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URING THE PAST 3 YEARS, SIIICe 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 universitie_ 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 facilitie_ This program complements the project research

and provides a compl_hensive univer_ty 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.
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The Nature and Scope o] the NASA
University Program

T. I. K. Smull

DIRECTOR, OFFICE OF GRANTS AND RESEARCH CONTRACTS

T H_ NATIONAL AERONAUTICS A_'D 8PAG_ AD£[INISTI?ATION, 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 II 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

confrontiug 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
g_wn 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 universitie_ From its beginning in
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1958 NASA has recognized that doing business with nonprofit scien-

tific and educational institutions is a specialized activity and has main-

rained within its organizational structure a group intended to serve

as the focal point for NASA relationships with these organizations.

This group comprises Che 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. Proposahs submitted
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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-

qnirements of on-going NASA programs were sponsored within the

limits of the funding that was availabla 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

resu]t_ the Sustaining University Program, which will be discussed

in some detail subsequently, was initiated. The growth of the uni-

versity invo]vement 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 universitiea 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 L--NASA FY 196_ Obligations to Universities

Headrluar_s Centers 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 acquisi_on .............. 1 967 525 1 967 525
Research facilities ............ *9 142 760 ............ 9 142 760

in space science and
technology ................. "19 815 471 ............ "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 ...............

*smmmzi_ uaivemlt_ Program.

68 854 900 40 055 753 108
*(36 114 720) ............ *(36

910 663
114 720)
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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-
str, uction 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 fu.nds 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.
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The item entitled "NASA Career Employee Training" represents
the university agreements entered into by NASA to provide for con-
tinued professions] development of the NASA staff. This program
involves, in large measure, working agreements that axe 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 becaose 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 categorie_

Although in this Cbnference the emphasis is primari_ on program-
matic activities rather than the business armnggments that are en-
tered into to support the various programmatic studie_ 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-
denta 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 rola 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
_h. 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.

ANNUAL

LEVEL OF
SUPPORT

I I

1 2

__m

3

I I

4 5

FISCAL YEARS

1 INITIAL GRANT

4 I SUPPLEMENTAL GRANTS

Figure 5.---Step funding of research supporL

I I

6 7



the nature and scope of the nasa universitu program 9

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 ammged
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 tile 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 pheflomena in
the atmosphere and space .... " This objective certainly covers a
broad spectrmn 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 _ientists who have had experiments flown
on the various tools emp]oved 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
propvlsion.

r, ,10--08_ 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 C_mini 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 _o 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-typeresearch 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
_lutions 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 f_cilities in which to conduct re2s_rch 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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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 granta 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 includeck The
program thus was not only designed to accelerate the productiau of
Ph. D.'s in science and technology but was also structured in a manner
to strengthau the universities' graduate capabilitie_

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 P1L D.'s 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 studiea

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

3132 TOTAL
FALL "65

z_
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I

3500 } FY 66
i BUDGET

3000

25O0

2000

1500

I000

- 500
88 UNIVERSITIES 1oo STUDENTS

10 UNIVERSITIES

Figure 10.--History of NASA predoctoral training program.
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T_b_e H.--Db_b_._ of t_e NASA T_nees (1964-65)

Physical sciences 1962 1963 1964
Mathematics .................................. 6 58 118
Chemistry .................................... 14 95 152
Physics ....................................... 31 173 212
Astronomy ................................... 4 18 27
Geology and geophysics ........................ 2 28 35
Atmospheric seieoees ............................ I 4 12
Computer seienec .............................. 1 0 1

Subtotal .................................... 59 376 557
Fe_eentage .................................. 59. 0 47. 8 52. 0

En_'neer/n#

Electrical and instruments ...................... 6 95 108
Mechanical ................................... 9 60 70
Chemical ..................................... 5 49 59
Aeronautics/astronautics ........................ 6 43 51
Civil ......................................... 0 15 18
Engineering mechanics ......................... 1 25 18
Metallurgical and msterials ..................... 2 18 21

Engineering and applied science ................. 0 9 12
Nuclear ...................................... 3 8 9
Industrial .................................... 0 4 7

Subtotal .................................... 32 326 373
Percentage .................................. 32. 0 41. 5 34. 8

Life eciem_

Zoological seie_e_ ............................. 2 30 43

BotAnical sciences ............................. 0 12 20
Biochemistry and biophysics .................... 3 9 16
Mierobiology .................................. 0 5 9
Geneties. ..................................... 0 5 3

Subtotal .................................... 5 61 91
Peromtage .................................. 5. 0 7. 8 & 5

Be/mm_a/

l_ychology ................................... 3 16 29
Eeonomias .................................... 0 3 7

Political science ............................... 0 4 7
Anthropology ................................. 0 0 I

8ubtotsl .................................... 3 23 44

Peroeut_tam,@p_.................................. 3. 0 2. 9 4. 1
Other

Business sdministratio_ ........................ 0 0 4
Industrial m_e_t ......................... 0 0 I
Philosophy of se/eneo .......................... 0 0 I
81_ee law .................................... 1 0 0

Subtotal_ ................................... 1 0 6

Percentage .................................. 1.0 0 0. 6

TOTAL .................................... I_ 786 I_I
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Table H.--Distributian of NASA Trainees--Concluded

Aggregate 3-year totals No. %

Physical sciences ...................................... 992 50. 6
Engineering ........................................... 731 37. 3
Life sciences .......................................... 157 8. 0
Behavioral sciences ........................... - ........ 70 3. 8
Other ................................................ 7 .3

Total .............................................. 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

OTHER .3%

BEHAVIORAL_
SCIENCES

3.8%

LIFE SCIENCE_
8.0%

Figure 11.--Aggregate distribution of students by general field (1962, 1963,
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Table III. NASA Training Program FY 1965

Predootorol Trai_ti_7

Grants made to 142 institutions to support 1276 new students :for 3 years begin-

ning September 1965.

,Slummer Faewlty Fellowships

Joint Programs between NASA Centers and Universities. Eight- or ten-week

seminars, with research in space science and engineering.

Institution NASA Center Participants

Auburn/Alabama U .......... Marshall SFC ...................... 15

Case Inst. of _ ............ 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 Ix Epace Science and Technology

Six-week courses for nationally selected, gifted undergraduates.

Columbia University ......... GoddardJISS ....................... 60

UCLtA_ ...................... JPI.t_ ............................. 45

University of Miami .......... Kennedy SC ........................ 30

Post-M.D. Trai#i_g in Aerospace Me_

Specialized medical training concerned with environmental problems of man-

in-simee

Harvard University ............................................. 3

8ummer Program On Relativity Theory and Astrophyste_s

Joint Support with NSF, AFt, AI_R, ARO, and O-NrR. 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 spaco-r_lated topics.

A second small program which we feel has been higMy successful

are the Summer Institutes which offers the opportunity for interested

undergraduates chosen on a national basis to participate in an intensive

exploratory program 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 5v students, provides stipends for foreign nationals who are

._ponsored by their country for graduate and postdoctoral study in
the space sciences at a number of American Universities. The other
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Figure 12.--NASA predoctoral students (3132) in training, school year i965--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-
courage_ would materially increase the productivity of the whole
complex. Likewise, this typeof _rch 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 chssifiod 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-
corned with research facilities grants to provide reasonably adequate
working space for the universities engaged in the space progran_ 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

Figure I&--SUP multkllsdplinm-y resem-eh gr_nt&
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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-

aeterized 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 IV.---Eumm_zry of Research Facilities. March 1, 1965

Institution Investigator/Topic Area, Amount,
gross sq ft dollars

Fiscal year 1962

RPI ............

Stanford_ ........

Chicago .........
Iowa ............

California

(Berkeley)
Harvard .........

Wiberley/materials re-
search

Lederberg/exobiology .....

Simpson/space sciences____
Van Allen/physics and

astron.

Silver/space sciences ......

Sweet/biomedicine ........

59 800

14 500
45 000
24OOO

44 100

45OO

15OOOOO

535 000
1 775000

610 000

199000O

182 685

Fiscal year 1963

Minnesota .......

MIT ............

Colorado ........

UCLA ............

Wisconsin .......

Michigan
Pittsburgh .......
Princeton ........

Lowell Obscrv ....

Nier/physies .............

Harrington/spaee sciences__

Rense/astrophysies ........

Libby/space sciences ......

Hirschfelder/theor. ehem___

Norman/space sciences ....

Halliday/space sciences ....

Layton/propulsion sciences_
Hall/planetary sciences ....

17 400
7500O
31 800
68 500
12 000
56OO0
47 300
26 300

8600

704000
30000O0

792 000
2000000

442 760
1 750000

1500000
625 000

236 520

Fiscal year 1964

Texas A & M .....

Maxyland ........

USC ............ i
Cornell ..........

Rice ............

Purdue ..........

Washington
(St. Louis)

New York .......

Georgia Teeh .....

Ar_ _k .........

Illinois ...........

PIB .............

Wainerdi/space sciences....
Martin/space sciences .....

Mcehan/human centrifuge_

Gold/space sciences .......

Dessler/space sciences .....

Zucrow/propulsion sciences_
Norberg/space sciences ....

Ferri/aeronauties .........

Pichalspace sciences and
technology

Kuiper/spans sciences .....

Alpert/space sciences ......

Bloom/aerospace sciences_ _

TOTAL .............................

34
70

4
38
68

5
24

21
50

50
51
16

966

000 1 000 000
000 1500000

000 160 000
000 1 350000
000 1600000

000 84O000
6O0 60O0O0

000 582000
000 1 000 000

000 1 200000
000 1 125 000
000 632 000

400 29 231 965
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Of special significance is a portion of the last sentence which states 

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, wkmg new knowledge, and serving 
as the custodian of knowledge b j  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. I n  such a large scientific and technological endmyor as the space 
program NASA would be delinquent in its responsibilities if it did 
not make a concerted effort to Lwe 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, 
SASA 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. 
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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 _lf-evident in the NASA

University program.
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The NASA Space Science and Applications
Program

Homer E. Newell

ASSOCIATE ADMINISTRATOR FOR

SPACE SCIENCE AND AFPLICATIONS_ NASA

HB NATIONAL A1mONAUTICSANY SPACEAD_r_USTRATION'S _OGRA_
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-
plingnoff _ report on the applied research and technology pro-
gra_ 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, balloon borne and aircraft experiments,
ground observations, laboratory research, and theoretical work serve
to round out the effort, 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.

27
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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 began 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-

tinct 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 credi.table 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 ?" This is 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 ca.pabilities.

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, communicatio1_s 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 operatiuns. The space program is,
in fact, playing an important role in providing the global data gather-

ing capa:bility 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 c0mmtmicaLions
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 change_ We are attacking
vigorously the probhm 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 applieationa In
conjunction with other interested agencies, NASA is investigating
these possibilities, with especial a_tention to the probhm of contribut-
ing to air tratilc 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.
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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 fignre, 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, digtorting 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 astronomy 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 t0 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 problemr_ 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 succesa 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 insuch 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
integrityof science_
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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, under_ke to pull together payloads

that make sense in tote ; 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, seed4ype 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 impel, rant

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 beloug_ 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 objeotives 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-
1her. 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
spade, the use of inseoticides, 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, arid 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

involved. 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 recQgnize 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 wi'th 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 ?

I 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

spaz_cmft and deep-space probes, both unmanned and manned. This

is 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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H_ MOST CONCISEm_SON 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 center_ 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 technolo_-v.

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 spaee_

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 stepa 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.

$7
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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 playing 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. It is therefore important in looking to the future to discover
new concepts of containment which will allow us to transcend mate-
rials limitation. Gaseous con'tainment of the fission process is con-

ceptu.ally 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 reactor_ Although our research in this area during the
past year was promising enough to continu% 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 upplications. In
the Sert I flight, launched from Wallops Island _ast 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 result_ The flight
conclusively demonstrated tl_at neutralization can be achieved in space.
It also demonstrated that the performance of an electric 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 willrest eventually
upon nuclear energy. In contrast _ high acceleration nuclear rockets,
electric power reactors will operate for long periods of time at some-

what lower temperature_ Low specific weight_ high reliability, and
long life are necessary reqmrements. Liquid metal turboelectric

During the past year, we succeeded in testing for the first time the
principal component of the Snap 8, a 35 kW nuclear-electric systmn.
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, thermioni% Bray-
ton cycle, and MtID energy convertera The use of an MYHD devio N
linked with gaseous containment of the fission process_ can be visual-
ized as an _ttraetive 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 materiuls 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 bcen encouraging. For example, during

the past year, through NAS.A_-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 automa:ti-

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 aircraft 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 -3 degrees and

laser communications and long range astronomical requirements will

approach 10 -5 degree. Although star and solar sensors can be used

to obtain very precise poil_Ang 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 radiofrsquency 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 teclmology 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 system_
Improvements of this kind, including the use of 2300 Me 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's. This is, however, far short of that needed for
real time television. It is questionable whether conveational micro-

wave techniques can be stretched to the extent of providing real time
television from Mars, in which case millimeter wave or optical com-
mnnie_f.lon systems mug _ developed.

Within the past few months, the first space flight experiments were
conducted on the use of lasers for communications and tracking. The

Explorer XXII 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-
fleeted 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
Advanced Research and Technology program was invested in the
university component of our work. The area of reentry technology
is one that comes to mind when one considers this mode of employ-

ment of our nation's resourv_. The problem of aerodynamic heating
during reentry has attracted much interest not only for its big role
in missile and space technology, but also 'because it stretches the boun-
daries of our knowledge in _erodynamics, gas dsqa_mies, heat transfer,

and materials. The history of reentry technology shows the interaet-
79O-O83 O_
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ing and interwoven contributions of universities, industry, and gov-

ernment laboratories. During the past year, our programs led by the
Langley, Ames, and Flight Research Centers involved the active par-
ticipation of eleven universities and eight industrial firms. This work

covered not only reentry into the Earth's atmosphere but the problems
to be faced for entry into the Mars and Venus atmospheres as well.

And where does this technology stand today? We can say with
certainty that Earth orbital return and lunar return speeds are well
in hand. During the past year, the Langley Research Center success-
fully completed the fastest controlled reentry experiment yet con-
ducted. The Project Fire spacecraft reentered the Earth's atmosphere

at 37 000 feet/second. The principal purpose of this experiment was
to obtain anchor data points on convective and radiative heat transfer
in flight to confirm the credibility of ground experiments in ballistic
ranges and shock tubes. We find that _t these speeds there is reason-

able agreement between prediction based on ground experiments and
flight data. A second Fire experiment is scheduled. But much work
in heat transfer, materials, and configuration studies remains before

we will have mastered the technology of unbraked reentry from the
planets Mars and Venus. The principal obstacle to an understanding
of entry into the atmosphere of the planets is knowledge of their
atmospheres.

I am convinced that i'f we wish to achieve success in our assault on
the planets, the university research contributions must be increased.

I refer here not so much to quantity as I do to the quality of these
contributions. Let us take, for example, the matter of reliability.
In planetary exploration, reliable operation will be demanded for
thousands of hours of continuous, perhaps unattended, operation in

space. We seek reliabilities well beyond anything achieved in complex
systems on Earth. Can it be done? Perhaps a more appropriate
question is, when can it be done? The kinds of reliabilities we seek

will never be achieved by the technique of cut and try-of building
and testing many objects and then drawing statistical conclusions.

They will be achieved only by a rededication to the principles of
simplicity of design combined with depth of understanding of the
underlying physical processes. The bases for many of these principles
will come from the unhurried thought and the formation of ideas by
individuals working as individuals in universities. I would urge uni-
versities to encourage the creative individual--not to force him into

organizational p_tterns---_to channel his thoughts away from scientific

formalism toward true understanding. Perhaps we can find again
new contributiuns akin to the treatment of the Navier-Stokes equations
by Prundtl in his famous boundary layer theory.
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Even though university research contributions are necessary to the

survival of the space program I would have to say that your most

important product is people. In the education of students, I would

like to repeat an often heard question. How can we develop more

effectively the creative and imaginative talents of our students._ I

have the uneasy feeling that the analytical formalism and relentless

pressures of science and engineering education do more to destroy than

sharpen these qualities. In a recent article in Phy_s Tod_y, Pro-

lessor Martin Klein of Case Institute of Technology related remarks
made by Albert Einstein to his close friend Marcel Grossman after

passing the diploma requirements at the Swiss Federal Institute of

Technology. Einstein said,

It had such a deterring effect upon me that after I had ImSsed the final exami-

nation, I found the consideration of any scientific problem distasteful to me for

an entire year. It is little short of a miracle that modern methods of instruction

have not already completely strangled the holy curiosity of inquiry, because

what this delicate little plant needs most, apart from initial stimulation, is free-

dom; without that it is surely destroyed . . . I believe that one could even

deprive a healthy beast of prey of its voracious_ss, if one could force it with

a whip to eat continuously whether it were hungry or not.

A_lthough these words refer to an earlier day they are uncomfortable

words when one considers the stature of the speaker and the trend of

our modern educational processe_ They are especially uncomfortable

to me when I think about the price that is yet to be exacted from our
in_nuitv in order t_ l_enetrat_, the. far r_c.ho.Q n_ th_ _l_r _v_t_m

I am sure that they deserve our most careful thought.
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OFFICE OF MANN1_ SPACE FLIGHT_ NASA

N THIS PRF_A_NTATIONI would like to indicate some of the details of
the technical challenge of Apollo, NASA's maned lunar landing

progran h and discuss briefly some of the ideas for exploiting Apollo
capability by using the developed systems for a broad spe0trmn of
space research and experimentatiom

We Tin NASA, are honored to have a close working relationship with

the university community. We recognize the universities as the foun-
tainhead of our national strength in science and technology. We
value university counsel in our present undertakings. We are keenly
aware of university leadership in the basic and applied research that
is prodding man with ever-increasing knowledge and understanding
of himself and of his total environment. And we _ and fully
appreciate the paramount responsibility of the universities in pro-
riding in the Nation the succession of duly qualified men and women
who will serve as our scientific and technical leaders of tomorrowkin

government, in business_ and in the university.
The relationships that NASA now has with the university commu-

nity must 'be continued but more than that, we both must exert every
effort to expand communications; undoubtedly it will be to our mutual
advantage to do so. Through this continuing and expanding inter-
change, we can more fully benefit from consideration and evaluation

by the universities of our present and future programs and tasks. In
return, such information and support that NASA might provide could
assist in guiding some of the university research activities as well as
provide students of the space sciences with the latest available data
and with challenges in their field. In this period of rapid change,
the sometimes sluggish channels that once sufficed for communication

45
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of scientific and technical demands to the university laboratory and

classroom are no longer adequate. Ours must be a continuing join_

attack on the frontiers of knowledge. I believe that it is in the area

of space sciences research that we have a natural and logical oppor-

tunity for effecting an even closer association.
Since most of the details of the Apollo mission are familiar, we

might consider the capabilities that the Apollo system and its exten-

sions offer to the experimenter. But before doing so, I would like to

discuss some of the reasons why a man is of value in space. What are

man's attributes as a subsystem of a manned spacecraft system ? He is

a relatively lightweight, versatile, and mobile computer with intelli-

gence, judgment, and the abilities to anticipate events and make deci-

sions. He can translate perceived data into relevant information.

He can correlate, systematize, and recognize patterns. He can com-

municate the information obtained through these abilities, selecting

only those items needed.

But for these benefits, we must pay a price. We must build a space-

craft structure that will protect man from the space environment and

provide for his comfort and safety. We must supply food, water,

oxygen, and energy for the operation of equipment that fills these

needs. We must remove poisons from the air he exhales and dispose

of his other bodily wastes. To do all of these things, many pounds of

payload must be set aside. The necessity for this additional payload
increases the complexity of the spacecraft and the required launch

vehicle power. Hence, it increases the cost. The question to be an-

swered with respect to each space mission is whether the benefits

provided by man's presence justify this additional expense.

For this discussion, let us classify man's abilities in four categories.

Man is a sensor, a manipulator, an evaluator, and an investigator.

As a sensor, he adds little to automatic equipment in space--some-

times nothing at all. Instruments are available with greater abilities

to see, hear, touch, measure temperature, smell, and perhaps even taste

if that is required. For most purposes of pure sensing, therefore, in-

struments can operate effectively without the immediate presence of
man. Man's role as a sensor was demonstrated several times on the

Mercury fligh'ts. Perhaps the most dramatic occasion was when

Astronaut Gordon Cooper was preparing to return to Earth at the

conclusion of his day-and-a-half orbital mission in May 1963. The

automatic attitude control system of Cooper's Faith 7 spacecraft mal-

functioned and he was required to orient the spacecraft by manual

control. As he was flying over China on his final approach, Cooper

observed the lights of Shanghai shining through the clouds and thus

was able to maintain his yaw angle for the firing of the retros on radio
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command from Astronaut Jolm Glenn aboard a ship in the ocean south
of Japan.

The second function of man in space is manipulation. On many of
the X-15 and Mercury flights it has been demonstrated that a man can

aperate the spacecraft controls, as was done by Astronaut Cooper in
Faith 7.

In the conduct of space science research, man manipulates to begin

to employ and probe into his environment, making use of motor re-

sponses and verbal skills to carry out procedures, and to assemble,

operate, and repair equipment for investigative purposes. For such

a purpose, in a_ldition to possessing manipulative skill, the astronaut

must be able to describe clearly and concisely the situation, the changes

that occur, and the responses to procedural changes recommended

from the ground.

In manipulation, man in space moves from the passive role of sen-

sot to active involvement with the environment, which enables him to

overcome or bypass equipment failures in preplanned activitie_ The

replacement of man by a robot manipulator would be extremely difll-

cult--and the equipment would be subject to malfanction--but it

would not be impossible

In the areas of sensing and manipulation, the needs of science axe

being filled to a considerable degree in near space through unmanned

satellites. We now have evidence in the Ranger VII and VIII photo-
graphs that lunar observations can be made with an unmanned

spacecraft.

But as our explorations range deeper into the solar system, the speed

of light places a limitation on our ability to manipulate on a real-time

basis by remote control. A radio signal travels from the Earth to the

Moon in about 1.3 seconds. Thus, a device on the Moon controlled

remotely from the Earth cannot react to any situation in less than 2.6

seconds--the time required for a roundtrip radio signal. From more

distant points, the radio relay time is proportionately longer, and the
difficulty is increased.

When we move on to man's role as an evaluator: it is clear that his

relative importance in the man-machine system is increased consider-

ably. For sensing and manipulation, the human abilities to analyze,

correlate, systematize, and select are valuable. For evaluation, they

are essential. With the capacity to evaluate, the "sensing and manip-

ulating" individual achieves a substantial degree of self-reliance in

controlling what he perceives and how he reacts. When a man re-

members, recalls, reflects, analyzes, compares, contrasts, and induces--

when he understands, using a solid foundation of knowledge--he has

improved the degree to which meaningful data ..can be translated into
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useful knowledge. To develop this evaluative ability, we are conduct-

ing a program of scientific education for the current astronauts,

including instruction in astronomy, geology, and space physic.s.
The most advanced role of man in space is that of an investigator

who responds creatively be unexpected situations, postulating theories

and hypotheses and devising and initiating systematic measurements.
In this role, the astronaut is a full-fledged scientist. It is to assure

development of the capacity for this kind of astronaut involvement

in space science investigations th_at we are engaged in a scientist-

astronaut selection program. It is clear from this analysis of the

functions of sensing, manipulating, evaluating, and investigating that

man in space is valuable for the same reasons that man is valuable in

scientific field studies or in the research laboratory.

Concurrently with our efforts in the Apollo program, NASA is

conducting studies and planning missions utilizing Apollo develop-
ments for missions other than the initial manned lunar landing pro-

gram. With Apollo equipment, for the first time we will have an

opportunity to perform experiments th.at heretofore were too large,

too complex, too heavy, or too power-consuming for other satellite

programs. Initially, the basic Apollo spacecraft can be placed in a
low Earth orbit by the Saturn I-B la.unch vehicle carrying experi-

mental payloads of up to 2000 pounds with nearly 210 cubic feet

of unpressurized volume available. The payload can be so configured

that as much as 500 pounds of experimental data (film, apparatus,

or specimens) can be returned to Earth and recovered for detailed
examination and analysis. This orbiting system could achieve orbit

durations of up to 4 weeks and cotfld accommodate a three-man crew.

We can ,also plan on using the Apollo spacecraft in conjunction
with the Saturn V launch vehicle. Capabilities can then be extended

to meet the requirements for more demanding missions or longer

orbit durations. For example, up to 90 days duration in Earth orbit
can be obtained on Earth orbits of low inclination. Also it is possible

to place the spacecraft in orbits offering unique viewing capabilities
such as polar orbits or those at 23 000 miles altitude, in which the

satellite revolves about the Earth every 9_4hours and thus is synchro-
nized with the Earth's rotation. The use of the lunar excursion module

adds an additional 220 cubic feet of available pressurized volume for

large dimension experiments requiring direct ,access by the in-flight

experimenter.
The development of extravehicular operations will enable in-space

assembly of experimental structures or apparatus too large or complex
to be launched in an assembled condition. The absence of gravity

allows theses structures to be extremely light and very large structures

of precise dimensions are possible.
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A manned station with these capabilities offers the opportunity to

perform experiments in space science, in the development of Earth

oriented applications, and in support of space exploration. Space
science experiments can be conducted in astronomy, bioscience, physics,

and chemistry. In the area of astronomy and astrophysics, an orbit-
ing observatory would offer some attractive possibilities in that the

spectral trans_rency and operational flexibility can significantly ex-
pand and extend our knowledge in this vital area.

In the bioscience area, experimentation and research can be con-

ducted dealing with tissue regeneration and healing, bacteriology,

germination, embryology, and cellular physiology. Such experiments

in a zero gravity as well as other space environments could signifi-

cantly enhance our understanding.

Experiments in the physics and chemistry area could include the

study of basic physical processes such as surface tension effects, liquid/

vapor interfaces and behavior in zero gravity, fracture mechanics,

and the effects of long-term exposure of materials to the space environ-

ment on the formation of compounds_ combustion, surface chemistry,

and so forth. These physics and chemistry experiments will certainly

contribute to the development of future spacecraft.

Recent advances in meteorological theories indicate that a synoptic,

or overall, view of Earth cloud cover and knowledge of the inter-

action between extraterrestrial phenomena and the atmosphere can

significantly aid in the prediction of weather. The unique viewing

oosition frnm orhlt ::sing _'_--"_+ ..... m can ........... = neces-

sary worldwide synoptic coverage and can assist meteo_vlogists in

developing a more complete theory of the Earth's weather.

Another broad area that contains major research opportunities is

that of Earth mapping survey. Subcategories ,trader this broad area

include geology, hydrology, agriculture and forestry, oceanography,

and biogeography.

With the same Apollo Extension System concept we will be able

to increase significantly our payloads sent to lunar orbit and to the

lunar surface. The results obtained through a thorough investiga-

tion of the Moon could be far reaching in their implications. The

past geologic history of the Moon is recorded permanently in an
environment whose characteristics are such us to leave this record

essentially undamaged and accessible. A detailed investigation of

the lu.nar surface, subsurface, and the surrounding environment should

reveal important facts about the origin of the Moon and its evolu-

tionary process, hopefully shedding light on the origin of the Earth

and possibly the solar system itself.

Suggestions and comments from the university community, not

only with regard to research oriented endeavors but also with regard
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to any aspect of our program, are welcome. We are always interested

in alternate and better approaches. As we continue to work together,

as we learn to exploit each other's strengths more fully, we can move

ahead confidently with a united and integrated approach in attacking

the problems which lie before us on the very frontiers of technology.



The NASA University Program--A Two-Way
Street

Stuart S_n

UNITED STATE8 8F.NAIN_R

ET Z_ _ tWPm___TZON for the privilege of attending this
NASA University Program Review Conference. It is rewarding

to see major legislation such as the National Aeronautics and Space

Act of 1958 carried onward and upward on a positive and tangible
basi_

The program in which you are participating is a direct outgrowth
of the will of the Administration, the Congress, and the American
people. NASA's mission clearly includes "the expansion of human
knowledge of phenomena in the atmosphere and space," and the "pres-
ervation of the role of the United States a_ a lo_der m aervnau_ca!

and space-related science and technology." Though not specifically
named, university participation is implicit in both phases.

With that in mind, let us consider not what the universities are
doing, or what NASA is doing, but what is being accomplished
jointly--and what we hope may be accomplished in the years ahead.
For it is my conviction that through continued and expanded effort,%
the universities, the Government, and the industrial forces of the

Nation will gain steadily from this program.
Today, we can take justifiable pride in the many space successes

this Nation has achieved during the short 6½ years of NASA's ex-
istence. Within a period of little more than 4 years we have initiated,

conducted, and completed with spectacular success our first man-in-
space project, Project Mercury.

The manned flights began with the suborbital flights of Astronauts
Shepard and Grissom, progressed through the three-orbit flights of
Astronauts Glenn and Carpenter, moved on to the six-orbit mission
of Astronaut Schirm, and culminated with the M-hour, 22-orbit flight

of Astronaut Cooper. Aside from the significant fact that these

51
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flights began before the third anniversary of NASA, the most note-

worthy aspect is that we carried out all these pioneering expeditions

with complete safety of all six astronauts. So far, the safest way to

travel in world history is through space.

I hope and believe that the experience gained ill Project Mercury
will enable our scientists, engineers, and supporting personnel to make

Project Gemini, our two-man missions, equally successful.

While we are making headway with the manned flight phase of the

space program, we are also achieving dramatic results with the un-

manned satellites and spacecraft. Meteorological systems Tiros and
Nimbus advanced the state-of-the-art of weather forecasting through

photographs of cloud formations, hurricanes, and typhoons. Like-
wise, the communications satellites Relay, Telstar, and Syncom proved

the feasibility and practical worth of a satellite-based global com-

munication system which will have major international value.

Concurrently, we are continuing to demonstrate our ability to ex-

plore the mysteries of space through such programs as Ranger,

Mariner, and the Explorer series. Ranger VIi traveled about a

quarter of a million miles through space and provided our scientists

and engineers with over 4000 pictures of the lunar surface before

impacting on the Moon. Ranger VIII, following a similar path, pro-
vided more than 7000 more Moon surface pictures, this time of another

area--as with Ranger VII, a landing site that was determined to be

the target in advance of the flight. Not only did Ranger VIII give

spectacular pictures, it actually hit the Moon within 15 miles of the

planned point of impact, this after a flight of 248 766 miles. The

Mariner Venus and Mars flights represent another spectacular and
successful area of effort.

We can be proud of these successes and of our progress in other

related fields, perhaps particularly the development of the Saturn I
launch vehicle. All tests of this launch vehicle have been successful.

A recent test, in addition to further proving the effectiveness and

reliability of the vehicle, placed in orbit a vehicle known as Pegasus,

a wing-shaped satellite designed to investigate meteoroids in space.
In other areas of research we are making sound progress in our

manned lunar exploration program, in the design and development of

more sophisticated guidance and sensing systems for use aboard space-

craft, and in the application of newly acquired technology to even

more advanced projects than those now underway. Although still

very much in the pioneering stage, we are rapidly gaining that experi-
ence and confidence which is necessary for the more ambitious under-

takings of the years and decades to come.

A sobering thought presents itself, however. Let us consider where
we are now and relate our present level of advancement to future ex-
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pectations. Thus far, we have proceeded almost entirely on the

strength of relatively old knowledge. The principles, the concepts,

and in many cases even the technologies themselves were already in

hand. We have been able to apply and exploit them because, for the
first time in man's history, we have the tools to do so. Conditions will

become markedly more difficult as we move beyond our first steps to

undertake the ambitious goals and objectives inherent in the broader

scope of the space age challenge.

It has been said before but it bears repeating: New knowledg_ new

technology, and more profound discoveries are prerequisite to the

space role we envision for ourselves in the future. To put it another

way: If this Nation is to achieve and maintain preeminence in space,

we must widen the scope of man's imagination, trample roughshod

over intellectually inhibiting barriers, and stimulate to their fullest

potential the mental powers of young, and reasonably young, Ameri-
cans.

The Government cannot do this alone. The universities cannot do

it alone. And the industrial complex of this Nation cannot do it alone.

It requires a three-force effort, but it will in the longrun produce three-
way benefits.

In essence_ that is what this conference is all about.

The force which the Government brings to this responsibility is

uniquely "ungovernmentar' in its concept and application. Whereas

the traditional Government practice might be to enmesh a Federally

fund__ progT___m with a net of g-aidelmes, i-esttqctio_m, and directions,

the NASA University program strives to give full play to local volun-

tary initiative. The Sustaining University Program's training and

research activities encourage participation and provide support. Any

requirement for universities to become engaged in the program stems

from their basic yet paramount responsibility to the Nation to ex-

pand a//fields of knowledge and assure its transmission to succeeding
generations.

NASA does not predetermine which sehools will participate in this

program, nor does it select the predoctoral trainees, specify training
curriculums, or undertake local administration of an individual uni-

versity's participation. Rather, it evaluates submitted proposals and
makes its selection on the basis of realistic criteria which take into

account the school's overall competence, capabilities, and needs. Once

it make a selection, it provides continuity of support, an essential in-

gredient for a program of this kind. Every training grant includes

an allowance to the university with which it oa_ strengthen its grad-

uate program in space-related areas of science and technology.

Throughout the program, NASA's motivations are of necessity geared

to its space mission. The predoctoral training activity, for instance,
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was designed to accelerate the production of Ph.D. degrees in space-
related science and engineering.

Similarly. through the research component, NASA seeks to derive

vigorous, creative, and productive contributions to specific areas of
scientific research and technology. Far from surrounding its univer-

sity relationship with defining and restricting conditions, however,
in this particular ventu're NASA seeks to help preserve for the uni-
versity its freedom of decision. This very absence of binding defini-
lions and presumptious regulations results in placing the university

space-age responsibility where it properly belongs--in the able hands
of university administrators, professors, researchers, and dedicated

graduate students.
Perhaps it would be appropriate to refer to a major consideration

which emphasis on the term "space age" may cause us to overlook.
The Nation's space program is not the root cause, but the effect, of
expanding scientific knowledge and technology. Scientists and other
researchers the world over continue to generate great masses of new
knowledge, and universities continue to face the increasingly difficult
task, the challenging requirement of introducing this new knowledge
into laboratories and lecture halls. We must not look upon the drive
for dramatically new scientific knowhow as only an expedient aimed

at achieving political purposes, worthy as those purposes may be.
Rather, we must view it for what it truly is--the clear-cut extension

of man's burning desire to know more and do more.
While successfully accomplished space missions provide direction

and reward for this desire, we can be assured that as long as man
survives on this planet he will have questions; and as long as he has
questions, he will look for answers. This will be as true after the
voyage to the Moon as it was before the voyage to America.

Now, let us consider for a moment the special force the universities
bring to bear on this effort and what their participation means, both
to them as institutions and to the society they serve.

As is well known, the democratic structure of our society continually

places pressure_on our universities to tap new sources of knowledge,
to process that knowledge and identify areas of application, and to
assure its injection into the Nation through trained individuals.

Our universities are not merely a desirable appendage to community

life. Rather, they are at the very center of its development and must
work as an integral and dynamic force within it. More specifically,
the scientific and engineering aspects of universities, particularly at
the graduate level, are now at the center of future community--and
national--welfare. From them must come the future leaders of science

and technology, as well as a vast portion of the ideas demanded by
the technological revolution in general and the space program in
particular. Through their participation in the NASA University



the _msa university program--a tu_w_ street 55

programs, universities are helping to channel new ideas, new scientific
and technical solutions, and more higMy developed brainpower into
the space effort. By so doing, they assist in satisfying the Govern-
ment's selfish interest in the program--in justifying its cost to NASA

and to the American taxpayers.
Further, and I think this most important as far as our total national

welfare is concerned, they are placing themselves in a better position

to serve one of their major functions: that of providing even greater
support to the industrial complex at large and to the local community
of which they are a part. In this regard, transmission of knowledge
must extend beyond the limits of classroom and l_ teaching.
As new discoveries are made and new technology developed, it is

incumbent on the universities to develop more rapid means of com-
municating such information to industry and the community.

This rapidity is imperative because of the growing need to
compress the research-to-developme_t-to-engineering_ion
cycle. About half of what an engineer knows today will be obsol_e in
a decade or so, and about half of what he may need to know in 1975
is not available to him now. Unless today's working scientists and
engineers are kept current on what is new, their potential for contin-

uous productivity will deteriorate_ Similiarly, the economic health of
individual industries is increasingly dependent on the up-to-dateness
of their methods and process_

Of course, the universities themselves will gain through participa-
tion in this program. They hav_ fh_ oppo_,_nity _ _mngthen their

own areas of space-related work, and with-m their own facilities and
capabilities, stimulate development of new ideas and talent. Further-
more, these plans and programs should encourage researchers and
faculty members to renmin with their institutions, and thus create mad
maintain a nucleus which will attract highly motivated young people

towards graduate studie_ Such a self-serving prospect shDnld be
a particularly strong incentive, especially for those colleges and uni-
versities that wish to strengthen certain areas of endeavor.

The third force, the force of industiT, is less directly involved in
the specifics of this conference than the university. But it, too, has a
responsibility to support the NASA University Program--and an
opportunity to gain a great deal from it There is a growing need
for closer liaison between industry and the university community,

aimed largely at acquainting university researchers with variuus in-
dustrial problems which require solution.

Although the larger industries have their own research facilities,
the smaller ones are not always fortunate enough to be able to divert
funds and resources for such purposes. For them, and even for larger
ones that do not have basic research capabilities, the university is a
largely untapped reservoir of ideas, technology, and in many cases
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techniques. Industrial inpu_ to this reservoir, in the form of ques-
tions, problems, and presentations, will naturally broaden the scope of
university investigations, and thereby coordinate university efforts
with those of industry.

A_ the receiving end, the Nation's industrial complex is a major
beneficiary of the NASA University program. First, industry bene-

fits significantly from the program's training features. Students par-
ticipating in the program have no contract with the Government.
Upon completion of their school work, they are not committed to go
to work with NASA or any other Government agency. Many of
them, probably most, actually do enter private industry; and their
training in space-related fields can only enhance substantially the capa-
bilities of the companies they join upon leaving school.

Second, industr_y naturally gains when it acquires new knowledge
and technology, growing out of university research, when it has not
borne the financial burden. In this connection, NASA is currently
making a concerted effort to inform industry of new knowledge and
technological innovations--not only resulting from university research,

but also from its in-house and industrial contractor programs.
Through its Technology Utilization Program, NASA emphasizes,
for its own people as well as all its contractors, the need to identify
specific innovations and to accelerate the flow of technical information

from space research to nonspace applications. New developments---
developments which cover such fields as electrical energy sources, ma-
terials, mechanics, and life sciences--are published and disseminated
to industrial users as well as to scientific and technical trade journals
and other appropriate media.

Pilot operations at certain regional centers are also helping potential
users to obtain this technical information. The Midwest Research

Institute has pioneered with NASA. It is certain industry will derive
significant benefit from the space program in general and from the
university program in particular.

It is clear then that the NASA University program is serving a
critically necessary function within the Nation's overall space en-

deavor. It is providing necessary encouragement and assistance to
dedicated young people who want to make as their career our reach
to the stars. It represents a valuable adjunct to the research efforts
being carried on in Government as well as industry. And it certainly
encourages the university community to meet its responsibility to its

students and the Nation by accepting its role in the challenge of space.
Within the context of these thoughts, it is safe to say that the give

and take of the program--the two-way street--will serve to strengthen
the Government, and the universities, and the industrial complex. As
such, it represents further progress in the teamwork that has made this

Nation the strongest and most prosperous in world history.
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University o/Michigan

Ralph A. Sawyer

VICE PY838SIDENT FOR RESEARCH AND

DEAN OF THE GRADUATE SCHOOL

OF 3KI_GA_-N"

_..I_PACT OF THE FINA_TCIAL_Irr OF NASA on the graduate
training programs in space fields in a large university that has a

strong graduate training and research program is the matter for dis-
cuseion. In order to do this, I will outline the organization of the

University of Michigan and its involvement in graduate training and
research, particularly in the space-related fields.

The University of Michigan is a state institution. It is governed,
however, by a board of regents elected by _pu!ar vote _d .-,m_pongib!_

only to the people. Neither the governor nor the legislature controls
the University of Michigan or dictates its admission, educational, or
research policies. The elected regents have virtually the same freedom
of action as is enjoyed by the trustees of a private university. The
legislature is directed by the state constitution to give financial support

to the University. To this extent, the legislature has an indirect
control over the University, but on the occasions when it has attempted
to use this indirect control to dictate educational policies or curriculum
content, it has been rebuffed by decisions of the State Supreme Court
and also by popular opinion.

Last fall the University had 29 103 resident-credit students, of
whom 39 percent or 11 289 were advanced beyond the bachelors degree
and enrolled in graduate and graduate-professional programs; 6920
of these students were enrolled in the Horace H. Rackhaan School of

Graduate Studies, which administers all graduate work except a small
number of purely professional programs. Of these 6920 students,
1924 were enrolled in physical science and engineering programs and
another 671 in biological and health science programs with a possible

5S
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involvement in space. Last year the Graduate School conferred 399

doctors degrees and 1910 masters degrees.

In 1964, the University celebrated the 50th anniversary of instruction

in aeronautical engineering at The University of Michigan. The first

course in aeronautical engineering was given in 1914 by Professor

Felix Pawlowsky who came to The University of Michigan from

France, where he had received his training in aeronautical engineering

at the University of Paris in what was probably the first program of

its kind in the world. In fifty years, the University has given 2731

degrees in aeronautical engineering, of which 847 were graduate de-

grees, and has graduated three of the current group of astronauts.

A large graduate program, of course, implies a large research

program. NASA-supported research supervised by members of the

faculty of the Department of Aeronautical and Astronautical Engi-

neering at the present time has an annual expenditure rate of approxi-

mately $1.5 million a year. The total sponsored research program of

the University (i.e., the research program supported by other funds
than those received from the state appropriation and student fees and

including support from Federal and industrial sources, endowment

and gifts, foundation grants, and other outside support) amounted

to $42 million in the last fiscal year. This research program of $42

million actually constituted 31 percent of the University's total operat-

ing budget of $136 million, of which $41 million came from the legisla-

tive appropriation. The percentage of federal research and develop-

ment money as a fraction of the total budget is perhaps the smallest for

any of the ten universities that together receive almost 40 percent of

such money. This program at The University of Michigan has been

increasing rapidly over the last 20 years and in the current fiscal year

will probably amount to about $47 million. At the present time, the

University has 23 active grants and 21 active contracts from NASA

and the rate of expenditure under these grants and contracts is just

under $4 million per year. To help house this NASA research, the

University has built a Research Activities Building with its own funds

at a cost of something over a third of a million dollars. NASA has

provided a building grant of $1.7 million for a Space Research Build-

ing, which will be completed this spring.
It has always been the firm policy of The University of Michigan

that its research program should be an integral part of its educational

program. This means tlmt research projects, with the exception of
those vital to national defense and undertaken at the request of the

Federal Government, are accepted only if they can become an integral

part of the research program of the faculty of the teaching d_part-

ments and if they can contribute to the training of graduate s_udents.

Last year, 1,878 graduate students were involved in and received some
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financial support from the sponsored research program, and about 100
graduate students participated in the research carried on under the
NASA grants and contracts.

The research grants and contracts, while a vital part of the Uni-
versity's research and training program, of course, constitute only

part of the support received from NASA. An extremely importsmt
part and one to be discussed in particular is the traineeship program
established three years ago by NASA to provide direct support to
graduate students. This NASA traineeship program, which now
supports nearly 2 000 graduate students in areas related to the NASA
technical program, is, of course, of vital importance both to NASA

and the nation, because of the shortage of scientifically and tech-
nically trained research personnel and because of the large and in-
creasing demands of the NASA space program for such personnel.

The urgent need for increasing the graduate training programs in
this area was highlighted with great clarity by the recent report of
the President's Scientific Advisory Committee, which, at President
Kennedy's request, undertook in 1962 a study of the national resources
of scientific and technical personnel in relation to the demunds placed
on these resources by requirements of space exploration, military
security, economic progress, medical advancement, assi_nce to
underdeveloped nations, and staffmg of higher education. In a report
published on December 12, 1969. the committee found that there was

a need for a large increase in scientific and technical manpower. It
_inted out '_at ..VromI_"30to 1960, while Lhe ix_al civilian labor force
increased 40 percent, 'professional, technical and kindred workers'
increased 125 percent, engineers 300 pement and scientists 600 per-
cent." These figures indicated a change in the charact_ of the work
force in this country, which is evidenced by such things as the great
decrease in needs for agricultural manpower, the growing industriali-

zation of the country, and the grea_r complexity of the industrial,
space, and military technology. It was the conclusion of the com-
mittee that the output of doctorates in engineering, mathematics, and
physics was not increasing rapidly enough and that the rate of pro-
duction should be substantially stepped up so that the output of doc-
torates in these fields should be increased by 150 percent in the decade
1960 to 1970 in comparison with a 50 percent increase in the decade
1950 to 1960.

The basic problem in increasing the rate of training of doctoral

candidates in scientific and engineering fields is financial. A grad-
uate student in this country customarily requires financial support;
his parents usually have supported him through his undergraduate
program; but as he enters the graduate program, he has become of
age, he is often married, and it is traditional for the graduate student
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to look after his own financial needs and to support himself either

by teaching, research assisting, or fellowships. While teaching assis-

tantships and research assistantships are both valuable parts of the

training of a graduate student, if his training is to be expedited, it

is best done through the use of traineeship or fellowship support.

The effect of such _tipends in expediting the programs of graduate
students will be discussed later.

The University of Michigan received 10 NASA traineeships in

the first program for the academic year 1962-63, 15 in the 1963-64

program, and 15 in the 1964-65 program. At The University of

Michigan at present, there is one of the largest groups of NASA

trainees, and perhaps one of the most broadly representative of the

whole space field. Because of the size and breadth of our graduate

program encompassing as it does engineering, physical sciences, bio-

logical, and medical sciences, and the field of human behavior, it is

possible to consider for inclusion in this traineeship program almost

all the areas of learning of interest to NASA. The current trainees

encompass 14 different fields of study, including, for example, astron-

omy, psychology, geology, physics, chemistry, mathematics, aeronauti-

cal and astronautical engineering, information and control engineer-

ing, mechanical engineering, electrical engineering, and communic_ttion

sciences, among others.

Of particular interest among these fields of studies are two inter-

departmental fields, communication sciences and information and con-

trol engineering. Communication sciences are interdisciplinary in

nature and involve five bordering disciplines--mathematics, electrical

engineering, physiology, psychology, and linguistics--or in other

words, five departments in three colleges of the University. The pro-

gram is concerned with understanding, on a theoretical basis, the com-

munication and the processing of information by both natural and

artificial systems. Among other things it is concerned with the use

of computers for investigating languages and symbolic processes and

also with the development and use of languages to study the nature

of computers, as well as with procedures for information processing

by man, by machine, and by systems involving both man and machine.
This is a new, broad program of great importance to space-age work.

Information and control engineering is likewise an interdepart-

mental program involving physics, mathematics, aeronautical and

astronautical engineering, electrical engineering, and chemical and

metallurgical engineering. The program is intended to cover the

dynamical aspects of systems engineering including measurement, in-

formation theory, data transmission, computers, feedback control, and

random processes and their relation to systems of all kinds. Again,
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this is a program of great importance in modern defense and space

development.
The Executive Board of the Graduate School has considered at

some length the factors that are to be considered in awarding NASA

traineeships to obtain only highly qualified students who are definitely

candidates for the doctoral degree and who are interested in a "space

science" area_ Consequently, in addition to specifying these selection

factors, the executive board has prepared a statement to indicate the

general scope of "space-related" specialties as an aid to the Univer-

sity departments in recommending such scholars and to provide a
basis of discrimination for the NASA trainee selection committee of

the graduate board. The criteria given in this statement are as
follows :

Any studies of regions from the ionosphere on outward, whether theoretical,
experimental from earth-based equipment, or experimental from satellites or
rockets, can be considered slmce work. Also included would be the development
and design of equipment intended for such studies, as well as fundamental re-
search that may result in improved space techniques and/or equipment. In
terms of space work a "space-related" specialty is one that involves a significant
proportion of its professionals in Slmce work.

Thus, mechanical engineering could be considered simce-related, but automotive
engineering would not automatically be ; similarly, electrical engineering is
admissible, but power generation and distribution engineering are not auto-
matically. Although automotive engineers might well work on a lunar explora-
tion vehicle, the vast majority of automotive engineers are otherwise engaged,
so that automotive engineering is not immediately space-related.

Basic research r_ertinent to ._pace _etivlti_ _ h_ ,_nv!_o_.__ in _____.n_my,
biochemistry, chemLCtTy, communications science, geology, mathematics, medicine,
physics, psycholo_, and other areas as well as in the various areas of engineering.

The NASA trainees, as is to be expected, are among the best graduate

students in their field, and all are proceeding rapidly toward the

accomplishment of the doctoral degree. One has already completed his

doctoral work, five more will probably receive their doctoral degrees

this spring, and virtually all of the others, except some of those first

appointed for the current year, are already at the research level in

their doctoral program.

A most significant feature of the NASA traineeships is that students

may hold these appointments for three years if their work and prog-

ress are satisfactory. They are, in fact, almost the only available

grants that guarantee a tenure of three years. In order to investigate

the importance of such appointments_ the graduate school carried out

a study on the relation between employment and/or scholarship awards

and the duration of doctoral programs. This study, which was pre-

liminary, covered '205 individuals who received the doctoral degree

in February 1961. Almost all of these students had held either re-
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search or teaching appointments or fellowships during their period

of study. As might be expected, those who had to teach or assist in

research during their programs took a somewhat longer time than the

average to complete the program. Those who had a fellowship for

one year only showed little deviation from the average. Students who

held fellowships for two years or more, however, completed their grad-

uate program about half a year faster than the average student. In

other words, there is a clear indication here that the plan adopted by

NASA in the award of their fellowships to support the student for as

much as three years makes a real contribution to shortening the dura-

tion of the doctoral program. Since shortening the duration of the

program is the most practical way to expedite the rate of production

of doctorates, this program has made a significant, important, and

unique contribution to graduate training in science.

Lindsey R. Harmon has made a somewhat analogous study for the

Office of Scientific Personnel of the National Academy of Sciences--

National Research Council on the effect of fellowships on the acceler-

ation of doctorate attainment. His study indicated that fellowship

holders on the average completed their doctorates slightly over a year

earlier than those not awarded a fellowship. His study, however,

was not able to evaluate any difference in quality between fellows and

nonfellows or the difference between those who taught or worked and

those who held fellowships, or the difference between those who held

a fellowship for one year or more than one year. Nevertheless, his

study also indicated the importance of fellowships in accelerating the

rate of production of doctorates.

Another important factor in the NASA traineeship program is the

provision of training expense allowances to accompany the fellow-

ships. The Executive Board of the Graduate School has considered

the best use of these funds. The simplest solution would be to give

to each department the allowance that accompanied the fellowships

awarded to that department. However, the executive board has

chosen to handle this money as a research fund available to any of the

departments that have received fellowships, but to make awards of

somewhat larger block amounts to satisfy important needs of particu-

lar departments. Thus, it has awarded $6000 to the Department of

Aeronautical and Astronautical Engineering for library acquisitions

to strengthen the library holdings in this area. It has given $10 900

to the Department of Mechanical Engineering for important research

equipment for the use of research programs related to the space re-
search activities of the Department, and it has given $7500 to the

Department of Nuclear Engineering to enable it to obtain a laser and

an oscilloscope for its important research in the fields of laser tech-

nology. Smaller amounts have been given to three other departments.
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While this u_ of the expense funds understandably does not satisfy
the departments who did not receive any, in general these departments
have other sources of funds at their disposal and it seems to the ex-
ecutive board desirable to make use of these NASA institutional funds

in amounts that will significantly strengthen the space-oriented work
of the department concerned.

The question has sometimes been raised whether the large amounts

of fellowship assistance made available in scientific fields by NASA
as well as by the NationM Science Foundation, the Atomic Energy
Commission, and the Public Health Service, have not significantly

altered the distribution of students among the various areas of grad-
uate work and, in particular, whether they have not weakened the
graduate work in the arts, humanities, and social sciences. Our studies

indicate that this has not been the case at. The University of Michigan.
Actually, in the period 1947 to 1950, 37 percent of the graduate en-
rollment was in science and engineering and it must be remembered
that this was in the immediate postwar period when there was an
increased interest in science almost everywhere. For the period 1959
to 1962, however, enrollment in the sciences and engineering was 35
percent. In other words, the fraction of our students in science and

engineering areas in the graduate school has actually decreased
slightly. I do not know if this is a national trend because, of course, at
The University of Michigan the humanities and social science pro-
grams have been strengthened markedly during this period. In spite
of the relative decrease in enrollments, howewr_ it appe_am that the
influence of the NASA fellowship and traineeship programs has been
far reaching.

The availability of traineeship awards may encourage students who
would otherwise not think of graduate study because of its cost, to

plan for a career in science or engineering, subject only to satisfying
academic standards, and without regard to personal financial standing.
Once embarked on graduate study, fellowships and traineeships enable
the student to devote his full energy to the increasingly exacting and
complex studies required for advanced degrees in science and engi-
neering. The student thus can complete his graduate program in a
shorter time than otherwise and so become available in the shortest

practical time for professional work in industry, government labora-

tories, or on a university faculty.
What is hoped and expected is that potential scientists and engi-

neers, otherwise financially handicapped, will be encouraged at an
early stage in their academic lives to consider graduate study in the
sciences and engineering, if they have both the intellectual qualities
and active interest to pursue the intensive and demanding course of
study that such fields require as a preparation for professional life.
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In conclusion, the NASA traineeship program, then, has made "

a marked contribution to graduate training in the areas of interest to

NASA. First, the provision of three-year grants has made a definite

contribution to the struggle to increase the rate of production of doc-

tors in these areas by shortening the length of the program. In a

program the size of the NASA one, this can mean that, in space

science fields, 1000 students each year may have their doctoral

programs accelerated by from six months to a year--a vital contribu-

tion to our needs for specialized personnel. Second, the expense funds

that accompany the traineeships, in addition to paying the actual
cost of education, provide funds to be used at the discretion of

the university to strengthen space age research, are of tremendous
importance. Most universities today have all too few free funds of this

nature and at the University of Michigan extremely good use can be

made of them. The NASA traineeship program, then, although not

our largest student aid program, has been a most useful and important

one in opening graduate possibilities to a highly qualified group of

students and in accelerating training for these students in the space

age areas.



NASA's Frontier Not in Space

Robert L White

_ENT, KENT STATE _ITY

o A RF__LvEomm_ I am here as a representative of "a university just
beginning to develop graduate curriculums in the space-related

areas.:' As I scan the list of institutions involved in the NASA

training programs, I seem to spot no more than 12 universities whose

doctoral programs in these space-related fields have begun within very
recent years,

After several yearsof internal study, in 1958 Kent State University

asked our regional accrediting association, the North Central Asso-

ciation, to take jurisdiction of our hoped-for venture into doctoral

programs of study. In what was then a novel arrangement_ the Asso-

ciation suggested Dr. Ira Baldwin as a general consultant to supervise

both the university and the special field consultants who were engaged

each projected new program. Hence, the University officials took

no single step until we felt that our colleagues and the accreditors

would approve. We announced our programs in chemistry, including

chemical physics, and in certain fields of the biological sciences, in-

cluding physiology, in the fall of 1961. We simultaneously launched

programs in three nonscience fields. Since it is germane to later re-

marks, it might be noted that in all our doctoral programs there are

controls on the number of students to help assure early establishment
of a quality tradition.

At present we have five NASA trainees, two in their second year
and three in their first. A year from now we will have nine. Thus

it may be a bit too early to ask for definitive comments on student

and faculty outcomea Nevertheless_ a few clear facts are now appar-

ent_ These observations_ in addition to my own_ include those from

some of the faculty. Further, some of these points were reviewed with
officers in other "newer" institutions.

If, as I surmise, these newer programs are represented by about

one-tenth of all the institutions holding NASA training grants and
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if it is assumed that the number of traineeships per institution is no

more than half that of the more established programs, then it appears

that I am speaking with respect to less than 5 percent of all NASA
trainees.

Whatever the degree of numerical significance, I submit that the

program is an unalloyed contribution to excellence, peculiarly so for

this group of universities; and its relative effect is incomparably

greater at Kent State University than for other schools. Because of
our relatively brief experience, some of the specific points of interest

cannot be exactly or finally described. There has been some encourage-
ment to interdisciplinary study. Beyond any doubt, these interests will

grow. Although we had a chemical-physics program before the

NASA grants, the grants have further encouraged this aspect. Two
of our five trainees are in that ,area. There is also evidence of closer

research conbaet between biology and chemistry. New programs are

developing in biophysics und biochemistry.

It is not yet possible to point to the acquisition of much highly

specialized equipment but that will surely come to pass. The NASA

program support money for 1965 is about 10 percent of the amount of

University money (excluding extramural funds and contingency

money) budgeted for equipment and supplies to these two science

departments. An extra 10 percent is tremendously important. Fur-

ther, and possibly paradoxically, we have diverted University funds

and private moneys into equipment important to one of these NASA

traineeships.
The students are doing very well indeed. Grades are fine, general

program progress is good, and at this point there appear to be ou_-

standing prospects. The time required for the doctorate will be clearly

foreshortened. For example, one student is studying physiological

changes associated with muturation of mammalian blood cells. This

study can have a relation to _he effects of environmental conditions

of potential interest to NASA.

The program has been a superb contribution to recruiting good

students. First, the stipend is relatively good, covers 12 months, and

involves a factor f_r dependents. Particularly important to a newer

graduate program is the "cachet" or endorsement implied by the

assignment of a NASA grant. Despite our doctoral accreditation by
the North Central Association, this endorsement means much in secur-

ing good students under present competition with older and well-
established institutions. It has an effect going beyond possible

candidates for the training grants and spills over into other fields of

study. The number of faculty members has increased. The greatest

faculty effect, though, is found in morale and in the ability to use some

new research support funds.
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Our faculty and academic officers have only friendly comments for
the program and its organization. The fact that we hold the research

contract with the Plumhrook Reactor of NASA is an added potential
for the trainee_ In net, the training program as we see it is a clearcut
strengthening of the basic and applied space-related sciences and is

administered in a way to encourage further growth.
NASA has held that space activity is an extension of the sciences,

not a unique science in itself. Granted that interdisciplinary activities
inevitably do and should result, the goal of broad space-related science
is reflected in the broad interpretation of space-related science by
NASA.

There is apportunity for scientists to pursue their ideas. The Uni-

versity holds wide autonomy in pluc.ing the students and in focusing
the supports from the program_ Just as we have gone from Explorer
up through Mariner and beyond, so too will the philosophy of NASA
university training grants help to produce ever more imaginative and
creative sciences.

These are the reasons, then, why I say that the NASA training
grant program is an unalloyed contribution to excellence for the
"newer" graduate study programa We become participants with
NASA and with other universities in meeting a challenge which is
national and which is more than science alone.



Predoctoral Training Grants at a Private
University

Franz R. Brotzen

DEAN OF ENGINEERING

RICE UNIVERSITY

_ DXSCUSSINGNASA'S Em_OOCrORAL _G m_ at a private
university it would be appropriate to say a few words about the

particular private institution which provides the basis for this dis-

eussion. Rice University is a relatively small coeducational institution

located in I-Iouston, Texas_ with an undergraduate enrollment of about

1750 students and a graduate enrollment of approxinmtely 600. It

does not maintain any professional schools such as law, medical, di-

vinity, or business schools. Since there are no evening or summer

eol!_rc____.vi!vc_U_y =11 _0_ _.-_raduat_ students are -in full-Pwne i_sidene_

In its relatively short history of about 52 years, Rice University has

been fortunate to attract a student body of exceptionally high academic

standing. As a result, Rice University ranks now llth among the
schools in the nation as the choice of National Merit Scholars and in

third place when this criterion is related to the size of the incoming

freshman class. Similarly, College Board averages and other stand-

ards clearly reveal the exceptional quality of the undergraduate body.

As far as Rice's educational policy is concerned, it tries to contribute

to society graduates able to think and question, educated to compre-

hend and to cope with the rapidly changing world. The emphasis

is manifestly on breadth of education for students in all disciplines.

Being a nondenominational school whose students until now have not

paid tuition s Rice University has evo]ved into a unique educational

institution in the southwest of the United State_ whose level of ex-

cellence clearly transcends a regional frame of reference.

Although the undergraduate enrollment has been kept virtually

constant over the last years, the University has a rapidly growing

graduate school. In this school a special effort is made to strike a
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happy balance between research on one hand and instruction on the
other hand. In this connection it has been clearly recognized that a

basic research program is a most important element of graduate edu-

cation, and such a program can be sustained only by individual,

scholarly dedication of all the members of the faculty. It has been

the policy of the University to assure that the choice and control of

the research projects rests exclusively with the investigators.

In short, Rice University is an institution which because of its size

and its background possesses a great deal of administrative and aca-

demic flexibility and which is determined to attain the highest level
of academic excellence in M1 the areas of its endeavor.

THE DEVELOPMENT OF THE GRADUATE PROGRAM AT RICE

The great future needs of this country for personnel trained in the
sciences and engineering have received much publicity. The Bureau

of Labor Statistics predicts a rise in the number of scientists and en-

gineers from about 1.1 million in 1959 to about 2 million in 1970,

corresponding to a growth rate approximately four times that pro-

jected for the national labor force as a whole. (See ref. 1.) It is in-

deed gratifying to note that the production of Ph. D.'s in the physical

sciences and engineering has increased substantially in the last 10 years.

As an example, the number of engineering doctorates granted has in-

creased threefold since 1950 (see ref. 2) ; yet, the geographical distribu-

tion of the production of scientific talent is still very uneven.
In this connection it would be well to mention here the special con-

ditions that have prevailed in the southwest of the United States with

respect to graduate education in the sciences and engineering.

Approximately one-third of all Ph. D. degrees given in 1962 were

awarded by universities in the New England and Middle Atlantic

States. Although the relative academic importance of these regions

was even greater in 1920, when approximately one-half of all Ph. D.'s

given were granted there, the southwest of the United States still lags

far behind the East Coast, the West Coast, and the Midwest, as far as

graduate education is concerned. The consequences of the unevenness

of the geographical distribution of graduate education are illustrated

by the following statistics (ref. 3) : Although 5 percent of the people

holding Ph. D.'s in physics were born in the southwest of the United

States, only 3.3 percent work there, a net drain of about 30 percent!

It is with these general conditions in mind that Rice University has

made special efforts to increase its graduate enrollment steadily with-

out affecting the high quality of its program. Although only a few

years ago, in 1960, the total graduate enrollment was approximately

350, it is now slightly above 600. It is estimated that the full-time

graduate enrollment for 1970 will be greater than 850.
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Clearly, the building of a graduate school of good quality is costly.

The increase in faculty, facilities, equipment, and expenses has to be

budgeted, and it is evident that the funds for the enlargement of a

graduate school cannot come from tuition_ endowment increase, or

research contracts alone. In past years, Rice University has not

charged significant amounts of regular faculty salaries to research

grants or contracta This, in a sense b is the University's contribution

to its fundamental research program in recognition of its obligation

not only to transmit but also to create knowledge. At the present

time more than half of all graduate stipends come directly from

University funds, another substantial contribution of the University

to the graduate program. Yet, funds made available for these pur-

poses cannot rise at the same rate as the graduate school must grow

in order to satisfy national and, in particular s regional needs. Means

had to be found to provide funds for the tuition and stipends of

graduate students attending Rice University. In this respect the

NASA Predoctoral Training Program instituted in 1962 has been

an invaluable asset to the growth of the graduate school at Rice

University.

THENASA PP.EDOCTO_trP.AINING N_,,P.AM AT P.ICE

The NASA Predoctoral Training Program at Rice began _" Sep-

tember 1962 with the award of 10 NASA traineeships for the period

of 3 years. Through supplementary grants the University received

10 additional NASA tr_inees_ hips beg4mn_g ;-" _r_,,_*--"-- _o634"_ and

15 NASA traineeships beginning in September 1964. Recently the

University was awarded a supplementary grant for an additional 15

NASA traineeships, which more than replace the 10 original trainee-

ships which will be terminated in September 1965 after a period of

3 years. Thus, there will be a total of 40 NASA traineeships at Rice

University starting in September 1965.

It is often difficult for a private in_itution to plan ahead over a

long period of time. The sustaining nature of the NASA Predoctoral

Training Program is therefore a particularly desirable feature.

Needless to say, the funding of traineeships on a 3-year basis, rather

than a year-to-year basi_ adds to the stability of the program and

reduces administrative work substantially.

The program is administered by the Graduate Council of the Uni-

versity, which decided from the outset that a NASA traineeship

should be a particularly prestigious fellowship. This meant that the

Council would select the students purely on the basis of scholarship

and past academic performance. Selection is made among those

candidates whose names are submitted by the various science and en-

gineering departments. The departments are encouraged to submit

O---_5---*--6
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complete records of their best graduate students, and these records

are judged individually by each of the six members of the Graduate

Council. In order to maintain the highest standards associated with

this traineeship, the Graduate Council may discontinue a traineeship

in the unlikely event that the academic performance of a trainee

deteriorates. Records of all NASA fellows are reviewed annually

by the Gra.duate Council. As a result of these measures the title

"NASA fellow" carries with it special academic distinction on the

Rice campus.

From the funds provided by the grant, the University retains $1500

per trainee each year as unrestricted income in lieu of tuition. This

amount corresponds to the cost of graduate tuition which was intro-

duced this year. An additional amount of $1500 per NASA fellow
is transferred to departmental budgets in order to help the depart-

ments defray the expenses of research carried out by NASA fellows.

The latter adds considerably to the motivation of the departments to

submit their very best students as candidates for NASA fellows. As

far as the stipends paid to the students are concerned, primary con-

sideration is given to the students' needs in terms of family obligations

and personal circumstances, but academic performance also plays an

important part. The University has an understandable interest in

completing the graduate education of every student in the shortest pos-

sible time. Every effort is made, therefore, to keep students working

full time on their thesis research during the summer months while in

residence at the University.

In order to keep the turnover of NASA fellowships at a minimum,

the fellowships are generally awarded to students likely to finish their

doctoral programs within the prescribed period of 3 years. In most

cases this means that the student has been at the University as a grad-

uate student for at least 1 year. This, in turn, facilitates greatly the
evaluation of the student's record and his selection as a NASA fellow.

Incidentally, the failure to recognize clearly these conditions at the

beginning of the first grant led to a greater than desirable turnover

of students. This condition, since then, has been rectified. It is in-

evitable, however, that some students either leave the University

before concluding their graduate work, or conclude their graduate

work before the allotted time of 3 years has expired, or, in some cases,

prefer to accept a fellowship granted by another source, such as the

National Science Foundation. In these cases, NASA fellowships valid

for 1 or 2 years are freed and are distributed to suitable candidates by

the Graduate Council with the clear understanding that these fellow-
ships have only limited duration.

Of the 35 NASA traineeships presently in force at Rice University,

3 are in the field of mathematics, 11 in the field of physics, 4 in chem-
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istry, 2 in geology, 9 in engineering, and 6 in space science. Of the 13

_udents who gave up their NASA fellowships prior to the termina-
tion of the 3-year period, 2 received their Ph. D. degrees at Rice, 3,
after receiving their mas_r's degrees_ transferred to other universities,
1 requested a leave of absence, and 4 accepted other fellowships at Rice
University. Only 2 discontinued their graduate studies, and only 1
was dropped by the Graduate Council in view of inadequate perform-
ance. As the first of the a-year grants comes to a close this summer,
8 graduate students holding NASA traineeships are expected to receive
their Ph.D. degreea

What has been the effect of the NASA traineeship program on Rice

University ? Above all, the program has made possible a more rapid
growth of the graduate enrollment and subsequent production of
graduate degrees. The number of NASA fellows represents an addi-
tion to the graduate enrollment at Rice University. The number of

graduate students whose fellowships are carried on the regular budget
of the University has not been affected by this grant. Indeed, with an
increased graduate enrollment of about 100 every year during th_
past few years, the University's contribution to assistantships and
fellowships has grown substantially. NASA traineeships can there-
fore not be interpreted as having caused any curtailment of the con-
tribution of Rice University to its own graduate program in space-
related sciences and engineering. With the increasing number of
graduate students in science and engineering, partly due to the intro-
duction of hTASA traineeship funds, more extensive instructiona] and
research programs in these areas were generated. Furthermore, the
relatively generous stipend associated with the NASA traineeship
tends to attract outstanding students to the campus from a broad
geographical background or keeps them on the campus, since they are
able to continue their studies without having to resort to remunerative
work on the outside. It is believed that the prestige associated with

the NASA fellowship on the Rice campus represents an additional
force to keep the students at Rice and, as a consequence, in the south-

west of the United States. Since the inception of this program, sev-
eral interdepartmental programs have been created at Rice_ It is
difficult to say whether or not these programs would have been created
without the presence of NASA traineeship funds; yet, the possibility
for a given department to obtain fellowships not provided for in its
particular budget, no doubt_ facilitates the creation of interdisciplinary
programs. In the last few years such interdisciplinary programs in
the fields of computer science, in which the Departments of Philosophy,
Mathematics, and Electrical Engineering are participating; systems
science and engineering, in which the Departments of Electrical and
Chemical Engineering are participating, and materials science, in



76 nasa university program review conference

which the Departments of Mechanical Engineering, Electrical En-

gineering, and Chemistry are participating, have been established.

Such interdepartmental activities, which can be carried out with rela-

tive ease within the flexible structure of a private university, represent

a very desirable and important trend in the field of graduate education.

It is expected that more programs of this nature will be created.

¢OSCtUt)lNO REMARKS

There is no doubt that the NASA traineeship program is a very

important ingredient in the development of a greater number of first-

class universities in America. But., as Henry Heald, President of

the Ford Foundation, has pointed out, it is difficult today for a uni-

versity to realize aspirations of greatness. The pressures are great,

the costs high, and the competition keen. Yet, the need for outstanding
scholars is also growing rapidly. It is most fortunate that the National

Aeronautics and Space Administration has had the foresight of pro-

viding universities with this program.

REFERENCES

1. MICHAEL, BERNARD: U.S. Schools Will Double Number of Doctors. Monthly

Labor Rev., Apr. 1962, pp. 418-422.

2. ANON. : The Long-Range Demand for Scientists and Engineers. Chem. Eng.

News, Dec. 23, 1963, pp. 28-29.

3. HARMON, L. R.: Physics, Ph. D.'S... Whence... Whither... When?

Phys. Today, vol. 15, no. 10, Oct. 1962, pp. 21-28.



NASA Summer Institutes

Gordon J. F. MacDonald

ASSOCIATE D_R_ INSTITUTE OF GEOPHYgICS

UNIVERSITY OF CALIFORNIA, LOS ANGEI2_

HE DEVELOPMENTS I1_ SPACE SCIENCE AND TECHNOLOGY _ a variety
of problems in undergraduate education. This paper concerns a

small experimental program in undergraduate education sponsored by
NASA.

During the past three summers NASA has supported an Institute

in Space Physics at Columbia University. A similar program has

developed at the University of California_ Los Angeles. During the

summer of 1963, UCLA was host to a Summer Program in Planetary

Physics. In the summer of 1964, UCLA and the California Institute

of Technology jointly participated in a similar program. Also in

Laboratory developed a summer course in space teclmology. A prin-

cipal goal of all the summer institutes was to acquaint upper division

undergraduates, and in a few instances first year graduate students,

with the substantive problems of space science and space engineering.

While the prime purpose of the three Institutes was roughly similar,

the techniques employed to achieve the goal differed among the three

Institutes. The various programs suggest a variety of approaches to

the problems of education posed by the new developments in space.

Planetary physics encompasses many problems not ordinarily taken

up in the usual undergraduate curricula. Since the problems demand

a high level of attainment in physics and mathematics, it may be un-

wise to dilute the undergraduate program with special, topical courses

covering planetary and space physics. At many smaller colleges and

universities, there is the additional problem that the faculty does not

include individuals active in research in the new subjects. An alterna-

tive to the development of special undergraduate courses at many

institutions is to use the time available to the students during the sum-

mer recess. During this time special programs can introduce students
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to problems of space and planetary physics without interrupting or

delaying their basic undergraduate education. The time at which the
student is introduced to the problems of planetary physics is most

important. The student should have a sufficient background in physics

and in the basic sciences to appreciate the problems of planetary

physics. Yet he should not be sufficiently advanced in his education

to become committed to a particular field of science with the result of

only a peripheral interest in planetary physics.

In discussing the Summer Institutes, I will concentrate on the ex-

periences of UCLA-CIT. At the same time, in developing this de-

scription, I will comment on how the Columbia program and the

CIT-JPL program differed from the UCLA-CIT program.

Last summer the planetary physics program at UCLA-CIT covered

10 weeks. Seven weeks of this period were devoted to a series of

lectures and 3 weeks were devoted to individual research by the par-

ticipating students. The Columbia and JPL-CIT programs were
of 6-week durations.

The first 5 weeks of the UCLA-CIT program were devoted to a

lecture series on four selected problems. The aim was to introduce

the undergraduate to specific problems in space physics; the lectures
would take him far enough along in these problems so that he would

become aware of current excitement and interest, and perhaps arrive

at a point where he could begin to conduct his own research in a specific

area. The four problems developed at UCLA were:

(1) The determination of the gravitational field of a planet by

observing an artificial satellite. This question leads to the con-

sideration of the interiors of planetary bodies, their thermal

histories, and chemical evolution.

(2) The escape of an atmosphere from a planet. This limited

question is closely connected with the problems of the constitu-

tion of the atmosphere and the development and origin of

planetary atmospheres.

(3) The lifetime of particles trapped by the Earth's magnetic
field. This restricted problem introduces such questions as

the origin of the particles in the radiation belts and the inter-

action with the atmosphere.

(4) The nature of the solar wind. The solar wind interacts with

the magnetic fields of the planets giving rise to a variety of

interesting questions.

Seventy-five hours of lectures were required to introduce the a'bove

problems in a substantive way. These morning lectures were sup-

plemented by a similar number of hours of afternoon meetings. The

afternoon sessions were partly devoted to additional lectures by Uni-

versity of California faculty and partly to the solution of set problems.
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A 2-week lecture series at CIT followed the 5-week progi_m of lec-

tures at UCLA. These 2 weeks were devoted primarily to introducing

the students to the observational methods of planetary and space

physics and was under the direction of Bruce Murray. The lectures

and laboratory were supplemented by field trips to the CIT radio

telescope at Owens Valley, to the planetary telescope at White Moun-

tain, and to Mount Wilson.
The final 3 weeks of the Sunmmr Institute were devoted to student

research projects. I can best indicate the nature of these programs

by illustration. One student, from Capital University, concerned
himself with the size distribution of lunar craters. He worked out a

theoretical size frequency distribution on the basis of rather specific

assumptions regarding the influx of meteors and the nature of the

lunar surface, and then he compared his theoretical conclusions with

the frequency distribution derived from an analysis of the Ranger VII

photographs. He determined that for craters above a certain size,

something on the order of a couple hundred meters in diameter, the

theoretical and observed distributions were quite similar. Below 200

meters, he observed, frequencies fell significantly below the predicted

frequencies; this is attributed to the reworking of the meteor cratars

by secondary particles generated by the primary meteor impacta

A second example is drawn from a study by an MIT undergraduate,
who was concerned with the infrared brightness temperature of the

planet Mercury. New observations carried out at White Mountain

have determined brlghtn_._¢ or the temperature of Mercury in the

infrared as a function of the phase angle. The student showed that

if Mercury indeed had an atmosphere, the temperature distribution

would have a different phase dependence than it would if there were

no atmosphere. He then compared the observations with his theory

and demonstrated that the present observations limit the extent of

the atmosphere on Mercury to a rather low v_lue and indicated how
further observations could reduce this limit still more.

As a third example, a student from Vassar developed data taken by

the radioastronomical group at Owens Valley on a spiral nebula. She

was able to determine in a fairly unique fashion the total mass in the

g_laxy and the distribution of the mass between the stars and the

hydrogen gas.

This program at UCLA differed from that conducted at Columbia

in several respect_ The Columbia program is under the direction of

Robert Jastrow. He has emphasized a general overview of space
physic_ A 5-week series of lectures is followed by 1 week in which

the students tour selected research facilities of NASA. The past

summer the _tudents visited Goddard Space Flight Center, Marshall

Space Flight Center, and Cape Kennedy.
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The program in space technology conducted at California Institute

of Technology and the Jet Propu'lsion Laboratory was directed by

E. Sechler. This program combined a general course of lectures on

space environment with specific lectures by staff members on definite

topics within the areas of space technology.

In evaluating our programs both Dr. Jastrow and I feel that we
have interested a number of able undergraduates in the problems of

space physics. We believe a substantial proportion of the more than
200 students who have participated in the summer institute program

will continue to doctoratal degrees in space-related sciences. From

the 32 students who attended t_he UCLA 1963 program, 28 are now

involved in graduate education in geophysics, space physics, or

astrophysics.
The students' reactions to the program have been uniformly favor-

able. They value most the lecture material and the participation in

individual research projects.

During the summer of 1965, there will be a continuation of the en-

gineering program. This year it will be sponsored jointly by UCLA
and the Jet Propulsion Laboratory. The Columbia-UCLA programs

have been combined to a single program wi_h Dr. Jastrow and myself
as codirectors and will be held at Columbia.

I suspect that the programs described above could be very usefully

expanded, particularly since in our own developments we have tended

to take only exceptionally well prepared students. This has excluded

a large number of very able students, particul.arly from the smaller

colleges, who have not had sufficient background in mathematics and

physics to take part in this accelerated summer program.
In summary, then, I would say that the Summer Institutes have pro-

vided a very exciting and interesting experiment. We hope to con-

tinue various experimental approaches to this kind of education. I

believe, as do the other people who have been involved in the program,
that it is, indeed, a valuable contribution to the general problem of

interesting our ablest students in the problems of geophysics, astro-

physics, and space physics.
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Max tmliker

ASSOCIATE H-EAD_ DEPAR_2_VT OF AP_0NAUTIC8 AND AffrRONAUTIO8

STANFORD UNIVERSITY

T I8 QUITECLEARthat the extent of the contribution of the university
community toward the national efforts in aeronautics and space

exploration depends largely on the degree to which engineering and
science professors keep up with the rapid developments in NASA cen-
ters and aerospace industries. For a maximum effectiveness of the

pertinent graduate teaching and research, it appears desirable to give
interested faculty members an opportunity to become directly in-
volved in the research in progress at the various NASA laboratories.

Recognizing these facts, the American Society for Engineering Edu-
cation (ASEE) created the Space Engineering Committee, whose
_r. is Lu suggest anu organize special programs that WOUla leact to
a closer interaction between the educational centers and NASA. With

Dr. Phil Powers of Purdue University as Chairman, this Committee

proposed as a first program a series of summer institutes, each to be
jointly dir_ted by one or more universities and a neighboring NASA
center, for example, by Case Institute of Technology and the Lewis
Research Center in Cleveland, Ohio.

The purpose of these summer institutes is to provide an opportunity
for engineering and science educators to engage actively in research
in a NASA laboratory for a period of 10 weeks and at the same time
to attend advanced courses and seminars related to the research. It

is hoped that such a prolonged association of university professors
and NASA engineers and scientists will result in mutual stimulation

and help the faculty to enliven the programs offered to students with an
interest in the aerospace field. While the NASA centers are expected
to select suitable research topics and assign a research advisor to each
of the participating faculty members, the codirecting universities

are responsible for organizing and teaching the special courses and
seminars, as well as for the general administration of the institutes.

8/
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In the interest of long-range objectives, the ASEE and NASA de-

cided that the participants, designated as Faculty Fellows, should

predominantly be young engineering and science teachers, preferably
from colleges and universities with a small graduate study program

in space-oriented fields and limited research opportunities in areas of

major importance to NASA. They should have a minimum of 2 years

of teaching experience at the college level and must be U.S. citizens.

lV[oreover, each Faculty Fellow is expected to have a scholastic back-

ground equivalent to a Ph.D. degree and give evidence for a minimum

basic competence necessary to contribute to the research at the respec-
tive NASA laboratory. In addition, his institution should furnish a

statement setting forth the particular and general benefits to be real-

ized by the school as a result of the candidate's participation. Each

Fellow is to be offered a stipend commensurate with his academic

salary and also a travel allowance. To strengthen his potential for

future research, he may be invited to return during a second summer

for follow-up work and study.

The financial support of the summer institutes is to be provided by

NASA through contracts with the codirecting universities.

The practicability of the ideas and plans as formulated by ASEE

Committee on Space Engineering was assured to a large extent by the
work of Walter T. Olson from the Lewis Research Center and Isaac

Greber from Case Institute of Technology, who developed the basic

format of the summer institutes. Also, the idea of such institutes was

wholeheartedly endorsed by the res-earch staffs of the NASA Centers.

During the summer of 1964 a pilot program of three ASEE-NASA

summer institutes was conducted. The universities and corresponding

NASA centers involvedare listed in table I, together with the respec-
tive codirectors.

Each of these institutes had its characteristic features which reflected

particular strengths of the participating center. The research areas

and special courses that were made available to the Faculty Fellows
are summarized in table II.

The location of the universities associated with the Langley:VARC

Institute (Virginia Associated Research Center of the University of

Virginia, Virginia Polytechnic Institute, and the College of William

and ]V[ary) required the special courses to be held at the center itself.
Half of the lectures organized for the Case-Lewis program were pre-
sented at the Lewis Research Center and half at the Case Institute of

Technology. The close proximity of Stanford University and the

Ames Research Center permitted all the courses and seminars to be

held on the university campus. They were offered as part of the reg-

ular summer session, and a few of the advanced Ph. D. students were
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Table [.--1964 ASEE-NASA _um_r_er Institutes

83

Universities NASA centers

Case Institute of Technology
Cleveland, Ohio

Codirectqr: Isaac Greber
Associate Professor of

Aeronautical Engineering
Case Institute of Technology

University of V'_rginia
Virginia Polytechnic Institute

College of William and Mary
Codirector: Edward C. Stevenson

Professor of Electrical Engineering

University of W2rginia

Charlottesville, V_ginia

S_nfor d University
Stanford, California

Codirector: Max Anliker
Associate Professor of

Aeronautics and Astronautics

Stanford University

Lewis Research Cevter

Cleveland, Ohio
Codiredor: Walter T. Oison

Assistant Director

Lewis Research Center

Langley Research Center

Langley Field, Virginia
Codirector: John E. Duberg
Assistant Dkector

Langley R_earch Center

Ames Research Center

Moffett Find, California
Codir_tor: John Leveen

Chief,Employee De_-elop-
ment Branch

Ames Ramarch Center

also given the opportunity to attend. In spite of the limited publicity

given to these institutes approximately 200 faculty memhe_ _res_rr_onded
to the announcement.

The 42 Faculty Fellows taking part were chosen in accordance with

the objectives of the program. For each institute the selection was

made jointly by the two codirectors and the research supervisors.

Although no geographic considerations were applied, no university

was to be represented by more than three faculty members in any of

the institutes. Table III enumerates the participants according to the

location of their academic institutions. Dividing the states into groups

from east to west, we had 21 Fellows from Eastern states, 16 from the

Midwest and 5 from the Far West. A North-South division of the

states separates the Fellows into 20 from the North and 22 from the

South (including Arizona).

At the end of the 10-week period each participant submitted a re-

_rch report in the form of a working paper or summary. In the

case of the Langley-_\kRC institute they also gave oral presentations

on their research accomplishments to the entire group of Faculty Fel-

lows and research supervisors.

To permit an overall critique of the pilot program each Fellow and

his research advisor were asked to complete _parately evaluation

questionnaires and to make recommendations for improvements of the
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Table II.--Summary of Research and Course Programs of 1964

ASEE-NASA Sur_r_r Institutes

Institutes and
number of

participants

Research areas at
center

Case-Lewis

(13 Fellows)

VARC-Langiey

(15 Fellows)

Stanford-Ames
(14 Fellows)

Combustion
Heat Transfer

Lubrication
MHD Power

Generation

Micro Power Logic
Circuitry

Nuclear Reactor

Engineering
Materials and

Metallurgy

Structural Dynamics

Materials Physics
Aerophysics
Instrumentation

Space Physics and
Plasma Dynamics

Thermodynamics

and Gasdynamics
Guidance and

Courses offered by codirecting
universities

Sequence of lectures (60 hours
total) on selected topics in

Chemical Rocket Tech-

nology with special
emphasis on:

Combustion
Heat Transfer
Chemical Kinetics
Chemical Thermody-

namics.

Transport Properties
Propellant Behavior

Lecture series comprising 5

topics:
Structural Dynamics

Materials & the Space
Environment

Fluid Mechanics and

Aerodynamics.

Plasma Physics
Communication in Space

Space Technology Seminar on
topics related to research
areas (9 sessions) and 4

special courses (30 lecture
hours each) :

Control
Environmental

Biology
Physiology
Bioteehnology

Spectroscopic Methods in
Gasdynamics

Advanced Hypersonics
Modern Control Theory

Dynamics of Viscous and
Non-Newtonian

Fluids---Hemology

institutes. The data collected were then reviewed in detail at a meeting

of the Space Engineering Committee, which was also attended by

all codirectors and by representatives from NASA Headquarters. The

comments of the Faculty Fellows, the research supervisors and codirec-

tors on the merits of the program were uniformly enthusiastic. As to

the suggestions for improvement, they dealt mainly with minor admin-

istrative details such as scheduling of classes and early announcement

of the institutes.
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Table III.--196_ ASEE-NASA Summer Institute Participants
Enumerated by Location of Academic Institution

Ohio ...................... 5
Virginia ................... 4
New York_ ................ 4
Pennsylvania .............. 3
North Carolina ............. 3
Arizon_ ................... 3
California ................. 2
Florida .................... 2
Tennessee ................. 2
Te_s ..................... 2

Massaehtmetts ............. 1
New Hampshire ............ 1
New Jersey ................ 1
South Carolina ............. 1
C,e0rg_a ...................
Keutueky................. 1
Illinois .................... 1
Mie_higan.................. I
Wisconsin ................. 1
Iowa ...................... 1
South Dakota .............. 1
Oklahom_ ................. 1

The research advisors rated all Fellows as adequately prepared for

their research assignments and noted that they approached their prob-
lems with initiative and zeal. Their research contributions were

graded from good to outstanding, and nearly all Fellows expressed
intentions to embark on research of a similar nature to that undertaken

at the NASA centers after returning to their home institutions. As

a matter of fact, some of the Faculty Fellows have since submitted

research proposals to NASA. The picture would be incomplete with-

out saying that the institutes were also an extremely rewarding experi-

_nc_ for tlm codirectors and that partly as a result of these institutes

one of the university codirectors intends to spend his sabbatical leave

next year in one of the NASA centers.

Encouraged by the success of the first three summer institutes,

NASA has decided to continue the program and to expand it from

three to six institutes by including the centers and universities listed
in table IV. Announcements of the 1965 summer institutes have been

distributed by the ASEE and the universities involved.

The three pilot institutes have invited essentially all of the 1964

Fellows to return for a second stage as orginally planned. They have

also made preparations to accommodate up to 15 new Fellows each.

Accordingly, the 1965 research programs of the continued institutes

have been subjected to minor changes only and the new special courses

will be sufficiently wide in scope to be of interest to both returning

and first-year participants. Table V(a) summarizes the planned

1965 re, arch and course programs of the three pilot institutes.
Approximately one-third of the Fellows invited to return did not

accept the offer primarily because they have in the meantime de-
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Table IV.--New 1965 ASEE-NASA Summer Institutes

Universities NASA centers

University of Houston
Texas A & M

Codirector: C. J. Huang

Professor of Chemical Engineer-

ing
University of Houston

Auburn University

The University of Alabama
Codirector: R. I. Vachon
Associate Professor of Mechani-

cal Engineering
Auburn University
Auburn, Alabama

University of Maryland

The Catholic University of America
Technical Program Directors:
A. B. Marcovitz

Assistant Professor

University of Maryland

College Park, Md.

Bertrand Fang
Associate Professor

Catholic University
Washington, D.C.

Manned Spacecraft Center
Houston, Texas

Codirector: M. Scott Carpenter
Executive Assistant to the Di-

rector

Manned Spacecraft Center

Marshall Space Flight Center
Huntsville, Alabama

Codirector: Robert R. Head
Chief

Applied Mechanical Research
Branch

Marshall Space Flight Center

Goddard Space Flight Center
Greenbelt, Maryland

Technical Program Director:

Chesley H. Looney, Jr.
Assistant Chief

Advanced Development
Division

Goddard Space Flight Center

veloped their own research activity at their respective academic
institutions.

The research and course programs of the new institutes summarized

in table V (:b) also reflect the distinctive features of the NASA centers
involved. While the three pilot institutes seem to emphasize pre-
dominantly the more theoretical and scientific aspects of our aerospace
efforts, the new institutes offer in addition unique opportunities for
a4vanced engineering re, arch and systems analysis.

As 4 result of these institutes, it is hoped that the faculty members
will return to their universities with new ideas for future reseurch

and an increased capacity to stimulate interest among their students

in aeronautics and space exploration.
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Tabl_ V.--Pganned Research and Cou_'se Program8 of 1965 ASEE-

NASA Summer Institutes

( a) Continued Institutes

Institutes and
number of

participants

Case-Lewis (11
returning and
10-14 new

Fellows).

VARC-I_ngley
(8 returning
and 15 new

Fellows).

Stanford-Ames

(9 return_
and 15 new

Fellows).

Research areas
at center

Selected problems
associated with

power generation
in space and with

proptdsion

Structures

Structural dynamics

Materials physics
Communications
Fluid mechanics

and aerodynamics

Space physics
Fluid dynamics and

gasdyna_cs
Guidance and

control
TAft. _Acieneesw

Courses offered by
codirecting universities

Lecture series on power genera-

tion and primary emphasis
on:

Energy sources
Methods of energy

conversion

Electrical conditioning
Heat rejection

Special seminar-type courses
in each of the 5 research

areas

Space Technology Seminar (8
sessions)and 4 special
oOUrlSe8on:

Space physics
Singular perturbation
metho_ i_ fluid
mechanics

Modern systems theory
Engineering problems in

physiology
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Table V.--Planned Research and Course Programs of 1965 ASEE- "

NASA Summer Institutes--Concluded

(b) New Institutes

Institutes and
number of

participants

University of

Houston, and

Texas A & M,
Manned

Spacecraft
Center (15

Fellows)

Auburn Univer-

sity and

University of

Alabama,
Marshall

Space Flight

Center (15

Fellows).

University of

Maryland and
The Catholic

University of

America,
Goddard

Space Flight

Center (15

Fellows)

Research areas at
center

Spacecraft design
Man-machine

systems
Biomedical

engineering

Vehicle engineering

Propulsion and

cryogenics
engineering

Guidance, control
and commu-
nication

Space sciences and
plasma physics

Tracking and data

systems
Communications

Servo control and
antennas

Quantum
electronics

Courses offered by
codirecting universities

Spacecraft Design Seminar

and 3 special courses (30
lecture hours each) on:

Space environment and

materials
Electrical and elec-

tronic aspects of

spacecraft design

Spacecraft structural

analysis

Seminar series (20 sessions)
on topics related to
research areas, in addition
to advanced graduate
courses at the Huntsville

campus of the University
of Alabama

8-10 days of workshop

sessions at UM and CUA,

plus lecture series on

Space Sciences including:
Orbital mechanics

Space physics

Data processing
Communications



Comments Session I

Page, Wesleyan University: Does the $40 000000, described as an

annual expenditure, include the step financing, committing funds of

about equal amount 2 years in advsmce, or not ._

Scott, NASA : I think the $40 000 000 included all three programs

for the particular fiscal year discussed, in which case only the research

funds would be under the _ep-funding principle; the training and

facilities grants are not on a step-funding basis.

Predmore, Duke University: Has the Office of Grants and Re-

search Contracts made or does it contemplate muking a survey of the

range of uses to which the universities have put the university allow-

ance that accomlyanies a predocmral training grunt. I think this

would be interesting and useful.

Hansing, NASA : We have received annual reports on the uses of

the institutional allowance as part of reports of expenditures of funds.

For the students who were supported at the beginning of September

1963 through August. 31, 1964, this is under study now. We have
not completed any analysis of this, but we are going to do this

to see exactly how the universities are using these funds.

Vassamillet, Mellon Institute: The assumption seems to be that

there are plenty of students, predoctoral material, of good quality, to

fill the positions .that. are being made available by the increase in grad-

uate work. Although I am not, directly involved in education, my

associates in the universities indicate that finding good graduate

students is a real problem. Is this true._

Hansing: This question has been discussed many time_ From the

reports which we have received, the universities indicate that there are

large numbers of good graduate students available in the various

graduate schools. All the traineeships which we have awarded to the

various institutions have been filled, and I don't anticipate stay re_l

problem.

Sawyer: I might make two comments on this. The first is that in

our graduate school we certainly have not had a shortage of applicants

either for admission or for fellowships. The second one, which is

more general, is that I think the number of bachelor degrees in science

$$
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and particularly in engineering is increasing more rapidly than the
number of graduate students. Particularly in engineering there are
plenty of able students who should be attracted to further graduate
work and who have been in the past drained off or diverted into
immediate jobs. I don't believe that we are going to run up against

a shortage of capable, willing students for graduate programs with
NASA.

Brotzen: We can fill the NASA fellowships very easily without

decreasing any of the assistantships given by the university. The
reason for it is that particularly in science and engineering there are
large numbers of able students who have not attended graduate
school. For example, at the present time, about 70 to 80 percent of all

our graduates who receive bachelor degrees eventually attend some
graduate school. Only a few years ago this number was about 50
percent. So there is a considerable increase in the number of
potential graduate students.

Hansing: The proposals submitted by universities indicate that
they could accept at least two or three times the allotments which we
have made. I think this represents a true indication that there cer-
tainly will not be any shortage of good graduate students.

Snell, Tulane University: With regard to the use of the university
allowance, it was indicated that no analysis has been made. However,
has any use which NASA does not approve been noted _. I am simply
trying to find out if any of the uses I have in mind are taboo.

Hansing: We have not published a list of includable or excludable
items. We are still following our original philosophy tha¢ the
expenditures under the university allowance be used mainly for
improving the graduate programs in the space-related areas; we
would like to continue the flexibility in this policy and have the uni-
versity officials use the money in the way they think best to improve
the graduate programs at .their institutions. I do not care to make a
list of the ones we do not consider appropriate. If in a particular
financial statement we should see an item that does not seem to be in

line with our policy, we would corutact the university to discuss the
matter.
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Research Program of MIT's Center for

Space Research

John V. Harrln__gton

CENTER FOR SPACE RESEARCH

_KASSACHU_ INSTITUTE OF TECH_OLOGY

H_ CENTERFORSPACEm_FamCH AT_ iS the newest of MIT's multi-
disciplinary laboratories. Its conceptual origins go back many

years,, but its factual beginning_ date back to May 1968 when a NASA
research grant was received for it_support_ The establiShment of the
Center most certainly did not mark M1T's entry into space-related

research. There have been large and thriving programs at several of
the Institute's larger laboratories, such as the development of deep
space navigation and guidance systems at the Instrumentation Labo-
ratory, and research on space communications, reentry phenomena,
o_ .-_.dar _* ...... _t _ .... Laborat_)ry. A number of quite
significant campus research activities in space physics and in radio

astronomy were all in being. The purpose of the Center for Space
Research was not to encourage further the growth of these larger
projects but to provide a focus for a very large number of much more
modest tasks representative of graduate student research in a great
many space-related field_ The intent was to stimulate graduate edu-

cation and research in fields broadly pertinent to the national space
program and to do thiS by providing funds, facilities, some general
direction, and central administration for this new research activity.

The program to be discussed is this general research program of the

Center. It is only a fraction of the space research underway at MIT
but is the fraction that has been called "seed research" and is designed

to encourage new ideas on the part of the faculty and graduate students
working in fields pertinent to the space program.

The program is supported by an institutional grant the distribution

of which is determined by the Center's administration and its associ-

s$
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ated technical and policy committees. Promising ideas can be quite
promptly identified and research rapidly started to develop the ideas
to the point where much larger support may be sought should this be
justified. The program, although it is only about a year and a half
old, has already filled in the chinks, so to speak, between areas covered

by many of the larger research projects at MIT, and work in several
new fields of space research has been initiated in a fairly direct and
fruitful manner. This is particularly true of some topics in astro-
physics, some work in exobiology, and some pertinent topics in the
social sciences, all of which were not underway prior to the inception
of the Center's general research program and all of which were of

great interest to a number of well-qualified faculty and graduate
students.

There are several measures by which one can judge the effectiveness
of a program such as this. One measure, of course, is judged by the
quality of the research it produces, and the program at M-IT is not yet
old enough to apply this criterion. A second measure is judged by the
interest and cooperation it awakens among the campus researchers.

From the very beginning of the MIT program, the Center has been
oversubscribed insofar as the number of ideas submitted was con-

cerned. The program included about one out of every three projects
proposed, and it took some considerable selection on the part of the
administrative committees of the Center to select those_projects that
were felt to be most important, potentially the most significant, and
which represented the most worthwhile contributions to space science

and technology. The program has now grown to the point where the
third semiannual progress report issued just recently includes the
work of some 50 faculty and 50 graduate students distributed over
four major schools of the Institute.

RESEARCHTHEMES

This situation of having more worthy projects to pursue than effec-
tive means with which to pursue them is a fairly common campus prob-
lem. The need to select from among these led t,o identifying certain
themes in the broad fields of interest to the Center and essentially

choosing or encouraging topics that would emphasize these themes.
For example, the Center is broadly interested in the space-related
research in the social sciences, the life sciences, the physical sciences,
and branches of engineering, and within these broad fields has em-

phasized the following themes.
In the life sciences, the themes are _oTouped around research on

nutrients for manned space flight, the growth of nutrients by microbial

means, and some aspects of space biolo_oT.
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In the physical sciences, various astrophysical topics are being em-

phasized such as studies of the interplanetary medium, the solar

wind, and studies in the new field of X-ray astronomy. There

are continuing studies of constituents of meteorites and tektites and

mathematical studies of the hydrodynamics of the solar atmosphere

and the dynamics of galaxie_

In the social sciences, the topics group axound the societal implica-

tions of the national space program and the study of space research

as an instrument of foreign policy. In industrial management, the

principal concern is with the impact of r_earch and development on

the U.S. economy and the beginnings of some case history research on
the mechanism of industrial fall-out.

In engineering, a number of themes have been identified. One con-

cerns the behavior of materials in space where the long-term effects of

either radiation or high vacuum on the structural or electronic prop-

erties of various metals are of interest. A second comprises a nmnber

of topics in fluid mechanics such as investigations of turbulent flow,

free-molecular flow, and the flow of the interplanetary plasma around

planets. A fairly heavy activity in space propulsion and power is

also noted; included here are topics in magneto-hydrodynamics, gase-

ous nuclear rockets, supersomc combustion in rockets, direct conver-

sion of energy from radioisotopes, heat-balance studies in nuclear

rockets, and certain aspects of fuel-cell research. Finally, there are

some topics that center around control and include theoretical studies

in nonliile_r cou_l_| systems, opt.imization methods for ciosed-ioop

systems, and chemical control systems for the regeneration of space-

craft atmosphere_

LARGER RESEARCH TASKS

All of these subjects are excellent sources of thesis research, prin-

cipally at the doctoral level and, as individual topics, command the

attention of perhaps one or two graduate students and a faculty mem-

ber. There are also associated with the Center, and in some cases

:Ldministered by the Center, larger research projects that have their

own direct support and in a sense represent the next stage in the

development of an idea into a larger research program. These are

tasks that are still undertaken by faculty and graduate students but

require a somewhat more organized and larger effort. For example,

there is a large program of research in the communication sciences as

applied-to space underway in the Res_rch I_boratory of Electronics,

a program in space electronics, research on solid-state energy-conver-

sion processes, research in psychobiology, fundamental research in

space navigation and guidance systems, and a large effort in space
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physics devoted principally to an experimental study of the inter-

planetary medium.
EXPERIMENTS IN SPACE

A third activity of the Center, and a new facility for the campus,

is the establishment of a laboratory for undertaking experiments in

space. This is regarded as a particularly important part of the stim-

ulation of the campus researcher to undertake research in space-related

fields. Without the opportunity to make realistic measurements in

space, the research he does, particularly in the physical sciences, will be
sterile and perhaps less exciting. The Center's Laboratory for Space

Experiments is staffed with full-time researchers, who have com-

petence in the development of instrumentation to be placed on space
vehicles. The work thus far has included the development of probes

to measure the interplanetary plasma and, as such, represents a con-

tinuation of work started some time ago by the MIT cosmic ray group

with the help of the Lincoln I_boratory. New and more extensive

measurements of the interplanetary medium are being planned. There

is an active program to develop a plasma probe for the Anchored IMP

satellite. The development of a gamma-ray telescope to be placed

aboard an orbiting astronomical observatory is just about completed,

and there is the development of an X-ray telescope to be flown by a

balloon above the terrestrial atmosphere to observe X-ray sources in

the galaxy. Finally, there is also the early study of a novel means for

probing the extended solar corona by a radio-transmission method

that eventually might lead to the development of a complete, albeit

small, payload. The spacecraft involved here is physically small

enough to be handled readily by a small laboratory, but the problems

it presents are comprehensive and are drawn from many fields and
offer excellent opportunities for a variety of realistic space-related

thesis research.

This latter program is a good example of the kind of unifying or

focusing effect that a more comprehensive research project can bring
to the Center's otherwise diverse activities. Some eight or nine re-

searchers from many different departments at the Institute are in-

volved in this solar-probe study. Members of the Physics Depart-

ment, the Aeronautics and Astronautics Department., and the Elec-

trical Engineering Department are participating, as is a member of

the Political Science Department, because of the likelihood of modest

members of foreign scientists cooperating on aspects of this program.

In this connection it is hoped that the larger research progranls of

the Center will provide useful case history experience for the social

scientists on campus who are interested in the genesis of a space

research task and its eventual growth in the international scientific

community.
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DETAILED EXAMPLES

With this as a general outline of the Center's research program, the

specific tasks being supported under this grant will be described in

detail in order to give a somewhat clearer view of the kind of research

encouraged, the departmental participation in the program, and the

relatedness of the research to some important larger problems in space

science and technology.

One of the larger, specifically funded projects is an investigation

of solid-state energy-conversion processes that is being undertaken

by the faculty from the Department of Electrical Engineering. It is

oriented toward the fundamental problems of photovoltaic and

thermoelectric energy-conversion processes involved in the utilization

of solar energy in space applications. Such subtopics as the measure-

ment of the optical absorption edge in cadmium telhride, the deter-

mination of the thermal and electronic transport properties of zinc

antimonide, and, most importantly, investigations of a graded-energy-

gap photovoltaic device are included. There is some hope, that a

graded-energy-gap solar cell would be somewhat less susceptible to

radiation damage than the more conventional cells. An investigation

of multitransition pn junction solar cells that have the promise of

much higher conversion efficiency is also underway.

In the Department of Geophysics there has been underway for some
time work in the measurement of the strontium 87-strontium 86 ratio

and the rubidium-strontium ratio of various rock samples. The

Center's grant has made possible an expansion of this work, placing

emphasis on the dating of meteoritic material with a view eventually

to determining its geologic history.

There are a number of problems in astrophysics of a hydrody-

namical nature that have been under study for sometime by members

of the Mathematics Department. The support from our blanket grant

made possible the expansion of this work to study convection processes

in the solar atmosphere as well as problems of gravitational instabili-

ties associated with the familiar spiral arms and spiral patterns of

certain galaxies.

The study of the interplanetary plasma flow around planets has

been undertaken by the faculty in the Aeronautics and Astronautics

Department to supplement the direct measurements and theoretical

work of a group in the Physics Department, who have been measuring

the interaction of the solar wind with the Earth's magnetosphere.

Also, in the Department of Aeronautics and Astronautics a series of

studies concerning the flow around electrodes in magnetogasdynamic

generators and accelerators is underway. These are problems that are

fundamental to interpretation of the operating 'behavior of magneto-
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gasdynamic generators that, in turn, appear to be important elements

of future spacecraft power systems.
In the Department of Meteorology, experimental work is being

done on the investigation of the stability of shear flows. The study
of turbulent flow is of importance in both upper atmospheric air

motions and in interplanetary gas flow as well.
There are fundamental studies being made of gaseous nuclear

rockets in the Department of Aeronautics and Astronautics. The
basic idea here is to investigate vortex flow as a means of containing
a fissionable gas in contact with a light gaseous propellant. The
eventual objective would be the development of a very lightweight,

highly efficient heat exchanger and, hence, a lightweight nuclear-
powered rocket motor. Obviously, the eventual construction of such
a machine would be well beyond the scope of a campus general re-
search program, but the fundamental ideas involved are not. The
fundamentals of vortex containment are being experimentally investi-
gated in order that the soundness of this kind of gaseous nuclear rocket

may be established.
Also in fluid dynamics, this time within the Department of Mechani-

cal Engineering, is an investigation of free-molecular-flow fields with
particular emphasis on gases ejected from bodies in space, and,
problems in high-vacuum pumps and systems.

In the same department there is also fundamental research on super-
sonic combustion. Here the eventual objective is to understand the
fluid-mechanic-chemical-kinetic interactions that permit the existence
of chemical reaction rates of sufficient magnitude to produce sus-
tained supersonic combustion waves. The application to combustion
processes in rocket engines is obvious.

Again in the same department, studies on the effect of axial heat

flux distribution in heat exchangers are underway. The important
objective is to study the so-called burnout or critical heat flux that is
associated with the sharp reduction in ability to transfer heat from
the heated surface. These studies have application to the design of
space nuclear reactors and heat exchangers.

In the Department of Chemical Engineering there are a number
of problems in radiative heat transfer being studied that are focused
on the measurement of soot concentrations in hot combustion gases and
rocket exhausts. The development of light scattering as a tool for
measuring these concentrations and the determination of the optical
properties of the soot and the measurement of the particle distributions
in a turbulent flame are all of concern. Out of this might come a bet-
ter diagnostic tool and a better understanding of the chemical-kinetic

processes governing the performance of rocket engines.
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Also in the Chemical Engineering Department research is under-

way on fuel-cell developments for space power systems. Of partic-
ular concern is the 'behavior of the electrodes through which the elec-
trolyte containing both fuel and oxidant is caused to flow.

Again_ in the Department of Chemical Engineering, with some co-
operation from the faculty in the Electrical Engineering Department_
a fundamental study is being made of microwave-induced chemical re-
actions. The idea is to use microwave energy to yield desirable chemi-

cal end products that have some application to space technology, for
example, studies of the synthesis of hydrazine from ammonia.

In the same department environmental control systems that can re-
move carbon dioxide from an atmosphere and simultaneously resupply
pure oxygen are being investigated. The fundamental processes of

concern here are chemical adsorption and absorption.
In the Department of Electrical Engineering, a number of faculty

are working on the foundations of a theory of nonlinear systems and
circuits that would have application to several closed-loop control
l, roblems occua-ring in the control of rockets and spacecraft.

In the Department of Nuclear Engineering, the Center's grant is
supporting research on neutral-beam production, where the object is
to study the production of high-energy beams of neutral atoms.

There is a larger project on the analysis of reactor physics and heat
transfer in nuclear-rocket reactors. The emphasis here is on the start
up of rocket-reactor cores and also on rocket-reactor slaielding. Both
of these questions are fundamental to the eventual development of
practical space reactors and are susceptible to study either theoreti-
cally or experimentally with the aid of such facilities as the MIT nu-
clear reactor.

Research is also being done on the direct conversion of energy from
radioisotope power sources_ This project has some particularly ex-
citing possibilities in the sense that the energy released by radioisotope
decay is essentially all in the form of kinetic energy of charge parti-

cles. If this can be directly converted, for example, by deceleration in
an electric field, a very efficient conversion process is potentially avail-

able that promises great increases in the specific power of radioisotope-
fueled space power systems. The present radioisotope power sources
all depend on conversion to hcat energy as an intermediate step and are
characterized,by very poor overall efllcieneie&

There are a number of projects in the Department of Metallurgy
concerned with the general study of materials for space applications.
The first of these projects is research on the mechanism of texture-

hardening in metals_ which has great application to the understanding
of fatigue failure in spacecraft and booster materials. Studies on the
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effects of space radiation on electronic materials center around the

irradiation of bismuth telluride and the measurement of its Hall co-

efficient and resistivity as a function of radiation dosage.
Similarly, a study is being made of the surface behavior of certain

refractory solids when exposed to extreme variations in pressure.

Such questions as the adsorption of gases on surfaces and the de-

pendence of this process on the surface treatment and changes in en-

vironment are being investigated.

A very important project on the diffusion of volatile metals through

nonvolatile materials at low pressures is also underway. These studies

are fundamental but have applications to such important space tech-

nology problems as the containmen't and storage of liquid hydrogen
propellants.

While most of the work in the general research program is theoreti-

cal or, in only a modest sense, experimental, in certain instances the

development of slightly larger experimental facilities has been sup-
ported where they would clearly be of use to a number of researchers

for a variety of investigations. For example, a large-flow-rate

thermal-plasma source that can supply, for about 1 minute, up to 2

kilograms per second of argon heated to a stagnation temperature of

2000 ° K was designed by the faculty in the Aeronautics and Astro-

nautics Department and has been built largely with graduate-student

help. This source should be operating shortly and will be available for

a nun_ber of fundamental studies in magnetogasdynamics and basic

investigations of properties of plasmas.

The grant also supports theoretical work in the kinetic theory of

plasmas in this same department that is oriented toward the study of
irreversible behavior of plasmas and the understanding of so-called

microinstabilities of plasma oscillations.

The faculty of the Department of Electrical Engineering are work-

ing on a large, separately supported project on research in space

electronics. The tasks include an investigation of conduction processes

in thin films and research on the computer-aided design of space

electronic circuits. This is another example of one of the large specific

projects that is, in a sense, buckled to the Center's general grant and

that influences and is influenced by the general research program.

In this same department, the Center's grant is supporting theoreti-

cal investigations of minimum fuel systems including an investigation
of satellite attitude controls from the viewpoint of minimizing a

combination of the consumed fuel and response time.

An additional and quite pertinent extensive project buckled to the
large Center grant is support for research in the communication sci-

ences that is undertaken by the Research Laboratory for Electronics.

It covers a large number of topics from linguistics to the processing
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and transferring of information per_ment to space communications,
some measure, interact with the Center's general program.

In the social sciences, a broad study is underway on the impact of
research and development on the U.S. economy. The study has been
broken down into three parts: the first involves a comparison of the
postwar economy; and the third will consider the future role of re-

large, relative to the first few decades of this century when they were
small; the second will use these comparisons in an attempt to evaluate

specific effects of research and development on the functioning of the
postwar economy; and the third will consider the future roll of re-
search and development and the ways in which a better understanding
of its impact can maximize its future usefulness. This work is being

done by the faculty of the Sloan School of Management..
The faculty from the Department of Economics and Political Sci-

ence are undertaking a number of studies concerned with public policy

aspects of space research. These include (1) the scientific and tech-
nological aspects of policy-making in foreign affairs and (2) the op-
portunities offered by science and technology for creative policy ini-
tiatives. This group has recently undertaken a general study of
sponsored research activities at MIT to understand-somewhat better
the research process. These investigations use MIT case histories, but
they are throwing considerable light on the impact of large mission-
oriented support on research choices made by individuals and groups

working in an academic context_
l-'-_e Center's general grant has had a great deal to do wi_h the

growth of an important space-related program of research in the life
sciences at MIT. There is a large, separately supported program of

research in psychobiology undertaken by the faculty of the Depart-
ment of Psychology, the support of which is buckled to the general
grant. The studies are quite fundamental and concern three areas
of the brain and behavior, perception and learning, and social-develop-

mental psychology. These topics have application to manned space

flight, particularly to the behavior of man under stres_
In the Department of Biology, research on information transfer

in prebiological environments has been initiated with the aid of the
general grant of the Center. This is an initial project in exobiology
and is concerned with the important chemical reactions necessary for
the emergence of life on this planet. There is a general interest in
exploring genetic infurmation-transferring mechanisms and in ex-
ploring ways in which this information transfer may be carried out
in environments that differ from the Earth's. There is also work on

enzymatic systems involved in ilxa_ion of nitrogen by microorga-

nisms--a process of fundamental interest in producing a necessary con-
stituent of living mawr.
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In the Department of Food Science and Technology, research aimed

at the selection of microbial mutants in closed systems is underway.
The eventual application is to the production of nutrients for manned

space flight.

In the same department, studies of muscular exercise is a means of

preserving muscle mass during prolonged confinement and its effect on

increasing protein and amino acid requirements are underway. Here,

the concern is that increased exercise to preserve muscle tone might

result in increased food requirements and increased payloads, and

these in'terrelations are being studied. There is also work on the de-

velopment of a synthetic diet for certain nutrition and metabolism

experiments th_at have direct bearing on manned space flight.

Finally, in the same department, a project on the production of

edible proteins of microbial origin is underway. Here, the objective

is the growth of edible protein by means of vegetative cells. The

short-term objectives of this program are to determine the approximate

composition of the cells and the various methods of processing that

would be suitable for the isolation of various cell components as
edible material.

SUMMARY

The Center's research program is composed of three major segTnents

that are approximately equal in a support sense.

The first is a program of general space-related research, which is

described in some detail and which covers almost all of the major

disciplines pertinent to the national space program in which there is

competence at MIT. It includes the work of some 50 faculty members

and a like number of graduate students and is composed of some 40
individual research tasks.

The second component of the program is a group of larger tasks,

perhaps six or more ranging from space electronics to psychobiology,

which, in a technical sense, are more loosely affiliated with the Center

but are partly administered by it.

The third component is a growing program of experiments in space
with particular emphasis on research in the space sciences, the meas-

urement of the interplanetary plasma, the characteristics of the ex-
tended solar corona, gamma-ray and X-ray astronomy, and morn

recently, some work in solar radar astronomy. A considerable effort
is involved here, but out of i_ also have come and will come some of

the most exciting and important contributions to our knowledge of
the space environment.

All of the work provides opportunity for challenging graduate

student research, and it is hoped in that sense the research program

will also contribute directly to the training of well-qualified engineers

and scientists who will help fulfill the nation's ambitions in space.
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COMMENTS

Smull, NASA: You indicated that the program you discussed at the beginning

of your paper had not been under way long enough to assess the value of it or the

accomplishments. What srveps are being taken to see, as time _oes on and you

begin to assess tlds program, that it develops in_Vo a dynamic activity and that

those segments of your program which may not be so promising do not become

static?

Harrington: What I meant was that it is too early for research results to

be assessed with any degree of accuracy, rt certainly isn't t_o early continually

to examine the program and make sure that the potential is still good. There are

a series of publications on all the usual criteria by which one judges the health

of a program, but what I was referviug to was really the longer term output, fl_e

quality of the ideas that emerge. I think it is too early for that.

Summer_eld, Princeton UT_iversity: I gather that the Center operates in large

measure by receiving proposals from various departments of the university and

that these are then evaluated and funded according to their merits and according

to the objectives of NASA. As I understand it, you have three times as many

proposals as you can possibly fund_ so immediately you are confronted with an

evaluation problem and a reviewing problem, and, of course, a competition

problem. How do you handle this?

Also, is there a scheme for assigning to each department a certain budget and

all_wing each department to determine for its field what is the most worthy of

the several proposals that it may have available? F_mlly, the question occurs:

why would a professor come to the Center when he could deal with---and enjoy

a good working relationship with--NASA directly?

Harrington: The Center has a policy committee composed of the deans of the

various sehools and a _chnical committee composed of senior faculty from all

the major del_rtments of concern. When we receive a suggestion from a faculty

member or a graduate student, this member or student and his work are well

known to many members of our technical committee and a quick determination

both of the quality of the idea and of the probable outcome can be made.

The choice of g_ing to the Center's general pool inst_d of going directly to

NASA is the individual'a He needn't approach us unless he wishes to do so.

The decision is usually based on the size or scope of what he wishes to do. If he

plans to undertake a fairly modest project or perhaps measure it in terms of, say,

a $10 000 budget, he generally will come to us because he could be started on this

very quickly if our committee thought his project a good one, whereas a much

longer initiation cycle is involved in going to NASA. For much larger activities,

perhaps five times this one, the Center would not be the place to come. We are

interested in the more modest projects, the newer idess, the seed res_mrch.

Staid/: As I mentioned previously, this is another manner which NASA uses

to support research. Research support by NASA in fiscal year 1964 was about

$50 million, of which about $42 to $43 million was the project-type research Dr.

Summerfleld mentioned. The type of activit_y described by Dr. Harrington

accounted for $7 million.

Collins, University ol Minnesota: Is there any sort of a time limit? How

long can an investigation be continued through your central pool?

Harrington: We don't have any fixed operating rule for that but, in general,

we would expect the idea to grow--after a period of time, say about a year or

two---or be discontinued.
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Zucrow, Purdue University: Suppose a potential investigator makes a pro-

posal to this committee and it is turned dowm What does he do if he still be-

lieves he has a good idea?

Harrlngton: He would still have the privilege of going directly to the agency.

Craig: Any researcher can approach NASA on an individual basis. Also,

there are the National Science Foundation, the Defense Department and others.

Harrington: The Cen'ter now takes care of about one-third of MIT's space-

related research, so two-thirds of our colleagues have found the direct route more

attractive.

Zucrow: What is your budget per year?

Harrington" The Center's budget runs $3 million a year.
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UNIVERSITY OF WISCONSIN THEORETICAL CHE_IS_Y II_S_

T a_z uNnr_ssrrr OF WISCOnSIn we have had the opportunity
of setting up with NASA support a Theoretical Chemistry Insti-

tute with sufficient competence, v_or, and financial support to play a
major role in the development of molecular quantum and statistical
mechanics. Theoretical chemistry seeks to determine the physical
and chemical properties of materials, to relate these macroscopic
properties to the individual molecules, and to determine the structure
and properties of the individual molecules. At the pre_,nt, ti_m__%a!I

the required fundamental laws of nature are sufficiently well known.
Thus, we can write down the mathematical relations which describe

the physical and chemical properties. Then the problem becomes one
of determining the solutions of the mathematical equations. Because
of the development of new methods of solution of nonlinear mathemat-

ical problems, because of a greater insight into the basic workings of
molecular quantum mechanics and the kinetic theory of gases, and
because of the availability of gigantic high speed computing machines,
theoretical chemistry is making very rapid and exciting progress.

Theoretical chemistry is a natural focal point for interdisciplinary
research since its problem areas overlap with physics, mathematics, as-
tronomy, meteorology, chemical engineering, mechanical engineering,
etc. In relating the macroscopic properties to the individual mole-
cules, we serve as the "middlemen" between the theoretical physicists
and the practical engineers and experimental scientists. Under nor-
mal experimental conditions with normal substance_ the usual engi-
neering equations sutfica But the usual engineering equations do not
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Figure 1.--Example of
-molecular "feed-

back" mechanism at

very high tempera-
tures.

suffice under extreme conditions, such as are encountered in: (1) the

highly ionized almost vacuum of the upper atmosphere; (9) the high
temperature shock wave preceding a reentering nosecone, (3) the high
pressure high temperature combustion gases in a rocket motor, (4) the
partially ionized plasma of a nuclear reactor motor, or (5) metal

fatigue. Under extreme conditions, where reliable experimental data
are hard to obtain, theoretical predictions are useful. Under extreme
conditions, the coupling becomes strong between the macroscopic and

the molecular properties. For example, consider figure 1. On the
left is a hot plate from which radiant energy emerges into a region
containing a reacting mixture of transparent normal molecules A and

opaque electronically excited molecules A'. The temperature contour
is shown by the solid line. A small increase in the temperature of the

hot plate might produce the temperature contour shown by the dotted
line of solid circles. The small increase in radiant energy near the

hot plate might produce a correspondingly small increase in the num-
ber of electronically excited molecules, which being opaque to the radia-
tion might produce a large change in the opacity, which might produce
a large change in the radiant energy flux, and which finally might
produce a large change in the local temperature. The temperature of
the cold wal] might even be decreased as shown in the figure. Kan-
trowitz, Kivlin, and their Avco associates did a masterful job of con-

sidering such problems in connection with nosecones reentering the

atmosphere.
Because of such "feedback" mechanisms involving molecular prop-

erties, the equations of change of macroscopic properties become non-
linear under extreme conditions. The usual engineering equations

apply to the linear Hooke's law regions, but it takes a deeper under-

standing to cope with materials near the fracture point. Thus, the
more we can learn about the individual molecules, the better we can



interdisciplinary research in theoretical chemistry 107

serve as "middlemen" to help the space scientists to cope with unusuM
environments.

Our group at the University of Wisconsin contains 8 professors,

10 postdoctoral resea.reh associates, P,6 graduatestudents, and 4 com-

putingprogramers. Our staff contains experts in quantum mechanics,
statistical mechanics, electromagnetic theory, molecular beams, bio-

chemistry, and numerical analysis. The quantum mechanics is used
to determine the structure and properties of the molecules_ The statis-
tical mechanics determines the coupling between the molecular and
macroscopic properties. The electromagnetic theory is required for

plasma and radiation problems. The molecular beams furnish the
simplest examples of chemical reactions and simulate the sort of col-
lision processes that occur in the upper atmosphere. Our biochemical
program (supported by the National Institutes of Health) is intended
to apply molecular theory to biological systems. The numerical anal-

ysis is required for the solution of a large percentage of our complex
problems. At the present time our emphasis is on improving the
mathematical methods. Gradually, as our understanding and tech-
niques improve, we hope to shift the emphasis towards the applications.

SUMMARY OF CURRENT RESEARCH

QUANTUM CHEMISTRY

Our main interest st present is in finding new approaches and tech-
niques, ragher than in large-scale computing 'based on existing

for a molecular system stems from electron correlations. We are
applying pertu_ation theory to this problem, with the object of

•calculating molecular energies, other molecular properties, and inter-

molecular forces. The basic theory is contained in a review article
which we have recently published (ref. 1). Scherr and Knight (ref_
2 and 3) have shown that perturbation theory can be used to calculate
the energy of formution of the ground state of the helium atom to
any desired precision. Lyon, Matcha, Sanders, Meath, and Hirsch-
felder (ref. 4) have shown, for the ground state of the diatomie

hydrogen ion, that an approximate wave function corrected by first-
order perturbation is quite accumge throughout configuration space
and its energy expectation value is comparable to or better than the
best variational calculations. Within the last month Matcha and

Byers Brown (unpublished data) have calculated the energy of the

ground state of the hydrogen molecule through the fifth order and
found that it agrees with the exact energy to within a hundredth of
an electron volt. Thus we feel confiden_ that perturbation theory is
workable and is capable of giving the precision which we require.
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However, research at the Institute is not limited to one approach

or one area. Other topics being studied include the Auger effect,

the united atom approach to molecules, natural spin orbitals, and

correlated wave functions. The long-term goal for the future is to

be able to obtain molecular properties and interactions with sufficient

accuracy to obtain cross sections for energy transfer and chemical

reactions and to carry out completely theoretical calculations of bulk

properties, both for equilibrium mad for transport.

Byers Brown (ref. 5) has shown that, even at small segarations,

the energy of interaction of two atorrLS is not an analytic function of

their separation but contains a term R _ log R. This result will have

considerable repercussions on the "united-atom" approach to molec-

ular quantum mechanics.

Particularly interesting is the application of "hypervirials." Ep-

stein and Hirschfelder discovered an infinite set of generalized virial

theorems (refs. 6 to 14) which are valid in classical mechanics, rela-

tivity, and quantum mechanics. The relations are very simple. If

//is the Hamiltonian for the system and W is a function of the co-

ordinates and momenta (but not a function of the time') then, in

classical mechanics, the time average over a trajectory of the Poisson

bracket (H,W) is equal to zero. In quantum mechanics the equiva-

lent theorem is that the expectation value of the commutator [It,W]

is zero. The qu,antum mechanical relation is the diagonal element

of the Heisenberg equation of change in the energy representation.

F.or example, if W were equal to the scalar product of the Cartesian

coordinates and the momenta, the hypervi,rial relation would be the

usual virial theorem. Considering any other function W, we obtain

a new dynamic relation which must be satisfied by the wave function

or the trajectory. In quantum mechanics, an approximate wave

function _o which satisfied the hypervirial rel,ation is energetically

stationary with respect to variations of the type _o--->_o+ ixW_o. Here
?t is a small variational parameter and W is assumed to be Hermitian.

In classical mechanics'an approximate trajectory satisfying the hyper-

virial theorem is stationary or .stable with respect to infinitesimal con-

tact transformations generated by X W, that is

bW

q_(t)_qj(t) + x bpj

(t) _p_(t)- x _W.PJ
uq_

The quantum mechanical hypervirial theorem has been used to:

(1) Help in the determination of approximate wave functions
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(2) Provide variational principles which can be used in the deter-
mination of scattering cross sections

(3) Help in the determination of expectation values of properties
other than energy

In reference 14, Robinson has shown that the satisfaction of a par-
ticular hypervirial relation is equivalent to requiring that the first-
order perturbation correction to the expectation value vanishes. In-
deed there is a very close connection between perturbation theory and
the use of hypervirials which we are exploring.

There are a great many applications of the classical hypervirial
theorems which should be exploited. Lord Rayleigh (ref. 15) used

a generalization of the virial theorem (a particularly simple type of
hypervir_l corresponding to W=-xps,+ypz) to determine the sta-

bilityof stru_s in building members and bridges. At the suggestion
of Chandrasekhar (refs. 17 to 20) Parker (ref. 16) formalized Lord
Rayleigh's "tensorial-virial" relations and used them to make a crude

derivation of the Navier-Stokes equations and to develop a theory
for diffusion in gases_ Chandrasekhar developed a form of hytmrvirial
relations in connection with the theory of Newtonian gravitation
(using '"_ensorial superpotentials") and found these relations useful
in considering the condensation of nebulae. I am sure that classical

hypervirials could be used in the rigorous determination of transport
properties in gases. They might also be useful in the determination
of satellite trajeotorie_

STATISTICAL MECHANICS AND TRANSPOIT PHENOMENA

There has been a continuing study Of the theory of transport
phenomena or the statistical mechanics of nonequilibrium gaseous
systems by C. F. Curtiss and F. C. Andrews. Background material
for this work is given in a treatise on molecular theory of gases and
liquids by Hirschfelder, Curtiss, and Bird (ref. 21). The adaptation

of this treatment to engineering problems is given by R. B. Bird,
W. E. Stewart, and E. N. Lightfoot (ref. 22). The basic problem
is the relation of macroscopic constants, which describe the rate of
approach of the system to equilibrium (ref. 9_,3)to the properties of
the individual molecules and the potential energy of interaction be-
tween the molecules. We seek to remove the various limitations of

the well-developed kinetic theory of low density gases made up of
spherical molecules. Thus, we are determining the effects of rotational
degrees of freedom (reL 9,4) of nonspherical molecules; we are ex-
tending the theory to moderately dense gases (refs. 25 to 30) ; and we
are finding the quantum effects (refs. 31 and 32) at moderately low
temperatures.

The properties of gases at low to moderate densities are complicated
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by the presence of metastable double molecules (refs. 25 and 26).

Figure 2 shows how these metastable double molecules arise. Here

V is the potential energy of interaction of two molecules as a function

of their separation R. However, in a collision, the relative motion of

the two molecules can be treated as though there were only a single

particle having an effective mass t_----nhn_2/(nbl+m_) moving in one

dimension in the field of an effective potential Ve_. The effective

potential is the sum of the true potential V and the centrifugal poten-

tial. The centrifugal potential is the square of the angular momen-

tum L divided by twice the moment of inertia of the molecular pair.

For small values of the angular momentum, Ve_ has an energy hump

which disappears when the angular momentum is larger than Lcrit.

In the pocket formed by the energy hump, there are energy levels cor-

responding to energy-rich metastable double molecules. From the

standpoint of classical mechanics, these double molecules are stable

until they suffer collisions with other molecules. However, from the

standpoint of quantum mechanics they can break apart by tunneling

through the energy hump. Which mechanism is the more important

depends upon whether the quantum mechanical lifetime of the isolated

double molecule is long or short compared to the average time between

collisions. At very low pressure, the quantum mechanical dissocia-
tion becomes dominant. Three of the effects of metastable double

molecules are:

(1) The pressure dependence of the thermal conductivity of a
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(2)

(3)

HI

gas at low to medium density is mainly due to the energy-rich

metastable double molecules, formed in one place by a three-

body collision, diffusing to another place where they collide

with a molecule and release their energy (refs. 25 to 30 and 33).

The anomalous heat conductivity of NO_ is a specially good
example of this effect.

Metastable double molecules often lead to unexpected shifts

in molecular spectra at high pressures (refs. 34 and 35).

Curtiss is currently investigating the contribution of the met-

astable double molecules to the transport properties at low
pressures. Quantum mechanical calculations of the collision

cross sections take the metastable states into consideration (in

the calculations of the phase shifts), but the classical calculations

have ignored the metastable double moleeule_ Which treat-

ment is right ._ Large errors in the low temperature transport

coefficients could result from treating the metastable double

molecules incorrectly.

MOLECULAR BEAMS AND SCATTERING THEORY

Recent developments in the techniques of molecular beam scatter-

ing have made it possible to study in detail the intermolecular colli-

sion processes, thus providing a deeper insight into the mechanism

underlying chemical reactions. A survey of these developments is

given in a review article (ref. 36). R.B. Bernstein and his associates

]ar beam scattering. Much of the current theoretical work is directed

toward an understanding of inelastic scattering of small molecules.

Both time-independent (S-matrix) and time-dependent perturbation

methods (e.g., the "sudden" approximation) are being investigated.

The objective is to develop methods for predicting the cross sections
(and rates) for inelastic and reactive molecular collisions.

Bernstein and his associates have been computing the rotational

transition probabilities for individual rotational states as a function

of the impact parameter for various collisional energies. They have

considered the interaction between a polar diatomie molecule and an

atom in an S state. Using the "sudden" approxinmtion, their

computations have shown that, except for small impact parameter col]i.

sions, the resuIts are insensitive to the repulsive parts of the interac-

t.ion potential. Also, the total inelastic cross section may be approxi-

mated from a knowledge of the attractive forces and their anisotropies.

Specific calculations have been made for collisions between thallium

fluoride and argon, which are to be compared with experimental data.

Calculations are being started on the rotational excitation of nitrogen

molecules by collision with argon atoms.
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The wave-nature of matter is clearly revealed by the oscillations in

the molecular beam scattering cross sections. Experiments are now

available showing these quantum effects (ref. 37). Figure 3 shows a

comparison between the quantum and the classical differential cross

sections as a function of scattering angle for the mercury-molecular-

hydrogen system (ref. 38) at a reduced kinetic energy of 1.6. For this

system the quantum parameter is A*----0.56. Here A*=h/(gt_) 1/2

where/_ is the reduced mass and c is the maximum energy of attraction.

Bernstein (refs. 36 and 38) has shown that if the value of A* were

reduced towards its classical limit of zero, the period of the oscill/t-

tions would approach zero but the finite amplitude would persist.

Wood and Curtiss (ref. 32) proved a closely related theorem. Thus,
it is only in the sense of a smoothed average that the quantum

mechanical results approach the classical.

APPLICATIONSOF QUANTUMAND STATISTICALMECHANICSTO BIOLOGICALPROBLEMS

A long range program has been undertaken to develop inter- and

intra-molecular forces in systems of biological importance. From a

knowledge of these forces, the structure and physical properties of
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biological systems can be determined by statistical mechanical
methods.

GENERAL DISCUSSION

We believe that there are two principal a_lvantages in having a

group as large as ours: First of all, we can provide broad training for
our students so that they become fsJniliar with each of the many steps
required to apply theoretical physics to practical chemical and physi-
cal problems. Secondly, when dimculties are encountered, we can get
help from a colleague. Our people enjoy talking to each other and
they stimulate each other. This is probably the best indication of the

success of our group organization. To keep the group operating effec-
tively, we have adopted the following principles: (1) administrative
decisions are decided in a democratic manner; (2) all staff members
are expected to carry a resasonable teaching load; (3) all staff mem-
bers get an equitable share of graduate students and postdoctorates;
(4) care must. be taken to insure that each person receives proper
credit for his contributions to publication_

In July of 1962 we received a grant from NASA with assurance
that, if we tended to business, our research was successful, and Con-

gress was generous, this grant would be augmented from year to year.
Thus, the Theoretical Chemistry Institute came into existence_
Administratively, it reports to the dean of letters and science and,
for some purposes, it is regarded as a part of the chemistry depart-
ment. Our professors hold joint appointments with various univer-
sity departments: Epstein is professor of physics, Lovell is assistant

professor of computer sciences, while Andrews, Bernstein, Byers
Brown, Curtiss, Harriman, and Hirschfelder hold appointments in
chemistry. The University of Wisconsin pays the full academic sal-
aries for some of these men and the teaching aliquot of the salaries of
the other men. The long-range feature of our NASA support enables

our group to function effectively. Before 1962, we had year to year
government contracts which enabled us to hire postdoctoral project
associates, but we could not hire senior personnel and provide them
with tenure. Thus, we had a continuous rotation of personnel; we
were not able to develop group know-how; and we could not make
long-range plans for our research. NASA support has given us
stability and an opportunity to tackle the research "_oottlenecks"
which require continuous effort over a long period of time.

At the University of Wisconsin there are not interdepartmental
barriers. We ha_e fine working relations with many departments.
For example:

(1) The Army Mathematics Research Center has arranged a sym-
posium jointly with the Theoretical Chemistry Institute
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entitled "Pertubation Theory and its Applications in Quantum

Mechanics" (Madison, Wisconsin, October 4-6, 1965). The

subject matter is based upon our mathematical interests and

needs. The Army Mathematics Research Center is cooperating

with us in many ways. Our staff attends and participates in

many of their seminars. In the spring of 1965 one of their

visiting professors (J. B. McLeod from Oxford) is giving a

lecture series on The Mathematics Behind the SchrSdinger

Equation to our students and staff. In the summer of 1965
P. D. Robinson and Arnold Ar_hurs are coming from the Uni-

versity of York, England, to spend 3 months and a year,

respectively, us joint visiting professors in the Army Mathe-
matics.Research Center and our Theoretical Chemistry Insti-

tute. The Army Mathematics Research staff has been very

effective in helping us with our mathematical difficulties.

(2) We feel very close to the chemical engineering department.

R. Byron Bird, its chairman, is a coauthor with C. F. Curtiss

and myself of our treatise Molecular Theory of Gases and Liq-

uids. We have many interests in common including: (a) the

kinetic theory of gases, ('b) aero- or fluid dynamics generalized
to include chemical reactions, and (c) heat transfer in chemi-

cally reacting mixtures. Many of the chemical engineering

students take courses in theoretical chemistry, and we frequently

participate in each other's seminars.

(3) Professors Phillip Myers and Otto Uyeharu of the mechanic_]

engineering department are interested in the theory of propaga-
tion of flames and detonations which Professor Curtiss and I

developed in connection with the Navy Bumblebee ram-jet

program. Two years ago, the American Society of Mechanical

Engineers awarded me an Honorary Life Membership as an
indication that their members find our work useful.

(4) Some members of the astronomy, meteorology, physics, and

theoretical chemistry groups are interested in problems of the

upper atnmsphere. We have joined forces in trying to bring

a famous upper-atmosphere astrophysicist to Wisconsin.

Gradually we hope to establish close working relations where

we can pool our knowledge and know-how.

Training in theoretical chemistry provides a broad foundation for

research in a wide variety of fields. There are many theoretical chem-

ists who have shown great breadth of interests--for example, Peter

Debye, Henry Eyring, Kack Kirkwood, Ilya Prigogine, and George
Kimball. Others are :

(1) R. H. Wen'torf invented the process for synthesizing diamonds

at General Electric. Subsequently he discove1_ed borazone, a
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substance harder than diamonds. And now he is being

awarded the Ipatieff prize of the American Chemical Society.
(2) F. T. McClure was awarded by President Kennedy NASA's

most distinguished-medal for inventing the Transit naviga-
tional satellite.

(3) Paul Knaplund, Jr., has become vice-president of I.B.M. in

charge of Advanced Research.
(4) Sam Loshaek has become research director of Borden Company.
(5) Don Jepsen has been working with Montroll at I.B_M. on

applying statistical mechanics to traffic control problems.
(6) Hugh Hulburt, John Dahler, and R. B. Bird have become

distinguished professors of chemical engineering at North-
western, ]Kinnesota, and Wisconsin, respectively. Howard
Palmer is professor of combustion technology at Penn Sta_e
and Roger Strehlow is professor of aeronautical engineering
at Illinois. Alfred Ingersoll is dean of engineering at the

University of Southern California and James tIornig is dean
of research at Dartmouth.

Daring World War II, many of us worked on military problema
We were assigned to task forces composed of engineers and scientists
having very different backgrounds. We pooled our knowledge and

know-how and solved problems that none of us individually could
have coped with. For example, a large group headed by Charles
Curtiss, Richard Kershner, and myself developed ,the first system of
interior ballistics of guns which was thermodynamically consistent.
We took into account the heat transfer from the powder gas to the
surface of the born--this is not important in a large cannon, but in
an elephant rifle 30 times as much energy can go into heating the bore
as goes into pushing the bullet ! Later, at Los Alamos, John Magee
and our Weapons Effect Group studied the kinetics of formation of

industrial carbon black, the micromeritic behavior of different types
of smoke, and the physics of the blown sand over the Sahara desert.

Thus we were able to make an accurate prediction of fall-out while
the first atom bomb was still on the drawing board. At Bikini, as
chief phenomenologist, I had to work with military and scientific

groups to predict the blast pressure as a function of distance, the light

intensity as a function of time, the effects of nuclear radiation on beer,

etc. Enrico Fermi felt very strongly that a]/ scientists should be

trained as phenomenologists--men who can apply logical scientific

analysis to unfamiliar problems.

Now, in our universities, we tend to be segregated into departments

and the types of problems that we solve are greatly restricted. NASA

is helping with their Institutional Grants to break down these depart-
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mental barriers. Our Theoretical Chemistry Institute is already inter-

disciplinary and works informally with many departments.

Recently, I helped A. C. Eringen found the Society of Engineering

Science to help bring scientists and engineers together. In order to

work effectively with problems involving unusual environments and

extreme conditions, scientists and engineers must become closely

allied or else they acnnot cope with the close coupling between the

macroscopic and molecular properties. We believe that theoretical

chemistry can play an important role in space science.
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COMMENTS

Pimentel, University oF Ca_ilorni_: In a preceding paper it was mentioned

that there is no chemistry division within NASA, 'but it was also noted that there

are many materials problems facing us. Is there conscious effort within NASA

to implicate and encourage chemists to imrticipate in these important problems.

Holloway, NASA: This ma'tter of identification of disciplines has been much

discussed. The NASA organization is, I think, defensible. We don't have a

physics division or a biology division or a mathematics division. There are

arguments in favor of such divisions, but in planning the organization in 1958

the solution of operationally identifiable problems was paramount, and I think it

is reasonable that in those days NASA should have been organized along those

lines. The chart carried such divisions as materials, structures, propuls'ion, and

then the space sciences, lunar and planetary, geophysics and astronomy, and so

forth. To find out how much chemistry is being done within the laboratories and

under the extramural programs requires, first of all, a definition of chemistry.

By definition most of the chemistry, mathematics, physics, and biology can be

sorted out and measured by dollars or by man hours. To say that NASA is not

doing enough in chemistry may well be true. The resource limitation is common

to all our programs, :but the lack of a name of a physics division or a chemistry

division, I think, is only superficial.

We would probably conclude, if the support given each discipline were ascer-

tained as could fairly easily be done, that in certain fields we are not doing as

much as we would like. We look to other agencies for part of this support and

we look into other programs within NASA for some of it, although they bear

different labels. If good chemistry is buried in propulsion programs and mate-

rials programs, I think we deserve credit for the amount that exists whether you

can find it by label or' not. We don't k_,ow any way to label it without restruc-

turing to appear as a national science foundation, which we aren't.
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N :MARCH 1963, the National Aeronautics and Space Administration
awarded Research Grant NsG--398 to the Computer Science Center

of the University of Maryland. This grant is entitled "Computer-

Oriented Research in the Space Related Sciences" and is in support

of a multidisciplinary research program concerned with the applica-

tion of modern high-speed digital computers to research projects in a

broad spectrum of the space related sciences_ In particular, this pro-

gram is aimed at stimulating and broadening the effective use of com-

puters in the University's space related efforts and at investigating

new methods of computer application in these fields.

When a computer is used as part of a research project, the high cost

of the necessary equipment, problems of receiving proper programing

help, and so forth often overshadow the entire computational effort

and overstress the service nature of the computer work. However,

more and more research investigators have become aware of the fact

that this service aspect should not be the major consideration in the

application of computers to their work. Rather, a highly significant

and important contribution stems from the fact that the analysis

undertaken to make possible the assistance of computers will often

stimulate a type of feedback that casts new light on the research prob-

lem itself, thereby, in turn, furthering the research effort. At the

same time, challenging research problems often arise concerning meth-

ods and concepts of computer application in general or, in other words,

concerning relevant problems in computer science. The research pro-

gram therefore aims to stimulate this type of thorough analysis in the

computer science aspects of the University's space research projects,

119
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thereby making the investigators aware of new possibilities and

potentially new approaches to their problems as provided by the com-

puter. In support of this effort a research program has been started

on a number of problems in computer science, in order to deepen our

knowledge and understanding of the methods and ideas underlying

the use of computers in research.

The main responsibility for the research program is carried by the

Computer Science Center of the University of Maryland. The Center

is an interdisciplinary research department of the University of Mary-

land, not associated with any college or school within the University.

The Center now also offers a number of regular undergraduate Uni-

versity courses in computer science and plans are under way to establish

a graduate degree program in this field. In cooperation with the

NASA-Goddard Space Flight Center and The Catholic University

of America, the Center also conducts a regular seminar and colloquium

series on special topics in computer science.

A brief list of principal facts about the Center is given as follows:

Computing equipment

One IBM-7094--I with 16 tape drives

Two IBM-1401 satellites sharing 6 tape drives with the 7094

Associated off-line card handling equipment

Computer use

Current average log-time: 590 hours/month (31/2 shifts)

Total number of project numbers: 416

Number of projects under NASA program active during 1964 : 95

Current average number of production jobs : 6000/month

Personnel

Professorial Faculty ..... 7

Part-time Faculty Con-
sultants .............. 9

Graduate Research Assist-

ants ................. 11

NASA Fellows .......... 3

Senior Administrative Per-

sonnel ................. 3

Programing Staff ......... 14

Operating Staff ........... 22
Secretarial Staff .......... 4

Not counting the graduate assistants and the operational staff, and so

forth, there are 33 full- and part-time professional staff members of

which 15 hold a doctor's, 8 a master's and 7 a bachelor's degree as

highest degree. Of these 33 persons, 18 are presently in some way
involved with this research program, representing a full-time

equivalent of about 10 people.

In line with the two aims mentioned previously of the overall pro-

gram, there are two distinct areas of work, namely, research in
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• computer science and computer-oriented research in a number of space

related disciplines. A breakdown of the work presently under way in
the first area is as follows:

(1) ProgTaming and computing systems

(a) General programing and monitoring systems development

(b) Crysta]lographic structure determination system, X-Ray-65
(c) Programing system for electrolyte computations

(d) Special purpose chemical engineering computing system
(2) Computer and information science research

(a) Nonlinear problems of numerical analysis

(b) Image processing and pattern recognition

(c) Consequential languages and procedures

(d) Information storage and retrieval in depth fora narrow field

For the sake of clarity, computer science research has been subdivided

'i_to two subareas, one dealing with programing and computing

systems, and the other involving more general research projects in

computer science• We might first discuss the programing systems
work.

Any effective utilization of modern, complex, large-scale computers

depends crucially on the availability of versatile programing and

monitoring systems. This is especially true when these computers are

to serve a multidisciplinary research program such as the one under

discussion, where the proper select_on, adaptation, and diversification

of highly flexible programing systems are basic to any successful work

accomplished under the program. Consequently, one of our first

actions was the establishment of a special computer systems group
explicitly charged with the selection, implementation, and modifica-

tion of existing systems as well as the design and programing of new
systems. It should be stressed that this is a continuous and never-

ending task in view of the constantly changing requirements of the

individual research projects using the system.

Figure 1 presents a schematic diagram of our main programing

system. Several other separate systems are available on request.

Basically, we believe that. the research user of the machines should be

able to use, whenever possible, the appropriate computer language for

his problem. We therefore continue to adapt and incorporate new

languages under the system. The hatched areas indicate subsystems

which were added to the original IBM-IBSYS monit_)r by our systems

group. Some of them are designed to facilitate use of such highly

important languages as IPL--V, OMNITAB, MAD, UMAP, and

ALGOL; others represent special developments of multiprecision

packages such as MPP and PRECISE; finally, MOIST is a special

macrolanguage for flexible input-output and X-Ray-65 is a subsystem

which will be discussed subsequently. The M_AMOS submonitor is our
_790-083 _9
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own development, which has proven to be highly flexible and is even

now being adapted for use on an IBM-7094-7044 direct couple svstem

at the NASA-Goddard Space Flight Center, and at Yale University.

When a particular research project involves a wide variety of com-

putational aspects, it frequently becomes necessary to combine all these

aspects under a special programing system, giving the investigator

flexible and ready access to all his programs and providing for auto-
matic data transmission between all of them. There are three such

special systems under development at the Center, one concerning

crystallographic structure determination, another one dealing with

electrolyte computations, and a third involving special-purpose

chemical engineering computations. Vv'e might discuss one of them,

namely, the crystallographic system called X-Ray-65.

The problem of determining the structure of crystals is at present

one of great interest to chemists, biologists, and geologists. This re-

search project is directly concerned with the development of methods

and corresponding computer programs for the accurate determination

of the atomic parameters in crystals from X-ray or neutron diffrac-

tion data of solid crystalline material. In the beginning of program-

ing for the solution of crystal structures, it was common practice to

write isolated programs for each application. As data gathering tech-

niques improved and became more automated, the need arose to im-

prove and automate the total computational task as well. The pro-

grams under development here have accomplished this goal and make

up the beginning of a much needed crystallographic computing

system.
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Table I shows the present extent of the system. The major sub-
routines perform the calculations necessary to interpret X-ray dif-

fraction patterns and to establish accurate atomic parameters in crys-

tals. Other programs perform systems-link functions and help in the
preparation of data for publication.

Figure 2 shows how a data deck is prepared to control the sequence
of the different computations desired by the investigator. Various
control cards direct the automatic flow of data from one program to
the next. The cards with an asterisk on the side represent major pro-
gram calls. For example, DATRDN calls for the application of
Lorentz and polarization corrections and for the encoding of space
group information; FC is the structure factor program for all space
groups and settings; FOURR is a general three-dimensional Fourier

analysis program; DIAGLS, a special and frequently used version of
a more general full matrix program, ORFLS, for least-squares
analysis; and finally, BON-DLA calls for the calculation of bond

lengths, angles, interatomic and molecular distances, their estimated
e_ors, and _ forth. Among the many possibilities of special data

output is a pictorial type output shown in figure 3, which directly
shows the crystalline configuration of the substance.

The X-Ray-65 system is used frequently not only by the Univer-
sity's crystallography group but also by a number of other institutions,
including the NASA-Huntsville Space Flight Center, the National
Bureau of Standards, and many other research organizations and
u/11 ¥ _1 DILL_.

Let us now discuss the second area of computer science research.
As previously indicated, several projects are now under active con-

Table [.--Major Divisions of the X-Ray-65 Systems

Division Opea_.ttonal In _ and

checkout st_e

Systems maintenance and intersystem com-
patibility ...............................

Data gathering ............................

Cell parameter determination .................

Preliminary dat_ treatment ..................

Structure solving programs ..................

Parameter refining programs ................

Structure interpretation and presentation .....
Service programs ...........................

Systems-function control .....................

TOT_kL ..............................

6
4

2
4
6
4
7
3

13

49

4
7

3
5
6

25
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!
Figure 2.--Example of data deck for the X-Ray-65 system.

sideration; they concern such widely diverse areas as numerical analy-
sis, automatic image processing, mechanical languages, and informa-

tion storage and retrieval. Let us briefly consider the first two
projects.

In numerical analysis we are primarily interested in the numerical
solution of nonlinear functional equations. This particularly concerns
nonlinear integral and differential equations, and thereby of necessity
also nonlinear systems of finitely many equations in finitely many
unknowns, as shown in the following numerical solution:

_pecial e_uations o/interest
b

Nonlinear integral equations f K(s,t,x(t) ) dt=y (s)
a

Nonlinear ordinary differential equations
(with suitable initial or boundary conditions)
Nonlinear systems of n equations in n unknowns
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General setting

X, Y Banach spaces

F: X--_:F nonlinear mapping from X into ]z

Design and experiment with algorithms for solving F(z)=0

For theoretical investigations, all these different cases can be sub-

sumed under the general problem of finding and analyzing algorithms

for the determination of solutions of a general operator equation in

Banach space_ There is no scarcity for applications in which such

nonlinear problems occur. Some of the specific applications that
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prompted us in part to begin this particular research investigation are
listed as follows:

Two-point boundary value problems, e.g., trajectory problems
Control problems
Flow problems
Minimization problems

To some extent we became aware of the trajectory and control prob-
lems as a result of discussions with colleagues at the NASA-Goddard

Space Flight Center.
Among the many different methods that can be applied to the non-

linear problems under consideration, we are concerning ourselves par-
ticularly with the following:

Local methods

Generalized Newton method
Generalized secant method
Methods of Gauss-Seidel and

Jacobi-type for nonlinear systems
General implicit iterations

Global algorithms

Use of perturbation techniques
Davidenko's method

Use of imbedding techniques

The study of Newton's method for general operator equations in
Banach spaces originated with the Russian mathematician L. V.
Kantorovich. Its application to such specific problems as mentioned
earlier presents a variety of challenging research questions which are
attracting growing attention in this country. The generalized secant
methods are even less understood than Newton's method and their

application--though computationally desirable--present even more
serious problems. The Gauss-Seidel and Jacobi-type iterations for
nonlinear systems of equations appear to carry a great deal of promise
for effective computational work, and have only recently come to be
considered for use on specific applications. The same is true for the
so-called implicit iterations which contain all previously mentioned
methods are even less understood than Newton's method and their

of a suitable initial approximation which in turn must often be already
close to the desired solution. Global methods are therefore highly
necessary to overcome this restrictive condition. Our three areas of
work on global methods are also given in the preceding list.

The particular problems now under active study are:

Newton's method

Conditions for monotonic convergence and their importance
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Influence of different approaches to the discretization problem
Relations to gradient-type methods

Gauss-Seidel and Jacobi-type iterations

• Theoretical and experimental comparison of asymptotic rates of

convergence

Global convergence

Secant methods

Theoretical and experimental convergence

Sufficient conditions for convergence

It should be stressed that we are working on parallel tracks with the

theoretical investigation of all methods and their computational eval-

uation for specific applications. In addition, we hope to develop

versatile programs in a general algorithmic language for all these

methods. A number of very promising results have already been

obtained_ even though this particular project has only been under way
for about 6 month_

The earlier mentioned project on Image Processing and Automatic

Pattern Recognition concerns the following areas of research:

Image lrrocessi_ regea_h

,Discrimination of connected regions

Discrimination of "solid" from "broken" regions

Measures of shape "skeleton", "capacity", "frame"

Corn--p uh_r- _-enerat_d l,_atterns for v;_ion .-_eamh

Applications

Cloud pattern analysis

Contour map processing

_search in digital image processing has tended to be concentrated in

two areas: "local" processing of images as two-dimensional data

arrays, usually for the purpose of simplifying the image, and process-

mg of images which consist of discrete, well-defined parts in given

topological and metric relationships. In the area of the discrimination

of connected regions of an image, a general computer program called

RAMP has been developed and written, which constitutes an im-

portant step toward bridging the gap between the mentioned two

"types" of image processing research. B_MP identifies and com-

putes the areas of connected regions--defined by those image points

which have a given range of density values--on a digitized image.

Figure 4 shows aline drawing done by hand from a cloud-cover

picture, and Figure 5 shows the output of RAMP from the actual

digitized picture. Two other image processing techniques were devel-

oped and programed representing alternative approaches to the prob-

lem of identifying regions on an image that are free of detail and
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Figure 4.--Line draw-
ing done by hand
from a cloud-cover
picture.

have regular boundaries. These programs are called SORD-(which

stands for "Solid Region Delineator") -1 and -2. All three programs

have been experimentally applied to the problem of analyzing the

cloud-cover pictures and maps obtained from the TIROS satellite.

A variety of approaches to the automatic recognition of shapes has

been proposed. Under this project, three novel tools for shape de-

scription and analysis are being investigated and developed further;

namely, the so-called methods of (1) shape skeletons, (2) shape capac-

ity_ and (3) shape frames. In each case, versatile computer programs

were written and are now being applied to a variety of special prob-

lems. The shape skeleton method is particut,arly interesting; it con-

sigts in the "propagation" of the boundary of the shape over the plane

in the manner of _ wave disturbance. Figure 6 shows a simple line

drawing representing a particular shape. Figure 7 gives the actual

computer printout of the "propagation" process. Points through
which the wave front has passed become "refractory," that is, resistant

to further wave passage. Under these conditions the wave front which

propagates inward will intersect itself and eventually cancel itself
out. The locus of self-intersections of the propagating waves provides

a highly useful "skeletal" representation of the given shape and can

be used in succeeding programs to provide detailed information about

the shape.
A totally different area of research under this project concerns

the problem of visual discrimination of texture by human observers.

The appearance of "uniform texture," characteristics of probabilisti-



compgter_riented research at maryland 129

IIIIII

_ IllII
.... lIT---- i 'rr : _ 711 Fir I I

'¢_ ! II H I ii I

.... _: ¸¸¸.-7 ¸- = _ .... _

n J

i

II . I Iii i _ II I
i _1 I ii I iii ill i i i -

II ii I II

i i iii _ I ' ,,r,f,-
Jl ]1111iii i I_'

Figure 5.--Outimt of
RAMP from the ae-

teal digitized pie-
tore.

i ! i i ....
i , i ....

II Ill .... IL .... I i

_mmnmmmm __ I Illll i_

a I I II •

, '11_I1,,, I'1

cally-generated visual stimuli suggests that the brain may measure or

estimate statistical parameters of such stimuli, as, for example, lumi-

nance values and luminance gradients, periodicities of these values,

and so forth. In searching for statistical, stimulus-analysis and stim-

ulus-processing mechanisms which may be involved in visual texture

perception, it is desirable to study situations involving as few relevant

stimulus dimensions as possible. For example, consideration can be
restricted to stimuli which are either "black" or "white" at every
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Figure 6.--Simple line
drawing represent-
ing a particular
shape.

point. Another, more drastic, restriction to stimuli which are "one-

dimensional" can be used to minimize the significance of form and pat-

tern variables, alternatively. A versatile computer program for gen-

erating patterns constrained in one direction and random in the other

has been developed. Figure 8 presents an output pattern from this

program. These patterns are printed out by overstriking up to six
printer characters to form the solid black cells. Subjects are shown

these patterns and asked to locate boundaries. Experiments of this

type have studied boundary location performance with respect to the

very basic mean luminance variable. In other experiments now in

progress_ mean luminance has been equalized and the variables under

study are the frequency distribution of black and white "run lengths"

or "patch sizes".

As discussed previously, the entire research program consists of

two parts--computer science research_ and research into the computa-

tional aspects of particular space-related problems. Table II shows

the extent of th_ second part of the program now in progress. Only a

very cursory glance at this fairly extensive, interdisciplinary, research

undertaking is feasible since every one of these projects would require

considerable description of the physical background and the computa-

tional problems involved.

It may be mentioned that the work listed under Molecular Physics

concerns primarily kinetic theory and spectroscopic studies on the

fundamental properties of molecules. The heading "Physics and
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Figure 8.--An output

pattern from a com-
puter program deve|-
oped for generating
patterns constrained
in one direction and
random in the other.

Engineering of Fluids" includes computational work in plasma phys-

ics; in particular as it applies to phenomena in the ionosphere and

in space, and so forth and it also includes problems of magnetohydro-

dynamics and the flow of gases at high temperatures. The work in

astronomy is mainly concerned with radio astronomical observations

and galactic and stellar models, while problems in psychology cover

such studies as psychomotoric testing of pilots.

Rather than simply enumerating the entire list of topics now under

active investigation, two particular projects may be singled out. Their

choice was dictated largely by the ease with which it is possible to

discuss the physical background, rather than for any other reason.

Table II.--Computer-Oriented Research in Space Related Fie_ds

Field Department represented

Molecular physics ......
Nuclear physics and

nuclear engineering.
Particle and field

physics.

Physics and engineer-

ing of fluid.

Mechanical and elec.

engineering.
Other disciplines .......

Chemistry, inst. for molecular physics___

Physics, chemical engineering .........

Physics ............................

Inst. for molecular physics, inst. for

fluid dynamics, physics, chemical
engineering, aeronautical engineer-
ing.

Mechanical engineering, electrical en-
gineering.

Astronomy, physics, mathematics, psy-
chology, electrical engineering.

7

16

7

18
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The first of these two projects concerns an in situ probe system
for the measurement of ionospheric parameters. For many years
now, the ionosphere has been the subject of experimental investigation.
The advent of rocket sounding vehicles and satellites has considerably
intensified this activity, and at the same time has shifted the experi-
mental emphasis to in situ probes which are, of course, potentially
capable of more refined measurements of various ionospheric param-
eter_ For several years, the Center for Atmospheric and Space
Physics of the University of Maryland has been conducting a research

program aimed at developing a complete in situ probe system in par-
ticular. This system consists of (1) thermal equalization probes
capable of independently measuring vehicle potential, (2) a pulse
probe to measure electron concentration and energy distribution and
(3) a Langmuir probe to supply information on positive ion and

electron temperatures. This system has been completely designed and
tested both in the laboratory as well as in preliminary rocket flight
test_ A very substantial part of this design and testing work con-
cerned the development of s_lequate computational approaches to
the calculation of instrument behavior and characteristics Figure
9 shows a picture of one of the thermal equalization probes. It repre-
sents essentially a unipotential cathode which, when heated, begins to
emit electrons thermionically. In general, the unheated probe in
ionospheric plasma assumes a negative potential. When the probe
is heated, the outgoing electron flux partially balances the incoming

...... _ ............ _ ..... , ca'as _ dec.-ez_e in the probe
potential. Figure 10 shows computed curves of potential versus

Figure 9.--Thermal equalization probe.
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Figure 10.--Computed potential curves plotted against temperature for thermal
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temperature for such a probe. All these curves display a very sharp
readily identifiable knee at the plasma potential. A probe whose

temperature is set to operate a little above the knee will therefore
provide a continuous measure of the vehicle plasma potential. Figure
11 gives actual measurements in flight and shows that the computa-
tional results agree very satisfactorily with actual measurements.

As a last project we might mention a very extensive experimental
and theoretical research study concerning rotating laboratory models
which simulate the general circulation of the atmosphere. Figure
12 is a schematic diagram of the experimental vehicle, a large rotating
tank. Fluid is pumped out of the center area and flows back into the
ta_k on its outside rim and, more specifically, into the boundary layer
on the bottom of the tank. Dye crystals are dropped into the tank in
the rim area to trace the circulation. Figures 13 and 14 give a typical

picture of this type, taken from above the tank. A very important
part of this research program concerns the numerical prediction of
such circulations, involving the numerical solution of nonlinear par-
tial differential equations under fairly general boundary conditions.
These circulations are in many respects similar to the general circula-

tion of the atmosphere, and the uses and limitations of numerical
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Figure 1L---Actual in-flight memmrements showing satisfactory agreement

between eomlmtational results and actual measurements.
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F'_gure 12.----Schematic diagram of the 4-meter rotating tank.

methods for the prediction of weather can therefore be tested in these
rotating fluid "models." Initial numerical prediction work concerns
simple models which permit the parameterization of the viscous
boundary layer at the bottom. Figure 15 gives the output from such
computations for the perturbation stream function in a cross section

of the tank, about half a radius away from the center. The printout
has been arranged in such a way that it is possible to connect equal
values in different columns and obtain a graph of the perturbation.
The perturbation shows the cross section of vortex rolls which appear
in the particular region. The experimental and the corresponding
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Figure 13.-Typical 
circulation patterns 
obtained with the 4- 
meter rotating tank. 
Spiral arms are dye 
used to trace flow 
from periphery to 
center. 

Figure 14.-Detail of 
figure 13 showing 
striation. 

numerical model is being complicated in successive stages in order 
gradually to approach the situation in the atmosphere. For ex- 
ample, as a next step, vertical thermal gradients are now being intro- 
duced. Clearly then, the ability to predict laboratory circulations 
with a given numerical prediction technique will indicate the feasi- 
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D
I_ c.

Figure 15._Perturbation stream function. J?,e =150; m =0.45X10".

bility of using the same technique for predictions of similar circula-
tions in the atmosphere.

As was stressed several times_ it is not possible to give more than a

very cursory picture of the work performed under the NASA-Research

Grant NsG-398 at the University of Maryland. More detailed de-

scriptions can be found in the various reports and publications that

have already originated from the work. (See "Bibliography.") In

our opinion, the results show very clearly the extreme importance of

bringing together computer scientists and research investigators of

various space-related problems, _hereby stimulating _nd broadening
the work of both.
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COMMENTS

Hancock, Purdue: What is the extent of your computer science program?

Also, in listing the projects concerning the various other departments, were

NASA funds used for support of all these programs or were these primarily ob-

tained from the departments themselves?
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Rheinbolclt: As yet, we do not have a degree granliug program, although
there is a plan for establishing one as soon as it can be done With regard to
the other departments, we are providing the computer aid to particular projects,
b_t in most cases they may have some loan sup_rt or they might Just be start-
ing. For example, the ionospheric probe had other support for the experiments/

work. The computer science projects are more largely supported directly by
NASA under this grant.

Ki¢M, _on UniversitV: You indicated that there are approximately 0000

jobs per month and 63 proJect_ To follow the previous question, is there an

accounting procedure and are there individual charge_ or is this wm-k open?
Also, is there a scheduling proble_n?

_: We are, under the monitoring system keeping track of what we
are doing on the machine_ We charge the projects if there is indeed some bud-
geted fund for computer time ; otherwise it is supported by state funds. These
NASA projects are half supported by state funds and half by NASA grant We

are essentially making a charge that isin part covered by the state and part by
this gra_

At this time we have only a mild and minor scheduling problem, but we will

be having more and more problemL We have a variety of schemes for handling
them.

Sells, Te.wao CAristiom U_t_it_: Do you have any lwovt_on in your pro-
gram for giving aid or support to work in related areas at other institutions?

_: No, there is no fund for that available; however, we have betm

helping, to some extent, Catholic Univers/ty on some projects that were a little
too large for their computer. We gave some aid at the University of Delaware on
some projects, too, but this was on a private individual bask.

Zest, Uz_ers_y o_ Missogri: Yon ou_ned more or less the standard tech-

niques of computer science. Does your grant allow yo_ to move away from
standard techniques to develop techniques which would be of interest to Deople
who are computer science people, or are you required to work routine problems
for the actual solution of ez_Ineering problems?

R_: One group of projects is inteaded to develop methods that are
of interest to the computer scientists. We are looking at problems at this time
that are in some way space related, but this is due to the fact that the Univer-
sity of Maryland has a fairly active space-related research effort and this pro-
vides the stimulu_ However, we are in no way required to work on a specific

application problem. We hope that methods we develop will be of use in some
way.

_ummerf/e/d, Pr/m_om U_vers/ty: I would like to make a comment in a

somewhat broader context. This paper makes a very impressive case for the
kind of support that a computer group can give to the problem_olv/ng activities
of the research projects around the University of Maryland; I am sure that

is true with other universities. I am concerned, however, about the develop-
ments that seem to take place in the educational sense when the computer ee_
ter becomes established at a university. When a computer center becomes
established all eyes age focused on it; it attracts the ¢aculty, the research people,
and the student_ There tends to be a draining away of energies from what
should be a proper concern, namely, the larger area of mathematical education
There is a tremendous need for the development of mathematical education. It

•might be called applied mathematics, or mathematical analysis, or identified as

the study of partial differential equations_ of integral methods, of various
sophisticated approximation methods---toois that will resolve intricate problems.
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However, students have learned to turn to the computer. The student of today

has access to funds. He finds that he can work out the system of equations on

the computer and I do not deny that many things can be learned by seeing these

equations displayed in their full form. But the student is deprived of the intel-

lectual exercise of thinking mathematically as a physicist or thinking as a

physicist mathematically. He has somehow lost the ability to relate these in-

tricate equations, these intricate mathematical problems, to the physics of the

problem because it is so easy to use the computer. This has happened not only

to the student in his individual research, but it seems to have happened in the

way we educate students. Is NASA concerned with the larger problem of en-

couraging mathematical analysis on the campus ? If you try to find course work

on campuses or the kind of education that we would like to see in the field of

mathematical analysis under any department, it is almost nonexistent.

Rheinboldt: I agree wholeheartedly with your viewpoint. Something has to

be done. It is quite clear that a computer science center, as such, cannot provide

such an educational program. I feel that the educational aspects have to be

developed in disciplinary programs and in special departments of some sort.

How it is done politically in a university is a question to be answered by the uni-

versity. I have no answer as to how it can be done.
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T I3[]E PmCE TAG ON THYE HEAD OF EVERY PH. D. produced in the
physical and engineering sciences is currently about $125 000

(refs. 1 and 2). This is the money, in the form of grants, contracts,

and fellowships that administrators in higher education must find,

scrape up, beg, and borrow from government agencies, state legis-

lators, foundations, industry, etc. Most of this money as it comes to us
is earmarked, pegged, and restricted to specific investigations and pre-

negotiated programs, to be conducted by Professor X and Student Y,

according to Client Z's ground rule_ With such fragmented building

blocks an attempt is being made to build graduate programs of excel-
lence, but not without severely induced stresses and glaring gaps in

the framework. There are, however, bright spots on the horizon with

new, emerging concepts of Federal support to higher education,

pioneered to no small extent by the National Aeronautics and Space

Administration. It is the purpose of this paper to focus on one aspect

of NASA's Institutional Grant Program and to show how it is filling

the void at the University of Denver.
On October 1, 1963, the University of Denver initiated a signitlcant,

new program of research in space-related sciences, under NASA re-

search grant NsG-518. A total of $200 000 was vested under this

grant, which resulted in a funding level of $100 000 for the first year

and step-funding for 2 successive years. After the first year of opera_

tion, the grant was supplemented by an additional $150 000, which

increased the level of funding for the second year to $125 000 and

provided step-funding for the third and fourth years of the prograuL

An investigation of the depth of this program indicates why Denver

is convinced that this $125 000-per-year grant is having a greater

impact than most other existing X-Y-Z grants and contracts with

much larger price taga
ldl
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First, it is important to consider the University of Denver, and in

particular its physical and engineering science activities, in its proper

perspective. The University, a private, nontax-supported institution,

is at an eventful point in its 101-year history. Since World War II,

the University has taken major strides in greatly expanding its grad-

uate academic programs. The student body numbers 7100 of whom

2300 are graduate students. During the last 4 years, doctoral programs

have been initiated in chemistry, chemical engineering, electrical engi-

neering, metallurgy, and physics. Doctoral programs in mathematics

and theoretical and applied mechanics are scheduled for the immediate

future. In these disciplines, there are 239 candidates for advanced

degrees, of whom 63 are doctoral candidates. It is anticipated that
these numbers will double in the next 4 years.

Accompanying these developing graduate studies, of course, has

been a rapid augmentation of faculty and supporting research staff.

One index of this augmentation is that sponsored research from grants

and contracts has increased from a level of $2 million per year in 1960

to $6 million per year in 1965. Now, how can Denver truthfully say

that one NASA grant in the amount of $125,000 per year is pro-

ducing a major impact to an organization conducting $6 million

per year in sponsored research ? It does and the reasons are given
subsequently.

Several years ago an in-depth, soul-searching analysis was under-

taken of the programs, the method of operation, the sources of fund-

ing, and how these funds could be deployed. A number of problem

areas were brought into focus that included the perennial headaches of

equipment build up and the acquisition of bricks and mortar. But the

most acute problem area identified, which came as somewhat of a sur-

prise, related to the professional development of the junior staff, the

assistant professors, and the research associates. It was this body of

young men, newly launched in the academic world, numbering approxi-

mately 40 percent of the total faculty, on which the future of the

University would eventually depend.

More than once, an Assistant Professor at Denver blithely and with

naive confidence, bolstered by his new Ph.D. sheepskin, his name in-

cluded on a refereed paper, stepped into the public market place of

the givers and the takers Of the research dollar, only to be slapped
down by a form letter turning down his proposed research.

After the second or third unsuccessful attempt, this disillusioned

young man would return to the blackboard, resigned to a life of class-

room instruction, rationalizing, that there is an unhealthy emphasis

on research anyway. The unfortunate fact of life is that this young

man, unless something can be done about it, will remain stagnant as

the scientific world around him rushes on and, within a period as
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short as 3 years, can be completely sterile as a researcher. Are those

in graduate education doing their job in not better assisting this

young man to develop into full professional maturity ._ Not all faculty

are destined to do original, creative research but those who are so

gifted must not be lost 'because of the vagaries of the system.

In the analysis of this situation several years ago, the question was

raised, what is being done._ The answers were standard: teaching

loads were reduced (as funds permitted) for select members of the

junior staff, an occasional trip to a national society meeting was

scheduled, talks on professional development were given, uuomcially

utilizing their services on research in progress, etc.

One important ingredient was too frequently missing. These young

fellows did not need pampering; in fact, on the contrary_ they needed

to compete with senior, established investig_rtors_ to argue and defend

their premises, to accept expert tutelage on the difficulties that may

be ahead, to sever_ if necessary, the bond confining their scope of

vision to permutations only of their doctoral dissertation, and to stand

up with conviction and say, "These are my idea&"

A second importan_ ingredient was missing. The general unavail-

ability both locally and nationally, of limited venture funds to gamble

on these young, unproven investigators_ With these thoughts in mind

Denver d_ided to do something. After contacting several institutions

NASA finally granted us an impedance match.

In the cold, impersonal te__ns of the legal instalment establishing

the grant, the primary purpose of this program is to broaden research

in _he space-related sciences at the University of Denver by identify-

ing and supporting the less-established but promising young investi-

gator, as well as to foster unusual and creative thought at all levels.

The program func¢ions as follows: Policy and administrative action

is taken by a newly constituted entity, the University NASA Awards

Committee. Membership on the committee includes the deans of the

Graduate College, the College of Arts and Sciences, the College of

Engineering, three faculty members at large, and the director of the

Research Institute as chairman. Applications by faculty for sup-

port under this grant program must contain the information specified

in a widely distributed in-house document, "Guidelines for Submis-

sion of Propesals2'
If the chairman of the Awards Committee deems that an appli-

cation is in consonance with the intent of the program_ he constitutes

a three-man Ad Hoc Review Committee, consisting of senior scien-

tists and engineers _ qualified to render tezhnical judgemen_

The committee is composed of a faculty member_ selected from a de-

partment different, from that of the grant applicant, and normally two

men from sister institutions or regional research laboratories. Also
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at this time an information copy of the proposal is sent to NASA. If "

the chairman of the Awards Committee deems that the application

is not in compliance wi_h the spirit of the grant, the application

is sent directly to the entire Awards Committee for a policy
determination.

The Ad Hoc Review Committee conducts a critical bu,t constructive

review of both the written and oral presentations by the proposed

investigator and makes an evaluation according to the following
criteria:

(1) Originality of the investigation

(2) Technical soundness of the study

(3) Extent of investigator's knowledge of the field
(4) Probability of completing the research within the time and

funds requested.

(5) Potential contribution to space-related science and technology

On wri£ten recommenda£ions by the Ad Hoc Review Committee, the

University NASA Awards Committee makes the final determination

of whether an investigation is to be fund_l, and if so, in what amount.

Twenty-nine formal requests for funding under this grant have

been received. Of these, 19 investigations have been supported in the

total amount of $164 000; four requests totaling $53 000 are under

final review, and six have been withdrawn or rejected. The maximum

funding to date on any one study has been $13 200, the minimum has

been $1500, with an average funding of approximately $9000. Of the

19 investigations supported, 15 were granted to junior staff function-

ing for the first time as a principal investigator. Of the studies sup-

ported, three have been in physics, two in chemistry, four in applied

and theoretical mechanics, two in electronics, three in physical metal-

lurgy, two in chemical engineering, and one each in mathematics, psy-

chology, and zoology. The key to the successful operation of such a

grant depends on the rigor of the review accorded each grant

applicant.

In constituting an Ad Hoc Review Committee, some 26 to date, the

most qualified experts in the region were selected. Of the 78 men

asked to so serve, not one has declined; in fact, they have welcomed

the opportunity.

Considering that 80 percent of the grant applicants to date were

making their first formal request for such support, the reviewers

loomed formidable and foreboding. As a matter of fact they were,

because the reviewers took their assignment seriously. Each received

a copy of the written proposal approximately 10 days before the

scheduled review session. One reviewer spent an entire day in the

library checking each reference in the bibliography. But the real test
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comes with the face-to-face review, where the premises and theories

are searched and probed, where the applicant's knowledge of other

investigations in the field' is ascertained, and where ramifications to

the proposed research may be jointly developed as the concerted think-

ing of the applicant and the reviewers comes to bear on the problem.

The written recommendations from the senior reviewers were temp-

ered at times with an element of understanding. This does not mean

that the reviewers were lenient. More than one-half of those request-

ing consideration had to redraft and resubmit their proposals, and at

least five were so adversely criticized that they were beyond salvage.

Frankly, some of the proposals (at least in the first submission) were

astoundingly superficial--even when the individual was known to be

technically well grounded. Some proposals went to the other extreme

and proposed a monmentous undertaking, years of research through
uncharted waters---all for $1'2 000.

If nothing else was achieved under this grant, the experience that

these young fellows obtained in learning what constitutes a soundly

conceived and defended research investigation should justify the

entire program, for most of them have emerged from this process much

better prepared to develop into fuller professional stature.

It is quite apparent that this grant has stimulated the staff to explore

the interrelation of their research with the broadening horizons con-

fronting space science and technology. The direct and rapid review

possible under this grant has encouraged senior investigators to

pursue new and interesting concepts with a freedom and speed not

achievable heretofore. A nonanticipated major fringe benefit has
accrued because a number of the members of the Ad Hoc Review Com-

mittees have developed a personal interest in the newly launched

research and maintain continuing contact with the investigator.

Seventeen graduate students are participating directly on these

_udies, making a total of 39 students receiving stipends from NASA

gTants and contracts. There are active research grants and contracts

and training grants from NASA totaling $1¼ million.
There are also other voids being identified in our total space-related

research program, and it is anticipated that some of the grant funds

be committed on a basis calculated to bring additional strength to an

already strong discipline. As an example, appointments may be ex-

tended to one or more visiting research scholars for a summer or for

the academic year in the area of solid state sciences, a discipline which

is developing rapidly on this campus.

Because this Institutional Grant has been in existence only 17 months

and only one of the 19 investigations supported to date has been com-

pleted, an attempt has not been made to identify and report on specific
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research accomplishments. The following reports were obtained from
the investigators contacted : A paper was being submitted to the West
Coast Conference on Applied Mechanics in Los Angeles scheduled
for August 1965. In early September 1965 a paper is scheduled for

presentation in Budapest at the International Symposium on Shell
Structures on "The Matrix and Computer Solution of Cylindrical

Arbitrary Shapes." The investigator has just submitted a proposal
to NASA on "Analysis of Shells of Arbitrary Shape Utilizing Finite
Triangular Shell Elements." A manuscript is in preparation for sub-
mission to a refereed journal on "Thermodynamics of Praseodymium-
Neodymium Solid Solutions." A proposal was recently submitted to
the National Science Foundation asking for continuation of research
initiated under this grant. A paper on "Potential Energy Surface of
BeII2" has been accepted for the Alberta Symposium of Quantum
Chemistry to be held at the University of Alberta in August 1965.
A paper on "Prediction of Pile Action by a Computer Method," was
presented in Mexico City at the Conference on Deep Foundations in
December 1964. Another paper was submitted to the Engineering
Mechanics Division of ASCE on "Deformation Equations for Wester-
gaard Soils." A paper was presented on "The Traveling Reservoir

Light Gas Gun," to the American Range Association Meeting in the
spring of 1964 and, an updated version was presented on the same
subject to the Seventh tIypervelocity Impact Symposium in Novem-
ber 1964. These investigators also received a $28 000 contract to con-
tinue research on the concept relating to the hypervelocity augmenta-
tion proved out under this grant.

In December 1964 a paper on surface spikes was presented at the
Midwest Solid State Conference. The same researcher has a manu-

_ript for submission to the Journal of Applied Physics on surface

spikes, as well as a letter to the editor of the same journal on convex-
concave spiral growths. A proposal for "A Study of the Surface

Physics and the Defect State of Layered-Structure Crystals" has been
submitted to NASA and other agencies.

Another paper is in preparation for submission to the Jouxnal of
Geophysical Research entitled "Spectral Dependence of Lunar
Emissivity," as well as a proposal in draft to NASA for expansion
and continuation of this research.

In summary, the faculty and adminstration of the University of
Denver strongly agree that the Institutional Grant is having a major
impact on our campus. The breadth of understanding evidenced by

NASA in making such a program possible is deeply respected. There
is no better example of a sound relation between a Government agency
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• and a university where the objectives and principles of both are equi-

tably sustained.
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• [0_TANA STATE COLIA_E

S I-N'CEMONTANA STATECOLI.,]_I$is not as well known as some of the
larger institutions, perhaps it would be well to describe it briefly.

Montana State College is located in Bozeman, 60 miles north of Yel-

lowstone National Park. The college is the land grant institution in

Montana, the science and engineering center of the state university
system. At the present time there are 14 active Ph.D. programs on
campus and an enrollment of about 5200 student_ Our Ph. D. pro-
gram in physics is the only such program in Montana or any of the
_a11_ oA'_a;n;ntr _f*fA_c_

Several years ago when we were first starting to think about a

graduate research program in physics, we deliberately tried to identify
research areas that would be fruitful to pursue. A number of criteria

came to mind. One was that we wanted to be working in areas that
could be thought of as in the mainstream of contemporary physics.
Another was that the_ should be areas where we could realistically
hope to get the kind of facilities and support to be able to do absolutely
first-class work. Still another was that we wanted to be in areas that

would support other research programs on the campus, and which
would, in turn, be supported by them. One of the good features of a

modest-size campus is that you can talk to a person in another depart-
ment without setting up an administrative structure just for the pur-
pose. All these considerations led us to point our efforts toward
atomic and molecular physics, solid state physics, and astrophysics.

About the time our activities were getting underway, 2½ years ago,
we attended, in force, the NASA-University Conference in Chicago.
We talked with some of the NASA staff and found them sympathetic
to our position. We explained that we had considerable potential at

149
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Montana State and that what we needed to realize this potential was,

in effect, "seed money." The staff of NASA's Office of Grants and

Research Contracts has a realistic and sympathetic approach toward

the problem of the emerging institutions, those that are not extremely

firmly established. It turned out that our interests and NASA's in-

terests actually coincided rather closely. There is great need for addi-

tional work in solid state physics to back up materials science develop-

ment and certainly more work is needed in the areas of molecular

physics.
We started out in this general direction. At the present time our

research efforts in solid state physics are distributed in a series of

programs in electron paramag_etic resonance, nuclear magnetic

resonance, low temperature physics, and photoemissive studies of band
structures of solids. These tie in nicely with work in magnetic ma-

terials and solid state devices in electrical engineering and with solid

state chemistry and X-ray crystallography in the chemistry

department.
In the atomic and molecular area we have some work going on in

electron and ion impact and also measurements starting on oscillator

strengths and lifetimes--lifetimes for atomic and we hope eventually,
molecular transitions. We have a theoretical astrophysicist in the

department, and one of the interesting things has been to see how our
new course in astrophysics has attracted student interest. We have
sent a number of students to the summer institute at Columbia and a

number on to graduate school in astrophysics or space physics, de-

pending on the label given it at the particular institution.

Our intent and our mode of operation has been to use the support

from NASA as seed money. I think our basic philosophy is very

similar to that outlined by Mr. Johnson in the preceding paper. We

have a young faculty and we need a preliminary boost to get started

before mounting a full scale proposal. This approach has, in the

short time this grant has been in operation, been extremely successful.

We have also had two major grants funded by agencies other than

NASA. This program is giving the younger staff members a chance

to develop, to initiate projects, to try out new ideas so that they are
not chained to a continuation of their thesis projects.

At this point, we feel that we do have a viable graduate and re-

search program in the physics department; we are now moving into

the second step of trying to interest other departments on campus

to use this same approach to develop work of interest to us and to

NASA. The renewal proposal recently submitted listed, among other

projects, studies of the upper atmosphere and meteor phenomenon by

personnel of the electrical engineering department. They have had a

long-standing program in communications and systems work and
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• have been very active in the meteor burst communication field. They

believe that they can use these same techniques to study the meteors

themselves and to study phenomena in the upper atmosphere. A

second program in electrical engineering has to do with the develop-

ment of microwave frequency synthesizers.

In botany and bacteriology we have a very interesting example of

the interdisciplinary type of program--in this case some work on

wheat rust growing out of agriculture supported researclL The wheat

rust appears to be responsive to geophysical stimuli of various sorts;

what the investigator would like is to make enough preliminary meas-

urements to isolate the type of stimuli responsible. Similar phe-

nomena are being encountered in a res_rch study in hydrobiology

in the Madison River Valley.

Two of our chemists have work which they feel is quite relevant

to this general area, one in radiation chemistry involving hydrocar-

bons, such as are known to be available in space, and another involving

oxygen-retaining compounds, which also have considerable interest,

partly as sources of oxygen.

We see also, because of the discussions that have occurred at Montana

State in generating these proposals, considerably more interdepart-

mental activity developing. Actually the physics department is

heading into two other areas. One is the development of a more

complete program in astronomy. There is no astronomy program on

the campus now other than astrophysics, and we would like to expand

Strangely, this work is encouraged by the instrumentation developed

in connection with the water resources program in which an entire

water shed is being instrumented for water resources study. Much

of this instrumentation can be applied to certain geophysics problems
that are of considerable interest in our area_

I think the kind of support that we have received from NASA has

been vital, absolutely central to the development of much of the re-

search in the physics department; this, in turn, is now spawning and

generating research in related areas. Dollar for dollar we can point

to a performance at Montana State of which we are very proud. I

think that our prospects for the future are excellent and we are looking

forward to continuing along the same line.
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T n_E _s_cH PROGm_ BEr_o CARRn_ OUT at Texas A & M Univer-
sity under the NASA Interdisciplinary Research Grant will be

discus_.A. Mention of the new Space Research Complex will be made,

and some individual research projects that are not supported by the

Interdisciplinary Grant but are related to it will be described. This

research grant and the method of handling are both quite satisfactory.

Mainly the grant has been used as seed money to develop new programs
and areas of research. To some extent ambitious projects have been

undertaken but with fairly tight control. Only a very few of these

projects were unsuccessful.

Since the grant started in 1962, 16 projects of varying magnitude

have received support. For the type of research discussed here, the

breadth of the program will be described briefly with comments on

some other projects.
The original project of plasma acceleration was in reality quite

ambitious on a rather limited budget_ The intention was to conduct

a plasma research program aimed at the theoretical aspens of the

highest specific impulse possible using a plasma. Actually, this

project could only be considered a partial success. It resulted in a

mediocre plasma facility and a study of the properties of argon. The

work is no longer receiving funds.
Studies basic to closed minimum volume biological waste utilization

units evolved in an interesting way. Some years ago, a method using

antibiotics was worked on to preserve fish. With this work as back-

ground, the reverse of this process and the effects antibiotics and other
foreign substances would have on a biological waste utilization system

if used in the space effort were considered. It turns out that biolog-

ical systems are grossly affected by many substances that could easily

find their way into the system. Since NASA has little interest in
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biological systems at the present time, the work is no longer funded

under the research grant. This effort has resulted in a separate proj-

ect that could greatly reduce the volume of water required by com-

mercial sewage disposal plants, a "spin off" from the space program.

This appears to be a popular expression during budget time.

Heat transfer from plasma jets is a basic research effort to obtain

better information on the mechanism of heat transfer from a plasma

to the containing walls. This investigation is determining under what

conditions (1) forced convection predominates, (2) radiation predom-

inates, and (3) both methods contribute to heat transfer.

Scattering of pulsed laser light from plasma was supported from

the research grant for a short period at its initiation. Other sources

are now supplying support. Here, an effort is being made to use the

scattering effect of a plasma on a laser beam to measure the internal

properties of the plasma. The obvious advantage of such a method

is the absence of a disturbing physical probe.

A mathematical investigation of the structure of light metals has

led to work on energy-band calculations of crystalline solids. A year

was spent working on this with Dr. Slater of MIT in this field, who

is at present converting a number of computer programs from the

cooperative computer laboratory of MIT for use on the Texas A & M

7094 computer. Then the electron structure of boron nitride, ger-

manium, and silicon will be investigated.

In an investigation of the structure of long-chain molecules, the

basic structure in polymer crystals such as polyethylene is being

studied in an effort to explain certain forms of growth. An attempt

has been made to demonstrate the methods of growth by showing an

epitaxial growth of a salt crystal on the surface of the material. Ex-

periments indicate that salt, lead dibromide (PbBr2), can form such

epitaxial crystals if there is considerable surface order.

The directional intensity of cosmic ray muons at energies above a

few billion electron volts by use of several spectrometer telescopes is

being investigated. One installation will consist of spark chambers,

scintillation detectors, and other counters in conjunction with two

large, solid, iron magnets. Particles will be deflected as they pass

through the high magnetic field inside the saturated iron. This ap-

paratus will be adjustable as to acceptance direction but will be sta-

tionary in the laboratory and will be used for detailed and long-term
studies of muons at energies above about 5 billion electron volts.

The other type of muon spectrometer-telescope will be smaller and

less massive, sensitive to muons of low as well as high energy, and

equatorially mounted to scan the celestial sphere and the interplan-

etary environment in a systematic way. Anisotropies and intensity
variations will be sought and monitored.
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The main program will be carried out near sea level (College Sta-
tion, Texas), but a schedule of measurements at a mountain altitude is
planned for the future (we hope within a year after the end of the
first year of the present proposed work).

This research is of interest to NASA because of its bearing on inter-
planetary radiation and fields, on high-altitude cosmic-ray phenomena
in the Earth's atmosphere, and on the galactic cosmic radiation.

The project concerning space structures constitutes the most ambi-

tious program at Texas A & M involving about 15 persons in Aero-
space Engineering and Structures. Investigation is underway in
throe areas: (1) impact attenuation devices, (2) shell structures, and
(3) aerospace materials. Under impact attenuation, the areas being
considered are: (a) frangible tubes, (b) tube buckling, (c) collaps-
ible legs, and (d) honeycom_ compression.

The shell research is basically concerned with the structurally anise-
tropic, thin, elastic shell. In particular, it is concerned with an

attempt to find a compliance between the elastic constants of an intrin-
sically ani_tropic shell and the physical parameters of a correspond-
ing structurally anisotropic shell.

The materials program addresses itself to the effect surface irregu-
larities have on the properties of ultra-high-strength materials.

The purpose of the research project on the solution of elasticity
problems using boundary conditions obtained experimentally is to
develop rapid methods of calculating stresses in irregularly shaped

Ik)K)_$.I_:_. k)tgUll lll_t.lltt)_tlt_ *:_111 _ K/l V Ohlttl_ lit t,l_ _IUl)IUIt qUtl pro ems
relating to the space program and to other fields as well.

Initially, research is to be concentrated on theory and experimental

techniques dealing with two-dimensional stress problems. This is
necessary to pave the way for solving three-dimensional problems of
stress analysis. The procedures to be followed are:

(1) The establishment of a computer program that completely
evaluates the state of stress at all points, corresponding to input
data in the form of boundary conditions.

('2) The investigation of various experimental techniques for eval-

uating these boundary conditions.
The project that involves the relation between viscosity and circular-

pipe experimental data for non-Newtonian flow of solid propellants
investigates the characteristics of non-lqewtonian fluids as they apply
to the handling of solid propellants_

The investigation of properties in radiation-damaged solids at low
temperature is establishing the damage that can result in the combined
environment of cryogenic temperatures and high radiation fluxes.

From this point on, the projects discussed are desirable to start but
for a number of reasons have not been initiated. This would involve
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heat-transfer reentry work using an arc-driven shock tube. The main '
effort would initially be concerned with the surface catalytic effect
produced by the recombination of particles on the surface involved.

That is, for two particles to recombine or associate, they must release
energy to the surface. What is this effect ?

Admittedly, _his is a brief description of the research being con-
ducted under the Texas A & 1V[interdisciplinary grant. Detail results
of these projects are available in reports to NASA.

In the area of activation analysis at Texas A & M, work in this
field was begun about 6 years ago. So far, the computing center and
the Institute of Statistics have had excellent results with automated,
computer coupled, activation analysis. The process of neutron bom-

bardment of a sample followed by an analysis of the resulting gamma-
ray spectrum gives a nondestructive analysis of the sample. Of in-
terest to NASA is that this method can provide a real-time analysis

both quantitative and quali'tative of the surface of the moon or planets.
It is the opinion of the people at Texas A & M that such a device
would weigh about 30 pounds. At the present time, work is being per-
formed on the basic problems in providing such an experiment.
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_OX THZ VF_RYB_rn_a, it has been apparent to a few in the aca-
demic community that the success of the national space program

depends to a very large degree on the quality and extent of involve-

ment by universities. Their most important contribution would nat.

urally be in doing the job that they are uniquely qualified to do, that is,

to educate and train the scientists, engineers, and other professional

personnel required by such a massive program. To do this, however,
the universities would have to receive substantial assistance from

_A_SA:

THE BEGINNINGOF a PARTNERSHIP

It has been 3 to 4 years since the beginning of NASA's awareness

of the importance of the universities' role in the national space effort.

It was then _hat NASA began to experiment with the multidisciplinary

research grants and facility and traineeship grants. These steps_ we

believe, were specifically designed to strengthen the graduate educa-

tional programs in the space-related fields in the universitie_ It can

be said without fear of contradiction that 3 years ago the University

of California, Los Angeles, was almost totally unaware of the oppor-

tunities for both basic and applied research afforded by the nation's

space efforts. I am sure this same ignorance was prevalent about the

country. The situation at UCLA and, I believe, nationally is chang-

ing. At UCLA, the support derived from the NASA Sustaining Uni-
versity Program and our own efforts have helped to forge a partner-

ship of extraordinary value to both partiea

What I have said is not intended to imply that NASA was inordi-

nately slow in recognizing the important potential of the universities'

159
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resources. It was a young organization and had much to do. Some

things had to be deferred. Perhaps we should be more concerned that

the scientific community has not been sufficiently alert to grasp the

opportunities afforded by the national space program.

A good start has now been made. I have no complaints about the

quality of the basic university program which NASA has developed.

Yet, it is no secret that I believe NASA is not doing enough to sup-

port education in the universitites and to encourage science.

THE NASA SUSTAINING UNIVERSITY PROGRAM

The NASA Sustaining University Program has been developed in

response to the needs of the National Aeronautics and Space Adminis-

tration. It is not my task to discuss all aspects of this fine effort.
However, I have been asked to describe the activities supported by our

multidisciplinary grant and its relation to the other forms of
assistance.

To my knowledge, UCLA has the only program in which all three

types of grants--the multidisciplinary grant, the facilities grant,

and the training grant--are administered by the same body. To us,

however, this seems not only reasonable but highly desirable if we

are to achieve maximum progress in graduate education in the space-
related fields.

From the beginning, UCLA was determined that the role it played

in the space program must serve not only the national interest but

should also be looked upon as an opportunity to strengthen graduate

education. It was for this purpose that the Chancellor appointed a

committee to shape the policy which would guide, coordinate, and

direct UCLA's efforts in the space-related fields.

The committee has adhered to the principle that as an institution

of higher learning, UCLA could contribute best to the national space

effort by fulfilling its educational responsibilities and obligations in

the space-related fields. This is especially appropriate inasmuch as

UCLA is the only fully developed tax-supported graduate school in

southern California, the area with the greatest concentration of

aerospace industry in the nation. The committee has been effective

in seeing that every dollar invested by NASA in UCLA has been used

efficiently to those ends.

Graduate education in the sciences and engineering strongly de-

pends on the quality of the research at the institution and the

opportunities provided for graduate students to participate. In

turn, many factors contribute to the quality of research including

faculty, facilities, support funds, and graduate students. Through

its assistance in strengthening each of these elements, NASA is helping

UCLA to build a strong cohesive program in space science.
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THE CATALYTIC ROLE OF NASA FUNDS

Inasmuch as UCLA and NASA were almost complete strangers 3

years ago, it seemed important to devise a program that would reach

a significant number of faculty, graduate students, and, hopefully,

undergraduate students. If UCLA were to play a leading role in

space education, it was apparent that some sort of a grant instru-

ment which would provide greater flexibilty than the ordinary project

grant affords would be needed. This instrument would ideally supply

us with the means to support new space-related research projects in

the physical sciences, biosciences_ and engineering and to adjust our

support for ongoing projects in order to take full advantage of inter-

esting new developments. The University needed a method of support

capable of promoting quick response by major university elements

to the new challenges posed by space exploration.

Funds from the multidisciplinary grant have been used in a number

of ways to stimulate and strengthen the interest in space-related re-

search at UCLA, a stated objective of the UCLA Space Program.

These funds huve been used to bring new researchers to the campus,

to bring visiting scientists for short periods for intimate exchange of

new ideas, to support three or four continuing programs of a major

nature, and to help to get new research started. While the first three

activities are important, most of our resources go into the latter.

In the 3 years UCLA has administered a multidisciplinary NASA

grant, we have aided in bringing 37 visiting scientists to the campus

for short periods of t_ne. ]'his grant has supported 14 visiting re-

searchers for periods of up to 1 year. Through the use of these funds

and program enrichment funds from the NASA predoctoral trainee-

ship grant, we have aided in bringing seven new faculty members to

the campus to augment the existing faculty in space-related fields. It

should be noted that the continuing appointments of all the new faculty

are funded solely from regularly budgeted University funds. Finally,

we have made over 50 subgrants to faculty for new starts on space-

related research in various areas---biology and medicine, physical

sciences, engineering, and business administration. We believe this

seed money is beginning to pay large dividends.

THE EFFECTIVENESS OF THE MULTIDlSCIPUNARY GRANT

The effectiveness of the multidisciplinary grant can be measured in

a number of ways: the number of new faculty whose main interests are

directly or indirectly related to space science or engineering; the

growth of graduate enrollment in the space sciences; publication of

research papers; and the number of research projects initially sup-
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ported from this grant which have successfully advanced to a stage

where they could attract extramural support on their own merits.

There is a better criterion, however. In our view_ the direct and

indirect assistance this type of grant provides to graduate students

is the most important aspect and the truest measure of the value

of this assistance. In this regard the funds have been spent well. In

the last 3 years ower 46 faculty members have received support from

the general funds, and they in turn have provided support to over

45 research assistants and other graduate students. In addition, sev-

eral professional research personnel and visiting scientists and over

50 undergraduates have derived support from these funds.

It must be emphasized that the research activities and the support

facilities funded from this grant provide an extremely important

form of auxiliary assistance to the NASA predoctoral trainees. These

funds, in fact, help to start or keep going many projects of direct inter-

est to the trainees. Without this grant the opportunity range for space-

related research would be greatly narrowed.

There is no doubt that this type of support is indispensable to space

education. Educational efforts such as ours will make future space

exploraton meaningful. Although much of value will undoubtedly

come from the research currently supported from the multidisciplinary

grant, the real payoff for the space program will come only if we

succeed in stimulating and disciplining these bright, young minds now

ill our charge in the right way.

wsmN_ SCIENTISTSPROGRAM

I should like to describe one aspect of our program which we think

is extremely important, although the cost is quite modest. By employ-

ing NASA 237 funds in conjunction with the training grant institu-

tional allowances and University funds, we have been able to make

a variety of arrangements for visiting scientists. In general we try

to provide maximum exposure of the visitor to our students and the

faculty. This system has great flexibility and permits nearly instan-

taneous action, a highly important feature if advantage is to be taken

of all the opportunities to bring top-notch visitors to the campus.

This program is aimed primarily at stimulating interest in space sci-

ence on this campus among our students and staff. We think it has
been effective in that sense.

¢Ot_CtUaIN_ REMARKS

Before turning to specific examples of research supported from the

multidisciplinary funds and more interesting new developments, I

should like to draw a few general conclusions based on our experience

with this type of grant.
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1. Although the multidisciplinary grant cannot and should not

replace the project, grant, it is a highly useful mechanism for

achieving broad objectives set by an institution. In our case,

the general goal was to develop a major program in space edu-
cation and research at UCLA.

2. The administration of this type of grant poses, on the whole, no

more of a problem to the institution than would a number of

project grants totaling the same amount.

3. Greater flexibility in the application of the funds is afforded

the institution. Of course, great care must be taken to see that

proper use is made of the funds. We follow a practice of keep-

ing NASA totally informed of our activities. In cases where

the committee itself is uncertain, prior approval is sought for

the action contemplated. Thus NASA always has the oppor-

tunity of telling us what they do not like that we are already

doing, or of not approving a proposed action.

4. From our standpoint this system has worked very well. Homer

Newell and Tom Smull will have to tell you how well it works

from NASA's point of view.

5. I believe use of this type of grant will increase, not only by

NASA but by other agencies as well. Certainly this will be so

if the sponsoring agencies can see that they are getting a good

return for their money. I might mention that the National

Science Foundation has supported the Atmospheric Research

l_boratory at UCLA and San Diego for ilm pas_ 5 yeai_ under

a similar grant. The Atmospheric Research Laboratory under

the direction of Gordon MacDonald at Los Angeles and Walter

Munk at San Diego has been highly successful.

SOME ACTIVITIES SUPPORTED BY NASA 237-.62

I. MAGNETICALLY SHIELDED TEST FACILITY

Investigator: P. J. Coleman, Jr, Research Assistant

Institute o/Geophysics and Planetary Physics

In order to provide a magnetically quiet region in the laboratory, we

have constructed a magnetically shielded test facility. This facility

is used mainly in testing and calibrating relatively sensitive magne-

tome_ers_ It is also used in determining the magnetic properties of

materials which produce relatively weak fields. Measurements of the

latter type have been performed mostly in an effort to determine the

magnetic characteristics of particular spacecraft by measuring the

fields produced by the spacecraft subsystems.

The heart of the facility is a magnetically shieldod chamber with a
cubical working volume 8 feet on a side. Centered in t.his working
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volume is a triaxial system of Helmholtz coils. The diameters of the 
coils are about 3 feet. Centered within this coil system is a cylindrical 
temperature chamber with a working volume 11 inchas in diameter 
and 16 inches high. Mountings for magnetometer probes are center- 
ed within the temperature chamber. 

Thus, the magnetically shielded chamber is used to aktenuake the 
fields from man-made and naturally occurring magnetic noise; the 
coil system is used to produce known, accurately controlled fields with- 
in this relatively noise-frm region; and the temperature chamber is 
used to vary the temperature of a magnetometer probe at  the same 
time that the response of the magnetometer to known fields is being 
tE!&ed. 

Figure 1.-Inside view 
of a magnetically 
shielded chamber. 

Figure 1 shows a view of the inside of the room. Note (from 
bottom to top) the mounting table, the Helmholtz coils, the open 
temperature chamber, and the duct which carries the thermally con- 
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Figure 2-A more 
extensive view of 
the partially corn- 
pleted magnetically 
shielded chamber. 

trolled air to the chamber. Figure 2 shows a more extensire view of 
the partially completed chamber. Xote the water-cooled metal ducts 
that allow the thermally mntrolled air to pass though the walls of 
the shie!ded chamber without changing the temperature of the shield- 
ing material in the walls. In order to further stabilize the tempera- 
ture of the shielding walls, the temperature-change heat losses from 
the temperature chamber %re eliminated by an air-conditioning system 
that maintains the air temperature within the shielded chamber at a 
constant value. 

This shielding material is molybdenum permalloy steel, alloy 4-79. 
Tile maiis contain two layers of this materiai. bach iayer is a sheet 
0.070 inch thick. 

The chaniber is presently being used in testing magnetometers for 
the Mariner spacecraft, the Orbiting Geophpical Observatory: and 
the Advanced Technological Satellites. 

- 
The sheets are separated by 6 inches. 

II. PUSMA STUDIES 

InvestZqafors: W. F. Libby, Director. Inafitute of Geophysics and 
Planetary Phy.rics 
Carl Jensen and Lowell Wood, NL4SA PredoctopaJ 
Trainees in Chemistry and Geophysics 

We have recently developed a system for creating large rolumes of 
dense, high-temperature plasma for use in laboratory studies of this 
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Figure S.-Principal 
components of sys- 
tem developed for 
creating large vol- 
umes of dense, high- 
temperature plasma. 

fascinating state of matter. Figure 3 shows the principal components 
of this system. The large cabinet on the left contains the power sup- 
plies for a large high-frequency oscillator, contained in the cabinet on 
the right. The main control panel for the system is in the center. 

Figure .I.-Low-power demonstration of plasma generator. 

Figure 4 shows the unit in operation for a low-power demonstration. 
The radio frequency energy is transferred from the coil about the 
plasma volume to the plasma by means of the induction field arising 
from the double application of Maxwell’s equation for the circulation 
density of the electric fieid. The possibility of transferring power 
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from an oscillating circuit to  a conducting load of this type mas first 
mlized by Lord Kelvin and the American Nikoli Telsa in the 1890's, 
and the first electrodeless plasma generators were built by them. This 
very promising field lay neglected for 40 years until a Russian, George 
Baht, redimvered it in a remarkable series of experiments in h n k -  
grad during the German siege. Nearly two more decades elapsed 
before much interest was shorn in this type of work, and our group at 
UCLA has been only one among many who have recently made a 
second discovery of the earlier work; it seems likely that interest in 
this type of apparat.m 611 not go into a similar decline in the fore- 
seeable future. 

Figure 5istreaming helium plawa contained in a gas ehenth formed by 
paartz tubing. 

Figure 5 shows a streaming helium plasma contained in a gas sheath 
which is formed by quartz tubing. We have been able to generate 
liter volumes of highly ionized plasmas of all the commonly available 
gases at atmospheric pressures, corresponding to temperatures of many 
tens of thousands of degrees Kehin; the maximum continuous power 
available from the unit is 1 ,  megawatt and it has a pulse capability in 
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the multimegawatt range. Oscillating electric fields in the kilovolt/ 
centimeter range may be obtained. 

We have carried out a large number of studies on plasmas of various 
kinds at atmospheric pressure and below, both with regard to  their 
magnetohydrodynamic and radiative properties and their usefulness 
as heating agents for varions refractory materials. The unique feature 
of the electrodeless plasma generator, namely the ability to create a 
plasma without touching it with a material object, thus avoiding ap- 
paratus vaporization and plasma contamination, plus the possibility of 
rapidly changing the input power and the related plasma parameters, 
has been most useful in this work. We expect to have soon results from 
these studies, which range from areas in astrophysics to those in 
materials science. 

111. CHEMICAL EFFECTS OF IONIZING ULTRAVIOLET LIGHT 

Investigator : Carl Jensen, NASA Predoctoral Trainee, Chemistry 
Investigations are underway to determine the chemical effects of 

ionizing ultraviolet light, which is created in abundance by the sun, but 
filtered from the earth by the upper atmosphere. Mass spectrometric 
studies and other studies indicate that this light, found only in space, 
may be responsible for some unusual and very interesting kinds of 
chemical reactions. 

Figure 6.-Extreme ul- 
traviolet light source 
and irradiation cell, 
with attendant vac- 
uum, electrical, and 
water cooling lines. 

Figure 6 shows the extreme ultraviolet light source and irradiation 
cell, with attendant vacuum, electrical, and water cooling lines. The 
source, located in the horizontal stainless-steel cylinder and powered 
by the combination electrical and water lines entering through the 
insulator, emits 584O A helium light as a result of electronic recombi- 
nation in a 2000" K continuous helium plasma. This light is passed 
through a window made of aluminum foil 0.000008 inch thick which 
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filters out the longer wavelengths present. The light then enters the

glass irradiation cell whose vacuum and gas handling connections are

visible at the bottom of the vertical cylinder connected to the hori-

zontal one. At present the chemical species being irradiated is
methane.

IV. 24-INCH TELESCOPE

Investigator: L H. Aller, Professor of Astronomy, _hairman of

Astronomy Department

G. O. Abell, Associate Professor of Astronomy

Arrangements have been made for California Institute of Tech-

nology to construct a 24-inch telescope to be utilized by graduate

students and staff of UCLA. An increasing number of problems in

observational astronomy can be handled with instruments of modest

size, which can provide the users with experience in modern observa-

tional techniques. Some of the problems which might be practically

attacked include photoelectric observations of binary and variable

stars, novae, and supernovae; positional work on comets, minor

planets, and satellites; and direct lunar and planetary observations.

In addition, this instrument could also be used to test equipment

intended for use on larger telescopes or on space vehicles.

The telescope is designed to be quite versatile---to be quite useful

in either visual or infrared work. A unique feature in the design is

that the Cassegrain focus is available at either end of the declination

axis. This arrangement permits the observer to use either of two

pieces of equipment without removing them from the telescope; it is

merely necessary to rotate the Cassegrain fiat. One could, for ex-

ample, have photoelectric equipment at the focus on one end of the

declination axis and a plate holder for direct photography at the other

end; thus, one could use one or the other alternately without changing

equipment. The telescope's design incorporates features usually
found only on larger instruments.

[790-4)8_ _12
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NASA's Contributions to Space Sciences

and Astronautics at Princeton University

Martin Summerfield

I_01_SSOR OF AEROSPACE I_01_ULSION

I_A_CETON UNIVERSITY

HEN THE CONGRESS IN 1958 PASSED THE IASGISLATION that estab-
lished NASA_ it wrote into the National Aeronautics and Space

Act the following broad objectives among others:
(1) The preservation of the role of the United States as a leader

in aeronautical and space technology and its peaceful

applications
(2) The expansion of human knowledge
(3) The improvement of the technology of aeronautical and space

vehicles

(4) The utilization of the scientific and engineering resources of

the Nation as effectively as possible
These clauses in the Act provide the basis for the wide-ranging

technical program of NASA in scientific space exploration_ in manned
space fligh h in advanced research and technology, and in practical
space systems. Equally well, they provide the basis for a partnership
on a national scale between NASA and the Nation's universities.

To preserve the role of the United States as a leader in aeronauti-

cal and space technology and its peaceful applications, and to expand
human knowledge, clearly requires among other things the expansion
of university education in scientific, engineering, and nontechnical
areas important for aeronautical and space development. At the same
time, research contributions from the university community, when
properly stimulated, can strengthen greatly NASA's aeronautical and

space programs. Thus, the partnership involves both education and
research, and it must be viewed as a joint effort in which each partner
takes into account the proper objectives of the other.

171
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It has been Princeton's experience, in its cooperation with NASA,

that the partnership has been highly productive, in relation to the

objectives laid down by the National Aeronautics and Space Act.

The main part of this paper constitutes a report on the NASA-

sponsored program at Princeton, to illustrate the results of the

partnership to date.

It deserves to be stated at this point that, while Princeton has
specifically oriented some of its educational and research activities

toward the long range objectives of NASA, the fundamental educa-

tional purposes of the University have not been compromised, and the

faculty as a whole is pleased with the partnership. Partly in response

to concerns over the possibility that orientation of this kind in some

parts of the University might upset its educational traditions, the

chairman of the Universky Research Board wrote with regard to
such support as follows in his annual report to the Trustees :

This has made it possible to enlarge the graduate school, to improve

graduate instruction, and to improve ,the quality of the faculty both

by hiring able people and stimulating men already here. Indirectly

the quality of undergraduate education has been improved. By re-

lieving the strain on general funds, sponsored research has helped

departments not directly involved .... Support for work consonant

with the general purposes of the University has enabled Princeton to

strengthen its position as a leading university making appropriate

contributions to the intellectual vigor of the Nation and educating

men to fill positions of responsibility in the modern world.

Now, to return to the main principle of the NASA-University

partnership, there is more to it than simply financial support of the

University's educational objectives. There are the specific programs

within the University sponsored by NASA, that support NASA's

objectives. Of the various projects at Princeton sponsored by NASA,

three important areas are to be discussed here. They are (1) the

research program in astrophysics; (2) the research program in aero-

space propulsion; and (3), the graduate level traineeship program.

NASA-SPONSOREDRESEARCHIN ASTROPHYSICS

In the Arstrophysics Department a broad program of a_tronomi-

cal observations is underway under NASA cosponsorship, employing

telescopes placed above the earth's atmosphere to accomplish better

photographic definition and to make measurements in spectral regions

in which the atmosphere is opaque.
In 1957 Stratoscope I, a 12-inch diameter balloon-supported tele-

scope, was launched in the first of a series of flights at altitudes above
80000 feet. The theoretical resolution of this first model was

only about 0.4 second of arc in the visible region, not much better
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than the best of ground-based telescopic photographs obtained under 
good night seeing conditions. However, Stratoscope I was an excel- 
lent instrument for daytime observations of the sun's surfwe, free 
of glare and free of atmospheric distortion, and it revealed details 
never before resolved and obtained meaningful sequenw of photo- 

Figare l.-Sunspot 
photographed by 
Stratoscope I. 

graphs, so that the dynamics of the surface could be studied. Figure 
1 is a pliotog~apl~ of a sunspot obtained with Stratoscope I. 

To iniprore on the atmosphere-limited resolving power of ground- 
based telescopic systems for observations of night objects (planets, 
stam, and galaxies), a larger balloon-supported telescope called Strato- 
scope I1 was developed. Its diameter of 36 inches gave a theoretical 
diffraction-limited resolution of 0.14 second of arc at 5000 angstroms, 
three times better than the occasional best of ground photographs taken 
with large telescopes. To achieve this resolution in practice required 
the development of an accurate attitude control and stabilization sys- 
tem, a special frictionless support and bearing system, and an optical 
alinement qsteni that could cope with shifting stresses during at- 
titude changes and viitli potential distortions during temperature 
changes in flight. 

Figure 2 shows the arr:tngement of the equipment with the telescope 
and the side-arm unlatched. In  the first series of flights, Stratoscope 
I1 was used to obtain infrared spectra of planets and stars. The con- 
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Figure 2.-Stratoscope I1 with spectrographic side-arm unlatched. 

figuration shown in figure 2 shows the infrared spectrometer joined 
in a side-arm to the telescope. Currently the Stratoscope I1 is being 
test flown in its photographic configuration. The balloon being 
readied for launch is shown in figure 3, and in figure 2 Stratoscope I1 
is seen in its ascent. Recovery is achieved by releasing helium from 
the balloon by remote control, and in emergency, by parachute. The 
balloon is tracked steadily by radar and by aircraft. 

The Stratoscope program is sponsored jointly by the National Sci- 
ence Foundation, the Ofice of Naval Research, and NASA. Strato- 
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Figure 3.--Balloon ready for launch (con- National Science Foundation). 

scope I1 was designed and dereloped by the Perkin-Elmer Corporation 
under a subcontract from Princeton Cniversity. The infrared spec- 
trometer is derived from a collaboration with the Space Sciences 

sponsored program. The balloon flights originate from the NCAR 
Balloon Base at Palestine, Texas. 

Another major phase of KASA-sponsored research with telescopes 
above the atmosphere was entered in 1963 when Princeton continued 
the de~elopment of astronomical equipment for a large satellite ob- 
servatory under KASA contract. The research into the design fea- 
tures of a high-resolution spectroscopic satellite had been initiated 
under Air Force contract in 1959. 

The satellite will, of course, orbit the earth at a height well above 
the ozone layer, which extends to about 40 miles. (Stratoscope I1 
rose to only 16 miles, enough to get above atmospheric water vapor 
and the twinkle of the atmosphere, but not enough to get above the 
ozone.) From a satellite station about 500 miles up, beyond ozone 
and almost everything else, far ultraviolet astronomy becomes pos- 
sible. The Princeton Experimental Package for KASA’s third 
Orbiting Astronomical Obserratory (OAO) is designed to operate in 
this spectral range from Too to 3200 astronomical units. The satellite 
will observe stars as faint as the sixth visual magnitude and it will 

T A ~ b W t m y  Qf the r,Tziversity of Ca!ifalliio a i  Eetkvky, it i<A§h- 

~ 
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Figure 4.4tratoscope 
11 on its way up 
(courtesy National 
Science Foundation). 

study the composition of interstellar gas and dust clouds. Important 
questions of stellar structure and the structure of the universe may 
be answered by these ultraviolet measwements. 

The OAO Spacecraft is being constructed under NASA contract 
by a private aircraft corporation. The design and construction of 
the Princeton telescope, its controls, and data handling system is being 
carried out under a Princeton subcontract with private industry. 
Launch is programed to take place from Cape Kennedy in 1968, 
on top of an AtJas-Agena rocket. 

A mockup of the satellite at the aircraft plant, is sho\vil in figure 5. 
The stabilization system is designed for 0.1-second-of-arc accuracy. 
The telescope with a 32-inch reflector will be mounted in the center- 
body as shown in figure 6. The all-up launching weight will be 3600 
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P Fgnre 5.-Orbiting 
Astronomical Obser- 
vatory (OAO) satel- 
lite modrup. 

pounds, about one-third representing the Princeton telescope and asso- 
ciated equipment. Figure 7 shows the optical arrangement, with the 
ultraviolet spectrograph in position. 

To gain some advance experience with above-the-atmosphere ultra- 
violet. measurements, several Aerdbee Sounding Rockets cslrrying small 
ultraviolet spectrometers are being launched from TThite Sands Misde 
Range in a current program of flights. Although t.he upand-down 
time above the atmosphere is only a few minutes, it is possible to 
obtain useful spectra both by photographic recording and subsequent 
recovery and by photomultiplier detection and radio-link data 

An Aerobee nosecone instrumented for photoelectric recording is 
shown in figure 8. The optical components for photographic m r d -  
ing are shown in figure 9, and in figure 10, the nosecone is being placed 
over the equipment. A launching in 1% is illustrated in figure 11. 

I 

~ 

I transmission. 
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Figure 6.-Mounting of Princeton telescope in OAO satellite (courtesy Sylvania 
Electronic Systems). 

,Figure 7 . 4 p t i c a l  arrangement for spectrographic measurements. 
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R 
e l 
Figure 0.-Aerobee nosecone with stellar spectrometer (courtesy U.S. Army 

White Sands Missile Range). 

r 
Figure 9.-Spectro- 

graph to be installed 
in Aerobee. 
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Figure 10.-Attach- 
ment of nosecone to 
Aerobee. 

The parachute-recovered package is shown in figure 12. Some pre- 
liminary data have been obtained and several additional flight, q are 
planned this year. 

To supplement all this observational research above the atmosphere, 
NASA is supporting at Princeton a program of fundamental astro- 
physical studies, both theoretical and experimental. This includes 
such topics as spectral emission by extragalactic hydrogen, the effect 
of line blanketing on ultraviolet stellar radiation, and a novel set of 
experimental measurements of absolute transition probabilities in the 
vacuum ultraviolet by pulsed excitation of gases in the range up to 50 
megacycles per second. 

Graduate education accompanies, of course, this program of re- 
search. At present, three graduate students are engaged in research 
on some of the problems being attacked in this program. Additional 
students may become involved as results begin to flow from Stratoscope 
I1 and from the Princeton OAO. 
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Figure 1L-Aerobee 
launching in 1964 
(daytime launch). 

Figure 12.-Spectrometer package recovered by parachute (courtesy U.S Xavy). 
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NASA-SPONSORED RESEARCH IN AEROSPACE PROPULSION

NASA is concerned not only with the space sciences but al_o, on

the engineering side, with research and advanced technology in astro-

nautics. In the Engineering School at Princeton, NASA is contribut-

ing a large part of the sponsorship of a diverse program of research

and graduate education in the aerospace propulsion field, an activity

Chat comprises a segment of the Department of Aerospace and Me-

chanical Sciences. Additional research sponsorship in this program

comes from the Air Force OSR, the Navy ONR, and the AEC.

Aerospace propulsion takes many forms, and underlying all these
forms, because of their relative novelty and advanced character, are

many basic problems that require investigation and solution. There
are chemical rockets based on solid propellants, liquid propellants, and

hybrid combinations of liquids and solids. There are nuclear rockets

with different kinds of solid, liquid, and gaseous cores. There are high-

speed atmospheric propulsion systems ranging from the turbojet to the

hypersonic ramjet. There are low-thrust electric-propulsion engines
based on electrostatic-ion or electromagnetic-plasma-acceleration sys-

tems, and there are space powerplants of several kinds in development

to provide the electric power for these accelerators. From the view-

point of a research scientist, the basic problems underlying these and

other thrust engines lead toward a broad field of applied science.

From the viewpoint of the engineer, all forms of areospace propulsion

except the standard chemical rocket are still in the early development

stage and require improvement and clever solutions to make them

practical.
This is the field of activity, applied science and advanced engineer-

ing research, that constitutes the program of the Guggenheim Aero-

space Propulsion Laboratories at Princeton. (The name of Guggen-
heim was bestowed on this set of Laboratories to signify publicly the

financial gifts of the Guggenheim family that have initiated and

sustained the program in aerospace propulsion at Princeton since

1949, over 15 years ago.)

The program is one that combines both education and research.

The educational part is so prominent a feature of the program that

it may be advantageous in this Conference to describe the program

from the standpoint of education rather than simply in terms of

research. Also, the facilities developed for aerospace propulsion re-

search are so unique in a university environment, that NASA's con-
tributions in this field deserve to be discussed.

To give some idea of the scope of the program, it can be mentioned

that there are at present 35 graduate students (full time) in this

field and they are led by a faculty of five professors and six research

engineers of senior rank. Other employees, electronics engineers,
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designers, laboratory technicians, typists, etc., comprise a supporting 
staff to proride skilled senices in each research project as necessary. 
Also, there are about five undergraduates and several foreign stu- 
dents engaged in the research. 

I n  the scheme of graduate education as it has evolved in the Aero- 
space Propulsion Laboratories, virtually all of the researoh is con- 
ducted with graduate students. One way of describing the research 
program, then, is to show it in terms of graduate students workmg 
on thesis projects. This mill appear in the photographs, which tend 
naturally to emphasize the facilities and the experimental researches. 
I t  should be realized, however, that in every area theoretical research 
is conducted as well. 

Figure 13,Forrestal Research Center of Princeton University. 

Figure 13 is a photograph of the part of Princeton University that 
is knon-n as the Forrestal Research Center. ,it this Center are 
located the Department of Aerospace and Mechanical Sciences (Grad- 
uate Division), most of the laboratories of this Department in which 
research on astronautical problems is carried out, and research labora- 
tories of other University Departments engaged in nuclear physics, 
controlled nuclear fusion, etc. The Forrestal Center is not an extra- 
departmental research organization : it is simply a location that houses 
research facilities too large to acconmodate on the main campus. 

The proximity of the lecture halls and classrooms in the aerospace 
Sciences field to the laboratories is a great advantage in the graduate 
educational program. I n  the foreground are roc.ket engine test cells, 
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the solid propellant processing laboratory, high-speed wind tunnels, 
etc., all within 500 feet of the lecture halls in the building at  the 
upper left. Graduate students can conveniently attend lectures and 
conduct rocket engine experiments during the same day, without 
having to travel great distances to a remote test station. 

The previous photograph emphasized the specialized experimental 
facilities such as rocket engine test cells and wind tunnels available 
for graduate student and faculty research. Much of the research, 
however, is purely theoretical in nature; and in addition, many of the 
experimental studies are conducted quite conveniently in normal 
laboratory rooms rather than firing cells. Such “conventional” re- 
searches are located in offices and laboratories in various buildings a t  
the Center. A new building is under development to provide office 
space for faculty and graduate students in Aerospace Propulsion, 
and to provide laboratory space for experiments of nonhazardous 
type (fig. 14). Figure 15 shows the architect’s drawing of the first 
part of the new Aerospace Propulsion Laboratory completed and 
occupied in the fall of 1964. This wing of the building was financed 
in large part by a grant from the National Aeronautics and Space 
Administration. Experimental researches on chemical kinetics of 
combustion, plasma pinch engine dynamics, nuclear propulsion heat 
transfer, and solid propellant combustion and ignition have been 
transferred into this building from scattered locations, and the offices 
have been occupied by faculty and graduate students. Figure 16 
is a photograph of the front of the building. It has provided Prince- 

Figure 14,Design for main aerospace propulsion building. 
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Figure 15.--Cmupleted hboratnry wing of Propnlsion bnilding 6nnanced by NASA. 

Figore IGPhotograph of laborstory King of aerospsce propuleion building. 

ton with the most extensive propulsion research and educational estab- 
lishment in my university in the United States Funds are still 
being accumulated for the remainder of the building. 

7W-083 -13 
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Figure 17.-Liquid-propellant rocket-engine test stand& 

Figure 18.4raduate student adjusting liquid rocket engine. 
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Figure 17 show four rocket engine test stands being used for 
research on rocket combustion kinetics and combustion instability, a 
project supprted by XA4SA These experiments generally form 
the basis of graduate theses at the Master's and Ph. D. levels. Engine 
thrust magnitudes range up to about loo00 pounds. ,4 graduate 
student is shown in fgure 18 makzng adjustments on a liquid- 
propellant rocket engine just before experimental fking. A firing of 
an experimental rocket engine to test theoretical predictions of rocket 
combustion instability is shown in Sgure 19. NASA has a direct 
inte& in the pmblem of combustion instability of liquid-propellant 
rocket engines. It is safe to say that almost every liquid-propellant 
engine under derelopment for the A p l l o  project has been troubled 
by combustion instability at some stage of its evolution. 

Figure 19.-Firing t e d  m liipnid-rocket combastian-instability research. 

Figure 20 illustrates a piece of equipment used to study the basic 
combustion mechanism that drives an unstable solid-propellant rocket 
engine. The T-tube solid-propellant rocket motor has been found to 
oscillate in pressure during h n g  at  a frequency corresponding to the 
closed organ pipe. The oscillating pressure field thus created acts on 
the burning test propellant a t  the left end to cause oscillatory bnrn- 
ing. The nature of this oscillatory burning is the object of this 
research. This work is being performed by a student who is a candi- 
date for the Ph. D. d-. Figure 21 shows the T-tube motor 
mounted on a firing stand directed upward and the graduate student 
connecting the ignition system just before the firing test. A broader 
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CROSS - SECTION OF T-  BURNER 

-EXHAUST NOZZLE 
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Figure 2O.-crOas seetion of T-tube solid-propellant rocket motor for instability 
research. 

Figure 21.-Graduate 
student connecting 
igniter to T-tube 
rocket motor. 
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riew of the T-tube motor mounted on the test stand is shown in Sgure 
22. At the end of the motor in the foreground one can sea the test 
section where the experimental propellant .sample is mounted. "he 
oscillatory flame from this propellant is recorded by a 5000-frame-per- 
second camera and simultaneously by a radiometer that measures the 
fluctuating luminosity of the flms The fluctuating luminosity and 
the wave structure seen by the fast amera can be related to theomtical 
parameters involved in nonskady combustion of solid propellants. 
(This project is supported by OS& but some aspects are financed by 
NASA.) 

&pre 22-T-tobe motor r edy  for firmg. 

Figure 23 is an exterior view of the test. cell for firing experimental 
solid-propellant rocket engines. Observe that it is totally enclosed by 
reinforcsd concrete walls, except for protected safety pressure release 
panels visible in the lower part of the concrete wall. The curved ducts 
on the roof conduct the jet gases out of the building into the a t m w  
phere. The test cell has proved to be quite safe for operation in the 
Center where many other laboratories and classrooms exist. "he 
building seen in figure 24 is the solid-propellant processing labora- 
tory, in which students and technicians make experimental quantities 
of solid propellants for research on combustion. Many compositions 
have been made, including those based on nitrate esters and those 
based on ammonium perchlorate as oxidizers. (This proceshg lab- 
oratory, equipped with the finest of processing apparatus, was 
financed by a grant from the Advanced Research Projects Agency 
of the Department of Defense.) 



190 nasa universitg program review conference 

Figure 23.-Exterior view of solid-rocket-combustion test cell. 

Figure 24.Solid-propellant processing laboratory. 

I n  addition to those researches that involve static test firings of 
rocket engines, the basic aspects of various propulsion systems are 
studied by graduate students in a wide range of experiments focused 
on particular phenomena. The following photographs provide a 
sample of the kinds of researches in which such students are involved. 

Shown in figure 25 is a shock tube designed to study rapid ignition 
of a solid propellant when it is exposed suddenly to the hot gas cre- 
ated in the shock tube by the passage of the shock wave. The 18-foot 
long, 1.4-inch-diameter tube is designed to provide instantaneous gas 



Figure 25-Shuk tube for oolid-pmpellaat ignition research. 

pressures up to 50 atmospheres and gas temperatures up to 1OOO" C, 
an ideal situation for ignition that lends itself to theoretical analysis. 
The object of the experiments is to measure the ignition delay as it is 
affected by pressure of the igniting gas, the composition of the gas, 
and ether phy&gf g ~ d  C ~ E ~ M !  ~~s&la.  EL- efwk 2~ t h s ~  
studied for their implications as to the fundamental mechanism of 
ignition and compared with theories of ignition. Questions of igni- 
tion and combustion are of particular interest a t  low pressures, in the 
range applicable to solid rocket engines designed for upper stages of 
boosters or for spacecraft. The problems are si@cant also for large 
solid-propellant boosters. ("his project is supported by OSR, but 
some aspects are financed by NASA.) 

Another research area of importance in NA4SA's propulsion devel- 
opment program is that of the combustion of metals in gaseous atmos- 
pheres approximating the flame gas in a rocket motor. Light metals 
added to a rocket propellant are capable thermodynamically of rais- 
ing the specific impulse to an important extent, but in practice there is 
frequently a substantial deficit in the delivered specific impulse of 
such mixtures. This disturbing deficit has focused attention on the 
mechanism and kinetic rate of combustion of metals such as alumi- 
num, lithium, beryllium, etc. 

Figure 26 shows a student observing the burning of an aluminum 
wire in a controlled atmosphere containing oxygen at subatmospheric 
pressure. Figures 27 and 28 are interesting photographs of the reac- 
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Figure %.-Combustion of aluminum being observed by graduate student. 

Figure 27.-Flame of 
aluminum burning in 
50% COII--M)% Ar at 
50 mm Hg. 
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Figure =-Flame of 
duminnmburningin 
so%&O--w%Arat 
60 mm Hg. 

tion zune of aluminum burning, first, in an asnosphere of carbon 
dioxide and argon, and second, in an atmosphere of water vapor an6 
argon. The most striking feature is the gaseous flame, showing that 
aluminum burns with a diffusion h e  like that of a kerosene droplet 
in air. This identification of the structure of such ftames has led to a 
theoretical treatment of the rate of burning of metals in this class, 
with considerable success. Other metals, and other oxidizing gase=s 
can be selected that show deviations from this simple structure, 
involving the formation of firm oxide coatings, etc. Ine5ciencies have 
been correlated with some of these different structures. 

As a final example of fundamental researches in propulsion phe- 
nomena, figures 29 to 33 show an experiment on the structure and 
mopagatim dynamics of a plasma wave crea.ted by an electrical pulse 
discharge and accelemted by its own magnetic field. Various plasma 
engine configurations based on this general principle are under devel- 
opment in the industry, but in general, little is known about the factors 
that govern the mass specific impulse or the energy utilization effi- 
ciency, two very important performance factors that will determine 
whether such engines will ever be used in interplanetary spacecraft. 
Figure 29 shows a Ph. D. candidate maw adjustments on a cy- 

lindrical discharge chamber energized b;v a pulse line containing 
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3 

Figure 29.4raduate student adjusting electrical discharge system of plasma 
pulse engine. 

Figure 30.-Eerr cell 
photo of plasma 
wave 1.5 microsee- 
onds after inception. 

twenty 2.5-microfarad condensers charged to 10 kilovolts. The cur- 
rent in the discharge is designed to reach a steady value of 200 000 
amperes for about 5 microseconds. The pinched plasma exhausts 
axially (as seen in the sequence of figs. 30 to 33) with a velocity of 
about 40 000 meters per second (specific impulse of 4000 sec) . The 
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Figme SL-Plasma 
wave after 2.2 micro- 
seeonda 

Figure 32--PIasmr 
wave after 2.7 miero- 
seconds. 

cylindrical column of platma is about 4 inches in diameter. Diagnostic 
measurements include Kern call photography ( le7 to 10-8 sec) , micm 
wave transmission, ionization probes, spectroscopy, magnetometer 
surveys, etc. 
All these researches, and many others not shown, were conceived in 

support of NASA’s long range objectives, as well as those of our De- 
partment of Defense sponsors in aerospace propulsion. At the same 
time they represent a broad range of masters and doctoral thesis ma- 
terial for the 35 graduate students majoring in aerospace propulsion. 
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Figure 3 3 . 4 l a e m a  
wave after 6.0 micro- 
seconds. 

The selection of a topic for a graduate thesis is based on at  least two 
criteria, the importance of the ultimate goal for the future of astro- 
nautics, and the magnitude of the challenge in terms of the scientific 
depth of the problem. One test of satisfactory accomplishment is the 
acceptance of the resulting paper for publication in an archive journal. 

I n  closing this discussion of NASA-sponsored researches at Prince- 
ton, it can be mentioned that NASA support is received in other areas 
of the University in connection with such space-oriented topics as 
lunar physics (Geology Department) and the effect of the space en- 
vironment on life processes (Biology Department). 

Princeton has not established a space sciences center as an organiza- 
tional entity apart from its normal academic departments, but there 
is no doubt that NASA’s objectives are served quite effectively, as 
previously described, by the system of direct project grants made to 
various departments in response to the academic and scholarly research 
interests of the faculty. 

Futhermore, the NASA objective of encouraging university people 
to attack space problems through multidisciplinary approaches does 
not necessarily require an extradepartmental structure on the campus 
in the form of a space center. Multidisciplinary thinking is the ele- 
ment that has to be encouraged, not only for space problems, but for 
other problems as well, and this can be achieved by proper attention 
to the makeup of the curriculum and to the choice of thesis objectives. 
Like all problems of education, it is the faculty and not necessarily 
the organization that counts. 
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The last item of NASA support in Princeton that will be described
here, but the one that is most firmly directed at the objective in the
National Aeronautics and Space Act that calls for "the preservation of
the role of the United States as a leader in aeronautical and space tech-
nology," is NASA's support of postgraduate traineeships and curricu-

lum development.
Traineeship grants (is., graduate fellowships) are currently sup-

porting 24 graduate students in various fields, including astrophysics,
gas dynamics_ aerospace propulsion, as well as others_ Supplemental
hinds granted to the University in support of this expansion of the
student body in space-connected fields have been used to finance an
enrichment of the curriculum in astrophysics and in aerospace

euginee  g.
Taken in its entirety, the stimulus given to the University and its

proper educational mission through this partnership with NASA is
great, indeed. It covers not only the NASA Traineeships and the
NASA-financed curriculum expansion. It covers in reality all the

thesis researches made possible by assistantships for students on
research grants; it covers the enrichment of the University environ-
ment through the research activity of the faculty; and it covers the
expansion of the faculty in space-oriented areas made possible by
these sponsored activitie_ It is our belief that, in return for this
sv_nsorship, the University is contributing _rongly t_ thp. _hj_.ives
of the Space Act described at the beginning of this paper. Thus, the
l_ASA-Unl"versity partnership is proceeding in a fruitful manner.
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HE i_sTrrmm FOR DIRECTP.m_mY CONV_SION at the University of
Pennsylvania is rather small and we do not as yet have any out-

standing achievements to take credit for, but it occurs to me that

maybe it is our unimportance which really makes us important. Not

every university can have space centers and tremendous facilities,

whereas there are many that could very well do what has been done at

Pennsylvania and settle for something less than total dedication to

the space effort_

Perhaps it would be helpful to describe what was behind this insti-

tuts, how it came into being, what its basic justificatiQu is, and then

how our expectations for this institute have actually materialized.

I think that the area of direct energy conversion can be compared

........ vv_-* m nuclear e_gm_rmg not so very long ago. l'here
is almost a one-to-one correspondence in what happened. At one time

the physicists had made their contributions as far as nuclmr rea_ors

were concerned, but it wasn't until the engineer learned the business

of physics and became knowledgeable enough so that he could make

contributions that major advances were made. So I foresee that the

same sort of thing is going to happen in the area of direct energy

conversion. Take the engineer working on thermoelectric generators

for instance. It has been my experience that very few engineers have

any knowledge of electrons, and I think this is the sort of thing which

is definitely handicapping progress in the field of direct energy con-

version. A personal experience relates to why this institute came into

being. At one time I found myself at the Knolls Atomic Power Lab-

oratories of the General Electric Company trying to help design a

submarine nuclear reactor. At that time we had a tidy organization.

We had a physics group, we had a heat transfer group, and we had a

mechanical design group. The physics group would decide on what

they needed to have a small compact nuclear reactor and to have it go

critical. They then turned it over to my group; we looked at it and
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said, "We're sure it will work, but we don't know how to get the heat •
out of it." So back to the physics group it went and eventually we

evolved a reactor which would certainly go critical and we thought we

knew how to get the heat out of it; so we turned it over to our mechan-

ical designers.

They, in turn, said, "This is all very wonderful; you know how to

get the heat out, but we don't know how to build it." So back to

physics it went, back to heat transfer it went, and so on. Finally, at

Hyman Rickover's direction, a physicist and I were told not to emerge
from our room until we had a design that would work. I assure you

that not very many days went by before I had taught the physicist
what he needed to know about heat transfer and he had taught me

enough to give me an understanding of how one goes about a "physics

design." When we emerged from this room we knew very well how

to go about designing this reactor. I have never forgotten this lesson,

because it pointed out to me again that we are rapidly approaching a
state where the lack of communications is so acute that something

simply must be done about it. Also, when I looked at the products

we got from our universities and observed how carefully they had been

trained in various disciplines and how carefully they had been kept

away from related disciplines, it became quite clear that there was

something very unsatisfactory about this.

I noticed this particularly in my last assignment in which I was con-

cerned with space power planning. I found that the electrochemist
was convinced that he had absolutely nothing in common with the

plasma physicist, and if you tried to take a man who worked on
thermcolectricity and asked him a question about photovoltaics, he

wouldn't even listen to you. So clearly here was an area, which was

becoming more and more important, definitely handicapped by the

lack of engineers who had absorbed enough of related disciplines in

science to do a good job.
At the University of Pennsylvania we eventually found some peo-

ple who felt that some new ideas ought to be tried. So a group of us

discussed the kind of organization we wanted. We wanted something

which would keep us together and give us an identity, and we con-
ceived the idea of an institute.

We decided that the primary purpose of the institute would be to

provide engineering graduate studenCz with an opportunity to obtain

a broad background in the area of direct energy conversion. We

decided that students would be required to meet the prerequisites of

their parent departments for {heir doctoral degrees, but that students

would perform their research in a common laboratory in order to

stimulate their interest in other disciplines and to facilitate free com-

munication, k limited number of postdoctoral researchers were pro-
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vided for to facilitate continuity of research and to help the student
researcher make the transition to experimental research. At Penn-
sylvania, experimental work had been neglected for quite a while, and
pencil pushing had become very popular. Since we knew however
what would happen to these engineers once they got into industry,
namely that they would again be carefully kept away from labora-
tories, we thought that we should give them an opportunity to do some

experimental work.
Another ground rule was that senior staff members were to be

obtained from the permanent faculty. We weren't going to go out
and recruit experts in direct energy conversion. We were much more
interested in tapping the resources available at the University. We
decided that all research engaged in by the doctoral candidates must be
suitable for a thesis, thus limiting severely the kinds of problems that
we were going to tackle. We decided that senior staff members were
to act as thesis supervisors and were to have complete and sole power
to choose suitable research topics, and again this put some limitations
on what we were to do. We also decided that the senior staff was to

develop and to present a course, or a sequence of courses, in the broad
area of direct energy conversion. Our reasoning was as follows:

We tried to determine the sort of things we wanted our engineers
to know. We wanted them to know thermodyamics, particularly irre-
versible thermodynamics; we wanted them to know solid state physics
semiconducted theory, and then we could teach them about thermo-
.....--- ph It_dcs, ly --'-"_ _------ _"-eJ_u,_'_ _d o_ovo _e _o_u SLate u_v,_, vv_ would

then want them to know something about plasma physics and plasma
diagnostics, and then teach them thermionics and magnetohydrody-
namic_ Of course, they would have to have some advanced fluid
dynamics, and, of course, we would want them to know eleCts-

chemistry and electronics and high temperature technology and physi-
cal chemistry. All these subjects were available at the University.
To take them, however, a student would have had to spend 10 yeer_ at
the University. We realized then that we would somehow have to
compress this knowledge, make a coherent whole out of it, and still not
make it superficial. This was quite a challenge, but we decided that
this would force our staff to work together, to got acquainted with one
another, and with work going on in other depaxtmenta

We also made another critical decision. We decided that we

weren't going to have the University of Pennsylvania be a branch of
the Institute for Direct Energy Conversion. We therefore decided
that we would like to stay small, and that we would try to produce
something of the order of four PIL D.'s a year. These then were the
ground rule_ Since we now knew what to do, the only remaining
problem was to do it.

75O-O83 O---66-----1_
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So, we approached our administration. They said, "You tell us that

this is important and we are in sympathy with you, but first show us

that you can get some Government agency support. If you can do

that, we really will believe that this is important and ought to be done."

So we started seeking Government agency support.. We managed to

interest NASA's Office of Grants and Research Contracts in our plans

and they supplied the financial support for the Institute.

Now that we had the money, we started planning for the future. A

number of traps remained, however. We approached the University

administration and said, "Well, can we do some long-range planning

now?" The answer was, of course, "Well, not really; we can't make

any long-range commitments to you since we don't know how long

NASA will remain interested. After all, until we get some assurance

that NASA will fund you for the next umpteen years we can't really

make any commitments." Next, we talked to NASA and they said,

"We gave you this money because we wanted to see how interested the

University would be. We can't really promise you any long-range

funding until we find out what the long-range plans of the University
are."

The University of Pennsylvania is no different from any other uni-

versity in that they all have some major problems. One of these prob-

lems is that we are te_hing engineering which has become exceedingly
hard to define.

We had, however, decided that the kind of people we wanted to turn

out would be engineers and not scientists. One of the advantages at

Penn is that we can tap a great many resources.

There is a great, deal of basic scientific work going on and we also

have a business school. The first thing we set out to do was to find out

what basic engineering is. We talked to our industrial research col-

leagues who explained what they considered to be industrial laboratory

type of experimentation and research. Then we talked to the staffs

of our basic research departments; they explained what they con-

sidered to be basic research. When we superimposed these two we

found that there was a perfect interface between basic research and

industrial research; as far as basic engineering was concerned, there

wasn't any. We came to the conclusion, then, that no matter what we
did we would either offend the industrial researchers or the basic

science researchers; however, we decided to move ahead cautiously.

In order to solve this problem we decided to set up the kind of

organization which would have representatives from both industry

and Government'agencies and from university engineering and science.

We established three major groups in the Institute. One is devoted to

what we call plasma engineering, one is devoted to electrochemical

engineering, and one is devoted to materials sciences. The materials
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group, for instance, engages in studies on thermal energy storage, high
temperature thermoelectrics, and so on.

Each one of these groups has regular staff members which we borrow
from their parent departments. After a professor has become inter-
ested in a certain problem and indicates a desire to work with one of
our groups, we negotiate with the director of the school for a certain

fraction of his time. We don't necessarily want permanent people in
our various groups; we would like to attract, people from chemistry,
chemical engineering, or electrical engineering. Once they have made
their contribution to a particular problem there is no reason why
they shouldn't leave us again. We like the association with the
Institute to be strictly voluntary.

Each one of these groups has a certain number of p0stdootoral re-
searchers in it; it also has technical people from industry in it, and this
is how we manage to bridge the gap between industrial research and
the basic engineering which we would like to do. I believe that. this

interaction between the two groups, with each giving the other ideas,
has worked exceedingly well. We also routinely draw on various
experts from Government laboratories to work with our groupa These
groups meet about once a month and review progre_ Our graduate
students report to these groups on the progress they have made. We
have found that having industrial researchers working with us in

these groups has been of tremendous help in guiding graduate stu-
dents. Besides supplying knowledge and guidance, they, on occasion,
lend us equipment.

These groups are composed of representatives from totally different
discipline_ For instance, we have discovered that electrochemists

concerned with "double layer" use the same equations that plasma
physicists use in describing sheath problems. So these two branches

now have at least one project going in surface physics which will be
just as useful to the electrochemist as it will be to those concerned

with thermionic energy conversion.

The fact that we are still in existence today ought to be indication
enough that this format for an institute has workect There are still

many problen_
For example, how do you convince a faculty member that he ought

to take time out to learn ? It is terribly difficult to explain to, for in-
stance, & microbiologist that it would be advantageous if he would
spend a year learning electrochemistry so that he could attack a prob-
lem such as a biological fuel cell. We have not had outstanding success
along these line_ The problem is simply that res_rchers are expected
to publish, and it has been so ingrained by this time, that if they l_ve
a choice of learning something new or of capitalizing on what they
already know, by publishing several papers during thisyear, they will
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always choose the latter. We don't know yet what the cure for this

is but we are working on it.

The interface between basic applied and industrial type research

is a difficult to define problem area. An illustration of how this prob-

lem can be managed may help.

We have a rather important basic electrochemistry laboratory at the

University of Pennsylvania under the direction of John Bockris.

Some of our engineers became interested in microconvection phenom-

ena within electrode pores and a dispute arose between the two groups

as to whether the study of microconvection was engineering or basic

electrochemistry. We explained that the only reason we are interested

in microconveotion as far as space applications are concerned is its

effect on gravity--what happens in the zero-(} field when this type of

convection is missing. The work was arranged so that the electro-

chemistry laboratory would study the basic phenomenon of micro-

convection and the engineering staff would study the zero-G effects.

As a result, the conflict was resolved.

Another difficulty is getting basic scientists to work on engineering

problems. For example, we have a "Laboratory for Research into the

Structure of Matter" with a number of good solid-state physicists.

We wanted to interest them in high-temperature thermoelectrics or

thin-film photovoltaics. We approached them by saying, "You have

been studying the quantum mechanics of these films for several years

now, and we know you have made a quantum mechanical study of

transport phenomena. Here are some of the problems we have. Can't

you give us a material which has a very high electrical conductivity

and a very low thermal conductivity ?" Although the scientist feels

obligated to express his distaste with engineering problems, he may

have done something that might be a clue, and with enough patience

and encouragement, you may be able to interest him and to get his help.

Then, sooner or later you may find someone in the metallurgy depart-

ment who would like to make some of these materials, and a liaison
can be established.

These are a few of our experiences in bringing about the type of an

institute which offers all the advantages of identity and yet brings

people together to work on interdisciplinary problem areas.
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College of William and Mary
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Robert T. Siegel

DEAN OF GRADUATE ffI'UDIE8

COIAASGE OF WILIJA_ AND ]KARY

HE COLLIE oF _ AND _aY is a well-known liberal-arts
college and is the second oldest institution of higher education in

the United States_ having been chartered in 1693. On the campus
of William and Mary there stands a building which was originally
constructed with funds from the estate of Robert Boyle.

During colonial days, when Williamsburg was the capitol of the
colony, the college was a center of intellectual activity for the entire
colony. In 1789 the state capitol was moved to Richmond for military
reasons, and the college has remained of modest size since that dat_ It
is located on the peninsula between Richmond and Newport News_ this
peninsula being the same one which was the object of much struggle
during the Civil War. In 1906 it became a state-supported institution
and is at present entirely a publicly supported institution.

History is beginning to come full circle. Whereas civilization moved
away from the college towards the end of the eighteenth century, it is

now returning. The college is on the edge of the fastest growing
metropolitan area of Virginia, the Tidewater area, having a population
of a million and including the cities of Norfolk and Newport News.
This population has doubled since 1945 and is expected to double
again in something of the order of 15 years. In this area there is a
great need for graduate education. The rate of production of Ph. D.'s
for example, in Virginia is all too similar to that in most other southern
state_ with the notable exception of North Carolina. So during the
last decade the college has initiated graduate programs in many of
its departmenta In this endeavor, the college has a solid under-
graduate program in many disciplines of arts and science.

2#5
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USE OF NASA MULTIDISCIPLINARYGRANT

The activities at the College of William and Mary related to a re-

search program supported by a NASA multidisciplinary grant began

a little over a year ago with the award of this grant. A portion of
the funds available under this grant have been made available to the

biology department, which has established the Laboratory of Popula-

tion Ecology, which is involved in studying the physiological effects

of biological and psychological stresses on small mammals. Par-

ticular attention has been placed on the rates of production

of adrenalin and noradrenalin in small mammals, as a function

of environment. This year the biology department is also receiving

additional support from this grant for beginning investigations on

radiation effects in certain biological systems.

Most of the funds available under this grant have been used to sup-

port activities within the physics department. For example, a quite

excellent laboratory in visible and infrared spectroscopy, which is

staffed by the school, has been equipped by means of funds from this

grant as well as.from other sources. There has been some support

of plasma physics, particularly-in investigations of the physics of

Penning gages, and of transport theory studies for charged particle

beams. This last work has again found independent support.

At William and mary, an attempt has been made to concentrate

support in a relatively few departments, one or two, which show par-

ticularly great need and, of course, promise in the eyes of the admin-

istrating committee. In an institution which is steadily evolving
towards an increased role in graduate education, the use of all such

multidisciplinary funds to support only one or two departments at
a time has seemed wise.

A major portion of the funds available under this grant are used

in the support of a large group engaged in study of high-energy phy-

sics. This is the first time that research in high-energy physics has

been supported by NASA, and it is particularly significant that high-

energy physics, which has been accused of being technologically use-
less, has found a very important use as far as NASA and space science

is concerned. The reason for this is quite clear. Solar flare protons

have a mean energy of 500 000 000 electron volts, and some of them

extend up into the multi-BeV region. The radiation effects of such

protons are largely unknown and extremely important in plans for

interplanetary travel.

SPACE RADIATION EFFECTS LABORATORY

About 2 years ago NASA Langley Research Center began construc-

• tion of a laboratory called the Space Radiation Effects Laboratory,
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which is about 10 miles from Langley Field and about 15 mileseast

of Williamsburg on the peninsula_ Due to the foresight of NASA
and the Langley Research Center, half of the time available for ex-

perimentation with the 600-MeV cyclotron at the laboratory, and the
entire management and operation of this laboratory, have been as-

sumed to three Virginia institutions, the College of William and
Mary, the University of Virginia, and Virginia Polytechnic Institut_
These institutions have formed the Virginia Associated Research Cen-
ter, which will manage and operate the eyclotrom Approximately half

of the accelerator time will be used for basic research studies, primarily
in physics at first, by members of the three institutions and possibly
members of other institutions in this region-

It is important to consider this accelerator installation in another

context. The 600-MeV cyclotron is the only machine capable of
producing unstable elementary particles, pions and muons, in a geo-
graphical region bounded on the north by Princeton, NJ., and on
the west by Berkeley, Calif. A large part of the United States has

not had avaLlable within reasonable traveling distance a facility aL
which physicists could do elementary-particle research. This accel-

erator will hopefully be an incentive for physicists throughout the
Southeastern United States to begin work in this exciting field of
research.

HIGH-ENERGr-PSYSIC$ GROUP

The College of William and Mary has attempted to answer the
challenge afforded by the large accelerator by setting up a high-energy-
physics group. (Actually, 600 MeV is so far below the present frontier
of high-energy physics that work in this energy region is beginning
to acquire a new name, intermediate-energy physics. This is the
region which is bounded on the lower end by 100 MeV and nuclear

physics, and on the upper end by I BeV and kaon physics.) At the
college this group, which was formed and started activities about 16

months ago, presently consists of five faculty members, one Ph. D.
research associate, and supporting personnel in the form of electron-
ics technicians and machinists. At present nine graduate students in
various stages of their studies are also supported as part of this
activity.

Last year the college was authorized to award the Ph.D. in physics
and also in marine scienc_ This was the first time in the history of
the institution that the doctorate degree has been authorized. The
department of physics is quite large now, having 17 faculty members;
it forms about one-quarter of the total staff and occupies one floor of
the very elegant physics building completed last year.
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When this group was formed, the cyclotron was at that time under
construction. Now, synchrocyclotrons have been around for quite a

long time. They were the first high-energy accelerators and they gen-
erally produce about 1 microampere of internal beam. The limit of
experimentation possible with this beam intensity has been almost
reached. Much attention has been directed towards improving cyclo-

trons throughout the world; thus, _he group decided that its first

activity, even before it had equipment for performing experiments,
would be a conference on high-energy cyclotron improvement, which
was held in February 1964 and attracted people from essentially every

cyclotron laboratory in the world. At this conference, the high-energy-
physics group at the college and everyone present became convinced
that the internal beam of a cyclotron could be increased to 20 micro-

amperes, with a modest expenditure of money. The reason for such
certainty is that this has been done in one machine at Orsay, France,
which has an internal radio-frequency structure of rather advanced,

but reasonable, design. In addition, it is hoped that the internal beam
of a cyclotron may eventually be increased to 100 microamperes.

From the research point of view, the interests of the high-energy
group have concentrated in low-energy muon and pion physics. There
is particular interest in the muon capture interaction, and while the
Space Radiation Effects Laboratory is being completed, some work
which had been started elsewhere by members of the group is being
continued. Since this group was formed at William and Mary, it has
therefore had two cyclotron runs at Carnegie Institute of Technology
and completed a survey of the muon capture rate throughout the peri-
odic table. Muon capture rates have been measured to the very high

precision in about 50 elements of the periodic table, and for the first
time evidences of nuclear structure effects in the muon capture inter-
action rates have been found.

Mentioned previously was the fact that one of the programs sup-
ported initially by the multidisciplinary grant was a program for
the design of transport systems of charged particle beams. This pro-
gram involves mainly the design of a muon channel, an array of 25
quadrupoles and a bending magnet, and also the construction of the
test equipment for measuring the beam quality of pion and muon
beams which will be transported from the cyclotron into the experi-
mental area now under construction.

The conference led the group to consider what steps might be taken
to prepare the cyclotron for further improvements. Once a cyclotron
is built it is difficult to take it apart. There is a great deal of resistance
to disassembling a machine on the part of all the physicists who want
to use it and the engineers who are going to have to do the job, so it
was felt that it would be desirable during the construction if some steps
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could be taken which might facilitate later improvements to the cyclo-
tron. One of these steps was the correction of the magnetic field of
the cyclotron to a high precision. A cyclotron is normally thought
of as having a cylindrically symmetric field, which should result from
the shape of the pole tipa There is, however, a basic lack of symmetry
in the two yoke members which come down beside the pole pieces, and
this condition leads to azimuthal variations, which in this particular
machine design were quite large. Therefore, the problem was looked
at carefully, and a suggestion was made to Langley Research Center
that it would be desirable to shim or correct the magnetic field so that

the azimuthal symmetry was at least one part in 104 or about 2 gauss
out of 20 000 gauss. This shimming was to be accomplished by drill-
ing about 1000 holes, of 2-inch diameter and varying up to 0.75 inch
in depth, in the lower pole tip of the magnet. After due consideration,
Langley agreed to undertake the job of drilling the magnet. With
the cooperation of physicists from the other two institutional mem-
bers of the Virginia Associa_cl Research Center, the magnet-pole-tip
drillLug program was executed this last winter. This program involved
quite a considerable computational and engineering effort on the part
of Langley. The mechanical part of the work was completed in only
a few week_ The measurements and slight corrections have taken
a total of 10 weeks, during which time a great deal of detailed infor-
mation was gained on the properties of the magnetic field.

In addition to such activities, the high-energy group at William

particular attention to liquid-helium scintillators. That all the noble

liquids and noble gases scintillate quite efficiently is perhaps not gen-
erally realized. However, very little is known about the details of the
scintillation processes. In liquid helium, for example, the identity of
the atomic or molecular entities which are emitting light are not known.
The wavelength of the radiation emitted is not known, although it is

very short, on the order of a 1000 angstroms, requiring wave-shifting
fluorescence techniques in order to bring the radiation up into the visi-

ble range. At William and Mary the work on liquid-helium counters
has concentrated on improved resolution in large detectora The best
resolution attained has been under 10 percent (FWHM) on 5-MeV
alpha particles, and a counter with sensitive volume 6 inches in diam-

eter and 6 inches high has just been complete&
Figure 1 is a photograph of another type of scintillation counter

under development. This counter is of a rather unusual design and
for a while it seemed topologically impossible to execute. It is de-
signed to increase the timing accuracy for a charged particle beam of a
large area. This particular one is 8 inches by 8 inches and should im-
prove the accuracy with which such particle beams of such area can be
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Figure 1.-Isochronous 
scintillation cuunter. 

timed, to about 0.5 nanosecond. (The other activities of the group 
have not resulted in apparatus as photogenic as this scintillation 
counter.) 

The activities of this group, then, include instrumentation and prep- 
aration of experiments for cyclotron research. It has sponsored one 
rxmference and will soon have another, this time on intermediate- 
energy physics itself. It has studied cyclotron beam dynamics and the 
development of transport apparatus for use at the Space Radiation 
Effects Laboratory, and has also aided in some work on the cyclotron 
itself. 

CONCLUDING REMARKS 

I n  summary, the impact of the following factors : 
(1) The support by the NASA Office of Grants and Research Con- 

tracts for space-related activities, including for the first time 
high-energy physics at the College of William and Mary, 
through a multidisciplinary grant, and 
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(2) The opportunity created by the foresight of the Langley Re-
search Center for all educational institutions in this region to
participate in the research activities at a large accelerator in-
stallation,

has resulted in an increased rste of evolution by an honored liberal-
arts college towards a modern university.
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WASHINGTON

AL ouoH _ P_ is under the general heading of research, no
review of Washington University's role in the NASA Unive_ty

program would be complete without a discussion of the NASA par-
ticipation in the construction of the new Arthur Holly Compton Lab-

oratory of Physics, now more than half completed on the campua
Whereas building construction is not research in a true scientific sense,

modern laboratory facilities are indispensable to thriving university
research in the physical seiencea The Department of Physics has
numerous research activities of considerable relevance to space science.
Yet the detmrtment is now crowded into a structure completed in 1934
and designed for a department of perhaps one-half its present size.

The new laboratory is T-shaped and the major portion, which cor-

responds to the horizontal bar of the letter "T', is the research wing,
five stories high. The stem of the "T" joins onto the present Wayman

Crow Laboratory of Physics, a building of abou_ 42 000 square feet.
The Compton Laboratory will have over 60 000. squaxe feet, giving the
physics department, by next fall, well over 100 000 square feet in which
to carry on its researches. NASA has, in effect, provided the upper

floors of the research wing of the Arthur Holly Compton Laboratory.
The laboratory commemorates Arthur Holly Compt_, not so much

as the chancellor of Washington University, which he was nearly a
decade after World War _, but as professor of physics during the
period 1920 to 1923. In a building now occupied by the Psychology
Department, he discovered the Compton effect in 1922. In what
would now be considered a faculty raid, he was called to Chicago in
1923.

The NASA participation in this structure is approximately one-
third of the cost of the structure; another one-sixth comes from the

National Science Foundation; and the remaining half from private

213



214 nasa university program review conference

sources. This Compton Laboratory is the first in a series of major

laboratory facilities that are projected for Washington University.

Construction has just begun on a new Monsanto Laboratory of the

Life Sciences, which is the first stage of a two-stage program for a

much larger program in life sciences. Thereafter, plans have been

made to add new laboratories for Chemistry, Engineering, and the

Earth Sciences and to bring modern standards to near-obsolescent
facilities in these sciences. Since there are NASA trainees in all of

these fields, it will be of great benefit to them to get these n_w build-

ings underway.

To turn from research facilities to space science research on the

campus, this brief report cannot possibly deal adequately with even

the NASA-supported research alone. Therefore_ an attempt to cover

research of relevance to space science and exploration_ which happens

to be supported by other agencies on the campus_ will not be made.

The longest standing NASA grant at Washington University is an

astrophysical investigation of the primary cosmic radiation. Research

was carried out during the summer of 1962, in the region of the South

African magnetic anomaly, along with simultaneous balloon flights

from Northfield, Minnesota. Analysis of these emulsions is still con-

tinuing. To date, an energy spectrum (in the region of kinetic

energies from 2 to 10 GeV per nucleon, for alpha-particles) has been

obtained, as well as considerable other information on the variation

of geomagnetic cutoff energy with arrival direction in the east-west

plane. Further work will involve the charge distribution among pri-

mary particles having a Z of about 6 or greater.

In addition, under this grant a spark-chamber-emulsion assembly is

nearing completion. Two spark chambers will be triggered by a scin-

tillation counter telescope. This apparatus is already under test and

is expected to fly, in test flights at least, within 1 month or 6 weeks.

The foregoing is an example of project research. The program of

primary concern is that under the NASA Multidisciplinary Research

Grant. This grant is administered within the university by the pro-

vost, with the advice on policy matters of a faculty council on space

sciences. There are features of the administration of the grant that

merit comment before some of the research carried out during the first

year of the grant is described. Everyone is familar with the project

system of research support in universities, under which it is probably

unanimously agreed that U.S. science has flourished during the past 15

years as never before.

By the project system is meant, of course, support whereby the
specific research proposal to potential granting agencies is outlined

along with a detailed budget. This is followed by a scientific review

as well as the financial and business negotiation of the grant by NASA
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o$cials, in this case, and those at the university. Even under the most
favorable conditions, and for any agency, such a project normally will
require at/east 6 months from the inception of the research idea to the

existence of a research budget account at the university from which
the professor can draw.

For the well-established professor with other on-going research pro-
grams, this gestation period of 6 months to I year for a research grant
may be perfectly acceptable, provided that the requirements for this
new research idea are reasonably closely related to the facilities for his
on-going research. But if the new idea is a radical departure from his
existing line of research, requiring very different apparatus or pos-
sibly new technicians with different special competences, the gestation

period for a grant can be annoyingly long, even if the sponsoring
agency has an adequate budget, which has not been generally the case
for the physical sciences in the U.S. during the past 2 years.

Incidently, the Physics Survey Committee of the National Academy
of Science and National Research Council, which is like a parallel com-
mittee for chemistry, is engaged in an exhaustive survey of the needs
of physics for the next few year_ In examining what has happened in

the recent past it was found that, in the physical sciences, that is,
physics, chemistry, and basic engineering, research funds have essen-
tially been level for the fiscal years 1963, 1964, and 1965, particularly
in the universitiea With the normal inflation in research costs con-

sidered, it is apparent that level research funds correspond in reality
to a decline. T'nis is a serious problem, so tha_ _he projeci_ system,
which at best already has a certain built-in time constant, has a far
greater problem now that there are inadequate financial resources.

For the newly recruited faculty member, who may have completed
his activities elsewhere just in time to arrive on campus in the fall, the
first year in his new faculty position is all too often one of anxiety and
frustration as he impatiently attempts to get his research up to full
momentum, while writing research proposals, awaiting agency re-
view, and hoping that the agencies have free funds (as they have not,
e.g., in chemistry and physics in recent years). If the result of this
situation is even a temporary research hiatus for the young faculty
scientist at a time when he is full of research ideas and is at the peak
of his physical and mental vigor to explore them, it is tragic for him,
for his students, for the university, and for the Nation's science effort.
It is in helping to avoid such tragedies, at least where the space sciences

are involved, that the NASA Multidisciplinary Grant at Washington
University has been most remarkable. It also has aided materially in
a couple of instances in allowing established scientists to move rapidly
in new directions.
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In the administration of this particular grant I have found it neces-

sary to rely rather heavily on my background in physics and chemical

physics, along with help from the assistant provost, who is trained in

engineering and who is director of the Washington University Com-

puting Facilities. Originally, it was hoped that the Faculty Council

on Space Sciences would select the internal research proposals for

funding. This turned out not to be feasible, at least in a medium-sized

institution such as ours, because the most informed and competent

faculty members in the sciences relevant to space, who were necessarily
those to serve on the council, also in many instances had vested in-

terests in the requests for funds. As a consequence, the Council de-

cided that the selection of proposals to be funded would have to be

made in the provost's office. Actually, this has worked reasonably

well because of the policies set forth by the council.

As an illustration of policy decisions made, the shortage of research

funds in the physical sciences, coupled with the fact that, by and large,

the health-related and biological sciences are not suffering a similar

shortage of research funds for project support, led to the decision that

the multidisciplinary grant would be limited to the physical sciences

and engineering, although originally it was hoped biological work
would be included.

Even with that limitation there were, at the first award point im-

mediately after the grant, $700 000 in requests for support from

$300 000 of funds. Of those, $600 000 were worthwhile projects, so to

speak, eminently worthy of support. By now, the so-called "proposal

pressure" has probably grown so that it is almost double what it was

then, still with the same amount of funds.

For making these decisions as to who receives support, there is no
alternative in an institution of this size to a decision by scientist mem-

bers of the administration who are not themselves competitors for the

research funds which they, in effect, are dispensing. Fortunately,

there was clear agreement on policy, which gave priority to establish-

ing new faculty members in their research or to shifts in research

directions. When combined with criteria of relevance to space

sciences, these policies led to reasonably clear cut and relatively un-
contested decisions.

In the Department of Chemistry, research on the reaction of hot

silicon radicals was begun by the investigator during his first year on

the Washington University faculty after completing his postdoctoral

research at Caltech. This research was proposed as a study of the

attack on other molecules of the energetic radicals that recoil from the

sites of nuclear reactions induced by bombardment with energetic

particles. There is an evident relevance to space research through

increased knowledge of the radiation damage processes that occur
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when space vehicles are exposed to radiation and increased knowledge

of the chemical reactivity of radicals typical of those prominent in

the interplanetary environment. With the emphasis on hot silicon

radicals, there is obvious fundamental chemical interest centering on

the relation of silicon che_nistry to carbon chemistry. There are also

deep questions relating to possible biogenesis of silicon-based life on

distant planets.

Study of the chemical reactions of recoil silicon atoms in the gas

phase is well underway. Preliminary efforts have centered on the

systems silicon (Si) + dimethylsilane ((CH3)2SiH_), and Si +

methane (CH,). In the former, SP _ was produced by the SP°(n_y)

Si 3_nuclear reaction by using thermal neutrons from an atomic pile; in

the latter, the P31(n,p)SP1 reaction with fast neutrons was employed

as the silicon source. Significant evidence has already been found

for hydrogen abstraction by silicon atoms, leaving radicals of carbon-

hydrogen compos_iom

For some time in the Department of Earth Sciences, two professors

have been involved in paleomagnetic studies. They are investigating

Precambrian rocks of the St. Francois mountains in Missouri. They

find the Precambrian igneous rocks to be extremely stable mag-

netically. The north pole of the geomagnetic field that magnetized

these rocks was located in the Pacific Ocean in the vicinity of the

Christmas Islands (near the equator). These results support hypoth-

eses that the magnetic pole has shifted and/or that continents have

drifted during geologic time.

One professor is also engaged in an extensive paleomagnetic pro-

gram in cooperation with Japanese scientists in Taiwan, Korea, and

the Philippines. In this Pacific program are observations of apparent

polarity reversals, suggesting that the Earth's geomagnetic field has

reversed polarity with a period of about 1 million years.

The recent geophysical studies begun under the NASA Grant have

as their purpose study of the transient electrical pulse behavior and

variation of other electrical properties of certain rock types as a

function of the frequency of _he inducing field. These studies are

prerequisite to the development of new or modified geophysical tech-

niques that may be amenable to shallow planetary exploration.

Samples of St. Francois Mountain igneous rocks and of Bonne Terre

dolomites from Missouri, along with tektite samples from Georgia

have been collected. The future plans are to try to relate the magnetic

and electrical properties of these rocks.

A professor who has joined the faculty of the Department of Earth

Sciences just this year after completing his doctorate at the University

of California in La Jolla is establishing his researches in the use of

nondestructive chemical analytical procedures for determining the

7OO-4)83 _15
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constituents of rock and mineral systems. The NASA grant has en-

abled him to begin instrumentation for X-ray fluorescent spectroscopy

pending decisions on project support for his work.

Two professors from the Department of Physics working on cryo-

genic detectors are investigating certain solid-state devices with a

view to their use as thermometers, phonon detectors, and pressure

transducers in the temperature range between 0.01 ° K and I°K. These

detectors are needed in fundamental experiments on properties of

solid materials of interest in the space program and wherever fast and

very sensitive heat detectors are required. (There is also the pos-

sibility that such detectors might be directly useful in certain kinds

of highly sophisticated space vehicle instrument ation.)

The cryogenic system for achieving temperatures in the 0.1 ° K range

has been assembled and tested. A superconductor solenoid is used to

achieve these temperatures by adiabatic demagnetization. It has been

learned in this research that the heat detectors, which employ thin

films of vacuum-deposited carbon, can be considerably increased in

sensitivity by introducing certain metal impurities into the carbon.

Also in the Department of Physics, a research project on noise

reduction in lasers and masers has as its goal the understanding of

noise effects in laser oscillators and amplifiers; in particular it investi-

gates the feasibility of altering spontaneous-emission noise by initial

state selection, which is theoretically possible according to quantum

electrodynamics.

Apparatus has been built and assembled. The preliminary noise

experiment is a study of the sources of fluctuation in the output of a

commercial helium-neon laser with a view to eliminating and under-

standing the statistical properties of the noise sources. With available

photocells and low-noise amplifiers, it appears feasible to the investi-

gator to measure fluctuations as low as 150 decibels below the level of

oscillation. (This investigator is a theorist with, however, much

practical background, who is taking a somewhat experimental turn

in this research.)
Research on momentum and heat-transfer characteristics of circular,

turbulent, impinging jets with large temperature gradients in the De-

partment of Chemical Engineering begun under the multidisciplinary

grant, now has project support. There is direct application to several

space-related problems. One is the question of heat transfer from a

positioning-rocket exhaust impinging on the surface of a space vehicle

in rendezvous maneuvers. Another important application is in the

testing of heat-shield materials.
The project investigates analytically and experimentally the prob-

lem of the fluid mechanical and heat-transfer characteristics of

compressible, impinging, turbulent jets. The project to date has con-
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centrated on investigating the applicability of available analytical

techniques to the problem and on the design and construction of the

experimental equipment_
On the basis of a survey of previous work on the incompressible,

impinging jet and a consideration of pertinent mathematical tech-

niques, it has been concluded that, for analytical purposes, it will be

necessary to consider the momentum and energy flux field of the jet

in three separate (but, of cours_ interconnecting) parts. The first

part is the free-jet region, where the influence of the impingement

region on the flow and enthalpy field is negligible. Some experimental

work has been done previously on compressible free jets. The analyt-

ical treatment of this region, however, is complicated _y the fact that

the velocity and temperature profiles in the free jet are nonsimilar in

incompressible flow. This precludes obtaining closed solutions to the

pertinent boundary equations, and numerical solution techniques will
have to be used.

The second part is the impingement region. This region is the

most difficult to treat theoretically. With our present knowledge of
fluid mechanics, the best that can be done is to make some reasonable

assumptions as to the velocity and temperature fields in this region

based on an understanding of the gross characteristics of the jet.

The boundary conditions must obviously include a smooth transition

from the free-jet region and to the third part of the jet, the so-called

"wall-jet" region. In this region the flow field gradually expands

as the fluid flows along the surface away from the stagnation point.

Incompressible wall jets have been treated extensively in the recent

literature from the momentum transfer standpoint. The heat trans-

fer and compressible flow case remain to be investigated. Both

similarity and integral methods are presently being considered for

handling the analysis of this region.

Experimental equipment designed to test analytical solutions and

some of the initial assumptions is nearly complete.

A need for a "simulation'laboratory" at Washington University had

been evident for some time, but none of the several research projects

requiring it were in a position to fund completely the establishment

of the laboratory. With the aid of the multidisciplinary grant, it
became possible.

The laboratory consists of two principal research tools, an analog

computer and a small general-purpose digital computer. Each can

be used separately. But, when connected, they become a system by

which one can study the digital control of processes simulated by

analog equipment: Although the immediate interests center on physi-

cal processes, the same procedures can be used to study biophysical

and biological systems and their control mechanisms.
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One other project, a NASA supported project and a very active

one, in the Economics Department of Washington University, is

entitled, "Analysis of the Impact of Space Activities on the National

Economy and Establishment of a Methodology for Determining Space

Program Effects on Regional Economic Growth." This project was

begun a little over I year ago.

The Economics Department is undergoing a period of rapid devel-

opment at Washington University. The number of graduate stu-

dents has doubled in 1 year from about 37 to 70; it is a very active

group and a very exciting development to watch. Among its re-

searches, under the NASA grant, are some of the following topics:

(1) Regional expenditure impact studies

(2) Economics of scientific research and manpower
(3) Research on distribution of technological information

(4) Legal and economic studies of new towns (there is a collabora-

tive effort on this phase in the School of Law)

(5) Legal problems of land assembly

(6) Effects of research and development and government contracts

on community and regional development

(7) An economic analysis of communications satellite systems
(8) Initiation of the establishment of an economic and sociological

Data bank of computer tapes

(9) A conceptual analysis of the economic significance of NASA-

type outlays, huge outlays, that may occur when a special new

program such as the space program may be initiated by the

government.

This is another example of a project that helps to illustrate the
broad swath that has been cut across the campus by NASA's support

in actually a little more than 1 year. Only one of the projects men-

tioned, astrophysical investigation of the primary cosmic radiation

is of duration substantially exceeding 1 year.

In summary, the Multidisciplinary Research Grant effectively sup-

plements project support of programs relevant to space science. First,

it allows new faculty members quickly to establish their research

activities with a delightful freedom from loss of time or research

momentum. The avoidance of a psychologically depressing research

hiatus is beneficial to the faculty member, to his students, and the

Nation's science effort. Second, it permits established faculty mem-

bers to initiate research efforts in a promising new direction with a

minimum of inertia. A quick uptake is possible with this grant.

Third, it can supplement several related smaller projects in providing

a much needed research facility or service that the projects individu-

ally or even collectively cannot afford. These advantages are espe-

cially important to an institution, such as Washington University,
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with a rapidly expanding and developing program in the sciences

and engineering at the graduate and research level. (In the next 5

years, the number of graduate students should double in engineering

and physical sciences at Washington University.)

It is interesting to note that of the faculty members whose research

has been supported by NASA's Multidisciplinary Grant during

its first year, 44 percent were in their first year on the faculty when

they were awarded the NASA Multidisciplinary support, and 19

percent were in their second year on the faculty. Of the six faculty
members who were of greater faculty seniority with Washington

University, two were enabled to set off quickly in new research direc-

tions, two were able to obtain a research facility beyond the means

of their individual projects, and the remaining two were people of

some seniority working with some of the younger faculty members
mentioned earlier.

This incomplete set of statistics, from a rather small grant by

comparison, is indicative of the extremely effective way in which
multidisciplinary support can be woven into the structure of a devel-

oping university.
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, Policies for Scientific Participation in
the NASA Space Flight Program

John F. Clark

DIRECTOR OF SC_N(_A8

OFFICE OF SPACE SCI][gNCE AND APPLICATIONS_ NASA

S AN _CTION TO THIS SESSION I would like to review briefly
the policies we have developed for the formulation and conduct

of the space flight program of the Office of Space Science and
Applications.

The NASA space science flight program is first and foremost a
research program in many fields of basic and environmental sciencea

Its objectives are sug_ by space scientists themselvea Each

individual flight project has its own particular scientific objectives

which are the direct result of _gge_ _on_ by our fellow scien_s_

Thus, we may make more accurate observations of solar phenomena or

investigate the configuration of the boundary of the Earth's magnetic

field. In any event, we develop the project so as to increase scientific

knowledge of the environment of and phenomena in space. We do

not undertake a project merely to secure technological dat_

Both the need for and the broad specifications for a new space flight

project are established by the NASA scientific discipline advisory

subcommittees. The Advanced Orbiting Solar Observatory is a good

example. Early in 1960 it was recognized by solar physicists that a

need existed for an observatory with better pointing accuracy and

.more space for instruments than is provided by the existing Orbiting

Solar Observatory. A meeting of the Solar Physics Subcommittee
was held to examine theneed for the satellite and to determine its

required pointing accuracy and size.

After having established the requirements for such a mission and

receiving the necessary executive and congressional support, we pro-

ceed to define the mission in great detail. We arrange for the develop-

ment of the spacecraft; we assure the availability of an appropriate
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launch vehicle; and we establish project organization to provide man-

agement. We notify the scientific community that we plan to fly the

spacecraft, describe its capabilities, and invite scientists to propose

investigations for flight on the space vehicle. Parenthetically I should

state that an invitation to propose experiments is accompanied by an

invitation to scientists to suggest other projects that should be included

in the future space science program.

This notification to the scientific community is done primarily by

sending to hundreds of individual scientists copies of a document
entitled "Opportunities for Participation in Space Flight Investi-

gations" (ref. 1). We send copies of this document to all U.S. labora-

tories that have demonstrated competence or indicated interest in

space science, and to the space organizations of foreign countries for

transmittal to their scientists. Any interested scientist may propose

to carry out an investigation. The proposals are received by NASA

and are reviewed by one or more of the appropriate scientific discipline

advisory subcommittees. There are seven of these, in the disciplines of

astronomy, bioscience, ionospheres and radio physics, particles and

fields, planetary atmospheres, plantology, and solar physics. The

majority of the members are outstanding university scientists, with

the balance of the membership drawn from their equally outstanding

scientific colleagues in Government laboratories. The committees are

chaired by scientists who are NASA Headquarters employees and are

not eligible to participate as investigators in the space flight program.

The criteria which the subcommittees use to evaluate a proposal are:

• The scientific merit of the proposal, including whether it needs to

be done on a spacecraft or can be done on the ground or in a less

expensive vehicle such as a balloon or sounding rocket

• The ability of the proposed experimental apparatus to accomplish

the objectives of the experiment

• The competence and background of the scientist who proposed the

experiment

• The interest and ability of his institution to provide the necessary

administrative and technological support.

The proposals are placed in four categories by the subcommittees.

The investigations placed in Category I are recommended for flight on

the particular mission. A Category II experiment is considered to be

suitable for flight but at a lower priority than Category I. Category

III experiments are judged to be equal to Category I in terms of

scientific desirability, but in need of further development before they

are ready for flight. Assignment to this category carries with it a

recommendation that NASA provide support to develop the experi-

ment for future flight. Category IV experiments are those which

are considered to be unsuitable for the particular flight under consid-
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eration. Subcommittees do not evaluate laboratory or rocket experi-

ments nor do they "plan" experimenta

Experiments placed in the first two categories are sent to the NASA

field center that has the project management responsibility for re-

view of the technological compatibility of each experiment with the

spacecraft. A payload is then recommended by the director of the

Headquarters Program Office in OSSA that has responsibility for the
flight mission. This payload is presented to the Space Science Steer-

ing Committee which is made up of senior scientists and engineers in

OSSA. The Steering Committee reviews the Subcommittee recom-

mendations, the technological evaluations by the NASA center, and

the recommendations of the responsible program director. The Steer-

ing Committee makes a recommendation to Dr. Newell, Associate

Administrator for the Office of Space Science and Applications, who

makes the final determination of the payload for the mission.

The sequence from the investigator's standpoint might be: A prin-

Cipal investigator first receives the "Opportunities" document. He

then prepares his proposal which he sends to the Office of Grants and

Research Contracta If he is selected, a contract is negotiated with

him by the NASA center that has project management responsibility.

Under this contract, he designs, manufactures, tests, and calibrates his

equipment. He may do this himself or subcontract the work to in-

dustry. He then brings his equipment to a testing laboratory which

may be at a NASA center or at the plant of the industrial contractor

who has the responsibility _o _qASA for buildh_g the _acecra_.

There, the experiment is subjected to a variety of tests to ascertain if it

will sustain shock, temperature, and pressure variations, and if it is

magnetically "clean." After having passed such tests his experimental

equipment is integrated into the spacecraft, which in turn is put

through a series of final environmental tests and launched.

If the mission and experiment both are successful he receives his

data and proceeds to analyze and interpret them. This leads to the

end product--the publication of the results of his investigation. Out

of it, he and other scientists formulate new questions, and new cycles

begin over again. After a predetermined period of time, ordinarily 3

months to 1 year, the reduced data from the investigation are made

available to all scientists to use if they so desire_

What kinds of support are available to groups who are interested

in space research? There are supporting research funds which are

available from NASA headquarters to develop an idea or instrument,

or to provide supporting theoretical, laboratory, or ground-based

observational research for the program. We frequently provide

flights on sounding rockets to new investigators to enable them to
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get experience with instruments in actual space flight. Sounding

rockets also are used to test their experiments before they are flown

on satellites or space probes. There are the large Orbiting Geophysical
Observatories for those who want to make measurements correlated

with those in other disciplines or who want to construct a minimum

of hardware themselves. There are Explorers for which a group of

scientists in an organization such as a university or a Government

laboratory can propose to develop a complete payload. Such a group

must accept full responsibility for the design, manufacture, and

testing of the experiments and the complete spacecraft, including its

structure and power, telemetry and command systems. Finally, there

is an opportunity to use the data from past space flight experiments

for additional study as a basis for the correlation of large-scale geo-

physical phenomena, as support for or test of a theory, or as a starting

point for a new experiment.
What are the current chances of selection for a scientist who

proposes an experiment? We were able to fly about one-third of

the experiments which were proposed for OGO C and D. We expect

to be able to fly about two-thirdsof those proposed for OGO E. In

the smaller Explorers, we have been able to fly about one-half of the

experiments proposed. These figures include all proposed experi-

ments, whether judged suitable or not by the subcommittees. Our

experience has shown that, although the competition is keen, every

competent group that has made a serious commitment to space research

has been able to qualify for a substantial fraction of the space flight
opportunities which it has requested.

ttow long does it take to conduct an experiment in space ? It takes

much longer than we would like. For a new ground-based laboratory

experiment, I would judge that from 3 months to as much as a year

is required for an experimenter to receive a go-ahead and at least an-

other year to complete his research, depending upon its complexity.

The time required for publication of results should be added. Experi-

ments destined for space flight require longer times for many reasons,

including the greater complexity, ruggedness, and reliability required

for such instruments. Her6, the required time may stretch to periods
comparable to those required for development of a new astronomical

telescope. With an Orbiting Geophysical Observatory, 33 months pass

after NASA receives a proposal while the experiment is selected,

contracted, developed, integrated into the spacecraft, tested, and

fmally flown. Subsequent reduction of data and publication takes

another year or more after the spacecraft ceases to transmit data.

We are looking hard at many ways of shortening the leadtime for

a_ experiment. We hope that with increasing experience we may be
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able to shorten the integration and test periods. However, an investi-

gator who now proposes a new experiment should plan on a period

of 3 years or more from the time that he submits a proposal to the time

that the experiment flies on a satellite or space proba

ItEFRENCE

1. OPImrtu_ties for Participation in Space Flight Investigationa Office of

Space Science and _pplications, NASA, July 1965.
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Space Flight Experiments in a

Graduate Physics Program

John R. Winckler

PROFESSOR OF PHYSICS

OF MINNES4YrA

SPACE PHYSICS AS A PART OF PHYSICS

HE TOPIC _SPACE FLIGHT EX'I_.RI_FE_N'rs IN A G]_kl}UATE PHYSICS I_0-

Gm_z_," I think, states the central problem in the university. Al-

though the support to universities given by NASA is of many types,
including graduate student fellowships, undergraduate support of
various kinds, facilities, and various kinds of grants and contracts to

support experiments_ I believe that in the longrun this effort will not
be successful unless a group of challenging and exciting problems

thesis research. This kind of research is the core of the graduate pro-
gram of the Physics Department of the University of Minnesota and,
I am sure, elsewhere. One of the most vexing problems is the imple-
mentation of space probes, satellites, and rockets for this type of re-
search. At times even after some experience in this field, one wonders
whether, in fact, this is at all po_sibl_ However, with our own

program, in a modest way we have been able to use space flight experi-
ments for Ph.D. thesis problems. A number of observations, diffi-
culties, and results with this program are discussed herein.

In my own approach to this problem there are several basic assump-
tiona One of these assumptions is that we are training professional

physicists; that is, the space physics program as a specialty shall be
on the same basis with the other areas of modem physics, such as solid

state physics, nuclear physics, low-temperature research, and high-
energy physics. This type of research must be suitable for carrying
out in a modernphysics department. The investigations must be such
that they will lead eventually to the solution of specific problems which

231
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will advance physical knowledge. The difficulties begin with the
name, "Space Physics," itself. This title is actually not readily
accepted by physicists in manyareas who regard space as an aspect
of physics connected with relativity and cosmology, which has been
a subject of physics for many years. The category of experiments
which nowadays is known as space physics research arises because the
experiments occur in the environment of outer space, in the popular

phraseology, and sometimes we get some snide remarks from our fellow
physicists about this.

Another assumption, which follows on the first one, is that the basic
training that students in the area of space physics receive shall be
the same as that for other areas of physics; that is, the specialization
shall occur in the same manner that we have been accustomed to having
it in all branches of physics in the later years of graduate study. My
own personal choice is not to undertake a new problem unless a com-

petent graduate student is available to work on it and will eventually
assume full responsibility for the conduct of the investigation. This
leads to a direct collaboration between the student and the professor
in the research work. Both are educated by the process. Since most
physics staff members have at least one regular physics course to teach,
this implies that if a number of graduate students are working on
problems of Ph.D. caliber, the amount of administration and number
of similar types of activities that can be carried out by the professor
must be rather limited. It seems to me that if NASA is anxious to

make the research professor effective in his major job, which consists
of research and student training, it should seek to unburden the prin-
cipal investigator of details such as unnecea_ary red tape, phone calls,
and requests for information.

In preparation for graduate work in the area of space physics there
is no substitute for a strong and diverse background in undergraduate
physics. This should include mechanics, electricity, magnetism,

atomic and nuclear physics, statistical mechanics, optics, introductory
quantum mechanics, and, if possible, a course in astronomy at the under-
graduate level. Many undergraduates, because of the popular interest
in space research, have an early interest in this subject. I advise such
students to pursue their general physics program and to do well in it.
However, there are some possibilities for special training if the student
is interested. At Minnesota there are many undergraduate assistants;
also, there are many physics majors who work part-time during the
academic year and full-time during holidays and summers assisting
graduate students and helping in general with the many features of
upper atmosphere and space experiments. Some of these students
continue into graduate school in the same field. This kind of under-
graduate preparation is very valuable, and the able student can profit
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by it. However, this kind of training is not necessarily better than
good advanced laboratory courses in atomic and nuclear physics, optics,
or electricity.

GRADUATE PHYSICS PROGRAM AT MINNESOTA

All first-year students in the graduate program of the Physics
Department of the University of Minnesota are required to take a
graduate course in atomistics and elc_nentary quantum mechanics,
which is followed in the first quarter of the second year by a course
in advanced quantum mechanics. They must also take a sequence
in theoretical physics and relativity and various nmthematical courses
of suitable nature. Minnesota operates on the quarter system, and

between the winter and spring quarters a general comprehensive
written examination is g_ven to all first-year graduate studenta Suc-
cess in this examination qualifies the student for consideratian for the
Ph.D. program. The student is strongly urged to complete one of
his language requirements during the first year, preferably by the
end of the fall quarter of the first year. The student is also instructed
to utilize the fall and winter quarters to become acquainted with the
complete program of research of the department by attending semi-
nars and colloquia, by talking with the research groups in the labora-
tories, and so forth. Upon successful completion of the Ph.D.
qualifying, a student is then required to select an area of interest,

and, by mutual agreement, select a research advisor. The factors that
influence which field of phy.qie_ _ __or__duate_udent chcc'_e_ am many
and varied, but he looks into such things as whether he can finish his
Ph. D. thesis in a finite length of time, whether the problems are
exciting, and whether the field is an active one, so that he can secure
a job in a university, government, or industrial laboratory after he
finishe_ For this purpose he talks with other students and gets a
very good picture of the field, including the specific opportunities
for young Ph. D.'s to obtain research or staff positions in other uni-
versities. If the field of research is not adapted for furnishing good
Ph.D. problems, then this laissez-faire method will not provide com-
petent students in the area, and this means that the health of this area
of research will suffer. The second and third years are generally

occupied with more specialized courses in the area of interest and
with fulfillment of the quarter credit requirements in the major and
minor areas according to the agreed upon three-year program. In
the area of space physics at Minnesota, this would include a seminar
in cosmic rays and atmospheric physics and such courses as astro-
physics, plas_na physics, cosmic ray physics, hydrodynamics, differ-
ential equations, function theory and analysis, Fourier analysis, com-
puter programming and technology, and vector and matrix theory.

t/90--083 _16
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The second language requirement must be fulfilled in this period.

:Following the appointment of the Ph.D. examining committee the

oral prelim is taken. This may occur at the end of the second year,

but it is more likely to occur sometime in the third year, and some-

times occurs in the fourth year. Presumably, the fourth year will

be mainly occupied with thesis research which, in my own field, will

be in experimental physics and, therefore, 'be hopefully at the data

acquisition and analysis stage. The completion of the thesis and

the final Ph.D. oral, more often than not, goes over into the beginning

of the fifth year, but by this time the student is generally in the cate-

gory of a research associate and may finish the year enlarging on his
research problem or otherwise continuing actively in the experimental

program.
What I have discussed is_ of course, more or less similar to the

pattern in any modern field of physics..I have put in details, .because
it is within this framework that the choice of the thesis problem must

be made. In the Minnesota graduate school a master's degree is not

simply regarded as a consolation prize for those who do not success-

fully pass the Ph.D. prelim, but rather the master's degree can be

taken as part of the Ph.D. program. The course requirements can

be completed in I year, and these courses will also serve on the Ph.D.

program.

CHOICE OF SUITABLE PH. D. PROBLEM

The most important moment of decision, in my mind, at least, is

in the first year when the student and advisor decide on a suitable

Ph.D. problem, if it is in the first year. It is absolutely imperative

to begin the investigation early in the graduate career if there is any

hope at all of completing an experimental program on a rocket, satel-

lite, or space probe. Some of the types of problems which are of

interest at Minnesota include an investigation of the energy spectrum

and the composition of primary cosmic rays in the Galaxy and the

study of high-energy particles accelerated in solar flares and their

propagation to the earth as well as their interaction with the magnetic

field of the earth. Of particular interest in the cosmic ray field is

the study of the ll-year cycle of cosmic ray intensity following the

solar cycle itself. The causes and modulation mechanisms are of

current great interest. There is an area of investigation in the studies

of the upper atmosphere composition, including the ozone and the

infiltration and diffusion of dust: and its origin, and this has been

extended to a study of the zodiacal light and airglow and the outer

corona of the sun :during eclipses. There is theoretical and experi-

mental interest in the structure of the magnetosphere around the

earth, particularly the interaction between the magnetic field and
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the solar windstream of ionized plasma, the mechanisms by which

hydromagnetic shocks may be formed, and the production of energetic

particles in the electric field near such shocks. We also have a long-
term interest in the fundamental aspects of the Van Alien radiation

regions, particularly the origin of the energetic electrons that are

found there. Over the past 17 years there has been a large effort in

problems of this type using high-altitude balloons, but following 1959

there has been a growing program in which experiments have been

successfully carried out on rockets, satellites, and space probes to
investigate these problems.

The all-important decision comes in the first year when, if possible,
a problem is selected jointly by the professor and the student. I have

developed the philosophy, as a result of considering these situations,

of not proposing a specific space experiment unless a competent grad-

uate student is available to carry it out. On the other hand, a graduate

student will probably not choose to work with a staff member unless

that staff member has a number of interesting problems on which he

can begin.

At this point I would like to take a concrete example. In the spring

and summer of 1961, it became apparent that the main intensity of the

trapped electrons in the large outer r_gions of the radiation belts was

produced within the confines of the magnetosphere and was not, for

example, injected from the solar streanL It became clear that good

trons would lea_l to choices between various meclmnimm proposed for

their origin. Because of the ambiguous interpretation of simple de-

tectors flown on earlier satellites, we decided to build a good magnetic

spectrum analyzer for the trapped electrons covering the range from

kilovolts to four million electron volt_ A promising graduate stu-

dent who had actually been an undergraduate at Minnesot_ and had

done exceptionally well as a physics major agreed to undertake this
task.

When a student discusses a specific space experiment with me, I

make it clear that a rocket may not end up in orbit but in the ocean

or some other place and if he is going to do this type of experiment,

he has to have full knowledge of the risks involved.

This physics student set about to design a magnet to test detectors

on a prototype model. A proposal was made to NASA to include

the spectrometer on the first of the new eGO series of geophysical

observatories, and the proposal was eventually approved. One of the

early tasks involved frequent conferences with the electronics shop to

work out the logic for the system so that suitable dynamic range and
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suitable data storage could be fitted into the data system of the OGO

satellite. The graduate student was given a great deal of support in

the electronic design details; several competent design engineers

worked on the circuitry, particularly the megacycle response ampli-

tiers, and the various discriminators and logic circuits were developed.
Parallel with this, .the graduate student designed a magnet by plotting

trajectories, had a preliminary model built in the shop, and assembled
this with the detector. The final model for the prototype was built,

and eventually the complete prototype experiment was assembled.

This prototype was then arranged to fly in a rocket payload to be
launched from the Pacific Missile Range into the inner-radiation zone.

Since we had no real knowledge of the effectiveness of the shielding

and the background corrections to the electron spectra, this rocket ex-

periment proved to be extremely valuable, because the spectrometer
showed some serious defects. The shielding was insufficient to protect

the detector from the background flux of radiation, and the counting

rates coming through the analyzing magnet were indistinguishable

from the background flux, that is, in this rocket shot. Although this

was largely due to the intensity of the "starfish" nuclear radiation still

remaining in the inner zone, a substantial redesigning was done of the

detector system in preparation for the prototype for the first OGO

payload. The prototype was followed by a flight model and flight

spare. The flight model was integrated into the payload which was

successfully launched on September 4, 1964. Although the perform-

ance of the first OGO was not in all respects successful, nevertheless,

this experiment is accumulating a large amoun_ of excellent data, and

this student has every prospect of a first-rate thesis.

The first consideration of this experiment I found was in one of my

notebooks dated March 14, 1961. In the summer of 1961 we began

work on the spectrometer magnet. In December of 1961 the student,

in the middle of his first year, undertook the program. The OGO

proposal was made sometime in this period and was approved. The
summer of 1962 was occupied with very intensive work to build the

first experiment. In January of 1963 a complete engineering model
was finished and was flown on the rocket in February of 1963. In

April of 1963 a prototype unit was delivered to the NASA Goddard

Space Flight Center for acceptance tests. In September of 1963 the

first flight unit was tested at (_oddard, and in March of 1964 the second

flight unit was tested. The launching of Che satellite occurred in

September of 1964, and in December of 1964 the student presented a

10-minute contributed paper giving the first results of the experiment

at a meeting in Seattle of the American Geophysical Union.

Thus, the time from the concept of the experiment to the first pres-
entation of data was 4 years. The student is now in his fourth year
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in graduate school, and he has occupied the entire 4 years of his grad-

uate career on this one experiment. If the shot had been a complete

failure, he would have had to wait another year for a repeat. To

guard against this, another rocket experiment with a somewhat differ-

ent version of the spectrometer was prepared, and this rocket experi-

ment is now about ready to be flown. Fortunately, the first _ was

successful so the rocket experiment will serve to add to the information

in a special way at lower altitudea The student rapidly became

master of the experiment. He became familiar with the entire OC_)

program; he attended the experimenters' meetings and traveled to the

payload laboratories to participate in the integration and to the God-

dard Space Flight Center where the package was environmentally

tested. He also worked out the computer programs with Goddard

and with the computing center at Minnesota so that the quick-look

data and flight data could be analyzed. Although he did not actually

do too much of the design work in electronics, he worked closely with

the people who were doing this, checked out the final version, and put
the unit through the environmental test. to make certain i¢ was reliable.

This included numerous high and low temperature tests, vibration

tests, calibrations, compensations for gain changes with temperature,
complete evaluation of the exact characteristics of the electronic en-

ergy analyzer, and the uncovering of a considerable series of difli-

culties such as faulty components and mistakes in wiring.

Of course, during all this time he was working on his formal gradu-

-.._+-program. In .t:_u_l_l_'-" quarter of the first year, he took mathe-

matics courses, theoretical physics and quantum mechanics. In the

winter quarter, he took _tomistic_ properties of solids In the spring,

he took the same three courses again. In the fall quarter of the

second year, he took mathematics, advanced quantum mechanics, and

theory of complex variables; in the winter, mathematics and complex

variables; in the spring, principals of mathematical physics and

theory of complex variables. In the fall and winter quarters of the

third year, he took plasma physics and cosmic ray physics. In the
spring he added another course in mathematics and finished the cosmic

ray and plasma physics course_ This year he is taking courses in

astrophysics and computer programing, and he is participating in
the advanced seminarg

SUPPORT

It is my belief that if a student is going to work in this area of

research he must become a master of every phase of it_ He must

know as much about the electronics as the electronics engineers who

design the equipment. He must know as much about mechanical

features as the mechanical, design engineer and the shop personnel who
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build his magnets and parts. He must have a complete background
in the physics of the radiation regions in which he is going to make
measurements, and he must know what the measurements are going
to be and how the data can be used to advance the state and the art.

He must have confidence that the instrument will be able to get un-

ambiguous data when it is put into orbit. He must also know very
well the characteristics of the spacecraft, how the data system works,
and in what form the data will be returned. He must also know the

procedures to be used for analyzing the data. Although it is my
philosophy that the graduate student must be a master of his own

experiments in every respect, it is nevertheless necessary to give him
substantial support of many types. We have generally found i.t ad-
visable that he be given a full-time electronic engineer to assist him
in designing, inspecting, and building of the final stages of the experi-
ment. This engineer must be completely familiar with the experi-
ment and must be able to travel to the payload laboratories for

integration tests whenever necessary. This is necessary because the
graduate student's schedule of courses and examinations does not
always allow him to travel. He must be provided with a competent
complete electronic facility to design and build the printed circuits
and other parts for such specialized equipment. He must also have
a competent machine shop facility available. He must have a com-
puter facility available and, preferably, assistance with programing,
which, in our case, is often provided by another beginning graduate
student or a proficient undergraduate student. He must have assist-
ance with computation, filing of data, care of tapes, and so forth.
All my students who build such equipment follow it to Cape Kennedy
for the final checkout and watch it being launched into orbit. If
the shot is successful and the data are good, then a new problem pre-
sents itself. This new problem, which is one that can be faced with
great pleasure, is to decide to which scientific meetings the data should
be presented and in wirat journals the data should be published.

In regard to the overall conduct of the support of research, one item
which I believe is proper to completely spare the student is the arrange-
ments leading to such matters as the research support and the hard-
ware contracts and proposals. He will get a full dose of this when

he first gets on his own in some new university position. Since the
first space flight experiments at Minnesota, we have witnessed a con-
tinual transition of the method of support of this effort. The first

method of support was a research grant which involved construction
of the flight equipment. This grant, however, was replaced by two
kinds of support. One is long-range support, and the other is hard-
ware contracts. NASA only enters into negotiations for the latter
when an experiment has been approved for inclusion in a payload.
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However, the long-range support grant is provided so that new ideas
may be developed and so that funds will be available for work on a

new project before the hardware contract is negotiated and for many
other general support purposes.

This research support grant has also been used to support visiting
research associates and to help the program in which visiting NASA
fellows from abroad come to the laboratory to study.

The graduate student discussed previously was appointed by the

university as a NASA fellow under the NASA traineeship program at
the beginning of his second year.

EXPERIENCES OF A SPACE PHYSICS GROUP

There are about 9 or l0 faculty persons in the Department of
Physics working in the area of upper atmosphere or cosmic ray physics,
or if you like, space physics. There are between 20 and 25 active grad-
uate students. Currently, five of these are attempting P1L D. theses
on a satellite or space probe. Of the five_ two on the 0GO mission are
receiving data in their fourth year of graduate school. One of the
others is now beginning a new program in his second year with the
launch date for the satellite set in his fourth year, in late 1966.

Another one is in his third year with the launch set for his fourth year.
One is in his second year with the launch set for the end of his fourth

year or his fifth year. Of these last two students, one came into the
program late and did not really participate to the desired extent in
the design of the experiment, although, as a result, he got aboard
closer to the actual launch date. But, the difficulty was that his par-
ticipation in the thought behind the design of the experiment was not
as much as the professor concerned with it would like it in any respect.

The last student, who has been active in the design concept of the
experiment, will wait 5 years for his data. Neither of these last two
are satisfactory.

The timing, if a student is to take full advantage of participation
in a satellite or space probe, becomes extremely important

The other 20 students are working on rockets, balloons, or ground-
based measurements.

The staff members do not agree on how the time of the students
should be spent. One of them, at least, has strong feelings that
students should ,not work on satellite and space probe_ This member
believes that this type of program is not suitable because of the long
leadtime and the difficulty in doing follow-up experiments to test the
student's ideas. It is true that a follow-up experiment in this field
frequently involves the next generation of graduate students.
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The staff members are generally agreed that a Ph. D. problem using

data analysis alone is undesirable. If it is an experimental program,

we consider it essential that the student actually participate in the

design and building of the experimental apparatus; otherwise, he will

never know what it means to make a physical measurement. This is

not necessarily true of theoretical students. They use dam, of course,

very liberally, but they have other problems. One can see that the

number of experiments that can be made in a logical manner toward

the solution of a problem is sharply limitetd in one's lifetime. So it

is clear that one •of the problems is to find ways to decrease this
leadtime.

At Minnesota, a new group is beginning. The professor in charge

has some new and exciting thoughts about the structure of the stand-

ing shock wave, which is believed to exist around the magnetosphere.

This is an extremely interesting situation, which has come to light in

the past 2 years. The earth with its dipole magnetic field is situated

in a supersonic wind which is blowing out from the sun; by analogy

with any object in a supersonic stream, a standing shock wave does

seem to exist, but the mechanism by which a shock can be formed in

this collisionless plasma is not understood. A new research associate

will begin a program of experimental investigations aimed at measur-

ing the shock, and he will be assisted by several promising students.

In order to study the structure of this magnetospheric shock, measur-

ing devices must be sent out between 20 and 30 earth radii. There is

only one way to do this, namely to put the device on board a satellite

with a highly elliptical orbit.

The most logical thing to do at this point is to examine reference 1.

A suitable vehicle can be provided, but a minimum leadtime of 3 years

will be required. In the meantime, of course, there is always the dan-

ger that a mission already in orbit may essentially solve most of this

problem, and the new group's efforts will have to be diverted or other-
wise used.

I like having my own students do the most exciting experiments,

because I think it is very critical to get new ideas and new approaches.

These exciting experiments, in our field, frequently turn out to be on

space missions.
REFERENCE

1. ANON.: Opportunities for Participation in Space Flight Investigations.

Office of Space Science and Applica.ions, NASA, Jan. 1965.

COMMENTS

Madey, Clarkson Callege ol Technology: Did the student who conducted the

space flight experiment get a master's degree along the way, or did he select

and integrate the master's thesis with the Ph.D. thesis ?
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Winckler: He did not get a master's degree. The question _ whether or not

to obtain a master's degree is difficult to answer. I think that if the student is

extremely competent, then he can work towards his Ph.D. degree without first

getting a master's degree. If he doesn't know whether he likes the field, he can

e_ncentrate on a master's degree. If he is not sure that he can succeed in an

experimental subject of Ph.D. quality, then it may be that he will choose to

unite a master's thesis first, which can be quite restricted and can be done as a

part of the Ph. D. problem later (if it does not get out of hand). The master's

course requirements may also be used towards the requirements for the Ph. D.

degree.

Hancock, Purdue U_iversit#: When a student assumes the responsibility of

a research program, are the ideas for the program primarily generated by the

professorial staff or are they the ideas of the student? One of the problems in

engineering at Purdue is getting the student ready to assume the responsibility

of a research program ; he must have the necessary course background. He has

usually passed his master's program and is beginning his doctor's program.

Therefore, is this student doing anything any more than a bachelor student

could do?

Wincider: The student grows into _he problem as he always does in doing a

PIL D. thesis. He does not know everything at the beginning. He is studying

physics in graduate school He is confronted with a completely new situation and

he must first h__ve the initiative to try a space flight experiment before under-

taking IL I think this is the essence of training that distinguishes a good student

in this field from one who should not be doing this sort of thin_ I think that

many graduate students can carry out space flight experiments if they are given

a chane_

Eshleman, _ta_tFo_ Um_oersitu: I also think that some of these In-oblelns az_

compounded very markedly when we talk about deep space probes as opposed to

satellites, rockets, and balloons. I think you'd be doing a disservice to people

who are contemplntln_ h_lo_n___,_g _ _eme of these areas If you _d uoL indicated

what some of the problems ar_ I would like to know whether others have had

the traumatic experience we have bad in getting started in an interface with

NASA headquarters, the NASA centers, industry, our own business organiza-

tions, and so forth, in terms of the various aspects of getting involved in a deep

space experimenL

W/mck/er: I am glad yon brought this up, because I think the deep space flight

experiments are much more _lt that the earth satellite experiments. Plane-

tary opportunities are further apart than the normal launch intervals of

satellites. Also, one has to wait for such a long time to get data. There are

not only the uncertainties of whether the spacecraft is going to work immediately

after launch, but in the case of Mars, the uncertainties of whether it is going to

work for about 9 months after launch. Therefore, because the deep slmce flight

experiments are so much more limited numerically, so much more expensive

to carry out, and so much more uncertain, I would never suggest to a graduate

student that he involve himself with this type of experiment for a thesis topic.

Es/deman: I _hink that Dr. Winckler has made it much more attractive; I

think that the use of earth satellites would be much more realistic.

Wincider: The question as to whether or not there is a stcady state condi-

tion is one of the points that I discussed with our various staff members in

Minnesota in this area. They are against having a Ph.D. student do a data

analysis program. If he is a theoretical student, he should be doing a theoretical

calculation and using data. In the Physics Department we have found that

we have to do our own electronics and our own mechanical desig_L The eleetri-
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cal engineers are not interested in electronic design Just as a service function to
the Physics Department, and I think I understand why. They are trying to get
interested in basic factors of electronics and electrical engineering, and they

are not interested in participating as circuit designers for the Physics
Department.

Smith, U_iversity ol Florida: You mentioned periods of the order of 4 or 5
years in connection with your graduate students in this program. Is this more

orless typical of the time taken by all students in the department, or do graduate
students in your program take longer on the average than those working in
ground-based aspects of physics, for example?

Winckler: So far the students in our area who have participated in space flight
experiments for their theses have not taken longer than other students. I have
looked into this problem from the standpoint of the head of our electronics shop,
the head of our machine shop, and other people who are looking at the students
going about their tasks. What do they think about it? They do not see very
much difference between our students and those who are working in solid state

physics, nuclear physics, or some other area. Perhaps they are not seeing the
whole story, but the progress of this student in graduate school is essentially not
too different from that of other students except that he has to do one thing more.
He has to make an apparatus which is so reliable that it will continue to work for
a year after itis launched under conditions that are out of his reach ; this is
somewhat different than the situation for the student who is doing a laboratory
experiment and can resolder a wire or turn a knob.

•Dayton, Montana _,tate Un&versity: For some time I have had the feeling that

certain areas of high-energy physics are certainly inappropriate for a Ph.D.
thesis and that training in these fields of high energy physics probably should be
pursued strictly as a postdoctoral operation. I get the impression that although
you may not believe that this situation also holds for the satellite flights, there
are people who would agree that satellite experiments should be restricted to
the postdoctoral area. Is this correct?

Winckler: That is right. One of my closest collaborators at Minnesota feels
stronglythis way. He does not want his students working on satellite programs.
One of the difficulties is that the leadtime is very long, the assurance of success is
to some extent questionable, and a student could get involved in a still longer time.

But more important is the fact that the student cannot develop his approach
•to the problem by trying things and then correcting the experiment. This prob-
lem of the foltowup is almost impossible with satellite experiments. So one
must design an experiment which is known ahead of time will be able to give
an answer that will make a contribution and one must do this at least 3 years
ahead of the time that the measurement is made.

Madey: The electronic engineer that you assigned to the graduate student on
a full-time basis is an important part of the machinery to get an experiment
going. You have a going program. Can you give advice on how a new organiza-
tion •might start a space flight experiment where such an electronic engineer is
required ?

• Winckler: I think an appropriate person is a student,who has a B.S. degree in

physics or electrical engineering and who wants to start working. If you are
in a university you may have these people around. If you do not have them at

your own place, I think you can find lots of them around that will find this

exciting and will want to do it for a period of years as a stepping stone to a future
permanent job in industry, for example. This is a very good stepping stone for
them, and if they can be given the:right kind of appointment, it can be made

attractive and they will do a good job.



Experiments in X-Ray and Gamma-Ray
As/ronomy '

Laurence E. Peterson
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OF _ AT SAN DIEGO

ESCRIBED HEREIN l,S A NASA-SUPPORTED EXI'ERIMENTAL PROGRAM which

has as its objective the search for cosmic photons in the general
range of about I0 keV to 5 MeV. This program uses both balloons

and satellites as vehicles; experiments on balloons provide background

information, detector studies, and, hopefully, observations of certain

specific objects. The major observations are provided by satellite-
borne instruments.

Interest in these observations had its origin during my graduate

years at, the Unive__ity of _Ann_oot_, under the direction o_ Dr. john

R. Winckler. During the International Geophysical Year we observed

several cases of X-ray bursts from the sun during solar fla_s_ Studies

of these events provided considerable new information on solar flares

and caused one to speculate on other possible sources of a stellar or

galactic nature, About the same time evidence from optical and radio

astronomy caused astrophysicists to predict detectable fluxes of X-rays

and gamma rays at the earth from various celestial objects. This pro-

gram was started at the University of Minnesota about 1960 and is

continuing at the University of California at San Diego (UCSD),
where I have been located since 1962.

• 'l'his reset-oh was supported under NASA contract NASw-56 at the University

of Minnesota and grant NsG-318 at the University of California at San Diego,

as well as under contracts NAS5-3122 and NAS5-SIT7 with the NASA Goddard

Space Flight Center.
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050-4 EXPERIMENT

After a few preliminary balloon measurements of the gross features

of the cosmic-ray-produced, gamma-ray background in the atmos-
phere, an exploratory experiment was proposed for the first Orbiting
Solar Observatory (OSO). This experiment was designed to pro-

vide broad energy and angular resolution for nonsolar gamma rays,
to monitor the sun for solar bursts, and to provide information on the

general background. The experiment covered the region of the

spectrum from 50 keV to about 3 MeV.
_k functional diagram of the instrument is shown in figure 1. A

simple NaI scintillation counter with a lead pipe collimator provides
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Figure 1.mBloek dia-
gram of an explora-
tory experiment in

gamma-ray astrono-
my designed for the
First Orbiting Solar
Observatory show-

ing gamma-ray de-
teeters and detector

logic.

a directional detector in the range of 50 to 150 keV. At higher ener-

gies, lead collimators are known to produce more gamma-ray back-
ground from cosmic rays than they attenuate, so a device known as a
Compton telescope was used. This device uses two scintillation
counters in coincidence. By placing a requirement on the energy of
an electron scattered by an incoming photon, one obtains a device which
has a directional response to gamma rays. As designed for the OSO-I
satellite, the Compton telescope had an angular response of about 24 °
full width at half maximum for Co 6° gamma rays, a rejection factor

of about 30 at large angles, and a forward efficiency less than 1 percent.
The total isotropic gamma-ray flux was measured with the absorbing
counter of the Compton telescope, which was a 2- by 21/_-inch NaI
counter of the phoswich type. This type of counter rejects edge effects

due to charged cosmic rays and other particles. In addition, overall
isotropic and coincidence rates were monitored to provide a measure
of cosmic-ray effects. These rates were monitored when the satellite
was in a night mode, and direction references, required for operating
the telescopes, were not available.
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The instrument shown in %re 2 was designed to fit in the wheel 
The instrument weighed about compartment of an OS0 satellite. 

Figure 2.-Photograph 
of the OSO-I instru- 
ment. The instru- 
ment weighed about 
30 pounds, contained 
400 transistors, and 
drew 0.5 watt of 
power. 

30 pounds, had about 400 transistors in it, and required about 0.5 watt 
of power. The entire instrument was designed, constructed, and tested 
in the laboratories and shops of the University of Minnesota. 

Since not everyone is familiar with the O S 0  series of NASA satel- 
lites, a brief description is in order. A photograph of the first OS0 
is shorn in 3. Aii OSG has a wheel section, which rotates at 
about 0.5 rps and provides a stiff axis for torquing against. The wheel 
axis is ser?~ocontrolled to lie a plane perpendicular to the earth-sun 
line. A directional experiment, placed in a compartment of an OS0  
and facing radially outward, sweeps the sun, the sky, and most likely 
the earth below every 2 seconds. The second portion of the O S 0  is 
the sail structure, which contains the solar cell power-plant. This is 
controlled in azimuth to point to about 1 minute of arc to the sun. The 
third, or pointed section, is controlled in elevation, also to about 1 min- 
ute of arc. Instruments, such as X-ray or L, telescopes or spectrom- 
eters, may be placed in this section and pointad at a given spot on the 
sun with great accuracy. I n  addition, of course, the satellite is pro- 
vided with the needed control, command, and data handling facilities. 
An onboard tape recorder provides nearly continuous information 
retrieval. 

The OSO-I was launched March 7,1962, into a near circular 550-km 
orbit of 33' inclination and %-minute period. Inspection of the data 
indicated that the cosmic-ray background effects were considerably 
greater than anticipated and that, in addition, certain completely 
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unanticipated effects were observed. Reducing about 500 quasi-analog 
magnetic tapes and combining the data with orbit parameters was, of 
course, found to be a nontrivial problem and is just now being finished 
in a completely satisfactory manner. I n  the meantime, the physical 
effects have been understood, even though all of the data have not been 
run through the computer for the last time. 

Figure 3.-Photograph 
of the first OSO. 
The wheel section 
spins a t  about 0.5 
rps, with the spin 
axis constrained to 
lie in a plane perpen- 
dicular to the earth- 
sun line. The solar 
cell array is mounted 
on the sail. Instru- 
ments in the pointed 
section are servo- 
controlled on the 
sun to about 1 arc- 
minute. 

Two of the important effects are indicated in figure 4, which shows 
the rates of the isotropic gamma-ray counter as the satellite crossed 
the 60" E meridian of longitude. The lower branches of the curves 
are due to cosmic ray production in the satellite and in the earth 
below ; the upper branches are due to radioactivity induced in the NaI 
detector during the brief passages of the satellite through the trapped 

- Figure 4.-Rates of the 
isotropic detectors 
on the OSO-I, as a 
function of geo- 
graphic latitude (SO0 
E. meridian, passes 
225-450). The lower 
curves are due to 
cosmic-ray effects; 
the upper curves are 
due to induced ra- 

- dioactivity in the 
counters. 

03-1 OMeV y-RAYS 

- 5 -  

NORTHBOUND 
0 SOUTHBOUNO 

2 -  

I I I I I I I 
40 30 20 10 0 -10 -20 -30 -40 

LATITUDE, deg 



experiments in xoro_ and gamma.ray astronomy 247

radiation over the South Atlantic region. Neutrons are produced by

trapped protons which undergo nuclear reactions in the aluminum
sur_a_e structure of the spacecraft. These neutrons are captured by

the 11_ of the scintillation counters to form 11_, which undergoes a

B-decay with a 25-minute h_lf-life_ This effect has c_used considerable

complication of the av_lysis of the OSO-I data and has influenced

plaaming on f_lture missions.

Of course, the most important objective was the search for the extra-

terrestrial flux. Figure 5 shows the upper limits from this experiment.
These limits were obtained from the total counting rate of the isotropic

counters over the geomagnetic equator, correcting for a gain change

of the detectors and selecting passes where induced radioactivity was

not important. Presumably, cosmic-ray effects are minimized in this

manner; however, as indicated in figure 4, they are not zero. An extra-

terrestrial flux would, of course s be latitude independent. Also shown

are the fluxes actually measured on the Ranger HI s with an isotropic

counter on a booms half-way between the earth and the moon. The two

measurements can be reconciled. The lowest energy point of the

OSO-I upper limits is not in disagreement with those measured on the
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Ranger III; the solid angle of the lead-pipe detector on the OSO-I is

considerably less than 4_. These fluxes are of course the total, from

all sources, both point and diffuse, integrated over 4_ solid angle.

BAaOON STUOI_S

_bout the time of launch of the OSO-I it became apparent that

knowledge of the cosmic-ray-produced, gamma-ray fluxes was inade-

quate to intelligently plan and design experiments for cosmic photon

measurements in the general energy range of about 10 keV to 10 MeV.

Accordingly, a series of balloon investigations were undertaken. A

balloon-borne gamma-ray detector above about 110 000 feet is essen-

tially exposed to the same cosmic-ray composition and intensity it

will find on a satellite or in space; however, because of interactions

in the atmosphere s the gamma-ray background is somewhat worse.

The balloon investigations then have two purposes, one of which is

to increase basic knowledge of cosmic-ray processes in the atmos-

phere. This may, of courses shed light on processes on a galactic

or cosmic scale. The second purpose is to actually test designs of

instruments for X-ray and gamma-ray astronomy. In addition,

recent evidence indicates it is possible to observe certain celestial ob-

jects from balloons in the light of their X-rays.

One of the early objectives was to interpret the OSO-I results s

particularly in respect to the effects of local matter near the scintilla-

tion detectors. Accordingly s a number of balloon flights were accom-

plished. The detectors of a backup instrument were first flown with

local instrument matters such as circuits, magnesium housings, and

lead collimators present in the OSO-I flight configuration. Then

this matter was removed s and detectors were placed, with their geom-

etry preserved s in a Styrofoam block. Some of the results of this

study are shown in figure 6. About 20 percent of the single counter

rates on the OSO-I can be attributed to production in the instrument
materials. Rates which inVolved scintillation counters in coincidence

decreased by a factor of about 10 when the instrumental material was
removed.

Some of the general features of gamma-ray intensities on the earth s

in the atmospheres and in space are also indicated in figure 6. The

rates at sea level are due to radioactivity in the rocks and soils. As

soon as the balloon leaves the ground, the intensity drops by a factor

of about 10; it then increases with the atmospheric cosmic-ray in-

tensity and goes through a transition maximum with the charged

cosmic-ray component. At high altitude s the gamma-ray intensity

is comparable to that at sea level. The flux in space is apparently
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Other measurements have provided information of a more funda-

mental nature. Figure 7 _ows the spectruin at 110 000 feet between

about 40 and 700 keV obtained with a NaI crystal and a 16-channel

pulse spectrum analyzer. The gamma-ray line at 0.5 MeV was first

measured in the atmosphere in these experiments. This line is due to

, I . I . I . I . I . I . I

ENERGY) kwV

7_ _lq

"i;'1'1'1'1"1

IENERGY) MeV

000

O0

lrJgure 7_-Gmnma-ray
spectrum in the at-
meephere at 110aN
feet over Minneapo-
li_ Minn. The pm-
ma rsy at 0.5 MeV is
due to aunihilatlon
of ammlc-r_y-pm-
duced positrons.
Differential pulse
height spectrum:
night _, May
1961; 7 bm/cm"
depth; Go= 33 m'.



250 nasa university program review conference

positrons, produced by cosmic-ray interactions, stopping and anni-

hilating in the atmosphere.
The exact source of the atmosphere gamma rays at low energy, that

is, whether they are produced by electromagnetic process from the

soft component of cosmic rays or by low-energy nuclear interactions

on atmospheric nuclei_ can be determined from the shape of the spec-
trum between 1 and 10 MeV. Figure 8 shows a simple apparatus,

built in collaboration with Dan Schwartz, a graduate student at

PlasticAnti-Shield //_ Alum.Housing.052"l" Thick F LuciteLightPipe

ii,,,i
;',, // Figure 8.---Simple me-
/l/

11// Z

_/,// ! d dium-energy, gam---_" / / I paratus flown on a

'_ -_/ _ balloon to study the3" Long x gamma-ray spec-

S" Dia. /I /_/ Phototubes trum between 1 and
NaI(TI) /I 3" DUMONT6263 10 MeV.
HARSHAW/ I

Crystal--J I

\----Base 8 BleederPotted

UCSD. It consists simply of a 3- by 3-inch counter with a plastic

anticoincidence shield to reject cosmic rays. The entire apparatus

consists of a 128-channel pulse-height analyzer and a telemetry sys-

tem, and has been flown on balloons twice now. The results of a flight

over Yuma, Arizona, to 110 000 feet (6 Gm/cm 2 atmospheric depth)

are shown in figure 9. The points on the spectrum between 1 and 10

MeV were obtained in this experiment. Although there is some indi-

cation of line structure, clearly the most important component of the

spectrum is the steep continuum. This is regarded as evidence that

the significant source of lower energy gamma ray is from the degraded

products of the soft component. This component has its origin in _°

mesons produced in the first few radiation lengths from the top of the

atmosphere. Gamma rays produced by nuclear exitation and neutron

inelastic scattering and capture would show a definite line structure

and would tend to peak at about 6 or 8 MeV. Also shown are meas-

urements made on other flights, and by other workers, to complete the

general picture of low-energy gamma rays in the atmosphere.



e'xper_me_fs m x-ray .m_ ganmu_ray astronomy

I0o

I

(,,i .(]

3

b,-

00t
0.01

: ....... i ,,,, I , , , i,,,-

-__ _ OSO-1 Delectms

\ 7 Aug.1963

_ _ _ Vette 1960

": 3" x 3" Xtol

"_" .4 0ct. 1964

N(E)

""..o.

1 _ , s .... ] J , i 1,1_,] . . . I,,,

0.1 1.0 I0
Energy, MeV

_--Photon
hxco obtained over
YumL Arisms (_=
m°, 7 Sm/cm_. T_e
general steeimcos of

the spectrum ad the
lack of outstund_
fine structure be-
tween I and 10 Me¥
is takea to indicate
most of the atmes-
-pheric gamma rays

in _s-
cnde_
proeesses.

Another result of the balloon work, in collaboration with Ken Frost

of the NASA Geddard Space Flight Center, has been the development

of an X-ray detector. This detector operates in the region (Tom

about 7 keV to 200 keV and is designed for the third OSO. The gen-

eral block diagram of the detector is shown in figure 10. It is similar

to the collimated detector flown on the OSO-I, except for the impor-

PM. __'SH_LD CRYST_LL

• i_w TEL£NETRY

F_mre lO_--mock d_-
gram of an S-57 X-
raydetector de-
signed for-the OSO-
IH sateflit_ These-
tire CsI collimator
_. ph_ed in unth_
incidence with the
central detector, giv-
ing a very low back-
ground count.
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tant difference that the collimating shield is constructed of CsI, a 
scintillating material. The shield is then placed in electrical anti- 
coincidence with the central detector. I n  this way, background effects 
produced by cosmic rays in the collimator are removed electrically, 
and one obtains a shield whose rejections is close to the theoretically 
predicted response. The experiment is limited by phototube noise 
on the low-energy end and by the finite shield thickness a t  high 
energies. 

The instrument as constructed for the OW-I11 has eight logarith- 
mically spaced differential channels of pulse-height analysis. There 
is of course a rather elaborate system of storage, coding, direction 
indication, subcommutation, and signal conditioning associated with 
the complete instrument. This instrument is, once again, designed to 
be placed in a wheel compartment of an O S 0  looking radially 
outward. This instrument is on the third OSO. 

. 

1 

i 

Figure 11.-P h o t o - 
graph of the OSO- 
I11 dector. This in- 
strument is also de- 
signed to be placed 
looking radially out- 
ward from wheel 
compartment  on 
OS0 satellite. 

A photograph of the complete instrument is shown in figure 11. 
Since there was insufficient technical support available when this 
project was started, the entire instrument design and construction 
was subcontracted. 

This instrument was flown on a balloon during the breadboard 
phase to determine its background and to verify the properties of the 
active anticoincidence collimators. The background determined from 
this flight, together with the present experimental situation on cosmic 
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fluxes, is indicated in figure 12. Shown is the differential photon

spectrum from cosmic sources as a function of energy. About a dozen

X-ray sources_ generally in the direction of the galactic center, have

now been identified at energies of a few kilovolt_ These obserwtion_

some of which are indicated in the figure, have been obtained from

rocket flights by groups at the Naval Research Labor&tory, American

Science and Engineering, and MIT. Also shown is the flux at about

40 keV measured, by George Clark of MIT, from the Crab Nebulae
from a balloon and the results obtained from Ranger III and the

OSO-I at higher energies. The rocket and balloon results pertain

to single localized point sources, whereas the results at higher energy

include aK sources, integrated over the total solid angle.

The measured background of the OSO-III detector for point
sources as determined at balloon altitudes is also indicated. Most

likely at satellite altitudes the background will be less. Clearly_ the

experiment will provide new and important observations of cosmic

X-rays and will contribute to the continually accumulating knowledge

in a new and exciting area.

NASA-UNIVERSITY RELATIONS AT IJCSD

The nature of the NASA supported experimental program at
UCSD calls for some remarks of a nonscientific nature. The situa-

tion at the University of Minnesota is rather well known and has been

described in some detail in the previous paper by John R. Winckler.

±n_ un_v_r_y o_ I..,anfur_i,t _ Sah T__-....w_.s lurm_ fro_ the
JI-JI_U

Scripps Institution of Oceanography about 6 years ago. It received

a considerable impetus under the direction of such men as Roger

Revelle, Harold Urey, James Arnold, and Keith Brueckner. Until

the fall of 1964 it was only a graduate school. There are now about

400 graduate students. In the fall of 1964_ 175 freshmen under-

graduates were admitted. This past year Revelle College, of which

the Department of Physics is a part, has begun occupying its new and

permanent quartera

Studies of meteorites, cosmic dust, hmar and planetary composi-

tions, and so forth have been carried on for some time by the geo-

chemists and earth science people at UCSD. Space physics, as such,

in the Physics Department started about 3 years ago when Carl

Mcl-lwain_ formerly a student of Van Allen at Iowa_ and I arrived at

UCSD. McIlwain, whose present main interest is the trapped radia-

tion, and I occupy most of one floor of one wing of the Physics De-

partment. Also located in the same wing are the plasma physicists

and the astrophysicists, the groups with which we interact the most_

McIlwain and I now support about 25 people--s_ientific and tech-

nical personnel and graduate student_ There are one engineer, a
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technician, a computer programer, and about four students working

on the gamma-ray astronomy projects. McIlwain and I each have

sustaining grants from NASA headquarters, as well as hardware and

data reduction contracts for specific missions from the NASA God-

dard Space Flight Center. We share laboratories and facilities as

much as possible.
UCSD does not have an interdisciplinary grant; one is currently

being proposed. In terms of general facilities, UCSD has an ex-
cellent computer center; the machine shop is about 1 year old and will

become quite good after the shakedown is completed. There is no
general electronic facility with high-class electronic designers. The

electronics are done presently in the Space Physics laboratories at
UCSD.

The balloon flights at UCSD were formerly handled by the remains
of the Convair group at General Dynamics/Astronautics. This bal-

loon group was abolished last year. A small in-house balloon facility

is presently being built. Flights involving large balloons are han-

dled through _he facilities of the National Center for Atmospheric
Research at Palestine, Texas.
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we were able to proceed on a limited basis, and although no actual

hardware was constructed, the time was not completely lost. It would

seem that some effort should be made on NASA's part to reduce these
times.

CONCLUDING /_F.MARKS

A unified program in X-ray and gamma-ray astronomy, in which

balloon experiments are used to support satellite missions was pre-

sented in this paper. The instrumental techniques used in these

studies and the present state of knowledge of X-ray astronomy were

indicated. How this program fits into the academic program at

UOSD as a whole and, in one case, how an investigator uses staff,

students, and facilities in a NASA-supported scientific program were
discussed.
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The balloon experiments allow a graduate student to do something
fairly quickly at the start and to obtain some results soon. Satellite
experiments are admit_dly long-term projects and not ideally suited
for a graduate student, particularly if followed from experiment
conception to final analyses of the data. It seems possible for a stu-
dent to study the properties of an instrument using balloons, make
some related measurements, and then analyze data for a thesis from

a mission which used the instrument. Also, it seems possible to work
backwards, that is, have a student work on data for an initial cut and

then do a balloon experiment, or develop a satellite instrument and
use it to obtain some important measurement from a balloon. A
student who has only analyzed someone else's data for a thesis has not
had a complete education in experimental physics. The use of rockets
and balloons in conjunction with satellite experiments adds a consid-
erable degree of flexibility to a graduate space program. Of course,
it is not possible to use this combination in every area of research.

Unless a school has a large facility or has many experienced and
eager graduate students, it is very difficult for a single investigator to
reduce data from previous missions, teach, and have some time to
think; at the same time he is concerned about delivering hardware for
a specific launch. Under such a situation, a subcontract for the hard-
ware seems appealing and may even be desirable; this situation existed
at UCSD 2 years ago.

Of course, the investigator must know all the constraints of the
experiment well, as the physical judgments must be made before a
subcontractor can start. Even then there is some danger that after 2
years of subcontractor effort, one may be delivered an instrument
which managed to meet nearly all the written specifications, but some-
how the engineering compromises, or the reliability, are such that the
apparatus will not provide the measurements for an imaginative and
well-conceived space experiment. In order to retain control over the
experiment in our case, we were able to make effective use of the PERT
system. PERT, which means Performance Evaluation and Review

Technique, is a management method which is used in the OSO pro-
gram by NASA. Constructed into the PERT chart were approval
points, at which times we had to go to the subcontractor, look at the
apparatus, perform calibrations, make measurements, observe pulses,

•or dowhatever was appropriate. This allowed an impersonal way of
indicating to NASA if the apparatus being constructed by the sub-

contractor was not satisfactory. Fortunately, in our case, everything
was generally all right and relations with the subcontractor were most
pleasant; nevertheless, the control existed. About 6 months were re-

quired after program approval while NASA, the university, and the
subcontractor argued about contractual details. During that time
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COW_dEHrs

McMillen, U_iversity oF Omaha: Can you tell something about the mechanism

of the induced radioactivity you reported in the sodium iodide crystal?

Petersen: Presumably, the mechanism is that protons of the interzone incident

on the spacecraft _tself produce neutrons_ These neutrons are ca_ured by

iodine 127 to form iodine _ Iodine 128 has a half-life of something like 25

minutes. The cross section for capture is rather high, on the order, I think, of

6 lmms for thermoneutrons, 1 barn for 100 keV neutrons, and 1/10 barn for

1-MeV neutrons. Of course, one does not expect neutrons to be thermaHzed

within the satellite itself because the total Imth length istoo smalL

McMillen: How do you make your distinction between X-rays and gamma

rays ?

Petersen: I don't make it very rigorously. I didn't intend to in this

at all. I think I have used the terms rather interchangoably here.

Tombaugh, New Mexico _ta_e University: In one diagram showing sources of

this radiation, there were four at the tOl_ Scorpins and Saggitarius and so on,

which occupied a very different position from the crab nebulae radiation. To

what do you attribute this great difference?

Peterse_: The sources in Saggitarius and Scorpius have not yet been isolated

in terms of visible object being identified with these source_ Presumably their

mechanisms are somewhat different from thoee of the crab nebulae. No one

really understands in detail the mechanisms for producing these X-rays yet but,

presumably, it must be either remstrohn or syncotron radiation of very high

energie_ These sources are not at all understood by astrophysicist_

Tombaugh: Couldn't graduate students have been used on some of this work

for Ph.D. theses?

Petersen: Once again the problem is that from the c_nception of an experiment

until its execu_on and the analysis of the data a rather long time is involved;

however we are trying tentatively to have students initiate their e x]_rim_nts!

work during balloon flights, exploratory work, and so forth, and presumably,

then they can write their PI_ D. thesis on either the analysis of data which are

obtained from an instrument similar to one on which they did their work or from

some problem which develops from the balloon studies, It seems essential to

have a fairly continuing program, requiring a satellite launch with an instrument

on it periodically in order to keep momentum going and to provide continuous

series of results and data.
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HIS PAFER CONCERNS my experiences as an experimenter participat-
ing in the NASA Biosatellite Program, not an easy subject because

I cannot describe the results of a flight experiment which has not yet

been flown. The first Biosatellite of the programed series literally

ha_not gotten off the ground. I can onlyreview briefly the program

as I see it, and try to give some impressions of what it is like for a

biologist to be involved with a program of this kind. I also may he

able to identify some of the difficulties which I or other biologists have
enconntered.

I feel a rather strong intellectual commitment to the Biosatellite

Program simply because I have watched it develop all the way from

the concept to the hardware staga I naturally have a parochial in-

terest as a biologist and as an experimenter in this program.
The scientific objectives of the program really are to exploit rather

than to explore. By "exploit" I mean to use those features of the

space environment which make it possible to perform biological ex-

periments which can be performed only in space. That better publi-

cized aspect of space biology--searching for and studying exotic life

which may exist in space, on the Moon, or on other planets--is a

quite different topic which I shall not discuss here.
The operational :part. of the Biosatellite Program involves a series

of six recoverable automated space platforms, that is, space labora-
tories. These wil be unmanned, and they will be flown for varying

periods. The first flight will probably occur in the spring of 1966

and subsequent flights will follow at 3- to 6-month interval_ Such a

_tellite will carry one to several biological experimenta

259
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What makes these space laboratories unique ? What are the reasons
germane to biologists which justify performing this series of incon-
venient and expensive experiments which must employ difficult tech-
niques so foreign to the experience of most biologists ?- The principal
reason as far as my own experimental interests are concerned is that
the satellite can provide a gravitational field which is not equal to

unity and it can do this for extended periods. Specifically it can
furnish gravitational fields between approximately zero and unity.
For long-duration experiments such fields cannot be obtained here on
Earth. Weightlessness is approximated by an object in Earth orbit
but also by putting a centrifuge on board, one can obtain gravitational
values even in excess of 1 gravity. Thus one can extend to a range
of gravity which is available as an experimental variable.

Of course, the Earth's gravitational field extends into space and it
is not quite correct to refer to an Earth satellite as a place where there
is no gravity. So-called "zero gravity" is perhaps better termed
weightlessness for being in orbit is the equivalent of free fall rather

than the absertce of gravity. Weightlessness is only the lower extreme
of the range of gravity which is available for space experiments in
biology, but, because this lower limit is generally considered to be the
most interesting condition for early investigation, its effects will be the
first to be explored. None of the Biosatellites in this present program

will have a centrifuge on board.
A second feature of a space vehicle which is of specific biological

interest is the apparent disconnection of the experimental material
from the Earth's rotation. In a satellite orbiting the Earth every

hour and a half periodicities which may be related to encircling the
Earth will depart very far from the nearly 24-hour periodicities
which are so common in all kinds of biological materials. The wide
diversity of rhythmic phenomena remain in a very fundamental sense
a mystery and a challenge for we do not understand the biological
driving and control of mechanisms which regulate these ubiquitous
rhythms and endow them with some remarkable properties. Studies
of such rhythmic phenomena in orbit will reduce the likelihood of

influence by factors connected with the Earth's rotation.
These two features, one relating to gravitational forces, the other

to rhythmic phenomena, account for the desire of biologists to use
satellite laboratories. Aside from the opportunities to carry out

unique experiments there are still other features of the Biosatellite
Program which for most biologists make it unusual if not unique. It
is an exaznple of team research on a scale usually encountered only in
such things as, say Antarctic expeditions, where many hundreds of
people have intricately dependent roles to play in making the ex-
periments or observations successful. Also it is of necessity a multi-
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disciplinary activity and the biologist cannot hope to master intel-

lectually, or even to be aware of many aspects of the total operation.

Then too it involves a very heavy overlay of engineering with which

many biologists are not conversant. A final point is the high cost per

experiment. Costs impress biologists too and using satellites is a

very expensive way to do research. Another way of looking at a high-

cost experiment is to recognize the large amount of work that must go

into getting relatively little information. I am impressed not olfly

by the high cost as such but even more by the realization that a very

substantial commitment of my own time and that of some of my bio-

logical colleagues is being diverted from other pursuits in order to en-

gage in this program. Thus we have to be convinced that the results

we hope to obtain will be of sufficient potential scientific interest to be

ample reward for all the effort.

Turning now to the program itself, there are three phases. The

first phase, represented by the first two flights, will attempt to detect

a synergistic effect between weightlessness and radiation exposure.

Actually the null hypothesis is that synergism will be absent. This I

hasten to point out is not a test of effects of space radiation on biologi-

cal materials. The designed orbit will keep all the Biosatellites well
below the Van Allen belts and the radiation will come from an on-board

source_ Strontium 85, somewhat over 1 curie of it, will deliver radia-

tion exposure of the order of a few hundred up to about 5000 roentgen_

Since the intent is to avoid space radiation exposure the biological

uo_s mey receive just as mey
would on the ground. The difference will be that they are in orbit;

they are weightless. Controls will be both on the ground and behind

a radiation shield in the Biosatellite. Exposure will be for 3 days.

.kll biological materials which have succeeded in getting on board the

flights are those which have been very well studied, that is, whose

radiation response in the range of the designed exposures is well under-

stood. If the responses are not those expected_ differences will be de-

tected quantitatively and reliably. There is a possibility that

weightlessness can in some way influence the response of an organism

to the stress of ionizing radiation. Antagonistic or synergistic effects

are not anticipated but could occur. In the absence of any experi-

mental evidence it would be presumptive to argue that radiation re-

spouse could not possibly show a gravity-dependent component. If

none is observed, an impressive body of information on radiation ef-

fects can be extrapolated confidently into space environment situation_

Our wealth of Earth-bound predictions of radiation tolerances will be

a much more useful legacy to the space science required for manned

missions in space if we can be certain the extrapolation is fully

warranted. The matter thus has also a very practical importance.
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The experiments seleoted for what I have called the first phase of

the program range over both plant and animal kingdoms from lower
to higher forms. Each choice of experimental organism was based on
its suitability for quantitative evaluation of some radiation effect in
the dose range to be administered. A number of different kinds of
effects are to be investigated.

If, as I now believe unlikely, any organism's radiation response
should exhibit a gravity-dependent component. This would be a dis-

covery of great import. Surely follow-on experiments would have
very great scientific interest as well as tremendous practical
importance.

A second phase of the program, represented mainly by the third and
fifth flights, will include experiments on plant morphogenesis as well
as observations of the rhythmic behavior of plant and animal ma-
terials. These experiments will be flown for 3 weeks. In general
morphogenic effects of weightlessness merit attention chiefly because
we do not understand how the organism's gravity sensor operates.

Research on morphogenesis with respect to the gravity variable is now
only in an advanced exploratory stage. The expectation is that
weightlessness will quite certainly introduce some abnormalities, and
by examination of its effects at different levels of biological organi-
zation, we may expect to find clues to help us work out mechanisms
for these gravitational influences.

Most organisms detect the direction and strength of the gravita-
tional acceleration to which they are exposed. They respond to the
gravity field in the course of their development and in their behavior.

In many instances, the mechanism by which the organism senses ac-
celeration is incompletely known. This is especially true in the case

of the higher land plants.
From what we know in general about sensory physiology in animals

and plants, we can expect some part of the sensing mechanism to be
observable morphologically. Perception of gravity in most orga-
nisms is identifiable only in terms of certain kinds of responses, the

nature of which depends on the species under observation. Response
modes (especially in animals) may include balttnce, spatial orientation,
locomotion, communication, or navigation, depending on the organism.
Morphological responses (especially in plants) in growth pattern,
establishment of polarity and symmetry, and the time course of de-
velopment are well recognized responses to the gravitational vector in

many cases.
l_orphological changes attributable to altered gravity may be ex-

peoted at any level of organization. While gross changes in macro-
scopic growth form surely must occur under conditions of abnormal
gravity, subcellular or microscopic changes also may be especially
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significant for our improved understanding of the gravity-sensing

mechanism of higher plants.

In higher animals_ including primates, some possible indirect con-

sequences of altered gravity may be expected from drastically altered

peripheral stimulation and may include atrophy of certain tissues or

organ systems. The practical' consequences of the latter effects are of

obvious significance for manned space missions of long duratiom

In previous studies of the gravitational responses in higher plants,

the environmental biologist has been at a disadvantage because what

probably will prove to be the most interesting range of the gravita-

tional variable has not yet been explored. The opportunity to make

this exploration naturally is exciting, the more so because the plant

physiologist simply cannot make confident predictions of plant be_

havior in situations not previously examined when that behavior de-

ponds on one or more sensing mechanisms, which are themselves not

understood. Inevitably, progress will await the acquisition of purely

descriptive data. My own interests as an experimenter lie in this

phase of the program. I shall describe our experiment later.

Phase III, if I may call it that, will be a study of primate physiology

which will involve the fourth and sixth flights. These will be 30-day

flight_ Since the monkey along with _ry equipment will take

up all of the payload, only one experimental organism can be used.
A series of observations will be made on the monkey. He will have

deep brain probes, and certain cardiovascular and urinary data will be
..... _'__._ II, T ...... 1__ _3 1 " • i , • • •

_t_tlttitvu. x_vutupnyuJulog1% cH_cul_ttory, and oenavloral characteris-

tics of the primate are expected to be altered by.prolonged weightless-

ness. While the application of test results to manned space missions is

not the principal scientific motivation for thispart of the Biosatellite

Program, it nevertheless is sure to be an important by-product.

Experiments on biorhythms will be included on both the 3-day and

the 21-day flight& Let me say a few words about the rationale of

these tests. Physiological rhythms in a wide range of organisms have

been demonstrated repeatedly, and it now is generally appreciated that

such phenomena are practically universal. The most prominent fre-

quency component in most plants and animals approximates 1 cycle

per day. Since diurnal fluctuations in the terrestrial environment al-

ways can influence the phase of a particular rhythmic proces_ it may
be that the fundamental oscillation responsible for these rhythms lies

in the environment rather that within the organism. However, many

diverse, and often very elaborate, attempts havebeen made to isolate

•.tests organisms in the laboratory from temporal clues based on light,

temperature, atmospheric pressure and composition, sound, cosmic

radiation, and other factors which show cyclic changes and which, if

sensed by the organism, could conceivably be responsible for the
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rhythms exhibited by so many biological processes. Since rhythmic
phenomena persist in organisms presumably well isolated, two di-
vergent schools of investigators attribute the observed rhythms in the
one case to strictly endogenous processes and in the other case to fluc-
tuating environmental influences somehow related to the Earth's ro-
tation-in other words, the test organism is assumed not to be effec-
tively i_lwted from some factor which cannot unfortunately be identi-
fied but which has defied previous attempts to eliminate it.

The difference in these viewpoints is fundamental, and fortunately
it can be resolved by experiment. We must remove the test organism
from influences of the Earth's rotation, and this can be done in space.

Our first attempts can be made in near-Earth orbit, and such tests will
be included in the present series of biosatellites. However, if that
approximation proves insufficient and if we then have to remove the
experiments completely from the Earth's influence, we may need to
conduct later tests at least 50 000 or 100 000 miles from the Earth.

Now, as for my own personal involvement as an experimenter. I
have two colleagues now working with me at the University of Penn-

sylvania--A. O. DaM, a cytologist (now on leave from the University
of Minnesota), and Lars Loercher, a plant physiologist. Ground-

based work in preparation for the flight is underway both in my
laboratory and at the NASA Ames Research Center, where K. Yoka-
yama, a plant biochemist, has a position of special responsibility in
connection with the flight hardware as well as being involved with

biological aspects of the experiments.
Our experiment like all the others will be launched from Cape

Kennedy in a 200-nautical-mile orbit. Capsule recovery will be
attempted 3 weeks later in the vicinity of Hawaii by "air snatch."
Sea recovery is less certain and takes longer so we plan hopefully on

the air recovery being again successful.
Our test organism is a small flowering plant which goes by the name

Arabidopsis thaliana. It has no good common name but, if you wish,
you might call it European wall cress. It is in the mustard family.
Its special advantages are that it does not occupy much space and it
completes its life cycle in a very short time. It grows from a germi-
nating seed to a mature plant, flowers, and sets seed all in about 3
weeks. Think of Arabidopsis as a little plant in a hurry.

We are growing Arabidopsis plants in small chambers on nutrient
agar in the laboratory. We are st and.ardizing on growth conditions
(viz., t_mperature, light intensity, e_c.)which are those specified for

the flight experiment. We are learning as much as we can about the
way this plant grows under the specified conditions, and by this I
mean the quantitative and qualitative features of its pattern of

development. Growth and development studies are underway at
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different levels of organization: from the gross morphology of the
whole plant down to subce]lular structure_ Without going into te-
dious detail I think one can appreciate that the time course of develop-
ment of any complicated structure like an Arab/_ops/s plant can be
broken down into numerous components or "markers" and measured
in suitable, quantitative term_ Broadly speaking, the integration of
all such component measurements constitute a description of the
growth of this plant. The precision with which growth can be de-
scribed naturally depends on our ability to select appropriate markers
and it is important that we choose for measurement those which lend

themselves most readily to quantitative measurement and which prove
to be reproducible,

We intend, of course, to make comparable measurements on
Arabidops_s plants growing in a weightless state and I'm sure it is
ob_-ious that we are assembling what you might call control data.
But we are making still another comparison; we are growing plants in
a condition that I shah call simulated weightlessness on a type of
apparatus long familiar to botanists called a olino¢,_. Let me
explain how this works.

Most plants are remarkably sensitive to gravity and will respond to

gravitational fields perhaps even as low as 1 micro-gravity. The
threshold of sensitivity has been studied indirectly by several quite

different methods in other laboratories. However, in spite of the high
sensitivity, comparable it seems to nonbiological accelerometers, the

test organism does not respond to a lot of stimulus uniess it is presented
for a rather long time, a time measured in many tens of seconds to a
few minutes for a field of 1 gTavity and correspondingly longer for
lower accelerations. A fairly long stimulus "presentation time" is
required to elicit a response from the plant. The type of response I
refer to is shown by the following simple experiment` Place a grow-
ing plant in a horizontal position and after an appreciable latent
period it will grow in such a way as to reorient itself in an upright
direction of shoot growth. If the plant is turned upright after only a

few seconds in the horizontal position no bending response occurs; the
plant did not respond to its brief reorientation. With longer expo-
sures however one can observe a bending response. Thus it is possible,
because of the rather long minimal presentation time for a response to
reorientation in the Earth's field, to keep a plant growing in a hori-
zontal direction by slowly rotating it on its long axis while it remains
horizontal. The clinostat is simply a turntable which rotates the
plant fast enough so it has not the chance to respond by growth in any
one lateral direction yet which does not rotate the plant so fast that
centrifugal force becomes significant. Rotation rates on the order of
1 rpm are satisfactory.

f/_0-4)g3 _18
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Such clinostat grown plants are not normal but they are nearly so in

many respects. They have altered growth rate, reduced sensitivity to

certain environmental stimuli, a somewhat changed morphological

pattern, and can be distinguished easily from control plants. In an

imperfect sense of the term we can refer to clinostat grown plants as

having grown under-simulated weightlessness. So we should have

three kinds of plants for intercomparison : (1) the normal (1 gravity)

plants, (2) the clinostat grown plants, and (3) the satellite grown

plants where weightlessness will be actual not just simulated.

Flight data will be collected in two ways. Gross morphological in-

formation will be obtained by time lapse photography. Two cameras

will view a series of culture chambers containing the plants and store

the information on film. Recovery of the capsule is therefore essential

for, even though the experimental design originally called for telem-

etry of the photographic information, the engineers were unable to

meet that requirement within the resources available.

Anatomical and cytological data will be obtained by fixing the
experimental material as soon as we can have access to the recovered

flight package and by subsequent imbedding, sectioning, slide making,

and microscopic examination.
When we have measured the various markers in Arabidopsis plants

grown under all three conditions, we should be able to tell wherein

gravity influences the course and end products of growth in this

species. We should know how well the condition of a clinostat simu-

late true weightlessness. We should know what markers are little

affected by gravity and which are ripe for further study. This in-

vestigation is obviously exploratory and possibly preliminary to more

intensive examination of gravity-effects on specific markers which

would lead to improved understanding of the plant's mechanisms for

sensing the strength and direction of the gravitational force and for

using the information to guide its growth.

Of the difficulties which beset an experimenter involved with a

program of this kind, I have a short list of problems, criticisms, or

difficulties which I can recognize as important in limiting the success-

ful involvement of biologists in the space program. I offer them

without elaborate comment. First is one, emphasized in previous

papers, which I fear cannot be helped--the very long lead time which

is involved in an experiment in a satellite. This I believe makes it es-

sentially unwise if not impossible for a graduate student to do a thesis

which depends on a flight experiment.

Second is the unfamiliarity of most biologists with the engineering

aspects of a satellite operation. For the biologist who seriously con-

templates a flight experiment, there is an investment of a lot of his
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time learning, if only in a superficial way, a lot of engineering details.
Many scientists have been unwilling to invest this time.

Third, there have been frustrating experiences when biologists

have attempted "piggy-back" rides on vehicles which were flown
for other purposes. These experiences have been so unfavorable that
this has left a very general bad impre_ion of piggy-back rides for
biological experiments. Rightly or wrongly, this makes most of my
colleagues unwilling to submit proposals for a vehicle whose principal

mission is nonbiological.
The overriding demand that schedules be met is another difficulty.

Of course, this requirement is essential for it would be characteristic
of any large and complex operation. One is accustomed to a kind
of freedom to proceed with less than full commitment to a particular

approach, to discover better ways to do something or better experi-
ments to perform, and to change plans when this would be the intelli-
gent thing to do. The necessary limitation on one's freedom to alter
even fairly trivial details of methodology is not readily acr_pted by a
scientist who is used to a rather different approach.

Also, a scientist with a good idea and perhaps interested in proposing
a space experiment or two may be isolated from adequate engineering
competence. If he works in an environment which cannot offer the
needed engineering help, he is dissuaded from making a proposal.
Even if he does so and finds out later the engineering facilities and
personnel at his institution are not enough for the job he wants to do,
he is apt to spend many frustrating hours lining up such help else-
where. Modern biology is not so well geared for getting the most
out of space laboratories.

Then there is the reduction, sometimes I believe an unnecessary

reduction, of the experimenter's responsibility for his own experiment.
Efforts to combat this have not always been effective. There are de-
cisions which are properly made only by the experimenter himself.
But once the experimenter is part of a team, as he must be, some of
these decisions may be made by others or just by default where, be-
cause of the experimenter's ignorance or for other reasons, the decision
making is out of his hands. This is an ever present danger to the
scientific objectives of a program, and it represents a problem which

NASA cannot expect to solve, only minimize.
I should like to comment also about the Ames Research Center.

This is NASA's in-house center for fundamental biological research.
The Ames center should be a research institution to which NASA

could point with pride as a biological research institute in the same
class as those institutions with which it is naturally compared--the
Oak Ridge, Beltsville, or National Institutes of Health laboratories,
which are older as centers of biological research and which have bio-
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logically similar though admittedly different basic missions. The

Ames center simply has not yet acquired biological prestige com-

parable with these other institutions. I mention this not as an accusa-
tion, but just as an observation. If NASA had somehow been able to

develop at Ames a biological research establishment of great distinc-

tion, in many direct and indirect ways this would enhance its potential

as a laboratory responsible for a Biosatellite Program.

One last problem relates to the image of space research in biology.

There has been and, to an uncomfortable degree, I feel there still

exists an unfavorable image of space research among many biologists.

A great deal of what is labeled space biology is not fundamental

science at all. Yet some apologists for the field do not make fine

distinctions and seem to promise more by way of fundamental scien-

tific progress than clearly is possible. There are only a limited

number of scientific areas where biologists can expect to derive sub-

stantial benefits from space research. These are easily defined signifi-

cant advances and in these areas remain exciting possibilities. There

is no need to overstate the potential here. I believe it is only a

question of time before space biology will lose its special designation

and will be looked upon, for the most part, simply as biology. I think
we shall see this kind of acceptance as the results of space research

appear in conventional biological journals. This alone will bring

about an important improvement in the image of this kind of biologi-

cal research. The current Biosatellite Program offers opportunities

for such improvement.
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IQSY Rocket Studies oJ the C D, and E

Regions of the Ionosphere

S. A. Bowhill

AERONO]_T LABORATORY_ DEP_ OF _CAL F_NG_G

UNIVERSITY OF EUIA_OI8

I WOVLV _ TO Dr_CRnm A S_AIZ_, smLr-co_rr_ ra_ of upper
atmosphere investigation using rocket_ This program may be of

some interest in t_at it was _arted from a zero level of effort about

18 months ago without any investment in fixed facilities and with a

minimum of formal organization.

The concept of the program arose from, strong interest in the

physical and chemical processes taking place in the lower ionosphere,

or, as we would say, in the aeronomy of the upper atmosphere below

a height of 160 km. This is the region which is inaccessible both to

_lau_ O_UU,LP_ _lltt w_P.;zi _u_t'_Iu1"_ pu, ru_ulzqL-ly St_

to study by sounding rocket_

Solar-terrestrial effects associated with snnspots, such as sudden

ionosphere disturbances, magnetic storms, and solar proton event's,

affect primarily the lower ionosphere, making it difficult to compare
rocket measurements made at different times and locations. The cur-

rent solar minimum period, designated as the International Quiet Sun

Years (IQSY), offers an unparalleled opportunity, therefore, to make

careful studies of the lower ionosphere in a coordinated way.

As of the year 1965, rocket measurements had given some under-

standing of the nature of the E-region. This region at heights from

90 to 160 km shows a prominent maximum of electron density during

the day, the normal E-layer, at about 110 km; this layer, which is

produced primarily by a balance between photoionization and disso-

ciative recombination, becomes much less dense at night and develops

a curious layered structure known as sporadic-E. The night curves,

incidentally, are not accurate representations of the electron density

below a height of 100 km.
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The principal uncertainty in these curves lies in the height range
below 90 km, where even in daytime the electron density is less than
I06 cm -s. However, the electrons at a height between 70 and 90 km,
in the D-region, are very important because of their effect on broadcast

communications; they produce the daytime absorption of ionospher-
ically reflected radio waves.

A further region of the ionosphere has recently attained consider-
able importance. Situated at an altitude between about 40 and 70 km,
it is distinguished by an ionization production rate, presumably due
to galactic cosmic rays, which is independent of solar zenith angle.
It is also the region responsible for the presunrise ionospheric effects

noted in very low frequency radio propagation. Adopting the stand-
ard type of rotation used in characterizing the other ionospheric
regions, this may best be described as the C-region.

Although a number of groups were engaged before the IQSY in
rocket measurements of the lower ionosphere, most of them were in-
terested primarily in the development of new techniques for aeronomic
measurements rather than inthe use of these techniques, in combina-
tion, to solve specific aeronomic problems. It was therefore decided
to develop an integrated program in which a basic set of well-tried
experiments would be combined on a rocket payload, to be designed

in such a way that it could be used repeatedly under a wide variety
of ionospheric conditions to answer specific questions about the be-
havior of the upper atmosphere.

This general aim was presented to the Committee on Space Research
(COSPAR) and was endorsed by that organization as a formal reso-
lution; Homer Newell of NASA later indicated that the United States
might very appropriately develop a program of this:kind.

It was then necessary to decide on the role which a university should
play in such a program. Since the primary function of university
research is graduate education, the University of Illinois became in-

volved only in aspects of the program in which graduate students
could play an active part; and the experiments were developed in
cooperation with others in industry and in universities who already
had competence in particular areas relevant to the program. Rather
than contracting out the hardware aspects, however, emphasis was
placed on the scientific involvement of at least one individual in each
cooperating institution; and it was agreed that although results would

be shared freely, the publication would be carried out by the individ-
ual groups. This policy has worked very successfully thus far.

In the design of the payload, the following criteria were kept in
mind :

(1) Aerodynamic cleanliness of payload.
(2) Compatibility of the experiments.
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(3) Simplicity of the rocket instrumentation.

It was found difficult to fulfill all the desired criteria with a single

version of the payload, so two slightly differem arrangements were

developed. The experiments carried in the Type A payload are shown
in table I.

Tab/e I

Experlnumt Characteristic measured Physical parameter

Radio ............

dc probe ..........

1216 /_.

photometer.

_450
photometer.

Optical sensor .....

Magnetic sensor_ __

B_roswitch ........

Faraday rotation ........

Standing wave ..........

Differential absorption___

Electron current ........

Ion current .............

Current curve ...........

Lyman-alpha intensity___

Ultraviolet intensity .....

Electron density

Electron density

Collision frequency

Electron density

Positive ion density

Electron temperature

Ionizing flux

Molecular oxygen

density.

Molecular oxygen

density.

Solar aspect ..................... ...............

Poll and yaw .................................

Approximate trajectory ........................

The radio experiment is a new modification of the Seddon-Jackson

radio propagation technique, which will be described in detail sub-

sequently in this paper. T--he dc probe is an insulated portion of the

nose of the rocket and has a dc potential applied to it; the current

which flows to the probe is measured and telemetered to the ground.

This latter experiment was developed by Dr. L. G. Smith of the GCA

Corporation, Bedford, Mass.

The ambient and integrated ionization measurements described are

accompanied by two ultraviolet radiation sensors, the purpose of

which is to determine the molecular oxygen concentration in a height

range of 70 to 130 km by extinction densitometry. Magnetic and opti-

cal aspect sensors are carried. A bareswitch is used as a backup in

the event of total failure of radar tracking, using the time of flight of
the rocket under near-vacuum conditions to determine the rocket

altitude as a function of time with an accuracy of about 0.5 kin.

The principle of the radio measurement of electron density is a
comparison of the difference in attenuation coefficients (differential

absorption) and phase velocities (Faraday rotation) of the ordinary

and extraordinary magnetoionic components, at a frequency in the

range of 2 to 4 Mc/_ At medium latitudes these polarizations are

nearly circular, and the extraordinary is much more heavily absorbed
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than the ordinary at low altitudes in the C- and D-regions. If a com-
bination of these two polarizations is radiated vertically from the
ground, therefore, with the ordinary polarization predominating, a
resultant elliptical polarization is obtained, which becomes more
nearly circular due to differential absorption as the wave enters the
ionosphere.

The experimental arrangement is to radiate the ordinary and ex-
traordinary polarizations from the ground on frequencies differing by
500 cps, thereby generating a polarization ellipse spinning at a rate of
250 rps, and to detect the axial ratio of this ellipse with a magnetic
dipole antenna in the rocket, connected to a fixed-frequency receiver.
The audio,output of the receiver is a 500-eps signal which is telem-
etered to the ground. The effect of differential absorption on this
telemetered signal would be to decrease the amplitude of the 500-cps
signal as the ellipse approaches circularity. However, it is used as a
feed-back signal to control an attenuator which sets the power radi-
ated from the ground in the extraordinary mode to keep the ellipse
axial ratio constant at the rocket. The attenuator setting is there-
fore a direct measure of the differential absorption due to the iono-

sphere,, and the rocket instrumentation is .used primarily as a null
detector.

Without going into further detail about this experiment, the
following parameters can be obtained from it :

(1) Differential absorption with 0.2-dB accuracy from 0 to 25 dB,
up to'the extr_mrdinary wave reflection height.

(2) Faraday rotation with 1° accuracy over the total range, which

may exceed 5000 ° (depending on ionospheric conditions), up
to the extraordinary wave reflection height.

(3) Ordinary wave refractive index from the standing-wave pat-
tern, with 0.05 accuracy, between the reflection heights of the
extraordinary and the ordinary waves.

(4) Z-mode .refractive index with 0.05::accuracy between the
reflection heights of the ordinary and the Z-mode.

In combination, these measurements suffice to determine the electron

density over a range of electron densities exceeding 10 to 10_ cm -3. An

example of the results is shown in figure 1, for Nike-Apache 14.143,
launched at 1600 E,ST on April 16, 1964, at Wallops Island, Va. This
was the first Type :A payload fired. Figure 2 shows the electron col-

lision frequency (the thick line) deduced from this flight, compared
with some other measurements.

Figure 3 illustrates a comparison of the measured electron density
from the radio experiment with the electron current measured simul-

taneously by the dc probe kept at 2.7 V relative to the rocket body.



iqsy rocket studies of c, d, and e regions of ionosphere 273

140

120

tO0

8O

60

m

m

m

m

n

B

I I ! I
10 102 10 3 10 4

Figure 1.--Electron density em-*

I I
105 106

150m

130

<C
9O

7O

5O

B

\\

B

m

m

B

i
10 3

Fei_

_._ Bowhill and

I I I
104 105 106 107 108

Figure 2.--Collision frequency, see -_.



274 nasa university program review conference

140

120 --

I00

8O

60

I
10 8

o

o
o

_o

t J I I
109 1010

Figure 3._Electron density/Electron current, cm -8 amp -1.

If the simple Langmuir theory of electron collection applies, the ratio
of electron density to electron current should be constant with alti-
tude; evidently, this is a good approximation only above an altitude
of 100 kin. Nevertheless, the dc probe information gives height reso-
lution better than 100 m and makes an ideal companion experiment to
the radio technique, which has excellent absolute accuracy but poor

height resolution (about I km).

SUMMARY OF RESULTS

The payload, discussed herein which appears to work reliably, has
been used in a series of geophysical investigations, the results of
which may be summarized as follows:

(1) A series of three firings around sunrise in July 1964 demon-
strated that the presunrise C-layer (at a height of about 60 km)

is produced byphotodetachment of negative ions not by visible
light, but by light shadowed by the ozonosphere (less than 3000

/_ wavelength). This rules out negative ions of molecular and

atomic oxygen as constituents of the night C-region.
(2) A firing at sunrise in November 1964 confirmed that this effect

occurs at the same solar zenith angle independent of season.
(3) Two firings around sunset in November 1964 showed that the

disappearance of the C-layer at sunset is within a few minutes
of the same solar zenith angle at which it appears at sunrise.
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(4) These firings further confirm that the D-r_. gion ionization

between a height of 70 and 90 km does not appear until solar

Lyman-alpha radiation has penetrated to this region.

Further investigations which will be pursued during the next

months include studies of the geographic variations of the lower iono-

sphere, the nature of D-region irregularities, and the correlation of

electron densities and temperatures measured by rockets with those

measured by a,n incoherent scatter technique.

Rocket experimentation has several desirable aspects for carrying

out of simple experimentation. First_ the time and place of the firing

are completely under the experimenter's control; second, very elabo-

rata ground facilities are not needed; and, third, and perhaps most
important, there is a relatively short feedback time in the sense that

the experimental plans for one firing can be changed based on a quick

look at the results of a previous flight made perhaps less than an
hour before.

In summary, therefore, it seems that the complexity of the theoret-

ical problems of the lower ionosphere, and our present paucity of
good experimental data, makes it a particularly fruitful field for

simple experiments which can be devised and implemented by univer-
sity research groul_
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_ENT_ MIDWESTRESF.,A.RCHINSTITI2'_

HE rmsr _t_roa mSamNAL _Ot_aY VrnazArzOS raoGa_t spon-
sored by NASA, which is now in its third year, has produced some

unusual results, both in quality and kind, _nd from this experiment
have emerged some interesting ilnding_

From the very beginning, it was apparent that NASA's primary
output is knowledge--an enormous amount_ growing at a rapid ra_e.
It has been etmracterized as one of the great scientific endeavors in
history. The Space Aot which established NASA in 1958 charges
this agency with the responsibility of securing the most effective use
of the scientific and engineering resources of the country, and with
providing for the widest practical dissemination of information about

the benefits to be gained from the use of space activities for peaceful
and scientific purposes.

In August of 1961 the National Aeronautics and Space Administra-
tion asked the Midwest Research Institute to undertake a two-part
pilot study program for NASA in six Midwestern states--Kansas,
Missouri, Iowa, Nebraska, Arkansas, and Oklahoma. The Institute's

task was to stimulate the educational, industrial, and economic po-
ten.tial of this region through greater participation in space science
and technology.

The Midwest Research Institute began in the fall of 1961 with a

comprehensive study of 15 leading universities in this six-state region.
Each campus was visited in order to look at these universities from

NASA's point of view and tohelp evaluate the school's opportunities
for growth in NASA-related areas. The presidents ofthe 15 univer-

sities, many of whom are Midwest Research Trustea% gave the pro-
gram their wholehearted support and appointed senior faculty mem-

bers to act as MRI's point of contact with the individual university.
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Between October 1961 and March 1962, the MRI team spent 1 or 2
days at each school discussing the NASA programs with appropriate

university people. This team briefed the faculties and looked at
facilities for research and instruction. A total of 450 administration

and faculty members were so involved. In each case, the university
prepared an analysis of its own capabilities, sometimes quite extensive
and well documented, which was combined width the observations of
the MRI team in a report to NASA. Each university was also

furnished copies of ¢he report for its own use.
A number of problems were identified during the course of the

MRI program. Relatively few scholars were then aware of the scope
of NASA interest in science or in the support available, even in
universities which already had large programs sponsored either by
NASA or other major government agencies. Where teaching loads
or existing research already occupied a great part of a department's
time and effort, there was sometimes little interest in NASA's

program.
The important university role in NASA's research, that of identi-

fying problem areas where an extension of fundamental knowledge
is relevant, proved to be a difficult conceptual problem for some uni-
versities and scholars, who were more accustomed to working in pre-
viously well-defined problem areas. When MRI began its program
in the fall of 1961, _)nly 4 of the 15 urLiversities were involved in
NASA programs. Today only 2 are not involved. The success of

the pilot operation with the initial 15 universities led to a continua-
tion of MRI's work with 17 institutions in the Southeastern region
of the United States.

The second and larger part of the NASA assignment has dealt
with the industrial utilization of technology developed and used in
the space program. One reason MRI was chosen for this pilot effort
is that for the past 20 years the institute has been transferring the
results of its contract research and technology to 1000 corporate

clients, large and small, and to some 200 public agencies. This is an
arena in which transfer must meet the test of effectiveness, or the

research itself will be prejudiced and, in many cases, useless. For
these reasons, MRI knows, and is known, by hundreds of Midwestern
companies and businessmen who were the logical initial targets of tech-

nology utilization.
The Midwest Research Institute project began w4th a series of

MRI briefings for some 2500 persons in over 20 Midwestern cities.
In several of these, the institute .worked closely with a university;

for example, the meetings with St. Louis, Me., industrialists were
held at Washington University, and St. Louis University and Wash-
ington University were the hosts. More than 400 companies were
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represented at these 20 meetings, and the resulting interest in NASA's

output in the form of new mad improved manufacturing techniques,

quality control, higher reliability, mad new materials has been quite
impressive.

Because MRI was then the only organization with an active tech-

nology utilization program, it was asked to make many presentations

outside the Midwest. MRI people addressed a variety of groups--

the research committee of the National Association of Manufacturers,

the National Machine Tool Builders Association, the Second mad

Third Conferences on the Peaceful Uses of Space, and a score of pro-

fessional and technical meetings throughout the United States. The

concept which was discussed was a new one to most of the audiences,

who were not accustomed to thinking of the Federal government as a
source of much useful technical information.

The in_itute selected, from the MRI senior staff, a project team of

competent technical people, who had also demonstrated the ability

to understand and to communicate techr_'cal information in language

useful to indu_ry. This team began its work with a series of intensive

briefings at the major NASA centers. The first and most pressing

task was to study a vast array of NASA's findings, discoveries, experi-

ments_ inv_entions_ and patents for case material to discuss with

industl T.

The technology utilization level of contents and sophistication was

very different in late 1961 and early 1962 than it is today. NASA

itself was feeling its way and its own m-house technology utilization

effort was just being organized. The various NASA centers were not

then staffed_ as they are now_ by competent _technology utilization

groups acting as intermediaries to identify and document the useful

concepts from the originators, so at that time MRI had to devote a

major effort to the screening and identification of industrially useful

results derived from the highly mission-oriented re_search and develop-

ment programs of NASA; nor was the climate in the country as

yet receptive to the idea that the public sector possesses so vast an

amount of technical knowledge useful, as well, to the private enter-

prise component. The major barriers of skepticism have now been

breached, as a result of proven utility and greater familiarity with

the actual content of space technology.

NASA now has two highly developed activities supporting the
technology utilization effort. Its Scientific and Technical Informa-

tion Division is documenting 33 fields of technology covering the

world's output of aerospace sciences. These inputs come from the

10 NASA centers, from all NASA contractor reports, and from

patent disclosures and conferences. Thousands of reports are being

handled yearly. Tapes are directly searched. Two bimonthly abstract

.790--083 _19
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journals--STAR and IAA, which are broad-gage, fast-response

abstract journals--range in content from the directly transferable to

highly abstruse material. The NASA computer index now has
random access to 130 000 different documents to which 80 000 to

100 000 are being added annually.

A complete retrospective bibliographic search of this entire collec-

tion, including computer and abstract review time, as well as reprint-

ing from standard microfilm, is possible in 1 hour. These and other

information handling techniques provide good coverage of the formal

written output of NASA. This is the cornerstone of most dissemina-

tion activities of technology utilization programs.

The second group, the Technology Utilization Division, is the

action transmitter of the previously discussed input and other inputs.

The technology utilization people have a practical, pragmatic slant,

searching for innovations, documenting them, appraising innovations

for possible application (with several research institutes assisting in

the screening), repackaging the data in useful form, and relaying the

data to industry and business in various ways. The ability to collect

and selectively package information tailored for particular interest

groups is, in many cases, a door-opener for real technology transfer,

by establishing a personal relationship of trust and respect which

encourages discussion of deeper technical needs and problems on the

part of industry.

One lesson repeatedly confirmed in our experience is that actual

application of existing knowledge of new uses is accelerated when

there is close personal contact between the source of the information

and the user. The system requires that the dissemination service is

truly selective and responsive to industries' requests for more
information.

This is the difference between NASA's approach and the other

efforts to transfer technology throughout the economy. It is the

reasoning behind the regional dissemination experiments discussed

herein. As the first of the regional experimental programs, MRI
has studied and tested methods of identification and retrieval of in-

novations from NASA field centers; translated them into potential

industrial applications; and disseminated them to industry and tested
industry's response. As the pilot effort, MRI employed a broad,

generalized approach which is quite different from other approaches
taken.

There is a proven value in access by companies in a given region to

a nongovernment center having many interests in common with the

users, and particularly if that center is geared to provide fast-

response, flexible, personalized reactions to industry requests. This

point of view could pave the way for much closer cooperation between
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industry and universities, too. Just having the information available

and disseminating it to industry does not insure in any way that it
will be used. Far too few people are now available who are adept
enough to view space technology with an appropriate industrial
outlook.

The Midwestern Research Institute has been engaged in its program
for almost 3 years; the first Midwestern industry meeting was held
in Omaha, Nebr., on March 7, 1962. In the hundreds of personal con-
facts with Midwestern firms, MRI has found solid interest in virtually

every field in which NASA and its contractors are working. The
cases in which a company has taken bits of information and put these

to use, although difficult to document completely, range from manage-
ment aids, like reliability and inspection programs, through new
metal forming techniques and protective coatings, to biomedical uses.
Other recent examples are noted in the following discussion:

A company in Omaha, Nebr., produces electrical power conversion
units, such as dc-ac-dc inverters for railroad equipment_ This com-
pany reports that it was able to hnprove its product performance
and reduce the temperature derating of its power transistors by using
a heat sink material and technique developed by NASA. This
company is presently looking to NASA and bIRI for solid-state
power inversion and conversion circuit ideas to improve on its present
design.

A St. Paul, Minn., manufacturer produces transistorized digital
read-out devices, in order to minimize rejects due to faulty electrical
connections, this manufacturer needed to provide special training for
its assembly line workers on a soldering technique. The management
was able to use reference 1 as a course outline and text and reports that
the detailed description of techniques shorte_ned the training time con-
siderably and resulted in the peak production being reached much

earlier than had been expected. Similarly, a large company in Okla-
homa was able to report a 40-percent reduction in failure of its elec-

tronic well-logging instruments in the field after switching to the
NASA methods of making electrical connections.

A wall-board producer found that a low-cost inorganic coating
developed by NASA for passive temperature control of satellites
would internally protect its rotary kiln at temperatures of 800 ° F.
The coating shows no signs of wear or blistering after 6 months of
use, and the product quality has been improved because the plaster no
longer is contaminated by the coating.

A large producer of ore washing equipment has experienced con-
stant trouble with abrasive grit in the bearings used to support the
huge washer arms. Air-bearings of a simplified NASA design were
incorporated, and not only did smooth, nearly frictionless motion
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result, but the airflow made the bearings contamination resistant and

self-cleaning.

Another example is the use of gas bearings in jeweler-type lathes

to permit rotational and cutting speeds high enough to manufacture

spindles for precision meter movements. This spin-off of Saturn

guidance techniques provided a breakthrough for a small Kansa_ City,

Me., manufacturing firm which supplies large electronic manufac-
tures with such meter movements.

A major producer of electron tubes visited MRI to inquire about

glass-to-metal seals. As a result of personal discussions, this pro-

ducer was persuaded to consider a beryllia ceramic envelope rather

than aluminum oxide or quartz, and to employ electron-beam welding

of the electrode structure. MRI was able to provide NASA informa-

tion covering the simple control measures needed to work safely with

beryllia, and to furnish up-to-date techniques for preparing ceramic-

to-metal seals. Tubes having four times the power output previously
possible are now made.

From information obtained from NASA through MRI, a manu-
facturer of engines and machines has made instruments to measure

perpendicularity or squareness that greatly improve the accuracy of

the machined parts.

In a similar way, a national organization with a major plant in

Missouri has found that the special tools devised to aline space-

vehicle parts in perfect perpendicularity cut costs in setting up pre-

cision cutting tools.

One of the specialities of a South Dakota company is the design
and development of telemetry for high-altitude research balloon

systems. This company recently had a great need for a compact high-

input-impedance solid-state amplifier circuit for use in a telemetry
system. A circuit developed by NASA was the ready-made answer

to the problem and was applied without any alteration.

Sometimes the role of the applications engineer is primarily to

demonstrate that technology known to the user can be practically

employed and is not restricted to exotic aerospace programs.

A St. Louis, Me., firm had been unable ¢o produce satisfactory stain-

less-steel high-pressure vessels using conventional designs and fabri-

cation methods. This firm had heard about high-energy rate forging

and electron-beam welding methods, but had not considered using ad-

vanced technology which was believed to be beyond its reach. MRI

project engineers were able to show how NASA had done closely

similar jobs and put them in touch with service firms that performed

the critical steps. The final product far surpassed the design goals--

but more important, totally new production opportunities have been
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opened through familiarization with technology widely used by aero-

space contractOrs.

Many NASA contributions are related tonew manufacturing tech-

niques_ new materials_ and new ways of doing things to improve

performance and reliability and to reduce costs; there is more interest

in these things than in new products, which in themselves represent

additional problems_ such as marketing. There is nothing automatic

about the technology utilization proce_ although the words "fallout"

and "spillover," which have been so widely used, do violence to the

established fact that economic gains from technology transfer occur

only when such ends are purposefully pursued. The creativity re-

quired to match an existing idea to an apparently unrelated problem,

may often constitute an innovation of nearly the same order as did the

creation of the original concept.

The entire conceptual problem is a major one_ Only a small num-

ber of companies are accustomed to looking to outside sources of in-

formation beyond their suppliers, their customers, or their competitora

In many cases, industry_ large and smal!_ is prepared neither to re-

ceive nor to act on most now information from outside. Yet_ it is

almost impossible to prejudge the valid interest of a company. Spaee-

technology transfers are more likely to occur in firms concentrating

on a specific sales market, in those which have clearly defined plans

for expansion_ or in firms which are entering into unfamiliar tech-

nical areas. Some of the more knowledgeable companies have em-

pleyed _.eir o,_ tec_-_ie_l _telligenoe _gent_ but this is a rare

occurrence. And, yet, the quality of information coming into a com-

pany is a major deciding factor about its future.

The stage is now set for the second-generation effort of technology

utilization--an effor_ not directed toward more exposure of industry

to space-related technology_ but toward achiev4ng greater effective_

n_ of use, specifically, "more utilization per unit of dissemination."

Technology transfer is less a matter of spreading iifformation than

it is one of solving problen_ Visits and mail dissemination are only

precursors to goal-directed seeking on the part of industry. This

seeking requires the development of a frame of mind in which people

collaborate in seeking answers or_ in some cases_ seeking problems for

which the answer is already available_ MRI has made many changes

in both approach and content_ These changes can perhaps best be

summed up in terms of the way the project staff has changed. The

institute began with engineers and chemists and, in the second year,

added an industrial sociologist with considerable experience in indus-

trial group dynamics; last year it brought to the project the associate

editor of one of the country's top industrial publicationa These men,

both. professional communicators, work with the engineers, physical
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scientists, and economists as part of a well-integrated, completely

multidiscipline team.
Although MRI has a longer association with the NASA program

than others, it continues to seek and to find better ways to advance the

use of space-generated technology--through technology surveys, spe-
cial subject seminars, better repackaging of information, cooperative
ventures with larger firms, and now a special program jointly with
a prominent teaching and research hospital to give special attention to
the medical applications of space technology.

In many areas of technology the production of knowledge has out-

stripped its use; this condition has resulted in a growing mismatch,
which has created economic waste and some social problems, and may

be due to the sheer size and rapid growth of the scientific effort. The
real barriers to progress are neither technical nor financial. The bar-
riers are outdated institutional practice, lack of entrepreneurship, and
reluctance to accept new ideas and new practices.

The utility of science and the resulting technology lies in what can
be done with it to expand regional economies, corporate profits, and

government mission capability--local, state, or federal. The United
States has generated over $75 billion of potentially useful information
in the past 8 years; yet, somewhere along the line the nation is making
quite inadequate use of it.

.Barriers to the transfer of technology exist in four major areas: (1)

within corporate management, (2) within the scientific community,
(3) in institutional factors, and (4) within the human mind itself.
As a prime intellectual resource, the university should be a key link
in the transfer mechanism and may be said to occupy a key position at

the interface between the generators of knowledge and those who
should use it.

The first barrier to transfer relates to management attitudes and the

absence of adequate mechanisms to deal with new products and new

processes. There is an unwillingness of many managements to take
risks. Managers in industry want to show a short-term profit, and

many are not willing to accept new technology, to do anything which
might render existing plant and organization obsolete. This is one
reason why there is a much greater technology utilization interest in
new processes, new materials, and new production techniques which
will require only incremental change.

There is inadequate concept in business circles that government is a
fruitful source of technological information. Many businessmen

either do not want to use government sources, do not know that they
exist, or do not know how to use them.

Another set of resistance points for technology transfer lies in the

scientific community itself. One example is the Ph. D. who cannot
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communicate his findings or who has little, if any, economical under-
standing or drive. Another is the great need to distinguish between
the transfer of documents--the problem to which most attention has
been devoted--and the transfer of scientific and technical information,

one of the key points of reference 2. Like many self-evident truths_
the point seems obvious_ yet it has received little attention.

There is the orientation of some scientists who regard reseal_:h as
a special privileged way of life, quite remote from the real world.
This orientation is manifested in part by the rapidly growing prefer-
ence, especially among younger scientists, to work on public problems,

as opposed to seeking industrial problems and economic growth.
Scientific people have a great preoccupation with the professional

journals; publication and communication are frequently confused.
There is a tendency to downgrade the soft sciences and engineering.
Scientists and engineers do not adequately appreciate management's
skills and functions.

In the third set of obstacles there are barriers which are institutional

in nature. Such barriers are an inadequate supply of real risk or
venture capital and resistance to using new. technology as seen in old-
fashioned building codes and in automation disputes in labor nego-
tiations.

Closely related to the inadequate use of government research and

development is the lack of rapport between industry and universities;
thus, a very logical source of new idea input, plus new information

DLtlLt_LIalII_

seen in university people---in both the hard and soft sciences---to relate
their research or academic programs to the needs of industry. And

in many parts of the country, the geographic separation of industry
and universities serves as an effective barrier to getting together at all.

The fourth obstacle to transfer has to do with creativity and inno-
vation. Creativity has usually been thought of as essentially as indi-
vidual endeavor, but the structure of the American society has moved
in such a way that most things--both economic and social--are accom-

plished in groups.
Research management has generally failed to keep pace in its cou-

pling role among research groups on the one hand and innovators on
the other, and has not learned yet how to provide the climate which

motivates creativity.. The entrepreneurial function of management
in this new climate must be discovered, that is, the ability to match

the needs, wants, and goods of society with the vast ability to create
and produce.

The great universities have an important role to provide training,
experience, and special insights which will help to develop the
skills and attitudes which make industry_s managers more "innovation
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prone," that is, more responsive to opportunities to adapt ide:/s for

profitable use through "out of context" matching of the essential

concepts. Much research needs to be done on the effectiveness of

adaptation andon the barriers limiting it.

There are both short- and long-term opportunities in this whole is-

sue. The short term, of course, must deal with present people, pres-

ent institutions, and present customs. The long term involves new

people and new ways of doing things. The latter will have to be

waited for, but can be prepared for now.

Hope is expressed in some quarters that the university can fulfill
this transfer role, because of its wide interdisciplinary competence.

The university is the major institution which can hopefully under-

stand the significance of basic science and its potential for technology.

But, universities may need to add an entire new dimension of attitude
to their activities.

In the beginning, university-industry rapport probably cannot be

built on an institutional basis. Development of mutual competence

and respect may require man-to-man arrangements. This involvement

in such problems will be painful for many, but there are already signs

that it is coming at the University of Indiana and Wayne State Uni-

versity, for example. Results can be fruitful, but both business and

universities can have a major role in developing working relationships.

One need is more professors with industrial backgrounds who can

help inject in school the realities of competitive corporate life. New

emphasis is needed in thecollege curriculum on the role scientists and

engineers will play as employees in a corporation.

It is a new relationship--a new point of view--for many a university

looking outward to the region it serves as well as to customary edu-

cational responsibilities.

There may be a need for the technical man who has been 10 to 15

years out of school and has some proven entrepreneurial ability to be
re-educated in his field so that he has something "to entrepreneur

with." The emphasis is now on producing Ph. D.'s most of whom

neither possess nor are they taught entrepreneurial skills. Most sci:

entists do nothing to broaden their spectrum but go to scientific meet-

ings and thus compound the problem. It is significant that the

Varians, Edwin Land, Richard Morse, et al., had university access

continuously to go with their entrepreneurial ability. The source of

much new technology was close at hand, and natural channels of com-
munication were available.

The medical schools have done this job very well--no medical school

exists without a hospital. But the sciences and technology have not

done it yet. Internships particularly in engineering, where invention
and technical innovation are required to such an extent, are needed.
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There may be a new use for the Sabbatical Year by people who _mm-

erate knowledge as a career. These people should also have to transfer

knowledge as well, working at the transfer points of knowledge on

occasion and not solely at the generating points.

The great challenge is how to manage the transfer of useful infor-

mation generated by scientists and engineers and to relate this in-

formation to both public and private economic and social growth.

This challenge will be accomplished only by a mutually purposeful,

continuous effort among research scientists, business leaders, the man-

agement of universities, and government officials at all levels.

Meeting this challenge will require a reappraisal of the role of tile

university in society. All facets of the university--the traditional

science disciplines, engineering, file social sciences, the humanities,

the business school--ought to have a major role in this. These new

roles are appropriate, new dimensions to meet the challenges which

have their genesis in the traditional role of the university.

All who have an interest in technology utilization should make a

searching and thorough study of reference 5. There is much to be

g_ined from this terse and important work, so much so that it should be

mandatory reading for all graduate students in science, engineering,
and busines_ Reference _ states:

Transfer of information is an inseparable part of research and development.

All those concerned with research and development--_individual scientists and

engineers, industrial and academic research establishments, technical societies,

Government ugenc_es---must ao:_pt _sibiiiry for the transfer of information

in the same degree and spirit that they accept responsibility for research and

development itself.

Establishing a dynamic equilibrium between the production of sci-
entific and technological knowledge and its effective and economic use

constitutes one of the most critical intellectual challenges this nation

faces in the second half of the Twentieth century. One of NASA's

most significant contributions has been its key role in meeting this

challenge by both stimulating and achieving much in the economic use

of technology generated in the public sector.
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The University and Technology Utili ation

Frederick E. Terman

VICE I_I_SIDE_T AND ]PROVOST

8'rA:NFO]_D UNIVERSITY

Hmamis a growing interest in the process that is involved in the
utilization of technology originating in basic research or advanced

development_ This interest is directed toward speeding up the utili-

zation, so that the results of research more quickly affect the indus-

trial economy. The importance of this is obvious; it greatly enhances

the value of the-_ and advanced development to the society
that is paying the bill.

It is: generally recognized that universities can and do contribute

substantially to the utilization of new stud advanced knowledge_ In

support of this viewpoint, it is customary to point out the Boston area,

versity in the community, and the San Francisco Peninsula, with
Stanford University. Such examples have led communities to feel that

if they can only beef up the local college with a few extra research

grants and, in addition, attract a little corporate research and devel-

opment to the community, a great industrial center will soon spring up.

Even a casual testing of such a hypothesis shows that this beauti-

fully simple formula somehow does not always seem to work. Dr.

Donald Hornig, Science Advisor to President Johnson, stated in testi-

mony in May 1964before the Subcommittee on Science, Research, and

Development, of the House Committee on Science and Aeronautics,
that:

We must expertmemt with ways of tremslating the educational caimbility in a
region into the industrJ_ developmemtof timt regiom It is not enough to have
federal funds available for industry and to have excellent universities in an
area. Industrial gTowth does not always aecompany the placing of large federal
installation_ Brook_aven Laboratory has not had an impact on the growth of
Long Island, other than the _nds placed there directS.

291
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The Brookhaven situation is not unique. The Lawrence Radiation

Laboratory of the University of California with its world leadership

and large size has stimulated only a minimum amount of industry.

Although the training of students at bachelor and advanced degree

levels, and the performance of research by faculty and students, are

necessary requirements for a university to make a significant direct

contribution to technology utilization, in themselves they are not suffi-

cient. The truth of this is shown by looking at the great variation in

influence exerted by different institutions that are among the leaders

in science and engineering.

It is clear that something more subtle is involved in determining

whether a university is to make a major direct contribution to tech-

nology utilization. The elusive ingredients are (1) faculty people

possessing the proper qualities; (2) leadership, particularly on the

academic side; and (3) hard and persistent work at the job of devel-

oping interaction between the university and industry.

In some cases other factors, such as climate or central location, may

help. However, the importance of these can be easily overrated; the

vitality of the Boston area is certainly not due to the climate or due

to Boston being located at the crossroads of a nation.

TECHNOLOGY UTILIZATION AND PEOPLE

The contribution that a university makes to technology utilization

can nearly always be traced to individual faculty members. At insti-

tutions such as MIT and Stanford, there are a significant number of

faculty members who make substantial contributions of this type.

Although each individual person is always a special case, there is a

common thread. The faculty member involved is creative and is recog-

nized both as an authority and as an important research worker in his

area of specialization. He also has broad interests that extend into

the practical world, and he is thoroughly knowledgeable about many
practical matters, particularly those that relate to his scientific and

technical interests. Finally, this faculty member receives satisfaction
when people find the results of his research useful.

Such men are to be found in both the engineering and science

faculties of universities, but the frequency of incidence tends to be

greater in engineering. This is why M-IT contributes more to tech-

nology utilization than does Harvard, and why Brookhaven contrib-

utes so little. An important factor favoring the engineer in this

connection is that the research of the engineer is more likely to be in

an area where practical applications are potentially present than is the

work of the "pure" scientist. However, only a fraction of the engi-

neering faculty members at a given institution will have the combina-
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tion of quahti_ and the versatility required to make important

contributions to technology utilization.

For a university to be effective in stimulating technology utilization,

a sufficient number of these "technology stimulators" must be dispersed

about in the faculty to provide a certain critical mass. When this

situation is achieved, technology utilization will tend to oceur spon-

taneously. At the same time, the educational program of the institu-

tion and the way in which individual courses are taught will to a

degree reflect these irdluenees. Young faculty members with potential

for contributing to the utilization of technology are stimulated by

example to develop this potential as an important facet of their

career. Finally, students studying in such an environment will in

many eases have their personal values influenced by it, and as a result

will contribute more during their lifetime to technology utilization
than would otherwise be the ease.

EXAMPLES

The points previously discussed will be made clearer by presenting

several example.
The first of these is drawn from an earlier era and is Vannevar

Bush. When I arrived at MIT in 19_2 to work for a doctor's degree

in electrical engineering, Bush was a 32-year-old associate professor.

He was an attractive man, who radiated challenging ideas. He was

trained in both mathematics and electrical engineering, and at the

time was devoting a lot of his time to developing fine Heaviside cal-

culus, now known as the Laplace transform method. This was sophis-

ticated stuff for engineering in 192'2. At the same time, Bush was

well informed about many problems that were of importance in the

industrial market place. For example, he was interested in the con-

siderations that limited the practical length of 60-cycle power trans-

mission lines; in fact, I did my doctor's thesis under him on the

properties of 60-eyele power lines 500 miles long. He has also in-

volved with computers and computing machines and helped usher in

the present age of computers. Bush was also investigating gaseous

discharges-today this is fashionable under the name "plasma phys-

ics"--and helped found the Raytheon Company to exploit some new

ideas about cold cathode gaseous rectifiers. A few years later an in-
volvement with servomechanisms led to the establishment of the MIT

Servomechanisms Laboratory, which pioneered this field in universi-

ties and helped lay the groundwork for the present era of automation.
Bush had the research interests of a true scientist, and he was

always to be found at a frontier of knowledge. At the same time, he

had a familiarity with the industrial world and a sensitivity to its
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problems. It was Vannevar Bush who organized and led the academic

scientists and engineers of the country in the research effort that con-

tributed so much to winning World War II. During that war he was

also Chairman of NACA, from which NASA was derived in 1958

by a change of name. Bush, who was an academic type, contributed

a great deal to technology utilization.

My second example is from the more recent past; it is provided by

the research activities carried on at Stanford on beam-type microwave

tubes, specifically high-power klystron tubes and traveling wave tubes.

Immediately after World War II ended, two Stanford faculty mem-

bers, Edward Ginzton and the late William Hansen, became interested

in developing a new kind of high-energy electron accelerator for atom

smashing, based on radar techniques. In order to obtain the high

energies desired, a really high power microwave vacuum tube was

required--a tube generating more power than was obtainable from

the magnetron tubes then used in radar transmitters. Ginzton with

the help of an associate, Marvin Chodorow, undertook to meet this

need by developing a very high power klystron tube. This effort was

completely successful and made possible the linear electron accelerator

program at Stanford which is now nearing its zenith in a 2-mile-long

$116 million machine. Ginzton recognized from the start that since

this new tube was a power amplifier instead of a self oscillator as

was the magnetron, it would make possible a radar system with less

ground clutter than was present in radar systems using the magnetron

as the power source. The Korean incident provided the opportunity

to test this conviction. Several tubes specifically designed for radar

use were built by Ginzton, and the Lincoln Laboratories of MIT

found that these tubes did give the superior performance that had

been anticipated. Ginzton and Chodorow then taught various indus-

trial groups, particularly companies with local plants, such as Varian

Associates, Litton Industries, General Electric, and Eitel-McCullough,

how to make these tubes. Today, high power klystrons that are direct

descendents from these early Stanford models are to be found in the

ballistic missile early warning system (BMEWS), in the distant early

warning line radars, and in many other ground radars, as well as in

tropospheric scatter communication systems and in UHF television

transmitters. About half of all the high power klystron tubes manu-

factured in the world today are built within 10 miles of Stanford.

This situation came about as technology fall-out from a project to

build a great atom smasher, and it can be traced to a little group of

faculty men with an understanding of the problems of the practical

world and with a desire for technology utilization.

Research on traveling wave types of tubes began at Stanford in

1946. This was a very interesting and exciting activity, involving
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new developments in electron optics, the behavior of electromagnetic
waves on new types of structures, studies of noise effects in electron
beanm, and so forth. After 5 or 6 years a small commercial demand
for traveling wave tubes began to exist. Stanford was one of few
universities doing significant work on traveling wave types of tubes_

We had four highly competent and very versatile faculty members
concerned with them, and we were training a steady stream of doctoral

students who thorouglfly understood the phenomena associated with
these tubes. As a result a traveling-wave-tube industry began to
develop near Stanford, helped by our faculty, nourished by graduates
of our tube program, and aided by our research and our know-how.
General Electric and Sylvania established tube laboratories in the
area. Local companies, such as Huggins, Stewart Engineering,
Microwave Electronics, and Watkins-Johnson, sprang up. Today
over a third of the $40 million aamual U.S. production of such tubes

takes place in the immediate vicinity of Stanford. Obviously, this is
not a coincidence: there was real technical fall-out from the Stanford

activity.
In the research on tubes at Stanford, the practice always was to

maintain professional standards with respect to design and construc-
tion teclmiques. Research tubes designed by students for their thesis
projects were constructed as well as if not better than correspond-
ing research tubes produced at the Bell Telephone Laboratories.
Because of this, our graduate students learned not only how the tubes
worked and how .......... them, L,ut, in _uu._,u., _._ ..... under-

standing of the tube-making proee_. This greatly increased the
t_ehnolog-y utilization of our tube research program, and it may possi-
bly have been the primary reason the beam tube industry built up
around Stanford instead of at older tube centers.

My last example is provided by O. G. Villard, Jr., a faculty mem-
ber of the Stanford Electrical Engineering Department. Since 1946
he and a group of associates have been carrying on a most interesting
and productive research program that in part is concerned with pheno-
mena in the upper atmosphere that can be studied by the use of radio
waves. Villard and his associates have studied the frequency of oc-
currence, particle size, and velocity of meteors, and have devised a
means of using meteors to determine wind velocities in the atmosphere
at altitudes of about 100 kilometers. These men are authorities on

auroral and subauroral effects; they initiated investigations that de-
termined the source of backscatter of signals propagated through the
.ionosphere, and so on and so on. However, in addition to this scientific
interest inthe properties of meteors and the upper atmosphere_ Vil-
lard and his colleagues have a very thorough knowledge of and an in-
tense interest in the practical problems of radio communication. Ac-
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cordingly, when their research uncovers something new, they are the
first to see the practical implication. Moreover, once a practical im-

plication is identified, they will assign a student the job of testing or
exploring the matter further, or they will write a paper to present
the idea to others.

There is a remarkable record of technology utilization associated
with the research performed by Villard and his group. They demon-
strated that the meteors that they studied were responsible for iono-
spheric scatter communication. This provided such communication
with a theoretical base and, among other things, provided the basis
of a nonjammable long-distance shortwave communication system.
The investigation of the causes of backscattering of radio signals pro-

pagated through the ionosphere led to the technique of scatter sound-
ing, whereby the operator of a radio transmitter can determine the

most desirable frequency to use when communicating to any specified
receiving location. Their work has also led to other practical con-
sequences.

CONTINUINGEFFORTON THEPARTOFTHEUNIVERSITY

If a university is to make 'a major contribution to the development
of an industrial community it must work at the job--both hard and

persistently--over a long period of time. This is particularly im-
portant while the pattern of interaction is being established and before
interaction that is taking place is large in amount and diverse in
character. Only after a pattern has existed long enough to become
traditional, and has come to involve many elements of contact, does the
operation tend to become self-sustaining.

If a university is to become an important factor in industrial devel-
opment, a significant number of faculty members must develop and
maintain personal acquaintanceships with key people in local industry,
and must participate in helping local industry become acquainted
with the university and its resources. These faculty members must
have a real and perceptive interest in the problems of industry so
that some degree of involvement of this kind on their part is a pleasure
and not an assigned chore. It is also necessary to educate those
segments of the local industry that are oriented toward an advancing
technology, to the fact that the university can be of great value to
them, and that it is to their advantage to make an effort to learn what
the resources of the university are and how they can be used.

Finally, the university must continually strive to find ways whereby

it can make extra and special contributions to the local industry. It
is not easy to find ways for special cooperation that do not compromise
the integrity of the school as an educational institution or the creativity
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of its faculty members, but it can be done. There is, however, no stand-

ard pattern, and each institution works things out in its own way.

In this exercise, leadership and initiative on the part of the edu-

cational institution is absolutely essential. Otherwise, nothing very

significant or permanent is going to happen. The importance of
university initiative action is illustrated in the development of science-

oriented industry on the San Francisco Peninsula. This development

has been a postwar phenomenon that has taken place in parallel with

the growth in research that has taken place at Stanford in engineering

and applied physics. Before and during World War II the total

employment in such industries in the region around Stanford Uni-

versity was negligible. However, at the very beginning of the post-

war era--an era characterized by government-supported research in

universities and emphasis on graduate training in engineering--there

were a number of us who realized a new age had arrived, and we

began immediately to see what could be made of it. In my first annual

report as dean of engineering, which was released in the summer of

1947, I said, "If the West is to achieve industrial !eademhip, industry

and the universities must recognize that they owe each other a mutual

responsibility." Stanford was then already at work helping the
local area develop an indigenous industry that could stand on its own
feet and would have its own intellectual resources. This effort received

the full and understanding cooperation of superb local leadership

on the industrial side. However, in spite of the favorable initial

conditions, which includod int, iAsm_,:,lly .._A_-t..1 _'t: ..... •

nearly 10 years of persistent effort to create the situation that now
exists.

eoucAnoN ANY TECHNOLOGYUTIUZATION

It is my belief that the contribution to technology utilization that

will be made during the lifetime of those who are now doing graduate

work in engineering can be significantly enhanced by suitable educa-

tional procedures during graduate study. I have already made ref-

erence to the value of maintaining true professional standards in the

design and fabrication activities engaged in by students and faculty in

research activitie_ In addition, there are patterns of education which,
while providing the engineer with the strong background and orienta-

tion toward science which is so necessary in dealing with a rapidly

advancing technology, also develop in the engineer an interest in and

understanding of the values of the market place.

One of the most serious problems in engineering education today

arises from the fact that as students become increasingly sophisticated

in the use of mathematics and of analytical techniques, there is a

tendency on their part, and also on the part of the faculty as well, to

r/_0--083 _20



298 nasa university program review conference

overly analyze problems rather than to synthesize solutions. More-
over, these problems are ordinarily invented on the campus, and as
a consequence are artificial in character, too often with clean-cut
answers that can be found by using the textbook of the course as the
guide. In order to provide an antidote for this and to achieve some-
thing of a balance in the training available to the engineers at Stan-
ford, the university is undertaking several interesting departures in
engineering education. These are all designed to bring real-life

engineering problems into the classroom in an educational context.
One of these experimental programs provides Ph.D. training in

systems engineering and involves a cooperative arrangement between
the university and an industrial concern or a Government agency.
The program requires 4 years beyond the M.S. degree and involves
three intern periods of 6 to 12 months each in industry, alternating

with periods on the campus. The thesis topic is generally drawn
from the intern experience. This is a unique program, not duplicated
anywhere else, and is _ttracting a great deal of attention both on the

part of students and of the participating organizations.
The second new educational program consists of a design project

involving team activity of an interdisciplinary character. Last year
a group of 26 first- and second-year graduate students were organized
into a number of working groups. These students carried out the
preliminary design of a satellite system for collecting weather infor-
mation. They named it SWAMI for Stanford Worldwide Acquisition
of Meteorological Information. The "final examination" for this
two-quarter course consisted of a 2-hour presentation of the recom-

mended system to a panel consisting of representatives from space
industry firms, NASA, the U. S. Weather Bureau, and the faculty.
The results were highly praised by NASA and the Weather Bureau,
and we understand that NASA is consiclering the release of a request

to industry soliciting proposals for an early phase study of the system
proposed by the Stanford class.

This year 61 students have signed up for the program ; the topic for
the year is a Mars exploration vehicle. Seven faculty members from

six departments will contribute to the instruction. Special inputs
are provided by about g0 experts from industry and from government
organizations, who lecture to the group; included among these this
spring will be Wernher yon Braun.

The third significant educational experiment Stanford is undertak-
ing in engineering education is a development of the case study
method as applied to engineering. This program was started by the
late John Arnold, Professor of Engineering Design, and is being

carried on by his successors. Its objective is to bring real-life engi-



the university and technology utilization 299

neering problems into the university in a way that will prepaxe young
engineers for the world they will enter after leaving college.

CONCLUSIONS

In conclusion, the main points discussed herein may be summarized
as follows:

(1) A university with a good graduate program, good faculty, and

research funds is potentially capable of stimulating technology
utilization, but stimulation to a high degree does not occur
automatically.

('2) When special stimulation does occur, it appears generally to be
associated with individuals who are characterized by having
good scientific qualifications including research ability, but who
are also interested in what is taking place in the industrial
world and the problems that exist there. Such individuals are

found more frequently among faculty members in a school
of engineering and in applied science departments than in pure
science.

(3) If a university is to be a major influence in technology utiliza-
tion in an industrial community, it must work at the job both
hard and continuously over a long period of time. In general,
the stimulating effect of the university is not self-sustaining
until habits of interaction are well established and many par-

ticipants are involved. This takes time. meaning many year_.
(4) There are educational techniques appropriate at graduate level

that will undoubtedly enhance the contribution that an indi-
vidual makes to technology utilization during his lifetime.
These techniques involve bringing the graduate student in con-
tact with real-life problems in settings that have educational
value.

(5) Technology utilization, like so many other finer things of life,
does not come easily. While dollars are necessary, they in
themselves will not buy the desired results; what is required
is human ingenuity and human effort continuously and skill-

fully exerted over a long period of time.
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p_ _m_ n_ TH_ SPACEPR0e_S has been encouraging both in terms
of space research, development, and exploration and in terms of the

technological transfers that have been made to civilian-oriented
industriea

The question often is raised: How can the knowledge developed

as a result of attempts to explore space be applied to industries serving
consumer and business markets.f At first there would appear to be

little, if any, reJatiouship. Supporting human life in the hostile

en ._r-_m_* -_ ..1_o. _pa_, howcvcr, may .... ,_ _A_c_ _voiTy aspeeX

of human knowledge from the physical and biological sciences to

the behavioral science_ Much has been learned about the management

of complex enterprises from the complicated managerial problems

presented by various of the space exploration effort_
The lawmakers who set up the National Aeronautics and Space

Administration through the act of 1958 recognized the potential that

might exist in space exploration for civilian-oriented industry and

made it a requirement that the knowledge g_ined would be made

available to nonspace industries, as well as to NASA contractora

(Much the same type of requirement is set up for the programs of the

Atomic Energy Commission. )
The action of these lawmakers with respect to the space program

was not a unique development. The United States has been concerned

with scientific progress and its potential for economic growth through-
out its history. The record of the Constitutional Convention indicates

that many early leaders including Washington, Madison, Franklin,

$01
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and Jefferson held strong views about the importance of science, not

only because of its intellectual challenges, but also as a means for
advancing commerce through what was termed the "useful arts."

Richard L. Lesher of the National Aeronautics and Space Admin-
istration has selected several dates that have special significance for the

early history of science, technology, and economic growth. These
include the following: 1790, first patent law (also the first census) ;
1800, founding of Library of Congress; 1802, establishment of Army
Corps of Engineers; 1803, Lewis and Clark expedition; 1807, Coastal
Survey Act; 1829, death of James Smithson whose will provided for
the establishment of the Smithsonian Institution "for the increase

and diffusion of knowledge among men ;" 1842, act in support of
Morse's telegraph, establishment of U.S. Botanic Garden, establish-
ment of Naval Observatory, and Fremont's expedition to the Rockies.
Lasher emphasizes also the establighment of the Department of Agri-
culture in .1862 and the provision for dissemination of agricultural

technology in 1882.
With the type of background suggested by these developments, it

is small wonder that today much time and effort is being devoted
to the exploration of space in contrast to the Rockies and that there
is concern with the dissemination of space science and technology to at
least as great an extent as with the dissemination of agricultural

t_hnology.

PROGRAMS OF THE AEROSPACE RESEARCH APPLICATIONS CENTER

Indiana University has been engaged in 'an experiment in the dis-
semination and use of space science and technology since 1962, having
entered into a contract with the National Aeronautics and Space
Administration in the fall of that year. As a result of this contract,

the university set up the Aerospac_ Research App]ications Center
(ARAC) and has been undertaking to make maximum use of the
results of the various research and development efforts carried on by

NASA through transfers to private business firms. The programs of
the center have been supported by the Indiana University Foundation,
the university, and 43 business firms. Originally, 29 business firms
were involved. Of these, 3 discontinued their participation for a
variety of reasons, and additional firms have joined to bring the
number to 43. The university had the benefit of guidance from an
advisory board including representatives of a number of Midwest
universities as well as business executives and government officials.

In addition to working with the materials developed by NASA,
during the past year the Atomic Energy Commission materials have
been utilized; and through arrangements with the Department of
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Commerce, it has been possible to gain access to a substantial portion

of the unclassified Defense Department materials.

One aspect of the center's programs relays to the work of the

Technology Utilization Division of the National Aeronautics and

Space Administration. Ideas which are believed to have industrial

applicability and which have been generated by NASA personnel or

the personnel of contracting companies are passed on to the member

companies in the center.

Another part of the program involves making available to the mem-

ber companies the various articles, papers, and scientific and technical

reports which are available through NASA's Scientific and Technical

Information Facility. Approxima_ly 1130000 documen_ are in-

volved, and additions are currently being made at the rate of about
1000 a week. These materials are available to the center in the form

of microfiche and are carefully indexed and abstractecL The indexes

are placed on a computer to facilitate rapid search. Thus, retrospec-

tive searches of the materials can be conducted on questions of im-

por*_nce to member companies. In addition, through the development

of a selective dissemination service, each company can establish interest

centers, profiles of which are placed on a computer, and as a result

of this, these interest centers can be brought up-to-date every 2 weeks

when new computer tapes become available, containing the most

recently generated information.

Either with respect to the retrospective searches or the selective

_minai_ioLt service, however, the important racer is not the com-

puter as such or the form in which the materials are°availabl% but

rather the efforts of the staff personnel of the center who by working

carefully with member-company representatives fit the materials to

the high-priority interests of the company. In many cases it is not

the materials, but the ideas generated by these materials, that meet

the needs of the member companie_

A third aspect of the center's effort involves reaching back to NASA

personnel for clarification of available information or to check out

knowledge that has not yet become available in published form. This

service can be used only to a limited extent and for highly critical

problems, but has been used to great advantage under appropriate
circumstance_

A fourth aspect of the center's programs makes provision for utiliz-

ing the scientific and management faculty personnel of the university.

Panels can be assembled upon the request of any member company

to deal with a problem which requires exceptional effort, where the

pooling of ideas and viewpoints from several fields may, through

"brainstorming" and related discussions, yield results. In some

instances, the center helps to arrange for university scientists to be
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retained to provide special consultation services for the company
involved.

In addition, the center has undertaken to provide managerial serv-

ices of special types, notably in the area of long-range managerial

planning and in research and development management and tech-

nology utilization. Top management developments in the aerospace

industry are made available to the aerospace sectors of the economy.

Additionally, some efforts are being made to also provide market and

other economic projections which may aid the processes of long-range

managerial planning and technology utilization. These latter serv-

ices are only beginning to be developed but hold real promise, notably
in the area of technical marketing services. The center is putting

special effort into the area of technical marketing services at this
time.

Although many of the member companies prefer not to identify

specific benefits that have been received except in general terms, there

is some fairly specific evidence that the work of the center has proved
to be useful. In a number of instances it is understandable that

secrecy would be maintained in regard to potential developments. In

a general way, a number of companies have been helped to improve

their internal organization for utilizing technical materials as well as

to improve their communications systems.

In a number of cases, the center has made it easy for research and

development (R. & D.)personnel to receive the available government
R. & I). literature and often has saved them substantial time and

effort. In some cases the center has been able to help companies

avoid expensive R. & D. ventures because it has been able to bring
them information of on-going activities which previously was not
available to them. In a number of cases the center has been able

to bring company people into contact with NASA personnel in areas

of development where reports have not as yet been published. In

addition to these types of benefits, the center has, of course, made it

easy for member-company representatives to meet numerous officials

of NASA, the Department of Defense, the Atomic Energy Commis-

sion, the Department of Commerce, and other government agencies in

connection with the semiannual meetings held on the campus. At

these meetings there has been a substantial exchange of information
between the representatives of the different companies as well as be-

tween company people, university faculty members, and Government
officials.

There have been some very specific evidences of assistance. One

company was able to find an improved method for joining thin metal

by use of the tungsten inert gas welding process. This company has
invested some thousands of dollars in welding machines using this
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process and reports a significant saving in man-hour time on the as-

sembly line, in extending the usable temperature range, and in

providing in-house capability to manufacture components that were

previously purchased. The company considers this development to
be worth many thousands of dollars

A fairly simple but still valuable trangfer was reported 'by one com-

pany which because of its need for testing competitive products found
is necessary to remove lithography from cans. Reference 1 describes

a paint remover previously unknown to this company, and it was found

to be very useful for this purpose. The saving is estimated at several

thousand dollars annually, and an operation which had a nmnber of
hazards was eliminated.

In another case, a company was able to reduce the turnoff time of

a rectifier by means of information reported in one of the documents

in the center's system (ref. 2). The estimated saving in the research
time that would have been necessary to develop this is between $5000
and $10 000.

Still another company was able to !_ate a material _pable of ac-
commodating high-density magnetic fields for use as a core material

in a pen drive mechanism. By means of a retrospective search con-

ducted by ARAC, it was possible to identify a material that would fit

the various requirements but at a substantially increased cost. Be-
cause this company was able to determine that no material at what

was considered a reasonable cost existed, it proceeded with a research

In another case, joint efforts of company and ARAC personnel com-

bined with careful literature searches made it possible to develop a new

approach to a problem in the area of microencapsulation. Company

officials believe that this approach was due largely to the information
that was available from ARAC and doubt that it would have occurred

to their own personnel.

These few reports give some concept of the potentialities that may
exist. They suggest, indeed, that many companies are gaining sub-

stantial benefits from the work of the center, and undoubtedly new

products and similar developments will be forthcoming and will be in
a reportable condition in the not too distant future_

Thus, the work of the Aerospace Reseamh Applications Center is

contributing significantly to the programs of member companies and

in turn to regional and national economic growth. It is possible that

the field of research application is becoming as important for economic

growth as basic research itself. If the rate at which knowledge is
utilized can be speeded up, major benefits should result.

Although an encouraging start has been made in a relatively new

area, much remains to be done. Experimentation in a variety of eli-
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rections has been undertaken. An advisory board with members

from a number of universities in the Midwestern region has been es-

tablished to assist in drawing on the ideas and work of these institu-

tions, which include Purdue University, University of Notre Dame,

University of Cincinnati, University of Kentucky, University of Illi-

nois at Chicago, Washington University at St. Louis, and University
of Minnesota.

Preliminary experiments have been undertaken in providing faculty
members with materials available to the center. These experiments

were started on the campus last fall and recently have been extended to

an experimental group at Purdue. Plans have also been developed to

carry this type of activity forward at Notre Dame.
Preliminary experiments in the general areas of innovation and

entrepreneurship have also been undertaken. The semiannual meeting

scheduled for April 8 and 9 has been developed in cooperation with

the Indiana Executive Program. The general theme of the sessions

is "Innovation: Organization Climate." Several faculty members in
the Business School and in the behavioral sciences have been interested

in this general area, and it seems that an organizational climate favor-

able to innovation and to people with entrepreneurial minds un-

doubtedly provides a favorable environment for technology transfers
and for the generation of ideas based on new information and new

concepts such as are provided through the NASA-ARAC services.

Thus, if improved methods for developing a climate favorable to
innovation can be identified, it should be possible to further the work

of ARAC.

Some experiments are also going on in the area of technical market-

ing services. Preliminary efforts involving the abstracting of signifi-

cant books, articles, and reports in this field and the dissemination of

these abstracts to member companies with provision for providing

hard copy when requested have already demonstrated their usefulness.

Preliminary analyses have been made of the possibilities of using

v_trious census materials, particularly those that have been placed on

a computer, as the utilization of other sources of governmental infor-

mation that may be available in computer form is being investigated.

As has been suggested, top management developments in the aero-

space industry'hold much promise. Case studies of companies in the

aerospace industry may provide valuable reseaxch as well as teaching
materials.

Consideration is being given to the development of financial infor-

mution that may be of special interest to member companies, but this

project is still at an early stage of development. It should be noted,

however, that because of previous work by several faculty members of
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the Business School in closely related types of efforts, it would appear
likely that some definite contributions can be made in this area.

Several members of the Department of Business Economics and

Public Policy have developed a series of economic projections over a

number of years. This work continues and the results are being made
available to the cooperating members of tlle center.

Various efforts in the area of long-range managerial planning are

adapted to the work of the center as specific studies become available.

Several faculty members have been carrying forward studies in the

general areas of R. & D. management, the management of technology

utilization, and communications management. These efforts are still

at an early stage of development, but have already produced results

that are of interest to member companies.

These and related efforts are all contributing to the establishment

of the Aerospace Research Applications Center as one of the main

interdisciplinary programs being carried forward at Indiana Uni-

versity. It is undoubtedly an outstanding example of cooperation

between industry, government, and the university on the va_ous pro-

grams of the university that are being carried forward at the present
time.

Even though some of its plans were viewed with misgivings by vari-
ous faculty members at the time the center was established and even

though some of these attitudes persist in various quarters, there is

little doubt that the programs of the center have had a variety of in-

fluences on university personnel. Perhaps the most important devel-

opment along these lines is the establishment of closer working rela-

tionships between university scientists and industry-based scientists

than existed heretofore. In addition, somewhat closer working rela-

tionships between the scientists and the Business School have begun
to develop. The center has become one of the main efforts of the

university in adapting to the new patterns of relationships that appear

to be developing between the university and the region it serves, par-
ticulary with respect to efforts directed toward the stimulation of

economic growth and related activities. Since Indiana University

does not have an Engineering School, the center has provided one of

the few oportunities available on the campus for graduate engineers

to take advantage of their previous training and experience.

Thus, it does not appear to be claiming too much to say that the

programs of the Aerospace Research Applications Center have had an

influence on the campus as well as on the relationships of the university

to industry and to government, although in the latter case a broad set

of working relationships had evolved prior to the establishment of the
center.
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Where all of this may lead is an open question. On the basis of
experience to date, however, the opportunities for interesting and pro-
ductive developments in a variety of directions would appear to be
very bright. The university, industry, and government should all
benefit as partners in a new type of enterprise designed as in the case
of the Smithsonian "for the increase and diffusion of knowledge

among men."
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n THE _ OF W0m_NO at the interface betw_n those who do re-
search and those who are concerned with saleable articles or ma-

terials much is being learned about the elements that contribute to the

effectiveness of this proces_ This process can be variously described

as establishing s matching or a coupling m_hanism between those who
are oriented toward the development of new knowledge and those who
are oriented toward application of knowledg_ In many respects, it

is a sophisticated problem in communication.

One aspect of this process of working at the interface does seem to

be clear. It is not emtomatic and will occur only rarely if left to

chance, as might be implied if it were characterized as sphx,-off or

fall-out. Any unidirectional analogue is misleading. The process is

more like a network system with closed loops providing for feed-back,

a complex network with alternative paths, and characteristic input-

output relationshipa
Some of the experiences that; Wayne State University has had over

the past year from working at this interface between the research lab-

oratory and the producing industries in southeastern Michigan are dis-
cussed herein. The university is much indebted to Dr. Charles Kim-
ball and his associates at the Midwest Research Institute in Kansas

City, who plunged early into this uncharted sea, developing a broad

program using NASA-generated or related technological information

in an activity encompassing several Midwestern states and involving a
wide spectrum of potential industrial users. Arthur M. Weimer and

his colleagues at Indiana University in similar fashion were most

generous in sharing with us their experiences in developing under
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NASA sponsorship a different type of program with a selected indus-

trial clientele for promoting application of aerospace research

This paper is concerned with what is referred to as technology

utilization, not because it is something new, but because many new and

highly significant elements inject a note of urgency today. The use-

ful application of discoveries or of new knowledge, for example, dates

back to the time when man took the basic concept of the wheel and

then fabricated two wheels, attaching them to a platform in order to

make a cart which was useful to him. Now, however, the sheer mag-

nitude of new scientific and technological information being developed

in each year, from a current annual expenditure in excess of $21 bil-

lion, much of which is from public funds, makes it critically important

that man develop a better understanding of the processes by which

knowledge is adapted for use. Industries are establishing bridging

mechanisms within companies to help in oromoting effective commu-

nications between the laboratories and the production departments.
General concern within the Federal Government has led to the recent

establishment in the Bureau of Standards of a new Institute for Ap-

plied Technology. Its purpose is to stimulate the application of

science and technology to national needs.

Of special significance, however, is the early initiative taken by

the National Aeronautics and Space Administration in making pos-

sible some important pilot programs in various settings.

ESTABLISHMENT OF CAST

The meaning or significance of the particular experiment at Wayne

State University can perhaps best be evaluated in the light of the
rationale used for justifying and initiating the program. The univer-

sity is trying to find a means whereby an academic institution can

appropriately contribute to an understanding of the process of trans-

fer, a means whereby it can develop pilot mechanisms by way of il-

lustration, and a means whereby it can contribute to a revitalization

of academic programs of study and research, particularly in the pro-

fessional fields of engineering and business administration. The

experiment is conducted in the newly established Center for the

Application of Sciences and Technology (CAST) at Wayne State,

an institution-wide administrative unit operating out of the office of

the vice president for graduate studies and research.
In this center, the direct and important external objectives of the

experiment are the effective transfer of results of aerospace-related

science and technology to local industry. However, the experimental

character of the program must be emphasized again. An effort is

being made to keep the procedures and practices flexible.
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The decision to undertake the experiment was not arrived at lightly.

Change comes slowly, and sometimes painfully, in the academic set-

ting. Professors, as John Gardner has put it, like to innovate--away

from home. Nonetheless, changes can and do occur. Three centuries

ago most of the creative scientific work, except in medicine, was

achieved outside of universit.ie_ In the intervening years, however,

universities have become the centers for such creative scholarship in

science and have, in fact, become pace setters. They have mastered

the art and science of creating new knowledge through researctL

They have so effectively demonstrated its value to government and to

industry that all now contribute to the present fantastic and expo-

nential rate of increase in knowledge. So successful have all been in

mastering this art. and science of creating knowledge that it is esti-

mated that in the 7 years from 1960 to 1967 as much new information

will be created as was produced in all preceding history. Previounly,

a doubling occurred in the decade between 1950 and 1960.- Before

that, 50 years, from 1900 to 1950, was required for a doubling."

Universities have thus helped develop te_chniques and methodology

of research and have by teaching extended this understanding of the

processes by which we learn more about the world in which we live

Can they now, in the face of the overwhelming flood of information,

help us develop an understanding of the processesby whmh we might

more effectivelyutilizefor human welfare the abundance of knowl-

edge at our disposal._ In essence,this isthe question we asked our-

selves at Wayne State about 2 years ago. Can or should a university

bring its talents for philosophical analysis, for experimentation, and

for teaching to bear upon this problem, which may ]prove to be one of
the most perplexing problems of the latter half of the twentieth

century ._ It is not a trivial question. It cuts deeply into the ob-

jectives of professional degree programs, and it keeps alive the con-

tinuing debate over the relevance of applied research to an academic

program. It relates to our need to apply more effectively knowledge

in building cities and communities and in solving problems of urbani-
zation, for example.

Another very practical reason for asking the question at this time

at Wayne State was the fact that the university is located in the heart

of a well-developed industrial area, solidly based in part on heavy

industry related to ground transport. But the area was showing

anxieties over not having participated in a significant fashion in

.post-World War II science-based industrial growth. The shortage was

m application, not in production of manpower (scientists and engi-
neers) or in research. Michigan ranks seventh in college enrollment

and fourth in national production of Ph. D.'s. About one-half of the

state's population is in the five counties in southeastern Michigam
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The University of Michigan is one of the nation's leaders in research,

near the top if not at the top in terms of research for NASA and for

DOD. Wayne State, from a late start, was rapidly building its re-

search program, reaching a total approximating $10 million last year.

The question to be asked, therefore, was not how the center could

rapidly expand the production of knowledge through research, but

rather how a university could contribute to an understanding of the

processes by which that which is known could usefully be adapted

and employed by industry in the region.
The first step was to bring together members of the faculty from

the Department of Engineering, Business Administration, the Basic

Sciences, Economics, Political Science, and History. This group de-

veloped an inventory of the research capabilities of the university.

The group also analyzed the research strength of the Detroit metro-

politan area and identified the mix of industrial interests and pro-

ductivity. Most fundamentally, the group asked how the university

might engage in an experiment related to the use of knowledge. The

faculty had to agree that such was appropriate or could be made so.

The product of this period of intensive discussion and analysis was

a far-reaching and challenging proposal. A professor of history, Lee

Benson, articulated the consensus in a proposal that a Center for the

Advanced Study of the Rational Use of Science and Technology be
established. He and others expressed deep personal and profes-

sional interest in engaging in such studies which would have meaning

not only for industrial development, but meaning as well for more

effective use for the common good of knowledge in the social sciences

as they might relate to the building of better communities and public

agencies. In fact, the proposal articulated a concern over the use of

knowledge in many forms to help plan better, cope more effectively

with problems as they arise, and, frankly, do a better job in educating

students for living and working in an age of rapid and pervasive

change.

Empasis was placed on the complementarity of two goals: one re-

lated to the highly rational production of knowledge through research,
which has been astonishingly successful over the past three centuries;

and the other one related to the highly rational use of the products

of research. They should not be considered competitive, but as parts

of a complete whole.
Faced with this challenge from the faculty, we undertook to de-

velop as a first step a program that seemed manageable, feasible,

realizable, and in simple fact, supportable with funds. The result

was CAST, the Center for Application of Sciences and Technolo_o?¢.
Because we had ascertained that local industry would be interested

in such a program, we limited our experiment to science and tech-
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nology utilization, or transfer, in local industry. Because the National
Aeronautics and Space Administration was desirous of conducting

pilot studies on transfer of aerospace-related technology and would
help fund such efforts, we limited our information sources at the out-
set to aerospace-related technology and to the NASA information
bank in its many forms. At about the time this decision was made,
the State of Michigan, at the urging of Governor Romney, established
a research fund in the executive offices through the Michigan Depart-
ment for Economic Expansion. We successfully applied for a grant
from such funds. Consequently, with major initial support from

NASA, with contributions from local industry, and with a grant from
the State, we began operation of CAST about February 1, 1964.

Although the past year has been largely one of getting the laboratory
established and organized, we have held fast to two general operating
principles:

(1) The operation by policy and through practice must be locked
into the academic mission of the university, which is one of
education in the broad sense,. CAST mum not. become an

unrelated appendage, having no tie except through fiscal or
management relationa

(2) For the operation to have'meaning asan experiment in tech-
nology transfer to industry, as one example of the useful
application of knowledg_ it must try to succeed at the process
of working at the interface; it should remain flexible, try new

• transfer.

While adhering to these operating principles, we are initiating

plans for evaluation, for critical review of the procesms, for identi-
fication of elements discovered as important, and for generalizations
that might be drawn which would have relevance not only to similar
attemptselsewhere but to the processes by which effective handling and
use of knowledge might be utilized in other fields for other purposes.

ORGANIZATION OF CAST

The director of CAST, Mr. Bruce Pinc, reports to the vice presi-
dent for graduate studies and research atpresent to facilitate uni-

versity-wide contacts. Policiesrelating to the academic phases of the
program and to the involvement of faculty and graduate students are
formulated by a University Advisory Committee, chaired by Dean
Johnson of the College of Engineering. Members of the committee
include deans of the College of Liberal Arts, the College of Pharmacy,
and the School of Business Administration.

Science departments and engineering departments are also repre-
sented. Because the operation relates closely to the program to be

790-0830---65-------21
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developed by the dean of a newly created Division of Urban Extension,

he also serves on the University Advisory Committee. Quite candidly,
some thorny problems arise because the CAST operation does break
with tradition, and it is imperative that there be not only a forum for
discussion, but as well a policy-recommending body of men holding
key posts of academic and administrative responsibility within the
university.

To involve leaders of the industrial community in the planning of
operations and in reviewing accomplishments, an Industrial Advisory
Board was created, with Walker L. Cisler, chairman of the Board
of Detroit Edison, serving as chairman. Others include presidents,
engineering or research vice presidents, or comparable responsible

officers in industries of the region. Each industry contributing finan-
cially to CAST in its first year of operation is represented on the
board. All four major automobile manufacturers, the three public
utilities, banks, and a wide range of other industries such as chemicals,

electronics, steel and metal-working firms, a bakery, a brewery, and
manufacturers of machine tools, electromechanical instruments, and
wearing apparel are represented. The board meets quarterly and
advises on such matters as financing and public information proce-
dures for interaction with industry, and on general objectives.

Structurally, CAST has two divisions: Information Services and

Applications Services. Both are headed by competent professionals.
The head of the Information Services Division, Robert Booth,

is chairman of the Department of Library Science in the College of
Education. He brings to his part-time responsibility with CAST
a wealth of experience in library techniques and in new storage-
retrieval systems. He is assisted by Mr. Song, who has degrees in
philosophy and science and is working on a doctorate in library science.
Other hard-working and by now experienced staff complete the unit

that receives, processes, reorganizes, stores, and develops retrieval
programs for a wide array of information. Parallel to the Informa-
tion Services Division, and reporting to the director, is the Applica-
tions Services Division. It is headed by Earl Borseth, who has
degrees in engineering and business administration and, in addition,
has many years of practical experience with industry in product
development. He is nearing completion of his work for a Ph. D. in
business administration.

Because of the experimental character of the program, these two
divisions were considered to be complementary to one another, neither
being staff to the other. We need to develop better processes for
handling information as well as insight into the procedures for trans-
mitting it with understanding to the ultimate consumer.

The work of the Applications Services Division is carried out by

Applications Engineers, most of whom are members of the faculty.
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Some are established members of the faculty and a few have recently
been added, having joined the staff of CAST with regular or adjunct
faculty status established in an appropriate department. Last sum-
mer, 9 out of 11 Applications Engineers were members of the faculty.
The Applications Engineers provide the important communications
link with each industry. They engage in a continuing dialogue with
their counterparts in a company, attempting to identify areas of

interest, defining specific problems needing solution, or considering
technological developments for the futur_ We are not concerned

simply with the transfer of documents, the movement of papers, for
that will not in any way guarantee transfer and utilization of ideas
or information. Nor is it possible to define clearly the role of the
Applications Engineers, for they have almost as many patterns of
operation as there are companies working as clients with CAST. In
essence, they explore with a client company various techniques for

communication and for involvement, most often built around develop-
ment of interest patterns or about identifiable problema Fundamental
to succ_sful communication is an open or receptive attitude on the
part of individuals. In fact_ sometimes a matching of personalities
can prove to be as important an element as matching knowledge to
interest.

To complete the roster of staff or of resource persons, we have a
number of graduate students in the university who work part-time
as interns. In effect, they are Assistant Applications Engineers, work-
: ..... ".......... Enginw_,_ _ne regmar Appnca_mns eers. p cu-rer, cm_ly One in arti
lar is a graduate student in history, having an interest in the history
of technology as a subject for his doctoral thesis.

The Computing and Data Processing Center of the university is
invaluable. Its director, Walter Hoffman, works closely with the

staff of CAST in developing programs and procedures for efficient use
of the facilities of the center, for using the NASA tapes, and for
developing routines that can make possible reaction to inquiries for
information stored in the center. I do not want to leave the impres-
sion that we are preoccupied with machine processes, with the use of
mechanical systems for information handling, when other less glam-
orous methods will suffice or even be better. For example, last sum-
mer we employed a group of high school girls to do a thorough job
of cutting and pasting on cards all abstrac_ from the NASA Scien-

tific and Technical Aerospace Reports and the International Aero-
space Abstracts. These are now filed and are readily available for
reproduction by Xerox when requested.
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OPERATION OF CAST

Ideally, CAST operates as a system comprising men, machines, and
information designed to match definable user need or interest with

appropriate information. The total system operates with certain

functions describable as subsystems, and with typical input-output

feedback characteristics of systems. As such, in operation CAST
should respond to forces acting on it from without and from within.

The system has not always worked as planned ; we have had to de-bug

it. Nevertheless, with a variety of combinations of procedures, with

multiple steps possible depending upon individual circumstances, and

with freedom to depart from a preconceived pattern for a given com-

pany, we have developed Applications Engineers with skill who in

turn have developed techniques for effective interaction with indus-

trial personnel, and have made the system work in what appears was

a larger number of cases than we might have expected within a year

of operation.

By the end of a year, we have developed work with over 100 indus-

trial clients, some very large and some very small. The matching of

information to need is important, but so also is the matching of the
Applications Engineer to the problem area, or even in some instances

to the corporate client. This is one of the lessons learned.

In principle, once a company expresses an interest or a desire to

become active in the program with CAST, the Applications Engineer

selected to have the greatest likelihood of comparability with the

client because of technical background and experience arranges to

visit the company and to meet ultimately with the appropriate en-

gineer or technical person for determining the problem areas or the

short- and the long-range technical interests of the company. In

large measure this will reflect the internal technical capability of the

company. The large companies are inclined to be more specific re-

garding the help they want on information and less specific regarding

definition of interests and problems. The small companies are

anxious to have any type of help that can be given.

One small company has, for example, recently added a technical

person to its staff for the explicit purpose of being able to communi-

cate more readily and thus to take advantage of the wealth of infor-

mation available through the CAST operation which has relevance

to its product line. Another company was interested in having in-

formation that would help it plan a 10-year phasing out of its present

operation and a phasing in of another compatible one, in terms of its

equipment and personnel skills, for it could clearly anticipate the

successful undercutting of its present business by more economical

materials and processing techniques.
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At any rate, the Applications Engineer returns to CAST with results
of his discussions and observations and either then or after another

visit develops in collaboration with the Information Services staff a

series of questions to be put to the information and data bank in the

computer. The Information Services then queries the computer,
which in turn responds with an automatic print-out of references from
its extensive store of information. These references are then converted

into 200-word abstracts of documents by the Information Services and

are transmitted to the Applications Engineer. He analyzes all, selects
those he believes most nearly meet the client's interests, and takes them
personally for a discussion with his client. In this process many
different things can happen. An entirely new line of inquiry can
begin, triggered by unexpected information; a clue as to other pre-
viously unasked questions can be found; or, a decision can be reached

on which of the documents merit further complete study, resulting in
the Applications Engineer's requesting the documents in full from the
Information Services. Following transmittal of further information

and discussion, repeated steps for amplification or for additional
searches may be necessary--or the information so provided may lead
to application, either in the form of solution of a problem in manu-
facturing processes, reduction of losses, improvement of the product,
reduction in cost, or in rare instances, opening up consideration of a
new product by direct transfer.

This rather mechanistic interpretation of what in principle may be
the or_.r_t.ion of CAST "_"_ "-* acc,,-ant for the highly individualistic

nature of the work of the Applications Engineer. Perhaps the most
useful thing that he will do for a given company is to demonstrate the
importance of the use of information available, not only in CAST but
in the company's own library. Perhaps the most effective transfer is
the idea of taking time to reflect, to analyze, to seek through work of
others solutions to company problems, or to be exposed to materials
out of which ideas for future exploitation can be created. Also, the
Applications Engineer must stop short of becoming in fact a full-
fledged consultant, referring instead to private consultants or to quali-

fied faculty members at some university with whom the company could
make private consulting arrangements.

One might even go so: far as to acknowledge that in many instances
what we do through CAST is to use the extensive information re-

sources of NASA as a means of establishing new company attitudes,
of building internal communication linkages, and of opening up op-
portunities to inject new ideas or approaches for corporate planning
or problem solving. It is the total system approach which is important,
not the fact that any of the elements or concepts are essentially novel.
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When successful, for whatever reason, the approach does in fact

move aerospace-related information in an applicable form into a com-

pany with a relatively high probability of its being used.

RESULTS

In the preceding sections a description of the rationale and struc-

ture of CAST and of the principles of operation has been given.

How has it worked ? What can be pointed to as evidences of success

or evidences of difficulty ? To what degree has impact been felt on the

academic program of the university ? What does industry think of

it? Do we have any better insight into the processes of transfer, of

application, or of technology utilization?

This year this organization has restricted itself to information
related to space science and technology and to sources available

through NASA. These materials, or information inputs to the sys-

tem, comprise the following:

(1) Hard copy or microfiche reproductions of documents not found

in the open literature such as journals or books. These come

from Documentation Incorporated in Maryland, which provides
the service on contract with NASA.

(2) Open literature, the journal articles and books, as identified

by the American Institute of Aeronautics and Astronautics in

New York City, N.Y. The complete articles as published are

usually available through local libraries.

(3) The Scientific and Technical Aerospace Reports (STAR),

prepared by Documentation Incorporated, to index twice

monthly 34 basic subject categories of information. In the

year 1964 it listed 25 000 discrete items.

(4) The International Aerospace Abstracts (IAA), published

monthly by the American Institute of Aeronautics and Astro-

nautics, to cover 34 basic categories. In 1964, 30 000 items were
listed.

(5) Magnetic tapes, introduced by NASA in 1962, for the IBM

1401 electronic data processing system, which stores in retrieva-

ble fashion references to all items published in STAR and in
IAA.

It should be emphasized that such information is reported to cor-

porate clients in the form of simple citations or references, of abstracts

if expanded description is needed, or of copies of the complete docu-
ment or article when clear relevance to interest is established. The

libraries at Wayne State and the Detroit Public Library, as well as

others, are invaluable and essential to successful operation of the

system.
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Statistically, results to date are as follows:
(a) 2094 searches conducted over the year
(h) 121 000 abstracts analyzed
(c) 3112 complete documents reproduced
(d) 737 articles obtained from IAA
(e) 9 Applications Engineers employed
(f) 9 graduate student interns or Assistant Applications Engineers

involved

(g) 15 100 engineering hours of work fur corporate clients
(h) Over 100 separate companies participated as clients
One could add to this list of activities the many seminars, lectures,

and reports given by CAST personnel at various meetings and the
initiation of collaboration among universities in Michigan as they
work with industries, with the CAST system offered as an informa-
tion resource_

Statistics, however, are not reliable indicators of progress, of suc-
cesse_ or of difficulties to be overcome. For example, one of CAST's

more than 100 corporate clients emp|ovs only a few dozen persons.
Another is a very large corporation with 11 operating divisions work-

ing in various ways with CAST, each division being as large or larger
than most of the other clients. Similarly, a count of searches made,
abstracts reported, or documents delivered does not denote utilization
in fact. Techniques for obtaining quantitative measures of transfer
of technology and of adaptation and application of concepts or scien-
ti6,_ in_fo__ru_a.tlona._ _! be_ing A_ve!or'_.

In general, we have confirmed what others also have found by ex-
perienee. There seem to be three broad categories of use:

(1) Direct transfer of a product or of a new process in its entirety

can occur, hut only rarely. We have had only one such case
which we would define as direct transfer. There are many
good ideas floating around, even exceptionally ingenious devices
which do an outstanding job for a particular mission in space,
for example. This does not guarantee that there would be a
sufficiently large consumer market for commercial exploita-
tion. Market analysis is a prerequisite for any new product
development and production and profitable sale in the open
market.

(2) Modification for improvement of an existing product or process
for which the company already has a market is the most
probable type of utilization. Need to meet competition, to solve
identifiable problems, or to improve the profit position provides
motivation.

(3) Under certain circumstances, particularly for the small and
medium-sized companies, the work of CAST with its store of
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information as interpreted and transmitted by Apl_lications
Engineers is of significant value in corporate planning and in
arriving at decisions regarding research efforts.

The following examples will serve to illustrate these general types
of utilization :

(1) A case of direct transfer occurred within the past few weeks.
A paint used 'at Cape Kennedy for the gantry systems proved
to be of interest to a client paint company. After much dis-
cussion, testing, reformulation and market analysis, a product
was produced, and the first can was displayed at the first
annual meeting of CAST of January 21, 1965. It is reported
that the company had secured a sizable order in advance of
production.

(2) A prominent bakery serving the Detroit area had a problem
with the growth of bacteria in one of its baked products,
pumpkin pies to be specific. A CAST Applications Engineer
obtained the necessary NASA literature and, with the aid of
two faculty consultants, succeeded in helping the client solve
the problem.

(3) Amazement was expressed by the staff of a sophisticated
electronics research laboratory by disclosure through CAST
of important documents in their own area of specialization of
which they had been unaware. Out of 50 abstracts uncovered,
they had need for 14 documents. Here, the assistance was

primarily in identifying interest profiles and in locating rele-
vant information.

(4) Increased production rates and savings in tooling costs re-
sulted for a producer of bearings through work with a CAST
Applications Engineer using NASA-related information in
reducing bacterial contamination of lubricating and cutting
fluids.

(5) A large utility company performing research on power con-
version techniques had been plagued with a pr(_blem of metal

loorosity. Aerospace-related information supplied through
CAST contributed significantly to solution of the problem.
Economic value of this one solution may be measured in mil-
lions of dollars at some future date according to one top
corporate official.

(6) A large company was in the process of developing a miniature
sensing and recording device, which showed promise in the
prototype stage. Problems of marketing, of sales potential,
and of competition were being studied. CAST, through its

Applications Engineer and the Information Bank yielded 60
related abstracts. These and discussions between the Appli-
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cations Engineer and the client personnel led to revision of

plans, improvements, and a superior basis of knowledge upon
which to make a corporate decision involving commitments

of substantial sunzs of money.

(7) A small processing company had planned to determine effects

of very low temperatures upon the crystalline structure of an

exotic metaL CAST was able to report on similar tests from

its aerospace data bank, saving duplication of effort and cor-

porate expense.

(8) A large and well-established company had many rejects of its

metal product because of faulty welding. Pin holes were re-

sponsible. A thorough search by CAST staff identified the

NASA Lewis Research Center as having advanced informa-

tion on ultrasonic leak detection techniques, and subsequently

put the firm in touch with commercial organizations which

produced such equipment. Preliminary results are promising

and may lead to installation of a much improved quality

control system.

(9) A small local firm had trouble with deep-drawing of light

metal stampings. Waste and loss of profits resulted from

buckling and tearing. The CAST Applications Engineer with
reference to several documents uncovered in the data bank

identified one report showing a solution by another company

to a similar problen_ The result was immediate modification

of losses and an improvement in economic prospects for the

company.
(10) Modification of a research plan by a large automobile com-

pany resulted from reference through CAST to work on

fatigue of astronauts for Project Mercury. Information from

the NASA Manned Spacecraft Center Technology Utiliza-

tion Officer helped speed up the company's research program.

(11) NASA-developed techniques may, through the work of CAST

and its Applications Engineer, help solve the problem of a

local brewery in connection with sterilization of its bottles

and equipment_ The only remaining question to be answered

is whether the plan is economically feasible.

(12) A large company specializing in control systems for the auto-

motive industry wanted information on inconel. Thirty

abstracts were located through CAST, of which 15 print-outs

of aerospace literature were delivered and discussed with the

company. The company reports they were very helpful in

identifying proper uses of the metal, which is now used more
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extensively by the company with consequent product
improvement.

These illustrations are but a few of the many and varied types of

known cases of help actually provided. In many cases, we will never
know the degree to which information transfer started a chain of

events leading to incorporation of partial information or combinations

of information into a new product, to an improved process, or to

significant modifications of development plans worth much money to

the company concerned. We are discussing now with representatives

on the Industrial Advisory Board procedures which might help in
ascertaining quantitatively the extent of such useful transfers. Re-

peated use by a client of CAST is one measure. Payment of industrial

contributions is another. A company's willingness to pay for time

used on a fee basis in the future will be another. Actually, the dollar

value of valuable technical corporate staff time devoted to consulta-

tion with the Applications Engineers also represents a corporate con-
viction of the value of such interaction with CAST.

In order to provide a variety of experiences, we have, as indicated

previously, welcomed industrial clients of all sizes and all types of

businesses. Included are all four of the automotive corporations and

a variety of their suppliers of parts, materials, dies, and controls.

Tool companies, metal fabricators, a brewery, a glove manufacturer,

a bakery, and manufacturers of chemicals and pharmaceuticals, cal-

culting machines, electronics equipment, tires, paper products, plastics,
and optical equipment are further examples. Banks and utilities are

contributors and are also beginning to find ways of usefully employing

the Applications Engineers and aerospace information.

For all companies, regardless of size or type of business, a desire

to participate in an open-minded approach to the process is important.
Essential also is adequate internal technical competence, without which

there can be no effective two-way communication or capacity for the

company to capitalize on the information identified as applicable to
its needs.

While we have been establishing various relationships with industry

and have made great progress with techniques of handling informa-

tion, we have deliberately attended to the job of relating CAST to

the academic responsibilities of the university. It was previously

emphasized in this paper that this is one of the two principles which

must undergird the CAST operation to justify its location within the
university setting.
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More time will be needed for a fair appraisal_ but many of us feel

encouraged by the following indications that it is working--that there
is beneficial feedback into the academic life of the institution:

(1) A department chairman told me this past week that to him the

most exciting development was the new Industrial Engineer-

ing graduate course on "Technology Utilization." It carries

Industrial Engineering Course Number IE0790. Sixteen M.S.

and Ph.D. candidates, most of whom are employed in industry,

are showing such interest that a decision has been made to

repeat the course each term. The objective is to describe mech-

anisms for and impediments to technology utilization, and

specifically, to utilize the CAST system in the process. It

enables students to solve real problems in a professional or

practical setting. The course is also being televised and re-

corded on video tape with the assistance of Wayne State's

Mass Communications Center. Requests have already come

in from other universities for the tapea

(2) CAST personnel also teach a course in the Applied Manage-

ment and Technology Center, identified as AMTC-M. 111;

it carries the title, 'rUtilizing Research and Development In-

formation for New Product and Process Development." This

course is directed toward top and middle corporate manage-

ment staff and shows how information, as stored in the CAST

system, for example, can be of significant value to management

in corporate planning.

(3) A still further direct instructional activity stimulated in part

by CAST is a series of special courses and workshops on poly-

mers, emphasizing the uses of new chemical technology in con-

struction and in transportation. More than 300 participants

are expected to register in this program, which is cosponsored

by CAST with the university's Institute for Applied Chem-

istry and Physics.

(4) In less formalized but, nonetheless, effective ways, the faculty

who work part time as Applications Engineers are feeding
their experiences back into the classrool_ One professor in

engineering uses in a graduate course a special referenc_ or

source book of recent laboratory results compiled by print-out

from the aerospace data bank.

(5) Another professor is using CAST and its Information Serv-

ices as a means of searching for promising graduate thesis

topics which would have relevance to major problem areas of

interest. In fact, one department chairman has stated that

he fully intends to revise his whole approach to advanced

degree research through effective use of the CAST mechanism
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to help insure that engineering graduate students work on

problems similar to those they will encounter in practice as
engineers.

(6) Promising research problems, for example, one related to

microwave curing of plastics, grew indirectly out of CAST

activity by two professors, one from the Department of Chem-

ical Engineering and the other from the Department of Elec-

trical Engineering.

(7) Two of the part-time graduate students in engineering, work-

ing as Assistant Applications Engineers, are receiving credit

for directed research under supervision of their major
advisors.

(8) A Ph.D. candidate in history, interested in the history of

technology, is also serving as an intern in CAST and is col-

lecting material through direct observation which will relate

to his thesis topic.

(9) Professors in political science and in history have also become

involved in planning evaluative procedures which will be

implemented over the next several months.

(10) As a result of faculty suggestions, CAST is exploring ways

in which it could be of assistance to them, to departmental
chairmen, and to the Office for Research Administration in

searching out literature relevant to major research proposals

prepared for submission to potential sponsors.

Encouraging as this may seem, there is still not enough interaction

within the university. It is largely a people problem, to quote a

department chairman. He wants many more faculty members to

become involved in different ways. He and his dean and a fellow

department chairman all seem to agree that their greatest complaint

about CAST is that members of their faculty are so interested that

they spend perhaps more of their time than they should in working

at the interface as Applications Engineers. In a very real sense this

is an a_knowledgement of the value of this experience to the faculty

and, in turn, through them to their teaching and research.

In fact, a department chairman said recently that some professors

are inclined to come and teach their courses and gradually die. He

felt that CAST in part could serve as a mechanism to help keep them

alert and alive, giving them a continually broadening experience.

This has been a good year of trial and experimentation with this
new mechanism. We have been gratified with progress, but are by

no means satisfied. We need to improve communications internally

and exter_lally. We have learned to be less optimistic about direct

and easily identifiable results, but have to begin to sense that perhaps
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technology utilization will best be promoted through steady progress
and development of the other less tangible but essential elements in

the process itself.
WHAT OF THE FUTURE?

We remain firm in our conviction of the need to lock the operation

close in to the educational program of the university, benefiting the

institution in its central job of training people, while benefiting NASA

in its mission of speeding application of aerospace technology in non-

space endeavors. We are beginning to examine and experiment with

programs of application in other sectors, in addition to industry.

Governmental agencies, the nonprofit health-related agencies, even

education itself can in some measure use to advantage such

technologies.

As we move in this period of transition in the life of our nation,

we must find new ways of approaching the problems of conservation

of resources, air and water pollution, transportation, and communica-

tion. We must also find ways of effectively applying the fruits of

our space resea_hes and technology in the solution of these and other

major problems, solutions of which hold such vast potential for ben-
efit tous.
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Amu_ ACCOV_r 0F atom PPmS_O_IS underlying the work of the
21. ctmOffice of Industrial Applications of the University of Maryland
is g_ven herein. The terms of reference of the work call for a study
of conditions underlying the transfer of technical knowledge to the
industry. In this study, use is being made of some of the NASA-gen-
erated research and development (R. & D.) which is assumed to have

industrial and commercial potential. The study seeks to identify
factors which may impede or facilitate the transfer of technology to
industry and also considers the possibility of designing a program to
advance the industrial Applications Program of the _AS2k Goddard
Space Flight Center and to augment its capacity to promote industrial
progress in the State of Maryland. Implicit in all this, of course, is a
basic assumption that positive attempts would be made to transfer
individual pieces of technology. Also implicit, particularly from the
university's viewpoint, is the fact that any study conducted would
contribute to knowledge of the process of technology transfer.

The first considerations of technology transfer and its commercial

utilization greatly affected the nature of the project. In the first place_
it seemed redundant to try to duplicate techniques of technical infor-
mation dissemination already being investigated elsewhere.Further,
it seemed that the ultimate justification for NASA's Technology
Utilizatiou Program was the extent to which the technology was used,
a use which could be measured in an economic sense_ It also seemed

that no particular rationale existed on which to base a claim that the

transfer to privateindustry for commercial purposes of new technology
generated by government-sponsored R. & D. had been shown effective.
That there is commercial merit as an end point to an enterprise of this

$27
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kind has never been substantiated in any quantitative sense. In gen-

eral, all arguments in support of this enterprise are based on a belief

that since so much money is being spent by the government on R. & D.,

there must, on first impression, be commercial benefits besides those

for which the work was done in the first place.

From an examination of any of the available results of efforts to

transfer new technology into the commercial sector, it seemed to be

generally true that the success of these efforts constituted exceptions

to a rule rather than the rule itself. For example, the total utilization

of all patents issued is probably not much higher than 50 percent even

when the definition of utilization is set at a very low threshold of

activity. The utilization of patents in any commercially significant

sense is probably not much higher than 10 to 15 percent. Therefore,

in attempting to commercialize the bits of any particular corpus of

new technology, irrespective of the patent situation, it seemed un-

reasonable to expect success in more than about 10 percent of the cases.

This means that from a commercial viewpoint, up to 90 percent of

available new technology at any given time is unlikely to find immedi-

ate commercial application. It seemed, therefore, that an immense

amount of time could be wasted in attempting to process new tech-

nology in detail and in trying to uncover nonexistent commercial appli-
cations for it. That fact remains, however, that there is a high

probability that for any 100 items of new technology, perhaps up to 10

of these might find significant commercial application. It is also con-

ceivable that one of these items might have transceudental application

commercially. The problem is to identif X them, since they can be of

national importance in terms of the gross national product.

It seemed that some relatively quantitative guide might be de-

veloped to divide new technology into that portion which may tend

to become profitable commercially and that portion which will tend

to remain just interesting laboratory exercises. If this could be done,

it might be possible to optimize, but not maximize (there is still a

law of diminishing returns), the transfer of this new NASA tech-

nology to the point of utilization and, among other things_ to advance

the Industrial Applications Program of the Goddard Space Flight
Center.

This view, of course, is somewhat at variance with that of docu-

mentalists who tend to regard any one document as being as signifi-

cant as any other document just because it is a document. Absolutely,

this may be the case. In the context of industrial utilization it can-
not be.

The University of Maryland project is a relatively modest one in
financial terms. This fact reinforced the thought that over a wide

spectrum of technical subject matter, market and investment variables,
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and industrial manufacturing and marketing techniques, it is ill-
ad_r_l for one man or even a small group of men, however skied
and experienced, to consider that they can provide all the answers to
all the questions which so divide new technology. The chance that

any particular bit of new technology can meet the extremely specific
and extremely diverse requirements of one industry, or a company
in an industry, or a division of a company in an industry, or an indi-
vidual in a division of a company in an industry seemed quite remote
and extremely difficult to asse_ a priori. These observations led to

a consideration of the sources and kinds of evaluation. A panel of
scientific experts divorced from the imperatives of the profit motive
can pronounce on the technical feasibility of any new proposal. Pro-
nouncements of this kind do sometimes suffer from a kind of ambi-

valence characterized by statements of the general form "on the one
hand this, but on the other hand that." Alternatively, there can be,

for almost any reason, an establishment-like conspiracy either to sup-
port or frustrate any proposal for the further development of the
idea. In any case, the merit of the scientific panel consideration fre-
quently resides merely in the fact that the panel has examined the new

proposal. The failure of any further action or the failure to take any
further action can ultimately be justified by th_ fact, and in any case
it is always safer in this context to say "No" than to say "Yes."

It will perhaps be generally agreed that to assess'technical viability
is a more defined and therefore simpler task than to evaluate com-
ma*,_;al rta÷an4";nl;4-_ T_ _-1_.... *-.._ -t "a-r t O t 3r_ T_ • ..... _"_ _ _ _ -

can almost be assumed. The work has been performed by qualified
people in response to some well defined need. In the end, the O_ce
of Industrial Applications decided to forego the benefit of such tech-
nical advice and guidance.

A gap in the otherwise impeccable conclusions of many scientific
panels is in the areas of marketability and profitability. Traversing
the question of whether formal market research can effectively be
done in the context of new products and processes, attempts to remedy
this lack expeditiously seemed to suggest contact with industrialists
and individual companies_ The purpose of this contact would be to

obtain an evaluation of the commercial significance of a particular
new development in terms of the reaction of its potential destination
in industry. If this evaluation were in positive terms, a ready-made
user would already be available. This does seem, on reflection, rather
like asking a buyer to explain to you the merit of what you are trying
to sell him and does not, on the fact of it, seem to accord with the best
principles of free enterprise. However, this merchandise is very
special merchandise.
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Only after the item had not been rejected outright as a viable propo-

sition could it be said that any progress had been made; that is, a con-

dition of nonnegativeness would be reached. At this point, it would

be fair to say that transfer had been accomplished with some kind

of prognosis for utilization which would vary from a little over zero

upwards. In parenthesis, it should also be noted that transfer is

accomplished even when a condition of negativeness is reached, since,

in theory, as detailed an evaluation is called for to say "No" as to say

"Maybe" or "Yes." Much evidence of transfer is of this kind and
contains a wealth of detailed reason.

Finally, the views of industry about the commercial significance
of selected items of NASA technology were sought, and industry was

invited to use them. For any total population of items, the output-

input ratio for this process in terms of a nonnegative outcome seemed

unlikely to be greater than 0.10. In terms of any total number of

industrial approaches, the ratio would probably be about 0.01. The

psychological impact of so much abortive reviewing would be cumu-

latively disenchanting to the businessman and could reduce the effec-
tiveness of theevaluation process. Hope of new products and therefore

new profits exists always. However, this could not be relied upon

exclusively to give an adequate motivation in this context. Something
needed to be done to utilize this motivation more effectively.

Contacting industry on an irrelevant, unnecessary, and incompetent
basis has been avoided. If this is not done, industry will react super-

ficially or with complete indifference. Moralizing about the business-

man's duty to himself, his stockholders, his staff, and the community

at large will effect little in the context of the businessman's ever-

present preoccupation with his current production and marketing

problems. It may not be necessary actually to present to the business-

man proof of an immediate net profit of 30 percent per annum achieva-

ble at substantially no investment within the first 6 months of opera-

tion. However, as other programs have concluded, something more

sophisticated is required than exposing the businessman to an uncriti-

cal selection of technical reports and challenging him to justify the

basic tenets of free enterprise by taking up the commercialization of

their contents at his own risk.

It seemed clear that too much emphasis could not be placed on a

properly directed but ruthless neglect of technical literature of no

evident intrinsic interest to industry. This, it was hoped, would create

and maintain an encouraging psychological response from industry

itself by not submerging it with digests of technically meritorious but

commercially useless material. Some discriminating selection and

communication technique was therefore imperative. The information
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transferred had to be palatable to and assimilable by the industrial
recipient at his level. Otherwise it was not likely to receive proper
consideration. Furthermore, in all fairness to the industrialist, since
there is likely to be 90-percent wastage, this information had to be of
a nature and in a condition that would enable him to come to a firm and

definite conclusion based on his knowledge, judgment, and experi-
ence in a minimum of time. If the component of "can't say" or "can_
say without other reference" in his evaluation is at all excessive, then

the resistance to doing anything rises markedly.
In other words, in order to avoid failure, the right material must go

to the proper companies in the appropriate condition. There is a
variety of subject matter, of presentation modes, of presentation con-
ditions, and of presentees. The variation here is large. In addition,
new technology can be characterized on bases other than that of sub-
ject matter, for example, function. Companies are characterized by
features other than their product range, for example, geographical
location. The University of Maryland program is attempting to
compare and c_)ntrast _me of these various things.

Some of the practical aspects of the Industrial Applications Pro-

gram, which, it is hoped, will be accomplished are the following:
(1) To catalyze and facilitate the commercial utilization of a pro-

pertion of the NASA technology and to sustain situations of
nonnegativeness to the point of commercial utilization, while
making observations about the nature and characteristics of

(9_) To measure the relative effectiveness of various modes of
approach to industry.

(3) To indicate particular areas of technology, in a subject matter
sense, where the prognosis for utilization is higher than for
others.

(4) To identify, in general terms, industries and companies in which

the prognosis for utilization is more pronounced than in other_
(5) To show the effect of dissemination in a restricted geographical

area on the amount of technology transfer achieved.
(6) To compile industrial views about the merit of the whole

Technology Utilization Program, the general nature of the
barriers to utilization, and the specific reasons why, in any par-
ticular case, a particular piece of technology does or does not
have commercial appeal.

There is a strong desire on the part of the members of the group
to attempt to approach some quantification of all these things, even
if it is not entirely possible to do it. You might describe the current
feelings of the group as a combination of a suspicion that we may be
mistaken with a conviction that we are right.
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During 1964 (the program has been in existence a year) the group

postulated about 7500 combinations of companies with innovations
and took the initiative in this. Some kind of emotional involvement

was r;eeded to transfer the enthusiasm that the innovator presumably
has for his innovation over to the destination.

Nevertheless, the group postulated approximately 7500 combina-

tions of companies with innovations and tested the hypotheses; 4300

involved Maryland companies and 3200 involved companies outside

Maryland. Since these hypotheses were based on subject matter, it
was difficult to remain within the boundaries of the state.

Having reached a point after all this, where we can, in the context

of our terms of reference and as ,_practical matter, no longer positively

urge most of these situations further on to the finality of commercial

utilization, we are left with about 300 situations of nonnegativeness,

4 percent of the postulated figure, each with a varying prognosis for
ultimate utilization. Of this total, about 100 are in MaiTland , slightly

over 2 percent, and the remainder, about 6 percent, are elsewhere.
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Dayton, Montana State Gol_ege: Has there been much, or any, com-

plaint from independent consultants and consulting firms concerning
these activities ._

Kimball: I would say quite the reverse. I think h our efforts we
have unearthed a considerable amount of work for consultants. In

fact_ in one year as a result of this and other activities of ours we

made some 400 referrals of work to testing laboratories and small
consultants.

Whaley: I would like to add to this because I made reference to the

fact that in a sense one might interpret, our work as a very extensiv_

consulting job. We have not encountered this problen_ Commercial

practicing professional consultants have wanted to work with us;

our work is really an augmentation and, in fact, stimulates work for
them.

MeMff/an, University of Omaha: Dr. Whaley, you mentioned that

one of your objectives was to put your operation on a business basis.

How do y,n ha_-A!e yeur chargc_ for t_Ms?

Whaley: The first year we operated with very generous support

from NASA, support from the state of Michigan, and contributions

from industry. The industrial members of the Advisory Board had

a committee working on a fee basis for the future. 1_ow, we do not

think fees alone will do the job. We want to incorporate a continuation

of the contribution approach because some industries, banks, for ex-

ample, are not going to use us directly, but they are making contribu-

tions, and we hope they will continue. So it is a combination.

Weimer: I should have mentioned this in my paper. I said we

started out asking $5000 from large companies and $500 from small

one_ It soon became clear that this wasn't fair or adequate, so we

made some readjustments. Roughly, for $750 we provide broader serv-

ices for a company, but they are not put on the computer. For $1500

they get the broad services plus one interest center, and then it goes

up by steps with three centers at $2500.

Simpson: Generally speaking, the NASA policy falls somewhere

between encouragement and requirement of a self-supporting situa-

$$$
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tion. At Indiana somewhere on the order of $2000 or $2500 is charged

for a basic service. That is in the realm of reason for most companies,

even small companies, for the basic computer service.

Curry, University of Maine: Dr. Wright, would you comment fur-

ther on the selection processes by which technology possibly of com-
mercial value is identified.

Wright: The selection process was based on the diverse experience

the three members of our selection panel had in industry and in re-

search and development. If none of us thought an idea had possi-

bilities, it was out; if one of us thought it good and the other two did

not, the one was given the option. If we all approved, we were

knocking on doors the next day.
_Weimer: We might note that the technology utilization reports are

screened originally by a group of research institutes and they cull

out on the basis of their industrial experience a good many items before

they come to us; then we, in turn, abstract the reports and send them

out. So there is a gradual narrowing down process.
Stevens, Brown University: Has conflict of interest been a problem ?

Weimer: To date I don't think it has been a problem because all our

companies have equal access to all information. We honor their con-

fidence and their requirements for secrecy where necessary. We don't

try to let one know what another one is interested in, we just give

them all equal access to the same information. It takes some while

to get the confidence of the companies and to have them assured that
we will maintain their confidence as required, but we have not found

this to be a difficult thing to do.

Simpson: I think this marks perhaps the principal difference be-

tween this as an industrial extension and the old agricultural exten-

sion idea. NASA is a little bold in taking this pilot project approach,

whereas agencies not mission oriented might not be able to approach

it. We are going to go as far as we can on an experimental basis.

Pike, University o/South Carolina: Dr. Whaley, what kind of in-

dustrial experience have your applications engineers had ?

Whaley: In nearly every case they have had relatively extensive in-

dustrial experience, but it is not necessarily of recent time. In essence,

they are retraining themselves in this operation. The graduate stu-

dents clearly are training because this is their first exposure. Members

of their faculty who have sometimes reluctantly taken on this work

have frequently become so excited by it and so stimulated by it that

they are spending more time on it than their chairman would like,

so they are now trying to get a greater number involved and spread-

ing the work around a bit.
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Pike: Were your people screened for this purpose or did you just
happen to find them on the campus ._ In other words, did you attempt
to find people with the backgrounds you wished ?

Whaley: Faculty deans arid department chairmen were all exposed
to the concepts. It was discussed at great length. They were asked
to be the transmitting agents back into their departments to involve
their faculties, so that we observed all the channels of communication

from the outset. There was nothing compulsory about this work;
it was purely voluntary. There are some people who want to do it
and who have the background and the interest and the motivation.

Kimball: In selecting the people to work on the Midwest Research

team we tried to obtain people who were as widely informed as pos-
sible. You can't just select people from classical disciplines like elec-
trical engineering, chemical engineering, or physics. We tried to re-

cruit people with a sort of universal mind combined with a competence
to put, ideas across. There are only a few people on our 350-man staff
who have both qualifications.
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_o ,Educational and Industrial Impact of the
ASA Materials Center atResearch Rensselaer

Richard G. Folsom

.]PRESID_ RF__S_ POLYTECHNIC INSTITUTE

HIS DISC_SSmN W_ COVERin a broad perspective the Materials Re-

search Center at Rensselaer shown in figure 1. This building was

constructed under the first facilities grant made by NASA on Septem-

ber 25, 1962. The grant was for $1.5 million for 56 000 square feet

(gross). An additional grant of $0.5 million was made by the Na-

tional Science Foundation (NSF) for an Engineering Science Wing
that cost $1.1 million yielding a total cost of $2.6 million. As shown in

the photograph for identification, the NASA Materials Center is

]ighted; the NSF wing is not. The building has 96 000 square feet
9nr] ,'..n_ tO7 Q mt'tc.*.*:, 4_,x,-._ - ;._.1..._;---- 1.g._-_,--- _e._--:_ .... mL:_ p___

compares quite favorably with an average cost of 835 per square foot

for the first 15 facilities grants made by NASA.

Figure L--The Materials Research Center and the Engineering Science
Research Wing.

$.19
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This facility is closely related to the NASA supported materials

research program. This program was given a large impetus in

September of 1960 with an initial NASA grant of _300 000. As a
matter of record, Rensselaer was chosen after visits by a NASA tech-

nical committee to five well-known Eastern colleges and universities.

The funding was done in a stepwise fashion with $100 000 being allo-

cated for the first year 1960-1961, an additional $100 000 for 1961-

1962, and the remaining $100 000 for 1962-1963. Since 1961, an addi-

tional $300 000 has been allocated annually, and this figure is the

current level of NASA support. This step funding is advantageous

because it allows for planning over a 3-year period.

The materials program has been interdisciplinary from the

beginning. Essentially, the idea has been to bring together a variety

of disciplines so that each can learn from the others. Basic and applied

research is beginning to erase the artificial barriers that separate such

fields as chemistry, physics, and mat;hematics and such disciplines as

aeronautical, chemical, electrical, and mechanical engineering. In the
Materials Research Center, scientists and engineers of many disciplines

work side by side in research areas of common interest. The desir-

ability of training graduate students in the broader areas needed for

understanding the complex problems facing the development of new

materials has'long been recognized. At Rensselaer an effort is being

made to give this interdisciplinary idea a firm basis. The experience

with having several disciplines under one roof has been one devoid of

major conflicts, although one professor defined interdisciplinary

research as being research carried out by h/s students on another

professor's equipment.
In 1960, to handle the NASA program, Rensselaer remodeled a

former dormitory and converted it to laboratory space. This build-

ing although suitable as a temporary expedient was soon filled to

capacity by the addition of new faculty and the rapid growth of

graduate enrollment. First-year graduate students can be taken care

of by classroom space, but, when they start research, suitable labora-

tory space must be provided. A proposal for the Materials Research
Center was submitted to NASA in June 1962 and the grant was made

in September 1962. On November 30, 1962, a proposal was submitted

to NSF for a matching grant to build the Engineering Science Wing.

Both agencies were given copies of the two proposals. Since the

NASA grant had already been approved, it was realized by NSF that,
if the total construction could be carried out simultaneously, at least

$100 000 could be saved. (The NSF wing was an alternate with the

base bid being for the NASA building. Other alternates were in-
cluded. The contract was awarded on the total review of base bid
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plus alternates. The contractor selected was low bidder on both the

base bid and the overall bid. There were six qualified contractors

who made sealed bids). Fortunately, NSF approval came through in
time to permit such an arrangement. The cooperation between NASA

and NSF in regard to Rensselaer's facility is to be highly commended.
The materials program supported by NASA is directed by an In-

terdisciplinary Materials Research Committee consisting of eight fac-
ulty members and an administrative assistant. The eight faculty
members include three from materials engineering, one from chemical
engineering, one from physics_ and three from chemistry. The mate-
rials research supported is basic in scope and directly related to the

research interests of the professors involved. Broadly defined, mate-
rials research could cover any research area. For the NASA program,
however, research is concerned with solid materials, for example,
ceramics, metals, polymers, or composites of these.

DESIGN AND CONSTRUCTION OF FACILnY

The coordL, mtion involved in the design of the faci_ty should be
of interest. The selection of the architects for both the NASA build-

ing and the Engineering Science Wing was approved by the Board
of Trustees on October 12, 1962. A Building Committee was formed

to work with the architects in designing the interior of the building.
The Building Committee was composed of four professors, the build-
ing engineer of the Institute, the business manager, and an adminis-
trative assistant. Two of the four faculty,members were assistant
professors, and this is an important point. At Rensseher the mate-
rials program has been kept dynamic by involving the young faculty
as deeply as possible. Each faculty member was allowed to design his
own particular laboratory within certain boundary conditions. Since

the climate is reasonably temperate, air conditioning was installed
only in those areas where it was needed for experimental work. The
offices were placed in the front of the building, while the laboratories
were placed on the sides, in the rear, and in an interior island in
the center. (See frg. 2.)

A photograph of a typical laboratory is shown in figure 3. The
design of each laboratory is suited to a particular objective. Some
idea of the complexity involved in the mechanical services in this

building can be obtained from figure 4. Although the physical design
and layout of this building are important considerations, even more
important is the involvement of this building in the educational
program.
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Figure 2.-A schematic diagram showing the interior design of the building. 

Figure 3.-A typical laboratory in the Materials Research Center. 
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Figure 4 . 4 e  of the mechanical service areas in the Materials Research 
Center. 

MEMORANDUM OF AGREMENT 

In connection with the facilities grant, Rensselaer signed a memo- 
randum of agreement with NASA, which states in part Rmqwleer 
will undertake, in an energetic and organized manner, to create a 
broadly based, multidisciplinary team to explore mechanisms whereb? 
the progress within materials research in particular, and space scienca 
and technology in general, may be fed into the industries and segments 
of the economy with which Rensselaer normally has close relations. 

The memorandum of agreement is quite general in its scope, and a 
good question to ask is what steps can an educational institution take 
tu implement this agreement. During the past two years, representa- 
tives from numerous industries have visited the campus and obtained 
direct reports from the professors who are conducting NASA and 
other sponsored research activities Mr. Webb of NASA has taken a 
personal interest in this connection, and from his correspondence, 
visits were arranged for several companies. The laboratories are 
open to any concern that wishes to visit and talk to the professors 
concerning their research work. Also, close contact with the X’ASA 
“in-house” laboratories has been maintained. A large group of the 
faculty in-rolved in the Materials Research program has visited the 
Lewis Research Center to review research areas of mutual interest. 



344 nasa university program review conference

On October 6 and 7, 1964, a meeting was held on the campus to review

the polymer prograzn at Rensselaer and to acquaint the scientists and
engineers with some of the polymer problems faced by the NASA
laboratories. Ten representatives of NASA attended this meeting.
As a follow up, a professor from Rensselaer visited Langley Research
Center to advise them on a specific problem.

The information developed at Rensselaer is disseminated by the more
conventional means of publications, reports, and magazine articles
as well as through visits and talks by the staff to various industrial

organizations throughout the nation. As an example, one professor
recently published a fundamental article on polymers in the Scientific
American. This overall program coincides with one of Rensselaer's

policies, that of being of service to industry.
For the past several years, there has been a chorus of comment and

interest in "spin-off," a process whereby industry benefits from Gov-
ernment-funded research and development. There is universal agree-
ment on the virtue and potential of the process. Congressional archi-
tects of the Space Act established the National Aeronautics and Space
Administration with a mandate to set up a program to assure the

widest, practical, and appropriate dissemination of information about
its activities and their results. NASA organized the Technology

Utilization Division to define and implement the program.
A primary requirement of the spin-off process (alsoreferred to

as technology utilization) is efficient information processing. This
difficult task of collecting, processing, and distributing the results of
NASA Research and Development (R&D) has been handled on a well-
conceived, effective program utilizing publications such as STAR

(Scientific and Technical Aerospace Reports) and IAA (International
Aerospace Abstracts) and university information retrieval centers
such as ARAC (Aerospace Research Applications Center) at Indiana
University, CAST (Center for Applications of Sciences and Tech-
nology) at Wayne State University, and KAS (Knowledge Avail-
ability System Center) at the University of Pittsburgh. The pro-

gram has shown notable signs of progress and increasingly frequent
evidence of technology utilization. Concurrently, there has been
mounting impatience and dimming of expectations regarding the eco-
nomic returns that can be expected from the space programs. This
attitude is often the result of unawareness of the many examples of

direct spin-off and the innumerable and continual indirect benefits to
the commercial sector of the economy from space-generated tech-

nology. One indirect benefit results because basic research supports
graduate students who increase their capabilities and, in many in-
stances, ultimately end up in industry. In this example, industries are
the direct recipient of indirect spin-off.
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Rensselaer is currently seeking support to accelerate the spin-off

process by adding engineering translation to complement, the infor-

mat,ion-processing function. The pressing need for engineering trans-

lation becomes evident when it is realized that not only the small

industrial concerns but the large concerns as well have difficulty in

establishing a mechanism for benefiting from research and develop-

ment. We propose to furnish industry with this engineering transla-

tion by utilizing Rensselaer faculty and a nearby engineering concern

in areas of competency.

MEANING OF NASA FACILITIES GRANT TO RENSSELAER

It is not difficult to evaluxte the overall effect, this facility has had

on the campus. The Materials Research Center has been an important

factor in helping Rensselaer to attract faculty with high capabilities

in particular research areas. For example, professors have been added
in the ceramics research field.

Withthe addition of new. faculty members our research has shown

a steady increase since the materials program was _arted in 1._0, as

illustrated in figure 5. At the current rate, our research program will

: 1 t Figure 5.---Growth of

:. researr_ aL Rel_-
_ _ selaer during period

' 1959-1964.

1.0 !.5 2.0 _ 2.5 3.0

M_mONS or DOLLARS

exceed 4 million in 1965. Although the m_t_rials program is not the

only factor involved in this increase in research, this program has acted

as an effective catalyst for other research programs on the campu_

Most important is the increase in the number of graduate students who

have come to Rensselaer in the last few years. Figure 6 shows the

increase in the past 5 years. Without this new facility, Rensselaer

would not have adequate laboratory space to accommodate these

potential scientists and engineers. Education is our primary function

and in consequence our research effort is closely related to our educa-
tional program. For example, our research is of such a fundamental

nature that it provides the basis for doctoral studies for our graduate
student_
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Figure 6.--Growth of
full-time graduate
enrollment at Rens-
selaer (Troy cam-

pus) during the pe-
riod 1960-1964.

It is appropriate to conclude by quoting remarks made by Homer
Newell before the Senate Committee on Aeronautical and Space Sci-
ences in November 1963.

We are relying heavily upon the leadership, integrity, and creativity of the

university community. It, in turn, must accept its share of a 1rational responsi-

bilfty. We believe the results of such a partnership will be well worth the effort

to the universities, the NASA, and to the Nation.

Rensselaer concurs that the results of such a partnership are indeed
well worth the effort.

%.
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o °,Space Programs and the Total University

Edward H. Litchfield

C_LA.NCELLOR_ _ OF/'ITTSBURGH

HIS PAPER CO:N'CER.NS :My" P]S[II.K)SOP][IY with r_gard to st)_ programs

and universities. Much of it will seem quite obvious, but it has
taken me a while to elaborate and perhaps there are others who are still
in the process of such elaboration and articulatiom

Dr. Folsom has referred to the Memorandum of Understanding.
There are three or four major commitments in those Memorandums of

Understanding, one being that of building our capabilities on an
interdisciplinary basis.

Second, we are all committed to what is popularly referred to as spin-
off. This is really the process of using the university for the purpose
of fostering economic and social growth. Such a purpose lies well
beyend our t.-_ditiena! ,, _ a.._. _ a;_...¢ +_.... ;_o-_; ty'e .-_w_p--_,;h; 1;_.
in society.

There are several other points, including a commitment to help
the public to understand more fully the real sigoificane_--academic_
economic, sad social--of the space program in general. I think the
universities are committed to an effort to bring into their programs a
greater degree of private support to the end that this important na-
tional effort will not be based entirely upon governmental subsidy.

My own concern in regard to the Memorandum of Understanding

has been to fit it constructively into a philosophy of the role of the
complex university in our society today. It seems to me that in
undertaking a commitment of this kind we are talking about a new
role for the large and complex university in our society. If we look
at the traditional role of the university before World War II and the
development of this new partnership between government and educa-
tion, we find that we had the responsibility of providing teachers with
an opportunity to teach, students with an opportunity to learn, and
academicians with an opportunity to do research. Our end product
was more people better educated, knowing and discovering more things.
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As institutions we felt that our obligations were largely discharged

if we appointed the te_hers, erected the buildings and maintained

them, provided the libraries and the laboratories and the other essan-

tials, and, finally, if we established a tradition of free inquiry and

maintained it zealously against those who might threaten it. Putting it

negatively, we seldom regarded ourselves as having definable problems

that we had a responsibility to solve. That view of the university

as an institution had a number of consequences. The first was that

we never really organized our universities. We were very loosely held

together. The decision-making process, important as it is in complex

institutions at any time, has never been adequately handled in uni-

versities. The respective roles of trustees, administration, faculty, and

students in the decision-making process have not been articulated to

the point where there would be general agreement about what they

should be. We did not organize ourselves in the way that other

institutions did, because we did not have the need for _de_tifying

problems, calculating alternative solutions, making the hard decisions

that are always involved in policy making, and then organizing and

staffing and financing in order to carry out the agreed-upon courses of
action.

Again, still as a consequence, we have never developed, even today,

adequate means of communication within our institutions. On few

campuses do the engineers really know what is going on in medicine,

and consequently we are not developing the field of bionics the way we

might because the communication channels are either nonexistent or

sporadic in character, or actually have downright obstacles deliberately

established in order to prevent communication.

The faculty in the business school seldom knows the thinking of the

law school faculty. This lack of communication can be seen through-

out the university. I am not critical but am simply pointing out t]mt

the autonomy of institutional life which has developed around the

traditional concept of the university is not one that leads to real or-

ganization.

Again, in the absence of a concept of the university as an instru-

ment for achieving something other than the traditional values, we

note t]_e lack of a philosophy regarding the way in which the university

should relate to government, to corporations, and to other established

institutions within our society ; this lack also results from our past pre-

occupation with strictly academic matters. I would suggest that the

range of institutional interests has broadened substantially in recent

years as a result of certain developments in our society. I do not mean

to disparage the traditional values. I think almost everyone clearly

accepts them; almost everyone is dedicated to maintaining them. I
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am saying only that I think we are beginning to see the emergence of

something additional which we must do in defining our role_

What are some of the compelling considerations? There are two

which show what I have in mind. They are simple but quite funda-

mental, I think. One is the growing realization that a large and com-

plex university has a unique opportunity in society because it, better

than any other institution, has the capability of integrating a broad

spectrum of knowledge that ranges across virtually the whole of

human experience. The point is not the mere presence and juxtaposi-

tion of these several bodies of knowledge in one place. Rather, the

unique opportunity is that through this institution there is the possi-

bility of achieving a greater integration of knowledge than can be

effected by any other institution in our society. So as this role becomes

more clearly recognized, it becomes more evident why university or-
ganizations are capable of accomplishing tasks no one else can. To

me this is the more fundamental way of viewing interdisciplinary

relationships, since it stresses the use of the total institution as a way

of integrating very. complex knowledges.
The second factor which I believe forces us in new directions is to-

day's rapid growth in the accumulation of knowledge, a growth in

which the large urAversity has played, and must continue to play, a

key rol¢_ It has had a key role because here is the soume of much of

the new knowledge. Here also is a repository for that knowledge,

whether generated in the university itself or outside, and, finally, here
is a veh;cle for its systemat;.c d;._%sem;.nat,.'en, wh;_ch no other Ln_ct.i_.h__tion

seems prepared to undertake.

These two considerations I think we must look at carefully for they

give the university the responsibility, in my opinion, of changing its

role in this society. Now let us put beside these two points something

else, which is not a change in the fundamental character of the uni-

versity, but a new demand upon it.

Essentially, this demand is for partnership. It may be a demand

for partnership from government--from NASA, for example, or from

any of the other governmental agencie_ I( also may be a demand for

partnership with the economy. Just to oversimplify the matter, let

us consider the demand for partnership with a corporation. I think

there are three phases that may be involved. The first one is what is

referred to as the flight from teaching--the departure of faculty

members from the campus into industry, thus in effect establishing a

partnership between the two institutions, though not of a planned

or agreed-upon character. Indeed, the universities have not been

very happy about this development. Nevertheless, it represented in-

dustry's desire to be in partnership with the academic world, even if

by means of pirating people from university campuses.
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We are now in a second phase of the same partnership, and this is
the increasing return of those same people from industrial research to
campus life. This movement I have referred to, perhaps unfairly,
as the return of the native.

I think a third phase is coming, and this will be the sophisticated

one. It will more closel,y resemble what we now enjoy in our partner-
ship relationships with the Federal Government; it is a planned
accommodation between corporate institutions and educational institu-
tions in which the movement of people, the development of projects,
the joint use of equipment, the sharing of .resources generally, and

the planning of professional growth are things which we shah do
cooperatively in precisely the same way _hat we are now working with
NASA.

So there have been fu.nd.amental changes in the character and direc-
tion of academic institutions, and new demands have been made upon

them, including the demand of partnership. Both factors make it
necessary to develop a broader concept of the role of the great uni-
versity in contemporary society.

To put the matter very simply, I believe that what we need to
do now is fully .and frankly to acknowledge that in addition to its
traditional functions, the great university has, today, the role of serv-
ing as a comprehensive vehicle for social action. This means that
it must acknowledge problems (and space is one), that it must dedi-
cate itself to doing something about those problems, that it must
organize itself so that it can carry out that dedication effectively, and
that it must staff itself with reference to that problem and its part in

finding a solution. I think all this is relevant to our relationship as
university people to the NASA program. I think that until one
accepts the university role I have described, one will have difficulty
in recognizing how eaninently fair it i's for NASA to want this kind
of Memorandum of Understanding.

Until we acknowledge that space is our problem as well as NASA's,
and that we are going to attempt to solve it, as NASA is, I do not see
how we can make sense of our commitment to spinoff or of our com-
mitment to develop faculties systematically in space-related fields,
when it may very well be that if left to their own devices, faculty
members would elect to go in quite different directions. When we un-
dertook the commitment to broaden capabilities in space-related fields,

we really said that we would deliberately engineer the direction in
which our faculty development, would go, whereas in a more tra-
ditional setting this would not have been un institution-wide decision,
but rather som_hing that would be left to the inclinations, the capa-
bilities, and the philosophical bent of the faculties themselves.
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These are fundamental commitments, and, in my opinion, they

only become honest commitments as we recognize that they are ventral

to a changing institutional role. Failure to recognize that really

makes them figments of the association process, possibly even fraudu-

lent in character. At the University of Pittsburgh, we accept such a

redefined role for the university, and on that basis we welcome the

fact that we are participating with NASA in this kind of undertaking.

It may be of interest to describe very briefly what we have done
at the University of Pittsburgh to fulfill our commitment. With

reference to the first of the four points, that of strengthening the

space-related disciplines, we have added more Chan 130 people in the

last few years to the various faculties in the space field_ A number of

buildings are under construction. One, being built with NASA funds,

is almost completed; in addition, we are in the process of building a
new engineering building for which we have $14 000 000 in hand and

hope to raise another $5 000 000, another natural science facility

costing about $9 000 000, and making additions to the radiation labora-

tory in the amount of $4 000 000. All of these al_ funded and moving
ahead.

As one of our ways of integrating a total institution, we have created

what we call our Space Research Coordination Center. This is a

coordinating enterprise that involves every faculty on the campus in
an effort to make this a total institutional commitment. The Director

reports directly to the Chancellor's office, so that if we have reluctance

_umewhere along the line as far as participation is concerned, we can

move promptly to find out what the difficulty is and try to resolve it.

In terms of the second point, the effort to make the products of

our research available to industry, we have done a number of things.

We have created an organization called the Oakland Corporation,

responsibility for which is shared by the University of Pittsburgh,
Carnegie Institute of Technology, Mellon Institute, and several other

sponsors. The purpose of the Corporation is to build an industrial

research park in an area immediately adjacent to the campus and more

particularly to the science and engineering facilities. We have also

developed a center which we call the Knowledge Availability Systems

Center. That is our way of referring to information storage, retrieval,

and dissemination. This is a fairly large undertaking, for the Center

is working not only in space fields but also in legal information re-

trieval and a variety of similar areas. We have a joint arrangement

with NASA and with local industry; part of the effort is funded by

industry, part of it by NASA, and part of it by the university.

Again, in an effort to share what we know with industry, we

have developed a visiting program for industrial scientists, who come

to the campus for extended periods of time and then return to industry.
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In terms of making the public more fully aware of the total space

effort, we have arranged a number of photographic exhibits. We also
have programs which are intended to awaken the interest of secondary
school pupils, as well as a series of other activities.

With regard to helping the general public become interested, we
have had reasonable success in persuading six foundations and a
number of corporations to contribute more money annually for the
maintenance of this program than we receive from NASA. This

support will, it is hoped, be a continuing thing.
I should like to return to the point with which I began, namely,

that all these activities are of a kind which no academic person can

perform honestly, in my opinion, until he has made the philosophic
judgment that today's university has a new and different role to play
in society. Unless this proposition is faced squarely, we are going to
develop the ambivalent attitudes that many academicians have today
about what we should and should not do in relation to the Federal

Government, whether in research or in a variety of other matters. This
is a philosophic question, and I think it needs to be answered un-
equivocally. I think this is a pioneering effort that will have signifi-
cance far beyond what we accomplish in our space activities, since
it must inevitably clarify the basic role of universities in contemporary
life.



p

.)
.)

University Research

Facilities Grants
in Space and the Role of

J. A. Simpson

LABORATORY FOR AS'D_PHYSI_ AND SPACE _ARCH

ENRICO FERMI INSTITUTE FOR N_CLEAR _3DM

DEP_ OF PHYSICS_ UNIVERSITY OF CHICAGO

D_aH_ _ MOSTmuovs Q_SS_ON facing the experimental sciences
JL today within the universities is how to retain the essentially indi-
vidualistic role of faculty both as investigators and teachers in the

face of the increasingly complex demands for technical support re-
quired for first-rate research. This is popularly called the problem of
'%ig science" and is appearing in many fields of research today. Even
more difficult is the participation of graduate students in on-going
research so that thev m, ow into scientists and not supertechnician_
It is our unshaken belief on the basis of the development of science
and scientists over the last century that the drive and curiosity which
motivates senior investigators within the university als0 provides the

best intellectual environment for graduate students to learn and to
be inspired by participation in scientific discovery. Indeed the two
components--research and the metamorphosis of students into scien-
tists--catalyze each other so the result is a higher level of excellence
than is normally achieved by the pursuit of either component alone.
These activities are most fruitfully conducted within the walls of the
institution of higher learning where the student is obtaining his higher
education.

The attainment of these objectives has become acute in such rapidly

developing areas as high energy physics and, more recently, in the
pursuit of experiments in space by university investigator_ My at-
tention is directed to this problem of the "big science" character of
experimental space sciences, and how the recent bold step taken by
NASA in offering facilities grants is crucial for the universities in
the solution of these problems. My comments are not to be inter-

353
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preted as a plea for turning back to the "good old days in science,"
but rather a plea for innovation within the universities to meet the
challenge of the changing conditions of scientific research in the use of
Federal funds.

To bring into focus these new "ways of life" in the conduct of experi-
ments in space, let us compare the pursuit of high energy physics and
the opportunities for space experiments. In high energy physics, ex-
perimental facilities are the federally financed accelerators located at a
few centers in the United States. Once a university investigator has
received a Federal grant, administration and technical interfaces

with the Federal agency thereafter are minimal. His main inter-
actions are with the users group determining the selection of experi-
ments and use of the accelerator and with his own laboratory at the

university. If his students participate they must go to the accelerator.
His constraints on the design of his experiment are limited only by
physics and his budget. In spite of these diverse problems, there re-
mains, a homogeneity of interest central to the discipline of physics as

understood by physicists within an individual department.
In the pursuit of experiments in space, human communication in-

terfaces, of necessity, are totally different. Our Federal Govern-

ment through NASA has provided to the scientific community an
impressive array of opportunities to enter directly into the space
around us for research and exploration. The machinery for accom-
plishing these tasks is a national resource---which, because of the mag-
nitude of the effort--must reside in control of the Federal Agency. As
a consequence, university investigators must recognize that their ini-
tial decisions to undertake experiments in space are followed by de-

tailed, continuing collaborations and interactions between themselves
and the administrative and technical staffs concerned with the overall

success of the spacecraft and the mission. (Here I set aside those spe-
cial cases where the university undertakes the full responsibility for a
whole spacecraft and its mission.) This results in stringent boundary
conditions to be met for power, weight, data handling, environmental
conditions, and so forth, the responsibility for which must be accepted

by the university investigators if they wish to retain the integrity and
control of the objectives of their experiment. Attention to these mat-
ters cannot cease until the data from the experiments are under analy-
sis in the laboratory. It is therefore obvious that the administrative
and technical interface is totally unlike that experienced in high energy
physics, constituting a multitude of parallel communication links be-
tween the university investigator and NASA staffs. All these condi-
tions may well result in establishing a "big science" character to the
pursuit of the experiments. In general, the investigator in retaining

the responsibility for success of his experiment also must deal with in-
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dustry from time to time. We therefore see that we are soon conduct-
ing "big" science with small instruments. Previous discussions have
dealt with these problems in detail.

There exists another critical distinction between a field like high
energy physics and space research which creates problems within the

university. As noted previously, high energy physics is comfortably
centered within a traditional department discipline. However, in one

sense, space science is not science at all--yet in another, and deeper
sense, it is all of science and therefore interdisciplinary in character.
For example, almost any area of astrophysical investigation today in-
volves knowledge of combinations of fields such as particle physics
plus astronomy; atomic physics plus atmospheres of the planets; and
so forth. So in the rapidly changing character of this research what
was an interesting combination of talents yesterday transforms into

a new combination today--new arenas of collaboration are constantly
required within the university living space to exploit the space sciences
fruitfully over many years. In space sciences the simplicity and
uniter of classical fields (and departmental administration of them)

are broken. These differences in the pursuit and conduct of experi-
ments in space require administrative and technical innovation on the
part of the university and its senior scientific staff and students with

the objective of retaining on the one hand their responsibility for the
experiment and, on the other hand, the drive for scientific excellence
within the laboratory.

_,_,,,_ ,_.,_ _,_,_. w**y_ m wmcn u,iv_r_i_ie_ may approach
problem I outline one which we are attempting at the University of
Chicago. A small technical staff has been trained to assume responsi-
bility for most day-to-day interactions with the appropriate NASA
offices and their technical and administrative personnel. This usually

results in a few professionally trained individuals of high caliber work-
ing closely with the scientific staff in the laboratory. Administrative
support is supplied by the university administration directly in the
laboratory. A manager of technical services and an administrative

aide are available to assist the few faculty members involved in these
activities. An assistant to the vice-president of the university carries

many of the burdens that would normally be channeled through the
Director of our Institute and the Office of the Dean. Althongh Chi-
cago has no department of engineering or applied sciences, we note in
general that talent drawn from departments such as electronics en-

gineering is not likely to be satisfactory since the support staffs for
scientific investigations are primarily of a service nature and seldom
in themselves are a challenge for faculties from engineering or the
applied science._
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The general picture emerges of individual faculty members sup-

ported by small professional staffs whose purpose internally is to

assist in the preparation of experiments for space and, at the interface,
to maintain communication channels with NASA.

What about the goals we set for the graduate students ? At the pre-
dissertation level, they assist in the theory, design, and preparation of

experiments in the first stages of design, and often through to launch.

They assist in the analysis of data and the preparation of computer

programs for research. At the Ph.D. dissertation level, students

trained in experimentation and the analysis of data are frequently

made coexperimenters in experiments under way which lead to new

results. At all levels of graduate participation, the students also play

the role of tutors to the younger undergraduates and graduate students

working within the laboratory. Normally the leadtime of a major

experiment is at least 2 years from inception to execution. This fact,

coupled with the possible failures inherent in space flight, means that

most students will participate in the preparation of an experiment that

will take place long after their thesis preparations. For their thesis

work they therefore participate in an already on-going experiment

having similar objectives and, from this, extract new results. It is

important to note that we insist that the students publish their results
alone with no coauthors. This is a fail-safe procedure for students

and helps launch them on their scientific careers. We provide space
for the students to work out their own ideas and to make their own

mistakes !

From the topics on which I have touched it is now abundantly clear
that both the universities and NASA face serious problems in the

pursuit of this partnership. For the universities, it means a rethink-

ing of their role in providing support for faculties and students with
administrative revisions for technical personnel--and being responsive

to faculty needs and change. On the part of NASA, there is an equally

clear responsibility to recognize the essentially fragile nature of the

intellectual spirit which must be maintained within research areas of

the universities. The Headquarters of NASA has understood this and

has done an outstanding job in providing facilities grants, trainee-

ships, and support for research. However_ the Centers and contractors

operating under NASA which are assigned to work with the univer-

sities are only gradually learning that they must not treat universities
as "industrial facilities" with excessive reporting, accounting, pro-

graming, and so forth. This is a particularly critical problem on

planetary missions.
The main point of this discussion is that these innovations for the

pursuit of scientific excellence and the training of future scientists

require a unifying of disciplines and support staffs within a suitably
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designed physical facility-this is the reason facilities grants are of 
prime importance to the universities. 

At Chicago our efforts to attack this problem have taken the follow- 
ing form. From its inception in 1945 the Enrico Fermi Institute for 
Nuclear Studies has been a focal point of severttl interdisciplinary ac- 
tivities drawn from physics, chemistry, and astronomy. The ne= lab- 
oratory built under a facilities grant, inherits this tradition and is an 
extension and regrouping of interests in astrophysics coupled with a 
suitable technical staff to  prepare and carry out experiments in space. 
The laboratory has some additional capability to  help new faculty get 
started in various experiments and in this sense acts as a “seedbed” 
for faculty entry into space sciences. For example: ‘ITsing the derelop- 
ments and instrumentation from cosmic ray physics, it has been possi- 
ble to assist A. Turkevich in chemistry with the instrumentation nec- 
essary to  perform the Rutherford alpha particle experiment on the 
lunar surface whose purpose is to determine its chemical composition. 
Thus, the availability of the technical staff is the decisive factor be- 
tween the conceiving of an idea and its eventual inclusion in a spam 
mission-in this case, Surveyor. The faculty members in residence 
working in theory and experiment in the new laboratorg are S. Chan- 
drasekhar, E. N. Parker, P. Nordlinger, P. Meyer, and niyself. Utiliz- 
ing the special facilities for low-level radioactirity counting are the 
radiochemists A. Turkevich and E. Anders of the Fermi Institute. 
The new laboratory is connected by a tunnel to the existing Fermi In- 
stitute, with supporting fwi1itiE in the C~~mpztzticz~ Ce::tzr. 

The new building which we occupied in KoT-ember 1964 is shorn in 
figure 1. I n  addition to the two floors shown there are  two under- 
ground lerels. The gross square footage is approximately MOO0 
square feet with 55 percent of this being work area. d typical cross- 

Figure 1.-Laboratory for Astrophysics and Space Research, Enria, Fermi 
Institute for Nuclear Studies, the University of Chiago. 
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Figure 2.--Cross section of Laboratory for Astrophysics and Space Science,
Enrico Fermi Institute for Nuclear Studies, the University of Chicago.

section vertical view of the building is shown in figure 2. The three

upper floors contain all the necessary experimental and theoretical fa-
cilities for the laboratory and offices for faculty, students, and techni-

cal staff, as well as their laboratories. The heavily shielded under-
ground laboratory was carefully assembled using concrete and other
materials with low radioactivity. This represents a laboratory whose
low background in the years ahead will be extremely useful to the
faculty. Although laboratories could be built in caves or the like,
which would further reduce the background, these would not generally
be accessible to graduate student participation or near radiochemical
facilities. This new laboratory is thought to represent a suitable com-
promise in this regard. The deep shaft is designed to perform special
experiments at ultra low levels in the future. The laboratory is cur-

rently used for studies of meteorites and, in the future, for the study
of lunar samples returned by the astronauts.

Having stated all these things, we should set a figure of merit for
student participation. Taking into account the entire population of
the building including laboratory boys, secretaries, and so forth, after
4 months we find that 28 percent of the buil_ling is occupied by stu-
dents. One-third of these students are undertaking dissertations at

present. This student population will further increase in the months
ahead. Without this facility, our efforts would have remained frag-
mentary and our ability to sustain experiments conducted in space
would be strictly limited, if not impossible.

In summary, the following special points might be considered by
the universities and NASA regarding the conduct of experimentation
in space.
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First, there is the special character of planetary missions. Here

problems of ultra high reliability and meeting the "time schedules of

the planets" are important. Considerable discussion is needed as to

how best to accommodate the universities in these particular missions.

Second, NASA may well wish to consider how very small university

groups not prepared to establish new laboratories or centers may be

helped in undertaking experimentation leading to space flight. It

may be necessary to further encourage the NASA Centers, and it

may be appropriate for the larger universities to encourage smaller

groups to join them in preparing experiments.

Third, serious consideration should be given to the old idea of

making block assignments in well-developed spacecraft for univer-

sity groups so that the enormous amount of time and effort spent in

exchanging technical information is brought to a minimum. It would

seem appropriate that the OGO spacecraft may serve this function
for the universities.

Finally, regarding the release of scientific data following a space

experiment, it is essential that, some patience be exercised in the public

release of the data since graduate students are normally deeply engaged

in this work and they proceed somewhat more slowly than a profes-

sional group working full time in this field.

So far, in the universities we have not been smart enough to solve

all our problems which inhibit scientific research using Federal funds.

However, with the demonstrated good will of NASA and other Fed-

era1 _._m_,nc__es_,, may _.,,t _^ _1..,: .... , • , .,,........... _ _v.u_,t,u_ _mc_l wm assure the flourish-

ing of science in the years ahead.
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KUIPER: I would like to underline the importance of student
training in connection with space oriented programa We have such
a program at the University of Ari_na_

Recently one of the small student groups mad_ for the first tim_
infrared observations of the Planet Mars, recording the entire infrared

spectrum over the range at which the detector was sensitive and making
comparisons with terrestrial geological samples. It is this kind of
research wlfich prepares the student for eventual participation in more
difficult work in space missions.

7O0-083 _ 361
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I would further underline the great importance of ground-based

astronomy. Here again university departments can make a great con-
tribution .to the national space program. The recent work done by
university groups on Mars at an expense of perhaps $10 000 to $20 000,
had it been done in space missions with spacecraft, the cost would pre-

sumably have exceeded a hundred million dollars.
This is not to say that the space missions are no¢ important and

should not be done. It is only to stress the obvious truth that there

should be a balance between ground-based support and space missions.
There are many missions, such as the Ranger missions to the moon,
which could no¢ have been done in any other way. For example, con-
sider a Ranger mission costing on the order of $28 million. If one com-

puted what sort of telescope would be needed on earth even to approach
He resolution obtained by a Ranger, one would arrive at a figure of

much greater magnitude; in fact, such a telescope is completely beyond
the technical capability at present. Therefore, while we in universities
usually think of the space missions being very expensive, we should not
forget that our Earth-based efforts also are becoming expensive as the
power of our tools increases. For instance, the x-inch telescope which
is being considered by the National Science Foundation to be placed
under _he sponsorship of the Lick National Observatory, and which

might have an aperture of the order of 300 to 400 inches, would cost
approximately a hundred million dollars, and the resolving power
would be only 1 percent of that of Rangers VII and VIII at the closest

approach to the Moon. So I think that researchers in the universities
should not be overawed by the great expense of the space missions;

what they should constantly attempt to do, in my judgment, is to assist
NASA in the evaluation as to what should go on those missions and

what can be done by more conventional means.
One other comment might be made about the role of the university

space oriented programs. They are most demanding. Certainly the
Ranger program at the University of Arizona has been very demand-
ing, involving a large number of trips to the Jet Propulsion Labora-
tory, and 16-hour days. This is possible only if the university admin-
istration has an understanding of the program. At the University
of Arizona this was solved by the appointment of research professors.

A suggestion for university administrations to consider very seri-

ously: Make it possible for a small number of faculty members to
give complete attention to NASA programs so that these men can
be freed when it is necessary from their normal academic duties.

As far as the grants are concerned, NASA administration has sup-
ported the space oriented program at the University of Arizona with

a grant of $1.2 million for a space facilities building. This building
has now been designed and it is expected that construction of it will
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begin soon. It is five stories high, has 50 000 square feet_ and will

house groups taken from about six departments in the University.

With this new facility, I think that our participation in the NASA

programs can become much more effective because we will be able to

do the work more easily and do more of it.

We have also been fortunate in getting a grant from NASA for a

telescope. I am proud to report that the optics for this 60-inch tele-

scope are better, I think, than any large telescope ever made, to better

than a fortieth of a wave. The image is eight one-hundredths of a

second in diameter in laboratory tests, one-twelfth of a second of arc.

We have also been engaged in site test work, which again is a

university-NASA relationship. By means of a small NASA grant
we have been able to ascertain whether sites better than those in the

Southwest would be available elsewhere in the United States, and

we have made tests comparing sites in southwestern United States,

Chile, and the Hawaiian Islands. Out of this has come the discovery

that Molokai, which has an elevation of nearly 14 000 feet, has astro-

nomical __onditions which am, to the best of our present knowledge,

better than those at any other site in the world. I would expect great

results from such a site in the tropics where the planets are right over-

head, so to say, where the humidity is exceedingly low year around,

and where the atmospheric conditions are excellent.

I think the universities are able to assist the NASA programs in a

scientific manner, which has been clearly explained by Dr. Simpson,

_-_ I "_-" .............. the mfiversities are benefiting by being

able to participate in this great national program.

LEVINTHAL: These remarks are especially relevant to the plan-

etary missions and to the particular discipline that now goes under

the name of exobiology. One has the difficulty in exobiology that

scientific results cannot be hoped for, as such, until the 1970's, depend-

ing upon the good fortunes and exact framing of the Voyager mis-

sions. The initial actions pertinent to the Stanford facihties grant

under the NASA program were taken in 1961; scientific results will

be possible at the earliest at least a decade from that time.

This is a long time for people, particularly those who have academic

roles and academic ambitions, to maintain a viable and important

interest in a subject and at the same time carry out their academic in-

terests and responsibilities. This requires that one find an on-going

relevance of the research interests of this field to terrestrial problems

in related disciplines. Fortunately, this is not only possible, but

happens quite easily. It is fortunate also that NASA, in providing

both facilities and program grants, has recognized the importance

to their programs of allowing this kind of interest to be nurtured.
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In the first place, the questions raised by exobiology have forced

biologists and biochemists to frame the basic aspects of this subject
in perhaps a new way. It has not yet provided any answers in the
sense of scientific results that have had an impact on their sciences,

but it has forced them to ask questions about the basic structure of
their assumptions. It has asked interesting questions about the role
of molecules containing isometric carbon centers and their uniqueness
in informational micromolecules that form the basis, we think, of any

reasonable definition of living systems. Some of this has come out of
a NASA-supported National Academy summer study during which
a group of scientists considered these problems.

Without underestimating the value of such general considerations,
this cannot be sustained over a period of a decade as the core of aca-
demic interest in the field of exobiology. One finds a surprising rele-

vance of exobiology research and research that will give results of
importance long before there are actual exobiological missions. There
is a relevance to the terrestrial concerns, for example, of medical sci-

ence. A few examples of this, which were initiated before moving
into the new NASA facilities, are occuri_ing, in the Instrumentation
Research Laboratory at Stanford. (These new faciliti_, for reasons

having to do with their inclusion within a medical school building
have taken somewhat longer to complete than some of the other fa-
cilities within the NASA facilities program.)

One example is given by the possibility of detecting the functional
presence of enzymes in connection with the design of simple life detec-
tion instruments. The particular assay sought is for a phosphatase

enzyme. This enzyme has the property of cleaving to a phosphate
bond. If, in fact, one finds a fluorescent molecule with a phosphate
group attached to it that does not fluoresce, one could observe the
presence of this enzyme by the fluorescent residue left after an attack
on this bond by such enzymes.

This requires the development of extremely stable substrates because
the figure of merit of this test is its ability to find a very small number

of microorganisms and consequently very few enzyme molecules. The
goals are for substrate stabilities of better than one part in 10s. There
are many enzymatic assays that are of interest to both the clinical
medical profession and research in the basic medical sciences. Some
of Leonard Herzenberg's work in Stanford's Genetics Department
concerning antigen-antibody relationships requires exactly this kind

of assay to look for the sites on cells in which various functional ac-
tivity takes place. There is the same requirement for extremely stable
substrates to extend the sensitivity of the assays. Under laboratory
conditions, one can actually look for the activity of single enzyme
molecules.
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This is another interest which is now engaging a major part of the

attention of the Instrumentation Research Laboratory. Payloads that
might be relevant to anticipated missions are now somewhat larger
than those initially considered and thus allow equipment of more
complexity. This interest is concerned w_th the biological applications
of mass spectrometry. The hope is to look at a spot of interest in the
field of view of a microscope, and after volatilizing this spot, to be
able to deduce from the fragmentation products revealed by mass
spectral analysis the nature of the parent molecule. If one considers
for a moment the information content of such a beam of ions and the

problems of analysis, one sees that a solution of this problem requires
a very close coupling of computer technology to the physical and en-
gineering sciences.

Now, again, it is not a concidence, that this has relevance to ter-
restrial problems. Professor Shooter, also of the Stanford Genetics

Department_ is interested in the distribution of protein in the nervous
tissues of the brain. In order to carry out his researches he ultimately
needs a tool that can carry out a detailed survey of a large number of
tissues of the distribution of very subtle differences in protein content.
He requires exactly the kind of tool that is needed for future exobi-

ology missions searching for signs of life in a small sample of Martian
soil.

The last example also reflects a problem of research organization
that is as difficult both for the academic community and for NASA as
exobiology itself, initiaiiy there was thought to be a possibili_ of
a 1966 payload that could carry 50 to 100 pounds of instrumentation.
This error in judgmentas to the reality of that possibility was shared
by a great number of people due to underestimating the lack of knowl-
edge of the nature of the planets and the difficulties of achieving such
missions The investigators in the Stanford Instrumentation Re-
search Laboratory considered the cytochemical applications of ultra-

violet microspectrophotometry. It was expected to be able to get
pictures of samples of Martian soil down to the limits of light micro-
scopy. The difficulty would arise in knowing whether spots of mor-
phological interest were in fact microorganisms or simple physical
structures that had no particular biological relevance. Utilizing the
characteristic nucleotide UV absorption at 2700 X, one could scan
the unknown material and observe the absorption characteristics of
each spot. In order to do this it was necessary to learn how to carry out
the video data analysis and to design the imaging devices required
for the solution of this problem.

There was a change in the Instrumentation Research Laboratory's
interests when it became apparent that the then-still-hoped-for 1966
mission had the possibility of landing only 1 to 10 pounds of instru-
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mentation on the surface of Mars. Ultraviolet microspectrophotome-

try no longer seemed possible within that weight restriction, and it

might have seemed at the time that the research efforts expended were
somewhat wasted. It turns out that this was not the case. In the first

place, such considerations are opened up again by the possibilities of

Voyager missions. It also turns out that these investigations have a

very real relevance to interests of people in other laboratories. In

using an ultracentrifuge to effect density gradients of samples of large

molecules one looks at the optical densities of bands that are formed.

It is also desirable, while the rotator is moving at 50 000 rpm, to know

the UV absorption of the individual bands. The equipment that is

now being prepared to make these observations is exactly the equip-

ment that was relevant to the exobiology mission.

PICHA: Multidisciplinary research, although rather slow in de-

veloping at the Georgia Institute of Technology, began to produce

fruitful results and considerable interaction between faculty members

about a year and a half ago. The five major space related fields of

study where noteworthy interaction between engineering and science

faculty members and their students has taken place are energy conver-
sion, nuclear processes, materials and materials processing, systems

engineering, and transport process. This somewhat spontaneous and

informal faculty interaotion in space related research activities was

formalized to some extent in the spring of 1964 by the creation of a

Space Sciences and Technology Board.

The faculty members involved in expanding space-related multidis-

ciplinary research at the Institute quite correctly recognized that ex-

pansion of research activity in these areas could take place only if sub-

stantial additional research facilities were made available at an early

date. Preliminary plans were developed for research space that would

accommodate our expansion over the period 1964-69. Our thinking

was that a structure providing 100 000 gross square feet of general

purpose research laboratories as well as more special kinds of research

space for hypersonic tunnels, magnetogasdynamic facilities, and so

forth, would be necessary. The group charged with carrying out the

preliminary planning suggested that a lecture room building with at

least five large lecture rooms, each with a capacity of 125 students, also

be constructed for the usual science and engineering courses at the
Institute as well as lectures concerned with space-related subjects. A

second purpose proposed for the lecture room building was that it

might be used as a conference center when classe_ were not scheduled.

Planning the Space Sciences and Technology Center was of course

considerably easier than finding the money to actually build the Cen-

ter. A proposal was submitted to the National Aeronautics and Space

Administration requesting support for 50 000 gross square feet of re-
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search laboratory and office space at a cost of $1 million. It seemed

wise to separate more or less the structure proposed to NASA from
the rest of the Center in order to provide a reasonably identifiable
structure for NASA to support. The Institute agreed to seek funds
for the second research building if NASA provided funds for the first
building. The effect of the announcement of the NASA grant for

$1 million to begin the construction of the Center was gratifying and
at the same time a bit surprising. State funds to support partially the
second research building and the lecture room building were immedi-
ately assured.

Funds for the Higher Education Facilities Act of 1963 which directs

the U.S. Commissioner of Education to make grants for (a) under-
graduate instruction facilities (Title I) and (b) graduate research and
instruction facilities (Title II) were made available about this time.
Title I funds were sought and awarded to construct the lecture room

building. Nearly $280 000 of Title I funds matched by $560 000 state
funds provided the total funding to construct, the lecture room
building.

Funds to complete the second research building have been requested
under Title II of the Higher Education Facilities Act of 1963 as well

as from the National Science Foundation. Perhaps it is worthwhile
mentioning that the Office of Education funds are granted on a one
to two matching basis while the NSF funds are granted on a one to
one matching basis. Because of the difference in allowable items for

funding established by the two agencies, the funds r_?le_ed from
the two agencies are reasonably close.

The Space Sciences and Technology Center at the Georgia Institute
of Technology could be used as an example of the way several Federal

Government agencies and the State of Georgia have worked together
to provide major funds to establish greatly needed research and teach-

ing facilities. To my best knowledge, the only agency empowered to
provide funds to construct research and teaching facilities that was
not approached was the National Institutes of Health. It should also

be pointed out that if the National Science Foundation sees fit par-
tially to support the construction of Building 2, Federal funds granted
for the building of the Center will have three matching requirements.
NASA provided all the money to complete the first building; the sec-
ond building would require roughly a one to one matching, whereas
the third building would require a one to two matching.

The experience of developing or assisting in the development of pro-
posals for the National Aeronautics and Space Administration, Na-
tional Science Foundation, and the Office of Education leads one to ask

several questions. Perhaps the most serious question that naturally
evolves is why one proposal stating the institution's aims and objec-
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tives cannot satisfy all agencies involved in supporting research facil-

ities at universities. In the best of worlds, one might expect that the

same proposal might be circulated to the various agencies involved,

with one site visiting team spending 2 to 3 days on the campus and

reporting to each of the agencies involved. One recognizes that each

agency has its own directive from the Congress of the United States
but at the same time one wonders whether some sort of common set

of data could not be provided by the university along with its state-
ment of need.

The second question that one might ask is whether the best design of

a facility is obtained when funding is necessarily piecemeal. If the

group at Georgia Tech responsible for the preliminary design of the

Space Sciences and Technology Center had been certain that the In-
stitute had in hand $3.4 million to construct the Center, I am not at all

sure that the final design would be the one accepted. A related point

is that in some state supported institutions final designs cannot be de-

veloped until all funds are in hand; thus delays of initiating construc-

tion of 1 to 2 years often result.

A third question relates to the complexity one might expect to en-

counter in seeking support for a science building which might house

research that is health related, space related, and at the same time

basic. Should the building also house faculty offices, undergraduate

classrooms, and laboratories, as well as graduate instructional lab-

oratories, proposals could be submitted to each of the agencies sup-

porting research and teaching facilities. Proposals could be sub-
mitred to each of five Federal agencies. Each proposal would include

some scheme of indicating what portion of the building was proposed

for support and it would also include some statement of what portions

of the building other agencies have been asked to support. This is not

an unreasonable situation. One can only hope that some methods of

simplifying proposals and reducing information called for might be

considered during interagency discussions.

On the other hand, we at Georgia Tech are particularly grateful

for the generous support we have received and hasten to answer ques-
tions of the sort raised above with the fact that State funds would

have built less than half the facilities needed immediately. The de-

veloping cooperative arrangements between Federal agencies and

universities in funding research and instructional facilities can be

streamlined by more government-university discussions in which each

tries to understand the problems of the other.

,WINTER: Even after years of experience in the construction one

continues to be awed at the sight of a large building under construc-

tion. When one considers the thousands of parts, numerous materials,
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and variety of trades all meshing together on a big construction proj-
ect, it is incredible that so few mistakes are made,

With the assumption that enough money is available for a new fa-
cility, how does one get to the point where the contract is awarded
to the lowest bidder ._ The way to begin planning seems to be with a
written building program. A building program serves as the basic
reference document in the planning process, especially for the archi-

tect_ Grant application documents provide an ideal starting point
as a source of information. Included in the building program ought
to be general policy statements affecting planning, architecture, and
the definition of areas of administrative responsibility. In addition,
the document should include information regarding the nature of re-
search to be conducted, functional relations, detailed mechanical, elec-

trical, and structural requirements, and a detailed funding and budget
program.

Once the program has been written and the usual process of prelimi-
nary meetings with scientists, NASA officials, appropriate adminis-
tra_ors_ and architects has taken place then the architectural plszming
can begin in earnest. One major institution uses the pohcy of requir-
ing the architect to produce half a dozen schemes from which one is
then selected. But this sort of trial-and-error method tends to be

time consuming and costly. It seems preferuble to spend a great deal
of time in program planning and predrawing conferonees so that the
mechanics of architectural direction are clearly defined and the archi-

.................. *_xt vs.mi-as.tu-ellvl U_3_-'_JIL_. lb

to remember, as drawings are begun, that architectural planning in-
cludes a creative facet. This creative facet should also have room for

expression. Allow the architect sufficient time to let the building pro-
gram and the creative process percolate before he acttmlly begins
drawings. Serious mistakes are made functionally and esthetically
when the architect is forced to meet unrealistic deadline_ This fact

is especially critical with complicated and expenmve scientific facilities.
Architects often refer to what is called the "architectural trinity"

of form, function, and cost. These are the basic elements in archi-

tectural planning, and most good buildings are a balance of these
three factors. Obviously, the architect must produce a building that
"works" for the occupants; he must do it within the established budget;
and it ought to be of an architectural quality that has a lasting value.
These goals are not always achieved but they are as important to the
administrator and scientist concerned with a particular project as
they are to the architect. When form, function, and cost are not kept
in balance, the result may be ugly buildings that do not work at a high
price. An example of a successful building is the Engineering Center
now under construction at the University of Colorado. It won an
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architectural design award and, even better, came in under the budget.

The turnkey cost was $20.00 per square foot, which is quite good for

a combined academic and research facility. The NASA building now

under construction on the campus should be equally as successful.

One aspect of research facilities often discussed, but which has be-

come an overworked cliche, is functional flexibility. In a recent tour

of several research and development installations along Boston's now

famous Route 128, it was interesting to observe how organizations t_T

to achieve functional flexibility in their physical facilities. Two

organizations in particular were similar in many respects. Both were

research-and-development oriented and both manufactured exotic

products in rapidly changing markets. Yet, both approached the

problem differently. One went all out with movable partitions and

with utilities popping out every few feet from floors and ceilings.

The other used concrete block partitions with an occasional utility

chase. The approaches to the problem were almost opposite. Another

example is a prominent architectural firm that often designs research

facilities with an exoskeleton utility system. This system consists

primarily of wrapping the utilities around the exterior of the building
between the interior and exterior walls. No doubt for some research

and laboratory activities such a design works very well. These ex-

amples illustrate that there are many ways to approach the problem.

As you plan for flexibility, much, of course, depends on the activities
that will be conducted in a particular space, but because no building

can ever be planned that is completely flexible, perhaps the best that

can be done is merely to make some assumptions about the specific

project and try to strike a balance between current functional require-

ments, cost, and long-term assumptions of need. Beyond that func-

tional flexibility is largely a state of mind.

Getting the project from program to completion obviously requires

a great deal of collaboration. The lively art of coordination is often
overlooked as a vital ingredient in construction programing. There

is a tendency to assume that if everything else is done, coordination

will automatically take care of itself. But, when dealing with numer-

ous people all sharing some responsibility for planning the facility,

coordination cannot be left to happenstance. Fortunately, agencies

like NASA try to make the complexities of administration as easy

as possible by working within an institution's existing operational

structure by keeping red tape to a minimum and by using the problem-

solving team approach. To have effective coordination, areas of re-

sponsibility must be defined and realistic schedules established. Pref-

erably, responsibility for overall coordination should be assigned to

one person. I think a system of coordination and assignment of spe-

cific responsibilities is especially important when planning a facility
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at educational institutions because colleges tend to be committee ori-

ented. This orientation leads to a dispersion of responsibility. Com-
mittees operate best when there is someone else to do the work. The

PERT system of coordinating and scheduling has proved to be very

effective and is now widely used in the construction industry. It also

has great possibilities for the planning phases of construction projects.

The greatest asset of PERT is that it puts the burden of performance

on the person who is responsible for a given portion of the work. This

psychological pressure takes many of the problems out of coordina-

tion and scheduling. As a result, I would expect PERT or some

similar system to begin to be an important part of most planning
programs.

In general_ planning and constructing a research facility on a col-
lege campus requires a special touch from that which characterizes

most commercial or industrial installations. A college campus is a

unique community requiring a unique physical setting: one which

will help germinate the kind of creative response to problems that is so

badly needed. The infusion of investment by such organizations as

NASA tests the adaptability of each institution's planning programs,

which are really nothing more than broadly based self-fulfilling

prophecies. In building for research, it would be wise to keep in mind
the need for balance in form, function, and cost. Frederick Low

Olmstad, the father of landscape architecture, expressed it very well

when he stated: "Beauty, like economy, must be strived for in public
buildings."

BUCK: It has been my good fortune to be associated with the

building of research facilities for a good many years. I have but

three suggestions for consideration : square feet, speed, utilization and
return.

(1) Sguare feet. Research facilities, the means and place to con-

duct research, are the hardest of all things to come by, no matter the

source of funding. Building costs can vary from $18 a square foot to

above $50. This depends upon usage and occupancy. Efllciencies can

vary. No set rules, in my opinion, apply to such numbers. One rule

is paramount: the rule of obtaining the most that is possible within a

given funding for any occupancy or usage. While one must recognize

the constraint of compatibility, architecture, and location, the experi-

menters and their architect engineer groups should welcome the chal-

lenge of trying to get the maximum facility the funding will permit.
(_) Speed. It has been said many times that the store of human

knowledge doubles every 10 years. Research facilities are a means to

an end, the increase of knowledge. When one views the time from the

inception of the idea in the experimenter's mind, through the channels

of university approval, through the channels of the government in
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this ease, through the channels of design and design approvals, and

finally through construction, one is truly dismayed and justifiably im-

patient with any unnecessary protocol-type delays or any low-gear

effort. Urgency is not only implied, it is real. Further, this urgency

should be felt by each member link of this chain.

(3) Utilization and return. Research facilities are but a means to an
end, a means with which to do research, a means to provide the Nation

with an increasing fund of knowledge, a means to provide the Nation
with a better-trained manpower pool ; no nation is more advanced than

its people. Research facilities, hence, are one element of a closed loop

system, with a continuous feedback to all elements on a continuing

basis. As one example, NASA receives from the universities not only

trained people and research information, but even information on how
to build new and more advanced research facilities. This feedback

also benefits industry and the universities. As a result, the Nation

profits and I believe humanity profits as well.
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Van Dreal, University of Oregon: Dr. Levinttml, could you sketch

briefly the relationship between your laboratory, the Instrumentation

Development Laboratory at Stanford, and the investigators working

under NASA grants who require instrumentation._ Do you have any
formal procedures ._

Levinthal: No, we don't. Our laboratory does not pretend to be

the sole or unique vehicle for instrument development within the

School of Medicine. We do encourage collaborative projects with

other departments, but the laboratory is primarily a vehicle for the

principal investigator, Dr. Lederberg, in the Department of Genetics.

Gang-t, Johns Hopkins Urdversity: As I listened to the earlier

speakers, Chancellor Litchfield and Professor Simpson, I think it

was, I thought I detected two opposite points of view which were

rather definite as they were expressed. It seemed to me that there

seemed to be two points of view in regard to a university's philosophy.

Dr. Litchfield said that we were living in a new era, in which a univer-

sity had to be oriented with respect to social action. Dr. Simpson

_eemed to favor a more oid-fashioned approach. Are we living in the

twilight of a past era or at present would there be any place in the

university organized for social action for a budding Sir Isaac Newton,

for example ? As I understand Newton's career, he produced his most

important works when he was not under any particular discipline in

the early part of his life, whereas when he joined the administration

and got grants from the government I believe that what he did in that

era is not very. highly valued.

_impson: Essentially, I was attempting to demonstrate that in the
universities we can continue the traditional role of the free investi-

gator whether he be Newton or someone of an order-of-magnitude

lower stature. I believe this is possible provided that the universities
have set up within their structures suitable means of communication
that enable the transfer of information between NASA and the

investigator so as to provide a "buffer" between the investigator and

NASA on administrative matters. I believe in many cases some

of us in the scientific community are guilty of not understanding

what is happening to us as a result of "big science", and we have not
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been asking for the kind of support which universities could provide
in these matters. These provisions are to insure freedom for the scien-

tific investigator. I also am concerned about one of the consequences
of Chancellor Litchfield's comments. He has a very important point

in strengthening the social role of the universities. I disagree that
universities should organize as he suggests, but do believe that there
are times when academic groups within the universities may tem-

porarily organize for social action toward specific objectives. As an
example, I recall an occasion at the end of World War II at Chicago.
In 1945 there was a massive .and effective effort by our faculty to abol-

ish military control of atomic energy. This was an activity initiated
by individuals in science, in law, and in political science, which re-
sulked in the writing of a new Congressional Bill which provided for
civil.i.an control of atomic energy. This is a form of organized social

_ffort on the part of individuals within a university. What I dis-
agree with is the implication of the promulgation, from the university
administration, of the goals and objectives which are to be achieved
by individual investigators. This is where there is ,a discrepancy in

philosophy and a substantial disagreement.
Page, Wesleya_ University: It seems to me that we astronomers who

thought we had something to do with space are facing a major
change in our profession and that we have to consider our changing
role in a university. I don't think that the role of the university has

changed at all. Robert Maynard Hutchins at Chicago used to say
that the University is a community of scholars, implying the kind of
cemmunication that has been stressed here. The difficulty is that we

are divided up in departments and divisions which are not appropriate
for the space .age. There may be reason for changing our methods
of instruction and changing our communication patterns within the

universities. It may be appropriate for the geologists and the bi-
ologists and the physicists to work with the astronomers or vice versa.
This may mean a major change in course structure and degree require-
ments. Astronomy certainly has gone through one major revolution
with the introduction of spectroscopy, and the astronomer of 1850
would have a hard time in satisfying some of today's requirements.
We seem to be faced with a major change in what we call astronomy
or, at least, with a need for enlarging the field. I would think that
what would be most helpful would be to encourage multidiscipl.inary
research and teaching and I would hope that NASA would have this

as one of its major objectives.
Kuiper: Dr. Simpson gave an example of the problem. Fortu-

nately, nuclear physics belonged clearly in a department of physics.
The science that was pressed with tremendous national effort, the
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development of a nuclear weapons during W.W. II, had a home; it
belonged to physics.

Space science_ Dr. Simpson remarked, is no science at all. There is,
within the university disciplines, no natural home for space science.
Maybe a new home has to be created. We should perhaps recognize
the new divisions that are developing and create a home within the
universities.

We have a tremendously powerful and active national space pro-
gram, and there axe no recognized disciplines which precisely corre-
spond to this national activity within the universities. Many problems
stem from this fact. Perhaps the scientists in the universities who are
grumbling about the space program should make an effort to modernize
their own institutions so that university disciplines would be reoriented
to correspond to the new opportunities in research.

Nier: In regard to the question of allowing for the individual
scientist, isn't it true that through some of the block grants that are
related to the overall grants to institutions there are opportunities for
individuals'. Many of us who have tried to recruit students in a field

where we have no active work at the present time find that this is rather
difficult because the young people like to go to universities where every-
thing is set up, where there is money available, and where they fit in
rather than to an institution where there is a shortage of money. I
think the result is that the rich get richer in certain areas and the
poor get poorer. A system of block grants which gives an institu-
tion some discretion can help make up such deficiencie_

BowhUl, University of Illinois: With regard to establishing lines of
communication among different departments, scientists usually com-
municate with those people with whom they have the greatest amount
in common; frequently, this community of interest resides more out-
side of a particular institution, in perhaps 50 to 200 scholars or scien-
tists with like interests. This community of interest is much more

fruitful more frequently than the community of interest that can be
found among scholars working even in the same general area of space
science within the university itself. Is this a desirable or undesirable
state of affairs._ If it is undesirable, how can we change it ?

Kuiper: I think that it would be of great importance to NASA and
to the space program if professional standards within the university
community were developed through precisely the kind of contact to
which you refer; namely, I think I could foresee, for instance, that.
many hasty suggestions which now appear in print would never appear
if there were the equivalent of a scientific society or group or associa-

tion which would, in a friendly way, thrash out the problems. A lot
of utter nonsense about the Moon and about space exploration would
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never be published if such an organization existed. The literature

on the solar system is full of completely worthless material. It has

created a great deal of confusion.

ltolloway, NASA : With regard to Dr. Picha's comments, I know of

no requirement for the submission of different proposals to the dif-

ferent agencies, say, five, in Washington, who might offer financial sup-

port for a building. I believe that any of these agencies would con-

sider, without question, a proposal which included all requirements.

All that would be necessary would be to include information to cover

every agency's requirement in each proposal. I think there is no

requirement for separate sight visits. All that is necessary to have

only one site visit is to be sure that each site visit includes representa-

tives from every agency which might consider your proposal. I sug-

gest that this might be less than advantageous to many universities

which might wish to deal with and which might be equipped to deal

with, only one agency.

Finally, I would suggest further that identity of requirements in

this business of Government consideration of university proposals

for research or for training or for facilities comes very close to the

first step to monopoly, with monopoly defined as the situation in which

one person in Washington can say "No," and, if he says it, there

is no place else to turn. I think the wisdom of embracing this should

be seriously questioned. We believe that diversity of support of these

enterprises by several Federal agencies, each motivated in a different

way, and each based on different enabling legislation, is not only im-

portant but essential to the health of this kind of an enterprise if it is to

survive over a number of years, to remain viable, and to offer uni-

versities the opportunity for the expression of their individual desires.
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