 7 8  P R I N T  " WHRNING YOU HHVE NOT SH$t'ED THE F I L E  Y O U  HHVE BEEt.4 RETURNED 
I 0  

5 1 8 8  GOTO 5 2 1 8  
5 1 9 8  P R I N T  " B Y E  FROM PROGRHPl TO STHRT H1GfiIt.4 DO CONTROL R E S E T  Ht.ID RUN"  
5 2 0 0  GI:ITI:I 5 6 5 8  
5 2  1 0  RETCIRt4 
5 2 2 8  C o n s ? . :  R E N  S E T S  CONSTHNT!: ! S U B  P  R  111 G F: R M C 111 1.4 !S T H  1.4 T  
5 2 1 3 8  PEN ++++.. . . . . . . .  . .  . . . . . . . . . . . . . . . .  . . . &  :::: U C ' E ~  T ~ ~ : - . ~  t o  * * * * * * * * * * * * * * * . .++  , -1 > rHLUE!: ;++++++++++++++ 
5 2 4 0  D H T A  p ~ 4 ~ ,  " ~ 1 0 4 "  n N + ~ . { v ,  n t . t l l2"  

9 " N H 4 " ,  "URE - "  
5 2 5 8  REHD H$*:+> ! HERD CHHNNEL L R B E L S  
5 2 6 8  DHTH 1 , 1 , 1 , 1 , 1 , 8  
5 2 7 8  READ CC+) ! REHD CHHt4NEL S T H T U S  
5 2 8 8  DHTH 4 8 , 6 , 6  
5 2 9 0  REHD N s m a x ,  Nc m a x ,  Nc ! RERD M A X  SAMP, PlHX CHHN, HCT I $t'E CHHN 
5 3 8 8  DHTH 1.8:;:9,4.911,5.996,1.823,3. 4 9 8 ,  1 .  8 8 8  
5318 REHD F ( + )  , ! READ FACTORS 
5 3 2 8  D R T H  . 1 4 , . 8 9 , . 0 3 , . 8 4 , . 1 5 , 8  

5 3 3 8  REHI !  R f  ( + )  ! REHD REFRHCT I {t'E Lt4DE::X CORRECT 1Ot.I 
5 3 4 8  DHTH 9 . 8 , 8 .  8 ,  1 3 . 5 , 9 . 5 ,  1 1 .  5 ,  7 . 5  
5 3 5 8  REHD B(+) ! REHD B $)HLIJES 
5 3 6 8  DHTH 5 5 8 , 4 5 0 , 4 8 0 ,  4 8 8 ,  5 7 5 ,  
5 3 7 8  READ E l n ( + >  ! R E A D  T I M E  I S E C )  TI11 W H I T  FOR I t . 4 I f  BHSE 
5 3 8 8  DHTR . 8 1 ,  1 2 0 , 6 8 ,  1 . 8 8  
5 3 9 8  REHD Y 1 ,  S a m p t  , Wash?. , D t  ! RERD P L I M ,  SRMP, WHSH, D E L T H  SHMF BOX 
5 4 8 8  REM +++s+++s++++++++++++3 END USER CHHNGES a++++*+++++++++++ 
5 4 1 0  DHTH " RE:S" , " T I N E " ,  " D T " ,  " U G - H T " ,  " CONF"  
5 4 2 8  REHD ti$(+) ! U N I T S  FOR L I S T  SUE:F'RI:IGRHP~ 
5 4 3 8  y 1  , - J~=Y  1  ,,,2 ! L I M I T S  FOR G E T T I N G  P L A T E A U  

5 4 4 8  y 1 t , 2 = y  1 * 2  
5 4 5 0  P~,~=S.arilpt+~.asht.:,t, +bJ.a=.ht. ! T l l T H L  T I M E  ( !SEE) FOR 1  !SEQ 
5 4 6 8  D?.p  1 t =. 6 * S a m p t  
5 4 7 8  Pwm i n=. 8+!5ampt, ! P E R K  W I U T H  M I N  
5486 Pwm.ax=. 95+Sa rnp t .  ! P E H G  W I D T H  MHX 
5 4 9 8  F f ' c = S a r i ~ p t + z  
5 5 8 8  D t  m = D t  * 1 8 0 8  ! EOX SHMPLE T I  ME I M  I L L  I S E C  > 
5 5 1 8  S e q n = P w / D t  ! WH!SH+SHMP I N  14 lJ t4 ITS 
5 5 2 8  Wn=W.asht  ,.,Dt. ! WHSH I N  I 4  U N I T S  
5 5 3 8  !St-~=S.arf ipt/Dt. ! SAMP I N 1.4 .I1 IN I T !>' 

5 5 4 8  MHT B l n = I  1  / 'a t  >+Bin ! EHSE 1  S E T  I t 4  k4 U N I T ! ?  
5 5 5 8  FOR 1 = 1  TO N s m a x  
5 5 6 0  I d $ (  I ) = " ? "  
5 5 7 8  N E X T  I 
5 5 8 8  D A T H  0,256,512,7&:3,1024,1280 ! H  TO D CONVERTER 
5 5 - 3 0  REHD C d e c  ( * )  ! DEE CIZIDES FOR CHHk4NEL!S 1 - 6  
5 6 8 8  MHT C d e c  s= ( 1 2 8 )  +C@-Jec ! !SETS IJP SHMP 'b'111LT!s=5 
5 6  18 MHT C d e r  w =  $ 8 )  + C d e ~ :  ! S E T S  ILP WH!SH ~ I : I L T S = ~  
5 6 2 8  P R I N T E R  I S  8  
5 6 3 0  P R I N T  U S I N G  5 6 4 8 ;  Sampt . ,  Wash*, , Dt, Y1 , E : C + >  
5 6 4 8  IPlHGE /, "SHI.1PLE T IP IE  i : S E r S l = "  -. , ,'5D. 2 D ,  /, "WH!SH T I N E  ( ! i ;EC)=" ,  5 D .  2 D ,  ,,', "E;flPlF'LIt.{I; F.: 
H T E  ( S E C : ) = " ,  5 D .  2 0 ,  .', "'( L I M I T = " ,  4D .  5D ,  . ' ,  " B 4 + : > = " 6 i . ? D .  .. b 2 D ,  2 X >  
5 6 5 8  RETURN 
5 6 6 8  D r i v e : R E f i  T H I S  p1HKES L H E E L  S P E I Z I F Y  H THPE D R I V E  
5 6 7 8  RE11 T H I S  Rl:lIJTINE HDn!; : T I 5  OR : T 1 4  TO F I L E  NRME F I L E S  
568~3  I t . ipLIT " T A P E  DRI1-!E \.IH~.{TELI'? 1 4  ILIF; 15 I:IR F : s H , T g  
5 6 ' 3 0  t . l c t ia r .=LEt . I<F i  1 e S >  

- 179 - 



5 7 8 8  I F  T $ = " 1 4 "  THEN F i l ~ $ [ N c h a r + l ] = " : T 1 4 "  
5 7 1 8  I F  T $ = "  1 5 "  THEN F i  1  e $ [ t . l c h a r + l  ] = I1 :  T 1 5 "  
5 7 2 0  I F  T $ = " F g "  THEN F i  1 e$[t.{,:h.ar+l I = " :  Fw 
57130 RETlJRt.1 
5 7 4 8  Et4D 
5 7 5 0  Dr-.au: REM T H I S  A PLOTTER 
5 7 6 8  I F  Cp1o t .C  > U l  d THEt.4 N p l  u t = l  
5 7 7 8  I F  N p l  ot ,=Npmax THEN N p l  o t = l  
57 :38  I F  N p l o t .  > . l  THEN 5 8 1 0  
5 7 9 8  GCLEHR 
5 8 0 0  PlClilE t,lp 1  r~ t ,  , E (  1.18, C p  1  ot. :> 
5 8 1 8  DRHL-I N p l  ot,, EIt.18, C p l  a t . )  
5 8 2 0  111 d = C p l  ,:,t 
c= a 8 3 8  N p l  a t = N p l  o t + l  

5 8 4 8  RETURt.4 
5 8 5 8  G r a p h o n :  REP1 
C ,-, .- - 
.J P t, M 1.4 p r i ~  = 5  0  8 
5 8 7 8  Np 1 cat = 1 
5 8 8 0  O 1  d = C p l  o t  
5 8 9 0  GRHPH I CS 
5 9 8 8  GCLEHR 
5 4  18 SCALE 1,  N p m a x ,  - 1 , l l  
5 9 2 8  1 t i r a w =  1 
5 9 3 8  RETURN 
5 9 4 8  G r a p h o f f :  REM 
5 9 5 8  I d r a w = @  
5 4 6 8  E X I T  GRHPHICS 
5 9 7 8  RETURN 
5 9 8 8  SUB Ut1ser.u 
5 9 9 0  RE11 T H I S  R O U T I N E  CHECKS FOR IJNSERVICED I N T E R  
6 0 8 8  OUTPIJT 9; " C I "  
6 0 1 0  ENTER 9 U S I N G  " # ,  E l ' ;  Z 
6 0 2 8  FOR I t r = B  T O  3 
6 8 3 8  I F  B I T ( ? ,  It,r> THEN P R I N T  U S I N G  6 0 4 8 ;  I t r + l  
6 8 4 0  IMAGE "CHECK ON W ,  UNSERVICED I NTERRIJPT ON U N I T = " ,  Z Z Z  
6 0 5 8  NEXT 1 t . r  
6 8 6 0  SUBEXIT 
6 0 7 8  SUBEND 
6 @ 8 8  GLIB E r r o r .  
6 0 3 8  REM T H I S  R O U T I N E  G I V E S  THE ERRDR CODES FOR THE CLOCK 
6 1 0 8  OUTPUT 4; " E n  
5 1 1 @  ENTER Y U 8 I I . I C  G 1 2 0 1 E  
6 1 2 0  IMHGE # , B  
6 1 3 8  I F  E < > 8  THEN P R I N T  " CLOCK ERROR SUMMHRY" 
6 1 4 8  I F  B I T C E , 7 >  THEN P R I N T  "BAD R j W  MEMORY" 
6 1 5 8  I F  B I T ( E , 6 >  THEN P R I N T  "EHU R/.W MEMORY" 
6 1 6 8  I F  B I T C E , 5 >  THEN P R I N T  "BHD CLOCK C H I P "  
6 1 7 8  I F  R I T C E , 4 )  THE14 P R I N T  " L O S T  REHL T I M E "  
6 1 8 0  I F  B I T I E , 3 ?  THEN P R I N T  " I N V A L I D  COMMHND" 
6 1 9 0  I F  B I T I E ,  2 )  THEN P R I N T  "L l t4 IT  M ISMHTCH"  
6 2 8 8  I F  B I T C E ,  I > THEN P R I N T  "DATA RAt4GE ERROR" 
6 2 1 8  I F  B I T I E , B >  THEN P R I N T  " I N T E R R U P T  M I S S E U "  
6 2 2 8  !:I-IBEXIT 
6 2 3 8  E;U%EHD 
6 2 4 8  SUR R e a d  
6 2 5 0  O P T I O N  BHSE 1 . 
6 2 6 8  SHORT T o u t . ,  D u u t  (62 
6 2 7 8  H S S I G N  # 1  TO " D H T H : T 1 5 "  
6 2 8 0  BUFFER # 1  
6290 Ut4 END #I GOTCl  6 3 6 8  
6 3 0 0  I = @  
6 3 1 8  1 = I + 1  
6 3 2 8  READ # 1  ; T O U ~ ,  ,  out. I r >  
6 3 3 8  P R I N T  IJSINI; 6 3 4 0 ;  I; To~r t , ;  Docr t  I*> 
6 3 4 0  I MALE DDD, DDDDDIID. DD, 6 C 2 X  , IIDII .  D I I>  . 
6 3 5 8  GOTO 6 3 1 8  
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1 8  REP1 : PlAt4UHT 
2 8  REM : VERS II:I~J 0 9  H P R I L  1 9 7 8 ,  CREHTED BY C . U . W I R I C K  W H I L E  HT SEH 
3 0  REM : Ml: lDIFIED l l F E E 1 9 8 0  TO HLLOW L H T  LON F I L E  READS 
4 8  REM : PURPOSE= ENTER k IUTRIEkIT UHTH MHNUHLLP 
5 8  REM : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 8  REM : MHCHINE STHTI-IS 
7 8  F I X E D  2 
8 8  O P T I O N  BHSE 1 
9 8 I 1.1 T E 1; E R I , J , C: , L , I1 , N , 1.4 5. .nril p , C C 6 1 , kl c , 1.4 c r i ~  .ax , I c o d E. C 4 8 ? , I s t. at. C 6 ) 
1 8 8  !:HI:IRT Rf ( 6 1 ,  FCC:>,  B 1  C 6 ) ,  B2 (6 :1 ,  P ( 4 8 ,  13) 
1 1 0  D I M  H 8 ( 6 ) C 4 1 ,  Id0C48>C1l,L~~6l,~~.~SC?l,Ht-~$C41,~~~p9C6l,~<~~1$Cll~F:c~l l $ C l I , , H $ C 4 ? C 5 1  
, C I  O C ~ B C  1 4 1 , ~ ~ ~ :  4 0 ,  i : t ; : ~ , n < ~ : ~  ~ P ~ C S ~ S C ~ G ~ I , L . ~ ~ S C ~ ~ I , L ~ ~ I ~ C I ~ I  
1213 REM +~s++++++sa++++++++++*+++++%+s+++++++++++++++++++++++++++++++++++++++ 
1 3 8  GOSIJB Co t -~= . t  
1 4 8  P R I N T E R  I S  1 6  
1 5 8  EtJHBLE 
168 P R I N T  PHGE,"  
1 7 8  P R I N T E R  I S  8 

H E L L O  FROM MHNDHT " 

1 8 0  P R I t J T  " H E L L O  FROPI PIAI~IDAT" 
1 9 8  pRI t . ]T  " t<EY 0 -  I N I T I A L I Z E " , L I ~ . I I I : I ,  " K E Y  1-' L I S T " , L I t . I i l ) ,  "KEY 2 -  I t.IF'IJT I iHTH"  , L 
I N C ~ : ~ , ~ K E ~  3 -  E I ) I ~ " , L I ~ . I ( ~ ) , " K E ~ ~  4 -  !:k'.'E ~ 1 f i t f i ~ ~ , ~ 1 ~ l r : i : 1 , ~ ~ K E ' ~ t  5 -  F I t . I I S H E D 1 8  
? - - r u u  p R I t . I T  "t::EY 6 -  F E T C H "  
21 8 PR I t,IT L I t J i  a ) ,  "WHEN ,. 11.4 .vuu IlOClBT . PClSH .. .- ,. . ,..,....,.. CISNT . I . t.IIJE, a -.- "... SOMETH . ..v-..~..,- I t.11; .----. (I I L L  HHPPEI.I" 
een  PRTI.ITER 13 I G  
2 3 8  D I S P  " W H I T I N G  FOR H ClItlP1Ht.ID " 
2 4 8  0t.I t:::E)' # 8 ,  1 GljSIJB 1 rl i t 
2 5 8  0t.I KEY # I ,  1 GBSUE L i  s t  
2 6 8  OI.4 KE'( #2 I;l]!$IJB tl.aC,e 
2 7 0  I:IN KEY #3 GOSUB E d i t  
2 8 6  ON KE',,' # 4  GO!$IJB S a v e  
2 9 8  ON KEY # 5 ,  1 GOSUB F i  n i  ! T H I S  I S  THE F 11.4 I SHED C:OMMHt.III 
3 0 8  ON KEY #6 GOSUB R e a d  
3 1 0  GOTO 2 3 0  
3 2 0  I n i t :  P R I N T  L I N ( 5 > , "  H E L L O  FROM I t 4 I T I H L I Z E  " 
*, .-, - u o U  BEEP 
1340 D e p t  t-1=-'3'3 
3 5 9  L a t .  $=Lon$ .=M~.ssS="  1.4. H. " 
3 6 8  I t4PUT " L H B E L  C 6 1 ? " ,  L 9  
3 7 8  I N P U T  " D H T E  C 7 1 ? " ,  D a S  
3 8 8  I N P U T  " T I M E  C 4 1 ? " , H r 0  
390 1 bIpl-lT " L H T 3  1 >A OR [CI:I~JT] " , Lat ,  9 
+El0 I l l r U T  "LO114 12i7 OR C C i I I 4 T l M ,  Linisb 
4 1 8  I t.IPUT " S T H T I O b I  DEPTH'? F L O A T  OR CI:OHTln, Dept, 1-1 
4 2 8 I 1.4 P U T " C O P I  PIE N T ? E -  - l jR  [ l:l:lt.IT 1 " , Mess.$ 

4 3 8  I N P U T  "OPERHTCIR C C I ? "  , U p s  
4 4 0  I H P U T  "110. SnMPLCS'?I1 , t 4 z . b ~ ~  
4 5 8  I l = l  
4 6 8  I NFUT " BEG I N BHSE L I t4E? C 6b I0 .  S I " , B 1 ( +  > 
4 7 8  I t , IPUT " F I N H L  BHSE L I N E ?  C6t.4111. S l  " ,  B 2 ( + ?  
488 GOSUB L i s t ,  
4 9 0  It. lPlJT "DO Yljl-I I-JHbIT TI] CHHNGE FHC:TORS? Y.s.'t4" , KwS 
S A A  TF KI 01 J - " ' . i "  .- T t i  F 1.1 5 ? 8 
5 1 0  GOTl:l 5 4 8  
5z0 IIIPIJT F~C:TOK:IC CC; IIO. :I]", rii n j . 
5 3 8  GOSIJB L i s t ,  
5 4 8  I1=2 
5 5 8  1 tJPlJT " 1 S THE T H B L E  CIIRRECT? Y,."Nu, D9 
5 6 9  I F  ( D $ C l ,  1 1 = " N U >  OF: I n S C 1 ,  l ] = " t - ~ " )  THEN 3 3 8  
5 7 8  P R I t 4 T  " I t 4 I T I H L I Z E  F I t . I I S H E D  " 
5.513 RETlJF:b4 
5 9 8  L i s t :  P R I N T  PHGE, "  H E L L O  FROM L I S T  " 
6 8 8 t.1 p I-. i t-1 t, = 1 6 
6 1 8  L = l  
6 I F  ( I l = l >  I:IR ( I f = Z )  THEN 6 5 8  
6 3 8  I t J P U T  u ~ l ~ U T P U T  TYPE:  l = H B S ,  2 = l l G - H T / L H ,  L 
6 4 8  I F  ( L C 1  j l jR  < L > Z )  THEN 6 3 8  
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6 5 8  P R I N T E R  I S  Nf:~t-,i nt, 
6 6 8  PF; INT IJSIt.11; 6:30;  L$, D.38, HI-.$, L.3t. $, ~ o t - ~ $ ,  nep t . p I ,  pie=...$ 

6 7 8  P R I t 4 T  US1t.11; 698;t .45a~i lp,1]p$,f i$(+:: , ,1~(+),~(+) 
6 8  1MHI;E "LHE:EL=" ,  1013, ..', " n R T E = " ,  1 0 H ,  ./', " H E = " ,  l O H ,  J ' ,  " L H T =  " 1 2 H ,  ..*., " L o b ( = " ,  1 2 H  3 .  .... , ' I D  
E P T H = " ,  DIIDDDDU, /, " C : I : I ~ ~ ~ ~ E I ~ T =  ", 5 Q H  
6 9 8  1 P1HI;E "t.4111. ! i ;HPlPLES=" , :I:n, i.', "lIlPEF;ATOR=" , 1 OH, /, " IZHH~ .~~ . IEL= "  , 6 (  GI.<, 4 H j  , ,..., "!:THTlj!;= 01 , 
1 % , 6 (  1 8 D j , / ,  " F H C T O H S = " , 6 ( 6 D D : 3 1 ~ j  
7 8 8  PRIt.4T lj!;ING 7 1 8 ; R f  ( + ) ,  B i  ( + ) ,  E 2 ( s )  
7 1 0  IF lHGE "RF>'!;=" , 3 X ,  6 I 6 D .  :3D),  / " B H S E 1 = " ,  2::.<, 6 ( : 6 D m  :I;D) ,./ "E;n!;E2=" "'..a . 9 3 I , L (.., , 6 <: 6 11 . :2 11 ::n 

7 2 0  I F  I 1  = l  THEI.4 9 '58  
7 3 8  P R I N T  lJ!SING 7 4 8 ; H $ < L > ,  H $ ( L ) ,  H$(L:I , H $ ( L j ,  H $ ( L j ,  H$i;L:> 
7 4 8  IP lAGE /, "NO.  I D " ,  6 i 5 X , S H >  
' C  - ,.-IU FOR I = l  TO MHX(Mp,t4=..3mp) 
7 6 8  FOR J = 1  TO t.{cm?x 
7 7 8  1314 L GUTO 7 8 8 ,  8013 
7 8 8  D( . .T>=P(  I, J j 
7'3@ GI]TCI 8 5 8  
3 8 8 D i; .J 1 = F ( .J j + ( P 1:: I , .I ) - <: B 1 ( .J ::I + ( B 2 ( .I ) - 1 I: .J :n :> + I ,.., I: 1.1 5. anl p + 1 ;n + R f' .I j :I > 
8 1 0  I F  P i I , . J ) > . 8 0 8 1  THEN 850 
3 2 8  Di;.J)=8 
8 3 8  I F  PI.: I, J j  )-I THEN 8.58 
8 4 0  D ( J > = - Y ?  
:3 5 8 14 E :.: T, ,J 
3 6 8  I F  I 1 = 2  THEN E'38 
8 7 8  F'RIt.4T ljSIt.41; " 2 D , l X , l H , 4 D ,  6 ( : 7 ~ . a a  :811;~,~, j$ , :~; , ,~,z,~, , je(~; , ,~(x. ; ,  

8:38 GI:IT~I 9813 
8 ' 58  P R I N T  US I t~4G " 2 D ,  1X ,  1 H , 4 D 1 ' ;  I, 11j$1:1 j ,  I I : oo j~ ' ( I : t  
900 tIEh'T I 
9 1 0  I F  Npt- . i  n t . = 0  THEN ,378 
9 2 8  I k l P U T  "DO 'r'l:lCI WHt.(T HHRD I:I:IF"~, )',,'t4?" , t:::~,,!$ 
9 3 0  I F  K w $ = " r ( "  THEt.4 9 7 0  
910 tIp19.i t-~t.=O 
9 5 8  GI:ITI:I 6 5 8  
9 6 8  NEXT  I 
9 7 8  t .4pr i t -1t ,=16 
9 X 8 P R I 1.4 T E R I !S 1.4 p I-. i t-I t 
9 9 8  P R I N T  " L I S T  FINI! :HED " 
1 0 0 8  RETIURN 
l l 3 1  0 M a k e :  REF1 T H I S  ROIJT I  NE  HLLClld!: I:I~.(E T O  E ~ . ~ T E R  UHTH FRON C : E ~  BOHRD 
1 8 2 8  1 1  =:3 
1 8 3 M  PR 1 t.4T L 11.4 1: 2  > , SPH I: 2 5 )  , " HELL111 FRI:IM PlHI::E l1 

1 0 4 8  I t.4PUT " SHMPLE t.40. , L i s t .  OR E:.: i t, .?" , 
1 8 5 8  I F  D $ C i , l I = " E "  THEN 1 1 7 8  
1 8 6 8  I F  DBC1 ,  1 I = " L u  THEt.4 1 1 4 8  
1 8 7 8  I= ' , )HL (D$ )  
18:i:O P R I I J T  :3F'A( 1c1)  , ":3Ht.lpLE I.(I:I-" ; 1 
1 8 ' 3 8  I k I P U T  " I D ,  b lUT1,  NlUT2, t.IlJT3, b I l jT4 ,  t.IUT5, t.( l)T6?", I)$, Pi; I, 1 > , P (  I, 2;1, I ,:3) ,  p (  I, 4 > ,  P 
(I, 5;0, p (  I, g:o 
1 1 8 8  L = L E N < U $ )  
1 1 1 0  I J $ i I ) = D $ [ 1 , 1 ]  
1 1 2 8  I c o d e ( I j = V H L ( D $ [ 2 , L ] )  
1 1 3 8  GI:ITI:I 1 0 4 0  
1 1 4 8 G 111 !i; 1) B L i 2. t, 

1 150 FE:IEIT " YOGI HRE S T  I L L  11.4 MHKE " 
1 1 6 0  GOTI:I 1 8 4 8  
1 1 7 8  P R I N T  " B Y E  FRI:IM MHKE " 
1 1 E: 8 F: E T IJ F: 1.4 
1 1 9 0  S a v e :  REM T H I S  SECTII:IN !;H1,)E!; RE!:l)LT!; 1:1t.4 THPE ! SIjBPRl:lGRRM !sHna)E 
1 2 8 0  0lI ERROR I;I]TO 1 3 8 8  
1 2 1 8  F'l?It.IT " H E L L O  FRIIIPl SH's)E " 
1 2 2 8  1 t'4PlJT "Do "i'olJ WHl4T TI:I !SHVE THE F 1 L E ,  '(,,st.(?" , t<~,.!$ 
1 2 3 8  I F  ( t : :bJ$=" '~ '" )  IIIR ( I : : w $ = " y " )  THE14 1 2 5 8  
1 2 4 8  GI:ITI:I 1 4 6 8  
1 2 5 8 1.4 = 4 + 1.4 5. E: 
1 2 6 8  F i l e $ = L $  
1 2 7 8 1; 111 U B jJ I-, i I,? E. 



12:38 HSSIGN F i 1 e $  TO #3 
1 2 9 8  GOTI:I 1 4 5 0  
1 3 8 8  CREHTE F i  1 e $ ,  N 
1 3 1 0  HS!SIGN F i l e $  TI] # 2  
1 3 2 8  BUFFER # 2  
1 3 3 0  PR 1 t.4T # 2 ;  L B ,  U s $ ,  H r $ ,  Up$ ,  A g O  
1 3 4 0  PRIt.4T # 2 ;  M e s s $ ,  L a t  $, Lot-I$, Uef:~?. 1-1 
1 3 5 8  P R I N T  #Z;  t.4sarilp, Nc 

PF'It4T #.: I-..." ' F ( . .  :' R+-. . : "  ' ' " : '  - . : . ;  
-8 b J .. . r r , ,  I . * ) ,  I , * ! ,  :Z( . - t  1 

1 3 7 0  FOR 1 = 1  TO Nsamp 
1 3 8 8  P R I N T  # 2 ;  I, I d $ <  I > ,  I c o d e ( I  ; l , P < I ,  1 > , P I  I , ~ : I , P C I  , 3 : > , P < I  , 4 ) , P < I  , 5 >  ,PC1 , 6 >  
1 3 9 8  NEXT I 
1 4 8 8  PR I t4T #Z;  Et4D 
1418  RSSlGN F i  l e f  1'0 #2 
1 4 2 8  PRIk4T " F I L E  HHS BEEt-4 SHVED ON : T " ;  TB 
1 4 3 0  I s . a u e = l  
1 4 4 8  GOTO 1 4 6 0  
1 4 5 8  P R I N T  " WHRt4ING YOU HAVE T R I E D  TO SHVE AN E X I S T I N G  F I L E  , I REFUSE TO D O  I 
T ! -TIJRHEi' " 
1 4 6 8  PRI}. IT " BYE-FRIIIM SAVE " 
1 4 7 0  RETURN 
1 4 8 8  Enj i  t,: REM EDITS P i~it7tRi:,i  ! SuBPRfiGRR/ni EEirT 
1 4 9 0  .PRIt4T " HELLO .FROPI E U I T  " 
1 5 8 0  INPCIT "EtJTER EbIT OFERHTIO11 LETTER, Hdd,  R e p 1  ace, f i e1  c t e . ,  E x i  t ,  L i  r . t . " ,  K w *  
1 5 1 0  G'=W 
1 S 2 b  k o l  1 $ = "  " 

1531-3 I F  K w $ = " E U  THE1.I 1 '398 
1 5 4 0  I F  KI..I$="L" THEN 1 9 7 0  
1 5 5 8  I EIT'UT "AI:IW, CClLUMt17" , N!--, J 

, o t , L j  I F  t::l>J$="R" THE14 15'30 I = , - -  
1 5 7 0  I t4PUT "ROLL REll!lJIRED. U/'D?", Rc11 1 S 
1 5 8 0  I F  K I , J$= "~ "  THEN 1 5 8 0  
1 5 9 8  It4PUT "VHLIJE REBIJ I RED. VHLIJE?" , V 
1 6 8 0  P R I N T  lLlSIt4G 1610 ;Kw$,  t4t-.,J,F:o1 1 5 , V  
1 6 1 0  IMAGE "COMMHND I S = " ,  1H, 1Y 0 9  3<,3.D), - 1X, 1H, 4D.3D 
1 6 2 6  INPUT "Dl11 YI:IIJ WHNT TO EXECUTE, Y/t,4",DB 
1 6 3 0  I F  < ! J $ [ 1 , 1 ] = " b { " )  OF: < b $ [ 1 , 1 1 = " r 1 " : >  fHEt.4 1SaB 
1 6 4 0  I F  K w $ = " R u  THEN 1 9 5 8  
1 6 5 8  I F  K w $ = " D M  THEk4 1 7 9 0  
1 6 6 8  I F  R o l l $ = " D "  THEN 1 7 4 8  
1 6 7 0  REM HDD-UP 
lC$M FOR 1-1 TO b l r - 1  
1 6 4 0  P I I , . J ) = P ( I + l , . J )  
1 7 U 0  IJEXT I 
1 7 1 0  P C N r ,  J ) = V  
1 7 2 8  GOTO 1 5 8 8  
1 7 3 0  REM RDD-DUCIt~I 
1 7 4 0  FOR I=b4smax TO t J r + i  STEP - 1  
1 7 5 8  P < I ,  J ) = P C I - 1 , J )  
1 7 6 0  NEXT I 
1 7 7 0  P C N r ,  J ) = V  
1 7 8 0  GOTO 1 5 0 0  
17913 I F  R U I I S = " D "  THEN 1 8 7 0  
1 R 6 8  REF1 DELETE-UP 
1 8 1 0  FOR I = N r  TO N s m a x - 1  
1 8 2 0  F C I , . J > = P < I + l , J >  
1 8 3 0  T <  I, J > = T C  I + 1 ,  JS 
1 6 4 8  NEXT I 
1 8 5 0  GOT0 1 5 0 0  
1 8 6 8  D E L - D I ~ ~ ~ ~  
1 5 7 0  FOR I = N r  TO 2 STEP - 1  
1 8 8 0  P < I , J ) = P < I - 1 , J >  
1 8 9 0  T I I , J > = T < I - 1 , J >  
1 9 8 8  NEXT I 
1 9 1 6  PC 1, J > = 8  
1 9 2 8  T (  1,  J > = 8  
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1 8  R E M :  B F I N D  
2 8 RE M : '4 E R !; 1 111 1.4 1 4  FEE 1 9 8 8  
3 8  REM : PIJRPl)!SE= ~ 1 t . 4 ~  THE B ',!ALLIES FOR PERK ~ E G E ~ ~ ~ E R H T I ~ I ~ ~  
4 8  REtl  : 
5 8 REM : OR I G I t.4AL- CDW-86 OCT 1'378 
6 8  REtl  : N i l D I F I E D -  CJP At4D CDlsJ-14 FEE 1 9 8 0  
70 F;EM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. .. .. 
8 8  REt l  : USER t4UTES- 
3 8  REP1 : :STEPS OF THE PRI:IGRAM 
1 8 8  REPI : 1 - G I '4 E C: H H 1.4 1.4 E L 1.4 111 . 
1 1 8  REP1 : 2 - G I V E  b4O. POINTS TO PLOT 
1 2 0  REPI : ~-CI~ILLHP!SE DHTR USING CUE!Sl:lF:, T W O  PIJSH [CUNT] 
1 C: 8 F: E P I  : 4 - P I C K  SEGMENTS USING CURSOR, I 4  TRYS 'YOU E X I T  WITH b';EP#8 
1 4 6  REM : 5-P I C K  E '4HLlJES US I NG CURSOR, RIATO PIIS I T  1 Ilk4 ING 

6-CHHNGE E VHLUES 1 5 8  REM : 
1 6 8  REP1 : 7-B OHLUES HRE CHLCULHTED 
1 7 8  REM : &-PLOT REGENERHTED {JHLIJES- HS MHNP T IMES H!; YI1Il-l WISH 
1 8 8  REM : DHTH THPE- 
1 9 8  REM : 1. THE DHTR THPE I S  MHDE I t 4  PROGRHM PEHG- SHMPLING T IMES 
2 8 8  REM : SHOULD BE LHF;GE Et4l:lIJGH TO ALLOW STEHDY STATE , ( 1 8 8  !SEE) 
2 10 REpl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
220 R E to1 
2 3 8  REM : MHCHI t4E STHTUS 
248 CIPTIOCI Bii:;& i 
2 5 6  D I M  Hsc  i i $(:>2: ,36> [ 1 2 1  

.,.. 2 6 8  D I P 1  Hp(.fa>, . . I ,  ILLLI,!, 1 t i ( 2 B : > , F i ) e $ [ 9 ]  
2 7 8  D I M  T i t  1 e $ [ 8 8 ] ,  H=.eg(  1 8 1 ,  B5.e13i l o : :# ,  t.Ip=.e~g( 1 0 )  
2 8 0  !;HI:lRT n(is2, T s ,  H < ? 5 @ @ > ,  T ( 2 5 8 8 j  
2 -38  HEM + r + + + r + + * ~ w x + r + a + * + x + + + s x s + + + + + ~ + f + + + + + + + + + + + + ~ + + + + x + + + + + + ~ ~ ~ + ~ ~  .. .. .. ..+++++ 
3 0 0  REP1 : SPEC I H L  VHLUES 
3 1 8  REM : bJIDTH = 1 5  RUT0 SELECT OF SEGMENT LENGTH- USER SHUULD NOT HLTER 
3 2 0  REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 3 8 P R I N T  "HELLO FROM BFINDER"  

3 4 8 P R 1 1.4 T " '1' 10 IJ H H $' E B E E 1.4 I4 E G L E C: T I 1.4 I; P l  E', 'f 111 IJ S H 111 IJ L D A B I) 5 E M E 11 111 F: E 111 F T E 1.4 " 
8 7  4 c COSI-IB Set, g r a p h  l SET UP GPRIt.4T 
3 6 8  01.4 Et4n # I  GOTO 5 6 0  !BEFINCH FOR EUF Ot.4 THPE 
3 7 8  I t.IF'?IT " CHHtdt.4EL I,JHNTED?", Nc h . m  ! II.IPlJT CHHt.It4EL t.IUMBEF: 
3 8 8  It.IPIJT "PlH>[ No.  DHTH PO I t4T!S?" , t4ri1.3~ ! 14 111 . D H T H P 111 I 1.4 T !S 
.- - - . I F  Nn.l.arr.<2588 THEt.4 4 2 8  
4 8 8  PRIt.4T " ERROR l:iNLY 2 5 0 0  HLLnbJED TRY HGHIt.4" 
4 1 8  GI:ITI:I 3:36 
4213 I I~PIJT " F I L E  FIJR Pt iTH'7" ,  F i 1 ti$$ ! F I L E  
4 3 8  It.4PijT " F I L E  DEiJICE'i l = T 1 4 , 2 = T 1 5 , 3 = F S " ,  D e v  
4 4 6  I F  D e v = l  THEN F i l e $ = F i l e $ L " : T ' 1 4 "  
4 5 8  I F  n e u = z  THEN F i l e $ = F i l e $ b " : T 1 S U  
4 6 0  I F  Dev=:? THEN F i  1 e $ = F i  1 e $ & " :  F Y "  
4 7 8  HSSIGt4 # I  TI) F i  1 e $  !GET DEVICE REHD'Y FOR REHD 
4 8 8  BUFFER # 1  !BUFFER THPE 1 
4'30 N=J=B ! ZERO 
5 8 8  It4PUT "SHMPLE T I M E  (SEC) '? " ,  Sampt. 
518 P R I N T  "SHMPLE T I M E " ,  S a m p t  
= 4 ~ r - j  -0 IbIPUT "InJH!SH TIPIE (SEC: :~?" ,  l-J.3sht. 

5 3 8  P R I N T  "I.JHSH T I M E = " ,  Clasht. 
3 I I H I lj 7, PI - I 3 ! I_:u~::~;I:IR HI-I I u J I - I F ~ ~  I k; L ~;HPII-!LL PIU J l r  

5 5 8  REM SET UP FOR PLOT OF COMPLETE DHTR 
5 6 B  F I X E D  8 
5 7 8  CHLL P I  t i n i X m i  t i ,  Ymi n , "  ,~rri~a:<,Yri~a::~<,X~t-ig, '. iu?ig,tIdiv:~::, t j d i v y ,  t i t . i c x ,  t ( d i q x ,  tin 
i g y , t ~ 4 t . i c y , X l a b $ , Y l a b $ , D e 1 . . 1 , T i t l e 2 . >  
5 8 8  I F  D e u = 8  THE14 PLOTTER I S  13,  "GRHPHICS" 
5 9 0  I F  D e v = l  THE14 PL~ITTEF:  I!; "9E:72H8 
6 8 8  GCLEHR 
6 1 8  GRHPH I C:S 
6 2 8  T i  t 1 e $ = "  Ib4PUT UATH CHHNNEL " & V R L $ ( N - P  L 1.5t1> - - 
6 3 8  C A L L P 1 t a:; i Xri~ i t-I , Y m i 1-1 , P I  r11 a:< , Y r i~  .a>< , X o r i g , 'Cot-. i g , b4 d i v :i , N d i v y , 1.4 t. i c x , N d i g ::< , 1.4 d 
i g y ,  N t  i c y,  X1 ab$, ' i ' l  a b $ ,  T i  t 1  e $ ,  Dev,  I I s y r i ~ )  
6 4 8  REM LOOP FOR REHDI t4G DHTH 
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6 5 0  R E H n  # i ; T s , D < : w j  ! R E A D  ISHTH 
6 6 0  N=N+ 1  !COUNT DHTH 
6 7 0  H i N i = D i N c h a n )  ! HE  I GHT 
6 8 0  T ( ~ ~ ) = T B  ! T I M E  
6 9 8  I F  I4=1 T H E N  P L O T  l4,HI.N) , -2  !TRUE-PII:I!!E M I T H  P E N  UP FOR F IR !ST  P O I N T  
7 0 0  P L O T  1.4, H(t4!, - 1  ! P L O T  THE R E S T  
7 1 0  I F  N>t.Iritax THEN 7 3 8  ! TRUE-REQUEST NUMBER VALUES HRE I N  E X  I T  
7  2  8 G 111 T 111 6  5  b3 ! GO REHD Ht4OTHER OHLUE 
7 3 8  PEt.IUP 
7 4 0  REM : P L O T T I  NG OF O R I G I t 4 H L  UHTH I S  F I  t 4 ISHED 
7 c  - ( J W  REM :NO l~ I  IZHLL l:UR!;OR T o  CCILLAPSE D A T H  
7 .- - , t 8 u  GPRINT B , W ,  u ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ -  MO'V'E CIJR:;OR T O  FIRST VHLIIE- ~ I J S H  IZI:I~.IT~ 
7 7 8  P O I N T E R  8 , 0  ! F 'LHCE P O I  t4TER FOR F I R S T  $!ALUE OF IZOLLHP 
7 8 8  D I G I T I Z E  Xd, ' fd ! Old CCIjt.4TI GET X, Y LI:IC~T I I:I~.I!~ 
7 9 8  I to= I N T  i X d  > ! I N T E G E R  V H L U E  OF t.10. SAPIPLE 
8 8 8  G P R I N T  0 , B ,  "C(lMMHND- MOVE CIJR!SOR TO LH!ST VHLIJE - PIJSH CONT"  
3 1 0  P O I N T E R  N , 8  ! P L H C E  P O I N T E R  FOR L H S T  VHLUE OF C O L L H P  
828 D I G I T I Z E  X d , ' f d  ! ON C C O N T I  GET X ,  Y LUCiITICIN!S 
8 3 0  I e = I f . i T i X ~ j )  ! I N T E G E R  VRLUE OF NO. SHMPLE 
8 4 0  :$:rt~.ax=t.lc 1 = I * - 1  to+ 1 ! 1.40. COLLHPSED 'r!HLIJE!S 
8 5 8  P L O T T E R  15' I :> ,  "GF;HPHICSu 
8 6 0  G P R I N T  0 , 8 , "  I 

8 7 0  GRHPHIC!; 
8 3 0  F I X E D  8  
8 9 8  T i  t. 1 e $ = "  C I S  C:HHt.IPiEL= " ' & V A L $  (t.I.lchat1 ;9 

900 C H L L  P l t . a : . ; I . : ~~ r~ in , ' ~ t r i 1 i t -~ ,N1 :~11 ,~max . ,> io t - i g ,Y1 :1~ - ig , t . l d i~~ : ,~~d iv~ ,~ , t .~ t i c : . : : , t ~ . l d igx , t~4d ig~ . .~ ,~ i t .  
i c y , X l a b ~ , Y l s b ~ , T i t l ~ $ , I ~ e ~ ~ , D c ~ ~ ~ m ~ ~  
9 1 8  N = 8  ! S E T  COUNTER FOR NIJI.1BER OF C O L L A P  
9 2 8  FOR I = I b  TO I e  ! ICCILLRF'SE DHTH I I.ITI:I OR1  1; I NHL  !!EI:TO 
R S 
9 3 8  t.I=b4+ 1  
9 4 0  H ( N > = H C  I > 
'350 T { N . I ) = T (  I > 
9 6 0  I F  N = l  THEN P L O T  N , H i N ) ! - 2  ! T R U E -  PIOVE ONL'I.' . .  FOR PI:IIIIT 1  
9 7 8  P L O T  N , H i N ) , - 1  ! P L O T  P D  I N T  
9 8 0  NEXT  I 
93b3 PENUP 
1 0 8 8  F I X E D  0  

. . 1 8 1 0  P R I N T  "REHI IY  TI:I MARK THE DHTA !SEGMENT!;, CI:INT , E X I T  1:; KEY  8 "  
1 8 2 0  I;PRINT 8 ,  2 0 ,  "E:.::IT H F T E R  E ~ ( T E R I I . ~ I ;  REnlJE!:TED !SEGI.lEI4T!S 1.JITH K E Y T O "  
18 :30  GPR I N T  8 ,  0 ,."I:I~I.IIIHI~II- I.lOVE C:I-IF:SI:IF: TI:I E:EI; 11.4 IUF F I R S T  R I S E  + 5 ,  F'U!SH C:ONT 
1 0 4 0  P O I  NTER 1 8 , 8  ! tlOI,'E C:lJRSOR 
1 8 5 8  1 . 4 ~  eg=O ! COUNTER ' 

1060 D I G I T I Z E  X, j ,Y, j  !GIN [Cl]t. ITI GET X Y LI:IC 11tF F I R S T  R I S E  
1 8 7 8  I F  . t45*9=8 THEN X t t e q = X ~ j  ! s E T L 111 c H T I 111 bi 
1 0 8 0  PLIIIT X t j ,  5 ,  -2 ! PI  H  f? 1::: T HE  !S E G I.1 E  t.4 T  
1838 P L O T  X d ,  5.  2 ,  -1  IMHKK THE SEGMENT 
1 1  0 8  t 4seg= t . I seg+  1  ! I t4C SEGMENT CUUt4TE.R 
1 1 1 8  N h i N s e y > = I N T ( X d >  ! STORE L O C A T  I Ut.4 
1 1 2 0  P O I N T E R  > . < ~ j + C J i d f l - ~ , i ' ~ j  . ! PI 111 'rj E  C Cl R S O R T 111 E 1.4 IS 111 F  S E I: PI  E  1.4 T  H Cl T  Cl 

1 1  130 GPR I N T  8 ,  0,  "COI'lMHNU- P1HF:K END OF SEGMENT "& 'VAL$  i t.lseg:l&" PUSH C:ONT 
I, 

1 1 4 8  D I G I T I Z E  X d , Y d  
1 1 5 0  F L O T  X d ,  5 ,  - 2  
1 1 6 8  P L O T  X d , 5 . 2 , - 1  
1 1 7 8  N f ( t . I s e g ) = I t ~ j T ~ ~ X o j )  
1 1 8 8  ON KEY #9 GOTO 1 2 2 0  
11-30 GPF: I I ~ T  0 ,  0, n ~ ~ ~ p 1 ~ - l ~ 4 n  p lnn l<  D ~ I ;  o r  G E G ~ ~ E ~ . I T  u e , , t . ) ~ ~ ~  i;t.lr.12,2+ 1  )e," PQSH C O H T  

I, 

1 2 8 0  P O I N T E R  Xbeg+ t , 4seq+  ~ : l ~ l . ~ s t - t t + S a r i ~ p t .  > t'ti'~j 

1 2 1 8  GI:ITI:I 1 0 6 0  
1 2 2 8  REM H L L  OF THE P O I N T S  HRE I 'N  N O W  GO EHC:t:: HEID IGET E ' S  
1 2  1:: 0 I iPR  I NT, Q, 2 8 ,  " Et,]TEF' THE  !STEAD',' S T H T E  VHLIJE!; 1.1 1  TH, THE  I::UR!;I:IR II 

1 2 4 8  FOR I = l  TO t . i seg  
1 2 5 8  ..T = 1.1 f ( I :> 
1 2 6 8  I;PR I t,IT 0, 8 ,  "l::l:lplpIA~II~- HD.JIJ!;T C:IJRSOR TI:I TClP I j F  PERK "&I-!HL$ ( I ::I & "  PI):;H l::l:lt.I 

- 
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T I# 

1 2 7 8  F'OIt.(TER }.If (I :I, H I J I  , 1  !MOVE TI11 EXPECTED TOP OF PEHK 
12 :30  D I G I T I Z E  X d , E i  t i C I )  1 0 14 [ I: I) 14 T  I I: E  T  )i , Y L  111 C H  T  I 111 1.4 
1 '8 " A L -- - 1.4 E  X T  I 
1 :I: 8 0 G P R I N T  8 , 2 8 ,  " 

,I 

1 :>18 G P R I N T  0 , 8 , "  
,I 

1  12 " F, 
,C  - K$=" t . l "  

1 3 :3 0 I 1.1 P IJ T D 111 'i 111 u 1.4 H 1.4 T A H H R n c 111 P Y 111 F T H E I; F: A P H ? T J 1.4 , K 8 
1 3 4 0  IF K $ = H U H  I THE14 1IlJMP GRHPHIl:!S 
1 :3 5  8 1.4 1, I-. i 1-1 t = 1  6  
1 :!: 6  8  P  R  I 1.4 T  E  R I S 1.4 p I-. i 1-1 t 
1 3 7 8  I F  t4pt-,i tit,= 1 6  THEN PRIb4T PHGE 
13 :38  P R I b I T  L I t 4 i :  1 1 ,  "SEI;IIEt.iT T A B L E " ,  L I t 4 I  1 )  
1 :330 P R I N T  IJSING 1 4 0 8  
1 4 0 8  IMHI;E G).::, " P E A K "  7 "" 8 ~ 8  ,".s 3 " T B M ,  , u T F U , S X ,  " E "  

1 4 1 0  FOR 1 = 1  TO N s e g  
1 4  2  0  P  R  1  1.4 T  IJ :S I 1.4 I: " 3  ( 1  0  11 ::I , 4  11 . 5  11 " ; I , 1.4 to I I , 1.4 f I I , E i t-I ( I 11 
1 4 :j M EI E X'I' I 
14.18 I F  Clpr i t - l t , -13 THEbl 15:313 ! TEIJC T A B L E  I S  PRI l4TED E X I T  
1 4 5 0  \<$="t . Iu 
1  4  E. 0  1 1.4 P  1-1 T  " D  111 'I' 111 U 1.1 H 1.4 T T  I11 I:: H  H  I.I I; E  E  .' S  ? " , K L 
1.170 I F  K$[1 ,11=" ' . , ' "  THE14 1 5 5 0  
1 4 0 0  l i $ h n t 4 "  
1 4  '3 8  1 1.4 P  IJ T  " D 111 '( 111 1-1 1.1 H M T H  H  H  R D I: I:! P  '.( '? %,' i 1.1 " , I< $ 
1 5 0 0  I F  K$=" t . IU THEN 1 5 3 6  ! T R U E  - S K I P  PRI t4T  
1 5 1 0  t41:0r i r l t=0  
1 5 2 0  GI:ITI~I 1 3 6 0  
1 5 3 0  N p r i  r l t . = l r ;  
1 5 4 0  GI:ITI:I 1 5 8 0  
1 5 5 8  I t . IPUT "PERK NO. , E ? "  , I, X d  
1 5 6 6  E i n I I ) = X d  
1 5 7 0  GOTI~I 1:398 
1 5 8 8  P R I N T E R  I S  1 6  
1 5 3 0  KEM EEGI t4  PLOT SET UP 
1 6 8 0  Tn).ax=Nr~)ax=O 
1 6 1 0  FOR I-,i TO I 4 b u g  
1 6 2 0  .J=b4t1 I I 3  
1 6  :3 0  1:: = 1.1 f I I ) 
1 6 4 0  I~III.~x.-PIR:.< < K-.T l.41iiax :! 
1658 Twl- . . - r  ctn- 4H,, -V 'Tmaj r ,  a. TI:I(> . - .T(J) )  
1 6 6 0  t.IEXT I 
167n R::.=fi 
1f580 P L l j T T E R  I!: 1 3 ,  " G R H P H I C ! ~ "  
1 6 9 8  l;l:LEAR 
1 7 8 8  GRAPHIC!S 
1 7 1 8  T i t  1 e $ = " R E G R E ! $ S I O ~ 4 "  
1 7 2 8  C H L L  P l  t a x ( @ ,  -3, Tr i l ax ,3 ,  0 , - 3 , T r . - . .  6 , 0 ,  8 ,  1,5, " T I M E  ( S E E )  ", " L N C E - H ) " ,  T i  t, 
1 E . $ ,  Der..r, D ~ y r n )  
1 7 3 0  FIIIR I s e g = l  TO }.1=.eg ! LOOF FOR SEGPlEt4T.S 
1 7 4 0  t4=8 
1 7 5 8  E = E i n ( I s e g >  ! E  FOR SEGMEt.4T I S E G  
.1768 .J=Nb( I c e t g )  ! BEG. UF  SEGMEb4T Cb41 
1 7 7 8  T b = T < J >  
1 7 8 0  FOR I =t.lt,i: 1 c . e g )  TO t. l f( 1  s e g )  ! LDOP FOR PHCKIt4G DHTH 
17 '36  I F  H (  1 > >=E THEt.4 18130 ! TRUE-SK I P P U I  NT H I  I > ZE 
1  1.4 = 1.4 + 1  
1 8 1 8  H~(~ .~ )=L I : IGcE-H(  I 33 
1  8.2 0  Tp I t . ( )=T i :  1  > - T b  
1 saa M E X T  I 
1 8 4 8  C H L L  P l t . sy r (~CTp(+) ,Hp( ;S) ,N)  ! P L O T  SYMBOLS FOR I IHTH POI t~4TS 
1 8 5 0  H=B=B 
1 8 6 0  I F  b jZ3 THEt.4 C A L L  L i  t - ~ ~ . a t - ( T p ( + > ,  Hp' :")  , 14, H, B, Re9=.1., RCC.=.S, T o t a l  sn., Regr i i s ,  R~.sr l l= .?  F  
, U f r e g ,  D f r e s ,  D f t u t  ,t7bot-.t, j  
1 :378  Hseg t :  I s e g ) = H  ! STORE I N T E R C E P T  



1 8 8 8  B s e g l  I = , e q ) = B  
1 8 9 8  t . I pseg (  I s e g > = N  
1 9 8 8  MOVE T p C l ) , H + E + + T p < l )  
1 9 1 8  DRHW T p l  t4>, H+B++Tp i :N )  
1 9 2 0  E s = -  1 ,,,B+B5. 
19 :30  t.IEXT I s e g  
1 ' 3 4 8  E s = B s / t . I s e g  
1950 K$=  1.4 
1  '3 6 8 I I4 P CI T " 11 111 'i' 111 1.1 H 1.1 T H I:: O p 111 F R E I; R E S :s I lj 1.4 P L 13 T '? 'I( ..,' 1.1 'I , b:: $ 

1 9 7 0  I F  K $ = " P U  THEN DIJMP GRHPHIC!s  
1 9 8 8  N p r i  n ? . = 1 6  
1 9 9 8  P R I N T E R  I!; blpt-.i n?. 
2 8 8 8  I F  N p r i  n t , = l 6  THEN P R I N T  PRGE 
2 8  1 8  PEIt.1T L I N C  1 ) ,  " R E G R E S S I O N  T H B L E " ,  L I N l  1 )  
2,320 PC: I I.IT IJS I t . 4 ~  2838 

2 8 3 0  IPlHGE 7)(, "!:;El;", 6 X ,  " II.ITI:", 5 X ,  "!;LI~IPE", '3X, " B " ,  7 X ,  "NI:I. 
2 8 4 8  FOR 1 = 1  TO N s c g  
2 0 5 8  PF:I t4T I I S I I I G  2 8 6 8 ;  I, H s e g (  I ) , E : s e g (  I ::I, - 1 / E ~ . e o g (  1 > , t 4 p s e g C  I > 
2 8 5 8  I M A G E  1 0 D , : 3 ( 4 n .  5 D ) ,  1MD 
2 0 7 8  t4EXT I 

, 2 8 8 8  PR I NT 1-15 I t . 1 ~  2 0 9 0 ;  B~ ! HVERHGE B VHLIJE 
2 8 9 0  IPlHGE :>OX, " ",/. , :>8X, 4D.  5 D  
2 1 8 0  I F  t4pr. i  r-1?.=8 THEbI 2 1 6 8  . 

2 1  1 8  I<$ = " 14 " 
2 1 2 0  IbIPIJT "DO '.iOU I-]At.IT H HHRIlC:OP'f '? 'f,/t.] ", K $  
21:>8  IF K B = " N "  THEN 2 1 6 0  ! T R u E - n III 1.4 111 T H H R a c 111 P ': 
2 1 4 8 1.4 p r i 1-1 t = 8 
2 1 5 0  G 111 T 111 1 9 9 8 
2 1 6 8  P R I N T E R  I S  1 6  
2 1 7 8  REP1 T H E  B VHLUE HHS BEEt.4 FOUND t.I1111~1 P L O T  REGEr l  1lHTH 
2 1  88 F ' R I I I T  F'HLE, "REI;E~.IEF:ATE D H T A "  
21'30 P E I t 4 T  "NOTE-  1.  THE B V H L U E  FROM T H E  HEiRES!SI l1 lN  I!: MO!:T L I K E L Y  TOO L H R C E "  
2 2 0 8  P R I t 4 T  " H GI]I:ID GUESS I S  B - 1 .  " 
2 2 1 0  P R I N T  " 2 .  H I G H  L E H D I N G  EDGE I N D I C H T E S  OVER R E G E N E R H T I O N -  DECREHSE 
B "  
2 2 2 8  PRINT u 3. R~II~IUED LEHD I NI; EDGES I PIPL IEC; UI.IDER REGEEIERAT I 111t.1- I EII:REH!~E 

B" 
2 2 3 0 I 1.4 P I) T " E '0; A L 1-1 E F 111 R F: E G E 1.4 E R T 1 111 1.4 ? " , B 
2 2 4 8  C: I3 L L P 1 t, i n ( X r11 i 1-1 , 'i ria i t-1 , ):: [(I a::.: , Y [(I .a:>: , X r. i g , '(' t-, i g , 1.4 d i 1.) x , 1.4 d i v y , 1.1 t. i c ::.: , 1.1 d i g x , 1.4 d 
ig!:,!,bl?. ic!:.', X I  .at&$,  Y l . i b $ ,  Den.,~, T i t . 1  %.$:I 
? -8 c c 5 8  I F  D e u = 8  THEN P L O T T E R  I!; I:::, "GRHPHIC!;" 
2 2 6 0  I F  n e v = 1  THEt.4 P L I I T T E R  I!: " 9 8 7 2 H "  
2 2 7 0  Gl::LEAR 
2 2 8 8  GRHPH I CS 
2 2 9 0  F I X E D  8 
231-30 T i  ?. 1  e $ =  "REt;Et.{ c:HHt~It.IEL"8,'n~HL$Ct.lct-lat-l) 
C .-, 2 . ~ 1 0  2 
2 3 2 8  T i  t 1 e $ = T i  ?, 1  e $ & "  B =  " $ ~ ' S ) H L $ < B )  

23:>@ 11: H L L P T t, a,: X r i ~  i ti , 'i r i ~  i 1-1 , b1 c o 1 , Y m ax , X o r i y , 'i not-. i g , 1.4 d i v x , 1.1 d i v y , 1.1 ?. i c x , N d i g x , 1.4 d 
i g ~ , ' , t ~ I ? . i i ! , , ~ l a t 1 $ , Y l a ~ ~ $ , T i t . 1 ~ $ , D ~ ~ , I l ~ ~ ~ ~ 1 : ~  
2 3 4 8  U 1.4 C: L I P ! HLLUW LOW !!HLUES 
2 :350  FI:IR I = 2  TI] t4cr l1 - 2  ! D E L A Y  !;THRT FljF: D A T H  
2 3 6 0  R 1 = H 2  ! B O X  CHR HVERHGES 
2 3 7 8  H2=H:3 !BOX CHR HVERHGES 
3 r.-808 3 r, H 3 - .  2 5 * ( H ( I - l  > + z + H t :  I :!+HI: I + l  :.I ! t4El-l HI-jERHGE 
2 3 9 0  I F  1 ,<5  THEN 2 4 3 0  ! T R U E -  NOT ENUUGH D H T H  
2 4 8 8  R ~ ~ = H ~ + B + + I : A ~ - H ~  )..,.(T( 1-1 > - T <  I-:::) > ! REI;El,IERHTED VHI..I.IE 
2 4 1 0  I F  1=5 THEN MOVE I, Re12 
2 4 2 8  DRt3M 1 , R c y  ! P L O T  THE V H L U E  
2 4 3 8  NEXT  1 
2 4 4 8  t;:$="b(" 
2 4 5 8  I t . I pUT  " D O  YljIJ LdAt.IT TI:I Dl)MP ~LI:IT'? '.(.....t.I " , K $  
246Ei  I F  t<.$='""" I THEt.4 DIJPlP I iRI' IPIJI CIS 
2 4 7 8  I::$= 11 t.Ill 

2 4 8 0 I 1.1 F' u T u D 111 y 111 1-1 ci H T 'I' 111 H ,.( H L t 14 H L I N '? Y ..) 1.4 ,, , K B ! a o u e I) w H 1.1 T T 111 T E: ': A G A I 
N 
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2498 IF K B = U W ~  I THE14 2180 

2560 F'RIt.IT PHGE, "BYE- FRI:IM BFIt4DU 
2510  EXIT GRHPHICS 
2520 Et.ID 
c, ,.J.>@ c .-a !se?.qt-..~pI.~: ! SET!? IJF' I;F'RII~IT 
.-. - . ,48  .= R E S T I ~ R E  2650 - - 
2550 FOR 1=:32 TI:I 46 
2568 REHI1 1.4 
2578 F 111 I? .I = 1 T 111 1.1 
2588 F: E H D PI 
25'38 Asc i i $ (  I > [ . T ] = i : H R $ ( M >  
.- - -  &.uQ N E X T J 
26 18 t.IEXT I 
76213 L GCHARSET Asc i i $ ( + )  , 5 ,7 ,6 ,0  
.-, .- .- ~ b . 5 0  F'LIIITTER I S  13, "GRHF'HIC!s" 
2640 GF:HPH I CS 
2650 DRTH 6 , 0 , 8 , 8 , 8 , 8 , ~ , 1 , 8 , 1 I 0 J 1 , 8 , 1 , 8 I 1 , 8 I 1 I 8 , 1 , ~ ~ , ~ , ~ , i , ~ ~ , i , ~ ~ , 6 , ~ , ~ , ' ~ , ~ ~ ~  
2668 DHTH 16 ,8 ,6 ,6 ,65 ,24 !  1832,0,8,6,8,6, 1!248,8,0,6,8, '39. ,0,0,O,0,  1 ,0 ,6 !  0 ,  116 
,t,,..~ T., ,- - - 1lFlTH 103;32, 197, 192, 6 ,Q,  1 l:3, E:, 66, 48, 12;3, 6 !8 ,252 ,  24, 132, 1'37, i132,6, 8, 116,66 

.. . 

2788 nHTA 96,  la37 ,  192 ,6 ,8 ,16 ,  ia31  ,:37,24,64! 6, 8,  116,66!:31 , g ? !  224,6, n!  i i6,'3'3, 2:?2 
2690 DHTH 64,142,6,  8 ,  66,16 ,  65, 7 ,224,  6, 0 , 1  16,'3:3,2:32, 1'37, 1'32, 6, 0, 116,66,24:3, 1-37 
2788 DHTH 1,32,g, 0,,3,3, 0 ,6 ,48 ,  0, 1,8 ,1  I 8,6,0,8,62,15,  12:3, [I, 1, 0, i , 0 ,  1, 0, 6, 8,140 
2718 DATH 99,243,  197, 1-32, 6, 8,244, ,39,232,1139, 192,6, 0,  116, '37, :3,6'3, 192, 6, 8 !  242 
- - -  -, ( 2 0  DRTR 82, 148,  167, 192,  6, 0 ,252,  33, 2:32,67,224,6, 8, 1::2, :> I> ,  232, 67, 224, 6, 8,  124 L 

2738 DATA 18:3, 8 ,  69, 192, 6, 0,  140, I??, ?4:3, 19:3, 32, 6 ,  t3, 1113, :3, 66, 17, 15'2, 6 ,  Ci, lea, 1:1:2 
'9 6 , .-I .-a " 2740 DHTR 33, 8 ,  224, 6, 8,  140, 16-3, 1:3:3, 7 4 ,  :32, 6, 0,  252, : 3 ,  3 ,  0 ,  4 ,  3 ,  . c.:ms-~ 

2750 DHTH 32, 6, 0,  140, lr-j::,-32! i138, :32, 6, 8, 1 16,83'31 24, 1-57, 1'32, 6, 0 ,  1:32;3:3, 2:32, 1'3'3 
2750 DHTH lS32,6,  8 ,  1#E:, 171 ! 24, 197, 192,6,@, 148, 16'3,2:32, 1-39! iS32 ,6 ,  8, 116,66,232 
2778 DHTR 69, 1832, 6 ,  8 ,  :3:3, :3, 66 ,  113, 224, 6, 8, 116,'39, 24, I?:::, :32, 6, n I  33,28, i G g I  148, 32, 6 
27:38 nHTH 0, 142, 2:35, ::::::, 1-38, 32 !  6,0,  148, 84,69, 70,:32,6,8,33, :3, 69,78,32,6,8,252 
"-20 L l  s nHTH 16,65,7,224,  1 ,8 ,  i , 0 ,  1, 8,  1 ,8 ,1 ,8 ,  1,0 
2808 RETlJF:t.( 

* * *  *******;cY+++*++s.. .. .. .. .. .. .. .. .. .: ..** .. ..*.. ..*** .. .. .. .. .. " .. .. ..+*+ 2816 REP1 * * * * t * R * * * *  R *  * *  *********  
2828 REP1 : !3 U E R 111 U T I 1.4 E !: 
2E:30 SllB P l t .1  i t -~ i ,X(+>, ' r ' ( * j ,N,  It.ypr.,Lf:n> 
2810 LItdE TYPE I t y p e  
r L8.-1a - C  PLOT X (  1 ) , Y C  1 > , -2 
2860 FljR I = Z  TO N 
2870 pLl jT :*;II),'((I),-l , 

2888 t.(E);T 1 
? - 2838 F'E1.I 0 
2'388 L INE TYPE 1 
2916 Sl)BE:.::I T 
2920 !:UBEt.II) 
29:30 SUB plt.~!:.!ril()((+>,'(C+:l,t.() 
. 3 , -  2940 D=.5 
2,358 FljR I = 1  TI:I N 
2,960 PLOT X (  1 > , Y i; 1 > , -2  
.-, 2 7 - 
L J , , L J  :3ETGu 
C - I- dL3dQ WHERE X c  , Yc , PS$ 
2930 PLI:IT X c - D ,  Y c ,  - 2  
:30@13 PLOT ).<c +D, Yc', - 1 
30 18 PLOT )(c -'P, -2 
3828  PLIIIP X C  , YC +jj, - i 
30:31-5 SETljlJ 
3048 PLOT X I  1 :I,, 'f( 1 ) , -2 
3858 NEXT 1 
3060 PENUP 
3A7R F;IIRF)<TT 
:3888 SIJBEEID 
:3@98 !:lJB L i  t-leat-.(:~:(+) , y( + : n ,  1.4, A,,J, F:'g:,5, Rez.55, T o t a l  c.z., Rr~griis, F:~SICIC., F,  ut'reg, Ilf re=., I)f 
t. 0 t , H t, a:, t-. t 3 
:3180 ! $a+ MIIIDEL: Y=H+B+X *++ 
3 1 1 0 0 1.1 E R H O R I; 111 T 111 B 0 1 0  r i i  t~ 
3 128 ~ t , ~ ~ - . t  =a 
31:?fi I - '(l=':.'l=Z=><2='.(2=C, 0 ,  

- 190 - 



3 1 4 0  FOR 1 = 1  TU N 
:3 1 5 0  . . ,:.:, 1 = ':..' , , I+>.<(  1 ) ! !; ~4 ril I:, f )C ,.' 

3 1 6 0  ,.( 1 = a.l> 1 + 0.t 1 1 ! S u 11, f '.( ' s 
3 1 7 6  X 2 = )( 2 + ;.:; ( I ) + ::.< (1 I ) ! Sctril o f  X sq1.4at-es 

8.J .-, - B.? .-a 
1 - 1 + -.( 1 1 1) + '( n.: 1  3 1 8 0  ! :j u ril f '.I' 5. q u .%I-. e 5. 

3 1 9 0  E = Z + X < :  I ) + Y <  I :I ! 5 1.4 0 f :x: 'i' ' 5. 

3 2 0 0  NEXT  I 
3 2 1 0 1.: 1 = x 1 ,.' 1.1 ! I ' l ean  X 

2 2 6 y 1 = Y 1 ,.' 1.4 ! M e a n  Y 
3 2 3 0  E=(Z-).4+X1+'.(1 >, / (XZ-H+>.<l  :I 

3 2 4 0  A = Y l - E + X l  
3 2 5 0  T o t  . i l  s=.='(2-t. l+X~f 1 xX. ( l  ! Tn:~t,al S1.rr11 o f  !sq1.4ar-.es 
c < '- -8 6 0 R e g 5. = 01 Z - 1.1 + X 1 + %( 1  3 2 ,.... 1:: 1.: 2  - 1.4 + ).< 1 + >.( 1 ) ! @ e q t-. e 5, i o vl :j 1.4 (it o f !: q 1.4 .~l-. E. 5 c L 2 

3 2 7 0  R e s s s = T o ? . a l  ss-F:eq=.=. ! F . ~ . s i d c t . a l  !21.tm #:of Sql.c.at-.e=. 
3 2 8 0  R c g m = . = R ~ g = . s  ! R e g r e s 5 . i  o n  Me.at-l !sq~.rat-.es 
3 2 9 0 R e 5. rn 5. = R e =.=.=. ,' ( 1.4 - 2 ) 1 i dl.ral 1.lc.at-I !2q1-tat-e=. 
3 3 6 0  O F F  ERROR 
3 3 1 0  IIETFIULT 1jt1 
3 3 2 8  F = R e g r i l s / R e s r i ~ s  ! F R a t i o  
3 3 3 0  DEFHIJLT l)FF 
'7 5 4 r, 11 f 1.. -. .-a .J - .; g =  1 I . D-.-,~*-..- tn t=. o f  F t - . e e d ~ r i ~  
'3"C, ., .3 .-I - Ui',-.-..--N-2 t =.- 
3 3 6 0  Df?.  ot. =I]f t - e g + D f  r e = ,  
3 3 7 0  !zUEEX 1 T 
:3 :3 :3 0 B r(1 t, : A lj ca t-. t = 1 
3 3 9 0  !SUEEb4II 
3 4 0 0  E X I T  G R H P H I C S  
3 4 1 0 S IJ E P 1 t. a x  1 ): ril i 1-1 , '.( ril i n , >< ril a:.: , Y rll a x  , 1.: ,-. i g , '$ ct r. i g , 1.1 d i #.,I ;< , t.4 d i u ],.I , N t i x , 1.4 d i g :i , 1.4 d i g )..' , 1.1 t i 
c y , li 1 .ah $ , <1' 1 at, $ , T i t. 1 E. $ , D e o... . D 5. y r11 

3 4 2 0  H = 4  ! HEIGHT OF CHHRHCTERE; MM 
:34:1:0 Dsy,,r~l= 1 ! HE  I GHT I j F  !3Y1.lBnLS 1 I.4 1.11.1 
3 4 4 0  T h = 3  ! T I C  H E I G H T  11.4 M M  
3 4 5 8  T x = 9 8  ! LI I I I~HT I l I lN  CIF T 1 T L E  C:ENTEF.: It.4 Pl1.l FRIIIPI (0 ,  01 PI I?'!:; I CHL 
3 4 6 8  T y = l 4 0  ! LOCHT1Ot.I OF T I T L E  B I j T T l j M  I N  1.11.1 FRlIl1.1 1 8 ,  01 PHY!;II::HL 
3 4 7 0  X1=:30 ! DISTHt.4lT:E FRILlIl L E F T  PlRRGIbl 1t.l P11.1 T O  'i' H X I S  MPl 
3 4 8 8  X 2 = 1 2 0  !LEtqGTH IIIF X FIXIS I N  MM 
34,313 Y 1 = 2 0  ! D I!;THNCE 1 1.l FRClI-1 BCITTI~PI TO ::i HX I!; 
: 3 5 0 0  Y 2 = 9 0  ! LEt.l.IGTH '.( f i :< IS  It.4 I.lI.1 
3 5 1 0  REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 5 2 0  DEI; 
3 5 3 0  F I X E D  5 
3 5 4 0  Xr i1=184 ! ! S I Z E  11.4 MM 
3 5 5 0  Yr i1=149 ! S I Z E  I N  MM 
3 5 6 8  I F  I j ev= l  THE14 )'rfI=285 ! I N  MI.1 I:IF ' 3 8 7 2 8  
3 5 7 0  I F  D e v = l  THEN Xrr1=400 ! S I Z E  11.4 M M  I]F 9 8 7 2 R  
3 5 ::: 8 L I I.1 1 T 8 , ):: , 0 , 'f 
.:a 4 d j 8  - .- OV IF= I ' I IN<X~~ I ,  Y r i 1 :~ / ' 1B8  ! C.dN1V'ER!? I1jt.t F l jW M1.1 TIII I;U 
- ?  3 b 0 0 X 1 = X 1 ,,' 11 t-I e !~::ijt.('~)E@T T i1  G l j  
3 6  1 0  X2=Xwril=X 1 + X 2 / ' l j n e  ! CON5)ERT T l j  GU 
3 6 2 0  Y 1 ='f 1 , ' l jne ! C O N V E R T  T O  GIJ 
3 6 3 0  y 2 = y 1 + y '  ' - 

c# U n e  ! CUNVERT TO GU 
3 6 4 0  ] < o = ) ( 1 + ( X 2 - ~ 1 ) + ( > . : : o ~ - i , ~ - X r i l i ~ - l ) , ~ i ~ X r i l a x - X m i y l )  
3 6 5 0  '.(o='.f1+('(2-'{1 >+('(ori g-Yr i l i  n>,,'('(rila,....-" .. ~ r i ~ i n >  
2 6 6 0  T x = T x / l ] n ~ .  ! T I T L E  L O C A T I O N  11.4 GU 
3578 T!,I=T!,I ..'~Jt-~e ! T I T L E  L O C H T I O N  11.4 GU 
3 6 8 0  T h = T h / O n e  ! T I C  I N  GU 
3 6 9 8  Thr i1=Th,/2 ! M I N O R  T I C  I N  GU 
3700 H=H../lIlne !CHRRRCTER H E I G H T  I t 4  t U  
3710 W=3+H,5 ! CHHRHCTER W I I I T H  GU 
3 7 2 0  Dsyr i~=Dsym,One 
-, .J 7 r .-, C S I Z E  H, 3,<'5 ! S E T  CHHRRCTER 

3 7 4 0  LCICHTE X I ,  X 2 ,  '(1, Y 2  
3 7 5 8  P L O T  X l  ,',(cl, - 2  ! PlRt<E THE A X I S  L I N E S  
3 7 6 8  P L O T  X 2 ,  Y o ,  - 1  
-0 7 7 su i W P L O T  KC!, Y 1, -2 
3 7 8 0  P L O T  X u ,  7 2 ,  - 1  



3 7 9 0  LORI; 4  
.-, .J~BW ,-, FIXED b4di g x  
3 8 1 0  D = ( X z - X l  ).,.'N,ji v x  
'3 0 '2 8 D ::.: = ( Y ril ,s:.: - X m i t-l 1' 1.4 i t-! x ._' C' L . , ,  
<a a-, .> ,-, C, .-. 0  F  CI R  J = 8  TO 1.4 d  i rr >: 
5 8 4 6  X = X l  +J*D 
:2 8  5  8  I*) $ = ',/ H  L  $ i( X i 1-1 + ,J + D x l 
.> ,:, .- - .,,-,b~j I F  X = X o  THEt.4 3 8 9 8  
:30-8 n PLlIlT x ,  o.(o, - 2  

3 8 8 0  PLIIIT X ,  Yo+Th, - 1 
3 8 9 0  PLOT X, Yo-1.2wH -'i 

7 

:39@Gj LHREL IJ!?It.(I; " K1' ; ' r !$ 
3 3 1 0  I F  b i t  i r x = #  THEt.4 3 9 6 0  
.-, ,- . . 
o j ~ @  F O R  I = l  TO /.It, i c x  
3 9 3 0  PLi lT );+D+I,.>(t.4t,i~:x+l>, ' .( ,o,-2 
3 9 4 8  PLIIIT X+D+ I;Ct.lt, i c x +  13,  Y o + T h m , - 1  
3 9 5 8 1.4 E ]I T I 
:3960 blEXT J 
3 4 7 8  
.-a d 4 PLOT ();I +)<'),/'3 - 9  ',(,1,-2. 4+H - 2  
3 9 8 8  LABEL US I NI; " K "  ; >< 1   at^$ 

3,998 LORG 7 ! BEG114 LABEL OF Y HI< IS  
4 8 8 0  FIXED t4di g y  
4 0 1 0  D=iiY2-Y1>/~.4,j i~,,.~y 

4  8  2  8 D y = ( 'f ril a j: - Y ril i t-1 > 1.4 d i #.,I ).! 
44330 FOR J = 0  TO N d i v y  
4  0  4  8  ',/ $ = I,,! H L $ ( '.( ril i n + .J + Kl I:.) :I 
4 9 5 0  Xwril=M 1 N (go- ( 1  +LEN<',!$ 11 :I YL-J, >.<~.IICI :I 

4 8 6 0  Y=Y1 +J+D 
4 8 7 8  I F  Y=Po THEN 4 1 0 8  
4 6 8 8  PLl:lT g o ,  Y ,  - 2  
48'38 PLOT Xo+Th, Y, - 1  
4  1 8 6  F'LljT :.-.;o-CJ, '.(- 3+H - 2  

4 1 1 8  LHREL USING " K " ; 5 ! 6  
4 1 2 0  I F  t.4t i c y=Q THEN 4 1 7 0  
4 1 3 8  FIIIF: I = i  T l j  t . 4 t . i ~ ) ~  
4 1 4 8  PLOT go ,  Y+D+I/i;Nt. i r y + l  1 ,  -2  
415M PLOT Xo+Thrl>, Y+D+12,1b4t i cy+1),-1 
4 1 6 0  NE>;T I 
4 1 7 8  NEXT J 
4188 L U l R  '38 
4 1 9 0  LORI; 4  
4  2  8 8 P L  111 T >[ IJ ril - H , i( )' 1 + '.( 2 ) ..*' 3 - 3 

- I  - 
4 2 1 8  LAE:EL CI!?INI; " K "  ; ' i l  lab 
4228 LbIR. O 
4 2 3 8  PLOT Tx,  Ty ,  - 2  
4 2 4 8  LORI; 4 
4 2 5 0  LHREL UC;I t4G " E M  ; T i  t, 1 e$  
4 2 6 8  PLOT 8,0 ,  - 2  
4 2 7 0  SIZHLE X r ~ l i t - l , ~ : ~ < r ~ ~ ~ ~ : , ~ ( r ~ l i ~ l , ' ~ ~ r ~ l . ~ ~  !SET TI:I USER UNIT!? 

4 2 8 8  PEt.4.IUP 
4 2 9 0  FIXED 5 
4 3 0 8  SUEEX I T  
4 3 1 0  !?UREND 
4 3  2  0  :? 1-1 H P I t, 1 t-l i x m 1 n , 'f m 1 n , X ril a x  , )' ril .3x , >< 11, I-. 1 g , '( o r 1 g , 1.4 d 1 v x  , 1.4 d 1 &.,I !:.J , 1.4 t, 1 C X , k l  d 1 g X , b4 d 1 g !? , 14 +, 1 

cy,Xl.sb$,Ylab$,Deu,Ti?.leJ.> 
4 3 3 0  N d i  u x = 1 0  
4 3 4 0  Deu=O 
4 3 5 8  t4di u y = 5  
4 3 6 0  N t  i c x = 2  
4378 N t i c y = 2  
4 3 8 0  t40j i g )<=8  
4'"0 ., > y r  I> .AX - 10 
4 4 8 8  N d i  gy=l 
4 4  1 0  Xri1ax=50 
4 4 2 0  Ymi t i=8  
44:: - ,,r. ' 

i L j  :.'; 11 I t I - U 



4 4 4 8  X l  ab$.="SHMPLE N[I. " 
4 4 5 8  Y l  a b $ = " F E H K  (HE!S)" 
4 4 6 8  T i t  1 e $ = "  IblPlUT DHTH" 
4 4 7 8  )[or i J P @  

4 4 8 0  Yet-. i g = Y m  i 1-1 
4 4 9 8  REM : + u r i r -  .. - .. . .*++++ Et.{11 11lF IJ!;ER FHRHMTER!; ++++++++++++++++++ 
4 5 9 8  S U B E X I T  
4 5 1 8  SIJBEND 



1 0  REPI : CLOC:C:: 
1 1  REP1 : V E R I S O N  1 l F E B  1 3 8 0  
1 2  RED : PIJRPlj!;E= CHHNGE THE CLUCk; T IPIE 
1 3  REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 0  D I M  H B C 1 4 1  
1 0 0  PR I t.lT PHGE, !;pH < 1 0 )  , " HELLO FROM PROGRAP1 C:LI~C:C:: " , L 1 t.l( 2 ::n , !;PHI. 1 0  :I ! !' I H1.l 

L1701<It~ll; FClR THE T IP IE  BHIZK 1I.l 2 8  SEC: " 
1 8 1  I ~ U T P I J T  9 ; "E : "  
1 1  0 IIIIJTPUT 9; " R "  
1 2 8  EblTER 9 ; H B  
1 3 0  B E E P  
1 4 0  P R I N T  L I t 4 ( 2 > , S P H < 1 0 ) , "  HT THE T I M E  OF TAE TONE I T  WHS " , H B  
1 4 1  C H L L  E l - . ro t -  
1 5 0  I t , IPUT "?I11 YI jU WHt4T TO CHHt.lGE I T  ?Y..,'bI", BB  
f i  TF t,'Rs="'.j'":o 1jR (Rs="\!") THFI.4 18fi 
1 7 9  GOTO 3 3 0  
188 H $ = "  
1 9 9  IEIPIJT "PlOt.lTH (MP l )? "  , H $ [  1 ,  2 1  
2 0 0  I t 4PUT "DHY ( U D ) ? " , ~ $ C 4 , 5 ]  
2 1 0  I N P U T  "HOUR i;HH).Tu, A $ [ 7 , 8 3  
2 2 0  I t 4PUT " M I N U T E i M M ) ' ? "  , H B C l 0 ,  1 1  I 

. 2 3 6  INPIJT " S E C I ~ I ~ D  (;!;!;:>?'8,f i$[i3,i4] 
2 4 6 P R I N T  , L I t 4 ( 2 > ,  S P H (  1 0 > ,  "THE T I H E  Yljl-I !SET I S = " ,  HB 
2 5 0  I N P U T  "DO YCIIJ WHNT TO SET I T ?  Y.,,'t.I",B$ 
2159 I F  ('$="Y"> OR ( B $ = " d # " )  THEN 2E:I3 
2 7 0  GI]TI:I 3313 
2 8 9  U I S P  " WIIlRKItdG H T  S E T T I N G  CLOCK " 
2913 OUTPUT '3; "!;", HI 
,380 IIUTPIJT 9; " R "  
316 ENTER 9 ; H B  
3 2 0 P R I N T  S P H < l B > ; " T H E  T I N E  HHS BEE14 SET  I T  I S = " , H Z  

3 3 6  P R I N T  SPH(  1 0 1 ,  " CLIIIC1< I!; FIt.II!;HED " 
34W Et.III . 
358 SUB Er .pap  
3 6 9  REM T H I S  R O U T I N E  GIVE!; THE ERROR CODES FOR THE CLOCK 
3 7 0  OUTFIJT 9; " E "  
3 ~ 8  ENTER '3 U S I N G  3 9 0 ;  E . 
3913 IMHGE #,B 
4 8 8  P R I N T  "ERRljF: SUMt lHRyu 
4 1 6  I F  E : I T { E , T >  THEN P R I t 4 T  "BHD R/'W MEMORY" 
4°F I F  6 I T < E ,  6 > T H E l l  B R I  I I T  "BHD R..*,'W I.IEI.IOH'I"' 
4 3 8  I F  B I T I E ,  S >  THEN P R I N T  "BHD CLOCK C H I P "  
4 4 8  I F  B I T ( E , 4 )  THEN PRI t . l T  " L U S T  REHL T I M E "  
4 5 8  I F  E I T < E ,  2 )  THEN PRIt. lT " I t. IVALf  D C:OPlP1At4D8' 
4 6 8  I F  B I T ( E , 2 )  THEN PRI t4T  " U N I T  I.1IS1'1ATCH" 
4 7 8  I F  B I T I E ,  1 ) THEN P R I N T  "DHTH RHNGE ERROR" 
4 8 8  I F  B I T l Z E ,  0 )  THEN P R I N T  " I N T E R R U P T  MIS!SEUU 
4 8 1  I F  E I T C E ,  " O B B 0 0 0 O "  > THEN P R I N T  "NO CLOCK ERRORS" 
4 3 9  S IABEXIT  
5 8 8  SUBEt.ID 



1 8  REP1 " T H  I!; 1:; PRI:II;RHII"HU=.P~~ F l j R  C I ~ H P H R I  1.41; PERK!; REHD tlHt.1UALLY CJ I TH THOSE 
FOUND B,.,J PRUGRHM "HPILIIIT~ 

2 8  P R I N T  " H E L L O  FROM HUTUMHTIC  & MHNUHL FEHE COMPHRHTUE " 
3 8  REP1 T H I S  1:; V E R S I l j N  2 7  SEPT 1 9 7 8 ,  BY CJjWi;c,jp) 
4 8  F I X E D 2  
513 lIFT1l:lt.l BHSE 1 
6 0  !~HI:IRT D= . ( : I j ,  P l ( 4 8 ,  6 j , p 2 C 4 8 , 6 : 1 , p i ; 4 8 , 6 : 1  
7 0 I 1.4 T E 1: E R I , J , K , L , bl , 1.1 , L 1 5. , R , F: 5. , b4 s a r i ~ p  .- C C 6 XI , 1.1 c , 1.1 1 , 1.1 2 , 1.1 3 , 1.4 c may: 

8 6  D I M  T ( 8 : 4 8 ,  1 : 6 : > , H l C 6 > , H s I 6 >  
9 8  D I M  T i C 8 : 1 8 8 j , H I 8 : 1 8 0 , 1 : G )  
1 8 8  D I b l  S 1  1 6 > , S s C 6 > , H m I E . > , T m ( 6 : > , D 1  i m ( 6 j , V r n . a : ~ ( 6 )  
1 1 8  D I M  DC6),MessBC581,Lat,BC121, Lot- I$[  1 2 1  
1 2 8  !SHORT R f ( 6 ) ,  F C C ) ,  B 1  ( 6 ) ,  B Z I 6 )  - 
1 3 8  INTEGER I c o d e I 4 8 ) ,  Ist,at ( 6 )  
1 4 8  DIP1 H B I 6 ) C 4 1 ,  I d B I 4 8 ) C l  l , L B C 6 1 ,  U.aBC73, Ht -BC41,  O p B C 6 1 ,  KwBC 1 1 ,  R o l  I B C  1 
C1o l : I :BC 141 ,1~hrnax~6) ,X (58> , ' I ' I 58> .L1BC61,L2BC61 
1 5 8  DHTH 1 8 , 5 8 , 5 0 , 1 8 , 1 8 . 5 0 , 6  
1 6 8  REHD C:hrjlax(+>,t.j.lcma;.: 
1 7 8  I = . = I  
1 8 8  GOSUB R e a d  
1 9 8  L l $ = L $  
2 0 0  I s = 2  
2 1 8  GUSIAB R e a d  
2 2 8  L 2 $ = L *  
2 3 8  I NPUT " C:HHNNEL CJHNTED I N  PLOT'?"  , I c w  
2 4 8  E X I T  GRHPHICS 
2 5 0  X l a b $ [ 1 1 = " 1  " 
2 6 8  Y l . a b $ [ 1 ] = " 2  " 
2 7 0  X l a b $ C : 3 l = A b < I c w >  
2 8 6  Y l , a b $ C 3 l = H $ I I c w )  
c r  - 2 ?I11 P R I N T  " T H I S  I S  H THBLE OF MHNUHL HND C:OMPIJTER REHD ' HBSl:iRXHt.II:E FIIF: 
3 8 8  P R I N T  " l = " ; L l S  
316 P R I N T  " 2 = " . L 2 $  
3 2 8  P R I N T  U S I N G  : 3 3 8 ; X l a b f , Y l a h $  
3 3 0  IMHGE :>X "PERK NO. " , 4 X  6 H  4X  6 X ,  " 1 - 2 "  
3 4 8  FOR 1 = 1  TO N s a m p  
3 5 8  X I I ) = I  
3 6 8  Y I I > = P l I I ,  I c w > - P 2 I 1 ,  I c w )  
3 7 8  P R I N T  U S I N G  " ~ ~ D , ~ ~ ~ D . ~ D ~ ~ " ; I , P ~ I I , I C I ~ J ~ ~ , P ~ I I , I I I I . J > , ~ ~ C C I ~ ~  
3 8 0  NEXT I 
3 9 8  P R I N T E R  I S  1 6  
4 8 0  I t . IPUT "DO Yi1i-I LJHt.IT A HARD I:I:IF".~ I j F  THE THELE'? '.(tt. l",t<w$ 
4 1 8  I F  K w $ = " N H  THEN 4 5 8  
4 2 8  I F  tr;w$='"i"' THEt.1 P R I N T E R  I S  8 
4 3 8  GOTU 2 9 8  
4 4 0  P R I N T E R  I S  1 6  
450 GOSUB P l o t  
4 6 0  WHIT  5 6 0 8  
4 7 8  P R I N T  PHGE 
4 8 8  INPIAT "DO YOIA WHt.IT H HHRD COPY OF THE GRHPH? 'i,'t.4", KO.-)$ 
4 9 0  I F  Kw$="t. lU THEN 5 2 8  
5 8 8  I F  K w $ = " Y U  THEN 5 1 8  
5 1 8  DUMP GRHPHICS 
5 2 8  GOTO 2 3 8  
5 3 8  L i  st. : PR I N T  PHGE, " H E L L O  FROM L I S T  " ! SIABPRI~GRHM L I S T  
5 4 8  M p t - i  nt,=1,6 
5 5 8  L = l  
5 6 8  P R I N T E R  I S  t.1pt-i nt, 

5 7 8  P R I N T  " T H I S  I S  H L I S T  FUR DHTH S E T = " ,  I s  
5 8 8  P R I N T  U S I N G  6 8 8 ;  L B ,  DaB ,  H r $ ,  L a t .  $,  lot-^$, D e p t h ,  b l ~ ' 5 c . B  
5 9 8  P H I  NT U S 1  NG 6 1 8 ;  N s a m p ,  OpB,  H$ C %  > , C I % 1, F i + 1 
6 8 0  IPlHGE " L A B E L = " ,  .,,, " D H T E = " ,  1 0 A ,  /, " H R = " ,  1813, /, " L h T = " ,  1 2 H ,  /, "LUI.4= 
EPTH= ", DISIlDD, /, "CUI.IPlENT=", 5013 
6 1 8  IMHGE "NO. SHPlPLE!S=", 3D ,  /, "[ IPERHTl jR=" ,  1 8 H ,  ..', "[:HHt.lt.lEL=", 616i , ( ,  4 H ) ,  / ,  
I};, 6i; j ,  /, " F H C T ~ R 8 - "  , E.(CII. 3 D : >  
6 2 8  P R I N T  USI t4G G : 3 8 ; R f C r > , B l I r > , B 2 C s >  
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6 3 8  IPlHGE " R F " S = "  , 3>.<, 6 ( 6 D .  :~JJ> , ./, " B H S E 1 = "  , 2ic:, 6 ( 6 n .  :!:D> , ..., "BH$E"- ! '  - ,- , '"' zr. ,  GC6D. 3D:t  
6 4 8  PRIt.4T lJ!SIbjG 6 5 0 ;  H $ C L > ,  H $ ( L j , H Q ( L  j I H Q I L : ~ , H 6 ( L )  
6 5 8  IMHGE ./, "NIII. I D " , 6 ( 5 X , 5 H )  
6 6 8  FOR I = l  TO P~H)<(M~:I, b lc.ar i lp j  
6 7 8  F 111 R J = 1 T 0 1.4 c ril a::.: 
6 8 0  D( . .T>=P( I  , J >  
6 9  8  N E ::.< T .J 
7 0 8  PRIt.4T CI!;It.jI; " 2 D ,  I)::, 113, 4Il,61.:7Il. 21111"; I, I d $ ( I : , ,  I c o d e (  1 ) ;  I!(+) 
7 1 8  t.IEXT I 
7 2 0  I F  N p v i  n t = 8  THEt.4 7 8 6  
7  :3 8 I 1.4 P IJ T " IS 111 '.( i l  l  J  LSJ H 1.4 T H F: Il I: 0 P '.( , ",' ....' b4 .I? " , K I,J Q 

7 4 0  I F  KwQ="t , j "  THEN 7 8 0  
7  5  8  1.4 f:~ 1% i 1-1 i, = 0 
7 6 8  GOTI:! 5 6 8  
7 7 0  NEXT I 
7 8 8  t4pt-i t i t = 1 6  
7 9 8  P R I N T E R  I S  t 4 p r i  t i t  

888  PRIb IT  " L I S T  FI t , I IE :HED " 
8 1 8 R E T 1-1 F: I 4  
8 2 0  R e a d :  REPI THI !S !SEl:TIBt.4 F:EHD!S THE F I L E  L Q  
330 I N P U T  " F I L E  WAFITED'? C 6 1 "  , LQ 
8 4 8  F i  l e $ = L Q  
8 5 0  I;I]!~;UE: 11p i UE. 

3 6 8  H!;!!;IGt,j # 2  TO F i  1 e $  
8 7 0  EIJFFER # 2  
8 8 0  La? ,  Q=Lo t -~$=Hesc .Q="  14. H." 
8 3 0  U e p t  11=-'39 
3Q8 REHn # 2 ;  L B ,  U a Q ,  H r $ ,  OpQ,  R B O  
9 1 0  K t  y p = T Y P ( 2  j 
9 2 8  I F  ( & t y p = 2 >  (tct, y p ) 7 )  THEN REFID # 2 ;  M e s s $ ,  L a t Q ,  1 Iept t - I  
9 3 8  HEHD # 2  ; t4sari ip , t4r 
9 4 0  REHn # 2 ;  C ( + ) ,  F(+:v, Rf  (+:I, ( f  : : I ,  f i 2 I : i )  
9 5 0  FOR I = l  TO t4sari1p 
9 6 8  RERD # 2 ;  I, 11j$(  1 :I, I c o d e ( I ; t , p ( I ,  1  : I , P ( I  , 2 j , P ( I ,  3 j , F ' ( I ,  4;1, P ( I , 5 ) y P (  1 . 6 1  
03- - 1.u tIC)IT I 
988 HEM MHKE H TH1:I-E 
9 9 8  GOSCIB L i s t .  
1 0 0 8  FOR 1 = 1  TO t4=..arop 
i o i a  FOE . J = I  'rn t .4~ 
1 0 2 8  I F  I s = i  THEt.4 C I, .J)=P(  I, J)  

1 8 3 8  I F  I 5 = 2  THE1.j P 2 (  I, ..T)=P( I, J j 
1 0 4 8  NEXT .J 
1 0 5 0  IIE>I:T I 
1868 P R I N T  " F I N I S H E D  READIt4G F I L E  " 
1 8 7 0  F:ETlJRt.4 
1 0 8 8  P l  ot : REP1 T H I S  1:: H FLI:ITTI~.~I; !SEC:TII:I~.~ TO BE L I N K E D  T o  PRI:II;R~M.S 
1 8 9 8  REM : CIIL~JPLT CREATED 1 6 J U L Y 7 8  
i l f i a  REP1 : USER Ml)!ST D E L E T E  THE TEST SEC:T 11:lN HFTER Sl)PPL'( IHI; Il Ill FOF; ).< H t . l l  '.( 

1 1 1 8  REF1 : ++sf++++++ B E G I N  I:IF TEST ';ECTII:I~~ +++++++++++ 
1 1 2 0  REM : +++++++ STHRT OF IJSEH-PHRAMETEES +++++++++++++++++ - 
1 1 3 0  t 4 d i v x = 8  . . 
1 1 4 8  K h e 3  
1 1 5 8  N d i v y = 1 8  
i l & f ~  N i i c x = 5  
1 1 7 8  N t i c y = 2  
i 1 8 8  Ndi  gx=O 
1 1 9 0  N d i  gy-2 
1 2 8 0  Xmay=48 
1 2 1  8  Y r i ~ a x = .  8 5  
1 2 2 8  Ymi  ri=-. 8 5  
1 2 3 8  X m i  ti=O 
1 2 4 8  X l a t , Q [ l , - 3 ] = "  /I 

1 2 5 0  Y l a b Q C l , S l = L l t  
1 2 6 8  %l .aka$[ 1 0 ,  l::]=HQ( I c w )  
1 2 7 8  ' f l . a t l $ [ 6 ] = " - "  
1 2 8 8  Y l a h Q C 7 , 1 2 1 = L 2 6  



1298 Xot- i g=8 
1399 Ycori g=@ 
1318 Npoi  n t  s=t.lsari~p 
1328 REM : ++++++++++ END OF USER PHRHMTERS ++++++++++++++++++ 
1338 DE.G 
1348 PLOTTER I S  13, "GF:HPHICS1l 
1.358 GRHPHICS 
13130 FIXEII 5 
1378 F:EM : +++++++++ +++ PLIIIT:; WANTED . . . . . . . . . . . . . . . . . . . . . . . . . .  
1380 RE11 : 1 )  A CHLL TO PLTAX DRHWS THE RXES 
1390 REM : 2) H CHLL T O  PLTSYM PLIIIT!; X Rt,lD Y HS SYMBIIIL 
1488 REM : 3:) H CHLL TO PLTLIN PLOTS X HNU Y H:; L INE 
1418 RE11 : USER CHN USE THESE CnLL!; HNYWHY HE WHNTS 
1428 F:EM : .............................. * + * * + + + + + + y + + " " " c r c " " "  ,, ., .. , * R * . .  . . + + R * R *  

1438 C:HLL P1 t..~xCXmi 1-1, Y m i  1-1, Xrnax, 'iria.ax, ><or-.i g ,  ~ 0 t - i  g ,  ~ d i  a,,ux, ~ d i  US), nt, i c x ,  tddi g ; r ,  t.l,ji gy ,  nt, 
i cy ,X \ab$ ,Y l .ab$ ,Ch)  
1448 CHLL P l  t,sym(>il:+> t.j):,cti nt,s> 
1458 RETURN 
1468 n r i  up: REM THI,!; MAKE!; LHEEL SPECIFY A THPE DRIVE 
1478 RE11 THIS ROUTINE Hnn!? :T15, : T I 4  OR :F8 TO F I L E  bjHtlE F ILE$  
1488 INPUT " THPE URI VE WHt,lTED? 14 I]R 15 I]R FSu,  T$ 
1498 Nc har-=LEt.lCFi 1 e $ >  
1588 I F  TB=" 14"  THE14 F i  1 e$[ t , lchar+1 I = " :  T14"  
1518 I F  T$="15"  THEN F i l e $ [ l ~ l c t - i . ~ t - ~ + l ] = " : T 1 5 "  
1528 I F  T$="Fsn  THEN F i  1 e$[Nch.at-.+l I = "  : F8" 
1 5 3 8 RE T U F: 1.4 
1548 END 
1550 HEM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1568 REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1578 REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
15:38 REPI : !2lJBRDUT 1 t.lES 
1598 .SUB P 1 t . ~ ~ ~ > : m i t 1 , ' ~ , ' r i 1 i r 1 ' , 1 . I r 1 ~ . a : ~ , ' i r i 1 a : . : , ~ ~ ~ c ~ t - ~ i g , ~ t o ~ ~ i q , t ~ ( d i ~ x , t . ~ ~ j i ~ ~ , , t ~ ( t , i c ~ : , t . l ~ i g : x , t . l , j i g ~ , , ~ l t , i  
c y ,X l ab$ ,Y lab$ ,Ch j  
1680 DEG 
1618 FI>.(ED 5 
1620 Ch=:3 
1638 Cw=:3+1;h,'5 
1640 CSIZE Ch,:5/5 
1650 L l x = 2 5  
1660 L2x=Xwri1= 11 8 
1670 L l y = 1 5  
1688 L2y=90 
lrJ'30 I=.J=1 
1708 I=MHX i I ,  N t  i c x j  
1710 .J=MHX<J, Nt i c y >  
1728 LOCATE L l x ,  Lz;<;, L l  y ,  bzy  
1736 HXES ( ~ 2  .. ~ 1 ~ ' .  ,,,l/'<t.ldi u x + I  > ,  (L2y -L1y> . / (Na j i  I.>>!s.J) , L1:.:+(L2;<-Ll;.:)+(}<,:,t-.i ,a-:x:rili rl>.,.,.(p;fi, 

ax-miti> ti>, L l y + ( L 2 y - L l y j + ( ' i ' o r i  g-'frili t-l>..,.(','m.a:,:-)'ri~i n ) ,  LIT, i ex,  t . l t  i C Y ,  4 
1748 UNCLIP 
1750 LORG 4 
1768 FOR J=8 TO N d i v x  
1770 P $ = ' ~ H L $ ( X r i l i t - ~ + ( X r i l . ~ x - ~ r i ~ i ~ ~ ~ ~ + f T . T d t . ~ I j i ~ I ~ ~ ~ >  
1780 I=POS<P$ , " . " ) - 1  
1798 I F  Nd i  gx=U THEt.4 1818 
1868 I = I + l + b l d i  gx 
1818 'GS=PICl, 11 
1828 I'1OI)E L1:,~+J+<L~:.:-L~x:iit.ldi1,1:~:,Ll!,r-l m ~ + ~ ~ b I  
1830 LHBEL USING " }("  V $  
1848 NEXT J 
1858 MO!)E (L1x+L2~>.. . . .2,  L l y - 2 .  4+1lb1 
1868 LHBEL USNG " K "  ; X \  .at,$ 
IS78 LIIIRG 7 
1888 FOR .J=O T O  t.l,ji #.>y 
1898 P$=VHL$ ( Y r i ~  i n+J+ (Yril.a:>;->'a~ i 1-1 ) / b l ~ j  i ~oy :I 
1'388 I=Pl:l!;CPZ, ")-I 
1910 I F  Nd igy=8  THEN 1938 
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1928 I = I + l + h j d i  g y  
1938 X~,.~m=PlIt.j(Llx-( 1 + I  )+C:I,Q!, >,<~,~rn j  

1948 V$=POCl, I 1  
1,358 MOVE L~~- I : I , J ,  L1>)+ .JS(L2y-Ll )r ) . .~ 'Hdi  v ) ~ - .  3SCh 
1968 LABEL US I I4I; " K "  ; V $  
1978 NEXT J 
1988 LDIR 98 
1996 LORI; 4 
2888 MlIlYE X I J ~ ~ I - C ~ ,  < L 1 ;,#+L2!.! :1,/2 
2418  i f igEL IJG I C I C  "1;" ; ' y l  
2 0 2 0  LDIR Cc 
2 6 :> @ !s I: A L E X r i ~  i n , X m ax , 'i ril i 1-1 , 'i l l n l  

2848 SIJBEXIT 
2858 SUBEND 
2868 !slJB P1 t, 1 i t-l( X S) , (+') , N, I t.!,'l:ie, Lp 
2078 L I t lE  TYPE I t y p e  
2888 PLOT %(I), Y (  I), -2 

2,098 FOR 1=2 TO I 4  
2188 PLUT %(I :I, PC I >,  - 1  
2110 NEXT I 
2128 PEN llp 
2 130 SIJEEXI T 
2140 SUBEND 
2156 SIJP Pl t=.yr i l (X(s)  ,'j'l:S> ,Id:> 
2160 D=.5 
2170 roR 111 T O  1 1  
2188 PLOT X ( I > , Y ( I > , - 2  
21913 SETI;U 
2200 W I I C R C  ilc , ' f c ,  F'A 
22 18 PLOT Xc -D, Y c  , -2 
3 lLLB .:, .-, PLOT XC+D,YC,-1 

2238 PLUT Xc , Y c  -D,  -2 
2248  PLOT X r  , Yc.+Tl, - 1 
2250'SETIJlJ 
2268 NEXT I 
2278 PENUP 
22:38 SIJBEX I T 
2298 SUBEND 
2388 END 



1 8  REF1 : PLOT 
2 0  REM : VERSIOt4 C .  D. W I R I C K  0 5  MH'f 1 9 7 8  114 THE B E R I N G  
3 0  REM : M O I I I F I E D  1 l F E B 1 9 8 8  
4 0  . REP1 ...... . . . . . . . . . . . . . . . . .  * * * ~ + + ~ + * + + s + + + + + + * " " * " r + + + + + * r + : ' " " " "  t*  *.. .. . . .. t * + * t f X + X I Z + + * t + + + + + +  ' 

C - . RE ll MHCH I NE STHTUS 
6 8  I:IPTII~N BH!;E 1  
7 8  E X I T  1LF:HPHIC:S 
8 8  F I X E D  :3 
9 8  SHl jRT R f  ( 6 j ,  F ( G ) ,  B 1  ( G ) ,  BZ<r ; :> ,  p ( 4 8 , 6  j 
1 0 6  D I M  A$CG!C41, I d $ ( 4 0 S [ 1 l , L $ [ 6 ] ,  DD3$[73,Ht -$ [4 ] ,O1: ,$ [6 ] ,  D (6 :1 !C= .< : l 2 ,  , L z . $ ( G ) [ 4 ] ,  
D $ C ~ I , : : < ~ I I . ~ X ~ : G ~ ,  I d? .$ (40 ;1 ,  X 1 $ [ 2 0 1 ,  l l e s = . $ [ 5 8 ] , L , 3 ? . $ [ 1 Z ] ,  L u t 1 $ [ 1 2 ] ,  T i t ,  l e $ [ 5 0 1  
1 1 8  INTEGER N s a m p ,  C i G ) ,  I c o d e l 4 8 j ,  N c ,  11: ( 1 2 j ,  IsC 1 2 , 6 j ,  I c t  ( 4 8 )  
1 2 0  KIIM X 1 5 8 3 , Y ( 5 0 >  
130 : +ssw+++++*  *+*** **..**.. .. .. .. .. .. ..*.. .. .. ..+.. .. . .. .. ..*+++**+* *.. . R * * * * * *  * **+ **+***.. .. .. . .. * * * * * + + * * * + + + * * + * * + ~  
1 4  8 1.1 r m a::.:: = 6  
1 5 0  P R I N T E R  I S  1 6  
1 6 8  P R I N T  PHGE, SPH(  1 5  1 ,  " H E L L O  FROM PLOT US I t4G STHt.4DHRIl F I L E  " 
1 7 8  P R I  NT "{ , 'HRlHBLE t4HI'lES HRE P 0 4 ,  S I O 4 ,  t.l+t.l, 1402, t,I,H4, IJRE" 
1 8 0  1 1  =:2 
1 9 0  REF1 LOOP FOR G E T T I N G  DHTH F I L E S  
2 8 6  It.IPUT " F I L E  WHt4TED" , L $  
2  1  8  GOSUB R e a d  
2 2 8  GOSUB L i  =.t, 
2 3 8  GOSIJB M~:l l  o t  
2 4 0  1  t,(PI_IT "IIo 'YoI_I CJHt.IT H k1EW STHT 1 I:I~.I'? Y,,'N" , KI>J$ 
2 5 8  I F  }<w$.=" ' tu THEN 2 8 0  
2 6 8  GOTO 2 3 8  
2 7 8  R e a d :  REM T H I S  SECTIOt.4 REHnS THE F I L E .  L$ ! SIJBPROG HEHD 
2 8 8  F i l e $ = L $  
2 9 8  I;lzI!;lJB Dr.  i 0 ~ .  

. 3 0 0  HSS I GI4 # Z  TO F i 1 e $  . . 

3 1 0  BUFFER # 2  
3 2 0  L a t .  $ = L u n $ = I ' l ~ . ~ s $ =  "1.1. H. " 
3 3 8  Dept . t -1=-99 
3 4 8  REHD # 2 ;  L8 ,11a$ ,  H r $ ,  Op$,  H$CS:~ 
3 5 0  t < t  y p = T ' f P ( z  j 

3 6 8  I F  Ct<t  y p = 2 3  OR ( K t y p 3 i )  THEN REHD # Z ;  M e s s $ ,  L a t B ,  L o n $ ,  I I c p t , t ~  
? 9 d i 8  REHU # 2 ;  N s a m p ,  Nc 
3 8 8  HERD #2;Ci:% j, F < s j ,  R F ( +  j ,  ( s j ,  B 2 ( + j  
3 9 8  FUR I = l  TO t4samp 
4 8 8  READ # 2 ;  I, I d S C I l ,  I c o d e C I j , P I I ,  l > , P ( I  , ~ : I , P I I , : ~ ~ ~ , P ~ I , ~ ~ ~ , P C I , ~ ~ , F ~ I , G ~ ~  
4 1 8  NEXT I 
4 2 8  P R I N T  " F I N I S H E D  REHDING F I L E  " 
4 3 8  RETCIRt4 
4 4 8  M p l o t :  P R I N T E R  I S  1 6  
4  5  8  I 1.4 P [I T  " 1) 0  'I' CI IJ 1-1 H 1.4 T  H P L  111 T '? , 'f .,' 1.1 " , K $ 

468  I F  K w $ = " t . J "  THE11 :358 
4 7 0  I N P U T  " V H R I H B L E  NHME? C 6 H I u ,  D2 

. 4 8 0  REM CHECK I t4PUT L H E E L S  FUR V H R I H E L E  
4 9 8  FUR I = l  TO 6 
5 0 8  I F  P O S I H B ~ I 3 , U $ j i : > 0  THEN 5 4 8  
5 1 8  NEXT I 
5 2 0  PRINT ns; IS A BHD CHOICE T R Y  HGHIN" 
5130 GOTO 4 7 8  
5 4 0  I I4PUT " :<HII.I, XFIHX'?", X i i ~ i  n ,  Xms:,; 
5 5 8  I N P U T  "DEPTH M I N ,  DEPTH N R X " ,  Pmax,  Y m i  1-1 

5 6 8  X l $ C 1 , 4 1 = D $ C 1 , 4 1  
5 7 8  X l $ C 5 , 1 4 1 = "  ( U G - H T f ' L ) "  
5 8 0  PLOTTER I!; uGRHPHIC!Su 
5 9 8  N v = I ,  
6 0 8  GRHPHICS 
6 1 8  N = 8  
6 2 8  ~ e u = 8  ! ICRT 
6 3 8  T i t l e O = L $  
5 4 0  C H L L  P l  t a . , . -  , ~ L ~ . , i ~ , m i t . ~ , ' ~ . ' r i ~ i t ~ ~ , > i : r ~ ~ a ~ , ' l ' m i : . : , ) I m i n , Y r i ~ . ~ : : ~ , 5 , 5 , 1 , 2 , 8 , 8 , : ~ ~ 1 $ , " D E P T H  ".! r : l l ) " , T i t , l ~  
t ,  D e u ,  D=.ym> 
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6 5 8 F: E  P i  : C H L L F' 1  t. a:.: z I X r11 i 1-1 , Y r ~ i  i rl , .): ril a x  , Y ril ax  , X o 1% i g , ',' 81, t-. i g , N d i u x , 1.4 d  i I..! 5' , N t, i c x , 1.4 d  i g :,r , 1.4 
d i  g y ,  Nt, i c y ,  X l  ab$,  Y l  .3t1$, T i  t. 1 E'$, 1le1.1, 11c.yr1> 
6 6 8  REM !SEHRCH FOR HYDRO HND DEPTH 
6 7 6  t.(=O 
6 8 6  I = l  TO t.4s.arilp 
6 - 3 0  I F  I I ~ $ ( I > < ) " H "  THE14 7 6 0  
7 8 0  N=t . l+ l  
7  1  8  J = 1.4 v 
7 2 8  X ( t 4 ) = 8  
7 ( a 8  .-, I F  ( P ( I , J ) = M >  OR ( P C I ,  J > = 9 . 9 9 )  THEN 7 5 8  

7 4 0  X C N > = F ( . J > + ( V ( I ,  J > - ( E l  ( . J ) + ( B 2 ( . J > - E 1  ( .J :>)+ I / ( t4=, .3r i1~ j+ l  )+Rf ' ( .J)  1 )  
7 5 8  Y ( N j = I c o d e (  I) 
7 6 8  t.IEXT I 
7 7 8  C H L L  P l t = . y r ~ ~ ( X ( s ) ,  j'i;,+:i, 1.4, 1, f i 5 y r n j  
7 8 8  W H I T  2 0 8 8  
7 9 8  I~ ,~PIJT " D O  Y O U  1 . j ~ t . 4 ~  H HHED CI~IPY OF THE P L O T ?  '.:/t.~" , D$ 
8 8 8  I F  J j$="YM THEN 3 2 8  
8 1 8 G 11 T 111 :3 :? 8  
828 DUMP GRHPHICS 
8 3 6  GCLERE 

pL6TtEp; 13 15 
8 5 8  RETUFrt.4 
8 6 8  L i  s t .  : P R I N T  PHI IE,  " H E L L O  FROPl L I S T  " ! SI)BPRI:IGRHM L 1  ST 
870 t41;81-:int=16 
8 8 8  H $ ( l j = "  H B S "  
8 9 0  H $ ( z ) = " U G - H T u  

9 8 8  L = l  
9 1 8  I F  ( I 1 = 1 3  UR ( I 1 = 2 >  THEN 9 4 0  
9 2 8  1  NPIJT " Ill-ITPILIT TYPE : 1 =HES, 2=l)G-HT ....' L "  , L 
9 3 8  I F  ( L < l >  OR ( L > 2 >  THEt.4 ,328 
9  4  8  P F: I b4 T  E R I S - 1.4 p r i t-I t. 
9 5 0  P R I H T  U 5 I b I G  970; L O ,  D a Z ; ,  I-It-$, L a t . 5 ,  Lc~t- I$,  Dept. h, Plec.c.$ 
9  6  8  P R I 1.4 T U 5 I 1.4 I; 9 :3 8 ; 1.4 5. aril I:, , 111 11 $ , H $ ( + ) , C: ( + , F ( r > 
9 7 0  IMHI;E "LHE:EL=" ,  1OH, /, " I)HTE=",  1@H, /, " HF:=", 1 8 H ,  ../, " L H T = " ,  1 2 A ,  ./, "LOt.I=", 1 2 H ,  / ,  " D 
E P T H =  " , DDDDD, ./, "COP1IIEI.IT=", 5 8 A  
9 8 8  II.1HI;E "k4lIl. SHMPLES=" ,  :3D, ./, " l jPERHTOR=" ,  1OH, /, "C:HHk4tdEL=", t5(6X, 4 H > ,  .>', "STHTIJ ! j = " ,  
1X ,6 (18 r1 ) , . . > ,  1 ' F k C f ~ j R ~ ' , 6 i : 6 f ~ . : 3 B )  
9 9 8  P R I N T  I JS I  t4G 1 8 0 8 ;  R f  G S ) ,  E l ( + ) ,  E2(*> 
1 8 6 8  I M A I ~ E  " R F ' S = " ,  :3X, 6 ( 6 D .  :3D>, /, " B H ! j E l = " ,  2 X ,  6 ( 6 D .  :3D), . / ,  "ER!;E2=", 2):, E.(GD. 3D:> 
j F i l , O  I F  Il;l THEN 13cib3 
1 0 2 0  PRIt.4T lJ!~!NlG 1 8 3 8 ;  H $ ( L )  , H $ ( L > , H $ ( L : I ,  H$I :L : I ,H$(L) ,H$I IL)  
1 0 3 1 3  I r.inl;r ..;, I~~II) ,  1 ~ 1 1 ,  5;1(, 5 ~ 1  j 

1 8 4 8  FOR 1 = 1  TO M H X ( M p , N s a m p )  
1 0 5 0  r O R  -1-1 TO t4cri1.~>: 
1 8 6 8  1114 L GOTO 1 0 7 8 ,  1 8 9 8  
1 8 7 0  D ( . J > = P ( I ,  J )  

18813  GljTlI l  1 1 4 8  
1 8 ' 3 8  D ( J > = F ( J ) + ( P { I  , J > - ( B l ( . J ) + ( E : 2 ( . J  ) - E l  ( .T )>+ I . ( t . 4sa r i 1p+ l  )+Rf'(.J:l) j 

1 1 8 8  I F  P ( I , . J > > . W 8 8 1  THEN 1 1 4 8  
1 1 1 0  DC.J>=Q 
1 1 2 8  I F  P I I , J ) > - 1  THEt4 1 1 4 8  
1 1 3 8  U ( . J > = - 9 9  
1 1 4 0  NEXT .J 
1150 I F  I 1 = 5  TH€IgI  1 l S Q  
1 1 6 8  P R I N T  U S I N G  " 2 D ,  l X ,  1 H , 4 D ,  6 ( 7 D . 2 D  )";I, I d $ ( I > ,  I c u d e I I ; ~ , D < + j ~  
1 1 7 0  GOTO 1 1 9 8  

. :  
1 1 8 8  P R I t 4 T  USIt.4G " 2 D ,  1X ,  1 H , 4 U u ;  I ,  I d $ ( I > ,  I ~ L C I J ~ { I )  
1 1 9 8  HEXT I 
1 2 8 8  I F  t 4 p r i n t = O  THEbl 1 2 8 8  
1 2 1 0  \ < ~ $ E " t . l "  
1 2 2 ~  I I.IPUT  no you w 1 t . 4 ~  HHRD C O P Y ,  Y,N?~ , ~l.,l$ 
1 2 3 0  I F  K w $ = " Y "  THEN 1 2 5 8  
1 2 4 8  GOTO 1 2 8 8  
1 2 5 8  N p r  i t i t  = 8  
1 2 6 8  GOTO 9 4 8  
1 2 7 8  NEXT I 



1 2 8 8  tdpt-. i nt. = 1 6  
1 2 ' 3 8  P R I  t4TER 1:; Hpr-.i nt. 
1 3 8 8  P R I N T  " L I S T  F I N I S H E D  " 
1 3 1 8  RETURN 
1 3 2 8  Dv i ve :F :EM T H I S  MHKES L H B E L  S P E C I F Y  H T H P E  DRI1.#E 
1 3 3 8  REM T H I S  ROUTI t4E  HDDS : T 1 5 ,  : T 1 4  OR : F 8  F I L E  NRl-IE FILE$' 
1 3 4 0  I N P U T  " THPE D R I V E  WHNTED? 1 4  OR 1 5  OR F 8 " ,  T $  
1:35Q 1,1chat- .=LEN(Fi  1 e $ )  
1 3 6 8  I F  T $ = "  1 4 "  THEt.1 F i  1 ~ .$ [ t .1 . l c t -~ .s r+ l ]=" :  T 1 4 "  
1 3 7 8  I F  T 8 = " 1 5 "  THEN F i  1 ~ ' B C t . 1 c h a t - ~ + l ] = " :  T 1 5 "  
1 3 8 8  I F  T$.="F8" THE1.1 F i  1 e$ . [ t . j char .+ l  I = " :  F 8 "  
1 3 9 0 F: E T lJ R N 
1 4 8 8  END 
1 4 1 8 S U B P 1 t .a:< z C >< ril i t-I , [it i n , X ril ax  , 'i ril a x  , X o t-. i g , ',{ t-. i g , 1.4 i r.r x , N d i u 5, , 1.1 t i c r, , 1.1 d i g x , 1.1 d i g , 11% 
i c y , X 1 a b 8 ,  '< 1 .at)$, T i  t 1 E'B , I l e l  ...I, II~!:>I(I) 

* + ~ + f + ~ + + * + * ~ + + + + ~ *  ' 1 4 2 8  HEM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 4 3 8  REP1 : VEF:SII:I~~ 07 DEE: 7 9  
1 4 4 8  REM : R E I J U I R E S  !STHTEPlENT= PLCITTER I!; 1 3 ,  "i ;RHPHICSM OR P L O T T E R  1:s " 9 8 7 2 A "  
1 4 5 8  HEM : PURPOSE = TO MHEE H >( Y HXI!: 
1 4 6 8  RE11 : R O U T I N E  E X I T S  I N  USER U t 4 I T S  
1 4 7 8  REM : H R G U M E kl T S 
14E:B REP1 : ;.:: tq I 1.4 = M I N  X {?HLUE TO B E  P L O T T E D  USER U t 4 I T S  
14913 REM : XMHX = MAX X VHLIJE TCI E E  PLI:ITTED IJSER U N I T S  
1 5 0 8  REM : X O R I G  = O R I G I N  FOR X H X I S  I N  USER Ut.1ITS 
1 5 1 8  REM : N D I V X  = H 111 . D I I :; I 111 1.1 S H L 111 1.4 G X H x I 5 
1 5 2 8  REF1 : N T I C X  = 1.40. TICS IIIR D I V I S I O ~ ~ ~ S  PER P ~ H J U R  DIVISION 
1 5 3 8  REM : N D I G X  = N i l .  D I G I T S  TO R I G H T  U F  D E C I M H L  11.1 X VHLUES 
1 5 4 8  REM : X L H B 8  = L H E E L  FUR X H X I S  
1 5 5 8  REM : T I T L E S  = T I T L E  
1 5 6 8  REM : DEV = U E V I C E  8=CRT,  l = P L O T T E R  
1 5 7 0  REM : nSYM = HEIGHT OF SYMBOLS IN GIJ FUR FUTURE P L O T S  
1 5 8 8  HEM : 
1.5'98 REPI : ! 5 I M I L n R  DALUE!; FOR 't H K I ! s  
1 6 8 8  : I:HLL P1?..3xz()(r11in, ' r ' r i1 in,>.(ma>:, ' . ( r i1.~r: ,~or ig, '~(~~t-~ig,bIJ iv:r , t .~divy,El t . icx, / . ld igx, t .~ 
d i gy, Nt, i c y, X 1 ab$, Y 1 . 3 t $ ,  T i  t. 1 4 s  , D~I.,I, DcCyrn j 
1 6 1 0  REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 6 2 8  REPI : PHRHMETERS TO CHHNGE P L O T  S I Z E  
1 6 3 8  H = 5  ! H E I G H T  OF CHHRHCTERS MM 
1 6 4 8  !lsyrii=l ! H E I G H T  OF SYMBOLS 11.1 MM 
1 6 5 8  Th=:3 ! T I C :  H E I G H T  I N  MI1 
1 6 6 8  T x = 1 8 8  ! LOCHTIO t4  OF T I T L E  CENTER 11.1 MM FROM ( 0 ,  8 )  P H Y S I C H L  
1 6 7 8  T y =  1 5  ! LOCHT I 11114 OF T I T L E  BOTTl1lt-l I N  MPl FRUM ( 8 ,  0 )  P H Y S  I C H L  
1 ' C' 0 k' 1 = '8 ' , a  dC1 ! D I S T H N C E  FF:OM L E F T  tlHRGIt.4 I t 4  t l t 4  T o  L' A X I S  PIN 
1 6 9 8  X 2 = 1 2 0  ! L E N G T H  I ~ F  }( H X I S  11.1 MFl 
1 7 0 8  Y 1 = 2 8  ! DISTHb1CE I N  MM FROM ROTTl:lM TO Y H X I ! s  
1 7 1 8  P 2 = 9 8  !LEt4GTH OF Y H X I S  I N  MM 
1 7 2 8  REM +++++++++ss+++++++++++s+++++s++++++++++r++++++++~++~+++++ ++++s.x+f  ++ 
1 7 3 8  DEI; 
1 7 4 8  F I X E D  5 
1 7 5 0  Xr i1=184 ! S I Z E  I N  MM 
1 7 6 8  Y rn=143  ! S I Z E  11.1 t l t l  
1 7 7 8  I F  D e u = l  THE14 Yr i1=285 ! S I Z E  I N  MPl OF 9 8 7 2 H  
1 7 8 8  I F  DE 'L ,J=~ THE11 )(r i1=480 ! E ; I Z E  11.4 1111 I)F 9 8 7 2 R  
1 7 9 8  L I M I T  Q,Xr i1 ,8 ,Ym 
1 8 8 8  ! FRHME 
1 8 1 0 .  l j t - ~ ~ = M I N ( X r i l ,  Yri1 j,,.'li38 !CUt.1VERSIUt4 FOR MM TO GU 
1 8 2 8  ~1 = X  1 /111ne !CONVERT TO GU 
18'.oM p.8-7  8 ~ - ~ , w r ~ ~ = X  1 +X2 /One  ! CONVERT TO GU 
1 8 4 8 1 = EL( 1 ,'One ! C O N V E R T  T O  GI) 

1 8 5 0  Y 2 = Y  1 +\<2,'Clr l~ ! Ct l t4vERT TI] GU 
1 8 6 8  X o = X ~ + ( X 2 - X 1 > + ( X ~ ~ , t - . i g - > . < r i I i ~ ~ ~ , ~ { > < r i I a > ; - ~ r i I i y I )  
1 8 7 8  Y u = P 1 + ( Y 2 - Y 1  > + ( Y o r i  g - ' f ~ ( ~ i  t1I)/('(riIax-'{rfii t-I:n 

1 8 8 8  T x = T x / O n e  ! T I T L E  LOCHTIO t4  I t 4  GIJ 
1 8 3 8  T y = T y  ....' O n e  ! T I T L E  L U C H T I O N  I N  GU 
1 9 C l A  T h = T h / O n e  ! T I 1: I t.1 I; LI 
1 9 1 8 T h rii = T 1-1 ./ 2 ! M I N O R  T I C  I N  GU 
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1 9 2  8  H = H i 0 1-1 e ! CHFIRHCTER H E I G H T  I N  GU 
1 9 3 0  W=3+H,/5 !CHHRHCTER WIUTI-~ GU 
1 9 4  0 D 5 y ril= D s y ril, O n  e 
1 9 5 0  C S I Z E  H, 1315 !!SET CHHRHCTER 
1 9 6 0  Ll I lCATE X 1 ,  X 2 ,  Y 1 ,  Y 2  
1 9 7 8  PLl:lT X l  , " i o ,  - 2  !MHKE THE H X I S  L I N E S  
1 9 8 8  P L O T  X2 ,  Yen, - 1  
1 9 9 0  P L U T  Xo ,  Y 1, - 2  
2 0 8 0  P L O T  X o , Y 2 , - 1  
2 8 1 0  LORI; 6  
2 0 2 8  F I X E D  N d i  g x  
2 8 3 0  D= (;<2-X 1  ) ,/t.jd i I , J ~  

2 8 4 8  D.x= (Xm.3x-Xril i n) ,,.'t,jd i I..!):: 
2 8 5 8  FUR J=Q TO N d i u x  
2 0 6 0  X=X 1 +J+D 
2 0 7 8  \)$.=VAL$ I Xri~ i t-~+..T+Klx) 
2 8 5 8  I F  X=Xco THEN 2 1  1 0  
2 0 9 0  P L O T  X , Y o , - 2  
2188 PLC l l  X, Y b -  l'h, - 1  
2 1 1 0  P L O T  X , Y o + 1 . 2 * H j - 2  
2 1 2 0  L H B E L  IJSIMG " K' ' ; 'y '$ 
21:3El . I F  I.ll,. i c , . i *O  T l i C l l  211110 
2 1 4 0  FOR. 1 = 1  TO N t i c x  
2 1 5 0  PLlST j l + D ~ t I . . ~ ( t ~ l t i c ; . : + l ~ ~ , a ~ I ~ , - 2  
2 1 6 0  PLOT X + D + I / I N t  i c x + i j , ' ~ ' o - T k ~ r i ~ ,  - i  
2 1 7 8  NEXT I 
2180 N E X T  J 
2 1 - 3 0  PLOT ( ;X1+X2>12 ,  Y o + 2 . 4 + H ,  - 2  
2 2 0 8  L H B E L  USINI; " t " ' "  , i, 1 abb 
2 2 1 0  LI:IRI; 7  ! BEG1 1.4 L H B E L  OF Y H X I S  
2 2 2 8  F I X E D  N d i g y  
22130 D= ( Y 2 - Y  1 )  / t 4 1 j i  v y  
2 2 4 8 y = ( 'I' rii a x  - Y UI i n ./ 14 d i v !:.r 
2 2 5 0  FOR J = 0  T U  N d i u y  
2 2 6 8  {.'$='.jHL$ ( j 'm i n+.J+Dy > 
227.0 !<~,~ri l=MIb(<Xo-( l + L E b j ( V $ >  > + W ,  X ~ r i l j  
2280 ' ( - ' I ' ~ + . J * D  
2 2 9 0  I F  ) '=Yo THE14 '>'>.:a L L - ~ O  
2 3 0 0  PLUT x,:, , y, - 2  
2 3 1 @  PLOT XU+TII,'I', - 1  
2 3 2 0  PCI:IT Xa-W, Y - .  3+H,  -2  
2 3 3 0  LAEEL USING " K " ; v $  
21348 I F  N t  i c y = 0  THEN 2 3 9 0  
23517 F n H  T=1 TI1 Nt, i c y  
2 3 6 0  P L l I T  Xu ,  Y+U+ I / (b j t ,  i c y + l > ,  - 2  
2 3 7 0  PL I~ IT  Xo+Thm,  Y + I l + I  ,>(Nt. i c y+1  ),-1 
2 3 - C  b,E'.' 8 4  A T I  
2 : 3 9 8  NEXT J 
2 4 0 8  L D I R  '30 
3 4 1  9 I -DRG 4 
2 4 2 0  PLOT Xwm-H, ( j ' 1+ ' f 2 ) / 2 , -2  
2 4 3 8  L H B E L  CIS I NG " K "  ; '(1 at#$ 
2 4 4 8  L D I R  0  
2450  PLOT T:.:, T!,I, -2  
2 4 6 8  LORG 4 
2 4 7 6  L H B E L  lJ!sIt.jG "t!;" ; T i  i, 1 e$ 
2 4 8 0  PLOT 0 , 0 , - 2  
2 4 9 0  SCHLE X m i t - i , X r i i . s x , Y m i n , Y m a x  ! S E T  TO USER U N I T S  
2 5 8 8  PEbICIP 
2516 F I X E D  5 
2 5 2 8  S U B E X I T  
7 d4.:,~ c .-, . SIJB P l  t s y r i l i : X ( + )  Y ( + )  , 1.4, Ic.!~II~I, ~IZ.!:.I:I 

2 5 4 8  REM VERSIOt.4 1 4  t.4lI18! 7 9  
2 5 5 0  F;EM !SUB PLHCE!S !S'.iMBl1lLS 
2 5 6 0  EEM &.I - A - '$'ECTOR OF X VHLUES 11.4 lJ!sEF: I J N I T S  
2 5 7 0  REM t, I -  - \IECTI]R OF 'i VHLUES I N  USER U N I T S  
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3248 LIkIE TYPE I t y p e ,  Lp 
:2250 PLlIlT X (  1 3 ,  Y C 1 ) , -2 
3260 I = 2  TI11 1.1 
.-, . , d ; u  .- - - PLI~IT X(Ij,Y(Ij,-1 

:>28Q ptEX'r 1 
3290 PEt.IUF' 
:330Q SLIBEX I T  
33 18 S I J B E M ~  



i GI R E n F' R I:I I; R H 1.1 1.4 A M  E = : j  E I: s 
2 0  REPl CREHTED BY T .  E .  W H I T L E U G E  3 MHRCH E B  
3 8  REM MOD I F  I E D  FOR RHT I OS HND 1 NTEGRHT I ON 3 nC:TOBER 1 9 8 0  
4 8  REM M O D I F I E D  FOR DEPTH-I:I~?,~IEREII VHLIJES 5 NOVEMBER 1988 
5 8  REM PII;IJ.I I F-1 Err FI~IR CI:I~~TI;IIJR 1 HI; Ba.( cn1.J 1 9  NI:I~EME:ER 1 3 8 8  
6 1.7 E: E P1 !?FIR I H B L E S  USED 11.4 THE I t 4 1  T I H L  READ 
7' i 8  R E I I  E l =  I N I T I H L  B H S E  L I t 4 E S  
:38 REF1 B 2 =  F I 1.4 t i  L 1: H 5 E L I 1.1 E S 
'38 REF1 F:F= . R E F R A C T I V E  It.IDEX!i; 
1 8 0  REPI F'= PEHK VHLIJE!2 PC SEQ, CHHt414EL 
1 1 8  6:EI.l I D $ =  C;HHPLE ALF'HH I D E H T  H, !S, I. . . . EI1:T. 
1 2 8  REPl I C O n E $ =  SHMF'LE I t.lTEI;ER IDE t4T  DEF'TH 
1 3 8  REM DH$= DHTE H!:; 8:3MH'f79 
1 4 8  F:EM I(!;HMP= NO. SHMPLE!; 
1 5 8  REP1 t.IC= t.411. CHHt4t4NELS 
1 6 0  REP1 
1 7 8  REP1 VHR 1 H B L E S  I)!:ED FOR OIJTPIJTT 1 NG T I~ I  T H P E  
1 8 8  REP1 
1 4 8 111 P T 1 111 1.1 B H !; E 1 
2 8 9  E X I T  G R H P H I C S  
2 1 8  FI ] . (ED 3 
2 2 9  ::;HI;IRT Rf(6),F('j,p1:"L , n . t , . ~ ,  P '""  , cn . .b j ,Pn: :38 ,E. :~ ,Bot -~( :30 ,25 ,6) ,Dp~: :38 ,25:~ ,  Int,e:>;<:::8,E.:1 

2 3 8  DIP1 H $ ( 6 >  [ 4 ] ,  I d $ ( 4 8 : : 1  [I], L $ [ & ]  , D a $ [ 7 ]  , H I - . $ C ~ ] , I : I ~ $ [ ~ . ] , ~ < ~ O  ,c=.( 1 2 , C i  ,L= . . t (6>  [ 4 ] ' ,  
D $ [ 4 1 ,  Xrjl.3:1;<6), I d ? . $ i 4 0 : : t , ) . < 1 $ [ 2 0 ] , i . ( = ( 6 ) , S ? . t - 1 $ [ 2 8 ]  
2 4 8  It.(TEI;ER ~ l ~ . a r j t p , l Z ( 6 ) , I ~ o d ~ . i ~ 4 Q ) , t . 4 c , I ~ . t . . ~ ~ . , t ~ l ~ . ( : ~ 8 )  
2 5 6  D I M  R f $ < G )  [ 7 ]  , F $ < 6 ~ a [ 7 ] , B l $ ( ~ : 1 [ 7 ] , B 2 $ ( ~ : 1 [ 7 1 , P $ ( 4 ~ , ~ > [ 7 ]  
2 6 8  D I M  C $ [ : 3 0 ] ,   mot-^$( 1 2 ) ,  Cat-,oj$1::5Q:1 [ : 38 ] ,  I - J$ [85 i ]  
2 7 8  D I M  C o 1 j e $ ( 6 )  C 3 1 ,  T i  t 1 ~ .$ [453 
2 8 8  DI1.1 F15$(38:~[18],S?..3<:38),La?, (';-:a>, L o n ( 3 0 ' ; 1 ,  I l i s n . : 3 8 ' ~ ,  ! ;de I38)  
2 9 8  DIP1 P l e = . s $ [ 5 # ] ,  L a ? . $ [ 1 2 ] ,  Lot - l$ [12] ,G!$[28] , '~( l .~ t ,$ [ :35] ,  X(30>,'y'(:::@),)::1 t::30),'.(1 ( :38)  
C ~ t - l ( 2 ~ >  

I l R T H  " 883" , "  1 0 " , "  1 1 " , "  1 2 "  " 1::::" " 2 7 " , 0 , 8 , 6  - 9 

RERD Mt3t-l$(+ 2 
REHD C o d e $ <  + ),t.415, N 1 4 ,  b{cr(~a;.; 
D 1-0 1.1 1 1 = - 9 '3 8 8 
G 11 !s U B 1 1-1 i t. 1 5 
I 1.4 F' IJ T " D 111 '( 111 I) W A 1.4 T T 111 F: IJ '( / 1.4 " , K $ 

I F  KBC 1 ,  1 ]=" \ . I "  THEt.4 1 2 9 0  
1 = 8  

Fl1lR If'i l e . = l  TI11 t.415 
L l $ : F 1 5 $ 1 I f  i l e j  
I F  L 1  $ [  1 ;  4 1  :: )"t.IE).::T'" THEt.4 4 6 0  

- B E E P  
F'RI t4T "I t4EED H t.IEI-J THPE,  PUSH IZOt4T" 
PHUSE 
I; 0 T 111 4 9 8 
I = I + 1 
G 111 !; U B F.: .ad 
GOSI jB  M a t m a k  
N E X T  I f i l e  . 
1.4 1 5 = I 
GOSUB Il i 5.t. ant e 

PF.:It.IT "!;ECTII;IM L E H G T H  I S 1 ' ,  111 ;.l:t41 5';l 
I t . IP l l T  " 'V'HRIRE:LE t.{HME'? [ 6 R ]  " , D$ 
IF l', 1 I = "  I THEFI 6 2 8  
I F  D $ C 1 , 1 I = " R "  THE14 6 3 8  
FOR L = l  TO E. 
E l  I..! = L 
I F  P i l S ( R $ i ; L ) , D $ ) < > ! d  THEN 6 3 0  ! I F T R Cl E - I.1 H T I: H F 111 l l  1.4 Il , 1: H H 1.4 = E4 I..) 

t.lE'.<T L 
F ' R I  t4T DB; " T H H T  I S  H BHD C:I.il:lIl1:E, TF!Y HGH 1t.I" 
I; 111 T 111 5 :3 Ei 

IF II$CI, II="I" THEN GOSiJB ~ n t , e  . 
I t4PUT " S E C T  I ON LENGTH '? " ,  X m a x  
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6 4 8  I F  Jj$C1,1 ] = " I u  THEt.4 6 7 8  
6 5 8  I l.IPlJT " PlHX 1  PlIJI.1 PLIIIT DEPTH?"  , ' ( i .ax  
6 6 8  GI:ITI:I 6FJ8 
6 7 8  I 14 P U T " P1 H  ;,:: I I.1 U I.1 1  1.4 T E I; R H T E D 11: 111 1.4 11: :' " , Y mi a:?:: 
6 - -  ~n I F  DBC1,  1  I = "  I" THEt.4 7 4 8  

6 - 3 8  L t i u t .  B=DB C 1 , 4 1 - - f k i 8  I F  D $ C l , l ] = " R "  THEN 7 2 8  
7 1 8  GOTI:I 7 4 8  
7 2 8  I I I P U T  "WHHT I!:; THE L A B E L  F O R  THE PLlI lT? C I:::] " ,  QB 
7 :3 8  L 1-1 1.4 f $ = I:! $ 
7 4 8  Dew= 1 
7 5 8  ).4con=O 
7 .- - t#U  E X I T  GRHPHICS 
-, 3 .t ( I  C I F  I I B C l , l I = " I "  THEN 8 8 6  
7 . .  ,. -5, 8 I 1.1 P Id T  " T 'I' P E OF P L 111 T 1  = 14 U B E !: , 2 = 1.4 [I 111: E R !:; + C 111 t.4 T  111 [IF; :3 , :3 = I: 13 t.4 T  111 IJ F: S 'I , I I j FI 1 t. 
7 9 8  I F  I d p  1 t = 1 THEI.4 8 8 8  ! !sK 1  P I~I~I~.ITI]UR:S 
8 8 8  L I 1.4 P u T " c o 1.4 T 111 ?I I? L E v E L $,J A L IJ E 111 R E T 111 E >,:: I T , 1:: B 
819 I F  C o n $  C 1 , 1 1 =  " E "  THEb4 8 8 0  
:3 '2 8 F 1 :.: E D 5 

8 :3 0  1.4 c 0 1-1 = 1.4 c ,I rl + 1  
8 4  13 C:on ( t . 1 ~  0,-1 ) ='n{HL (C:t:tt-~$ ) 
8 5 0  P R j i-i 7 1-1 : 1 i.4 I; :3 6 8 ; l1 C 0 1.1 T I:I IJ R ( l1 ; 1.4 r 0 ; " ? = " , c r -~  ( 1.4 ,I 0 1-1 ;B 

860 I MHGE SH, KIDD, ZH, DDD. DD 
2718 I, ILI T I:I a) 13 Q 
3 8 8  F I X E D  2 
8 9 8  I F  D ~ * J = O  THEN PLII ITTER 1:s 112, "GRHPHIC:3"  
#3 0 8  I F  D p u = l  THEN PLIIITTER 1:s " 9 8 7 2 A "  
'3 1 0 I F  D E . ~ J = ~  THE14 PL1:lTTEFt 15; "987213"  
9 '38  C l  p=1  
9 3 8  I;RHPH 11:s 
9 4 8  d i I,.) x = 5 
9 5 8  ck1=2  
9 6 0  t4d i  u y = 4  
9 7 8  N t  i c x = l  
q o r ,  - . c ~ U  I t  i - ; = 1 
9.9 0  tdd i  g x = 8  
1  0 r3 r3 N d  i g y = M  
1 8 1 0  '.( rjl i yi = 8  
1 8 2 8  Xm i r 1 = 0  
1 I F  D $ C 1 , 1 1 = " 1 "  THEN L U T O  1 8 ' 3 8  
1 8 4 6  X1 at,$="Ul!< I Ht.(l:E i . v . m >  " 
1 0 5 0  ' . ( la to$="DEPTH ( r i ~ : ~ "  
1 0 6 0  X 1 .s t ,2$=" :3Tf iT  1 ~:lI.(:s" 
1  ~ I ; P I ~  T i  I, 1  uS-"'PF:I~IBES LElJ I',"' 
1 8 8 0  G 111 T 111 1 1 :3 8  
1 8 9 8  X 1  a t , $ = "  D I!STAt.jCE ( K r i ~  > " 
11 1-30 Y l  a t , $ = "  1  NT I:I:I~.~C < VG-HT ...'M++a) " 
1 1  1 8  X ]  ~ ~ , ~ $ . = " S T H T I I ~ I N : ~ "  
1 1 2 0  T i ? .  1  e$ .= "PR l~ lBE !~  LEI; '1'4" 

1 1 3 8  Xot-. i g='j'op i g = Q  
1 1 4 6  Sym= 1 
1  1 5 Q C A L L P 1  t, . 3 ~  < >,< rjl 1 rl , '.( rjl 1 1-1 , >.( ril a:<: , ',( rjl .a:.: , ,:, p i ,g , '.( ,I, t-. i 13 1.1 ,j 1 u.,.! ::.: , b4 uj 1 t,) !:,! , 1.4 t. 1 8: I:.:: , 1.4 ~j i 12 ;.; , 1.4 d 1 13 - .. I..) , 1.4 t. . , i c y,  ,..I . ah$?  '.(I at#$, T i  t. 1  e $ ,  De*..), D=.yrl>, Lt- lut .  $, X1 .3t12$, D$, Zrji i n ,  Zri1.3x 3 
11Csb-i 11 B5I.e I, I ls"Fa!' THEbI 1 2 1 0  
1 1 7 8  I F  DBC1, 1 1 = " I H  THEN GlIlSUB I t - ~ t p l t  
1 1 8 8  I F  UQC1,  1  ]="I" THEN 1 2 7 0  
1198 GOSIAB D t p l  t 
1 2 8 8  G 111 T 111 1 2  2  8  
1 2 1 8  G O !s 1-1 B R at. 
1 2 2 6  GCiE:IJB H p l  t 
1 2 3 8  I F  D e w > @  THEN 1 2 7 8  
1 2 4 6  1 1.1 F' I) T " D 111 Y 111 1-1 1.1 H 1.1 T  H HA E D C 111 P 'I 111 F T HE P L 111 T 'z '.( ,.- " , K $  
1 2 5 8  I F  K g [ 1 , 1 ] = " t . 4 "  THEt.4 1 2 7 8  
1 2 6 8  ~ IJPIP  GRHPHICS 
1 2 7 8  1 1.4 P IJ T " D 111 ',(lllj 1.1 A  1.4 T H 14 111 T HE F: 'a{ H R 1 H E: L E 111 1.4 T  H 1  !:; !!; E C T I 111 1.4 ? '.I' ..i t.4 " , K 
1'"r, - --a - I F  K $ C l , l ] = " Y "  THEN 5 3 8  
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1 2 9 8 E 1.1 D 
1 3 8 8  R e a d :  ! F:ERD 
1 3 1 8  H S S I G N  # 2  T o  L 1 $  
1 3 2 8  BUFFER # 2  
1 3 3 8  READ # 2 ;  L$, Da$ ,  HI-.$, 111p$, R $ ~ + ; I  
1 3 4 0  }.:r y p = T Y P ( 2 )  
1 3 5 8  I F  I:t<t.)!l:1=2:1 o:t<t!:.!p)7) THEt.1 RERD #2;t.les~$,L.at,$,Ll:,t-l$,II~pt,h 
1  11: 6 8  F;: E  H D # 2  ; 1.1 5. ,aria p , 1.1 c 
1 3 7 8  REHD # 2 ; C ( w ) , F ( + ) , F : f  ( r ) ,  ( + ) , B 2 ( + >  
1:>80 t.l=.CI>=t.l=,arilp 
I :-, 2jl- ,- 3 .,- - p U.=,I :Lat$,  - ,-. " " )  

1 4 8 8  D l a t = V H L ( L a t , $ [ 1 ; K - l ] >  
1 4 1 8  T $ = T R I M $ ( L . ~ t $ [ k < + l ,  121) 
1 4 2 8  E l  . a t ,=VHL(T$ )  
1  4  :? 8  }< k = P 111 5; L  fi 1-1 $ , '1 " :I 
1 4 4 8  DI n : l t - l = r i ~ ~ i : ~ o t - l ~ ~  1  ; IC:I:-I I j 
1 4 5 8  T t $ = T R I M $ ( L c ~ n $ [ K + l ,  1 m  
1 4 6 0  E l  G ~ = ~ . > H L ( T ? . $ )  
1 4 7 8  Lat,  ( I : > = E l  a $ . . / 6 8 + D l  at 
1 4 8 0  L o t i (  I > =E 1  on..*'6B+D 1 o n  
1  4  9 0 !? d e ( 1 :I = D e  1, t, 1-1 
1 5 8 0  FOR J = 1  70 N s a m p  
1 5 1 8  REHD # 2 ; . j ,  I d $ i . J ) ,  I c o , j e ( J : > , P I : . J ,  1 :1 ,pr : .J~2:1 ,p I :  J,:3:8, p<:.1,4::1, FI:.T,5;8,Pl:.J, &:I 
1 5 2 0  1.1 E :< T  J 

1 5 3 8  FR I t4T " F I N I S H E D  REHD I NG F I L E  " ; L$ 
1 5 4 0  RETURN 
1 5 5 8  M a t m a k  : J = B  ! PIHKES M H T R I x  Ht4D PF:It. lTS I T  
1  5 6 0 F 11 F: J j = 1 T O 1.4 s .ari~ p 
1 5 7 0  I F  I d$ (.J j :> = "  H "  .THEt.l 1 5 9 8  
1 5 8 8  GI~TI:I 1 6 6 0  
1 5 9 0  I F  J j = l  THEN 1 6 1 8  
1 6 8 8  I F  I c o d e I : . J j  I r o d p < , J , j - 1  ) ,THE14 1 6 6 8  ! R,EI.lIII!,'E nIJP!? 
1 6 1 0  J = J + l  
1 6 2 8  D p ( I , . J ; , = I c o d e ( . J j )  
1 6 3 8  FOR K = l  TI:I blcm.ax 
1 6 4 8  B o t i ( 1 ,  J , ~ < ) = F ( K > ~ ( P ( . J , ~ , K ) - ( B ~ ( K ) + ( B ~ ( ~ < : I - B ~ ( K )  )S.J,j.(f.l=..sril1:1+1 ) + R f  ( K )  );I 
1 6 5 8  NEXT K 
1 6 6 8  t.lE):T J j 
1 6 7 8  REM ORDER THE H L L  ! iHLUES BY DEPTH 
1 6 8 8  t.ls( 1  )=J 
1 6 9 8  FOR J = 1  TO t 4 s l I ) - 1  . . 
1 7 8 8  K = J  
1 7 1 8  D r n i n = D p ( 1 , J >  
1 7 2 0  FOR .Tj=J+1 TO Ns( 1 ) 
1 7 3 8  I F  npC I, J j  >=Drni t - ~  THEN 1 7 6 8  
1 7 4 0  Dm i n = D p  l I, J. j  1 
1 7 5 8  P;-.Jj 
1 7 6 8  t4EXT .J j 
1 7 7 0  FEN t.rn~~r EXCHH~.IGE .I CIITH K HLL l : ! ~ ~ ~ ~ ~ ~ ~ ~  
1 7 8 8  D = D p (  I, .I j 

1 7 9 8  D ~ ( I , . J > = I I ~ ( I , K >  
188.8 D p ( I , K ) = D  
1 8 1 8  FOR K k = l  TO N c r i ~ a x  
1 8 2 8  D = B o t i (  I, J, K k  > 
1 8 :3 c7 B 1-1 ( 1  , .J , 1:: 1.: :I ; E: 1-1 i: 1 , , k: 1.: :I 

1 8 4 8  E o t i l I , K , K k > = D  
1 8 5 8  t.lEXT K k  
1 8 6 8  t4EXT J  
1 8 7 9  RETURN 
1 8 8 8  I n i t l 5 : t 4 c m a x = 6  
1 8 9 8  t415=8 
1 9 8 M  P H I t 4 T  "RUNNING L I S T  OF F I L E  I N F O "  
1 '318  L I N P I J T  "ENTER F I L E  NAMES, STA l1O.? T Y P E  E X l T  T O  Q U I T " ,  C $  
1 3 2 8  L 1 $ = "  t4EI<:TU 

, 1 9 3 6  I F  C$C 1 ; 4]="NE>s(T"  ' THEtnl 213913 
1 9 4 8  I F  C t C 1 ; 4 1 = " E X I T H  THEt4 2158 
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1 4 5 0  1 1  =PI:I!;CC$, " ,  " j 
1 ' 3 6 0  I F  I 1 = 0  THEM 2 0 6 8  
1 9 7 0  L l O = C $ C l ; I l - 1 1  
1 ' 3 8 0  !s t ,$=TRIM$(C$[  1 1  +I, 801) 
1 9 - 3 0  1 1  =LEEI(!;t.$> 
2 0 0 8  I F  I 1 = 9  T H E N  :?Q6@ 
2 0  1 0  =$'AL ( S t  $ j 
2 9 2 0  01.4 ERRIIIR GIIITIII 2 0 6 0  
2 9 3 0  HSSIGN # 2  T O  1-1s 
2 0 4 8  O F F  ERROR 
2 0 5 0  GI:ITI:I 28913 
2 9 6 8  BEEF' 
2 0 7 0  PRIt .4T S P H ( ? B >  ; " 1  t.4PI)T ERROR I N  " ; C$C 1  ; 4 0 1  ; " TRY AGHIl.4" 
2 0 8 0  GIIITIII 1 - 3 1 8  
2 8 9 0  14 1 5 = N  1 5 +  1  
2 1 0 0  F l S $ ~ : N 1 5 ) = L l $  
2 1  1 8  St,.3(t.415>=St, 
2 1 2 8  P R I E l T  IJ!$,It.{G 2 1 3 0 ;  t.4151 F 1 5 $ ( } . 4 1 5 )  ? !~ t . . i ( t . 415 :1  
2 1.30 1 MALE UDD, 2 X ,  &A,  2 X ,  5D 
21413 GDTQ 1'318 
2 1 5 8  G13!:llB l i  r t 15 
2 1 6  0 1  14 P U T " D 111 Y 111 Cl 1.1 A  1.4 T  H H H R D C: III P  ? 'i ..*' 14 " , K $ 

2 1 7 0  I F  K $ C l , l l = " Y "  T H E N  P H I t 4 T E R  I S  0 
'3 1 8 0 1- - C. 
b ,U .-a U E L i s t. 1 5 
2 1 9 0  PF;It.jTER I!: 1 6  
2 2 0 0  ! INPI- IT "HHRD ClIlP"" I I YJ 'N" ,  K $  
2 2 1 0  ! I F  f ' Q - " Y "  

\ .- THE14 P R I t 4 T E R  I S  r3 
2 2 2 8  ! GUS!-IB L i s t .  15  
2230 ! P R I N T E R  I S  1 6  
2 2 4 0  RETURN 
2 2 5 0  L i= . t , lS :PR I I . (T  " H E R E  I ! ?  H L I S T  OF FILE!:; '.IOU HH'v'E H!E;t.::ED F O R "  
?, .-, r - 
L L ~ L ~  P R I N T  " NO. 1.4 H El E 5; T  A T  I 11 1.4 " 

2 2 7 0  FUR 1 = 1  T O  1.115 
c 7  rd:=:Q - PF:It.dT I)!:;INl; 2 3 1 0 ;  I , F 1 5 $ ( I  j , ! j t . . a ( I )  

2  2  9 0 1.1 E  ;.I T  1 
.-, .- r.::00 PRIt.4T L I N C : 3 l  
2.3 18 IInIRGE 411, 3 X ,  Sf$, :!;:I.:, 411 
2 3 2 0  RETlJRt.1 
2 : 3 3 0  D i  s t . . ~ r , ~ ~ . :  D i  s( 1 ) = a  
23~113 UEG 
2 3 5 0  FOR 1:3=1 TO H I 5  
2 :360  ~ ~ ~ ( I : ~ + ~ ) = ~ ~ ~ ! ~ ; ( : ~ I } . ~ ( L ~ ~ . ( I : ~ ~ I ) + ! ~ I ~ ~ ( ( L . ~ ~ , ( I : ~ + ~ ) ) + ~ : ~ ~ I ! ~ ( L . ~ ~ . ( I : ~ : : : ~ : ~ + C : ~ ~ ~ ! ~ ( L ~ ~ , ~ ~ I : ~ + ~ ~ ~ : : ~ + I I : O ! ~ ~ ~ : ~  
o n (  I : 3 + 1   l  lor^( 1 3 )  > > S 1 1 1 .  1 2  
2 : 3 7 0  I F  1:3=1 THEt.4 2 3 9 0  

2 3 8 0  D i  = . C I : ~ ; , = D ~ ~ ( I : ~ : O + D ~  =.( 113-1 j 
2 3 9 0  l.IE)(T I 3  
2 4 0 0  RETURN 
2 4 1 0  D t , p l t : K = N u  ! DHTH P L O T  SIJBPRl:lGRHM 
2 4 2 0  D=.yrit=. 5  
24 :30  LIIlRG 4  
2 4 4 0  FUR I 4 = 1  TO I415  
2 4 5 0  C S I Z E  3.3,. 5 
24k-W Lleu=Lj  l HEN 2488 
2478 c s  IZE 1.9, - 4 5  
24 :39  F I > I E D  0 
2 4 ' 3 8  P L O T  D i 5. ( I 4  j , Ym.ax, - 2  
2 5 0 0  SETI;IJ 
2 5 1  8  I - IHERE Xc  , <,'c, P s $  
2 5 2 0  P L O T  X c  , Y C  +'3+Dsyr i l ,  - 2  
2 5 3 0  SETIJIJ 
2 5 4 0  L n I R  9 0  I 

2 5 5 0  LORI; 5  
2 5 6 8  L R B E L  l)!$ING " K "  ; V H L $ C S t . a (  1 4 )  ) 
c C 7  - 
1 0  L D I R  0  
2 5 8 8  F I X E n  1  
2 5 9 0  CS I Z E  2 . 3 ,  . 4 5  . 



2688  I F  D e u = l  THEN C!sIZE 1.2,  . 4 5  - - 1 I F  I d p \ t ) 2  THEt.1 2690  !!S}<lPS NI-IM 
2628  J 2 = 1  TO Ns( 14 )  
2638 IF ' B ~ ~ - ~ < :  14 , .- 15 , t W = -  ,. ..I .:, I11 THE 1.4 2 6 :3 0 
2648 I F  D p (  14, J2 )  >Yril.ax THE14 2688 
2650 '4s =VAL$ n( 14, J2, E)) 

2668 PLilT I l i  =.(; I 4 ) ,  )'ri~.ax-Dvt( 14, .12:>, -2 
2670  LHBEL lLlSIt.lG " K "  ; V $  
2588  NEXT 5 2  
26-30 t.lx=Nx 1 =0 
2708  I F  I d p l  t = l  THEH 2870  ! 5; K 1 P S 1: 111 1.4 T 0 lj F.: !S . 
2718  FOR J2=1 TI] Ns(  141 
2720  I F  D p i  14,  J2 )  >'.i'rlt.ax THEN 2770  
2730 I F  E:on( 14,  .J2, t < j ( = Q  THEN 2770 
2748 blx=t.lx+l 
2758 'f(N:s:>=E:ot-l( 14, J2, K )  
2768  9<(t.4x>=~ril.3:~:-Dp( 14, .J2> 
2778  NEXT 5 2  
2780  I F  I I4=t415 THEN 2878 
2798 FUF: .J2= 1 TI:I Id=.< I 4 +  1 ) 
2:301-:1 1 F E:D~-~ ( 1 4+ 1 , 52,  1:: :I (:: =a  THEt.4 2:358 
2818 I F  Dp(;  14+1, J2 )  >Yril.ax THEt.4 2858  
2828 Nx 1 =t.lx 1 + 1 
2838  '(1 i t .4xl )=Ron( I 4 + 1 ,  J2,K> 
2840 X1 (Nx 1 > = Y m a x - D p  < 14+ 1- 
2858 NEXT 5 2  
2E:E.n CALL C : o ) 1 . ( r ( l t - ~ ( D i = , ( I 4 ) , ~ i s ( 1 4 + 1 ) , i ~ < ( + ) , ) < 1 ( + ) , ' ~ ( + ) , ' ~ ( 1 i ~ + ) , t . l ~ ; , ~ ~ ~ x l , C : o n ( + ~ ~ , l . 4 1 : o r 1 , 2 )  
2870 NEXT I 4  
28:30 RETURt4 
7 - ~ : 3 & 3 8  BP 1 t. : I 5= 1 
.- - - 2 ' 3 ~ 8  PLI:IT D i  s( I S ) ,  Sde( I5:0, -2  
2918  FOE I 5 = 1  TO t.415 
2928  pLl:lT Di si: I 5 ) ,  'i'ri~.a:r-E;de( 153, -1  - ra9:38 - /.(ExT 15 

2948  PEt.4IJP - - = -  2 'J .,1j P E 1.4 8 
2968 RETURN 
2970 Rat. : t<=t.4.lr.! 
2 9 :3 8 5. !:.> ril = . 5 
7 - - 2 -3 -9 8 L 111 R I; 4 
3608  FOR 14=1  T O  1415 
3818  CSIZE 3.3 ,  . 5  
3828  I F  Deu=8 THEN :2048 
:38:::0 CS  1 ZE 1. 9 ,  ; 45 
3048  FIXED 8 
3850  PLIIIT D i  s( I 4 ) ,  Ymax, -2  
3860  SETI2I-I - - - -  bM,M WHERE X c , Y c , P s l  
3089 Xc , >'c+m3+D=.ym, - 2  
38'38 SETL1I-I 
3188 LDIR 9 8  
3118  LORI; '3 
3128 LHXEL USItdG " K " ' " -  , vHL$(S t .a (14>>  
:21:38 LDIR 8 
3140 FIXED 1 
:3158 C!:IZE 2.3 ,  . 4 5  
13168 I F  D E . v = ~  THEt.4 :1:1E:8 
3178 CSIZE 1 . 2 ,  -45 
3188 FOE 52=1  TO N s l I 4 >  
3 198 1 F E u ~  ( 14, J2,t;:) C =a THEN 3268 
3208 1 F I l p (  14,  J2 )  > ' ( n l :  THEt.4 :3268 
3218  To t . r~=Bon<  14, J 2 ,  3) 
3228  t+i,op=Toi,n,.sBor~( 14,  .J2, 2 >  
3238  v ~ = v H L $ ( ;  bit op :) - - ,5248 PLOT D i ( I 4  ) , '.i'ri~ax-Dp ( 14, .J2 ::I , -2  
3250 LkBEL IjSrbl~; Ill::'' ; I-!$ 



3 2 6 0  N E X T  5 2  
3 2 7 0  NEXT I 4  
3 3 .d,z88 RETURt.4 
.:, .:, 3 3  r, ,,.. - 1 n t . e :  Usyr i l=.  5 
3 3 0 8  INPI-IT "IJHHT I S  THE Ib lTEGRHTIUt4 PlIt.4?", Z m i  r~ 
3 3 1 8  I t4PUT "WHHT I S  THE I t.ITEIiRHTIOt~4 PIAX?", Zmax 
3 :> 2 0 L 13 F: 1; 4  
3 3 3 0  FOR I 5 = 1  TI:! 1415 ! STH 
3 3 4 0  FOR K;=1 TO t 4 c m . a ~  ! CHHt.4 
:3 :3 5  8 1.4 t i  = 8 
3 3 6 0  FUR 5 2 = 1  TO Hz.( 1 5 )  ! DEPTH 
3 3 7 8  I F  B o r l l  I S ,  J 2 ,  K) .<=O THEN 3 4 1 0  
3 3 8 0  N t > = N n + l  
3 :390 j ' I t 4 n j = B u n (  1 5 ,  J2 ,  K j  
3 4 8 0  X (N t - l>=Dp(  1 5 ,  J 2 )  
3 4 1 8  NEXT J 2  
3 4 2 8  t. lc=o 

3 4 3 8  FOR 1 = 1  TO N n  
3 4 4 0  I F  X ( I ) . < 8  THEN 3 4 ' 3 8  
3 4 5 8  I F  Y i  I > < - a  THEb4 3 4 9 0  
3450 Hc = l l c  + 1 
3 4 7 0  X ( t . 4~  ::l=XC I 
:3488  Y < N c > = ' f ( I )  
3 4 - 3 0  t.4EX'T I 
3 5 0 0  Hn=t.Ic 
3 5 1 8  REM GU TO THE SHRLLOWER OF I Z M A X ,  S O N I C  UEPTH) 
3 5 2 0  Z z = S d e I I S j  
3 5 3 8  Zp=M 114 I Zmax ,  2 2 )  
3548 I n t = O  
3 5 5 8  I F  Nt-1>8 THEN C A L L  Z i  n t .  < X I + 5 ,  '.i'(+>, E l t i ,  Z m i  t-I, Z p ,  I n t  1 
3 5 6 8  I n t e x I  I 5 , K ) = I n t  
3 5 7 8 N E ).:I 'I' Y; 

3 5 8 8  NEXT I 5  
3 5 9 8  I N P U T  " D o  ?'Ill-I MHt4T H HHEDCOPV OF THE INTEGRHTEU VHLIJES? Y/t . lM,EO 
3 6 0 6  I F  K B C l , l I = " k l "  THEN 3 7 1 8  
3618 P K I t 4 T E K  I S  8 
3 6 2 G  PRI t4T  " 1  NTEC;RHTED C : U t ~ 4 l :  1  I (NI;-HT,~'Pl++2 > " 
36 :30  P R I  t4T I JS I  t.lG 3 6 4 8 ;  "I t4TEGRHTED FROM",  Z m i  I-I, " T O "  , Zrnax, " m u  
3 6 4 0  I H H G E  2 1 X ,  1 5 H ,  5U,  l X ,  2H ,  5U,  1X,1H 
3 6 5 8  PRI t , lT  " S T H  NU. P O 4  : ; I04 1.4 + t.4 1.1 [I 2  1.4 H 4  

CHL " 
38-39 FOR 17-1 T3 W l J  
3 6 7 0  P R I N T  U!;INI; : 3 6 E : Q ; ! 5 t a I I 5 > ,  It-gt.e>:(15, l j ,  II-I~,~><II~,~~I, II-I~.E'::.::~I~,:~), I t t~t te: : . :C15,4l l ,  11-1 
t e x i .  l b , b ) ,  l n t e x ( l 5 , E )  
3 6 8 8  IMRGE 2 X , 5 D , C I 3 X , 5 D . Z D >  
3698 NEXT I 9  
3 7 8 8  P R I N T E R  I S  1 6  
3 7  1 0  RETlJRt.4 
3 7 2 0  I nt  p 1 t, : PK I NT "VHR I HBLE # I H B L E  k4HME" 
3 7 3 0  FOR 1 = 1  TO 6 
3 7 4 8  P R I N T  I , H S C I >  
3 7 5 0  t.lEXT I 
? 7  - -  A, bW II.4PIJT "$ )HRIHBLE MH!SK'? [ 6 # " ! 5 ]  " , CC+)  
.3 7 7 6 K = 14 I..) 

3 7 8 8  D s y m = . 5  
3 7 9 0  LURG 4 
3 8 0 8  FOR I 4 = 1  TO I415 
3 8 1 0  C !S IZE  3.3,. 5 
3 8 2 0  I F  aefiv,=0 THEN 3 8 4 0  
38 :>8  C!; 1  ZE 1.  9 ,  . 4 5  
3Ei.18 FI:.IED 8 
3 8 5 8  PLOT D i s I 1 4 ) , 7 m a x , - 2  
3 8 6 8  SETGU 
3 8 7 8  WHERE Xc ,  Y c  , P s O  
3 8 8 0  PLOT X c ,  Yc+'3+n=.ym, - 2  
3 8 9 0  SETIJIJ 



3908 LUIR 90  
3910 L@RG 5 . r - - 
z920 LHBEL ~ I S I  t . 4 ~  " K "  ; vAL$(!:ta( I d )>  
3930 t.IEXT 14 
3940 LDIH 0 
3958 GRHPH I CS 
3360 FOR K = l  TO t4irnax 
3970 I F  C IK>=0  THEN 4060 
3980 FOR 1=1 TO I415 
3990 y C 1  ) = 1  t-lt, ex  ( I ,  j 

4000 X ( I > = D i s ( I >  
4010 NEXT I . 
4820 CHLL P l  t 1 i n ( X ( + > , Y ( + > , N 1 5 ,  1 , l  , C l t - )  !PLOT THE LINE 
4830 CALL P l  t sy r i~CX(+  j , '((+), N15, K, Dsym, C l  r , HZ(+! j !PLOT THE S'I'MBOLS Ht4D TITLE 
4040 C l  r = C l  r+ l .  
4050 I F  C l r > 4  THEN C l r = l  
4060 NEXT K 
4070 RETlJRt4 
4088 SUB P l t . s x~ :X r i ~ i t - ~ , ' < r i ~ i t i , : x : r ( ~a r : ,Ym.~ : c ,Xo t -~ i g ,Yo t -~ i g ,Nd i vx ,b l d i v y ,N t  ic>:,t.ldig,::,bldigy,t4ti 
c y , X l a b $ , Y l a b $ , T i t l e L , ~ e v , I 1 ~ y r n , L t - 1 1 . ~ t $ , I ~ l . s b 2 $ , D $ , Z r ~ 1 i t - 1 , Z r i 1 a x ~  
4030 H=5 
4100 Dsyrn=l 
41  10 Th.=:3 
4120 I F  Dev=@ THEN 4160 
4130 Tx=85 
4140 Ty=195 
4158 G O T O  4180 
4160 Tx=60 
4170 Ty=145 
4180 X1=25 
4190 X2=153 
4200 Y 1=20 
4210 72=105 
4220 I F  Deu=2 THEN 4270 
'4230 I F  Deu=0 THEN 4290 
4240 >.<2=210 
4250 '(2=155 
4260 GOTO 4290 
4270 X2=300 
4280 Y2=155 
4290 Tnx=30 
4300 Tny=7 
4310 DEG 
4320 FIXED 5 
4330 Xm=184 
4340 Yrn=149 
4350 I F  D e v = l  THEN 'Yri1=235 !S IZE I t 4  MM OF 9872H 
4360 I F  Dev=2 THEN Ym=285 !!SIZE I N  MM I:IF 9872H 
4370 I F  Deu= l  THEN Xm=408 !S IZE  I N  MM OF 9872H 
4380 I F  Dev=2 THEN Xm=400 !S IZE  I N  MM OF 987217 
4390 L I M I T  0,Xrn,B,Ym 
4400 Otie=MINCXrn,Yrn>/'100 
44 10 X 1  =X 1 /One 
4420 X2=Xwm=X 1 +X2/Otie 
4430 Y l = Y  l/.On'e 
4448 Y2=Y 1 +YZ/Utie 
4450 Xo=Xl+CX2-XI >*(Xot-. i  g-XIII~ t i>/ '(Xniax-Xri~i n j  
446% Yo=Y1+(72-Y1 ) r ( Y o r i  g-Yr11i t-t>iI:'r'ri~ax-'I'mi n3 
4470 Tx=Tx<Ot i~  
4480 Ty=Ty/One 
4490 Tnx=Tt-~x/One 
4500 Tny=Tny/One 
4510 Th=Th/One 
4520 Thm=Th/2 
4530 H=H/Otie 
4540 W=3*H/5 



4559 nsyri~=Dsy~il..,.'l:lt-~e 
4560 CSIZE H, 3 ....' 5  
4578 LljCHTE %1 , X2, Y 1, 72  
4588 FRHllE 
4598 FOR 1=1 TO 3 
4608 PLOT X 1, Yo, -2  
461 0 PLOT X2, '?'I:I, - 1  
4628 PLOT Xu,Y1,-2 
4638 PLOT %a, ',(3 - 1  - 9 

4648 t4EXT I 
4650 LI:IRI; 4  
4668 FIXED N d i g x  
4678 U=IX2-X l  )/t. ldi u s  
4680 Dx=IXmax-Xmi t i ) /Nd i  u.x 
4690 FOR .J=0 TO Nd i  v x  
4780 X=X1 +J+D 
4718 ~ $ = V f l L $ < > ~ < r i l i  n+J+D:.:) 
4720 I F  X=Xo THEN 4750 
4730 PLBT X,Yo,-2 
4748 PLOT %,'i'o+Th, - 1  
4750 PLOT X ,  Yo- 1.2+H, -2  
4760 LHBEL US1 l,IC " I < "  ; VB 
4778 IF N?. i c x = f i  THE14 4820 
4780 FIIIR I = l  TO Nt. i c x  
4790  PLOT X+n+ I,...IN~ i c x + l )  , Yo, -2 
4888 PLOT X+D+I/ ' (Nt i c x + l )  , Y~:t+Thm,-1 
4810 NEXT I 
4826 NEXT .J 
4830 PLOT (X l+X2>/2 ,Yu-2 .4+H, -2  
4840 LHBEL US I NI; " K "  ; :>< 1 .ah$ 
4850 LORI; 7  
4869 FIXED Ndi  g y  
4870 D=('.{2->'1),/Ndia..!y 
4880 I F  D $ C 1 , l l = " I h  THEt.4 4416  
4899 Dy= lYmi r l -Yn~ax ) / ' t . l d i uy  
~ P I Q Q  GOTO 4928 
4918 ~y=(" i 'max-Yr i~ i t -~>.~ 'bl t j ic ! : , '  
4928 FljR J=6 TO t4diuy 
4930 I F  D $ C l , l I = " I "  THEbl 4960 
4940 V$=VHL$IYmax+.J+Dy > 
4950 GnTn ~ 1 7 ~ 7  
4968 V I = V R L $ ! Y r n  i ~- I+J*U! . ,~~ 
4970 Xwm=MIN(Xo-( l+LEt~ l I1- ) f  ) : > + W ,  >.<I.~I~I:> 
4980 '(=Y 1  +J+D 
4,996 IF ' 1 ' - ' I 'U  THCII ~ & P $ I  
5800  PLOT Xo,Y, -2 
5010 PLOT Xo+Th,Y,-1 
5028  PLUT ; < o - ~ + w ,  y - .  :I+H, - 2  
5830 LHBEL IJSIklG " K "  ; '4s 
5848  I F  t 4 t  i cy=M THEN 5090 , 

5 0 5 0 F 111 R I = 1 T O 1.4 ?. i r I:.J 
5868 PLOT Xo, Y+D*I. . / (kt  i cy+ l , ,  -2 
5878  PLOT Xt>+Thm, '(+D+I,..INt i c y+1),-1 
5088  t4EXT I 
SU'JU tIL)II  J 
5100  LISIR 90 
5118  LORG 4 
51  20 PLOT )::unl-l.l, ( Y 1  . I . ' T ' ~ : I , . - ~ ~ ,  - 2  
51.30 LnaEL ~ ~ 1 1 4 ~  " K " ;  Y I  a t#$  
5148 LDIR 8 
5156 PLlIlT X l+X2/2 ,  Yo+'i'2, - 2  
5168  LHEEL USING "r;" ; X l  ab2B 
5178  LHBEL USING "K";St.nB 
5180  PLOT Tn:.:, TI-151, - 2  
5198 I F  I I$C1,11="1"  THEN 5226 
5288 LWfiEL IJS I NG " I < "  ; Lnu?. $ 



5 2 1 8  GOTO 5 2 4 8  
5 2 2 8  L A E E L  U S I N G  5 2 3 8 ;  " I t . lT .  L I P l I T S = " ,  Zr i i i  t l ,  " T O " ,  Zmax 
52138 I I I H G E  2X,  1 2 A ,  I><:, DD, 1lC:, 2H,  DDUD 
5 2 4 8  PLOT T x ,  Ty,, - 2  
5 2 5 8  LClRG 4  
5 2 6 8  L H E E L  U S I N G  " K "  ; T i  t. 1 c $  
5 2 7 8  PLOT 8 , 8 , - 2  
5 2 8 0  SCHLE Xmi  t i ,  Xmax ,  Yr i~ i ti, Yrnax 
5 2 9 8  PENUP 
5 3 8 8  F I X E D  5  
5 3 1 8  S U B E X I T  
5 3 2 8  SlJBEt.lD 
5 3 3 8  RETURN 
5 3 4 8  SUE P l t . 1  it- l(X(+>,)'C+),t.4, It.~,.~l:~e,Ll:~,lI:lr-.:~ 
5 3 5 8  L I N E  TYPE I t y p e  
5 3 6 8  GRHPHICS 
5 3 7 8  PEt4 C l  r 
5 3 8 0  PLOT X ( 1 ) , ) ' ( 1 ) , - 2  
5 3 - 3 0  FUR I = l  TO N 
5 4 8 0  P L l j T  X ( I ) , Y ( I > , - 1  
5 4 1 8  NEXT I 
5 4 2 8  PENUP 
5 4 3 8  S U E E X I T  
5 4 4 8  SUEEND 
5 4 5 8  SIJE P l t s y r i 1 ( X ( + > , Y i ~ ~ > , N , S y r i 1 , D ~ . ~ ~ r i 1 , I 3 1 t ~ , H $ ~ ' ~ ~ "  '..*,'> 
5 4 6 0  FOR 1 = 1  TO I4 
5 4 7 8  D = D s y r i ~  
5 4 8 0  PEN C1 v 
5 4 9 8  PLOT X I I Z , Y ( I > , - 2  
5 5 0 8  SETGCl 
5 5 1 8  WHERE X c , Y c , P s $  
5 5 2 0  I F  S y r i ~ = l  THEN 5 6 4 8  
5 5 3 8  I F  S y m = 2  THEN 5 7 5 0  
5 5 4 6  I F  Sym=:I: THE14 5 :380  
5 5 5 8  I F  Sym=4  THEN 5 8 5 8  
5 5 6 8  I F  Syr(1=5 THEN 5 ' 3 8 8  
5 5 7 0  I F  Sym=6  THE14 5 9 9 8  
5 5 8 8  P L O T  X c - D ,  Ye-D,  - 2  
5 5 9 8  PLOT Xc +D, '(c -D, - 1  
5 6 8 8  P L U T  Xc+D,  'Yc+D, - 1  
5 6 1 0  PLOT X c - D , Y c + D , - 1  
5 6 2 8  PLOT Xc -D ,  Ye-D, - 1  
5 6 3 8  GlJTlj 6 1 4 0  
5 6 4 8  PLOT X c , Y c + D , - 2  
5 6 5 8  PLOT X C - D / 2 ,  Yc+ I I ,  -1 
5 6 6 0  PLOT X#:'-D, ')'.c+D,'2, -1  
5 6 7 8  PLOT X c  -D, Yc -D/'7 - 9  - 1  
5 6 8 8  Xc -D/Z, Y c  -D, - 1 
51590 PLOT Xc+D./2,  Yc -D ,  - 1  
5 7 0 8  PLOT Xc +D, Y c  -DdS2,  - 1  
5 7 1 0  PLOT Xc+D,  >'c+D,.'2, - 1  
5 7 2 8  PLOT X c + D / 2 ,  Yc+D,  -1  
5 7 3 8  PLIIIT Xc , Y c  +D, - 1  
5 7 4 0  GOTO 6 1 4 8  
5 7 5 0  PLOT X c , Y c + D , - 2  
5 7 6 8  PLOT Xc -D, Yc -D, - 1  
5 7 7 6  PLOT X c + D , Y c - D , - 1  
5 7 8 0  PLOT X c , Y c + D , - 1  
5 7 9 0  GOT0 6 1 4 8  
5 8 8 0  PLOT Xc-D,  Yc , - 2  
5 8 1 8  PLOT )::c+D, ' i 'c, - 1  
5 8 2 8  PLOT Xc , Ye-D, - 2  
5 8 3 8  PLOT Xc , Pc  +D, - 1  
5 8 4 8  GIJTCI 6 1 4 0  - 
5 8 5 0  PLl:lT Xc-D,  Yc+D,  -2 
5 8 6 8  PLOT X c + b ,  Y e - b ,  - 1  



5570 P L O T  X c + D , Y c + D , - 2  
5888 P L O T  X,: -D, Yt: -D, - 1 
5 8 9 0  GOTO 6 1 4 8  
5908 FOR L = l  TO 5  
5 9 1 8  PLOT Xc-11, Ye -D ,  - 2  
5 9 2 0  P L O T  Xc+D ,  Y e - D , - 1  
5 9 : 3 0  P L O T  Xc  +D, Y c  +D, - I  
5 9 4 8  P L O T  X c - D ,  Y c + D ,  -1  
5 9 5 0  P L O T  X c - D , Y c - D , - 1  
5 9 6 0  D=D-. 8 9  
5 9 7 0  N E X T  L  
5 9 8 8  GOTO 6 1 4 0  
5 9 9 0  FOR L = l  TO '9 
6 0 8 0  P L O T  Xc , 'r'c +D, -.2 
6 8 1 8  P L O T  X c - U / 2 ,  Yc+ I l ,  -1  
6 0 2 0  P L O T  Xc  -D,  ' fc  +D,2, - 1 
6 0 : 3 8  P L O T  Xc -D ,  Yc  - D / 2 ,  - 1 
6 0 4 0  P L O T  X c - D / 2 ,  Y e - D ,  - 1  
6 0 5 8  P L O T  Xc+D.."2, Ye -D ,  - 1  
6 8 6 0  P L O T  Xc +D,  Yc  - D / 2 ,  - 1 
6 0 7 0  P L O T  Xc+D,  Y c + D / Z ,  - 1  
6 8 8 0  P L O T  Xc+D.,'2, Yc+D ,  - 1  
6 0 9 0  P L O T  g c , Y c + a , - 1  
6  100 D=D-.  05 
6 1 1 8  N E X T  L 
6 1 2 8  GOTO 6 1 4 8  
6 1 3 0  N E X T  L  
6146 SETU lJ  
6 1 5 8  N E X T  I 
6 1 6 8  L O R G  2 
6 1 7 0  P L O T  X I N > , 7 ( N > , - 2  
6 1 8 0  SETGlJ  
6 1 9 0  WHERE ):c, Y c ,  PsZ 
6 2 8 0  P L O T  X c + S + D s y m ,  Y t  , -2 
6 2 1 - 0  L R B E L  U S 1  t4G " K "  ; T H I P I O I H O ( S ~ ~ ~ I >  3 
5 2 2 8  S E T U U  
6 2 3 0  PEt4UP 
6 2 4 0  SIJBEX I T 
6 2 5 0  SUBEND 
6 2 6 0  SUB Z i n t . ( Z ( + > , H I + >  ,N,Zmi t - I ,  Zrna:i, I n t >  
6278 REM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 2 8 8  REM : SUB Z I N T  
G29U R C M  D $ 'ERGIO t I  9 DEC 73 
6300 REM : PURPOSE= I NTEGRAT I ON OF VERT  I C H L  PROF I L E S  
6.3 10 REIaI ; r - ~ F P ~ H  '4ECTi lR 
6 3 2 0  REH : A = A T T R I B U T E  VECTOR 
6  3 :3 13 REM : b4 = rro. VHLUES 11.4 ~ )E I : ' T~R 
6 3 4 0  RE11 : Z M I N  = D E P T H  TO B E G I N  I N T E G R H T I D t 4  
6 3 5 8  REM : ZMHX = D E P T H  TO END It.4TEGRHTIOt.4 
6 3 6 0  REM : I N T  = I NTEGRHTED VHLUE 
6 3 7 8  REH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 3 8 0  O P T I O N  BHSE 1 
6 3 ' 9 0  I nt = 0  
6 4 0 8  I F  Z r n i n < Z r n a x  THE14 6 4 4 0  ! CHECK I IdTEGRHT I ON L I M I T S  
6 4  1 U UEtl . '  
6 4 2 0  P R I N T  "ERROR I N  S U B  Z I N T  EHD L I F 1 I T S U  
6 4 3 0  S U B E X I  T  
644n PEZm i n 
6 4 5 0  FOR I = l  TO 14-1 
6 4 6 0  I F  Z ~ I > < = Z C I + l )  T H E N  6 5 1 0  1 IZHEC:~:: DEF'TH:: FOR ORDEi? 
6478 BEEP 
6 4 8 8  P R I N T  " Z I N T  ERROR DEPTHS OUT OF ORDER" 
6 4 9 0  I t 1 t = 0  
6 5 0 8  S U E i E X I T  
6 5 1 0  T=t lRXCB,  Z r n i n >  
6 5 2 8  B = M I N ( . ~ + ( Z I I + ~ > + Z ( ; I > ) , Z . ~ ( I ~ ~ ; ~  

- 214 - 



65:38 I F  T>B THE14 6550 
6540 1 t -1 t= I t i t+ IB-T>+H(  I> 
655B NEXT I 
6568 I nt=Int+(Zm.3x-B)+H(Fj> 
6570 SClBEX I T 
6588 SUEEt.ID 
65'38 SUB Col umn(Xa, X ~ I ,  H ( + l ,  B<:+:> , F ,~ (+ : I ,  Fb<.+> , 1.4.3, bjb, I:(+> , ~ { I Z  K:I 
6680 REM s + ~ ~ + + + + + + + + + + + + + + + y + y + y ~ + + + + + ~ ~ + + + + + ~ + + + + + + s + +  

6610 OPTION EHSE 1 
6628 I F  t.Ia+Mb=@ THE14 SUBEXIT 
6638 I F  b4a+Nb<::3 THEN SUBEX I T  
6648 M.a=Mb= 1 
6658 Xl=X.a 
6668 >(2=Xb 

6678 Yl=HIMa> 
6688 Y2=B(Mb> 
6698 Zl=FaCMa> 
6708 22=Fb(Mb> . 

,6718 I F  Ma=Na THEN 6810 
6728 D.~=HBS(HI. :M~+~ >-Y2> 
6730 I F  Mb=Flb THEN 6768 
6740 II.b=HBS( B (Mb+ 1 > -'f 1 11 
6750 I F  IM.3=t.l.3j OR (Db<=Da> THEt.4 6-;810 
6768 M a = M a +  1 
6770 Y3=H(Ma> 
6780 X3=;<a 
6740 Z.3=Fa(tl.3> 
6800 GOTO 6658 
6818 Mb=Mb+l 
6820 Y3=B(tlb j 
6838 X:3=Xb 
6840 Z3=FbCMb> 
6850 I F  E=2 THEN 6988 
6860 PLOT X l , Y l , - 2  
6878 PLOT X2,72,-1 . 
6888 PLOT X3,'f3,-1 
6898 PLOT X l , Y l , - 1  

. 6908 I F  K38 THEN GOTO 6938 
6918 I F  (Ma< >Ha> I j R  (Mto.<)t.lb) THEt.4 6670 
6928 GOTI] 7328 
6938 L=MIFlIZ1, Z2,Z:3:i 
6940 U=MRXIZl,Z2,23> 
6950 FOR 1=1 TU t4c 

I 
6960 F c = C ( I )  
6970 I F  F c i L  THEN 7290 
6980 I F  Fc >lJ THEN 7308 . 
69'38 I p l = T = 8  
7864 I F  Fc< l1 I IN IZ I ,  Z2:) THEN 7968 
7010 I F  Fc>MHXCZl,Z2> THEN 7868 
7028 I p l = l  
7030 I F  Z1<>22 THEN T= (Fc -Z1> / (22 -21>  
7048 Xpl=X1+T+(X2-X1) 
7858 Ypl=Yl+T+1Y2-Y1)  
7868 Ip2=T=0 
7070 I F  Fc<MI t~ l (Z2 ,Z3> THEN 7138 
7888 I F  Fc>MHX(22,23> THEN 7138 
7098 I p 2 = 1  
7100 I F  22< >Z3 THEN T=(Fc-Z2>/(Z:S'-Z2) 
7118 XpZ=X2+T+(X3-X2) 
7128 Yp2=Y2+T+(Y3-'(2 j 

7130 Ip3=T=O 
7140 I F  Fc<MIt4(Z:S',21> THEN 7208 
7150 I F  Fc >MHX(Z:3, Z 1 ) THEN 7208 
7160 I p 3 = 1  
7170 I F  2 3 0 2 1  THEN T= (Fc -Z3> / IZ1 -23>  
7188 Xp3-X3+T*(Xl-X3 > 
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7 190 7~03-)'3+T" ( Y  1 -Y:S > 
7 -  t zuu - - I F  I l ; o l ~ ~  I p 2 ( 2  T I I C t t  721110 

7210 PLOT X p l  , ' 1 ' 1 ~ 1 ,  -9 
7 2 2 8  P L O T  X p 2 , 7 p 2 ,  -1 
7238 I F  I p 2 + I p : 3 < 2  T H E N  7268 
7 2 4 8  P L O T  X p 2 , Y p 2 , - 2  
7258 P L O T  X p 3 ,  Y p 3 ,  - 1  
7268 I F  I p l + I p 3 i 2  T H E N  7 2 ' 3 8  
7270 P L O T  X p l , Y p l , - 2  
7288 P L O T  X p 3 ,  7p3, - 1 
7298 t.IEXT I 
7388 P E N U P  
7318 G O T O  6916 
7 3 2 8  PENUP 
7338 S U B E X I T  
7 3 4 8  S U B E k I U  
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