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New frontiers of the mind are before us, and if they are pioneered with the same vision, boldness,
and drive with which we have waged this war we can create a fuller and more fruitful
employment and a fuller and more fruitful life.

I hope that, after such consultation as you may deem advisable with your associates and others,
you can let me have your considered judgment on these matters as soon as convenient - reporting
on each when you are ready, rather than waiting for completion of your studies in all.

Very sincerely yours,
(s) FRANKLIN D. ROOSEVELT

Dr. VANNEVAR BUSH,
Office of Scientific Research and Development,
Washington, D. C.

SCIENCE - THE ENDLESS FRONTIER

"New frontiers of the mind are before us, and if they are pioneered with the same vision,
boldness, and drive with which we have waged this war we can create a fuller and more fruitful
employment and a fuller and more fruitful life."--

FRANKLIN D. ROOSEVELT
November 17, 1944.

SUMMARY OF THE REPORT

SCIENTIFIC PROGRESS IS ESSENTIAL

Progress in the war against disease depends upon a flow of new scientific knowledge. New
products, new industries, and more jobs require continuous additions to knowledge of the laws of
nature, and the application of that knowledge to practical purposes. Similarly, our defense against
aggression demands new knowledge so that we can develop new and improved weapons. This
essential, new knowledge can be obtained only through basic scientific research.

Science can be effective in the national welfare only as a member of a team, whether the
conditions be peace or war. But without scientific progress no amount of achievement in other
directions can insure our health, prosperity, and security as a nation in the modern world.

For the War Against Disease
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We have taken great strides in the war against disease. The death rate for all diseases in the
Army, including overseas forces, has been reduced from 14.1 per thousand in the last war to 0.6
per thousand in this war. In the last 40 years life expectancy has increased from 49 to 65 years,
largely as a consequence of the reduction in the death rates of infants and children. But we are far
from the goal. The annual deaths from one or two diseases far exceed the total number of
American lives lost in battle during this war. A large fraction of these deaths in our civilian
population cut short the useful lives of our citizens. Approximately 7,000,000 persons in the
United States are mentally ill and their care costs the public over $175,000,000 a year. Clearly
much illness remains for which adequate means of prevention and cure are not yet known.

The responsibility for basic research in medicine and the underlying sciences, so essential to
progress in the war against disease, falls primarily upon the medical schools and universities. Yet
we find that the traditional sources of support for medical research in the medical schools and
universities, largely endowment income, foundation grants, and private donations, are
diminishing and there is no immediate prospect of a change in this trend. Meanwhile, the cost of
medical research has been rising. If we are to maintain the progress in medicine which has
marked the last 25 years, the Government should extend financial support to basic medical
research in the medical schools and in universities.

For Our National Security

The bitter and dangerous battle against the U-boat was a battle of scientific techniques - and our
margin of success was dangerously small. The new eyes which radar has supplied can sometimes
be blinded by new scientific developments. V-2 was countered only by capture of the launching
sites.

We cannot again rely on our allies to hold off the enemy while we struggle to catch up. There
must be more - and more adequate - military research in peacetime. It is essential that the civilian
scientists continue in peacetime some portion of those contributions to national security which
they have made so effectively during the war. This can best be done through a civilian-controlled
organization with close liaison with the Army and Navy, but with funds direct from Congress,
and the clear power to initiate military research which will supplement and strengthen that
carried on directly under the control of the Army and Navy.

And for the Public Welfare

One of our hopes is that after the war there will be full employment. To reach that goal the full
creative and productive energies of the American people must be released. To create more jobs
we must make new and better and cheaper products. We want plenty of new, vigorous
enterprises. But new products and processes are not born full-grown. They are founded on new
principles and new conceptions which in turn result from basic scientific research. Basic
scientific research is scientific capital. Moreover, we cannot any longer depend upon Europe as a
major source of this scientific capital. Clearly, more and better scientific research is one essential
to the achievement of our goal of full employment.

How do we increase this scientific capital? First, we must have plenty of men and women trained
in science, for upon them depends both the creation of new knowledge and its application to
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practical purposes. Second, we must strengthen the centers of basic research which are
principally the colleges, universities, and research institutes. These institutions provide the
environment which is most conducive to the creation of new scientific knowledge and least under
pressure for immediate, tangible results. With some notable exceptions, most research in industry
and Government involves application of existing scientific knowledge to practical problems. It is
only the colleges, universities, and a few research institutes that devote most of their research
efforts to expanding the frontiers of knowledge.

Expenditures for scientific research by industry and Government increased from $140,000,000 in
1930 to $309,000,000 in 1940. Those for the colleges and universities increased from
$20,000,000 to $31,000,000, while those for the research institutes declined from $5,200,000 to
$4,500,000 during the same period. If the colleges, universities, and research institutes are to
meet the rapidly increasing demands of industry and Government for new scientific knowledge,
their basic research should be strengthened by use of public funds.

For science to serve as a powerful factor in our national welfare, applied research both in
Government and in industry must be vigorous. To improve the quality of scientific research
within the Government, steps should be taken to modify the procedures for recruiting,
classifying, and compensating scientific personnel in order to reduce the present handicap of
governmental scientific bureaus in competing with industry and the universities for top-grade
scientific talent. To provide coordination of the common scientific activities of these
governmental agencies as to policies and budgets, a permanent Science Advisory Board should
be created to advise the executive and legislative branches of Government on these matters.

The most important ways in which the Government can promote industrial research are to
increase the flow of new scientific knowledge through support of basic research, and to aid in the
development of scientific talent. In addition, the Government should provide suitable incentives
to industry to conduct research, (a) by clarification of present uncertainties in the Internal
Revenue Code in regard to the deductibility of research and development expenditures as current
charges against net income, and (b) by strengthening the patent system so as to eliminate
uncertainties which now bear heavily on small industries and so as to prevent abuses which
reflect discredit upon a basically sound system. In addition, ways should be found to cause the
benefits of basic research to reach industries which do not now utilize new scientific knowledge.

WE MUST RENEW OUR SCIENTIFIC TALENT

The responsibility for the creation of new scientific knowledge - and for most of its application -
rests on that small body of men and women who understand the fundamental laws of nature and
are skilled in the techniques of scientific research. We shall have rapid or slow advance on any
scientific frontier depending on the number of highly qualified and trained scientists exploring it.

The deficit of science and technology students who, but for the war, would have received
bachelor's degrees is about 150,000. It is estimated that the deficit of those obtaining advanced
degrees in these fields will amount in 1955 to about 17,000 - for it takes at least 6 years from
college entry to achieve a doctor's degree or its equivalent in science or engineering. The real
ceiling on our productivity of new scientific knowledge and its application in the war against
disease, and the development of new products and new industries, is the number of trained
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scientists available.

The training of a scientist is a long and expensive process. Studies clearly show that there are
talented individuals in every part of the population, but with few exceptions, those without the
means of buying higher education go without it. If ability, and not the circumstance of family
fortune, determines who shall receive higher education in science, then we shall be assured of
constantly improving quality at every level of scientific activity. The Government should provide
a reasonable number of undergraduate scholarships and graduate fellowships in order to develop
scientific talent in American youth. The plans should be designed to attract into science only that
proportion of youthful talent appropriate to the needs of science in relation to the other needs of
the nation for high abilities.

Including Those in Uniform

The most immediate prospect of making up the deficit in scientific personnel is to develop the
scientific talent in the generation now in uniform. Even if we should start now to train the current
crop of high-school graduates none would complete graduate studies before 1951. The Armed
Services should comb their records for men who, prior to or during the war, have given evidence
of talent for science, and make prompt arrangements, consistent with current discharge plans, for
ordering those who remain in uniform, as soon as militarily possible, to duty at institutions here
and overseas where they can continue their scientific education. Moreover, the Services should
see that those who study overseas have the benefit of the latest scientific information resulting
from research during the war.

THE LID MUST BE LIFTED

While most of the war research has involved the application of existing scientific knowledge to
the problems of war, rather than basic research, there has been accumulated a vast amount of
information relating to the application of science to particular problems. Much of this can be
used by industry. It is also needed for teaching in the colleges and universities here and in the
Armed Forces Institutes overseas. Some of this information must remain secret, but most of it
should be made public as soon as there is ground for belief that the enemy will not be able to turn
it against us in this war. To select that portion which should be made public, to coordinate its
release, and definitely to encourage its publication, a Board composed of Army, Navy, and
civilian scientific members should be promptly established.

A PROGRAM FOR ACTION

The Government should accept new responsibilities for promoting the flow of new scientific
knowledge and the development of scientific talent in our youth. These responsibilities are the
proper concern of the Government, for they vitally affect our health, our jobs, and our national
security. It is in keeping also with basic United States policy that the Government should foster
the opening of new frontiers and this is the modern way to do it. For many years the Government
has wisely supported research in the agricultural colleges and the benefits have been great. The
time has come when such support should be extended to other fields.
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The effective discharge of these new responsibilities will require the full attention of some over-
all agency devoted to that purpose. There is not now in the permanent Governmental structure
receiving its funds from Congress an agency adapted to supplementing the support of basic
research in the colleges, universities, and research institutes, both in medicine and the natural
sciences, adapted to supporting research on new weapons for both Services, or adapted to
administering a program of science scholarships and fellowships.

Therefore I recommend that a new agency for these purposes be established. Such an agency
should be composed of persons of broad interest and experience, having an understanding of the
peculiarities of scientific research and scientific education. It should have stability of funds so
that long-range programs may be undertaken. It should recognize that freedom of inquiry must
be preserved and should leave internal control of policy, personnel, and the method and scope of
research to the institutions in which it is carried on. It should be fully responsible to the President
and through him to the Congress for its program.

Early action on these recommendations is imperative if this nation is to meet the challenge of
science in the crucial years ahead. On the wisdom with which we bring science to bear in the war
against disease, in the creation of new industries, and in the strengthening of our Armed Forces
depends in large measure our future as a nation.

Chapter 1 INTRODUCTION

Scientific Progress is Essential

We all know how much the new drug, penicillin, has meant to our grievously wounded men on
the grim battlefronts of this war - the countless lives it has saved - the incalculable suffering
which its use has prevented. Science and the great practical genius of this nation made this
achievement possible.

Some of us know the vital role which radar has played in bringing the United Nations to victory
over Nazi Germany and in driving the Japanese steadily back from their island bastions. Again it
was painstaking scientific research over many years that made radar possible.

What we often forget are the millions of pay envelopes on a peacetime Saturday night which are
filled because new products and new industries have provided jobs for countless Americans.
Science made that possible, too.

In 1939 millions of people were employed in industries which did not even exist at the close of
the last war - radio, air conditioning, rayon and other synthetic fibers, and plastics are examples
of the products of these industries. But these things do not mark the end of progress - they are but
the beginning if we make full use of our scientific resources. New manufacturing industries can
be started and many older industries greatly strengthened and expanded if we continue to study
nature's laws and apply new knowledge to practical purposes.

Great advances in agriculture are also based upon scientific research. Plants which are more
resistant to disease and are adapted to short growing season, the prevention and cure of livestock
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