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FOREWORD

The Office of Aerospace Research (OAR) has the responsibility for managing 2 broad research nranram
relevant to the advancement of Air Force technoiogy. This research is conducted at OAR’s in-house laboratories,
and sponsored at many university, technical-institute, and industrial Iaboratories throughout the United States
and the free world. The new scientific knowledge resulting from this effort contributes to Air Force technologicai
progress and increased capabilities.

OAR's research prograr: is formulated in such @ manner that is relevant to Air Force needs. Some cf the
highlighis nf prograss made by the QAR research nrogram are discussed in this publication.

It is the responsibility of the scientists and science managers of the Office of Aerospac: Research to transfer
the resuits of the scientific program to potential users as expeditiously as possible. This action, commonly called
“coupling,” is one of the most important aspects of the exchange of information throughout the technological
communities.

It 1. our hope that this publication wiil make a meaningful contribution to this exchange of scientific
information,

HARVEY W. EDDY
Brigadier General, USAF
Commander
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aarCOMPLEX

The Office of Aerospace Research is compoed of the Headquarters and & subordinate units, 5 of which are
major research organizations, 2 predominantlv researco-supporting units, and 2 fieid laison offices. The maijor
research orgarizations are tiw A5 Force Cambridge Research Laboratories {AFCRL), the & Force Otfice of
Scientific Research {AFQSR). the Aerospace Research Laboratories (ARL!, the Frank § Sever Reseaich
Laboratory (FJSRL}, and the Office of Research Analyses {ORA), The research-supporting units are *he
European Oftice of Aerospace Ressarch (EQARI, and the Latin American Office of Arrospace Reswvarch
(LADAR). The field tiaison offices are the Patrick Field Office (PFOAR) and the Los Angeles Fiold Offirs
(LOCOARY. Of these Qunits, 7 -2 in the contimental United States, and the remain:ing 2 ave in Belgium and Srazd
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HQ OFFICE OF
AEROSPACE RESEARCH

Artington, Va.

Managges the conduct and support of research in
those areas which offer the greatest potential for
providing new knowledge essential tc¢ the con-
tinued superiority of the Air Force operational
capasility. Also manages the conduct and support
of specificaily assigned exploratory-developmeni
efforts.
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AIR FORCE CAMBRIDGE RESEARCH LABCRATORIES
i.. G. Hanscom Field, Bedford, Mass.

Does research in the physical, engineering and environmental sciences, and conducts specificaily assgned
exploratory-developnient efforts invelving the p.. sicsl engineeting, ang environmenial sdences. Contracis for reseazch
and development work which closely supports aris extends in-house efforts.

AIR FORCE OFFICE OF SCIENTIFIC RESEARCH
Ariington, Va.

T :ough contracts and grants, supports progyams of extramural reseasch designed to provide new scientific
knewledge and vnderstanding. Areas of research include the physical, engineeiing, environmental o~d life sciences.

AERQOSPACE RESEARCH LABORATGRIES
Wright-Patterson AFB, Ohio

Conducts research in the physical and engineering sciences, and contracts for research which closely supports and
extends in-house efforts.

THE FRANK J. SEILER RESEARCH LABORATCRY
USAF Academy, Colo.

Conducts research in cheniistry, applied mathematics, and aerospace mechanics. Fosters, encourages, and supports
related research by the USAF Academy faculty and cadets.

CFFICE OF RESEARCH ANALYSES
Holloman Air Force Base, N. Mex.

Conducts mission analyses to identify future aerospace missions; conducts <ystems analyses to determine technical
validity, operational feasibility, and cost-eifectiveness of fuwre Air Force systems; and conducts research analyses to
identify promising research opportunities, applications, and methodologies.

EUROPEAN OFFICE OF AEROSPACE RESEARCH
Brusseils, Belgium

Securss in Free Eurcpe, the Near Fast, Middle East {ncluding India, Burma, and Coylon), and Afiica, scientific

research and development efforts in support of the programs of Air Force organizations, ind provides scientific liaison
which fosters mutually beneial relations with the scientific communiiies of those areas.

LATIN AMERICAN OFFICE OF AEROSPACE RESEARCH
Rio de Janeiro, Brazi!

Admisusters cesearch efforts in South America.

PATRICK FIELD GFFICE LOS ANGELES FIELD OFFICE
Patrick Air Force Base, Fla. Los Angeles, Calif.

These field offices support the aerospace research effort of the Air Force through the instaliuiion of scientific
experimznts fabricated by Air Foroe laboratories in ruckets and satellites, and arrange vor data coliection, They also
maintain iialson among the Air Foree scientists, the launch teanw, and the contractors.

3
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SCIENTIFIC ADVISORY GROUP

The OAR Scientific Advisory Group is a key
element in helping OAR to develop and maintain an
effective research program for ilic Air Force. The
Group, associated with OAR in its planning activities,
advises the Commander as to ihe nation’s capability
in science, and identifies trends and emerg ng poten-
tials in areas of science that could afford the Air
Force an improved capability. The Scientific Ad-
visory Group reviews the CAR research program on a
continuing basis.

During FY 69, the Scientific Advisory Group met
at the Aerospace Reseaich Laboratories (Dec 1968)
and at the Laboratory of Gulf General Atomic,
Incorporated at San Diego (May 1969). Both mest-
ings consisted of bricfings or discussions of ivems of
interest to the OAR staff. The December meeting was
Dr. 1. Laurence Kulp's first conference with the
entire Group since becoming a member in August

1968,

Members of the Group zlso serve on Boards of
Visitors {(BOV) to the OAR iaboratories and to
AFOSR. In this capacity, they help the OAR Com-
mander tc evaluate the effectiveness of each organiza-
tion in making scientific contributions of unportance
to the Air Force. Further, they recommend mezasures
to enhance this effectiveness. The members also act as
advisers to each of the JAR laboratories and to
AFOSR.

Boards of Visitors’ meetings were held at each
Laboratory and at AFOSR in the fall of 1968. The
dates were as follows: ARXL BOV, 4-5 QOct. 68;
AFCRL BOV, 4-5 Oct. 68; FIskL BGv, 15 Nov. 68;
and the AFOSR BOV, 22-23 Nov. 68. Unit Com-
manders discussed their programs and individual
philosophies of operation with the BOV members.

LIST OF MEMBERS

Chairman: Dr, David B. Langmuir
Director, Physical Research Center
TRW Systems Group (R1-1096)
One Space Park
Redondo Beach, California 90278

Dr. John P. Howe

Assistant Director of Laboratories and
Chairman of Metallurgy

Gulf Generai Atomic, Incorporated
P.0. Box 608

San Diego, California 92112

Dr. Carl Kaplan
2500 West Rogers Avenue
Baltimore, Maryland 21215

*Dr, Joseph Kaplan
Professor of Physics
University of California
Los Angeles, California 90024

Dr. William W. Kellogg

Dr. J. Laurence Kulp

President, Isotopes, Incorporated
50 Van Buren Avenue
Westwooed, New Jersey 07675

Dr. Geraid M. McDonnel

D, ~rtment of Radiology
Hospital of the Good Samaritan
1212 Shatto Street

Los Angeles, California 90024

Dr. Elliott W. Montroll

Einstein Professor of Physics
Departmeni of Physics and Astronomy
The University of Rochester

River Campus Station

Rochester, New York 14627

Dr. Stuart A. Rice

Director, The Franck Institute
The University of Chicago
5640 Ellis Avenue

Chicago, Illinois 60637

Director, Laboratory of Atmospheric Sciences

Natjonal Center for Atmospheric R-ceorch

Bould . Colorado 80301

Dr. Nathan L. Krisbery
Manager, Special Projects
Space Division

The Boeing Company, Organization 25910

P.O. Box 3868
Seattle, Washington 98124

*Dr. Joseph Kaplan was Chairman of SAG through FY 69. Dr. Langmuir became Chairman beginning with FY 70.

Dr. Leonard 1. Schiff
Professor of Physics
Stanford University
Stanford, California 94305

Dr. Frederick Seitz

President

Rockefeller University

New York, New York 10021
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FINANCIAL RESOURCES

Funding received by the Offics o Aerospace Research during Fiscal Year 1965 is summarized by program
element in the followiig table:

Program Elsrent Funding in Millions

in-House Laboratery independent Research 1.1
Defense Research Scinces 20.8* i
Environment 10.2 H
Aerospace Researh Support (ARSP} 5.0
Ralioon Componsnts and Technigues 5 3
Comtagnd Mane Jement ang Base Operations 3.2
RANG 125 :
ANGER 1.2

TOTAL 1245 i

“Inciudes 4,484,700 of Project THEMIS funds.

The Defense Rescarch Sciences (DRS) and the In-House Laboratory Independent Research progiam elements
constitute the complete basic-research: program for the United States Air Force, whereas the Environment
program element covers expleratory-deveiopment efforts in environment only. Aerospace Research Support
funds provide the hardware and payioad build-up for aerospace satellite ex.periments. The In-House Laboratory
Independent Research funds provide a source of dollars, largely unrestricted in application, with which an
individual laboratory direcvor can initiate new work in his organjzation’s area of interest. The Balicon
Components and Technigques funds are used to develon new and improved balloon capabilities to meet USAF
needs in a wide variety of atmospheric and extra-atmospheric research programs, Command M-nagement and

o R S AT S it el ORI A0 e

Base Operations funds cover the operating exvenses of the Headquarters and the field offices.
For Ficcal Year 1969, the OAR basic-research (DRS) funds were distributed by fields of science, or i
) subelements, as shown beiow:
:
i Defense Rascarch Sciences Funding in % of Total ‘
Subeiement _Miktions DRS Funds
5 General Physics 16.1 17.7 s
. Nuclear Physics 25 2.8 2
Chetnistry 5.0 5.5 §
Mathernatical Sciences 5.8 6.4 7
Electronics 88 9.7
Matarials Research 25 2.7 3
Mechanics 7.6 8.4 H
Energy Conversion 7.0 7.7 wr
Terrestrial Sciences 1.4 1.5 .
Atmospheric Sciences 14.6 16.1 i
Astronomy and Astrophysics 64 7.1 “
Bioiagica! and Medical Sciences 21 2.3
Behaviora! and Social Siences 25 28 .
Project THEMIS 8.5 9.3
TOTAL 90.8




The DRS program element supports the operating costs of the Air Force Cambridge Reszarch Laboratories,
the Air Force Office of Scientific Research, the Aerospace Research Laboratories, and the Frank J. Seiler
kesearch Laboratory, as well as the grant and coniractual research monitered by these organizations. The
breakout of the FY 1969 DRS program {exclusive of Proiect THEMIS) by performer type is shows in ihe
following pie chart:

OAR IN-HOUSE OTHER
GOVERNMENT
LABORATORIES s 1%
42% - -~ ‘
”~
P
/
/
FOREIGN 2%
o TR*
U.S. INDUS U.S. ACADEMIC
2
12% a1%

U.S. NONPROFITS
2%

m TRROREE e
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FOREIGN RESEARCH,
ITS IMPORTANCE AND MANAGEMENT

Historically, during the last quarter of a century,
many techrological contributions from foreign scien-
tists have beew of direct value to the Air Force. For
the most part, during this time, new ideas leading to
basic theoretical progress, particu'arly in the atomic
sciences, were sparked by foreign scientists, primarily
European, or by scientists trained avroad.

For over 17 years now, the Air Force has been
engaged in cooperative resear~h with European na-
tions and with other countries of the free world. We
have developed a mutual working base aimed at
technological advancement. Speaking strictly in terms
of scientific research, OAR’s contracts and grants for
foreign research represent a means for utilizing
for.ign brainpower to meet the needs of the Air
Force.

In order to facilitate the flow of scientific informa-
tion from the foreign scientific community to the Air
Force scientists, and to foster and strengthen their
intercommunication, OAR has maintained two offices
abroad, one at Brussels, Belgium, and the other at Rio
de Janeiro, Brazil. At Brussels, the European Office
of Aerospace Research (EOAR) has managed the Air
Force’s foreign-research activities in Free Europe, the
Near East, the Middle East (including India, Burma
and Ceylon), and Africa. At Rio de Janeiro, the Latin
American Office of Aerospace Research (LAOAR)
has managed the Air Force’s foreign-research activities
in South America. On the other hand, the Air Force's
foreign-research activities in Canada, Australia and
New Zealand are administered directly from Air
Force agencies in the U. S. In the Far East (Japan,
Taiwan, and Huth Korea), procurement of foreign
research for the Air Force is handled by the Army’s
research office in that area.

In securing foreign-research efforts in support of
the Air Force programs, EOAR acts as an on-the-spot
broker for the stateside Air Force research labora-
tories. Its procurement and technical staffs negotiate
the terms of the contracts or grants that serve as the
instruments to accomplish the work desired. Al-
though the stateside organizations pay for this re-
search, EOAR is responsible for coordinaiing the
activities between these stateside sponsoring agencies
and the foreign scientist contractors or grantees.

The various foreign-research activities in EOAR's
area of responsibility have been financed primarily
through funded contracts, all of which have been
“cost-shared” by the stateside organizations and the
European institutions. During the past year, however,
because of severe budget and “geid-fiow™ restrictions.
support for some of OAR's contractors has had to be

discontinued. Thus, EOAR has been faced with the
perplexing problem of having to continue this re-
trenchment of Air Force dollar expenditures for
research contracts and grants abroad while at the
same time trying to maintain our ties with leading
foreign scientists, and possibly even attract new ones
in support of the Air Force research program.

For some time, now, OAR has been ctting vack
on the cost of foreix. research borre by the Air
Force so as to contribute to stemming the “gold
flow” and thus counteracting its acverse effect upon
the Nation’s balance of payment. Towards this end,
OAR financed research in botn FY 1968 and FY
1969 with about $500,000 in U.S.-owned excess
foreign currencies, and vath shout $2.0 million
realized from U.S. surplus barter commodities sold
abroad. Also, OAR encouraged the increased pur-
chase of U.S.-manufactur. 1 scientific equipment and
supplies by foreign grar..ces \nd contractors, and an
increase in cost-sharing by i wcientist’s institution.
In fsct, during FY 1969 the ho.* institutions pro-
vided an average of 60% of the total cost of the
research. This has led to increasing success in our
efforts to minimize the balance-of-payments impact,
while at the same time maintaining strong ties with
the foreign scientists.

Recently, OAR has sought to utilize a new
approach for acquiring the benefits of foreign re-
search for the Air Force. This wouid envisage the
establishment of a working relationship between Air
Force scientists and their counterpert foreign scien-
tists through a so-called “one-dollar” c.atract Such a
“one-dollar” contract would reflect the mutual re-
search interests of the American and foreign scien-
tists, and provide a mechar’*m for direct scientific
contact and dialogue. Under this no-cost contract, a
foreign scientist would become a member of a
research team, and would have an opportunity to
attend contractors’ meetings in the U.S., and aiso
have access to the contractors’ facilities. In return, he
would supply QAR with current technica! reports and
periodic personal briefings on his research, thus
cooperating in a direct interchange of scientific
information.

There are indications that a number of outstanding
European scientists may be interested in this “‘one-
dollar” contract arrangement. Such an arrangement
could become a sigmificant supplement to foreign
research funded by the Air Force, and could provide
an additional avenue for the Air Force to benefit
from the expertise of the foreign scientific commu-
nity.
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THE OAR MANAGCMENT AND SCIENTIFiC
INFORMATION SYSTEM (MASIS)

Several thousand scientists at several hundred
Government, academic and industrial laboratories do
basic research for OAR. This research encompasses
every scientific discipline which is relevant or potenti-
ally relevant to the continued superiority of the Air
Force operational capability. It is the mission of OAR
to manage this large and diverse research program,
not only to assure that the research dollar is spent
wisely, but also to disseminate the resuits of this
research to the Government and scientific communi-
ties.

The OAR Management and Scientific Information
System (MASIS) is a computer-based data system
which accumulates data on the many research efforts
comprising the OAR Research Program. MASIS data
is organized into four master files which correspond
to the stages associated with the selection and
performance of research: the “Proposal,” “Fiscal,”
“Narrative,” and “Publication” Files.

The Proposai File stores the unsolicited proposals
for research received by OAR, and maintains a record
on the status of each proposal. The Fiscal File records
the funding associated with accepted proposals, as
well as other information, including the title, per-
former, the performing organization, and its location.
The Narrative File describes, in abstract form, the
purpose. approach, and relevance or the research, as
well as the progress of on-going werk. The Publica-
tion File lists all published documents res:'ting from
the individual research efforts, Thus, the questions of
who, what, when, where, how, how much, and why,
relative to OAR, can be answered by the data stored
in these master files.

M. SIS is thus a centralized repository of informa-
tion obtained from many sources which document
the OAR Researcli Program. Its purpose is twofold:
to assist in the d:y-to-day management of this
program within OAR; and to serve as a source of
information in response to questions or requirements
posed by higher authorities. In the latter category,
MASIS is used continually to answer questions from
the Congress. Department of Defense, and Hq USAF
concerning the OAR Research Program.

An informaiion sr-*em such as MASIS must be
responsive to the continually changing nee. of
management. This required flexibility is complicated
by the fact that MASIS serves various OAR activities
which have different management needs and pursue
different practices. Thus, MASIS must be so struc-
tured as to permit specific changes in its system
design to meet new requirements unique to a particu-
lar QAR activity, while at the same time retaining

those capabilities which have been found by e-peri-
ence to be useful and important to all activities.

The information contained in MASIS can be
combined in many diiferent ways so as to pro e a
wide variety of specialized reports. The illustration
(Figure 1) shows a printout which displays all
information in the files describing a particular re-
search effort. Each of the data elements included in
the illustration can be extracted and, in conjunction
with the same and different elements in other
records, can be used to generate various summary
reports, for example—the number and names of
scientists conducting research for OAR, the fund
allocations to particular projects, research titles by
key words, and many others.

Useful information is sometimes a far cry from
..2re data; thus, OAR seeks constantly to improve
MASIS. For this purpose a MASIS Design Group,
consisting of representatives of all OAR activities
concemned, meets quarterly to review the operation of
the system and to suggest improvements. Consequent-
ly, MASIS is not only an operationzal system, but also
one which is continually absorbing improvements in
design which will permit it to provide better service
to OAR management,
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HUMAN RESOURCES

PEOPLE

Our Most Important Resource

For its success as a research organization, OAR
depends on its people—on i.eir creativity, their
imagination, their professional ability, and their
diverse motivations and approaches. To obtain re-
search of quality, QAR must attract and hold
first-rate people. It offers them a stimulating working
environment in which there is ample room for
individuality.

OAR is composed of some 300 ofticers, 200
airmen, and 1,500 civilians, Of the 300 officers
assigned, approximately 250 are in the scientific and
engineering career fields. Because of the emphasis
placed on advanced education in the scientific fields,
the officers assigned tc the Command have, as a
group, one of the highest educational levels in the Air
Force. Sixteen percent of our officers possess PhDs;
65 percent have master’s degrees; and 18 percent have
bachelor’s degrees. Of the 1,500 civilians, some 770
are employed in the scientific area; 30 percent have
doctoral degrees, 31 percent possess master’s degrees,
and 32 percent possess bachelor's degr. 2s.

The average civilian grade in QAL is the highest
in the Air Force -a grade of GS-10. The majority of
our professional civilian personnel are in grades G8-13
and above. Also, there are 25 PL313s and 31 GS-16s
assigned within OAR. These represent special authori-
zations granted by the Civil Service Conunission in
order to atfract eminent scientists from private
industry and thus utilize their professional scientific
and engineering capabilities.

MILITARY PERSONNEL

"Selective Manning”

In order to insure that QAR obtains only the
best-qualified officers and airmen to support and
fulfill its basic-research mission, the Command goos
to great lengths to achieve compatibility between a

o A s,
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particular position, and the education and back-
ground of the individual selected to fill that position.
A phrase has been coined which covers this unique
military-personnel management policy. It is called the
“selective manning systen..”

When there is a position vacancy in one of the
units, OAR forwards a requisition to the HQ USAF
Military Personnel Center (MPC), outlining the specif-
ic requirements for the particular position. MPC then
forwards selection folders to OAR which, in turn,
forwards them to the uri.i where the vacancy exists.
If the unit believes the individual possesses the
necessary qualifications to perform the job, notifica-
tion of his acceptability is relayed to MPC. However,
it the unit does not believe the ncrainee to be capable
of meeting GAR’s hign-performance standards, his
folder is returned to MPC. and additional nominees
are requested.

“Project PuD”

OAR is currently authorized 91 military PhDs, but
has only S! assigned. A special project entitled
“Project PhDD™" has therefore been established in an
effort to i~ prove this manning level. It identifies each
PhD position authorized within the Command, details
what the specific requirements of the position are,
and identifies the officer currently filling the posi-
tion. After identifying OAR’s valid PhD require-
ments, “Project PhD” seeks to fill these high-level
positions with officers possessing PhDs in order to
satisfy the requirements of these positions. Thus,
OAR wil not assign ar officer to one of these
positions unless there is a strong probability that he
wiil be =ble to obtain his PhD during the first year of
his assignment.

“Career Development”

OAR places a great deal of emphasis on the career
deveiopment of its officers, particularly those young-
et officers who come “on board” with advanced
degreee. The experience of our Command has been
that proper career progression must be provided in
order to motivate these officers to remain with the
Air Force. Recently, AR initiated the OAR Com-
manders’ Education Program which allows the Com-
mand to select 2 small number of outstanding officers
each year for entry into the AFIT Master's and PhD
Progranys so as to meet future maaning requirements
in specific academic disciplines. Upon completion of
their AFIT programs, these highly trained officers are
returned to OAR and assigned 0 key res>>rch and
middle-management positions in order to utilize their
skills and knowledgeability. This long-range career
progrestion allows OAR to develop a nucleus of
tale:'ted scientific officers especially capable of man-
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aging OAR’s basic-research  “tivities. It also estab-
lishes a strong ca:zer-development pattern for these
proinising young officers.

Although many of OAR’s officers already possess
advanced degre~s, the Command encourages its offi-
cers to 2, Jly for AFIT programs in competition with
officers from other comumands. And, in order to meet
the very er' cal specialties required to pursue basic
researc:.,, OAR has authorized Command short-course
training for both ofticets and airmen whose duties
require up-to-the-minute expertise in the latest scien-
tific research techniques. Each military supervisor is
encouraged to initiate requests to enroll officers and
air,.cen in both on- and off-duty courses at local
colleges and universities so as to increase their job
proficiency. Under OAR’s Command Short-Course-
Training Program, the Air Force pays for all of the
tuition and books for the various courses, and also
makes available per-diem funds for travel, if neces-

sary.

“Career Broadening”

Approximately 83% of our officers work in highly
specialized areas in research and development. For
this reason, OAR is concerned that its officers
experience career broadening, which is considered
vital to their continuing growth as professional Air
Force officers. As a result, the assignment to OAR for
both officers and airmen is limited to a four-year
tour, after which they are considered for assignment
to other major commands. A -ecent study clearly
indicated that the large majority of OAR's officers
are being reassigned to operational commands. This
continuing cross-fertilization of our scientific and
engineering officers throughout the operational com-
munds of the Air Force ias resulted in the growth of
a large ccrps of highly s«illed S&E officers with
considerable operationnt knowiledge. The future of
our Nation may well rest someday with these talented
officers who seek daily to keep the United States Air
Force “ahead of the competition” in intemational
technological developments.

““Career Motivation™

Although assgnnwnt to GAR is a highly desgrable
one, OAR, like the rest of the Air Force, has its
problems with retention, particularly of the young
officers with advanced degrees in the S&E areas.
Although OAR is prcud of the fact that its officer
retention rate has stcadiv increased over the past
nine years, it seeks to make an Air Force career even
more attractive to these people in order to retain
more of them in the Air Force. Dwring the 1963-1966
time period. the primary reason given by OAR's
young officers for leaving the Air Force was “low
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pav” and “lack of promotion cpportunity.” How-
cver, recent Command surveys now show that the
prime reason given by these officers is “no desire for
a military career.”” While it is a relatively easy task to
identify, and recommend solutions to, the “low-pay”
and “poor-promotion-system” complaints, it is a far
mote difficuit task to improve the image of the Air
Force for these young officers. Many of them have
recently come directly from college campuses where
it is “in vogue” to express disenchantment with the
‘military establishment.” Thus, we have a four-year
period in which to create a positive image of the Air
Force's way of life, and to so motivate these officers
ilat they will choose to remain with us for a full
military career. This is a very cntical task, since we
depend upon a continuing influx of these young
scientists and engineers to provide the future techni-
cal leadership of the Air Force. It is obvious, then,
that we must continue to place a great deal of
emphasis on the career motivation of our young
office s,

CIVILIAN PERSONNEL

Its research mission, and the aspirations and
composition of its civilian workforce, distinguish
OAR from the typical Air Force organization. OAR
strives to preserve each person’s individuality in order
to promote creativity and to provide the freedom and
dexibiity essential to the continued growth of
science and technology. Consequently, standard per-
sonnel managemem procedures are of limited use in
this Command, and OAR must make special adapra-
tions of standard civiliaa-personnel programs and
procedures.

For example, OAR's laboratories are given a great
deal of flexability in the utilization of their personnel
resources. They are permitted to transfer civilian:
personnel resources from one area to another in order
to meet the increasing research needs of the Air
Force. In all of these acrions, hawever, the caveer
development of the individuat s considered, since
proper career managsment s vital if QAR 5w
continue to motivate these highiv educated person
nel.

Whesever posuble, we follow a “promate-from-
within™ palicy i our civiian-personnel administra-
tion. Apprewumately 6% of cur newly emploved
owveilizns are hired at the GS-11- GS-12-) or G§-13
postticti level. Alier they have performed satisfac-
tonly tor a pumber ¥ vears. we consider them for
advancement to the higher grades to fill existing
VICARCies.

Since the need in bagic reseayeh » for individuais
with a great deal of kackground and experience
their disciplines. we do not hire newly gradusted
scienties and engineers 3t the G85 or G&7 level for

training in their specialties. However, because of the
attractiveness of working in a research environment,
we have been able to employ the more experienced
personnel we need, and have not had to recruit
civilian employees from undergraduate and graduate
schools,

If there is one critical clement which must be
considered in each cialian-personnel action taken in
the Office of Aerospace Research, it is the law of
supply and demand. Since the great buik of the CAR
civilian-personnel woikforce consists of protessional
scientists and engineers, we compete constantly with
private industry and other Government agencizs for
the best qualified people. However OAR, unlike mosi
other organizations, may actually recruit a nationally
known scientist to perform research ui one of s
in-house labcratories, and then secure a position to
which to assign him. Most of the initial coitacts with
these key individuals are made by our scientists at
various symposiums, ai universities, and at protes
sional meetings. In all civilian-employmeni sctious,
the {ocal host-base Civilian Personnel Office provides
the necessary arrangements {or the actual hiring.

Many prominent professors at leading colleges and
universities doing basic research in key areas are
encouraged to take a sabbatical from their university
functions for duty with the Government. We encour-
age these professors performing research of interest to
the Air Force te “tome on board” for one-year
appointmen:s to work on, or assist in the compietion
af, a specific basic-research project. At the conclusion
of the one-year appointment, these individuais retum
to their college campuses.

QAR aies has the authority to hire nationaily
famuous scientsts and engineers for up to foury
periods in order Lo complete speaific scientific proy-
ects, Tins type of employment is for the individuat
whe 5 interested i compieting 8 special research
project 1 his academic ducipline but who 1 not
intesested in 5 varee. Civdl Servioe position,

GRY

s Development”

AR makey fill use of the Government Employ-
ces Traning Act to incrense the owihesob profici-
ency of its personnel, and to upgrade thesr siademic
levels. Historwally, OAR har beess manned with
peopie who have 3 very posise aftituce loward all
types of traunng. They realisre that continwous
taniing s necessary o enshie hem o widen the
areas of research. The professional scwentist or engi-
neer. dedicated as he i (o his work, fify realizes ihat
the more Knowledge v scoryes, the more he 1
capsbie of schieving, and thes the graater his chances
of advaacement 1 "t be. There are bavcaliy two types
of trainyig euthorized within QAR Government snd
non-Government. Becauw most of our treiming needs




can best be met by civilian universities and colleges,
this Command sends the majority of its employees to
non-Governmental irstitutions.

Under the long-term, full-time training program,
selected personnel are allowed to participate it
professional training for 3 minimum of one vear, and
a maximum of two years. These personnel are
enrolled in 2cademic courses leading to the award of
an MS or PhD in their particular specialties. In
addition, some of our personnel presently possessing
PhD’s are sent to a university or college in a
“visiting-scholar status,” rather than as a student.
These visiting scholars are provided with office space
and general administrative support by the school
which has extended '~ invitation. There are no
tuition costs for the scholir. who can audit any
high-level graduate course. In return, he performs
research on projects currently being undertaken by
the university. This program benefits both the univer-
sity and the Air Force in that it atfords the visiting
scholar an academic atmosphere conducive to learn-
ing more about his specialty, while at the same time
providing the Aur Force with essential contacts with
the academic commu. .,

0AR’s short-term, {ull-time traming program is
simufar to the wong-term training program except for
its maximum *-aining-time period of six months. This
program provides our civilian personnel wiih specific
training t¢ bnng them up-to-date in the latest
research {echniques in their professional areas,

Jur employees are encouraged to take off-duty
courses, The Government pays the complete costs of
tuiton and books, and the individual attends in the
evening hours. Off-duty courses are designed prumar-
iy for those professionals desinng to upgrade their
avadenuq levels.

There are also short-term courses of one-to-foie
warks' Jdr on. These are asually conducted by
colleges anu Liversities o1 professional oiganizations,
and cover spectfic aspecis or technigues assoctated
with a speaife dsaphne. For example, an OAR
civiiian Rbeatory dir tor may attend a two-weeky
Amerivanr Management Assocufion course entitied
“Manggement »f Research™ w2 order to improve Ius
Manggement experiet,

In the above-meatroned courses. where there are
fwnon fzes, o vosts for books or per diem, these
Losts are pard compleiciy by QAR However, OAR
alse enccurages s civilian emplovees to take aff-duty
cducational courses i those areas in which they have
2 personal wterest not necessarily related to thew
joba. Although the employees pay the complete costs
of these wurws. QAR Jdoes encoursge the unit
cotttmandeis to adjust working hours f necessan L so
that the einplovess mav hiave the oppooumty o
sttend these coerses Here agam, DAR does eveny.
thing aossible to enhance the maotale and motivahon

of its ,wopie sivee, in the long run, this is what
stimulates greater creative performance—a real neces-
sity in the world of hasic 1esearch.

“Impact-of-the-Man-on-the-Job Program”

Another civilian-compensation program main-
tained by OAR is the Impact-of-the-Man-on-the-Job
Program, designed especially to encourage our tech-
nical professionals ta be creative and productive.

For many vears, the high-evel managers of OAR
have sought to assure that key civilian scientists and
engineers receive proper compensation as their educa-
tional and experience ‘evels rise. Each supervisor of
professional scientists and eagineers in cach of our
organizations annually reviews the position level and
duties of eacn protessionai employee s¢ as to insure
that the level of duties being performed by each such
individnal is reflected in his grade. In many instangces
we have scieniists whose stature in their profession
grows as the resuft of their professional achievements.
This professronal yrowth is normally reflected in 3
hig . level of pertormence. Thus, in those instances
abare an individual’s pertuinance and professional
stature exceed his current gade ievel, immediate
act:on is taken to tn to upgrady those positions.

“Recognition and Awards”

Qur professional scientists and engineers are in-
tensely  work-wriented, and eager o utdize theiwr
wlents to discover new knowledge in their basic-
research creas. Much of their professional standing 18
ticd up 10 tne work they are domg. 1 they are
nvelved in basic-research prosects that are chatlenging
ard contnbutory 1o existing knowledge, then they
can prepare saentific papers on their work with
resuitant professional revognition by their colleigues.
This is perhaps the recognition they prize most.

Howsver, there are a number of signifivant awands
both within the Governmer® and in private indusin
which some of our Key seientists have recenved, and
which poini up the excetlence of their pertormance.
Among these are the folowing the Air Foree
{Rcoravon for bxeepnional Cmilan Service: the
Goddard Awards. the Federai Woman's Award, and
the OD Drstinguished Civhan Servce Awand

In addition v the above, we continue (o utiire
the provisions of the yomt Militany Civian Recogns-
ton Program m order (o orewand our emplovees for
wientifie achuevements, ar contithutions to et
ency, economy. or other unprovements in Govern
menial operations which are above thowe nermaliy
expected. Thes program autherizes vash awards when
can range from $28 10 S2R GO During the past vear,
one of our hightove! scientists receved a vash avward
of SEO00 for g veny sigmiticant contnibution 1 the




tield of radio astnomy. Although an sward ¥ this
amount is an cXeepiion ther than the rile, it does
reflect the cpportunities available to our technicyl
personnel to receive substantiai benuses for their
effoits beyond those normaliy given. Most of the
landmarks in basic research have been e:l:hlished by
individuals, *"us et necessarily be so since the
creative process isoa vory personal thing. Thus, we
stress recosnition of the ndividual in our civilian-
awards pro crar, for it is the individual who is the ke
tu the susoess of our busic-research program,

"The Persoi el Qutlook™

As we look to the future personnel requirerments

of OAR, we see a definite reouirement for the
development of technicallv competent military offi-
cers who will have the leadership qualities necessary
to manage the basic-research programs of the [970s.
We envision, also, the tremendous tuk of recruiting
and developing young civilian scientists who wii
initiate the vital programs necessary to insure that the
U.S. Air Force of the future will attain the technolog-
ical superiority necessary to stay ahead of the
competition. Although we believe that our curreni
positive personnel-nanagement program can accoms-
phish these tasks, we intend to continually explore
new procedures and practices so as to insure that the
finest basic-research scientists in the world become
employees of the Office of Aerospace Research.




LCGISTICS

Logistics

OAR’s new Laboratory Supply Support Proce-
dures continue to be an effective management tool,
Each level of management has become a vitai uunk
between basic-research personnel and the normal
sources of supply. Since its inception in 1967, a
gereral trend of improvement has been recognized e
the extent that other Air Force research agencies have
proposed iniplementation of these procedures withiri
their own organizations. A remarkable increase in
Internal/External Excessing Actions has been noticed.
During the past2 1/2 years, a totai of 2,358 items of
equipment valued at $7,212,000 were returned to the
Air Force Supply System. Equipment Utilization
Surveys, Special Temporary Storage Areas, doilar.
value controls, and the appointment of Laboratory
Directors/Chiefs as members of Equipment Review
and Authorization Activities have all contributed
extensively to the improved operation of this new
system. The systein will continue to be a part of the
overall laboratory operations manned from existing
laboratory-personnel resources. It has been incorpo-
rated into the overall Air Force supply procedures
applicable to selected RDT&E organizations.

Procurement

OAR has continued to promote a dynamic, re-
sponsive procurement system in support of its scien-
tists and laboratories. Deviations and exemptions
from standard procurement policies have been ob-
tamed where such policies have failed to recognize
the unconventional nature of research. Reporting
requirements have been reviewed to insure that
unnecessary effort is not expended in this area. This
review has resuited in cancellation of reporting
requirements that had been established by Hq USAF
and Hq OAR,

'vhe Commodity Creait Corporation (Department
of Agriculture} has again nuncred our request that
foreign research be recognized as susceptible to
barter. As a result, some $2.8 million of barter gocds
{wheat, corn, etc.) will be made available for the
payment of contracts and grants in the European
area. Thew goods are sold on the European market
and the proceeds deposited with finance offices in
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either Bitburg, Germany, or Lendon, England. % e
deposited funds are then paid cut by the finance
offices against appropriate contracts and grants.

Class Determinations and Findings authorizing he
negotiation of contracts in the areas of research,
Laboratery Support, Laboratory Directors’ Fund,
sounding-rocket sysiems, and sateliites and piyloads
were obtained from the Secretary of the Air Force.
These Class D&Fs are autherizcd for use wherever
OAR funds are used in one of the designated areas.
Their use precludes the necessity of having individual
D&Fs, which represents a substantial time-saving
factor in procurement processing.

CAR has continued its program to offset the
impact on the Nation’s international balance of
paymenis resulting from OAR’s procurement of
essential research programs ir: foreign countries. This
program ircludes: the intensified negotiation of
cost-shared research agreements with foreign scien-
tists and educational institutions; the encouragement
of foreign contractors and grantees to purchase
supplies and equipment of U.S. manufacture, and the
payment of OAR grants and contracts with U.5.
owned excess foreign currencies; an arrangement with
the Department of Agriculture to covei grant and
contract payments with U.S. dollar proceeds from the
sale in world markets of surplus agricultural commod-
ities; and provision for trave] by foreign grantees and
contractors on aircraft of the Military Aurlift Com-
mand or on U.S. flag carriers.

Facilities

OAR technical-facility development is an integral
part of the Ii:search Program. As such, facilities are
considered 2 fundamental research tool, and should
not he considered separate from the Research Pro-
gram. It is recognized that basic research depends on
a fiexible uge of facilities in the support of individual

arch efforts.

OAR is making prudent use of facilities now
available, and has expanded leboratory and adminis-
trative space by ‘ising trailers to temporarily absorb
incressed space ; ‘quirements. During the past five
years, only four OAR construction projects have been
funded. The most significant have been the Vacuum
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Telescope at Sacramento Peak, New Mexico, and the
Spewial Comiputation Laboratory currenily ceing con-
structed at L. G. Hanscom Field, Mass.

Current long-range plans include an energy-
conversion laboratory at wright-Fatterson Aii Force
Base, Ohio; science laboratory for optical physics at
L. G. Hanscom Field, Mass; R&D balloon-l wunching
pad at Holloman Air Force Base, New Mexico;
technical reports and distribution center at L. G.
Hanscc 3 Field, Mass; and a land purchase at North
Ipswich, Mass. to support radio astronomy and
astrophysics research.

Cost Reduction

OAR reporied Command-level validated manage-
ment-effectivensss savings valued at over $1,850,000

the FY-1969 USAF Cost-Reduction Program,
thereby exceeding its assigned goal. OAR’s consistent
participation in this management program has re-
ce.ved special recognition. It has been acknowledged
that these accomplishments are particularly note-
worthy owing to the intrinsic nature of the basic-
research mission, and the difficulties encountered in
correlating research procedures with standardized
progrem reporting criteria.

The special Tri-Service Study Group, chaired by
OAR, and originated by OSD to review the problems
associated with basic-research participation in the
Cost-Reduction Program, submitted its official report
on 4 December 1968. Five (5) recommendations for
change were oftered for OSD consideration:

1. Assign only current fiscal-vear goais
{uader active consideration)

2. Deiete area goals {adepied for FY 1970)

3. Permit scientific savings to be reported in
the first fiscal year that quantification <an
be identified as opposed to first fiscal year
of cost imypact (under consideration)

4, Permissive review of basic-resrarch sub-
missions recognizing the variances between
scientific operaticns and reporting criteria
(not adopted)

5. Reduce administrative load and paper-
work volume {(under active consideration;
revised reporting form applicable in FY 70)

Both OSD and HQ USAF have forwarded highly
complimeniary letters to HQ QAR for its program
leadership, its past gnd current-program participation,
and its contributions to the long-range improvement
<1 the Cost-Reduction Program,
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FUTURE OUTLOCK

The weapon systems of the future will develop out
of the research being done today and, in many cases,
will be dictated by the results c¢F this research.
Consequently, it is essential that systematic planning
in substantive and fiscal terms be intensified, that
long-range goals be identified, and that programs be
formulaied to meet these goals. To accomplish this,
OAR has prepared a Long-Rangz Plan for Air Force
Research which sets forth organizational and techni-
cal objectives, describes the scientific and technical
effc-ts necessary for their accomplishment, and pro-
vides studied cstimates of the required resources.
Major OAR objectives are as follows:

Crganizationas Objectives

O Help reduce the lead time between the discov-
ery of new knowledge and its application to the
advancement of aerospace technology so as to main-
tain Air Force operational superiority.

o Maintain in-house laboratories of superior quai-
ity to conduct research in selected scientific areas.
and continue to enhance the laboratories’ research
competence and productivity.

o Condugct and sponsor work in exploratory devel-
opment under the DOD Program Element, Environ-
ment.

O Participate in other programs as requested by
the Air Force Systems Command (AFSC), and ws
directed by Headquarters USAF.

o Strengthen the interaction between OAR in-
house laboratories and AFOSR, with particular ref-
erence to consulting, reporting sigrificant new results,
and collaborating on related programs and joint
activities.

o Improve the scientific liaison of AFCRL and
ARL with other Air Force agencies, and with NASA,
DASA, NSA, ARPA, DCS, FAA and others, to
contribute to and exploit the Air Force’s scientific
interface with the national aerospace effort.

o Improve OAR's capability to perfor:-n systems
and mission analyses.

o Improve OAR’s capability to perform research
analyses so as to identify technological barriers and
promising opportunities for relevant research pro-
grams.

© Maintain a European Office of Aerospace Re-
search (OAR) to take advantage of research capabili-

ties in Free Europe, the Near East, Middle East
(including India, Burma, and Ceylon), and Afri. ~

© Wiw.un the limits of available resou..cs, won-
tinue to support AFSC development activities and the
DOD research agencies in Europe.

© In a similar manner, mainiain scientific liaison
with .he Latin-American scientific community, and
sustain the exchange of information and mutua'ly
beneficial relations between the Air Force and tiis
community,

© Maintain the capabiity of PFOAR to serve as
the focal point for OAR activities at the Air Force
Eastern Test Range, and of LOOAR to serve in the
same capacity at the Air Force Western Test Range
and AFSC’s Space and Missile Systerms Organization.

Scientific and Technical ubjectives

General objectives of the overall OAR effort, by
R&D category, are as follows:

Research

O Discover and understand specific phenomena in
those disciplines relevant to Air Force technical
interests.

O Stay abreast of - :ientific accomplishments and
breakthroughs to preclude technological surprise by
others.

O Assure a propei base for the continual develop-
ment and improvement of Air Force advanced capa-
bilities and tochnoloyy.

o Provide a quick-reaction technical capability,
and an “on-call” poo! of technical consultrats who
can respond rapidly and with flexibility to urgent Air
Force operational probiems.

Expioratory Deveiopment

In general, OAR objectives in exploratory de ‘op-
ment under the Program Elenient, Environment, are
to develop new techniques for solving specific Air
Force problems. In other areas of exploratory cevel-
opment, such as Aerospace Avionics and Ground
Electronics, OAR scientists and engineers assist AFSC
in the application of research to the enhancement of
advanced capabilities.




Advanced Developsmient

The objectives of efforts in advanced development
are to provide satellites and sounding rockets for, and
bailoon support to, Air Force jaboratories for upper-
atmosphere and space research, and to develop
improved Air Force balioon capabilities. In addition,
othe: advanced-development programns may evolve
from OAR’s explioratory-deveiopmen: zfforts during
the planning period. While the degree of involvement
will depend on the specific program, GAR sciuntists
and engineers will participate activery in selected
advanced-development ¢fforts.

Other Research and Deveigpment

OAR will continue. upon request, to conduct
research for other agencies in those areas in which a
unique OAR research capability exists. This work will
be compatible with planned scientific and technical

objectives.

In facing the future, the character and evolution of
OAR itsel{ must be considered. Present plans call for
the organizational structure of QAR to remain
essentially the same. AFCRL, AFQSR, ARL, FISRL,
and ORA will continue as distinct but co-operating
subordinate units.

Emphasis at AFCRL will continue in the environ-
menial sciences. ARL will camry on its work in the
physica! and engineering sciences. FISRL will remain
in the areas of chemistry, aerospace mechanics, and
applied mathematics. ORA will continue its activities
in the mathematicz! sciences. AFOSR will manage

developing new or emerging Selds of science with
probable Air Force significance; in “supporting re-
search,” identifiable with known Air Force techno-
logical barriers; and in ‘“‘connecting research,” to
mainiain Air Fo.:e contact with broad areas of
scienice supported by others. AFSC laboratories will
pursue selected research efforts which support specif-
ic in-house exploratory-development efforts.

RESEARCH INFORMATION ACTIVITIES

© The principal OAR product is scientific
knowledge derived from QAR research and
from direct interaction of QAR scientists
with the worldwide scientific community.

O The most important OAR service is the
scientific consultation OAR provides to the
other eiements of the Air Force and Depart-
ment of Defense.

O The overriding OAR objective is to insure
that the world’s new scientific knowledge
finds practical application in the solution of
the technological preblems of the Air Force
and the Natjon as a whole.

These are the fundamental propositions which
underlie most of OAR’s policies and efforts. In part
they explain OAR's emphasis on scientific communi-
cations and the exchange of scientific data. They
constitute the OAR rationale for thie continued and
persistent attention given by management to the
crestion and maintenance of a favorable communica-
tion environment, and to continued experimentation
with new communication techniques.

OAR'’s involvement in information-transfer activ-
ities spans the spectrum of Government organizations

and consumes appreciable OAR resources. The bulk
of OAR efforts in thic field is devoted to the analysis
and improvernent of its intemnal and external coupling
programs. Because of its experience and interest in
this area, OAR has also been charged with providing a
central point of responsibility fos the Air Force's
Scientific and Technical Information Program.
Together with the other military services and the
Director of Defense Research and Engineering, it
seeks to develop improved DOD-wide information
services essential to the progress of military R&D. It
assists the Federal Council on Scieace and Technol-
ogy in deveioping Federal nolicies for national and
international information systems to serve the needs
of the entire U.S. scientific community. Finally, OAR
supports a sizeable research program in information
ad computer scienices o obtain a clearer understand-
mg of human- and machine-communication
phenoriena-a vital element in communication-
improvement efforts,

Air Force Activities in information
Transfer and Coupling

In OAR, “coupling™ is defined as the transfer of
OAR research results to potential users, and the
resultant feedback to OAR. The high level of activity
in this area results principally from an OAR policy
which requires that each scientist empioyed by OAR,
whether in a laboratory or on the scientific staft (as
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civilian or military), devote as much as 20% of his
activities to coupling. It alsc reflects OAR determina-
tion to serve the Air Force by continually reviewing
the climate for coupling activities and by considering
new appreaches in communication fechniques and
policies which would improve this climate.

In carrying out this work, CAR continues to
pirsue a variety of courses, the most important of
which is the process of selecting researchers for
laboratory work or for extramural research support.
Here OAR scens out those peopie who are working
on the frontiers of their scientific specialty. Through
their work, they can stay abreast of scientific progress
throughout the world, and can thus serve the Air
Force as centers of knowledge for their particular
areas. Other courses followed include the use of
information-exchznge networks active i  ihe
scientific community, the solicitation of advice from
outstanding 1nembers of the scientific community,
and ihe judicious utilization of the professional and
trade journals, professional societies, the numerous
scientific conferences, abstracting services, and re-
search advisory councils.

Special offices and organizations have played
important roles in the operation of QAR research-
information-exchange mechanisms. The European
Office of Aerospace Research (ECAR) in Brussels
continues to serve as our link with research per-
formed in Free Europe, the Near East, Middle East,
and Africa. Our Latin American office serves substan-
tially the same purpcse in South America. Gther
active centers include the Scientific and Technical
Information Offices at the Headquarters and the
laboratories, and the newly established Research
Application Offices. While the former organizations
have concentrated on the development of tools and
techniques for more effective information transfer,
the latter have provided significant routes whereby
researchers may be alerted to the technological
potentialities of particular research, and made aware
also of the tecanological barriers inherent in Air
Forca R&D needs. In a sense, these offices are OAR’s
coupling brokers, eventuaily bringing together the
producers and the users of scientific knowledge for
fruitful discussion.

OAR publications continue to play a vital role in
the transfer of information concerning QAR research
activities. The OAR Monthlv Report of Research
Proposals, for example, lists unsolicited proposals for
new research received by OAR, and thus informs
other Government agencies with respect to research
being considered, or already funded, by OAR. This
prevents possible duplication of effort, and also alerts
potential information users to rescarch efforts iikely
to be relevant to their interests. The annual Air Force
Research Objectives encourages the submission of
unsolicited research preposals by members of the
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scientific community through a delineation of OAR’s
research goals. The OAR Research Review, a
bimonthly, alerts Air Force technologists and other
potential wsers to OAR'’s current research efforts. The
OAR Progress, an annual publication, reports on the
outsta:ding achievements of AR research, and also
on viricus managerial aspecis. And the OAR Re-
search Dizectory assists in information transfer and
coupling by nroviding the sc' ntific community with
a listing of OAR current research projects and the
narnes, addiesses, and telephone numbers of OAR
key personnel.

Many of these mechanisms provide more than
one communication channel. For axample, symposia
and conferences help us to leam about recent
discoveries and the progress of current R&D efforts.
They are also effective platforms for the exchange of
opinions on the desirability of new work projects.
Another characteristic of many research communica-
tion channels is their redundancy. This provides some
assurance that, when one channel fails, another may
be expected to carry the message. Most effective
communication mechanisms operate essentially on a
person-to-person basis, providing instantaneous feed-
back and mutual clarification.

Specific instances of OAR coupling achievements
resulting from the above approaches are too numer-
ous and varied for detailed description in this type of
report. However, a few samples from this year’s
coupling activities may be mentioned:

© AFCRL's Environmental Consultation
Service (ECS) was formally established to
service the Air Ferce as a whole. By formal
agreement with the 6th Weather Wing, 13
staff meteorologists of the Air Force Sys-
tems Command have served to augment and
expedite requests for AFCRL’s consultation
services. As a result, the number of requests
in the past year increased markedly, with 43
requests from AFSC divisions, centers and
contractors alone. Problems requiring con-
sultation involved questions of weather
avoidance, weather effects on missile tests,
criteria for the evaluation of ground-control-
radar work statements, auroral backgrounds,
the diffusion of toxic propellants, and the
attenuation of satellite signals by clouds and
pracipitation.

0 Two .cientists at AFCRL and one
scientist at the Scripps Institute of Ocean-
ography assisted Headquarters USAF to
determine the most plausible attrition esti-
mates for B-52 sircraft considered for a
special mission in Vietnam. Ti.z nighttime
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visibility of a B-52 at low altitude was
detenuned to be the most critical and
least-understood parameter. This application
of accumulated knowledge to a practical
operational situation contributed signifi-
cantly to subsequent operational decision-
making.

O Scientists of ARL's Chemistry Research
Laboratory actively assisted a study grouo at
AFSC’s Aeronautical Systems Division to
develop an effective method for using the
emergency supply of oxygen to pressurize
cockpits normally pressurized with an oil-
contaminated engine air supply. This con-
sultation should have significant impact on
future inflight emergency procedures.

O AFOSR completed a study at the
Franklin Institute on the potential uses of
materials with low ductility (brittle mate-
rials). In the process, it also determined the
need for additional research to make eco-
nomical and operationally feasible use of
these materials. As a result, AFOSR has
opened a whole new field of scientific
inquiry under the name of thraustics.

O Members of HQ OAR, together with
scientists from ARL and ORA, have con-
sulted with AFSC concerning research needs
and technological problems involved in
magnetohydrodynamics. This consultation
should permit the Air Force to achieve a
better une standing of the potential re:.d-
ing in this technology, as well as a more
accurate assessment of its application for
airborne operations.

Providing a Focal Point for Air Force STINFO
Responsibilities

As a result of its heavy involvemsnt in, and
emphasis on, the interchange of scientific informa-
tion, OAR developed considerable expertise in a
variety of scientific-and-technical-information activi-
ties. Consequently, in 1967, its Office of Scientific
and Technical Information was charged by HQ USAF
with the responsibility for providing an Air Force
focal point for the coordination of all scientific and
technical information (STINFO). This focal-point
responsibility embraced such functions as improving
Air Force-wide scientificcommunication processes
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and services, technical libraries, specialized inf:-ma-
tion-analysis centers, and the publication and dissemi-
nation of technical documents. Progress has been
achieved in at ieast three arear -rogram visibility.
policy direction, and innovations.

An important step in making the Air Force
STINFO program visible and comprehensible was
through the publication of the Air Force Scientific
and Technical Information Roster—a directory of
Information Offices. S&T Liaison Offices, contractor
data-management fc-al peints, technical libraries,
information-analysis cc. *ers and specialized informa-
tion activities. In addition, a program examination
was conducted for the President’s Office of Science
and Technology. The results of this examination are
being published for wide distribution, and will high-
light the essential featur~s of the program and
pinpoint the problem areas which require manage-
ment’s attention.

Aside from reviewing and updating the policies
and regulations which govern the execution of the
STINFO program, OAR's Office of Scientific and
Technical Information also coencluded a two-year
experiment on the selective dissemination of informa-
tion. The objective was to find the most economical
and useful means for alerting technical people to new
technical developments arrived at by tiie Department
of Defense and other Government agencies. The
resulting selective document announcement system,
brought forth in cooperation with the Department of
Commerce’s Clearinghouse for Federsl Scientific and
Technical Information, is known as CAST {Clearing-
house Announcements in Science and Technology).
This program has been so successful that, since July
1968, it has been extended to the general public.

Contributions to the Development of Government
& & D Information Policies

In the past year, OAR people have been (:lled
upon not only to participate in evaluating the
proposed policies of the Director for Defense
Rescarch and Engineering, but also to assess the
STINFO programs of other Government agencies.
Thus, they have assisted in the evaluation of selective-
dissemination progranis of the Department of Interior
and in consultativns for the National Archives and
Records Service of the General Services Administra-
tion; they have served as members and chairmen of
panels of the Committee on Scientific and Technical
Informaticn (COSATI), Federal Council on Science
and Technology; and they have been of assistance to
the scientific and technical staff of the President’s
Office of Science and Technology. Of particular
importance is the recent OAR contribution to a
special COSATI panel established to identify the
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impediments to the effective dissemination of techni-
cal information. The resulting study, entitled
“Recommendation for Improving the Dissemination
of Federal Scientific and Technical Information,” i
currently being reviewed by the Executive agencies
and the President’s Office of Science and Technology.

OAR’s Director of Scientific and Technical Informa-
tion chaired this panel. It is anticipated that, if
approved and implemented, the study will result in
desirable changes in Federal policies and regulations
pertaining to public access to scientific-and-technical
documentation and data.
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SCIENTIFIC PROGRESS
IN FY 69

The brie. articles on the following pages describe some of the research accomplished by OAR during Fiscal
Year 1969 in areas of significance to the Air Force. The work includes both contributions to basic knowledge and
applications of research vital to the steady technological progress of the Air Force. Alihough these articles treat
only a fraction of the research carried out in OAR’s own laboratories and in the laberatories of its contractors
and grantees, they do provide some idea of the importance, variety and scope of the whole OAR research
program. This will be immediately apparent from the various DoD Elements and Subelements (shown below)
encompassing OAR’s diverse research efforts.

Those desiring additional information on the research accomplished should consult the comprehensive
Bibliography following this section.

DEFENSE RESEARCH SCIENCES PROGRANM ELEMENT 61102F
Subelements:
General Physics Energy Conversion
Nuclear Physics Terrestrial Sciences
Chemistry Atmospheric Sciences
Mathematicai Sciences Astronomy and Astrophysics
Electronics Biciogical and Medical Sciences
Materials Research Behavioral and Social Sciences
Mechanics
ENVIRONMENT PROGRAM ELEMENT 62101F
AEROSPACE AVIONICS PROGRAM ELEMENT 62403F
GROUND ELECTRONICS PROGRAM ELEMENT 62702F
SATELLITES, BALLOONS, AND PROGRAM ELEMENT 63404F

SOUNDING ROCKETS—SABAR
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defense research sciences

NEW GRAVITY TEST POSSIBLE®

A recent study of two competing gravitational
theories indicates that there is a possibility of using
exjsting equiprment {¢ determine which one is valid.
The competing theories in question are {1) Albest
Einstein’s general theory of rejativity—the gravita-
tional theory that has been almost universally ac-
cepted since its proposal in 1916—and (Z)a scalar
tensor thecry of gravity that has received consider-
able attention since 1561.

Drs. Jeffrey H. Winiceur and David C. Robin-
son®* of the Genera! Physics Research lLaboratory,
ARL, show that the theories diffec in their predic-
tions about the kinds of gravity waves that thould be
giveri off duing the formation of nguiron stars.
However, theonsts beiieve they are {ormed when
ordinary stars no longer have 2uough fuel to keep
frem collapsing under the fosse of their own gravity.

Writing in Physical Review Letiers, (see Refer-
ence i in Bibliography) a publication of the Americar
Physicai Society, Drs. Winicour and Rohinson show
that gravity-wavz detectars recensiy built by Dr.
Joseph Weber of the Viniwersity of Marylasd (iwo at
the University of Maryiand and one at the Argonie
Nationai Laboratory, Chzago) may be sensitive
enough to mieasure the type of wave generated when
3 neutrox star forms. This may enable physicists to
de.crmine which theory made the corrent prediction.

Becauss neutron-star formaticn is relativery rare,
and since D1, Webes's detectors were not deagned 16
distingsish betwezn the kinds of radiation predivted
by the two theories, therz is only 2 s¥irn chanve that a
test can be made in the near future. However, the
posability sf expenimentally chacking gr. vity theory
and neuiron-star theory makes even this slim chence
seem altractive.

The dmcovery of pulsars early, n 1960 gives
added :nterest to the paper by Winwcou: and Robin-
son. Recent zvidence indicates that tte 25 or so
pulsars thet have deen discoverzd may be ..cutron
stars. Therefore, any work that increases our under-
standing of gravity and neutron stars can also ncrease
our understanding of pulsars.

The historical background behind these develop-

*Frcerpted from an d:mencan [astitute of
Physict news reloape writtem by Science
weiter Bod Holcomeb:

**Dr. Robiamin 15 2 Narionel dcede . of
Sciencer Portdoctors! Remdent Reseerch
4psociere

merts may be traced back to the account of
gravitaiion published by Isaac Newton in 1687, as
based upon traditicnal Euclidean geometry, and a
calculus that Newton invented in order to work out
his theory. In the middle of rhe 19th century Georg
Friedrick B. Riemanr generalized Euclidean geo-
metr,, and it was this gene.alization that Albert
Einstein used, along with a tensor calculus, to develop
the general theory of relativity.

There are several alternate approaches to gravita-
tional theory, inciuding one that involves the use of a
scale. -aiculus in addi*ion to the tensor calculus.
Sevesral relativists, including Einstein, have considered
scglar-tensor approaches to gravitation. In 1961, Dr.
Carl Brans of Loyola University in New Orleans, and
Dr. Robert Dicke of Princeton University proposed a
scaiar-tensor theory that is novw receiving considesable
attertion.

The observational differences predicted by gen-
eral relativity and the Brans-Dicke theory are difficult
to measure. Since 1961 Dr. Dicke has conducted one
experiment that sorne physicists have interpreted as
showing a difference, and several experiments, de-
signed to distinguish between the theories, are now in
progress. However, there is no experimental work
that unequivocally shows a difference in the two
zpproaches to gravity.

Contained within the equations of general relativ-
ity is the prediction that an oscillating object should
generate gravitational waves. An analogous situation
15 the geseration of electromagnetic waves by an
oscitlating charged body.

In electromagnetism, a body with one set of
charged poles can produce dipole radiation. Higher
orders of radiation (quadrupole, octapole, eic.), are
possible if more than one pair of charges are present.
According to general reistivity, only quadrupoie or
higher orders of radiation are possibie; but the scalar
component of the Brans-Dicke theory aliows mone-
pole radiation.

Compared with electromagnetic radiation, gravi-
tational radistion is quite weak, and it is omly
recently that technical advances have opened up the
possibility of detecting it. Dr. Weber's detectors ace
designed to detect radiation {of the Einstein vanety)
from reascnable sstronomical sources such as rotating
stars or collapuing supernovae. Since early 1967, the
two gravity-wave detectors that he has at the Univer.
sty of Marviand have measursd about one “event”
per month. So far there has been no definite way of

general physics
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knowing if these are gravity wavus; but it is likely that
at least some of Dr. Weber’s “events™ are the resul* of
gravitational radiation.* **

In their article, Drs. Winicour and Robinson
show that the radiation produced when neutron stars
are formed fr m collapsing supernovae can be detec-
ted more easily if the Brass-Dicke theory is correct.
That is, the monopole radiation is stronger than the
multipole radiation predicted by general relativity.
Definite proof of monopole radiation. and hence of
the Brans-Dicke theory of gravitation, would require
a combination of circumstances that is somewhat
uniikely at the present time.

***Recent coincidence measurements between detectors at
the A gonne Naticnal Laboratory and the University of
Maryland now give exceilent evidence for advanced events
due to gravitational radiation. See J. Weber, Physical Revie n
Lertery. 22 (16 June 1969), 1320.

tThe collapse of supernovae t form neutron stars
is relativelv rare. Only 3 observations of exploding
supernovac have been recorded in all history (in the
years 1054, 1572, and 1604). It is possible that not
all supernovae are observed; but even the most
generous estimates of neutron-star formation give a
rate of only 1 every 20 years.

The oscillations that produce the gravity waves
are damped out in about one nundredth of 2 second.
sa the collapsing star must be observed during this
time. Catching such a rare event at present is unlikely,
but this situation may not continue. Since little 1s
known ghout neutron stars (or pulsars), there is the
possit:ility that future information will enable astron-
omers to know when and where to look for the
formaiion of neutron stars by supernovae collapse. It
is also possibie to build gravity-wave detectors that
are mcre sensitive to the kind of radiation expected
from neutron-star formation.

general physics

A THEORY OF SOLAR FLARES

During the past three years, Professor Peter A.
Sturrock and others at Stanford Uni =1sity have been
working on a theory of solar flares. (See Relerence |
in %ybliography.) A mode! has been developed which
is based on the knowledge that a substanual fraction
of the magnetic-fieid lines uriginating at the solar
photosphere are oper-field lines, penetrating lar into
interplanetary space. The contrary a sumption, that
all magnetic-field lines slose withun the near neighbor-

hood of the sup, is incoiapatible with the existence of

the solar wind. The mag u-ficld configuration
shown in ¥ gure 1is representative o
magnetic-tield lines above a simple bipolar active
region, tzking the above fact into sccount. A certain
fraction of the magnetic Nux linking the twe rewons
of opposite polarity is linked by “losed magnetic-tield
haes, while another fraction 1s asociated with open
magnetic-field lines. The opea-fizid bines provide a
chantsl fer the escaping corong! gas which corsin
tutes the solar wind. An amp stant property of this
field configuration 1s that the houndany betwzen the
twa open flux tubes mrust carry 3 sheet current, e
there 18 a sharp reverssd o field direction av the
surface. Thes field condiguration moormarates free
energy which can be :oeaswed withouw chanpng the
connection of magnetc-fiehd linexat she phorosphere
Since thus field pattern contans open tield hines, there
is no difficelts wm understanding e Tzct that
Tyvpe-lll radio bursts may bo caused st the very
beginmng of a flare by streams of elecirors travehing
radially outward from the sun.

wpology of

How wis the energy 1 this configuration built
up, and what was the source of the energy? The
existence of the corona is due o the fact that the
photosphere generates high-intensity sound  waves
which travel through the chromusphere and into the
coroni. The sound waves are dissipated by one or
more processes, and it is this dissipation of energy
which heats the chromosphere and the cerona o
temperatures tar above the temperature of the photes
spherz. Thus energy supply is responsible also tor the
energy “evessary fo drve the solar wind. This means
that the acoustic energy {lux which propagates along
e closed-tield hines is used entiry i heating the
corona: by contrast, the acoustic nereyv flux which
travels along tne vpendield hines goes parthy nte
heating the corona and patth wte drving the sola
wind. In consegquence, the deasty and temperaturg i
he Jesed-field regions should be higher than the
corresponding values at the sae haght wm the
open-feld region. Hence, in the repion of the "Y-type
neutral e shown v Figure 1o the pressure 18
Bigher just inside the cusp {the regron of closed-field
anzed than qust outside she cusp (the repon of
open-field lines). The result of this pressire tiftersnice
should be that closed-fiedd hmes ate dnven o the
sheet-hke aperture bevacen the two open fux tubes.
This expulsion ot field Lnes provides a mechamsm tor
progresuvely enlarung tie fraction of magnetie lux
which 15 assocated with the opentield region. Hence
s 3 way of bunding up the free energy oF this
configuration. We now see that t.¢ free energy of this
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Figure 1. Schematic rer asni cion of magnetic-filld pattern
sbove a bipolar megnetic region, showing the tranmition from
closed-field lines st low heights to npen-fisld lines at grear
heights, involving Y-type neutral line snd sheet pinch.

field coatiguratic. may be derived trom the non-
thermal energy {lux which 1s responsible for heating
the corona.

What is the mechanism for the sudden release of
energy in flares? The nature of solar tlares and the
realization that the siored energy is magnetic have led
to the view, which has been established for many
vears, that e energy release is intrinsically an
electromagnetic process. since the flare 15 an explo-
sive evont, the energy release must be effecied by a
plasma instability. Th nwahility which s refevant to
the present mwodel is the “earingmode’ instability
{See Reference 2 un Bibliographv) which leads to
reconngcton of  magneac-field hines, providing a
mechamsm by whith the open-tield Imes may rapidiy
become closed. As a resulr ob the ver: high conduct-
vity of the coronal plasma, the neutral sheet will be
very thin, having a scale of iess than 10 mewers. The
rise time of the mnstability is correspondirgy shori,
and can explain the lsecond time scale of Type-lil
bursts, The reconnection of field lines occurs progies-
stvelv As one parr of fHeld lines are reconnected, they
become subject 1o forces (mainly magnetic tensiond
which move them away from the regior in which
reconnection 15 taking place, so that a new pawr of
field hines is then reconpected. This s indwated
schematicsiy in Figure 2

How does this sudden reiease lead to the ob-
served properties of the sedar Hares” Following flase
sction, the tiehd pattern show - Figure 1 takes on
the Yorm shown in Figure 30 which alures action
of the open-field hines have been replaces by .. sed-
freld Dmes. Since energy has been released duning the
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i BRIGHT FILAMENTS 2
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Figure 2,
Schematic representation of ~connection of magne: - “ield

tines during « flare, showing election of pisana and Hesting of
chromosphers by particle streams to form two bright filaments
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Figure 3.
Schematic rep -ssentation of the decsy rtage of & xier Hare,
showing the ¢ apped high-tempes. stiire pisans in the covons,

the hest fiux 10 the chromosshere, and enhanced - digtion
from the chir omoaphars.

reconneshion provess, 3 farg? amount of caey ow
new stored in the trapeed coronal gas. Thes gives tse
fo. an erease in temperature of the trapped plasma
to abeut 197 °K ar d alse an increase o denuts ghove
nosmal ceronal satues, since an norease A tempera
tare mvolbves ananorease it wale hewht. This mags o
hot plasma would constitute 3 strong source Cf 500t
ravs, and would esplain Rrgy observations of sola
Nares. The man mechamism for energy foss by this

hot plasma s by thennal conducuon down o the
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chromosphere, where the energy will be lost by
increased radiation, primarily in strong chromo-
spheric lines such as Ha. This chromospheric 1.lia-
tion will continue until the corcnal gas has covled to
normal coronal temperaiures. This represents the
“decay phase™ of a sola: flare. Following rzconnec-
tion, the bipolar flux tube which extends into
interplanetary space has been reconnected so that the
field lines are no longer tied to the photosphere. The

plasma in thic fiux tube now sxperiences forces
{mainly magnetic tension by the open magneiic-fieid
lines) whick “catapult” the plasma away from the
sun. The efection of a mass of plasma from the flare
region enables une to understand how a solar flare
can give rise 10 a magnetic storm on earth. The shock
frent which would form in advance of the ejected
plasma cloud provides a liksly explanation for a
Type-Il radio burst.

general physics

GEL GROWTH OF CUPRGUS CHLORIDE,
AN ELECTRO-OPTICAL MATERIAL

A significant potential application of the laser is
in communications. Before this can be achieved,
however, efficient means for the modulation and
demodulation of the laser heam are required. Since
the frequencies that must be applied are much higher
than can be attained by present methods of m: “hani-
cal modulation, other means must be devisel. A
possible means for the phase modulation of lasers is
the utilization or cry.tals which change their refrac-
tive index in response to an applied slectsic field. The
change in the index of refraction causes a change in
the velosity, hence, the phase, of the laser beam
passing through the crystal.

One of the most promising materials that can be
used for !n:er modulation is cuprous chioride. it has
meny Jdesrable and necessary characteristics. For
example, it has a Ligh transparency, out io about 20
microns its dielectric constant is 8; the dielectric loss
tangent is (.91 to 0.0004; and its energy gap is ir the
renge of 3eV. However, until recently, all s=chniques
used in an attempt to grow cuprous-chloride crystals
have produced crystals unsatisfactory for practical
Use.

By using a novel adaption of the gel-growth
method, Dr. Alton Armington of the Solid State
Sciences Laboratory at AFCRL has succeeded in
growing satisfactory cuprous-chloride crystals, at
room temperature. In this investigation, AFCRL
scientists developed a complex dilution method that
permiited the growth of materials that are highly
insoiuble under norma! conditions. In this method,
the material to be grown is complexed with a reagent
in such a maaner that dilution will cause the
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complexad material to precipitate out of the soiuti~n,
An example of this type is the formation of a
solution of cuprcus chloride complexed in hydro-
chioric acid.

Experiment "y, 5§ liter reservoirs wers used with
40-mm tubes in a set of experiments to produce
larger crystals. Crystals 8 mm long were produced in
about 2 months using a growth container that was
maintained at 23 +1/2°C in a water bath. While
constant temperature did not seem important in the
smz'ler runs, it did seem to be important when larger
crystals were grown.

The largest clear coioriess crystals grown to the
present time are &8 mm on an edge, with no visible
evidence of voids or inclusions. Mechanically, the
material is quite soft, having a hardness o1 9.86
Kg/mm® as measured with a pyramid indentor and a
S(-gram lcad. Electron microprobe measurements
indicate a uniform stoichiometric concentration of
copper and chlorine in all of the crystals testea,
Transmission data for a cuprous-chloride sample |
mm thick shows that the crystal transmits in the
range from about 0.4 to beyond 20 microns. While
the transmission agrees with previous Gata, i..at there
is a cutoff at about 0.4 microns, the AFCRL material
transmins further into the infrared than the previously
reporied cutoff a. 18 microns. Measurements of the
refractive index s a function of the wavelength in
gel-grown crystals show it to be relatively constant
throughout a large region of the infrared.

Some of the crystals grow.. were furnished by
the National Bureau of Standards, under an AFCRL
Contract. Successful modulation of a helium-neon
laser beam has been achieved.
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DiSPERSION AND STABILITY OF IONIZATION
WAVES IN A DISCHARGE PLASMA

An investigation of the dispersion and occur-
rence of convective and absolutely unstable ioniza-
tion waves (maving stration.p in the positive
column of iow-pressure glow-discharge plasmas has
been conducted by Drs Alan Garccadden and Peter
Bleizinger of the Plasma Fhysics Research Labora-
tory, ARL. Although these waves have been obhserved
and described by many researchers, only in the past
few years has an adequate theory been developed tc
explain the experimental observations and measure-
ments. {3ee Refe- ~ces | and 2 in Bibliography.)

The glow discharge in rare gases often contains
backward-wave (BW) moving striations in the pressure
range of 0.5 to 10 torr. At higher pressures (p) and
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higher current (1), these waves are attenuated. Asp or
I increases, there is a partial coniraction of the
positive column uniil, above a certain critical pressure
or current, the discharge changes abruptly into a
well-defined constricted form, with moving striations
ofien present. Experiments in argon and neon show
that the onset of the constriction proceeds as a BW
from the cathode at iower pressures, but changes to a
forward wave (FW) from the anode at higher pres-
sures. Figure la shows the disturbance excited in an
argon discharge at 9.2 terr. In the high-current
{62-ma) region, an absolute BW instability is excited;
in the low-cusrent (20-ma) region, a convective BW
exists. At intermediate argon pressures, discharge

Figure 1. Excitavon of ioniz*tion wsves in grgon.
Time bass, 2 msec/large div., cathode at top cf
space-time display. Timra increases ieft to right,

2, Pressure, 8.2 torr; currant, 82 ma {(high), 20 ma (low).
b. Pressure, 23 torr; current, 80 ma (high), 10 m- (low}.

Figure 2. Excitation of ionizaetion waves in neon.
Time base, 2 msec/large div., cathode at top of

space-time display. Vimo increases from left to right.
Pressure, 65.5 torr; current, 80 ma (high),

80 wma (low),
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conditions were obtained such that constriction and
ionization waves (ebsolute instabilities) developed
simultaneously from both electrodes - Figure 1b,
pressure 23 torr. Near these conditions, the results
were sensitive to the current modulation amplitude.
At high amplitades, two BW packets developed from
the cathode. It was also noted that, although the BW
was correlated with the current pulse, the FW was not
always 50. When both waves exist, then the electron
temperature relaxation length, a', is bounded; ie.,
krpw < a < kgw, where k is the wavenumber. At
25 torr and 80 ma, 4! = 0.5 cm. Above about 35
torr, the discharge constricts only from the anode. In
neon the results were similar, except that a higher
pressure of current was required for the transitions.

A recording was obtained in neon, Figure 2
where, in the Iow-curient period at 65.5 tormr, (he
group velocity of the excited wave was zero. The
disturbance ~scillates in time, but does not propagate.

Theoretical results are summarized in kigure 3,

:

¢

§ 107
o ABSOLUTE
0| INSTABLITY

Model Discharge
ot e e e wen  me e mem s

06 -

ot N

where the stability aress are shown in parameter
space a4}, where a and § are determined from the
properties of the discharge. It was found that a is
approximately proportional to p?R?, where R is the
discharge-tubs radius. The points are those of ditter-
ent experimenis. A mode! discharge (6 = 0.63 and
independent of p and !} would only exhibit BW
ionization waves. This agrees with the observation
that FW (onization waves were only observed in
association with constriction (#3). Alsc as indicated
in Figure 3, it is easier to obtain a BW conveliive
regioi. 1t lower a(#1, #2). At a =0 25, it is possible
to make the transition from stable to unstable
without a convective region. The abrupt constri :tion
or occurrence of ionization waves throughcut the
colurnn ¢~n he produced by a discontinuous chiange
in B {e.g., by current modulation)}, or at this value of
a. It was noted that the FW convective instability
area is very limited; therefore, the experimentally
observed FW striations will often be absoluiely
unstable.

FORWARD  WAVE
B CONVECTIVE INSTABILITY

STABLE
04 -
o 0.2 - BACKWARD WAVE
g ‘ CONVECTIVE INSTABILIT
| : ~— ABILITY
| P o
1‘ Ouo L T 1]
| 0.0i 0.l 1.0
Figure 3. Stable and unstabla ionization wave regions as a function of two discharge parameters, & and §.
Experiments: # 1 - neon
;' # 2 - argon-mercury
: # 3 - constricted argon.
28
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general physics

DIELECTRIC CONSTANTS OF MATERIALS
IN THE FAR-INFRARED REGION

Professor P. D. Coleman and his colleagues at the
University of illinois, under AFOSR sponsorship,
report new measurements of dielectric constants of
materials in the microwave-optic region. These niake
use of recently developed molecular lasers which
provide over 100 lasing lines fiom 16 to 774 microns,
and experimenta! carcinotron tubes which, from the
microwave side, extend the wavelength range down 10
sources from both the optical and microwave sides of
the spectrum. Detectors suitable for use in this region
have likewise been developed. These include photo-
conductive and semiconductor diode detectors.

The measurement schemes used to determine the
dielectric constants in this region are adaptations of
older optical methods used in regions of shorter
wavelengths. These involve the reflection and trans-
mission of polarized plane waves through sheets,
prisms, lenses, etc. of the materials to be measured. A
measurement technique used wi‘h the carcinotron
tube in the 0.35-to<4 millimeter-wavelength region is
shown in Figure 1.

The meusurement arrapgement for use with the
molecular-lasst source in the range ¢.016 tc 0.774
millimeters is shown in Figure 2.

Single-frequency operation of the laser is
achieved by using a rotateble reflection grating in
place of a flat mirror in the laser resonaztor. The
radiation is polarized by means of a wire grid rather
than a Brewster angie window.

These new methods, along with other sciiemes
previously reporied, provide techniques, sources, and
de .2ctors suitable for the measurement of dielectric
constanis, at almost any given wavelength from 39 to
3,000 microns, of materials which can be obtained in
chip or sheet form. In the 280-774 micron range,
sources and methods overlap and thus provide a cross
check on one anothier.

Kaowiedge of the dielectric constants of mater-
ials in the far-infrared is necessary for the design of
devices, for the selection of materials for Brewster
windows, lenses, detector windows, beam splitters,
laser windows, mirrors, polarizers, and for host
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Figure 1. Carcinotron-Fabry-Perot resonstor method.
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Figure 2. Molecular laser-Brawster angie method.

materials for dopants. The last is of interest to those
who are developing laser devices. The techniques can
be extended to the study of resonances, photocon-
ductors, anisotropic and electro-optic materials, non-

linear effects, and optical effects in liquids. With
these new coherent sources and detectors, it is
expected that investigations in the far-infrared will
proceed rapidly.

general physics

CdS SOLAR CELLS

Solarcell power systems have been the power
source for almost all long-duration spacecraft that
have been launched by the United States. It is likely
that they will continue to occupy this dominant
position for :nany years to come. Silicon solar cells
are the only type of solar cells that have been useable
for power generation until quite recently, when
thin-film cells became feasible.

One of the early programs in the Solid State
Physics Research Laboratory concemicd an investiga-
tion of materials for high-temperature diodes. This
program, which was carried out under the direction
of D. C. Reynolds, led to the development of the CdS
solar cell, which is now approaching the application
stage. The cell is a thin-film configuration consisting
of evaporated CdS on a plastic substrate. The barrier
layer is produced by plating Cu,S over the CdS film.
The CusS is of a high-conductivity P-type material,

and the CdS film is of a high-conductivity N-type
material.

H
&
5
i
. YJ‘

Figure 1. Sample of flexible thin-film cells.
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Orbital fiight tesis are currently being made or
the cells. A panel of cells has been in orbit on the
OV1-13 satellite for over a year. These cells have
shown essentially no degradation. In March 1969,
ancther panei was launched on the OV1-17 satellite.
Batioon-flight tests have zlso been conducted. Due to
their flexibility, light weight, radiation resistance and
low cost, they have great potential for auxiliary-
power sources for both balloons and satellites.

Waork is being continued to increase the effi-
ciency and stability of CdS thin-film solar cells. Most
of the work is concerned with improvements in the
formation of the barrier layer and includes treatment
of the CdS film prior to the formation of the barrier
layer, variations in the barrier-formation process, and
treatment of the film and barrier after formation of
the barrier.

general physics

ELECTROMAGNETIC PROOF LOADING OF
BONDED AIRCRAFT STRUCTURES

Modern aircraft can not yet fully utilize the
advantages of epoxy-bonding techniques because no
nondestructive test method exists. Epoxy bonding
offers substantial advantages over the conventional
technique of riveting by avoiding local siress concen-
trations, by providing mechanical damping, and by
allowing the use of continuously graded honeycomb-
filled laminations which offer substantial weight
reduction. Bonding is in fact being successfully used
at present, but only in noncritical areas. Its use i
primary and secondary structures must await the
development of a reliable nendestructive testing
method applicable dusing manufacture and in-service
inspections.

In the course of extensive efforts to solve this
problem, the Boeing Company hus found several
feasible methods for detecting no-bond defects, or
cavities in the bonding layer, by thermal and acousti-
cal means. A proper test, however, must be capable of
detecting not only a no-bond defect, but aiso
weak-bond defects which have only a certain fraction
of the nominal bond strength. To do so it is necessary
to subject the bonded panel to a proof-loading force,
a traction force of known magnitude which is capable
of producing an observable deformation, either elastic
or permanent, if the local bond strength is below a
predetermined value.

Mr. Karl Hansen of the Boeing Company has
succeeded in applying proofloading forces to test
pieces, electromagnetically, by passing substantial
electric-current pulses through bonded test paunels and
subjecting them simultaneously to a pulsed magnetic
field perpendicular to the current and in the lane of
the panel. The method is not applicalle in practice,
however, becanse the required currents (several thou-
sand amperes per centimer) cannot be injected
without causing contact damage, and the laminations
to be tested in subassemblies or complete aircraft are
not electrically insulated. Boeing therefore ap-
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proached the Francis Bitter National Magnet Labora-
tory at MIT to see if a nc~ wtact electromagnetic
technique could be devised.

Unfortunately, the force exerted by a puised
magnet on metal, caused by the interaction between
the magnetic field and induced eddy currents, is
always directed away from the magnet coil. However,
Dr. Henry Kolm of MIT had previously conceived a
more sophisticated technique involving the applica-
tion of two separate pulsed magnetic fields, a
technique which is inherently capable of generating a
traction force, A fast pulse is timed to coincide with
the peak of a slow pulse, which freely penetrates the
skin, and is of such a polarity that the skin curzents it
induces, reacting against the penetrating field, pro-
duce a net traction force.

As a feasibility study, Drs. Henry Kolm and
Bruce Montgomery, members of the staff of the
Francis Bitter National Magnet Laboratory, used an
available continuous six-inch-caliber Bitter solenoid
to simulate the slow pulsed field and achieved the
first successful operation in December 1968, Figure 1
shows this system installed in the Bitter solenoid,
including the instrumentation located on a balcony
above the solenoid magnet.

The fast-pulse coil in this system is coaxial with
the Bitter magnet, and has an oval cross section
capable of accommodating test panels up to 3 inches
wide. The system is capable of applying average
proof-loading impacts up to 100 atmospheres and
transmitting kinetic energy amounting to 0.15 joules
per cm?.

The next step will be the prototype developmen?
of an industrial proof-loading machine capable of
testing extended panels or entire aircraft accessible
only from tie outer surface. Figure 2 shows the
geometry of a traction coil to accomplish this. The
fast-pulse coil, a flat pancake spiral located nearest




S

the skin, is decoupied from the outer slow-pulse coil if it proves as successful cs preliminary tests

by a metal flux shield. It is estimated that a fast-pulse indicate, this device may make possible the most
energy of 10 kilojoules will suffice to proofload a significant innovation in airframe construction since
4-square-inch area to 100 atmospheres. the advent of the metal aeroplane.

Figure 1. Electromagnetic fessibility system for studying the proof loadi-e of bonded aircrsft structures. The system is instalied
in a six-inch-caliber Bitter solerncid to simulate the slow pulsed leld. Amocisted instrumentation s positioned on the baicony
sbove the solenoid magnet.
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Figure 2. Schematic geometry of an slactromagnetic traction device for a proof-loading machine capable of tosting sxtended
panels of bonded aircraft structures.

general physics

ELECTRON STRUCTURE OF TETRAHEDRALLY
BONDED SEMICONDUCTORS

The electronic properties of crystals are being
utilized in an ever-increasing number of applications.
Lasers, solar cells and various transistor devices are
but a few examples. Scientists and engineers are more
and more forced to seek ti.c understanding of
electronic characteristics in order to design hardware.
Hence a requirement exists to determine the proper-
ties of a large number of different crystals and to be
able to explain these properties from theoretical
models.

Consequently, the Solid State Physics Research
Laboratory’s Theoretical Group at ARL, consisting
of Dr. R. N. Euwema, Major D. J. Stukel (Ph.D.), and
Dr. T. C. Collins, conducts a research program whose
goal is to calculate the electronic properties of any
tetrahedrally bonded semiconductor from only a
knowledge of basic quantum mechanics. All other
existing electron-energy band calculations require a
large amount of experimental information as input to
the theoretical calculation. The resuits of this study
have given satisfactory electron-band structures of a
large number of compounds, such as the example of
GaAs given here. The only experimental information
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The self-consistent orthogonalized plane wave
method, where Slater’s approximation was made for
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the exchange term, was used to obtain the electronic
structure of GaAs shown in Figure 1. Three minima
were found in the conduction bind. The lowest
minimum occurs at the k = o point. When an electric
field with enough enargy is applied, electrons at the
k=0 point can go to the next minimum {L-point

minimum) located at 0.38 eV above the first mini-
mum. This causes oscillations in the conductivity
curves, the sc-called Gunn effect. The calculated
bands also explained phntoemission data, hydrostatic
pressure data, and reflection data which had been
misinterpreted until now.

general physics

MAGNETIC FIELDS FOR INTRAVASCULAR NAVIGATION

Neurosurgery may soon berefit from magnet
technology at the AFOSR-sponsored Francis Bitter
National Magnet Laboratory at MIT. A magnet
system capable of guiding a ferromagnetic-tipped
catheter through blood vessels in the brain is under
development as a joint project of the Laboratory's
Magnet Research and Technology group directed by
D. Bruce Montgomery (Ph.D.), and medical re-
searchers William Sweet (M.D.), Lewis Wright (M.D.).

and Shyman Yodh (M.D.) of the Massachusetts
General Hospital. A rotatable iron magnet, which has
been employed in preliminary experiments with
laboratory animals, has indicated the feasibility of
this technique, and a more advanced system, which
will be required for sophisticated medical applica-
tions, has been proposed.

“atheters suitable for introduction into the
intracran. | vessels are very ditferent from those used

Figure 1. Electromagnet designed to producs a magnetic gradient which could b oriented in ditfe-ent directions sround the head
of the mannequin shown. The permanent magnet tip on the catheter always points towerd the electromagnet pole, snd it

sttracted to it.
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in the hieart and other areas of the b ~dy. They must
be extiemely soft and flexible, and less than 1 mm in
diametei. As such, they can cleariy not be pushed
forward, but must be pulled and guided from the tip.
External magneiic gradients acting on permanent
magnet tips offer this possibility. The catheters are
introduced through a special I-mm-diameter needle
which punctures ine carotid artery in the neck, and
are then drawn upward into the vascular tree by
properly directing the magnetic gradient.

The electromagnet shown in Figure ! was built
by the Laboratory to produce a magnetic gradient

which could Le oriented in different directions. The
permanent magnet tip on .he catheter always points
toward the electrcmagnet nole, and is attracted to it.
The pole is then moved as the tip progresses so that it
is always lined up with the blood-vessel direction at
any given tip location. Superimposed on tie field
gradient is an oscillating maznetic tield which induces
friction-reducing vibrations in the catheter.

To obtain a strong force. a .t;ong field gradient is
required. The gradient which can be produced at :
distance several inches away from a hand-held perma-
nent maznet is much too small to be useful. Even the
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{ Figure 2. Magnetic guid « o b, b fOr pormenently magnet-tipped cathety under development for naLrossrgery apoications by -

: MIT Francu Bitter Nazione! Magwt Laboratory snd Masacihusetts Genersl Homital Three orthogirat pairs of superconducti. g &)

cois can procuce » 103 G/om grxiint oriented . any jocation of the tip, thus exerting a property demcind force. Access ports in
cryoetst aliow X-ray monitoring of ty position.
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SkW electromagnet of Figure 1 can only produce a 50
Oe/cm gradient at the opposite side of the head,
which wil exert only 0.15 grams of force on a
0.9-mm-¢:amc*er-by-3-mm-long tip. What is needed
for sophisti.;*»d iuaneuvering i small passage e
the gradients which can be produced by supeicon-
ducting windings, ¢asily 10 times higher than those
the electromagnet can produce.

A superconducting system proposed for neuro-
surgical use is shown in Figure Z. Inside the cryostat
are three sets of orthogonal coil pairs and, *v
properiy proportioning the currents between the sets,
a gradient can be preduced in any direction in space
without actually moving the magnet. The cryostat
provides a 25<m room-temperature access for the
head, and 2 orthogonal 15.cm-diameter access holes,
and is sufficiently short so that its center can coincide
with that of the head without interference with the
shoulder area. Liquid helium will be supplied from a
permanently connected external storage vessei.

For the first time neurosurgeons see the possi-

bility of introducing catheters, which are simply flexi-
hle tubes, into areas of the brain which are otherwise
inaccessib.c except through major surgery. Such
guided catheters could be used no:h in diagnosis and
in clinical treatment—for example, for blocking
feeder vessels of certain intracranial vascular malfor-
mations, or for the local injection of high coucentra-
tions of a radio-opaque medium for X-ray di-gnosis,
or for the injection of chemotherapeutic agents for
the treatment of tumors, aneurysms and arterio-
vencus malformations.

In addition to the catheter project. che Labora-
tory is engaged in other biomedical applications of
magnetic fields inciuding stimulaticn of the heart by
vulsed magnetic fields and measurernent of the weak
magnetic fields associated with heart and brain
electrical activity to produce magnetocardiograms
and magnetoencephalograms, without the need to
paste on the wired electrodes for electrocardiograms
and electroencephalograms.

general physics

INDUCED ELECTRON-EMISSION SPECTROSCOPY

When smal! amounts of certain chemical ele-
ments are incorporated in suitau!l® crystals, they may
dominate the properties of this crysii!, ie., their

Mn2*

)

Figure 1b. Reletive position of Mnl’
ground stews and snergy
homt lettice, SE = 4eV s dotermined by  Pumped by injection.
Varien |EE spectrograph.
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electronic-level scheme determines the desirabie pro-
perties of the material. For »xample, in ruby the
par ":ular levels of the dilute chromium in an Al;O;
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host lattice cause the lasing tiansition.

The positions of deep impurity levels relative to
the energy levels of the host lattice are known at
present only in very few materials. Yet they are very
important, because the relative positions may deter-
mine whether the impurity ions may be excited easily
by electronic interaction with the host "-ttice. Thus,
under suitable conditions, highly et Gient lumi-
nescence or lasing action may '. produced by
convenient electronic pumping in wontrast to optical

pumping.

Recently a r w~ technique, Induced Electron
Emission (IEE), nas been developed which makes it
possible to determine the relative positions of energy
levels of the host ":ttice and impurities. The energy
spectra are deterny .ed by the photoelectricemission
spectroscopy: monochromatic X rays are absorbed
and electrons are enutted from the occupied cnergy
levels. Analysing the energy of the emitted electrons
furnishes the absolute locations of the energy levels
of the _ost lattice and the impurity.

Figure ! ilustrates this for ZnS:Mn, a well-
known luminescent materiai. By means of optical
absorption and emission spectroscopy, the ZnS gap

HIGH-TEMPERATURE

Since the ezariy 1950s, the Air Force has sup-
ported the development of semiconductor com-
ponents capetle of functioning in amplifiers at
clevated temperatures. Results have included silicon
transistors which operate at tempesatures up 1o
200°C, galtiur-arsenide transistors, and elec trome
components Siade of silicon carbide.

Awsre of the continuing need tor solid-state
electromic Jdevices which can operate at higher tem-
peratures, AFOSR is sponsoring the basic research of
Profassor ROH. Rediker at MULT. on the conduction
mechanisms of unglecryvstal tn oxide, $80;. Since
un oxide 15 physicaily and chemucally <table at
elevated temperatures and 15 3 wi -bandgap semu-
conductor (handgap of 3.7 electron vaits), 1t s a
strong  csndidate  far semiconductor  compotents
which could operate at temperatures up to 3007C. in
this research 3 new technigue has heen developed to
grow single crystals of tin oxide. The crvstals are
grown Lom the vapor at 1250°C and at reduced
pressare using the reaction

and, independently, the level structure of Mn®?
relative to the Mna?* ground state (Tigure la) are
determined. But because ‘"¢ region of charge transfer
is not optically accessicic, one can noi determine
experimentally the location of the ground state of Mi.
reiative to the top of the valence band of ZnS.
Theoretical estimates have put the ground state of Mn
as far as six eV below the t~p of the valence band.

Recently, Dr. D. W. Larger of the Solid State
Physics Research Laboratery at ARL decided to
attack this problem with the newly established
technique of Induced Electron Emission Spectro-
scopy. Measurements on an instrument of Varian
Associates resulted in a determination of the energy
difference of the Mr?¥ sround itate and the top of
the ZnS valence band, A E, whizh turned out to be
four eV (Figure 1b).

These experiments demonstrated for the first
time that ¢nv 7y levels of deep impurities and of host
crystals ¢.n be determined on the same scale even
when charge transfer is not observable. Many more
systemo, should be investigated similarly, with the
ultimzte aim of finding the system outlined in Figure
lc, where injection-excited luminescence may be
expected.

general physics
SEMICONDUCTOR

SnCly + 2H; + 0y = Sn0; + 4H(!

The stznnic chlonde (Sn" s obtained from the
reaction of tin and cluorine gas at 100°C and reduced
pressure

Sn+ 2ty » SnCly

The resstivity of the tin-oxide semconductor s
controlled by adding selected unpurities. such as
antumony, to the metailic tin.

The crystaigrowing apparatus is shown i Fig
ure 1. Note that, by adjusting the reiative amount of
chlonne flow through the “pure” reacior, which
contains ouly tin, and thiough the dur ng reactor, the
resistivity of the tin oxide grown van he predeter-
wuned . and by varying this relative amount durning 2
rur, a desired resistivity profile can be ohtainad. in
the tin oxide that has heen made ihus far, the
cunduction hat heen by electrons - o has been ni-type

A photograph of two typwal grown vnstals 18
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Figure 1. Tin-oxics {Sn0,) crystai-growing system. The drawing is not to scale; the actual mullite tube is 90 cm fong, with 5-em
imside diameger.
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Figure 2. Photograph of 2 typicsl tin-oxidc crystals grown in 40 hours at 1250°C and reduced pressure,

using the reaction, SnCly+2H,+0,% SnO,+4HCL
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Figure 3. The Halt mohility, resistivity, and conduction siectron concentration of an antimony-doped tin-oxide sample messurad

for tamperatures hatween 77°K and 300°K.

shown in Figure 2. Spectrochemical analyses of such
crystals indicate that they are purer than any previ-
ously reported. Electrical measurements have vielded
a value for the Hall mobility at liquid-nitrogen
temperature (77°K) of 1200 cm?/volt sec which is
higher than any previously reported, and is consistent
with the higher purity. The electrical properties of a
crystal doped with antimony to a resistivity of 0.1
ohm-cm are shown as a function of temperature in
Figure 3. Plotted are the Hall mobility u, the
resistivity o, and the conduction electron concentra-
tion n derermined from the equation, n = 1feup,
where ¢ is the electronic charge.

The electrical characteristics in Figure 3 inuicate
that single<crystal tin-oxide crystals should be usable
in scimiconducior components which operate at tem-
peratures of $500°C. Although much more basic

research on the conduction mechanism is required
befere practical tin-oxide high-temperature com-
ponents can be produced, results thus far suggest a
realization of a semiconductor that can operate at
red-hot temperatures.
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general physics

SPIN-LATTICE RELAXATION USING TONE-BURST MODULATIGN

Muci: information is available about Iattice
dynsmics through a temperature and frequency-
dependence study of spinlattice relaxation times
(T} of either native ruclear species, or of unpaired
electrons belonging to impurities. (T, is the charac-
teristic time asscciated with the build-up of para-
magnetic fnagnetization, once it has been depleted,
usually by a temporary magnetic resonance.)
Measurements by Lt David C. Look (formerly of
ARL} on Cd!'® nuclei in CdS were being made by a
divect-recovery technique which is good for only T,
greater than a few seconds. However, in order to
measute T; for CdO, or for electrons in solids, either

Ho

>3T,

pulsed radio-frequency or microwave techniques
{which were not available at ARL) w2r2 then con-
sidered able to do the job. At this point Lt Look
(new Dr. Look with the University of Da, ton) and
Mr. Donald R. Locker of ARL considered ihe
possibility that a properly constructed modulation
scheme for the magnetic field, together with crdinary
cw spectroscopy, could produce the same informa-
tion. Such a scheme is shown in Figure !, The field is
made to stay less than that of resonance fo' a ilme
greater than 3 T;’s. It is then Lm,l’f‘“""
periodicaily s¢ that L.e res ;

fied at equal iniervals b -

and devregged
a0iS satise
T.. Ths

Figure 1. Tims-dependance of magnetic field during tone-burst operation.

Figure 2. Rasponss of Cd113 in CdO to tons-burst fieid modulstion at 14.4 Hz and 14 geuss P-P, Dats aro teken st 4 MHz ri and

at room temporature in 1500 sequences of hursts.
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Figure 3. Response of Mg0:Cr®* resonence &r £.27K snd 0.6 GHz to tone-burst modulation, 7 = 0.5 sec {F=20 Hz). Second trace

is fres-run response.

signal one gets is proportional to the instantaneous
magnetization just before a crossing. At the first
crossing, the magnetization is at its equilibrium value
M,, but an amount xM, gets used up in crossing
resonance. Before the next crossing, the magnetiza-
tion builds up exponentially, but to a value less than
M. This magnetization reduction continues until an
equilibrium is reached between recovery and
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resonance depletion. The mathematical description
for this situation has been worked out for the general
case and enables one to calculate T, from the
sequence of peaks. The technique and :zssembled
low-cost equipment have been very successful for
both NMR (Figure 2) and EPR (Figure 3). The
~uipment is shown in Figure 4.

Figure 4. The haart ~f the apparatus is made up
of low-cost commercially available components.
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general physic.

SUPERELASTIC ELECTRON COLLISIONS

Recent instrumentation improvement has per-
mitted research that has both detected and applied an
elusive phenomenon, superelastic electron impact.
Such an impact is one where an electron gains energy,
hence velocity, from a collision with an excited atom
of ion in contrast to losing energy, as is the usual
case. An experiment in this area was conducted ¢
Yale University under AFOSR contract
F44620-69-C-0018 and is reported in the Bibliog-
raphy (under the same title as above).

Figure 1 is a schematic of the instrument which
is cylindrical in form around an axis leading through
the clear channe! from the filament to the electron
cotlector, EC. Not shown in the schematic are three
iwms: a quartz-giass vacuum envelope, an a:zay of
rubidium arc lamps that iluminate the collision
chamber, and a solenoid coil that produces a
180-gauss, axial magnetic field which confines the
electrons to paths near the axis.
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Figure 1. Schematic diagram of the siectron gun.

In operation, ¢lectrons from the filament and
grids 5, to Ss emerge in alternate bunches at two
similar but slightly different energies. This ariay is
called a retarding potential difierence or RPD gun.
The collector and electrometer subtract the 2nergy of
two bunches, thus giving an equivalent 0.2 electron
volt {¢V) energy resolution to the detected electron
beam. In the collision chamber, rubidium vapor is
excited by the arc lamps and transfers part of the
energy of the resulting excited state to nitrogen
molecules, N;. These in turn are traversed by the
clectron beam. The grids S¢ to Sy suppress the
electrons which have lost energy or stayed constant in
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Figure 2. Suparsiastic current from N, plus Rb, solid surve,
and from Rb aicne, dsshed curve.

energy, thus allowing only those which have gained
energy, i.e., suffered a superelastic collision, to reach
the electron collector. An additional feature of this
set of grids is that the potentials can be varied further
ta determine the number of superelastic electrons in
smali energy stcps. The results are shown in Figure 2.
Also included is the = -aller and broader curve for
superelastic electrons ansing from the rubidium ions.
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The latter curve is obtained, obviovsly, by omitting
the nitrogen from the collision chamber. The dif-
ference curve showing the energy dependence of the
superelastic cross section for nitrogen in the transi-
tion from the fifth vibrational state to the ground or
zero vibrational state 15 given in Figure 3. The
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principal merit of this experiment is the high resoiu-
tion over the one-half to two eV range of energies.

Calling this experiment an ‘“application” of
superelastic electron scattering arises as follows. The
arc lamp excites the Rb atoms into a pair of
longlived energy states at 1.57 to 1.59 eV. The
process of trensferring this energy to 2 second species,
nitrogen in this case, is called quenching as it returns
the metallic atom to the ground state. This is
important in many electronic, plasma, and gas-laser

systems. The new knowledge here is experimental
proof that nitrogen quenching is about 10 times as
efficient for alkali metals including rubidiumn as for
other combinations found to date. A further finding
is that vibrational levels of the quenching gas (v=15)
can bc more than 80% of the energy of the Rb
metasiable state and thus are very efficient in
de-envrgizing unwanted metastable states. Data of
this type also contribute to an understanding of
energy conversion in upper-atmospheiic and solar
cOTona processes.

general physics

ARGON PLASMA SPECTROSCOPY

Optical studies of high-temperature argon in
electrical-arc discharges have been conducted by Dr.
Wclfgang G. Braur. and his associates in the Plasma
Physics Rescarch Laboratory, ARL, to gain a better
understanding of basic atomic emission and absorp-
tion processes. Radiative emission and absorption are
fundamental to high-temperature heat transfer, high-
intensity light sources, and the inierpretation of
astrophysical observations.

The value of spectroscopic methods for plasma
diagnostics has been poinied out by manv authors,
but the correct and accurate interpretation of the
measurements depends on the establishment of a
reliable system of atomic parameters. Measurements,
with radiation sources operated under conditions
whick permit the application of certain theoretical
relations, provide atomic constants such as energy
levels, transition probabilities, and line-broadening
parameters. In very few spectruscopic sources do
conditions prevaii which allow conclusions based on
the validity of the Boltzmann distribution formula or
Kirchhoff's law. The ideal source for quanutative
spectroscopic investigations would be a plasma in
local themodynaaic equilibrium (LTE) but, with
laboratory-produced plasmas, deviations from LTE
must be tolerated, assessed, and allowed for in the
evaluation of the data, if possible.

Atomic parameters of argon have been cbtained
from measuic.ents with elecirical-arc  discharges
which have been evaluated with the assuniption of
LTE. Olsen (see Reference 1 in Bibliography) used a
free-burning arc betweesn a pomted tungsten cauinde

and a flat copper anode and, in a detailed study,
found incompatibilities in the results which he traced
to deviations from LTE in his arc. Braun and his
co-workers undertook the study of this cc.nplex,
intriguing problem to determine if a quantitative
assessment of deviations from LTE could be made. A
vortex-stabilized arc and a free-burning arc were
probed spectroscopically in emission and absorptivi
by the tracking mirror method (Reference 2).

The result of an experiment in the vicinity of the
argon I line at 7637 A is presented ir. Figure 1. The
height of the surface, drawn by a computer program,
represents the absorption coefficient as a function of
wavelergth and *he distance from the center of the
arc. True values of the absorption coefficient cannot
be expected in those zones of the profile where the
spectral resolution of the monochromator used
approaches the width of the absorption line, nor in
those wavelength regions where the transmission
factor approaches unity, i.e., where the arc plasina is
optically thin. Aside from the variations in width and
the shift of the absorption line in the core of the arc,
the surface discloses a narrow absorption ring at a
radius of about 5.5mim. Simultaneously obtained
profiles of the cmission coefficient vanish for radii
greater than 3.5mm whick indicates an overpopula-
tion of atoms in the lower, metastable state of the
observed transition in the ring. Similar rings were
obtai;ed at the wavelengths of cther tramsitions to
the same level, pointing to a sheath of metastable
atoms around the arc. Thus reveals a deviation from
LTE; the distance a particle or photon travels between
equilibrating collisions spans too large a change in




resonance radiation emitted by the core of the arc has
been detected also. This again is evidence that the
of the arc; but, in principle, this is compatible with

me:n free path of the photons is larger than the core
the concept of LTE.

Figure 1. Absorption cosfficient a{A r} in the cross saction of an argon arc at 76378 snd st a pressure of 2 atmospheres.
44

ing shesth which is caused by the ultraviolet

intensity profiles restores the validity of the transi-
tion probebilities obtairied with this arc. An absorb-

electron density and temperature, despite the high
pressure in the discharse. But allowance for the
measured self-absorption in the evaluation of the
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general physics

HIGH-GRADIENT, HIGH INTENSITY FIELDS
FOR ORE SEPARATION

The force which can be exerted magneticaily on
a magne:ic particle is proportional to three quanti-
ties: th gradient of the applied magnetic field, the
size o! the particle, and the magnetizatic: of the
particle (whether permanent or induced by the
applied field). In cases involving relatively large
particles which are highly ferromagnetic, a force
adejuate for separation can be achieved by simple
means. Magnetic separators are commonly used to
remove such particles from a nonmagnetic medium .2
the forr of a wet slurry or suspension, a fluidized
(gas-supported) bed, or a simple dry aggregate.
However, there are many cases of considerable
interest in which magnetic separation has never been
possible on an industria! scale, due primarily to the
very rudimentary state-of-the-art. Such cases involve
partic s which are either too small in relation to
commonly achievable gradients, or too difficult to
magnetize in relation to commonly achievable field
intensities. There may also be more subtle difficulties.

“he Francis Bitter National Magnet Laboratory
has responded to several requests for assistance in
.olving magnetic separation problems. Even this
casual and purely informal contact with the industry
has led to at least one new industrial process. There is
no question but that a yreat deal of economic an/’
even strategic value can be achieved by applying more
sophisticated methods of magnet design to magp:tic
separation. Ironic though it may seem, it is likely that
supercondv ting magnets, in their prescnt state of
development, are ready to make a substantial contri-
bution in the one area which has never been
mentioned in any of the numerous speculations
concerning superconducting applications: cre separa-
tion.

The most successful innc.ution in magnetic
separation has been in the purification of kaolin for
use in paper coating. This involves the removal of
particles which are very small (colloidal and subcol-
loidal), very weakly magnetic {(they only contain
trace amounts of iron in the form of stain), and
which must be removed to a very complete degree for
the process to he of anyv value. Fortunately, these
difficulties are offset b a very substantial advantage:

45

the cost of the separation need not be bomne by the
very small fraction of magnetic material which is
removed, but may be allocated to the bulk of the
feed which is thereby purified. Thus, a cost figure
which is prohibitive in dollars per gram removed
becomes very attractive in dollars per ton purified.
Dr. Henry Kolm of MIT succe~ded in developing a
magnetic separator capable ~* outperforming the
chemical separation process used previously, and even
utilizing grades of kaolin not previously amenahie to
economic purification. The dev’  m=kes use of
magnetized stainless steel wool . we ' oqe
volume of high field gradient,and am. etizing. ..d
somewhat higher than can be achieved in commonly
used in Justrial separators. The first production capa-
city separator has been ..stalled in a Georgia clay
mine.

A seco ' application being pursued informally
for some time involves the removal of nonsulfide
molyhdenum and tungsten from what is now the
tailing flow from the Climax Molybdenum Com.
pany’s operation. Only molybdenum sulfide can be
recovered economically by present means. The loss of
nonsulfide molybdenum represents an estimated
$20,000 per day.

Tests so far have indicated that the method
applied to kaolin will work in principle, but fails to
achieve practical through-put rates. It also requires
tie prior removal of coarse components. Results
obtained so tar suggest another promising approach: a
continuous flow process using a quadrupole gradient.

Another application u.der study at present
invclves pollution control in the steel industry. The
prcoler involves the removal of small amouats of
tnely divided stecl from large volumes of process
water to permit its re-use in rolling mills, thus
preciading its discharge into rivers and lakes. A
similar problem is the removal of slag particles from
the flue gase< of blast furnaces. Although scrubbers
are capab's of accomplishing the recuired cleanup,
the same pollution then appears in the discharge
water from the scrubbers. Preliminary tests indicate
that magnetic separation is likely to solve both
problems.
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nuclear physics

HARD X-RAY PULSAR

Since the discovery of the first pulsar was
reported, in February 1968, (see Reference 1 in
Bibliography) more than 35 of these rapidly pulsating
radio sources in space have been revealed. The goal of
this flurry of experimental activity has been to
discover the nature of the sour. 2s and the mechanism
of prodguction underlying wie puised radiation.
Preseni theories hold that puisars are associated with
rotatir ; neutron stars, stars “hat have exploded their
gaseous outer shells into ace and now remain as
gravitationally collapsed  concentrated cores of
nuclear matter navi~z ¢ lensity of about a biilion
tons per cubic inct Th' ¢ sta:s are assumed tc have
attached to them xt ely strong magnetic fields
whose drag shoui? gi. u:all tend to slow dovm the
rate of rotation.

One of the most interc ting known pulsars is one
associated with the Crab Nebula, the optical remnant
of a known superncva explosior which was observed
by the Chinese on July 4, 1054. This pulsar, desig-
nated NP 0532, was discovered in late 1968 (2)
and pulsates the most rapidly, doing so at the rate of
30 times per second. {3) Since its discovery, pulsating

optical (4) a.d soft -ray (3, 1) signais, havin, the
sarle mac/Hscopic stiacture, wave boen associat. !
with it.

Receni’ , still another fear . ~f NP 0522 has
been revez'ed by a det  ~d compuier analysis of dav:
recorded reariy two < -0 Li a balloon-borne
experimeni t~ © 2stigt ihe har! Xers emissions
from the Crai Nebula. 1,. work was done 3y Dr. R.
C. Haymes at Ric. Unive ‘ty, u.der ar AFOS™
contraci. His .nalyse. {7)ha reve: »d tha. P 053.
emits pses in yet «- ‘he. :gion of the electro-
magnetic spectrum, the ‘ard X ra  These signals
also retain the s; ‘e doubie-nulse structural features
of the radio nulse The rate ¢ change of tl. riod
between culse: Ste 1ed fro he Rice data, 56.51 £
0.02 ns day™, co. e 'es ith the ratio and opticnl
data, and is consisi™ C owi U@ neutro -Star SOurc
whose rotation rate is decreasing.

the identitication « 4 investi, ation of neu.ron
stars throug™ the observa on of pulsars ¢ huld opc,
up a whole 1ew realm concerned with tie astro
physi~al expicration »f extremely dense matter as
we't a5 of very-high ma_netic and gravitational fields.

nuclear physics

THE SHELL MODEL IN MEDIUM MASS NUCLEI

Theoretical models are constructed for the pur-
pose of representing a huge mass of experimentally
observed phenomena with a single compact for-
inalism. In recent vears much new experimental data
has been amassed concerning the structural properties
of atomic nuclei. These data come from laboratories
with reactors or accelerator facilities <uch as the
ICT-tandem and Van de Graaff accelerators - ARI's
General Physics Research Laboratory. The new data
prov.de more guidance, more tests, and more incen-
tive for theoretical mod=>!s of the nucleus.

One project in this Laboratory concerns the
properties of nuclei in the mass range from atomuc
mass 28 to 40 or 50, and the application of the
nuclear shell models to these nuclei. This mass range
will serv s a boundary {or the following discussion.

In tunking about a model of th nucleus, one
may use pictures .uch as that of a tiny _olar system.
But the nucleus is on the order of 10%* tinos smatier
than a solar system; nuclear particles trave! across the
~ucieus 10?7 times faster than the pianets across a
solar system, and are bond by a force 10°* times

o ERER e § AL A N

stronger. The vast differences in size, time, and force
el why v~ are not surprised that the faws which
goern @ solar systey and other macrosconic Hodicr
do not work for 4 nuceus. The aucleus is toc small to
interact with visivic light and, because  f wiwi we
shall never see a direct »isual representatios ot hat it
“looks like.” The strongth of the nudicar force
enables thie nucleus to sto-~ the incredible quan. ties
of energy which are ieleased from the stars ana 1 m
nuclear reactions ai.J explosione. But the prec e
nature of that (orce is not vet known.

The succe., of all of today’s nuclear models rest
largely on the success of the nuclear shell model In
turn, the success of the nuclear shell model rests
largely on the validity of our assuming that the
nucleus can be de.cribed as a few nucleons travehng
in an average potential produced by an inert core
consisting of the emaining nucleons. Since the
nucleus is a many-hody systen., the shuil model begins
with a set of exact solutior< for noninicracting
nuclevis. One then introduces a residual nucleon
interaction as a perturbat'on to ottain a corrected set
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of wave functions. The form for the residual inter-
action is, therefore, of central importance.

Three methods have been used with great success
to arrive at a correct residual interaction: (1) one
method parameterizes the residual interaction by a
fimte set of matrix elements which are determined by
a numerical fit to experimental data; (2) a theoretical
treatment of the two-nucleon interaction can be used
to obtain a theoretical form for the residual inter-
action; (3)a modified surface delta function with
empirically determined strength is now being widely
used. Tnis last form of residual interaction is highly
useful because of its computational simplicity and, at
the same time, it provides a good approximation to
the residual interaction, as it is currently understood.
Specifically, we now know that this interaction
occurs mainly on the nuclear surface, and is short-
range, and saturated; this gives rise to nucleon pairing.

One resuli of this work is that the nuclear
properties are not very sensitive to the precise details
of the residual two-nucleon interaction. Current
methods for treating the interactions produce good
results. A second problem now appears to be domi-
nant in limiting the accuracy of the model. This
problemt arises because the actual solutions are linear
combinations of the functions of a Hilbert space of
infinite dimensions defined by the unperturbed wave
functions. In principle, the mode! would require the
diagonalization of infinitely large matrices. For prac-
tical reasons, this cannot be done, so one is always
forced to use a finite basis, the size of which is
iimited by one's capacity for numerical computa-
tions. In practice, the addition of just a few more
basis-states van blow the probiem up from a half-hour
hand calculation to a computation outside the capa-
bility of even the largest existing electronic computer.
1t pow appears that some nuclear states and some
nuclear propertics may be quite dependent on the

e and number of basis wave functions. An
e cstigation of this question can be conducted only
siter the development of solutions using very exten-

DUALITY

Since a corceptual breakthrough necessarily pre-
cedes a sigmficant technological breakthrough, it 1s of
obvious interest to the Awr Force o foster some
research aimed at providing insigh. wmto the funda
mental nature of matter and e ergy. One of the
mmportant  concepts  describing. the  interactions
between particles is the conce ( of exchange. In s
two-body reaction, something 1s alwavs transferred
from one particle to another. ft may be only
momentum, as wm an elastic reaction, or 1 may be any

sive bases, Computer codes for this have come into
existence during the last year and should soon furnish
much information about this problem.

One of the major projects in this Laboratory
recently has been the search and discovery of a
number of nuclear excited states in several medium-
mass nuclei which have properties characteristic of
simple one-, two-, or three-nucleon configurations.
(see References 1 and 2 in Bibliography) Research in
this area has been led by Drs. G. 1. Harris, J. C.
Manthuruthil, C. P. Poirier and D. D. Watson, with
much active and helpful participation from all of the
Laboratory staff. These excited states can be
explained by tractable forms of the nuclear shell
model. A knowledge of the properties of these
excited states plays a guiding role in the devel-
opment of the theory. Furth.rmoie, the under-
standing ot the few outermost nucleons of a nucleus
largely determines how the nucleus will behave
in any nuclear reaction, much as the valence
electrons of an atom determine its chemical
properties and behaviour. Thus, we feel there is
much to be learned about nuclear behaviour by
understanding the behavior of a nucleus’ outer-
most nucleons. For this the shell mode! holds some
rea] promise. {Reference 3 in Bibliography) A pro-
gram to perform such calculations and 2 comparison
with experiment has just been undertaken in this
Laboratory by Drs. D. D. Watson and G. 1. Harris,

In principle, the shell model could be extended
to calculate all nuclear properties in complete detad if
one just had a big-enough computer. It could well
turn out, however, that this would lead to the
description of a relatively compact set of expern-
mentally observed phenomena with a huge mass of
theoretical formalism. This s exactly contrary to the
cnitenton for a good theory presented at the beginning
of this article. Thus, new thinking and additional
breakthroughs ase still required before a completely
satisfactory theory of the detalled nuclear motions is
available.

ituclear physics

DIAGRAMS
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intrinsic quantum number. We generally think of this
transfer as being accomplished by the exchange o1 1
suitable particle between the two partners in the
reaction. The exchanged particle or paiticles, carry
uver the transferred quantities. The coulomb inter-
action is. for wstance, described by the exchange of
photons or light quanta.

In particle physics the siivation at low energes,
where we find well-defined resonances in the inter-
action cross sections, 1s somewhat similar to that
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found in nuclear physics. The resonances are inter-
preted to mean thar the incoming particles in the
reaction combine to form a well-defined but shnrt-
lived intermediate particle which decays into the
outgoing particles. At high energies, however, when
strongly interacting particles meet, they may ex-
change a vast number of particles or even families of
particles. The Regge-pole model, which was devel-
oped from analogy with potential scattering, remains
the most successful attempt to understand the behav-
ior of cross sections and the exchange of quantum
numbers at high energies. The scattering of particles is
descrided by means of a scattering amplitude A(s,t)
which is a function of the energy (s) and the
momentum transfer {t) occurring in the reaction. The
Regge model connects the s-channel asymptotic
behavior (i.e., the scattering at high encrgies) with the
t - channel resonances (i.e., the exchange of well-
defined particier such as those seen in low-energy
resonances).

One o’ the most significant recent develop-
ments has been the recognition of duality between
the resonance product:on picture and the Regge
pole picture. Previously theorists were in the
aesthetically displeasirg position of having an inter-
pretation which was good at high energies but bad at
low energies, and another interpretation which was
bad at hig. energies but good at low energies. During

the past year it has become obvious that each picture
contains the other. This duality has been extensively
used to determine Regge parameters from low- and
intermediate-energy reactions and to us. Regge
behavior to determine the app oximate as well as the
average loca* i of resonances.

Earlic: this year Dr. Haim Harari (Reference ! in
Bibliography) of the Weizmann Institute of Science
and Dr. Jonathan Rosner (2) of Tel Aviv University
independently proposed a -iunple type of diagram
which exhibits the duality principle in a striking way.
Drs. Harari and Rosner are both supported by
AFOSR. The diagrams avoided the underlying
redundancy in the usual Regge descriptions, and
enabled them to readily reproduce a large number of
known predictions of the duality picture, to under-
stana the reason for its apparent failure in
baryon-antibaryon scattering, and to derive a large
number of new predictions.

In conclusion, to quote Prof:ssor Sergio Fubini
(3) of the University of Torino, also an AFOSR
grantee, .. strong-interaction nhysics has greatly
improved from the naive Reggeology of tle early
sixties. The possibility is indeed open “»at the new
and exciting ideas proposed in the last few years
could open the way to a real understanding of many
of the problems of elementary-particle physics.”

chemistry

THE CHEMICAL LASER—PROGRESS AND PURPOSE

Both the science and technology of lasers have
made cnonnous advane  in recent vears, The para-
graphs to follow will trace the recent progress of the
chemical laser, a speaial type which was fust dis-
covered in the laborat 1y of Professor George C.
Pumentel, Umiversity of California, under sponsorship
by the Durectorate of Chemical Sciences, Au Foree
Office of Scientific Research.

Whether soiid, hquid, o gas, the laser enuts
monochromatic, directional coherent, and intense
radiation following an inversicn in the nommal popula-
tion of energy states. This mversion, i.e., occupation
of higherenergy states than the most siable, requures
an input of energy (or “pumping”). This situation s
pven schematicaily below:

Light photons of appropnate energy (egqual to
tne difference between the levels) can stimulate
relaxation to the lower-energy state, again with the
additional emission of photons of the very same
energy (wavelength). This is the basis of laser action
and the origin of the word (the acronym from hght
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amphfication by stimulated emission of radiaton),
Tarong advantage of vibrational totational enery
states, a chemical reaction can fead o products of
higher energy than those most stable. This sort of
energy nversion can lead to laser emussion in the
infrared. Thus, “chemical activation™ 1s the basis of
the chemucal {aser.

The first “chemwal™ laser, actually s photo
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dissociativn laser, was reported by Professor Pimente]
in 1964, based on research by his student, Jerome V.
V. Kasper. Laser artion was based on the photolysis
of methyl iodide. Xasper also discovered the first true
chemical laser {without the quotation marks). This
was an  explosion laser” based on the reaction of
hydrogen and chlorine. Two other true chemical
iasers that have been reported by Pimentel 2re the
abstraction (1967) and the elimination (1968) lasers.
Examples of all of these are given in the following
table.

TABLE

Photodissociation and Chemical Lasers
(discovered by G. C. Pimentel and co-work:rs)

Photedissociation (emitter is 1%)

CH_;I + hy ~ CHJ +1*

Explosion {zmitter is HCI)

H €l - HCl® + C

Abstraction (emutiss s HF)
UFe + hy =+ UF: 4 F
F+H, - HF" + H

Llimingtion (emitter is HF)

(T'; + CHg *CF;CH; "’CF;CH; + HF’
In the analysis of the lasei emission, the precise
changes in vibraticnal/rotational levels responsible for
emission can be identified. It is possible aiso t¢ gain
in/ormation about the populat.an density of various
excited states produced by the basic reaction (from
observed gains in corresponding signal emissions). The
chemical laser. then. is an important too! for reaction
kinetics. According t¢ Prof. Pimentel, “a chemical
laser under control is a poor man's molecular beam.”

The future is ¢..pected to provide more detailed
information concerning basic chsmical events which
are the key to the laser operation. The ultimate result
will be advances in the fundamental understanding of
the kinetics of chemical processes.

chemislry

DEVELOPMENT OF A HIGH-EFFICIENCY NEGATIVE iON SO!!RCE

FOR MASS SPECTROMETERS

lonie react ns represent a sigmticant mechanism
for chemical conversion in many hugh-energy environ-
ments, wwluding high-temperature flames, plasmas,
discharges. and .ystermns exposed to the flux of
nuclear radiation ot short-wavelength hight. These
reactions arc therefore an important aspect of the
space environment and of atmospheric phenomena.
The direct study of these reactions m such hagh
energy envirenments, however, 1s usually not pussible
at present. Therefore, the most convement method
for detatled investigation of such fonic provesses is by
laberatony  experynents  using  massspectrometry
technigues. Most work in this field has been conlined
to the chemustey of posttive ons. cenpventnonal
meesspectrographic on sourcer Ju not produce
negative 1ons n sufiicient apundance o
defimitse expenmeniation,

Recenthy, De. T C. Trernar of ARUs Chemustry
Research Laboratory snverted a new won source and
operational made which vieid relatively  intense
beams of negative tons (Figure ) Uinder optimum
operating conditions, negrtive wn currents of the
order of mucroamps can be ot wrnied from thus source

permit

9"

Thus, ur’ zation of this source permins the mass-
spectrometne nveshigation  of @ wide vanety of
negative 1on reactions. many of these processes conld
not be examined previously owing fu the extremeh
low intensities of the negative reactants and product
wns obtained with more conventional seurces

1t g well known that the most efficient provess
for producing negaave 1ons By electron mpact on
neutral species s resonance clectron capture, 2
provess whech s frequently dissociatve As the name
imphies, ths provess s extremely sensitive to the
energy of the impaching electrons, and the caprure
cross sec on wsually oexhubits 2 maximum o the
region from 4.1 ¢V to about 10 eV, depending on the
molecule which s onred. Unfortonately | a conven:
tnonally operated 1on scujee, Jesipned to vreld im-
pacting electrons with energy at 180 eV or lower,
vields very low intensities of megative 1ons This i< due
in part to the {act that difficult o proddy s
wellwathmated eiectron bewus with these low ener-
gies. Moreaver, 'O eV ekctrons can be stopped
almost completely in a relatvely short ditance by
many gases at piossures of a fow mucrons o the jon
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source. Thus, at such elactron energies, many of the
negative fons will be formed in the source in a region
unfavorable for efficient extraction.

Recent experiments in our Laboratory have
revealed a quite different mode of source operation
which yields large negative-ion intensities—in many
cases currents of microamp magnitude. Briefly, the
operating parameters are: (1) a rather-high impacting
clectron energy of 100-200 eV; (2) the electron trap
or anode closely accessible to the icnization region;
(3) high anode currents; and (4) the anode operated
at source potential.

Solid state data on the energy distribution of
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secondary electrons from metal wrfacés have shown
that, under the indicated conditions, large intensities

‘ of secondaries would be emitted from the anode with

energies in precisely the region appropriate for
electron capture to occur. The specified mode of
operation resulted in upproximately a thousandfold
increase in negative-ion production over that obtain-
able from more conventional ion sources. This signifi-
cant development has already resulted in the capa-
bility to examine a wide variety of negative-ion
reactions which could not previously be adequately
studied. The new ion-source design is described fully
in a forthcoming pnblication in the Review of
Scientific Instruments.
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There has long been a need to determine the
presence and amounts of trace impurities on surfaces
in order 1o assess their role in the many processes of
importance in Air Force technology. It is known that
small amounts of impurities can greatly influence
both the crystallinity and electrical properties of thin
films, Thin-film microelectronic devices are widely
used in modern Air Force instrumentation, and gains
in reliability and performance can be very important.
Other areas of technology are also involved, for
example, corrosion, lubrication, wear, and catalysis.

Dr. T. W. Haas and his co-workers at the
Acrospace Reseazch Laboratories have recently devel-
oped a technique for in situ detection of surface
contaminants. The unique feature of this method is

chemistry

ELECTRON-BEAM INTERACTIONS ON SURFACES

that it utilizes the same electron optics alrcady used
for structure! studies by means « I low-energy electron
diffraction (LEED). Hence, the experimenter can gain
both structural and chemical information on the same
sample simply by switching the cxternal electronics.

An electron interacting with a solid surface may
undergo several ' .nds of inelastic collisions. included
among the varicus processes is the Auger transition, a
phenomenon which involves the excitation of core
electrons to higher-energy levels. When these excited
electrons fall back to their ground state, this energy is
given off to another electron which is ejected from
the solid with a definite energy. Since the various
energy levels for a given kind of atom are fairly well
known, a qualitative analysis of trace impurities on a

700 200

T
300

200 —3500

E(vOoLTS) ——

Figure 1. Derivative of the energy distribution of the inelastically scattered electron current vs. energy, E, from a contaminasted

rhenium foil sample. Principel contaminants sre sutfisr snd cerbon.
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surface is possible. Heretofore, the principal problem
in utilizing this effect for this purpose has been
instrumental. Instrumentation for this purpose has
row been designed, built, and operated in ARL’s
Chemistry Research Laboratory. The measurement is
accomplished by using the fluorescent screen of the
LEED optics to collect the inelastic electron current
from the sample. The derivative of this current with
respact 10 the voltage on the suppressor grid is
measired electronically as the suppressor voltage is

scanned over the region of interest. Peaks in this
curve correspond to the various Auger transitions, the
size of the peaks being roughly proportional to the
amount of material present for trace contaminants.
An example of such a curve is shown in Figure 1
which gives the spectrum from a rhenium foil sample
contamingted with sulfur and carbon, At present, it is
capable of detecting impurities in quantities of about
0.1 monolayer; but lower levels, as well as quantita-
tive analysis, are future goals.

chemistry

A PHOTOPOLYMERIZATION SYSTEM

At the Hughes Research Laboratories in Malibu,
Californis, Dr. David Margerum and his associates,
under an AFOSR contract, have been investigating
the inhibition, initiation, and propagation of dye-
sensitized polymerization reactions. These particular
reactions are of much interest to novel photographic
processing. Concurrently with this fundamental re-
search being performed by Dr. Margerum, the re-
search laboratory has been in the process of develop-
ing a photopoiymerization system for photographic
imaging which could be utilized in large screen
information displays. A system was required which
was as close as possible to a “real-time” display, with
the time between recording and display as short as
possible. Satisfactory progress was made on the
mechanical aspects of the system; however, the
photopolymerization process was not completely
developed. The laboratory researchers could accom-
plish the initiation of the photopolymerization events
which produced the image, but they lacked the means
for stopping the process at the proper time. It was at
this point that the basic-research resuits of Dr.
Margerum’s work became useful. This work involved
the discove:y that the ultraviolet photochemical
formation of aci-anions in the monomer-dye-catalyst
solutions could be used to decolorize the dyes and
inhibit the photopolymerization. This was the inhibi-
tor that the laboratory people needed to stop the
processing in their photopolymerization system.
Figure 1 demonstrates diagrammatically how the

raises the dye molecules (photo-oxidant) to an
excited state, thereby producing a stronger oxidizing
agent than in the ground state. This species oxidizes
the catalyst to the free radical that initiates the
polymerization of barium acrylate. The newly formed
polymer precipitates as colloidal particles that scatter
light, producing an image. UV light, in the manner
mentioned above, deactivates the unexposed solution
with the help of a second photochemical system,
thereby fixing the image.

Hughes has now developed the foregoing system
to the point where it can take a picture, complete the
photopolymeiization process, and project the image
in less than half a second.

These photopolymer systems have many poten-
tial military applications, such as in tactical display
systems, large screen display systems, synthetic array
radar processing, rapid data storage, and readout
processes. Future applications might also include
their use as intermediate recording media for scanning
continuous beam (cw) lasers in display systems. It
could also be used as a pulsed-laser, holographic
recording medium with an immediate display of
optically fixed holograms.

* The foregoing accomplishments might not have
been achieved but for certain fundamental research
that was “sparked” by AFOSR support over 12 years
ago. This was the work of Technical Operations, Inc.
and of Dr. Oster at Brooklyn Polytechnic Institute
which catalyzed some of the original basic research

system works. on the acrylic monomer and the photosensitive dyes
To start the chain of polymerization events, light that initiate the reaction described above,
INCIDENT OXIDIZES INITIATES
eyl PHOTO-OXIDANT | CATALYST
LIGHT
FIXED IMAGE ULTRAVIOLET POLYMERIZATION
Figure 1
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A NEW TECHNIQUE FOR FREE-RADICAL DETECTION

When a chemical bond is broken, one result of
the fragmentation might be the formation of iree
radicals, i.e., reactive molecules with one or more
unpaired electrons. Tc illustrate, the homolytic cleav-
age of a carbon-hydrogen bond in methane would
yield a methyl radical:

H i H
| ¥ l
H—<C 4+H —— H-C- + *H
| ) |
H! H
methyl
radical

Free radicals may be reactive intermediates in the
synthesis of new materials, or they may be the
bieakdown products in the high-energy radiative
degradation of a structurai material, e.g., polymers.
Usually, free radicals are very shortlived species
(lifetimes of 10 to 107 seconds), and exist at iow
concentrations. Free radicals can be studied by
electron-spin-resonance (esr) spectroscopy to yield
information not only of the presence and number of
unpaired electrons, but also of the distribution of the
electrons in the molecule.

A need has existed for readily detecting and
identifying low concentrations (below the esr thresh-
old of about 10°°M) of free radicals in reacting
systems. With grant support from the AFOSR Direc-
torate of Chemical Sciences, Dr. Edward Janzen of
the University of Georgia has developed a trapping
technique for this purpose. The approach is to have
the free radical, generated at low concentration and

o

formed relatively slowly, react with a compound to
produce a new and more stable radical easily detect-
able by esr. The nature of the resulting esr spectrum
then provides information about the stricture of the
original radical. Dr. Janzen and his research group
have found phenyl t-butyl nitrone (PBN) to be
uniquely suited for the identification of a number of
short-lived free radicals by the formation of stable
nitroxides.

Whereas the original radical (R+) would have been
difficult to detect, the esr spectrum of the resulting
nitroxide radical provides information as to the
structure of the radicals. (Vhe structural information
is obtained from the magnitude of the hyperfine
splitting of the f-hydrogen as observed in the esr
spectrum.) This approach has been used successfully
to define the structure of the trapped phenyl, benzyl,
methyl, tiifluoromethyl, ethyl, n-butyl, acetoxy and
benzoyloxy radicals.

Dr. Janzen’s communications (References 1 and
2), and his prasentations on the subject at the
national meetings of the American Chemical Society
in September 1968 and April 1969, have resulted in
his receiving queries from researchers from various
parts of the world. These pcople are asking whether
Janzen's new freecadical trapping technique can be
useful in determining if there are free-radical inter-
mediates in the rezctions they are studying.

This new method of detecting short-lived free
radicals in low concentrations will be useful to the
Air Force, not only in the synthesis of new materials
through free-radical intermediates, but also as a
sensitive technique for detecting the degradation of
polymeric materials upon exposure to high-energy
radiation of the upper atmosphere, Other general
applications include the detection and characteriza-
tion of free radicals in biochemical systems, polymeri-
2ations, and air-pollution studies.

g - hydroger
 o-
|

' [
R: + (0= CH =N- C- (CH;);—# (0>~ C- N- C-(CH;),
+

53

|
R

nitroxide radical




CARBAMETALLIC BORANES

High-temperature materials such as elastomers,
adhesives, sealants, etc., are in continuing demand for
acrospace applications. Since the carborane cage
(Figure 1) is stable to above 500°C, it has the
potential of providing a new class of high-temperature
materials. Inasmuch as the carbons in the cage
undergo many of the reactions of organic com-
pounds, it appears feasible to incorporate this group
(cage) into polymers for high-temperature applica-
tion,

A new aspect of carborane research is the
replacement of one of the B-H species with a metal
atom to give a carbametallic borane (Figure 2).

As a segment of research on carbametallic
boranes and their potential use as high-temperature
materials, the reactions of four main-group IV metals
(silicon, germanium,_tin, and lead) with the dicar-
bollide ion, ByC,H,] , have been investigated. Capts
R. L. Voorhees and R. W. Rudolph at FIJSRL
anticipated that neutral species could be obtained by
the following reaction:

chemistry

2B,C,H{; + MX4 > (BoC,H;, )2 M
+ 4X" (where M = Si, Ge, Sn)

However, the reaction did not yield the desired
(Bg Cz Hj 1)2 M species.

On the other hand, their subsequent work has
revealed a remarkable new class of carbametallic
boranes having a “bare” metal atom. These species
result from the reaction of BoC,H?; with divalent
group IV metal halides.

:MX; + BgCgHi; - :MBQC2H11

+2X" (M = Ge, Sn,Pb) @

The reaction has yielded species with “bare" Ge,
Sn, and Pb atoms pictured as occupying an apex of
the icosahedron (Figure 2). This formulation is
consistent with the characterization of these carba-
metallic species by infrared, nuclear magnetic

®-

Figurs 2. Carbametalltic boranc.
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resonance ('H and !'B), mass spectroscopy and
elemental analysis.

Thus far attempts to oxidize the :MByC,H,,
species to (BoCaH,; )3 M have been unsuccessful.

As shown by equation (2), the method of
obtaining :MByC,H;; species involves carbenoid
reagents. Captains Voorhees and Rudolph are now
attempting to extend this analogy and prepare a three.

carbon carborane by the reaction of :CX, and
B.CyHY:.

The lone pair of electrons on the metal atom in
the :MB,C;H;, species might be expected to show

some basic character. vhus far, however, no such
evidence hus been found. In fact, attempts to
protonate the lone pair appear to lead to degradation.

(3
SnCl; + ByC,H,,

henzene
->

2HC] + :SnBy,C,H,,

On the other hand, there is evidence of the
formation of Me3N+SiiByC; Hy, when SnByC,H,, is
treated with trimethylamine, demonstrating the
acidity of the metal. Undoubtedly the “bare” metal

site in these species will impart a unique chemical
character to the icosahedral cage.

chemistry

 WHAT'S NEW IN NEUTRON DIFFRACTION?

The increasingly extreme environmentai and
operatiocnal conditions to which Air Force systems
are subjected require that data, both fundamental and
developmental, be obtained under comparable real or
simulated pressures, temperatures, radioactivity and
toxicity.

Dr. J. 8. Kasper of the General Electric Research
and Development Center, Schenectady. New York,
under sponsorship of the Directorate of Chemical
Sciences, AFOSR, is conducting a program to deter-
mine the changes in structure of materials produced by
high pressure, He is using both X-ray and neutron-
diffraction techniques in these studies. One of the
significant accomplishments has been the develop-
ment of a new neutron-diffraction technique using a
pulsed linear accelerator (LINAC).

Neutron diffraction provides the potential of
investigating a greater variety of materials than is
possible with X.ray diffraction. There is an increased
capability to locate hydrogen atoms and other light
elements such s boron, carbon, nitrogen and oxygen
in the presence of heavy elements. Neutron diffrac-
tion can also be used to distinguish between neigh-
boring elements in the periodic table, such as In and
Sb in InSb.

As with X.ray diffraction, the use of neutron
diffraction to study extreme environments, such as
high pressure, is restricted by the large amounts of
shielding or lheavy structural materials surrounding
the specimen. However, Dr. Kasper, in conjunction
with Mr. M. J. Moore of the General Electric
Research and Development Center and Dr. J. H.
Menzel of the Rensselaer Polytechnic Institute, has
developed a new neutron<diffraction method for
polycrystalline specimens that reduces these limita-
tions.

The new method simplifies the construction of

§s

the specimen container by using a fixed detector
instead of a moving detector. This reduces the
heavy-shielding limitations imposed by the extreme
environment requirements; therefore, it has the
potential of being less expensive, faster, and less
complex than other neutron-diffraction techniques.
The equipment includes a pulsed LINAC as a neutron
source and a time-of-flight (TOF) detection system.
This is the first application of a TOF system in
conjunction with a LINAC, and the first reported use
of accelerator neutron sources in neutron-diffraction
studies of polycrystalline specimens.

The pulsing characteristic of the LINAC elimi-
nates the need for an elaborate, expensive ($50,000
to $60,000) chopper which is required when a
steady-state reactor is used as a neutron source. Since,
without the chopper, there is no great loss of neutron
flux, the new method is potentially a faster technique
for obtaining diffraction patterns.

Figure 1 is a block diagram of the LINAC
diffraction system used. The LINAC electron pulse is
impinged on a tantalum target to produce a high flux
of gamma rays. An isotropic distribution of high-
energy neutrons results from the (y,n) reactions in
the target material. A collimated beam of neutrons is
directed to one of three small ports in the B,C-
shielded cylinder, which contains the sample. The
detector counters are placed at the second port, and
at such an angle as to intercept the largest possible arc
of the diffraction cone. The third port is for the
diffracted beam.

Initial experiments on an NiO specimen resulted
in a v ‘isfactory diffraction pattem being obtained in
four hours. The main features of the pattern, which
were discernible in the first two minutes of operation,
indicated that the flux of usable neutrons was
relatively high. The raw data collected during the




four-hour run are shown in Figure 2.
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The measurements of d (interplanar spacings),
which were limited by the accuracy of the flight-path
measurement, were checked for internal consistency,
with the result that an accuracy of 0.3% was
indicated for lattice-parameter determinations.

Dr. Kasper’s previous work in elucidating the
polymorphic forms of boron are of particular signifi-
cance to the Air Force because of current interest in
boron- and graphite-reinforced composite materials.
The development and use of new techniques, such as
the pulsed LINAC neutron-diffraction method, will
greatly enhance the fundamental knowledge of the
structure of compounds containing light elements
such as boron and carbon.

Instrumentation.
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When a molecule enters the ion source of a mass
spectrometer and interacts with the ionizing electrons
in such a manner that a single electron is lost by the
molecule, the ion that is formed is designated the
molecular ion. The fate of this ion depends largely on
the structure of the molecule and, in particular, on
the ability of the ion to accommodste the positive
charge.

At FJSRL, USAF Academy Cadets First Class J.
J. Orgeron and J. J. Tobolski, under the direction of
Major G. D, Brabson, Associate Professor, are investi-

“ gating the influence of molecular structure on the
stability of these molecular ions. Their research is
supported financially oy FJSRL, and reflects
FJSRL's responsibility for stimulating in the Air
Force Academy faculty and cadets an awareness of
the importance of scientific research to the Air Force.

The current work is directed toward an investi
gation of the influence of the substituents in alpha-
substituted acetophenones,

chemistry

STABILITY OF MOLECULAR IONS

9
<& -c-cH, -X,

where X represents a variety of different substituents.
In this particular casc, the only effect that is expected
to be important is the inductive (electron-attracting
or -releasing) effect of the substituent.

At the outset, it was unticipated that the stability
would be a linear function of the electron-donating
capability of the substituent; this expectation was
based on the hypothesis that electron-donating substi-
tuents would stabilize the resonance form which
helps disperse the positive charge on the molecular
ion. Electron-donating substituents would thus make
the molecular ion less subject to fragmentation.

Although experimental results have verified gen-
eral expectations, a simple linear relationship has not
resulted. There appear to be numerous complicating
factors, some of which are now being investigated.

chemistry

DENSITY MEASUREMENTS OF ALUMINUM CHLORIDE

The pure chlorides of aluminum and sodium
exhibit markedly different degrees of expansion upon
fusion; the coefficients of thermal expansion of the
two liquids are also quite different. There is very little
data available on the physical properties of the
molten mixtures of these two chlorides. Conventional

‘apparatus and experimental techniques are often
not suitable.

As part of the research at FISRL concerned with
electrochemistry in molten salts, it was necessary to
know the liquid and vapor densities of molten
aluminum chloride-sodium chloride mixtures, The
composition of a given AICl3-NaCl liquid mixture in
equilibrium with its vapor varies with temperature. It
is therefore necessary to take vapor compositions and
densities into account in measuring liquid composi-
tions and densities for such melts.

Lt Cdl L. A. King and Major D. W. Seegmiller at
FISRL have devised a novel and simple technique for
simultaneously measuring the liquid and vapor
denaities of volatile materials. For pure compounds,
or for mixtures in which the equilibrium vapor
composition is the same as that of the liquid, cclls
such as shown in Figure 1 are used. Two or more of
the cells are used together at the same temperature,

W = Weight of Salt
V = Volume of Liquid
T = Total Volume

d » Vapor Density

D = Liquid Density

W, =V, D+ (T, - )4

Wz = Vo D+ (Tz - Va)d

Figure 1. Cell for demnsity measurements.

with pairs of simultaneous equations solved for the
liquid and vapor densities at the particular tempera-
ture. For mixtures in which one component preferen-
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Figure 2. Density of Al Clg liguid.

tially vaporizes, the procedures are similar, but
somewhat more complicated.

Results for pure aluminum chloride are shown
graphicalty in Figures 2 and 3. The small circles
represent the experimental data, and the solid lines
are calculated from least-squares-fit quadratic equa-
tions for density as a function of temperature. Over
most of the temperature range, the equations fit the
data with standard deviations for liquid and vapor of
+ (,00091 and 0.00043 g cm™, respectively. By a
mathematica! smoothing process on the measured
liquid volumes (V in Figure 1), the two standard
deviations are both reduced to + 0.00015 g cm™3.

Density, g cm °

Oobh | b

200 220 250 260 o8n 200

Temperature, °C

Figure 3, Density of A1;Cl vapor,

Measurements are being extended to include
temperatures near the critical point of aluminum
chloride, and to include AICl;-NaCl mixtures. Vapor
pressures also are being measured to determine an
equaticn-of-state for Al,Clg vapor.

The technique should be applicable to the

density measurements of all volatile liquids which are

nonreactive with the cell itself,

chemistry

THE RELEVANCE OF POLYMER RESEARCH TO THE AR FORCE

One of the most spectacular events in recent
aviation technology has been the emergence of the
first commercially produced carbon-fibre composite
material for aerospace structural purposes. Hyfil, the
Rolls Royce trademarked name for their carbon-fibre
material, was based on the original fibre developed in
1963 at the Royal Aircraft Establishment Laboratory
at Famsborough, England. Use of “Hyfil” in an
epoxy resin base to fabricate the lower-stage fan and
fan stator blades enabled Rolls Royce to design and
construct the new and advanced jet engine known as
the RB 211 which won the highly competitive
contest and the multimillion-dollar contract to power
the new Luckheed L-1011 *“airbus.”

This carbon-fibre material is extremely stiff,
lightweight, and has a very high tensile strength. It
has 4 times the strength of steel, and only one quarter
its density. The 2 principal moduli control the
frequencies of vibration of compressor blades and

58

enable the designer to develop blades far superior to
those made of titanium in freedom from flutter. Due
to the present high cost of the material, it will be
used next in specialized structural materials, ¢.g., for
helicopter blades, and in rocket and satellite applica-
tions. However, it is expected to be used in aircraft
primary structures by 1973, and lead to weight
savings on the order of 25% in a supersonic aircraft
such as the Concorde. David Fishlock, scientific
editor of the Financial Times, London, calculated
that “If carbon fibres were used in the construction
of the Galaxy, the world’s largest aircraft, it could
double its payload from 250,000 lbs to 500,000 lbs
for the same gross weight of aircraft.”

American, British, and Russian aircraft engineers
and designers are racing to take advantage of the new
material. The Royal Aircraft Establishment, Rolls
Royce and the British Atomic Energy Establishment
at Harwell‘c.lid most of the early research and, later,
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two companies, Courtalds and Morganite, were
licensed to manufacture the material. After much
negotiation the California firm of Whittaker was also
licensed by Morganite, The specific properties of the
Morganite material are illustrated in Figure 1.
Retuming to the title of this article, we may ask:
what is the relevance of polymer research to this

" subject? Until very recently, little information was

available on carbon-fibre development, since it had
been one of the most successfully kept industrial
secrets in recent times. About all that was known was
that the carbon fibres were produced by a compli-
cated stepwise carbonization from a polymer fila-
ment, probably polyvinylacrylonitrile. In spite of
considerable research on carbon fibres all over the
world, no other fibre developed could approach the
strength and stiffness of the British material. In April
1969, in a short article (Reference 4) in Nature, W.

5¢

Watt, of the Royal Aircraft Establishment, revealed
that the polymerchain orientation of the fibres
affected the course of the pyrolysis which was an
intermolecular reaction controlled by steric factors.
Thus, the ultimate properties of the carbon fibre were
determined by the special pretreatment of the fibre
and the steric orientation of the polymer chains in
the original polyvinylacrylonitrile filament.

Professor Paui J. Flory of Stanford University,
who this year published a book entitled The Statis-
tical Mechanics of Chain Molecuies, is probably the
world’s foremost authority on the stereochemistry of
polymers. Ever since 1961, all of Flory’s polymer
research has been totally supported by AFOSR at an
annual rate of $100,000. Also, in the eariy 1950s,
Professor Flory was the first Chairman of the
Evaluation Panel of AFOSR’s Directorate of Chemi-
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¢! Scienres, and helped initiaic its very modest bt
extremely productive  program i the physical
chemistry of polymers. Flory's basic « oneepts in the
stereecher uy  of polymers have undoubtedly

guided the carly british work, end can e expested o
lav “he foundation on which American mdustry will
undoubiedly praduce even better carbon composites
a3 the gerospace strucuralaateriats of the future,

mathematical seiences

DISTRIBUTED PARAMETER CONTROL SYSTEMS

Recent deve.oprments in the theories of stability
and controi have been concentrated primarly on
dynamical svstems which are described by ordinary
differential or difference equations. However, in
many physical processes, such as in magnetohydro-
dyramic systems, aercelastic systems, and nuclear
and chemical reacoors, the spatial energy distribution
of the system is widely dispersed such that its
dynamic behavior can Se described adequately only
hy partial differential equations, integral equations,
or functional differential equations. Alsc, in many
con*- ! processes, spaiially distributed feedback con-
ti~ls are used to achieve close regulation of the spatial
distributions of certain dynamic variables of tue
system. These systems are commonly classified as
distributed parameter system=. In the past fiw years,
attempts have been made to develop theories for the
stability ansd {optimal) control of distributed para-
meter systeris.

During the past year, Professors P. K. C. Wang
and D. M. Wiberg at the University of California, Los
Angeles have been siudying various fundamental
aspects of stability and control of systems with
distributed oarameters. These studies, which have
bee:  ovoted primarily to systems with known
{deternuinistic) disturbances and parameters, have
been pursued along the foliowing main objectives:
(1, *> gain a fundamental understanding of the major
problems in the stability and control of distributive
systzms; (2) to unify and extend the existing muthe-
matical theories which have potential applications in
this area; and (33to access the applicability of the
theor:tical results of the present investigation to
problems of physical importance.

Results were obtained in the theory of optimal
control for certain classes of distributive systems and
for ceitain forms ot perform=nce indices which are of
maportance in applications. One of these more inter-
esting applications is the problem of thermonuclear
confinement. The necessary cont 15 that an opti-
nal control must satisfy were derived for the problem
of confining a thermonuclear piasma by means of
external clect-omagnetic fields. Physical snterpreta-
tions of «w aecessary conditions have also been
obtained. cific results were also obtained for the

plasma-confinement problem where the plasma s
described by the Boltzmann-Valsey ecuation and the
external magnetic field is spatially uniform but
time-varying.

Results have been obtained in the numerical
solutions of distiibutive systems. and a simple
methiod for approximating a finite set »f first-order
differential equations by a finite-statc system has
been estabiished. Results have been obtained for
certain special classes in the problem of establishing
sufficient conditions for the asymptotic stability of
equilibrium of distributed feedback control systems
with probe sensors. Alse, it wa. shown that ar
initially unsiable hycromagnetic equilibrium of a
highly conducting fluid or plasma may be stabilized
locally by means of feedback controls in the form of
a time-varying magretic field depending on the fluid
displacement from the equiltbrium.

Professors Wang and Wiberg have extended the
separation principle to linear-distributed parameter
systems which carn e represented by a complete set
of orthonoimal vecter eigenfunctions. Their work on
probe-sensor an. :ortrofier locations has led to the
conjecture thai it is usuaily better to locate the sensor
near the controller, if the noise is small, and near the
noise otherwise.

Professors Jack K. Hale ~nd Ettore F. Infante of
Brown University have completed a study of a general
type of dynamical system which is an attempt to
characterize those properties of the solutions of
partial differential equations which lead to an invari-
ance principle. Professor Infante has been studying
some dynamical systems described by partial differ-
ential equations in aa attempt to cbtain stability
results using the fundamenta! ideas of the Liapunov
direct method. A considerable amount of work has
been done on the Navier-Stokes equations for incom-
pressible fiuids.

Professor H. J. Xushner, also of Brown Univer-
sity, has published his work on optimal control of a
linear distributed parameter systum with white noise
inp uts. He is currently extending the problem to
handle the casc of measurement noise.




Profissor A, V. Balakrishnan of the University of
Cahiforniz. ¥~ Angees has developed a2 new tech-
aique for computia optimal conirol prebicn . The
resu'ts obtaired fo. this “epsil>n” problem in the
case of boundary  ontrol for parial differentid
rquations appear 1. be new, and the lii. ting case
provides a new method of establishing the character

DEGREE OF APPROXUAATION BY

it is very ofter necessary Or more convenient to
approximate & given “unction by one which is simple
in scme respect. For example, in representing a
cemplivated function on a computer, one often uses a
polynomial or s ratic of pelynomials to represent L.
original function because of the ease with which a
polynomial can be gener ted and manipulated by the
computer. in such cases it is essential to know how
well the original function is approximated. 7
mathematicians of the Applied Mathematics Research
Laboratery at ARL, Drs. Oved Shisha and Beriram
Mond, have developed a quite general formuia which
estimates the degrec of approximation to continuous
functions by polynomials and trigonometric poly-
romials, and also the degree of approximrtion to
functions which have besn transformed by some
operation. This was done by recasting Korovkin's
results on linear pesitive operators into a quantitative
form. The results are quite gereral and appear to bea
major advance in approximation theory.

Mathematical operators represent a quite general
concept. One cap consider that any transformation is
aa operation: e.g., differentiation or integration are
operations, etc. The concept of an operator encom-
rasses a very large class; thus, theorems regarding
operators have a very large domain of applicability.

COMPUTATIONAL ASPECTS
PROBLEMS IN ESTIMATION

As technology advances along some front, a level
of sophistication is sncountered which requires a
consideration of stochastic {i.¢., random) phencmena
for refined analysis. In modern communication and
control sysiems, the use of many techniques for
statistical :nference is now classical, with the major
classifications for such techniques being decision
theory and estimation theory. The general problem in
decision theory is to perform an observation havirg a
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f the optimal control law.

.~ above are only 2 few of the many aspecis of
distributive parameter control systems now beine
studied and supported by AFOSR(OAR,; The desired
goal is to develop the state-of-the-art in distributs
parametar sy: s to a peint where it is equivalent
{0 the statecf-the-art in ordinary centrol theory.

mathematicul sciences
POSITIVE LINEAR OPEPATCRS

The work done here tells guantitatively how well one
can approximate ihe result of such goneral operations
ty polynomials. The measure of just how good the
approximation 18 may be given by calculating the
“nona” of the difference beisvesn the results of the
operaticn and the approximating rolynomiai, i.e., the
distance between the two functions measured in some
prescribed mainer. The concept of a “norm™ Is aiso
quite general and permits the distance measurement
to be made in many different ways. The operators in
question must be linear positive operators which
operate on real functions (visa-vis complex func.
tions) which, in tum, are defined for all real numbers.
These real functions must be everywhere fontinuous
nd periodic with a specified degree of contiauity.
Then, so long as the operaters acting on the func-
tions 1., cos X and sin x result in bounded functicns,
then a specitic bound can be given for the difference
between the approximatcd function and the map of

£

this funiction by means of the operators.

The results described above were published in the
1968 Proceedings of the National Academy of
Sciences, and in the Jowrnal of Approximction

Thecry., Other workers have :‘'ready osed this
theorem to obtain additional new results.
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OF A UNIFIEL APPROACH TO

AND DET 7TIGN
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s stic nature 2nd to decide among the possible
cduses which produced it, while the estimation
problem consists of determining values for parameters
or processes of interest wilich zre observed only
remotely.

It is usually possible to formulate a problem of
statistical inference in communication or control as
consisting of an observed process, which is the sum of
a signal process and a noise process. In the more




tamitiar problems, the signal is a known was > {rm, or
else the signal iy described by 2 few wr inown
parameters. However, the more complex situation in
which the signsl process iiself is stochustic in nature
has more recently become of interest !see, e.g.
Reference 1),

Communication systemns now empioy media such
as troposcai’~r meteor tradls or aurorl and orbital
chaff belts—randomly varying chanuels--whict -
rise to the rec.;**nn of a stochastic sgnal. For
purposes of secuic communication. a messsge may be
encoded by randomn processes, hence generaling a
stechastic signal-datection problew. sur the receiver.
In radar and sonar systems used against dispersive
fargets, the stechastic signal-detection pituicmy again
arises in processing returns. Radic telescopes and
scismic-detection systems utiize detectors for noise-
like sources. Guidance and contro} systems which are
subject to time-varying disturbances require an
estimation: of nonstationary stochastic processes to
effectively perferm in the disturbed environment. In
estimation probiems for control, the stochastic signal
process is usually the plant ouiput itself. Patiern
recognition also may be formulated in terms of
stochastic signal estimation by viewing the signal as
the statistics of a data subclass.

A rather large class of the situations mentioned
above yields a mathematical formulation in which the
signal and noise stochastic processes have known
covariance functions of th: “separable™ form. In this
separable form, a covariance function R(t,s) is decom-
pesed as a finite linear combination of terms of the
form a;(t)b;(s), s = t, and bi(t)a;(s), t <s, where al’)

and B(') are functions of a single thme arganent.
S cation of the covauance function for (zero
mean? stochastic processes alivws treating cstimation

preolerns in the “widessense™ and detection problems
for Gaussian processes. That such a covariance func-
ticn is known inciudes the possibility that sufficient
data is available to cccurately detesmine the separable
form by empirica’ methods.

The research conducted by Major Roger A.
weesey of the Aerospace Meciianics Division, FiSRL,
has determined mathematical techniques which are
effective 1n solving both estimution and detection
problems in terms of a formulation with separable
covariances. This research. reported in References 2
and 3, has enlarged thie body of mathematical theory
applicable to estimation and detection by allowing a
less-detailed problem formulation and by giving more
effective digital computational methods for solutions.
Also, the research has shown more clearly that the
understructure for probleris mn estimation and detec-
tion is comme: te both and censists of modeling 2n
observed stochastic process as the output of a causal
linear filter, driven by white noise, whici> is invertible
on an arbitrary, finite-time interval. The significance
of invertibility in such a model for an cbserved
process is that the observation may then be easily
“whitened”™ and the solutions frr estimation and
detection obtained by solving the simpler problem
based orr white-noise observations. “Whitening filter”
techniques have been used previously in engineering
with a great deal of success. This research has
extended their utility to a broader problem formula-
tion, as described above,
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SIMILAR SOLUTIONS FOR BOUNDARY-LAYER PROBLEMS

Many problems that srise in the investigation of
flows at very high velocities, i.e., velocities on the
order of the speed of sound, which are important for
aerospace applications, are closely related to prob-
lems whose solutions derend on the examination of
differential equations arising from the boundary-ayer
theory of fluid mechanics. One example would be the
drag experienced by an airplane wing or turbine
blade. In particular, the study of solutions of differ-
ential equations arising out of the basic .neory can
often be treated through a study of “similar”
solutions of boundary-layer cquations,--that is,
through a study ¢f solutions known to yield “similar”
velocity profiles.

Professor James Serrin of the University of
Minnesota, under a grant from the Mathematics
Division, AFOSR, has investigated various problems
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in laminar boundary-layer theory. In two recent
papers (1,2) written jointly with Professor I. B.
Mcleod of Oxford University, the existencz and
behavior of *“similar” solutions were examined under
given sets of conditions. This research concerned the
boundary layer which occurs in the natura: cenvec-
tion of the incompressible fluid adjacent to a heated
vertical wall, and the boundary layer formed by a
compressible fluid flowing past a fixed boundary
surface. In both cases *similar” so.utions of the
underlying partial differential equations governing the
fluid motion were considered.

The major contributions of this research by
Professor Serrin come from his establishing, on a
mathematical basis, that the ordinary differential
equations which anse in connection with problems of
this type do in fact have sclutions satisfying the
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apprepriate boundary conditions. In addition, he has
prov’ded a matheinatical description of the behavior
of the solution 0 the compressible-fluid problem.
These rezulis are important for providing a basis for

the soiutions to {oi additional insight into) many
problems of Air Force interest which are related to
1

differen*ia! equations arising from boundary-layer
theory.
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A PRACTICAL APPLICATION OF ABSTRACT MATHEMATICS

in the evaluation of new polymers {plasticsy for
use in such aerospace applications as abiation layers,
drogue parachutes, and honeycomb cores, a property
cf considereble interest is tile substance's molecuiar-
weight Jistribution (MWD). This function shows what
fracticn of the polymer’s molecules have a given
moieculir weight, Generally speaking, if a polymer’s
molecules have mostly large molecular weights, the
material will consist chiefly of long *chains” of
atomg, and its physical properties can be expected to
be superior to those of a plastic with many “short”
nwlecuies ¢. jower molecuiar weight,

The ultracentrifuge is often used to obtain
information about the MWD of a polymer. The
materic s dissolved in @ solvent, and the so.ution
placed in an ulracentrifuge cell. Molecules with
higher molecular weights are separated from those
with lower molecular weights by the action of the
ultracentrifuge, and it is possible to obtain an integral
equation (1) relating the steady-state concentration
gradient in the cell, which can be measured quantita-
tivel with the aid of a schiieren optical system, and
the desired MWD.

Several schemes have been proposed to treat this
integral equation, i.e., to compute numervical values o,
the MWD from observed values of the conceniration
gradient. Unfortunateiy these schemes have often
proved disappointing when applied to practical prob-
fems, and other schemes, which use data from runs at
several ultracentrifuge rotor speeds, have been sug-
gested. (1,2) While such schemes have enjoyed some
success, there is the drawback of having to wait for
steady-state conditions at several rotor speeds; this
may take weeks at each speed.

In a recently completed study of the integral
equation for determiring an MWD from a run at a
single rotor speed, Dx. David A. Lee at ARL’s Applied
Mathematics Research Laboratory has shown that
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certain the~-.us developed in the abstract study of
integral equations have somewhat surprising implica-
ticns for the MWD problem.(3)

First, the integral equation involved does not
necessarily have any solution at ail, if certain func.
tione are chosen for th= concentration gradient. More
Gisiressingly, giver any ‘oncentration gracient for
which the problem has a solution, there is another
function, which differs from the first by less than any
preassigned amount over the interval in which the
experiment gives information, for which the problem
does not have a solution! From a formal point of
view, this state of affairs is fatal to any attemot to
determine MWDs from runs at one rotor speed, since
every experiment involves some error. On the other
hand, 2s a practical ratter, it hardly seems rsasonable
that a *very small” error would utterly ruin any
scheme for inferring the MWD,

By applying further theorems from the theory of
integral equations, M. Lee has been abie to reconcile
these two views of *he problem. The fact of the
matier is that, if one attempts to find the coefficients
of any series representetion for the unknown MWD
(rower series, Fourier series, etc.), the slightest
experintental error which places the recorded gradient
outside the class for which the equation has a
solution will produce asbitrarily large errors in the
higher ccefficients. However, a finite number of
expansion coefficients can be determined with finite
error.

This inforrnation can be used to design experi-
mients so that “enough” expansion coerticientis can be
determined with acceptable accuracy. Work continues
on the practical determination of MWDs in coopera-
tion with Drs. M. T. Gehatia and Do.ald Wiff of the
Nonmetallic Materials Division, Air Force Materials
Laboratory, AFSC, at Wright Patterson AFB.
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THECRETICAL AND EMPIRICAL PREDICTIONS OF
INTERNAL CONFLICT BEHAVIOR

Quincy Wright, an early investigator of wars and
their causes, (1) once made the statement :hat “a
theory, if not applied to actual data, remains uncon-
vincing.” {2) In the context of many abstract social
theories, each purporting to explain some facet of
human interaction, and the explicit or implicit
relisnce on some of these theories for decision-
maki- and long-range planning, such a statement as
Wright's is pregnant with implications.

Such an effort (3) to apply theory to the data
was undertaker by Gary L. Buck and Alvin L. Jacob-
son who were Cornell University graduate sociology
students at the time. They attempted to operation-
alize a theory of development postulaied by Taicott
Parsons.(4) It was believed by the Office of Research
Analyses, OAR, that further development of their
effort could provide insights of value to those
planners and decision-makers interested in the fulure
potential for internal conflict. Thus, Gary Buck, then
at the University of Texas at El Paso, was asked tc
extend the initial work to a test of theory based on
data from all nations of the world. These additional
results further confirmed the utility of the ap-
preach. (5)

Basically, Parsons’ original theory postulated that
societies were composed of 10 critical elements which
he labelled “universals,” and that these elements were
intertwined in a way which was crucial to the
understanding of the development of nctions. These
“universals” were such aspec:s of society as the legal
gystem, buresucratic structure, the economic system,
kinship structure, and others, and can be generally
defined as organizational developments sufficiently
important to the further evolution of societies as to
be *“hit upon” by various social systems operating
under different conditions.(4) Further, Parsons postu-
lated that, as societies evolved as recognizable social
groupings, they followed a pattern of development on
each of the 10 “universals” in a specific order. The
hypothesis, as extended by Buck and Jacobson for
their static operational analysis, became: “If a primi-
tive society follows the process proposed by Parsons,
why would one not expect a repetition of a similar
sequence of development at a higher level?”(5) Thus,
-he hypothesis becomes one 1 which development is
an ordered, iterative process across the 10 *univer-
sals” at ever higher levels of developrment.

The operational analysis led to a search for
various indicators of each universal for which infor-
mationi from the “real world” could be gathered to
measure a nation’s ievel of development on each
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universal. Guttman scaiogram ssalysis was theuw ap-
plied to the dats which, if the hypothesis is correct,
can identify from the data a specified order across
several levels, such as was postuiated by the theory.
The operaticnal hypothesis was confirmed, implying
that such & prosess of secial development as had been
postulated was supperied by the data from the real
worid.

Having obtainred promising resulis thus far, 2
further analysis was deamed appropriate. The Office
of Research Analyses (QRA) brought together the
team of Assistant Professors Gary L. Buck and
Manus I, Midlarsky from the Universities of Arizona
and Colorado, respectively, and Major Eugene A. Erb,
Ir. of ORA to apply additional statistical tests to the
data, to the validity of the theory, and to a
determination of the ability of the theory to predict
the incidence of a variety of manifestations of
internal instability. The question asked at this stage
was whether the operational theory could yield any
predictive insights on the prospecis for internal
instability within nations. The stepwise multiple
regression technique was used to unicover the linkage,
if any, between predictors and criteria. The values for
the universals were used as independint variables or
predictors. Information gathered by the Feiera-
bends,(6) consisting of frequency counts on a variety
of forms of internal instability .vents ranging from
revolutions to riots, was used as a set of denendent
variables or criteria. Results of this analysis demon-
strated that such predictive potential did exist, in
some cases {0 a high degree, and thus insights for
further theoreticai revision were obtained.(7) The
results were sufficiently promising to justify sponsor-
ing further research using time-series data. This effort
is presently uiider way at the University of Arizosia
under the direction of Assistant Prefessor Buck.

Several implicaticns of the effort are worth
mentioning.

First, insights into priorities for national strate-
gies in support of U.S. objectives are suggested.
Different strategies can impact on different elements
of the recipient sccieties. Based on the results of
analyses to date, it becomes clear that certain
strategies (inputs) are mose apt than others to
generate a highet incidence of certain forms of
ingtability (outputs) in a given system. Thus, such an
analvsis allows mors explicit consideration of the
social interactions resulting from programs in support
of these strategies, with a potential improvement of
the overall value of U.S. strategies and the success of
our objectives.
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Second, the researsh 1o date demonstrates the
feasibility of empiricsily unalysing theories which
underlie assumptions inherent in the planing proc-
ess. Sincs the miore specific requizements w.dch need
te be svpporizd by straiegy, tactics, missions, R&D
funding, alliances, hasing, etc., are deduced from
these key assutaptions, they des xrve a frontal assault
o their validity for fundamenial policy. The poten-
tial 1or such @ assaplt evists,

Finally, the insighis avaiiable {rom such analyses
permil an improved awareness of certain key para-
reters which can reduce sore of the uncerfainty
abaut the internatinnal svstem and its members. Such
insights zre useful for pinnointing needed researc™
which can further reduce uncertzinty, aid for provid-

ing a more reliable “scenario” of the future or which
specific systems-analyses and operations-research
problems are based.

One “rther qualification is in order. 745 re-
search is not founded on any belief that the wocer-
taintv inherent in the future activities of humsaas and
their institutions can be eliminated. Rather, it is
based on ar: awareness that such uncertsinty can, at
certain times and with respect to certain situvations,
be reduced. Since certain assuraptions concerning the
future are, and miist coentinuous:” be, used at ai
levels of analysis a7 planning, it is important to
improve the thec.. .al foundation of such assump-
tions. Gther relevant theories with policy implications
exist. The theory described was only one among
rany available for fruitfid study.
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ADAPTIVE COMMAND-SYSTEM MGCDELS

Though ne evolutionary forces have changed
man radically over the past 100 years, man has
nonetheless radically changed the complexity of his
environment tarough the technologies he has pro-
duced during this period. His a:vironment has be-
come increasingly inforrmation rich, and requires an
ever-greater number and variety of machines that are
able 30 digest this informegion intelligently and
reduce it to a volume he i sble to cope with.
Decision-makers in railitary and other large-organiza-
tion envii:nments are particulardy beset not only
with large information flows, bt also with short-time
requirements, conflicting aemands, znd incomplete or
ambiguous information, frequentl on priority items.

One of th- objectives of busic research in the
information sciences is to analyze the information-
processing requirements in such complex environ-
ments, and to develop methods for handling large
amounts of the information flow automatically.
Results that are sccumulating from research on the
nervous systems of living organisms are suggesting
analogies betwesn the organization and operation of
these systems and structures aid flow patterns that
might desirably be iniurporated inte military and
social systems. One of the subassemiiies of nervous
systems that plays a particularly criticst rolz in living
organisius is the reticular formation {RF}. Its charac-
ter as an overall commander appears especially
relevant to the design of adaptive command and
controf  systeras  n militacy  and  mansgerent
contexis

Dr. Witlizru L. Kilier of Michigan Statc Univer-
sity has been developing miodels of RF peiformance
wnder an AFOSR grant. The modeis are baged on the
hypothesis that the core of the RF is the structure in

vertebrates that commits the animal to one or
anotker mede of hehavior. The RF is believed io
command by issuing signals that effect integrating
behavior among the varivus o:gans and parts of the
brain. The RF commarnds and cortrols the mode of
operation of the organism’s other computers.

How the mode decision is made is regarded by
Dr. Kilmer as the RF command problem. The other
aspects of RF operation—the integrative ones that
subserve the generation of autonomic rhythms, reflex
control of the body’s hou.ekeeping systems, filter
tuning in the sensory pathways, etc.—are the RF's
control problem.

Dr. Kilmer’s work is aimed at the formulation of
a theory of the RF that is able to explain how the RF
core, containing on the order of {,000,000 neurons,
can reach a workable consensus as 1o the proper
mode of total commitment in a1 fraction of a second.
He sees tie posaibility that this theory will lead to the
development of a relational culculus for describing
what the RF does, and how it does ... Joha von
Neurann anticipated the nevd for a new mathzmatics
for characterizing the structure and operations of
machines having the information-processing poten-
tials of man and his nervous system. Dr. Kiliner's
research, which has taken account of the neurc-
anatomical, physiological, phylogenetic, eihological,
and clinizal research of others, gives encousaging
evidence of slow . *t progressive achuevement toward
both theoretical and practical goals. Intelligest ma-
chines capable of handling large complex inputs
appear vealizable; but they wiil probably be closely
paced by advances in mathematics and biology as
weil.
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The thoory of graphs has become quite an
important deveiopment in theoretical and applied
mathematics. Azcas of application, which rely upon
the establishment and extension of a mathematical
basis in graph theory, encompass network synthesis
and analysis (including new computer-systems hard-
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organic chemistry, social psychology, and operations
researck. The Applied Mathematics Division, AFOSR
{OAR) has supported research efforts directed toward
the expansion of the field of knuwledge in graph
theory and its applications for several years.

Professor Frank Harary of ihe University of
Michigan has been engaged in research concentrating
on the areas of graphical enumeration, topological
graph theory, and graphs and matrices. He has
recently completed a book entitled, Graph Theory, to
be published by Addison-Wesley, which is based on
his investigations of various phases of the theery of
graphs and its applications. W..ile the book concen-
trates on theorems, he feels it should be very useful as
a reference text for those working in fields which
involve aoplications of graph theory. (Professor
Hararv is also editing another book, Proof Techniques
in Graph Thecry, Academic Press, to appear this

ear.)
Y Protessor Harary’s efforts in the area of graphical
enumeration have led to a compilation of unsolved
problems in the field, together with a summary of all
of the solutions to combinatorial-enumeration ques-
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GRAPH THEORY

tions which have been obtained. The re-nlting papers
have aroused considerable interest, and several solu-
tions have been obtained by various scholars.

Research on topological graph theory originaily
stemmed from a practical question involving the
number of layers reyuired for a printed circuit with a
eiven pumber of nodes so that no pair of electrical
elements would nicisoue. ‘tiese Suisiverauons ieg o
the concept of the “thickness” of a graph, G, which
meant the minimum number of planar  ‘“graphs
whose union was G. I turn, other v  Ological
invariants of a graph were investigated, namely the
genus and the crossing number. The genus of a graph,
G, is the minimum genus among all orientable
surfaces such that G can be embedded on such a
surface with no pair of its edges intersecting. The
crossing numbe: of C is the smallest number of
pair- vise intersec. ons possible when G is drawn in
the 1 lane.

In some of Professor Harary’s earlier work, the
approach to the study of a matrix by exploiting the
structural properties of its underlying directed graph
has been found to be most useful in connection with
the inversion of sparse matrices. A late- study of
determinants using their underlying graphs has led to
mathematical results which have been applied in
electrical-circuit theory. Also, in recent research,
operatior  yn matrices have been linked with differ-
ent ways of combining two graphs to construct a
composite graph.
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DYNAMIC PRCGRAMMING ANJ) THE SOLUTION
OF A SEARCH PROBLEM

A problem in dynanuc programming is specified
by a et of states of some system, a sct of available
acts, a law of motion, and a reward function. The law
of motion is of the following nature: when the
system is in a given state and a certain act is chosen
and effected, the system moves to a new state
selected according to an associated probability distri-
bution. rhe objective in solving a probiem in dynamic
programuming, given & start of the system :n some
initial state, is to maxinuize the total expected income
of the infinite future.

On the other hand, a search problem is specified
by a finite set of locations in which an object may be
found, and threc functions defined on that set:
(1Ythe probability that an object 1s at a gven
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location; (2)the cost of a single search of a given
location; and (3) the probability of finding an object
which is at a given tocation. The objective in solving a
scarch problem is to find an object ai minimum
expected cost.

Professor D. Blackwell of the University of
California, Berkeley, under a grant with the Mathe-
matics Division, AFOSR(QAR). recently solved a
search problem by considering it as a problem in
dynamic programming and applying Bellman’s opti-
mality principle. As he sets forth: the states are
simply the probability distributions (1), together with
a special terminal state to which the system moves
when the object is found. The acts are simply the
locations: to choose an act means to search a piven
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location, If the systemi is in a given state and a certain
sct is chosen and effected, there are two possible next
states: if the object is found, the next state is the
terminal state; however, if the object is not found,
the next state is determined by the “ccnditional
distribution of location,” a function composed of the
probability distributions (1) and (2}, The reward is

expressed in tormis of the cost function (2).

In thas context, Professor Blackwell’s solution
<ay be simply stated as follows: given a certain state
of the systein, the ¢xpected toial co.. is minimal ifa

" n is ses, “hed for in which function (1) times
1on (2) divided by function (3) 1 maxucal.

Ihe results .re extended to moving objects, . @.,
by considering that motion as a Markov process wit::
a given transition matrix.

mathematical sciences

EVALUATING FORECASTS

The real issue confronting the decision maker is
how to evaluate a forecast, which is presented to him
as decision information, before he actually makes his
decision. Will 1t result in a good decision or a bad
one? A current Office of Research Analyses effort 'ias
been aimed at helping the decision maxer resolve this
question. This has brought forth an interim product,
a “Consumers Checklist” fcr forecasts which takes
the form of a series of questions asked in a specific
order. The intent is to systematically unravel the
thousht processes which have led to the forerast. The
questions are as follows:

1. Why do we need this forecast? This requires a
clear-cut definition of whn “we' are. Specifically,
what individual or ¢o:ganizational entity is making the
decision? What decision, among what alternatives, is
to be made? What time frame does the decision
cover? How ;mportant is the decision to us?--to our
continued survival?--te our efficient operation?-to
our comfort or convenience?

2. What portion of the needed decision informa-
tion does the forecast project? This requires a
definition of those items of information which must
be taken into account in making the decisior. Which
of these does the forecast cover? Does it include facts
ayout cur own operation? Does it take into account
possible changes in our own outlook and values over
the forecast period? What external zctors have the
power to influence the outcome of the decision?
Does the forecast take into account their likely
attitudes, values, and actions? What items of neces-
sary decision information have been excluded from
the forecast?

3. What method was used? Here a one-word
descriptor or label is not enough. The method should
be described in detail. Was it done by extrapolation
or by analogy?-or by a combination of the two? Was
the processing of the input information done by
intuition, expert judgment, consensus of experts,
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Delphi, etc.? It is essential that the decision maker be
aware of the strengths and weaknesses inherent in the
forecast resulting from the inherent capabilities and
limitations of the method used. In particular, he must
avoid such mistakes as allowing a six-color graphical
disptay with *ransparent overlays to conceal the fact
that the forecast is based on the judgment of a single
person who is competent in only a small portion of
the area of concern.

4. Whar are the assumptions? In the absence of
facts, assumptions must be made about certain
portions of the total set of decision information.
Identifying what these assumptions were may be
difficult, but it is necessary. In particular. if an
explicit method of forecasting has been used, it
allows the decision maker to determine the effect of
changing assumptions on the outcome of the forecast.
Otherwise, he has no chance to evajuate the forec.st
in detail, but must 2cuept of reject 1t as a whole,

5. How well have the assumprions been tested?
This is an important point, but one sometimes
vverlooked, Even though ass.mptions are used in
place of facts, they should be supported to some
extent by empincal evidence. Many assumptions, far
from having “stood the test of time,” have in fact
stood only because they were never tested. Care must
be taken to avoid these.

6. Annoration of data sources. This is more than
just an attempt to satisfy scholarly canons. It is
essential in order 1o ailow back-checking and to meet
the requirements of replicability. It also permits the
decision maker to take int¢ account the known biases
of certain information sources.

The questions in this Checklist ;epresent the sort
¢f information anv decison maner shoukl have
concerning a forecast which he may huve to use. Morc
complete analyses of forecasts are possible. but the
methods for carrving out such analyses are still in the
research stage.
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MICROWAVE ACOUSTIC SURFACE WAVES

Microwave acoustic waves are of considerable
utility in the design of signal-processing, radar, and
ECM (clectroniccountermeasure) devices. Recently,
Dr. P. H. Carr and It. A. J. Slobodnik, Jr. of
AFCRL’s Microwave Physics Laboratory have ob-
tained much needed quantitative data on acoustic
propagation losses. Measurements have been made for
the first time in single-crystal LINbO, up to 2 GHz.
In addition, surface-wave delay lines have been
operated up to 3 GHz, and the pracucality of using
MICiowave ~onustic S 2a waves in the low micro-
wave region has been demonstratcd.

One of the experiments performed by Lt.
Slobodnik is illustrated in Figure 1. Electromagnetic
energy is converted into surface acoustic energy at an
input interdigital transducer. {t then propagates along
the crystal with a velocity S5 crders of magnitude

slower than light (resulting in a time delay of 2.8
psec/cm), and is 1econverted into an eleciromagnetic
signal at the output transducer. To measure the loss, a
laser beam is reflected off the sound column. In
addition to the direct reflection, a sinall portion of
the light is deflected to side lobes due solely io the
presence of the sound beam. This deflected light is
detected by a photomultiplier tube, and the decrease
in light intensity as the laser is scanned down the
acoustic beam is a direct measure of the acoustic loss.
Typical values for this luss are 2.85 - 4.65 dB/cmat |
CHz and 99 dB/em at 2 GHz, a lower loss per
wavelength than occurs in either coaxial cabie ur
nucrowave waveguide. In addition, it has been deter-
mined that operating delay lines in the atmosphere
contribute an additional 10% to these losses, a fact
having important consequences for the dr-eign of
operational devices.

LASER DEFLECTION BY 1 GHz ACOUSTIC SURFACE WAVE
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MICROPROBES FOR REDICAL ELECTRONICS

The tools required for basic research often Jead
to {echnological advance. Such was the history
behind the development of an electronic microprobe
at the Stanford Electronics Laboratories. The basic
research being conducted concerned the measure-
ment of bioelectric potentials in the central nervous
system, especially in the brain. ror a variety »f
reasons, the current state-of-the-art in probes for this
apolic *ion was inadequate. Consequently, Professor
J. B. Angell and one of his doctora! students, K. I,
Wise, under AFOSR sponsorship through the Joint
Services Electronics Program, sought to correct this
inad¢ quacy, with a resultant significant technological
advance in tihe desIgN miw savisvasion us Gucioprober
This important new approach utilizes the fabrication
techniques of integrated circuits and microelectronics
to deposit and etch layers of materials to huild the
probes.

The problems of measuring potentials on the
cellular level in bioiogical systems anse from the size
of the cclls involved and the environment in which
they exist. A typical neuron is from 10 to 100
microns in diameter, and is imunersed in an extracel-
lular fluid .o ...owhat more dilute than present-day sea
water. The membrane which defines the cell is mor2
permeable to some ions than to others; the resulting
difference in the inira- and extraceliular ionic concen-
trations gives rise to a transmembrane potential of
some 70 millivolts. A sufficient stimulus will cause
the cell membrane to depolarize, with the result that
a nerve impulse is propagated. ldeally, the electrode
which couples this biclogical system to the recording
ampiifier should be small enough to approach a single
cell closely while causing a mimmum amount of
damage to the surrounding tissue. Hectrodedtip dia-
meters should not exceed a fe.. microns. Actually,
electrodes used for intracellular recording must have
tip diameters of less than cne micron.

Microelectrodes in common use today are either
metal electrodes or glass micropipetics. The metal
electrodes are formed from electrolytically pointed
metal wires, and are insulated, except for recording
areas at their tips. Glass-pipette clectrodes are nsually
filled with a saline solutior so that the cell is
contacted through a flwd junction at the electrode
tip. However, any ion exchange between the saune
solution of the micropipette and the iatracelluiar
saline solution can alter the properties of the neurcn.
Thus, although the pipette clectrode is useful for d.c
and low-iiequency recording, the metal electrode is
generally preferred elsewhere. Unfortunately, the
fabrication techniques empleyed for both types of
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conventional elecirodes do not permit close controi
over the physical cnd electrical characteristics of
these eiectrodes. This is a serious disadvantage ir
neurological research at the present time.

The Stanford wor® has been directzd at the
design and fabrication of single- and multiple-
electrode probes which combine high spatial selec-
tivity (small recording ajea and tip size), reduced
electrode impedance, low noise, and wide recording
bandwidth. The use of microelectronic-fabrication
technology not only permits these demanding re-
quirements to be met, but alsc allows the electrical
and physical characteristics of the microprobes to be
s ily colticuid. Liuee w0 0 eiectrodes are common
configurations for the multielectrode probes, and
interelectrode spacings as small as 10 microns are
possible.

In construction, gold electrodes are electro-
formed on a silicon wafer using photoresist, a
photosensitive zcid-resistant lacquer, as a plating
mask. These electrodes are then insulated by coating
them with a thir {ilm of siicon dioxide, which is
sslectively etched away, using conventional photo-
resist techniques, to form controlled recording areas
at the elecirode tips. The silicon carrier is then shaped
by chemical etching into a form suitable for insertion
into the brain. This procedure requires a well-
controlled, low-temperature system for the depos-
uon of the insulating silicon-dioxide film. A system
based on the radio-frequency glow-discharge tech-
nique, built by R. H. Weissman of Stanford, has been
used successfully for this application. Physically, the
sibcon carner in its present form conssts f a
rectangular pertion, 0.5 mm wide by 5 mm long,
which serves as a mounting base for wires tc the
recording amplifier, and an additional iength of § mm
over which the cairier width is tapered to a tip
diameter of .08 mm where the electrode recording
areas are focated. After the output wires are attached,
the glicon carrier is mounted i the end of a glass
capiiiary tube which has an cutside dameter of about
I mm.
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NEW TECHNIQUES FOR DERIVING VOICING INFURMATION

IN SPEECH PROCESS!MG

Advanced techniques for processing verbal infor-
maticn in the form of speech zive piomise of many
sophisticated uses in military communications; vut
they require that signal analyses be based on specific
characteristics of the signal rarier than on gener-
alities. One of the important characteristics of 1
speech signai is the source of acoustic energy. For a
major portion of th~ time, this is provided by voicing,
1.2., the vibration of the vocal cords, whuch are set in
motjon by the flow of air and, in turn, modulate this
flow to transiorm a ~oreicn ¥ Sgen ryy into sound.

Unfortunately, this process occurs at the back
end o. the wocal tract where it is most di"iculr to
exanune and to measure it. One approach which hes
been used at AFCRL for some time is to photograph
the vocalcord acuivity with a high-speed camers so
that the glottal area can be usiermined as u function
of time Knowing this, the researcher can utilize a
rudimer:ory theory to transtorm wrea to volume
velocity of exhaled gas as a function of time. The
periodicity and spectrum content of this ws flow
describe the actual sound source for wiced speech.

Unfortunately, considerable difficulties have
been encountered in reducing data. The glottal area
has been determined from a hand tracing of the
periphery as seven in a projected image. Human
varability, combined with the fact that the edge s
not sharphy defined when lighied from above, have
introduced considerable £ oase info the raduced data

Figure 1. Comperison of glottad diuminetic. methode.
& Top Huminetion.
B Subgottsl Buminetian.

~&

<

Two uew techruques have bteen evolved in
AFCRL’s Data Sciences Laboratory to help allcviate
this problein. First, the edge of the glotial area las
been sharpencd by making the high-spees movies
with subglottal illumination. ie.. with light that
cuines through the anterior tracheal wall below the
larynx. No one had done this before, io achieve it
Mr. Henry Soron designed a speciatly cooled high-
intensity light source. Coupled with a fast jons and
film combination, the vocw cords are seen in sil-
houette, and the edgess are muen more sharph
detined. A compariso. of the results of using top and
subgiottal illumination can b> seen in Figure 1. [+ wall
be noted that light. scattered by the tissue, has
recacey the effectiveness of the subottal ilumina-
tion in the antenor portion. TH s 4 remaining
problem.
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Michaclh s wnitien a
computer program that determines the cdge by
automatic means. Pertinent parts of the image of the
glottal opening contained on one frame are scanned
and digitized. Initially, the experimenter seis two
segments of one sean line so that one segment spans
cach of the two glottal edges near the nuddle of the
image. The computer looks for the greatest change in
density along each line seament by asceriaining
pasitive and negative peaks in the density dervative.
The two points thi determined tell the computer
whete to foedin the next line above. and the machine

Figure 2. Digitized gottal imege.
s. Digitized.
b Dhigi' zed with computer-determined edge.
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THE PHOTON ECHO

The typical photonecho experiment presents a
SUHKING efTect. A in rudy crysid )
two successive intense short pulses of coherent light,
seconds apart, obtained from a ruby-laser source. As
expected, the crystal wilt transmit the two mrles o
seconds apart. But then vbservy2s o curious
additional feature: a third light pulse emerges spon-
taneous  from the crvsial about tseconds following
the second DU,\\ and stifl relatvay mtense. The
resernblance of the third pulse to an echo explains the
echo nomenclature.

Fiauwe !
and the three-pul
observed by Abella,
Columbia Radie? -
verstiv. 1)

A chie o o the underbving mechart of
pioten echo can be obtginsd by consu.cnng
herent ifumination ms!md of coherent Mumimatien
of the onastall In the the orvstal woudd
fadiate weakiy and contmuousiv, onee the
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DISCRETE TARGET-IMAGING PROPERTIES OF
HIGH-RESOLUTION RADAR SYSTEMS

In the vears since World War i, cohierent radar
system performance has been significantly improvad
by the deve.up.ment of sophisticated signaling wave-
forms and reczived signal-processing technigues.
These tecnnigues achieve synthetic-ranige and cross-
fange resclution capabilities which far surpess the
resolution capabilities of the physical radar system
itseif.

It is important to realize that, as the synthetic
resolutior cel! of a systsm Lecomes smio'ler than the
dimensions of the actnal vadar target, the sp. ‘al and
frequency-dependent properties of the target’s
electromegnetic scattering become fundamentaily
important. Indeed, the racar system itself becomes an
imaging device which transforms the electromagnetic
scattering properties of the target into a disploy for
the radar observer.

I we are to understand the natw. of th
observed system output, it is essential that we
determine those electromagnetic properties of the
target which are imaged and the manner in whic. the
radar itself discorts these properties.

Tne discrete target-imaging properties of severai
classes of coherent radar systems are being studied by
Dr. john K. Schindier of AFCRL’s Microwave Physics
Laboratory. The s*rdies are being made from the
viewpeint of interpreting the images produced by
scveral classes of radar targets.

The coherent range-Doppler radar forms an
important class of high-resolution systems. Adjacent
point targets a.e resolved in the system output by
their differing range and closing vejocities. The ability
of the radar to resolve adjacen? targets is Jzscribed
compleiely by the system’s wideband ambiguity

function. Primarily dependes.t upon the transmitted
waveforrn and the rteceived signal processing, the
ambiguity function is usuaily well known to the
radar-system designer.

ir. Dr. Schindler’s studies the sysiera ambiguity
function plays a fundamenial role in developing the
range image of any nonrotating discrete target.
Conceprually, the range image ic generated by passing
the electromaguztic semporal im pulse response of the
target through a conventional lincar system. In a reai
systera, the temporal output of the system is the
observable image of the target, and (.. Umage
distortion iniroduced by the linear system iz due to
the radar itself.

The temporal impulse response of a target is a
function of the target’s shape, size, material composi-
tioni and spatial oniwntation with respect to the radar.
it 1s theoretically calculal'2 for a large class of shapes,
and experi dental techniques exist for approximating
its form. Indeed, a wealth of essential information
afready exists on the wideband rssponse of radar
targets.

Thus, the range-imaging properties of discrete
targets have been found to te compietely charac-
terized bv two well-known quantities: the radar-
system wideband ambiguity function, and the target’s
electromagnetic impulse response. Investigations of
the range-imaging properties of targets will yield new
insight for interpreting target images, and provide
naw criteria for the design of radar-signaling wave-
forms. Investigations of the discrete target-imaging
properies of systems with cross-range resolution such
as the synthetic uperture radur are presently under
way, «nd promise to yield still further insight irto the
imaging capabilities of high-resolution systzme.

electronics

ELECTROMAGNET!C-WAVE PROPAGATION

The theory of special relativity has been known
for some 50 vears. but its application to probiems
involving moving medic is relatively new, Dr. Charles
H. Pzpas o the Calfornia institute of Technology,
under the sporsovsi.p of AFQSR, is a recognized
pioneer in solving wreblems in which electromay,
netic-energy propagation is affected by the charac-
teristics and motion of the medium.

Dr. Papas has created th: methodology necessary
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to describe the scattering of electromagnetic waves by
inhomogeneous bodies, {8 problera thai could not be
trezted previously), by extonding the method of
invariant imbedding to  clude two- and three-
dimensional inhomogeneities, This method can be
used to compute the radar cross section of meteor
trails, pall lightning, re-entry vehicle wakes, and
focusing problems of Luneberg lenses involving mov-
ing media. Other relavivity probleme treated include
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the scattering of radar encigy from both a jet stream artificial satellite, This description is periinent tc

and the plasma sphere of a nuclear detonation. earui sateliites as well as to space probes.

Preliminary studies of clear-air-turbulence radas- The research accomplished by Dr. Papas provides
reflectivity theory have established that the theory is the theoretical understanding and the coraputational
linited to situations where the Born approximation is tools necessary for an sccurate analysis of operationyl
valid. Work on this problem is in progress. problems related to cirborne and ground rudars,

Dr. Papas has also defined the exact dipole field interplanciary communications, and saellite com-
for an orbiting transmitiing antenna carried by an munication and control.

L
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WIDE-BAND SCATTERING FR™M RANDOMLY DISPERSED OBJECTS

The nature of the scintiMation (fiuctuations of changed. Mr. Rotman’s theory, which has been
intensity with time) of clectromagnetic waves confirmzd by transmission-line experiments, indicates
reflected from randomly dispersed scatteress depends that the ‘luctuations of the reflected energy for

critically upon their signal bandwidth. Physizal situa- different sets of scatterers is much less for wide-band,
tions in which this scintillation is important include than for narrow-band, signals. Furthermore, the
atmospheric and ijonospheric propagation of wide- wide-band signal may be replaced, .or purposes of
band radio and radar signals, the scattering of light by analysis, by a signal compesed of a series of discrete
aeroscls and hydrosols, and microwave transmission equispaced frequencies, where the frequency interval

in wavegmdes with random periurbations. Althcugh is selected so tnat their responses are statistically
several experiments have been conducted on the independent of each other. This latier result, which is
difference in scaitering between laser (narrow-band) reminiscent of the sampling thecrv in the time

and ordinary {(wide-band) light at optical wavelengths, domair:, leads to considerable simplification of the
the results are inconclusive, and canno: be readily mathematical analysis.

applied to the radar case. The general methods which were developed can
Mr. Walter Rotman of AFCRL's Microwave also be applied to a variety of cther optical and radar
Physics Laooratory, in studying this scattering prob- problems, such as three-dimensional distributions of

lem, selected a simple one-dimensional model (Figure moving or stationary random scatterers, the correla-
1) for analysis. The model consists of a series of tion of the reflected signal at physically separsted
randoraly placed discontinuities on a coaxial micro- points in space, and bistatic (angular separation of
wave transmission line. The parameter of interest is transmitter and receiver) geometries. These results
the fluctuation of the reflected power at the input to wili be evaluated by further laboratory experiments
the transmission line for differing positions of the in which randomly dispersed metal spheres are
scatterers, as the bandwidth of the input signal is illuminated by microwave fields, and will be applied

Power Reflection
Coefficient Meter

Directional |,— Square Law Dstector

Coupler ~__
\\
Y B ll° lh l£° lt' ll° Iiz 4 Motched
'l atche
(’\y E ’ L " Load
R.F. Whife if—  Cooxial Tronsmission Line [
Noise Source 110 N=7 /=L

Figure 1. Wide-band microwsve sxperiment on mflections from randomiy dispersed discontinuities in & transmissiu.i line.
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to receat data on tropospheric scattering obtained at
millimeter wavelergths.

The study shows that the scintillation of light in
optical scattering experiments occurs at a very rapid
rate, on the jrder of the time required for a particle
to move a distance of one wavelength of light.

Conventionai measurements wuuld, therefore, show
rio difference between laser and ordinary light, since
the usual optical deteciors do not respond rapidly
encugh to observe the fluctuations. However, these
effects should be readily detectable with high-speed
detectors having submicrosecond response times.

materials research

HIGH-TEMPERATURE OXIDATION OF AIR FCRCE MATERIALS

Supersonic aircraft and re-entry-type space
veh' 'ss require, on leading-edge surfaces, materials
capable of withstanding extremely high temperatures
under oxidizing conditions. Certain of the beride
compounds are being investigated by AFSC’s Air
Force Maierials Laboratory for use in this applica-
tion. One of the more promusing of these, at the
present time, is Zirconium diboride with additions of
silicon carbide.
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Figurs 1. Relstivae oxidation rates of 3 boride compounds at
280 torr oxy jen pressure.
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Dr. Henry C. Graiiam and his associates at ARL’s
Metallurgy and Ceramics Research Laboratory have
teen studying the oxidation properties of these
boride materiais. Three such materials have been
investigated to determine the conditions best suited
for their snplication: material I—zirconium diboride
with no additives; material V—zirconium diboride
with 20 percent by volume of silicon carbide; and
material Viil-zirconium diboride with 14 percent of
silicon carbide and 30 percent of carbon.

Weight-change measurements as a function of
temperature at an oxygen pressure of 253 torr, over
the temperature range of 800°C to 1600°C, have
been made on each material. Figure I shows some of
these data. Below 1300°C there are no significant
differences in the behavior of the three materials.
However, above this temperature, material V shows
superior oxidation-resistant properties. “aterial I
oxidizes very rapidly at 1500°C and above.

Oxidation studies on materials that form volatile
oxidation products are difficult to interpret by
weight-change measurements alone. However,
weight-change measurements are necessary in most
cases to indicate under what condiuons the volatile
products form.

Figure II shows weight-change measurements on
material V. These measurements indicate the changes
in the mechanisms involved. At 1300°C, after about 6
hours, the rate of weight guin levels off, and then
actually shows a weight loss as the volatile preduct
forms at a faster rate than the adherent oxide. The
rate of weight change at 1400° is relatively low, while
at 1200° the rate is highest. A very viscous layer of
silicon oxide is formed on this material at 1200°C,
and it effectively retards the vaporization or forma-
tion of boron oxide. Possibly the boron reacts with
the silicon oxide to form a borosilicate glass.

The equipment developed by Dr. Graham’s group
(1) to study the oxidation of high-temperature
materials such as these diboride compounds will
permit measurements of this type to be made up to
2500°C. This will contribute to the evaluation and
development of new materials to meet the future
needs of the Air Force.
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materials research

REFINEMENT OF AUSTENITIC GRAIN SIZE IN 18%
Ni MARAGING STEELS BY THERMAL TREATMENT

Maraging stee!s trequently contain small volumes
of material in which chemical segregation has
occurred. In some cas:s this segregation has been
found to cause an impairment in mechanical proper-
ties. Segregation can usually be removed by a long,
high-temperature annealing treatment, but annealing
in this fashion causes undesirable grain growth.
Although it is commonly held (1, 2} that grain size in
maraging steel can be controlled only by thermo-
mechanical processing, a joint study by Mr. J. A,
Roberson of ARL's Metal’urgical and Ceramics
Research Laboratory and Messrs, G. Saul and A. M.
Adair of AFSC's Air Force Materials Laboratory has
shown that this control can be achieved by thermal
treatment alone. These results offer possibilities for
improve: .ats in present commercial practices.

This new technique, which has bren developed
for controlling the austenitic grain size of 18% Ni
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maraging steels by thermal treatment alone, has h=en
applicd to two different grades (250 and 30G, of
maraging steel. A large-gain size (ASTM 2) was
reduced to ASTM 7 in both cases. The process of
grain-size refinement requires thermal cycling from a
temperature pclow the martensite transformation
range to a temperature considerably above the
austenitizing temperature. The minimum austenitic
grain size attainabie depends on the prior strain in the
material as well as on the thermal treatment. In the
absence of prior cold work, the mechanism of
recrystallization evidently requires the plastic strain
generated by the martensitic transformations during
thermal cycling. While significant grain-size refine-
ment can be attained by one cycle to the proper
temperature, the attainment of the minimum uniform
grain size requires several cycles.

The effects of austenitic grain size on tensile
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Homogenized at
2000°F IS hours
ASTM Grain Size No.i
133 X

Grein Size Refined by
Thermal Cycling to
I7TO0°F Scycles

ASTM Grain Size No.7-8
266X

18 % Ni-250 Grada Maraging Steel

Figure 1. Grain sizes resulting }rom a ho. nogenization trestr: 2t xnd a refinament treatment.

properties have been invesiigated both at room

temperature and at elevated temperatures. It has been 260} A ,
found that the prior austenitic grain size has a smali
but significant effect on the mechanical behavior of
aged material at room temperature. The effects of
gain size in the austenitic temperature region are
more significant. Tensile propertios are about the
same for similar grain sizes whether obtained by
thermal cycling or by thermomechanical processing.
The grain sizes resulting from a homogenization
treatment and : refinement treatment are shown in g
Figure 1. The effects of prior austenitic grain size on (,,-/
ilow stress are shown in Figure 2. The data poicts 240l 5 5 2 i : -
marked Tcl and Tc6 represent specimens in which Averoge Prior Austenite Grain Dia.,imm; /2 ;

the grain size was reduced by thermal cycling after
the homogenization treatment. Figure 2. The sftects of prior sustenitic grein size on flaw streas.
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maierials research

SURFACE EMRICHMENT IN Fe-Ni ALLOYS

The problem of siress corrosion cracking is ope
of the most serious materials problems in the Air
Force today. This problem pesvades the entire stric-
tural matesials spectrum, from the stainless steels to
the aluminum alloys. One of the most interesting
theories of stress corrosion cracking depends for its
validity on an initial enrichmeni step. Duriag this
step, atoms of the more active element(s) in an alloy
preferentially dissolve, leaving btehind an ennobled
surface of the less active atomic specics. In order to
test this theory, it is necessary to determine the

dissolution hehavior of metals and alloys in a very
quantitative manner. Pickering (1,2,3) has used a very
sensitive electrochemicaj technique to determine the
dissolution behavior of Cu-Au and Cu-Zn alioys.
However, such a technique is not possible in stainless
steels since the equilibrium potentials of the com-
ponenis of the Fe-Cr-Ni system ali lie below the
H'/H, equilibiium potential in acid solution.

The existence of thic enrichment phenomenon
has been demonstrated in Fe-Ni alloys by Lt. Dale O.
Condit of ARL in his probing investigation of the
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dissolution characteristics of alloys in this system.
Five Fe-Ni binary alloys, pure Fe, and pure Ni were
dissolved electrochemically in a IN H,50, sclution
at various potentials. At selected times during the
potentiostatic dissolution, samples of the acid solu-
tion were removed from the test cell and were
analyzed using an atomic absorption spectrometer to
determine the concentrations of Fe and Ni present.

Using these concentrations, anedic polarization
curves were determined. These curves indicated that
the dissolution cof the alloys may be structure-
depe..dent, with face-centered cubic Fe-Ni alloys
having lower corrosion currents than body-centered
cubic alloys.

Each Fe and Ni concentiation was found to obey
a dissolution rate law that:

4

Ci=ﬂi (1)

where C; was the concentration of Fe or Ni in
solution, a; was a constant, t was time, and n; was the
slope of the logarithiic equation. This equation was
used to determine an intrinsic rate constant fc  Fe
and Ni zs 1 function of Ni composition at constant
potential, E. This rate constant was normalized by
dividing each calculated rate constant by the respec-
tive composition of Fe or Ni in the alloy being dis-
solved. The normalized rate constant was thus given
b;

- Ms dCi 6 ]
in o= ot [l 107
Ko = MW, <dt e 2

where M, was the mass of the solution in grams; A,
the area of the specimen; M;, the mulecular weight of
Fe or Ni; and N;, the atomic percentage of Fe or Ni in
the alloy being dissolved. K; , is then given in
moles/cm?2- sec.

The value of n; was approximately 1.0 for pure
Fe and for Fe and Ni in the alloys; and n; was
approximately 0.7 for pure Ni. As a first approxima-
tion, n; was assumed to be 1.0, and the values for
KFe,n and Ky, o were determined at three potentials
of dissolution: -100mV, OmV, and +100mV(SHE).
The results of these calculations are shown in Figure
I. The shaded areas at each potential indicate the
range of compositions where the rate of Fe dissolu-
tion exceeds the rate of Ni dissolution, that is, where
Ni enrichment could be expected. The figure indi-
cates that the probability for Ni enrichment increases
with potential in the range of low Ni compositions.

The enrichment theory advanced for the mecha-
nism of stress corrosion cracking is supported by the
data obtained in this study. The results of Lt
Condit’s investigation also indicate that this enrich-
ment process may be active in other systems, and that
studies in other aerospace alloy systems, specifically
the Al-Ti alloys, should be undertaken.

materials research

THERMALLY STIMULATED PHOTOELECTRONIC PROCESSES

There are a great number of nonmetallic mate-
rials which, when irradiated with light, X or gamma
rays, or charged particles while at a low temperature,
will store part of the incident energy through the
trapping of electronic charge in metastable states.
Upon subsequent heeting, the electrons or holes from
various traps are released in temperature ranges
characteristic of the traps. i the charge passes
through a mobile state upon being released. it mav be
detected by measuring a current when a ccstant
voltsge is applied to the material. This is cailed a
thermally stimulated current (TSC). In some cases the
released charge has sufficient energy to escape the
material, and is observed as thermally stimulated
exoemission (TSE). If the charge proceeds to a lower
energy state with the emission of light, then the
material is said to thermoluminesce (TL). In many
cases the resultant thermally stimulated proce. is
proporticnal to the integrated incident energy.

This phenomenon has various applications to
radiation dosimetry. The processes are also useful to
the u' Jerstanding of the materials themselves, in that
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the defects which give rise to trapping, the emission
of light, ~tc. can be characterized and identified, and
eventually associated with other defect-controlled
phenomena such as ionic diffusion or conductivity as
well as the more directly related constant-temps .-
turc photoelectronic properties.

ARL work done in-house and under contract has
included both the theor.ucal and experimental
aspects relevant to the utilization of the phenomena.
Here a part of the theoretical werk is discussed.

Thermally stimul2t2d phenomena are most often
recorded while the temperatuie is changed at a
constant rate. The resultant curves frequently show a
series of peaks in luminescence, current or exoemis-
sion. The portion of a curve in the neighborhood of a
peak is called a “glow curve.” If the clectionic
transitions are of the sam: kind throughout a glow
curve, then the .irve shape and position can be used
to calculate the thermal-activation energy, E, for tie
trapped charge and a frequency factor, ¢, If the kinds
of electronic transitions change within a glow peak, it
is still possible to cakculate E fram the initial partion
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of the glow curve.

There are two classical analytical forms appli-
cable to models used in the analysis of glow curves.
These are the monomolecular form:

T) = m ¢ exp [-EAT-¢l(T)}, (1)
and bimolecular form
I(T) @ m ¢ exp[-E/XT! / [1+ ¢h(D)]?, (2)

where [(T) is the thermally stimulated response versus
the absolute temperature, T; m is the trapped charge
density; E is the trapped activation energy; k is
Boltzman’s constant, and

-]
NT)= AI expt-E/<T)/8,
where § is the heating rate.

Calculations by Dr. Peter L. Land of ARL’s
Metallurgy and Ceramics Research Laboratory show
that the bimolecular form as written above is appli-
cable only to TL. A related expression applicabie to
TSC and TSE is:

o(T) « m ¢exp[-E/kT] / [i+oh(T)}.  (3)

Evaluation of experimental giow curves by the
above formulas can utilize the fact that the initial
growth of curves (tiw first five percent) is described
by n ¢exp(E/kt). It is shown, however, that results
nay be improved, and without undue intonvenience,
if an analysis based on the compi..e expressions 1, 2,
or 3 is used.

Equations 1 and 2 have been converted to simple
approximate equations (which can be in error by 10
percent) giving E and ¢ in terms of the temperature
of maximum response, T, and the temperatures, T, ,

wiiere the curve amptitude is one half the maximum.
Dr. Land has derived equally simple, but exact,
expressions from equations 1, 2 and 3 which utilize
the inflection points of glow curves together with T,
for c.'culations of E and ¢.

Dr. Land has discussed three basic models which
yield the analytical glow curves 1, 2 and 3. For those
cases where electronic transitions are localized at sites
of a single species, there is no TSC or TSE; the TL is
always described by the monomolecular form, Equa-
tion 1, with a specific energy and specific frequency
factor. In those cases where a charge passes through a
band state which is native to a i.aterial or is
impurity-induced, the TL may be described by
Equations 1 or 2, while the TSC and TSE may be
described by Eouations 1 or 3. In the third model an
electronic charge is transferred via overlapping states
associated with sep-rate defecis. It is shown that at
high defect densities this model reduces to a band
model, while at low densities it reduces to the
localized model.

When Equations 1,2 or 3 apply, the parameter,
¢, depends parametrically on the defect densities, the
electronic transition rates and the distribution of
electrons prior to the occurrence of a specific glow
peak. The several specific forms ¢ takes are pre-
sented and discussed. For some conditions the glow
curves are not described by a simple analytical form
because, in effect, ¢ changes throughout the glow
curve. It is shown, however, that this nonanalytical
behavior is not expected to occur frequently, and
that, where it does occur, the control one has over
the “initial” electron distribution will frequently
permit  systematic approach to conditions which
will yield analytical glow curves. A comparison of the
changes in the TL and TSC glow<curve shape and
position resulting from charges in the “initial” charge
configuration, in both the region of nonanalytical and
analytical behavior, demonstrates the value of making
smultaneous TL and TSC measurements whenever
possible.

mechanics

RADIATIVE GAS DYNAMICS

1t has been recognized for some time that
radiative heat transfer must be included in analyses of
superorhital reeatry. However, despite the numerous
investigations performed, existing solutions are either
simplified (o the point of being unrealistic. or so
complicated that very little phyvsical insight can be
devived. Thus, research to provid= simple, vet realistic
approximations to the physical complexities of gen-
eral situstions in radiating, Towing gases (1,2) has
been conducted first at MIT and then at FJISRL by
Capt. David Finkleman.
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The .ransport of photons, radiative transfer, is
much the same as that of material particles. The
equation governing their motion involves the geo-
metrical relations between the direction of the
propagation vector and the coordinate axes, as well as
the quantum mechanical relations among the vanous
radiative processes and the emiswon of themal
radiation which thev lead to. Although photons of
cach frequency of interest require 3 monochromatic
transfer equation. only integrated quantities (heat
flux, energy density, etc.) are of serodynamic inter-
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Figure 1. Surfeos pressure and wall hest flux for a plensr piston in uniform motion. (upstresm shsorption included)

est. However, there are severe computational and
physical consequences if all mdiative processes con-
sidered important are considered separately. In addi-
tion, even the monochromatic transfer equation
possesses a convenient, ciosed-iorm general solution
only in a planar geometry. Even one-dimensional
spherically or cylindrically symmetric media are
difficult to handle; muitidimensional situations are
presently uniractable.

To alleviate the physice! difficuities, 2 ample
model of nongray gases (medis which absorb cach
frequency to a different exrent) was devised. Since
only integrated quantities ere of interest, the approxi-
mation is specifically intended to improve the predic-
tion of radiative heat fluxes. Appropriate intensity-
sveraged shsorption coefficients may be defined and,
although their strict determination depends upon the
solution of the problem in question, approximations
may be interred from well-known ssymptotic expres-
sions n iransparent and opaque media. If these
sveraged 1bsorption properties are postulated to be
indepenient of geometry (i.e., isotropic), it follows
that they depend only upon the Planck and Ross

cland mean absorption coefficients, which are well-
known properties of any gas. If the ratic of these two
properties depends only upon temperature, very
simple expressiors result. Fortunately, this is often
the case for physical problems of practical interest.

The governing isotropic assumption was ve- +d,
wd it was demonstrated that the approximatic.: is
quite good in planar situations. Both heat fluxes and
energy dersities are predicted accurately in gases
whose spectra may be simulated by discrete fre-
quency steps. The model having been verified, it was
then spplied to the characteristics celculation of
piston-induced radiating flows.(3) Figurs 1 is repre-
sentative of the effects which inclusion of spectral
effects may hsve upon mdiating flows. Both surface
pressure and heat-flux variations are presented. Note
that heating loads may be underpredicted by a factor
of two if one relies upon a gray gas (one which
sbsorbs all frequencies to the same extent). The
analysis may be interpreted in terms of the hyper-
sonic flight of slender bodies, the case presented
representing flight of a 3° half-angle wedge 1 Mach
20 and at an altitude of 100,00G feet.
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mechanics

LOW-DENSITY SUPERSONIC COMBUSTION RESEARCH

Investigations of supsrsonic combustion have
been made in various laboratories at combustion-
chamber static pressures of one half atmosphere and
hizher. Much of this exneriinertal data has been
concerned with shock-induced combustion, or com-
bustion initiated by artificial means such as sparks
and pilot flames. Two aspects of supersonic combus-
tion which have received much less attention experi-
mentally are diffusive mixing at low density (pres-
sures of 1 - 3 psia), anu autoignition. Such iow-den-
sity conditions are expected to occur in the com-
bustion chamber of a scramjet engine operating in the
high-Mach-number, high-altitude flight regime. The
key component of a scramjet-type engine is felt to be
the ~ombustion chamber. The processes taking place
in the chamber include turbulent mixing and the
combustion of injected fue’ with a supersonic air
strcam, A basic understanding of the nat-re of the
cormbustor problem is considered to be paramount in
determining the feasibility of employing supersonic
combustion in this type propulsive system.

Low-density diffusive mixing, autoignition, and
other aspects of supersonic combustion have been
<nder investigation by Dr. R. G. Dunn, Capt (Dr.)J.
E. Drewrv and Mr. N. E. Scaggs of the Fluid
Dynamics Facilities Research Laboratory, ARL for
sometime, utilizing a coatinucus-flow facility devel-
oped at ARL. This facility (Figures 1 snd 2) produces
conecentric streams of air and hydrogen, with the fuel
beir~ injected at sonic velocity into the center of the
supersofuc air stream. As an aid in the design of the
combustion chamber, and to provide theoretical
predictions of results to be expected in the experi-
ments, 3 numercal analysis of the combustion-
chamber flow field was made en an IBM 7094

’...;\ L e
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Figure 1. ARL supersonic sombustion feciity with modified
axhpust duet and Mach 1.8 combustion chamber.

81

computer. Then a parametric study was conducted of
supersonic combustion in the diffusive hydrogen-air
flow field at air Mach numbers from 1.5 to 2.5, and
at static pressures from 1 to 3 psia.

In the experimental phase, approxinately 50
channels of data {pressures, temperatures, concen-
tration, and photocell and spectromet: - Jata) are
recor *d an’ -occssed by the data-acquisition sys-
tem. 11 “erorc ot -t th (perimental data obtained
50 far is soiie a1 te - L dlitative than quantitative.
However, the results tc dat~ have conclusively estab-
lished the occurrence of sustained supersonic com-
bustion in the diffusive hydrogen-air flow field at
combustor-entrance static pressures near 2.5 psia, for
periods ranging up to 20 seconds. Much testing still
remains to be done, and diagnostic techniques must
be improved and developed. However, the results
obtained so far, both numerical and experimental,
have been very helpful in indicating the directions to
be taken in the effort to achieve adequate laboratory
simulation of supersonic combustion for high-
altitude, high-Mach-number flight conditions.

Dats obtained at ARL in this study are felt to be
of fundamental importance in applications for scram-
jet engines, or supersonic-combustion ramjets. Such
engines have a potential for future applicadons in
hypersoniccruise aircraft and in recoverable boosters
for spacecraft lsunchings. The unique, long-duration
capabilities of the ARL facility may eliminate or
sharply reduce the requirement for costly flight
testing as 3 means for obtaining basic data applicable
to the higher flight Mach numbers

Flgure 1. Air nuzsde and hydrc Jen hester snd injector.
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UNSTEADY GAS-DYNAMICS PROBLEMS RELATFD TO FLIGHT VEHICLES

The predictior of unsteady and steady aerody-
nainic forces on wings and bodies in high-speed flight
continues to bc of great importance in the design of
military air vehicles, and in the solution of problems
which arise during their testing and operation. In
response to this need, the Mechanics Division of
AFOSR (OAR) supports the research of Professor
Holt Ashley (formerly of MIT) and his colleagues at
Sianford University. In the past two vears, his
attenticn has been focused on twe problems of
current practical importance: wings with control
surfaces and other discontinuities at subsonic veeds,
and the influence of thickness and other nonlinezn-
ties on the loading of thick supersonic lifting surfaces
in three dimensions.

In a report{l) orn thc control--urface work,
detailed procedures were described for the numerical
calculation of lifing-pressure distribution on a wing
or tail with control surfaces or other discontinuities,
oscillating in a subsonic main stream. The basis of the
solution was the integral equation of s pressure
doublet sheet, linearized under the }:pothesis ot
small disturbances. The key discovi , permitting a
new approach to this problem was Landanl’s theo-
rem,(2) which showed that the magnitude of the
pressure singularity along a discontinuity line, such as
a control leading or sids edge. is directly related 1w
the upwash discontinuity at that edge. Two known

exact solutions were shown to verify Landahl's result.
The symunetric ! motion of a pair of symmetrically
disposed trailing-edge controls with rectilinear, swept
leading edges was described. Since the publication of
that report, further progress has been made, for
example, in determining the complete solutions for
control surfaces whose hingelines intersect the wing-
tip. It is believed that these results wili render the
process of calculating control-atfected airloads (e.g.,
hinge moments) both more accurate and more ett
cient. Special fallout is expected from this work with
regard to steady-state control-surface derivatives, the
calculation of which, in the past, uas generally been
regarded as a “'black art.”

Dr. J. J. Kacprzynski’s study(3) on the influence
f wing thickness on unsteady, three-dimensiona!
supersonic airloads (2.g.. lift) shows that the non-
linear lift differs insignificantly from the linear one,
but that the aerodynamic center moves significantly
forward. He numerically calculated 5% and 10%
thickness effects on a 4> delta wing, and found a
substantial uifference between the linear and non-
linear lifting potential distributions. From work done
to date, quantitative confirmation has been furnished
for the conclusion that there can often be important
nonlinear effects on the unsteady loading and flutter
of three-dimensional lifting surfaces in supersonic
flight.

mechanics

SUP"RSONIC COMPRESSOR RESEARCH

Axial compressors are emplovel in many Aif
Force applications including the majority of aircraft
engnes, numerous types of ground-support equip-
ment, and some environmental control systens.
Supenonic compressars offer a potential for reducing
the size, weight, and cost of these components.

When operating » cersonicaily, an aaal com-
pressor is potentially  pable of producing at least
twice the stage-pressure ratio of a3 modern transonic
design. Altermatively, one supersonic stage <an pro-
duce a pressuie ratio squal to z series of many
subsonic stages. However, the current state-of-the.art
does not permit it to compete in terms of efficiercy.

81

Before a supersonic compressor can become a prag-
tical reality, ways must be found to raise its thermo-
dynamic efficiency 1o a1 level roughly comparable
with current transonic desgns. This is the broad
objective of the ARL supersoniccompressor-research
program.

In the following figures some recent research
results are presented which cover various facets of the
overall program. Figure | shows the evolution of
performance achieved with one experimental rotor
from the joint effort of ARL and AFSC’s Arnold
Engineenng Development Center {AEDC). 1i. all three
cases, the same rotor blades were used without




modification; only the casing contour was changed
and the tips of the blades machined to match. This
example Ulustrates some of the things which can be
accomplished with inexpensive minor moditicatic s
to a limited number of test rotors, and typiiies the
approach followed Dy tus ~rogram. Although the
three configurations shown would not represent an
optimuim design, a ot of useful information has been
obtained at low ¢t
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The performance of the most recent rotor tesied
under the joint ARL-AELW’ program is shown in
Figure 2. This one, designed pricr to the experiments
just mentioned, also employs an annulus of constant
area. However, a significani,, different blade twist
distribution and larger hydraulic diameter distinguish
it from those tested earlier. The design-speed per-
formance shown here is the best achieved so far in
thie test ;ories, and represents an improvemant of
about 10 percent.
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The examples presenied represent some of the
recent highlights of ARL’s supersonic-compressor
research conducted by Dr. Arthur J. Wennerstrom,
and were selected to give an indicaticn of the overall
scope of the current research program. Most of the
difficulties encountered in extracting better ; .rform-
ance from supersonic compressors can be traced to
the accumulation and separation of various fluid
boundary layers. As & result, the current emphasis of
tiic program is on understanding how these boundary
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layers react, and to what extent they may be
contrclied. Boundary-layer control is n old topic
which has received much attention with respect to
components, such #s wings and supersonic irleis.
However, for various piactical reasoms, it has been
largely igrozed for fhe supersonic compresso:. Our
current opinion is that this line of research may
ultimately iead to the sort of technica! breakthrough
necessary to realize the potential of the supersonic
COmpressor.
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Figure 2. Mass-averaged rotor performance ot desipn speed.
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DIRECT-SIMULATION MONTE-CARLO METHOD IN KINETIC THEGRY

As the realm of operation of Air Force veliicles is
extended to higher altitudes and greater speeds. the
low densities and extreme velocities encountered
make continuum theory inadzquate for a description
of vehicle motion and loads through the atmosphe-=,
A new formulation, rarefied gasdynamics, is required,
in which the particulate nature of the atmospheric
gases is considered explicitly.

Although kinetic theory has had considerable
success in deriving some of the macroscopic prop-
erties of gases from microscopic principles, it has
serious deficiencies as a problem-solving method.
First, kinetic theory '~ an abstraction, involving
conceptual realizations of the state of a gas that are
not easily related tc physical-flow situations. Also,
the fundamenta! equations of kinetic theory must be
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extensively simplified in order to render them mathe-
matically tractable.

In order to correct these deficiencies, Frofesacr
G. A. Bird of the Univemity of Sydnsy bas develnped,
with AFOSR support, a numerical simulation tech-
nigue that produces s physically meaningful realiza-
tion of flow problems, beginning with siementary
molecular interactions. The basis of his “Direct-
Sirulation Monte-Carlo Method™ is computer simuia-
tion of the trajeciory of individual molecules. The
proble: of handling the enormous number of mole-
cules in & flowing gas is resolved by applying
statl.fical metiinds, While the molecular paths
between collisions aie calculated exactly, the compu-
tation of coilisions is accomplished by random
sampling,

This technique has been applied to s number of
flow problems, such as plane shocl-wave structurse,
trvpersonic transition flow past various bodies, flow
near the leading edge of a flat plate, siructure of a
sphterical implosion wave, and ihe effect of a gravita-
tional fluid on heat conduction. A recent deveicp-
ment is the computer visealization of rarefied-gas
flows. In this application the positions, paths and
velocities of individual molecules can be dispiayed
visually. Color coding differentiates among undis-
turbed miolecules, .nolecules that have collided with

the body, and molecules that have been affected
indirectly by the pressnce of the body. The resulting
fiow visuglization has proved to be most valuable in
studying the variation of the flow field past 2 body a5
a fungtion of the sarefaction,

The “Disect-Simulation Monte-Cazlo Method”
promises te produce significant sdvances in several
directions in rarefied-gasdynamics research: (1} llow
visualizetion will be improved by using motion
pictures of the compuied molecular motions;
{2} interaction potentials and molecular structures
mere complicated than the hard-sphere molecuies
used originsily have been accommondated; {3)the
zood agreement obtained so far with experiment
indicates that the simulation technigue may be useful
in inferring collision cross sections and surface inter
action parameiers, thus aiding the solution of these
di¢fcult problems.

The methods of Professor Bird hava been applied
recently by Thompson-Ramo-Woolridg., Inc., under
Advanced Research Projects Agency support to
obiein aerodynamic data for flows in the transition
regime between free-molecule and continuum flows.
They are algo currently being applied ic the hyper-
sonic leading-edge problem, 1t is expected that there
will be an increasing number of other practical
applications in the immediate future.

mechanics

TURBULENT BOUNDARY-LAYER MEASUREMENTS
AT HYPERSOWMIC MACH NUMBERS

Research on turbulent boundary layers at hyper-
sonic Mach numbers has been carried out by Dr.
Anthony W. Fiore at ARL’s Hypersonic Research
Laboratory. Measurements were made on the wall of
both a contoured and a conical nozzie in the 4-inch
hypersonic wind tunnel. The measured parameters
were the total pressure and temperature across the
boundary layer, Tests were conducted at a ratio of
wall temperature ic stagnation temperature of 0.35.
The Mach number varied fiom 11 to approximately
12, and the Reynolds-number rangs, based on
momentum thickness, was from 915 to 1600. The
method of analysis used was the Baronti-Libby
transformation, which converts the hypersonic dsta
into the incompressible plane by mathematical itera-
tion upon the incompressible skin-friction coefficient.

Figure 1 shows the velociiv profile at the nozzle
outlet plane for both nozzles. In general, the agree-
ment between the experimental data and the theory
is found to be very good. The data clearly indicates
the region of the laminar sublayer, which appears to

be approximately 25% of the total turbulent
boundary-layer thickness. In addition, it shows a
typical overshoot found to exist st hypersonic Mach
numbers when compared with the Linear porticn of
the *“law of the wall.” Another point of interest i
shown in Figure 2 where, for the same dsta, a plot of
the total enthalpy ratic is presented versus the
velocity ratio. It should be noted that the data does
not foilow the Crocco theory; however, two distinct
regions appesr to be present. In the outer udge of the
turbulent boundery layer, the data follows the
quadratic law, while the inner portion (the laminar
subleyer) follows a linear law. Tais deviation from the
Crocco theory is believed to be the cesult of the
previous upstream history of the boundary layer.
Finally, the ratio of the compressible skin-friction
coefficient to the incompressible skin-friction coeffi-
cient is piotted versus the Mach number in Figure 3,
This data is compared with both experimental data
obtained by other investigators as well as with
Spalding<Chi theory. Both the contoured- and
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conical-nozzle data agree very well with the trend of
the data as well as with the Spalding-Ci:i thecry.

The general knowledge gained from this research
has been very useful in understanding the charac-
teristics of turbulent boundary layers encountered
while flying at hypersonic speeds. Ot particular value
to the designer of future Air Force hypersonic
vehicles will be the information gained concerning the
skin-friction drag and heat-transfer rates expesicd at
these flight conditions.

mechanics

tNTFRACTION OF A BLUNT-FIN SHOCK WAVE
WITH A FLAT-PLATE BOUNDARY LAYER

In supersonic flow, the bow shock wave of a
blunt fin p:otruding from a surface interacts strongly
with the boundary layer on the surface. The pressure
rise across the shiock wave can cause the boundary
layer to separate far upstream of the fin lzading edge
and result in extensive regions of separated flow, with
substantially increased surface pressure and high heat
rates in regions of flow reattachment. Furthermore, a
peak pressure and local hot spot occur on the fin
leading edge as a result of separation. The peak
aerodynamic heating rate can be several times larger
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than anticipated if sepasation effects are neglecied.
From an applications standpoint, flow degrada-
tion and structural integrity problems can arise due to
such strong interactions from fins, vertical control
surfaces, an? nvicis mounted con the compression
side of high-supersonic and hypersonic vehicles. A
vivid example of the severity of such interactions is
the burnout of a pylon on the X-15 experimental
aircraft. A quote from X-15 Stanis Report No. 67-10
of AFSC’s Air [ .rce Flight Test Center, following the
3 October 1967 flight at M = 6.72 and 98,000 ft, is
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significant: “A total failure of the ablator and
melting of the Inconel-X dummy ramjet pvlon
Isading edge occurred beczuse of the unexpected
magnitude of shock-wave boundary-layer interaction
heating.”

In order to obtain a better understanding of the
basic flow phenomena for this type of interaction, an
experimental investigaticn was conducted by ARL’s
Hypersonic Research Yaboratory, using a simple
flat-plate modei with slac fins tested at M=3 and 5

at AFSC's Arnuvid Engineering Development Center.
This work is reported by Lt Col F. L. Young, Dr. L.
G. Kaufman II, and Dr. R. H. Korkegi, (1) with some
results and observations noted bejow.

The interaction causes extensive regions of
separated flow that are highly vortical in nature. Flow
near the surface is scavenged outward from the piane
of symmetry by means-of one or more pairs of
vor “ices, as illustrated in Figure 1. The vortices are
bounded by altzrnate lines of separation and reattach-
men:. Pressures along the fin leading edge in the
interaction region rise to a local peak value con-
siderably larger than the free-stream pitot pressure.
Laminar separation(--R,“p < 10%--)on the
plate is much more extensive than turbulent
separation(--R,up > 108-~ ), and depends on
Reynolds number, whereas turbulent separation is
insensitive to Reynolds number. The extent of
lamina: separation ahead cf the fin increases with
increasing Reynolds number, whereas turbulent sepa-
ration occurs approximately o diameters upstream
of the fin leading edge. Furthermore, the centerline
pressure distributions on the plate surface upstream
of the fin bow shock location are similar to those for
two-dimensional separation occurring ahead of a
step-like protuberance on a {lat plate, for both
laminar znd turbulent separation,

mechanics

PLASMA ELECTRON DENSITIES FROM DOUBLE-SLIT

INTERFERENCE PATTERNS

Thermodvnzmic and transpert properties of
plasmas are needed for various Air Force applications
such as the development of nose cones, radiation
sources, arc heaters for wind tunnels and materials
testing, and for propulsion systems. A basic thermo-
dynamic property is the electron density which plays
an importu.. .ole in the radiative, thermal, and
elzctrical characteristics of a plasma.

Mr. P. W. Schreiber of ARL’s Thermomechanics
Research Laboratory, in conjunctior. with the thesis
program of the Air Force Institute of Technology, is
conducting iesearch in interferometric plasma diag-
nostics desig. ed to measure local electron densities as
a function of plasma temperature.

For plasmas in local thermodynemic equilibrium,
electron densities may be estimated by applying
Saha’s equation. However, this calculation is affected
by the lowering of the ionization potential caused by
the interaction between particles. Theoretical
methods which have been used to estimate this effect
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are questionable. Thus, it is necessary to compare
these analyticsl results directly with measured elec-
tron densities in order to determine which theory
gives the better representation of reality.

Experimentally determined electron densities are
also subject to errors because questionable theorctical
calculations 27 -duction of the measured
data. The com. .nods relate the electron
density to the width of spectrai lines or to the
refractivity of the plasma. The first method usually
requires the introduction of an impurity into the
plasma; the second method is complicated by the
additicnal effects of atoms and ions. In addition, past
measurements have required expensive equipment
(2.g., a Mach-Zender interferometer) and considerable
training for its use.

In order to approach this problem from a simple
experimental viewpoint, a double-slit differential
interferometer was developed and used to measure
electron-density distributions in a stable, free-burning
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The equation for the refractivity of a plasma was
investigated, and a technique was developed which
significantly reduces the error caused by atoms and
ions. This is achieved by using a number of different
wavelengths. These data are then expressed as an
Abel-type integral equation which - .y be solved to
yield the radial electron-density distribution. In addi-
tion, the double-slit interferometer allows measure-
ments to be made in the infrared which enhances the
contribution of electrons to the refractivity. Thus,
good results may be obtained with a smaller number
of wavelengths, and the accuracy is improved.

By using appropriate laser mirrors, data were
obtained at 0.6328, 1.15, and 3.39 microns. These
data were analyzed to yield electron density as a
function of the plasma radits. In addition, the
corresponding temperature distribution was measured
in the free-burning argon discharge. Because of the
data-reduction technique, the measurements have a
minimum error at approximately 10,500°K. These
results are compared in Figure 3 with calculated
electron density as a function of temperature, thus
confirming the thermodynamic calculations.

A careful analysis of the errors associated with
this simple interferomet:ic technique is being pur-
sued. Hopefully, accurate measurements over a larger
temperature range will lead to definite experimental
information on the lowering of the icnization poten-
tial in plasmas of interest to the Air Force.

—
17
10 4—

» .

) -

€ —

© —

» L

o

L o

=

[ 4

p=1 =

=

o

= -

-

Q

[

@

IO.":

—
}—
- THECRETICAL
- EXPERIMENTAL [ ]

20 | I ) N S | ! 1 1
9,000 11,000 13,000
TEMPERATURE, *K

1!

Figure 3. Comparison of experimental and calculated slectron
density ss » function of tempersture.

mechanics

STREAMWISE VORTEX FLOWS AND RELATED CRISS-CROSS ABLATION
EFFECTS ON THE FOREBODY OF REENTRY VEHICLES

Several years 2go, ARL's Thermomechanics
Research Laboratory's Heat-Transfer Group initiated
a search for information to explain observed heat
transfers markedly higher than those predi~*able by
the then-current heat-transfer theories. Investigators
at Brown University, a contract participant in this
program, explored the presence of vortex systems in
the flow, and also the influence of favorable stream-
wise pressure gradients. At about the same time it was
leamned at the Laboratory, in its hcat-transfer research
on separated supeisunic flows, that Professor J. J,
Ginoux of the von Karman Institute for Fluid
Dynamics ne¢ar Brussels had found unexplained
periodic  streamwise striation uisturbances in the
reattached supersonic flow on rearward facing steps.
ARL rescarchers felt that these disturbances could be
related to the Taylor-Gortler vortex systems pre-
dicted many years before, and added an investigation
of such systems to their program. Further experi-
mental evidence from other sources disclosed the
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presence of these periodic disturbances, and revealed
analytical evidence that they could markedly in-
fluence heat transfer. It has now been reasonably well
established from our work at Brown University and
from the work of Professor Leif N Persen of
Trondheim, Norway, the Leporatory's special in-
vestigator on this subject, that these disturbances are
vortex sysiems which must be expected in certain
classes of curved flows.

At a recent meeting at AFSC’s Space and Missiles
Systems Organization (SAMSQ), it was disclosed that
reentry flight vehicles showed unanticipated and
unexplained crisscross stristions on their ablative
forebody surfaces. Dr. Max G. Scherberg, the repre-
sentative from ARL’s Thermomechanics Resesrch
Labonatory, feit that the above effects were almost
certainly related to the streamwise vortex systems
being investigated as part of the Labu:»tory's pro-
gnm, and added the crisscross problem to the

.
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program. Professor Persen, who had _:zen working
with the Thermomechanics Research Laboratory on
the streamwise-vortex-systems’ program, had reported
earlier ir. correspondence that he had observed such a
system in the water flow on the bottom surface of his
kitchen sink when the tap was running. Dr. Scherberg
felt that we had in such a waterflow setiing an
excellent experimental device for not only studying
the vortex systems of the program, but also, with the
use of a surface coating, the simulation of the ablative
process occurring on the reentry flight vehicles. His
theory was that periodic striation erosion from the
vortex systems would initiate periodic bow-wave
systems which would result in final crisscross
striation.
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Figure 1. Results showing A s function of A p for the three
models, Nozzie: 3/8™.

Figure 2. Striations on ¢ plate (Nigh jet speed).
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Streamwise directed vortices have heen investi-
gated both theoretically and experimentally over the
last 40 years. Those best known to the profession are
the Taylor vortices appearing between rotating cylin-
ders, and Gortler vortices appearing in the boundary
layer along concave walls. Even though these
“classic™ cases have been known for a long time. it is
only recently that the importance of such vortices in
many practical applications has come ‘o the fore. The
appearance of Gortler-type vortices in the reattach-
ment region behind backwards-facing steps was exhi-
bited by Ginoux, and later also by the research group
of the Douglas Aircraft Co. Large increases in heat
transfer in the stagnation region have been studied by
Kestin and Gersten, among others; this increass has
been thought to be caused by streamwise-directed
vortices.

Some theoretical work is currently being con-
ducted in this area, but many questions still remain to
be answered. Among these are: 1. What are the
mechanisms of vortex formation, and under what
conditions are they initiated and maintained? 2. How
are the vortices, which are experimentally determined
to be periodic, related to the prime flow charac-
tenstics? 3. Dees the observed condition of increased
pressure and velocity gradients, along the family of
curves orthogonal to the streamlines when these
vortex systems appear, indicate an instability in
curved flow systems which will prohibit a stable
two-dimensional flow system? 4.How do these
vortex systems eroge surface coatings and produce
the periodically distributed striations observed in
these coatings? 5. How do the vortices affect ablating
surfaces to produce the criss<cross striations found on
reentry vehicles, and in comparable tunnel tests?

Actually, some of these questions have already
been answered ir a qualitative way. Water-jet experi-
ments, a follow-up to the Trondheira kitchen-sink
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Figure 4. Crise-croes pattern in the water surface (fiat piate).

experiments, show that the vortex “i.iribution fre-
quency is proportional to the speed of the jet (see
Figure 1). Figures 2 and 3 show the striatiors in
undried paint surfaces at two different jet speeds.

Some approximate primitive analysis has indi-
cated certain pressure and velocity gradients having
opposite directions can produce an unstable curved
flow system, The water-jet experiments appear !¢
indicate that local flow separation in a flow system
containing the streamwise vortex system can produce
the criss-cross striations referred to above (see Figure
4). Disturbance bow waves from eroded paint sur-
faces did not at first appear to be strong c:.ough to
produce criss-cross erosicn in the paint coating,

Fmvrb.&mmhhmmrfm(m
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although a crisscross wave system was visibie to the
naked eye. The criss-cross systemn was tinally obtained
in the paint coating at lower flow speeds and softer
paint coatings so that the viscous erosion forces and
the bow-wave pressure differences were comparable.
Figure 5 shows a conventional flat-plate water table
on which the crisscross wave system originates at the
sh~  bend at the bottom of the waterfail.

energy conversion

PHOTOSYNTHETIC ENERGY CONVERSION

Photosynthesis s nature’s way of ccnverting
low-grade eneigy into energy useful 1o man and his
environment; it is a series of processes in which
electromagnetic energy is converted into free chem-
ical energy. Future space technology may be required
to duplicate and use photosynthesis for sources of
energy for extended space missions.

The photosynthetic apparatus is a lamellar struc-
ture which can be considered as an array of solar cells
where chlorophylls (photosynthetic pigments) act as
1 modified p-n junction. The cells are charged by
light-absorbing chlorophyll pigments. Water is the
electron source and oXygen s ¢ reaction product,
accompanied by e reduction of the clectron ac-
ceptor to energy-rich compounds. At present, the
detailed mechanism of photosynthesis s obscure, and
many questions need (o be answered. Drs. F.
Fujimori and K. P. Quinlan of the Energetics Branch
of AFCRL's Space Physics Laboratory a2 attempting
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to answer some of these questions, such as: What are
the photophysical states of the photosynthetic pig-
ments? What is the molecular mechanism of a
chlorophyll-sensitized reaction which effects the con-
version of light energy into chemical energy? Is it
possible to obtain useful energy from chiorophyll-
driven reactions?

The interacion between light-excited chio-
rophyll and electron donors/acceptors has been
demonstrated by means of electron spin resonance.
Insight into the mechanism of these interactions b
heen obtained by s:udies of the effects of quer chers,
pH and oxygen. These electron-transfer systems were
also shown to possess the ability of generating
photepotentials and photocurrents. It was found that
thewe reactions are sccompanied by the ejection of a
proto=. This has answered many longstanding ques-
tiors. but has also raised many more eg., is the
induce! photopotential of the chiorophyll system
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due to a proton-concentration gradient?

The enviroru....:*al organization of ~hlorophyll in
its natural state remains unknown. The high con-
centration of chlerophyll, and the presence of a
nonfluorescent form of chlorophyll have suggested a
study of chlorophyll aggregation. Aggregated chlo-
rophyll moleculey exhibit spectral and photochemical
properties different from their monomer forms and
can be responsible for the specific function of
chlorophyll in solar-energy conversion, New forms of
chlorophyll aggregates have been found in high
dipolar solvents such a3 iqueous-formamide solutions.
A study of these forms has shown that they did not
possess any special properties for photosensitizing
endotnermic reactions; it has also shown that chlo-
rophyll a and chlorophyll b forms can exist as a
copolymer.

Studies on the effects of other small molecules
(sucn as water, methanol and dioxanej on chlorophyll
aggregates have demonstrated that aggregates dc ot

necessarily have to involve the cyclopentanone ring
ketone of one molecule with the magnesium atom of
another. These studies have also shown the variabie
types of interaction in aggregation. ‘«ne methanol
study has revealed that the phytol portion of the
molecule may also play an important role in chlo-
rophyll aggregation.

Investigations into the charge-transfer properties
of solid chlorophyll have shown that dried solid
chlorophyll forms charge-transfer complexes with the
following electron acceptors: oxygen,
p-benzoquinone, p-chloranil, p-bromanil, and iodine.
It was found that the addition of water affects the
chlorophyll-chlorophyil interactions, and produces a
stabilized free radical which is attributed to the
oxidized form of chlorophyil. The simulated lamellar
composites of chlorophyll and p-chloranil were found
to possess a light-induced voltaic effect. This
phenomenon is being analyzed with the ultimate goal
of developing functional solar-cell devices.

energy conversion

AMMONIUM PERCHLORATE

After the introduction of AP (ammonium per-
chioraie, NH,C104) into sofid-rocket-propellant
formulations some 15 years ago, this crvstalline
oxidizer rapidly became the principal ingredient of all
large solid rockets for space and missile applications.
Its practical advantages have clearly outweighed its
disadvantages. and a considerable body of art has
been built up on the processing and use of this
material, mostly through trial and error.

At the same time, the fascinating complexities of
the behavior of AP, both in the laboratory and in the
rocket engine, have resulted i a grea? proliferation of
research interest and research publicstions. A number
of important scieniists, in the U.S. and sbroad, have
continued work over the years on various aspects of
the problem; bul an increasing number of younger
workers have also enteved this arena. The {act that a
number of the.> are associated with rocket manu-
facturers is an indication that an understanding of AP
decomposition and deflagration, and of the ignition
and combustion mechanisms of AP propellants is not
just an scademic puzzier. Realistic, quantitative
models sre needed to improve the basis for rocket
and igniter demyn, to assess the effect of Luming-rate
catalvsts, to settle on the specifications for the purity
and physical condition of AP for propellants, and to
predict the effects of long-term storage and radiation
on propellants.

much of the “classical™ work stili being quoted
and used -for example, the work of Friedman, (1)
Schuii, (™ and Nszchbar (3)-his come from
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AFOSR-supported research. At present, the objective
is to obtair more precise data on several questionavle
facets of ignition and decomposition, and to identity
those experiments which have a good probability of
deciding between competing, strongly held theories.
Two of the efforts being supported are in the area of
AP deflagration.

At the University of Caiifornia {Berkeley), Dr. E.
E. Petersen has developed a powerful technique for
studying deflagration and deflagration limits. (4,5) By
imposing a temperature gradient on a single crystal or
peliet, and arranging the lowest temperature to a
value below the deflagration limit, the crystal ex-
tinguishes during the process. This simple concep! nas
permitted the accurate determination cf the deflagra-
tion pressure iimits as 8 function of ambient crystal
temperatures by a quenching experiment. Theretore,
the nmeasurements are no longer dependent upen the
magnitude of the wgnition-stimulue strength as was
true for previous mezsurements. This type of experi-
ment i providing data for a unified thecry of ignition
and deflagration since, at the low-pressure deflagra-
tion limit, the ignition process caincudes with the
deflagration process.

During the past year, Professor H. C. Beachell of
the University of Delaware has prepared the alkyl
suptitiied armmonium perchorstes and invesligated
their physical, chemical and combustion character-
istics. (6) It was found that all of these mene-
propellants had faster burmung rates than ammonium
perchlorate. Methylammanium perchlorate was found
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to have the highest burning rate—nearly three times
that of ammonium perchlorate. Although the
material wes more sensitive to impact thon
ammonium perchlorate, and had lower melting and
decomposition points, it proved to be a valuable new
compound for studying combustion. These investiga-
tors had predicted that compounds like the alkyl-
substituted APs, having a cation which is a better fuel
than the ammonium jon, would have faster bumning
rates than pure AP. In addition, the burning rates are

expected to be faster than AP/hydrocarbon pro-
pellant mixtures because of a simplified mass transfer
during the first steps of the overall combustion
reaction.

This new information from both Petersen and
Beachell is having an impact on the discussions now
taking place in small, closed groups whose aim is to
hammer out areas of agreement and disagreement,
and come up with data needed for specific areas,
such as the deflagration of AP,

energy conversion

ELECTROFLUID-DYNAMIC ENERGY CONVERSION

An increasing awareness of space and remote-area
power requirements, such as high power-to-weight
ratio, high reliability and long lifetime, has dictated
heavy research emphasis on direct energy-conversion
processes, that is, processes which do not employ
moving mechanical parts. Analyses indicaic that the
conversion of fluid-dynamic energy into electrical
energy by electrofluid-dynamics (EFD) or “flud-
dynamic Van de Graaff” generators (wherein zn
electrically insulating fluid transports electric charg=s
of one polarity against an applied electrostatic field)
may yield attractive performance characteristics
complementary to other direct energy-conversion
processes. ARL's Energetics Research Laboratory,
under the guidance of Mr. M. O. Lawson, is engaged
in research to establish the fundamenta! working

rracteristics of EFD power generators. Specifically,
the research is directed toward a special recirculatory,
two-loop cycle eimploying two working fluids, which
was developed early in ARL’s program. Present
research rigs, however, only simulate the cycle using
pressurized air in both tlow loops (see rFigure 1).

The hydraulic diameter has been established as
the primary parameter coupling the fluid-dvnamic
and electrical fields. For the most attractive per-
formance regime, the hydraulic diameter of the EFD
channel should be very small (a fraction of an inch).
As a result, research emphasis has shifted from
power-limited cylindricalchanne] geometries to small
hydraulic diameter, twodimensonal channeis
{greatlly clongated slots) capable of larger power
outputs. The . «periments} test rig has the special
form of a radial outflow geametry (see Figure 2)
which has inherent manufacturing advantages. The
primary flow discharges radially from a four-nch-
diameter disk nozzle. [nitial tests have concentrated
on uripoler charge generaticn by corona discharge.
Corona electrodes, both internsl and external to the
primany flow, are being studied. Due to the lack of
electric-Hield divergency for ‘e internsl charging
mode, however, best resuhis have been obtained with
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the external corona electrode. The current value of
one milliampere at atmospheiic pressure spprosches
anaiytical expectations.

A numerical computer program has been de-
veloped to calculate the electric-field structures cor-
responding to complex electrode shapes and charge
distributions. Regions of peak electric-Neld intensities
in EFD channels often lead to premature dreakdown
with decicased performance. Quantitative mforma-
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tion gained with the computer program has shown
that the peak fieid intensities can be extremely large
in the two-dimensional geometry. The potential
gradient along the channel length can be effectively
smoothed out, however, by providing electrode-
shielding surfaces extending along the charge cloud.
In the entrance region, the electrode surface should
be immzediately adjacent 2o the charges. The electrode
surface then diverges such that the lateral distance
between the outer boundary of the charges and the
metal gradually increases. The lateral spacing depends
on the charge density, the applied voltages, and
desired potential gradient. Determination of the
optimum electrode design, combining electrode-
shielding requirements witit aerodynamic character-
istics, constitutes a major part of the present research
effort.

The output voltage limuations of the con-
ventional EFD channel configuration with dielectric
walls have also been studied. Tests with cylindrical
channels have shown tnat a 6-fold increase in length
(1-6 inches) has increased the voltage level only from
400,000 to 600,000 volts. Due to charge deposition,
the basic limit is a sparkover on the dieiectric walls
rather than an electrical breakdown of the gas. Since
the charge-transport velocity on the wall is small
compared to the main-flow velocity, even very smail
current leakages to the wall quickly lead to very large
wall charge accumulation. Tests have shown that
current leakage can be substantially reduced by
controlling the humidity content of the secondary air

ang

Figure 3. Radial-outfiow experimental EFD ganerator.

flow to prevent evaporation of charged droplets. To
insure no charge leakage to the walls, however, is
extremely ditficult. A more desirable solution is to
remove the dielectri: material from the immediate
vicinity of the charges. This might be accomplished
by a standing gas voriex (see Figure 3); charges which
diffuse out of the main fiow are then swept to the
electrodes rather than ascumulating on an insulator
wall. The system is, of course, closed by an insulator
which now is f - from the charges and can have a
large surface path length.

energy conversion

ADVANCED PROPEL _ANT CHEMISTRY

As a result of basic research sponsored by
AFOSR’s Propulsion Division, an  orange-yellow
solid-oxygen difluoride, (Q;F;), is now being con.
udered as a new rocket oxidizer. Mes! chemical
substances which show promise as scurces of energy
are highly reactive materials. O;F; 1s no exception.

The chemistey of oxygen difluoride is quite
uruque in that O;F; reacts with most other sub-
stances st temperatures of -160°C or below. Even a
these temperatures, 3 violent «xplosion occurs when
0O, Fy reacts with most organic or inorganic materials
contaming hydrogen. Many other reactions of O;F,
are so vioient that there 1s a cleavage of most bonds,
with resulting simple degradation products.

When a suhstance s so reactive, reaction studies
are extremely difficult and dargerons. However, 2
team of rescarchers, headed by Dr. [ . Solomon at
the [linois Irstutute of Technology's Research In-
stitute (HITRIY has succeeded in sufficiently subduing
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the O;F; molecule so as to be able to study the
chemical kinetics of its reacticns with a number of
other substances.

Dr. Solomon found that the reaction of O, F,
with sulfur dioxide (8O;) could be controlled, and
that this reaction was partweulardy useful in hus study
of O;F; chenustry. The two compounds are frozen
at -196°C and then warmed stow!y until the reaction
starts—-at about -160°C. Reaction products are then
collected and identified. The primary feaction was
found to be SO; + O, F; ~F,80, + O H

Because O; Fy reacts so quckly, any attenpt 1
exanune the mechaniss of its "eaction by means »f
conventional Kineties studies 15 very difficult, if noe
mpe o 'e. Therefore, an oxygen-17 tracer tecknique
was Jjevised.

W resction 1 ss 2 simple fluorination, no oxyvgen
should transfer from O, F; to F380;. This hypoth-
ens was proved by carrving out the tolowing
reactions with Q! 7-labeled compounds:




$0,'7 +0,F,»F;80;'7 + 0,

SO, +O;l7F2“‘F2802 +0217

The nuclear-magnetic-resonance spectrum of all
reaction products was analyzed to determine the
location of the oxygen'” tricer. It was found that
_ the Op forned in Reaction ' did not contain
: O'7-also that the F3S0. forme? in Reaction 3 did
; rat contzin O'7. Since scrambliag was not observed,
it was cencluded that the r; SO, was formed by a
simple fluorinaticu reaction. This pattern of reac-
tivity correlates well with the atomic structure of
0, F; as determined by microwave spect.oscopy. The
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0-O bond is relatively short and strong, whereas the Figure 1. O;F;—one of the most resctive substances known.

O-F bonds are longer and weaker. (See Figure 1)

Rupture of the O-F bonds initiates reactionsan. s ’
the molecule its violent reactivity.

Laboratory contracted recently with IITRI for the :
further development of oxyfluorides as potential -
rocket-propellant oxidizers.

- This basic-research program has progressed su
. well that AFSC's Air Force Rocket Propulsion

energy conversion

PRODUCTION OF NEUTRONS BY VORTEX ANN!HILATION
IN A PLASMA FOCUS

Plasmadynamics, the modemn area of fluid-
dynamics, 1s expected to have at least as manv
technological applications as aerodynamics has had in

energetic and nonisoenergetic that ., with release,
wili be followed. A large number of iscenersetic

applications are avmlable to d.te. These are MHD ! .
the past. The technologic.' applications of plasma- accelerators and generators, clectronic !evices and,
dynamics may be subdivided into mur groups, lately, neutron-producing  devices. The  noniso- . L
depending upon the criterion of subdivision. iiow- energetic applications mey melude  fission- and i
. ever, for cur purpose, the subdivision inte iso-

fusion-power plants.

Neutron production by vortex annhiation in g
plasma focus was investigated by Dy, Winston Besick
and his coworkers at the Stevens Institute of Tech-
nology with the support of AFOSX's ®ropalten
Division. They used 2 plagus coaxaal sccelerator
having inner and outer conduc o diameters oo 3.4
«m. and 10 em., respectively. T2 fengtii of the inner
conductor was 13 em. The ai zlerator was driven by
3 45-microfarad capacitor barnk naving a “aximuem
voitage of 2§ kiovolts. The working wund was :
deuterium of 10-% atm. piossure. At 3 voitage of 13 :
kilovolts, the energy stored by the capacitor was 3.8
kibojoules and. during the discharge, the resulung .
peak current reached a value of 0.5 megamp. The
half-cvele time was 2 microseconds.

During the pulsed operstion, wnen the current
sheath collapses in the “pinch’ at the end of the
cer w . aductor, the piasma vortoes are vhserved to )

Figurs 1. 1=.260 120 rsc. Current shasth it siresdy annxhxlxltc ;aich (.‘-th.:. Thus they produce & "3;9’1 of
~roming face of cents conductor. Note vortex peir com. bnght ulpmmatmn whnfh moves 3t 2 sy;\rtd of 200
busing a1 8 o'clock. kmisec. from the end of the center conductor aleng
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the axis.

During the operation, two main neution pulses
appear: a) the first neutron pulse occurs during the
vortex annihilation slong the axis wiile the bright
region moves from the center conductor to the crown
of the umbrelise (s2¢ Figures 5 and 6);b) the second
main neutron pulse is associated in time with the
vortex annihilation occurring in the crown of the
umbrella. Then the vortices “bum” in pairs, and a
magnetoshockwave moves radially outward from the
. ywn of the umbrella (st¢ Figure 3).

Eigury 3. t= 230 1 20 nees.

mﬁ;,;;,w‘ﬂil R RHARS o Bt v R e S

Bostick and his coworkers have advanced the
idea that the observed vortex annihilation, as shown
in Figures 1 to 6, is the laboratory analogue of the
solar-flare phenomenon. In their experiments the
neutron yield produced was about 5x10° neutrons
per pulse.

Figures 1, 2 and 2 are five-nanosecond, axial-
view, image-converter photographs of the filamentary
vortices. Figures 4, 5, and 6 are profile views of the
aforementioned vortices.

Figure 4. t=- 250 1 20 nsec,

Figure 8. t+ 0129 nsec.
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Figure 6. t =50 1 20 nsac.

terrestrial sciences

STABILITY OF AZIMUTH CONTROL

Numercus military and civilian systems and
instruments require directional control lines for test-
ing or calibration purposes. Such systems range from
a large astronomical telescope, to an inertial guidance
system, to a magnetic compass. With the advances in
inertial navigation systems, the accuracy requirements
for such reference lines have become stringent and
exacting.

It is sometimes forgotten that any control line
must be marked by some sort of monument that is
fastened in some way to the earth’s surface; h.o.ice,
the accuracy of such a line depeids upon the stability
of its end points. In locales where long lines (e.2.,
10-20 km) of sight are possible, slight instabilities of
the end points are of little concern, except in regions
of active tectonic faulting, such us in California. in
flat topography, however, where only short lines are
possible, the stability of the end peints is of critical
concern, for a mere 2.4-mm displacement on a S00-m
line can cause an angular change of one arcsecond.

In a study of the influence of geological param-
cters on the stability of survey monuments, Mr. G. H.
Cabaniss of AFCRL has discovered some interesting
tovographic effects and a partial solution to probleins
associated with shortline azimuth references. By
applying a strain analysis technique to data from
repeated surveys of control networks in the Midwest,
he found that the long axes of the derived strain
ellipses exhibited 2 strong NW-SE preferential orienta-
tion, as indicated in Figure 1. The long axes of the
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Figure 1. Polar histogram of the orientation of the strain

sliipses derived from ropeated gecdetic messurements on 63

szimuth contro! networks.

ridges and valleys also showed the same trend in this

region of gently rolling topography. This similarity
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implics that the topography dominates monument
movements, any random instability is of only second-
ary importance. A reasonable explanation for such a
pattern is the differential downulope movement of
the control markers, partjcularly those on the flanks
of NW-SE-treading ridges.

Two implications arise from this interpretation.
The first is that maximal angular stability of control
can be achieved by orienting lines parallel to the

principal axes of the strain ellipse, that is, either
parailel or perpendicular to the topographic sicpe.
Secondly, the question must now be raised concern-
ing the credibility of crustal-strain data derived from
similar short-line networks in tectonic-fauit zones.
Except in the most active zones, the apparent strains
associated with the topographic effects might be
sufficiently large to completely mask tectonc strains
and form a perfectly logical but spurious pattern.

terrestrial sciences

MEASUREMENT OF THE ABSOLUTE ACCELERATION OF GRAVITY

The best possible capability for this basic phys-
ical measurement is of primary importance to the Air
Force. The abaolute acceleration of gravity is required
with high accuracy for the calibration of guidance
and navigation instruments. in addition, several geo-
dedc parameters contributing to the geodetic and
gravitational error budget of ballistic systems also
depend on the value of gravity acceleration.

The major obstacles to the achievement of high
accuracy in experiments to measure absolute gravity
by classical insirumentation and approaches are the
systematic errors present in each particular experi-
ment. In sddition, classical experiments are not
“transportable,” so that intercomparison between
laboratery experiments at different places has been
possible only by relative gravity connections between
the sites of the experiments.

To overcome these difficulties, B. Szabo and his
coworkers at AFCRL have studied methods of
obtaining high-precision measurements of gravity
with transportable instruments by combining laser
technology with recent advances in electronics. As a
result, James Faller of Wesleyan University, with the
support of AFCRL, has designed and developed the
first laser-interferometer free-fall apparatus, according
to the specifications.

The apparatus consists of a Michelson-type inter-
ferometer constructed with corner cubes instead of
mirrors. The falling object is one cube of the optical
interferometer. A stabilized helium-neon laser pro-
vides the brightness and coherence necessary to

coduce high-quality interference fringes. The cube
falls through a little more than i meter in a chamber
evacuated to about 5 x 1077 mm Hg (6.7 x 10°
N/m?). The time counters are started :“ortly after
release of the cube; one counter is stopped near the
middle of the fall, and the other near the end of the
fall. Gravity is cal.ulated from the predetermined
time intervals, the iumber of fringes counted, and the
wavelength of the laser. The time base is a § MHz
crystal oscillatos; its frequency is compared with
WWV2 freq ency standard. The timing accuracy is
about 1 nanosecond (10°3). Single-drop accuracy is 1
part in 107, and drop-to-drop scatter is S parts in
107; from 100 drops, internal accuracy (standard
deviation) of 5 parts in 10® has been achieved.
During 1968, AFCRL used this portable ap-
paratus to measure the absolute acceleration of
gravity at Teddington (England) and at Skvres
(France), where highly accurate permanent-type ex-
periments had been conducted. The results obtained
by the laser-interferometer apparatus agreed with the
values of the “classical” experiments within 0.02
milliga! (2 x 1T m/s?). These excellent agreements
indicate the absence of significant sys' matic errors in
the experiments involved. The laser-interferometer
apparatus was also used to obtain an absolute
measurement in AFCP.L’s gravity-seismic observatory
at Bedford, Mass. Ar this cbservatory, various gravity
experiments utilizing different approaches will be
intercompared in order to detect systematic errors
and to establish an absolute gravity-base-station for
the Air Force.

atmospheric sciences

RADAR INVESTIGATIONS OF CONVECTIVE PATTERNS
IN THE CLEAR ATMOSPHERE

The detection and anaiysis of convective activity
in the atmosphere is of considerable interest to the
meteorologist; but knowledge ahout convective

regions is of particular concern to USAF operational
personnel because of their effects on vehicles operat-
ing through these regions. For many years we have
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Figurs 1, Sector PP photo st 3-deg, slevation angie taken at Wallops laland, Vieginia, st 5062 EST, 15 August 1887, with the
10.7-cm rador, The strobe line indicates the 300-deg. saimuth, Echoas of Typs-i sells, in horizontsi section at the appropriate
altitude and range, display the cheracteristic doughnut shape.

had the ability, through visual or radar observations,
to infer the locations of convective activity associated
with strong cumulu. development. However, in the
sheence of “visual” targets, such as clouds or precip-

n, there was no means available for the remote
vusivation of convective patterns, although such
activity was known to exist. Recently, using ultra-
sensitive radars, meteorologisis have also been able to
detect regions of convection in a completely cloudless
atmosphere, even though little was known about the
character of these convective patterns.

Within the past year two AFCRL scientists, Dr.
Kenneth R. Hardy and Mr. Hans Ottersten, have
analyzed radar data collected at Wallops Island,
Virginia, and at Sudbury, Massachusetts with a view
toward establishing the form and evolution of con-
vective motion in the ciear atmosphere. They have
found two types of convective pattemns.

One pattern consists of small thermallike cells
(Type 1) which are about 1-3 km in dlameter and
several hundred meters high. These cells may persist
for 20 to 30 minutes. In a horizontal view, the radar
echoes of these cells are doughnut-shaped (Figure 1);

their centers typically are echo-free. The siructure of
the cell an” i¢s time history are consistent with the
view that the relative flow within the cell is upward in
its cester, and outward and possibly downward
arviind its periphery (Figure 2). These clear-air cells
are detented iegularly witl ultrasensitive radars at
wavelengths greater than 1. cm. The echoes are
caused by scattering from variations in refractive
index, which are particularly marked at the cell
boundary.

The other pattern is made up of clear-air Bénard-
like convection cells (Tvoe 1) which are 5-10 km in
diameter, and 1-2 km in height. The centers of these
ceils are also echo-free. The overall paitern may
persist for up to 4 hours, and individual Bénard-like
cells may have lifetimes of at least 30 minutes, The
Bénard-like pattern is composed of several small cells
organized around the circumference of the larger
Type-II cells. These small cells are probably estab-
lished through the same air flow that generates Type-/
cells. Thus, it is expected that the Type-II cell will be
characterized by cores of updrafts around its pe-
tiphery, and by downward flow in its center. Echoes
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from the Type-ll Bénardike cells were observed on
three different clear days with a 3.2-crm radar of
moderate sensitivity (Figure 3). These echoes were
caused by the scattering from an unususlly large
number of insects, which served as excellent tracers
of the air flow. Bénard-like clear-air patterns have also

been observed with sensiiive 10-cm radars by virtue
of the scaitediig rtin serracuve-ndex fluciuations.
The }10<m radar observations confirm that the
Type-Il pattern is composed of Type-l convection
cells organized around the periphery of the large:
Bénard-like cells.

atmospheric sciences

OPTICAL PROPERTIES OF OZONE

Czone, although a minor atmospheric con-
stituent, produces significant effects in the upper
atmosphere, It is the principal atmospheric absorber
and emitter of electromagnetic radiation in this
region and, to a large extent, governs the radiative
heat balance, the circulation process, and the thermal
structure of the stratosphere. Consequently, studies
of the properties of ozone molecules are important t¢
improve our understanding and knowledge, not only
of the upper atmosphere, but also of the propagation
of radiation th~  1h the atmosphere.

Ozone is a nonlinear molecule composed of 3
oxygen atoms; the equilibrium structure is indicated
in Figure 1. The molecule has 3 fundamental modes
of vibration (v, v3, and »3) which are responsible for
the more important ozone absorptions occurring in
the atmosphere. Mr. S. A. Clough and his coworkers
in AFCRL’s Optical Physics Laboratory have ob-
tained high resolution {the order of 0.07 cm™") of the
3 bands. Using theoretical formulations and high-
speed digital computation, they have calculated
frequencies for the approximately 5,000 transitions
required to interpret the observed spectra. In most
cases, these transition frequencies agree with the
observed data to within 0.01 cm™.

A significant intensity anomaly, which was de-
tected in the v, band, is of particular interest. It
became clear that conventional theory did not ex-
plain the appearance of this band, and that the
interaction of the v, vibration and the stronger v,
vibration must be taken more directly into account.
This was achieved by including the interaction terms
in a calculai;on which simultaneously gave the eigen-
values for both states; the results are indicated in
Figure 2. The parameter r is a ratio that depends
upon the degree of interaction of v; with »,. With
r=0 {(no interaction), the calculated spectrum bears
little resemblance to the observed spectrum. With
r=10, the relative intensities calculated are in satis-

A X {b)

_ ‘

| G/ \® Z(0)

Figure 1. Equilibrium ennfiguration for ozone,

factory agreeme t with the observations; deviations
for the most part are attributable to the uncertainty
in the estimation of the ozone amount in the
experimental sample. These results confirm the im-
portance of the interaction of the v, vibrational
meode with the v; mode.

Another important parameter is the refractive
index (optical dispersion) of ozone. The refractive
index is a direct measure of th: scattering (Rayleigh)
cross section for ozone. Also, because of the increas-
ing use of the longer wavelengths in the infrared
region, values of infrared band intensities are needed
at these longer wavelengths, and extrapolation of
optical dispersion curves at the shorter wavelengths is
requued to obtain these band intensities.

The refractive index of ozone at 11 selected
wavelengths in the region 3800 A to 2.5 microns was
measured by Dr. B. Schurin of AFCRL's Cptical
Physics Laboratory. Measurements of the ozone
content of the samples were made with an accuracy
of 1 part in 0%, The experimental results are shown
in Figure 3, and compared with the calculated curve.
This curve was obtained by estimatinrg the sniall
contributions to the index of refraction in the visible
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REPAACTIVE  INDEX OF OIONE

region from the infrared bands at 4.0 and 9.6 \
microns; the contributions from the Hartley bands

were then calculated. The residual curvature could
then be fitted to an equation of the form

©OEKPERIMINTAL  POINTY

n-l= A/(p} .pz) 1 3 Crvvtatio Coave
where v, is a hypothetical absorption band center, v
is the wavenumber at wkich the measurements were e
made, and A is a coefficient related to the oscillator : \
strengths of the ultraviolet and X-ray transitions. The -
calculated coefficients are: " e
———
Azél-] X 106 cm‘z ‘,“1.“1 { ] l“l‘"l . L‘\L»# L l‘J‘:"l A ‘l‘_“J
— ~1
vy = 122,920 cm ™. Figure 3. Refractive index of ozone.
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atmospheric sciences

SATELLITE ATTITUDE SENSING

Since the advent of manned satellites, where it is
desired to maneuver the spacecraft, there has been a
need for a light, reliable and accurate attit .de-sensing
system. In order to fulfill this requirement, Mrs. Rita C.
Sagalyn and Dr. Michael Smiddy at AF”RL have
designed a unique system which depends upon a
positive jon-current flow from the surrounding
plasma to deterrnine vehicle attitude.

Such a system was successfully flown on the
Gemini-X and -XII spacecrafts where the primary
otiect of the tests was to compare the ion-sensor-
attitude determination with the standard inertial-
guidance reference platform. Figure 1 shows a com-
parison of this data for Gemini XII.

In a more ambitious project, the system was
flown on the Air Force OV1-15 satellite launched in
July 1968. This spacecraft was spin-stabilized and
contained a number of attitude-sensitive experiments
with the following stability requirements: to maintain
the sateilite within given limits of a desired attitude,
and to know this attitude within 1 or 2 degrees.

The first objective was achieved by taking ion-
attitude-sensor readings at approximately 45° either
side of perigee, in real time, reducing this data to give
spin-axis orientation in inertial space, and then
initiating a magnetic torqueing program to make the
necessa:y corrections. The real-time sensor readings
were outputs from the system which gave the angle
between the sensor axis and the velocity vector
directly. Because of the large angular range (+75°),
this value was not accurate enough to use for
postflight reduction. Consequently, the current flow
to each component of the system was telemetered to
earth and used for the final analysis.

The successful operation of the ion-attitude
system on the OV1-15 spacecraft demonstrates its
feasibility for other unmanned satellites where low
power, weight, and long life are crucial.
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astronomy and astrophysics

SIGNATURES OF SOLAR BURSTS

The system of classifying solar radio bursts by
their spectra and their maximum flux densities, de-
veloped by the Radio Astronomy Branch of AFCRL’s
Ionospheric Physics Laburatory (see OAR Progress,
1968, page 101), has proved useful in several recent
studies. Each radio burst during 3 monthly periods
was classified and associated with an individual solar
center of activity. It was then possible to det::mine if
bursts from the same center of activity had a
signature. The study revealed that a burst signature
(spectral group) is associated with ea’li center.
However, as the magnetic configuration of the sun-
spot group changes, the spectral type of the bursts
may vary, so that signatures may change over a period
of time.

The spectral-group classification was alco used in
a study of Sudden Frequency Deviations (SFDs) and
Flayer changes of height produced by solar-flare
radiation in the few-hundred Angstrom region. tigh
correlation of solar radio bursts in the 1000 to 5000
MHz region and SFDs was obtained. Low correlation
was found with those radio bursts which had in-
tensities decreasing with increasing frequerncy (the

| /\/x/\nﬁ\ b

IF THE BURSTS FLUX PROFILES

ARE INTEGRATED FROM START TIME (a) 10
END TIME (b}, AND THE RESULTANT ENERGIES
(E) PLOTTED AS A FUNCTION OF )

Group-G spectra).

The spectral classification was used in a some-
what different manner by R. Straka and W. Barron of
AFCRL. They integrated radio-burst signals at 606,
1415, 2695, 4995, and 8800 MHz, minute by minute.
Their results, which are illustrated in Figure 1,
indicate that radio events associated with polar-21p
absorption (PCA) events show a characteristically
large integrated energy in the decimeter range (below
1000 MHz), go through a mir*mum in energy around
3000 MHz, and then have a large iniegrated energy in
the centimeter range (in the vicinity of 9000 MHz).
Radic events not possessing this energy spectrum
with corresponding sufficient amplitudes were not
associated with PCA events. This is true even for a
burst with single frequency energies above 10°7!7 J
m? HzZ' and, in some case., »ven for a U-shagaed
intensity spectrum with fluxes grea.er than 107'7 W
mi™3 Hz'! (1000 solar flux units).

Studies of this type contribute directly to our
efforts to understand and to forecast environmental
parameters which affect acrospace operations.

D e -

FiGURE | - Eaergr 190t e of micreweny
detar 1gdie Butet ¢ nRly

Py maver

PN
e <

LETIRY
-

EVENTS WITH ASSOCIATED TERRESTRIAL POLAR
CAP ABSORPTIONS { STARRED %) DISPLAY A
TYPICAL HIGH BURST ENERGY AT BOTH METER )
AND cm X WITH A WiV AMUM N ENERGY AT
MiOWAVELENGTHS
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astronomy and astrophysics

THERMAL ACTIVITY ON THE MOON

The moon is either a burnt-out cinder or, like the
earth, it has a thermally active interior. There has
been little evidence to prove or disprove one view or
the other. This question has been hotly debated for
years, since the presence or absence of internal heat
bears directly on such problems as the origin of the
lunar craters and the vast dark “seas” that cover
much of the visible disk. Observations made recently
by three lunar astronomers at AFCRL's Space Physics
Laboratory suggest that the interior of the moon may
still be thermally active despite the great age of parts
of the lunar surface.

The evidence supporting this view grew out of
the analysis of infrared images of the lunar surface
obtained during the lunar eclipse of 13 April 1968 by
Drs. Graham R. Hunt and foka W. Salisbury, and
Captain Robert K. Vincent. With the use of AFCRL's
24-inch telescope at Concord, Massachusetts, and a
scanning device having a liquid-helium<ooled, cop-
per-doped germanium detector, observations were
made in the B- 1o 14-micron range. By means of a
thermal-enhancement technique developed by Dr.

ARISTARCHUS ¢

Hunt, they obtained the highest-resolution images
ever made during a lunar eclipse.

During the brief hour or so of a lunar eclipue,
sensitive infrared instruments can record hundreds of
hot spots on the moon. Previous AFCRL experiments
have shown that most hot spots are simply areas of
reradiated solar heat that has been storsd in the
lunar-surface materials.

Examination of the new eclipse infrared images
uncovered a significant thermal anomaly in Mare
Humorum, a small circular sea in the southwestern
portion of the lunar disk (see Figure i). Ualike most
ho. ipots, this snomaly extended some distance along
a line and coincided with a crustal fracture more than
100 miles long on the western “shore™ of this mare.
In the late lunar sfternoon, when the areas on either
side of this fracture had begun to cool, this area
remained warm.

The thermal activity associated with this fracture
was unlike that of any of the other hot spots A
number of possible explanations for this thermal
anomaly were considered by the AFCRL scientists.
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One hvpothesis was that the heat-absorption orcperty
of materials along the fault differed signific ntly from
that of the materials on either side Anothe: possi-
bility was longer exposure of the ar '1 1. solar heating
due to elevation or the angle of the esc.rmicu. to the
sun. However, other evidence suggests that these are
unlikely explanations. The most reasonable explana-
tion for the thermal anomaly seems to be the
existence of an internal heat source.

This conclusion is not without additional sup-
porting evidence. The location of the anomaly along a
line of crustal fracture suggests 1 natural access to an

OF PATHOGENS

No area in biological science has a more pressing
neso for study than the early detection and identifi-
cation of micro-organisms. The AFOSR-supported
program of John Gould, of the General Electric
Ccmpany’s Electronics Laboratory, to meet this need
has resulted in the detection and identification of
bacteria by gas-chromatographic (GC) analysis of
metabolic products (1965), the detection and iden-
tification of viruses by GC znalysis of interaction
products with living ceils (1966), and thr application
of the GC analysis concept to the prectinia! detec-
tion of viral infection in horses (1967).

During the past vear. publications on GC work
have descriced two characieristic products observed
in both serum snd tissue cultures when both dogs and
tissue coltures were incculated with three different
canine viruses. The objectives of current investiga-
tions are to determunie the host specificity to par-
ticular viral infections, to gan nsight into the
well-being of the patient, and to develop a methog
for the rapid detection and dentification of viruses.
These studwes are being continued with emphasis vn
human-problem viruses.

Work with hactenia during the past yvear has
resuited in substantiz amprovement an their early
detection by :ncorporating speaific substrates in the
culture medium. Work 1s in progress to enable carl
identification and more delimitive signatures both in
cultures and n the bdlood of anumals infected with
pathogens cotle ed from human patients

The use of gas chromatography for the detection
and identification of rucio-organisms has shown
promise of keing a rapd. sensitive, and reiatively
sunple  approach. Previovs work has shown  that
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internal heat source, as in the case of fracture regions
on earth. Slow leakage of hot gases to the surface
along the fault zone could provice an efficient
heat-transport mechanism. In this regard, it is signifi-
coat that there a=~ at least 4 dark-haloed craters along
the fauit line, i. .ures which are generally considered
to be due to gas explosions of internal origin. Also of
interest is the fact that at least 12 reddish flashes or
patches have been reported in the general area of the
fault Juring the last 2 ye 5. Taken togsther, the
thermal and gec'naical evidence suggests ar internal
crigin for this thermal anomaly. It follows tnat the
moon may not be a thermally dead body after all.

biological and medical sciences
RAPID DETECTION AND IDENTIFICATION

in-vitro d=tection and the identification of microbial
metabolites is feasible by a GC analysis, and that the
use of cometzbolism measurably decreases the in-
cubation pericd required for detection. Under the
same program. it has aiso been demonstrated that a
GC examinaticn of reaction products resulting from
vual infection shows promis» as 2 means of virus
detection and identification.

The tollowing investigations are under way to
further develop the concept that a GC analysis of
hest-virus interaction products wil’ fead to improved
methods o1 the detection and identifcation of
vuvees, +nd the early recognition of virvs infection.

uivitro studies designed 10 enhunce the detec-
tion ard identification of viuses, 10 provide Anowl
edge of the mechanisms leading 1o maproved gualita-
tve and quanttative distinctions of viruses, are being
conducted. Experuments are being conducted to
define the serum fraction giving rise (o an inproved
prodict spectrum -to note the effect of bloc ng the
host m-RNA on the product spectrum 1o observe the
nfluence that different tissue cultures. w particular
lymphocyte, Kidrey, wmor, and chick-embrvo Dibro-
blasts, have on the virus signatures-and to eve' sate
the uge of labeled organic substrates,

Invive studies using germitree mice tor the
purposc of actueving early recogmtion of virus infec-
tions are bang pursued. Experments will be con-
ducted to increase the wnstivity by mpainng the
blood<lzarance rate te follow the course of infec-
tan by oboth GO and climal techmiques and to
compsre results from both germ-free anid conventronal
mice with m-vitro testy,
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biological ana medical sciences

LYMPHATIC ABSORPTION OF DRUGS

Under AFOSR sponsorship, Dr. Ruth Levine of
the Department of Pharmacology and Experimental
Therapeutics, Boston University Medical Center, and
Dr. Thomas J. DeMarco (now at Case Western Reserve’
University), have been conducting intensive research
on the body’s lymphatic system and its role,

The lymphatic system is an incompletely v~ .er-
stood system when compared with the other circula-
tory, or blood, . 'stem. The exact channels and
networks of the lyn.ohatic system are not ¢ 'y
defined, and its functional roles are poorly uncer-
stood. While the prin ary role of the lymphatics in the
intestinal absorption of uietary fats and certain other
essential nutrients, sich as Vitamin A. has been
thoroughly investigated and elucidated, little at-
tention has been directed toward studies of the
degree of participation of the lymphatics in the
intestinal absorption of (.ugs or chemicals. There-
fore, a systematic investigat'on was begun to provide
basic information about the lymphatics in both the
intestinal absorption and th: distribution of drugs.
To the best of our knowledge, this is the first such
investigation. The initial stucies have shown that the
intestinal lymphatics did inded participate directly,
though to @ minor degree, in the absorption of the
tuberculostatic  agent, para-aminosalicylic  acid.
Lymphaticaliy absorbed material gains access to the
biood circutation without first  passing
through the Liver, where 1t could be subjected -
metabohe degradation.

The antibiotie, tetracychine, although incom-
pletely absorbed fram the intestine as compared with
parawnmnosahoviic acd, is also partially ahsorhed by
intestinal lvmphatics. Sigmticantly, both the tetal
amount zhsorbed and the amount of tetracyeline
mtestinal lvmph can be almost doubled o the
presence of @ fat (tripalmitind, Distributicn studies

Sysiemic

show that, ¢ " er both oral and intravenous administra-
tion, the - centration of tetracycline in lymph is
higher an in blood, in contrast to para-
aminosainylic acid where the concentrations in the
wo fluids were equal after either rout» of ad-
ministration. This observation may have importance
in the treatment of diseases associated with the
lymphatic system. The therapeutic evaluation of
other antibiotics might profit from the inclusion of
studies on distribution as between lympi and blood.

Sufficient data has now been obtained to permit
the assertion that the lymphatics serve as an accessory
route for the distribution of any drug transfetred
across the intestinal epithelium. For nonpi.tein and
nonsterotd drugs, this pathway assume. importance
under c¢onditions of decreased bloo” or increased
lympn flow.

Studies with sulfonamides indicate that the
amount of drug bound to plasma proteins has little
influence on its distribution to lymph. After intra-
venous administra’ion, both poorly and strongly
bound sulfonamides were found in lymph in similar
concentrations. Since the composition of lymph
collected from larg - vessels, such as the thoracic or
mesenteric, is assumed to represent *hat of extra-
cellular fluid, 1t appears that either plasma-binding
does pot prevent drug distributicn from blooed, or our
Lnowledge of lvmph tormation 1s incomplete. Pres-
ently accepted concepts of drug distribution must be
guestioned and reevaluated te be consistent with the
new data.

The studies win, suifonamides were significant
wiil respect to another aspeci. The metabolisan of
suffasidamude was found to be dependent on dos |
hemng proportionately slower with higher doses. Thus
fact may have therapeutic implications for this, and
perhaps other, sulfonamdes.

biological and medical sciences
CHEMICAL CONCEPTS IN LEARNING

Witk AFOSR suppori, Dro Amedeo S Marrarsy,
tormesiy of the Uninerssty of Minnesota, and now
with tire Institite of Pavchiatey . Cruversity of Mys.
sourt, St Louts, has conducted studiss on the
mechamam and drug nodification of memuony and
fearming This stvdy of information hanahog and
fearming, through thar dismeption by drugs, has
brought the mvestigator close to the problem ot drug
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abuse, particularhy as concerned with hvserpe acid
diethy lamade (LS12), and L-methn ] 208 dimethowy
alphamethy [phenethylamineiSTPY It was {ound that
disruption results because these substances, like the
more-or-less closely related mogenie amunes, impede
communicatien within the bran, especialiv the revall
of stored experience - which s the havs of learmng
Such etfects i the mamn trunk thrain steml o nnect.




ing the biain with the rest of the nervous system have
been recosded. The generality of this finding through-
out the brain has '~ to the concept that many drugs
acting on the brain do so by modifying the brain's
chemical communicating system. Microelectrodes
positioned within brain cells are providing for an
analysis of this possible action. The results of this
analysis are expected to supply data on the key initial
steo: in learning which are thought to take place at
the cell membrane.

It has been found that abnormal products of the
chemical communicating system, like dimerhoxy-
pnenylethylamine (DMPEA) (which is found in the
urine of some schizophrenics and Parkinsonian pa-
tients) do, like dopamine, distort the system in ways
that might account for the diseases in which they are
found. Dr. Marrazzi’s related studies of STP link it to
the acidon of LSD; while the interaction with
chlorpromazine {CPZ)-protective in proper doses but
aggravating in larger ones—reveals the nature of the
tranquilizer action as a direct competitor of the
hailucinoge 1s. The design of a computer program and
an electrunic scanner of filmed records has ac-
ceierated the work and made possible the reccrding
of pertinent electrical signals from the nased
brain (scalp) of humans. The direct as.  sent of

information deficits in adult menta! disturbance,
through the use of instrumental visual perception
tests, wiil contrnibute to the realization of diagnostic
possibiliiies.

In response to certain expressions of interest, the
perception test room is being converted into a
portable hand s.ereoscopic version which will be
useable almost anywhere, and will allow ready screen.
ing for the potential breakdown point without
inconvenience to, or the production of any symptoms
in, the subject.

The further development of intracellular record-
wxg techniques by Dr. Marrazzi is bring.ng closer the
utilization of experiments designed to detect the
occurrence and nature of possible persisting post-
synaptic cell-membrane changes essential to learning.
Transynaptic influence on cell membranes is also
being studied by attempting to monitor evoked
potentials in the nervous system of the developing
chick, where they may indicate svnaptic development
and have a | ~aring on the nature of transynaptically
induced membrane changes such as might also occur
in learning. If such changes car be mositered prior to
the development of neurohumoral systems, a new
dimension will be added to :.he quesi for the
mechanism underlying information storage and the
production of memory traces.

oehavioral and secial sciences
USES OF HYPNOSIS

The ohenomera of hypnosis have for so long
been associated with either entertamtment, or with
magic and mysticizm, that they have not received the
amount of scientific ati. ‘tion they deserve for their
significance and potential usefulness.

With the support of AFOSR, Dr. Ernest R.
Hilgard at Stanford University bas demonstrated that
hypnotic phenomcna can be subjected to orderly
experimenial, quantitative examination. This research
has sought to identify the purposes that hy pnosis can
be made to serve, as well as its limitations. The two
main directions of the research have encompussed
studies of 1he recoverable forgetting that takes place
after hypnosis (commonly called ‘“‘posthypnotic
amnesia”), and the reduction of experimentally pro-
duced pain (referred to as “hypnotic analgesia™).

Four kinds of posthypnotic amnesia were
stndied* (1) spontaneous posihyprotic amnesia, oc-
curring witiiout any suggesiicn that there would be a
memory loss after hypnosis; (2) suggested post-
liypnotic amnesia, in which the subject was told
during hypnosis that he would have a memory loss
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upon awakening urntil memory would be restored by
a signal; (3) source aranesia, in which facis learned
within hypnosis would be retained, but the fact that
they were learned within hypnosis wouid be for-
gotten; and (4} amuesia produced by the drug,
thiopental sodium (trade name: Pentothal Sodium).

The results were as follows:

(1) Spontaneous amnesia was found to he very
rare, if indeed it could be atiributed to hypnosis at
all.

(2) Suggested posthypnotic amnesia is readily
and convincingly demonstrable, but its amount varies
from subject to subject. The amount of arnesia
shown is a good indicator of the “hypnotizability” of
the subject.

(3) Source amnesia may occur spontaneously,
but subjects respond to the suggestion that the facts
learned will be retained, and the fact that they were
learned in hypnosis will be forgotten. Subjects often
explain this by such a statement as “l must bov,
heard it on TV.”

(4) The amnesia produced by thiopental is of a
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different order than that produced by posthypnotic
suggestion. Materials learned while under the in-
fluence of the drug were, after sleeping and aviken-
ing, usually completely forgotten. Readministering of
the drug did nct bring back a remembrance of these
items. In some cases the forgotten material could be
restored to memory thrcugh hypnosis.

The use of hypuosis for the alleviation of pain
appears to be its most promising application. Hyp-
nosis was used as an anesthetic in majur surgery
before chioroform: and ether even came into use. [t is
used successfully today by a number of dentists,
obstetricians, and snesthesiologists. However, sur-
prisingly little is known about pain reduction under
hypnosis, from a scientific standpoint.

Dr. Hilgard used two methods for producing pain
in the laboratory: {1} immersing a hand and forearm

in circulating cold water; and (2) applying a tour-
niquet to an upper arm f{ollowed by the exercise of
the hand 2nd forearm below the tourniquet.

Subjects who were hypnotiz~d without suggested
analgesia cxperienced very little reduction in pain.
The relaxation associated with hypnosis was not
sufficient to reduce the kinds of pzin being studied.
Under suggested analgesia, the pain was significantly
reduced, with greater reduction for thoss who proved
more readily hypnotizable.

Dr. Hilgard’s research has provided substantial
(nswers for those enthusiasts who continually push
for the widespread use of hypnosis in Air Force
training and operations. The results of his research
caution against the uncritical use of hypnosis in Air
Force zpplications other than in the induction of
anzlgesia.

behavioral and social sciences

CROSS-CULTURAL INTERACTION
IN A LABORATORY SETTING

Drs. E. R, Quarantelli and R. Roth of the
Disaster Research Center at Ohio State University,
under AFOSR support, have been conducting labora-
tory studies of communication performance of units
under stress. Since iaie 1967 these investigators have
focused on communication of a cross-cultural nature.
Their work is base¢ on the assumption that com-
munication interaction between persons from dif-
ferent cultural backgounds engaged in problem
solving or training activities will involve stress. They
have already come to the conclusion that cross-
cultural interaction and communication can be mean-
ingfully studied in a laboratory simulation setting.

Until recently, most research in this area had
been done in one of two ways. First, there had been a
series ¢ studies which had attempted to determine
the attitudes of foreieners towards the United States.
The techniques most often employed had been
questionnaires administered to, or interviews with,
exchange students or government representatives
from abroad. A second series of studies, using
observational techniques primarily, had sought to
analyze the types of problems an alien faces in a
foreign environment. Such concepts as rele conflict,
culture shock, and cultural fatigue have been ad-
varced. ./ith the exception of severai Air Force
in-house efforts associated with training programs,
there have been few attempts to create conditions in
a laboratory setting in which the problems of
cross-cultural interaction could be systematically
studied.

371-466 O - 69 - 8

109

The major ovjective of the Ohio State studies
during 1968 was to determine whether the problems
of cross~cultural interaction would manifest them-
selves, and lend themselves to study, in a laboratory
setting in which graduate students froin many na-
tionality groups were used as subjects. The results
were encouraging. The international subjects see.ned
to adjust as well to the laboratory setting and the
demands of the research operation as the American
subjects. A videotape play-back recorder was es
pecially useful in making these prelimir=-v observa-
tions.

The major finding of these preliminary studies
was that, in cross-cultural interaction, members of
both groups in the interaction will modify their
rormal behavioral patterns. Thus it is not enough, as
early studies have done, to look only at the behavior
of foreigners in the US. or at the behavior of
Americans overseas in order to understand what takes
piace. The “native” group member in the interaction
also changes his behavior in such situations. This
observation suggests a convergence hypothesis, i.e.,
that members of all groups change their behavior in
such a way as to come closer to the patterns of the
other groups.

This behavior could be seen in both the length
and type of contribstion made by each individual to
the group discussions on a controversial issue in
which an effort was inade to reach a decision. For
example, American graduate students made signifi-
cantly longer contributions than students from India
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in groups composed only of each respective na-
tionality: but Americans decreased the length of their
stztements. and Indisns increased theirs, in the cross-
cultural situation. Similarly, Aiiericans increased the
number of their supportive comments ir the cross-
culteral situation, and did this in a rather dramatic
fashion. From two to three times as many supportive
statements were offored by Americans in sessions
involving international participants than were pre-
sented in the all-American group. In the same
manuer, the Indians decreased the number of their
negative comments ir a crosscultural setting, regard-

Figiire 1. Student repressntetives from four different cultures interact while sesking a solution to a simulated internationsl

problem:.

less of the nationality group with which they were
being compared.

Results from these sessions are being formulated
into hypotheses for further testing. On-going experi-
mantal laboratory sessions will seek to determine how
representatives of some 16 different nationality
groups behave under the stress of an instructional
situation. These experiments should provide informa-
tion of value for Air Force training programs in which
communication and interacticn with foreigners are
required.
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SELF-CONTAINED AUTOMATIC TRANSMITTER (SCAT)

The Air Force and other armed services are
depending more and more on low and very-low
frequencies for urgent communications under dis-
turbed ionospheric conditions. Because of the long
wavelengths involved, extensive antenna structures
ase required to obtain adequate radjation efficiencies.
The antennas are commonly one or more very high
towers with top loading, or cables suspended across
canyons. A long wire trailing behind an aircraft in
flight can also be used as a transmitiing antenna.
However, air drag tends to cause the wire tc become
morz honzenta! than vertical, thus Jegrading the
coupling efficiency or D:opagating transverse mag-
petic (TM) modes.

AFCREL scientists, led by Dr. E. A. Lewis, have
demonstrated 3 new approach to sending urgent LF
messages from aircraft. The concept is for the plane
to carry an expendable, battery-powered device
{SCAT) which can be dropped after the message to be
transmitied has been read into it. As illustrated in
Figure 1, the capsuie contains a parachute, an upper
ree]l of antenna wire, a solid-state transmitter, a
battery pack, and a lower reel of antenna wire. When
dropped, the parachute is deployed in stages, de-
celerating the device geatly, and providing a long slow
descent to the ground. (From an altitude of 45,000
feet, descent time to sea level is pearly an hour.)

Immediately after the paracihute is fully de-
ployed, the reels of antenna wire are released and
“pay out” simultaneously. Special aerodynamic brak-
ing devices control the rate of wire release, obviating
any sudden snubbing at the ends. When the reels are
vawound, the transmitter is at the center of a
half-wave dipole, hanging vertically from the para-
chute (for a frequency of 60 kHz, the dipole is 8,000
feet long). Being center-fed, the antenna impedance is

SCAT - 60 kHz
300188

- 18"~ _piLOT CHUTE
n
] 64 FT CARGO CHUTE

| “MAIN CHUTE
U ~4000 £T 7/22 WIRE

-
~AERODYNAMIC BRAKE PADDLE

"ﬁr‘\ “ TRANSMITTER

il S BATTERY

|

‘ (%_\\CENTR;FUGAL BRAKE
' "\4000 FT 7/26 WIRE

Figura 1. SeM-Contsined Automatic Transmitter (SCAT),

essentially resistive and low enough (90-100 ohms) to
be conveni a'y driven by the solid-state transmitter.

Electricai tests conducted at the Army’s
Aberdeen Proving Ground (using a helicopter-
supported unit) show that, with 7 strands of No. 18
copper-clad cable,~a standard material--the radia-
tion efficiency is about 80%. Using high-capacity,
lightweight silver-zinc batteries, transmission times on
the order of 30-45 minutes with a radiated power of
3 kw should be obtainable without exceeding an
overall weight of 300 Ibs. for ...c entire package.

Although a complete working model has not yet
been assembled, the various individual elements of
SCAT have been successtuily tested to validate the
concept.

MEASURING TOTAL ELECTRON CONTENT IN THE IONOSPHERE
WITH The NEW AFCRL POLARIMETER

An aircraft navigation system that uses VHF
pulses to determine aircraft position would have
many advantages, for example, smaller antenna size
and lower transmitter power. The disadvantage of
using VHF is that propagation at these . equencies is
seriously disturbed by ionospheric variations. Uncor-
rected daytime variations of total electron content of
the jonosphere can introduce a delay in pulse-
recepiion time equivalent to a range error of up to 10

miles. This error can be reduced to less than 1 mile if
the total electron content along the path is known, A
study of the diurnal and seasonal variations, solar
effects, and latitudinal trends is necessary in order to
catalog the changes and allow for corrections which
would minimize ranging errors.

In the first stage of this study. conventjonal
equiprrent for measuring polarization changes was
used to determine simultaneousiy the total electron
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content on the paths to 2 synchronous satellites that
transmitted at 136 MHz. Because the conventional
equipment was slow and the data obtained was
tedious to recuce, Mr. John A. Klobuchar and Mr.
Chester Malik of AFCRL's lonospheric Physics
Laboratory developed a new polarimeter which con-
tinuously yields polarization angle.

The results hive been exciting. In 1968, AFCRL
recorded several laige solar bursts which abruptly

d

[ 26 x 106 el/MZ » 9% INCREASE IN Ny

increased the total electron content. Figu-~ 1 shows
the continuous plots obtained for 2 large flares; the
radiation increases the ionizaiion in the F-1 layer, and
the total electron content remains high. Disap-
pearances of electrons were also recorded. During a
severe magnetic disturbance on 1 November 1968, 60
percent of the total number of electrons in the
ioncsphere disappeared in 15 minutes, as shown in
Figare 2. Other studies compared the effect of

¢

SOLAR FLARE
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L 1 )] |

! i
i3 14UT 15 16

RELATIVE TOTAL ELECTROM CONTENT
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Figure 1, Fast F-region response to solar flares. Total electron content (N is sutomaticelly plotted by AFCRL polarimeter.
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Figure 2 Total electron content variations for Nov. 1, 1968 (during 8 magnstic storm), 60% of the totzl elsctron content

dissppeared in 18 minutes.

magnetic storms on the winter and summer iono-
spheres. Seasonal dependence of total electron con-
tent was determined.

In addition, some predominantly winter night-
time effects were examined in detal. The total
number of electrons will frequently increase in the
middle of the night. Such nights show some correla-

tion with magnetic storms. The increase must be
produced either by the motion of electrons from
higher altitudes in: - the ionosphere, or by an jonizing
source such as energetic electrons. The correlation of
electron increases with magnetic index gives the
synoptic picture; the mechanism remains to be
determined.

TACTICAL WEATHER EQUIPMENT

The airborne special-operations weather teams
provide support to the Tactirzl Air Command (TAC)
and to Army field units, and also have the task of
training friendly indigenous personnel in special
observational techmques. These activities often re-
quite unusual observational tools and procedures. The
AFCRL Aerospace Instrumentation Laboratory,
through the work of Mr. Bernard D. Weiss, has devel-
oped some unique equipment for the Special Ope: .-
tions Weather Teams. The items constructed are small
in size, simple to operate, and expendable; they are
also rugged enough for paradrops and do nou restrict
jumper efficiency.

An expendable weather-observation kit de-
veloped at AFCRL is shown in Figurc 1. This kit,
weighing about three pounds (1.3 kg), contains a
wind-speed sensor and wind-direction vane, a wet and
dry bulb thermometer for determining dewpoint
temperatures and relative-humidity values, a barom-
eter, a rain gauge, and a clinometer for making
cloud-height measurements. Also included are several
hand calculators, graplss, conversion tables, and
simple instructions for translating observational data
into meaningful meteorological values.

Another device is the miniature helium cylinder
which contains the exact amount of helium gas
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Figure 1. Expendable weather-obssrvation kit,

Figure 2, Ministurized winds-aloft observation kit.

| needed to provide a 10-gram weather balloon with inches (5.1 c¢m) in diameter, weighs 1 pound (0.45
| the prescribed free lift for day operations; thus the kg), and is refillable. Eight cylinders are carried by an
usual time-consuming weighing-off procedure is elim- observer, using a webbed waist belt.
inated. The cylinder is 7 inches (17.8 cm) long, 2 AFCRL has also developed a miniaturized kit,
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F° ure 3. Batloon-puncturing devica.

shown in Figare 2, ior winds-aloft observations. This
kit, when used in conjunction with the helium
cylinder kit, provides the obe~rver with the capa-
bility for making pilot-balloon ob--rvations in
remote areas. The Xit costains a miniaturized
theodolite, plotting board with scales, distance-out
tables, compass, stop watch, and complete instruc-
tions for equipment operation and diia computa-
tions. The equipment is packsged in a
5-by-13-by-20-inch (12.7-by-33.0-by-50.8-cr) carry-
ing case; the total weight is 5 pcands (2.25 kg).

A balloon-puncturing device was designed to
destroy a weather balloon automatically once the
required data had been collected. This minimizes the
danger that the balloon will expose the position of
the observer to the enemy. The device, sk. 'vn in
Figure 3, consists of a small knife btade rounted on
the rotating dial of a spring-wound activated timer. It
v cighs 0.91 ounces (25.9 grams).

All of these devices have been evaluated by the
TAC weather teams and approved for use in South-
east Asiaii tactical operations.

PLAN SHEAR INDICATOR FOR REAL-TIME DOPPLER RADAR IDENTIFICATION

OF HAZARDOUS STORM WINDS

The Pian Sheai Indicator (PSI) is a new miode for
the display of mewcorological Doppler radar informa-
son which mey prove to be valuable for the
identification of hazardou: winds and trrbulence in
storms. The PSi, developed by uraham M. Armstrong
and Ralph 1 Donaldson, Jr. of AFCKL, provides
real-time location ane e convenient highlighting of
regions within precipitation echoes of abnormally
targe shear and speciral broadening of the Doppler
velocit. . vhe real-time capability ol the PSI and its
high data rate are achivved at the cost of the
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mediocre resolution of ranges and velocities and the
ability to measure only the shear and not the absolute
value of wind components along the Doppler beam.

The PSi display for a scanning Doppler radar
utilizes an ordinary PPI scope waten ity modulated by
a coheren! memory filter. The resultant pattern is a
series of concentric arcs, each one located on the
scope at its appropriate range, plus an increm-ntal
displacement which dzpends on the radial comy nent
of velocity measured at that range. Radial shear is
indicated by gaps or bunching of the ar.s, while
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Figure 1. Schamatic PSI pattern for s tyclonic vortex. Arrows represent wind vectors. Maximum vorticity is denoted by

maximum arc stiope, in the center cof the skotch.

tangential shear, for example, a vortex, is indicated
by wrinkles in the arcs as indicated schematically in
Figure 1. Turbulence on a scale smaller than measur-
able wind shear broadens the Doppler spectrum, and
is revealed on the PSI by an increase in the line
widths of the arcs.

The most interesting set of storms observed to
date with the PSI display occurred on $ August 1968
when several widely scattercd thunderstorms caused
severe damage. Within razge of the radar, one storm
released a small tornado and one-inc.. hail; a second
storm nearby was not confirmed as a tornado
although it caused heavy wind damage, with hail
nearly one inch in diameter; a third storm, rel~asing
marble-size hail, struck a harbor, inflicting extensive
wind damage to small boats; and a fourth storr
depusited hail up to two inches in diameter, although
accompanied by only minor wind damage. Figure 2
shows the PSI pattern of these storms before any
wind damage or hail were reported on the ground.
For convenience of description, these storms are
labeled A, B, C, and D, respectively.
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In all 4 severe storms, distutoances “ccuriad in
the PSI pattern for periods of 15 minutes to anh ur
before damaging winds or hail reached thi wround. A
PSI pattern suggestive of a cyclonic v. ttex, as
sketched in Figure 1, anpeared uloft in storm C.
Figure 3 shows detail of the PSI pattern of storm €
when the vortex configuration first sppeared. Fre-
quently the indicated vortex encircled an echo-free
hole. Storm i» »'<o displayed a voitex-type b
pattern around an cho-ivec hole for abuut half ap
hour before 2-inch hailstones fell os the ground. A
careful tracing of the rc continuity across the hole
shown in Figure 4 reveuis an arc pattern which inoves
toward the radar with clockwise change of azimuth,
suggesting cyclonic vorticity in the vicinity of the
hole. Note also the very thick arcs near the hole,
possibly indicating hazardous turbulence.

In surnmary, three applications of the PST disp’v
are suggestc by the observations of the severe storms
of 9 August 1968. First, the appearance of strone
wind shear aloft may provide usable wamings of the
occurrence of large hail and tornadoes ¢. other
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igui: 3. Detall o PSI Pattern in Storm C. Arrow points to cheracteris .c Cyclonic vortex pattern, similar to the skewch in Figure
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Figure 4. Detail of PSi Pattern in Storm D. Arrow points to echo hole srcund which the arcs curve in a manner suggestive of
cyclonic vortieity.

damagine. winds at the ground. The second applics
tion is real-time dentification of storms, or portions
of stormy, in which sirong wind shear and turbulence
wogld adversely atfect the safety of poetrating
atresaft. 1Y a Doppler radar with PSE dusplay were
avatlable 1o an aircraft controller at a terannal,
atrcraft could be warned against entering an echo
which would very likelyv be uncomfortable, if not
dangerous, to penctrate. Third, the PSEdisplay offers
an opportunity for the study of wir Jow throughout
the depth of thunderstorms, a studyv inspired by the
appearance 1 two storms of patterns suggestive of
YOrtices.
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Short-term atmospheric-density variations below
200 km have been identified as 4 cause of significant
changes in the ephemerides of AF mission satellites
and the targeting of ICBMs. However, the prediction
capability for such behavior s extremely poor. Most
of our present knowledge of the density of the upper
atmosphere has been obtained ror altitudes above 200
km from the analysis of satellite-orbit perturhations,
Atimospheric-density models are relately inadequate
i the 100-t0-200-km region duc to the sparsity of
data. Below about 200 km we do not have quantita-
tive relations between density and solar-geophysical
parameters. This uncertainty persists down to about
100 kmy where aceurate soundingrocket data becomne

ATMGSPHERIC-DENSITY ACCELEROMETER AND LOW-ALTITUDE
DENSITY SATELLITES (OV1-15 AND OV1-16)

avatiable. A limited amount of density data has been
obtained to as low as 150 km with the LOGACS
experiment. However, this vehicle gathered data for
only about 4 days. Much more information is
required to develop the required density prediction
capability.

A highly sensitive triaxial accelerometer system
has been developed by AFCRL to gather the requirsd
data. This instrument consists of 3 singlc-axis, force-
rebalanced electrostatic accelerometers mounted on
orthogonai axes. The triaxial acceleromete: system
has been flown on the OVI-15 (SPADES) and
OV1-16 (Cannen Ball), which are special low-altitude
uensity satellites developed by #©CRL's Aeronomy

Figure 1. The SPADES (OV1.15] mareltite. Overall dimentions are 54 inches b 4, 27 wches in diameter The scentifec
XPHITNTG a8 i the cyimdical mction, whach 3 12 inches tong. SUpPort rysems we mounted in the PO x YT Fteby

hamigphesics domes
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Figure 2. The Cannon Ball {DV1-16) satsilite. Tte sxtornal shell was black with gold circles to achisve the desired thormai
control.
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Figure 3. Threa donsity-vs.-sititude profiles obtained by accelerometers on the OV 1-15 satellite. The triangle at 150 km in each
cage allows comparison with density data obtained from the orbitsl-decay technigue with the OV 1-16 suteilite.
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T Laboratory with Dr. K. Champion as principal scier with an initial perigee of 158 km. Data were obtained
' § tist. These satellites were launched together in July in the region between about 500 km and perigee. The
, B tvo8. The OV1-15 satellitr ‘shown in Figure 1), with OV 16 (shown in Figure 2) contains the acceler
- r a variety of sensors to measure degsiiyv, compasition, omeier experiment for au-board data, and is spe-
2 and so'r radiation, was placed in an ecceantric orbit cifically designed to obtain high-precision, low-
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altitude, Kp and F 5 7 for the perind 1 to ;. August 1868,

altitude density data. Since this satellite was 5 times
as dense as 2 typical satellite, it vemained in orbit for
only 39 days, but provided th. first direct erbital
ieasurements of density {or gy atmospheric prop-
erty) down to 120 km

The spherical stupe minimized uncertainties in
the caiculation of the effective cross-sectional area
and drag coefficient. Both satellites carried tracking
beacons to permit a comparison of the denu.cor velues
obtained ndependently from orbital perfibations
derived fromi tracking data, with those valies ob-
tained with the on-board instruments.

indicate that the o =ity
below 200 km is typically about 107 less than that
predicted by most models. Figure 3 shows typical
OV1-15 accelerometer data ior 3 revolutions oa 3
Tuly 1968, On each orbit, data were taken between
latitudes of abcut 68°N and 15N, Ciscles and crosses
represent data taken while the sateiliie 15 moving
toward and away from perigee, respectively. The
results are in good ag..ement with the appropi.ate
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Fay g N R
91 GEOMACNETIC INDEX
Al ,
a A _ /_/\\ ’ 4 .
X él VA sp WA/
< - N~ VoL
[REARN N N
At -

AUIGLIST

1968

Figure 5. Orbital-drag-density deviations from 1).8. Standard Aumosphsro Supplements, 1866 for 0OV 1-18, perigee Iatitude,

moudt from the U8, Standard Atmosphere Supnle-
monts [USSAS), 1966 (solid line).

Amospheric pressures from an ionization gauge
on the OV 1-15 aie shown in Figure 4. 17 it is assumed
i Jne Pange  ausorps gu 2todc OXygen, the
measured values agree well with the Jzcchia 1664
model. A large block of urbital-drag data fiem the
OV 1-16 is shown in Figure 5. Density deviations from
the USSAS 66 S/F model, perigee latiti. le, altitude.

I

K, and Fio 5 forthe period 1 to 18 August 1965 are
plotted. Density increases with increases in geo-
magnetic index and solar flux can by seen. Data
analysis i continuing with the ultinate goal of
achieving the ability to predict the occurrence and
nagnitude of shor* ~rm fluctuations and long-term
changes in density in the altitude segion, 106-200 km.
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Areoebiact, such as 4 house ina rice paddy area,
o0 OPUCANY 1TOM e aif Oy if ticie 13
i in the apparent liv' " inten.liv itom the
obiect {?\ ouse) Wik, sespect 1o the surrounding
background (rice paddy). If such a ditference exisis,
then 2 contrasi is said to exist between the object an

i cgroand. As light propagates through the
s-mospnﬁre s scattered and dispersed. Light is
seiviered bow wito, @ind out of, the observadion path.
These two factors aei v redu.© contrast to a leve!
whire dotaction may be impussible,

Light in the optical spectrum reacts differently at
diierent qequcncies or wavelengths to identical
atmospheric conditions. Since both the inteasity and
dispersion of light are spectrally dependent. the
apparent contrast, as observed at 3 distant noint, will
vary as a function of voth optical bandwidth and
center requency. AFCRI . experimental program
seeks ¢ dotermine the coneusi transmission factor,

as a funcuen of optical frequency, under a variety of

pighttme  atmospheric vputal and i’ orelogical
conditions typw~l of both e Souilieast Asian
snvironmen® and a  tropicet envirominent of e
Western Heisphere.
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p::;)g;-‘flyﬁ cul 1/‘("ifi<')i1\'
tory and n compie u station.
Aboard the aircrait v 12 optical and 7 meteorolo-
gical subs s mated to & nigh-speed daie-recording
aety low-light Dex levels were meas-
“at-sky conditions rhreugh narrow-band

aft fiew at several altitudes over selecied
ere the mohile ground station, equipped with
aptical ecuipment, was cited. 1he aircra’t and
g eund station sinwltansously collected a variety of
dwa on the ammsphcnc eNvironiione. 1hese ﬁlCL.\\ut-
ments were taken under g wide range of nigh -3
illumin the moon nrogressed througn 1ts
vhases. Tie ground station also made necessary
messarements to determin, spectiaily iie inherent
conuast which the aimospr~. subscquently de-
grades.

Three geogrephical areas were utilizeu to provide

range of representative sunples of the types of
atmospheric optic2d datr which on2 would egpecd to
find throughout most of Southeast Asia. These were
an evergreen foresied arca, a rice paddy lowland aren,
and a seashore 2rea. Flignts were meade during all
vhases of the moon >0 that a significant distribution
of figiht intensities was obtained.

At prosent, the results of the two field trips are
being reduced and analyzed. The program appears to
have been a compieic success, and preliminary results
have already proves useful te the scientific commun-
ity. In the near future, flights will be mades in the
subtropical environment of e western rennspiere
to detzomine the extent 1o which results will be
similar to those ubserved in Southeust Asia

Ho
areas wh

AIRBORNE THERMAL INFRARED SIGNAL PROCESSING

Hekla, a linear polygenetic volcano in southeast-
ern Iceland, has had a long eruptive history. In its
eruptive cycle, which began prior to 370 A.D,, there
have been 14 well-documented eruptions, the last
occurring in 1947-48. Because most areas of thermal
activity in Heklz's summit area, known since the last
eruption, had not been mapped, AFCRL carried out
infrased surveys over Hekla in August 1966, and again
in Augnst 1968, to determine the extent, distribu-
tion, intensity, and charges in thermal emission from

TR
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the volcano's surface over 5 2-vear period of repose.
These observations are part of a survey program of
[celandic geothermal and voleanic areas, and comprise
a cooperatve ¢ffert among AFCRL, the U.S. Geologi-
cal Survey, the University of M.mbdlx and the
Gavernment of feerand. Dr. R. S, Williams, Jr., o]
Ter=~=tral Sciences Labuaaiory, cuaducts the AFURL
observational progran.

In the 1968 survev, AFCRI used iis MIAL
airborne line-scanning system. which is sensitive to
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emitted radiation in the 4-to-° S micron wavelength
band, and a specia! wide-band n. 1metic tupe recorder.
(The 1966 survey sed the mM1ALl with a direct
film-record system, which i limited by film-response
shortcomings.} The magnetic (video) tape record
permitted analveis of the returns by means of an
clectronic signal-amplitude sticing technigue. In this
technique, a thresholder circuit, a 1,000-division
potentiometer, and a solid-state comparator analyzed
a 15wvolt peak-to peak input signal, and yielded an
outpit of 11 discrete-evel samples. These were
prinied as separate images, each correlative with
incressingly intensc thermal emission. Figure 1 1 a
series of images showing the points of the most
intense thermal emission at the lower (positive signal
=~larity) potentiometer setting Judgire from these
ar .y atude-level slices, maximum  emission was re-
corded from several point sources along the inside
valle of the ecresial Tous a Moltuoid) betwaeen the
two major craters, 1 “Dgilgur and Axinrgi&ur; these
point sources are too small to lave been identified
either by ihe photographic recordirg method or vy
direet analysis of the imagery. High eniission {rom the
Axlargigur anomalies was also confirmed by the
amplitude. level slices.

Changes in th2 configuration of (ermal anom-
alies between 1966 and 1968 were detected on the

—3Y-000= +3v
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mnlitucs lavel elicing of therma! infrared wnagery of Hekia Volcano, iceland. Lowesst potsntiom St -s2tting

southwest side of Toppgi’gur: on the northeast side of
Toppgigur a new, but small, linear anomaly was
apparent in the 1968 imagery, seemingly parallel to
thie nerthwest wall of Heklugia. The amplitude-level
iechnique permitied another interpretation not previ-
ously demonstrable; the highest intensity theqmal
sources are points and linear-to-curvilinear sources,
probably fumaroles and fracture systems convecting
thermiar vapors to the surface. Tne next lower
anomalies are less well-defined irregular areas, coin-
ciding with hvdrothermallv altered and steamine
ground.

The electronic signal-amplitude slicing technique
is of value in the processing of infrared video-tape
data under ar least 1we ~nvironmental situations: in
the case of surveys of geothermal or volcanic areas,
the areas of highest-temperature thermal emission
may be separated from a hotter-than-ambient envi-
ronment, and small-diameter hot points of thermal
emission may bc separated from the ambient environ-
me ¢ In cither casge, the hot thermai source may be
1n esolvable or undetectable on direct-record thermal
I gery,
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ELASTODYNAMIC

Atthoagh seismology has advanced vamarkablv in
B~ opast nine vears, our basic understanding o the
na. v of the carthquake Focal mechanism s sull
incomplete. An improved theory wiid contribute to
several areas of congern to the Air Force, such as: an
improvement in our ability to discririinate small
underground  nuclear events ftom ow-niagnitude
earthquakes; the protection of urface and subsurface
military instailations: and protection from the reselts
of possible hostile uctiy on our geophysical caviron-
ment.

In order to better understand the focal mechan-
ism, Drs. N. Haskeil and K. C. Thomsan of
AFCRL have been conduciing theoreiical calcuiation:
based on a mathematical model of an earthquake. {n
agreement with the nacrow displacement zones ;mu-
ally ohserved on active geological faults, it is .eumed
that t:.» easthquake focus can be represented as a
recter ular plane sheet. The displacement is assumed
to start at one edge of this sheet and propagate to the
other at a finite velocity. The theory allows tor the
introduciion. f an arbitrary displacement time func-
tion, but a ramp function has been used in the
calculations performed to date. In space, the displace-
mient vecior can be regarded as the vector sum of
three linearly independent “omponents. It s conven-
ient to select these components orthegonally to
correspond tn welldefined types of geological
faulting. {a) longitudinal shear fault; (b} transverse
shear fault; and (¢) tensile tau't.

Earlier work involved computation of all three
fault cases, but used the simplificat.ons available for
far-field calculations. Current activity involves the
computation of displacement, particle velocity. and
acceleration wave forms at points very close in to the
fault for all three types of hulv ,ncnnnucu above.
The resvlts for the case Aimnd ghear toult

NEAR-FIELD

OF A ret

wers obtained aod compared wnth the obwrved

aceslerstions on the Parkficid oot ihe
assumed “ource dieplaccaent funcdon wys obigined
by u:va!v.-ugjun of romp fuactions The wsulung

mtal aoocicration compunert,

LA . . rpowR N .
and at g viry clesean point, i

theoretical
verse Lo “w
showre in Figuie 1 The ceresponding
accelerstion component for the Parkficld, Culiforna
earthquake o J\xm 1366 (as observed at 1he pearest
station to 1he fault on the stroug motion aoayv ul
Cholame, California) is compared with theory in the
upper portion of Figure 1.
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SOQURCE DISPLACEMENT

Ktrike-slip scurce theory vi. Park fisid earthquake observations.

POLAR-CAP ABSORPTION STUDIES

The predicted maximum of solar activity for the
present solar cycle s 1968-09. Huge flares snd
prominences that periodicaily erupt froin the sun
occur most frequently duiing this period. The high
flux of charged particles and X rays {rom these flares
can have pronounced effects on the earth's envirop-
ment. The most serious effect is cavr=d by high-
energy protons from the sua defle ted tovands the
polar regions by the earth’s magnetic field and
creating s condition known as polarcap absorption
(PCA)--nr polar<ap blackout. Increased ionization in
the lower ionosphere by these particles causes a
severe absorption of HF radio waves. The attenuation

k., *m;{w‘ N, k.3
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of these signals propagated across the polar regions
may persist for severai days, degrading the perform-
ance of an Force communications, navigation, and
detection svstems using these frequencies.

From August through November 1969, AFCRL
conducted »n extensive study of e polar-cap absorp-
tien phenomenor using rockets, aireraft and ground-
based measurements. One phase of the rocket re-
srarch imvolved the launchung of several Black-Brani
rockets by the lonospheric Physics Laboratory at
AFCRL. These rockets, iaunched sunuitancously with
others from AFCRL's Aeronomy Laboratory were
flown at night, during the day, and at sunrise and
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ELECTRON DENS!TY {c¢m™)

Figure 1. Elactron density as 3 functior of altituda measured
on 19 Ncovember 1968 at 0200 hours during the FCA at
Churchill, Canada.

sunset for the study of the physical chemistry of the
D region of the ionosphere.

To certify the Black-Brant pavioad and to obuam
vital prehminary intformation on the ior sspherie
parameters during ¢ PCA, & Black-Brant rocaet was

L ovent, had
toedate ton

Sapoad
conrehenst
dv oot the D
rocket ontaned expesimends for 1he measuremen

proteas (1100 MoV and Alphs pan

the onnsphere. The

M2V electran density wnd temperatares ion deasity,
erperatnie and mohility s Lyman Alpha flux; photo-
metric measurenments of Ny Hg O and o NO,
continuu s Neray ux (-0 eV and (ot enerygy
deposition felectrons & 2 10 KeV ound protons F >
ilAY KeV

Ot the data amalvzed to date. the s sics feant
measurements were the clectron density and tempera-
ture. lonizetion was foond as low as 55 km, with
densities s much as 3 oorders of magnitude higher
than nermal aightuime values at certain altitudes
(Figure 1), Aceompanying the high iomzation were
abnormally  high electron temperatures for these
regions. These data. 1 addition to *he other measure-
ments, are weing studied in regard 1o the physwal
chenistry in the D region and the absorption of radio
waves in the jonosphere during o pofar-cap blackout.
The imtis! results woere presented at the international
Space Science Svmposium {(COSPALL, i fragee,
Czechoslovakia, on 21 May 1909, The Proceedings of
the Svinposium will be published in the spang ot
RE

FTMU CHEF WiOTIONS DEDUCED
FRCM SMOKE TRAIL>

Atmosphenc motions st altitedes of 30 1o 50 km
100,000 to 200.000 1) may appear as turbulence te
advanced gerospace systems, for example, a hyvper-
sonic lifting reentry aircraft flying at 3 (0 0 bavsew
{6,800 to 13,600 miles pet hour) The Acrospace
Instrumentation  {aboratory at AFCRD has made
some  progress i exploratory rescarch directed
toward providing estimates of gimosphene motions in
this attitude reaon,

In an explorateny expenment, conceived and
directed by Mr. Robert Lenbard of AFCRL. 4 sories
of 4 spattathy senaravad seoke trads were placed
simultancously at alttudes between 30 and 70 km
(100,000 1o 230,000 1Y Obsen atiens of these trals
provided Jaty for temeoral and three-dimensional
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spatal analvses. Froure Uiy an example of sinoke-tiad
heniavior as viewed from one angle.

A prelmmner study of these data by Major
James Muarshall ot AFCKL dispeiled the pieviously
held voncept of many sowentists that e thermaihy
stable stiatosphere s Quieseent. The study s owy
simoke trads to be good sensois of atmospheric
mottons, and andicates that vertical motions are
piesent ab ail levels between 30 ana 70 kn. Vertical
motions greater than & mes (11 males per hour) and
probably as great as 15 mos €34 pules per houry wie
present even betow the stratopause.

Upo  completion of data reduction, 1t is hoped
that space an? tune analys.  of the ertire expenment




will producc an acceptable and useful theoretical
mode! of these atmospheric motions. At present, we

can only speculatc about possible causes and their
significance for aerospace vehicles.

Figure 1. Simultaneaus smoke {trimethylaluminum) tralls over the Guif of Mexico photographed In evening twilight on 20 Nov

1967 from a cemera sito nesr Eglin AFB, Fis. The trails sre approximately 17 km spars, centerad neer 50 km, and visibly extend
from near 35 km to 70 km. The horizontal displecement in the distortion near the top of the trei! is roughly 2 km in length. The
trails ware retouched for reproducibility.
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SOLAR-FLARE FORECASTING FROM MILLIMETER-WAVE OBSERVATIONS

Observations of the sun have been conducted for
many years in an effort to unravel the physical nature
and origin of the solar atmosphere, and to investigate
the mechanism of the solar-induced terresirial effects
such as avrorae, HF communication blackouts, and
magneiic storms. With the rsalizction of man-in-space
programs, one particular solar effect, the proton flare,
has become especially important because of the
biological hazard it presents to astronauts in earth-
cbiting space vehicles.

As part of AFCRL’s program to provide funda-
mental data leading to a capability for solar-flare
forecasting, Mr. P. M. Kalaghan of the Microwave
Physics Laboratory has been making high-resolution
observations of the sun at 8.6 mm. At this wave-
length, the radiaticn originates primarily from the
upper and middle chromospheric regions. The pro-
gram includes daily mappings of the black-body
temperature distribution over the solar disk. Active
centers appear as local enhancements in the observed
intensity distributions. (The observed frequency of
occurrence of these enhancements is shown in Figure

1)
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Figure 1. Frequency of oceurrence of active regions
{Feb. 1968-Oct. 1068).

Analyses of the millimeter-wavelength observa-
tions show that active regions exhibit black-body
temperatures as hizh as 25 percent above the quies-
cent background levels, with typical enhancements
lying between S and 10 percent; these regions are
associated in position with the underlying plage

rogions. Of particular interest are the temporal
variations of the active regions as they pass acros; the
solar disk. They exhibit two distinct time scales. The
first \ype, or slow variation, occurs over periods
ranging from scveral hours to a ‘:w days, with
50-percent decreases to 100-percent increases in the
level of enhancement. The second type, the burst
variations, last only a few minutes. Bursts have been

seen only in those regions exhibiting at least a’

6-percent level of enhancement, and for which there
has been an optical event taking place simultaneously.
These burst variations have usually produced an
order-of-magnitude increase in the intensity levels;
but, because of the small size of the brightened
region, such bursts have increased the total solar flux
by only a few percent. However, exceptions have
occurred during proton-producing burst events where
increases comparable to the total solar flux have
originated from regions with an area of less than 1
percent of the total solar disk. For example, in one
case the intensity of a burst produced an 82-percent
increase in the solar flux at a wavelength of 8.6 mm.

To provide some measure of the potential ac-
tivity of a particular region, based on its 8.6mm
enhancement, 3 distinct levels of enhancement have
heen defined. The “mildly active™ are those exhibi-
ting enhancements of S percent or less; the “moder-
ately active” are those with enhancements from 6 to
13 percent; while the “critically active™ are those
with enhancements greater than 13 percent. (In all
cases, the classification of a regicn is determined by
its steady-state or stable intensity level rather than
from an elevated level that may occur during a burst
event.) With this classification of areas, the life
histories of individual regions can be described and
their potential assessed.

These high-resolution observations at a wave-
length of 8.6 mm have demonstrated their utility asa
means of gathering new data on active centers. Of
particular importance is the suggesiion that a
“eritically active” enhancement is a necessary,
although not sufficient, condition for the occurrence
of a proton event from a particular center of activity.
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THE ATMOSPHEARE OF THE PLANCT VENUS

Venus, the sister planet of Earth, hus frustrated
AErOnoImTs dicir efforts (o discover the con-
sty the Venusian  aimosphere and  the
I conditions exisiing on the plenet’s surface,
the eohiel obswacle bus heen the conrtinuous cloud
cover which has allowed the planet 1o hrerslly romain
“shrouded in mystery.”

Recently, a methed of prebing the atmospheric
constituents of the planet Venus, using phase-effect
ohservations, was investigated by P. M. Kalaghan ol
AFCRL’s Microwave Phvsics Laboratory. Measure-
ments at 3 wavelengths (3,15 cm, 0.86 cm, and 0.34
cm} indicate that the illuminated and unilluminated
hemispheres of the planet emit radiation equivaient
to a black body at the following temperatures (see
Figure T

in
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Radiometric Teraperature

Hiuminated Unilluminated
Vavelength Hemisphere Hemispheie
315cm 694 °K 448 °K
0.86 ¢m 435 °K 415 °K
0.34 cm 285 °K 307 °K

Of particular significance is the fact that the
0.34-cm data indicate that the night side of the planet
appears warmer, radiometrically, than the suniit face,
while iust tne opposite is true at the other two
wavelengihs. Thus. significantly different physical
conditions rnust exist on the two faces of the planet;
otherwise, they wouid both exhibit similar spectral
characteristics.

If one defines a model atmosphere compatible
with the status of current knowledge of the planet
(i.e., atmosphere with 75%-90% CQ, and the re-
mainder Np), and a variable surface temperature, it
should be possible, utilizing the thoory of radiative
transfer, to theoretically predict the spectral behavior
of the radiometric temperature exhibited by the
planet. Howeve, gross disagreement with the ob-
servational data resulted, indicating that the
“normal” atmospheri - models are inadequaie and
that there must be ». additional significant con-

stituent within the atmosphere.

Interestingly, in 1961, E. J. Opik had iggested
the existence of a heavy distri*ution of dust, or haze,
we the fower atmosphere which was kept aloft by

ads over the hoi arid surface of the planet. Since
particles

dust interact  with centimeter- and
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Figure 1.
Brightness temperaturs of Venus as a function of frequency.

millimeter-wavelength radiation, the incorporation of
a disiribution of dust into the m~del atmosphere was
attempted at AFCRL; it was shown to produce 2
spc..ial response in agreement with the measured
data, as shown in Figure 1. Thus, a strong possibility
for the missing constituent i the Venusian atmos-
phere is planetary dust, perpewually falling and then
beirg raised from the surface by air currents existing
over the very hot surface. Farthermorc, it was found
that the day face of the planet must exhibit a surface
temperature of about 820 °K, while that of the night
face must be some 200 °K lower. The distribution of
dust is physically compatible with this notion of
differing surface temperatures, in that the dust
distribution on the hotter face is heavier and more
extensive than on the cooler face, as would be
expected from consideration of the air currents on
each fice. Thus, the utilization of ground-based
observation: over the 3-cm-to-3mm-wavelength range
provides a :iew insight into the Venusian atmosphere,
and offers promise for probing other planetary
environments.




In the course of extenaive tests of ruby-laser rods
of different sizes and ongins, Dr. C. M. Stickley and
his coworkers at AFCRI's Optical Physics Laboratery
observed that the cnergy output of one was consider-
ably less than that of three others similar in size and
in Cr™* concentration, and that the original low-
thresnold enzrgy of two other rods degraded after
thev were fired only a few times. Gradual reduction
in output energy during repeated firing also cceurred
with varving degrees of severity in all : hy rods
tested. Because output energy that gradually declines
from shet to shot is undesirable in practicai, as well as
experimental, applications of lasers, AFCRL made an
intensive study of this effect.

The degradation was traced to the formation of
color centers within the ruby rod. Colo: centers in
the rod absorb pump light, and depietion of the
pump-light cnergy density correspondingly reduces
the laser-energy output. Repeated firing of the laser
causes more 2nd more color centers to be created and

DEGRADATION OF RUBY-LASER QUTPUT

results in 3 steady degradation of the laser-output
energy.

The identification of color centers as the cause af
degradation was made by comparing curves of absorp-
tion vs. wavelength for reoy {Cr,0: in A1,0,) with
curves for clear sapphire {Al1,03 coniaining 0o
Cr;0;) in which color centers had been artificially
induced. As Figure 1 illustrates, the shapes of these
curves sgree, showing that absorption by color
centers occuis. (It aso shows that these centers are
properiies of ciear sapphire, and de not require the
presence of Cr** jons for their formation.)

The identification was substantiated by theoreti-
cal calculations. Electrons, initiallv bound to atoms in
the crystal, absorb sufficiently high-energy photons
from the pump light so that they are raised to the
conduction band of A1;0;. From tiie conduction
band, an electron can either return to the bound state
in an atom, or it can drop ‘nto a vacancy in the
crystal lattice. If it goes into a vacancy, a coler center

0.05+

INDUCED ABSORPTION, ¢m

l l

e Levys data for Scpphire%
o Ruby Rod 86

20600 3000 4000

WAVELENGTH, ANGSTROMS —

Figure 1. Absorption inducad in ruby by the pump light snd in clear sepphire by fow snergy 7y rays.
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is created; the electron in this vacancy can absorb
light and, by so doing, it “colors™ the crystal. The
degree of pump-rate reduction expected from the
absorption caused by formation of thesc centers was
cemputed. The results of the calculatien and the
exceriments agreed to within the experimenial error.

The source of the electrons that fill the vacancies
is uot known; the cbservations show that ©-** plays
eseeritiaily no role in this process. Impurity znalyses
of selectey semples showed that impurities are pres-

ground electronics

ent in the amounts of 00 to 3,000 parts per million.
Thiz is equal to | tc 10 times the smount of Cr3*
presentin a 0.05% v v rod.

The principal contribution «f this study is that
one mechanism cut of numerous possible ones has
been identifled as being responsitie for the outpui-
enieigy decay. The complete solution to this probiem
will be achieved when we understand how to prevent
the formation of colos ¢enters in pure sapphire.

RESEARCH ON SPEECH PROCESSING

Measurement of the degree of fidelity of repro-
duced speecks is one of the main problems in research
on speech processing. The speech intelligibility, its
quality and naturalnese and the degree to which
farniliar voices can be recognized by a listoner aftes
the speack signal has been processed, are of particular
concern for rating and evaluating devices for narrow-
band digitel voice commutnicaticns, such as vocoders.
Studies o these problems also support longer-range
objectives, for example, the evaluation of techniques
for permitting a computer to “speak”--that is, to
generate its response in an intelligible voice message.

One of the results of the program of the AFCRL
Data Sciences Laboratory is a new method for testing
speech inteuigibility, the Diagnostic Rhyme Test
(DRT). The attributes, “voicing,” “nasality,” “susten-
tion,” “sibilation,” “graveness,” and “compactness”
are the fundamental features by which we perceive
and recognize speech. The DRT test measures the
degree of accuracy with which each of thes¢ funda-
mental components of intelligibility are perceived by
a listener. Thus, it provides a score for total speech
intelligibility and a diagnostic profile that pinpoints
the particular deficiencies of a speech-processing
technique or device. This new test has been employed
in two major research efforts which have yielded new
insights into speech-processing technology.
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The first of these undertakings was 2 survey of
the “state-of-the-art” of vocoder technelogy, which
wzs organized by C. P. Smith of AFCRL and involved
the cooperative effort of industry, the universities,
and professional societies. The DRT was used to
obtain performance ratings on representative vocoder
systems operating at 2,400 bits per second. The
results are demonstrated in the performance profile
of Figure 1, which presents the average, best, and
poorest scores obtained in this survey for each of the
six components of speech intelligibility, as weli as for
the tota! intelligibility. The vocoders’ poorest per-
formance was for the feature, “sustention.” This is
the featur. tha* distinguishes the short, abrupt
consonant sounds from their sustained counterparts,
that is, *p” from “f.* “th” from “t” and *v” from
“b.” Considerable bias for the intelligibility of this
feature was revealed. The negative state of this
reature, which characterizes the abrupt corsonants,
showed an average intelligibility of only 77%, while
the best system “ested only obtained a score of 84%.
For the positive state of this feature (the sustained
consonanisy, the average score was 88%. The next
poorest feature was ‘“‘graveness” (the grave-acute
vpposition), which distinguishes “p” from “t,” “b”
from “d, and “m” from “n.” The performance-
profile chart provides a valuable benchmark in
speech-processing techs:ology, both by pinpointing
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Figure 1. “State-of-the-art” of 2400 bit-per-mcond chennal vocoders. The Lars prasent the avsrags, best, and poorest
parformance cbtained in a survey of currant chiannel vocoder systems, for the six fundzimsntal components of intelligibility
measured with the Disgnostic Rhyw s Test (DRT, as weil as total intelligidility scores.

the major deficiencies of present vocoder technology,
and also by establishing a reference against which new
systems and processing techniques can be comparzd
and evaluated.

The DRT was also used in a serics of experi-
ments, conducted by €. P. Smith at AFCRL, to
detenmine the performance ¢haracteristics of a pro-
cessing method (vuice-pattern matching) for speech
compression deveioped at AFCRL. A battery of tests
was performed using various combinations of stored
voice patterns, Listening crews determined the total

initelligibility, and tlie intelligibility fo- the six funda-
mental components of the DRT, as functions of
several parameters, such as the number of patterns
utilized and the spectrum data rate. The data are
summarized in Figure 2, which compares the in:zlligi-
hility obtained with thi. technique with that of a
channel vocoder using conventional pulse-code modu-
fation. The results showed that pattern-matching can
provide 2 significant reduction in the data rate of a
vocoder system whii. providing a relatively small
reduction in the speech intelligibility.
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MULTISENSOR DATA CONSOLIDATION
AND INTZRPRETATION

The inability of any given sensor to provide
unambiguous information on targets of military
interest, in the presence of both natural and man-
made interference, has led o the proliferation of
space-borne, air-borne, and ground-emplaced sensor
systems. This, in turn, has led to increasingly serious
protlems of communication-bandwidth conservation
and semiautomated data interpretation.

Research in multisensor data consolidation, at
AFCRL's Data Sciences Laboratory, is mainly fo-
cused on the question, “What is there that is common

e
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to all sensor measurement processes?”’ An answer to
this question could lead to very significant savings in
the development of unified data-compaction proce-
dures, with devices operating close 1o the data scurces
in contrast to many radically differen, duvices vpuia-
ting wel! downstream from the souvrces.

In order to evaluate the relative merits of © rions
measurement data-consolidation theories and proce-
dures, prior fo their implementation in costly hanl-
ware, an extensive signal data-manipulation capability
has been evolved by the Laboratory’s Dynanic




Processzs Branch under the guidance of Charlton M.
Walter. This capability is based on the Data Sciences
Labor:tory’s Experimertal D aamic Processor {the
DX.1 System). a dedicated, memory-sharing, poly-
morphic digital srocessor with extensive sensor-data
inputting, spectal microprocessing, and on-line color-
displav-generation featires,

The approach taken has represented ine first
cempaterorented graphic realization of an imper-
tani mathematical technique based on the representa-
tion of esch complex signal as a single point in an
N-dimensional vector space. The behavior, in time, of
large znsembles of sigrals can then be considered as
families of “trgjevtories” in this multidimensional
space. Froin these views the investigator can begin to
develop a feel for the stotistical and dynamical
structuges of given ensermbles of signals—for example,
signatures of aircrafi, or of missiles as seen by
particular racar systeiis. He can also begin to answer
such imporiant questions as the extent to wnich
signatures  befonging to different sources can be
distinguished oye from the other. The data can be
observed from many different points of view in order
to determine the sensitivity of different data-conscli-
dation and signature-categorization procedures, uti-
lizing the processor-controlled color display of the
DX-I System. The display shows just what any given

%

classification or compression scheme is doing to the
raw signature data in ferms of appropriate trans-
fonmations on the signature vectors in the N-dimen-
sional vector space.

Specific applicaticns of the daia-consclidation
theory have been made in the areas of speech-band-
width compression/resynthesis and in the problem of
multisensor acoustic-signature consclidation and cate-
gorization. In speech-bandwidth compression, a col-
laborative effort with C. P. Smith of the Digital
Speech ' anch, Data Sciences Laboratory, has »hown
that a. .ditional factor of 3-to-]-compression can be
achizved, over present channe] vocoder sysiems, with
essentially no loss in intelligibility. In the consolida-
tion and classification of acoustic-signaturs data from
a limited number of sources, a handwidib compres.
sion of approximately 10G to 1 can be achieved with
no degradation in the classification accuracy, using
the same technique.

The Fxperimental Dynamic Processor has also
been used to analyze the performance of a type of
air-to-asr radar target-signature categorization system.
Preliminary results indicate categorization efficiencies
in the 80% to 95% range are feasible, but not the
99+% figures originally quoted by the system de-
signiers.

A NOVEL TYPE OF ENDFIRE ANTENNA WITH INCREASED GAIN
AND IMPROVCD PATTERN PERFORMANCE

Significant progress in the field of endfire anter-
nas has been achieved in the Microwave Physics
Laborator of AFCRL.

The gain of corventional optimized endfire
antennas (for example Yagis, helical, disk, or dielec-
tric antennas), is approximately proportional to ureir
structurat length, up to about 15 dB gain. For higher
gains (in the 20-d8 range), however, such antennas
become impractically long and cannot be tolerated
for many applicaions because their gain does not
increase  propostionally with length above about
15dB. The explanation for this unfavorable behavior
is straightforward: the ususl dqipeie feed does not
give sufficient oxcitalion Slcwncy for surface-wave
propagation on longer antenna siructures.

Investigations performed by Dr. Hermann W,
Ehrenspeck of the Micowave Phvees Laboratory
have shown that the gain limitatiors of such conven-
tional endfire antennas can be overcome by replacing
their feed system-—in many cases & combination of a
fecd dipole and a reflector--by s short backfire as a
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highly efficient surface-wave launcher for the endfire
structure. As a result, a cavity-fed endfire antenna is
obtained whose gain now increases proportionally
with its structural lengiii. The concept of the short
backfire has been described in several OAR publica-
tions, for example. in the Proceedings of the °R
Research Applications (onference, Vol I, 12 March
1967.

Figure 1 shows a sicetch of the new antenna type,
and Figure 2 shows ifs gain curve as a function
structure teagth. It should be noted that a conven-
tional endfire would require a length of approxi-
mately 25 wavelengths for 4 gain of 26 dB (isotropic)
compared to only 10 wavelengths for the cavity-fed
endfire.

Forte ately, the gain increase is combined with
an essential improvement in pattern performance. A
sidefobe tevel fower than -20dB in E and H plane, and
a hacklobe level lower than -30dB, are readily
achievable.

The new type of endfire anteqsa should prove t0

"




be advantageous fo, many types of conununication, ogy. Several applications * die short backfire an-
telemetry, and tracking systems. Also, because of the tenna have already been maue in operational-syste
shortened length of the antenna, it could widely design.

extend the use of endfire antenr.>= in space technol-

Figurs 1, Cavity endfire sntenna.
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satellites, balloons, and
sounding rockets—sabar

RECORD-SIZE BALLOON SENT TO RECORD ALTVITUDE

The Aerospace Instrumentation Laboratory of
AFCRL launched a 28.7-millioncubic-foot (810,00
m>) research balloon in September 1968 which
reached an altitude of 160,000 ft (49 km) Two
records were established: the balloon was the laigest
ever launched, and the altitude was the highest ever
attained by a research balloon.

This balloon was designed by AFCRL for the

Amy Electronics Command. It carried instruments
for measuring atmospheric composition, pressure,
temperature, density, ozone, and wind motion near
the stratosphere, plus 285 pounds (129 kgj of ballast;
the totar load was 425 pounds (193 kg). The huge gas
envelope was fabricated from unreinforced poly-
ethylene only 0.45 mils (1.14x107 cm) thick. This
very-thin material required extreme care in handling

Figure 1. The 28.7-million-cubic-foot batoon just befors isunch. The major portion of the batloon's 587-foce ogth ls sl

ercased in the sunch decve.

137

¢ i e e it

e S

R

st

o

o AR AL g s v R sty o cir




by the launch crew during layout, inflation and
launch.

AFCRL launched this polyethylene balloon from
the White Sands Missile Range, with Arthur O. Korn,
Jr. of AFCRL as the Fiight Test Director for the
launch. A new technique for launching was also
successfully tested on this large balloon. The unin-
flated portion of the system was incased in a
polyethylene sleeve. (See Figure 1) When the balloon
was lausched, the sleeve prevented the undeploved
portion trom ‘*‘sailing” in the wind. As the balioon
ascended, the sleeve opened as planned. At the time
of launch, ihe length was 587 feet (179 m). At
ceiling, because of the expansion of the helium
caused by the decreased atmospheric pressure the
ballcon assumed an onion-shaped configuration of
about 352 by 410 feet (107 by 125 m). It traveled in
a westerly direction at about 10 miles per hour (4.5
m/s). The flight was terminated near Needles, Cali-
forr “a, after 12 hours.

L o EESL AT R e85

The flight represents a significant advance in
balloon deveiopment. Polyethylene is the basic mater-
ial used to construct research balloons, the conven-
tional capacity of which is about 5 million cubic feet
(140,000 m*). The previous record size for poly-
ethylere balloons (but not for balloons fabricated
from other materials) was 13.5 million cubic feet
(378,000 m*); that balloon was launched by AFCRL
in 1965. Five fiber-reinforced Mylar balloons having a
volume of 26 million cubic fzet (730,000 m?}), flown
by AFCRL for NASA in 1966 and 1967, were the
previous record size.

On 23 September 1969, another balioon with a
capacity of 30.3 million cubic feet was flown for the
Army Atmospheric Sciences Laboratorv [t had a
total load of 425 pounds (193kg).

Another similar flight was planned for NASA for
6 November 1969. The balloc:: was to have a
capacity of 34 million cubic feet, and was to carry
ovar 14,000 pounds, the largest payload ever carried.
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Tei: OX 4-4836
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' : Numbers) (Extensions are the OX Numbers)
telephone numbers without
the OX)
Office . Rexarch Analvses Frank J. Seiler Research Laboratory
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Hol'oman AFB, NMex 88330 USAF Academy, Colo. 80G840
Tel: 473.6511 T=i: 4723120
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AUTOVON 887 + Extension AUTOVON 259 + Extension
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This pe:ton of the publication prowvides information on documented material wirich onginated in relation to the
research efforts. The individuais named as contacts were chosen as 3 matter of convenience to facilitate he
avarlability of information.
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GENERAL PHYSICS

New Gravity Test Possible (Project No. 7114)

Contact: Dr. Jeffrey H. Winicour, General Physice Research Laboratory, ARL. Tel Fut $3148.

(1) Robinson, David C. and Jeffrey Winicour, “An Observable Pecuiiarity of the Brans-Dicke Radiation Zone,” Phyvacal Rev o
Letters, Vol. 22, No. S, February 1969, pp. 198-200.

(2) Robinson, David C. and jeffrey Winicour, “Detection of Gravitauonal Radiation Predicted by the Brans-Dicke Theory,”
Bulletin of the American Physical Sociesy, 74, 4, April 1969, p. 617.

A Theory of Solar Flares {Project No. 9767)

Contact: Capt David A. Haycock, Directorate of Physical Sciences. AFOSR. Tel. Ext. 45454,

(1) Sturrock, P. A., LA.U. Symp. No. 35, Structure and Develog ment of Solar Ac:ive Regions (ed. K. G. Kiepenheuver, Reidel,
Hollar:d, 1968), p. 471

(2) Furth, H. P., J. Killeen and M. N. Rosebluth, Phys. Fluids, 6, 459, 1963.

Gel Growik of Cuprous Chloride, an Electro-optical Materic! (Project No. 5620}

Contact: Dr. Alton Armington, Solid State Sciences Laboratory, AFCRL. Tel. Ext. 4956.

(1) O’Connor, J. J., M. DiPietro, A. F. Armington and 3. Rubin, “Gel Growth of Crystalline Cuprous Chleride,” Magre, Vol
212, 0ct. 1, 1966, p. 68.

(2) Armington, A. F., J. J. O'Connor and M. A. DFuire, “A Study of Some Factors which Influence the Growth of (uClin
Silica Gel," AFCRI -#7-0445, July 1967,

(3) Arringion, A Foand J.J. O'Connor, “The Gel and Growth of Clear Cuprous-Chloride Cry stals,” Murerials Aesearcn Bulle tin,
Vol. 2, No. 10, October 1967.

(4) O’Connor, J.j. and A. F. Armington, "'A Method of Growing Larger Crystals in Gels,” Joumal of Crystal Groseth, Vol. 1, No.
S, December 1967.

(5) O'Connor, J. ], A. Thomasian and A. F. Armington, "The Analvsis and Solubility of Cuprous Chioride in Hydrochlon-Acid
Solutions,” Journal Electrochemical Sociery, Voi. 5. ~o0. 9, September 1908,

(6) Armington. A. F. and J. J. O'Connor. "The Gel Growth of Cuprous-Halide Crystals,” Journal of Orvstal Growith, Yol 3 4,
1968.

Dispersion and Stabilisv of lonizetion Waves in ¢ Discharge Plasma (Project No 7075)

Contact: Dr. A, Garscadden and Dr. P. Bletzinger, Plasma Ph: sics Research Laboratory, ARL. Tel. Fxt. S4814 or 33836,

(1) Pekarek. L., “lonization Waves (Stristions) in & Discharge Plasma,”” Sov. Physics  Uspekky, 1] 188, Septct 1968

{2) Garscadden, A.. P. Bletzinger and T. C. Simonen, “Dispersion and Stebility of Mowing Strianons,” Physics of Fluids. 12
1833, September 19664,

Dielectric Canstants of Materigls in the Far-dnfrared Region (Project No. 9767)

Contace Dr. M. C. Harnington, Directorate of rhysical Scienves, AFOSR. Tel Fat 45454,

t1) Coleman, P. D, and S. Green, "A last, Room-Tempersture Electric Tunneiing Detector for Milimeter and Submilimeter

Waves,” Presented at IEEE PGED International Meeting, Washington, D.C., November 19638,

Johnson, €. J., “Electro optic Fifect in CdTe at 23.45 and 2795 Miaons” Froc [EFF Vol $8, October 1988, pp

17191720

(3 Bloen. W, N Keune and . Sievenng, “Matenal Measiiement Schemes for the Far-Infrared,” Applied ¢hvoes Vol 7,
November 1908, p. 2319,

(4) Hasder, J. Coand P DL Coleman, “Far-Infrare ) Lasing in H3S8, OCS and SO, 4ppl Phve [etters 15 Feb 1969

15y Coleman, P D et al, "Device Aspects of 2 Far-infrared Water Vapar Laser” Preented at IFC, Washington, [X.CL Gotober

-

o

1967,

(6) Martinch, S JL U Johnson and P Aktt, “Measurement of Far-infrared Laser Power,” to appear in Rev Sof [rspuments
(IseM,

i7y Coleman, P.D, Claser for Submuliimeter Waves.” Paper presented at {FFY Internationa Comventon, New York, NY | 24
Mar 1969

CdS Soker Celic (Project No. "888)

Conrgcr. D CoRevnoldy, Solsd State Phyues Research Laborateny | ARL Tei Pt 336834,

(D Shurland, FooaL UThe Histony, Demgn, Fabricatiwn and Performance of 48 Thin-Film Soiar Celly)” Advanced $mengs
Comvernion, & 201 1966

(2) Marun, 7. Hoand AL Shulamd, Vintegrated CdS SolarCell Array ) presented at the Tth Photovoliame Specults Conference.
Pawsdena, Califorruz, Nov 21, 1968
(3 Shworaws, L. R, G A, Sullvan and F. Augustine, “The Mechanizm of the Phatowolten Effect in High EfMaenoy (48

Thin-Film Solay Cells,” presented at the Tth Photovoltare Specaalists Conflerence, Pamaens, Calfornia, Noy 6 {908

Electromegmenc Provof [ oading of Bonded Aircicft Striotumes (Project No. §764)
Contact Max Swerdlow . Drectonate of Phy ucsl Soences. AFQSR. Tel Far 45558
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Electron Structure of Tetrahedrally Bonded Semiconducters {Project No. 7885)

Contact: Dr. T. C. Coliins, Solid State Physics Research Laberatory, ARL. Tel. Ext. £§3374.

(1) Gunn, ). B., IBM . Res. Deveiop., 3, 414, 1964,

(2) Stater, 3. C., Phys. Row, &1, 385, 1951,

(3) Kohn, W. and L. J. Sham, Phys. Rev,, 140, A1133, 1965.

(4) Herring, C., Pays. Rev., 57, 1169, 194C.

(5) Euwema, R. N, D. J. Stukei, T. C. Collins, J. S. DeWitt and D. G. Shankland, Phys Rer, Feb. 1999,
(6) Stuk<i. D.J, R, M. Euwema, T. C, Colling, F. Herman and R. L. Kortum, Phys Rev., March 1969.

Magneric Fields for intravascular Navigation (Project No. 9764)

Contact: Max Swerdlow, Dizrectorate of Physical Jcinnces, A ¥OSR. Tel. Ext. 45588.

(1) Yodh, S. B., N. Pierce, R, Weggel and D. B. Monigomery, **A New Magnet System for Intravascular Navigevion,” Medica! and
Riological Enginesring, 6, 143, May 1968.

{2) Montgomery, D. B., R. J. Weggel and M. !, La2upold, “Supercnaducting Magnet System for Intravascular Navigation,” J. Appl.
Phys., Vol. 40, Ne, 5. April 1965, »n. 2129-2132.

(3) Montgomery, D, B. and C. J. Wegge:, ‘fagnetic Forces for Medicai Applications,” J. Appl. Phys, Vol. 40, 1 March 1569, p.
1039.

(4) Montgomery, D. B., N. T, Pierce and $. B. Yodh, *'A New Magnetically Guided Catneter System for Pos.i_le Intracranial Use
in Man,” 8th International Conference on Engineering in Biology and Medicine, Chicago, July 1969,

Induced Electron-Emission Spectroscopy (Project No. 7885}
Contget: Dr. D. W, Langer, Solid State Phaysics Research Laboratory, ARL. Tel. Ext. 54702
(1} Siegbahn, M., Air Force Materials Laboratoiy’s Technical Report TR-68-189

High-Temperature Semiconductor (Projc  No. 97¢™)

Contact: Capt Roger §. Austin, Directcrate of Physical Sciences, AFC .R. Tel. Ext. 455388,

(1) Fonstad, C. G., A. Linz and R. H. Rediker, “Vapor-Phase Growth of Stannic-Oxide Single Crystals,” Recent News Pap.. No,
354 RNP, Mecting of The Electrochewmical Society, New York, May 9, 1969.

(2) Fonstad, C. G, A. Linz and R. H. kediker, “Vapor-Phase Growth of Stannic-Oxide Single Crystais,” submitted for
publication to J. Electrochemical Soc.

Spin-i.attice Relaxation Using Tone-Burst Modulation {(Project No. 7885)

Contact: D. R. Locker, Solid State Physics Research Labo.atory, ARL. Tel. Ext. §3359.

(1) Look, D. C. and D. R. Lockes, “Nuclear Spin-"elaxation Measurements by Tone-Eurst Modulation,” Phys. Rev. Letters, 20,
87, 10¢9,

{2) Locker, D. K. and D. C. Look, “Measurement of Eleciron “~in-Lattice Relaxation Times Using Ordinary EPR
Spectrometers,” J. Appl. Phys., 39, 6119, 19€8,

{3} Luok, D. C.and D. R, Locker, “Pulsed NMR by Tone-Burst Generation,” J. Chem. Phys., 50, 2269, 1969.

Superelastic Eleciron Collisions (Project No. 9767)

‘ Conta * D. L. wennersten, Directorete of Physical Sciences, AFQSR. Tel. Ext. 45454,

(1) Burrow, P. D. and Paul Davidovits, *Datection of Vibratwnaliy Excitud N; by Superelastic Electron Impact,” Physical
Review Letters, Volume 21, N27, 30 December 1968, pr. 1789-91.

XS E .

* Arean Plasmn Spectroscopy {Project No. 7073)
. Contact: Ds. W, G. Braun, Plasma Physics Research Laboratory, ARL. Tel. Ext. 53626.
3 (1) Otsen, H. N. et al, “Determination of Departures from Local Thermodynamic Equilibrium in Arc Plasmas,’” 4R 67.0067),
ik March 1967.
: (2) Braun, W. G., “Technique for Measuring the Absorption Coefficient of a Piasma,” Rev. Sci. Instru., 36, 802, June 1965.
3 (3} Birkeland, J. W. and J. P. Oss, “Spatial Resolution of Emission and A¥ omtion Coefficients in Self-Absorbing Sources of
“; Cylindrical Symmetry " ARL 67-0279, December 1967.

3 (4) Braun, W. G,, “Arc Sources for Hydrogen Spectroscopy,” Paper 3.2.7.2, Proc. of VIlith Int'f Conf. on Phenom. in lonized
4 (rases, Vienna, 1967.

H:gh-Gradient, Figh-Intensity Fields fo. Ore Separation (Project No. 9764)
Contact: Max owerdlow, Directorate of Physical Sciences, AFOSR. Tel. Ext. 45588

E NUCLEAR PHYSICS

; Herd X-Reov Pulsars (Project MNo. 6751)

cuntact. Lt Col Richard £. Denfeld, Dicectorate of Physical Sciences, AFOSR, Tei. ¥vt. 45581.

1) tewish, A., S. 1. Bell, J. D. H. Pilkington, P. F. Scott and R, A. Collins, Nature, 217, 109, 1968.

{2) Staelin, D. H.and F, C. Relfenstein, “Pulsating Radio Sources near the Crab Nebula,” Science. 162, 1481, 1968.

(3) Comelle, . M., H. D. Craft, Jr., R. V. E. Lovelace, J. M. Sutton and F, L. Tyler, “Crab Nebulz Pulsar NP 0532.” Nature, 221,
453, 1969.

(4) Cocke, W.] M. 1 Disney and D. J. Taylor, “Discovery of Optical Signals from Pulsar NP 0532, Nature, 221, 525, 1769,

(§) Fritz, G.. B, C. Henry, 1. . Meekins. T. A, Chubb and H. Friedman, *X-Ray Pulsar in the Crab Nebula,” Science, 164, 709,
1969.
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(o) Bradt, H., 5. Rappaport, W. Mayer, R. E. Nzther, B. Warner, M. Macfarlane and J. Kristian, “X-Ray and Opticai Observations
of the Pulsar NP 0532 in the Crab Nebuis,” Narure, (preprint) 1969,

(7) Fishman, G. J,, F. R, Harnden and RB. C. Haymes, “Chservation of Pulsed Hard X Radiation from NP 0532 from 1967 Data,”
Ap. J., {preprint) 1989,

The Sheli Mogel in Medium Mass Nuclei (Project No. 7112)

Contact: D:. G, L. Harris, General Physics Research Laboratory, ARL. Tel. Ext. §2613.

{1} Hyder. A. K., G. 1. Hartis, J. J. Perrizo and F. R. Kendziorski, “‘Reaction 33 (p, ¥) C337 end Properties of C137,” Phys Rev.,
169, 899, 1968.

2) Watsen, D. D, J. C. Manthuruthil and F. D. Lee, “Isobaric Anatog States in 135, Phys Rev., 164, 1399, 1967,

(3) Maripua, S., “Shell Mode« Calculations of Ml Transition Probabilities {rom Isobaric Analog States,” Nuclesr FAysics, 4123,
357, 1965,

Duality Disgrams - (Project No.’s 9751 and §76™

Conigct: Dr. i..'ch Weigeld, Directorate of Physical Sciences, AFOSR. Tel. Ext. 45581.

(1) Harari, Haim, “Duality Diagrams,” Physical Keview Leiters, Vol. 22, No. 11, 17 March 1969, pp. 562-565.

(2) Rosner, Jenathan L., “Graphical Form of Duality,” Phvsical Review Letters, Vol 22, No. 13, 31 March 1949, pp. 689-692.
(3) Fubini. Sergio, *'Regge Behavior, Resanances, and Crossing,” Comments on Nuclear and Particle Physics, Vol. 3, No. 1, p. 26.

CHEMISTRY

The Chemicai Laser-Progress and Purpose (Project No. 92760)

Contact: Dr. D, L. Ball, Directorate of Chemical Scionces, AFCSR. Tel. Ext. 45337,

(1) Pimentel, G. C,, “Chemical Lasess,” Scientific American, 214, 32, April 1956.

(?) Berry, M. J. and G. C. Pimentel, *‘Hydrogen-Fluoride Eliminztion Chemical Laser,” J. Chemn. Phys., 49, 5190, 1968.
(3) Parker, J. H. and G. C. Piment2), J. Chem. Phys. (in press).

Development of a High-Efficicncy Negative Ion Source for Mass Spectrometers (Project No., 7023)

Contact: Dr. T. O. Tiernan, Chemistry Research Laboratory, ARL. Tel. Ext. 54869,

{1) Tiernan, T. O. and B. Mason Hughes, Proceedings of the Sixteenth A:inual Conference on Mass Spectrometry and Allied
Topics, Pittsburgh, Pennsyivanis: ASTM Commiitee E-14, 1968, p. 24.

(2) Hughes, B. M, and T. Q. Tiernan, Proceedings of the Sixicenth Annual Conference or Mass Spectrometry end .1 llied Topics,
Pittsburgh, Pennsylvania: ASTM Committee E-14, 1968, p. 28.

Electron-Beam Interactions on Surfaces (Project No. 7023)

Contact: Dr. T. W, Haas, Chemistry Research Laboratory, ARL. Tel, Ext. §3625.

(1) Haas, T. W,, Proceedings Fouith International Materials Symposium, G. Somonjai, ed., New York: J. Wiley & Sons, 1969.
(2) Landes, 1. )., Phys. Rev, 91, 1382, 1953,

(3) Weber, R, E. and W. T, Peria, J. Appl. Phys,, 38, 4355,1967.

(4) Harris, 1. A, J. Appl. Phys., 39, 1419, 1968.

A Photopolymerization System (Project No. 9540)

Contact: Denton W. Elliott, Directorate of Chemical Sciences, AFQSR, Tel. Ext. 45337.

(1) *“Acid-Base Characteristics of Photochromism,” Final Technical Report, Contract AF 49(638)-1264, AFQSR 63-0345, AF
665 426.

(2) “Photopolymerization Systems Come of Age,” Chemical and Engineerir:g News, 46, No. 10, 46, March 4, 1968.

(3) Close, D. H., A. D. Jacobson, I. D. Margerum, R. G. Brault and F. J. McClung, “Hologram Recording on Photopolymer
Materials,” (submitted to Applied Physics Letters).

A New Technique For Free-Radical Detection (Project No. 9540)

Contact: Dr. Anthony J. Matuszko, Directorate of Chemical Sciences, AFOSR. Tel, Exi. 45337.

(1) Janzen, E. G. and B. J. Blackburn, “Detection and Identification of Short-Lived Free Radicals by an Electron-Spin-Resonance
Trapping Technique,” Journal of the Amcrican Chemical Society, 90, 5909, 1968.

(2) Janzen, E. G. and B. . Blackburn, “Detection and Identification of Short-Lived Free Radicals by Electron-Spin-Resonance
Trapping Techniques (Spin Trapping). Photolysis of Organclead, Tin and Mercury Compounds.” (to appear in the Journal of
the American Chemical Society in 1969).

Carbametallic Borenes (Project No. 7903)
Contact: Maj A. D. Brown, Jr., Chemistry Division, FISRL. Tel. Ext. 2655,

What's New in Neutron Diffraction? (Project No, 9537
Contaer: Lt Col L. D. Whipple, Directorate of Chemical Sciences, AFOSR. Tel. Ext, 45337.
(1) Moore, M. J,, J, 8. Kasper and J. H. Menzel, “Pulsed LINAC Neutron Diffraction,” Nature, 219, 849, 1968,

Stability of Molecular Ions (Project No 7903)
Conjact: Maj G. D. Brabson, USAF Academy, Colorado, Tel. Ext. 3333,

Densiry Measurements of Aluminum Chloride (Project No. 7903)
Contact: Lt Col L. A. King, Chemistry Division, FISRL. Tel. Fxt. 3148,
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The Relevance of Polymer Research to the Air Force (Project No. 9537}
Contacr: Dr. Willlam L. Ruigh, Dizectorate of Chemical Sciences, AFOSR. Tel. Ext. 45337.
(1} Johnson, W., L. N. Phillips and W. Watt, British Patent 1, 110, 791.
(2) Peters, D. W, "‘Cerbon-Fibre Reinforced Plastics, Design Engineering (British), September 1968, p. 29.
(3) Wstmore, W. C., Avigtion Week and Space Technology, November 18, 19568, p. §2; November 25, 1968, p. 55; and March 17,
: 1969, p. 23,
i (4} Watt, W., “Pyrolysis of Polyacrylonitrile.,” Nature, 222, 265, 1969,
: (5) Flosy, P. 1., Statistical Mechanics of Chain Molecuies, New York: Interscience Publishers, 1969.
(6) Flory, P. 1., Principles of Polymer Chemisiry, Ithaca, New York: Cornell University Press, 1953,

MATHEMATICAL SCIENCES

; Distributed Farameter Control Systems (Project No. §749)

Contaci: Capt Aller: D. Dayton, Directorate of Mathematical Sciences, AFOS™. Tel. Ext. 45261,

(1) Wang, P. K. C., “Optimal Control of a Class of Linear Symmetiic Hyperbolic Systems with Applications to Plasma
Confinement,” Report No. 69-15, March 1969, Dept. of Engineering, Univ, of Calif. Los Angeles (accepted for publication in
J. Math, Analysis and Applications).

(2) Wang, P. K. C. and W. A. Janos, “A Control Theoretic Approach to the Plasma Confinement Problem,” Report No. 69-17,
April 1969, Dept. of Enginesring, Univ. of Calif. Los Argeles (submitted to J, of Gpiimization Theory and Applications).

(3) Wang, P. K. C,, “A Method for Approximating Dynamic Processes by Finite-State Systems,” jnt. J, Control, Vol. 8, No. 3,
1968, pp. 285-236.

(4) Wang, P. K. C,, “‘Confinement of Thermonuclear Plasmas—A Distributed Control Problem,” Proc. of 1968 Joint Automaiic
Cont. Conference, Ann Arbor, Mich., pp. 1115-1120. (invited paper).

! (5) Wang, P. K. C. and ¥'. A, Janos, “An Inverse 4pproach to Plasma-Confinement Probiems,™ Annual Meeting of the Plasma

; Physics Division, American Physical Society, Miami, Florida, Nov. 1968. Abstract in Bulletin of American Eiysical Society,

: Dec. 1968,

; (6) Wang, P. K. C., “Mathematical Modeling of Systems with Distributed Parameters,” (ptesented at the 1969 Joint Automatic

Control Conference, Aug. 1969).

(7) Wang, P. K. C., “Feedback Stabilization of Hydromagnetic Fquilibria,” (presented at the International Union of Theoretical
and Applied Mecharics—Symposium on Instability of Continuous Systems, Karlsruhe, Germany, Sept. 8-12, 1969).

{8) Balakrishnan, A. V., “On a New Computing Technigue in Optimal Control,” UCL4 Report No, 67-61, Dec. 1967,

b ‘ Degree of Approximation by Positive Linear Operators (Project No. 7071)

] Contact. Dr. Oved Shisha, Applied Mathematics Research Laboratory, ARL, Tel, Ext. 54718,

(1) Shitha, O. and B. Mond, “The Degree of Convergence of Sequences of Linear Pogitive Operatc - Proceedings of the

A National Academy of Sciences, 60, 1196-1200, 1963,

N (2) Kotovkin, P. P., “Linear Gperators and Approximation Theory,” (English translation), Delhi, Indis: Hindustan Publishing

X Corp., 1960.

(3) Shisha, O. and B. Mond, “The Degree of Approximation to Periodic Functions by Linear Positive Operators,” Journal of
Approximation Theory, 1, 335-339, 1968.

k. Computational Aspects of a Unificd Approach to Problems in Estimation and Detection (Project No. 7904)

¥ - Convact. Maj Roger A, Geesey, Aerospace Mechanics Division, FISRL. Tel. Ext. 3122,

‘ {1) Van Trees, H. L., Detection, Estimation, and Modulation Theory, New York: John Wiley and Sons, 1968.

(2) Geesey, R. A., “Canonical Representations of Second-Order Processes with Applications,” Frank J. Seiler Research
Laboratory Technical Report SRL 69-0001, January 1969.

(3) Geesey, R. A. and T. Kailath, “Applications of the Canonical Representation to Estimation and Detection in Colored Noise,”
Proc. Sympostum on Computer Processing in Communicanions, Polytechnic Institute of Brooklyn, New York, 1969,

menbriensa

¢ Similar Solutions for Boundary-Layer Problems (Project No, 9749)

\ Contact: Msj W. R. Trott, Directorate of Matheriatical Sciences, AFOSR, Tel. Ext. 45264.
‘ : (1) MclLeod, J. B. and J. Serrin, “The Behavior of Similar Solutions in a Compressible Boundary Layer,” J. Fluid Mechanics, Vol.
. 34, Part 2, 19¢°, pp. 337-342. (AD 684651)

: i (2} McLoeod, J. B. and J. Serrin, “The Existence of Similar Solutions for Some Laminar Boundary-Layer Problems,” Archive for
B : Rationo! Mechanics and Analysis, Vol. 31, No. 4, 1968, pp. 288-303.

Contact. Dr. D, A. Lee, Applied Mathematics Kesearch Laboratory, ARL. Tel. Ext. 54439,

(1) Fujita, H., Mathematical Theory of Sedimentation Analysis, New York: Academic Press, 19€2.
(2) Scholte, Th. G., /. Polyme. Sci, 6, 111, . $8. ’

(3) Lee, D. A, (to be published).

l ' A Practical Application of Abstract Mathen.. tics (Project No, 7071)

Theoretical and Empirical Predictions of Internal Conflict Behavior (Project No. 7910)

Contact: Ma}E. A. Erb Jr., Environmental Analysis Division, ORA. Tel. Ext. 3388.

(1) Wright, Quincy, A Study of War, Chicago: University of Chicago Press, 1964.

(2) Wright, Quincy, “Design for a Research Proposal en Internationai Conflicts, . .," Western Political Quarserly, 13, 1.3-275,
1957,

{3) Buck, Gary L. and Alvin L. Jacobson, “A Struciural Functional Analysis of 8 Neo-Evolutionary Theory of Socixl Change,”
American Sociclogical Review, 33, 3, June 1968.
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(4) Parsonr Talcott, “Evoiutionary Universais in Soctety,” American Sociological Review, 29, June 1964, pp. 339-357.

(8) Buck, Gary L., “A Social Systems Analysit of 2 Neo-Evolutionary Approach to Modernization,” ORA Technical
Documentary Report ORA 69-C001, January 1969,

(6) Feiersbend, Ivo K, and Rosaiind L., “Aggressive Behaviors Within Polities, 1958-1962: A Cross National Study,” Journal of
Conflict Re:olution, X, 3, Septemb.. 1985,

{(7) Buck, Cary L., Manus 1. Midlarsky and Major Eugene A. Erb, Jr., “Theoretical and Empirical Predictions of Intemal Coxnflict
Behavicr,” ORA Technical Documentary Report (forthcoming). 1969.

Adaptive Command-System Models (Project No. 9769)

Contact: Rowena W. Swanson, Directorate of Information Sciences, AFOSR. Tel. Ext. 45407.

(1) Kilmer, W.L,, J. 3lur: and W. S. McCulloch, The Reticutar Formation. Part I. Modeling Siudies of the Reticular Formation,
Michigan State University, Grant AFOSR-1023-67B, Interim Scientific Report No, 3, Feb. 1905.

(2) Kilmer, W. L., ihe Reticular Formation: Pert II: Thz Biology of the Reticular Formation, Michigen Siate University, Grant
AFOSR-1023-678B, Interim Scientific Report No. 3, Feb. 1969.

(3) Kitmer, W. L., W. 8. McCulloch, J. Blum, E. Craighill and D. Peierson, *On a Cybemetic Theory of the Reticular Formation,”
in Cybernetic Problems in Bionics (H. Oestreicher & D. Moore, ¢ds.), Gordon & Breach Science Publishers, Inc., 1968, pp.
431479,

(4) Kilmer, W. L., W. S. McCulloch and J. Blum, “An Embodiment of Some Vertebratz Command and Control Principles,”
Currents in Modern Biciogy, Vol. 2, No. 2, 1968, pp. 81-97.

(5) von Neumearn, Joha, The Computer and The Brain, Yale University Press, 1958,

Graph Theory (Project No. 9749)

Consact: Lt Col Paul J. Daily, Directnrate of Mathematical Sciences, AFOSR. Tel. Ext. 45261.

(1) Harary, F., Graph Theory, Addison-Wesley (tc be published).

(2 Harary, ¥, Proof Techniques in Graph Theory, Academic Press, 1969 (to be published).

{3) Harary, F., “Graphical Enumeration Problems," Chap. 1 in Graphk Theory and Theoretical Physic,, London: Academic Press,
1967, pp. 141,

(4) Beincke, L. W. and F. Harary, **The Thickness of the Complete Gruph,” Canad. J. Math., 17, 850-859, 1965.

(5) Harary, F., “A Graph Theoretic Approach to Matrix Inversion by Pertitioning,” Numer. Matk., 4, 128-135, 1962,

(6) Harary, F., _ie Determinant of the Adjacency Fatrix of a Graph,” S/4AM Review, 4, 202-210, 1962,

(7) Harary, F. and L. W. Beineke, “Binary Matricss with Equa) Deierminant and Pormanemt,” Studis Sci Maih., I, 179-183,
1966.

(8) Harary, F. and G. W. Wilcox, “Boolean Operations on Graphs,” Marh. Scand., 20, 41-51, 1987,

(9) Harary, F., “Graphs and Matrices,” SIAM Review, 9, 8390, 15G7.

Dynamic Programmiing and the Solution of a Search Problem (Project No. 9749)

Contact: Dr. R. B. Pohrer, Directorate of Mathematical Sciences, AFOSR. Tel. Ext. 45264,

{1) Blackwell, D., “Application of Bellman's Optimality Principle to a Search Problem,” University of Californis, Berkeley
(manuscript).

Evaluating Forecasts (Project No. 79G9)

Contact: Lt Cel C. D. Stephenson, Jr., Environmenial Analysis Division, ORA. Tel. Ext. 3388,

(1) Swett, Ben H., “Fundaments! Theory and Probicms Related to Long-Range Forecasting,” ORA Technical Documentary
Report ORA-68-0013, December 1968.

ELECTRONICS

Microwave Acoustic Surface Waves (Project No. 5635)

Contact: Lt A. 1. Slobodnik, Jr,, Microwave Physics Laboratory, AFCRL. Tel, Ext. 3716.

(1) Slobodnik, A. J., Jr., “Microwave Frequency Acoustic Surface-Wave Propagation Losszs in LINDO4,” Appl, Phys. Lert., Vol.
14, February 1969, pp. 94-96.

(2) Cam, P. H., A. J. Slobednik, Jr. and J. C. Sethares. “Acoustic Surface Waves.3nd Rayleigh-Type Spin Waves a1 Mictnwave
Frequencies,” 1969 IEEE G-MTT Sympostum Digest, May 1949.

Microprobes for Medical Electronics (Project No. 4751)
Contact* Lt Col Howard W. Jackson, Directorate of Engineering Sciences, AOSR. Tel. Ext, 45518.

New Techniques for Deriving Voicing Information in Speech Processing (Project No. 5428}
Contact: Weiant Wathen-Dunn, Data Sciences Laboratory, AFCRL. Tel. Ext, 3201.

The Photon Echo (Project No. 9768)

Contact. Joshua H. Rosenbloom, Directorate of Engineering Sciences, AFOSR. Tel. Ext. 45518,

(1) Kurnit, N. A_, I. D. Abella and S. R. Hartmana, Phys. Rev. Letters, 13, 1964, p. 567; Phys. Rev., 141, 196§, p. 391; 5. R.
Hartmann, Sci. Amer., 218, 1968, p. 32; N. A. Kumit, Ph.D. thesis, Columbia Univ., 1966.

(™ “icke, R. H., Phys. Rev., 93,1954, p. 99,

(35 Fernbech, S. and W. G. Proctor, J. Appl. Phys., 26, 1935, p. 170,

Discrete Target-Imaging Properties oy High-Resolution Radar Systems (Project No. 5635)
Contact: Dr. John K. Schindler, Microwave Physics Laboratory, AFCRL. Tel. Ext. 3787.
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Electromagnetic-Wave Propagation (Project No. 9768)
Contact: Capt J. F. .antak, Directorate of Engineering Scicnces, AFOSR., Tel. Fxt. 45518.
(1) Papas, C. M., Theory of Electromagnetic- Wave Propagation, New York: McGraw-Hill, 1965,

{2} Bellman, R. and R. Kalaba, “Invariant lmbedding and Wave Propagation in Stochastic Media,” ELlectromagnetic-Wave
Propagation, New York: Academic Press, 1960, pp. 243-252.

(3) Latharn, R. W., “Electromagnetic Scattering from Cylindrically and Spherically Stratified Bodies,” Canadiar Journel of
Physics, Vol. 45, 1968, p. 1463.

(4) Lam, 1., Caitech Antenna Laboratory Report No. 43, March 1968.

Widz-Band Scattering from Randomly Dispersed Objects (Project No. §635)
Contact: W. Rotman, Microwave Physics Laboratory, AFCRL. Tei. Ext. 3706.

{1} Rotman, W., “Wide-Band Scattering from Randomly Distributed Discontinuities in a Transraission Lire,” AFCRL-69-0:"64,
Feb. 1969.

(2) Poirier, J. L., “The Spectrum-Analysis Radar: A Noise Radar,” OAR Progress, 1968, OAR 68-0007, 1968, p. 112.

MATERIALS RESEARCH

High-Temperature Oxidation of Air Force Matericls (Project Mo. 7021)
Contact: H. C. Graham, Metallurgy and Ceramics Research Laboratory, ARL. Tel. Ext. 54730.

(1) Graham, H. C. and W. C. Tripp, “Induction-Heated High-Temperature Balance System,” Vacuum Microbalcnce Techniques,
Plenum Press, 6, 1967, pp. 63-75.

Refinement of Austenitic Grain Size in 18% Ni Maraging Steels by Therma! Treatment (Project No. 7021)
Contact: James A. Roberson, Metaliurgy and Ceramics Research Laboratory, ARL. Tel. Ext. 54763.
(1) Metals Handbook, 8th ed., Vol. 2, American Society for Metals, Metals Park, Ohio, 1964, p. 256.

(2) Hall, A. M, R. C. Simon and D. P. moon, High-Strength Steel, 18 Ni Muraging, Processe, and Froperties Handbook,
Columbus, Ohio: Defense Metals Information Center, Battelle Memorial Institute, 1968,

Surface Enrichment in Fe-Ni Alloys (Project No, 7021)

Contaect: Lt Dale Q. Condit, M=tallurgy and Ceramics Research Laboratory, ARL. Tel. Ext. 54771.

(1) Pickering, H. W. and C. Wagner, Jo::"nal of the Electrochemical Society, 114, No. 7, 698, July 1967.
(2) Pickering, H. W., Journal of the Electrochemical Scciety, 115, No. 2, 143, February 1968.

(3) Pickering, B, W, Journal of the Electrochemical Society, 115, No. 7, 690, July 1968.

(4) Condit. Dale ., ARL Report 69-0018, February 1969,

(5) Condit, Dale O., ARL Report 69-0044, April 1359.

Thermally Stimulated Fhotoelectronic Processes (Project No, 7021)
Contact: Dr. Peter L. Land, Metallurgy and ' ---mics Research Laboratory, ARL. Tel. Ext. 54789,

MECHANICE

Radiative Gas Dynemics (Project No. 7905)
Contact: Capt David Finkleman, Aerospace Mechanics Division, FISRL. Tel. Ext. 3120.
(1) Finkleman, D. and K. Y. Chien, “Semigray Radiative Transfer,” AI4A Journal, Vol. 6, No. 4, April 1968, p. 755.

(2) Firkieman, D., “Num al Expe..ments in Semigray Radiative Transfer,” F. /. Seiler Resec-ch Laboratory Report SRL
68-0012, April 1969, also 4144 Journal, Vol. 7, No. £, August 1969, p. 1602,

(3) Finkleman, D., “A Characteristics Approach to Radiative Gasdynamics,” AJAA Paper 68-163, January 1968, 0 appear in
AlIAA Joumnal.

Low-Density Supersonic Combustion Research (Project No. 7065)
Contact: Dr, Robert G. Dunn, Fluid Dynamics Facilities Research Laboratory, ARL. Tel. Ext. 52002,

(1) Drewry, J. E., R. G. Dunn and N. E. Scaggs, “Supersonic Combustion Studies at Low-Density Conditions,” AIAA S5th
" [Propulsion| Joint Speciatist Conference, Colorado Springs, Colorado, 9-13 June 1969.

(2) Scaggs, N. E. and R. G. Dunn, “A Test Facility for Sustained Supersonic Combustion at Low Densities,” AIAA 4th
Aerodynamic Testing Conference, Cincinnati, Ohio, 28-30 April 1969.

(3) Dunn, R, G,, J. E. Drewry and N. E. Scaggs, “‘Sustained Supersonic Combustion in the Laboratory under Low-Density
Conditions,” Alr Force/Navy “onference on Airbreathing Propulsion for Advanced “Missiles and Aireraft San Diego,
California, 4-6 March 1969.

(4) Duan, R. G., “Supersonic Combustion Simulation,” Second OAR Research Applications Conference, Washington, D. C., 14
Masch 1967.

(5) Scaggs. N. E. and R. G. Dunn, “Development of a Facility for Supersonic Combustion Simulation,” A/44 Journal of
Spacecraft and Rockers, 4, 803-805, June 1967, Technical Report ARL 67-0154, July 1967.

(6) Dunn, R. G. and E. W. Walk, “Supersenic Combustion Simulation for High-Mach-Number Flight,” presented at 13th Annua)
Alr Force Science and Engineering Symposium, Tullahoma, Tennessee, 27-29 September 1966.

Unsteady Gas-Dynamics Problems Related to Flight Vehicles (Project No. 9781)
Conitact: Maj Donald L. Calvert, Directorate of Engineering Scierices, AFOSR. Tel. Ext. 45567.
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{1) Ashley, H., “Subsonic Oscillatory or Steady Airloads on Wings with Control Surfaces and Other Discontinuities,” AFOSR
68-0419, Deceraber 1957,

(2) Landahl, M. T., “On the Pressure-Loading Functions for Oscillating Wings with Control Surfaces,” Proceedings, AIAA/ASME
B8th Structuses, Structural Dynamics and Materials Conference, Palm Springs, California, March 1967, pp. 142-147,

(3) Kacprzynski, 1. 1., “On the Caleulsidion of Unsteady Nonlinear Three-Dimensional Supersonic Flow Past Wings,” AFOSR
68-0517, January 1968.

Supersonic Compres.or Researzit (Pyoject N, 7065)

Contact: Dr. A. J. Wennerstrom, Fluid Dynamics Facilities Research Laboratory, ARL. Tel. Ext. 53775.

{1) Wennerstrom, A. J. and S. Olympics, *A Theoretical Analysis of the Blunt-Trailing-Edge Supersonic Compressor and
Comparison with Experiment,” ARL 56-0256, 1966.

(2) Carman, C. T., J. R. Myers, A. J. Wennerstrom and J. W. Steurer, “Experimental Investigation of Two Blunt-Trailing-Edge
Supersonic-Compressor Rotors of Different Blade Thickness «..; with Circular Arc Camber Line,” 4EDC-TR-68-197, 1968.

(3) Wennerstrom, A. J., E. G. Johnsen and C. T. Carman, “Exoerimentally Determined Shock Configuratious in a High-Solidity
Supersonic Rotor,” paper presenied at the 32nd meeting of the AGARD Propulsicn and Energetics Panel, Septem - 1968,
(to be published in 1969)

“4) Haugen, R. L. and J. W. Steurer, “Cascade Testing of Supersonic-Compressor Blade Elements,” 4RL 69.0034, February
1968,

(5) Chauvin, J., F. Breugelmans and H. Griepentrog, “Application of the Blunt-Trailing-Edge-Blade Coacent to
Low-Hub-Tip-Ratio Transonic/Supersonic Compressors,” IN 27, von Karman Institute for Fluid Dvnamics, (ARL 68-07 10),
1968.

Direct-Simulation Monte-Carlo Methed in Kinetic Theory (Project No. 9783)

Contact: Lt Col W. L. Shields, Jr., Directorate of Engineering Sciences, AFOSR, Tel. Ext. 45568.

(1) Bird, G. A., “Direct-Simulation Monte-Carlo Method: Cutrent Status and ¥rospects,” Eixth Int'l Symposium on Rarefird Gey
Dynamics. (to be published)

(2) Bird, G. A., “The Structure of Rarefied-Gas Flows Past Simple Aerodynamic Shapes,” J. Fluid Mech, 76, 571-576, 136

Turbulent Boundary-Layer Measurements at Hypersonic Mach Numbers (Project No. 7064)

Contact: Dr. Anthony W. Fiore, Hypersonic Research Laboratory, ARL. Tel. Ext. §2455.

(1) Baronti, P. 0. and P. A. Libby, “Velocity Profiles in Turbulent Comoressibie Boundary Layers,” 4744 Journa,, ¥ 1. 4, 1966,
pp. 193-203.

(2) Coles, D. E., “The Turbulent Boundary Layer in a Compressibie Fluid,” Rand Corp. Rept. £-403-FR, September 1962,

(3) Economos, C., *The Compsessible Turbulent Boundary Layer with Mass Injection,” PIRAL Pa.[: Dissertation, June 1968,

(4) Coles, D. E., “Measurements in the Boundary Layer on a Smooth Flst Flate in Supersonic Flow -1, Measurements in a
Flat-Plate Boundary Layer at ‘iie Jet Propulsion Laboratory,” J.2.Z. Regt. No. 20:71, June 1953,

(5) Lobb, R.K.,EvaM, Winkler and Jerome Persh, “N.O.L. Hypersonic Tunnel No. 4 Resuits VII: Experiinental Investigation of
Turbulent Boundary Layers in Hypersonic Flow,” NAVORLD Rept. 3880, 1955.

{6) Croc.0, L., “Transformation of the Compressivie Tusouwsent Boundary Laver with Heat Exchange.” A/4.4 Journal, Vol. 1,
Dec. 1963.

(7) Matling, ¥. W,, D. R. Chapman, J. R. Myholm and A. . Thomas, “Turbulent Skin Friction at Migh Mach Numbers and
Reynolds Numbers in Air and Helium,” NASA Tech. Rept. R-82, 1950.

Interaction of a Blunt-Fin Shock Wave with a Flat-Plate Boundary Layer (Project No. 7064)

Conract: Dr. R. H. Korkegi, Hypersonic Research Laboratory, ARL. T+l. Ext. 54708.

(1) Young, F. L, Louis G. Kaufman, Il and R, H. Korkegi, *‘Experimental Investigation of Interactions between Blunt-Fin Shock
Waves and Adjacent Boundary Layers at Mach Numbers 3 and 5, 420 53-0214, December [968.

Plasma Electron Densities from Double-Slit Interferencc Pattzrms (Project No. 7063)

Corttact: P. W. Schreiber, Thermomechanics Research Laboratory, ARL. Tel. Ext, 54711,

1) Olsen, H. N., “Thermal and Electrical Properties of an Argon Plasma.™ Fhys. Fluids, 2, 614, 1959,

(2) Olsen, H. N, et al, “Investigation of the Interaction of 2 Preionized (as With an Fleorric Arc,” 4K L 65-48. 1965,

{3) Lamb, J. D. and P. W. Schreiber, “The Application of a Differential Interierometer - an Axially Symmetric arc-Heated
Plasma,” ARL 66-0222, November 1966.

(4) German, J. D., “Application of the Laser to the Determination of the Arc-Pissma Electron Densities,” GSP/FH/69-8, AFIT.

(5) German, J. D. and P. W. Schreiber, "*Electron-Density Determinations from Double-Sliv Interfersnce Patterns.” (to appear as
an ARL Report)

Streamwise Vortex Flows and Related Criss-Cross Ablation Effects on the Forebody of Reensry Vehicles (Project No. 7063)

Contact: Dr. M. G. Scherberg, Thermomechanics Research Laboratery, ARL. Tel. Ext, §2R36.

(1) Persen, L. N., “Investigation of Streamwise Vortex Systems Generated in Certain Classes of Curved Flow,” Part [, ARL
68-0134, July 1968.

(2) Persen, L. N., "Investigation of Streamwise Vortex Systems Genersizd in Certain Qlasses of Cur-od Flow,” Parr /7. ARL
68-0133, July 1968.

(3) Ginoux, J. J., “Experimental Evidence of Three-Dimensional Perturbations in the Reattachment of a Two-Dimensional
Laminw Boundary Layer at M=2.05," TCEA, TN/, November 1948,

(4) Brun, E. A., G. B. Diep and J. Kastin, “Sur un »ouveau tvpe de tourbillons lonsitvdinaux dans 1'écoulems 1t sutour d'un
cylindre, Influcnce de I'angle d’attaque et de la turbulenc. du courant libre,” CR. Acad. Sc. Paris. (. 763 Sevie A, 1966, p.
742.
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{5} Taylor, G. J., “Stability of a Viscous Liquid Contained Between Two Rotating Cylinders,” Roy. Soc. Proc., Series A. Vol
CCXXIL, A-612, 1923, pp. 263-343,

(6) Gorder, H., “Instabilitat laminarer Grenzschichten an konkaven Wanden gegenuiber gewissen dreidimensionalen Storungen,”
ZAMM, Vol. 21, No. 4, August 1941,

ENERGY CONVERSION

Photosynthetic £nergy Conversion (Prcject No. 8659)
Centact: Dr. E, Fujimori, Space Physics Laboratory, AFCRL, Tel. Ext. 3211,
'i‘f : : (1) Quinlan, K. P. and E. Fujimoyi, “Proten Ejection Accompanying Light-Induced Electron Transfer Between Chlorophyll and
Hydroquinone,”” Photochemisiry and Photobiology, 6, 665, 19€7.
(2) Quinian, K, P. and E. Fujimori, “Proton Ejection Accompsnying Light-Induced Electror: Transfer in the Chlorophyll-
Quincne System,” J. Phys. Chem,, 7{. 4154, 1967.
(3) Quinlan, K. F,, “Light-Induced Proton Ejection and Eiectron Transfer in the Zinc Tetraphenylporphin-Benzoquinone
System,” J, Phys. Chem,, 72, 1797, 1968,
(4) Quinlan, K. P., “Proton Ejection in Photoactive Quinone Systems,” J. Phys. Chem., 73, 1969.
(§) Fujimori, E. and M. Tavla, “Interaction Between Chlorophyll and Hydroquinone,” Nature, 208, $005, 1965.
(6) Pujimori, E. and M. Tavia, “Light-Induced Eicctron Transfer Between Chlorophyll and Hydroquincne and the Effect of
Oxygen and J-Casotene,” Photochemistry and Photobiology, 5, 877, 1966.
(1) Fujimori, E. and M. Tavla, “Chlorophyll-Photosensitized Oxidation of Hydroquinone and p-Pheaylenediamine Desivatives,”
Photockemistry and Photobiology, 8, 31, 1968,
(8) Quinlen, K. P., “Aggregation of Chlorophylls in Aqueous-Formamide Solutions,” 4rch. Blochem. Biopi_ s., 127, 31, 1968.
(9) Sherman, G. and E, Fujimori, “Interactions Between Chlorophyll and Water in the Solid State: Fiectron Spin Resonance,”
Noture, 219, 375, 1968.
(10) Sherman, G. and E. Fujimeori, “Effect of Water on Chlorophyll-Quinone Interactions in the Sold State,” /. Fays. Chem., 72,

4345, 1968.
- (11} Sherman, G. and E. Fujimori, “Water<Chlorophyll interactions in the Solid State,” in Progress in Phitosynthesis Rescarch
° {Proceedings of the Intemnational Congress of Photosynthesis Research, Freudenstadt, Germany, 1968),un piess)
(12) Sherman, G. and E. Fujimori, “Chlorophyll-Dioxane Interaction in the Solid State,” Arch. Biochem. Bioph:2.. 130, 624,
1969.

sAmmonium Perchlorate (Project No. 9711)

Cont...: Dr. B, T. Wolfson, Directorate of Engineering Sciences, AFOSR, Tel, Ext. 455085,

(1) Levy, J. B. and R, Friedman, “Further Studies of Pure Ammonium-Perchlorate Deflagration,” Eighth Symposium
fInternational) on Combustion, Baltimore, Md.: Williams and Wilkins, 1962, pp. 663672

(2) Schultz, R. D, L. Green and S. S. Penner, “Studies ¢f the Decomposition Mechanism, Erosive Burning, Svnance and
Resonance for Solid-Composite Propellants,” Third AGARD Combustion and Propulsion Colloquium New York: Pergamon
Press, 1958, pp. 317427,

(3} Nachbar, W, “A Theoretical Study of the Burrh., of a Solid-Propellant Sandwich,”” Progress in Astronautics and Rockerry -
Volume 1. Solid-Fropellani Rockes Research, New York: Academic Press, 1960, pp. 267-226.

{4) Shannon, L. and E. E. Petersen, “Buming Velocity of Ammonium-Perchlorate Strands and Crystals,” AJA4 Journal, 6.
1968, pp. 1594-1595.

(5) Watt, D. and E. E, Petersen, “The Relationships between the Limiting Pressure and the Solid Temperature for the
Deflagration of Ammonium Ferchlorate,” J. Chem. Phys. (in press)

(6) Beachell, H. C et al, Interim Scientific Reports on Grant AF-AFOSR-922-87: AFOSR-68-1551 (May 1968},
AFOSR.€8-1958 (September 1968), and AFOSR-69-004 TR (December, 1968).

Electrofluid-Dynamé- Energy Conversion (Project No. 7116)
Contact: M. Q. Lawson, Encrgetics Research Laboratory, ARL. Tel. Ext. §3355.
{1) Lawzon, M, O. and J. A. Decaire, “Rescarch in Electrofluid-dynamic Power Generation,” Procesdings of the OAR Kvsearch
Appilcations Conference, Vol. 1. Aglington, Va., 13 March 1965,
(2) Minardi, I. E., "Computer Prog.am for the Calculation of Electric Fields in an Electrofluid-dynamic Generator," ARL
68-0156, August 1968,
(3) Laweon, M. O. snd J. A. Decaire, "Outiook for Electrofluid-dynamic Power Tieneration,” ASME-JEEE Joint Power
Generagrion Conference, Detroit, Mich., 24.28 September 1967,
(4) Decaire, 1. A., “EiTects of Partial Condensation wound fons in Eicctrofluid-dynamic Energy Conversion Processes,” 4R 1.
46-0187, 1966.
{8} Dreesise, J. A, and M. Q. Lawson, 'EFD Power Generation: Trends and Expectation,” pressnted at 8th Symposium on
Engineeriag Aspects of Magnetohydrodynamics, Stanford Univenity, Stanford, California, 2831 March 1967.
Decaire, J. A, and J. R, Wifall, “Charge Generation bty Corona Discharge in Electrofluid-dynamic EnergyCoaversion
Pr: aes,” presented at Intersock  Fnergy-Conversion Engineering Confereice, Miami Beach, Fiorida, 13-37 Augus: 1967,
(1) Hasinger, &, “Performarcve Charactenistics of Flectroballistic Ger. ‘ators,” ARL 64-75, October 1364,
(8) Hawes M, "Experimental Techniques in Fiectrofluid-dynamic Energy-Con.2nsivn Research,” 4RL 6477 October 1964,
(9) Lawson, M. Q., H. 1. P. von Ohain and F. Wattendorf, “Performance Pctentialities of Direct Energy{onversion Processts
betwren Electrostatic and Fluid-dynamic ¥nergy.” ARL 178, December 1961,
(10} Lawson, M. O., “"Performance Characteristics of Electrofluiddynamic EnergyConversion Proctsses Employing Visccus
Coupting," ARL 64.74_ (October 1964.
(11) Lawson, M. O., "fon Generation by (orona Discharge for Elsctrofluid-dynamic Energy < onversion Processes,” 4K 6475,
October 1964,
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(12) Lawson, M. O. and J. A. Decaire, “Investigations on Power Generation Using Flectrofluid-dynamic Processes,” presented at
Intersociety Energy-Conversion Engineering Conference, Miami Beach, Floride, 13-17 August 1967.

{13) von Ohain, K. J. P. and F. Wattendorf, “Potentialities of Direct Electrofinid-dynamic Energy-Conversion Processes for
Power Generation,” ARL 64-73, October 1964,

Advanced Propellant Chemistry (Project No. 9750)

Contact. Lt Col Richerd W. Haffner, Directorate of Engineering Sciences, AFOSR. Tel. Ext. 45565,

{1} Solomon, I. J., A. J. Kacmarek and !, K. Raney, “The Reaction of Oxyger: Difluoride and Sulfur Oxides and Oxyfluorides,”
J. Chem, Engr. Data, 13, 529, 1968.

(2) Solomon, I. J,, J. N, Keith, A. J. Kacmarek and I. K. Raney, “oV NMR Techniques, Structures and Mechanisms of
Reactions of the Oxygen Fluorides,” presented at National Meeting of Socieiy for Applied Spectroscopy, Chicago, Illinois,
16 May 1968.

Production of Neutrens by vortex Annihilation in a Plasma Focus (Froject Mo, 9752)

Contact: Dr. D. G. Sarnaras, Directorate of Engineering Scienices, Al DSR Tel. Ext. 45565.

(1) Bostick, W. H. et al, “Vorticity in the Current Sheath of the Plasma Coaxial Accelerator,” 9th International Conference on
Phznomera in lonized Gases, Bucharest, Rumania, 1-6 September 1969,

(2) Bostick, W. H. et al, “Plasma Vertices in the Plasma Focus,” 12th AFCSR Contractors’ Meeting on Physical Energetics,
University of Illinois, 6-8 May 1969.

TERRESTRIAL SCIENCES

Stabiiitv of Azimuth Control (Project No. 8623)

Contact: G. H. Cabarniss, Terrestrial Sciences Laboratory, AFCRL. Tel. Ext. 3646

(1) Cabaniss, G. H., “Earth Strains from Repeated Triangulation of Isolated Quadrilaterals (Abs.),” Tians. Amer. Geophy:.
Union, Vol. 49, No. 4, December 1968, p. 660

(2) Cabaniss, G. H., “Earth Strains from Repeated Triangulation-Topographic Effects (Abs.)," Absiracts, S0th Ann. Mig.,
Amer. Geophys. Union, Vol. 50, No. 4, Apdl 1969, p. 119.

{3) Cabaniss, G. H., “Degradation of Azimuth Reference Coatrol,” Proc. of the OAR Resesrch Applications Conf.. Vol. 2,
Arlington, Va,, 13 March 1969.

Measurement of the Absolute Acce.cration of Graviry (Project No. 8607)

Contact: Bela Szabo, Terrestrial Sciences Laboraiory, AFCRL. Tel. Ext. 4285,

(1) Hammond, ). A. and }. E. Falier, “Laser-Interferometer System for the Determination of the Acceleration of Gravity,”
Quantum Electronics, Vol. 3, 1967, pp. 3974602,

ATMOSPHERIC SCIENCES

Radar Investigations of Convective Pattens in the Clear Atroghere (Project No. 8620)

Contact. Dr. K. R, Hardy, Meteorologv Laboratory, AFCRL. Tel. Ext. 4435,

(1) Hardv, K. R. and H. ¢ iersten, “Radzr Investigations in Convective Patterns in the Clear Atmosphere,” Journe! of
Atmospheric Sciences, Vol, 26, July 1969, pp. 666-672.

QOptical Properties of Ozone (Project No. 8603)
Contact. S. A. Clough, Optical Physics Laboratory, AFCRL. Te!l. Ext. 2505.

{1) Qlough, S. A. and F. X. Kneizys, *Coriolus Interaction ~ the vy and vy Fundamentals of Ozone " J. Chem PRy, 44,

1855, 1966.

Satellite-Attitude Sensing (Project No. 8617)

Coniact: R, C. Sagrlyn, lonospheric Physics Laboratory, AFCRL. Tel. Ext. 4848,

{1} Sagalyn, R. C. and M. Smidd;, “Measurement of Spacecraft Pitch and Yaw by Means of Positive fons,” (Air Force D-10
Expeniment Flown on Gemini X and X1f), Atr Force Surveys in Geophysics No. 20!, AFCRL-67-0158, December 1967,

(2) Se-iyn, R. C. end M. Smiddy, "Positive Ton Measurement of Spacecraft Attitude, Gemini X and X!, (smubmitted to the
Journal of Spacecraft and Rockets)

(3) Sagalyn, R. C. and M. Smiddy, “'Positive {on-Sensing System {~+ the Measurement of Spacecraft Attitude,” Proceadings of
the OAR Rescarch Applications Conference, Vol. 1, 14 March 1967,

ASTRONOMY AND ASTROPHYSICS

Signatures of Sodar Bursts (Project No. 5629)

Contact. Ronald M. Straka, lososphenc Physics Laboratory, AFCRL. Tel, Ext. 2941,

(1) Castelli, J. P, J. Aaronz, G. A. Michae!, C. Jones and H. C. Ko, “Spectral Conniderations of Microwave Solar Bursts,” Soksr
Flares and Spece Resesrch, eds., 1. Svestka and C. daJager, North-Holland Publishing 0., 1966,

() Castelli, J. P, "Obmevation and Forecasting cf Solar Proton Events,”” AFCRL-08-0/(M, March 1968, AF Surmvevs in
Geophysics Neo. 203,

(3) Michael, G. A., W. D. Clark, A. A. Franuas and J. P. Castelli, “Spectrum of the 6 March 1968 Radio Burst,” Asrrophy sicel
Lers, Vol. 2, 1968, pp. 137-139.
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Thermal Activity on the Moon (Project No. 8652)

Contact: Dr. G. R. Hunt, Space Physics Laboratory, AFCRL. Tel. Ext. 4622.

(1) Hunt, G. R., ). W, Salisbury and R. K. Vincent, “Lunar Eclipse: Infrared Images and an Anomaly of Possibie Internal
Origin,” Scrence, Vol. 162, 1968, pp. 252-254.

(2} Hunt, G. R,, J. W. Salisbury and P. K, Vincent, “Infrared In ages of the Eclipsed Moon,” Sky and Telescope, Vol, 36, 1968,
pp. 223-228.

(3) Hunt G. R, “Enhancement of Fine Detail in the Presence of Large Radiance Diffe-~nces,” Appiied Oprics, Vol 8, 1967,
pp. 505-50%.

BIOLOGICAL AND MEDICAL SCIENCES

Rapid Detection and Identijication of Pathogens (Project No. 9777)

Conzact: Dr. R. V. Brown, Directorate of i ife Sciences, AFOSR. Tel. Ext. 45042,

(1) Gould, J. R., “Research Program for Alerting, Detection and Idenvification of Pathogens,” USAFOSR Contract
AF49{638)-1418, December 1964, and June 1965 Reports,

(2) Henis, Y., J. R. Gould and M. Alexander, ‘Detection and Identification ¢ Bacteria by Gas Chromatcgraphy.” 4pp.
Microbiol.. 14, 513-524, 1966.

(31 Mitruka, B. M. and M. Awexander, "‘Cometabolis:in and Gas Chromatography for the Sensitive Detection of Bacteria,” 4 pp.
Microbiol. {in press)

(4) Gould, J.R.etal, USAFOSR Contract AF49(638)1737, July 1967.

(5) Mitruka, B. M., N. L. Noicross and M. Alexander, “Gas Chromatographic D=tection of fn-Vivo Activity ot Equine
Infections-- Anaemia Virus,” App. Microbiol, 16, 1093-1094, 1968,

(6) Mitruka, B, M,, L. E. Carmichael and M. Alexander, ~Gas Chromatographic Detection of In-Vitro and In-Vive Activities of
Canine Viruses,” Jour. of Infectious Diseases. (in press)

Lymphatic Absorpticn of Drugs (Project No. 9777)
Contect: Dr. R. V. Brown, Directorats of Life Sciences, AFOSR. Tel. Ext. 45042,

Chemical Conceprs in [ earning (Project No. 9777)
Contact. Dr. R. V. Brown, Directorate of Life Sciene s, AFOSR. Tel. Ext. 45042,

(1} Marrazzi. A. S, R, Meisch and B. C. Shicle, “Cerebral Integration and its Aswsessme. - by Drugs,” International {oll. of
Neuropsyichopharmacology, V Internat, Congress, Washington, D.C.. Veuro-Psycho-Pharmacology. ed. H. Brill, Excerpia
Medica Foundation, Amsterdam, {967, p. 1101.

{2 Marrizzi, A. S.. “Conditioning, Drugs and Synaptic Transmission,” Symposium: Classical Conditioning anu Psychopharma-
cology, intemational Coll. of Neuropsychopharmacology, V Internat, Congress, Washington, D.C., Neuro-Psveio-Pharma
cologs. ed., WL Brill, Excerpta Medica Foundation, Amsterdan,, 1967, p. 814,

(3) Marrazzi. A S, R. A Meisch, W, L. Pew and 1. G. Pieter, "Quantified LSD Effects or Eygo Strength,” Recens Advances in
Bdogical Psvehiarry, New York: Plenum Press, 1967, p. 197,

(4) Marrazzi, A. 5., "Discussion,” New York Academy of Sciences Meeting on Cholinergie Mechanisms, Ann N Y. dead. Scr,
144, 564, 1967,

(5) Formanek, I and A 8. Marrazzi, "Analysis of CPZ-LSD Antagonism on Cat Differential Conditionung.” Fed. Proc. 24, 3128,
1967,

6 Martazzi, &, S, K. Minohe and R. A, Wilson, “Hallucinogen and SAR. Ring ‘dethoxylation and Cerebral Synaptic
inhibition " Fed. Proc., Jo. S04, 1967,

(7 Mammazzi, A 8., B. C. Schicke, K. Minobe and F. Abuzzahab, “Cerebrai Bicgeay of Potentially Hatuer, ontv Amines”
Recent Advances in Biological Pyvchiatry, New York: Plenum Press. (in prep.s

(8) Vacea, L., M. Fujimon, R. G. Budd and A. S. Mammazzi, “"DMPEA Cerebral Synaptic Transmissen and Behaviora] Fffects,”
The Pharmacciogsr, V. 188, 1967,

{9 Marrwzzi, A S, "Nerve Impuise Conduction and Transmiesion,” Encvelopedia of Siochemistry, New York: Reinhold
Publishing Co., 1967 7. 374,

(1) Marmazzi. A, £, “Electropham. cologial and Behavioral Actions of Kava,” Ffnopharmacologic Search for Psyehoscive
Drugs, U.S, Dept. of Health, Fduckiton and Weifare, 1987 p. 182,

(1.} Bedorks, 1 FJ L. Hedtke and A, 5. Marrazz:, “Fffects of Dopanune and Metaholitey on Cerebrag Synapiic Trananisson ™
Fed Preac., 07, 756, 1968,

(1) Dsvis, S, H., M. H Han and A0S, Marvazss, "Behavioral DMPEA - Mescaline Ratie - Flimination of Ditferential Relative to
Cerebrad Tranwmusuon,” Fed roc. 17 778, 1968,

(1) Abuzzahad. b.S. 1 ) Yunma B . Schick and AL S Mammazzi, A Contolied Study of the Fifects of Lysormw Acw
Dieinyiamide (18D 2$) on Human Chromosames,” Revent ddvances in 8iod. Fovchwtry. Gin prep )

©14) Mamazzs, A, S, J. P, Bederka sad 5. H. Daris, "Svnaptie Propertes Fwidenved an a Cerebral Pharmacologieal
Genenralization,” XXIV Internat. Cong. Phygol. Soi, [ 968

(15) Veoea, L M. Fupmon, § D, Davis and A S, Marrarz:, “Crrebrai Synapte Drznsmngap and Behavioral Bffects of
DMPFA a Potential Pyychotogen,” Science. 780 95 1988,

i16) Marrazzi, A. S, S H. Davis 3ad F. 8. Aburzzshal, “Phamacolegy of Cerebral Dusocutive Statey and Their Measuretnent ™
1968 Mecting of the Amer. Coll. Cun. Pharsuavcol and Chemod srapy.

{17) Chakrin, L. W F_ I Shideman and A. S Marraxn /o J Newrophermaoo! 7 381, 1963,

(18&) Zemmery, R.M. S H. Do JoCoDufTy aid AL S, Marrazzy, “Amphetamune ' the Meanirement of Perception o Childeen ™
Pharmzeciopiss, 10, 180, 1968,

t19) Marrazzi. A S and 3. H. Dans, “Pereeptual Homeottags and LSD. Coaditmonal Reflex 7 July 1968,
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(20) Marrazzi, A, S. and X. Urquiaga. A Synaptic Pharmacological Generalization,” Pharmacologist, 10, 160, 1968,
(21) Marrazzi, A. S. and X. Urquiaga, “Acetyicholine and Serctonin Effects on Monkey Brain Stem—Evoked Potentials,” Fed.

Proc.. April 1969,
(22) Halasz, M., J. Formanek and A. S. Marrazzi, “Hallucinogen Tranquilizer Interaction: its Nature,” Science. (in press)

BEHAVIORAL AND SOCIAL SCIENCES

Uses of Hypnosis (Project No. 9778)

Contact: Dr. G, Finch, Diractorate of Life Sciences, AFOSR, Tei. Ext. 45045,

(1Y Hilgard, E. R.. Hypnotic Susceptibiiity, New York: Harcourt, Brace & World, 1965.

\2) Hilgard, E. R., A Quantitative Studv of Pain and its Reduction Through Hypnetic Suggestion,” Proceedings of the National
Academy of Sce»nces, 57, 15°1-1586, 1967.

(3) Osborn, Anne G., J. P, Bun' :i, L. M, Couper, G, S. Frank and E, R, Hilgard, “Effects nf Thiopental Se¢~tion on Leaming
and Memory," Science, 157, 574-576, 1967.

(4) Hilgard, E. R., “The Psychophysiology of Pain Reduction Through Hypnaosis,” Proceedings of the International Symposium
on Psychophysiological Mechanisms of Hypnosis, 1967.

Cross-Cultural Interaction in a Laboratory Setting (Project no. 9779)

Contact: Dr1. H. }. Lander, Directorate of Life Sciences, AFOSR, Tel. Ext. 45045,

(1) Quaranteili, E. L. and Robert H. Roth, "Sirnulation Studies of Communication Behavior under Stress CrossCultural
Interaction,” 4FOSR 69-0577 TR, Ohio State University, March 1969.

(2} Quaranielli, E. L, E. Haas and T. J. Drabek, “sanulation Studies of Organizational Behavior urder Stress,” AFOSR 68751,
Ohio State University, Department of Sociclogy, February 1967. (AD 669818)

ENVIRONMENT
PROGRAM ELEMENT 62101F

Self-Contained Automaiic Transmitter (SCAT) (Proiect No. 4603)
Contacr Dr. F. A. Lewis, lonospheric Physics Laboratory, AFCRL. Tel, Fxt. 4237,

Mousuring Total Electron Content in the lonosphere with the New AFCRL Polarimeter (Project No, 4643)

Contact: A. Klobuchar, jonospheric Physics Laboratory, AFCRL. Tel. Ext. 2936,

(1} Klobuchar, 1. AL und W B Whitney, “Middle-Latitude Tonosphenc Total Electron Content: Summer 1965, Radio Science,
(2} Kloduchar, J. A, and J. Aarons, “Electron-Content Latitude Dependence. March 1966 Period,” Annales de Geophysigue,
Tome 24, Fase. 3, 1968, pp. BR3-888,

Kiobuchar, J. A, ). Aarons and H. Hajeb Hosseinieh, “Mid-Lattitude Nighttime Total-Flectron-Content Behavior Duning
Magnetically Disturb~d Peniods,” Journal of Geophysical Research, Yol 73, No. 23, 1 Dec 68, pp. 7530-7535.

14 Klobuchar, J. A M. J. Menddlo, B. J. Flaherty and K. C. Yeh, “Mid-Latitude fonospheric Etfects Associated with the
October-Novomber 1968 Solar and Magnetie Fvents,” 1969 Spring URSE Meeting.

Mendillo, M. I M. D, Papagiannis and 1. A Klobuchar, "Seasonal FiYect in the lorosphesic Sisb Thickness During Magnetic
Storms,” 1969 Amencan Geophy sical Union Meeting.

2

i3

Tavtical Weather Fquipment (Project So. ¢670)

Coatacr. B D Weiss, Aerespace Instrumentation Laboratory, AVCRL, Tel Ext. 3174,

Plan Shear Indicator jor Real-Tine Noppier Radsr Tdentification of Hazardous Storm Winds (Project No. 667))

Conraer RO Donaldson, Jr, Meteorology Laboratory, AFCRL. Tel Lt 4407

(1 Donaldson, R 1. Jr.. A Prebminary Report on Doppler Radas Observation of Turbulence 1n a Thundesstonm,”
Favironmenal Research Papres. No_ 285, AVCRL 1867,

23 Donaddson, RO Jroand AL Cdvhmeda, "Distnbution of Vertica! Veloorty Mean and Varanoe in a Thunderstorm,” Proc.
tith Radar Mereoroiogy Con Montreal 1948 pp. 491497,

(3 Ammstrong, G M. and R L Domaldson, Ir, "A Convenient Indicator of Tangennal Shear in Radial Velovity ™ Proc 13th
ke Metewrology Cont | Montreai, 1908 pp, SO-83,

t4) Donaigson, ROJ. Jroand RO Wender, ' hght Hazards in Thunderstorms Determune:’ by Doppker Veloosty Varance,” £ 4ppl.
Meteor, S 128133 1964,

155 Domakbson, RO I, GoMO Amstre 20 AL CL Chmela snd MU T Kraus, "Doppler Radar Investigation of Ax Flow and Shear
withe Severe Thunderstorms,” Prowe. otk Cont. on Severe Loce! Storms. Chicago, 1969 pp. 146-154.

(61 Armstrong, G Moand RO Donaldeon, Fro UPlan Shear Indicator for Real- Time Doppler Ravar ldentfication of Hazardous
Storm Winds," S dppi. Mereor. Vol 6 No 3 June 81969 np. 376181

Atetosprente leansy Aavelerometer snd o Aititude Denasy Sateliyres 'OV 1S and Q3 116 (Project No 8480

Contact FOA Macos, Acronomy Laboiton, AFCRL. Tel Fat 891

Armospheric Contrast Attenutateon iSHAD LHIHT (Project No 7621
Conrzer D ROW Fean, Optseal Phyvacs Laboratory, AFTCRE . Ted Fxt 2080, or Map L J Shechan, Ted Fat 2962

dirdawne Therswl [ngr-red Signel Procesing (Froject No. 76 28)
Contger Dr RS, Williams. Jr. Terrestnal Sorenves Labonaton, AFCRL i It 70
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(1) Friedman, J. D., R. §. Williams, Jr. and D. C. Parker, “Infrared Emission fro ""ckla Volcano (Abs.),” in Abstracts, 50th
Ann. Mtg., Amer. Geophys. Union, Transacrions Amer. Gec ~hys Union, V.50, No. 4, April 1969, p. 340.

(2) Friedman, J. D.. R. S. Williams, Jr. and G. Palmason, ““Infrared Surveys in Iceland in 1966." in Geulogical Survey Research
1969, U.S. Geol. Surv. Prcfessional Paper 650-C. (in press)

Elastodynamic Near-Field of a Propagating F~ult (Project No. 7639}

Contact: Dr. K. C. Thomson, Terrestrial Sciences Laboratory, AFC2L. Tel. Ext. 2495.

(1) Haskell, N. A, “Total Energy and Energy Spectral Density of Elastic-Wave Radiation from Propagating Faults,”” Bull. of the
Seis. Soc. of Am., V.54, No. 6, December 1964, pp. 1811-1814.

(2) Haskell, N. A, “Total Energy and Energy Spectral Density of Elastic-Wave Radiation from Propagating Faults,” Part II, A
Statistical Sourc Model, Bull. of the Seis. Soc. of Am., V.56, No. 1, February 1966, pp. 125-140.

(3) Haskell. N. A., "Elastic Displaceraents in the Near-Field of a Propagating Fault,” Bull. of the Seis. Soc. of Am., Vol. §9, No.
2, April 1969, pp. R65-908.

(4) Housner, * W _,u M. D, Trifunac, “Analysis of Accelerograms—Parkfield Earthquake,” Buil. of the Seis. Soc. of Am . V.37,
No. 6, December 1967, pp. 1193-1220.

Polar-Cap Absorption Studies (Project No. 7663)
Contact. J. C. Ulwick, Ionospheric Physics Laboratory, AFCRL. Tel. Ext. 3188.
(1) Ulwick, J. C. and K. D. Baker, “Rocket Measurements in a PCA Event,” Space Research 1X. (to be published)

Armosphenc Motions Deduced from Smoke Trails (Project No. 8624)

Contact: R.W. Lenhard, Aerospace Instrumentation Laboratory, AFCRL. Tel. Ext. 3168.

(1) Lenhard, R. W., “Gustiness Between 100,000 and 200,000 Feet (30 to 60 km),” [nterim Notes on 4tmospheric Properties
No. 41, AirForce Cambridge Research Labor-tories, Bedford, Mass., 1964.

(2) Marshall, James C., 1 urbulence of the Upper Stratosphere,” Inrerir Notes on Atmospheric Properties No. 76, Air Force
Cambridge Research Laboratornies, Bedford, Mass., 1966.

(3) Marshall, James C., “Fine-Scaie Features and Verticai Motions of the Atmosphere between 30 and 65 Km Altitude,” jnterim
Notes on Atmospheric Properiies No. 88, Air Force Cambridge Research Laboratories, Bedford, Mass., 1968.

(4) Marshall, James C_, “Behavior of Smoke Trails, 30 to 70 Km,"” Journa! of Meteorology. (submitted for publication)

Solar-Flare Forecasting from Milimeter Wave Qbservations (Project No. 8682)
Contacy: P. M. Kalaghan, M. rowave Physics Labonstory, AFCRL. Tdl. (617) 853-5333.

The Armospher of the Planet Venus (Project No. 8682)

Contacr. P. M. Kalaghan, s,crowave Physics Laboratory, AFCRL. Tel. (617) 893-5383.
(1) Epstein, E. E. et. al, Asrronomi: al Journal. 73, 71, 1968.

(2) Kalaghan, P. M., Agrronomice! Journal, 74, 70, 1969,

(3) Mayer, C. H. et al, Memoirs of the Roval Society of Liege, 7, 357, 1962,

(4) Ovpik, E. 1. Journal of Geophyvyical Research. 66, 1807, 1961,

AEROSPACE AVIUNICS
PROGRAM ELEMENT 62403F

Degradation of Ruby-Laser (utput (Project No. 4545)

Consct: Dr. C Martin Stickley, Optical Physics Labaratory, AFCRL. Tei. Ext. 2604

(1) Stickley, C. M N filler, £ E. Hoedl, C. C. Gallagher and R. A, Bradbury, "Cobor Centers and Ruby-Laser Gutput-Energy
Degradation,” J <,  Phys, Vol 40, No 4, 15 March 1969, pp. 1792-1802.

GROUND ELECTRONICS
PROGRAM ELEMENT 62702F

Resezrcir in Speech Proceming (Project No. 46103
Consact: C.P.Smuth, Data Sciences Laborstary, AFCRL. Tel Ext. 3712

(1) Vosers, W.D. "Diagnostxc Evaluation of Speech-Processing Systems,” 4FCRL-63-C568. Contract F19628-68<C-0068, Tracor,

Inc. December 1968,

() Voir < WD, “"Performance Evajuation of Speech-Processing Devicer, 1il -Dusgnostic Fvaluation of Speech intellypbelity

AFT 470101, Contract AF19{628)4987, Spermy Rand Rescarch Center. March {9467

(3) Smith, C. P, "“Charscterization of Speech Scurces in Termu of Genetic Operating Charscteristics,” 4FCRL- 070306, May
1967.

(4) Smith, C P, “Perception of Speech Signals Pro.essed dy Pattem-Matchung.” (AFCRL report in preparation)

Mulrisensor [ata Congoiidetion and [nterpretation (Project No. 4648)

(ongect C. M Waiter, Data Scwences Laboratony, AFCRL Tel. Ext. 4329

(i) Walter, C M., "Soue Generslized Jandwidth-( ompreasion Methods Applied to Vocoder Data” 3lst Convention of the
Audio FEngineering Society, New York, N. Y | \ctober 1966.

(2) Walar. C M., "A Status Report on Some Applications of Processoe-Controlled Calor Dupirys in Siygnal Analyse - 1957 1o
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1967, Proc. of DECUS 1967, Digitc! Computer Users Society, Maynard, Mass., April 1967,

(3) Walter, C. M. “Some Comments on luwiact’ ~ Aids in Statistical Signa! Analysis and Pattern Recognition,” 7th Sy mposium
on Adaptive Processes, UCLA. Junc 1968.

A Novel Type of Endfire ntennc with Increased Gain a1d Improved Pattern Performance Project No. 4600}
Contact: Dr. H. W. Firenspeck, Microwave Physics Laboratery, AFCRL. Tel. Ext. 3723.
(1) Patent Application s':bmitted in ]968.

(2) Ehrenspeck, H. W., ““Short ‘Back™.." ....*=nna," JEEE, Vol. 53, No. 8, August 1965, pp. 1138-1140.

3} Ehrenspeck, H. W, “A Famil- of Novsl Ai:'znnas the ‘Backfire’ Antenna,”’ Froceedings of the OAR Research Applications
Conference, Vol. 1, March 197 7, pp. 81-104.

SATELLITES, BALLOONS, AND SOUNDING “OCKETS—SABAR
PROCRAM ELEMENT 53404F

Record-Size Balloon Sent 1o Record Altitude {Project SABAR)
Contact: A. O Korn, Jr, Aerospace Instrumentation Laboratory, AFCRL. Tel. Ext. 3474.
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