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FOREWORD 

The capability of the Air Force to accom¬ 
plish its mission is vitally affected by tech¬ 
nological change. This fact acquires even 
greater emphasis as we look to the future. 
Since the character of technological change 
is shaped by the application of scientific 
knowledge gained through basic research, 
it is mandatory that the Air Force pursue 
vigorous and dynamic research programs 
that are relevant to both its current and its 
future needs. 

Seeking and disseminating new scientific 
knowledge is the mission of the Office of 
Aerospace Research, the research agency 
of the Air Force. To accomplish this mis¬ 
sion, OAR scientists and engineers are 
working in many disciplines that were un¬ 
known just a few years ago. Many of the 
problems under attack did not even exist at 
that time, nor did the language with which 
to describe them. 

Since research results become valuable 
only when made known to those who can use 
them, this publication is designed primarily 
to acquaint those of you who are engaged in 
research and development, both inside and 
outside the Government, with some of the 
highlights of OAR research progress during 
FY 66 and FY 67. The secondary objective 
of this publication is to reveal some of the 
resources and significant aspects of man¬ 
agement which helped make this progress 
possible. Parenthetically, I might add that 
OAR welcomes your comments and inquiries 
with regard to any of the research described 
herein. Only in this manner can we be as¬ 
sured that our mission of "coupling"—the 
transfer of OAR research results to potential 
users, and the resultant feedback to OAR— 
is being achieved. 

The research projects that OAR supports 
often open vast new areas of investigation. 
Herein lies a reminder that, while research 
can be programmed, its discoveries and 
significant breakthroughs cannot. Neverthe¬ 

less, OAR research has continually yielded 
rich returns directly along lines of Air 
Force interest. By stressing relevance to 
Air Force needs, our research will continue 
to find solutioms for current Air Force 
problems, and develop viable bases for future 
Air Force technologies. 

I have continually sought to stimulate OAR 
researchers to conduct their work in a con¬ 
text of potential "application." I have also 
encouraged our scientists, engineers, and 
managers to visit other Government organi¬ 
zations with which we share common aims so 
that, through personal contact as well as 
through the technical literature, we may 
maintain a continual, up-to-date awareness 
of the technical problems to which our re¬ 
search may be applied. 

During the past 2 years, my staff and I 
have briefed more than 4,000 potential users 
of our research products on the work we 
are doing. Those briefed have Included per¬ 
sonnel of all major air commands, elements 
of the Army and Navy, the Advanced Re¬ 
search Projects Agency, the National Aero¬ 
nautics and Space Administration, and the 
National Science Foundation. We, in turn, 
have been made aware of the numerous tech¬ 
nical and operational problems, the solution 
of which calls for our continued research. 

With this in mind, the Office of Aerospace 
Research stands ready to serve all those 
Air Force and other Government organiza¬ 
tions which have specific problems requiring 
OAR research. In particular, through this 
research-application teamwork, we can as¬ 
sure that OAR research progress will be 
transmuted into significant Air Force capa¬ 
bilities. 

ERNEST A. PINSON 

Major General, USAF 

Commander 
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OAR COMPLEX 

The Office of Aerospace Research is composed of the Headquarters and 10 subordinate units, 
5 of which are major resjprch organizations, 2 predominantly research>supportlng units, 
and 3 field liaison offices. The major research organizations are the Air Force Cambridge 
Research Laboratories (AFCRL), the Air Force Office of Scientific Research (AFOSR), the 
Aerospace Research Laboratories (ARL), the Frank J. Seiler Research Laboratory (FJSRL), 
and the Office of Research Analyses (ORA). The research-supporting units are the European 
Office of Aerospace Research (EOAR), and the Latin American Office of Aerospace Research 
(LAOAR). The field liaison offices are the Patrick Field Office (PFOAR), the Los Angeles 
Field Office (LOOAR), and the Vandenberg Field Office (VFOAR). Of these 10 units, 8 are 
in the continental United States, and the remaining 2 are in Belgium and Brazil. 
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AIR FORCE CAMBRIDGE RESEARCH LABORATORIES 
L. G. Honscom Fiald, Bedford, Mais. 

Conducts rosoarch in tho environmental, engineering and 
physical sciences, and does exploratory*development work in 
environment* Contracts for research which closely supports 
and extends in>house efforts. 

AIR FORCE OFFICE OF SCIENTIFIC RESEARCH 
Arlington, Va. 

Supports programs, through contracts and grants, of extra¬ 
mural research designed to provide new scientific knowledge 
and understanding. Areas of research include the physical, 
engineering, environmental and life sciences. 

AEROSPACE RESEARCH LABORATORIES 
Wright-Patterson Air Force Base, Ohio 

Conducts resoarch in the physical and engineering sciences, 
and contracts for research which closely supports end ex¬ 
tends in-house efforts. 

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

Conducts research in mechanics, the mathematical sciences 
and chemistry. 

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

Conducts studies to evaluate proposed Air Force systems, 
to perceive Air Force research opportunities and applica¬ 
tions, nnd to identify future Air Force missions. Provides 
consultant services to other Air Force organisations as 
requested. 

EUROPEAN OFFICE OF AEROSPACE RESEARCH 
Brussels, Belgium 

Responsible for the administration of OAR contracts and 
grants in Free Europe, the Near East, and Africa. 

LATIN AMERICAN OFFICE OF AEROSPACE RESEARCH 
Rio de Janeiro, Brasil 

Administers research efforts in South America. 

PATRICK FIELD OFFICE 
Patrick Air Force Base, Fla. 

LOS ANGELES FIELD OFFICE 
Los Angeles, Calif. 

VANDENBERG FIELD OFFICE 
Vandenberg Air Force Base, Calif. 

The three field offices above support the aerospace research 
effort by maintaining liaison among the scientists, the launch 
teams, and the contractors. As a result, small scientific ex¬ 
periments are installed on rockets fired for other purposes, 
thus insuring that the Air Force receives maximum pay-load 
utilisation. 



SCIENTIFIC ADVISORY GROUP 

The OAR Scientific Advisory Group is a 
key element in helping OAR develop and main¬ 
tain an effective research program for the 
Air Force. The Group, actively associated 
with OAR in its planning activities, advises 
the Commander of OAR as to the nation's 
capability in science, and identifies trends 
and emerging potentials in areas of science 
that could afford the Air Force an Improved 
capability. The OAR research program is 
reviewed on a continuing basis. 

Members of the OAR Scientific Advisory 
Group also act as Boards of Visitors to the 
OAR laboratories and to AFOSR. In this 
capacity, they aid the Commander of OAR 
in evaluating the effectiveness of each orga¬ 
nization to make contributions to science of 
interest to the Air Force and recommend 
measures to enhance this effectiveness. The 
members also act as advisors to each of the 
OAR laboratories and to AFOSR. 

CHAIRMAN: Dr. Joseph Kaplan 
Professor of Physics 
University of California 

Dr. Nathan L. Krisberg 
Director, Engineering, Missiles and 

Information Systems Division 
The Boeing Company 

VICE CHAIRMAN: Dr. Launor F. Carter 
Senior Vice President 
and Director of Advanced 

Technology and Research 
Systems Development Corporation 

Dr. John P. Howe 
Director, Department of 

Engineering Physics 
Cornell University 

Dr. Mark Kac 
Professor of Mathematics 
The Rockefeller Institute 

Dr. Carl Kaplan 
Research Fellow, Department of 

Mechanics 
The Johns Hopkins University 

Dr. William W. Kellogg 
Director, Laboratory of 

Atmospheric Sciences 
National Center for 
Atmospheric Research 

Dr. David B. Langmuir 
Director, Physical Research Center 
TRW Systems Group 

Dr. Gerold M. McDonnel 
Associate Professor of Radiology 
The Center for the Health Sciences 
University of California at Los Angeles 

Dr. Elliott W. Montroll 
Einstein Professor of Physics 
University of Rochester 

Dr. Stuart A. Rice 
Director, Franck Institute 
University of Chicago 

Dr. Leonard I. Schiff 
Professor and Executive Head, 

Department of Physics 
Stanford University 
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Dr. Frederick E. Seitz 
President 
National Academy of Sciences 
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FINANCIAL RESOURCES 
Management 

For all years, from its original establishment through Fiscal Year 1967, OAR is account¬ 
able for the following funds: 

Source 

Air Force 
Advanced Research Projects Agency 

Grand Total 

Millions of Dollars 

$1,019* 
119 

In Fiscal Years 1966 and 1967, OAR made the following distribution of funds made avail¬ 
able to it by the Air Force and the Advanced Research Projects Agency: 

AIR FORCE FUNDS 

Defense Research Sciences 
Environment 
Aerospace Research Support Program 
Laboratory Directors’ Funds 
Command Management Funds 
RAND 
ANSER 
Reimbursable Funds 

FY 1966 

Subtotal, Air Force 134.0 

ADVANCED RESEARCH PROJECTS AGENCY FUNDS 16.0 

$1,138 

Millions of Dollars 

FY 1967 

$153.2 Grand Total $150.0 

The acquisition cost of real property, including land, buildings, and improvements, and 
of equipment on hand at the major OAR organizations at the end of Fiscal Year 1967 Is shown 
below; Millions 

Real Property $27.2 
Equipment 42.3 

The Defense Research Sciences constitute the complete research program for the United 
States Air Force, while the Environment Program covers Exploratory-Development efforts 
in Environment only. Aerospace Research Support funds provide the hardware and payload 
buildup for aerospace experiments conducted for both the Office of Aerospace Research and 
the Air Force Systems Command. The Laboratory Directors'funds provide a source of dollars, 
largely unrestricted in application, with which an individual director can initiate new work in 

•Includes reimbursable funds in the amount of $53 million tor work for other agencies, Including the National 

Aeronautics and Space Administration and the Defense Atomic Support Agency. 

••Includes $5.3 million of Project THEMIS funds. 
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his organization's area of Interest. Command Management funds cover the operating expenses 
of the Headquarters and the various field offices. 

In Fiscal Year 1967, the OAR basic-research (Defense Research Sciences) funds were 
distributed as shown In the following figure. The FY 1966 distribution was quite similar. 

The OAR research and exploratory-development program Includes an In-house research 
program and a complementary program of research grants and contracts. In basic research 
alone, for FY 1966, OAR obligated $58.6 million for grant and contract research by educa¬ 
tional Institutions, Industry, nonprofit organizations, and others. For FY 1967, $56.1 million 
were obligated by grants and contracts In basic research to these same performers. The FY 
1967 distribution was as follows: 

Educational Institutions 

Industry 

Nonprofit Organizations 

Others 

Total 



FUNDING RESEARCH 
IN 

FOREIGN COUNTRIES 

OAR is successfully offsetting adverse 
effects upon the Nation's balance of payments 
of overseas research sponsored by the United 
States Air Force. The dollar outflow for re¬ 
search has been reduced substantially during 
the last three fiscal years. This was accom¬ 
plished without sacrificing the quality or 
number of essential overseas research proj¬ 
ects. 

To minimize the balance-of-payments im¬ 
pact of its sponsored overseas research, OAR 
launched a four-pronged attack to allow unique 
foreign-science projects to contribute to on¬ 
going Air Force programs without weakening 
the dollar. 

OAR has expanded its cost-sharing 
arrangements with foreign scientists and 
educational Institutions. As a result, the Air 
Force bears approximately 417, of the cost 
of its overseas research, whil : 59% of the 
cost of this overseas research is borne by 
foreign institutions. Through this cost shar¬ 
ing, the Air Force obtained a $13.3-million 
world-wide research and exploratory- 
development program in F Y 1966 and an 
$ 11.2-million program in FY 1967 for a 
direct investment of approximately $5.5 mil¬ 
lion and $4.3 million in FY 1966 and FY 1967, 
respectively. 

OAR used approximately $500,000 in FY 
1966 and $600,000 in FY 1967 in U.S.-owned 
foreign excess currencies to pay a portion of 
each year's direct investment. These cur¬ 
rencies, excess to U.S, needs in certain 

countries, were purchased by U.S. disbursing 
activities with Air Force appropriations. 

Through the co-operation of the Office of 
Barter and Stockpiling, Foreign Agriculture 
Service, and of the U.S. Department of Agri¬ 
culture, OAR obtained an allotment in surplus 
commodities for barter. As part of the sales 
proceeds of these commodities, $3.0 million 
in FY 1966 and $2.5 million in FY 1967 were 
used to cover the European grant and con¬ 
tract payments, and the Commodity Credit 
Corporation was reimbursed accordingly with 
appropriated dollars; that is, these barter 
funds were Included within OAR's regular 
appropriated fund celling. 

By encouraging foreign grantees and con¬ 
tractors to purchase U.S.-manufactured 
scient fic equipment and supplies, and to 
travel by United States flag carriers, OAR 
produced a dollar inflow of $900,000 during 
Fiscal Year 1966, and $530,000 during Fiscal 
Year 1967, 

In summary, the net dollar outflow was 
$1.1 million and $.7 million, respectively, 
for F Y's 1966 and 1967. This outflow obtained 
a foreign research program in FY 1966 of 
$13.3 million, and in FY 1967 of $11.2 
million. None of the dollar outflow was in 
Europe. 

Actual obligations by country for the basic- 
research portion of the over-all OAR foreign 
research and exploratory-development pro¬ 
gram during Fiscal Years 1966 and 1967 
were as follows: 



Thousands of dollars Thousands of dollars 

Argentina 

Australia 

Austria 

Belgium 

Bolivia 

Brazil 

Canada 

Chile 

Denmark 

Finland 

France 

Germany 

Greece 

Ireland 

FY 1966 

$ 71 
238 

81 
136 

87 
9 

826 
76 

3 
43 

182 
76 
14 
14 

FY 1967 

$ 10 
141 
64 

220 

74 
365 

33 
1 

10 
73 
91 

53 

Israel 

Italy 

Jamaica 

Japan 

Korea 

Lebanon 

Netherlands 

New Zealand 

Norway 

Peru 

Philippines 

Spain 

Sweden 

Switzerland 

Uganda 

United Kingdom 

Uruguay 

FY 1966 

$398 
174 
45 
31 

6 
34 
33 

33 
55 

32 
140 

15 
353 

20 

FY 1967 

$531 
212 

6 
42 

7 

73 

30 
24 
41 

143 
10 

503 
27 

THE OAR MANAGEMENT AND SCIENTIFIC 
INFORMATION SYSTEM (MASIS) 

The effectiveness of management policies 
within the Office of Aerospace Research Is 
a prime consideration at all levels where 
resources are allocated and managed. Be¬ 
cause the main function of OAR Is research, 
the effectiveness of management policies is 
related directly to the work being done by 
the Individual scientist on his particular re¬ 
search effort. Several thousand research 
efforts are being actively conducted at any 
one time, either at laboratories operated by 
the Command, or under funding support 
through Its contract-and-grant program. By 
mechanizing available data, describing re¬ 
search at the individual-research-effort 
level, and providing for retrieval of that 
information in consonance with the terms 
used by the Individual managers In evaluating 
their efforts, the OAR Management and 
Scientific Information System (MASIS) trans¬ 
forms data into useful Information for the 
people of OAR and higher headquarters. 

For example, the manager of a large re¬ 
search effort is able to address himself to 

this question—"What research Is being done 
in my area, irrespective of fund source or 
budget program classification?" Managers 
of research-program areas are able to ex¬ 
amine recapitulations of the aggregation of 
work units supported by their programs or 
learn the status of Individual procurement 
actions. These status reports are available 
to procurement offices to recap their work¬ 
load. With the completion of the research, 
reports encompassing the results of that 
research are Identified in the data base. 

It Is obvious that the transition from data 
to information cannot be accomplished with¬ 
out study and analysis on the part of the human 
element. Still, data fed Into the MASIS must 
be accurate and be made available in a timely, 
meaningful fashion. Even as an evolving data- 
processlng system. It must nevertheless aim 
at continually improving its utilization of 
data-processing techniques so as to more 
vigorously support and enhance research- 
management effectiveness within the 
Command. 

8 



HUMAN RESOURCES 
PEOPLE 

The success of the Office of Aerospace Research depends upon the quality of its personnel. 
To keep pace in this age of exponentially increasing scientific knowledge, OAR must be able 
to attract and hold intelligent, educated, highly motivated people—individuals of ambition, 
drive and initiative—and to channel their talents toward the accomplishment of Air Force re¬ 
search objectives. 

Strength 
The personnel strength of OAR is 1,947. This force is composed of 311 officers, 1,430 

civilians, and 206 airmen. The greatest portion of OAR's manpower is found in three 
organizations—AFCRL, AFOSR, and ARL—which conduct or monitor the majority of the 
OAR research programs. 

MILITARY CIVILIAN TOTAL 

191 973 
84 241 

32 HI 

Education 
The search for new knowledge that is inherent in the OAR mission demands a high level 

of educational attainment and research experience. About 48% of the people in OAR are as¬ 
signed to professional scientific and engineering duties. The educational status of these 
professiônals is considered excellent. 

MILITARY-259 CIVILIAN-684 

AFCRL 
ARL 
AFOSR 

1,164 
325 
143 

Ph.D. 15% 
M.S. 71% * 
B.S. 14% 

Ph.D. 29.1% 
M.S. 31.1% 
B.S. 31.6% 

* /2% of these officers have an additional 30 S.H. toward their doctoral degree. 



The OAR Five Year Plan looks forward 
to Increasing the doctoral-degree level of 
the scientific and engineering work force. 
The objective is 33% for the military and 
40% for civilians. OAR urges its people to 
further their training and to keep current in 
their specialties through study and research 
at institutions of higher learning. 

To insure the quality of its professional force, 
OAR expends considerable time and effort on 
selecting the right people for the right jobs. 
This matching of men to Jobs, for the military 
and civilians alike, keeps a sharp focus on 
professional talents and specialties, and on a 
balanced staff of professional scientists and 
engineers on the one hand and their support¬ 
ing technicians on the other. 

To acquaint the thousands of young ROTC science and engineering students in colleges and 
universities throughout the country with the Air Force research program, OAR recently pub¬ 
lished the brochure. Research Opportunities for Air Force Officers. This brochure empha¬ 
sizes the importance of postgraduate study, and shows how the Air Force can utilize the 
talents of these students to further its mission. The publication also describes how young 
scientists and engineers already serving as Air Force officers may apply for advanced-degree 
work while on active duty. 

During FY 1966, an OAR Postdoctoral Research Associateship Program, administered 
by the National Academy of Sciences - National Research Council, was inaugurated to give 
promising young scientists an opportunity to work in OAR laboratories. In F Y 1967, arrange¬ 
ments were made to extend this Program to senior scientists of the Free World.* To assist 
in recruiting the best talent available, more than 2,500 brochures on the Program were sent 
to leading professional personnel of institutions which grant advanced degrees and to pub- 
Ushers of professional journals. 
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RECOGNITION OF EFFORT 

DECORATIONS AND AWARDS 

Air Force Outstanding Unit Award 

CITATION TO ACCOMPANY THE AWARD OF 
THE AIR FORCE OUTSTANDING UNIT AWARD 

TO 

OFFICE OF AEROSPACE RESEARCH 

The Office of Aerospace Research distinguished itself by exceptionally meritorious 
service in support of military operations, from 1 April 1964 to 31 March 1966, During this 
period, the personnel of the Office of Aerospace Research conducted ? vigorous and dynamic 
research program which resulted in a vastly improved research capability to meet the 
technological requirements of the Air Force in the year ahead. The distinctive accomplish¬ 
ments of the members of the Office of Aerospace Research have contributed significantly 
to the defense of the United States, and reflect great credit upon themselves and the United 
States Air Force. 

284*192 0-87-2 
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Legion of Merit FY 66 

AWARDED for exceptionally meritorious conduct in the performance of outstanding service 

to the United States. 

COLONEL ROBERT E. FONTANA, former Commander, 
Aerospace Research Laboratories, OAR. For his contri* 
butions in the furtherance of the Nation’s scientific and 

technological progress. 

COLONEL JACK L. DEETS, former Deputy Executive 
Director, Air Force Office of Scientific Research, OAR, 
and now Commander, EOAR. For his efforts in furthering 
an outstanding basic-research program for the Air Force 
and ensuring a sound investment of Government funds. 

Legion of Merit FY 67 

COLONEL JOHN R. FOWLER, former Assistant Deputy 
Chief of Staff, Plans and Programs, Hq OAR. For his out¬ 
standing service in furthering the effectiveness and suc¬ 
cess of the USAF basic-research program. 

LIEUTENANT COLONEL IRA H.S.MCMANN, former Dep¬ 
uty Chief of Staff, Financial Programs, Hq OAR. For his 
significant achievements in managing the financial pro¬ 
grams of the Office of Aerospace Research which contrib¬ 
uted greatly to the effectiveness of the USAF basic-research 

program. 

12 



USAF Research and Development Award FY 66 

FOR outstanding contributions in scientific management, and administrative, technical, or 
operational activities of exceptional value to the USAF Research and Development Program. 

MAJOR ROBERT R. DETWEILER, formerly with Aero- 
space Research Laboratories, OAR, now at Air Command 
and Staff College. For his outstanding research achieve¬ 
ments in the field of solid-state physics. 

CAPTAIN JAMES T. NEAL, Air Force Cambridge Research 
Laboratories, OAR. For his outstanding and significant 
contribution in the field of geology in determining the 
geological nature of playas (natural dry lake beds). 

USAF Research and Development Award FY 67 

LIEUTENANT COLONEL JOSEPH W. CONNOLLY, Aero¬ 
space Research Laboratories, OAR. For his outstanding 
research achievements in the field of inorganic chemistry. 

CAPTAIN WILL 1AM B. COGGINS, JR., Air Force Cambridge 
Research Laboratories, OAR. For his outstanding and very 
significant reseat .n contributions in the field of microwave 
physics. 

CAPTAIN JOHN F. SCHAEFER, Frank J. Seiler Research 
Laboratory, OAR. For his outstanding and significant re¬ 
search contributions in the field of automatic controls for 
aerospace vehicles. 

13 



DR. KENT J. EISENTRAUT, formerly ossigned to the Aero¬ 
space Research Laboratories as a first lieutenant, now 
working in the same laboratory in a civilian capacity. For 
his outstanding research achievements in the field of in¬ 
organic chemistry. 

FIRST LIEUTENANT CHARLES S. SPRINGER, JR., Aero¬ 
space Research Laboratories, OAR. For his outstanding 
research achievements in the field of inorganic chemistry. 

Goddard Award FY 66 

DR. HANS J. P. von OHAIN, Chief Scientist, Aerospace 
Research Laboratories, OAR. Honorarium of $5,000, cer* 
tificote and medal from the American Institute of Aeronau* 
tics and Astronautics for his outstanding contribution to 
the first successful application of turbojet propulsion to 
aircraft. 

Exceptional Civilian Service Award FY 66 

DR. HARRY A. LIPSITT, Aerospace Research Labora¬ 
tories, OAR. For his exceptionally outstanding leadership 
and contributions in the science of metallurgy. 

Exceptional Civilian Service Award FY 67 

DR. ROSCOE H. MILLS, Aerospace Research Laboratories, 
OAR. For his distinguished career from 1939 through 1966, 
and his leadership in hypersonic research. 

14 



DR. HANS E. HINTEREGGER, Air Force Cambridge Re- 
search Laboratories, OAR. For his pioneer research in 
solar extreme ultraviolet radiation. 

Air Force Association Award FY 66 

CAPTAIN LAWRENCE SCHROEDER and DR. WIL¬ 
BUR L. HANKEY, Aerospace Research Laboratories, 
OAR, received the AFA Aerospace Education Foundation 
Award of $300 and an engraved plaque from MR. EARL 
N. PARKER for an outstanding paper they co-authored. 

Patricia Kayes Glass Award FY 67 

MRS. RITA C. SAGALYN, Air Force Cambridge Research 
Laboratories, OAR. For her contributions asa woman sci¬ 
entist in designing a spacecraft attitude-sensing and con¬ 
trol system. 

Airman’s Medal FY 67 

FIRST LIEUTENANT RICHARD S. WILLIAMS, JR., Air 
Force Cambridge Research Laboratories, OAR. For hero¬ 
ism involving voluntary risk of life at Cope Newagen, Maine 
on 11 July 1966. With complete disregard for his own safety, 
Lieutenant Williams launched a rowboat at night into a 
rough sea, and located and rescued 3 college students 
whose own boat had capsized. 



LOGISTICS 
OAR seeks to produce an environment con¬ 

ducive to the responsive support of the re¬ 
search mission so as to relieve the scientist 
of the irritants of logistics administration. 
This is to avoid a repetition of past nonre- 
sponsive logistics support which has had a 
detrimental Impact on the conduct of re- 
seach in the in-house laboratories. Through 
critical self-analysis and imaginative logis¬ 
tics-management concepts, OAR aims to 
determinedly identify and resolve the many 
problems generated by the incompatibility 
of standard support systems and the unortho¬ 
dox demands of basic research. 

In the procurement area, OAR has suc¬ 
cessfully promoted a program to offset the 
impact upon the Nation's international balance 
of payments resulting from OAR's support 
of essential research in foreign countries. 
This has been accomplished through: the 
intensified negotiation of cost-shared re¬ 
search agreements with foreign scientists 
and educational institutions; the establish¬ 
ment of a program to encourage the purchase 
of U.S.-manufactured equipment and supplies 
by our foreign contractors and grantees; 
the payment of our grants and contracts with 
U.S.-owned foreign excess currencies; an 
arrangement to cover contract and grant pay¬ 
ments with U.S. dollar proceeds from the 
sale, in world markets, of $9,050,000 in 
surplus agricultural commodities; and pro¬ 
vision for foreign grantee and contractor 
travel on U.S. flag carriers. The Directorate 
of Procurement has increased to 6 the num¬ 
ber of Secretary of the Air Force approved 
"Class Determinations and Findings" au¬ 
thorizing the negotiation of contracts that 
now cover virtually all of OAR's require¬ 
ments in the areas of research,laboratory 
logistical support, laboratory directors' 
fund, exploratory development, sounding- 
rocket systems, research- and experiment¬ 
carrying satellites, and scientific-payload 
programs. This flexibility eliminates the 
requirement to process an individual "De¬ 
termination and Findings" for each procure¬ 
ment action, resulting in a significant re¬ 
source savings of man-hours and dollars. 

OAR has also instituted a successful pro¬ 
gram to obtain agreements with universities 
to use predetermined overhead rates in 
order to permit the prompt closing out of 
completed contracts. Further progress has 
been made to obtain changes to procure¬ 
ment regulations and directives and to intro¬ 
duce innovations that provide greater flexi¬ 
bility and a more efficient logistics system 
in support of research. 

In the supply-support area, with the ap¬ 
proval of Hq USAF, OAR logisticians have 
developed a supply system which comple¬ 
ments the USAF Standard Base Level Supply 
System and, at the same time, Is sufficiently 
flexible to satisfy the unusual support re¬ 
quirements generated by basic research. 
OAR will use the standard supply system for 
obtaining standard, stock-listed items and for 
routine accounting and reporting, but will 
bypass the standard system to obtain non¬ 
standard, nonstock-llsted items which do not 
lend themselves to efficient and effective 
computer processing. Although the authority 
and responsibility for determination of re¬ 
quirements will be placed on the scientist, 
the OAR supply system will relieve him of 
many routine logistics actions. 

The OAR Facilities Program has been 
directed toward the support of strong, mod¬ 
ern, and competent in-house laboratories. 
Recent austere programs throughout the 
Department of Defense mark a continued 
downward trend in the approval and con¬ 
struction of new facilities. To offset the 
effects of this trend, OAR Military Con¬ 
struction submissions have been critically 
selected and contain minimum essential re¬ 
quirements. A solar vacuum telescope cost¬ 
ing 3.2 million dollars is the only major 
facility currently under construction. This 
facility will be completed in early 1968. 
OAR's future program, for fiscal years 
1968 to 1973, provides for facilities costing 
over 7.2 million dollars, including 3 labora¬ 
tories and a library addition. The construc¬ 
tion program, in facilitating the achieve¬ 
ment of research results, necessarily 
embraces an important segment of the over- 
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all research program. 
For the fourth successive year, since 

the inception of the formal USAF Cost Re¬ 
duction Program, OAR has made significant 
contributions to this vital Program. This 
is a particularly noteworthy accomplishment 
in view of the constant increase in goals 
since Fiscal Year 1964 and the problems in 
relating basic-research activity to the Pro¬ 
gram. 

From the very first day of its establish¬ 
ment, Hq OAR has been housed in old tem¬ 
porary buildings in downtown Washington, 
D.C. Its recent move to the Architect Build¬ 
ing, 1400 Wilson Boulevard, Arlington, Vir¬ 
ginia, has permitted Hq OAR (and AFOSR) to 
eliminate marginal wozlclng conditions and to 
provide a local atmosphere far more con¬ 
ducive to the efficient conduct of important 
Air Force scientific business. (See photo) 



FUTURE OUTLOOK 
The weapon systems of the future will be 

dependent on the research being done today 
and, in many cases, will be dictated by the 
results of this research. Consequently, It Is 
essential that systematic planning in sub¬ 
stantive and fiscal terms be intensified, that 
long-range goals be identified, and that anti¬ 
cipated programs be formulated to meet these 
goals. To accomplish this, OAR has estab¬ 
lished a Five Year Plan which sets forth 
Organization and Technical Objectives, de¬ 
scribes courses of action for their accom¬ 
plishment, and injects studied estimates of 
the required resources. Major OAR objec¬ 
tives are: 

Corporate and Organizational Objectiva* 

Enlarge OAR's contribution to, and partici¬ 
pation in, planning for the future Air Force. 
This will be accomplished by developing 
within Air Force decision-making channels a 
greater understanding of, and appreciation 
for, the products of science, and Air Force 
involvement in science—and by increasing 
the use of in-house scientific counsel by Air 
Force decision makers. 

Improve and strengthen the in-house lab¬ 
oratories to make them a more effective base 
for the over-all OAR effort. 

Make laboratory-resources management 
more flexible by persuading higher authority 
to introduce facility-construction procedures 
more compatible with research activities 
than current military-construction proce¬ 
dures. An included objective is to obtain 
authority to use research funds for labora¬ 
tory construction. 

Fully develop and refine methods for 
effectively disseminating research results 
and new ideas to agencies which can apply 
them to advance Air Force technology. This 
would include demonstrations of possible 
applications in addition to written and verbal 
reporting. 

Continue to study various organizational 
relationships to improve or amplify OAR 

effectiveness and to make OAR contributions 
to the Air Force more apparent. 

Strengthen and further develop existing 
relationships between OAR and AFSC at all 
levels. 

Scientific end Technical Objectives 

Achieve greater understanding of the phe¬ 
nomena under investigation. 

Encourage Air Force research people to 
greatly enhance their knowledge and under¬ 
standing in the various scientific fields as 
well as their awareness of scientific states- 
of-the-art so they can provide the Air 
Force with its own expert scientific counsel. 

Develop new techniques and obtain new 
knowledge directed toward solving specific 
Air Ffce problems. 

Continue to accomplish research for other 
agencies (upon their request) in those areas 
in which a unique OAR research capability 
exists. 

Improve those functions and techniques 
which support research and exploratory 
development. 

In facing the future, the character and 
evolution of OAR itself must be considered. 
Present plans call for the organizational 
structure of OAR to remain essentially the 
same as at present. AFOSR, AFCRL, FJSRL, 
ARL, and ORA will continue as distinct, but 
co-operating, subordinate units. 

Major emphasis in the future will be in the 
Defense Research Sciences including the new 
University Program (Project THEMIS) 
whereby, commencing in Fiscal Year 1967, 
funds will be assigned to expand the defense 
research base in eligible and interested uni¬ 
versities not now heavily supported by the 
Federal Government. Emphasis at AFCRL 
will continue in the geophysical and environ¬ 
mental sciences. ARL will carry on as a 
laboratory for the physical and engineering 
sciences, with some expansion in the latter. 
FJSRL will remain in chemistry, mechanics 
and mathematical sciences, with new pro¬ 
grams in strategic theory and international 
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politics. ORA will become Increasingly active 
in the mathomatical sciences. At AFOSR, 
about 20% of its future efforts will consist 
of "supporting research" identifiable with 
known Air Force technological barriers. 
About 70% will be "pioneering research" 

aimed at developing new or emerging fields 
of science with probable Air Force signifi¬ 
cance. The remaining 10% "connecting re¬ 
search" will maintain Air Force contact with 
broad areas of science supported largely by 
non-Air Force agencies. 

RESEARCH INFORMATION ACTIVITIES 
The communication of research findings in 

a way that is meaningful to potential users 
continues to present a challenge to OAR in¬ 
genuity and, at the same time, offers one of 
the best opportunities for serving the Air 
Force. 

OAR has continued to strengthen the en¬ 
vironment which would permit the more 
effective exploitation of scientific knowledge 
by the Air Force. OAR has emphasized the 
use of science to cope with many of the 
technical problems arising from our mili¬ 
tary operations in Vietnam. Meeting these 
problems has provided OAR with an op¬ 
portunity to assess its "coupling" program, 
which has been built up carefully over a 
period of several years. 

The coupling program is an effort to effect 
an orderly and timely transfer of research 
results to users, and to promote feedback 
from users in order to stimulate their assist¬ 
ance in providing direction to OAR research. 
The program is based on the conviction that 
information transfer is everybody's Job. 
Thus, OAR is the only DoD research organi¬ 
zation that is known to include the responsi¬ 
bility for information transfer in the job 
descriptions of its scientists and engineers. 

The success of the coupling program will 
be proportional to the emphasis placed on 
this activity by the managers. The OAR offices 
responsible for scientific-and-technical-in- 
formation policies attempt to focus the atten¬ 
tion of these managers on the information 
program. Special offices have also been 
established to provide emphasis and guidance 
in information problem areas. In addition, 
OAR has set up offices in its Headquarters 
and in its major units to review the products 
of OAR research and to seek possible appli¬ 

cations for them in the Air Force, DoD, and 
defense-oriented agencies. For example, the 
Aerospace Research Laboratories (ARL) 
have established a two-man technical team 
to insure maximum exploitation of the re¬ 
sults of ARL research and of its in-house 
scientific capabilities. The team devoted 
much of its attention this year to technical 
problems arising from requirements in 
Southeast Asia. Other offices to perform 
similar functions have also been set up at 
other OAR organizations. 

During the past year, the research-infor¬ 
mation activities of the Air Force Office of 
Scientific Research (AFOSR) have been con¬ 
solidated under the Assistant Executive Di¬ 
rector for Research Communications. Under 
him have been grouped the Information Staff 
Officer, the Assistant for Research Services, 
and the Assistantfor Research Co-ordination. 
The Assistant for Research Services is re¬ 
sponsible for the co-ordination of symposia 
and similar activities. The Assistant for 
Research Co-ordination has dual responsi¬ 
bilities: bringing Air Force problems to 
the attention of the AFOSR staff as an aid in 
research planning, and accelerating the ap¬ 
plication of research results to technology. 
This grouping of related activities into a 
single unit has helped to more effectively 
co-ordinate within AFOSR the procedures 
whereby AFOSR research progress and 
achievements are communicated to those 
outside the Air Force Office of Scientific 
Research. 

The so-called "road shows" are one means 
by which OAR tries to impart the results of 
its research to potential users. These visits 
by OAR technical briefing teams to other 
agencies serve to inform Air Force tech¬ 
nologists of recent Air Force scientific 
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developments without burdening them with 
technical repons. The road shows include 
discussions of those OAR research results 
which are deemed most likely to be of in¬ 
terest to the particularorganizationsvisited. 
They also provide feedback opportunities for 
these organizations to acquaint OAR repre¬ 
sentatives with their technical problems. In 
the past two years, OAR road-show teams 
have visited more than 20 Government agen¬ 
cies and have addressed °cr.ïc 3,500 people, 
both within and outside the Air Force. These 
have included the Air Defense Command, the 
Strategic Air Command, the Tactical Recon¬ 
naissance Center, and all laboratories of the 
Research and Technology Division (now Di¬ 
rectorate of Laboratories), AFSC. 

The number of OAR scientists who give 
their time to consulting for the Air Force 
and to involvement in special Air Force 
studies has increased significantly. The Air 
Force Cambridge Research Laboratories 
(AFCRL) alone provided about 155 such 
consultations during the past two years. 
AFCRL has also concluded a formal agree¬ 
ment with the 6th Weather Wing of the Air 
Weather Service to co-operate in environ¬ 
mental consultations for the developers and 
operators of aerospace systems. 

In order to improve communications be¬ 
tween its own scientists and the users of 
its scientific findings, the Air Force Cam¬ 
bridge Research Laboratories, in 1967, es¬ 
tablished the AFCRL Environmental Con¬ 
sultation Service. This Service is responsible 
for applying environmental research results 
to problems of the Air Force, DoD, and other 
Government agencies in the terrestrial, at¬ 
mospheric, and space sciences, and in elec¬ 
tromagnetic propagation and plasmas. The 
Service seeks to encourage increased use 
by all qualified agencies and their contractors 
of AFCRL's scientific competence in the solu¬ 
tion of planning, design, developmental, and 
operational problems in the environmental 
area. 

OAR has continued to complement its face- 
to-face scientific and technical communica¬ 
tions with refinement of its publications and 
announcement media. In the past two years, 
OAR has published more than 8,000 scientific 
papers and reports, either in-house or by 

contract or grant. More than half of these 
appeared in professional journals where, 
prior to acceptance for publication, they 
were subjected to quality review by their 
authors' scientific peers. In-house technical 
reports were also given this quality review 
by the OAR laboratory supervisors prior to 
publication. 

These "primary" publication activities 
have been supplemented by other efforts to 
facilitate an awareness of new research re¬ 
sults. Improved announcement procedures of 
the Defense Documentation Center (DDC), and 
corollary activities of the Federal Clearing¬ 
house for Scientific and 1 echnical Informa¬ 
tion may permit OAR, in the future, to shift 
its emphasis from the publication of indexes 
and bibliographies, which cover the whole 
spectrum of Air Force research, to the 
development of more specific methods for the 
selective announcement of scientific and 
technical information. 

Experiments in selective-dissemination- 
of-information (SDI) techniques have led to 
a new approach for announcing research 
results. SDI uses computers to screen user 
interest "profiles" and to match the key 
words expressing the user's technical in¬ 
terests with the key words describing the 
contents of new technical papers. Each 
scientist-user whose profile has been 
matched is notified only concerning those 
documents which are relevant to his own 
interests. This SDI technique shows con¬ 
siderable promise for augmenting a neces¬ 
sarily limited library service, for providing 
a more personalized information transmis¬ 
sion mechanism, and for reducing the burden 
on the scientist and engineer who must often 
screen the voluminous literature in order to 
extract a few items relevant to his own 
interests. 

To date, about 200 Air Force scientists 
and engineers have participated in OAR's 
experimental SDI program. They have per¬ 
sonally received notification concerning all 
the literature acquired and indexed by the 
National Aeronautics and Space Administra¬ 
tion and the American Institute of Aeronau¬ 
tics and Astronautics. Further, experiments 
in technical-interest profile construction 
have been conducted. Lower cost methods 
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are under study with a view to the develop¬ 
ment of an expanded system for the selective 
announcement of new scientific and technical 
Information. 

Preparations were under way in Fiscal 
Year 1967 for the initiation in September 
1967 of another experimental information- 
dissemination program to be sponsored 
jointly by OAR and the Clearinghouse for 
Federal Scientific and Technical Information, 
Department of Commerce. This six-months' 
trial program has been designed to keep a 
large sampling of Air Force scientists and 
engineers abreast of the latest documentation 
in their fields of interest through the medium 
of the new biweekly Clearinghouse Announce¬ 
ments in Science and Technology (CAST), 
which lists (in 65 different subject areas) all 
unclassified-unlimited Government technical 
reports as they become available from the 
CLEARINGHOUSE. Subscribers to the serv¬ 
ice receive CAST only in their indicated 
fields of interest and only those reports that 
they have specifically requested. This trial 
will provide an opportunity to evaluate a 
modified SDI program that appears to offer 
the advantages of selectivity, readability, 
lower cost, and the comprehensiveness of a 
large data base. 

Since SDI, however, is still in its em¬ 
bryonic stage, OAR must presently rely 

on its broad-based publications to dissem¬ 
inate information on its planned, current, 
and completed research to Air Force, DoD, 
and other Government and non-Govemment 
scientists and technologists. Such users run 
into the thousands, world wide, and receive 
such OAR publications as the Air Force Re¬ 
search Objectives, the OAR Monthly Report 
of Research Proposals, the OAR Research 
Review, the Air Force Research Resumes, 
the OAR Index of Research Results, the 
OAR Progress, and others. These recurrent 
publications contribute effectively to the 
coupling activities so vital for the exchange 
of information on Air Force research. 

As a further aid to the coupling process, 
OAR has published the Hq OAR Consolidated 
Distribution List which has proved to be an 
outstanding management tool for controlling 
the distribution of OAR documents. 3y pro¬ 
viding a check against secondary distribution 
made by organizations receiving OAR publi¬ 
cations, it has practically eliminated dupli¬ 
cative distribution and kept waste to a mini¬ 
mum. It has not only contributed to the 
coupling of OAR researchers and users of 
OAR research results, but has also en¬ 
couraged user participation in updating the 
mechanized OAR distribution list, and in¬ 
creased the users' awareness of OAR pub¬ 
lications available to them. 
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SCIENTIFIC PROGRESS 
IN FY 66 

The brief articles on the following pages describe some of the research accomplished by 
OAR during Fiscal Year 1966 in areas of significance to the Air Force. The work includes 
both contributions to basic knowledge and applications of research vital to the steady tech¬ 
nological progress of the Air Force. Although these articles treat only a fraction of the re¬ 
search carried out in OAR's own laboratories and in the laboratories 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 the section on Scientific Progress in FY67. 

LABORATORY DIRECTORS’ FUND PROGRAM ELEMENT 61430014 

DEFENSE RESEARCH SCIENCES PROGRAM ELEMENT 61445014 

Subelements: 

General Physics Mechanics 

Nuclear Physics 

Chemistry 

Mathematical Sciences 

Electronics 

Materials Research 

AEROSPACE AVIONICS 

ENVIRONMENT 

GROUND ELECTRONICS 

STUDIES AND ANALYSIS 

Energy Conversion 

Atmospheric Sciences 
« 

Astronomy and Astrophysics 

Biological and Medical Sciences 

Behavioral and Social Sciences 

PROGRAM ELEMENT 62405314 

PROGRAM ELEMENT 62405394 

PROGRAM ELEMENT 62405454 

PROGRAM ELEMENT 62410034 

PROGRAM ELEMENT 65402124 

EXPLORATORY DEVELOPMENT/DEFENDER 

PROGRAM ELEMENT 6250301R 

ENVIRONMENTAL RESEARCH SUPPORT 
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MOLECULAR BEAMS 

Two recent AFCRL developments will pro¬ 
vide scientists with molecular-beam genera¬ 
tors for investigating phenomena previously 
impossible to study with adequate precision. 
These new techniques provide high-intensity 
molecular beams in the critical energy range 
between 1 and 10 electron volts. 

One generator involves an important new 
idea in the use of a charge-exchange system. 
For the first time an axial magnetic field is 
used to guide the neutral plasma to the elec¬ 
trostatic acceleration region. The charge- 
exchange process then neutralizes about 50 
percent of the accelerated ions with little 
attenuation, and the device can provide a 
beam of about 1014 molecules per square 
centimeter per second. This is at least 4 
orders of magnitude (at 10 electron volts) 

improvement over other charge-exchange 
beam generators. 

The other generator uses an extremely 
simple concept. A bullet (sabot) is filled 
with the gas of interest and sealed with a 
membrane. This is fired into a vacuum 
where the bullet is stopped, simultaneously 
rupturing the membrane. A schematic repre¬ 
sentation of this system (called the MASS 
system), is shown in Figure 1. With a .22- 
caliber rifle, the gas will attain 3 km/sec; 
the energy, of course, depends on the mass 
of the particular gas molecule. Light gas 
guns in hypervelocity ranges can accelerate 
sabots to 10 km/sec. A design study shows 
that a flux of 10“ particles/cm* will be 
feasible. 

The importance of this energy range to the 

COMBUSTION 
CHAMBER 

SEPARATION REGION 

INTERACTION REGION 

Figure 1. MASS molecular-beam system. 
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ENERGY, eV 

VELOCITY, km/sec 

Figure 2. Flight corridor. 

Air Force is shown in Figure 2, which repre¬ 
sents the so-called flight corridor. The 
velocities and altitudes represent the physi¬ 
cal regime where missiles, satellites, and 
aircraft Interact with the ambient atmos¬ 
phere. Current techniques to study such 
phenomena in the laboratory involve pri¬ 
marily shock tubes and huge wind tunnels. 
Both approaches have limitations, and are 
often very poor approximations to the con¬ 
ditions of interest. High-intensity molecular 
beams of the proper energy will permit 
measurements beyond the capability of other 

techniques. For example, the effects of hyper¬ 
sonic gas flow on various surfaces, and the 
basic flow characteristics can be studied 
more precisely and inexpensively with such 
molecular beams; and more precise calcula¬ 
tions of drag coefficients, decay of satellite 
orbits, etc., will result from such studies. 
From a scientific point of view, the energy 
regime of 1 to 20 electron volts encompasses 
the binding energy of molecules and, conse¬ 
quently, the activation energy of most chemi¬ 
cal reactions. 

HUMIDITY ABOVE THE HYGROPAUSE 

For several years there has been contro¬ 
versy concerning the amount of distribution 
of water vapor in the stratosphere. There 
are diverging theories. One proposes that 
the moisture in the stratosphere is homoge¬ 
neously mixed in both time and space, amount¬ 
ing to roughly 2 parts per million by weight 
of the air. The other suggests that, at least 
in the 50,000 to 100,000-foot level, the mixing 
ratio (mass of water vapor to that of dry air) 
varies, sometimes increasing with altitude. 
At 100,000 feet, the difference in the amount 

of water vapor proposed by these 2 theories 
could mean the difference between an infra¬ 
red detector receiving a threshold signal 
from 10 miles or 1,000 miles. 

In an effort to resolve the difference be¬ 
tween these two theories, and to give Air 
Force system designers a more solid basis 
for estimating high-altitude water-vapor 
amounts, Messrs. N. Slssenwlne, D. Grant¬ 
ham, and H. Salmela and Major R. Cowne 
of AFCRL conducted a year-long program 
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of monthly stratospheric humidity sound¬ 
ings. 

A highly sensitive alpha radiation hygrom¬ 
eter was the key instrument used in the 
investigation. This frost-point hygrometer 
was carried aloft by 110-foot-diameter bal¬ 
loons launched from the AFCRL balloon- 
launch site at Chico, California. Included 
in the many precautions taken to avoid 
extraneous water-vapor contamination from 
the balloons and Instrumentation was the 
reeling down of the sensor package 2,000 
feet below the balloon assembly. 

Although the results from the program 
are only preliminary, and should be verified 
through future experiments, they are con¬ 
sidered quite significant. A definite increase 
in the water-vapor-to-dry-air mixing ratio 
with altitude was found. However, the in¬ 
crease was less than that previously pro¬ 
posed. Perhaps an even more Important 
finding was a systematic seasonal varia¬ 
tion of about 10° C frost point. 

Other salient features observed in these 
soundings were (1) wet and dry layers of 
1- to 2-km thickness in the stratosphere, 
and (2) transport of tropospheric air into 
the stratosphere through a weakened tropo- 
pause. This passage through a mid-latitude 
tropopause is contrary to the assumption 
necessary for the "constant-mixing-ratio 
theory. 

In the 3-km layer just above the tropo¬ 
pause, the mixing ratio was found to de- 

of magnitude, down to crease one order 
about 3 parts per million. At this level, 
which has been designated the "hygropause, " 
the frost point reaches a minimum, averag¬ 
ing about -81° C. 

The basic characteristics of the hygro¬ 
pause, as related to tie frost-point profile, 
are analogous to those of the tropopause as 
related to the free-air temperature profile. 
Above the hygropause, the frost point in¬ 
creases slowly with altitude to about -78° C 
at 26 km, where the mixing ratio increases 
also to a value of 17 parts per million. 

The ratio of water vapor to dry air cannot 
Increase with altitude indefinitely. To find 
the altitude where this ratio begins to 
diminish, a much larger balloon was recently 
used to carry the sensing system to the 26- to 
32-km region. It was revealed that the ratio 
diminishes at about 27 km with a gradient 
commensurate with humidities speculated to 
be present in noctilucent clouds at roughly 
80 km. The 26-km altitude level, at which 
most of the earlier soundings terminated, is, 
coincidentally, the maximum altitude of pene¬ 
tration into the stratosphere of cumulonimbus 
clouds, and also the altitude at which nacreous 
clouds are observed to occur during mountain 
wave situations. 

METALLIC IONS IN THE LOWER IONOSPHERE 

During meteor showers, metallic atoms 
from vaporizing meteors may greatly alter 
the composition of the lower ionosphere. 
These metallic atoms are subsequently ion¬ 
ized by the normal photochemical and colll- 
sional processes of ionospheric formation. 
The addition of these ions to the ionosphere 
may be correlated with increased sporadic 
E activity. In one series of rocket flights 
into sporadic-E layers, it was shown that 
sporadic E was composed entirely of metallic 
ions. 

These are the results and implications of 
rocket data analyzed by R. S. Narcisi, A. D. 
Bailey, and L. Della Lucca of AFCRL. 

Three papers presented by them at the 
May 1966 Committee on Space Research 
(COSPAR) meeting covered different aspects 
of 2 rocket flights that took place on 16 and 
17 November 1965, during the annual Leonid 
meteor shower. The 2 Nike-Cajun rockets 
carried unique and highly precise mass 
spectrometers to sample the composition of 
the D and lower E regions of the ionosphere. 
It is in these regions, which extend from 
about 50 to 110 km, that atmospheric fric¬ 
tion heats and vaporizes meteorites. Metallic 
positive ions of meteoric origin were found 
to make up a sizable portion of the content 
of the lower ionosphere. 
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During the 1965 Leonid shower, Narclsl, 
Bailey, and Della Lucca found that, between 
85 to 100 km, the positive ions of sodium, 
magnesium, aluminum, calcium, iron, nickel, 
and silicon—all of which are substances found 
in meteorites—constituted 30 to 50 percent 
of the total ionization, the remainder being 
ions of nitric oxide and molecular oxygen. 
In addition, they found that metal-ion concen¬ 
trations were much lower between 100 and 
110 km, the altitude immediately above that 
where maximum meteor vaporization occurs. 

Data from the 17 November flight, made 
the night after the shower, also proved sig¬ 
nificant. On this flight, sporadic E layers 
were sampled by means of a rocket-borne 
mass spectrometer—the first time such a 
feat had been accomplished. On the 17 Novem¬ 

ber flight, the two layers of sporadic E that 
were sampled were found to be composed of 
the positive ions of iron, magnesium, calcium, 
i « d nickel. These, again, are metals found in 
meteorites. 

Although some metallic ions were first 
detected in the lower ionosphere by other 
experimenters, the AFCRL scientists were 
the first to identify the ions of all seven 
major metals normally found in meteors, 
and to measure their altitude distributions as 
well. 

An understanding of sporadic E formations 
will aid in the design of Air Force radio net¬ 
works to overcome this geophysical inter¬ 
ference with radio-frequency communica¬ 
tions. 

defense research sciences general physics 
A NEW INSIGHT INTO THE BEHAVIOR OF 
FERRIMAGNETIC CRYSTALS 

If a ferrimagnetic crystal, such as yttrium 
iron garnet, is placed in an external mag¬ 
netic field in an arbitrary position, and 
energized with microwave energy, it will 
probably exhibit no magnetic resonance at 
all. But, if the same crystal is carefully 
aligned so that the magnetic field attains a 
certain direction within the lattice as well 
as having a certain magnitude, then its 
resonance will be strong. If either the in¬ 
tensity of the magnetic field or the crystal 
temperature is varied, the resonance dis¬ 
appears. However, a strong magnetic 
resonance is again obtained by carefully 
realigning the crystal to compensate for 
these changes. 

Described above are manifestations of 
magnetocrystalline anisotropy. It is this 
which causes the magnetic properties of a 
ferrimagnetic crystal to vary with crystalline 
direction. This simply means that it is easier 
to magnetize the crystal in one direction than 
in another. To obtain maximum magnetic 
resonance, the alignment of the crystal with 
the external magnetic field must be extremely 
precise. Obtaining this single, preferred 

alignment is, in fact, the key aspect and/or 
difficulty associated with its use in micro- 
wave devices. 

When the experimenter sets out to deter¬ 
mine the anisotropy properties of a ferri¬ 
magnetic crystal, he measures the changes 
in the external magnetic field required to 
obtain the magnetic resonance at different 
crystal orientations. Also, he keeps the tem¬ 
perature and the energizing microwave fre¬ 
quency constant. 

Recently, a clearer insight into magnetic 
resonance in ferrimagnetic crystals has been 
obtained by Dr. Ernst R. Czerlinsky and 
Mr. Peter D. Glanino of AFCRL. This in¬ 
sight has resulted in procedures for the 
utiUzation of ferrimagnetic materials which 
do not require extremely precise crystal 
alignment or careful temperature control. 

To understand the nature of the discovery, 
it is necessary to briefly consider mag¬ 
netic-resonance phenomena. At magnetic 
resonance, the magnetization vector pre- 
cesses about the direction of the magnetic 
field. The precessional frequencyof the mag¬ 
netic vector is basic to the novel procedures 
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formulated by Czerllnsky and Gianino. The 
precessional frequency depends on the tor¬ 
ques which the magnetic vector experiences, 
both from the external magnetic field and 
from the anisotropy field. The latter depends 
on the direction of the magnetization vector 
within the lattice. Heretofore it was known 
that, for one particular direction within the 
lattice, the anisotropy field is zero. Conse¬ 
quently, temperature changes do not affect 
the resonance frequency if the external field 
is aligned in this "singular" direction. Pre¬ 
cise crystal orientation was required to 
guarantee elimination of the temperature 
effect on magnetic resonance. The studies 
of Czerlinsky and Gianino have led to the 
evidence that not one, but a continuum, of 
"singular" directions exist. What is meant 
by "singular" directions in this case are 
the crystalline orientations at which the pre¬ 
cessional motion is not affected by the 

anisotropy. 
Because anisotropy constants are highly 

temperature-dependent, a slight change in 
temperature would, under previous pro¬ 
cedures, force a reorientation of the crystal 
to obtain resonance. But, using resonance 
equations and procedures based on the newly 
discovered conHnuum of "singular" direc¬ 
tions, temperature becomes a less important 
consideration. 

Experiments have proved the validity of 
the above results for application in micro- 
wave devices. In certain planes, deviations 
up to about 10 degrees from the ideal posi¬ 
tion of the crystal did not markedly affect 
the resonance field over a temperature 
range approximately 30 degrees Kelvin above 
and below ambient. 

This work has application in the optimiza¬ 
tion of magnetic materials in microwave 
devices. 

general physics 
electrophoretic and cataphoretic effects 
IN A HELIUM-NEON LASER 

When a glow discharge is operated in a 
mixture of two gases, there is a partial 
separation of the gases after a period of time 
under certain conditions. If this effect is due 
specifically to a drift of one gas towards the 
cathode, the process is termed cataphoresis. 
Normally, the gas with the higher ionization 
probability is selectively driven towards the 
cathode of the discharge, but exceptions do 
occur, caused by variations in the electron- 
collision cross-section functions. 

Also, in narrow tubes, the influence of the 
Insulating boundary becomes important. In 
the case of an infinite plasma, the electron- 
momentum transfer to the neutral gas is 
equal and opposite to the ion-momentum 
transfer. The presence of an insulating 
boundary requires that the positive-ion and 
electron currents to the walls be equal. How¬ 
ever, the different masses and temperatures 
of the ions and electrons do not allow the 
momentum transfers to be balanced. As the 
ions deliver more momentum to the walls, 
there is a net unbalanced electron momentum 

to the gas which results in a force on the gas 
in the direction cathode to anode. This 
process, termed electrophoresis, is affected 
strongly by the discharge-tube radius. 

During the past year, the Plasma Physics 
Research Laboratory of ARL has made 
measurements on the significance of these 
processes in discharges in gas mixtures, 
particularly gas lasers. Research conducted 
by Dr. Alan Garscadden and associates has 
determined that electrophoresis and catapho¬ 
resis have a considerable influence on laser 
output and laser noise. 

In an He-Ne mixture, neon (which has the 
lower ionization potential) tends to collect 
near the cathode end of the tube. Fora typical 
laser configuration in a 1-meter optical 
cavity, and a discharge-tube capillary of 
4-mm internal diameter filled with an initial 
4:1 He-Ne mixture at a pressure of 1.5 torr, 
it required approximately 400 seconds toolv 
tain a partial-pressure equilibrium. This 
time was estimated by observing the changes 
in intensity of representative He and Ne lines 



after turning on the discharge. Typically, in¬ 
tensity variations of the order of 20 percent 
were recorded. 

Analysis (1) of the properties of fluctua¬ 
tions and moving striations in glow dis¬ 
charges Indicated that they should be sensi¬ 
tive to changes in the ionization frequency, 
and therefore to changes in the partial pres¬ 
sure of the gases. Further evidence of the 
influence of cataphoresis was therefore ob¬ 
tained by treasuring the noise-frequency 
spectrum of the discharge sidelight as a 
function of time from the initiation, and as 
a function of position along the column. It 
was found that the anode end of the dis¬ 
charge gave Increased noise in a band 
around 220 kHz; near the cathode end, in¬ 
creased noise was noted around 360 kHz. 
What these results mean physically can be 
seen in Fig. 1, a rotatlng-mirror photo¬ 
graph in wl.xh the axis of rotation of the 
mirror was parallel to the discharge axis. 
It is seen that the discharge supported mov¬ 
ing striations appropriate for conditions 
found at each end of the column. The rela¬ 

tive frequencies were in agreement with an 
approximate analysis (2). The time required 
to reach a stationary noise spectrum was the 
same as that required for the spectral in¬ 
tensity changes and for the laser output to 
reach equilibrium. Thus, the initial gas¬ 
filling ratio is not usually that existing in the 
discharge after a short time. The laser- 
output beam also showed Increased noise at 
the discharge noise frequencies. In many 
applications it is important to be able to 
choose conditions to suppress this additional 
noise. The theory gives methods and design 
indications to achieve this aim. 

In other experiments (3) made on different 
gases and gas mixtures, with emphasis on 
those used in lasers, a number of new phe¬ 
nomena were observed and clarified. 

The foregoing work was conducted as part 
of an over-all research program in phe¬ 
nomena of this type. Electrophoresis plays a 
part in determining the efficiency of gas 
lasers, especially high-current ion lasers. 
Cataphoresis is useful in the purification of 
mixed gases. 
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POSITION E (CM) 

Figure /. 
Smear photograph showing the two types of moving striations in the laser. 

Cathode end is to the left; time increases downwards. Frequencies are 

approximately 360 kHzfcathode end) and 240 kHz (anode end). Discharge 

current is 13.5 ma. 
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general physics 
OROS—STUDY OF THE OPTICAL PROPERTIES 
OF ORBITING SATELLITES 

The spectacular and exceedingly regular 
changes in the brightness of the early Soviet 
upper-stage rockets were of common knowl¬ 
edge to the most casual observers of satel¬ 
lites in mid-1958. Equally familiar today is 
the nearly invariant brightness of the more 
recent, large Echo balloon satellites. Less 
commonly observed were unique instances 
when the brightness of the Sputnik III rocket, 
1958 Delta I, was apparently invariant for 
long arcs across the sky even though its lazy 
rotation at approximately 3 rev/min about its 
center of mass was still present. The apparent 
invariance was due to special geometrical 
conditions when the amount of sunlight scat¬ 
tered by the elongated cylindrical form of 
the rocket was nearly constant in the ob¬ 
server's direction despite the rotational 
motions. 

This unusual behavior of the brightness of 
early satellites, and many other phenomena 
observed through small telescopes in the 
course of optical-tracking experiments at 
ARL, have raised many fundamental ques¬ 
tions on the brightness properties of satel¬ 
lites scattering the intense radiation of the 
sun. What is the dependence of the bright¬ 
ness on phase angle (see Figure 1) to the 
illuminating sun? What is the dependence on 

Figure 1. Scattering of sunlight by an orbiting 
spacecraft. (Drawing courtesy of E. M. 

Vallerie, III.) 

satellite shape, on the nature of the surface 
finish, on the size, and on the curvature of 
the reflecting elements? What secular 
changes in brightness occur due to exposure 
to the space environment? With applications 
in mind, one can ask: What are the rates of 
change of the brightness of orbiting targets 
when the control of camera shutters might 
be required to keep the effective exposure 
within the dynamic range of the film or photo- 
electronic detector? What excursions of 
brightness about a mean brightness level 
should be anticipated in order to allow evalua¬ 
tion of the performance of automatic space- 
surveillance systems operating at visible 
wave lengths? Can relationships be found in 
the pattern of light variations which would 
characterize a given type of spacecraft with¬ 
out requiring the actual resolution of its 
shape through the atmosphere? 

To answer these fundamental physical 
questions, and to provide a reservoir of 
data upon which answers to the systems- 
applicatlons questions can be based, ARL 
and the Air Force Avionics Laboratory 
(AFAL) entered a Joint research program 
to conduct photoelectric observations of or¬ 
biting spacecraft. This work, begun in 1961, 
has led to the present ARL program on Opti¬ 
cal Properties of Orbiting Satellites (OPOS). 
In 1962-63, AFAL moved its personnel to 
New Mexico to bring into operation the Cloud- 
croft facility. The satellite photometry work 
was expanded by Messrs. Kenneth E. Klssell 
and Richard C. Vanderburgh of the General 
Physics Research Laboratory, ARL. 

Figure 2 shows a special multiaxis tele¬ 
scope of 24-lnch aperture which was con¬ 
ceived at ARL and placed in operation in 
1965, at the ARL Sulphur Grove Field Site 
near Wrlght-Patterson Air Force Base, to 
allow the collection of data from targets at 
distances up to 25,000 km. This versatile, 
hand-guided telescope has proven to be of 
sufficient quality to allow the photographic 
resolution of low-altitude targets for slmul- 
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Figure 2. ARL 4-axis, 24-inch satellite tracking 

telescope. 

taneous measurement by Imaging and non¬ 
imaging techniques. The novel 4-axis design 
allows hand guiding by a skilled observer to 
better than 30 arc seconds for most targets. 

Nonimaging brightness data are collected 
by a highly selected photomultirHer utilized 
in a special logarithmic feedback circuit con¬ 
ceived by Mr. Edmund T. Tyson of AFAL. 
This highly stable detector system all ws 
measurements of brightness with 10-percent 
accuracy over a dynamic range of 100,000. 
This remarkable sensor is not only stable to 
better than a few percent over this range, 
but has also allowed resolution of milli¬ 
second-duration flashes from active xenon- 
beacon satellites of the ANNA type. Data are 
stored in the form of magnetic analog tapes 
for future analysis. 

Optical signatures (light curves, in astro¬ 
nomical parlance) have been collected from 
over 100 different satellites on more than 
500 individual transits. Direct photographs 
resolving some detail have been obtained on 
only a few vehicles preparatory to installa¬ 
tion of a double-beam tailpiece on the ARL 
telescope for simultaneous imaging and non- 
imaging detection. Figure 3 shows an example 
of the resolution obtainable with direct 
photography. 

Analyses of samples of these data have 
been made for a wide variety of purposes, 
in addition to their use in verifying basic 
theoretical predictions. These diverse appll- 

COMPARISOS OF SATELLITE IMAGES WITH-THE 
PLANET SATURN AT THE SAME SCALE. 

A 
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SPACE OBJECT 1431 PROTON 8 ROCKET BODY 
SLANT RANGE 229 KM ON 18 SEPTEMBER 1965 

SPACE OBJECT 1627 COSMOS 92 ROCKET BODY 
216 KM SLANT RANGE ON 27 OCTOBER 196S 

Figure 3. Examples of direct photographic re¬ 
cording of orbiting spacecraft with the 
OPOS telescope. 

cations include: inference of the size and 
shape of classes of forelgn-launched satel¬ 
lites; timing of the xenon-flash discharges 
on the ANNA B and GEOS A geodetic satel¬ 
lites; measurement of the rotation-rate and 
orientation changes of various satellites; 
mapping of the power pattern of the GEOS 
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xenon lamps to attempt the determination of 
the verticality of the gravity-gradient sta¬ 
bilization system; and the brightness cali¬ 
bration of several high-altitude satellites 
being used as test targets for the FSR-2 
Electro-Optical Surveillance Sensor under 
development by the Electronic Systems Divi¬ 
sion, Air Force Systems Command. Work on 

surface-finish deterioration and polarization 
effects is now in progress. Several other 
offices within the Air Force and the National 
Aeronautics and Space Administration (NASA) 
are studying the ARL results. NASA has 
contracted for construction of a modified copy 
of the ARL 4-axis instrument for space- 
materials studies. 

general physics 
GRAVITATIONAL ENERGY-MOMENTUM LINKAGES 

Recently, significant progress has been 
made in the study of gravitational radia¬ 
tion in the asymptotic regions of space 
(regions very far from any matter, or from 
strongly curved regions of space). It was 
shown that, in the presence of gravitational 
radiation, the total mass of the system de¬ 
creases. This intuitive result was derived 
from a new formalism which uses charac¬ 
teristic or light-like surfaces in place of the 
usual space-like co-ordinate surfaces. As 
an unexpected result, it was discovered that 
the asymptotic symmetry group was not the 
Lorentz group of special relativity, but a 
larger and more perplexing group called 
the Pondi-Metzner-Sachs group. 

Motivated by this success, Drs. Louis A. 
Tamburino and Jeffrey H. Winicour at ARL 
undertook to study this problem in a larger 
region of space-time. Extending it to cover 
finite distances from bounded sources, they 
contributed toward bridging the gap between 
the asymptotic and finite versions of the 
characteristic initial value problem of gen¬ 
eral relativity. In the finit ; region, new 
complications arise because the curvature of 
space-time generally washes out the sym¬ 
metry properties one enjoys in the asymp¬ 
totic region. Since the symmetry properties 
of a field are closely related to conserved 
quantities, there is no unique definition of 
local energy and momentum. This difficulty 
led to the discovery of new entitles called 
asymptotic symmetry linkages which utilize 
the asymptotic symmetries for defining phys¬ 

ical invariants in the finite region. 

The term, linkage, is peculiar and results 
from the four-dimensional geometry of 
space-time. In this geometry, a two-dimen¬ 
sional surface of a sphere may be visualized 
as a loop at some Instant of time. (In time, 
the sphere traces out a cylinder.) The 
volume enclosed by the two-dimensional 
surface can be any space-like surface span¬ 
ning the loop (and lying inside the cylinder). 
Because there is no unique way of choosing 
a volume element enclosed by the sphere, 
it is more meaningful to consider the energy 
or momentum which "links" the loop in the 
time direction than to associate a given energy 
or momentum with a given volume. The two- 
dimensional loop does determine a unique 
light-like surface which provides the con¬ 
nection with the asymptotic region. The sym¬ 
metry displacement vectors can be propa¬ 
gated along the surface light rays into the 
locale of the loop and, with this data, one 
can establish the energy and momentum 
linkages covariantly. 

The application of these ideas to global 
questions will ultimately involve problems 
of outstanding current importance. Appli¬ 
cation of the linkages to the structure and 
dynamics of localized gravitational sources 
should lead to a better understanding of 
strong field regions. The association of 
linkages with asymptotic regions suggests 
a relationship to the S-matrix problem in 
general relativity. 

33 



■ 

y! 

m 

% i 

Û 

general physics 
GROUP ll-VI LASER CRYSTALS 

Group II-VI compounds and their solid 
solutions offer great potential for laser 
applications in the visible and ultraviolet 
regions cf the spectrum. They offer the 
potential oi operating at any specified wave 
length between 3200Á (ZnS) and 7772Ã (CdTe). 
Mr. D. C. Reynolds and his associates at the 
Solid State Physics Research Laboratory, 
ARL, have grown platelet-type crystals of 
CdS, CdSe and CdS:Se that have demonstrated 
laser action at #wave lengths between 4900Â 
(CdS) and 6900A (CdSe). ZnO single-crystal 
platelets have also been grown that demon¬ 
strated laser action at /- 3700Á. 

The spectral region covered by II-VI lasers 
is particularly attractive, since it provides 
high-energy light sources in the visible and 
ultraviolet. It is also very attractive because 
it is the region covered by the most sensitive 
detectors available. Photomultiplier detec¬ 
tors and light amplifiers cover this region of 
the spectrum. Sensitive detectors are im¬ 
portant when one considers applications in 
the communications field. 

Platelet-type crystals are particularly 
convenient for fabricating laser cavities. 
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Figure 1. Platelet crystal with laser cavities 
cleaved parallel to c-axis. 

The platelets are of the wurtzite structure, 
and have a preferred cleavage parallel to 
the "c" axis. Cavities as shown in Figure 1 
are readily prepared by cleaving with a 
razor blade or similar object. The broad 
face of the cavity is bombarded with elec¬ 
trons, and the laser radiation is emitted 
from the cleaved faces. A magnified image 
of an actual cleaved-cavity edge is shown 
In Figure 2. 

t X* -A. 
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Figure 2. Magnified image of cleaved cavity edge» 
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general physics 

RECOVERY OF HIGH-PRESSURE PHASE OF CdS 

Drickamer and coworkers first reported 
a crystal-structure transformation in CdS in 
the pressure range 20-30kilobars. Troitskaya 
and Kalbalkina and other authors have inves¬ 
tigated the structure of the high-pressure 
phase of CdS using X-ray techniques. They 
report that the original wurtzite (hexagonal) 
structure transforms to a NaCl structure in 
the pressure range 20-35 kilobars. The NaCl 
structure transforms to the zinc-blende 
(cubic) structure, with a small admixture of 
wurtzite structure, when the pressure is re¬ 
leased. 

Dr. B. A. Kulp and Capt K. A. Gale, at the 
Solid State Physics. Research Laboratory, 
ARL, have succeeded in recovering the NaCl 
structure at room pressure at a temperature 
of 77°K. The starting material was single¬ 
crystal CdS. The recovered NaCl structure 
contains relatively large areas of single 
crystal, along with areas of relatively un¬ 
strained powder. The recovered material is 
black in color with a shiny metallic-like 
luster. After annealing the recovered sample 
to room temperature, the crystal structure 
transforms to the zinc-blende-wurtzlte 
structures, which are red in color. 

The crystals used in this work were grown 
and prepared in the Solid State Physics Re¬ 
search Laboratory, and were Li-doped to give 
them added strength. The starting samples 
varied in thickness from 2.5 to 36 mils, with 
the c-axis perpendicular to the flat of the 
crystal. The high-pressure bomb used in the 
work was modeled after Drickamei 's high- 
pressure optical bomb. The sample chamber 
was 3/16" x 1/8", and the working fluid was 
NaCl. 

The crystals were loaded into the bomb 
and then pressurized to 37 kilobars. By 
immersing it in liquid nitrogen, the bomb 
was cooled to 77°K while under pressure. 
The pressure was then released, the bomb 
was disassembled under liquid nitrogen, and 
the sample recovered from the resulting 

pellet. The recovered samples could be 
stored in liquid nitrogen for several days, 
with no apparent ill effects. 

The absorption edge of the NaCl-structure 
CdS has been measured using a Cary photo¬ 
spectrometer. The resulting edge is shown in 
Figure 1. The curve on the left is the absorp¬ 
tion edge of a pure CdS platelet with the 
wurtzite structure. The curve on the right is 
the absorption edge of the recovered NaCl- 
structure CdS. For these measurements, the 
recovered sample was left on one half of the 
salt pellet. The scattering at the top edge of 
the absorption edge is due to the crystal-salt 
interface. Using the previously published 
value of 4,8 50A for the CdS wurtzite absorp¬ 
tion edge at 77°K, the absorption edge of the 
CdS-NaCl structure is at 2.04±.02ev. 

There is a 30-per-cent volume change as¬ 
sociated with the NaCl-to-zinc-blende trans¬ 
formation. The zinc-blende structure, there¬ 
fore, is a highly strained powder. The 
transformation temperature of the NaCl to 
zinc-blende structure was measured, using 
optical density measurements. The optical 
transmission of the zinc-blende structure is 
much lower than that of the NaCl structure 
since the zinc-blende form is a powder. 
A 36-mil sample transformed at 150°K, and 
4.0-mil and 2.5-mil samples transformed at 
110°K and 80°K, respectively. 

Preliminary Laue back-reflection X-ray 
studies show that, when the starting crystal 
Is 36 mils thick, the recovered sample is 
a powder. Starting with a crystal thickness 
of 4.0 to 10.0 mils yields a polycrystalline 
sample; starüng with a crystal thickness of 
4.0 mils or less yields a sample with areas 
of single-crystal NaCl structure. These re¬ 
sults are consistent with the annealing-tem¬ 
perature data discussed above. One would 
expect that the recovered samples containing 
areas of single-crystal material would be 
less strained than the recovered samples 
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which are powdered, and the unstrained crys¬ 
tals would anneal at a lower temperature. 

Considering the annealing-temperature 
data, the results of the X-ray work, and the 
sharpness of the absorption edge, we conclude 
that we have recovered the high-pressure 

phase of single-crystal CdS in a relatively 
unstrained, single-crystal form. 

This work also has value in EPR studies 
by giving us the capability to study various 
paramagnetic impurities in the same com¬ 
pound in different crystalline fields. Further 
work is being done with CdS in the NaCl phase. 

ENERGY (eV) 
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general physics 

LARGE SINGLE CRYSTALS OF SELENIUM 
(II 

The science of single-crystal preparation 
Is one of the mainstays of our materials- 
research effort. Our present-day electronics 
and space technology, with Its spectrum of 
semiconductor products, depends ultimately 
upon the preparation of single-crystal semi¬ 
conducting material. The development of 
single-crystal preparation from an art into 
a science has been a long and difficult proc¬ 
ess, and the path of crystal growth has been 
beset with a wide variety of difficulties. Many 
of the problems are common to all crystals— 
dislocations, lineage boundaries, impurity 
fluctuations, and the like. 

AFOSR has recently cosponsored a re¬ 
search program with Westinghouse Research 
Laboratoi'es, part of which included a study 
of the crystallization of selenium, an ele¬ 
mental semiconductor which falls to grow at 
adequate rates under conventional laboratory 
conditions. The purpose of the research was 
to develop a means of growing really large 
selenium crystals at reasonable rates, and 
to make these available for study, for sele¬ 
nium is, at present, one of the least-known 
elemental semiconductors. 

At atmospheric pressures, it is, experi¬ 
mentally, not too difficult to make the transi¬ 
tion from a polycrystalline ingot to single¬ 
crystal growth. The furnace is adjusted to 
have gentle temperature gradients, and the 
ingot mold is made with a tapered end so 
that a single grain may predominate over 
the many that are initiated there. The optimum 
rate of normal freeze is then determlnedc The 
final important condition in the growth f the 
resulting single grain is that the interface 
remain more or less planar, and that super¬ 
cooling be avoided in the liquid. If super¬ 
cooling does occur, stray grains nucleate 
ahead of the interface, either in the body of 
the melt, or in the walls of the container. 

To grow selenium, these same criteria had 
to be met, not at one, but at 5,000 atmospheres 
pressure. Fig. 1 shows the apparatus devel¬ 
oped by Dr. D. E. Harrison and W. A. Tiller 

Figure 1. Apparatus for melt-growth of selenium 

single crystals under high pressure. 

The Stellite bomb( A), which contains selenium 

in a quartz tube, is subjected to 5,000 atmospheres 

argon pressure through inlet (I). Heaters B and 

B'raise the selenium temperature above its melt¬ 

ing point; then a controlled temperature gradient 

is passed through the molten sample, causing it 

to solidify. The combination of fins on (A), heater 

(B) and water bath (C, E, F, G and H) produces a 

thermal gradient of ~45° C/cm. The gradient is 

moved by drive motor(D) lifting (B, C, G) upward 

around fixed bomb (A). Under these conditions, 

crystals of selenium about 1 centimeter in diam¬ 

eter and 10 centimeters long can be grown at 

0.15 to 0.4 cm/hr. 

(1, 2, and 3) for the growth of large crystals. 
Selenium was conuined in an open quartz 
vial within a Stellite pressure bomb. Prior 
to the work at Westinghouse Research Lab* 
oratories, the largest selenium crystals 
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that had been grown were 1.5 x .7 x .6 cm 
over all, in the form of imperfect hoppers. 
The culminating step by the Westinghouse 
researchers was the production of single 
crystals of selenium, 1 cm in diameter and 
10 cm long. 

Fig. 2 shows large ingots of single-crystal 
selenium. For the top ingot, initial growth 
was from the tapered end, and was poly¬ 
crystalline; but single-crystal growth pre¬ 
vailed over the bulk of the ingot. The growth 
direction was 10 to 40 degrees off the rhom- 
bohedral "c" axis. There seems to be little 
question but that the success of this process 
can be ascribed to the very careful control 
of the thermal environment. 

Crystal growth from the melt at high 
pressures is still in the very early stages of 
development. It is tempting, however, to 
speculate on the possibilities of obtaining 
crystals of other materials with polymeric 
melts. Polyethylene may be a possible candi¬ 
date. Of course, the chain length in poly¬ 

ethylene and related compounds is consider¬ 
ably greater than that of selenium, and the 
problem of growing large, single, organic 
polymer crystals 4s thus much more formid¬ 
able. But it does appear that the use of ele¬ 
vated pressures is a step in the right direc¬ 
tion. Polymer crystals would be widely 
welcomed, for they would make possible the 
determination of accurate bulk properties, 
quantities which at present are not known 
with any precision. 

The achievement of the Westinghouse re¬ 
searchers in the field of crystal growth and 
of solid-liquid kinetics Is a signal demon¬ 
stration of progress in 15 years of growing 
semiconductor crystals by well-established 
techniques. Solid-state scientists concerned 
with basic structure-sensitive properties of 
materials now have pure single crystals of 
ample size on which they can perform repro¬ 
ducible experiments and controlled measure¬ 
ments of the electronic structure and the 
semiconducting properties of selenium. (4) 

Figure 2. Large crystals of selenium. The two top crystals have been grown parallel to the 

<<c9> axis, the topmost crystal from a subdiameter seed, and the middle crystal from a full-diameter seed. 

Note the whiskers (needle-like crystals) at the left end of the middle crystal (top end during growth). 

A section which has been cut from a crystaland cleaved parallel to the c axis appears with the inch' 

scale marker. 
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FERRITE-PRECIPITATED MAGNESIUM OXIDE 
—A NEW MATERIAL 

Ferrite-precipitated MgO consists of tiny 
precipitated crystals of magnesio-ferrite, 
nominal composition MgFezO*, dispersed in 
a matrix of MgO. This material has potential 
application, for two reasons. The precipitated 
crystals improve the mechanical properties 
of MgO, a ceramic material, and since mag- 
nesioferrite is a ferrimagnetic oxide, there 
are possible electronic applications. The 
material was developed by Drs.G.W. Groves 
and M. E. Fine at Northwestern University in 
AFOSR-sponsored research. (1) Dr. Fine and 
his group are continuing their research on 
this material and on other precipitated cer¬ 
amics as well. 

In heat treating oxide ceramics, in con¬ 
trast to metals, one must control the oxygen 
pressure as well as the temperature. Iron 
exists in two valence states, divalent iron, 
Fe++, as in FeO (wüstite), and trivalent iron, 
Fe+++, as in FejOj (hematite). With Fe++ 
present, MgO and FeO are completely soluble 
in each other like water and alcohol. In air 
at 1,400°C where about 70% of the iron in 
Mg-Fe-0 is Fe+++, MgO will dissolve Fe only 
up to 20 cation %, and the solubility decreases 
drastically as the temperture is lowered. By 
rapidly cooling to room temperature from 
1,400°C, the Fe is maintained in solution. 
This solution is supersaturated and, if the 
(Mg,Fe)0 is heated to some temperature such 
as 800°C, the Fe+++ precipitates as magne- 
sioferrite (MgFei04) in the shape of 
octahedra. 

One of the ways in which metals are 
strengthened is by putting a second metal 
into solution in the first meral. Another way 
is by forming precipitates. Both occur in 
Mg-Fe-O, as shown in Fig. 1. The strength 
of a pure MgO single cr ystal is 11,000 lbs./ 
in2 (8 kg/mm*). Adding 1.35 cation % Fe at 
1,400°C in air and maintaining it in solution 
by quenching (air cooling) to room tempera¬ 
ture strengthens single crystals to 21 

Figure 1. Effect of precipitation anneal on critical 

resolved shear stress of MgO alloyed 

with 1.35% Fe/(Fe + Mg) in air at 

1,400°C. The samples were air-cooled 

to room temperature before aging. 

kg/mm*. The magnesioferrite precipitates 
formed by aging a few minutes at 800oC 
strengthen MgO to 29 kg/mm*, or 40,000 
lbs./in*. The yield strength of MgO single 
crystals has thus been increased by a factor 
of about 4 by adding only 1.35 cation % Fe. 
Further strengthening could no doubt be 
achie.jd by increasing the Fe +++ content. 

A study of the static magnetic properties 
of the magnesioferrite precipitates has just 
been completed by Dr. G. P. Wirtz. (2) The 
magnetic properties offer an excellent way 
for studying the precipitation process in this 
system. 

Curves of magnetization versus applied 
field are presented f.n Fig. 2, for 4 hrsi of 
aging at 800°C. Data are shown for three 
temperatures: ambient (25°C), liquid nitro¬ 
gen (-196°C), and liquid helium (-269°C). The 
curves at 25°C and -196°C do not show the 
usual hysteresis seen in magnetic materials. 
This is because of the small particle size 
for this treatment; the particles are super- 
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paramagnetic. The alignment of the particles 
by the applied magnetic field Is opposed by 
thermal disordering. Note that the saturation 
magnetization increases on cooling. The par¬ 
ticles precipitated at 800°C are not ferri- 
magnetlc above 220°C, their Curie tempera¬ 
ture. The Curie temperature here depends 
on the aging temperature; it Is 250°C for 
700°C aging. 

The saturation magnetization, determined 
from curves like those in Fig. 2, reaches 
80% of its maximum value within 15 minutes 
of aging at 800°C, and remains virtually 
constant after 1 hour of aging. Final satura¬ 
tion magnetization values of 6.3 and 3.6 emu./ 
cm* at -196°C and 25°C, respectively, were 
obtained in a sample of 0.7 cation % Fe+++. 

The initial susceptibility of the sample 
increases linearly with the number of par¬ 
ticles, and quadratically with the size. It 
decreases as the measuring temperature is 
increased. At -196°C, initial susceptibilities 
as high as 0.08 emu./cm*-oersteds were 
obtained by aging a sample of 0.7% Fe+++for 
145 hours at 800°C. Increasing the initial 
susceptibility by more than an order of mag¬ 
nitude seems feasible by simply increasing 
the initial concentration of Fe +++. 

Thus by the precipitation technique, one 
can obtain extremely copious, fine ferri- 
magnetlc particles distributed in an insulating 
matrix. This is an interesting and a new type 
of magnetic material. One possible applica¬ 
tion is as the memory of a computer, since 
the precipitated particles are all single crys¬ 
tals, oriented in the same direction, and 
distributed at very high densities but not in 
contact with each other. Moreover, the size 
and number density of particles can be care¬ 
fully controlled. Another possible application 
is for radar absorption. A body coated with 

l%Fe/Fe*Mg AGED 4 HRS 800°C IN AIR 

Figure!. Magnetization curves for 1% 

Fe/(Fe + Mg) aged 4 hours at 800 °C 

(after air cooling from 1,400°C). 

the proper thickness of material is made less 
visible to radar. In addition, because this new 
material is made up of magnetic particles 
embedded in a dielectric medium, and each 
particle is small enough to encompass but a 
single magnetic domain—and if hysteresis 
effects could be minimized—these charac¬ 
teristics could provide a superparamagnetic 
material which might be alternately polarized 
with magnetic spins flipped in one direction 
or another without involving domain wall 
movement. In these circumstances, it might 
be possible to make small, low-frequency 
transportable antennas which could be rea¬ 
sonably efficient, handle sizeable power, and 
contribute greatly to the survivability of 
defense communications systems. 

general physics 
GYROSCOPE TO TEST GENERAL RELATIVITY 

Although Einstein's relativistic theory of 
gravitation, the general theory of relativity, 
has a clear conceptual superiority over New¬ 
tonian gravitation, it has proven extremely 
difficult to establish this superiority observa- 
tlonally. In order to verify the theory. 

phenomena must he observed in moderate 
gravitational fields at high speeds (in terms 
of the velocity of light), or in strong gravi¬ 
tational fields at moderate speeds. Unfor¬ 
tunately, the available fields such as those 
at the surfaces of the sun and earth are ex- 
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tremely weak. However, work at Stanford 
University, supported by the Nuclear Physics 
Division of AFOSR, has led to the development 
of a new important test of the general theory 
of relativity which is now rapidly progressing 
to the point of being tried in practice. 

Some years ago Professor L. I. Schiff of 
Stanford University showed that a perfect 
gyroscope, subject to no external torques, 
and orbiting the earth in a satellite, will ex¬ 
perience an anomalous precession with re¬ 
spect to the fixed stars as it travels around 
the earth. For a typical orbit, the predicted 
shift of the direction of the axis of rotation 
of such a gyroscope is only 7 seconds of arc 
per year. According to the general theory of 
relativity, the precession arises as a result 
of the earth's mass distorting space-time in 
its neighborhood. A second, much smaller 
"anomalous" precession (of the order of 0.0S 
seconds of arc per year) is due to the earth's 
"dragging the metric with it" as it rotates. 

Professor William Fairbank of Stanford 
University, and his colleagues, Drs. W. 
Hamilton and F. Everitt, have been working 
for some time toward a gyroscope that will 
be able to detect these very small precession 
rates. The gyroscope will be a quartz sphere 
of high accuracy (to avoid torques due to the 
gradient of the gravitational field), and will be 
coated with a superconductor. Since a spin¬ 
ning superconductor develops a magnetic 
moment (called the London moment) along its 
axis of spin, the direction of the gyroscope's 
axis can be determined magnetically. To 
achieve the required accuracy, a supercon¬ 
ducting magnetometer with a potential sensi¬ 
tivity of 10 -11 Gauss was developed. The 
quartz sphere, once it is in orbit, will move 
completely free in a vacuum, surrounded by 

Professor P. D. Coleman of the University 
of Illinois reports the successful completion 
of a large, vacuum, fully instrumented mono¬ 
chrometer for studies of the absorption and 
emission of radiation in the submlllimeter- 

^Figun 1. Relativistic precessions of gyroscopes 

in 500-mile polar orbit. 

a quartz shell also coated with a super¬ 
conductor. The function of this outer super¬ 
conducting coating is to exclude all external 
magnetic fields, since these would Interact 
with the London moment, causing the gyro¬ 
scope to precess. The construction of these 
perfect magnetic shields, which provide the 
experimenter with a relatively large volume 
in which the magnetic field is absolutely zero, 
is a significant achievement, and underscores 
the Increasing practical usefulness of super¬ 
conductors. ¡(The Stanford team is construct¬ 
ing a zero-magnetic-field facility, which will 
be able to provide such magnetically shielded 
regions to users all over the world.) 

In order to provide a double check on each 
of the two independent precession rates, four 
gyroscopes will probably be launched into a 
polar orbit within the next few years. 

general physics 

far-infrared region of the spectrum. This 
employs 16" x 16" main gratings, plus 2 
accompanying filter gratings enclosed in a 
removable, vacuum-tight housing. Auxiliary 
equipment includes cryogenic detectors. 

SOURCE-DETECTOR STUDIES IN 
THE SUBMILLIMETER REGION 



lock-in amplifiers and recorders. The spec¬ 
trometer has been calibrated with numerous 
measurements utilizing CH4NH1, NOandHiS 
molecules of the type that will have important 
applications to far-Infrared gas lasers. It has 
been employed to measure the wave length of 
lines from the HtO laser. 

Professor Coleman also reports that lasing 
has been achieved in n-type GaAs bombarded 
with 30-kv electron beam at temperatures of 
4.2°, 77° and 195° Kelvin. This was the first 
report of lasing at 77° and 195°K for this 
semiconductor material. 

general physics 
OPTICAL NONLINEARITIES 

Optical nonlinearities in solids are usually 
extremely small. Hence, it was not until the 
advent of the laser that investigations of 
nonlinear optics became important. The rea¬ 
son for this was that conventional light 
sources were not sufficiently intense or 
coherent to make the effects of nonlinearities 
noticeable. In 1961, the high-intensity light 
from a ruby laser was first used to demon¬ 
strate the generation of optical second har¬ 
monics in crystalline quartz. (1) Thus, the 
interaction of light with itself through a non¬ 
linear effect in a material medium was 
observed for the first time. Since then the 
field of nonlinear optics has grown enor¬ 
mously. 

At Stanford University, in the past several 
years. Professor A. E. Siegman and his 
colleagues, supported by AFOSR, have studied 
the theoretical and experimental aspects of 
optical second-harmonic generation by an 
actual gas-)'.ser beam. (2, 3,4) This arrange¬ 
ment has permitted the observations to be 
carried out on a continuous basis, although 
the intensity of light was not as high as that 
of the Q-switched ruby laser employed ear¬ 
lier by others. Since the C\V laser used was 
inherently low in power, a special arrange¬ 
ment was employed continuously to generate 
measurable amounts of second-harmonic 
power. In this case, the specimen biréfringent 
crystal was so oriented that the index of 
refraction for the "ordinary ray" for the laser 
beam matched the index of refraction of the 
"extraordinary ray" for the harmonically 
generated beam. Thus, the velocity of the 
original laser beam and that of the harmonic 
beam were the same as the two beams 
travelled through th¿ crystal. Furthermore, 
the laser beam was focused to enhance the 

Figure 1. Schematic diagram of the laser beam 

focused in the center of the crystal. 

The cylindrical approximation for the 

focused beam is shown by the dashed 

figure. 

effect. (See Fig. 1) The basic theory of 
second-harmonic generation in index-match¬ 
ing crystals had previously been developed 
for the idealized case of a simple plane-wave 
laser beam. (5, 6, 7) However, one must be 
very careful in applying the results of this 
theory to experiment because they are valid 
only in certain limiting cases. This is true 
because an actual laser beam is finite in 
extent; thus, it must be represented as the 
sum of many plane waves propagating in a 
distribution of directions. This means, then, 
that the details of second-harmonic genera- 
tio.' for an actual laser beam can be very 
different from those predicted by simple 
plane-wave theory. In calculating the results 
which are expected from an experimental 
arrangement, one must take this difference 
into account. This has been done in this re¬ 
search. 

The general case of second-harmonic gen- 



eration by an index-matching crystal placed 
anywhere along a laser beam has been con¬ 
sidered at Stanford University. Two special 
aspects of the general problem were experi¬ 
mentally investigated. These are: (1) second- 
harmonic generation in the focus of the beam; 
(2) the dependence of the second harmonic 
power upon rotation of the crystal away from 
the index-matching direction. Attention was 
directed to the general problem of actual 
laser beam and to the two specific cases for 
these reasons: (l)they correspond to the 
cases of most experimental interest; focusing 
is a very important case since, through the 
use of a focused beam, one can extract much 
greater amounts of second harmonic power; 
(2) an exact theory for an actual laser beam 
is essential if comparison with the results 
of precise measurements is to be fruitful. 

The method used to analyze the general 
problem was to apply the basic plane-wave 
theory to each of the many plane waves which 
comprise the real laser beam. The resulting 
formula Indicated that the power in the second 
harmonic depended upon the crystal length, 
the minimum spot size at the focus, the angle 
of double refraction in the crystal, the angle 
between the direction of the laser beam and 
the direction in which the indices are matched, 
and the distance of the crystal from the focal 
plane. The experimental results were found 
to be in excellent agreement with the theoreti¬ 
cal expression. The experimental arrange¬ 
ment is shown in Fig. 2. 
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Second-harmonic generation in the focus of 
a laser beam depends on the ratios of three 
lengths: the length of the crystal in which the 
second harmonics are being generated; a 
length characteristic of the focal region of 
the beam; and a length characteristic of the 
beam focal-spot radius and the crystal 
double-refraction angle. It was then shown 
that there is an upper limit to the power 
which can be extracted from a given crystal. 
Corresponding to this maximum power there 
is an optimum degree of focusing, which is 
determined only by the crystal length and is 
independent of crystal double refraction. This 
means that, for optimum focusing, the energy 
must be distributed throughout the crystal 
in the best possible fashion. 

This prediction was experimentally veri¬ 
fied using 3 crystal lengths of ammonium 
dihydrogen phosphate (ADP), and also in 
calclte. For instance, a focused beam in a 
crystal of ADP 1 cm long yields about 400 
times more second-harmonic power than does 
a collimated laser beam. 

The dependence of the second-harmonic 
power on rotation of the crystal from the 
index-matching direction was also investi¬ 
gated on the basis of the theory mentioned 
above, namely, considering the laser beam 
to be made up of a number of plane waves 
proceeding in a distribution of directions. The 
results of the calculation were applied in 
experiments designed to make accurate 
measurements of the nonlinearities in crys¬ 
tals of ADP. Observations corroborated this 
theory. The results were significantly dif¬ 
ferent from those which would have been 
predicted from a simple plane-wave theory. 
The measurements of the relevant nonline¬ 
arity coefficient are considered to be among 
the best now available, and permit crystals 
such as ADP or KDP to be used as secondary 
standards against which to compare nonllne- 
arities in other crystals. Thus, these results 
have substantially improved the accuracy with 
which measurements can be made in the 
rather difficult area of optics. 

Figure 2. Schematic representation of experi* 
mental arrangement. 



nuclear physics 
NUCLEAR ISOBARIC ANALOG STATES 

One aspect of the nuclear-research pro¬ 
gram Involves accelerating protons to very 
high velocities, and shooting them at a target 
nucleus. For example, in one project being 
conducted in the nuclear-structure laboratory 
by Dr. D. D. Watson of ARL, a target of S* 
is bombarded by protons. At certain discrete 
proton energies, the probability that the S* 
nucleus will capture a proton and be trans¬ 
muted to Cl*1 is quite high, relative to other 
proton energies. This sudden Increase in the 
capture cross section is called a resonance. 
The Cl* nuclei thus formed are in a highly 
excited state, and de-excite to the Cl16 ground 
state by emitting gamma rays. A study of the 
gamma radiations resulting from the proton- 
capture reaction provides a powerful means 
of investigating the excited states of such 
nuclei. We shall discuss one of these res¬ 
onances below. 

A resonance which attracts immediate 
notice occurs in the S*4 + p capture cross 
section at a proton energy of 1.214 million 
electron volts. It is about 10 times stronger 
than any one of several dozen other nearby 
resonances, and must thus somehow be of a 
very special nature. Indeed, it also has an 
unusually simple mode of gamma-ray de¬ 
excitation in that it decays from the resonance 
level to the ground state by a cascade 
through only one of the many other nuclear 
excited states, and does so with a gamma-ray 
transition strength of about 10 times the 
normal strength. Measurements of the in¬ 
tensity angular distributions and linear po¬ 
larizations of the gamma rays have fixed 
the spins and parities of both the two in¬ 
volved excited states as 7/2". 

This behavior can be understood largely 
on the basis of a very simple model. Imagine 
that some of the protons which were shot at 
the SM target nuclei simply go into a 
quantum orbit around those nuclei. The 
system of orbital proton and SM is a highly 
excited state of Cl36. If the proton carries in 
three units of orbital angular momentum 

(along with its intrinsic spin), the proper 
spin and parity, 7/2“, will result. This 
extreme single-particle model, in fact, gives 
rise to two orbital 1/2' states which are the 
same except for energy and isobarlc spin. 
These two 7/2' states can be identified with 
the upper and lower energy 1/2' states 
observed in Cl* . Further comparisons can 
be made between the model and the experi¬ 
mental information. Very good agreement is 
obtained for the lifetime of such an orbital 
state, and also for the calculated gamma-ray 
transition strength between the two 7/2" or¬ 
bital states. Finally, suppose that the orbiting 
proton were, instead, an orbiting neutron. 
If the nuclear force is charge-independent 
and much stronger than the coulomb force, 
such a neutron orbital state should exist. 
The nucleus in this case would be S* instead 
of Cl* , and the energy of this state in S* 
would be displaced from that In Cl* by the 
proton coulomb energy. This neutron orbital 
state turns out to correspond to the first 
excited state of S“ , which does indeed have 
all the properties to make it the analog of 
the proton orbital state in Cl* . Such a pair 
of states in nuclei of the same atomic number, 
but different charge, are called isobaric 
analogs. The similarity and the energy, spin, 
parity, formation and transition probabilities 
of these states can thus be explained on the 
basis of a very simple assumption about their 
nature. 

The above example is no longer isolated. 
Four other single-particle, isobaric analog 
states have now been Identified in the work 
on Cl* . Several other similar states have 
been identified by Dr. G. I. Harris of the 
nuclear-structure laboratory in the PM and 
P*1 nuclei. Still other similar cases dis¬ 
covered in other laboratories are now being 
reported in the literature. The nature of 
these states was also the subject of con¬ 
siderable discussion at an international sym¬ 
posium on the structure of low-medium mass 
nuclei held at ARL in April 1966. 
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nuclear physics 
PARTICLE-DETECTION EXPERIMENT 
ABOARD THE MARINER IV 

The Mariner IV spacecraft was launched 
in November 1964, and passed within 9,850 
kilometers of the planet Mars in July 1965. 
One of the instruments carried aboard this 
spacecraft was a solid-state charged-particle 
telescope designed to detect electrons of 
energy greater than 40 KeV, and protons of 
energy greater than 1 MeV. This instrument 
provided information concerning the particle 
spectra and particle fluxes throughout the 
228-day trip to Mars. 

In addition to providing data about the 
cosmic-ray particles in the solar system, 
the cosmic-ray telescope was used to de¬ 
termine the magnetic field of Mars. If Mars 
has a dipole magnetic field similar to the 
earth's magnetic field, then charged particles 
should be trapped in this field. Also, solar 
winds should produce a magnetic bow shock 
front when impinging upon this field. Thus, 
if Mariner IV passed through the bow shock 

HIGH-ENERGY X RAYS FROM 

A supernova is a star which explodes 
catastrophically, with the sudden release of 
a large fraction of its energy. Initially, it is 
brighter than all but the largest of the gal¬ 
axies; however, shortly after its occurrence, 
its luminosity decreases exponentially. 
Theories differ as to the cause of the 
supernovae, and as to whether the source of 
the energy released is based upon gravita¬ 
tional or nuclear forces. Only by experi¬ 
mental verification can it be determined 
which of the theories is more nearly correct. 

With this in mind. Professor R. Haymes 
of Rice University, supported by AFOSR, 
has conducted an experiment to yield a better 
understanding of supernovae. He and his 
associates have designed and built a gamma- 
ray telescope of good angular resolution, 
and have connected it to a multichannel pulse 

front, the shock transition region, or the 
magnetospheric boundary of Mars, then an 
increase in the charged-particle flux should 
have been detected by the charged-particle 
telescope. However, no detectable increase 
in activity was observed during the approach 
to Mars. Hence, an upper limit can be cal¬ 
culated for the magnetic moment of Mars. 
This moment has been determined to be less 
than one tenth of a percent of that of the 
earth's magnetic field. 

This experiment was conducted by Profes¬ 
sor J. A. Simpson, an AFOSR grantee, and 
his group at the Enrico Fermi Institute for 
Nuclear Studies, University of Chicago. This 
group designed and fabricated the charged- 
particle telescope carried on the Mariner IV, 
and has analyzed the data obtained from it. 
The results of its search for the magnetic 
moment of Mars were published in 
Science. (1) 

• nuclear physics 
THE CRAB NEBULA 

height analyzer to achieve energy resolution. 
The instrument was designed to detect gamma 
rays in the energy range from 23 KeV to 
455 KeV. The telescope, which, with its 
associated equipment, weighs about 800 
pounds, must be carried aloft by plastic 
balloon to a high altitude in order to detect 
the low-energy gamma rays before they are 
absorbed by the atmosphere. On October 19, 
1965, Dr. Haymes launched the telescope for 
the first time to observe the electromagnetic 
spectrum of the Crab Nebula. (The Crab 
Nebula is a remnant of a supernova that 
occurred in the year 1054 A.D., and is still 
visible today as an irregularly expanding 
nebula.) 

The results of the first flight showed that 
the Crab Nebula emits a relatively large 
flux of X rays up to an energy of 80 KeV, 

/ 
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and that the X-ray spectrum can best be 
approximated by a single exponential over 
the entire energy range. This implies that the 
X rays emitted by the Crab are caused by 
bremsstrahlung from a hot gas. This finding 
is contrary to the theory that the Crab emits 
X rays via the synchrotron mechanism, since 
the synchrotron mechanism would produce a 
power-law energy spectrum. Another impli¬ 
cation to be derived is that the temperature 
of the hot gases in the Crab Nebula must 
range as high as 100 million degrees Kelvin. 
This high temperature could conceivably be 
achieved in the regions of the Crab where 
there are shock fronts in the plasma streams 

of the nebula. This phenomenon is analogous 
to the shock fronts produced by the solar 
wind impinging on the magnetosphere of the 
earth where temperatures of 10 million de¬ 
grees occur. 

Further flights, at a somewhat higher 
altitude, will be undertaken to study the 
gamma-ray spectrum from the Crab in more 
detail, as well as to observe other interesting 
stellar objects which emit X rays and per¬ 
haps nuclear gamma rays. These experi¬ 
ments should be of great benefit to theorists 
in arriving at a suitable model for super¬ 
novae. 

nuclear physics 
LONG-RANGE ELECTROMAGNETIC FORCES 
ON NEUTRAL SYSTEMS 

A traditional problem in the physical 
sciences concerns the nature of the forces 
acting between two neutral systems for which 
the gravitational attraction is too weak to be 
of direct interest. Such forces act between 
two neutral molecules, and these inter- 
molecular forces determine, among other 
things, the surface tension and viscosity of 
liquids and their solubility in other liquids. 
Intermolecular forces of this type, called 
van der Waals forces, are long-range forces; 
that is, they fall off at large distances as an 
inverse power of the distance r between the 
bodies, rather than exponentially. 

The first quantitative theory of van der 
Waals forces was advanced by the German 
physicist, Fritz London, in 1930. In this 
theory, a particular dynamical model is 
assumed, and the Intermolecular forces arise 
from the electrostatic interaction between 
two dipoles. The energy of the interaction 
turns out to be proportional to r”4, and the 
force to r“T. London's approach is not valid 
at large separations due to the neglect of 
retardation effects in the interaction between 
the two neutral systems. The retardation 
effects were first considered by the Dutch 
physicists, H.G.B. Casimir and D. Polder, in 
1948. Casimir and Polder found that, at 
relatively large distances, the interaction 

energy and the force are proportional to r*T 
and r-*, respectively, in contradiction to the 
London expressions. 

Recently, in a paper published in the 
Physical Review, Professors J. Sucher of 
the University of Maryland and G. Feinberg 
of Columbia University described their more 
general quantum-field-theory calculations of 
the forces acting between pairs of particles, 
at least one of which is neutral and spinless 
(i.e., has no angular momentum). This work, 
supported in part by the Nuclear Physics 
Division of AFOSR, was pursued to establish 
whether or not such long-range forces are 
presently observable in particle physics. It 
turned out that, for the particle physics 
problem they considered — the long-range 
force between K-mesons — the long-range 
force effects were not experimentally de¬ 
tectable. Another interesting result of their 
work was the proof that the result of Casimir 
and Polder concerning van der Waals forces 
is quite general, being independent of the 
detailed dynamical models for the individual 
interacting systems. However, due to the 
binding of atoms by electromagnetic inter¬ 
actions, there is an exponential term in the 
expression for the interaction energy, which 
may dominate the interaction potential for 
many atomic radii before the r“T terms be- 
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come of importance. 
Since the nature of forces between atoms 

determines the properties of macroscopic 
matter, the improved understanding of these 

PERCHLOROCARBONS OPEN 

Substances constituted exclusively of chlo¬ 
rine and carbon are called perchlorocarbons. 
To every hydrocarbon there corresponds, in 
principle, a perchlorocarbon of the same 
structure and configuration. Consequently, 
the perchlorocarbons can be aromatic, al- 
karomatic, or aliphatic in character. Until 
recently, however, comparatively few ex¬ 
amples of such compounds were known. 
Attempts to develop systematic synthetic 
procedures had been unfruitful, and it was 
generally believed that these compounds — 
save for a few corresponding to the simplest 
hydrocarbons—could not exist. Stereo¬ 
chemical considerations lend plausibility to 
this view: the chlorine atoms, much larger 
than hydrogen, must touch or interpenetrate 
one another as they bond to typical carbon 
skeletons. 

Prof. Manuel Ballester, of the University 
of Barcelona, has lately succeeded in pro¬ 
ducing a large number of these compounds, 
and has opened up this field to experimental 
investigation. This breakthrough culminates 
several years of research by Prof. Ballester, 
started during a sabbatical residency at 
ARL's Chemistry Research Laboratory in 
1961-62, and subsequently supported by ARL 
after his return to Barcelona. 

The key to success was the discovery of 
a powerful chlorinating reagent—a mixture 
of sulfuryl chloride, sulfur monochloride, 
and aluminum chloride—which converts 
hydrocarbons to perchlorocarbons by re¬ 
placing all of the hydrogen atoms with 
chlorine atoms, yet does not rearrange the 
molecular backbone. Among the resulting 
products have been some fairly complex 
compounds with high thermal and chemical 
stability. For example, one such molecule, 
perchlorostilbene, CjCljCCl =CC1C*C1§, is 
unchanged either by heating above 500°C or by 

forces gained from the work of Feinberg 
and Sucher is clearly of importance in con¬ 
nection with attempts to comprehend and 
predict such properties. 

chemistry 
NEW CHEMICAL HORIZONS 

Figure ?. Scale model of the perchloro- 
tri phenyl methyl radical* This substance 
has a structure like a three-bladedprc- 

pel I er; the view in the photo is along 

the axis of the shaft. The central car¬ 

bon atom, site of the unpaired electron, 

is shielded by the large chlorine atoms 

(light grey spheres). All runnels of ac¬ 

cess have subatomic dimensions; 

hence, this molecular fragment is not 

easily destroyedby additional reactions 

involving the "free bond. 

boiling in fuming nitric acid for 5 days. Prof. 
Ballester has also found a new polymeri¬ 
zation reaction wherein perchlorocarbons 
containing the trichloromethyl group, -CClj, 
can be coupled together by reducing agents, 
such as iodide ion or tin(II) chloride, to give 
polymeric molecules containing the 
-CCI = CCI- linkage. Such polymers, obtóined 
in molecular weights above 30,000, show 
thermal and chemical stabilities comparable 
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to those of the smaller molecules. Develop¬ 
ment work is now in progress, under both 
independent and Air Force-sponsored indus¬ 
trial programs, to produce useful materials 
from these compounds. 

Another valuable result of Prof. Ballester's 
work has been the discovery that the large 
bulky chlorine atoms in the perchlorocarbons 
can stabilize free radicals by physically 
preventing them from contacting other reac¬ 
tive substances. For example, triphenyl- 
methyl is an exceedingly active molecular 
fragment which reacts with oxygen, chlorine, 
nitric oxide, and other such species. The 
perchloro analog, (CíCIí)iC', while still a 
free radical, is extremely inert and does not 
react at all with the compounds just men¬ 
tioned. (See Figure 1.) The odd electron, the 
site of reactivity, is completely blocked off 
from its external environment. The "bottled- 
up electron" has already been put to practical 
use as a standard for the calibration of 
electron-resonance spectrometers. 

Polymers have been prepared from these 
free radicals leading to the first polymeric 

OXIDATION RESEARCH 

Compounds containing unsaturated hydro¬ 
carbon groups are important in products as 
diverse as hydrocarbon fuels, lubricants, 
auto exhaust, natural and some synthetic 
rubbers, edible and (paint) drying oils, and 
Vitamin A. They are the starting materials 
for vinyl polymerizations. All of these mate¬ 
rials oxidize spontaneously in air, the result¬ 
ing changes are usually, but not always (paints 
and petrochemicals), undesirable. 

Unsaturated hydrocarbons absorb oxygen to 
give three types of products: (Type 1) allylic 
hydroperoxides, where the indicated hydrogen 

atom in jc=Ç-^- *8 rePlaced by a hydro¬ 

peroxide group (-OOH); (Type 2) poly¬ 
meric peroxides, with the repeating unit, 
-C-C-0-0-; and (Type 3), mixtures of 
epoxides, aldehydes, and ketones. The first 
type of reaction is common in nondrying oils 
and in rubbers; the second presents purity 
and explosion problems with styrene and 
butadiene; the third is Important to the 

polyfree radicals known. They are magnetic, 
appear to have semiconduction properties, 
and may eventually culminate in the first 
organic semiconductors to be prepared. It is 
possible that the free radical polymers may 
also exhibit metallic properties and, as such, 
constitute an entirely new class of materials, 
organic metals or metalloids. The free 
radicals have been found to undergo electron- 
transfer processes. This phenomenon sug¬ 
gests the possibility of the use of polymeric 
radicals in the development of a new type of 
lightweight inexpensive storage battery con¬ 
taining no metallic plates. 

Partial credit for this achievement must 
be attributed to Dr. Leonard Spialter of the 
ARL Chemistry Research Laboratory. He 
contributed to the formulation of the problem 
and collaborated actively with Prof. Ballester 
in the early stages of the work and in its 
subsequent development. OAR is particularly 
proud of his project as an example of the 
value and importance of a viable in-house 
research capability. 

chemistry 
petrochemicals industry. All of these oxi¬ 
dations are free-radical chain reactions, 
subject to acceleration by light and free 
radicals and to retardation by antioxidants. 
While many oxidations of unsaturated com¬ 
pounds exhibit mostly one type of reaction 
to give products listed under Type 1, Type 2, 
or Type 3, a few show two or three different 
reactions. Even minor contributions of one 
type of oxidation may be important. For 
example, while rubbers oxidize mostly by 
the first route, whether they harden or 
soften on aging depends on the relative 
contributions of the minor second and third 
types of oxidation. 

One of the most important gaps in our 
knowledge of oxidation phenomena is a basic 
understanding of how oxidation proceeds under 
mild conditions. With AFOSR support, Dr. 
Frank Mayo, the recipient of the 1967 Ameri¬ 
can Chemical Society Award in Polymer 
Chemistry and a member of Stanford Re¬ 
search Institute, has made a systematic study 
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of the relation between structures of simple 
representative unsaturated hydrocarbons and 
their mechanisms of oxidation under mild 
conditions. Very little such important infor¬ 
mation was previously available. The accom¬ 
panying Table summarizes some of 
Dr. Mayo's results. 

In general, cyclic unsaturated hydrocarbons 
react fairly rapidly to give mostly hydro¬ 
peroxides — but the eight-mem bered ring 
cyclo-octene and the bicyclic norbornene 
are notable exceptions. All the open-chain 
compounds tested with internal double bonds 
react faster than those with terminal double 

RATES AND PRODUCTS OF OXIDATION OF ALKENES AT 50-90° 

Product Distribution 

Alkene 

Cyclopentene 
Cyclohexene 
Cycloheptene 
Cyclo-octene 
Cyclododecene 
Vinylcyclohexane 
Methylenecyclohexane 
Cyclododecatriene 
Propylene 
1- Butene 
2- Butene 
Isobutylene 
Trimethylethylene 
Tetramethylethylene 
2- Methyl-1-pentene 
t-Butylethylene 
Neopentylethylene 
3- Methyl-1-butene 
1-Hexene 
1-Hexyne 
3-Hexyne 
NorLornene 

Allyl 
substi¬ 
tution3 

79 
82 
69 
17 
69e 
83 
49 

18-77« 
63 
23 
16 
27 
49 
32 
0 

35 
89 
49 
56 
92 

0 

Poiy- b 
peroxides 

20 
7 

24 
25 

8 
19 

100f 
59-08 
27 
37 
36 
49 
22 
45 
21 
29 

9 
42 
29 

5 
82 

Epoxides, 
cleavage 
productsc 

1 
1 
7 

58 

9 
32 

25 
10 
40 
48 
24 
29 
23 
79 
32 

2 
9 

15 
3 

18 

Relative 
ratest at 700 

0.61 
0.47 
0.33 
0.078 
0.157 
0.076 
0.090 
0.29 

0.066 
0.106 
0.063 
0.21 
1.16 
0.059 
0.022 
0.019 
0.100 
0.034 
0.18 
1.4 
0.40 

“Mostly hydroperoxides, but includes related allylic alcohols and o, ß-unsaturated aldehydes or ketones. 

bIncludes polyethers and nonvolatile condensation products. 
cIncludes aldehydes and ketones resulting from cleavage of alkene at double bond: 

V. O, \ / 
c-c -^ C=0 + O-C 
/ X / \ 

d(Rate constant lor chain propagation) / (rate constant (or chain termination) Vi in moles/liter and hours, calcu 
lated from over-all rate and known rate of chain initiation, and corrected from 50-90° to 70 . 

* Hydroperoxide by titration. 
1 Mostly polyfunctional products by intramolecular chain propagation. 
* The two values assume that the residue is all polyacrolein, or all polyperoxide, respectively. 
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bonds. In the series, 2-butene, trimethyl- 
ethylene, tetramethylethylene, the rates and 
yields of hydroperoxides increase regularly 
in the same order. Among the vinyl com¬ 
pounds, the yield of allylic hydroperoxides 
depends, at least partly, on the number and 
reactivity of allylic hydrogen atoms (hydro¬ 
gen atoms which are tertiary, or on cyclo¬ 
hexane rings being reactive and methyl 
hydrogen atoms being unreactive). The pro¬ 
portions of Type-2 and Type-3 products vary 
considerably, and depend partly on oxygen 

pressure. Propylene and isobutylene aive 
large proportions of unidentified and therefore 
unexplained residues. 

Since unsaturated hydrocarbons are gen¬ 
erally the principal products of oxidations of 
saturated hydrocarbons, the results obtained 
will be useful in better understanding a 
variety of oxidations. This information is 
useful to the Air Force, since oxidations are 
a major cause of deterioration of fuels, 
lubricants, elastomers and organic materials 
in general. 

mathematical sciences 

THEORY OF SPHERICAL PLASMA PROBES 

The plasma probe is an important tool for 
the determination of the energy distribution 
of the charge carriers in a plasma. Qualita¬ 
tively, the working of a plasma probe is 
easily understood. For a negative probe 
potential, for instance, the probe will repel 
electrons and attract ions. Whether a certain 
electr m reaches the probe depends upon its 
energy. If the repellent potential is large, 
only electrons with high energy are able to 
reach the probe and to contribute to the 
probe current. Thus it is possible to deter¬ 
mine the energy distribution from a probe 
characteristic, i.e., from a curve of the probe 
current versus the probe voltage. Of course, 
the attracted carriers contribute to the probe 
current, too. Therefore, a clear-cut evalua¬ 
tion of probe characteristics is possible only 
if the contribution of the current of the 
attracted carriers can be eliminated. This is 
indeed possible, provided that the electric 
field around the probe has certain simple 
characteristics. If these prerequisites are 
not satisfied, one may be led to erroneous 
conclusions. 

Investigations have been conducted by Or. 
Karl G. Guderley of the Applied Mathematics 
Research Laboratory, ARL. They have the 
aim of defining, for different operating con¬ 
ditions (probe radius, probe voltage, ratio of 
energy of electrons and ions), the character 
of the field around the probe. The basic 

element of these investigations is the com¬ 
putation of the field around the probe for a 
given probe potential and a given probe radius 
at a given energy ratio. This is by no means a 
routine task, since one has a nonlinear dif¬ 
ferential equation which depends, in a very 
complicated manner, upon a number of param¬ 
eters which are determined by the solution 
itself. In this context, a technique described 
on page 30 of OAR Progress '65 has proved 
extremely valuable. From inspection of such 
a solution, one can define different operating 
regimes. 

Figure 1 shows a graph of operating 
conditions for an energy ratio of the at¬ 
tracted to the repelled carriers of 2 : 1. 
The horizontal co-ordinate is the probe 
radius made dimensionless with a Debye 
length characterizing the plasma. The 
vertical co-ordinate gives the probe potential 
made dimensionless with the energy of the 
attracted carriers. Probe theory in its sim¬ 
plest form can be applied with certainty 
underneath the curve, CAB, and possibly 
underneath the curve, EAB. In the triangle, 
CAE, capturing of particles by the probe is 
possible; i.e., in this triangle, there is some 
doubt whether the assumptions made in the 
theory are applicable 

The information generated in these in¬ 
vestigations will be useful in a more pene¬ 
trating analysis of probe measurements. 

50 



R
A

TI
O
 

O
F 

PR
O

BE
 

P
O

TE
N

TI
A

L 
TO
 

EN
ER

G
Y 

O
F 

A
TT

R
A

C
TE

D
 

C
A

R
R

IE
R

S
 

T 

L r i— 

) -1— 

1 \ 

I_1 

E 

/ AB Co 
am 

AC Oc 

ncidence of p 
i absorption n 

currence of h 

robe radius 
idius 

orizontal 

Cxl 

inflectional tangent - 

AD Transition from absorption 
radius to pseudo absorption 
radius 

9 
AE Mo 

occ 
ximum of X ( 
urring at the 

1 + Y) - 
probe 

A 

8 
RATIO OF PROBE RADIUS TO DEBYE LENGTH 

r igure 1, 

Graph of operating conditions for the ratio of attracted to repelled carrier energies of 2:1. 



t 

mathematical sciences 

CONTROL OF UNSTABLE MECHANICAL SYSTEMS 

Unstable mechanical systems constitute a 
class of dynamical systems which have been 
of increasing interest to control-theory en¬ 
gineers over the past decade. The most 
noteworthy example of such a system is a 
steerable rocket vehicle during its launch 
phase. Aerodynamically unstable at low 
speeds, such a vehicle requires a sophisti¬ 
cated control mechanism to insure that it 
follows the desired trajectory. The present 
tempo of successful launches and missions 
indicates that sufficiently sophisticated con¬ 
trollers have been designed for today's ve¬ 
hicles; but it is not clear that contemporary 
techniques will suffice for the future. 

For example, the continuing stress on 
maximizing the payload/booster mass ratio 
indicates that future missiles may be sig¬ 
nificantly more flexible than those presently 
in use. This eventuality would seriously 
compound the controller problem, for then 
the guidance system must not only maintain 
vehicle attitude and adherence to the desired 
track, but must also control the complex 
interbody motions allowed by flexibility. 

A study was made of the effects and 
ramifications of extreme flexibility of a 
relatively simple unstable mechanical sys¬ 
tem on the control and controllability of 
that system. In this study, the device shown 
in Figure 1 was constructed and operated for 
extended times. The model consists of a 
motor-driven cart to which is hinged a 
highly flexible beam. The cart motor is 
controlled so as to drive the cart horizontally 
and thus balance the beam vertically. Such a 
device is inherently unstable and imposes 
controller requirements quite similar to 
those generated by the flexible booster dis¬ 
cussed above. 

This experimental study by Captain John F. 
Schaefer of the Aerospace Mechanics Divi¬ 
sion, FJSRL, has yielded several significant 
results. Among them was the realization that 
a control thruster (cart motor) of limited 
output could not only balance the beam, 
starting from sufficiently small initial con- 

4 ê 

Figure 1. Experimentally controlled limber beam. 
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dltions, but could also dampen motions due 
to an arbitrary number of the beam's bending 
modes. Systematic techniques for synthesi¬ 
zing a feedback-control law to actively control 
any number of such modes were developed. 

A portion of the analysis was devoted to a 
study of the behavior of the experimental 
system as the beam's structural stiffness 
was (mathematically) varied. It was found 
that, at certain low values of structural 

rigidity, the assembly could not be con¬ 
trolled, regardless of the horizontally 
directed thrust levels available. This result 
is readily extendible to the problem of con¬ 
trolling the bending motions of a flexible 
missile, and indicates that certain combina¬ 
tions of structural stiffness and longitudinal 
accelerations must be avoided if lateral 
stability is to be achieved by thrust-engine 
gimballing alone. 

trajectory optimization mathematical sciences 
There are many problems in the field of 

trajectory optimization and optimal control 
that are of Air Force Interest. One such 
problem concerns aircraft performance 
where the objective may be to maximize 
range, or minimize the time-to-climb of an 
aircraft within selected constraints. Another 
concerns Injection of a pay load into a given 
orbit while minimizing the propellant. For 
such a problem one must determine the best 
programming of the angle of thrust, the 
optimal time to initiate coasting, and the 
length of the coasting intervals. 

These problems and others in many other 
fields can be formulated in identical mathe¬ 
matical terms. The resulting mathematical 
formulation is amenable to treatment by the 
calculus of variations, or by the recent 
theory of the maximum principle. However, 
in general, these theories do not lead di¬ 
rectly to the solution of the original problem. 
Instead, they lead to another, nearly equiva¬ 
lent problem, the two-point boundary-value 
problem. 

In the past, these problems have usually 
been solved by methods of trial and error. 
Within the last few years, a number of com¬ 
putational procedures aimed at solving these 
problems have been developed. One of these 
techniques is called the method of steepest 
ascent, and is particularly adapted to digital- 
computer solution of these problems. This 
method generates a sequence of approxima¬ 
tions to the optimum solution which, in 
general, is a continuous function of time. 

Major Rinaldo F. Vachino of the Aerospace 
Mechanics Division, FJSRL, has been in¬ 

vestigating extensions of the method of steep¬ 
est descent. His results Indicate that the 
preceding theory is applicable to a number 
of realistic problems that have limitations 
on the controls. Such a class of problems is 
said to have inequality constraints on the 
control variables. In the presence of these 
constraints, a wide class of problems has 
optimum solutions which are no longer con¬ 
tinuous functions of time; instead, they are 
composed of a finite number of segments or 
functions, each of which is continuous, and 
joined together according to given rules. The 
times at which the control function switches 
from one to another of these adjacent seg¬ 
ments are called switching times. Each of 
these segments is called a subarc. 

The present research shows that the method 
of steepest ascent may be extended to solve 
two general classes of problems. The first 
class comprises those problems whose opti¬ 
mum solutions are composed of a known 
number of subarcs, each of which obeys 
known differential equations and constraints. 
The second class Includes those problems 
whose optimum solutions are composed of an 
unknown number of subarcs, each of which 
must obey differential equations that belong 
to a certain class of equations. 

The results have been found to be of 
practical Air Force application in problems 
of the short-term prediction of the positions 
of orbiting satellites, of tactical air-to-air 
interception, of returning from an inter¬ 
planetary flight and landing at a predeter¬ 
mined position on the earth, and of the 
optimization of the flight path of a multistage 
vehicle. 
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mathematical sciences 

NUMERICAL INTEGRATION OF NAVIER-STOKES EQUATION 

The Navier-Stokes equation, which de¬ 
scribes the motion of a disturbed viscous 
fluid, is extremely important in many areas: 
flow about aerospace vehicles in flight, flow 
in a tube or channel, and many others. 
Unfortunately, it is a nonlinear, elliptic, 
pardal differential equation. While a con¬ 
siderable number of results on estimates 
and bounds of solutions have been obtained 
analytically, there has been a need for de¬ 
tailed, numerical results. 

Working under a grant from the Applied 
Mathematics Division, AFOSR, Prof. J. Gillis 
of the Welzmann Institute of Science has 
developed methods for numerical integration 
of this equation. To demonstrate these 
methods, he obtained detailed solutions for 

the flow of a viscous fluid in the inlet region 
of a straight channel, including the case of 
an electrically conducting fluid in the presence 
of a transverse magnetic field. The problem 
was solved for a large range of Reynolds 
numbers, magnetic Reynolds numbers, and 
Hartmann numbers. In the course of ob¬ 
taining these solutions, hitherto-unknown be¬ 
havior of the velocity profile was discovered. 

These results have a wide range of appli¬ 
cations, particularly in hypersonic-wlnd- 
tunnei and fluid-control systems. They have 
been transmitted to several groups, and have 
been utilized, particularly by the University 
of Tennessee Space Institute, in connection 
with work being performed for the Arnold 
Engineering Development Center, AFSC. 

mathematical sciences 
ASYMPTOTIC EXPANSIONS FOR ORDINARY 
DIFFERENTIAL EQUATIONS 

A good example of the Implementation of 
the mathematical community's and Govern¬ 
ment's responsibility for the exchange of 
information may be found in the series of 
research monographs sponsored by the 
Mathematics Division, AFOSR. This series 
reflects a special program initiated to stim¬ 
ulate the writing of noteworthy monographs 
designed to bridge the gap between the pro¬ 
fessional mathematician and the user of 
mathematics. It is an excellent vehicle for 
enhancing the effectiveness of our national 
scientific and technical effort and the effi¬ 
ciency of Government management of re¬ 
search and development, for it presents an 
effective method for communicating infor¬ 
mation about current research efforts and 
the results of past efforts. 

For instance, Professor Wolfgang Wasow, 
of the University of Wisconsin, has re¬ 
cently completed an outstanding book entitled 
Asymptotic Expansions for Ordinary Dif- 
ferential Equations. The reader will recall 

that asymptotic series are series which 
diverge, but which are nevertheless useful 
in the sense that a finite number of terms 
gives a numerical value whose error is known. 
That is, asymptotic series give one a means 
for approximating a desired function with 
a finite series of terms plus a remainder 
whose maximum magnitude is known. It will 
be observed that the error cannot be made 
arbitrarily small with such a series; how¬ 
ever, the error is often so small that asymp¬ 
totic series are frequently more accurate 
than other practical expansions. 

The importance of asymptotic series in 
the theory of differential equations was rec¬ 
ognized in the second half of the nineteenth 
century, and a substantial part of our pres¬ 
ent knowledge was developed during those 
decades. However, only in recent years has 
it become apparent how essential asymptotic 
series are to an understanding of the structure 
of the solutions of ordinary differential 
equations, and how inescapably they arise in 
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many questions of applied mathematics. The 
number of physical problems in which such 
series are, or could be, used to advantage is 
large and growing. The list includes many 
questions of quantum mechanics, viscous 
flows, elasticity, electromagnetic theory, 
electronics, astrophysics, and other fields. 

In his book Professor Wasow has devel¬ 
oped, in a connected way, the mathematical 
methods of this field. The selection of sub¬ 
jects reflects the author's interests and 
experience. Special differential equations and 
special functions are Introduced as examples 
for general theories. Also, fascinating appli¬ 
cations to physical problems and the com¬ 
putational aspects are discussed. Throughout, 
the emphasis is on the mathematical ideas 
underlying the various methods. 

Although the book is not a compendium 

COMPUTER SELF-DIAGNOSIS 

In any computer system, it is vitally 
necessary to be able to determine whether 
or not the computer is functioning correctly. 
Failures in one or more elements may 
permit the computer to continue to Operate, 
but cause the results of that operation to be 
worthless by making the computations er¬ 
roneous. This can be of particular signif¬ 
icance in computers used in aerospace ve¬ 
hicles for such functions as bombing and 
fire control, and for attitude and trajectory 
control. If a computation is in error, the 
result can be complete failure of the mission, 
or even loss of the vehicle. Thus, a rapid 
method of locating computer malfunctions, 
and of diagnosing the cause of these mal¬ 
functions, would be extremely valuable in 
improving the reliability and capability of 
computers used in aerospace applications. 

The Coordinated Science Laboratory (CSL) 
of the University of Illinois, supported by 
the Electronics Division of AFOSR, through 
the Joint Services Electronics Program, 
has been investigating the problem of com¬ 
puter self-diagnosis. Drs. E. Manning and 
D. Compton, of this Laboratory, have devised 
a procedure for self-diagnosis of digital 
computers, based on the CSX-1 computer 
developed at CSL. This procedure has been 

on the subject, its bibliography, with well 
over 200 citings from journal articles and 
books, gives an indication of the depth in 
which this subject is treated. 

This research monograph will be a val¬ 
uable aid to the applied scientist, for it pre¬ 
sents an extremely clear and succinct treat¬ 
ment of asymptotic expansions. Such types of 
expansion are quite useful in representing 
solutions of a variety of equations arising 
in aerodynamics, control theory and com¬ 
munication theory, as well as the more 
sophisticated equations of contemporary 
physics. The latter promise to play a domi¬ 
nant role in future developments in physics 
and, in turn, to significantly Influence the 
future development of Air Force science 
and technology. 

electronics 
tested and shown feasible. 

In operation, the self-diagnosis procedure 
consists of a short program which is loaded 
into the computer and started running. If the 
program runs to completion, this is a neces¬ 
sary and sufficient condition that there are 
no failures in the system (or that, if any 
element has failed, it has been supplanted 
by a redundant back-up element), and that 
therefore the computations of the computer 
are correct. In the event of a failure of 
the program to run to completion, a fault is 
present in the computer. The computer 
operator then determines the contents of the 
program registers of the computer (this is 
a simple printout process), and consults a 
handbook which provides a manual procedure 
to be implemented on the computer. Execu¬ 
tion of this manual procedure will permit 
diagnosis of the fault. 

The procedure for self-diagnosis was tested 
by simulating the CSX-1 Computer on a 
Control Data Corporation 1604 Computer, 
with failures of some of the elements Included 
in the simulation (this was a simpler pro¬ 
cedure than introducing genuine element 
failures in the CSX-1). The experiments 
showed that self-diagnosis was feasible. 
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and that the execution hardware could be 
checked in a fraction of a second with, 
at most, a few minutes of additional time 
required for the fault-locating procedure 
(if, in fact, the diagnosis showed that the 
computer was not fault-free). The techniques 
used for self-diagnosis and fault location 
appear to be applicable to a variety of com¬ 

puters although, because of differences in 
1 rdware and design, each computer will 
require a different self-diagnosis program. 
Successful demonstration of the program on 
the CSX-1, however, gives considerable con¬ 
fidence that similar procedures can be de¬ 
vised for computers which will be used in 
aerospace vehicles. 

electronics 

ELECTRICAL CONTROL OF LIMB PROSTHESIS 

Externally powered prostheses have been 
studied for many years, in an effort to pro¬ 
vide rehabilitation of amputees. In order to 
take full advantage of the benefits offered 
by external power in prostheses, the mode of 
control of the prosthesis by the amputee 
must also be improved. Currently used 
control methods require a high degree of 
mental concentration by the amputee, because 
the mode of control of a prosthetic motion 
is different from control of the correspond¬ 
ing thermal action, and because there is 
no feedback of sensation from the prosthesis 
to the patient, except through the visual sense. 

Bioelectric control offers the possibility 
that control of the prosthetic action can be 
similar to that of the corresponding body 
action, which was los', through amputation. 
The muscles in the body produce an electrical 
signal, called the electromyogram (emg), 
which can be sensed directly from the sur¬ 
face of the skin. Several experimental pros¬ 
theses have been developed previously which 
use emg signals for control purposes. The 
major shortcoming of most of these devices 
has been the lack of graded control of their 
behavior. 

EROSION JETS 

When a current jumps across the air gap 
from a cathode to an anode, the resultant 
spark discharge usually erodes both the 
cathode and the anode through simple thermal 
evaporation. Recently, an AFCRL scientist. 
Dr. Heinz Fischer, observed another erosion 
process — one predicted but never seen 
before. 

Under the supervision of Professor A. G. 
Bose, and with the sponsorship of AFOSR, 
Ralph Alter, of the Massachusetts Institute 
of Technology, has developed a system which 
utilizes surface emg signals from the biceps 
and triceps of an amputee's arm to provide 
graded control of an elbow prosthesis. The 
development included as an intermediate step 
the control of a simulated forearm in a 
digital computer, in real time. In its present 
form, the signal processing consists of 
full-wave rectification and low-pass filtering 
of the emg signals from biceps and triceps 
muscles. An actual mechanical-elbow pros¬ 
thesis has been voluntarily controlled through 
the subject's emg signals. The mechanical 
design was carried out under the supervision 
of Professor Robert Mann, of the MIT 
Mechanical Engineering Department. 

Besides medical applications, this scheme 
has application to devices for adaption to 
normal subjects where graded mechanical 
assistance to normal movements is needed, 
such as in high "g" environments, or when 
working against high pressures or in very 
dense environments. 

electronics 
This phenomenon was first observed in the 

afterglow of a high-current plasma light 
source, called the Nanolite, developed at 
AFCRL. The Nanolite produces extremely 
brilliant pulsed light with a duration meas¬ 
ured in nanoseconds (billionths of a second). 
Photographs of the afterglow of the spark 
discharge showed that, at approximately 
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small, discrete point on the surface of the 
anode. This jet, lasting about 120 nanoseconds, 
resembles a water fountain — or, to some 
extent, the mushroom cloud of a microscopic 
atomic explosion. 

Although this effect has not previously 
been observed, theory predicts that a fountain 
of material could be ejected from the tip of 
the anode as a result of "electron over- 

plosive condition resulting from too many 
electrons being squeezed into a small volume, 
could occur in an arc lamp's anode imme¬ 
diately after a flash. Such an explosive excess 
of electrons would likely build up in the anode 
of the light source because of its small 
diameter (0.05 millimeter) and the large 
current of several thousand amperes which 
flows from cathode to anode in a few nano¬ 
seconds. Like charges repel each other and. 
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as the concentration of electrons expands, 
it knocks out minute chunks of electrode 
material. Because of the short current times, 
only small amounts of material are ejected, 
and the effect on the useful lifetime of the 
electrodo, though as yet undetermined, is 
probably small. 

However, evidence is indirect that the 
fountain-like ejection discovered by Dr. 
Fischer is the result of electron overpres¬ 
sure. Emission spectra taken of the clouds 
have not shown any lines characteristic of 
the electrode material. This lack of spectral 
lines indicates that the material in the clouds 
is not in the vapor state. Thus, the fountain¬ 
like clouds are different from the usual form 
of electrode erosion in which material from 
the electrode surface is vaporized by the 

high temperature generated by the passage of 
electric current. In Dr. Fischer's experi¬ 
ments with the Nanollte, the current pulses, 
which lasted only 10 nanoseconds, were much 
too short to cause vaporization of electrode 
material. 

The discovery of such electrode-erosion 
processes could have a bearing on certain 
studies of controlled thermonuclear power. 
Several devices now being studied make use 
of high current discharges to heat the deu¬ 
terium plasma. Even the slightest contami¬ 
nation of this plasma by Impurities can cause 
an intolerably high loss of thermal energy 
through radiation by the contaminating mate¬ 
rial. Contaminating material could be intro¬ 
duced into the plasma by electrode erosion 
caused by electron overpressure. 

electronics 
IMPEDANCE LOADING—A METHOD OF CONTROLLING 
SCATTERED ELECTROMAGNETIC FIELDS 

Whenever an electromagnetic wave strikes 
a conducting object, currents are Induced on 
the surface of the object, and these currents 
radiate, maintaining distant fields much as 
though the object were a transmitting antenna. 
These fields that are maintained by the induced 
currents are called scattered fields, their 
quantitative measure is called the scattering 
cross section of the object, and is defined by 

T($,6) = lim 4 irr 
r —eo I £ inc 

where E inc is the incident electric field at 
the object, Es is the far-zone scattered field, 
and r indicates distance from the scatterer. 

The fields which are indiscriminately scat¬ 
tered by metallic objects are nearly always 
undesirable, and many attempts have been 
made to find methods for controlling them. 
One new and promising method which has 
recently been investigated by AFCRL is 
"impedance loading." At low frequencies, 
the currents in various branches of a con¬ 
ventional circuit are controlled by the branch 
impedances. Similarly, at microwave fre¬ 

quencies, the equivalent of small lumped 
loading impedances may be placed in the 
surface of the scatterer. These impedances 
act as Thevenin generators, maintaining 
currents that are proportional in phase and 
amplitude to the load impedance and the cur¬ 
rent induced at the load. The total scattered 
field of an impedance-loaded scatterer is 
partially due to the undisturbed current 
induced on the object, and partially due to the 
redistributed current maintained by the load, 
so that 

Es (0,<f>)= E0(M» + z^z—» 

where E s is the total scattered field, E0 is 
that part of the field due to the unloaded 
scatterer, and E! is that part of the field due 
to the load. Z is the load impedance and Za 
is the antenna impedance — the input im¬ 
pedance if the object is driven as an antenna 
with driving-point terminals Identical to the 
loading terminals. Clearly, if the load im¬ 
pedance is adjusted until 

Ej (0,4» Z +Za = “E0 (0,^), 



the scattered field will vanish. 

These ideas have been applied to a number 
of objects, such as thin rods, thick rods, 
flat plates, spheres and polyhedra, and the 
results Indicate that the scattering can gen¬ 
erally be reduced by at least 15-20 db from 
that of the unloaded object. At microwave 
frequencies, the actual loading impedance 
may take many forms such as a cavity- 
backed aperture, a small antenna, or even 
conventional coils and capacitors. 

Figure 1. Backscatter cross section from im¬ 
pedance-loaded and unloaded metal rod. 

Typical results that can be obtained from 
a short thick rod are shown in Figure 1. 
In this case, the load Impedance was a cavity- 
backed ring aperture at the center of the rod. 
The rod was approximately A/2 in length and 
A/4 in diameter, and the incident electric 
field was polarized parallel to the rod axis. 

In Figure 1, backscatter cross sections in the 
broadside directions have been reduced by 
about 30 db with loading. 

Figure 2 illustrates the reduction obtained 
at normal incidence to planar surface con¬ 
sisting of a set of small square plates con¬ 
nected with a network of conventional coils 
and capacitors. 

Many additional details and results are 
discussed in references (1) and (2), and in 
the bibliography of reference (1). 
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Figure 2. Backscatter from impedance-loaded and 
unloaded square plates (from Flood, 
D. P. and J. C. Field, Final Report, 
"Experimental Study of the Back- 
scattering from Conducting Objects in 
the Range of One Quarter to One Wave 
Length in Size," Andrew Alford Con¬ 
sulting Engineers, Contract AF 
/9 [628 ] 2456, AFCRL 64-541, April 
1964). 



electronics 

PHONONS, MAGNONS AND COUPLED 
TRANSMISSION LINES 

A new insight into magnetic-wave propa¬ 
gation in single-crystal materials has been 
provided by James C. Sethares of AFCRL. 
His model involves a coupling process between 
the magnetic and acoustic waves in an ener¬ 
gized ferrite crystal. Essentially, the model 
provides a more convenient mathematical 
method for calculating the energy density of 
magnetic waves. 

The quantum terms for magnetic and 
acoustic waves are magnons and phonons, 
respectively. Only microwave magnons and 
phonons, having wave lengths on the order of 
1 to 10,000 angstrom units, are of interest 
in the Sethares study. When magnon and 
phonon waves are of equal length, energy 
exchange between them is possible. Because 
of the small wave lengths involved, a very 
large number can be accommodated in a 
single-crystal specimen an inch or so long. 
The crystal can thus be considered a trans¬ 
mission line. Propagation conditions of mag¬ 
nons and phonons in the crystal are found to 
be similar to those encountered in coupled 
transmission-line theory. Coupling exists 
when power can be transferred from one line 
to another. 

The Sethares model consists of two coupled 
transmission lines, one for the magnon mode, 
the other for a phonon mode. This model is be¬ 
lieved to be the first of its kind. Its unique fea¬ 
ture lies in the choice ofvariables used to de¬ 
scribe magnon-wave propagation, which are 
chosen in analogy to those for phonon-wave 
propagation. Phonon waves are generally 
described by force and velocity fields, pro¬ 

portional, respectively, to spatial and tem¬ 
poral derivatives of displacement. The 
product gives the energy density carried by 
the phonon. 

Magnon waves may also be described by 
two vector fields, proportional, respectively, 
to spatial and temporal derivatives of mag¬ 
netization. The product of the fields gives 
the energy density carried by the magnon. 
Voltage and current along the transmission 
linea are taken to be proportional to the spa¬ 
tial and temporal derivatives of magnetization 
and displacement. Distributed Inductive and 
capacitive coupling may exist between lines. 

One of the benefits of the model is that 
it permits the microwave physicist to draw 
from known results of coupled transmission- 
line theory, and to apply these known results 
to the prediction of new magnetoacoustic 
phenomena. 

The generation, detection, amplification, 
control, and propagation of magnons and 
phonons is a relatively new and rapidly 
evolving field of Investigation. The Air Force 
physicist working in this field enjoys the best 
of the two worlds of science and technology. 
As a scientist, he finds himself in a relatively 
uncrowded field with new analytical techniques 
for exploring the internal forces and energies 
of matter in the solid state. But he also sees 
ready Air Force application of the new knowl¬ 
edge to electronic devices and equipments. 
The work has high potential for improved 
delay lines, pulse compressors, and for 
the generation of coherent radio energy well 
beyond the 50-gHz range. 

ion implantation: electronics 
A NEW SEMICONDUCTOR PROCESSING TECHNIQUE 

The objective of the ion-implantation- 
research effort is to determine the feasi¬ 
bility of implanting energetic ions (30 KeV to 
3 MeV) into semiconductors for the purpose 
of doping or otherwise controlling the prop¬ 
erties of these materials. The results of 

these studies, if completely successful, hold 
vast potential in the development of new 
solid-state devices, new device principles, 
and new manufacturing techniques of con¬ 
siderable Importance to the Air Force. 

During the past year, the work of R, Dolan 
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and S. Roosild of AFCRL has been devoted to 
the problem of introducing the common im¬ 
purity dopants into silicon and other semi¬ 
conductors via high-energy ion-implantation 
techniques. The majo: evaluating factor for 
successful implantation has been the electri¬ 
cal properties of the p-n junctions so formed. 
Boron and phosphorus ions have been intro¬ 
duced substltutionally into the silicon lattice 
to form highly satisfactory p-n and n-p 
junction diodes; i.e., they are comparable in 
electrical characteristics to those obtained 
by conventional diffusion methods. The suc¬ 
cess so far achieved with this technique in 
the case of silicon makes more attractive 
the feasibility of forming p-n junctions in 
higher-band-gap semiconductors with their 
greater tolerance of high temperatures. 

To prove out the above techniques, an 
attempt was made to determine the feasi¬ 
bility of using the ion-implantation technique 
to make an active semiconductor device. 
Utilizing the design- and device-making fa¬ 
cilities of AFCRL and the ion-implantation 
facilities of the Ion Physics Corporation, 
a prototype field-effect transistor was fab¬ 
ricated. The electrical characteristics of 
the device were encouraging enough to es- 

Figure 1. A layer of nitrogen 1.5 microns wide 

implanted in silicon 2.5 microns below 

the surface. 

tablish this as a feasible technique for making 
active semiconductor devices. The improved 
lateral resolution made possible with this 
technique will be useful in the development of 
higher-frequency semiconductor devices. 

Recently, on a wholly in-house basis, 
nitrogen was successfully implanted into 
silicon. Although it has long been known that 
nitrogen should be a dopant in silicon, this is 
the first time an experimental doping has been 
accomplished. 

electronics 
THE GAS LASER 

CHALLENGER FOR SUBMILLIMETER-WAVE GENERATION 

The submillimeter region (300 to 3000 
GHz) of the electromagnetic spectrum has 
long eluded researchers. Efforts to scale 
down microwave devices to accommodate 
these shorter wave lengths have been dis¬ 
appointing in that wave guides become mere 
capillary tubes limited by short lifetimes, 
low-output power levels, and high costs. 
Other ways of generating submillimeter 
waves, including backward-wave oscillators, 
masers, nonlinear resistive-inductive-capa- 
cltive and ferromagnetic devices, and rela¬ 
tivistic electron sources have shown prom¬ 
ise, but none of these has met the challenge. 
Our brightest hope for the eventual genera¬ 
tion of radiation throughout the far infrared 

at significant power levels lies with the gas 
laser. 

At the present time, it is known that a 
small number of gases, mainly organic, 
will lase in the 100 to 400-micron range. 
In fact, many lasing lines are known for 
water vapor (Fig. 1) and various amines. 
Professor Paul D. Coleman is conducting 
extensive research on gas lasers at the 
University of Illinois, under an AFOSR grant. 
He has recently reported experimental re¬ 
sults on a water-vapor gas laser operating 
at 118 microns wave length. It consists of a 
4-inch-dlameter, 2-meter-focal-length mir¬ 
ror resonator system, with a mirror spacing 
of 3.75 meters. Each half of the gas discharge 
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was pulsed with a separate modulator capable 
of delivering up to 8 kilovolts at 300 amperes 
in a 5-microsecond pulse at repetition rates 
from 50 to 500per second. Typical peak power 
outputs at 1-mm Hg pressure and 3-amps- 
per-cm2 current density were In excess of 
3 milliwatts. This device, shown in Fig. 2, 
was used to confirm much of the data in 
Fig. 1, and will soon be used to study gases 
and gas mixtures that will yield lasing lines 
throughout the "forbidden" region. 

It is firmly believed that gas-laser work 
of this type will, at long last, open up the 
last frontier of the electromagnetic spectrum 
for research and application. With line 
sources at the watt level, sufficient power 
is now available for precision spectroscopy 
of materials, and detector and transmission 
studies. Recent results on CO2 lasers at 
10.6 microns, where average powers in 
excess of 200 watts have been reported, 
lead one to believe that further work on 
far-infrared lasers will yield substantially 
more output. 
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electronic» 
PROGRESS TOWARD HIGH-POWER, 
HIGH-FREQUENCY LASERS 

The production of Intense, coherent light 
through the optical and higher ranges is 
potentially of great military value in such 
applications as, for example, secure com¬ 
munications and weapons systems. While 
considerable success has been achieved using 
laser techniques to generate light at the red 
end of the spectrum, theory and experience 
indicate a very rapid decrease in the effi¬ 
ciency of laser devices toward the violet end 
of the visible spectrum. 

An alternative means to direct production 
of the higher optical frequencies, which can 
yield considerably greater efficiencies in 
this range, is the conversion of efficiently 
produced laser Ught to twice its frequency by 
the techniques of nonlinear optics. Second- 
harmonic generation has received much sci¬ 
entific attention; and high conversion efficien¬ 
cies (about 50%) have been achieved by this 
method, in terms of output power/input power. 
There have, however, been some short¬ 
comings, in practical terms, because of the 
extremely critical orientation required to 
achieve the "phase matching" necessary for 
full efficiency. The useful materials are 
severely limited to those that combine the 

necessary properties. 
The approach taken i>y Dr. Charles 

•Naiman, of Mithras, Inc., in a research pro¬ 
gram sponsored by AFOSR, has been to utilize 
controlled absorptions in the harmonic¬ 
generating material to Increase efficiency 
under much less stringent conditions than 
necessary with perfectly transparent mate¬ 
rials. Though it has been widely believed 
that the losses in absorbing media would 
inevitably overcome any attainable Increase 
in the efficiency of second-! tarmonic genera¬ 
tion, specific conditions have been derived 
for which this is not the case. Consider a 
crystal lacking inversion symmetry and doped 
with metal ions. A weak breakdown of parity, 
such as that which makes intraconfiguration 
transitions possible in rare-earth ions, can 
lead simultaneously to high nonlinearities and 
week absorptions. Numerical estimates indi¬ 
cate the strength of the second harmonic to be 
over 1,000 times that of KDP. with absorption 
coefficients less than 1 cm“*. Efficient con¬ 
version is anticipated at low incident-power 
level s (several kilowatts), with small crystals 
(about 1 mm) and with less critical phase¬ 
matching conditions. 

electronics 
HOLOGRAPHIC DIFFRACTION GRATINGS—PROGRESS 
TOWARD THREE-DIMENSIONAL IMAGERY 

The distribution of reflected electromag¬ 
netic energy over some plane in space is a 
unique description of the scene which reflects 
that energy. Thus, if one has knowledge of 
such a distribution, he also has knowledge of 
the scene which created it. This phenomenon 
is especially apparent at optical frequencies; 
e.g., in photography, we can record infor¬ 
mation about the scene by using a camera 
lens to transform a portion of the field 
information into an image. However, photog¬ 
raphy involves the recording of amplitude 
information; phase information, which also 

arrives at the photographic-system aperture, 
is lost. 

Gabor, in 1948, showed that phase infor¬ 
mation could also be recorded on photo- 
sensitive film if it were first converted to 
amplitude Information via its interference 
with a reference field of known wave shape. 
Since interference is a result of an inter¬ 
action between coherent fields, such a con¬ 
version requires that both the reference 
field and the scene illuminator be coherent 
sources (laser beams). A photograph (trans¬ 
parency) of a laser-generated Interference 
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pattern is called a hologram. The scene is 
reconstructed for the viewer when the holo¬ 
gram is reilluminated by that laser frequency 
used to create it. The viewer then sees the 
recreated scene in three-dimension (real- 
life) perspective. 

Holograms today are rather crude. A better 
understanding of the holographic process 
will precede our ability to produce high- 
quality film recordings of laser-generated 
interference patterns. Professor Nicolas 
George, of the California Institute of Tech¬ 
nology, is conducting a detailed study of 
efficiency and resolution in the production 
of holograms, under an AFOSR contract. 
In this endeavor, he has recently produced 
holograms which were utilized as optical 
diffraction gratings. (1) 

The experimental apparatus used to make 
the diffraction gratings is similar to that 
reported by Leith and Upatnieks. (2) Earlier 
work on interferometric methods for the 
photographic production of gratings is re¬ 
ported by J. M. Burch and D. A. Palmer (3), 
and the principal methods for the production of 
gratings are described by G. R. Harrison. (4) 

HYDROGEN EMBRITTLEMEN' 
The catastrophic failure of high-strength 

steel parts in service has been of particular 
concern to the aircraft and aerospace industry 
for many years. Many of the failures en¬ 
countered could be attributed to "hydrogen 
embrittlement"--either as slow-strain-rate 
embrittlement (dynamic loading), or as de¬ 
layed failure (static loading). Most scientists 
and engineers have tended to classify both 
typec of embrittlement under the simple 
heading of hydrogen embrittlement, and pro¬ 
posed mechanisms resulting from investi¬ 
gations of one type have generally been ex¬ 
tended to the other. The Intent has been to 
apply one mechanism to all forms of hydrogen 
embrittlement; but the net result has been 
one of continuing controversy. 

Most workers Investigating slow-strain- 
rate embrittlement conclude that hydrogen 
atoms escape from solution and combine to 
form hydrogen gas at areas where voids or 

A wide range of grating spacings is available 
with the two-beam holographic method, as both 
the wave length and the angular separation 
of the two beams can be changed. The grating 
spacing, or distance between adjacent fringes, 
is given by 

2 sin / iSin/íj+O.V 
\ 2 1 ’ l 2 / 

where 6i and d2 are the angles which beams 
(1) and (2) make with the film plate, and X is 
the wave length of the source. 

Professor George has produced gratings 
having 820 lines per mm over a 7-cmx 7-cm 
surface, using Kodak 649F high-resolution 
film plates. Two symmetrically incident 
beams having an angular separation of 30 
degrees were used. The light source used 
was a 5-mw helium-neon laser operated at 
6328A. Precautions which were taken to 
ensure satisfactory results Included spatial 
filtering of both beams, vibration and acoustic 
isolation, and minimization of the difference 
in path lengths of the two beams. 

materials research 
OF IRON AND STEEL 
low-energy interfaces (such as an Inclusion) 
exist. The gas exerts sufficient pressure 
within these cavities to cause premature 
crack propagation when relatively low levels 
of external stress are applied. However, 
those workers studying delayed failure on a 
number of materials with a variety of solutes 
in addition to hydrogen, conclude that hydrogen 
is damaging through a lattice effect. They 
found a quite-reasonable correlation between 
the strain-aging behavior and the delayed- 
failure behavior of these materials. Since 
strain aging Involves the interaction of inter¬ 
stitial solutes with dislocations, including 
upper-lower yield-point behavior, and since 
rather conclusive evidence exists for a yield 
point in iron and steel due to hydrogen, one 
further contribution to embrittlement could be 
hydrogen-dislocation interactions which favor 
crack propagation. 

The above consideration was the basis 
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chosen by Mr. A.M. Adair for an investi¬ 
gation at ARL. The significance of hydrogen- 
dislocation interactions in a zone-refined 
iron was evaluated by means of the Fetch 
relationship, <7 LY =a0 + kyd’i, where the 
lower yield stress ( aLY) is plotted versus 
the inverse square root of the grain diameter 
(d- i ). For a range of grain sizes, the result¬ 
ant plot yields two significant parameters: 
a0, which is a measure of the resistance of 
the lattice to moving dislocations, i.e., a 
lattice friction stress; and ky, which is a 
measure of the relative ease of Initiating 
macroscopic plastic deformation. 

Specimens having five different grain sizes 
were compared in each of three conditions; 
(1) cathodically charged with hydrogen; 
(2) uncharged; and (3) cathodically charged 
with hydrogen and evacuated to remove the 
hydrogen. The resulting Fetch plots are shown 
in Figure 1. Upon hydrogen charging, there is 

LOWER YIELD STRESSVS. d' 

TEST TEMP -3I*C 

a substantial reduction in the slope (ky), and 
a substantial increase in the intercept (^). 
The reduction in ky and the increase in <r0 
essentially remain when the hydrogen is 
removed. The ductility, however, is very 
dependent on the presence of hydrogen. 
Figure 2 shows the percent elongation plotted 
versus d’l (for convenience only). A signif¬ 
icant improvement in ductility results upon 
hydrogen removal, and complete recovery of 
ductility is experienced by the two finest 
grain sizes. 

Since the parameters which reflect hydro¬ 
gen-dislocation Interactions (<t0, ky) are 
much more dependent on the fact that hydro¬ 
gen was introduced cathodically than on the 
very presence of hydrogen, and since the 
opposite is true for the ductility, any con¬ 
tribution to embrittlement by hydrogen-dis¬ 
location Interactions is a very minor effect. 

UNCHARGED 

HYDROGEN CHARGED 

— HYDROGEN CHARGED 

S EVACUATED 

-t- 

2 3 4 
• -I 

d • mm « 
Figure 1. Lower yield stress versus dm,/l. 
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These results tend to support the gas- 
pressure theory for slow-straln-rate em¬ 
brittlement and, in view of the excellent 
correlation between the delayed-failure be¬ 
havior of the variety of materials studied 
and a mechanism based on lattice effects, 
these results further suggest that the delayed- 

ENHANCED DIFFUSION 
Many of the problems presented to today's 

materials scientist are the direct result of 
the high-temperature requirements of modern 
technology. Ceramic materials, especially 
the purer two-component metal oxides, are 
the logical ones to satisfy these require¬ 
ments. The entire fabrication process of the 
ceramic materials—including such factors 
as powder purity, particle size, compaction 
process, sintering temperature and time — 

failure process and the slow-strain-rate 
embrittlement process are different in kind 
rather than in degree. This seems reasonable 
since slow-strain-rate embrittlement results 
after relatively large amounts of plastic 
strain, whereas delayed-failure generally 
does not. 

materials research 
is secondary only to the material itself in 
determining the physical properties of the 
finished piece. In most ceramics the bonding 
of the grains at high temperature to form 
a dense, strong compact requires the move¬ 
ment of both the positive and negative ions. 
Since these species generally move at quite 
different rates, the entire process will be 
limited to the rate of the slower species. 

The recent literature has presented some 
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evidence that the movement of this rate- 
determining ion may be enhanced in the 
region of material adjacent to grain bounda¬ 
ries. An early diffusion study (Laurent and 
Bénard) on alkali halides indicated that the 
rate of the slower-moving species could be 
increased by orders of magnitude simply by 
decreasing the particle size to the micron 
range. Unfortunately, evidence that such 
enhancement is possible for the high-tem- 
perature metal oxides has been limited to 
a very small number of indirect measure¬ 
ments (Paladino and Coble); e.g., measure¬ 
ments such as creep rate on fine-particle- 
size compacts, where the rate-determining 
ion appears to be the normally faster ion, 
indirectly indicates that the other ion is now 
moving faster. In addition, no independent 
experimental work had been presented to 
substantiate the early work on the alkali 
halides. Therefore, it was with the dual 
purpose of independently verifying the dif¬ 
fusion results for the alkali halides, and of 
substantiating the over-all theory of enhanced 
diffusion, that Doctors H. C. Graham and 
N. M. Tallan of ARL undertook the study of 
the electrical conductivity of sodium chloride 
as a function of particle size. Since it is well 
established that material transport in sodium 
chloride occurs by the movement of the same 
charged species which are responsible for 
its electrical conductivity, the establishment 

STABILITY OF UNIFORM ELI 
Magnetofluld-dynamlc and electrical devices 
that use high-temper ature gases to conduct 
current are usually designed on the assump¬ 
tion that their current fields are uniformly 
distributed over the electrodes. However, 
the electrical conductivity of a gas increases 
with temperature, so that a local increase in 
temperature produces increased ohmic heat¬ 
ing, which again increases the gas temper¬ 
ature. Current fields in high-temperature 
gases may consequently be unstable, which 
could result in damage or reduced perform¬ 
ance. 

With this problem in mind, Mr. K. R. 
Cramer of ARL's Thermomechanics Re- 

of an enhancement in conductivity would 
verify the diffusivity results. 

The positive-ion conductivity (the normally 
faster moving species) did not vary with 
a change in the particle size. However, the 
negative ion showed an increase in its con¬ 
ductivity directly proportional to the decrease 
in particle size. In addition, for particle sizes 
in the micron range, the magnitude of the 
negative-ion conductivity was greater than 
the positive ion's. Therefore, the results 
completely supported the diffusion work and 
the theory of enhanced diffusion in the grain¬ 
boundary region. 

There is now little doubt that the ion which 
is normally found to be the slower-moving 
species can make a major contribution to 
mass or charge transport in polycrystalline 
ceramic materials and, in fact, can even 
become the faster-moving species in ultra- 
fine grained ceramics. Consequently, the 
mechanism of the enhanced movement in the 
grain-boundary region must receive in¬ 
creased study. Without such further clari¬ 
fication of this phenomenon, it may be im¬ 
possible to make significant progress towards 
the goal of being able to accurately predict 
and control essential fabrication processes, 
and thereby fill the gap in materials for 
use at high temperatures in oxidizing atmos¬ 
pheres. 

mechanics 
TRICAL-CURRENT FIELDS 
search Laboratory has conducted an in-house 
theoretical study on the stability of current 
field in a nonflowing gas. The results demon¬ 
strated that uniform current fields in con¬ 
tinuum gases are unstable for small temper¬ 
ature disturbances, and that current filaments 
will be formed between electrodes. Filament 
half widths were estimated to be very small 
and not strongly dependent on their peak 
temperatures, responding to voltage changes 
in less than a microsecond. The formation of 
numerous shorting filaments between adjacent 
electrodes in magnetohydrodynamlc (MHD) 
Hall devices was suggested as the cause of 
Hall potential losses. 
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This research has application in the area of 
MHD generators, Hall accelerators, and 
other devices using large electrode surfaces 
in which local phenomena sometimes cause 
problems that field equations cannot describe. 

Cramer's work has indicated controlling 
parameters and operating ranges, and gives 
an insight into what might be done to avoid 
interaction between, and erosion of, elec¬ 
trodes. 

RESEARCH IN PLASMA TECHNOLOGY mechanics 

At present, the only means available for 
producing continuous plasma streams of 
very high temperatures and energy densities 
is the electric-arc discharge. As an electri¬ 
cal "gaseous heating element" through its 
thermal and magnetic properties, it finds 
many applications in aerospace systems for 
re-entry simulation, for space propulsion, 
and for the generation of high-intensity 
radiation. The attainable temperature of the 
column of an arc discharge depends pri¬ 
marily on the rate of heat transfer to its 
environment, and thus on the mechanism of 
this heat-transfer process. 

These processes are being studied at the 
Aerospace Research Laboratories under an 
integrated in-house and extramural research 
program, supplemented by thesis studies of 
students at the Air Force Institute of Tech¬ 
nology. 

In some design configurations of arc¬ 
heating devices, the electric arc is drawn 
between concentric ring electrodes and moved 
at high speed over the electrode surface by 
means of an externally applied magnetic 
field. This configuration alleviates many of 
the electrode problems caused by the ex¬ 
tremely high heat loads at the electrode sur¬ 
faces. In such a moving-arc system, the 
gas to be heated contacts the arc column in a 
direction normal to its axis. However, little 
is known of the associated heat-transfer 
mechanism and the flow around the arc 
column; correspondingly, it is not possible 
to assess and to predict the heating potential 
of arc columns in transverse gas flow, unless 
details of flow and heat transfer are known. 

Therefore, for several years, studies of 
arcs in cross flow have been conducted at 
ARL. Greer, Eckenroth, James, and Roman 
have investigated magnetically driven arcs 
between concentric ring electrodes. Roman 
has also studied the motion of such arcs 

along parallel rail electrodes. James, Roman, 
Schrade, Weichel, and Gianotta have studied 
arc motion at very low pressures. Most of 
these studies have yielded information on 
the arc velocity as a function of arc current, 
magnetic-field strength, electrode geometry 
and gas properties. Also, very interesting 
information was obtained on the shape of the 
discharge and the motion of the electrode 
attachment points. 

Figure 1 shows a typical sequence of 
high-speed motion pictures of an arc moving 
in air of one atmosphere pressure over 
parallel rail electrodes under the influence 
of an external transverse magnetic field. 
From the photographs and the diagram, which 
indicates the arc spot movement as a function 
of time, one may observe the following: 
(a) the arc column appears as an amorphous 
plasma cloud without apparent structure, its 
shape varying considerably over the path of 
travel; (b) the arc attachment points or 
electrode spots move discontinuously in ran¬ 
dom "jumps" over the electrode surface. 
Sometimes they may even move in a back¬ 
ward direction; and sometimes two or more 
spots seem to exist simultaneously. Although 
these moving-arc studies have yielded very 
interesting results, none of them have pro¬ 
vided any insight into the mechanism of heat 
transfer from the arc to the environment. 
Its aerodynamic properties could be repre¬ 
sented by a "drag coefficient"; however, in 
view of the considerable uncertainties with 
regard to the definition of a characteristic 
arc dimension, and specifically with regard 
to the problem as to whether or not an arc 
column is transparent to the oncoming gas 
flow, such drag coefficients will have limited 
application. 

In order to gain a better understanding of 
the energy-exchange process, a different 
approach was initiated. Instead of studying 
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moving arcs in stagnant gas, stationary arcs 
in moving-gas streams were Investigated. 
In this case, the Lorentz forces generated by 
the external magnetic field were adjusted to 
balance the aerodynamic "drag" of the arc 
column. This approach yielded better-defined 
arc columns, and permitted the application 
of simpler diagnostic techniques. A study of 
such a magnetically balanced arc in super¬ 
sonic flow, conducted at the University of 
Michigan (Bond), has proved the feasibility 
of stabilizing an arc, even in very-high-flow 
velocities. Surprisingly, it was found that 
an arc column drawn between straight rail 
electrodes aligned parellel to the direction 
of flow assumes a slanted position, with the 
slant angle being nearly equal to the Mach 
angle of the flow. 

A subsequent study at ARL by Dr. WardC. 
Roman was designed to obtain detailed in¬ 
formation on the distribution of the thermal 
and kinetic energy in the Immediate vicinity 
of the arc column. In this experiment, a 
spatially well-defined arc column, positioned 

normal to the flow of a subsonic wind tunnel 
was balanced by the Lorentz forces of aii 
adjustable external magnetic field (Figure 2). 
Through miniaturized total-pressure and en¬ 
thalpy probes, the velocity and temperature 
fields beside and behind the arc column were 
measured for various gas velocities, 
balancing magnetic-field strengths, and arc 
current. The following interesting and partly 
unexpected results were obtained: 

(1) the arc column behaved like a solid 
aerodynamic drag body, impervious to the 
gas flow. 

(2) the shape of the cross section of the 
discharge changed from an initially circular 
geometry, for zero gas flow and magnetic 
field, to a relatively flat, nearly elliptical 
geometry for finite gas flow and magnetic 
field. The major axis of the ellipse was always 
aligned perpendicular to the flow direction; 
the major-to-minor-axis ratio increased with 
increasing flow velocity and magnetic-field 
strength. The calculated drag coefficients 
when based on the initial ¿rc diameter’ 
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Figure 2. Arc in transverse flow. 

appeared unreasonably high; when based on 
the actual arc dimension, they were in close 
agreement with those of solid cylinders. Fig¬ 
ure 3 shows qualitatively a velocity profile 
as measured in a plane 1/4 inch behind the 
arc column. Also shown are some boundaries 
of the wake as a function of the arc current; 
and shown for comparison is the wake 
boundary of a cold solid cylinder of equivalent 
dimension. 

Qualitatively, this arc behavior may be 
explained by the existence of a dual vortex 
flow system within the arc column; such a 
system may be generated by a magnetically 
induced pumping process as was found and 
explained under a study of arc retrograde 
motion by Schrade (see OAR Progress 'fis, 
P. 46). Further experiments are being pre-* 
pared to determine the flow pattern within 
the column of the arc proper. 

This work provides insight into the basic 
energy-exchange processes between electric- 
arc columns and gas flow moving trans¬ 

versely to the axis of the discharge; it also 
gives important information on the motion 
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Figure 3. Velocity field behind arc. 
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of the arc columns and the electrode attach¬ 
ment points under the Influence of magnetic 
fields. It therefore is relevant to many 
problems of the design and operation of arc 
heaters operating at elevated pressures, such 
as are used in advanced re-entry simulation 
facilities in various laboratories of the De¬ 
partment of Defense and the National Aero¬ 
nautics and Space Administration. 

REFLECTION OF A SHOCK V 

A strong shock wave is an example of a 
rarefied flow, in that a gas exhibits its 
molecular character when it passes through a 
strong shock. For this reason, strong shock 
waves can be valuable tools for investigating 
the validity of the various mathematical 
models used to approximate real gases in 
rarefied flows. Accurate experiments on the 
internal structure of strong shock waves 
have been made possible by the construction 
of low-density shock tubes, such as the 17- 
inch shock tube at FJSRL. The most signifi¬ 
cant measurements have been made by in¬ 
strumenting the shock-tube end wall and 

Present efforts at ARL are concerned with 
extending these Investigations to much higher 
pressure levels ranging as high as 1,000 atm. 
Studies of the radiative properties and elec¬ 
trode phenomena of high-pressure arc dis¬ 
charges are expected to yield results directly 
applicable to future high-performance arc 
heaters and high-intensity radiation sources 
for re-entry simulation and materials testing. 

mechanics 
VE IN A SHOCK TUBE 

measuring conditions, such as the normal 
stress and heat-transfer rate, when the 
shock wave is reflected from the end wall. 
These experimental data may be compared 
with theoretical solutions of the same shock 
reflection for a critical examination of the 
mathematical models. 

Analysis of the shock-reflection problem 
for two popular fluid models has been under¬ 
taken by Dr. J. S. Petty of ARL. The first 
model to be studied was the continuum-fluid 
model as described by the well-known Navier- 
Stokes equations in which the gas is assumed 
to be continuous in character, rather than 

END-WALL P,,* HISTORY ; ARGON 

Figure 1. 
Numerical analysis of the shock- reflection problem for the continuum- fluid model described 

by the Navier- Stokes equations compared with experimental results. 
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molecular, and molecular effects, such as 
slip at solid boundaries, are either sup¬ 
pressed or Introduced purely as assump¬ 
tions. The continuum equations have been 
solved numerically, using an IBM 7094, and 
the results have been shown to be qualitatively 
similar to experimental results obtained at 
the California Institute of Technology. A 
sample of these results is shown in Figurei. 
Quantitative agreement was not expected since 

molecular effects, which were known to be 
physically important, were suppressed in the 
continuum model. 

At present, the numerical solution of a 
kinetic theoretical model is under way. In 
this model, the molecular character of the 
gas is retained, and the results are therefore 
expected to be more accurate representations 
of reality. 

AERODYNAMIC CONTROL SURFACES FOR 
mechanics 

VERY-HIGH-SPEED VEHICLES 

A study of the effect of aerodynamic control 
surfaces on hypersonic vehicles has been 
conducted at ARL by Major John P. Thomas. 
The investigation encompassed various fin 
configurations mounted on the same body. 
Need for this type of work becomes apparent 
when one realizes that the next generation of 
re-entry vehicles will be lifting configura¬ 
tions with aerodynamic controls, and that the 
United States Air Force will be flying air¬ 
craft in the same speed range (see drawing. 
Figure 1) within the near future. Knowledge 
is required of the changes in flow patterns, 
pressures, and heating on the vehicle caused 
by the movement of the control surfaces. 

Experimental as well as analytical work 
has been accomplished in the study. The 
experimental investigation was conducted in 
one of ARL’s hypersonic wind tunnels, with 
resulting flow-visualization and pressure 
measurements. During the analytical portion 
of the study, prediction of the pressure field 
on the body was successfully completed. 
Once the pressure fieíú has been predicted, 
the skin friction and body heating may be 
mathematically approximated. With this in¬ 
formation, the aerospace designer will have 
the ability to determine the effect of a moving 
control surface on a high-speed vehicle. The 
interrelationship between the flows around 
the control surface and the body plays an 
important part in the over-all effect of the 
control surface. It is not possible to describe 
one flow without the other because of the 
intermesh of the flow patterns. 

The experimental and analytical investiga¬ 
tions are continuing with different aerody¬ 
namic configurations applicable to the high¬ 
speed flight regime. The shape and degree 
of leading-edge bluntness of the control 
surfaces have a marked effect on the final 
outcome of the flow pattern around the vehicle. 
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NOSE-BLUNTNESS EFFECTS ON DYNAMIC STABILITY 

The delivery of a given pay load to a 
prescribed location is the final mission 
objective of all missile systems. The attain¬ 
ment of this objective requires that the 
system be capable of correcting any deviation 
from the planned trajectory during all phases 
of its flight. With particular reference to the 
vehicle's performance in the atmosphere, 
completion of the mission demands that the 
configuration be statically and dynamically 
stable. At the same time, however, the 
vehicle must be provided with some means 
for accommodating the severe aerodynamic 
heating which it encounters during re-entry. 
This can be accomplished by several tech¬ 
niques, one of which is blunting the nose of 
the missile. Although this method alleviates 
the heating, it sufficiently alters the flow 
field around the vehicle to create another 
problem — the corresponding change in the 
pressure distribution is destabilizing. 

The effect of marked nose bluntness on the 
stability of slender cones has recently been 
theoretically studied at ARL by Lt Brian 
Quinn. The analysis Involved perturbing the 
blast wave-piston analogy enunciated almost 
10 years ago by G. G. Chernyi of the Soviet 
Union. This analogy recognizes the similarity 
between the hypersonic flow over a blunt 
cone and the motion of a toroidal slug of gas 
which is bounded externally by an explosion's 
shock wave, and Internally by a piston which 
is simultaneously compressing the gas. The 
analogy is mathematically formalized by 
means of the equivalence principle, and by 
equating the energy released by the explosion 
to the work done by the vehicle's nose drag 
in moving a unit distance. 

By approximating the perturbed quantities 
with power series, it turns out that the 
perturbation pressure is the sum of two 

components -- one which is In phase with the 
pitching motion of the vehicle, and another 
which lags this motion by 90 degrees. 

An expression for the pitching moment 
follows directly from the pressure distribu¬ 
tion. In the adjoining figure, where 1 is the 
ratio of the nose radius to the base radius, 
and 6 is the half angle of the cone, values of 
the static Cmo, and dynamic Cmq f Cm¿, 
stability derivatives from some recent ARL 
experiments, are compared with the results 
of the analysis. 

Figure 1. Dynamic-stability coefficient plotted 

against nose-bluntness ratio. 
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TOP PLATE 

BARREL 

HYPERVELOCITY LAUNCHING RESEARCH 

The ballistic range, because of Its ability 
to accelerate a known aerodynamic shape to 
an accurately known velocity in a variety of 
atmospheres and conditions, has been used 
successfully for many years to investigate 
hypersonic phenomena. The range can be 
utilized for hypervelocity-impact research 
and, as such, has been particularly useful in 
dealing with meteorite Impact and its military 
counterpart in antimissile defense problems. 
A very large effort has been expended to 
Increase the velocity capability of these 
devices. Propellant-driven guns were limited 
to velocities of the order of 8,000 to 10,000 
feet per second. Later, they were superseded 
by light-gas guns which produced velocities 
up to 15,000 to 20,000 feet per second. Finally, 
by multiple-staging, light-gas guns could 
produce velocities up to about 30,000 feet 
per second. This performance barrier is 
unfortunate, since velocities of Interest for 
many space-research problems extend pres¬ 
ently to 50,000 to 60,000 feet per second, 
and the velocities of interest are expected to 
increase in the foreseeable future. 

- IIKTAIMING NUT 

CHAM OF II BLOCK 

EXPLOSIVE LINER 

B'INCII DIAMETER 
HEMISPHERICAL CAVITY 

The problem in extending the velocity 
limit is that the pressures and temperatures 
that can be produced and contained in a 
laboratory apparatus are limited. In 1959, 
Dr. 1.1. Glass, of the Institute for Aerospace 
Studies, University of Toronto, suggested 
that this problem could be overcome by using 
spherical Imploding waves Instead of the 
planar waves that are the basis of most of 
the existing launchers. With partial support 
from ARL, the Institute designed and b"Ut 
an implosion-driven hypervelocity launcher. 
The launcher, designed about the concept of 
using spherical imploding waves, is shown 
in Figure 1. 

T he principle of operation of such a launcher 
can be explained briefly, as follows. The 
gaseous mixture is Ignited at the origin with 
sufficient violence to generate a detonation 
wave in the gas. The detonation wave propa- 

Figure 1. I mplo s ion-driven hypervelocity 

launcher o( the University of Toronto’s 

Institute for Aerospace Studies. 

gates outward spherically and reflects from 
the surface of the explosive, igniting it 
Instantaneously and uniformly over its en¬ 
tirety, and generating an explosively driven 
imploding shock wave. This shock wave 
converges toward the center, increasing in 
strength as it approaches the origin. On 
reflection, it leaves a very high-pressure 
and high-temperature gas which overloads 
and bursts the diaphragm. The gas acting on 
the base of the projectile accelerates it 
along the barrel. 

Preliminary experiments with 22-caliber 
models have demonstrated the feasibility of 
the Imploding spherical-shock-wave prin¬ 
ciple. Velocities in excess of 7,000 feet per 
second were obtained. Several experiments, 
using small amounts of solid explosives in 
very thin layers, have been run, and veloci¬ 
ties of 15,000 feet per second have been 
obtained. Further runs, using a larger (5/16- 
inch-diameter) projectile, have produced vel¬ 
ocities up to 18,000 feet per second. Extra¬ 
polation to much larger models, and to veloci¬ 
ties above 50,000 feet per second, is now 
considered to be well within the realm of 
current technology. The University of Toronto 
is continuing this work with the construction 
of a larger-bore hypervelocity gun, capable 
of launching 1-inch-diameter aerodynamic 
models. 
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AN IN-HOUSE FACILITY FOR 
SUPERSONIC-COMBUSTION SIMULATION 

It is generally recognized that supersonic 
combustion offers a strong potential as a 
propulsion mode for ramjet operation at 
hypersonic flight speeds—resulting in the 
vehicles now referred to as Scramjets. It is 
also widely recognized that extensive studies 
in ground-test facilities are necessary if 
this new and promising technology is to 
advance rapidly. Existing test facilities are 
not capable of providing continuously the 
very-high-enthalpy test conditions required 
for complete duplication ofthe flight environ¬ 
ment at the upper Mach numbers of interest. 
Continuous-type test facilities—those pro¬ 
viding seconds as opposed to milliseconds 
of test time—are required for the investi¬ 
gation of a number of time-dependent aspects 
of supersonic combustion. In order to provide 
this type of facility within the present state 
of the art, it is necessary to consider separate 

investigations of combustor and inlet prob¬ 
lems, and also even then to simulate, rather 
than fully duplicate, all parameters. 

An Investigation of the problem of devel¬ 
oping a ground-test facility for supersonic- 
combustion studies was undertaken at the 
Aerospace Research Laboratories in mid- 
1965 under the direction of Mr. E.G. Johnson 
and Dr. R. G. Dunn. The investigation was 
composed of two separate studies: one to 
determine what parameters need to be du¬ 
plicated in the combustion chamber, and 
the other to determine the feasibility of 
utilizing the major components of one of 
ARL's hypersonic wind tunnels for super¬ 
sonic-combustion investigations. 

The study of parameter-duplication re¬ 
quirements resulted in a type of simulation 
in which the Mach number in the combustor 
is not an important parameter, as is the case 

284-192 O-67-f 

Figure 1. S uper son i c • combustion -simulation facility. 
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in the usual aerodynamic Investigation. In 
the supersonic-combustion problem as ap¬ 
plied to Scramjet, the chemical composition 
of the flowing medium, the mixing of the 
streams of fuel and air, the chemical re¬ 
actions taking place, and the reaction rates 
involved are the important factors to be 
considered. Investigation of the chemical 
aspects (composition, reactions, reaction 
rates) requires that the laboratory experi¬ 
ments be run under the same static pressure 
and temperature conditions as in the flight, 
and also that the residence time in the 
combustor be the same. The flight parameters 
not duplicated In the laboratory are the 
absolute velocities of the fuel and air streams; 
however, these velocities may be chosen such 
that the residence time in the laboratory is 
nearly the same as in flight. In this part of 
the research, a detailed Investigation was 
made to define the laboratory conditions 
which would be required for adequate sim¬ 
ulation of supersonic combustion for high- 
Mach-number flight over a wide range of 
operation. 

Once the simulation technique was estab¬ 
lished, a study was Initiated to determine 
the feasibility of using the major components 
of an existing facility to form the basic ele¬ 
ments of the supersonic-combustion-simu¬ 
lation facility. The 30-inch hypersonic wind 
tunnel was the most attractive from this 
point of view, and efforts were directed to 
the modillcation of this facility. 

Several new components were developed 
and added to the existing facility. Included in 
these components were: a hydrogen storage 
and control system, a hydrogen heater, 
a hydrogen injector, and a combustion cham¬ 
ber. The facility is primarily designed for 
using gaseous hydrogen as the fuel, but 
other fuels can easily be handled. 

The present configuration of the facility 
(Figure 1) allows simulation of the combustor 
conditions for a vehicle flying at Mach 12, 
and at an altitude of 140,000 feet. Modification 
of the hydrogen Injector will permit simula¬ 
tion over a wider Mach-number and altitude 
range. 

mechanics 
RESEARCH ON BLUNT-TRAILING-EDGE BLADES 
FOR SUPERSONIC COMPRESSORS 

In some applications, such as small gas 
turbines, direct-lift engines, and supersonic 
cruise engines, the use of a supersonic 
compressor could substantially reduce the 
cost, complexity, size and weight of the 
over-all system. The research program on 
supersonic axial-flow compressors at ARL 
is focused on the investigation of a particular 
compressor-blade design philosophy. This is 
the concept of the blunt-traillng-edge design, 
an idea which was conceived at ARL and is 
currently under investigation by ARL re¬ 
searchers. This blading concept is unique in 
that rotor blade passages of approximately 
constant area are employed to turn the flow, 
resulting in a blade having a blunt trailing 
edge. For this reason, the blade is also 
simpler to manufacture, and more rugged 
than typical supersonic blading with sharp 
trailing edges. 

The research program, under the direction 
of Mr. Elmer Johnson and 1st Lt John 
Steurer, is divided into three co-ordinated 
efforts. The results of each, over the past 
year, have been encouraging. Within ARL, 
a computer program has been developed by 
1st Lt Arthur Wennerstrom and Mr. Stavros 
Olympios to permit a better understanding of 
the complicated flow phenomena characteris¬ 
tic of blunt-tralling-edge supersonic-com¬ 
pressor blading. This program is currently 
being used to optimize blade design and to 
predict compressor performance. At the 
Arnold Engineering Development Center, 
AFSC, the 3,000-horsepower facility built 
to test the compressor rotors designed by 
ARL has become operational, and 2 rotor 
configurations have been successfully tested. 
Full-stage testing is currently being planned. 
The 3rd effort, at the von Karman Institute 
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for Fluid Dynamics in Belgium, involves an 
ARL grant to experimentally study theblunt- 
trailing-edge concept. The Institute has per¬ 
formed low- and high-speed cascade investi¬ 
gations on both rotor and stator designs. 
Performance of the 1st rotor was encouraging, 
having achieved a total pressure ratio of 2.9 

at an efficiency of 80% for a relative inlet 
Mach number of 1.4. A modified version of 
this rotor is expected to increase the effi¬ 
ciency by another 4 or 5 points. In addition, 
a blunt-tralllng-edge stator has been de¬ 
signed, and compressor stage testing, i.e., 
testing of rotor plus stator, will begin shortly. 

mechanics 
RESEARCH USING A LOW-DENSITY SHOCK TUBE 

A large multipurpose low-density shock 
tube has been constructed by the F. J. Seiler 
Research Laboratory. It is physically located 
in the Aeronautics Laboratory at the USA F 
Academy, and is gasdynamically similar to 
the low-density shock tube in place at the 
California Institute of Technology. 

The tube is 84 feet long with a 17-inch 
inside diameter. The test-section Initial 
pressure can be varied from 1/2^ Hg up to 
atmospheric pressure. Any gas or com¬ 

bination of bottled gases can be used in 
either the driver or test sections. Mach 
numbers ranging between 2 and 10 have been 
attained in argon at various initial pressures. 
A desired Mach number can be repeatedly 
attained to within 0.5%. The tube has excellent 
integrity as a vacuum vessel, with a leak rate 
of less than .01/i Hg/hour. 

The Instrument is an extremely versatile 
device for studies in real gasdynamlcs (chem- 

77 



leal kinetics, shock-associated phenomena, 
etc.) Primary interest lies in its use for 
re-entry gasdynamlcs Involving shock-wave 
structure, and shock-wave chemistry and 
gas-surface interactions. Current studies 
involve high-speed, free-molecular-flow in¬ 
strumentation, rate constants in a chemical 
kinetic study of dissociating COt, and thermal 
surface accommodation. 

One of its values to date has been its use 
as an instructive tool and research instru¬ 
ment for Air Force Academy cadets. Typical 

of such uses is that of Cadet C. M. Koliner, 
class of 1966, who conducted shock-decel¬ 
eration studies in the tube. Results showed 
that shock attenuation at the end of the test 
section is approximately 0.1% per foot, 
indicating that deceleration of the shock wave 
is a negligible problem in future re-entry 
studies. 

Many other investigations have been con¬ 
ducted by Academy cadets and faculty, and by 
FJSRL scientists, and have contributed 
greatly to the design and construction of the 
facility. 

Figure 1. F JSRL low-density shock tube in Aeronautics La borato ry, USAF Academy. 
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AERODYNAMIC TRANSONIC-FLOW PHENOMENA 

The transonic-flow regime, that is, flight 
close to the speed of sound, has presented 
investigators and designers with a varied 
array of perplexing and elusive problems. 
The theoretical difficulties are centered 
around the basic complexity (nonlinearity) 
of the governing equations, and are further 
clouded by the many different types of air¬ 
flow near airfoils and slender bodies. Experi¬ 
mental investigators have been hampered by 
large wind-tunnel interference effects, and by 
the strong boundary-layer shock-wave inter¬ 
action effects which play an important role in 
the determination of the shock position re¬ 
sulting from flight in this regime and the 
airflow downstream of the shock. 

In the past few years, analytical work in 
the area of transonic flow has been virtually 
abandoned, perhaps because of the seemingly 
insurmountable theoretical difficulties and 
the apparent success of aircraft designers in 
circumventing the problems associated with 
transonic flow. Experimental efforts by var¬ 
ious researchers have demonstrated, how¬ 
ever, the important role of transonic flow in 
the design of efficient airfoil sections and 
swept-wing configurations for high-subsonic 
and supersonic aircraft. An adequate trans¬ 

onic theory would thus lend valuable insight 
into these problems, and aid in the continuing 
quest for reduced airplane drag and subse¬ 
quent higher speeds. 

At the Massachusetts Institute of Tech¬ 
nology, under the direction of Professor M. T. 
Landahl, and supported by AFOSR, Dr. P. E. 
Rubbert has developed a general method of 
solving nonlinear partial differential equa¬ 
tions, and has applied it to the problem of 
transonic flow. The resulting analysis is 
general on nonlinear transonic flows. The 
theory exhibits all the general features com¬ 
monly observed in transonic flow, and reduces 
to those of the familiar linear theory outside 
the transonic regions. In addition, the mathe¬ 
matical technique has since been used suc¬ 
cessfully by others, and should be very use¬ 
ful to resf<rchers in other areas of fluid 
mechanics. 

The results of this work now provide a 
tool relevant to the design of aircraft oper¬ 
ating in the near-transonic, transonic and 
low-supersonic regions. Naturally, this con¬ 
cerns the prediction of lift, drag, stability, 
and maneuverability and control of this class 
of aircraft. 

mechanics 

FLOW OF AN IMPINGING ROTATIONAL JET STREAM 

Probably one of the most universal, but 
as yet least understood, phenomena in the 
area of fluid or gas dynamics is the behavior 
of rotational jet flows when these flows 
undergo a strong interaction, such as im¬ 
pinging on some surface or another jet flow. 
Some of the most interesting, as well as 
some of the oldest, unsolved problems in 
fluid mechanics are of this type. The accurate 
prediction of the resulting flow field and heat 
transfer associated with this phenomenon is 
of upmost importance to allow optimizing 
portions of fluid-ampUfication systems. The 
latter is important to the Air Force for a 

control system immune to radiation effects, 
and practically immune to the effects of 
temperature and corrosion. 

The Aeronautical Research Associates of 
Princeton, Inc., under the direction of Dr. C. 
duPont Donaldson, and supported by the 
Mechanics Division of AFOSR, have been 
investigating such fluid-dynamic problems. 
Dr. Donaldson's efforts to analyze these flows 
have been based on the hypothesis that, 
although fluid viscosity is important in estab¬ 
lishing the rotational character of the jet 
flow, viscous stresses will probably not be 
very important in the region where the jet 
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impingement (strong interaction region) is 
taking place. Using this hypothesis, one of 
the previously unsolved problems — the prob¬ 
lem of a rotational jet impinging on a flat 
surface — was thoroughly analyzed. The com¬ 
plete, exact solution of the equations for a jet 
having the natural velocity profile impinging 
on a flat plate was obtained. 

These results have already been put to 
practical use in estimates of heat transfer 
due to impinging jets, in connection with the 
Hypervelocity Kill Mechanisms program 
under the Advanced Research Projects 
Agency. In addition, the results are applicable 
to the optimization of particular fluid-ampli¬ 
fication circuitry. 

DISPERSION-STRENGTHENED 
AT HIGH TEMPERATURES 

Because of its practical importance to 
present and future aviation, nickel, strength¬ 
ened by dispersed thorium-oxide (thoria) 
particles, was selected for study by the 
AFOSR-supported scientist, Professor M. C. 
Inman, of Pennsylvania State University. 
Thoria-dispersed nickel — TD-nickel, for 
short —is used in jet engines where its 
superior temperature resistance permits 
operation at higher temperatures, with a 
resulting increase in efficiency. As designers 
of nuclear-power plants and hypersonic air¬ 
craft seek materials of high strength at 
elevated temperatures, they will turn their 
attention more and more to dispersion- 
strengthened alloys like TD-nickel. Dis¬ 
persion-strengthened alloys have a usable 
strength of up to 80 to 90 percent, as com¬ 
pared with the 65 to 70-percent limit of the 
precipitation- strengthened alloys. 

The quantitative techniques of electron- 
transmission microscopy are employed by 
Professor Inman as the principal investi¬ 
gative technique, with the aim of directly 
correlating changes in microstructure with 
corresponding variations in the bulk me¬ 
chanical properties. Under study at elevated 
temperatures are such parameters as dis- 
persed-particle size distribution, their state 
of agglomeration, mean particle spacing, 
interaction with dislocations in the matrix. 

metals mechanics 

and the thermodynamic stabilities of the 
dispersed particles with respect to the 
matrix. 

The value of the quantitative approach is 
emphasized by the fact that certain phenomena 
have been observed in the present study which 
were not observed in earlier studies of the 
nickel-thoria system. For example, it ap¬ 
pears that the degree of agglomeration of 
thorium-oxide particles is Increased during 
a single recrystallization process. This new 
observation concerning dispersed systems 
could be of practical Importance, because 
any forming method which involves repetitive 
cycles of working followed by «crystalli¬ 
zation may so Increase the particle agglom¬ 
eration that the bulk strength is affected. 
It was also observed that, after annealing for 
200 hours at l,400oC, the substructure of 
nickel-thoria exhibits areas where a con¬ 
siderable increase in size of the thorium- 
oxide particles has occurred. The greatly 
Increased particle size will necessarily lead 
to a loss of strength. Both these observations 
will be studied in greater detail under varying 
conditions. 

This study has shown that, if the full value 
of TD-nickel is to be exploited, a careful 
quantitative investigation must be made to 
reveal any processing operations which might 
lower its strength. 
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MEASUREMENTS OF DISTRIBUTION FUNCTIONS IN GASES 

In fluid mechanics, all macroscopic meas¬ 
urements can be interpreted as the statistical 
average of multitudinous microscopic inter¬ 
actions. The step by which these microscopic 
interactions are incorporated into our under¬ 
standing of the behavior of gases and fluids 
is through the use of distribution functions. 
These functions can, in the most elementary 
way, be said to describe the number of 
"identical" particles in a given situation which 
lies within a given incremental velocity vector 
or incremental energy state. For many prob¬ 
lems of current and future interest to the 
Air Force, a knowledge of these distribution 
functions in given experimental situations is 
the sine qua non for correlating theory and 
experiment, as well as for guiding further 
theoretical development. 

During the last year, several research 
efforts sponsored by the Mechanics Division, 
AFOSR, and directed towards obtaining these 
distribution-funcuon measurements in the 
laboratory, have progressed to the point where 
such measurements are now being made 
routinely. 

At the University of Toronto, Dr. J. H. 
deLeeuw has successfully applied electron- 
beam techniques to point-by-point measure¬ 
ment of the rotational temperature adjustment 
of nitrogen in a free jet Issuing from an 
orifice and expanding into a high vacuum. 
These measurements have clearly shown the 
"freezing" of the rotational temperature 
under certain conditions, and have provided 
the first quantitative confirmation of physical 
theories relating to the rotational relaxation 
process in low-density flows. This "freezing" 
of rotational energy in a wind-tunnel nozzle, 
for example, has an important influence on 
the Mach-number distribution downstream of 
the freezing point, and thus may influence the 

validity of certain types of data measured in 
such nozzles. 

In another program sponsored by the 
Mechanics Division to further exploit and 
develop electron-beam techniques as a diag¬ 
nostic tool in gas-dynamic research. Dr. E. P. 
Muntz, of the General Electric Co., has suc¬ 
cessfully applied the technique to the accurate 
measurement of the velocity-distribution 
functions in free-jet expansions of helium 
and argon, and to the measurement of dis¬ 
tribution functions in a normal shock wave. 
This work has resulted in a very close 
coupling with investigations of near-wake 
phenomena, work that is of great importance 
to the Ballistic Systems Division of AFSC. 
With the experience gained in the distribution- 
function measurements, it is now possible to 
design Instrumentation for the measurement 
of flow velocity in wake flows. In addition, 
electron-beam diagnostic techniques also 
have clear application to space-vehicle con¬ 
trol-jet investigations, as well as to studies 
of rocket plumes at high altitudes. 

The electron beam has also been applied to 
the measurement of energy transfer in gas- 
solid interactions, through the determination 
of the reflected-particle energy-distribution 
functions by Dr. G. Patterson and his group 
at the University of Toronto. Gas molecules 
from a surrounding gas in thermal equilibrium 
and at rest are incident on a cooled metal 
disc. Under conditions of free-molecule flow, 
the incident molecules are not disturbed by 
the cooler reflected molecules. A high- 
energy electron beam is passed through the 
gas in front of the target disc and parallel 
to it, exciting the gas to electroluminescence. 
The rotational energy distribution and num¬ 
ber density of the molecules are then deter¬ 
mined from a spectrographic analysis of the 
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light emitted by the gas. Experimental re¬ 
sults show the measurements (which can be 
interpreted to obtain values of energy ac¬ 
commodation coefficients, both for the trans¬ 
lational and rotational degrees of freedom 
of a gas) to be practical, although a high 
degree of accuracy in the measured quantities 
is required. 

As part of another effort to experimentally 
determine the energy exchange between gases 
and surfaces. Dr. L. Trilling and his group 
at MIT have developed a molecular-velocity 
spectrometer with a multichannel integrator 
for use in time of flight measurements, thus 
complementing the electron-beam measure¬ 
ments. This multichannel system allows 
nearly simultaneous measurement of the 
entire time of flight spectrum, increases 
signal-to-noise ratio over a single channel, 
and introduces welcome flexibility into the 
operations of the systems. Several effusive 

The occurrence of destructive combustion- 
pressure oscillations is frequently respon¬ 
sible for the failure of a rocket system 
through burnout or physical rupture of the 
combustion chamber wall or other parts of 
the rocket engine. This is due to the ex¬ 
cessively high temperatures, pressures and 
rates of heat transfer to the injector face 
and walls of the thrust chamber and nozzle 
which accompany this phenomenon. In addi¬ 
tion, even if complete destruction of the 
rocket does not occur, combustion instability 
can play havoc with sensitive control and 
servo systems which are not designed to 
accommodate the violent mechanical vibra¬ 
tions which also occur. 

In order to Improve understanding of the 
fundamental processes of combustion in¬ 
stability, to provide realistic criteria for a 
priori design of new rocket motors, and to 
eliminate, as much as possible, the expensive 
cut-and-try methods frequently employed in 
rocket development, AFOSR has supported 
for a number of years research efforts in 
various aspects of the complex phenomenon 
of unstable rocket combustion. One important 
phase involves the investigation of various 

gas sources were constructed and tested with 
this device. An unexpected deficiency in the 
low-velocity portion of the velocity spectrum 
was found. This deficiency persisted even up 
to Knuds en numbers (computed as the ratio 
of the mean free path inside the oven to 
orifice diameter) above 20. It was also noted 
that very small quantities of gaseous con¬ 
taminants (e.g., water and N* ) in the inert 
gas used for calibration alter the velocity 
distribution appreciably. 

Thus, as can be seen, we are now ap¬ 
proaching the capability of "Maxwell's 
Demon," who could follow the trajectory of 
each particle in nature's game of molecular 
billiards. The continued exploitation of these 
techniques should not only enrich the experi¬ 
mental arsenal, but should also provide a 
powerful propelling force for accelerating 
our understanding of fluid-dynamical phe¬ 
nomena. 

energy conversion 
mechanisms which can act to Initiate or trig¬ 
ger and sustain rocket combustion instability, 
with the express purpose of obtaining better 
fundamental understanding of this phe¬ 
nomenon. 

Towards this end, under AFOSR sponsor¬ 
ship, a small group of scientists headed by 
Professor Percival D. McCormack, formerly 
at Trinity College, Dublin, Ireland and now 
at the Thayer School of Engineering Sciences, 
Dartmouth College, has been carrying out a 
comprehensive investigation (2, 3) of the 
effect of severe mechanical vibration of the 
injector plate on liquid- and gas-fuel jets. 
Their main interest In this investigation lies 
in the possibility of this mechanism's acting 
as an initiating mechanism for high-frequency 
combustion instability in the rocket engine-- 
either on the ground test stand, or in flight. 

The sensitivity of jets, gas or liquid, to 
mechanical vibration of the orifice is an area 
to which very little attention has been given 
since the days of Lord Rayleigh around the 
end of the last century. This is surprising in 
view of the prevalence of vibration in me¬ 
chanical systems, and in view of the possible 

SHAKING A ROCKET TO DEATH 
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effect on combustion or fluid jet amplifier 
operation. 

In the case of a laminar liquid jet. Pro¬ 
fessor McCormack found that transverse 
vibration of the orifice (circular) can drive 
the capillary-type instability, first analyzed 
by Rayleigh (4) and then by Weber (5). This 
is provided the wave length of the disturbance 
on the jet is less than the circumference of 
the jet. In fact. Professor McCormack was 
able, for the first time, to check the validity 
of the Rayleigh-Weber theory. Within the 
context of first-order disturbance amplitude, 
he found that the theory accurately described 
this type of instability. 

The phenomenon of plate or disc formation 
on a mercury jet had been produced by 
J. Hartman in Denmark around 1933. He 
modulated the jet velocity electro magnet¬ 
ically, the ensuing liquid "bunching" pro¬ 
ducing remarkable discs. By applying vibra¬ 
tion with extremely high "g" values (over 200), 
Professor McCormack was able to produce 
similar disc formation on laminar liquid jets. 
The discs were not as large as those obtained 
by Hartman, but were very pronounced, and 
suffered by being subjected to atmospheric 
shattering and bending of the liquid around 
the edges of the discs. The only explanation 
for this phenomenon is that the vibration 
was producing modulation of the jet velocity 
at the injector. This mechanism at low "g" 
values acts as a trigger for the caplllary- 
type instability, satisfying the rationally 

symmetric criterion laid down by Rayleigh. 
In the case of a high-velocity atomized jet. 

Professor McCormack and his colleagues 
have shown that, while the capillary-type 
instability has no meaning in this context, 
high "g" vibration still induces velocity mod¬ 
ulation, and the mass concentration in the 
spray varies periodically at the applied 
vibration frequency. 

Work on gas jets has revealed an inter¬ 
esting analogy with liquid jets. With low- 
vibration acceleration values, provided the 
frequency is correct, vortex shedding can 
be driven. At high-acceleration values, 
vortex shedding can be driven at any fre¬ 
quency. In either case, the result is a con¬ 
siderably augmented rate of mixing. A fluid- 
jet classical closed solution for the case of 
mixing in the presence of a periodic source 
of vorticity at the orifice has been obtained, 
and will be published shortly. Besides its 
direct significance in the field of combustion, 
considerable light can be thrown on the 
transition to turbulence from laminar flow 
by a thorough exploitation of this phenomenon. 

The implications of Professor McCor¬ 
mack's research in the combustion instability 
area has already turned out to be quite sig¬ 
nificant. The results obtained recently en¬ 
abled one of the prominent rocket engine 
manufacturers to quickly diagnose and elim¬ 
inate an unanticipated instability during the 
development of one of the Lunar-Excursion- 
Modules engines. 

energy conversion 
HETEROGENEOUS CHEMICAL KINETICS IN 
FLOWING SYSTEMS 

The most accepted way of trying to under¬ 
stand some of the complex phenomena en¬ 
countered in the real world—Indeed, the 
essence of most basic research in engineer¬ 
ing sciences—is to divide the problem into a 
set of simpler questions. These will hope¬ 
fully yield meaningful, quantitative experi¬ 
mental results when studied separately, and 
a satisfactory rationale when finally brought 
back together again. Until recently, however, 
attempts to measure heterogeneous chemical 

kinetics as a separate part of the energetic 
interaction of fluids with surfaces have not 
been very successful. The rates and activa¬ 
tion energies of such reactions are in most 
cases only meaningful if made in flowing 
systems as opposed to static ones—and at 
once the measurements are no longer sepa¬ 
rated from the fluid-dynamic variables. This 
is true not only for the highly Important 
regimes of temperature and pressure asso¬ 
ciated with re-entry ablation, hybrid com- 
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bustion, and rocket-nozzle erosion, but also 
for the very different region of Interest of 
an electrode Interacting with a flowing or 
stirred liquid electrolyte. 

Now, however, there are available the 
mathematical tools for solving much of this 
problem, largely as a result of the intense 
theoretical attack by Dr. Daniel E. Rosner 
of AeroChem Laboratories, under AFOSR 
sponsorship for the past several years. One 
of the obviously Important processes which 
can "falsify" kinetics is that of diffusion. 
A generalized curve for a first-order surface 
reaction would be expected to follow the 
diagonal line shown in Figure 1. There exists 

Figure 1. Transition from reaction-rate control to 

diffusion control on the Arrhenius plane. 

some temperature for almost every such 
reaction, whether the surface is a reactant 
or a catalyst, at which the apparent rate 
becomes invariant with temperature (hori¬ 
zontal line In Figure 1); and there Is con¬ 
sequently a range over which both diffusion 
and reaction rate are Important. It Is this 
region which Dr. Rosner has successfully 
treated in a number of theoretical papers in 
the past year or two. The main conclusions 
of this, and more recent work, on turbulent 
boundary layers, on heat transfer along the 
surface caused by exothermic (or endother¬ 
mic) reactions, on net mass transfer from 
the surface, on the effects of various geom¬ 
etries of surfaces, and on the treatment of 
reactions which are other than first order. 

are ably summarized in an invited paper for 
the Eleventh Combustion Symposium (1). 

In striking support of this theoretical work, 
and of immediate interest to rocket and 
vehicle designers, are the experimental data 
Dr. Rosner has been publishing on the inter¬ 
action of atomic species with hot metal 
surfaces to form volatile oxidation products. 
True reaction rates ofsuch dissociated gases 
as 0, Cl and OH with graphite, boron, 
molybdenum, tungsten and other important 
surfaces have been, or will be, obtained in 
his laboratory by application of his theo¬ 
retical conclusions to his raw data. (2, 3, 4, 
5) A striking example of the new results, 
not previously considered by design and test 
engineers, is the comparison of the true 
rates of reaction of Cl and Clj with 
molybdenum shown in Figure 2. 
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Figure 2. Chlorination probabilities for the attack 

of molybdenum by atomic and diatomic 

chlorine. 

Thus, Dr. Rosner's two lines of attack 
reinforce each other; they have already 
found extensive application in the interpre¬ 
tation of arc-tunnel and combustion-torch test 
data, in the design (and redesign) of advanced 
heat shields, in the interpretation of kinetic 
data, and in the design of probing instru¬ 
mentation for gaseous reactors. Moreover, 
it is now possible to predict, in quantitative 
fashion, the ablative behavior of nozzle in¬ 
serts and nose cones, given certain materials 
of construction, the geometry, the gaseous 
environment, and the flow conditions. 
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PARTICLE LOSSES IN A SIMULATED CONTROLLED 
THERMONUCLEAR-REACTOR PLASMA 

It has been said (3) that the ultimate pro¬ 
pulsion system for solar aviation will be the 
thermonuclear engine. During the last decade 
considerable effort has been spent toward the 
utilization of controlled thermonuclear re¬ 
actions for power generation and propulsion. 
Among the numerous difficulties associated 
with this technological problem is the stable 
confinement of the working medium, namely, 
the high-temperature plasma (on the order 
of 100 million degrees Kelvin). 

In the past Aerodynamics, and the more 
general field of Fluid Dynamics, have ex¬ 
ploited the so-called similarity methods (4) 
which have employed a rather primitive and 
simplified model to stimulate the zero-order 
effects characteristic of a very complicated 
construction. According to this idea of simu¬ 
lation, wind tunnels, water channels, water 
tables and other simulation equipment were 
constructed, and experiments were per¬ 
formed on models. The results represented 
the zero-order-effects behavior of the pro¬ 
totypes. 

As experiments with high-temperature 
plasmas are extremely difficult, the simi¬ 
larity method of approach was used by Dr. 
Warren McBee of the Sperry Rand Corpora¬ 
tion under support of the Propulsion Division 
of AFOSR. The principle of similarity teaches 
that phenomena essential to the understanding 
of stable plasma confinement, under condi¬ 
tions corresponding to full-scale controlled 
thermonuclear reactors, need not be studied 
exclusively in hot plasmas; in fact, they may 
be studied with equal validity (and often with 
greater ease) in any working medium where 
the same basic similarity (scaling) laws 
apply. 

Examination of the medium characteristics 
of a CTR (controlled-thermonuclear-re- 
actor) plasma yielded three important cri¬ 
teria which should be Incorporated in the 
scaling laws. These are: 

a. Collision-free plasma, i.e., the par¬ 
ticles make many circuits of the trapping 
field line per mean collision time. 

b. The plasma dimensions should be large 
compared to the Debye radius. 

c. The plasma should be in the finite 
Larmor orbit regime, i.e., the Larmor radius 
should be of the same order of magnitude as 
the boundary-layer thickness between the 
plasma and the magnetic field. 

Dr. McBee calculated the microscopic 
plasma parameters of a typical CTR plasma 
and those of a cold plasma as found in the 
TOPSY (Thermally Operated Plasma System). 

Figure 1. Schematic diagram of the TOPSY ther¬ 
mally generated cesium plasma device. 
The circled key letters denote (A) the 
2.54-cm aperture plate; (B) the seven- 
probe Langmuir probe array, which is 
movable axially and in rotation; (C) the 
axially movable cold end-plate mech¬ 
anism; (D) the vacuum vessel wall; 
(E) the magnet coils; (F) the cesium 
atomic-beam collimator, which produces 
o 360-degree azimuthally symmetric 
beam; and (G) the tungsten ionizer hot 
plate, which is heated by electron 
bombardment from a filament behind the 
plate. 

He concluded that the positive-ion fluid 
component in a "cold" alkali-metal vapor 
reproduces the appropriate scaling laws of 
electrons in "hot" plasmas corresponding to 
the CTR conditions. Figure 1 Illustrates the 
TOPSY device. 
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The simulant plasma in the TOPSY is 
generated by contact ionization of alkali- 
metal vapor impinging upon a refractory 
metal surface. The required simulation is 
attained through an interchange in the con¬ 
ventional roles of electrons and ions. In 
order to avoid the macroscopic (hydro- 
magnetic) instabilities, a "minimum B" mag¬ 
netic configuration is used, i.e., a magnetic 
field increasing from the center outward. 

Initial experimental results of the TOPSY 
plasma in a uniform magnetic field exhibit 
the anomalously high plasma loss rates 
typical of CTR. These loss rates are orders 
of magnitude higher than the predictions of 
collisional resistive (laminar) diffusion 
theory, and agree well with the Böhm (turbu¬ 
lent) diffusion rates. This is clearly shown in 
Figure 2. 

The addition of a transverse (quadrupole- 
cusped, "minimum B") field appears to re¬ 
duce the plasma loss rate significantly; 
however, this is by no means a general effect, 
and the minimum loss rates are still very 
large compared with the predictions of col¬ 
lisional diffusion theory. 

MODELS OF THE FORMATION 
OF THE IONOSPHERE 

In studies of the mechanisms responsible 
for the formation of the ionized regions of 
the atmosphere (see Figure 1), one of the 
problems encountered is the solution of a 
set of differential equations describing the 
time dependence of the number density of 
the chemical species present. The solution 
becomes difficult when more than three con¬ 
stituents and a wide variety of source func¬ 
tions and initial conditions have to be con¬ 
sidered. 

The need for an effective computer tech¬ 
nique became apparent through the DASA 
nuclear-weapons-effects program when a 
capability of predicting ionization decay under 
highly disturbed conditions became neces¬ 
sary. A number of recognized experts have 
tried to solve the problem on large digital 

MAGNETIC FIELD (WEBERS/m2) 

Figure 2. Measurements of the average radial 
diffusion coefficient in the TOPSY 

plasma. 

atmospheric sciences 
AND DECAY 

Figure 1. Effect of incoming solar radiation on 

ionospheric electron-density buildup 

and decay. 

86 



computers, but have nor succeeded in produc¬ 
ing an economical solution. T. J. Keneshea 
of AFCRL successfully developed a computer 
technique for an arbitrary number of species 
as variables. This solution, published in two 
AFCRL reports, immediately attracted the 
attention of the professional community work- 

Figure 2. Deionization of the D region at 50 km 

following an intense initial impulse of 

ionization. Electron density plotted 

against time, log-log scale. 

ing in this field. The computer program is 
now used at the Air Force Weapons Labora¬ 
tory, the National Bureau of Standards, the 
Lockheed Space and Missile Division, and 
the General Electric Company. 

Figure 2 Illustrates an application of 
Keneshea's program for IS atmospheric 
species. The figure is a log-log plot of 
electron density vs. time representing de¬ 
ionization of the D region at 50 km following 
an Intense Initial impulse of ionization. The 
variable parameter in the computation is the 
effective mutual neutralization rate coef¬ 
ficient aj. This quantity is the ionization- 
loss controlling process at low altitudes. 
Keneshea applied his technique to the case 
of a solar eclipse. He compared theoretical 
results with experimental data measured with 
rockets at Fort Churchill during the eclipse 
of 1963 (July 20), and presented the material 
at the Spring 1965 International Scientific 
Radio Union (URS1) meeting. 

The necessary input for Keneshea's pro¬ 
gram is accurate values for the various re¬ 
actions involved. In a parallel research 
effort at AFCRL, J. Paulson and his asso¬ 
ciates are measuring as many reaction rates 
as possible. One of these is the rate of the 
process 0+ + N* — NO* +N, which is probably 
the rate-determining step in the decay of the 

Figure 3. Mass spectrometer used to measure the currents of the reactant and product ions as a 

function of the kinetic energy of the reactant ions. 



nighttime F-region electron density, and is 
also an important process in the lower 
ionosphere. The experiments were performed 
using a mass spectrometer to measure the 
currents of the reactant and product ions as 
a function of the kinetic energy of the react¬ 
ant ions over the energy range 0.16 eV to 20 
eV. The equipment used can be seen in Fig¬ 
ure 3. The reaction cross section was found 
to increase rapidly with Increasing energy up 
to about 6 eV, and then to fall off at higher 
energies. Extrapolation of the data from the 
lowest energy used (0.16 eV) to thermal 
(0.04 ev) gives a value of 4 x 10"11 cm* 

mol“J sec-1 for the rate constant at thermal 
energy. These results fill in the gap between 
the results of thermal-energy experiments 
and those obtained with beam techniques. 

The results of the foregoing research are 
of critical importance to the Air Force be¬ 
cause they can be applied to the development 
of models of radar and radio blackout follow¬ 
ing high-altitude nuclear detonations. They 
are important to the Air Force in any radio- 
communications problems involving reflec¬ 
tion from the ionosphere, or interruptions 
caused by heavy absorption in the lower 
ionosphere. 

astronomy and astrophysics 
COSMIC-RAY TRAJECTORIES 

Cosmic rays—atomic nuclei, primarily 
hydrogen—approach the earth from all di¬ 
rections. When these particles encounter the 
earth's magnetic field, their trajectories are 
altered. Some, in fact, pursue an erratic 
course for several orbits around the earth. 
Just what trajectory the particle will follow 
depends on many things—particle momentum, 
charge, direction of approach to the mag¬ 
netosphere, and the magnetic-field strength 
and configuration. The resultant trajectories 
are so complicated that predicting them is a 
mathematical problem of some magnitude. 

Until recently, only approximate solutions 
to this problem were available, since each 
trajectory calculation involves several thou¬ 
sand iterative steps to reach a solution. This 
problem has become tractable. For the past 
two years, M. A. Shea and D. F. Smart of 
AFCRL, and K. G. McCracken of the Gradu¬ 
ate Research Center of the Southwest in 
Dallas, Texas, using computers, have plotted 
trajectories of cosmic rays in the geomag¬ 
netic field. Their calculated values have a 
much greater consistency with the results 
of observational cosmic-day data than pre¬ 
vious values. Already, scientists from a 
number of countries, including Australia, 
England, Canada, Argentina and South Africa, 
have successfully applied these new values 
in analyzing cosmic-ray data. 

The results of this intensive re search are 
contained in a recent AFCRL report, "A Study 

of Vertically Incident Cosmic-Ray Trajec¬ 
tories Using Sixth Degree Simulations of the 
Geomagnetic Field" (AFCRL-65-705). This 
350-page report consists largely of com¬ 
puter-generated tables of the trajectories of 
particles with different momentum and charge 
at more than 130 locations around the world. 
The results are the most accurate and com¬ 
plete determinations of cosmic-ray trajec¬ 
tories made to date. 

In considering the trajectory of a given 
particle, it is convenient to consider momen¬ 
tum and charge as a single quantity. This 
quantity is called the particle's "rigidity," 
and is the ratio of momentum per unit 
charge. All particles having the same rigid¬ 
ity, whether an individual proton or a heavy 
nucleus, will follow the same path through a 
magnetic field if they enter the field at the 
same place and from the same direction. The 
AFCRL report deals with vertical "cutoff 
rigidities," which are defined as the lowest 
rigidities particles may possess and still 
arrive at specific points on the earth's sur¬ 
face from the vertical direction. The three 
Investigators have made a significant refine¬ 
ment to this definition which makes it pos¬ 
sible to calculate the effects of the geomag¬ 
netic field more accurately. This new defini¬ 
tion is called an "effective cutoff rigidity." 
At the magnetic equator, where the particle 
must perpendicularly traverse the geomag¬ 
netic field, the "effective vertical cutoff 
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rigidity" is more than 15 billion electron 
volts (bev), while at the magnetic poles, 
where the particles are essentially parallel 
to the field lines, It is theoretically zero. 

From this, one would expect to observe (by 
detecting a cascade of secondaries at the 
earth's surface) a minimum cosmic-ray in¬ 
tensity at the magnetic equator, and a maxi¬ 
mum intensity at the geomagnetic poles. 
This minimum is, in fact, observed at the 
magnetic equator; but the maximum intensity 
is not correspondingly observed at the geo¬ 
magnetic poles. Actually, there is no local¬ 
ized area of maximum intensity at either 
pole. The maximum is rather uniformly 
distributed throughout the entire regions 
above 55 degrees geomagnetic latitude. 

However, if the earth had no atmosphere, 
or if our observations were made well above 
the atmosphere, cosmic-ray maxima would 
be found near the geomagnetic poles, as ex¬ 
pected. Why, then, do we not observe these 
conditions on the ground? It has to do with 
the particle's cutoff rigidity, which can be 
thought of as a kind of threshold energy. All 
particles above approximately one bev are 
able to penetrate the earth's magnetic field 

in all regions above approximately 55 de¬ 
grees geomagnetic latitude. Particles with 
rigidities lower than 1 bev are not likely to 
create cascades of secondaries in the earth's 
atmosphere which are still detectable at 
ground level. This applies whether they enter 
at 55 degrees or at 90 degrees geomagnetic 
latitude, or at any point between. 

Because cosmic-ray trajectories are di¬ 
rectly influenced by the configuration of the 
magnetic field, which varies diurnally, sea¬ 
sonally, and with solar-cycle variations, it 
is possible to derive information on the 
changing magnetic field by observing cosmic- 
ray events. Also, because the calculations of 
cosmic-ray rigidities are equally valid for 
solar protons, the calculation techniques 
developed under this study can be used to 
evaluate the trajectories of these solar 
particles as well. 

The work is now being extended to produce 
a world-wide grid of cutoff rigidities. A 15- 
by-15-degree grid has been completed and is 
being refined to include latitude intervals of 
5 degrees. With this vertical cutoff-rigidity 
map, the rigidities for cosmic rays detected 
at any point on the earth may be determined. 

LONGITUDE 

Figure ?. Typical trajectory of a high-energy particle entering the earth’s influence. 
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astronomy and astrophysics 

REMOTE COMPOSITIONAL MAPPING OF THE MOON 

In an effort to determine the feasibility of 
remote compositional mapping of the moon 
by observing the mid-infrared portion of the 
spectrum, the Air Force Cambridge Research 
Laboratories launched an automatic balloon- 
borne telescope-spectrometer system, and 
obtained the first mid-infrsred (8 - 25 mi¬ 
crons) spectrum of the moon relatively free 
from atmospheric attenuation. 

The infrared portion of the spectrum is 
usually associated with heat, because heat 
lamps and similar devices radiate strongly 
in this region. Laboratory experiments at 
AFCRL have shown that common rock ma¬ 
terials radiate infrared selectively at cer¬ 
tain wave lengths. That is, rocks have in¬ 
frared "colors," just as dyes are colored in 
the visible part of the spectrum because of 
the selective reflection of light. In the in¬ 
frared, these rock "colors" are characteris¬ 
tic of composition. Because the moon has no 
atmosphere, solar radiation causes its sur¬ 
face to reach temperatures as high as 300° F. 
At such temperatures, the moon emits infra¬ 
red radiation which can be detected and 
analyzed from as far away as the earth. As 
a result, it offers the possibility of remote 
compositional mapping of the lunar surface. 

Unlike dyes, the "color" of rock materials 
gradually becomes grey as a polished surface 
of a rock is roughened. Common terrestrial 
rocks and soils present enough "color" in¬ 
formation to permit identification of the ma¬ 
terial. If, however, the particle size of the 
soil approaches that of a very fine powder, 
or if the roughness of the rock surface as¬ 
sumes a microrelief equivalent to that of a 

fine powder, then these materials will appear 
uniformly "grey." Little information is avail¬ 
able (even from Surveyor) concerning the 
microscopic nature of the lunar surface ma¬ 
terial, so that it Is not possible, using theory 
alone, to predict whether ot not the moon will 
exhibit "color" differences. 

Because the earth's atmosphere is not 
transparent in the infrared, a balloon-borne 
system was used to lift a telescope and spec¬ 
trometer out of 99 per ceat of the atmosphere. 
The system was launched by the AFCRL 
balloon-launch team from Holloman Air 
Force Base, New Mexico, on 4 February 1966. 
Observations of the moon began about 3 a.m. 
the following morning, and lasted for a little 
more than an hour. 

The reduction of the data shows that the 
moon is very nearly grey, and puts an upper 
limit on the particle size of surface rough¬ 
ness, which is similar to that of clay ma¬ 
terials. 

These results have demonstrated that very 
little spectral Information is available to 
distinguish between different compositions 
on the lunar surface, and that very sophisti¬ 
cated instrumentation and techniques will be 
necessary to obtain meaningful results with 
regard to remote compositional mapping of 
the lunar surface in the infrared. 

A much-improved instrument package is 
currently being built which will fly on the 
same balloon-borne telescope system and 
give more precise data concerning either the 
particle size or composition of the lunar sur¬ 
face. 

astronomy and astrophysics 
THE GENERALIZED HYDROMAGNETIC-IONIC THEORY 

With modern improvements in absorption 
measurements, and the utilization of these 
for deriving electron density-height profiles 
in the ionosphere, it became clear that a more 
refined collisional treatment was needed than 
that provided by the conventional Appleton- 

Hartree theory, which assumes a constant 
electron-molecule collision frequency. The 
needed collisional treatment was furnished on 
a broad basis by Dr. Hart K. Sen's work at 
AFCRL on the Generalized Magneto-Ionic 
Theory. This theory rigorously considered 
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the velocity dependence of the electron- 
molecule collision frequency via the Boltz¬ 
mann equation, and derived generalized ma«- 
neto-ionic formulae, in a form convenient 
for practical applications, by using the lab¬ 
oratory result that the collision frequency is 
proportional to the electron energy 

The Generalized Theory is essential for 
considering wave propagation in the lowest 
ionosphere (where collisions are frequent) 
and in general, for those communication 
problems where the wave, collisional, and 
gyro-frequencies are of the same order A 
number of University of Alaska polar-cap 
absorption experiments have utilized this 
theory. It has been found by Barrington and 
Ihrane that expressions like those derived 
from the classical magnetoionic theory are 
approximations which are not sufficiently 
accurate for interpreting cross-modulation 
observations. On the other hand, they found 
that the Generalized Theory predicts cross¬ 
modulation curves which fit the observations 
fairly well. Particularly for cross-modula¬ 
tion experiments, the assumption of constant 
collision frequency in the Appleton-Hartree 
theory is physically invalid, since it predicts 

zero cross-modulation. 
This Generalized Theory originally applied 

only to a weakly ionized gas. It was later 
extended to a fully ionized gas, and again was 
recently extended by AFCRL to include ion 
motion as well. The formulae developed are 
applicable to communication problems in low- 
frequency wave propagation through a plasma. 
In particular, they will be useful for investi¬ 
gating the ions of the upper atmosphere, and 
giving a quantitative estimate of the hydro- 
magnetic-wave dissipation in, and heatingof. 
the solar corona. Only a qualitative estimate 
80Str' iS avallable for the latter problem 

The generalization of the standard mag¬ 
neto ionic theory has been brought to com¬ 
pletion by considering the effects of partial 

lonÎrïh"' The Generalized Hydromagneto- 
ionic Theory can now be applied to all com¬ 
munication and propagation problems in a 
partially ionized gas. It fills in the gap of 
wave dissipation in the intermediate levels 
of the ionosphere, for which no present theory 
is available. The theory is being applied to 
estimate the ionospheric heating by hydro- 
magnetic waves caused by the impact of the 
solar wind on the magnetosphere. 

.M astronomy and astrophysics 
ANGULAR SIZE OF BRIGHT STARS 

At the Second Rochester Conference on 
Coherence and Quantum Optics held at the 
University of Rochester, 22-24 June 1966. 
Professor R. Hanbury Brown of the University 
of Sydney, Australia, reported that the angu¬ 
lar diameters of several hot bright stars had 
been measured with great accuracy by the 
new stellar-intensity interferometer at Nar- 
rabri. New South Wales, Australia. This re- 

bein8 supported jointly by AFOSR 
and AFCRL. The instrument employs a cor¬ 
relation technique not previously exploited in 
astronomy. For this reason the instrument is 
of considerable importance, not only for its 
use in astronomy, but also as an illustration 
of a form of interferometer which may have 
other applications., such as the measurement 
of line widths in spectroscopy. The purpose 
of the instrument is to measure the apparent 
angular diameter of hot bright stars. This is 
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done by analyzing the correlations in the 
fluctuations in the intensity of light from the 
star as received by two independent mirrors 
as a function of the spacing between thé 

irrors. From the measurements it is pos¬ 
sible to map the distribution in intensity 
across the disc of the star. From this the 
apparent angular diameter may be inferred. 

The new technique has two important ad¬ 
vantages over the classical type of inter- 
erometer used by Michelson and his col¬ 

leagues. It is not, to the first order, affected 
by atmospheric scintillation; and it permits 
the use of long base lines which arenecessary 
to resolve hot stars. y 

The instrument consists of two separate 
mirror systems, each of which is mounted on 

mav mUth m0Unt Carrled 0n a truck Which 
may be located at will on the 618-foot-di¬ 
ameter circular track. Thus, the distance 



between the mirrors may be adjusted from a 
minimum of about 30 feet to a maximum of 
600 feet. The orientation of the mirrors, and 
their positions during observations, are con¬ 
tinually adjusted by servomechanisms con¬ 
trolled by a special computer. 

Each mirror assembly is about 22 feet in 
diameter, with a focal length of 36 feet. Each 
consists of 250 small spherical mirrors in¬ 
dividually mounted on a paraboloidal frame. 
Each small mirror is hexagonal, about 15 
inches across. The radii of the mirrors are 
so selected, and the mirrors are so mounted, 
as to bring the light to a photomultiplier 
located at the principal focus of the system. 
An interference filter with a narrow band 
width is Interposed in the beam. (Eighty 
angstroms centered on 4,385 angstroms.) 
Because of spherical aberration and imper¬ 
fections in the mirrors, the image corre¬ 
sponds to a circle of confusion of about 6 
minutes of arc in the sky. 

The instrument was first used in 1963 to 
measure the angular size of Vega. In this 
case a base line of about 30 feet was first 
used, and 4 larger spacings were employed 
for a total ofabout 28 hours of measurements. 
The correlation in fluctuations was noted as 
a function of the spacing of the mirror sys¬ 
tems; and, from this, the apparent angular 
diameter of Vega was found to be 0.0037 
seconds of arc, with a + 5 per cent probable 

error. At Vega's distance, this indicates a 
linear diameter about 3.2 times that of the 
Sun. 

After the angular diameter of a star has 
been measured, its effective surface tem¬ 
perature may be deduced. In the case of Vega, 
for example, the temperature was found to be 
about 9,200 degrees Kelvin; this figure agrees 
well with that inferred from an interpertation 
of the continuous background of Vega's spec¬ 
trum. 

The instrument has been working well for 
the past several years. In addition to Vega, 
the angular diameters of seven other bright 
stars have been measured thus far, including 
Beta Crucis, Altair, and Beta Centauri. It is 
expected that the Narrabri interferometer will 
continue to survey all stars visible at the site 
of the instrument that are of spectral type 
earlier than FO, and brighter than magnitude 
+ 2.5. Previous attempts at extending the range 
of the Michelson stellar interferometer had 
not been successful. Thus, the new method is 
adding greatly to our knowledge of stellar 
diameters and temperatures. 

The construction of the instrument was 
financed by the Department of Scientific and 
Industrial Research, United Kingdom, by the 
Nuclear Research Foundation of the School of 
Physics, University of Sydney, and by the Air 
Force Office of Scientific Research. AFOSR 
also supports, in part, the research program 
carried out at the Observatory. 

biological and medical sciences 
DISORIENTATION IN SPACE 

One of the hazards of aerospace flight is the 
occurrence of spatial disorientation. In this 
condition, the aerospace crew member or 
members are not cognizant of their actual 
position in space, but respond as though the 
horizon were displaced anywhere from sev¬ 
eral to a number of degrees from Its actual 
position. This situation leads to inappropri¬ 
ate attempts to "level" the plane, although 
the plane or spacecraft had been flying 
properly before. These attempts can lead to 
physiological embarrassment and fatal 
crashes when carried out at low altitudes, or 
if performed long enough at higher altitudes. 

In the past, much work has been done on 
various parts of the system by which man 
orients himself in space. There are several 
subsystems which work together to give 
proper terrestrial orientation in animals 
and men on the ground, or near enough to it 
to see it. Some of the main components of 
this orientation system are vision, the semi¬ 
circular canals, and position sense from 
muscles, joints, and tendons. In the central 
nervous system, the inputs from these com¬ 
ponents are integrated, chiefly by the vesti¬ 
bular nuclei in the brain stem, the cerebel¬ 
lum, and the medial longitudinal bundle with 
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Figure ?. Apparatus for spatial orientation. 

its associated motor nuclei. Each of these 
portions has been more or less subjected to 
investigation. However, the degree and 
amount of integration in the central nervous 
system has not been well studied, except for 
the study of symptoms, e.g„ vertigo. 

Dr. Gerhard Werner, an AFOSR grantee 
at the University of Pittsburgh, has construc¬ 
ted a piece of apparatus with which position 
in space can be precisely controlled, while 
joints can be extended or flexed by known 
amounts. The plane of any pair of semi¬ 
circular canals can be achieved by the mach¬ 

ine, so that then any pair can be stimulated 
by acceleration in that plane. Using neuro¬ 
physiological techniques. Dr. Werner will be 
able to evaluate the parts played in orienta¬ 
tion responses by any pair of canals, or by 
any combination of pairs, and by the stimuli 
coming from muscles, joints, and tendons. 
With this technique, the roles played by the 
different parts of the spatial orientation 
system, and also of the entire system, can 
be analyzed. On these bases, the symptoms 
and signs of disorientation can be causally 
explained, not conjectured. 
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biological and medical sciences 

FINGERPRINTING BACTERIA 

A most interesting research program, with 
a broad spectrum of possible future applica¬ 
tions, is that of General Electric chemist, 
John Gould, and Cornell University micro¬ 
biologist, Martin Alexander. This AFOSR- 
sponsored program seeks to eliminate the 
time-consuming, laborious, and often in¬ 
conclusive traditional laboratory procedures 
whereby various media and biochemicals 
are used to identify disease organisms. 

Medical and clinical diagnosis have often 
been withheld in the past pending receipt of 
laboratory results, with medication for the 
patient being prescribed on an empirical or 
a clinical syndrome basis. Disease resolu¬ 
tion, or demise of the patient suffering from 
an acute condition, could result prior to the 
receipt of pathogen identity, and selection 
of the most optimal antibiotic or chemothera¬ 
peutic. 

Opportunities now exist for public-health 
workers to quickly ascertain the bacterial 
villain when confronted with diseases of 
epidemic proportions. The advantage of 
quickly unmasking a pathogen exotic to this 
country, and introduced from elsewhere in 
he world, is obvious. As in other forms of 

combat, medical combat of a disease-causing 
organism is dependent on the identification 
of that organism. This cloak of anonymity 
may be lost forever, since research has 
indicated that different bacterial genera, 
species, and strains each excrete metabolic 
wastes that are chemically distinct. These 
wastes are subjected to chromatography, 
with the separate chemical compounds passing 
through the chromatograph column with dis¬ 
tinct but separate speeds. These results 
are then graphed out as chromatograms, thus 
producing a unique signature, or fingerprint, 
of the unknown organism subjected to 
scrutiny. When these chromatograms are 
compared with those of known bacteria, their 
exact identity can be ascertained. 

This brief procedure is prefaced by allow¬ 
ing the organism in question to grow for 

several hours in a nutrient solution, or a 
support substrate. During this period, the 
organisms exercise their metabolic right to 
excrete unneeded wastes into the solution. 
The extracted volatile wastes are then con¬ 
verted by heat into their gaseous forms by 
the chromatograph. These gases pass through 
a column containing organic material which 
has a varied chemical affinity for the con¬ 
stituent molecules of the compounds being 
passed through the column. Segregation of 
entities is achieved by patterns of compounds 
slowed by varying chemical activity within 
the column. As each of these distinct com¬ 
pounds emerges from the column, it is re¬ 
corded on a graph as the result of detection 
by an ionization detector. Each compound 
produces a distinct peak. As each compound 
of the total metabolic waste of a pure bac¬ 
terial culture is recorded, an easily identified 
profile emerges. Each profile, signature, or 
"fingerprint" can then be compared with 
known signatures for purposes of identifica¬ 
tion. 

Work is now progressing toward the crea¬ 
tion of a library of bacterial signatures 
which, when stored in automated informa¬ 
tion-retrieval systems, will provide for an 
almost immediate central-file printout of the 
identity of an unknown organism. 

The utilization of methods employing 
chromatography, computerized linear por¬ 
trayal, and automated information retrieval 
will revolutionize existing methods for the 
detection and identification of pathogens in 
human and veterinary medicine. Further 
investigation proceeding from this research 
base may provide for far-reaching benefits 
in those fields of agiiculture and industry 
where domesticated bacteria play valuable 
roles in the production of numerous and 
valuable chemical substances from known 
substrates. 

Certain bacteria, such as lactic and pro- 
pionlc-acid bacteria important to the pro¬ 
duction of yogurt and cheese, or those neces- 
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sary to bring about the synthesis of butanediol 
from glucose and starchy substances used in 
the manufacture of synthetic rubber, must be 
maintained in pure cultures in order to 
achieve desired results. Industries using 
them are constantly on the alert to detect 
any contamination or changes within these 
domesticated stock colonies resulting from 
spontaneous mutations. These mutations may 
affect the morphology, metabolic properties 
or pathogenicity of the organism. 

Other investigations may provide for bene¬ 
fits to those industries that utilize pure 
cultures of molds to produce many of our 
life-saving antibiotics. The fields of virology, 
and the study of rickettsia, may also benefit 
from future applications of this research 
base. The same holds true for the brewing 
and fermentation industries, as well for the 
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baking enterprises, if yeasts would yield to 
such rapid identification methods. 

The field of gnotobiotics (germ-free) re¬ 
search which utilizes an array of standard¬ 
ized biological models, i.e., the rat, mouse, 
guinea pig, monkey, dog, cat, and so on, 
would certainly benefit from the rapid de¬ 
tection of any organism introduced into the 
gnotobiotic environment. 

J SCALE.ca. 

A t#.ET FOI GAMIER GAS AND ANODE C. SOUKE 0Í DNIZNG RAD 
I. DIFFUSER MADE Of TOO MESH »ASS GAUZE D GAS OUTLET t CATHODE 

THE ATTACHMENT Of ELECTRONS TO MOLECULES «AVINO AN ELECTRON 

AFFINITY S MEASURED IN THE ABOVE “î0511“ 
ac a rniTiiMl-CONTAINING COMPOUND ON A METAL FOIL. CREATES A SAT 

URATON CURRENT OF ABOUT O'* AMPERES Jír S!£n¡Tm 
MOLECULES HAVING AN AFFINITY FOR ELECTRONS DEPLETE THE CURRENT IN 

THE CELL • THE IONS THUS CREATED COMB WE WITH THE POSITIVE ***** 
THE CARRIER GAS THE LOSS OF CURRENT, WHICH IS AMPLIFIED AM) RECORDED. 
IS A MEASURE OF THE QUANTITY OF THE MOLECULE INJECTED INTO THE 

CHROMATOGRAPH 

Figure 3. Electron capture ionization detector. 

RETENTION TIME (MINJ 

Figure 4. Bacillus licheniformis. 

«AK A I C D 
R,Sk) 19 «0 

¡I»**. 
2759 

)431 

1946 

12713 

9250 

1190 

•1t7 

6S9t 

MSBO 

I F G H 1 J (UM) N 
» 95 K>6 150 205 217 »9411 495 799 

PEAK AMA IN -*- 
-- - T T T 

SIGNATURE 

94 

37 

74 

72 

I 

59 

33 

T 

57 

11100 

4000 

5795 

9415 

457 

5300 

3223 

54B0 

1500 1041 

1715 215 

309 306 1670 494 

T 51 T 67 »90 

299 

T 713 T T 2024 

195 330 1490 

100 95 2520 

T 1930 

1101 

139 

162« 

52« 

Ml 
262 

FKNK.«Mpfc 

FINE, «bed 

FKNJt€.«fec4 

FNKEJHabc* 

FHN. «• 

FKNHF.«c4(l| 

FKNJM.wM 

FKNOJ.wbc* 

FKANKDC.Ii 790 79 1) 33 57 3454 

(ETHANOL) (ACETON) (FRCNONC) 

(DUCITYL) (ACETO 

T (TRACI) DESIGNATES A PEAK ARIA C* 10m* OR LBS - TRACI OUANTIT« ARE 

REPRESENTED IN THE SIGNATURE WITF. LOWER CASE LETTERS 

:igure 5. Signatures of oacillus licheniformis 

strains (flame ionization detector). 



behavioral and social sciences 

SENSORY FEEDBACK AND LEARNING 

Following the observations of Mott and 
Sherrington(l) in 1895, it was generally ac¬ 
cepted that primates deprived of skin and joint 
sensations are unable to walk, to climb, or 
to grasp small objects. Mott and Sherrington 
cut the sensory roots of the spinal acord of a 
monkey, effectively depriving the animal of 
sensation in one limb. In a free situation, the 
monkey could make no use of the sensory- 
denervated limb. 

At the Department of Experimental Neurol¬ 
ogy, Isaac Albert Research Institute, Jewish 
Cronlc Disease Hospital, Brooklyn, N.Y., 
Dr. Edward Taub, Dr. A. J. Berman, and 
collaborators, are successfully retraining 
similarly impaired monkeys to walk, to climb 
and to grasp small objects. Their success 
may be attributed to their training the mon¬ 
keys to use the denervated limb when the 
opposite, intact limb is immobilized. They 
also are succeeding in training monkeys 
completely deprived of spinal sensory in¬ 
nervation. 

These results have called into question 
many of the theories about the significance 
of bodily sensory input as the necessary 
guide to the shaping of motor responses. 
Further, new questions have been raised 
concerning the neural mechanisms responsi¬ 
ble for response inhibition. 

This experiment leads to the speculation 
that there may be some general applicability 
for the techniques here developed for con¬ 
verting a useless limb into one that has 
almost a normal function. It is possible that 
these techniques may provide a model for a 
new approach to the rehabilitation of patients 
who have various types of central-nervous- 
system lesions. Almost all present rehabili¬ 
tation therapy may be described as additive 
in nature, based on the belief that the 
recovery of function can best be achieved 
through the re-education or exercise of 
inactivated muscle groups. However, the 
present research suggests that at least 
some motor deficits are caused not by the 
loss of nervous tissue as such, but rather 

by the unrestrained overactivity of certain 
neural centers resulting in a disabling muscu¬ 
lar imbalance. The appropriate remedy in 
these cases may be a therapy whose pro¬ 
cedures are largely subtractive, involving 
the restraint of various body parts while the 
impaired movements are practiced and re¬ 
trained. 

The reduction of sensory feedback through 
the use of the type of surgical technique 
employed here seems, in some ways, to be 
analogous to that experienced under condi¬ 
tions of weightlessness. When the animals, 
deprived of all bodily sensation, were blind¬ 
folded and placed in a monotonous auditory 
environment for 12 hours, they exhibited 
almost continuous random activity throughout 
the entire period. In contrast, when intact 
monkeys or humans are exposed to similar 
conditions, they spend most of the time in 
sleep. However, after 48-72 hours, a diffuse 
motor restlessness tends to develop, ac¬ 
companied by an extremely unpleasant feeling 
in humans that "I am about to explode." The 
extent of sensory deprivation then appears to 
be the critical factor determining the time 
of appearance of this phenomenon, which 
might therefore be called the "hyposensory 
agitation syndrome." It does not seem to have 
afflicted any astronauts up to now. However, 
an astronaut's environment, while impov¬ 
erished, does not produce so extensive a 
limitation in sensory inflow as in the experi¬ 
mental procedures described above. Thus, 
the "hyposensory agitation syndrome" may 
not emerge until the very long zero-gravity 
flights planned for the future are undertaken. 
Methods for alleviating this condition may be 
derived from this work. 

In the years between 1940-1960, a con¬ 
siderable amount of research was carried 
out to determine the significance of sensory 
feedback from the muscles and joints, for 
the accurate manipulation of the type of con¬ 
trols employed in the guidance of aircraft 
and in various tracking tasks. In the light of 
the current research concerning the extent 
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of behavioral capacity in the absence of 
sensory feedback, it is not possible to 
evaluate the earlier results more accurately 
than was previously possible. 

Finally, it can be said that the deafferented 
animal constitutes a preparation which pro¬ 
vides one important type of base line for all 
functions of the organism which involve 

sensory-motor integration. Various Air 
Force missions require the performance of 
complex movements in environments where 
sensory feedback is atypical. The accumula¬ 
tion of a body of base-line data should be of 
value both for formulating antecedent evalua¬ 
tions of the feasibility of certain operations, 
as well as for increasing their efficiency. 

behavioral and social sciences 

RESPONSE DURING SLEEP 

The possibility that learning could take 
place during normal sleep has generally 
been discredited by psychologists. Recent 
studies under the direction of Dr. Martin T. 
Orne, University of Pennsylvania, with AFOSR 
support, have shown that learning at some 
level may take place during sleep. 

Dr. Orne and his associates have been 
investigating the individual's ability to re¬ 
spond to verbal suggestions during normal 
physiological sleep. Eighteen male students 
slept at the laboratory for two full nights. 
They were told only that the experimenter 
would be in the room occasionally. Con¬ 
tinuous EEC (electroencephalograph) moni¬ 
toring was carried out in order to determine 
the level of sleep. 

After subjects had been asleep for a con¬ 
siderable period, and their EEC records 
showed that they were entering emergent 
Stage-1 sleep (the period in which rapid 
eyeball movements frequently occur and 
which has been associated with dreaming in 
several other studies), the experimenter 
entered the room and, in a low voice, gave 
simple suggestions, such as: "Whenever I 
say the word, 'leg,' your left leg will feel 
extremely cramped and uncomfortable until 
you move it." The cue word, "leg," was then 
given, both during the same Stage 1 and in 
later Stage-1 periods. Several suggestions 
involving cue words were given to each 
subject. Eleven of the 18 subjects responded 
while in Stage-1 sleep to the appropriate cue 
words. It should be emphasized that no in¬ 

structions were given to the individual while 
awake. All material was presented during 
sleep. 

On awakening, subjects who had responded 
were unable to recall the events which had 
transpired during the night. Howev er, 7 of the 
11 subjects who had responded en the 1st 
night responded appropriately to the cue words 
on the 2nd night, even though the suggestion 
itself was not readministered, and the sub¬ 
jects had no intervening waking memory of 
the suggestions for their sleeping responses. 
Further, 2 of the 7 nonresponding subjects 
on night 1 responded to 1 of the cue words on 
night 2, again with complete intervening 
waking amnesia. After a period of about 5 
months, 7 subjects v ere retested on a 3rd 
sleep night. Five of these subjects, who had 
responded on both previous nights, responded 
again while asleep to cue words from the 2 
previous nights, in spite of waking amnesia 
during the intervening 5 months. 

This st»**- indicates that sleeping individ¬ 
uals a . ^ole of responding to verbal cues 
without awakening, and without subsequent 
waking recall. The fact that subjects would 
respond during the second night demonstrates 
that learning at some level must take place 
during sleep, even though it cannot be readily 
demonstrated in the waking state. This re¬ 
search has major implications for an under¬ 
standing of mental functioning during sleep, 
and can help establish principles which may 
improve training techniques. 



aerospace avionics 
BRIGHTNESS ENHANCEMENT OF LASERS 

The simple model one usually refers to In 
thinking of a ruby laser is that it emits 
optical-frequency plane waves whose trans¬ 
verse extent is limited by the diameter of 
the rod. This assumption is found to be quite 
incorrect when one calculates the brightness 
(power/unit area/unit solid angle) of such a 
laser and compares it to what is actually 
observed in practice. The measured value is 
about 1,000 times less than the expected one. 
Thus, there is considerable room for im¬ 
provement of present lasers. 

Insight into this major discrepancy is ob¬ 
tained by studying the transverse (i.e., trans¬ 
verse to the laser-rod axis) character of the 
excited electromagnetic modes; it has been 
found that the modes are characteristic of 
those of an optical resonator with curved 
rather than flat mirrors. These types of 
modes diverge much more than plane waves 
and result in the brightness reduction noted. 

Now, if one understood the origin of the 
effective curvature of the presumably flat- 
mirror laser rods, it is possible that one 
could compensate for this and raise the 
brightness. Measurements were made of the 
optical properties of a laser rod during the 
time it was being pumped, and it was found 
that an approximately spherical distortion 
occurred in the rod because it absorbed 
pump energy nonuniformly. A pump light ray 
entering the laser rod is refracted toward 
its center since the rod index is higher than 
that of air; this simple effect causes the 
pump energy density, and consequently the 
power absorbed, to be higher in the rod 
center. This, in turn, causes greater ex¬ 
pansion in the center of the rod and results 
in effectively curving the mirrors. It was 
noted that this effect was entirely reproduc¬ 
ible. Thus, it appeared possible to compen¬ 
sate for this by means of an external mirror 
having a curvature exactly opposite to that 
induced in the rod. 

This technique has been tried by Dr. C.M. 
Stickley and his group at AFCRL, and was* 

found to be quite successful. A small ruby 
rod of high optical quality was placed mid¬ 
way between two mirrored optical flats and 
then pumped at a rate roughly equivalent to 
the rate which would be used under actual 
operating conditions. By measuring the fre¬ 
quency difference between adjacent trans¬ 
verse modes (modes having the same number 
of nodes in the longitudinal direction but 
different ones in the transverse direction), 
the degree of curvature which developed iii 
the rod could be inferred with high accuracy. 
From the result of this measurement a single 
convex mirror was made having a curvature 
of 4.2 meters. Using identical pumping con¬ 
ditions, the substitution of this mirror for 
one of the flats resulted in a brightness in¬ 
crease of 100. In terms of getting increased 
power density on a target in the far field of 
the laser, this is equivalent to a hundredfold 
Increase in pump rate. 

This compensation process has been tried 
so far for only long-pulse lasers; however, 
it will be applied to Q-switched lasers in the 
near future with the hope that it will be as 
successful for these types as it has been 
for the long-pulse variety. Also, the sensi¬ 
tivity of this procedure to a mismatch be¬ 
tween the rod and tne external mirror curva¬ 
ture is not known. Further, it could be that 
long focal-length, planoconvex lenses with a 
reflecting coating on the curved surface could 
serve as a cheap mirror for high-power 
lasers. 

It should be noted that this work has drawn 
upon a great deal of the previous research of 
AFCRL in this field, and that this past re¬ 
search was largely responsible for the suc¬ 
cess of the present effort. 

The technique described above has appli¬ 
cation to all optical radar. It will enhance 
brightness in any application where optically 
pumped solid lasers are used. In addition 
to optical radar, military applications would 
include communications work in which well- 
aimed, bright, narrow laser beams are 
employed. 
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environment 
SOLAR-SPECTRUM-INTENSITY MEASUREMENTS 
FROM 30 A to 128 A 

For a number of years, the radiation from 
the sun in the range of wave lengths below 
1,300 X has been measured by AFCRL using 
grazing-incidence monochromators with 
photoelectric detection on Aerobee rockets 
equipped with biaxial solar-iX)lntlng con¬ 
trols. In the region below 100 X, the very low 
detector efficiency, together with a lack of 
suitable calibration procedures, had caused 
a very large uncertainty in these measure¬ 
ments of the absolute photon flux incident on 
the earth's atmosphere. Current aeronoml- 
cal literature has increasingly cited th 
importance of the carbon VI line at 33.7 
in the formation of the E region of the 
ionosphere. However, the various measure¬ 
ments of the absolute flux of this line re¬ 
ported by other experimenters has differed 
by a factor of 10 for similar solar conditions. 

The AFCRL experiment launched 3 Novem¬ 
ber 1965 on Aerobee AE 3,520 was specifi¬ 
cally designed to extend to the 30 X region, 
and to provide an absolute flux measure¬ 
ment of lines from 30 X to 128 X, with a 
resolution of 0.2X. The detector used was 
flow Geiger counter, the recognized intensity 
standard for the wave-length region covered. 

The instrument was calibrated for absolute 
photon-flux measurements. The experiment 
acquired data above the region of significant 
atmospheric absorption, and the results 
showed clearly that the photon flux of the 
33.7 X line from the quiet sun that day was 
4.3x10* photons cm" * sec a factor of 
50 lower than one previously published meas¬ 
urement. In addition, the spectrum contained 
over 100 lines, including many not seen or 
only marginally indicated in previous flights. 

The major accomplishment of this experi¬ 
ment was to place the solar p’ioton-flux 
measurements between 30 and 128 Â on an 
absolute basis during a very quiet day In 
the period of minimum solar activity. Future 
experiments during the period of Increasing 
solar activity, and during particular solar 
events, can thus be referenced to a known 
base measurement in this aeronomlcally 
significant wave-length region. This was the 
first experiment to measure the absolute 
Intensities of solar radiation in this wave¬ 
length region. Since radiation is absorbed 
in the earth’s atmosphere, producing Ioniza¬ 
tion, the knowledge gained from such meas¬ 
urements is important for communications 
purposes. 

EARTHQUAKE-TRIGGERING MECHANISMS 
Tests of rock behavior under conditions of 

high temperature and pressure have sug¬ 
gested two new mechanisms that may trigger 
earthquakes. In a recent series of laboratory 
experiments, using a large shear press, 
Dr. Robert E. Rlecker of AFCRL found that 
the strength of a water-bearing mineral was 
drastically reduced when the mineral was 
dehydrated by heat. In another case, the 
crystal structure of a material changed 
suddenly under certain conditions. The 
AFCRL scientist believes that such Internal 
changes In rock structures, rather than 
their slippage along faults, may be the main 

cause of "deep earthquakes" —those orig¬ 
inating below the earth's outermost layer 
or crust. 

Geologists have realized for some time 
that the fault theory, though adequate to 
explain "shallow" earthquakes (those orig¬ 
inating In the earth's crust), had severe 
shortcomings when applied to deep earth¬ 
quakes. In the earth's mantle, where deep 
earthquakes originate, pressures of hundreds 
to thousands of atmospheres squeeze adjoin¬ 
ing rock structures together too tightly for 
them to slip along faults. Furthermore, 
deformation of the rock structures would 
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absorb these forces before slippage occurred. 
But, in the absence of experimental data, 
there was nothing to replace the fault theory 
as an explanation of deep earthquakes. 

Such considerations have led AFCRL to 
study the behavior of silicate minerals, like 
those in the earth's mantle, at temperatures 
and pressures comparable to those found 
deep in the mantle. Previous studies of rock 
strength have been conducted mostly at lower 
temperatures and pressures. With AFCRL's 
high-temperature, high-pressure shear press 
it is possible to simulate simultaneously 
the pressures and temperatures found in 
the earth's mantle. 

In AFCRL's hydraulic press, thin wafers 
of various minerals are squeezed between 
flattened tips of two tungsten-carbide anvils. 
Samples are heated by an induction coil. 
The strength of the samples is tested by 
slowly rotating the shaft on which one of the 
anvils is mounted. At low pressures, the flat 
tip of the rotated anvil slides across the 
surface of the sample much like a slipping 
clutch. At higher pressures, however, fric¬ 
tion between the two surfaces is too great 
for slipping to occur, and the internal struc¬ 
ture of the sample is deformed by twisting. 
The shear stress which produces this de¬ 
formation is the same type of stress present 
in the earth's interior, and provides a meas¬ 
ure of the material's strength. With this 
press. Dr. Riecker has been able to measure 
the effects of shear stress on materials at 
pressures of 60,000 atmospheres, and tem¬ 
peratures of 1000 degrees C — conditions 
more extreme than have been achieved in 
other laboratory tests of rock strength. 
These conditions correspond to a depth of 
about 200 km. 

With the shear press, the properties of 

a large number of minerals have been 
examined. Two proved to be of special 
interest. Each suggested a mechanism for 
deep earthquake formation. 

One interesting material is serpentine, 
a magnesium silicate that contains water 
molecules in its crystal lattice. It was found 
that, at temperatures above 500 degrees, 
the water is driven out of serpentine's 
crystal lattice, greatly weakening its ability 
to withstand stress. Indications are that 
other hydrous minerals, believed to exist in 
the earth's mantle, may undergo a similar 
weakening under conditions oi high temper¬ 
ature. Thus, an increase in temperature in 
a region of the mantle containing such 
materials could weaken them enough for 
existing shear stresses to trigger a cata¬ 
clysmic deformation, resulting in an earth¬ 
quake. 

The other material is a silicate mineral 
called enstatite. At temperatures between 
500 and 700 degrees C, enstatite changes 
from one type of structure to another, which 
occupies 10 per cent less volume. The par¬ 
ticular temperature at which this phase change 
occurs depends on the pressure. However, 
it was discovered that this change could be 
brought about suddenly at much lower tem¬ 
peratures by applying a relatively small shear 
stress to the material. If such changes in 
crystal structure occur in materials in the 
earth's mantle, they could also trigger earth¬ 
quakes. These experiments were undertaken 
to find ways to distinguish between earth¬ 
quakes and underground nuclear explosions. 
In co-operation with the Air Force Weapons 
Laboratory, AFSC, Dr. Riecker is also 
investigating the mechanical properties of 
rocks at the Nevada nuclear-bomb-test site. 

NOCTILUCENT CLOUDS 
Noctilucent clouds are seen at unpredict¬ 

able intervals during the summer in the high 
northern latitudes — across Alaska, Canada, 
Scandinavia and the Soviet Union. (Some have 
recently been sighted in the Southern Hemi¬ 
sphere.) Occurring at altitudes of 80 km, 
above 99.9 per cent of the earth's atmosphere, 
they are by far the highest of all clouds. 

It has not been known why they occur only at 
high latitudes, and only during the local 
summer. Their composition has been a 
mystery. In the past, scientists have tended to 
discount the presence of water vapor at the 
extreme altitudes where the clouds were 
observed. 

The first step toward explaining these 
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Figure 1. ,,, 
The mechanism of no c t i I u c e n t- c I o u d formation as e x p I a i ne d by Dr. Soberman s theory. 

clouds was a series of rocket flights con¬ 
ducted from Sweden by Dr. R. K. Soberman 
of AFCRL, in 1962. These rockets, with 
extendable collecting surfaces, were flown 
into the clouds and gathered samples of 
noctilucent cloud particles for later analysis. 
Flights during subsequent summers have 
established the fact that noctilucent clouds 
are composed of meteoritic dust particles 
which, in some cases, were covered with 
ice. 

With this fact established, the chief re¬ 
maining problems were to explain what 
processes could produce concentrations of 
this dust at such extreme altitudes, and why 
noctilucent clouds form only at high latitudes 
in the summer. 

The mechanism proposed by AFCRL pro¬ 
vides an explanation of these characteristics, 
and a number of other aspects of noctilucent- 

cloud behavior as well. Basically, the new 
theory is that a small updraft between 50 and 
80 km keeps meteoritic dust from drifting 
to earth. Over a period of days or weeks, a 
large concentration of the dust accumulates 
in this altitude region. An updraft lasting long 
enough for such an accumulation to take place, 
however, could occur only under certain con¬ 
ditions. These conditions, summer and high 
latitude, are exactly those under which noc¬ 
tilucent clouds occur. 

Under these conditions, the atmosphere 
undergoes the continual heating by the sun 
necessary to sustain an updraft persisting 
for weeks. It is only at or near the poles 
during the local summer that months of 
continuous daylight make this possible. 

At lower latitudes, on the dark side of the 
earth, there would be a corresponding down- 
draft caused by the falling of the air cooled 
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in the earth's shadow. Thus, a closed system 
of circulation, much like a storm cell, would 
exist between 50 and 80 km. The sunlit 
updrafts of this cell would keep the meteoritic 
dust from falling, but would not be strong 
enough to lift this dust "over the top" and into 
the downdraft in the earth's shadow unless 
acted on by some outside disturbance. Hence, 
the dust would collect and concentrate in the 
updraft until such a disturbance occurred. 
When this happened, the particles would be 
raised from around 50 km to about 80 km, 
the altitude at which noctilucent clouds are 
seen. 

Since this altitude change involves a cor¬ 
responding temperature drop from a few 
degrees above zero (centigrade) to -100 
degrees C, any water vapor present would 
freeze on the condensation nuclei provided 
by the meteoritic dust particles. They would 
then be carried along the top of the convection 
cell from the sunlit side into the earth's 
shadow. These particles, illuminated by the 

sun's rays coming from far below the ob¬ 
server's horizon, woulu be seen from the 
ground as noctilucent clouds as they pass 
through the twilight region. 

Direct observation of this circulation pat¬ 
tern is unlikely since updrafts of less than 
half a meter per second are required to 
keep meteoritic dust particles (which are 
a few tenths to a few hundredths of a micron 
across) from falling. However, the theorized 
mechanism for noctilucent-cloud formation 
is subject to testable predictions. One of 
these, that the clouds should move from 
southeast to northwest in the Southern Hemi¬ 
sphere because of the effect of the earth's 
rotation on the circulation pattern, has already 
been verified. Another way of testing the 
hypothesis would be to track the clouds by 
means of laser radar during the daytime, 
when they would be otherwise invisible. 
A number of researchers are presently 
setting up laser experiments to make this test. 

CHARTING AEROSOL LAYERS WITH OPTICAL PROBING 

A knowledge of the atmospheric aerosol 
properties at all altitudes is necessary for 
the solution of many problems. Although there 
has been considerable emphasis on the use 
of aircraft, balloons, and rockets in this re¬ 
search, ground-based remote-sensing meth¬ 
ods, such as optical probing, have great merit. 
First, there is the important capability of 
performing true in situ measurements. Then, 
there is the additional advantage of being able 
to acquire large quantities of data hour after 
hour, day after day, at relatively small cost. 

L. Elterman of AFCRL has completed de¬ 
velopment of a ground-based, remote method 
for determining aerosol profiles and related 
parameters. The method employs a vertically 
pointing, narrow-beam projector fronted by 
a modulator with rotating venedan-bllnd 
shutters. The modulating frequency is 20 
cycles/sec. A telescope, sensitive elec¬ 
tronics, and recording devices at the Sacra¬ 
mento Peak Observatory, 30 km away, auto¬ 
matically and continually scan the beam, 
recording the intensity of the light scattered 
from the beam up to 70 km altitude. 

In nearly all problems concerned with the 
Interaction of light with the atmosphere, the 
aerosol attenuation coefficient emerges as 
an Important parameter, primarily because 
it is proportional to the aerosol density. A 
determination of light-scattering as a func¬ 
tion of altitude, using this method, permits 
computation of this parameter. The equations 
derived are reasonably complex, and require 
an iterative-convergent procedure for their 
solution. The computer output establishes the 
aerosol-layer structure and its properties 
relative to optical transmission. Based on a 
sampling of one year's measurements, it 
seems convenient to categorize the aerosol 
distributions into moderate-structured, me¬ 
dian-structured, and full-structured profiles, 
with the last probably being in the majority. 

A substantial number of measurements 
now make up a data bank which has applica¬ 
tion to transmission studies pertinent to 
optical communications, tracking and recon¬ 
naissance. The material may also provide 
Inputs to such other investigations as noc¬ 
turnal and seasonal trends of aerosol con- 
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centrations, effects of volcanic action, and 
correlation studies with radiosonde and oz- 
onesonde measurements. These, In turn, are 

related Intimately to various problems in 
applied meteorology, such as turbulence and 
tracing. 

flround electronics 
VOCAL-RESPONSE SYNTHESIZER 

Speech synthesizers are electronic devices 
that can generate speech from an ensemble 
of control signals, such as those describing 
the fundamental pitch and inflections of the 
voice, the shape of the voice spectrum, 
whether the speech event is required to be 
vocalic or consonantal in nature, and the 
speech-intensity level. A speech analyzer that 
obtains such information from speech, to¬ 
gether with the speech synthet zer to re¬ 
create the voice signal, comprise a speech- 
compression system that can be used for 
voice communications with less transmis¬ 
sion band width and greater reliability than 
conventional voice-transmission methods. 
One type of speech-compression system is 
the vocoder, which is of special interest for 
use in digital voice communications systems 
where the speech compression obtained in 
the vocoder system permits the use of 
digital-data transmission at much lower 
transmission rates than would be possible 
with straight digitization of the voice mes¬ 
sage. 

It was proposed by Caldwell P. Smith of 
AFCRL that a speech synthesizer repro¬ 
ducing the second-order modulations of hu¬ 
man speech, which include the effects of 
frequency-, phase-, and band-width-modu- 
lations during the production of vocalic 
sounds, would sound more natural than prior 
speech synthesizer designs that have ignored 
these effects. While Information has been 
sparse on these effects in speech production, 
and there has been no information regarding 
their importance for the perceptíon of speech. 
It was reasoned that these effects might 

occur with sufficient generality to be impor¬ 
tant correlates of voice quality and natural¬ 
ness. 

It was therefore proposed that a synthe¬ 
sizer be designed and built so as to permit 
these modulations to be Imposed on syn¬ 
thetic speech, and thus facilitate the study 
and evaluation of these effects. A model of 
the synthesizer was built to AFCRL speci¬ 
fications under contract with Texas Instru¬ 
ments, Inc., and has been incorporated in the 
AFCRL experimental multicode vocoder sys¬ 
tem. 

. „„„„ . ,, — nupiuvement 
in speech quality, this design avoids the 
need for inductors in a channel vocoder 
synthesizer, resulting in a reduction in size 
and weight. Another advantage is that this 
design inherently generates the fundamental 
pitch in the output speech, which has par¬ 
ticular advantages if vocoders need to be 
connected in tandem as might be required 
for conference communications. Conventional 
channel vocoders lack the fundamental pitch 
and therefore lose pitch-tracking capability 
if connected in tandem. ’ 

The new synthesizer produces speech with 
word intelligibility in the 90% range at 2,400 
bits-per-second. The speech quality is super¬ 
ior to the prior design, while the size and 
weight of the synthesizer portion of the 
vocoder have been reduced. 

Further Improvement is expected from 
current studies of second-order modulation 
effects on the output quality and naturalness 
of the vocoder speech. 
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IMAGE AND SHAPE ANALYSIS 

A problem that has proved exceptionally 
resistant to attack for many years is the 
quantitative analysis of shape and form in 
pictures. There is no objective way, for 
instance, to compute which of two different 
complex shapes is "more nearly" like a 
third, and to have it correspond to human or 
animal judgments. Similarly, there are no 
measures we can apply to complex scenes 
for gauging the amount of visual Information 
contained in them. Both of these problems, 
however, are fundamental to the computer 
analysis of pictures, as well as to the trans¬ 
mission of pictures using minimum band 
width. 

A two-pronged attack on this problem, by 
Harry Blum at AFCRL, is being imple¬ 
mented, both through new theoretical Insights, 
and experimentally, with a unique computer 
system called the Image Analysis Facility. 
On the theoretical side, a new method of 
representing contours has been developed 
that greatly simplifies computer analysis. 
This method of representation is rather 
similar to lighting a grass fire along the 
contour of the shape in question and observ¬ 
ing the progress of the fire front as a func¬ 
tion of time. Sooner or later, the fire fronts 
originating from different parts of the con¬ 
tour will meet and extinguish each other. 
These lines of extinction, together with data 
regarding their development in time, are 
called the "stick,"or "medial-axis," repre¬ 
sentation. The stick figure is complete in the 
sense that the process can be Inverted to 
regenerate the original contour. 

The accompanying figures show a computer 
version of the process applied to the sil¬ 
houette of a dog. Figure 1 is the original, with 
the stick points superimposed. Figure 2 shows 
the computer analysis of the stick figure in 
which certain points are given special atten¬ 
tion. These points, or nodes, are generally 
the first or last points to appear on a par¬ 
ticular part of the stick. Figure 3 shows a 
vastly simplified version of the stick in which 
the major nodes have been connected with 

Figure 1. Original silhouette of adog.V/hite lines 

are the “stick," or “medial axis,“ of 

the image. 

Figure 2. Computer analysis of stick figure. 

Figure 3. Simplified version of stick. 
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straight lines of constant velocity. Figure 4 
shows the inversion of the stick of the third. 
The result is still remarkably doglike. 

One of the applications of this process has 
been to the analysis of maps. The advantages 
are: the ease of segmentation; the ability to 
represent one closed contour without affect¬ 
ing its neighbors; the ease of answering cer¬ 
tain questions by machine, such as "In which 
country does a given point lie?" and "How 
many countries are there?"; and the ability 
to measure shape features quantitatively— 
e.g., degrees of "corneredness," "round¬ 
ness,' or axial-symmetry "pinchedness"can 
be measured simply on the stick. Figure 4. Inversion of stick shown in Figure 3. 

and an a lusas 
DEFENSE SYSTEM SENSOR SIMULATION PROGRAM 

A desirable characteristic of an AICBM 
defense system would be the capability to de¬ 
fend effectively a large area with a given 
subset of system components ideally located 
far from the defended area. This capability 
would give the defense important advantages 
in flexibility and adaptability to counter an 
attack as it develops. The design of such a 
system involves the solution of many inter¬ 
disciplinary problems, and the integration of 
these solutions to form an effective system. 
One of these problems is to determine the 
proper numbers, locations, and performance 
characteristics of sensors to provid. com¬ 
plete surveillance and tracking coverage of 
the ICBM threat. In a study undertaken by the 
Office of Research Analyses, the problems of 
ground-based sensor siting for area defense 
are being investigated. A computer program 
developed by Capt Henry A. Ölender and Mr. 
Christopher A. Feuchter Is being used to 
simulate the engagement of a representative 
threat with candidate sensor systems. 

The program has three sets of data Inputs. 
The first set of input data is simply a list of 
the co-ordinates of all ICBM launch points 
and all target points. The second set of input 
data consists of a list of trajectories between 
the launch and target co-ordinates which con¬ 

stitute the representative threat. The final 
set of input data consists of a list of sensors 
which make up a candidate sensor system. 
Each sensor is identified by its location, 
maximum range, angular sector of scan 
coverage, orientation of sensor scan sector, 
and the sensor horizon angle limit (gen¬ 
erally a few degrees above the visual hori¬ 
zon). 

The program selects an initial trajectory 
and an initial sensor, and steps a hypotheti¬ 
cal threatening object to sequential points on 
the trajectory. Each point is tested to de¬ 
termine if it is located within the sensor 
coverage. If the object impacts the target 
without having passed through the sensor 
coverage, the computer notes the fact that 
the object or trajectory was not detected. 
If the object enters the coverage volume prior 
to Impact, the computer calculates the times 
after launch when the object enters and leaves 
he coverage volume. The difference between 

these times is approximately the available 
tracking time for that sensor against that 
trajectory. The trajectory is then tested in 
this manner against each of the sensors. 
After all sensors have been Investigated, a 
new trajectory is selected and the process 
is repeated until all trajectories have been 
tested against all sensors. 



The outputs of this program are detailed 
performance results of each sensor against 
each trajectory, and several result sum¬ 
maries. The detailed results consist of a 
matrix, each row corresponding to one tra¬ 
jectory, eSch column corresponding to one 
sensor. The entries at each intersection in 
this matrix are the time after launch when 
an object entered the sensor's coverage, the 
time elapsed while in the coverage volume, 
the geocentric ground-range angles from 
launch point to the points of entry and exit 
from the sensor coverage, and the slant 
ranges between the sensor and the object at 
time of entry and exit from the sensor 
coverage. 

There are a number of result summary out¬ 
puts following the detailed printout. First, 
the total number of trajectories not detected 
and the total number of trajectories in the 
run are printed out. Next, a coverage-over- 
lap matrix is printed out. This matrix gives, 
for all possible sensor pairs, the number of 
objects tracked by one sensor which were also 
tracked by the other sensor. 

Following these summaries, tracking and 
acquisition-time distributions are printed 
out for each of 4 subsets of the detected tra¬ 
jectories. Each subset consists of trajec¬ 
tories whose apogees fall within 1 of 4 alti¬ 
tude bands. Thus, for each sensor and each 
trajectory subset, the number of trajectories 
tracked for between lOOn and lOO(nfl) sec¬ 
onds is printed out for n=l,2,3, . . .,15. 
Similarly, the number of trajectories ac¬ 
quired at between 200n and 200(n+l) seconds 
after launch is also printed out. 

The final summary output is a listing of the 
average available tracking time and average 
acquisition time for each sensor against all 
those trajectories detected and tracked by 
that sensor. These results are also printed 
out for each of the subsets of trajectories 
described above. 

This program is a valuable tool in the in¬ 
vestigation of the performance of individual 
or netted ground-based sensors as a function 
of their locations, and in developing require¬ 
ments for the design and location of these 
sensors. 

exploratory development ¡de fender 
ROTATION OF THE PLANET MERCURY 

At the spring 1965 meeting of the American 
Geophysical Society held in Washington, 
Gordon H. Pettingill and Rolf B. Dyce of 
Cornell University reported new information 
concerning the rotation of the planet Mer¬ 
cury. The latter, for many years, had been 
supposed to rotate the same as the Moon, so 
as to present the same face to its primary. 
Thus, Mercury's "day" was thought to be 
equal to its "year," that is, 88 Earth days. 
Now it is found that its sidereal period is 
59+.5 days. This discovery is due to a con¬ 
tinuing study of the planets as observed by 
the powerful radar of the Arecibo Ionospheric 
Observatory in Puerto Rico. 

This Observatory is operated by Cornell 
University under the sponsorship of the 
Advanced Research Projects Agency, and is 
monitored by the Air Force Office of Scien¬ 
tific Research. The instrument employed 

consists of a stationary reflector of wire 
mesh forming an Inverted spherical cap 
1,000 feet in diameter. The radar signal at 
430 megacycles per second has a peak power 
of 2 megawatts. The radar feed is movable 
within a cone of 20 degrees semiangle with 
a vertical axis. The site, at a low latitude 
(18°N), had been chosen so that the planets 
are accessible in nearly vertical direction. 

Mercury was observed near its inferior 
conjunction in April 1965 by the Arecibo in¬ 
strument. Additional observations were taken 
at later dates when the planet was accessible 
to the instrument. Analysis of radar signals 
reflected from the planet permitted the new 
determination of the period of its rotation. 
This is possible because the reflection from 
a rotating object contains a band of frequen¬ 
cies on either side of the central frequency, 
as determined by the Doppler effect. This is 
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the effect so often noticed when the frequency 
of the horn of a passing automobile is altered 
as the car goes by the listener. The same 
effect applies to radio waves. In this case, 
however, because the radar signal is reflected 
from a moving object, the Doppler shift is 
effectively twice as large as in the acoustic 
case mentioned above. Thus, the frequency 
of that part of the signal reflected from the 
portion of the planet which is rotating toward 
the Earth is increased above the center 
frequency, and that from the portion which 
is rotating away from the Earth is corre¬ 
spondingly diminished. Consequently, by 
measuring the spread in the frequency of the 
return signal, it is possible to d termine 
the rate of rotation. 

The direction of rotation was found to be 
the same as that of the Earth, namely, in the 
direction of revolution about the Sun. Since 
the period of revolution of Mercury about 
the Sun is 88 days, the interval between one 
sunrise on the planet and the next is about 

180 Earth days. The data so far obtained are 
not sufficiently precise to determine the 
orientation of the axis of rotation; but they 
are consistent with the previous view that 
the axis is nearly perpendicular to the plane 
of the planet's orbit around the Sun. 

The radar reflectivity of Mercury was 
found to be similar to that of the Moon, 
namely, 0.06 of that of a perfectly reflecting 
target of the same size. Also, it was in¬ 
ferred that Mercury and the Moon have about 
the same degree of average roughness on the 
scale of the radar wave length (70 cm in this 
cáse)« 

These results, and those previously re¬ 
ported on the period of rotation on Venus, 
illustrate the power of the Arecibo instru¬ 
ment in obtaining new information about the 
Earth's nearest neighbors. Radar observa¬ 
tions of these objects are being continued at 
Arecibo. Further refinements in these find¬ 
ings and additional information about the 
Moon and other planets may be expected. 

environmental reseorvh suppoit 
BALLOON-BORNE COMMUNICATIONS RELAY 

The use of balloons as high-altitude relay 
stations for over-the-horizon UHF commu¬ 
nications has been successfully demonstrated 
by AFCRL. The demonstration of balloons 
as relay stations for special tactical com¬ 
munications une took place 16 November 
1965 at AFCRL's balloon-launch facility at 
Holloman AFB. 

The balloon reached an 80,000-foot alti¬ 
tude where it relayed voice and teletype 
messages for several hours between Ft. 
Huachuca, Arizona and Reese AFB, Tens, 
a distance of about 500 miles. The test vus 
made to evaluate a new communications bvs- 
tem being developed by AFCRL and the Air 
Force Systems Command. The objective of 
the test program is to demonstrate tech¬ 
niques available for solving some of the 
command-and-control problems associated 
with limited warfare. 

the same way as an active communications 
satellite. When radio relay equipment is 
placed at a high altitude, the line-of-sight 
distance between ground stations and this 
equipment is greatly increased, enabling it 
to serve as a communications link for VHF 
and UHF signals transmitted between widely 
separated points. 

Distances greater than 500 miles can be 
obtained by using several balloons, and by 
floating them at higher altitudes. The maxi¬ 
mum distance over which ground stations can 
communicate via a single balloon is about 
780 miles—a distance determined by the 
100,000-foot altitude reached by conventional 
balloons of moderate size and cost. 

The balloon relay system works basically 

Under proper weather conditions, un¬ 
tethered balloons can remain virtually sta¬ 
tionary for hours and even days, facilitating 
continuous, reliable communications between 
ground stations; balloons tethered to the 
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ground are also being considered. 
The basic instrument used in the test pro¬ 

gram is a compact, lightweight UHF repeater 
that operates at frequencies between 225- 
400 Mcps, receiving signals from one ground 
station and retransmitting them to another. 
This device was made by Sylvania under 
contract to the Air Force Avionics Labora¬ 
tory. Balloon-launch facilities, support and 
vehicles to carry the UHF repeater aloft 
are provided by AFCRL under a program 
directed by Charles S. Tilton and James C. 
Payne. Ground communications equipment 

and technical support are provided by the 
Rome Air Development Center, AFSC. 

Communications relays will be used on 
most all balloon flights conducted by AFCRL's 
Aerospace Instrumentation Laboratory. The 
relays will provide clear-channel UHF voice 
and data communications to ranges of 800 
miles from the balloon control center to 
supporting aircraft and ground vehicles used 
for the recovery of scientific payloads. This 
will streamline recovery procedures and 
insure the effective deployment of aircraft 
and recovery personnel. 
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SCIENTIFIC PROGRESS 
IN FY 67 

The brief articles on the following pages describe some of the research accomplished by 
OAR during Fiscal Year 1967 in areas of significance to the Air Force. The work includes 
both contributions to basic knowledge and applications of research vital to the steady tech¬ 
nological progress of the Air Force. Although these articles treat only a fraction of the re¬ 
search carried out in OAR's own laboratories and in the laboratories 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 PROGRAM ELEMENT 61445014 

Subelements: 

General Physics 

Nuclear Physics 

Chemistry 

Mathematical Sciences 

Electronics 

Materials Research 

Mechanics 

Energy Conversion 

Terrestrial Sciences 

Atmospheric Sciences 

Astronomy and Astrophysics 

Behavioral and Social Sciences 

ENVIRONMENT 

GROUND ELECTRONICS 

ENVIRONMENTAL RESEARCH 
SUPPORT 

TEST INSTRUMENTATION 

PROGRAM ELEMENT 62405394 

PROGRAM ELEMENT 62405454 

PROGRAM ELEMENT 65402124 

PROGRAM ELEMENT 65402154 
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general physics defense research sciences 
SUPERCONDUCTING MATERIALS 

A large number of new superconducting 
metals have been found during the past few 
years. Although theoretical descriptions of 
the superconducting mechanisms in many of 
these materials have been successfully made, 
it has been extremely difficult to obtain 
fundamental theoretical insights on a general 
basis. An important step has been made in 
this effort recently by Professor Bernd T. 
Matthias, working at the University of Cali¬ 
fornia, La Jolla, and at Bell Telephone Lab¬ 
oratories. His research at La Jolla is spon¬ 
sored by the Air Force Office of Scientific 
Research. 

Correlations have been found between the 
high-temperature properties of metals and 
their superconducting behavior. For the ele¬ 
ments lanthanum, protactinium and uranium 
a relationship is noted between the occur¬ 
rence of superconductivity and lower melting 
points than normally expected. The critical 
temperatures of martensitic (diffusionless) 
phase transformations and superconducting 
transformations have been correlated in 
such well-known superconductors as the 
niobium-tin alloy, NbsSn. 

Now Professor Matthias has noted a corre¬ 
lation between hardness and superconductivity 
in a niobium-aluminum-germanium system. 
Together with scientists at the Bell Tele¬ 
phone Laboratories, he has observed a maxi¬ 
mum transition temperature of 20.05°K (in the 
temperature range of liquid hydrogen), about 
two degrees higher than for any previously 
known material. Measurements made at the 
National Magnet Laboratory indicate this ma¬ 

terial may also have an extremely high critical 
field, which means it has a high potential 
for use in a superconducting magnet. (With 
this material, the unique properties of a 
superconductor could be exploited in space¬ 
craft, using the liquid-hydrogen fuel supply 
for cooling.) The high transition temperature 
and critical field are found in a material with 
a composition of 4Nb*ALINBsGe, the same 
composition for which one finds an absolute 
minimum in the hardness for the system. 
Neither stoichiometry nor order parameter 
nor the lattice constant give any indication 
of the maximum superconducting transition 
temperature in the system at this particular 
combination. 

A similar result was observed by Matthias 
and a co-worker some years ago in a 
zirconium-osmium system, but was not pub¬ 
lished at the time. In that case, the maximum 
superconducting transition temperature for 
solid solutions of Os in Zr occurs at pre¬ 
cisely the concentration for which the ductil¬ 
ity of the alloy reaches a pronounced maxi¬ 
mum. 

Thus extrema in high-temperature crys¬ 
tallographic transitions, in hardness, and 
in melting points are clearly correlated 
with superconducting transition tempera¬ 
tures. Taking this together with the empirical 
fact that crystals with high superconducting 
temperatures are frequently unstable, an 
interesting experimental basis for the fur¬ 
ther generalized theoretical analysis of 
superconducting materials has been made. 

LARGE SINGLE CRYSTALS GROWN BY general Physics 
GEL TECHNIQUE 

Large single crystals of calcium tartrate 
tetrahydrate (CaC^CV^O) doped with 
rare-earth neodymium have recently been 
grown by controlled diffusion in silica gel. 
Ranging in size up to nearly 3/4" x 1/2", 
these are the largest "pure" crystals ever 

grown by this method. Their properties are 
much more easily evaluated than those of 
microcrystals. 

Techniques Tor growing single crystals 
from vapor, melt, or solution that require 
elevated temperatures have three inherent 



difficulties: (1) crystalline imperfections are 
more apt to occur because of the disruption 
of the lattice from thermal vibrations; (2) the 
danger of contamination from Impurities is 
higher because of their increased solubility 
with temperature; and (3) point imperfections 
and lattice strains are generally Introduced 
into the crystal during cooling to room tem¬ 
perature. 

The gel growth of crystals is the only 
room-temperature method for obtaining sub¬ 
stances with low solubility in water, or low 
dissociation temperature, or both, that can¬ 
not satisfactorily be grown from the melt or 
vapor. The gel provides a three-dimensional 
network which permits reagents to diffuse, 
prevents turbulence, yields mechanically to 
the growing crystal, and thus avoids gross 

constraining forces that are more likely to 
arise in a crucible. The major effect of the 
gel is to slow down considerably the speed 
of the chemical reactants. As a result, 
crystals can grow much larger than when 
they are formed rapidly by a similar re¬ 
action in water. 

Present emphasis is on growing large 
single crystals, as perfect as possible, in 
order to evaluate their possible applications 
to electronics, optics, communications, and 
data processing. (Figure 1.) Calcium tartrate 
tetrahydrate is also being investigated, both 
as a mechanism to better understand gel 
growth Itself, and because it is potentially 
a good matrix into which dopants such as 
neodymium can be introduced for application 
to solid-state optical devices. 

Figure 1. Ge/-grown calcium-tartrate crystals (half inch). 
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general physics 
SPECTROSCOPIC STUDIES IN A HIGH-TEMPERATURE 
HYDROGEN-ARC PLASMA 

Arc plasmas provide a means of simulating 
conditions occurring in re-entry plasma 
sheaths, arc jet thrusters, magnetohydro¬ 
dynamic generators, and the solar plasma. In 
the Plasma Physics Research Laboratory, 
ARL, a vortex-stabilized d-c arc facility 
has been built and is being used to simulate 
various plasma conditions. A hydrogen arc 
at atmospheric pressure and core tempera¬ 
ture of about 20,000°C currently provides 
the plasma source being studied to deter¬ 
mine the nature of the interaction processes 
involved. Spectroscopic measurement of the 
absorption and emission profile of the plasma 
is the principal diagnostic technique em¬ 
ployed in determining the plasma properties. 

A schematic diagram of the vortex arc 
facility is shown in Figure 1. The arc source 
is mounted on a table which has a precision 
scanning drive. A tracking mirror is pivoted 

and tracks the moving arc so as to always 
reflect the radiation from the brightest por¬ 
tion of the arc (which serves as the probing 
radiation) back into the spectrograph. A 
chopper is inserted in the mirror path and 
provides for alternate observation of the 
emitted radiation alone and the superim¬ 
posed direct and reflected radiation. Cur¬ 
rent from the photomultiplier in the spectro¬ 
graph is transformed into a proportional 
pulse rate. Thus, digital readings of the 
intensities are formed and recorded subse¬ 
quently on magnetic tape during the scanning 
of the arc column. Spectral emission and 
absorption coefficients are then obtained 
using a sophisticated integral transforma¬ 
tion of intensity values. These coefficients 
give the line profiles which are used to 
determine electron densities. 

This detailed study of hydrogen, the sim- 

F/gure 1. Vortex arc facility, Plasma Physics Research Laboratory, ARL. 
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plest of all atoms, is only the first phase 
of a broad investigation of the radiation 
characteristics of many gases. Instrumenta¬ 
tion, computer programs, and operating tech¬ 
niques have been perfected, and the strengths 

Th *88f8 °f aVailable theorles have been identified. The next step is to include 
small admixtures of other gases in the now 
well-known hydrogen environment. Ulti- 

nhrai ^omplete radiometric data will be 
btained for many elements under a variety 

of conditions of temperature, pressure and 
concentration. The experiments already com- 

Plasmaan. by ARL'S Hlgh DensIty Plasma Dynamics Group under the guidance 
of Dr. W. G. Braun have established this 
Group as a leader in the field. 

ANGULAR DIAMETER OF RADIO STARS 
general physics 

One method of measuring the angular 
diameter of a radio source employs two or 
more receiving antennas at known distances 
apart. The degree of resolution obtained de¬ 
pends upon the wavelength employed and the 
geometric31 spacing of the antennas. This 
method is called radio interferometry and 
Is similar in principle to that of the Michelson 

rte !ífllMterfeTeter (Flgure l)’ U8ed i" visible region of the spectrum. In the 
Michelson interferometer light from a star 
is reflected from two inclined mirrors at 

?L,entl °fa h®301 n,ounted on the telescope 
tube. The light is then reflected down the 
axis of the telescope by two other inclined 

mirrors Interference fringes are formed 
e focal plane of the main mirror of 

the telescope. From the positions of the 
fringes, and the known geometry of the sys¬ 
tem, the angular diameter of the star may 
be calculated. y 

The radio interferometer (Figure 2) uses 
wo or more receiving antennas (usually large 

paraboloidal dishes) and the interference 
fringes are formed by combining the outputs 
of the two antennas using one of three 
methods: cable, microwave link, or a new 

irrH?gireth0d t0 1,6 de8cribecl here. Since 
long baselines are needed for high angular 

Figwt 7. A Michelson interferometer consistinn nf 5 li 

tracks mounted on WO-inch reflector. * m,rr0rs 
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Figure 2. Schematic diagram of a radio interferometer. 

resolution, the cable system Is not feasible. 
Microwave transmission links can be used 
Instead of cables, but this method is not 
suitable for baselines exceeding a few hundred 
kilometers because of the line-of-sight re¬ 
quirement in the microwave link and un¬ 
certainties in the time of transmission of 
the radio signals due to atmospheric fluc¬ 
tuations. 

With the collaboration of C. Bare, B. G. 
Clark, and K. I. Kellerman of the National 
Radio Astronomy Observatory, and D. L. 
Jauncey of the Arecibo Ionospheric Observa¬ 
tory*, Professor M. H. Cohen of the Uni¬ 
versity of California, San Diego, with AFOSR 
sponsorship, has employed magnetic-tape 
recordings to achieve much longer baselines 
than heretofore possible. A separate re¬ 
corder is used at each antenna in this new 
method. 

Coherent local oscillator signals are sup¬ 
plied to each element by the use of two 
Independent highly stable atomic oscillators, 
one at each element of the Interferometer. 
These oscillators consist of a high-quality 
crystal, controlled in frequency by a com¬ 
parison with the microwave line generated 
by atomic transitions in rubidium vapor. 

The video signal at each element is ampli¬ 
fied and clipped. It is sampled at a 9720 kHz 
rate, and the resulting signal is recorded 

*Operated by Cornell University under a contract 
sponsored by the Advanced Research Projects Agency 
and monitored by AFOSR. 

on high-speed digital magnetic tape. The 
sampling rate is controlled by the atomic 
frequency standard. 

The tapes from the two stations are brought 
together in a digital computer, and an inter¬ 
ferometer fringe frequency is determined. 

A test of the system was provided by 
operation as an Interferometer between the 
telescope at the National Radio Astronomical 
Observatory in Green Bank, West Virginia, 
and the Maryland Point Observatory of the 
Naval Research Laboratory. This provided 
an east-west baseline of about 461,000 wave¬ 
lengths at 610 MHz, about 140 miles. 01>* 
servations of 4 radio sources suspected of 
having small angular diameters were made 
on 8-9 May 1967. All were found to have 
angular diameters of a few tenths of a 
second of arc. Observations of other sources 
are continuing. 

The method employed may also be used to 
determine the distances between the elements 
of the interferometer when it is known that 
the radio source under observation has a 
small angular diameter, and is thus poten¬ 
tially capable of measuring distance between 
points on the earth to the accuracy of a few 
decimeters, or possibly less when efforts at 
refining the apparatus and methods are suc¬ 
cessful. The method is particularly useful 
for distances so great that triangulation loses 
accuracy. Thus, it will be helpful in geodesy 
and, over a period of time, in obtaining data 
on the movements of land masses on the 
surface of the earth. 
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general physics 

ENERGY BANDS IN ll-VI SEMICONDUCTORS 

The so-called band theory of solids has 
long been recognized as the most convenient 
and useful representation to describe the 
conduction properties of solid materials. 
Energy bands graphically display the al¬ 
lowed ranges of energy available to the con¬ 
duction electrons in a solid as a function of 
their momentum in the crystal. Because of 
their great importance in describing con¬ 
duction processes, accurate theoretical 
energy-band calculations are fundamental 
to constructing models which will adequately 
explain the many experimental observations 
which have been made. These calculations 
also provide a basis for the prediction of 
other phenomena which may then be checked 
experimentally. 

Dr. T. C. Collins, Dr. R. N. Euwema 
and Maj. J. S. DeWitt, all of the Solid State 
Physics Research Laboratory, ARL, are 
presently engaged in performing theoretical 
band calculations using two related tech¬ 
niques: the orthogonalized plane wave (OPW) 
method and the pseudopotential method. The 
OPW method is a first-principles method in 
that the crystal is literally built mathemati¬ 
cally from the ground up, using electron- 
wave functions which are written as Fourier- 

series expansions. The expansion parameters 
are tailored specifically to reproduce the 
characteristics of the electrons in the solid. 
A minimum of assumptions are made with 
the OPW method, and the basic accuracy 
of the results is determined by the total 
number of terms used in the Fourier ex¬ 
pansions. The method is an iterative proce¬ 
dure in which the results may be improved 
continuously up to a limit set by the accuracy 
possible with the functions describing the 
electrons. 

The pseudopotential method is essentially 
a simplification of the OPW method in which 
some parameters are arbitrarily adjusted 
(rather than calculated from first principles) 
to tailor the predicted results directly to 
the experimental measurements. Since this 
method is much simpler in application, it 
is also useful in extending the OPW calcu¬ 
lations. 

During the past year successful results 
have been obtained using both of these tech¬ 
niques. Current efforts are being devoted to 
applying them to a great variety of the 
family of II-VI semiconductors and relating 
the calculated energy bands directly back to 
the experimental observations. 

general physics 
COSMIC RADIO WAVES 

One of the theories of the evolution of the 
universe states that all matter in it was at 
one time in a hot, highly contracted phase 
followed by an expansion. It is further as¬ 
sumed that this expansion was uniform in all 
directions and that it is still going on. The 
"red shift" in the spectrum of a distant light 
source is, therefore, taken to be a measure 
of its velocity and, inferentially, of its dis¬ 
tance. Distances based on this theory are 
called "cosmological distances." 

Recently, measurements in the radio¬ 
frequency regions of the electromagnetic 

spectrum have contributed to the evidence 
for this theory. Measurements of the intensity 
of the cosmic background radiation at several 
wavelengths support the idea that this radia¬ 
tion has a "blackbody" spectrum at about 3 
degrees Kelvin—in other words, that it is 
characteristic of a body emitting all wave¬ 
lengths with a distribution appropriate to a 
particular temperature. The distinction be¬ 
tween a "blackbody" source and other sources 
may be explained by the example 'fa "red- 
hot" iron in the blacksmith's forge in contrast 
with a "neon" light which emits some colors 
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very strongly and is deficient in others. 
The hypothesis that the background cosmic 

spectrum is a blackbody spectrum leads 
next to the idea that the universe is filled 
with "blackbody" radiation which is left 
over from the time when the universe was in 
a hot, highly contracted phase—a "fireball." 
The next question is then whether this radia¬ 
tion is Isotropic and homogeneous. Answers 
to this question would permit inferences 
concerning the nature of the expansion and 
its time scale. 

At the Fourth Texas Symposium on Rela¬ 
tivistic Astrophysics, 23-27 January 1967, 
R. B. Partridge and David T. Wilkinson (1) 
reported that the asymmetry of the back¬ 
ground radiation (of 3 degrees Kelvin) at 
3.2-cm wavelength was a few tenths of one 
percent at most. E. K. Conklin and R. N. 
Bracewell (2) of Stanford University, under 

AFOSR sponsorship, have also found that, 
at 3-cm wavelength, the background radia¬ 
tion is isotropic to less than one fifth of 
one percent. 

The Stanford radiometer operated at a 
frequency of 10,690 MHz with a bandwidth 
of 100 MHz. The antenna was a 60-foot 
paraboloid mounted so as to point to the 
zenith. 

Both measurements are consistent with 
the idea that the "fireball" had a temperature 
several billion years ago of some 10 billion 
degrees Kelvin, and that it has since cooled 
during the expansion to about 3 degrees 
Kelvin. They indicate also that there are 
no large inhomogeneities in the matter in 
the universe. An upper limit of + 10 per¬ 
cent Is placed on the variation of density 
large enough to extend over a few billion 
light years. 

general physics 
ELECTRON EMISSION FROM SOLIDS BOMBARDED 
WITH ELECTRONS AND GAMMA RAYS 

The effects of radiation on sensitive elec¬ 
tronic systems are ultimately traceable to 
fundamental phenomena associated with the 
interaction of radiation with matter. It is 
important that our understanding of these 
phenomena be enlarged, not only to assess 
current problems, but also to establish a 
fund of knowledge which can be drawn upon 
when unforeseen problems arise. 

The emission of electrons from materials 
bombarded with gamma rays and high-energy 
electrons is one of the basic mechanisms 
responsible for radiation effects observed in 
electronic devices. This effect is especially 
prominent in the vicinity of a nuclear- 
weapons blast and in laboratory tests. Prior 
to the initiation of this study, it was known 
that the emitted electrons tend to fall into 
2 energy groups: a very-low-energy group 
with a peak at about 3 electron volts and 
extending up to 50 electron volts; and a high- 
energy group with energies ranging up to 
that of the bombarding radiation. The greatest 
uncertainty concerned the low-energy group. 
In particular, it was not possible to predict 

the magnitude of the low-energy emission 
as a function of the type and energy of the 
Incident radiation and the nature of the 
bombarded material. 

A review of existing theory and the limited 
amount of experimental data indicated that 
it might be possible to readily characterize 
emission from a given material bombarded 
with different radiations on the basis of 
energy deposited in the material, rather 
than in terms of emitted electrons per inci¬ 
dent particle or photon as had been done in 
the past. It also appeared that the emission 
produced by high-energy radiations could be 
correlated with the extensive data available 
on emission produced by electrons of a few 
thousand volts. However, the experimental 
data needed to confirm these possibilities 
was lacking. 

During the past year the emission from a 
number of metals bombarded with high- 
energy electrons and gamma rays has been 
studied. The results indicate that, when 
the emission yield Is expressed in terms 
of the energy deposited by the Incident 
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radiation, electron and gamma effects can 
be correlated. It was also found that emis¬ 
sion prodi ed by high-energy radiation can 
be predicted from the extensive data avail¬ 
able for a large variety of materials bom¬ 
barded with electrons of moderate energy. 

This result represents a considerable ad¬ 
vantage in terms of guiding further research 
at high energies into profitable channels. 
It also means that the magnitude and con¬ 
sequences of these phenomena can now be 
predicted. 

general physics 
A SELF-MODULATING DERIVATIVE OPTICAL 
SPECTROMETER (SMODOS) 

Working with AFOSR support, Professor 
Guido Bonfiglioll of the Istituto Elettrotecnico 
Nazlonale Galileo Ferrais, Turin, Italy has 
developed and tested a special absorption 
spectrophotometer. The SMODOS consists 
basically of a visible range monochromator 
modified by the interposition of a vibrating 
mirror located in the light path in such a 
way that it emits a wavelength-modulated 
beam. A schematic of this instrument is 
shown in Figure 1. 

A fraction of the monochromator light 
obtained through the specimen is incident 
upon phototube #1 and produces an amplitude- 
modulated current. A monitoring signal is 
obtained from phototube #2 which is illumi¬ 
nated by the remainder of the monochromator 
light. These signals are mixed in a circuit 
which produces an output proportional to the 
logarithm of the ratio of the two phototube 
currents. This output is rectified, filtered 
and recorded in the form of the derivative 

of the specimen optical density vs. the wave¬ 
length. The operation of this spectrophoto¬ 
meter is similar to that of an electron-spin- 
resonance (ESR) spectrometer; thus, it 
possesses the high discrimination perform¬ 
ance characteristic of the ESR systems. 

During 1967 the performance of this sys¬ 
tem has been demonstrated, and it has been 
shown to have a considerable advantage over 
standard spectroscopy systems in the detec¬ 
tion of weak peaks masked by the side tails 
of stronger peaks. Theoretical calculations, 
including assumptions concerning peak char¬ 
acteristics, have Indicated that this method 
has a capability for the detection of peaks 
which are 5-15 times weaker than the weakest 
peak detectable by standard spectroscopy. 
Experimental investigations for a specific 
test specimen have yielded a gain of 20.4 
over standard spectroscopy. This gain cannot 
be compared quantatively with the theoretical 

Figure 1. Schematic diagram 

of self-modulating derivative 
optical spectrometer 

(SMODOS). 
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predictions because the assumptions used in 
the theoretical calculations were not met in 
the experiment; however, this figure is cer¬ 
tainly indicative of the gross advantage of 

NUCLEAR PENETRATION BY 

One classical technique for the investiga¬ 
tion of nuclear properties is the study of the 
characteristics of discrete monoenergetic 
electron groups emitted by energetically un¬ 
stable nuclei. Such electron groups are the 
result of an electromagnetic process known 
as internal electron conversion. By means 
of this process the excess energy of an 
excited atomic nucleus can be transferred 
to one of the atomic electrons orbiting 
about the nucleus in a given shell (K, L, 
M, etc.). The electron is ejected from the 
atom with an energy equal to the change in 
nuclear energy minus the atomic binding 
energy. 

Usually the internal conversion process is 
in direct competition with gamma-ray emis¬ 
sion. In fact, the primary nuclear informa¬ 
tion inherent in the conversion process is 
contained in the ratio of the number of 
internal conversion electrons emitted to the 
number of gamma rays emitted by a given 
population of excited nuclei. This ratio, 
designated the internal conversion coeffi¬ 
cient, is generally only a function of the 
nuclear transition energy, the angular mo¬ 
mentum and parity of the emitted gamma 
rays, and the atomic wave function for the 
electron. This electron wave function can 
be calculated from first principles and de¬ 
pends on such things as the atomic number 
of the nucleus, the nuclear radius, and the 
atomic shell of the electron of interest. 
Extensive tabulations of internal conversion 
coefficients for electrons in the atomic 
shells K, Li,L|, L, have been published. (1,2) 
On occasion, the primary electromagnetic 
transition process connecting two nuclear 
states is hindered as the result of a certain 
selection rule. Such hindrance effects can 
result in the increased importance of cer- 

the SMODOS technique over standard spec¬ 
troscopy. This Instrument will prove to be 
an invaluable tool in the Identification and 
analysis of trace impurities. 

nuclear physics 
ATOMIC ELECTRONS 

tain secondary effects, such as the penetra¬ 
tion of the nuclear volume by the wave func¬ 
tion of the atomic electron. (3) In such a 
case, the various conversion coefficients 
associated with the transition may assume 
anomalous values when compared with the 
tabulated coefficients. The study of such 
anomalies provides additional insights into 
the structure of nuclei as well as the internal 
conversion process itself. 

In a recent study (4) at ARL, Drs. Hans J. 
Hennecke, J. C. Manthuruthil, K. O. H. 
Bergman, and C. R. Cothern discovered that 
the transition from the 161-keV level to the 
ground state of CS131 exhibited a hindrance 
of roughly a factor of 300 as compared to 
theoretical estimates for an Ml transition 
(AL = 1, no parity change). Combining thei : 
measurements of the relative intensities of 
the K, Lt, L,, and L, internal conversion 
electrons for this transition with data re¬ 
ported by other researchers, they have con¬ 
cluded that the existing anomalous results 
can be explained in terms of nuclear penetra¬ 
tion effects. Further experiments are antici¬ 
pated to provide added tests of the proposed 
penetration hypothesis. 

Basic Investigations of this type increase 
our fundamental understanding of nuclear 
interactions. Such knowledge possesses 
inherent high potential for future application 
of nuclear phenomena to a broad range of 
aerospace problems. Even though the basic 
nature of nuclear interactions is presently 
only poorly understood, the Impact of nuclear 
phenomena on technology is evident. Future 
applications can be expected to arise both 
from developments based on present knowl¬ 
edge and from features of nuclear interac¬ 
tions yet to be discovered. 
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nuclear physics 

PARTICLE INTERACTIONS AT EXTREMELY HIGH ENERGY 
The only known interactions or forces 

that occur in nature are the strong inter¬ 
actions between nucleons, electromagnetic 
interactions between charged particles, weak 
interactions such as occur in beta decay, 
and the gravitational interactions between 
massive bodies. Experiments with high- 
energy particle accelerators have shown no 
interactions other than the above four types. 
However, some theories predict that all 
elementary particles are made of certain 
combinations of three basic particles (called 
quarks), and their antiparticles. If these 
theories are correct, one would expect a new 
type of interaction to occur in nature, i.e., 
the interaction between the quarks. Such 
interactions are called "superstrong" inter¬ 
actions; however, to date, neither they nor 
the quarks have been detected. 

Perhaps one reason why superstrong in¬ 
teractions, whatever their origin, have not 
been detected is because particle accelera¬ 
tors are incapable of producing protons of 
sufficient energy. However, nature has pro¬ 
vided its own high-energy source of par¬ 
ticles in the form of cosmic rays, and many 
scientists are studying these particles to 
learn more about interactions at high energy. 
One such investigator is Professor C. B. A. 
McCusker of the University of Sydney, Aus¬ 
tralia, who is supported by the Nuclear 
Physics Division of AFOSR. Professor 

McCusker and his group are studying ex¬ 
tensive air showers produced by very-high- 
energy cosmic rays. 

At the Tenth International Conference on 
Cosmic Radiation held at Calgary, Canada, 
in June 1967, Professor McCusker reported 
his latest results concerning air showers 
which have more than one core. Multicored 
showers are produced when a cosmic-ray 
particle heavier than the proton, such as an 
alpha particle or even an iron nucleus, hits 
another nucleus in the upper atmosphere and 
breaks up into its constituent nucleons. His 
findings indicate that certain of these multi¬ 
cored showers have their cores separated 
by too great a distance to be explained by 
presently known forces, and that only a 
force much stronger than the nuclear force 
can account for these separations. These 
findings were partially confirmed by other 
investigators at the Conference; but further 
experimentation is required before they can 
be rigorously established. If such confirma¬ 
tion is obtained in the future, knowledge of 
superstrong forces will be of the utmost 
value to theoretical physicists in formu¬ 
lating their theories concerning the nature 
of matter. Increases In our fundamental 
understanding of the nature of matter have 
led to extensive technological progress in 
the past; further Increases in this under¬ 
standing are vital for future breakthroughs 
in technology. 

chemistry 
STRUCTURES OF THIN EPITAXIAL LAYERS OF 
ALUMINUM ON TANTALUM 

Among the practical consequences of a 
fundamental study of the growth and prop¬ 
erties of thin single-crystal films are better 
control and production of microelectronic 
devices and the development of better coat¬ 
ings for oxidation and antisputtering protec¬ 
tion. In microelectronic devices the prop¬ 
erties of a thin film depend markedly on 

conditions of preparation of the sample. 
Many influences are not well understood, 
and hence their control is more difficul;. 
The resistivity of a thin film of tantalum, 
for example, can vary markedly, depending 
on the residual gas pressure and composition 
in the vacuum chamber during evaporation. 

Under the direction of Dr. T. W. Haas of 
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Figure J. LEED parleras illustrating various phases obtained from the growth of aluminum on a 

tantalum (110) surface: (a) Pattern from a clean Ta (110) surface; (b) Pattern showing dis¬ 

ordered AI (11 Ij film obtained when substrate is held at room temperature during evapora¬ 

tion; (c) Pattern showing growth of AI (100) film obtained when sample temperature is held 

at 400 C during growth; (d) Pattern showing 2 orientations of well-developed AI (111) ob¬ 
tained by having sample at 700°C during evaporation of film. All diffraction patterns are for 
an incident beam voltage of 65 and for normal incidence. 

ARL, and in close collaboration with Messrs. 
A. G. Jackson and M. P. Hooker of the Sys¬ 
tems Research Laboratories, a program is 
under way at the Aerospace Research Lab¬ 
oratories that will attempt to relate the 
various conditions of the preparation of metal 
and semiconductor films (substrate tem¬ 
perature. residual gas pressure and com¬ 
position. evaporation rate, etc.) to subse¬ 

quent structural, electrical, and chemical 
properties. Low-energy electron diffraction 
(LEED), residual gas analysis, energy dis¬ 
tributions of inelastically scattered electrons 
(plasmon excitations), and contact potential 
measurements are all used to characterize 
the films and are all carried out in the 
same apparatus. Initial studies in this pro¬ 
gram were aimed at understanding relatively 
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simple systems and, to this end,o began with 
a study of the growth of metal films on 
single-crystal metal substrates. Even such 
simple systems can have very practical 
importance. One such system now under 
study is the growth of tin layers on a niobium 
crystal. This particular system is widely 
used in superconductive thin-film electronic 
devices. 

The study of the growth of aluminum layers 
on a tantalum (110) substrate was recently 
completed. This relatively simple system 
displayed unexpected complexity as it was 
found that 4 different modifications of the 
aluminum layers were formed depending 
on the substrate temperature. The changes 

are illustrated in the LEED patterns shown. 
Analysis of the diffraction data shows that 
aluminum can be grown with its (100) or 
(ill) plane parallel to the Ta (110)depending 
on the temperature of the substrate during 
formation. In addition, a completely diffuse 
amorphous phase is formed which appears 
to have unusual chemisorption properties. 
This phase seems more resistant to oxidation 
and chemisorption than do the crystalline 
layers. The existence of an amorphous layer 
was detected when gold and gallium were 
evaporated onto tantalum, suggesting that 
the formation of this phase is a usual rather 
than an exceptional occurrence. If so, im¬ 
portant improvements in coatings may re¬ 
sult. 

chemistry 

THE CHEMISTRY OF GLASS 

The relevance of glass research to the 
Air Force stems fvom the many varied 
uses of highly specialized glasses. Air Force 
requirements often go far beyond those 
specified for civilian use. For example, the 
special high-strength glass fibre needed for 
winding Minuteman missile cases was de¬ 
veloped under an applied Air Force contract. 
A very large development effort is being 
pursued by the Air Force and DoD in the 
area of composite materials. Not only are 
glass and vitreous silica being used, but 
also other filamentous materials are em¬ 
bedded in a polymer or light metal matrix. 
These new composite materials have a much 
higher strength-to-weight ratio than con¬ 
ventional metals or alloys. This qualifies 
them for many aerospace uses, from turbine 
compressor blades to helicopter rotors. 

Other special but vital glasses are those 
used in reconnaissance photographic lenses. 
Infrared windows for heat-seeking missiles, 
radar domes, electrical components for 
special radar and communication tubes, di¬ 
electric material for condensers and heat¬ 

proof insulation for winding compact and 
lightweight electric motors, and also heat- 
and impact-resistant glasses for the wind¬ 
shields of supersonic vehicles. 

The history of glass-making stretches 
back to 2,500 B.C. with the finding of glass 
beads in Egyptian archeological sites. Since 
then the technology of glass has gradually 
expanded until today it is one of the most 
advanced in our civilization. Perhaps for 
this same reason the science of glass is 
rudimentary and in its infancy. Even such 
recent developments as Vycor glass and 
Pyroceram were empirical discoveries. 

What is fundamentally lacking in the science 
of glass is a reasonable knowledge of the 
structure of glass. Today a glass is con¬ 
sidered to have the "frozen-in" structure 
of the liquid, and this structure can vary 
with the original temperature of the liquid 
and also the rate of cooling to a solid glass. 
It is now recognized that glasses, like 
liquids, have more than short-range order, 
and lie between the disordered gaseous state 
and the regular crystalline solid state. 
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The glass program of AFOSR's Directorate 
of Chemistry is directed toward the central 
fundamental problem of the chemical struc¬ 
ture of glasses. The reservoir of basic 
knowledge in this area is still almost empty, 
and even the need for such a pool has only 
recently been recognized. Dr. Charles G. 
Dodd at the Technical Center of the Owens- 
Illinois Glass Company in Toledo, Ohio is 
conducting a research program on "X-Ray 
Absorption-Edge Fine-Structure Spectrom¬ 
etry of Class and Glass-Crystal Materials." 
Another project in the area of glass struc¬ 
ture is being conducted by Dr. John H. 
Mackey, Jr. at the Mellon Institute in Pitts¬ 
burgh on "Defect States and Structure of 
Oxide Glasses." AFOSR research was initi¬ 

ated in the hope of utilizing the solid-state 
approach to the basic chemical problem of 
glass structures. It was particularly relevant 
to Air Force interests because many lasers, 
photographic lenses and photochromie glasses 
proposed for eye protection against nuclear 
blasts are based on rare-earth-containing 
glasses. Dr. J. D. MacKenzie at Rensselaer 
Polytechnic Institute is directing a contract 
on "Viscous Flow and Compressibility of 
Molten Borates at High Pressure." The 
experimental results and the theoretical 
interpretations of data are being written up 
for publication in relation to the physical 
and chemical interpretations of the structures 
of boric oxide and sodium-borate glasses. 

chemistry 

SYNTHESIS OF METALLOCENES 

In recent years, extensive investigations 
into the area of organometallic compounds of 
the metallocene type (metalion "sandwiched" 
between two cyclopentadienide rings) have 
yielded a series of new monomeric and 
polymeric compounds having unusual stability 
to heat and light. (1,2) Such stability is a 
desirable property in many coatings and 
lubricants. Research generally has been 
confined to metallocenes of the ferrocene 
type, in which the central metal ion is iron, 
because ferrocenes are usually easier and 
much less expensive to obtain by established 
techniques than other metallocenes. 

Some preliminary studies have shown that 
certain ruthenocenes may find special appli¬ 
cations as light-stable ultraviolet reflector 
coatings. In fact, substituted ruthenocenes 
often exhibit improved light or heat stability 
compared to the corresponding ferrocenes. 
Recent investigations conducted at FJSRL 
by 1st Lt George Gauthier have concerned 
a novel reaction involving an exchange of 
the central metal ion of a metallocene for 
another, different, central metal ion. A re¬ 
action sequence involves the preparation of 
the parent ferrocene, metal exchange with 
ruthenium trichloride, and isolation of the 
resulting ruthenocene. From several sim¬ 

ple ferrocenes, the corresponding pure 
ruthenocenes were prepared in significant 
yields. Reactions are most successful when 
run in a sealed evacuated tube at elevated 
temperatures for several days. The reaction 
gives only decomposition products if oxygen 
is present. The general reaction is illus¬ 
trated below: 

Fe + RuCl, -*■ Ru 

Ferrocene Ruthenocene 

Studies of this new reaction are in their 
early stages. Modifications and refinements 
should make accessible a number of previ¬ 
ously known and new compounds at much 
lower cost than present methods. The avail¬ 
ability of such compounds should prompt 
further research into their applications in a 
variety of useful materials. 
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chemistry 
CRYOGENIC LIQUID MIXTURES 

Liquid methane (CH4) and liquid ethane 
(C2H6) are presently being considered as 
advanced fuels for gas turbine and scram 
jet engines. Their use will allow a new 
generation of hypersonic aircraft to reach 
speeds of over Mach 5. In addition, these 
fuels will produce large increases in payload 
as compared to the normal hydrocarbon fuels. 
These exciting possibilities are based on such 
properties as their high heats of combus¬ 
tion and densities which combine to give 
fuels of high specific energy (BTU's/lb), 

Important data for the use of the design 
engineers are being obtained through an 
AFOSR grant to Dr. Frank B. Canfield at 
the University of Oklahoma. Because of his 
interest in both the theory of liquids and the 
practical handling of liquefied fuel gases, he 
has developed a method for high-precision 
measurement of the densities of liquid 
methane, ethane, etc. at the very low tem¬ 
peratures which must be used. (1) (At at¬ 
mospheric pressure, the boiling point of 
methane is -162°C, and that of ethane is 
-89°C.) 

In Dr. Canfield's method, a stainless steel 
bomb (Figure 1) is first filled with the purified 
gas under high pressure. Then the bomb is 
connected to a quartz pycnometer (Figure 2) 

Figure 2. Schematic diagram of fused quartz 
pycnometer. 

in a low-temperature cryostat, and gas is 
allowed to diffuse out of the bomb and con¬ 
dense in the pycnometer until the latter is 
exactly filled. By weighing the bomb at the 
beginning and the end, and calibrating the 
pycnometer volume by differential weighing 
with mercury, it is possible to determine 
the density with an accuracy 10 times better 
than previously available. 

The experimental data, collected as de¬ 
scribed above, allowed the first test of the 
principle of congruence for liquid mixtures 
of n-alkanes below normal pentane. Accord¬ 
ing to the principle of congruence, pure 
n-alkanes and mixtures of n-alkanes having 
the same molal average chain length should 
have equal thermodynamic properties at the 
same temperature and pressure. The molal 
average chain length is defined by 

ñ = r j xt nj 

Figurei. Weighing bomb. Specifications: valve where nt is the number of carbon atoms and 
material, type 303 ss; sphere material, xt is the mole fraction of the ith n-alkane. 
PH 15-7 Mo ss; total weight, 230 g; Because of the substantial previous success 
inside diameter, 4 in; working pressure, of this principle when applied to the higher 
750 psi. n-alkanes, it was somewhat surprising to 
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find the principle invalid for the systems 
investigated. The principle was found to 
be inconsistent with the experimental data 
both in predicting mixture volumes from 
pure component volumes and in predicting 
the volume of one mixture from that of another 
possessing the same molal average chain 
length. Work is now in progress on elucidating 
the cause of failure of this rather well-estab¬ 
lished principle. 

In the more detailed molecular theory of 
liquid mixtures, a major problem is the 
prediction of interaction energies between 
unlike species in the mixture. Although data 
to test and extend existing molecular theories 

have yet to be collected, some preliminary 
work has been done on determining the inter¬ 
action energies from existing data. (2) 

One interesting aspect of this research, 
related to liquid-state theories, is the shrink¬ 
age in volume (or increase in density) that 
occurs when these liquefied hydrocarbons are 
mixed. Propulsion experts are presently 
considering a 90% methane-10% ethane mix¬ 
ture as the fuel. Dr. Canfield's fundamental 
research results will give the designers 
answers on how much saving in the size of 
aircraft fuel tanks can be had by using the 
volume-shrinkage phenomenon in these mix¬ 
tures. 

chemistry 
BORON CHEMISTRY 

The relevance of boron chemistry to the 
Air Force may not be apparent at first 
sight. However, a little investigation soon 
reveals a large number of highly important 
roles which boron and its compounds play 
both in current Air Force materials and 
also in exciting new potential uses. What is 
surprising is how little is known of the 
fundamental chemical mechanisms by which 
boron plays its part. Thus, since about 1940 
it has been known that a minute amount of 
boron (of the order of about 0.001%), par¬ 
ticularly in the presence of a deoxidizer, 
increases the hardenability index of steel up 
to 75%. Too much boron makes the steel 
brittle. Boron in very small amounts re¬ 
fines the grain of aluminum castings. In 
neither steel nor aluminum is the fundamental 
mechanism of boron's action thoroughly 
understood. 

The incorporation of substantial amounts 
of boric oxide in the formulae of inorganic 
glasses imparts to these glasses properties 
of markedly increased strength, resistance 
to heat weakening and deformation, chemical 
or corrosion resistance, and other unique 
properties. These improved glasses are 
used in heat-resistant windshields and the 
lenses of photographic reconnaissance 
cameras. Improved high-strength boron 
glasses are used in glass fibers which, 
incorporated in a resin matrix, are used in 

winding rocket cases for advanced missiles, 
light heat-resisting insulation for electric 
motors, and other important uses. Boron 
and boron-carbide fibers are being studied 
intensively by the Air Force as a replace¬ 
ment for glass in new composite materials 
having high strength and stiffness combined 
with lightness. Radomes can be constructed 
of composite materials or out of the new 
glass ceramic materials of which Pyroceram 
is an example. 

Boron catalysts such as boron fluoride and 
boron alkyls are used in organic chemistry, 
particularly in the manufacture of polymers 
in such materials as butyl rubber. 

Boron hydrides and metal borohydrides 
have found wide uses in such diverse areas 
as organic syntheses (dehydrogenations) and 
paper bleaches. The remarkable and unique 
properties of the polyhedral boranes and 
carboranes with regard to their chemical 
and thermal stability make them very at¬ 
tractive candidate building blocks and inter¬ 
mediates for unusual polymers having possi¬ 
bilities of meeting the increasingly severe 
demands of planned and future Air Force 
requirements in areas such as hydraulic 
fluids, lubricants, O rings, and as the 
polymeric matrices of fibrous composite 
materials. 

The boron program now being carried out 
by the Directorate of Chemical Sciences, 
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AFOSR, is planned to further the fundamental 
knowledge of boron bonding and structures 
with considerable emphasis in the areas of 
polyhedral boranes and carboranes. This 
has been planned to back up Air Force and 
Navy programs in the synthesis of inorganic 
polymers such as the new, extremely stable 
boronsilicon polymers developed with the 
support of the Office of Naval Research. 

Dr. Alexander Kaczmarczyk, an AFOSR 
grantee at Dartmouth College, is exploring 
the chemistry of B10H10'*, and has already 
achieved significant results. Another effort 
in the decaborane area is being conducted 
by Dr. N. N. Greenwood at the University 
of Newcastle-upon-Tyne in England on the 
reaction of transition-metal carbonyl halides 
with B1# and Bu polyhedral ions. Dr. T. E. 
Haas at Tufts University is working on 

nuclear-magnetic-resonance and nuclear- 
quac.upóle-resonance studies of polyhedral 
borane ions. Dr. R. A. Beaudet at the Uni¬ 
versity of Southern California is using micro- 
waves to study small polyhedral boranes. 
Dr. D. R. Bidinosti at the University of 
Western Ontario is investigating boron-halide 
reactions mass-spectrometrically. Drs. 
M. F. Lappert and J. B. Pedley at the Uni¬ 
versity of Sussex in England are doing a 
thermochemical study of certain boron re¬ 
actions. Dr. M. J. S. Dewar at the University 
of Texas is interested in the possibility of 
heterocyclic organic boron compounds as 
semiconductors. Finally, Dr. J.D. Mackenzie 
at the Rensselaer Polytechnic. Institute is 
investigating the properties of boric oxide 
under pressure. This research will be of 
value in understanding the structure of many 
glasses. 

mathematical sciences 

ATTITUDE CONTROL OF A SPINNING VEHICLE 

The design of efficient attitude-control 
systems for extra-atmospheric vehicles is of 
considerable importance. The basic functions 
of a spacecraft attitude-control system are 
those of maneuvering the vehicle in a pre¬ 
scribed manner and stabilizing it when a 
desired orientation has been acquired. One 
important attitude-control problem is that 
of maneuvering a spin-stabilized vehicle 
where various performance criteria are 
considered. For example, the performance 
of a space-vehicle attitude-control system 
may be evaluated in terms of the amount of 
fuel consumed during a specified maneuver, 
or the time required to reorient a vehicle 
from some initial position to a desired final 
position. 

Capt. Dirk H. deDoes of the Aerospace 
Mechanics Division, Frank J. Seiler Research 
Laboratory, has been investigating the prob¬ 
lem of reorienting a spinning vehicle when 
the important design criterion is minimum 
time. Such a maneuver is important in cer¬ 
tain military and scientific missions. For 
example, consider the problem of making 
rapid corrections in the orientation of a 

spinning re-entry vehicle during the extra- 
atmospheric portion of an intercontinental 
trajectory. During the latter phase of such 
trajectories, the vehicle's attitude influences 
a variety of parameters, including aero¬ 
dynamic forces during initial contact with 
the atmosphere. Thus, minimum-time atti¬ 
tude control may be an important considera¬ 
tion for such mission requirements. 

The problem Captain deDoes considered, 
having to do with time-optimal control, is 
one of properly orienting a spinning vehicle 
with respect to specified reference direc¬ 
tions, starting from known initial conditions 
of the vehicle's attitude and rotation rates 
(1, 2). As a result, a method using sophis¬ 
ticated mathematical techniques was de¬ 
veloped for computing the time-optimal con¬ 
trol law for a wide class of vehicles in which 
small changes in attitude are required. 
This method permits the determination of 
the influence of such parameters as spin 
rate, vehicle geometry, control magnitude, 
and thruster configuration on the time re¬ 
quired to optimally reorient a spinning ve¬ 
hicle. 
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As a design tool the method has an im- control-jet configurations compare with one 
portant advantage in that answers to the another in terms of efficiency? 
following questions are readily available; 
For a given vehicle configuration, what is The method also provides a reference for 
the minimum time required to carry out a evaluating the performance of nearly time- 
specified change in attitude? How do the optimal control schemes. As such it pro¬ 
system parameters affect the minimum re- vides both the time-optimal control law 
orientation time? What are the characteris- and the terminal time for a wide range of 
tics of the optimal control law in terms problems which are specified in terms of 
of the system parameters? How do various the physical parameters. 

mathematical sciences 
THE COMPUTER-LANGUAGE EVOLUTION 

The invasion of the computer into man's 
routine existence becomes more apparent 
each day. At one time, the computer was 
called upon to solve the problems of a small 
class of scientists or specialists. Today, 
however, we read that the computer is per¬ 
forming some rather startling tasks. For 
example, it aids the businessman to keep his 
inventory up to date, it prepares our monthly 
bank statement, it lands astronauts safely 
from space journeys, and it is even being 
called upon to teach our children basic 
concepts in a wide range of subject areas. 

Several years ago, it would have been un¬ 
thinkable to expect the computer to perform 
most of these sophisticated tasks with the 
ease with which they are currently per¬ 
formed. However, we have witnessed, and 
are still witnessing an evolution that is 
enabling us to utilize the speed and power 
of the computer even further. The key to 
this evolution is our ability to communicate 
with the computer. Computer languages have 
progressed from the point where a specialist 
was required to encode and decode long 
strings of zeroes and ones (e.g., 011001101001 
might have been the code that told the machine 
to add two numbers) to the point where an 
inexperienced computer user can rapidly 
"speak" to the computer in a language that 
is reasonably "natural." 

Illustrative of the research that has been 
performed to bring about this evolution is 
that performed by Peter Ingerman at the 
Westinghouse Electric Corporation for 
AFOSR. Ingerman has described and de¬ 

veloped a particular computer-language 
translator. His efforts have recently ap¬ 
peared in monograph form entitled, A Syntax- 
Oriented Translator. 

A computer translator is a processor 
that accepts as input a message in one 
language (the language used by the pro¬ 
grammer) and produces as output a message 
in another language (the computer's lan¬ 
guage) with the requirement that there exist 
one common meaning for the two messages. 
The classical translator normally is a rela¬ 
tively efficient structure that can provide 
any desired balance between fast translation 
and fast macn.ne code. However, the mainte¬ 
nance required for the translator to in¬ 
corporate changes in this balance is at best 
tedious work and at worst may effect a com¬ 
plete redevelopment of the translator. Also, 
the production of a new translator for a new 
language or for a different computer can at 
best make limited use of the old translation. 
On the other hand, a syntax-oriented trans¬ 
lator is completely independent of the pro¬ 
gramming language that is to be translated, 
so long as sufficient means exist for de¬ 
scribing the properties of the programming 
language. Ingerman presents a method of 
producing various computer languages that 
depends only on a system programmer's 
ability to specify the rules of his own 
language. He has, in effect, devised a method 
that minimizes the time delay between the 
conception of a new language and its avail¬ 
ability to users of a wide variety of com¬ 
puters. 
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mathematical sciences 
STUDY OF A MAGNETOPLASMADYNAMIC JET 
FOR SPACE PROPULSION 

A multitude of low-thrust propulsion units 
are presently under development. These 
units, which include electrical, chemical and 
radioisotope systems, are being developed 
to furnish the thrust necessary for attitude- 
control, station-keeping and drag-makeup 
functions for future satellites. Research 
and development work on low-thrust systems 
is being supported by both the Air Force 
and NASA. 

AFOSR supports basic studies in the field 
of plasma physics. One AFOSR investigator 
in this field, Dr. A. Ducati, made a research 
advance concerning electric-arc operation 
(1, 2). This research advance has resulted 
in the development of a new class of electric 
arcs, (magnetoplasmadynamlc [MPD] arcs), 
which have demonstrated exceptionally high 
specific impulses up to 10,000 seconds. 

AFOSR requested the Office of Research 
Analyses (ORA) to perform an application 

study of the MPD arc. This study was per¬ 
formed using a methodology shown in Figure 1 
which was developed by ORA during the execu¬ 
tion of a previous application study. 

A survey was made of proposed future Air 
Force space missions to determine the 
thrust and total impulse requirements. The 
most promising low-thrust propulsion de¬ 
vices were selected on the basis of a litera¬ 
ture search and discussions with engineers 
in the low-thrust-propulsion field. Com¬ 
parative propulsion units selected were com¬ 
pressed gas, chemical, resistojet, radio¬ 
isotope and mercury bombardment units. 
Three effectiveness parameters were se¬ 
lected: the ratio of thrust to exit area, the 
thrust per kilowatt power input, and system 
weight as a function of total impulse re¬ 
quired. A cost model for low-altitude mis¬ 
sions was developed to determine the cost 
effectiveness of using the various propulsion 

Figure 1. Research applications methodology. 

128 



I 
units. Using resupply costs as criteria, 
cost-effectiveness measures were also de¬ 
veloped for synchronous missions. The de¬ 
velopment problems facing the MPD arc 
were analyzed. 

It was shown that the Air Force could 
benefit from the development of reliable, 
high-specific-impulse, low-thrust propulsion 
units. At the present time, only electric- 
propulsion units, such as the MPD arc, 
mercury and cesium bombardment and 
cesium contact units have demonstrated the 

capability to achieve high specific impulses 
(greater than 1,000 seconds). Therefore, 
the benefits that can be gained by the use 
of high-specific-impulse thrustors are con¬ 
tingent upon the development of lightweight 
power supplies. 

Results of this application study will be 
disseminated to AFSC organizations. Such 
studies assist AFSC to recognize achievable 
gains in technology and improvements in sys¬ 
tems that may result from research advances. 

mathematical sciences 
COMPUTATION OF SPECIAL FUNCTIONS 

Mathieu functions were introduced by their 
originator almost a century ago, when he de¬ 
termined the vibrational modes of a stretched 
membrane having an elliptic boundary. In the 
intervening years, these equations have arisen 
during the investigation of many problems of 
wide scientific interest, e.g., eddy-current 
loss in an elliptic core, elliptic wave guides, 
and unsteady compressible subsonic flow past 
a long cylinder (air foil) of elliptic cross 
section. One feature in common to all of 
these is the elliptic shape of an element of 
the problem. If this shape degenerates to a 
circle, the problems then give rise to the 
well-known Bessel functions, which have been 
exhaustively studied and extensively tabu¬ 
lated. To accomplish as much for Mathieu 
functions was clearly out of the question, be¬ 
cause of their added complexity; but it was 
felt that a major contribution could be made 
to the scientific community by concentrating 
a sizable effort on the study of these useful 
equations. 

One portion of this effort, under the 
leadership of Dr. Gertrude Blanch of the 
Applied Mathematics Research Laboratory, 
ARL, has been the publication of two volumes 
of tables (1, 2) relating to the radial Mathieu 
functions, i.e., nonperiodic solutions of 
Mathieu's modified equation. Another por¬ 
tion has been the development of a generalized 
computer program to calculate the charac¬ 
teristic numbers as well as the periodic 
and radial Mathieu functions for real values 
of the parameters. This Fortran IV program, 

written by Mr. D. S. Clemm of the same 
ARL Laboratory, has also been used at the 
University of Michigan and the Newark Col¬ 
lege of Engineering, where a problem of wave 
diffraction by elliptical discontinuity is being 
studied. 

Another class of higher transcendental 
functions which occur in numerous physical 
problems are the Elliptic Integrals and the 
related Elliptic Functions. The Elliptic In¬ 
tegrals are divided into three kinds. Those 
of the first kind were first encountered in 
the theory of large oscillations of a simple 
pendulum, while those of the second kind 
arise in the problem of finding the arc length 
of an ellipse (whence the name). The third 
kind occurs in many problems in rigid body 
dynamics, notably in the theory of the gyro¬ 
scope. In all of the above applications, all 
of the parameters Involved are real. The 
corresponding function with complex values 
of the parameter finds application in prob¬ 
lems relating to conformal mapping. 

Programs to compute the above-described 
functions have been written by Mr. Henry E. 
Fettis and run by Mr. James C. Caslln, 
both of the Applied Mathematics Research 
Laboratory, ARL. From these programs, 
for the IBM 1620 and 7094 computers, ex¬ 
tensive tables have been compiled, com¬ 
prising not only the Elliptic Integrals but 
also the Elliptic Functions of Jacobi (essen¬ 
tially the inverse functions to the integrals) 
for both real and complex arguments. Some 
of these tables have been Issued as ARL 
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Technical Reports (3, 4, 5, 6 and 7), while matical Society. Copies of the tables have 
others have been deposited in the Mathe- been distributed to all principal university 
matical Table File of the American Mathe- and technical libraries both here and abroad. 

mathematical sciences 
ESTIMATING PROBABILITIES 

Many complex problems can be formulated 
such that the nature of their solution reduces 
to probabilistic expressions. This is particu¬ 
larly true in the field of meteorology in which 
the Air Force has a direct interest. For 
example, the ability toforecast thunderstorm 
activity in a local area reduces to an analysis 
of past and current data and the use of such 
data in predicting either success or failure. 

Dr. Richard H. Jones, an AFOSR contractor 
at The John Hopkins University, has done 
considerable research into the application of 
statistical methods to the field of meteorol¬ 
ogy. In a recent technical report Dr. Jones, 
along with Mr. William M. Brelsford has 
shown that, with certain assumptions on the 
distribution of the independent variables, 
the probability of a success is a logit curve, 
a type of sigmoid. The maximum likelihood 
estimators of the parameter of the logit are 
obtained and compared with estimators ob¬ 
tained by nonlinear regression techniques, 
both classical and a newer recursive method. 
A comparison is also made with a linear 
regression line showing the conditions under 
which it provides an acceptable predictor. 
The comparisons are made by an analysis 
of several types of simulated data, as well as 
by an analysis of meteorological data. 

The comparison of several estimation 
methods indicates that, for a particular prob¬ 

lem, several factors must be considered. The 
logit estimator has the advantage of being the 
easiest to calculate and provides good esti¬ 
mates if the model is correct. The iterative 
method, if it converges, converges to the 
maximum likelihood estimate. Recursive 
estimation provides an updating feature which 
is especially useful in real-time situations. 
This allows the data to be used as "independent 
data" to judge performance in addition to its 
role in determining the coefficients. The 
recursive estimate converges reasonably 
well in one pass for a moderate sample size 
so that the data need not be retained. This 
estimate is relatively independent of the 
initial values of the coefficients. Finally, in 
any problem, combinations of the three 
methods should be considered to obtain the 
optimal solution. 

Binary events with continuous underlying 
variables (e.g., daily temperature exceeding 
its mean by k degrees) is another fruitful 
area investigated by Dr. Jones. The prob¬ 
ability prediction is made by estimating the 
conditional distribution of the continuous 
variables and integrating over the region uf 
interest. These results, along with other 
efforts of Dr. Jones in statistical research 
and applications, have important conse¬ 
quences not only for Air Force interests in 
meteorology but also for other areas of 
directly related Air Force application. 
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electronics 
OPTIMUM TRANSMISSION OF SPEECH 

Communications—the transmission and 
reception of information—serves its intended 
purpose only if a reasonable facsimile of the 
transmitted message can be received. The 
usual limiting factor is noise which has been 
added to the signal en route. If the amount 
of noise added is large, the received signal 
does not closely resemble the transmitted 
signal, and the receiver will make many 
errors in decoding or understanding the 
received message. 

For data signals, a large body of tech¬ 
niques has evolved for the extraction of the 
signal from the noise. In the case of speech, 
however, the performance of a human re¬ 
ceiver has not been describable in terms 
which would permit these techniques to be 
used. Further, the closest approximation to 
the transmitted signal is not necessarily 
the most intelligible. 

By extending an analytic technique for 
determining the relative performance of a 

speech-communications system. Major 
John D. Griffiths of AFCRL has derived an 
optimum speech-transmission filter. The 
effect of the filter is to maximize the in¬ 
telligibility of the speech-communications 
system for a particular given transmitter 
power and configuration. The improvement 
is usually equivalent to that gained by doubling 
the transmitter power. The filter is easily 
approximated by a simple RC circuit. This 
technique is applicable to all normal analog 
speech communications, such as the tele¬ 
phone, radiotelephone, and air-to-ground 
voice circuits. Iteffectivelydoubles the intel¬ 
ligibility "for free" by means of a reappor¬ 
tionment of the transmitter power within the 
signal. Previously, some portions of the 
signal carried more than their share of the 
communications "load," while other portions 
of the signal contributed little to speech 
intelligibility. Now, after filtering, equal 
amounts of signal energy carry statistically 
equal amounts of information. 

electronics 
FAR-INFRARED RADIATION SUPPRESSION 

Dr. P. D. Coleman, of the University of 
Illinois, is pioneering research efforts in 
the search for high-power coherent sources 
in the far-infrared (FIR) spectrum under the 
sponsorship of the Air Force Office of Scien¬ 
tific Research. He is using molecular gas 
lasers with water or deuterium vapor as the 
lasing medium. 

The nature of molecular lasers precludes 
a "clean" output tpectrum, and this creates 
the problem of defining the lasing specie. In 
an effort to suppress specific spectra and 
enhance single lines for more accurate study, 
Dr. Coleman has replaced one of the resona¬ 
tor mirrors with a diffraction grating. The 
grating is adjustable, making the laser cavity 
highly frequency-selective. Thus, FIR can be 
suppressed. 
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The diffraction grating is an aluminum- 
coated material with a 52-millimeter-square, 
ruled area blazed at a distinct angle. Thé 
corrugated surface of the grating favors 
oscillation at one particular wavelength while 
impairing the propagation of others. Only 
the wavelength and harmonics that are re¬ 
flected coincident with the resonator axis are 
allowed to oscillate as the others are scat¬ 
tered off-axis by the grating. The cavity may 
be tuned for a variety of distinct wavelengths 
by adjusting the position of the grating. The 
result of this frequency selectivity is the 
suppression of unwanted radiation. Figure 1 
illustrates the technique used. 

Since all wavelengths but one are sup¬ 
pressed, more energy is available for the 
desired transitions, and the competition be- 
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Figure 1. H20 laser with device to suppress undesired radiation. 
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tween several different transitions is elimi¬ 
nated. Only the desired frequencies have 
significant gain. This effect is proved by the 
obvious enhancement of the selected line. 
The resultant selective data are consistent 
with the hypothesis that the HjO molecule 
is the lasing specie. 

The concept of suppression offers a 

promising technique for power enhancement 
in the FIR, as well as filtering the output of 
molecular lasers. The success of Dr. Cole¬ 
man's research suggests possible applica¬ 
tions for IR sources in countermeasures and 
reconnaissance. This research is highly 
relevant to Air Force needs, and enjoys 
continued AFOSR support. 

electronics 

HIGH-EFFICIENCY DIODE LASERS 

Injection or diode lasers are of great 
interest because of their inherent suitability 
for lightweight, low-power communications 
and observation systems. Since injection 
lasers operate by the direct conversion of 
d-c input current to optical coherent radia¬ 
tion, their conversion efficiency tends to be 
much higher than either gas or solid lasers. 
There is, however, a major problem in heat 
removal because injection lasers are so 
small (typically 10 X 20 X 3 mils). Also, at 
present, continuously operating injection 
lasers must be used at cryogenic tempera¬ 
tures. Improvements in efficiency, threshold 
current, and heat removal are necessary to 
increase the maximum operating tempera¬ 
ture. A room-temperature laser operating 
in the near-infrared would permit the design 

of a lightweight, portable system for secure 
communications or forward ground-observer 
operations. 

In a joint research program, J. E.Ludman 
of AFCRL's Solid State Sciences Laboratory 
and K. M. Hergenrother of Northeastern 
University have made lasers with output 
approaching 3 watts (continuous opeiation) 
and with about 15% efficiency at maximum 
power and at liquid-nitrogen temperatures. 
(As usual, output is from the front face only.) 
This is a significant improvement in the 
state of the art; it is 3 times more powerful 
and 50% to 100% more efficient than the best 
diodes previously reported. The lasers are 
made by diffusing zinc into n-type (4 X10 « 
atoms/cm) GaAs to form a junction 5-8 F 
deep. The first diffusion is followed by a 
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Figure 1. Profiling samples. Buried layers in varying resistivity n-type base materials formed by ß+ 
implantations at 1¼ and 2½ MeV revealed by 5° angle lapping and staining. 

second long diffusion (2 hrs.) at an elevated 
temperature (1,000°C), with the source of 
zinc removed. Since there is no source of 
zinc present in the second diffusion, the 
junction moves less than 11* during the dif¬ 
fusion. If a deeper junction is desired, a 
third diffusion may be used with a source of 
zinc. Devices made with or without the third 
diffusion have high outputs and low thresholds. 
Without the long diffusion, junctions of 5-8 u 
will not lase. The reason for the effects pro¬ 

duced by long diffusion are not yet clear; but 
experiments Indicate that the change in the 
doping profile and the removal of much of 
the interstitial zinc during the long diffusion 
are not critical. 

These diode lasers, which have average 
power outputs greater than most ruby lasers, 
show great potential. Their ease of modula¬ 
tion, high pulse powers, and high average 
powers make them Ideally suitable for many 
military as well as civilian applications. 
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electronics 

PLASMA INFORMATION DISPLAY AND STORAGE SYSTEM 

A plasma display device has been de¬ 
veloped under the Joint Services Electronics 
Program by Dr. D. L. Bitzer of the University 
of Illinois. The novel feature of the invention 
is the use of a gaseous plasma discharge for 
a memory device. Binary data are repre¬ 
sented by the conducting and nonconducting 
states of the plasma. Display characteristics 
can be modified by the use of any of several 
different gases which emit light when excited. 

The gaseous plasma discharge storage 
and information display system consists of 
rectangular arrays of plasma discharge cells. 
One current model uses 1,600 cells per 
square inch. Figure 1 Ulustrates the con¬ 
struction of the device. Parallel rectangular 
sheets of glass are pressed together. Three 
edges of the sandwich are then sealed; the 
fourth edge provides access for evacuation 
and introduction of the desired gas. Each 
discharge cell is a small cylinder which can 
be separately excited as shown in Figure 2. 
A typical readout is shown in Figure 3 on an 
8-cell X 8-cell panel. 

A computer-derived binary signal together 
with an unmodulated alternating voltage cause 
the transition of a cell from one state to the 
other. The memory function is dependent 
upon the alternating unmodulated voltage. 
Voltage frequencies between 100 kHz and 500 
kHz have been used. 

Several characteristics of such a display 
give promise for applications. The optical 
display of theoretically unlimited size is a 
unique feature. In addition cost, flexibility, 
and computer compatibility provide distinct 
advantages in some systems. For example, 
for PLATO (Programmed Logic for Auto- 
matic Teaching Operation), which has severe 
display requirements, a cathode-ray tube 
display could cost a factor of 10 more. The 
display brightness, the fact that there is no 
requirement for image regeneration, and the 
direct use of binary data are other advan¬ 
tages which might be critical in particular 
applications. 

Glass 
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Transparent 
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Figure 1. Assembly of plasma display panel. 
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Figure 2. Gos discharge cell. 

Figure 3. Appearance of characters on 8-cell x 
8-cell plasma display panel. 
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electronics 
TUNABLE BAND-PASS FILTER USING 

HIGH-DIELECTRIC-CONSTANT CRYSTALS 

A new type of tunable band-pass filter with 
insertion losses of less than 2 db and with 
an output spectrum of only a few percent of 
the center frequency has been demonstrated 
by James C. Sethares and Martin R. Stiglitz 
of AFCRL. (1) The narrow band-pass filters 
can be constructed for any desired frequency 
from 1 to 12 GHz and for either fixed- 
frequency or tunable operation. 

The basic element of the new filter is a 
low-loss crystal having a high dielectric 
constant. Such crystals—rutile and strontium 
titanate are examples—can be made to 
resonate at specified microwave frequencies 
when subjected to an rf field of proper fre¬ 
quency and configuration. When the crystal 
is placed in a modified waveguide, stripline, 
or other transmission line structure, it acts 
as a band-pass filter. That, in essence, is 
the principle of the new filter. 

The band-pass filter technique was demon¬ 
strated at AFCRL by using a waveguide. The 
crystal (dielectric resonator) is cut in disc 
form and can be mounted on a small Teflon 
or polystyrene post. An iris consisting of a 
thin sheet of conducting material with a 
center opening is inserted as a partition 
inside the waveguide. The resonating disc 
is placed in the iris so that it protrudes on 

either side as shown in Figure I. When the 
waveguide is operated above cutoff, the 
apparatus serves as a band-pass filter. 

Different center frequencies are obtained 
by using crystals with different dielectric 
constants, and by changing the geometry of 
the crystal resonator itself. (2) However, any 
given filter can be tuned over a relatively 
narrower spectrum, either mechanically or 
magnetically. Mechanical tuning involves 
mounting two disc resonators inside the wave¬ 
guide in such a way that they can be brought 
into contact with each other or moved apart 
laterally. (3) Separating the resonators re¬ 
sults in an increase of the resonator fre¬ 
quency. Tuning ranges of 20 percent of the 
center frequency have been achieved by this 
method. 

Magnetic tuning Is achieved by placing 
ferrimagnetic materials in the vicinity of the 
dielectric resonator. Tuning is achieved by 
magnetizing the ferrimagnetic material with 
an external magnetic field. Switching speeds— 
that is, speeds of switching the band-pass 
center frequency from one value to another— 
of less than a microsecond are possible. (4) 
Tuning ranges of more than 15 percent at 
X-band have been achieved without degrada¬ 
tion of the filter response. 

Crystals having high dielectric constants 
are unfortunately very temperature-sensi¬ 
tive. This has limited their application to 
situations with low input powers and constant 
ambient temperatures. However, by placing 
the dielectric resonators in boron nitride, 
which conducts the heat to the waveguide 
walls, power-handling capabilities can be 
extended to several hundred milliwatts. (5) 
Sethares and Stiglitz have also used a new 
ceramic temperature-compensating mate¬ 
rial developed by the American Lava Corpo¬ 
ration (AL Si Mag No. 96). Resonators made 
of this material can operate under relative 
temperature rises as high as 30° F without 
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noticeable change in resonant frequency. 
This allows medium- and high-power appli¬ 
cation of these dielectric resonator filters. 

Filters of this new type would be rugged 

and compact and would find many military 
and commercial uses. Band-pass filters are 
common components in radio equipments 
and in many signal-processing instruments. 

electronics 
WHISTLERS AND THE PLASMAPAUSE 

One of the significant discoveries of en¬ 
vironmental electronics research is the 
abrupt decrease of electron density at an 
altitude of about 3 earth radii. This dis¬ 
covery required the diagnostic techniques 
of whistlers as developed by Dr. R.Helliwell 
of Stanford University, under contract to 
AFOSR. The alteration in density occurs in 
the relatively short distance of about 0.15 
earth radius, and the transition region is 
termed the plasmapause. This implies the 
existence cf a 3-dimensional boundary 
(plasmapause) that extends around the earth 
in the near-space plasma called the magneto¬ 
sphere. This doughnut-like shell separates a 
dense (100 electrons per cubic centimeter) 

inner region from a tenuous (1 electron per 
cubic centimeter) outer region. The presence 
of the plasmapause was a complete surprise 
to the scientific community, since no previ¬ 
ous theory predicted its existence. Satellite 
experiments have since confirmed its exist¬ 
ence. A model of the magnetosphere is shown 
in Figure 1. 

Measurements have shown that the plasma- 
pause is stable for approximately 18 hours 
per day, and that during the nocturnal cycle 
there is a rapid radial variation and less 
precise definition. This effect is called 
"breathing." Data to date verify plasma- 
pause breathing, and also indicate that the 
plasmapause corotates with the earth. 
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F/gure 1. Model of the magnetosphere. The shaded area represents the plasmasphere, with a density of 
IUU electrons per cubic centimeter. 

136 



Recent efforts by Helli^ell and his staff 
involve the use of whistlers to detect magneto- 
spheric motions. No experimental method 
exists, other than whistlers, to probe these 
thermal-ionization motions. Whistler theory 
predicts radial motion of the entire magneto¬ 
sphere, dependent upon the day-night cycle 
of the earth and large-scale solar electric 
fields. Data indicate that there is a perturba¬ 
tion of the magnetosphere on the side of the 
earth opposite the sun. The effect is some¬ 

thing like the immediate tail of a comet and 
may be caused by solar winds. Studies are 
being extended to formulate a wave-particle 
theory to explain magnetospheric VLF propa¬ 
gation and amplification. 

Air Force interest in the aerospace en¬ 
vironment motivates the development of diag¬ 
nostic tools such as whistler research tech¬ 
niques. At present, whistlers are our only 
accurate method for remote near-space in¬ 
vestigation. 

electronics 

OPTICAL EXCITATION WITH LOW-ENERGY IONS 

One of the most significant advances in 
physical electronics in the Joint Services 
Electronics Program has been the observa¬ 
tion of radiation from gases as a result of 
low-energy ion bombardment. For the last 
50 years, scientists have generally believed 
that virtually all of the light produced by a 
plasma discharge in a gas resulted from the 
effects of free electrons on gas molecules. 
It was supposed that the gas molecules were 
excited to higher-energy states by collisions 
with the free electrons, and that the mole¬ 
cules then gave up this energy in the form 
of light. 

It has now been shown by Drs. R. Novick, 
M. Lipeles and N. Tolk of the Columbia 
Radiation Laboratory, Columbia University, 
that low-energy ions have a similar excita¬ 
tion effect on gas molecules and thus can 
also bring about the emission of light. In the 
experiments, streams of monoenergetic 
helium ions with energies as low as five 
volts were injected into chambers filled with 
various gases. Production of light under 
these circumstances demonstrated that gas 
molecules were optically excited by the ions. 
Previous studies of optical excitation by ion 
impact did not reveal the low-energy light- 

production effects. 
The dependence of the amount of excitation 

on the kinetic energy of the helium ion shows 
unexpected features down to the lowest en¬ 
ergies studied. For example, there Is a sharp 
peak at 10 eV for the production of ultraviolet 
photons in xenon. A detailed theoretical ex¬ 
planation of these phenomena cannot be ac¬ 
complished in even the simplest collision 
problem. 

Aside from the insight that these collision 
processes provide concerning the mechanics 
of fundamental molecular processes, the 
observed results are of considerable interest 
in other branches of science and in certain 
technological fields. For example, charge 
exchange with simultaneous excitation has 
been suggested as a possible laser-pumping 
mechanism. In atmospheric physics, a knowl¬ 
edge of ion-atom inelastic collisions is 
essential for the understanding of energy- 
transfer processes in the ionosphere as well 
as of the interaction of the solar wind With 
planetary atmospheres. These collisions are 
important in very hot plasmas and may also 
be responsible for a significant portion of the 
optical radiation observed from both comets 
and meteors. 
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materials research 

CONTINUOUS MEASUREMENT 
during high-temperature 

In order to fill a gap in the experimental 
techniques for studying the oxidation of 
space-age materials, a system has been 
developed by Dr. Henry C. Graham of the 
Metallurgy and Ceramics Laboratory, ARL, 
io make continuous weight-change measure¬ 
ments at the desired temperatures and in the 
desired environment. 

The two principal requirements met by this 
system are (1) that the weight change be 
measurable continuously with sufficient sen¬ 
sitivity, and (2) that the sample be in an 
oxidizing atmosphere at temperatures as high 
as 2,400°C. The first requirement is satisfied 
by using a microbalance which has a capacity 
of 100 grams and a sensitivity of 2 milligrams. 

OF WEIGHT CHANGE 
OXIDATION 
The second requirement, as would be ex¬ 
pected, generates many experimental prob¬ 
lems. The experimental facility that has been 
developed uses yttria-stabilized zirconia 
rings as the inductively heated furnace which 
is packed in coarse-grained zirconia powder. 
It was necessary to use a susceptor since 
direct inductive coupling to the sample re¬ 
sulted in a large force (as high as 1 gram) 
being superimposed on the true weight change. 
This and the many other experimental prob¬ 
lems associated with this type of facility have 
been discussed in detail in a published 
paper. (1) 

Zirconium carbide (ZrC) is representative 
of the type of material the system was de- 
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with time in zirconium-carbide samples during oxidation at 2,020oC, as a Figure 2. Weight change 
function of oxygen pressure- 

signed to study. Weight-changes in this ma¬ 
terial have been measured. (Figs. 1 and 2.) 
Data taken at 1,870°C indicate the results ex¬ 
pected for ZrC, i. e., that there is a weight 
gain with time as zirconium oxide is formed 
and remains on the surface of the carbide. 
In addition, the rate of weight gain shows the 
expected increase with an increase in oxygen 
pressure. The results obtained at a higher 
temperature were unexpected, but can be ex¬ 
plained quite reasonably. A probable explana¬ 

tion for the weight loss occurring at 2,020°C 
is that the oxide is now evaporating as it is 
being formed. Considerably more data are 
needed before any definite conclusions can 
be reached. However, the drastic change ob¬ 
served in the oxidation behavior of ZrC at 
different temperatures points out quite clearly 
the advantages of a continuous weighing tech¬ 
nique over the recession measurement tech¬ 
nique generally used in oxidation studies on 
these materials. 

mechanics 
RAREFIED GAS DYNAMICS 

Military technological interest in rarefied 
gas dynamics is currently at a high level be¬ 
cause of the increasing number of weapon 
systems whose operational use requires flight 
within zones in the upper atmosphere where 
air does not behave as the familiar continuum 

encountered on the ground. The topic de¬ 
rives significance not only from the direct 
application to these systems, but also from 
the detection, communication, and counter¬ 
measure problems associated with possession 
of such weapon systems, both by ourselves 
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and by potential enemies. 
The tools of progress in rarefied gas 

dynamics are statistical mechanics and the 
kinetic theory of gases, coupled with the 
systematic development of knowledge of the 
interaction of gas molecules with solid sur¬ 
faces. Of these, knowledge of the gas-surface 
interaction is in the more primitive stage of 
development and, until recently, has defied 
all efforts to bring it into a satisfactory 
state. The chief obstacle to progress has 
been the difficulty of obtaining reliable ex¬ 
perimental information about the details of 
sucli interactions. 

Two kinds of experiments form the chief 
methods of obtaining this information. They 
are thermal accommodation coefficient 
measurements made by measuring the energy 
given to the gas by heated wires, and scatter¬ 
ing measurements obtained by placing suit¬ 
able target surfaces into a molecular beam. 
Results obtained by different experimenters 
have usually failed to agree, and there has 
been little point in constructing theoretical 
models. 

This situation has changed for the better 
in large measure because of research sup¬ 
ported during the past few years by the 
Mechanics Division, Directorate of Engi¬ 
neering Sciences, AFOSR. Professor Lloyd 
Thomas at the University of Missouri has 
succeeded in making accurate thermal ac¬ 
commodation coefficient measurements by 
taking meticulous care to avoid surface con- 

A HIGH-REYNOLDS-NUMBER, 
HYPERSONIC TEST FACILITY 

The Air Force research and development 
program is continually seeking aerodynamic 
design data on advanced aerospace systems. 
Because of their size and flight altitudes, 
maneuverable re-entry vehicles will have 
turbulent boundary layers which influence 
heat transfer and aerodynamic character¬ 
istics. A high-Reynolds-number facility most 
closely simulates the boundary-layer condi¬ 
tions that these vehicles would experience. A 
novel concept for suchahigh-Reynolds-num- 

tamination and gas contamination. The effect 
of the ratio of masses of gas and surface 
atoms, and the effect of adsorbed layers of 
gas on the surface are now clearly discernible 
from his measurements. 

Mr. Joe N. Smith, Jr., and Dr. Howard 
Saltsburg, both of the Générai Atomic Divi¬ 
sion,* General Dynamics Corporation, have 
made molecular-beam scattering measure¬ 
ments of hydrogen, deuterium, and the rare 
gases from clean, single-crystal surfaces 
of gold and silver targets. Their measure¬ 
ments demonstrate such effects as the 
specular reflection of particles; nonspecular 
but noncosine law scattering of particles both 
in and out of the plane of incidence of the 
beam; effects of surface contamination; ef¬ 
fects of beam and target temperature; effects 
of target crystal structure (i.e., polycrystal¬ 
line or single crystal); and, with hydrogen 
and deuterium, the effect of coupling with the 
rotational motion of these molecules. 

Professors Leon Trilling and Harold 
Wachman of the Massachusetts Institute of 
Technology have been successfully develop¬ 
ing theoretical models which agree with the 
growing new body of experimental facts, as 
well as making molecular-beam scattering 
measurements not only of the spatial distri¬ 
bution of molecules scattered from a target, 
but also of the velocity distribution of the 
particles scattered in a given direction. 

*Now Gulf General Atomic. 

mechanics 
HIGH-MACH-NUMBER 

ber, high-Mach-number hypersonic facility 
is presently being explored by Dr. Antonio 
Ferri at New York University, under ARL 
contract. The value of this approach is that 
high-Reynolds-number flows can be obtained 
with a flow-duration time sufficient to permit 
boundary-layer studies. High-Reynolds- 
number flows may already be obtained with 
shock tunnels, but the flow time, which is of 
the order of microseconds, is too short to 
permit detailed boundary-layer investiga- 



s-TEST SECTION 

Figure 1. High-Reynolds-number hypersonic facility. 

tions. To achieve long-duration, high-Rey- 
nolds-number flows at Mach 12 by conven¬ 
tional means would require a facility of 
tremendous physical dimensions and enor¬ 
mous development costs. The present facility 
at New York University (Fig. 1) can achieve 
high-Reynolds-number flows at Mach 14 with 
flow durations on the order of seconds by 
using extreme pressures in a mechanically 
unique fashion. In addition, this facility is no 
larger than conventional ground test facilities 
and is limited in cost. 

The NYU high-Reynolds-number facility 
consists of 3 large steel tubes, 2 of which 
are interconnected to feed the third. The third 
tube is directly connected to the hypersonic 
nozzle and test section. The tubes are initially 

pressurized to about 20,000 psi, and an elec¬ 
tric heater located in the third tube raises 
the temperature above the condensation limits 
and the pressure to about 30,000 psi under 
constant-volume conditions. Flow is initiated 
by bursting diaphragms, and a useful test time 
of approximately 4 seconds is obtained. The 
prototype facility is completed. Actual tests 
of this facility have shown that high-Reynolds- 
number flows at Mach 14 with 4-second flow 
duration can be achieved at pressures as low 
as 12,000 psi. Work is presently continuing 
to improve the air heater system in order 
to push the test facility to higher pressures 
and longer flow times. Interest In construct¬ 
ing similar facilities based on this concept 
has been shown by NASA and the United States 
Navy. 

mechanics 
PROPERTIES OF FLOWING PLASMAS 

High-temperature plasma properties and 
analytical techniques for utilizing these data 
are needed for a number of Air Force appli¬ 
cations such as hypervelocity-wind-tunnel 
and materials testing, heat-shield design, 
and various aspects of space propulsion. In 

addition, interest has increased in radiation 
sources for various military and scientific 
applications, e. g„ battlefield illumination, 
solar simulation, aerodynamic heat-load 
simulation, and Inducing temporary blindness. 
A rational approach to the design of these 



sources, calculating energy transport between 
plasmas and their environment, and inter¬ 
preting empirical data requires a knowledge 
of basic plasma properties for use in thermo¬ 
dynamic and transport equations. However, 
data on these properties are often unavail¬ 
able or, when available, may be of question¬ 
able validity. Thus, a great deal of additional 
data is required. 

In order to help meet these needs, Mr. 
P. W. Schreiber is studying high-temperature 
plasma flows at ARL. The basic purpose of 
this study is to measure transport properties 
(such as electrical and thermal conductivity, 
specific radiation, and viscosity) of flowing 
plasmas in order to determine the flow 
parameters for which equilibrium thermo¬ 
dynamics and single-fluid transport equa¬ 
tions are applicable. Plasma instabilities 
and turbulence are to be studied and related 
to plasma parameters. Also, it is anticipated 
that nonequilibrium flows will be investigated 
relative to energy transport and radiation 
amplification. 

At present, data are obtained in a high- 
power (1 megawatt) pulsed discharge in an 
axial flow field at atmospheric pressure. 
Measurements at higher pressures are 
planned for the future. Because of the high 
power level, large discharge diameters may 
be obtained. Thus, probes as well as optical 
methods may be employed to diagnose the 

plasma. Measurements include temperature 
profiles, total radiation, current density, 
voltage gradient, plasma pressure drop, 
mass flow rate, etc. These data may be re¬ 
duced to determine the transport properties 
of plasmas for stable laminar flow, and to 
determine changes in these properties due to 
turbulence, instabilities, or nonequilibrium 
conditions. In addition, the measurements 
serve as a standard set of data to test the 
ability of various analytical techniques (in¬ 
cluding their assumptions) to predict the 
various profiles in flowing plasmas as well 
as to estimate energy transport to the plasma 
environment. 

Concurrently with the experimental pro¬ 
gram, analytical methods are being investi¬ 
gated and developed to reduce basic data to 
transport properties and to analyze various 
plasma configurations and flow fields. The 
absorption of radiation, nonequilibrium con¬ 
ditions, plasma Instabilities, plasma tur¬ 
bulence, and nonaxial flow fields present 
difficult analytical problems. 

Although the acquisition of data on the 
properties of plasmas and the development 
of analytical programs to use these data are 
laborious research objectives, their direct 
application to many Air Force and scientific 
problems can result in considerable savings 
in time and development funds. 

Figure 1. One-megawatt pulsed discharge arc operated with axial gas flow at atmospheric pressure. 
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NONDESTRUCTIVE EVALUATION OF METAL FATiGUE 

A metal structure subjected to an alternat¬ 
ing or fluctuating stress can develop a minute 
localized crack which spreads over the cross 
section of the structure until it is completely 
fractured. This type of fracture, called a 
fatigue failure, occurs at stresses much 
lower than that required to cause fracture 
on a single application of load. An over¬ 
whelming number of all service failures due 
to mechanical causes are due to metal fatigue. 

The Southwest Research Institute, under 
AFOSR sponsorship, has developed a number 
of significantly improved nondestructive 
means of detecting early fatigue damage in 
metals. These include a magnetic perturba¬ 
tion technique which is highly sensitive to the 
localized stresses associated with discrete 
defects and fatigue cracks in ferromagnetic 
materials, and an electric-current injection 
method which is sensitive to the very early 
stages of crack nucléation and propagation 
in conducting nonferromagnetic metals such 
as aluminum. Another technique applicable 
to both ferromagnetic and nonferromagnetic 
metals is based on the reflection of ultrasonic 
surface waves from fatigue cracks with physi¬ 
cally separated surfaces and is particularly 
useful as a continuously monitoring device. 
To a limited extent the experimental results 

obtained by these different methods have been 
correlated with each other, with X-ray dif¬ 
fraction studies, and with surface photo¬ 
micrographs. Fundamental studies in crack 
initiation and propagation based on these 
methods are currently in progress. 

The fundamental knowledge that will be ob¬ 
tained promises to be of great value in the 
fracture design of aircraft and aerospace 
vehicles. However, in the meantime, the in¬ 
strumentation developed to obtain that knowl¬ 
edge is currently being adapted for testing 
the spar of the rotor of the Marine CH-46 
helicopter for certain manufacturing faults 
which have been known to result in disastrous 
failures. Also, using the magnetic perturba¬ 
tion method developed for AFOSR, the South¬ 
west Research Institute has developed a 
nearly completely automated inspection ap¬ 
paratus for detecting fatigue damage in the 
main, steel drive gear teeth of the transmis¬ 
sion in the SH-3 helicopter used in the 
Vietnam action. Furthermore, the ultrasonic 
surface wave techniques which have been so 
successfully employed in AFOSR work have 
been adapted for detecting fatigue damage in 
the compressor blades in the rotor discs of 
the T-53 helicopter used by the Army in 
Vietnam. 

mechanics 
EFFECT OF MASS TRANSFER ON A WEDGE-INDUCED 
LAMINAR SEPARATED BOUNDARY LAYER 

Of extreme importance in the design of a 
vehicle capable of flying at hypersonic speeds 
is an understanding of the problem of hy¬ 
personic boundary-layer separation and the 
associated pressure and heat-transfer char¬ 
acteristics. Separation may affect the per¬ 
formance limits and allowable design con¬ 
figurations by creating undesirable shifts in 
loads as well as producing Increases in 
local heat-transfer rates. 

An experimental investigation has been 
made by Capt. Karlheinz O. W. Ball of ARL 

to determine the quantitative effect of suction 
on a hypersonic, separated boundary layer on 
a compression-corner model simulating a lift 
surface followed by a control surface. In prac¬ 
tice, the junction between the lift and control 
surfaces may not be sealed, thereby causing 
mass transfer to or from the separated re¬ 
gion. 

The tests were performed in the ARL 20- 
inch hypersonic wind tunnel at a nominal 
Mach number of 12. Suction was obtained by 
means of a spanwise slot of variable width 
between the lift and control surfaces, allow- 
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ing controlled natural flow from the upper 
high-pressure region to the relatively low- 
pressure region at the base of the lift sur¬ 
face. Surface-pressure measurements at a 
wall to stagnation temperature ratio of 0.56, 
and heat-transfer measurements at a wall to 
stagnation temperature ratio of 0.28 were 
made for control-surface deflection angles 
of 0, 5, 10, 15, and 20 degrees. 

The extent of separation Is shown to be 
extremely sensitive to suction. Removal of a 
small percentage of the boundary-layer mass 
flow is sufficient to collapse the separated 
flow region for the configuration investigated. 
The mass transfer required for no separation 
was derived from integration of the first 
momentum integral equation, which yielded 
good agreement with experimental data. 

TTTTT7 
a)No Suction 

b) Corner Suction 

Figure 1. Flow separation in a compression cor¬ 
ner with and without suction. 
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mechanics 
BOUNDARY-LAYER TRANSITION-ROUGHNESS EFFECTS 

The fluid which is dragged along by a body 
moving through a fluid, such as air, is called 
the boundary layer. Within this boundary 
layer the velocity changes rapidly from that 
of the body to that of the fluid outside the 
boundary layer and thereby produces shear¬ 
ing friction drag on the body as well as fric¬ 

tion heat transfer to the body. Another phe¬ 
nomenon of the boundary layer is the sudden 
change in the thickness and character of the 
flow along the surface of the body. This 
change is called transition, and the point at 
which it occurs is primarily a function of the 
ratio of the inertial forces to viscous forces 

0 500 1000 1500 2000 

(T./T.r Rek 
Figure J. Composite plot of effective transition data, including compressibility and cooling, 
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within the boundary layer. This ratio is called 
the Reynolds number. The occurrence of 
transition results in radical changes in the 
pressure distribution and the friction drag on 
the body and heat tranfer to the body. Since it 
is not practical to build and operate perfectly 
smooth insulated surfaces, the influence of 
surface conditions such as roughness and 
heat transfer must be understood if transi¬ 
tion is to be controlled. 

The realization of supersonic flight, with 
its associated compressible boundary layer, 
has prompted the Air Force Office of Scien¬ 
tific Research to support the basic-research 
study by Dr. E. R. van Driest of North 
American Aviation, Inc., into the effects of 
roughness with heat transfer on transition. 

Roughness studies have been conducted in 
the 12-inch and 20-inch supersonic wind 
tunnels of the Jet Propulsion Laboratory, 
California Institute of Technology. The tests 
were carried out on 10° cones at local Mach 
numbers 1.90, 2,71, and 3.65, whereas heat- 

transfer (cooling) studies were conducted at 
Mach number 2.71 only. 

From the data a simple relationship (Fig. 1) 
was found between the Reynolds number of 
trip (Rex) and the Reynolds number of trip 
position (Rexk). Also, the difference in 

Reynolds number between trip and transition 
position was found to be independent of heat 
transfer, the difference being a Reynolds 
number of 0.5 x 106 for a local Mach number 
of 2.71. Therefore, It was concluded that the 
trip position-transition interval will still in¬ 
crease with Mach number and is unaffected by 
heat transfer. This fact should be very signi¬ 
ficant in considering transition on.very-high¬ 
speed re-entry craft. 

The results of this research have applica¬ 
tion to vortex generation on wing surfaces, 
calculation of tolerable roughness to main¬ 
tain smooth flow, supersonic flow region 
around missiles, high-speed underwater 
craft, and wakes of re-entry bodies. 

mechanics 

HIGH-PRESSURE ARCS 

At pressures greater than one atmosphere, 
the radiation from an electric arc becomes a 
very important term in its total energy 
balance. In a noble-gas arc plasma, for ex¬ 
ample, radiation with an intensity in the 10 
to 105 w/cm* range occurs when the plasma 
temperature is above 10,000° K, Thus the 
power radiated from such an arc approaches 
the total power input. 

This high radiation output at high tem¬ 
peratures and pressures is of interest to the 
Air Force for a number of reasons. First, 
high-pressure arcs are potentially useful as 
high-power illumination sources; second, 
these arcs show promise as energy sources 
for re-entry simulation; and third, a negative 
aspect of this phenomenon is that it causes a 
number of problems with electrode materials 

(in such devices as arc heaters) caused by 
radiation. 

Extensive research work has been devoted 
to determining the temperature-dependent 
material functions of gases (such as radia¬ 
tion-source strength, electrical conductivity, 
and heat conductivity) at atmospheric pres¬ 
sure; but virtually nothing is known about the 
gas properties at high temperatures and 
pressures. Because of this lack of informa¬ 
tion, the ARL Thermomechanics Research 
Laboratory has started a high-pressure-arc 
program which will be performed in two 
steps, as follows: (1) A 200-atmosphere 
(3,000-psi) facility has already been installed 
and testing has begun; (2) A 1,000-atmos¬ 
phere (15,000-psi) facility is planned for in¬ 
stallation in 1968. Experience gained on the 
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present facility will be applied to the design 
and operation of the 1,000-atmosphere sys¬ 
tem. 

In the present facility, Dr. Uwe Bauder is 
operating a wall-stabilized (cascade) arc in 
a high-pressure argon environment. This 
device consists of a series of individually 
cooled copper discs, and is capable of power 
levels of 18 kw/cm arc length. Steady-state 
centerline temperatures of 21,000° K have 
been achieved using this system with argon 
at atmospheric pressure. In addition to its 

very high power density, this arc has 
nearly perfect cylindrical symmetry and 
well-defined boundary conditions. This 
makes it possible to determine the tem¬ 
perature- and pressure-dependent material 
functions by measuring the radial tempera¬ 
ture distribution and integral arc data such 
as the electrical characteristic (current vs. 
voltage) and the total radiation. Because the 
arc becomes absorbing at higher pressures, 
a considerable analytical effort is necessary 
to reduce the optical and spectroscopic 
measurement data. 

Figure 1. Over-all view of the 200-atmosphere arc facility at ARL. Items shown are: (1) the pressure 

chamber with the arc assembly slid out; and (2) the optical components and standard arc for 

spectroscopic temperature measurements and comparisons. (NOTE: The spectrograph itself 
and the control panels are located behind the wall at top right.) 
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EXPERIMENTS ON GAS-IONIZING 
TRANSVERSE SHOCK WAVES 

The advent of space travel has recently 
led to an expanded interest by the Air Force 
in astrophysics and plasma physics. Labora¬ 
tory astrophysical research generally in¬ 
volves experimenting with a plasma similar 
to those generated in the shock waves, 
boundary layers, and wakes of bodies flying 
at hypervelocities. Considerable effort has 
gone into attempting to produce uniform 
plasmas where all flow parameters are 
known. One such attempt, under the direc¬ 
tion of Dr. George Vlases, is under way at the 
University of Colorado using an inverse 
pinch shock tube. In a co-operative effort 
with Dr. Vlases, Capt. Charles Stebbins of 
the Aerospace Mechanics Division, FJSRL, 
and Cadets Duane Clawson and Jeff Hurt of 
the USAF Academy investigated ionizing 
shock waves both experimentally and theo¬ 
retically. 

The particular problem studied involved 
propagating a very fast shock wave (Mach 
numbers of 50 to 100) into a cold gas which 
has imbedded in it a magnetic field whose 
flux lines are perpendicular to the velocity 
vector of the shock wave. This particular 
type of shock is called a "transverse ionizing 
magnetohydrodynamic (MHD) shock wave." 
It is unusual in that: 1) the plasma, or hot 
gas behind the wave, can interact with the 
transverse magnetic field; and 2) the jump 

conditions across the gas-ionizing shock 
wave cannot be derived from the conserva¬ 
tion equations. This problem was first treated 
theoretically by Lyubimov and Kulikovskii, 
who showed that the shock tends to be an 
ordinary shock for low plasma temperatures, 
and to an MHD shock (shock propagating into a 
hot gas) for high plasma temperatures, both 
cases being uniquely describable by con¬ 
servation equations alone. 

Measurements of the electric field, E, in 
the plasma, the plasma magnetic field, B, 
and the shock velocity, u, were made in the 
inverse pinch device in low-pressure hydro¬ 
gen, and were integrated through a com¬ 
puterized state equation for equilibrium 
real-gas effects to provide a theoretical/ 
experimental comparison for the plasma 
parameters. Cadets Clawson and Hurt pro¬ 
grammed the state equation into the digital 
computer at the USAF Academy. These 
measurements verified the theoretically 
predicted low speed limiting behavior and 
tended toward a smooth transition to the 
high speed limit. Ohm's law for the uniform 
plasma, Ii = -uxl5, was experimentally 
checked and verified. Thus, the inverse pinch/ 
ionizing shock method of plasma production 
has been verified with a resulting stable, 
reproducible, and fully understood plasma 
for laboratory astrophysical applications. 

energy conversion 

ORGANIC PHOTOVOLTAIC CELLS 
Photovoltaic cells composed of organic ma¬ 

terials have been prepared and studied for two 
years by Dr. Aleksandar Golubovic at AFCRL. 
Since exposure to radiation creates a photo¬ 
voltage in such cells, they can be used to 
convert light to electrical energy. The thin- 
film cells, shown in Figure 1, are fabricated 
as follows: aluminum electrodes are de¬ 
posited by high-vacuum sublimation on a 

pyrex-glass plate; the organic compound and 
a second electrode (gold) are deposited in 
turn on the aluminum. Similarly, one can 
deposit multiorganic layers of different ma¬ 
terials. 

Two classes of organic materials were 
examined: (l)photoconductive compounds 
such as anthracene, tetracene, phthalocya- 
nine, etc.; and (2) nonphotoconducting elec- 
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multiple layer of organic material; (4) front electrode; and (5) silver-paste contact. 

iron acceptors such as chloranil. Cells 
utilizing a single layer of photoconductive 
material as well as cells containing both 
classes of materials in double-layer form 
were produced. More promising results were 
achieved with the latter. Typical thicknesses 
of the sublimed organic materials ranged 
from 1 to 2 microns. 

Measurements of photocurrent and photo¬ 
voltage versus light intensity and wavelength 
have been performed for the various cells. 
The polarity of the cells, the relationship 
between photocurrent and light intensity, and 
the close connection between the spectral 
dependence of the photocurrent and the opti¬ 
cal absorption spectra of the organic ma¬ 
terial have been established. However, more 
data and more intensive analysis are re¬ 
quired to understand the basic physics of 
these prototype devices. 

These cells are quite promising since they 
produce higher power levels than those 
hitherto ¡."hieved with organic materials, 
even though these levels are well below 
those of conventional Inorganic photovoltaic 
devices. Such unfavorable properties of or¬ 
ganic materials for these devices as soft¬ 
ness, high electrical resistance, poor stability 
at high temperatures or radiation fluxes, can 
easily be otfset for specialized applications 
by low cost and weight, great flexibility, and 
structural variety. This inexhaustible variety, 
in particular, should permit devices to be 
tailored for specific applications, such as 
special sensors designed to respond to dis¬ 
tinct regions of the spectrum. A search for 
new materials in conjunction with Increased 
understanding of the phenomenological as¬ 
pects of photovoltage should ultimately pro¬ 
duce practical organic photovoltaic sensors 
and energy convertors. 

energy conversion 
ELECTROFLUID-DYNAMIC POWER GENERATION 

The prime requirements of high reliability 
and long lifetime for space and remote-area 
power systems have resulted in a heavy re¬ 
search emphasis on direct energy conversion, 
that is, processes which do not employ mov¬ 

ing mechanical parts. One such possibility is 
the conversion of fluid-dynamic energy into 
electrical energy by electrofluid-dynamic 
(EFD) generators wherein an electrically 
insulating fluid transports charges of one 
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polarity against an electrostatic field. Anal¬ 
ogous to conventional Van de Graaff genera¬ 
tors, EFD generators produce very high 
potentials and low current densiues. How¬ 
ever, with suitable working fluids at high 
pressure levels, and with appropriate channel 
and electrode geometries, attractive power 
densities and conversion efficiencies appear 
to be feasible. Under the leadership of Dr. 
Hans J. P. von Ohain and Mr. Maurice O. 
Lawson, ARL has been conducting research 
to establish the fundamental working char¬ 
acteristics of EFD processes. 

A major limitation of EFD generators is 
an extremely low total pressure ratio per 
stage which is incompatible with the pres¬ 
sure-ratio requirement for an efficient con¬ 
version cycle from heat into fluid-dynamic 
energy. To resolve this incompatibility, 
ARL's research effort is guided by a two- 
loop concept in which a high-pressure-ratio 

COLLECTOR 

Figure 1. Recirculatory EFD generator (closed- 

cycle simulation), schematic view. 

thermodynamic cycle and a low-pressure- 
ratio EFD generator are coupled efficiently 
through an injector process. Although the 
eventual system is envisioned as employing 
different working fluids in each loop, present 
research rigs simulate this system by using 
pressurized air in both flow loops. (Figure 1) 

The capability to seed the gas flow with 
high charge densities represents the key to 

Figure 2. Corona current and voltage versus operating pressure. 

150 



successful operation of the ARL concept. 
Hence, the major portion of the research 
has been devoted to charge production. A 
corona discharge from a needle electrode 
centered axially in a ring-attractor-nozzle 
electrode has been investigated for the seed¬ 
ing of molecular ions and charged aerosol 
particles at inlet air stagnation pressure 
levels up to 80 atmospheres. The aerosol 
particles have been produced by free con¬ 
densation upon ions of a small mass fraction 
of water vapor added to the inlet air. As 
predicted theoretically, ion currents are 
found to vary linearly with total pressure 
level over the range tested, although special 
"nailhead" needle electrode geometries to 
establish local low-pressure regimes had to 
be developed for total pressure levels above 
50 atmospheres. For reasons not yet com¬ 
pletely understood, charged aerosol currents 
have been found to vary linearly with pressure 
level only up to about 40 atmospheres. (Graphs 
of corona current and voltage plotted against 
operating pressure are shown in Figure 2.) 
Size-scaling tests utilizing attractor nozzles 

DETONATION BY SHOCK IN 

A large solid-propellant rocket repre¬ 
sents a tremendous amount of energy in a 
metastable state, and this naturally leads to 
concern that the well in which the system 
eventually finds itself may not be deep enough 
to insure peace and tranquility on the firing 
pad. AFOSR has a continuing program of re¬ 
search on combustion dynamics within which 
fall specific projects concerning rocket 
safety—including combustion instability, 
propellant sensitivity, and the relationship 
between deflagration and detonation. 

In line with this general program, AFOSR 
sponsors basic research at several educa¬ 
tional and research institutions on initiation 
to detonation in propellants and explosives. 
At the University of Cambridge, England, 
Prof. F. P. Bowden directs an investigation 
of the transition from deflagration to low- 
velocity detonation in liquids, jels, and solids. 
The purpose of the Cambridge work is to 
study the mechanisms by which explosive 

of 1/8 , 3/16", 1/4", and 5/16" diameters 
have shown higher performance than expected 
for the smaller nozzles. A special test rig 
has been built to extend the test results to 
nozzle diameters as small as 1/J2". The 
experimental information gained thus far has 
been incorporated into the design of a "ring- 
nozzle" assembly which promises for one 
nozzle that combination of high-charge den¬ 
sity and mass flow corresponding to the 
performance of several hundred small cir¬ 
cular nozzles. 

Electrical-power experiments accom¬ 
plished on an early fiberglass-insulated test 
rig yielded half a kilowatt at 400,000 volts 
(the practical limitation of the generator). 
Recently, a second-generation test rig utiliz¬ 
ing compressed gas as the insulating material 
has been fabricated. Operational voltages in 
excess of a million volts have been demon¬ 
strated. Coupled with the expected advances 
from current production research, power- 
level experiments with this new rig should 
extend to several kilowatts. 

waves can develop and spread in such sys¬ 
tems. 

At IIT Research Institute, Mrs. Hyla 
Napadensky is investigating the mechanism 
of the initiation of solid propellants by low- 
speed impact. The objectives are to analyze 
the processes that occur during propellant 
deformation, identify regions of energy dis¬ 
sipation, and to observe sites of propellant 
initiation. Also, at IIT Research Institute, 
Dr. T. A. Erikson will shortly undertake a 
study of the nature of sensitivity. 

For several years a basic study of the 
detonation characteristics of low-density 
granular materials has been directed by 
Dr. Marjorie W. Evans and Dr. Leslie B. 
Seely at Stanford Research Institute (SRI). 
Detailed experimental and analytical studies 
on the shock sensitivity of ammonium per¬ 
chlorate (AP), a component of many pro¬ 
pellants and a low-powered, insensitive ex¬ 
plosive, reveal initiation characteristics that 

energy conversion 
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Figure 1 
-lOCK COMPRESSION CURVES OF POROUS AMMONIUM PERCHLORATE AND POTAS- 
m cSDE Z locus of shocked stotes for the NH4CI04 has a Pos/Mve s ope for 
^ shocks whereas the slope of the KCI curve is everywhere negative. The difference 
‘tween the ¡wo curves in the region from 10 to 40 kilobors is ascribed to chemical reaction 
; the hot spots at the shock front for NH.CIO,, whereas the KCI is inert. Similar re 

ave been obtained for NaCI at the same porosity (m * 2). 
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apply to granular explosives generally and 
may have important implications for the shock 
vulnerability of propellants. 

A study of the initiation behavior of 13-// 
(median particle size) AP has been made at 
density 1.0g/cm* (porosity m c* 2). (l)Shocks 
from precision high explosives were adjusted 
to the proper pressure with multilayered 
attenuator systems. The data are displayed 
in the pressure-volume plane in Figure 1. 
Note that in the region below 10 kbar the 
harder you hit the AP aggregate the bigger 
it gets! This sort of backwards Hugoniot 
curve has been noticed by the Russians in 
inert granular material, but for m > 3 and 
never for m = 2. 

The SRI team examined the possibility 
that this effect was entirely due to heter¬ 
ogeneity, but soon began to suspect it was 
due to chemical reaction. Two lines of work 
now make this conclusion more definite. 
First, check experiments using a light-gas 
gun instead of an explosive system confirm 
earlier results. Second, experiments were 
run on a similar granular material, KC1, 
in which no chemical reaction could possibly 
occur. The reactive NH4C104 shows a dra¬ 

matic qualitative difference that cannot be 
explained as a physical difference of the 
granules or as experimental error. The 
difference is between curves derived from 
measurements made on shocks before the 
transition to detonation. Thus, the Indicated 
chemical reaction exists as soon as the 
shocks enter the AP aggregate. 

Currently, hot spots are being studied and 
their properties related to the shock-to- 
detonation transition. Figure 2 shows an 
image-converter picture of hot spots pro¬ 
duced by a 55-kbar shock when it collapses 
an aggregate of 2-mm KC1 grains. At present 
the spectroscopic properties of the hot spots 
are under study with photomultiplier-filter 
combinations. Information on the size and 
temperature of hot spots is expected to 
clarify the details of the initiation process. 

The SRI work, leading to a clear under¬ 
standing of Initiation processes in low- 
density granular material, provides a firm 

scientific basis for the design of safe ignitors, 
initiators, detonators and other components 
of explosives. What has been learned about 
interstitial chemical reactions is useful to 
those entrusted with safeguarding the viability 
of the warheads and rocket engines on which 
our national deterrent capability depends. 
The over-all effort on detonation, sensi¬ 
tivity and deflagration, and the relationship 
among these subjects is producing definite 
progress toward the achievement of Air Force 
research objectives in the field of combus¬ 
tion dynamics. We are, in fact, gaining the 
basic understanding necessary to build safe, 
invulnerable rocket engines and components. 

Figure 2. HOT SPOTS IN POROUS POTASSIUM 

CHLORIDE. This picture was taken 

with an image converter atan exposure 

time of 10'7 sec on Polaroid film. The 
shock entered on aggregate of 2~mm 

KCI grains at settling density from a 

thoroughly blackened Plexiglas at¬ 
tenuator in which the pressure was 

about 55 kilobars. The exposure was 
timed to record the light just as the 

shock emerged from the surface of the 
grain bed. The interstitial gas was 
methane. 
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energy conversion 

ACCURATE THERMAL MEASUREMENTS 

One of the most direct connections be¬ 
tween purely basic research and engineering 
application exists in the case of research on 
thermophysical properties. Accurate data, 
painstakingly acquired in the academic at¬ 
mosphere, are almost immediately used by 
one or another segment of the community 
concerned with technological advances. Es¬ 
pecially is this true in the various aerospace 
technologies where "estimates" and "over- 
designing" are no longer a part of the engi¬ 
neer's stock-in-trade. 

OAR support of research on thermophysi¬ 
cal properties has three main objectives: 
(1) the acquisition of reliable and accurate 
data on the thermodynamic and transport 
properties of solids, liquids, gases, and 
plasmas of interest to Air Force technolo¬ 
gies; (2) the development of new or improved 
laboratory techniques for acquiring such data, 
particularly at higher temperatures; and 
(3) the obtaining of better auxiliary (e.g., 
spectroscopic) data, and using them in im¬ 
proved theoretical calculations of thermo¬ 
dynamic properties in temperature ranges 
not yet susceptible to direct measurement. 
Some recent events in the second area 
(measurement techniques) are briefly de¬ 
scribed here, as examples of the steady, 
significant progress being made in the whole 
thermophysical-properties program. 

Adding to a long list of previous "firsts" 
in combustion calorimetry, the Thermo¬ 
dynamics Laboratory of the U.S. Bureau of 
Mines at Bartlesville, Oklahoma, withAFOSR 
support, has evolved successful methods for 
obtaining accurate heats-of-formation of or- 
ganometallic compounds containing boron or 
silicon, (1,2) and organofluorine com¬ 
pounds. (3) By placing aqueous solutions of 
excess hydrogen fluoride in the rotating 
calorimeter bomb, W. D. Good was the first 
to carry out oxidations of these types of 

compounds to quantitatively characterized 
final states. 

The only apparatus in the world for the 
measurement of heats-of-reaction by fluorine 
flame calorimetry is in the laboratory of 
Dr. G. T. Armstrong at the National Bureau 
of Standards (NBS). Under the AFOSR-spon- 
sored program at NBS, (4) recent extensive 
modifications to this apparatus have been 
made so that F2 O could be used as the 
oxidizer in the flowing-gas system, and 
the heat-of-formation of Fj O obtained from 
precise knowledge of the kind, state, and 
amount of the products of its reaction with 
hydrogen. 

In another part of the program at NBS, 
Dr. T. B. Douglas has created the first 
enthalpy-measuring calorimeter outside 
Russia capable of reaching 2,800°K. (4) This 
is a "drop" calorimeter, which permits one 
to measure the enthalpy change of a sample 
(solid or liquid) when dropped from a pre¬ 
cisely controlled and measured high-tem- 
perature environment into one of low tem¬ 
perature. A pulse calorimeter has also very 
recently been put into use at NBS (5) for 
even higher temperatures, where data are 
very much needed. This dynamic method 
promises to be able to measure precisely the 
heat capacities of electrical conductors up 
to their melting points. Planned refinements 
to increase the speed of the measuring sys¬ 
tem will make this apparatus unique. Its 
feasibility has already been proved by meas¬ 
urements on molybdenum and tungsten. 

Being assembled at Purdue University is a 
movie apparatus designed and built by Pro¬ 
fessor W. Leidenfrost under AFOSR contract. 
Upon its completion, precise and simultaneous 
measurements will be made of 9 thermal 
properties of gases and liquids, from 80° to 
900°K, and from a few torr to 500 at¬ 
mospheres. 
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energy conversion 
DESIGN ANALYSIS OF CROSS-FIELD ACCELERATORS 

The successful achievement of useful ef¬ 
ficiencies In nonequilibrium electromagnetic 
cross-field (J x B) devices, both generators 
and accelerators, has been thwarted by the 
inability to accurately analyze the plasma and 
field characteristics of such devices. Purely 
experimental approaches of a "cut-and-try" 
nature have met with only limited success 
in the past, and these failures have not been 
fully explainable in analytical terms. Several 
interrelated research efforts being sponsored 
by AFOSR show considerable promise for 
breaking this "analysis barrier." The re¬ 
sults of these efforts have, in fact, been 
used in the design analysis of a large cross- 

- ANODE - INS.- - 

Figure 1. Current streamlines. Uniform gas tem¬ 
perature Tg = 3000°K and gas velocity 
U - 3000 m/sec. Contour interval 100 
A/m. 

field magnetohydrodynamic wind tunnel for 
the Air Force Systems Command. 

The STD Research Corporation of 
Pasadena, California has developed a mathe¬ 
matical analysis and numerical solution for 
the many interrelated physical mechanisms 
that act simultaneously on the flowing plasma 
to affect both the local and the over-all 
characteristics of the J x B devices. Ion 
momentum exchange cross sections and 
Ohm's-law relationships used in the computa¬ 
tion were developed by STD under AFOSR 
sponsorship. The analysis specifically in- 

Figure 2. Current streamlines. Boundary layers 
for the gas temperature {Tg - 1600 at 
wall, 3050, 3200, 3030, and3000rKin 
the core) and for the gas velocity (U = 

600 at wall, 2460, 2720, 2880, and 3000 
m/sec in the core). Contour interval 
100 A m. 
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eludes the spatial distribution and time- 
dependence of the current density, the internal 
electric fields, the plasma electron tempera¬ 
ture and density distributions and the ohmic 
heating as local behavior factors. The re¬ 
sultant over-all characteristics described 
in the analysis include the gross internal 
resistance, the efficiency, the Hall potential, 
and the power output of MHD devices. 

The technique developed permits the com¬ 
putation and plotting of cross-field device 
plasma characteristic profiles for both uni¬ 
form and nonuniform plasma boundary- 
layer conditions for various gas velocities, 
compositions, and geometries. Figures 1 and 
2 are typical computed profiles resulting 
from these efforts. By varying the input 
design parameters, such effects as inter¬ 

electrode shorting and subsequent Hall volt¬ 
age loss may be predicted or explained. 

The method used relies heavily on knowl¬ 
edge derived from several current and pre¬ 
viously sponsored AFOSR programs—at STD 
by Dr. G. S. Argyropoulos, at Stanford Uni¬ 
versity by Dr. M. Mitchner, at General 
Electric's Space Sciences Laboratory by 
Dr. A. Sherman, and at the Massachusetts 
Institute of Technology by Dr. J. L. 
Kerrebrock. Advancement in the knowledge 
of plasma behavior in such cross-field 
devices may well result in more realistic 
models of the electrical behavior of J x B 
accelerators and generators, permitting 
more detailed analysis of the effects of non¬ 
equilibrium ionization, high Hall parameter, 
boundary layers, and thermal diffusion. 

energy conversion 
INERTIAL PARTICLE SEPARATORS 

A continuing, in-house ARL study con¬ 
cerning colloidal-core nuclear reactors, 
under the leadership of Dr. Hans J. P. von 
Ohain and Lt Col Melvin R. Keller, has 
indirectly led to significant advancements 
in the state-of-the-art of inertial particle 
separators. These devices are designed to 
remove particulate matter from flowing gases 
such as dust in the air being ingested by an 
internal combustion engine. The work has 
been stimulated by the serious dust-ingestion 
problem encountered by turbine engines in 
Vietnam. 

Essentially, ARL contributions to the state- 
of-the-art have consisted of (1) a new 
"reversed-flow" separator concept similar 
to that used in conventional "cyclone" sep¬ 
arators for industrial flue-gas particle (fly 
ash) separation; and (2) redefinition and 
refinement of the significant geometries and 
flow- energy parameters which must oe op¬ 
timized in order to achieve the required 
separation efficiency without causing undue 
power losses. The ARL reversed-flow con¬ 
cept, as illustrated in Figure 1, achieves 
greater inertial separation capability by 
producing a core vortex of very angular 
velocity. The dust-laden air stream entering 
the separator is given angular momentum 

INDUCTION SYSTEM 
(vanes) 

CLEAN GAS 

DUST EJECTION 
SYSTEM 

Figure 1. Generalized reverse-flow swirl-cham¬ 

ber dust-separator configuration. 
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by passing through vanes or an inlet scroll, 
and then proceeds spirally toward the end of 
the chamber. At this point the axial flow is 
reversed and begins to form the ''ore vortex. 
Dust particles not separated from the outer 
vortex (and ejected) travel back toward the 
exhaust tube in the core vortex from which 
they are likely to be expelled due to the 
high centrifugal forces. Thus dust particles 
may be "recycled" several times before 
either being ejected or passing through the 
exhaust port. A major portion of the energy 
removed from the flow to form the vortex 
is recovered by an appropriate diffuser 
behind the exhaust port, resulting in a re¬ 
duced pressure drop across the separator. 
Unfortunately, the optimum design of a 
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separator of this type depends on factors 
peculiar to the particular application, such 
as the mass flow rate, the particle-size 
distribution, and some measure of an ac¬ 
ceptable balance between power loss and 
separation efficiency. For example, the size 
of a separator may be "scaled up" to allow 
high flow rates, but separation efficiency 
will decrease. One approach to this problem 
of achieving higher flow rates without unac¬ 
ceptable drops in separation efficiency is to 
optimize the separator size on the basis of 
particle-size distribution and then cluster a 
sufficient number of the separators to handle 
the total mass flow. Such a cluster of sep¬ 
arators is shown in the photograph (Figure 2). 

By a detailed experimental study of these 
parameters, personnel of the ARL F.nergetics 
Research Laboratory were able to determine 
some general relationships which can serve 
as guidelines for separator design. The 
validity of these relationships and of the 
ARL separator concept has been verified 
both in the laboratory and in the field. 
Laboratory experiments have shown, for 
example, that a mixed test dust could be 

separated with approximately 90% efficiency 
from a flow of between 500 and 1,100 cfm 
by using a cluster of sixteen 5-inch reversed- 
flow separators. Field tests using a Jeep 
(see Figure 2) powered by a turbine engine 
with this flow rate showed that the cluster 
was capable of achieving even slightly higher 
efficiencies. More recent tests with a 64- 
unit cluster have shown separation efficien¬ 
cies of 97% for the same flow as the 16-unit 
cluster. 

Subsequent improvements and modifica¬ 
tions for other applications have shown im¬ 
proved performance. For example, when 
tested for sea-spray separation from an air 
stream against commercially available sep¬ 
arators, the ARL cluster of forty-six 1-7/8- 
inch reversed-flow separators was markedly 
superior and, in some cases, achieved per¬ 
formance superior to the barrier filter 
which served as a standard of reference. 
Research is continuing to refine the design 
approach and to increase the scope of ap¬ 
plication to such areas as the separation of 
smokeslze particles for air-pollution con¬ 
trol. 

» 
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Figure 2. Cluster of separators installed on Jeep 
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terrestrial sciences 

GEOPHYSICAL STUDY OF DESERT BASINS 

In 1962 the Terrestrial Sciences Labora¬ 
tory, AFCRL, initiated a joint interhouse and 
contractual study of several desert basins in 
California and Nevada. The problems in need 
of answer were how these structural basins 
formed, how the surface characteristics de¬ 
veloped and, because the region is character¬ 
ized by strong tectonic activity, how stable 
the region will remain. This region lies 
astride the northward projection of the East 
Pacific Rise, a major oceanic ridge for which 
strong evidence of active sea-floor spreading 
is accumulating. 

Dixie Valley in central Nevada was selected 
for the most intensive study because ofwell- 
documented surface faulting associated with 
the earthquakes in 1903 and 1954, the avail¬ 
ability of repeated geodetic survey data, and 
the strong likelihood of continued crustal de¬ 
formation. AFCRL, Stanford University, and 
the Coast and Geodetic Survey studied the 
geometrical and temporal relations that are 
critical to an understanding of the formation 
of ridges and rifts by every available means, 
including seismic, gravity, magnetic, geo- 
morphic and geodetic methods. 

The results may be summarized as fol¬ 
lows; 

a. The seismic and gravity data revealed 
a buried complex depression, bounded by 
steep faults, containing more than 10,000 
cubic feet of unconsolidated sediments. Thus 

the bedrock relief exceeds 15,000 feet in a 
distance of less than 10 miles. 

b. The shape of the bounding faults of the 
valley preclude any great horizontal com¬ 
ponent of motion parallel to the faults. 
Therefore, as opposed to some supposition, 
the region appears to be stretching rather 
than shearing. The mechanism might be 
similar to that of transform faulting pro¬ 
posed for the oceanic ridges. 

c. The geodetic data indicates that, in 
addition to 5 feet of displacement in the 
1954 earthquake, the crust has shifted another 
foot in the past 10 years. Calculations sug¬ 
gest that some of the earthquake energy 
was displaced in creating an undetected 
broad bulge in the crust. 

The results, which are generally appli¬ 
cable to a much larger region, can be 
applied to the selection and design of USAF 
bases, underground installations and test 
sites. The thick sedimentary fill permits 
easy excavation to great depths, but the 
instability of the region might negate this 
advantage. The continued deformation of the 
region would degrade the precision of base 
lines and orientation control in short order. 
The ground-water supply is strongly in¬ 
fluenced in both space and time by past and 
present deformation. Geothermal energy 
sources could be exploited in portions of 
the area. 

terrestrial sciences 
WORLDWIDE GRAVITY MEASUREMENTS: 

PROGRESS REPORT 
In September 1962, the International Grav¬ 

ity Commission met in Paris. It was a his¬ 
toric meeting. Its conclusions can be recon¬ 
structed somewhat along the following lines; 
"We've been measuring gravity for all these 
years, and we still have no way of comparing 
measurements made at Paris with, for ex¬ 
ample, those made at Washington or Mel¬ 
bourne. We've used different kinds of in¬ 
struments, and different analytical methods. 

Let's now agree on uniform standards, plan 
a concerted program, and make a fresh 
start. Let's examine our past work against 
these standards and see what past results 
we will preserve, what can be reinterpreted 
and salvaged, and what we must discard." 

Before we look at what's been done during 
the past four years, let's look at why geo¬ 
desists have lagged in establishing a world¬ 
wide gravity system. Part of the problem 



has been the lack of a uniform reference 
value. When this situation exists, the obvious 
solution is to arbitrarily designate a common 
reference value. If there is a "Greenwich" 
for gravity measurements it is at Potsdam 
where, as long as 50 years ago, the absolute 
value of gravity was measured with a pen¬ 
dulum. Modern measurements indicate that 
the "Potsdam reference" is in error by a 
negative 11 to 17 milligals. The desired 
accuracy is about one milligal or less. 

The critical problem has been the lack of 
uniform calibration standards for the calibra¬ 
tion of gravimeters, and the lack of a world¬ 
wide network of base stations (first-order 
world gravity net) for the purpose of integrat¬ 
ing various local gravity measurements into 
a single uniform system. 

For the establishment of a uniform calibra¬ 
tion standard and first-order net, two types 
of instruments are used in worldwide relative 
measurements — relative pendulums and 
gravimeters. Gravimeters can measure 
small gravity differences with high accuracy 
provided the instruments are calibrated on a 
gravity range (calibration line) where the 
gravity differences between the stations are 
known from higher-order surveys. The cal¬ 
ibration lines, having a range of 4,000 to 
6,000 milligals, are established by high- 
precision pendulum and gravimeter measure¬ 
ments. Relative pendulums are used to meas¬ 
ure large gravity intervals (about 500 
milligals) along the line; the number of 
intermediate stations between the pendulum 
sites is increased by groups of high-precision 
gravimeters utilizing special measuring 
techniques. The obtained relative differences 
between the calibration stations are then 

used for the calibrationof other gravimeters. 
Under the worldwide standardization pro¬ 

gram that began in September 1962, three 
standardization or calibration lines were 
established: (a) the Euro-African line, ex¬ 
tending between Hammerfest (Norway) and 
Cape Town (South Africa); (b) the American 
line, between Point Barrow (Alaska) and 
La Paz (Bolivia); and (c) the West Pacific 
line, from Fairbanks (Alaska) to Melbourne 
(Australia). The principal stations along the 
three calibration lines are connected by 
horizontal (east-west) gravimeter measure¬ 
ments providing a network of base stations 
called the first-order world gravity net. 
With the exception of some measurements 
required for verification along the West 
Pacific line, the standardization work is 
completed and the gravimeter measurements 
for the first-order net are in progress. The 
completed network will consist of only 36 to 
40 first-order stations. Any one of these 
stations distributed over the continents will 
provide a relative reference for the regional 
and, in turn, detailed gravity surveys of each 
respective area. 

The last aspect of the program will involve 
area surveys, using carefully and uniformly 
calibrated gravimeters, and base stations 
established by higher-order surveys. This 
method, known as terrestrial gravimetry, is 
feasible over economically well-developed 
areas. But over inaccessible land areas 
(mountains, deserts, etc.) and over the 
oceans, the conventional terrestrial gravim¬ 
etry is useless. AFCRL has developed and 
successfully tested in a KC-135 aircraft an 
airborne gravity-measuring system which is 
capable of measuring gravity over areas 
inaccessible to surveys by any other method. 

terrestrial sciences 
SOLID-EARTH GEOPHYSICS COMPUTER PROGRAMS 

To improve the reduction and interpreta¬ 
tion of field geophysical data, a novel tech¬ 
nique for the semiautomatic interpretation 
of gravity data has been incorporated into a 
general-purpose computer program. This 
permits introduction of several realistic 

constraints, terrain corrections and multi¬ 
layered model solutions. In addition, a trend- 
analysis method appears applicable to both 
geological and geophysical analysis. 

Computers allow rapid interpretation of 
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seismic and magnetic, as well as gravity 
data. Analysis can proceed along more real¬ 
istic lines than afforded by prior methods. 
Subsurface geological interpretations can be 

directly applied to preliminary site selection 
and evaluation. These methods also permit 
the calculation of geological corrections re¬ 
quired for geodetic gravity studies. 

atmospheric sciences 

ATTITUDE-SENSING SYSTEM ON GEMINI 10 AND 12 

The successful flight testing aboard Gemini 
10 and 12 of an ion attitude-sensing system 
using a novel approach has afforded a ra- 
natic example of the direct contribution of 
basic research to technological advancement. 
The design and development of this system, 
for use in spacecraft, can be directly at¬ 
tributed to AFCRL's knowledge of instru¬ 
mentation techniques and the nature of en- 
vironmental phenomena gained in the course 
of research on the properties of charged 
particles of the upper atmosphere. 
P Two sensor systems, one to measure 
pitch and the other to measure yaw--were 
located on booms extending out about 3 feet 
from the spacecraft. Each sensor system 
consisted of 2 planar electrostatic analyzer 
arranged at 90 degrees to each other a" 
having the proper voltages impressed on 
them for measuring the positive ions present 
in the earth's atmosphere. 

The number of ions collected by a p anar 
sensor depends on the angle that the col ecting 
surface makes with the angle of arrival of 
the ions The angle of arrival of the ions, in 
turnl°U "determined solely by the direction 

of motion of the spacecraft, since the space¬ 
craft has a velocity about eight times the 
thermal velocity of the ions. Thus, by aligning 
one sensor system about the pitch axis of the 
spacecraft and another about the yaw axis, 
both pitch and yaw angles can be determined. 

This attitude-sensing system was installed 
on Gemini 10 and 12 and functioned ex¬ 
tremely well. In fact, it performed so well 
that on Gemini 12, it was pressed into duty 
by Mission Control at Houston as an opera¬ 
tional system during long periods of the 
flight. Because of faulty fuel cells aboard 
the vehicle, it was desirable to use the AFCRL 
system rather than the operational inertial 
system in order to conserve power. But the 
low-power requirement offered only one ad¬ 
vantage. Other advantages resulted from the 
AFCRL system's proving to be more sens - 
tive and more precise, with a shorter re¬ 
sponse time than the operational system, 
while at the same time being much smaller 
in size, lighter in weight, and less c°8tly- 
In fact, the AFCRL system was used to aid 
in aligning the spacecraft in proper attitude 
prior to retrofire. 

atmospheric sciences 

LIGHTNING STRIKES TO AIRCRAFT IN THUNDERSTORMS 

Lightning strikes to aircraft frequent y 
cause minor structural damage, occasionally 
produce moderate damage and, in rare in¬ 
stances, have been implicated as probab y 
causing the destruction of the aircraft. With 
the advent of thin-skinned aircraft and mis¬ 
siles and solid-state electronics systems, 
It hás become increasingly important to 
determine the possible effects of direct 
lightning strikes to a variety of systems. 

Multiple aircraft and surface measure¬ 

ments of lightning strikes have been con¬ 
ducted in Florida for the past three summers 
by AFCRL's Meterology Laboratory under 
the general direction of Dr. Donald R. 
Fitzgerald. This program, conducted Jointly 
by AFCRL with the Aeronautical Systems 
Division of AFSC, the Federal Aviation 
Agency, and the Sandia Corporation, has re¬ 
sulted in 55 measured lightning strikes to an 
F-100F aircraft inflight. Transient currents, 
rf waveforms, electrostatic fields, precipita- 
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tion, turbulence, photographic, and radar 
measurements were obtained. Results from 
analysis of a portion of the voluminous data 
Indicated the following: 

a. The average probability of a lightning 
strike to the F-100F was 0.021, based on the 
ratio of aircraft strikes to total strikes 
counted during the penetration. On two ex¬ 
ceptional days, this probability increased to 
1.0 (three strikes in three trials) and 0.5 
(one strike in two trials). These storms 
were in the early dissipating stages of their 
life cycle. The observations are in agree¬ 
ment with a suggestion made by L. P. Harri¬ 
son in .1946 that an aircraft may act to 
initiate streamers and a lightning discharge 
by suddenly augmenting the field in a local¬ 
ized region of the storm. This effect is be¬ 
lieved most likely to occur shortly after the 
storm activity has diminished to the point 
where natural streamer formation is difficult. 
It can occur in regions of little turbulence 
which cause no distinctive pattern on a 
typical Air Traffic Control radar. In normal 
IFR flight operations in regions of thunder¬ 

storms merged with showers and cloud 
decks, the routine radar avoidance of the 
presently most active storm portions may 
easily lead to flight through a decaying 
storm and the possibility of an isolated 
lightning incident to the aircraft. 

b. The maximum measured in-storm 
electrostatic field on the aircraft surface 
was 3,900 volts per centimeter. Sixty-nine 
percent of the strikes occurred when the 
field was smaller than 1,300 volts per centi¬ 
meter. The maximum lightning current was 
22,000 amperes, with multiple-strike ac¬ 
tivity occurring with as little as 1 milli¬ 
second intervals separating the current 
surges. 

c. The data obtained are thought to be 
representative of intercloud or Intracloud 
lightning discharges and are the first data 
ever acquired on some of the characteristics 
of this type of strike. Larger and more 
damaging lightning effects are believed to 
occur with some cloud-to-ground strikes. 
Several efforts are In progress to measure 
these with surface instrumentation. 

atmospheric sciences 
OZONE AND THE EARTH’S HEAT BUDGET 

The heat balance of the earth's atmos¬ 
phere—the amount of heat received from 
the sun against that which is reradiated 
back into space—maintains remarkable equi¬ 
librium. Were this untrue, we could expect 
wide and erratic swings in temperature over 
the earth from season to season, and from 
year to year. 

In any set of equations dealing with the 
atmospheric heat budget, ozone absorption 
in the stratosphere is a fundamental factor. 
For example, at about 30 km (10 mb), ozone 
absorption of direct solar energy contributes 
more than 80 percent to the atmosphere's 
heat, with another 10 percent of the heating 
resulting from ozone absorption of reflected 
radiation from the earth and clouds. At about 
20 km (50 mb), these figures are 70 and 
15 percent, respectively. 

The importance of ozone in the functioning 
of the earth's giant meterological machine 

led AFCRL several years ago to establish 
an 11-station ozone data-collecting network 
covering half the northern hemisphere. Once 
a week balloons carrying ozone-measuring 
instruments are released simultaneously 
from each station. 

Wayne S. Hering, C. N. Touart and Thomas 
R. Borden, Jr., of AFCRL have recently 
applied the resultant wealth of ozone data to 
problems of the stratospheric heat balance. 
In the lower level of the atmosphere--the 
troposphere—convection from the earth's 
surface is the major source of atmospheric 
heat. But the AFCRL study is confined to the 
stratospheric heat balance. The result of the 
study is a greatly simplified model of the 
radiative balance in the stratosphere. 

Three factors are involved in strato¬ 
spheric temperature changes--solar heat¬ 
ing, transport of heat by atmospheric cir¬ 
culations, and radiative (Infrared) cooling. 
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Data on ozone concentrations gathered by 
the AFCRL network provide a basis for 
calculating total solar heating with an ac¬ 
curacy not previously possible. The net 
effect of the two other factors—transport 
and radiative cooling—can be evaluated sim¬ 
ply by subtracting the calculated solar heat¬ 
ing rate of ozone from the observed tem¬ 
perature change. This net effect is called 
the "balance requirements." 

When this is done, one would expect to 
find an erratic relationship between the 
balance requirements and the observed mean 
monthly temperature, for two reasons: (l)the 
fluctuations in temperature in the strato¬ 
sphere due to atmospheric transport proc¬ 
esses; and (2) the expectation that heat is 
lost to space and exchanged with other levels 
by infrared emission and absorption in some 
nonlinear relationship to temperature. It 
was surprising to find that, for the warmer 
months, May through October, this is not 
the case. Instead, the balance requirements 

are a linear function of temperature. 
This discovery has several interesting im¬ 

plications. One is that, during the warm 
months, the stratosphere must be in radia¬ 
tive equilibrium on the average. In other 
words, transport processes contribute neg¬ 
ligibly to the change of monthly mean tem¬ 
perature. This is, of course, the classical 
view of the stratosphere; but in recent years 
it has been increasingly challenged. AFCRL 
has now substantiated the classical hypoth¬ 
esis. 

Another implication is that the net infrared 
transfer of heat in the stratosphere can be 
calculated by an enormously simplified, yet 
effective procedure. Although approximations 
have been suggested by others, this study 
is the first to provide validating evidence. 
The dramatic proof of the new procedure is 
its ability to account for the observed mean 
temperature at all latitudes in the lower 
stratosphere in the warmer half year with a 
standard error of only about 2 degrees C. 

astronomy and astrophysics 
THERMAL IMAGING FOR SCIENTIFIC PURPOSES AND 
FOR MILITARY RECONNAISSANCE 

The need to produce images in the infra¬ 
red portion of the spectrum far beyond the 
photographic region is common to both 
science and military reconnaissance. The 
most important aspect of an infrared image, 
detector sensitivity being equal, is how well 
the Imaging system can detect small changes 
in temperature from place to place in the 
image plane. This detection of small changes 
in radiance is called the Incremental sensi¬ 
tivity of the system, and is of primary im¬ 
portance in both scientific and military- 
reconnaissance applications. At the same 
time, an infrared-imaging system must have 
the dynamic range to record the entire 
temperature range in its field of view. These 
two requirements typically conflict with one 
another. For example, if the sensitivity of 
the system is high enough to detect small 
changes in radiance in the target area, then 
it is usually not capable of recording large 
changes in radiance at the same time. 

A new thermal-enhancement technique has 
been developed at AFCRL by Dr. Graham R. 
Hunt for basic-research purposes. This en¬ 
hancement technique specifically emphasizes 
small differences in radiance from a target, 
yet displays the large radiance changes 
without loss of sensitivity. The use of such a 
system for a laboratory test sample is il¬ 
lustrated In Figure 1. 

Dr. Hunt and Dr. John W. Salisbury, also 
of AFCRL, have applied this thermal- 
enhancement technique to scientific prob¬ 
lems concerned with the nature of lunar and 
planetary-surface features. They have shown, 
for example, that thermal anomalies on the 
lunar surface, such as the crater Tycho, 
which are warmer than their surroundings 
during a lunar eclipse, are not warmer be¬ 
cause of internal heat. Rather, the unique 
infrared images produced by Hunt and Salis¬ 
bury (see Figure 2) have shown that these 
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Figure 1. Infrared imanes of laboratory test objects (o metal washer imbedded in sand) produced (A) by 

conventional means, and (B) by the AFCRL thermal-enhancement technique. Note that the 
enhanced image more clearly displays the small thermal difference associated with the top¬ 

ography of the sand, while still retaining the dynamic range to show large thermal differ¬ 
ences as well. 

features are warmer because of stored solar 
heat. 

This thermal-enhancement technique has 
proved to be so valuable in scientific studies 
that Hunt and Salisbury have joined with Lt. 
Winser Alexander to develop it for military 

reconnaissance. In co-operation with the 
Willow Run Laboratories of the University 
of Michigan, work is now in progress to con¬ 
struct actual flight instrumentation for im¬ 
proving Infrared military-reconnaissance 
data. 
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Figure 2. Infrared ,mages of the lunar crater Tycho (center) 22 hours after it ceased to be illuminated 
y the sun. Darker shades of gray are warmer in these images, and the sunset line and illu- 

nunated port,on of the moon is to the left of Tycho. Image A was produced by using conven- 
,ono fecfcn/gues on¿ image B by using the AFCRL thermal-enhancement technique. Note 
at the pattern of heat release from Tycho reflects the pattern of solar illumination just 

prior to sunset. 1 
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astronomy and astrophysics 
OBSERVATION AND FORECASTING OF 
SOLAR PROTON EVENTS 

Since early 1966, continuous dally ob¬ 
servations have been made at AFCRL's 
Sagamore Hill Radio Observatory at Hamil¬ 
ton, Massachusetts of solar flux at 5 fre¬ 
quencies ranging from 606 MHz to 8800 MHz. 
(Figure 1.) The observations have been con¬ 
ducted by personnel of the Air Weather 

Service who utilize the collected data to 
further their mission in space forecasting. 
The radio bursts emitted from solar flares 
are reported on a real-time basis to the Air 
Weather Service's SOFNET system and 
thence to the Environmental Science Serv¬ 
ices Administration. 
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Figure 1. Complex radio burst of the solar proton event, 28 August 1966, 
Sagamore Hill Radio Observatory (AFCRL), Hamilton, Mass. 
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Protons from the sun seriously affect 
polar communications and a man in space. 
The Solar Patrol has conducted research 
Into the sun's radiofrequency characteris¬ 
tics ro that proton-producing flares can be 
distinguished from non-proton-producing 
flares. 

In comparing the microwave characteris¬ 
tics of flares producing proton events with 
those which did not, it was found that the 
proton flares had high flux density in the 
centimeter and meter wavelengths, and lower 
fluxes in the decimeter region. A plot (Fig¬ 
ure 2) of flux density as a function of wave¬ 
length of the 5 frequencies observed at 
Sagamore Hill exhibits a U shape. The proton 
flares have long durations and high flux 
densities. Using data gathered in 1966, and 
reviewing the published raw data of radio 
characteristics of earlier bursts, J. Castelli 
and J. Aarons of AFCRL and Captain G. 
Michael of the Air Weather Service have 
succeeded in characterizing proton flares. 
They were able to predict correctly that 
the large optical flare of 13 February 1967 
would not produce a proton event, whereas 
the somewhat less Intense optical flare of 
23 May 1967 would. The technique was 
verified on the basis of these flares as well 
as other events. The proton flare of 23 May 
turned out to be the largest ever recorded 
in the history of solar radio astronomy. 

Figure 2. Radio spectra proton events, 1966. 
Each point for each event represents 
the maximum flux increase at observed 

frequency, generally within a few 
minutes of each other and associated 
optical flare. Observations for these 
events were made at Sagamore Hill; in 
the Netherlands; at Nagoya and Tokyo, 
Japan; and at the Dominion Radio Ob¬ 
servatory, Canada. 

astronomy and astrophysics 
PRESTRESSED CERAMIC DRIVER CHAMBER 
FOR A SHOCK TUBE 

Greatest shock strength from a shock 
tube is obtained by maximizing the sonic 
velocity in the driver gas. This requires the 
highest possible temperatures and the least 
molecular weight. Helium, heated to 20,000°K 
by an electrical discharge, is the current 
state-of-the-art driver. The limitation of 
20,000°K was assumed to be caused by 
thermal loss due to radiation and/or the 
Increase of the average molecular mass due 
to the evaporation of wall material. 

In order to operate an electrical discharge 
in the driver gas, the chamber walls must be 

of an insulating material. At the same time, 
the walls must contain very high pressures 
(on the order of 15,000 psi). The usual con¬ 
tainer is a heavy steel chamber with a Teflon 
liner that insulates the steel wall from the 
arc. It deforms easily to transmit the pres¬ 
sure to the steel. Unfortunately, the Teflon 
evaporates rapidly above 20,000°K, increas¬ 
ing the average molecular weight and con¬ 
taminating the apparatus. 

Pure recrystallized alumina, A 1,0,, has 
excellent thermal and electrical properties 
but, like all ceramics, has very low tensile 
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strength. This fault has been overcome by 
AFCRL by prestressing the alumina. A steel 
jacket 0.1% smaller than the alumina liner 
is expanded by heating it to 900°K and the 
alumina inserted. Since the coefficient of 
expansion for alumina is less than half that 
of steel, when the steel is cooled to room 
temperature it compresses the alumina to 
give an effective tensile strength sufficient 
to withstand an internal pressure of 45,000 
psi. 

The operating life of the ceramic is 4 to 
100 times that of the Teflon, but both mate¬ 
rials are about equal in price. The evapora¬ 
tion products from the Teflon liners con¬ 
taminate the test section, as mentioned, 
making frequent cleaning necessary and re¬ 
sulting in a down time of 10-15%. When the 
alumina is used, down time is only about 3%. 
Thus, use of the alumina considerably re¬ 
duces operating cost. 

Two methods were used to determine the 
efficiency of the ceramic driver. In one, the 
temperature of the gas was determined from 

the speed of expansion into a vacuum. This 
assumed that no evaporation products were 
present. The second method was a direct 
measurement of the pressure of the heated 
gas. This would be unaffected by evapora¬ 
tion products. The 2 methods agree within 
experimental error (10%). The efficiency for 
conversion from electrical energy in the 
capacitor bank to hot driver gas is constant, 
to within experimental error, whén plotted 
as a function of temperature. Since radiation 
and wall evaporation are strongly tempera¬ 
ture-dependent effects, it appears that they 
are not significant below 28,000°K, the 
highest temperature attained. Efficiencies 
ranged from 43% for 100-psig initial pres¬ 
sure to 53% for 200-psig initial pressure. 
Shocks in excess of Mach 50 were observed. 
The only limitation on shock strength was 
the size of the capacitor bank available. The 
high shock strengths will permit the study 
of boundary-layer flow about bodies entering 
an atmosphere at velocities well above orbital 
re-entry speeds. 

behavioral and social sciences 
FEEDBACK EFFECTS ON TEAM PERFORMANCE 

Human performance in virtually all activ¬ 
ities is substantially influenced by informa¬ 
tion feedback. By this mechanism, people 
can judge their performance relative to some 
criterion. The effects of the level of difficult' 
of the performance criterion and the type, 
amount and timing of information feedback 
on performance has been extensively studied 
in the case of individual performance in¬ 
volving an individual criterion. 

Recently, Professor William Howell of 
Ohio State University, working under Grant 
AF-AFOSR-985-67, has extended the study 
of feedback and criterion effects to situations 
in which an individual's performance is part 
of a team effort, and the criterion of per¬ 
formance is a team criterion. In these situa¬ 
tions (e.g., an athletic team, military unit, 
office staff, etc.), information as to the ade¬ 
quacy of individual performance is often 
totally immersed in the feedback pertinent 
to group performance. 

There are several interesting aspects to 
group feedback. First, it will usually under¬ 
estimate the performance of the best team 
members, and overestimate the performance 
of the worst team members. Additionally, 
the good performance of the more capable 
team members will serve to make the cri¬ 
terion less demanding for the other mem¬ 
bers; but the poor performance of the less 
capable team members will make the cri¬ 
terion more stringent for good performers. 

To better understand the impact of group 
feedback on the performance of individual 
team members, Drs. Johnston and Nawrocki 
of Professor Howell's staffstudied the effects 
of group-criterion difficulty on individual 
performance. As a subsidiary task, they 
also sought to determine what effect group 
feedback might have on an individual's eval¬ 
uation of his own performance. Simulated 
two-man teams performing a tracking task 
constituted the experimental vehicle in their 



studies. Each subjec: was told that he had 
a partner and that the feedback he received 
would be a team score. In actuality, each 
subject performed alone, and the feedback 
he received as to whether "team" perform¬ 
ance was average, below average, or above 
average, was a simple report as to whether 
his individual performance was equal to, 
above, or below a preset criterion. Three 
different levels of criterion difficulty were 
used (lenient, moderate and stringent); thus, 
it was as if the subject had a good partner 
under the lenient criterion, an average part¬ 
ner under the moderate criterion, and a 
poor partner under the stringent condition. 

The results of the studies clearly demon¬ 
strate that performance in a team arrange¬ 
ment is affected by criterion difficulty. The 
individual performance of those who were 
poor at the task was found to vary reliably 
with the simulated ability level of the con¬ 
trived partner. Their performance was best 
when the criterion was one of moderate 
difficulty (average partner), poorest under 
the stringent criterion (poor partner), and 
intermediate when a lenient criterion (good 
partner) was used. The data also demonstrate 

that one's evaluation of his own contribution 
to team performance is affected by the abil¬ 
ity of his teammates. People tend to accept 
credit for good team performance, but to 
blame their teammates if team performance 
is poor. 

These preliminary results suggest several 
potential applications of importance to anyone 
interested in, or responsible for, optimal 
performance of groups. These data imply 
that it should be possible to maximize the 
performance of a team by appropriate ad¬ 
justment of its member composition. They 
further suggest that the notion that the 
higher one's goals (criteria) are the better 
he will perform may not be valid. 

Finally, in demonstrating that the level 
of criterion difficulty does have an impor¬ 
tant effect on group productivity, the findings 
contribute to a data base from which a full 
appraisal and better quantification of cri¬ 
terion-difficulty effects may be developed. 
From such an expanded data base we shall 
more readily understand how to organize 
and manage group activities, such as may 
occur with air and space crews and work 
units. 

environment 
SIMULTANEOUS RADAR AND AIRCRAFT OBSERVATIONS 
OF CLEAR-AIR TURBULENCE 

Simultaneous probing of the troposphere 
above 20,000 ft by multiwavelength, ultra¬ 
sensitive radars and uninstrumented jet air¬ 
craft has given evidence that the clear-air 
echo regions observed by radar are turbulent 
on a scale that affects aircraft. 

Three radars (Table I) located at the 
NASA facility at Wallops Island, Virginia 
have been used by AFCRL in co-operation 
with the Johns Hopkins Applied Physics 
Laboratory (APL) to investigate the nature 
of all radar echoes from a clear atmosphere. 
One of the objectives of this program is to 
determine the feasibility of using ground- 
based radars to detect CAT (clear-air 
turbulence), which has proved to be a poten¬ 
tial hazard for aircraft operations. 

The multiwavelength feature of this facility 
makes it possible to distinguish between 

TABLE I. RADAR 

Radar 

Wavelength (cm) 

Antenna dia. (m) 

Beam width (deg.) 

Pulse length (\1 sec) 

Ant. Gain (db) 

Pk trans. power (MW) 

Min. detec. sig. (dbm) 

PRF 

CHARACTERISTICS 

X S UHF 

3.2 10.7 71.5 

10.4 18.4 18.3 

0.21 0.48 2.9 

2.0 1.0 1.0 

58 51 35 

1.0 3.0 6.0 

105 -111 -111 

320 960 960 

168 



( 
K

M
 )

 

Figure 1. Heights of radar echoes and reports of clear-air turbulence. Clear-air echoes are solid cloud 
echoes are hatched, and the aircraft encounters with CAT are open. The seventy of CAT is 
indicated by a relative scale deduced from the pilot reports. 

radar echoes from refractive index varia¬ 
tions in the clear air and returns from 
clouds and other particles in the atmosphere. 
Echoes from clear-air refractive index var¬ 
iations have been observed in the lower 
troposphere and more recently in the vicinity 
of the tropopause. 

Due to the water vapor in the lower tropo¬ 
sphere, large gradients in the refractive 
index frequently exist which are detectable 
even when the turbulence in the region is 
much too small to affect aircraft. In the 
upper troposphere, however, the refractive 
index gradients are limited because of the 
almost negligible amounts of water vapor 
present at high levels in the atmosphere. 
Thus, there is reason to suspect that echoes 
from these high, clear regions are associ¬ 
ated with some mechanical turbulence work¬ 
ing on the weak vertical gradients to create 
detectable refractive index inhomogeneities. 
Simultaneous probing by radar and aircraft 
has now shown that clear-air echoes observed 
in the vicinity of the tropopause are indeed 
turbulent. 

An example of the results of the experi¬ 
mental procedures carried out during the 

winter of 1966-67 will be found in Figure 1. 
This figure depicts the relation between the 
radar data and F-106 aircraft soundings. 
The radar procedure consisted of taking 
range-height photographs of the 3 radars to 
obtain a vertical cross section of the atmo¬ 
sphere along various azimuths. The aircraft 
performed spiral ascents and descents, level 
flights, and porpoise runs (a sawtooth pattern 
about a mean height) in regions covered by 
the radar scans. Pilot reports provided a 
qualitative estimate of the location and se¬ 
verity of turbulence encountered. 

On all occasions, the regions of clear-air 
echoes above 20,000 ft which were simul¬ 
taneously probed with the aircraft were 
found to be turbulent. This appears to be the 
first time that aircraft and radar have simul¬ 
taneously probed the same region of space 
and confirmed the close relationship between 
the high-altitude clear-air radar echoes and 
turbulent aircraft flight. 

The results of the winter 1966-67 obser¬ 
vations are encouraging, but the experimental 
data available is still rather small. It should 
be remembered that these powerful radars 
have a limited range of 19 miles when used for 
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CAT detection. To study CAT detection by 
ground-based radars further and possibly to 
develop a means of determining the severity 
of CAT based on the character of the radar 
echo, AFCRL, APL, and the Air Force 
Flight Dynamics Laboratory will conduct a 
joint observational program during the winter 

of 1967-68. This program will combine the 
same type of radar observations as in the 
previous year with Doppler velocity studies 
and quantitative measurements of CAT by 
an aircraft instrumented for turbulence 
measurements. 

SENSITIVE AIRBORNE GRAVITY INSTRUMENTATION 
UNDERGOES TESTS 

The most sensitive and complete airborne 
gravity-measuring instrumentation ever as¬ 
sembled was tested recently in a month-long 
series of flights over the North Central 
United States. For these tests a KC-135 
aircraft, highly instrumented by AFCRL 
scientists, was flown from Ellsworth AFÖ, 
South Dakota. 

Although the AFCRL tests were concerned 
with the development and evaluation of air¬ 
borne gravity instrumentation, they were 
part of a broad goal to establish worldwide 
gravity coverage. Such coverage will consist 
of a system of gravity profiles related to 
reference stations on the ground. Further 
in the future is a graphic representation 
showing lines of equal gravity intensity all 
over the world. 

Worldwide gravity surveys have lagged 
because of the lack of international standards 
and an absolute reference system. Another 
reason has been the need for reliable air¬ 
borne gravity survey instrumentation to 
make essential surveys over isolated land 
masses and ocean bodies. 

AFCRL has steadily improved airborne 
gravity instrumentation since its program 
began in 1958. One obvious difficulty in mak¬ 
ing airborne gravity surveys is that of cor¬ 
recting for aircraft motion. Very slight 
vertical accelerations, for example, r-'gister 
strongly on gravity meters. An airborne 
computer is used to plot and make adjust- 
mp for aircraft position, speed, flight 
c._„ ion, and horizontal and vertical accel¬ 
erations. 

Aboard the test aircraft were three air¬ 
borne gravimeters — a La Coste-Rombert, 
an Askania-Graf, and a miniaturized quartz 
meter. These were mounted on precision- 
stabilized platforms that kept them in true 
vertical position regardless of aircraft atti¬ 
tude. These units measured changes in the 
vertical component of the gravity field as 
small as one part in one million. 

The AFCRL flying laboratory has flown 
more than 500 hours over selected test 
areas in the United States and over the 
North Atlantic. A secondary goal of the 
AFCRL program is to establish the optimum 
altitude for making airborne gravity surveys. 
In this program, about 10 flights of approxi¬ 
mately 7 hours' duration were flown at 25,000 
feet. On each flight, the KC-135 flew in an 
east-west, north-south grid configuration of 
one-degree spacing. 

If the earth were a perfect sphere and its 
mass distributed uniformly throughout, grav¬ 
ity values would be the same the world over. 
But because the earth bulges slightly at the 
equator, gravity is slightly lower in the 
lower latitudes. Superimposed on this general 
situation are many gravity anomalies caused 
by the uneven internal distribution of the 
earth's mass. 

From the analysis of the data acquired 
on the AFCRL airborne gravity flights and 
the development and evaluation of gravity 
meters of increasing precision, it is hoped 
that techniques and standards will be set for 
the precise measurement of the external 
gravity field of the earth. 
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INFRARED HORIZON MEASUREMENTS 

It has become apparent that stringent 
requirements for determining the altitude 
of spacecraft have surpassed the present 
state-of-the-art. Infrared sensors which de¬ 
tect and locate the Earth's horizon relative 
to the vehicle can be built to operate with 
sufficient accuracy. The limitation is that the 
shape or contour of the Earth's infrared 
horizon is not sufficiently well known. The 
infrared horizon is determined principally 
by the emission properties of the tenuous 
upper atmosphere, and it is not a sharp line 
like the earth's visible horizon. 

In order to help solve this problem, AFC RL 
has been conducting a series of rocket flights 
to measure accurately the shape of e in¬ 
frared horizon and to determine 1 this 
shape varies with geographical loca ton and 
time of year. Although many theoretical 
calculations have been made, practically no 
useful measured values had been obtained 
until the flight of three rockets which AFCRL 
had flown recently out of a planned series of 
six. The first flight was partially successful 
while the others were completely successful. 
One of the major difficulties of such pro- 

RADIOMETER DATA 
SCAN NO. 76 

AD 3.723 
FILTER = 19p H20 

TIME (SECONDS) 
Figure 1. Horizon profile as observed at a wavelength of 19¡1. 
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grams is to determine accurately, independ¬ 
ently of the IR horizon (since this is what 
we are measuring), where the measuring 
instrument is looking. This problem was 
solved by using relatively simple star¬ 
scanning sensors. 

Individual horizon scans typical of those 
obtained on the three flights are shown in 
Figures 1, 2 and 3. Little can be said about 
an individual horizon curve except to note 
its gross features. Large fluctuations with 
time are observed at 10//. This is an H20 
window, and the large-scale intensity varia¬ 
tions are due to the presence of clouds. 
These variations are the major contributors 
to malfunctions of orbiting horizon sensors 

that operate in the 10// region. Scans at 15//, 
which is a C02 absorption region, generally 
lack such large-scale fluctuations. 

None of the data examined shows any evi¬ 
dence of effects due to clouds at 15//, whereas 
the effect of clouds is always observed at 
10//. This result confirms the theoretical 
prediction that the C02 band should be free 
of cloud effects hence horizon sensors op¬ 
erating in this region would prove a stable 
reference. 

Analysis of a large number of 15// scans 
indicates that both qualitative and quantitative 
predictions of model atmospheres for the 
15// profile are in reasonable agreement 

RADIOMETER DATA 
SCAN NO. 39 

AD 3.723 
FILTER2 lOp WINDOW 

193.40 193.45 193.50 193.55 193.60 193.65 193.70 

TIME (SECONDS) 
Figure 2. Horizon profile as observed in the atmospheric window region at 10¡J.. 
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with the observations. This new knowledge 
will permit the systems designer to proceed 
with greater confidence. It now appears 
reasonable and proper to consider a "mean 
profile" to represent the data and to discuss 
deviations from that mean. 

Scans of 19/j (in the rotational H20 band) 
strongly show the effects of clouds, but the 

effects are confined to radiance levels above 
8 W m-2 sr“1. Thus a "signal-limited" hori¬ 
zon sensor might achieve the high accuracy 
required by future systems by limiting 
(clipping) the response at this level. Such 
clipping in effect synthesizes a uniform 
horizon profile from the observed nonuni¬ 
form one. 

RADIOMETER DATA 
SCAN NO. 16 

AE 3.724 
FILTER = l5fJ C02 

TIME (SECONDS) 
Figure 3. A typical horizon profile taken in the I5|l carbon-dioxide absorption band. 
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MICROSEISMIC NOISE-DETECTION SYSTEM 

A highly sensitive seismic detection sys¬ 
tem for measuring small-scale earth vibra¬ 
tions has been developed by AFCRL scien¬ 
tists. The portable system was developed 
by Henry A. Ossing and Francis A. Crowley 
from commercially available components. 
The distinctive features of the system are 
its operational deployment plus a computer 
program for extracting maximum informa¬ 
tion from the seismic data. Using data from 
the multielement seismic array, the com¬ 
puter performs such functions as multiple- 
correlation, convolution, power spectral 
densities, and so on. 

The system is designed to measure the 
relative intensities of environmental seismic 
noise at various locations. The earth's 
seismic noise field has many origins, with 
the most obvious being the slight shifts 

(sometimes occurring in response to lunar 
gravitational pull) In the earth's crustal 
materials. But earth vibrations are also in¬ 
duced by heavy surf in areas near the ocean, 
by trains, by rocket and missile launches and 
by aircraft operations. 

Seismic noise affects the operations of such 
motion-sensitive equipments as multiple- 
phased antenna arrays and millimeter-wave 
antennas. Test and calibration of optical 
systems and of inertial devices for guidance 
control are strongly affected. Even in grow¬ 
ing single crystals of materials, small vibra¬ 
tions can cause a misalignment of atoms in 
the crystal lattice structure. 

The basic sensing elements of the AFCRL 
seismic array are EV-17 seismometers (built 
by Electro-Technical Labs) which, depending 
on type, detect either the horizontal or verti- 
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Figure 1. AFCRL’s portable seismic detection apparatus for measuring small-scale earth vibrations. 
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cal components of vibration. These small, 
13-pound, inertial-mass systems are buried 
5 inches to a foot underground. Three of 
these seismometers (one to measure vertical 
and two to measure horizontal vibrations) 
provide inputs to a portable recording and 
timing package. IN AFCRL's present opera¬ 
tions, 3 of these portable packages are used. 

The three portable packages, each with its 
three seismometers, can be arranged in a 
variety of geometries, depending upon the 
particular investigation. To determine the 
direction from which seismic noise origi¬ 
nates, the three packages are arranged in a 
triangle with about a half-kilometer separa¬ 
tion. Time-of-arrival of identifiable features 
in the seismic noise at each station provides 
a basis for plotting direction. To measure 
attenuation of seismic noise from a known 
source, such as an Air Force base, the three 
packages are placed in a line. 

Provision is made for telemetering sensor 
data to a central station for computer proc¬ 
essing on a real-time basis. For most appli¬ 
cations, however, data recorded on magnetic 
tape can be processed later. To improve the 
sensitivity of the system, provision is also 

made for the use of 3 additional EV-17 
seismic sensors in each recorder and timing 
package. In this case, each package would 
have 6 seismometers, and the entire system 
would thus have 18. 

The seismic noise detector has already 
seen several applications, most notably in a 
study for NASA of environmental seismic 
noise in the Kendall Square area of Cam¬ 
bridge, Mass., at the construction site of 
NASA's new Electronic Research Center. 
NASA's interest in the seismic noise level 
of the new laboratory arose from its planned 
research on inertial and optical systems. 

AFCRL is presently using the system to 
measure the environmental seismic noise of 
air bases. One of the goals of the program 
is to possibly predict seismic noise in given 
locations. A magnetic-tape library of en¬ 
vironmental seismic noise associated with 
air bases is now being compiled by AFCRL. 
The seismic system and its associated proc¬ 
essing procedures have proved to be so 
effective that AFCRL scientists have found 
it feasible to identify various aircraft through 
their take-off and landing seismic signa¬ 
tures. 

SOME RECENT RE-ENTRY COMMUNICATIONS 
FLIGHT-TEST RESULTS 

AFCRL's re-entry communications pro¬ 
gram studies the interaction of microwave 
radiation with shock-ionized flow fields which 
form around aerospace vehicles re-entering 
the earth's atmosphere at hypersonic velo¬ 
cities. Its goal is to develop ways to alleviate 
or eliminate the severely degrading effects 
of the plasma sheath on microwave com¬ 
munications systems. The first in a series 
of six re-entry vehicles (Figure 1) instru¬ 
mented to determine the influence of the 
plasma sheath on a microwave communica¬ 
tion system was recently flown by AFCRL 
aboard a Trailblazer II rocket. This four- 
stage solid-propellant vehicle is able to 
achieve re-entry velocities of 17,000 ft per 
sec. Measurements included nonlinear pulse 
shape distortion, interantenna coupling, an¬ 
tenna voltage breakdown and radiation- 
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pattern distortion. Plasma-density data were 
also gathered with Langmuir probes and 
independently with a electroacoustic probes. 

Although the data have only been super¬ 
ficially examined so far, certain significant 
and heretofore-unconfirmed effects are evi¬ 
dent. Among these is the observation of 
electroacoustic resonances between the ve¬ 
hicle skin and the plasma sheath. Radio¬ 
frequency waves are excited by the 
electroacoustic probes. By studying the re¬ 
flections of these waves from the plasma, 
it is possible to determine accurately the 
location and density of the sheath immediately 
adjacent to the sensing probe. The data 
from the four electroacoustic probes carried 
aboard the vehicle will be correlated with 
those simultaneously obtained from three 
flush-mounted Langmuir probes to obtain a 



profile of electron-density variation about 
the nose cone as a function of altitude. 

Another important phenomenon observed 
is the decrease caused by the plasma sheath 
in the coupling between two antennas on the 

vehicle. In our experiment, a decoupling of 
at least 14 db was observed. Although not 
yet studied in detail, effects such as sheath 
attenuation, antenna voltage breakdown and 
blackout are also evident. 

Langmuir 
Probes on 
Reverse Side 

S-Band 
Transmitting 
Antenna 

S-Bänd 
Receiving 
Antenna 

Electro 
Acoustic 
Probe Sensors 

X-Band 
Telemetry 
Antennas 

Figure 1. Trailblazer II nose cone for re-entry communications test. 



RADIATION OF VOLCANIC HEAT INTO SPACE 

AFCRL began a long-term study of volcanic 
and geothermal areas in Iceland in August 
1966, as part of its program to evaluate air¬ 
borne remote sensors. The program involves 
co-operation with the United States Geologi¬ 
cal Survey, the University of Michigan, and 
several Icelandic scientists. The most im¬ 
portant result obtained so far was the de¬ 
tection from orbital altitude of an effusive 
volcanic eruption on Surtsey, an active vol¬ 
canic island which has formed off the south¬ 
ern coast of Iceland. 

Infrared emission from a fissure eruption 
in Surtsey, Iceland, between 19 August and 
3 October 1966 was recorded concurrently 
by an airborne scanning radiometer and the 

high-resolution infrared radiometer (HRIR) 
system of the NIMBUS II-meteorological 
satellite. (See Figure 1.) Airborne infrared 
imagery, gathered by AFCRL's JC-130A 
aircraft, revealed a complex pattern of ther¬ 
mal anomalies outside the 1966 eruptive 
area. These thermal anomalies are related 
spatially to the 1964-65 Surtur II lava dome 
and associated crater features, fumaroles, 
flow areas and fracture patterns. Posterup- 
tive anomalies were detected in the crater 
and tectonic lagoon of the pyroclastic satel¬ 
lite volcano, Jolnir. The anomaly on HRIR 
imagery appeared as a small bright spot. 
Radiance estimates made from geological 
and surface-temperature data are compar- 

Where Bi — Planck function Tag - Equivalent blackbody 0* - Effective spectral response 
Temperature in °K (about 3.4 to 4.In) 

Figure I. NIMBUS II analog record showing one HRIR scan cycle orbit 1315. (From U.S. Geological 

Survey graph.) 
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able to the 308°-312<>k blackbody-equivalent 
temperature (radiance value of 10 - 0 75 
watt/m2 *ster or 7,13 x 10“ ergs/sec) re¬ 
corded by the NIMBUS system integrating 
over a 64 km2 area that Includes Surtsey. 

As determined by volumetric, temperature 
and thermal parameter estimates, the magni¬ 
tude of the volcanic event between 19 and 22 
August is approximately equal to a thermal 
energy yield of 1.36 x 1022 ergs. From 1963 
through 1966, the sequence of eruptions at 
Surtsey yielded 3.9 x 1025 ergs, comparable 
to an intensity VII volcanic eruption. 

Based on these geologic and thermal data, 
the Surtsey thermal anomaly noted on satel¬ 
lite infrared imagery during August and 
September was recorded with an efficiency 
ratio of less than 0.5 percent, in part pro¬ 
bably because of convective heat loss to the 
ocean and conductive heat loss to the atmos¬ 
phere. 

Detection of the Surtsey anomaly on Nimbus 
HRIR imagery demonstrates that volcanic 

events of this magnitude, involving major 
convective heat loss, can be detected and 
monitored from earth or planetary orbit by 
infrared scanning radiometry and that the 
efficiency ratio of detection may be charac¬ 
teristic of the type of volcanic event. 

This research leads to the following con¬ 
clusions: 

1. It is possible to survey the moon and 
other planetary bodies for evidence of effu¬ 
sive volcanic activity by inserting aNimbus- 
II type satellite in orbit around them; 

2. Earth-orbiting satellites can success¬ 
fully monitor effusive volcanic activity in 
remote areas; 

3. Effusive volcanic eruptions may "false- 
alarm ' a satellite that is monitoring missile 
launchings and chemical or nuclear explo¬ 
sions. 

4. Successive airborne infrared surveys 
of volcanic areas may lead to a technique 
for predicting the next eruption, by moni¬ 
toring changes in surface temperature. 

ELECTRON-EMITTING AEROSOLS 

Communications in jungle or mountainous 
terrain continue to be a significant problem. 
The ionosphere has been used for some time 
as a reflecting medium to extend communi¬ 
cation ranges. This technique is limited by 
the continuously varying nature of the iono¬ 
sphere. AFCRL is working on a technique 
capable of producing an artificial ionosphere 
which lasts for tens of minutes. 

Photoelectron-emitting aerosols have been 
developed which can be used at reasonably 
low altitudes for both communications pur¬ 
poses and for the production of random, 
highly electromagnetic clouds. These mate¬ 
rials are produced by subjecting finely 
ground pure sodium-chloride crystals to in¬ 
tense rf radiation under vacuum. The salt 
crystals, over a period of time, turn blue 
because of the formation of free sodium in 
the lattice. The chlorine produced at the 

same time is pumped off by the vacuum 
system. When the prepared aerosol is illu¬ 
minated by light with wavelengths below 
6000 A, photoelectron emission occurs. 

An extensive test program on the electron 
emission of these aerosols has been com¬ 
pleted by Mr S. J. Birstein and MSgt N. W. 
Gantick of AFCRL's Space Physics Labora¬ 
tory. Using a unique current-measuring cell 
with a sensitivity of 10-15 amperes, prelimi¬ 
nary measurements were made of electron 
emission in electrons per second per unit 
surface. These figures were then converted 
to electrons per second per gram of salt 
particles of one micron diameter. With cur¬ 
rent techniques it should be possible to 
produce aerosols with an electron emission 
of 1.4 x 1014 electrons gm-1 sec-1. This 
would be capable of reflecting VHF/UHF 
signals. 
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ATMOSPHERIC EMISSION AND ABSORPTION 
AT 15 AND 35 GHz 

At radiofrequencies greater than 15 GHz 
(20 mm wavelength) the earth's atmosphere 
becomes an absorbing medium due to the 
molecular absorption of water vapor and oxy¬ 
gen. Because of this strong interaction be¬ 
tween the lower atmosphere and electro¬ 
magnetic waves of millimeter wavelength, 
radiometric techniques may be applied to 
obtain information on the composition and 
properties of the lower atmosphere—in par¬ 
ticular, the temperature, pressure, and rela¬ 
tive-humidity profiles. In order to compute 
these profiles from radiometric measure¬ 
ments, it is necessary to know which 
theoretical formulation of absorption and 
emission phenomena is the best approxima¬ 
tion to the processes occurring in the atmos¬ 
phere. The parameters of interest are the 
atmospheric optical depth (a measure of the 
absorption) and the atmospheric antenna- 
temperature distribution (a measure of the 
emission). 

Simultaneous radiometric measurements 
of atmospheric emission and absorption at 
15 and 35 GHz (20 and 8.6 mm) were made 
for a 6-month period. Values of temperature, 
pressure, and relative humidity were ob¬ 
tained by radiosondes released during the time 
the radiometric measurements were being 
made. All data were taken on clear days at 
the Air Force Cambridge Research Labora¬ 
tories' Prospect Hill Radio Observatory. 

Optical depths were determined from the 
observations in three ways; 

(1) using the sun as a source, the radiation 
received at various zenith angles was meas¬ 
ured and the zenith optical depth was derived 
from these direct measurements of absorp¬ 
tion; 

(2) using the observed radioemission tem¬ 
perature of the atmosphere and the mean 
atmospheric temperature, the zenith optical 
depth was derived; and 

(3) using the radiosonde observations of 
temperature, pressure, and humidity profiles, 
optical depths were computed from radiative 
transfer equation. 

According to blackbody radiation theory, 
the zenith optical depths determined from 
absorption measurements and from emission 
measurements should agree, and they did. 
There was however, a difference between 
optical depths computed from radiosonde 
measurements and those obtained from radio- 
metric measurements, indicating that values 
of temperature, pressure, and relative 
humidity derived from radiometric meas¬ 
urements would not represent actual atmos¬ 
pheric conditions. 

To adjust the discrepancy, different 
theories of the absorption processes were 
reviewed. The calculation of antenna tempera¬ 
ture using the Van Vleck-Weisskopf theory 
gave values consistently lower than experi¬ 
ment by 13% at 15 GHz and by 21% at 35 GHz. 
Calculations using the Boltzmann theory gave 
values which differed from the measured 
values by + 6 or 7%. The Boltzmann theory 
thus explains the physical phenomena of 
emission and absorption of thermal radiation 
in the 15 to 35 GHz region to an accuracy of 
T .01 db. This accuracy offers promise of al¬ 
lowing the atmospheric temperature, pres¬ 
sure, and relative humidity to be recovei ed 
from radiometric emission and absorption 
measurements of the atmosphere. 

SUNSPOTS AND SOLAR ROTATION 
The sun rotates once every 27 days_ 

more or less. Actually, the rate varies from 
about 25 days at the equator to about 31 days 
at the poles. But the exact rotation rate is not 
precisely known at any given latitude because 
a completely satisfactory way to measure it 
has not been available. 

A simple and widely used method of meas¬ 
uring the rotation rate is to observe the 
movement of sunspots. However a sunspot at 
a given solar latitude does not necessarily 
move with the same velocity as did an 
earlier sunspot at the same latitude. 

Many difficulties and uncertainties arise in 
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using sunspots to measure rotation rates 
These uncertainties have been examined by 
Dr Fred Ward of AFCRL. He has re- 
exámined almost 100 years of data on sun¬ 
spot movements and reviewed the attempts of 
others to derive solar-rotation rates from 
sunspot movements. 

These data show that sunspots near the 
solar equator move an average of 14 5 
degrees of longitude each day, while those in 
the latitude region of 30 to 35 degrees move 
about 13.7 degrees each day. But it is shown 
that sunspot groups which have long dimen¬ 
sions many times their short dimensions 
move as muchas 2 percent faster than groups 

of roughly circular shape, and this difference 
is independent of latitude. Also, small sunspot 
groups move faster than large groups, imply¬ 
ing that "mature" groups slow down. 

The validity of using sunspots as tracers 
of velocity might be questioned on several 
points. One is that the sunspots are continually 
exchanging material with their surroundings 
and therefore do not necessarily move with 
the velocity of the ambient fluid. Since there 
may be variations in the velocity of th s 
ambient fluid, sunspots may be particularly 
associated either with fluid in relatively rapid 
motion, or with fluid in relatively slow motion. 
Still another uncertainty in the use of sun¬ 
spots as tracers of solar-rotation rates in¬ 
volves the determination of the center 
gravity of a sunspot group. During the early 

stages of formation, this center of gravity 
shifts counter to the direction of rotation n 
the decay stage, it shifts in the opposite di¬ 
rection. The center of gravity itself is dif¬ 
ficult to compute because it is not always 
possible to observe very small sunspots 
within a group, or around its periphery 

After his examination of these problems, 
Dr. Ward concluded that the uncertainty in 
measuring the rotation rate is an order of 
magnitude larger than previously assumed 
This uncertainty between 0.1 and 0 2 
degrees per day. because of the systematic 
errors that arise from previous methods of 
measurements, Dr. Ward proposes that the 
solar-rotation rate be derived from the day- 
to-day motions of a random selection of spot 
groups. With this relatively simple approach, 
he finds that the solar rate is about 1 per¬ 
cent higher than that calculated by Newton 
and Nunn, whose calculations of rotation rate 
are presently the accepted values. 

This result has an interesting reverse twist 
when applied to the Air Force problem of 
forecasting solar activity. Since the size and 
shape of spot groups are directly related to 
their activity, the speed of the spot groups 
must be related to the activity also. For the 
first time it might be possible to forecast the 
birth of spots, once regular measurements of 
the horizontal winds on the sun become ava 

able. 

atmosphere in a computer 

The atoms and molecules of the upper 
flfmosohere are characterized by a con¬ 
tinuous chemistry of interaction and reaction 
sustained by solar energy. The brief interval 
of a solar eclipse, for exampie profoundly 
affects the rate of association, dissociation, 
recombination, ionization, and deionization of 
atmospheric species. Thepatternof reac ions 
changes markedly with time of day, latitude 

an Between * altitudes of 60 to 120 km, the 
dominant elements making up the atrnos- 
pheric gas are oxygen and nltrogen' 
wo elements are found in many co^bina- 
tions, such as O', 0^, NO;. N20, and so on. 

Reaction rates among these oxygen-nitrogen 
species are governed by many factor 
temperature, mean free paths, and concentra¬ 
tions of the various species. . 

How do reaction rates vary with altitude 
and with radiation intensity? In a rece"t [®¡ 
port (1). Thomas J. Keneshea of AFCRL s 
Upper Atmosphere Physics Laboratory dis- 
cusses a computer model which helps pro- 
vide answers to these questions. The model 
deals only with 168 possible photochemical 
reactions that can take place among 15 oxygen- 
nitrogen species, plus free electrons. The 
model iives the researcher a P°werful too 
for sti,dying reaction rates in the upper 
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atmosphere under a variety of controlling in¬ 
fluences. Because of the complex nature of 
atmospheric gas reactions, computer model¬ 
ing affords the best available method for con¬ 
ducting such studies. 

The model involves the solution of an exten¬ 
sive set of simultaneous nonlinear first- 
order differential equations, and the method 
adopted has two important features. First, 
the integrating increment is allowed to change 
freely as the calculation advances so that the 
solution over a long period of time can be 
obtained. Next, a means is provided for cal¬ 
culating the accuracy of the solution so that 
the accumulation of errors can be controlled. 

The present computer model represents an 
extension of work in progress since 1962. The 
most significant change in the present model 
is the handling of the solution for a specie 
after it has gone into equilibrium or into 
quasiequilibrium with one or more other 
species. Algebraic equations used previously 
were not adequate to handle this basic prob¬ 
lem. Keneshea has developed a set of ex¬ 
ponential equations to replace the previous 
algebraic equations. 

A seemingly simple problem that has been 

overcome, one that the computer had trouble 
coping with, was the situation where one 
dominant ion specie was superseded by an¬ 
other. When this happened, the limit of al¬ 
lowable charge imbalance was exceeded and 
the program was incapable of advancing the 
solution. 

The computer model has been used to study 
the behavior of the atmosphere under scores 
of varying conditions—diurnal variations of 
charged species and neutral species at a given 
latitude and at various altitude strata, nu¬ 
clear-weapons effects in which the solution 
starts with high initial electron concentra¬ 
tions and incorporates a continuing source 
of electrons, the effects of sunlight reflected 
from clouds and oceans on D and E layer 
ionization, and the variability of the atmos¬ 
pheric composition under eclipse conditions. 

The solutions reached by the computer 
model have been tested against observational 
data by rocket probles with close agreement 
at E-region altitudes. In the D region, 
comparison of the computed models with ex¬ 
perimental profiles Indicates that the chemis¬ 
try of this region requires considerably more 
study. 

SOLAR SPICULES 

The solar chromosphere is a tenuous layer 
sandwiched between the photosphere and the 
corona. Figure 1 shows its structure seen at 
the limb in the light of the Ha line. It appears 
as a fur of spicules, the tiny bright hair¬ 
like spikes projecting into the corona from 
the ill-defined upper boundary of a continuous 
layer 6,000 or 7,000 km high. These spicules 
feed matter and energy into the corona, 
replenishing the steady drain of the solar 
wind. 

The role of the spicules in the chromos¬ 
phere has been the subject of a lively con¬ 
troversy involving two opposing hypotheses. 
Figure 1 is consistent with both. According 
to one hypothesis, the chromosphere could 
consist wholly of a forest of spicules, too 
numerous to be individually resolved at the 
lower levels, but with a good number of ex¬ 
ceptionally high individuals that are seen 
separately higher up. The spicules should then 

be surrounded by coronal gas at extremely 
low density and high temperature (about 
1,000,000 degrees K). According to the other, 
the spicules could be immersed in a con¬ 
tinuous chromospheric atmosphere of rela¬ 
tively high density and low temperature (about 
10,000 degrees K). 

The spicule-forest theory neatly explains 
the low intensity of high-frequency radio 
noise from the chromosphere. In projection, 
the spicules fill considerably less than 10% 
of the area of the solar surface, and would 
emit corresponding less radio noise than a 
continuous layer. Furthermore, many ob¬ 
servers have detected a "second limb" on 
Ha filtergrams, a ghostly image of a sharply 
defined outer boundary somewhere near the 
level of the solar limb seen in white light. 
These observers contend that the second limb 
is the outer boundary of the continuous solar 
atmosphere, visible through the interstices 
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Figure 1. Structure of the solar chromosphere seen at the limb in Ha light. (Photo by Sacramento 

Peak Observatory, AFCRL.) 

between spicules, even though the spicules 
are too closely packed to be seen separately. 
No such lower boundary should be visible in 
Haif the chromosphere is continuous. 

Dr. Jacques Beckers of Sacramento Peak 
Observatory and Dr. Robert Noyes, a Harvard 
astronomer visting the Observatory, suc¬ 
ceeded in settling the question in the course 
of an extended study of spicule spectra. 

The brightest and broadest lines in the 
spicule spectrum are Ha of hydrogen and H 
and K of ionized calcium. All of these are 
"self reversed" in spicules. Down the center 
of the bright line runs a narrow dark line 
or "reversal." The reversals could be pro¬ 
duced in the spicules themselves if they are 
sufficiently dense. The dark lines would then 
share any Doppler shift of the spicule lines 
due to motion in the line of sight. Alter¬ 
natively, the reversal could result from ab¬ 
sorption in a cooler interspicular medium. 
The dark lines would then remain unshifted 
by the sightline motion of a spicule. 

Beckers and Noyes found that the dark 
reversals do not share the large Doppler 
shifts they observed in the spicular lines. 
The material producing the dark reversal, 
therefore, is not moving with the spicule 
material. We conclude that the dark line is 

due to a stationary interspicular medium at 
the temperature and density favorable for the 
absorption of Ha, H and K. At heights 
above 6,000 km, the self-reversal fades out. 
Hence the lower spicules are immersed in a 
continuous chromospheric atmosphere, which 
interfaces rather abruptly with the hot tenuous 
corona at about 6,000 km. The highest spicules 
extend up into the corona. 

Drs. O. R. White and George Simon, both 
of Sacramento Peak Observatory, have ex¬ 
plained the appearance of the "second limb," 
which they had seen for many years and 
correctly interpreted. They demonstrated 
that every one of the instruments used to show 
it in Ha pictures transmitted a small amount 
of white light in addition to H«. The observed 
second limb is simply a faint image of the 
usual white light limb superposed on the Ha 
picture. The one instrument specially de¬ 
signed to eliminate every trace of white light 
is the Sacramento Peak Observatory spec- 
troheliograph. Significantly, it is also the only 
one that shows no second limb. 

In the face of this direct observation of an 
interspicular medium, the low level of radio 
emission must be explained by some effect 
other than the inferred absence of such a 
medium. The medium is there. 

ground electronic* 
VOICE PATTERN-MATCHING 

The term "voice pattern-matching" is de¬ 
scriptive of a pattern-recognition process of 
the sort that is illustrated conceptually in 
Figure 1. The processing has three principal 
functions: analysis of the frequencv and time 

patterns of speech; storage of a reference 
"library" or "vocabulary" of voice patterns in 
digital form; and a means of making a running 
comparison of the speech analyzer output with 
the table of stored patterns to find the stored 
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Analog Measurements Conversion to Digital Dato Data Compression: 

Categorization by 

selections among 

a limited set of 

speech patterns 

Figure 1. Digital speech compression logic. 

pattern that most perfectly matches the 
measured speech pattern at each instant. One 
outcome of this process is a new categoriza¬ 
tion of the speech signal: the signal is 
described entirely by reference to the stored 
table of "standard" voice patterns. A second 
outcome is a constriction or compression of 
the speech signal representation—it becomes 
possible to describe the voice signal with 
fewer bits, to transmit speech messages with 
less bandwidth, and hence with greater econ¬ 
omy and reliability. As a consequence of 
these considerations, this approach has par¬ 
ticular interest for possible applications to 
speech communications, due to the potential 
for greatly increasing the number of voice 
channels that could be supported with exist¬ 
ing facilities and channel allocations, for in¬ 
creasing the reliability of voice communica¬ 
tions under adverse conditions, and the 
distance over which effective speech com¬ 
munications might be conducted. 

During Fiscal Year 1967, Caldwell P. 
Smith of the Data Sciences Laboratory, 
AFCRL, established a new and fundamental 
relationship in voice pattern-matching, the 
significance of which may extend to pattern- 

recognition processes in general. The analy¬ 
sis of speech data revealed that the "fidelity" 
of a pattern-matching process, (i.e., the 
average error between input pattern data and 
output pattern representation), could be esti¬ 
mated by a simple equation that relates the 
average spectrum error to the number of 
patterns stored in the pattern library. This 
relationship leads in turn to the relationship 
between speech intelligibility and data-trans- 
mission-rate requirement, establishing a 
trade-off function from which a systems 
designer can estimate the data rate in bits 
per second that might be required in order 
to attain a specified level of speech intel¬ 
ligibility over a transmission channel. 

These findings have established a firm 
basis for an exact characterization of 
processes for matching voice patterns, and 
have sharply focused the key questions that 
await further solution. Research is now 
centering on questions of the range and the 
variability of different types of voice signals, 
and on verifying the reliability of the per¬ 
formance estimates obtained with the use of 
the trade-off function. 

POTENTIAL TECHNIQUES FOR AUTOMATIC 
AIRCRAFT RECOGNITION 

A technique is being developed with po¬ 
tential applications for automatically ex¬ 
tracting and analyzing shapes found in re¬ 
connaissance and surveillance pictures. Mr. 
Otis Philbrick and Capt Glen D. Wilson of 
the Data Sciences Laboratory, AFCRL, are 
conducting research with an IBM 7094 and 
PDP computer to test different techniques 

for obtaining object boundaries and syn¬ 
tactically describing them. Initially, the 
image gray tones in Figure 1 are converted 
to their electrical analogs. The analog is 
digitized and processed to remove noise and 
input sensor characteristics, then normalized 
to full scale and stored for further process¬ 
ing. Stored images are recalled into the 
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Figure I. 

computer for "boundary detection" and 
"medial axis transformation." 

Boundary detection Is the process of de¬ 
termining the outline of an object in a gray 
scale picture. Although several detection 
processes are under Investigation, only one 
Is described here. This technique Is a local 
neighborhood operation. A threshold on a 
difference function in the neighborhood Is 
set to extract object outlines. The bright 
lines In Figure 2 result when a part of the 
original image is boundary-detected and 
displayed. 

Medial axis transformation is being in¬ 
vestigated as a means of further processing 
the photographs. The transformation ex¬ 
tracts meaningful shape information from 

P-39 aircraft. 

preprocessed pictures in a form suited for 
the automatic analysis and recognition of 
shapes. In Figure 2, the medial axis trans¬ 
formation is shown as gray lines super¬ 
imposed on the white outline of the airplane. 
Shape Information can be determined from 
the location of the lines and the time function 
of each point on the lines. This information, 
together with data taken directly from the 
contour, is structured as a syntactic de¬ 
scription of the shape. In the future, this 
will provide an Information base to enable 
computers to answer questions about objects 
and about relationships between objects in 
a picture. 

Potential applications Include image en¬ 
hancement and automatic target recognition. 
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Figure 2. Boundary and 

for the P-39. 

The points shown In Figure 2 could be used 
to enhance the original gray-tone image by 
emphasizing these details. Research is also 
proceeding in this direction. Automatic target 

medial axis transform 

recognition, both from reconnaissance photo¬ 
graphs and live television scenes, could be 
used to find and identify targets of interest. 

tni ¡m /mientoI research support 
PLANETARY ENTRY SIMULATION 

The NASA Planetary Entry Parachute Pro¬ 
gram was designed to evaluate at least 
three parachute designs suitable for soft- 
landing instrumented capsules on Mars. Tests 
of full-size models of each parachute were 
planned. They involved using a balloon to 
carry a spacecraft and balloon-control in¬ 

strumentation weighing 3,000 pounds to a 
130,000-foot altitude. This is equivalent to 
a 15,000-foot altitude in the Martian atmos¬ 
phere. 

AFCRL was requested by NASA to develop 
the balloon system, conduct the launchings, 
and control the balloon flights. It was noted 
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at the outset that a balloon fabricated from 
conventional balloon materials to accomplish 
the unprecedented payload-altitude require¬ 
ment would exceed the capacity of any of the 
balloon-manufacturers' facilities, would be 
prohibitively expensive, and would create 
severe, if not impossible, handling and 
launching problems. Therefore, AFCRL de¬ 
veloped a balloon material whose strength- 
to-weight ratio is approximately twice that 
of the conventional material. Thus, the re¬ 
quirement was met successfully while re¬ 
ducing both volume and cost by a factor of 
nearly 3. Even so, the resulting balloon, the 
world's largest with a volume of 26,000,000 

cubic feet, is twice the size of any balloon 
previously developed or flown. 

Each of the 5 balloon flights during the 
Program was successful. Once at altitude 
over the White Sands Missile Range, the 
spacecraft was released from the balloon. 
After a free fall of 180 feet, the spacecraft 
rocket motors were fired to accelerate the 
vehicle to a speed of Mach 1.6 above a 
143,000-foot altitude. The test parachute was 
then ejected with its instrument load, to be 
recovered later undamaged. Preliminary re¬ 
sults indicate that all mission objectives were 
accomplished. A 6th flight is planned during 
the spring of 1968. 

Figure 1. Twenty-six-mill ion-cubic-foot balloon at 130,000 feet as viewed from spacecraft. 
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DENSITY MEASUREMENT BY INSTRUMENTED 

FALLING SPHERE 
Knowledge of aerospace density, pressure, 

and temperature and their variability is par¬ 
ticularly inadequate in the 70- to 120-km- 
altitude range. For several years, AFCRL 
has been measuring these parameters by 
means of experiments carried by such large 
rockets as the Aerobee 150, Nike-Iroquois, 
and Cajun. 

The experiment has consisted of ejecting 
an uninflated sphere at an altitude of 100 km 
while the rocket was still on its upward 
trajectory. As it continued to ascend to a 
160-km apogee, the sphere was inflated by 
isopentane vapor to obtain a large drag sur¬ 
face. The acceleration due to drag was then 
measured by a triaxial linear accelerometer 
as the system fell freely from approximately 
120 to 70 km. The high area-to-mass ratio 
makes it possible to measure extremely low 
accelerations at high Mach numbers. Thus 
it is an excellent technique for measuring 
conditions at high altitudes. 

On 9 September 1967 an accelerometer- 
instrumented sphere was successfully flown 
on a Sparrow-Areas vehicle. This was the 
first known measurement of density above 
100 km usinga smaller, meteorological-class 
sounding rocket. The technique is intended 
to provide the Air Force with a way to obtain 
synoptic data needed to meet meteorological 
support requirements at the missile ranges. 
It will also be used as a relatively inex¬ 
pensive means of obtaining precise data on 
diurnal, seasonal, and geographic variations 
in atmospheric density. The new system was 
developed by G. A. Faucher, J. F. Morrissey 
and R. V. Matson of AFCRL's Aerospace 
Instrumentation Laboratory. 

Figure 1 shows the payload at the moment 
of separation. 
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AUTOVON 22 + Extension 
(Extensions are the OX 
telephone numbers without 
the OX) 

ARL 
Wright-Patterson AFB, 

Ohio 45433 
Tel: 257-1110 
Area Code 513 
AUTOVON 96 + Extension 
(See Bibliography for 
Relevant Extension 
Numbers) 

Office of Research Analyses Frank J. Seiler Research Laboratory 

ORA 
Holloman AFB, NMex 88330 
Tel: 473-6511 
Area Code 505 
AUTOVON 888-3350 + Extension 

(See Bibliography) 

FJSRL 
USAF Academy, Colo. 80840 

Tel: 472-3120 
Area Code 303 
AUTOVON 553-1590 + Ext. 3120 
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This portion of the report provides information on documented material which originated in 

relation to the research efforts. The individuals named as contacts were chosen as a 
matter of convenience to facilitate the availability of information. 

LABORATORY DIRECTORS’ FUND 
PROGRAM ELEMENT 61430014 

Molecular Beams 

Contact= Dr A. T. Stair, Optical Physics Lab, AFCRL. Tel. Ext. 4911. 

Humidity Above The Hygropause 

Contact: N. Sissenwine, Aerospace Instrumentation Lab, AFCRL. Tel. Ext. 3165. 

(1) Ballinger, J. G., L. E. Koehler, M. P. Friclce and R. D. Murphy, "Toward Improved 
Measurements of Stratospheric Humidity with Balloon-Borne Frost-Point Hygrom- 
eters'" Air Force Surveys in Geophysics No. 167, Air Force Cambridee Research 
Laboratories, 1965. ~ 

02) Grantham, D. D., N. Sissenwine and H. A. Salmela, "AFCRL Stratospheric Humidity 
Program," Air Force Surveys in Geophysics No. 167. Air Force Cambridge Research 
Laboratories, 1964. 

(3) Rohrbough, Stephen F., J. G. Ballinger and L. E. Koehler, "A Balloon-Borne Hygrometer 
System for the Measurement of Atmospheric Water Vapor," R-RD 6379 Honeywell 
Inc., St. Paul, Minn., 1965. -' ’ 

(4) Grantham, D. D., N. Sissenwine, H. A. Salmela and S. F. Rohrbough, "Stratospheric 
Moisture Profiles over Northern California," Interim Notes on Atmospheric Properties 
No- 61. Design Climatology Branch, AFCRL, 1965. -- 

Metallic Ions in the Lower Ionosphere 

Contact: Dr R. S. Narcisi, Upper Atmosphere Physics Lab, AFCRL. Tel. Ext. 2002, 

(1) Narcisi, R. S. and A. D. Bailey, "Mass Spectrometric Measurements of Positive Ions 
at Altitudes from 64 to 112 Kilometers," Jour. Geoph. Res.. 70, 1965, pp. 3687-3700. 

(2) Narcisi, R. S. and A. D. Bailey, "Mass Spectrometry in the D-Region Ionospheres— 
Apparatus, Techniques and First Measurements," Environmental Research Paper No 32 
AFCRL-65-81, 1965. * * 

(3) Narcisi, R. S„ A. D. Bailey and L. Della Lucca, "The Composition of the Lower Ionos¬ 
phere during the 1965 Leonid Meteor Shower," COSPAR Meeting, May 1966. 

(4) Narcisi, R. S., "Ion Composition of the Mesosphere," COSPAR Meeting, May 1966. 
(5) Narcisi, R. S., A. D. Bailey and L. Della Lucca, "Composition Measurements of 

Sporadic E in the Nightüme Lower Ionosphere," COSPAR Meeting, May 1966. 



DEFENSE RESEARCH SCIENCES 

PROGRAM ELEMENT 61445014 

General Physics 

A New Insight into the Behavior of Ferrimagnetic Crystals (Project No. 5621) 

Contact: Dr E. R. Czerlinsky, Solid State Sciences Lab, AFCRL. Tel. Ext. 2235. 

(1) Czerlinsky, E. R. and P. D. Gianlno, "Disappearance of Magnetocrystalline Anisotropy 
Effects on Spin Resonance of YIG," Journal of Applied Physics, Vol. 3?, No. 6, pp. 
1799-1802, June 1965, AFCRL-65-864, Nov 1965. 

Electrophoretic and Cataphoretic Effects in a Helium-Neon Laser (Project No. 7073) 

Contact: Dr A. Garscadden, Plasma Physics Research Lab, ARL. Tel. Ext. 52923. 

(1) Lee, D., P. Bletzinger and A. Garscadden, "The 'wave Nature of Moving Striations," 
J. App. Physics, 37, 377, January 1966. 

(2) Garscadden, A., "Moving Striations and Cataphoretic Effects in a He-Ne Laser," 
App. Physics Letters, 8, 85, 15 February 1966. 

(3) Weber, R. F„ "The Flow Discharge in Mixtures of He-Ne and He-Xe," Master's Thesis 
GSP/PH/66-21, AFIT, March 1966. 

OPOS - Study of the Optical Properties of Orbiting Satellites (Project No. 7114) 

Contact: K. E. Kissell, General Physics Research Lab, ARL. Tel. Ext. 54833. 

(1) Kissell, K. E., "Photoelectric Photometry - A New Tool for Satellite Signatures," 
Proceedings of OAR Research Applications Conference, OAR 66-3,, April 1966. 

(2) Kissell, K. E., "Advantages of a 4-Axis Tracking Mount for the Photoelectric Photom¬ 
etry of Space Vehicles," ARL 65-260, Dec. 1965. 

(3) Vanderburgh, R. C., "A Prediction and Tracking Method for Small Aperture Continuous 
Optical Tracking of Artificial Satellites," ARL 66-0008, Feb. 1966. 

(4) Kissell, K. E., and R. C. Vanderburgh, "Photoelectric Photometry - A Potential Source 
for Satellite Signatures," Proceedings of First Symposium on Ground Identification of 
Satellites, MITRE Corp., Dec. 1965. 

Gravitational Energy - Momentum Linkages (Project No. 7114) 

Contact: Dr L. A. Tamburino, General Physics Research Lab, ARL. Tel. Ext. 54833. 

(1) Winicour, J. and L. Tamburino, "Lorentz-Covariant Gravitational Energy-Momentum 
Linkages," Physical Review Letters, Vol. 15, No. 15, 11 Oct. 1965. 

(2) Tamburino, L. and J. Winicour, "Gravitational Fields in Finite and Conformal Bondi 
Frames" (Submitted for publication.) 
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Group II-VI Laser Crystals (Project No. 7885) 

Contact: D. C. Reynolds, Solid State Physics Research Lab, ARL. Tel. Ext. 53654. 

Recovery of High-Pressure Phase of CdS (Project No. 7885) 

Contact: Dr B. A. Kulp, Solid State Physics Research Lab, ARL. Tel. Ext. 53359. 

(1) Gale, K. A. and B. A. Kulp, "Rocksalt Structure CdS at Room Pressure," Bull. Amer. 
Phys. Soc. II, Vol. 11, 2, 178, 1966. 

(2) Locker, D. R. and K. A. Gale, "Electron Paramagnetic Resonance of Mn1+ in the NaCl 
and Zincblende Structure of Cadmium Sulfide," Bull. Amer. Phys. Soc. II, Vol. 11, 2, 
187, 1966. ~ 

(3) Locker, D. R. et al, "EPR Study of Mn++, V++,Cr + -H; and Fe+++in the NaCl Structure 
of Cadmium Sulfide," Bull. Amer, Phys, Soc. II, Vol. 11, 5, 1966. 

Large Single Crystals of Selenium (Project No. 9761) 

Contact; M. Swerdlow, Directorate of Physical Sciences, AFOSR. Tel. OX 4- 5588. 

(1) Harrison, D. E. and W. A. Tiller, J. Appl. Phys., 36, 1680, 1965. 
(2) Harrison, D. E., J. Appl. Phys., 36, 3154, 1965. 
(3) Harrison, D. E„ J. Chem. Phys., 41, 844, 1964. 
(4) Swerdlow, Max, "Large Single Crystals of Selenium," OAR Research Review, Vol. V, 

No. 7, September 1966, pp. 4-8. 

Ferrite-Precipitated Magnesium Oxide—A New Material (Project No. 9763) 

Contact: M. Swerdlow, Directorate of Physical Sciences, AFOSR. Tel. OX 4-5588. 

(1) Groves, G. W. and M. E. Fine, "Solid Solution and Precipitation Hardening in Mg-Fe-O 
Alloys," Jour. Appl. Phys., 35, 3587, 1964. 

(2) Wirtz, G. P., "Precipitation from the MagnesiowUstite Solid Solution," Ph.D. Thesis, 
Northwestern University, August 1966. 

Gyroscope to Test General Relativity (Project No. 9767) 

Contact: Dr E. Weigold, Directorate of Physical Sciences, AFOSR. Tel.OX 4-5581. 

Source-Detector Studies in the Submillimeter Region (Project No. 9767) 

Contact: Dr M. C. Harrington, Directorate of Physical Sciences, AFOSR. Tel. OX 4-5454. 

(1) Coleman, P. D. and G.E. Bennett, "Stimulated Cathodo-Luminescence in N-Type GaAs at 
77 °K, " Proc. of IEEE, Vol. 53, p. 419, April 1965. 

(2) Coleman, P. D. and G. E. Bennett, "Lasing Action in N-Type GaAs at 4.2 and 77° K by 
Fast Electron Bombardment," 1965 National Aerospace Electronics Conference Pro¬ 
ceedings, p. 316. —— 
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Optical Nonlinearltles (Project No. 9767) 

Contact: Dr M. C. Harrington, Directorate of Physical Sciences, AFOSR. Tel.OX 4-5454. 

(1) Franken, P. A., A. E. Hill, C. W. Peters and G. Weinreich, Physical Review Letters, 
7, 118, 1961. 

(2) Francois, G. E. and A. E. Siegman, "Effect of Gaussian Beam Spread on Phase Velocity 
Matching in CW Optical Second-Harmonic Generation," Physics Review, 139, A4-A5, 
1965. 

(3) Bjorkholm, J. E„ "Optical Second-Harmonic Generation Using a Focused Gaussian 
Laser Beam," Physics Review, 142, 126-136, 1966. 

(4) Francois, G. E„ "CW Measurement of the Optical Nonlinearity of Ammonium Di¬ 
hydrogen Phosphate," Physics Review, 143, 597-600, 11 March 1966. 

(5) Kleinman, D. A., Physics Review, 128, 1761, 1962. 
(6) Boyd, G. D., A. Ashkin, J. M. Dziedzic and D. A. Kleinman, Physics Review, 137, 

A1305-, 1965. 
(7) Armstrong, J. A., N. Bloembergen, J. Duculng and P. S. Pershan, Physics Review, 

127, 1918, 1962. 

Nuclear Physics 

Nuclear Isobaric Analog States (Project No. 7112) 

Contact: Dr D. D. Watson, General Physics Research Lab, ARL. Tel. Ext. 53613. 

(1) Watson, D. D., "Spin and Parity of the 3.16 and 7.54 MeV Levels in Cl Physics 
Letters. 22. 183, 1966. 

(2) Harris, G. !.. H. J. Hennecke and F. W. Prosser, "Polarization of Gamma Rays from 
the Si*® (p, 6)Ptl Reaction and the 9.42 and 4.43 MeV Levels of PS1," Physics Letters, 
5, 324, 1964. 

Particle-Detection Experiment Aboard the Mariner IV (Project No. 9751) 

Contact: Major J. E. Gorrell, Directorate of Physical Sciences, AFOSR. Tel. OX 4-5581. 

(1) O'Gallagher, J. J. and J. A. Simpson, "Search for Trapped Electrons and a Magnetic 
Moment at Mars by Mariner IV," Science, Vol. 149, No. 3689, Sept. 10, 1965, pp. 1233- 
1239. 

High-Energy X Rays from the Crab Nebula (Project No. 9751) 

Contact: Major J. E. Gorrell, Directorate of Physical Sciences, AFOSR. Tel. OX 4-5581. 

Long-Range Electromagnetic Forces on Neutral Systems (Project No. 9751) 

Contact: Capt D. Lehman, Directorate of Physical Sciences, AFOSR. Tel. OX 4-5581. 

(1) Feinberg, G. and J. Sucher, Phys. Rev., 39, 1965, B1619-B1633. 
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Chemistry 

Perchlorocarbons Open New Chemical Horizons (Project No. 7023) 

Contact: Dr L. Spialter, Chemistry Research Lab, ARL. Tel. Ext. 54717. 

(1) Ballester, M., C. Molinet and J. Castaner, "Preparation of Highly Strained Aromatic 
Chlorocarbons. I. A Powerful Nuclear Chlorinating Agent. Relevant Reactivity Phe¬ 
nomena Traceable to Molecular Strain," J.Am. Chem. Soc., 82, 4254, 1960. 

(2) Ballester, M. and J, Castaner, "Molecular Distortion and Electronic Spectrum of Aro¬ 
matic Compounds. I. Chlorinated Derivatives of Alkylbenzenes, " J. Am. Chem. Soc., 
82, 4259, 1960. 

(3) Ballester, M., J. Castaner and E. Guardiola, "Ultraviolet Spectra of Some Poly- 
chloroalkylbenzenes," Anales Real Soc, Espaff, FIs. Qufm. (Madrid), 56B, 723, 1960. 

(4) Ballester, M. and J. Riera, "Some New Chlorinated Derivatives from Propiophenone," 
Anales Real Soc, Espaff. Fis. Qufm. (Madrid), 56B, 897, 1960. 

(5) Ballester, M. and J. Riera, "Semimicro Determination of Chlorine in Highly Chlorinated 
Organic Compounds," Anales Real Soc, Espaff. Fis. Qufm. (Madrid). 55. 785, 1959. 

(6) Ballester, M., J. Castaner, J. M. Codina and F. Lluch, "Steric Inhibition of Resonance 
for Ortho Chlorine Atoms in Styrenes and Benzoic Acids. Spectral Evidence," Anales 
Real Soc. Espafl. FIs, Qufm. (Madrid), 56B, 197, 1960. 

(7) Ballester, M. and J. Castaner, "Preparation and Properties of Perchloro-p-Xylene," 
Anales Real Soc, Espan. Fis. Qufm. (Madrid), 56B, 207, 1960. 

(8) Ballejter, M., C. Molinet and J. Rosa, "Pyrolysis of Sterlcally Strained, Chlorinated 
Substances. Perchlorotoluene and O-H, O'-H-dodecachlorabibenzyl," Anales Real Soc. 
Españ. FIs. Qufm. (Madrid), 57B, 393, 1961. 

(9) Ballester, M. and J. Rosa, "Reaction of 2, 3, 5, 6-Tetrachloro- i-Trichloromethyl- 
benzene with the Iodide Ion. Spectral Studies of Resulting Isomeric Stilbenes." Anales 
Real Soc. Espan, Fis, Qufm. (Madrid), 56B, 203, 1960. 

(10) Ballester, M. and J. Riera, "Perchlorodlphenylmethyl (PDM), a Carbon Free Radical 
of Remarkable Stability," J, Am. Chem. Soc., 86,4505, 1964. 

(11) Ballester, M., J. Palau and J. Riera, "Ultraviolet Absorption Intensities of the Secondary 
(‘AiB—1 Bjju, ‘Lb) Band of Benzene Derivatives in Non-Polar Solvents. Relevant Data," 
J. Quant, Spectr. and Radlat, Transf., 4, 819, 1964. 

(12) Ballester, M. and J. Riera, "New Law and Effects Relating the Ultraviolet Spectrum of 
Substituted Benzenes and the Migration (Spectroscopic) Moment." ARL 63-220. June 
1963. 

(13) Ballester, M., J. Riera and L. Spialter, "New Linear Law and Effects Relating the 
Ultraviolet Spectra of Substituted Benzenes and the Migration (Spectroscopic) Moment," 
J, Am. Chem. Soc., 86, 4276, 1964. 

(14) Ballester, M., "A Study of the Synthesis and Properties of Alkaromatic Chlorocarbons," 
ARL 64-141. September 1964. 

(15) Ballester, M., "Radicales Libres Inertes," Boletfn Colegio Oficial Químicos (Cataluña 
Baleares), 30, 1965. 

(16) Ballester, M., J. Castaner and J. Riera, "Radicales Libres Perclorados," Miscellanea 
Barclnonensia. 10, 19, 1965. 

(17) Ballester, M., "Resonancia Mundial de la Investigación Española," Kemiton Reporter, 
118, Enero 1965. 

(18) Ballester, M., J. Castaner and J. Riera, "Synthesis, Structure, and Configuration of Some 
Macromolecular Chlorocarbons of High Thermal and Chemical Stability,"!. Am. Chem. 
Soc.. 88, 957, 1966, ARL 66-0080. March 1966. 
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<19) Aprfn966.M” SyntheSiS and Pr0perttes 0f Alkarorn«k Chtorocarbons,1'ARL 66-0070. 

<20) e' «Vn^ses et 

Oxidation Research (Project No. 9762) 

Contact: Dr A. J. Matuszko, Directorate of Chemical Sciences, AFOSR. Tel. OX-4-5337. 

LEChemR:^ayaV"d^- Oxidation, o, Cycilc 

i«! r,-^—' The Llquid"Phase Oxidation of Cyclopentene, Ibid., 4832. 

AF49;638MÍ02"The OXÍdatl0n °f Unsaturated Compounds,” Final Report, Contract 

Mathematical Sciences 

Theory of Spherical Plasma Probes (Project No. 7071) 

Contact: Dr K. G. Guderley, AppUed Mathematics Research Lab, ARL. Tel. Ext. 55350. 

pä ^ pâ;tæ ?"prohM - 
( ) nnhiiah* S’* Ca8eS in the Theory of Spherical Plasma Probes,” May 1966 

to be published as an ARL report. y * 

Control of Unstable Mechanical Systems (Project No. 7904) 

Ç2S!Ë£Î! ía!¡lJ\F\Schaefer' AerosPace Mechanics Division, F. J. Seiler Research Lab 
USAF Academy, Colorado. Tel. 472-^120. " L 

(1> ÍConefer’ f* o* and ?; H* Cannon’ Jr*' "On the Control of Unstable Mechanical Systems ” 
ppear in Proceedlngg of the Third Congress of the International Federation of Auto¬ 

matic Control held at London, England, June 1966. deaeration of Auto- 

(2) Schaefer, J. F„ "The Control of Unstable Mechanical Systems, " Proceedings of the dar 
Research Applications Conference. April 1966, pp. 131-139. ~ * 6 °AR 

Trajectory Optimization (Project No. 7904) 

fiai°r aR* Vachin°. Aerospace Mechanics Division, F. J. Seiler Research Lab 
USAF Academy, Colorado. Tel. 472-3120. ” L b' 

(1) Program Ai E‘DanJi W‘ F* Denham» "A SteePest Ascent Method for Solving Optimum 
Junel962ming Problems»" j°urnal of APP»ed Mechanics. TASME, Series E, ¿247-257, 

<2) R* "®teepef Descent wlth InequaUty Constraints on the Control Variables ” 
SIAM Journal on Control. 4:245-261, 1966. variâmes, 

(3) Vachino, R. F., "A Computational Procedure for Optimum Trajectory and Onrlmui 
" tasóte 2; the OAR Research 
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Numerical Integration of Navier-Stokes Equation (Project No. 9749) 

Contact: Lt Col B. R. Agins, Directorate of Mathematical Sciences, AFOSR. Tel. OX 4-5261. 

(1) Gillis, J. and A. Brandt, "The Numerical Integration of the Equations of Motion of a 
Viscous Fluid,” AFOSR Scientific Report 65-629. 

(2) Gillis, J. and A. Brandt, "Magnetohydrodynamic Flow in the Inlet Region of a Straight 
Channel," to be published. 

Asymptotic Expansions for Ordinary Differential Equations (Project No. 9749) 

Contact: Maj J. F. Gander, Directorate of Mathematical Sciences, AFOSR. Tel. OX 4-5264, 

(1) Wasow, W., "Asymptotic Expansions for Ordinary Differential Equations," New York: 
Interscience Publishers, 1965. 

Electronics 

Computer Self-Diagnosis (Project No. 4751) 

Contact: Lt Col R. B. Kalisch, Directorate of Engineering Sciences, AFOSR. Tel. OX 4-5518. 

(1) Manning, E., "Self-Diagnosis of Electronic Computers, an Experimental Study," 
Report No. R-259, Coordinated Sciences Laboratory, University of Illinois, July 1965/ 

Electrical Control of Limb Prosthesis (Project No. 4751) 

Contact: LtCol R. B. Kalisch, Directorate of Engineering Sciences, AFOSR. Tel. OX 4-5518. 

Erosion Jets (Project No. 5634) 

Contact= Dr Heinz Fischer, Optical Physics Lab, AFCRL. Tel. Ext. 2951. 

(1) Fischer, Heinz and C. C. Gallagher, "Expansion of Initial High-Current Spark Channels " 
Applied Optics. 4j 1151, September 1965. ’ 5 

(2) Fischer, Heinz and C. C. Gallagher, "Expansion of Initial High-Current Spark Channels," 
In-house report AFCRL-65-699. September 1965, Physical Sciences Research Paper 
No. 145. " --— 

(3) "Crowded Electrons Explode," Missiles and Rockets. January 10, 1966, p. 33. 
(4) Fischer, Heinz and C. C, Gallagher, "Electrode Processes in a High-Current 20- 

Nanosecond Arc," 26th Annual Conference on Physical Electronics. MIT, Cambridge 
Massachusetts, March 23, 1966. ” ’ 

Impedance Loading—A Method of Controlling Scattered Electromagnetic Fields (Project 
No. 5635) 

Contact: Dr R. B, Mack, Microwave Physics Lab, AFCRL. Tel. Ext. 3229. 

(1) Schindler, J. K., R. B. Mack and P. Blacksmith, Jr„ "The Control of Electromagnetic 
Scattering by Impedance Loading," Proc. IEEE. 53, p. 993, August 1965. 

(2) Schindler, J, K. and R. B. Mack, "The Modification of Electromagnetic Scattering Cross 
Sections in the Resonant Region," A Symposium Record, AFCRL-64-727. September 1964. 



Materials Research 
Hydrogen Embrittlement of Iron and Steel (Project No. 7021) 

Contact: A. M. Adair, Metallurgy and Ceramics Research Lab, ARL. Tel. Ext. 54739. 

(1) Adair, A. M. and R. E. Hook, "Yield Points in Iron Due to Hydrogen and Upon Reappll- 
catlon of Load at Low Temper atures," presented at the AIME Annual Meeting, Feb. 1962. 

Phonons. Magnons and Coupled Transmission Lines (Project No. 5635) 

Contact: J. C. Sethares, Microwave Physics Lab, AFCRL. Tel. Ext. 3681. 

Ion Implantation: A New Semiconductor Processing Technique (Project No. 5638) 

Contact: R. Dolan, Solid State Sciences Lab, AFCRL. Tel. Ext. 2208. 

(1) Dolan, R., S. Rooslld and L. Lowe, "Nitrogen as an Active Impurity in Silicon," pre¬ 
sented at the Electrochemical Society Meeting, Cleveland, Ohio, May 1966. 

(2) Dolan, R., S. Rooslld and B. Buchanan, "A High Gain Buried Gate Field Effect Transis¬ 
tor," presented at the Second International Symposium on Microelectronics, Munich, 
Germany, October 1966. 

The Gas Laser—Challenger for Submlllimeter-Wave Generation (Project No. 9768) 

Contact: Lt Col R. B.Kalisch, Directorate of Engineering Sciences, AFOSR. Tel. OX 4-5518. 

(1) Akltt, D. P., W. Q. Jeffers and P. D. Coleman, "Water-Vapor Gas Laser Operating at 
118 Microns Wave Length," Proc, IEEE. Vol. 54, No. 4, April 1966, pp. 547-551. 

(2) Akitt, D. P., W. Q. Jeffers and P. D. Coleman, "Water-Vapor Gas Laser Operating at 
123 Microns Wave Length," Talk presented at Boulder Millimeter and Far-Infrared 
Conference, August 1965. 

(3) Coleman, P. D., "Progress on Some Selected Problems in the 100 to 1000 Micron 
Range," Presented at 3rd Annual Review of Electronics at Illinois, November 1965. 

Progress Toward High-Power, High-Frequency Lasers (Project No. 9768) 

Contact: Lt Col R. B. Kalisch,Directorate of Engineering Sciences, AFOSR. Tel. OX 4-5518. 

(1) Ducuing, J., C. S. Naiman and J. Schwartz, "Efficient Harmonic Production in Absorbing 
Media," Bull. Am. Phys. Soc.. Series II, Vol. 11, 1966, p. 259. 

Holographic Diffraction Gratings—Progress Toward Three-Dimensional Imagery (Project 
No. 9768) 

Contact: Lt Col R. B. Kalisch, Directorate of Engineering Sciences, AFOSR. Tel. OX 4-5518. 

(1) George, N. and J. W. Matthews, "Holographic Diffraction Gratings," Talk presented at 
Electron Device Research Conference, California Institute of Technology, June 1966. 

(2) Leith, E. N. and J. Upatnleks, Journal Am, Optical Society. 53, 1377, 1963. 
(3) Burch, J. M. and D. A. Palmer, Optica Acta, 8, 73, 1961. 
(4) Harrison, G. R., Journal Am, Optical Society. 39, 413, 1949. 



(2) Adair, A. M. and R. E. Hook, "The Appearance and Return of a Hydrogen Yield Point in 
Iron," Acta Met., Vol. 10, 1962, pp. 741-44. 

<3) Reflíned " n ^ °u Hydf0gen Char8ln8 on *e Fetch Relationship for Zone- 
Refined Iron, presented at the AIME Annual Meeting, Feb. 1966. 

Enhanced Diffusion (Project No. 7021) 

Contact: Dr H. C. Graham, Metallurgy and Ceramics Research Lab, ARL. Tel. Ext. 54730. 

(1) Graham, H. C., "Particle Size Dependence of the Electrical Conductivity of NaCl " 
Thesis, Ohio State University, Columbus, Ohio, 1965. * 

<2> and N* Mn TaUan’ "Enhanced Surface Layer Diffusion in Non-MetaUic 
Compounds, Aerospace Research Laboratories Technical Report 66-0058. March 1966. 

Mechanics 

Stability of Uniform Electrical-Current Fields (Project No. 7063) 

Contact: K. R. Cramer, Thermomechanics Research Lab, ARL. Tel. Ext. 55892. 

W Z:Tm EI'CmC‘, C“rren' FleldS ln Cor,ducdfig-Radlating 

Research in Plasma Technology (Project No. 7063) 

Contact: Dr W. C. Roman, Thermomechanics Research Lab, ARL. Tel. Ext. 54711. 

(!) Greer, E. H., "Investigation of the Electrical and Heat-Transfer Characteristics of a 
Magnetically Rotated D.C. Arc Between Cooled Metal Electrodes," Air Force Institute 
of Technology Thesis, GA-ME-60-6. August 1960. institute 

(3) Roman, W. C„ Some Observations on the Forward and Retrograde Motion of Electric 
Arcs in Transverse Magnetic Fields," Proceedintrs of fhP vtrh Electrlc 
o»LIonization Phenomena in Gases. Parj^ôï ' Conference 

<4’ Flow.'Ci¿R£^^8nÍ,M.S,abl“ZM1°n “ ElecWC Arc ln SuperKmlc 

(5) Schrade, H. 0., "On Arc Pumping and the Motion of Electric Arcs in a Tran-wero* 

vnth 

(6) Weichei, H., "On the Retrograde Motion of Low-Pressure Arc Discharaes in a Tran«. 
verse Magnetic Field." M.S. Thesis, Air Force Institute of Technology, GSP/PH/I65-19! 

<7) ^ ^ Sp°' Moa°” =«>“«• Electric 
1966 TheSlS-> Air Force In8tltute of Technology, GSP/PH/66-6. 

(8) Roman, W. C., "Investigation of Electric-Arc Interaction with Aerodvnamic and 
Magnetic Fields," Ph. D. Dissemtion. The Ohio State University, 1966. 
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Contact; Dr J. S. Petty, Hypersonic Research Lab, ARL. Tel Ext. 53138. 

Aerodynamic Control Surfaces for Very-Hiah-Speed Vehicles (Project No. 7064) 

Contact; Maj J. P. Thomas, Hypersonic Research Lab, ARL. Tel. Ext. 52455. 

m Thomas J P "Investigation of the Pressure Distribution on a Blunt-Fin Blunt-Plate 
{ ) Combination ai’a Mach Number of 11.26," Ph.D. Dissertation, The Ohio State University, 

1966 (also ARL Rpt 66-0142, 1966). 

Nose-Bluntness Effects on Dynamic Stability (Project No. 7064) 

Contact: 1st Lt B. P. Quinn, Hypersonic Research Lab, ARL. Tel. Ext. 53138. 

Hypervelocity Launching Research (Project No. 7065) 

Contact; J. W. Goresh, Fluid Dynamics Facilities Research Lab, ARL. Tel. Ext. 54738. 

,3, Initiation of 
‘ ’ wtSe“ £y Petn'by Hydrogen-Oxygen Detonation Waves." UTIAS Tecbnlcal Norn 

(4) genoit At "/«^'Experimental Investlgatton of Spherical Combustion for the UTIAS 
Implosion-Driven Launcher," ARL 64-130. „ Ani *¿0074 

(5) “ms. L !.. "Hypervelocity Launchers, Part II, Compound Launchers, ARL 66-0074. 

An In-House Faculty for Supersonic-Combustion Simulation (Project No. 7063) 

Contact, Dr R. G. Dunn, Fluid Dynamics Faculties Research Lab, ARL. Tel. Ext. 52602. 

on Rinnt-TralUng-Edge Blades lor Supersonic Compressors (Project No. 7065) 

-- i« Lt J. W. Steurer. Fluid Dynamics Facilities Research Lab. ARL. Tel. Ext. 

53775. 

(1) Wennerstrom, A. J. and S. Olympios, "Quasi - Three Dimensional Soluüons for the 
Blunt-Trailing-Edge Supersonic Compressor," ARL 66 - (in publication). 

(2) Olympios, S.f "A DetaUed Computer Program for Flow thru a Blunt-Trailing- g 
Supersonic Compressor Rotor," ARL_66-(ln publication). Rept No i 

(3) Chauvin, J., "Research on the Concept of Blunt-Trailing-Edge Blades, Sc. Rept. No^, 

(6) Steurer, J.. "Supersonic Compressor Research," presented at -,e OAR Research Ap¬ 
plications Conference, April 1966. 
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Research Using a Low-Density Shock Tube (Project No. 7905) 

rofcaXCioLÄ.Ä“ MeChanlC8 DMsto”- F* Seller Research Lab, 

n!“h\owi;„XDs'hockJ 1^"' SÄS8,rUCa0"’ and Ca“br‘Uon of ^ FJSRL 

Aerodynamic Transonic-Flow Phenomena (Project No. 9781) 

Contact: Lt Col C. Stalk, Directorate of Engineering Sciences, AFOSR. Tel. OX 4-5567. 

glow of an Impinging Rotational Jet Stream (Project No. 9781) 

contact: Lt Col G. Stalk. Directorate of Engineering Sciences. AFOSR. Tel. OX 4-5567. 

Dispersion-Strengthened Metals at High Temperatur-, (Project No. 9782) 

Contact: Lt Col G. Stalk, Directorate of Engineering Sciences. AFOSR. Tel. OX 4-5567. 

Measurements of Dlstrlhutlon Functions .- a-(Project No. 9783) 

Contact: M. Rogers, Directorate of Engineering Sciences, AFOSR. Tel. OX 4-5567. 

Energy Conversion 

Shaking a Rocket to Death (Project No. 9713) 

Contact: Dr B. T. Wolfson, Directorate of Engineering Sciences. AFOSR. Tel. OX 4-5565. 

” S5Íf;i 
(3> oTcyllZtr'Äe^TÄ^ÄSZ? ‘nd Tr™** Vol. 16. 1965, pp. 395-408. Vibration, British Journal of Applied Physics. 

is! w!yii818?' L?ri1'-°ce.ecllnit8 01 “to Condon Mathematical SocW in g 1878 <5) Weher, c„ z. angew. Math. Mech.. 11. 136. mT~-tlSÍ. !ü 4, htb. 

Jjeterogeneous Chemical Kinetics In Flowing System. (Project No. 9750) 

Contact: Dr J. F. Masl. Directorate of EngfneerlngSclences, AFOSR. Tel. Ox 4-5565. 

a^Solid ^Surfaces-"xinertc “,ml n°"S °h o, Chemical ReacB.ne 
national), August 1966. ' even Combu8tion Symposium (Inter- 
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(2) Rosner, D. E. and H. D. Allendorf, "High-Temperature Kinetics of Graphite Oxidation 
by Dissociated Oxygen." AIAA Jour., 3, 1522-23, 1965. 

(3) Rosner, D. E. and H. D. Allendorf, "Kinetics of the Attack of Molybdenum by Dissoci¬ 
ated Chlorine," J, Phys. Chem., Dec. 1965. 

(4) Rosner, D. E. and H. D. Allendorf, "Chemical Kinetic Aspects of the Oxidation of 
Materials by Partially Dissociated Gases," Final Report, AFOSR 66-0146, AD 628-515, 
Dec. 1965. 

(5) Rosner, D. E„ "Enhancement of Diffusion - Limited Vaporization Rates by Condensa¬ 
tion Within the Thermal Boundary Layer. I. The Critical Supersaturation Approxima¬ 
tion," International Jour, of Heat and Mass Transfer (in press). 

Particle Losses in a Simulated Controlled Thermonuclear - Reactor Plasma (Project No. 
9752) 

Contact: Dr D. G. Samaras, Directorate of Engineering Sciences, AFOSR. Tel. OX 4-5565. 

(1) McBee, W. D. et al, "Particle Transport and Instabilities in a Simulated Fusion 
Plasma," Annual Report, March 1966. 

(2) McBee, W. D. and L. T. Shepherd, "Particle Losses in a Simulated Fusion Plasma," 
Sixth Biennial Gas Dynamic Symposium, Evanston, Illinois, August 25-27, 1965. 

(3) Samaras, D. G„ "Nuclear Space Propulsion~A Historic Necessity," Nuclear Energy, 
September 1962, p. 351. 

(4) Samaras, D. G„ "Theory of Ion Flow Dynamics," Englewood Cliffs, New Jersey: 
Prentice-Hall, Inc., 1962, Chapter 6. 

Atmospheric Sciences 

Models of the Formation and Decay of the Ionosphere (Project No. 8605) 

Contact: T. J. Keneshea, Upper Atmosphere Physics Lab, AFCRL. Tel. Ext. 3077. 

(1) Keneshea, T. J., "A Solution to the Reaction Rate Equations in the Atmosphere Below 
150 Km.» AFCRL-63-711. 

(2) Keneshea, T. J., "A Solution to the Reaction Rate Equations in the Atmosphere," Meet¬ 
ing of the International Scientific Radio Union (URSI), Washington, D.C., April 1965. 

(3) Paulson, J. F., R. L. Mosher and F. Dale, "Fast Ion Molecule Reaction in CO*," 
J, Chem. Phys., April 16, 1966. 

(4) Paulson, J. F„ "Rate of the Process 0++ N*-»NO++ N," DASA Symposium on 
the Physics and Chemistry of the Earth's Atmosphere Below 100 Km, San Diego, Calif., 
June 1965. 

Astronomy and Astrophysics 
Cosmic-Ray Trajectories (Project No. 8600) 

Contact: D. F. Smart, Space Physics Lab, AFCRL. Tel. Ext. 3236. 

(1) McCracken, K. G., U. A. Rao, B. C. Fowler, M. A. Shea and D. F. Smart, "IQSY In¬ 
struction Manual #10, Cosmic-Ray Tables; Asymptotic Directions, Variational Coef¬ 
ficients and Cutoff Rigidities," IQSY Committee, 1965. 

(2) Kenney, J. F., J. Gauger, M. A. Shea and D. F. Smart, "Cosmic-Ray Fluxes and Rigidity 
Calculations," Proceedings of the Regional IQSY Symposium, Buenos Aires, Argentina, 
Vol. 11, 1965. 
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(3) Shea, M. A., D. F. Smart and K. G. McCracken, "A Study of Vertically Incident Cosmic- 
Ray Trajectories Using Sixth-Degree Simulations of the Geomagnetic Fields," AFCRL 
65-705. September 1965. 

(4) Shea, M. A. and D. F. Smart, "Cosmic-Ray Cutoff-Rigidity Calculations and Their Ap¬ 
plication to Experimental Measurements," Symposium on Recent Advances in Cosmic- 
Ray Research, sponsored by the Douglas Advanced Research Laboratories, April 1966 
(in press). 

Remote Compositional Mapping of the Moon (Project No. 8602) 

Contact: Dr G. R. Hunt, Space Physics Lab, AFCRL. Tel. Ext. 4622. 

(1) "The Lunar Surface Layer, Materials and Characteristics," edited by John W. Salisbury 
and Peter E, Glaser, New York and London: Academic Press, 1964. 

The Generalized Hydromagnetlc-Ionic Theory (Project No. 8647) 

Contact: Dr H. K. Sen, Space Physics Lab, AFCRL. Tel. Ext. 4923. 

(1) Sen, H. K. and A. A. Wyller, J. Geophys. Res., 65(12), 3931-3950. 1960. 
(2) Belrose, J. S. and M. J. Burke, J. Geophys. Res.. 69, 2799-2818, 1964. 
(3) Budden, K. G., Radio Science. 69D(2), 191-211, 1965. 
(4) Sen, H. K. and A. A. Wyller, Radio Science. 69D(1), 95-109. 1965. 
(5) Prasad, B., AFCRL-65-315. 19-32, 1965. 
(6) Sen, H. K., "The Generalized Magneto-Ionic Theory," 1966 Guenter Loeser Memorial 

Lecture, L. G. Hanscom Field, Mass., November 22, 1966 (to appear as an AFCRL 
publication). 

Biological and Medical Sciences 

Disorientation in Space (Project No. 9777) 

Contact: Dr R. V. Brown, Directorate of Life Sciences, AFOSR. Tel. OX 4-5041. 

Fingerprinting Bacteria (Project No. 9777) 

Contact: Dr R. V. Brown, Directorate of Life Sciences, AFOSR. Tel. OX 4-5041. 

m 

Angular Size of Bright Stars (Project No. 9774) 

Contact: Dr M. C. Harrington, Directorate of Physical Sciences, AFOSR. Tel. OX 4-5454. 

(1) Brown, R. H., C. Hazard, J, Davis and L, R. Allen, "A Preliminary Measurement of 
the Angular Diameter of Alpha Lyrae," Nature. Vol. 201. No. 4924. 14 March 1964. 
pp. 1111-1112. 

(2) Brown, R. H., "Measuring the Stars, The Stellar Interferometer at Narrabri Observa¬ 
tory, 1 ' Scientific Australian. Vol. 2, No. 5, February 1965, pp. 14-19. 
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Behavioral and Social Sciences 

Sensory Feedback and Learning (Project No. 9778) 

Contact: Dr G. Finch, Directorate of Life Sciences, AFOSR. Tel. OX 4-5045. 

(1) Mott, F. W. and C. S. Sherrington, "Experiments Upon the Influence of Sensory Nerves 
Upon Movement and Nutrition of the Limbs," Proc. Roy, Soc. London, 57, 481-488, 
1895. 

Response During Sleep (Project No. 9778) 

Contact: Dr H. S. Sander, Directorate of Life Sciences, AFOSR. Tel. OX 4-5045. 

(1) Cobb, J. C., F. J. Evans, L. A. Gustafson, D. N. O'Connell, M. T. Orne and R. E. Shor, 
"Specific Motor Response During Sleep to Sleep-Administered Meaningful Suggestion; 
An Exploratory Investigation," Percept. Motor Skills. 20. 629-636, 1965. 

(2) Evans, F. J., L. A, Gustafson, D. N. O'Connell, M. T. Orne and R. E. Shor, "Response 
During Sleep With Intervening Waking Amnesia," Science, Vol. 152, pp. 666-667, 
April 1966. 

AEROSPACE AVIONICS 
PROGRAM ELEMENT 62405314 

Brightness Enhancement of Lasers (Project No. 4645) 

Contact: Dr C. M. Sdckley, Optical Physics Lab, AFCRL. Tel. Ext. 2694. 

(1) Sdckley, C. M., "A Study of Transverse Modes of Ruby Lasers Using Beat Frequency 
Detecdon and Fast Photography," Applied Optics, Vol. 3, p. 967, August 1964. 

(2) Townsend, R. L., C. M. Sdckley and A. D. Maio, "Thermal Effects in Optically Pumped 
Laser Rods," Applied Physics Letters, Vol. 4, August 15, 1965. 

(3) Stickley, C. M., "Laser Brightness Gain and Mode Control by Compensation for Thermal 
Distortion," IEEE Jour, of Quantum Electronics, Vol. QE-2, No. 9, p. 511, September 
1966. 

ENVIRONMENT 
PROGRAM ELEMENT 62405394 

Solar-Spectrum-Intensity Measurements from 30 A to 128A (Project No. 6688) 

Contact: J. E. Manson, Upper Atmosphere Physics Lab, AFCRL. Tel. Ext. 3314. 

(1) Manson, J. E„ "The Quiet Sun XUV Spectrum between 30 A and 128 A for November 
1965," COSPAR Space Science Symposium, Vienna, Austria, 12 May 1966. 

(2) Hinteregger, H. E., "Rocket Spectra of the Chromospheie," The Solar Spectrum, 
C. deJager, ed„ Dordrecht, the Netherlands: D. Reidel Publ. Co., 1965, p. 179. 

(3) Manson, J, E., "Solar X Rays from 3 to 12 Angstroms as Measured with a Proportional 
Counter Spectrometer," Environmental Research Paper No. 68, AFCRL-64-932, Air 
Force Cambridge Research Laboratories, L. G. Hanscom Field, Bedford, Mass. 
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Earthquake-Triggering Mechanisms (Project No. 7639) 

—°ntact: Dr R* E* Decker, Terrestrial Sciences Lab, AFCRL. Tel. Ext. 3650. 

(1) snioí^v* f'NeW Shf7ar Apparatus for Temperatures of 1,000° C and Pressures of 
50Kb, Rev. Sel, Instru., V. 35, No. 5, 1964, pp. 596-598. 

' ’ D*hydr‘Uo"'" —na' 

<3’ ^'v?‘l5E¿ ''WMken‘"g ot serpee Dehydraüon... 

Noctllucent Clouds (Project No. 7667) 

Contact; R. A. Skrivanek, Space Physics Lab, AFCRL. Tel. Ext. 2966. 

(1’ 01 

<2> Sampllng oi Noctllucent cioud P^cle.,» 

Charting Aerosol Layers with Optical Probing (Project No. 7670) 

Contact; L. Elterman, Optical Physics Lab, AFCRL. Tel. Ext. 2959. 

(1) Elterman, L., "Searchlight Probing Technique for Upper-Atmosphere Measurements •' 

(2) llterman36? ^ X °f Ehyslcs> New York: Pergamon Press, Inc., 1962. 
. _ ’ L.” Leight Scawering in the Troposphere," presentation to Infrared Informa¬ 

tion Symposium, Stanford University, 9 June 1964. 

(3> PrnhCn tL* an>d A B* C?mPbeU' "Atmospheric Aerosol Observations with Optical 
Probing, Journal of Atmospheric Sciences. 21. 4, July 1964 

,4> pro,iiev' o- 
<5’ o/S O^^Tn1 .T1,1 the TroPosphere and Stratoephere,” Journal 

(6) Lu 'AtlaS °f Aeroso1 Attenuation and Extinction Profiles in the Troposphere 
1966StratOSPhere' Envlronmental Research Paper 241, AFCRL 66-828. December 

GROUND ELECTRONICS 
PROGRAM ELEMENT 62405454 

Vocal-Response Synthesizer (Project No. 4610) 

Contact; C. P. Smith, Data Sciences Lab, AFCRL. Tel. Ext. 3712, 

111 No.^^OcTml" "A N0VeI V0C0<ler Synthe“‘Zer-" Au<“° Engineering Society Reprint 

<S America?37JTn. ^ ^nonstlca! Seelen, o. 
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Image and Shape Analysis (Project No. 4610) 

Contact: J. C. Mott-Smith, Data Sciences Lab, AFCRL. Tel. Ext. 3202. 

(1) Blum, H., "A Transformation for Extracting New Descriptors of Shape," Proceedings of 
the Symposium on Models for the Perception of Speech and Visual Form, Nov. 1964, to 
be published by the MIT Press, Cambridge, Mass. 

(2) Nishikawa, S., R. Massa and J.C. Mott-Smlth, "Area Properties of Television Pictures," 
IEEE Trans, on Information Theory IT-11, No. 3, July 1965. 

(3) Young, I.T., "Television Bandwidth Compression Using Area Properties," M.S. Thesis, 
Electrical Engineering Dept., MIT, January 1966. 

STUDIES AND ANALYSIS 
PROGRAM ELEMENT 62410034 

Defense System Sensor Simulation Program (Project No. 5101) 

Contact: C. A. Feuchter, Office of Research Analyses. Tel. Ext. 7402. 

EXPLORATORY DEVELOPMENT/DEFENDER 
PROGRAM ELEMENT 6250301R 

Rotation of the Planet Mercury (Project No. ARPA 2838) 

Contact: Dr M. C. Harrington, Directorate of Physical Sciences, AFOSR. Tel. OX 4-5454. 

(1) Sky and Telescope, p. 339, June 1965. 
(2) Sky and Telescope, p. 213, April 1966. 
(3) Pettingill, G. H. and R. B. Dyce, "A Radar Determination of the Rotation of the Planet 

Mercury," Nature. 206, No. 4990, 19 June 1965, p. 1240. 

ENVIRONMENTAL RESEARCH SUPPORT 
PROGRAM ELEMENT 65402124 

Balloon-Borne Communications Relay (Project No. 6665) 

Contact: C. S. Tilton, Aerospace Instrumentation Lab, AFCRL. Tel. Ext. 3006. 
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General Physics 

DEFENSE RESEARCH SCIENCES 

PROGRAM ELEMENT 61445014 

Superconducting Materials (Project No. 9763) 

Contact: Lt Col R. A. Huidobre, Directorate of Physical Sciences, AFOSR. Tel. OX 4-5588. 

(1) Matthias, B. T., W. H. Zacharisen, G. W. Webb and J. J. Engelhardt, Phys. Rev. Letters, 
18, 781, 1967. - 

(2) Batterman, B. W. and C. S. Barrett, Phys. Rev, Letters. 13, 390, 1964. 
(3) Matthias, B. T„ T. H. Geballe, L. D. Longinotti, E. Corenzwit, G. W. Hull, R. H. Willens 

and J. P. Malta, Science, 156, 645, 1967. 
( i) Ateev, N. V. and V. F. Shamrai, Izvestiya Akademii Nauk SSSR, Neorganicheskiye 

Materialy, 2, 1038, 1966. 

Large Single Crystals Grown by Gel Technique (Project No, 5620) 

Contact: Dr. A. F. Armington, Solid State Sciences Laboratory, AFCRL. Tel. Ext. 4956. 

(1) O'Connor, J. J., M. DiPietro, A. Armington and B. Rubin, "Gel Growth of Crystalline 
Cuprous Chloride," Nature, 212, 68, 1966. 

(2) Armington, A., J. J. O'Connor and M. DiPietro, "Some Observations on the Gel Growth 
of Doped and Undoped Calcium-Tartrate Crystals," AFCRL 67-0304, May 1967. 

(3) Armington, A., M. DiPietro and J. J. O'Connor, "A Method of Growing Larger Crystals 
in Gel," Journal of Crystal Growth, accepted for publication. 

(4) Armington, A. and J. J. O'Connor, "A Study of Some Factors which Influence the Growth 
of Cuprous Chloride in Silica Gel," AFCRL 67-0445, July 1967. 

Spectroscopic Studies in a High-Temperature Hydrogen-Arc Plasma (Project No. 7073) 

Contact: Dr. W. G. Braun, Plasma Physics Research Laboratory, ARL. Tel. Ext. 53626. 

(1) Braun, W. G., "Technique for Measuring the Absorption Coefficient of a Plasma," Rev. 
Set. Instr., 36, 802, June 1965. 

(2) Elder, P„ T. Jerrickand J. W. Birkeland, "Determination of the Radial Profile of Absorp¬ 
tion and Emission Coefficients and Temperature in Cylindrically Symmetric Sources with 
Self-Absorption," J. App, Optics, 4, 589, May 1965. 

(3) Oss, J. P., "Absorption and Emission Coefficient Determination by a Zonal Ring Tech¬ 
nique in a Circular Cylindrical Plasma Column," ARL 66-0110, June 1966. 

Angular Diameter of Radio Stars (Project No. 9767) 

Contact: Dr. M. C. Harrington, Directorate of Physical Sciences, AFOSR. Tel. OX 4-5454. 

(1) Bare, C., B. G. Clark, K. I, Kellerman, M. H. Cohen and D. L. Jauncey, "Interferometer 
Experiment with Independent Local Oscillators," Science. Vol. 157, 14 July 1967, pp. 
189-191. 
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Energy Bands ln II-VI Semiconductors (Project 7885) 

Contact: Dr. R. N. Euwema, Solid State Physics Laboratory, ARL, Tel. Ext. 53374, 

(1) n iiC\andnf’ N; Euwema' "Energy-Band Calculations of CdS Using the OPW 
Method» Hull. Am. Phys. Soc.. 10, 733, 1965. 

(2) Por^1^ J¿S'’J* C‘ C^11,InS and R# N- Euwema» "Calculation of CdS Band Structure Using 
(3) CoHin« Eseudopotentia 1 and OPW Method," Bull. Am. Phys. Soc.. 11, 402, 1966. 

ComnT.’x m ; ; ema and J- S- DeWltt' "Calculation of the Imaginary Part of the 
Complex Dielectric Constant of CdS," Bull. Am. Phvs, Soc.. 12 321 1967 

(4) Euwema, R. N., T. C. Collins, D. G. Shankland and J. S. DeWitt, "Convergence Study of a 

Rev'^lóll,17^0-7^5^967°3112^-^3116-^376 ^ Calculation for Hexagonal CdS," Phys. 

Cosmic Radio Waves (Project No. 9767) 

Contact: Dr. M. C. Harrington, Directorate of Physical Sciences, AFOSR, Tel. OX 4-5454, 

;;; Ea^!:^îdge, R* B* and D- t* WHWnson, Phys, Rev. Letters. 18, 557, 1967. 
(2) Conklin, E. K. and R. N. Bracewell, Phys, Rev. Letters~18. 614, 1967. 

mectron Emission from Solids Bombarded with Electrons and Gamma Rays (Project No. 

Contact: E. A. Burke, Solid State Sciences Laboratory, AFCRL. Tel. Ext. 4051. 

(1) Gianino, P. D. and E. A. Burke, "Predicting Secondary Emission from Metals Irradiated 
with Relativistic Electrons," Bull. Am. Phys. Soc.. 11, 346, 1966. 

(2) Gianino, P. D. and E. A. Burke, "The Power Law and Constant Loss Models In Secondary 
Electron Emission." AFCRL 66-697. 1966. 

(3) Burke, E. A., and P. D. Gianino, "Secondary Emission from Metals Irradiated with 
Relativistic Electrons," to be published as an AFCRL report. 

A Self-Modulating Derivative Optical Spectrometer (SMODOS) (Project No. 9763) 

Contact: Lt Col R. A. Houidobre, Directorate of Physical Sciences, AFOSR. Tel. OX 4-5588. 

(1) Bonfiglioli, G., et al., Applied Optics. 6, 447-455, March 1967. 

Nuclear Physics 
Nuclear Penetration by Atomic Electrons (Project No. 7112) 

Contact: Dr. H. J. Hennecke, General Physics Research Laboratory, ARL. Tel. Ext. 53613. 

(1) fniVAiih'a A* n »d 1‘ Band» "tables of Internal Conversion Coefficients," Appendix 5 
A*pha"> Beta» and Gamma-Ray Spectroscopy, edited bv K Sfoahshn 

Netherlands! Nonh-HoU.rJ Futiühtag Comp.ny.1965 ' S‘egbahn- AmSterd*m' 

<2) Publishing có^any,alieM!,era‘°'' C°efflcle,'a- Amsterdam. Netherlands, North-Holland 

<3> SlR^.Ll^l4WZer' "EaXt0,the Fto,,e N“Cl“r S1“ Conversion... 
(4) Hennecke, H J., J. C. Manthuruthil, K. O. H. Bergman and C. R. Cothern, "An Internal- 

Conversion-Electron Study of the Decay of Ba1Mto Cs1M," Phys. Rev.. 159, 955 1967 
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Particle Interactions at Extremely High Energy (Project No. 9751) 

Contact; Maj J. E. Gorrell, Directorate of Physical Sciences, AFOSR. Tel. OX 4-5581. 

(D Proceedings of the Tenth International Conferenceon Cosmic Radiation. Calgary, Alberta 
Canada, June 1967, to be published. 

Chemistry 

Structures of Thin Epitaxial Layers of Aluminum on Tantalum (Project No. 7023) 

Contact; Dr. T. W. Haas, Chemistry Research Laboratory, ARL. Tel. E.u. 53625, 

(1) Haas, T. W„ A. G. Jackson and M. P. Hooker, "Adsorption on Niobium (110), Tantalum 
(110), and Vanadium (110) Surfaces," Jour. Chem. Phvs.. 46, 3025, 1967. 

(2) Jackson, A. G., M. P. Hooker and T. W. Haas, "Low-Energy Electron Diffraction Study of 
the Growth of Aluminum Films on the Ta (110) Surface," Jour. Applied Phvs.. acceoted 
for publication. 

The Chemistry of Glass (Project No. 9710) 

Contact; Dr. W. L. Ruigh, Directorate of Chemical Sciences, AFOSR. Tel. OX 4-5337. 

(1) Dodd, C. G., "X-Ray Absorption Spectroscopy," Industrial Research. August 1966. 
(2) Dodd, C. G., J, T. Wilband and R, A. Moser, "X-Ray Absorption Spectroscopy at the 

Copper K Edge; I. Optimized Procedures for Glass Materials," in manuscript. 
(3) Mackey, J. H., H. L. Smith and J. Nahum, "Competitive Trapping in Sodium Dlsllicate 

Glasses Doped with Eu+*, J. Phys. Chem. Solids. 27. 1773, 1966. 
(4) Sperry, L. L.(with J, D. Mackenzie),"Viscosity of Molten Oxides at Elevated Pressures," 

Ph.D. Dissertation, Rensselaer Polytechnic Institute. Troy, N.Y., February 1967. 

Synthesis of Metallocenes (Project No. 7903) 

Contact; 1st Lt G. J. Gauthier, Chemistry Division, F. J. Seiler Research Lab USAF 
Academy, Colorado. Tel. 303-472-2655. 

(1) Birmingham, J., "Cyclopentadienyl Compounds of Metals," Chem. Engr. Progress 58 
74, 1962. -—-*-’ —’ 

(2) Rausch, M., "Mettallocene Chemistry—A Decade of Progress," Can. J. Chem. 41 1289 
10AQ -- 9 —m I 9 

Cryogenic Liquid Mixtures (Project No. 9760) 

Contact; Lt Col E. T. Walford, Directorate of Chemical Sciences, AFOSR. Tel. OX 4-5337. 

(1) Shana'a, M. Y. and F. B. Canfield, "Method for Determination of Density of Cryogenic 
Liquids and Mixtures," Advances in Cryogenic Engineering. LI, 272, 1966. 

(2) Chiu, C. H. and F. B. Canfield, "Thermodynamic Analysis of Vapor-Liquid and Vapor- 
Solid Equilibria Data to Obtain Interaction Second Virial Coefficients." Advances in 
Cryogenic Engineering. 12, 741, 1967. - 



Boron Chemistry (Project No. 9710) 

çt. Dr. W. L. Ruigh, Directorate of Chemical Sciences, AFOSR. Tel. OX 4-5337. 

<1> KaC2marC2yk’ ^ Fr^e Radicals,11 J. Am. Chem. 

<4, h™TTZof 

,,, “nd P1 Bonding," J, Chem, Phva.. 43, 3985-3989 m"5 ChI°rI"e NQR Fre9“onclM 

pa0pern'pSsaA„Jnda,R;heA-MB0Te“duÍV 0t >-Mo.hylpen,aborane," 
September 1966. 1 Spectroscopy Symposium at Ohio State University, 

2 rD,Bsociauo" - m- 
Bond'Pinnociation Energy in Cobaii 

Mathematical Sciences 
Attitude Control of a Spinning Vehicle (Project No. 7904) 

USA F Academy," C^lorado^Te^lsoS) 4^72^3122^ D1VÍ8l°n’ F* J‘ Seiler Reflearch Lab, 

2 S soc«; S'vôû 
AppraüoñaHConfe‘”ñ;°PMv"f1 .''"‘'“de Control oí a Spinning Vehicle," Proceedings OAR 

Report SRL õ%ÉPírcM967) ' ^ (A1S0 »» TechnlcIT 

The Computer-Language Evolution (Project No. 9769) 

Contact: Capt E. Sohmer, Directorate of IntormaUon Sciences. AFOSR. Tel. OX 4-5407. 

Sgdy°fJ_Magnetopia.madvn,mic .Ter for Space Proouislnn (Project No. 7910) 

S2Sa££: Teh AMlstant »or’Research Analysis. Office of Research Analyses. 

2 Ämn«“ - merm“ A—“0" 

’ Acceleraced Plasma 3e»." Clanninl Scientific 

(3’ rÄm~ Jet tor 
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Computation of Special Functions (Project No. 7071) 

Contact: H. E. Fettis, Applied Mathematics Research Laboratory, ARL. Tel. Ext. 54718. 

(1) Blanch, G. and D. S. Clemm, Tables Relating to the Radial Mathieu Functions of the First 
Kind, Vol. 1, Washington, D.C.: United States Government Printing Office, 1962. 

(2) Blanch, G. and D. S. Clemm, Tables Relating to the Radial Mathieu Functions; Functions 
of the Second Kind. Vol. 2, Washington, D.C.: United States Government Printing Office, 

(3) Fettis, H. E. and J. C. Caslin, "Tables of Elliptic Integrals of the First, Second and Third 
Kind.1’ARL 64-232. December 1964. 

(4) Fettis, H. E. and J. C. CasUn, "Ten Place Tables of the Jacobian Elliptic Functions, 
Part I, ARL 65-180. September 1965. 

(5) Fettis, H. E. and J. C. Caslin, "Ten Place Tables of the Jacobian Elliptic Functions; 
Theta Functions and Conversion Factors," Part II, ARL 66-0069, April 1966. 

(6) Fettis, H. E. and J. C. Caslin, "Extended Table of Zeros of Cross Products of Bessel 
Functions," ARL 66-0023. February 1966. 

(7) Fettis, H. E. and J. C. Caslin, "Elliptic Functions for Complex Arguments, ARL 67T 
0001, January 1967. 

Estimating Probabilities (Project No. 9749) 

Contact; Maj W. R. Trott, Directorate of Mathematical Sciences, AFOSR, Tel. OX 4-5264. 

(1) Breisford, W. M. and R. H. Jones, "Estimating ProbabiUties," Technical Report No. 72, 
Department of Statistics, The Johns Hopkins University, Baltimore, Md., April 1967. 

Electronics 

Optimum Transmission of Speech (Project No. 5628) 

Contact; Maj J. D. Griffiths, Data Sciences Laboratory, AFCRL. Tel. Ext. 3715. 

(1) Griffiths, J. D., "Rhyming Minimal Contrasts; A Simplified D1»«"0«10 Articulation 
Test," Journal of the Acoustical Society of America, 42, 236-241, July 1967 

(2) Griffiths, J. D., "An Optimum Linear Filter for Speech Transmission, Journal of_the 
Acoustical Society of America. 42, December 1967. 

Far-Infrared Radiation Suppression (Project No. 9768) 

Contact; Capt J. F. Kantak, Directorate of Engineering Sciences, AFOSR. Tel. OX 4-5518. 

(1) Coleman, P. D., "Water-Vapor Gas Laser at 118 Microns," Proc. IEEE, 54, April 1966, 

D 577 
(2) Coleman, P. D„ "Spiking and Time Behavior of a Pulsed Water-Vapor Lase?;," App. 

Phys. Letters, Vol. 10, No. 1, 1 Jan 1967, p. 7. 
(3) Coleman, P. D., "Gas-Laser Studies in the 100 to 1,000 Micron Range, Activity Report, 

Grant AF-AFOSR 804-66. December 1966. u „ 
(4) Jeffers, W. O. and P. D. Coleman, "Status of Research on the H, O Laser, Intérim 

Report*Grant AF-AFOSR 804-66, January 1967. 
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High-Efficiency Diode Lasers (Project No. 5638) 

—ntact: J* E* Ludman, Solid State Sciences Laboratory, AFCRL. Tel. Ext. 2386, 

(1) Ludman, J. E„ "Analysis of Transients and Stability In an Idealized Two-Level Laser 
System," Applied Optics, 2, 8, 862-863, August 1963; also AFCRL 63-562, December 

<2) n|Uf,m?i E:. and1 K- M- Her8enr°ther, "Far Field Pattern of Injection Lasers and 
Dieiectrlc Gradient in the Inversion Layer," Solid State Electronics. Vol. 9, pp. 863-869 
New York, N.Y.: Pergamon Press, 1966; also AFCRL 66-740. October 1966 PP 

ThrT1’,/ f • f"1 K‘ M‘ Hergenrother* "The Effect of Multiple Zinc Diffusions on the 
Threshold and CW Output Power of GaAs Lasers," Proc. IEEE. 55, 4, 592, April 1967. 

(4) Ludman, J. E., R&D Management Report, Projects 4608 & 5638. Solid State Science» 
Laboratory, AFCRL, 5 Jan. 1967. --- 

Plasma Information Display and Storage System (Project No. 4751) 

Contact: J. H. Rosenbloom, Directorate of Engineering Sciences, AFOSR. Tel. OX 4-5518. 

(!) Bitzer, D L. and H. G. Slottom, "The Plasma Display Panel - A Digitally Addressable 
W.ith I"he1^nt Memory," Proceedings of the Fall Joint Computer Conference 

San Francisco, California, November 1966, “^- 
(2) Arora, B. M„ D. L. Bitzer, H. G. Slottom and R. H. Willson, "The Plasma Display 

ÏÎZ i: oeW De,^e f0r Informatlon Di8Play and Storage," Coordinated Science 
Laboratory Report. University of Illinois, Urbana, Illinois, April 1967^ 

Tunable Band-Pass Filter Using High-Dielectric-Constant Crystals (Project No. 5635) 

—ntact; J* c* Sethares, Microwave Physics Laboratory, AFCRL. Tel. Ext. 368. 

(1) Sethares, J C. and M. R. Stiglitz, "Dielectric Resonators." Proc. 13th Annual Air Force 
/ov fttence a"d Engineering Symposium. Vol. 2, Paper 31, September 1966, pp. 1-14- 
(2) Sethares J. C. and S. J. Naumann, "Design of Microwave Dielectric Resonators," IEEE 
... SaüS‘ M!?r0WaVe Theory and Techniques. Vol. MTT-14, January 1966, pp. 2-7. 

Stiglitz, M R "Frequency Tuning of Rutile Resonator." Proc. IEEE. Vol. 54. March 
IVOO, pp, 413-414. ‘ ’ 

(4) Stiglitz, M. R. and J C. Sethares, "A Hybrid Ferrimagnetic-Dielectric Microwave 
Filter, Proc. IEEE. Vol. 55, No. 9, September 1967. 

(5) 1í4',f\a"d J* S0ethare8’ "Fre<luency Stability in Dielectric Resonators," Proc. 
IEEE, Vol. 53, March 1963, pp. 311-312. 

Whistlers and the Plasmapause (Project No. 9768) 

Contact; Capt J. F. Kantak, Directorate of Engineering Sciences, AFOSR. Tel. OX 4-5518, 

(1) Fi^arRem«’^^ aIc pl8tler8^ and Related Low"Frequency Radio-Wave Phenomena," Final Report, U.S. Air Force Contract AF-18(603)-126. 1963. 
(2) Helliwell, R. A., "A Study of Wave-Particle Interactions’ in .ne Magnetosphere and a 

Complementary Study of the Propagation Characteristics of Whistlers and Related 

<3, Talrn' ?ran; prepared forAPOS^ Ma"“ 
( ) Angerami J. J. and D. L. Carpenter, "Whistler Studies of the Plasmapause in the 

Magnetosphere—2; Electron Density and Total Tube Content Near the ’Knee* in Matt 
netospheric Ionization," J. Geophys. Res.. No. 3, 1 Feb 1966, pp. 711-725. 8" 
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Optical Excitation with Low-Energy Ions (Project No. 4751) 

Contact: Lt Col R. B. Kalisch, Directorate of Engineering Sciences, AFOSR. Tel. OX 4-5518. 

(1) Lipeles, M„ R. Novick and N. Tolk, Phys. Rev. Letters. 15, 815, 1965. 
(2) Tolk, N., "Optical Excitation with Very Low Energy Ions," Ph. D. Thesis. Columbia 

University, 1966. 
(3) Lipeles, M„ R. Novick and N. Tolk, Phys. Rev. Letters, 15, 690, 1965. 

Materials Research 

ÇonHnuous Measurement of Weight Change During High-Temperatnrp Oxidation (Project 
No. 7021) " 

Contact: Dr. 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 Microbalance Techniques. Vol, 6, p. 63, New York, N.Y.: Plenum Press, 1967. 

Mechanics 

Rarefied Gas Dynamics (Project No. 9783) 

Contact: P. A. Thurston, Directorate of Engineering Sciences, AFOSR. Tel. OX 4-5567. 

(1) Thomas, L. B., "Thermal Accommodations of Gases on Solids," Fundamentals of 
Gas-Surface Interactions. New York, N.Y.: Academic Press, 1967. 

(2) Thomas, L. B., "A Collection of Some Thermal Accommodation Coefficient Measure¬ 
ments," Rarefied Gas Dynamics. New York, N.Y.: Academic Press, 1967. 

(3) Saltsburg, H„ J. N. Smith, Jr. and R. L. Palmer, "Scattering of Molecular Beams of 
He, D,, and H, from the (111) Plane of Ag," Rarefied Gas Dynamics. New York, N.Y.: 
Academic Press, i 1967, pp. 223-238. 

(4) Trilling, Leon, "Thermal Accommodation of Rare Gases on Clean Metal Surfaces — Com¬ 
parison of a Simplified Classical Lattice Theory with Experiments." Rarefied Gas 
Dynamics, New York, N.Y.: Academic Press, 1967. 

(5) Scott, P. B., P. H. Bauer, H. Y. Wachman and L. Trilling, "Velocity Distribution Meas¬ 
urements by a Sensitive Tlmeof Flight Method." Rarefied Gas Dynamics, New York, N.Y.: 
Academic Press, 1967. 

A High-Reynolds-Number, Hlgh-Mach-Number Hypersonic Test Facility (Project No. 7065) 

Contact: 1st Lt E. G. Friberg, Fluid Dynamics Facilities Research Laboratory, ARL. Tel. 
Ext. 54780. 

(1) Ferri, A., V. Zakkay and L. Carr, "A High-Mach-Number, High-Reynolds-Number 
Hypersonic Facility," ARL 65-218. October 1965. 

(2) Zakkay, V. and L. Carr, "Design and Operation of a High-Reynolds-Number, High-Mach- 
Number Hypersonic Facility," AIAA Preprint No. 66-758. AI A A Aerodynamic Testing 
Conference, September 1966. 
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Properties of Flowing Plasmas (Project No. 7063) 

Contact; P. W. Schreiber, Thermomechanics Research Laboratory, ARL, Tel. Ext. 54711. 

(1) Andrada, T., J. G. Skifstad and P. W. Schreiber, "Fastax Films Slowing the Development 
and Instability of a Pulsed, High-Current Arc in a Tube," presented at AIAA 4th Aero¬ 
space Sciences Meeting, AIAA Paper 66-731, June 1966. 

(2) Schreiber, P. W., "An Experimental Investigation of the Transport Properties of Argon 
in a Pulsed, High-Current Arc," presented at 8th Annual Meeting of APS, Division of 
Plasma Physics, Boston, Mass., November 1966. 

(3) Benedetto, K. R., W. C. Roman and P. W. Schreiber, "Diagnostic Techniques for At¬ 
mospheric Pressure Arc Plasmas," presented at 8th Symposium on Engineering Aspects 
of Magnetohydrodynamics, Stanford University, March 1967. 

(4) Benedetto, K. R. and P. W. Schreiber, "An Approach to Radiation Source Design for 
Military Applications Utilizing the Wall-Stabilized Arc as an Example " ARL 67-0179 
August 1967. --* 

(5) Schreiber, E. and P. W. Schreiber, "An Analog Computer Solution for the Developed 
Laminar Electric-Arc Column." ARL 66-0212, October 1966, 

Nondestructive Evaluation of Metal Fatigue (Project No. 9782) 

Contact: Dr. J. Pomerantz, Directorate of Engineering Sciences, AFOSR, Tel. OX 4-5567. 

(1) Kusenberger, F. N., B. E. Leonard, J. R. Barton and W. L. Donaldson, "Nondestructive 
Evaluation of Metal Fatigue," AFOSR Scientific Report 67-1288, April 1967. 

(2) Kusenberger, F. N., B. E. Leonard, R. L. Pasley, J. R. Barton and W. L. Donaldson, 
"Nondestructive Evaluation of Metal Fatigue," AFOSR Scientific Report 66-0648. March 
1966. -- 

(3) Kusenberger, F, N., B, E. Leonard, J, R. Barton and W, L, Donaldson, "Nondestructive 
Evaluation of Metal Fatigue," AFOSR Scientific Report 65-0981. March 1965. 

(4) Donaldson, W. L„ "Magnetic Methods of Early Fatigue Detection," In Proceedings of 
the Fifth Annual Symposium on Nondestructive Evaluation of Aerospace and Weapons 
Systems, Components and Materials. Southwest Research Institute. San Antonin tv van 
20-22 April 1965. 

(5) Kusenberger, F. N., J. R, Barton and W. L, Donaldson, "Nondestructive Evaluation of 
Metal Fatigue," AFOSR Scientific Report 64-0668. March 1964. 

Effect of Mass Transfer on a Wedge-Induced Laminar Separated Boundary Layer (Prolect 
No. 7064) 

Contact; Capt K. O. W. Ball, Hypersonic Research Laboratory, ARL. Tel. Ext. 53138. 

(1) Ball, K. O. W., "An Experimental Investigation of the Effect of Mass Transfer on a 
Wedge-Induced Laminar Separated Boundary Layer at Mach 12." ARL 67-0169. 1967: 
also Ph. D. Dissertation. University of Southern California. * * 

(2) Ball, K. 0. W. and R. H. Korkegi, "An Investigation of the Effect of Suction on Hyper¬ 
sonic Laminar Boundary-Layer Separation," AIAA Journal, accepted for publication. 
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Boundary-Layer Transition—Roughness Effecte (Project No. 9781) 

Contact: Maj D. L. Calvert, Directorate of Engineering Sciences, AFOSR. Tel. OX 4-5567, 

(1) van Driest, E. R. and C. B. Blumer, "Boundary-Layer Transition at Supersonic Speeds— 
Three-Dimensional Roughness Effects (Spheres)," Journal of the Aerospace Sciences. 
Vol. 29, No. 8, August 1962. 

(2) van Driest, E. R. and W. D. McCauley, "The Effect of Controlled Three-Dimensional 
Roughness on Boundary-Layer Transition at Supersonic Speeds, "Journal of the Aerospace 
Sciences. Vol. 27, No. 4, April 1960. 

(3) van Driest, E. R. and C. B. Blumer, "Boundary-Layer Transition at Supersonic Speeds— 
Roughness Effects with Heat Transfer," AIAA Journal, submitted for publication; also 
AFOSR 67-2048. July 1967. 

High-Pressure Arcs (Project No. 7063) 

Contact: P. W. Schreiber, Thermomechanics Research Laboratory, ARL. Tel. Ext. 54711. 

(1) Maecker, H„ Z. Naturf. 119 457, 1956. 
(2) Emmons, H. W., Harvard University Eng. Sciences Lab., TR23, Dec. 1965. 
(3) Bauder, U. and U. Plantikow., Proceedings VII Conference on Phen. Ion, Gases. Belgrade, 

1965. 
(4) Bauder, U., "Radiation from High-Pressure Plasmas," Journal of Applied Physics. 

January 1968. 
(5) Bues, T., H. J. Patt and J. Richter, Z, angew. Phys., 22 4, 1967. 
(6) Bibermann, L. M„ G. E. Norman and K. N. Ulyanov, Opt, a. Spectr., 10, 297, 1961. 
(7) Schlüter, D., Z. Astrophys, 61, 67, 1965. 
(8) Spitzer, L., Physics of Fully Ionized Gases. New York, 1956. 
(9) Yakubov, J. T., Opt, a. Spectr.. 19, 277, 1964. 
(10) Welzel, W. and R. Rompe, Theorie el. Lichtbogen., Leipzig, 1949, 

Experiments on Gas-Ionizing Transverse Shock Waves (Project No. 7905) 

Contact; Capt Charles F. Stebblns, Aerospace Mechanics Division, F. J. Seiler Research 
Lab., USA F Academy, Colorado. Tel. 303-472-3122. 

(1) Vlases, G. C„ "A Fast Inverse Pinch Shock Tube For Plasma Shock-Wave Studies," 
Proceedings of the 5th International Shock-Tube Symposium. American Physical Society 
Division of Fluid Dynamics. April 1965. 

(2) Lyubimov, G. A. and A. G. Kulikovskil, "On Gas-Ionizing Magnetohydrodynamic Shock 
Waves." Reviews of Modern Physics, 32, 977, 1960. 

(3) Chu, C. K„ "Dynamics of Ionizing Shock Waves: Shocks in Transverse Magnetic Fields," 
The Physics of Fluids. I, No. 8, 1349-1357, August 1964. 

(4) Stebbins, C. F„ "Experiments on Transverse Ionizing MHD Shock Waves," Technical 
Report SRL 67-0006, June 1967, 

* 
* 

# 
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Energy Conversion 

Organic Photovoltaic Cells (Project No. 8659) 

Contact: Dr. A. Golubovic, Space Physics Laboratory, AFCRL. Tel. Ext. 3232. 

(1) Golubovic, A., "Organic Photovoltaic Devices," Proc. OAR Research Applications 
Conference. OAR 607-2. 14 March 1967, pp. 211-225. -- 

<2) ^“boVic’ "0r8anic Devices Advance as Energy Sources," Electronic Design. 15, 24, 

(3) Golubovic, A., "Thin-FUm Organic Photovoltaic Cells," Space/Aeronautics, in press. 

Electrofluld-dynamlc Power Generation (Project No. 7116) 

Contact: M. O. Lawson, Energetics Research Laboratory, ARL, Tel. Ext. 53355. 

(1) Decaire, J. A., "Effects of Partial Condensation around Ions in Electrofluid-dynamic 
Energy-Conversion Processes," ARL 66-0187. 1966. 

(2) Decaire, J. A. and M. O. Lawson, "EFD Power Generation; Trends and Expectations " 
presented at 8th Symposium on Engineering Aspects of Magnetohydrodynamics, Stanford 
University, Stanford, Calif., 28-30 March 1967. 

(3) Decaire, J. A. and J. R. Wifall, "Charge Generation by Corona Discharge in Electrofluid- 
dynamic Energy-Conversion Processes," presented at Intersociety Energy-Conversion 
Engineering Conference, Miami Beach, Fla., 13-17 August 1967. 

(4) Hasinger, S„ "Performance Characteristics of Electroballistic Generators " ARL 64-75 
October 196' ’ -* 

(5) Hawes, M., "Experimental Techniques in Electrofluid-dynamic Energy-Conversion 
Research," ARL 64-77. October 1964. ** 

(6) Lawson, M. 0., H. J. P. von Ohain and F. Wattendorf, "Performance Potentialities of 
Direct Energy-Conversion Processes between Electrostatic and Fluid-Dynamic Enerov " 
ARL 178. December 1961. ^ 

(7) Lawson, M. 0., "Performance Characteristics of Electrofluid-dynamic Energy-Conversion 
Processes Employing Viscous Coupling," ARL 64-74, October 1964. 

(8) Lawson, M. 0., "Ion Generation by Corona Discharge for Electrofluid-dynamic Energy- 
Conversion Processes," ARL 64-76. October 1964. 

(9) Lawson, M. 0. and J. A. Decaire, "Investigations on Power Generation Using Electrofluid- 
dynamic Processes," presented at Intersociety Energy-Conversion Engineering Confer¬ 
ence, Miami Beach, Fla., 13-17 August 1967. 

(10) von Ohain, H. J. P. and F. Wattendorf, "Potentialities of Direct Electrofluid-dynamic 
Energy-Conversion Processes for Power Generation," ARL 64-73. October 1964. 
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Detonation by Shock in Solid Propellants (Project No, 9711) 

Contact: Dr. B. T. Wolfson, Directorate of Engineering Sciences, AFOSR. Tel. OX 4-5565. 

(1) Evans, M. W., B. 0. Reese and L. B. Seely, "Shock Initiation of Low-Density Pressings 
of Ammonium Perchlorate," in Fourth Symposium on Detonation. ACR 126, pp. 359-372, 
U.S. Government Printing Office, 1966. 

(2) Evans, M. W., C. M. Ablow, B. 0. Reese and A. B. Amster, "Shock Sensitivity of Low- 
Density Granular Explosives," in Proc. International Conference on Sensitivity and 
Hazards of Explosives. Session 2, Paper No. 6, U. K. Ministry of Aviation, Waltham 
Abbey, England, 1963. 

(3) Ablow, C. M., Y. D. S. Rajapakse and M. W. Evans, "An Analysis of the Shock Initiation 
of Granular Explosives by the Gas Compression-Conduction Mechanism," Preprints of 
Meeting of Western States Section of the Combustion Institute. Santa Barbara, Calif., 
26 October 1965. 

(4) Seay, G. E. and L. B. Seely, "Initiation of a Low-Density PETN Pressing by a Plane 
Shock Wave," Journal of Applied Physics. 32. 1092-1097, 1961. 

Accurate Thermal Measurements (Project No. 9750) 

Contact: Dr. J. F. Masi, Directorate of Engineering Sciences, AFOSR. Tel. OX 4-5565. 

(1) Good, W. D., J. L. Lacina, B. L. DePrater and J. P. McCullough, J. Phys. Chem.. 68, 
579, 1964. 

(2) Good, W. D. and M. Mansson, J. Phys. Chem., 70, 97, 1961. 
(3) Good, W. D., J. L. Lacina, D. W. Scott and J. P. McCullough, J. Phys, Chem., 66, 1529, 

1962. 
(4) Douglas, T. B„ private communication, unpublished results. National Bureau of Standards, 

September 1966. 
(5) National Bureau of Standards Technical Report 9389, AFOSR 66-1938, 1 July 1966. 
(6) Leidenfrost, W., "Multipurpose Instrument for Determination of Twelve Properties," 

Purdue University Technical Report. September 1966. 

Design Analysis of Cross-Field Accelerators (Project No. 9752) 

Contact; Maj H. W. Jackson, Directorate of Engineering Sciences, AFOSR. Tel. OX 4-5565. 

(1) Argyropolous, G. S., S. T. Demetriades and A. P. Kendig, "Influence of Nonuniformities, 
Thermal Diffusion, Boundary Layers and Finite Reaction Rates in Nonequilibrium J x B 
Devices," AlAA Paper No. 67-715, AIAA Electric Propulsion and Plasma Dynamics 
Conference, Colorado Springs, Colo., 11-13 September 1967. 

(2) Oliver, D. A. and M. Mitchner, "Nonuniform Electrical Conduction in MHD Channels," 
AIAA Journal. Vol. 5, No. 8, August 1967, pp. 1424-1432. 

(3) Sherman, A., "Magnetohydrodynamic Channel Flows with Nonequilibrium Ionization," 
Physics of Fluids. Vol. 9, No. 9, September 1966, pp. 1782-1787, 

(4) Kerrebrock, J. L., "Segmented Electrode Losses in MHD Generators with Nonequilibrium 
Ionization," AIAA Journal. Vol. 4, No. 11, 1966, pp. 1938-1947. 
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Inertial Particle Separators (Project No. 7116) 

Contact. Capt R, A. Miller, Energetics Research Laboratory, ARL. Tel. Ext, 54150 

<1’ Chambers,'19* Perform““ >>9ver9ed.Flow Vortex 

^ ^ ^ SUbm1^ 

' ’ Turhi™ d‘ A‘ eU i-.POplaWSk1' "The ARL Particle Separator for Military 
5 April ¡9«? ES?- OAR Research Application, (■■opferen... oar ¢6-3 

<4’ No!'l^January m'f ^ ARL D“8t Separa,0r-" PAH «æearch Reriew. Vol. VI. 

<5’ 6¾ March *1967.ReVleW °' ^ of ^'»"a-Type Separan,«," ARL 

Terrestrial Sciences 

Geophysical Study of Desert Basins (Project No. 8623) 

Contact; G. H. Cabanlss. Terrestrial Sciences Laboratory, AFCRL. Tel. Ext. 3648. 

(1) mÍST' t* et a1-’ "Geophysical Study Basin-Range Structure-Dixie Valley 
1967, 250 pp"3 ePOrt' C0ntract AF ^(628)-3867, Stanford University, AFCRL 66-848* 

(2) Miller, R. W„ "Earthquake Movement Study, Vicinity of Fallon Nevada " li <; rn„ar anM 
Geodetic Survey, ESSA, July 1967, 43 pp. ’ ’ U*S* Coa8t and 

Worldwide Gravity Measurements: Progress Report (Project No. 8607) 

Contact: B. Szabo, Terrestrial Sciences Laboratory, AFCRL. Tel. Ext. 4285. 

a> 66?3^; “lOAA^3“1118 oftheWorldGra.lty Standardization and Flrat-Order N«.» AFCRL 

Solid-Earth Geophysics Computer Programs (Project No. 8623) 

~taCtî G* H' Cabanlss» Terrestrial Sciences Laboratory, AFCRL. Tel. Ext. 3648. 

Atmospheric Sciences 

Attitude-Sensing System on Gemini 10 and 12 (Project No. 8617) 

—— —: R* c* Sagalyn, Upper Atmosphere Physics Laboratory, AFCRL. Tel. Ext. 4848. 

<1> CD?cic«frR rfndu D* Smid?y’ "Po8itive Ion Sensing System for the Measurement of 
Spacecraft Attitude, Proc. OAR Research Applications Conference. Vol. I, OAR 607-2, 

284-192 0 - 67 - 15 219 
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Contact: Dr. D. R. Fitzgerald. Meteorology —• tI 

( to be published In Monthly wither Reyiew. Ro h Aircraftin Thunderstorms, 

¡ACA, Lucerne, Switzerland, October 1907. 

T.a ,n. Perth'. Heat Budget (Project No. 8604) 

Contact-. W. S. Hering. Meteorology Laboratory. AFCRL. Tel. Ext. 2540. 
_ • « _ _ *.1M /V n 

Contact: W. S. Henng, - „ .,JU 
- „ n Ho« Tr -Ozone Heating and Radiative Equillb- 

<” «r!;lS'^eNr- Sprre^R¿ká«^^ Vol. 24. No. 4. July 

1967. PP. 402-413. Heating and Relative Equilibrium,’1 Presented 

(2> rÄÄ Ä o. «õe American Meteorological Socle.,. New Verb. N. V.. 

23-26 January 1967. 

Astronomy and Astrophysics 

-- 1er sclentltt^«^^ ^ 

Contact: Dr. Graham R. Hunt. Space Pbyalca Lab. AFCRL. Tel. Ext. 4624. 
■ o ___ 

Contact: Dr. Graham k. num, 

(1, Hunt G R„ "Enhancement of Fine Detail in the Presence oí Large Radiance Differences, 

,2) Imae“01 TïCh0 on ,he Dirk Moon’" ^ 
,3, ÂT^rand G. R. Hunt. ’’Inlrared Imagen: ImpUcaUona 1er the Lunar Surlace.” 

Icarus, V. 7, 1967, pp. 47-58. t,An Earth_Ba8ed infrared Lunar Mapper 
(4) Rehñberg, J. D., R. J. Yoder,^AnnliedOptics. V.6, 1111-1120, 1967. 

for Thermal and Compositional Studie * ; ¿xande/ "Thermal-Enhancement Techniques. 
(5) Hunt. G. A.. 3. ». SaUebutyand ^ g^medJÏSaS^LaS 

n^"F^sea^xh8Appllçatlona_ÇonjeríSS£. ^ 

gpgsogo, and Forecasting olSoUrPromnEirnng (Project No. 5629) 

Contact: J. P. CaateUl. Space Pbyelc. Laboratory. AFCRL. Tel. Ext. 2938. 
.. .. . n 
Contact: J. P. wsieui, 
- a r a ..-s..: "The Sagamore Hill Solar Radio Observatory and die 

(1> e“« "i’¿¿28. 1966/SÄ^^.el!"Ä»iy Measurements ol Radlo 

<2> ^ Nonproton FUrea.” 

(3) «/.r^sp-A 9* fÄrÄÄtÄ 
IÄ‘26 September - 2 Gcmber 1967. 

** 
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Prestressed Ceramic Driver Chamber for a Shock Tube (Project No. 8608) 

Contact: Dr. J. G. Kelley, Space Physics Laboratory, AFCRL. Tel. Ext. 4925. 

(1) Kelley, J. G., M. A. Levine, A. L. Besse and A. Tatarian, "Ceramic Driver for Arc- 
Driven Shock Tube," presented at APS Meeting, New York, N.Y., 1967. 

(2) Kelley, J. G., M. A. Levine, A. L. Besse and A. Tatarian, "Improved Driver Chamber for 
Arc-Driven Shock Tube," Rev. Sei. Instr.. 38, 641, 1967. 

(3) Kelley, J. G., M. A. Levine, A. L. Besse and A. Tatarian, "Evaluation of the Driver 
Chamber Efficiency for an Arc-Driven Shock Tube," presented at VI International Shock 
Tube Symposium, Freiburg im Breisgau, Germany, 1967. 

Behavioral and Social Sciences 

Feedback Effects on Team Performance (Project No. 9778) 

Contact: Maj A. W. Kibler, Directorate of Life Sciences, AFOSR. Tel. OX 4-5045. 

(1) Johnston, W. A. and L. H. Nawrocki, "Effect of Simulated Social Feedback on Individual 
Tracking Performance," Journal of Applied Psychology, 51, No. 2, 145-151, 1967. 

ENVIRONMENT 

PROGRAM ELEMENT 62405394 

Simultaneous Radar and Aircraft Observations of Clear-Air Turbulence (Project No. 6672) 

Contact: Dr. K. R. Hardy, Meteorology Laboratory, AFCRL. Tel. Ext. 4405. 

(1) Hicks, J. J„ I. Katz, C. R. Landry and K. R. Hardy, "Clear-Air Turbulence: Simultaneous 
Observations by Radar and Aircraft," Science. 157. 18 August 1967, pp. 808-809. 

Sensitive Airborne Gravity Instrumentation Undergoes Tests (Project No. 7600) 

Contact: B. Szabo, Terrestrial Sciences Laboratory, AFCRL. Tel. Ext. 4285. 

(1) Groten, E., "On the Derivation of Surface Gravity Anomalies from Airborne Measure¬ 
ments," Ohio State University, Contract AF19(628)-5701 January 1966 (AFCRL 66-141). 

(2) Moritz, H., "Methods for Downward Continuation of Gravity," Ohio State University, 
Contract AF 19(628)-290. 

(3) Szabo, B. et al., Interim Report on Project Gravity Harvest. AFCRL, August 1966. 
(4) Szabo, B., "Ocean Gravity Surveys with Airborne Systems," presented at First Marine 

Geodesy Symposium, Columbus, Ohio, September 1966. 
(5) Moritz, H., "Optimum Smoothing of Aerial Gravity Measurements,"Ohio State University, 

Contract AF19(628)-5701, March 1967 (AFCRL 67-0169). 
(6) Szabo, B., "Aerial Gravimetry for Direct Observation of the External Gravity Field," 

presented at Symposium on the Figure of the Earth and Refraction, Vienna, Austria, 
March 1967. 

(7) Peckham, C. G. and D. A. Harruff, "Techniques and Computer Programs to Compute 
Gravity from In-Flight Magnetic-Tape Recordings," Technology, Inc., Contract AF19(628)- 
5218, June 1967 (AFCRL 67-0522). 
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(8) Hicks, F., "Theory, Practice and Testing of the Stabilized Vertical for Airborne Gravim¬ 
etry," presented at Annual American Geophysical Union Meeting, Washington, D. C„ 
April 1967. 

(9) Anthony, D., "Filtering and Adjusting Airborne Gravity Data," presented at Annual 
American Geophysical Union Meeting, Washington, D.C., April 1967. 

(10) Eggleston, O. C., "Inventory and Graphical Index of Gravity Lines Flown during 20 Apr 
1965 - 8 May 1966," AFCRL In-House Report. May 1967. (Available on request.) 

(11) Eggleston, 0. C„ "Flying Time and Gravity Meter Statistics," AFCRL In-House Report, 
May 1967. (Available on request.) 

(12) Wilson, R., "Dynamic Laboratory Tests of Airborne Gravity Meter Systems," Barkley 
and Dexter Laboratories, Inc., Final Report. Contract AF 19(628)-5937, May 1967. 
(Available on request.) 

(13) Hicks, F. L., "Data Reductionof Airborne Gravity Measurements," presented at Geodetic- 
Cartographic Air Target Materiel Conference, Defense Intelligence Agency, Washington, 
D.C., 18-27 October 1967. 

(14) Anthony, D., "Comparison of Numerical Filters for Aerial Gravity Measurements," 
presented at XIV General Assembly, International Union of Geodesy and Geophysics, 
Lucerne, Switzerland, October 1967. 

(15) Szabo, B., "Recent Developments in Aerial Gravimetry," presented at XIV General 
Assembly, International Union of Geodesy and Geophysics, Lucerne, Switzerland, 
October 1967, 

Infrared Horizon Measurements (Project No. 7670) 

Contact: R. G. Walker, Optical Physics Laboratory, AFCRL. Tel. Ext. 4040. 

(1) Walker, R. G., C. V. Cunniff and A. P. D'Agati, "Measurement of the Infrared Horizon of 
the Earth," Environmental Research Paper No. 223, AFCRL 66-631. 1966. 

(2) Cunniff, C. V., R. G. Walker, A. P. D'Agati, V. A. Marcello and P. C. Tandy, "The IR 
Horizon of the Earth as Measured from Aerobee Sounding Rockets," Proc. Second 
Symposium on Infrared Sensors for Spacecraft Guidance and Control. Aerospace Corpora¬ 
tion, El Segundo, California, 1967. 

Mlcroselsmic Noise-Detection System (Project No. 7600) 

Contact; H. A. Osslng, Terrestrial Sciences Laboratory, AFCRL. Tel. Ext. 3662. 

Some Recent Re-entry Communications Flight-Test Results (Project No. 4642) 

Contact: J. L. Poirier, Microwave Physics Laboratory, AFCRL. Tel. Ext. 3192. 

(1) Poirier, J. L., "Re-entry Microwave Communications Program on Trailblazer II 
Vehicles, Flight No. 1," Microwave Physics Lab Memo, CRD 277, 25 Aug 1965. 

(2) Rotman, W. and G. Meltz, editors, Electromagnetic Effects of Re-entry (selected papers 
from Plasma Sheath Symposium) Pergamon Press, 1961. 

(3) Rotman, W. and G. Meltz, "Experimental Investigation of the Electromagnetic Effects of 
Re-entry," AFCRL-87, March 1961. 
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Radiation of Volcanic Heat into Space (Project No. 7628) 

Contact: Lt R. S. Williams, Jr., Terrestrial Sciences Laboratory, AFCRL. Tel. Ext. 3670. 

(1> TrTfcS ' pDrojLS-m- C; D- MUler a,ul G- “ï^rared Surveys 
1967 DP '22» ?£ 1 J1Pr' ,f"rllY" ""lo" Washington, D.C., April 
,,, PP* 228-229; also Surtsey Res. Proq. Rpt. The Surtsey Res Soc Revkiaviir 
Iceland, Vol. HI, May 1967, pp. 99-103. - y * C*’ ReylCjavlk' 

(2> "Analysis of Sr96J6riniar;rrTledman’^/î01"1"880^ T‘ S1«ur8elr880n G. Pllmason, Analysis of 1966 Infrared Imagery of Surtsey, Iceland," presented at Mtas of the Inti 

Octo0bCer01967.1Can0l0gy ^ Intl‘ Unl°n °f Ge0de8y and Ge0Phy8-' Z£Wch! Switzerlandi 

(3> q,J* D"0R- S* WillIams* Jr- and G.Pllmason, "Iceland Infrared Surveys," 
Geological Survey Research. U.S. Geological Survey, 1967. In press. 

Electron-Emitting Aerosols (Project No. 8679) 

Contact: S. J. Birstein, Space Physics Laboratory, AFCRL. Tel. Ext. 3100. 

Atmospheric Emission and Absorption at 15 and 35 GHz (Project No. 8682) 

Contact: V. J. Falcone, Jr., Microwave Physics Laboratory, AFCRL. Tel. Ext. 4036. 

il) ShaPe 0' “'““»"-Broaduned Une.," gava. 

<2> rFCRLM-5W ,¾ „T'“' Slty TemPer*,Ur“ “ ““»"'««-Wave Frequencies," 

(3) Falcone, V. J., Jr., "Atmospheric Emission at Millimeter Wavelengths " Second Svm «» Etrrr rsumK ^ »' ^ 
lengths6" Radio*Science v f“wm"8 f *mrent Sky Temperature at MiUimeter Wave- 

»Ä. Mimme,er w,veien8'1“-" 

Sunspots and Solar Rotation (Project No. 8666) 

Contact: Dr. F. Ward, Space Physics Laboratory, AFCRL. Tel. Ext. 4206. 

(1) Ward, F. "The Longitudinal Proper Motion of Sunspots and the Solar Rotation Rate " 
Pure and Applied Geophysics. 63, 196-204, 1966. * 

<2> 0t the S01“-»««*»" from the Meaos of Identifiable 
Features, Astrophyslcal Journal. 145, 416-425, 1966. 

Atmosphere in a Computer (Project No. 7663) 

Contact: T. J. Keneshea, Upper Atmosphere Physics Laboratory, AFCRL. Tel. Ext. 3077. 

(1) Keneshea, T J., "a Technique for Solving the General Reaction Rate Equations in the 
Atmosphere," AFCRL 67-0221 1967. 4 in me 
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Solar SplculeB (Project No. 7649) 

Contact: Dr. J. Evans, Sacramento Peak Observatory, AFCRL. Tel. (505) GRanlte 3-6511, 
Ext. 2311. 

(1) Zlrker, J. B., "On the Brightness of Chromospheric Spicules," Astrophyslcal Journal, 
135, 515-520, 1962. 

(2) Zlrker, J. B., "Spectral Observations of Solar Chromospheric Spicules," Astrophyslcal 
Journal. 136. 250-257, 1962. 

(3) Beckers, J. M., "Study of the Undisturbed Chromosphere from H0-Disk Flltergrams, 
with Particular Reference to the Identification of Spicules," Astrophyslcal Journal. 138, 
648-663, 1963-. 

(4) White, O. R., "On the Empirical Temperature Structure of the Solar Chromosphere," 
Astrophyslcal Journal. 140. 1164-1169, 1964. 

(5) Beckers, J. M., "On the Relation between Solar Granules and Spicules," Astrophyslcal 
Journal. 140. 1339-1340, 1964. 

(6) Dunn, R. B„ "Photometry of the Solar Chromosphere," Ph. D. Dissertation, Harvard 
University. Cambridge, Mass., May 1960; also Environmental Research Paper 109, 
AFCRL 65-398. June 1965. 

GROUND ELECTRONICS 
PROGRAM ELEMENT 62405454 

Voice Pattern-Matching (Project No. 4610) 

Contact: C. P. Smith, Data Sciences Laboratory, AFCRL. Tel. Ext. 3721. 

(1) Smith, C. P., "Characterization of Speech Sources In Terms of Genetic Operating 
Characteristics," AFCRL 67-0309. May 1967. 

Potential Techniques for Automatic Aircraft Recognition (Project No. 4610) 

Contact: O. Philbrlck, Data Sciences Laboratory, AFCRL. Tel. Ext. 2987. 

(1) - Blum, H., "A Transformation for Extracting New Descriptors of Shape," Models for the 
Perception of Speech and Visual Form. Cambridge, Mass.: MIT Press, 1967. 

(2) Philbrlck, 0., "A Study of Shape Recognition Using the Medial Axis Transformation," 
AFCRL 66-759. PSRP No. 288. November 1966. 

(3) Calabl, L. and W. E. Hartnett, "Shape Recognition, Prairie Fires, Convex Deficiencies 
and Skeletons," Scientific Report No. 1. Contract AF19(628)-5711. Parke Mathematical 
Laboratories, Inc., February 1966. 

(4) Calabl, L. and W. E. Hartnett, "A Generalization of the Motzkin Theorem," Scientific 
Report No. 2. Contract AF19(628)-5711, Parke Mathematical Laboratories, Inc., Novem¬ 
ber 1966. 

(5) Calabl, L„ "On the Curvature of a Skeleton," Technical Memorandum No. 6. Contract 
AF19(628)-5711. Parke Mathematical Laboratories, Inc., February 1967. 

(6) Calabl, L. and W. E. Hartnett, "A Motzkin-Type Theorem for Closed Nonconvex Sets," 
Technical Memorandum No. 11. Contract AF19(628)-5711, Parke Mathematical Labora¬ 
tories, Inc., August 1967. 
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ENVIRONMENTAL RESEARCH SUPPORT 

PROGRAM ELEMENT 65402124 

Planetary Entry Simulation (Project No. 6665) 

Contact: J. C. Payne, Aerospace Instrumentation Laboratory, AFCRL. Tel. Ext. 3030. 

TEST INSTRUMENTATION 
PROGRAM ELEMENT 65402154 

Density Measurement by Instrumented Falling Sphere (Project No. 6682) 

Contact: G. A. Faucher, Aerospace Instrumentation Laboratory, AFCRL. Tel. Ext. 3281. 

(1) Faucher, G. A., R. W. Procunler and F. S. Sherman, "Upper-Atmospheric Density 
Obtained from Measurements of Drag on a Falling Sphere," J, Geophys. Res.. 68. 
3437-3450, 1963. 

(2) Faucher, G. A., "Upper-Atmosphere Density Obtained from Measurement of Drag on 
Falling Sphere," Proc, Air Force Science and Engineering Symposium. 8-10 Oct. 1963, 
Vol. 1, pp. E-l to E-28. 

(3) Faucher, G. A., J. F. Morrissey and C. N. Stark, "Falling Sphere Density Measure¬ 
ments," J, Geophys. Res.. 72, 299-305, 1967. 

(4) Minzner, R. A., G. D. Sauermann and G. A. Faucher, "Low Mesopause Temperatures over 
Eglin Test Range Deduced from Density Data," J. Geophys. Res.. 70, 739-742, 1965. 
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