
NAVAL RESEARCH

REVIEWS

MARCH 1968

I

0^

MAR

fry

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(U
n
iv

e
rs

it
y
 o

f 
M

a
ry

la
n
d

, 
C

o
lle

g
e
 P

a
rk

) 
o
n
 2

0
1

4
-1

0
-0

1
 1

5
:5

4
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/u
iu

g
.3

0
1

1
2

0
7

5
6

2
9

0
9

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le

~ ® 0 [E ~ ~ rn: [LO IB3 Cffiijj[rd'\J 

NAVAL RESEARCH 
I REVIEWS I 

MARCH 1968 



PROFESSOR

WM BUWBIL

WISOH

0679-19&)

After completing his

careers as educator

and administrator,

prof Wilson pried
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in \Was consultant

in general science.

He had qreai influence

on the scientific;

operations being con-

ducted by the wen

fledgling office.

Because of his
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called him a4modern

contributions to aeronautical theory,nam a^iahon

and OM.R. were recognized m May \Q(A when he

was ^warded ihe Navy Distinguished Civilian

5etv\c&Amrd.
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The ONR Boston Story WU

Arnet L. Powell

Deputy Director and Chief Scientist

ONR Boston

A great deal has been written regarding the origin and history of

that unique agency for sponsoring research —the Office of Naval

Research. However, the story of the field offices which have played

such an important role in carrying on the mission of ONR at the local

level is not quite so well known. Originally there were five such branches

in the Continental United States —in Boston, New York, Chicago,

San Francisco, and Pasadena. The ONR London Office, which was

established at the close of World War II to maintain scientific liaison

activities in Europe started during hostilities, continues to serve as a

two-way information exchange across the Atlantic. (See Naval Research

Reviews issue of March 1967, "ONR London — The Navy's International

Scientific Exchange.")

In July of 1966, the Boston and New York Branch Offices were

consolidated with Boston as headquarters. Similar action on the West

Coast resulted in a merger of the Pasadena and San Francisco field

offices with Pasadena in charge. This article will be limited to an ac-

count of the role played by the Boston Branch Office in developing

ONR's unique scheme of field research project administration. The

story of the New York office will be left to another time.

Ideas for the creation of an agency to support basic research within

the Navy Department had their inception in the minds of a number of

scientifically inclined people who were engaged in monitoring and

administering research programs during World War II. It was apparent

to these farsighted individuals that much of the high-level talent as-

sembled to conduct research during the emergency would be dispersed

after the war and the programs terminated. Therefore, it was evident

that prominent officials in the Navy Department, Congress, and the

Executive Branch had to be convinced of the importance of long-

range research to the maintenance of future military strength. Among

the leaders who clearly saw their responsibility in this matter were

Professor Jerome C. Hunsaker of the Massachusetts Institute of Tech-

nology, the first to serve as Coordinator of Research and Development

in the Navy Department; RADM J. A. Furer, USN, who succeeded

him in that post; CAPT R. D. Conrad, an officer with a truly remark-

able understanding of the Navy's technical needs; and RADM H. G.
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The ONR Boston Story 

Arnet L. Powell 
Deputy Director and Chief Scientist 

ONR Boston 

A great deal has been written regarding the origin and history of 

that unique agency for sponsoring research-the Office of Naval 
Research. However, the story of the field offices which have played 
such an important role in carrying on the mission of ONR at the local 
level is not quite so well known. Originally there were five such branches 
in the Continental United States-in Boston, New York, Chicago, 
San Francisco, and Pasadena. The ONR London Office, which was 
established at the close of World War II to maintain scientific liaison 
activities in Europe started during hostilities, continues to serve as a 
two-way information exchange across the Atlantic. (See Naval Research 
Reviews issue of March 1967, "ONR London -The Navy's International 
Scientific Exchange.") 

In July of 1966, the Boston and New York Branch Offices were 
consolidated with Boston as headquarters. Similar action on the West 
Coast resulted in a merger of the Pasadena and San Francisco field 
offices with Pasadena in charge. This article will be limited to an ac­
count of the role played by the Boston Branch Office in developing 
ONR's unique scheme of field research project administration. The 
story of the New York office will be left to another time. 

Ideas for the creation of an agency to support basic research within 
the Navy Department had their inception in the minds of a number of 
scientifically inclined people who were engaged in monitoring and 
administering research programs during World War II. It was apparent 
to these farsighted individuals that much of the high-level talent as­
sembled to conduct research during the emergency would be dispersed 
after the war and the programs terminated. Therefore, it was evident 
that prominent officials in the Navy Department, Congress, and the 
Executive Branch had to be convinced of the importance of long­
range research to the maintenance of future military strength. Among 
the leaders who clearly saw their responsibility in this matter were 
Professor Jerome C. Hunsaker of the Massachusetts Institute of Tech­
nology, the first to serve as Coordinator of Research and Development 
in the Navy Department; RADM J. A. Furer, USN, who succeeded 
him in that post; CAPT R. D. Conrad, an officer with a truly remark­
able understanding of the Navy's technical needs; and RADM H. G. 
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Bowen, who became the first Chief of Naval Research. A group of

bright, young Naval Reserve officers with technical backgrounds,

assembled by Dr. Hunsaker to work with him on research planning,

administration, coordination and evaluation, materially assisted in the

development of the concept of a basic research agency in the Navy.

Hunsaker applied the term "Bird Dogs" to these young men to charac-

terize metaphorically the way in which he was using them.*

Other forces were at work officially within the Navy Department;

and, on May 19, 1943, the Office of the Coordinator of Research and

Development was joined with the Naval Research Laboratory and the

Special Devices Division of the then Bureau of Aeronautics to form

the Office of Research and Inventions (ORI). This predecessor or-

ganization to the Office of Naval Research created the five continental

branch offices which later became the cornerstones of ONR's field

operations. Several of the Bird Dogs, notably Dr. James H. Wakelin,

Dr. Bruce S. Old, and Mr. Ralph A. Krause, helped provide advice in the

formulation of the Boston Branch Office of ORI. RADM's H. G. Bowen

and Luis deFlorez, along with CAPT Conrad, also played an impor-

tant role in initiating the new branch office.

The Boston Branch Office of the Office of Research and Inventions

was established on October 22, 1945 at the 150 Causeway Street office

building where many wartime Navy activities were located. Its first

personnel roster included the names of officers who had been assigned

to former National Defense Research Committee (NDRC) and Office

of Scientific Research and Development (OSRD) projects that had been

transferred to the new agency. On opening day of the Boston ORI

Office, there were 99 Navy officers, 76 enlisted personnel, and one

civilian on board (contrast this with the present roster of 86 civilians

and three officers). During the early months of operation, many wartime

activities were gradually disestablished and replaced by functions of

the new ORI branch office. Also, during this period those military

personnel who wished to be demobilized obtained their discharges;

and, in some cases, stayed on in equivalent civilian billets. As late as

July 1946, the personnel roster of the Boston ORI Office showed that

ten of 15 key staff members were still in uniform, including three of

the five scientists then on board.

Among the early employees of the Boston Office of Research and

Inventions who remained for a considerable period of years and

*"The Evolution of the Office of Naval Research" by the Bird Dogs, Physics Today, August 1961,

pp. 30-35.
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Bowen, who became the first Chief of Naval Research. A group of 
bright, young Naval Reserve officers with technical backgrounds, 

assembled by Dr. Hunsaker to work with him on research planning, 
administration, coordination and evaluation, materially assisted in the 
development of the concept of a basic research agency in the Navy. 
Hunsaker applied the term "Bird Dogs" to these young men to charac­
terize metaphorically the way in which he was using them.* 

Other forces were at work officially within the Navy Department; 
and, on May 19, 1943, the Office of the Coordinator of Research an<l 
Development was joined with the Na val Research Laboratory and the 
Special Devices Division of the then Bureau of Aeronautics to form 
the Office of Research and Inventions (ORI). This predecessor or­
ganization to the Office of Na val Research created the five continental 
branch offices which later became the cornerstones of ONR's field 
operations. Several of the Bird Dogs, notably Dr. James H. Wakelin, 
Dr. Bruce S. Old, and Mr. Ralph A. Krause, helped provide advice in-the 
formulation of the Boston Branch Office of ORI. RAD M's H. G. Bowen 
and Luis deFlorez, along with CAPT Conrad, also played an impor­
tant role in initiating the new branch office. 

The Boston Branch Office of the Office of Research and Inventions 
was established on October 22, 1945 at the 150 Causeway Street office 
building where many wartime Navy activities were located. Its first 
personnel roster included the names of officers who had been assigned 
to former National Defense Research Committee (NDRC) and Office 
of Scientific Research and Development (OSRD) projects that had been 
transferred to the new agency. On opening day of the Boston ORI 
Office, there were 99 Navy officers, 76 enlisted personnel, and one 
civilian on board (contrast this with the present roster of 86 civilians 
and three officers). During the early months of operation, many wartime 
activities were gradually disestablished and replaced by functions of 
the new ORI branch office. Also, during this period those military 
personnel who wished to be demobilized obtained their discharges; 
and, in some cases, stayed on in equivalent civilian billets. As late as 
July 1946, the personnel roster of the Boston ORI Office showed that 
ten of 15 key staff members were still in uniform, including three of 
the five scientists then on board. 

Among the early employees of the Boston Office of Research and 
Inventions who remained for a considerable period of years and 

*"The Evolution of the Office of Naval Research" by the Bird Dogs, Physics Today, August 1961, 
pp. 30-35. 
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played an active role in the development of ONR Boston were: Mr.

Kenneth C. Bernstein, Administrative Officer; Mr. Robert W. Hart,

Electronics Engineer; Miss Margaret Connolly, Personnel Assistant

and Assistant to the Administrative Officer; Mrs. Pauline (nee Sullivan)

Cassidy, Secretary to the Commanding Officer; Mrs. Jean (nee Con-

nelly) Donovan, Secretary to the Head of the Contract Administration

Department; Miss Dorothy Mercier, Correspondence Supervisor; and

Miss Mary Jorgensen, Secretary to the Head of the Patents Department.

More than half of these people are still with ONR Boston in the positions

cited; Mrs. Cassidy, Miss Connolly, and Mr. Hart left a few years ago.

The Right Man

The right man always makes the difference when a new venture is

undertaken. CDR Thomas H. Morrin, who was the first Commanding

Officer in Boston during the period November 5, 1945 to August 18,

1947, was just such a person. He possessed the necessary perceptive-

ness and administrative ability to pull the operations together after

the war and help sell the new agency to the local scientific community.

Tom Morrin vigorously attacked the organizational problems of the

infant office and provided much of the impetus that gave ONR early

acceptance in the Boston area. He effectively handled the complicated

tasks of phasing out the local Navy liaison offices, building the new ORI

office from scratch, formulating rules and regulations for its operation,

and gradually effecting a changeover from military to civilian personnel.

He was responsible for establishing smooth working relationships with

ORI headquarters in Washington and, from August 1946 on, for pro-

viding a smooth transition from the Office of Research and Inventions

to the Office of Naval Research. During CDR Morrin's regime, many

of the OSRD tasks which had identifiable long-range research potential

for the Navy were rescued and converted to ONR projects. Much was

done to organize an effective ONR contract research program in the

New England area and to provide for its efficient administration.

The Scientific Staff

The recruitment of scientists was an important activity in the early

life of the Boston Office. Dr. Harry Goheen, a brilliant young mathema-

tician who had served as a naval officer in the war, remained for a time

as a civilian specialist in mathematics and was also appointed Acting

Chief Scientist. Robert J. Bergemann, Jr. and Frederic J. Eppling,

two young naval officers with scientific backgrounds, stayed with the
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played an active role in the development of ONR Boston were: Mr. 
Kenneth C. Bernstein, Administrative Officer; Mr. Robert W. Hart, 
Electronics Engineer; Miss Margaret Connolly, Personnel Assistant 
and Assistant to the Administrative Officer; Mrs. Pauline (nee Sullivan) 
Cassidy, Secretary to the Commanding Officer; Mrs. Jean (nee Con­
nelly) Donovan, Secretary to the Head of the Contract Administration 
Department; Miss Dorothy Mercier, Correspondence Supervisor; and 
Miss Mary Jorgensen, Secretary to the Head of the Patents Department. 
More than half of these people are still with ONR Boston in the positions 
cited; Mrs. Cassidy, Miss Connolly, and Mr. Hart left a few years ago. 

The Right Man 

The right man always makes the difference when a new venture is 

undertaken. CDR Thomas H. Morrin, who was the first Commanding 
Officer in Boston during the period November 5, 1945 to August 18, 
194 7, was just such a person. He possessed the necessary perceptive­
ness and administrative ability to pull the operations together after 
the war and help sell the new agency to the local scientific community. 
Tom Morrin vigorously attacked the organizational problems of the 
infant office and provided much of the impetus that gave ONR early 
acceptance in the Boston area. He effectively handled the complicated 
tasks of phasing out the local Navy liaison offices, building the new ORI 
office from scratch, formulating rules and regulations for its operation, 
and gradually effecting a changeover from military to civilian personnel. 
He was responsible for establishing smooth working relationships with 
ORI headquarters in Washington and, from August 1946 on, for pro­
viding a smooth transition from the Office of Research and Inventions 
to the Office of Naval Research. During CDR Morrin's regime, many 
of the OSRD tasks which had identifiable long-range research potential 
for the Navy were rescued and converted to ONR projects. Much was 
done to organize an effective ONR contract research program in the 
New England area and to provide for its efficient administration. 

The Scientific Staff 

The recruitment of scientists was an important activity in the early 
life of the Boston Office. Dr. Harry Goheen, a brilliant young mathema­
tician who had served as a naval officer in the war, remained for a time 
as a civilian specialist in mathematics and was also appointed Acting 
Chief Scientist. Robert J. Bergemann, Jr. and Frederic J. Eppling, 
two young naval officers with scientific backgrounds, stayed with the 
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Boston Office Scientific Section as civilian staff members for several

years after the war. Dr. Eppling is presently a physics lecturer and

Associate Director of M.I.T.'s Laboratory for Nuclear Science, and

Mr. Bergemann is a staff engineer at the Lincoln Laboratory.

The search for a more permanent Head of the Scientific Department

resulted in the selection of Dr. J. Horace Faull, Jr., who was prominent

in research on rubber and elastomers and who was in the U.S. Govern-

ment Synthetic Rubber Program as a technical manager during the

Second World War. Both he and Dr. Carl F. Muckenhoupt, who suc-

ceeded him as Chief Scientist, joined the Boston Office in 1946.

Dr. Faull, a long-time resident of the Boston area, was well acquainted

with the local scientific community and its potential for conducting

research of interest to the Navy. He was also well qualified for the post

of Chief Scientist because of his fine understanding of the value of basic

research in providing the new knowledge required for the intelligent

prosecution of applied research and development programs leading to

useful end items. Also, his experience during World War II had

heightened his interest in helping to rebuild the basic research program

of the country.

In the summer of 1946, Dr. Faull was working for the Baytown,

Texas plant of the General Latex and a Chemical Company and the

General Tire and Rubber Company —a joint corporate entity. Dr.

Arthur Sloan, a friend of Faull's and later the founder of the Atlantic

Research Corporation, had just accepted the position of Head of the

Scientific Section of the New York Branch Office of ORI. He suggested

Dr. Faull as a candidate for the equivalent position in the Boston Of-

fice. A trip to Washington followed where Faull was offered the post

by Dr. Alan Waterman, the first Chief Scientist of the Office of Naval

Research. He accepted tantamount to working out a satisfactory agree-

ment with his industrial employers. This problem was satisfactorily

resolved when Faull was granted a leave of absence with retainer to

strengthen the technical staff and to establish a scientific development

program at Baytown.

Dr. Faull ultimately reported to the Boston Office in late October

1946, and immediately set himself to the task of establishing policy

for the Scientific Section and helping to formulate the mission for the

young office. He was instrumental in persuading a number of reluctant

scientists at Harvard and M.I.T. that ONR provided a new kind of

Navy contract operation that permitted just the degree of flexibility

they required to conduct basic research under government support.

Also he vigorously attacked the problem of staffing the Scientific Section

4

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(U
n
iv

e
rs

it
y
 o

f 
M

a
ry

la
n
d

, 
C

o
lle

g
e
 P

a
rk

) 
o
n
 2

0
1

4
-1

0
-0

1
 1

5
:5

4
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/u
iu

g
.3

0
1

1
2

0
7

5
6

2
9

0
9

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le

Boston Office Scientific Section as civilian st'1ff members for several 
years after the war. Dr. Eppling is presently a physics lecturer and 
Associate Director of M.I.T.'s Laboratory for Nuclear Science, and 
Mr. Bergemann is a staff engineer at the Lincoln Laboratory. 

The search for a more permanent Head of the Scientific Department 
resulted in the selection of Dr. J. Horace Faull, Jr., who was prominent 
in research on rubber and elastomers and who was in the U.S. Govern­
ment Synthetic Rubber Program as a technical manager during the 
Second World War. Both he and Dr. Carl F. Muckenhoupt, who suc­
ceeded him as Chief Scientist, joined the Boston Office in 1946. 

Dr. Faull, a long-time resident of the Boston area, was well acquainted 
with the local scientific community and its potential for conducting 
research of interest to the Navy. He was also well qualified for the post 
of Chief Scientist because of his fine understanding of the value of basic 
research in providing the new knowledge required for the intelligent 
prosecution of applied research and development programs leading to 
useful end items. Also, his experience during World War II had 
heightened his interest in helping to rebuild the basic research program 
of the country. 

In the summer of 1946, Dr. Faull was working for the Baytown, 
Texas plant of the General Latex and a Chemical Company and the 
General Tire and Rubber Company-a joint corporate entity. Dr. 

Arthur Sloan, a friend of Faull's and later the founder of the Atlantic 
Research Corporation, had just accepted the position of Head of the 
Scientific Section of the New York Branch Office of ORI. He suggested 
Dr. Faull as a candidate for the equivalent position in the Boston Of­
fice. A trip to Washington followed where Faull was offered the post 
by Dr. Alan Waterman, the first Chief Scientist of the Office of Naval 
Research. He accepted tantamount to working out a satisfactory agree­
ment with his industrial employers. This problem was satisfactorily 
resolved when Faull was granted a leave of absence with retainer to 
strengthen the technical staff and to establish a scientific development 
program at Baytown. 

Dr. Faull ultimately reported to the Boston Office in late October 
1946, and immediately set himself to the task of establishing policy 
for the Scientific Section and helping to formulate the mission for the 
young office. He was instrumental in persuading a number of reluctant 
scientists at Harvard and M.I.T. that ONR provided a new kind of 
Navy contract operation that permitted just the degree of flexibility 
they required to conduct basic research under government support. 
Also he vigorously attacked the problem of staffing the Scientific Section 
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which was a somewhat worrisome situation in the general postwar rush

to recruit scientists and engineers for all sorts of positions in industry

and the universities. Well prepared advertisements drew in a surpris-

ing number of applicants, including Dr. A. L. Powell, currently Deputy

Director and Chief Scientist, and Mr. T. B. Dowd, currently Deputy

Chief Scientist, who were selected in June 1947 as junior chemist and

junior physicist, respectively. Not long afterward, Mr. Arthur H. Healy,

who soon became Head of the Contract Administration Department,

transferred from ONR Washington.

Dr. Faull did not remain long with the Boston Branch Office. His

industrial commitments led to an invitation to return to the General

Latex and Chemical Corporation to assume direction of their research

programs. Acceptance of this post culminated in his resignation as

Chief Scientist of ONR Boston in September 1948. However, he never

really left ONR; rather, he stayed on as a part-time consultant in

elastomer and polymer science, and returned to full-scale duty as Elas-

tomer Scientist and Chemist in 1961. Indeed, one of the underlying

factors for the success of the Boston Branch Office has been the quality

of the key people it has been able to attract and to retain for long

periods of time.

Dr. Carl F. Muckenhoupt, who had been Assistant Head of the Scien-

tific Section under Dr. Faull, became Chief Scientist in September 1948

and served in that capacity until August 1959 when he accepted a

staff position at Northeastern University.

Two Senior Scientists

Two senior scientists, who were persuaded to join the Boston Office

in 1948 as consultants after having completed distinguished careers,

had much to do with shaping the scientific mission and setting the tone

of the young operation. One of these eminent contributors was Pro-

fessor Edwin Bidwell Wilson, a distinguished educator and administra-

tor whose remarkable mind appeared to encompass all knowledge as

its province. He had served as Chairman of the Department of Physics

at M.I.T. from 1911 to 1922, and then became the first Professor and

Head of the Department of Vital Statistics at the Harvard School of

Public Health —a post he retained until his retirement in 1945. After

a year as Stevenson Lecturer on Citizenship at the University of Glas-

gow, he returned to Boston and soon became part of the ONR family.

E. B. Wilson graduated from Harvard in 1899 summa cum laude in

mathematics, and continued his studies at Yale, receiving his Ph.D.
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which was a somewhat worrisome situation in the general postwar rush 
to recruit scientists and engineers for all sorts of positions in industry 
and the universities. Well prepared advertisements drew in a surpris­
ing number of applicants, including Dr. A. L. Powell, currently Deputy 
Director and Chief Scientist, and Mr. T. B. Dowd, currently Deputy 
Chief Scientist, who were selected in June 194 7 as junior chemist and 
junior physicist, respectively. No~ long afterward, Mr. Arthur H. Healy, 
who soon became Head of the Contract Administration Department, 
transferred from ONR Washington. 

Dr. Faull did not remain long with the Boston Branch Office. His 
industrial commitments led to an invitation to return to the General 
Latex and Chemical Corporation to assume direction of their research 
programs. Acceptance of this post culminated in his resignation as 
Chief Scientist of ONR Boston in September 1948. However, he never 
really left ONR; rather, he stayed on as a part-time consultant in 
elastomer and polymer science, and returned to full-scale duty as Elas­
tomer Scientist and Chemist in 1961. Indeed, one of the underlying 
factors for the success of the Boston Branch Office has been the quality 
of the key people it has been able to attract and to retain for long 
periods of time. 

Dr. Carl F. Muckenhoupt, who had been Assistant Head of the Scien­
tific Section under Dr. Faull, became Chief Scientist in September 1948 
and served in that capacity until August 1959 when he accepted a 
staff position at Northeastern University. 

Two Senior Scientists 

Two senior scientists, who were persuaded to join the Boston Office 
in 1948 as consultants after having completed distinguished careers, 
had much to do with shaping the scientific mission and setting the tone 
of the young operation. One of these eminent contributors was Pro­
fessor Edwin Bidwell Wilson, a distinguished educator and administra­
tor whose remarkable mind appeared to encompass all knowledge as 
its province. He had served as Chairman of the Department of Physics 
at M.I.T. from 1911 to 1922, and then became the first Professor and 
Head of the Department of Vital Statistics at the Harvard School of 
Public Health - a post he retained until his retirement in 1945. After 
a year as Stevenson Lecturer on Citizenship at the University of Glas­
gow, he returned to Boston and soon became part of the ONR family. 

E. B. Wilson graduated from Harvard in 1899 summa cum Laude in 
mathematics, and continued his studies at Yale, receiving his Ph.D. 
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there in 1901. His mentor was J. Willard Gibbs who many experts re-

gard as America's greatest scientist of the nineteenth century. The

mantle of the great Gibbs fell upon Dr. Wilson: he taught some of

Gibbs' courses and collaborated with him on the textbook Gibbs-Wilson

Vector Analysis.

After a year at the Sorbonne, Professor Wilson became a mathematics

instructor at Yale and Harvard. Later, while at M.I.T. with Professor

Jerome C. Hunsaker, he helped develop the first Department of Aero-

nautics in the United States. The organization of this department was

brought about by the intercession of the British government, and E. B.

Wilson's participation was requested by President Woodrow Wilson.

The first textbook on aeronautics, published in 1920 by Wiley, was

written by E. B. Wilson based on his fundamental knowledge of hydro-

dynamics and the lecture notes he developed for this first course.

During the period 1920-22, he served as secretary of an administrative

committee that ran M.I.T. in an interim period between two presidents.

He even served as a Professor of Economics at Harvard while at the

School of Public Health.

It is difficult to count the number of careers E. B. Wilson had: if the

diversity of his publications is a criterion he had seven — mathematics,

physics, aeronautics, statistics (both theoretical and applied), economics,

epidemiology, and sociology. He was a member and an officer of numer-

ous scientific organizations representing a wide variety of disciplines.

Because of his remarkable fund of knowledge, encyclopedic memory,

and catholicity of interests, his colleagues described him as a "modern

Renaissance man."

One can easily imagine the impact the arrival of such an intellectual

giant had on the fledgling Boston Branch Office. Younger staff members

literally became apprentices at his knees; and the office grew in stature

as this "Consultant in General Science" brought wisdom and experi-

ence to bear on ONR's blossoming scientific mission. The office was

most fortunate in having him aboard in his final, post-retirement career

which lasted to the day of his death — December 28, 1964. Dr. Wilson's

outstanding contributions to the development of aeronautical theory,

to the founding of naval aviation, and to ONR were recognized in

May 1964 in the bestowal of the Navy Distinguished Civilian Service

Award by the Honorable Paul H. Nitze, then Secretary of the Navy.

During his year's of service, E. B. Wilson made it clear to his colleagues

on many occasions, both within and without the office, that he found

his latest career the most satisfying. The Boston Branch Offiice memori-

alized its beloved Professor E. B. Wilson by dedicating and renaming

its library and conference room in his honor.

A second eminent senior scientist joined the Boston Office at about

the same time as E. B. Wilson. Dr. Roy G. Hoskins, who was often
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there in 1901. His mentor was J. Willard Gibbs who many experts re­
gard as America's greatest scientist of the nineteenth century. The 
mantle of the great Gibbs fell upon Dr. Wilson: he taught some of 
Gibbs' courses and collaborated with him on the textbook Gibbs-Wilson 
Vector Analysis. 

Mter a year at the Sorbonne, Professor Wilson became a mathematics 
instructor at Yale and Harvard. Later, while at M.I.T. with Professor 
Jerome C. Hunsaker, he helped develop the first Department of Aero­
nautics in the United States. The organization of this department was 
brought about by the intercession of the British government, and E. B. 
Wilson's participation was requested by President Woodrow Wilson. 
The first textbook on aeronautics, published in 1920 by Wiley, was 
written by E. B. Wilson based on his fundamental knowledge of hydro­
dynamics and the lecture notes he developed for this first course. 

During the period 1920-22, he served as secretary of an administrative 
committee that ran M.I.T. in an interim period between two presidents. 
He even served as a Professor of Economics at Harvard while at the 
School of Public Health. 

It is difficult to count the number of careers E. B. Wilson had: if the 
diversity of his publications is a criterion he had seven - mathematics, 
physics, aeronautics, statistics (both theoretical and applied), economics, 
epidemiology, and sociology. He was a member and an officer of numer­
ous scientific organizations representing a wide variety of disciplines. 
Because of his remarkable fund of knowledge, encyclopedic memory, 
and catholicity of interests, his colleagues described him as a "modern 
Renaissance man." 

One can easily imagine the impact the arrival of such an intellectual 
giant had on the fledgling Boston Branch Office. Younger staff members 
literally became apprentices at his knees; and the office grew in stature 
as this "Consultant in General Science" brought wisdom and experi­
ence to bear on ONR's blossoming scientific mission. The office was 
most fortunate in having him aboard in his final, post-retirement career 
which lasted to the day of his death-December 28, 1964. Dr. Wilson's 
outstanding contributions to the development of aeronautical theory, 
to the founding of naval aviation, and to ONR were recognized in 
May 1964 in the bestowal of the Navy Distinguished Civilian Service 
Award by the Honorable Paul H. Nitze, then Secretary of the Navy. 

During his year's of service, E. B. Wilson made it clear to his colleagues 
on many occasions, both within and without the office, that he found 
his latest career the most satisfying. The Boston Branch Offiice memori­
alized its beloved Professor E. B. Wilson by dedicating and renaming 
its library and conference room in his honor. 

A second eminent senior scientist joined the Boston Office at about 
the same time as E. B. Wilson. Dr. Roy G. Hoskins, who was often 
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referred to as the "Father of Endocrinology" because of his many im-

portant contributions to neuroendocrine research, served ONR Boston

as Medical Sciences Consultant from 1948 to 1964. A kindly, soft-

spoken person, Dr. Hoskins endeared himself to the hearts of all those

associated with him. Prior to casting his lot with the Navy, Roy Hoskins

held the post of Director of the Memorial Foundation for Neuroen-

docrine Research at Harvard University (1927 to 1947). During that

period he achieved international repute as an authority on the en-

docrine glands —the thyroid, pituitary, adrenals, and gonads.

Dr. Hoskins was the possessor of two doctorates: he received a Ph.D.

from Harvard Medical School in 1911; and, after World War I service

as an Army Major, obtained his M.D. degree from Johns Hopkins

University in 1920. One of the founders of the Worcester Foundation

for Experimental Biology, he served as secretary for a number of

years and was a trustee at the time of his death. In the academic field

Dr. Hoskins held professorships at Starling-Ohio Medical School,

Northwestern University, Ohio State University and Tufts Medical

School. He held research associateships at Harvard Medical School

and Worcester State Hospital and served as a research consultant to

the Boston State Hospital.

One of Roy Hoskins' key scientific achievements was his early recog-

nition that the methods of physical science could be applied productively

to the problems of mental illness. He was especially well known for his

insight into the causes and possible cure for dementia praecox and for

the interdisciplinary team approach he applied to research on this

disease. In 1935 he gave a lecture series at Harvard on the relationship

between gland factors and personality. That series has since culminated

in the book entitled The Tides of Life. He was a pioneer in the field of

gerontology at a time when the problem of an aging population was

a widely neglected subject.

Hoskins and Wilson, as sagacious senior advisors and consultants,

provided much of the sound foundation upon which the scientific

operations of the Boston Office now exist. Both men had a remarkable

knack for providing advice to men in supervisory positions in Boston

in a manner that did not arouse a hint of resentment. They were truly

great scientists and wonderful human beings.

Moving Ahead

Under Dr. Carl Muckenhoupt, the Boston Office began to expand its

contract research operations and soon had implemented, within the

assigned five-state area, a very broad program of basic and applied re-

search covering nearly all the disciplines that were relevant to Navy

interests. The scientific staff set itself to the task of becoming acquaint-

ed with the research being conducted on these projects, with the
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referred to as the "Father of Endocrinology" because of his many im­
portant contributions to neuroendocrine research, served ONR Boston 
as Medical Sciences Consultant from 1948 to 1964. A kindly, soft­
spoken person, Dr. Hoskins endeared himself to the hearts of all those 
associated with him. Prior to casting his lot with the Navy, Roy Hoskins 
held the post of Director of the Memorial Foundation for Neuroen­
docrine Research at Harvard University ( 1927 to 194 7). During that 
period he achieved international repute as an authority on the en­
docrine glands - the thyroid, pituitary, adrenals, and gonads. 

Dr. Hoskins was the possessor of two doctorates: he received a Ph.D. 
from Harvard Medical School in 1911; and, after World War I service 
as an Army Major, obtained his M.D. degree from Johns Hopkins 
University in 1920. One of the founders of the Worcester Foundation 
for Experimental Biology, he served as secretary for a number of 
years and was a trustee at the time of his death. In the academic field 
Dr. Hoskins held professorships at Starling-Ohio Medical School, 
Northwestern University, Ohio State University and Tufts Medical 
School. He held research associateships at Harvard Medical School 
and Worcester State Hospital and served as a research consultant to 
the Boston State Hospital. 

One of Roy Hoskins' key scientific achievements was his early recog­
nition that the methods of physical science could be applied productively 
to the problems of mental illness. He was especially well known for his 
insight into the causes and possible cure for dementia praecox and for 
the interdisciplinary team approach he applied to research on this 
disease. In 1935 he gave a lecture series at Harvard on the relationship 
between gland factors and personality. That series has since culminated 
in the book entitled The Tides of Life. He was a pioneer in the field of 
gerontology at a time when the problem of an aging population was 
a widely neglected subject. 

Hoskins and Wilson, as sagacious senior advisors and consultants, 
provided much of the sound foundation upon which the scientific 
operations of the Boston Office now exist. Both men had a remarkable 
knack for providing advice to men in supervisory positions in Boston 
in a manner that did not arouse a hint of resentment. They were truly 
great scientists and wonderful human beings. 

Moving Ahead 

Under Dr. Carl Muckenhoupt, the Boston Office began to expand its 
contract research operations and soon had implemented, within the 
assigned five-state area, a very broad program of basic and applied re­
search covering nearly all the disciplines that were relevant to Navy 
interests. The scientific staff set itself to the task of becoming acquaint­
ed with the research being conducted on these projects, with the 
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investigators involved, and in making a variety of contacts with the

local scientific community for the overall benefit of naval research.

The Contract Administration Department, under the leadership of

Arthur H. Healy, began to build up its unique expertise in dealing

with basic research contracts in colleges, universities, and non-profit

research foundations. ONR's remarkable success in this new kind of

contract administration is evidenced by the fact that the ONR Branch

Office Contract Administration Departments have been recognized as

the agencies for field administration of all Department of Defense and

NASA research contracts and grants in educational institutions. The

Patent Section, under the direction of Mr. Joseph Weingarten, began

to tackle the tremendous backlog of invention disclosures inherited

from the wartime government agencies.

The Commanding Officers who succeeded CDR Morrin provided a

variety of contributions to the development of the Boston Office,

each from his own background of experience in the Navy. Some were

a bit "at sea" in the research environment in which they found them-

selves and underwent early periods of adjustment. Most became

fascinated with the people with whom they came into daily contact,

and the unparalleled opportunity to acquire broad knowledge in

scientific and technological areas. All found their duty period in Boston

a rewarding one and were proud of the performance of the strong

civilian staff which conducted the work of the office so well.

The second Commanding Officer was CAPT John G. Johns of World

War II submarine fame who stayed until December 20, 1948. Succeed-

ing him were CAPT's A. L. Pleasants, F. B. Eggers, D. C. Beard, J. F.

Benson, V. H. Soucek, G. K. Williams, W. C. Hilgedick, G. W. Oker-

son, and the present incumbent, CAPT John H. Terry. CDR William

S. Adami served as Commanding Officer for a short period in 1963

before CAPT Okerson came on board.

CAPT Terry is exceptionally well qualified scientifically to be Director

of the Boston Branch Office. He possesses the Bachelor of Science and

Master of Science degrees from Rensselaer Polytechnic Institute, and

an M.S. degree in Mathematics from George Washington University,

which he earned when assigned to the then Bureau of Aeronautics

in Washington. He also had three years of graduate study in biophysics

at the University of California, Berkeley, in connection with a Navy

policy to train officers in nuclear weapons effects. In 1954-1955 he at-

tended the Oak Ridge School of Reactor Technology and was then

assigned as Project Officer on the Naval Aircraft Nuclear Propulsion

Program in the Division of Reactor Development of the Atomic Energy

Commission. He has also held Navy assignments as Head of the Elec-

tronics Laboratory, Pilotless Aircraft Division, Naval Air Development

Center, Johnsville, Pennsylvania; Chief of the Research Division of the
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investigators involved, and in making a variety of contacts with the 
local scientific community for the overall benefit of naval research. 

The Contract Administration Department, under the leadership of 
Arthur H. Healy, began to build up its unique expertise in dealing 
with basic research contracts in colleges, universities, and non-profit 
research foundations. ONR's remarkable success in this new kind of 
contract administration is evidenced by the fact that the ONR Branch 
Office Contract Administration Departments have been recognized as 
the agencies for field administration of all Department of Defense and 
NASA research contracts and grants in educational institutions. The 
Patent Section, under the direction of Mr. Joseph Weingarten, began 
to tackle the tremendous backlog of invention disclosures inherited 
from the wartime government agencies. 

The Commanding Officers who succeeded CDR Morrin provided a 
variety of contributions to the development of the Boston Office, 
each from his own background of experience in the Navy. Some were 
a bit "at sea" in the research environment in which they found them­
selves and underwent early periods of adjustment. Most became 
fascinated with the people with whom they came into daily contact, 
and the unparalleled opportunity to acquire broad knowledge in 
scientific and technological areas. All found their duty period in Boston 
a rewarding one and were proud of the performance of the strong 
civilian staff which conducted the work of the office so well. 

The second Commanding Officer was CAPT John G. Johns of World 
War II submarine fame who stayed until December 20, 1948. Succeed­
ing him were CAPT's A. L. Pleasants, F. B. Eggers, D. C. Beard, J. F. 
Benson, V. H. Soucek, G. K. Williams, W. C. Hilgedick, G. W. Oker­
son, and the present incumbent, CAPT John H. Terry. CDR William 
S. Adami served as Commanding Officer for a short period in 1963 
before CAPT Okerson came on board. 

CAPT Terry is exceptionally well qualified scientifically to be Director 
of the Boston Branch Office. He possesses the Bachelor of Science and 
Master of Science degrees from Rensselaer Polytechnic Institute, and 
an M.S. degree in Mathematics from George Washington University, 
which he earned when assigned to the then Bureau of Aeronautics 
in Washington. He also had three years of graduate study in biophysics 
at the University of California, Berkeley, in connection with a Navy 
policy to train officers in nuclear weapons effects. In 1954-1955 he at­
tended the Oak Ridge School of Reactor Technology and was then 
assigned as Project Officer on the Naval Aircraft Nuclear Propulsion 
Program in the Division of Reactor Development of the Atomic Energy 
Commission. He has also held Navy assignments as Head of the Elec­
tronics Laboratory, Pilotless Aircraft Division, Naval Air Development 
Center, Johnsville, Pennsylvania; Chief of the Research Division of the 
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Defense Atomic Support Agency; and Director, Nuclear Applications

Division, Bureau of Naval Weapons.

With E. B. Wilson and Roy Hoskins opening doors in the New Eng-

land region, the Boston Office began to make its presence felt in the

halls of research. Large projects of broad scope, as well as smaller ones

on specific topics, began to accumulate on the ONR Boston Contract

and Proposal List. Many outstanding scientists, some of whom later

became Nobel Laureates, received ONR contract support.

The great majority of the research projects were clustered around

Boston and Cambridge, with satellite concentrations at Woods Hole,

Mass.; Providence, Rhode Island; and the Connecticut Valley in

Western Massachusetts. A few tasks were scattered over the Northern

New England States of Maine, Vermont and New Hampshire. This

situation alleviated the travel obligations of the staff, making it pos-

sible for ONR Boston to build unusually close and cordial relations

with university officials, project directors, working scientists, and busi-

ness office staffs of the region's varied institutions. Up until the time of

the consolidation with the New York Branch Office in July 1966, less

than 200 ONR contracts were handled in the Boston Branch Office.

Thus it was possible to do a rather thorough job in all phases of cog-

nizance. (It should be pointed out in this connection that one of the

original six New England States assigned to ONR Boston — Connecti-

cut— was removed from Boston responsibility in 1946, transferred

to the New York Office, and not returned to Boston until the merger

twenty years later.)

Stars of the Research Galaxy

Of the galaxy of great research programs which the Office of Naval

Research fostered in its first twenty years of existence, many stars

of the first magnitude developed in the Boston area

M.I.T.'s Research Laboratory of Electronics, which succeeded the

famous wartime Radiation Laboratory, produced not only great re-

search but a coterie of investigators who grew into the front ranks of

science. Julius A. Stratton, one of the early directors, later became

President of M.I.T. His successor, Jerome B. Wiesner, served for

several years as scientific advisor to President Kennedy and is presently

Provost of M.I.T.

RLE's accomplishments in electronics and physics are too numerous

to mention here. Many basic contributions to circuitry, components,

microwave spectroscopy, radio astronomy, plasma dynamics, communi-

cations, and molecular beams have resulted. A sizeable portion of the

laboratory's present program is devoted to work on neurophysiology,

man-machine interactions, speech communication, and cognitive

information processing, including development of sensory aids for the

288 - 793 O - 68 - 2
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Defense Atomic Support Agency; and Director, Nuclear Applications 
Division, Bureau of Naval Weapons. 

With E. B. Wilson and Roy Hoskins opening doors in the New Eng­
land region, the Boston Office began to make its presence felt in the 
halls of research. Large projects of broad scope, as well as smaller ones 
on specific topics, began to accumulate on the ONR Boston Contract 
and Proposal List. Many outstanding scientists, some of whom later 
became Nobel Laureates, received ONR contract support. 

The great majority of the research projects were clustered around 
Boston and Cambridge, with satellite concentrations at Woods Hole, 
Mas~.; Providence, Rhode Island; and the Connecticut Valley in 
Western Massachusetts. A few tasks were scattered over the Northern 
New England States of Maine, Vermont and New Hampshire. This 
situation alleviated the travel obligations of the staff, making it pos­
sible for ONR Boston to build unusually close and cordial relations 
with university officials, project directors, working scientists, and busi­
ness office staffs of the region's varied institutions. Up until the time of 
the consolidation with the New York Branch Office in July 1966, less 
than 200 ONR contracts were handled in the B.oston Branch Office. 
Thus it was possible to do a rather thorough job in all phases of cog­
nizance. (It should be pointed out in this connection that one of the 
original six New England States assigned to ONR Boston-Connecti­
cut- was removed from Boston responsibility in 1946, transferred 
to the New York Office, and not returned to Boston until the merger 
twenty years later.) 

Stars of the Research Galaxy 

Of the galaxy of great research programs which the Office of Naval 
Research fostered in its first twenty years of existence, many stars 
of the first magnitude developed in the Boston area 

M.I.T.'s Research Laboratory of Electronics, which succeeded the 
famous wartime Radiation Laboratory, produced not only great re­
search but a coterie of investigators who grew into the front ranks of 
science. Julius A. Stratton, one of the early directors, later became 
President of M.I.T. His successor, Jerome B. Wiesner, served for 
several years as scientific advisor to President Kennedy and is presently 
Provost of M.I.T. 

RLE's accomplishments in electronics and physics are too numerous 
to mention here. Many basic contributions to circuitry, components, 
microwave spectroscopy, radio astronomy, plasma dynamics, communi­
cations, and molecular beams have resulted. A sizeable portion of the 
laboratory's present program is devoted to work on neurophysiology, 
man-machine interactions, speech communication, and cognitive 
information processing, including development of sensory aids for the 
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blind. ONR Boston scientists have been close to these programs from

the beginning and have provided much valuable advice and counsel

to the directors and working scientists.

The Boston Office played an important role in the initiation and

guidance of many research programs which have been very bene-

ficial—in terms of both scientific accomplishments and naval applica-

tions. Professor Nicolaas Bloembergen of Harvard University con-

ceived the idea for the three-level solid state maser while performing

research under an ONR contract. Jay W. Forrester, the inventor and

developer of the Whirlwind I Computer, was supported by ONR under

a contract through the Naval Training Device Center. This grandfather

of the present-day computer was a major breakthrough in the state-

of-the-art in computer technology and paved the way for the more

sophisticated models that came later: its magnetic core memory has

found many important applications in the last twenty years.

J. A. Pierce of Harvard contributed much to navigational aids while

supported by ONR. He laid the foundation for the advanced naviga-

tional system OMEGA which shows great promise for operational

service.

Professor Fred L. Whipple of the Harvard College Observatory was

an ONR contractor. His pioneering research on meteors has led not

only to a scientific understanding of meteors but also has contributed to

the solution of re-entry problems, ballistic missile detection, and the

development of the Baker Super-Schmidt meteor cameras.

Frederick V. Hunt, also of Harvard, has been a prime contributor

to scientific and technological progress in underwater acoustics. The

ARTEMIS concept (named for the goddess of the "hunt") was his

brainchild. Also he did a great deal to develop the application of cor-

relation techniques to acoustic receiving systems.

C. Stark Draper of M.I.T. devised an inertial navigation technique

which ultimately resulted in the guidance system currently employed

with so much success in POLARIS submarines.

William Stone, Jr., while with the Massachusetts Eye and Ear In-

firmary in Boston, developed plastic corneas that may eventually be

transplanted successfully into humans.

Warren Rohsenow of M.I.T.'s Mechanical Engineering Department

provided some valuable technological information in the course of

his boiling water transfer studies at high heat flux which contributed

significantly to the development of nuclear reactors for submarine

propulsion.

ONR did a great deal to stimulate cryogenics research after World

War II. In the Boston area, Samuel Collins of M.I.T. was one of the

most creative of the pioneers: his particular accomplishment was the

development of the helium cryostat, now a commercial product of
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blind. ONR Boston scientists have been close to these programs from 
the beginning and have provided much valuable advice and counsel 
to the directors and working scientists. 

The Boston Office played an important role in the initiation and 
guidance of many research programs which have been very bene­
ficial-in terms of both scientific accomplishments and naval applica­
tions. Professor Nicolaas Bloembergen of Harvard University con­
ceived the idea for the three-level solid state maser while performing 
research under an ONR contract. Jay W. Forrester, the inventor and 
developer of the Whirlwind I Computer, was supported by O NR under 
a contract through the Naval Training Device Center. This grandfather 
of the present-day computer was a major breakthrough in the state­
of-the-art in computer technology and paved the way for the more 
sophisticated models that came later: its magnetic core memory has 
found many important applications in the last twenty years. 

J . A. Pierce of Harvard contributed much to navigational aids while 
supported by ONR. He laid the foundation for the advanced naviga­
tional system OMEGA which shows great promise for operational 
service. 

Professor Fred L. Whipple of the Harvard College Observatory was 
an ONR contractor. His pioneering research on meteors has led not 
only to a scientific understanding of meteors but also has contributed to 
the solution of re-entry problems, ballistic missile detection, and the 
development of the Baker Super-Schmidt meteor cameras. 

Frederick V. Hunt, also of Harvard, has been a prime contributor 
to scientific and technological progress in underwater acoustics. The 
ARTEMIS concept (named for the goddess of the "hunt") was his 
brainchild. Also he did a great deal to develop the application of cor­
relation techniques to acoustic receiving systems. 

C. Stark Draper of M.I.T. devised an inertial navigation technique 
which ultimately resulted in the guidance system currently employed 
with so much success in POLARIS submarines. 

William Stone, Jr., while with the Massachusetts Eye and Ear In­
firmary in Boston, developed plastic corneas that may eventually be 
transplanted successfully into humans. 

Warren Rohsenow of M.I.T.'s Mechanical Engineering Department 
provided some valuable technological information in the course of 
his boiling water transfer studies at high heat flux which contributed 
significantly to the development of nuclear reactors for submarine 
propulsion. 

ONR did a great deal to stimulate cryogenics research after World 
War II. In the Boston area, Samuel Collins of M.I.T. was one of the 
most creative of the pioneers: his particular accomplishment was the 
development of the helium cryostat, now a commercial product of 
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Arthur D. Little, Inc. This was the first practical device that permitted

physicists, chemists, and engineers to study materials and reactions at

temperatures close to absolute zero.

Early work in weather modification stemmed from sponsored re-

search at Arthur D. Little, Inc. under the direction of Bernard Von-

negut who collaborated with the late Irving Langmuir in developing

cloud-seeding techniques to induce rainfall. Pioneering investigations

by A. H. Woodcock under ONR sponsorship at Woods Hole Oceano-

graphic Institution may eventually make it possible to grow clouds at

will.

Today's computerized weather services, utilized by the military and

civilian establishments alike, grew out of research programs initiated

more than twenty years ago. Early work (1947) was done by a team

directed by the late Professor J. von Neumann at Princeton. The

modern weather service is centralized with all working charts generated

by the computer at an operational center and the finished product

transmitted by facsimile to the users. Jule Charney of M.I.T. developed

many of the techniques for weather forecasting by computer under

contract support by ONR.

Professor George Wald of Harvard University, who conducted re-

search on the physiology and biochemistry of vision, was supported

by ONR for many years. He began during World War II with work on

eye pigments and color vision. After cessation of hostilities, support

was picked up by ONR and the project was continued for about 18 years.

Important basic information was obtained on the identification, char-

acterization, and synthesis of visual pigments and related substances.

Wald's advanced techniques made it possible to make in vivo observa-

tions of the presence and behavior of the receptors that control color

vision in man. These sensitive methods are being employed to investi-

gate color vision variations among the human population and to

elucidate the biochemistry underlying the deviations. Wald's work is

leading to a complete biochemical explanation of color blindness,

including an understanding of the genetics down to the level of the

genes and DNA association involved. For these major scientific achieve-

ments with their long-range implications for complete understanding

of the biochemistry of human vision, Dr. Wald was awarded a share

of the Nobel Prize in Medicine for 1967.

As a result of the Japanese conquest of the Philippines in the early

years of World War II, there was a critical deficiency in the availability

of Manila hemp (abaca). After the conflict ended, it was recognized that

measures should be taken to avert any future shortages in the supply

of natural fibers for naval use. An ONR research program with the

objective of finding a feasible substitute for Manila abaca for naval

cordage was assigned to Fabric Research Laboratories, Inc., Boston,
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Arthur D. Little, Inc. This was the first practical device that permitted 
physicists, chemists, and engineers to study materials and reactions at 
temperatures close to absolute zero. 

Early work in weather modification stemmed from sponsored re­
search at Arthur D. Little, Inc. under the direction of Bernard Von­
negut who collaborated with the late Irving Langmuir in developing 
cloud-seeding techniques to induce rainfall. Pioneering investigations 
by A. H. Woodcock under ONR sponsorship at Woods Hole Oceano­
graphic Institution may eventually make it possible to grow clouds at 
will. 

Today's computerized weather services, utilized by the military and 
civilian establishments alike, grew out of research programs initiated 
more than twenty years ago. Early work ( 194 7) was done by a team 
directed by the late Professor J. von Neumann at Princeton. The 
modern weather service is centralized with all working charts generated 
by the computer at an operational center and the finished product 
transmitted by facsimile to the users. Jule Charney of M.I.T. developed 
many of the techniques for weather forecasting by computer under 
contract support by ONR. 

Professor George Wald of Harvard University, who conducted re­
search on the physiology and biochemistry of vision, was supported 
by ONR for many years. He began during World War II with work on 
eye pigments and color vision. After cessation of hostilities, support 
was picked up by ONR and the project was continued for about 18 years. 
Important basic information was obtained on the identification, char­
acterization, and synthesis of visual pigments and related substances. 
Wald's advanced techniques made it possible to make in vivo observa­
tions of the presence and behavior of the receptors that control color 
vision in man. These sensitive methods are being employed to investi­
gate color vision variations among the human population and to 
elucidate the biochemistry underlying the deviations. Wald's work is 
leading to a complete biochemical explanation of color blindness, 
including an understanding of the genetics down to the level of the 
genes and DNA association involved. For these major scientific achieve­
ments with their long-range implications for complete understanding 
of the biochemistry of human vision, Dr. Wald was awarded a share 
of the Nobel Prize in Medicine for 1967. 

As a result of the Japanese conquest of the Philippines in the early 
years of World War II, there was a critical deficiency in the availability 
of Manila hemp (abaca). After the conflict ended, it was recognized that 
measur~s should be taken to avert any future shortages in the supply 
of natural fibers for naval use. An ONR research program with the 
objective of finding a feasible substitute for Manila abaca for naval 
cordage was assigned to Fabric Research Laboratories, Inc., Boston, 
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a recognized leader in the textiles field. After seven or eight years of

intensive study, this group demonstrated that substitute fibers could

be successfully employed and that, by improved design and construction

procedures, the mechanical strength of Manila abaca cordage could

be appreciably enhanced. Of great practical importance was Fabric

Research's finding that domestic (Guatamala and Honduras) abaca

fiber could be used as a satisfactory substitute for Manila hemp. Also,

the research program contributed significantly to the development of

nylon cordage for naval applications.

A color-translating ultraviolet microscope was designed by Dr. Edwin

H. Land and his associates at the Polaroid Corporation and developed

under the support of ONR and the American Cancer Society. (This

project was initiated as a result of the personal interest of CAPT Conrad

who was suffering from leukemia.) At the Scientific Specialties Corpora-

tion in Boston, the prototype of this instrument was fashioned into a

working model for laboratory use. The instrument that resulted from

these efforts not only makes it possible to observe the geometry of

biological cells but also to observe the distribution in tissue of the

nucleic acids which have a bearing on the cancer problem. The novel

principle incorporated in this device is a color translation from the

ultraviolet into the visible whereby differences in ultraviolet spectral

absorption characteristics are revealed directly as variations in hue.

These distinctions can be observed even for specimens which appear

colorless when viewed by ordinary light; the differentiation is achieved

for individual biological cells, including living cells. This novel micro-

scope has proved valuable for cell and tissue examination, particularly

in cancer research. The instrument was especially useful to Dr. Shields

Warren in investigations that he conducted at the Deaconess Hospital

in Boston.

Research conducted under the direction of Dr. Philip Solomon of the

Harvard Medical School has provided much valuable information re-

garding the effects of sensory deprivation on human behavior. Such

effects, which have long been known in accounts of explorers, ship-

wrecked sailors, prisoners, and others, take the form of boredom,

restlessness, oppression, reduced mental efficiency, aberrations, and

hallucinations. Understanding the psychological phenomena encoun-

tered in situations where subjects are deprived of the normal sensory

environment over significant time periods is important for prolonged

residence in enclosed environments, e.g., submarines, space vehicles,

sealabs, and prisoner-of-war camps. Elucidation of the neurophysio-

logical mechanisms involved in man's response to stressful environ-

ments can do much to alleviate symptoms not otherwise understood

that might damage a mission or provide resistance to "brainwashing."

Professor George B. Kistiakowsky of the Harvard University Chem-

istry Department was one of the early ONR project directors in the
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a recognized leader in the textiles field. After seven or eight years of 
intensive study, this group demonstrated that substitute fibers could 
be successfully employed and that, by improved design and construction 
procedures, the mechanical strength of Manila abaca cordage could 
be appreciably enhanced. Of great practical importance was Fabric 
Research's finding that domestic (Guatamala and Honduras) abaca 
fiber could be used as a satisfactory substitute for Manila hemp. Also, 
the research program contributed significantly to the development of 
nylon cordage for naval applications. 

A color-translating ultraviolet microscope was designed by Dr. Edwin 
H. Land and his associates at the Polaroid Corporation and developed 
under the support of ONR and the American Cancer Society. (This 
project was initiated as a result of the personal interest of CAPT Conrad 
who was suffering from leukemia.) At the Scientific Specialties Corpora­
tion in Boston, the prototype of this instrument was fashioned into a 
working model for laboratory use. The instrument that resulted from 
these efforts not only makes it possible to observe the geometry of 
biological cells but also to observe the distribution in tissue of the 
nucleic acids which have a bearing on the cancer problem. The novel 
principle incorporated in this device is a color translation from the 
ultraviolet into the visible whereby differences in ultraviolet spectral 
absorption characteristics are revealed directly as variations in hue. 
These distinctions can be observed even for specimens which appear 
colorless when viewed by ordinary light; the differentiation is achieved 
for individual biological cells, including living cells. This novel micro­
scope has proved valuable for cell and tissue examination, particularly 
in cancer research. The instrument was especially useful to Dr. Shields 
Warren in investigations that he conducted at the Deaconess Hospital 
in Boston. 

Research conducted under the direction of Dr. Philip Solomon of the 
Harvard Medical School has provided much valuable information re­
garding the effects of sensory deprivation on human behavior. Such 
effects, which have long been known in accounts of explorers, ship­
wrecked sailors, prisoners, and others, take the form of boredom, 
restlessness, oppression, reduced mental efficiency, aberrations, and 
hallucinations. Understanding the psychological phenomena encoun­
tered in situations where subjects are deprived of the normal sensory 
environment over significant time periods is important for prolonged 
residence in enclosed environments, e.g., submarines, space vehicles, 
sealabs, and prisoner-of-war camps. Elucidation of the neurophysio­
logical mechanisms involved in man's response to stressful environ­
ments can do much to alleviate symptoms not otherwise understood 
that might damage a mission or provide resistance to "brainwashing." 

Professor George B. Kistiakowsky of the Harvard University Chem­
istry Department was one of the early ONR project directors in the 
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field of shock waves and detonations. He was with the Manhattan Pro-

ject during World War II where he made important contributions on

detonation modes in nuclear fission. He has served the federal govern-

ment as a consultant in the field of explosion and detonations, as

Science Advisor to President Eisenhower, and in numerous other im-

portant posts. He continues to supervise research under ONR support

on high temperature gas reactions in which he is identifying the transi-

ent species produced in the ionization accompanying oxidation in

hydrocarbons.

Dean J. Harvey Brooks of the School of Applied Science of Harvard

University has long been associated with ONR and other government

agencies. He is a member of the Naval Research Advisory Committee

and the Committee on Undersea Warfare of the National Research

Council, Chairman of the Solid State Advisory Panel of ONR, and a for-

mer member of the President's Science Advisory Committee. He was

active in research in the area of underwater sound during World War II

and later made a number of important contributions to nuclear reactor

theory. Under partial ONR support, he has done extensive work in

solid state physics on transport properties, band theory, and the effect

of hydrostatic pressure on electrical and optical properties in solids.

No discussion of major contributors to the advancement of naval

research would be complete without some mention of the Woods

Hole Oceanographic Institution. This important facility for marine

research was founded in 1930 as a private organization. During its

first ten years it underwent slow but steady growth under the dis-

tinguished leadership of Henry B. Bigelow, its first director. In World

War II the Navy began to realize the need for more complete knowl-

edge of the marine environment, and support began to pour into the

institution from this source. Early studies included prevention of

marine fouling of ships, intensive research on the effects of ocean

salinity and temperature on the transmission of underwater sound,

and the investigation of underwater explosives, a project supervised

by the present director, Dr. Paul M. Fye. ONR funding of Woods

Hole research activities mushroomed after the war and growth con-

tinued unabated until NSF, AEC and other government agencies came

into the picture as contributory sponsors. The Navy through ONR

continues to be the major sponsor of a wide variety of oceanographic

research projects which are of the utmost importance in maintaining

America's preeminence in naval strength and in solving the problems

of antisubmarine warfare.

Summer Studies

During the early years of the Boston Branch Office, summer study

groups and similar high level conferences devoted to research on
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field of shock waves and detonations. He was with the Manhattan Pro­
ject during World War II where he made important contributions on 
detonation modes in nuclear fission. He has served the federal govern­
ment as a consultant in the field of explosion and detonations, as 
Science Advisor to President Eisenhower, and in numerous other im­
portant posts. He continues to supervise research under ONR support 
on high temperature gas reactions in which he is identifying the transi­
ent species produced in the ionization accompanying oxidation in 
hydrocarbons. 

Dean J. Harvey Brooks of the School of Applied Science of Harvard 
University has long been associated with ONR and other government 
agencies. He is a member of the Naval Research Advisory Committee 
and the Committee on Undersea Warfare of the National Research 
Council, Chairman of the Solid State Advisory Panel of ONR, and a for­
mer member of the President's Science Advisory Committee. He was 
active in research in the area of underwater sound during World War II 
and later made a number of important contributions to nuclear reactor 
theory. Under partial ONR support, he has done extensive work in 
solid state physics on transport properties, band theory, and the effect 
of hydrostatic pressure on electrical and optical properties in solids. 

No discussion of major contributors to the advancement of naval 
research would be complete without some mention of the Woods 
Hole Oceanographic Institution. This important facility for marine 
research was founded in 1930 as a private organization. During its 
first ten years it underwent slow but steady growth under the dis­
tinguished leadership of Henry B. Bigelow, its first director. In World 
War II the Navy began to realize the need for more complete knowl­
edge of the marine environment, and support began to pour into the 
institution from this source. Early studies included prevention of 
marine fouling of ships, intensive research on the effects of ocean 
salinity and temperature on the transmission of underwater sound, 
and the investigation of underwater explosives, a project supervised 
by the present director, Dr. Paul M. Fye. ONR funding of Woods 
Hole research activities mushroomed after the war and growth con­
tinued unabated until NSF, AEC and other government agencies came 
into the picture as contributory sponsors. The Navy through ONR 
continues to be the major sponsor of a wide variety of oceanographic 
research projects which are of the utmost importance in maintaining 
America's preeminence in naval strength and in solving the problems 
of antisubmarine warfare. 

Summer Studies 

During the early years of the Boston Branch Office, summer study 
groups and similar high level conferences devoted to research on 
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important naval problems were very much in fashion. (See Naval Re-

search Reviews issue of August 1966, "The Summer Study," J. R. Marvin

and F. J. Weyl.) Boston became involved at the outset because of com-

fortable conference facilities and its renowned academic community.

The Boston Branch Office participated in these programs by supply-

ing administrative services and liaison activities. The first summer study

group was convened in the town of Lexington, Massachusetts in 1948.

Its purpose was to assess the difficulties to be overcome in developing

nuclear powered flight and the operational gains to be expected if the

desired results were achieved. M.I.T. accepted a proposal to conduct

the study from the Atomic Energy Commission, which had been en-

couraged by ONR to make an intensive investigation of this problem.

Accordingly, a team of about 20 scientists, together with consultants

and some visitors, spent the summer in Lexington deliberating on the

pros and cons of nuclear aircraft. Professor Walt Whitman of M.I.T.

directed the survey.

Project HARTWELL, the second summer study, because of its con-

cern with an operational problem, became a determining influence in

the planning of future surveys. This conference was conducted in

1950 under contract with M.I.T. at its Lexington Field Station. It

was devoted to an overall evaluation of the period's technology with

regard to its utility in improving a particular mission performance.

Specifically, the study was addressed to the detection of submerged

submarines, a problem which was critical at that time because of the

known size of the Soviet undersea fleet and the NATO alliance's de-

pendence on United States supplies transported across the Atlantic.

The study group, led by Dr. Jerrold Zacharias, produced a monumental

report entitled "The Security of Overseas Transport."

The next summer study was conducted in 1951-2 under an ONR con-

tract with Brown university. The purpose of the study, called Project

METCALF, was to survey the technological implications of infrared

for military applications. This investigation proved very successful —

both in terms of research program commitments and in the develop-

ment of useful military hardware. The group included the Air Force

infrared effort in its deliberations, and recommended the develop-

ment of the SIDEWINDER missile at NOTS, China Lake. It is worth

noting that the leader of this study was Dr. Donald F. Hornig, presently

Science Advisor to the President.

The problems of undersea warfare were further surveyed in Project

MICHAEL; those of continental air defense, in Project CHARLES,

conducted by the Air Force, under M.I.T. sponsorship. The results

of Projects CHARLES and MICHAEL led to the creation of Lincoln

Laboratory in Massachusetts under Air Force sponsorship and the

Hudson Laboratories in New York under a Navy contract. The Lincoln
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important naval problems were very much in fashion. (See Naval Re­
search Reviews issue of August 1966, "The Summer Study," J. R. Marvin 
and F. J. Weyl.) Boston became involved at the outset because of com­
fortable conference facilities and its renowned academic community. 

The Boston Branch Office participated in these programs by supply­
ing administrative services and liaison activities. The first summer study 
group was convened in the town of Lexington, Massachusetts in 1948. 
Its purpose was to assess the difficulties to be overcome in developing 
nuclear powered flight and the operational gains to be expected if the 
desired results were achieved. M.I.T. accepted a proposal to conduct 
the study from the Atomic Energy Commission, which had been en­
couraged by ONR to make an intensive investigation of this problem. 
Accordingly, a team of about 20 scientists, together with consultants 
and some visitors, spent the summer in Lexington deliberating on the 
pros and cons of nuclear aircraft. Professor Walt Whitman of M.I.T. 
directed the survey. 

Project HARTWELL, the second summer study, because of its con­
cern with an operational problem, became a determining influence in 
the planning of future surveys. This conference was conducted in 
1950 under contract with M.I.T. at its Lexington Field Station. It 
was devoted to an overall evaluation of the period's technology with 
regard to its utility in improving a particular mission performance. 
Specifically, the study was addressed to the detection of submerged 
submarines, a problem which was critical at that time because of the 
known size of the Soviet undersea fleet and the NATO alliance's de­
pendence on United States supplies transported across the Atlantic. 
The study group, led by Dr. Jerrold Zacharias, produced a monumental 
report entitled "The Security of Overseas Transport." 

The next summer study was conducted in 1951-2 under an ONRcon­
tract with Brown university. The purpose of the study, called Project 
METCALF, was to survey the technological implications of infrared 
for military applications. This investigation proved very successful­
both in terms of research program commitments and in the develop­
ment of useful military hardware. The group included the Air Force 
infrared effort in its deliberations, and recommended the develop­
ment of the SIDEWINDER missile at NOTS, China Lake. It is worth 
noting that the leader of this study was Dr. Donald F. Hornig, presently 
Science Advisor to the President. 

The problems of undersea warfare were further surveyed in Project 
MICHAEL; those of continental air defense, in Project CHARLES, 
conducted by the Air Force, under M.I.T. sponsorship. The results 
of Projects CHARLES and MICHAEL led to the creation of Lincoln 
Laboratory in Massachusetts under Air Force sponsorship and the 
Hudson Laboratories in New York under a Navy contract. The Lincoln 
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Laboratory, which was placed under M.I.T. management, devoted

itself broadly to the science and technology required to build an ef-

fective system for continental air defense. The Hudson Laboratories,

which were organized under Columbia University supervision, were

directed to investigate surveillance and undersea warfare problems.

The Boston and New York Offices of ONR have been intimately in-

volved in a variety of liaison activities with both laboratories since

their inception.

Scientific contact with the M.I.T. Lincoln Laboratory has been par-

ticularly close throughout the years. In this context, it should be re-

membered that, until a few years ago, ONR contributed a fair amount

of support to this facility. Although it was operated under a specific Air

Force contract, early funding was tri-service. Also, a Navy Commander

was appointed as a Resident Representative at Lincoln Laboratory, and

the billet was maintained until the Air Force assumed sole support.

Lincoln Laboratory first addressed itself to the development of the

SAGE system for intercontinental defense, and, later, when ballistic

missiles became a greater threat than aircraft, to the engineering of

the BMEWS early-warning network. When the SAGE system reached

the hardware stage, the Mitre corporation was organized to handle

equipment, production and further developments. Lincoln Laboratory

then gradually changed its emphasis from a few large projects to ap-

plied research on a variety of systems and equipment required by the

Armed Services. Direct contracting for development of end items soon

came into the picture; and the three Services and NASA began to

supplement support of the broad program with money tied to particular

projects.

The pattern established by Project HARTWELL was extended to

Project LAMPLIGHT in 1954 when the Navy decided that it must

analyze its own role in the air defense of the United States. This study

was conducted at M.I.T.'s Lexington Field Station under the leadership

of Jerrold Zacharias. The meeting was very large in scope and in the

number of participants (87 full-time). This meeting was not a "summer"

study; rather, it was conducted from October 1954 to February 1955.

Involvement in National and International Programs

During the middle 1950's, ONR Continental Branch Office scientists

became more closely involved with assisting in program planning,

organizing and running research meetings, and a variety of other activi-

ties assigned by the ONR Research Codes. These programs were not

always limited to the geographical area in which an individual branch

office scientist resided; rather, they were sometimes nationwide, even

international, in scope. Each staff member became involved to whatever

extent his capabilities and interests meshed with the desires of a Code
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Laboratory, which was placed under M.I.T. management, devoted 
itself broadly to the science and technology required to build an ef­
fective system for continental air defense. The Hudson Laboratories, 
which were organized under Columbia University supervision, were 
directed to investigate surveillance and undersea warfare problems. 
The Boston and New York Offices of ONR have been intimately in­
volved in a variety of liaison activities with both laboratories since 
their inception. 

Scientific contact with the M.I.T. Lincoln Laboratory has been par­
ticularly close throughout the years. In this context, it should be re­
membered that, until a few years ago, ONR contributed a fair amount 
of support to this facility. Although it was operated under a specific Air 
Force contract, early funding was tri-service. Also, a Navy Commander 
was appointed as a Resident Representative at Lincoln Laboratory, and 
the billet was maintained until the Air Force assumed sole support. 

Lincoln Laboratory first addressed itself to the development of the 
SAGE system for intercontinental defense, and, later, when ballistic 
missiles became a greater threat than aircraft, to the engineering of 
the BMEWS early-warning network. When the SAGE system reached 
the hardware stage, the Mitre corporation was organized to handle 
equipment, production and further developments. Lincoln Laboratory 
then gradually changed its emphasis from a few large projects to ap­
plied research on a variety of systems and equipment required by the 
Armed Services. Direct contracting for development of end items soon 
came into the picture; and the three Services and NASA began to 
supplement support of the broad program with money tied to particular 
projects. 

The pattern established by Project HARTWELL was extended to 
Project LAMPLIGHT in 1954 when the Navy decided that it must 
analyze its own role in the air defense of the United States. This study 
was conducted at M.l.T.'s Lexington Field Station under the leadership 
of Jerrold Zacharias. The meeting was very large in scope and in the 
number of participants (87 full-time). This meeting was not a "summer" 
study; rather, it was conducted from October 1954 to February 1955. 

Involvement in National and International Programs 

During the middle l 950's, ONR Continental Branch Office scientists 
became more closely involved with assisting in program planning, 
organizing and running research meetings, and a variety of other activi­
ties assigned by the ONR Research Codes. These programs were not 
always limited to the geographical area in which an individual branch 
office scientist resided; rather, they were sometimes nationwide, even 
international, in scope. Each staff member became involved to whatever 
extent his capabilities and interests meshed with the desires of a Code 
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400 Branch Head to utilize his services. Some were more successful

than others in making working arrangements; but, as time passed,

all Boston scientists became active in ONR national programs up to

50 percent of their working time. In spite of this, regional coordination

and administrative duties were not neglected; rather, they were but-

tressed by the individual's keener interest and enthusiasm resulting

from his feeling of being "on the team." Professional activities, such

as on-the-job research and participation in scientific meetings, were

encouraged as a means for sharpening the staff scientists' specialized

knowledge and improving their rapport with the scientific community.

As a result of this policy, some ONR Boston scientists have made re-

search contributions which have enhanced their reputations and added

luster to that of the office. Many of the staff members which have been

active in their professional societies have gained recognition by being

appointed to important committees and officerships.

One of the first major assignments that required participation by

ONR Boston was in connection with the Infrared Information Sym-

posiums (IRIS). Mr. Thomas B. Dowd was assigned as Deputy Chairman

in November 1955, with duties involving the organization of large DOD

technical meetings on all phases of military infrared and the publica-

tion of the proceedings resulting from these meetings. These con-

ferences, which were originally held biannually alternating between

East Coast and West Coast sites, are presently being held on an annual

basis. However, the output continues to be of prime importance to

the military, and the scope of the technical effort has broadened through

the years.

Mr. Dowd assumed the role of Chairman in 1961, upon the resigna-

tion of Dr. Arthur B. Laufer of ONR Pasadena from this post. He

also became Editor-in-Chief of Proceedings of the Infrared Symposium

and Editor of the IR Directory. Mr. Dowd has received many awards

and other forms of recognition for his outstanding services to IRIS.

He has succeeded in performing this important function while maintain-

ing his assignments in general physics for ONR Boston and the respon-

sibility of Deputy Chief Scientist, a post to which he was appointed in

August 1959. A few years ago, Tom Dowd assumed an additional major

national responsibility, that of operating the DOD Laser Technology

Conferences.

Dr. Carl F. Muckenhoupt was relieved as Chief Scientist in August

1959 by Dr. A. L. Powell who had served ONR Boston as staff chemist

since 1947 and Assistant Chief Scientist since 1954. He is active for

ONR in certain areas of organic chemistry and physical organic chem-

istry. Also, he maintains a part-time research program in physical

organic chemistry, having received the Ph.D. degree in chemistry in

1956 while working for the Boston Branch Office. He is a Guest of
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400 Branch Head to utilize his services. Some were more successful 
than others in making working arrangements; but, as time passed, 
all Boston scientists became active in ONR national programs up to 
50 percent of their working time. In spite of this, regional coordination 
and administrative duties were not neglected; rather, they were but­
tressed by the individual's keener interest and enthusiasm resulting 
from his feeling of being "on the team." Professional activities, such 
as on-the-job research and participation in scientific meetings, were 
encouraged as a means for sharpening the staff scientists' specialized 
knowledge and improving their rapport with the scientific community. 
As a result of this policy, some ONR Boston scientists have made re­
search contributions which have enhanced their reputations and added 
luster to that of the office. Many of the staff members which have been 
active in their professional societies have gained recognition by being 
appointed to important committees and officerships. 

One of the first major assignments that required participation by 
ONR Boston was in connection with the Infrared Information Sym­
posiums (IRIS). Mr. Thomas B. Dowd was assigned as Deputy Chairman 
in November 1955, with duties involving the organization of large DOD 
technical meetings on all phases of military infrared and the publica­
tion of the proceedings resulting from these meetings. These con­
ferences, which were originally held biannually alternating between 
East Coast and West Coast sites, are presently being held on an annual 
basis. However, the output continues to be of prime importance to 
the military, and the scope of the technical effort has broadened through 
the years. 

Mr. Dowd assumed the role of Chairman in 1961, upon the resigna­
tion of Dr. Arthur B. Laufer of ONR Pasadena from this post. He 
also became Editor-in-Chief of Proceedings of the Infrared Symposium 
and Editor of the IR Directory. Mr. Dowd has received many awards 
and other forms of recognition for his outstanding services to IRIS. 
He has succeeded in performing this important function while maintain­
ing his assignments in general physics for ONR Boston and the respon­
sibility of Deputy Chief Scientist, a post to which he was appointed in 
August 1959. A few years ago, Tom Dowd assumed an additional major 
national responsibility, that of operating the DOD Laser Technology 
Conferences. 

Dr. Carl F. Muckenhoupt was 1relieved as Chief Scientist in August 
1959 by Dr. A. L. Powell who had served ONR Boston as staff chemist 
since 194 7 and Assistant Chief Scientist since 1954. He is active for 
ONR in certain areas of organic chemistry and physical organic chem­
istry. Also, he maintains a part-time research program in physical 
organic chemistry, having received the Ph.D. degree in chemistry in 
1956 while working for the Boston Branch Office. He is a Guest of 
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M.I.T. for research in physical organic chemistry, and spent a sab-

batical half-year at Oxford University working with R. P. Bell on a

research problem in acid-base catalysis.

Dr. Powell has participated in international scientific meetings and

conducted chemical research surveys in such foreign countries as the

Soviet Union, Japan, England, Austria, Canada, Czechoslovakia, Fin-

land, and Sweden. The results of most of these surveys have been

covered in ONR London Technical Reports. Dr. Powell has presented

scientific papers at several of these international meetings, as well as

at conferences in this country, and a number of publications have

resulted. He has assisted the ONR Chemistry Branch in organizing and

operating meetings in areas of chemical science of importance to the

Navy, particularly a Conference on Inorganic Polymers held at Har-

vard University in 1958 and the Boron Chemistry Conference convened

in ONR Boston in December 1962. In June 1967 he was appointed

Deputy Director and Chief Scientist of the ONR Boston Branch Office.

As indicated earlier, Dr. J. Horace Faull, Jr. served for many years

as a consultant to ONR and other DOD agencies in elastomer and

polymer science and in related fields such as drag reduction and rocket

propellants. As a member of the Quadripartite Committee Working

Group (United States, United Kingdom, Canada and Australia) for

organic materials, he conducted extensive short-term surveys of

polymer and elastomer research in Western Europe in 1960 and 1963

that resulted in two important series of ONR London Technical Re-

ports. These reports have become widely recognized by American and

European polymer scientists as sources of broad information in this

field.

In 1961 Dr. Faull became a full-time staff member in ONR Boston,

adding a responsibility for administration of chemical science in the

local area to his long-established polymer consulting activity for ONR

and other DOD agencies. He has been active in the organization and

management of numerous DOD meetings in polymer and elastomer

science, in particular a long series of joint services conferences on

elastomer research and development. The proceedings of these con-

ferences constitute a history of military activity in this important

technological area. In 1966 he spent several weeks in Japan attending

an international polymer conference and gathering information for a

technical report on polymer research in Japan.

Integrated Research Programs

In the 1960's the trends in ONR research support continued in the

direction of integrated programs such as military infrared, underwater

288 - 793 O - 68 - 3
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M.I.T. for research in physical organic chemistry, and spent a sab­
batical half-year at Oxford University working with R. P. Bell on a 
research problem in acid-base catalysis. 

Dr. Powell has participated in international scientific meetings and 
conducted chemical research surveys in such foseign countries as the 
Soviet Union, Japan, England, Austria, Canada, Czechoslovakia, Fin­
land, and Sweden. The results of most of these surveys have been 
covered in ONR London Technical Reports. Dr. Powell has presented 
sdentific papers at several of these international meetings, · as well as 
at conferences in this country, and a number of publications have 
resulted. He has assisted the ONR Chemistry Branch in organizing and 
operating meetings in areas of chemical science of importance to the 
Navy, particularly a Conference on Inorganic Polymers held at Har­
vard University in 1958 and the Boron Chemistry Conference convened 
in ONR Boston in December 1962. In June 1967 he was appointed 
Deputy Director and Chief Scientist of the ONR Boston Branch Office. 

As indicated earlier, Dr. J . Horace Faull, Jr. served for many years 
as a consultant to ONR and other DOD agencies in elastomer and 
polymer science and in related fields such as drag reduction and rocket 
propellants. As a member of the Quadripartite Committee Working 
Group (United States, United Kingdom, Canada and Australia) for 
organic materials, he conducted extensive short-term surveys of 
polymer and elastomer research in Western Europe in 1960 and 1963 
that resulted in two important series of ONR London Technical Re­
ports. These reports have become widely recognized by American and 
European polymer scientists as sources of broad information -in this 
field. 

In 1961 Dr. Faull became a full-time staff member in ONR Boston, 
adding a responsibility for administration of chemical science in the 
local area to his long-established polymer consulting activity for ONR 
and other DOD agencies. He has been active in the organization and 
management of numerous DOD meetings in polymer and elastomer 
science, in particular a long series of joint services conferences on 
elastomer research and development. The proceedings of these con­
ferences constitute a history of military activity in this important 
technological area. In 1966 he spent several weeks in Japan attending 
an international polymer conference and gathering information for a 
technical report on polymer research in Japan. 

Integrated Research Programs 

In the l 960's the trends in ONR research support continued in the 
direction of integrated programs such as military infrared, underwater 
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sound, laser technology, inorganic polymers, and fuel cells. Adminis-

tration and coordination of these broad technological areas required

closer contact and scrutiny of the ongoing programs and deeper in-

volvement by continental branch office scientists. These objectives

were reflected in the criteria applied for recruitment of staff scientists

during this period.

Dr. Fred W. Quelle, Jr. was hired in the spring of 1960 when emerg-

ing technologies resulting from solid state physics research made it

apparent that a staff scientist would be needed in Boston to administer

and coordinate efforts in this field for the Navy. At the time, Dr. Quelle

was completing his studies for a Doctor's degree in physics from Har-

vard, but —since Dean Harvey Brooks of Harvard was on sabbatical

leave — performing his research under the direction of Professor John

C. Slater at M.I.T. Arrangements were made so that Fred Quelle could

work part-time at ONR Boston until he completed his doctoral re-

quirements. He met the last of the academic requirements in 1963

and received the Ph.D. in physics from Harvard in June 1964.

Dr. Quelle's interests range from theoretical work in energy band

calculations and quantum electronics to the development of lasers for

military purposes. He is a member of the ONR-ARPA Laser Technology

Team with particular responsibilities in glass laser materials, semi-

conductor lasers, non-linear optics, Raman lasers and high-power C02

gas laser systems. He has made important personal contributions to

laser technology, published a number of papers and technical reports

in the field, and has received two awards for patent applications that

have promising implications for military use.

Dr. Frank S. Gardner was engaged during the fall of 1960 as a

materials scientist with particular emphasis on metallurgy. An M.I.T.

Ph.D., Frank Gardner brought with him a wealth of industrial research

experience acquired while working for the General Electric Company

and Nuclear Metals, Inc. Although assigned primarily to research pro-

jects in physical metallurgy, he has displayed a lively interest in com-

posites, whiskers, energy conversion and materials fatigue. He served

as Acting Head of the ONR Metallurgy Branch for five months in 1963

and ran a regional corrosion workshop in Boston in 1966. He is cur-

rectly interested in transducer materials and is coordinating research

and development information in this particular field relative to naval

applications.

Mr. Paul Twitchell joined the ONR Boston Scientific Department in

January 1962 after resigning from Melpar, Inc., an industrial concern

with wide-ranging interests in electronics, physics, and geophysics.

He is a meteorologist with a strong background in seismology and

geophysics. While with ONR he has developed a deep interest in ocean-

ography and has become the moving spirit in the organization of the
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sound, laser technology, inorganic • polymers, and fuel cells. Adminis­
tration and coordination of these broad technological areas required 
closer contact and scrutiny of the ongoing programs and deeper in­
volvement by continental branch office scientists. These objectives 
were reflected in the criteria applied for recruitment of staff scientists 
during this period. 

Dr. Fred W. Quelle, Jr. was hired in the spring of 1960 when emerg­
ing technologies resulting from solid state physics research made it 
apparent that a staff scientist would be needed in Boston to administer 
and coordinate efforts in this field for the Navy. At the time, Dr. Quelle 
was completing his studies for a Doctor's degree in physics from Har­
vard, but-since Dean Harvey Brooks of Harvard was on sabbatical 
leave- performing his research under the direction of Professor John 
C. Slater at M.I.T. Arrangements were made so that Fred Quelle could 
work part-time at ONR Boston until he completed his doctoral re­
quirements. He met the last of the academic requirements in 1963 
and received the Ph.D. in physics from Harvard in June 1964. 

Dr. Quelle's interests range from theoretical work in energy band 
calculations and quantum electronics to the development of lasers for 
military purposes. He is a member of the ONR-ARP A Laser Technology 
Team with particular responsibilities in glass laser materials, semi­
conductor lasers, non-linear optics, Raman lasers and high-power CO2 
gas laser systems. He has made important personal contributions to 
laser technology, published a number of papers and technical reports 
in the field, and has received two awards for patent applications that 
have promising implications for military use. 

Dr. Frank S. Gardner was engaged during the fall of 1960 as a 
materials scientist with particular emphasis on metallurgy. An M.I.T. 
Ph.D., Frank Gardner brought with him a wealth of industrial research 
experience acquired while working for the General Electric Company 
and Nuclear Metals, Inc. Although assigned primarily to research pro­
jects in physical metallurgy, he has displayed a lively interest in com­
posites, whiskers, energy conversion and materials fatigue. He served 
as Acting Head of the ONR Metallurgy Branch for five months in 1963 
and ran a regional corrosion workshop in Boston in 1966. He is cur­
rectly interested in transducer materials and is coordinating research 
and development information in this particular field relative to naval 
applications. 

Mr. Paul Twitchell joined the ONR Boston Scientific Department in 
January 1962 after resigning from Melpar, Inc., an industrial concern 
with wide-ranging interests in electronics, physics, and geophysics. 
He is a meteorologist with a strong background in seismology and 
geophysics. While with ONR he has developed a deep interest in ocean­
ography and has become the moving spirit in the organization of the 
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Massachusetts Association for the Marine Sciences, a consortium of

university and private groups united to better utilize their combined

staffs and facilities for oceanographic research. He has maintained an

active interest in research on interactions of the solar atmosphere with

that of the earth relative to identifying influences on global weather pat-

terns, an effort which has resulted in publication of several scientific

papers in the field. He is currently on sabbatical leave at the University

of Wisconsin where he is conducting meteorological research towards

the Ph.D. degree in meteorology.

In the fall of 1965 Dr. Nicholas T. Werthessen joined the ONR Boston

Scientific Department as senior bioscientist. He came from the Uni-

versity of Oklahoma Medical School where he filled the post of As-

sociate Research Professor in the Department of Physiology and the

Department of Gynecology and Obstetrics. He had previously held

a staff position at the Worcester Foundation for Experimental Biology

in Shrewsbury, Mass. and served as Director of Research at the South-

west Foundation for Research and Education in San Antonio, Texas.

He is the author or coauthor of over sixty publications on biological

subjects.

While with ONR Boston, Dr. Werthessen has become deeply involved

with Navy research programs on preservation of blood and tissues,

working closely with the ONR Medicine and Dentistry Branch and with

the Bureau of Medicine and Surgery. The blood preservation and

storage program is vital to the delivery of viable whole blood to the

wounded in the field and hence is of practical importance to present

operations in Southeast Asia. Dr. Werthessen has provided much valu-

able guidance in coordinating the blood research effort in ONR and the

Navy laboratories. He has also played an active role in promoting and

coordinating research on deep submergence physiology, particularly

stress and pathophysiology, and the effects of prolonged exposure to

high atmospheric pressure.

Recent staff additions to the ONR Boston Scientific Department

include Dr. Charles M. Harsh, a psychologist, and Mr. Stanley R.

Curley, an electronics engineer. Dr. Harsh brings with him a varied

background of experience in the psychological sciences, having served

as a college professor, a staff member in the then Navy Electronics

Laboratory, and an analyst with the Institute of Naval Studies. He is

concentrating his early efforts on human factors research programs

and in the vital area of cross-cultural foreign relations.

Mr. Curley has acquired considerable knowledge and experience in

physics and electronics and has worked in these fields at both the Naval

Research Laboratory and the Air Force Cambridge Research Labora-

tories. He is an expert on large radars with particular reference to

their use in over-the-horizon communications and detection, and is
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-Massachusetts Association for the Marine Sciences, a consortium of 
university and private groups united to better utilize their combined 
staffs and facilities for oceanographic research. He has maintained an 
active interest in research on interactions of the solar atmosphere with 
that of the earth relative to identifying influences on global weather pat­
terns, an effort which has resulted in publication of several scientific 
papers in the field. He is currently on sabbatical leave at the University 
of Wisconsin where he is conducting meteorological research towards 
the Ph.D. degree in meteorology. 

In the fall of 1965 Dr. Nicholas T. Werthessenjoined the ONR Boston 
Scientific Department as senior bioscientist. He came from the Uni­
versity of Oklahoma Medical School where he filled the post of As­
sociate Research Professor in the Department of Physiology and the 
Department of Gynecology and Obstetrics. He had previously held 
a staff position at the Worcester Foundation for Experimental Biology 
in Shrewsbury, Mass. and served as Director of Research at the South­
west Foundation for Research and Education in San Antonio, Texas. 
He is the author or coauthor of over sixty publications on biologkal 
subjects. 

While with ONR Boston, Dr. Werthessen has become deeply involved 
with Navy research programs on preservation of blood and tissues, 
working closely with the ONR Medicine and Dentistry Branch and with 
the Bureau of Medicine and Surgery. The blood preservation and 
storage program is vital to the delivery of viable whole blood to the 
wounded in the field and hence is of practical importance to present 
operations in Southeast Asia. Dr. Werthessen has provided much valu­
able guidance in coordinating the blood research effort in ONR and the 
Navy laboratories. He has also played an active role in promoting and 
coordinating research on deep submergence physiology, particularly 
stress and pathophysiology, and the effects of prolonged exposure to 
high atmospheric pressure. 

Recent staff additions to the ONR Boston Scientific Department 
include Dr. Charles M. Harsh, a psychologist, and Mr. Stanley R. 
Curley, an electronics engineer. Dr. Harsh brings with him a varied 
background of experience in the psychological sciences, having served 
as a college professor, a staff member in the then Navy Electronics 
Laboratory, and an analyst with the Institute of Naval Studies. He is 
concentrating his early efforts on human factors research programs 
and in the vital area of cross-cultural foreign relations. 

Mr. Curley has acquired considerable knowledge and experience in 
physics and electronics and has worked in these fields at both the Naval 
Research Lab~ratory and the Air Force Cambridge Research Labora­
tories. He is an expert on large radars with particular reference to 
their use in over-the-horizon communications and detection, and is 
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continuing his interest in this technological area by working with the

ONR Electronics and Field Projects Branches. By agreement with the

Air Force, he is completing a research project on missile exhaust track-

ing that he had started under their sponsorship. Mr. Curley is presently

extending his expertise to fleet problems involving radars and under-

water sound.

The ONR Boston Scientific Department, which now includes four

staff members working out of the New York Area Office, is conducting

a wide variety of scientific activities in response to its mission of rep-

resenting the Chief of Naval Research in the local region. The staff

"live with the scientific community" to elicit from it the research re-

sults needed to develop the materials and equipment for the fleet

of the future. To carry out this responsibility, the scientists exercise

critical scrutiny over ongoing ONR research projects, look for new

research programs of potential use to the Navy, identify new technol-

ogies which appear promising for naval applications, and coordinate

these efforts with related programs of Navy Laboratories and Systems

Commands.

Undersea Radioisotope Generator Delivered

An undersea radioisotope generator to power an oceanographic buoy platform which

will beam scientific data to ships, planes and satellites has been delivered to the U.S. Naval

Oceanographic Office, Suitland, Maryland.

The buoy platform, containing an Interrogation Recording Location System, is part

of an experiment being conducted by the Oceanographic Office to determine the feasi-

bility of locating and obtaining scientific surface data from ocean platforms by unmanned

satellites. It is one of several such experiments being conducted in connection with the

Nimbus-B weather satellite program.

The radioisotope generator is a 25-watt undersea model produced commercially.

Attached to a taut wire moored buoy 250 feet beneath the Atlantic Ocean's surface, the

generator will supply electrical power to the Interrogation-Recording-Location-System

(IRLS) surface spar float.

The buoy platform, moored off the coast of Puerto Rico, will be instrumented with

sensors for making environmental measurements such as sea states, ocean currents, and

wind velocities. The IRLS transmitter will telemeter the data from a specially designed

antenna mounted on top of the spar float. As the Nimbus-B satellite passes overhead

(twice a day), it will interrogate the platform and store the data for later playback as it

passes over a central ground command station at Fairbanks, Alaska.

If the IRLS experiments are successful, similar unmanned scientific data collection

stations using radioisotope power could be placed at remote spots throughout the world.

Data from these surface stations coupled with that from orbiting satellites will provide

a modern technique in data collection and telemetering for oceanography as well as

permit precise global location of data stations without the need for sophisticated navi-

gational aids.
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continuing his interest in this technological area by working with the 
ONR Electronics and Field Projects Branches. By agreement with the 
Air Force, he is completing a research project on missile exhaust track­
ing that he had started under their sponsorship. Mr. Curley is presently 
extending his expertise to fleet problems involving radars and under­
water sound. 

The ONR Boston Scientific Department, which now includes four 
staff members working out of the New York Area Office, is conducting 
a wide variety of scientific activities in response to its mission of rep­
resenting the Chief of Na val Research in the local region. The staff 
"live with the scientific community" to elicit from it the research re­
sults needed to develop the materials and equipment for the fleet 
of the future. To carry out this responsibility, the scientists exercise 
critical scrutiny over ongoing ONR research projects, look for new 
research programs of potential use to the Navy, identify new technol­
ogies which appear promising for naval applications, and coordinate 
these efforts with related programs of Navy Laboratories and Systems 
Commands. 

Undersea Radioisotope Generator Delivered 

An undersea radioisotope generator to power an oceanographic buoy platform which 
will beam scientific data to ships, planes and satellites has been delivered to the U.S. Naval 
Oceanographic Office, Suitland, Maryland. 

The buoy platform, containing an Interrogation Recording Location System, is part 
of an experiment being conducted by the Oceanographic Office to determine the feasi­
bility of locating and obtaining scientific surface data from ocean platforms by unmanned 
satellites. It is one of several such experiments being conducted in connection with the 
Nimbus-B weather satellite program. 

The radioisotope generator is a 25-watt undersea model produced commercially. 
Attached to a taut wire moored buoy 250 feet beneath the Atlantic Ocean's surface, the 
generator will supply electrical power to the Interrogation-Recording-Location-System 
(IRLS) surface spar float. 

The buoy platform, moored off the coast of Puerto Rico, will be instrumented with 
sensors for making environmental measurements such as sea states, ocean currents, and 
wind velocities. The IRLS transmitter will telemeter the data from a specially designed 
antenna mounted on top of the spar float. As the Nimbus-B satellite passes overhead 
(twice a day), it will interrogate the platform and store the data for later playback as it 
passes over a central ground command station at Fairbanks, Alaska. 

If the IRLS experiments are successful, similar unmanned scientific data collection 
stations using radioisotope power could be placed at remote spots throughout the world. 
Data from these surface stations coupled with that from orbiting satellites will provid~ 
a modern technique in data collection and telemetering for oceanography as well as 
permit precise global location of data stations without the need for sophisticated navi­
gational aids. 
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Machine Translation in Review

Harry H. Josselson

Department of Slavic and Eastern Languages

Wayne State University

The primary aim of machine translation research is to produce the

best possible translation, automated wherever feasible, from one lan-

guage (the source language) into another (the target language) through

the combined efforts of linguists, programmers, and research associates

involved in related fields. A secondary aim, more an outgrowth of early

research than an objective in itself, is to develop, as far as possible,

a complete linguistic description of the grammars of certain languages.

Accumulation of such data is invaluable for subsequent efforts to refine

and develop machine translation output. Also, it is of great interest

to linguists and teachers of the respective languages.

Historical Background

The idea of machine translation dates back to 1946, when Warren

Weaver and A. D. Booth of the Massachusetts Institute of Technology

began discussions on the technical feasibility of machine translation.

A great deal of progress has been made since that time. In 1954, In-

ternational Business Machines conducted a demonstration of machine

translation in cooperation with the Georgetown University. An IBM

701 general purpose computer, using a total vocabulary of 250 words

and six rules for determining the relationships that exist among sen-

tence constituents, was programmed to translate Russian sentences

into English. This highly publicized demonstration provided a marked

impetus for interest growth and active research in the field. Machine

translation research groups were organized not only in the United

States, but also in countries throughout the world, e.g., Great Britain,

France, Italy, Germany, the Soviet Union, and Japan.

These pioneer researchers realized that, if any real progress were to

be made in machine translation, linguists and programmers would

have to devise a system to store and retrieve vast quantities of natural

data in the form of dictionary entries and text, and to create algorithms

to perform analysis and synthesis. Also, they realized that high-speed

hardware with vast memory capacity would have to be developed

simultaneously with that system. The main tasks confronting the re-

searchers, in ascending order of difficulty, are listed below:

• Compiling automatic dictionaries and developing procedures

for efficient storage and retrieval of language data and translation

rules or instructions (lexicon);
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Machine Translation in Review 

Harry H. Josselson 
Department of S/avi,c and Eastern Languages 

Wayne State University 

The primary aim of machine translation research is to produce the 
best possible translation, automated wherever feasible, from one lan­
guage (the source language) into another (the target language) through 
the combined efforts of linguists, programmers, and research associates 
involved in related fields. A secondary aim, more an outgrowth of early 
research than an objective in itself, is to develop, as far as possible, 
a complete linguistic description of the grammars of certain languages. 
Accumulation of such data is invaluable for subsequent efforts to refine 
and develop machine translation output. Also, it is of great interest 
to linguists and teachers of the respective languages. 

Historical Background 

The idea of machine translation dates back to 1946, when Warren 
Weaver and A. D. Booth of the Massachusetts Institute of Technology 
began discussions on the technical feasibility of machine translation. 
A great deal of progress has been made since that time. In 1954, In­
ternational Business Machines conducted a demonstration of machine 
translation in cooperation with the Georgetown University. An IBM 
701 general purpose computer, using a total vocabulary of 250 words 
and six rules for determining the relationships that exist among sen­
tence constituents, was programmed to translate Russian sentences 
into English. This highly publicized demonstration provided a marked 
impetus for interest growth and active research in the field. Machine 
translation research groups were organized not only in the United 
States, but also in countries throughout the world, e.g., Great Britain, 
France, Italy, Germany, the Soviet Union, and Japan. 

These pioneer researchers realized that, if any real progress were to 
be made in machine translation, linguists and programmers would 
have to devise a system to store and retrieve vast quantities of natural 
data in the form of dictionary entries and text, and to create algorithms 
to perform analysis and synthesis. Also, they realized that high-speed 
hardware with vast memory capacity would have to be developed 
simultaneously with that system. The main tasks confronting the re­
searchers, in ascending order of difficulty, are listed below: 

• Compiling automatic dictionaries and developing procedures 
for efficient storage and retrieval of language data and translation 
rules or instructions (lexicon); 
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• Encoding the grammar of words and their constituent parts

(morphology);

• Writing word order rules for sentence analysis (syntax or sentence

structure determination or recognition); and

• Developing procedures for analyzing and codifying the meanings

of words (semantics).

By 1960, about a dozen federally sponsored research groups in the

United States were investigating problems connected with compiling

automatic dictionaries, development storage and retrieval procedures,

and morphology. Indeed, not until investigations were actually under-

way did the researchers realize just how little was known about the

structure and usage of given languages or just how incomplete the

descriptions of these languages were.

In order to minimize duplication of tasks and to establish a basis

for cooperative exchanges of information, a series of machine trans-

lation conferences was organized by Wayne State University. The

first such conference was convened at the request and with the support

of the Information Systems Branch, Office of Naval Research. Support

for subsequent meetings was provided by the National Science Founda-

tion, the United States Air Force and ONR.

The first machine translation conference, held in Princeton in 1960,

concentrated on dictionary design and general questions of grammar.

The second, which convened at Georgetown University in 1961, was

devoted to problems of grammar coding. The third meeting, held in

1962 back at Princeton, was syntax-oriented; and the fourth, held in

Las Vegas in 1965, dealt with semantics.

It was generally felt that these meetings benefitted all participants

in terms of the climate of cooperation created, the informal exchange

of views, and the precise definition of problems to be resolved. Various

independent scholars and key representatives of research groups were

able to examine together the problems, of either a linguistic or computa-

tional nature, that have confronted serious researchers. Also, confer-

ence participants were able to compare solutions, question one another

on particular points, and, in general, pool the results of individual

endeavors.

ONR-Sponsored Research at Wayne State University

ONR-sponsored research in computer-aided Russian-^English ma-

chine translation at Wayne State University has led to the development

of an experimental system which presently comprises three basic opera-

tions—dictionary lookup, syntactic blocking, and hyperparse (see

figure 1). At the current stage of development, these three operations

are coordinated through the interaction of both human and machine

procedures.
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• Encoding the grammar of words and their constituent parts 
(morphology); 

• Writing word order rules for sentence analysis (syntax or sentence 
structure determination or recognition); and 

• Developing procedures for analyzing and codifying the meanings 
of words (semantics). 

By 1960, about a dozen federally sponsored research groups in the 
United States were investigating problems connected with compiling 
automatic dictionaries, development storage and retrieval procedures, 
and morphology. Indeed, not until investigations were actually under­
way did the researchers realize just how little was known about the 
structure and usage of given languages or just how incomplete the 
descriptions of these languages were. 

In order to minimize duplication of tasks and to establish a basis 
for cooperative exchanges of information, a series of machine trans­
lation conferences was organized by Wayne State University. The 
first such conference was convened at the request and with the support 
of the Information Systems Branch, Office of Naval Research. Support 
for subsequent meetings was provided by the National Science Founda­
tion, the United States Air Force and ONR. 

The first machine translation conference, held in Princeton in 1960, 
concentrated on dictionary design and general questions of grammar. 
The second, which convened at Georgetown University in 1961, was 
devoted to problems of grammar coding. The third meeting, held in 
1962 back at Princeton, was syntax-oriented; and the fourth, held in 
Las Vegas in 1965, dealt with semantics. 

It was generally felt that these meetings benefitted all participants 
in terms of the climate of cooperation created, the informal exchange 
of views, and the precise definition of problems to be resolved. Various 
independent scholars and key representatives of research groups were 
able to examine together the problems, of either a linguistic or computa­
tional nature, that have confronted serious researchers. Also, confer­
ence participants were able to compare solutions, question one another 
on particular points, and, in general, pool the results of individual 
endeavors. 

ONR-Sponsored Research at Wayne State University 

ONR-sponsored research in computer-aided Russian➔English ma­
chine translation at Wayne State University has led to the development 
of an experimental system which presently comprises three basic opera­
tions-dictionary lookup, syntactic blocking, and hyperparse (see 
figure I). At the current stage of development, these three operations 
are coordinated through the interaction of both human and machine 
procedures. 
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FIGURE 1 - MT PROCESSING OF A RUSSIAN SENTENCE 

INPUT 

DICTIOMAP.Y LOOKUP 
(grammar codes and 
English equivalents 
are retrieved) 

SYNTACTIC BLOCKING 
(analysis of sentence 
constituents in order 
to group related me-mbers) 

HYPERPARSE 
(automatic parsing of 
sentence - specific 
function(s) is assigned, 
to each of above blocks) 

OUTPUT 

YCTAHOBJlEHHE rH,llPOJlOKAUHOHH~X CTAHUH~ BOEHHHM $JlOTOM 06J1Er4HT 06HAPY.lKEH~E BPAJICECK~x_nO,llBO,llH~X_JlO,llOK. _____________________________________________________ _ 

e.g., YCTAHOBJ1EHl-1E -11 00.401 343.02.000 o.o 0 0 oo.o o.o. - ESTABLISHMENT ..., ::z: > ..., (") ..., 3:H L (") > zl..., II> 0 OQ n, II> '1 0 ::, -l 0 '1::, 0 '1 
'1 El '1 '1 a, C") n, rt ..., 0 El 0 .... Cl n, 
rt 0 n, Z Cll n, 0 't:I .......... 't:I ::, !I I Q. 

OQ n, C: 0 < 0 0 ::, .... 0 II> ..., 
0 '1 El El ::, C") n, a, ::, .... L n, C: rt '1 ..., Ill n, C1' w 0 '1 .... rt -l >C ::, .... n, "II 

't:I ::, n, < ::, rt 0 .... 0 0 Q. 0 
(I) ::r rt '1 0 n, El I-'- 0 < 01 C") z ::, '1 
't:I n, '1 n, 0 < n, It 0 DI 11 a 
n, n (") ::, ::, ;:I::, < El o '-.:I C: 
n, 0 0 Q. a rt rt C") C") n, 't:I 0 .... 
n Q. Q. n, n, 0 0 rt n, '1 II> 
::r n, n, '1 ::, < < '1 !I 

rt - - C: 

-------------------------------------------rt-rt--------~-------------------------

nominal block l 

{ YCT AHOBJ1EHl-1E 

nominal, block 4 

f 6HAPY.lKEHl-1E 

nominal- bl-ock · 3 

I l rl-1.CPOJ10KAUl-10HH~X CTAHUl-1~ 11 BOEHHl-1M $J10TOM 

nominal block 2 

J I BPA.lKECKl-1X no,aeo,aHhlX no,aoK .1 
nominal- block 5 

I 06J1Er41-1T 

predicate 
block l 

Predicate Candidates Subject Candidates Object Candidates !.a.junct Candidates 

predicate block l nominal block 1 
nominal, block 4 

nominal, b7-ock 1 
nominal, b7-ock 4 

MATRIX REDUCTION YIELDS TWO POSSIBLE INTERPRETATIONSt 

Subject Predicate Ob1ect 

nom na 7, block 2 
nom na7- block 3 
nom na7- block 5 

Adjunct 

nominal b7-ock 1 predicate b7-ock 1 nominal b7-ock 4 nominal block 2,3,5 
or predicate block 1 nominal, bl-ock 1 nominal, b7-ock 2,3,5· 
nomina7- bl-ock 4 -------------------------------------------------------------------------
(THE) ESTABLISHMENT (OF) SONAR STATIONS (BY) (THE) (MILITARY) FLEET WILL 
FACILITATE (THE) DETECTION (OF) ENEMY SUBMARINES. 



Input to the system generally consists of a technical Russian lan-

guage text which has been keypunched and read onto magnetic tape.

One sentence at a time is analyzed. Each sentence item is looked up

in a computer-stored dictionary (a compilation of words as they occur

in a text comparable to the input text) and its encoded grammatical

characteristics and English equivalent(s) are retrieved. The resultant

output tape of looked-up text is used as input to the next operational

phase — syntactic blocking or analysis. This procedure endeavors to

recognize and to record the functional (grammatical) role played by

each sentence constituent.

In syntactic analysis, sentence items (sometimes only one word)

which serve the same function in the sentence, e.g., subject, predicate,

object, are put into blocks or groups. Each block has a kernel word

(noun, verb, preposition) on which other sentence items may be said

to depend. For example, blocks would be formed by a noun and its

modifiers, a verb and an adverb, a preposition and its object noun,

etc. An output tape of blocked sentences is then created and serves as

input to the third operational stage, i.e., where the blocked sentence

is automatically parsed. This procedure entails determining the func-

tional role (e.g., subject, predicate, object) played by each of the blocks.

In the example shown in figure 1, a grammatically ambiguous sen-

tence offers two possible interpretations for the computer to discover.

However, a single, logical interpretation would be deduced by a human

translator, for the simple reason that he has more information stored in

his brain than a computer has in its memory. To resolve this problem,

a computer program has been written which would reduce grammatical-

ly ambiguous sentences to the fewest possible interpretations. This

was done by means of a mechanically generated matrix which seeks

to discover distinctions among the apparently ambiguous blocks.

Those noun blocks which do not qualify as either subject or object

candidates are grouped as so-called "adjuncts."

The system's presently obtainable output is represented by the non-

parenthetic items in figure 1. Information shown in parenthesis will

be produced automatically when translation rules are revised in the

near future to include provisions to rearrange word order and to insert

articles and prewords. This latter task is still being done by a human

post-editor. However, even in its present form, the telegram style

output can be easily understood.

Experimentation in machine translation at Wayne State University

is continuing with two primary objectives: first, to automate additional

analytic procedures; and second, to refine previous routines according

to insights gathered from each successive experiment. At the same time,

translation rules are being formulated which, when written into the

system, will improve the quality of the output.
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Input to the system generally consists of a technical Russian lan­
guage text which has been keypunched and read onto magnetic tape. 
One sentence at a time is analyzed. Each sentence item is looked up 
in a computer-stored dictionary (a compilation of words as they occur 
in a text comparable to the input text) and its encoded grammatical 
characteristics and English equivalent(s) are retrieved. The resultant 
output tape of looked-up text is used as input to the next operational 
phast - syntactic blocking or analysis. This procedure endeavors to 
recognize and to record the functional (grammatical) role played by 
each sentence constituent. 

In syntactic analysis, sentence items (sometimes only one word) 
which serve the same function in the sentence, e.g., subject, predicate, 
object, are put into blocks or groups. Each block has a kernel word 
(noun, verb, preposition) on which other sentence items may be said 
to depend. For example, blocks would be formed by a noun and its 
modifiers, a verb and an adverb, a preposition and its object noun, 
etc. An output tape of blocked sentences is then created and serves as 
input to the third operational stage, i.e., where the blocked sentence 
is automatically parsed. This procedure entails determining the func­
tional role (e.g., subject, predicate, object) played by each of the blocks. 

In the example shown in figure 1, a grammatically ambiguous sen­
tence offers two possible interpretations for the computer to discover. 
However, a single, logical interpretation would be deduced by a human 
translator, for the simple reason that he has more information stored in 
his brain than a computer has in its memory. To resolve this problem, 
a computer program has been written which would reduce grammatical­
ly ambiguous sentences to the fewest possible interpretations. This 
was done by means of a mechanically generated matrix which seeks 
to discover distinctions among the apparently ambiguous blocks. 
Those noun blocks which do not qualify as either subject or object 
candidates are grouped as so-called "adjuncts." 

The system's presently obtainable output is represented by the non­
parenthetic items in figure 1. Information shown in parenthesis will 
be produced automatically when translation rules are revised in the 
near future to include provisions to rearrange word order and to insert 
articles and prewords. This latter task is still being done by a human 
post-editor. However, even in its present form, the telegram style 
output can be easily understood. 

Experimentation in machine translation at Wayne State University 
is continuing with two primary objectives: first, to automate additional 
analytic procedures; and second, to refine previous routines according 
to insights gathered from each successive experiment. At the same time, 
translation rules are being formulated which, when written into the 
system, will improve the quality of the output. 
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Machine Translation Research Objectives

In order to attain the long-range research objectives of machine

translation, it is important that research be continued on such short-

range objectives as straightforward linguistic analysis of the lexicon

and the grammar of various languages. Information to be gained from

such research is necessary to successfully implement machine transla-

tion procedures and to overcome those problem areas or stumbling

blocks that stand in the path of completely successful machine transla-

tion. These problem areas are primarily concerned with syntax (the

structural interrelationships of sentence constituents) and semantics

(the meaning of words and groups of words). There is reason to believe

that sound theoretical bases have been established which will eventually

resolve syntactic problems. However, a great deal remains to be done

in semantics.

In any system of machine translation, there are many points of in-

tersection in the areas of lexicon, morphology, syntax, and semantics.

The boundaries are not clearcut but have had to be mapped and de-

fined. The machine translation research process has been a heuristic

one, where the knowledge and experience gained at a given stage of

development has been applied to the refinement of preceding stages.

The converse is also true. In this regard, the initial exploration of

semantic problems, in many instances, has been based on syntactics.

Conclusion

Although fully automatic, high-quality machine translation is still

a remote objective, machine-aided translation (i.e., translation produced

through a symbiosis of man and mechanical devices) is indeed workable

and productive. This is especially true in scientific areas for which

mircroglossaries and mircrogrammars have been compiled.

To date, five organizations have been conducting effective computer-

aided translation operations:

• Atomic Energy Commission at Oak Ridge, Tennessee;

• Foreign Technology Division, United States Air Force, Dayton,

Ohio;

• National Physics Laboratory, Teddington, England;

• EURATOM at Brussels, Belgium and Ispra, Italy; and

• Central Research Institute for Patent Information, Moscow, USSR.

It is interesting to note that the last-named institute is translating

the Official Gazette, the weekly publication of the United States Patent

Bureau.

The operational machine-aided translation programs being con-

ducted at the above organizations continue to produce a good deal of
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Machine Translation Research Objectives 

In order to attain the long-range research objectives of machine 
translation, it is important that research be continued on such short­
range objectives as straightforward linguistic analysis of the lexicon 
and the grammar of various languages. Information to be gained from 
such research is necessary to successfully implement machine transla­
tion procedures and to overcome those problem areas or stumbling 
blocks that stand in the path of completely successful machine transla­
tion. These problem areas are primarily concerned with syntax (the 
structural interrelationships of sentence constituents) and semantics 
(the meaning of words and groups of words). There is reason to believe 
that sound theoretical bases have been established which will eventually 
resolve syntactic problems. However, a great deal remains to be done 
in semantics. 

In any system of machine translation, there are many points of in­
tersection in the areas of lexicon, morphology, syntax, and semantics. 
The boundaries are not clearcut but have had to be mapped and de­
fined. The machine translation research process has been a heuristic 
one, where the knowledge and experience gained at a given stage of 
development has been applied to the refinement of preceding stages. 
The converse is also true. In this regard, the initial exploration of 
semantic problems, in many instances, has been based on syntactics. 

Conclusion 

Although fully automatic, high-quality machine translation is still 
a remote objective, machine-aided translation (i.e., translation produced 
through a symbiosis of man and mechanical devices) is indeed workable 
and productive. This is especially true in scientific areas for which 
mircroglossaries and mircrogrammars have been compiled. 

To date, fiv~ organizations have been conducting effective computer­
aided translation operations: 

• Atomic Energy Commission at Oak Ridge, Tennessee; 
• Foreign Technology Division, United States Air Force, Dayton, 

Ohio; 
• National Physics Laboratory, Teddington, England; 
• EURA TOM at Brussels, Belgium and Ispra, Italy; and 
• Central Research Institute for Patent Information, Moscow, USSR. 

I 
It is interesting to note that the last-named institute is translating 

··fhe Official Gazette, the weekly publication of the United States Patent 
I Bureau. 

1 
The operational machine-aided translation programs being con-

I ducted at the above organizations continue to produce a good deal of 
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useful output. However, there is still a need for computer-aided lin-

guistic investigations such as those being conducted at Wayne State

University and at the Linguistic Research Center of the University of

Texas. The results of these investigations are needed to refine further

machine-translation-oriented linguistic analysis and to implement those

refinements into operational programs.

Dr. Mutch Receives Award

A Naval Research Laboratory scientist has been accorded the highest honor given by

the British Society of Environmental Engineers.

Dr. William W. Mutch, head of NRL's Shock and Vibration Information Center, has

been awarded a Fellowship of the Society for significant contributions to the field of

environmental engineering involving simulation of natural and created environments

for testing hardware and machines. The center provides a single source from which

scientists and engineers throughout the United States can obtain up-to-date information

on shock and vibration. In addition, the center staff points out gaps in the field where

further work is needed."

Mr. Helvestine Receives Navy

Distinguished Civilian Service Award

Mr. Albert H. Helvestine, Patent Counsel for the Navy and an employee of the Office

of Naval Research, has been awarded the Navy Distinguished Civilian Service Award.

One of Mr. Helvestine's major achievements is the important role he has played in the

Rickover copyright case. A suit was brought which argued that speeches made by VADM

Hyman Rickover are federal government publications and thus cannot be protected by

copyright. The Navy and the government contended that the literary work of a govern-

ment official that is not prepared as part of his official duties is not an official document,

and therefore can be copyrighted by the employee-author as a protection against un-

authorized use.

Mr. Helvestine was a key government expert witness in a trial held last spring in the

U.S. District Court, District of Columbia, in which the government's contention was

upheld by the court. The case is now pending before the Court of Appeals and may

eventually reach the Supreme Court.

New Laboratories Dedicated at Lamont

Two new buildings —a core laboratory and an instrument laboratory — were dedicated

in October at the Lamont Geological Observatory of Columbia University. The two labora-

tories have added more than 50,000 sq ft of teaching, research, and stowage space to the

Lamont facilities. The two-story core laboratory houses the core library (consisting of

about 5,000 core samples), and provides areas for lecturing, study, and offices for the

personnel of the Submarine Geology Department. The instrument laboratory contains

equipment for making new underwater cameras, coring devices, pneumatic guns for

seismic work, heat flow measuring instruments, and equipment for the observatory's

research ships.

Funds for these buildings were provided by the National Science Foundation and

the Alfred P. Sloan Foundation.
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useful output. However, there is still a need for computer-aided lin­
guistic investigations such as those being conducted at Wayne State 
University and at the Linguistic Research Center of the University of 
Texas. The results of these investigations are needed to refine further 
machine-translation-oriented linguistic analysis and to implement those 
refinements into operational programs. 

Dr. Mutch Receives Award 

A Naval Research Laboratory scientist has been accorded the highest honor given by 
the British Society of Environmental Engineers. 

Dr. William W. Mutch; head of NRL's Shock and Vibration Information Center, has 
been awarded a Fellowship of the Society for significant contributions to the field of 
environmental engineering involving simulation of natural and created environments 
for testing hardware and machines. The center provides a single source from which 
scientists and engineers throughout the United States can obtain up-to-date information 
on shock and vibration. In addition, the center staff points out gaps in the field where 
further work is needed. -

Mr. Helvestine Receives Navy 
Distinguished Civilian Service Award 

Mr. Albert H. Helvestine, Patent Counsel for the Navy and an employee of the Office 
of Naval Research, has been awarded the Navy Distinguished Civilian Service Award. 
One of Mr. Helvestine's major achievements is the important role he has played in the 
Rickover copyright case. A suit was brought which argued that speeches made by VADM 
Hyman Rickover are federal government publications and thus cannot be protected by 
copyright. The Navy and the government contended that the literary work of a govern­
ment official that is not prepared as part of his official duties is not an official document, 
and therefore can be copyrighted by the employee-author as a protection against un­
authorized use. 

Mr. Helvestine was a key government expert witness in a trial held last spring in the 
U.S. District Court, District of Columbia, in which the government's contention was 
upheld by the court. The case is now pending before the Court of Appeals and may 
eventually reach the Supreme Court. 

New Laboratories Dedicated at Lamont 
Two new buildings- a core laboratory and an instrument laboratory- were dedicated 

in October at the Lamont Geological Observatory of Columbia University. The two labora­
tories have added more than 50,000 sq ft of teaching, research, and stowage space to the 
Lamont facilities. The two-story core laboratory houses the core library (consisting of 
about 5,000 core samples), and provides areas for lecturing, study, and offices for the 
personnel of the Submarine Geology Department. The instrument laboratory contains 
equipment for making new underwater cameras, coring devices, pneumatic guns for 
seismic work, heat flow measuring instruments, and equipment for the observatory's 
research ships. 

Funds for these buildings were provided by the National Science Foundation and 
the Alfred P. Sloan Foundation. 
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Research Notes

Source of Increased Protection

Against Tooth Decay Explored by Navy

Navy studies have indicated that there is something in the water and soil of three small

areas of the country, especially northwest Ohio, which combines with fluoride to provide

increased protection against tooth decay. This indication is based on the discovery that

significant numbers of new Navy recruits from those areas have teeth completely free of

caries (cavities).

As a result, a research program sponsored by the Office of Naval Research is now under-

way at the Eastman Dental Center, Rochester, N.Y. The objective is to find out what is

present in the water and soil of the areas involved which can work with fluoride to achieve

a greater reduction in the number of new cavities the average person gets.

The Navy is concerned about the high incidence of dental caries found in new recruits,

who have, on the average, 12 active lesions requiring treatment. Since Navy personnel re-

ceive regular dental care throughout their careers, the Navy has for some time conducted

research in the prevention of dental caries.

Since 1957, the Naval Training Center, Great Lakes, 111., has made records of recruits

who report there free of dental caries. A total of 360 such recruits have turned up. Some

of these cavity-free cases can be explained by excellent individual dental care plus fluori-

dated water. Groups of the recruits, however, were noted to have come from specific

geographic areas. Apparently, in those areas, fluoride in the water and chemicals peculiar

to local water and soil absorbed by local food stuffs combine to inhibit the development

of cavities.

One large group comes from the northwestern part of Ohio, an area of small farming

communities where the inhabitants consume local food products to a great extent. It

is also known that the water there has a high mineral content. Investigation has shown

that the residents of this area have on the average three times fewer cavities than other

areas of Ohio.

For this reason the Eastman Dental Center will concentrate on analyzing the local water

and food products in that area. Vegetables will be grown there under controlled con-

ditions and then fed to rats, both in raw form and cooked in the local water, to determine

what beneficial effects this food may have on their teeth. Analyses of the chemicals con-

tained in the local food and water are being made through the cooperation of the U.S.

Geological Survey and Ohio State University.

The two other low-cavity areas to be studied are Hillsborough and Polk counties in

west central Florida, particularly Plant City and Lakeland; and Horry county in north-

eastern South Carolina, particularly Conway and Myrtle Beach. Both of these areas

have produced several caries-free Navy recruits.

NELC Develops Mini-Range for Theodolite

Operator Training

A mini-range for training theodolite operators has been developed at the Naval Elec-

tronics Laboratory Center, San Diego, California. A theodolite is an instrument similar

to a surveyor's transit, but capable of a higher degree of accuracy. The mini-range, which

was designed by L. C. Thompson, will be used in connection with NELC's Fleet Opera-

tional Readiness Accuracy Check Sites (FORACS) program.
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Research Notes 

Source of Increased Protection 
Against Tooth Decay Explored by Navy 

Navy studies have indicated that there is something in the water and soil of three small 
areas of the country, especially northwest Ohio, which combines with fluoride to provide 
increased protection against tooth decay. This indication is based on the discovery that 
significant numbers of new Navy recruits from those areas have teeth completely free of 
caries (cavities). 

As a result, a research program sponsored by the Office of Naval Research is now under­
way at the Eastman Dental Center, Rochester, N.Y. The objective is to find out what is 
present in the water and soil of the areas involved which can work with fluoride to achieve 
a greater reduction in the number of new cavities the average person gets. 

The Navy is concerned about the high incidence of dental caries found in new recruits, 
who have, on the average, 12 active lesions requiring treatment. Since Navy personnel re­
ceive regular dental care throughout their careers, the Navy has for some time conducted 
research in the prevention of dental caries. 

Since 1957, the Naval Training Center, Great Lakes, Ill., has made records of recruits 
who report there free of dental caries. A total of 360 such recruits have turned up. Some 
of these cavity-free cases can be explained by excellent individual dental care plus fluori­
dated water. Groups of the recruits, however, were noted to have come from specific 
geographic areas. Apparently, in those areas, fluoride in the water and chemicals peculiar 
to local water and soil absorbed by local food stuffs combine to inhibit the development 
of cavities. 

One large group comes from the northwestern part of Ohio, an area of small farming 
communities where the inhabitants consume local food products to a great extent. It 
is also known that the water there has a high mineral content. Investigation has shown 
that the residents of this area have on the average three times fewer cavities than other 
areas of Ohio. 

For this reason the Eastman Dental Center will concentrate on analyzing the local water 
and food products in that area. Vegetables will be grown there under controlled con­
ditions and then fed to rats, both in raw form and cooked in the local water, to determine 
what beneficial effects this food may have on their teeth. Analyses of the chemicals con­
tained in the local food and water are being made through the cooperation of the U.S. 
Geological Survey and Ohio State University. 

The two other low-cavity areas to be studied are Hillsborough and Polk counties in 
west central Florida, particularly Plant City and Lakeland; and Horry county in north­
eastern South Carolina, particularly Conway and Myrtle Beach. Both of these areas 
have produced several caries-free Navy recruits. 

NELC Develops Mini-Range for Theodolite 
Operator Training 

A mini-range for training theodolite operators has been developed at the Naval Elec­
tronics Laboratory Center, San Diego, California. A theodolite is an instrument similar 
to a surveyor's transit, but capable of a higher degree of accuracy. The mini-range, which 
was designed by L. C. Thompson, will be used in connection with NELC's Fleet Opera­
tional Readiness Accuracy Check Sites (FORACS) program. 
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Instead of sending personnel to remote FORACS tracking stations for training, theod-

olite operators and newly-hired test engineers who must know detailed range operations

can now be given preliminary training in target tracking and radio communication pro-

cedures at NELC. Local training will eliminate the costs and delays of sending students

and instructors to FORACS stations on San Clemente Island; Guantanamo Bay, Cuba;

Oahu, Hawaii; and Cape Cod, Mass. Also, the mini-range target is always available when

needed.

The FORACS program was established to provide ranges to measure the alignment

and calibration of ships' ASW and navigational sensors. An important part of this opera-

don is knowing the exact location of the ship in the range. At present, engineering theod-

olites are used to provide this information.

The NELC mini-range duplicates actual range conditions, but is scaled down by a factor

of 100 to one. FORACS computer programs were used to reduce data for the mini-range.

Theodolites identical to those found in the field are employed.

NOL's Hydroballistics Facility

New ASW weapons that re-enter the water at extremely high speeds have spawned

a variety of vexing hydrodynamic problems. Before design parameters can be established

for such weapons, the forces they will experience at water entry and the shape of the

water-entry cavity must be known.

The Hydroballistics Tank at the Naval Ordnance Laboratory, Silver Spring, Md.,

with its capacity for 1,750,000 gallons of water and its special associated instrumentation

is unique in its capability to provide the U.S. Navy with just this information. The instru-

mentation includes a fire control unit to synchronize launcher-camera operation, a multi-

channel tape recorder system to monitor telemetry signals, an optical whip recorder to

measure angular motion of water entry, and high-speed 16 mm and 35 mm cameras to

record the entire model trajectory. The purpose of this facility, which was dedicated on

October 31, 1967, is to provide an environment for simulating the performance of mis-

siles which enter the water after supersonic flight. It will be used to make studies of

underwater launching and water exit and of powered, maneuverable, scaled models of

submarines and torpedoes.

The massive, reinforced concrete honeycomb around the tank is designed to permit

reduction of air pressure above the water for cavitation scaling. Also, the tank has 157

Model of the Hydroballistics Tank building showing the honeycomb construction around the tank.

Storage tank at right holds total amount of water from main tank.
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Instead of sending personnel to remote FORACS tracking stations for training, theod­
olite operators and newly-hired test engineers who must know detailed range operations 
can now be given preliminary training in target tracking and radio communication pro~ 
cedures at NELC. Local training will eliminate the costs and delays of sending students 
and instructors to FORACS stations on San Clemente Island; Guantanamo Bay, Cuba; 
Oahu, Hawaii; and Cape Cod, Mass. Also, the mini-range target is always available when 
needed. 

The FORACS program was established to provide ranges to measure the alignment 
and calibration of ships' ASW and navigational sensors. An important part of this opera­
tion is knmving the exact location of the ship in the range . At present, engineering theod­
olites are used to provide this information. 

The NELC mini-range duplicates actual range conditions, but is scaled down by a factor 
of 100 to one. FORACS computer programs were used to reduce data for the mini-range. 
Theodolites identical to those found in the field are employed. 

NOL's Hydroballistics Facility 

New ASW weapons that re-enter the water at extremely high speeds have spawned 
a variety of vexing hydrodynamic problems. Before design parameters can be established 
for such weapons, the forces they will experience at water entry and the shape of the 
water-entry cavity must be known. 

The Hydroballistics Tank at the Naval Ordnance Laboratory, Silver Spri~g, Md., 
with its capacity for 1,750,000 gallons of water and its special associated instrumentation 
is unique in its capability to provide the U.S. Navy with just this information. The instru­
mentation includes a fire control unit to synchronize launcher-camera operation, a multi­
channel tape recorder system to monitor telemetry signals, an optical whip recorder to 
measure angular motion of water entry, and high-speed 16 mm and 35 mm cameras to 
record the entire model trajectory. The purpose of this facility, which was dedicated on 
October 31, 1967, is to provide an environment for simulating the performance of mis­
siles which enter the water after supersonic flight. It will be used to make studies of 
underwater launching and water exit and of powered, maneuverable, scaled models of 
submarines and torpedoes . 

The massive, reinforced concrete honeycomb around the tank is designed to permit 
reduction of air pressure above the water for cavitation scaling. Also, the tank has 157 

Model of the Hydrobal/.istics Tank building showing the honeycomb construction around the tank. 
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Storage tank at right holds total arrwunt of water from main tank. 
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armored-glass view ports which permit excellent visual and photographic observations,

and 15 gun ports which permit mounting and training of launchers from almost any angle

for water entry, underwater travel, and water exit studies.

The tank is 100 ft long, 35 ft wide, and 75 ft deep. It is constructed of reinforced con-

crete and lined with 1/8-inch stainless steel to preserve water clarity. The 1,750,000 gal-

lons of water can be completely filtered by three diatomaceous earth filters in two days.

A separate storage tank has been provided to facilitate the filtering process and to make

it possible to change the water level in the main tank, or to drain the tank for maintenance

without loss of the filtered water. The tank can be emptied into the storage tank through

a three-foot diameter pipe in less than 25 minutes.

Three-inch diameter models can be launched at 3000 feet per second. Other size models

can be launched at appropriately higher or lower speeds. The tank is large enough to

contain whole trajectories.

New Satellite Navigation Technique

NRL scientists, under sponsorship of the Naval Air Systems Command, are conducting

exploratory development on a new satellite navigation technique with which a ship or

airplane can instantaneously obtain a highly accurate fix of its position.

A pilot or navigator would make direct, simultaneous measurements of UHF (ultra-high

frequency) signals from two or more satellites with known positions. Time from transmis-

sion to receipt of signals from these beacons in the sky would be converted into distance.

Position can be determined by applying standard navigation techniques.

The same highly accurate information could be obtained by direct measurement of

two signals from a single satellite. With this approach elapsed time is required for a fix.

A satellite experiment was conducted by NRL personnel on May 31, 1967 to verify

principles of the techniques and test component performance. The satellite equipment

weighs 85 lbs and is powered by solar cells.

The NRL technique is compatible with Doppler equipment for low altitude satellites.

In addition, it can be used in very high altitude satellites.

According to NRL scientists who directed development of the new technique, it is as

easy to use as celestial navigation and more accurate.

NADC Develops New Wet Suit

The Naval Air Development Center, Johnsville, Pa. has developed an air-ventilated

wet suit (VWS) that may replace the anti-exposure suit (MK5A) now being worn by

naval aviators for short duration protection. Fleet pilots and crewmen will evaluate

the new wet suit this winter.

The wet suit, which is designed for use where quick pick-up of the aviator is probable,

such as on a carrier-based operation, will provide protection to an uninjured man for

approximately 90 minutes in 32°F water, 20 mph wind, and an air temperature of 20°F.

A special non-absorbent two-piece insulation underwear, exposure mittens, and an in-

flatable exposure hood must be worn with the suit. A Nomex flight coverall is worn over

the assembly to provide storage pockets, tear protection, and additional fire protection.

A pilot can connect the suit to an aircraft air source or to a portable blower in order to

remain comfortable under varied conditions.

The conventional MK5A dry suit consists of an impermeable outer suit and a bulk

insulation-ventilation liner. While it gives longer protection than the new wet suit, it is

much more cumbersome, and provides little protection if leaks develop. The new wet suit

provides greater reliability and has a more efficient ventilation system than the MK5A.

29

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(U
n
iv

e
rs

it
y
 o

f 
M

a
ry

la
n
d

, 
C

o
lle

g
e
 P

a
rk

) 
o
n
 2

0
1

4
-1

0
-0

1
 1

5
:5

5
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/u
iu

g
.3

0
1

1
2

0
7

5
6

2
9

0
9

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le

armored-glass view ports which permit excellent visual and photographic observations, 
and 15 gun ports which permit mounting and training of launchers from almost any angle 
for water entry, underwater travel, and water exit studies. 

The tank is 100 ft long, 35 ft wide, and 75 ft deep. It is constructed ofreinforced con­
crete and lined with 1/8-inch stainless steel to preserve water clarity. The 1,750,000 gal­
lons of water can be completely filtered by three diatomaceous earth filters in two days. 
A separate storage tank has been provided to facilitate the filtering process and to make 
it possible to change the water level in the main tank, or to drain the tank for maintenance 
without loss of the filtered water. The tank can be emptied into the storage tank through 
a three-foot diameter pipe in less than 25 minutes. 

Three-inch diameter models can be launched at 3000 feet per second. Other size models 
can be launched at appropriately higher or lower speeds. The tank is large enough to 
contain whole trajectories. 

New Satellite Navigation Technique 

NRL scien~sts, under sponsorship of the Naval Air Systems Command, are conducting 
exploratory development on a new satellite navigation technique with which a ship or 
airplane can instantaneously obtain a highly accurate fix of its position. 

A pilot or navigator would make direct, simultaneous measurements of UHF (ultra-high 
frequency) signals from two or more satellites with known positions. Time from transmis­
sion to receipt of signals from these beacons in the sky would be converted into distance. 
Position can be determined by applying standard navigation techniques. 

The same highly accurate information could be obtained by direct measurement of 
two signals from a single satellite. With this approach elapsed time is required for a fix. 

A satellite experiment was conducted by NRL personnel on May 31, 1967 to verify 
principles of the techniques and test component performance. The satellite equipment 
weighs 85 lbs and is powered by solar cells. 

The NRL technique is compatible with Doppler equipment for low altitude satellites. 
In addition, it can be used in very high altitude satellites. 

According to NRL scientists who directed development of the new technique, it is as 
easy to use as celestial navigation and more accurate. 

NADC Develops New Wet Suit 

The Naval Air Development Center, Johnsville, Pa. has developed an air-ventilated 
wet suit (VWS) that may replace the anti-exposure suit (MK5A) now being worn by 
naval aviators for short duration protection. Fleet pilots and crewmen will evaluate 
the new wet suit this winter. 

The wet suit, which is designed for use where quick pick-up of the aviator is probable, 
such as on a carrier-based operation, will provide protection to an uninjured man for 
approximately 90 minutes in 32°F water, 20 mph wind, and an air temperature of 20°F. 
A special non-absorbent two-piece insulation underwear, exposure mittens, and an in­
flatable exposure hood must be worn with the suit. A Nomex flight coverall is worn over 
the assembly to provide storage pockets, tear protection, and additional fire protection. 
A pilot can connect the suit to an aircraft air source or to a portable blower in order to 
remain comfortable under varied conditions. 

The conventional MK5A dry suit consists of an impermeable outer suit and a bulk 
insulation-ventilation liner. While it gives longer protection than the new wet suit, it is 
much more cumbersome, and provides little protection if leaks develop. The new wet suit 
provides greater reliability and has a more efficient ventilation system than the MK5A. 
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This brain has just given birth to a unique scientific conception. It has produced that

most valued product of human intuition and intelligence — a creative thought.

The Care and Feeding of

the Research Brain — Navy Style

The Office of Naval Research, aware that new developments occur

in the visual arts as well as in the sciences, has adopted that most con-

temporary and potent form of visual communication —the motion

picture —in an attempt to define the thought processes which are the

substance of creative thinking. The resultant film, sponsored by the

ONR Public Affairs Office, is entitled "The Care and Feeding of the

Research Brain —Navy Style." It is 16mm color, and runs approximately

25 minutes.

ONR, the Navy's representative in science, deals extensively in

innovative scientific thinking. Accordingly, Mr. James C. Koukos, who

produced the picture, has attempted to make the tone and texture

of the film reflect both modernity and an awareness of new cinemato-

graphic techniques.

This picture, designed to help explain basic naval research, is avail

able for short-term loans from the Public Affairs Office (109), Office of

Naval Research, Washington, D.C. 20360.
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This brain has just given birth to ,a uniqw! scientific conception. It has produced that 
most valued product of human intuition and intelligence- a creative thought. 

The Care and Feeding of 
the Research ]Brain - Navy Style 
The Office of Naval Research, aware that new developments occur 

in the visual arts as well as in the sciences, has adopted that most con­
temporary and potent form of visual communication-the motion 
picture -in an attempt to define the thought processes which are the 
substance of creative thinking. The resultant film, sponsored by the 
ONR Public Affairs Office, is entitled "The Care and Feeding of the 
Research Brain-Navy Style." It is 16mm color, and runs approximately 
25 minutes. 

ONR, the Navy's representative in science, deals extensively in 
innovative scientific thinking. Accordingly, Mr. James C. Koukos, who 
produced the picture, has auempted to make the tone and texture 
of the film reflect both modernity and an awareness of new cinemato­
graphic techniques. 
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This picture, designed to help explain basic naval research, is avail 
able for short-term loans from the Public Affairs Office (109), Office of 
Naval Research, Washington, D.C. 20360. 
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A moment ago that thought was locked in the labyrinth To understand more about its origin, let us consider the

of a basic research scientist's mind where it boiled and physical container from whence it came —Hardy Simms,

fermented...now it gushes forth, laden with possibilities. Ph.D., basic research scientist working under Navy support.

Vhen Hardy was a boy, he was fascinated by a world full

\f wonders. All small boys are curious...but Hardy even more

o...a little more curious than the rest.

nd what is creativity* Well, the creative processes in the

ience* and arts have a common root. The artist abandons

mventional notions, experiments to find something new.

And that creative spark he had to begin with was nourished

and stimulated. The years pass and Hardy Simms becomes a

research scientist — a man capable of creativity.

All the while, he works toward a goal. Finally, a new con-

cept evolves which has never before been seen in this exact

form — and so it is with creative scientific thinking.
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A moment ago that thought was locked in the labyrinth 
of a basic research scientist's mind where it boi/.ed and 
(ermented ... now it gushes forth, laden with possibilities. 

hen Hardy was a bO'J, he was fascinated by a world full 
wonders. All small boys are curious ... but Hardy even more 

o ... a litt/,e more curious than the rest. 

nd what is creativity? Well, the creative processes in the 
ience, and arts have a common root. The artist abandons 
nventional notions, experiments to find something new. 
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To understand more about its origin, /,et us consider the 
physical container from whence it came -Hardy Simms, 
Ph.D., basic research scientist working under Navy support. 

And that creative spark he had to begin with was nourished 
and stimulated. The years pass and Hardy Simms becomes a 
research scientist - a man capable of creativity. 

All the whi/.e, he works toward a goal. Finally, a new con­
cept evolves which has never before been seen in this exact 
form -and so it is with creative scientific thinking. 
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The Navy has long realized the importance of creativity. The Navy's Sealab program, for example, converted specula

It recognizes original ideas with naval applications and tion into reality. As the first prototype of an underocea

then encourages the research scientist to develop them. living-working facility, it translated thinking into actioi

The Navy knows that the smallest creature—on land or sea— Then there is the laser — a great contemporary example i

has much to teach us. Through basic studies, we are learning a field of research that has burst into existence overnigf

about locomotion, communications, homing instincts. and has many important naval applications.

And who is responsible for encouraging the basic research scientist to

develop his naval-oriented original idea? —the Navy's representative

in the field of science, the Office of Naval Research.
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The Navy has long realized the importance of creativity. 
It recognizes original ideas with naval apPlications and 
then encourages the research scientist to develop them. 

The Navy lcnows that the smallest creature-on I.and or sea­
has much to te'tlch us. Through basic studies, we are learning 
about locomotion, communications, homing instincts. 

The Navy's Seal.ab program,for example, converted specul<J 
tion into reality. As the first prototype of an underoceai 
living-worlcing facility, it transl.ated thinlcing into actioi 

Then there is tM l.aser-a great contemporary exampl.e ~ 

a field of research that has burst into existence overnig~ 
and has many important naval apPlications. 

And who is responsible for encouraging the basic mearch scientist to 
develop his naval-oriented original idea~ - the Navy's representative 
in the field of science, the Office of Naval Research. 

Digitized by 0 

32 
OrigilKll from 

UNIVERSITY Of ILLINOIS AT 
UR ANA-CHAMPAIGN 



On the Naval Research Reserve

New Unit in Sixth Naval District

Chattanooga, Tennessee, with its great variety of industrial research,

technical, and educational facilities, offers a wide range of activity

within the mission of the Research Reserve. This is the home of NRRC

6-19, the newest member of the Research Reserve family in the Sixth

Naval District. The Company was established on July 1, 1967.

The majority of the nucleus of 15 members were former members of a

Composite Company who are highly interested in the Research Reserve

Program. The group represents varied military experience and designa-

tors as well as diversified civilian backgrounds and areas of responsi-

bility. These resources have been of great value in the transition to

"research orientation."

NRRC 6-19 is anxious to make some contribution to the Research

Program and was very pleased to have been rated in first place in the

Sixth Naval District competition for the first quarter.

Sixth Naval District Research Reserve Units Visited

Miss Eleanor F. Kehoe, CDR, USNR, Sixth Naval District Research

Reserve Liaison Officer, completed fall visits to all 12 Research Re-

serve units in the Sixth Naval District on December 19, 1967. There

are 170 Naval Reserve officers participating in these units.

While in Atlanta, Georgia, Miss Kehoe discussed the Research Re-

serve Program with CAPT Gerald B. Rogers, USNR, the new Com-

manding Officer of the Naval and Marine Corps Reserve Training

Center. CAPT Rogers has two Research Reserve units under his

direction-NRRC 6-1, Atlanta and NRRC 6-9, Athens, Georgia. He

expressed great interest and enthusiasm for their training programs

and, further, has initiated action to assist in the recruitment of quali-

fied officers for both units.

Joint Army —Navy Research Reserve Seminar

A Southeastern Research Reserve Seminar, sponsored by NRRC 6-1

and the 3251st U.S. Army Reserve R&D Unit, both of Atlanta, was held

at the Lockheed-Georgia Research Laboratory, Marietta, Georgia last

spring.

The seminar was opened with a welcoming address by Glen P.

Robinson, President of Scientific Atlanta and Chairman of the Georgia

Commission on Science and Technology. Technical presentations were

given by prominent scientific and engineering speakers on scientific

and technological activities in the Atlanta area.
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On the Naval Research Reserve 

New Unit in Sixth Naval District 

Chattanooga, Tennessee, with its great variety of industrial research, 
technical, and educational facilities, offers a wide range of activity 
within the mission of the Research Reserve. This is the home of NRRC 
6-19, the newest member of the Research Reserve family in the Sixth 
Naval District. The Company was established on July 1, 1967. 

The majority of the nucleus of 15 members were former members of a 
Composite Company who are highly interested in the Research Reserve 
Program. The group represents varied military experience and designa­
tors as well as diversified civilian backgrounds and areas of responsi­
bility. These resources have been of great value in the transition to 
"research orientation." 

NRRC 6-19 is anxious to make some contribution to the Research 
Program and was very pleased to have been rated in first place in the 
Sixth Naval District competition for the first quarter. 

Sixth Naval District Research Reserve Units Visited 

Miss Eleanor F. Kehoe, CDR, USNR, Sixth Naval District Research 
Reserve Liaison Officer, completed fall visits to all 12 Research Re­
serve units in the Sixth Naval District on December 19, 1967. There 
are 170 Naval Reserve officers participating in these units. 

While in Atlanta, Georgia, Miss Kehoe discussed the Research Re­
serve Program with CAPT Gerald B. Rogers, USNR, the new Com­
manding Officer of the Naval and Marine Corps Reserve Training 
Center. CAPT Rogers has two Research Reserve units under his 
d irection-NRRC 6-1, Atlanta and NRRC 6-9, Athens, Georgia. He 
expressed great interest and enthusiasm for their training programs 
and, further, has initiated action to assist in the recruitment of quali­
fied officers for both units. 

Joint Army-Navy Research Reserve Seminar 

A Southeastern Research Reserve Seminar, sponsored by NRRC 6-1 
and the 3251st U.S. Army Reserve R&D Unit, both of Atlanta, was held 
at the Lockheed-Georgia Research Laboratory, Marietta, Georgia last 
sprmg. 

The seminar was opened with a welcoming address by Glen P. 
Robinson, President of Scientific Atlanta and Chairman of the Georgia 
Commission on Science and Technology. Technical presentations were 
given by prominent scientific and engineering speakers on scientific 
and technological activities in the Atlanta area. 
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The seminar included a tour of Lockheed-Georgia's research labora-

tories, the C-141 aircraft production lines, and the C-5A aircraft mock-

up. Also, tours were made of the new nuclear reactor facility at Georgia

Tech, the U.S. Public Health Service's National Communicable Disease

Center, and the manufacturing facilities of Scientific Atlanta. A Satur-

day evening banquet was held with an address being given by the Hon.

H. McKinley Conway, Georgia State Senator, and President of Conway

Research.

Seminar attendees were members of Navy and Army R&D Units

from all parts of the southeastern area. The civilian occupations of

these Reserve Officers represent just about all branches of the scien-

tific community.

The seminar was under the general direction of LCDR Ray B. Levine,

USNR, Commanding Officer, NRRC 6-1, who is a staff scientist at the

Lockheed-Georgia Research Laboratory. The seminar coordinator

was LCDR Robert S. Duggan, USNR, a member of NRRC 6-1.

LT Pierce Johnson Discusses Recent Studies

Are there other explana-

tions for the origin of life on

a planet? Could the rebound-

ing of electromagnetic waves

between the earth and the

ionosphere be a requirement

for life to be catalyzed?

LT Pierce Johnson, USNR,

a member of NRRC 6-2,

Auburn, Alabama, briefly

presented a portion of the

theory answering these ques-

tions at a meeting of NRRC 6-2. An exploration of this alternate con-

dition for a beginning of life is partially given in three papers co-

authored by LT Johnson, a candidate for the Ph.D. degree in electrical

engineering, and Dr. E. R. Graf, both of Auburn University. These

three papers, "Radiation Noise Energy and Human Physiology in

Deep Space," "A New Criterion for the Quest for Life in our Solar

System," and "The Source of Decametric Radio Emissions from Jupi-

ter," are a part of Dr. Graf's planetary resonator hypothesis.

This hypothesis states that any planet with a high axial rotation will

foster on electromagnetic phenomenon whereby the planet, its magnetic

fields, atmosphere and Van Allen belts, actually constitutes a concentric,

spherical resonator. The characteristic electrical discharges in the upper

atmosphere and the strong electromagnetic field at the surface of the
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The seminar included a tour of Lockheed-Georgia's research labora­
tories, the C-141 aircraft production lines, and the C-5A aircraft mock­
up. Also, tours were made of the new nuclear reactor facility at Georgia 
Tech, the U.S. Public Health Service's National Communicable Disease 
Center, and the manufacturing facilities of Scientific Atlanta. A Satur­
day evening banquet was held with an address being given by the Hon. 
H. McKinley Conway, Georgia State Senator, and President of Conway 
Research. 

Seminar attendees were members of Navy and Army R&D Units 
from all parts of the southeastern area. The civilian occupations of 
these Reserve Officers represent just about all branches of the scien­
tific community. 

The seminar was under the general direction of LCDR Ray B. Levine, 
USNR, Commanding Officer, NRRC 6-1, who is a staff scientist at the 
Lockheed-Georgia Research Laboratory. The seminar coordinator 
was LCDR Robert S. Duggan, USNR, a member ofNRRC 6-1. 

LT Pierce Johnson Discusses Recent Studies 

Are there other explana­
tions for the origin of life on 
a planet? Could the rebound­
ing of electromagnetic waves 
between the earth and the 
ionosphere be a requirement 
for life to be catalyzed? 

LT Pierce Johnson, USNR, 
a member of NRRC 6-2, 
Auburn, Alabama, briefly 
presented a portion of the 
theory answering these ques­
tions at a meeting of NRRC 6-2. An exploration of this alternate con­
dition for a beginning of life is partially given in three papers co­
authored by LT Johnson, a candidate for the Ph.D. degree in electrical 
engineering, and Dr. E. R. Graf, both of Auburn University. These 
three papers, "Radiation Noise Energy and Human Physiology in 
Deep Space," "A New Criterion for the Quest for Life in our Solar 
System," and "The Source of Decametric Radio Emissions from Jupi­
ter," are a part of Dr. Graf's planetary resonator hypothesis. 

This hypothesis states that any planet with a high axial rotation will 
foster on electromagnetic phenomenon whereby the planet, its magnetic 
fields, atmosphere and Van Allen belts, actually constitutes a concentric, 
spherical resonator. The characteristic electrical discharges in the upper 
atmosphere and the strong electromagnetic field at the surface of the 

Digitized by 0 

34 

OrigilKll from 

UNIVERSITY Of ILLINOIS AT 
R ANA-CHAMPAIGN 



planet provide the catalytic energy source for the spontaneous genera-

tion of life from the nonliving millieu.

At a future meeting of NRRC 6-2, Dr. E. R. Graf will discuss some of

his latest work on the prediction of sunspot activity, a part of his overall

theory.

NRRC 6-3 Conducts Weekend Seminar

NRRC 6-3, located in Oak Ridge, Tennessee, sponsored a weekend

seminar December 8-10, 1967. This unit, which has been in existence

since 1949, has sponsored 16 two-week nuclear science seminars in the

past which have been attended by well over 1000 Research Reserve

officers. Also, NRRC 6-3 placed first for Research Reserve Companies

in the Sixth Naval District for two years in a row — FY 1966 and FY 1967.

This year's seminar began on Friday evening, December 8, with a

movie and discussion on the "Oak Ridge Operations." The program

on Saturday commenced with a welcoming address by LCDR Sam

Campbell, Commanding Officer, NRRC 6-3. A brief description of

the program is provided to show the breadth of the seminar. Speakers

are all members of NRRC 6-3.

LCDR W. J. Leonard, a metallurgist at the Oak Ridge National

Laboratory, spoke on the Army pulse reactor. The address was prin-

cipally an engineering description of the Army pulse reactor and an

interesting account of the experience in Oak Ridge in manufacturing,

testing, and performing a criticality test on the reactor prior to ship-

ment to Aberdeen, Maryland. In addition, a complete review of the

pulse reactor program within AEC, its importance to research, and

future trends were presented.

LT H. O. Guberman, a research physicist of the Solid State Division

of the Oak Ridge National Laboratory, presented his paper dealing

with the "Effects of Radiation on Mechanical Properties of Metals."

LT Guberman is engaged in research concerning plastic deformation

of metals, with particular emphasis being placed on dislocation be-

havior in body-centered-cubic (bcc) metals. His talk dealt with the

general defects one observes in metals and those defects produced by

radiation. In addition, he discussed the effects of irradiation on tensile

properties of face-centered-cubic (fee) and bcc metals and the effects

of irradiation on low and high temperature embrittlement.

LCDR C. E. Sage, a staff" member of the Union Carbide Corporation

Nuclear Division, presented a review of the AEC/NASA Rover Pro-

gram, which is concerned with nuclear reactors for space propulsion.

LCDR Sage covered the Rover Reactor Development Program being

conducted by the Los Alamos Scientific Laboratory, and discussed

the analysis and testing required in the assembly and disassembly
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planet provide the catalytic energy source for the spontaneous genera-
tion of life from the nonliving millieu. • 

At a future meeting of NRRC 6-2, Dr. E. R. Graf will discuss some of 
his latest work on the prediction of sunspot activity, a part of his overall 
theory. 

NRRC 6-3 Conducts Weekend Seminar 

NRRC 6-3, located in Oak Ridge, Tennessee, sponsored a weekend 
seminar December 8-10, 1967. This unit, which has been in existence 
since 1949, has sponsored 16 two-week nuclear science seminars in the 
past which have been attended by well over 1000 Research Reserve 
officers. Also, NRRC 6-3 placed first for Research Reserve Companies 
in the Sixth Na val District for two years in a row - FY 1966 and FY 196 7. 

This year's seminar began on Friday evening, December 8, with a 
movie and discussion on the "Oak Ridge Operations." The program 
on Saturday commenced with a welcoming address by LCDR Sam 
Campbell, Commanding Officer, NRRC 6-3. A brief description of 
the program is provided to show the breadth of the seminar. Speakers 
are all members of NRRC 6-3. 

LCDR W. J. Leonard, a metallurgist at the Oak Ridge National 
Laboratory, spoke on the Army pulse reactor. The address was prin­
cipally an engineering description of the Army pulse reactor and an 
interesting account of the experience in Oak Ridge in manufacturing, 
testing, and performing a criticality test on the reactor prior to ship­
ment to Aberdeen, Maryland. In addition, a complete review of the 
pulse reactor program within AEC, its importance to research, and 
future trends were presented. 

LT H. 0. Guberman, a research physicist of the Solid State Division 
of the Oak Ridge National Laboratory, presented his paper dealing 
with the "Effects of Radiation on Mechanical Properties of Metals." 
LT Guberman is engaged in research concerning plastic deformation 
of metals, with particular emphasis being placed on dislocation be­
havior in body-centered-cubic (bee) metals. His talk dealt with the 
general defects one observes in metals and those defects produced by 
radiation. In addition, he discussed the effects of irradiation on tensile 
properties of face-centered-cubic (fee) and bee metals and the effects 
of irradiation on low and high temperature embrittlement. 

LCDR C. E. Sage, a staff member of the Union Carbide Corporation 
Nuclear Division, presented a review of the AEC/NASA Rover Pro­
gram, which is concerned with nuclear reactors for space propulsion. 
LCDR Sage covered the Rover Reactor Development Prwam being 
conducted by the Los Alamos Scientific Laboratory, and discussed 
the analysis and testing required in the assembly and disassembly 
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sequence. The pecularities regarding the personnel capabilities, equip-

ment, and environmental conditions were of special interest to the

group. LCDR Sage also presented a complete description of the testing

area at the Nuclear Reactor Development Station in Nevada, including

its current and planned facilities.

CDR C. L. Yarbro, a biologist with AEC's Oak Ridge Operations

Office, discussed "Developmental Research in the Life Sciences." He

presented a briefing on AEC-supported applied research in the life

sciences areas including plant breeding, insect control, food preserva-

tion, and nuclear medicine applications. He also discussed develop-

ment of the liquid zonal centrifuge at ORNL under joint AEC and

National Institutes of Health support and its application in vaccine

production.

CAPT R. B. Martin, the Deputy Director of the Laboratory and

University Division of AEC's Oak Ridge Operations Office, addressed

the seminar on "AEC-Oak Ridge-University Cooperation." CAPT

Martin's talk centered around the needs and interests of colleges,

universities, research centers, and the government; and how LUD

coordinates these interests and brings the appropriate resources into

focus on the problems. AEC provides direct support of research at

many universities and research centers. The personnel assistance

program for professors and graduate students is a very interesting facet

of the LUD program. CAPT Martin's presentation clearly explained

how AEC's LUD is functioning to develop the leaders in the scientific

community.

LT James M. Jacobs, Chief, Reactor Technology Section of AEC's

Division of Technical Information Extension, presented a review of

the technical information services his organization makes available

to the scientific community and the general public. LT Jacobs discussed

the statutory requirements for the development of working systems for

the dissemination of research development information. He elaborated

on the type of information available, the services provided, and the

methods for providing them. The relatively new technical information

retrieval program, including Nuclear Science Abstracts and Response,

and their interrelationships were also discussed. DTIE services have

been increasingly important to the scientific community.

CAPT William T. Zumwalt, Chief, TVA Power System Operation,

arranged for a briefing and tour of the free world's first super-critical

steam plant, TVA's Bull Run Power Plant, located about three miles

from Oak Ridge. Mr. George Wheaton, the assistant plant superin-

tendent, conducted the tour. This power plant, completed about one

year ago, is capable of delivering 1000 megawatts to the TVA grid.

The Bull Run staff is currently working on a computer system that will

allow completely automatic operation of the plant.
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sequence. The pecularities regarding the personnel capabilities, equip­
ment, and environmental conditions were of special interest to the 
group. LCDR Sage also presented a complete description of the testing 
area at the Nuclear Reactor Development Station in Nevada, including 
its current and planned facilities. 

CDR C. L. Yarbro, a biologist with AEC's Oak Ridge Operations 
Office, discussed "Developmental Research in the Life Sciences." He 
presented a briefing on AEC-supported applied research in the life 
sciences areas including plant breeding, insect control, food preserva­
tion, and nuclear medicine applications. He also discussed develop­
ment of the liquid zonal centrifuge at ORNL under joint AEC and 
National Institutes of Health support and its application in vaccine 
production. 

CAPT R. B. Martin, the Deputy Director of the Laboratory and 
University Division of AEC's Oak Ridge Operations Office, addressed 
the seminar on "AEC-Oak Ridge-University Cooperation." CAPT 
Martin's talk centered around the needs and interests of colleges, 
universities, research centers, and the government; and how LUO 
coordinates these interests and brings the appropriate resources into 
focus on the problems. AEC provides direct support of research at 
many universities and research centers. The personnel assistance 
program for professors and graduate students is a very interesting facet 
of the LUD program. CAPT Martin's presentation clearly explained 
how AEC s LUO is functioning to develop the leaders in the scientific 
community. 

LT James M. Jacobs, Chief, Reactor Technology Section of AEC's 
Division of Technical Information Extension, presented a review of 
the technical information services his organization makes available 
to the scientific community and the general public.LT Jacobs discussed 
the statutory requirements for the development of working systems for 
the dissemination of research development information. He elaborated 
on the type of information available, the services provided, and the 
methods for providing them. The relatively new technical information 
retrieval program, including Nuclear Science Abstracts and Response, 
and their interrelationships were also discussed. DTIE services have 
been increasingly important to the scientific community. 

CAPT William T. Zumwalt, Chief, TVA Power System Operation, 
arranged for a briefing and tour of the free world's first super-critical 
steam plant, TV A's Bull Run Power Plant, located about three miles 
from Oak Ridge. Mr. George Wheaton, the assistant plant superin­
tendent, conducted the tour. This power plant, completed about one 
year ago, is capable of delivering 1000 megawatts to the TVA grid. 
The Bull Run staff is currently working on a computer system that will 
allow completely automatic operation of the plant. 
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The plant can go from a completely cold condition to full power in

about 12 hours. It consumes about 7500 tons of high-grade coal per

day and has a coal yard capable of storing a 60-day supply of coal.

Coal is delivered by special train, each carrying approximately 72,000

tons of coal, from the mines to the coal yard about four times per week.

The entire trainload can be dumped in 20 minutes: the coal cars are

remotely commanded to dump the coal as the train moves at one to

two miles per hour.

On Sunday afternoon, a tour of the American Museum of Atomic

Energy, located in Oak Ridge, was arranged. This concluded the sched-

uled events for the NRRC 6-3 weekend seminar. Forty Research Reserve

officers participated.

NRRC 6-8 Increases Recruiting Effort

NRRC 6-8 of Orlando, Florida, which meets at the Reserve Training

Center, has instituted a plan to attract new members from the com-

munity, local colleges and industry. Also, since two new naval activi-

ties will be opened in the Orlando area during 1968 —the Naval Train-

ing Center and the Recruit Training Center —it is expected that a

number of the civilian staff personnel will be eligible for Research

Reserve membership.

Prospective members are contacted personally, with follow-up

by meeting, invitation, and newsletter. Posters have been prepared

inviting inquiries regarding the Research Reserve program. Newspaper

coverage also has been obtained. These efforts are, of course, in addition

to those to recruit qualified officers from the list of officers in the area

who are not affiliated with a Naval Reserve program.

Activities of NRRC 6-9

NRRC 6-9 of Athens, Georgia feels that its series of very interesting

programs has been largely responsible for its 25 percent increase in

membership in the past three months.

Many of the featured speakers have been nationally recognized educa-

tors and scientists associated with the University of Georgia or the

federal government research activities in the Athens area. Two typical

recent programs featured the director of all the Agricultural Experi-

ment Stations in the state and a recognized history scholar. The pro-

gram featuring the Experiment Stations gave an unusual insight into

the reason why modern agriculture, through research, is probably

the most stabilizing influence in our economy. Not only was the program

of keen interest to the entire group, but it gave each member points

whereby his own garden and yard could benefit.
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The plant can go from a completely cold condition to full power in 
about 12 hours. It consumes about 7500 tons of high-grade coal per 
day and has a coal yard capable of storing a 60-day supply of coal. 
Coal is delivered by special train, each carrying approximately 72,000 
tons of coal, from the mines to the coal yard about four times per week. 
The entire· trainload can be dumped in 20 minutes: the coal cars are 
remotely commanded to dump the coal as the train moves at one to 
two miles per hour. 

On Sunday afternoon, a tour of the American Museum of Atomic 
Energy, located in Oak Ridge, was arranged. This concluded the sched­
uled events for the NRRC 6-3 weekend seminar. Forty Research Reserve 
officers participated. 

NRRC 6-8 Increases Recruiting Effort 

NRRC 6-8 of Orlando, Florida, which meets at the Reserve Training 
Center, has instituted a plan to attract new members from the com­
munity, local colleges and industry. Also, since two new naval activi­
ties will be opened in the Orlando area during 1968-the Naval Train­
ing Center and the Recruit Training Center - it is expected that a 
number of the civilian staff personnel will be eligible for Research 
Reserve membership. 

Prospective members are contacted personally, with follow-up 
by meeting, invitation, and newsletter. Posters have been prepared 
inviting inquiries regarding the Research Reserve program. Newspaper 
coverage also has been obtained. These efforts are, of course, in addition 
to those to recruit qualified officers from the list of officers in the area 
who are not affiliated with a Naval Reserve program. 

Activities of NRRC 6-9 

NRRC 6-9 of Athens, Georgia feels that its series of very interesting 
programs has been largely responsible for its 25 percent increase in 
membership in the past three months. 

Many of the featured speakers have been nationally recognized educa­
tors and scientists associated with the University of Georgia or the 
federal government research activities in the Athens area. Two typical 
recent programs featured the director of all the Agricultural Experi­
ment Stations in the state and a recognized history scholar. The pro­
gram featuring the Experiment Stations gave an unusual insight into 
the reason why modern agriculture, through research, is probably 
the most stabilizing influence in our economy. Not only was the program 
of keen interest to the entire group, but it gave each member points 
whereby his own garden and yard could benefit. 

Digitized by o gle 

37 
igi11al from 

UNIVERSITY OF ILLINOIS AT 
URBANA-CHAMPAIGN 



The last program of the quarter was an in-depth study of how the

living standards of the average Russian citizen has progressed in the

past ten years. The speaker, a former member of NRRC 6-9, spoke

from personal studies made in Russia in 1956 and 1967.

NRRC 6-18 Drill Program

NRRC 6-18 of Nashville, Tennessee, is fortunate in being located

in a community of wide business and industrial diversification. Thus,

to avail itself of the opportunities at hand, the company has scheduled

one field trip per quarter as a uniformed drill to visit a plant site. In

this manner, the Naval Reserve has been kept before the public and the

members have had an opportunity to keep abreast of the rapid changes

taking place in the areas of business and technology.

Uniformed drills for the past year included visits to the Western

Electric Company plant, the Southern Bell Telephone and Telegraph

Company Central Office, and the Nashville Bridge Company facilities.

The visits to Western Electric and Southern Bell permitted members

to view the latest advances in the field of telephone communications.

The Nashville Bridge Company tour enabled members to observe the

latest techniques being employed in marine construction.

The regular company drills include lectures by authorities in their var-

ious fields of endeavor. Typical programs this past year included lec-

tures on economics, including balance of payments and gold flow' Civil

Defense; communism; research in heart maladies; and bio-engineering

research. LCDR Charles W. Hawkins, III commands NRRC 6-18; LT

Larry Wilson is the Executive Officer and Program Officer.

Random Noise

Mr. Robert J. Bobber was recently appointed as Chief Scientist of NRL's Underwater

Sound Reference Division, Orlando, Florida. Mr. Bobber's vocational interests lie in

the fields of acoustics, undersea warfare and technology, and electroacoustic transducers

and measurements.

Dr. Joseph P. Pollard, who served as Assistant to the Chief of Naval Research in Medical

and Allied Sciences from May 1960 to November 1964 as Captain, USN, has recently

returned to ONR to assume the position of Director, Biological Sciences Division. Prior

to returning to ONR, Dr. Pollard served as Director, Research Division, BuMed.

Mr. Murray Rogofsky, formerly of the Information Management Department, Vitro

Laboratories, was recently appointed Special Assistant for Technical Information Sys-

tems at the Naval Oceanographic Office, Suitland, Md.

Mr. Don Pollock, formerly of ONR's Information Systems Branch, recently accepted

a position with the National Science Foundation.
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The last program of the quarter was an in-depth study of how the 
living standards of the average Russian citizen has progressed in the 
past ten years. The speaker, a former member of NRRC 6-9, spoke 
from personal studies made in Russia in 1956 and 1967. 

Digitized by 

NRRC 6-18 Drill Program 

NRRC 6-18 of Nashville, Tennessee, is fortunate in being located 
in a community of wide business and industrial diversification. Thus, 
to avail itself of the opportunities at hand, the company has scheduled 
one field trip per quarter as a uniformed drill to visit a plant site. In 
this manner, the Naval Reserve has been kept before the public and the 
members have had an opportunity to keep abreast of the rapid changes 
taking place in the areas of business and technology. 

Uniformed drills for the past year included visits to the Western 
Electric Company plant, the Southern Bell Telephone and Telegraph 
Company Central Office, and the Nashville Bridge Company facilities. 
The visits to Western Electric and Southern Bell permitted members 
to view the latest advances in the field of telephone communications. 
The Nashville Bridge Company tour enabled members to observe the 
latest techniques being employed in marine construction. 

The regular company drills include lectures by authorities in their var­
ious fields of endeavor. Typical programs this past year included lec­
tures on economics, including balance of payments and gold flow~ Civil 
Defense; communism; research in heart maladies; and bio-engineering 
research. LCDR Charles W. Hawkins, III commands NRRC 6-18; LT 
Larry Wilson is the Executive Officer and Program Officer. 

Random Noise 

Mr. Robert J. Bobber was recently appointed as Chief Scientist of NRL's Underwater 
Sound Reference Division, Orlando, Florida. Mr. Bobber's vocational interests lie in 
the fields of acoustics, undersea warfare and technology, and electroacoustic transducers 
and measurements. 

Dr. Joseph P. Pollard, who served as Assistant to the Chief of aval Research in Medical 
and Allied Sciences from May 1960 to November 1964 as Captain, USN, has recently 
returned to ONR to assume the position of Director, Biological Sciences Division. Prior 
to returning to O R, Dr. Pollard served as Director, Research Division, BuMed. 

Mr. Murray Rogofsky, formerly of the Information Management Department, Vitro 
Laboratories, was recently appointed Special Assistant for Technical Information Sys­
tems at the Naval Oceanographic Office, Suitland, Md. 

Mr. Don Pollock, formerly of ONR's Information Systems Branch, recently accepted 
a position with the ational Science Foundation. 
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Selected Contract Research Reports

The contract research reports listed below have been extracted from U.S. Government Research & Development

Reports 67, No. 22 of November 25, 1967 and No. 23 of December 10, 1967. Government agencies and their contractors

who are registered with the Defense Documentation Center of the Defense Supply Agency may obtain free copies

from the Center at Cameron Station, Alexandria, Virginia 22314. Abstracts of the reports are found in USGRDR 67,

Nos. 22 and 23.

AERONAUTICS

Integrated Cockpit Research Program; Litton Systems,

Inc.; Murphy et al; AD-658 753 and AD-658 754

ASTRONOMY AND ASTROPHYSICS

A Statistical and Astrophysical Investigation of Emission-

Line Stars and Planetary Nebulae in the Southern Milky Way;

Dearborn Observatory; Henize; AD-658 513

An Analysis of the Distribution of Radio Sources; CalTech;

Wagoner; AD-658 691

Final Stages of Evolution; CalTech; jhaviv; AD-658-692

On the Fine Structure of Absorption Lines; CalTech;

Bahcall et al; AD-658 693

The Microwave Spectrum of Venus in the Frequency Range

18-36 Gc/SEC; Calif. U.; Griffith et al; AD-658 708

The Corona Far From the Sun; Calif. U.; Wilcox; AD-

658 811

Isentropic Models for Final Stages of Stellar Evolution;

CalTech; Rakavy and Shaviv; AD-659 048

Research in Astronomical Photometry and Polarimetry Con-

cerning W Serpentis and the Orion Nebula, NGC 1976;

Northern Arizona U.; Hall; AD-659 202

ATMOSPHERIC SCIENCES

The Interaction of Internal Gravity Waves With the Iono-

sphere at the Fl and F2 levels; Columbia U.; Bugnolo;

AD-659 173

Solar Particle Observations Inside the Magnetosphere During

the 7 July 1966 Event; Iowa U.; Krimigis et al; AD-659 325

Observations of VLF Hiss at Very Low L Values; Iowa U.;

Gurnett; AD-659 479

Observations of Low Energy (0.5 MeV) Trapped Protons

With Injun IV; Iowa U.; Krimigis; AD-659 480

On the Distributions of Low-Energy Protons and Electrons

in the Earth's Magnetosphere; Iowa U.; Frank; AD-659 481

Simultaneous Dust and Ozone Soundings Over North and

Central America; Minnesota U.; Rosen; AD-658 546

Spectral, Spatial, and Temporal Variations Observed for

Outer Zone Electrons From 10 to 100 keV With Satellite

INJUN 3; Iowa U.; Fritz; AD-658 710

Recent Observations of Low-Energy Charged Particles in

the Earth's Magnetosphere; Iowa U.; Frank; AD-658 728

BEHAVIORAL AND SOCIAL SCIENCES

Parallel and Sequential Strategies for R and D Projects;

Harvard U.; Rosenbloom and Abernathy; AD-658 544

Program of Research on the Management of Research and

Development; Northwestern U.; Rubenstein; AD-658 897

Annual Report: Automatic Indexing and Abstracting;

Lockheed Missiles and Space Co.; AD-659 057

Experiments in Display Evaluation; Franklin Inst. Re-

search Labs; Landis et al; AD-658 733

The Development of Specifications of a Standard Display

Board for Army Field Forces; Dunlap and Associates Inc.;

Weigandt et al; AD-658 739

Computer-Assisted Instruction (CAI); Harvard Computing

Center; Stolurow; AD-658 869

A Dynamic Input-Output Model of the California Educa-

tional System; Calif. U.; Nordell; AD-659 050

Multimode Factor Analysis of Interpersonal Perceptions;

111. U.; Davis and Grobstein; AD-658 515

Molecular Neurochemistry of Rat Brain During Water

Maze Performance; York U.; Gaito et al; AD-658 723

Reciprocity and Credit Building in Dyads; State U. of N.Y.;

Pruitt; AD-658 880

Reaction Systems and Instability in Interpersonal and Inter-

national Affairs; State U. of N.Y.; Pruitt; AD-658 901

Quality and Quantity of Contributions as Determinants of

Perceived Ability; State U. of N.Y.; Regula and Julian;

AD-659 039

Reactions to the Group Spokesman as Influenced by his

Perceived Competence, Source of Authority, and Task Success;

State U. of N.Y.; Julian etal; AD-659 040

The Evolution of Perceptual Frames of Reference; Johns

Hopkins U.; Bevan; AD-659 058

The Mathematical Structure and Implications of Ghiselli's

Moderator Variable; III. U.; Conger; AD-659 059

Evaluation of Factor Analytic Research Procedures by Means

of Simulated Correlation Matrices; II! U.; Tucker et al;

AD-659 060

Relationships Between Sensitivities of Blood-Volume Change,

Pulse-Volume Change, and the GSR; Ind. U.; Gagnon and

Furedy; AD-659 063

Investigation of CAPER (Computer Aided Pattern Evalu-

ation and Recognition) Techniques Using NCAT (Navy College

Aptitude Test) and BTB-7 (Basic Test Battery 7) Data to

Forecast School Performance; Lockheed Missiles and Space

Co.; Mangelsdorf et al; AD-659 525

BIOLOGICAL AND MEDICAL SCIENCES

Extraction, Purification, and Properties of the Biolumi-

nescence System of the Euphausid Shrimp Meganyctiphattes

Norvegica; Princeton; Shimomura and Johnson; AD-659

606

The Size of Genetic Programs Versus Their Effectiveness

and Adaptability; Calif. U.; Bermermann; AD-659 198

Lengths of Cycle Times in Random Neural Networks;

Cornell U.; Sloane; AD-659 508

Recent Work on Theoretical Models of Biological Memory;

Cornell U.; Rosenblatt; AD-659 611

Evaluation of Sensory Nerve Conduction From Averaged

Cerebral Evoked Potentials in Neuropathies; Brussels U.

(Belgium); Desmedt et al; AD-659 436

Whole Organ Freezing and Thawing Heat Transfer and

Thermal Properties; Geoscience Ltd.; Poppendiek et al;

AD-659 471

Localization Mechanism of Calcification in Transplants of

Aorta; Calif. U.; Uristetal; AD-659 637

Cardiovascular Effects of Bilateral Common Carotid Oc-

clusion in Hemorrhagic Shock; Loyola U.; Glaviano and Yo;

AD-659 656

Reaction of Myoglobin With 3 J-Tetramethyleneglutaric An-

hydride; State U. of N.Y.; Atassi; AD-658 417

Periodate Oxidation of Sperm-Whale Myoglobin and the

Role of the Methionine Residues in the Antigen-Antibody

Reaction; State U. of N.Y.; Atassi; AD-658 644

Leukocyte Counts of Germ-Free Neonatally Thymectomized

CFW Mice; Notre Dame U.; Bealmear and Wilson;

AD-658 526

Programmed Control of Purposive Movement; Tulane U.;

Pinneo; AD-658 888

Feasibility of lntra-Service Standardization of Audiometric

Tests and Testing Procedures. Current Status and Recommenda-

tions for Standardization; National Academy of Sciences;

Glorigrta/; AD-658 725

Electrical Coupling and Normal Modes of Oscillation in

Dense Excitable Cellular Structures; Aerojet-General Corp.;

Stewart; AD-658 519
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Selected Contract Research Reports 

The contract research reports listed below have been extracted from U.S. Government Research & Development 
Reports 67, o. 22 of ovember 25, 1967 and o. 23 of December 10, 1967. Government agencie and their contractors 
who are registered with the Defense Documentation Center of the Defense Supply Agenc may obtain free copies 
from the Center al ameron Station, Alexandria, Virginia 22314. Abstracts of the reports are found in USGRDR 67, 

os. 22 and 23. 

AERONAUTI~ 
/ntegraud Coclrpil Re~arch Program; Litton Systems, 

Inc.; Murphy et al; AD-658 753 and AD-658 754 

ASTRONOMY AND ASTROPHYSI~ 
A Stati.stital arid Astrophysical Investigation of Emission­

Line Stars and Planetary Nt'1ulae in the Scruthern Millcy Way; 
Dearborn Observatory; Henize; AD-658 513 

An Analysis of the Di.stribuJion of Radio Sources; Ca!Tech; 
Wagoner; AD-658 691 

Final Stages of Evolution; CalTech; :,haviv; AD-658-692 
On the Fine Structure of Absorption Lines; CalTech; 

Bahcall et al; AD-658 693 
The Micruwave Spectrum of Venus in the Frequency Range 

18-36 Ge/SEC; Calif. U.; Griffith et al; AD-658 708 
The Corona Far From the Sun; Calif. .; Wilcox; Al).. 

658 811 
/sentropic MO<Uls for Final Stages of Stellar Evolution; 

CaJTech; Rakavy and Shaviv; AD-659 048 
Research in Astronomical PhotoTMtry and Polarimetry Con­

cerning W Serpentis and the Orion Nebula, NGC 1976; 
Northern Arizona U.; Hall; AD-659 202 

ATMOSPHERIC SCIENCF.S 
The Interaction of Internal Gravity Waves With the Iono­

sphere at the Fl and F2 Lewis; Columbia U.; Bugnolo; 
AD-659 173 

Solar Particle Observations /nsuk the Magnetosphere During 
the 7 July 1966 Event; Iowa U.; Krimigis et al; AD-659 325' 

Observations of VLF Hie at Very J..,qw L Values; Iowa U.; 
Gurnett; AD-659 479 

Observations of }_,qw Energy (0..5 MeV) Trapped Protons 
Withlnjun/V; Iowa U.; Krimigis; AD-659 480 

On the Distributions of Low-Energy Protons and Electrons 
in the Eartll's Magnetosphere; Iowa U.; Frank; AD-659 481 

Simullaneous Dust and Dume Soundings Over Norlia and 
Central America; Minnesota U.; Rosen; AD-658 546 

Spectral, Spatial, and Temporal Variations Observtd for 
OuJtr Zone Electrons From JO to JOO lceV With Satellilt 
INJUN J; Iowa U. ; Fritz; AD-658 710 

Recent Observations of Low-Energy Charged Particles in 
the Eartll's Magnetosphere; Iowa U.; Frank; AD-658 728 

BEHAVIOR.AL AND SOCIAL SCIENCF.S 
Parallel and Sequential Strategies for R and D Projects; 

Harvard U.; Rosenbloom and Abernathy; AD-658 54-4 
Program of Research on the Managemnu of Research and 

Development; Northwestern U.; Rubenstein; AD-658 897 
Annual Report: Awomalu: Indexing and. Ab.rtracting; 

Lockheed Missiles and Space Co.; AD-659 057 
E,cperimmts in Di.splay Evaluation; Franklin Inst. Re­

search Labs; Landis et al; AD-658 733 
The Development of Specifications of a Standard Di.splay 

Board for Army Field Forces; Dunlap and Associates Inc. ; 
Weigandt et al; AD-658 739 

Computer-Assisud. Instruction (CAi); Harvard Computing 
Center; Stolurow; AD-658 869 

A Dynamic Input-Output Model of the California Educa­
tional System; Calif. U .; Nordell; AD-659 050 

Mullimode Factor Analysis of l~onal Perceptions; 
Ill. U. ; Davis and Grobstein; AD-658 515 

Molecular Neurochemistry of Rat Brain During Water 
Mau Performana; York U.; Gaito et al; AD-658 725 

Reciprocity and Credit Building in Dyads; State U. of N.Y.; 
Pruitt; AD-658 880 

Digitized by 

Reaction Systems and Instability in lmerpersonal and lnter­
-natwnal Affairs; State U. of N.Y.; Pruitt; AD-658 901 

Quality and Quantity of Contributions as Determinants of 
PerceiVl!d Ability; State . of .Y.; Regula and Julian; 
AD-659 039 

Reactions to the Grcrup Spolresman as Influenced l,y his 
Perceived Competence, Scrurce of Authority, and Taslr. Success; 
State U. of . Y .; Julian et al; AD-659 040 

The Evolution of Perceptual Frames of Reference; Johns 
Hopkins U.; Bevan; AD-659 058 

The Mathemalical Structure and Implications of Ghistlli's 
Moderator Variable; Ill. U.; Conger; AD-659 059 

Evaluation of Factor Analytic Research Procedures by Means 
of Simulated Correlation Matrices; Ill . U.; Tucker et al; 
AD-659 060 

Relatumships Between Sensitivities of Blood-Volume Change, 
Pulse-Volume Change, and the GSR; Ind. U.; Gagnon and 
Furedy; AD-659 063 

Investigation of CAPER (Compuur Aided Pattern Evalu­
ation and Recognition) T echniqius Usirig NCAT ( avy College 
Aptitude Test) and BTB-7 (Basic Test Battery 7) Data to 
Forecast School Performance; Lockheed Missiles and pace 
Co.; Mangelsdorf et al; AD-659 525 

BIOLOGICAL AND MEDICAL SCIENCES 
Extraction, Purification, and Properties of the Biolumi­

nescence System of the Euphausid Shrimp Meganyctipha11es 
Norvegica; Princeton; Shimomura and Johnson; AD-659 
606 

The Siu of Genetic Programs Versus Their Effectiveness 
and Adaptability; Calif. U.; Bermcrmann; AD-659 198 

Lengths of Cycle Times in Random Neural Networlr.s; 
Cornell U. ; Sloane; AD-659 508 

Recent Worlr on Theoretical Models of Biological Memory; 
Cornell U.; Rosenblatt; AD-659 61 l 

Evaluation of Sensory Nerve Conduction From Averaged 
Cerebral Evolced Potentials in Neuropathies; Brussels U. 
(Belgium); Desmedt et al; AD-659 456 

Whole Organ Freering and Thawing Heal Transfer and 
Thermal Properties; Geoscience Ltd.; Poppendiek et al; 
AD-659 471 

Localiz.alum Mechanism of Calcijicalion in Transplants of 
Aorta; Calif. U.; Urist et al; AD-659 637 

Cardiovascular Effects of Bilateral Comrrum Carotid Oc­
clusion in Hmwrrhagic Shock.; Loyola U.; Glaviano and Yo; 
AD-659 656 

Reaction of Myog/,obin With 3,J-Tetrametl&Jk-glutaric An­
hydride; State U. ofN .Y.; Atassi; AD-658 417 

Periodale O%idation of Spenn-Whale M:,oglobin and the 
Role of the Methionine Residues in the Amigen-Antibody 
Reaction; State U. of N. Y .; Atassi; AD-658 644 

LeuAocyu Counts of Germ-Free Neonatally Thymectomiud 
CFW Mice; Notre Dame U.; Bealmear and Wilson; 
AD-658 526 

Programmed Control of Purposive Motlffllffll; Tulane U.; 
Pinneo; AD-658 888 

Feasibility of lmra-Service Standardization of Audiometric 
Tests and Testing Procedures. Current Status and Recommenda­
tions for Standardi.tation; National Academy of Sciences; 
Glorig et al; AD-658 725 

Electrical Coupling and Nurmal Modes of Oscillation in 
Dense E:teilabu Cellular Structures; Aerojet-General Corp.; 
Stewan; AD-658 519 
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Couplers for Calibration of Earphones; National Academy

of Sciences; Zwislocki et al; AD-658 726

CHEMISTRY

External Flows of Viscoelastic Materials: Fluid Property

Restrictions on the Use of Velocity-Sensitive Probes; Delaware

U.; Metzner and Astarita; AD-658 523

New Hypofluorites Containing Nitrogen; Idaho U.;

Shreeve; AD-658 735

High Yield Synthesis of the Smaller Closo-Carboranes,

C2B3H5, C2B4H6, and C2B5H7; Aerojet-General Corp.;

Ditter; AD-659 044

Scattering of High-Velocity Neutral Particles, He-H2;

M.I.T.; Amdur and Smith; AD-658 758

Almost 'Head-on' Collisions in the Scattering of Fast Argon

Atoms by Hydrogen Isotopes; M.I.T.; Jordan and Amdur;

AD-658 759

Lifetime of Fluorescence From the Lowest Electronic State

in Sulfur Dioxide Vapor; Rochester U.; Caton; AD-658 520

The Characteristics of Several New Metal Phosphinate Com-

plexes; Olin Mathieson Chemical Corp.; Pitts et al; AD-

659 067

Carborane Formation From Alkynes and Boranes. Slow Re-

actions of B4H10 and B5H11 With Acetylene, Methylacety-

lene and Dimethylacetylene; Va. U.; Grimes et al; AD-659 319

Phenylphosphonous Isocyanates; Olin Mathieson Chemical

Corp.; Pitts et al; AD-659 068

Hyperfine Separation of Tritium; Harvard U.; Mathur

et al; AD-659 505

Spectroscopy of EDA Complexes at High Pressures. Ab-

sorption and Fluorescence of Crystalline TNB and TNF

Complexes; Calif. U.; Kadhim and Offen; AD-659 533

EARTH SCIENCES AND OCEANOGRAPHY

Implicit Map Projections in Computer Print-Outs; Harvard

U.;Warntz; AD-659 457

Oceanography Using Remote Sensors; Texas A and M;

Capurro; AD-659 174

An Objective Method for Determination of the Stream-

Function for the Non-Divergent Part of Observed Oceanic

Surface Currents; Texas A and M; Garcia and Reid; AD-

659 175

Laboratory Studies of Wind-Wave Interactions; Hydro-

nautics, Inc.; Wu; AD-659 178

Tidal Variation of Hydrography of Block Island Sound

Observed in August 1965; Lamont; Ichiye; AD-659 503

Oxygen-18 Variations in Sulfate Ions in Sea Water and

Saline Lakes; Scripps; Longinelli and Craig; AD-659 438

Geography and the Properties of Surfaces. A Nomographic

Representation of the Geoid; Harvard U.; Messcher; AD-

659 456

Holocene Changes in Sea Level: Evidence in Micronesia;

Scripps; Shepard et al; AD-659 655

Comparison of M. Koizumi and M. K. Robinson Computa-

tions of Seasonal Variation of Mean Sea Surface Tempera-

tures in the East China Sea; Scripps; Robinson; AD-659 078

A Flame Photometer for Small Amounts of Cesium; Scripps;

Folsom et al; AD-659 210

Coccolithophorids From Two Caribbean Deep-Sea Cores;

Miami U.; Cohen; AD-658 694

Late Pleistocene and Holocene Sedimentation in the Lauren-

turn Channel; Lamont; Conollyrt al; AD-658 697

Pleistocene Age Determinations From California and

Oregon; Lamont; Richards and Thurber; AD-658 703

Marine Dolomite of Unusual Isotopic Composition; Oregon

State U.; Russell et al; AD-658 707

Electrolytic Conductance of Sea Water and the Salinometer.

An Addenum to the Review; Oregon State U.; Park and Burt;

AD-658 704

Track Charts, Bathymetry, and Location of Observations,

Yamacraw Cruise No. 3, August 9-August 26,1957: Yamacraw

Cruise No. 6, November 4-November 10, 1957, North Atlantic

Ocean; Woods Hole; Dunkle and Bumpus; AD-658 711

ELECTRONICS AND ELECTRICAL ENGINEERING

An Image Storage Tube Computer; Philco-Ford Corp.;

Sklansky; AD-658 521

Research on Self-Organizing Machines; Stanford; Duda;

AD-658 527

Three-Dimensional Elasticity Theory for Flat-Plate Memory

Elements Subjected to Space-Variable Normal Traction;

Columbia U.; Elrod and Sood; AD-658 727

Performance of Electrically Small Beamed Array Receiving

Systems in the Presence of Noise; Syracuse U.; Fournier;

AD-658 885

Progress Report on the Nebula Computer; Oregon St. U.;

Boles et al; AD-659 304

On the Linear and Quadratic Discriminators for Pattern

Recognition; Information Research Associates, Inc.;

Rao; AD-659 296

A High Duty Cycle, High Performance Log Video Ampli-

fier; Syracuse U.; Harris; AD-659 494

ENERGY CONVERSION (NON-PROPULSIVE)

p-i-n Thermo-Photo-Voltaic Diode; Purdue U.; Schwartz

and Kim; AD-658 902

MATERIALS

Properties of a Particulate-Filled Polymer; Monsanto

Research Corp.; Kenyon and Duffey; AD-659 619

Thickness Effects of Electron Scattering at Au-Film Surfaces;

Nebraska U.; Johnson and Bashara; AD-659 528

First Annual Project Review and Technical Report, 30 June

1965- 30 April 1966; Monsanto Research Corp.; Calfee;

AD-487 208

Second Annual Project Review and Technical Report, 1 May

1966- 30 April 1967; Monsanto Research Corp.; Calfee;

AD-658 533

Tensile Strength of Rubbers; Princeton U.; Tobolsky and

Lyons; AD-659 065

MATHEMATICAL SCIENCES

An Extension of Pontryagin's Maximum Principle; Ohio

State U.; Tou and Yeh; AD-658 709

Distribution of the Residual Sum of Squares in Fitting In-

equalities; Princeton U.; Hartigan; AD-658 785

Correlation of Ranges of Correlated Deviates; Princeton U.;

Kurtz et al; AD-658 787

Extreme Points of Leontief Substitution Systems; Stanford

U.; Veinott.Jr.; AD-659 045

Optimal Designs on Tchebycheff Points; Purdue U.;

Studden; AD-659 064 ^

Duality in Discrete Programming; Stanford U.; Balas;

AD-658 740

A Graph Decomposition Technique for Structuring Data;

Computer Command and Control Co.; Jensen; AD-

658 756

Lecture Notes Prepared in Connection With the Summer

Seminar on Mathematics of the Decision Sciences Held at Stan-

ford University, Stanford, California, July 10 - August 11,

1967; American Mathematical Society; AD-658 894

The Joint Distribution of the Virtual Waitingtime and the

Residual Busy Period for the MIGI1 Queue; Purdue U.;

Neuts; AD-659 062

The Conditional Level of Students t-Test; Cornell U.;

Brown; AD-659 607

On Linear Ordinary Differential Equations With Exponential

Coefficients; Calif. U.; Hegemier; AD-659 703

Function Minimization Without Derivatives by a Sequence

of Quadratic Programming Problems; Harvard; Winfield;

AD-659 294

Projections of Convex Polyhedral Sets; Calif. U.; Kohler;

AD-659 301

Some Limit Theorems in Queueing Theory; Cornell;

Lalchandani; AD-659 318

Hierarchial and Multilevel Systems; Case-Western Re-

serve V.; Macko; AD-659 483

An Axiomatic Theory of General Systems; Case-Western

Reserve U.; Windeknecht; AD-659 484
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Corp.; Pius et al; AD-659 068 

Hyper.fine Separation of Tritium; Harvard U.; Mathur 
et al; AD-659 505 
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sorption and Fluorescence of Crystalline TNB and TNF 
Compleus; Calif. U.; Kadhim and Offen; AD-659 533 
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lmfllicil Map Projections in Computer Print-Outs; Harvard 

U .; Warntz; AD-659 457 
Ocearwgraphy Using Remote Sens<m; Texas A and M; 

Capurro; AD-659 174 
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Surface Currents; Texas A and M; Carcia and Reid; AD-
659 175 

LahoraJory Studu.s of Wind-Wave Interactions; Hydro­
nautics, Inc.; Wu; AD-659 178 

Tidal Variation of Hydrography of Bloclt Island Sound 
Observed in August 1965; Lamont; lchiye; AD-659 503 

D,rygen-18 Variations in Sulfate Ions in Sea Water and 
Saline La/tes; Scripps; Longinelli and Craig; AD-659 438 

Geography and the Properties of Surfaces. A Nomographic 
Represtnlation of tht Geoid; Harvard U.; Messcher; AD-
659 456 

Holocene Changes in Sea uvel: Evidence in Micronesia; 
Scripps; Shepard et al; AD-659 655 

Comparison of M . Koizumi and M. K. Robinson Compwa­
tions of Seasonal Variation of Mean Sta Surface Temflera­
tures in the East China Sea; Scripps; Robinson; AD-659 078 

A Flame Plwlometer for Small Amounts of Cesium; Scripps; 
Folsom et al; AD-659 210 

Coccolitlwphorids From Two Caribbean Deep-Sta Cores; 
Miami U.; Cohen; AD-658 694 

Late Pleistocene and Holccene Sedimnuation in tht Lauren­
tian Channel; Lamonl; Conolly el al; AD-658 697 

Pleistocem Agt Determinations From California and 
Oregon; Lamonl; Richards and Thurber; AD-658 703 

Marine Dolomite of Unusual lsoropic Composition; Oregon 
State U.; Russell et al; AD-658 707 

Ekctrolytic Conductance of Sta Water and the Salinometer. 
An Addenum to the Review; Oregon State U.; Park and Burt; 
AD-658 704 

Traclt Charts, Bathymetry, and Localion of Observations, 
Yamacraw Cruise No.), August 9-August 26, 1957: Yamacraw 
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Sklansky; AD-658 521 
R~arch on Seif-Organizing Machines; Stanford; Duda; 
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Eltrntnls Subjected to Space-Variable Normal Traction; 
Columbia U.; Elrod and Sood; AD-658 727 
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Progress Report on tht Nebula Compwer; Oregon St. U.; 
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A High Duty Cycle, High Ptifonnance Log Video Ampli­
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Nebraska U.; Johnson and Bashara; AD-659 528 
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An Extension of Pontryagin's Maximum Principle; Ohio 
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Extreme Points of Leontief Substitution Systems; Stanford 
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Studden; AD-659 064 • 
Duality in Discrete Programming; Stanford U.; Balas; 

AD-658 740 
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Computer Command and Control Co.; Jensen; AD-
658 756 

Lecture Notes Prepared in Connection With tht Summer 
Seminar on Mathematics of tht Decision Scienus Held at Stan­
ford University, Stanford, California, July 10 - ·August 11, 
1967; American Mathematical Society; AD-658 894 

The joint Distribution of tht Virtual Waitingtime and tht 
Residual Busy Period for the MIG/I Queue; Purdue U.; 
Neuls; AD-659 062 

Tht Conditional Level of Students t-Ttst; Cornell U.; 
Brown; AD-659 607 

On Linear Ordinary Dijf ertnlial Equations With Exponential 
Coefficients; Calif. U.; Hegemier; AD-659 703 

Function Minimization Without Derivatives by a Sequence 
of Quadratic Programming Problems; Harvard; Winfield; 
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Projections of Convex Polyhedral Sets; Calif. U.; Kohler; 
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Some Limit Theorems in Queueing Theory; Cornell ; 
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Hierarchial and Multilevel Systems; Case-Western Re­
serve U.; Macko; AD-659 483 

An Axiomatic Theory of General Systems; Case-Western 
Reserve U.; Windeknecht; AD-659 484 
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General Systems Theory and Its Mathematical Foundation;

Case-Western Reserve U.; Mesarovic; AD-659 485

Diffusion Approximations in Applied Probability; Cornell;

Iglehart; AD-659 486

Structural Problems in Organization Theory; Case-Western

Reserve U.; Fricks; AD-659 487

Limit Theorems for the Multi-Urn Ehrenfest Model; Cornell;

Iglehart; AD-659 488

Linear Programming and the Reliability of Multicomponent

Systems; Columbia; Kolesar; AD-659 652

MECHANICAL, INDUSTRIAL, CIVIL, AND

MARINE ENGINEERING

Rough Water Mating of Roll-on/Roll-off Ships With Reach

Discharge Lighters; Hydronautics, Inc.; Hsieh et al; AD-

658 535

The Experimental Determination of the Rudder Forces and

Rudder Torque of a Mariner Class Ship Model; Calif. U.;

Chen; AD-658 539

Force Required to Extract Objects From Deep-Ocean Bottom;

Southwest Research Inst.; DeHart and Ursell; AD-

658 757

A General Procedure for the Analysis of Elastic and Plastic

Frameworks; III. U.; Morris and Fenves; AD-658 534

A Steady-State Formulation for the Transmit Response of

a Reinforced Cylindrical Shell Immersed in a Fluid Medium;

Polytechnic Inst, of Brooklyn; Klosner and Berglund;

AD-658 621

Some Applications of a Digital Computer to Hydraulic Engi-

neering Problems;Stanford; Dobson; AD-659 309

Prediction of Ship Slamming Loads: On the Water Impact

of a Circular Cylinder; Therm Advanced Research, Inc.;

Greenberg; AD-659 069

Optimal Design of Elastic Structures for Maximum Stiff-

ness; Calif. U.; Huang; AD-659 702

METHODS AND EQUIPMENT

Design for Orientation Balloon-Borne Equipment; Minn.

U.; Anderson; AD-658 529

MILITARY SCIENCES

A Description of a Transportation Programming System;

George Washington U.; Shipman, Jr.; AD-659 308

NAVIGATION, DETECTION, COMMUNICATIONS,

AND COUNTERMEASURES

Pattern Recognition, Functional^, and Entropy; Calif. U.;

Bremerma.nn; AD-659 197

Infrared Quantum Detectors; Michigan U.; Wolfe and

Limperis; AD-326 487

ORDNANCE

Evaluation of Concepts for Measuring Dimensions of

Bubbles Produced by Underwater Explosions; National Marine

Consultants; Beardsley, Jr. et al; AD-658 543

PHYSICS

Sound Scattering by Elastic Cylinders; Catholic U.; Doolittle

et al; AD-659 047

Dynamical Behavior of Dislocations; III. U.; Gilman;

AD-658 874

Scattering From Low-Density Dielectric Bodies; North-

western U.; Plonus; AD-659 019

Lectures on Turbulent Flow; N.Y. U.; Ferrari and Klein-

stein; AD-658 483

Rods, Plates and Shells; Calif. U.; Green etal; AD-659 188

Study of the Surface Films of Gas Nuclei (As Related to Cavi-

tation and Tensile Strength in Water). Dissolving of Gas

Nuclei in Turbulent Flow; General Electric Co.; Bernd;

AD-658 517

Choking of Strut-Ventilated Foil Cavities; Hydronautics,

Inc.; Elata; AD-659 046

Light Scattering in the Sea; Lamont; Thorndike and

Ewing; AD-658 702

A Search for Massive Particles in Cosmic Rays; Mich. U.;

Jones et al; AD-659 049

Research on Electromagnetics for Project Defender; Pro-

fessional Design Co.; Hutter; AD-658 518

Wave-Wave Interaction Between Transverse Plasma Oscil-

lations; Alberta U.; Krishan; AD-658 738

Two and Three Particle Coulomb Systems; Pittsburgh U.;

Nutt; AD-658 540

Limit Analysis and Yield Line Theory; III. Tech.; Sawczuk

and Hodge, Jr.; AD-658 503

Shakedown Interaction Curve for a Circular Arch; III.

Tech.; Hodge, Jr. and Kalinowski; AD-658 504

Asymptotic Solution for Short Ring-Reinforced Oval

Cylinders; Polytechnic Inst, of Brooklyn; Nissel and

Vafakos; AD-658 516

Phonon Breakdown; Calif. U.; Orbach; AD-659 256

Underwater Electrodeless Spark Sound Source; Avco Mis-

siles Space and Electronics Group; Wright; AD-659 534

Study of Localized Magnetic Moments by Electron Para-

magnetic Resonance; Cornell; Cowan et al; AD-659 193

Heat Conduction in a Rarefied Gas Between Concentric

Cylinders; Calif. U.; Su; AD-659 317

Response of Gravity Water Waves to Wind Excitation; Stan-

ford; Bole and Hsu; AD-659 704

Effect of Crossing Angle on Interaction Rate of Colliding

Beams; Princeton; O'Neill et al; AD-659 194

Research Program of the UCLA Cyclotron laboratory;

Calif. U.; Richardson and Wright; AD-659 389

On the Vainshtein Approximation for Electron-Atom Col-

lisions; Queen's U. (Northern Ireland); Crothers; AD-

659 084

Some Calculations on p-H Charge Transfer; Queen's U.;

Morrison and Rudge; AD-659 085

Two-Photon Emission From the Singlet Metastable State of

Singly Ionized Lithium; Queen's U.; Victor and Dalgarno;

AD-659 086

Bound States of a Charged Particle in a Dipole Field;

Queen's U.; Crawford; AD-659 087

Excitation of Triplet States in Helium by Electron Impact;

Queen's U.; Morrison and Rudge; AD-659 088

Electromagnetic Studies in Shock Produced Plasmas;

General Applied Science Labs, Inc.; Abele et al; AD-

659 179

Finite Deformations of Incompressible Simple Solids; Calif.

U.; Carroll; AD-659 187

Load-Induced Stress Singularities in the Bending of Cos-

serat Plates; Lehigh U.; Pagano and Sih; AD-659 305

Griffith's Theory of Brittle Fracture in Three-Dimensions;

Lehigh U.; Kassir and Sih; AD-659 306

Dynamic Mechanical Measurements on Viscoelastic Solids;

Johns Hopkins U.; Fitzgerald; AD-659 460

Thermal Conductivity Measurements of EuO Across the

Curie Point; South Dakota School of Mines and Tech-

nology; Cason, Jr.; AD-659 181

Effects of Actinomycin and Puromycin on the Cytochemical-

Staining Characteristics of Vaccinia-Infected Cells; Notre

Dame; Starr et al; AD-659 180

The Fifth Annual Navy Symposium on Military Oceanography will be held at the

Navy Mine Defense Laboratory, Panama City, Florida, May 1-3, 1968. Additional in-

formation on this symposium, which is sponsored by the Oceanographer of the Navy,

can be obtained by contacting the Office of the Oceanographer of the Navy, 732 N.

Washington Street, Alexandria, Va. 22314.
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Machine Translation in Review harry h. josselson 21

The primary aim of machine translation research is to produce the best possible translation, automated

wherever feasible, from one language into another. Wayne Slate University, with ONR support, is

currently conducting research in computer-aided Russian -^English machine translation.
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NAVAL RESEARCH

REVIEWS

publishes highlights of research conducted by

Navy laboratories and contractors and describes important Naval experimental facilities. Manu-

scripts submitted for publication, correspondence concerning prospective articles, and changes

of address, should be directed to Code 109, Office of Naval Research, Washington, D.C., 20360.

The magazine is listed for sale by the Superintendent of Documents, U.S. Government Printing

Office, Washington, D.C., 20402. Subscription price: $1.50 per year in the U.S. and Canada;

$2.00 per year, foreign; $0.15 per individual copy. The issuance of this periodical approved

in accordance with Dept. of the Navy publications and printing regulations.

Editor: Beatrice m. eiesi.and NAVSO P-510

Associate Editors:

T. B. DOWD, ONR BOSTON

L. A. WHITE, ONR CHICAGO

I. ROWE, ONR NEW YORK

B. J. CAGI.E, ONR PASADENA

E. A. EDELSACK, ONR SAN FRANCISCO

The creative processes in the sciences and in the arts have a common root: the basic requirements for

creativity are inherent in both.

• A real problem which requires solution — The artist's challenge is the blank canvas calling

for paint and texture, line and form; the researcher's challenge is the missing piece of data, the unsolved

problem, the incomplete formula.

• Opposition to convention — A painter may abandon naturalistic forms for abstraction; the

researcher may violate accepted theories to produce new data.

• Experimentation — The artist is confronted with many combinations of shapes and colors; the

researcher with an infinite variety of combinations for study.

• Development of significant form — In art, details are organized into the overall pattern;

in science, a new concept emerges from a maze of data.

Finally, a new conceptual scheme is achieved, in both arts and sciences, when something is presented which

has never before been seen in that exact form. See page 30.
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The ONR Boston Story ..... .. ... ........... .. ........ .... .. .... . .. . ARNET L. POWELL 1 

Much has been written about the origin and history of ONR. However, the story of the.field offices which 
have played such an important rol.e in carrying on O R's mission at the Local /,eve[ is not so well 
known. This is the story of ONR Boston. 
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The primary aim of machine translation research is to produce the best possible translatwn, automated 
wherever feasible, from one Language into another. Wayne State University, with ONR support, is 

currently conducting research in computer-aided Russian .... English machine translation. 
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NAVSO P-510 

The creative processes in the sci-ences and in the arts have a common root: the basic requirements for 
creativity are inherent in both. 

• A REAL PROBLEM WHICH REQ.UIRES SOLUTION - The artist's challenge is the blank canvas calling 
for paint and texture, line and fonn; the researcher's chall.enge is the missing piece of data, the unsolved , 
problem, the incomplete formula. • 

• OPPOSITION TO CONVENTION - A painter may abandon naluralistic forms for abstracti.on; the 
researcher may violate accepted theories to produce new data. 

• ExPERIME TATIO - The artist ·is confronted with many combinations of shapes and cowrs; the 
researcher with an in.finite variety of combinations for study. 

• DEVELOPMENT OF SIG mcA T FORM - In art, details are organized into the overall pattern; 
in science, a new concept emerges from a maze of data. 

F • ll l h • h ' d • b ,L d • hen h ' .Ori i I Or.'r'h h ina . y, a new conceptua sc eme is ac ieve , in ot"'' arts an sciences, w somet in is esen w ic 
o· 't' ed b ,C,.• TUJIJ._ btf.(!J. Ion.. seen in that exact form. See page 30. UN VE S OF ILLINOIS AT 
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