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L-t, Colonel Richmd R, Taylor, M, C. 
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The Army Hedical Research Program i s  designed t o  meet the responsi- 
b i l i t i e s  of The Surgeon General t o  pro-tect the soldier, improve his mental 
and physical capacity t o  f igh t  and survive, and when necessary provide 
treatment f o r  casualties in  the most s t ressfu l  s i tuat ions known t o  our 
nation--war, A broad basic medical research profgaun has been developed 
through the recent years, aware of demonstrated causes of d isabi l i ty  and 
mortality i n  recent armed conf l ic t s  and mindm ooontiaauiabg military 
developments, Much of the fundamental knowledge gdned from t h i s  program 
is  relevant t o  the national space ef for t ,  

A s  you recal l ,  i n  May 1959 the Xrxa;y & d i e d  % M c s  i n  cooperation 
with Navy medical sc ient i s t s ,  the  NatLond Aeronauticd a d  Space kdmini- 
s t rat ion,  and the Bal l i s t ic  U s s u e  Agency, BmtsvSBe, Alabama, 
successfully recovered able and r, two primates, SoLZo&g a b a l l i s t i c  
missile f l ight .  Since then the Pedicab &mice has continued t o  
support the national lgpace ef fo  oviding professfond personnel to 
t he  National Aeronautics and Sp nistrat ion i n  supgost ~f b j e c t  
Plercury and by making available pertinerat i&omatioa f r o m  the broad 
research ef for t ,  A t  the present time the Amgy has no bio-sciences program 
i n  space medicine or  bioastronautics as  such, Although certain studies 
i n  t h i s  area concern other technical services of the hmy, the la rges t  
in t e res t  l i e s  with The Surgeon General. 

The research and development ac t iv i t i e s  of the U.S, iiraqy &dical 
Resaarch and Development Comand are c e n t r d f  zed i n  the Office of The 
Surgeon General, with a command relationship with eleven research 
ins t i tu t e s ,  laboratories, and units,  i n  addition t o  contractual medical 
research supportive of our mission. An extensive basic research program 
is  carried on through approximately 150 inst i tut ions,  mostly universities. 
lbst of the research has been directed toward recognized medical problems 
of warfare, specffically, surgical problems of acute trauma, shock, wound 
ba l l i s t i c s ,  blood and blood substitutes;  medical problems of acute communi- 
cable disease, icanunization, t ropical  medicine, entomology, environmental 
medicine, and nutrit ion; neuropsychiatric and psychological problems of 
combat; and the biological e f fec ts  of ionizing radiation. 

The research contracting program u t i l i zed  by the A n q  Nedical R69 
Command is  accomplished exclusively by negotiation. Grant authority ie 
r e s t r i c t ed  t o  support of basic sc i e s t i f i c  research with non-profit instf-  
tu t ions  of higher education o r  organizations whose primsly purpose is the 

Given at the "Anatonly of Manned-Space Operations Conferencem of the 
American Rocket Society, October 12, 1960, Dayton, OM0 
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conduct of sc ient i f ic  reseamh. The vast majority of research proposals 
received bjr t h i s  Command clsa unsolicited. The evaLuation of p-roposals, 
whether f o r  contracts o r  grants, i s  uniform. Professional advice is 
usually obtained from c iv i l ian  advisory committees or boards, such as the 
Armed Forces Epidemiological Board, the National Research Council, o r  
the various Advisory Committees of The Surgeon General. The f i n a l  evalu- 
at ion is  a function of the Proposd. Review Committee of the U.S. 
Medical Research and Development Cormnand, acting f o r  the Commanding 
General. Reports of research investigations are usually required annually, 
but t h i s  may vary due t o  special circumstances. The services of the 
Armed Services Technic al Information Agency are ut i l ized.  Contracts and 
grants a re  used primarily to  supplement the research a c t i v i t i e s  of the 
in-service units. 

The following current projects or  tasks having application t o  the 
National Space Program are believed t o  be of interest .  A t  the Walter 
Reed Army Lnstitute of Research, Washington, D. C., these include research 
on chemical protection against t o t a l  body radiutfon, with e f fo r t s  talcen 
t o  develop anti-radiation dntgs which could be t&an before exposure t o  
reduce the biological e f fec t  of ionizing radiation. Such a drug would 
be of d i rec t  value in passing through the Van Allen b e l t s  and possibly 
of greater importance t o  c l in ica l  medicine. A t  the present time we have 
maqy contracts with W u s t r g  and universi t ies  t o  synthesize specific 
potent ial  compaunds f o r  testing, not unlike the program during World 
War I1 and Korea t o  obtain effective anti-malarial drugs, which resulted 
i n  Primaquin and Chloroquin. 

In addition, the Diviaion of Meuropsychiatq at the Valter Reed 
Army Ins t i tu te  of Research has a multi-disciplinarg program to determine 
the  widespread ef fec ts  of stress on the pbysiological functioning of 
the soldier, the search f o r  constructive means t o  modw these ef fec ts  
and thus t o  prepare f o r  more effective performance. Here we have studies 
being conducted on conditioned avoidance techniques i n  primates, the 
complicated effects  of s t r e s s  a s  measurable Fn the various body f luids,  
and the influence of sleep loss,  sensory deprivation, and fatigue. The 
re su l t s  of the work being done on comrmu3ications in small groups, although 
oriented t o  problems of ground forces, should be of interest .  B con- 
siderable contractual program supports this effort .  

A t  the Medical Research Laboratory, Fort Knox, Kentucky, 
studies related t o  man's senses mey be useful. Vision and perception 
tasks have been designed t o  gain knowledge on the adaptation of known 
human perceptual ab i l i t ies .  

Another task ent i t led  *Sound and Hearing i n  Relation t o  Performancea 
has as its purpose the determination of the limits and variations i n  
psychologic~al and physiological capabil i t ies  under the  wide variety of 
noise environments found i n  a military situtation. The f a c t  tha t  high 
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in tensi ty  noise enviromenta c m  be hazardous is well-known and our 
focus here i s  on procedures f o r  attenuating the noise e w i r o m s n t s  which 
diminish the gerfommce of the soldier,  Other studies of motion, 
balance, and vibration related t o  performance are being carried out. 
Finally, a task t o  s"ttlc?g the basic physiological mechanisms involved 
i n  cold and heat adaptation may be of in t e res t  t o  space exploration, 

The U.S. Army Medical Research and Nutrition Laboratory at 
Fitzsimons General Mospital, Denver, Colorado, i s  the only Department 
of Defense laboratory devoted t o  fundamental research i n  the medical 
aspects of nutr i t ion,  Studies related t o  the lowest leve l  sf  nutr ients  
a t  which man can function effect ively and the possible u t i l i za t ion  of 
algae a s  food source have been vigorously pursued with hmara volunteers. 

The potent ial  medical problems with future uaxfa~s w e  
Our current medical research and development efforei *o$udZag f a c i l i t i e s ,  
qual i f ied technical manpower, and f m d s  is directed t~ m p p ~ r t  programs 
designed t o  iInprove the combat effectiveness ~f -the %w, meeeve~ 
research provides advances i n  basic hQwls&a o r  appl iont5.~s  to space 
medicine, the sc i en t i f i c  M o m a t i o n  is b e h g  a&@ atwZ&k to %hose 
physicians responsible i n  o w  National Spme Pragzm, 



BIO-SCIENCE RESEARCH COISTRACT PROGRAM OF 
THE DIVISION OF BIOLOGY AND ME14IClNf3 

OF THE 
ATOMIC r n R G Y  COMMTSSIOM 

M. R. Zelle 
Assistant Director for  

Biological Sciences 

Broadly speaking, the Division of Biology and Medicine has four major 
responsibili t ies i n  the l i f e  sciences research area: (a)  To understand the ef-  
fec ts  of radiation on biological systems ranging from biologically important 
molecules t o  ent ire  ecological systems. (b)  To solve problems aris ing d i rec t ly  
from AM: operations including studies of chemical toxici ty of various materials 
encountered i n  such operations, the effects  of a wlde range of fissionable 
materials and rsdioactive isotopes, and including such problems as  the biological 
aspects of the  disposal of radioactive waste. (c) To develop knowledge and methods 
of combating the detrimental effects  of radiation including both chemicd and 
biological procedures. (d) To exploit radiation and radioisotopes f o r  b e n e f i c i d  
applications i n  medical. and biological sciences. 

In order t o  f u l f i l l  these responsibili t ies,  the Division of Biology and Medi- 
cine supports research i n  the following f ie lds :  1. Radiation biology, The 
response of t issues,  organs, organ systems, and organisms t o  radiation from both 
external anti internal  sources, 2 .  Radiation genetics. Studies of the effects  
of radiation on the heredity of man, animals, plants, and microorganisms. 3. Ra- 
diation protection, Studies of the modification and treatment of radiation ef -  
f ec t s  and the control and removal of radioactive materials affecting l iving 
sys terns. 4. Molecular and cel lular  level  studies. Studies i n  biochemistry, 
biophysics and c e l l  physiology as related t o  radiation. 5. Terrest ial  ecology. 
Studies of plants and animals i n  relat ion t o  radioactive materials introduced in to  
the i r  environment. 6. Marine sciences. The transport, distribution, and cycling 
of radioactive materials i n  the ocean including the food chain. 7. Atmospheric 
radioactivity and fallout.  The measurement of the transport and distribution of 
radioactivity i n  the atmosphere and i ts  subsequent distribution i n  the biosphere. 
8, Radiologicd. physics and dosimetry. Improved methods and procedures f o r  pse- 
dict ing and detecting the health hazards from external and internal  sources of 
radiation. 9. Radiation instruments. Design, development, and e v a l t i o n  of 
radiation detection and measuring instruments. 10. Cancer research, Studies 
of the development, diagnosis and treatment of cancer using radioactive isotopes 
and special radiation sources. 11. Selected beneficial applications. Agricul- 
t u r a l  studies, food irradiation, and other special research ac t iv i t i e s  u t i l i z ing  
unique applications of atomic energy. 

Approximately two-thirds of the Division of Biology and Medicine research 
program is  carried out i n  our intramural laboratories a l l  but three of which 
are  operated through contracts with vmious universities. The remaining one-third 
of our program is carried out largely i n  universities by means of research 
contracts which are of two types. The vast majority are cost-sharing, lump sum 
contracts which i n  many respects achieve the same resul ts  as research grants. 



These are almost always ini t iated by an investigator i n  a research laboratory 
interested i n  a problem which L s  also of interest t o  the Division of Biology and 
Medicine. In general, the research is of a somewhat more basic nature and l e s s  
narrowly oriented t o  programmatic requirements of the Commission than the research 
supported i n  our intramureJ, laboratories or by the other type of research contract, 
the cost reimbursable contract. This l a t t e r  type of contract is employed for  
larger projects which are somewhat more programmatic i n  nature and which i n  m y  
cases are  stimulated through the efforts  of the Division of Biology and Medicine 
staff. 

Although the Washington headquarters staff  i s  responsible for  the sc ient i f ic  
direction of the research program, the contracts are actually negotiated by the 
appropriate AEC operations office. Proposals for  a research contract can be 
received a t  any time. Generally about three months is rewired before a contract 
can be negotiated i n  case the proposal is approved. Copies of a Guide for  
Preparation of Research Proposals can be obtained by writing t o  the Division of 
Biology and Medicine, U. S. Atomic Energy Commission, Washington 25, D. C. 
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PUBLIC HEALTH SERVICE 
GOVERNMENT GRANTS AND AWARDS 

Ernest M. Allen 

Associate Director for Research Grants 
National Institutes of Health 

Bethesda 14, Maryland 

It is a privilege to be here today to speak to you about 
the grants and awards programs of the National Institutes of 
Health and of the opportunities they offer in the areas of 
special interest to you. Many of these reflect the trends 
and the rapidity of today's scientific progress. 

President Eisenhower, addressing the Symposium on Basic 
Research in May 1959, said "In our lifetime greater advances 
have taken place in science and technology than in all pre- 
vious history . . . These advances and changes have had a 
profound effect on Government and on our national policy." 

One of the notable changes is the expanding role of 
federal support of scientific research. Twenty years ago 
federal support of all science was 100 million dollars. 
Today it is approximately 8 billion dollars. 

This substantial increase is due to congressional appre- 
ciation of our national needs. The Congress, realizing that 
maximum achievements in any single field of science would 
ultimately depend upon correlating knowledge from many fields, 
has wisely provided for the equitable growth of all sciences. 

Consequently, today as we push back the frontiers of the 
unknown, scientists working in different fields both in and 
outside of government find themselves at home with each other 
exchanging information and sharing many instruments such as 
the electron microscope and the ultracentrifuge. These inter- 
changes are valuable channels of communication. In addition, 
there are advantages in the often unexpected discovery of 
common denominators wherein sciences of seemingly little kin- 
ship stimulate and complement each other. 
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Mention i s  made of t h i s  common meeting ground of t h e  s c i -  
ences because i t s  p ropor t ions  a r e  governed by t h e  spectrum of 
fundamental research .  I n  t h e  medical sc iences ,  a s  i n  t h e  
phys ica l  sc iences ,  t h e  f u r t h e r  t h e  horizons of r e sea rch  a r e  
extended, t h e  more fundamental a r e  t h e  s t u d i e s  r equ i r ed  and 
t h e  more ins t rumenta t ion  i s  needed t o  conduct i n v e s t i g a t i o n s  
of such minute l i f e  fornSas t h e  components of a  human c e l l  
and t h e  f i l t e r a b l e  v i r u s e s .  

While t h e  mission of t h e  National  I n s t i t u t e s  of Heal th 
i s  i n t e r p r e t e d  a s  t h e  s tudy of t h e  d i seases  and impairments 
of mad* w e  a r e  f u l l y  cognizant  of t h e  f a c t  t h a t  achievements 
i n  t h e s e  a r e a s  a r e  g r e a t l y  dependent upon a  cont inuing  
emphasis on b a s i c  research .  

The Publ ic  Heal th Serv ice  programs conducted and admin- 
i s t e r e d  by t h e  National  I n s t i t u t e s  of Heal th,  r ep re sen t ing  
about 85 percent  of t h e  medical r e sea rch  funds appropr ia ted  
f o r  t h e  Department of Health,  Education, and Welfare,  have 
become a primary f o r c e  a f f e c t i n g  t h e  na tu re  and d i r e c t i o n  
of medical r e sea rch  i n  t h i s  country. 

The p re sen t  g r a n t s  program began i n  1946 when, fol lowing 
World War 11, t h e  National  I n s t i t u t e s  of Heal th was g iven  
t h e  r e s p o n s i b i l i t y  f o r  cont inuing some 50 incompleted medical 
r e sea rch  p r o j e c t s  prev ious ly  supported by t h e  Of f i ce  of Scien-  
t i f i c  esearch and Development. The framework of t h e  p r e s e n t  
c e n t r a l i z e d  research  g r a n t s  program evolved from t h e  p a t t e r n  
s e t  by t h e  Div is ion  of Research Grants i n  adminis te r ing  t h i s  
i n i t i a l  small  program of $780,000. La te r  t h e  program was 
enlarged t o  inc lude  va r ious  types of g r a n t s  and awards 
intended a s  a  means of increas ing  t h e  medical manpower and t h e  
f a c i l i t i e s  necessary f o r  an  expansion of t h e  n a t i o n ' s  r e s e a r c h  
i n  t h e  h e a l t h  sciences.  These combined g ran t  a c t i v i t i e s  a r e  
r e f e r r e d  t o  a s  t h e  extramural programs. 

Although r e sea rch  g r a n t s  under t h e  extramural programs 
a r e  a v a i l a b l e  from t h e  seven c a t e g o r i c a l  i n s t i t u t e s  and t h e  
Div is ion  of General Medical Sciences,  a l l  a p p l i c a t i o n s  a r e  
rece ived  by t h e  Div is ion  of Research Grants which i s  t h e  
c e n t r a l  po in t  f o r  t h e  admin i s t r a t i ve  coord ina t ion  of t h e s e  
programs and which provides t h e  i n i t i a l  s c i e n t i f i c  and tech-  
n i c a l  review of each app l i ca t ion .  Applicat ions a r e  made upon 
s p e c i a l  forms which a r e  provided by t h e  Div is ion  of  Research 
Grants.  

I w i l l  no t  a t tempt  t o  go i n t o  a l l  t h e  d e t a i l s  bu t  I do 
wish t o  g ive  you a  b r i e f  o u t l i n e  of our g r a n t s  procedure and 
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a s h o r t  d e s c r i p t i o n  of t h e  types of g r a n t s  we support .  
E s s e n t i a l l y  a l l  a p p l i c a t i o n s  r ece ive  a  dual  review. The 
i n i t i a l  review i s  made by one of t h e  36 study s e c t i o n s  -- 
panels  of a u t h o r i t i e s  i n  t h e  medical and b i o l o g i c a l  sc iences .  
The recommendations of t h e  s tudy sec t ions  a r e  i n  t u r n  con- 
s ide red  by one of t h e  t e n  National Advisory Councils which 
a r e  e s t ab l i shed  by law and made up of eminent nonfederal  
s c i e n t i s t s  and c i v i c  l eade r s  from a l l  s e c t i o n s  of t h e  country. 
Grant awards a r e  made by t h e  Surgeon General upon t h e  advice  
of t h e s e  Advisory Councils.  

The p r i n c i p a l  types of g r a n t s  and awards a v a i l a b l e  a r e  
r e sea rch  g ran t s ,  research  fel lowships,  t r a i n i n g  g ran t s ,  and 
h e a l t h  r e sea rch  f a c i l i t i e s  g ran t s .  

1. Research Grants r ep re sen t  t h e  l a r g e s t  a r e a  of Publ ic  
Heal th Serv ice  support  of s c i e n t i f i c  i nves t iga t ions .  This 
program i s  competi t ive i n  t h e  sense  t h a t  anyone i s  f r e e  t o  
apply f o r  a  g ran t .  Grants may be made t o  u n i v e r s i t i e s ,  
h o s p i t a l s ,  l a b o r a t o r i e s ,  pub l i c  and p r i v a t e  i n s t i t u t i o n s ,  and 
t o  i nd iv idua l s  f o r  support  of r e sea rch  p r o j e c t s  i n  t h e  medi- 
c a l  and b i o l o g i c a l  sc iences .  The program was s e t  up t o  a i d  
i n v e s t i g a t o r s  who seek t o  add t o  t h e  s c i e n t i f i c  knowledge i n  
t h e  medical and r e l a t e d  b i o l o g i c a l  sc iences .  It has enabled 
hundreds of i n s t i t u t i o n s  t o  i n i t i a t e  research  o r  i nc rease  
t h e i r  r e sea rch  a c t i v i t i e s .  It has provided on-the-job t r a i n -  
ing  f o r  from 10,000 t o  15,000 s c i e n t i s t s  employed i n  r e sea rch  
p r o j e c t s ,  and it has permit ted t h e  opening up of new f i e l d s  
of i n v e s t i g a t i o n  no t  before  touched upon. Grant funds may be 
used f o r  s a l a r i e s ,  equipment, supp l i e s ,  t r a v e l ,  and o the r  
expenses such a s  renovat ion  and a l t e r a t i o n  of e x i s t i n g  f a c i -  
l i t i e s .  There is  no l i m i t a t i o n  o the r  than  t h a t  of p r a c t i c -  
a l i t y ,  on t h e  number o r  s i z e  of g r a n t s  which may be made t o  
any one i n v e s t i g a t o r  o r  t o  any one i n s t i t u t i o n  i n  a  f i s c a l  
year ,  nor is t h e r e  a  l i m i t a t i o n  on t h e  number of years  a  
s p e c i f i c  p r o j e c t  may be supported. Some i n v e s t i g a t o r s  a r e  i n  
t h e  14 th  year  of un in ter rupted  r e sea rch  support.  

To encourage e a r l y  and ad.equate exchange of information 
among i n v e s t i g a t o r s ,  numerous conferences,  seminars, and 
symposia a r e  supported i n  connect ion with t h e  g r a n t s  program. 
Many of t h e  meetings a r e  i n i t i a t e d  and sponsored by t h e  
advisory  s tudy s e c t i o n s  of t h e  Div is ion  of Research Grants.  

For example, a  four-week Study Program i n  Biophysical 
Sciences a t  t h e  Univers i ty  of Colorado i n  1958, was sponsored 
by t h e  BLophysics and Bicphysical Chemistry Study Sect ion.  
This  meeting was a t tended  by more than  100 s c i e n t i s t s  i n  
phys ics ,  biology,  chemistry,  medicine, mathematics, biophysics ,  
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physiology, engineering,  and botany. Some of t h e  r e sea rch  
problems presented concerned c e l l u l a r  biology; phys ica l -  
chemical behavior of macromolecules; b i o l o g i c a l  e f f e c t s  of 
r a d i a t i o n ;  energy coupling and t r a n s f e r ;  enzyme ac t ion ;  f i n e  
s t r u c t u r e  and func t ion  of c e l l s ,  p r o t e i n s ,  and n u c l e i c  ac ids ;  
gene t ics ;  muscle and nerve s t r u c t u r e  and func t ion;  sensory 
r ecep t ion  and s i g n a l  processing;  and homeostasis. 

The b a s i c  philosophy of t h e  research  g ran t s  program i s  
t o  provide t h e  i n v e s t i g a t o r  maximum freedom from c o n t r o l ,  
regimentat ion,  and ou t s ide  i n t e r f e r e n c e  by g iv ing  him s t a b l e  
support  along wi th  t h e  g r e a t e s t  f l e x i b i l i t y  i n  determining 
t h e  d i r e c t i o n  of h i s  own research .  

During t h e  f i s c a l  year 1960 t h i s  program, which began 
wi th  t h e  50 t r a n s f e r r e d  p r o j e c t s  of 1946, awarded 11,572 
research  g r a n t s  f o r  $198,719,397 t o  973 i n s t i t u t i o n s  i n  t h i s  
country p l u s  150 abroad. The average s i z e  of t h e s e  g r a n t s  i s  
approximately $17,000 a  year and t h e  average l eng th  of sup- 
p o r t  recommended is  3.2 years .  

2. Research Fellowships - Seven types of r e sea rch  fel low- 
s h i p s a r e  ava i l ab l e :  ( a )  Predoctoral  Research Fellowships 
a r e  awarded t o  q u a l i f i e d  persons who hold a  Bachelor ' s  degree 
o r  equiva len t  t r a i n i n g .  - Fellows a r e  expected t o  c a r r y  on 
s t u d i e s  o r i en t ed  toward graduate  t r a i n i n g  i n  f i e l d s  r e l a t e d  
t o  t h e  b i o l o g i c a l  sc iences .  Stipend r a t e s  a r e  $1,800, $2,000, 
and $2,200 f o r  t h e  f i r s t ,  second, and t h i r d  years ,  r e s p e c t -  
i ve ly .  I n  a d d i t i o n  t o  allowances f o r  t u i t i o n  and t r a v e l ,  
$500 i s  given f o r  a  dependent spouse and each dependent c h i l d .  
(b)  Pos tdoc tora l  Research Fellowships a r e  awarded t o  q u a l i f i e d  - 
persons holding a  Doctor 's  degree. St ipend r a t e s  a r e  $4,500, 
$5,000, and $5,500 f o r  t h e  f i r s t ,  second, and t h i r d  years ,  

- 

r e spec t ive ly .  I n  a d d i t i o n  t o  allowances f o r  t u i t i o n  and 
t r a v e l ,  $500 i s  given f o r  a  dependent spouse and each depend- 
en t  c h i l d .  ( c )  Spec ia l  Research Fellowships a r e  awarded t o  
q u a l i f i e d  app l i can t s  who have demonstrated unusual competence 
f o r  research ,  o r  who r e q u i r e  spec i a l i zed  t r a i n i n g  f o r  a  
s p e c i f i c  problem. Appropriate s t i pends  a r e  e s t a b l i s h e d  on an  
ind iv idua l  b a s i s .  (d)  Senior  Research Fellowships a r e  granted 
i n  support  of i n v e s t i g a t o r s  between t h e  completion 05 pos t -  
doc to ra l  t r a i n i n g  and e l i g i b i l i t y  f o r  permanent academic 
appointment. The awards a r e  made f o r  5-year per iods ,  a r e  
renewable, and provide a  s a l a r y  which is  appropr i a t e  and i n  
accord wi th  i n s t i t u t i o n  pol icy .  Senior  Research Fellows may 
a l s o  apply f o r  a d d i t i o n a l  support  f o r  t h e i r  r e sea rch  needs. -. . 

( e )  Postsophmore Research ~ e l l o w s h i ~ s  a r e  designed t o  support  
s tuden t s  i n  schools  of medicine and d e n t i s t r y  who wish t o  
o b t a i n  research  t r a i n i n g  p r i o r  t o  complet ion-of  t h e i r  
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p r o f e s s i o n a l  degrees .  Tlrr sc ipend  is  s e t  by t h e  schoo l  i n  a n  
amount n o t  t o  exceed $3,200 annua l ly .  ( f )  S tuden t  Part-Time 
Research Fe l lowships  a r e  des igned t o  g i v e  s t u d e n t s  i n  s c h o o l s  
o f  medicine ,  d e n t i s t r y ,  n u r s i n g ,  and p u b l i c  h e a l t h  a n  oppor- , 

t u n i t y  t o  e x p l o r e  t h e  r e s e a r c h  5 ie ld  i n  t h e  hope t h a t  many of  
t h o s e  suppor ted  w i l l  e n t e r  i n t o  f u l l  o r  p a r t - t i m e  r e s e a r c h  
work. U n i t s  o f  $600 a r e  provided f o r  p a r t - t i m e  r e s e a r c h  work 
d u r i n g  t h e  schoo l  t e r m  o r  f o r  f u l l - t i m e  r e s e a r c h  f o r  two 
months d u r i n g  any t ime when c u r r i c u l u m  work i s  n o t  scheduled 
f o r  t h e  s t u d e n t .  ( g )  Fore ign  Research F'eliowshihs a r e  awarded 
t o  a  l i m i t e d  number o f  h i g h l y  q u a l i f i e d  s c i e n t i s t s  from o u t -  - .  

s i d e  t h e  United S t a t e s  f o r  work o f  one t o  two y e a r s  i n  t h e  
medical  and b i o l o g i c a l  l a b o r a t o r i e s  of t h i s  coun t ry .  Appro- 
p r i a t e  n a t i o n a l  r e s e a r c h  o r g a n i z a t i o n s  of t h e  c o u n t r y  of 
o r i g i n  s e r v e  a s  n a t i o n a l  nominating committees and may o b t a i n  
a p p l i c a t i o n s  and i n s t r u c t i o n s  from t h e  Nat iona l  I n s t i t u t e s  of 
Hea l th .  The s t i p e n d  f o r  t h e  f o r e i g n  r e s e a r c h  f e l l o w s h i p  i s  
$4,500 f o r  t h e  f i r s t  yea r ,  supplemented by a  $500 a l lowance  
f o r  each dependent ,  and a  t r a v e l  a l lowance of  6 c e n t s  a m i l e  
f o r  t h e  i n i t i a l  t r i p  t o  t h e  United S t a t e s  and r e t u r n .  

3. T r a i n i n g  Gran t s  a r e  awarded t o  p u b l i c  and p r i v a t e  non- 
p r o f i t  i n s t i t u t i o n s  i n t e r e s t e d  i n  p rov id ing  s p e c i a l  t r a i n i n g  
f o r  r e s e a r c h e r s ,  t e a c h e r s ,  and prospective'practitioners 
i n t e r e s t e d  i n  p u b l i c  s e r v i c e .  These funds may be  used t o  
improve f a c i l i t i e s  and t o  p r o v i d e  s a l a r i e s  f o r  f a c u l t y ,  
s t a f f ,  and t r a i n e e s ,  a long  w i t h  necessa ry  s u p p l i e s  and 

m a t e r i a l s .  I n s t i t u t i o n s  r e c e i v i n g  undergradua te  and g r a d u a t e  
t r a i n i n g  g r a n t s  have t h e  r e s p o n s i b i l i t y  f o r  de te rmin ing  t h e  
most a p p r o p r i a t e  u s e  of t h e  funds .  

4 .  H e a l t h  Research F a c i l i t i e s  Grants  - Under t h e  Hea l th  
Research F a c i l i t i e s  Act, J u l y  1956, t h e  Congress a u t h o r i z e d  
t h e  e s t a b l i s h m e n t  of a  program t o  a s s i s t  i n  c o n s t r u c t i n g ,  
a l t e r i n g ,  r e n o v a t i n g ,  and equipping f a c i l i t i e s  f o r  t h e  con- 
d u c t  of r e s e a r c h  i n  t h e  s c i e n c e s  r e l a t i n g  t o  h e a l t h .  Hea l th  
r e s e a r c h  f a c i l i t i e s  g r a n t s  p r o v i d e  matching funds  up t o  50% 
and may be  made t o  p u b l i c  and p r i v a t e  n o n p r o f i t  i n s t i t u t i o n s  
where h e a l t h  r e l a t e d  r e s e a r c h  i s  b e i n g  conducted.  The pro-  
gram has  a n  annual  a p p r o p r i a t i o n  of 30 m i l l i o n  d o l l a r s .  

I have mentioned t h a t  t h e s e  programs a r e  c o m p e t i t i v e .  
It i s  t r u e  t h a t  a p p l i c a t i o n s  must compete f o r  a v a i l a b l e  funds 
i g  terms o f  t h e i r  " s c i e n t i f i c  mer i t " ,  b u t  t h i s  i s  a  broad 
concept  and t h e  c o m p e t i t i o n  does no t  mean t h a t  one p r o j e c t  i s  
compared w i t h  a n o t h e r  i n  t h e  c o u r s e  o f  i t s  review. Many 
f a c t a r s  e n t e r  i n t o  t h e  recommendation f o r  approva l  o r  d i s a ? -  
p r o v a l  of each p roposa l  by t h e  a d v i s o r y  groups .  C o n s i d e r a t i o n  
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i s  given t o  t h e  research  des ign  of t h e  p r o j e c t ,  t h e  t r a i n i n g  
and competence of the  i n v e s t i g a t o r ,  t h e  a v a i l a b i l i t y  of compe- 
t e n t  a n c i l l a r y  s t a f f ,  t h e  adequacy of f a c i l i t i e s ,  t h e  r e l a -  
t i onsh ip  of t h e  proposal  t o  e x i s t i n g  knowledge and cu r ren t  
research  being conducted i n  t h e  same f i e l d ,  t h e  d e s i r a b i l i t y  
of encouraging r e sea rch  i n  g iven  geographic a r e a s  o r  small  
i n s t i t u t i o n s  where l i t t l e  research  i s  going on, and sometimes 
the  s t imu la to ry  e f f e c t  an  award might have on a g iven  i n d i -  
v idua l  o r  i n s t i t u t i o n .  

Our ana lyses  of h e a l t h  research  t rends ,  based on t h e  
d i s c i p l i n e s  represented  i n  t he  app l i ca t ions  we r ece ive ,  show 
an increas ing  number of r eques t s  f o r  research  which w i l l  b e  
of common i n t e r e s t  t o  both the  h e a l t h  sc iences  and t h e  
phys ica l  sc iences .  I f  we assume t h a t  medical schools  w i l l  
soon have departments of space medicine, then  we may a n t i c i -  
p a t e  a s t i l l  g r e a t e r  i nc rease  i n  research  p r o j e c t s  f a l l i n g  
i n t o  t h i s  category.  Examples of such p r o j e c t s  c u r r e n t l y  
being supported w i l l  perhaps be of i n t e r e s t .  

One i s  a s tudy of t h e  e f f e c t s  of long continued low 
supranormal grav. i ta t iona1 forces  on t h e  growth of t i s s u e s  
and c e l l s  of both p l a n t s  and animals. 

Another s tudy a t tempts  t o  determine whether a subnormal 
concent ra t ion  of carbon d ioxide  has any inf luences  on r e s i s t -  
ance t o  b a c t e r i a l  o r  o the r  types of inflammation. Rats  w i l l  
be  s tud ied  during and a f t e r  acc l ima t i za t ion  t o  h igh  a l t i t u d e  
i n  a s p e c i a l l y  cons t ruc ted  chamber. Comparisons w i l l  be  
made with a con t ro l  group subjected t o  high a l t i t u d e  carbon 
d ioxide  def ic iency .  

There i s  a l s o  a s tudy concerned with t h e  changes i n  
c e l l s  induced by an  inadequate supply of oxygen. 

Another p r o j e c t  w i l l  seek t o  determine t h e  s i t e  of t h e  
blood producing substances which appear i n  t h e  milk of  l a c -  
t a t i n g  goa ts  exposed t o  high a l t i t u d e s .  On t h e  b a s i s  of 
t h e s e  experiments it w i l l  be poss ib l e  t o  eva lua t e  and 
compare t h e  goat  with o ther  animals a s  a source of t h e s e  
substances.  

The r o l e  g r a v i t y  p lays  i n  t h e  con t ro l  of growth i s  t h e  
s u b j e c t  of another  s tudy.  Experiments on mice have shown 
t h a t  t h e s e  animals can cont inue t o  surv ive  and develop even 
during a year  of continuous c e n t r i f u g a t i o n  a t  a p re s su re  of 
5 G's. 
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Severa l  methods of harves t ing  a lgae  a r e  being in -  

ves t iga t ed .  Approximately t e n  spec i e s  of f r e s h  water and 
marine a l g a e  w i l l  be  t e s t ed .  

NIH-supported i n v e s t i g a t o r s  a r e  not  neg lec t ing  t h e  
s t r e s s  produced by i s o l a t i o n .  One p r o j e c t  explores  t h e  
psychological  and phys io logica l  response c h a r a c t e r i s t i c s  of 
i nd iv idua l s  subjec ted  t o  s t r e s s  by experimental i s o l a t i o n  and 
d e f i n e s  t h e  v a r i a b l e s  inf luenc ing  response t o  such i s o l a t i o n .  

Closely r e l a t e d  t o  t h i s  i s  a s tudy of human beings 
under va r ious  condi t ions  of sensory dep r iva t ion  and t h e  
e f f e c t s  of drugs on t h e  behavior of i nd iv idua l s  under sensory 
depr iva t ion .  

Other t y p i c a l  s t u d i e s  inc lude  i n v e s t i g a t i o n s  of t h e  r o l e  
of t h e  chemoreceptor mechanism i n  adap ta t ion  t o  an inadequate  
supply of oxygen; t h e  comparative physiology of c i r c u l a t o r y  
adap ta t ion  t o  a l t i t u d e s ;  t h e  production, prevent ion,  and 
delayed e f f e c t s  of decompression s ickness;  t he  ca rd i ac  out -  
pu t  i n  man i n  circumstances where r a p i d l y  changing ca rd i ac  
output  i s  t o  be expected, i . e . ,  i n  t he  f i r s t  h a l f  hour a f t e r  
blood l o s s ,  during exposure t o  g r a v i t a t i o n  s t r e s s e s ,  and 
a f t e r  t h e  admin i s t r a t i on  of drugs wi th  t r a n s i e n t  e f f e c t s .  

The National  I n s t i t u t e s  of Heal th shares  w i th  you t h e  
excitement of f e e l i n g  t h a t  many of t h e  s c i e n t i s t s  supported 
a r e  on t h e  b r i n k  of g r e a t  d i scove r i e s .  We know how v i t a l  
t h e s e  d i scove r i e s  w i l l  be  t o  t h e  advancement of o the r  space- 
age sc i ences  and we look forward t o  the  con t r ibu t ions  which 
w i l l  be  made by t h e  Publ ic  Health Serv ice  g ran tee  i n v e s t i -  
g a t o r s .  
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AIR FORCE R&D I N  THE LIFE SCIENCES 

Alber t  W. Hetherington 

A i r  Research and Development Command 
Andrews A i r  Force Base 

Washington 25, D.C. 

Abs t rac t  

Cont rac t  and in-house research  and development r equ i r ed  
t o  opt imize the  human f a c t o r  i n  A i r  Force systems and opera- 
t i o n s  a r e  accomplished a t  e i g h t  d i f f e r e n t  agencies  i n  ARDC; 
i n  a d d i t i o n ,  major bas i c  and appl ied  research  programs a r e  
c a r r i e d  ou t  a t  t h e  Arc t ic  Aeromedical Laboratory (Alaskan A i r  
Command) and t h e  USAF School of Aviat ion Medicine (Air Train-  
i ng  Command). Work i s  done i n  numerous d i v i s i o n s  of biologi-  
c a l  and behavioral  s c i ences ,  a s  we l l  a s  i n  many i n t e r d i s c i p l i -  
nary  a reas  between t h e  l i f e  sc iences  and the  phys i ca l  sciences. 
The app l i ca t ions  of such s t u d i e s  t o  design and development, 
and in  system i n t e g r a t i o n ,  a r e  a l s o  s t r e s sed .  The management 
of R&D a c t i v i t i e s  i n  ARDC i s  b r i e f l y  descr ibed  i n  t h i s  a r t i c l e ,  
and a source l i s t  of t e c h n i c a l  guidance documents a v a i l a b l e  
t o  sc ience  and indus t ry  f o r  t h e i r  information i s  furn ished .  

In t roduc t ion  

Respons ib i l i t y  f o r  research  and development i n  t h e  USAF, 
wi th  a few except ions ,  i s  concentrated i n  t he  A i r  Research and 
Development Command. The except ions a r e  of two kinds: The 
f i r s t  i s  made up of c e r t a i n  c l a s s e s  of bas ic  and c l i n i c a l  
r e sea rch  i n  a v i a t i o n  medicine and a r c t i c  medicine c a r r i e d  ou t  
by t h e  Aerospace Medical Center of t h e  A i r  Training Command 
and the  Arc t i c  Aeromedical Laboratory of t h e  Alaskan A i r  
Command. The second except ion c o n s i s t s  of a d ive r se  c o l l e c t i o n  
of a p p l i c a t i o n s  engineering,  ope ra t iona l  t e s t i n g ,  and r equ i r e -  
ments s tudy a c t i v i t i e s  which go on i n  almost every one of t he  
major commands, aimed toward t h e  c l a r i f i c a t i o n  of each one ' s  
p e c u l i a r  problems and the  improved e f f i c i e n c y  of i t s  own unique 
opera t ion .  
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The l i f e  sc iences  research  and development program i n -  
c ludes  the  research  a c t i v i t i e s  going on i n  a v i a t i o n  medicine -- o r  a s  some have begun c a l l i n g  i t ,  "aerospace medicine" -- 
a s  wel l  as  i n  a r c t i c  medicine; i t  w i l l  t he re fo re  be immedi- 
a t e l y  c l e a r  t h a t  important work being c a r r i e d  on ou t s ide  t h e  
program of t h e  ARDC w i l l  have t o  be considered under the  t i t l e  
of t h i s  r epor t .  

The following l i s t  of agencies inc ludes  a l l  those which 
perform R&D o r  t e s t  a c t i v i t i e s  i n  one aspec t  o r  another  of t h e  
A i r  Force l i f e  sc iences  program: 

AIR RESEARCH AND DEVELOPMENT COMMAND Telephone Number 

Aeromedical F i e l d  Laboratory Alamogo.rdo, NM 
A i r  Force Miss i le  Development Center Grani te  3-6511 
Holloman AFB, New Mexico Ext 662609 

Aerospace Medical Division 
Wright A i r  Development Division 
Wright-Patterson AFB, Ohio 

Dayton, Ohio 
Clearwater 3-7111 

Ext 22232 

(Under the  Aerospace Medical Division come t h r e e  labora-  
t o r i e s :  

Behavioral Sciences Laboratory Ext 36 101 
Biomedical Laboratory Ext 20174 
L i f e  Support Laboratory Ext 38115 

Biophysics Division 
A i r  Force Specia l  Weapons Center 
K i r t l and  AFB, New Mexico 

Albuquerque, NM 
Chapel 7-1711 

Ext 3254 

Di rec to ra t e  of Bioastronautics  P ro jec t s  Inglewood, Cal i f  
A i r  Force B a l l i s t i c  Miss i le  Division Orchard 0-1444 
A i r  Force Unit Post  Off ice  Ext 2971 
Los Angeles 45, Ca l i fo rn ia  

Human Engineering Laboratory 
Rome A i r  Development Center 
G r i f f i s s  AFB, New York 

Human Factors  Branch 
A i r  Force F l i g h t  Tes t  Center 
Edwards AFB, Ca l i fo rn ia  

Rome, NY 
Rome 3200 

Ext 6114 

Edwards, C a l i f .  
C l i f f o r d  8-2111 

Ext 38121 



THE ANATOMY OF MANNED SPACE OPERATIONS 

Human Factors Office 
A i r  Proving Ground Center 
Eglin AFB, F lor ida  

Valparaiso, F la  
Crestview, F la  

Eglin AFB 
Ext 29 200 

Life  Sciences Directorate Lincoln 6 -56 50 
A i r  Force Office of Sc i en t i f i c  Research Ext 358 
A i r  Force Research Division 
Washington 25, D. C. 

Office of the S ta f f  Surgeon 
A i r  Force Missi le Test Center 
Pat r ick  AFB, Flor ida  

Cocoa Beach, F l a  
Ulysses 7-4622 

Operational Applications Off i c e  Bedf ord , Mass 
A i r  Force Command and Control Development Crestview 4-6100 

Division Ext 29 10 
L. G. Hanscom Fie ld  
Bedford, Massachusetts 

Personnel Laboratory, Det.No. 1 
Wright A i r  Development Division 
Box 1557 
Lackland AFB, Texas 

AIR TRAINING COMMAND 

San Antonio, Tex 
Walnut 3-3411 

Ext 2110 

School of Aviation Medicine San Antonio, Tex 
Aerospace Medical Center Lehigh 2-88 11 
Brooks AFB, Texas Ext 4218 

ALASKAN AIR C O M  

Arc t i c  Aeromedical Laboratory 
(Ladd Air Force Base 
Fairbanks, Alaska) 

P.O. Address: APO 731 
Sea t t l e ,  Washington 

The a c t i v i t i e s  of the various laborator ies  and o f f i ces  
i n  the A i r  Research and Development Command a r e  managed and 
coordinated by the Assistant  f o r  Bioastronautics and the 
Deputy Chief of StaffIResearch and Engineering a t  Hq ARDC. 
The e n t i r e  A i r  Force program i s  coordinated and control led  a t  
Hq USAF leve l  by the Human Factors Division, i n  the Director- 
a t e  of Research and Technology, under the Deputy Chief of 
StafflDevelopment. 
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The ob jec t ives  of t h i s  r e p o r t  can be achieved wi thout  
g iv ing  much cons idera t ion  t o  t he  programs of those  organiza-  
t i o n s  i n  the  foregoing l i s t  which do n o t  cus tomar i ly  procure  
research  and development a s s i s t a n c e  from c i v i l i a n  s c i e n t i f i c  
o r  i n d u s t r i a l  agencies .  Three of them f a l l  almost wholly 
i n s i d e  t h i s  category. They are :  t h e  Human Fac to r s  agencies  
a t  Edwards and Eg l in ,  and the  s p e c i a l  group i n  t h e  Of f i ce  of 
t he  S t a f f  Surgeon, AFMCC, a t  Pa t r i ck .  

The Human Fac to r s  groups a r e  u n i t s  which work i n t i m a t e l y  
i n  the  t e s t  programs i d e n t i f i e d  wi th  t h e i r  c e n t e r s ,  examining 
the  problems of crewmen a s soc ia t ed  wi th  t h e  weapon and supportr 
ing systems t h e i r  c e n t e r s  eva lua t e  f o r  ARDC. When they  d i s -  
cover a  crew problem requ i r ing  f u r t h e r  R&D e f f o r t  o r  i n  need 
of an engineering s o l u t i o n  they br ing  it t o  the a t t e n t i o n  of 
t he  system p r o j e c t  o f f i c e  o r  t he  app ropr i a t e  ARDC l abora tory .  

The u n i t  a t  P a t r i c k  e x i s t s  p r imar i ly  t o  p l a n  and coord i -  
n a t e  Department of Defense biomedical t e s t  support  t o  NASA's 
P r o j e c t  Mercury. A l l  t h r ee  of t hese  u n i t s  work c l o s e l y  wi th  
the  l i f e  sc tence  l a b o r a t o r i e s ,  both wi th in  and without  ARDC, 
i n  o rde r  t o ' keep  ab reas t  of t h e i r  programs; but  they  do n o t ,  
i n  genera l ,  conduct research  on t h e i r  own behalf .  

Functions of t he  L i f e  Science Labora tor ies  

A b r i e f  d e s c r i p t i o n  of t he  research  missions of t h e  o t h e r  
l a b o r a t o r i e s  and u n i t s  may be of some a s s i s t a n c e  t o  p o t e n t i a l  
con t r ac to r s  i n t e r e s t e d  i n  l oca t ing  a  p o i n t  of c o n t a c t  w i t h i n  
the  l i f e  sc iences  research  and development complex where t h e i r  
ideas  and s k i l l s  might be des i red .  

Aeromedical F i e l d  Laboratory, AFMDC 

This u n i t  was converted i n  1952 from a detached f i e l d  
t e s t  s t a t i o n  of t he  Wright F i e l d  Aero Medical Laboratory i n t o  
an independent labora tory  i n  charge of i t s  own s c i e n t i f i c  
e f f o r t .  I n i t i a l l y  i t s  program cons i s t ed  of s t u d i e s  of animal 
exposures t o  cosmic r a d i a t i o n ,  conducted wi th  the  a s s i s t a n c e  
of t he  h igh  a l t i t u d e  bal loons which were then being launched 
a t  Holloman. La ter  these  space biology a c t i v i t i e s  were 
expanded t o  include human high a l t i t u d e  bal loon f l i g h t s ,  such 
a s  t h e  Man High p r o j e c t ;  and a  program of biodynamic reeearch  
was added, tak ing  advantage of the  t r a c k  f a c i l i t i e s  e x i s t i n g  
a t  Holloman. A t  the  p re sen t  time the  l abo ra to ry  i s  tending 
t o  de-emphasize bal loon p la t forms f o r  i t s  animal t e s t  work, 
and i s  moving toward a  program of support t o  b a l l i s t i c  and 
o r b i t a l  m i s s i l e  sho t s  i n  which i t s  con t r ibu t ion  w i l l  be an  
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appropr i a t e ly  t r a i n e d ,  instrumented pr imate ready t o  a c t  a s  a 
b i o l o g i c a l  probe i n  unexplored, p o t e n t i a l l y  dangerous environ-  
ments. The development of improved human and animal t r a c k  
t e s t i n g  procedures and ins t rumenta t ion  w i l l  of course continue, 
a s  w i l l  a l s o  the  program t o  determine human phys io log ica l  
t o l e r ances  t o  abrupt  d e c e l e r a t i o n  appl ied  i n  va r ious  ways, 

Aerospace Medical Div is ion ,  WADD 

Behavioral Sciences ~ a b o r a t o r ~ :  This  new labora tory  was 
e s t a b l i s h e d  i n  1960, a s  a p a r t  of t he  r eo rgan iza t ion  of Wright 
Air Development Div is ion ,  by breaking o u t  the  groups formerly 
known a s  t h e  Human Engineering and Training Branches of t he  
o ld  Aero Medical Laboratory and t h e  Simulator  Research Sec t ion  
of t h e  Tra in ing  Equipment Branch of t h e  o l d  Equipment Labora- 
to ry .  This major new u n i t  e x i s t s  t o  s tudy problems of human 
performance and e f f i c i e n c y  i n  r e l a t i o n  t o  the  ope ra t ion  of 
advanced and f u t u r i s t i c  aerospace veh ic l e s .  I t s  program w i l l  
inc lude  s t u d i e s  of human f a c t o r s  i n  t he  handl ing of nuc lea r  
weapons and t h e  ope ra t ion  of nuc lea r  powered v e h i c l e s ;  s t u d i e s  
of t h e  p r a c t i c e  and l ea rn ing  requirements t o  be s a t i s f i e d  by, 
and the  design c h a r a c t e r i s t i c s  t o  be b u i l t  i n t o ,  new t r a i n i n g  
devices  and s imula tors ;  s t u d i e s  of methods of p r e d i c t i n g  the  
q u a n t i t a t i v e  and q u a l i t a t i v e  personnel  requirements imposed by 
new and unconventional hardware systems; s t u d i e s  of t he  i n t e r -  
a c t i o n  of engineering design and t h e  psychophysiological  
c a p a b i l i t i e s  and l i m i t a t i o n s  of those who w i l l  ope ra t e  and 
main ta in  it. 

Biomedical Sciences Laboratory: This new l abora to ry  was 
a l s o  e s t a b l i s h e d  i n  1960, by combining the  Bioacoust ics  and 
Biophysics Branches and p a r t s  of t he  Physiology Branch of t h e  
o l d  Aero Medical Laboratory. I t s  program w i l l  inc lude  
r e sea rch  on the  phys io log ica l  responses t o  and to l e rances  f o r  
a l t e r e d  phys i ca l  environments; s t u d i e s  of t o x i c i t y  and o t h e r  
h e a l t h  hazards of m a t e r i a l s  and r a d i a t i o n ;  r e sea rch  on the  
e f f e c t s  of v i b r a t i o n  and a c c e l e r a t i o n  i n  f l i g h t ,  a s  w e l l  a s  on 
methods of c o n t r o l l i n g  acous t i c  energy; a n a l y s i s  of nervous 
system func t ions  and syn thes i s  of f u n c t i o n a l  analogs of l i v -  
ing  systems; and i n v e s t i g a t i o n  of p r o t e c t i v e  p r i n c i p l e s  
a g a i n s t  the  hazards of space f l i g h t  and i s o l a t i o n .  

L i f e  Support Systems Laboratory: Like the  o t h e r  two 
l a b o r a t o r i e s  i n  the  d i v i s i o n ,  t h i s  one was e s t a b l i s h e d  i n  1960, 
i n  t h i s  case  by p u l l i n g  toge ther  t h e  Engineering and Develop- 
ment Branch and t e r t a i n  p a r t s  of t he  Physiology and Aircrew 
Ef fec t iveness  Branches of t h e  o ld  labora tory .  I t s  func t ion  
w i l l  be t o  devise  new methods of p r o t e c t i n g  and sus t a in ing  t h e  
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crewman i n  hazardous and inhosp i t ab l e  environments, and t o  
demonstrate t h e i r  f e a s i b i l i t y  by designing techniques and 
devices  i n  the  f i e l d  of personal  and s u r v i v a l  equipment. The 
labora tory  w i l l  a l s o  explore  new m e t h ~ d s  of providing c losed  
and semi-closed environments f o r  man through appl ied  r e sea rch  
employing and advancing the  s t a t e  of t he  a r t  i n  t h e  phys i ca l ,  
b i o l o g i c a l ,  and engineering sc iences  app ropr i a t e  t o  t h i s  goal .  

Arc t i c  Aeromedical Laboratory, AAC 

This agency was organized i n  1947 a s  t he  1 s t  Cen t r a l  
Medical Establishment a t  t he  USAF School of Aviat ion Medicine, 
a t  Randolph AFB,Texas. Af te r  a per iod  of i nd iv idua l  t r a i n i n g  
of personnel  i t  was t r a n s f e r r e d  a s  a u n i t  t o  Ladd AFB, F a i r -  
banks, Alaska. The l abo ra to ry ' s  p r i n c i p a l  func t ion  i s  t o  
explore and e s t a b l i s h  t echn ica l  requirements a r i s i n g  o u t  of 
t he  e f f e c t s  of a r c t i c  environments on USAF personnel .  I t s  
program inc ludes  s t u d i e s  of a r c t i c  acc l ima t i za t ion ,  physio- 
l o g i c a l  and psychological  problems of a r c t i c  s u r v i v a l ,  
personal  equipment and c lo th ing ,  human problems a t  remote 
s i t e s ,  and va r ious  s p e c i a l  problems of weapon handling and use  
i n  va r ious  a r c t i c  environments. I t s  c a p a b i l i t y  t o  develop 
m a t e r i e l  i s  l imi t ed ,  but i t  o f t e n  a c t s  a s  a t e s t  agency f o r  
i tems developed a t  o the r  l abo ra to r i e s .  

Biophysics Divis ion,  AFSWC 

The Biophysics Divis ion was organized a t  t he  AFSWC i n  
1954, and assigned t o  t h e  Research Di rec to ra t e .  The nucleus 
of t he  group had been reassigned t o  K i r t l and  wIien t h e  o l d  
Atomic Warfare D i rec to ra t e  was c losed  ou t  a t  t h e  A i r  Force 
Cambridge Research Center. The mission of t h e  Div is ion  i s  t o  
determine the  e f f e c t s  of i on iz ing  r a d i a t i o n  on personnel  and 
develop a philosophy of ope ra t ion  which w i l l  al-low t h e  A i r  
Force t o  remain ope ra t iona l  i n  s p i t e  of a nuc lea r  environment. 
The Divis ion performs work i n  a r eas  no t  s o l e l y  i d e n t i f i e d  wi th  
biomedical i n t e r e s t s ,  but  i t s  r e l evan t  a c t i v i t i e s  i n  t h i s  
l a t t e r  a r e a  may be summarized as: d e l i n e a t i n g  personnel  
hazards assoc ia ted  with a i rborne  r e a c t o r s ;  i n v e s t i g a t i n g  and 
a c t i n g  a s  t he  ARM= r epos i to ry  of information about i on iz ing  
r a d i a t i o n  i n  space; cont inuing r e sea rch  on nuc lea r  weapons 
e f f e c t s ;  and performing such r e sea rch ,  development, and evalu-  
a t i o n  a s  i s  necessary t o  s tandard ize  r ad i ac  ins t rumenta t ion  
f o r  USAF use. 

D i rec to ra t e  of Bioas t ronaut ics  P r o j e c t s ,  AFBMD 

This u n i t  was e s t a b l i s h e d  i n  1958 t o  p l a n  and a c t  a s  t he  
o f f i c e  of t echn ica l  management f o r  a l l  b i o l o g i c a l  space f l i g h t  
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programs which might be assigned t o  the A i r  Force B a l l i s t i c  
Missi le Division. I n  p rac t i ce ,  t h i s  has meant t ha t  the group 
has planned, coordinated, and supervised the design and t e s t  
of several  types of animal capsules and biological  packages 
intended t o  be ca r r i ed  i n to  o r b i t  by vehicles i n  the 
Discoverer program. This a c t i v i t y  i s  expected to  continue. 

Human Engineering Laboratory, RADC 

This group was es tabl ished i n  1951 as  the Human Factors 
Office t o  provide d i r ec t  ass is tance  t o  design engineers on 
problems caused by o r  re la ted  t o  the use of human beings i n  
the  operation and maintenance of ground e lec t ron ic  equipment 
and systems. The laboratory now supports engineering research 
and development a c t i v i t i e s  a t  i t s  Center i n  such areas as 
con t ro l  and guidance, communications, and in te l l igence  and 
e lec t ron ic  warfare. This support takes the form of consulta- 
t ion;  pa r t i c ipa t ion  i n  design, development, and t e s t ;  contract  
monitoring; and performance of applied and basic research i n  
the areas of display design, v i sua l  image in te rpre ta t ion ,  
development of symbologies, information processing as a 
function of sense modality, and data  presentat ion f o r  various 
purposes. 

Life  Sciences Directorate,  AFOSR 

This agency was o f f i c i a l l y  es tabl ished i n  1956, although 
the Human Factors Directorate of ARDC Headquarters had per- 
formed i t s  de fac to  functions f o r  the AFOSR since 1952. With -- 
a new s t a f f  and a rev i t a l i zed  program, i t  has contained s ince  
1956 two divis ions ,  the ~ i o l o ~ i c a i  sciences Division and the 
Behavioral Sciences Division. The Directorate of Life  
Sciences has as  i t s  mission the development, through a con- 
t r a c t  research program, of knowledge which w i l l  be useful  t o  
the A i r  Force i n  the f i e l d  of improved human performance, and 
through the appl ica t ion of b iological  knowledge t o  the devel- 
opment of be t t e r  A i r  Force systems. The purpose behind t h e i r  
research i s  t o  develop knowledge which w i l l  permit i d e n t i f i -  
ca t ion,  analys is ,  and predic t ion with regard to  those aspects  
of human nature and behavior which are  c r i t i c a l  t o  the 
e f f ec t i ve  use of human operators i n  the A i r  Force now and i n  
fu tu re  a i r  and space assignments. The f ron t i e r s  of knowledge 
i n  the d i sc ip l ines  of physiology, biochemistry, pharmacology, 
and other b iological  spec i a l t i e s  and i n  the f i e l d s  of psychol- 
ogy, anthropology, sociology, and psychiatry a r e  explored t o  
produce information v i t a l  t o  the solut ion of A i r  Force human 
f ac to r s  problems. 
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Operational Applications Office, AFCCDD 

This unit grew out of the Aviation Psychology Program of 
World War 11, and passing through several commands, undergoing 
several name changes in the process, took up its present 
mission when it was assigned to the former Air Force Cambridge 
Research Center in 1354. Major emphasis in this organization 
is on system support of the ground electronic environment 
systems which the Air Force Command and Control Development 
Division is charged with building, such as SAGE and its 
llfollow-on" system, for example, and the Tactical Air Control 
System. This support takes the form of applying human 
engineering techniques to these systems, monitoring contracts 
associated with them, participating in system and subsystem 
testing, and conducting laboratory experimentation calculated 
to improve designs and techniques related to such equipment. 
The Office also performs a certain amount of basic and applied 
research work, both in-house and by contract, in the areas of 
human performance and surveillance. Included here is work on 
such general topics as threat evaluation and action selection, 
data processing techniques for recognition and detection, 
information processing through visual displays, communication 
in noise, and man-machine system integration principles. 

Personnel Laboratory, Det. No.1, WADD 

Like the preceding group, this unit has operated continu- 
ously under one Command set-up or another since shortly after 
World War 11, and grew directly out of the Psychological 
Research Units established during the war for the purpose of 
selecting and classifying aircrewmen. It has been in ARDC 
since 1954, and assigned to WADD since 1958. The Laboratory's 
mission is to conduct research and development in support of 
the operation and qualitative improvement of the Air Force 
Personnel System. To this end it performs psychological 
research on occupational analysis methodology and on actual 
Air Force jobs; on selection, classification,and evaluation 
devices and on proficiency tests; and on motivation, morale, 
aptitude, situation, and personal factors related to personnel 
use, retention, and performance. Work is also done on the 
statistical, mathematical, and computational methodology needed 
to accomplish the primary research and development goals, 

School of Aviation Medicine, ATC 

The School was activated in 1918 and has borne its 
present name since 1922. Mter occupying quarters on several 
different bases, it was finally moved in 1959 to its present 
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multi-million do l la r  p lan t  on Brooks A i r  Force Base. Together 
with the USAF Hospital on Lackland AFB and the USAF Epidemio- 
log ica l  Laboratory on Randolph AFB, it  comprises the Aerospace 
Medical Center. Although the School maintains i t s  posi t ion as 
the outstanding educatibnal i n s t i t u t i o n  of i t s  kind i n  the 
f r e e  world, the l i o n ' s  share of the space i n  i t s  new Brooks 
AFB f a c i l i t i e s ,  and thelmajori ty of i t s  technical ly  t ra ined 
s t a f f  a r e  devoted t o  research a c t i v i t i e s .  The School conducts 
a broad program of contkact and in-service research,  both 
basic and applied,  i n  such main categories as  aeromedical 
t r a in ing  techniques and devices, perceptual problems of f l igh t ,  
patho-physiological aspects  of f ly ing  safe ty  and a i r c r a f t  
accidents,  A i r  Force c l i n i c a l  and preventive medicine, medical 
standards i n  avia t ion,  radia t ion biology, avia t ion physiology 
and biophysics, bio-instrumentation, and a i r  evacuation. A 
Department of Space Medicine was established a t  the School i n  
1948, and out of t h i s  has recent ly  grown, i n  addi t ion t o  the 
other research areas mentioned above, an aggressive program 
of laboratory work i n  both the basic and the developmental 
aspects  of bioastronautics.  

Life Sciences R&D Planning and Management 

The managerial and coordinating ro l e  of the Directorate 
of Life  Sciences a t  Hq ARDC f o r  those programs and labora- 
t o r i e s  within ARDC has already been mentioned, as has t ha t  of 
the Human Factors Division a t  Hq USAF f o r  the e n t i r e  A i r  Force. 
Guidance, supervision, and control  of the manifold research 
and development a c t i v i t i e s  of these laborator ies  and agencies 
described i n  the preceding section a re  mediated by means of a 
d i r ec t i ve  and report ing scheme made up bas ica l ly  of three 
types of documents. 

The f i r s t  type comprises requirements documentation: the 
descr ip t ion passed on by the higher headquarters t o  the lower 
one t e l l i n g  what needs t o  be done, and by when. These pieces 
of paper come under several  d i f fe ren t  names, and the names 
change from time t o  time; f o r  the most pa r t  these requirement 
papers a re  of l i t t l e  concern t o  the general public,  and a r e  
not  avai lable  t o  it. One important group of these documents, 
however, i s  avai lable  t o  t h a t  port ion of the public which i s  
i n  a pos i t ion  t o  do something constructive about them, and 
t h i s  group i s  described more f u l l y  i n  subsequent paragraphs. 

The responses the laborator ies  make t o  these requirements 
statements a re  covered, i n  the main, by the other two types of 
documents mentioned, and consis t  o f ,  f i r s t ,  a research and 
development plan f o r  s a t i s fy ing  the need described by the 
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requirement paper;  and, second, a s e r i e s  of p e r i o d i c  r e p o r t s  
desc r ib ing  t h e  progress  being made and t h e  major problems 
being encountered. These documents a r e  u sua l ly  n o t  a v a i l a b l e  
t o  t he  publ ic .  

The documentary group wi th in  t h e  requirements ca tegory  
mentioned a s  being obta inable  by such i n s t i t u t i o n s  and compa- 
n i e s  a s  possess  some degree of competence i n  t h e  f i e l d  of work , 

involved descr ibes  t h e  na tu re  of t he  e f f o r t  needed i n  a l l  of 
t he  bas ic  and appl ied  research  a reas  i n  which t h e  A i r  Force 
r e a l i z e s  it has  an i n t e r e s t .  Within t h e  appl ied  r e sea rch  
a r e a  i s  included a l a r g e  amount of t e c h n i c a l  o r  "s tate-of- the-  
a r t "  development work, leading even t o  pro to types  o r  working 
models, no t  s p e c i f i c a l l y  i d e n t i f i e d  wi th  the  des ign  o r  opera- 
t i o n a l  support  of any a c t u a l  system under c u r r e n t  development. 
This s e t  of documents was invented p r e c i s e l y  i n  o rde r  t o  
inform t h e  Nation 's  s c i e n t i f i c  and t echn ica l  groups what 
a s s i s t a n c e  the  A i r  Force would l i k e  t o  g e t  from them. 

It i s  made up of two main types of information. The 
f i r s t  type i s  t h a t  which i s  contained i n  t h e  Research Plan-  
ning Object ives  (RPO); t h i s  m a t e r i a l  i s  incorpora ted  i n  a 
brochure e n t i t l e d  "Basic Research i n  t h e  A i r  Force,"  which 
has been d i s t r i b u t e d  by Hq ARDC i n  the  p a s t ,  on r eques t ,  t o  
i n t e r e s t e d  members of t h e  s c i e n t i f i c  c o m u n i t y  i n  o rde r  t o  
acquaint  them wi th  the  genera l  k inds  of bas ic  research  ARDC 
i s  prepared t o  sponsor by c o n t r a c t  o r  by grant .  I n  t he  
f u t u r e  t h i s  same document w i l l  probably be d i s t r i b u t e d  f o r  
ARDC by the  new A i r  Force Research Div is ion ,  whose headquar- 
t e r s  i s  a l s o  i n  Washington, D. C. 

The second type of information i s  t he  Technical  Object ive 
Document (TOD), furn ished  by Hq ARDC. The l a t t e r  p e r t a i n s  t o  
the  appl ied research  programs of t he  e n t i r e  Command; which of 
t h e  Divis ions o r  independent c e n t e r s  i s  r e spons ib l e  f o r  t h e  
p a r t i c u l a r  research  o r  technology concerned i s  a l s o  shown i n  
these  documents. Of the  two the  TOD i s  t he  more i n t r i c a t e  i n  
i t s  cons t ruc t ion  and i n  t he  amount of d e t a i l  i t  includes.  A 
b r i e f  explana t ion  of i t s  de r iva t ion  and content  i s  t h e r e f o r e  
included here.  

The bas ic  requirements document i n  t he  app l i ed  r e sea rch  
a r e a  i s  no t  the  TOD i t s e l f ,  but another  s e t  of documents 
e n t i r e l y ,  known a s  t he  ARDC Planning Object ives .  These 
express  a u n i f i e d  Command e f f o r t  t o  fo re see ,  .as  f a r  i n t o  t h e  
f u t u r e  a s  poss ib l e  -- and i n  any case  f o r  a t  l e a s t  t e n  yea r s  
ahead -- what k inds  of major c a p a b i l i t i e s  ARDC i s  l i k e l y  t o  
r e q u i r e  i n  o rde r  t o  perform i t s  m i l i t a r y  R&D mission. 
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Thinking regarding these capab i l i t i e s  i s  organized around two 
major concepts: f i r s t ,  "hypothetical" or possible systems 
with a po ten t ia l  mi l i t a ry  role ;  and, second, "technological 
capab i l i t i e s"  which, though not const i tu t ing complete systems 
i n  themselves, would have conspicuous and probably general 
usefulness of a high order. The objective i s  not to  obtain a 
completely designed and developed system by the time specified, 
but ra ther  t o  possess the capabi l i ty  of designing and building 
the system i f  there does indeed s t i l l  appear t o  be a ver i f i ed  
requirement fo r  the actual  hardware by the time the "know-how" 
needed t o  build it has been acquired. 

When these unified major capabi l i ty  goals have been s e t  
down fo r  the e n t i r e  Command t o  study, the next phase of the 
planning operation i s  ca r r ied  out by the laborator ies  and 
working leve l  s c i e n t i f i c  personnel of the Divisions and 
Centers. A t  t h i s  stage each s c i e n t i s t  analyzes the e n t i r e  
requirement f o r  the problems impl ic i t  i n  it fo r  h i s  own tech- 
n i ca l  special ty.  He attempts t o  spot the information gaps 
where nothing, o r  not enough, i s  known; he t r i e s  to  visual ize  
the  obstacles to  accomplishment of the job professional  
engineers and s c i e n t i s t s  w i l l  have t o  be able t o  do i f  the 
t o t a l  capab i l i ty  i s  t o  be achieved. And when he determines 
what he i s  going t o  need t o  know how to  do i n  h i s  own area ,  
t ha t  he cannot presently do, he writes h i s  own spec i f ic  
requirement fo r  the information. This requirement fo r  infor-  
mation i s  ca l l ed  an Applied Research Objective (ARO), and 
makes up one of the subordinate goals within the over-all goal 
of the Planning Objective. 

When t h i s  second stage has been accomplished, by tech- 
n i ca l  area ,  i t  w i l l  be appreciated t ha t  it would immediately 
be possible to  construct  an elaborate table  showing a l l  the  
ARO's i n  each of the Planning Objectives fo r  a l l  of the Teeh- 
n i ca l  Areas. A small piece of i t  might look l i k e  Table I. 

Obviously, i t  would a lso  be possible t o  assemble a l l  the 
Alto's wri t ten  fo r  a l l  PO'S i n  any one Technical Area and put 
them out as  one document describing the state-of-the-art 
advances desired i n  tha t  pa r t i cu la r  area. This, i n  f a c t ,  i s  
what the Technical Objective Document i s ,  and it i s  intended 
t o  apprise c i v i l i a n  s c i e n t i f i c  agencies a s  to  exactly what 
Air Force s c i e n t i s t s  think they need t o  know i n  order t o  carry  
out t h e i r  fu ture  functions. 
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Table I 

*NOTE: The above PO'S are fictitious. Their appearance, 
however is accurate: The number indicates the year the 
design or development capability is desired; the letter sig- 
nifies the particular system or technology within that year. 

Technical 
Areas 

780 A 

780 B 

780 C 

,780 E 

Research Planning Objectives, by comparison, are rela- 
tively straightforward narrative documents describing simply 
and generally where the Air Force anticipates it may be want- 
ing to go in 10 to 20 years and what main categories of 
scientific information it thinks may turn out to be useful in 
getting there. These objectives will be issued by the Air 
Force Research Division for the guidance of ARDC Laboratories 
and the Air Force Off ice of Scientific Research. As in the 
case of the Planning Objectives for applied research, the 
Command does not intend to distribute the basic requirement 
documents for basic research, either; although they at one 
time were furnished to the public. What is going to be 
released is a fairly thick brochure containing under one 
cover all the significant material concerning research 
requirements under all of the RPO1s. 

How Science and Industry Can Obtain Guidance 
Regarding Air Force Research Goals 

Planning Objectives * 

If the individual scientist or research organization is 
interested in submitting an unsolicited proposal with the 
thought of seeking a contract or a grant in one of the basic 
research program areas he should request the brochure entitled 
"Basic Research in the Air Force." These are distributed with 
a minimum of strings and formality. To request copies write 
to the following address: 

62-P 

- 
ARO 

ARO 

- 

62-D 

ARO 

- 
- 

ARO 

63-4 

ARO 

ARO 

- 
- 

65-U 

ARO 

- 
ARO 

ARO 

67-F 

- 
ARO 

ARO 

- 

70-0 

- 
- 

ARO 

ARO 
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Headquarters 
Air Force Research Division 
ATTN: RRRTA 
Washington 25, D. C. 

The Technical Objective Documents which have been 
described are released by Hq ARDC to potential contractors, 
although this step is not taken without completion of several 
preliminary steps. To initiate participation in the Release 
Program covering these documents, persons desiring information 
should write to the following address : 

Headquarters 
Air Research & Development Command 
ATTN: RDR- 12 1 
Andrews Air Force Base 
Washington 25, D. C. 

The laboratory or organization should request the docu- 
ment entitled "ARDC Technical Objective Document Release 
Program." This is up-dated annually, and briefly describes 
the latest available TOD's by technical area. In reply to 
this request ARDC Headquarters will supply the necessary ' 

information and forms for participation in the program, and 
will furnish the requestor the name of the ARDC Regional or 
Liaison Office to which his request for specific TOD's should 
be directed. The organization or individual concerned then 
indicates which technical area documents and the number of 
copies desired and submits the request to the designated 
Regional or Liaison Office, along with some other data outlin- 
ing the capability which can be brought to bear upon the tech- 
nical problems involved, as well as information concerning 
current security status. 

If the potential participant in ARDC programs feels he 
needs additional guidance on the preparation of short- or 
long-form unsolicited contract proposals, or on base or Air 
Material Production contracts, R&D Source Information, Bidders 
Mailing List information, and similar matters he might well 
consider asking for another brochure entitled "Research and 
Development in the United States Air Force," issued by ARDC as 
a guide to contractors. This brochure can usually also be 
obtained from the ARDC Regional or Liaison offices previously 
referred to; or it can be requested from the Hq ARDC address 
already given. 
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One f i n a l  information source deserves mention, and t h a t  
i s  a good-sized book e n t i t l e d  "Basic Research ~ e s u m ~ s ,  I' which 
con ta ins  a write-up of every in-house and c o n t r a c t  e f f o r t  
going on i n  t he  bas ic  research  program a r e a  i n  ARDC. Govern- 
ment departments and l a b o r a t o r i e s  can o b t a i n  copies  of i t  
from t h e  A i r  Force Research Div is ion  address  prev ious ly  
mentioned. It i s  a v a i l a b l e  t o  Department of Defense c o n t r a c t -  
o r s  on t h e  "area of i n t e r e s t "  r e g i s t e r s  through ASTIA, and 
o the r  non-governmental agencies  can o b t a i n  copies  of t h e  
"Resumes" from t h e  Off ice  of Technical Serv ices  i n  t h e  Depart- 
ment of Commerce f o r  t he  sum of $5.00. The c u r r e n t  i s s u e  i s  
dated December, 1959, but  t he  AF Research Div is ion  expec ts  t o  
up-date t he  volume annual ly,  wi th  t he  new e d i t i o n  appearing 
around t h e  f i r s t  of t he  year.  The r e fe rence  numbers f o r  t h e  
c u r r e n t  book f o r  each of t he  sources from which i t  i s  a v a i l -  
ab l e  a r e  a s  follows: 

AFRD -- AFOSR TR 59-204 
ASTIA -- AD-2-329-33 
OTS, Depart. of Com. -- PB 161297 ($5.00) 

Nei ther  t he  School of Aviation Medicine nor  t h e  Arc t i c  
Aeromedical Laboratory publ i shes  brochures o r  o t h e r  forms of 
t echn ica l  guidance regarding t h e  genera l  program a reas  w i t h i n  
which they a r e  prepared t o  consider  u n s o l i c i t e d  proposa ls .  
The genera l  a r eas  descr ibed i n  the  e a r l y  p a r t  of t h i s  paper ,  
however, a r e  those  covering t h e i r  primary r e sea rch  i n t e r e s t s ;  
and a l e t t e r  of i nqu i ry  addressed t o  the  Direc tor  of Research 
of e i t h e r  organiza t ion ,  o u t l i n i n g  informally t h e  proposa l  an 
agency had i n  mind and the  resources  it could br ing  t o  bear  
on the  problem would s u f f i c e  t o  e s t a b l i s h  con tac t  wi th  them. 

Laborator ies  and i n s t i t u t i o n s  d e s i r i n g  t o  p l ace  them- 
se lves  on bidders  l i s t s  maintained f o r  these  o rgan iza t ions  
could con tac t  them d i r e c t l y ,  o r  could submit t h e  necessary  
c a p a b i l i t y  and f i e l d  of i n t e r e s t  information t o  t h e  ARDC sub- 
o f f i c e  which c a r r i e s  ou t  procurement ac t ions  f o r  t hese  two 
agencies ,  a s  we l l  a s  f o r  t he  Personnel Laboratory. The 
address  of t h i s  o f f i c e  i s  a s  follows: 

San Antonio R&D Procurement Off ice  
Wright A i r  Development Divis ion 
Box 63 
Lackland A i r  Force Base, Texas 

The ARDC document r e l e a s e  program was organized f o r  t h e  
s o l e  purpose of providing sc ience  and indus t ry  wi th  s p e c i f i c  
background and guidance on f u t u r e  A i r  Force needs. The 
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hopeful object ive  of the program i s  t o  st imulate s c i e n t i f i c  
and i ndus t r i a l  organizations t o  pa r t i c i pa t e  i n  A i r  Force 
research programs. It should be of ass is tance  t o  such groups 
in carrying out research and development planning, inasmuch i t  
provides broad technical  guidance not  normally avai lable  by 
other means. And, not  of l e a s t  importance, i t  should a id  them 
i n  formulating more r e a l i s t i c  so l i c i t ed  o r  unsol ic i ted  tech- 
n i c a l  proposals. 

Goals of the  L i fe  Science R&D Program 

It w i l l  not  be feas ib le  t o  convey i n  t h i s  summary paper 
any comprehensive p i c tu r e  of everything t h a t  i s  contained i n  
the A i r  Force Life  Sciences R&D program. The most recent  
count of p ro jec t s  i n  the f i e l d  numbered 41 -- and i n  our terms 
each of these p ro jec t s  is  not r e a l l y  a d i s c r e t e  experiment, 
but r a the r  a far-reaching, major program of research i n  i t s  
own r igh t .  Under each of these p ro jec t s  there a r e  usually 
several  tasks -- a t  the l a s t  count there were a t o t a l  of 350 
approved -- and even these a re  not  experiments i n  the accepted 
laboratory sense. Often a s ingle  task  w i l l  be supported by 
work going on in-house and under several  d i f f e r en t  contractors, 
each one working on a d i f f e r en t  phase, or  exploring a d i f f e r -  
en t  approach t o  a solution.  When a solut ion must be had by a - 
given da te  several  unique bets  a re  more l i ke ly  t o  bring home 
a winner on time. 

I n  terms of the Applied Research Objectives which have 
been supplied t o  the Divisions and Centers as  guidance under 
the new Planning Objective system, s t i l l  another f igure  w i l l  
give some notion of the  scope and va r i e t y  of the program. 
There a r e  161 ARO's within the four Life  Science Technical 
Areas which support various ones of the Approved Planning 
Objectives. The bare f a c t s  on these ARO's  a r e  covered i n  78 
typewritten pages of the four TOD1s.  

It should be c l ea r ,  therefore,  t ha t  a presentat ion the 
length allowed here could do very l i t t l e  t o  enlighten the 
public a s  t o  the d e t a i l s  of the program of the  A i r  Force i n  
the Life  Sciences. The avai lable  Technical Objective Docu- 
ments a r e  the only r e l i a b l e  source f o r  t h i s  information. 

I It may be possible,  however, t o  convey some idea of the 
t o t a l  breadth of the program, and of the kind of guidance 
avai lable  i n  the major documents, by describing them b r i e f l y  
and c i t i n g  spec i f i c  examples from them. 
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At the present time, although some minor reshuffling in 
the technical areas is contemplated for FY 1962, there are 
four Technical Areas encompassed within the Life Sciences 
program. They are shown in Table 11, and described briefly 
in the following paragraphs. 

Table I1 

. . encompasses the research (with the exception 
of radiation exposure research) that is done to identify the 
physiological criteria and the ecological requirements which 
must be applied to penetration by human beings of the hazard- 
ous environments accompanying Air Force flight operations; it 
also includes development of the principles and solutions 
which are needed to design logistical systems capable of pro- 
tecting and sustaining men in such environments to the extent 
necessary for them to continue to operate successfully. The 
physiological effects of such hazards as low ambient: baro- 
metric pressure, oxygen lack, temperature extremes, and 
intrinsic and extrinsic toxic factors are considered within 
this area, as well as protective, preventive, and therapeutic 
measures which might be devised to cope with such hazards. 
Also covered in this area are the requirements for food, water, 
rest, and waste disposal, and the development of techniques 
and devices necessary to meet these requirements. 

Technical Area 
number 

780 A 

780 B 

780 C 

780 E 

In general, solutions to the above problems cannot be 
adopted as if they were isolated factors within the situation. 
The interplay between the environmental conditions, the vehic- 
ular performance characteristics, and the physiological 
responses dictates that the logistical solutions considered 
to satisfy these biological requirements are interdependent 
and must be integrated. 

Title of Technical Area 

Biologistics - 
Biomechanics h 

Radiobiology 

Human Performance 

An example of an Applied Research Objective in this area 
is hard to supply, because most bear a classification related 
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t o  the po ten t ia l  system they support. Here i s  an unclassi-  
f i e d  object ive ,  however, achievement of which i s  desired by 
the end of the 1962 f i s c a l  year: It s t a t e s  t ha t  i t  i s  neces- 
sary "To provide c r i t e r i a  and performance parameters fo r  the 
development of devices, instrumentation, and other equipment 
f o r  the control  of toxic chemical hazards (oxidizers and fuels) 
a t  s t a t i c  t es t ing  and miss i le  or vehicle launch s i tes ."  Some 
fur ther  d e t a i l  i s  given. 

Another unclassif ied objective,  to  be a t ta ined by the end 
of FY 1964, says tha t  we need "To es tab l i sh  bioastronautic 
c r i t e r i a  and parameters fo r  the  development of a personal pro- 
t ec t ive  assembly t o  provide fo r  extra-vehicular operations 
such as inspection, repa i r ,  t r ans fe r ,  and other a c t i v i t y  fo r  
periods up t o  s i x  hours." 

Biomechanics incorporates the research needed to  e luci -  
date the responses of c e l l s ,  t i s sues ,  organs and the e n t i r e  
body to  the application of mechanical forces;  and development 
of both tolerance c r i t e r i a  f o r  exposure and the pr inciples ,  
techniques, and devices necessary fo r  prevention of the unde- 
s i r ab l e  operational  r e s u l t s ,  as  well as the i r revers ib le  
physical disablement, which may be caused by such mechanical 
forces. The personal hazards, d i s a b i l i t i e s ,  and losses of 
k ine t ic  effectiveness considered within t h i s  technical  area 
a re  the  d i r ec t  r e s u l t  of operationally induced environments, 
such as unusual acceleration s i tua t ions ,  weightless and near 
weightless s t a t e s ,  f i e l d$  containing high levels  of acoustic 
energy -- e i t he r  v ibratory or  sonic --, and the extremely high 
and abruptly applied force f i e l d s  charac te r i s t i c  of impact, 
b l a s t ,  and shock wave phenomena. 

Somewhat remote from the centralconcernsof t h i s  technical 
area,  but s t i l l  handled i n  i t  have been such matters as the 
possible applications of ultrasound t o  biological  research; 
body measurement, s iz ing,  and k ine t ics ;  physiological op t ics ,  
the protection of the eyes, and the provision of a ids  to 
vis ion;  and the  evaluation of combined multiple environmental 
and operational s t resses ,  such as  escape and survival ,  or  
i so la t ion ,  d isor ienta t ion,  and sensory deprivation. 

Also i n  the area  on an interim basis ,  although the forma- 
t i on  of a new technical  area i s  under consideration, i s  a new 
in te rd i sc ip l inary  f i e l d ,  sometimes cal led "Bionics," which 
looks toward the production of engineering prototypes of sens- 
ing, problem-solving, and self-organizing control  devices 
based upon biologiical models. Other ARDC technical  areas not 
a pa r t  of the ~ i £ e  Sciences program are  a lso  deeply involved 
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i n  t h i s  new f i e l d ,  and t h i s  f a c t  i s  what unde r l i e s  t h e  thought 
being given t o  a new t echn ica l  a r e a  and o t h e r  p o s s i b l e  
approaches t o  coord ina t ion  of t he  work. 

An ins t ance  of an Applied Research Objec t ive  i n  the  Bio- 
mechanics a r e a  i s  a f forded  by t h i s  u n c l a s s i f i e d  example, t o  be 
accomplished by t h e  end of FY 1962: "To a s su re  t h a t  aud i to ry  
and non-auditory e f f e c t s  of un in ter rupted  o r  b r i e f l y  i n t e r -  
rupted exposure t o  r e l a t i v e l y  low l e v e l  but s teady  n o i s e  and 
v i b r a t i o n  i i e l d s  f o r  per iods  of fou r  t o  t e n  days n e i t h e r  
a f f e c t  crew performance adverse ly  during t h e  mission,  no r  
cause permanent phys io logica l  o r  psychologica l  a f t e r - e f f e c t s . "  

Radiobiology inc ludes  the  r e s e a r c h , a n a l y t i c a l  s t u d i e s ,  
and f i e l d  t e s t s  and measurements needed t o  e s t a b l i s h  t h e  
r a d i o l o g i c a l  c r i t e r i a  used a s  a guide i n  t he  unavoidable oper- 
a t i o n a l  exposure of human beings t o  i on iz ing  r a d i a t i o n .  It 
inc ludes ,  a s  we l l ,  t he  es tab l i shment  of p r i n c i p l e s  and t h e  
devis ing  of means which can be used t o  minimize exposure,or  
t he  e f f e c t s  of exposure, and p r o t e c t  t he  human beings involved 
from the  r a d i a t i o n  hazards a s soc i a t ed  wi th  A i r  Force opera- 
t i o n s ,  such a s  those p re sen t  i n  ambient space and those 
r e s u l t i n g  from induced nuclear  r eac t ions .  

Also administered i n  t h i s  t echn ica l  a r e a  i s  t he  program 
of research  on the  b io log ica l  e f f e c t s  of microwaves. P r o j e c t s  
i n  t h i s  a r e a  a r e  conducted t o  determine what gross  o r  c e l l u l a r  
phenorrrena may r e s u l t  on e i t h e r  an acu te  o r  a chronic  b a s i s  
from the  e f f e c t s  short-term o r  long-term microwave r a d i a t i o n .  
Although hazards o the r  than the  obvious ones a s soc i a t ed  wi th  
over-heating of t i s s u e  have n o t  been demonstrated, t h i s  form 
of energy appears t o  possess  cons iderable  i n t r i n s i c  i n t e r e s t  
a s  a research  t o o l  whose p o t e n t i a l i t i e s  and v e r s a t i l i t y  we 
may be only on t h e  threshold  of r e a l i z i n g .  

This  is  an u n c l a s s i f i e d  ARO presumably r e a l i z a b l e  by the  
end of FY62: "To provide des ign  c r i t e r i a  f o r  ins t rumenta t ion  
which can p r e c i s e l y  i d e n t i f y ,  measure, and analyze i o n i z i n g  
r a d i a t i o n  i n  b io log ica l  equiva len t  terms, s u i t a b l e  f o r  incor -  
po ra t ion  i n t o  veh ic l e s  and space o r  lunar  s t a t i o n s . "  

Human Performance encompasses a very  broad program of 
r e sea rch  i n  the  engineering and behaviora l  sc iences  aimed - - 
toward increas ing  the  e f f e c t i v e n e s s  of A i r  Force personnel  i n  
t he  execut ion of t h e i r  du t i e s .  It inc ludes  wi th in  i t s  
research  ob jec t ives  the  goa ls  of improving the  p r e d i c t a b i l i t y ,  
t h e  p r e c i s i o n ,  and t h e  r e l i a b i l i t y  w i th  which crew member 
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performance can be controlled, whether one is considering an 
individual or a team member, an operator or a maintenance man, 
a man in the aerospace environment or one on the ground. 

This area includes within its purview the research and 
development necessary to (1) design appropriate and effective 
training equipment, simulators, and training techniques, 
capable of instilling the required skills in operators, con- 
trollers, and maintainers of advanced and futuristic systems 
or subsystems; (2) provide techniques of improved efficiency 
and validity for use in the selection, assignment, evaluation, 
promotion, retention, and retirement of Air Force personnel; 
(3) optimize the physical and functional relationships between 
the dynamic characteristics of men and those of machines at 
the interfaces between them, to the end that integrated man- 
machine systems may perform with the best attainable effi- 
ciency and reliability; (4) improve the speed, accuracy, and 
reliability of information sensing, processing, and comuni- 
cation mediated with the assistance of human operators in Air 
Force systems. 

The following are two unclassified ARO's in this tech- 
nical area believed to be achievable by the end of FY62: 
First, "To determine the quantitative influence on speech 
intelligibility of such communications techniques as frequency 
limiting, compression, clipping, and time sampling in order to 
guarantee the usefulness of speech communications (intelligi- 
bility and information capacity) under conditions wherein 
maximum use of bandwidth and time must be employed;" and, 
second, "To develop the necessary design techniques for equip- 
ment to train ground and airborne personnel in a complex 
controlled training environment. The equipment will record 
and process data, will display measurements of student perfom 
ance, and will provide feedback information for the controll- 
ing or programming of the training equipment." Some addi- 
tional details are furnished. 

Conclusion 

It is the writer's hope that this over-view of the R&D 
agencies, programs, and technical guidance methods in the Air 
Force will serve the purpose for which it was intended, namely, 
to convey to the scientific and industrial community some idea 
of the scope of our life science programs, and the opportuni- 
ties which exist for cooperation between us in it. Since it 
is the business of the Air Research and Development Command 
"to accelerate the timely translation of science and technol- 
ogy into militarily useful systems" in order to assure our 
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na t iona l  secur i ty ,  i t  i s  the earnes t  des i re  of our Comand to  
jo in  forces with the nat ional  s c i e n t i f i c  and i ndus t r i a l  
community t o  keep the United S t a t e s  ahead i n  m i l i t a ry  R&D. 

The ro le  of the human being i n  these systems i s  c e r t a i n  
of becoming more and more c r i t i c a l ,  and i n  f a c t  human judge- 
ment and s k i l l  may well become paramount i n  insuring t h e i r  
successful performance. As we move out  i n to  the aerospace 
regime and toward systems of greater  and g rea te r  complexity 
the i n t e r j e c t i on  of human functions i n to  these systems w i l l  be 
e f fec t ive  only i f  i t  i s  planned with g rea t  care. Under these 
circumstances the acquis i t ion of the knowledge which w i l l  be 
required w i l l  be possible only i f  every resource we have i s  
f u l l y  exploited. This i s  the challenge t o  the Life  Sciences 
i n  our country. 



I TRU?>s'7 
Government Grants and Contracts Panel, Syaposim on the 
Anatomy of Manned Space Flight, American Rocket Society 
Remarks by Colonel J o h  M. Talbot, Office of Science, ODD= 

Ladies and Gentlemen, it should be made clear a t  the outset of my 

remarks that,  with only a few exceptions, all the Department of Defense 

contracts and grants i n  the l i f e  sciences areas of interest  are contained 

i n  the research, development, test ,  and evaluation programs of the three 

Military Departments. That i s  t o  say, the Amy, Navy, and the Air Force 

have the programs and the program funds t o  support, them. In contrast, 

the Office of the Secretary of Defense, the research and development part 

of which I represent today, has no separate program nor separate funds t o  

support research and development. 

Some exceptions t o  this statement may be found i n  the act iv i t ies  of 

the Defense Atomic Support Agency and i n  the Advanced Research ProJects 

Agency, both of which are responsible directly t o  the Office of the Director 

of Defense Research and Engineering, These exceptions I shaU describe i n  

a moment, It should be understood then, that the Directorate of Defense 

Research and Engineering, which i s  the research and development staff  

organization of the Secretary of Defense, does not normally engage in  direct 

contractual or grant programs; instead, it depends upon i t s  principal agencies, 

the three Military Depastanents, and i t s  two special agencies, the BRPA and 

the DASA, It may interest  you t o  know that  a current l i s t i ng  of military 

laboratories and research offices whose programs are either principaUy or  

indirectly i n  support of aerospace l i f e  sciences matters shows a t o t a l  of 31. 

O f  these, 10 are completely devoted t o  aerospace l i f e  sciences; the others, such 

as the Naval Medical Research Laboratory a t  the Subanarine Base, New Iondon, 
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have programs that yield knowledge and developments that may be of great 1 
interest  t o  the aerospace U f e  sciences. 

The Office of Science, which i s  one of the 14 technical offices of 

the Directorate of Defense Research and Engineering, includes professional 

1 
staff divisions i n  the physical sciences, the geophysical sciences, the I 
biological and medical sciences, and the psychological and social sciences. 

P& office is  the Biological and Medical Sciences Division of the Office of 
I 

Science. The mission of the Office of Science i s  the prmotion and support 1 
and coordination of basic research programs i n  the Depa'taent of Defense. 

Since ours i s  a management agency a t  the poZicy level, we do not ordinarily 1 
become involved in the technical evaluation and direct support of specific 

research proposals. On the other hand, on request of prospective contractors 
1 

I 

snd grantees, ve do occasionally participate in the review of specific p r o p o s d  

and are often asked fo r  guidance as t o  where t o  send proposals fo r  proper 

attention within the act ivi t ies of the Department of Defense. Thus a t  times 1 
we can be h e l p w  i n  securing the evaluation of proposals by representative 

research authorities of the Armed Forces and i n  guiding people t o  the proper 
1 

research offices and laboratories within the broad Department of Defense comple) 

While on the subject of organization and mission, I should add that we maintain 

an active liaison with the Office of the Assistant Secretary of Defense 1 
( ~ e a l t h  and Medical) inasmuch as that offlce has top level  responsibility fo r  

the professional medical support of military personnel and is therefore 
I 

vitally interested i n  the products of l i f e  sciences research as well as in I 
the content of the programs. 

1 
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The Advanced Research Projects Agency, although no longer directly 

i n  the space business, now has a sufficiently flexible mission t o  undertake 

the support of a wide variety of research and development projects. If 

you w i l l  refer  t o  the ARPAbrochure hand out, you w i l l  see examples of the 

present ARPk f ie lds  of interest  and also, information regarding the submission 

of proposals t o  ARPA. A t  the present time, the only l i f e  sciences act ivi ty 

under ARPA management i s  the toxicology project through which centralized 

management of toxicological research services fo r  the three Military Depart- 

ments has been achieved. Although the l i f e  sciences are not currently 

included i n  the l i s t ed  f ie lds  of interest  f o r  ARPA, it i s  possible that  the 

ARPA mission may be expanded t o  include the l i f e  sciences. Thus, while it 

would be inaccurate fo r  me t o  suggest that ARPA i s  a fourth Defense agency 

which sponsors contract and grmt support of l i f e  sciences research, I 

recommend that  you keep a l e r t  t o  the possibility that  the l i f e  sciences m a y  

become one of the ARPA f ie lds  of interest  i n  the future. 

The last Defense agency that I would l ike t o  discuss i s  the Defense 

"i 
1 Atomic Support Agency, formerly known as the Armed Forces Special Weapons 

'1 Project. T h i s  organization i s  of interest  t o  your group because of i t s  
rJ 

responsibility fo r  parts of the military research program i n  the biological 
I 

effects  of radiation. Although most of i t s  projects are closely related 

t o  the effects of nuclear weapons, the information coming from these investi- 

gations has many potentially valuable applications i n  space technology. 

i The DASA has i t s  own contracting operation, separate from those of the three 

Military Departments; hence, i n  the biomedical. f i e ld  of interest,  the Office 

of the Surgeon, Defense Atomic Support Agency, receives, reviews, a d  

3 
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reaches decisions on the support of research proposals in  the general area I 
of radiobiology* Therefore, it seems appropriate t o  suggest t o  this symposium 

that  there i s  a fourth agency of the Department of Defense which sponsors n 
a contract program i n  the l i f e  sciences, albeit in  this case, a highly kA I 

specialized segment of the broad l i f e  sciences area. 

In summary, the major contract and grant programs of the Department of 

Defense are those of the three Military Deparbnents; the Defenee Atamic 

Support Agency has a contract program i n  certain aspects of radiobiology; 'l 
and the Advanced Research Projects Agency, while not currently sponsoring J 

l i f e  sciences research programs except i n  toxicology, should be watched f o r  

f'uture possibi l i t ies  i n  the l i f e  sciences area. The Office of Science, which 
n 

i s  par t  of the Directorate of Defense Research and Engineering, will pmvlde 1 
guidance t o  prospective l i f e  sciences contractors and grantees i n  terns of n 
where t o  send proposals and whom t o  contact within the Departrment of Defense* Y 

END I? 
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GOVERNMENT GRANTS AND CONTRACTS 

S. R. Galler 
Biology Branch, Office of Naval Research 

Ladies and Gentlemen, I was pleased t o  accept your in- 
v i t a t i o n  t o  address t h i s  meeting of the  American Rocket 
Society fo r  two reasons: F k s t l y ,  it represents an oppor- 
t u n i t y  t o  inform you regarding some of the  i n t e r e s t s  of the  
Biology Branch of the  Office of Naval Research and about 
some of our research a c t i v i t i e s .  It is  my hope t h a t  t h i s  
information w i l l  be of some assistance t o  you i n  applying 
t o  ONR f o r  f inanc ia l  sponsorship. 

Secondly, t h i s  meeting provides me with the  unique 
opportunity of meeting with a group of physical s c i e n t i s t s  
and engineers i n  order t o  suggest f o r  your consideration 
ce r ta in  mechanisms wherebypu, with your wealth of specia l  
s k i l l s  and information, might be able t o  provide greater  
cooperation with the  biological  s c i e n t i s t s  engaged i n  fund- 
amental investigations.  31 br i e f ,  I hope t h a t  t h i s  pre- 
senta t ion w i l l  a f ford an opportunity fo r  a give- and-take of 
ideas t h a t  w i l l  help strengthen the  community of i n t e r e s t s  
between the  b io log is t  engaged i n  bas ic  research and the  
engineer engaged i n  applied research and development. 

Let us begin with a f ac tua l  statement of same of t he  
general  objectives and operations of 6NR. The Office of 
Naval Research came in to  existence i n  1946 by an Act of 
Congress under Fublic Law 588. It was established i n  order 
t o  provide the  Navy Department with a bas ic  research arm 
under t he  di rect ion of a Chief of Naval Research. H i s -  
t o r i c a l l y ,  t he  ONR was the  f i r s t  formally organized basic  
research group connected with a U.S. mi l i t a ry  department t o  
develop a broad spectrum research program in cooperation 
with un ive r s i t i e s  and other academic and non-profit scien- 
t i f i c  i n s t i t u t i ons  i n  the  United States.  A t  present, 
s c i e n t i f i c  a c t i v i t i e s  sponsored i n  un ivers i t i es  and re la ted  
i n s t i t u t i ons  continue t o  represent the  "backbone" of ONR 
research operations. It i s  noteworthy, however, t h a t  a 
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significant percentage of our research budget is  used t o  
sponsor sc ien t i f ic  and technological ac t iv i t i e s  i n  industr ia l  
research organizations. ONR sponsorship of research projects 
i n  industr ia l  laboratories may consist of d i rec t  contracts 
with those organizations or financial  support may come avail-  
able through subcontracts established t o  carry out a specif ic  
task i n  support of a prime contractor. Now, the Office of 
Naval Research i s  organized i n  the form of a number of research 
divisions and related organizational uni ts  which are  respons- 
ib l e  for  the planning and implementation of research programs 
oriented towards the fulfi l lment of the Navy's interests .  
Let us examine one division of particular in te res t  t o  t h i s  
meeting; namely, the Biological Sciences Division of the 
Office of Naval Research. This Division, directed by D r .  
Roger D. Reid, consists of f ive  Branches as follows: 
Physiology Branch, D r .  Leonard M. Libber, Head; Biochemistry 
Branch, Mr .  Leo Shinn, Head; Microbiology Branch, D r .  Charles 
D. Cox, Head; Medicine and Dentistry Branch, D r .  Joseph 
Saunders, Acting Head; Biology Branch, Dr. Sidney R. Galler, 
Head. The research branches may be considered as the primary 
research programming uni ts  of ONR. 

In the Biological Sciences Division the research ob- 
jectives and research program plans are  conceived, in i t ia ted ,  
and activated a t  the branch level.  Within the scope of our 
in te res ts  we operate principally on the basis of activating 
research projects stemming from unsolicited proposals received 
from sc ient i s t s  located in universit ies and other non-profit 
sc ien t i f ic  organizations and, t o  some extent, from industr ia l  
groups. These proposals, usually received a t  the divisional 
level,  are assigned t o  the branches with programmatic in te r -  
e s t s  most closely related t o  the research subjects of the 
proposals. The proposals are then reviewed and evaluated 
within the Office of Naval Research and, i n  addition, when 
appropriate, they are presented t o  one or more independent 
sc ien t i f ic  advisory committees for additional review. I 
wish t o  emphasize the independent nature of our advisory 
committee structure. In the case of the Biological Sciences 
Division of ONR the advisory committees are organized and 
administered by the American Ins t i tu te  of Biological Sciences. 
Through the ADS we receive the benefit of s c i en t i f i c  reviews 
and recommendations from outstanding biological s c i en t i s t s  on 
a completely impartial and independent basis. 

All proposals received i n  the Biological Sciences Div- 
is ion must f u l f i l l  three general c r i t e r i a  before they can 
be activated. Firs t ly ,  they must be judged acceptable on 
the basis of the sc ien t i f ic  va l id i ty  of the proposal and the 
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competence of the  s c i en t i s t .  

Secondly, they must be judged acceptable as  regards t h e i r  
relevance t o  a research area  of i n t e r e s t  t o  ONR and 

Thirdly, they must be considered acceptable as  regards 
the  budget requested fo r  t h e i r  support. 

I f  a proposal meets these three  c r i t e r i a  it i s  then 
considered e l i g ib l e  f o r  support and the  s c i e n t i s t  i s  so 
informed. It should be pointed out, however, t h a t  f inanc ia l  
support does not follow automatically since our program 
plans a re  t i e d  t o  our pocketbook. Sometimes it i s  necesswy 
t o  defer support t o  a subsequent f i s c a l  year i n  the  hope t h a t  
funds w i l l  become available f o r  the  act ivat ion of a spec i f i c  
proposal. Assuming, however, f o r  the  sake of discussion, 
t h a t  adequate f inanc ia l  support w i l l  be available;  the  pro- 
poser should ant ic ipate ,  on the  average, a wait of four t o  
f i v e  months from the  date of submission u n t i l  the  ac tua l  
ac t ivat ion of the  contract.  

There a re  a number of other administrative aspects 
which time l imi ta t ions  w i l l  not permit me t o  discuss a t  t h i s  
time. However, i f  you a re  in teres ted i n  obtaining addi t ional  
background information, you may wri te  fo r  a copy of the  
Office of Naval. Research publication ONR-1 e n t i t l e d  "Contract 
Research Program". This l i t t l e  brochure a l so  contains a 
suggested guide fo r  the  preparation of research proposals 
which you w i l l  f ind  helpful .  Now, l e t  us proceed with the  
second phase of our discussions oriented towards strength- 
ening the  re la t ionships  between the  biological  s c i e n t i s t  
and the  engineer. 

Allow me t o  begin by ant ic ipat ing a question which i s  
sure t o  be asked i n  the  course of the  discussion: Does the  
Office of Naval Research sponsor a program of bioastronautics 
research? We do not support a program of t h i s  type. However, 
I hasten t o  add, the  ONR does sponsor a number of programs 
which a re  yielding information i n  the  l i f e  sciences d i r ec t l y  
relevant t o  the  man-in-space research and development act iv-  
i t i e s .  Let me c i t e  a few examples chosen a t  random. The 
Physiology Branch i s  supporting a program i n  s t r e s s  physiology 
which i s  providing basic information on the  responses of the  
human organism t o  a wide var ie ty  of environmental and endog- 
enous s t resses  many of which a re  l i k e l y  t o  be encountered i n  
the  development and operation of a manned space vehicle. 
The Biochemistry Branch i s  sponsoring a program i n  toxicology 
which is aimed a t  resolving some of the  toxicological  hazards 
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encountered i n  submarine operations but  which is  per t inent  
t o  the  design and development of any closed environmental 
system aimed a t  maintaining man i n  a functional  condition 
f o r  extended periods of time. In addition, t he  Biology 
Branch and the  Biochemistry Branch a r e  supporting bas ic  
research aimed a t  the  development of photosynthetic gas 
exchangers fo r  possible use aboard submarines and a l so  of 
po ten t ia l  importance i n  the  development of habitable space 
vehicles. The Biology Branch's program i n  biological  
o r ien ta t ion  has furthered our knowledge of endogenous 
rhythms and "biological  clocks", phenomena which must be 
taken into  consideration i n  the  design and development of 
closed environmental systems su i tab le  f o r  sustaining man 
fo r  periods of many months and possible fo r  years. 

I could go on and mention many other examples of r e -  
search programs sponsored by ONR which a r e  providing bas ic  
information of considerable relevance t o  bioastronautics 
research and development a c t i v i t i e s  even though these pro- 
grams were conceived and act ivated with other objectives i n  
mind. The truism t h a t  fundamental research yie lds  information 
of po ten t ia l  value t o  a number of seemingly unrelated tech- 
nological f i e l d s  is ce r ta in ly  va l id  here. 

However, the  multipurpose nature of fundamental research 
programs r e s u l t s  in an important dichotomy; the  data  obtained 
from such a program may be immediately recognized by t he  
sponsor, i . e . ,  the  user, as  being re levant  toward the  f u l f i l l -  
ment of h i s  objectives.  But, a l l  too frequently t he  proba- 
b i l i t y  of relevance recognition decreases rap id ly  as  t he  
communication l i nks  between "user" f i e l d s  increase. Let me 
c i t e  one example. For many years the  Office of Naval Research 
has been supporting biological  investigations designed t o  
increase our knowledge necessary f o r  bringing about improve- 
ments i n  submarine hab i tab i l i ty .  However, u n t i l  r ecen t ly  
only a small f rac t ion  of t h i s  information and "know-how" has 
carr ied over i n to  the  bioastronautics f i e l d .  I am pleased 
t o  observe t h a t  the  amount of "carry over" i s  now increasing 
very rapidly .  It would be in te res t ing  a l b e i t  f r u i t l e s s  t o  
conjecture how much fur ther  along i n  bioastronautics i f  the  
t rans fe r  of information from the  basic  supporting s c i e n t i f i c  
f i e l d s  had been immediate and substant ia l .  However, I am 
very much concerned a t  the  lack of rapport,  t he  l ack  of 
informational coupling between the  b io log is t s  on one hand and 
the  applied s c i e n t i s t s  and engineers on the  other.  Not 
infrequently I receive v i s i t s  from representatives of indust- 
r ial  research organizations seeking ONR support f o r  t h e i r  
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research projects  and I f ind  t o  my increasing d i s t r e s s  t h a t  
of ten they support research approaches which have already 
been explored and discarded or  present plans fo r  development 
of systems which do not take i n to  consideration a substant ia l  
body of re levant  b iological  data. Please be assured t h a t  my 
c r i t i c i sm i s  not l imi ted t o  the  engineering community. On 
the  contrary, quite of ten I discover t h a t  competent b io log is t s  
may exh ib i t  a profound lack of comprehension of even e le -  
mentary physics or  instrumentation technology necessary fo r  
devising equipment or  systems investigating biological  
phenomena. Many of them are  only super f ic ia l ly  aware of 
the  tremendous reservoir  of engineering t a l e n t  i n  the  U.S. 
t h a t  could be brought t o  bear on t h e i r  instrumentation 
problems. What a r e  some of the  reasons fo r  t h i s  lack of 
idea and information coupling between the  b io log is t  and 
the  engineer? There a re  several. causes which suggest them- 
selves. 

A. Language Barriers: The b io log is t  and the  engineer 
communicate through separate and d i s t i n c t  languages. To date 
r e l a t i v e l y  l i t t l e  e f f o r t  has been devoted towards the  cons- 
t r uc t i on  of a s c i e n t i f i c  "Esperanto" which would f a c i l i t a t e  
an exchange of ideas between b io log is t s  and engineers. 

B. Separate In te res t s  and Objectives: Usually the  
basic  researcher is  f r e e  t o  s a t i s f y  h i s  i n t e l l e c tua l  cur ios i ty  
through research without the necessi ty of finding applications 
fo r  h i s  r e s u l t s .  The engineer, on the  other hand, i s  devoted 
t o  research and development with p rac t ica l  end products i n  
mind. A s  a r e su l t ,  each seeks a d i f fe ren t  path i n  f u l f i l l i n g  
h i s  objectives and frequently f a i l s  t o  appreciate the  overlap 
of ideas and a c t i v i t i e s  which could be of mutual i n t e r e s t  
and benef i t .  

C. Financial Support: Not the  l e a s t  important reason 
f o r  the  incomplete rapport between b io log is t s  and engineers 
i s  the  f a i l u r e  t o  recognize the  importance of providing the  
s c i e n t i s t  with suf f ic ien t  funds t o  enable him t o  inv i te  the  
act ive  cooperation of engineers i n  research. 

A s  all of you rea l ize ,  the  cost of developing instrum- 
entztion is  r e l a t i v e l y  high. It i s  a r a r e  occasion indeed 
when t he  biological  s c i e n t i s t  f inds  himself with suf f ic ien t  
funds t o  enable him t o  add a competent engineer t o  h i s  
research team. By the  same token, he f inds  it f inanc ia l ly  
impossible most of the  time t o  award a subcontract t o  an 
i ndus t r i a l  organization fo r  the  purpose of developing r e -  
search equipment needed fo r  advancing h i s  project .  

Now, how can we help a l l ev i a t e  t h i s  s i tua t ion?  I would 
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l i k e  t o  suggest t o  you t h a t  the  engineer and h i s  i ndus t r i a l  
sponsors f o r  the  most par t  have been content t o  allow him t o  
devote h i s  energies t o  development projects .  I r e a l i z e  i n  
making t h i s  suggestion t h a t  such a c t i v i t i e s  represent "bread 
and bu t te r"  objectives of i ndus t r i a l  laborator ies .  Neverthe- 
l e s s ,  I f e e l  t h a t  the  ultimate i n t e r e s t s  of i ndus t r i a l  lab- 
oratory would be advanced (and i n  t u rn  t he  nat ional  welfare)  
i f  the  engineer was encouraged t o  meet with b io log is t s ,  
develop a f e e l  fo r  t h e i r  problems and i n t e r e s t s  and eventually 
par t i c ipa te  i n  the  planning and implementation of bas ic  r e -  
search ra ther  than lhit himself t o  being an intermediate user 
of fundamental data. 

I f  we keep in mind t h a t  the  engineer i s  a s o r t  of cata- 
l y s t ,  serving t o  accelerate the  conversion of fundamental 
research r e s u l t s  i n to  development and application,  we begin 
t o  appreciate how' much more benef i t  could be derived i f  the  
engineer was i n  on the  "ground f loor"  i n  t he  planning and 
conduct of bas ic  research. Not only could he become a 
valuable member of the  research team but h i s  background and 
t ra in ing  would enable him t o  an t ic ipa te  the  p r ac t i c a l  value 
of the  data  and place it i n  the  applied research and develop- 
ment system much e a r l i e r  than occurs a t  t he  present time. 

In addition, we must encourage t he  b io log is t  t o  a v a i l  
himself of the  tools  and "know-how" of modern mathematics, 
physics, and engineering i n  order t o  insure t h a t  t he  inform- 
a t ion  which he produces w i l l  be useful  t o  these  threetypes 
of spec i a l i s t s .  

In summary, both the  b io log is t  on the  one hand and t he  
physical s c i e n t i s t  and engineer on the  other hand must be 
"introduced" t o  each other. They must be encouraged t o  
develop a mutual respect  and sympathy f o r  the  a c t i v i t i e s  of 
the  other and,ultimately, e f f o r t s  must be made t o  provide the  
addi t ional  support necessary t o  enable each group t o  afford 
the  services and cooperation of the  other.  The r e s u l t ,  i n  my 
opinion, w i l l  b e - an  accelerated and more e f f i c i e n t  u t i l i z a t i o n  
of the  r e s u l t s  of basic research i n  follow-up applied research 
and development. 
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GRANTS AND CONTRACTS AT NASA 
IN THE OFFICE OF LIFX SCIENCE PROGWS 

Dr. Weeman H. Quimby 

National, Aeronautics and Space Administration 
1520 H Street, Northwest, Washington, D. C. 

The NASA, Office of Life Science Programs, plans to 
award contracts and grants in accordance with the follow- 
ing areas of interest: Flight Medicine and Biology, Space 
Medical and Behavioral Sciences, and Space Biology. The 
first category is concerned with in-flight operations --- 
biotechnology and biomedical experiments in space. By bio- 
technology we mean that area of research, development, test 
and engineering which deals with man-machine integration and 
instrumentation, stress tolerance and adaptation, protective 
equipment and escape devices, life support systems, crew 
performance, and public health and ground crew safety. The 
end goals of biotechnology are to assure man's protection and 
to assure his ability to perform in advanced space systems. 
This is required in order to provide the capability for manned 
exploration and exploitation of space. In this connection we 
have specifically in mind a near earth manned orbiting labora- 
tory, the circum-lunar mission, manned lunar landings, and 
planetary exploration. 

The second part of Flight Medicine and Biology; namely, 
biomedical experiments in space is concerned with studies of 
survival and performance in' animals and with biologic in- 
vestigations at the cellular and subcellular level. We want 
to know what the effects are of flight through space on living 
organisms. We want to know what the effects are of planetary 
environments as well as conditions in the earth's upper 
atmosphere, on living terrestrial organisms. We want to know 
whether or not life exists elsewhere in the solar system and 
if so to study it in detail. 
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The space conditions that seem to be of most interest 
at the moment are radiation and the altered gravity state. 
These are of particular interest at the cellular and sub- 
cellular level. Also of interest are effects of altered 
gravity on larger complex living systems such as altered 
distribution of blood flow to vital organisms and neurologi- 
cal consequences of weightlessness and sensory deprivation. 

Biological studies conducted at a cellular and sub- 
cellular level in the extraterrestrial environment, in 
addition to those concerned with radiation and weightlessness, 
will include observations of the effects of high vacuum, 
temperature extremes, and the unusual combinations of elements 
to be found in remote planetary atmospheres and surfaces. 
These investigations can be profitably extended by spectro- 
scopic studies directed toward more precise identification 
of extraterrestrial life supporting substances and develop- 
ment of instruments for use in collection and analysis of 
extraterrestrial organic compounds and possible life forms. 

Most of the biomedical experiments in extraterrestrial 
environments will evolve from ground-based investigations 
with the full support of the scientific community for the 
origin of ideas. In general, until manned orbiting labora- 
tories become available, these experiments will be conducted 
with recovery of exposed specimens for study, or, with 
telemetry of results from space probes. 

The Space Medical and Behavioral Sciences category 
consists of grourdbased research for long-range support of 
manned space flight missions. The program will be in the 
disciplines of radiology, metabolism, cardiovascular physio- 
logy, respiratory physiology, neurophysiology and psychology. 
The projects awarded must relate to space flight and explora- 
tion as the proposed contributions affect survival and per- 
formance. For example, metabolic requirements of animals 
and men in terms of energy exchange, heat transfer, and 
nutrition under the limitations imposed by confinement in an 
artificial space capsule environment present problems of a 
fundamental nature which require further study. Also chronic 
effects of physical stress on the vital organs and on total 
performance as well as the long-term cardiovascular effects 
of restricted mobility, are subjects for detailed scientific 
consideration as they relate to space. The problems of 
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artificial atmosphere, diff~sion of gases, toxic substances, 
and chemical control of pulmonary ventilation and tissue 
respiration are legitimate fields of enquiry in the overall 
space program. 

Solar flares, the proposed use of nuclear energy for 
auziliary power and for propulsion, and the projected manned 
space flight missions to the moon and planets make the study 
of radiation hazards a primary area of effort. Measurements 
of biological effects and the discovery of means of protection 
beyond conventional shielding techniques are a must. There- 
fore, we seek to stimulate interest and to mobilize talent 
for research in this area in particular the medical schools 
and other research institutions. 

The category of Space Biology is defined at NASA as 
ground-based fundamental, biological investigations, princi- 
pally at the cellular aqd subcellular level. Here we propose 
to study the effects of simulated extraterrestrial environ- 
ments on living organisms; develop and apply techniques for 
sterilization of space-craft designed to impact or land on 
the moon or planets; acquire information concerning possible 
life-supporting or related substances on the moon and planets; 
develop means of identification and analysis of possible 
extraterrestrial life forms including remote examination and 
telemetry or direct laboratory study of returned samples. 
We are also interested under this Space Biology category in 
laboratory synthesis of orimordial molecules which bear upon 
the problem of the origin of life. 

We plan to manage contracts and grants and to handle 
unsolicited proposals much like the other Federal scientific 
agencies. Our system now, although it will not always pro- 
duce a favorable decision, will produce a decision expedit- 
iously. Proposals are reviewed by the staff at meetings 
specially set up for the proposal evaluation. The purpose 
of such screening by the staff is for the identification 
and selection of proposals for committee review and evalua- 
tion or the referral of groposals to individual special 
consultants. There are three standing advisory committees 
as follows: The Flight 1-ledicine and Biology Committee, 
the Space Medical and Behavioral Sciences Committee, and the 
Space Biology Committee. The cormnittees are composed of six 
to eight experts each and will meet three to four times a 
year for proposal evaluation and other business. 



THE ANATOMY OF MANNED SPACE OPERATIONS 

The question of whether the legal vehicle will be a 
grant or a contract is generally easily resolved. If you 
propose to plow the back 40 and do so by one or more of a 
variety of means -- horses, tractor, or shovel -- it would 
be a grant. If you propose to plow in accordance with a 
prescribed number of horses shod as required by the Space 
Agency, it would be a contract. If the work consists of 
hardware drawn to specification, if it is to provide specific 
data or answers, if it is to follow a rigid time schedule, 
if it does not allow for all contingencies and has a kind of 
open-ended character -- it would be a contract. Otherwise, 
it would be a grant. The overhead, incidentally, in either 
case would be that overhead audited for your institution. 
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