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Preface

The Air Force Office of Scientific Research is
the extramural research component of the Office
of Aerospace Research, USAF, the research
agency of the Air Force. OAR is commanded by
Msj. Gen. Ernest A. Pinson, USAF.

AFOSR conducts a grant and contract program
of phenomena-oriented research in those areas of
science related most directly to needs of the future
operational Air Force. AFOSR’s worldwide re-
search program requires an annual expenditure
of more than $35 million, and provides support
for about 2400 scientists. They are engaged in
nearly 1,000 separate research investigations at
more than 200 university, industry and other re-
search organizations, Research is selected for sup-
port from unsolicited propesals on the basis of
scientific quality and relevance tn Air Force in-
terests, Research is supported in chemistry, math.
ematics, electronics, mechanies, energry conversion,
genersl physics, nuclear physics, solid state
physics, astronomy-astrophysics, and the behav-
icral, biological and inrformation sciences.

AFOSR also serves to provide communication
between the scientific community and other Air
Force and DOD organizations, thus helping to
ensure the timely impact of scientific research
activities on the Air Force. AFOSR serves the Air
Force by providing and communicating results of
pioneering extramural research to potential users,
by transmitting needs for scientific information
to the scientific community, by providing sutside
scientific advice and consultation to all parts of
the Air Force requiring knowledge and interpre-
tation of world science, and by in general main-
taining and enhaucing the Air Force relationship
with the scientific community.

JurLy 1967,

Thie report is designed to present the research
programs of the Air Force Office of Scientific Re-
search for the information of the uwsers of Air
Force research, for scientific investigators work-
ing in the same or in allied fields, and for the
military, scientific and academic, and Government
communities at large.

It is intended that this report will help provide
ready access to research in progress as well as that
completed and just beginning to come into the
scientitic literature, so that the results of these in-
vestigations will become more readily available.
By making use of the list of work efforts, orga-
nized in terms of specific scieatific fields, scientists
and engineers in DOD laboratories and various
research and development organizations can ascer-
tain which active AFOSR programs are of in-
terest to them. To obtain detziled information,
direct contacts are encouraged with the AFOSR
staff member listed as responsible for the work
effort of interest,

Research managers in the DOD and other Gov-
ernment agencies will find this report convenient
for research coordinstion purposes. Contractors
and grantees supported by AFOSR will be able
to see how their programs fit into the over-all
AFOSR :czearch program. Those within and out-
side the DOD who are interested in broad ques-
tions on the support of research and development
should find this report useful insofar as it pro-
vides comprehensive information on the objec-
tives, research program, and accomplishments of
AFOSR.

Wnriax J. Paice,
Egzeoutive Director.
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The Role of AFOSR

Dr. WiLriam J. Price, Executive Director

During the past 3 years an extensive reevalua-
tion of the Air Force Office of Scientific Research
has been in progress within AFOSR and its parent
command, the Office of Aerospace Research. This
examination has been directed toward further in-
creasing the effectiveness of AFOSR in perform-
ing its mission of helping to strengthen the
future operational Air Force through scientific
research activities.

These studies make it abundantly clear that
the Air Force is dependent on science in many
ways. Thus AFOSR is challenged to carry out
its business in such a manner as to optimize the
benefits accruing to the Air Force from scientific
research activities, whatever their nature or
location.

The reevaluation has thus dealt with a variety
of matters including the past accomplishments of
AFOSR, the relationship of AFOSR to both user
agencies and other research agencies, the type of
activities sponsored, and the distribution of re-
search efforts among the various scientific dis-
ciplines. Concurrently, we have studied the more
general questions of the interaction between sci-
ence and technology, and of the changing patterns
in the support of research in the U.S.A., particu-
larly trends in both roles of individual research
support agencies, and in funds available for this
support. We have given particular attention to
the role of AFOSR in light of these various
factors.

This essay summarizes some of our findings.
One central theme emerges—that the current
AFOSR is a highly viable organization. We find
that AFOSR has an important mission to per-
form, that it has an excellent reputation with the
scientific community as a good research agency
with which to work, that it has a good record of
accomplishment on which to build, and that it has
a competent and dedicated staff to manage the
programs of the future. We believe that any
future increase in effectiveness will come from
careful building upon this foundation.

Preceding Page Blank

The Interaction Between Science and Technology

We have been carrying out studies which have
provided us with a large increase in specific in-
formation showing how the Air Force has bene-
fited from the AFOSR program. Part of this
material is presented as accomplishments in this
report in the form of individual subject area
papers by AFOSR program managers and
through the summary paper “Relating the Ac-
complishments of AFOSR to the Needs of the
Air Force.” In the course of these studies we have
collected and analyzed information about the in-
teraction between science and technology (7).

We find it is helpful in discussing the interac-
tion between science and technology, as well as in
describing AFOSR and its accomplishments, to
divide research and development activity into two
broad categories, phenomena-oriented science and
technology. In technology, creative efforts are pri-
marily concerned with synthesis: that is, integra-
tion of previously existing knowledge components
into operational capability—for example, systems,
devices, processes, methods, and materials. In con-
trast, phenomena-oriented science is more heavily
concerned with the origins of the knowledge com-
ponents themselves.

Here both applied science and engineering de-
velopments are classified as parts of technology.
Applied science is so named because its goal is
some sort of application of scientific principles.
Thus the name comes from the goal. A phenomena-
oriented scientist concerns himself with the eluci-
dation of natural phenomena. Thus his goal is the
study of phenomena, and consequently, it is rea-
sonable to call his activity “phenomena-oriented
science.”

As new phenomena are understood, this new
knowledge is made available to the scientific and
technological communities in many ways. How-
ever, it i3 important to note that the new infor-
mation becomes known by the peer group in the
world scientific community much sooner than it is
known by other groups, particularly those asso-
ciated primarily with technology. Important new
knowledge is known to members of the “invisible
college,” that is, those researchers active in the par-
ticular segment. of the research front, well in ad-
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vance of any formal written publication. Thus new
science forges ahead, relatively independent of an
ambient technology.

Similarly, tachnology usually feeds upon tech-
nology, in the presence of an ambient science. It
has become increasingly clear, especially to the his-
torians of science, that technology events are usu-
ally initiated within technology. This means that
usaally it is dificult to establish & unique correla-
tion between an important technological eveat snd
ona within phenomens-oriented science. One well-
known exception is nucica - power, and its origin
in the discovery of nuclea fission. Qur study
shows that one does not usually find phenomena-
orientad research producing & new and unex-
pocted opportunity which then stimulates s new
engineering opportunity. (This observatior is con-
sistent v ith those of other recent studies on science
and technology interaction (£, 3,.})). Instead, we
find phenomena-oriented research supporting
technology in many other important ways.

Thus the gross picture is that technology ususlly
feeds upon technology and phenomena-oriented
science usually feeds upon phenomena-oriented
science. However, at the same time we find that
there is & strong important interaction (almost a
symbiosis) between the two spheres of activity.

It is found that the acience-technology interac-
tions leading to utilization of phenomena-oriented
research are usually initiated by persons who, hav-
ing the urgent need for knowledge, search for the
solution through prior research. The scientists who
are consulied slso play a very key role on their side
of the dialogue, providing knowledge and inter-
pretation from their field.

The fsct that new knowledge originating in
phenomena-oriented research often has implicit in
it important new opportunities for exploitation
means that when these can be recognized on the
research side, great advantages, particularly in
timing, can be realized. This is an important area
for increased attention by phenomena-orierted re-
search activities, toward the end that initiative can
be successfully taken by the scientist more fre-
quently.

Our conclusion from these studies is that the
conventional picture, which emphasizes a process
with unique scientih > events being followed in an
orderly manner by applied research, development,
etc., is usually not. borne out. Since that picture ap-
peara to be the exception rather than the rule, it is
misleading to attempt to elucidate the contribu-
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tion of phenomena-oriented science by studying
this process primarily, In fact, the failure to ob-
serve a large number of such cases could lead to a
noncbjective backlash in which the real (and very
important) process involving the flow of an im-
mense number of items of information across the
technology-science interface is not recognized.

The Role of AFOSR

We have studied the mission which AFOSR
has performed over the years, its accomplish-
ments, and the studies which the National Acad-
emy of Sciences is making through its committee
on science and public policy, partieularly those
studies which have dealt with the definition of the
role of a research agency in a mission-oriented
organization (6. 6); we have assessed the impact
of the growing number of research agencies on
the AFOSR mission (6); we have studied the
analogy between the role of AFOSR in the USAF
and that of other fundamental research activities
in a mission-oriented parent organization, for
example, the corporate research laboratory in a
large industry (7). Particularly, we have studied
the needs of the Department of Defense in view
of the nature of the interaction between science
and technology and the capability of the AFOSR
to support the IYOD. These studies have led us to
describe our current role as follows,

One may think of AFOSR as a research Insti-
tute made up of the AFOSR staff and various
advisers as research institute managers, and the
contractors and grantees performing research.
This institute concept may be visualized as an
activity which, by providing an interface with
both the scientific community and the Air Force,
improves the interaction between them. Both inter-
facesare of course very important.

AFOSR is weli-suited to providing the required
interfaces. Since it has a well-established reputa-
tion in the scientific community as a good research
agency with which to work, it attracts the interest
of the world’s top scientific talent. At the same
time, staff members of AFOSR have the mission,
experience and techniques required for identifying
DOD problems arens and translating them into
scientific research opportunities or in reverse, in
translating scientific knowledge and understand-
ing into results for DOD users.

In this interface role between science and tech-
nology, the AFOSR research institute performs
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two major functions. First, it accomplishes re-
search, thus helping to colonize relevant scientific
knowledge, and second, it provides communica-
tion between the scientific community snd using
agencies.

The selection of research areas in which to
accomplish Air Force supported phenomena-
orientad research may be motivated by helping
a development group solve certain difficult
classes of relatively short-term technical problems
through a fuller understanding of the phenomena
behind them, or as is more common, by seeking
to open new fields of science holding out high
promise for generating new knowledge needed to
help evolve future technologies. The strategy is
to attempt to colonize ! those areas selected to be
particularly relevant to the long-term interests of
the USAF. The selection of these areas continues
to be the most important challenge faced by the
AFOSR.

The communication provided by the research
institute is two-way—needs to the research pro-
gram and scientific information to the users. We
provide this communication by engaging in many
types of coupling activities. For example, part of
what we purchase through contracts and grants
is primarily designed to provide communication.
This part refers not only to the symposia we
sponsor, but also to the connecting-type research
which allows us to keep abreast of a variety of
those scientific areas largely supported by other
agencies, in which repidly emerging scientific
developments of possible importance to the Air
Force are taking place,

The management responsibility for this coup-
ling lies with the individual AFOSR program
managers. This part of their function is essentially
an open-ended one—that is, the opportunities are
essentially limitless, It is one in which professional
knowledge and ingenuity have a high premium.

Regardless of the background with which an
AFOSR stafl scientist comes to the job, he must
keep his contacts with counterparts in the Air
Force spplied research-exploratory development
community current, Here personal contacts are

-

1 Colonisiag way be descrided as Incrensing the chance of {m-
portant discovery 1a an area 4. d to bold p ise for the Ajr
Foret by “ralaing the temperature” of the world's sclentific ae-
tivity in that Seld. Through judicious support of phecomena-
oriented iesearch snd other activities such as sywposis. the Alr
Forct has helped colopite the activity !n numerous resesrch areas,
with the regult that the Alr Force research sornort, amplified by
that supported by mon-Alr Foree funds, has affected very signi-
cantly the rate of development of important rcientific areas.

made by visits, correspondence, special reportas,
program reviews, participation in joint task
groups, etc.

Some of the most meaningful coupling activi-
ties are those which directly involve the research
scientists AFOSR has under contract. We find
that scientists around the country are very able
and willing to participate directly in Air Force
activities in many ways. The article “The AFOSR
Coupling Program,” elsewhere in this volume, de-
scribes the ~rowing role which AFOSR is play-
ing in communieation between science and
technology.

There are other direct roles played by the
AFOSR research support which, although second-
ary in imporiance when compared with the two
described above, are nevertheless important. These
include education of graduate students in fields
particularly relevant to the DOD; the providing
of research support which makes it possible for
many consultants for aerospace industries, and
government to keep their expertise: and the
strengthening of U.S. science by having multiple
sources of support avajlable.

AFOSRK also provides the DOD with a quick
reaction, program management and procurement
organization for accomplishing special activities
requiring the participation of the scientific com-
munity. Examples include the new scientific in-
vestigation of unidentified flying objects, the pub-
lic reaction studies to sonic boom produced by the
supersonic transport, the DOD Project Themis, a
program to strengthen the Nation’s academic
institutions, and numerous projects for the Ad-
vaived Research Project Agency of the DOD.

The Challengs Foced by AFOSR

New knowledge and understanding properly
utilized represent power—the possibility of bring-
ing about eflective solutions to some of society's
problems on a timely basis, the competitive edge
of one industry over another, or the defense of
one's country against another with alien purposes.
With the rapidly expanding body of both knowl-
edge and application, the time from understanding
to use has been continually decreasing and the
ability of an organization to change accordingly
has become a very important factor.

New scienitific research is typically packaged in
terms of scientific disciplines, while society's prob-
lems almost always appear in other forms. There-
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fore, there are special interface problems of a par-
ticulariy challenging nature which need to be
worked out in providing effective communication.

Of course, engineers and others with similar
responsibilities must always play a key role in the
required communication; this is well recognized.
However, the role of the scientific community is
not recognized or understood nearly as fully.
As a matter of fact, in some quarters there
is still the misconception that “good” science
should be “pure academic research” where the con-
cept of purity implies a conscions and even self-
righteous disengagement from utility (8).

The primary challenge to AFOSR is *o help
assure that the scientific part of this interface
activity is performed in an optimum manner.
Toward this end we are committed to the support
of phenomena-oriented scientific research activities
because we believe that this support brings the
Air Force very direct benefits that cannot be ob-
tained through research which is closely allied
to the end items nor through fundamental science
support by other agencies. We are committed to
the unapologetic support of research which is ad-
mittedly strongly science-oriented. The major con-
tribution of AFOSR is that we provide mecha-
nisms hy which highly creative science-oriented
persons are involved in the Air Force program in
ways which both we and they agree to be mutually
beneficial. We are thus at least partially tapping
this important potential for the continued
strengthening of the defense of the country.

In carrying out these mctivities, we meet two
special challenges of a continning nature. First,
how does one optimize the distribution of our effort
among possible areas of interest? While the
AFOSR program will always cover a wide spee-
trum, it is dominated by those fields clearly rele-
vant to the Air Force. However, a narrow defini-
ticn of mission relevance must not be allowed to
restrict this distribution unduly.

The second challenge is to work creatively and

 mmE ke e S bt S s - o

effectively in catalyzing the very important inter-
actiun between science and technology. For ex-
smple, our studies referred to earlier indicate that
although new scientific knowledge is disseminated
within the scientific community quite socon after
its discovery, often considerable time elapses be-
fore it becomes knnwn to those primarily concerned
with utilizing it. The results of our growing cou-
pling program at AFOSR, which among other
things is aimed at reducing this time, encourage
us that this part of our mission is indeed a fruit-
ful one.

In conclusion, I wish to state that AF7ISR is
managing a research program which is oriented
to meet the needs of the Air Force. Whether we
are choosing these areas in which to support re-
search or whether we are promoting the all-im-
portant dialogue between the scientific community
and those seeking to use science for defense pur-
poses, our ain: is to manage a research program
tailored to meet the DOD needs.

REFERENCES

(1) W. J. Price, OAR Rcscarch Review V, 10 (1968).

{2) M. Tannenbaum and committee members, “Report of
the Ad Hoe Committee on Principles of Research-
Engineering Interaction” (National Academy of
Sciences-Natior  Research Council Materials Ad-
visory Bonrd, maB-222-M, July 1066).

(3) Derek de Solla Price, Technology and Culiure 8, 4
(1965).

(4) Project Hindsight ( DOD Reports).

{3) “Basic Research and National Guala,” A Report to the
Committes on Science and Astronautics, U.8. House
of Representatives (National Academy of Sciences,
March 1683).

(6) Harvey Brooks, "Past Achievements and Future Focl
of the Federat Government in Science” (Vicennial
Convocation Address, May 1966).

(7) “The Fundamental Research Activity in a Tech-
nology-Dependent Organization,” 10th Institute on
Research Administration, Center for Technology

% and Administration, The American University
{AFOSR 83-2691, April 1965).
«8) P. P. Medawar, Encowunter 25, 2 (1985).




Sy

.4»«'!;“‘“"'"“" *

a1 AR Mg - ¢

[T P

PR

S gy B

BN ot Ukl e - EEESTR.

The Relevancy of the AFOSR
Research Program to the Operating
Needs of the Air Force

Cou. Ivan C. AtrinecN, Deputy Exzecutive
Director

The value of AFOSR to the Air Force comes
through the exercise of our capability for provid-
ing an effective bridge between the needs of the
Air Foree and the opportunities inherent in the
continually emerging frontiers of science. Qur
challenge is to help assure the maximum impact
of naw scientific activities throughout the world on
the future operational Air Force. The relevancy of
the AFOSR research program is a measure of the
degree to which the overall impact is maximized.

The Key Role of AFOSR Program Monagers

AFOSR is ideally suited to provide an effective
bridge between the Air Force =nd science. On the
one hand our program managers arec in an excellent
position to determine the Air Force needs and to
oricnt the scientific activitier which they select to
meet these needs. On the other hand, being orga-
nized as we are in terms of scientific disciplines
and having the reputation as & good research
agency with which to deal, we attract the interest
and participation of the leading scientists, those
persons who actually have their choice of sources
of funds. Thus we are able to involve highly
creative scientists in activities relevant to the Air
Force and to Jdo this in ways that both the Air
Force and the scientific community agree to be
mutually beneficial.

Guideance as to thie Air Force needs comes to
AFOSR in several forms. Information as to the
Air Force mission in space functions, limited con-
flict, strategic offense, air defense, training, log-
istics, and other areas obtained from such sources
as the document, “USAF Planning Concepts (‘The
Plan),” and from major speeches of the Secretary
of the Air Force, Dr. Brown, and the Chief of
Staff, General McConnell. Many more speeific
needs are referred to us from higher headquarters

and by other parts of the Air Force. We establish -
special studies, as for example the “Seminar Series
on Long-Range Problems of Limited War” and
the “Workshop vn Fundamentsl Problems of Fu-
ture Aerospace Structures” to bring into better
focus various parts of the Air Force ressarch needs.
We participate in the formulation of the “OAR 5-
Year Plan” on an annual basis. We have inputs
from the Air Force RDT&E Community through
our in-house advisory committees and through the
many informal visits between AFOSR program
managers and the Air Force user organizations.

Through these and other mechanisms, AFOSR
keeps abreast of the needs of the Air Force. Utiliz-
ing this information, the AFOSR program man-
ager matches the needs of the Air Force and the
opportunities present in emerging new science.
Clearly then the AFOSR program managers serve
a key role in assuring relevance.

The Relevant Program is the Balanced One

In order to make the optimum contribution to
its mission, AFOSR must have the proper balance
in the various activities in which it engages. The
preceding article discusses the various AFOSR
roles in colonizing areas and in providing com-
munication bet ween science and user<, for example.
A variety of activities are equally relevant to ful-
filling the AFOSR mission of providing the var-
ious elements in the proper balance. Certainly the
main part of our activity must always be placed
on new sciences or new aspects of sciences which
show particular promise for technological applica-
tion to future Air Force operations. This research
attempts to colonize new fields of science holding
high promise for scientific discovery from which
innovations can arise. Results or their possible ap-
plications cannot be forecast with any degree of
cortainty. The problem is to select from a large
number of possible research projects those which
hold the most promise of scientific progress toward
general goals of long-term Air Force interest.

Another important category of AFOSR activ-
ity is aimed at helping development groups solve
certain difficult classes of relatively short term
technical problems through a fuller understanding
of the phenomena underlying them, The initiation
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of this type of rese..rch requires a high degree of
swareness of Air Force research needs on the part
of both the AFOSR project scieatists and the in-
vestigators. However, while the scope of the in-
quiry is fashioned with theee interests in mind,
the investigators retsin a great deal of freedom as
to methods of approach and otherwise bring the
full force of fundamental research methods to
thess more applied problems.

To maintain balance, 8 minor but very impor-
tant part of our activity must be in keeping sbreast
of a variety of scientific areas, largely supported
by non-Air Force agencies, in which rapid and
significant developments of importance to the Air
Worce are taking place. This is the connecting-
type of support. AFOSR does this by selecting .e-
searchers not only for the jquality of their work
but also for their ability to provide advice and
information regarding the entire field in which
they are working.

By keeping these varicus activities in nroper
balance, the Air Force will be benefitted to the
greatest degree. This is an area in which there is
a high premium on the judgment and foresight of
the program managers, There are many pressures,
not the least of which being the desire of the pro-
gram manager to show tangible results, which
cause the program to tend toward shorter range
problems areas. On the other hand, too little con-
cern with utility works against the highly impor-
tant dialogue between science and technology
which AFOSR provides,

The Research-Technology interface

A comprehensive discussion of all the aspects
determining relevancy is beyond the scope of this
paper. “Relating the Accomplishments of AFOSR
to the Needs of the Air Force,” included in this
volume, is one such broad discussion. I shall re-
strict my remarks to relevancy of the AFOSR pro-
gram to Air Force technology requirements.

The AFOSR mission statement includes the
phrase “Supports programs of extramural re-
search d signed to provide new scientific knowl-
edge and understanding in three areas of science
which offer the greaiest potential for improving
the Air Force’s present and future operational
capability.” Thic operational aspect naturally
brings to mind the weapon system which can be
viewed and/or read about by the taxpayer. How-
ever, because of the many steps in the complex

process of conceiving and developing s weapon
system, the role research plays cannot usually be
associated clearly with the development of weapon
systems. In a large majority of cases recearch
does not jump immediately mto a weapon system
but works its way up the triangle route whereby
the complexity of the application increases as you
proceed upwerd, The apex of the triangle is the
mission. From that point downward are zil the
contributing aress—the weapon system, opera-
tional systemns development, engineering develop-
ment, and advanced development and exploratory
develvpment (including applied research). At the
base of the triangle is research.

Conceptually at least one can determine the rel-
evancy of research for supporting the operational
missions by tracing through the various inter-
mediate relationships. In practice one finds this
approach to be of limited validity; there are too
many uncertainties in establishing the required
relationship. Perhaps the greatest limitation in
developing this methodology is inherent in the
natnre of science and technology interactions. We
find important interactions occurring between
scientific research activities and technology at
several levels of mission development, not just &t
the interface of applied research with science.

We do, however, find it meaningful to establish
relationships between our scientific research activ
ities and technology whereby technology means
the broad group of applied scicnce and engineer-
ing development activities engaged in to bring
about new systems, devices, processes, snd mate-
rinis of use to the Air Force.

At this point it might be wise to point out that
the interface Letween the science and technology
is of a different character from those existing
at other paris of the development process. The
scientific research is phenomena-oriented and tech-
nology is burdware-oriented. It might be said this
boundary is where orientation is given to the re-
search results. If a too restrictive policy is applied
to the support of research, this orientation process
takes place sooner, and consequently the benefits
which are to be derived from the more flexible
approach inherent in phenomena-oriented science
will be denied to the Air Force.

Often resesrch results cannot be predicted with
certainty. Relevancy cannot be determined with
certainty beforehand inasmuch as pioneering re-
search may open up or colonize a new ares.
Granted that this action is not in the majority of
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cases, but it is the one where new and unique ideas
are born. These items lead to new concepts snd
whole new technological worlds, If an old wording
is nllowed, these are breakthroughs in the real
sense. Sometimes this proczss has to accrue exten-

i54-884 O - 41 -2

sive results before the new area becomes apperent,
but when it does, the scientific community ususlly
extends its efforts in that direction, Consequently,
a new and unique area is nurtured to the puint
where technology can benelfit.
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AFOSR Scientific Staff
o ox
plus ext.
Dr. Willlam J. Price, Executive Director (8RG) ... 44801
Col, Ivan C, Atkinson, Deputy Executive Direc-
tor (BROD) e 44801
Maj. Joseph P. Martino, Assistant Execu-
tive Director, Research Communication. 44875

Lt. Col. Carl 8. Jennings Jr., Assistant Ex-
ecutive Director, Research Operations__ 45101

Dr. Amos G. Horney, Director of Chemical Sciences
(BRC) ..
Denton W. Elliott, Deputy Director
Dr. Alfred Welssler, Project Sclentist
Dr. Anthony J, Matuszko, Project Scientist
Dr. William L. Ruigh, Project Scientist
Lt. Col. Edward T. Wailford, Project Scien-
tist
Dr. Milton M. Slawtky, Director of Engineering

Lt. Col. Robert B. Kalisch. Chief, Electronles
Division (8REE) _ .o e 45518
Maj. Frank H. Zander, Project S8cientist
Milton Rogers, Chief, Mechanics Division
(BREM) e 45587
Paul A. Thurston, Project 8cientist
Dr. Jacob Pomerants, Project Scientist
L. Col. Georze 8talk, Project Sclentist
Maj. Donald L. Calvert, Project Scientist

Dr. Joweph F. Masi, Chief, Propulsion Division
([REP) ..o 45565
Dr. Bernard T. Woltson. Projﬂct S>lentist
Dr. Demetrios G. Samaras, Project Scientist
Maj. Russell G. Langlois, Project Scientist
Lt. Col. Cornelius J. Donovan, Project Scientist

Dr. Harold A. Wooster. Director of Information
Sciences (8RI)____. . _____ . .. 45407
Mrs. Rowena W. Swanson. Project Sclenust
Capt. Eliot Sohmer, Project Scientist

Dr. Harvey E. S8avely. Director of Life Sciences
(8RL) e 45041

10

Telephonse
(288) OX
pius est.

Dr. Charies E. Hutchinson, Chief, Behavioral
Scfencea Division (8RLB) . oeoeeeo. 45045
Dr. Herman J. 3ander. Project Scientist
Dr, Glen Finci, Project Scientist
Maj. Laurence G. Goebel, Project Scientist
Dr. Robert V. Brown, Chief, Blological Sciences
Division (SRLA) . __________ . __-. . ___ 45042
Maj. Churles E. Fuller, Project Scientist

Dr. Merle M. Andrew, Director of Mathematical

Sciences (BRM) . .o cei i 45263
Lt. Col. Barnett R. Agins, Chief, Applied Math
Division (8EMA) o e 45261

Maj. John Jones Jr., Project Sclentist
Capt. Allen Dayton, Project Scientist
Dir. Robert G. Pohrer, Chief, Mathematics Divi-
slon (SRMM) . ________________ 45264
Maj. John F. Gander, Project Sclentlst

Dr. Lloyd A. Wood, Director of Physical Sciences

[£.) : 3 5 T U, 45451
Dwight L. Wennersten, Chiet, Genenl Physics
Divigion (SRPP) .. . 45454
Dr. Marsball . BHarrington, Project
Scientist

Capt. David A. Haycock, Project Scientist
Dr. Ralph E. Kelley, Project Scientist
William J. Best, Chief, Geophysics Division

(BRPG) e 45456
Maj. Durward D. Young Jr., Project
Relentist
Dr. Erich Weigold, Acting Chief, Nuclear
Physics Division (SRPN)_________________ 45581

Mzj. Joseph E. Gurrell, Project Scientlst
Capt, Donald R. Lehinan, Project Scientist
Lt. Col. Ralph W. Conuers, Chief, Soiid State
Sciences Divivon (SRPS) . ____.___ 45588
Dr. J. Thomas Ratchford, Project Scientlst
Lt. Col. Randal A. Houidobre, Project
Scientist
Max Swerdlow, Project Scientist

Col. Lenn 8. Rogan, Director of FProcurement
(SBRK) L 45275
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AFOSR Board of Visitors

The AFOSK board of visitors provides the
executive director with scientific and technical
advice wkich he may employ during the planning,
programing and pursuit of the AFOSR program,
The group is composed of eminently qualified, dis-
tinguished members of the scientific community,
who serve as members of the QAR scientific ad-
visory group, They provide a continual outside
evaluation of both the effectiveness of AFOSR
activities and policies, and thejr impact upon the

scientific community. Members of the board of
visitors are:

Professor Leomard I, Schifr {Chairmen), Department of
Physics, Stanford University.

Dr. Launor F. Carter, Senior Vice VPresident and Director
of Advanced Technology and Rewarch, Systems De-.
velopment Corporation.

ur. Carl Kaplau, Rewesrch Feliow, Johux Hopkine [ niver-
nity.

Dr. Nathan L. Krisverg, Director of Ecgineering Missiles
and Information Systems Division, the Boeing Co.

Profeser Gerald M. McDonvel, M.f).. Department of
Radiology, Center for the Health Sclences, University
of Onlifornia at Los Angeles.

Dr. Jogeph Kaplan. Protessor of Physics, University ot
California at Log Angeles; ex ofMiclo member as Chajr-
man, OAR Scientific Advisory Group.
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The History of AFOSR

The Air Foree Office of Scientific Research was
officially established 11 August 1955. It had existed
in recognizably similar form, however, since 20
October 1951, with ita roots going back still farther
to the first appearance, in February 1948, of a basic
research organization at Wright-Petterson AFB.

That the Air Force entered the business of basic
research when it did was due in great measure o
the determination of the late Dr. Theodore von
Karman, distinquished Hungsrian-born serody-
namicist, who headed the Air Force’s scientific
advisory board during the late 1940's.

On 24 September 1949 the Ridenour report * was
transmitted to Gen. Hoyt S. Vandenberg with a
covering letter from Dr. von Karman, which said:

The Air Force should make fuller use of
the technical talent and facilitiee possessed
by the industries and the universities of {he
country. & small recurring investment in the
support of fundamental scientific investiga-
tions would secure for the Air Force the en-
thusiastic support of the foremosi scientists
of the country; su-h men are today being
substantially assisted mainly by the Office of
Naval Research and the AEC. The Aix Force
is clearly faced by problems requiring funda-
mental scientific investigations: the best re-
sults in such work can be secured by direct
contact bet ween an OMffice of Air Research and
scientists,

In February 1949, the Office of Air Recearch was
established at Wright-Pattexson under the imme-
diate jurisdiction of the director of research and
development of the Air Materiel Cominand, and
was assigned the performance of both basic and
applied research. In performing the basic researck,
it made use of both contractural efforts and in-
house work.

On 23 February 1951, Col. Frank J. Seiler, sec-
ond chief of the Office of Air Research, described

14Re b ang Pevel t in the United Rtatea Alr Force——
Raport of a Special Committee of the Sefentific Advisory Board to
the CIIIH of Staff, USAFP.” Louls N. Ridenour, committee chalr-
man, 1049

12

the primary mission of the Ofice of Air Research
83 “to sponsor, encourage, or take advantage of, in
any way, all basic research to further Air Force
ends. It is always necessary to keep in mind Air
Force needs. To talk in terms of a program, one
must always ask the quesiion, what problems need
study or alleviationI”

This office went out of existence in April 1951,
when more basic portions of the program were
transferred to Headquarters, ARDC, Baltimore,
Md., and ultimately became part of the assigned
mis “on of the Office of Scientific Research (OSR),
swhich was organized as a headquarters staff sec:
tion in October 1951,

OSR wzs mainly concerned with administering
a research program which was largely basic rather
than applied, and which was conducted entirely by
means of contracts mostly with university scion-
tists. But, as a headquarters staff section, OSR also
had a supervisory role with respect to other Air
Force research activities. This role, however.
existed more on paper than in practice, and was
Jater eliminated.

OSR’s research program was planned along the
lines of the traditional scientific disciplines, and
OSR itself was organized along these lines. There
were originally five functional divisions—chem-
istry, flnid mechanics, mathematics, physics, and
the solid state sciences—ench of which was headed
by a division chief, nsually a civilian, who was
given considerable freedom in formulating a pro-
gram for his divisior.

In February 1954, OSR's position in Headquar-
ters ARDC was altered. At that time OSR was
stripped of its staff supervisory functions and
dropped down a step on the organizational ladder.
The overall supervision of ARDC research was
now in the hands of 8 newly established directorate
of research (Headquarters ARDC).

In August 1955, the Office of Scientific Research
became the Air Force Office of Scientific Research
{AFOSR), and was given “center status,” mean-
ing that it was henceforth to be regarded not as a
headquarters staff section, but as an agency on
the same footing with such ARDC field organi-
zations as the Air Force Cambridge Research
Center and the Wright Air Development Center.
Asa measure of the organization’s new-found stat-

SRR e i el il
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ure, a general officer, Brig. Gen. Don B. Flick-
inger, was named its commander. The resemblance
to n field orgunization was further sharpened in
July 1956 when AFOSR severed its physical con-
nection with Feadquarters ARDC by moving
from Baltimore to Washington, D.C.

Officially, the granting of “center status” was
degigned to heighten the prestige and importance
of research within the Air Force. Some AFOSR
administrators felt, however, that it was really a
step downward, since it placed the contractual re-
search agency under—rather than within—com-
mand headquarters. During the following years
AFOSR did, nevertheless, experience a steady
growth in the size and scope of its research pro-
gram.

Concurrently with the creation of AFOSR as
a geparate center, AFOSR was reorganized in-
ternally. This had little effect on the AFOSR
program. The old divisions were either abolished
and replaced by new directorates, or else direc-
torates were superimposed upon the old divisions.
The research prograins continued as before, al-
though in some cases under different men, The
same general internal structure stands today.

AFOSR’s new center status was accompenied by
increased support, The organization's budget al-
most doubled from £13.9 million in fisca vear
1956 to $27 million in fiscal year 1959, The larger
budgets permitted AFOSR to fund not only more
projects but also more expensive ones, whose costs
at one time had been prohibitive. Thus. the
AFOSR program during the late 1950's possecsed
& variety, a quality, and a spark that it lacked in
the earlier years.

A major review of the Air Force basic research
program was set forth ir the Stever committee re-
port issued in Juns 1958, This was a blue ribbon
committee asked to reexamine the findings of the
Ridenour committee report of some 9 years earlier.
The chairman was H. Guyford Stever, associate
dean at MIT, and a former Air Force chief scien-
tist (1956-57).

The Stever committee said, “The Air Force has
& mission to sponsor and support exploratory re-
search. In this way the Air Force shares with the
other services the payment for research of general
interest to the military. This ensures the establish-
ment of effective lines of communication with all
of the scientifir  mmunity of the country, much
of which will ¢ ally but inevitably contribute

to the USAF's ability to perform its mission.”

The word mission is used here in the nonmilitary
sense, and the esuphasis seems to be that set forth
in DOD Directive No. 3210.1, “Policy on Basic
Research,” of 19 June 1952, which states:

To provide the essential foundation for the
techniq: s 6f war. the DOD must assure that
basic research is adequately supported in all
areas where the presence of knowledge is im-
portant to the military effort * * * Resemrch
in universities, non-profits * * * may be of &
kind which does not have specific aims but
holds promise of some ultimate military
application,

This directive confirmed the role of the DOD
in sponsoring basic research in relation to the Na-
tional Science Foundation Act of 1950, The am-
phasis, in this selection from the basic documents
responsible for establishing the Air Force pru-
gram of contract-supported basic research, has
been on the nature of the research to be supported,
rather than the mechanisms for administering
these research contracts. The fundamental pas.
sage is that of the Ridenour repart of September
1949.

A small fraction—say 2 or 3 percent—of the
research and development budget of the Air
Force shewild be consistently assipned for the
research in broad general fields on problems
which, without being directed toward specific
gouals or applications. are of potential interest
to the Air Force.

The following statement, by a committee of
university and industrial research scientists, is rep-
resentative of the conclusions which have heen
reached by the vast majorit ¥ of those individuals
and groups, both within and outside of USAF,
who have given serious thought to the place of
basic exploratory research in the ['SAF:

The Air Foree should continue and expand
its suppert. of exploratury research, originat-
ing in the ideas of working scientists, both at
its in-house lsboratoriez and through con-
tracts, such as those administered by the Air
Force Office of Scientific Research. The Air
Foree eannt rely upon other governmental
agencies, such as the National Science Founda-
tion. or other parts of the Department. of
Defence. nor upon nonguovernumenta) agencies,
to provide for its entire needs and intsrests in
science. Neither can it rely entirely on research

3




which grows out of its programs of applied
research and development.?

in late 1950 and early 1960, ARDC underwent
an sxieusive reorganization. This reorganization
was deeigned to increase the effectiveness of ARDC
operations by delegating certain management
functions from Headquarters ARDC to a group
of functionally organized divisions. (The ARDC
omters which, for the most part, were now ab-
sorbed by or subordinated to the divisions, had
been organized essentially along geogrophic rather
than functicnal lines, although AFOSR had been
at exampls of a strictly functional organization
even under tha old system.) One new division that
emerged was the Air Force research division,
which included AFOSR, the European office
(ARDC), the aercnautical research laboratory,
and the Air Force Cambridge research labors-
tories—the four organizations in ARDC engaged
in basic research, Basic research in the Air Force
was thus now cotcentrated in one ARDC division.
The Air Force’s research and development
activities underwent another broad reorganization
in April 1961, The outstanding feature of this re-
organization was the combination of ARDC
(minus AFRD) with those elements of the Air
Materiel Command engaged in systems acquisition
and related procurement functions to form the new
Air Force Systems Command (AFSC). Had
AFRD been allowed to remain with AFSC, its
research functions would undoubtedly have been
overshadowed by work on weapon systems. The
Air Force decided, therefore, that it wonld be
healthier for basic research to have its own organi-

* Committer ou General SBciences, NAS-ARDC S¢udr Group. “'A
Repovt by the Committes on Genrral Sciences Folniing to Loag:
Raage Ecieatific and Techuical Trends of Imteron! 1o the United
States Alr Force™ (known ax the ““Woods Hol Repi-.”), 1938,
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zation apart from systems development. Thus
AFRD, (still including AFOSR), was detached
from ARDC, renamed the Oflice of Aerospace Re-
search, and established as s separate operating
agency with the procedural functions and responsi-
bilities of a major air command. AFOSR was now
an integral part of an organization devoted ex-
clusively to research.

Following its reorganization under OAR,
AFOSR began a period of internal realinements
that created the present scientific directorate ar-
rangement. Policies adopted during his period in-
cluded long-term funding of grants and contracts,
which tended to provide more stable support for
investigutors, and the AFOSR postdoctoral re-
search program.

Later policy changes placed increasing emphasis
on relating AFOSR research to Air Force techno-
logical problems, and on making this research
more readily available to applied research and
development scientists in Air Force laboratories.
Systematic coupling was effected to provide a two-
way interchange of information between the
worldwide scientific community and Air Force
laboratory and field development units. AFOSR
proje:t scientists functioned directly in bringing
outside scientific competence to bear upon specisal
and often urgent opernting problems, and also in
helping to uncover thuse problems susceptible to
solution by the application of scientific research or
research methods.

OAR’s averall accomplishments were officially
recognized in 1986 with the presentation of the
Air Force Outstanding Unit Award, in which
AFOSR shared as a component. The award was
made for the period of 1 April 196¢ to 31 March
1966. .
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AFOSR Chronology

February 1938 oo uecmceaaaee. Applied Research Section (iaster Research Section), Engineering
Division, Air Materiel Command established.

February 1948 . o ... Office of Air Research, Director of Research and Development, AMC
established.

January 1960 _ o Air Research and Development Command established.

October 1961__ . - .o.._. Office of Scientific Research, Hq. ARDC, established with Col. Oliver
G. Haywood as chief.

September 1968 __ . _______. --. Col. William O. Davis named chief of OSR.

February 1954 . _______. Hq. ARDC reorganized. OSR put under Directorate of Research,
commsaded by Col. Don D. Flickenger.

August 1956 .. __________. Air Force Office of Scientific Research established as & separate cen-
ter of ARDC with Brig. Gen. Don Flickenger as commander.

January 1966 .. ____. Col. Adolf P. Gagge assumed command of AFOSR.

March 1956 ____.____..__ Brig. Gen. Hollingsworth F. Gregory designated commander of
AFOSR.

July 1966 __ .o . AFOSR moved to Washington, D.C'., from Baltimore, Md.

September 1968 . . _______. Congress passed Public Law 84934, permitting all Federal agencies
engaged in basic research to support their programs through a sys-
tem of grants to universities and nonprofit institutions.

November 1968____.___ ... _..__ Brig. Gen. Benjamin G. Holzman assumed command of AFOSR.

January 1960__________._.___._. Air Force Research Division, ARDC, established.

January 1960 ________ _____._. Col. Adolf P. Gagge named commander of AFOSR,

October 1960__________.__._____ Dr. Knox T. Millsaps became axecutive director of AFOSR.

April 1961 . ... Office of Aerospace Research established with AFOSR as a com-
ponent.

September 1968 . ___________... Dr. William J, Price named executive director of AFOSR.
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AFOSR Research Program

The AFOSR research program includes about
1,000 separate research efforts being performed at
any one time at university, industria), not for
profit, and other research organizations. This sec-
tion of AFOSR Research contains:

1. The AFOSR scientific area code, a list of
those areas of science in which AFOSR supports
research,

2. An explanation of the research program data
elements found in the separate listings nf scientific
efforts.

3. A description of the scientific program of
each AFOSR scientific directorate, outlining its
scope and research objectives.

4. A list of all AFOSR research work efforts
current as of the beginning of calendar year 1967,
broken down by scientific area code, and arranged
alphabetically within scientific areas by principal
investigator’s last name.

AFOSR Scientific Area Code

1.0.0 Mathematics
1.1.0 Algebra and Foundations, Analysis
1.1.1 Algebras
1.1.3 Mathematical Analysis
1.2.0 Applied Mathematics
1.4.0 Statistics and Probability
1.5.0 Theory of Numbers
2.0.0 Physics
2.1.0 Elementary Particle Physics
2.2.0 Nuclear Structure Physics
2.3.0 Atomi~ and Molecular Physics
2.40 Low Temperature Physics
2.5.0 Solid State Physics
2.5.1 Theory of Solida
2.5.2 Growth, Preparation and Synthesis of
Solids
2.5.3 Structural Characterization of Solids
2.5.4 Mechanical and Thermal Propertics
of Solids
2.5.5 Electronic, Magnetic, Optical and
Electrical Propertics of Solids
2.5.6 Interaction Effects in Solids
2.6.0 Field Physics
2.6.1 Flectromagnetics and
Physics
2.¢.3 Optical Physics
2.6.4 Acoustics

Electron

Preceding Page Blank

3.0.0

4.0.0

2.7.0

2.8.0

2.9.0

Fluid Physics

2.7.1 Plasma Physics

2.7.2 Magneto Fluid Dynamics

2.7.3 Structure of Gases and Liquids
Theoretical Physics

-2.8,1 Quantum Mechanics

2.8.2 Relativity and Gravitation
Cosmic Rav Physics

Chemistry

3.1.0

3.2.0

33.0

3.4.0

3.5.0

3.6.0

Analytical Chemistry and New Techniques

3.1.1 Chemistry: Diffraction and Optical
Methods

3.1.3 Radiochemical and Nuclear Methods

3.1.4 Electrochemical Methods

3.1.5 New Instrumental Techniques

Inorganic Chemistry

3.2.1 Theoretical Inorganic Chemistry

3.2.2 Synthetic and Descriptive Inorganic
Chemistry

Organic Chemistry

3.3.1 Theoretical and Structural Organic
Chemistry

3.3.2 Synthesis and Propertices of Organic
Compounds

3.3.3 Organic Chemical Materials

Physical Chemistry

3.4.1 Chemistry: Structure of Matter

3.4.2 Chemistry: Interactions of Matter
and Energy

3.4.3 Principles Governing Chemical Re-
actions

3.44 Surface Chemistry

Chemical Kinetics and Mechanisms

3.5.1 Homogenous and Heterogenous Chom-
ical Reactions

3.5.2 Energy Effeets in Chemical RReactions

3.5.3 Chemical Reactions of Condensed
Phascs

3.5.4 Kinectics of Fast Chemical Reactions

Chemical and Rheologicnl Properties of

Materials

3.6.1 Chemical and Physical Propertics of
Pure Liquids

3.6.6 Chemical and Physical Properties of
Crystalline Inorganic Solids

Environmental Sciences

4.1.0

4.2.0

4.3.0

Astrophysics

4.1.2 Astrophysics

Atmospheric Sciences

4.2.1 Metecorology

4.2.2 Atmosphcric Optics

4.2.3 Acronomy

4.2.4 Tonospheric Physics and Propagation
Terrestrinl Sciences

4.3.2 Seismology

19
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5.0.0 Biologica: Sciences

£.0.0

8.0.0

5.1.1 Ecology
5.2.1 Genctics
5.2.3 Anatomy
53.1 Immunology
5.2.4 Pathology
5.5.. Microbiology
5.6.1 Molecular Biology
5.6.2 Biochemistry
563 tophysics
5.7.1 Physiology
8.7.2 Posrmacology
Socig! Seiencea
6.2.0 Economics
6.3.1 Learniug Processes
6.5.0 Bociclogy
8.8 Social Psychalogy
8.7.w Taychophysivlogy
6.8.1 Engineering Paychology
6.8.2 Pasychumetrics
Engineering Sciences
8.1.0 Energy Conversion
8.1.1 MNagnetoplasmadynamicy
8.1.2 Combustion Dynamics
%.1.3 Chercical Xinetics
820 Mechanics of Fluids
8.2.1 Fluid Dynamics (Contiuuum)
8.2.2 Rarified Gas Dyuamics
8.2.3 Boundary Layer Effects
8.2.4 Plasmadynamics
8.3.0 Mechanics of Solids
£3.1 Btructural Mechanics
§3.2 Environmental Material Mechanics
8.40 Engineering Chemistry
8.4.1 Propellants
8.4.2 Thesrmoplhysical Properties of Prope!-
lants

9.0.0

8.5.0 Information and Communicatior Electronics

8.5.1 Bystems Engincering
8.6.9 Physical Electronics

8.6.1 Generation and Propagation of Waves
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Mathematical Sciences

Dr. MrrLe M. A ¥pREW, Director

The AFOSR research program in the mathe-
matical sciences is designed to create a fundamen-
tal body of mathematical techniques for broad
scientific and technological application. The pm-
gram also is desigmned to systematically exploit the
rewer advances in mathematical sciences and in
specifically Air Force oriented problem areas.

The program is managed by two divisions, sp-
plied mathematics and mathematics. The major
program objectives of the directorate are divided
between them. Their functions are often compli-
mentary. For example, basic advances in mathe-
matics are subsequently further developed with
explicit concern for their possible Air Force-
oriented applications. On the other hand, Air
Force interest in some contemporary applications
of mathematics resuits in specific emphasis in the
direction taken by the fundamental portions of
the directorate program.

The program supports the research investiga-
tions of some 300 mathematicians, applied mathe-
maticians and other mathematically oriented
scientists by selection, together with some 225 re-
search assistants under a program of approxi-
mately 165 grants and contracts. Contracts and
grants under the directorate program may kave
one or more senior investigators. When a grant
or contract has several senior investigators they
nsuslly work independently in the associated scien.
tific area.

The staff of the directorate consists of seven
technically trained people, the majority of whom
are Air Force officers with prior experience in
both the systems and operating commands of the
Air Force.

To assist the directorate in its operation, two
independent evaluation groups have been estab-
lished. One group of some of the Nation’s most
outstanding mathematicians and scientists meets
to discuss the overall scientific and fiscal aspects
of the program. The second group includes some
of the most mathematically knowledgeable civil-
ian and military personnel in the Air Force. The

primary concern of this group is the relevance of
the research and results to the Air Force and the
interrelationships that exist between science and
technology as applied to Air Force problems.

One of the primary products is research publi-
cations. Our current productivity rate is approxi-
mately one research publication per year per math-
ematician supported. That is, approximately 300
journal articles per year. On this basis, the unit
cost per publication is roughly $12,000.

The research program of the applied mathe-
matics division is somewhat larger dollarwise than
that of the mathematics division, a reflection of
the importance attached to Air Force interests,
Th= program of the applied mathematics division
covers a broad spectrum of interests and applica-
tions of mathematics, in almost all areas of direct
Air Force interest. it covers the contemporary
problems of “classical” applied mathematics as
well as the strictly contemporary developments
in applicd mathematies.

Approximately 30 percent of the applied mathe-
matics budget supports research in contemporary
areas of “classical” applied mathematics. These
include mathematical techniques in the areas of
fluid mechanics, magnetohydrodynamics, kinetic
theory, relativity theory, elasticity theory, and
plasticity theory. The range of Air Force-oriented
problems to which such results apply include for
example, those relating to the “sloshing effect”
of the fuel in the tank of a rocket, the character-
ization of the behavior of structures under the
various forces to which they are subjected, the
characterization of boundary layer flow and of
baryelinic (weather) flow, and the effects of aero-
dynamic hesting on the surface of aerospace
vehicles.

An additional 20 percent of the applied budget
supperts & subs-antial program in control theory
designed to create mathematical models to simu-
late and in turn to control a physical process.
Considerations include the development of mathe-
matical techniques for the proper idemification
of & plant or process, and its solution. That solu-
tion involves the deterriination of functions which
represent the optiziaal control for the process, with
respect. to criteria such as the time, energy, or total
cost involved. In cases where such optimal control
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is physically unrealizable, the proper solutions of
such problems involves the synthesis of suboptimal
control solutions. These investigations employ the
sdvanced techniques of modern mathematics, e.g..
of mathematical analysis, functional analysis, and
the calenlus of variations. This program in control
theory is the Nation’s largest and most important
such program.

A third portion of the research program of the
division concerns the mathematical aspects of sys-
tem theory, including circuit, communication, in-
formation, and automata theory. It receives ap-
proximately 20 percent of the division's budget.
A substantial portion of the research funded in
this area involves the more abstract developments
in modern mathematics, e.g., in algebra, topology,
analysis, probability tleory and statistics, pre-
cisely as they apply and can be extended to the
above-stated areas, Parti~ular concerns of this pro-
gram include automatic (computer) analysis and
synthesis of networks, signal design and process-
ing, coding, and stability theory.

An additional 15 percent of the budget supports
a wide-ranging program in computational analy-
gis, an area of applied mathematics of increasing
importance since the development of the general
purpose, programed, high-speed digital compu-
ter. The program emphasizes the development of
techniques to provide usable, 1.e., numerical solu-
tions to problems arising in the other sciences and
in engineering. Important subdivisions of the pro-
gram include the areas of numerical analysis, ap-
proximation and interpolation theory, and mathe-
matical programing. An important consideration
is the development of techniques for the automatic
formulation of optimal procedures, for the com-
puter solution of problems, The nature of error
propagation in long period numerical integration
is another important aspect of this program.

A portion of applied mathematic’s program
concentrates on research in celestial mechanics
and orbital dynamics. An important emphasis
here is the development of complete, general
mathematical theories to govern the motions of
celestial bodies, both n: ural and artificia). Spe-
cific research directions include . concern with
the problems of satellite and cislunar trajectories,
the problems of reentry. rendezvous, and of space
rescue. :

Also supported are a select number of research
seminars and symposia, designed to provide &
forum for the exchange of the latest research re-

sults and ideas among scientists, and to help bridge
the gap between contemporary mathematical the-
ories and their contemporary application.

The research program of the mathematics divi-
sion emphasizes the physically oriented areas of
mathematical analysis and functional analysis,
probability theory and statistics. Approximately
60 percent of its budget supports research in anal-
ysis and functional analysis, the mainstream of
hard-core mathematics since the rise of modern
science. A principal objective of this support is
the qualitative theory and solution of ordinary
and partial differential equations. Contemporary
research in these directions includes the theory of
generalized functions, different approaches to the
theory of differential operators, problems in fune-
tion spaces, specific techniques for strictly non-
linear phenomena, continuing concern for the
local and global behavior of solutions, and the
many related tecaniques borrowed from the cal-
culus of variations, the theory of integral equa-
tions, many phases of topology, and the improved
“abstract generalizations” of functional analysis.
Many results are phrased in the appropriate con-
ventional terms of establishing a proper mathe-
matical model, 1e., a well-posed differential
equation, to characterize physical phenomena, and
corresponding, the existence, uniqueness, and sta-
bility of the resulting characteristic solution. Such
determinations are essential to the subsequent suc-
cessful numerical computation of the solution,
Other significant modern directions in analysis
are also part of this program, and include the
theory of quasi-conformal mappings, Fourier
analysis, harmonic analysis, and potential theery.
An outstanding feature of the program is its es-
tablishment. of major coordinated group efforts at
many of the Nation's leading research centers. In
particular, the program in the qualitative theory
of nonlinear partial differential equations is =
dominant and striking part of the contemporary
mathematical scene,

An additional 30 percent of the mathematics
division’s budget supports fundamental research
in probability theory and statistics. The program
in probability theory is noteworthy for its em-
phasis on the contemporary “analytic” aspects of
probability theory and their application, and the
proper qualitative characterization of yeneral
stochastic processes. Results help provide general
probabilistic frameworks for the characterization
of many physical phenomena and on occasion the
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snalytic characterization of important applied
problem areas, e.g., problems of mathematical
physics and problems in coding theory.

The program in statistics employs contempo-
rary mathematical bases, e.g., of finite fields, pro-
jective planes, for the realistic design and analysis
of statistical experiments. It is also noteworthy
in its emphasis on the modern concern for more
realistic statistical techniques, i.e., leading to
meaningful statistical decisions, outside the con-
text of the older “testing of hypotheses” approach.
The results are, o.g., phrased in terms of non-
parametric methods, decision theory, and life
testing.

A portion of the mathematics division’s budget
supports a number of special division programs.
One of these is an unique research monograph
program, to encourage the synthesis of modern
research results in a form amenable to the user
of mathematics, i.e., to encourage the writing of
research monographs to bridge the gap between
the professional journal article in mathematics
and an understandable and useable form of the
results. Another is a program for the support
of intensified, i.e., longer term full-time resecarch

by individual mathematicians, sometimee as part
of an intensified research year at a leading re-
search center, to concentrate on a particular area
of mathematics. The last of the special programs
provides for the genercus encouragement and sup-
port of research symposia and conferences. The
division makes speciul efforts to include such sup-
port for conferences in the more abstract areas of
mathematics, eg., topology, algebra, and geom-
etry, which are not part of the division’s
continuing res. .ich program, but nevertheless im-
portant, in that some developments in these areas
may aid specific Air Force problem areas or the
application of mathematics to such areas. The
division supports an annual program of full-time
research visitors to the Institute for Advanced
Study, Princeton, N.J. It also supports the dis-
tinguished instructorship program at the Masea-
chusetts Institute of Technology, and will support
the newly established comparable program at Yale
University. Both programs attract the most prom-
ising of the Nation’s younger mathemati:ians, and
serve to keep the division abreast not only of
emerging areas of mathemetics but of emerging
younger mathematicians.
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Physical Sciences
D= Lioro A. Wooon, Director

The physiea} seiefices program is divided into

four generml subject areas, being in order of
magnitude solid staie, general physics, nuclear
physics, and geophysics. In each of these genersl
nreas, research fields are selected of special im-
portance to the future Air Force technology, based
on studies made by the physical sciences staff and
advice from a wide variety of Air Force and in-
dustrial engineers and scientists.
- The staff comprises six Air Force officers and
eight civilians of diverse experience in research
and development, both in research performance
and in research administration. Each is responsible
for selection of individual investigations to be
funded for support, and provides supervision and
monitoring of the progress and quality of the re-
search being supported. The total program com-
prises about 330 projects having an annual obliga-
tional rate of about $20 million. inclnding investi-
gations managed as agent for the Advanced Re-
search Projects Agency,

Most research investigations require several
years to carry through to completion, and in the
physical sciences program there are several large
continuing group investigations, such as the Na-
tional Magnet Laboratory, which have been
created with the idea of stimulating research in a
given field believed to be of special Air Force in-
terest. In consequence, only a small fraction of the
total program each year can be completely new
starts. As a result the staff gives continuous care-
ful serutiny to the productivity of the sponsored
investigations, as well as to the timeliness and prob-
able value of the results to the Air Force. By
terminating support of selected investigations at
the esrliest profitable time, a viable program has
heen maintained, with » reasonable number of new
investigations being undertaken.

Solid State Sciences

The research program managed by the solid
state sciences division aims st fundamental in-

vestigations into the nature of solids, and hss con-
tinued to be especially concerned with the rather
hewildering variety of characteristics and be-
haviors of solids arising from the cooperntive in-
teractions of the atoms in the crystal Iattices. In
single stoms, electrons in the various shells, or
energy levels, cocupy discrete enorgy states, which
determine their chemical and physical (non-
nuclear) characteristics. When atoms are in large
arrays, as crystals, the presence of neighboring
atoms causes the discrete energy levels of the single
atom to be expanded into energy bands, which
extend throughout the crystal. Thus the electrons
exhibit behavior characteristic of both the atoms
and the crystal, and even more importantly the
bands are drastically modified by the presence of
only traces of impurities. In addition, electrons
interact with crystal lattice vibrations, which
further modifies their behavior.

Because of these complex interactions, erystals
exhibit their astonishiug range of properties,
such as superconductivity, magnetism of several
kinds, solid state lasering, conduction, semiconduc-
tion, insulation, ferroelectricity, optical properties
such as metallic lustre, color, and transparency,
and transition temperatures of various kinds.
Many of these are beginning to be understood, and
as a result an increasing number of practical ap-
plications have been made. It is toward such study
of the fundamental physics of erystals that the
AFOSR solid state program has been mainly
directed. In addition the problem of the gross
mechanical characteristics of crystals receives at-
tention, although it has not yet been possible to tie
these to the more fundamental level of electrons
and phonons of the crystal. Such questions as
precipitation hardening, lattice defects of various
types and their migration, and surface character-
istics and their effects are the subject of active
investigations.

THF NATIONAL MAGNET LARORATORY

The largest sponsored project in the solid state
research program is the National Mugnet Labora-
tory, at the Massachusetts Institute of Technology.
This laboratary is presently unique in the world,




being dedicated to the performance of research in
high magnetic fields, Large spatial volumes are
svailable for esperimenis at continuous field
strengths up to 200,000 gauss, and in more limited
volumes up to 250,000 gause. Effort is constant to
raise thees limits to higher levels by research on
magnet design: Because understanding the be-
havior of electrons in crystals is the key to most .
the properties of the crystals, this laboratory is
snormously valuable for solid state research, and
investigators are coming to it in steadily increas-
ing numbers to make their experiments.

The reason for ke value of high maguetic fields
in solid state revearch lies in the fact that electrons
intaract with the magnetic field in their movements
through the crystal lattice and in their transitions

among the electronic energy levels and bands of -

crystals. Varying the field results in changes in
electrical, magnetic, and optical properties of
crystals which when studied permit deduction of
various fundamental charicteristics of the crystsls,
and testing and improvements of theories on the
physical laws governing these and other prop-
erties.

An astonishing discovery recently made may be
cited which provides an example of the usefulness
of the magnetic field in solid state research, Indium
antimonide is a semiconducting crystal in which
absorption of light causes electrons in the lowest
energy level, or ground state, of the crvstal to
be excited into its conduction band. This is known
as photoconduction. Tf the crystal is placed in a
magnetic field, the conducting band splits into dis-
crete levels, which are at various energy ievels
above the ground state. To excite an ¢lectron from
the ground state into one of these levels, it is neces-
sary to provide exactly the amount of energy to
match the difference between the given level and
the groung level. This takes place when a photon
of light of the proper wavelength is absorbed. It
has been recently found at the Magnet Laboratory
that a laser beam of photons which have too low
energy to excite the electrons of the crystal in this
maanet, nevertheless does excite them, but to levels
at energies corresponding to twice the photon
energy. It thus appears that two photons are being
simultaneously absorbed, a phenomenon never
previously observed or even considered as a pos-
sibility. Excitations corresponding to three photon
energies have also been observed,

SUPERCONDUCTIVITY

A second major unsolved problem in solid state
physics is the phenomenon of superconductivity.
Both magnetism and superconductivity are almost
surely gquantum mechanical phenomena on a
macroscopic seale (macroscopic here means involv-
mng s large number of crvstal atoms acting in a
cooperative manner). It is a curious fact of obser-
vation that these two phenomena sppear to be
mutually exclusive, with most metallic erystals, in-
cluding vor~pounds as wel} as elements, exhibiting
superconductivity at low enough temperatures,
Magmetic properties in contrast seem to be ex-
Libited by a much more select group of metallic
crystals. The highest temperature at which super-
conductivity has so far been nbserved is 18° K,
with several examples at or very near this tempera-
ture being known. It seems possible that this might
be a fundamental upper limit for supaerconduction,
although there is no known reason for this to be
so. The lowest possible temperature for a transi-
tion to the superconducting state is not known, be-
cause of the difficulty of performing experiments
below 0.010° K., but the number of materials dis-
covereG which become superconducting nenr this
temperature is very large.

Not only ir superconductivity of great seientific
interest in investiguting the behavior of electrons
in metals, but it is of considerable practical
interest because high magnetic fields can be
maintained at no energy cost by superconducting
solenoids. Indeed commercial 100 kilogauss su-
perconducting magnets are on the market at pres-
ent for scientific use. Applications of such magnets
for shielding against energetic particles in space
and for ohtaining magnetohydrodynamic power
both from combustion and from nuclear fusion are
under active industrial development at present.

It is a curious fact that the application of &
magmetic field lowers the superconducting transi-
tion temperature and also the amount of super-
conducted current which can be carried, and it is
true that a sufficiently high field has been found to
destroy superconduction-in almoest all supercon-
ductors to 0.010° K. Certain compounds such as
niobium(3)-tin and vanadium(3)-gallium, how-
ever, at a low temperature retain the superconduct-
ing property even at the highest steady field tested
in the National Magnet Laboratory. Recent ex-
periments at this laboratory have shown that
niobium (3)-tin retains a useful current carrying
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capacity in the superconducting state in a field of
170 kilogauss. It may be possible, by inserting a
superconducting coil inside one of the large copper
oils to push the upper limit for steady fields up to
300 or more kilognuss,

Superconductors are being given serious study
for electrical application, as, for example, it is
believed probable that with existing research
knowledge, an underground superconducting
power transmission line far 1,000 megawatts would
be cheaper than present oil-insulated copper lines,
one of which is in use at present carrying 350
megawatts. In addition, if resonant cavities or
waveguides of extremely high Q are desired, su-
perconductors may be used for the walls. Model
superconducting =avities have already been tested
in an exploratory research project for the Stan-
ford University Mark II1 Linear Accelerator (a
laboratory which also pioneered the very-high-
power klystron tube development). Use of svper-
sonducting resonant cavities will permii approxi-
maie doubling of the energy which electrons can be
given in the accelerator and also increase the duty
cvele by tenfold or greater.

An additional, and perhaps practically valuable
effect of superconductors is the so-cailed Joseph-
son. effect, which is the ability of superconducting
electrons to tunre! through nonsupercondueting,
or normal, material. This has been exploited to give
an extremely sensitive magnetometer, since mag-
netic hines of force may pass through a normal
materiai into the interior of the superconductor,
giving rise to induced currents in the supercon-
ductor. Fluctuations in magnetic fields of radio-
frequency may be sensitively detected by such a
device.

The AFOSR program in superconduectivily is
not. aimed at the production of devices, but at the
fundamental understanding of the phenomenon,
in luding the explomtion of new superconducting
materials. It is perhaps not an exagpgeration to
claim that more than about half of al! known su-
perconductors have been discovered in the last 6
years through AFOSR-sponsored research at the
AFOSR Institute fer the Study of Matter at the
Uaiversity of California (San Diego). Not only
is experimental work an important part of the
AFOSR program in superconductivity, but there
is major support of the theoretical study of the
phenomenon.

Physics of Particles and Flelds

The nuclear physics division of AFOSR has
continued an evolutionary process through the last
severai years which has turned the program from
the now more traditional aspects of nuclear physics
into investigatious into the miore fundamental
questions of physics. It has been AFOSR’s philos-
ophy that, based on past history, the most revolu-
tionary impact of physical research ou Air Force
technology is likely to come in the lorg run from
really new concepts arising from research into
the most fundamental questions of physics. While
no one expects to come up with a new idea like
E=nic* every few months, nevertheless it seams
seif-evident that the most drastic redirections of
the courses of both science and technology result
from the discnveries on the most fundan:ental
levels. Certainly the technology of ths Air Force is
today drastically different from what anyone
might have imagined 20 years ago at the end of
World War II, due in great part to fundamental
physical discoveries which were made both before
and since then,

THEORETICAL PHYSICS

The largest program operated by this group,
which presently comprises a civilian chief and twn
highly qualified Air Force officers, is the theorsti-
cal program. The core of this program is a group
of four projects which support the major part of
the theoretical physics performed at Stanford,
Princeton, Harvard, and Berkeley. Together with
Cal Tech, these universities are the leading centers
of theoretical physics research in the United
States. In addition other smalier but important
theoretical projects are supported at about 25 other
universities and research institutes. It is the nature
of the theuretical physicist ta wish tu derive from
known prineiples the same numbers which the ex-
perimentalist obtains by his measurements, and
then to go further and predict the results of experi-
ments not yet made. The tools of his trade are the
theorems and methods of muthematics, which are
applied to the mathematically expressed laws and
principles of physies to obtain new relarionships
a4 new laws ex pressing the experimental observa-
tions of physics. When observed phenomena can
be explained and nume ical valuex calculated from
s limited body of fundamenta! principles, the
theorist considers them to be “understood.”
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ELEMENTARY PARTICLER

Probably the area of theoretical physies which is
most exeiting and fast moving at present iselemen-
tary particle physics. It 1s to produce and study
elementary particles that the great aceelerators
have been constructed by many nations. In these
accelerziors a bewildering variety of new particles
has beer: crented, merely by eausing collisions of
high-speed protcns or electrons with the nuclei
of target atoms. In such collisions, a portion of the
energy of motion of the high-velocity particte is
changed into new particles which possess measur-
able mas: (and frequently charge,) as well av ¢
host of other characteristics. If the energy is suffi-
ciently high, even the protons (or perhaps a neu-
tron) mav be converted into strange new particles
of greater mass, which undergo # series of decays
to other eiementary particles, leading eventually
back to a proton (or perhaps a nentron). A1l mas-
sive free particles except the proten and the elec-
tron (and the nentron, if it is in an atormic nucleus)
have fleeting existence.

The thcoretienl physicist attempts to discover
the rules of nature which govern these changes and
tc predict the characteristics of new particles
which are subsequently discovered by experimen-
talist. Needless to say, predictions which cannot be
proven by experiment do not lead to ncceptance
of theory. Astonishing success has been rechieved
in characterizing particles and in sorting out the
transformations allowed by nature and those not
allowed. A few years ago a brilliant prediction
by Gell-Mann of Cal Tech and Ne'eman, then at
Imperial College (London), now at Tel-Aviv Uni-
versity (and an AFOSR principal investigator),
was made of the particle called the “Omega-
minus.” They gave so detailed a description of the
Omega-minus that search of Brookhaven bubble-
chamber film quicnly revealed two clear examples
of the particle. By an application of group theory,
it was found that the properties of a particular
group called ST°-3 were especizlly suited to classi-
fying u substantinl fraction of the known particles.
This led 10 a great flurry of activity in exploring
higher symmetry groups such as SU-6 and -12
(or “U twiddle 12," as it is now universally
known), but progress thus far hus been slow in
obtaining a completely satisfacto v relativistically
invariant classification scheme.

One interesting aspect which has lately received
attention in the press is whether “time reversal
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invariance” holds in elementary particle inter-
actiong. It is a long-accepted principle of physics
thet che laws of physics are invariant whether
going forward or backward in time. As an example
suppose tha' the swinging of a pendulum is
photograp! <« on movie film. If the movie filin is
then projec 4, it is found that the ilm may be run
either forward or backward nnd the motion of the
pendulum is observed to be the same. Tt is there-
fore not possible by watching the movie to deduce
whether time 1s being run forward or beckward
in the projection since the equations for the
motion of the pendulwn are the same. Thus the
equations of motion are said to be “time reversa)
mvariant.”

It is firmly estublished that the quantity known
as C'FT is invariant, where C, P, and T stand for
certain quantum mechanical operators. C is the
charge conjugstion, P the parity, and T the time
reversal operator. It was once believed that in any
elementary particle transformation and decay C.
P,and T were conserved i.e,, each operation, when
applied over all the particles involved in the inter-
action, has the same value after as before the
change. However, some years age, it was found
that P was not conserved in certain weak inter-
actions {specifically in beta decay, a common type
of radioactivity), which was surprising and dis-
turbing to the physicist.

It was then thought probable that when P was
not conserved there was a corresponding violation
of € conservation such that the combined opera-
tion of CP was conserved. However, in cne now
well-established transformation, the decay of the
kaon of zero charge into a pair of pions (one posi-
tive and one negative) it was found that CP con-
servation was slightly violated. The smallness of
the violation was even more disturbing to theorists
than a large violation would have been, because it
calls into question whether the violation arises in
the strong, weak, or electromagnetic interactions,
or even in a new postulated “super-weak” inter-
action. The deeay of the eta particle is known to
proceed by electromagnetic interaction, and if that
is responsible for CP violation, there would te an
asymmetry in the energy distribution of the
charged pions produced in the decay. (The eta
particle, by the way, was discovered by an
AFOSR-sponsored investigator, Pevsner at Johns
Hopkins, several years ago.) The recent news
stories reported that such an asymmetry had been
observed by a Brookhaven group, but still more




recent and more extensive work at CERN showed
none, Thus it presently appears that the CP viola-
tion may not be in the electromagnetic interaction.
The importance of these experiments, which have
all been suggested by theorists, is that if CP is not
conserved, and yet the combined CPT operation
i conserved, then there should be a related viola-
tion of T comservation. This would be most sub-
versive of plysical theory. On the other hand if
T is conserved and CPT is violated, this would
destroy most of the existing theory of elementary
particle physics. An expertment to make a direct
test of T invuriance in electromagnetic interact-
ions is in preparation by Fairbank in an AFOSR-
sponsored investigation at Stanford, des.ribed
more fully in a following discussion by E, Wei-
gold. One may have some appreciation of the
importance of these questions of reflecting that
Einstein's demonstration that E=mc® in effect
overthrew other conservation laws, in certain in-
stances at least, namely, conservation of mass and
conservation of energy. His discoveries must have
scemed ut least as remote from practical affairs
at that time as these questions seem now, but
with the accelerating rate of progress of science
and technology it is possible and perhaps likely
that understanding of these very fundamental
matters will produce rapid though presently un-
predictable practical results sooner than is now
foreseeable. This somewhat sketchy discussion is
intended to give somie notion of the “hottest”™
problem on the most fundamental levels of
physics, and the participation of AFOSR in
research to solve it.

FIELT THEORY

Another less rapidly moving but important srea
of theoretical physies is gravitational field theory
including its relationship to quuntum theory. The
special theory of relativity announced in 1905 by
Einstein set forth the principles governing the dy-
namires of rapidly moving bodies, from which New-
ton's laws of motion emerged as special cases for
low velocity systems. Later in 1915 Einstein an-
nounced the general relativity theory, which gavea
relativistic deseription of the dynamics of bodies in
gravitational fields. When quantum mechanics was
developed in the 1920, it was an obvious and
rapid development to originate relativistic quan-
tum mechanies, and with the rise of aceelerator

physics, very satisfactory descriptions of & wide
variety of phenomena were obtained using the
theory. Thus, except for certain questions on the
research frontiers as illustrated above, both the
special theory of relativity and quantum theory
are truths essentinlly heyond guestion.

With the general theory, the situation is quite
different. This gigantic concept, almost untestable
and untested, still stands apari from the main
body of physical theory, and yet is so extremely
furdamental in its treatment of space, time, and
gravitation that scientists have been disturbed
and baffed by this apparent lack of connection.
One of the problems is the testing of the general
theory. Einstein cited three phenomena which he
regarded ss tests of the theory: (1) the bending
of starlight in paths clcre to the sun; (2) the
shifting of spectral lines toward the red in spectra
of massive stars: and (3) the precession of the
perihelion of the planet Mercury. The first of
these is measurable only at the time of total
eclipse, and then only inaccurately. It has been
shown by Schiff, an AFOSR-sponsored investiga-
tor at Stanford University, that the second may
be explained without recourse to the general
theory, using only the special theory and the
principal of equivalence. The third is a small effect
(43 seconds of arc per century) bat it has been
found to agree quite accurately with the predic-
tion of the general theory. It is thus the only satis-
factory test of the validity of the general theory.
It should be added that relativity specialists hold
different points of view among themselves, and
many regard the principle of equivalence, which is
merely a statement of the experimental observa-
tion that gravitational mass and inertial mass are
exactly proportional, as being a logical conse-
quence of the general theory. Thus they regard
this as being in effect a completely satisfactory
experimental verification of the theory. On the
other hand, it does not necessarily follow that the
principle of equivalence could not be a consequence
of some alternative theory of gravitation, al-
though no such theory has been seriously proposed,
probably because the general theory of relativity
is so elegant. and complete,

The fundamental importance of the theory,
regardless of the relation of the principle of
equivalence to it, is such that considerable thought
has been given to further experimental test. Two
new tests hav~ been proposed and designed by
AFOSR-sponsored investigators (Schiff and Fair-




bank at Stanford), which are based on the be-
havior of gyioscopes in the gravitational field of
the earth. Tt has been deduced from the general
theory that a gyroscope moving about the earth in
a polar orbiting satellite will exhibit two types
of precession of its axis caused by tho gravita-
tional field of the earth. A superconducting gyro-
scope has been designed which is expected to have
8 drift rate less than 0.01 second of arc per year.
This must be housed in & magnetic field free space,
to shield it from the earth’s magnetic field. If
successful this will be a substantial advance in
gyroscope technology, and will pernit the test-
ing of the general theory. A second experiment is
also being prepared which will use the nucleus of
the helium isotope of atomic weight three us the
gyro. This will also require the use of magnetic
field free space and may be done on the earth’s
surface, using the rotation of the earth itself, in-
stead of the orbiting satellite, to carry the gyro
about the earth. It is also of interest to note thst
if an electric field is applied to the Helium-3 gyro
system, and precession is found to ensue owing to
this field, it will prove that the neutron has an
electric dipole. This will establish that time re-
versal invariance is violated in eleciromagnetic
interactions with elementary particles as discussed
earlier. These experiments are in preparation un-
der AFOSR sponsorship (1), and offer interest-
ing illustrations of how fundamental discoveries
and problems lead to advances in practical tech-
nologies, which in turn makes possible further
fundamental advances.

One aspect of gravitational theory is most
strange, namely that while all other physical
phenomena, when discussed on a fundamental
level, require recourse to quantum theory, the
general theory of relativity has no clear connec-
tion with or apparent need of quantum concepts.
Even magnetic fields have been discovered recently
to have quantized flux. One cannot help having a
suspicion that the position of the general theory
with respect to gravity may be analogous to that
of Maxwell’s equations with respect to electricity
and magnetism, which also required no resort to
quantum roncepts. It was not until the discovery
of the electron, the specinl theory, and much later
the quantum theory, that the reasons for the
validity of Maxwell’s equations were understood
on a more fundamental level. It is thus natural
for relativists to become engrossed in attempts to
quantize gravitation, in order to seek a similiar
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understanding of the general theory equations. It
is quite possible to postulate a “graviton,” with
a role perhaps anslogous to the photon in electro-
magnetic interactions, and which would be a kind
of quantum of the gravitational interaction. The
nature and the characteristics of the graviton
emerge from the theoretical deductions, which
might tell the experimentalists where and how
to look for this “particle.” Since all particles in
motion have associated with them a characteristic
wavelength the concept of the graviton immedi-
ately suggests the posiibility of gravity waves,
and several experiments have been and are being
studied or conducted in a search for them. Thus
far, no evidence of their existence has been experi-
mentally observed.

General Physics

The program of the general physics division,
as the name suggests, is a diversified research pro-
gram in many fields of physics of importance to
the Air Force. It is administered by a staff com-
prising three civilians and one military officer,
and has an annual expenditure rate of about $4.8
willion per year. including ARPA funds. The
major portion of the prcgzram deals with atomic
and molecular physical phenomena, including
quantum electronics. Other aspects include investi-
gations in plasma physics, both in the laboratery
and with astrophysical techniques: space physics,
including ionospheric and astronomical studies;
statistical mechanics and studies of nonequilibrium
thermodynamics: and quantum optics and co-
herent radiation.

STELLAR INTERFEROMETRY AND COHERENCE

One of the exciting investigations which has
had a major impact in modern optics is the Brown-
Twiss stellar interferometer, located in Narrabri,
Australia. The ordinary Michelson stellar inter-
ferometer gathers the light from a star at two
separate apertures, and by a system of mirrors
brings the light together so that an interference
pattern is created. This is physically similar to
the interference pattern when light passes through
two slits, creating interference fringes on a screen
behind the slits: the narrower the slite, the sharper
the fringes on the screen. Similarly, the Michelson
type of stellay interferometer cauces the light from
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the star to interfere such that fringes are produced,
with their sharpness depending on the apparent
diameter of the star. In practice, a Michelson inter-
ferometer has not been found very useful, because
all but a very few stars are so far away that it
is not possible to get the two light-gathering ap-
ertures sufficientty far apart so that stars appear
as other than point sources. The reason for this
is that the base line distance between the two
apertures must have a ratio to the light wavelength
of the approximste order of magnitude as the
ratio of the distance to the star to the length of
the baseline. When the baseline is made this long,
there is sufficient variation in the optical path
length owing to thermal and mechanical distur-
bances, that clear fringes cannot be formed. Brown
and Twiss, two radio astronomers then at Jodrell
Bank, England, discovered &« way to avoid this
problem by a radically new approach, of such
basic importance that it has created an entirely
new field of research, not only in optics, but in
radio technology as well.

This consisted of gathering light from a given
star on two large mirrors some distance apart and
focussing it upon photomultiplier tubes. The elec-
trical outputs of the tubes were then multiplied
together so that the fluctuations were correlated
against each other. While it is 2 well-known fact
that stars twinkle, owing to atmospheric effects,
it is not these twinkling fluctuations which are
measured ! Instead it is the fluctuations due to the
basic coherent characteristics of the light from &
weak point source. If the star being observed is
very far away, the light arriving at the earth
fluctuates in invensity, in such a way that the fluc-
tuations at one point of observation are exnctly
the same as at another. The light. is then said to
be completely coherent, If » nearby star is ob-
served, and the two points of observation are
sufficiently far apart, then it is found that the
fluctuations are not identical at the two points,
because the light is only partially coherent. The
degree of incoherence may be measured by cross-
correlation of the intensity fluctuations measured
at the two points. This means that the star no
longer appears to such an intensity interferometer
as a point source, but instead hss a measurable
diameter which can be computed from the degree
of incoherence. The Brown-T'wiss Interferometer
at Narrabri, sponsored by AFOSR, has mirrors
24 feet in diameter, mounted on & circular railway
such that they can be separated as muci as 600

foet. The Australian location was selected because
many more stars are within range in the southern
hemisphere than in the northern. By croes-
correlating fluctuations over a 100-megmcycle
bandwidth, the atmospheric scintillation is a
negligible fraction of the total, and introduces no
error,

The importance of this discovery lies not so
much in the astronomical data which will be ob-
tained on the 100 or 200 stars which the instrument
can resolve, although it is quite true that the re-
sults are of enormous interest to astronomers, and
particularly to those astrophysicists concerned
with the nuclear processes by which stars derive
their energies. Instead it is the wholly new outlook
of the behavior of coherent and partly coherent
light and the wholly new field of quantum statis-
tics of radiant sources which is being developed
to understand and explain this behavior. Practi-
cally, there is of course an obvious extension of
the theory to radar observations of objects too dis-
tant to be resolvable by conventional techniques.
It is more thar mildly astonishing that what now
soems an obvious extension of quantum theory of
electromagnetic radiation so long escaped atten-
tion not only of optical physicists but of radio
physicists as well.

LASERS

This remarkable expansion of the horizons of
the properties of light is of enormous importance
in laser theory, for of course lasers produce light
of a high degree of coherence. Fundamental papers
on laser theory were published several years ago
by two AFOSR-sponsored investigators: A semi-
classical treatment by Lamb, and a quantum me-
chanical treatment by Glauber. These papers dea