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A. DNTRODUCVION 

T h i s  r e p o r t  covers the  a c t i v i t i e s  o f  t h e  

lns t rumenta  i o n  Research Labora tory  d u r i n g  the  two 

q u a r t e r  p e r i o d  f rom January 1, 1970  t o  J u l y  1, 1970  and 

serves a l s o  as a summary annual r e p o r t  o f  our work f o r  

t h e  year ending J u l y  1, 1970.  

While the  main suppor t  o f  t h e  IRL  a c t i v i t i e s  d u r i n g  

t h i s  p e r i o d  cont inued t o  be the  NASA g r a n t  

NGR-05-020-004, some o f  t h e  funds have come f rom o t h e r  

grants,  o t h e r  agencies, and i n  some cases p r i v a t e  

i n s t i t u t i o n s .  Th is  r e p o r t  i nc ludes  a l l  t h e  a c t i v i t i e s  

o f  t he  l a b o r a t o r y  which r e l a t e  t o  o r  have b e n e f i t e d  

f rom NASA suppor t  rega rd less  o f  whether o r  n o t  t hey  

were p r i m a r i l y  supported by t h i s  NASA grant.  

We have a p p l i e d  f o r  f und ing  f o r  our  work f rom o t h e r  

agencies, p a r t i c u l a r l y  t h e  N a t i o n a l  i n s t i t u t e s  o f  

Health, w i t h  some degree o f  success, s p e c i a l l y  I 

area o f  c e l l  separa t ion .  E f f e c t i v e  January 1, 1970 

e s s e n t i a l l y  a l l  o f  our work i n  t h i s  area was supported 

by NOH g r a n t  GM 7367 and N I H  Cont a c t  69-2064,  We have 

~ ~ ~ e ~ v ~ ~  some suppor t  f o r  DP. Halpern 's  work under NDH 
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Grant AM 12797 and a r e  seek ing  a d d i t i o n a l  suppor t  f o r  

h i s  work o the  i n t e r a c t i o n  o f  c h l o r i n e  compounds w i t h  

DNA. Our, work on computer a ided i n s t r u m e n t a t i o n  has 

been p a r t i a l l y  suppor ted by a c o l l a b o r a t i v e  program 

w i t h  t h e  Phys ics Department and t h e i r  A i r  Force 

con t rac t ,  AF F 44620  67C 0070. The e f f o r t s  on image 

process ing  f o r  t h e  1971 Mars Mar iner  a r e  a j o i n t  e f f o r t  

w i t h  the  A r t i f i c i a l  I n t e l l i g e n c e  Labora tory  o f  t he  

Computer Science Department under Professor  John 

McCarthy, Advanced Research P r o j e c t s  Agency g r a n t  SD 

183 

These i n t e r r e l a t i o n s h i p s  b e n e f i t  our  NASA program i n  

two ways. They a i d  t h e  r a p i d  u t i l i z a t i o n  f o r  medicine, 

and b i o l o g y  i n  general,  o f  t h e  ideas and s k i l l s  

developed because o f  our  i n t e r e s t s  i n  space miss ions.  

They n o t  o n l y  p r o v i d e  us w i t h  the  o p p o r t u n i t y  o f  

t e s t i n g  i n s t r u m e n t a t i o n  methods, a p p l i c a b l e  t o  f u t u r e  

NASA programs, i n  c i rcumstances o f  s o l v i n g  c u r r e n t  

s c i e n t i f i c  problems b u t  a l s o  p rov ides  much needed 

a d d i t i o n a l  support .  T h i s  suppor t  h o p e f u l l y  w i l l  pe rm i t  

t he  I n s t r u m e n t a t i o n  Research Labora tory  t o  con t inue  t o  

f u n c t i o n  w i t h  s u f f i c i e n t  t e c h n o l o g i c a l  depth and 

b read th  t o  a l l o w  responses t o  f u t u r e  NASA needs. 
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have felt i t  deslra 

some laboratory work that cou 

ful relatlo ships, A meeting on Space B%ssefe 

Technology Utilization held on November 28- 

nder the auspices o f  the I nterdl s 

Communication Program, was attended by 

Lederberg and Dr. Levinthal. This meeting r 

our conviction that there are areas o f  environmental 

health that would be an intellectually challenging and 

socially productive use o f  our scientific and 

technological skills. During this reporting period we 

have begun to investigate such possibilities in 

environmental health, particularly in environmental 

mon 0 tor i ng. 
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B e  PROGRAM RESUME 

I I .  The D e t e r m i n a t i o n  o f  O p t i c a l  A c t i v i t y  by 

Gas L i qu i d  Chromatography 

As members o f  t h e  team which i s  i n t e r e s t e d  i n  t h e  d e t e r m i n a t i o n  

o f  o p t i c a l  a c t i v i t y  o f  amino a c i d s  i n  p l a n e t a r y  soils, we have 

c o l l a b o r a t e d  w i t h  Ames personnel  i n  t h e  c o n s t r u c t i o n  o f  a work ing  

model o f  a hydrolyser-desalter-derivatizer un i t .  A m i n i a t u r i z e d  

v e r s i o n  o f  such a u n i t  w i l l  be compat ib le  w i t h  t h e  

GC-MS-pyrolyser exper iment proposed f o r  t h e  1975  V i k l n g  miss ion.  

Our chemical  work on t h e  GLC s e p a r a t i o n  o f  d ias te reo isomers  has 

been cont inued. U s e f u l  a p p l i c a t i o n s  have been i n  t h e  

d e t e r m i n a t i o n  o f  o p t i c a l  p u r i t y  o f  a lcohols ,  ketones, 

p h e n y l a c e t i c  a c i d s  and phenoxypropion ic  ac ids.  Th is  a n a l y t i c a l  

technique has a l s o  been used t o  determine t h e  a b s o l u t e  

c o n f i g u r a t i o n  o f  a l l o i s o l e u c i n e  p r e s e n t  i n  t h e  serum o f  a p a t i e n t  

s u f f e r i n g  f rom "Maple Syrup U r i n e  disease". 
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I ! .  Gas Chromatography o f  Amino Be 

We have developed a s imp le  technique, which pe rm i t s  t h e  

chromatography o f  some amino acids, w i t h o u t  t ime consuming 

chemical man ipu la t ions .  The procedure uses t h e  i n j e c t 0  

gas chromatograph as a chemical r e a c t o r .  S ince these convers ions 

a re  c o n c e n t r a t i o n  dependent, t he  i n j e c t i o n  p o r t  of a convent fona l  

chromatograph had t o  be m o d i f i e d  t o  pe rm i t  the  removal o f  the  

s o l v e n t  b e f o r e  the  p y r o l y s i s  r e a c t i o n ,  A p r o t o t y p e  o f  a p a r t i a l l y  

automated sample i n j e c t i o n  system has been cons t ruc ted  and the  

new procedure has been used t o  determine b lood  phenyla lan ines.  A 

comple te ly  automated v e r s i o n  o f  such an ins t rument  should be o f  

use i n  the  r o u t i n e  screen ing  o f  newborns f o r  cases o f  

pheny lke tonur ia .  
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B S ,  The React ion  o f  C h l o r i n e  w i t h  DNA 

C h l o r i n e  p lays  an i nd i spensab le  r o l e  i n  the  p u r i f i c a t i o n  o f  our  

water s u p p l i e s  and urban s e t t l e m e n t  would be imperf ed w i t h o u t  

c h l o r i n a t i o n .  Desp i te  our  g r e a t  dependence on t h e  c h l o r i n e  

d i s i n f e c t i o n  o f  water, the  p o t e n t i a l  c h r o n i c  t o x i c i t y  t o  man f rom 

c h l o r i n e  has n o t  been considered a hazard, because c h l o r i n e  i s  

known t o  r e a c t  r a p i d l y  w i t h  organics,  which would lead t o  

d e s t r u c t i o n  o f  t he  reagent  i n  the  body f l u i d s ,  This  conc lus ion  

however ignores  the  p o s s i b i l i t y  t h a t  t he  c h l o r i n e  r e a c t s  w i t h  a 

v a r i e t y  o f  n i t r o g e n  c o n t a i n i n g  compounds t o  form ,chloramines, 

which may themselves form p o t e n t  c h l o r i n a t i n g  agents. W h i l s t  

t he re  i s  an ex tens i ve  l i t e r a t u r e  on the  s t a b l e  end produc ts  o f  

c h l o r i n a t i o n  o f  the  pu r ines  and p y r i m i d i n e  bases and t h e i r  

nuc leos ide  d e r i v a t i v e s ,  ch loramine d e r i v a t i v e s  o f  these compounds 

have n o t  been descr ibed.  
0 ,  

We have now examined the  c h l o r i n a t i o n  produc ts  ob ta ined  f rom 

c y t o s i n e  and c y t i d i n e  and f i n d  t h a t  they behave as t y p i c a l  

ch loramine d e r i v a t i v e s .  The compounds g i v e  a t e s t  f o r  p o s i t i v e  

c h l o r i n e  (Von Arx-Neher) and l i b e r a t e  i o d i n e  f rom K I  solution. We 

have used the  l a t t e r  r e a c t i o n  t o  q u a n t i t a t i v e l y  es t ima te  t h e  

amount o f  l a b i l e  c h l o r i n e  i n  the  products .  Under essen t ia  

same exper imenta l  c o n d i t i o n s  and u s i n g  between 0,01 t o  10.0 

e q u i v a l e n t s  o f  c h l o r o x  per base o f  DNA, we f i n d  t h a t  t h e r e  is 

l i t t l e  change i n  the  molecu la r  we igh t  o f  t he  "modif!ed'8 DNA as 
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determined by sucrose g e n t  o r  e l u t i o n  on Sephadex 2 0 0 ,  A 

arge excess o f  chlorox leads t o  breakages of the  DNA and the use 

o f  very  concentrated s o l u t i o n  of DNA r e s u l t s  i n  the  format ion of 

some very  h igh  M,W. "modif ied8'  DNA. 
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SV. A p o l l o  11 and 12 Sample Ana lys i s  

Under Con t rac t  NAS 9-9439, we have examined the  carbon compo 

present  i n  two samples o f  A p o l l o  11 and two samples o f  A p o l l o  12 

f o r  " p o r p h y r i n - l i k e "  pigments. Evidence f o r  such compounds was 

ob ta ined i n  A p o l l o  11 and 1 2  l u n a r  f i n e s .  The pigments f rom 

samples c o l l e c t e d  near t h e  l u n a r  lander  were probab ly  due t o  

contaminat ion  by r o c k e t  exhaust products .  A p o r p h y r l n - l i k e  

pigment ( % 5  x g/g) was a l s o  found i n  an A p o l l o  12 sample 

which had been c o l l e c t e d  a t  a p o i n t  w e l l  removed f rom the  l una r  

l a n d i n g  s i  te. 
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V. The Mass Spectrometry of (1-Phenylethyll-Carbamates 

This class of organic compound was used for the optical analysis 

of asymmetric secondary alcohols, During this work severa 

interesting features were noted In the mass spectra of these 

carbamates. In order to investigate the precise fragmentation 

modes of these molecules several deuterated compounds were 

synthesized. After studying the mass spectra of the carbamates 

labeled with deuterium it was possible to formulate 

rationalizations for t h e  principal fragmentation processes 

including those hydrogen atoms transferred from one portion o f  

the molecule to another. To avoid thermal decomposition it was 

necessary to use the direct inlet system and to maintain the ion 

source at temperatures below 160" or extensive thermal 

fragmentation of the carbamates resulted. 
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V I .  A n a l y s i s  o f  N a t u r a l  Products  by Mass Spectrometer 

D u r i n g  t h e  p a s t  year  research  has c o n t i n u e d  on t h e  s t r u c t u r a l  

a n a l y s i s  by mass spec t romet ry  of  n a t u r a l  p roduc ts  i s o l a t e d  

f rom p l a n t ,  animal and mar ine  sources. A l i s t  of  p u b l i c a t i o n s  

r e s u l t i n g  f rom t h i s  exper imen ta t i on  follows: 

1 e "Mass Spect romet ry  i n  S t r u c t u r a l  and Stereochemical  
Problems - C L X X I I :  The E lec t ron- Impact  Prompted 
Fragmenta t ion  o f  1,2-Cyclohexanedio11' by M. Karen 
S t rong  and Car l  D j e r a s s i .  m. Mass SDectrometrY 
- 2 ,  6 3 1  ( 1 9 6 9 ) .  - 

2.  " A p p l i c a t i o n  o f  I on  C y c l o t r o n  Resonance t o  t h e  
S t r u c t u r e  E l u c i d a t i o n  of  t h e  t3k!6@: I o n  Formed 
i n  t h e  Double McLa f fe r t y  Rearrangement" by 
GeorTe Eadon, John Diekman, Car l  D j e r a s s i .  
J. AJ. Chem. u. 91, 3 9 8 6  ( 1 9 6 9 )  

3. "Flass Spectrometry i n  S t r u c t u r a l  and Stereochemical  
Problems CLXXVI. The Course o f  t h e  E l e c t r o n  Impact 
Induced Fragmentat ion o f  Androstane" by L. Tokes 
and Car l  D j e r a s s i .  J. Am. Chem. -. 91, 5017  (1969). 

4. "!.lass Spectrometry i n  S t r u c t u r a l  and Stereochemical  
Problems C L X X V I I I .  The E lec t ron- Impact  Promoted 
Fra,Tmentation o f  1,2-Cyclohexene Oxide" by  M, K .  
Strong, P. Brown, C. D j e r a s s i .  m. Mass 
Spectrometry 2, 1 2 0 1  ( 1 9 6 9 ) .  

Problems C L X X I X .  The E l e c t r o n  Impact Induced 
Rearrangements o f  I-Phenylheptenes. F u r t h e r  Evidence 
f o r  Double Bond L a b i l i t y ' '  by  A .  F. Ger ra rd  and 
C. D j e r a s s i .  3. Am. Chem. -. 91, 6 8 0 8  ( 1 9 6 9 ) .  

6. "Mass Snectrometry i n  S t r u c t u r a l  and Stereochemical 

- - 

- 

- 
5 .  "Mass Spect romet ry  i n  S t r u c t u r a l  and Stereochemical  

- 
Problems. C L X X X l  1 1 .  P. Study o f  t h e  E l e c t r o n  Impact 
Induced Fragmentat ion o f  A l i p h a t i c  Aldehydes" by 
R. J. L i e d t k e  and C. D j e r a s s i .  3.  Am. Chem. %. 
- 91, 6 8 1 4  ( 1 9 6 9 )  
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7. "klass Spectrometry in Structural and Stereochemical 
Problems CLXXXII. Investications in the 10-Phenyl- 
2-decalone System. The Synthesis and Electron 
Impact Promoted Phenyl Migration o f  trans-10-Phenyl- 

J. m. Chem. 35, 7533 ( 1 9 7 0 ) .  
-2-octalone" by R. T. Gray and C. Djerassi. 

- - 

8. "?lass Spectrometry in Structural and Stereochemical 
Problems CLXXXI. Further Studies of Remote Group 
Interactions After Electron Impact in 4-Substituted 
Cyclohexanones" by R. T. Gray, R. J. Spangler and 
Carl Djerassi. J. Orfi. Chem. 35, 1525 (1970). - 

9. "Mass Spectrometry in Structural an4 Stereochemical 
Problems CLXXXIV. Charee Localization in Frasment 
Ions of Amino Ketones and Fsters." J. Cable, G. W. 
Adelstein. h. Mass Spectrometry 2, 439 (1970). - 
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Dur ing  t h e  p a s t  year, we have e s s e n t l a l l y  completed phase 2 o f  

t h e  Dendra1 p r o j e c t ,  t h e  demonst ra t ion  o f  t h e  u t i l i t y  o f  

a r t i f i c i a l  i n t e l l i g e n c e  as an a i d  i n  t h e  s o l u t i o n  o f  problems i n  

a n a l y t i c a l  o r g a n i c  chemis t ry ,  (Phase 1, 1964-1967, was t h e  system 

d e f i n i t i o n  and genera l  a n a l y s i s  o f  t h e  problem o f  o rgan ic  

s t r u c t u r e s ;  Phase 2, 1968-70,  has been the  p r o d u c t i o n  a 

debuggi ng o f  work I ng computer programs . 1 A s e r  I es o f  

p u b l i c a t i o n s ,  some s t i l l  i n  press, have e x h i b i t e d  t h e  a p p l i c a t i o n  

o f  these methods t o  d i f f e r e n t  c lasses  o f  n o n - c y c l i c  molecules.  

Ref. 32 a l s o  i l l u s t r a t e s  t h e  e x t e n s i o n  o f  t h e  program t o  some 

s i m p l e r  c y c l i c s  and shows t h e  f e a s i b i l i t y  o f  f u r t h e r  extens ion.  

Ref. 3 3  i s  a genera l  overv iew o f  t h e  work t o  date. The procedures 

a r e  worked o u t  f o r  da ta  f rom mass-spectrometry, i n f r a - r e d  and NMR 

i ns t rumenta t  ion.  

We have now begun work on f u r t h e r  phases. 

Phase 3:  "Meta-Dendral", a ' p rog ram whose o u t p u t  would be a 

ency loped ia  o f  chemical  r e a c t i o n  r u l e s  f o r  t h e  behav io r  o 

compounds i n  the  mass spect rometer .  I t s  i n p u t  would be emp l r i ca  

da ta  f rom compounds o f  known s t r u c t u r e .  Th is  work is more more 

r e v e a l i n g  than DENDRAL i t s e l f  i s  o f  t he  thought  processes used by 

the  chemist  i n  i n d u c i n g  g e n e r a l i z a t i o n s .  I t  shou ld  a so g i v e  a 

more r e l i a b l e ,  s e l f - c o n s i s t e n t  t heo ry  o f  mass spec t romet ry  tha  

i s  now a v a i l a b l e  t o  DENDRAL f rom I t s  human i n s t r u c t o r s .  Fragme 

o f  t h e  program have been w r i t t e n  so f a r .  
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Phase 4 :  "Synthet ic  Dendrai", a program t o  design and 

t h e o r e t i c a l l y  t e s t  r e a c t i o n  sequences f o r  the  synthesis  o f  

s p e c i f i c ,  d e s i r e d  end products.  This  has a l r e a d y  been 

demonstrated i n  a p r e l i m i n a r y  running vers ion.  
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I ,  Computer Aided Research I n s t r u m e n t a t i o n  

The work i n  computer i n s t r u m e n t a t i o n  o f  l a b o r a t o r y  Ins t rume 

p r i n c i p a l l y  mass spectrometers,  is under taken p r l m a r l  l y  t o  

i n v e s t i g a t e  techniques a p p l i c a b l e  t o  exob lo logy  miss ions,  

suppor ts  much o f  t he  work desc r ibed  i n  t h i s  r e p o r t  and I n  

a d d i t i o n  has had a p p l i c a t i o n  t o  seve ra l  l a b o r a t o r i e s  o f  t h i s  and 

o t h e r  i n s t i t u t i o n s ,  as w e l l  as c i v i l i a n  technology s p i n - o f f .  The 

computer i n s t r u m e n t a t i o n  has made use o f  ACME (Advanced Computer 

f o r  Medica l  Research, a S t a n f o r d  Medica l  School computer 

development u t i l i z i n g  an I B M  3 6 0 / 5 0 )  w i t h  an I B M  1800  t o  serve  

i n d i v i d u a l  l a b o r a t o r y  i n s t r u m e n t a t i o n  tasks  i n  a t ime  shared 

mode, ACME Is p r i m a r i l y  suppor ted by N I H  grants,  b u t  here  aga in  a 

d e l i b e r a t e  p o l i c y  i s  f o l l o w e d  t o  merge goa ls  and g r a n t  resources 

w i t h  o t h e r  research  groups a t  S t a n f o r d  t o  o p t i m i z e  j o i n t  

o b j e c t l v e s .  These i n s t r u m e n t a t i o n  developments have had n o t i c e  

and va lue  beyond t h e i r  use here a t  S tan ford .  They have been w e l l  

r e p o r t e d  In t h e  s c i e n t i f i c  l i t e r a t u r e ,  t h e  t r a d e  jou rna ls ,  and 

seminar papers. ( S t a t u s  r e p o r t s  have inc luded  b i b l i o g r a p h i e s  

c o v e r i n g  each r e p o r t i n g  per iod , )  Among these developments a 

un ique mass spect rometer  c o n t r o l  system (wh ich  now i s  ava i  

as a commercial product ) ,  mass spect rometer  d a t a  p rocess ing  

systems, and a spect rophotometer  da ta  a c q u i s i t i o n  and p rocess ing  

system. 

Much o f  ou r  e f f o r t  o f  s c i e n t i f i c  communication has be 
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connect ion  w i t h  the  more genera l  aspects o f  our wor 

onous t ime-shared use o f  a computer f o r  simu 

t ime i n s t r u m e n t a t i o n  i n  seve ra l  d i f f e r e n t  l a b o r a t o r i e s ,  

R TIHE SHARED COHPUTER INSTRUHENTED LRBORATORY 

NAS~SPECTROMETE R 
OR OTHER INSTRUMENTS r WITH ELECTRONIC OUTPUT f - p  IGITAL 

A SYSTEM (PROGRAH) ) 
TO THE TINE SHARED COtlPUTERl 

Figure 1. Typical laboratory instrumentation center contains computer 
data tie panel, keyboard terminal and graphic plotter. 

Except f o r  t he  s p e c i a l  development, r e p o r t e d  d u r i n g  the  f O r s t  

h a l f  o f  t h i s  year, t o  suppor t  t he  l u n a r  i n v e s t i g a t i o n  o f  

po rphy r ins  by magnet ic c i r c u l a r  d i ch ro i sm spectroscopy, t h i s  year 

has been c h a r a c t e r i z e d  by the  use and o p e r a t i o n  of computer 

systems s t a r t e d  i n  p r i o r  r e p o r t i n g  per iods .  A c r i t i c a  rev i ew 0 

se p r o j e c t s  has l e d  t o  the  d e f i n i t i o n  o f  a new deve opment we 

have now undertaken, the  HIlQ (Hilgh I n t e l l i g e n c e  Quot ien t )  

Terminal .  Th is  is descr lbed i n  more d e t a i l  l a t e r  in t h i s  sec t i on ,  
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F i g u r e  1 rep resen ts  t h e  b a s i c  f e a t u r e s  o f  a t y p i c a l  

computer i n s t r u m e n t a t i o n  problem. The s p e c i f i c  d e s l g  

f e a t u r e s  a f f e c t s  t h e  developmental c o s t  and t h e  degree of 

s o p h i s t i c a t i o n  a t t a i n a b l e .  The c h o i c e  o f  how much o f  the d a t a  

channel ( e x t e n d i n g  i n t o  t h e  Computer Data T i e  Panel i n  F i g u r e  

IL shou ld  be p a r t  o f  t h e  computer system o r  t h e  s p e c i a l  

purpose I n t e r f a c e ,  t h e  t ype  o f  s i g n a l  c o n d i t i o n i n g  a v a i l a b l e  t o  

t h e  user, t h e  program language, and o t h e r  v a r i a b l e s  a l l  i n f l u e n c e  

t h e  l e v e l  o f  computer a s s i s t a n c e  achieved by computer-managed 

i n s t r u m e n t a t i o n  and i t s  cos t .  

Over t h e  l a s t  s e v e r a l  years we have gained v a l u a b l e  exper ience i n  

a v a r i e t y  o f  systems, r a n g i n g  f rom a small stand-a lone l a b o r a t o r y  

computer, such as t h e  LINC, t o  a ba re  t e r m i n a l  connected t o  a 

remote l a r g e  t ime-shared computer (ACME) .  Th i s  exper ience coup 

w i t h  t h e  development o f  l e s s  expensive "min i  computers"", has l e d  

t o  t h e  concept o f  t h e  "smart" t e r m i n a l  t h a t  p r o v i d e s  l o c a  

c o n t r o l  f o r  t h e  i ns t rumen t  i n  t h e  l a b o r a t o r y ,  Th i s  " te rm ina l '@ 

w i t h  enough computer power t o  process t h e  d a t a  s t ream a1 

connectlon, u s i n g  phone l i nes ,  t o  a l a r g e r  computer system 

maximum programming power", complex d a t a  manipulat ion,  

data-base f i l i n g .  Our i n t e r e s t  developed I n  a genera 

des ign  o f  such a t e r m i n a l .  P ro fesso r  M e l v i n  Schwartz Q 

Physics Department was l e d  t o  a s i m i l a r  c o n c l u s i o n  based on h l s  

i n s t r u m e n t a t i o n  needs a t  SLAC ( S t a n f o r d  L inea r  Acce 
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TO THE TIME 
SHARED COMPUTER 

LOCAL 

PROCESSING 

UNIT 

I f=lon 

t n o n  

m * N 

:& . .  iooi 
iooi io oi 
0 0  0 0  

P P 

AUXILIARY 
KEYBOARD 

\ 

THE UNIBUS ALLOWS WTA 
TRANSFERS BETWEEN 
THE LPU AND ANY MODULE. 

tN ADDITION , WITH THE 'BIN 
CONTROLLER *, DATA 
TRANSFERS MAY BE MADE 
BETWEEN MODULES EVEN 
WITHOUT THE LPU 

PLUG-IN MODULES INCLUDE DIGITAL INPUT, 
DIGITAL OUTPUT, A-to-D, D-to-A PLUS OTHERS 

ESPECIALU SUITED TO LABORATORY SUPPORT OF MEDICAL , 
CLINICAL a BIOCHEMICAL,AND PHYSICS APPLICATIONS. 

I \ SOME UNIQUE PLUG-IN MODULES ARE: 

ND ACQUISITION 

Figure  2 
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Center)  as have o t h e r  s tuden ts  o f  NASA's genera l  data-ha 

requirements.  They had an advanced modular concept l o c a l l y  termed 

" D i g i t a l  Pathways". Together w i t h  Professor Schwartz we have 

s t a r t e d  an i n t e r d i s c i p l  inary,  i n t e r d e p a r t m e n t a l  p r o j e c t  t o  

develop what we have termed t h e  ' 'HIQ" t e r m i n a l  w i t h  t h r e e  groups 

of  needs i n  mind, b iochemica l  research, p h y s i c a l  research, and 

c l i n i c a l  l a b o r a t o r y .  Th i s  i s  suppor ted j o i n t l y  by ou r  NASA gram 

and AF c o n t r a c t  AF F 4 4 6 2 0  67C 0070.  

F i g u r e  2 i s  a f u n c t i o n a l  d iagram o f  t h i s  modular system. The 

p resen t  funds a l l o w  t h e  development o f  a p i l o t  model. These w i l l  

c o n s i s t  o f  t h e  P D P - 1 1  and t h e  d i r e c t  memory access (DMA)  des ign  

t h a t  i s  b a s i c  t o  most, i f  n o t  a l l ,  t h e  modules. The DMA p o r t i o n  

i s  t o  be t h e  l e f t  h a l f  as shown w i t h  connectors and i n d i c a t o r  

l l g h t s .  Present p lans  a r e  t o  b u i l t  t h r e e  o r  f o u r  complete module 

types t o  connect t o  t h e  P D P - 1 1  Unibus. Th is  i n i t i a l  u n i t  w i l l  be 

used t o  improve s e r v i c e  on t h e  MS-9 mass spect rometer  I n  t h e  

Organic Chemistry l a b o r a t o r i e s  a t  Stanford.  

A f t e r  t h i s  i n i t i a l  exper ience i t  i s  hoped t o  b u i l d  a d d i t i o n a l  o f  

t he  f u n c t i o n a l  modules and c o n s t r u c t  an uncommitted system f o r  

exper imenta l  use, I t  w i l l  be a new t ype  o f  i ns t rumen t  i n  t h a t  i t  

will b r i n g  t h e  computer t o  t h e  t e s t  and research environment as a 

t o o l  and n o t  a p r o j e c t  i n  i t s e l f .  

As p a r t  o f  t h i s  p i l o t  development we expect t o  be a b l e  

es t ima te  t h e  p r o d u c t i o n  c o s t  o f  such t e r m i n a l s ,  We b e l i e v e  tha  

they w i l l  p rove t o  be economica l l y  p r a c t i c a b l e .  
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BX, Cell Separation 

e this work was initiated by the subject grant most of the 

support i s  now coming from NIH grant (NIH GM 1736 

contract (NIH 69 20641, The work has obvious applications I n  the 

medical field. 

A. High Speed Fluorescent Cell Sorter 

This unit i s  designed to measure the fluorescence o f  cells in a 

jet of liquid, break u p  the jet into uniform drops and collect 

the drops in a series o f  containers, with all drops containing 

cells with similar fluorescent characteristics collected in the 

same container. Tests showing that the system could enric 

plaque forming cells, using the Jerne plaquing technique have 

been reported in Science . A second unit using a sheath flow 

system, which encloses the stream of fluid containing the cells 

in a larger stream of inert liquid has been built and tested. 

This  unit possesses superior optical properties and appears to be 

more sensitive than the original. A blue laser, now on order, 

should increase the sensitivity even further. 

B e  High Speed Volumetric Cell Sorter 

This unit measures the volume of cells b y  determining 

ectrfcal resistance In a small, orif8ce contain 

g liquid as the essentially nonconducting 
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through, The sheath f l o w  p r i n c i p l e  has a l s o  been app l e d  t o  t h i s  

inst rument .  Downstream o f  the  o r i f i c e  a j e t  can be formed a 

d e f l e c t e d  i n  t h e  same f a s h i o n  as i n  t h e  f l u o r e s c e n t  s o r t e r ,  

\ 

Measurement o f  the  volume d i s t r i b u t i o n  o f  red  b lood c e l  

ins t rument  i n d i c a t e s  t h a t  sheath f l o w  g i ves  a more accu 

reproduc t  on o f  t he  expected approx imate ly  Gaussian vo 

d i s t r i b u t  on than measurements where the  e n t i r e  o r i f i c e  Is 

a v a i l a b l e  t o  the  c e l l s .  Th is  i s  i n d i c a t e d  i n  F i g u r e  3 where curve 

A shows t h e  red  c e l l  volume d i s t r i b u t i o n  i n  sheath f low, compared 

t o  curve B showing a r u n  u s i n g  t h e  same o r i f i c e  when t h e  o u t e r  

sheath i s  no longer  f l ow ing .  Curve C shows the  response t o  t k  

same b l o o d  sample o f  a commercial ins t rument  f o r  measuring r e d  

c e l l  volume which uses an o r i f i c e  w i t h o u t  sheath f low.  Turbulence 

e f f e c t s  and non-uni form e l e c t r i c  f i e l d s  c l o s e  t o  t h e  o r i f i c e  

s ides  and faces a re  probab ly  respons ib le  f o r  the inaccurac ies  i n  

volume found when sheath f l o w  i s  n o t  used, 

F igu re  4 shows a b lood  sample f rom a p a t i e n t  w i t h  unusua l l y  smal l  

red  c e l l s ,  who had rece ived  massive t r a n s f u s i o n s  o f  no 

The double peak i s  c l e a r l y  ev iden t .  

Th is  type  o f  ins t rument  should have many a p p l i c a t i o n s  

c l i n i c a l  l a b o r a t o r y .  
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C, Use o f  f l o u r e s c e n t  techniques t o  t e s t  immunological 

c o m p a t i b i l i t y .  

Work has c o n t i n u e d  on an automated v e r s i o n  of t h e  f l u o r o c h r o m a t i c  

h i s t o c o m p a t i b i l i t y  t e s t .  The p i ckup  u n i t  has worked 

s a t i s f a c t o r i l y  i n  c o n j u n c t i o n  w i t h  the  o p t i c a l  and p h o t o e l e c t r i c  

s e c t i o n  o f  our  I B M  r a p i d  c e l l  spectrophotometer.  P r e s e n t l y  we a r e  

comp le t i ng  a separa te  o p t i c a l  and p h o t o e l e c t r i c  assembly so t h a t  

t h e  i ns t rumen t  can work as a s e l f - c o n t a i n e d  u n i t .  Th i s  has been 

supported by N I H  Con t rac t  fGM17367. 
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X .  O p t i c a l  Data Process ing 

One o f  t h e  o b j e c t i v e s  o f  t h e  NRSA program f o r  t h e  e x p l o r a t i o n  o f  

Mars i s  t o  o b t a i n  d e t a i l e d  images o f  t h d  p l a n e t  from cameras 

mounted on f l y - b y ,  o r b i t e r ,  and lander  spacec ra f t .  Imagery data, 

upon b e i n g  te lemete red  back t o  Earth, i s  fed i n t o  a high-speed 

computer f o r  da ta  m a n i p u l a t i o n  and p i c t u r e  generat ion.  Some o f  

t h e  r e s t o r a t i o n  o p e r a t i o n s  r e q u i r e d  t o  y i e l d  p i c t u r e s  o f  h i g h  

q u a l i t y  r e q u i r e  l a r g e  amounts o f  computer t ime. As t h e  r e a l t i m e  

demands o f  f u t u r e  m iss ions  can impose a heavy burden on a v a i l a b l e  

computer capac i t y ,  we have performed exper iments t o  i n v e s t i g a t e  

t h e  u t i l i t y  o f  analogue o p t i c a l  da ta  p rocess ing  procedures t o  

supplement t h e  p i c t u r e  p rocess ing  c a p a b i l i t y  o f  t h e  computer, 

The equipment assembled f o r  t h i s  work i s  i l l u s t r a t e d  

s c h e m a t i c a l l y  i n  F i g u r e  5. H i g h l y  d i r e c t e d  monochromatic l i g h t  

f rom a 1 m i l l i w a t t  cont inuous wave helium-neon l a s e r  i s  d i r e c t e d  

through a s h u t t e r  S t o  a microscope o b j e c t i v e  l ens  L . R p i n h o l e  

se-es t o  exc lude a p e r t u r e  P, l o c a t e d  a t  t h e  f o c a l  p o i n t  o f  L 

s t r a y  r a d i a t i o n  f rom t h e  p r i m a r y  beam which passes t h  

1 

1' 

h o l e  t o  a c o l l i m a t i n g  l ens  L2. The l i g h t  proceeds through two. 

succeeding l ens  L 3  and L4, assumed here each t o  have f o c a l  l e n g t h  

f and t o  be separated f rom one another by a d i s t a n c e  2 f .  la: 

f o l l o w s  d i r e c t l y  t h a t  i f  a photot ransparency i s  i n s e r t e d  a t  0, a 

d i s t a n c e  f i n  f r o n t  o f  L then an image of t h e  t r a n s p a r e  

be formed a t  1 ,  a d i s t a n c e  f behind L4 The r a d i a t i o n  p a t  
3 ,  
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t h e  p lane  F l o c a t e d  h a l f  way 'between Lj and L4 i s  o f  an 

e s p e c i a l l y  i n t e r e s t i n g  c h a r a c t e r  f o r  our  purposes. There appears 

i n  t h i s  p lane  a two dimensional  F o u r i e r  t r a n s f o r m  o f  t h e  

s p a t i a l l y  v a r i a b l e  t r a n s m i s s i v i t y  o f  the' photo- t ransparency 

aced a t  0. The o p e r a t i o n a l  s i g n i f i c a n c e  of t h i s  i s  t h a t  a 

v a r i e t y  o f  u s e f u l  t r a n s f o r m a t i o n s  o f  t h e  image appear ing a t  I can 

be accomplished by p l a c i n g  masks of  s u i t a b l e  c o n f i g u r a t i o n  i n  t h e  

p lane F. 

The a p p l i c a t i o n  o f  t h e  above system i s  then as f o l l o w s :  A 

photot ransparency r e p r e s e n t i n g  a m i n i m a l l y  processed computer 

generated image o f  Mars Is i n s e r t e d  a t  0. A mask designed t o  

accompl ish t h e  d e s i r e d  t r a n s f o r m a t i o n  o f  t h e  image i s  p laced  a t  

F, and a photo s e n s i t i v e  r e c o r d i n g  su r face  - - P o l a r o i d  f i l m  I n  o u r  

work-- i s  p laced  a t  1 .  The d e s i r e d  exposure i s  achieved w i t h  t h e  

s h u t t e r ,  

Wi thout  e l a b o r a t i n g  on e i t h e r  t h e  d e t a i l s  o f  t h e  r a d i a t i o n  

p a t t e r n  appear ing a t  F o r  t h e  s e l e c t i o n  o f  an a p p r o p r i a t e  mask, 

we i l l u s t r a t e  two examples o f  o p e r a t i o n s  t h a t  can be r e a d i l y  

performed e 

F i g u r e  6a shows an enlarged p o r t i o n  o f  an image o f  Mars o b t a i n e d  

f rom t h e  1964  Mar ine r  4 f l y - b y  miss ion.  t h e  f u l l  image forma 

c o n s i s t s  o f  an a r r a y  o f  200  by 200  d j s t f n c t  image po in ts ,  each o f  

an i n t e n s i t y  r e l a t e d  t o  the  amount o f  l i g h t  recorded I n  t 
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v i c i n i t y  o f  t h e  p o i n t ,  The o v e r a l l  e f f e c t  s t h a t  o f  a ha 

p r i n t  such as i s  found i n  newspaper reproduc ions  o f  photographs, 

Normal ly  t h e  computer d i s p l a y  o p e r a t o r  would p a r t i a  l y  defocus 

t h e  image output tube t o  b lend  t h e  i n d i v i d h a l  do ts  t o  a somewhat 

g r e a t e r  e x t e n t  than shown here.  I n  our demonst ra t ion  we 

accompl ished a q u i t e  P u l l  b l e n d i n g  by i n s e r t i n g  an a p p r o p r i a t e  

mask a t  F, The o u t p u t  image recorded a t  I i s  i l l u s t r a t e d  i n  

F i g u r e  6b. 

Two f e a t u r e s  o f '  F i g u r e  6b bear .comment. F i r s t l y ,  t h e  s l i g h t l y  

m o t t l e d  c h a r a c t e r  i n  t h e  image r e s u l t s  p r i n c i p a l l y  f r o m  t h e  f a c t  

t h a t  ou r  mask was formed by c u t t i n g  a s h a r p l y  rounded h o l e  i n  our  

opaque sheet.  T h i s  a f f e c t  can be a l l e v i a t e d  by u t i l i z a t i o n  o f  a 

" s o f t ' @  edged mask. Secondly, imper fec t i ons  i n  t h e  i n p u t  f i l m  a r e  

exaggerated as ind ica ted ,  f o r  instance, by t h e  smal l  b l a c k  do ts  

beneath and about t h e  dark  area t o  t h e  lower  r i g h t  o f  cen ter ,  

Our second example, i l l u s t r a t e d  i n  F i g u r e  7, i n v o l v e s  an image 

recorded d u r i n g  t h e  1 9 6 9  Mar iner  6 f l y - b y  miss ion .  The minima 

processed computer image shown i n  F i g u r e  7a e x h i b i t s  a f o r m  o f  

a r t i f a c t  common t o  the  ser ies ,  namely, harmonic "noise" 

m a n i f e s t i n g  i t s e l f  i n  t h i s  i ns tance  by some t e n  bands o f  

i n t e r f e r e n c e  spread across t h e  p i c t u r e ,  The resu t o f  ou r  e f f o r t  

ess these bands by use o f  an a p p r o p r l a t e  F-plane mask i s  
- 

shown i n  F i g u r e  7b. 
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More sophisticated operations, o f  a pattern recognition type, can 

be performed. We have not attempted these, nor do we believe it 

likely that they can be developed in time to compete with digital 

processing for MM 1971. \ 



-32-  

X I ,  Quasi-Microscope f o r  V i k i n g  Mars Lander 

\ 
The maximum s p a t i a l  r e s o l u t i o n  c a p a b i l i t y  o f  t h e  facs im i  

system proposed f o r  t h e  Mars V i k i n g  1 9 7 5  Lander Is 1 mmo a 

m i n i m u m  o b j e c t  range o f  2 meter.  M i s s i o n  c o n s t r a i n t s  f o r  

f i r s t  Lander p rec lude  t h e  i n c l u s i o n  o f  a s e l f - c o n t a i n e d  

microscope package. However, as t h e r e  i s  g r e a t  i n t e r e s t  i n  t h e  

a c q u i s i t i o n  o f  m ic roscop ic  data, we have g i v e n  some thought  t o  

t h e  u t i l i z a t i o n  o f  t h e  proposed camera i n  a h i g h e r  r e s o l u t i o n  

mode e 

System r e l i a b i l i t y  requirements p rec lude  t h e  a d d i t i o n  o f  any 

camera o p t i o n s  t h a t  c o u l d  i n  t h e  event o f  m a l f u n c t i o n  of t h e  

deployment system j e o p a r d i z e  t h e  normal panoramic c a p a b i l  I t y  o f  

t he  system, 

The s i m p l e  o b s e r v a t i o n  t h a t  a m a g n i f y i n g  eyepiece p laced  

approx ima te l y  one f o c a l  l e n g t h  f rom an o b j e c t  b u t  a r b i t r a r i l y  f a r  

from t h e  eye can p r o v i d e  s u b s t a n t i a l  m a g n i f l c a t l o n ,  suggests a 

p o s s i b l e  approach. A remote a u x i l i a r y  l e n s  would enable t h e  

camera t o  survey a s m a l l e r  p o r t i o n  o f  i t s  f i e l d  i n  a 

croscope mode. 

We have s t u d f e d  b o t h  t h e o r e t i c a l l y  and exper imenta l  

f e a t u r e s  o f  such a system, We f i n d  f o r  t h e  proposed camerarp f o r  
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example t h a t  a complementary F/f a u x i l i a r y  l e n s  o f  40 mm d iameter  

p laced  a t  a range o f  2 meter would enable a c q u i s i t i o n  o f  an 

u n v i g n e t t e d  image composed o f  490 r e s o l u t i o n  elements a t  a 

s p a t i a l  r e s o l u t i o n  o f  0.025 mm. - r e p r e s e n t i n g  a 4 0 - f o l d  l a t e r a l  

m a g n i f i c a t i o n  r e l a t i v e  t o  t h e  unenhanced system. 

\ 

General system equat ions have been d e r i v e d  and d e p t h - o f - f i e l d  

r e l a t i o n s  have been e s t a b l i s h e d .  We have examined an i n c i d e n t a l  

wide ang le  c a p a b i l i t y  o f  t h e  a u x i l i a r y  l ens  t h a t  o f f e r s  t h e  

o p t i o n  o f  q u i c k  scanning and/or m o n i t o r i n g  over  l a r g e  angles and 

areas. 

I t  may be o f  more than  academic i n t e r e s t  t o  no te  a f a c s i m i l e  

microscope, p a t t e r n e d  a f t e r  t h e  p r i n c i p l e  o f  t h e  camera, can be 

an ex t reme ly  smal l  device.  An F/1 system c o n s i s t i n g  o f  a s i n g l e  

lens of  a r b i t r a r i l y  sma l l  s i z e  and a p i n h o l e  f o c a l  p lane  a p e r t u r e  

can r e s o l v e  down t o  one wavelength o f  l i g h t .  
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1 ,  M a r i n e r  Mars 1971 O r b i t e r  Photography 

A system i s  b e i n g  developed t o  man ipu la te  d i g i t i z e d  photographs 
\ 

o f  Mars u t i l i z i n g  a t ime  shared computer. The use r  i s  ab 

i n t e r a c t  w i t h  t h e  system v i a  a CRT d i s p l a y  screen and a 

t y p e w r i t e r  keyboard, The system operates on a PDP- 

w i t h  128,000 t h i r t y - s i x  b i t  words o f  c o r e  s t o r a g e  which i s  

augmented by a 2 0  m i l l i o n  word d i s k  system. The p r o j e c t  Is 

d i r e c t e d  toward i n c r e a s i n g  t h e  speed and s e n s i t i v i t y  w i t h  which 

judgments can be made about fea tu res  on t h e  s u r f a c e  o f  Mars w i t h  

s p e c i a l  emphasis on r e a l  t ime  v a r i a t i o n .  

The use r  i s  a b l e  t o  s e l e c t  a r e g i o n  which i s  common t o  a p a i r  o f  

images and reques t  t h a t  t h e  r e s p e c t i v e  p o r t i o n s  o f  t h e  two images 

be p r o j e c t e d  t o  a common p o i n t  of  view. S u i t a b l e  geometr ic  and 

pho tomet r i c  t r a n s f o r m a t i o n s  then generate two new images i n  which 

common f e a t u r e s  a r e  a l i g n e d  t o  w i t h i n  t h e  accuracy o f  t h e  

s p a c e c r a f t  p o s i t i o n  and o r i e n t a t i o n  data. Techniques a l s o  e x i s t  

f o r  improv ing  t h e  a l ignment  o f  t h e  two transformed images t o  

w i t h i n  a f r a c t i o n  o f  a k lometer  on t h e  s u r f a c e  o f  Mars f o r  t h e  

1969 near-encounter photographs. A f t e r  proper  al ignment, t h e  two 

images can be analyzed t o  d e t e c t  s i g n i f i c a n t  d i f f e r  

wo images o f  t h e  same area, Th is  techn 

fundamental t o  any s i g n i f i c a n t  v a r i a b l e  f e a t u r e s  s t  
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The c a p a b i l i t y  a l s o  e x i s t s  t o  analyze the  out  ines of featuse 

which a r e  c h a r a c t e r i z e d  by i n t e n s i t y  d i f f e r e n c e s  in the Image, 

These f e a t u r e s  may be c r a t e r s , .  p o l a r  caps, sinuses o r  o t h e r  

f e a t u r e s  o f  Mars. Work i s  a l s o  being done i n  recognizing,  

c l a s s i f y i n g  and measuring these f e a t u r e s .  

\ 
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