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An Introductory Note: 
mentation are best  found by observing the Zaboratoi-ies 
where instruments are both developed and used i n  tackzing 
t h e  research and applications problem o f  b i o Z o 9 .  
foZlowing reports on v i s i t s  t o  four locations provide 
s o w  h i n t s  on how successful  b io ins t rumntn t ion  e m  be 
carried out i n  e z e e d i n g l y  d i f f e r e n t  environrrcnts. 
have one th ing  i n  commn, however: a dependence on 
c lose  and meaningful association between the l i f e  scien- 
t i s t s  (who have the problems) and i n s t r u m n t a t i o n  spe- 
c i a l i s t s  (who are keen t o  par t ic ipate  i n  biologicaZ 
m t t e r s )  . 
on other  k inds  of Laboratories i n  an at tenpt  t o  cover 
m r e  of the  ever-widening spectrum of creat ive  ins t ru-  
m n t a t i o n  i n  t h e  broad f i e l d  of experimental and applied 
biology. Any reader w i t h  unusuaZ and/or rewarding up- 
p l i c a t i o n s  of ins t rurzn ta t ion  i n  h i s  Zaboratory i s  in- 
v i t e d  t o  fomard  m t e r i a l  for  t h i s  ser ies .  

Clues t o  progress i n  bio-inst:w- 
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No. 1 

_ - ~  - . ~ . -  

? lace :  Biophysical Separations Laboratory, K-703 
Oak Ridge Gaseous Diffusion Plant 

T i m e :  Friday, 26 November 1965 

A Bio-Engineering Program of major dimensions i s  under way a t  Oak 
Ridge, Tennessee i n  t h e  newly organized Biophysical  Sepa ra t ions  Laboratory 
which is being opera ted  f o r  t h e  U .  S .  Atomic Energy Commission as p a r t  of  
t h e  Oak Ridge Gaseous Dif fus ion  P lan t  (K-25) by Union Carbide Corporat ion.  
The Laboratory i s  housed i n  t h e  old and s i z e a b l e  e l e c t r i c  power gene ra t ing  
p l a n t  which provided power f o r  K-25 -- about  one-half  m i l e  d i s t a n t  from 
t h e  huge uranium i so tope  sepa ra t ion  p l a n t .  A t  t h e  p r e s e n t  t i m e  a f r a c t i o n  
of  t h e  f l o o r  space of  t h i s  mu l t i - s to ry  bu i ld ing  is a l r eady  occupied wi th  
pe r sonne l  o f f i c e s  and l a b o r a t o r y .  The o l d  g e n e r a t o r s  are being dismantled 
and w i l l  f ree  more space f o r  t h e  cont inued expansion of  t h i s  new Oak Ridge 
e f f o r t  which is expected t o  t a k e  place. 

Mission of Program 

The Biophys ica l  Separa t ions  Laboratory grew ou t  of t h e  very suc- 

The improvement and ap- 
c e s s f u l  development of t h e  zona l  c e n t r i f u g e  a t  Oak Ridge, which w a s  funded 
j o i n t l y  by t h e  N I H  and t h e  AEC s t a r t i n g  i n  1962. 
p l i c a t i o n  o f  t h i s  technique  involved i n c r e a s i n g  c o l l a b o r a t i o n  between bio- 
l o g i s t s  i n  t h e  Biology Divis ion  of t h e  Oak Ridge Nat iona l  Laboratory and 
engineer ing  people  from t h e  Technical  Div is ion  of K-25. I n  t ime a systema- 
t i c  r e s e a r c h  program was organized involv ing  t h e s e  two groups and a broader  
miss ion  became appa ren t :  namely the  development of a new technology f o r  t h e  
s e p a r a t i o n  of s u b c e l l u l a r  b i o l o g i c a l  materials.  A t  least  two goa l s  a r e  in -  
he ren t  i n  t h i s  mission : 

1. The development of techniques  which w i l l  permit  a v i s u a l i -  
z a t i o n  of t h e  c e l l  as a spectrum of sepa ra t ed  p a r t i c l e s .  

2 .  The c r e a t i o n  of new techniques  of  phys i ca l  i n s t rumen ta t ion  
and automated chemical a n a l y s i s  t o  q u a n t i t a t e  t h e s e  subs t ances .  

The s t a r t l i n g  impl i ca t ion  o f  t h i s  work, however, is i t s  p o i n t i n g  
towards t h e  b a s i c  development of a new technology which could very w e l l  
l e a d  t o  i n d u s t r i a l  p rocesses  f o r  concen t r a t ing  u s e f u l  q u a n t i t i e s  of  va r ious  
s u b c e l l u l a r  b i o l o g i c a l  materials ( e . g .  d i f f i c u l t  i f  no t  imposs ib le  t o  syn- 
t h e s i z e  complex molecules  and mult imolecular  s t r u c t u r e s  such as mitochon- 
d r i a ,  c h l o r o p l a s t s  and chromosomes). How t h e s e  m a t e r i a l s  w i l l  be used i n  a 
new f i e l d  of  "B io log ica l  Mater ia l s  Science" i s  e x c i t i n g  t o  v i s u a l i z e . . . c e r -  
t a i n l y  p a r a l l e l s  can be made between t h e  c i r c u i t  bu i ld ing  of p r e s e n t  day 
m i c r o e l e c t r o n i c  s o l i d  s t a t e  physics  and t h e  p o s s i b l e  development of  synthe-  
s i z e d  biomolecular  s t r u c t u r e s .  I t  was q u i t e  c l e a r  t o  t h i s  v i s i t o r  t h a t  t h e  
key people  involved i n  t h i s  s i g n i f i c a n t  development a t  Oak Ridge a r e  indeed 
t h i n k i n g  i n  terms o f  such long range p o s s i b i l i t i e s  -- a conversion of  e f f o r t  
a t  t h a t  f a c i l i t y  which may one day s e e  s i z e a b l e  product ion-process  p l a n t s  
hand l ing  b i o l o g i c a l  materials as we l l  as i s o t o p e  s e p a r a t i o n s  i n  t h e  Tennessee 
h i l l s .  



Oak Ridpe - Continued, 

P e r  s onne 1 

The new l a b o r a t o r y  i s  headed up by D r .  Norman G .  Anderson, a Mole- 
c u l a r  B i o l o g i s t  from t h e  Biology Divis ion o f  t h e  Oak Ridge Na t iona l  Labora- 
t o r y .  A f a i r l y  small permanent s t a f f  has  moved wi th  him i n t o  t h e  Laboratory.  
However, t h e  e f f o r t  underway has involved p a r t i c i p a t i o n  by eng inee r s  from 
K-25 as we l l  as co l leagues  from t h e  Biology Divis ion  and p r o f e s s o r s  and 
graduate  s t u d e n t s  i n  a few u n i v e r s i t i e s .  The spectrum of  a s s o c i a t e d  re- 
s e a r c h e r s  (ga the red  from names on publ i shed  r e p o r t s  on work done) inc ludes :  

Th i r t een  (13)  process  engineers  from t h e  K-25 Technica l  Div is ion  
involved i n  t h e  developmental phases of t h e  c e n t r i f u g e  program 

Five (5) i n s t rumen ta t ion  s p e c i a l i s t s  who cont inue  t o  work on new 
ins t rumen ta t ion  f o r  t h e  program 

Three ( 3 )  e l e c t r o n  microscopis t s  assaying  r e s u l t s  of techniques  
developed 

Four ( 4 )  computer s p e c i a l i s t s  from K-25 c e n t r a l  d a t a  p rocess ing  
f a c i l i t y  

Four ( 4 )  m e t a l l u r g i s t s  who worked on t h e  c e n t r i f u g e  des ign  
Four ( 4 )  chemists  who worked on t h e  chemistry of g r a d i e n t  m a t e r i a l s  
Four ( 4 )  eng inee r s  who opera te  t h e  exper imenta l  systems 

Six  ( 6 )  c o l l a b o r a t o r s  from t h e  Biology Divis ion  who have eva lua ted  
developments of t h e  program 

S p e c i f i c  A c t i v i t i e s  

Thus f a r ,  t h e  a c t i v i t i e s  of t h e  Laboratory seem t o  have centered  
on t h r e e  major areas: 

1. The des ign  and development of  t h e  zonal  c e n t r i f u g e  as a 
s e p a r a t i o n  technique .  P r o j e c t s  have inc luded:  

- evo lu t ion  of  a bas i c  theo ry  f o r  t h e  technique  
-development of  low speed r o t o r s  
-development of  r o t o r s  with removable s e a l s  
-design of  r a t e -zona l  and i sopycnic-zonal  c e n t r i f u g a t i o n  
-computation techniques f o r  sed imenta t ion  c o e f f i c i e n t s  
-design of a continuous flow c e n t r i f u g e  system 
- c a l c u l a t i o n  of  dens i ty  and v i s c o s i t y  of g r a d i e n t  s o l u t i o n s  

2. Appl i ca t ions  o f  t h e  zonal  c e n t r i f u g e  technique .  P r o j e c t s :  

- s e p a r a t i o n  of  s u b c e l l u l a r  components and v i r u s e s  by 
combined rate- and i sopycnic-zonal  conf igu ra t ion  

- i s o l a t i o n  of r a t  l i v e r  glyocgen 
- i s o l a t i o n  of paramylon 
- i s o l a t i o n  of o r a l  s t r u c t u r e s  
- l i p i d  pe rox ida t ion  
- e x t r a c t i o n  of c o n t r a c t i l e  p r o t e i n s  
- r e s p i r a t o r y  s y n c y t i a l  v i r u s  i s o l a t i o n  
- i s o l a t i n g  unusual  p a r t i c l e s  i n  human plasma 
- i s o l a t i n g  r a t  macroglobulins 
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3. The development of a d d i t i o n a l  methods f o r  s e p a r a t i n g  and 
q u a n t i t a t i v e l y  i d e n t i f y i n g  s u b c e l l u l a r  mater ia ls .  Some 
techniques  i n v e s t i g a t e d  or under development inc lude :  

-a method f o r  u l t r a r a p i d  f r e e z i n g  of  s u b c e l l u l a r  p a r t i c l e s  
i n  which small d r o p l e t s  are c e n t r i f u g e d  a t  high speed 
through l i q u i d  n i t rogen .  

forming s e p a r a t i o n s  a t  400 lb- in2  ( p s i g ) .  This  has  been 
app l i ed  i n  t h e  s e p a r a t i o n  of bases ,  nuc leos ides ,  e t c .  

-an automated carbohydrate  ana lyzer  c o n s i s t i n g  of a con- 
t i nuous  carbohydrate  s o l u t i o n  f r a c t i o n a t i o n  column which 
produces an e l u t e  i n  b o r a t e  form t h a t  i s  processed by 
pheno l su l fu r i c  a c i d  co lo r ime t ry .  F u l l  s t anda rd  runs  on 
s o l u t i o n s  with up t o  1 5  components a r e  completed i n  less 
than  1 2  hours .  

-high p r e s s u r e  column chromatography -- capable  of  p e r -  

-a cont inuous flame i o n i z a t i o n  ana lyze r  for determining 
carbon i n  l i q u i d  streams or s o l i d  samples.  Samples are 
f e d  on a cont inuous loop of  iridium-rhodium w i r e  which 
passes  through t h e  flame d e t e c t o r .  Rapid ins t rument  r e -  
sponse t i m e  pe rmi t s  i n d i v i d u a l  a n a l y s i s  of s i n g l e  ce l l s ,  
spo res  and d u s t  p a r t i c l e s  c l o s e l y  packed on wire. 

which p u r i f i c a t i o n  by continuous-flow c e n t r i f u g a t i o n ,  
r a t e - z o n a l  c e n t r i f u g a t i o n ,  and i sopycnic  banding may be 
c a r r i e d  o u t .  Uni t ,  which has  over  32 rubber  glove ac-  
c e s s  p o r t s ,  has  an au tomat i ca l ly  programmed s t e r i l i z a -  
t i o n  cyc le  and an i n c i n e r a t o r  on i t s  exhaust  l i n e .  

-development of a completely conta ined  l a b o r a t o r y  i n  

Other  Achievemens  

I n  a d d i t i o n  t o  t h e  development of t h e  powerful techniques  descr ibed  
above and t h e i r  use  i n  proven resear-xh a p p l i c a t i o n s ,  t h e  program has opened 
up an  important  new f r o n t i e r  i n  the  d e t e c t i o n  and i s o l a t i o n  of  t r a c e  amounts 
of v i r u s  which may be p r e s e n t  i n  tumors. Experiments wi th  zonal  c e n t r i f u g -  
i n g  have made it p o s s i b l e  t o  t r a c e  amounts of v i r u s  t o  normal t i s s u e s  and 
t h e n  r ecove r  them i n  a h igh  s t a t e  of  p u r i t y .  This  is expected t o  l ead  t o  
t h e  p r e p a r a t i o n  of  vacc ines  t h a t  conta in  only  v i r u s  p a r t i c l e s ,  s p e c i f i c  c e l l  
a n t i g e n s ,  or v i r a l  s u b u n i t s .  Dr. Anderson c i t e s  o t h e r  reasons  why t h i s  pro-  
gram cont inues  t o  push t o  t h e  l i m i t s  of  a v a i l a b l e  theo ry  and technology i n  
s e p a r a t i n g  t h e  c o n s t i t u e n t s  of  c e l l s .  " I f  enough d e t a i l e d  informat ion  on 
t h e  s t r u c t u r e  and composition o f  c e l l s  and on changes occur r ing  from i n j u r y ,  
d i s e a s e ,  or dur ing  t h e  c e l l  cyc le  is assembled ... t h i s  w i l l  throw i n t o  bold 
r e l i e f  our need f o r  an adequate  theory  o r  model of t h e  c e l l  i n t o  which 
a v a i l a b l e  d a t a  may be f i t t e d .  Addi t iona l  reasons  r e l a t e d  t o  b a s i c  biochemi- 
c a l  or c l i n i c a l  s t u d i e s  a r e  a l s o  not  d i f f i c u l t  t o  enumerate. However, t h e  
most v a l i d  and compelling reason  for c r e a t i n g  new methods f o r  probing l i v i n g  
c e l l s  s t i l l  remains our  s imple c u r i o s i t y . "  

-7. .'. .'. .'. .' . .'. ,. ,. ,, ,, ,. ,. 
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Place:  BiomedicaZ Instrumentation Laboratory 
Northwestern University Medical Schoo 2 

Time : Friday, 10 December 1965 

T h i s  r e l a t i v e l y  small but  h igh ly  p roduc t ive  in s t rumen ta t ion  R&D 
l a b o r a t o r y  i s  l o c a t e d  i n  t h e  basement of  t h e  S e a r l e  Memorial Bui lding i n  t h e  
medical  complex r i g h t  by t h e  l a k e  i n  Chicago 's  n e a r  n o r t h  s i d e .  
r e c t e d  by Mathew L .  Pe t rov ick ,  a graduate  e l ec t r i ca l  engineer  who has  de- 
voted himself  t o  biomedical  problems dur ing  t h e  p a s t  t e n  yea r s  a f t e r  t e n  
p r i o r  y e a r s  i n  t h e  e l e c t r o n i c s  indus t ry .  
two t e c h n i c i a n s  and one model maker and i s  c u r r e n t l y  looking f o r  an addi -  
t i o n a l  b ioengineer  and an  a d d i t i o n a l  two t e c h n i c i a n s  t o  he lp  meet t h e  in -  
c r eas ing  demands f o r  s e r v i c e s  t o  the va r ious  biomedical  programs a t  North- 
wes tern .  The l a b o r a t o r y  has  no s p e c t a c u l a r  f e a t u r e s :  it con ta ins  t h e  u s u a l  
workbenches and e l e c t r o n i c  test equipment. The unusual  t h i n g  about i t ,  how- 
e v e r ,  is i t s  remarkable p r o d u c t i v i t y  and i ts  modest c o s t  f o r  s e r v i c e s  -- 
items which w i l l  be d iscussed  f u r t h e r  a t  t h e  end o f  t h i s  r e p o r t .  

I t  i s  d i -  . 
H e  i s  a s s i s t e d  by a b ioengineer ,  

Curren t  P r o j e c t s  

Requests f o r  ins t rumenta t ion  and devices  f o r  both r e sea rch  and 
c l i n i c a l  a p p l i c a t i o n s  come t o  t h e  Laboratory from va r ious  branches of  t h e  
h o s p i t a l  as w e l l  as academic departments -- i nc lud ing  t h e  newly organized 
Biomedical Engineer ing Center  a t  Northwestern. A p a r t i a l  l i s t  o f  c u r r e n t  
developments i nc ludes  : 

a )  Jaw P ivo t  Po in t  Measurement ... a t r ansduce r  is i n  development 
which fo l lows  t h e  lower mandibular movement i n  o r d e r  t o  p l o t  
t h e  t r u e  n e u t r a l  p i v o t a l  -- s o  needed i n  understanding i n d i v i d u a l  
j a w  dynamics and f o r  mouth p r o s t h e s e s .  A t e s t  system permi ts  t h e  
motions from t h i s  t r ansduce r  t o  be o p t i c a l l y  t r a n s m i t t e d  t o  a re- 
mote p h o t o c e l l  marix p a t t e r n  r e c o g n i t i o n  sc reen .  
computer t o  s o l v e  t h i s  p a t t e r n  r e c o g n i t i o n  problem is  now being 
worked on. 

The u s e  o f  a 

b )  Psycho-Sensory Test System ... an automated, remote c o n t r o l ,  t e s t  
console  has  been developed f o r  s tudying  t h e  response and behavior  
of "non-communicating" youngs ters .  S t i m u l i ,  provided from taped  
programs, are v i s u a l  and aud i to ry  and t h e  system responds t o  per-  
formance much l i k e  a teaching  machine and au tomat i ca l ly  provides  
a s t a t i s t i c a l  s c o r e .  I t  has s u c c e s s f u l l y  de t ec t ed  c h i l d r e n  wi th  
senso ry  r a t h e r  t han  mental  i n h i b i t i o n s  and has  been used i n  over- 
coming language d i s o r d e r s .  I ts  p o s s i b l e  use  as a remedia l  or 
t each ing  t o o l  f o r  aphas i a  v i c t ims  i s  sugges ted .  

c )  Tongue Motion Measurement ... an ingenious  t r ansduce r  has  been 
developed t o  s tudy  t h e  r e l a t i o n s h i p  of tongue movements t o  speech 
and language d i f f i c u l t i e s .  I t  c o n s i s t s  of a p a l a t e  mounted p l a t e  
which p i c k s  up i t s  information by capac i t ance  v a r i a t i o n s .  Tongue 
movements are  p r o j e c t e d  on a scope where a matching process  i s  
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, 

c a r r i e d  out  by t h e  t h e r a p i s t  and p a t i e n t .  Five channels  of 
in format ion  a r e  being b u i l t  i n t o  t h i s  t r a n s d u c e r ,  which may 
u l t i m a t e l y  t e l eme te r  i t s  information:  tongue motion; pharyn- 
g e a l  w a l l  motion; p o s i t i o n  of two s i d e s  of  t h e  o r a l  c a v i t y ;  
a p i e z o e l e c t r i c  microphone for a c o u s t i c a l  speech wi th in  t h e  
c a v i t y ;  a t h e r m i s t e r  f o r  o r a l  r e s p i r a t i o n .  This  kind o f  
" in t eg ra t ed"  t r ansduce r  i s  t y p i c a l  of t h e  s o r t  of  m u l t i p l e  
measurements which may be necessary t o  g a i n  a u s e f u l  p i c t u r e  
of a c l i n i c a l  problem. The approach has  been used i n  s tudy-  
ing  c l e f t  p a l a t e  and t h e  slow speech of  Parkinsonism. 

d )  Heart Sounds Analyzer ... an automated t e s t  s t a t i o n  has been 
b u i l t  which w i l l  be used t o  sc reen  10 ,000  c h i l d r e n  f o r  poten- 
t i a l  h e a r t  problems i n  January.  The console ,  through a 30 
second a p p l i c a t i o n  of  a ches t  microphone, provides  a d i g i t a l  
readout  and/or  taped  record  o f  h e a r t  a c o u s t i c s .  I t  counts  
f requency,  sounds and murmurs, c lass i f ies  them, and compares 
t h e  va lues  t o  s t a t i s t i c a l  norms. 
ou t  an a n a l y s i s  on n i x i e  l i g h t s .  

The machine then  d i s p l a y s  

e )  Pulmonary Work Computer ... t h i s  i s  a development by one of  
t h e  Bio-Engineering graduate  s t u d e n t s  a t  Northwestern which 
is  moving towards a c l i n i c a l l y  u s e f u l  s t a g e .  
s p e c i a l  purpose small  computer which provides  a f i g u r e  of m e r i t  
on pulmonary stress i n  b rea th ing  before  and a f t e r  su rge ry .  

It  is  an on- l ine  

f) Parkinsonism Lesion Generator ... a system t o  l o c a l i z e  t h e  ap- 
p l i c a t i o n  o f  an  RF induced l e s i o n  i n  t h e  b r a i n  t o  t r e a t  Parkin-  
sonism has  been developed. 
l e s i o n  by t o n a l  measurements t o  permit  p r e c i s e  c o n t r o l  of i t s  
a r e a .  

I t  monitors  t h e  p rogres s  o f  t h e  

Some Comments 

The above are only  a few of  t h e  p r o j e c t s  which t h e  wri ter  was a b l e  
t o  d i s c u s s  wi th  Mr. Pe t rov ick  during a b r i e f  v i s i t .  Not mentioned, f o r  ex- 
ample,  is t h e  program of c o l l a b o r a t i o n  h i s  Laboratory has  developed wi th  D r .  
Wolfson i n  t h e  Biology Department a t  Northwestern which i s  l ead ing  t o  t h e  use  
of  microminia tur ized  implant  t e l eme te r s  t o  s tudy  t h e  EEG of  small b i r d s  i n  be- 
h a v i o r a l  and o r i e n t a t i o n  r e sea rch .  I t  is  obvious t h a t  t h i s  small Laboratory 
RED group i s  not  on ly  coping wi th  an unusual ly  wide v a r i e t y  of s o p h i s t i c a t e d  
i n s t r u m e n t a t i o n  development problems, bu t  t h a t  a l a r g e  measure of c r e a t i v i t y  
is f u r n i s h e d  i n  approaching t h e s e  problems. 
operendi  of t h e  Laboratory may f u r n i s h  some c l u e s  as t o  i t s  success :  

A b r i e f  review o f  t h e  modus- 

1. The Laboratory o f f e r s  services t o  a l l  r e q u e s t o r s  a t  a f i x e d  $6. 
p e r  man hour f e e ,  which i s  u s u a l l y  provided from r e s e a r c h  g r a n t s .  
I t  has  no o t h e r  source  of  income. . . b u t  must c o l l a b o r a t e  wi th  t h e  
biomedical  i n v e s t i g a t o r s  i n  t h e  pre-proposa l  conceptua l  s t a g e  i f  
it i s  t o  be funded. 

2 .  Members o f  t h e  Laboratory a t t e n d  C l i n i c  s e s s i o n s  a t  t h e  Hosp i t a l s  
( u s u a l l y  h e l d  once a w e e k )  t o  p a r t i c i p a t e  i n  a s tudy  o f  t h e  prob- 
l e m  a r e a  where they  are being c a l l e d  upon t o  he lp .  
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3. Personnel  i n  t h e  Laboratory are  provided educa t iona l  materials 
and encouraged t o  a t t e n d  courses  i n  physiology,  anatomy and 
neuroanatomy. The a b i l i t y  of personnel  t o  t a l k  d i r e c t l y  t o  
M.D.'s wi th  t h e  problem i s  emphasized. 

4 .  Mr. Pe t rov ick  has  found t h a t  whi le  e l e c t r o n i c s  is  a s t r o n g  
background base for u s e f u l  personnel  i n  t h i s  a r e a ,  some 
s p e c i a l i z e d  t r a i n i n g  i n  s o l i d  s ta te  c i r c u i t r y ,  analog and 
d i g i t a l  computation and l o g i c a l  systems des ign  is  exceedingly 
va luab le .  Such a background can be had, f o r  example, i n  
t e c h n i c i a n s  from s e r i o u s  post  h igh  schoo l  Technical  I n s t i t u t e s  
such as DeVry i n  Chicago. 
t e c h n i c i a n s  is r e f l e c t e d  i n  t h e  s e v e r a l  automated and computer- 
o r i e n t e d  type  o f  biomedical d i a g n o s t i c  and t e s t  equipment being 
developed by t h e  Laboratory.  

This  a b i l i t y  i n  h i s  p re sen t  two 
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This  t o u r  of one of t h e  major medical  r e s e a r c h  and educa t iona l  
Centers  i n  t h e  United S t a t e s  was made i n  t h e  company of t h e  l a t e  Dr. Frank 
Haahn, a B I A C  Council  Member, who s u f f e r e d  a f a t a l  h e a r t  a t tack only  t h r e e  
weeks l a t e r .  We are deeply indebted t o  Dr. Haahn both f o r  h i s  t i m e  and 
kindness  on t h i s  v i s i t  as w e l l  a s  h i s  ou t s t and ing  knowledge of  b io - ins t ru -  
mentat ion and i t s  a p p l i c a t i o n s .  
dea th .  

The f i e l d  s u f f e r e d  a g r e a t  loss wi th  h i s  

A s i z e a b l e  complex of  bu i ld ings  and f a c i l i t i e s  comprise t h i s  
Center ,  which i s  l o c a t e d  a f e w  mi les  from downtown Houston. Some o f  t h e  
major u n i t s  i nc lude  : 

Baylor Un ive r s i ty  Col lege of  Medicine 
Ben Taub General  Hosp i t a l  ( C l i n i c a l  u n i t  of  Baylor)  
M .  D .  Anderson Tumor E Research I n s t i t u t e  (U. Texas) 
Houston S t a t e  P s y c h i a t r i c  I n s t i t u t e  
Texas I n s t i t u t e  f o r  R e h a b i l i t a t i o n  and Research 
Methodist  Hosp i t a l  
Veterans Adminis t ra t ion  Hosp i t a l  
Texas Medical Center  Common Research Computer F a c i l i t y  

I n  a d d i t i o n  t o  t h e  f u l l y  medica l ly-or ien ted  I n s t i t u t e s ,  Rice In- 
s t i t u t e  (wi th  i t s  developing bio-engineer ing i n t e r e s t s )  is j u s t  ad jacen t  t o  
t h e  Center  and f a c u l t y  a t  t h e  Univers i ty  of  Houston a r e  becoming inc reas ing -  
l y  a f f i l i a t e d  wi th  people  and programs a t  t h e  Center .  F u r t h e r ,  t h e  new NASA 
Manned Spacec ra f t  Center ,  which i s  about 30 miles sou theas t  of  Houston, i s  
involved  wi th  t h e  Center  i n  j o i n t  and funded r e s e a r c h  programs r e l a t e d  t o  
t h e  medical  and e c o l o g i c a l  problems o f  manned space miss ions .  

Common Computer F a c i l i t y  

A good way t o  s t a r t  explor ing  t h e  many a s p e c t s  of bio- instrumenta-  
t i o n  now underway a t  t h e  Texas Medical Center  is  t o  first v i s i t  i t s  r e c e n t l y  
e s t a b l i s h e d  c e n t r a l  computing f a c i l i t y ,  l o c a t e d  i n  t h e  second basement l e v e l  
of t h e  C e n t e r ' s  park ing  garage .  
from N I H  augmented by funds by t h e  Un ive r s i ty  o f  Texas,  Baylor Un ive r s i ty  and 
l o c a l  Foundat ions.  I t  con ta ins  an IBM 7094 and IBM 1 4 0 1  d a t a  p rocess ing  
sys tems,  p l u s  s e v e r a l  a u x i l l i a r y  machines (keypunching, reproducing punching, 
e t c .  ) .  

This f a c i l i t y  was e s t a b l i s h e d  wi th  a g r a n t  

The most noteworthy th ing  about t h i s  Computing Center  i s  t h a t  it 
i s  s o l e l y  devoted t o  biomedical  r e sea rch .  I ts  f u n c t i o n  i s  t o  provide  l a r g e -  
scale computer suppor t  t o  p a r t i c i p a n t s  on a p p l i c a t i o n  f o r  s e r v i c e .  The Cen- 
t e r  i s  d i r e c t e d  by M r .  Lynn C .  Hayward and i s  overseen by an Execut ive Com- 
m i t t e e ,  composed o f  members from t h e  t h r e e  major I n s t i t u t e s  (Texas,  Baylor 
and t h e  Cen te r ) ,  wi th  a Univers i ty  Lia i son  Committee as a d v i s o r s .  
most o f  t h e  I n s t i t u t e s  i n  t h e  Texas Medical Center  have t h e i r  own smaller 

S ince  
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and s p e c i a l i z e d  computers ( e .g .  Anderson has a 1 4 0 1  and SDS-9301, t h e  major 
func t ion  of  t h e  Computing Center  is  t o  handle  t h e  more complex r e sea rch  
t a s k s  involv ing  major q u a n t i t i e s  o f  d a t a .  
se rved  through "sa te l l i t e"  hook-ups wi th  t h e  sma l l e r  computers i n  t h e i r  
ou t ly ing  l o c a t i o n s .  

Inc reas ing ly  t h i s  func t ion  i s  

The TMC Computing Center  is b a r e l y  one y e a r  o l d ,  y e t ,  w e  were in -  
formed, t h e  7094 i s  j u s t  about completely loaded and p l a n s  are a l r eady  
under-way f o r  a new and even more capable  computer. T i m e  on t h e  7094 is 
s o l d  a t  $400/hour and u s e r s  must ob ta in  approval  f o r  a c c e s s  t o  t h e  machine 
by r o u t i n g  j o b  r e q u e s t s  forms through des igna ted  i n s t i t u t i o n a l  reviewing 
committees. The u s e r s  a r e  r equ i r ed  t o  prepare  t h e i r  own inpu t  punchcards.  
The ope ra t ing  system o f  t h e  Center  is t h e  s t anda rd  IBSYS processor  and in -  
c ludes  most of t h e  w e l l  known compilers ,  assemblers  and u t i l i t y  packages 
( e . g .  FORTRAN I V Y  COBOL, IBMAP, FORTRAN 11, Commercial T r a n s l a t o r ) .  

Some of  t h e  r e sea rch  p r o j e c t s  c u r r e n t l y  involv ing  t h e  Computing 
Center  i nc lude :  

- P i l o t  s t u d i e s  of phys io log ica l  parameters  i n  anes thes io logy  
i n  "real  time" ( s e e  l a t e r  n o t e s  on work by Boyd E Wilber a t  
M .  D .  Anderson). 

- Microwave t r ansmiss ion  of e lec t rocard iogram (over  d i s t a n c e  
of 1 / 4  m i l e )  t o  t h e  7094 t o  p r e d i c t  c a r d i a c  arrests i n  
p a t i e n t s  a t  M .  D .  Anderson. 

- Data handl ing f o r  l abora to ry  automation p r o j e c t  a t  Anderson. 

- Analysis  of  unique p e r i o d i c i t i e s  i n  t h e  EEG i n  s tudy  being 
conducted by Dr. N e i l  Burch a t  Houston S t a t e  P s y c h i a t r i c  
I n s t i t u t e .  

- A long-range s tudy  of  t h e  effects of  changes i n  environment 
on t h e  physiology o f  normal s u b j e c t s  be ing  conducted a t  t h e  
Texas I n s t i t u t e  f o r  R e h a b i l i t a t i o n  f o r  NASA by Doctors Vall- 
bona and Vogt ( s e e  n o t e s ) .  

- Analysis  of performance measurements i n  s imula ted  s tudy  of  
1 4  day Appolo miss ion  being conducted by D r .  Lipscomb of 
Baylor.  

- Development o f  d a t a  handling techniques  and system f o r  in -  
d i v i d u a l  medical  records f o r  NASA. 

M. D. Anderson Hosp i t a l  and Tumor I n s t i t u t e  

The v i s i t  here  centered  on t h e  work being c a r r i e d  out  by D r .  W .  A .  
Boyd and D r .  S .  A .  Wilber o f  t h e  Sec t ion  of Anesthesiology i n  t h e  use of  an 
o n - l i n e  computing system t o  monitor p a t i e n t s  dur ing  su rge ry .  A complete 
spectrum o f  p h y s i o l o g i c a l  v a r i a b l e s ,  inc luding  pC02 and p02 of  t h e  blood,  
r e s p i r a t o r y  pC02, and venous p re s su re ,  w i l l  be c o l l e c t e d  by pat ient-worn 
s e n s o r s  dur ing  su rge ry  and brough t o  an ana log - to -d ig i t a l  console  which has  
been designed and p e r f e c t e d  by Richard Smart,  t h e  Department 's  f u l l - t i m e  
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r e sea rch  s c i e n t i s t .  
t h e  I n s t i t u t e ' s  1710 computer. 
in format ion  c o r r e l a t e d  wi th  t h e  a c t u a l  s u r g i c a l  procedures  and r e s u l t s ,  
some p r e d i c t i v e  i n d i c i e s  which w i l l  permit  an o v e r - a l l  eva lua t ion  of  a 
p a t i e n t  i n  surgery  a t  any p a r t i c u l a r  moment. 
p r a c t i c a l  c l i n i c a l  o b j e c t i v e ,  Dr. Boyd expec ts  t o  extend t h e  p r o j e c t ,  us ing  
t h i s  e x c e l l e n t  quan t i fy ing  system, i n t o  fundamental  s t u d i e s  of t h e  effect  
of  a n e s t h e t i c  depress ion  on t h e  c e n t r a l  nervous system and o t h e r  bod i ly  
func t ions .  He would a l s o  l i k e  t o  explore  t h e  e x c i t i n g  not ion  t h a t  chemical ly  
induced metabol ic  depress ion  may be u s e f u l  dur ing  t h e  pos t -ope ra t ive  recovery  
pe r iod  as well as i n  producing a "h iberna t ion"  e f fec t  i n  people  employed i n  
long d u r a t i o n ,  low-performance occupat ions ( e . g .  extended space m i s s i o n s ) .  

D i g i t a l  information is then  processed i n  real-time by 
The i n t e n t  is t o  develop,  through dynamic 

Aside from t h i s  va luab le  and 

Another i n t e r e s t i n g  c a p a b i l i t y  a t  Anderson i s  i t s  Bio-Mathematics 
Department, a major group inc luding  45 people  and headed by D r .  Lee D .  Cady, 
Jr., formerly a t  N .  Y .  U . ,  and w e l l  known f o r  h i s  e a r l y  s t u d i e s  i n  t h e  use  
of  computers i n  medical  r e sea rch .  A s  new f a c i l i t i e s  are designed a t  Ander- 
son they  w i l l  have i n t e g r a l  computer access  l i n e s .  A s  mentioned above, 
numerous l a r g e  scale d a t a  c o l l e c t i o n  and a n a l y s i s  p r o j e c t s  are being c a r r i e d  
out  i n  t h i s  I n s t i t u t e  which involve i n c r e a s i n g  p a r t i c i p a t i o n  by members of  
D r .  Cady's Department t o  overcome the  d i f f i c u l t  sof tware  development problem, 
and t o  he lp  e s t a b l i s h  r e a l i s t i c  mathematical c r i t e r i a .  

Baylor Un ive r s i ty  Medical School 

Doctors H .  E .  Hoff and L .  A .  Geddes have e s t a b l i s h e d  over  t h e  p a s t  
t e n  yea r s  a remarkable program for t eaching  t h e  fundamentals of  b io - ins t ru -  
mentat ion t o  medical  s t u d e n t s ,  b i o l o g i s t s  and eng inee r s .  
Physiology Department, t h e  program is v i s i b l e  i n  t h r e e  areas: 

Offered by t h e  

1- A s  p a r t  of t h e  i n d o c t r i n a t i o n  i n  t h e  r e g u l a r  physiology 
course f o r  medical  s t u d e n t s .  

2- A s  a six-weeks summer t r a i n i n g  course  i n  b a s i c  biomedical  
e l e c t r o n i c s  and b a s i c  mammalian physiology f o r  " i n d o c t r i -  
na t ing"  r e s e a r c h e r s  i n  both t h e  p h y s i c a l  and l i f e  s c i e n c e s .  

3- I n  a one-year program f o r  advanced r e sea rch  people i n  t h e  
b iosc i ences  which mainly emphasizes app l i ed  mathematics,  
phys ics  and e l e c t r o n i c s .  

The l a b o r a t o r i e s  which have been developed f o r  t h e s e  courses  are 
a major  reason  f o r  t h e  program's success .  There a r e  a l a r g e  number of  small 
l a b s ,  a l l  equipped wi th  an i n t e g r a t e d  system o f  phys io log ica l  monitor ing 
s t a t i o n s  and i n  touch ,  v i a  a c e n t r a l  c o n t r o l  console ,  wi th  neighboring medi- 
c a l  f a c i l i t i e s  as w e l l  as each o the r .  Hence t h e  s t u d e n t s  can a t  any time 
wi tness  and p a r t i c i p a t e ,  through T V  and vo ice  l i n k s ,  unusual demonstrat ions 
or experiments  being c a r r i e d  ou t .  The h e a r t  of  t h e  s tuden t  s t a t i o n  i s  t h e  
Physiograph u n i t ,  developed by D r .  Geddes, which inc ludes  an a r r a y  of sen- 
sors and a l l  of t h e  necessary  e l e c t r o n i c  g e a r  f o r  mult iple-monitor ing of 
p h y s i o l o g i c a l  v a r i a b l e s  during experiments and ope ra t ions  on small animals .  
A s e p a r a t e  B I A C  Educat iona l  Note i s  planned which w i l l  more f u l l y  d e s c r i b e  
t h i s  e f f o r t  a t  Baylor Un ive r s i ty  Medical School.  
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Aside from h i s  cont inued improvement of  biomedical  i n s t rumen ta t ion  
educa t ion  a t  Baylor ,  Dr. Geddes has  been deeply involved with t h e  develop- 
ment o f  techniques  which have p r a c t i c a l  c l i n i c a l  a p p l i c a t i o n .  
and cons t ruc t ed  a rheoencephalograph f o r  t h e  Department o f  Surgery which i s  
being used t o  monitor  c e r e b r a l  blood flow. 
impedance as i t s  measuring p r i n c i p l e .  
volved wi th  D r .  Car los  Vallbona a t  the  I n s t i t u t e  f o r  R e h a b i l i t a t i o n  i n  devel-  
oping t h e  bedside monitor ing system which w i l l  be descr ibed  n e x t .  

He has  designed 

I ts  novel  a s p e c t  i s  i t s  use  of 
Dr. Geddes has  a l s o  been d i r e c t l y  in -  

Texas I n s t i t u t e  f o r  R e h a b i l i t a t i o n  and Research 

A t  t h e  t i m e  o f  t h e  v i s i t  over  3 ,000  p a t i e n t  monitor ing hours  had 
been logged on t h e  system designed by Doctors Geddes and Vallbona and exper i -  
menta l ly  t e s t e d  a t  t h i s  I n s t i t u t e .  The senso r s ,  which have been g r a d u a l l y  
adapted  t o  become non- j igg l ing  or detaching ,  provide blood p r e s s u r e  (program- 
med c u f f  wi th  automatic  a c c e s s o r i e s )  , r e s p i r a t i o n  (impedance pneumograph), 
EKG and h e a r t  r a t e ,  temperature  ( r e c t a l  t h e r m i s t e r ) .  A l l  are c o l l e c t e d  a t  a 
beds ide  console  which d i s p l a y s  d i g i t a l  and analog d a t a  t o  nu r s ing  personnel .  
The informat ion  can a l s o  be te lemetered  t o  a remote monitor ing and r eco rd ing  
f a c i l i t y  and,  i f  d e s i r a b l e ,  i n t o  a computing system f o r  mechanized assembling 
of p a t i e n t  r eco rds .  

The system was first t r i e d  ou t  on i r o n  lung p a t i e n t s  a t  t h e  I n s t i -  
t u t e ,  which proved t o  be a very convenient "helper"  t o  t h e  nu r ses  who a t t e n -  
ded t h e s e  machines. This  d i d  much t o  s e l l  t h e  nurs ing  personnel  on t h e  ex- 
t e n s i o n  of  t h e  system i n t o  beds ide  pre-monitoring be fo re  su rge ry  and i n  t h e  
recovery  room. An e x c e l l e n t  r ecen t  r e p o r t  on t h e  exper ience  ga ined  t h u s  fa r  
wi th  t h e  system is presented  i n  t h e  Proceedings of  t h e  1965 Nat iona l  Tele- 
meter ing  Conference which i s  publ ished by t h e  Instrument  Soc ie ty  of  America, 
Penn-Sheraton Hote l ,  P i t t s b u r g h ,  Pennsylvania .  

Another major ins t rumenta t ion-or ien ted  p r o j e c t  a t  t h i s  I n s t i t u t e  

Some of 
i s  t h e  work done by Doctors Vallbona and Vogt f o r  t h e  NASA Manned Spacec ra f t  
Cen te r  on t h e  effects  of prolonged bed res t  on normal physiology.  
t h e  f a c t o r s  being observed are  bone d e n s i t y  changes,  calcium l o s s e s ,  and 
c a r d i o v a s c u l a r  a l t e r a t i o n s .  

Veterans  Adminis t ra t ion  Hosp i t a l  

A Phys iometr ics  Laboratory has  been e s t a b l i s h e d  a t  t h e  VA Hosp i t a l  
i n  Houston headed by D r .  David G .  Simons, formerly Chief of t h e  F l i g h t  Medi- 
c i n e  Branch a t  Brooks A i r  Force Base and a p ioneer  i n  high a l t i t u d e  physio- 
l ogy  and i n  t h e  a p p l i c a t i o n  of  phys io log ica l  and psychophys io logica l  moni- 
t o r i n g  systems.  According t o  Dr. Simons, Physiometr ics  i s  t h e  q u a n t i f i c a -  
t i o n  of  p h y s i o l o g i c a l  response t o  c o n t r o l l e d  and measurable s t i m u l i  and it 
i m p l i e s  t h e  use o f  modern automated d a t a  handl ing techniques  inc lud ing  com- 
p u t e r  a n a l y s i s .  While Dr. Simons only  a r r i v e d  on t h e  scene t h i s  p a s t  Au- 
g u s t ,  h i s  l a b o r a t o r y  a l r e a d y  has  t h e  necessary  inpu t  equipment a s s o c i a t e d  
w i t h  psychophys io logica l  measurements and has  acqui red  a PDP-8 Formater 
which w i l l  e s s e n t i a l l y  provide  an incrementa l  d i g i t a l  t a p e  r eco rd  of  t h e  
measurements made and p r e s e n t  t hese  t o  t h e  IBM 7094 a t  t h e  Medical Computing 
Cen te r .  To d a t e ,  he has  not  r e l a t e d  phys iometr ics  t o  s t i m u l i ,  bu t  has  used 
t h e  term t o  combine t h e  concepts  of phys io log ica l  a c t i v i t y  and i t s  measure- 
ment us ing  computer techniques  as an  i n t e g r a l  p a r t  of  t h e  a n a l y s i s  and 
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measurement. The c r i t i c a l  f a c t o r  may be t h e  r e l a t i o n s h i p  of t h e  p a t t e r n s  o f  
m u l t i p l e  measures over  a pe r iod  o f  t i m e ,  r a t h e r  t han  a s p e c i f i c  s t imu lus  re- 
sponse s i t u a t i o n .  

S ince  D r .  Simons is  only s t a r t i n g  i n  h i s  program i n  Houston, it 
i s  i n t e r e s t i n g  t o  no te  t h e  work he completed over  t h e  p a s t  few y e a r s  a t  
Brooks A i r  Force Base i n  high-speed d i g i t a l  phys io log ica l  a n a l y s i s .  
work t h e r e  centered  on c o l l e c t i n g  and ana lyz ing  h e a r t  ra te  and r e s p i r a t i o n  
d a t a  from p i l o t s  and passengers  i n  a series of  f l i g h t s ,  s imula ted  f l i g h t s ,  
s l e e p  s t u d i e s ,  c i r c a d i a n  rhythm experiments ,  monitored p s y c h i a t r i c  i n t e r -  
views, and obse rva t ions  on normal ind iv idua l s  involved i n  a s e r i e s  of stress 
tes ts .  Programs were w r i t t e n  and t e s t  runs  made t o  i d e n t i f y  slow-wave v s .  
r e s p i r a t o r y  h e a r t  rate r e f l e x  p a t t e r n s .  
t h e  most i n t e n s i v e  a p p l i c a t i o n s  o f  monitor ing b io- ins t rumenta t ion  y e t  made 
and c e r t a i n l y  w i l l  become a c l a s s i c  s tudy  of  stress physiology.  

H i s  

This  monumental work was one o f  

S t i l l  ano the r  e n t h u s i a s t i c  and h ighly-product ive  M . D .  advocate  of 
b io- ins t rumenta t ion  w a s  v i s i t e d  a t  t h i s  VA h o s p i t a l :  D r .  Thomas B.  Watt, 
who is Di rec to r  of  t h e  Cardiovascular  Research Laboratory.  D r .  Watt has  
been i n t e n s i v e l y  engaged i n  a t  least  t h r e e  p r o j e c t s  which should be of major 
i n t e r e s t  t o  biomedical  ins t rumenta t ion  people:  

1. 

2. 

Elec t roca rd iog raph ic  S tudies  of  Arbor iza t ion  Block. 
t h e  e l e c t r o c a r d i o g r a p h i c  consequences de r iv ing  from i n t e r r u p t i o n  

Knowledge o f  

of s p e c i f i c  p o r t i o n s  of i n t r a v e n t r i c u l a r  conduction pathways has  
l e d  t o  a b e t t e r  understanding of  t h e  e x c i t a t i o n  process  i n  bo th  
t h e  animal  and t h e  human h e a r t .  Completed phases o f  t h i s  p r o j e c t  
have inc luded  ( a )  d e f i n a t i o n  of e l ec t roca rd iog raph ic  p a t t e r n s  of  
incomplete r i g h t  and l e f t  bundle branch b locks ,  ( b )  de te rmina t ion  
o f  d i f f e r i n g  effects  upon e x c i t a t i o n  p a t t e r n s  o f  a n t e r o l a t e r a l  
ve r sus  pos t e robasa l  subendocardial  i n f a r c t i o n ,  ( c >  d e s c r i p t i o n  of  
e p i c a r d i a l  e l ec t r i ca l  a l t e r a t i o n s  a s s o c i a t e d  wi th  a r b o r i z a t i o n  
block a t  t h e  midsep ta l  l e v e l ,  ( d )  a s c e r t a i n i n g  t h e  r e l a t i o n s h i p  
between l e f t  a n t e r i o r  a r b o r i z a t i o n  block and s i g n i f i c a n t  l e f t  
ax is  d e v i a t i o n  i n  t h e  pr imate  (baboon) i n  c o n t r a s t  t o  t h e  dog, 
and ( e )  producing i n  both dog and pr imate  combined l e s i o n s  of  
l e f t  a n t e r i o r  a r b o r i z a t i o n  block and r i g h t  bundle branch block - 
a p a t t e r n  i n  which envelopment of  t h e  e n t i r e  v e n t r i c u l a r  myocar- 
dium t akes  p l a c e  from a p o s t e r i o r  s i t e .  The above changes are 
no t  uncommon i n  human e lec t rocard iograms;  however, it i s  more 
probable  t h a t  a smaller l e s i o n  h igher  i n  t h e  conduction system 
y e t  i n t e r r u p t i n g  e s s e n t i a l l y  t h e  same conduction pathways may be 
t h e  a c t u a l  c u l p r i t .  Evaluat ion of  t h i s  l a t t e r  type  of  l e s i o n  i s  
c u r r e n t l y  be ing  inves t iga t ed .  

Arter ia l  P res su re  Curve Model. 
a r t e r y  blood p r e s s u r e  versus  t ime can be modeled i n  terms of  a 

S p e c i f i c  curves  o f  human b r a c h i a l  

four parameter  e l e c t r o n i c  ana log ,  having elements of capac i tance  
inductance ,  and r e s i s t a n c e .  These correspond g r o s s l y  t o  t h e  lump- 
ed parameters  o f  compliance, i n e r t a n c e ,  and r e s i s t a n c e  i n  t h e  vas- 
c u l a r  system. Such s imula t ion  may prove u s e f u l  i n  e v a l u a t i o n  no t  
on ly  of  phys io log ic  s t r e s s e s  ( such  as e x e r c i s e ,  d rugs ,  r a d i a t i o n  
effects, ag ing ,  space f l i g h t ,  or t h e  l i k e )  but: a l s o  of  card iovas-  
c u l a r  d i s e a s e  s t a t e s  ( f o r  example, secondary vascu la r  changes i n  
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. 

hyper t ens ion ) .  
model, c o n s t i t u t e s  a p a r t  of a symposium on engineer ing  and h e a r t  
d i s e a s e  a t  t h e  March, 1966 I n t e r n a t i o n a l  Convention o f  t h e  I n s t i -  
t u t e  of  E l e c t r i c a l  and E l e c t r o n i c s  Engineers .  

A p r e s e n t a t i o n  o f  t h e  t h e o r e t i c a l  b a s i s  f o r  t h i s  

3 .  Development of  a Thermistor  Flowmeter. P o s s i b l e  use of a heated 
t h e r m i s t o r  t o  measure ins tan taneous  blood f low i s  being explored .  
Var i ab le s  t o  be eva lua ted  inc lude  time response (and/or  l i n e a r i t y )  
of  t h e  t h e r m i s t o r  i t s e l f ,  e f f e c t  of  tube  d iameter ,  s i g n i f i c a n c e  
of blood tempera ture ,  l i m i t s  of  blood v e l o c i t y  which can be 
measured, phys i ca l  p r o p e r t i e s  of s o l u t i o n  being measured (blood 
ve r sus  water ,  f o r  example),  e tc .  Recording o f  t h e r m i s t o r  response 
t o  s t eady  s ta te  flow i s  now f e a s i b l e  wi th in  l i m i t s  o f  v e l o c i t y  and 
tube  diameter .  I n  a d d i t i o n ,  t h e  e f f e c t  of  blood temperature  can 
be compensated t o  a g r e a t  ex ten t  by an o p e r a t i o n a l  a m p l i f i e r  ne t -  
work which senses  and c o r r e c t s  for a br idge  imbalance,  t h u s  mea- 
s u r i n g  a v a r i a t i o n  i n  vol tage  r a t h e r  t han  i n  r e s i s t a n c e .  

The important  p o i n t  t o  be made about t h e  kind of t h i n g s  D r .  Watt 
i s  doing is t o  underscore how deeply he r e l i e s  i n  h i s  s t u d i e s  on techniques  
from engineer ing  and t h e  p h y s i c a l  s c i ences  -- and t h e  k inds  of c o n t r i b u t i o n s  
p o s s i b l e  from t h e  use of  t h e s e  techniques .  Even more impor tan t ,  however, i s  
t h e  fact  t h a t  t h e  imagina t ive  and product ive u s e  of t h e s e  techniques  r e q u i r -  
ed a deep knowledge of  t h e  problems -- t h e  kind of  knowledge which only  a 
first r a t e  r e sea rch  man u s u a l l y  has .  
t h a t  w e  simply must do what w e  can t o  g e t  more first ra te  medical  and bio-  
l o g i c a l  r e s e a r c h  people enthused about and equipped wi th  background i n  
modern in s t rumen ta t ion .  Of course ,  t h i s  i s  perhaps what B I A C  i s  a l l  about .  

The obvious conclus ion  i s ,  of  cour se ,  
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Place:  Sensory Systems Laboratory, Tucson, Arizona 

T i m e  : 30 January through 3 February 1966 

The purpose of  t h i s  v i s i t  was t o  observe a t  first hand some o f  t h e  
v a r i e d  programs of  r e s e a r c h  and b io- ins t rumenta t ion  development being con- 
ducted under t h e  d i r e c t i o n  of  Howard A .  Baldwin, B I A C  Council  Member, a t  t h e  
Sensory Systems Laboratory.  Only one o f  t h e  days i n d i c a t e d ,  however, was 
spen t  a t  t h e  Laboratory i t s e l f ;  t h e  remaining time, exc lus ive  o f  t r a v e l ,  
was spen t  i n  t h e  v i c i n i t y  of  t h e  Labora tory ' s  f i e l d  s t a t i o n  a t  T a s t i o t a ,  on 8 

, t h e  Gulf of  C a l i f o r n i a  i n  t h e  s ta te  of Sonora, Mexico. 

The Tucson Laboratory 

Sensory Systems Laboratory was founded by Baldwin i n  1 9 6 1  t o  "ex- 
t end  t h e  ins t ruments  and senses  o f  t h e  l a b o r a t o r y  i n v e s t i g a t o r  t o  t h e  v a r i e t y  
o f  terrestr ia l ,  aer ia l ,  and acqua t i c  environments i n  which animals  normally 
e x i s t " .  The concept f o r  such a non-prof i t  r e s e a r c h  i n s t i t u t i o n  grew ou t  of  
Baldwin's background as an engineer  and des igne r  o f  s p e c i a l i z e d  measuring 
systems f o r  exper imenta t ion  i n  t h e  l i f e  sc i ences  and h i s  own deepening in -  
terest  i n  s tudying  senso ry ,  motor,  and o t h e r  phys io log ica l  behavior  of  a n i -  
mals under n a t u r a l  cond i t ions  -- with p a r t i c u l a r  emphasis on senso ry  nerve 
coding,  which took Baldwin t o  Massachusetts I n s t i t u t e  of  Technology f o r  a 
y e a r ' s  s tudy  wi th  D r .  Jerome Le t tv in  i n  1964.  

I n  e a r l y  1965 t h e  handsome new f a c i l i t y  which t h e  Laboratory now 
occupies  a t  2700 West Broadway, high i n  t h e  h i l l s  above Tucson, was completed. 
A s i n g l e - s t o r y  f u n c t i o n a l l y  designed u n i t ,  it provides  4,000 square  feet  of  
i n t e r i o r  space inc lud ing  o f f i c e s ,  and f a c i l i t i e s  f o r  t h e  des ign ,  assembly, 
and t e s t i n g  of  min ia tu re  and microminiature  e l e c t r o n i c  devices  (micro-mani- 
p u l a t o r s ,  micro-welding, vacuum depos i t i on ,  e t c . ) ,  and suppor t ing  machine and 
p l a s t i c  f a b r i c a t i o n  shops.  Adjacent t o  t h e  Lab is a heated animal house,  
c u r r e n t l y  occupied by t h r e e  s e a  l i o n s ,  and a number of  t anks  f o r  t r a i n i n g  
and experimenting with medium-sized a c q u a t i c  animals .  

Aside from secretar ia l  and c l e r i c a l  he lp ,  t h e  fo l lowing  people  
work a t  t h e  Tucson Laboratory:  

Glen H .  I n g l e  - E l e c t r i c a l  Engineer and Ins t rumenta t ion  Designer 
E rnes t  L.  Morrison - Mathematician and Systems Engineer 
Howard Jarmin - Elec t ron ic s  Laboratory Technician 
Peter  Baker  - Research A s s i s t a n t  (Photographer ,  e t c . )  
Suz ie  Holz - Animal Behavior S p e c i a l i s t  and T r a i n e r  
Dorothy Samson - Animal Behavior S p e c i a l i s t  
Ronald Brown - Ph.D. Candidate - Chemical Engineering 
Eldon Braun - Ph.D. Candidate - Zoology 

Both Brown and Braun a r e  g radua te  s t u d e n t s  a t  t h e  Un ive r s i ty  of 
Arizona,  bu t  are c a r r y i n g  ou t  t h e i r  t h e s i s  r e sea rch  as f u l l - t i m e  employees 
of t h e  Laboratory and under t h e  d i r e c t i o n  of Mr. Baldwin, who has  an appoint-  
ment as a Research Assoc ia te  w i t h  t h e  Zoology Department of t h e  Un ive r s i ty .  
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I n  a d d i t i o n  t o  t h e  Laboratory s t a f f ,  a c t i v e  a s s o c i a t e s  are Robert 
Hoag, Doctor o f  Veter inary Medicine, who performs most o f  t h e  s u r g i c a l  work 
on animals ,  and D r .  Martin Williams, a P h y s i o l o g i s t ,  who c o l l a b o r a t e s  on 
some of t h e  animal p h y s i o l o g i c a l  a s p e c t s  of t h e  program. 
of t h e  Laboratory are a t  p r e s e n t  l o c a t e d  a t  Cambridge, Massachusetts,  working 
under t h e  d i r e c t i o n  of F r e d r i c  Webster, s tudying t h e  mechanisms involved i n  
echo l o c a t i o n  by b a t s .  

Also t h r e e  members 

. Current  Pro i  ects 

Some of t h e  work now going on i n  t h e  Laboratory includes:  

1- An A i r  Force sponsored p r o j e c t ,  now over  t h r e e  y e a r s  o l d ,  i n  t h e  
development of an a r t i f i c i a l  muscle c o n s i s t i n g  o f  a c y l i n d r i c a l  
bundle o f  f i b r e s  which expand along t h e i r  l o n g i t u d i n a l  a x i s .  
While t h i s  has been a b a s i c  s tudy  with t h e  o b j e c t i v e  o f  modeling 
v a r i o u s  body f u n c t i o n s ,  some extremely u s e f u l  dev ices  have been 
c o n s t r u c t e d ,  i nc lud ing  a f ibre-bundle  a c t u a t e d  a i r - d r i v e n  motor 
w i th  very high e f f i c i e n c y .  
t o  model ar ter ies  t o  s tudy  p e r i s t a l t i c  muscle f u n c t i o n  and is  
developing t h e  mathematics necessary f o r  computer s imula t ion .  

A t  p r e s e n t  t h e  Lab i s  a l s o  a t t empt ing  

2- Under c o n t r a c t  t o  t h e  Army Research Office, t h e  Laboratory has 
developed expe r imen ta l  i n s t rumen ta t ion  and t echn iques  f o r  study- 
i n g  t h e  effects  of chemical r e p e l l a n t s  on t h e  behavior  o f  sha rks  
us ing  two-d i r ec t ion  t e l eme t ry  v i a  s o n i c  t r ansmiss ion .  

3- The Office of Naval Research has  sponsored t h e  work i n  Ol fac to ry  
Nerve Coding which took Mr. Baldwin t o  M . I . T .  t o  s tudy  with D r .  
L e t t v i n .  

4- Also sponsored by t h e  Of f i ce  o f  Naval Research: 

- The development of s p e c i a l  tungsten-coated g l a s s  e l e c t r o d e s .  
- Work with D r .  Ken Norr is  on t h e  t r a i n i n g  o f  dolphins  as i n -  

s t rumen ta t ion  "carriers" f o r  work i n  t h e  open sea. 
- The development of a method for observing t h e  d i s t a n c e s  be- 

tween f i s h  i n  t h e  s tudy  of school ing being conducted a t  t h e  
Museum of Na tu ra l  History i n  N e w  York under D r .  Evelyn Shaw. 

- The s tudy  o f  t h e  EKG i n  f ree  d iv ing  animals ,  c a r r i e d  out i n  
Norway above t h e  a r c t i c  c i r c l e  on greenland seal and harbor  
po rpo i ses  i n  c o l l a b o r a t i o n  with D r .  John Kanwisher of Woods 
Hole Oceanographic I n s t i t u t e .  

5- A s t u d y ,  funded by S h e l l  Development Corporat ion,  on t h e  funda- 
mental  a s p e c t s  of t e l e m e t r i c  s i g n a l l i n g  by means o f  mobile min- 
i a t u r i z e d  in s t rumen t s  borne by p i p e l i n e  f l u i d .  

6- The Office o f  S c i e n t i f i c  Research of t h e  A i r  Force i s  sponsor 
of t h e  work being c a r r i e d  ou t  a t  Harvard on b a t  echo l o c a t i o n  
invo lv ing  some members of t h e  Laboratory ( s e e  above) and j o i n t -  
l y  suppor t s  w i th  ONR s t u d i e s  of animal b io - t e l eme t ry  M r .  Bald- 
win is  c a r r y i n g  out  i n  the Gulf of C a l i f o r n i a .  
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T a s t i o t a  F i e l d  S t a t i o n  

For t h e  p a s t  y e a r  M r .  Baldwin has e s t a b l i s h e d  and s t a r t e d  t o  b u i l d  
up t h e  c a p a b i l i t i e s  of a F i e l d  Research S t a t i o n  f o r  t h e  Laboratory on t h e  
Gulf o f  C a l i f o r n i a  a t  T a s t i o t a ,  Mexico, about 60 miles southwest of t h e  c i t y  
o f  Hermosilio i n  Sonora. 
w i th  i t s  own dock on a l a r g e  p r o t e c t e d  bay about one-half  m i l e  i n  from t h e  
Gulf i t s e l f .  A Volvo powered inboard motorboat,  employed i n  two and t h r e e  
day e x p e d i t i o n s  i n t o  t h e  Gu l f ,  is a l s o  a p rope r ty  o f  t h e  Lab, as is t h e  P i p e r  
C r u i s e r  which Baldwin uses  f o r  t h e  three hour f l i g h t  from Tucson ( a  landing 
s t r i p  is  ad jacen t  t o  t h e  Cabin).  
housed i n  t h e  cabin and used aboard t h e  boat ( p o r t a b l e  and waterproofed bio-  

Montgolf ier  t ype  bal loon wi th  a two-person gondola which w i l l  be used f o r  
"hovering" r e s e a r c h  above schoo l s  of sea l i o n s  and whales i n  t h e  Gulf -- t h e  
first of i t s  type  t o  be used f o r  t h i s  purpose.  

A t  p r e s e n t  t h e  S t a t i o n  c o n s i s t s  of a cab in ,  l o c a t e d  

I 

Aside from t h e  in s t rumen ta t ion  which i s  

e t e l e m e t e r i n g  equipment mainly)  t h e  S t a t i o n  i s  c u r r e n t l y  being equipped wi th  a 

Associated w i t h  M r .  Baldwin a t  t h e  F i e l d  S t a t i o n  is a l o c a l  resi- 
den t  who s e r v e s  as i ts  c a r e t a k e r  and a l s o  as an a c t i v e  p a r t i c i p a n t  and guide 
i n  t h e  program, Mr. J u l i o  Ruiz.  M r .  Ruiz,  who has r ece ived  no formal educa- 
t i o n  i n  biology or s c i e n c e ,  is  an extremely i n t e l l i g e n t  man who, i n  t h e  p a s t  
y e a r ,  has managed t o  r ead  and master a r a t h e r  l a r g e  series of books on animal 
behavior  and f i e l d  biology.  S ince  M r .  Ruiz was born and r a i s e d  on t h e  Gulf 
and has  made h i s  l i v i n g  as a fisherman t h e r e ,  h i s  knowledge o f  t h e  area and 
i t s  w i l d l i f e  is unsurpassed. 
gu ide  and c a r e t a k e r  and is  a l r e a d y  s t a r t i n g  t o  b e n e f i t  from Ruiz ' s  o r i g i n a l  
t h i n k i n g  and energy i n  t h e  r e sea rch  program he p l a n s .  

However, Baldwin cons ide r s  him more than  a 

The Laboratory 's  F i e l d  S t a t i o n  o f f e r s  an e x c e p t i o n a l  oppor tun i ty  t o  
s tudy  abundant animal l i f e  a t  first hand...and with t h e  s o p h i s t i c a t e d  t echn i -  
ques which have been developed i n  Tucson. 
s m a l l  i s l a n d s  wi th in  m i l e s  of t h e  s t a t i o n  -- a popu la t ion  count of ove r  1,000 
was made on one such i s l a n d  during my v i s i t .  
s t a n t l y  i n  t h e  area and b i r d s  of many v a r i e t i e s  densely cover t h e  bay and 
s h o r e l i n e .  I t  i s  Mr. Baldwin's i n t e n t  t o  employ animals ,  t r a i n e d  i n  h i s  Tuc- 
son l a b o r a t o r y  and equipped wi th  t e l eme te r ing  packages,  t o  assist him i n  
t r a c k i n g  and o b s e r v a t i o n a l  s t u d i e s  o f  s choo l s  o f  dolphin and he rds  of whales 
and sea l i o n s .  H e  p l a n s ,  f o r  example, t o  use t h e  boa t  and bal loon i n  combin- 
a t i o n  t o  fo l low dolphin and t h e n ,  hovering unob t rus ive ly  above, lower acous- 
t i c a l  equipment i n t o  a schoo l  t o  record sounds and photograph behavior  p a t t e r n s .  

Large herds  o f  sea l i o n s  populate  

Porpoises  and whales are con- 

a The superb n a t u r a l  environment o f  t h e  F i e l d  S t a t i o n ,  i ts growing 
r o s t e r  o f  s p e c i a l i z e d  equipment and in s t rumen ta t ion ,  and, e s p e c i a l l y ,  t h e  p re -  
s ence  of t h e  remarkable Mr. Ruiz,  a l l  add up t o  t h e  p o s s i b i l i t i e s  f o r  an i m -  
p o r t a n t  l a b o r a t o r y  f o r  s tudying t h e  n a t u r a l  behavior  o f  marine animals which 
shou ld  be i n c r e a s i n g l y  heard from i n  t h e  y e a r s  ahead. 
o f f e r  t h e  use  of t h e s e  fac i l i t i es  t o  v i s i t i n g  s e n i o r  s c i e n t i s t s  and hopes t o  
have s e v e r a l  b i o l o g i s t s  a s soc ia t ed  on a p e r i o d i c a l  b a s i s  with t h e  Laboratory 
a t  a l l  times i n  t h e  y e a r s  ahead. 

Mr. Baldwin i n t e n d s  t o  


