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Overview

A unique connectivity exists in the Air Force between sci-
ence, technology, and transformation. From the defining moment
of powered flight in 1903 to the creation of the Air Force as a
separate service in 1947 to the present, these three elements have
been continuously linked and undoubtedly will remain so.

This paper provides a brief historical perspective of the ties
between science, technology, and transformation in the earliest
days of the Air Force; gives an overview of current Air Force sci-
ence and technology; offers a look at five future transformational
capabilities—unmanned combat aerial vehicles, small munitions,
directed energy weapons, microsatellites, and the joint battle-
space infosphere—that demonstrate the strong nature of the link
today; and lastly, presents some challenges and issues.

Historical Perspective

The Air Force is the youngest of the Nation’s armed services. It
was formed in 1947 in the aftermath of World War II, having previously
been a branch of the Army as the Army Air Corps. A number of influ-
ences, perhaps the most profound of which are strategic bombard-
ment, nuclear weapons, intercontinental ballistic missiles, and space
flight, have been crucial in forming and sustaining the Air Force as an
institution. Each of these developments, all of which involved long-
range flight, distinguished the Air Force from the other services.

Like the other services, however, the Air Force was built on the
shoulders of giants. The men most closely associated with its continu-
ing transformation are Henry Arnold, Theodore von Karman, and
Bernard Schriever (see brief biographies of each on the following
page). General Arnold was the founding father of the Air Force who,
working closely with von Karman, set the tone for the highly technical
nature of this service. Von Karman, the world’s leading aeronautical
scientist in the mid 20" century, was a strong advocate of close ties
between the military and science. General Schriever, the driver
behind the initial movement of the service toward intercontinental
ballistic missiles and space flight, sustained and perhaps institution-
alized the highly technical nature of the Air Force.
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Air Force Science and Technology

Science and technology are often approached as a singular
event, and they even appear as a single line item in the Air Force
modernization budget. This item (or event) is a large one, however,
and typically, at more than $1.5 billion, is one of the top half-dozen
programs (of a list that might run two pages or more) per year.

At the next level of specificity, Air Force science and technol-
ogy comprises over 20 different program elements. These elements
include 1 for basic research and approximately 10 each for applied
research and advanced technology development, the latter 2 cate-
gories being aligned with specific technical areas of relevance to the
Air Force. Continuing down to the bench level, thousands of individ-
ual projects are under way at any given time.

The Air Force science and technology program is highly lever-
aged with a wide variety of grants, contracts, partnerships, and
alliances. Participants include in-house scientists and engineers,
universities, industry, and international organizations. Science and
technology is long term in its nature. In spite of our current fascina-
tion with the apparent rapid pace of information technology, it is not
unusual for many elements of science and technology to see research
and development at fundamental levels for 20 years before a product
publicly emerges. The sustaining nature of the service laboratories is
one of the great strengths for the Department of Defense, often serv-
ing as the launch point for large-scale activities by the Defense
Advanced Research Projects Agency (DARPA) and/or industry. Suc-
cess is not guaranteed in the science and technology business; fail-
ure is part of the learning and discovery process.

Figure 1 shows the hierarchical building blocks of research and
development. Science and technology is a subset of the overall
research and development process. In budgetary terms, the Air Force
research and development program includes projects with a total
value of tens of billions of dollars annually. The science and technol-
ogy subset of this is currently on the order of $1.5 billion annually.
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Three Air Force Visionaries

General Henry H. ("Hap”) Arnold (1886—1950) is unquestionably the father of the Air Force. A 1907 graduate of West Point who ranked
closer to the bottom of his class than the top, he was taught to fly by the Wright brothers at Huffman Prairie (now part of Wright-Patterson
Air Force Base, Ohio) and earned the first military aviator's badge. A protégé of Billy Mitchell, an extremely vocal, early advocate of air power,
Arnold rose steadily through the ranks to become Chief of the Army Air Corps in World War Il. In 1944, he was promoted to five-star rank as
General of the Army. When the Air Force was created as a separate service after Arold had retired, he was made General of the Air Force
by an act of Congress. He is the only person in Air Force history to date to achieve this rank.

Shortly before World War I, Arold sought out and met Theodore von Karman and started a professional relationship with him that was
vital to linking science and technology to the Air Force. Possibly influenced by his early experiences with the Wright brothers or Billy
Mitchell—or by von Karman's reputation as the world’s foremost aerodynamicist—Arnold initiated contact with von Karman and maintained
it for the remainder of his life.

In 1944, Arnold reached a profound conclusion that would forever link the future Air Force to science and technology. Specifically, he con-
cluded that the most important lesson coming out of the war for future air forces was that national security could only be provided by pre-
eminence in research. Subsequently, he tasked von Karman to lead a study to “look into every science and find basic developments that could
make U.S. airpower invincible.”

Theodore von Karman (1881-1963) was born in Budapest, Hungary. He studied under Ludwig Prandtl, the world's foremost aerodynamicist
at the time, in Goettingen, Germany, receiving a doctorate in this specialty. He then moved to Aachen, Germany, where he subsequently sup-
planted his teacher and mentor as the world’s foremost aerodynamicist, deriving, among other things, modern supersonic aerodynamic theory.

In the late 1920s, the California Institute of Technology began pursuing von Karman to lead its newly established Guggenheim Aeronau-
tical Laboratory. Von Karman immigrated to the United States in 1930 to lead this laboratory. In the following years, he taught, conducted
research, and built a broad following of graduate students, many of whom would become national leaders in prominent government and aca-
demic organizations. He also worked closely with the emerging aeronautical industry that was being attracted to southern California. In this
latter role, he founded the Jet Propulsion Laboratory and was instrumental in the founding of Aerojet General Corporation.

Von Karman and Arnold met in the late 1930s and formed a bond that lasted until Arnold's death in 1950. Toward New Horizons (the study
that resulted from Arnold's tasking of von Karman in 1944), more than any other single event, formed the vision for the nascent U.S. Air Force.
The lead essay by von Karman, “Science, The Key to Air Supremacy,” became the service blueprint. Von Karman's famous statement first
appeared in this essay: “Scientific results cannot be used efficiently by soldiers who have no understanding of them, and scientists cannot
produce results useful for warfare without an understanding of operations.”

General Bernard Schriever (b. 1910), although not as well known as Arnold and von Karman, had an impact on the Air Force that is per-
haps as significant. Born in Bremen, Germany, he immigrated to the United States as a boy. Educated at Texas A&M and Stanford in engi-
neering, he was a bomber pilot in World War Il, seeing combat in the Pacific.

After the war, Schriever was assigned to the Pentagon, where he became involved in scientific aspects of the newly created Air Force.
He later graduated from the National War College in Washington, DC, and was sent to southern California to establish a small office for the
development of intercontinental ballistic missiles (ICBMs) and space systems. He subsequently led the development of every Air Force ICBM
that found its way into production or set the stage for later development. During this time, he also led the development and deployment of
many of the early defense space systems.

Schriever was an extremely forceful personality and, like most agents of change, got his way more often than not. He continued to rise
in rank, ultimately reaching four stars as the Commander of Air Force Systems Command. Although Schriever was not instrumental in the ini-
tial linkage of science and technology to the core of the Air Force, he was vital in sustaining and institutionalizing it.

The Air Force Research Laboratory (AFRL) manages the Air ® Directed Energy
Force science and technology program. As shown in figure 2, AFRL ® Human Effectiveness
consists of 10 technical directorates: m I[nformation
. ' L m Materials and Manufacturing
m Air Force Office of Scientific Research (AFOSR) ® Munitions
| Air Vehicles = Propulsion
m Sensors
m Space Vehicles.
Donald C. Daniel is a distinguished research professor with the Center for The entire basic research program is managed by AFOSR. Each
Technology and National Security Policy at the National Defense University. of the technical directorates manages a portfolio of applied research
Dr. Daniel may be contacted at danield @ndu.edu. and advanced technology development in its area of expertise.
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