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human spirit. The urge to conduct research
cannot be denied. All research is benefi-
cial. No quest for truth can be otherwise.
Its results may be put to use for good or evil,
but to stifle research would be to stifle the
main hope of humanity. Developments
have created fresh problems of staggering
proportions. Only new knowledge can solve
them, and it would indeed be a counsel of
despair to deny aid to research because we
fear its consequences.

From what [ have said, it should be clear
that it is a contradiction to speak of directing
and controlling research. An unexplored
country cannot be mapped. It is proper and
necessary to plan development work, but re-
search must follow only its inner prompting.
Direction by an external authority defeats its
own object, for neither path nor the goal of
research work can be foreseen.

Science now requires more research than
private enterprise can support. Universi-
ties can no longer depend on the generous
endowments of prewar days. Their staffs are
inadequate. Industry is supporting more and
more research, but industrial laboratories
will always be more concerned with devel-
opment (as | have defined it) because in-
dustry’s primary job will always be to pro-
duce. The tools of research are becoming
more expensive. The government must
therefore lend public assistance if the na-
tional interest is to be served, but this assis-
tance must not degenerate into domination.

It is in accordance with this philosophy
that the activities of the Office of Naval
Research are conducted. The responsibili-
ties of the Navy for the national security
justify the expenditure of naval funds for
research, since otherwise new developments
will wither on the vine.

The most striking frontier of research is,
of course, in nuclear physics, for we may
expect atomic power developments from it.
An immediate object of the Navy is atomic
energy for ship propulsion. The United
States Navy, as any of you know, is the larg-
est consumer of power in the world.

Another frontier of research lies in the
study of materials near the absolute zero of
temperature. The electrical resistance of
some metals vanishes at this extreme cold,
and electrical currents circulate indefinite-
ly. This is called superconductivity.
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A better knowledge of the upper air is
needed before any further significant ad-
vances can be made in the propagation of
radio waves. Perhaps the highways of swift
aircraft lie far above present heights. Cer-
tainly rockets are the natural power plants
at vast altitudes. And as we push forward
from this frontier, the dream of interplane-
tary navigation comes within reach.

The sea is an endless research frontier, and
one discovery in particular has excited a great
deal of interest. A deep sound channel has
been found, in which sound waves travel
great distances without much loss in inten-
sity. It is somewhat like a speaking tube in
the ocean, and lies at various depths which
depend mainly on the water temperatures—
in some cases three or four thousand feet
down, in others fairly near the surface.

The two new power plants for aircraft are
the turbojet and the gas turbine, with rock-
et-type plants around some future corner.
The turbojet, which powers the most ad-
vanced fighter aircraft of the Armed Servic-
es, is merely a combustion chamber into
which air is crowded by a turbine driven com-
pressor, and the hot gases, driven out behind
as a jet, provides the thrust that drives the
airplane forward. The striking feature is the
absence of a propeller. The other power plant
consists of a gas turbine driving propeller, in
place of the usual reciprocating engine. Both
types of power plants promise greatly in-
creased power for planes, with bigger and fast-
er planes in the offing.

The war brought great advances in the
art of computation, and the future is now
bright for the mathematicians and those
who must use mathematics in their studies.
A machine called the ENIAC, built at the
University of Pennsylvania for the Army
Ordnance Department, can compute the
instantaneous position of a projectile and
determine its point of fall in a shorter time
than the projectile is actually in the air. This
machine occupies a room 30 feet by 50 feet
and weighs 30 tons. It can multiply two
ten-digit numbers in 1/360th of a second.
Both the Army and Navy are supporting the
research and development of still faster and
more flexible machines.

One big job for a computing machine is
in weather forecasting. You all are familiar
with the weather maps which form the ba-

sis for the daily forecasts. We know some-
thing of the mathematics of meteorology,
but it takes six months to do a complete
mathematical job of predicting tomorrow’s
weather from today's observations. A com-
puting machine might do it in a few min-
utes. Whether the weatherman would be
more reliable if he had such a machine is
open to debate, but at least he could pass
the buck to a machine whenever it rains on
your picnics.

The old securities of space and time are
vanishing. Our powers of self-destruction
appear like a baited trap which mankind is
powerless to evade. Where is the new hope?
Where is the new security?

The answer is in knowledge. The renais-
sance of research, to which the Navy is
proud to contribute, can create the new
knowledge and stimulate the education
which are the foundations of a better world.
In a more limited sense, the study of our
research results will reveal the evil possibil-
ities against which we must guard ourselves,
and this is a natural responsibility of the
Navy. But in the broad sense, the common
enemy of mankind is man’s ignorance. We
must bend all of our energies to learning
more and more of ourselves and the world
around us. Research to create knowledge,
and education to spread it to all people, are
the basic safeguards of civilization, and the
only weapons which will succeed against
ignorance, our ultimate enemy.
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Ten Years of Naval Research —
The Decennial of ONR

Reprinted from
Naval Research Review
August 1956

On 1 August 1946, President Truman
signed Public Law 588 which had been
passed by the Seventy-ninth Congress. This
law established the Office of Naval Research
to plan, foster, and encourage scientific re-
search in connection with its paramount
importance as related to the maintenance
of future naval power and the preservation
of national security.

During the last decade ONR has been sin-
gularly successful in bringing together the
scientific community of this country and our
great Naval establishment. At the begin-
ning of this period basic research and ad-
vanced study in most of the sciences were in
need of encouragement and support. From
the beginning ONR recognized that it could
best solve its own problems and plan and
organize its own program of research by help-
ing to restore health and vitality to scientif-
ic research in the country as a whole. The
problem of overcoming the scientist's distrust
of any bureaucratic direction of research, es-
pecially by a government agency whose
whole mode of operation depended upon au-
thoritarian control, was very formidable.

ONR established workable policies that
fully recognize and respect the scientist's need
for independence and freedom. This result-
ed in part from a long tradition of Navy uti-
lization of scientific knowledge. Solution of
this problem provides the key to the achieve-
ment of the Office of Naval Research during
its first ten years. Virtually all its other and
more obvious achievements result from this
one.

ONR is the Navy's representative in the
world of science, and a spokesman for sci-
ence in the councils of the Navy Depart-
ment. Its mission is to make available what-
ever science has to offer which might result
in modern weapons, devices, and tech-
niques, so that now and in the foreseeable
future the United States Navy will be supe-
rior to any in the world.

To do this ONR must know, on the one
hand, the needs of the Fleet. What advanc-
es should we be making in submarines?
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What kinds of new radar and sonar equip-
ment do we need? What kind of aircraft
should the Navy have?

On the other hand, ONR must know
what is going on in science that will help to
meet the needs of the Fleet. It must know
the latest theories concerning the physical
forces acting on a moving body underwa-
ter, such as a submarine; about cosmic ray
activity and very high altitude weather con-
ditions for high-speed, high altitude flight;
the areas scientists are exploring in order to
become aware of new findings that might
hold some promise of use to the Navy.

ONR's program began with the activa-
tion of a series of basic research projects in
the physical, biological and naval sciences.
Then, as now, the staff evaluated the pro-
grams on the basis of the Navy's needs, sci-
entific merit, and budget.

The year 1954 marked the beginning of
an era of changes in the Navy’s administra-
tive setup for research and development.
These changes are all in the direction of a
more formal integration and coordination
of research and development. ONR became
the central point for coordinating the many
development programs being carried on by
the technical Bureaus. The Chief of Naval
Research now combines the research and
development budget requests of the Bureaus
and the Marine Corps into a single appro-
priation.

The real heart of ONR's work is its con-
tract research program. About four-fifths
of its research is carried out through con-
tracts with universities, with commercial
and industrial laboratories, and with non-
profit laboratories and institutions.
Through its position in the scientific com-
munity, ONR has succeeded not only in
keeping the Navy in the front ranks of sci-
ence, but it has kept scientists interested in
problems peculiar to the Navy and has
maintained a nucleus of these specialized
scientists working on current Navy projects.

For example, the Navy needs to know
about environmental conditions in all parts

of the world to prepare for possible land,
sea and air operations; it needs to apply ge-
ography to military problems. ONR's geo-
graphic research on little-known areas, par-
ticularly coastal areas, has been used by both
the Navy and the Marine Corps. New in-
formation obtained through geographic re-
search provides a source of reliable, basic
knowledge, ready and available as the Na-
vy's needs arise. Thus, Task Force 43 (Op-
eration DEEP FREEZE) is using informa-
tion from a project begun in 1952 to delin-
eate the coastal features of Wilkes Island,
Antarctica. As a result of ONR's ceaseless
efforts, geographers are thinking increasing-
ly in terms of research that will benefit the
Navy and are prepared to apply their skills
and knowledge to the solution of naval
problems.

A great variety of hydromechanics re-
search has been supported to solve many of
the pressing problems that arise during the
development of high performance weapons
and vessels. Contractors seven years ago
began to investigate the potentialities of
hydrofoil boats for naval applications. The
excellent speed and seaworthiness of hydro-
foil craft have been demonstrated in all
types of waves. Hydrofoil boats up to 50
tons can now be designed and sail boats
equipped with hydrofoils have been success-
fully tested. A contract for a prototype hy-
drofoil landing craft has been awarded.

Scientific investigation is the root of
continuous improvement of military equip-
ment and of effective techniques for their
use. Program analysis groups therefore con-
tinuously survey the scientific activity to
insure there are no gaps in the research pro-
gram. They try to channel ONR's research
funds into those areas most likely to pro-
duce usable results. In view of the nature of
basic research, such a plan is always diffi-
cult. Basic scientific research seeks to find
the underlying principles that govern phys-
ical phenomena. These principles form the
basis for subsequent development of better
products for the Navy and the nation.



The first program of basic research spon-
sored by the Physics Branch in 1946 was
the study of low temperature physics, or
cryogenics. This program consisted of re-
search in superconductivity, cryomagnetics,
superfluidity, specific heats and calorimetry,
thermodynamics, and thermometry. This
program is considered by many outstand-
ing physicists to have been the finest ex-
ample of government-sponsored academic
research to date. As a result of the cryo-
genics program, liquid helium became easi-
ly and cheaply available and techniques for
its use lost their esoteric character. Subse-
quently, research in solid state physics was
joined to cryogenics research. This union,
with its almost revolutionary consequenc-
es, laid the foundation for much of the later
work on the hydrogen bomb.

Just last year a series of electronics tasks
supporting radio astrophysics and related
research was initiated. This dramatic, rela-
tively new science studies details of solar
emission. Seemingly pure and far removed
from practical applications, it is already
making its contribution to navigation, com-
munications and other areas of naval im-
portance.

ONR's contractors frequently develop a
new idea until the principle is either proved
or disproved. Then the Bureaus take over
and use the basic information for their par-
ticular requirements. For example, the Air
Branch develops fundamentally new con-
cepts in the field of aeronautics that are used
later by the Bureau of Aeronautics. It sup-
ported early research on very light, one-man
helicopters. The KH-15 was built with ad-
justable linkages that could be easily varied
during flight. This helicopter demonstrat-
ed outstanding flying qualities in free flight
after-less than 10 minutes of ground tie-
down testing. This is particularly notewor-
thy since very small helicopters are charac-
terized by lack of stability, excessive con-
trol sensitivity or both.

Recent, research efforts came to fruition
this year in the actual flight testing on a
high-performance military aircraft of bound-
ary layer control systems. BLC involves
taking power, in the form of compressed air,
from the jet engines. Through a system of
ducting, it energizes the “dead” air adjacent
to the surfaces of the wings and increases
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their lifting power. Reduction in take-off
and landing speeds for high-performance
aircraft has been demonstrated by flight tests
with an F9F-4 aircraft for the Bureau of
Aeronautics. Under ONR contract, six dif-
ferent circulation control systems have been
successfully flight tested on light planes and
are available with modifications for appli-
cation to service type aircraft.

As a result of ONR's studies of noise re-
duction, the Bureau of Ships established
seven groups in naval shipyards to work on
ship and machinery noise reduction prob-
lems. Precise study of the effects of wave
motion upon given hull shapes at varying
speeds involves extremely complex mathe-
matical operations. The mathematical re-
search performed by ONR contractors has
provided new knowledge of differential and
integral equations of value in solving the
ship designer's problems.

Research programs produce a wealth of
information. To get this information to the
proper place, ONR provides for individual
contacts throughout the Navy. This con-
tinual working-level association is the heart
of its technical information network.

One method of bringing people together
todiscuss their problems and learn of the lat-
est developments in a specific field is by sym-
posia. Since 1946 the seven symposia on
undersea warfare have permitted the ex-
change of ideas between operating forces and
civilian scientists and engineers. During one
symposium strong recommendations were
made for the initiation of the low frequency
underwater detection research program.

These symposia promote the cross-fertil-
ization of ideas that come from contact with
many different scientific disciplines and
engineering fields. In classified areas of re-
search, such as underwater acoustics, these
symposia serve as a substitute for profession-
al society meetings.

Research results are also made available
to the other services and frequently adopt-
ed by them for development. Fundamen-
tally new concepts in aeronautics are con-
stantly studied. One such concept, that of
vertical take-off and landing (VTOL) is now
being developed by the Department of the
Army in cooperation with ONR. The first
rescarch work on convertiplanes in this
country was sponsored by ONR in 1948.

The Air Force is developing an experimen-
tal aircraft, the XV-1, based on these VTOL
investigations begun in 1949. Still under-
going flight tests, it has flown a speed range
from O to 193 mph.

Theoretical research performed over a
period of years in several countries coupled
with existing knowledge led to development
of a prototype of a simple, wingless aircraft,
“The Flying Platform.” The Army Transpor-
tation Corps is now adapting it to their spe-
cialized requirements.

Project SQUID, a program of research in
basic science bearing on the problems of jet
propulsion, began in 1946 as a cooperative
venture on the part of the Bureau of Aero-
nautics and ONR. The other services have
adopted ideas, results, designs, views and
devices that originated or were nurtured in
SQUID. A 12-volume set of books cover-
ing most of the present unclassified knowl-
edge in jet propulsion and high speed aero-
dynamics, initiated under Project SQUID in
1949, is nearing completion. Work on the
air-turbo-rocket has reached the develop-
ment stage and the Air Force is pursuing ap-
plication of this engine for its specific needs.

The history of the shock tube program is
particularly significant, due to the fast grow-
ing popularity of the device, once called “the
poor man's wind tunnel.” Ten years after the
original group was started at Princeton,
ONR supports six shock tube tasks at uni-
versities and one at the Naval Ordnance
laboratory. Results are used by the Air
Force, NACA, and the aircraft industry.

ONR joins with the other services in co-
sponsoring relatively large tasks. For exam-
ple, it has co-sponsored with the Army and
the Air Force electronics research at Mas-
sachusetts Institute of Technology, the Re-
search Laboratory of Electronics, the Cruft
Laboratory and others.

These three-Service tasks serve as effi-
cient flow channels for interchange of in-
formation on specific research; establish
unified service operations at working lev-
els; and provide nucleus research centers to
permit build-up of applied laboratories in
case of a national emergency. The Lincoln
Laboratory at MIT, originally a basic Air-
Defense research group at MIT's Research
Laboratory of Electronics, is well recognized
as an important contribution of the three-
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service, non-government, laboratory type of
operation.

ONRs vigorous program of electronic
digital computer development led to devel-
opment of the Institute for Advanced
Study's electronic computer — the ances-
tor of an extensive family of computers. The
Whirlwind computer, developed at MIT, has
made a major contribution to the develop-
ment of the SAGE system of continental
air defense. Whirlwind is still one of the
fastest machines in operation. Its magnetic
core memory is probably its most striking
contribution to the art.

As the three services are only as effective
as the personnel who man their equipment,
research on human factors has comprised a
large part of the ONR program. Papers pre-
sented at a conference at the University of
Michigan in 1950 were published as a vol-
ume, “Groups, Leadership and Men.” This
book, summarizing the experimental meth-
ods and principles of social behavior, is widely
used in the personnel operations of the
Armed Services as well as in social science
research and operations in general.

The psychophysical characteristics of the
human operator in performing numerous
complex military tasks have not been over-
looked. The ONR-sponsored BENOX re-
port was the first attempt to evaluate and
anticipate the impact of high intensity jet
noise upon personnel and operations. It led
to the formation of the Armed Forces-Na-
tional Research Committee on Hearing and
Bio-Acoustics. Personnel training must be
constantly changed and modified to keep
pace with new weapons and techniques.
ONR constantly strives to anticipate these
trends in order to prepare for adequate per-
sonnel training.

By keeping in close contact with the sci-
entific community, ONR is able to provide
a base for rapid mobilization in times of
emergency. During the Korean emergency,
for example, Naval Research Reserve Unit

One, a volunteer research reserve unit, was
quickly mobilized for active duty. This
group of biologists, working as a team, stud-
ied fatigue in combat.

Scientists who have worked on ONR-
sponsored programs constitute a pool of
skilled men who are available as the occa-
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sion arises for special work for the three ser-
vices. One such group has actually conduct-
ed field research in remote and foreign ar-
eas, often under rigorous climatic condi-
tions, for the Geography Branch. For the
most part, these trained observers have ac-
quired broad first-hand and specialized
knowledge of these areas; they have devel-
oped special ability to conduct research
under difficult, strange or extreme condi-
tions. Recently many of the more than 200
scientists experienced in Arctic projects
have assisted the Navy in Operation DEEP-
FREEZE, the Air Force in construction and
supply of the DEW line, and the Army in
its Greenland operations.

ONR also works with other government
agencies. One of its most important pro-
grams in this respect was initiation of the
application of electronic computation to
dynamic meteorology. Since 1946, this
project has grown into a complete opera-
tional program of numerical weather fore-
casting under joint sponsorship of the Navy,
Air Force and Weather Bureau. Within a
few years, meteorologists should be able to
forecast weather with nearly 100 percent
accuracy. ONR's contribution to this year's
intensive study of hurricanes will include
high altitude photography from balloons
and rockets (Research Review June 1956).
The National Bureau of Standards and
ONR cooperate in an extensive basic in-
strumentation program to advance the state
of the art.

Nuclear physics research, begun in 1946,
prevented a time lag of two years in acquir-
ing basic information and helped to restore
a supply of essential scientific manpower.
The program was so vast that the Atomic
Energy Commission joined with ONR in
1947 to begin a continuing co-sponsorship
of basic research that has become one of the
major basic research programs of the coun-
try. A close, salutary working relationship
exists between personnel of the two agen-
cies. Development of a whole family of ac-
celerators has resulted from the program.
Cosmic rays have been studied at many lat-
itudes from the equator to the Geomaanet-
ic North Dole on hoth land and sca.

Certain carly tasks in acromechanics re-
search matared rapidly in response to the

advancing needs of actual aircraft; their
growth demanded more financial support
than ONR could give. This led to joint sup-
port of many tasks with NACA and the Air
Force, and eventually to sole support by these
agencies. Many of the original ONR con-
tractors are now working very productively
in NACA and Air Force programs.

Many results of ONR research are classi-
fied, designed to answer specific military prob-
lems. Many benefits, however, occur from this
research that are beneficial to the nation at
large. New basic scientific information even-
tually benefits all society. Scientists working
under the contract-research program publish
their findings in professional journals when
they are not essentially military. These find-
ings then funnel down to the public through
better production techniques, better materi-
als, and better products. ONR also turns over
much of its information to industry to encout-
age more efficient production at rates that will
benefit the government.

ONR foresaw the demands that a suc-
cessful computer development program
would make on mathematics and mathema-
ticians. From the beginning it embarked
on an ambitious program in numerical anal-
ysis; it trained programmers and coders.
ONR constantly advocated more research
and training in what was then considered a
most unattractive field by the mathemati-
cal community. The Institute for Numeri-
cal Analysis at University of California, Los
Angeles doing contract research, attracted
some outstanding mathematicians. Itisin-
teresting to note that as computer centers
spring up all over the country the numeri-
cal analysts who are the mainstay of the
ONR program are repeatedly approached to
take over their directorships.

Publication of the Digital Computer
Neuwsletter gives industrial and academic
people involved in computer research and
development up-to-date information on the
state of the automatic digital computer art
in this country and to some extent abroad.

Its published reports have been particularly
valuable as a reference. This information
has helped to develop computers designed
tor its specialized requirements and to use
numerical analysis to solve its complex
problems.



Research in the biological and psycho-
logical sciences produces innumerable ben-
efits for the civilian economy. In these ar-
eas the benefits are often immediately ap-
parent whereas in other research the carry-
over comes later.

A revised concept of the nature of burn
shock brought about a new treatment. As
all functions of the human body are regu-
lated and coordinated in some way by the
nervous system, a broad program in neuro-
physiology was initiated in 1946. Data ob-
tained have made possible the development
of new agents and procedures for relief of
fatigue and pain, for the promotion of alert-
ness and rejuvenescence, for the control of
autonomic imbalance, for the treatment of
tension and anxiety, and for surgical repair
and rehabilitation.

Special studies in the field of flying safe-
ty, undertaken to improve military aviation,
led to design principles and concepts that
have been adopted by all experts in flying
safety. The program has had a profound
impact on the aviation industry through-
out the world. Travelers in many modern
transport airplanes enjoy safety measures
developed under this program. Manufac-
turers of new type aircraft now on the draw-
ing boards are taking advantage of advice
and recommendations provided by these
crash analysis experts.

Medical advances include development
of blood plasma expanders, new techniques
for tissue preservation and transplantation,
new antibiotics, plastic "artificial corneas"
to replace damaged corneas have been suc-
cessfully tested in animals.

Growth of the Laboratories of Bacteri-
ology, University of Notre Dame
(LOBUND) is due in large measure to
ONR's support. Here animals are raised in
acompletely germ-free environment. Thus
it has been possible to prove a long-held
hypothesis that bacteria cause tooth decay.
Germ-free animals fed a sterilized cariogenic
diet have no caries. Control animals raised
in a normal environment and eating a reg-
ular diet have caries.

Studies of marine organisms, a part of the
hydrobiology program, is directed in part
toward preventing damage to wooden port
structures, to metallic substances subject to
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corrosion, and to ship hulls. Marine borer
attacks cause annual damage of $850,000
to wooden structures in waters surrounding
the United States. Scientists are busily
searching for a method to prevent such at-
tacks. Survivors forced down at sea need to
know what marine life to avoid and what
can be utilized-particularly for food. Hy-
drobiological research helps to provide this
all-important information.

Many developments in commercial avi-
ation stem directly from the work done by
ONR's contractors. Presently, in coopera-
tion with the Bureau of Aeronautics, ONR
is supporting research on development of
aircraft instrumentation that will permit
aircraft to operate in all kinds of weather
with a minimum of cost in equipment
weight and pilot training and a maximum
gain in reliability and efficiency. A trans-
parent, flat-plate television tube will replace
many instruments in today's cockpit and
permit safer flight.

The core of any nation's scientific resourc-
es has always been in its centers of learning,
the colleges and universities. There most of
the real pioneering work in science is still
carried on. There men and women search
for new knowledge about the universe, of-
ten with no thought of practical application,
but simply because they are driven by an urge
to know more about the world. Their dis-
coveries lie at the basis of all the develop-
ment and engineering work that leads to new
products and new processes.

This program has been mutually benefi-
cial to the scientific community and ONR.
For example, research in the mathematical
sciences has provided statistical contribu-
tions to the solution of current, concrete
military problems. Indirectly, it has aided
the military in the development of a quick-
ly-mobilizable reserve of professional stat-
isticians familiar with the use of statistics
in military applications. The program has
provided intellectual stimulation to scien-
tists for it has opened up new problem areas
that require basic theoretical work in sta-
tistics and probability.

Many ONR investigators have received
outstanding awards including the Nobel
prize. Most recent recipient of this award
was Dr. Linus Pauling for his work in deter-

mining the structure of a limited number of
proteins by x-ray diffraction methods. Many
play important roles in scientific organiza-
tions. Three past presidents of the Ameri-
can Psychological Association, for example,
have been principal investigators on ONR
contracts. The American Mathematical
Society's Bacher prize, awarded every five
years, has gone to ONR contractors twice.

The contract research program with uni-
versities also affords an opportunity for stu-
dents to do research leading to advanced
degrees. At war's end, less than 30 Ph.D.
degrees were granted in physics. Today, due
in a large measure to ONR's sponsorship of
basic research in physics, approximately 115
Ph.D. degrees in physics are given annual-
ly. Tomorrow's scientists and engineers can
only be trained through basic science car-
ried on in the universities.

ONR's impact on the scientific commu-
nity includes:

1. Release of immediate financial pressure
on creative scientists-more money for
supplies, equipment and assistance,

2. Support for post-doctorate personnel,

3. Support for retired, but still productive
scientists,

4. Development of a pattern for adminis-
tration of government support to basic
research. Red tape held to an absolute
minimum,

5. Training of administrators, (Two program
directors of the National Science Foun-
dation were first administrators of ONR
contracts)

6. Stimulation of scientific communication
by support of conferences, symposia, for-
eign and domestic travel,

7. Freedom to pursue his study with a min-
imum of interference.

Cordial relations have been maintained
with the scientific community abroad. A
branch office in London provides constant
liaison and keeps ONR scientists informed
of the latest foreign scientific developments
and trends. The Acoustics Branch early
recognized that opportunity to make a ma-
jor contribution to underwater sound, (sce
article in Research Reviews for August 1956,



“How Fast does Sound Travel in Sea Wa-
ter?”), could best be obtained through a co-
operative effort with British research and
development in this field. Opportunities
were provided for personal contact of tech-
nical people at the working level with a most
salubrious effect.

ONR's work is increasingly recognized
abroad as evidenced by awards presented to
its contractors. A Yale scientist, working on
a long-range program in radio astronomy has
received the gold medal of the British Roy-
al Society for his work on this program.

ONR s assisting foreign scientists with
their research projects. Nuclear emulsion
packages were flown for a group of Europe-
an scientists during SKYHOOK launchings
in Texas in 1955. Eleven scientists, mem-
bers of CERN, the European Organization
for Nuclear Research, wrote the Chief of
Naval Research:

“The undersigned, on behalf of eleven
European laboratories engaged in research
on cosmic rays, wish to express their grati-
tude to the Office of Naval Research for its
valuable help in arranging for the exposure
of stacks of photographic emulsions at high
altitude.

“In thus making it possible for us to take
advantage of high altitude balloon flights,
ONR has made a significant contribution
to scientific cooperation at the international
level. We feel sure that important results
will flow from this type of collaboration.”

ONR will conduct many experiments
during the International Geophysical Year-
-particularly in the upper atmosphere. This
area of research has been actively studied
by ONR ever since its organization. Its ear-
liest upper atmosphere research project,
HELIOS, started in 1946, envisioned a
manned flight to the stratosphere. A clus-
ter of 100 balloons would carry the manned
gondola to the stratosphere as one step in a
series of upper air research and exploration
programs using manned and unmanned
craft. The state of the art of balloons, how-
ever, had not advanced sufficiently to make
this manned flight possible.

To learn more about cosmic rays, tem-
perature and density of the atmosphere and
other related data, scientists needed an in-
strumented laboratory that would remain
aloft longer than the rockets then used to
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obtain essential data. Research produced
the plastic SKYHOOK balloon since used
extensively to probe the upper atmosphere.
The data brought back has helped scien-
tists piece together a better description of
conditions to be encountered beyond the
earth's atmosphere. This information has
already made it possible for man to fly to
heights undreamed of a few short years ago.

In pursuit of basic knowledge of the up-
per atmosphere, ONR has utilized new tools
and techniques. Because of its vast experi-
ence in this phase of research, that began
with Project HELIOS, the Chief of Naval
Research was designated to produce and
launch a small, unmanned scientific satel-
lite as a part of the U.S. contribution to the
International Geophysical Year.

Thus, ONR, since its inception, has rep-
resented the Navy in science, coordinated
naval scientific research, maintained liai-
son with the scientific community both in
this country and abroad, and cooperated
with other government agencies in further-
ing basic research. It has supported scien-
tific research in nearly every major scientif-
ic field, and its research results have made
possible a new Navy, second to none.
Countless significant benefits have also ac-
crued to the civilian economy.

ONR will continue to be deeply involved
in science in order to keep abreast of scien-
tific progress and ahead of its competitors.
A hundred years ago, when science was a
casual, slow-moving effort, the Navy could
afford to wait to adopt a new piece of ma-
chinery until an inventor had worked it out.
Today, however, scientific- research is a
broad, organized, expensive, fast-moving
effort. No longer can the Navy afford to be
a mere spectator, standing by to purchase
the results if they appear useful. It must
actually be in science. It must conduct its
own research and support the work of oth-
ers. Thus, the Office of Naval Research will
continue its support of basic rescarch to
meet future emergencies that will require
the nation to he self sutficient in all fields
of science.

The period from 1 August 1956 through
31 July 1957 was designated as the Decen-
nial Year of the Otfice of Naval Research.
This period provided a fitting occasion tor
the Ottice of Naval Research o evaluate

its past contributions to our national defense
and to make definitive plans for the com-
ing years. The various intra- and inter-Navy
symposia, conferences, publications, etc...
that are traditionally sponsored by the Of-
fice of Naval Research will, during this Year,
be of pointed significance to the Navy'sin-
terests in research and development.



Acceptance of

Captain Robert Dexter Conrad Award

by
ALAN T. WATERMAN
Director, National Science Foundation

Presented at ONR's 10th Anniversary Symposium

Mr. Secretary, Admiral Bennett, Dr. As-
tin, Ladies and Gentlemen:

It is a deep personal pleasure that I should
be the first person to receive an award that
honors a fine and courageous gentleman,
Captain Robert Dexter Conrad. I am proud
that he was my friend and my colleague
during the exciting days that marked the
beginnings of the Office of Naval Research.
A man of vision and imagination, he did
not hesitate to chart what in those days was
a novel course for a Federal agency, and es-
pecially a military one — the general sup-
port and encouragement of pure research.

My entire experience with the Navy, first
with the Office of Research and Inventions
and then with the Office of Naval Research,
I regard as one of the most rewarding of my
life. The challenge of the opportunity pre-
sented by the Navy in the wisdom and fore-
thought of its planning for the Office of Na-
val Research was very great. Such a chal-
lenge, together with the competence and
enthusiasm of the members of the Office,
both civilian and military, and the warm
friendships among the Navy that grew dur-
ing this association have been to me ample
reward in themselves.

In my present capacity, | should like to
add the compliments and respects of the
National Science Foundation. The Foun-
dation, established at about mid-point in
the last decade, owes much to the pioneer-
ing efforts of the ONR. The wise and liber-
al policies of ONR in the administration of
its research contracts have helped to set a
pattern for new agencies as they have en-
tered the field of research and development.
The Foundation takes great pleasure in its
continued close association with ONR.

At this point I should normally expect
to stop. However, your program has me
down for a formal “response,” and I find
myself in a dilemma. Every impulse leads
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me to speak in the most glowing terms of
the growth and the work of ONR, but the
award which you have just given me inhib-
its my following that theme as eagerly as |
should wish. [ am sure, however, that all of
us who have been associated with ONR
would agree that if a single individual de-
serves recognition for the conception of the
Office and the course of its future develop-
ment in support of specialized and imagi-
native research, that individual is, without
question, Bob Conrad himself.

During those beginning years in which we
were feeling our way with new and experimen-
tal methods, Captain Conrad, as Head of the
Planning Division of ONR, was an inspiring
and stimulating leader. He proved that there
is no barrier, real or imaginary, between sci-
entists and the military, and that they are able
to work fruitfully together. I had the fun of
directing the scientific program, but upon his
shoulders fell many of the administrative bur-
dens of fitting the new Office and the new
program into the long-established pattern of
the Navy. The fact that we are, this week,
observing the decennial anniversary of the
ONR is ample proof that he did his work well.
Today the Office of Naval Research is a fa-
miliar and respected name throughout the
Government and in the academic and scien-
tific communities as well

It is a remarkable example of teamwork,
with coordination and dedication of a high
order shared by many from the Secretary of
the Navy throughout the ranks of the Of-
fice itself. I interpret the award as a symbol
of the Navy's feeling with respect to the role
of the ONR in Naval affairs, and on behalf
of those who were associated with the Of-
fice in its early days, | wish to express our
deep thanks to the Navy.

I refuse, however, to let any sense of mod-
esty stand in the way of expressing my high
regard for the standard of performance of the

work of the Office in its recent years, and in
this [ echo the sentiments of the country, as
you well know. A significant step in the
growth of the ONR occurred when the Chief
of Naval Research was instructed to take the
lead in scientific research and development
programs of the Navy. This was a logical
move, because the Office of Naval Research
occupied a central position in research and
development and, at the same time, had
broad and varied experience in the scientif-
ic and technical aspects of Navy programs.
The present plan should prove an undoubt-
ed asset to the Navy in providing a suitable
degree of centralized supervision while per-
mitting the degree of autonomy that the
Navy has traditionally associated with its
bureaus. It also affords excellent opportuni-
ty for close cooperation with the Chief of
Naval Operations on Naval requirements as
they relate to research and engineering de-
velopments.

In these days of rapidly expanding bud-
gets in our growing technology, we must face
up to the problem of determining our abil-
ity to pay the costs in dollars, manpower,
and organized effort for those areas of de-
velopment that are necessary to our eco-
nomic and defensive strength. There has
been an uneasy feeling on the part of many
that the problem of rising costs should be
met in part by curtailing scientific research,
which is the source of the ideas and data
required for future developments. This
would be a serious mistake. It is like saying
that an industry should take prudent care
of its future interests by failing to replenish
its stockpile and sources of manpower and
curtailing its libraries and reference facili-
ties. We must have the scientific data, we
must have the ideas. Where we need to ex-
ercise most careful discrimination is in the
selection of the development work that can
be undertaken most fruitfully. Such selec-



Original from
UMNIVERSITY OF MICHIGAN

Digitized by Google

91b00bh-pd#asn ssadde/6103sninyiey mmm//:diy / paznibip-916009 ‘urewoq dlqnd
T0€L0E0Y0ST06E dpw/LZ0Z/3duUdpuey |py//:diy / LIND  0:6T L0O-0T-¥T0Z U0 (3led 963]|0D ‘puelhie J0 AJISISAIUN) JISGUISW 104 PRIRIDUSD



Original from
UMNIVERSITY OF MICHIGAN

Digitized by Google

91b00bh-pd#asn ssadde/6103sninyiey mmm//:diy / paznibip-916009 ‘urewoq dlqnd
T0€L0E0Y0ST06E dpw/LZ0Z/3duUdpuey |py//:diy / LIND  0:6T L0O-0T-¥T0Z U0 (3led 963]|0D ‘puelhie J0 AJISISAIUN) JISGUISW 104 PRIRIDUSD



Original from
UMNIVERSITY OF MICHIGAN

Digitized by Google

91b00bh-pd#asn ssadde/6103sninyiey mmm//:diy / paznibip-916009 ‘urewoq dlqnd
T0€L0E0Y0ST06E dpw/LZ0Z/3duUdpuey |py//:diy / LIND  0:6T L0O-0T-¥T0Z U0 (3led 963]|0D ‘puelhie J0 AJISISAIUN) JISGUISW 104 PRIRIDUSD



Original from
UMNIVERSITY OF MICHIGAN

Digitized by Google

91b00bh-pd#asn ssadde/6103sninyiey mmm//:diy / paznibip-916009 ‘urewoq dlqnd
T0€L0E0Y0ST06E dpw/LZ0Z/3duUdpuey |py//:diy / LIND  0:6T L0O-0T-¥T0Z U0 (3led 963]|0D ‘puelhie J0 AJISISAIUN) JISGUISW 104 PRIRIDUSD



Original from
UMNIVERSITY OF MICHIGAN

Digitized by Google

91b00bh-pd#asn ssadde/6103sninyiey mmm//:diy / paznibip-916009 ‘urewoq dlqnd
T0€L0E0Y0ST06E dpw/LZ0Z/3duUdpuey |py//:diy / LIND  0:6T L0O-0T-¥T0Z U0 (3led 963]|0D ‘puelhie J0 AJISISAIUN) JISGUISW 104 PRIRIDUSD



<«
\‘\\‘

\'§\\\.

Longitudinal section of ALVIN

I would like to emphasize here that the
vehicles and techniques presently under
consideration by this group will not be de-
veloped primarily for oceanographic re-
search. Certainly, the program will be of
tremendous interest to the scientific com-
munity; in fact, we are depending in large
measure on its support. But here again we
are speaking of tools and purpose. Our main
purpose in this respect is submarine rescue
and salvage, and I think it would be unfor-
tunate to confuse this purpose with ocean-
ographic research.

On the other hand, I am confident that
the technology resulting from the- Navy's
deep-submergence program will profound-
ly affect the development of structures, ma-
terials, and techniques needed to build the
many tools of oceanographic research and
ultimately those tools and engines needed
for exploitation of the ocean's abundant liv-
ing and mineral resources. | have in mind
deep-diving submersibles to perform geolog-
ical and geophysical exploration, to drill oil
wells, and to mine minerals over the 71 per-
cent of the earth's surface covered by ocean;
tools to build underwater structures, such
as tunnels, cables, and perhaps eventually
villages beneath the sea; and deep diving
submarines for tracking and observing com-
mercially valuable fish, for fishing and
aquaculture, and even for expanding our
already flourishing sea-borne commerce.

Such predictions, no matter how fanci-
ful they may seem today, will require ex-
panded knowledge of the sea. This knowl-
edge can be developed only through scien-
tific research. The job is so big that vehi-
cles needed for research must be designed
and built for this specific purpose and no
other.
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The first such
vehicle is ALVIN.
With ALVIN we
can greatly acceler-
ate the exploration
of the vast ocean
depths. Nearly one
half of the water
volume of the
ocean and neigh-
boring seas will be
accessible to the
scientists who will
use her. This area includes most of the life
of the sea. ALVIN will be capable of ex-
ploring one-sixth of the ocean's bottom, an
area almost equal to the surface of the moon.

ALVIN will help solve many of the prac-
tical problems long tolerated but never re-
ally accepted by the sea going scientist. |
understand there is a saying among biolo-
gists that towing a sampling net through the
ocean is like running madly through an
open field blindfolded holding a butterfly
net above one's head. ALVIN will put the
biologist where he belongs-in the center of
the marine environment with his net and
eyes open. Here he will be able to observe
directly the concentrations and behavior of
marine populations. The interaction of
animal life and the environment can be
studied throughout the water column.

Ideally, the marine geologist would like
to do on the sea floor what he does on land
— walk or fly over areas of interest, collect
specimens, and study and map significant
features and phenomena. ALVIN is the first
step toward eliminating present blind, hit-
or-miss methods of bottom sampling. The
geologist, instead of groping awkwardly from
a rolling platform thousands of feet above
his rock dredge or poking random holes in
the ocean floor, will finally be able to make
discriminating, personal observations. Sam-
ples can be collected with ALVIN's me-
chanical arm, and photographs can be tak-
en with its cameras.

The vessel also promises to be of great val-
ue in physical oceanography. The speed and
direction of undersea currents can; be mea-
sured more accurately. As ALVIN drifts slowly
downward through the water column or uses
its propellers for vertical movement, scientists
can obtain continuous profiles of temperature,

salinity, and other water characteristics. Other
potential uses of ALVIN, some of which can-
not now be anticipated, will be made as this
research tool extends the eyes and ears of
oceanographers to the unexplored regions of
the ocean's deep frontier.

ALVIN and the deep-diving research ve-
hicles that will undoubtedly follow her prom-
ise sufficiently exciting dividends that  have
requested the Interagency Committee on
QOceanography, of which I have been privi-
leged to be chairman for the past five years,
to prepare a plan that will allow our member
agencies to apply this unique tool to prob-
lems important to national security and wel-
fare. I believe our optimism is well founded.
Future development and wider use of the
deep-diving research vehicle will depend in
large measure on operational experience and
research results. ALVIN, as a new research
tool, is expected to play a major role in pro-
viding this essential experience while ad-
vancing the science of the sea.

As we inaugurate this great new adven-
ture into the realm of the unknown beneath
the sea, we should recognize especially the
imaginative planning and determined ef-
forts of the several organizations that have
turned ALVIN from a concept into a reali-
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Science And The Military Mission

EDWARD TELLER
Lawrence Livermore Laboratory
Delivered at ONR's 30th Anniversary

One of the most spectacular accom-
plishments of science in the Navy was the
contribution of A. A. Michelson to an ex-
ceedingly important area of pure science.
Michelson, as you may recall, was a Na-
val Officerca graduate of the U.S. Naval
Academy. In work carried out at Annap-
olis, he showed that the velocity of light
relative to the earth is independent of the
motion of the earth. A few hundred years
ago, this result would have been interpret-
ed as proof that Aristotle was right after
all and that the earth cannot be moving.
At the time, it began to be realized that
the deepest conceptual changes concern-
ing motion must follow in his discovery.
From this realization, a search for the na-
ture of these changes followed, eventually
resulting in the evolution of Einstein’s
relativity theory.

This remarkable accomplishment
(which had, of course, no immediate prac-
tical consequences) I might balance with a
counter example. In 1939, Enrico Fermi,
recently arrived in this country, tried to per-
suade senior Navy officials of the impor-
tance of the application of nuclear physics
to the production of what we now call atom-
ic bombs. Unfortunately, he did not suc-
ceed because there was no technically com-
petent office in the Navy to consider such
matters — one might speculate how much
history could have been changed had ONR
existed in 1939.

Just after the Second World War when
ONR was established, one of its first actions
was to support science at universities. In
doing this, ONR reinforced and augment-
ed the old and truly important linkage of
the military with science. Today, after a very
destructive period of antimilitary, antitech-
nological, and even antiscientific move-
ments in our universities, we can fully ap-
preciate how important it was on the part
of the Navy to have set the goal of enhanc-
ing and maintaining cooperation with our
scientists at an early stage and maintaining
it throughout the turbulent period of the
1960s through the agency of ONR.
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Now to the ominous problem that is fac-
ing us at present. We have heard guarded
statements about the United States still
having superiority along the ocean routes
connecting the mainland of the United
States with Hawaii, Alaska, and Europe.
The implication is clear. We have lost the
power to guarantee the freedom of the
oceans with the exception of the limited
regions most important to ourselves and our
closest allies. The future is even more fright-
ening. How long can we maintain superi-
ority even in this relatively small portion of
the deep seas?

Why have we lost this power, and what
can be done to revive it The outlook is
not good. An antimilitary trend has pen-
etrated deeply into the Congress of the
United States. As a result of this, our de-
fense budget has steadily decreased over
the past decade in relation to that of the
Soviet Union. As long as the Soviet
Union can outspend us in military respects
(even though their economy is much less
strong than ours), it will be hard to avoid
the menace of Russian superiority, which
may soon become overwhelming. In this
situation, the quality of our work becomes
particularly important, and this in turn is
directly related to our scientific effort. It
is not easy to be optimistic about the po-
tential for widespread acceleration of a new
and strong coupling between the military
and the scientific community through mil-
itary oriented scientific and technology
programs. One of the primary problems is
excessive secrecy in defense, which repels
the scientist. In Russia, such consider-
ations make less of a difference, because
the Russian scientist has less of a free
choice, partially because secrecy and oth-
er restrictions will be with him whether or
not his work is connected with defense. As
an aside, it should be noted that in the
debates regarding levels of defense spend-
ing in the United States the true facts of
Soviet superiority are suppressed and with-
held not only from our scientific commu-
nity but from the population at large!

It is remarkable that the United States
has managed to keep ahead of the Soviet
Union in exactly one technical field: elec-
tronics. This is a field in which official se-
crecy has hardly been applied. One may
therefore make a good empirical case that
in our society, secrecy is counterproductive.

What may be lacking is the thorough-
going application of our magnificent elec-
tronics industry (which includes television,
hand-held computers, and everything in
between) to problems of defense. In this
respect, the Navy and alsoONR are engaged
in important research. One may mention
as an example the recent and most signifi-
cant investigations on procedures in which
many small computers may be brought to-
gether into a flexible system that is likely to
outpace the performance of the big com-
puters. Remotely Navigated Vehicles
(RNV'S) may be even more important. An
RNV could be an unmanned ship or a tor-
pedo-like object or even an instrument car-
rier launched exclusively for purposes of
reconnaissance. RNV's could dive under
the water, swim on the surface, rise into the
air, or even “walk” both on water and land
at respectable speeds. The absence of a crew
would not only result in saving human lives
but it may also stop the trend toward ever-
more expensive and therefore ever fewer
fighting units.

What | mentioned above are merely ex-
amples of applied science and advanced
technology. It is indeed impossible to at-
tempt a complete enumeration of relevant
developments. But as an additional exam-
ple one must refer to lasers, which indeed
have already been mentioned in connec-
tion with missile defense. But the Navy
should not neglect the use of lasers under-
water. Even though the range in water is
limited, the limit can be somewhat extend-
ed by increased intensity. Considering the
ever greater importance of submarines, the
lasers that may help in their detection can-
not be disregarded.

Many years ago, a captain by the name
of Hyman Rickover came to visit me in Los



Alamos. He introduced himself as a DOPE.
When I heard the introduction, I did not
realize that the word consisted exclusively
of capital letters signifying “Doctor of Pile
Engineering.” Such doctorates were award-
ed to students at Oak Ridge National Lab-
oratory. What was news in the late 1940’
is history now. Nuclear reactors made true
submarines possible. I regret that these sub-
marines (which I, of course, supported from
the time I first met Rickover) are not yet
produced in a much greater variety. As just
one example, one may mention submarine
oil tankers, which could carry 200,000 tons
of oil below the Arctic ice cap from Alaska
into the Pacific or into the Atlantic. Such
submarines might compete with pipelines.
They might be more flexible than pipelines;
and what is most important, they could be
used in times of war to maintain deliveries
of heavy and massive materials to our forc-
es fighting overseas. In fact, in a truly seri-
ous conflict, submarines might be the only
ships to survive in the long run. The Navy,
which has given real help in the past to our
maritime fleet in order to have ships avail-
able in time of war, may do well to partici-
pate in the development of these big sub-
marines.

The project | have mentioned is just one
aspect of submarine warfare. Another pos-
sibly more important aspect is the whole
science and technology of the delectability
of submarines. This area is perhaps a deep-
er secret than any other branch of military
technology. In this case, too, secrecy has
worked to our disadvantage. Not only has
it impeded genuine scientific and technical
progress, it may result in an illusion of secu-
rity after security may in fact have been lost.

Apart from the areas of development
that I have just mentioned, I would like to
add a little more on the general subject of
oceanography. We should not consider the
vast expanse of our globe covered by water
only as a means to get from one place to
another. We know that the bottom of the
ocean abounds in valuable materials like oil
and manganese nodules, to mention only
two examples. We have reason to believe
that the ocean holds part of the key to the
problem of how to feed 7 billion people by
the end of this century. Surely this cannot
be done by Stone Age methods of pure ex-
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ploitation. The modern procedure of culti-
vation will certainly be needed.

None of this can be accomplished with-
out international cooperation, and it will
not occur without some international con-
troversy. All this means that the role of the
Navy will in the future be immeasurably
greater than it was in the past. The free-
dom of the seas used to mean only the free-
dom to come and go. In the future, freedom
of the seas will stand for guarding and de-
veloping the riches of the oceans, which,
indeed, are a great common heritage of all
mankind.

What we have to do, we are barely be-
ginning to understand. 1 have mentioned
some technical means and some general
goals. None of this can be truly accom-
plished without spending much money, and
none of it can be accomplished without
spending it in an intelligent and selective
manner. The farther we look into the fu-
ture, the more obvious it will become that
without a thorough use of science and tech-
nology the Navy cannot accomplish its tre-
mendous mission. The Office of Naval
Research must now turn from contempla-
tion of three decades of illustrious accom-
plishment to the challenge of the future--
our survival as a nation.
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Then one can achieve amplification and an
indefinite amount of power. Probably be-
cause | was in a laboratory where molecular
beams were being done and | knew all the
parameters involved, I quickly worked out
what might be done by beam-type separ-
ation of states and found that, yes, it was
practical. One could perhaps do it. And ]
had to call another idea | had recently heard
about--quadruple focusing of beams to
achieve very high intensities, which had
recently been demonstrated by Professor
Paul of Bonn, Germany. It did not seem an
easy experiment to produce amplification
and oscillation with molecules, and we did
not start on it until four or five months lat-
er. | told many people about it, and they
said, “Um-um, yes, interesting,” but nobody
was very excited about it, perhaps because
the amount of power I proposed to get was
very small, but I believe more likely because
few people were oriented towards recog-
nizing its potentialities. [ had originally
worked out a system for the far infrared be-
cause | had wanted to push down to very
short wavelengths in order to do spectros-
copy. That was my drive. The Navy was
interested in millimeter wave generation.
But I decided it best to retreat to the centi-
meter region because there we had tech-
niques which made the work easier and |
could try out the idea there. Jim Gordon
was brave enough to undertake it as a Ph.D.
thesis. In addition, I enlisted Herb Zeiger,
a postdoctoral man from Rabi's group who
was familiar with molecular beams, to help
us out. After three years, the normal gesta-
tion time for a student thesis, sure enough
Jim Gordon had built a maser that worked.
It created appreciable interest but its po-
tential was still poorly understood. One of
my good scientific friends said, “Well, [ am
glad that you got that going; now you can
get back to some of the spectroscopy you
were doing, which is really important!” But
I was excited about the possibilities 1
thought I saw.

I have given this history in some detail
to indicate the importance of the network
of scientists — scientists with different hab-
its of mind, different interests, different
kinds of backgrounds and available resourc-
es. Our scientific community is a network,
and interactions in this network are impor-
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tant for rapid innovation. Secondly, it
should be clear that the whole field came
out of microwave spectroscopy. That con-
clusion is reinforced by recognizing that
somewhat similar ideas arose, with differ-
ent degrees of completeness and orientation,
in two other places independently. One was
the University of Maryland where Joe We-
ber, another microwave spectroscopist, pro-
posed stimulated emission as an amplifying
mechanism in ammonia gas, but without a
resonator or feedback. This proposal had
some technical problems but nevertheless
recognized the possibility of coherent am-
plification. Another was in Moscow where
Prokhorov and Basov were engaged in
microwave spectroscopy. Thus, there were
three independent starts in the field, all
coming out of microwave spectroscopy.
Clearly that was the critical field. Note also
that it was a field of no clear interest to in-
dustry and more or less abandoned by in-
dustry for that reason, but sponsored in uni-
versities because it was producing physics.
Yet it was a field of “pure” science which
generated the maser and almost all its ini-
tial contributions.

Now I want to mention another person-
al association with the Navy. In 1956, when
I came back from Europe and Japan after
my sabbatical leave, the Bell Laboratories
had made the first paramagnetic three--level
system really go, based on Bloembergen’s
idea. 1 was eager to produce some good
amplifiers to do some radio astronomy. NRL
had an excellent program in radio astrono-
my built up by John Hagen. Cornell Mayer
was head of it at that time. So [ went to see
Comell Mayer, asking could we collaborate
and use his telescope on top of the NRL
building; he was glad to accept. At Colum-
bia, we then built a paramagnetic amplifier.
I think the first maser amplifier to do useful
work was the one we put in place on the
NRL antenna. With it, we immediately got
an improvement in the signal to noise over
what had been previously available by a fac-
tor of about 15. We reconfirmed Cornell
Mayer'’s measurement that Venus was, in
fact, very hot, along with other astronomi-
cal measurements.

Maser amplifiers also stimulated much
other work. Walter Higa, in talking with
me about the improvement in sensitivity,

asked if a parametric amplifier might not in
principle be very noise free since it, like the
maser, was free of electron charge noise.
That hadn’t occurred to me but after a lit-
tle thought I agreed; paramagnetic amplifi-
ers would also be low noise. Suddenly, peo-
ple began to get interested in parametric
amplifiers. By now, they have replaced
masers except for the very most sensitive
amplifiers. This is another sample of the
complex pattern of interaction within the
scientific community, in both pure and ap-
plied work.

Now, what about lasers? The laser is, of
course, the same idea pushed to shorter
wavelengths. However, it has characteris-
tics which are different enough that it is
almost a separate field. 1 had originally
wanted to get into the short wavelength
range and initially planned for a system in
the far infrared. The microwave region was,
in essence, a temporary diversion though a
valuable one. I kept thinking about even-
tually pushing into the submillimeter range
and then to as short a wavelength as one
could go. But I was busy with the maser
and waiting for the right idea to turn up.
It's important historically to indicate to you
the lack of orientation within even the
maser community towards this field of short
wavelengths. There was almost no one
thinking of moving into the optical or short
infrared region. I know of no written mate-
rial on this until the summer of 1957, when
there was an Air Force study on what the
Air Force might be doing in the next 25
years. | was on that committee, and we put
into the committee report that the Air
Force should envisage work to short wave-
length at least as far as the mid-infrared with
maser-like techniques. But I had not yet
had a neat idea of how to do it. So by the
fall of 1957, again out of frustration that it
had not come along, the same sense of frus-
tration | had before the maser idea came
along, I said to myself, “I still don’t see how
to do this well. I can certainly get down to
the far infrared but how can we go much
shorter? | better take some time now and
really think seriously about it.” It was thus
in reviewing the possibilities in my mind
and on paper that I suddenly realized it is
just as easy to go into the optical region as
into the far infrared, because the equations
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show that the number of excited molecules
or atoms required is essentially the same.
The resonator, while still rather amorphous
in style, seemed about equally lossy in both
regions. The problem was then a resonator
of appropriate style which could isolate the
different modes. I had some partial ideas of
a cavity with big holes in it, to eliminate
some modes, but the more complete answer
to this probably came a little later.

I was at the time consulting at Bell Tele-
phone Laboratories, and discussed the whole
proposition with Art Schawlow, who had
worked closely with me at Columbia and
with whom of course I had easy conversa-
tions. Art said he was quite interested in
the problem also, and we agreed to pool our
efforts. Rather soon he proposed the idea
of using simply two parallel mirrors as a cav-
ity. That would eliminate more than my
holes in the cavities would do. We worked
on this approach and could easily show that,
in fact, one could isolate a single mode in
that type of cavity. This eventually result-
ed in our paper, discussing the striking prop-
erties of such a system and a few particular
systems where all the parameters were
known well enough that we could show
theoretically that they really had to work.
Alkali atoms were a good material in this
respect, because these properties were well
enough known to allow a rather certain cal-
culation of parameters and a convincing
conclusion that they could work. Other
systems we suggested such as crystalline
materials looked promising but these prop-
erties were less well known.

Shortly after our paper appeared, on what
we then called an optical maser because we
thought logically one should talk about a
whole series such as microwave, IR, optical
or OV masers, | was approached by Irving
Rowe from the New York office of ONR
who asked me if I would organize a confer-
ence in this field. The theoretical paper on
optical masers or lasers had been published,
and work on masers was growing like mad.
The maser field was popular enough that
the Physical Review had printed an editorial
statement that it would not publish any
more papers on masers because they were
getting flooded by them. That was only a
stop gap measure, because pretty soon la-
sers came along and they were tlooded
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again! But the next significant step was that
ONR recognized it was time to really have
an assessment of the field, and to get every-
body together to stimulate its most efficient
growth. I accepted Irving Rowe’s invita-
tion to organize a conference, with expens-
es and sponsorship courtesy of ONR.

Let us look back again now, and ask
whether an industrial research administra-
tor of the early 1950’s would have decided
to promote this field. Even the best of in-
dustry's research directors would not like-
ly foresee, and clearly didn’t foresee the fu-
ture of this field. It was impossible to do
so. Very frequently decisions in industry
go against supporting long — range re-
search, because of the great difficulty in
predicting its outcome. However, as long
as such research is supported elsewhere in
the nation I think we are all right. But
there must also be a healthy and strong
interaction back and forth between pure
and applied laboratories. For the field of
quantum electronics, industry was ready to
move when the field began to develop, and
since that time has done a very outstand-
ing job. So far as the Navy is concerned,
how did the Navy know to support such
work? The Navy didn't know the specifics
but had the wisdom to encourage an ac-
tive field where there were good people
working and where new ideas were com-
ing along, realizing that at some point im-
portant contacts with applications were
likely. The Navy could not possibly have
predicted that this might help them in
communication with submarines, or new
kinds of gyros, or reliable fiber optics com-
munications, or guidance and ranging, or
in data handling. A field like microwave
spectroscopy, that is the interaction be-
tween microwave and molecules, must
seem like an improbable choice for devel-
oping a new gyro. Industry faces the same
problem. In the civilian field, lasers have
had an enormous impact now on commu-
nications, information recording, materi-
als processing, cutting, welding, hardening
surfaces, on surveying, on surgery. There
are few fields that this development has not
touched. That is to be expected for it is a
combination of optics and electronics--two
important fields. Both are very widespread
and such a combination is likely to rouch

almost any field of science or applied sci-
ence. But it was difficult to foresee in the
beginning.

Looking back on all of this, that is, the
idea of the laser or the maser, can make them
seem remarkably simple. That’s one of the
characteristics and beauties of science; once
you understand something, it is often really
simple, and we can go on from there to fur-
ther progress.
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THE NAVY AFTER NEXT

A TECHNOLOGY VISION OF THE FUTURE

Overview

The Navy After Next will put to sea in
about 2020 and will exploit emerging
knowledge and materials now within sight
of the technology horizon. The lead time
from concept to deployment—even with
compressed integrated design and manufac-
ture—will require specific investments dur-
ing the six-year plan of PR-97. Although
operational goals and enduring naval mis-
sions will retain their form, the Navy After
Next will be barely recognizable in form and
greatly enhanced in capability.

The Enduring
Naval Mission

The Navy and Marine Corps mission will
continue to be preparation of the bat-
tlespace for follow-on land-based Army and
Air Force actions and assured delivery of
quantities of materiel and resources that can
only move by sea. Because of this First-on-
The Scene/Fight-Our-Way-In and the
closely related “Joint Presence” on the
Edge-of-War role, the Navy After Next may
have to operate initially without joint or
allied weapons or surveillance support. In-
formation will be gathered and moved by
space systems or by organic autonomous
vehicles operating throughout the sea-air-
land battlespace. Absolute dominance in
information warfare will be essential in
achieving the operational missions of the
Navy After Next. If our deterrent pres-
ence fails, weapons will be delivered pre-
cisely from the sea to targets hundreds of
miles inland and threats from manned or
autonomous enemy systems will be neutral-
ized. Beyond the progress needed to simply
match the growth in the threats available
to any adversary with the will and money,
the Navy After Next will have to meet
heightened expectations for minimums in
cost of acquisition and operation, casualties
and collateral damage.

Expanded Capabilities will
be Derived from New
Science and Technology

This vision for the Navy after Next is a
snapshot into the future taken from a cam-

" Google

era aimed and focused in 1995. What is
portrayed, is a Navy with significantly ex-
panded capabilities in four critical opera-
tional domains: command, control, and
surveillance; battlespace dominance; pow-
er projection; and force sustainment. This
white paper provides today’s vision of new
or expanded capabilities in each of these
domains and selected cross-cutting capabil-
ities that will impact all four of these oper-
ational domains.

Achieving the vision for the Navy after
Next requires the solution of many difficult
science and technology (S&T) problems.
Progress in S&T typically proceeds linearly
and orderly given sustaining investment.
While most of the visionary projections for
naval capabilities in 2020 described in this
paper assume this linear advancement in
S&T, a number of “stretches” requiring
important S&T breakthroughs are also in-
terspersed.

Three critical bottleneck areas are like-
ly to govern the ability to achieve our vi-
sion for the Navy after Next — software
development, microelectronics, and novel
materials. Accelerated progress in each of
these areas is essential since each is rate lim-
iting on progress across all other areas. Rev-
olutionary innovation will grow out of Navy
S&T in partnership with the Advanced
Research Projects Agency and the other
Services, while evolutionary, dual-use de-
velopments will be driven by industry’s eco-
nomic interests.

Software is the “Achilles heel” of the
information revolution underpinning future
Naval warfighting capabilities and systems.
As computers become more compact, more
powerful, more affordable, and ubiquitous,
they become candidates to perform ever
more complex and impressive tasks, requir-
ing ever more complex and voluminous soft-
ware. Advanced automatic capabilities in-
volving autonomous vehicles, intelligent
decision aids, synthetic environments, and
all-source multi-media data tusion represent
only a small sampling of the software-inten-
sive systems that can plausibly revolution-
ize naval warfichting and crisis response.

However, the technology to produce, main-
tain, and upgrade complex software systems
remains primitive. Software-induced fail-
ures in complex military and commercial
systems are all too frequent. As the Navy
comes to depend more on automated sys-
tems to accomplish its missions, it will be-
come less and less able to tolerate software
failures. Research to date has not unearthed
any silver bullets for the software crisis.
Dramatic advances in automation of future
Naval systems and capabilities depend upon
achieving substantial new insights into the
process of designing and developing com-
plex software systems.

The Office of Naval Research (ONR)
vision for the Navy after Next does not vi-
olate any fundamental laws of nature. It
does extrapolate from what we know today
and what we believe we will know tomor-
row. Knowledge must be nurtured and sus-
tained. Advances will not occur merely as
a function of time. ONR is eager to build
upon its rich half century history of cata-
lyzing, nurturing and promoting the high-
est quality S&T for the benefit of the Navy
after Next.

Advanced electronics is another under-
lying enabling technology critical to the
warfighting capability of the Navy after
Next. Future naval systems will be com-
pletely dependent on advanced electronics
to accomplish their mission. In the last
three decades there has been explosive
growth in electronics, doubling its density
and performance every three years at re-
duced costs. With continued S&T support
these advances are envisioned to continue
unabated for the foreseeable future. Sever-
al areas of research, such as super-high den-
sity memories, nanoscale electronics, sin-
gle electron transistors, and spin transistors
will result in four to five orders of magni-
tude increase in device and memory densi-
tics. These super dense electronic chips will
enable the highly compact storage of mas-
sive amounts of data (global terrain maps,
target data bases, etc.) allowing information
processors and digital computers to run at
lichting speed. Multispectral, infrared—to



microwave—sensors will enable the opera-
tion of surveillance systems to detect tar-
gets and missile seekers to home-in on tar-
gets during day/night and all weather oper-
ations. Wide bandgap semiconductors will
enable multifunctional radar systems to op-
erate in different bands with just one sys-
tem, thus reducing size and weight. Evolu-
tionary and revoluntionaly advances in
electronics is the critical enabling technol-
ogy for significantly enhanced Navy warf-
ighting capability.

Advanced materials development will
enable a host of new design options and
capabilities for naval platforms which will
be affordable, flexibly manufactured and
maintainable. Thick composites combined
with advanced joining techniques will per-
mit radical new platform designs. Compos-
ites embedded with sensors and actuators
will bridge the information processing and
mechanical fields making structures more
controllable and survivable. These smart
materials will also enable new continuous
control surfaces for responsive vehicles.
Metal and ceramic engines with composite
bearings will operate at higher-temperatures
and give more power per weight. Advanced
high strength, high toughness steels will
halve the weight of conventional steel struc-
tures. Corrosion resistant materials like ti-
tanium alloys and composites will lead to
dependable piping with long life. Polymer
coatings for vehicles will reduce drag and
resist fouling. Perhaps the most striking
advances in materials will come in manu-
facturing. Advanced algorithms and high
speed parallel processors will model the ac-
tual near-atomic scale processes in sheet
metal and will enable flexible manufactur-
ing with virtually no waste products, sav-
ing billions annually. Parts, made from poly-
mers and new hybrid materials, will be
stored in “electronic warehouses” as com-
puter algorithms.. When replacement parts
are needed at sea the “electronic part” spec-
ification will be downloaded by satellite and
made aboard ship under laser control. This
savings in inventory and small job manu-
facturing costs will be extraordinary.

The Office of Naval Research (ONR)
vision for the Navy after Next does not vi-
olate any fundamental laws of nature. It
does extrapolate from what we know today

Google

and what we believe we will know tomor-
row. Knowledge must be nurtured and sus-
tained. Advances will not occur merely as
a function of time. ONR is eager to build
upon its rich half century history of cata-
lyzing, nurturing and promoting the high-
est quality S&T for the benefit of the Navy
after Next.

Command, Control,
and Surveillance
(Information Warfare)
Assured information dominance is a
prerequisite for conflict resolution in the
Navy After Next. Achieving this future
capability is essential. New sensor capa-
bilities coupled with new delivery systems
and a variety of autonomous platforms will
provide a rich database for intelligent sen-
sor fusing, information processing, and ad-
vanced intelligent displays. The warrior's
window on the battlespace will be pan-
oramic, multidimensional, complete, and
user friendly.
¢ High performance visual displays will
provide virtual windows for teleoper-
ation and easy/rapid assimilation of
large amounts of information. Large
screen or individual optical projections
will enable assimilation of large volumes
of repositioned and real-time informa-
tion to human operators. Intelligent in-
terfaces will respond to hand or eye
movements or to spoken requests to al-
low the user to specify the specific in-
formation desired at any moment while
providing “artificial intelligence” assis-
tance to direct the user's attention to
threats or to evaluate alternative re-
sponses. Full-color (or hypercolor),
flicker-free, high resolution solid-state
volumetric displays will immerse oper-
ators in 3-D tactical scenes which syn-
thesize space-based, AUV, and surface-
based sensor data into a common visu-
alization. Ordinary visual “ports” would
be unnecessary and less useful than one
that presents an all-weather, day/night
picture complete with signals and tar-
get identification.  Teleoperation and
computer aided monitoring will reduce
crew size requirements to one-tenth
current levels.

¢ Battlefield surveillance will be provid-
ed by ship launched platforms. These
small platforms will carry miniaturized
versions of the same advanced sensors
that conventional satellites carry — ra-
dars, altimeters, scatterometers, commu-
nications, weapons control, and hyper-
spectral imagers — for all-weather intel-
ligence gathering. This capability will
provide the key in accelerating the pace
of the conflict to our advantage.

¢ Information will flow through a seam-
less land/sea/space network with warf-
ighting survivability. Proliferated, cross-
linked mid-altitude satellites using robust
waveforms with embedded navigation
information will be linked to land-based
and undersea nodes to complete a seam-
less Global Information Web. Ad hoc
links, message formats and data elements
will be subsumed in a seamless adaptive
structure allocating capacity to suit the
commanders’ instantaneous need and
automatically route traffic around dam-
aged nodes or jammed links. Autono-
mous flyers or amphibians will be avail-
able to augment capacity in high demand
locations and times and to couple un-
dersea elements to the “Web”. High-
power blue-green lasers operated with
nonlinear control to ensure stability will
make all coastal waters locally transpar-
ent. Data transfer requirements will be
carefully matched to survivability re-
quirements of the mission and all static
data will be repositioned for on-board
integration with real-time updates.

¢ Autonomous air vehicles will provide

local surveillance and targeting infor-
mation to support maneuver and attack.
Sensors and communications elements
that appear in space systems for maxi-
mum day-to-day global cost-effectiveness
will be complemented by compatible sys-
tems on UAV’s. Advances in microelec-
tronics will enable a miniature aircraft
to contain surveillance electronics (in-
cluding IR sensors, processing electron-
ics, and transmitters). Power require-
ments will be met by a combination of
advanced solar cells, microwave conver-
sion capabilities, and/or advanced fuel
cells. Solar cells will supply all power
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necessary to fly the miniature aircraft
during the day. At night microwave en-
ergy would be beamed up to the aircraft
and be converted to supply power for the
motor and imaging electronics and trans-
mission of the data back to the ship. Such
as roving autonomous aircraft could fly
continuously, day and night, for ship area
surveillance or battlefield surveillance.

Multi-Spectral BioSensor Arrays will
provide real-time, continuous, multi-
spectral, wide or selected area moni-
toring and assessment of biological or
chemical agents in air and/or water en-
vironments critical for battle space as-
sessment or routine operations. These
assessments will be automated and con-
ducted at remote locations for pro-
longed periods. Miniature, robust, ad-
dressable and expendable sensor arrays
based on molecular biological principles
will be capable of real-time detection
of a broad range of biologies and chem-
ical species. Sensors will assess bio/
chemical signatures from platforms, de-
tect CBW agents, monitor biological
and chemical features of the water col-
umn or atmosphere, and provide on-
line, real-time monitoring of ship-board
systems (reactors, weapons systems,
cooling systems, etc.). Sensor arrays will
be addressable through fiber optic light
emission or electro-optical coupling,
require minimum power, deployable
unattended for periods in excess of
months and provide multiple data
streams which can be addressed using
neural nets and pattern recognition sys-
tems. These system will be used to de-
tect chemical and biological features of
the battle space for prediction purpos-
es, used in clandestine operation on-
board ROVs, AUVs or robots, and pro-
vide real-time information on system
performance to operators. These sys-
tems will be tunable, expendable, inex-
pensive, modular and adaptable to a
wide range of uses and environments.
For example small, portable and ex-
pendable CBW detectors that operate
in high RF/EMI fields either in air or
water will provide rapid, real-time ear-
ly detection of CBW agents that can
ensure chemical and biological warfare
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survivability for both combat personnel
and civilians.

¢ Distributed underwater acoustic net-
working will couple sensors of multi-
ple varieties (acoustic, optical, weapon-
ry, UUVS, etc.). Networks will be de-
ployed in any underwater region of in-
terest and communicate via acoustic
modems. The value of each individual
sensor will be enhanced by the knowl-
edge of its neighbor. The network will
be “self-healing” so that loss of one node
will not cripple the network; other nodes
will assume the roles of the lost sensor.
Information gathered by the network is
relayed to a central control center and
incorporated in a data assimilative mod-
el. Armed or unarmed networks may be
deployed anywhere, and if armed, fire an
autonomous weapon when necessary.
The network breaks traditional con-
straints of temporal versus spatial sam-
pling as the combination of UUVs and
moored sensors will be able to sample at
high resolution in both space and time.
The network relays all information need-
ed by the warfighter: bathymetry, acous-
tic conditions, currents, target locations,
biological data, etc.

Battlespace Dominance

Battlespace dominance in the Navy
After Next will incorporate new technolo-
gies in aerodynamics, smart structures,
machine intelligence and sensors to pro-
vide the supremacy of air, surface, and
subsurface platforms in the delivery of their
ordnance. Common to the survivability of
these platforms will be improved threat
waming, self-defense systems, and physi-
cal maneuverability.

¢ Unmanned high performance air vehi-
cles will ensure airspace dominance.
The advantages of an unmanned air ve-
hicle as a weapons delivery system are
numerous. By taking the man out of the
system, significant weight savings will be
realized through the elimination of life
support systems resulting in increased
payload, range, loitering time, speed and
agility (with the latter providing en-
hanced survivahility against enemy air
detenses). Further weight savings will be
achieved by utilizing advanced compos-

ite structures. Agility will be enhanced
via thrust vectoring. The escalating prob-
lem of pilot workload will be eliminat-
ed. Full automation and/or functional
transfer to a shipboard control center will
couple directly air, land and sea bat-
tlespaces. Guided by a combination of
GPS, intertial navigation system and a
shared satellite-based communication
system, these vehicles will provide a new
capability in force projection.

Employing the same technologies as in
the surveillance systems, advanced
threat warning systems will increase
early warning/threat reaction time in all
weather environments against all
threats. Improved sensors, integrated
with real time decision aids will increase
the ability of all platforms to effectively
neutralize an enemy attack. Key among
these advanced sensors will be the capa-
bility to reliably identify enemy targets
beyond their firing range. This will al-
low employment of our weapons at max-
imum firing range and reduce close-in
combat maneuvering.

Improved decision aids integrated with
advanced self defense weapons will per-
mit operators to react optimally to the
threat presented. Once launched, these
weapons, incorporating conformal an-
tennas with digital data links, will be
updated by offboard computer-assisted
fire control systems capable of maintain-
ing lock on a target irrespective of the
launch platform’s attitude. These “un-
shakable” weapons will have a greatly
increased lethality.

Advanced distributed fire control with
elevated sensors/illuminators will pro-
vide over the horizon targeting capa-
bility. Whether in area cruise missile
defense or theater ballistic missile de-
fense this capability will allow future
ships to effectively protect the entire
battlespace with minimum assets.

Combeat agility, particularly with regard
to aircraft, will be greatly enhanced.
Whether by vortex control or “warping”
skin, future aircraft will have unmarched
agility supremacy. Given the need to en-
gage in close-in combat, the performance
cdge will he with our aircraft.



¢ Fully autonomous vehicles will revo-
lutionize mine countermeasures and
amphibious operations. Autonomous
and remote-guided, robotic platforms
and underwater autonomous vehicles
will assume major burdens in war fight-
ing. Among the new vehicles will be
compact robots for underwater and am-
phibious operations. Operating in
groups, these small autonomous plat-
forms would find and neutralize mines
(by carrying a charge), perform surveil-
lance on the beach with optical imaging
sensors, and indicate targets with lasers.
These vehicles will have robust, dynam-
ically stable locomotion on broken ter-
rain and rapid responses to current shifts
by applying principles of biomechanics.
Sophisticated sensor and dextrous ma-
nipulation capabilities will enable these
vehicles to perform maintenance in pipes
and tanks and survey toxic laden terrain.
Stealthy underwater vehicles, perhaps
with efficient fish-like propulsion, will
combine different movement systems for
operation in the most turbulent condi-
tions. Appendages on such UUVs will
give new retrieval and mine counter
measures capabilities. For example, oc-
topus-like unjointed limbs will wrap
around their targets and be able to re-
trieve objects in the water without dam-
age. Advanced machine vision, bioso-
nar, acoustic, electromagnetic, magnet-
ic, and tactile sensors will be coupled
with primitive hunting and avoidance
behaviors to give these vehicles extraor-
dinary abilities to navigate autonomously
and identify many of the man-made ob-
jects they encounter. New biomimetic
based sensors will provide location, dis-
crimination and classification of objects,
such as mines buried in the mud or sand.

Power Projection

Power projection in the Navy After
Next will incorporate new technologies in
platform design and manufacture and in
weapon lethality. New platform designs
will make future ships and aircraft more
effective, survivable and maintainable.
Manufacturing improvements will make
them more affordable. Weapon lethality
will be improved across a broad spectrum
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from distributed real time mission plan-
ning/replanning to cheaper, smaller, more
accurate guidance and control and more
energetic warheads.

¢ Affordable reduced-manpower surface
platforms will incorporate new materi-
als, smart structures, optical fiber sys-
tems, conditioned based maintenance,
autonomous systems and embedded
training. These technologies will reduce
manning, production and life cycle costs.
Additionally, advances in manufacturing
technology, such as agile manufacturing
and automated joining will enable the
cost-effective production of ships with
modular components so a basic design
can be modified for different missions by
adding or replacing modules for weap-
ons, UAV’s and sensor suites.

¢ Stealthy, submersible or semisubmers-
ible platforms will minimize missile
vulnerability. New platforms, made of a
low signature material with a multi-fac-
eted/fractal design, will provide high
speed efficient transit. These platforms
will be semisubmersible or submersible
for self protection and have versatile flat
areas for vertical launchers, UAVs and
small craft operations. Its mission will
include: fire support, preparing the coast
for invasion, surveillance, and expedi-
tionary warfare. It will also have the
ability to deliver small submersibles
(UUV’) for mine countermeasures, re-
connaissance, and other mission support.

¢ Future weapons will incorporate new
materials, smart structures, autono-
mous controls, and status monitoring
for increased shelf life. Affordable man-
ufacturing of materials incorporating
embedded sensors, will enable future
weapons to be “smarter”, cheaper, and
more stealthy. Distributed mission plan-
ning and in-flight control will allow these
weapons to be employed more quickly
and with the ability to support longer
range autonomous weapons in a CAP-
like role. Advances in smart submuni-
tions will allow the tailoring of warhead
packages to specific targets. Such sub-
munitions will be able to discriminate
among the various discrete frequencies
associated with a complex mechanized

order of battle without the need for hu-
man spotters.

¢ Gun technology will undergo revolu-
tionary advancements. Gun projectiles
will use assisted flight from propulsors
and ram jet or solid rocket, to extend
ranges beyond 100 nautical miles. The
addition of low cost Inertial Navigational
System/Global Positioning System type
guidance and aerodynamic controls will
increase accuracy to that of a guided
missile but at a fraction of the cost.

o Strike missile technology with pinpoint
accuracy will derive from advancements
in aim point selection. Precision aim-
point targeting will virtually eliminate
collateral damage. This pinpoint accu-
racy will increase the functional kill ca-
pability of missiles without having to
increase warhead size.

¢ Unmanned tactical air launch platforms
will extend the strike distance con-
trolled from ships. Distributed com-
mand and control of delivery systems on
CAP-like patrol will allow unmanned
trasport vehicles to loiter in tactically
appropriate areas with a payload of strike
missiles and bombs ready for launch on
command from a control ship. This will
effectively extend the range and reduce
the time-to target of the strike missiles
without having to increase the size or
speed of missiles. This capability will also
allow launching strike from foward ar-
eas without endangering crews.

Force Sustainment

Affordably sustaining the Navy after
Next envisions innovative advances in non-
petroleum energy sources, low-mainte-
nance surface coatings coupled with en-
tirely novel approaches to maintenance.
Resulting decreased costs and increased
readiness combine to make this a key fo-
cus for the Navy after Next.

¢ Alternative energy non-petroleum
based fuel sources will be key in future
platforms. Renewable high energy sourc-
es will yield fuel stocks for combustion/
jet/rocket engines. They will reduce the
need for strategic petroleum-based feed
stocks and provide environmentally be-

nign processes for production, process-
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ing and use. Compact high density fuel
cells, based on immobilized enzymatic
redox capabilities, will yield long-lived
low-power energy sources for sensor/de-
tector packages, a wide variety of elec-
tro-optical devices for ROVs and other
remote systems requiring low power for
sustained periods of time (weeks to
months). These fuel cells will be inex-
pensive, expendable, thermal/pressure
stable and durable for deployment un-
der adverse conditions for extended pe-
riods of time .

Integral signature management and
fouling control in composite construc-
tion will produce low-maintenance, low
signature platforms application. Auto-
mated lay-up of composite structures
with point-of-application mixing will
allow build-up of signature control lay-
ers and application of final coatings to
shed fouling or repel CBW agents.Block
co-polymer coatings will yield self-clean-
ing, non-fouling, drag-reducing coatings
for ship and submarine hulls, and for use
on ROVs, moorings and unattended
underwater systems. These coatings will
be self-healing and will not be function-
ally impaired by abrasion or punctures
and will provide a minimum of 10 years
of operational service on steel, compos-
ite and polymeric materials. The coat-
ings will reduce drag, thereby optimiz-
ing speed and performance of hulls, and
contain acoustic energy propagation
yielding acoustic signature control and
enhancing stealth. Embedded and pro-
cess specific sensors will be used to con-
trol lay-up process and to identify con-
ditions requiring maintenance or repair.

Condition-based vice time-based main-
tenance will result in higher levels of
readiness at significantly reduced cost.
Maintenance of complex mechanical
machinery on Navy platforms will be
performed on condition-based schedul-
ing, reducing the costs of premature re-
moval, keeping major assets ready, and
reducing manpower requirements. This
will be achieved by integrated mainte-
nance/battle damage control systems.
Sensor suites will be located at critical
points on machinery, connected by fiber
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optics and optic/electronic links. Ad-
vanced fault ID and failure prediction
algorithms will use the data from these
sensors and rapidly computable physical
models to track the condition of the sys-
tems and direct condition-based main-
tenance. The enabling of CBM will also
significantly reduce the logistics tail. The
extensive sensor suites will also support
automatic battle damage control. Some
of these sensors will be combined with
actuators in smart materials capable of
limiting the spread of damage (eg. com-
posite tearing). The 3-D displays indi-
cating fault/damage location will also
serve for embedded training of person-
nel on multiple damage scenarios, and
will also permit a reduction in crew size
with maintenance tasking.

Cross Cutting
Many of the required leap forward ca-
pabilities of the Navy After Next will im-
pact all four critical operational domains .
These cross-cutting capabilities will (1)
enhance personnel readiness through rev-
olutionary advances in training technolo-
gies; (2) improve strategic planning and
decision-making through greatly enhanced
and accurate environmental predictions;
(3) simplify logistics support and life-cy-
cle management through computer con-
trolled manufacturing, maintenance and
repair; (4) enhance stealth. signature con-
trol, and mission execution through the
ability to exploit, smart control surfaces;
and, (5) provide a comprehensive tactical
picture through advances in data discrim-
ination, integration and fusion optimize for
the battlespace commander.
¢ Embedded training systems will provide
on-demand, anywhere/anytime ad-
vanced training capabilities. Navy/Ma-
rine Corps personnel will receive timely
training and on-line performance assess-
ment to prevent skill perishability, sig-
nificantly reducing instructors and shore
training logistics. Advanced intelligent
computer based-training systems will be
capable of real-time on-line diagnosis of
student conceptual or procedural errors
and will prescribe and deliver individu-
ally optimized corrective instruction.
Realistic simulations of naval svstems

will provide the capability for joint and
combined training in hybrid environ-
ments (live and virtual), full simulation,
rehearsal capability for all expected mis-
sions both inter- and intra-ship. Train-
ing costs associated with changes in
equipment will be minimal because vir-
tual environment training systems will
be reconfigurable and deployable.

Pharmaceutical advances will allow
Navy/Marine Corps personnel to expe-
rience enhanced physical and cognitive
performance as a result of improved
sleep and reduced stress deficits. Im-
proved decision making will reduce hu-
man error and allow better use of ad-
vanced technologies. Disabling/distract-
ing infections will be prevented by im-
proved broad-spectrum mucosal vac-
cines. Injured personnel will be protect-
ed from life-threatening wound infec-
tions through immunoprotectants, ex-
tensive blood loss will be corrected by
therapeutic oxygen-carrying resuscita-
tion fluids that preserve vital organ func-
tion, and novel organ and limb trans-
plantation strategies will permit recov-
ery from more serious wounds without ®
permanent disabilities.

Software and hardware advances will
result in revolutionary information pro-
cessing capabilities. Intelligent machine-
aided rapid production of reliable, reus-
able and secure software will reduce costs
and prevent intentional or accidental
interruption of information flow. Wire-
less computer networks will enable al-
lied platforms to communicate by high
rate data paths on a standard network.
Real-time language translators and nat-
ural language computer interfaces will
enable allies from different nations to
communicate in real-time among com-
batant forces and with civilians in po-
lice actions.

Composite materials with embedded
sensors and actuators will allow dynam-
ic shape control for maneuver and per-
formance optimization. Strong, flexible
materials of high-strength fiber and bind-
ers will be combined with electrostric-
tive actuators and fiber optic sensors to
produce a platform shell that can reform



itself to adapt to its environment or op-
erational need. Piloted or autonomous
aircraft will be made seamlessly and will
maneuver with adaptive surfaces.

Reliable 30-day forecasts of ocean and
atmospheric conditions will optimize
naval operations. Enhanced computa-
tional capacity coupled with higher res-
olution space-based autonomous sensors
systems will yield more comprehensive
and accurate battlespace weather and sea
condition nowcasting and forecasting
through numerical models. The chaotic
nature of air and marine conditions com-
promises long-term predictability requir-
ing intelligent systems that will recog-
nize patterns and exploit new paradigms
in modeling and simulation to extend
reliable prediction into the realm that
will provide the battlespace commander
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with significant advantages for sea-based,
amphibious or air operations. Nowcasts
will be visualized in three-dimensional
displays with real-time model forecast-
ing predictions available on command
with regional specificity. Such capabili-
ties should augment decision making in
terms of type of weapon for the target,
timing of assaults as well as providing a
seamless interface with other concurrent
battlespace activities.

Cybernetic agile manufacturing and re-
pair will allow paperless manufacturing
of platforms and weapons for minimum
cost and independence from an under
utilized industrial base. Lean, right-the-
first-time, paperless design, manufactur-
ing and maintenance will reduce costs
and lead-time for platform construction.
Direct computer controlled lay-up of

composite structures with embedded sen-
sors, data buses and printed wiring will
eliminate naval dependence on a collaps-
ing industrial based and permit automat-
ed repair of battle damage in remote lo-
cations. Virtual prototyping will obviate
the need for physical prototyping. Com-
plex products will be designed and dis-
tributed digitally among totally integrat-
ed organizations that include suppliers,
producers and customers. Product prop-
erties and their behavior will be reliable
simulated and manufacturing processes
will be accurately modeled prior to build.

Advances in modeling and simulation
will impact strategic planning, large
scale physical models, e.g. meterology,
the acquisition process and affordable
manufacturing.
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