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I. INTRODUCTION 



I. INTRODUCTION 

A. G e ne r a1 

The aeronautical and space  activities conducted by the National 
Aeronautics and Space Administration (NASA) a r e  creating an impressive 
body of knowledge of great  potential scientific and technological usefulness. 
In carrying out i ts  congressional mandate to disseminate this information 
for  ultimate benefit of the general  public, NASA has engaged in an extensive 
publications program; in particular,  publications under the auspices of 
NASA's Technology Utilization Division (TUD) a r e  specifically aimed a t  
expeditiously t ransfer  r ing NASA developments to the scientific and 
industrial  community . 

Special difficulties are encountered when i t  is attempted to t ransfer  
NASA-derived technology, by means of TUD publications alone, to scientists 
in the biomedical fields. 
by the copious amounts of published biomedical mater ia l ;  additionally, they 
a r e  by and l a rge  unfamiliar with the language and symbology of the 
physical and engineering sciences.  As a result ,  technology in phys ica l  
science and engineering has  often not been a s  effectively t ransferred to 
biomedical applications a s  i t  deserves  to be. 

These scientists a r e  particularly overburdened 

The T U D ' s  investigations of the chain of events leading to the 
introduction of new products, technological inventions, and methods into 
medical pract ice  have suggested that the biomedical r e s e a r c h  teams at  
medical schools and similar biomedical r e s e a r c h  institutions play a key role 
in this process.  New discoveries ,  introduced by these groups, tend to 
proceed naturally through s tages  of professional approval, manufacturing 
interest  and participation, on to the level of the practicing physicians, 
bringing direct  health benefits to the public. 
goal to introduce NASA-derived advances a t  the level of the biomedical 
r e sea rch  team, and thus to utilize the existing channels to the medical 
practitioner and his patients f o r  effective technological t ransfer .  

It would s e e m  an attractive 

As  a resul t  of these investigations, NASA's TUD has developed a 
general  methodology for  the solution of this important and special  technological 
t ransfer  problem. 
l ishment of severa l  strategically placed Biomedical Application Teams 
consisting of appropriately c r o s s  -trained and broadly experienced physical 
and biological scientists.  
to facil i tate and improve the productive interaction between NASA centers  
and biomedical r e s e a r c h  teams.  Emphasis  i s  on interpersonal  contact, in 
which the c r o s s  -trained m e m b e r s  of the Biomedical Applications Team fo rm 
an active l ink between these two groups of scientists.  A flexible sys tem is 

Prominently included in this methodology was the es  tab- 

It i s  the task of the Biomedical Application T e a m  
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maturing in  which both principal groups,  NASA personnel and biomedical 
r e s e a r c h e r s ,  f ree ly  and effectively participate in mutually beneficial .  
exchange of skil ls  and knowledge. 

B. Participating Personnel  

The following scient is ts  a r e  participating in the program:  

Southwest R e  search .  Institute Biomedical Application Team, 
Southwest R e s e a r c h  Institute Personnel :  

Ray W. Ware ,  M. D.,  Director 

* Raul San Martin,  M. D. 
* Charles  J. Laenger ,  Sr.  

Robert  J. Crosby 
Chester  A. Heath 

. Felix St. C la i r e  

Louis S. B e r g e r ,  Assis tant  Director 

Special Consultant: Andre G. Buck ( W e s t  Coast Institutions) 

Key Coordinators a t  Use r  Institutions 

C. W.  Hall, M . D . ,  Asst .  P ro fes so r ,  Department of 
Experimental  Surgery , Baylo r University 
School of Medicine, Houston, Texas 

Department of Physiology, The University of Texas 
Medical Branch ,  Galveston, Texas 

Section, Southern Research  Support Center ,  
Veterans Administration, Litt le Rock, Arkansas  

Seatt le,  Washington 

of B io engine e ring, Seattle , Washing ton 

. F. Hermann Rudenberg, Ph. D.,  Associate  P ro fes so r ,  

J ack  B. Johnson, Asst .  Chief, Biomedical Instrumentation 

1 Mr. John Hall, Seattle Handicapped Center ,  

Mr. Don Baker ,  University of Washington, Department 

* Mr. H. A. Miller ,  Stanford University School of Medicine 
* N. P. Thompson, M. D . ,  Palo Alto Medical R e s e a r c h  

Foundation 

Engineering, Texas Institute f o r  Rehabilitation and 
Research ,  Houston, Texas 

Downe y, California 

Joseph Canzoneri ,  111, (SRS), Director ,  Biomedical 

V. Mooney, M. D . ,  (SRS), Rancho Los Amigos Hospital, 
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Other Southwest Research  Institute Staff consulted: 

Leon M. Adams, Ph. D . ,  Manager, Organic and Polymer 
Chemistry 

* Wallace L. Anderson, Ph. D,,, Senior Research  Engineer 
* Robert  Bond, Ph. D. ,  Senior Resea rch  physicis t  

Gerald Gardner,  Ph. D . ,  Senior Research  Physicist  
Stephen Juhaaz, Ph. D . ,  Editor,  Applied Mechanics Review 
Richard T, Mannheimer, Senior Resea rch  Engineer 

. Paul p. May, Senior Research Chemist  
* Frank C. Milstead, Senior Resea rch  Engineer 

J. Wray Fogwell, Manager, Electromechanical Research  
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11. NEW PROBLEMS 



11. N E W  PROBLEMS 

RNV-I 
TITLE: Efficient Ele c t r omagne tic Po  we r T r ansmi s s ion 

Through Living Tissue 

SOURCE: Donald R. McNeal, Ph. D. 
Pr incipal  Engineer 
Rancho Lo s Amigo s Ho spital 

DATE SUBMITTED: 2 2  Apri l  1968 

The problem involving stimulation of e r r a t i c  per ipheral  motor 
nerves  and thereby controlling neuromuscular spasticity evolved into 
four problems. The f i r s t ,  RNV-1, is Qccupied with the optimum f r e -  
quency a t  which electromagnetic energy most  efficiently radiates  
through living tis sue. 

INITIAL DISPOSI T I 0  N: 

This problem was subdivided into RNV-1 threugh 4. 
A sea rch  statement was suggested and combined with RNV-2. 

COMMUNICATIONS: 

28 May 1968--Search request forwarded to A. G. Buck. 

9 June 1968- -Problem submitted to WESRAC f o r  computer search.  

( 2 )  
TITLE: Design of Implanted Antennas 

RNV - 2 

SOURCE: Donald R. McNeal, Ph.  D. 
Principal Engineer 
Rancho Los Amigos Hospital 

DATE SUBMITTED: 2 2  Apri l  1968 

In keeping with the original problem of neuromuscular disorder  
control, this problem seeks the optimum design pa rame te r s  for an 
implantable antenna for use  in t ransferr ing electromagnetic energy 
through living tissue. 

IN1 TIAL DISPOSITION: 

Problem was combined in search with RNV-1. 
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COMMUNICATIONS: 

28 May 1968--Search request forwarded to A. G. Buck. 

9 June 1968--Search request sent to WESRAC for computer search.  

( 3) RNV- 3 
TITLE: 

SOURCE: Donald R. McNeal, Ph.  D. 

Material  for  Nerve Stiwulating Electrode Leads 

Principal  Engine e r 
Rancho Los Amigos Hospital 

DATE SUBMITTED: 22  April  1968 

This problem involves the finding of a mater ia l  which is  most  
suitable for u s e ' a s  an electrode lead for  chronic nerve stimulation in 
an implant situation. 

INITIAL DISP OS1 TION: 

After separating RNV-3  f rom RNV-1, a WESRAC computer 
search  request of the NASA data bank was  drafted.  

COMMUNICATIONS: 

28 May 1968--Search statement draf t  forwarded to A. G. Buck. 

17 June 1968--Search request sent to WESRAC for computer search.  

(4) 
TITLE: Optimum Neurological Electrodes 

SOURCE: Donald R. McNeal, Ph.D. 
P r inc ipal Engine e r 
Rancho Los Amigos Hospital 

DATE SUBMITTED: 2 2  Apri l  1968 

RNV-4 

As a m e a s u r e  for  controlling neuromuscular d i sorders ,  controlled 
stimulation of mot0.r nerves  is planned. Bes t  mater ia l s ,  placement and 
configuration of the stimulating electrodes a r e  sought. 
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INITIAL DISPOSITION: 

Although many new developments in stimulating electrodes a r e  
unlikely, a search  request  was submitted in the off-chance of finding 
some aid to the problem. 

COMMUNICATIONS: 

31 May 1968--Search request  and cover le t ter  was forwarded by 
F. L. S t -Cla i re  to A. G. Buck for editing and relay to computer. 

5 June 1968--Search request  w a s  relayed to WESRAC by A. G. Buck 
with recommendations for  personal  communication with F. L. St. Claire  
before finalization of s ea rch  strategy. 

(5)  RNV-5  
TITLE: P r e s s u r e  Measurement  to Aid Prevention of New Decubitus 

Ulcers (Process ing  i s  coordinated with NWR-2) 

SOURCE: Donald R. McNeal, Ph.D. 
Pr incipal  Engineer 
Rancho Los Amigos Hospital 

DATE SUBMITTED: 26  April 1968 

A technique i s  sorely needed for  measuring the distribution of 
p r e s s u r e  on the surface of the skin underlying a cast ,  brace,  o r  prosthetic 
device such a s  an art if icial  leg. This information would be an invaluable 
aid in the design of these devices because i t  i s  cr i t ical  to distribute the 
load as evenly a s  possible to avoid high-pressure points which will damage 
the skin., 
tion of this so r t  available. The reason i s  that a satisfactory and economi- 
cal  technique for measuring p res su re  i s  not available. 

At the present  time, there is virtually no quantitative informa- 

INITIAL DISPOSITION: 

Since i t  w a s  known that this problem a r e a  was of interest  to the 
participating member  institution, a carefully screened search yield of 
of searches  previously conducted on p r e s s u r e  transducer technology was 
sent before official problem submission to the institutional coordinator 
( D r .  Mooney) on 22 April  1968. In addition, the West Coast Consultant 
has  begun an investigation of technology developed at Ames Research 
Center and other NASA generated technology with which the Consultant 
i s  persopally familiar.  
p r e s  su re  scanners .  

He is also investigating commercial  sequential 

6 



COMMUNICATIONS: 

20 May 1968--Mr. A. G. Buck informed the Problem Originator 
of proposed solution ( for  the static case,  a t  l eas t )  using NASA's Multiple 
P r e s s u r e  Sensing Techniques (as developed for  aerodynamic investigation) e 

"Scanivalve" Company in San Diego has  been contacted and i s  preparing 
recommendations with cost  estimate fo r  solving the submitted problem. 

24 May 1968--Mr. A. G. Buck wrote le t te r  of report  to Problem 
Originator describing a proposed measurement  sys t em using NASA tech- 
nology and I'Scanivalve'' commercial  equipment. 
to build up a prototype sys tem and furnish this to the Problem Originator. 

P lans  are  being made  

27 May 1968--Problem Originator requested that Consultant go 
ahead with the proposed plans f o r  preparing a prototype for  evaluation 
using NASA developed technology and "Scanivalve" system, 
Originator reported that he  has  available manpower for aiding in proto- 
type construction. 

The Problem 

7 June 1968--During a vis i t  to NASA ERC, Cambridge, by 
L. Berger ,  tunnel diode t ransducers  developed by Dr. W. Rindner and 
Dr. A, Garfein were  discussed in t e r m s  of their  possible usefulness to 
this problem. A reprint  of a descriptive ar t ic le ,  "Miniature Tunnel 
Diode Transducers"  from Solid State Electronics,  Pergamon Press, 
1967, Vol 10, pp 1227-8, w a s  obtained aqd forwarded to Problem Origi- 
nator ( 2 6  June 1968). 

. 

24 June 1968--A. G, Buck and L. S. Berge r  met with Problem 
Originator and verified that fabrication of a system, including stitched, 
plastic, quilted (matr ix- l ike)  pillows i s  progressing,  Mr ,  John Rogers, 
Engineering Research Associates,  ass is ted Mr. A. C. Pemberton, 
(Scanivalve Corporation, President)  and completed arrangements  to 
borrow a prototype system. 
design. 

He also received advice regarding pillow 

( 6 )  RNV-6 
TITLE: 

SOURCE: Worden Waring, Ph.  D. 
Rancho Los Amigos Hospital 

DATE SUBMITTED: 7 May 1968 

Efficient shielding techniques a r e  needed for  surface biopo- 
tential electrodes.  These electrodes will be employed to transduce 
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electromyographic potentials into signals useable for  activating 
mo to r iz ed p ro  s the tic s . 
INITIAL DISPOSITION: 

This problem, originally RNV-6, was subdivided into RNV-6, 
-7 ,  -8, and -9.  A search request was drafted for  RNV-6. 

COMMUNICATIONS: 

5 June 1968--Mr. C. J.. Laenger,  Sr. contactedMr,  Jack Johnson. 
a t  the Southern Research Support Center to request his comments and 
suggestions on this problem. 
a rea .  

M r ,  Johnson i s  a specialist  in the problem 

11 June 1968--Telephone call  f r o m  Mr.  Jack Johnson. He said 
that his recommendations would be forwarded to the Biomedical 
Application Team by le t ter  a s  soon as possible. 

24 June 1968--Letter received f r o m  Mr. Jack Johnson containing 
his professional advice concerning this problem. 

(7)  
TITLE: Shielded Rooms for  Physiological Studies 

RNV-7 

SOURCE: Worden Waring, Ph. D. 
Rancho Los Amigos Hospital 

DATE SUBMITTED: 7 May 1968 

A shielded room i s  needed in which to measure  biopotentials and 
to evaluate electronics and sensors  designed a s  biopotential acquisition 
devices. 

IN1 TIAL DISPOSITION: 

RNV-7 is  the second pa r t  of the original RNV-6, Initial action 
was consultation with Mr .  Jack Johnson of the Southern Research 
Support Center,  Veterans '  Administration Hospital, Little Rock, Arkansas.  

COMMUNICATIONS: 

1 3  May 1968--A le t te r  was sent to Mr.  A. G. Buck advising h i m  
of the breakdown of RNV-6 into RNV-6, -7,  -8, and -9.  
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(8) 
TITLE: Surface Biopotential Electrodes 

RNV-8 

SOURCE: Worden Waring, Ph.  D. 
Rancho Los Amigos Hospital 

DATE SUBMITTED: 7 May 1968 

This subdivision of the original problem RNV-6 deals with the 
necessity for higher specificity of myographic electrodes;  that is ,  the 
avoidance of other e lectr ic  o r  bioelectrical  potentials than those due to 
motoneuron action potentials. The use of the integrated type electrode 
was proposed. 

INITIAL DISPOSITION: 

A search  request was drafted, 

COMMUNICATIONS: 

2 July 1968--Search request drafted. 

( 9 )  RNV-9 
TITLE: Shielding Techniques f o r  Active Surface Biopotential 

Electrodes 

SOURCE: Worden Waring, Ph.  D. 
Rancho Los Amigos Hospital 

DATE SUBMITTED: 7 May 1968 

A special active impedance-matching circuit  i s  desired.  This 
circuit  i s  to be integral and enclosed within the case o r  body of a surface 
bioelectrode. It mus t  provide low noise amplification, filtering, and 
portability a s  well a s  impedance matching. 

INITIAL DISPOSITION: 

RNV-9 is  the final segment of RNV-6 (original designation). 
A search  request was drafted f o r  RNV-9. 

COMMUNICATIONS: 

5 June 1968--Mr. C. J. Laenger,  Sr .  contacted Mr .  Jack Johnson 
a t  the Southern Research Support Center to request his  comments and 
suggestions on this problem. 
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11 June 1968--Telephone call  f rom Mr. Jack Johnson. He said 
that his  recommendations would be forwarded to the Biomedical Applica- 
tion Team by le t te r  a s  soOn a s  possible. 

24 June 1968--Letter received f r o m  Mr.  Jack Johnson containing 
his  professional opinions concerning this problem. 

(10) 
TITLE: Ultrasonic Energy Coupling Techniques 

WSM-1 

SOURCE: Mr .  Donald W. Baker 
Technical Manager 
Bioengineering P r o g r a m  
University of Washington 

DATE SUBMITTED: 17 April  1968 

The problem i s  to find a device, mater ia l ,  o r  technique which will 
increase the efficiency of coupling of ultrasQnic energy between piezo- 
e lectr ic  t ransducers  and flesh. 

INITIAL DISPOSITION: 

It was decided that a WESRAC computer search  of the NASA data 
bank was in order .  

COMMUNICATIONS: 

3 May 1968--Search statement draf t  was sent to Mr .  A. Go Buck. 

9 June 1968--Search resu l t s  returned to Problem Originator. 

27 June 1968--Search resu l t s  discussed with Problem Originator 

WESRAC will be con- 
during a visit  by L. S. Berger  and A .  G. Buck. Misunderstandings in 
the search description seemed to have developed. 
sulted, and a rescreening of the search  resu l t s  will be requested. 

(11) 
TITLE: Rheology of Human Ar ter ies  

WSM-2 

SOURCE: Dr .  Colin H. Daly 
As si s tant Profe  s so r 
Mechanical Engineer 
University of Washington 
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DATE SUBMITTED! 1 2  Apri l  1968 

v e r s u s  s t r a in  relationship of segments  of human a r t e r i e s  in no rma l  and 
in d iseased  s ta tes .  

I t  i s  desirable  fo r  diagnostic purposes  to determine the s t r e s s  

IN1 TIAL DISP OS1 TI ON: 

A WESRAC computer s e a r c h  of the NASA data bank i s  in o rde r .  

COMMUNICATIONS: 

23 May 1968--Mr. R. J. Crosby called Dr.  Daly to clarify the 
problem statement. 

28 May 1968--Search s ta tement  sent  to A. G. Buck f o r  re lay  to 
WESRAC. 

WSM-3 
TITLE: Instantaneous Skin Surface Tempera ture  Measurement  

SOURCE: Dr. Kenneth K. Kraning 
Senior Fellow 
University of Washington 

DATE SUBMITTED: 12 Apri l  1968 

A method i s  needed by which to apply shor t  pulses  of radiant 
energy to human skin, and to m e a s u r e  the t ime-course of the sk in ' s  
surf ac e temp e r atur e e 

INITIAL DISPOSITION: 

A computer s ea rch  of the NASA data bank i s  in o rde r .  

COMMUNICATIONS: 

22  Apri l  1968--After consultation with a specialist  in the problem 
a r e a ,  it was  decided to request  additional information f r o m  the P r o b l e m  
Originator.  

30 April  1968--Possible overlap with Research  Triangle Institute 

A duplicate of the sea rch  yield 
problem DU-4, "Measurement of Small  Tempera ture  Changes, ' I  was  
revealed by a Te rma t rex  System search .  
and the P rob lem Abstract  responses  to DU-4 was requested f r o m  Research  
Triangle  Institute, Biomedical Applications Team,  

22  May 1968--Mr, R. J. Crosby cal ledDr.  Kraning to c la r i fyprob-  
lem statement .  
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28 May 1968--Search statement draf t  forwarded to consultant 
f rom Southwe s t Re sea rch  Ins ti tute 

17  June 1968--Search request sent to WESRAC 

27 June 1968--Search request discussed with Mr .  Baker during 
a visit  by L. S .  Berge r  and A. G. Buck. 

(13) WSM-4 
TITLE: Mult is t ress  Effects on the Cardiovascular System 

SOURCE: Drs .  Loring Rowel1 and John Murray 
University of Washington 

DATE SUBMITTED: 1 December 1967 

Singly imposed stress and the resultant effects on the hear t  and 
cardiovascular sys tem have been studied. But what happens whep two 
o r  m o r e  s t r e s s  elements a r e  simultaneously applied? And what i s  the 
separate  resul t ,  8 s  well as the combined resu l t?  The experimenters 
had at their  disposal complete inclined-plane t readmil ls  to provide the 
physical effort s t r e s s  and to affect oxygen transport .  
add, under controlled conditions, the s t r e s s  of heat and heat t ransfer .  

It was desired to 

INITIAL DISPOSITION: 

This problem was unofficially submitted to Mr. A. G. Buck pr ior  
to Mr. Buck's formal  activit ies a s p r o j e c t  Consultant. As a resul t  of 
Mr. Buck's effort, NASA Manned Spacecraft Center loaned two liquid 
cooled garments  to the P rob lem Originator in December 1967..  In April,  
a le t ter  of acknowledgement w a s  sent to M r q  Paul  P u r s e r ,  Special 
Assistant to the Director,  Manned Spacecraft Center,  which expressed 
appreciation for  the loan, and furnished a most  positive evaluation of the 
usefulness of the loaned technolQgy. 

(14) 
TITLE: Motion Pa t t e rn  Measur.ement of Patients 

NWR-1 

SOURCE: A. W ,  Guy, Ph.D. 
Assistant Prof  e s s o r  
Department of Physical Medicine and Rehabilitation 
University of Washington 
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DATE SUBMITTED: 17 Apri l  1968 

the effects of central  nervous sys tem damage. 
of energy input to a s s i s t  in the restorat ion of normal  motion pat terns ,  
The goal of this project is  to evaluate the efficacy of neuromuscular faci- 
litation techniques in the t reatment  of patients with var ious forms  of cen- 
t r a l  nervous system deficiencies. 
motion pattern of the effected individual before, during, and af ter  the 
treatment,  and to re la te  these to the motions of normal  individuals, 

Neuromuscular facilitation is  a relatively new means of treating 
It uti l izes many sources  

The problem involved i s  to measure  the 

INITIAL DISPOSITION: 

A computer search  will be done jointly with the functionally very 
s imilar  problem PLR-2, "Measurement of Surface Kinematics of the 
Canine Heart .  

COMMUNICATIONS: 

26 April  1968--Backup ma te r i a l  on Tech Brief 67-101 14, "Inte- 
grated Mobility and Notation System" was sent to communicator, inform- 
ing h im also that this problem was being prepared  fo r  searching. 

10 May 1968--Letter received f r o m  coordinator advising that the 
Tech Brief mater ia l  furnished 26 April  appears  to be of grea t  value to 
r e sea rch  in the subject a r ea .  

23 May 1968--Search statement draf t  sent to consultant. 

4 June 1968--Search statement submitted to WESRAC. 

5 June 1968--Two re sea rch  references were forwarded to P rob-  
lem Originator: 
Handbook" and ( 2 )  AD 828750L "Mono Versus Stereo Analytical Photo- 
grammetry ,  P a r t  2".  

(1) AD 828067 "Cartographic Production Equipment 

26 June 1968--Search resu l t s  forwarded to Problem Originator. 

26 June 1968--During a visit  by L. S o  Berger  and A. G. Buck, 
Problem Originator stated that TB67-10114 appears  to be applicable to 
the problem andwill be investigatedin the future as staffing becomes avail- 
able - 

(15) 
TITLE: P r e s s u r e  Measurement  to Aid Prevention of 

New Decubitus Ulcers (Processing is coordinated 
with RNV-5) 

NWR-2 
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SOURCE: A. W. Guy, Ph .D.  
Assis tant  P r o f e s s o r  
Department of Physical  Medicine & Rehabilitation 
University of Washington 

DATE SUBMITTED: 17 Apri l  1968 

The development of decubitus u l ce r s  in patients on rehabilitation 
p rograms  i s  an extremely costly event in the pat ient ' s  p rog res s  toward 
h is  maximum functional level. 
sensory loss ,  when an a r e a  of t issue i s  subjected to prolonged application 
of p r e s s u r e  which exceeds the p r e s s u r e s  within the t i s sue ' s  capil lary bed, 
and necros is  of that t i s sue  ensues.  
involved a r e  employed in the clinical situation with margina l  and varying 
degrees  of success .  
developed between the "relieving" devices and the patient would allow 
evaluation of and/or  a bas i s  for further development of such apparatus.  

This occurs  pr imar i ly  in patients with 

Many means  of relieving the forces  

A means  of measuring the p r e s s u r e  distributions 

IN1 TIAL DISPOSITION: 

A carefully sc reened  excerpt  of previously per formed searches  
on p r e s s u r e  t ransducers  was  sent  to Dr. Guy f o r  review ( 2 2  April) .  In 
addition, the West Coas t  Consultant has  begun an investigation of tech- 
nology developed a t  Ames  Research  Center and of other  NASA generated 
technology with which the Consultant i s  personally famil iar .  
inve s tig ating comme r c ial s e quenti a1 p r e  s s u r  e s canne r s 

He i s  a lso 

COMMUNICATIONS: 

2 3  April  1968--Search resu l t s  f r o m  previously performed l i te ra -  
ture  screened.  

24 May 1968--Mr. A. G. Buck wrote le t te r  of repor t  to P rob lem 
Originator describing a proposed measurement  sys t em using NASA 
technology and I'ScanivalveI' commercial  equipment. 
made to build up a prototype sys t em and furnish this to the P rob lem 
Originator. 

P l ans  a r e  being 

7 June 1968--During a vis i t  to NASA ERC, Cambridge, by 
L. Berge r ,  tunnel diode t ransducers  developed by Dr. W .  Rindner and 
P r . A .  Garfein were d iscussed  in t e r m s  of their  possible  usefulness to 
this problem. A repr in t  of a descriptive ar t ic le ,  "Miniature Tunnel 
Diode Transducers"  f r o m  Solid State Electronics,  Pe rgamon  P r e s s ,  1967, 
Vol 10, pp 1227-8, was  obtained and forwarded to P r o b l e m  Originator.  

26 June 1968--A. G. Buck and L. S. Be rge r  visited with P r o b l e m  
Originator requested that technological descriptive ma te r i a l  Originator,  

14 



("Scanivalve") be sent to h im so  that he can evaluate the technical stability 
and estimqte the staffing requirements.  
search  resu l t s  in detail, and, as an initial reaction, feels that the search  
mater ia l  is quite useful, appropriate, and n w e l .  He also intends to 
follow up on the tunnel diode t ransducers  a t  ERC. 

He will review the furnished 

(16) 
TITLE: P a r a m e t e r s  for  Telemetry Sys tems  

NWR-3 

SOURCE: A. W. Guy, Ph.D. 
Assis tant  P r o f e s s o r  
Department of Physical  Medicine & Rehabilitation 
Univer si ty of Washington 

DATE SUBMITTED: 17 April  1968 

There  is a need f o r  lightweight telemetry t ransmit ter  and antenna 
systems that can be worn by a human subject while he  i s  engaged in nor- 
mal activities. The sys t em i s  required to t ransmi t  physiological infor- 
mation concerning the subject to a central  mQnitoring location in a la rge  
medical center.  The frequency, power, and antenna gain should be such 
that the sys tem i s  operable, regard less  of the location of the subject and 
monitor, within the confines of the medical center .  

IN1 TI AL DISP OS1 T ION: 

Utilization of Consultant 's  knowledge of relevant NASA research .  
Reports were  furnished to Problem Originator 2 9  March and 17 June. 

COMMUNICATIONS: 

1 7  June 1968--Co~sul tan t  reported that the information which he 
furnished to the Problem Originator appears  to satisfactorily solve the 
problem. Documentation of the t ransfer  is being prepared. This case  
i s  considered a completed t ransfer  and closed out. 

26 June 1968--Problem Originator edited and approved the t rans-  
fer  report  during a visit  to $eattle by L. S. Be rge r  and A. G. Buck. 

(17) SFM-1 
TITLE: Automatic EKG Time-Interval Measurement  

SOURCE: Robert  E. Stenson, M.D. 
Cardiology Division 
Stanford University School of Medicine 
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DATE SUBMITTED: 16 April  1968 

F o r  detection of cer ta in  pathologic conditions, t ime correlations 
between EKG and cardiovascular p r e s s u r e  waves at var ious s i tes  a r e  
desired.  A computer p rogram to augment the above i s  sought. 

INITIAL DISPOSITION: 

Search request was submitted to WESRAC af te r  several  available 
reference documents were  forwarded by Mr. St .Claire  to the Problem 
Originator. Problem was combined with SFM-2. 

COMMUNICATIONS: 

24 April  1968--Mr. F. L. St. Claire  wrote le t te r  to Originator 
in inquiry of the capability of the Stanford Medical School staff in the 
fields of electronics, computer programs and languages, and mathe- 
matical  analysis ,  

13  May 1968--F. L. St. Claire  received an answer from . 
Dr. Stenson, who requested a close adherence to s t r ic t ly  biomedical 
technology. 

21 May 1968--Mr. St. Cla i re  requested f r o m  Research Triangle 
Institute (E,  Harr ison)  information packet concerning their  problem 
DU-25, as i t  shows promise  of being helpful to Dr. Stenson., 

22 May 1968--F. L. St.Claire sent applicable sea rch  resul ts  
f rom previously performed searches  to A. G. Buck for  forwarding to 
Dr. Stenson. 

4 June 1968--Mr. A. G. Buck relayed mater ia l  of 22 May to 
Problem Originator after having added some documents of his  own. 

21 June 1968--F. L. St .Claire  received, via E. Harrison, 
Research Triangle Institute, backup information on DU-25. Although 
after review the mater ia l  appeared to be of little v91ue to Dr. Stenson, 
it was nevertheless forwarded to the Problem Originator via L. Be rge r  
on h is  t r i p  Qf 24 June 1968 to the West C0as.t. 

28 June 1968--Problem Originator was visited by A. G. Buck 
and L. S. Berger .  They discussed technical details  of the problem. 
A telephone conference will be arranged with specialists a t  SwRI to plan 
the next step in attackieg this problem. 
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SFM- 2 (18) 
TITLE: Automatic Techniques f o r  Smoothing Blood P r e s s u r e  

Wave fo r m s 

SOURCE: Robert E. Stenson, M.D. 
Cardiology Division 
Stanford University School of Medicine 

DATE SUBMITTED: 16 April  1968 

In o r d e r  to use  blood p res su re  waves for  diagnostic testing through 

Automatic art ifact  rejection and waveform smoothing 
a computer, a r t i fac ts  and noise which would confuse the computer logic 
must  be eliminated. 
a r e  therefore desired.  

IN1 TIAL DISPOSITION: 

Search request was submitted to WESFLAC after  several  available 
reference documents were  forwarded by Mr .  St.Claire to the Problem 
Originator e Prob lem was combined with SFM- 1. 

COMMUNICATIONS: 

24 April  1968--Mr. F. L. St. Cla i re  wrote le t te r  to Originator 
in inquiry of the capability of the Stanford Medical School staff in the 
fields of electronics,  computer programs and languages, and mathe- 
matical  analysis,  

13  May 1968--F. Lo St, Claire  received an answer f rom 
Dr. Stenson, who requested a close adherence to s t r ic t ly  biome'dical 
technology 

21 May 1968--Mr, St. Claire  requested f rom Research Triangle 
Institute (E.. Harr ison)  information packet concerning their problem DU-25, 
as it shows promise of being helpful to Dr. Stenson. 

22 May 1968--F. L. St.Claire sent applicable search  resu l t s  
f rom previously performed searches  to A. G. Buck for  forwarding to 
Dr. Stenson. 

4 June 1968--Mr. A. G. Buck relayed mater ia l  of 22 May to 
Problem Originator af ter  having added some documents of h i s  Qwn. 

21 June 1968--Fa L. St.Claire received, via  E. Harrison, 
' Research Triangle Institute, backup information on DU-25. Although the 
mater ia l  appeared t9 be not directly related to Dr. Stenson's problem, 
i t  was nevertheless forwarded to thep rob lem Originator via L o  Berger  
on his t r ip  of 24 June 1968 to the West Coast. 
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28 June 1968--Problem Originator was visited by A. G. Buck and 
They discussed technical details of the problem. A tele- &, S .  Berger .  

phone conference will be arranged with specialists a t  SwRI to plan the 
next s tep in attacking this problem, 

(19) 
TITLE: Re spirator y Gas e s Measurements 

GLM-17 

SOURCE: Quang X, Nguiem, M.D. 
The University o f  Texas Medical School, 
Galve s ton 

DATE SUBMITTED: 9 April  1968 

Measurement of resp i ra tory  gases.  

IN1 TIAL DISPOSITION: 

After exploring the qualities and specifications of cer ta in  com- 
mercial ly  available gas measurement  devices, it  was decided that a 
search  request was in order .  

COMMUNICATIONS: 

15  April 1968--R. 9. Crosby and F. L, St, Claire  a r e  jointly 
undertaking to write a search  request.  

15 April  1 9 6 8 ~ - M r .  R. J. Crosby called Mr. Gruben, the "West- 
inghouse" representative in Dallas, about their fuel-cell-type oxygen 
detector. He sent u s  descriptive l i terature ,  and i t  appears  likely that 
the sys tem would be suitable.for breath-by-breath 04 analysis in non- 
combustible atmospheres,  Started writing search  request for  gas  sensors .  

22  April 1968e-Literature on IIWestinghouse Oxygen Analyzer" 
r e  ce ived. 

24 April  1968--Results of investigation of NASA sponsored gas 
sensor  technology was forwarded to Problem Originator. The status 
of r e sea rch  was established in pa r t  by conversation with Mr.  John T. 
Wheeler, TUO, Manned Spacecraft Center,  on 11 April 1968, which 
resulted in further discussions with staff members  a t  Manned Space- 
craft  Center  and engineere a t  Perk in-Elmer  Company, and in pa r t  f rom 
knowledge of the NASA sponsored r e sea rch  project in the subject a r e a  
which i s  currently being undertaken at Southwest Research Institute. 

1 May 1968--Search request  and cover le t ter  sent to WESRAC. 
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1 May 1968--Problenn, Originator was interviewed by one of the 
p repa re r s  of the search  statement (Mr.  R. J. Crosby).  The Problem 
Originator approved the search  approach, and formulation and was sent a copy 
of the sear'ch statement fo.r his r eco rds ,  
tively scheduled fo r  16.May 1968 by Mr .  c r o s b y  to continue discussion 
of the problem submission. 

A visit  to Galveston was tenta- 

16 May 1968v-Search resul ts  returned f rom search  center ;  given 
to Mr. R. J. Crosby for screening and evaluation, 

16 May 19687-Mr. C. J. Laenger,  Sr. and Mr .  R. J, Crosby 
visited Problem Originator and Consultant and discussed the different 
approaches which might be taken to problem solutions. As a resul t  of the 
discussion, information on hot wire  anemometers ,  EKG electrodes,  and 
Perk in-Elmer  technology was promised to the Problem Originator. 

22 May 1968c-Screened search  resu l t s  forwarded to Problem 
Originator. 

2 2  May 1968--Mr. A. G. Buck me t  with var i sus  staff scientists 
and Technology Utilization Officials of Ames Research Center and with 
Mr. P e t e r  Shipma of IITRI to investigate possibil i t ies of using sys tems 
developed for smell  analysis and f i r e  protection work technology to the 
submitted problem. 
average-size room and costing about $80,000. A lighter weight, l e s s  
expensive sys tem which might be adequate for  the analysis of lighter 
molecular weight gases  may be derivable f rom the Ames Technology. 

The sys tem i s  physically quite bulky, taking up one 

5 June 1968--Mr. A. G. Buck furnished an evaluation report  
based s n  his  interviews with NASA Ames staff members .  His recom- 
mendation was to w n s i d e r  using cammerc ia l  (Bendix MA-1 "Time of 
Flight Mass  Spectrometer") equipment, and he forwarded descriptive 
l i terature  for  Problem Originator 's  consideration, 

7 June 1968--During a vis i t  to NASA ERG, Cambridge, Mess r s .  
A. Lavery and L. E. Long displayed t9 L. Berge r  a thermistor  breath 
sensor / recorder  which may be of potential interest  to this problem. 
Written documentation will be requested through Mr .  Dennison's office 
and forwarded to the P rob lem Origiqator. 

24 June 1968- -Search Appraisal  F o r m s  sent to Problem Originator. 

(20) PLR-  1 
TITLE: Measurement of Outer and Inner Diameters  of Blood Vessels  

( T ran s cut ane ou s ) 
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SOURCE: Alvin H. Sacks, Ph.  D. 
B io engine e ring and Phy s io10 gy Division 
P a l o  Alto Medical Research  Foundation 

DATE SUBMITTED: 3 April 1968 

The need exists fo r  improved clinical assessment  of sclerot ic  
conditions in blood vessels .  
ment of inner and outer diameters  of blood vessels .  

One possible avenue i s  accurate  measu re -  
A technique i s  sought. 

INITIAL DISPOSITION: 

Correspondence fo r  classification of problem and determination of 
the physical and technical capabilities of the Palo Alto Medical Research  
Center was initiated by C. J. Laenger,  Sr. Preparat ion of a s ea rch  
statement is  being considered. 

C OMMUNICATIQNS: 

2 3  April  1968--Mr. C. J. Laenger,  Sr. ,  sent le t te r  of inquiry to 
Problem Originator, requesting data about definition required,  availa- 
bility of equipment funds, applicability of catheter-  tip scanning technol- 
ogy, and a request for  a description of available staff and facil i t ies that 
could be devoted to the fabrication of electronics circuitry.  

22 May 1968--Problem Originator was sent a detailed le t ter  of 
technical evaluation of the submitted problem, prepared by . 
Mr. C. J. Laenger, Sr. Suggestions about organizing a l i t e ra ture  sea rch  
were also included. 

(21) -  PLR-  2 
TITLE: Measurement of Surface Kinematics of Canine Heart  

SOURCE: Neal B, Ingels, Ph.D. 
Palo Alto Medical Research Foundation 

DATE SUBMITTED: 8 April  1968 

Techniques and concepts a r e  sought for remote,  essentially non- 
contacting means of measuring the kinematics of body surfaces;  specifi- 
cally the canine open-heart surface.  Low iner t ia  m a r k e r s  o r  similar 
mechanisms may be placed on the body surfaces .  It i s  desired that the 
motion of the body surface be measured  accurately and the data  be pro-  
cessed automatically in o rde r  to obtain a complete space-time his tory 
of selected locations on the body surface.  The proposed methods m u s t  
not be destructive nor damaging to living t issues.  
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INITIAL DISPOSITION: 

Computer search  jointly with the functionally very  s imilar  prob- 
lem,  NWR-1, "Motion Patterr). Measurement of Patients.  

C OMMUNIGATIONS: 

15 April 1968--Problem Statement presented to Dr. Gerald Gardner 
fo r  consultation in search  description preparation. 

23  May 1968--Search statement draf t  sent to Consultant. 

4 June 1968--Search statement submitted to WESRAG. 

5 June 1968--Two re sea rch  references were  forwarded to Problem 
Originator: AD 828067, "Cartographic Production Equipment Handbook" 
and AD 8287 50L, "Mono Versus  Stereo Analytical Photogrammetry,  
P a r t  2. I f  

28  June 1968--L. S .  Berge r  and A. G. Buck visited with the 
Problem Originator and t ransmit ted the search  resu l t s  to him. His 
original estimate was that the search  resul ts  appeared relevant and 
inter e s ting, 
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111. BIOMEDICAL PROBLEMS 



111. BIOMEDICAL PROBLEMS 

A. Problem Lis t  and Status Summarv 

No. Title 

Texas Institute for Rehabilitation and Re search  

H U V - 1  

HUV-2 

H U V - 3  

H U V - 4  

H U V - 5  

HUV-6 

HUV-7 

HUV-8 

HUV-9 

R e duc e d W o rkloa d Envi r o nrnen t ' f o r 
Physically Handicapped Patients 

Advanced Computer Display and 
Interface Technology 

Computer Scheduling Technique s 

Heart  Sounds, Interval Analysis 

End Tidal Air Sampler 

Ambulation Aid 

Scheduling fo r  Ward  Patients 

Mechanisms of Onset of Orthostatic 
Hypo tens ion 

Prosthet ic  Mater ia ls  for  Urinary 
T r a c t  

Status 

Phase  1 and Phase  2, 
actual t ransfer ;  equip- 
ment  is now sought. 

Inactive, no new 
information. 

Solution to staffing 
problem i s  being sought. 

Second search  resu l t s  
a r e  being evaluated. 

Inactive, no new 
information. 

Problem Abstract  
disseminated . 
Solution to staffing 
problem i s  being 
sought. 

Completed, now 
inactive. 

Staff consultation 
planned with Biomed- 
ical  Application Team 
s pe cia li s t . 
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No. 

HUV- 10 

HUV- 11 

HUV- 12 

HUV-13 

HUV-14 

HUV- 15 

HUV-16 

Title 

Instrumented Pros the t ic  Leg 

Improved Gas Sample Flow Control 
and Measurement 

Special Automobile Modifications for 
Disabled Pe r sons  

Human Transfer  Function Measure- 
ments 

Physical Space Utilization 

Advanced Computer Terminal  and 
Display Technology 

Novel Joint Design Applied to 
Assistive Devices for  Human Limbs 

Rice University 

RCU-1 "Artificial Heart"  Control System 
Te chnolo gy 

Status 

The original,  very broad 
problem has  been placed 
on the inactive l is t ;  the 
project  has  been funded. 
Audio -visual problem 
abs t rac t  produced; tech- 
nology tentatively identified. ' 

Inactive, no new i i fo  rma- 
tion. 

Inactive, no new informa-. 
tion. 

Solution to staffing prob- 
l e m  i s  being sought. 

Transfer  in progress .  

Closed out; :inactive. 

T rans fe r  in progress .  

This problem has been 
combined with BLM-4. 

Veterans Administration Southern Research Support Center  

SRS- 1 Indirect Measurement of Blood Periodic  l i terature  review 
P r e s s u r e  During Rest  and Exercise  
on A r m s  and Legs 

i s  requested. 

SRS- 2 Catheter -Tip Transducer  for Blood Periodic  l i terature  review 
P r e s s u r e  and Flow Measurement i s  requested. 

SRS-3 Locating Tip of Stomach Tube Inactive; no new informa- 
tion. 
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No. 

SRS-4 

SRS - 5 

SRS-6 

SRS-7 

Title 

Materials Suitable for Dry Electrode 
Fabrication 

T ernpe ra tur  e Regulatory Me chani sms 
of the Body 

Investigations of Cutaneous Stimuli 

Acoustic P e s t  Control Technology 

Bavlor Universitv Medical School 

BLM-1 

BLM-2 

BLM-3 

BLM-4 

BLM-5 

BLM-6 

BLM-7 

BLM-8 

Noiseless Gas Valves for "Artificial 
Heart" Use 

Support Slings for Postoperative 
Care  of Large Animals 

Triggering on R Wave of ECG 

Valve for Proportional Gas Flow 
C ontr ol  

Transthoracic  Energy Coupling 
Devices 

Biocompatible Spray-On Plas t ics ,  
Impermeable to Bacter ia  

Telemetry of Cardiovascular Data 
f rom Free-Ranging Animals 

Miniature Tape Recorder  for Bio- 
logical Data 

Status 

P e r  iodic l i terature  
review i s  requested. 

Per iodic  l i t e ra ture  
review i s  requested.  

Closed out; actual 
t ransfer  e 

Inactive. 

Closed out. 

Closed out. 

Actual t ransfer .  

T e c hnolog y tentatively 
identified. 

No new information. 

Technology i s  being 
evaluated by Problem 
Originator.  

Contractor has  been 
informed of search  
resu l t s .  

Technology tentatively 
identified- -unable to 
obtain prototype for 
evaluation. 
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No. Title Status 

BLM-9 Cyclic Variation of Body Tempera-  Information has  been 
furnished to Problem 
0,riginator.. Applica- 
tion of this informationas 
yet unspecified , 

ture  in Mammals  

The Universitv of Texas Medical Branch, Galveston 

GLM- 1 

GLM-2 

GLM-3 

GLM-4 

GLM-5 

GLM-6 

GLM-7 

GLM-8 

GLM-9 

GLM-10 

Analysis of Transi t ional  Flow- 
C onve ction /Diffusion 

Monitoring of Blood P r e s s u r e  by 
Extravascular  Sensor ,  Using W i r e -  
l e s s  Telemetry of Information 

Determination of Local Blood Flow,  
Blood Gas Concentration, and Blood 
pH in Small  Port ion of an Organ 

Implanted Blood P r e s s u r e  Transducer 

Chronic Intracranial  P r e s s u r e  Mea- 
surement  in Man 

A Model Vascular System 

Viscosity Measurement  of Minute 
Samples of Blood 

Computer P rogram for Electroen- 
cephalo graph: P e  riod Analysis 

Measurement of Local Tissue 
Oxygen Consumption, In Vivo -- 
Computer P rogram for  Flame 
Spectrophotometry 

T ran s fe r  accomplis he d ; 
problem closed out. 

Inactive; information 
t ransfer  still operative. 

Actual t r ans fe r .  

Technology being 
evaluated by Problem 
Originator.  

Technology being 
evaluate d by P roble m 
Originator. 

Reference documents 
a r e  being evaluated. 

Reference documents 
evaluated; possible 
Problem Abstract .  

R efe r en c e documents 
a r e  being evaluated. 

Actual t ransfer .  

Technology tentatively 
identified; Problem 
Abstract  drafted. 
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No. Title Status 

GLM- 11 Elimination of Electrostatic Charge 
in Expq rimental  Animals 

GLM- 12 Computer Selection and Elimination 
of Art i facts  

GLM-13 Multiple Cospectral  Density Analysis 
of Time-Series  Data 

GLM-14 Repetitive Measurement of Kidney 
Mass in  Intact Animal 

GLM- 15 Respiration Volume and Rate Mea- 
surements  in Unencumbered ( F r e e )  
Child 

GLM-16 In-Situ Tumor Mass Determination 
on Rat  Leg 

GLM- 17 Respiratory Gases  Measurement 

Wilford Hal1 USAF Hospital 

WLH-1 Blood Recirculation Technology 

Palo Alto Medical Research  Center 

Closed out; actual 
t ransfer .  

R e f e r en c e do cumen t s 
a r e  being evaluated. 

Problem Abstract  
di s seminated, possible 
t ransfer  being evaluated. 

Refe rence s being 
evaluated by Problem 
Originator. 

Problem Originator 
evaluating reference 
mater ia l .  

Meeting held for 
r e sea rche r  and Bio- 
rnedi cal  Application 
Team members ;  
s ea rch  statement 
drafted. 

References being 
evaluated by Problem 
Originator,  

References being 
evaluated by Problem 
Originator. 

PLR-1  Measurement of Outer and Inner Problem under study; 
Diameter of Blood Vessels possible search  request .  
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No. Title 

PLR-2  Surface Movement 

University of Washington Medica Schoo 

WSM-1 U l t r a  sonic Coupling Technique s 

WSM-2 Athero sclerotic Le sion Detection 

WSM-3 Infrared Irradiation of Skin Surface 

WSM-4 Simultaneous Multi s tr e s s E ffe c t s 
on the Cardiovascular System 

Stanford University- Medical School 

SFM- l  Automatic EKG-Time Interval Mea- 
surement  

SFM-2 Automatic Techniques for Smoothing 
Blood P r e s s u r e  Waveforms 

Northwest Handicatmed C ente T 

Status 

Search resu l t s  
forwarded to Problem 
Originator.  

Search resu l t s  being 
evaluated by Problem 
Originator,  

Search request  sent 
to NASA data bank. 

Search request  sent 
to NASA data bank. 

Actual t ransfer ;  
closed out. 

Reference s being 
evaluated by Problem 
Originator. 

Reference s being 
evaluated by Problem 
Originator.  

NWR-1 Motion Pat tern Measurement of Search resu l t s  sub- 
Patients mitted to Problem 

Originator.  

NWR-2 P r e s s u r e  Measurement to Aid P r e -  Transfer  in p rogres s .  
vention of New Decubitus Ulcers  

NWR-3 P a r a m e t e r s  for Telemetry Systems Actual t ransfer ;  closed 
out, 
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No. Title Status 

Rancho Los Amigos HosDital 

RNV-1 

RNV-2 

RNV-3 

RNV-4 

RNV-5 

RNV-16 

RNV-7 

RNV-8 

RNV-9 

Efficient Electromagnetic Power 
Transmiss ion  Through Living Tissue  

Design of Implanted Antennas 

E le c t ro  de Wire s for Implantation 

Optimum Neurologic Electrodes 

P r e s s u r e  Measurement to Aid 
Prevention of New Decubitus Ulcers  

In te  g r a 1 Imp e dan c e Mat c fi in g , 
Im pe dance T r an  s fo r mation, and 
Signal Conditioning a t  the Transducer  

Shielded Rooms for Physiological 
Studies 

Surface Biopotential Electrodes 
(EMG, EEG, ECG, . . . )  

Shielding Techniques for Active 
Surface Biopotential Electrodes 

Search request  drafted. 

Search request 
drafted.  

Search request  for -  
warded. 

Search request sub- 
mitted,  

Combined with NWR-2; 
t ransfer  in progress .  

Search request drafted. 

Specialist  in field under 
consultation; s ea rch  
request  drafted. 

Search request  drafted. 

Search request drafted. 

The University of Texas Medical School a t  San Antonio 

SNM-1 Enhancement of X-Ray Contrast  Enhancement procedure 
Study Films has  not yet been 

successful . 
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B. Problem Case Histories Status 

HUV-1 REDUCED WORKLOAD ENVIRONMENT FOR PHYSICALLY 
HANDICAPPED PATIENTS 

Communications 

4 Apri l  1968--In response to an inquiry f rom Texas Institute for 
Rehabilitation and Research  workers ,  M r .  Dave Bendersky, Midwest 
Research Institute, was telephoned to obtain information on helmet resp i -  
ra tory gases  collecting scheme and t r iaxial  accelerometer  availability. 
information obtained was forwarded to the requesting r e sea rche r s .  

The 

22 April  1968- -Search resu l t s  re turned f rom KASCenter. 

23 April  1968--Information on "Westinghouse Oxygen Analyzer" 
received . 

30 April  1968- -Final arrangements  for preparation of video tape 
version of new Problem Statement/Problem Abstract  were  made by te le-  
phone call  to Consultant. 
member  to a s s i s t  in  the tape preparation and editing. 

A t r i p  is planned for 8 May 1968, for  a team 

8 May 1968--Screened search  resu l t s  were  delivered to Problem 
Originator during M r .  R .  J .  Crosby ' s  si te visi t .  

15 May 1968--Mr. R .  J .  Crosby received, during a v is i t  to Texas 
Institute for Rehabilitation and Research ,  a list of 13 references which 
the Problem Originator requested in connection with the search  resu l t s .  

21 May 1968--Mr. R .  J .  Crosby obtained information f rom the 
Texas State Agency for Surplus Proper ty  on procuring some reduced gravity 
simulator hardware,  and he forwarded this information by telephone to the 
Problem Originator.  

24 June 1968--Search Appraisal  forms  sent  to Problem Originator.  

HUV-9 PROSTHETIC MATERIALS FOR URINARY TRACT 

Communications 

28 February  1968- -Problem Originator was contacted by telephone 
and advised that vis i t  by physical chemist  to Houston i s  being planned. 
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13 March 1968--Unscreened copy of search  sent  to Research  Triangle 
Institute, 

15 May 1968--Dr. W a r e  called D r .  Scott (who was not in h i s  office) 
and le f t  word that a conference concerning this problem would be sought 
toward the end of the week of 20 May 1968. 

HUV-10 INSTRUMENTED PROSTHETIC LEG 

Communications 

29 April  1968- -Unscreened search  r e su l t s  f rom previously performed 
searches on p res su re  t ransducer  technology, and NASA Tech Brief 67-10664 
"Pneumatic Pres su re  Wave Generator Provides  Economical Simple Testing 
of P r e s s u r e  Transducers ,  ' I  was sent  to  Consultant. 

28 May 1968--L. Be rge r  called Dr .  C .  Lombard a t  Northrop to 
check on availability of a microsphere  mattress sample for  evaluation. 
Dr .  Lombard stated that he is  sending a sample for  evaluation purposes  
immediately.  

7 June 1968--During a v is i t  to NASA ERC, Cambridge, by L. Berge r ,  
tunnel diode t ransducers  developed by Dr .  W .  Rindner and Dr .  A. Garfein 
were  discussed in  t e r m s  of their possible usefulness to this problem. 
repr in t  of a descriptive a r t ic le ,  "Miniature Tunnel Diode Transducers"  

A 

f r o m  Solid State Electronics,  Pergamon Press,  1967, Vol. 10, pp. 1227-8, 
was  obtained and forwarded to P rob lem Originator. 

18 June 1968--Researchers  at Northrop were  sent a reques t  f o r  
prototype loan which had been scheduled for immediate delivery in  past  
telephone conversations of 1 Apri l  and 28 May 1968. 

24 June 1968--Sample cushion furnished by Dr .  Lombard for  
evaluation. 

HUV-16 NOVEL JOINT DESIGN APPLIED TO ASSISTIVE DEVICES FOR 
HUMAN LIMBS 

Communications 

23 May 1968--NASA SP 5047, Technology Survey on Teleoperators  
and Human Augmentation, forwarded to Problem Originator. 
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SRS - 6 INVESTIGATIONS O F  CUTANEOUS STIMULI 

Communications 

2 May 1968--Mr. C. J .  Laenger ,  Sr .  wrote  to P rob lem Originator 
to ascer ta in  use  made of re ferences  furnished. 
preparation by P rob lem Originator,  utilizing re ferences  furnished by the 
Applications P r o g r a m .  

A survey paper  was  in 

14 May 1968- -Let ter  was  received f rom Prob lem Originator ,  The 
l i t e ra ture  survey ar t ic le ,  giving over  80 citations,  using the r e fe rence  
ma te r i a l  furnished by the program,  t i t led "Electr ical  Stimulation of Sensory 
Nerves with Skin Electrodes f Q r  Resea rch  Diagnosis Communication and 
Behavioral  Conditioning: A Survey, ' I  has been 
Medical and Biological Engineering 

submitted for publication to 

BLM-4 VALVE FOR PROPORTIONAL GAS FLOW CONTROL 

Communications 

15 May 1968--Mr. Michael J .  Crosby,  Aerospace Engineer,  Lewis 
Research  Center ,  sent  P.roblem Originator detailed fabrication drawings 
of the pneumatic se rvo  -valve developed for ar t i f ic ia l  ventr ic les .  Included 
in  the ma te r i a l s  furnished to the P r o b l e m  Originator w e r e  photographs 
of the servo-valve a s  used  in the a r t i f ic ia l  h e a r t  control sys t em developed 
at Lewis for D r .  Kolff. 

GLM-4 IMPLANTED BLOOD PRESSURE TRANSDUCER 

Communications 

7 June 1968--During a visit to NASA ERC, Cambridge, by L. Berge r ,  
tunnel diode t ransducers  developed by D r .  W .  Rindner and D r .  A ,  Garfein 
were  discussed in t e r m s  of the i r  possible usefulness to this problem. 
repr in t  of the descriptive a r t ic le ,  "Miniature Tunnel Diode Transducers"  
f rom Solid State Electronics ,  Pe rgamon  P r e s s ,  1967, Vol. 10, pp. 1227-8, 
was  obtained and forwarded to P r o b l e m  Originator.  

A 

GLM-5 CHRONIC INTRACRANIAL PRESSURE MEASUREMENT IN MAN 

Communications 

7 June 1968--During a visit to NASA ERC,  Cambridge,  by L. Berge r ,  
tunnel diode t r ansduce r s  developed by D r .  W .  Rindner and D r .  A. Garfein 
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were  discussed in t e r m s  of the i r  possible usefulness to this problem. 
r ep r in t  of a descriptive article, “Miniature Tunnel Diode Transducers”  

A 

f rom Solid State Electronics,  Pergamon Press ,  1967, Vol. 10, pp. 1227-8, 
were  obtained and forwarded to P rob lem Originator. 

GLM-7 VISCOSITY MEASUREMENT O F  MINUTE SAMPLES O F  BLOOD 

Communications 

3 May 1968--A reference f r o m  Excerpta  Medica, Section 27, Vol. 2 ,  
No. 3 ,  March 1968, p. 103: Reference 819, “A Viscometer for  the Study of 
Blood,” Evans,  A. ;  J . P . A .  Weaver;  and D. N. W a l t e r ,  Department  of 
Surgery,  University of Newcastle Upon Tyne, Biorheology, 1967, was  fo r -  
warded to P rob lem Originator. 

14 May 1968--Backup package on NASA Tech Brief 67-10041 (Viscosity 
Measurement  Using Instrumented P a r a l l e l  Plate System) received f rom J e t  
Propulsion Laboratory,  M r .  L. S. Doubt, T U  representat ive.  

16 May 1968--Mr. C ,  J ,  Laenger ,  S r . ,  and R .  J .  Crosby vis i ted 
P rob lem Originator and obtained h i s  evaluation of l i t e r a tu re  re ferences .  
These  appear to have been of v e r y  l imited usefulness and a P rob lem Abstract  
preparation is  contemplated. 

GLM-10 COMPUTER PROGRAM FOR FLAME SPECTROPHOTOMETRY 

Communications 

25 March 1 9 6 8 - - P r ~ b l e m  Abstract  d raf t  sen t  to NASA headquarters  
for approval. 

15 April  1968- -SwRI received abs t r ac t s  of COSMIC p rograms  MFS- 
12878 and COS-10017L f rom Robert  B. Smith. 
some  adaptation to make them useful for analyzing flame photometer r e su l t s .  

The p rograms  wil l  require  

16 May 1968--Mr. R .  J .  Crosby and C.  J .  Laenger ,  Sr .  m e t  with 
P rob lem Originator and discussed D r .  Gardner ’s  l e t t e r .  
were  r a i s e d  by the Problem Originator for which the team m e m b e r s  wil l  
obtain answers  and then forward them to D r  . Rudenberg. 

Several  questions 

22 May 1968--Mr. R .  J .  Crosby sent  P rob lem Originator the 
requested l&tter of clarification regarding mathematical notations. 
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GLM- 12 COMPUTER SELECTION AND ELIMINATION OF ARTIFACTS 

Communications 

16 May 1968--Mr:C. J .  Laenger ,  Sr .  and M r .  R .  J .  Crosby visited 
Problem Originator and advised the P rob lem Originator of the new TIME 
DATA 100 Hybrid Computer which s e e m s  ideally suited forpurposes  of this 
problem. 
Originator. 

Manufacturing information w i l l  be furnished to the P rob lem 

GLM-13 MULTIPLE COSPECTRAL DENSITY ANALYSIS TIME-SERIES DATA 

Communications 

25 Apri l  1968--Response to problem a b s t r a c t  received f r o m  
Mr.  Floyd S. Shipman through M r .  John Samos '  office, Langley Research  
Center.  Th i s  suggestion w a s  forwarded to P rob lem Originator.  

GLM- 15 RESPIRATION VOLUME AND RATE MEASUREMENTS IN 
UNENCUMBERED (FREE)  CHILD 

Communications 

14 June 1968--During a v i s i t  by L. Berger  to NASA ERC, two 
members  of Dr .  William Leavi t t ' s  staff (Mr .  Lavery and M r .  Long) 
demonstrated a thermis tor  bridge device which appears  suitable,  perhaps 
after minor  modification, to the posed problem. 
both D r .  Leavitt  and M r .  Jim Dennison, TUO, at ERC, describing Problem 
GLM-15 and requesting material on the technology so that  the P rob lem 
Originator could become acquainted with the NASA sensor  development. 

A l e t t e r  was  writ ten to 

GLM-16 IN-SITU TUMOR MASS DETERMINATION ON RAT L E G  -- 

Communications 

4 Apr i l  1968--Problem Originator was  contacted by Mr .  Wray Fogwell 
and a vis i t  to SwRI w a s  a r ranged  for  P rob lem Originator and one of h i s  
assistants f o r  8 April  1968. 
to this p.roblem will  be discussed a t  that  t ime. 

Application of aerospace  sponsored technology 

33 



RCU - 1 "ARTIFICIAL HEART" CONTROL SYSTEM TECHNOLOGY 

21 June 1968--Response from Lewis Research  Center to Problem 
Abstract  evaluated by Problem Originator. 
evaluation, but the initial es t imate  is that the technology may  be of con- 
side r a ble help . 

It i s  too soon f o r  a final 
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C. T ran sf e r Summa r ie s 

Outline Used: 

1. 

2 .  

3. 

4. 

5. 

TRANSFER IDENTIFICATION (TITLE) 

THE PROBLEM 

a. Statement 

b,  Source: Institution/Investigator 

TRANSFER STATUS 

SOLUTION 

a. Synopsis 

b. Method by Which Identified 

c. NASA Source (PrQgram/Field Center)  

ESTIMATE O F  BENEFITS AND COST5 

a. Actual Costs  

b. Potential Benefits 

c. 

PROGNOSIS/OTHER RELEVANT INFORMATION 

Cost of Solving/Saving (To Investigator) 
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RNV- 5A 

PRESSURE MEASUREMENTS TO AID PREVENTION O F  DECUBITUS 
ULCERS (STATIC CASE) 

1.  a. Pat ients  confined to a sitting position in a wheel cha i r  develop 
u l ce r s  very  likely as a resu l t  of unit ove rp res su re  fo r  long- te rm periods.  
The curing of this condition i s  an unpleasant and unhappy experience for  the 
patient, and i t  is quite expensive. Since all patients a r e  different, what i s  
needed i s  an  economical procedure with which to take a p r e s s u r e  profile 
reading of the sitting sur faces .  Apparently this has  not been done effectively, 
if a t  all. 
sible to economically construct  a seat-pad s o  contoured as to provide uniform 
p r e s s u r e s  throughout the sitting a r e a  and thus prevent  the localized ove rp res su re  
conditions. 

With such knowledge of the p r e s s u r e  distribution, i t  should be pos- 

b. Rancho Los Amigos Hospital/Dr,  Shannon Stauffer. 

2. The required technology, design suggestions, and loan ar rangements  
required have been wmple ted .  

3 .  a ,  The problem of measuring,  economically, many p r e s s u r e s  
( l i teral ly  numbered in the hundreds) involved here in  i s  akin to the problem 
of measur ing  local p r e s s u r e s  about a wind-tunnel model  under s t r e s s .  
sequently, conferences a t  which a dozen potential solutions (proprietary to 
NASA) were  discussed and considered were  held with both dynamicists and 
instrumentation experts  a t  the Ames Research  Center .  To solve the problem 
rapidly, the decision was  to use  existing techniques; to keep the solution 
economical, the decision was to t r y  to use  A m e s ' s  recommended commerc ia l  
products.  In brief,  the patient will s i t  upon a quilted pad, each "quilt" being 
a miniaturized a i r  cushion, and each connected by a miniature  (0 .040"  dia) 
tube to a p r e s s u r e  cell.  However, for economy, a commerc ia l  product 
( l 'Scanivalve'') using but one (expensive) p r e s s u r e  cel l  and a p r e s s u r e  "com- 
mutator" for cyclically sampling the many p r e s s u r e s  will be employed. 
struction of the quilted pad will be done by Rancho Los Amigos. 
instrumentation required will be  loaned (without cost)  f r o m  the manufacturer  
who has  become most  interested in the humanitarian aspects .  

Con- 

Con- 
The 

b.  Utilization of the West Coast Consultant 's  knowledge of this prob-  
l e m  and of similar,  problems experienced by NASA. 

c.  Ames Research  Center /Messrs .  George Edwards,  TUO, who i s  
a lso an authority on subsonic aerodynamics,  and John Dimeff. 

4. a. F o r  the f i r s t  time, Rancho L o s  Amigos Hospital will have a fully 
instrumented approach to a problem which has existed for  a ve ry  long t ime. 
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b. Potential benefits a r e  significant. The Medical Director s ta tes  
that the County of Los Angeles sees  200 such cases  each year ,  and that the 
cost  of ulcer correction i s  about $15, 000 per  case ,  
of one state,  albeit a very  la rge  county. The humanitarian and economical 
pQtentia1 gain i s  impressive.  

This i s  for just  one county 

c. Estimated savings to the investigator a r e  two man-years  of time. 

5. A second phase will mos t  probably deal with a sophisticated approach 
to sea t  mater ia l s  and design. 
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WSM-4 

MULTISTRESS EFFECTS ON THE CARDIOVASCULAR SYSTEM 

1. a. Singly imposed s t r e s s  and i t s  resultant effects on the hear t  and 
cardiovascular sys tem have been studied, 
s t r e s s  elements a r e  simultaneously applied? 
a s  well a s  the combined resu l t?  
plete inclined-plane t readmil ls  to provide the physical-effort s t r e s s  and to 
affect oxygen t ransport ,  
s t r e s s  f rom heat and heat t ransfer .  

But what happens when two o r  m o r e  

The experimenters  had at their disposal com- 
And what i s  the separate  resu l t .  

It was des i red  to add, under controlled conditions, 

b. University of Washington/ Drs. Loring Rowell, John Murray. 

2. a .  Actual Transfer--Conferences with the experimenters  indicated 
that the des i r e  was one of having a lightweight, flexible, heated suit to con- 
t rol  skin temperature  and thereby control skin blood flow and skin heat t rans-  
fe r  for the subject ( s o  as not to interfere  with physical movement); thus one 
could achieve the desired experimental goals. 
wear" used by NASA Astronauts in this case can be heated ra ther  than cooled 
came to mind. 
the loan of the actual suits.  The experiments have been completed, the repor t  
i s  currently being writ ten,  .and an abs t rac t  has  been sent to MSFC for critique. 

The fact  that the "Space Under- 

Arrangements were  made by telephone with NASA-MSFC f o r  

3. a.. What was needed in this problem was "hardware. I '  Since a 
great  deal of NASA effort  had been expended in the development of the as t ro-  
naut 's  apparel ,  and since such actually existed, i t  seemed to be co r rec t  to 
go directly f r o m  problem to equipment without a sea rch  o r  a development phase. 

b. Problem-  solution identification was effected by knowledge of 
the problern from tho exFerimenters ;..nd f r o m  knowledge of the MSFC pro-  
gram. 

c. Manned Spacecraft  Center /Mr .  Paul  P u r s e r .  

4. a. Actual benefits to date a r e  that the r e sea rch  program has  been 
expeditiously completed. 
perature  was achieved. Reports will be available during the current  year .  

Experimental  design of step changes in skin tem- 

b. Potential benefits a r e  far reaching. Not only has  a f a r  bet ter  
understanding been obtained of the mechanisms involved, but it may  be pos-  
sible to predict  (and guard against) resu l t s  OP humans exposed to a hot environ- 
ment. Whether it be an infantryman o r  an ordinary c a r  dr iver  i s  beside the 
point. Most satisfying i s  the knowledge that NASA i s  interested and can use  
the resul ts  produced. 
technology helps the biomedical community with adividend return to NASA. 

This i s  a good example of a two-way s t ree t ,  i . e . ,  NASA 
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e. Savings to experimenters:  

(1)  Approximately one year ' s  time 

( 2 )  

( 3 )  

Avoidance Qf repeated catheterizations of normal  subjects 

Avoidance of extensive modification of existing equipment. 
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NWR-3 

OPERATING PARAMETERS FOR LIGHTWEIGHT, EXTENDED RANGE, 
BIOMEDICAL TELEMETRY SYSTEMS 

1. a. The problem requires  a lightweight telemeter system to be 
worn by human subjects to t ransmit  biomedical information. 
i s  complicated in that information t ransmission must  be effective over 
ra ther  la rge  a r e a s  in a reinforced concrete building, room- to-room, floor- 
to-floor, and down cor r idors  a t  distances of up to 800 feet ,  

The problem 

b. Seattle Handicapped Center /Dr .  Arthur W. Guy. 

2. Actual Transfer - -Tes ts  of recommended frequencies and equipments 
have been made,  and have proven satisfactory. 
prove that effective radio t ransmission in subject environment could be 
accomplished. This has  been done, and the problem i s  considered solved. 
The follow'up instrumentation may require  fur ther  problem consideration. 

The important point was to 

3 .  a.  NASA had previously made an exhaustive study of effective radio 

Technology gained directly helped 
t ransmission in and through wind tunnel passages and walls, and in and through 
reinforced concrete multi- s tory buildings. 
to answer Dr.  Guy's problem. 

b. The solution was identified by knowledge of NASA study on the 
par t  of the Biomedical T e a m ' s  Special Consultant. 
verified by consultation with the NASA Chief Investigator. 
prepared by NASA on this work, 

This knowledge was 
No report  was 

c. Ames  Research Center /Mr.  M. S. Nourse, Chief of Research, 
Electrical  Engineering Branch. 

4. a. Benefits, to date, of the Ames  technology, serve to p w v e  the 
feasibility of telemeter t ransmission within the difficult environment with 
which Dr. Guy must  contend. Fur ther ,  i t  i s  established that commercial  
equipment (for economy) i s  available. 
i. e . ,  Dr.  Guy can proceed knowing that he will not be stymied by feasibility 
or excessive cost. 

A major  road block has  been removed; 

b. It i s  difficult to predict  the potential benefits. However, i t  i s  
apparent that efficient telemetry will benefit patients recovering f rom shock, 
injury, o r  i l lness,  because they can be instrumented and monitored when they 
become ambulatory. 
rective measu res  can be evaluated. 

Their reaction can be compared with norms,  and cor -  
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c. The original 1965 NASA study involved approximately four 
man-months '  t ime, a t  GS- 13  level,  
100% in the interim, a study without NASA assis tance may have required two 
man-mon ths I study. 

Assuming human efficiency has  increased 
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D. Transfer  Status ( 2  July, 1968) 

Actual Transfer  - 
HUV- 1 
SRS- 6 
BLM-3 
BLM-6 
GLM - 1 
GLM- 3 
GLM-9 
GLM-11 
SNM- 1 
WSM-4 
NWR- 3 
RNV-5A 

Trapsfer  in P r o g r e s s  * -  

BLM-7 
HUV-14 
HUV- 16 

Potential Transfer  

g1m-2 
g1m-4 
GLM- 5 
GLM- 7 
GLM-10 
GLM-15 
b1m-8 
HUV- 3 
HUV-7 
NWR-1 
NWR- 2 
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IV. SUMMARY OF PROJECT ACTIVITIES 



IV. SUMMARY O F  PROJECT ACTIVITIES 

The work performed during this per iod in connection with previously 
submitted problems with the specification of newly submitted problems i s  
documented in Sections I1 and 111 of this report .  
the Application Team, per formed in connection with submitted problems,  
were  as follows: 

Site v i s i t s  by m e m b e r s  of 

9-11 April  1968: M r .  C.  J. Laenger ,  S r . ,  and Mr .  R. J. Crosby--  
Texas Institute for Rehabilitation and Research;  

11 April  1968: 
Institute for  Rehabilitation and Research;  

Dr.  R. W. Ware a n d M r .  L. S. Berger - -Texas  

12 April  1968: 
Medicine (Office of Dr. M. DeBakey); 

Dr.  R. W. Ware--Baylor University College of 

14 April  1968: Dr.  R. W. Ware--Medical Research  and Operations,  
NASA Manned Spacecraft  Center,  Houston; 

8 May 1968: M r .  R. J ,  Crosby--Texas Institute for  Rehabilitation 
and Research;  

13  May 1968: D r ,  Hartwig and M e s s r s .  Howick, Barnes ,  Wilson, 
and B ivins - -Southwest Re searchIiis  titute., Biomedical Application Team;  

16 May 1968: M r .  C. J. Laenger,  S r . ,  and Mr .  R. J. Crosby-- 
University of Texas Medical Branch a t  Galveston; 

12-18 June 1968: Dr.  R. W. Ware--Baylor University College of 
Medicine. Dr. W a r e  visi ted the Baylor University College of Medicine 
and Methodist Hospital Cardiovascular  Research  Institute for  the pur -  
pose of interviewing key personnel  of the severa l  Research  Task 
F o r c e s  involved in Dr. DeBakey's arti'ficial h e w t  r e sea rch  and develop- 
ment  program.  
profile information and specific problems f o r  possible submission w e r e  
solicited. As agreed during the meeting among Dr.  DeBakey, 
Dr. Hartwig, and Dr.  Ware in January 1968, two o r  three -- ad hoc Bio- 
medical  Application T e a m  members  will be called upon to fur ther  define 
specific problems in their  areas of speciality. 

Approximately 12 pe r  sons were  interviewed; in te res t  

14 June 1968: Mr.  L. S. Berger - -Elec t ronics  Research  Center ,  
NASA Cambridge; 

24-28 June 1968: M r .  L. S. Berger  and Mr .  A. G. Buck--All West 
Coast  institutions and Western Research  Application Center  (WESRAC). 
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In addition to conducting business directly re la ted to submitted problems, 
the above t r ips  routinely included discussion concerning improved procedures,  
new approaches, and the generation of new problem statement submission. 
In most  instances, briefings of staff m e m b e r s  a t  the participating institutions 
who had not yet been made thoroughly famil iar  with the p rogram were  included. 

Miscellaneous Conferences Attended: 

9-11 April  1968: M r .  R. J. Crosby and M r .  C ,  J. Laenger, Sr: . 
--IEEE National Telemetering Conference, Shamrock Hilton 
Hotel, Houston; 

4-6 June 1968: Dr .  R. W. Ware and Mr.  L. S. Berger - -  
T U 0  Conference, Langley. 

With the augmentation of the serv ices  of the Biomedical Application 
Team in the West Coast area by the Special Ccmsultant, Mr .  A. G. Buck, 
a high level of activity was generated in that region. 
si te visi ts  follows: The purposes  of these t r ips  were,  like those of the other 
members  of the team, to provide a catalyst  for new approaches and proce- 
dures  and to accept new problem statement submissions as well as to conduct 
business on previously submitted problems. 

A l i s t  of Mr. Buck's 

3 April  1968: Ames  Research Center ;  

4 April 1968: 
University School of Medicine; 

Palo Alto Medical Research Foundation and Stanford 

5 April  1968: Stanford University SchQol of Medicine; 

7-9 April  1968: University of Washington Medical School and 
No r thw e s t Handicapped C enter  ; 

10 April  1968: Rancho L o s  Amigos Hospital; 

11 April  1968: Ames  Research Center ;  

24-28 June 1968: With Mr.  L. S. Berge r  to all West Coast u se r  
institutions and Western Research Application Center (WESRAC). 
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V. INSIGHTS INTO THE TRANSFER PROCESS 



V. INSICHTS INTO THE TRANSFER PRQCESS 

Dr. Ray W. Ware has  prepared a paper,  "The Insights Into 
Applying Aerospace Technology to Medical Fields,  I '  far  presentation 
to the Third Annual Meeting of the Association for  the Advancement of 
Medical Instrumentation, July 15-1 8, 1968, Houston, Texas.  A draft  
of this paper i s  included as Appendix A in this report .  
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VI. PROJEC’TIONS FOR THE NEXT QUARTER 



VI. PROJFCTIONS FOR THE NEXT QUARTER 

Projec t  activit ies for  the next quar te r  will include: 

Continuation of routine activities in connection with 
processing of submitted problems. 

Documentation of newly elucidated t ransfers .  

Engineering assis tance to Texas Institute for  Rehabilitation 
and Research fo r  the purpose of aiding them in putting into 
use the lunar gravity simulator technology. 

Special visi ts  by ad hoc T e a q  m e m b e r s  to the Methodist 
Hospital/Baylor University col lege of Medicine Cardiovas- 
cular  Research Institute to define problems in the following 

-- 
a reas :  

(a) Hydrodynamics 

(b)  Polymer Chemistry 

( c )  Control Systems Engineering, 

Participation in the Third Annual Meeting of the Association 
for  the Advancement of Medical Instrumentation, 15-1 8 July 
1968, Houston, Texas.  Jnsights way  be taken from the paper  
prepared  on that topic ( s e e  Appendix A), 
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VII. DOCUMENTS FURNISHED TO PROGRAM PARTICIPANTS 



m 
9 

m 
9 

e, 
c 
1 
b 
N 
4 

co 
9 

s 
1 
b 
0 
N 

m 
9 m m m m m  

9 9 9 9 9  
a, c 
7 
h 
N - 
m 
9 
0 e 
1 
h 
N 
4 

co 
9 
x 
3 
N 
N 

m 
9 
x 

3 
In 
m 

0 
N 

0 0 0 0 0  
N N N N N  N 

m 
9 

m 
9 

m 
9 

2 
1 
b 

: 
1 
b 

m 
d 

N 
4 

m 
4 

m 
9 CU m m m m  

9 9 9 9 9  
m 
9 

m 
9 

m 
9 

h 

3 
N 
N 

x 

9 
x 
2 

N 
N 

N N N N N  N 
N N N N N  N 

N 
N 

00 
9 
x 
3 
In 
r3 

CO 
9 

h 

9 
In 
d 

m 
9 
b 

9 
In 
4 

m 
9 
x 
3 
In 
r3 

m 
e, 
.A 
U 
.3 
4 .A 

P 
d a 
d 

k 
Id rl 

V 

2 
2 

3 
z 
3 

3 

.A 

> 
Id 
U 

k 

m 
c 

W m 
W 
N 
d 
I 

P- 
9 
4 

m 
9 
x 

2 
In 
r3 

x 
$ 
d 

U .- 

6 
s 
2 

a 

a 

U 
d 
M 
c 
.r( 

3 
$ 
w 
0 
m 
m 
d 

.r( 

x 
ld 

4 

z 
0 
V 

W 

9 
0 
hl 
I 

m 
a 

4 

z 

m 
9 

x 

3 
In 
4 

a 

E- 

r 

a 
I 
I 
a 
& 
a 
a 
P 

:: 
Y 
- a  
P 

IC 
0 
N m 
N 
I 
9 
9 z 

-# 
d 
;o 
d 
4 

1 
9 
9 
4 

N 
m 
r- 
N 
W 

I 
In 
9 
4 

47 



m 
9 

0 
N ‘  

m 
N 
N 

48 



.. 
d 
M 
h 
0 

.r( 

s 
W 
0 
h 
c, .r( 

(0 

h : s 
5 

.r( 

a, 

c, 
d 
h 
a, u 

B 

z 
5 

u 

u 
a, 
B 
B 
'6 
M 
C 
d 
a, a 
d 
0 
u1 

.r( d 

g 

2 

2 
2 

.+ c, 
u 

u 
u1 

.r( 

d 

d 

a, 
M 

a 
d 
d 

i 
d 
h 
M 
0 

a 
h 
a, + 
3 

2 

2 

0 u 
4 
ul 

0 
B 
H 

a, 
5 

r- 
UY 
h 
a, 
P 

a, 

a 
0 
Lo 
W 

E 
c, 

d 

r- 
UY 
h 
a, 
P 

a, 
a 
Lo 

E 
+r 

m 
d 

a, 
5 
cP ., c a ,  

00 
00 UY 

x UY 
x 

d 
d 5 
5 
d 
d c, 
c, ,-I 

In W 

9 

0 

rT) 
0 
r( 
I 

r- 
\o 

rl 

a 
h 

00 
\D 

h 

i 
00 

In 
r- 
0 
0 
d 
I 
00 
\o 

a 
h 

49 



50 



a3 
9 

51  



52 



53 



N 

3 
I2 
0 

. d  z 
E 

.. 

a, 
P 
0 

d 

E 

00 
9 

i 
d 

k 

i 
t- 
9 

d 

j 

m 

2 
r- 
9 

N 

> 
0 
5: 

r- 
9 

d 
W 

U 

cr) 
0 

m 
d 
I 

m 
9 z 

00 
9 

0' 
d 

i 
+I 

r- 
9 

r- 
N 

U 

d 
t- 
9 

N 

j 

r- 
9 

d 
W 

U 

6 

2 
M 
.d d 

I4 
al 

a 
m 
a 
E 
Id 
M 
d 
k 
al 

0)  

al 

al 

: 

.d 

U 

E 
d 

H 

Id 
U 

M 
0 
0 

d 

...I 

d 

zi 

00 
9 

N 
N 

c 
Id 
+I 

t- 
9 

N 

j z 
k 
9 

0 
m 

co 
\o 

2 

i 
k 

r- 
9 

d 
m 

j 

r- 
9 

N 

j 
2 

I- 
9 

d 
m 

U 

8 

x 
k 
U 

B 
0)  

al 
t-c 
0)  * 
rn 
rn 

d 

..I 

b 
d 
Id 
U 

M 
0 
0 

.r( 

d 

2 

N N * 
N IC r( 

I- co rr) 
m m t- 
d d N 
7 7 * 
9 9 9 

I I I 

z z z 

54 



03 
9 03 

9 

0 3 0 3  03 
9 9  9 

$i  -j. 

03 03 
9 9 

+ :  (r 
4 

03 
9 

r- i r- 

k 

2 
k k  k 

3 2  2 
F; 

2 
r- 
9 

d 
W 

r - r -  r- 
9 9  9 

0' 0" 0- 
w w  W 

r- 
9 

0 
W 

r- 
9 

N 

r - r -  r- 
9 9  9 

N 1 N  N 

r- 
9 

N" N" 4 N 

r- 
9 

r- 
9 

0 
W 

03 
9 

N 
N 

d 
d 
+I 

d 
W 

0 
r- 
N 
In 
N 
I 

In 
9 
2 

In 
W 
9 
o\ 
d 

0 3 -  0 
7 N  03 
I n 0  N 

W W 
I 1  I 
9 9  9 
9 9  9 

2 .m 9 

2 2  2 

0 
W 
N 
r- 
4 
I 

m 
9 z 

I 
9 
9 z 

55 



a 

F 
a 

a 

a 
a 
P 

- + 

c 
E 
& 

Y 

< 
2 

a 
P 

-+ 

m 
9 

G 
d 

h 

2 
co 
9 

N 
A 

F; 

3 
Q) 
9 

G 

d 
N 

d 
c, 

m 
9 

N 
N 

d 
d 
b 

Q) 
9 

d 

h 

3 
Q) 
9 

G 

d 
N 

ld 
c, 

03 
9 

N 
N 

d 
d 
c, 

N 
0 
d 
d 
4 
I 
tc 
9 
-=4 

W 
N 
9 
9 
rl 

56 



I 
e k  
r n d  
& +  

h :  

co 
I 
9 
9 c 

u) 
U 

F 
0 
L 
r 
U 
Q) 

Q) 
0 
k 
u 

.r( 

+ 

5 

2 

V 

Id 

r i 

H 2 

+ 
4J 
e 
0 
.d a 
r 
C 
d 
3 

m 9  r - m  w m 
9 9  9 9  9 9 
4 4  c z  c 4 

57 



58 



59 



60 



a, 
a 

6 
3 

r- 
9 

0" 
m 

r- 
a 

N 
I- 
u) 

2 
I 

03 
9 

a, 
u 

(3\ 

I- 

In 
I- 

4 

d 

E9 
b 

61 



03 
9 m *  9 
d 

N 
il 

00 
9 

d 

co 
9 

A 

00 
9 

m 
d 

03 
9 

P 
03 
9 

0- 

n 
r4 

N 

a, 

r- 
9 

0" 

s' 
03 

2 
r- 
9 

N 

d 
2 

r- 
9 

0 
m 

c, 

8 

k k 

2 2 
r- 
9 co 

9 
0' 
m N" 

r- 
9 

0" 
M 

r- 
9 

0 
m 

r- 
9 

0- 
m 

Li z 
s' 
2 i z 

r- r- 
9 9 

N N 

r- 
9 

r- 
9 

r- 
9 

N 

r- 
9 

N N N 

5 
2 i z 

d 
2 i 

2 

r- 
9 

0 
rr) 

c, 

8 

W 
0 
x 
u) 
0 
V 
m 

c, .d 

.d > 
a, 
6 
M 
d 
k 
9 

.rl 

4 

$ 2  

W 
0 
a 
O m  5 2  

r- 
9 

d 
W 

c, 

8 

a 
0 
0 
d 

Fg 
W 
0 
m 
a, 

k 
a, 
c4 
0 

.r( c, 

t 
B 
C.l 
0 
4 

a, 

0 
VI 
E 

V 
.rl 

In 
03 co 
rl 
cu 
I 
9 
9 
c 

0 u l m  

6 2  



F 
9 
(r 
d 

P- 
9 
CP 
4 

m 
9 m 
d 3 

k 
al 
P 
E 
U 

6 

, k  

e 
a, 
V 

E 

6 
m 

k 
a, 
P 
E 
4 
Y 

m 

k 
al 
P 
E 
4 
Y 

v) 

F 
9 
CP 
d 

! c, 
0 
N 

(0 
d 

t-- 
9 

r - k  
9 9  

V 

d 
V 

d 
r - r -  
9 9  

L n m  
4 4  

r- 
9 

L n  
3 

r- 
9 

Ln 
d 

* 
8 

w 

8 

r- 
.a 

m 

r- 
9 

m 
a -  

r- 
9 

03 

* 
8 

3 
z 
3 

.rl 
u) 
u) 
a, 
U 
0 
k a 
al 

i 
E 

4 

d 
M 
0 

d 
u 
0 
k CI 

0 
a, 4 

Id 

8 

0 
P- 
W 
N 
d 

x 
4 
CP 
N 
I 
F 
9 
4 

x 
2 
I- 
N 

m N N  

4 4 4  

I I 1  
9 P - r -  
9 9 9  

I 
v) 

2 

6 3  



r- 
9 

0- 
N 

a3 
9 

cr 
A 

co 
9 

03 
9 

r- 

$ 

s 
P 
r- 
9 

+ 
k 

3 
r- 
9 

2 

r- 
9 

5 
r- 
9 

r- 
9 

P 
r- 
9 

r- 
9 

0' 
N 2 P 

i z i z 2 z i z i z 
r- 
9 

Ln 
+ 

r- 
9 

Ln 
4 

w 

6 
w 

8 
w 

8 
Y 

8 
w 

8 
I I 

r- r- r- 
9 9 9 

ai ai co 

r- 
9 

co 
w 

8 

r- 
9 

a3 

t- 
9 

ai 
w 

8 
w * w 

8 8 8 
w 

8 

0 
w 

Ln d 

W m 
m N 
(2\ 
4 
I 

2 
9 9 
9 9 z 4 

m 
Cn 

.e 
N 

4 

I 

4 
m 
(r 
.e 
N 
I 

9 co 
0) 
0 
4 
I 

lc 
03 

m 
W 
I 

m 

9 

z 9 
9 
z 9 

r- 
9 z 

9 
z 9 9 z 

64 



W 
9 

r- 

% 
3 

P 
i 

r- 
9 

z 
r- 
9 

Ln 
d 

c, 

8 

r- 
9 

1 
1 
1 
N 
4 
I 
9 
9 z 

4, 
9 

r- 

t- 
9 

2 
i 
2 

IC 
9 

In 
d 

c, 

8 

r- 
9 

W 

c, 

8 

6 
0 
0 
In 
d 
I 
9 
9 z 

4, 
9 

9 
d 

d 
CLI 
0 

r- 
9 

d 

03 

c, 

8 

W N d W N 
r- W 6 N 6 
W 9 m r- 0 
d 6 In W 6 
d 4 d d Y s r- r- r- r- 

z z z z 2 
9 \o 9 9 9 

r- 00 
d N 
6 0 
d N 
d 4 

I I 
b t- 
9 9 z z 

65 



t- 
9 

i 
d 

V 

d 
r- 
9 

r( 

d 

> 
2 

t- 
9 

0- 
m 

c, 

8 

W 
r- 
m 
m 
4 
I 
m 
9 
4 

r- 
9 

r- 
N 

s 
; 
r- 
9 

4 

s' 
N .  

z 
r- 
9 

N 

5 z 
r- 
9 

0 
W 

cI 

8 

d 
c, 

d 

1 

d 
d 

9 

0 
k U 

co 
d 
0 

.r( U 

.d 

a 
U 
0 
d 
0 .rl 

co 
co 
a, 
k a 
0 
U 

E 

r- 
9 

d 

V 

d 
r- 
9 

N 

j 
g 

r- 
9 

0 
m 

c, 

6 

In 9 
d 9 
W d 

9 
m * m  

4 4 
m m 
9 9 

66 



67 



0 3 0 3  
9 9  

m m  
4 4  

03 
9 

0. 
4 

03 
9 

9 

k 

2 
k k  

2 2  
k 

2 
r- 
9 

r- 
9 

0" 
W 

r - r -  
9 9  

d o '  
w w  

t- 
9 

0 
W 

0" 
W 

g g  
2 2  

d 
2 i z 

r- 
Q 

N 

d z 
r- 
Q 

0' 
W 

c, 

8 

r- 
Q 

N 

r- 
9 

hi 

r- 
9 

N 

d z 
r- 
9 

d 
W 

w 

8 

x 

d 
M 
0 
d 
A a 
al 
u c 
al 
0 
k 
u 
0) 

.da 

4 

U 

4 w 
E: 

.r( 

u) 
al 

a 
9 
.d 

;; 

r- 
9 

0- 
W 

w 

8 

t- 
9 

0 
W 

U 

8 

u) 
al " 
m 

e 
9 
Ln 
9 
N 
I 
r- 
9 
4 

1 1 1  

9 9 - 9  
43 In In In 

z z .  z 2 

68 



a 
r 

i: 
a 
< 
F 
a 
& 
a 
a 

P 

$ 
% 
a 

P 

W 
9 

o\ 
N 

r- 
In 
r- co 
N 
I 

In 
9 z- 

03 
9 

-4 
-4 

k 

3 
r- 
9 

0" 

j. 

W 

g 
r- 
9 

N 

s' 
2 

r- 
9 

0- 
W 

U 

8 

r- 
N 
0 
N 
W 
I 

In 
9 z 

co 
9 

i 
F; 

3 
r- 
9 

0" 
W 

ii 
2 

r- 
9 

N 

4 z 

r- 
9 

0 
W 

U 

B 
u) 
m 
ln 
u) 
0, 
V 
0 

!.? 

2 

E 
0 -u c 

x 
k 
(d 
d 
0 

d 

c 

.rl U 

U 
u) 

; 
w 
0 
(d 
k 
V 
a, a m 

c, 

r- 
9 
9 
VI m 
I 

In 
9 
2 

al 
9 

r- 

k 

3 
r- 
9 

0 
W 

4 z 
r- 
9 

N 

5 
2 

r- a 

0- 
W 

U 

8 

E 
d 
M 
0 

c? 
k 
Q) 

1 a 
0 

c, 

E 
U 
u) 

u) 
.d 

x 
d 
d c 
k 
Q) 

k 
3 

-4 

.rl 

; 

m co 
m 
-4 
-4 
I 

3 z 

03 
9 

9- 

co 
1 
In 
N 
d 
I 
9 
\o 
2 

.co 
9 

% 

3 
k 

r- 
9 

0 
W 

j 
2 
r- 
9 

N 

4 z 

r- 
9 

0 
W 

c, 

8 

x 
k 
0 
a, s 
b 
(0 
u) 
Q) 
W 
0 

t 
E 

9 
0 
d -  

p: 
W 
0 
x 
5 
3 
j; 

0 3 9  r- W 
In m r -  

o c o  a 
N N  N W 
I I  I I 
9 9  9 9 

9 9 9 9  

$ 0  .In * co 

z z z  z 

69 



W 
9 

0- 

d 
I% 

N 

a, 

r- 
9 

0- 

d 
rr) 

2 
r- 
9 

N 

8 
2 

r- 
9 

0 
W 

c, 

6 
4 
0 
0 
b 
si u 
k 
d 
a, " 
2 
2 

2 

0 
.d 
0 
Q 

c, 

m 
V 
.r( 42 

5 
cd c 
0 
k 
c, " 
Id 
0 
.r( a 

*I m m 
9 
.-.I 
I 
r- 
9 z 

50 
9 

cr 
d 

d 
Id 

+J 

W 
9 

N 

d 
cd 
h 

r- 
9 

0- 
cr) 

c, 

6 

2 W 
0 m rr) 
6 d 
4 W 
I I 

r- 7 
9 9 z 4 

Y 

9 
0 
N 
N 
W 
I 

W 
9 

N 
N 

k 

3 

N 
0 
\D 
0 
.-.I 

I 
r- 
9 

a 
b 

70 



W 
9 

4 

h 

2 
r- 
9 

d 
W 

> 

r- 
9 

N 

W a 
F 
0 

I 
9 
9 

4 

z- 

03 
9 

W 

6' 
d 
h 

In 
+ 
N 
N 
I 
9 
9 

m 

z 

7 1  



P 4 

rr) 
0 
0 
0 
4 
I 

rr) 
9 

I 
El 
b 

I 

0 
F- 
Q) 
N 
r( 

I 
rn 
$ p: u 

7 2  



co 
9 

d 

. k  

2 
co 
9 

N 

d 
ld 
c, 

03 
a 

N 
N 

d 

d 
P- 

N 

I 
9 
9 

m 

-4 

co 
9 

$ 
N 

fi 
ld 

+J 

al 
9 

N 
N 

d 
ld 
h 

N 
N 
6 
Q) 
m 
I 
9 
9 z 

73 



h 
0 
U x 

2 

74 

k 

4 

N 
N 



00 
9 

m 

00 W 
9 9 

Q 
c 2 

+J ' I 7  
5 

0 0 
4 4 

03 CO m m W 
9 9 9 Q 9 

Q Q 0) Q aJ 
c c c c c 

5 3 5 5 
+J r-, r-, +J 
W W W W W 

' b  

4 A A 4 A 

CO m m d m 
9 9 9 Q 9 

0 0 0 0 0 
4 4 .-+ 4 3 

N m 
N 9 
W rl 
M 4 

9 
\r 9 z z 

r- 0 4 t- 
m m m W 
tu (r m d . -  - 
r- m m M 
&I 0 m a3 

2 z 2 4 

I I I 
9 9 9 t- 
9 9 9 9 

75  



7 6  



77 



78 



79 



80 



81 



a 

I? 
a 

a 
a 
a 

c 
.C 
+ 

L 
E 
I- 
v 

:: 
Y 
a 
P 

82 



Y 
d 

a 
x 
2 
U 

Q - 
t 
r - 
a 

a 

a 

L 
F 

Q 

1: 

+ 

C 
z 

a 
+ 

Y 

3 
a 

fi 
d 
k 

4 
d 
V 

a .3 

: 
m 
d 

H 
5 

W 
0 
x 
c, 
.r( 

m 
$4 

8 
.3 

0 
c, 
+ 
5 
m 

m 
9 
m m 

9 m 
d 

5. 

2 
9 

k 

m m 
9 9 
m m m 

9 m 
A 

0 0 m 
N N d 

9 

- 9 9  
m 
9 
m m 

p m m  

m N N m 0 0 
Ln 0 9 
0 0 0 
4 4 ,-i 
I I I 

P r- r- 
9 9 9 

a a a 
E H H 

m 
9 m 
4 

h 

3 
m 

83  



00 
9 m 
d 

: 
9 
h 
W 
ri 

.. 
u) 

a, .,-I 

a 
0 
V 

M 
.5 
B 
0 

0 
n 

4 d 

B 
c, 

3 

3 
!' 

k m 
M 

m 
9 

00 m 
9 d m 
4 

4 .r( 
W 

x k 

4 9 

84 



I 

! 
! 
s 

! 

a 
c 
C 
a 
a 
a 

c 

I 
I 
I 

m 
0 '2 M 

c 
m s 
0 

2 
9 
p: 
0 
CI 

+ 
5 
Ul 

k : 
c 
M 
3 
0 
k 
6, 

0 
2 
d 

d > 
d 

d .r( 

03 
9 .. 
A 

03 
9 
m 

3 

: 
3 
h 

x 
fi 

0 
CI 

m 
fi 
d 
E 
5 

d 

W 
N 

2 
0 

2 
k c 
H 

W 
9 
m 
+ 

A 

W 

3 ,+ 

0 3 0  r -0  r- -+ m m m  
d W  NP- m 9 m P O  
o m ,  m m  In 9 03 c o d  
N N  A I n  d ,+ 0 0 0  
w w  c o d  w 00 m 0003 

I 1  I I  I I I I I  
99 a *  9 9 * * m  

99 2: 22 2 2 2 4-4 

- 
$. a 
0 
V 

f i f i  

* o a . . S * ~ W s * m  
m , + m O \ \ o m m m 3 W 3  
r- ' N N . . m m m 9 m 9 0  
0 N ( \ 1 0 d 0 3 0 3 m o  
W W m m m 3 3 3 4 3 m  

I I I I I I I I I I I  
m s s \ o 9 N m * m m m  
9 9999999999 e c c c c z z z z z z  

85 



03 
9 m 
4 

N 
4 

c 
0 
c, 
M 
C ; 
B 
W 
0 
h 
c, 
.A 
v) 
k 

i? 

3 

B 

.d 

al 

0 
c, 
c, 

m 

V 

c 
0 

d 

.* 

10 

c, 4 

5 
W 
0 
h 
0 
h 
k w 
Q 

5 
c 
0 

0) 3 
.d W 

0 

L 
B 
cr 
0 
d 

a 
0) 
N 
.d d 

d 

0 
k 
0 

k 

W 

w 
a, 
5 
c 
0 
e, 

0 

,-I 
.r( w 

t 
3 

cr 
0 
d 

. Q )  
c, c 
a , k  5 

CO N 0' 3 M  r l d  t - W P  0' 
N N 9 o m  m m  m * c o  t- 
co m * Nu l  co.0 k901 0 
0' rl * N t -  9 0 0  C O m m  m 
m M N M N  m m  M N N  N 

I I I I 1  I I  1 1 1  I 
m In m ln9 99 a * *  t- 
9 9 9 99 9 Q  -99 9 
4 4 4 4 4  4 4  4 a z  4 

h 

k 
al c, + 
Q) d 

x 
P 
k 

x 

2 
c 
0 
k 

d 
4 
a 

6 
d 
x e 

86 



I 
Q) 
9 
4 

87 



APPENDIX A 



THE INSIGHTS 

The main purpose of a pilot program is to gain by pract ical  
In this program, the experience insight into the endeavor a t  i s sue .  

endeavor is  to develop methods for effectively t ransferr ing a maximum 
amount of applicable aerospace technology to the fields of medicine and 
biology, and of applying such methods to the accomplishment of as many 
t ransfers  as possible, W e  have hea rd  from previous speakers  that  the 
need for aerospace technology in medicine is grea t ;  we a r e  aware that 
such technology exists now in la rge  quantity. 

I shal l  discuss insights gained and relate  them to the major  s teps  
involved in operating the Biomedical Application P rogram.  

The first step--selection of key consultants o r  communicators a t  
the participating medical r e sea rch  institutions - - i s  a mat te r  of grea t  
importance.  The communicator for example mus t  supply much of the 
impetus toward overcoming the b a r r i e r s  to communication alluded to by 
M r .  Berger .  
i s  a person who i s  intelligent, possessing a broad fund of technical knowl- 
edge, and the sp i r i t  of an innovator. Because of his  widespread in te res t s ,  
he may have the reputation for "spreading himself a little thin, I '  He is 
probably a "man on the way up, 
administrative totem pole, he probably will not have sufficient time to 
devote to our effort .  

Our experience has  been that the most effective communicator 

but i f  he is  too near  the top of the 

The next step,  that of identifying a r e a s  of need and of specific 
problems likely to be amenable to solution by aerospace technology, 
should be a joint venture between the investigator,  the key communicator, 
and the Biomedical Application Team.  
i s  one who spontaneously generates  and submits a significant problem 
which i s  well  thought out in  advance. 
an investigator must  be cajoled into submitting a problem, he is that 
much l e s s  likely to utilize technology offered to him.  

The ideal participating investigator 

It has  been our  experience that i f  

In preparing a writ ten statement of the problem once identified, 
the Biomedical Application T e a m  shQuld take the lead, using g rea t  ca re  
to eliminate jargon t e r m s  and to pose the problem in technical language 
which is universally understandable by scientists of any discipline. It 
i s  equally important to state the problem in such a way a s  to avoid bias 
in favor of specific answers  o r  a specific c l a s s  of technology, since such 
bias m a y  s t ee r  us  away from the unexpected (and possibly the superior)  
solution. 
prepared by a person whose p r imary  training is in physical science o r  

It s eems  to make little difference whether the first draf t  is 
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someone in biomedicine, but it is extremely important the the final 
product be the resul t  of collaboration between both. 
up should be reviewed by the problem originator if at all possible. 
should pract ice  what we preach about closed loop communication. ) 

The finished wri te-  
(We 

The identification and evaluation of applicable technology have 
been well covered by Dr.  Brown and Mr .  Bendersky, I wil l  add that as 
we have developed our methods of procedure (which a r e  essent ia l ly  
identical--although our styles may differ as we dea l  with different institu- 
t ions--as  we have developed these 
improve the efficiency with which we go about unearthing technology. 
complexp multipath flow cha r t  has been distilled f r o m  this experience:: to 
s e rve  as a descr ipt ion of how we go about our task.  
submitted a r e  variegated, no one of the paths should be thought of as the 
royal road to success ,  and this portion of the over-al l  task continues to 
have the aspec t  of r e s e a r c h  and development. 

operandi we have been able to 
A 

Because the problems 

With regard  to evaluation of suggested technology, three things 
a r e  c lear ly  necessary :  (1) a willing investigator, (2) appropriate  
institutional facil i t ies,  and ( 3 )  sufficient financial support .  Deficiency 
in any one of these a r e a s  is enough to slow o r  halt the evaluation, 

The next step,  communica n of technology o r  information to 
the investigator, can take many fo rms .  In many cases ,  t ransmiss ion  
of a writ ten document just  as it w a s  retrieved is sufficient. 
necessary ,  telephone calls o r  s i te  visits a r e  utilized. 
is  by far the mos t  informative,  but obviously it is not always feasible,  

When 
The la t te r  method 

r ience continues to j 
rson-to-person communication is the key to success .  

ig's initial thesis  that 

In most  instances,  af ter  technology is determined to be useful, 
the investigator needs no fur ther  help in applying it to his  r e sea rch .  
When equipment o r  hardware of special  nature  is essent ia l  to utilization 
of the technology, however, the t ransfer  can often be expedited through 
ass i s tance  to the r e s e a r c h e r  in finding the needed i tems .  
instances non-availability of apparatus  has  prevented technology t ransfer .  
It is sometimes appropriate  and useful for the Biomedical Application 
Team to render  engineering advice as an  aid to the investigator as he 
applies aerospace  technology. 
achieving the t ransfer  is accomplished in a shor t  t ime.  
of ca ses ,  however, our  experience is that it takes longer than we 
es t imate  initially. 

In some 

In a few cases ,  the ent i re  process  of 
In the majori ty  

* P e r  NASA Memorandum (L. S ,  Wilson) of 3 July 1968. 
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An important par t  of the program is  the documentation of a l l  stages 
evslopment of technology t ransfers  and of arr iving a t  methods of :id stimating cost  and effectiveness f ac to r s ,  The three Biomedical Application 

$'earns a r e  presently collectipg detailed information on costs  of the several  
subtasks involved in achieving technology t ransfer ,  
estimate the gain or  reward f r o m  a given problem solution, however, we 
enter into a more  nebulous rea lm.  
calibrate the usefulness of our efforts with the eame precision a s  the cost .  
Until we caq find bettep ways to define the gains of this program, we a r e  
looking a t  Such factors  a s :  man-hours of t ime saved, magnitude of projects 
made possible by aerQspaqe technology t r ans fe r r ed ,  dol lars  mobilized 
thereby, publications relating to applied aerospace technology, and , in the 
case of clinical applications, the number of patients benefited throughout 
the country. 

When we attempt to 

It wi l l  probably never be possible to  

Finally, there i s  the qeed t9 le t  the scientific community in on what 
appears to be g good thing, 
t o  the sources  of new technology by r e sea rche r s  who publish their  resul ts  
bydocumentary films and reports  released by NASA, and, of course,  by 
participation in meetings like th i s ,  

This is sccomplished by appropriate references 

To summarize;  
by the biomedicql community. 
but subject to facilitation. 
to which we a r e  succeeding wi l l  not be completely known to us  until the 
future unfolds. 

The storehouse is filled with technology much needed 
Commvmication in both directions is  uphill, 

That we a r e  succeeding is  apparent;  the degree 
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