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ABSTRACT 

This repor t  descr ibes  a da t a  acquis i t ion  and ana lys i s  

The system system f o r  a l o w  reso lu t ion  mass spectrometer. 

u t i l i z e s  a small d i g i t a l  computer to  acquire,  i n t e r p r e t ,  

and p l o t  t he  mass spec t ra ,  

t ape  f o r  later reference,  

the  d a t a  t o  l a r g e r  computers f o r  f u r t h e r  ana lys i s .  

The da ta  can be s to red  on magn-tic 

Provisions also e x i s t  f o r  sending 

Emphasis has been placed on a high degree of user- 

computer in te rac t ion .  A t e le typewri te r ,  d i sp lay  screen,  and 

a d i g i t a l  p l o t t e r  are used for ease of communication between 

the user  and the  computer, 
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I. Introduct ion 

A da ta  gather ing and ana lys i s  system has been developed f o r  use with 

the  low reso lu t ion  Bendix Time-of-Flight mass spectrometer. 

functions include da ta  gather ing,  data  ana lys i s ,  d a t a  f i l i n g ,  and bar  

graph p l o t t i n g  of mass spec t ra .  

a 12 b i t ,  2000 word computer. 

Teletype Model 33, a Datamec 2020 d i g i t a l  t ape  u n i t ,  and a Calcomp 565 

incremental p l o t t e r  were employer!. 

connection with an IBM 360/50 is also described. 

a l s o  be sen t  t o  a PDP-6 f o r  f u r t h e r  ana lys i s .  

Its primary 

The system was programmed f o r  t he  LINC - 
I n  addi t ion  to the  bas i c  computer, a 

An i n t e r e s t i n g  but not e s s e n t i a l  

Mass spec t ra  d a t a  can 

Our p r inc ipa l  ob jec t ive  was t o  develop a system t o  relieve t h e  

TOF operator of t he  tedious t a sk  of i n t e rp re t ing  the  t r a d i t i o n a l  s t r i p  

char t  output of t he  mass spectrometer.* 

t o  u t i l i z e  t h e  incremental  p l o t t e r  t o  make bar  graphs and t h e  s torage  of 

t he  spectra on tape.  

was a l s o  of conern. 

Also of interest was  t h e  a b i l i t y  

The a v a i l a b i l i t y  of these  d a t a  t o  o ther  computers 

Because the  mass peak spacing followed a square l a w  (discussed i n  

t h e  next s ec t ion ) ,  t h e  v i s u a l  determination of t h e  mass t o  charge r a t i o s  

of the  peaks of t he  s t r i p  char t  output w a s  very t i m e  consuming and 

somewhat unre l iab le .  

of t he  instrument and t h e  char t  recorder made the  job  o€ peak iden t i f i ca -  

t i o n  somewhat easier by, i n  e f f e c t ,  increasing the  char t  recorder 's  

response t o  very small peaks. 

Placing a logarithmic ampl i f ie r  between the  output 

A problem then, of course,  was t h a t  of 

*Other p a r t i c i p a n t s  i n  t h i s  p ro jec t  included, W. E. Reynolds, J .  Bridges, 

and T. Coburn. 
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converting the significant peak amplitudes back to a linear scale. 

the automated system the same logarithmic amplifier is used to increase 

the range of the computer's eight-bit A-D converter 

In 

The computer is used to collect the data utilizing a synchronizing 

puls; from the TOF to ensure that the data collection begins at the 

start of the scan of the MSS soectrometer. 

to compensate for the unequal peak spacing that made visual interpretation 

difficult. 

talents of the user and the computer for determining the integer peak 

positions. 

The computer is later used 

A display screen on the LINC console is used to combine the 

On this screen is displayed successive portions of the spectrum 

together with a scale (raster). 

its divisions correspond to the peak position.* 

this for information to record the amplitudes of the peak positions. 

detailed description of this process appears in Section IV. 

mass amplitudes are converted from the logarithmic scale to linear and 

the results are plotted as a bar graph and stored on tape. 

The user positions the scale so that 

The computer then uses 

A 

Finally the 

The computer software is based on a monitor program which is used 

These subprograms perform the individual to call various subprograms. 

functions, such as data collection, data manipulation and graphic output. 

The structure of this software system can be seen in Figure 1. 

segmentation provides for ease of modification since the subprograms are, 

in general, independent of one another. 

This 

*The technique is similar to that often used with the Gerber variable 

scale 
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11, The Problem 

The major d i f f i c u l t i e s  preventing easy v i s u a l  i n t e r p r e t a t i o n  of t he  

conventional s t r i p  cha r t  record are: f i r s t ,  a square l a w  is involved i n  

the  posi t ioning of t he  mass t o  charge r a t i o  responses on t h e  time axis, 

and second, t h e  absolute  pos i t ions  are subjec t  t o  considerable d r i f t  

(several a.m.u. pos i t ions  a t  m/e = 200) from one run t o  t h e  next,  over 

t he  time span of less than an hour. 

The p r i n c i p l e  of operation of t he  t ime-of-fl ight mass spectrometer 

is t h a t  of acce lera t ing  a group of ions with a given electric f i e l d .  

Since t h e  energy of a l l  s ing ly  charged ions w i l l  be  the  same, t h e  square 

of t h e i r  individual  v e l o c i t i e s  w i l l  depend l i n e a r l y  on t h e i r  masses. 

These ions  are allowed t o  d r i f t  down an evacuated (%low5 Torr) f l i g h t  

tube. The t i m e ,  t ,  of t h e i r  arrival a t  t h e  de tec tor  w i l l  be proport ional  

t o  the  square roo t  of t h e i r  masses, 

t = k f i  

o r  

2 m = K t  . 
Since the  f l i g h t  t i m e  f o r  t he  heavies t  ions under considerat ion 

(M = 450)  is about 50 vsec, a system having the  e f f e c t  of slowing down 

t h i s  time scale must be employed i f  anything o the r  than an osci l loscope 

i s  going t o  be used t o  record the  output.  The manufacturer has  incor- 

porated such a system, re fer red  t o  as an analog scanner,  i n t o  t h e  mass 

spectrometer,  The instrument has provision f o r  pulsing the  ion 

acce lera t ing  f i e l d  with a r e p e t i t i o n  rate of 100 microseconds, thus 

producing t h e  e n t i r e  spectrum a t  the  c o l l e c t o r  r e p e t i t i v e l y .  This is 
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combined with the  appropriate  de lays  and ga t ing  opera t ions  of t he  analog 

scanner t o  allow a recording device t o  "look" a t  these  spec t r a  through an 

advancing window, similar t o  the  operat ion of a samplinq osci l loscope.  

The e f f e c t  is t h a t  a s i n g l e  complete spectrum is recorded as t h e  combined 

small por t ions  of many spec t ra .  

The ex ten t  t o  which t h i s  system f a i t h f u l l y  reproduces a s i n g l e  

spectrum depends on t h e  window moving along the  spec t r a  a t  a uniform 

speed. That is, t h e  delay between the  appl ica t ion  of t h e  acce lera t ing  

vo l t age  and the  sa rp l ing  of t h e  c o l l e c t o r  must be increasing a t  a 

uniform rate. 

t i o n a l  t o  the  square root of t he  masses. 

t h a t  t h i s  was not t h e  case; the  window did not move along uniformly and 

i ts  performance var ied  s l i g h t l y  from one run t o  t h e  next. As mentioned 

previously it  was found t h a t  a t  m / e  = 200, d r i f t  up t o  5 a.m.u. pos i t i ons  

would occur i n  a series of runs made wi th in  one hour. 

co improve s t a b i l i t y  were ava i l ab le  from manufacturers, i t  appeared t h a t  

considerable  d r i f t  would s t i l l  exis t .  

I f  t h i s  is the  case, t h e  mass pos i t i ons  w i l l  be propor- 

Unfortunateiy, i t  was found 

Though modif icat ions 

With these  d r i f t s ,  i t  i s  obviously impossible t o  dependably i d e n t i f y  

the  mass peak purely by t h e i r  pos i t ion .  

of re ference  compounds would r equ i r e  t h a t  they be included i n  the  same 

run w i t h  t he  sample ( thus obscuring some pos i t i ons )  s i n e -  she device 

Furthermore, t h e  e f f e c t i v e  use 

d r i f t s  i n  such a shor t  time. 

The use of computer techniques i n  iden t i fy ing  mass pos i t i ons  r equ i r e s  

e i t h e r  t h a t  t h e  peak pos i t i ons  be i d e n t i f i e d  by t h e i r  pos i t i on  on t h e  

t i m e  a x i s  o r  by t h e i r  shape and amplitude. Since t h e i r  pos i t i on  was not 
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dependable, a t tempts  were made t o  develop var ious peak counting rout ines .  

Various rou t ines  were w r i t t e n  which t r i e d  t o  i d e n t i f y  peaks, attempted t o  

p red ic t  where peaks would be ,  and i n  general  used t h e  shape of t he  s i g n a l  

t o  i d e n t i f y  peak pos i t ions .  

by a log ampl i f ie r  (1) i n  an attempt t o  ge t  a meaningful s i g n a l  from the  

small peaks and i n  general  t o  increase t h e  range of our A t o  D converter. 

However, t h e  apparent no ise  level a lso was increased. 

develop a r e l i a b l e  algorithm which could iden t i fy  mass peaks as capably 

as t h e  human operator ,  vorking by v i s u a l  inspection. The algorithms 

which were developed were e i t h e r  undependable o r  became unstable  as they 

were made more powerful. 

ident i fy ing  t h e  pos i t i on  of peaks was found t o  be outs ide  “Le p r a c t i c a l  

limits of t h e  small computer being t s ed .  

The s i g n a l  from t h e  c o l l e c t o r  is processed 

We were unable t o  

The use of var ious convolution techniques i n  

Since human judgment was e f f e c t i v e  i n  determining what was a 

meaningful peak and t h e  computer had a c e r t a i n  capaci ty  for  e s t i m a t i t g  

where peak pos i t ions  should be, a software system was developed t o  

combine these two aapabils-t ies . 
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111 . Sof mare Orgad.z@?fOn -7 

The commica t ion  u i t h  the  computer is done with a standard Hodel 33 

teletype. The s y s t m  2s i n i t i a t e d  by using the computer console sv i tches  

t o  read i n  a simple monitor program, BEND= (Black 400 is read i n t o  

quarter  0 ) .  

type out tbe  name BENDIX and then w a i t  f o r  t he  nam of any one of nine 

S ta r t ing  the  program (at loca t ion  20) causes the  caeputer t o  

subprograms to  be entered by the user. It is these subprograms t h a t  

perforu the  various functions necessary t o  collect, analyze, and present 

t he  data  of the  MSS spectrometer (see Figure 1, Sectton I). 

question mark r a the r  than a program 

of the subprograms avai lable .  

Entering a 

causes the  typing of t he  names 

The subprograms are described i n  d e t a i l  i n  

t he  next section. 

Each subprogran has a series of parameter requests  designed t o  t h e  

needs of the  function it performs. 

semicolon or car r iage  return.  

anewering a question,striking the  "rubout" key causes the  question to  be 

Each answer must be followed by a 

I f  t be  user  makes a typing error while 

repeated. The e n t i r e  software package is b u i l t  around t h i s  question- 

answer concept. Some questions require  j u s t  a yes-no response. I n  t h i s  

case, any response beginning with an "N" is considered negative and a l l  

o thers  affirmative.  

The software can be thought of as ex i s t ing  i n  a series of l eve l s  

with the  BENDIX l e v e l  being the  highest ,  t he  subprogram l e v e l  being next,  

followed by a series of pasameter levels .  One works down through t h e  

l eve l s  by entering names and parameters. As functions are performed 

control  is returned t. :he previous applicable level. I f  one answers 

9 



a request by s t r i k i n g  the  upward arrow key on the  teletype, control 

reverts to  the  next higher 1evel.of operation u n t i l  f i n a l l y  the BENDIX 

level is reached. 

The subprograms are stored on t h e  systems tape mounted on tape  u n i t  0 

(left hand un i t )  . 
a l t e r e d  without dis turbing the  log ic  of others .  

t h a t  t h e  proper f i l e  s t ruc tu re  be maintained. 

its OM typewriter routines,  decimal conversion routines,  p lo t t i ng  

rout ines ,  and etc. 

and the  Datamec control  rout ines  are shared by the  subprograms. 

dupl icat ing many of the  rout ines  is somewhat wasteful of tape s torage 

space, the  extent  t o  which it permits easy program changing appears t o  

make i t  worthwhile. 

Each subprogram is complete by i t s e l f  and can be 

The only requirement is 

Each subprogram contains 

Only the  double precision f loa t ing  point package (2) 

Though 

The t o t a l  system involves about 7000 words of program. The 

convenient overlay methods permit the  programing t o  u t i l i z e  the  one 

thousand words of programaable core qu i t e  e f fec t ive ly .  

is loaded i n t o  core and ready f o r  use i n  less than f i v e  seconds. 

Each subprogram 

Most of the coding was dane i n  LASS, the  assembler language f o r  t he  

LOSS system (3). 

t ransfer red  i n t o  the  BENDIX system tape. 

point package and the Datamec rout ines  e x i s t  only i n  absolute coding. 

The programs were assembled under LOSS and then 

The double precis ion f l o a t i n g  

The system provides two forms of data  s torage - Spectrum F i l e s  and 

Plot F i l e s .  

Spectrum F i l e  e n t r i e s  hold d ig i t i zed  mass spec t ra  i n  a form WtLch 

corresponds t o  t h a t  traced on a char t  recorder;  simply the d ig i t i zed  
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output of t h e  analog scanner. 

(256 values  per  block),  and is stored on tape u n i t  1. 

e n t r i e s  (numbered 0-15) can be s to red  on one LINC tape. 

discussed amre f u l l y  under REDUCE i n  the  following sec t ion .  

Each f i l e  en t ry  is 36 blocks long 

Sixteen such 

These f i l e s  are 

P lo t  F i l e s  hold only the  b a s i c  information needed t o  generate  a bar  

graph p l o t  of a spectrum. A p l o t  f i l e  entry is s tored  on two blacks of 

tape  (512 words). The f i r s t  480 l oca t ions  of t h i s  segment of tape hold 

the  amplitudes of mass pos i t ions  1 to 480, t he  remaining loca t ions  hold 

an aiphanumeric name of 64 charac te rs  An length.  

on t h e  lower ha l f  of t h e  tape  on tape u n i t  0 ( the  systems tape) .  

maximum of 128 p l o t s  (numbered 0-127) can be s t o r e d  on one such tape. 

When a l l  loca t ions  are f i l e d  a new systems t ape  must be generated (see 

Appendix I). 

described i n  the  next s ec t ion  under OUTPUT. 

These files are held 

A 

A f u r t h e r  desc r ip t ion  of these  files and t h e i r  uses is 
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.IV. The Subprogtamc; - 
Since a cleat understanding of the  subprograms is essential to  the  

use of the  system, ecch one is described in some d e t a i l  i n  t h i s  section. 

The fo l lov ing  subprograms are ava i lab le  for use. 

CHECK Checks electrical  connection between LINC and TOF. 

COLLEC: 

REDUCE 

LINEAR 

YONDER 

Collects  ;:. mass spectrum on d i g i t a l  tape (Datamec). 

Reduces da t a  onto LINC tape and p lo t s .  

i g p l i e s  a transformation to  a spectrum, 

Duplicates the function of LINEAR but  performs the  

ca l cu la t ions  on the ACME 360/50. 

Displays por t ions  of spectrum f o r  ana lys i s ,  p l o t s  

and f i l e s  the r e su l t s .  

DISPLAY 

OUTPUT Makes bat graphs of Plo t  File e n t r i e s ,  types elements 

of the P l o t  F i l e ,  bu i lds  P l o t  File e n t r i e s .  

Sends P l o t  File e n t r i e s  t o  t he  PDP-6 for f u r t h e r  ana lys i s .  PDP6 

ACME Sends P l o t  F i l e  entries t o  t h e  360/50. 

The above programs are l i s t e d  i n  the  order  i n  which they arz 

general ly  used. 

Section I w i l l  assist i n  c l a r i f y i n g  the  r e l a t ionsh ips  between &he programs 

as w i l l  the  descr ip t ions  t h a t  follow, 

Referring t o  Figure 1 (the Systems Process Chart) i n  

A. CHECK 

The purpose of CHECK is t o  ensure t h a t  the output of the log 

ampl i f ie r  is b e h g  p rop t r ly  received by the  LINC through sample l i n e  ten. 

The MAX and MIPI l e v e l s  shown i n  Figure 2 i nd ica t e  the  range of 

t h e  d i g i t a l  t o  analog converter,  Preliminary scans can thus be made t o  
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A write-enabled tape should be posit ioned a t  the  load poin t ,  t h e  

LOW DENSITY and AUTO s t a t u s  l i g h t s  should be f-lluminated, and t h e  u n i t  

should be set t o  low speed. 

complex t h e  user  should consult  t h e  manual for t h e  Model 2020 Datamec 

befbre using it (4). 

Since the operat ion of the  Datamec is q u i t e  

The COLLECT program should now be ca l l ed ,  I f  any of t he  above 

ac t ion  have been improperly accomplished, pe r t inen t  error messages 

w i l l  be typed out followed by the  word READY? Keying a semicolon w i l l  

permit the  program to continue a f t e r  adjustments have been made. After  

the  semicolon is typed the  program w i l l  w a i t  f o r  a synchronizing s i g n a l  

on ex te rna l  l e v e l  seven which is connected to the  scan system of the  TOF. 

When t h e  s i g n a l  is received by t h e  s t a r t i n g  of t h e  TOF scan scan system, 

the  a c t u a l  da ta  gather ing w i l l  take place (via the  sample l i n e  ten) .  

The co l l ec t ion  Ls terminated by momentarily l i f t i n g  sense-switch 

zero (one of six program in te r roga ted  console switches) on t h e  LINZ 

console a t  which t i m e  t he  tape w i l l  rewind to  the  load poin t  and the  

program w i l l  r e tu rn  t o  the  BENDIX l e v e l  of operat ion,  The tape thus 

generated can be  replaced with another i f  t he  user  wishes t o  make 

another c o l l e c t  run immediately, o r  i t  may be l e f t  i n  place t o  be read 

by the  REDUCE subprogram, 

is  a standard half  inch tape,  recorded a t  low dens i ty ,  i t  is of con- 

It should be noted t h a t  though t h i s  tape 

t inuous record format and unsui table  for  use with conventional computer 

I/o systems. 

C. REDUCE 

REDUCE t r a n s f e r s  t he  spectrum data  from the  Datamec tape t o  t h e  
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r i g h t  hand LINC tape and reduces the  data by averaging 16 poin ts  together.  

It is t h i s  operat ion t h a t  creates the  spectrum f i l e s  discussed i n  the  

previous section. 

t h e  Calcosp p l o t t e r  a t  t h i s  t i m e .  

conventionally p lo t ted  on a s t r i p  char t  recorder and can be used t o  v e r i f y  

t h a t  t he  COLLECT and REDUCE operat ions have been performed properly (see 

Figure 3) .  As i n  t he  COLLECT operat ion,  the Datamec tape must be set a t  

the  load point.  

The option also e x i s t s  t o  p lo t  the  reduced da ta  on 

This p l o t  corresponds t o  those 

However, the  tape speed control  must be set to  high, 

Typing t h e  word REDUCE w i l l  i n i t i a t e  a request f o r  t h e  number of a 

spectrum f i l e  (from 0 t o  16, inclusive)  on which t o  s t o r e  the  reduced 

spectrum da ta ,  

Entering such a f i l e  number w i l l  cause the  wter  to  check the  

s t a t u s  of the Datamec and note  any discrepancies on the te le type.  

typed is t h e  message PLOT? 

of t h e  da ta  as it  is being t ransfer red  from Datamec tape t o  LINC tape. 

If only a semicolon is given o r  an a f f i rmat ive  answer followed by a 

semicolon the  p l o t t e r  must f irst  be prepared (connected to  the  LINC, 

turned on, equipped with a pen). 

l e v e l  when completed . 

Also 

A negative answer w i l l  e l iminate  the  p l o t t i n g  

The program w i l l  r e tu rn  t o  the  BENDIX 

D ,  LINEAR 

The LINEAR subprogram app l i e s  a transformation t o  the  t i m e  ax i s  

of a Spectrum F i l e  which was s tored  on LINC tape  by REDUCE. 

intended t h a t  t h i s  transformation w i l l  a l ter  t h e  o r i g i n a l  spectrum such 

t h a t  the  mass peaks w i l l  be equally spaced. 

the  bas ic  r e l a t ionsh ip  between mass and time is: 

I t  is 

As mentioned i n  Section 11, 
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2 m = K t  . 
Because unce r t a in t i e s ,  considered equal  f o r  a l l  masses, e x i s t  i n  t he  

measured f l i g h t  t i m e ,  the  r e l a t ionsh ip  becomes: 

2 m = K ( t  2 Ato) 

Where t as before ,  is the  f l i g h t  time and A t o  is the uncer ta in ty  i n  the  

f l i g h t  t i m e .  are i n  u n i t s  of t i m e  corresponding t o  the  

ne t  d i g i t i z i n g  rate ( t h a t  r e s u l t i n g  from the  REDUCE operat ion) .  

Here, t and A t  
0 

As mentioned i n  Section 11, t h i s  a t temt t o  develop a l i n e a r  

r e l a t i o n s h i p  between a given mass isnd its pos i t ion  on the  o rd ina te  is 

hindered by c e r t a i n  d r i f t s  i n  the  analog scanner. 

subprogram (DISPLAY) which analyzes the  output of LINEAR has  been 

s p e c i f i c a l l y  designed t o  handle these  d r i f t s .  

For t h i s  reason, t he  

Cal l ing LINEAR simply i n i t i a t e s  a request  f o r  a Spectrum F i l e  

number (output of REDUCE), app l i e s  the  transformation t o  the  spectrum, 

and r e t u r n s  con t ro l  t o  the  BENDIX level. It should be noted t h a t  the  

output  of LINEAR is always s to red  on tk;e same por t ion  of tape,  over- 

wr i t i ng  the  output of a previous running. 

E. YONDER 

Those funct ions performed by L I N F I X  call also be performed by YONDER; 

the  input  and output is i d e n t i c a l .  The advantage with YONDER is t h a t  i t  

is much f a s t e r ,  s ince  i t  uses a commun!cation l i n k  between the  L I N C  and 

an IBM 360/50 operat ing i n  a time sharing mode. 

pr imari ly  w r i t t e n  simply t o  test the  f e a s i b i l i t y  of t h i s  connection, i t  

has proven q u i t e  usefu l .  The operat ion c o n s i s t s  of sending the  d a t a  t o  

the  360, performing t h e  transformation, and re turn ing  the  da ta  t o  t h e  

Though YONDER was 
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L I N C .  This is performed by YONDER and a 360 program running concurrently.  

F. DISPLAY 

The DISPLAY program is  intended t o  assist the user  i n  iden t i fy ing  the  

in t ege r  mass peaks and t h e i r  amplitudes i n  a mass spectrum ( the  output 

from the  Linear operat ion) .  This is accomplished by displaying successive 

port ions of the  spectrum on the  LINC osc i l loscope  together  with a va r i -  

ab16 scale* (see Figure 4 ) .  The program is designed t o  s t a r t  a t  the 

lower mass pos i t ions  of the  d i g i t i z e d  spectrum (on LINC tape)  and proceed 

through the  higher mass pos i t ions  i n  response t o  commands by the  user.  

... . .  . .  ... . .  . .  

Figure 4 

The above is the  CRT d i sp lay  of a por t ion  of the  spectrum. Line 

segments have been added between the  d a t a  poin ts  t o  enhance its c l a r i t y .  

*Base6 on an idea  of D r .  S. Liebes, Jr. 
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The b a s i c  i d e s  is t o  d isp lay  a por t ion  of t he  spectrum (about 

amplitudes on st i l l  co r rec t ?  
tape 

* 

40 mass pos i t ions)  and a comb, o r  raster, which the  user  can s t r e t c h  and 

translate. Potentiometers located on the  LINC console are used to  e n t e r  

t h e  parameters f o r  these  adjustments. Thus t h e  use r  can f i t  the  comb t o  

t h e  observed mass pos i t i ons  (peaks) even though they are not  q u i t e  

equal ly  spaced throughout the  spectrum. The program uses t h i s  comb t o  

f i n d  the  amplitude of t he  s i g n a l  a t  each mass pos i t ion  i n  the s e c t i o n  of 

t he  spectrum being cu r ren t ly  displayed. This comb also provides the  use r  

with the  a b i l i t y  t o  "bridge" a group of mass pos i t ions  i n  which l i t t l e  

s i g n i f i c a n t  s i g n a l  appears. Having posi t ioned the  comb properly the  

u s e r  can then have the  series of mass pos i t i ons  and amplitudes typed ou t  

o r  recorded on tape.  Figure 5 is a block diagram showing the  series of 

func t ions  t h a t  t ake  place.  

I d e n t i f y  m/e=18 
on the  d isp lay  
I screen 

1 I 

Figure 5 
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Upon enter ing  DISPLAY t h e  f i r s t  four blccks of da ta  ( the  spectrum) 

w i l l  be displayed on the  scope. 

t o r s  and decimal quan t i t i e s :  

Also displ;yed are some con t ro l  indica- 

(1) 

(2) An R - t he  reference mass ind ia to r  

(3)  

(4) 

A "T" - the  t *:ck 

Mass number of the  reference mass ( l e f t  entry - top of screen) 

Block number of right-most da ta  block displayed on screen 

( r i g h t  en t ry  - top of screen).  

i r  II Using potentiometer number 2, the  T must be moved across the 

(Determining mass screen u n t i l  i t  coincides with mass pos i t i on  18. 

pos i t ion  18 is l e f t  t o  t he  cleverness c f  t he  user, though not par t icu-  

l a r l y  d i f f i c u l t . )  Pot 3 can be used t o  raise and lower the  "TI' t o  a i d  

in t h i s  alignment. 

l i f t i n g  of sense switch th ree  w i l l  cause a raster to be developed on 

which every f r f t h  mass pos i t ion  is enhanced. This raster can now be 

s t r e t ched ,  about the reference m a s s ,  using pot 7 u n t i l  i t  corresponds t o  

the  mass pos i t ions  of t he  spictrurn i t e c l f .  

mass amplitudes can be wr i t t en  on tape (buffered write) by momentarily 

l i f t i n g  sense switch 4. I f  sense switch 0 is on during t h i s  operation 

the mass amplitudes are Lyped out r a t h e r  than recorded on tape.  

sense switch 4 also causes the  

r i g h t  s i d e  of the  screen (chis ac t ion  may be considered t o  be -, check as 

to  whether or not the  previous s t e p  was properly executed).  With t h e  

"R" i n  the  r i g h t  hand por t ion  of the  screen t h e  entire display may be 

moved t o  r i g h t  by reading i n  the  next pos i t ion  of the spectrum. 

With t h e  T posit ioned a t  mass 18, the  momentarily 

With the alignment made t h e  

L i f t i n g  

I 1  t1 R t o  move t o  a mass pos i t ion  near the 

L i f t i n g  
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sense switch 5 i n i t i a t e s  t h i s  act ion.  

of the screen moves to  the l e f t - w s t  four th  and new data  f i l l s  the  

remaining portion of the  screen. 

the mass posi t ions and the process of recording on tape or typing 

repeated . 

Note t h a t  the  rsght-aost  four th  

The raster can again be aligned with 

'&en the  user has proceeded through as much of the  spectrum as 

desired i n  the  above manner, l i f t i n g  sense switch 1 w i l l  i n i t i a t e  t h e  

request for a name and p l o t  number. 

be entered and terminated by a carriage re turn ,  

entered m u s t  be between 0 and 128, inclusive.  

turned on, equipped with a pen and paper, and posit ioned within 1-1/2 

inches of the  r igh t  s i d e  of the  drum. 

the tallest bar w i l l  be e i g h t  inches. 

in teger  mass peaks w i l l  be p lo t ted  as a bar  sraph (Figure 6 )  and s tored  

permanently on tape un i t  0 i n  the P lo t  F i le .  

t h a t  t he  peak amplitudes are converted from logarithmic scale t o  l inear .  

The f i l e  of p l o t s  can be referenced f o r  r ep lo t t i ng  and typing as described 

i n  t h e  following section. 

A name of up to  64 charac te rs  can 

The p l o t  number 

The CALCOHP p l o t t e r  must be 

The da ta  is normalized such t h a t  

Upon en ter iag  the p l o t  number, t he  

It is i n  t h i s  operation 

G. OUTPUT 

Three options e x i s t  under OUTPUT. (1) A Plo t  F i l e  en t ry  can be 

(3)  plot ted as a bar graph, 

The user  can manually bui ld  an en t ry  i n  the P lo t  F i l e  by en ter ing  mass- 

amplitude number pairs .  

(2) A Plot  F i l e  en t ry  can be typed out.  

The - DRAW A 

(Figure 6 )  of any 

GRAPH - prompt enables one t o  p l o t  a bar graph 

p lo t  f i l e d  under the DISPLAY subprogram o r  manually 
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entered as described below. 

p l o t t e r  ca r r i age  should be placed near t he  r i g h t  s i d e  of t he  p l o t t e r .  

the  completion of the  graph, t h e  prompt - OVERPLOT? - is typed out.  

a f f i rmat ive  response w i l l  r e tu rn  the  ca r r i age  to  the beginning of the  

previous p l o t  and request a new p l o t  number which is  p lo t t ed  Over the  

previous one. Though the  second p l o t  is s l i g h t l y  to  the r i g h t  of the 

f i r s t ,  i t  is recomended t h a t  a d i f f e r e n t  color or ink is used t o  ensure 

readabi l i ty .  

compared. 

such t h a t  its highest  peak is 100 percent. 

Since t h e  graph is  e igh t  inches high, the  

A t  

An 

This capab i l i t y  allows two or more spectra to  be e a s i l y  

It should be  noted t h a t  each spec t ra  is normalized separa te ly  

The - TYPE A GRAPH - option provides f o r  typing the  contents of any 

Plo t  F i l e  en t ry ,  

By enter ing,  yes,  to  the prompt - ENTER A FILE? - the  user  can 

e n t e r  a f i l e  name and number under which to  f i l e  a series of mass 

amplitudes which are about t o  be entered through the te le typewri te r ,  

The e n t r i e s  are made i n  mass-amplitude number pa i r s .  

be entered i n  increasing mass order.  

corrected by simply retyping the mass number and the amplitude. 

an upward arrow (t) f o r  an amplitude en t ry  permits retyping the  

associated mass number. 

en t ry  allows one to  start the  e n t i r e  operation over again. 

w i l l  request  mass numbers (UP t o  480) and amplitudes. 

a mass number w i l l  terminate the  en t ry  mode and s t o r e  the  entered infor-  

mation on tape. 

spectrum information is received from other  sources (than the TOF) but the  

They need not  

I n  f a c t ,  an entered p a i r  can be 

S t r ik ing  

St r ik ing  the  upward arrow for a mass number 

The computer 

Entering 2000 as 

The option just  desc r i ) . , d  is iatended t o  be used when 
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user wishes t o  keep t h e  da t a  i n  the  P l o t  F i l e  f o r  p l o t t i n g ,  typing, or 

eventual  t r a n s f e r  t o  another computer, 

H, PDP6 - 
"his subFrogram is used t o  send P lo t  F i l e  e n t r i e s  t o  the  FDP-6 

computer f o r  f u r t h e r  ana lys i s  (3) via a Model 103A Dataphone, 

involved is siriply sen t  t o  the  te le typewri te r  i n  the  f u l l  duplex mode 

and is a l s o  s e n t  to  the  Dataphone which is ac t iva ted  as described below. 

The PDP-6 computer receives  t h i s  da ta  i n  the same manner t h a t  it receives 

any o the r  d a t a  t ransmit ted via a te le typewri te r ;  t he  PDP-6 is unable t o  

deterruine t h a t  the  da t a  is being s e n t  by another computer r a t h e r  than by 

a te le typewri te r .  

The d a t a  

Since i n  t h i s  s t e p  the user  must communicate with t w o  computers with 

the  te le type ,  the  user-computer dialogue becomes somewhat complex and the  

LINC "RESUME" lever m u s t  be l i f t e d  occasionally t o  complete the  operation. 

Entering PDP6 a t  the  t e l e type  i n i t i a t e s  a request  f o r  the  P l o t  F i l e s  t o  

be sen t .  

numbers are contiguous. After  accepting these  parameters, the LINC 

requests  t h a t  the  PDP-6 be ca l led  and then h a l t s .  

used to  call  the  PDP-6 monitor system. 

Any number of P lo t  F i l e  e n t r i e s  may be s e n t  providing t h e i r  

The Dataphone is now 

When the  system answers, the  

Data" button on the  Dataphone is pressed and the  connection is complete, I 1  

The t e le typewri te r  mode switch i s  then placed i n  Fu l l  Duplex and a 

"Corrtrol C" key is pressed (C is pressed with the CTRL key used as a s h i f t  

key). 

with en ter ing  i ts  parameters (6).  

l i f t i n g  of the  LINC resume lever causes the da t a  t o  be sen t  t o  the  PDP-6 

?his enables one t o  request the  proper PDP-6 program and proceed 

With the  parameters entered, the 
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and s to red  on magnetic tape. 

"BIT CONTROL 2" appears a t  which t i m e  the  user  accomplishes t h i s  t o  

terminate the  PDP-6 program. 

the PDP-6. 

the  Resume lever br ings  the  LINC back to  the  BENDIX level of operation. 

When a l l  da t a  has been s e n t  the  message 

The user  then terminates commsnication with 

Returning t h e  t e l e type  mode swi t ch  t o  "Normal" and l i f t i n g  

I. ACME 

ACME is used i n  conjunction with s u i t a b l e  360/50 programming t o  send 

P l o t  F i l e  e n t r i e s  t o  t h e  360/50. 

P l o t  F i l e s  t o  be sen t .  

w a i t s  f o r  the request from the  360/50. 

The user  is requested t o  ind ica t e  the  

After  t h e  entries have been made the  program 

The user  then loads the  ACME/PLl program under the  cont ro l  of a 

2741 communfcations terminal attached to the 360/50. Under the t i m e  

shar ing ACME system requests  are s e n t  t o  the  LINC f o r  successive blocks 

of data .  

normal termination has occurred and the  LINC re turns  t o  the  BENDIX level 

of operation. 

After a l l  da ta  is sent the  360/50 system ind ica t e s  t h a t  a 
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V. User-Computer Dialogue 

The following is a description of a typical  dialogue between t h e  

user .ad the computer. 

the computer generared messages o r  a l l  of the possible responses, 

but only enough to illustrate the approach used. 

given are i n  the sequence i n  which they would normally be wed. 

The bold face text on the  l e f t  is tha t  seen by the user a t  the 

teletype. 

i n  by the user. A l l  o thers  are computer generated. 

r i gh t  are simply caaents put in here f o r  the purpose of c l a r i t y  and 

explanation. 

It is not intended to  give examples of a l l  

Those examples 

The te le type e n t r i e s  which are underlined are those typed 

The en t r i e s  on the 

BEN DI A 

CHECK; 

CH E CK 

t - 
B E N D I X  

This typeout indicates  the system is at  the 

BENDIX level and waiting for the user to  enter 
a subprogram name. 

The user requests t h e  CHECK subprogram. The 

name of the subprogram requested is repeated 

by the computer fo r  confirmation. 

The user requests t h a t  the system return t o  

the previous level (BENDIX) of operation. 
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COLLECT is requested by t he  user. 

The system checks the status of the  Datamec tape 

unit and notes any changes t o  be made by the user. 
PRESS "AUTO" 
SET SPEED SELECT TO LOW 

The user indicates the changes have been made. 

READY ?YES; A t  t h i s  time, the coaptter w a i t s  f o r  the 

synchronizing s igna l  from the TOF and then 

begins col lect ing the  data. 

BENDIX 

REDUCE; 

REDUCE 

F I L F  NUMBER = 
PLOT ?YES; 

BENDIX 

L I NEAR; 

LINEAR 
F I L E  NUMBER = 15; - 

By momentarily l i f t i n g  console switch one, 
the user terminates the  col lect ion and returns 

to  the BENDIX level.  

REDUCE is called.  

The request is made for the number of a SpectruP 

F i l e  on which t o  s to re  the data. 

The option e x i s t s  at t h i s  time to p lo t  the 

Spectrum Fi le .  

The user calls LINEAR and indicates  t ha t  the 

output of the previous s t ep  is to  be used. 

BEN DI X 
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Q u E L u l  

DI SPLAY 

DISPLAY is ca l led  by the  mer. 

Successive portions of the spectrum 

(output of LINEAR) m e  dlrplayed on the 

LINC oscil loscope f o r  mas8 peak 

ident i f ica t ion .  

NAME: TFA-L-PROLY: ( - ) -ALPHA-(  I-NAPHTHYL)ETHYLAMINE 
PLOT N U M B E R = a  

When the  iden t i f i ca t ion  port ion of the 

operation is completed,a name and 

Plot  F i l e  number are requested under 

which t o  f i l e  the spectrum information. 

The bar graph of the spectrum is 

then p lo t ted  and the da ta  s tored on tape. 

BEND1 X The BENDIX l eve l  is returned to .  

If the  user wishes t o  rep lo t  the data,OUTPUT 

pUTPl lTi  can be called.  

OUTPUT The user ind ica tes  t h a t  he wants a graph t o  
DO Y O U  WANT TO: 
DRAW A SRAPH?YESt be drawn and indicates  the f i l e  number of it. 
PLOT N W h B E R = S  
TFA-L-PROLYL ( 0 ) - ALPHA-  ( )-NAP# THY L )  ETHY L A M 1  NE 

The name of the  sample (as entered under 

DISPLAY above) is typed out and the graph 

is then drawn. 
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OVERPLOT? NO; The "overplot" option appears and is re- 

jected.  

The series of questions is  repeated. 

This t i m e  the  user  requests t ha t  the 

DO YOU WANT TO: 
DRAW A GRAPH?hLPj 
'PIPE A GRAPH?- typed out. 

contents of t h e  P lo t  F i l e  en t ry  be 

PLOT N U ~ b i d E R = r n  
TFA-L- PROLY L ( 0 1 -ALPH A- ( 1-N APHTHY L 1 ETHYL AMI NE 

Again the name is typed out. 
12 
13 
14 
15 
16 
17 
18 
19 
20  
26 
27 
28 
29 
30 
31 
32 
33 

3 
1 

113 
t a  

110 
610 
8 00 

3 
5 
7 

47 
747 

58 
8 
8 

487 
2 

The contents is typed out i n  mass- 

amplitude number p a i r s  (only a port ion of 

which is shown). Control re turns  t o  the 

i n i t i a l  series of questions. 

DO YOU WANT TO: 
DRAW A GRAPH?=; 
TYPE A GRAPH?=; 
ENTER A GRAPH?YESi 

The OUTPUT subprogram can also be used to  

construct manually a P lo t  F i l e  entry.  

NAME: RFFERENCE COM PO I iFcp 
PLOT NUMBER=* 

A name is given, and a p l o t  number 

on which to  f i l e  the  entered da ta r  
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M= 150; 

M= 169; 

- 
A= 39; 

A= 100i 
- 

The data is then entered as mass-amplitude 

number pairs. 

A mass entry of 2000 indicates that a l l  

values have been entered. 
M= 18 1; 
A= 32; 
M = 2 1 9 ;  
A=27; 
M=247i 
As 17; 
M= 2000; 

- 
- 
- 

This data could then, of course, be plotted. Lx) Y O U  WANT TO: 
DRAW A G R A P H ? Y E S 3  
PLOT N W B E R = W  
REF EREN CE COMPOUND 

OVERPLOT? 2 
BEND1 X 
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PEN E1 X 

P W 6 t  

PDP6 
S E N C  PLOT N M l B € h  L I S ;  

The following dialogue ir ured to  uend Plot  

Fi le8 t o  the PDP-6. 

%-The p l o t  numbers to be sent are entered here. 
ChLL T H E  F D F - 6  PFOGhhM 

The LINC program ha l t s .  The user calls the 

t C  

PDP-6 on the  Dataphone. 

The PDP-6 program i r  loaded. 

( S € T G '  S:fF&*L*PbOLYL (e)eALPdkm( l e N A ~ ~ 1 ~ Y L ) E T H Y L A M I N E  ( Q U O T E  ( 

( 12 0 3) 
( 1 3  e 1 )  
( 14 . 1 13) 
( 15 0 28 1 Li f t ing  the  resume lever  on the LINC cont ro l  
( 16 0 1 1 v I )  
( 1 7  e 610) p a w l  in i t ia tes  the sending of the pLot name 
( 18 e 8 €381 

3) 
5) 

26 e 7) 
2 7  0 47 1 
28 7 4 7 )  
29 e 58 1 
3P e 8) 
31 8 )  
32 e 48 7) 
3 3  e 3)  
C O N I k O L  2 

followed by the ram-amplitude number pa i r r .  

A "control 2'' ie rtruck by the urer to  

terminate the PDP-6 program. 

Lif t ing  the resume lever return8 the LINC t o  
HEN DI X 

the BENDIX level .  

32 



V I .  Hardware Description 

The following is a b r i e f  descr ipt io-  o i  t he  hardware used i n  the  

system (see Figure 7) .  

ava i l ab le  and adaquatsly described i n  the  manufacturer's l i t e r a t u r e  the  

discussion here  w i l l  dea l  only with the  general  layout. 

Since most of -.!.e equipment is commercially 

A. The Mass Spectrometer 

The instrument used is a Model 12  Bendix Time-of-Flight Mass 

Spectrometer u t i l i z i n g  a 180 cm d r i f t  tube (7).  

analog scanner (see Section 11) t h e  output of which is d i g i t i z e d  by LINC 

It is  equipped with an 

sample l i n e  ten a f t e r  i t  is converted t o  a logarithmic scale as described 

i n  the  next sec t ion .  

B. Logarithmic J - ip l i f i a r  - 
The logarithmic ampl i f ie r  ussd is a lc?z.a!?y developed u n i t  (Model 

1010) s p e c i f i c a l l y  intended f o r  use with tca::s spectrometers (1). Its 

use g r e a t l y  increases the  usefulness  of t he  d bi: analog t o  d i g i t a l  

converter used. By incorporat ing the  ampl i f ie r  t he  need t o  Eake seve ra l  

recordingr af var ious  l e v e l s  of o t tenuat ion  was eliminated. One da ta  

co l l ec t ion  s t e p  d i g i t i z i n g  only one channel s r f f i c e s .  Of course t h e  

need e x i s t s  t o  convert the s i g n a i  back t o  l i n e a r  .A; sdme s t e p  p r i o r  t o  

f i n a l  da t a  presentat ion.  D i g i t a l  reso lu t ion  does, of coursc,  s u f f e r  

f o r  l a r g e  s i g n a l  amplitudes. Using the  device,  the  output s i g n a l  of t h e  

TOF over a f i v e  decade range can e a s i l y  be d i g i t i z e a .  
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C. The LINC Computer 

2hc camputer, a LINC, is a twelve b i t ,  2000 word d i g i t a l  computer 

It was developed at the  Hassachusetts I n s t i t u t e  of Technology under (8).  

UI NIH program for t he  development of medical computer capabi l i ty .  

Incorporated i n  it is a 16 channel 8 b i t  analog to  d i g i t a l  conversion 

g8t=, d i g i t a l  output busses,  and level sensing terminals.  

UI eight ricrosccoad cycle  t i m e  wi th  most i n s t r u c t i o n s  requi r ing  t w o  or 

three cycles.  

It has 

Also included is a l o c a l l y  in te r faced  Datamec 2020, seven channel, 

d i g i t a l  tape uni t .  The in t e r f ac ing  provides only the  miniwrm cont ro l  

necessary to  read and write tape. A l l  timing, p a r i t y  checking, and 

blocking is done under program control .  A Model 33 KSR Teletype is 

connected to  t h e  LINC, u t i l i z i n g  ex te rna l  level zero f o r  input and r e l ay  

register zero for  oLtput. Reference should be made t o  en t ry  2 In the  

list of references f o r  a complete descr ip t ion  of t h i s  in te r face .  

A d i g i t a l  incremental  p l o t t e r  manufactured by Cal i forn ia  Computer 

Products (Model 565) is used t o  p l o t  the  Spectrum F i l e s  (see Section 11) 

and produce the  b a r  graphs of t he  spec t ra .  It operates  under the  cont ro l  

of t he  OPR 0 i n s t r u c t i o n  and a code i n  the  r i g h t  ha l f  of the  accumulator. 

Entry 2 i n  t he  list of references descr ibes  t h i s  i n t e r f a c e  i n  d e t a i l .  

D. I B M  360/50 In t e r f ace  

Cormnunication between the LINC and the  360/50 is via an IBM 270X- 

270Y general  purpose d i g i t a l  i n t e r f ace  (9). I t  was designed f o r  our 

laboratory t o  be used i n  in t e r f ac ing  a v a r i e t y  of d i g i t a l  equipment t o  

t h e  360/50. Thus the LINC is aLtached t o  the  multiplexer channel of the  
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360/55. 

for the  360/50. 

It then becomes simply another 1/0 device,  l i k e  a tape u n i t ,  

Programs can be w r i t t e n  and executed from a 2741 comnunications 

terminal which reference the  LINC for input  and output.  

t i ons  take place under the  l o c a l l y  wr i t t en  ACME t i m e  shar ing system. 

These opera- 

E. PDP-6 (Dig i t a l  Equipment Corporation) 

The PDP-6 has 128 thousand, 36 b i t ,  words of memory. It is 

equipped with e i g h t  DEC t ape  u n i t s ,  a Dataaec 2020 t a p e  u n i t ,  a l i n e  

p r i n t e r ,  and present ly  provisions f o r  connecting up t o  s ix teen  tele- 

typewriters.  

reference (6). 

It is normally used i n  a t i m e  shar ing m o d e  described in  
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APPENDIX 

The Systems Tape 

The BENDIX systems tape must be regenerated a f t e r  a l l  P lo t  F i l e  

posi t ions (128) have been u t i l i zed .  

4348, Inclusive,  t o  another tape w i l l  provide the user with a new systems 

Transferring blocks 4008 to  

tape. Lis ted below are the  locations of the  various subprograms on t h i s  

tape 

Block (octal) Subprogram 

400 

401 

402 

403 

404-406 

407-411 

412-413 

414-415 

416-423 

424-427 

430 

4 31-4 32 

433-434 

BENDIX ( ca l l i ng  program) 

unused 

CHECK 
COLLECT 

Datamec Routines 

REDUCE 

LINEAR 

Floating Point Routines 

DISPLAY 

OUTPUT 

DISPLAY 

YONDER 

PDP6 

Blocks 470 to  476 are used as a temporary s torage area by the 

DISPLAY subprogram. Blocks 500 t o  560 hold the  output of LINEAR which 

then is also the input data  f o r  DISPLAY. A l l  blocks on the upper half  

of the tape,  other  than those mentioned above, are unused. 
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