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A. INTRODUCTION 

This S t a t u s  Report covers t h e  a c t i v i t i e s  of t h e  Instrumentation Research 

Laboratory from September 1, 1965, t o  April  1, 1966. Major t echn ica l  e f f o r t s  

are described i n  separate technica l  r epor t s  and papers. 

t o  t hese  and summarizes continuing p r o j e c t s .  

The s t a t u s  r epor t  refers 

A t  the  end of t h i s  r epor t  per iod  w e  completed the  move t o  the  new labora tory  

f a c i l i t i e s  provided by NASA Grant NsG-(F)-2. 

inc ludes  areas of research t h a t  are c lose ly  r e l a t e d  t o  e f f o r t s  being c a r r i e d  

out  i n  the  Department of Genetics under o t h e r  g ran t s  o r  con t r ac t s .  

A i r  Force Contract AF 49(638) 1599 f o r  "Molecular Biology Applications of Mass 

Spectroscopy," National I n s t i t u t e  of Neurological Diseases and Blindness Grant 

NB-04270 e n t i t l e d  "Molecular Neurobiology" and a MACY Foundation Grant f o r  

"Planning f o r  Advanced Computer F a c i l i t y  - The Stanford Medical School." 

under t h i s  l a t t e r  grant  i s  preparatory t o  car ry ing  o u t  t he  Advanced Computer 

f o r  Medical Research (ACME) proposal submitted t o  t h e  National I n s t i t u t e  of 

Health,  Division of Research F a c i l i t i e s  and Resources. I n  add i t ion ,  t h e r e  i s  

co l l abora t ion  with t h e  work i n  the  Computer Science Department on a r t i f i c i a l  

i n t e l l i g e n c e  ca r r i ed  out  under support  of the Advanced Research P r o j e c t s  Agency 

SD 183. The r e l a t ionsh ip  of the  work c a r r i e d  out  under NASA gran t  t o  these  

o t h e r  a c t i v i t i e s  has continued t o  prove of g r e a t  mutual b e n e f i t  i n  a l l  cases. 

Work under gran t  N s G  81-60 

This inc ludes  

Work 

. 
b 

b 

The general  p ro j ec t  a reas  of t h e  Kesume are: 

I. Multivator 

11. Fluorometry 

111. Gas Chromatograph and O p t i c a l  Resolution 

I V .  Mass Spectrometry 

V . Computer Managed Instrument a t  i o n  

V I .  UV Microspectrometry 

4 
During the  s i x  month per iod  described above, t h r e e  t echn ica l  r e p o r t s  were published 

and f i v e  papers submitted t o  jou rna l s  f o r  p u b l i c a t i o n .  A l i s t i n g  of t hese  I 

r e p o r t s ,  arranged i n  chronological o r d e r ,  i s  included i n  t h i s  s t a t u s  r e p o r t .  

Information covering personnel changes i s  presented .  
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The t echn ica l  e f f o r t s  r e l a t i n g  t o  t h i s  gran t  (NsG 81-60) extend t o  t h e  

following research  areas: 

1. Development of s p e c i f i c ,  mission-oriented experiments f o r  
p lane tary  explanat ion - e ,g . ,  t h e  Mul t iva tor  and the  Pas teur  
Probe. 

-- 3 Strrdiec ~ ? f  aalyt ica-1 systems that have s p e c i a l  p o t e n t i a l  i n  
long-range plans f o r  an automated labora tory  f o r  Mars, i.e., 
Mass Spectrometry and Phosphorimetry. 

3. Automation of laboratory sc i ence  under computer con t ro l  - e.g., 
LINC computer programming systems; d a t a  acqu i s i t i ons  and 
reduction and closed loop instrument con t ro l ;  mechanized 
inference  from experimental d a t a  ( a r t i f i c i a l  i n t e l l i g e n c e ) .  

The prime r e s p o n s i b i l i t y  f o r  performance of t he  research e f f o r t  under t h i s  

g ran t  rests wi th  t h e  Instrumentation Research Laboratory which func t ions  as 
p a r t  of t h e  Stanford University School of Medicine Department of Genetics. 

I n  add i t ion ,  o the r  p a r t i c i p a t i n g  groups inc lude  Professors  Carl Djerassi 

(Chemistry Department), Lubert S t rye r  (Biochemistry), P e t e r  Bulkeley (Direc tor ,  

Design Division, Mechantcal Engineering) , and John McCarthy and Edward 

Feigenbam (Computer Sciences) , and t h e i r  a s soc ia t e s .  
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B. PROGRAM RESUME 

I. Mult ivator :  Evaluation of a Neon Light Source f o r  Phosphatase 

In a previous communication (Technical Report No, IRL-1027) i t  was noted t h a t ,  

f o r  a number of reasons,  unacceptably poor l eve l s  of f luorescent  de t ec t ion  of 

6,6'-dihydroxy-napthofluoran (N.F.) were obtained. I n  b r i e f  these  reasons were 

(1) inadequate output of the  tungsten source used i n  the  des i red  s p e c t r a l  band, 

(2) excessive s c a t t e r i n g  of the  e x c i t a t i o n  l i g h t  by the  mechanical housing and 

the  cuvet te ,  (3) imperfect col l imat ion of the  source output ,  occasioned by the  

requirement t h a t  physical  dimensions be kept t o  a m i n i m u m ,  (4) less than optimum 

s p e c t r a l  response from the m u l t i p l i e r  phototube used. 

An assembly has been devised which removes o r  reduces these  l i m i t a t i o n s  t o  the  

point  where the lower l i m i t  of de t ec t ion  i s  c lose  t o  10-l' molar concentrat ion 

of N.F. compared t o  the previously obtained 10 . -8 

Figures 1 and 2 show the physical  arrangements of the  assembly. The tungsten 

fi lament lamp used as the  source i n  previous experiments has been replaced by a 

small neon lamp,  type N.E.2. operated a t  a power d i s s i p a t i o n  of 112 m i l l i w a t t s ,  

and modulated a t  120 cps. 

Three graded apertures  following the  neon lamp and primary in t e r f e rence  f i l t e r  

(Optics Technology 595mp) permit ted a divergent  cone of l i g h t  t o  i l l umina te  the  

bottom of a 5 cc. cuvet te .  The cone angle was l imi ted  such t h a t  t o t a l  i n t e r n a l  

r e f l e c t i o n  of  the marginal rays occurred wi th in  the  cuve t t e ,  enabl ing improved 

u t i l i z a t i o n  of e x c i t a t i o n  power. 

semi-circular  polished aluminum r e f l e c t o r  and masked a t  t h e  top and bottom. 

The f luorescent  a c t i v i t y  occurr ing wi th in  the  c e n t r a l  unmasked por t ion  of the  

cuve t t e ,  represent ing a volume of 2 cc. ,  was de tec ted  by the  red s e n s i t i v e  

m u l t i p l i e r  phototube (R.  C.A. type 4463) af ter  t ransmission through a secondary 

f i l t e r  (Corning g l a s s  type CS2-58). 

The cuvet te  was located a t  the  center of a 

(I The output of t h e  m u l t i p l i e r  phototube w a s  e l e c t r i c a l l y  f i l t e r e d  and amplif ied 

by an operat ional  ampl i f ie r  with the  feedback network, arranged i n  p a r a l l e l  t e e  

configurat ion.  The gain i n  t h i s  mode was 2 x 10 

p e r  second. 

3 I 
and the  bandwidth a few cycles  

The output of the  a m p l i f i e r  w a s  measured with a vacuum tube 
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voltmeter (H.P. 400-H). 

Al te rna te  comparisons were made between an 0.1 concentrat ion of NaOH, used as a 

re ference ,  and var ious concentrations of N.F. by s u b s t i t u t i o n  of cuvet tes .  

One set of readings,  t y p i c a l  of many obtained,  w a s :  

0.1 NaOH - 0.35 MV A.C.  R.M.S. 
I I  I I  N.F. - 0.65 11 

N.F. -10.1 11 

11 I 1  N.F. - 2.1 I' 

II I 1  

I t  II N.F, -92.0 " 

The s h o r t  term s t a b i l i t y  of the  s y s t e m  w a s  such t h a t  i d e n t i c a l  measurements 

w e r e  made of t he  above concentrations a f t e r  an interval of two hours. It had 

been noted t h a t  cuvet tes ,  a f t e r  rout ine handling and washing, develop numerous 

small sc ra tches  and sur face  markings. A test was made t o  eva lua te  the  poss ib l e  

d a t a  spread caused by s c a t t e r i n g  a t  these  o p t i c a l  inhomogeneities. S ix  cuvet tes  

were taken a t  random from a group of twenty-one, f i l l e d  with an 0.1 NaOH concen- 

t r a t i o n  and comparisons made between them. Within the  l i m i t s  of the  system 

s e n s i t i v i t y  no d i f fe rences  could b e  detected between the  s i x  cuvet tes .  

The dimensions of the  instrument described are c e r t a i n l y  not  cons is ten t  wi th  

the  requirements of p r a c t i c a l  f l i g h t  hardware, but  the  majori ty  of  system 

elements may r ead i ly  be miniaturized. The ampl i f ie r  module used has a volume 

of 13 cc., excluding s i x  components which form an e x t e r n a l  feedback loop. 

volume of t h i s  u n i t  could be reduced t o  about 0.3 cc., including ex te rna l  loop, 

w i t h  zero or minimal s a c r i f i c e  i n  electrical parameters. 

The 

The m u l t i p l i e r  phototube supply used, although small by previous i n d u s t r i a l  

s tandards ,  i s  gross  compared t o  an t ic ipa ted  mission hardware. Since the  power 

requirement of t he  phototube is  so low, nominally one one-hundredth of a w a t t ,  

it should be f e a s i b l e  t o  reduce t h i s  supply u n i t  t o  a volume of less than 50 cc. 

The m u l t i p l i e r  phototube used, measuring 15 cms. long by 5 cms. diameter, i s  

considered t o  be too  la rge  f o r  use i n  a p r a c t i c a l  mission; t h i s  p a r t i c u l a r  tube 

w a s  s e l ec t ed  only f o r  i t s  spec t r a l  c h a r a c t e r i s t i c s  and a ruggedized type of 
appropr ia te  conf igura t ion ,  and reduced dimensions should be ava i l ab le  on s p e c i a l  

o rder .  
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The power suppl ies  f o r  t h e  neon lamp and the  ampl i f i e r  are considered t o  be 

s u f f i c i e n t l y  nonspecialized t o  present  no dimensional problem; both f a l l  i n t o  a 

genera l ly  usable range. Weights and volume cons idera t ion  can b e t t e r  be evalua ted  

when i t  i s  known whether mul t iva tor  is  t o  be a s e l f  contained experiment o r  

a u x i l i a r y  t o  o ther  experimentation. 

6 

b 

The foregoing ind ica t e s  t h a t  an adequately s e n s i t i v e  phosphatase assay may be 

made using a miniature neon source i n  an appropr ia te  phys ica l  conf igura t ion .  

S e n s i t i v i t y  obtained was about twice t h a t  of a bench model f luor imeter  (Turner 

11) used f o r  comparison and c a l i b r a t i o n  purposes. 

system could be improved by an order  of magnitude of a measurement per iod  of 

twenty seconds could be t o l e r a t e d ,  and i f  t h e  two f i l t e r s  and d e t e c t o r  were more 

c a r e f u l l y  se l ec t ed .  

The s e n s i t 4 v i t y  of t he  p re sen t  
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11. Fluorometry 

a. ReaRents f o r  Fluorometric Assays of Hydrolyt ic  Enzymes. 

The B-napthylamides of n ine  d i f f e ren t  amino ac ids  have been t e s t e d  as f luorogenic  

s u b s t r a t e s  f o r  pept idase act ivi ty  i n  s o i l .  The th ree  s o i l s  t e s t e d  (10 mg. s o i l  

i n  10 m l .  so lu t ion )  a l l  showed a c t i v i t y  i n  1-2 hours and each showed q u i t e  d i s t i n c t  

s p e c i f i c i t y ,  For ins tance ,  Bowers Clay (from NASA Ames) showed g r e a t e s t  a c t i v i t y  

towards lysyl-B-naphthylam5de , whereas dese r t  soi f from Panamint Valley exh ib i t ed  

p r e f e r e n t i a l  a t t ack  on the  phenylalanyl de r iva t ive ,  

diminished the  a c t i v i t y  confirming t h a t  i t  was due to  the presence of micro- 

organisms. These r e s u l t s  a r e  described i n  Table I. 

Heating the  s o i l  a t  130' 

We have now s e l e c t e d  and pu r i f i ed  four  d i f f e r e n t  s t r a i n s  of b a c t e r i a  from Bowers 

Clay and intend t o  inves t iga t e  the s p e c i f i c i t y  of these  pure s t r a i n s  and a l s o  t o  

determine the  q u a n t i t a t i v e  turnover of s u b s t r a t e  pe r  bacterium. 

I n  cooperation with D r .  L u b e r t  S t ryer  of the  Department of Biochemistry, Stanford 

Univers i ty ,  work is  cont inuing on t h e  development of a f luorogenic  s u b s t r a t e  

t h a t  could func t ion  f o r  a broad array of enzymes.. 

We have shown t h a t  energy can be t r ans fe r r ed  from a f luorescent  group F t o  a 

qyencher ? over  d i s t ances  of some 20A0 I n  the  model system s tudied ,  F and Q are 

naphthalene d e r i v a t i v e s ,  while the " r i g i d  s t i c k "  separa t ing  them is  a polypeptide 

he l ix .  This suggests  a general  type of assay f o r  bond-cleaving enzymes. The 
f luorogenic  s u b s t r a t e  is  a molecule F-S-B-X-Q, where B is  a suscep t ib l e  bond, 

and X i s  a spacer group. Following bond cleavage, F i s  no longer quenched, s ince  

i n  d i l u t e  s o l u t i o n s  i t  i s  separated from Q by a d is tance  g r e a t e r  than 50 A. 
Prel iminary s t u d i e s  have shown that  quenchers such as the  dini t rophenyl  group 

act as i n h i b i t o r s  of c e r t a i n  enzymes. I n  f u r t h e r  work on a general  f luorogenic  

s u b s t r a t e ,  i t  w i l l  be necessary t o  (1) choose F and Q which are not  enzyme 

i n h i b i t o r s  and (2)  s epa ra t e  F and Q from the  suscep t ib l e  bond B by use of 

appropr ia te  spacer  groups, 

b. Nanosecond Flash Fluorometry (Phosphorometry) 

As previously repor ted ,  a f l a s h  fluorometer has been developed i n  t h i s  laboratory 

i n  cooperat ion with D r .  Lubert S t ryer  of the  Department of Biochemistry. In  

a d d i t i o n  t o  the  work reported here some of t h i s  research i s  described i n  the  

progress  r epor t  under g ran t  NGR-05-020-137 covering period January 1, 1966, t o  
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June 30, 1966, by Professors  A. Kornberg and Lo  S t r y e r  and a paper e n t i t l e d  

~ 
"A Spin-Labeled Hepten" (L. S t rye r  and 0. G r i f f i t h s ) ,  Proc. Nat. Acad. Sc i .  

0 
I U.S. 54 1785-1791 (1965)e 

Further work on the system has r e su l t ed  i n  s h o r t e r  and b r i g h t e r  l i g h t  pu lses  and 

it seems apparent t h a t  we do no t  y e t  know t h e  inherent  l i m i t  of t h e  sys tem.  

P resen t ly ,  photomul t ip l ie r  t r a n s i t  t i m e  spread is t h e  l i m i t i n g  f a c t o r .  

The l i g h t  source cons i s t s  of a high pressure  lamp i n  a coaxia l  housing wi th  a 

r e s i s t o r  s t r i n g .  The lamp wi th  the r e s i s t o r s  and the  d i s t r i b u t e d  capac i ty  of 

t he  lamp t o  housing form a r e l axa t ion  o s c i l l a t o r  f o r  genera t ing  the  l i g h t  pu lses .  

The lamps t h a t  have been inves t iga t ed  are xenon, oxygen, hydrogen, and var ious  

combinations of t h e  l a t te r  two with xenon. With the  molecular gasses,  t h e  

pu l se  length  is unknown as the  phototube limits t h e  system a t  3 t o  4 x LO sec. 

The energy input  is a few microjoules p e r  f l a sh .  I n  the  case of xenon and 

combinations conta in ing  xenon, the pu l se  has a half-width on t h e  o rde r  of 8 t o  

10 x lo-' sec.  and power input of 1 t o  10 m i l l i j o u l e s .  This very b r i g h t  f l a s h  

i s  e x c e l l e n t  for many biochemical experiments. 

-9 

The lamps used w e r e  manufactured by P.E.K. Labs. of Sunnyvale, Cal i forn ia .  

of t h e  experimental r e s u l t s  were independently v e r i f i e d  by Dr. Edwin Garwin 

of t h e  Stanford Linear Accelerator Center. Reports of both the apparatus and 

biochemical r e s u l t s  t o  d a t e  are to  be  published shor t ly .  

Some 

111. Gas Chromatography and Optical  Resolution 

S ince  b iogene t i c  manomolecules have the  necessary information t o  d iscr imina te  

among t h e  o p t i c a l  isomers of momomeric s u b s t r a t e s ,  t h i s  property can be used t o  

a s c e r t a i n  t h e  presence of b io log ica l  agents i n  p lane tary  soils. Using t h e  high 

s e n s i t i v i t y  g. 1 c. technique previously described, t he  s t e r e o  s p e c i f i c  consump- 

t i o n  of s e v e r a l  racemic amino a c i d  s u b s t r a t e s  i n  terrestial  s o i l s  has been 

demonstrated. Work is continuing on b a s i c  chemical refinements of t h e  techniques. 

The Pas t eu r  Probe experiments are being s tud ied  with s p e c i f i c  organisms i s o l a t e d  

from the  s o i l s  previously s tud ied .  
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The g.1.c. technique has a l s o  been used ex tens lve ly  t o  i n v e s t i g a t e  th$ s te rdo-  

s p e c i f i c  a c t i o n  of several pure enzymes. I n  some cases, t he  r e s u l t s  of t h i s  

study have l ed  t o  the  assignment of absolu te  conf igura t ions  t o  t h e  antipodes 

of organic  compounds such as t h e  a lcohols  and the  amines. b 

This work i s  reported i n  more d e t a i l  i n  r epor t s  (2,3) and papers (1-5). e 

IV. Mass Spectrometry. 

a. Analysis of Natura l  Products, 

The Atlas CH-4 Mass Spectrometer i n  Professor  Djerassi's labora tory  i n  t h e  

Department of Chemistry has y ie lded  t h e  r e s u l t s  repor ted  i n  the  following 

papers : 

Djerassi, C. ; Sample, S.D. : Mass Spectrometry i n  S t r u c t u r a l  and Stereo- 
chemical Problems, Mass Spectrometric Fragmentation of Nitrophenyl- 
hydrazones. Nature, 308, 1314 (1965). - 

Djerassi, C. ; Shapiro,  R. H. ; and Vandewalle, M. : Mass Spectrometry i n  
S t r u c t u r a l  and Stereo-chemical problems. S t e r e o s p e c i f i c i t y  i n  Hydrogen 
Transfer  Reaction C h a r a c t e r i s t i c  of 6-Keto S te ro ids .  J. Am. Chem. SOC., 
- 8 7 ,  4892 (1965) - 

Duff ie ld ,  A. M . ;  Aplin, R. T . ,  Budzikiewicz, H.; Djerassi, C . ;  Murphy, C.F.; 
Mass Spectrometry i n  S t r u c t u r a l  and Stereo-chemical and Wildman, W. C. : 

Problems. A Study of t he  Fragmentation of Some Amaryllidaceae Alkaloids.  

4 

Poisson, J . ;  P l a t ,  M . ;  Budzikiewica, H . ;  Durham, L. J.;  and Djerassi, C.: 
Mass Spectrometry i n  S t r u c t u r a l  and Stereo-chemical Problems. 
S t ruc tu re  of Vobtusine. 

P a r t i a l  

Djerassi, C.;  and Fenselau, C. : Mass Spectrometry i n  S t r u c t u r a l  and Stereo- 
chemical Problems. 
Rearrangements of A l ipha t i c  Amines. J. Am. Chem. SOC., 87, 57-47 (1965). 

The Nature of t h e  Cycl ic  T r a n s i t i o n  S t a t e  i n  Hydrogen 

- 
Djeras s i ,  C. and Fenselau, C. : Mass Spectrometry i n  S t r u c t u r a l  and Stereo- 

chemical Problems. 
Hydrogen Rearrangements of A l ipha t i c  Amines. J. Am. Chem. SOC., 87, 5752 
(1965). 

The Nature of t h e  Cycl ic  T r a n s i t i o n  S t a t e  i n  
- 
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b. Mass Spec t ra l  Microanalysis of Sol ids  

Construction of the  ion  bombardment s o l i d s  mass spectrometer has been completed. 

The des i red  experiments have been perf0rmt.d and t h e  .fats h a s  been evaluated.  

The instrument comprises a Slodzian-Castaing source u n i t  containing a primary 

ion  gun, a sample holder  and i n l e t  system, and secondary ion  e x t r a c t i o n  and 

focusing opt ics .  There a re  addi t iona l ly  a f l i g h t  tube ,  e l ec t ron  m u l t i p l i e r  

i o n  de tec to r ,  60' sec to r  bending magnet, and assoc ia ted  vacuum equipment and 

e l e c t r o n i c  instrumentat ion.  

Target material is spu t t e red  by t h e  incidence of nominal 10 kev inert  gas ions. 

Approximately 1:lO of the  e m i t t e d  t a r g e t  p a r t i c l e s  are evolved i n  ion ized  form. 

These secondary ions a r e  ex t rac ted  from the  t a r g e t  region and f i r e d  down t h e  

f l i g h t  tube i n t o  the  f i e l d  of  the  bending magnet wherein the  approximately 

monoenergetic ions  are fanned out  i n  accordance with t h e i r  charge t o  mass ratio. 

Those ions  bent  in to  an 8" rad ius  of curvature  t r a j e c t o r y  i n  the  magnet pass  

through an e x i t  s l i t  onto an e lec t ron  mul t ip l i e r .  

by sweeping the  magnetic f i e l d .  

5 

The m a s s  spectrum i s  scanned 

Slodzian has demonstrated t h a t ,  by introducing an appropr ia te ly  f igured  magnet 

and s u i t a b l e  ion-electron image converting o p t i c s ,  the  secondary ions  may be 

focused t o  produce magnified images i n d i c a t i v e  of the  atomic d i s t r i b u t i o n  on 

the  sur face .  One micron reso lu t ion  has been achieved. 

The i n t e n t i o n  of the  present  study was t o  a s c e r t a i n  i f  s u f f i c i e n t  numbers of 

i n t a c t  molecular ions  c h a r a c t e r i s t i c  of organic  t a r g e t  materials could be 

evolved t o  enable the  determination of t h e  molecular d i s t r i b u t i o n  i n  s t r u c t u r e s  

of b i o l o g i c a l  i n t e r e s t .  

P o s i t i v e  primary ions of argon and hydrogen were employed t o  bombard poly- 

e thy lene ,  nylon, polyvinalpyrolidone methylcel lulose,  g raphi te ,  OF'HC copper, 

gold, and aluminum. Both pos i t i ve  and negat ive secondary ions were examined. 

The inc iden t  primary ion energy was  approximately 6 kev and 14 kev during the 

examination of p o s i t i v e  and negative secondaries ,  respec t ive ly .  
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Odd-even carbon e f f e c t s  have been reported i n  the  pas t .  

not t o  be widely known. Since t h e  only explanat ion w e  can f ind  f o r  these  

e f f e c t s  calls f o r  t h e  carbon complexes t o  be i n  the  form of linear chains, we 

are forced t o  conclude t h a t  m o s t  of t h e  evolved ionized carbon complexes are i n  
such form. 

They appear, however, 

Other methods of producing ionized fragments from b i o l o g i c a l  t a r g e t s  t h a t  would 

be usefu l  f o r  mic ro iden t i f i ca t ion  are under study. 

E,  Mass Spectrometer Data Presentat ion.  

The PMOD-14" p l o t  implements a suggestion t h a t  i f  a spectrum of some. organic  

material i s  displayed on a s p i r a l  base,  i n s t ead  of a conventional orthogonal 

coordinate  system, the  inf luence  of CH would be apparent,  Two compounds t h a t  2 
d i f f e r  by one CH2 (14 amu), homologs, would have s i m i l a r  p a t t e r n s  t h a t  would be 

v i s u a l l y  apparent.  Also the  residue,  or non-dependent po r t ion  would a i d  

v i s u a l l y  i n  the  i d e n t i f i c a t i o n  of the  class of t he  compound. 

The p l o t  program i s  a computer output package f o r  d i sp lay ing  the  d isp lay  of 

the  spec t r a .  Present  input  i s  v i a  punched cards ,  bu t  i t  can be adapted t o  any 

computer process system with a p l o t t e r .  This program accepts  a l i s t  of pa i red  

numbers, mass/charge r a t i o  and amplitude, and prepares  a conventional ortho- 

gonal p l o t  and a s p i r a l  based p l o t  of the  same data .  The p l o t  format i s  

s u i t a b l e  for publ ica t ion .  I n  the  sp i ra l  p l o t ,  each m a s s  is  represented as a 

f i l l e d  i n  t r i a n g l e  whose a r e a  i s  proport ional  t o  the  amplitude of t h a t  mass, 

The angular  pos i t i on  of a given mass i s  (M/q MOD 14) x 2 x T.  

p o s i t i o n  is  (M/q + 1) x constant .  Thus any two mass peaks d i f f e r i n g  by 14 

w i l l  l i e  on the  same r a d i a l  .posi t ion but  on adjacent  laps  of the  s p i r a l .  Any 

two masses d i f f e r e n t  by x x 1 4  mass units w i l l  l i e  on the  same r a d i a l ,  

m a s s  s p e c t r a  previously inves t iga ted*  are being p l o t t e d  i n  t h i s  form. Examples 

of Glycine,  Valine,  Leucine and Isoleucine are shown i n  Figures 3A through 6B. 

The r a d i a l  

The 

*N. Martin,  " A n  Inves t iga t ion  of the Mass Spectra of Twenty-two Free Amino 
Acids." IRL No. 1035, September 21, 1965. 
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d e  Computer Manipulation of Chemical Hypotheses. 

The DENDRAL system has now been f u l l y  implemented, with r e spec t  t o  acyc l i c  

s t r u c t u r e s .  The functions have been w r i t t e n  i n  the  LISP language, allowing the  

s y s t e m  t o  be  run with only minor patching e f f o r t s  on the  IBM-7090, a PDP-6, 

and the  4-32 a t  System Development Corporation. The last  i s  a time-sharing 

system wi th  remote terminals--in the  present  case operated over a conventional 

t e l e type  l i n e  some 400 mlles long. 

a 1 microsecond cyc le  t i m e ,  t h e  4-32 i s  only ba re ly  adequate even f o r  t h e  

present  complexity of the  program and f u r t h e r  f ines se  i s  s t rong ly  dependent 

on t h e  gradually r ea l i zed  a v a i l a b i l i t y  of more s o p h i s t i c a t e d  computers. 

Programs of t h i s  complexlty of a r t i f i c i a l  i n t e l l i g e n c e  can use almost unlimited 

capac i ty ,  and ce r t a in ly  need a couple of magnitudes more than simple data- 

a c q u i s i t i o n  functions which can ge t  by i n  a fashion wi th  some few thousands 

of words of f a s t  memory. Both app l i ca t ions  w i l l  b e n e f i t  from the  development 

of improved techniques f o r  automatic swapping of program and d a t a  blocks between 

d i f f e r e n t  l eve l s  of memory, e .g . ,  between magnetic core and drum, card ,  d i s c ,  

o r  tape--a c e n t r a l  i s s u e  i n  t h e  cu r ren t ly  developing time-sharing sys t ems .  

W 

i’ 

With 46,000 words of a v a i l a b l e  memory and 

The present  implementation i s  b u i l t  around t h e  DENDRAL canonical no ta t ion  f o r  

organic s t r u c t u r e s .  The functions w i l l  convert  any a r b i t r a r y  form i n t o  the  

canonical form, They w i l l  a l s o  generate an exac t  l i s t  of the  isomers of a 

given s t r u c t u r e ,  F ina l ly ,  a number of r u l e s  of chemical p l a u s i b i l i t y  have 

been i n s e r t e d  i n  o rde r  t o  confine the  output t o  a set  r e l evan t  t o  t h e  immediate 

con tex t ,  F ina l ly  a d i a log  f o r  the i n s e r t i o n  and development of t h i s  contex t  

information has been programmed. Nearing completion i s  a program t o  create a 

l i s t ,  i n  order  of p l a u s i b i l i t y ,  of t he  s t r u c t u r e s  t h a t  might match a d a t a  s e t  

( a  mass spectrum) i c e . ,  t o  so lve  a t y p i c a l  problem of a n a l y t i c a l  o rgan ic  

chemistryc The main l i m i t a t i o n  here  i s  the  adequacy of t h e  r e l evan t  theory ,  i . e . ,  

the  rigorous deduction of  the  expected spectrum from a known molecule. The 

program is therefore  being used i n  this theory-checking mode, i . e . ,  t o  p e r f e c t  

the s p e c i f i c a t i o n s  tha t  can lead t o  an expected spectrum c l o s e r  t o  what has been 

observed. The tedious bookkeeping needed has  been a s e r i o u s  d e t e r r e n t  t o  

q u a n t i t a t i n g  the ru l e s  of molecular fragmentation as observed i n  mass spec t ro-  

metry. 

The DENDRAL s y s t e m  has a l s o  been s p e c i f i e d  f o r  c y c l i c  s t r u c t u r t s ,  b u t  a complete 

implementation is probably not  f e a s i b l e  wi th  the  p re sen t  genera t ion  of compute1 8 .  
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That i s ,  it would take hours t o  compute a l l  t h e  isomers even of r e l a t i v e l y  

simple molecules. However, some preparatory t h e o r e t i c a l  work has  been 

completed, e.g., t o  p e r f e c t  the  nota t iona l  system so t h a t  i t  i s  c l e a r l y  p r e c i s e  

and exhaustive.  This has  involved an excursion i n t o  the  theory of c y c l i c  graphs,  

and a proof t h a t  t h e  smallest non-Hamiltonian polyhedron has  at least 22 

(probably 38) vertices. ( i n  cooperation with Professor  V. Klee and Mr. D. 

Barne t t  of t he*Unive r s i ty  of Washington). 

t h a t  would cause any embarrassment t o  the  DENDRAL system (and a non-fatal  one 

a t  t h a t ) .  

small set of c y c l i c  graphs, and these are being g r a f t e d  onto the  DENDRAL system, 

toge ther  with some elementary manipulations f o r  s imula t ing  chemical group reac t ions .  

This would be t h e  smallest graph 

However almost a l l  p r a c t i c a l  cont ingencies  can be m e t  wi th  a r a t h e r  

P a r t  of t he  probem of memory s i z e  h a s  some amusing human analogies .  

of any problem can be broken up in to  a recurs ive  set of sub-problems, m y  of 

which have been solved previously.  To avoid spending a p r o h i b i t i v e  amount of 

processor  t i m e  i n  repea t ing  work already done before ,  memory space is inves ted  

i n  sav ing  automatical ly  the r e s u l t s  of a l l  novel sub-problem so lu t ions .  

t h e  program thus becomes more soph i s t i ca t ed ,  i t  rap id ly  uses up f r e e  memory 
s t o r a g e  and, as the  LISP system works, t h i s  eventua l ly  slows up the  computation 

t o  t h e  poin t  of g r e a t  s luggishness .  The s o l u t i o n  ( l i k e  the  human one, as c u l t u r e  

accumulates) i s  t o  put  away t h e  rout ine  savings i n  a l i b r a r y  i n  h igher  l e v e l ,  

s lower access memory, and cal l  i n  only t h a t  ' l i t e r a t u r e '  cu r ren t ly  needed f o r  

t he  immediate sub-problem. However, some f ines se  i s  s t i l l  needed t o  optimize 

t h e  number of books he ld  out of the l i b r a r y ,  and t o  f a c i l i t a t e  making and 

changing t h i s  dec is ion  from moment t o  moment. 

The s o l u t i o n  

But as 

A very se r ious  problem a r i s e s  when some of the axioms m u s t  be changed, as it 

proves t o  be very d i f f i c u l t  t o  revise the t r a d i t i o n a l  l i b r a r y ,  which contains  

many items many s t e p s  away from those axioms. No completely r e l i a b l e  method of 

a v e r t i n g  t h e  c o s t l y  need t o  wipe out t he  l i b r a r y  and s t a r t  f r e sh  has so f a r  been 

found (usua l ly  too  p a i n f u l  f o r  humans t o  contemplate). 

no t  o r i g i n a l l y  designed with t h i s  contingency i n  mind, and i s  being reviewed. 

Needless t o  say a memory-dependent system i s  a l s o  e x q u i s i t e l y  s e n s i t i v e  t o  any 

e r r o r s  i n  computation, which w i l l  be rap id ly  propagated, o f t en  without being 

r e a d i l y  de tec ted .  These problem-solving systems have already passed the  

th re sho ld  of complexity which justifies leaving them run unattended without 

sonbe b u i l t - i n  feedback t o  monitor the  p l a u s i b i l i t y  of t he  deductions.  

However, t he  system w a s  

However, 
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machine e r r o r s  remain very r a r e  compared t o  s t a r t l i n g  lapses  i n  the  software 

found only when novel problems a r e  encountered. 
Y 

V. Computer Managed Instrumentation 
c 

The f i r s t  steps i n  the hardware r e a l i z a t i o n  of computer managed instruments 

a s  applied mainly t o  gas chromatography and mass spectrometry have been taken. 

Some of t h i s  e f f o r t  cons i s t s  of s imply  da ta  acqu i s i t i on  o r  b e t t e r  da t a  

t i o n  systems, some of improved i n t e r f a c e  hardware such as  log ampl i f ie rs  and 

some as  feedback cont ro l  of experiments. 

a. Gas Chromatop,raphy 
Gas chromatographic da ta  curves a r e  now being read and in t eg ra t ed  by the  LINC 

computer. 

Computer Products p l o t t e r .  Areas ind ica ted  by the i n v e s t i g a t o r  a r e  computed and 

w r i t t e n  out on a t e l e type  with an appropriate  no ta t ion  being made on the  s t r i p  

cha r t  by the  Cal. Comp. p l o t t e r  i n  i t s  pen mode. About 800 cha r t s  have been 

processed t o  date using t h i s  system. 

permit programing a temperature grad ien t  con t ro l  s i g n a l  f o r  use on the  gas 

chromatographs. Appropriate bu f fe r  ampl i f ie rs  and cabl ing  have been i n s t a l l e d  

t o  take the gas chromatograph output da t a  d i r e c t l y  i n t o  the  computer. The d a t a  

gather ing capabi l i ty  of t h i s  system has been demonstrated but  the  software 

package has not y e t  been completed. 

b .  The LINC Computer 

The uses of the LINC computer as a laboratory t o o l  are s t i l l  being pursued with 

considerable e f f o r t  and i n t e r e s t .  

experiments are the main l i n e  of endeavor. The computer i s  rout ine ly  used t o  

provide both funct ions f o r  the nanosecond f l a s h  fluorometer.  

acquis i -  

This i s  accomplished by a curve follower u t i l i z i n g  the Caf i forn ia  

I n t e r f a c e  hardware has been developed t o  

Data acqu i s i t i on  and feedback con t ro l  of 

I, 

The use of the L I N C  as  an input  device f o r  a l a rge  time-sharing system (ACME) i s  

being invest igated.  

13 
A u t i l i t y  system has been developed t o  generate  IBM tape i n  our  laboratory.  

This is t o  provide continuous da t a  recording of analog t o  d i g i t a l  converted da t a  

a t  sample ra tes  of 445 o r  4,450 samples p e r  second. 

mi l l i on  samples may be s tored .  

tape t o  IBM format tape. 

Up t o  approximately 2 1 /2  
c 

I t  a l s o  permits conversion of any L I N C  format 

This system i s  cu r ren t ly  employed i n  d i r e c t l y  tak ing  

-26- 



d a t a  from the  Bendix time-of-flight master chromometer. 

by D r ,  S t r y e r  i n  h i s  research activities. 

It is  a l s o  employed 

co Mass Spectrometer Data Acquisi t ion 

The log  ampl i f i e r s  previously developed have been modified t o  provide ze ro  

l e v e l  following 0'1: n u l l  s e t t i n g .  This f e a t u r e  is n w  extended t o  a l l  ranges 

of t h e  log ampl i f i e r  and has proved very d e s i r a b l e  for use on t h e  CH-4 mass 

spectrometer.  

Some prel iminary design and breadboard work has been done on improving t h e  da t a  

a c q u i s i t i o n  f o r  t h e  Bendix time-of-flight. The Bendix time-of-flight system is 

now being modified so t h a t  d i r e c t  con t ro l  of i t s  adjustments can be made by t h e  

computer, 

A g r e a t  dea l  of work hgs been done s tudying  t h e  computer a c q u i s i t i o n  of high 

r e s o l u t i o n  d a t a  from the MS-9 mass spectrometer. 

wi th  t h e  work of t h e  manufacturer and t h e  i n v e s t i g a t i o n  being c a r r i e d  o u t  a t  

JPL by D r .  Norman Horowitz' group i n  add i t ion  t o  cooperat ion wi th  t h e  Stanford 

Chemistry Department. 

This work has been coordinated 

V I .  W Microspectrophotometry 

Our e f f o r t s  on video scanning techniques,  which have been described i n  previous 

r e p o r t s ,  are continuing with emphasis i n  t h e i r  app l i ca t ion  t o  the  d a t a  readout 

of a Model E (Beckman) u l t r acen t r i fuge .  

I n i t i a l  e f f o r t s  of da t a  readout on t h e  u l t r a c e n t r i f u g e  have been successfu l .  

The pulsed l i g h t  source sys tem has  been i n s t a l l e d  i n  t h e  cen t r i fuge  and the  

appropr i a t e  synchronization hardware incorporated t o  g ive  a v e r s a t i l e  system. 

I n  i t s  present  condi t ion  a r o t o r  with a maximlrm of fou r  cells, each cell  

con ta in ing  two samples, can be scanned sequen t i a l ly .  

i n d i c a t e  t h a t  t h e  signal t o  no i se  r a t i o  is  about t e n  t o  one and the spa t ia l  

r e s o l u t i o n  as good as p re sen t ly  used f i lm  densitometry. 

however, have been encountered w i t h  modulating the  s h o r t  a r c  Xenon lamp. 

These problems were not  evident i n  dc operation. 

a c o u s t i c a l  resonance, and mechanical variances.  

ex t inguished  a t  high r e p e t i t i o n  rates (maximum of 1lkc and 1OOmjoules power). 

Preliminary r e s u l t s  

Cer ta in  problems, 

They inc lude  a r c  i n s t a b i l i t y ,  

These cause the lamp t o  be 
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\r. Laboratory experimentation has shown that cooling the lamp allows the lamp to 

remain lit even at higher modulating frequencies required. 

We are i n  the process of instal l ing a cooling system i n  the l ight  source 

associated w i t h  the ultracentrifuge. Further evaluation of the entire U.V. ,- 

densitometry system i s  continuing. 
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C. PERSONNEL AND ORGANIZATION 

The only change t o  the organization during t h i s  per iod has been the  add i t ion  
of M r .  Ernest Steed whose curriculum v i t a e  follows: 

ERNEST STEED 

PERSONAL DATA: Born Greensburg, Louisiana,  January 20, 19 19. Married, 
4 chi ldren.  American c i t i z e n .  

EDUCATION : 

1942 

1943 

APPOINTMENTS : 

1943-44 

1944-47 

1947-52 

1952-60 

1960-64 

1964 

PUBLICATIONS 

B,S,, Southeastern Louisiana College, Hammond, La. 
Majors: Chemistry and Botany. Held T. H, Harris Honorary 
Scholarship 

One year  graduate study i n  P lan t  Pathology a t  Louis iana 
S t a t e  Univers i ty ,  Baton Rouge, La. Held LOSOU. Fellowship. 

Jun io r  Chemist at Tenn, Eastman Corporation, O a k  Ridge, 
Tenn,, p a r t  of the Manhattan P ro jec t .  

Again a t  Tenn, Eastman, opera t ing  a glassblowing shop. 
This included much des ign  work as w e l l  as b u i l d i n g  
labora tory  apparatus 

Glassblower a t  the Oak Ridge National Laboratory, Oak 
Ridge, Tenn, Provided s e r v i c e s  f o r  chemists and p h y s i c i s t s  
engaged in  research work and a s m a l l  amount of p i l o t  p l a n t  
cons t ruc t ion .  

Tube Technician a t  t he  E lec t ron ic s  Research Labora tor ies  
a t  Stanford University. Duties involved bu i ld ing  and 
processing of traveling-wave tubes having g l a s s  envelopes: 
emphasis on desigh, cons t ruc t ion ,  and a knowledge of 
materials and techniques., In  1954 t i t l e  changed t o  Tube Engineer. 

Tube Engineer a t  Hansen Microwave Laboratories a t  Stanford. 
Supervision of t h e  g l a s s  shop engaged i n  bu i ld ing  g l a s s  
plasma tubes. In add i t ion ,  i n  1962, took charge of t h e  
So l id  S t a t e  shop providing s e r v i c e s  requi red  by t h e  s o l i d  
s ta te  inves t iga to r s .  This included o r i e n t i n g  of crystals 
using x-rays, p rec i s ion  c u t t i n g  of d i f f i c u l t  material, 
p o l i s h t a g  of su r faces  t o  o p t i c a l l y  f l a t ,  s c r a t c h  f r e e  con- 
d i t i o n ,  and the  depos i t ion  and con t ro l  of vacuum evaporated 
f i lms 0 

Research Engineer i n  the Genetics Department, Stanford 
Medical Center, Stanford,  Ca l i fo rn ia .  P r imary  emphasis on 
ins t rumenta t ion  of i on  bombardment and time-of-flight mass 
spectrometers 

"A Simpl i f ied  Method of Fabr ica t ing  Multi-pin Glass Headers," E. C. Steed, 
Fusion, May, 1957, 

"Design and Construction of a G l a s s  Envelope Closely Coaxial t o  a High- 
Power Elec t ron  Beam." J. A. Snyder and E, C. Steed, Rev. S c i e n t i f i c  
Instruments,  Sept. 1962. 
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D. PAPERS AND REPORTS 

September 1, 1965, t o  Apr i l  1, 1966 

Reports 

1. J . Lederberg , "Systematics of Organic Molecules, Graph Topology, and 
Hamilton Circuits. ' '  IRL 1040 

2. B. Halpern, J .  Ricks, and J. W. Westley. "The S t e r e o s p e c i f i c i t y  of 
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