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Foreword

URING THE PAST 3 YEARS, since the decision was made to set as a

national goal the landing of an American on the Moon in this
decade, the university activities of the National Aeronautics and Space
Administration have increased sixfold. A program of approximately
$20 million in fiscal year 1962 has grown to a program of a little
over $120 million in fiscal year 1965. Part of this went toward a
substantial increase in NASA support of project-type research in the
Nation’s colleges and universities. The same period, however, saw
the establishment and development of the Sustaining University Pro-
gram, a coordinated effort in the support of training, research, and
research facilities. This program complements the project research
and provides a comprehensive university program designed to meet
NASA’s scientific and technological needs in a manner that not only
contributes directly to NASA’s mission but simultaneously strengthens
the national educational complex.

NASA held its first University Program Review Conference at
Kansas City on March 1-3,1965. At this Conference, the universities
reported their activities to NASA and to the other universities either
working in related areas or interested in keeping abreast of the activi-
ties of the national space program.

The Conference participants were invited to discuss the nature of
the work being undertaken, the manner in which it was being con-
ducted, the results being obtained, and the impact being made. Ap-
proximately 600 representatives from colleges and universities
throughout the country attended. These proceedings are a compila-
tion of the papers presented.

T. L. K. Smull
Director, OrricE OF GRANTS
AND ResrarcH CONTRACTS
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The Nature and Scope of the NASA

University Program

T. L. K. Smull

DIRECTOR, OFFICE OF GRANTS AND RESEARCH CONTRACTS

HE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION, as did its
predecessor agency, the National Advisory Committee for Aero-
nautics, recognizes the importance of a close working relationship
with the educational community. Three university conferences have
been held prior to this conference. The first two were aimed primarily
at the rapid dissemination of scientific information that was becoming
generally available through declassification as a result of cessation
of hostilities—first of World War IT and then the Korean Conflict. In
1962, the first University Conference under NASA sponsorship was
held in Chicago. That conference was held for the purpose of pre-
senting to the educational community NASA’s views on the problems
confronting it and the avenues of investigation that it hoped the
university personnel would pursue in helping to further the national
space program. Since that time NASA’s university activities have
grown at a rapid rate and at present nearly 200 universities are par-
ticipating in one or more of the types of activity that comprise the
NASA University Program. (See fig. 1.) This conference was or-
ganized in order to permit the universities to report on their activities
not only to NASA but to the other universities that are either working
in similar areas or are interested in being kept abreast of activities
in the space program. A small number of participating universities
will present papers on the various types of activities underway. The
purpose of these presentations is to discuss the nature of the work
being undertaken, the manner in which it is being conducted, the results
being obtained, and, where appropriate, the impact of the program.
The way in which the NASA program was developed may provide
some background and insight into the manner in which NASA ap-
proaches its relationships with universities. From its beginning in

1
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Figure 1.—Locations of participants in NASA University Program. January 1,
1965.

1958 NASA has recognized that doing business with nonprofit scien-
tific and educational institutions is a specialized activity and has main-
tained within its organizational structure a group intended to serve
as the focal point for NASA relationships with these organizations.
This group comprises the Office of Grants and Research Contracts.
It is responsible for establishing policies and procedures for NASA’s
dealings with these organizations and for administering those seg-
ments of the university program that emanate from NASA Head-
quarters. Although organizationally located within the Office of
Space Science and Applications, its responsibilities are agencywide.
Thus it serves all of NASA, including the Office of Advanced Research
and Technology and the Office of Manned Space Flight, in admin-
istering those phases of their programmatic activities that are carried
on in nonprofit scientific and cducational institutions.

Figure 2 shows the most recent organization chart of NASA. In
order to give a picture of NASA as it may best be viewed from the
university viewpoint, figure 3 has been prepared to emphasize the
role of the Office of Grants and Research Contracts and the manner
in which it is situated and works within the NASA organization.

In the early days of NASA its university program consisted of
what has generally been termed project research. Proposals submitted
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the nature and scope of the nasa university program 5

to NASA for studies that were considered to be of interest to the
space program were evaluated and those that were considered to be
either an integral part of or in direct support of rather specific re-
quirements of on-going NASA programs were sponsored within the
limits of the funding that was available. In 1961, when the landing
of an American on the Moon in this decade was defined as a national
goal, NASA undertook an intensive review of the scope of its uni-
versity activities. It was evident from these studies that if NASA
were to keep pace with the accelerated program that was set forth,
it was essential that additional steps be taken to enhance the partici-
pation of the educational community in the space program. As a
result, the Sustaining University Program, which will be discussed
in some detail subsequently, was initiated. The growth of the uni-
versity involvement in the NASA program is shown in figure 4. The
funds obligated to universities have grown from a little over $3 million
in fiscal year 1959 to nearly $110 million in fiscal year 1964 which
has just been completed. It is anticipated that NASA’s annual obli-
gations to universities will continue to grow during the next few
years but at a substantially reduced rate over that shown in this figure.
For the current fiscal year, it is estimated that the total will approxi-
mate $130 million.

Further insight into the nature and scope of NASA’s activities in
the universities may be gained from table I which shows a categoriza-
tion of NASA’s fiscal year 1964 obligations to universities. In fiscal
year 1964 “Research Support” amounted to just under $50 million,
of which a little over $7 million was used for the specialized support
of research under the Sustaining University Program. Thus a little
over $42 million went for the support of project-type research.

Table I —NASA FY 196} Obligations to Universities

Headgquarters Cenlers Total NASA

Research support.__._________ $38 450 353 $10 776 230 $49 226 583

*(7 156 489) ____________ *(7 156 489)

Satellite instrumentation______ 1 086 934 9 358 822 10 445 756

Tracking and data acquisition__ ____________ 1 967 525 1 967 525

Research facilities. ___________ *) 142 760 ____._____.__ -9 142 760
Training in space science and

technology._ . _____________ *19 815 47y  ___________. *19 815 471

NASA career employee training_ 55 000 1 520 000 1 575 000

Apollo guidance_ _____________ ____________ 16 286 000 16 286 000

Miscellaneous________________ 304 382 147 176 451 558

TOTAL_ _____________. . 68 854 900 40 055 753 108 910 653

*(36 114 720) ... _. *(36 114 720)

*Sustaining University Program.
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Figure 4—NASA obligations to universities.

Although “Satellite Instrumentation” is an integral part of a scien-
tific experiment, funds are listed separately because the rigorous en-
vironment to which they are subjected, including the necessity to
withstand the forces and vibration of rocket launching and still be
able to operate satisfactorily in gravity-free space makes their con-
struction and testing an extremely complex and difficult task. The
design and fabrication of suitable instrumentation is often beyond
the technological capability of a university. Yet it is essential that
the scientist be intimately involved in the development of his instru-
mentation and so this phase of the work is contracted with the uni-
versity ; however, in many instances it is, in turn, subcontracted by
the university to specialized industries.

The next item, “Tracking and Data Acquisition,” represents in large
measure a service type of activity provided by a few universities in
the operation of tracking stations and data acquisition and reduction
in the support of range activities.

The item “Research Facilities” represents the funds made available
through the Sustaining University Program for the construction of
research laboratory space on university campuses.

The item “Training in Space Science and Technology” represents
the activities carried on as a part of the Sustaining University Pro-
gram, principally for graduate study. -




the’ nature and scope of the nasa university program 7

The item entitled “NASA Career Employee Training” represents
the university agreements entered into by NASA to provide for con-
tinued professionil development of the NASA staff. This program
involves, in large measure, working agreements that are established
directly between the universities and the NASA Centers.

The item “Apollo Guidance” has been listed separately because of
the size of the effort and because it is, to a large degree, a unique
university activity. Conducted in the Instrumentation Laboratory at
the MIT, it represents a follow-on by this group of an endeavor
for the space program that is similar to their highly successful de-
velopment of the Polaris guidance system.

The item “Miscellaneous” includes those funds that find their way
into universities which could not readily be associated with the pre-
vious categories.

Although in this Conference the emphasis is primarily on program-
matic activities rather than the business arrangements that are en-
tered into to support the various programmatic studies, there are two
basic features of NASA policy with respect to its dealings with edu-
cational institutions that deserve mention.

First, in the development and conduct of the NASA University
program, the one basic principle underlying all NASA policy regard-

-ing its relationships with universities is that NASA wishes to work

within the structure of the universities in a manner that will strengthen
the universities and at the same time make it possible for NASA to
accomplish its mission. While we are anxious to reap the benefits of
research potential in the universities, we want to support research in
the traditional atmosphere of instruction and learning from research
that results from keeping the research activities surrounded by stu-
dents. We are keenly aware of the need for an ever-increasing supply

of highly trained personnel if we in NASA, and in fact the Nation -

as a whole, are to successfully carry out our goals and reap the maxi-
mum benefits of the Nation’s space program. We are not interested
in the creation of institutes that tend to draw university faculty away
from the educational aspects of their research. The university is the
only segment of the team undertaking this space program that pro-
duces manpower. The other two partners in this enterprise—industry
and government—only consume manpower. It is for this reason that
NASA hopes to conduct its joint activities in a manner that will pre-
serve and strengthen the universities’ educational role. This basic

_policy is interwoven in the policies and procedures of NASA’s support

of training, research, and research facilities.

The other basic policy is that of striving, wherever possible, to assure
the long term funding that is so essential to the successful conduct of
ressarch. We have pioneered, within NASA, the use of a funding
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mechanism which has become known as either step funding or forward
funding in a manner that is intended to give stability to those univer-
sity programs that are known to be of several years’ duration. The
pattern of this type of funding is shown in figure 5. Under this
arrangement funds in the amount of 100 percent of the agreed level
of effort are made available during the first year. Funds in the amount
of two-thirds of the agreed level of effort are programed to be paid
during the second year and one-third of the agreed level of effort
would be paid during the third year. When the initial grant is made,
these funds are all set aside by NASA and are paid to the university
on demand from the university on a quarterly basis. During the course
of the investigation, based upon a semiannual review, NASA will
supplement, the grant annually with a grant of funds in the amount
of the agreed-upon level of effort. These supplements are scheduled
to be paid in accordance with the university’s demand over a 3-year
period, as indicated in the figure. In this manner, the university al-
ways has funds coming in for 2 additional years, at a reduced rate,
should NASA decide to withdraw its support or Congress fail to
appropriate funds for this purpose. This procedure permits the uni-
versity to dissipate any obligations which it may have incurred in
an orderly manner over a 2-year period. Although this type of fund-
ing is not appropriate for all research, it is desirable for the greater
part of research activities that NASA supports because it creates sta-
bility and thereby increases research productivity. Every effort is
made, when appropriate, to use this funding technique.

L T
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Figure 5.—Step funding of research support.
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During fiscal year 1964 something in excess of $42 million was obli-
gated to universities for the support of project-type research. This
research is that which is either an integral part of or in direct support
of rather specific requirements of on-going NASA programs. As a
mission-oriented agency, the NASA organization has been arranged
in such a manner as to support most effectively the conduct of its
mission. “Mission oriented” should not be interpreted as limited to
putting a man on the Moon. In fact, the first objective of NASA as
stated in its enabling legislation, the National Aeronautics and Space
Act of 1958 is: “The expansion of human knowledge of phehomena in
the atmosphere and space . . ..” This objective certainly covers a
broad spectrum of activity from research of a very basic nature to
the most sophisticated type of applied research and development.

One important, interesting, and at the same time complex type of
project research is that associated with the NASA space flight pro-
gram. Experiments conducted in space, as noted previously, require
the application of sophisticated technology and also involve long lead
times that make it difficult to integrate them into a university’s normal
academic program. However, they represent our attack on the most
fundamental and important problems confronting our understanding
of the basic nature of space. The participation of the university is
essential if we are to attain the greatest gains possible in this pro-
gram. Several university scientists who have had experiments flown
on the various tools employed for space research—airplanes, balloons,
sounding rockets, satellites and deep space probes—will discuss their
participation in detail in subsequent papers. There are extensive
opportunities for participation in these programs (ref. 1).

NASA has three principal program offices. The mission of the
Office of Space Science and Applications is largely that of deter-
mining what the space environment is comprised of and what use
can be made of it. The meteorological satellites and the commu-
nication satellites are examples of applications. This office is also
responsible for the unmanned space flight program as well as the
scientific activities of the manned space flight program.

The Office of Advanced Research and Technology is intended to
serve as the bridge that brings new ideas and concepts arising out of
basic research activities to the point where they may be incorporated
into operating components or systems that can be employed in either
unmanned or manned space flight programs. As the title of the office
implies, OART is responsible for updating technology. As such it
has a broad range of interest in the whole spectrum of applied research
activities, from life support systems to new and improved methods of
propulsion.

€ 30-083 0—65—2
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The Office of Manned Space Flight is largely operational, being
charged with carrying on the manned flight programs. The outstand-
ing success of the Mercury program is well known. NASA is now
vigorously pursuing the Gemini program and the Apollo program.
Because of the operational character of the manned flight program,
the opportunities for direct university participation are not so exten-
sive as they are with the Office of Space Science and Applications and
the Office of Advanced Research and Technology. Nonetheless, there
are important activities, the principal ones being in the medical field.

Because of its mission-oriented nature, there is a problem as to how
the academic community can communicate with NASA. For ex-
ample, NASA has no Chemistry Division yet it has a wide interest not
only in fundamental research in many of the areas of chemistry but
also in the activities of the chemical engineering departments. This
lack of a one-to-one correlation between NASA’s organizational struc-
ture and that prevalent in the universities is one of the reasons that
NASA established the Office of Grants and Research Contracts. It is
intended that through this office it will be possible for the university
man to locate those counterparts of the NASA organization with
which he may have a community interest. Further, this Office is
responsible for coordinating these activities to insure a coherent and
well integrated program. It is for these reasons that the Office of
Grants and Research Contracts has been given the responsibility to
receive, catalog, and insure the proper handling of all proposals sub-
mitted to NASA by nonprofit scientific and educational institutions
and all unsolicited proposals from other sources.

To insure that appropriate consideration is given to a proposal, all
proposals when formally submitted should be directed to the Office of
Grants and Research Contracts. If discussions have been held with
someone within the NASA organization, this fact shoud be in the
letter of transmittal and a copy of the proposal should be sent to that
person. Failure to submit proposals to the Office of Grants and Re-
search Contracts in this manner will more often than not delay appro-
priate action rather than accelerate it.

Although NASA requests that all formal proposals be submitted
through the Office of Grants and Research Contracts, it encourages
direct communication between the university people and the scientists
within the NASA organization for the exchange of information on
problems of mutual interest. During the early days of NASA its
organization was in a considerable state of flux and often rapid
changes in personnel or, in some instances, the disappearance of orga-
nizational entities or the addition of new ones made this type of
communication very difficult, if not impossible. Fortunately, this sit-
uation is considerably improved although it may be expected that any
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active dynamic program, such as the space program will be subject
to some changes.

As a guide to those organizational entities within NASA for which
there should be more than considerable interest on the part of the
members of the academic community, figures 6, 7, and 8 show those
parts of the organization of each of the three program offices in which
the academic community should be especially interested. These
groups support the project-type research activities that NASA
SPONSOrS.

In addition to the normal flow of information in the form of tech-
nical reports, Congressional reports on consideration of both NASA
legislation and appropriations, technical meetings, speeches, press
releases, and visits, we have recently added regular issuance of a series
called Research Topics Bulletins (ref. 2) to aid the exchange of in-
formation between NASA and the scientific community. These Re-
search Topics Bulletins, which are issued by the Office of Grants
and Research Contracts (fig. 9), present discussions of areas of
research. in which NASA is interested or problem areas in which
solutions would be helpful to the space program. The material con-
tained in these issuances should be helpful in indicating desirable topics
for thesis research as well as stimulating ideas that may culminate in
sponsored research projects.

As previously noted, in 1961, when the space program was consid-
erably stepped up as a result of the decision to place an American on
the Moon in this decade, NASA took stock of its university activities
with the assistance of a group of university people. Out of these
studies came the ideas and recommendations that resulted in the estab-
lishment of the Sustaining University Program. It was readily evi-
dent that additional steps should be undertaken by NASA to expand
and improve the partnership between NASA and the universities if
the national goals in space were to be rapidly and efficiently achieved.
The Sustaining University Program was established with the follow-
ing goals:

An increase in the production rate of highly trained people

More adequate laboratory facilities in which to conduct research in

support of the NASA mission

Removal of the interdisciplinary barrier in research and fostering

of genuine cooperation between workers in collateral fields

An increased awareness by universities of their national responsi-

bilities in the attainment of national goals

Application by universities of their unique and extensive talents

to an understanding of the interrelationship of space research
and technology, academic processes, industry, commerce, and
society in general
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FigergmiutionoftheOﬁeeofGrmudeeeeuthOom

At the outset, it was recognized that one of the critical aspects of
the space program was the need to assure a supply of highly trained
scientists and engineers required to carry out the space program effec-
tively and efficiently. NASA felt a strong responsibility to stimulate
the training of the requisite personnel and hoped to achieve this by
undertaking a program of training grants. Under these grants funds
were made available for stipends to predoctoral students to be chosen
by the universities participating in the program; in addition, funds
in the form of an institutional allowance to enhance graduate study
in space science and technology at the university were included. The
program thus was not only designed to accelerate the production of
Ph. D.’s in science and technology but was also structured in a manner
to strengthen the universities’ graduate capabilities.

It was NASA’s belief that by making funds available to permit a
student to pursue his graduate studies on a full-time basis the time
required to achieve the Ph. D. would be shortened and thus the number
of Ph. Ds produced annually would be increased. Although these
graduate fellowships could be held by a student for 3 years if his
progress were satisfactory, we had no preconceived notion that the
doctoral degree could, or necessarily should, be attained in a 3-year
period but rather that it would be appropriate for NASA to support
a student for that period of his graduate studies.

NASA undertook as a goal the production of 1000 Ph. D.’s annually.
It was estimated that by supporting approximately 1350 students for




16 nasa university program review conferéence

3 years 1000 students might be expected to achieve their degrees. An
annual starting of 1350 students would result in a steady-state pro-
gram of 4000 students in training at any given time, with perhaps 1000
receiving their doctoral degrees each year.

This program was initiated in fiscal year 1962, with grants to 10
universities to cover the training of 10 students at each institution.
In fiscal year 1963, 786 traineeships were established with 88 univer-
sities participating. In fiscal year 1964 there were 1071 new starts
at 131 institutions. Fiscal year 1965 grants have been made to 142
institutions to support the graduate study of 1275 more students, be-
ginning September 1965. The growth of this program is shown in
figure 10.

In making these grants NASA stated that they should be made
available to the best students without consideration of discipline,
except that it must be one that was space related and in a field for
which the university had an approved doctoral program. In other
words, we made no attempt to bias the distribution of the traineeships.
This natural selection procedure has produced a distribution of stu-
dents by fields, as shown in table II, that we feel is very satisfactory.
The aggregate 3-year distribution is shown graphically in figure 11.

|
- 350 L FY 66
3132 TOTa | BUDGET
ALL '65
| 3000 _
- 2500
[+'4
W o
=5zl 1957 TOTAL | y00
z52¢ FALL '64
4;3%
<“"wx
o5™ - 1500 1071 STUDENTS
= 131 UNIVERSITIES
886 TOTAL [ 0%
FALL '63 _
- 500 786 STUDENTS
100 BEGAN 88 UNIVERSITIES 100 STUDENTS
FALL '62 10 UNIVERSITIES

FISCAL YEAR } 66 67 68

ANNUAL BUDGET ’
(MILLIONS)

Figure 10.—History of NASA predoctoral training program.
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Table 11 —Distribution of the NASA Trainees (1964-65)
Phyzical sciences 1962 1963 1964
Mathematies .. ______________________________ 6 58 118
Chemistry . ________.__.________________________ 14 95 152
Physies. .. . 3 173 212
Astronomy_ _ _ _____ . ______ 4 18 27
Geology and geophysies________________________ 2 28 35
Atmosphericsciences______.____________________, 1 4 12
Computerscience______________________________ 1 0 1
Subtetal __________________________________. 59 376 557
Fercentage____ . ____. . ____.___ 59.0 47.8 52.0
Electrical and instruments_. ____________________ 6 95 108
Mechanieal . __________________________________ 9 60 70
Chemieal__________ . ___.__._. 5 49 59
Aecronautics/astronauties. . ______________________ 6 43 51
Civil e eeees o 15 18
Engineering mechanies_ ________________________ 1 25 i8
Metallurgical and materials_ . _._________________ 2 18 21
Engineering and applied seienee_ ... _____________ 0 9 12
Nuelear_ - ___ 3 8 9
Industrial . _________________ ... 0 4 7
Subtotal ___ _________ L _______. 32 326 373
Percentage .. __ .. 32.0 41 34.8
Life sciences
Zoological sciences_.__ . _______________________ 2 30 43
Botanieal sciences. . ... ______________________ 0 12 20
Biochemistry and biophysies____.________________ 3 9 16
Mierobiology. oo . 0 5 9
Genetics. .. .. L 0 5 3
Subtotal____ _____ ... 5 61 91
Percentage. . __ . _______________ . _______. 5.0 7. 85
Behavioral sciences
Psychology .- - .. e 3 16 29
Economies___________________ . ___.____ 0 3 7
Political science_ . __________________________ 0o 4 7
Anthropology - - - ... (1] 0 1
Subtotal ___ .. 3 23 44
Percentage. ____ . ___ .. 3.0 2. 4.1
Other
Business administration_ . __________.___________ (1] 0 4
Industrial management._______._____.____________ L] 0 1
Philosophy of science._ . - _ . 0 0 1
Spacelaw______ s 1 0 0
Subtotal _____________ L _____ 1 0 6
Percentage_ ______________________ ... 1.0 0 0.6
TOTAL . e 100 786 1071
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Table II —Distribution of NASA Trainees—Concluded

Aggregate 3-year totals No. %
Physical seiences - _ . . oo 992 50. 6
Engineering__ oo 731 37.3
Lifescienees - oo oo o e eme——m—m— e 157 8.0
Behavioral sciences . - - - oo oo mmeeemeeame—- 70 3.8
Other - o e cmemm—cee—meem 7 .3
Total . - et cmmeiceememme———————— 1957 100.

In 1965, there will be 3132 students studying for doctoral degrees
under this program in 142 universities located throughout the 50
states. The geographic distribution of these students is shown in figure
12.

In addition to this program there are several other small training
programs that comprise the training segment of the Sustaining Uni-
versity Program. Although comparatively small in terms of cost, we
feel that they are of considerable significance. Table III shows the
total activity under the training portion of the Sustaining University
Program.

The Summer Faculty Fellowships are in essence a group of institutes
sponsored jointly by NASA and universities in the immediate vicinity

PHYSICAL SCIENCES
50.6%

OTHER 3%~

BEHAVIORAL
SCIENCES —
8%
38 ENGINEERING
37.3%
LIFE SCIENCES
8.0%

Figure 11.—Aggregate distribution of students by general field (1962, 1963,
1964).
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Table 111 —NASA Training Program FY 1965

Predoctoral Training

Grants made to 142 institutions to support 1275 new students for 3 years begin-
ning September 1965.

SBummer Facully Fellowships

Joint Programs between NASA Centers and Universities. Kight- or ten-week
seminars, with research in space science and engineering.

Institution NASA Center Participants
Auburn/Alabama U__________ Marshall SFC 15
Case Inst.of Tech____________ Lewis RC. 25
Columbia University_________. Goddard-ISS 12
Houston/Texas A & M MSC 15
Maryland/Catholic U GSFC 15
Stanford University__________ Ames RC 27
Virginia Associated RC_______ Langley RC 23

Summer Institutes In Space Science and Technology
Six-week courses for nationally selected, gifted undergraduates.

Columbia University_________. Goddard-ISS 60
UCLA JPL 45
University of Miami__________ Kennedy SC 30

Post-M.D. Training in Aerospace Medicine
Specialized medical training concerned with environmental problems of man-
in-space.
Harvard University. 3
Summer Program On Relativity Theory and Astrophysics

Joint Support with NSF, AEC, AFOSR, ARO, and ONR. Four-week seminar on
general theory of relativity and recent experiments designed to test the theory.

American Mathematical Society 100

of seven of our Centers. They offer the opportunity for approximately
125 faculty members to get a first-hand research experience with space
problems by spending some time in one of the Centers and concurrently
participating in seminar-type activity conducted by the university or
universities on space-related topics.

A second small program which we feel has been highly successful
are the Summer Institutes which offers the opportunity for interested
undergraduates chosen on a national basis to participate in an intensive
exploratory progcram in space science or in space technology.

Two other NASA training programs currently underway are of
general interest. NASA’s International Fellowship Program, which
involves 5u students, provides stipends for foreign nationals who are
sponsored by their country for graduate and postdoctoral study in
the space sciences at a number of American Universities. The other
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ALASKA
L /® 1w

MAUS [ HAWAU

Figure 12—NASA predoctoral students (3132) in training, school year 1965-66.

program involves postdoctoral studies at NASA Centers and is called
the Resident Research Associateship Program. Seventy associateships
have been established for the year 1965 for study at any of six NASA
installations. Both of these programs are administered for NASA by
the National Academy of Sciences.

The second segment of the Sustaining University Program is con-
cerned with support, at qualified universities, of research that is some-
what different from that which we commonly term project research.
The purposes for which these grants have been made are threefold.
First, they have been used in support of broad multidisciplinary in-
vestigations.

A second important use has been for the support of research, gen-
erally in some coherent area of science or technology, to establish new
groups where latent competence is apparent and there is an earnest
and potentially fruitful research activity that is of interest in the space
program. Grants of this nature are not large in monetary value and
are aimed at overcoming one of the barriers, real or fictitious, known
in the research support business as the inability to get a grant because
one has never had a grant. Through this type of grant it is hoped
to broaden the research base and bring selected new groups up to the
level where they may compete directly for support.

The third type of use of funds made available for these special pur-
pose grants is for grants to tie together or coordinate related projects
in coherent areas of investigation. In some cases adequate support
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Lies beyond the scope of a single project although this effort, if en-
couraged, would materially increase the productivity of the whole
complex. Likewise, this type of research grant may serve as a base
for several projects whose support fluctuates in time, to lessen the im-
pact of such fluctuations upon the university structure.

These special purpose research grants are now in effect in some 30
universities throughout the country. Each grant has been tailored to
the specific situation existing at the institution and although any one
grant may be motivated by any one of the three reasons just mentioned,
they all offer the opportunity for multidisciplinary studies within the
institution and, accordingly, they are generally classified as multi-
disciplinary research grants. Figure 13 shows the location of the
grants now in existence. We feel that support of research in this man-
ner is a most effective way of permitting the universities to give full
play to their competence and ability and to make their requisite con-
tribution to the space program.

The third segment of the Sustaining University Program is con-
cerned with research facilities grants to provide reasonably adequate
working space for the universities engaged in the space program. The
need for research laboratory space in universities is readily evident
and it obviously will not be possible for many universities to undertake
the work of which they are capable and which is necessary if national

@ MULTIDISCIPLINARY RESEARCH G
[0 NASA INSTALLATIONS

e HTEESA

Figure 13—SUP multidisciplinary research grants.

<

v
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goals in space are to be realized unless laboratory facilities are made
available. It is through the research facilities grants program that
NASA hopes to carry out its responsibilities in this regard.

NASA has made 27 research facilities grants to nonprofit scientific
and educational institutions for the construction of urgently needed
facilities. In general, these grants have been made to educational in-
stitutions that have become active in research and have begun to make
substantial contributions to the space program; by so doing they have
outgrown the facilities available to them to carry on their investiga-
tions adequately. It is through this program that NASA attempts to
relieve the critical shortage of facilities for groups now doing impor-
tant research pertinent to the NASA mission.

The grants that have been made as of March 1, 1965, from the in-
ception of this program in fiscal year 1962, are shown in table IV.
These grants have been for dollar amounts, determined by NASA to be
appropriate in each instance, up to the full cost of the proposed build-
ing and have been made for the acquisition of research laboratory
space. In each of the grants made to date, the Administrator of the
National Aeronautics and Space Administration has determined that
the Nation’s interests would best be served by investing title in the
grantee.

Figure 14 shows the locations of these facilities. Figure 15 shows
seven facilities that are nearing completion. In fact, six of them have
reached the state that they are either partially or totally occupied.

One important consideration in the making of a research facilities
grant is an agreement which culminates in the signing of a Memoran-
dum of Understanding between NASA and the institution in question
by the Administrator of NASA and the principal executive officer of
the university which states in part:

It is the policy of the National Aeronautics and Space Administration to sup-
port research in space-related science and technology at nonprofit scientific and
educational institutions. Where additional research facilities are urgently
needed to conduct such research in support of the national space effort, and the
institution involved has demonstrated its intent to seek ways in which the bene-
fits of this research can also be applied to the social, business, and economic
structure of the United States, NASA may supplement research support with
funds necessary for the construction of such facilities. The National Aero-
nautics and Space Administration is particularly desirous that the environment
in which space research is conducted and its full benefits realized will be char-
acterized by a multidisciplinary effort which draws upon creative minds from
various branches of the sciences, technology, commerce and the arts. The desires
of the university are in conformity with this policy, and the Institute intends
to foster and conduct research in all areas of space-related sciences, bring to
bear on this research the efforts characteristic of a major university, and seek
ways in which both the direct and indirect benefits of such research can con-
tribute to the economic, social and general well-being of the nation.
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Table 1V —Summary of Research Facilities. March 1, 1965
Institution Investigator/Topic Area, Amount,
gross sq ft dollars
Fiscal year 1962
RPI___________ -] Wiberley/materials re- 59 800 1 500 000
search
Stanford________. Lederberg/exobiology . . . . 14 500 535 000
Chicago____.____ Simpson/space sciences____| 45 000 1 775 000
Towa____________ Van Allen/physics and 24 000 610 000
astron.
California Silver/spaoe sciences._ . ____ 44 100 1 990 000
(Berkeley)
Harvard. . ______. Sweet/biomedicine. . ______ 4 500 182 685
Fiscal year 1963
Minnesota...____ Nier/physies__.__________ 17 400 704 000
MIT .. Harrington/space sciences._| 75 000 3 000 000
Colorado._ ._____. Rense/astrophysics....____ 31 800 792 000
UCLA_..________ Libby/space sciences. . ____ 68 500 2 000 000
Wisconsin_ __.____ Hirschfelder/theor.chem___| 12 000 442 760
Michigan..______ Norman/space sciences____{ 56 000 1 750 000
Pittsburgh____.__ Halliday/space sciences.___| 47 300 1 500 000
Princeton______.__ Layton/propulsion sciences_| 26 300 625 000
Lowell Observ____| Hall/planetary sciences.- .. _ 8 600 236 520
"Fiscal year 1964
Texas A& M_____ Wainerdi/space sciences____{ 34 000 1 000 000
Maryland________ Martin/space sciences . _ ___ 70 000 1 500 000
USC.._ ... Meehan/human centrifuge_{ 4 000 160 000
Cornell__________ Gold/space sciences_ ______ 38 000 1 350 000
Rice____________ Dessler/space sciences____ _ 68 000 1 600 000
Purdue_.________ Zucrow/propulsion sciences.| 5 000 840 000
Washington Norberg/space sciences_ .__.{ 24 600 600 000
(St. Louis)
New York_______ Ferri/acronautics . ________ 21 000 582 000
Georgia Tech_____ Picha/space sciences and 50 000 1 000 000
technology
Arizona_________ Kuiper/space sciences__ ___ 50 000 1 200 000
Illinois__________ Alpert/space sciences_. . ____ 51 000 1 125 000
PIB____________ Bloom/aerospace sciences__| 16 000 632 000
TOTAL.__ | _ .. 966 400 29 231 965
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PRINCETON UNIVERSITY UNIVERSITY OF MINNESOTA
PROPULSION LABORATORIES PHYSICS RESEARCH LABS

e

LOWELL QBSERVORY RENSSELAER POLYTECHNIC HARVARD UNIVERSITY
PLANETARY RESEARCH CENTER INSTITUTE BIO-MEDICAL ANNEX
MATERIALS RESEARCH
CENTER
UNIVERSITY OF PITTSBURGH UNIVERSITY OF CHICAGO
SPACE SCIENCES & COORDINATION CENTER SPACE SCIENCES LABORATORY

Figure 15.—Completed research facilities.

Of special significance is a portion of the last sentence which states
that the nniversity will ¥ | | seek ways in which both the direet and
indirect benefits of such research can contribute to the economic,
social, and general well-being of the nation.” Implicit in this state-
ment is our expectation that the university will go beyond the more
conventional role of teaching, seeking new knowledge, and serving
as the custodian of knowledge by seeking new ways to accelerate the
flow of this knowledge to the community.

Discussion of this portion of the Memorandum of Understanding
touches on only one aspect of the whole subject of technology utiliza-
tion. Insuch a large scientific and technological endeavor as the space
program NASA would be delinquent in its responsibilities if it did
not make a concerted effort to see that the knowledge brought about
by this program serves not only the interests of the program itself
but is usefully applied to improving national welfare. To this end,
NASA several years ago established its Office of Technology Utiliza-
tion. The program of this office involves NASA, the universities,
industry, and the community. The universities are playing an ever-
increasing role in seeking new ways to speed recently acquired scien-
tific and technological space information into other areas where it
may be used.

790-083 O—65——3
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The Sustaining University Program has been designed as an inte-
grated program encompassing the support of training, research, and
research facilities in a manner that will augment and complement
sponsored project research and in-house activity in support of NASA’s
mission. We consider it essential to develop a strong, mutually inter-
dependent relationship between NASA and the universities in working
to fulfill the needs for scientific manpower and research in the Nation’s
space program. It is our belief that within the universities rests the
competence, imagination, leadership, and integrity that are essential
for the conduct of these activities of mutual interest. As long as the
universities demonstrate that they are able to carry on these activities
in a creative and responsible manner, NASA will strive to maintain
the broad liberal approach that we believe is self-evident in the NASA
University program.
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is a very broad one. It includes basic science, the advancement of
technology, the application of space knowledge and technology to
practical uses, and the development of manned space flight. Dr. Bis-
plinguoff will report on the applied research and technology pro-
gran.s. Dr. Phillips discusses in a subsequent paper the manned space
flight effort, including the Gemini and Apollo programs. My paper
concerns space science and applications.

The National Aeronautics and Space Administration was estab-
lished in the early days of what we have come to call the Space Age.
There were many motivations behind the creation of NASA, but they
can all be summarized in the intent to establish and maintain this
country in a strong position in the Space Age. To this end we have
undertaken to develop a broad space capability that will secure to this
nation strength, security, flexibility, and freedom of choice in space
matters. An essential part of this effort is a vigorous program in the
use of rockets and spacecraft to advance human knowledge of the Earth
and space, and to develop practical space applications.

In this endeavor, the space. science and applications program has
achieved 54 successful satellite and space probe flights since the start of
the effort a half dozen years ago. In addition, hundreds of successful
sounding rocket flights, hallcon borne and aircraft experiments,
ground observations, laboratory research, and theoretical work serve
to round out the eifort, and to establish close ties between the space
flight program and related ground-based activities. Such close ties
are essential if the space flight effort is to be viable and productive.
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Of the 54 successful space flight and applications missions, 32 were
scientific satellites, 18 were applications satellites, and 5 were success-
ful deep space probes,

The program bégan with the modest Explorer type satellites. With
the passage of time, the spacecraft and missions increased in complex-
ity. Tiros, Nimbus, Syncom, Ranger, the Orbiting Solar Observatory,
Mariner, the Orbiting ‘Geophysical Observatory, and others, are
highly sophisticated spacecraft, the successes of which indicate a dis-
tinet maturing of our capabilities in space. The year 1964, for ex-
ample, was a very productive one, including such important missions
as Ranger VII, Nimbus, Syncom III, OGO I, Centaur, and Mariner
IV.

These successes indicate achievement and progress. They tell us
that our space effort is no longer a program with only a promise for
the future. They assure us that our effort enjoys a creditable past,
a very active present, as well as a bright promise for the future. But
they also stimulate us to ask : “Success at What?” “Progress Toward
What?” Thisis what I should like to review.

In the area of space applications, our overall objective is to wrest
maximum practical benefit from our developing space capabilities.
In this endeavor we have achieved significant success in several areas.

The Tiros program with its nine successes developed both the basic
spacecraft technology and the sensors which will be used on our first
operational weather satellite system, TOS, an acronym for Tiros
Operational Satellite. Both the Tiros and Nimbus weather satellite
projects are producing the necessary sensors for use in the operational
system. Sensors and systems which have been tested to date have
provided (1) full global cloud cover data, (2) automatic picture
transmission of daytime cloud cover data to local users, (3) infrared
measurements of nighttime cloud cover, and (4) infrared radiometer
measurements of the Earth’s heat balance. Command and data acqui-
sition stations, communications links, and data processing techniques
have been developed in order to permit the U.S. Weather Bureau to
utilize the satellite information in a timely manner in its routine
weather analysis and forecasting operations. The space program is,
in fact, playing an important role in providing the global data gather-
ing ‘capability needed to match advancing theory, moving us rapidly
closer to the day when successful long-range weather forecasting will
be possible.

Similarly, the Echo, Telstar, Relay, and Syncom satellites have
served to lay the initial groundwork for the development of an opera-
tional communications satellite system. Building on this ground-
work, the Communications Satellite Corporation is now moving ahead
with plans for a commercial operational system.
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It should be noted here that NASA does not plan to assume opera-
tional responsibilities in either the meteorological or communications
satellite areas. In both areas, NASA has been fulfilling its responsi-
bility of performing the necessary research and development in space
technology and advanced sensor concepts, which is not only advanc-
ing the state-of-the-art, but is also contributing to improvements in
the operational capability. The U.S. Weather Bureau, of the Depart-
ment of Commerce, will manage and operate the U.S. Operational
Weather Satellite System. Similarly, the operating agency for Com-
mercial Communications Satellite Systems is the Communications
Satellite Corporation established by the United States Congress for
this very purpose. In both cases, NASA will play a supporting role
providing such essential services as launching the spacecraft, and
tracking and monitoring the spacecraft in orbit as required. NASA
will also conduct a continuing R&D program leading to low cost,
longer life, and highly reliable operational systems,

NASA continues to search for other potential applications of space
technology. We are continuing to develop the technology for weather
satellite systems, including advanced sensors, improved control and
stabilization systems, longer life power sources such as a radioisotope
thermoelectric generator, and systems which can handle increased
amounts of data at a more rapid pace. We are investigating the feasi-
bility of synchronous meteorological satellites to provide more frequent
observations of areas of rapid weather changes. We are attacking
vigorously the problem of measuring the vertical atmospheric struc-
ture both by means of sensors aboard the satellite and by a satellite
data collection subsystem to interrogate and locate instrumented plat-
forms in the atmosphere and on the ground. We feel certain that these
efforts will do much to meet the requirements of our data-hungry
numerical weather predictors.

As an extension of the communications satellite technology, naviga-
tional satellites may have important commercial applications. In
conjunction with other interested agencies, NASA is investigating
these possibilities, with especial attention to the problem of contribut-
ing to air traffic control and safety.

The space science part of the NASA program began with the mo-
mentum contributed by the International Geophysical Year, which
saw the launching of the first Explorer and Vanguard satellites. As
mentioned previously, space science is not separate from the rest of
science, but rather is an extension made possible by the availability of
rockets, satellites, and deep-space probes. This is such an important
point that it may be well to illustrate the point by a brief review of
how the space program is impacting upon various disciplines of
science.



30 nasa university program review conference

Because of the space program, geophysics is experiencing a tre-
mendous broadening of its horizons. On the one hand the geophysicist
finds in the satellite a new tool for investigating classical problems,
such as the figure, structure, and atmosphere of the Earth. In ad-
dition, the geophysicist finds exciting new problems to tackle, such as
the Van Allen radiation belts and the Earth’s magnetosphere. More-
over, geophysics is being carried forward to new domains, as instru-
ments reach the Moon and the planets, giving to the discipline a per-
spective that it could never achieve as long as geophysics was confined
to a single body of the solar system.

Similarly, the space program is giving a new dimension to astron-
omy. The ability to observe above the filtering, distorting atmosphere
in wavelengths not hitherto observable promises exciting new dis-
coveries. The potential value of this opening up of the observable
spectrum is indicated by the very theory that astronomy has developed
from ground-based optical observations. That this is no empty prom-
ise is already borne out by the early observations by means of sound-
ing rockets in both the ultraviolet and X-ray wavelengths. Partic-
ularly exciting is the discovery of some 10 sources of X-ray radiations
in the depths of our galaxy. Because of the importance of astronomi-
cal data to the field of cosmogony, the intellectual potential of satellite
astronomy is very exciting.

The field of physics finds in the region of outer space a laboratory
of challenging opportunity. In interplanetary space, matter and fields
exist under conditions unobtainable in the laboratory on the ground.
The solar wind, solar cosmic rays and magnetic fields, their interaction
with the Earth’s magnetosphere, and similar phenomena give the phys-
icist an unexcelled opportunity to extend his studies of plasmas and
magnetohydrodynamics. The very high energy end of the cosmic
ray spectrum is available as a source of particles for investigating in-
teractions with matter of particles with energies far above those ob-
tainable in accelerators presently available. Also, in the future,
manned orbiting stations will provide the opportunity to conduct con-
trolled experiments under space conditions. What this may mean to
physics is not yet clear, but now is the time to think through the full
implications of this opportunity.

It is, indeed, interesting to observe that one of the impacts of space
efforts on physics, geophysics, and gstronomy has been to draw the
three disciplines together more closely than they have been drawn to-
gether in the past. In the investigation of Sun-Earth relationships,
a most complex and challenging area of investigation, all three of
these disciplines find themselves in partnership on problems of com-
mon interest. The same may be said of the broader problem of in-
vestigation of the solar system.
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The impact of the space program on bioscience is still developing.
Nevertheless, there appears to be much of promise in the space pro-
gram for the bioscientist. Of particular importance is the area of
exobiology ; that is, the search for and study of extraterrestrial life.
Should life be discovered on Mars, this will be an exceedingly exciting
event in the space program. Even if life is not discovered on Mars,
however, the investigation of the chemistry of the planet, particularly
of how far that chemistry may have progressed toward the ultimate de-
velopment of life, will be of interest and importance. Finally, in
near-Earth satellites, there will be the opportunity to study living
material under the conditions of outer space. Of particular signifi-
cance will be the condition of weightlessness, and the removal of the
living organisms from the normal periodicities experienced at the
surface of the Earth.

The satellites, space probe, and manned spacecraft give the scientist
a new approach to the solution of many important problems. They
serve to strengthen his hand—if used effectively. But that is the im-
portant point. These tools are only as useful as they are made to be.
The requirement is for competent people.

The space program requires highly trained and competent scientists
and engineers to carry it forward to success. In order to maintain a
viable program it is necessary that top-level technical people be in-
terested and involved in the effort.

At the present time, about 58 000 people are involved in NASA’s
space science and applications program. - Of these, 15 000 are scientists
and engineers. During the past year, almost 700 were leading scien-
tists serving as principal investigators and co-investigators in the
national space program on about. 2000 separate supporting research
and flight experiment tasks in various disciplines of space science and
applications.

In the area of applications, the emphasis is on industrial participa-
tion, although university participation is significant. In contrast,
space science places its greatest demand on the universities. Indeed,
in the space science area, NASA regards the resources made available
to it as a national trust, to be managed in such a way as to draw from
our national capability the very best of which the country is capable.
We have felt that the most effective way in which to do this is to carry
out the program in a way that strengthens the universities and other
groups participating in the program.

Of particular importance, since basic science is one of our main
areas of concern, we hold it imperative that we support the participa-
tion of scientists and scientific groups in such a way as to preserve the
integrity of science.



32 nasa university program review conference

Twice a year we issue a document describing the opportunities avail-
able to the Nation to carry out experiments on satellites and deep-
space probes. We emphasize that these opportunities are opportuni-
ties for scientists to pursue their ideas in solving problems which they
judge to be of scientific importance. A mutuality of interest is pre-
requisite, and we must, of course, undertake to pull together payloads
that make sense in toto; but when we accept a proposal to carry out a
space experiment, we do contract to support the investigator in such
a way as to preserve the validity and integrity of his experiment.

Whenever possible we support space research in association with the
teaching of new talent. Indeed, it is our contention that the best re-

search is fostered by the teaching of competent young men who have
a talent for asking disconcertingly penetrating questions of their
professors.

We recognize that the conduct of experiments in satellites and space
probes in not easy. We recognize further that it tends to create special
problems for universities and colleges. Nevertheless, we insist that
there are important benefits to science and education in participating
in satellite and space probe programs. To help profit by these op-
portunities, NASA undertakes to provide universities that do not wish
to do their own enginering with engineering support for the prepara-
tion of flight experiments. This support may be provided directly by
a NASA Center, or funds may be included in the grant to the uni-
versity so that an engineering contractor may be hired.

NASA also recognizes the need to assume some share of the burden
of supporting, in a general way, research in the areas pertinent to the
NASA program. Although we do not support as much of this broader
type of activity as many would like to see supported by NASA, never-
theless NASA does contribute significantly. Our program offices do
support a sizeable amount of ground-based and laboratory research,
and theoretical studies, occasionally providing special instruments,
such as telescopes, radio antennas, computers, and laboratory
equipment.

In addition, our Sustaining University Program provides for sup-
port of the training of predoctoral students, some research laboratory
buildings, broad multidisciplinary research grants, seed-type grants,
and assistance in developing a space capability. These university
activities are illustrated in full measure in the papers presented herein.
There is, therefore, no need for me to dwell on the various elements of
the program. I would, however, like to emphasize certain important
points.

NASA policy encourages long-term funding, which gets away from
the year-by-year frantic scramble to obtain renewed support for work
of a continuing nature.
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We also encourage placing responsibility in the hands of the uni-
versity when that is where the responsibility really belongs. For ex-
ample, the university is best able to select those students who should
receive training fellowships; therefore, we do not attempt to make
such selections in Washington at NASA Headquarters, but rather
place that responsibility in the hands of the university administration.
As another example, the broad multidisciplinary grants awarded by
NASA are designed to give the university flexibility in placing these
resources where they will do the most good.

NASA insists on open publication of results obtained by scientists
participating in the NASA program. We require that these results
be published in the scientific literature appropriate to the particular
discipline concerned and that they be presented at meetings of scien-
tific societies and at pertinent symposia.

NASA also seeks the advice of the scientific community in estab-
iishing the scientific objectives of its flight missions, and in selecting
the experimenters and investigators for the program.

In summary, NASA’s space science program has been designed to
enable the scientific community—in particular the universities and col-
leges—to undertake the solving of scientific problems, of challenge
and importance, in the manner of good proven scientific tradition.
This approach is designed to uphold the integrity of science and
scientists.

In view of the considerable discussion of this question of the integ-
rity of science that has been held of late, I think it of especial impor-
tance to emphasize this point. In fact, I would like to go a little fur-
ther. A recent report has deplored the fact that the scientific method
was not used in arriving at certain far-reaching national decisions in
connection with such things as nuclear testing, nuclear explosions in
space, the use of insecticides, communications experiments in space,
and the Apollo lunar landing program. My intention here is not to
argue with the merits or demerits of those decisions, but rather to point
to a potential danger to the integrity of science if scientists themselves
fail to be clear about where the scientific method is applicable, and
where it is not.

There is no need for me to describe the scientific method in detail.
Let me, therefore, simply emphasize one aspect. The scientific
method is adjudged valid for science because it is assumed that there
is a basic truth that serves as a guide to the process of information
exchange, debate, thought, and analysis. This underlying truth,
though it may not be seen or understood at the moment, implies that
there is an answer to the question under consideration and that at
the moment there probably exists a best answer on the basis of all the
data and information available.
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In the complex matters of the social, political, and economic prob-
lems, it cannot be assumed that there is any best answer to a problem
under consideration. Indeed, there may be many acceptable solutions,
among which a choice has to be made with due consideration to vari-
ous possible tradeoffs and intangible factors that have a bearing. Suc-
cess in the solution of a problem often depends on the intuitive power,
foresight, aid imagination of individuals in a position to make a
decision.

In such situations, the scientific method cannot be expected to be
the sole guide to the final decision. The scientific method can be use-
ful in providing for an orderly approach, for exposing important
issues to open debate, for bringing to bear many able minds on a
problem that deserves wide-spread attention and thought, and, in par-
ticular, for clarifying and sharpening any scientific issues that may be
mvolved. However, even though some of these matters may involve
or impact on science and scientists to a considerable degree, in total
perspective there are other issues and questions to be considered, and
these other considerations may in many cases be overriding.

The point that I am trying to bring out here is that it is important
for scientists to recognize the limitations of the applicability of the
scientific method. Failure to recognize these limitations can only lead
to much confusion and is in itself a potential danger to the integrity
of science.

In concluding, let me, then, repeat a statement I made 2 years ago,
and for which I have since been criticized. The overall space program
has many motivations, including, in addition to science, matters of
national leadership and prestige, national strength and security, ad-
vancing technology, potential economic payoffs, and practical bene-
fits. Thus, while some of the objectives of the space program are
scientific, many are not. This move out into space is a tremendous
human venture and adventure. It is a challenge to the spirit of man
that our Nation, with its tradition of leadership and forward moving,
cannot fail to accept. We should be ashamed as a Nation if we did not
rise to the spirit of this venture and move forward with vigor and
determination.

But we have taken up the challenge. We are moving forward
vigorously and with determination; and we are doing this, as I have
said, for many reasons that are not science. But what about science?
1 contend that since the space program is going to move ahead, since
we are going to follow through on the Apollo lunar landing program,
since we are going to develop a national space capability, then it
behooves us as a responsible nation to see to it that our space program
contains the very best science of which this country is capable.
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I contend that this is a challenge to the scientific community to rise
to the occasion and see to it that good science is carried out in all of our
spacecraft and deep-space probes, both unmanned and manned. This
1s a challenge which the scientific community can lose by default, since
the sense of responsibility of those responsible for the space program
will lead them to do whatever science they can achieve in this program.
If the responsible and competent elements of the scientific community
are not involved in each and every element of the space program, then
the science will not be the best that it could be. If the scientific com-
munity is properly involved, then the scientific results of the program
can be the shining jewel of our space effort.

The responsibility for fashioning this jewel rests in large measure
on our universities and colleges.
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NASA’s Program in Advanced Research
and Technolog y

Raymond L. Bisplinghoff
ASSOCIATE ADMINISTRATOR FOR
ADVANCED RESEARCH AND TECHNOLOGY. s NASA

Tmy MOST CONCISE REAsON I can give for having an advanced re-

search and technology program is that preeminence in aeronautics
and space will depend not only on current aeronautical and space
operations, but also on our ability to organize and extend the under-
lying body of science and technology. The instruments by which this
program is carried out are the five NASA research centers. They
are the Langley, Ames, Lewis, Flight, and Electronics Research
Centers. Resources amounting to about 10 percent of the NASA
budget are invested in advanced research and technology.

Although NASA’s program of advanced research and technology
is dedicated to preeminence in atmospheric as well as in space flight,
I'shall confine my remarks largely to space.

In assessing the technologies of space flight, we might view them
in three steps: from Earth to Earth orbit; from Earth orbit to Moon;;
and from Moon to planets. The steps in space from Earth to Earth
orbit and from Earth orbit to Moon rest on essentially the same
technologies. They are familiar: chemical energy conversion, rela-
tively common engineering materials, guidance and control compo-
nents generally consistent with aircraft and ground applications, and
microwave communications. However, the step from Moon to planets
demands performance and reliability measured in orders of magnitude
beyond the . previous steps. New levels of technology clearly are
needed. In a.nutshell, NASA’s advanced research and technology
program is devoted to improving the reliability of all three steps and
in conceiving and developing the new concepts required for the third
step. I would like to discuss the third step.

37
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There is first the field of energy conversion. Chemical rocketry, .
which has formed the basis for the space program so far, will continue
to serve in important ways on planetary missions. The principal new
requirements for deep space applications are fuels with high specific
impulse and density capable of long duration storage with little loss.
Oxidizer-fuel combinations such as oxygen-difluoride and diborane,
oxygen difluoride-hydrogen, or ammonia-hydrazine mixtures are ex-
amples which we are now studying. During the past year we have
been operating a rocket engine using a fluorine and hydrogen pro-
pellant combination. This work marks the culmination of over 15
years of research by universities, government laboratories, and indus-
try on the oxidizer fluorine.

But chemical rocket efficiencies are marginal for manned missions
to the planets where prodigious amounts of total energy are required.
It is clear that the deep penetration of space with large payloads for
long periods of time will require nuclear energy.

Using the solid graphite core nuclear rocket technology now under
development in the Nerva program, it should be possible to perform
the manned Mars mission at any opportunity with sufficient growth
potential for extended exploration of that planet.

A nuclear third-stage Saturn V employing the same technology
could provide the capacity for performing unmanned missions to
explore the space environment very close to the Sun, at long distances
from the plane of the ecliptic, as well as the placing of large payloads
in orbits around Venus, Mars, and Jupiter. For such missions, the
nuclear stage could be augmented by a high energy kick stage or by
electrical propulsion to achieve the extremely high velocities desired.

Like the chemical rocket, the key to nuclear rocket efficiency lies
in the heating to high temperatures of a low molecular weight gas.
In concept we may expect to achieve gas temperatures of the order
of 5000° F with graphite or tungsten fuel elements operating for
short periods of time. The past year saw the successful testing’ at
high power and high temperature of three reactors in the nuclear
rocket program. Powers of over 1000 megawatts were achieved, giv-
ing a space equivalent performance of some 57,000 pounds of thrust
and 765 seconds of specific impulse. These tests demonstrated for
the first time that nuclear rockets can achieve the high performance
that has been predicted for them.

The principal barrier to higher temperature operation is a materials
problem—maintenance of fuel element integrity for the desired engine
life. Tt is therefore important in looking to the future to discover
new concepts of containment which will allow us to transcend mate-
rials limitation. Gaseous containment of the fission process is con-
ceptually possible and it would, if it could be devised, permit pro-
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pellant temperatures an order of magnitude greater than those of
solid core reactors. Although our research in this area during the
past year was promising enough to continue, I cannot report major
steps toward a solution.

During the past year, resolution was achieved of a basic uncertainty
over the feasibility of ion propulsion for deep space applications. In
the Sert I flight, launched from Wallops Island last summer, the
United States conducted the first successful flight test of an ion engine.
During this flight an ion engine was operated with and without elec-
trons injected into the exhaust stream to determine whether the elec-
trical charge in the exhaust could be neutralized. This question
could not be resolved completely by ground tests because of the un-
known influence of the test chamber walls on the results. The flight
conclusively demonstrated that neutralization can be achieved in space.
It also demonstrated that the performance of an eleciric engine in
space can be closely correlated with the data obtained from ground
tests.

Although chemical and solar power will be used in selective appli-
cations to planetary missions, the generation of large quantities of
electrical power for long periods of time in space will rest eventually
upon nuclear energy. In contrast to high acceleration nuclear rockets,
electric power reactors will operate for long periods of time at some-
what lower temperatures. Low specific weight, high reliability, and
long life are necessary requirements. Liquid metal turboelectric
systems employing & Reankine cycle match present reactor technology
During the past year, we succeeded in testing for the first time the
principal component of the Snap 8, a 35 kW nuclear-electric system.
These components ran together in a loop for approximately 100 hours
before the test was halted to permit inspection of parts. Our research
during the past year also involved.thermoelectric, thermionic, Bray-
ton cycle, and MHD energy converters. The use of an MHD device,
linked with gaseous containment of the fission process, can be visual-
ized as an attractive future step.

The demands on materials of the step from Moon to planets are
exceptionally severe, Materials are required that will retain their
mechanical properties for thousands of hours, will not burn or oxidize,
will remain compatible with new propellants, and will be stable in
the presence of the high vacuum and solar radiation of space. We
must face the possibility that future space missions will be severely
compromised if not impossible without new and better materials.
Whether such materials will appear depends on our progress in achiev-
ing a fuller understanding of the forces and energy states bonding
nuclei together in solids.
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In the meantime, our recent progress in improving the temperature
capabilities of materials has been encouraging. For example, during
the past year, through NASA-sponsored research, the limit of useful-
ness of polymer film was raised from about 750° to 1100° F and the
temperature limits of thermal insulation foams was roughly doubled
from 2000° to 4000° F.

Along with energy conversion and materials, the process of meas-
uring or sensing and.then using the data obtained to control the flow
of energy has evolved as one of the most important branches of space
technology. The first nonhuman feedback control device was probably
the flyball governor used to control the gap between the stone burrs of
water-driven flour mills. In 1924 Minorsky constructed a servodevice
which was installed on the battleship New Mexico to steer it automati-
cally across the Gulf Stream much as we steer a booster through the
shear layer in the lower atmosphere. However, man provided such an
efficient combination of sensor, feed-back device, and muscular control
system that it was not necessary to find substitutes until the last three
decades. But, the dynamic response of man as measured by his band-
width is limited to the range of 0.5 to 1.0 cps. Changes in his role were
required when aircraft and fire control systems demanded responses
beyond his bandwidth capability and when unmanned aireraft and
missiles appeared.

In looking toward the future demands of space systems on this
branch of technology we find several areas where a significant increase
in capability is demanded. Among these are precise pointing and
attitude requirements. For example, the gain-bandwidth efficiency of
a synchronous communications satellite is directly affected by the ac-
curacy with which the antenna can be pointed. Although vernier-
controlled small propulsion devices are essential to high pointing
accuracy, the most critical element is the sensing device itself.

The accuracy required of these devices must be about an order of
magnitude greater than that for the overall stabilized system. Sensors
for pointing accuracies from 1 to 0.1 degree are within our grasp.
However, solar observatory requirements will require 10-* degrees and
laser communications and long range astronomical requirements will
approach 10~ degree. Although star and solar sensors can be used
to obtain very precise poin.ing information, horizon sensing is a more
simple and direct method of attitude reference for orbiting spacecraft.
The accuracy of horizon sensors has been in the neighborhood of 1 to
2 degrees using infrared. The use of physical phenomena other than
infrared may be required to obtain the accuracies up to 10 degree
which will be required for mapping, scientific data gathering, and for
minimizing communication power. Visible airglow, ultraviolet radia-
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tion, and radiofrequency radiation are all possible phenomena for
achieving this end.

Fundamental to all man’s undertakings is his ability to communicate
rapidly with precision. One measure of our ability to communicate
is the number of bits of information that can be transmitted per
unit time. Today, we recognize that about 5000 bits per second must
be transmitted for intelligible voice communication and some 10 to
100 million bits per second for high quality television. Such rates
are achievable with today’s technology between points on the Earth’s
surface and near space. However, at the heart of the difficulty of
extending this capability to deep space lies the fact that the data rate
capability for a given system varies inversely with the square of the
distance between transmitter and antenna. For example, the capa-
bility of the Mariner system transmitting from Mars is only of the
order of one bit each 5 seconds. The data rate of microwave systems
may be increased by increasing operating frequency, antenna aperture,
and power and by decreasing inherent noise in receiving systems.
Improvements of this kind, including the use of 2300 Mc frequencies
and 210-foot antennas, may permit the Mars to Earth capability of
the Mariner system to be raised to some 1000 to 5000 bits per second
in the early 1970’. This is, however, far short of that needed for
real time television. It is questionable whether conventional micro-
wave techniques can be stretched to the extent of providing real time
television from Mars, in which case millimeter wave or optical com-
munication systems must be dov n‘ﬂped

Within the past few months, the first space flight experiments were
conducted on the use of lasers for communications and tracking. The
Explorer XXIT satellite, now in orbit, is equipped with corner reflec-
tors designed to reflect a laser beam transmitted from the ground
back along its original path. Tracking is accomplished through a
computer which alines the laser beam with the predicted satellite posi-
tion. The laser pulse starts a counter that is stopped when the re-
flected pulse is received. Tracking in this country has been achieved
so far by the Goddard Space Flight Center, the Air Force’s Cambridge
Research Laboratory, and the General Electric Company.

During the past year, about 10 percent of the R&D funds in the