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Traditionally, Air University Review has emphasized technological
breakthroughs and their application in a military environment. It seems fitting,
then, that we practice what we preach by applying recent computer-assisted
typesetting techniques in our own production process. The text of the last
issue of the Review was done by Optical Character Recognition (OCR), a
process utilizing an electronic light beam to produce type directly from a
typewritten manuscript. Further along, we will bypass the scanner and set
type from a tape generated by a text-editing typewriter. These techniques
eliminate rekeyboarding by the typesetter and a proof cycle and enable us to
reduce commercial printing costs significantly. The regional Government
Printing Office has informed us that the AU Review was the first federal
publication to incorporate this entire process into its contract specifications.
We will also use this procedure in our Spanish and Portuguese editions.

A recent new element appears on our cover here. It is the
International Standard Serial Number (ISSN), which enters the Review in a
worldwide computerized network of periodical publications.

At our present rate of computerization, the whimsical thought inevitably
suggests itself that we may soon receive articles on magnetic tape generated
by computers, which may then be read by electronic scanners and entered in
memory banks, thus eliminating the need for authors, editors, the printed
page, or even a human readership. Somewhere in this developmental process
the AU Review staff promises to draw the line.

If this issue can be said to have a theme, it would relate to technological
progress. The lead articles, by Colonel Robert Detweiler and Colonel James
Strub, provide instructive summaries of where the Air Force has been and
where it ought to be going with its research programs. Our cover pays tribute
to Theodor von Karman (1881-1963), the “‘father of the supersonic age’’ and
chief architect of today’s Air Force research structure.

Nuclear technology and its place in our national strategy considerations are
analvzed by Major General Edward Giller, USAF (Ret).

The management process receives its share of attention by Major
Ceneral Edmund Rafalko and by a team of authors, Lieutenant Colonel
Russell Pierre and frequent contributor Jerry Peppers.

The employment of tactical forces is treated by Brigadier General William
Holton, USAF (Ret), and Major Donald |. Alberts. General Holton examines
the use of TAC forces in Special Operations, and a regular contributor, Don
Alberts, in a particularly provocative article, projects the lessons of the Yom
Kippur War to possible future encounters with Communist bloc forces.

Concluding this issue, aside from book reviews long and short, is a
backgrounder on the recent turmoil in Lebanon by Drs. Lewis Ware and Paul
Godwin, resident members of the Air University staff.
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AIR FORCE RESEARCH -
IN RETROSPECT
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The Le Pere biplane in its
~ record altitude flight over
McCook Field, Ohio, in 1919
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ﬁ T SOME point during the past two
decades, America embarked on a

new industrial revolution, which
will have an impact on the destinies of
men and nations potentially as great as
that which so radically altered men’s
lives in the eighteenth and nineteenth
centuries. The nature and dimensions of
this revolution are not easy to grasp. The
terms of science and engineering which
describe this revolution, once confined
to the university, are bantered about in
nearly every walk of life; the jargon of
business has even taken on a new space-
age vocabulary. The core of this revolu-
tion can easily be traced to a galloping
technological advance. Radically new
scientific techniques for systematized ap-
plication have been coupled to problems
of almost infinite complexity.

Out of this technological revolution
has evolved a close relationship between
science and government which has exist-
ed for nearly two centuries. But the close
relationship that exists today has come
about since the Second World War. This
partnership progressed into an inter-
dependent vitality which now provides
security and welfare for the nation and
stable growth and support for science.!

The critical place that research and
development (R&D) occupies in our cul-
ture and the amount of resources being
invested in it require that much more be
known about its functions. C. W. Sher-
win, former Deputy Director of Defense
Research and Engineering, wrote:
“Within one generation, modern science
and the complex, sophisticated technolo-
gy, which both springs from it and sup-
ports it, have suddenly become the
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primary basis of national wealth and
military power and also a primary tool of
social and economic revolution.”? Our
survival as a free nation is directly re-
lated to our technological superiority
maintained by the r&D effort.

The nation’s expenditure in basic re-
search has risen to about $4.0 billion in
current dollars. However, inflation has
eroded the increases over the last 15
years so as to hold funding at about the
1965 level. The proportion of all r&D
funds expended for basic research has re-
mained essentially constant at about 13
percent since 1965. The portion of De-
partment of Defense (DoD) funds invest-
ed in basic research has consistently
been about three percent of the total
rR&D budget.

As a country so well known for its
achievement in science, little in our
early bistory shows a sustained interest
in scientific work. In general our early
work was entirely in applied science, car-
ried on in random, sporadic fashion and,
for the most part, outside the university
or the government.® In the early days
suich men as George Washington,
Thomas Jefferson, and Benjamin Frank-
lin contributed to and influenced scien-
tific development through their own
engineering, inventions, and discoveries
and in the thought and wording of the
Constitution. Patent rights, national sur-
veys and census, and a standard for
weights and measures are only a few of
the basic ideas of data taking and scien-
tific procedures that pervaded the writ-
ing of the Constitution. Alexander
Hamilton made the keystone of his sys-
tem for the development of American
manufactures a system of government
bounties and subsidies to scientists and
inventors, to accompany the use of tariffs
and other government policies for the
encouragement of industrialization.*

John Quincy Adams believed that the
key to the preservation of the Union was
the use of all the resources of applied
science to create a system of transporta-
tion and communication throughout the
nation.> But he was the last of the great
statesmen of the Federalist period who
combined politics with a personal inter-
est in science. As Secretary of State he
personally prepared for the Congress a
“Report upon Weights and Measures.”®
In later life he continued his support of
a wide variety of scientific programs, and
he was killed while traveling to Cincin-
nati in 1848 to dedicate an astronomical
observatory.”

A review of the Republic’s first 150
years of experience with science shows a
coherent pattern on two distinct levels.
On the pragmatic level of science re-
sponding to the needs of society, the
story is one of great accomplishment;
steamboats, wireless telegraphy, the cot-
ton gin, motor cars, and airplanes, etc.,
all attest to this ability. However, on the
higher plane of the attempt to create a
comprehensive organization of science
as a fundamental institution of state, the
record is not so clear. In the event that
science crossed with practicality, or with
government needs, the government
gave short-term support.® The Lewis and
Clark expedition and the Coastal Survey
were early examples of the use of short-
term applied science in the field.®* Dur-
ing the period of the Civil War, glimpses
of other uses of science widened its
scope, and in the four decades following
1865, an organized scientific establish-
ment evolved within the government
oriented to the immediate problems it
faced.!'® Two isolated acts are significant:
the creation of the National Academy of
Sciences in 1863, to give scientific advice
to any requesting government agency;
and the Executive Order of 11 May



1918, which set up the National Re-
search Council, “to stimulate research in
the mathematical, physical, and biologi-
cal sciences, and in the application of the
sciences.” They were ineffective, how-
ever, because they were not government
agencies supported by Congress and
thus always lacked adequate funding.'!

With World War I the establishment
had to shift into the field of weapons on
a large scale for the first time. By the
1930s government science had become
so interrelated with society, other re-
search institutes, and the economy of the
country that it in turn was affected by the
upheavals of the Depression era.!? The
main point is that the nature of this early
twentieth-century American scientific
organization was entirely applied. The
numbers of scientists engaged exclusive-
ly in basic research were so few that all
of them in the United States could gather
in a college auditorium with room to
spare.!?

The only basic research in the world of
the nineteenth and early twentieth cen-
turies was done in Europe. The first re-
search laboratories organized solely for
pure science were the ‘“teaching
laboratories” under Dr. Justus von Lie-
big at the University of Giessen. These
laboratories placed the young student
scientist under von Liebig solely for re-
search. The enthusiasm was such that the
only problem encountered was getting
them out of the laboratory long enough
to clean the floors.’* The idea and organi-
zation of such a laboratory have been ex-
tremely popular in Germany and still
exist today.'* The renowned research
efforts of Germany perhaps are a direct
result.

From the very beginning, pure scien-
tific research was government subsi-
dized in the principal European
countries.'® This support is in marked
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contrast to the practice of the U.S. Con-
gress to fund only limited and strictly
utilitarian projects.!” Not only was there
a lack of government support but also a
lack of private gifts or bequests. It is in-
teresting that the first large sum of
money bequested for the support of
science in America came from a foreign-
er, the Englishman James Smithson. It
took Congress nearly ten years to accept
the gift and create the Smithsonian Insti-
tution. In the last decade of the nine-
teenth century, the large fortunes of
Andrew Carnegie, John D. Rockefeller,
and James Lick endowed science with
private research foundations.'® Early in
the twentieth century, the federal gov-
ernment established its own scientific
bureaus: the Bureau of Mines, the Na-
tional Bureau of Standards, the National
Institutes of Health, the Naval Research
Laboratory, and the National Advisory
Committee for Aeronautics are a few ex-
amples. By 1940 a credible government
scientific organization existed. Its em-
phasis was on applied research, but there
was also some expenditure for pure re-
search.!®

The threats of war were plain by this
time. In anticipation of American in-
volvement, President Roosevelt set up
the National Defense Research Commit-
tee (NDRC) on 27 June 1940 for the ex-
press purpose of improvement of
instrumentalities, methods, and materi-
als of warfare, with Dr. Vannevar Bush as
its director.2® It was expanded into the
Office of Scientific Research and Devel-
opment (OSRD) on 28 June 1941 and given
full powers to organize the scientific
effort of the nation on a wartime founda-
tion.2! Thus, by the time the United
States was drawn into the war, science
was organized to meet the challenge.

With the end of World War II in 1945
and the demise of the osrD, its many

Continued on page 8.
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A cadet (below) works in the chemistry laboratory at the Air Force Academy. . . . Power plant (bot-
tom ) generates 50 million watts to operate the Electro-Gasdynamics Facility at Aeronautical Sys-
tems Division, AFSC, Wright-Patterson AFB, Ohio, for hypersonic fight research. . . . At Arnold
Engineering Development Center, Tennessee, the compressor tip and 38-foot diameter fan (cen-
ter) control airflow of the Propulsion Wind Tunnel. . . . At Air Force Cambridge Research Labora-
tories, Massachusetts, research is done into the fundamental properties of materials (right). . . .
AFCRL scientists use radars at Wallops Island, Virginia (bottom right), for a variety of studjes.
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scientific projects had to be either
phased out or distributed among existing
civilian and military agencies, for the
scientists who had been engaged in OSRD
returned to the universities or to private
research laboratories, leaving a large gap
in technically competent people.2?2 The
main concern of the military services
during the war years was almost solely
with advanced engineering and produc-
tion.23 Whether the military could shoul-
der the additional responsibilities of
applied and basic research during peace-
time was a question still to be resolved.

In Dr. Bush’s report, Science, the End-
less Frontier, he spoke out on military
research. He proposed that military re-
search be under civilian control and that
the military engage only in “research on
the improvement of existing weapons.”
He further recommended that civilian-
controlled military research be made
one of the responsibilities of a “National
Research Foundation,” an agency
proposed by Bush to promote the na-
tional interest of science.?*

Such a civilian orientation to military
research was in direct opposition to the
already existing plans of the Army Air
Forces aAF), under General H. H. Ar-
nold, to develop “a Buck Rogers pro-
gram for the next twenty vyears.”
General Arnold had already created, in
November 1944, an Army Air Forces
Scientific Advisory Group with Dr. Theo-
dor von Karman, a Hungarian-born
aerodynamicist, as its chairman.2® Possi-
bly because of his foreign background
but more because this did not conform to
his concept of military research, von
Karman could not accept civilian control
of research and conducted an eight-
month-long investigation of the prob-
lem. To state his case, he prepared the
AAF Scientific Advisory Group report, 7o-
ward New Horizons, which held that a

national program in basic research was a
“necessary adjunct” to the maintenance
of a strong military posture.2® He con-
tended that “Every scientific develop-
ment eventually finds its way into the
field of military applications.” It was es-
sential, therefore, that government
sponsor basic research. But this sponsor-
ship should not be concentrated in one
controlling organization; several com-
peting federal agencies should foster re-
search, including an agency of the Army
Air Forces. The aAr should not delegate
its responsibility to pursue scientific
knowledge to any other agency but
should be free to call upon any scientific
organization or individual for scientific
assistance. It was imperative that the AAF
be permitted to expand its direct rela-
tions, both spiritual and contractual, with
the scientific community. No one should
act as “the only source of information”
between science and the AAF.27

However, von Karman’s report was
not translated into action. To begin with,
General Arnold, suffering from a chronic
heart ailment, retired in March 1946. His
successors, as well as many on the Air
Staff, favored leaving research to civil-
ians. Then came the problems of declin-
ing budgets and demobilization and, in
1947, the establishment of the Air Force
as a separate service. The Air Staff had its
hands full with the problems of creating
an Air Force in-being.?®

Nevertheless, government science did
not remain static. OSRD went out of exis-
tence, and the newly created Atomic En-
ergy Commission (AEC) and the military
services fell heir to its offices.2® The De-
partment of Defense was established,
and the Secretary of Defense was placed
in an authoritative position over the
affairs of the three services. The Con-
gress placed particular emphasis on giv-
ing the Secretary of Defense direction



and control over the field of research and
engineering. The National Security Act
of 1947 contained the following provi-
sions:

In enacting this legislation, it is the in-
tent of Congress to provide a comprehen-
sive program for the future security of the
United States; to provide for the establish-
ment of integrated policies and proce-
dures for the departments, agencies, and
functions of the Government relating to
national security; to provide a Depart-
ment of Defense, including the three mili-
tary departments of the Army, the Navy
(including naval aviation and the United
States Marine Corps), and the Air Force
under the direction, authority, and control
of the Secretary of Defense; to provide
that each military department shall be
separately organized under its own Secre-
tary and shall function under the direc-
tion, authority, and control of the
Secretary of Defense; . . . 3°
The Navy, by this time, had already

persuaded Congress to create the Office
of Naval Research ©~NR) with a broad
charter to conduct research (1946). It
was clear that no matter what decisions
were made at DOD concerning military
research, the Navy would control and
conduct its own research program.3!

The actual overall control in bob went
to the Research and Development Board
(RDB), which had authority to preside
over military research and development.
Dr. Bush was placed at the helm, but
without money, facilities, or power the
board served only as a high-level coor-
dinating committee.??

The Air Force, in the meantime, found
itself restricted in research to aeronauti-
cal sciences, although it was recognized
that its efforts would have to be closely
correlated with other sciences outside
this area. The job of correlation fell to the
RDB.** Why, the Air Force could ask,
should the Navy, through the Office of
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Naval Research, engage in the full spec-
trum of research, while the Air Force
was narrowly restricted? It was a ques-
tion that no one outside the Air Force
appeared to ask, much less answer.

The problem at hand was to create a
research organization and get on with
the actual business of doing the research.
There was yet another hurdle to cross.
Stuart Symington, then Secretary of the
Air Force, was convinced that the Air
Force r&D program should be decisively
emphasized, but only for development.
There would be a research division, but
merely to seek answers to problems
posed by the development program.34
To von Karman, a research program sub-
servient to development was no research
program at all.3* Symington could not ac-
cept the idea that an agency of the Air
Force, with a strictly military outlook,
was the proper place to conduct re-
search. “It is more fitting,” he wrote to
Secretary of Defense James Forrestal,
“that an agency such as the proposed Na-
tional Foundation look after basic re-
search. . . . Since there was no national
foundation at that time, Symington con-
cluded that, as an interim measure, “the
military establishment must . . . pursue
basic research on a broad scale.”3¢

Earlier, in the summer of 1947, von
Karman had recommended to the Air
Staff that a research organization similar
to ONR be established, which would con-
duct both a contrasting program with
universities and industry and an in-house
program of research. The Air Staff was
receptive, but Lieutenant General Ben-
jamin W. Chidlaw, the Commander of
the Air Materiel Command (aMc), the or-
ganization with the bulk of the Air Force
R&D, provided the most vigorous opposi-
tion. Chidlaw contended that the office
should be located at Wright Field instead
of the proposed site at Washington, D.C,,
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and should fall under the Engineering
Division of aMC, where it could serve and
be controlled by the Air Materiel Com-
mand.?” Chidlaw carried the day, and af-
ter undergoing several organizational
changes the office was established as the
Office of Air Research (February 1949). It
was moved from under the Engineering
Division to a slot parallel to it, and Colo-
nel Leighton I. Davis was appointed the
organization’s first chief.3®

After the first year of operation, the
office was no closer to a viable research
organization than it had been in the be-
ginning. Staffed with only 33 people and
no laboratory facilities, the organization
was threatened with failure. Its budgets
were disapproved, which deterred ev-
erything else. In August 1949, Colonel
Davis was selected for the Air War Col-
lege and left his command feeling that a
miracle would be necessary in order to
put research on a sound footing in the
Air Force.®®

At the pop level, several attempts
were made to coalesce all basic research
in the physical sciences into a single or-
ganization. The Navy attempted to take
advantage of this kind of thinking by sug-
gesting that ONR be given the responsibil-
ity. Only a determined effort by von
Karman and members of the Air Staff
prevented this from occurring.i® At
about the same time, the Research and
Development Board, poD, suggested
that a new civilian research agency simi-
lar to osrRD be constructed and given
charge of all government research. This
proposal, in turn, was defeated by von
Karman.4!

The main problem was that the Air
Force was not organized for rR&D man-
agement. An independent research or
development command did not exist;
what r&D did exist was part of Air Materi-
el Command, which encompassed sup-

ply, procurement, testing, advanced
engineering, exploratory development,
research, and many other small pocket
organizations.*> The normal operation
was channeled into quick-payoff devel-
opment at the expense of research as
well as much of the development proj-
ects of a long-term nature. In short, im-
mediate demand, procurement,
maintenance, and supply were conflict-
ing with efforts in research.*?

Another major problem was separate
funding for r&D. Without a budget of its
own, R&D could never argue its case
before the Air Staff or defend itself from
the monetary policies of Air Materiel
Command. R&D usually got what money
was left over from logistics.*4

Contributing greatly to this problem
were the personnel policies governing a
career in Research and Development. In
1949, a career in R&D was considered a
one-way street to oblivion. More-aggres-
sive officers sought duty in the operation-
al commands, while officers of less
competence tended to gravitate to or-
ganizations like amc. It was with such
officers that R&D offices were often
staffed.*®* However, aggressive officers
with a scientific background were at a
premiurn in the military. With the great
exodus after the war of nearly all the
scientists and engineers, there simply
were not enough to go around. Low pay,
the lack of challenging work in research,
and the unending government red tape
did little to lure scientists away from the
congenial atmosphere of university
laboratories.*¢

With so many internal problems, it was
obvious that some sort of reorganization
would have to take place. A civilian com-
mittee headed by Dr. Louis Ridenour,
physicist (soon to become the first Chief
Scientist of the Air Force), concluded the
investigation in September 1949. The



recommendations to the Air Staff were
to give full representation to R&D on the
Air Staff, create an independent R&D
command with a separate budget, and
eliminate discriminatory personnel poli-
cies.*” These findings were corroborated
by a similar military committee, which
based its report on the work done by the
Air University staff.*®

After considering both the Air Univer-
sity Report and the Ridenour Report, the
Air Staff, late in January 1950, created
the Air Research and Development
Command (ARDC), which would be devot-
ed entirely to problems of research and
development.*® The goals relating to re-
search were defined broadly by the Ride-
nour Report. They included supporting a
program in basic research by contract,
establishing an Air Force science fellow-
ship program, and transforming the Air
Force Institute of Technology into a first-
rate graduate school of engineering. The
Office of Air Research would play the key
role in the dispatch of these goals. The
kind of research that would be done in-
house was not left to conjecture: the re-
port stated that the research would be of
potential interest to the Air Force but
that it would also be in broad fields and
would not be directed toward definite
goals or applications. The research con-
tract itself did not even specify what was
to be investigated, except in terms
proposed by the investigator. Moreover,
contracts were awarded less with regard
to the description of the project than
with regard to the ability and promise of
the principal investigator. It was evident
that the Ridenour Report endorsed a sys-
tematic pursuit of fundamental science
for the Air Force.5°

To implement the program was yet
another matter. The many small re-
search projects scattered through amc
had to be transferred along with the
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work that was going on in the Office of
Air Research. This removal was accom-
plished fairly easily, since nearly every-
one agreed that research should be
under the auspices of ARDC. However,
development projects were transferred
only after a bitter fight, which lasted a
full fifteen months. It was April 1951
before the new command became oper-
ational.®!

The job of organizing ARDC's research
efforts went to Brigadier General Donald
J. Keirn. He proposed to create an aca-
demic atmosphere conducive to scien-
tiic thought and envisioned the
organization as similar to the Ofhce of
Naval Research, comprising both a con-
tract and an in-house research program.
Scientists attached to the command
would monitor relevant contracts, do in-
house research, and advise on superviso-
ry duties. The main item in the program
was a modern in-house laboratory where
the scientist could be free to pursue his
projects and from which the Air Force
could draw inspiration and ideas as well
as have a pool of in-house competence.>?

The idea never got off of the ground.
The main opposition came, strangely
enough, from Chief Scientist Ridenour,
who looked at the proposed research
laboratory as a private scientific play-
house. His opinion was formed from an
inspection trip of Air Force laboratories,
where he found ramshackle facilities,
manned by second-rate scientists, stran-
gling in a maze of red tape. He had come
to the conclusion, since writing the Ride-
nour Report, that Air Force laboratories
could never attain the stature of even a
mediocre university laboratory.5® The
whole idea of an internal laboratory was
dropped, and the dismemberment of
Keirn’s command took place. His job, the
Assistant for Research in the Basic
Sciences, was changed to the Office of
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Scientific Research, and Colonel Oliver
G. Haygood, a subscriber to the views of
Dr. Ridenour, became the new head of
the research agency.>*

A FTER SEVEN years of tur-
moil, a course had been set for Air Force
research. By embarking on a program
involving research solely by contract, the
Air Force was admitting that it could not
manage an in-house research program.
Perhaps, at the time, this judgment was
correct. The Air Force research program
had a great deal of growing to do, but it
was evident that it would only be a mat-
ter of time before some sort of in-house
program would be started. The begin-
ning would have to come from the ap-
plied sciences, which it did some six
years later.

In May 1958 Lieutenant General
James H. Doolittle, Air Force Reserve,
officially dedicated a new physical
sciences building at Wright Field to pio-
neer in applied research for military ap-
plication. The building was a part of the
Office of Scientific Research and was
staffed by scientists who had been doing
basic research for years. By this time, de-
spite the purport of Doolittle’s words
and despite preoccupation with research
with specific applications, this new
laboratory had already begun to function
as a basic research laboratory.33

That same year, the Department of
Defense was reorganized so that re-
search and engineering became func-
tionally organized throughout the
Department. The Defense Reorganiza-
tion Act of 1958 defines the responsibili-
ties of the Director of Defense Research
and Engineering as follows:

The Director performs such duties with
respect to research and engineering as the

Secretary of Defense may prescribe, in-

cluding, but not limited to, the following:
(1) to be the principal advisor to the Secre-
tary of Defense on scientific and technical
matters; (2) to supervise all research and
engineering activities in the Department
of Defense; and (3) to direct and control
(including their assignment or reassign-
ment) research and engineering activities
that the Secretary deems to require cen-
tralized management.>®

To enable the Director of Defense Re-
search and Engineering to carry out
these responsibilities, the Secretary of
Defense, by means of Department of
Defense Directive 5129.1, delegated au-
thority to him to:

Approve, modify, or disapprove programs
and projects of the military departments
and other Department of Defense agen-
cies in his assigned fields to eliminate un-
promising or unnecessarily duplicative
programs, and initiate or support promis-
ing ones for research and development.5?

The Joint Chiefs of Staff have been giv-
en responsibility for advising the Secre-
tary of Defense on the military worth of
R&D objectives. Their duties are stated in

Department of Defense Directive
5100.1 as follows:

To advise and assist the Secretary of De-
fense in research and engineering matters
by preparing: (a) statements of broad
strategic guidance to be used in the prepa-
ration of an integrated Department of De-
fense program; (b) statements of overall
military requirements; (c) statements of
the relative military importance of devel-
opment activities to meet the needs of the
unified and specified commanders; and (d)
recommendations for the assignment of
specific new weapons to the armed for-
ces.>8

The effect of this reorganization along
with the impact of the Soviet Sputnik
inspired an extensive reorganization in
ARDC in January 1960. Under the new
setup, ARDC was reshaped along function-



al lines. Out of this emerged the Air
Force Research Division, into which
went nearly all of ARDC's basic research
activities, which up to that time had
been officially operating as applied
laboratories. The remaining develop-
ment projects were organized into the
Air Force Systems Command (AFSC),
which still retained a good measure of
research capability.*®

But the process did not end there. A
year later, in April 1961, the Air Force
Research Division was broken off, re-
named the Office of Aerospace Research,
and given the status of a major air com-
mand. It included three in-house
laboratories, which had sprung up under
applied research: Air Force Cambridge
Research Laboratories, Cambridge, Mas-
sachusetts (AFCRLj; the Aeronautical Re-
search Laboratory, Wright Field, Ohio
(ARLj; and the Frank J. Seiler Laboratory,
Air Force Academy, Colorado, which
was added in September of that year. An
office was established to manage scien-
tific contracts other than those handled
by the laboratory scientists relating di-
rectly to their in-house work: the Office
of Scientific Research in Washington,
D.C. A number of liaison offices were also
added through arsc and Nasa as well as
foreign contracting offices in Europe and
South America.%°

The status of research was, indeed,
greatly aided by the sequence of events
in the late "50s. Principal among these
were the launching of Sputnik I, the
subsequent emphasis on government re-
search in the applied sciences as well as
basic research in the physical sciences,
and the tremendous demands of a tech-
nically conscious public.

The major reorganization in 1961 es-
tablished research as a separate com-
mand directly under the Chief of Staff,
UsAF, while the development laborato-
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ries and product divisions were estab-
lished in the Air Force Systems
Command. Nine years later, research
was moved into AFsC and functionally or-
ganized as a laboratory. This move
stressed the role of research to support
the development laboratories and prod-
uct divisions. Again in 1975, as a result of
a study of the utilization of the Air Force
laboratories (the Chapman Report),®!
the research laboratories at ARL and
AFCRL were reorganized into the devel-
opment laboratories, and the Office of
Scientific Research (0sr), was made single
manager of all basic research in the Air
Force. osR still functions under AFsc, but
it at once retains the focus of basic re-
search and also ensures close liaison with
development needs. The quantity and
quality of research problems are by no
means diminished but, in fact, are chal-
lenged by the deficiencies of weapon sys-
tems and their application. Strong
leadership in research can keep these
lines clear and serve well both an innova-
tive basic research effort and a technolo-
gy-dependent development and pro-
duction division.

THE EVOLUTION of the Air Force research
laboratory has been a difficult one. The
main problems have been, from the very
beginning, the lack of military com-
manders with a scientific background or
interest and the absence of a sustained
drive by the government to foster basic
research throughout government agen-
cies. The original plans of Dr. Bush over
thirty-five years ago slowly came to frui-
tion, while General Keirn’s dream of an
in-house research laboratory was only a
few years premature. The military has
had a negative inertia, or incompetence,
in scientific matters to overcome, and
still, today, it is engaged in trying to dis-
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pel this stigma.®2 However, the organiza-
tion of an in-house basic research effort
with a basic research mission geared to
development needs now forms the nu-
cleus around which creative scientists
can work. Perhaps it is not yet the op-
timum organization, but in considera-
tion of its historical development, the
scientist and the necessary environment
are at last conversant in a military

household.
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. . it is now man with nature,
coexisting symbionicly on this
little island we call ““Spaceship

RESEARCH HORIZONS
Where the Air Force ought to be going

COLONEL JAMES E. STRUB

how strong the Air Force is in the future, particularly in the

period from 1985 to 1995. Such a cause-and-effect relationship is
well known. What is not well known is what those research paths
should be, and as time goes on the requisite decisions become more
and more difficult to make. Each year there seem to be twice as many
candidate projects as before, and each year we seem to have fewer
real dollars to spend on research. There is also that old circular ques-
tion of whether new requirements call for new avenues of research
or whether the successes of research foster new requirements.Thus,

THE research paths we choose now will have a direct bearing on
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in addition to considering a burgeoning
of possible avenues and a gradual cut in
spending power, we must also ask ques-
tions such as “Does each project have to
support a formally validated system re-
quirement?” or “Do we pursue a project
because it shows great promise for some
important or novel application, even
though there is as yet no validated sys-
tem requirement?”’

These are questions that are not al-
ways answerable. But a visionary re-
searcher could make a pronouncement
such as the following:

The next ten years should be a period of
systematic, vigorous development, devot-
ed to the realization of the potentialities of
scientific progress, with the following
principal goals: supersonic flight, pilotless
aircraft, all-weather flying, perfected navi-
gation and communication, remote-con-
trolled and automatic fighter and bomber
forces, and aerial transportation of entire
armies.'

This would be a balanced program in
that it calls for realizing “the potentiali-
ties of scientific progress,” which is the
research-fosters-requirements side of
our stated circular question but with spe-
cified “goals,” which is the require-
ments-calls-for-research side. And what
are these goals? The statement says “su-
personic flight,” which could mean Mach
4, ramjets, heat sinks, etc. It says “pilot-
less aircraft,” which could mean cruise
missiles, drones, remotely piloted vehi-
cles rpv.. It says “all-weather flying,”
which could mean all-weather tactical
operations in any combat theater. It says
“perfected navigation and communica-
tion,” which could mean the NAVSTAR
Global Positioning System, jam-resistant
data links, and a host of satellite-borne
communications relays. It says “remote-
controlled and automatic fighter and
bomber forces,” and that could mean a

new class of highly sophisticated rpv's
with advanced capabilities for communi-
cations warfare and with flight regimes
from low-level terrain following right on
up to ballistic missile trajectories. And,
finally, it says “aerial transportation of
entire armies,” which could refer to the
upgraded C-5, the stretch C-141, the Ad-
vanced Tanker Cargo Aircraft, and the
Advanced Medium stoL Transport. All
told, this is a fairly representative list of
the broad goals we would like to achieve
during the next ten to twenty years.

Yet, surprisingly enough, the quoted
statement is more than thirty years old!
It was written by Dr. Theodor von Kar-
man in his letter? that transmitted the
report “Toward New Horizons” to Chief
of Staff General H. H. “Hap™ Arnold in
December 1945. When von Karman spe-
cified a goal of “supersonic flight,” he
meant any aircraft that could cruise ap-
preciably above Mach 1. When he spoke
of “all-weather flying,” he was referring
to instrumented navigation and landing
systems and weather-avoidance systems.
When he said “automatic bomber
forces,” he was thinking of the German
buzz bombs of World War II, and so on.
But the goals he spoke of, i.e., the words
he used, are almost the same words we
use to describe our goals now. And that
is an interesting point—our broadly stat-
ed goals do not change very fast; only the
details change.

evolution and breakthroughs

The process of aerospace research is
largely evolutionary, with only an occa-
sional discontinuity or breakthrough.
But such breakthroughs can change the
world, so we tend to nurture anything
that appears to have that potential. In
making our research choices, we look for
opportunities—projects budding now in
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Dr. Theodor von Karmdn, space-age genius
and military-scientific mentor sans parerl

the backrooms—that seem to offer the
most promise for significant change in
the 1980s or beyond, regardless of what
the exact application might be. For ex-
ample, we are aware now of an opportu-
nity for producing structural plastics
from agricultural products rather than
from petrochemicals, thus taking advan-
tage of resources that are renewable
rather than using up those that are ex-
haustible.® In a similar vein, we are
aware of an opportunity for producing
structural plastics that are self-rein-
forced from molecular orientation rather
than being fiber reinforced, thus saving
on both cost and weight.* We are becom-
ing aware of the advantages of using fiber
optic circuits instead of or in conjunction
with electrical circuits.®* We are also be-
coming aware of the possibility of exotic
new fuels, such as metallic hydrogen,®
and so on. Any one of these budding
technologies could bloom and change
the world.

Meanwhile, there are some cases in
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which given requirements do clearly call
for new avenues of research or, for that
matter, demand substantial jumps in
state-of-the-art capability. A good exam-
ple is the concerted effort now to achieve
the break-even point in controlled fusion
electric power. Another is the problem
of responding to what our competition is
doing. What must we cope with? What
are the threats, whether in the military
sense or in the competitive market sense
or to national pride? From these threats,
someone will inevitably derive require-
ments, and then the research and devel-
opment (R&D) process will be expected to
react accordingly. A celebrated example
of this phenomenon is the crash program
in a “have-not” nation to become a
“have” nation in the world of nuclear
detonation.

available resources

Whatever the crash requirements of
1976 or whatever the budding oppor-
tunities of 1976, the course of our re-
search must also be appropriate to the
resources available in 1976. For some
years now there has been a growing con-
cern over the ever increasing rate at
which we use our natural resources, par-
ticularly those which are not, in a practi-
cal sense, replenishable. In 1972 we had
the Club of Rome report on “Limits to
Growth.” In 1973 we had the long-ex-
pected energy crisis. In 1974 Dr. Robert
C. Seamans told a U.S. News & World
Report interviewer,

We are in a new era today. In the past,

with America's superabundance of re-

sources, we didn’t have to be so careful.

Today, many resources in this country are

scarce.?

In 1975, a group of 400 scientists,
scholars, businessmen, and political lead-
ers meeting in Houston agreed that it is



a gloomy world, indeed, wherein seem-
ingly unrelated problems such as the en-
ergy crisis, famine in underdeveloped
nations, financial breakdown in New
York City, drug use among the young—
all are portents of unprecedented dan-
gers in the next 25 to 100 years, in the
industrial and nonindustrial societies
alike.® The message here is that there are
very real limitations to land, water, ener-
gy, fertilizer, etc.; that science, industry,
and government are not keeping up,
most probably cannot keep up, with the
public’s expectations of overcoming such
limitations through application of new
technology; and that civilization as we
know it will suffer sudden and catas-
trophic breakdown before our Tricen-
tennial unless total material con-
sumption is reduced.

What does all this have to do with Air
Force research objectives? It simply
means that as time goes on we should
give increasing attention to avenues of
research that lead to products amenable
to a world of scarcity, at least until break-
throughs in energy and materials re-
search do occur. This view of the future
represents a significant departure from
the potential world of plenty in which
von Kiarman found himself at the end of

World War IL
Along this same line of thought is the

matter of funding. The research budget
climate may be getting better this year,
but over the last several years research
funds have been gradually dropping in
terms of both absolute dollars and of real
buying power. 'Research funds” here are
taken to mean the spending for Program
6.1, the seed of all development that fol-
lows. In the Air Force, this funding as a
percentage of all research, development,
test, and evaluation RDT&E) has steadily
dropped from 3.0% in Fiscal Year 1971
to 23% in FY 1976,'° a downward
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change of 23% in just five years. With
recent favorable comments on research
from President Ford'! and favorable
support of the Defense budget by the
Congress, we may see some easing of the
decline in funding for research; but any
improvement will probably be relatively
small in the foreseeable future.

shared and joint programs

Potential limitations on natural re-
sources, stringent limitations on funding
—these are significant factors in the 1976
world from which we view our research
horizons. There is also a third factor: the
realization that we are not alone. Our
research horizons are inextricably inter-
woven with those of NASA, ERDA, ARPA, the
Navy, the Army, the aerospace industry,
universities, and foreign governments,
including the Soviet Union. Thus, in the
constant reappraisals of our own hori-
zons, we must be as aware as possible of
the horizons in focus elsewhere. We do
so not only to conserve resources but also
to avoid duplication and to take fullest
possible advantage of what others are do-
ing. Accordingly, it becomes increasing-
ly important to combine forces, either in
outright joint ventures under joint man-
agement as in the case of the NASA/USAF
program in Highly Maneuverable Air-
craft Technology, or by explicit agree-
ments in which each party has assigned
responsibilities as in the case of the Shut-
tle, or, at the least, in mutual cognizance
in which each party is to have use of the
results produced by each other party. In
this way, security considerations permit-
ting, friendly rivalries can be turned into
friendly cooperation, to the economical
and technological benefit of all con-
cerned.

In a similar way, the Air Force often
benefits from research pursued by other
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parties for their own reasons. A case in
point is computer technology, one of the
most economically appealing avenues of
research ever undertaken by industry,
and this is done almost entirely without
Air Force instigation or funds. In cases
like this, all we have to do is take advan-
tage of the results.'?

As for research we do ourselves or
have done under our control, it will be
increasingly important to make max-
imum possible use of all existing
laboratories, test facilities, test ranges,
etc. If some other organization owns and
operates a facility that we need and do
not have, then we should make every
effort possible to obtain use of that facil-
ity rather than try to justify building one
of our own. Likewise, when another
agency requests use of our facilities, we
should accommodate them in every way
possible. A good example of this kind of
cooperation is the excellent working re-
lationship between the Air Force and
Nasa, particularly with respect to use of
the joint collection of wind tunnels and
engine test stands.

In such ways as these we can make our
limited research dollars go further and at
the same time help hold down the
growth rate of government r&D facilities,
military test ranges, etc. More impor-
tant, by employing the conservation
practices previously mentioned, we shall
be doing our part to avoid the ultimate
demise forecast by the Club of Rome and
by that group of 400 in Houston.

changing objectives

Even so, it will be a more constrained
world, a world that forces one to exam-
ine his objectives ever more closely. Re-
garding Air Force research, this means
examining how to use the results of our
research. In the past, our general objec-

tive of a strong Air Force implied almost
total emphasis on higher performance,
which often led to greater and greater
cost per increment of improvement.
Consequently, in many systems we are
now reaching the point where a one per-
cent improvement in performance
might cost as much as all previous im-
provements put together. Indeed, as Dr.
Michael 1. Yarymovych often observed,
“We are modernizing ourselves into
bankruptcy!”!® This could be particular-
ly true in the areas of aircraft propulsion,
flight dynamics, metal alloys, and many
others. There are performance limits or
asymptotes for every device conceived
by man, and when we get near those
limits, we might well back off and shift
our emphasis elsewhere.

In recent years, that “elsewhere” is
more and more turning out to be efficien-
cy. This is especially true in the context
of the constrained world discussed ear-
lier, in which it becomes increasingly im-
portant to use new state of the art as a
means for reducing acquisition costs, or
for increasing system reliability, or for
reducing operating and maintenance
costs, rather than giving first priority to
raising performance characteristics. To
some extent this is the same theme
played in the new approach known as
“life-cycle cost,” one of the six “future
objectives and priorities” specified in
General David C. Jones’s testimony ear-
lier this year to the House Appropria-
tions Committee. In that presentation
the Chief of Staff said,

As part of both r&D and acquisition im-

provements, we must strive to devel-

op systems with lower life cycle cost,
particularly costs for operations and
maintenance. We need to concentrate
on systems designed for high reliabili-
ty, ease of maintenance, and low man-
power demand in order to reduce the



overall costs of operating and main-

taining the Air Force of the future.'*
We can expect to see more and more
emphasis on this particular management
objective. Granted, it is a more cautious
approach than in the past, but certainly
in concert with a world of increasingly
limited resources per capita.

This entire approach may seem rather
conservative, and it is—literally. Thus,
any contemporary view of research hori-
zons is a view through lenses colored by
limited supplies of energy and materials,
relatively limited funding, increased
cooperation with other agencies, in-
creased use of their facilities and results,
and increased emphasis on efficiency and
lower life-cycle costs. It is also a changing
view, but one changing slowly and with
only an occasional breakthrough to pure
brilliance.
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new horizons

What does one see through such lenses?
What are the opportunities on which we
should focus? Perhaps the most current
and comprehensive answer to these
questions is to be found in the seven-
volume report of Project New Horizons
I1, the most recent of many successors to
von Karman's “Toward New Hori-
zons.”'> The cochairmen, Dr. Yarymo-
vych and Major General Foster Lee
Smith, summarized their conclusions as
follows:
Our assessment of future world conditions
and military trends points to several broad
Air Force needs for the period 1985-2000.
Salient among these is the need to exploit
new technology to achieve required Air
Force capabilities within a period of re-
source austerity. Fundamental to achiev-
ing those capabilities is a stable and

In 1945 Dr. von Karman projected goals for the next ten years and mentioned
“automatic bomber forces.” He probably had German buzz bombs of World War
Il in mind. A copy of that V-1 buzz bomb yields important data in tests con-
ducted by Air Force research engineers at Holloman Air Force Base, New Mexico.

s
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adequate level of effort by the Air Force in
basic and applied research. At the same
time, the burgeoning of technology pre-
sents a continuing challenge of selecting
from many approaches those few that will
best contribute to Air Force combat capa-
bility.!é
With this assessment in mind, they
recommended eight “near-term actions
appropriate to meet study goals,” from
which we can infer attendant research
goals. In the New Horizons II briefing,
which was presented to some forty audi-
ences over a one-year period, the first
such action received special emphasis
and was always presented separately, as
in the next paragraph. The remaining
seven, in approximate order or priority,
were that “the Air Force should:

o Greatly expand the exploitation of
space technology through integrated
systems applications for projecting
air power anywhere in the world.

e Build into future space systems ap-
propriate survivability, to include es-
tablishing a survivable post-attack
launch capability for space missions
critical to national survival.

o Explore more vigorously the poten-
tiality of directed energy weapons,
first by pursuing now the requisite
technologies for weapons-grade
power and fire control, leading to-
wards application in airborne and
space weapons platforms.

e Pursue the development of tactical
air forces which can operate indepen-
dent of visibility conditions.

e Establish a digitalized cartographic
reference system in GPS-related
coordinates for worldwide operations
by US forces against targets below, on
and above the earth’s surface.

¢ Postulate configurations of a heavy-
lift, global-range transport aircraft in
terms of the technology, cost, and en-
ergy regimes expected in 1985 and
beyond.

e Develop a space defense system, us-

ing an airborne or space-based laserl
or other nonnuclear weapon, to be
ready for deployment when unhin-
dered use of space should be chal-
lenged.”"?

For their principal near-term action,
the cochairmen of New Horizons II
focused on an area which requires con-
siderable improvement: command con-
trol systems; and on a paradox: for a
fraction of the price of new weapon sys-
tems, we could finance command control
systems that would appreciably multiply
the usefulness of these systems. They
concluded that the key factor here is in-
telligent application of the fruits of re-
search in microelectronics and advanced
computer technology or, in other words,
that the Air Force should exploit what
the study called “computational plen-
ty_”ls

Here is their major conclusion and
recommendation:

Today, as in the past, the Air Force is orga-
nized to develop, operate, and support air-
craft. It performs these tasks superbly, and
it must continue to do so. The principal
new challenge, however, is to exploit bur-
geoning cpportunities for more efh-
cient and effective control of forces. If this
challenge is to be met, [the Air Force
should] reorient the principal focus of Air
Force management and organization to-
ward development, operation, and sup-
port of systems through which control of
forces and weapon systems is exercised,
particularly the control of general purpose
forces. Fullest advantage should be taken
of accelerating advances in signal and data
handling technology.!®

WHAT, THEN, are the research horizons
before us now? In specific terms, we do
not know; nor can any one agency know,
let alone establish, such goals in much
detail. In general terms, we do know and
have for a long time because such goals



In an era of limited appropriations and diminishing natural resources, joint progriams
and the sharing of facilities and materiel become increasingly vital. The Space Trans-
portation System with its Space Shuttle orbiter (seen in artist’s concept) is 4 NASA
project in which the Air Force will play a sigmficant role, for example, in the

landing site at Vandenberg Air Force Buse,

are almost totally evolutionary and con-
tinuous rather than revolutionary or dis-
continuous. Perhaps we can state them
in general terms:

e We are maintaining our re-
search focus on state-of-the-art disci-
plines that support steady improvement
of strong strategic deterrent forces, a
subject deliberately not addressed by
New Horizons II.

California, for use in the 1980s.

e We are gradually, and at the
same time, shifting our research focus
onto disciplines having strong applica-
tion to goals such as those recommended
by New Horizons II.

Stated another way, the answer to the
question of “where the Air Force ought
to be going” is that we ought to keep our
research going in about the same direc-
tion, but with fresh awareness of the in-
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Another area where the Air Force has benefited from “sharing™ is computer
technology, which the Air Force can sometimes assimilate readv-made from
industry into its own systems. The microprocessor “chip,” the control unit
for an ACTRON microprocessor set called UDAM (Universal Digital Avionics
Module), contains 4413 electronic devices and measures 1/5" to a  side. Other
chips are the arithmetic unit and the mermory, similar in size and complexity.
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creasingly constrained world around us.
The real challenge is not so much in de-
ciding what research to pursue but rath-
er in how best to apply the results. Even
if our “research horizons” were to re-
main fairly unlimited, the application of
new state of the art would come up more
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Since reason condemns war and makes peace an absolute duty,
and since peace cannot be effected or guaranteed without a
compact among nations, they must form an alliance of a peculiar
kind, which may be called a pacific alliance (foedus pacificum),
different from a treaty of peace (pactum pacis), inasmuch as it

would forever terminate all wars, whereas the latter only ends

one.

Immanu one.
Immanuel Kant:
Perpetual Peace. I, 1795.
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There is everv reason to expect that the arming of the USSR on all fronts and
in all the branches of the service will continue unabated. Détente with the
United States will have little if any bearing on this matter; it sets limits on
certain types of weapons, perhaps, and calls perhaps for some caution, but it is
most improbable that a single Soviet leader thinks relations with the U.S.A.
could or should influence the rate or manner in which the USSR meets what
it considers its defense needs. The idea of “parity’” remains entirely alien to

them.

strategic forces is the deterrence of
nuclear attacks aimed at the de-
truction of the United States as a na-
jonal entity. This is to be achieved by
he retention, in the words of Secretary
pf Defense Donald Rumsfeld, of the abil-
ty to “‘strike back with devastating force
at an enemy’s economic and political as-
sets. Such a force is essential not only as
he basic deterrent, but also as a capabili-
ty that can be withheld so as to deter any
attack on U.S. and allied cities and popu-
'lation. Such a capability is a minimum
essential foundation of strategic deter-
rence.” The U.S. also requires the capa-
lbility to strike selectively at a wide range
of military targets and do so with low
pollateral damage. We do not rule out
the capability to attack some elements of
the Soviet strategic force posture on a
cond strike. It is the Soviets’ percep-
ion of these capabilities and our will to
bse them that is the essence of deter-
rence.
| Soviet strategic objectives, as we now
inderstand them, emphasize deterrence
of conflict and, should this deterrence
il, victory through survival of the Sovi-
t Union and destruction of the West.
here is a growing recognition that the

THE primary objective for U.S.

RicHAarD Encar Prees
Director, Russian Research Center
Harvard University

Soviet defense programs are aimed at in-
creasing their ability to wage general nu-
clear war and to emerge victorious.

The Soviet Union has recently begun
the deployment of new and far more ca-
pable strategic weapon systems. In 1976,
the Soviet deployment program involves
six variants of four new intercontinental
ballistic missiles (icBM's) and enlarged ver-
sions of the Delta class intercontinental
range missile submarines. We are also
aware of the development of improved
models and a new generation of ICBM's
and submarine-launched ballistic mis-
siles (SLBM’s) as well as new missile subma-
rines.

While the Soviets’ thrust during 1965-
1972 was primarily quantitative, their
post-1972 qualitative advances are strik-
ing. They have introduced sophisticated
multiple independent reentry vehicle
(MIRV) systems and warheads. Soviet
progress in accuracy has been very sub-
stantial, and it seems that there will be
rapid progress in the near future. Their
research and development program is
extremely aggressive and is beginning to
pay substantial dividends in improved
weapon performance.

The Defense Department now pro-
jects that by 1980 the Soviets will have
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eliminated the U.S. lead in the number
of missile warheads. (See Figure 1.) The
average Soviet MIRv yield will be about
three times the highest U.S. MIRrv yield,
resulting in an overall Soviet missile
force equivalent megatonnage superiori-
ty of three to one.

Even though the quantitative balance
of strategic forces is shifting, the U.S. still
maintains its technological superiority,
and its capabilities are well understood
by any would-be adversary. The deter-
mination of the U.S. to ensure that we
maintain this technological superiority is
demonstrated in the FY77 defense budg-
et, which for the first time in several
years includes real increases in defense
spending.

This discussion gets us to a fundamen-
tal question. What can advanced nuclear
technology contribute to the capability
of the United States to develop strategic
options and to modify Soviet perceptions
of nuclear war? Writing in the mid-
1940s, the distinguished British histori-
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an-general, J. F. C. Fuller, indicated that
weapons technology determined 99 per-
cent of the outcome of war. He was exag-
gerating, of course, but not very much.
The human factor has played, and always
will play, a major role in the outcome of
war, but there are degrees of technicai
superiority that no amount of human
effort can overcome. :

During the middle 1960s, a number of
American scientists active in the political
arena put forth the concept of a “techno-
logical plateau.” They argued that strate-
gic stability existed and that no
foreseeable technological development
would be significant enough to change
the outcome of a strategic exchange|
which assumed the total destruction of|
both sides. This view was partly aban-
doned when these same individuals
launched a major campaign against MIRV
and antiballistic missiles (ABM) in the late
1960s arguing the virtual antithesis oll
the former view—that these technolo-
gies were so effective and destabilizingi




that even the limited deployments then
contemplated by the U.S. would upset
the strategic balance. Ironically, on
many occasions, both views are pre-
sented, sometimes almost in the same
breath. Hence, we frequently hear talk
about how much “overkill” exists on
both sides and simultaneously how the
next generation of U.S. weapons will so
threaten the Soviet Union that there will
be a massive stimulation of the arms
race.

The notion that technological progress
is destabilizing still exists. For a time in
the late 1960s and early 1970s it signifi-
cantly hampered U.S. technological
progress. It is difficult to build a new mis-
sile, for example, that is not more accu-
rate than the one it replaces, and hence
under the logic of mutual assured de-
istruction, the new missile would be de-
stabilizing. But technological advance is
inevitable in an industrialized nation. At-
‘tempts to place unilateral controls on
'U.S. technology only increased the cost
'of achieving necessary military capabili-
ties, narrowed those technological gaps
ithat still existed in the U.S. favor, and
icontributed to the Soviet goal of achiev-
ing a war-fighting capability.

The Soviets have a very different view
of technology that is closely related to
their basic view concerning nuclear war-
fighting requirements. They place great
importance on equaling and then sur-
passing the West in the critical areas of
military technology, and they are pre-
pared to invest the resources required to
do this.

Technical advances can do a number
of things to improve the military poten-
tial of a nation and to influence the per-
ceptions of adversaries and allies. Among
these are:

e compounding of the enemy’s
planning due to uncertainty in new
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weapon characteristics. Military plan-
ners recognize that new weapons are an
unknown quantity and may turn out to
be much more effective than is thought.
The capabilities of older enemy weapons

are usually more completely understood.
e Iimprovement of war-fighting

and winning capabilities. New technolo-
gy can make drastic improvements in
the capabilities of both offensive and de-
fensive forces to obtain military objec-

tives and to limit damage.
e increased flexibility in execu-

tion of military options. Technical ad-
vances can conduce to the destruction of
previously unattackable targets and re-

sult in lower collateral damage.
e provision of options to respond

to unforeseen threats or technical sur-
prise. The existence of prototypes can
drastically reduce the time necessary to
respond to unforeseen threats or techni-

cal breakthroughs.
e increased morale and effective-

ness on the part of military personnel.
The psychological impact of new weap-
ons on the troops is often ignored by
those infatuated with economic analysis.
Yet morale is an important factor, and it
can be improved by providing the
armed forces with superior weapons that
increase the probability of their survival

in battle.
e strengthening alliance ties. The

perceptions of our allies concerning the
military technological balance can be
critical to the maintenance of alliance

morale, cohesion, and effectiveness.
e lower cost in achieving any

planned level of military capabilities. Im-
provements to the kill capability of any
given weapon can mean very substantial
reductions in the numbers of weapons
required to achieve a military objective.

In 1947, following the successful de-
velopment of the atomic bomb by the
Manhattan Project earlier in the decade,
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Congress created the Atomic Energy
Commission (AEC) and charged it with
broad authority over the development
and control of both the civil and the mili-
tary applications of this new form of en-
ergy. For a variety of reasons, in 1974,
Congress abolished the AEC and divided
its responsibilities between two new
agencies. The Energy Reorganization
Act of 1974 established the Nuclear
Regulatory Commission, to regulate the
growing nuclear energy industry, and
the Energy Research and Development
Administration (ERDA). ERDA assumed the
national security related activities of the
AEC together with an expanded mandate
to develop nuclear and nonnuclear ener-
gy technologies.

The Energy Reorganization Act re-
tained most provisions of the Atomic En-
ergy Act of 1954. It established the Office
of the Assistant Administrator for Na-
tional Security, one of six major program
offices, to direct the weapon program
and the other Restricted Data functions
of the new agency. The technology-re-
lated functions under this office include
weapon design, testing, and production
as well as a number of international
security related functions, nuclear
power, export control, safeguards, intel-
ligence, and nuclear arms control. The
1974 Act also mandated that:

During the first year of operation of the
Administration, the Administrator, in col-
laboration with the Secretary of Defense,
shall conduct a thorough review of the
desirability and feasibility of transferring
to the Department of Defense or other
Federal agencies, the functions of the Ad-
ministrator respecting military applica-
tion and Restricted Data.

We have now completed this study,
and it has been recommended to the
President that the weapon development
program remain within ERDA.

The nuclear weapons program exem-
plifies the most successful type of techni-
cal development. Over the last three
decades we have seen a hundred-fold re-
duction in weight and a thousand-fold
increase in yield of weapons we have or
could stockpile. In an era when almost
every generation of weapons has
become larger and substantially more
expensive, nuclear weapons have
become cheaper and lighter. The U.S.
success in miniaturizing nuclear weap-
ons allowed the development of smaller,
cheaper missiles. Nuclear warhead costs
represent on the average only about 10
percent of the cost of a weapon system
over its life cycle. Advanced nuclear de-
sign can result in very substantial cost
savings in the future.

There are some who look at the suc-
cess of continued nuclear weapons de-
velopment as a horror story. They argue
that despite the ever increasing costs of
our military programs and the growing
destructiveness of our nuclear arsenal,
we are really less secure.

This view in many respects is built on
a series of myths. The resources that
have been invested in U.S. nuclear sys-
tems have been on the decline for over
fifteen years. Current U.S. population
vulnerability is, in at least a significant
part, the result of the policies we have
followed de-emphasizing strategic de-
fenses and civil defense. Mutual popula-
tion vulnerability would have resulted
even if nuclear weapons technology had
never developed beyond World War II
devices. The major difference is that this
development would have involved vast-
ly greater delivery systems expenditures
for both sides, and the forces involved
would be far more vulnerable to surprise
attack. Without the progress we have
made in nuclear weapons design, ballis-
tic missile submarines would not have



been feasible. The greatest long-term
effect of the development of fusion
weapons has not been the development
of weapons with drastically greater yield
than the fission weapons developed in
the early 1950s but, rather, that weapons
have been made small enough to be car-
ried by delivery systems that could be
hardened against nuclear attack or made
mobile. It enabled the development of
weapons that were far safer and more
ecure than existing fission bombs. These
weapons were also generally significant-
ly less expensive. Hence the net effect of
technological progress in nuclear weap-
ons design since World War II has been
far cheaper and more survivable strate-
gic deterrence forces and a nuclear arse-
al that can make a major contribution
o the security of the U.S. and its allies.
ERDA has five weapons, four of them
strategic, under active development to-
day. They are improved warheads for
e Minuteman III (W-78/Mk 12A) and
rident (W-76/Mk 4) strategic missiles;
two strategic bombs, the improved B-61
(Mod 3, 4, 5, multipurpose bomb), and
the new B-77 (full-fuzing option high-
iield strategic bomb); and the new eight-
nch shell (W-79 low collateral damage
artillery projectile).
Four systems are under advanced pre-
engineering development. Preliminary
engineering development has been com-
pleted on a high-yield sirv suitable for
leployment on Trident or an advanced
and-based missile (M-x). Development is
also underway on low collateral damage
warheads for the Pershing II, a warhead
for future air-to-surface or cruise mis-
iiles, the Mk-500 evader maneuverable
reentry vehicle MaRv), and low collater-
il damage bombs.
Both the Trident and Minuteman Mirv
will greatly increase the yield of existing
dternative systems. In the case of Tri-
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dent, the improved yield of the warhead
will mean large savings compared to the
cost of replacing the Polaris/Poseidon
force with an equally capable Trident
force carrying the older Poseidon MiRv.
The improved yield of the Mark 12A for
the Minuteman III, combined with the
improvements being made to the guid-
ance system, will prevent a major dis-
parity in counterforce capabilities
developing in the Soviet favor, at least in
the near term. The Mark 12A and the
high-yield MIrv are potential candidates
for the m-x. Deployment of the M-x in the
mid-1980s would go far toward regain-
ing parity in hard target kill, and in a
number of the quantitative indications
such as number of warheads, megaton-
nage, throw weight, and megaton
equivalents.

The new variants of the B-61 bomb
now under development will have im-
proved safety/security devices including
nonviolent command disablement. The
B-77 full-fuzing option (FUFO) bomb was
designed to provide the Air Force with a
weapon in the high-yield range with the
flexibility of the lower yield B-61. It will
provide delivery capabilities consistent
with 1980 penetration requirements and
at the same time incorporate advanced
safety features such as insensitive high
explosives to prevent fissile material scat-
ter in the event of a crash. The weapon
also minimizes the nuclear material
costs.

A number of ERDA programs in con-
junction with pob delivery systems in
early developmental stages could pro-
vide the U.S. greatly improved penetra-
tion capabilities against advanced Soviet
defenses. For example, development of
MARV evaders hedges against the threat
of possible Soviet clandestine upgrade of
their surface-to-air missile sam) systems
or the rapid deployment of one of their
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new ABM systems. The new cruise missile
warhead will help maintain the penetra-
tion capability of our bomber force in the
1980s.

The Threshold Test Ban Treaty (TTBT)
limits the further development of higher
yield strategic bombs and warheads. As a
result of the accelerated test program,
we feel we can meet our strategic weap-
ons requirements for the foreseeable fu-
ture. Under the TTBT limit of 150
kilotons, the U.S. can still develop ad-
vanced penetrators as well as improved
strategic and tactical warheads designed
for lower collateral damage. We can, to
a lesser degree, test the stockpile reliabil-
ity of our nuclear systems.

We have completed a long series of
negotiations with the Soviets, the princi-
ple objective of which is to allow the ex-
ploitation of what they believe to be the
considerable economic potential of
peaceful nuclear explosives (PNE) while
prohibiting their use as a cover for the
development of advanced military ap-
plications.

The most important advancement in
weapon design in the next decade, how-
ever, is likely to come in areas other than
simple vyield-to-weight ratios. These
areas include:

e development of a variety of low
collateral damage weapons with con-
trolled output of radiation, lower fission
content, or earth penetrators.

e still smaller and lighter weap-
ons that can be adapted to a greater vari-
ety of delivery systems, including the
precision delivery systems.

o crashproof weapons that will
not scatter radioactive material after an
impact.

o cheaper weapons utilizing less
special nuclear material.

o further development of more
advanced variable yield and insertable

capsule weapons that might permit re-
duction of stockpile numbers without

loss of military effectiveness.
e improvements in weapons safe-

ty and security.

In the tactical area, controlled output
devices combined with precision guid-
ance can dramatically improve our
capabilities to destroy a variety of mili-
tary, economic, and logistic targets with
low collateral damage. In many cases the
yield required for target destruction can
be reduced by a factor of several hun-
dred. The combination of yield reduc-
tion and controlled output can improve
military effectiveness by allowing attacks
on enemy troops closer to the forward
edge of battle area (vkBa) without endan-
gering friendly troops. Reduced collater-
al damage makes the U.S. nuclear
guarantee more credible and hence im-
proves the capabilities of our forces to
deter.

It is sometimes argued that the devel-
opment of low-yield, low collateral dam-
age weapons will increase the likelihood
that these weapons will be used. This
fear has little relation to reality. Low-
yield nuclear weapons have been in the
stockpile for about twenty years. They
have never been used despite the fact
that the risk associated with their use in
the 1950s and 1960s—an era of massive
U.S. superiority in both strategic and tac-
tical nuclear systems—was probably sub-
stantially less than the risk would be
today. The only conceivable use of U.S.
tactical nuclear weapons is in response to
aggression of sufficient magnitude to
change the international balance of
power.

The Soviet Union regards tactical nu-
clear weapons as a fundamental part of
their war-fighting capability. The Soviets
have traditionally stressed the impor-
tance of pre-emptive, massive, in-depth,



surprise nuclear attacks that can be ex-
ploited by their highly mobile, armored,
and mechanized infantry divisions. As
their tactical nuclear capabilities have
improved, they have increasingly recog-
nized a distinction between interconti-
nental and theater nuclear warfare.

Early Soviet tactical nuclear systems
were apparently high-yield weapons.
We are much less certain about the sys-
tems they have introduced in recent
years. Those who argue that U.S. intro-
duction of low collateral damage tactical
nuclear weapons is meaningless as long
as the Soviets maintain high-yield sys-
tems ignore the possibility that the Sovi-
ets have already moved toward
lower-yield systems or will do so in re-
sponse to the U.S. initiative.

The new eight-inch shell will be the
first U.S. weapon specially designed to
reduce collateral damage from blast and
radioactivity. The Pershing II will also be
considered for a number of low collateral
damage warheads. Preliminary work is
underway on a number of tactical bombs
and strategic warheads that would result
in far less collateral damage because of
controlled outputs and alternative deliv-
ery modes.

| HERE is little room for com-
placency in assessing the continuing
Soviet drive for technical superiority in
military technology. As Dr. Malcolm R.
Currie, Director of Defense Research
and Engineering, notes:

I would suggest that all of us, in examining
the current technology balance and its dy-
namics, would agree that the Soviet Union
has a large and determined effort and that
the Soviets are inexorably increasing their
level of technology relative to ours and
are, in fact, seizing the initiative in impor-
tant areas. This technological develop-
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ment is molding future Soviet strategy,

... The Soviet effort is dominated by their

often-stated goal of surpassing the U.S. in

science and technology.

While there is much uncertainty con-
cerning Soviet nuclear weapon technolo-
gy since the end of atmospheric testing
in 1963, we are certain that the Soviet
nuclear weapons development program
is vigorous and is supported by large
Soviet basic research in weapons-related
nuclear technology. More than ten Sovi-
et tests since 1970 have been in the
megaton or multimegaton range, pre-
surnably related to the development of
efficient nuclear warheads for their new
strategic weapon systems. Only one U.S.
test since 1970 has been over one mega-
ton—the warhead for the Spartan ABMm
system. At least parity probably exists in
the field of high-yield strategic warhead
technology. While we know compara-
tively little in the area of Soviet tactical
nuclear weapons, the variety of their nu-
clear-capable tactical delivery systems is
visibly increasing, probably indicating
comparable Soviet progress in weapons
design.

A superior technical base is critical for
the national security of the United
States. U.S. technical superiority is being
rapidly eroded by current Soviet efforts.
In the nuclear weapons area the threat is
particularly severe because of the larger
scale of Soviet efforts, the reduced fund-
ing for U.S. nuclear weapons research,
development, and production over the
last decade, and because of the physical
aging of the stockpile. The latter is par-
ticularly important, and in the long term
all current U.S. weapons will have to be
replaced because of age if nothing else.

There is much international pressure
today for a comprehensive test ban «cTB)
treaty. Because of the aging problem,
fissile material limitations, concerns
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about nuclear weapons security that cre-
ate pressures to reduce the stockpile,
and the lesser throw weight of U.S. sys-
tems, the U.S. must examine, from a
technical point of view, the possibility of
a much more severe impact on the U.S.
weapons program than upon the Soviet
Union. While the precise numbers are
subject to debate, there will always be a
significant yield range that will be below
the minimum detectable by national
technical means. We must consider the
effects of clandestine testing below this
threshold and the significance of a weap-
on test disguised as a PNE for the develop-
ment of tactical and strategic weapons.

As long as the U.S. is required to main-
tain nuclear weapon systems that can
survive a nuclear attack and respond
reliably in a controlled manner, we must
be able to maintain, modify, and, when
necessary, improve the systems in-
volved. It is less likely that a stable deter-
rent system can be maintained if the
reliability of Western nuclear systems
degrade faster than those of the Soviet
Union.

There are major political reasons
for a comprehensive test ban, but the
technical consequences must be
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weighed, also. Without a cTB, we could
develop and deploy improved nuclear
weapons that through controlled output
and delivery accuracy can significantly
improve the capabilities of our military
forces to carry out their wartime mis-
sions and at the same time improve the
safety and security of our weapons. The
cost of these new weapons will not be
significantly greater than reinitiating the
production of older and in some cases
obsolete designs now in the stockpile.
The effectiveness of our deterrent will be
significantly enhanced if we exploit the
potential of the new technologies.
Above all, we must not allow the nu-
clear weapons development and produc-
tion complex to erode. In many respects,
this complex is unique, and some of its
assets are irreplaceable. The weapons
laboratories represent a combination of
trained manpower and physical re-
sources that is available nowhere else in
the West. The laboratories also make a
major contribution to U.S. energy pro-
grams and to basic scientific research in
general. It would be extremely difficult if
not impossible to reassemble this com-
plex in a crisis situation.
Washington. D.C.

General Giller’s article was presented in somewhat
different form at the Air Force Association's Aero-
space Strategy Symposium at Vandenberg Air Force
Base, California, in April 1976, as was Dr. George
H. Heilmeier's “Guarding against Technological
Surprise” in our September-October 1976 issue.
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Q: General, what do you think is the major threat, specifically air threat, to
NaTo Europe now and what will it look like in the near future?

A: I think what we all have to be concerned about are the newer, more
sophisticated airplanes that the Soviets are now bringing in, the so-called

third generation airplanes.

Q: How do you plan to counter this ever-increasing threat?

A: I want to be able to fight across the full spectrum out here and I think
most of our commanders want to be able to do that. .. . I don’t want to

fight with weapons I can’t win with. . .

. we've got very superb weapon

systems for doing this. And the flexibility of air is such that we can move
very fast, concentrate very fast, get a lot of ordnance in very fast and cause

a lot of damage very fast.!

Interview with GeneraL Joun W. Vocr, USAF

For Europe, the military lesson to be learned from the October War is that
if there were to be a conventional war in the near future it would go
against the Atlantic Alliance. The two essential factors, surprise and missiles,
are a positive element in favor of the Warsaw Pact countries.?

GeNerRaL A. MERGLEN

The total Arab losses in the air were 514, as against Israeli losses totalling
102. . . . Only five Israeli planes were shot down in actual combat. Missiles
and anti-aircraft guns, which were no less effective than missiles, accounted

for the rest.?

HESE STATEMENTS represent
| three divergent viewpoints on the
nature and, if one will, the future
utility of tactical air power. The three
individuals quoted are highly respected
general officers. Only one of the three
officers, however, knows with any degree
of certainty or from firsthand experience
what might appear to be the tremendous
effectiveness of modern sophisticated
defensive weapons. That officer, of
course, is General Chaim Herzog of the
Israeli armed forces.

Now, for the first time since before
World War 11, the decisiveness of tactical
aviation in conventional combat has
been seriously challenged. Just as it
became necessary to rethink the role of
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pursuit aviation in 1943 in order to save
the concept of strategic daylight preci-
sion bombardment from failure because
of unacceptable combat losses, it might
now be time to rethink our present tacti-
cal doctrine in order to preserve the
capacity of air power to affect the tide of
battle in favor of American arms.*

This discussion (and the resulting as-
sumed need for some sort of far-reaching
change in our approach to conventional
war planning and force structuring) in-
volves essentially two main ideas: the
meaning of the concept of air superiority
in light of recent battlefield develop-
ments and the ability of American tacti-
cal air to meet a threat to its usefulness
in affecting the outcome of a limited con-



ventional war in the coming 10 to 15
years.

The latest, most intense, and largest
limited war occurred in the Middle East
in 1973. Certain surprising things hap-
pened in the opening stages of that war,
things which were not generally ex-
pected by either Israel or the West. In
that war, the Arabs were equipped with
Soviet weapons. Most of the Arab forces
had been trained by Soviet personnel (at
least indirectly), and there is strong evi-
dence to suggest that Soviet offensive
doctrine provided the rationale behind
the attacks on Israeli defensive positions
on both fronts. The Israelis, on the other
hand, were equipped primarily with
American equipment, trained in part by
American personnel, and possessed a
strategic doctrine that is hard to charac-
terize but which would seem to reflect
more a Western than an Eastern heri-
tage. One can say, however, that Israeli
doctrine definitely appears to be differ-
ent from that of the Arabs and their Sovi-
et tutors. Herein lies part of the future
war problem.

Whereas United States forces may or
may not engage Soviet forces directly,’
the probability of facing Soviet equip-
ment, training, and tactical doctrine is
very high, if U.S. forces are again com-
mitted to combat. Or, put yet another
way, despite détente and the various ar-
guments of what détente means or
should mean, if one looks around the
world at potential trouble spots, one still
finds two principal kinds of equipment:
Soviet and U.S. The odds are fairly strong
that if the United States must fight again
in the next 10 or 15 years, we will be
fighting an enemy equipped in arms and
practicing doctrine predominantly of
U.S. or Soviet origin.

It is possible even now to draw up a
spectrum of threat based on the relative
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sophistication of enemy equipment. For
the sake of discussion, let Korea and
Europe be used as the poles of this spec-
trum. The Middle East would be some-
where in between—at least, it can be so
placed when the sophistication and chal-
lenge posed by possible enemy forces are
charted.

Starting at the lower end of the sophis-
tication spectrum, we find that the North
Korean military structure does not
present a substantial threat to traditional
USAF air doctrine. This is not to say that
conducting operations in or over North
Korea, along the demilitarized zone
(DMZ), or in defense against a combined
air-ground assault directed at the mili-
tary power and territory of South Korea
would be easy, for it is likely that much
blood and treasure would be spent. How-
ever, the present capabilities of the
North Koreans are familiar. The an-
ticipated hostile forces are such that em-
ployment of traditional concepts of
tactical air employment could suffice.
The major threat to the conduct of air
operations consists of North Korean
fighter-type aircraft. The air defense net-
work is deployed to provide homeland
defense. The surface-to-air missile ($AMm)
and antiaircraft artillery (aAA) threat is
not very sophisticated and well within
the scope of that experienced over North
Vietnam by American aircrews. For the
sake of comparison, the relevant data are
as follows:

3 SAM brigades (180 missile launchers) SA-2
518 fighters and fighter-bombers

(plus 60 IL.-28 light bombers)
2500 AAA guns of all sizes.®

Europe represents the “worst case,” of
course. The probability of a war in
Europe is very low, according to esti-
mates of most analysts. However, while
the probability may be low, the cost of an
attack and defeat in Europe in political,
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economic, and psychological terms to
American security interests is thought to
be quite high. Indeed, Europe has tradi-
tionally been of much interest to military
planners. It is an open question whether
or not a war in Europe would be nuclear
or conventional. A case can be made for
both scenarios.” In many ways, the con-
ventional war case is the more demand-
ing, yet less certain - psychologically,
politically, and militarily. To perform
our jobs as military officers properly, we
must investigate and plan for this contin-
gency.

As a worst case, if we were to posit that
present concepts of force employment
are sufficient to gain victory (perhaps
realistically defined in a subnuclear limit-
ed war as avoidance of defeat and reten-
tion of at least the political and territorial
semblance of the status quo ante), then
there is no need for widespread doctrinal
change. If our preparations are sufficient
to meet the worst case, then lesser cases
and threats, as in Korea, can also be met.
The performance of our arms may not be
stellar—the losses may be high and the
doctrine only adequate—but if this is so,
victory is not endangered, and the cause
is not certainly lost. The price and cost
will not be disastrous. Victory can cover
many sins of omission and commission,
and hindsight can leisurely correct the
cause of such errors.

On the other hand, if a situation less
than the worst case raises doubt about
the adequacy of present doctrine to
meet the present threat, then the argu-
ment is certainly strong for at least a
widespread investigation of that doc-
trine with an eye toward revision. It is
this last consideration that gives pause to
the concerned tactician and/or strate-
gist. And herein lies a problem. One of
the reasons often given for the inability
of planners to understand sufficiently

and prepare adequately for the future
lies in the inability to agree on the impor-
tance of the present. We therefore con-
tinue to perform variations of what has
proved to be successful in the past.®

We have some fairly recent experi-
ences to draw lessons from: Vietnam and
the Middle East wars of 1967 and 1973
(one might also include the war of attri-
tion of 1969-1970 if one is so inclined).
The utility of the 1967 war to discussion
here is tenuous. Others, mainly the peo-
ple most involved, had already “gone to
school” on that war in order to fight the
1973 War more effectively. While there
is certain to be violent disagreement
over the 1973 War, one cannot seriously
challenge the view that the Arab forces
had changed and were doing things
somewhat differently than they had in
1967. Vietnam is not a particularly good
example to draw lessons from right now,
partially because, despite the cries for
learning these lessons, the issue is still too
charged emotionally; perhaps it is best if
what each of us took from that war stays
in our individual backgrounds.®

The Air War North was not a very so-
phisticated affair, at least compared to
the Middle East. It is necessary to men-
tion certain small points, however.
Throughout the conflict, American con-
trol of the air over North Vietnam was
never seriously challenged, although a
new threat to this ability to control the
air emerged for the first time in combat.
This new threat was the sam. The most
serious threat to American air power, at
least when cause of loss is measured, was
not a new threat but one that had been
around since the days of observation bal-
loons. That threat, of course, was AAA.

In the October 1973 War, the decisive-
ness of tactical aviation in conventional
combat was seriously challenged. The
weapon of such brilliant decisiveness in



the 1967 war, the Israeli Air Force 1ar),
seemed to be, in the opening and very
critical stages, almost impotent. This
ineffective performance came at a time
when it was thought that the Israeli Air
Force was able to engage enemy aircraft
in the air and defeat them at will.

The central question becomes: What
caused the high and, in some projections,
nearly prohibitive losses? General Her-
zog has already provided one answer.
The ineffective 1AF performance was
caused by an inability to control the air.
The extremely high initial loss rates were
caused not by enemy fighter aircraft but
by saM's and AaA. As the situation stabi-
lized,'° the 1aF was freed from the defen-
sive aspects of close air support.

But, on the Egyptian front at least, the
1aAF was still not free to follow its pre-
ferred doctrine of long-range interdic-
tion and deep battlefield interdiction. A
reversal of what air power enthusiasts
would like to see happen occurred. Rath-
er than ranging free behind enemy lines,
establishing and enjoying local air su-
periority and clearing the way for a rapid
armored advance, Israeli armored units
in the Sinai were used to provide “close
ground support” for the 1AF

The first mission of our armoured force
on the West Bank of the Suez Canal was to
knock out the surface to air missile sites,
which it did effectively. That force literally
swept the area for the air force, and it was
then free to attack at will.?

Notice that, according to General Her-
zog, the Israeli Air Force needed ground
action before it became truly effective,
effective in a manner congruent with
doctrinal desires for proper use. The log-
ical inference is that prior to the elimina-
tion of certain segments of sam and Aaa
defenses by ground action, the 1AF was
not free to attack at will. If it was not free
to attack, then it did not enjoy air superi-
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ority and could be used, at best, in a de-
fensive role over the battleground
where it continued to take high losses.!?
In the closing days of the war, after the
tanks had opened the way for the 1aF, the
expected modus operandi of the Israelis
seemed to reassert itself. Both sides were
able to continue their efforts only be-
cause of the massive resupply efforts of
the Soviet Union and the United States.
Had not the 1ar been resupplied with
F-4s and A-4s from the “ready ware-
house” of the United States, it is doubtful
if the 1aF could have been used in the
manner in which it was after ground
forces had secured the opening. It is fur-
ther interesting to note that Egyptian
sources claim that the 1aF discontinued
its attacks on airfields (these attacks were
not working, and the losses to sam's and
AAA were too high), discontinued the at-
tacks on Port Said (after losing 28 aircraft
in five days of raids and failing to put the
air defense net out of operation), and
fought for air superiority after the tanks
had rolled over the sam sites.
Reputedly, the losses of the 1AF were
incurred largely in the first few days of
the war. Recent information contained
in public sources is starting to cast doubt
on this thesis, indicating instead that 1aF
losses were (against Egypt) consistently
high throughout the war.!® The figure of
102 losses quoted by General Herzog
represented approximately 37% of the
prewar IAF resources.!?® Again, for com-
parison’s sake, prehostility defenses for
Egypt and Syria were as follows:
Air defense is provided by 100
SAM sites, each of 6 SA-2 and
SA-3 launchers; 20mm, 23mm,
37mm, 57mm, 85mm, and
100mm AA guns; all integrated,
through a warning and com-
mand network, with 9 Air Force

squadrons of MiG-21 intercep-
tors. Soviet-manned equipment

Egypt
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co-ordinated with the air de-

fence system includes some 65

SAM batteries with SA-2, SA-3,

SA-4 and possibly SA-6 missiles.
15

8 SAM batteries with SA-2 and
SA-3 37Tmm, 57mm, 85mm and
100mm guns 100 MiG-21 inter-
ceptors 80 MiG-17 day fighter/
ground attack!'®

Syria

It is interesting to note that both Syria
and Egypt greatly increased the number
of saM batteries and AAA guns as a conse-
quence of the lessons they learned from
the 1973 War. Their aircraft inventory
has not increased nearly so dramatically.

Now, what about Europe?
Europe is where we have concentrated
our most sophisticated weaponry.
Europe will get the F-15 and the A-10 as
a matter of priority.!” The A-10s will
greatly bolster the capability of USAFE to
supply NATO forces with close air support,
and the F-15 (and by extension, the F-16
air superiority fighter being purchased
by some NATO allies and the United
States) will provide air superiority.

The emphasis that present usar doc-
trine places on the counterair and close
air support roles is based on the nature of
the threat. “Counter air operations are
conducted to gain and maintain air su-
periority by destroying or neutralizing
an enemy’s offensive and defensive air
capability.”® The IAF tried to do exactly
that in the last war in the Middle East
and possibly failed to do so before the
war ended.

The American (and Israeli) concept of
counterair is fine if the enemy capability
preventing air superiority is enemy air.
However, the Israeli experience of 1973
(as well as our own experience over

North Vietnam, although here it was
only a glimpse of the possibility) would
seem to indicate that hostile air is no
longer the primary barrier to the gaining
of air superiority over the battlefield.
One must seriously examine the possibil-
ity that ground-based defenses might be
the prime obstacle to the establishment
of air superiority.

It is useful to look at the ground-based
defensive capability of a Soviet army
group, one that can be expected to be
responsible for approximately 50 km
(about 30 miles) of front to a depth be-
hind the forward edge of the battle area
(FEBA) of about 80 km. Each Soviet army
group is equipped with the following:
3 batteries SA-2

(each battery with 6 launchers)

9 batteries SA-4

(each battery with 3 dual launchers)
5 batteries SA-6

(each battery with 4 triple launchers)
23 batteries 57mm S-60 AAA guns

(a total of 138 single guns)

6 troops ZSU 57/2 (36 twin gun tanks)

19 troops ZSU 23/2 (114 twin guns)
32 troops ZSU 23/4 (128 quad gun tanks).'®

This defensive firepower does not take
into account “air defense weapons com-
mon to all troops (rapid fire AA guns,
MGs), shoulder-fired SA-7 missiles and
64 troops of BRDM-2 vehicles mounting
quadruple SA-9 launchers.”?° This
ground-based defensive network is over-
lapping, and an ideal defensive setup
would mean that any aircraft venturing
over the front is within the lethal radius
of at least two very dangerous weapon
systems at all times—without a single MiG
being airborne.

Syrian and Egyptian strength at the
initiation of their attacks on Israeli posi-
tions was greater than that of a single
Soviet army group. But, if one assumes
that a war in Europe would start with a
Warsaw Pact offensive thrust, one must



also assume that the Soviets would follow
their doctrine and mass forces in excess
of a Soviet army group at the intended
points of penetration. In other words,
the area of the front where we must con-
duct close air support and possibly inter-
diction to halt the enemy offensive
would have the defensive ground-based
firepower of several Soviet army groups.

The goal in Europe would be to stop
the Soviet offensive thrust into NATO ter-
ritory, at least under the present strategy
of the defensive and flexible response.
Soviet doctrine concerning the offensive
is subtly different from Western doc-
trine. The Soviets believe firmly in the
combined use of arms and the truly mas-
sive application of firepower—massive
even by American standards. Soviet doc-
trine envisages three basic types of oper-
ations, all somewhat similar to blitzkrieg
warfare.?! Without wishing to get into
the finer points of offensive operational
theory, it is worth pointing out that the
Soviets do require at least local air su-
periority before they consider the condi-
tions ripe for offensive operations.

W Hat becomes important is
the essence of air superiority. What is it?
It is not the ability to destroy enemy air-
craft within a certain block of airspace.
Nor is it having a fighter that can shoot
down 2, 4, 8, 11, or 15 enemy aircraft for
each friendly fighter lost to the enemy
within a block of sky. These are but
means to achieve air superiority. The es-
sence of air superiority is like any other
measure of superiority. It is the ability to
control; it is the ability to exercise one’s
will in the manner one desires when and
where one desires. If the usaF cannot use
the air over the battlefield in the manner
that air commanders wish in order to
affect the tactical and/or strategic goal
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attainment, then the usar will not have
control of the sky. It will not have air
superiority. It matters not if the hostile
capability preventing control is aircraft
or saM’s/AAA. The enemy capability must
be suppressed or destroyed before con-
trol is gained.

The United States enjoyed total air su-
premacy over South Vietnam, Cam-
bodia, and Laos. There was nothing we
could not do with the aerial weapon had
we wanted to do so. We had air superiori-
ty over North Vietnam, although we oc-
casionally had to fght for it. Air
superiority was only sometimes chal-
lenged by hostile fighter aircraft.2? But,
even over the North, we had certain
rules that we did not often break because
to break them meant a sure increase in
the loss rates.?® This was against an ene-
my whose defenses, even in December
of 1972, were toward the lower end of
the spectrum of sophistication.

It is not just sophistication that counts,
of course. What made Hanoi the “most
defended piece of territory in the history
of aerial warfare” was not sophistication,
but mass: the sheer number of AAA guns
and, later, saM sites occupied and firing.
Mass and redundancy are possessed
more by them than by us. This seems
particularly true of Central Europe.

While there can be no doubt that the
USAF needs air superiority fighters to
wrest control of the air from enemy
fighters (for that is still the dominant
threat to use of the air weapon in such
places as Korea), perhaps we need to
give more relative attention to the abili-
ty to destroy and suppress the ground air
defenses possessed by a sophisticated
enemy.?* Critics and opponents of this
position might say that we are devoting
resources to this problem. And I would
agree, we are devoting some resources.
What is important—and this factor can-
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not be stressed enough—is the relative
weight we are presently devoting or are
willing to devote in the future to solve
the problem presented by saM systems
and radar/optically directed rapid aaa
fire. This need for increased emphasis is
present in terms of hardware and in
terms of doctrine.

For emotional confirmation, let me ad-
dress a question to the reader, primarily
directed at practicing combat crew
members, particularly those in fighters.
Which of the following scenarios would
you feel the more comfortable in, volun-
teer to fly in, exercise command over, or
have the outcome of a war decided by,
right now, today, this minute?

1. Fifty miles of sky laterally centered
right over the FEBA, no saMs, no altitude
restrictions. The opponent has ground-
controlled interception (GC1 and consists
of four MiG-21 “Fishbed-Js” in a combat
configuration. You have a flight of two
F-4E (LEs) aircraft with combat configura-
tion. And both you and your wingman
are line jocks in an average fighter squad-
ron today. You have Vietnam experi-
ence; your wingman does not. The
enemy expects your arrival.

2. Two F-4E (LES) must penetrate a
European-style FEBa defended by a Sovi-
et army group with zsu 23/4 reinforce-
ment and attack and destroy a command
post located 80 km behind the point man
on the line. To win you must accomplish
your mission and return to base, walking
if necessary, after you re-enter friendly
territory out of range of hostile weapons.
You and your wingman are line jocks in
an average air-to-ground fighter squad-
ron today. You have Vietnam experi-
ence; your wingman does not. The
enemy knows you are coming.

I know which I would prefer. Unfortu-
nately, we may not have the choice since
that is normally the prerogative of the

enemy. In reality, the enemy’s defense
will be a mix of fighters and sam/aaa. It
was in Vietnam, it was in the Middle
East, and there is no reason to expect
that in Europe there will not at least be
enemy fighters over the front trying to
keep friendly forces from providing
close air support and/or penetrating the
front to carry out interdiction.

If the Middle East use of Soviet doc-
trine is any indication of the battlefield
definition of local air superiority, there
will be a heavy mix of fighters and sam's
with emphasis on the latter. One can
even make the case that control of the air
can be maintained without the use of
enemy fighter aircraft. The main re-
quirement, in Soviet eyes, is not to have
hostile air roaming freely over their
forces. What is important in this context
is the local superiority over the battle-
field that directly affects the course ofl
the battle and not the means used to
achieve it. If Soviet forces can achieve
local superiority with fighters, their|
offensive thrust can succeed in breaking
through. If the Soviets can achieve local
superiority by denying meaningful ac-
cess to their front and rear areas by the
use of saM's and aaA, their offensive can
succeed in breaking through. The point
in question is not whether the Soviets
will use fighters to defend themselves or
possibly attack friendly positions; the
point in question is what is most likely to
prevent friendly use of the air over hos-
tile territory.

A ND for the future? Well, we
in the field keep hearing rumors about
defense suppression developments,
about PELSS,2® and a host of other techno-
logical things that will make the sam and
AAA problem go away. There are two ma-
jor dimensions to the problem, however:



doctrine and hardware to successfully
support that use of the doctrine. Many
programs are being undertaken to find
the technological gadgetry that will al-
low for increased defense suppression.
The Air Force already possesses a partial
conceptual answer in the Wild Weasel
weapon system. Unfortunately, the re-
sources currently possessed and opera-
tional are not nearly equal to the
magnitude of the task. The current
American contribution to the NATO anti-
SAM resource is clearly unsatisfactory,
particularly when one considers the anti-
SAM resource allocation found necessary
to negate the very-much-less sophisticat-
ed SA-2 and SA-3 threat presented and
overcome in North Vietnam. Counterair
fighter aircraft must pass through the sam
and aaa defenses even to get at hostile
air or hostile airfields, unless, of course,
the counterair engaged in is defensive in
nature and takes place over NATO air-
fields. If the say and 11a defenses are not
suppressed, the loss rates that can be ex-
pected from attempting to perform oth-
er roles, particularly close air support
(which would seem to be an absolute
necessity in order to stop a Warsaw Pact
thrustj, might well prove prohibitive, as
they nearly did in the Middle East.2¢
The International Institute for Strate-
gic Studies states our present and future
Weasel resource as follows:
4 electronic counter-measures sqns: 2 with F-105,
2 with F-4C ito be replaced by 4 sqns with 116
F-4E and 2 sqns of 42 EF-1114)%7
This is not exactly a booming effort in
technological advancement when we
are considering replacing the two oldest
fighter aircraft on the line with what will
be, in good part, old aircraft from off the
line. The “advanced Wild Weasel con-
cept” has been with us for almost ten
years, and sometime in the future we
will end up with off-the-shelf aircraft and
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off-the-shelf electronic gear. Advanced is
a relative term, of course. Our future
Weasels will definitely be advanced

. . in age. But, more important, let us
compare some numbers signifying ex-
pected employment of our air resource.

Suppose, as General Herzog claimed,
that 102 Israeli aircraft were destroyed
in 1973, five by air action. This means,
roughly, that fewer than five percent of
the losses experienced were due to ene-
my aircraft. Next, usaF projected pur-
chases into the next decade call for
upwards of 700 F-15 air superiority
fighters, 350 A-10 aircraft for close air
support, and an unknown number of
F-16 (say 350) plus the above-mentioned
anti-SAM force. Now, if a future war in
Europe or the Middle East were to
progress something like the 1973 Middle
East War, this would mean that, at worst,
10 percent of our future fighter force is
dedicated to offsetting 95 percent of the
threat to our air operations and 65 per-
cent of our force is dedicated to the de-
struction of 5 percent of the threat to our
air operations!

High usar officials have already called
for introduction of the F-15 into NATO .28
I, for one, would rest far easier, how-
ever, if the first 72 F-15s deployed to
Europe were the two-seat models, with
the rear seat filled with the Wild Weasel
anti-SAM equipment necessary to locate,
seek out, and destroy sam and radar-di-
rected AaA. Survivability in a low to
medium altitude, excessively maneuver-
ing, heavy-weight environment would
seem to require an exceptionally high-
performance aircraft. Some practition-
ers of the Weasel art believe that it takes
a more maneuverable, better perform-
ing aircraft to defeat and destroy a sam
site than it takes to beat a MiG. Some-
thing better than the F-15, of course,
would mean to start work immediately



44 AIR UNIVERSITY REVIEW

on a prototype of an aircraft designed
specifically to suppress and/or destroy
threat radar emitters and/or saM sites—
and take delivery next month. We all
know that this is impossible, of course.

The larger problem is one of doctrine

and tactical adaptation. I would find it far
easier to accept the assurances of higher
authority that che problems were being
solved if it were not for a few discordant
notes. First, there is history to contend
with, and the fact that we haven't failed
yet, so our past experience will carry us
through. Second, until quite recently, no
overseas-based theater Weasel aircraft
and aircrews trained on a day-to-day ba-
sis as Weasels.?® Third, although obvious
change is evident here, thanks primarily
to those who work at Red Flag,®® in the
Fighter Weapons Center, and else-
where, major exercises are still being
conducted in which the target area sce-
nario posits saM threats; yet Weasel air-
craft are not fragged as Weasel aircraft
but as strike aircraft.®! Fourth, the priori-
ty that Weasel and defense-suppression-
related projects enjoy, compared to air-
to-air and close air support, is very low.
We adapt what we have, but we will nev-
er get ahead of the problem in this man-
ner.

Commanders make decisions based at
least partially on the doctrine which
their experience tells them is correct.
Doctrine is what gives direction to
strategy, which in turn dictates initial
battlefield tactics and usage of men,
money, and materiel in combat. If the
doctrine governing response is inappro-
priate to the strategic and tactical envi-
ronment, we court the possibility of, at a
minimum, squandering resources and
lives with little commensurate battlefield
gains. If our ability to destroy, suppress,
and/or disrupt the hostile ground defen-
sive net is not superior to the capabilities

of that net in the first place, our training,
equipment, and resources dedicated to
counterair and close air support may
prove to be immaterial to the outcome of
hostilities, particularly if the envisaged
scenario is that of a short, very intense,
conventional conflict, characterized by
limited political objectives.

Once a military doctrine is established,
it is difficult to change, especially if tech-
nological advancements in weaponry seri-
ously bring into question a doctrine upon
which a specific military service is based.
Like policy, doctrine has a gyroscopic
effect. And, if service doctrine is ques-
tioned by members of that service, there
is a tendency for the leadership to brand
the critics heretics, especially if the doc-
trine is the basis upon which the primary
goals of a service are constructed. In addi-
tion, the formulation and articulation of
the doctrine is ordinarily designed to justi-
fy fully the service’s attempt to obtain or
maintain exclusive control over certain
missions. Criticism usually results in an un-
dermining of the case the service has so
carefully made for certain roles and mis-
sions in national defense. Dissent is there-
fore discouraged, and breakthroughs in
technology which might bring established
doctrine into question are often ignored.3?

CoNTROL of the air is still a necessity.
However, we have entered an era where
the primary threat preventing control of
the air over the battlefield and in the
enemy rear is possibly no longer enemy
fighter aircraft. Ground-based defenses
can now fill that role. To achieve air su-
periority over the battlefield, it is neces-
sary to eliminate or defeat this threat.
We can do that only by realigning our
priorities and giving equal consideration
to the creation of a survivable anti-SAM
force of sufficient size and capability to
overwhelm the threat. We will have the
capability to defeat enemy aircraft. We
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o not yet possess the sure capability of

efeating his saMs.
Kadena Air Base, Okinawa
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